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These speclflcatlons are a reference.standard whlch the englneer or archllect may _:; --. 

make appllcable to any building pro¡ect by cltlng them In the profect speclllcatlons.=·:.- •1 •• 

.. . He supplementa them as needed by deslgnatlng or specllylng Individual protect 
requlrements. . ~ · · · • ~ · . · · . ·. · · · · · ·' . .- -~ · 
'· The document covers male_rlals and. jlroponlonlrig of concreté; _rei1Jfºrclng,i111id 
prestresslng-steels;· productlon, placlñg,.-and curlng .of concrete; ,imd. lormwork 

. deslgn and construcllon. MeÍhods of íréatment of lolrita and embedded ltémi, repalr · · ·. ' 
·of sur:!l!ce de!ecta, and flnlshlng,of_formed suffaces are specHied. Sep11rate chapters 1. ·1' 

are devoted lo slab constructlon and fl!!_lshlng, archllectural_ concrete, masslve 
concrete, ancl matarlals metllod8 ~for 'eonstructlng post-tensloned .concrete. • · · • 

~t~~~:=~:g~1:evatuatl011'; and acceptance ot concrete as welfas tor- ... ~- ~-
,;~ lncluded. 

·' ' .... ~ ... 

!~~~~~¡~~~~§~§~ª~~~~~~ archlleetural' concréle;' bÍIIId-

compresslve strength; concrete construc-
slabs; concretes; consolldation; conveyl_ng; 

.. con~; ftnlshes;. fli:iors~ tormwork. (con
lnspectl011; folnts· Ounctlons); .llght· 

llllterfals; mhl propottlonlng; mlxlng; placlrig;. pfe. 

,(¡ 

· stressecl concrete; prestresslng steels¡ rel!'forced- concrete;· relnforclng: ·steéls; . · · " 
. repalrs; retemperlng; shorlng; apeclflcatlons; sÚbgrades; temperatura; tests; toler:. , . 

... . ancas (mechanlca); wate;-cementiatiO(wel~ wlre tabi"lé. .... _._,· .. ··.' . ··.: .-. ~ •. 
. . •••• ..: ... :~·~:· . . • 1 • . ·:, 

\ 

·~ 

·.. ' .. _, 
·:•• .. ¡~ . 

.•--

:· ... 

~ Ad\lf'ted u • ttandud or lhc American Concrt:IC lastilutc. July 1919; 1ID repiKC . 
ACI }III·IW (~ewit.t..J 1981), iD KCordaftcc widl die lasftMt'S ~i:ut1011 
~cdurn. 11 ,.,u ·~viscd by tbc eapcdiiCd pro:cd\lrt cftccd'fe Aupsll~:_:·· ~~·-; .... 
Cur)n¡n1 O 19~9. An~ncaa Coacmc lnstibdt. 

All ri¡hts n:sc~d includin¡ ri&hl\ of ft'pmdiKtton and u.:e-ia· Üy r(iim Or by an~ 
IIIC&ra, intludina thc maklftl of cup1c1 by •ny photo ptoceu •. 011 b_y U\)" dcCtll>nlc ur 

- fncth&ftical dtvicc. pnnled at •ntte"ll or onJ. or ruordtn&. ~or 'IOUnd or ,·.wal · 
~üon 'or'foi.,.. tn anr·tno.ledp 'or mncw&l,.sytoiCm' Of dcwt«. unl~,, 
perP:'um ¡. wN.na, ia otM.n.d froanht cGp)'11111t:P'QPnCtc:~··· .... ~ 
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., ••• ~ _ ....... ··- J _ .... ~ ... •• .... .-;.--:..:üi .. --- .• --.. ¡n· 
''!: ,'. > .;; ..... -...... ---~ ... • ... •• 

'l;¡ i movémeOI Of''~:Y,:'Piit ·~ -~ i~ ,sy~~-:~ .. Ú4~Pe~~¡j¡~ variaiiOils rioin ;,uro.; :~ ·~¡&~.::. J .· . ! F 
1; ,; ¡ cOi!crete placeméíihNill be preveRied. · · , · :.:• .·. • :·· ,~, nalcd.building Unes ror ponioos ot buildiñgs more thaa·'ioó · ; ...... 
::}¡; _·4.2.1~2R~~ways ror_ ""!virig equipmeni sliaiÍ·bé.pn;:._; rt above the_g~nd shall be.as specifiCd ~n t~.,fon~: :. '~_.,-·· ¡o· 
\,,

1
,, ·~ wuh s~ts or leg~.' s~ll.~.~~pported directly.on the. · ·documents .. ·· . . . "'' ·:¡j 

t·· ,, 1 ronnwork. or siJUCtural member, and shall,nol resl on tbe · · • : ... , , .. · · ·· - ... -::::_.-:,_\M_ .. · • ·.' • 
1

' 

·: _::reiÍiforci~g-stCel.:·· ·- . r.;; ... ! .... -~ .. · ·-· ·. -~ ::· .. ,,.:::;.-- --- -~ .~:-::--_ · · · 
. • 1 • • : •.. e · .• · 4.4·:--Prep!lhiiiC)ri,offormsurtaces. . . · ~'' ·. ¡ -, ¡n· 
::::: ,.,.,; .·.:.:''e:·'· ... ; ...... ~.'~.'~~-<J{:;_.,~ 4;4:1-AIIsuñacesofrormsand·em.bedded·matenals-' ,._ ·n¡1j 

• · 4~,;-:-.To_lerances. · ·. ,, :: '" '."' "¡,•:. ' • ·:; , .. · '_ .; ..... }. shall be cleaned of all accumulated-munar or groul rrum ... : ' · 
· ·· ,¡. 4.J.I...,Unless :.othe..WiSé·:· sjicified . by '!be archilecll • pevioUs cOñcreling and.~fa"trOcller roreign mateiial before :..i ·; 
. -;;: engi~cir. f~nnwork shall be conslri.cl~ ~ ~r~ ~oncrete.~"; cooiclele is pi~:. . ~- ·. ·. :·~·. > '. . . 'i •• ' • ' ', (\• 

'._:suifa~<s wdl conrofllll.O the 1olera~~hm1ts h~ tn·Table-on·•c .•• 4.~-Unlesa o~rwtse ,spectfied or accepled, surfaces · .. •. 
: 4.3.J.,.: ., ·..,,, ·~·.:: "··:' ·.·> .. ,·;:· .. :•. :,:"· .... · offormsShallbelreátedasrollows: "·'·,., : ... _,.,,. 
i;. ~:~.2""' Thé'contractor s~all estabrish alurniaintain in"'! _,. 4.4.2.1 serore placing tbe reinrorcing 'steel or theo 
· l unilislurbed .. cóndilion · aiid unlil final. complelion, and · .. . eolicrele, the suñaces or tbe rornis shall·¡,; covered wilh·an 
, accéplance''or. the. piojecl sumdenl .con~l j,oiniS and ,··, .. ·acceptable:coaiÍng ma~rial thal will efrectively p~venl '' 
: · bencb .ll)arks 10 .be, useiÍ · for rérerence.· purpouuo check ,-~·. absórplion of ntoislure, prnent bond witll lhe,concrele, and ·--
: 1okraoces. · ... -· . , ·· '· "'"· · ·'-''• · 1101 stain.lhé cóncrele suñaces. A.r.eld applied ronn release r 
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' .. .t;J,J~R<g;uijless·or llie Íoler"!'Ces lisled,in Table .. · agenl or seát~r:of ~ée~le~type. o.:,rac10ry apj,lied '": 

i . ' 4.jJ'; no: pottion ofllié-building, shli.ll e•lend beyond tbe o:,.,c nonábsorj)live iiner may .be.'usCcl. ·. . • . . . . ',, .. -
.Jo • • '~ , ' ' {- ... ¡. !l. - 0 ~. ' • ' ' • • < ;. .. • 
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~) · l<g~.boundary o( the,proJecl. . · · ;:;;., .. · · 4;4.2.2 ~ce.ss flllU' coaung matenal shall nol stand m c. •. 

•. . ~ ,h· i) ~-l ;-,-: ¡. . :·. ~- .. __ ~- ··., ,:~ ~:; 
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oc' ..... · .L ··Ta~le 4.3.1-Tole!anc_ei!! ror.formed s~rtaces .. --
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; l •. Variotiuo of !he lincU buildiriJ liaos '""". -~me:!'loó ID .. · ··, 
plon oncl'n:laled poo(tloaolculusms, . ....US;IIId . : ........... ; . ·. ·'. 
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SPE:CIFICA TIONS F0R S1 IICTURAL CONCRETE 

puddles in the forms nor shall such coaring come in contact 
_, _ " . wi"th hardene_d concrete against whi<:h fres!n:onerete is'to líe · 

4.6.4-ln m_ultistory .build~ngs the .r•~hot:\?&•.shall -~xtend~---
over • sufficienl numoei' of stories rO "distribute the wei8hl . e¡ ' r:?d~e~oval of lo:~s~ - ,,:: ;: " ,, 

1 
• ,,:· "t 4.5.1-When repair of surface defecrs or fÍriishing is 

·: .. · equired at an early age, forms shall be removed as soon as . 
. e concrete has hardened suflicieíuly tÓ resist' ~mage fro..:; ·. 

of newly placed concrete, fonns; and construcíion · ii~e 
loads in such·a manner that the design supeiimpose(,-ioads 
of:thé floors supponinjphores are not exceeded. ;·; ¡, 

..i' 

' ' 

13 

. ' . • - ,.,.· • ,¡¡ !.. • •' • ~ .·.~ 

removal opcrat1ons. · 1· · - • • . • • • , 
1'' :. •. ,, • .·. 

-4:5.2~-Top fonns on sloping surfaces of concrete shall .... 
be removed as soon as !he conc~te has an~i~ed sufficient ': 

.... J 

stiffness to preven! sagging. Any needed répairs or treat· 
menr requhed on such sloping surfaces shall be performed . 
at once and be followed by the specified curirig. · · 

4.5.3-Wood fonns for wall openings shall be loosened 
a; '""'" as this can be accomplished wi_thout damage to the · 
corte:-ete. 

4.SA-F01mwork for colurnns, walls, sides:or bea~; .. 
and other pans not supponing rhe weight or'thé concrete 
may be removed as soon as the concrete has''hardened 
sufficiently to resist damage from removal operarions. 

4.5.5-Fonns and shoring in the folmwork· uSéd 1o 

suppon the weight of concrete. in beams, slabs, ancl O!hel' 
structural members shall remain in place untilrhe concrete 
has reached.the mínimum strength ~pecifted·in the i:ontract 
documents for removal of fonns and shoring. -

. . · 4.5.6-When shores and oiher venical suppons 1re so 
arrang~d that the non-load·carrying ró.,;.facing. maierial 
may be removed without loosening or disturbing the s~ 

_,~ncl suppons, tho facing material may be removed at an 
' earlier age "as specified or pennined. . . 
·.·'>Sf,! 

4.6-Reshorlng 
4.6.1-Whon reshoring is pennined or required, _lhe 

operations shall he planned in advance and shall he subject 
lo approval. While reshoring is uftder way, no live load 
shall he pennined on lhe new construction. 

4.6.2-ln no case during reshoring. shall concrete in 
beam, slab, column or any_ odier Slnlcturiil member be 
subjected -lo 'combined clqd and COIISinK:tion loads in'' 
excess of. ~~~L~:~~~ by,dÍe uchilect/engineer 
for the develOjled concrete,Simlgd_l:at the time of ~e- . 
shoring. ~. . ~ r~ ~ :~.;:(.:..:~'-:.-:. :~-:: 

Reshores ·Íhall" ~ placed :-~ -~, as practicable afler 
stripping.op&áÍi~ are'•tófliPié.Ct•btt in DO case later !han · 
the encl of lhe·worJiing day on"whi(li stripping occun. 

4.7:-Removal strength . 
When removal of fonnwork or reshoring is basod on the • 

concrete reaching a specified strength, the cóÍí(:"rele 'shall bl.·' ¡- ,, 
presuníed to have reached this strength wherieithér of tlié · 1 '' 
following conditions_ has been met:· . :,. . .'" · . :·~·.•· / !• 

4.7.1-When rest cylinders. field cured'alóng' with ihc( !· .. 
COncrete they represen!, have reached the strengrh specified .. 
for remov•l offonnwork or resliorlng; Except for the field 
curing and age at test, the cylinden shall be· moldi:d ~l;(f' 
tested u specirred in Chapter 16, Testin·g. · · ....... 

4.7.2-When the concrete has been cwed in-·ai:~rdariée":<. 
With ~provisions of Chapter 12 for the same length of"' 

., •• ' ~ 1 

time as the age DI test of laboratory-cured cyliliders which, , .. 
reached the specified strength. The' len¡th of time the'·_· ·: 
concrete has been curod in the structure'shlll be determin.di:'' 
by the cumulative number of days or fraclions thereof, not 

necessarily conseculive, during which.,the temperature of 
rhe_ air in contact with the concrete"is above 'O ·F and the 
concrete .has been clamp or thoroughly sealed from evapo-

. rarion and loss of moisture. 

Note&- 0 ' 

In .. the sections of Chapter 4 listed below, spocific 
acc:eptance is required: 

4.1.4 Of shop drawings for formwork, where required. 
4.4.1.1 Of fonn-coating material$. 

' 4.6.1 or plans for reshoring. where required or permit
ted .. 

4.6.2 Of loads. to be permitted on structural ,members 
during reshoring: . 

4.6.3 Of locations of resh<ires other thán spocified in this 
secíion. . 

CHAPTER 5-REINFORCEMENT 
5.1...;_GeMral 

Placlng drawings showing all fabrication dimensions and 
locationS for placing reinforcement and bar suppons shall 
be submilled for review ·and accepr.nce. Acceptance shall 
be obtained befare fabrication. · · 

Reshores shall be tightened lo cany their required loads 
without overstressing the _construction. Reshores shall n!- · 5.2-Relnforcement 
main in place untiltests representative of the concrete being 5.1.1 Rtinforcing b<Jrs-All reinforcing bars shall he 
supponed have reached the specified strenglh, ¡;,- or the ddormed except spirals, which may be plain hars. "Rein-
strerigth specified in the contract documents for removal of fon:ing bars shall be the grades required by ·the contraer 
reshores. documents and shall· confonn lo one of the following 

4.6.3-Aoors supponing shores under. newly placed specifications: ., 
concrete shall have their original supponing shores left in 5.1.1.1-ASTM A 615. 
place or shall be reshored. The reshoring system shall have -~ ·.: · 5.2;1.1 ASTM A 616 including supplementary re· 

.a·capacity sufficientto resistthe anticipated loads and in all quiremenl SI. 
:,_c~ses sliall ha ve a capacity equaltO.t least one half of lhe 5.1.1.3 ASTM A 6'17. 
capacity of the shoring system above. The reshores sh11l be. 5.1.1.4 ASTM A 706. 
located directly under a_,shore_ JÍOSirion above unleu olher . 5.1.2 CDtJttd rtill/orcing b<Jrs- When specified. coated ¡ 1 

-. loc_ations are "acceptable." .... " .. _ · · : ·· .... : .. :... ..: .· ~- . : :.reinfon:ing ban ~hall be zinc-coated (galvanized) or ~poxy·. 
' ~- ·····--·~········· ·.·.·····~'"·•· .... :.~:·-•-:-·.·. ¡,,,._,_.,, .. , .. : .. ~.· ... >:~~ ......... ··,, ' ... ~.., 

. .,, ,;o:' ;~,_;,~~f.:; 
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uon . .. . . . ··."··. ·•. . .. .. • • -:- requtre . or pcnniued, al wc tng·¡o · ,' .. 
5~2.2: 1 Zinc-coaléd (plva'nized) n:inforcing bars shall n:infon:ing bars shall confonn to AWS 01.4. Unless ' ··. 

·confonn lo ASTM A .767. Supplementary requiremcnts S 1 otherwise accepted, welding of cro$sin.g bars (taclt wclding) "e"'~;·· . ·, · 
_and S2 shall ap¡ily whcn fabrication alter galvanization · ·ror. assc'l'bly of n:infon:clt)Cnl is prohibitcd. \IJ.·' 
includes culting and bending. Supplcmcnta!Y n:quin:mcnt . 5.~.2-Welding of win: lo win:, and or wiR or "fCided 
S2 shall apply whcn fabrica_tion aftcr galvánizáiioo includcs _ :·: ... · win: ·rabric .to reinfon:ing bars or structural. Slecls, :shall_ 
only bending. · . , . · confonn to applicab!e provisions or AWS 01.4 and · 

5.2.2.2 Epoxy-coated n:inforcing bars shaD ccioform . supplemo:ntary n:quiremcnts . spccilied by lhe. an:bitcctl 
. .f. • . • ·. ' ' . • 

tci ASTM A 775. · . ..•. · .. · . enginecr. . .. 
. · 5.2.2.3 R~pair of damaged zinc c:Óating; whcn-.re:. , ., ... ,5.4.3.:_After completion . o( wclding on zinc-Coated 
quired, shall be madc with a zinc-rich· fonnulation-coa.- , (galvanized) or cpoxy-coated n:infoicing ·ban, coating 
fonning to 'ASTM A 767. Repair shall be done in ac- . damage shaD be n:paired in accordance with Section. 
cordance with the .material rilanufacbtrer's recommenda-,, S.2.2.3 or 5.2.2.~. n:spcctively. AU.welds, and all SICCI 
iions. . · . . . . . splice meníbers whcn-used to splice bars, shall be coatcd 

. ·' 5.2.2.4 Rcpair of damaged cpoxy coating, wlien n:· with thc . same n'tatcrial used for · n:pair of coating. 
quired, shall be madc with-patching material confonning:to damagc. 
ASTM A 775. Repair shall be done in accordaoce with,thc ·• 
material ;;,anufactun:r's n:commendations. . - · . . . 

.. \ 

5.~Fabrlcatlon 

., . ··, •,.• 

5.2.3 Bar 1114/S 

· '· · 5.2-.3.1 Bar niats 'shall he of the clippcd typc f:OOÍO~ 
ing to ASTM A 184 and shall be fabricated from n:infon:ing 
bárs that confonn lo Scction 5.2.1. 

.' ... 5.2.3.2 Bar mats may be fabricated from zinc-coated 
(g~vanized), reinforcing bars. · M~tÜ clips shall be zinc~ 
~ted (gatvanized). Nonmctallic clips may be tised. Coat~ 
'i~g-damage al 'tJÍe clippcd intcrsections shall be repaired in 
accordance with Section 5.2.2.3. · · . ,.~; . - - ~ - . . 
,_:.. . 5.2.3.3 Bar mats may be fabricated from epoxy-coatcd 
·r.in.fórdng bars. Metal clips shall. be _epoxy-coated. Not~
:mé'tállic clips may be used, Coiuing danoage al thc clipped · 
iiiterscctions shall be repaircd in accordaJicc witb Scctiori 
ii24. .. . . . . . . 
'.i: : . . ' 
¡~ 1 _5.2.4. Wire . ~- .... ·. _ . _ --_.. _ 

5.2.4.1 Wire shall be smooth or deformed wire as 
~d :-

indicated on· thc contrae! documents. 
' 5.2.Ú Sinooth' wire shall conforni to ASNJ#. 
_,,,. 5._2.4.3 l)cfonnedwire shall conf!lPJI to A5TM A 496, 
size .04 and larger. · · 

. All reinforccmeot shall be beot cold unlcss Otbcrwise 
· pcnnitted. . ,. • .-. ' 

'<. .. 

1: : I. 
5.6-FabrlcaUng. and placlng loleranc:es . . 
; 5.6.l...:..Reinforciíig barÍ''shall bé fabricated in accor
diince'with thC Slaodard fabricating tolerances in'Fig~ 4 #d' 
e r·ACI.31S . . · . · · . ..,, .. 
J. O • · .· • r ;· ·: i:.._ 

·. 5.6.2-Reinforccmcnl shall lic placed lo the follo~i¡ • .; 
toleranccs: · ·' · · · .. ' 

r 1' .,.:· :• 

. ~ .... .... 

Cleái" distarice 
. To fonn~ soltit ...•.... .' . · ..•••. : • ~ •.•• -V• 
· To othel fonned :iurfaces ....•.... ' ... , ..• '. ;:!:V•. 

., ... MiiÍimum.spa.:ing bétween bars: .. : ~ •.••••• , • ·• -v ... 
. . Cl~ar distance from unfonned surface to top , · · 
. . • .r· ñ;mf~~Rien( . . i' . r. ~' 

... , Members 8.in. decp or less .... ··: .• •...•. · ••.• :!:V.. 
. .. . · MCmbers mon: Iban 8 in. decp but less Iban · : ·e ·· : 

. ' 

.. , 

.···-..:.""-, 

• 

i 
1 

1 
!: 

·¡ 
1 

. .J.,:;' 
\ :t;l . 

o 

1 

>.ü.s wel~~d .. -i;aab~i~ .. , ,.<~d,,,;;;,;;,..,i_,.;,., ...... . 
. 5.2.5.1 Weldcd wire fabric 'slíall'bé:rabriciled from. 

' ' . . ,·, ; •. _ .... '..1'.-.- •• ;·, ....... '. - .• 
. •;:. ' 24 io. cleql ..•••••• · ••• •.• ••• · •••• -V..,·+~· 

'/ 

. smooth or dcfqnned wirlánd Sliall cOftroilñío tbc wire sizc 
~rt,d ..:ire spac¡,ng tec¡~;'o.r ihcJi~#~~: tJ!e.. coniract · 
dncumcnts. Weldcd wire fabric shali.Cóilfóim IOOile of thc 
r~uowing spec~r-catiri~---.. .- :~~~:. ~-~;~ 7i~i~~~i~~ :· ~' ::_· . . . -_ 

5.2.5.1 ASTM A J8s,·'excepfwélded.hítcrscCtions 
shall be spaced not facthcr ·apact Iban 12_ in. in tbe.direciion. 
o( thc piincipal ,;,_inforcemcnl; · · . · · ' · . 

· U.5:3 ASn.i A 497, except welded intasections. · 
• • • ' • 1 ' - - t ' . 

wll be space~ not farthcr apart Iban 16 in. in thc direction: 
or. the principal reinforcement. · . · · . ' 

5.2:6 Spirals-Spirals may be fabricated from reinfon:· 
jng bars or wire. · 

Ú-Wire bar supports 
. ,,Unless otherwise spccified or pcrmiued, wiic bar su~ 
ports shall be in accordance with Class l, liWlimum 
p¡otection, or Class 2, ntodcrate protection In Chapter 3 _or 
Manual of StdnJard Practict by thc Concrete Reinfbtcing 
Steel lnstitute. ' · 

, Members'24 io, dcCp or greater ......••• ;-!4• ·t..t• 
Unifonn spacing of bars~ but the rec¡uired numbcr . ·• ·-•L 

·. o( bars shaD not bé rieduccd .. ; : • . • ••••••• • _.:!:2 
Uniform spacing or stinups and ties, but thc . .: · 'F' ·; .. 

: , . reqtiiied numbcr or stinups and iies shall · • : 
¡. ,.aol.be reduCed ..................... ·, •.•:.• .:ti. 
• l.Ongitudinallocatiolis __ or bends alt(t ends or ..... -.·. , ... _,, . 
·· .. reinforccmenl · :.. ·_: ,. _,•: 

. Clencral . . . . • • . . . . . . . . . . . . • . • . . • • • . . • :. • :!: 2 . 
· Oiscontinuous ends of mcmbeB ...•••..•.•• ~ 1·· 
Length of ~ laJIS ........ : .• ,. , ........... -1 , 

.. Embedded lengtb .. '· . 

. - FOr bar sizcs No. 3 throogh 11 ; •.••••••••• <.-1~ 
- · For bar sizes No. Í4 and 18 ............. , .oo:l 
. 5.6.i-~ it is ne.cessary to move ~ .~:avoi~ 
in~rfen:nce wttb other "'!nfo~emcnl, c?"dutts;_OI'-~mbccl¡ ·. 
c!ed ilems excecding !he spccolicd plactng tolerances, .lité_. 

::!'~ng IÍrrangement or bars shall be sub.~t 10 ·IICC•~ :/,Y- , 

. ,. 
1 
¡.: 

i .·.-· 

J 
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5.7-Piaclng 
5.7.1-Minimum concrete cover for reinforcemenl, ex

. cept for exlr~mely. corrosive atmosphcre, oci>Cr severe' 
: exposures, or lire pn116:tion, shall be as follows: 
:! :::.!. 

Minimum 
cover, in. 

. Concrele deposiled againsl lhe ground ... ; .... _ .. 3 . 
· .. ,.fonned suñaces e•posed to weathér or in 

contact with the ground 
For bar sizes No. 6 or larger .... : ....... ; ... 2 
For bar sizes No. S and smaller, and W31 

or·t>31 wire and smaller ....... · ......... llh 
,,·:.Fonned suñaces not exposed lo weather or not 

in contact with -the ground 
f.· Beams, girders, and columns .... · .......... J lh 
• --... Slabs; walls, and joists · ·. . 

For bar sizes No. 11 or smaller ............ ~ 
For bar sizes No. 14 and 18 ............. 11h 

S.7.1.t For · bundled ban, minimum concrete 
~o ver shall be equal to the equivalen! diameter 'or the · 
bundle but need not be greater than 2 in.; except fQr 
concrete deposited againsl and pennanently in contact · 
with the ground, minimum cover shau;.be 3 in. Tbe 
equivalen! iliameter of lhe bundle shall be baSed un a 
single bar of a diameter derived from the- equivalen! total 
arta . 

.., t.r'{~;-, .. , 5.7.2_-AIIr~iniorcement. atthe. -lime concr~te is placed, 
\'y¡,) shall be. free of mud, oil, or · other materials that may. 

.-•-. adversely affect or reduce the bond. Reil).forcemenl wilh 
•:;:., / rust. mil! scale, or a combination of bol~ shall be consid

ered satisfactory provided the minimum dimensions,' 
wéight, and height or deformations of a ha;w·wire-brushed 
test specimen ai'e • not less than the app1icable ASTM 
specilication requirement. · 

5.7.3-AII reinforcement sball be supponed and fís
lcned before concrete is placecl and sha11 be secured against 
disp1acement within the 'toleranceS permined in Secíion 
S.6.2. . 

- S.7 .. U Un1ess otherwise indieated In 'lhe contract 
documents, reinforCéinent-~ from lhe ground or . 

:-~ . · . ..:.~~.v·F;:-:~,., __ -.:;. ...... ·"'-"\1~.'1~ 

mud mat·s~n~~~on~precasr.~e blocks not less lhan 
4·m. 1 and havtng_a compressa~'strength equalto or greater 
than the' speci~~¡~~!"ssive; SIJ'Cnglh of lhe concrete 
being, placed. Olh_er ~-~· of,:·~ may be used if 
acceptcd. · -. ': ··:S .. ~ 

S. 7 .3.1 ReinfoR:emenl supportCd from formwork · 
shall rest on bar supports made of concrete, inetal, plastic, 
or other acceptable materials. Wbete the concrete surf
will be exposed to the weather in the linished slrUCture,.lhe 
ponions of all bar SUJ'POITS within lh in. oC lhe concrete _ 
súñace. sh~ll be nonconosive or protected. against corro
s ion.· 

S. 7 .3.~ · Zinc-coated (galvanized) reinforcing ban 
supponed from formwork shall rest on galvaniied wire bar . 
suppons co~aed with dielectric material, or on bar supports 
made of dielectric material or Olher acceptable materials. 
All olher ~inforcemenl and embedded -steel items in 
ccnaact wiúi ¡alvanized aeinforcing ban, or .within ti 

··' ·;,. 
' . 

" ··-. 
minimum clear distance of 2 in. from gal~anÍzed 
reinforcing ban. un_!ess_olherwise_required or permiued.~-. --
shall lÍe galvanized. · . - . - , 1 · 

S. 7 .3.4 Epoxy-coated reinforcing bars supponed. ¡ 
1 

from formwork shal1 resl on coated wire bar suppons, i .1 il 
or on bar supp<>ns made of dielectric material or other 1 ji ' 
acceptable material$. Wire bar suppons shall be coa~<d il · . 
;~! ::'~%~ o7:n~!/:;,~ t~~·:;::;-c~:::,:i~~o;ci~~ \ '¡ ¡i 
:::~Y!:!~;:.cil:8 :: ~:~ng85e~?::,!':iei5:r~:ci~ ! . j ji 
ban, spreader bars wbere specified shall be'epoxy coated. 
Proprietary combination bar clips and spreaders used in 
walls with epoxy-coated reinforcing bars shall be made of 
corrosion-resistant material or coated with dielectric 
material. 

S. 7.3.5 Zinc-c"oated (g~lvanized) reinforcing bars stian 
be fastened with.zinc-coated tie wire, or noninetallic-coated 
tie wire, or other acceptable materials. · 

S. 7 .3.6 Epoxy-coated reinforcing bai-s shall be fas
tened with nylon-, epoxy·, or plastic-co8ted tie wire; or 
other accéptable materials. ..,, ........ , · 

l·· 

S.7.4.,-Welded wire fabric for slabs on grade shall 
extend'to within 4 in~ of thi: .concrete edge. Welded w·ire 
fabric may extenil through the contraction joiriis. wbrd~&. 
wire fabric shall be adequately supponed during.placing of 
concrete lo assure proper positioning in the sla~' · . ·. ~ 

S. 7.5-Templates shall be furnished ·ro; plaée'inent of'all 
• •. ,., ,_ •• 'lj 

column dowels unless otherwise penniued. " · -· ·. '· 
S.7.6-All splices shall be as indica1ed on the i:o:n

lract documents unless otherwise pennined. Mechanical 
connections for reinforcing bars may be . used when 
accepted. After inslal1alion of mechanical connections .-Ón 
zinc-coaled (galvanized) or epoxy-coated reinforcing ban,, 
coating darnage shal1 be repaired in accordance wiih 
Section 5.2.2.3- or 5.2.2.4, respectively. All pans of 
mechanical connections used on coated bars. including 
sieet splice slee~es. bolts, and nuts shall be coaied with !lÍe 
s8ír'lematerial used for repair of coating damage. · 

5. 7.7 -Bending ór straightening or bars panially embed
ded'in concrete shall noc be·pe_nnitted except when specif-_ 
ic:ally iécepted. Bending''ihall be in accordance with Sec- · 
tions 5.7.7.1 and 5.7.7.2. 

5.7.7.1 Thé minimum inside bend diameters shall 
co~form 10 the requirements of Tabl~ S.7.7.· unless 
otherwise permilled. In addition, the beginning of the bend 
shal1 not be closer .10 lhe concrete surface !han the 
minimum ciiameter-of bend. Preheating, if required, shall 
be in accordance witb Section S.7.7.2. Tbe following 
requiremenll shall be adhered to for individual bar 
sizes: 

Bar size · 

No. 3 throu¡b No. 5 

No: 6 lUid lal :r 

Bend requirements 

Dan may be cold bent 1he firsi 
time. Cold bend bar> only whcn 
temperature is abo•e 32 f., 
Preheating is required for ¡ubse

. quenl straightening or beodirig. 
Preheating is required. ·- '¡' ~ 

,:,1 \.'•\ 
... ! --



. -~-·. .. 
AQSTANDARD .. · 

·· Table·s.7.7-Minlmiim diameter of bend . . ' - . . . -- . 

. :,, 

---· No .. J thiUUfh 1 
Nu. 9. 10. ·u 
No. 14anqll 

·-·: . ~-.. loliaimwa diamclet 

6bordla 11or dlomc~en 
10 bot dlamciCn 

S. 7. 7.2 Prchealing prior 1o bending or. sÍraightenina, 
· .- when required, shall be in accordanCe wilh !he roUowing 

.. requirements: 

. ·. (a) Prehealing may be applied by any melhod wbich. 
does nol harm lhe bar material . or cause darnage lo lhe 
concrete. . , - -
., (b) The preheal shall be applied to a·lengÍh or bar equal 
'ló at least 5 bar diameters.each way from !he center or lhe 
~rid except that preheat shall nol e~lend below the suñace 
~~r lhe concretO: The temperaturc or !he bar at !he concrete · 
mteñace shall not exceed ~F. . 
''·(e) The. preheat temperaturc·shall be iHXl'to 1200 F. 

· ( df Tho prcheat temperature shall be maintained unlil 
'tierlding or straightening is complete. . 
·::·(e) The preheat temperaturc shall•be·~~sured by tem
. P.'~tu.re. measure~~t myons, ~ntact pyrometer, orOther 

. aceeptable melhod. . . . . . . ' ' . 
· ·,·~(!") Heated bais .shall nOI bé artificially cooled untillhe 
.ináterial tcmperature is ies5 llwl 600 F. · · 
r;_' ~ • . .·. -. . . 

· 5~7.7.3 R~pair of /Úimag~d coati~g-When zinc· 
coated-(galvanized) or epoxy-cOated reiruorcing bars are 
field bent, coating· damage shall be repaired in accordance. 

· with Scction 5.2.2.3 or 5.2,2.4, respectively. 
S. 7 .S Zin<··coated (ga/•'QJiiud) reúiforctng bars-Coat· . 

ing damage due to handling, shipping, and placing shall be . 
· r:paired in accordance witb' Section 5.2.2.3. 

:::S. 1.9 Epoxy-coattd r~inforcing bars-Equipment for 
. ~ndling epoxy-coaied reinforcing b~ sha)l háve protected 

contact arcas: ;8undles or coated bars shaiJ be lifted at . 
multiple pickup points 1o preveni·bar·~bar abruion rA1io. 
sogs iil the bundles. Coated bala or bundles of eoated batS: 
s~'"ll not .be dropped or dra¡pl. Coaled 1lan shall' bC . 
stored on protective ciibbin¡,, F~ng·-CCJa,!íag;~lor Íllall 

· not. be cause for rejeciing e¡X)Ji~ed~~íllrO'/Cing bars. 

/6 

Coating ch.mage due ió bilnit~h8Fíjiip~ing;~·&íla· placing 
~d not be repaired iñ ca,ses ~~íé dfe:"s~!i.ie• is 0.1 
ia:1 or •maller. Daíilaged arcas tar¡er diiili'O:fini1 &hall be 

• . - . ' .. ,_ ' .·.·:_> ~1-: ·- ~-. ·-·- .... ·.• .• "' . 

~paired in accórclaac~·with:~~~:2;.2~~~:Il!e maxi· 
muni amount or ditinage including' ré¡iaireCI and~linnpilired 
arcas shall not exceed 2 perceni or lhe suñace arca or eacb bit. . . . . : . . . . -. ' 

. '¡. 

•, .. 
Notes 

. In the following sections of Chapter 5: specific mp-' . 
tance i~ rcquired: · · · · · · 

5.1.1 Of placing drawings for ·reinforcement and bar 
supports. 

5.4.1 For welding 1101 indicated on lhe contrae! docu· 
menu and to weld crossing ban for assembly or reinfon:e· . 
mcnt. :-::r 

-5.6:l,For relocating bars. to an.extentlhal causes ptace-· ,¡ 
ment tol•ronces lo he violated. · 

."!.:· ":.. ·, -~:·-. ~--~-
. . . - !: ':i~-,;~:· 

5.7.3 or bar supports and material ror ristening'zinc'. : 
éoaled (galvanized) and epoxy-coaled rcinrorc:ing·b3n. · : :...:,-:--. 
· 5.7.5 -To allow _placemenl or column· dowels wilbolft. 
using iemplales. · 
_;, 5.7.6 f:'or splices no1 indicaled on lhe cóa!Íacl documents 
and for lhe use or mechanical connec1ioñs . 
. •· 5. 7. 7 To faeld bend rciruon:ing bars pettially em.,.-dded · 
in. concrete. · · · · · 

¡ •.'' 

. '--:~ 
. ·: .-·_. __ .. _.· 

CHAPTER &:;_,OINTS ANQ '' 
.. ' . 
. :: ·._ . 

. . EMBEDDEO ITEMS 
8.1-ConstrucUon jolnta 

.· 6.1,1-Joints not indicated ón !he contract documents 
shall tic located and co.;tructed lo niinimize lhe impal:t on 
!he strenglh or lhe structure. Joinl types and locations shall 
be acceptable lo tbc architecl/engineer. In general,.joiniS . 
shall be located near the. middle or the spans ol slabS, 
beam5, and ¡irden unless a_beam inte~ a·¡irder al Ibis 
PQint,, in !"hich case the joint in !he girder shall be offset a 
dislalÍce equal lli twiCe !he widlh oftlt.O beam, J!!ints in · 
walls and columns shall be at.lhe underside or floon, stabs, · 
heams, or. girders ánd atlhe lopS or rootings or OoOr slaÍas . 
Beams, _girders; brackéts,' column cap_itals,· ha~nches, and . 
drop ¡ianels Shall be placed at lhe same time as siÍbs. Joints . 

. shall be 'j,eipendicular ío Íhe main . reinfotéement.. . . . ' 
6.1.z...:.An reinforcement . shall be conlinued . across 

··"'--: · jÓints. Longitudinal keys a1 Jeast 1 'h in.- 'deep Shall be 
provided in all joillts in wti.Jis ánd between walls and slabs 
or footings, · Otller keys and inclined dowels shail be 
acceptáble to !he. architecllenginO:er. · · • · · · · · 

Qi 
6.1.3_:.the si.ñace 'ór thé concréte. al all joints $hall be. 

· thoroughly déaned.lnd.alllaitance renioved prior.lo placing 
adjoining cOnc:rete: · · '· . · · . . . . 

6 •. 1.4-~ñ _ret:júired Oi- permitted, bond shall be ob
IIÜI!'d by one or lhe fcillowing methods: · · · · 
. <··6.1.4.fl'he·use. ór an ac~ptable adiiCsiV.. ·. . 

" · 6.1.4.1 The use or. an aceeptable che!Jik:al re1arder . · 
whi!;_ii delays bo¡t does ftOI preV.nt si:ttinB (¡( tlie,suñaO:e··· 
·ínórW. Retalded inortar shall be removed wilhin 241ir after . 

· · PJacing lo ixoouce a Cleári exposed aggRpte bOnding 
siirface. · · · ·· · ·· · · · . : 

. 6Ü.3 R0..ghenins lhe ~ñace or tbe eoricrete in an: 
. acceptab!e manner which will expose !he a'ggregate uni· ' 
formly and will not leave. laitance, looseaed paític:les or 
·l&lregaie Oi damiged concrete at lhe·suñacc. .. ' ·--. . . 

..... _, 

8.2~Expaíiston ¡Oiri.S ., · · ·· · . 
- . . . -' · .. ·. . - . . -· .. ' 

· • 6.l.I~Reinforcement or other embedded metal ilems 
bonded lO lhe concrete (except dowels in 'iloots bonded OD .. 
only ·one side or joints) shaUnot be perioilted .lo extend. · 
continuously thiough 'any expansion joiilt. · · .· . ·. 

6.2.2_:.Premolded expailsion joint filler shall be ór ~ 
l)'pe 'required by tbc contrae! docurnents and shall conrorm 
io ASTM O 994, ASTM O 1751 or ASTM O 1751. 

. . . 
u.;..waterstcips . ;· 

. 6.3,1-:-The materi~l. design. and loeation or waterst .. ~ /(, 
in joinls shall be as .indlcat~d in lhe contrae! documeniS. ' ·. L. 

6.3.1-Eadl piece or premolded watctSiop shalt be or tP 

. .. 
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muimum practicable length in ordér iJw tbc number of end 
joints will !le held lo 1 mínimum. . 
· 6.3;3~Joints,at·intersections)íicl ai cnds ó(piec~s 1hal_l 
be made in. the mañner most· appropriate to the material 
being u~. Joinis shall develop,effective watenightne5s 
fully equal ro rhat of rhc continucius· warcrsrop material, 
·shall pennancntly devclop nO. ~ss than SO percenl of the 
mechanical <trcngth of rhe paren! secrion, and shall peima· 
nenlly retain their rlexibilily. _ '.; ., 

6.4-0ther embedded llems 
6.4.1-AII slecves, insens. anchors, and embedded 

it_erns required for adjoining work or for its suppon shall be 
placed prior lo concreting. . . 

6.4.2-AII é:ontractors whose work is relatcd to the 
cc>ncrote or musr !le supponcd by il shall be given ample 
,,_,,;.:e and opponunity ro introduce andlor fumish embed
ded ilcms before the ·concrete is placed. 

6.5-Piaclng embedded ltems 
Expansion joint material, waterstops, and other embcd

ded itcms shall be positioned accurately and supponcd 
against displaccmenr. Voids in slecves, insens, and anchor 

· slots shall be filled remporarily with rndily Í'emovable 
material to prevent thc cntry of concrete lAto the voids. 

Notes · 
In the sections o(·;_ 1lapter. 6 listcd l:;;low, •¡.ecilié 

-- r· 
. ~-::J. 

acccprance is r<quire6:-· . 
IL 1.1 For construcrion joints not indicatcd on tbe ·project 

drawings. 
~ .... 

. -· .. 

6.1.4'0f methods_andlor proccdures for developing bond· 
al joints. 

,._..· 

CHAPTER 7-PRODUCTJON OF CONCRETE 
7.1-Ready-mlxed concrete and concrete pro-

. · duce<! by on-slte volumetrlc batchlng and eontln-
uous mlxlng · · 

7.1.J-Ready-mixcd eoncme slllll be batehed, mlxed 
and transponed,in.accordanc:e.Widi<ASnl e 94, exeepta 
orherwise -~;&d · in'ihii'':et.'~~J!;Ptllll equlpment llld 
facilities shaUrcóiii'orñliiO:f:CCiílr~oa of Ready Mlxed 
Concreté'. Produeíi&í;':f.ilifif~t~éiíecklist wilh lnstruc-

• . ~ ~~ .... , .. -?- -~--· .J'"" --

tions)' • ·(jf. íhe NáiionaJ.Re8dy,' Mlxed Concrete Assoeiatlon. 
7.1 .1-Cónei.:le ~:iiJ:~íilé volumelric batcli

ing and continu~us mixing shln be batcbed and mlxed fa 
accordance with llld shall confonn lo all JeqUiremeniJ of 

' ASTM C 685 .. 

'7.2-AII other concretes 
7 .2.1 Batching 

7 .. 2.1.1 Scalcs.for weighing concrete ingredients shall 

r . be. accuratc.when in use within ::!:0.4 pertcnl of thcir total 
i IV capacirics. Standard test w~ights shall be availablc lo pennit 

'· ehecking scale accuracy. · · · 
.,. •• 7 .2.1 .1 Operation or batChing equipmenl shall be sueh 

that thc concrete ingredients are consiSiently measured 
. within tJ\e. following tolerances: , .. ; ,., 
·~·-~ --· .~·..::-.: ·.·.,V~A!\';llr'.lít !''."1.0:7~·-- ~~-:t. 

·-·~ 

CCment · :!: 1 p<rcent_ ·--· __ 
Watct - i 1 ¡;éréent 
Aggregates :!:2 p<rccnt . ·¡¡ : 
Admixtures :!: 3 p<rccnt 1' 
7.2.1.3 Each batch shall be so charged inlo thc mixer\ 1 .: 

that sorne water will cnrer in advance of lhe cemenr and: • : 
aggregates. Waler shall conlinue lo Oow for a p<riod which !·¡¡ 
may extend lp rhe cnd of thc lirst2S pcrceiii of 1he speci!ied :' 
mixing time. eontrols shall be provided lo preven! batchcd ' 
ingredients frorn enlering lhe mi .. r before lbe previous i!\ 
batch has becn completely discharged. 'i: 

7 .1.2 Mixin1 ' 
7 .2.2.1 11le concrete shall be mixcd in a batch mixer 

eapable of thoroughly combining the aggregarcs, cernen!, 
and water inro a uniform mass within rhe specified mixing 
tirne, and of di!¡¡:harging the concrete with<lUI harmful 
segregation. The mixer shall bear a manufac!urcr's. raiirig 
plate indicating the rated capacity and the recomrntnd<d 
revolutions per minute and shall be operatcd in accordance 
therCwith. 

7 .1.2.2 Mixen with a rared capacity of 1 cu yd 9t 
·1arger shall conform lo the requirements of the PlaniMiier 
Manu_factu;ers Divlsion of the Concrete Plant M'!J'ufaclJ!f; 
ers Bureau. . . · . .·.e-~ . 

· 7.1.2.3 Exceptas provided in Section 7.2.2.4 helo.w, 
batches of 1 cu yd or less shall be mixed for nol Jcss th~~,.! 
min. The mixing time shall be increased JS.'= for each 
cubic yard or fraction thereof of addirional capai:ily. 

7 .2.2.4 Shoner mixing time may be permiued ':pró' · 
vided performance tests made in accordance with Sec1ioii 
9.3.2 of ASTM e 94 indicare that tbe time is suf!icienr io ' 
produce unifonn concrete. l .. 
· .. 7.2.2.5 Controls shall be provided lo insure that· the ' 

· batch CanDO! be· d'JSCharged until the required mixing time 
· bu elapsed. At 1east three-q.,aners of the required mixing 

time shall lalte place aflu the last of rhc mixing waler has' 
becn added. '~ 

7 .1.2.6 The interior of the mixer shall be free of
ac:cumulations tbarwill intcñcre with mixing acrion. Mixer 
bladea shall be replaced when lliey havc losl 10 ¡¡erccnt or: 
their original height. . . . ' 

7 .3-Control of lldmlxlures 
7.3.1-Air-enuaiiiing admixtu~. calcium chloride. and: 

Olhes ehemical admixtures shall be chargcd inlo the mixer 
11 solutions and shall be measured by means of an'acctpl· 
lible mec:banlcal dispensinc dcvice. The liquid shall be 
consideml a part of the mixing water. Admixrures t~al._ 

· CIIIDOI be added in 110lution may be weighcd or may be . 
meamred by volume if so Í'eeommended by the manufac
IUrcr. 

7.3.2-lf two or· more admixtur<S are used in 'the' 
concrete, tbcy shall !le added .-..:paralely ro avoid jJossible 
interaction thal mighr inteñere with thc effici<n<y or eilher 
admix1ure or adversely affect lhc concr<re. 

7 .3.3-Addition of retarding admixrures shall be com
pleted within 1 min afler addition of water ro thc cement has 
beco eompleted, or prior lo lhe beginning of the last 
three-quancrs of the ~uired mixina. whichever occurs 
rust. , . · · . . .· · ·Ir 

.··. ,;: ::: ~ . .: ¡.·::--:.~: 
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7.4-Ughtwelght concrete 
',. ·7 .4.1-:-7Lightweight 'aggregate c:oncretúball be batched 
and mixe.I as recomníended by the producer of the aggrii; 

. gate except tbat, ir pioo«dures :iré' reconimerideif which 3íe 
at variance wilb these spccifications, llicy sball be accept· 
able. · 

Table7.6.1.1-Temperature UmltatiOn& on .•• ·' 
concrete when clellventd at sita of work ·. · 
--,-,...-...,.--.,.-------...:.---- ., 

Nhoimum conaw 
lcmp<n!Ure, del F 

.. Air ltmp:nlurc. . . clea F 
FGr -- willl lcaitdi-
laldwallia. 

,..._.... •illl 
leas& fi¡ .. 
lliL ........ 7 .4.1-Concretc made with lightweight aggregate that 

. bas been sbown lo absorb lcss_lh3n 2 perccnt by weight 
·during !he fUSI hour after inundation based'on test of a 

60 

"· 7Q 

:-. 
- ., 

sample from !he f~eld-conditioned supply sball be balched 
lUid mixed as ~uired in Sections 7.1, 7.2, and 7.3. ., 

Thc "lield-conditioned suppl)'" shall c:onsist of 8ggie.. !he water sball·be combined with !he aggregate iD !he mixer . ~ ,._ 
gatc wi!h !he minimum moislure conteot likely to occur oa before cement is added. Cernen! shall not be mixed with 
!he job. Predampening may be used 10 achieve Ibis condi· ... ~water or with mixtUres of water and aggregate ~vbl¡ a l. 
tion. temperitwe grealer Iban 100 F. . ..... ~ 1 
· -7.4.3-Concrete rrtade with lightweighl aggregates not...... · 7.6.Z Hot wNJ&F''··· · " ·.· · . . . 
conforming with !he absorption limit of Section 7.4.2 sball Tbe illgredients sball be cooled before midng, or fbltc .. · ·:. 
be batched and mixed as follows:' - .. , ice or well-crushe~fice C)f a size Iba! will me1t compktcly •· .. 

7.4.3.1 Tbe aggregate shall be addcchoapproximately during mixing 'nia:y"tle';subslituted for all or part of lhe .. 
80.percenl of !he mixing water and mixed for a mínimum of mixing water if, dueto high temperatun:, low slump, flash ~ ~t, · 
IV. ntin (15 revolutions in a truck mixer). ..-r •. ,; set or Cllld joints.ilfC' encount,cred. _ . . ·; 

1
;, .. ,_ 

7 .4.3.1 Tben !he admixlures, if any. !he entin: wcighl - .~ _ · ... , '¡. ;_. 
Ófcement." and die withheld portion ·or mixing water sball -Notes · · - ·• ~· ; • 
lle _added in Íhe order IÍamed, and mixing completcd in _ IIÍ tbé sections of .ptapler 7 listed below, ~te .::·:.,t~ · ... _ 
ac\:órdance wilh Sectioo 7.1 or 7.2.2, whichevcr is ap¡ili· II:CCplance is.~uired: . · .. · .. _- · . , .... :;~ •; .-.• ~ 
cáble: . · - · · . . · 7,3.1 for mechanical devicc for dispensing adinixtiuu.:- ·.~·~:·, '. 
''7:4.4-Accepi!"'CC of lighlweighl conéretc in !he field ' 7.4.1 To use mixing procedurcs for lightwcight c:oocreic -.• :_• ... - . 

shall r,~ ~ _on 'fn:sh 'unil __ we_ight. measured in accoidance ..... -thal diffcrfrom I!Íose ~uircd by thesé spccÜIClltions. ,; . 
wilh ,;e-::tión 5.2 óf ASTM e 567. The nominal fn:sh unit ... - ... · 7.5.Z ·To add cernen! to mixed concrete to offset the' · o 
weight ¿hall be dtal corres¡ionding lo !he specified maxi· additiori of extra mixing water. ,-·. 
inum air-dry unil weight calculaled from !he fonnula in . . . -··. 
Seclion 5.6 of ASTM e 567; When !he nominal fresh unit 
weighl varies moie !han 2 lb per cu rt front !he required 
weighl, !he mi~lure shall be. adjusted as promplly as 
condiiions will j,ermil lo bring !he ·unil weighl to the desired 
level. Fresh -uriit weighl of any batch shall not vary more 
!han 3. lb per eu ft froótlhe desired leyd. --

7.5-Temperlflg and controJ'of mlxlng water 
7.5.1-eoncrcle shall be mixed only.ln quantiticS .for 

-imn~ediate use. Concrete. which bas set_shaiÍ be diSc:arded 
and_shall notbe iet~ri¡pé~d, ; , . ~-:··_ . :>··¡·~· _ 
· · 7 .5.1-When concfoie ariive& .ii tltC projecf1With slun1p 
below lhat suilable for placing, as indicllled b)/~ specifi
cations. W~lcr ~y be ÍlddCd only I(Íieilher I;M,''maximum 
permissible watcr-cement raiJo'niir tiÍe nwiim~ SJump is. 
exceeded, Tbe water Siwl be ~~ tiy-lldditional 
mixing equallo alleasl balf ofthe ~otal ntlxing requi~ct An 
addili09 of water abo ve thal pemlitted by lhe limitallón oti 
w~tel-cemenl ratio shall be accómpanied by a quanlity of 
cen~enl sufficienllo maintain the_ proper waler-eemenl ratio. 
Such addition shall be acceptablc to !he archilecl/éngineer 
or bis representalive. • . . . 

CHAPTER 8-PLACING 
8.1-Pre¡iaratlon before placlng . · 

· · 8.1.1-Han!e~ concrete and foreign materialsshall be. 
remoVed from !he · inner surfaces · cir the coavcjing equip-,_ .nenc. . . ·. . . . . 
. 8.1.1....:~ ~I·IJe ,~pletClf;. '!'!!!!Y•. !!:e ,and . 

... water diall be -ved; reinforccrnenl sliall be ~ed iJj . 

place; elpiÍtsion joint,matc.ri~l, anchors, and ot.ltet embed-
. . dcd iteDis shall be pciSI~d; and the enwe. pn:paiatioo 

shai¡'IJC accepted. · · . . · _ 
8.1.3-Scmipoious subgrades shall be ~~ sum;_ 

cietidy. to elirnináie suctioit. ánd porous súbgrades sball be 
sealed In an acceptable manner (Secti_on 11.1). · 

8.1.4-Coitcme shall not bC piKCd on flozen ground. · · 

8.2-eonveylng · · · : : 
8.1.1~te shall be handled from !he mixer t0 the. 

place of final dcpoiiit as rapidly as practicable by litethod · 
wlticb wUI preveni iegregation or loS.• of ingn:dieitts aitd i 
a manntr whlch will usure_ thal the required qualil)' ol 

"1 
i 

- ;. 

' 1 

J 

1 
¡. 1 
- ' 

7.6-Wealher condltlons 
7.6.1 Cold weathtr 

concreic is maintained. · . 1 '" 
.. 8.U-Conveying equipmcnt sha,ll be KeepCablei an ·. -~-· _; 
shall be of_ a size lUid. design such that deteclablc seniyg . f ~""-

7 .6.1.1 In cold weather, the lcmperature of !he COO·_ 

·. crelc when dcliveied at the. site of the work sball confonn lo 
!he tcmperature limilations in Table.7.6.1.1. · 

·, i.fJ. 7.6.J.llf water or aggregate is ~ a~ve 100 F, ·• 

COIIC1CIC shall not occur befare adjacent concrete is plfCdl ....; .. •' '"--
Conveying equipmcnt shall be cleaned al !he end ol acy 
opeRtion or work day. Conv~ying equipment.llld .,¡.....; . 
~ shall confonn 10 the r:nowing addit~al ~~ /) . ,"' 
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IIPECIFICA TlONS_ FOR ITRUCTURAL CONCRETE 
_._ • .. - . . ' . . 

8.2.2.1 Truclt mixm. 1gitators, and nonagitatins unitJ pointJ approximately 18 la. ~- Al eaehJnsenion,-1~-· ~ 
1 and their manner of Openlion s!lal!. CQnform to the applica-. -"~ duration· shall'be aurrK:iCiu ·.O consol~te rhe concreie but · · 
. blc requirernents·or·ASTM C 94: ;_.. . . 001 ·sufficienl to cause sesresation, seneraJiy from S to 1S : 

8.2.2.2 Belt C!MIYCYéJrs shal1 be horizontal oral a slope. sec. A spare vibrator shall be kept on the job site during all 
which will . not é:ause excessive. segregation or loss or concrete plaeing operations. Where the concrete is' 1o ha ve: :: . 
ingredients·.. Con~rete shaiJ· be protected against undue _an as-casi finish, 1 fu JI surface of mortJr shall be brought' ¡·¡ ;: 
drymg or nse 10 ·lem~rature. An acceptable arrangement . againstthe form by the vibration proeess, supplemented if ~ .': 
sMhall be ~se11 d a:: 

1
d
1 
tschdarge· edndhe to prehvent segre

1 
gatihonf. .. necesf sary by spading to 1"0rk the coarse aggregate back i ;: l; 

onar s a. no a_ owe lo a re lo 1 e n;turn engt o rom the formed surface. J 

the belt. Long runs shall be diacharsed inro a hopper or 'i¡ 
through a baffle. · 8.4-Protectlon . ! 

8.2.l.l Chutes shall be meia1 @metal-lined and shall 8.4.1-Unless adequate protection is provided and ac-
have a slope not exceeding 1 venical 10 2 horizontal and noc ceptance is obtained, concrete shall noc be placed during 
less than 1 venicalto 3 horizOntal. Chutes more Iban 20ft rain, sleet, or snow. 
long and chutes not meetinl the slope réquiremeiits may be 8.4.2-Rainwater shall not be allowed 10 increase the 
"'ed provided they discharge into a hoj>per befare dislribu; 
tion. 

8.2.2.4 Pumping or pneumatic conveying equiprnent 
shall be of stiitable kind with adCquate pumping capacity. 

' Pneilmatic placement shall be controlled so that segregation 
is not · apparent in the discharged concrete. Thc loss of 

. · sfump in pumping or pneumatic conveying equiprnent shal1 
not exceed 2 in. Concrete shall riot be conveyed througb 
pipe made of aluminum or aluminum alloy. · .. 

mixins·water nor to dainage the surface finish. 
8.4.3 P/Qcinr lt~rarure-When the temperature of 

.the lurrounding air is expected to be below 40 F during 
placing or wilhin 24 hr thereafter, the temperature of the 
plastic concrete,'as p1aced, shall be no lower than SS Ffor 
sections less than 12 in. in any dimension ·nor SO F for any 

. other sections. The temperature of the concrete' as place~ 

· • ; 8.3-Díiposltlng 
. · · 8.3.1 G~~áa!~Concrete shall be deposited crr•tinu~ 

ously. or iri layers of such thickness that no concrete .-,.•jJ be 
deposited which has hardened sufficiently 10 cause the 

. fomíation of seams or planes of weakness within the 

. • shall not be. so high as 10 cause difficulty from losi e¡~; 
slump. flash se1, or cold joints and should noc exceed 90·1'. 
When the temperature of the concrete exceeds 90 .. F , . 
precautionary measures acceptable to the an:hitect/engineer 
shall be pul into effect. When lhe temperature of the steel is 
greater u1an 120 F, stee1 forms and reinforcenient·shall be 
·sprayed with water just prior to placing the concrete. /" -e'/ 

1 ' <..:.;. ··~ .. ' · seciion. If a section cannot be placed conlinuously, con-· 
·struction joints shall be located as indicated on !he conlract 
documents or as permined. Placing shall be carried on at · 
such a rate',lhat the concrete which is being integrated with 
fresh concrete is still plastic. Concrete which_ has panially 

· hardened or has been contaminated by foreign materials 
. shall not be deposited. Temporary sprUderi in fonús shaÚ 

be removed' .which the concrete· plaeing h8s readicci an 
elevatiori re'ndering their service unneeesaary. Thcy may 
reinain embedded in the concrete only if inade of metal or 
concre~'and'if¡irior.~_IIU.been obtiliried. :. 

8.3.2. P/acini..:·.Ptac:ina~of·Córicme in supponecl _de, 
ments shall riCw·bci·· staned· untll;~, concrete prevlously 

. placed in •coli.uríns;:Bnc!. walls ii'·no lónger pW!ic and_ hu 
be en in place at least rWo hólm: ·: · · · .. 
·. 11.3:3 s~grrgarfoil~e sháll be ~itcid' as 
nearly a.S pracÍicable 'in irs_flnal position ro 1void seire¡a~ 
tion due to rehandling or nciWing. Concrete shall. nOI ~ 

· subjectéd lo any procedúre whicb will cause segregat~. · 
8.3.4 Con.<olidatio11-AII concrete shall be consoliilaled 

by vibrariori, 's¡H.ding, rOdding or forking -~ · thai !he 
concrete is thoroughly wOrked around the reinfóreement, 
arouncr embedded items, and into comen or·rorm.. elimi
nating all a ir or stone pockers which· ·may C.tise hoiiéy-

_(' ·. _- • · combing, pilling, or planes of wealtness. lnternal vibraton 
~) · use.d .shall be the largest size and the rnost powerful that can 

be used properly in the worli:, u descn"bed in T1ble S.I.S of 
. _ ACI 309R. They shall be operáte.i by competen! worl<men,. 

f·; ··Use of vibrators to transpon concrete within fOnris ahall nót 
\'\ ' ·i,e allowed. Vibrators shall be inserted ind withdi'awn' ll 

. ,• ~ , . 
.... 

8.5-Bondlng 
· 8.5.1-When specified, the suñaee of joints shall be 
prepared in accordance with one of the methods specilied in 
Section 6.1.4. 

8.5.1-Thc hardened concrete of construction joints and 
of joinll between footinss and walls or columns. between 
wall~ or columns and belims or floors they suppon, joints in 
unexposed walls and. all Qlhers not mentioned below shall 
be darripened (but _not saturated) immediately prior 10 
placins of fresh concrete. 

· 11.5.3-The hardened concrete of horizontal construction 
joinll in exposed wort;' horizontal construction jointS in the 
iti¡cldle of-beams, sirdi:rs, joists, and slabs; and horizontal . 
é:Onltruction joints in work designed 10 contain liquids shall 
be ii&!Dpened (but 001 saturated) 1nd then thoroughly 
covered with a coat of cement grout of similar proponions 
IÓ tlié monar in !he concrete. Thc fresh concrete shall be· 
placed befare the grOÚt has_ aitaincd its initial set. 
· 8.5.4-JointJ receiving an adhesivo sh11l have been 
prep.recl and adhesive applied in accordance with the 
manufacturer's recom~ndations prior 10 placing of fresh .. 
concrete. 

· 8.5,5-Surfaces of joints which ha ve been treated with a · 
chernical retarder shall have been prepared in accordan<e 
with !he manufacturer'a recommendations prior 10 placing 
of fresh concrete. 

8.8.,.-Concretlng under water 

i 
! 

When required or permined, concrete shaU be deposiled 
under wáter. by an acceptable method in 1 way !hat the fresh 1 q 

.. , . ' . 
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. . . . :~ 
· concrete enteB !he mass of previously placed concrete (rom_ 

within, causing water 10 be displaced witb mínimum dis
turbance al !he surface of lliel:Onen:le. · . . : . 

.·.~ .... :.., 
Notes 

• • • . • ..~_-_;•'jlo 

Mctaltoolasholl notbe used 1ft fanislúngapatclllfta1· ·::': • · 
wall which will be ex(lC*d. . . . •.•. · 

.. 9.l.l-Repair niateriáts anc1 pc.;ced~~~U. · ~ · .. • · · 
···diOsc specified in . .'Section 9.2.1, may be used •.e '"1\1 • 

when acceptable. Materials include but ~~e 1101 limilcd ; ·f . f.l!, · 
S!*ilic ' 9.2).1 Shotcteie. · . . · . · ·. ·. . . . . , ~

?.l.z.z ~n:ial paÍching prO.Jucts, lacludia&1 y./ 
In !he sections of Cbapter 8 listed below, 

acceptance is r<quired: 
8.1.Z or prcparation or formwork for concrete placing. 
8.L3 Of prcparation of subgrade for concrete placing. 
8.2.Z Of convcying equipment. 

. 8.3.1 Of construction jointlocations 1101 indicated on !he 
. contrae! documents. . . . • . 

. 8.3.1 To leave temporary fonn spreaders; il made of 
metal or concrete, embedded in !he concrete. 

8.4.1 To place concrete during rain, sleel cir snow. · 
8.4.3 Of precautiomuy measures al high temp.:ratun:s. 
8.6 Of th~ · melhod for placing concrete under water. 

CHAPTER 9-=REPAIR OF SURFACE DEFECTS 
9.1-General · · · · 

Surface defccts. including tie holes, unless otherwise 
sp.:cilied by tbe contrae! documents, shall bC"iepaired 
iriuncdiately afta- form removal. · · 

.9.2-Repair or defecHve areas · .. · . 
. · 9~1.2 RtJXJir with portiaN/ ~·t:i.:m mortar. . . •· ... 
·. · !1.2.1.1 AH honeycombed a; t. olher defccuve concrete 
shall be removed down 10 soun<l concrete. lf chipping is 
. necessary the edges shall be p.: <pendicular to the surface or .. 

. (a) l..atex·modtlied portland cemcnt.mortar. ~ (;;,. 
(b) Latex bonding agents if 1101 n:-emulsiliable lllriiCSI' · '-? 

subsequenlly exjJosed 10 mois!Uie. . . : · 

(e) Epoxy IDOf!arS ~ compounds • that -· · nioistuie. · 
lilsensitive with aa epoxy binder that confonns 10 ASTM cj;· .· 

. 881 · Type. Ul . . '· ' ' 
• o • • - • • • • • -: • 

Caulion shali be exercised when usirig thesc matcriali: 
witb regard 10 possible color changes from weatheriag 
delaminalion due lo differenl coeflicients of thermal exp~\ 
sion. 

9.2.3-wtKm required for exposed cocic~ee dial wiU 
leR unpainted, color tests shall be modee ~w~:i=da~-::~ 
melhods and maleriaJs to detennine color e• 

'~.3-ne hales . . . . . 
Tie boles shall be plugged unless stainless sted,;:~;' 

rosive, or acceptably coated líes are used. W'
cemcal mortar is used ror plugging. lie. hola 
~le:uied and dampened prior lO J!atching. When sUrface is ·~·.,;,;:,:•• 
be texturcd for an:hitectural app.:arance by saildblastiag 
bushhamincring;. minor defects, and líe holes shall 
repaired to match the adjoining concrete in color and 

,. 

.. l'.· · slightly undercw. No feáthenidges will be p.:rmiued. The 
· .· áiea to be patched and ari area atleasl 6 fn. wide su~und· 

ing it shall be dimpened 10 preven! absorption of water from 
!he patching moitar. A bonding g~~~ ShaU be p_repared 

. when viewed from a distance of IS fr. Olher materials 
reir pluuing dÍe holes shall be subjecttó acceptance .,Y 

. an:hite'ctlengineer and. shall be applied in accordance - ··•·" · .. 
!he ltll!ll!factun:r's wrillcn n:ccinimendaliÓns, · who:re -'"·••·'· 

·. cable, · · 

using a mix of approximately 1 'part cement 10 tPart fine . . . .~ . . 
sand passing a No. 30 mesh sicve·, inixed to the t:QIISistency ,. 9.4-Removal of stalns, rust, efflorescence, "'""•·~; 1 
o( !hiele eream, and lhenwell brusflecj iniÓ lbc; surfag: .... ,¡-", .&Úrfa_d!!JIOSitS . . . 

.. ; 

· !1.2.LZ Tbe patching inixtun: shall be R!~;llf !he . Scsins, iust, efflon:sCeffc:e; and surface deposirs consid- . 
same materials and of approximately tf!e same_ proportions . ered Objectionable by !he archilcCVengineer shaU ·be. n::-
as used for the con~rete,. ex,c~JIIIha1 -~-C.!!~·aggregate · ·moved by iMihods acceptable ~o día''iri:hitectlengineer,, · 
shall be omitted.~ ll)e.~.s_hal.l,~~;,of:not mo.re . 
than 1 part c~ment !O 2.~ pá¡is, san~ by d,amp ~QC!SC volumc. . 
White ponland ce'ment shall iie·sUbstittited.for á'püt of !he 
gray portland c:emeñt o~,ei~-~ie:rcl,produce a 
color matching the coiOI'' OC the silnóumJing ·co'nc:rete, as 
dete~irWl by a tri_~ .PlúC..,~l'iie·é¡üiJ!iiiY.of lniilng water · 

':: ·¡ shaU be no more lh_an rieeessaiy for hait~ling aad'placing; 
The patching mort.ar shall be mixcd in ailvancé aad allowcd 

• lo stand .with fn:querÍI manipulaiion wilh a trowel~ wiihoul 
: \ addition of'wata', uniil it hu reached !he stiffest consis
·¡~ , tency lhat will penilil placing. · .. l • !1.1.1.3 After surface water has evaporated from .!he 
· ; ; area lO be patched, !he bond COal shaJI be WeiJ brushcd iniO •. 
· · the surface. When the bond cciar begins 10 loSe !he water . 

1 ~ : sheen, !he premiJted patching mortar shall be applied; The 
monar shaU be thi»roughly consolldated into place and 

¡ ~ struck off so as to lea ve the patch slighdy higher lhaa die 
surrounding surface. To permil initial shrinkage, it shall be 
leR undisturbed for ar least 1 hr before beins linally · 

• linishcd. The po~ched area shall be- keJII damp for 7 days. 
~o. .. . . . . 

Notes·.· . . . .. . . . . .. . 
.. · In che· Sectioos of Chapter 9 lis!ed. below, acceptanice is 
requ~: .· .· . . . . . . . . . ·. . ~-. 

9.1 To· uSc.'SI*ifoC pati:bing prO.IIIClS; materiall. ·imd 
proportions. .._ . . 
.• t.U.Z(c) To ~ epoxy materials and compOunds, wilb 
regaril _ID· ¡loúiblo color changes. ánd delaritinaiioa ot lbia 
repairs. . . . . . . . 

9.Z.,1 To .use S!*ifle materials, adhesives, and pn:_(abri· 
cated pluwn& devices ror plugging. tie holea. 

9:1.4 fOr. inethods lO be Used for n:mo_val of SlaÍJIS, nasl, 
. effioresceilce: and surface deposits. · 

.J 

' ... ,.~:.-
·~ ;:-. 

..J 

CHAPTER 10--FlNISI:tlNG OF FORMED. ~;ji ~-,¡- · 

. 
10;!~'"::! ren:::;:sthe surfaces ofc~ w:;~' ~· · ... 
sh8r1 be givm ·· ;,.. mon: ofttie linishe .. peo:ilicd below in ~~~ ~~~~"" 
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:.-~,~:_, 
· locations designated by the contraet clocumenll or u spcc-

. {;.., · · iliedilt S!'Ction_J!).4. · 
· '• '·- - 10;1~1~;\\'~n fltlishing is required to match a small 

.1(l1 
. · sample furnishcd to thé contraciof'. thé sample linish shall 

.·"-. .. • , be reproduced on an arca atleast 100 sq ft in an inconspic· 
~'~~)~ ' uous IO.:ation designated by thé architectlengineer before 

proceeding with the linish in the specilied location. 

{_ ·. ¡ 

1 

L 

L 

l .. 
. • .. 

10.2"'-As·cast flnlshes 
10.2.1 Rough form jinish-No selectcd form facing 

materials shall be specified for rough form finish suñaces. 
Tic holes and defects shall be patchéd. Fins excecding 'A in. 
in height shall. be chippcd off or rubbcd off. Otherwise, 
suñaces shall be left with lhe texture impancd by the forms. 

. 10:·2.2 Smooth form jinish-Thé form Jacing material 
'hall produce a smooth, han!, uniform· texture on the 
concrete. 1t may be plywood, tempered concrete-form· 
grade hardboard, metal, plastic, paper, or othér acce¡>table 
material capable of producing the · desired finish. Thé 

· ariangement of the facing material shall be orderly and 
· symmetrical, with the number of 5eams kept to the practica! 
mínimum. lt shall be supf'Oncd by studs or other backing 
capable of preventing excessive denection (see Table 4.3. 1 
for toiC<ances). Material with raiscd grain, toro suñaces, 

. worn edges, patches, dents, or other d~fects which will 
impair the texture of the concrete suñace shall 001 be uscd. 
Ti e boles ~nd defects shall be patchcd. All fins shall. be 

. completely removed. 
10.2:3 Spuial archit~ctural jinishts-Textured finish, 

exposed ag¡;re¡;ate finish. and'aggregate transfer finish are 
· architectural concrete finishes and shall be produccd in 

accordance with the requirements of Chapter 13, Architec· 
tural Concreie. · · .. 

10.3....:Rubbed finlshes 
The foll!J~>'ing finishes shall be produccd on concrete. 

with.Úmooth form finish (Section 10.2.2). Where smooth 
rubbed fi~ish. is lo be applied; the forms shall have beco 
removed and necessary patching completed u 10011 after 

. p)acement as possible without ~izing the structure. 
10:3.1 Smoorh .. rubMd.{uWII;:-Smooth rubbed finish 

.. ·-.-·..... ;,, - ·"l·:t';·~_ .. ,;,·, ·. 

shall be produced '!.!! ne)!;JY.¡~. concrete no later than 
the day following¡f~•removil_.' ~!I'Íaces shall be wcttcd 
and rubbed with éüboründuñi'bric:t'O..·ólher abrasive until 
uniforin col;, alÍd~Íexture ·ue '~~- No cerÁcnt grou1 
siÍ~n be· u sed. «;iihei~i~.;t~,(ic~_iif paste drawn from the 
concie~ itself by tJie rúbbing procesl. 
· H).3.2 _ Grour cl•an~d jinish-No cleaning operations · 

shall be undenaken until all . contiguous suñac:es lo be 
cleaned. are completcd atid accessible. Cleaning u the wort 
progresses. shall not be permittcd; Mia 1 pan portland 
ceinent. and. 1 'h paru fine sand with sufficient water to 
p~oduce, a groui having the consistency of thiCk paint. White 
ponland cemént shall be substitutcd for a pan of thi: gray 
pot1land cement iD order lO produce a color matching the 
. color of the surrounding concrete, u dctermincd by a tria) 
· patch. Wet tlie suñace of the concrete sufficiently to preven! 
absorption of water from thé groul and apply the grout, 
uniformly with brushes.or a-spray gun. lmmcdiately after 
applying the grout_, ~b the suñace vigorously witb ·a cort 

. - - -. . . ~~~ ¡ ·.· 

(: 

flnat or stone_to COII the suñace and fill all air bubbles and -, · 
boles. While the grout is still plutic, remove all excess ~
grout by.:!"orting the suñace with a rubber noat, burlap, or 
other rnéans. After the suñace whitens from drying (ahout ::' . 
thiny minutes at normaltemperatum), rub vigorously wilh :1 ·; 
clean burlap. The finish shall be kept damp for at least 36 j ' 
hours after final rubbing. ¡ !· 

'! 
10.3.3 Cork f/oattd jinish-Remove forms at an early i i: 

. stage;· within 2 to 3 days of placement where possible. l j! 
Remove ties. Remove all bum and fins. Mix one pan .. .,¡ 
ponland cement and one pan fine sind with sufficient water . : 

· lo produce a stiff monar. Dampen wall suñace. Apply 
monar with firm rubber noat or with trowel, filling. all 
suñace voids. Compress monar into voids using a slow· 
specd grinder or stone. , Jf the monar suñace dries too 

. rapidly to permit proper compaction and finishing, apply a 
small amount of water with a fog sprayer. Produce _the final 

. texture with_a coi-k float using a swirling motion. 

10.4-Unspeelffed flnlsh 
lf the finish is not designatcd in the contrae! documents, . 

the following finishés shall be used as applicable: 
10.4.1 Rough form jinish-For all concrete suñaces not 

exposed to public .view . 
10.4.2 Smooih form jinish-For all concrete suñaces 

exposcd lO pubJic view. . 

10.5-Relz:·-.::i unformed surfaces 
Tops of walls or bunresses, horizontal offsets, and 

similar unformcd suñaces occurring adjacent lO formed 
suñaces shall be struck smooth after concrete'.is placed and 
shall be floated to a texture reasonably consisten! with that 
of the formed suñaces. Finaltreatment on formed suñaces 
shall continue unifol)'llly across the unformed suñaces. 

Notes 
. In the sections of Chapter 10 Jisted below, acceptance 

must be obtaincd: 
10.1.20fexperimental suñace finish required to match a 

sample. 
10.2.2 For facing materials other than those enumerated. 

,• 

CHAPTER 11-SLABS 
11.1 -General 

Concrete for slabs shall be proponioned in accordance 
with Section 3.14 to meet the requirements for the class of 
'noor designatcd in the contrae! documents. 

11.2-Preparatlon of aubgrade for slabs on ground 
11.2.1-The subgrade shall be well drained and of 

adequate and uniform loadbearing capacity. The mínimum 
in-place density of the subgrade soils shall be as required in 
the specifications. Thé bottom of an undraintd granular 
bilse course shall 001 be lower than the adjacent finislled 

. ~ 

grade. • 
11.2.2-Thé aubgrade shall be free of frost bc;{ore 

concrete placing begitis. Jf the temperature inside a buildlng 
where ~- is to be placcd i5 below freezing it shall'.)e· · : . 

.;.·!,;7· .•. ·:.!.:~- .. ;¡../!, 
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.raised and maintained above SO F loag enoúglt lo remov_e all 

frost from the subgrade. . . -'- :, . . . .:. _;. "" ~--·.-- .... 
11.2.3-The subgrade shal) be moist at the •. !Une of 

.concreting. tr oecessary; it shall be dampened with water In 
. : advance or conc~ting, but then: shall be 110 standing water 

· on the subgrade nor any muddy or son ¡pc)ts wben the 
concrete is placed. 

placed, coasolicJall:d; struclc ·orr, and leveled. die concrele 
shall not be woñted further until ready f~r Hoaling. Floadng \ ! 

, .. ,~}!h a hand noat or wilb a bladed power ~wcl equlppcd · . 
wilh float shocs, or with a powered disc noat sQJI be¡ia { 11\ 

when the water sheen has disappeared and when die surf'ace . -~V/ . 
has stiiTened sufficiently to pennit the.operatloa. During or:· · __ 
after the fint noating, pl"'1f!~.ess of surf~ shall be cheded .. · ;, ;: 
wilh a 10-ft. straightecige applied at not less Iban· two. : ., 1~ 

11.3-Edge forms and screeds · ... diffe_rent angles. Al.l high spots shall be cut down and 111 · 
11.3.1-Edge fonns and intermediate screed strips Shall low spots filled during Ibis procedure to pniducc a surface· · ·;, 

be set accurately to produce the designated elevations and ... -~-ilhin Cl~-~-~~lerance throu_ghout. The slab shall thotn be ;.;-:;: 
. · contoun of the finished surface, and shall be surtic,iently refloated •mniCd•ately' lo a un~form sandy teatun:. ! · · . .• • -~ ' -. • •. ·-::>:. 
' strong to support vibrating screeds or roll~ pipe scn:eds if ., .... 11. 7.3 Trowtltdfinish-'-The surface sh:lll r111t be float. 
· the nature of the finish specified requires thc use of suciÍ · finished as specified in Section 11.7.2. 1t shall_.next be ·-• 

· equipment. The concrete surface shall be aligned lo the · power troweled .• and finally hand troweled. lbe 'fUSa trow-
contours of screed strips by the use o( strilce'off templates or eling after power .noating shall produce a smoodi'. surface .. 

· · acceptabl-: compacting type scn:eds. · · which is n:lativelyfree of defects but'which may-Still show · :., ..• 
·tt.3.2-When fonnwork is cambered, screeds shall be ·. .S!?.rne trowel marks. Additional trowelings shall be done by· 

set to a like camber to maintain the pro~.: é®c~te b8nd after the sur(ace has hardened surticiently. The final 
thicknesses-. . , J~~weling shall be done· when a ringing sound is producecl as· ... ,, 

the trowel is moved over the surface. The surface shall be 
11.4-Piacement · thoroughly consolidated by thehand troweling·operalioas, . ':" •. 

Tlie fUiished. suñace sh:lll be. essentially free o( trowd 
marks, Ul)ifo_nn in texture and appearance and shall be plue 

11.4.1-Mixing and placing shall be carefully coordi
nJted with finishirig. Concrete shall not'be placed on the 

·sub grade or · fonns more rapidly than il can .be spread, 
straighcedged. and darbied or bull floa~: These opeiiltions 
muS< be peñonned be fore bleeding water has an_ oppQ&t¡~nity. 
to col!ect on thc súñace. · 

. ID a Class. A tolerancc, execpt tolerance for concrete oa . . '·' 
metal. deck shall be, Class B. On suñaces illtendcd to ,. ;\r .. · 

,.:-.::~pport fl00r cov~<ings, any defects of sufficienl magnitude , ,_. ,. 
lo show thlough. tho floor covering shall be ~ved by . . :•· 

11.4.2---"-To obtain good surfaces and avoid c9!djoiní5,.,, 
L~e size of finishing crews shall be planned with due regard 
.for the effects of concrete temperature and atrno5phcric 
conditions on the rate of hardening of the concrete. 1( 

construction joints become riecessary, they shall be con-
. structed as requircd in Cbaptcr 6. 

gn_nding. . . ·. . 

11.7.4 Broom or belt Jinish-lmmediately .after _the 
concrete has received'a float finish a• specified in Section 
11.7.2, it.dtall be given a·C:oars:. transvene scored te_xtun: : ':" 
by drawing a broóm or burlap bCit across the suñace. 

. (' :. 
.. -~ 

, ..... 
11.7.5 Htavy-duty topping ¡o; two-cours~ siabs '" ' 

-\: . ·"" . . 11.7.S,&.The topping mixture shall be,,~inpQsed of . ' 
11:5-Jolnllng · . ..., .. ,. materials_seleéied to. impan heavy-duty wearing piojJcrties :· "' · 

Joints in slabs on grade .shall be locat.:d and•detailed,aa , ... ,,., IQjhe finished slab. Materials selected shall be acecptahle 10 
indicated in the contrae! documents. U-saw-cutjoiRII areu~~"tho architecuengineer. ·. .. . . . . . .· . . . . . . . ••.•: ,. 
r::quired or pemlitted, cutting shall be timcd properly 'with .. - .11.7~S.l 'The baSe.slab shalt'be placed and screeded V~ · .. J! '·:. 

1he sec of concrete. Cuuing shall be started as soOn as the lo 1 in. b_elow tlie Rqaired ·fi~ish .suñac:e:>nd consolidaled. ;.::;c. _ J 
concrete has hardened surrccie@y. !O:pRiv~,¡~gregaleS: .. , ..... The concrete shall nO! be worlced further until reildy for lile 
being dislodged by the 5aw . .'Cíattirig ihaU~b,eteompletcd · ·• · liext ciperalion·. · · · ' · · 
before shrinkage syesses :'~. surti~~ri~ ~~- produce · · 11:7.5.3 Topping_placed on "ihc: same da y as base slab. 
cracking. · · -~:-···é,_ .::._:¡.. ·, ·. '!'f:·;¡;;; · . When blied. water has disappeared and the surface o( die : ~:>.', 

· ':, ·_;.'.:•- ",;,,:,·,_:el:.'.$.{;: base slab will suppori aman without appreciable iJ1denta- ·'·'"'· :. 
1 ~;o:~~.n~o~~=::j~:;;-~· ~::hl;~~~:dated. 1~ :r:;.;::IÍ:::;~ot!:ss '!':~~!:ce5.p::'nn:'~ : j~~~~ 
ternal vibraiion shall be used in beaniS . and girders of aianner si*ifie(f abOve for flcüited Hnish (scie séctioa · -:"e'" 
framed slabs, and along the bulkheads of slabs on grade .. ·.. 11.7.2) or troweléd'finish (see Section 11.7.3) ea&:ept that •,,"ú: 
Consolidation of slabs •hall be obtained witiÍ vibrating jlower-driven itoats shallbe of ihe lmpact type: ; ,. '" ''' : 
screeds, roller. pipe screeds, internal vibraton, or _othcr 11.7.5.4 Topping placement deferred. As- u dlel .,,; • .-"' 
aécepcable means. · base slab lí~ panially set, the surface shall be bnlshed withl ' .-y·.-, . 

• coilne wire broom lo rémove laiiance and scratch the .. -. "''' 
·:aiuface. The base slab shall be wet cured a mbiimum o(l · 11.7-Finlshes (sea Sactlon 11.91or deflnltlolls or 

loler'ance classes) . 
!1.7.1 Scr<Uch~d-jinish-After the concrete has ·been 

placed, consolidated, struck off. and leveled toa Class. C 
. tolerance. the surface shall be roughened with SliiT brushes 
or rakes befen: the final set. 

;¡.2. 11.7.1 Floottd jinish-After ·the concrete has been 
. ;¡ ·. 

_lhree d<iys. The scracched base slab shall be pfoiected fromj 
· -:·contamination until time tp place the topjiing. Prior lo! 

•'ptacement or topping, the base slab. shall tie thoroughly~ 
· cleaned and dainpened but len free of standiag ~ater . 

~ :J,:.:-:.:. 
!·-
. ._..:::; 

::>w·-v 

lmmcdiálely ~rore the topping is placed. a coat ofbonding_ az.. . \ 
~~ prepared in accordance wi1h Séction 9.2.1 shall be , 
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scrubbed into the surface; it sll&ll not be allowed lo set oc 
dry before the I!JIIIIillg'ls"pllailt;· eendiilg 1&\!illi'Cit~Cí" lhlll ;, ' 
cemem. .. puut,taayí _be,,UIIIIIf_if;·iccepcible¡· ·~ lopjiiq; 
mixture wlt. ~~e pJaaid, -e. • ., rted¡::lilcHinllhat• •¡ .se:.·''·· 
scribed in: Secli-·ll.l;s.J, ·.::: •- ·- '.:-·. ·: · · ·• · · · ,~,--· 

11.7.6 "Dr,-~liob'' .P.W ... If a-"diyshab"'applica"· 
tion of a sclu:ted·metallic ·oc minéral auregatc inpecif.ed; 

- the aggregate; sclccted or· ;ÍI«e9Uible to · !he· an:llilécV : 
engincer, . sball' be blended · with · penland ccmem :411 dlllt • • 
proponions recommended by the manufact....,r ol: the• ag• • · • 
gregate. · The surface sball be given a noat finisb in 
accordance with Section 11.7 .2. Approximately two-thinb' · •.·: 
of the . blendcd. material for ~ind coverqe sball be' 
appl ied to the s urf ace by a method thal inawes --: · 
coverage without S..gregatioa. Floaling- shaU begin'·j~ 
diately after.appliclllion of the ftnt "dry·shake.." Aflllr lhisi 
marerial has bcen embedded by n~ting, the remainder of'· 
thc blendcd material shall be applied lo thc surf- at right 
angles to the previous application. 11te second appllé:ation 
shall be heáviét' in- any llieas ntll sllft"tclently cove'red bfllie' 
first applicati<in. A second noating shall follow imtiledl- •:' 
atcly. After, tbe scleaed material has been embeddeCI by-~·
two. noatings, .•. the• openuien -lhall· be completecr with a·. 
broomed, floatCd; · or tro~lcd ltnisb, 11 desl~ ilf the · · · 
contract documents. - .,: '·! ~·.1 ·,, r .~ 

' 11.8-Unapac:lfled ftnlah . __ - -----·-
Wiféit'tj;¡c>iir lliúsli· "' 'nÍ)t spédr.ed ¡;~ Íhe ~oninlct ! : ! 

documenll, the followhsa rmisbcs shall ~ • u ~- ¡! • ! 
bl~~--~:~.s~~IU_c~d JW~7.~ swfact:;:·,~teodcd lo re- .J: l, \ 
eetvc lioiiélid ijlplied cemenlit•ous appheattonJ, 1• j; ¡ 

11.1;2 Fliiat~d f/niSii-For surfaces ~ lo receive " ':\ 1 

roofing, w_ aíe~prooling ~rancs, « . .a..d·~ ICITazz?. . \1 J 
11-.1;3 'l'roiWkdjlniSii-For floor ·~tended as wallung : : .\ . 

suñaces or ·ror receptlon of noor covenngs; 1 .' . 
U.8•4 Br-oom tir belt jlnish-Folr sidewalks and garage ! • · ;1 

noon iald ramps;· · 
. · 11.8.5 Nonslip flnish-F« extcri_or platfonns, steps, and 
landlngs;;&nd for cxiCrior and interior pedeitrian ramps. 

' .. ... . . .. ... ' ( .. ·.":• . 

11.&-FlriiSIIIng toteranc:e.. 
U;,.;t.:.O..:F"ndshcs wltll Class A toleriúices shall be true 

planes withln !.11 In.' in lO ft; as ck:ten'ninCd by a 10-fl 
straightcdge,placed anywhCre on the slab in any direction. 

J'l.f.Í-I=inishes with Class B tolerailcca shaU be truc 
planes' wititlii v. in. in ró'' fr. ás dctermliied by a 1-0-rt 
stralglitedge'pliCCd tuiyWhere on thc sla~'in any direclion. 

u.t;J..::.PiniÍhc.t' widl' Class e tole~ sll&ll be true 
planes' Mthln5 'K in. in 2 ft u 'cletcrmi.i.d by a 2-rt 
llral¡h!Cdgé ·¡;liiied ariywheie on the slab ;n· any direction. 

Notes·' 
!ti• die iecliÓns 9f Cbapter 11 listed bCiow. •pccific 

. ' 

. ' 

• 

,....,. 
.i ; 

11.7.7 Nons/ip jinish-Where the contnd documents 
require a nonslip finish, the surface sball·be· given. a ''ctry' • 
shake'' applicatian. as specif!Cd aboYe, of CIVshed ceram¡.; 
cal! y bonded. aluminum.:Ollide ot .Oiher specif!Cd sclecie<t 
abrasive panicles. 11te ratcc of applicalion of such. material 

. shaiHJe not:lesuhanolS lb per 100 sq ft. . · ' · 

acceptanee i.-required: 
11.3.1 or compacting lype screeds. 
11.6 or special melhods for consolidation·or concrete. 
11.'1.5.1 or materials for heavy duty topping mixture . 
11~7,5;4 or bonding agents Olher than grout. 

1 

( 

,11<7.8· Topping for ~ s/Qb.IIIJI Írll~lllkd /Df' 
. '· h~avy ihdy .swTViC't'-'-l'nlparation of base slab, scleétion or· 
· ·. íopping material; miiing;-placing; consolidating and finish-·: · 

ing operations shall be as specified in Sectloil 11.7.5 abOve!'' 
except that.the aggregate need not bC selec!Cd for speclal ' , 
wear resistance. · · · · 

,_ 

11.7.9 EJ:pru~d aggngatrjllflslr-'lmmediátely aliertflc! 
surface of·the·conaete:has··bcen levclcd ·lo a Ctus· B'··'·' 
tolerancc in accordance with Section 1 1.1.2 and. sll'lf~·,o 
water has disappeaned, aggregate of-color and sizé (usually 
'Ao to 'Al in.) S!'lected by the- udtitecllengineer sllíll fiC;.> 
spread unlfonnly -over · !k · 11Jd'.:e. ·ID' • ¡iloVide · coril¡ilele 
é:overage to the dcpth of Íí~singlie IÍIII'I; ·--:~,; · -.-· : · · ' '< •' 

11.7.6 or material ror "dry stiake" application. 
11~7.9:1 or chemical retatdcr uscd to extend working 

time in' jirodudng eiposcd auregate finish. 

CHAPTEA-12-CURING AND PROTECTION 
12.1~,., 

Begil\ning iitunedlately uter placement, concrete shall be 
protectel fiom jllemat...., drying, excessivcly h01 or colél 
tetnperillltes; 'llluf lnéchanical injury, &ild iJWI be main- · 
talned ·wtth ·miabtlal moisune Joss at a relatively constant 
lcl1lpCRlUfC · fcii' the pcrlod necessary for hydration of the 
c:Cmenr'llld-'haideiÍirig ·of !he coilc~te. 11te materials and 
medlods (I('M.nl lhall be sitbject lo acccptance. 

.- .• - ~' 1: 

Jt.7.9.J,-The •spread of seJec:led. agpegate shall be:
embCddcd into lbc 'suíface bY. ·llgbl tanlping . and the sur• .. ' 
facc shall IJC,floatéd •llnlil<'lhe-·aRhddcd stone· ls ·-fdlly •·• 
coated wiiiHIIOI'Iai'and':>thtlllirtÍice•bls•beeJI brilugtltlo ,., •• , 

true~ plane. withiir Class: 9 r·tollhnce. !!ipoiure 01 tlilf"' " 12.2~rv.uon of rnolature 
aggi'cgate shall stan after· the' ~·haS lllllldened' lilffi· 12.2.1 -For concrete suñaccs Íl<llln contact with forms, 
ciently to prcvcnt dislodgemem of the aggregate. Water, in one of the following· procedures shall be' applicd immedi· 
abundam quantitics but. without force, shalf.be allowed 10.. . . atcly aner·completion o( placement and finisbing: 
now over the suñace of the: conc-' while the malriiJi '· · · 12.Z.l.f Pundinl oc conlinuous sprinkling. 
encasing the sclccted. aggrcgllle is •~moved by brusbini _,. · Jl.Z.I,l''ApPIIcation ohbsorplive mats,offabric kept 
with a fine bristle brush. This openliGn shall contlnue:uncib•.. contlauilúsly.wet;-· ·.:-_" · .,- ' · · · ···- · · '' · 
the sclccted. auqa,u:. is- uniformly exposed but - diao ;i IZ.Z.l.J Application of und tepe contilluously wct. 
lodged. :':· · ''' ·.,. · · IZI11.4'Contlílúous appllcation of steam (DOI excecd· 

. · 11.7.9.2 Aaac0Cfli3Cie cbemical ~apnyed IÍnló ina J50IF)-'or tn11t .;c.;:.· .''' · _ . . · 
· theJresbly ftoaccd,surf- JllaY, IN ·-.ed ID exrcild the ..• · · ll.2:16'AP,.~ of witerpi'oof' sheiel materials, 
wOrlting lime for,CSJIOIUI'C.of ............. -,·; .: 'co..,; ''· •''''' _cotll'uiudllg 10·-~ C J7l. ,, :. . .· '·' ·.' . · .'2 3 

.. ' ··. :, . ··. , , -.. :. , . -~ i.~- r···;· \: .... ~. 
'.1' 

·. ,.. 

•·t 

·•.· .. : 
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11.1.1.6 ApPiiatioo of_ Olhcr accep~_able moistun:· 12.4-Protectlon from mec:hanlcallnJury 
relaining covering;··' ·' .. -· ' ., ·:e· ... ·,, , ... ,.., ce· c.. During lhe curing period, lbc CUIII:ICIC shall be·.,.-c:led . 

li.l.l. 7 ApPiiÓ:aiioa ol a curing compoulld confonn- .from dama¡ing mcc:hanical dillurbancc:·•. IIICb as load 
ing lo ASTM C 309. Thc conipound shall be applicd Íll mases; heavy SIOCk. and e.ccssive vibr~lioa. All fmished 
acconlance with lbc recommendalions ol the manufac1um- ccncrele suñacei sball be procecled fmm damage by c:on-
immedialely afler any waler sheen which may clevelop afler llnltlion equipmcnl •. malerials, or IUCthods. by apPiicalion 
finishing has disappeared from the conCrele surface. 11 sbaJ( of curing pmcedun:s, and by rain or_ Nnning Waler. Self· 
nol be used on any suñace against which additioaal coo- ·suppor1ing SINCtures shall no1 be loalled in such a way as 10 . 

·crele or other material is lo be boQded unless it ia proveo overstress the coocrele. 
thatthe curing compound will no1 pn:vent bond, or unlesa 
positive measures are taken 10 remove it completely from 
areas lo receive bonded applicalions. 

12.2.1-Moislure loss fmm suñaces placed · apinst· 
woodcn forros or metal Cornil exposed 10 healing by the sun 
shall be minimized by keeping the ronn5 wet until they can. 
be safely removed. After form removal lbc CODCRIC shallbe : 
e u red unlil the end of lhe time prescribed in Section 12. 2. 3 
by one of lhe methods of Sec1ion 12.2.1. 

11.1.3-Curing 'in ·accordance wilh Section 12.2.1 or 
12.2.2 shall be con1inued foral leas! 7 daya.in lhe case of 
all tOiK:relc excep1 high-early-suength concrele for whic:b .. 
the pcriod shall be alleisl3 days. Alternatively, if lests ale 

made of cylinden kcpl adjaccntiO ·the suuctwe and cured 
by the same methods, moisture retention measures may be 
tcnninated when the average compressive suength has 

.... Notes .. 
In the sections of Chaptcr 12 lisled below. spcciflc 

.. -accep1ance is required: 
· U..l Of materiall arid melhods of curing. . 

.., , . 11.1.1:6 To use moisture·retaining covcring or atypc not 
listed. 

CHAPTER 13-ARCHrrECnJRAi. CONCRETE 
13.1-General · · ,. · · 

Archi1CC1ural concrele is concrete which is upOsed 10 
view as an intc¡~. or ex~,;oi suir áce . in lbc compleled 

.. stNcture, and specifiCally _designated as such in lbc conllact 
documents. 

reached 70 pcrcent of the spccifJed suength, ¡;. Moistun: 13.2..;...Proportlonlng ... 
retention measures nlay also be lemiinated when die lem- · 13.1.1-Unless the c.;,.llact doCUments require a plaster 

· ,:·cr•tlire nf the concrete is maintained al.least at SO F for the · coat finish or final pai: .. : ;g 'or suñaces, de¡,:.;nated colors 
ü:ne iength of time that laboratory-cured cyliÍtders, rcpre- and unifoitnity of colorSball be mainlained. For concrete of 
:ontOiive of thc concrete-in-place, requirc lo achiev~. 85 a desired color, the samc mixture proportions shall be uscd 
;·uce ''' ,,·¡ ¡;. lf ore ,,¡ the curing procedurcs of Sections thmughoúl. Cbangcs in the quantity of ponland cemenl pcr 
; :: : t ¡ '~''·"'Sh 1 ~ 7' l..¡ is US<d initillly. ·it may be" cubié: yard shall be particular! y avoided. ORiy one typc and 
·. ¡ ·'"' ;.-. L y une of th.: ,.,,hcr pmcedures of Section 12.2.1 one· bnind of ccinent fmm the 5ame· mili, only one source 

;·.: ·~ '"'"' aftcr the concrete is •. da)' old pmvidcd~lbc and one maximum size of coane aggregate, only one source 
. concrete is not pcrmillcd to become suñacc dry during thé: of fine aggrc¡ale, and only one placing consistency shall be 
transition. ..: . _,,., ulcd, . . . . . . · 

· 13.1.l~AR:hitectural cOncnile for ·exterior exposure 
12.3-Temperatura, wlncl, endhurnl!llty,,.. . , .. ,. ,,_ :·· shall be air-eiíii'ained wilh a water-cement ratw not cxceed-

U.J.l Cold M·eather-When tbe mean . .U)' outdoor iDg 0.46 by weighl. 
tempcrature is less. ~!han 40 F. lbe .aiUre !Ir ll!o. 
~oncrete shall be maintalned betweei1:5CJ.Md.70 F for 1be 

. required curing perioil of~n í:i:i3!'Wben neceSsary, 
anangements for healirig;:~~.··iiJsilliíiing, or housin& 

· the concrete worlc sh8Jitie made'iíi'~ of·placemelll 
and shall be adequal~~~~-,íD&Üí~ ·~: itqülied u:m'pentun: 
withoul injury due ioccci~ntnticiil cif'heal: CoiÍibiiSiion 
heatel'1 shall nol be usecf.dutÍng·clhC r.nt 24 hr unless: 

· precautions are takeii to preverít exposure of ihe conctéle 10 · -· 
.. haus~ gases which contain carbon diolide. '" 

l2.3.2 Hot Wtalhzr-When necessary, provision 'rtir 
·,i:.dtreals. shading, fog spraying;sprinl<ling, ponding, or 
··x:! covcring with a liehl colored material shall be niade in 
>d··••:cc of placcmenl, and such pioiCCtive measures sball 
b~ ti.~eti as quickly as concrete hardening and finis!ling 
opcralions will allow. . 

11.3.3 RaJe of ttmperature cllang~-Changes in teinper· 
a1ure of the air immedia1ely adjacent to lhe concrete during -
and immediately following lhe curing pcriod shall be'kepe · 
as uniform· as possible and shall no1 exceed 5 F in any 1 br 

• 13.3....;Forms 
13.3.1 ~Forms for atchitectural concrete shall be de· 

signed to produce t!le R:quired fl!'ish or finishcs. Deflection 
of facing 'malerials between 51ods as well as deflection of 
atuds ami waleB shall be limiled 10 0.002S times the span or 

. as Ótherwise specifJed. Forms shall be <lesignccl 10 pcrmit · 
wy removal. Pryini apinst lbc race of the cOncrete sball 
not be allowed. Only wooden wedges shall be used. 

13.3.1-Where natural plywood forin "finish, grout" 
cleaneil finish, smoOth mbbed finish, scmbbed finish, or . 
aand floated flnish is required, rorms shall be srilooth (faced 
with plywood, liner 5heets, or prefabricated panels) and 11\le 
10 Íine, in OOicr thatlbc suñacCs produced will require liule 

. dressing lo aÍrive al true suñaces. Where any as-casi finisli 
is required, no dressing shall be pcrmitled in the finishing 
operation. · · ! 

13.3.3-Where as-cast suñaces. including natural ply: 
·wood form flnish, are specifiCd, lhe panels of malerial -
against which concrete is cUt shall_ be orderly in arrange- ¿ 

· '). '/ or SO F in any 24-hr pcriod .. · mcnl, with joints between panels planned in acceptohle · 
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telation to openinp, buildin¡ COmen, and Olher II'Ch:.::irec-~_: -'é'be,_~y_WCIICd.and icNbbcd witb 11iff fiber or wiñi- .. ·. 
tural featwa. ·- · ·- ~- . :·c. · brushes, using 1n1et freely, until tbe surface monar is ·, •· 

13.3.4-Whete panc'& for u-Casa iuñaces are ~ted removed and !he agppte is uniformly exposed. The. i ··· 
by recessed or otherwise emphasized joints, tbe siNctural suñace shall'lben be rinsed witb clean water. lf ponions of ; l :, 1' 
design of tbe fcinns shall provide for locating form ties, tbe suñacc havc become too hard to pennit unifonn, ~¡: ¡: 
whete possible. within the joints so Iba! patches of tic boles aggtegatc exposute, dilute hydrochloric. acid (commercial :; ' ' 
will not fall within.the panel areas. muriatic acid diluted with 4to 10 plllU water) may be used ; '' !• 

13.3.5-Jn addition to shop drawinp normally requitect, 10 temove tbe excess uler the conctete is at least 2 weeks !¡_ :: :: 
fabricating drawings of fonns for II'Chitectural concrete old. Thc acid shall be temoved from the finished suñace .. ·.' 
shall be submitted for acceptanee showing the .jolnting of with clcan water within 15 min after applicatioo. ) i:j 1: 
facing panels, ~he locations of fonn ties, ·and any necessary · Agpgate exposute may bC facilitated by casting the l i ': 
alignment bracing. . . concrete against form faces which have been coated with a 

13.3.6-Fonns shall not be reused if thete is any chemical tetardcr used in accordance with the manufactur-
evidence of suñace wear and tear or defect which would er's tecOmmendations to kcep the mortar adjacent to the 
i"•pair.the quality of the suñace. Forms shall be thoroughly form from setting. 
cleaned and properly coated befate reuse. . ·. · 13.5.3.2 Sand blast finish. The conctele suñace shall 

13.3. 7 ~Fonnwork for II'Chitectunll conctete shall be be sandblasted. Unless otherwise specified, degree of sand-
observed continuously while concrete is being placed to sec blasting shall be light:·' {Light sandblasting .is sandblasting 
that thete ate no deviations from desired elevaiion. align- sufficientiO expose fine aggtegate with occasional exposute 
ment. plumbness, or camber. lf. during cons!Nction, any of coarse aggregate; exposed eoarse aggtes¡ate should not 
weakness devel"flS and the falsework shows any undue project more Iban o;,. in: (1.5 mm) from the matrix.] 
settlement or distonion, the worll. shall be stopped. thc 13.5.3.3 Tooled finish. Thc thoroughly cured conctete 
affected consrruction temoved if permanently daniaged, arid suñacc shall be dressed with electric .• air, or hand tools to a 
the falsework sttengthened. · uniform textute, and shall be given a hand tooled, rough or .. 
13.4-Piaclng of concrete 

JJ.C. 1-Where a smooth rubbcd or similar finish is 
requ:. cd. thc coarse aggtegate shall be worked back from 
the fonns, leaving a full suñac:e of monar but avoiding !he 
production of suñace voids. · 

13.4.1-Vibrators shall not be allowed to COIIIaCI !he 
fonnwork for exposed conctete suñaces. 

13.5-Speclal archltectural ftnlshes 
13.5.1 Tmurrdfinim,s-Textured form linera rnay be 

of fonned plastic sheet, wood, sheet metal, or Olher 
material designated in the coniiiCI documenta. Uner pancls 
shall be secured in forms by cementins or stapling, but not 
by methods which will. pennit impressions of nail huds, 
sctew heads. washen, or the like 10 be lmparted to !he 
sqñace of the C!'ftCI'CIC. Edgcs_ot;_textared panels shall be 
sealed to each:.'Otticr :or to.;divider:;íirips (if specified or 

• -~~-- ., .... -,¡ .• -._.,_-- ¡:.r-r.¡· .J• 

shown) lo preven! b~it\g of ~; 1bc sealant used shall 
be nonstaiÍting·tO·the suñai:e,'}".!" ~ 

'• . . ., ..... ··· .. • .... 
·13.5.1 Aggr,,¡¡,~;rn.~,~:Jfmsll~s.:.._Asgre~ transfer 

· and other speciat'riiilihes siíiitt'lié"j.oduced usins methods 
..,... • • • • •' ' ¡' ·.r,, • • . 1 ~ • 

and materials desisnated in the c:ontrao:1 documents on sucb 
a way as to duplicate sample pancls ptepared in advanc:e. 

13.5.3 Expoud tJggrega" fitúsh,s-Aggtegate shall bo 
exposed by a method, accepcable to the II'Cbitecllenaineer, 

. such as sandblasting. bushhammering, or the ·use of 1 

·surface tetarder. Thc suñace shall be produc:ed in suc:h a 
· way as to duplicate a sample panel ptepared in advanc:e. 

The contractor shall submit to !he II'Chitecilenainecr for 
accepcance, prior to placeme.nt, the intended procedure, 
_suc:h u use of gap-graded mixtutes or pteplaced a¡gtegates 
or othcr, by means of which unifonn distribution of tbe 
expo6Cd agpgate will be llchieved. · 

13.5.3. 1 Scrubbed ftnish. ScNbbed finish shall be 
produced on panially-hanlencd conctetc. Thc suñace shall 

fine pointed, crandalled, or bushhammered surface textute, 
u designated by tbe contract documents. 

13.5.3.4 lf finishes are specified in accordance · with 
eltber Section 13.5.3.2 or 13.5.3.3. the depth of penetration 
of tbe finish shall be specified by one of the following 
crileria: 

13.5.3.4.1 Remove only the suñace monar. 
13.5.3.4.1 Remove sufficient monar to expose the • 

suñacc of sorne coane asgtegate. 
13.5.3.4.3 Rernove sufficient monar to ex pose. 

tbe coarse aggtegate in telief to the specified depth (for 
· .. ~ blast) or lo fractute the coarse 0ggtegate (for tooled 

fillish). 
13.5;4 App/ied jilliSMS-When finishes , of SIUCCO or 

similar II'Oweled materials ire to be applied. the suñace of 
tbe coilctelc shall be ptepared to insure pennanent adhesion 
of the finish. Jf the c~iete is less than about 24 hr old, it 
can be roughened witll a heavy wite bNSh or scoring tool. 
lf ·!he conctete is older thc suñacé may be mughened 
meo::hanically u specifled in Section 13.5.3.2 or 13.5.3.3 or 
by eldling witb acid as specifoed in Section 13.5.3.1. After 
roughening, tbe suñace shall be washed ftee of all dust • 
at:id. chemical tetarder, and other foreign material befare 
tbe final finish is applied. · 

13.8-Patchlng 
13.6.1-Whete u-cast finishes are spccified. the total 

patclled area shall not exceed 2 sq ft in each 1000 sq ft of 
as-cast surface. This is in additiQn to fonn tic patches, if the 
contrae! documents pennit ties to fall within .:S-nst arcas. 

13.6.1-Any patches in u-casi architectural concrete · 
shall closely match the color and textute of surrounding 
suñaccs. The mix formula for patching monar shall be 
~ncd by tria! 10 obtain a good color match with the 
conctete whcn both patch and conctete are cured and dry. 
Afler initial set, suñaccs of patches .shall be dtesscd ,, 
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manually lo oblain the same textun: u IUIIOUIIding lllr· : i of other n:inforted massivc conc:n:te &baJJ comply with 
faces. . Scction 3.5. 

13.6.3-,-Io uy fmishing Proci:ss •wlücb illntencled 10 14.4.2-Thc maximum temperature of thc concn:te 
expose IBBJegale 011 the suñacC; paldlcd ueu sball sbow . · wbco dcpositcd shall be 70 F. 
•BBn:aate faces. Tbe OUia' 1 in. of pllcb shall contain thc_ · · ·- ·14.4.3-Concn:tc shall be . placed in layen approxi-
same •BBrcgatcs as thc lllmllinding c:oaaetc. lo thc case of · mately 18 in. thick. Vibrator bcads sball'extend into thc . 
aggregate transfer finisb, thc patcbing mixtun: Sball contain · prcviously placcd laycr. 
lhe same selectcd colorcd BBBn:gatcs. Aftcr patcbes havc ·-
been_aliowcd to.cure thorougbly, thc iggiegatcs shall be ·14.5-Curlng alld proteetion 
e•posed togetbcr with thc &BBJegatcs of adjoining swfaccs 14.5.1-The mínimum curing periud sball be 2 weeks. 
by_ the same. proccss of mortar n:moval. 14.5.2-Wben tbe sunounding a ir temperatun: falls 

13.6.4-Patcbcs in arcbitcctural cODCJetc mace$ shall "" below 32 F, thc suñace of thc concrete shall be protectcd 
be c~red for 7 days. PatÍ:bcs sball be"\xotectcd from against freezing but sleam or other curing metbods that will 
premalure drying 10 _tbe same cxtent as ilii body o( lliC :· · add beat lo thc concrete sltall not be used. -
r;nncrct~. 

Notes 

14;5.3-When lhe surrounding air temperalure is grealer 
' ··;,'"·· 'tlwf40 F, thc forms and exposed concn:te shall be kept 
-., .. · :.- coÍIIinuously wel for thc firsl48 hours afler placing. Such 

In lhe seclions of Chaptcr 13 Usted helow, .specific welling is also required whenever lhe surrounding air 
·acceptanee is required: _ · ; .... ·:." · temperature exceeds 90 F during thc remaindcr ofthc curing 

· 13.3.3 Of fonn·jointlocations_betwccn pinets.· "' perioo: When thc surrounding air temperature is lcss Iban 
13.3.5 Of drawings for fonnwork. 40 F, thc concrete sltall be protccted from freezing and 

- 13.5.3 Of thc_ method for developing exposed •BBrcgale moisture loss, but continuous weuing during the fust 48 
finisb, and tbe means by wbicb uniform distribution of thc hour5 is not requircd. 
aggregate will be acbicvcd. 14.5.4-,0uring and al the conclusion of'thc specified 

CHAPTER 14-MASSIVE ~ONCRETE 
¡ 4.1-GeneJai . 

curing period, means sball be providcd to insun:'lhat thc 
temperature of thc air immcdiatcly adjaccnt lO the concrete 
does not fall more Iban 3 Fin any 1 br nor inore Iban 30 F 

··in any 24 br. 

1~:1.1-Portions uf the structure to be treaied as massive Note· - · ., •-

:_''""e•·; unolrr 'é'c. '''ovisions. o( this clwpter --~JI¡;"-"· ·•-•·1n•Scction 14-.2.2, s¡iecific acceptancc is requircd to use 
:;,:;:~;¿:;u .. t.:;d lól ;.:-.~ ;n•!~r:li:l documents. . · .... - ·.. :a· retarded admixture to fac:ilitatc· placcmc:nt o( massive 

1-1.1.2-Such rr .. ..;,ive concrete sball be subject_lo tbe concrete. 
'"'l''iremcnlsc(;hi,, chapter in additioo ti> all othcr appli· 

. c.bk provisions oi llw:se Specifications.: 

14.2 -Materials 
14.2.1-High-éarly-strength (Type 111)' cernen!, calcium 

chlorlde, and accelerating type admix1wca shall, not .be. 
uscd-. · · 

14.l_.l~A retarding admixture, pretestcd witb job ma
. lerials under job condilions, shall be. used,:, if acceptablc, 
. whcnevcr nece~saiy to j11:e4~;¡ ;_ooiJ'Jóí~':':élue to thc 

• • • . ... ~-··....,.:-···:.: •;?'; __ J_,_ ... ~·- ' •. 
quanllly of coru;r~e plac,ec!~ !" ~!l __ ~l(t~~ of thc 
concrete, to offset-t~e .e[C9ts8f, btg~,~j!"Je~,I~!"P"ratu~, · 
·orlo reduce thc maximum,temperature aiid rate of temper· 

• • .. _, __ :· ... -.i - '~-.. :-:.::-\· •• :~:·::--:-:w·, ·.;· : .. :: :·. . 
ature nsc. ·-.~.··• ·...., ·t"'!Y. .... ~~---.· ,.-.... __ :·6 • . : :_- -;~-=-·:~-~~:-:::~--~-r~~~i;;~:t.-z:·;;'.·: 
_14.3-Proportlonlng 

Ccment conlent sh3ll be thc mínimum required 10 attain. 
lhe specificd cÓmpressive strength/;. durability and other 
spccified properties. 

14.4-Piac:ing 
14.4.1-Unlcss olhcrwise permittcd or specifled, thc 

slump of unreinforced concrete or of massivc concrete that 
conlains no grealer reinforeementthan required ror temper
alure and shrinkage shall be 3 in. or less. A tolerance of up 
lo 1 in. above the maximum indicated sltall be illowcd for 
one batch in any five consecutive batcbcs lqted. _Tbe slump 

.,_~ 

.• 
CHÁPTER 15-,PRESTRESSED CONCRETE 

... 15.1 ;_General 
·· 15.1.1-Jol>.cast; posHensioned, prestressed structural 

., . members, except tension niembers. shall conform to· the 
special pi-ovisions of this chapter in additiOO to aU appiica
ble provisions of ollier chaptcn i~ tbese specifications. · 

15.1.2 D<finitions - · · · · . . . 
A.nchurag~-A dcvi<:e used lo anchor the lendon to the 

concrete member. 
Botrd~d t~trdon-A. (lrestressing ·tcndon wbi<:h is bondcd . 

10-tbC concrete either dircclly or tbrough grouting. · 
Cooting-Matcrial applicd lo unbonded tendons lo pro

tci:t tbem from conosion; or material applied 10 cither 
bondcd or unbondcd tend;,.. to lubricate them . during 
stressing. _ 

Cuuplin11-Any device designed to tia_nsfer the prestress
ing force from one tcndon to anuthcr. 

El~rntnt diametu-Tbe diamctcr of tbe individual 
prestressing stecl wires, bars or strands that complise a 
tcndon. . 

Pr~strts.riiiR stt~l-that element of a posHensioning 
tcndon which is clongatcd and anchorcd lo provide thc 

. neccssary permanenl prestres.•ing force. 
Slr~athiiiR-An enclosure in whi<:h post-tensioned tcn

dons are ell,Ca.<cd lo prevcnt bonding during concrete place-

~ 
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ment, such as. a paper or plastic ,;.ckct far. unboadecl ~yonél anchon¡es .!JYY be iemoved by 111pid oxyacetylcne-
. tcndons, or metal conduit ~~ _!K1ndcd tcndons. - - --- • --~na. un lesa such proc:edura are contruy to lhc recom-

T~nd.,...;.;An~asscnibllj¡e of'iled elementsiUCh u wire,. mendations of lhe manufac:turer of lhc prestressing Slecl. 
bar, or stnlnd, coml)lete wilh ancbora&es or anchon¡e 15.2,2 AM/torag~J llnd couplingJ ' 
devices uscd lo. impan presllas 10 concrete when the 15.2.2.1 Bonded tendon anch0111ges tested in an un- ':, ;: 
assembly is tcnsioned. bonded statc, shall devclop 90 pcn:eru· of lhe mínimum· ; · 

Unbonded tendon:-A tendon which is not bonded 10 the . spccifted ultimate strenglh of lhc prestressing Slecl, wilhout 
concrete. cxcceding anticipated sct lliliJ!e of anch01'11ge,aud wilhow 

15.2-Materlals 
15.2.1 Presrr•ssing sttel 

15,2.1.1 Prestressing steel shall be of lhe typc and 
strength required ·by the contract ·clocuments and shall 
conform lo rhe appropriate one of lhe follolliin¡ spccifiCa-
fio!"'s: . · 

:) J\STM A 416 
•b) ASTI'y! A 421 
(e) ASTM A 722 

15.2. 1.2 Strands, wire and bm not spccifically listed 
in ASTM A 416, A 421, or A 722 may be uscd provided 
they confonn to the mínimum requirements of lhese spcc· 
ifications and do not have propcnies thll make them less 
satisfactory than those listed in ASTM A 416, A 421 or'A · 
722.. . . '. 

IS.:Z. 1.3 The typical stress-strain éllrve of the pre
stressing steel shall be submitted for review. An actual 
curve representing the production 101 frorn which lhe project 
material was r-.ken moy be required to verify its complilnc:e 
with lhe !)Ípical CUI ve. for materials not produced under an 
ASTM spe.;ification, the. guaranteed ullimate streaglh, yield 
strengtli, elongtition, compositiori, and other penineru data 
shall be submiued. Certifred mUI tcs1 reparts shall be 
submilled for review when requested. 

15.2.1.4 The amount of stress loss normally ·expccled 
in seating anchorage devic:es, lhe friction wobble coeffi
cient, and friction curvature coefficieru expccted for lhe 
tendons and duct-forming material, shall be submitted for 
review. lf requested, acceptable lcsl data substantiating lhe 
expccted coefficients and anchonige slip shall be submitted 

. for review. · . 
15.2.1.5 Tcndons ih811 be clean and free of exc:essive 

i-ust, scale, and pittíng. A light Ocll~'~_li"gls pcrmisaible. 
U nbonded tendons shall. be proteétecfísalnst conoslon by 
an acceprable coaling'sucil'u epo'ay:lreasc. wu, plutlc, 

· orbituminous material::~ghol¡rt_t!ie•llllicipared range of 
tempcratures for thé SIÍueiuíe;'_thi.Cóating material shall 
remain ductile and rree rrom CÍ'IIeb'uid shall not bccorne 
fiuid. The coáting shall be chemically nOn-reactive wilh lhe 
tendon, concrete, .8nd the niaterial uscd for she&lhing. The · 
coating shall adhere to and be coniinuous over lhc entire 
tendon length to bC: unbonded. Where ICndons are outside of 
the concrete of the. posl-tensioned elcmcnt or wbete thC 
structure is iír or exposed toan a1m01phere of salt air or high 
humidity, an additional fleld·applled coating of acceplable 
material shall be applied. . · · 

15.2.1.6 Tendons shall noi bo! subjected 10 uceulve 
tempcnltures, welc;ling sparlu; or electric ground currents. 
To insure thatthis requirement is met, bumina and wclding 
opcration shall 1101 be conducted in úre vicinity of tendons 
without prior acceptance. Supcrfluous eatension of tendons 

slip.- Anchan which dcvclop lcss than .100 pcn:ent of the 
mínimum spccified ultimatc strength _shall be applied only 

. where thc bond lcngth is cqual lo, or greatcr than thc bond 
· lenglh required to devclop 100 pcrccnt of the mínimum 

spccifiedultimate strength of thc tendon. The required bond 
lcngth shall be provided between lhe anrhon~gc and the 
zone where lhe fÍdl prestressing t'oa:4 will be developcd 
Ullder service'lnd ultimate loads. Thc bond lcngth shall be 

. determined by lcsling a full-sizcd tcndon. Ir, in the ·un
bonded state, the linchonge develops 100 pcrcent of the 
mínimum spccilied ultimate strenglh, it need not be tested 
in lhe bonded state. .. 

15.2.2.2 Unbonded tendon anchorages ·;hall dcvelop 
lhe mínimum spccified ultimate_ strength of the prestressing 

. lleel wilh a mínimum amounl of pcrmanent deformation 
which will not dec:rease lhe expccled ullimate 'strength. The .. 
lOCal elongation under ultimate load of lhe tendon shall not 
be less Iban 2 pcn:enl when measured over a minimuin gagé 
1en¡th of 10 ft. Evideric:e shall be submítied for review, 
demonslrating compliancc wilh the dynamic test of Section 
IS.2.3. · 

15.2.2.3 Couplings shall be uscd only 11 locations 
spccifically indicated .on lhe conuact documents or. as . . 
acceplable. All couplings shall develop the mínimum spcc· 
ified ullimate strenglh of the prestressing steel without 
exceei:ting anticipaled ICI of either the coupling or the 
pratreJsing stéel, and shall not reduce the ductility of the 
tendon below thc mínimum 2 pcn:enl elongation as spcci· 
fted in Section 15.2.2.2. Couplings shall be cnclosed in 
shealhs which pcrmil necessary rnovements during stress· 
ing. For bonded tendons, fittings shall be pnivided to allow 
complete grouling of all lhe coupling components. 

15.2.2.4 When rcquested, satisfactory test data in 
IIICCOidance with Section IS.2.3 confirm.ing the adcquacy of 
the proposed anch<irages and couplings shall be submiued 
for review. Tendona corlipOscd of multiplc st1'11ftds, wires or 
bars in 1 c:~mmon sheath should be teo\sioned, simuha
neously unless the effects of inteñerences betwecn the 
elements are considered. · 

15.2.3 (/114/i/lcation for po•t-teMioning rys,ms-The 
tendon shall be subjccled to testing lo verify its adequacy 
prior lO USC. These tests ihall be pcñormed ICCOrding lO the 
following requirements: . 

15.2.3.1 Test usembly. Two samples of each tendon 
sizc 11 leut 10 ft in length and complete with standard 
production quality anchonlges shall be tested in accordance 
wilh Section 15.2.3.2 (and when required a third such 
sample lhall be tested in accordance with Section 1 5.2.3.3). 
Testing procedures ~ apparatus shall be arranged lo 

- simulate lield conditions as nearly as possible and anchor
agei shall be seated or positioned using lield procedures and 
equipment, ' · . · . . ':l, 7-· 
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15.l.3.l Slatic leS!. The prestressing stecl samp1es clusively that ~"'Y will have no hannful crrcas 011 tbe 
shall be leslcd in acconlancc wilb lbe apprupriale ~li- lendÓns. aCccssorics or grout. ' 
cation of Scclion 15.2.1. Tb&leodon assembly shall be '.'' -··· 15.~:6:~:~~-.!~- ~1 .con~, lO .u:n' C 
teslcd in such a mannci' asto alloW''acciJol_le ~¡;, .-..... 144,,cx~pt._tl~ti11 mlllcnal shall pass tbe No. 16 SICve. 
of lbc yield strenglb, ultimale slmlglh and elongation of tbe 15.l.6.6 Proponions of material shall be bascd on 
specimen to insure complialice wilb Sec:tion IS.2.2. ' results of tests made on thc grout before·grouting is begun . 

15.2.3;3 Dynamic leSiing. For unboaded tendons, a The water coiucnt shall be thc minimum nccessary for 
dynamic test shall be pcñormed on a representative tendon propcr placement and the watcr-ccmcnt ratio shall noc 
asscmbly and shall wilbstand without failure SOO,OOOcycles cxcccd O.SO by weight. Thc minimum 7-day com¡nssivc 

·rrom 60 lo 66 pcrcent of its guarantccd minimum. ultimate strenglh of-2-in. cubes molded.--rcd and teslcd in·ac:cor· 
strenglh. Onc cycle involves tbe change from 60 lo 66 ...•.• daal:e·witb-ASTM e .!_09 shall ~ 2501! ~¡_..,,.,_, · ....... _ 
percent and retum lo 60 pcrcent. A prototype tendon'' . · · "· ~-. · , .•. 
;uscmbly may be uscd providcd lhal it has not less Iban 10 
·''''"<nt of the full size tendon strenglh. Single elemcnt 
icr• •· • · '"P one strand, bar or wirc stecl shall be tcstcd as . 
a o.:omr cndon asscmbly. Systems utilizing multiple 
stra:1ds, .m:s or bars may ·be tcstcd using a proiOtype 
tendon or surtidcnt number of eléments lo duplicale lhe · 
behavior or a full-sizcd tendon. . . 

15.2.4 SlltarhinB for bondtd ltndOIU · ' · · 
15.2.4.1 Shealhing or duct-fonning materiat•shallbe 

of material lhat will noc react wilh alkalics in lhe ccmcnt, . 
strong cnough to retain its shape and resist damagc during 
construction. lt shall preven! thc cntrancc of cemcnt paste 
from lhc concrete. Shealhing material lefl·in place ShaJI noc 
cau5e elecirolytic action ór dcterioration. . 

15.2.4.2 Thc insidc diameter o( lhe shcálhing shall be 
o: leas( \4 in. larger !han lhc wire, bar or strand ÍCndon and 
shall ha ve~~ inside ~ross-sectional arca at least twice lhat <;~f 
il:.: net Srca of thc t:!ndon. 

15.2.4.3 Sheorhing shall have grout holcs.or >ents at . 
-:och end ánd at illl high points except whcre cu..Vature · ;s''- · 
<maJI and the .sheothing is relatively level. such · as iit 
-~ntinuous slab<. Dr.J.in boles shall-be provided at all low 
points if thc tendon may be subjected lo freczing after . 
placing and beforc grouting. · 

15.2.5 Slrtathing for unbonded tendofU 
. 15.2.5.1 Thc sheathing shall havc suf'ficieitt tcnsile · 

strcngtll and water rcsistance to.prcvenl irre~bJc damage 
or detcrioration during transportation, stói-age ai jobsite, 
-and installation. TI•c shcalhing shall be continuous over lbc 
tendon length to be unhondcd. tiic Stie;;thi~g•Jiáll j)l'évént · 
the intrusion of ccn•cnt paSte ~iu!' Ílie ·.s;;:;pe:· iir coatirig 
material. The shcathing may be' a contÍnuÍIUS til.l>l:'or spiral"':·· .. -· ·- " .. wrapping. · . -· -· .'\ .. ~ .-:-.. ··,_ ':- ·· . 

15.2.6 Gruut ;,- .;.: . · ..-,., · . . 
15.2.6.1 Gmut .shall córisist.of a. mixture'· o( cemcnt 

and water unless the gross inside croú-sectional aréa of lhe 
sheath'exceeds four times lhe tendon cross-sectional arca, in 
which case fine aggrcgate rnay be ad<Ícd. . 

15.2.6.2 Fly ash and pozzolanic malerial admixtures 
mJy be. added al a rate not to excecd 30 lb per 94 lb of 
ccment. Thc admi•lure shall confonri to ASTM e 618. 

15.2.6.3 An approved shrinkage compensilting admix· 

15.3-Formwork 
15.3.1-Fonnwork shall nol restrain clasfic shortcning. 

deOection, or camber resulting from applic:ation of lbe 
prestressing force. · 

15.3.2-Fonn supports shall not be removed until suf· 
·. ficient prestrcssing force has been applicd to $upport the · 

dcad load, formwork, and anticipated conslnlCiion loads. 
When a structure is prestresséd ig twó direélicins, fonnwork 
shall supjlon lhc load which is .rcdistributcd by lhc panially 
completed stressing operation. 

15.3.3-Formwork shall be surliciently rigid to prevent 
displacement _ o( lhc tendons beyond lhe tOieranccs of 
Section IS.4. .,. .,,. .i 

·- 15A-Piacement and protec:tlon of tendons aOd 
8CC88SOfleS . . . 

15.4.1-Tendons .00 shcathing for use .in bo~ con· · 
struction shall be free óf &reasc. oil. paint, and ocber roréign 
Ó!auer. A light coat of'rüst is' permissiblc. providcd loosc 
rust has been i'erílovcd and lbc suñacc of lhe stecl is not 

pitted. . . . 
15.4.2-T~ndoris for_ use in unbonded construction shall -~ 

beclea~· and undia~,&~~~~d,. shall.~ permanent.ly pníCectcd 
as spec1ficd.·- " ·'· . , . 

15.4.3:_Énd anchorages. which will .. .,e pcrmancndy 
protected with conercte shaJI be free uf loosc rust, greasc, 
oil, and uthcr foreign manci cxcept paint. 

15.4.'4~ Tcnd;_, · Slí.;iii~íng . áoo . ancliOi.ges..'wli be 
lirmly supportcd lo-prcirent,displacemcnt during concrete 
placi:lilént. Thcy shall be placed with a lolcr.ncc or :!: v. in. 
in CtHlCrCtc' diÍnCnsionS uf 8 in.-'ur Ícss, ~ -~ in. in cqncrete 
dimensions over !1 in. bill not ovcr:· 2 ri, and :!: lh in. in 
concrete dimcnsions · over 2 n. Thesc tolcranccs apply 
scparatcly to boch vcnical and horizontal dimc.nsions and 
may'be diffen:nt for each direction except that ,in slabs lhe 

· horizontal tolerai.cc shall not exceed 1 in. in IS fl ofrendon . . . . - . - . - . 

lenglh. 

' · • ture shall be added lO produce a maximum Of JO percent 
. ' i · .. expansion by volume of lhc grout whcn measured une~ 

ISA.5:...Grout. finings and shealhing for bondcd con· .. 
struction shall be ~uately protected from collapse and 
ot!Ú:r damage. Prior to placing concrete, the sheathing aná 
grout fiuings shall be examincd for hule•. All sucb boles 
shall be repaircd. lf l,he tendon is to remain ungrouted ror · 
more than 28 days from th¡: time of tendon placement, 
lcmporary corrosion protection shall be provided. fincd. 

. 15.2.6.4 Admixturi:s containing chiOridcs, Ouoridcs or 
.· nitrates shall nol be used. Othcr admixtures may bC uscd 
provided,- approved tests or peñormance records show con· 
'2.&' 

15~4.6..:.:. The bearing suñ.ce hetween anchoragcs 111d 
concrete llhall be concentric with and perpendicular to lhc 
tendons within :!: 1 dcg. 
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15.5-Appllclltlon of ~ ,_ · · ' . 15:7.4-lnfomwloo requircd la Scctions U.2.1.2 and ---
15.5.1-Tcndonsshallbelllesledindlesequence,údle - -15.2.1';3: ·" -~ - - · - -

concrete llmlsth; llld ú die CGIIIII~illlllll¡e indlcúed ID . • . . 
Che contnc:t ~;- .. . . ... · Notu · · , i 

15.5.2-Thc presllallna fon:e shall be dclennlned by In the Scctions of Chaptcr 15 listcd below, specific ¡ •; 
measuring tendon elonaation and checking jack pressure acceptance is required: 1 . ' · • 

with a calibratcd gage or dynamometcr. Thc gage or 15.2.1.2 and 15.2.1.3 Or the stress-strain curves for i. 1 r 
dynamometer shall havc bccn calibraled within six months · prestressing stecl and cither propcnics of non-ASTM mate- ~ ' 1 

prior to use: any discrepancy which excecds 5 pcrcenl shall rial. 1 · ; 
be corrected. Elongation requirements shall be based on 15.2.1.4 Oflhe stress loss in seating anchorage devices, 1·' 
load..elongation curves for the steel used unlcss statistical friction coefficients and test data. : 1 
data indicate thataverage values may be uSect. Thc contnc:· . 15.2.1o5 or coatings lo protecl unbonded tendons from 
tor shall keep and submit a record for each tendon of tbCo conosion. 
measured clongations and the gage pressures of dynamom- 15.2.1.6 To pcñonn burning or welding opcrations in thc 
cter readings. ' · · vicinity of tendons. 

15.5.3-The total loss of prestreSS fcne In any tendon 15.2.2.2 Of evidence of compliancc with the dynamic 
due to unreplaced broken elemenll shall not cxcccd 2 test. 
pcrccnt of thc total prestress_fon:e. . 15.2.2.3 To use coupllngs atlocalions othcr than !hose 

· · · · lndicaled on Che contract documents. ,, 
15.8-Qroutlng 

15.6.1-A depcndable high pmsure water aupply. of · 
su fficient volume . shall be provided before groutlng is 
bCgun. Sheathing shall be freed of din and other rorelgd 
substance5 by thorouah flushing wirh - immedi11cly 
prior to groutina. · · .. · :- " · ' ' · ' '. ·-' 

15.6.2-'-Grout shall be mixed in a high speed mechan· ' 
ical mixer and passed through a strainer into pumping 
equipmcnt which hu "'.'>Yision for recin:l!lation. Pllmping 
of grout shall begin "-': :.oon as p;,ssible after mlxins llld · 
may be continued- as long u die grout returns the propei' '• 
consistency. Grout which hu panlally sel shall be dil
carded.· · :· .· 1 ·:t ··.·:·. 

15.6.3-0rout shall be injected into all Voids between 
prestressing tendons, shealhing and anchorage finings. 
Aow shall continue until grou1 of die consistency equivalent 
to .thal injected nows without the jJresence of air bubbla 
from venl opcnings. Vent openinp shall be closed progrea-- : 
sively in the direction of the now. After all vent openinp 

. have bccn closed, lhe lrouling pmsure ahall be raised IÓ M 
lcast SO psi and the injection hole plugged. 

15.6.4-ln the event of8 blockage oran inlerrupcion of · 
grouting, .all grout, sball· be· mnovecUrom die duc:t by . 
flushing with water,,-..._ ·i%:;;i;¡¡¡'r!.¡:¡!.'í-.'it·_· ~.;~. -. . . . ...-:;.:·~1?-i~ ~t."- t.-K~: . -

15.6.5-Provisiool·shall'be;inadc·lockecp tendons dJy · . . .... ;.~ .•. ..,_ .. , 
and kecp wa1er oú(of the ~qirior lo lfOUiing. Thc · · 

• ,.1; -""! • -~' 

concrete around sroutéd teacloai siWI be maintained al a . . - .. . . -... --·· ...... ( 
tempcrature of 45 F. or hi~: Cór_· ~deast 3 days afler . · 
grouting. · · "· .. · · 

15.7-Shop drawlnga 
Shop drawings for prestressed coocrete shall be submit

ted for review and shall providc the followins information . 
in addition to that required by applicable provislooa of 
Ch~pter 4, Formwork, and Chapter_ 5, Re:aforcement. 

!5. 7.1-The location of tendons 1hroughoultheir lcnith~ 
15.7.1-Size, details, location, materials, and sueu·. 

grade (whcre applicable) for all tendons and ecccsiorics. 
15.7 .3-Jack clearances, jac:kina proc:edures, streuins 

••quencc. inilial tensionin¡ forccs, a•a• preuures; and' 
tcndon clon¡alion. 

15.2.6.3 Of die shrinkage compensating admixture used 
in lhe gruut. 

15.2.6.4 Of tests or records showing no harmful effect of 
admilit\ires on tendons, accessories or grout. 

15,7 Of shop drawinp. 

'cHAPTER 18-TESTING 
18.1-General 

Conc:rete materials and opcrations will be tcsled and 
inspected as the work progresses. Failure to detecl· any 
dcfec:tlve work or mateJial shall nol in any way preventlater 
rejectlon when such dcfect is discovered nor shall it oblígate 
the arcllitec:llengineer for final ac:ceptance. 

11.2-Teatlng agenclea 
16.2.1-The required testing services of Scctions 16.3, 

16.4, and 16.5 shall be pcñormed by the testing agency 
clcsigilaled in die coiuract documents. Thc services of 
Scctionl 16.3 and, 16.4 .Will be peñormed 111 no COSIIO the 
contrac:tor:.those of Scction 16.5 shall be paid for by the 

•~ • ......_J.,~U.tót "t".:.-.~-~ 

contrac:tor. 
16.2.2-The neccssary testing serviccs or Section 16.7 .1 

shall be peñormed by· a testing agency acceptable 10 the 
arcllileellengineer 81 die contractor's expense. . 

16,2.3-AIJ te11ing agencies shall meettiÍe requirements 
o( ASTM E 329. 

16.2.4-Tests of concrete required in Section 16.3 shall 
be made by an ACI Coocrete Field Testing Technician 

·Grade ·1. or equivalen!. Equivalen! cenification. programs 
shall inc:ludc requiremeniS for written and pcñonnance 
examinalions as stipulaled in ACI publicatioa CP l. 

18.3-Teatlng MrYicea 
Thc rotlowing testing servicei shall be pcñormed by thc 

clcsignaléd agency: · 
16.3.1.-Rcview andlor check-test the contractor's pro· • 

· posed materials for C'!"'pliance with die specificalions. 
16.3.2-Rcvicw and check-test the contrac:tor's pro

posCd mixture clcsisn when required by the architcctl 
cnsinccr. '2 9 

·~· 
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16.3.3-Secure production · samples of malcrials al 
plants or stockpilcs during ~ course of lile worlt and leal 
for compliance wilh lile specif.cátioas. 

16.3.4-Conduct strenglh tests of lile c:onc:rete during 
construction in accordance wilh lile fOilowing proccdures: 

16.3.4.1 Secure composite samplh in accordance,wilh '· 
ASTM e 172. Each sainple shall tic obtained from a 
differenl batch of concrete on' a random basis, avoiding any . , 
selection of lhe le~l batch olher Iban by a number seleclcd al 

random befare commencement of concrele placemenl. 
16.3.4.1 Mold and cure lhree specimen5 from each 

sanÍple in accordance wilh ASTM e 31. Any devialioi!Ís 
f ro m lhe requiremenls of Ibis Slandard shall be recorded in ' . . 
lhc lcslreport. ., 

16 .. ' ·1.' Test spccimens in accordance wilh ASTM e 
39. Two '''ccimens shall be lealcd at2JI days for acceptanc:e " 
and one ,hall be le,sled at 7 days for informalion. 1be 
acceplancc ICSI resulls shall be lhe average of lile strenglhs • 
of the lwo spccimcns tested at 28 days. lf onc spccimen in 
a test manücsts evidence of impropcr sampling, molding or · 
tcsting, it shall be discardcd and lile strenglh Or lile 
rcmaining cylinder shall be considered lile lest result.• 
Si10uld both spccimcns in a leal show any of lile abovc 
dcfecls, lhc enlire test shall be discarded. When high eady 
strenglh concrete is used, lile spccimens shall be .lealed 11 
the ages indicated in the cOnlracl documcnts. 

16.3.4.4 Make at least one strenglh test for cach 100 
E)· yd, or fraction lhcreof, <>f each mixture ·design of 
c:.:,c¡'ite placcd in any 1 day. When lhc IOIIil quantily of . 
c:;:•.:rcte wilh a given mixture design is lcss Iban SO cu yd, · 
··:e: suenglh tesis may be waivcd by lhc arcbileCI/cnginccr 
· ··. ;, his .judgment, adequate evidence · of salisfactory 
. ' ,,:¡;:o is provirlcd, such as strcnglh test resulls for lile 

.... :.:·.e ~ind of concrete supplied on lhc:samc day and under 
,,:: .. ;.¡r,¡blc condiliono lo other work or olher projects. 

16.3.4:5 Whcn accelerated tesling of concreté is· pcr-: 
r•liued as an álternativc to standard leating, mold aad cure 
!wo <pecimcns from cach sample in ac~ witiÍ ASTM 
e 684, following lhe procedure spccifocd by lhe _uehileclf . 
cngineer. Makc at leas! one accelcralcd strcnglh les! foi' 
cach 100 yd1 of concrete placed in any one day, of eaCb 
mixture design or' concrete 11Jacéd iJ!,~Y ~''#){aad otÍc 
c.~oodard 28 day compressi~.stii:nslh.tc;lllJor;at ~ every 
ciher accclerated strcn¡jlh íCSt, U~ ~ 'íes(·resufls .lo 
maintain and updatelhe corii¡látion beiwéesi:#!.§ted aad 
mndard 28 day compressive slrengtli teSti.<\'~i ·: · · 

. 16.3.4.6 Submit coriCiáÍioo' dáia 'j¡¡¡: 'iJii; ~~ 28 
dJy compressive strenglh test biScd on a minimunÍ of 1 i lo 
15 seis of test· dala covcring lile range of 2SOO lo 6000 ·psi 
ror.crclc made wilh !he same materials· .. Submil thc Corre· 
l;.;lion.dala for rcvicw. 

16.3.5-Dcterminc slump of lhe concrcle samplc- for 
. ""eh slr<ngth tes! and whencvcr consistency of concrete 

· :_appears to vary, using ASTM·e 143. · 
! 16.3.6-Dct~nnin< air conlenl of nonilal weighl con- , 

' ! e rete. samplc for cach strcngth les! in accordance wilh cilhcr · 
'ASTM e 231. ASTM e 173, or ASTM e 138. . ... 

16.3.7-Dctcnnine air contcnl and unit weight or light
wcight concrclc samplc for each sliength tcsún accordance 
with ASTM e 113 and ASTM e 567. 
JO 

16.3.8-Dctenniné tempcrature of. concrele samplc for. 
cach IIJ'Cnglh test.· · 

18.4-Addlllonal servlcea when requlred 
The following serviccs shall be pcñonncd by lile desig- · 

_nalcd agcncy whcn rcquircd by lhe archilccllcnginccr: 
16.4.1....:.1n•pecl concrete batching, mi•ing and dclivcry 

opcralions lO lhc cxlenl dccmcd nccessary by the amaitecll 
cnginccr. 

16.4.1-Samplc concrete al poinl of placemcnl aad 
pcrform required lests. 

16.4.3-Rcvicw !he manufaclurcr'• rcport fur eadl ship
mcnl of cernen!, reinforeing siCCI and prc.•ln:ssing llendons 
andlor conduct laboratory tc.•ls or spol chccks. of lile 
materials as rcceivcd for cumpliancc with spccifications. 

16.4.4-0ihcr lcsling or inspcclion scrviccs as required. 

16..5-0ther servlcea as needed 
The following serviccs shall be pcñonncd by lile dcsig- . 

naled agcncy when neccssary: 
16.5.1-Addilional tcsÜng and inspcclion requilal be

cause or changcs in matcrials or proportions requcsrcd by 
lile contractor. · · 

16.5.l.:._Additi00al tcsting of materials or concrc~e oc~ 
easioncd by lheir failure by les! or inspcction ID IIICCI 
spccificalion requircmcnts. 

18.6.:....Duues and authorltles of deslgnated tesllng . 
a¡ency · . . . · ·· . · ·. 

16.6.1-Represcnlalives of lhe agcncy sh~ll iaspecl. 
samplc and teslthc materials and the production of concre1e 
·is requiréd by th<! archilcct/enginecr. When it appears thal 
any material furnishcd or work pcñormed by lhe colllfaciOI' 
fails lo fullill specilication rcquircmcnts, lhe te•ting agcncy 
shall report such·dclicicncy lo thc architccl/enginoer and lile 
cunlraclor. . 

16.6.1-'-Ttie aj¡ency s_hall report all les! and inspection 
resuhs 10 lhe architeclicngincer. conlractor. and concrete 
supplicr inuncdialcly aflcr lile work is pcrfurmcd. All k:SI 

rcports shaU includc thc exactlocation in thc work al whicb 
lile batch rcprese~ICd by . a test_ was dcpositcd. Reports of . 
slrength tests shall· includc delaili:d infurmalion oó 510<agc 
aad c_uring'·of spccinicns prior 10 lesling. · 

16.6.3-The .tesling agcncy and its reprcsenlativcs are 
1101 authorizcd to.rev<ike, alter, relax. enlarge or relcosc any 
requiremenl ·¡,r lhe contrae! documcnts, nor lo ap¡irovc or . 
acccpt any lx>rtion of lile work. · 

18.7-RespÓnsl6nlties and duties of conlractor 
16.7.1-The contracioi'•hall pnividc the nccessary lest· 

ing scivi~es for thC follmiring: . 
16.7.1.1 Qualifacation. of proposcd m;dt:rials md lile 

establishment of mixlure ·dc•igns . 
16.7.1.Z.Othcr lestingscrviccs nccdcd or required by 

lile contractor. · 
16.7.1-lbe use or tcs1in11 scrvice< shall in no way 

relieve the e<;.,lractor nf !he responsibility In furnish malC

riáis and con.•l~ction in full compliance wilh lhc contract 
· documcniS. 

16.7.3-l'hc conlroctor shall submil tu lhc arcloitccli 

, . 

, 

·. 

-. 

5'S·• . ~ :::.o.... . 
'\ ·.::. ·.·. 

_j 

i 

·'' 



·J 
1 

L 
1 l') 
L --
1 

L 

-~ .. - --- r- , .. ~~: . ~·-- -;~!::ttr:t 

uo-o...---=-=.,~= .·· ' ·~~l 
proposed for use wilb a wrillen ftlq- far ecceplaiiCe. Thls . f7.3.2.1 Wbere required, eorn 11 least 2 in. in . 
submillal shalli~lude lbuaulls of alllaling peñonned 10 ~ shaJl be obcained llld testeeS in IICCOI'danc:e witll 
qualify .lbe matcriaiJ llld tti eatabllsb lbe mixture .iesigns. ASTM e 42, Jf lbe conaele in lbe llni<"IUre will be d')! 1: .. 
No conac1e shall be placed in die wark Ulllillhe CODiniCtor under scrvk:e c:oodilkllll, lhe eores shall be air dried :1 .: : 
bas received such accepcance in ·wriling. . (temperature 60 10 80 F, relalive humidiry less than 60 ¡ ; ' 

16.7.4-To facilitate testing imd inspeclion, lhe contrae· pm:ent) for 7 days befare testing and shall be tested dry. lf" : -. 
tor shall: lbe concrele in lhe atructure will be mote Iban superficial! y¡¡ 

16.7 .4.1 Fumish any nec:ésaary; labor io assist the wet imder aervice condilions, lhe cores shall be tested after ¡' 
designated testing agency in obtaining and handling sam· mOisture conditioning in accordance with AS!M e 42. i • 1 
pies al tbe project or other aoun:es of-materials. . 17.3.2.2 Al least !bree representativo cores shaJI be! 1 

16.7 .4.2 Advise the designsted 'íi:sting agency suffi· laten ftom eacb meilt. . ~a of concrete in place that is : · 
éienlly iri advance of operíitions 10 alldw for complelion of considered potentially · · IÜ. The location of cores shall 
quality tests and for lbe assignmcnt ol penonnel. . be determined by thé~ "!engineer to least impair the 

16.7.4.3 Provide and maintain róf lbe sole use of lbe stn;nglh of lbe slruct'!l!iliiJ(.~fore ICsting, one or more of 
testing agency adequate facilities·for ~e storage llld proper lbe coret showa evidCnce of having been damaged subse-
curing of concrete tést speclmcni on tiíe project aite for lhe quent 10 or during removal from the slructure, it shall be 
first 24 hr as requiied by ASTM e 31. replaced wilb a new core. 
· 16. 7.4.4 Submit copies of.Cill ICSI reports for shiP.: · 17.3.2.Jeonc:rete in lbe ares represented by a core test 
ments of cement, reinforcing i1ee1 and· prestressing tendons will be considered adequate if the average strenglh of the · •. 
10 the architecl/engineer when ~uired. · · : , cores ia equal 10 11 leasl 8' percenl of apecified strength ¡;. 

. - , , and if no single core is less than '' percenl of lhe specified 

Notes 
In the Sections of Chapter 16 Iisted below, speciftc: 

acceptance is required: .. 
16.2.1 or lesting agency 10 perform services required in 

Section 16.7.1. 
16.7 .3 or concrete materials and mixture dt-•igna. 

CHAPTER 17-EVALUATJON AND ACCEPTANCE 
OF CONCRETE STRENGTH 

17.1-Evaluatlon of test resulta 
17.1.1-Tesl results for standard molded and standard 

cured test cylinders shall be evaluated separately for each 
specified concrete mixture design. Such evaluation shall be 
val id only if tests have been conducted in accordance wilb 
procedures specified in Chapter 16. 

17_.1.2-For evaluation, each specirtect'mixture design 
shall be represented by at leas! five teSIS. 

17 .2.,...Acceptance of concí'eti. • · 
Th~ st~glb level cir. the.::~¡,.¡¡r¡ele will be considered 

satis.factory·so. loÍ!g''_i,j ;iJié· á~ of all seiS of three 
cohsecutivf sttengthé~.!~<:eq~;t?t exceed the specifted 
strength/;. and nohidividúal.llrength test result falls below 
the SP,:ciliéd'strenatKY.bY ·riléri tbán ~psi. These criteria 
•PI'IY also when accelerated strength testing is specifted, 
unless another basis for acceptance is specifted in lbe · 
contract documents. 

17.3-Testlng of concrete In place 
17.3:1-Testing by impact hammcr, wnoscope; orother 

nondestructive device may be pennilled by lhe architecll 
engineer to determine relative strengths at various locations 
in the structure as an aid in evaluating concrete strength in 
place or for selecting areas to be cored. Such tests, unless 
properly calibraled and conelated wilb Olher test data, shall 
not be used as a ba•is for acceptance or rejection .. 

auenglb¡;. 
17.3.2.4 Core boles Shall be filled with low slump 

concrete or manar. See Chapter 9, Repair of Surface 
Defecta. 

;;;HAP'i&!R 18-,.ACCEPTANCE OF STRUCTURE 
18.1-General 

18.1.1-Completed concrete wort which meets all ap
plicable n~quilernenti will be accepted withoul qualifica
tion. 
.. 18.1.1-Completed concrete work w~ich fails to meet 
one or more requirements but which has· been repaired lo 
bring it into compliance will be accepted without qualifica
lion. 

18.1.3-Completed concrete work which fails to meet 
one or more requilements and which cannot be brought into 
compliance may be ilccepted or rejected as ·provided in these 
s.,l:cifications cir· in· the contrae! documents. In this event, 

· modifications may be required to assure that remaining 
work complies wilb lbe requirements. 

.. 
18.2-Dimenslonal tolerences 

18.2.1-Formed surfaces resulling in concrete oullines 
smaller than permitted by the tolerances of Section 4.3.1 
ahall be considered potentially deficienl in strength and 
subject to lhe provisions of Secllon 18.4. 
' 18.1.2-Fonned surfaces resulling in concrete outlines 
larger !han permitted by the tolerances of Section 4.3.1 may 
be rejected and lhe excess material shall be subject lo 
removal. lf removal of the excess material is rennined, it 
shall be accomplished in such a manner as to maintain the 
strenglb of lbe section and 10 mcet all other applicable 
requirements of function and arre•r•nce. 

18.2.3-eoncrete members ca.•l in the wrong location 
may be rejected if thé strength, appearance or function of 
lbe · slructure is adven;ely affectcd or misplaced ile"lS 
interfere with other construction. . '1 1 {. 
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18.Z.4-InaccurJlcly furmcd conc:n:le suñiiCCS CA~ 
·. in~ thc limils of Section 4.3.1 orofSeetion 13.3, and which 

l . - . . . 
are cxposcd lo vicw. majo be ~ed llid sball be repain:d 
or removed and replaced ir liquim!. 

18.2.5-finishcd slabs elceeding lhc !olennces of Sec
tion 11.9 may be rcpaired provided lhal suenglh or appear
ance is nol advcr.;cly affccled. High spoiS may. be !Cmoved 
with a .tcri-Jizo ~rindcr, low spo1s filled wilh a palA:hins 

. compound, or. ulher remedia! measures ped'onDed as per-
millcd. · ' 

. 18.3"7"Appearance ' ~ · 
... 18.3.1..:.Archileclural concrele wilh suñac:e defec:ll CA· 

· . cerding lhe limirations of Seclion 13.3.1 sbaiJ .be removed 
and rr-.,bc.f..d. '· .! · · .·~ · 

. 18.3:2-0ther eonerele exposcd lo view wilh defeciS 
. · which advcrsclyaffectlhc appearance of lhe specified rmish 

may be repain:d unly by acceplable mcthods. · · · 
. 18.J.J~Concretc n01 exposed lo view ii ooi subject lo 
· rejeclion for dcfcclive appeannce. ... :·.•·.\• · ,. · · ·· · 
. . . . . ' . . ' : ~ . ' 

18.4-Strength 'of structure 
18.4.1-The strengt~ of lhc struc:lure in plAce will be 

considered polentially deficient if itfailsto comply wilh any 
requirements·which ·conlrol lhe slrenslh of the structure, 
including but not necessarily limiled lo lhe . followins 
condirions . 

. 18.4.1.1 Low concrete ·. -~nglh as designaled in Chap
tcr 17. 

18~4.1.2 Reinforcing sleel sizc, quanlily, slrenglh, 
posilion,. or ammgemcnt at variance. With lhe requiremCnts 
of Chaptcr 5, Reinforcemenl, or lhc conlraCI documeniS. 

18.4. 1.3 Concrete whiCh differs from lhe required 
dimcnsions or local ion in ·_such a manner as ·tc;f reduce thc 

· strcnglh. 

·.¡ 
1 .• : 

. -~;: ~~~~~lf.:~ 
. '-

·- .• 

.·';. .. 

18.4.1.4 Curins lesllhan lhat speí:ified. 
,. · 18.4.1.5 IDidequate F.Ole<lion of c:oncn:te fnlm u

. 11anes ol tempenlure clurin& earl)' ila¡a of lwdenlll&llid 
SlrenSlh developmenl. ' · · 

18.4.1.6 Mechanical injury as defined in SccUOn 12.4, 
consliUClion tires, accidei11S or pi:emature removal ol fonn-
worlc likely lo result in deficient strength.. - ' 

18.4.1.7 Poor workmanship likely lo n:sult in dei'ICieot 
· suenglh .. ¡ ' · ·· · · · ~ · · · 

lu.i..:..:.slnÍclUral inalysis > andlor additional lCSiins 
may be required wheri lhe strenglh of lhe ·~~tn~o:~We .is 

· · ·considered po~enlially dertcient. · 
18.4.3-Core lests in lit:cordance wilh Sec:tioo 17 .3.2 

may !le required whcn lhe itrenslh of lhe coiu:me in place 
: il considered poleDlially dertcient. · · 

18.4.4-lf core teSis are inconclusive or irnpractic:al 10 
· · · obcain or if slruclural analysis docs n01 confirm !he safety of 

lhe slluclure, load leSis may be required aad lheir n:suJts 
evalualed in oceonlance wilh ACI 318. 

18.4.5-Conerele work judgcd inadequale by slruclural 
analysis or by resui!S of a load lesl shall be reinforced willl 
addilional construc:lion if so directed by lhe udütcctl 
engineer, or shall be repiiiCC.'d, atlhe contraclor's expense. 

18.4;6-The contraclor shall pay all costs inc:urred in 
. providing lhe addilional leSling andlor analysis required by 
lhis chapler. 

18.4. 7-ne owner will pay all costs of addilional 
leSiing and/or analysis which is made al bis request and 
which is n01 required by lhese spccificalions, or lhe contracl 
docwmeniS. . 

Note 
P'l:rmission is requiied if exc.:Ss malA:rial is io be removed 

· in ac•-urdanCe.JNilh Scctkm.18.Í.2. 
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APPENOIX A-ft.OW CHART FOR SELECTION ANO DOC\IMENTAT10N OF CONCRETE 

PROPORT10NS . -. -- -, c--.,.., .. 'dlllofecllly i...llold .,..,.. _,_..._ .. ,_ tZ _..,. 

1 .,..,. 1 llledct..or-1000PII;;l'IN 1 IW_ .. _.., ... ,...,_,..,. 
...._m ilaMdCOI •d • undlrlilrna.o..,' U :& 

' 

<?.~-
~ 

Two .,._ ol conrec:z...,. 
~ 

....... _of11ooZt_. 
;::]O a:."" M" .... ..... '-Ca··- tint. period ..... teotLIOC012:lO ----10---
YFO No v .. No F<Y (No dal8 .. 

lor 11 

1. 
~ ..... ICI' ... 

Celcul.to 1 c...lata-.. 1 ...... T-3.1.1.2 

Ir .. - ¡, 

Aoqu,.ed .. .._ ownolh 1rom Aoquired -:T.,_.,. from K-· Eq.¡:t-llil-41. Sectlon3.1.Z.1 T- .1.2.2 ·· 
.. -

t . 

Fiald record of 1t la.., citn ~ 

~ 
test"'"""" u.a. -., INitert.lallld 
under simder c:ondftiona enc:ompauing 1 
petiod of notlall tNn 80 daya 
isaveilftle 

No 
Mlllllii_mio_.....,.etlaut-
difrwuWtt'w/c ratioe or cernent cona.nu 
.. .. •• - 3.1.3.3 , ••• , .... '"' _,,. . 

~ 
Resulto"'"'"..,..-,....,. Plot- stnftgth __,. PIOPOI1iOIIO ., .... _.. 

- ~ .... , • tolor _...... --,_:. .· ~:::e:.:,•:.: ....... 
.... ,., .. :::: ~'.; .· ·. · ·-No':.; ~ . .'R...atari:IJicwntt-.o 

1 ·- -:\ - - ': ....... _¡-,r ... , ... ' .lnOr. miaturft 

· • Yn • _.:;;: -~;- _' · ~ 
~ t- . . . . . . . 

AvMI~~ Plot--1trongth C*ullto miotu .. .,...pon;om using 
requlled ~-~ 

w/c from Soction 3.10. Aoquirn 
in to lor IOCiuirod --br -inoe</wchitoct everege --llrOfttdl 1 

<>. .. ~ 1 fL-.. 
_t 

( IUBMIT FOR R~EW 
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APPENDIX B-IIETRIC EQUIVALEHTS ~"'~0~~··=;:::;¡---r--~;u;;;¡----
AI-Gflletal -- SI(Mclricl 

This Spcc:f":Jti••n ba beca poacllled using inch/pound liS • pcr Ir' 1140 l~ us .. pcr .... 1160 ,..,... un t .. of IIIC~-.rcmcnt. Tbe fulfowin&lis& COIIWIIS COIIVCf· 160 1t pcr fr' lS60 ~ 
"""' frutn ,,... ~.-...,uno~ uniiS w IDIClnalional SI (Mclfic) 
""'"¡.,..u , ·'~<• ··hich •ppe• in rhe spccificalioo.. A7--s.n. 
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· ACERO DE REFUERZO DE ALTA 
RESISTENCIA . , J 

· DETAUES Y DETALLADO DEL ACERO DE . . 
REFUERZO DEL CONCRETO IACI!Jis:so¡:' J\ ·. ·. 

·ADITIVOS PARA CONCRETO ;,,";:· .. '·. ~·:\,, 
-ADOQUINES DE CONCRETO <.'J·: .. :r··',-~· 
- AGREGADOS PARA CONCRETO. .,, -!;¡;,' · '. '''· • . . : ~ ...... ~~ . 
· DISENO Y CONSTRUCCIÓN DE ESTRUCTURAS< .. :·' 

DE BLOOUES DE CONCRETO :· -::•}'' '·:¡'·.' 
- CARTILLA'DEL CONCRETO ;ACI-SPI)i~c :. · ,~..,~ ~ 
· CIMBRA'.!, MATERIALES, MONTAJES-Y- ~.'~'. 

ACCESORIOS .. -.. ,. 

- CIMBRAS DISEÑO 
· CIMBRA: FALLAS, SEGURIDAD DE LA 

CIMBRA Y DESCIMBRADO. TOMO IV 
- CIMBRAS Y MOLDES: GUIA PRACTICA 

PARA SU CONSTRUCCióN Y USO 
• PRACncA RECOMENDABLE PARA LA 

MEDICIÓN, ti.IEZCLAOO, TRANSPORTE Y 
COLOCACIÓN DEL CONCRETO 

• COMPACTACIÓN DEL CONCRETO 
- ESTRUCTURAS DE CONCRETO PARA EL 

MEJORAMIENTO DEL MEDIO AMBIENTE 
· CONCRETO.AROUITECTÓNICO COLADO 

EN OBRAS 
- ESTRUCTURAS DE CONCRETO RESISTENTES 

AL FUEGO 
- CONCRETO LANZADO 
• EL CONCRETO EN LA OB¡IA. TOMO 1 
· EL CONCRETO EN LA OBRA. TOMO 111 · 
- INTRODUCCIÓN AL CONCRETO REFORZADO 
· CONTROL DEL AGRIETAioiENTO DE 
. ESTRUCTURAS DE CONCRETO 
· CONTROL DE CALIDAD DEL CONCRETO 
· CURADO ACELERADO DEL CONCRETO A 

PRESION ATMOSF~RICA 
• CURADO DEL CONCRETO 
· DEMOLICIÓN DE ESTRUCTURAS DE 

CONCRETO REFORZADO Y PRESFORZADO 
· DISEÑO DE JUNTAS VIGA-COLUMNA EN 

w ESTRUCTURAS DE CONCRETO ACI 3'>2 

' 
colocación del· concreto 

. ' 
bajo temperatur 

extremas 

., 

T ·, 
' 
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COLOCACION IIEL CONCKFTO BAJO Tt::MI'EKATURAS F.XTI{HIÁS 

Titulus uri~inall·s e-n ing.lés: 
1/or Wt'llt'lt'' Cmlt'ft'IÚIJ: 

J.tcpuraCd hy A('J Cununillcc 305 
CvLJ k't'llthrr Cunaeting 

l<c¡:>urtcd by ,\('J rornmillee 306 

H..:vbj,'ln t~.:· .. na.::t . ., " -~ . 
In¡. Raúlltu~rla.~brlanr:z 

Arq. Jorae A. Sant.:h"t (",¡ren_lo 
. . ..:Tf~au..:·dlin".-.Ji-:-.:· 

.\1&. 1 \'h:&uria·Jitúf~i ~ 
---t:t: · ~--~-~--~- ~s~-~:· 

o 1971, IN~,.ITt:TO MEXll'ANO DEL CEMENrO .YiDÉL CONCRETO, A. c. 
• 1 - ~·. -~~ ,;:~·-~---· - ~- ., f:~~ . . 

·~ 1971. tm IIM.Rtn~ l"UNl"RFTf,:!.;~{i':~j~Jt;~. 
t•rimrra rdi.-i~•li ,n c='pafiul. nO\·ic:tnbrP :de~ 1978."?'·· :-rrD 
T,.rcrr& r~lll;;Jrr:~ión, oct,abrt- df' 1981 · •· •; 

-:r . . . 

[lit"' liLru fuf'. "ul"a•:Miu ort,(inalmCntc en. maJ.:,_ fuf lo tantu, ruando t.a.iltan dudu ruptl:to 
.•te ., ... ~UI •itcrufü-.do r•trciM•. drbtorá I•HII&r.r rn fUf'hlala •f'ntñn rn int~M•. En Utl pul,lie~ciún 
..r real•dan hC:N5Júloumf'ntr lu ide-." puntull ale \'bla )' c'pccifi..:acionia que ¡.mi.enta. i-'or 
lo tanto, d ln~llluiO Mnlcafto clol Commto y tlet c..n-10 )" Etlltorlal LlmUM; S. A. de C. V, 
nu asumeu ru~onubdidad ~lsuna (inrluyenrlu, fM"ro no limitandu, l• que .,. derivr de rir.lllc.a, . 
oahd .. d tll': mal• ualr•, m_rttHiu• HUifotrurliut#, .,,,._. IKJf 11 ll'li('illdúu de loa ¡uinriptna u JWOI:f· 
lil.fi•U·nl••"'"' •'JI•· •••lumrn 

, ,J ;·rl':,.rlJ.:,,~.' .' 1ócviici6."1 tn ~oon,iunlf'l Jt . 

(';ri.,VC-K.'(l.\ !Jl.L f..'Cl.'ol.J<FT'V 8.~1/U 1'1 Ui't"rlATt..'RAS EXTREMAS 
l'-'' ;ro;o: .. \1.:..; .. ·.·¡ n1.1l•.r. -\itlfiUn.J floJrtt J• l'l;J obr.J 
; ,f!J~ ,~, t ,, .• _. · . .; J;,;.-· .. .; a rn..·r:lmii•J.J, t•IIJIIJflh' ni!I!JÚfl slsttm3 
" mtto..JCJ, ~¡,; :~,; .. ;, ·; .: n:l Urucu ¡¡·.-el. L \'E \'DO EL FQ I'Of .'U/'1.4 00, 
•J 'i'llhiJ: ido o • ,..;J..;; it" ~/SluiiiJ 111' rnapa.Jc lúr. y llln111Cin.Jmh'nto 
~··· ;'-;; .. ,., Jc:it.;, .. , stn ;~n'itfl:imitnto prir •· .. ,·rilo .HI 1dltor. 
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COLOCACION. DEL CONCRETO EN CLIMAS CALUROSOS • 
(ACI 305) 

•• 

• l11lor.:w .ld<Jpt.Jdo.> P•)r ,·1 Auh'n.: .• n C, .. ,. H't•: Jn,lltult· ,.,, .1\J~):-;t~, Jl.' Jll,-;- l'·•r.l 
J:::. sustitui~ a l.• nurm:1 ACI )(15.72 . 
....... -. 

• • stnopsts 

• 

• • 
El concreto mezclado, transportado y colocado bajo condicione• de 

alta temperatura. baja humedad o escaso viento requiere de una plena 
comprensión· de los electos que tales factores ambientales ejercen sobre 
las propiedades de éste y los si•t<mas de .:onstrucción. 

Una vez que se han comprendido estos factores. se pueden tomar las 
medidas necesarias para eliminar o minimizar los electos indeseables. Las 
dificultades mlls serias se presentan bajo condiciones climllticas y en ti
pos de construcción que son duusados para aquellos que· efectiaan el 
trabajo. . 

El presente informe del Comit~ define el termino clima caluroso. enu
mera los posibles electos desfavorable• y propone prácticas con objeto 
de minimizarlas. 

Entre dichas prllcticas están medidas tan importantes como el enfria
do previo de los .ingredientes. considerar la temporatura del' concreto al 
momento de la colocación. la longitud del acarreo. las instalaciones para 
el manejo del concreio en la obra y ttcnicas especiales pa~a la dosifi
cación. la colocación y el curado de éste. Se incluye una bien seleccio
nada bibliografía. 

Palabras c/aue: acabados del concreto (concreto fresco 1: aditivos: 
agregados: alta temperatura; colocacl6n: concreto&: contenido de agda: 
contenido de: cemento; construcción (On ..::oncretC\: cnnstrucci6n m clima 
caluroso; curado: enfriado; especificaciones: ~vaporación:· ha.suado (~n-

13 
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dur~cimiento); hielo;· humedad; Inspección; laboratorios; métodos de pro· 
ducci6n: mezclado: preparación en la obra: prrsión del viento; propor
cionamiento de mezclas: pruebas en e) campo: resistencia a la compre
.sión: retardantes: retemplado: sangrado (concreto): sub-base: tempera
tura: trauportacl6a con baadae. 

-
... ----- ..... .... , ----~- -~ 

'cAPITULO 1 

introduce· ón 

1.1 . Aapectoa generala 
• 

El clima caluroso provoca problemas en la fabricación, la colocaci6n 
y el curado ·del concreto de cemento Portland, loa cuala pueden afectar 
de manera adversa las propiedada y la durabilidad del coaaeto endu-

. recido. Los objetivos de este informe son: identificar dichos problemu y 
explicar algunas prActicas para la colocación del concreto en climA calu
roso con el fin de aliviar los efectos adversos que puedan praentarae en 
ausencia de dichas prActicas. La observación de tatas daré por resultado 
un concreto con mejores caracterlsticas. tanto al mezclarse, como en es
tado endurecido. 

En otras publicaciones se podrá encontrar un estudio mAs profundo 
sobre temperaturas especiales, cambios de volumen y agrietamiento. pro
blemas que se asocian con la masa y el concreto maaivo. • Eate informe 

. praenta algunaa augerenclaa en relac16D con las preparacionea y loa pro
cedimientos que ayudan a reducir los rieagoa de la colocación del con
creto. en climas calurosos y en construcciona de tipo mb general, tales 
como pavimentos, puentes. edificios y estructuras diversas. 

Resulta importante reconocer que el dalia que los climas calurosos 
ocasionan al concreto no pueden ser evitadoa por completo y, por lo tan· 
to, serA necesario contar con un criterio competente para aeleccjonar la 

• ACI Co~~~mttt .. 207, "Muo Coaaew for 0..... aDd Odlcr M- Structuroi', 
ACI Joumal. ProcHdlnfl', V. 67, No. 1, obril 1970, pp. 27l-l09: y ACI c:-mtnft 
22-1, "Coatrol of Crocktng la Concrttt StructurCI··. ACI Joumol, Proco<dln¡p. V. 69. 
No. 12, dlcltmbrc 1972. Capitulo 7, pp. 736-715. 

S 



m;¡~ ;tprnpi."'dC\· rcl;tcíón entre CC\Iidad. ccnnomia y uailid~llL Lts prt.'CHI· 
l:innes que .deb~n observarse o especificarse d("p..:nderán t.:mto t.h•J uro 
de construcciñn y de la cxpericnci¿¡ de la mano dt.~ nhr:1 local en su forma· 
de descnvolv~rsc ~n ese clima. l"omo d~ l,ls ..:nndil'alnl'S mism<~s t.ld .nu
biente. la temperatura, la humtdad rdativa y b vt.:lol·idad dt"l vil'lllll. 

Las dificultades más serias se prcsl.!ntiln entre aquellas pcr!'.onols que 
se encuentran llevando a cabo el tritbajo, sin est<~r habituadas .al clima y 
a Jos diver.sos tipos de construcción. Pue~to que ~ólo en. rar.as o(a~¡oJu:s 
tienen ~xito los improvisaciones. de último mOmento, dcb~n apltc.~rsc m~
dida! preventivas iniciales. haciendo hincapié en ·la e\'aluación de los 
materiaJes especificas. Ja planeación y las compras· "auticipadn ..... y la a ti~ 
nada coordinación de. toqas las etap~s de la obra. . 

1.2 Definición de clima caluroso 

Para propósitos de este informe. el clima caluroso se ddine como 
cualquitr combinación de alta temperatura ambiente, baja humedad rela
tiva y \'tlocidad del viento. que tienda a perjudicar la calidad del con~ 
creto fresco o endurecido, o que de cualquiera otra· manera provoque el 
desarrollo .de anormalidades en las propiedades de éste. Los factor~.' 1i

mlticos que afectan al·concreto en climas calurosos son las altas tcmpc~ 
raturas ambientales y la humedad relativa reducida. cuyos efectos pueden 
•er considerablem<nt< m~s pronunciados con el incremento de la veloci-

r. d 
dad dtl viento. Los efectos del clima caluroso son más critiCos urante 
los periodos de elevación de temperatura. de descenso de humedad rela
tiva. o de ambas cosas. Pueden a.par~c~.r en cualquier época del año en 
climas calientes tropicales. o áridos. y. por lo. general, s.e pres~n[an Ju, 
rante la estación del verano en paises de otras latitudes. Las medidas de 
precaución que se requieren en un dia calmado Y húmedo serAn menos 
estrictas que las requeridas en un. día seco y con viento. aun cuando la 
temperatura ambiente sea la misma. 

1.3 Efecto.o del clima caluroso 

1.3.1 Los efe<tos indesrables del clima caluroso en el concreto en· 
1':-t.JJo pl;1.stico pu~dcn incluir: 

a) Incremento en los requerimientos de agua. 
b) Incremento en la rapidez de la pérdida de rC\'enimiento y la co

rrespondiente tendencia a üiladir agua en el lu~ar de la obra. 
e) Incremento en la rapide:: dcl·frnguoldo, que tiene corno resultado 

u:ta m;1vor dificultad 1..'11 el m~111cjo. d .lc.:thado y d cur~H.!o. y qu~ 
.c;::, aum~nt¡l l~1 posibihdad dl! juntas friils. , 

"' 

I!'OTUODUCUO:\ 

d) lncremerpo ·en !.1 tendencia al agrietamiento plilstico. 
e) Incremento en 1.· dificultad para co~trolar el contenido de aire 

incluido. 

1.3.2 Los cfc..:tos indcseahh:s dd cfim;l ~.·alurf?SO en el concrcro en 
c~tado endurccidü pucdrn induir: 

il) Reducción d~ la resistencia ~OJ!lO rcsultodo del alto re4 u~rimitn
to de agua y de ur. incremento en el ni\·el de temperatura. 

b) Incremento en la ·tendencia a la contracción por .sel!ado y al agrie~ 
tamiento térmico diferencial. 

e) Reducción de la durabilidad. 
d) Reducción en la uniformidad de la apariencia superficial. 

1.4 Efectos de factores adicionales 

Existen otros factores que complican las operaciones en clima calu
roso. Estos deben considerarse junto con los factorrs climitic~s y purden 
incluir: . 

a) El uso de cementos finamente molidos con rapidez de hidratación 
incrementada. 

b) El uso de concreto con alta resistencia a la compresión. que •e
quiere un más alto contenido de cemento. 

e) El diseño de secciones delgadas de concreto, con el correspon
dicnrc aumento en el porcentaje de acero de rduer:o. · 

d) tvtayor c~tpncidad d..: los cc.1mioncs para la entrega ·d~ coúcr~to. 
e) Re4u<."rimicutos para lit movilización de grandes voiUmenes de 

concreto de ·bajo revenimiento a lo largo de- mayores distancias. 
tatuo hori.:ontales como verticales. 

f) l1!cremenro rn el uso de equipo para bombeo dr ccncreru 
H) lnacmcuro en el uso de banda~ transporladoras. . 
h) Nel'esidad, de indole económica. de continuar el lrab.:tJO en ~cli

mas extr~madaanente calurosos. 
i) El uso de cemento de contracción compensada. 



2.1 Asptcios gtnrralr• 

CAPITULO 2 

propiedades 
del concreto 

2.1.1 l<ls propiedades del ~.:oncrcto. que hacen de el un excelente 
nwlcrial de construcción. pueden verse ~1fcctadas de manera adve·rsa por 
el clima caluroso. tal como se define en el Capítulo l. pero dichos rlectos 
perjudiciales pueden m.irthni.::arse por medio de los procedimientos prác
tit:os de control" descritos en este informe. La teoria báska relativa a la~ 
propied~HJes y al comportamiento del concreto se aplica. en ttrminos ge
nerales. 3 concreto elaborado bajo condiciones óptima5. Los cambios de 
estación pueden tener como resuhado ciertas condiciones que mucho di~
t~n de ser las ideales par~ la.cl~borac.ión de concreto de la·calidad d~Hil· 
da; por- lo tan'to. deben tomarse ciertas medida·s. dentro del proceso u~ 
elaborélción dd concreto. co;t el f¡,~ de .minimi;ar los dectos adversos. 
La resistencia, la impermeabilidad. la estabilidad dimensional y la resis
t~ncia a la acdón atmosferica. el desgaste y el ataque quimico. todos 
dependen del adecuado control de los materiales y del proporcionamien
to de mc:clas. de las temperaturas iniciales del concreto, y de las condi· 
ciones de tempe~atura y de humedad ·durante el periodo de la colocal.·ión 
y del curado. De antemano ~.h·bcn planearse la~ medidas necesilCI<l~ cou 
objet~ d~ aliviar O cfimin.1r Jos cft.'((OS ad\·ersos de hts (OIIdicionc~ 4ll~ 
privan en climas calurosos. 

.. 

2.1.2 Los concretos me:t:laJos. l"olucadus y ~.:ur~hius .1 ~J ... :,·,~t._fa.:. tl"rn-
. ~ 

·pera tu ras. normalmente desarrollan una resistencia inicial mil!> alta que ~ 
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1 15 :l!i 35 
1 " Temperatura del aire C 

.... Para utilizar esta gráfica: 
4.0 +-ii----j--··--j 

· 1. Iniciar con tempera
tura del aire. avanzar 
h~ia afriba a hume
dad relátiva 

2. Avanzar hacia la de· 
recha a. temperatura 
de-I"Concreto 

3. Oeset.!nder a veloci· 
dQct del' v icnto 

4. Retroceder hacia la 
izquierda; leáse la ra· 
pidez aproximada de 
cvaporaciOn 

fig. 2. \.5. E.tecto de las temperatur~s del concreto y el aire, la humr.dad relativa V 
la velocKtad del viento sobre la rapidP.l de evaporacibn de la humedad de la 
sup~rllcie· del concreto. Esta gr:tfic., propl1rciona un nuf~~o gráfico·p~~ calcular 
la pérdida de la humedad superficial bajo diversas condrcrones atmosfe!rcas. Para 
utilizar 11 9ráfica. stganse los cuatro pasos arriba des~ritos. Si la raprd_ez de la 

· ora·· a · 8 ~ kg/~. es..ascm~ar p~cronlii 
.ra ~~,Bo ,,~ltrac!tl!t9lpiA5~~ ~,.,,.,~J. 

PWOPIEDADES 
2J 

evaporación pueda aproximarse a 0.98 kg/m'¡h, Estas medidas consis
ten en humedecer las sub-bases y las cimbri\s, colocar el contrcto a lc1 
temptratura mAs baJa posible, instalar rompcvienros y sombrillas, redu
cir el tiempo entre la colocación del concreto y el inicio del curado. y 
minimi:ar la evaporación, en particular, durante las primeras horas si
guientes a la colocación del concreto, empleando medidas adecuadas ta
les como la aplicación de ·humedad mediante el proceso de rociado. Las 
grietas ocasionadas por· contracción plástica son dificiles de cerrar una 
vez que han aparecido. Dichas grietas pueden convertirse en puntos fo
cales de otras formas de deterioro. puesto que permiten que la humedad 
y las sales disueltas penetren dentro del concreto y perjudiquen su com
portamiento. 

2.2 Efecto de la temperatura del concreto en el momento 
de su colocación 

Conforme se permita la elevación de la t•mperatura del concreto t:,n 

el momento de la colocación. se presentarán los siguientes electos prin
cipales. Otros se describen en la Sección 1.3: 

o ~. 15 
e: -; r. 
H ,, 

5 12.5 ·¡: 1.() \ Requerimiento de ague. .. 1 

""' ' "'"o ~-t--1 ~,- 4 
10 E ~o e 

,, 1 1 u o·-.., 
o - "'·e ~ 1 1 e E,_ -~Cl¡J , ,,: r-
e 

7.5 • ·- n¡ > 
:~ .. '8 .. - - e ~ -

:' 1 ~ u - " t- __,_,_}-- 1 -
- o e 2 5 • o Q, .. a: Q, ... .. " ,,, 1 "'"' o .. 

:0:8 ~'L .2,5 
E enimiento .. 
u 

37 48 
Temperatura del concreto .. °C 

Fig. 2.3.3a. Efecto de la temperatura del concreto en el 
revenimiento ven el agua requerid~ con objeto de cambi~r 
dicho revenimiento. Cont~nido de cemento: 307 k~m3; 
porcentaje de aire: 4.5 ± 0,5; tamaño mlximo del agre- '-:) 

·gado, 38 mm'(f1t2 pulg); promedio de datos para csmen. · "" 
t'lliilo 1 OP. erer 
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lns producidos y t:urado~ ;~ h·mpcracuras normaks. J)l·ro a los 2X d •.• ~. 
. o despuéS, la resistencia es. por lo general. más haja. Esto se ilustra en 

la Fig. 2.1.2. 

' 
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Temperatura de curado, °C 

Fig. 2.1.2. La resiatenct. 11 primer die M increméntt con 
el aumento de 11 temperatura de curado, pero la resistencia 
a loa 28 dlu disminuye con el aumento de la temperatura 
de curtdo. Rtferencit: .. Structures iand Physical Properties 
of Cement Putas" (Verbock end Helmuth, Simposio 
Jepon6sl. · 

2.1.3 Las 111ezclas de prueba utili:oHdn$· para seleccionar las propor
cioneS, usualm~nte se efectúan en laboratorios· con tempcrat~ras de alrL"
d•dor d• 23°C. Lo más probable es que la colocación del concreto se 
lleve a cabo. en climas calurosos. a temperaturas considerablemente más 
;~has que la temperatura del laboratorio. Cuando exista un registro de 
cumportainiento del concreto en la obra, en el cu<tl se incluya el efecto 
de las temperaturas de temporada que pueden esperarse .podrá utilizflrsc 
d1cha infor111ación con el fin de.establecer. o <~justar el proporcionamien· 
h' d~ mezclas pM.l J'"·rerminado proyecto, de acuerdo con €'1 "Rt~lanH'"Il· 
hl de ),l!!i rnnstrUú"IOIIl'S d~ conc-r,•to n·f,,r:;ado (.-\CI ."iJS-71 )''. l'l'l"\;i,,lh'S 

. .¡ ~.2. y -12.2.1. 
2.1.i Lo!~ anvc:,ti!li\dore!'l han demostrado lus dc~to:-. nocivos de b 

.t:..lrthn dr curado y cic las altas temperaturas en cilindros d1· l'rueba. eli\hn: 

"'1 
'1 

-
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radas en los laborarorios. Se c.Jemostró que ·los cilindros moldeado~ y 
curados a temperaturas ambiente de 23°C. con 60~< de humedad rela
tiva. y a 38°C. con 2S~é de humedad relativa. producian una resistencia 
de sólo 73 y 62~(. respectivamente. de la obtenida en cilindros estándar 
curados. con humedad a 23°C durante 28 dias. Tambien se encontró que 
entre mas largo fuera el tiempo transcurrido entre la elaboración y la 
colocación en .almacenes húm~dos t9tándar, mayor seria la reducción en 
la resistencia. Estas pruebas demuestran que un curado insuficiente. en 
especial en combinación con altas temperaturas de colocáción, perjudica 
el proceso de hidratación y reduce la resistencia. .~ 

2.1.5 El agrietamiento por contracción piAstica con frecuencia se 
asocia con la colocación de concreto a temperaturas calurosas en climas 
áridos y en cualquier momento puede suceder. que la evaporación sea 
mayor que la rapidez con la cual el agua se eleva basta la superficie 
del concreto recién colocado (sangrado). La alta temperatura del con
creto, la alta temperatura ambiental. los fuertes vientos y la eacasa hu
medad, o la combinación de 'estos factores, aon causa de 11118 r6pjda eva- · 
poración que, de manera significativa, Incrementa la au.Ceptlbdldad~de 
que se presente el agrietamiento por contracción plbtica. 

En climas humedos. la alta temperatura del. concreto es un factor 
mucho menos grave en la producción de contracción plAstica. La Ta
bla 2.1.5 indica las temperaturas dtl' concreto que pueden convertirse en. 
criticas para la contracción plástica a diferentes humedades relativas. 
La rapidez de la evaporación puede calcularse utilizando la Fi9ura 2.1.5. 
Deben tomarse medidas precautorias cuando se espere que la rapide: de 

Tabla 2.1.5.- Temperaturas tlpicas del conaeto pera 
diversas humedades relativas potencialmente critica en 
ralaci6n con el agrietamiento por contracci6n plistica • 

Temperatura del concreto oc 

41 
38 
35 
32 
29 
27 
24 

Porcentaje de humedad 
relativa 

90 
80 
70 
60 
50 
40 
30 

Temprratura m41aima ,JL'I coneralo pete diferentes hvmedldn 
reletivas, con ob¡eto dll limito~• la rapidez do I.J ev~t•orxi6n hest. 
1pro•imld1ment' 1.0 ktJJmllhr, auponiendo una YllloeidaJ del 
viento de 16 lr.m/hr v una diferencie de temPtrttura entre el 
concreto y ol ai,., do: íi0 r.. 
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Se incr~·mcntartt ~1 t·ontrnido clt• anua ·pilr<l un rrvt•nirnit•ntn d~·
terminado. Figs. 2.3.3.a y 2.3.3b. 

Este incremento en el contenido de ~gua provocará un.1 dismi
nución proporcionada de la resistencia. y la durahilidad. y aumen
tará la contracción por secado. Fig. 2.3.'1. 

La pérdida de. revenimiento se prcsent~ua m:\s pronto despu~s del 
nae:clado y con una mayor rapidc:. Estos d,.,s :-on factorcs.pot.:n
ciales de dificultad en el miHlcjo y la colocél..:Uu~ del concreto. 
Figura 2.3.3a. 

En cli:mas áridos aumentará la probabilidad de que a¡)arc:can 
grietas por contracción plástica. Fig. 2.1.5. 

En secciones de grandes dimcnsioñe!; exisÚra una mayor posibi
lidad de que' se presenten diferencias entre la temperatura inte
rior y la exterior. lo cual será suficiente pa_ra ocasionar un agric_
tamiento ttrmico. 

El curado inicial r3pido será cada vez más critico y su faltn 
cada vez más perjudicial. 
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fig. 2.3.3b. El requerim'-nto de agua de una mez:cla de concreto aumenta con un 
-1:: in<romento tn la tllmporatura. Del Manual del Concreto dol USBR, lla. Edicibn, 
'\> Fig. 118. TombWn ap..- como Fig. 1 en la Referencia 34. 

I'IH li•IED.\UFS ~' ~ 
! 

2.2.2 :En Jos tipos má~ lOmunes de. construcción en clima, cáluroso. 
. tal l·omo se de~cribe:n en la Sección ) .2, no rcsuha prisctico recomendar 

una temperatura llmite. máxima. puesto que. d.1das las circunstancias. 1 .. ~ . 
Vilriación es muy amplia. UIJ limite que funcionaria a la per(ección en 
un caso. seria .1ltnmente deficiente en otro. De acuerdo con esto. el Co
mité sólo puede hacer notar los efectos de temperaturas más elevad~• 
en el concreto. tal como se menciona. en las Secciones 1.3 y 2.2.1, y ad
\'Crtir que alguna temperatura. probablemente entre los 2-t y J8°C, scri• 
el limite más favorable para obtener buenos resultados en cada una de 
las diversas operaciones efectuadas en clima caluroso y que deberá deter
minarse para cada obra. Las mezclas. de prueba del concret~ Para dicha 
obra. deberán hacerse a la temperatura limite seleccion11da y n~ a 21 •c. 
Los pro'=edimientos que describen las pruebas para las muestras de con
creto. a temperaturas superiores a los 21 °C se pueden .encorltar en la 
norma del ACI 223 "Práctica recomendada para el uso del concreto de 
contracción compensada". • 

2.3 Efecto del agua 

2.3.1 El agua. como ingrediente del concreto. influye en. muchas de 
l~1s mfls importantes propiedades de tste, tanto en su ~stado pli~tico como 
en el endurecido. Las altas temperaturas del agua producen ~ás altas 

. ¡ 
temperaturas en el concreto y. conforme aumenta la temperatura de éste. 
aumenta el requerimiento de agua y disminuye la resistencia eh un con
creto de consistencia similar. El agua adicional, sin hacer co~reccionts 

. . ¡ 
de su efecto en la relación agua¡ cemento, tendrá un efecto adverso en la 
calidad final <!el concreto colado en .el lugar, La temperatura inicial del 
concreto. por si misma. afecta la resistencia de éste tal como s~ describe 
cnla l:'ig. 2.1.2. 1 

2.3.2 Un contenido de ngua más alto en una mezcla del concrtro 
· disminuye la resistencia. la durabilidad, la impermeabilidad y Jas propie

dades relativas a é:stas en el concreto resultante. Aunque adecuado a con
cretos colados en ·cualesquiera condiciones. esto apunta a la Ílcccsidad 

• 1 

especial de controlar el uso del agua en el concreto colocado bajo condi-
ciones de clima caluroSo. 

2.3.3 La Pig. 2.3.3a ilustra los electos del aumento de temperatura 
del concre.to en el revenimiento resultante de éste. c·uando se ,mantjene 
constante la·cantidad neta del agua de mezclado. Indica que puede espe
rarse que un aumento de 11 •e en la temperatura, disminuya el reveni-

1 
• Comitl ACI 223, "R~commrndrd Practlce for thc U11t' of Shrinkagr-Compenwt

ing Concrete (ACI 221-77)-", Amulcan Coacrelc lnatitutt', Dctroil, 1977, SccciOn 1.-t, 
página 11. 
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miento en alrededor de _2.5 cm. La Figura 2.3.3a. también ilustra los cam
bios en el requerimiento de agua que pueden ser necesarios a fin de pro
ducir un cambio de 2.5 cm en el revenimiento, a diversos niveles de 
temper~tura. En tanto que de los ~ a los 27°C solamente se requiere un 
cambio de agua de 2.25 a 2.5·%. a los 49°C se requerida un 1.5$t. La 
figura 2.3.3b Ilustra el efecto de la temperatura del concreto en el reque
rimiento de agua. 

Z:3.i El resultado de una mayor exigencia de agua es un incremen
to en la contracción por secado. El enfriamiento que sigue a ·las altas 
temperaturas, a las cuales se efecttia el endurecimiento del concreto, au
menta la tendencia al agrietamiento ~ 'hte. La figura 2.3.1 muestra las 
magnitudes potenciales de la contracción por secado .- ilustra la influen-
cia del contenido de agua. · · . . 

2.3.5 De todos los Ingredientes del concreto, es el agua de mezcla
do la que tiene el mayor efecto. por unidad de peso, en la temperatura : 

. 

1000 

390 , , 
~-¡--------·-, 
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1 800 
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F ig. 2.3.4. Roloci6n entro 1, contraccilln, el ·contenido 
do comento y ot conlltnido do oguL La grllfica indica que 
lo controcdbn es una fundbn directo del contenido uní
tirio de egua ere al concreto- frescO. Nótese la poca influen· 
cío dol contenido de aguo en 11 conlraccibn, sin tomar en 
consideroci6n el conlltnido de cemento o la relacibn ague} 
cemento. El estrecho agrupamiento de estas curvai demues
tra que 11 conlroccibn en el momento del secado se rige 
principalmen111 por el contenido unitario de ague. Del 
Ma,ulll rt-1 Conc ... tn rtel ll!i:.AA 8a. ~.u,..i6n, ~:o.. ..-. 
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u 

del concreto. y.:• LJUC' IÍ\."1\C' un calor espccifü:o que cquivólle~ a 1 o 5 veces 
l'l del cemento o el del .1grcgado. Es mas (ácil controla~ la temperatura 
del ngua .que lil Jcl rc:->lo de los componentes y. aunque se emplr~ ("n 
cantidades má• pcqueñn• que los dem~s. el uso de agua de mezclado fria 
tendrá un efecto rcducror en la temperatura de coloCación d~l concreto 
(\'Case la Fig. 2.3.5). Pnra una mezcla nominal de concreto que conten
ga -336 kg de cemento. 170 kg de ~pua, 1.850 kg de agregado/m'. un 
cambio de 2°C en la temperatura 'del agua provocará un cambio de 
0.5°C en la temperatura del concreto. Por lo tanto. es aconsejable eslor
:=arse por obt~ner agua fría y por mantenerla as-í mediante el ~islamicnt? 
de tubos y tanques. Los tanques y camiones utilizados para 'almacenar 
o transportar agua deben ser térmicos y/o estar pintados de blanco. Se 
puede logr~r una reducción en la temperatura dtil agua por medio de 
refrigeración mecánica. o mezclándola con hielo. 

2.3.6 El uso de hielo como parte del agua de mezclado resulta alta
mente efectivo 'para reducir la. te~peratura del concreto, ya que sólo con 

144 +--r--r-.---r___;-.-r--r--¡ 

.. .. 
~ 18 

0~~~~+-~-H~++-++-+ 
o 2 4 6 8 
Reduccilln an la temperatura del concreto, °C .... 

Fig. 2.3.5. Efecto del 1g11a do IIIIZcltdo enfrildl IObn .. 
. temperatura del concreto. LIS tamporeturn - '- nor_. 
lu del agu1 de mezclado. Estos wtlorn • puldtn tplll* 
a mezcln promedio hechas con tgregados rllturtln tfplcos. 
La cantidad de agua enfriada no puede exceder do los 
requerimientos del agua de mezclado, la cual depender6 
dol contenido de humedad del agregado y de las propor- '::\, 
clones de la mezcla. De la Referencia 20. -:::,.. 
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derretirse ahsorhr c.:ilor a ra:l'-on de SO c:ll. ~l· Jl~,r 1~, ranto, pnra ser niús 
cfe"·ti\'o, el hielo molido. trilur;H-lo. astillado o r;•~ponln dt"tw Sl'r <"nloc.:.H.In 
dlft(tam~nh· en 1" me:dadora par;¡ form<~r p;1rh· o ,·onstilllir el voluua'll 

.lulal del agua de me:clado. En la mc:da de l'Oih'l'l'IO llUC se fcmsid..::rú 
tn la Sección 2.3.5. la introdúcción de una cantidad de hielo equivalente 
al 50~(- del agua de mezclado. por peso. pro\·oc.1na una disminución dr lil 
ttmperaturil del concreto de 11 ''C solamente- _l'on dl·rrctirsc., y el a~1ua 

ruultantt a 0°C tendria ut; efe,·to enfriador adicional de .¡·'C. La fi~]u· 
ra 2.3.6 ilustra pósiblrs rcdLH'Cionrs' en la tCmpcr.;1tur.1 dC"I con\.·fl•to mr
diantt la Sustitución del· agua de mezclado a las temperaturas que se 
muestran, por diversas cantidades de hielo á 0°C. El mezclado debe con
tinuar hasta que ti hielo esté completame.nte derretido. El hielo triturado 
debe almactnarse a una temperatura tal que.evitc la formación de gru
mos mediante la rtcongdación de las _partic~l_as. Donde se requier"!n las· 
cantidades maximas de hielo y/o de agua de mezclado enfriada. debe po
nerse especial cuidado tn el drenado ·de los agregados. con objeto. d• 
minimizar la humedad libre. 

144 t-,-,,---¡--;--,--¡--;--¡--, 
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o 4 8 12 16 20 
Reducción en la 1emperatura del concreto, °C 

Fi¡j. 2.3.8. Electo del hielo en el agua de mezclado sobre 
la temperatura del concreto. Las temperaturas son las 
normales del agua de ~ezclado. Estos valores se pueden 
aplicar 11 mezclas promedio hechas con agregados naturales 
(iiJitos. La cantidad da! hit•ln añadirla nu ¡Jutlde exccdt!r 
los requerimiemos del agua de mctdadu, Id cual depen· 
dera del contenido de humedad del agregado y de las 
proporciones de la mezcla. De la Referencia 20. 

l'i~C..)I'Il::UAIJES 

2.1 Ef•cto del cemento 

• 
1 

_!t). 

2!i.l El puuto mas importante ü considcr¡1r. ncerc.:1 del ccmen1o 
como ingrediente del co111.:rcto en clima caluroso, es el efecto .directo 4u~ 
la temperatura tiene en la rapide; con la que tste se hidrata. Las altas 
temperaturas del concreto aumentan la rapidez de hidratación y la rapi
dez del endurccimi!!nto y. por lo ~eneral. tienen como re·sultado un incre

mento en el requerimi~nto de agua; contrihuycndo. de este J;UOdo. a un•• 
r . .:ducciótt de la rcs1stencia y a la contracción pléistica. La ~ig. 2.i.l ilu~-

. Ira el electo de la temperatura en el tiempo de fraguado de las mezclas 
de concreto, determinadas conformt; a los procedimientos de la norma 
ASTM C -!03 ''Método estandar de prueba para determinar el tiempo 
de f caguado de mezclas de concreto por medio de la resisten'cia a la pe
netración". Aunque son limitados los datos en los cuales se basa la ilus
tración. si indica un efecto decidido de la temperatura en el tiempo dt 
fraguado, cuando las temperaturas de colocación del concreto están en 
el intervalo entre I0°C y 38°C. Asimismo, indica que la magnitud del 
efecto. varía según la composición del cemento. cuando se utiliza . Un 
aditivo retardador de fraguado. 
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. . 1 1 . b 1 Fig. 2.4.1. La temperalur1. y la m•rca del cemento eJercen m h:en~•• 10 .r• a: 

caractarlnicas de endurecimiento de los morteros de concreto. De la Rrerencsa 10. 
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2.1.2 El cemento caliente es el resultado d'-.·1 calor c;:JCnerado m~cit
nicamc:nte durante t:a molienda. La pérdida de- calor durnntc d periodo 
de almacenamiento es lenta. por lo' que el ce~ncnto puede e_ntrcn,u~c a 
ttmperaturas relativamente ah.-~. Aunque ~óln drl 10.<~1 15' i dC'I fll'So 
dr una m~zda de concreto e~tá constituido por t.·emcnto, su tr-mrerntura 
puede str de•de 0°C y llegar hnS!n los 55"C sob"re In temperatura de
seada para el concreto. Por lo tanto, resulta prudente establecer 1111 

limite máximo de 77°C para la temperatura dél cemento al iniciar el 
mezclado. Si cO el cemento existe .una tendencia al fraguado falso. es 
factible que se acentúe la p~rdida de revenimient~. en cspecinl, en climas 
calurosos. 

2.5 Efecto de los aditivos 

2.5.1 Se ha encontrado que los aditivos que cumplen con las especi
ficaciones de la norma ASTM C 191·71 "E•pecificación estándar para 
aditivos qulmicos para concreto'" del Tiro B. retar,bdores. y del Tiro D. 
reductores de agua y retardadores_ son beneficiosos para compensar al
gunas de las características indeseables del concreto colocado durant~ 
Jleriodos con alti.ls tCmpcratur.ts ;unhil"nral<-~. E~rns ;Htitin's .. r,~ .. ·t;u¡ l.ts 
si':lui('nh~!' propit.·t.thit.•s de didu1 l't''"·n.·ltl_:. 

2.5.2 Los rctilrdadorcs que se "P"!Iilll a la llUI"Illol ASTI\1 e ·1'1·1 ""' 
..... t1po B y drl Tipo D. retrasan el tiempo de fra~uado dd 'oncrl'lo. ~.:~un 

las medidas ohtrnidas en la prul•ha .. t~ pl"lwrrat.·ión dl· 1-. norma J\ST!\1 
C 103 .. Metodo estándar de prm•h;t para dl"tf.'rtuinar el fr¡¡~Ju.nlo dt.• llh;:· 

das de: conCreto por medio de l.t rcsistcnlia a l<t p~.:lh"lr;u:ilin''. pcrn Íh\ 

rct~-rdan la pérdida de revenimiento. Los aditi\"OS dé! Tipo B y del Ti
po D pueden utili:arsr en proporcumes variables. dl"' mancr.1 qul~. ron·
forme ó\umenr¿t l.t temperatura. H~ pucd~n usar dosi!-i más altils d1' dil'ho:o' 

, ,,J¡(¡._.o!'i para l(1gr.u un tiempo de fr.l':}U:tJo uniforull'. 
, 2.S.J Co•1formc numcnfa la lt.·mp.:nutu:a dcll·o¡h'h"tn .Hinh:nl;tr:tn los 

requcri:nicntos de agu.1 para lograr l.t·mism<l cun~o~sh:Jh:i;t de ~stt.: dur.m
te la colocacióu. Los retard~1dorcs y. rcducwre~ de iiHH·I disminuir;·w los 
rtqucrimientos di! esta y. por lo rou11o. en gran mCJiJa. rcdw.::irán .:stt..: 
;.fccto de l&~s ~tiras tcmpt:racur.1s ~n l'l cont."rcto. 

2.'5.1 Los aditivos ret.Jrd.,don·s y rcductOrc~ de· anu.a pu·cdcn innl~
uwulctr un ptKo la rapidez de la perdida de revenimiento. No obstante. 
por lo general se tncontraril. que a~n después de qu~ ef revenimiento 
mit.:ial ha aumentado lo suficiente para compensar cualquier aumento en 
la pCrdid;, de l·stc. oca5ionad.:1 pQr los aditivos, siguen sirn~o importantc!'i 
b rcdu~..·nón Jcl a~ua sobrante y los dcm;ts hendidos. 

2.S.'i Los ;ulitivos del ~ipo de acido carboxílico hidroxilado y din·r
..... .~~ varicd;1dcs de otros tipo~ que llcn;-~n los rcqui:;;itos del Tipo D. co-

~ROPIED,\OES Jl~ 
'_;.... 

rrespondientes a la norma ASTM C i91. aumentiln el sangrado inicial 
del concreto sin aire incluido. Se ha visto que el sangrado inicial indu· 

ddo: tal como el producido por estos tipos de aditivos. ha servido de avu
da parn evitar que se seQue la sup.erficir superior del concreto coloc~Ju 
a Alta temperatura an.1biente y baja humedad. Sin rmbargo. si las condi
ciones de resequedad son tales. que llegan a aparecer costras en la su.per· 
fi.:ie. el subsecu.ente sa.'ngrado puede ocnsionar descascaramiento. En es· 
tas condiciones debe utili:arse el rociado par;J prevenir dichas costras. 

2.5.6 Los aditivos que cumplen con los requisitos de la norma 
ASTM C 191-71 "Especificación estándar para aditivos qulmicos para 
concreto", por lo general aumen·taran la resistencia a la compresión y • 
la flexión del concreto. Con los ajustes apropiados en la mezcla, aquéllos 
se pueden utilizar para compensar la pérdida de resistencia provocada 
por la alta temperatura del concreto. . 

2.5.7 Aunque las pruebas cualitativas. tales como las de la ASTM. 
proporcionan un valioso procedimiento de evaluación para la selección 
de aditivos. cualquier uso sustancial de éstos e:n la continuo:t producción de 
concreto debe estar precedido de pruebas_ que permitan la observación 
y la medición del comportamiento del producto. bajo la< condiciones de 
operación de la planta de concreto. en combinación con loS,inartriale!-0 
par¡¡ b f¡thricación d~ concreto qut.· ,~n l"~t" mnmrntn se est(on utili::flndn. 
Por lo general. lil unjformidad d~ los resultados e!~' tan importante. o má~ 
aún. que el resultado promedio en lo relacionado con cada una de las 
propiedades significativas del aditivo o del concreto. 

2.5.8 l:.a evaluación del uso de un aditivo determinado o combina
ción de aditivos debe tener como base los resultados obtenidos con el 

·concreto especifico en cuestión y en las condiciones previstas en la ob~a. 
ya que los resultados obtenido<, en gran medida. están influenciados por 
las características del cemento y del agregado. y sus proporciones re<pec
tivas. al igual que por las prácticas de construcción y la• condicione< 
ambitntales. El operador de la planta, el contratista y el diseñador del 
proyecto de construcción están intere!\ados en otros il.ngulos. ajeno! n las 
propiedades del coni:reto. que se miden pnr medio de pruebas e<tándar. • 
De primordial importancia pueden ""r la trabajabilidad, el bombeo. la 
colocación del concreto y las características del acabado, el de!Mrollo 
tetnprano de la resistencia. b r.,cilidad de volver a utili:ar las· cimbrt~s 
y los moldes. la apariencia de las superficies descimbrad .. y demás. Son 
estos los puntos que pueden dictar la selección de un aditivo y la dosili· 
cación del mismo, aún mh que las propiedades cubiertas por las espe· 
cificaciones de costumbr~. 



3.1 Asl"'ctos gencralca 

CAPITULO 3 

producción 
y ent~ega 

Si los controles de proporcionamiento y de mezclado o los programas 
de entrega son tales. que el concreto llega al .lugar de la colocación en 
malas condiciones, entonces no es posible adoptar las prácticas de colo
cación y de curado deseadas que se sugieren en el Capitule 1. El control 
de la temperatura del concreto a través de la temperatura de los· ingre
dientes. sólo se puede ejercer en el momento del me:clado. Utilizando las 
siguientes relaciones. se puede demostrar que para un concreto de pro
porciones convencionales. una reducción de 05°C en la temperatura de 
este requiere una :educción de alrededor de 4uC en la teml"'rahlra del 
cemento. o de 2°C en la del agua, o de alrededor de 1 °C en la dei agre
·:: •do. Puesto que la parte principal de~ concreto se compone de agrega
cio. una reducción en la temP"ratura de tste provocaré la mayor reduc
ción en la temperatura del concreto ( Fig. 3.1), por lo tanto deben 
emplearse todos los medios al alcance con d fin de mantener el agregado 
tan fria como sea posible. Esto se puede llevar a cabo, por ejemplo, man
teniendo todos los componentes a la sombra. La ev&;lQraci6n y el enfria
miento directo que se obtieoen por medio del rociado a mano o con apa
ratos de los cúmulos de agregado grueso. es un recurso efectivo para 
reducir las temperaturas del agregado. Este rociado no se puede efec· 
tuar de man.:ra fortuita. ya que esto puede: conducir a una excesi~a va· 
rinción en la humedad de la superficie y. por lo tanto, perjudicar ),, 
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Curva 1 - Agua.' de mezclado a la temperatura _del agrc9adó 
Curva 2 - Agua de mezclado a 10°C 
Curva 3- Agua de mezclado a la temperatura del agregado; 25°/o del agua de 

m•zclado por peso, reemplazada por tMelo . 

Curva 4 - Agua de r,;ezclado a la. temperatura del agregado; 50°/o del agua de 
mezclado por peso, reemplazada por hielo. 

F ig. 3.1. Influencio de lo temperatura do lot ingredientes dol concreto on la 
temperaN ro dol mismo. C61culo obttnido. de lat ocuociones do la Seccibn 3.1. 

cni(ormidad del revcnimie.ntC'. No obstante, los beneficios son muchos 
y compensan una cuidadosa atención. Las ecuaciones para el cálculo de 
)¡:s trmpcraturas del concreto reciCn mezclado son las siguientes: 

Sin hielo [ llnidadt·s del mks y del Sistema Internacional (51) J 

r_ 0.22 (T• Wa 1· Te Wc) 

0.22. (IV" + IV.-) 
Tw Ww + Tw" ~Vw" 

lVII' ·1 ~Vwa 

Cnn l,;,·ln 1 Llnid.ldc' del 111k> y del Sistema Internacional (SI) 1 

r _ 

1 

donde: 

0.22 ( Ta Wa + Te Wc) 
0.22 ( 1\f¡¡ IVc) ·'· IVw .. Wi + IVrva 

(IVrv- Wi) Tw + Ww.1 T.1- 79.6Wi 
~:;--:-;:;-;--:-
0.22 (W., 11'•) ·! Ww 1 Wi.+ \Vrva 

T - Tempcrllturtl del concreto recién mc:d~1-
do. ~ rados C. 

T ... Te: Tw - Tcmperalura del ••gregado. del cemcnlo 
y del agua áe mezclad<>. respectivamenle. 
grados C. 

IV a. Wc. Wu•. Wwa. Wi - Peso del agregado. del cemento. del agua 
de mezclado. del agua libre en el agrega
do y del hielo, respectivamente. en ... g. 

' 
3.2 Agua 

El enfriado del agua de mezclado y/o el uso de hielo es importante 
·con motivo de las relaciones que se dan el! el Capitulo 2. La temperatura 
·del agua se baja con facilidad. y aunque el agua se utiliza en cantidadc• 
más pequeñas que el resto .de los ingredientes. el uso de agua de mez
clado fria tendrá como resultado una moderada reducción en la tempe· 
ratura de colocación del concrcto. El uso de hielo. aunque para esto su 
necesario contar con equipo para fabricarlo o para trlturarlo, ademA! de 
una muy exacta dosificación. resulta mucho más efectivo que el del agua 
fria. 

3.3 Dooificación y mezclado 

La dosificación. el me:clado y la transportación del concreto se de•-
cribe en los Capitulas 1 y 5 de la Norma ACI 301-73. • . 

3.3.1. Los procedimientos de dosificación tienen efectos importantes 
en la facilidad de producir concreto uniforme perfectamente mezclado. 
tanto en mezcladoras estacionarias. como en camiones mezcladoras. Por 
lo general se acrecienta la uniformidad en el mezclado cargando slmul
táneamentC'. mediante una banda tr;~il.sport~dora. el agregado. ct c~merito 
y el agua. No obstante. cuando la planta mezcladora está locali:ada a 

• "Práctica rr~,;onlt!'nd<1bl~ par;, In medición. mt-:clado. tra11~portr y colocacion dd. 
concre-to'', Instituto Mexicano dd Crmento y dl'l C"Jlncr.-•:.. " C . ._.,,._'co. ·--- { 
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la p~rdida de revtnimi~nto. ·el alto requerimiento d..: agua o el cndul;cri
miento rápidn. deben tomarse en con~idcración los procedimientos mc
di~nt~ los C>t~les.se permit~ el me:cl.,do después de h~ber llegado allug;~r 
dt la obra y asi evitar. o minimizar, el contacto entre el ceml·nto y ..:1 
agr~gado húmedo ante• del me:clado. En obras sum<~mente grandes. o! 
volumen del ¡;:om:reto puede ser el sufiCiente conio paru justificar la inS
talación de una planta completa en. el lugar cde la cibra .. 

3.3.1.1 En obras de mediana extensión puede ser factible colocar 
instalaciones para la dosificación del concreto en el lugar mismo de la 
obra. o cerca de tl. En est~ caso, loa agr~gados y no más de alrededor 

' d~l 80% del agua de mezclado pueden incorporarse, en algunas instala
cion~s a distancia. r~gular, añadiendo .el cemento. y el resto·del agua en 
~1 lugar d~ la obra. · 

3.3.1.2 En una obra pequeña donde no son factibles ni una planta 
completa ni una dosificación de cemento, se pueden emplear procedi
mientos e&peciales de dosifiCación para minimizar el contacto significa
tivo ~ntre ~1 c~mtnto y el agua o ti agregado húmedo. Cuando el ceménto 
y los agregados st cargan por medio de una banda, prácticamente todo 
ti c~mento se humedece y son pocas las ventajas de retrasar el m~zclado 
hasta llegar al lugar dt la obra. Si el cemento es el último ingrediente 
en añadir~. pero la olla de la mezcladora se. está moviendo a una velo
cidad normal dt 1 O a 18 rpm, los resultados .serán similares a los alean-

' zados en la dosificación por medio de una banda. Si durante el periodo 
dt carga, la velocidad de la mezcladora se reduce hasta llegar a ser de ' . 1 a 6 rpm, gran parte del cemento •e humode~e y lus resultados son lige-
r8mente mejores que los del caso untcrior. No obstante. serta muy po(O 
el cemento humedecido. ·por contacto con el agregado hún1edo si se de
Uen~ por completo el movimiento de la mezcladora, .en tanto se añade el 
cemento y no st echa a andar sino hasta que se efectúa· el mezclado en 
tl1ugar dt la obra. Este procedimiento permitía retrasos de 16 hrs o más 
en ti mezclado. en los días en que eran comunes las mezcladoras de eje 
horizontal cargadas a través de una. escotilla. Los modernos camiones 
n:tzcladot a> Je eje inclinado sólo en raras ocasiones están provistos de 
e.Kotillas semejantes. pero cuando lo están, es posible extender sustan
.:ialmen!e el tiempo de entrega si St! utili:a este procedimiento. Sin em~ 
bargo, aun con algunas limil¡¡ciones, es posible cargar el cemento como 
ultimo ingrediente en una olla sin movimiento. Si se utiliza este método. 
b perdid~ d< resisten.:ia por retro sos de hasta 3 hrs en el' mezclado des-

~ puCo; de la carg<~, sera de menos del 5 o to~·t:. Para. evitar la perdida de 
. una cantidad t-x.:csiva de cemento sc<.:o, sera necesario reducir el tamaño 
' de la carga entre un 1 O y un 20tji;. El us~ de este procedimiento aun.1en~ 
' 

Ji 

ta de manera importante el. tiempO requerido para cargar ,un camiU1 1 y 
reduce. con mucho, la capacidad de la planta. 

3.3.2 La cantidad de mezclado y· d~ agitación d~b~n lnant~n~rse al 
nivel más bajo posible. El número d~ revoluciones para la•velocidad de·. 
me:clado debe mantenerse. por lo general. a 70. 100, 0 cuando mas a 
125 rpm. Con el concreto mezclado en la planta. o en el c~mión me:da• 
dora en la planta. debe tomarse en' consideración la conveniencia d~ 
transportar el concreto con· la olla sin movimiento en ~• transcurso del 
recorrido. Esto requeriá un pequeño r~mczclado ~n la obr¡s antes de des
cargar. En terreno accidentado puede s~r necesario agitar el concret~ 
con alto revtrimiento para evitar derrames. · ' 

3.3.3 Para minimizar el calor producido por los rayos d~l sol. re
sulta útil pintar de blanco las superficies de la mezcladora. Tomando co
mo base una hora de tiempo de ~ntrega en los me~s d~ verano. el con
creto en una olla blanca y limpia debe estar 1.1°C más (r~seo qu~ en uoa 
olla roja y 0.3°C más fresco que en una de color crema. Si una olla vacia 
permanece al sol durante un período de tiempo mas o menos extenso anrcs 
de la dosificación d~l concreto, ti calor almacenado en la olla metálica 
producirá temperaturas de 0.3 a 0.5°C menores en una olla blanca que 
las que se producirian en una roja o amarilla. Se ha sugerido rociar 1 .. · 
olla con agua antes de la dosificación o durante el transporte como me
dida para reducir la tempewtura del concreto, pero sólo ~ obtendriln 
hrnehcios marginales con este prorcdimi~nto. · 

· 2.3.i En zonas de baja humedad relativa se ha sugerido que el con-· 
creta se puede enfriar mediñnte un rociado continuo de la olla con a~ua 
para ohtcnt>r un enfriado por rvarurariñn. Nn se sabt- qur exi5tan \'l"r· 
daderns datos Je .~.:amro .a rsh.· n.·srrrtn. pL"ro s..·nlm cálculo~ h:,s.,dns 
en la Fig. 2.1.5; se deduce que lns ~r<."cto!i!._del cnfri;Hio serian· _n1uy po..:n:-;. 
En condiciones ambientales que produjeran una vdocidad de evapora
ción de i kg/m'/h, la velocidad de enfriado seria de alr~dedor de 2'C 
por hora. El enfriado obtenido a una velocidad de evaporación menor 
sería también proporcion<llmentc menor. 

3.i Entrega 

La hidratación del cemento, la elevación de la temperatura. la pérdida 
de revenimiento, el desgaste del agregado y la pérdida de air~ aumentan 
co•l el paso del tiempo: por lo tanto, debe mantenerse a un mínimo abso
luto el lapso de tiempo entre el me:clado y la entrega. Esto presenta al
gunos problemas especiales en las operaciones de .,;oncreto pi'eme:clado. 
Debe prcstousc especial atención a lo• coordinnción de la salida J~ lo~ 
c¡¡miones con la rapidez de colocación. a Hn de cvirar rcst~asos en la 
cn.t r<"ga. Cuando el periodo transcurrido entre l01 do.!oiiificación: y l..1 colo-

¡ . 
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cad6n e1 tan largo como para tener por resultado incrementos importiln· 
les en· Jos requerimientos de agua de mezclado. o en la pérdida de reve
nimiento. debe retrasarse el mezclado en los camiones hasta que sólo 

, quede el tiempo suficiente para terminar este .proceso antes de la coloca· 
ción del concreto. 

3.5 Ra:aaplado 

Tanto la investigación en laboratorio como la experiencia en el cam
po sugieren que la roducción en la resistencia, al igual que otros electos 
perjudiciales del clima caluroso. sean directamente proporcionales a la 
cantidad· de agua de re templado ·añadida, No debe per~itirse la adición 
de agua al llegar a la obra, con excepción de aquella requerida inicial
mente para ajustarse al· revenimiento especificado, siempre quo dicha 
adición no exceda los limites de la méxima relación agua/cemento e•pe
ci(lcada. Debe prohibirse cualquier adición de agua posterior. 

._,. 

••. ~ (' . . . ·. • ' ·, <:- . ' 1 . 

Para minimizar los efectos. adversos que se describen en la Sección 
2.2 se utilizan varios mttodos de control para el me:clado y la- entreg~ 
en clima caluroso. Las huenas prActicas acostumbradas en la Colocación 
del concreto para minimizar los tiempos de mezclado y de entrega. y el 

: contenido' de agua, requieren de maYor dillgCncia y coordinación durante 
el clima caluroso. 

4.1 Aspectos general~s 

. . ., .. - . . .··-; 

CAPITULO i 

colocación 
y curado 

, 
' 

i, 1,1 En muchos asptctos, los requisitos para obttntr butnos resul
tados durantt la colocación y curado del concreto tn climas calurosos no 
9uelen ser distintos de los ncce~arios en otras estaciones. Existen las mis 4 

mas necesidades: a) que el concreto se maneje y tran~porte con un ~1-
nimo de segregación y de pérdida de revenimiento; b )" que el concreto 
se coloque en el lúgar donde va a permanecer; e) que el concreto se 
cuele en capas lo suficientemente delgadas a fin de asegurar el vibrado 
hasta la parte profunda de la capa inmediatamente inferior; d) que la• 
juntas se fabriquen en concreto oólido y limpio; e) que las opcracione• 
de acabado y su ritmo se guien únicamente por el grado de t~rminación 
del concreto respecto a ellas y nada mtls; f) qut el curado se condu:ca 
de manera tal que en ningún momento durantt el periodo ducrito, ca
rezca el concreto de la humedad y control de temperatura necesarios, de 
manera que la hidratación continút drsarrollando la totalidad del poten
cial de resistencia y durabilidad del concreto. 

1.1.2 En otras normas y refrrencias del ACI se encuentran disponi
bles los detalles de los procedimientos requeridos en todaslasestaciones 
y otros requisitos estAndar. El presente capitulo tiene "como propósito 
destacar los factores pe~uliares del clima caluroso qur pueden afrctar a 
estas operaciones y al concreto resultante, y recomendar aquellas qut. 
-:lebr-- -Lser- co: ' · :to _t. - -eve ha :sal1 1 in :fa. 
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4.2 Prrparativu~ para la cnlnci:ición y el curadu 

i.2.1 Los prcpar¡¡ti\'o:s piua l.a c_olocacióll y d cur<tdo en clima ca
luro~o iuduyen el rct;onocimh•iJto, al (niciar el tr;1b~tjo, Je que se pr .. ·.s .. ·n
tarin ciertas condiciones anornwlcs, las cuales requerirán de al~unos de
talles de preparación que no se pueden proporcion~i cfica:mentc cil el 
preciso momento anterior a la colocación del ·concreto. Si se espera .que 
las ttmperaturas del concreto en el momento de la colocación de Cste !'-Can 

anormalmente altas, deben llevarse a cabo preparativos para que el tr<IIJS
porte, la colocación. la compactación y el acabado. de dicho concreto s< 
dectúen con la mayor rapidez posible. 

. i.2.1.1 Esto significa. en p;imer iugar, que la entrega del concreto 
Cfl. la obra debe estar programada de manera que se coloque inmcdiaift
mente al llegar, en particular, la primera:carga._ Muchas operaciones de 
..:o)ocación de concreto tienen un mal principio porque la entrega de éste 
st hizo cuando aún no estaba lista para recibirlo la zona de trabo1jo.' 
Y ti ~ontrol del revenimiento se. perdió en este momento tan criti~o:o. 

1.2.1.2 El equipo para la colocación del concreto debe: conta1· con 
la capacidad· adecuada para cumplir con sus funciones de manera efi
ciente. con el fin de no provocar retrasos en etapas distantes del trabajo. 
Dtbe habtr el suficiente equipo· de vibración y la mano de obra necc's;ltia 
para la compactación inmediata del concreto después de su coiOt.:ación 

' y para mantener el ritmo de Csta en areas difícileS. Todo el equipo debe 
estar en condicioneS óptimas de· operación. Las descomposturas. o los · 
reuasos que detienen o hacen mits lenta la colocación. pueden afectar 
seriamente la calidad del trabajo. Las ·juntas frias pueden qued¿¡r en e\·i
dencia cuando se retire la cimbra: una falla en lu \'ihración puede C<1usou 

una obvia falta de CODlpactacióÓ. 
1.2.1.3 Debido a la mayor rapi~fez de perdidél de revenimiento en 

clima caluroso. el esfuerzo en el equipo de vi~ración sera mayor. D.: 
acuerdo con esto deben tenerse varios vibradores de r~puesto .. por lo 
menos uno por cada tres vibradores en uso. Una opcrilción de colocación 
de concreto se va a ver en difit.:ultaJes. en especial en clima Glluro~o. 
si ti t:quipo de vibración falla y el equipo de repuesto no es el. ildecuado. 
De ser posible. deben efectuarse arreglos previos· con el fin de poder 
'ontar con otra grüa. o bomba adicional. a la m<1yor brevedad en caso de 
una desc-ompostura dd equipo. 

1.2.1 CuauJl) !ie \';\11 a (ltll~lruir lusas planas ;¡ ni\'d del tl."l'rt•túJ. 
:;obr~ una base. Ullo'l pi~Hll"ih.:iún prt.:\'1<1 pue~o.h: p~rmitir l;1 pro~lr;unoh·tún 

de lcts lo:;as una vez que se: hay.iln l~vantado los muros. o que :-.~ haya . 
~olot.:ado el tí!,·ho, y de estil manerO\ prup'?rcionou una protc:cc_ión co1Hr., 

Vl ti vic111o, o unJ. ~uu1bra. o amhus. Si prevalc,~c un vient.:l seco. podria 
"')\'al~r b P'-''"' p\;,uu·ar una protc:rciOu ll~mpnrtd contra el viento. En cuod

quit"r , ;h,). l,, o~hr.t ,kb ... .- üliii:H· ,·o u tlll.l ;tlllpJ,;, , ... ,\,.¡_ .. ,ún d,~ .tnu;•. tu.tn · 

'. 

~---- --------- ---. --

t:OI.OCAC:ÍON \' CUN:AOU 
¡~ 
~1 

g_uuas Y boquillas pulverizadoras. La sub-base debe estar húmeda pero 
sm agu3 estancada. ni punlos suave5 en ti momento de la colocación del · 
concreto. La pulveri:ación se puede utilizar con el fin de refrescM y 
humedecer el aire circundante y, de ~ste modo, evitar una Cxccsiva C\'a- . 

·por ación de los elementos planos durante' el acabado. Las boquillas pul- · 
ver¡zadoras que se empleen deben producir una capa de rocío semejante 
al que deja la neblina y no debe corifundirsel<s con· boquillas de man
guera de jardin, las cuales producen un roclo excesivamenie grueso. 

1.2.3 Los preparativos para la colocación del concr~tÓ incluyen la 
localización apropiada y la preparación de las juntas de construcción .. 
Debido a que son mAs rápidos el fraguado y el endurecimiento del con- · 
creto, el ritmo de_ limpieza por medio de varios métodos, ·como son el 
labrado en estado fresco, o la aplicación de retardantes en la superficie. 
se vuelve más critico en clima caluroso. Deben hacerse preparativos co.n 
el fin de proporcionar una rápida y adecuada atención a estos renglones. 
en el momento indicado. . . 

~.2.i Los planes para el trabajo deben incluir prepar'ltlvos para li
mitar la femperatura del concreto en el momento de au colocacl6a.- de 
acuerdo con una meticulosa consideración de au potencial y sus efectos. 
tal como se explicó en las Secciones 1.3, 2.2.1 y 2.2.2. ya que tstas se 
aplican al carácter privativo de las condiciones prevalecientes ea la obra. 
Conforme se alcanza y se sobrepasa la temperatura limite aelcccloaada. 
que es. por lo general. aunque no siempre, entre 2i y 38~C. ea toda
vía más factible que se presenten los efectos poco favorabln de la alta 
Nmpe~W~. . 

1.2.1.1 Sin importar cual limite de temperatura haya' aldo consi
derado. el adecuado, siempre resultará mAs fácil mantenerlo, si las inez
cladoras, las bandas, la tuberia de bombeo y las canaletas ae mantienen 
a la sombra. Donde- esto no sea posible. este equipo absorhkrá conside· 
rablemente menos calor si se pinta y se mantiene pintado de 'blanco. Las 
tuberías de bombeo se pueden conservar mucho más frescas si se las cu
bre con tela de yute mojada, que se mantendrá asl por medio de una 
manguera constantemente abierta. Cuando la temperatura durante el 
dia y las condiciones de resequedad sean criticas, program-ar el inicio 
de la colocación del concreto "en las últimas horas de la tarde mejorará· 
notablemente las condiciones para dicha colocación. Se ha •encontrado 
que para losas masivas y pavimentos, este procedimiento ha t'enido como 
resultadO una contracción térmica y un agrittamit'nto \.'onsiderahlcll!l"OIC' 
menores. El concreto que se coloca en las primeras hOras dt: la mañana 
puede alcanzar una muy alta temperatura que resuha definitivamente 
indeseable. en particular al mediodla, que es cuando se presentan la má
xim&· irradiación de sol y calor de hidratación. Al enfriarse, e~te concrcul 
!'i(' pudriil \'C'f t."Xfltu:sto il Ull :-ICVt."rO eAfutrzO tt'rmit:u. ' 



. 4.2.S Finalmente. vrmos que los preparativos parn la colocación de 
cOIIcreto en clima caluroso incluytn medidas especiale_s necesarias para 
el curado y la protección apropiad~ de·rste. pueMo que el clím~ caluroso 
provoca un rápido secado. Si se desea evitar el agrietamiento y el daño· 
grave ocasionado por el secado. sr drhc 'contar con instalaciones listas 
para proteger. con rapidez, todns las superficies expuestas. Debe dársele 
prderencia af curado húmedo en la ;,.ayorla d~ las obras de concreto. 
pero se acepta que una pronta aplicaCión· del compuesto de curado con 
plgmen_~o blanco ( ASTM C 309. "Standard Specifications for Liquid 
Membrane-Forming Compounds for Curing Concrete") del Tipo 2. re
sulta más prlictico para el curado de grandes áreas de losas planas a 
nivel del terreno sobre. sub-base,· tomo son la pavimentación de carrc-

·.tcras y el recubrimiento de canales. En la 'Norma del Comité· ACI 308 
sobre curados. • se de.criben otras alternativa• para el curado. El curado 
con agua debe ser continuo y esta contin~idad se asegura. con má~ fa~i-. 
lidad. sí se toman medidas a fin de cubrir todas las superficies expuestas. 
verticales, horizontales o de cualquier otra forma. con mattrial saturado 
(yute. ~antas de algodón, alfombras viejas, etc.) que se mantie~e mojado 
por medio de una manguera constantemente abierta. Este material debe 
mantenrrse en cont3cto directo con la superficie de concreto en tod~ mo· 
mento. Los cidos alternos de m~jado y srcado propil"i¡¡n el desarrollo de 

' un patrón de agrietamiento y deb~n evitarse·. El agua de curado no dehc 
ser más fría que el concrrto a causa de los esfuerzos por cambios de tem
peratura. que podrian presentarse con el consigUiente agrietamiento. 

4.3 Colocación y acabado 

... 3.1 La prontitud en la colo<."Ht"ión del ..:oncreto y Su acabado redu 4 

· <."tn co'nsiderablemcnte las dificultades Jcl clima cn-lur~so;. Los retrasos 
· . aumtntan la pérdida de revenim·ientO. e invitan a la adición de agua· con 

el fin dt contrarr~slarla. Todns y c.:1da un.:1 de la~ oprrilrionc!'i de aca
- hildo dd cun..:n·tu Jchl·n cfccfu¡¡rs~o· ~-,,11 prontillld. ~:u ando t•l nln\rc."hl cst.i 
listo p.¡¡ra ello. Es nt(tSilrio ascgur.usc de que el con...-reto no se roloquc 
rn las cimbras en un tiempo menor que d que toma i1 los hombres y cqui~ 
po. compactarlo. o bil'll que lo!' trabajadores le den el ncabado npropiado 
a mano. Si el ritnw de ..-nlocaciún.no ~.·srú l'l1 ...-onrdinill"ión ~·on lns tr~1ho:l~ 

jadores y con el cqU&pt• Ji!'ponihlc. l,t t•hra r;'lpid.nuc..·nt~.· ~e- \'l'r.it na;an·ada 
por juntas frias, una ~·umpat·wción ddil"il'nh· v ;u,·o•ho1dns irrcnul.arc-s de 
J¡¡ .supt.•dil·il·. 

4.3.2 Sin tomar l'll (Uil~idcr<Jl"tún l'l ..:spesor de las capas de ('011 4 

crt:to. 01ando éste se coloca ha jo temperaturas no.rmalcs. cad01 .. capa tal 

• Cumil~ .ACI .".18 "Pr.klit·;¡ H'l.'o.lll\1'1\tl.thh· p.tr;¡ l'l ~·ur,,do• dd n'lll'rt'lo\ .• (n .. lilnlu 

·,,tUl •<'lllC' dl•l - 'IU, .. ~-~~· "ll77. 
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vc.z ne-cc!-Oitc S<'r m.tts dtdgada en dimn cahtr~so, parn asegurilr!'e de qm~ 
cuhr:a In c<~pa anterior. n11cntras Csla todavia se encuentra en condiciones 
de responder a la vlhr.,ción', El intervalo entre los colados monolítico~ de 
n1ur.os y losa~ de nahit'rta (con el fin de permitir. que el muro de concnto 
de~arroiJr ~u (naHr.acl'ión por asentamiento) se vuélve muy corto en di· 
ma calurosc..l, en ~.·~reci,;tl cui1ndo el concreto está tibio. 

i.J.J Al colar \'i!:)as y losas Cn dirita caluroso es necesario mantener 
la operación reducida ~ una ·área pequeña y proceder con un frente que 
tenga una mínim~ c~ntidad de superficie expuesta a la cual deba aña
dirse· el concrNo. Por lo general_ debe utilí,arse· una boquilla pulveriza
dor" a fin de refrescar el aire. de enfriar las cimbras y el acero de re. 
fuer:o inmediatos. y de aminorar la evaporación rápida de la superficie 
del concreto, antes y después de cada operación de acabado. Debe evi
.tarse un rociado excesivo (aquel que puede lavar la superficie del con
t:rrlo u ocasionar cncharcamient<:> en la superficie durante el pulido"). 

4.3.3.1 Si no se utili:a el roci~do entre las oper~ciones de acab~do 
en clima ·caluroso. en particular si hace mucho vientO y rs escasa la hLI'~ 

medad. se puede provocar que la evaporación del' agua de la superficie 
sea más rápida que la que surge naturalmente hacia ella. Esto creara 
una ten_sión creciente en la superficie que a menudo produce t1 agrieta· 
miento irn·~¡ular por c.;ontracciqn plilsfict•. Se recomienda el uso cuidadoso 
del rocio Jd tipo de neblina antes mencionado. extender y remover d 
recurbimicntu de polictileno entre las operaciones de acabado. o. la apli· 
c.::.-:1dón de pdiculils monomolcculares ~ ... despues de descimbrar. En oca
s·ioncs. en ai~Junos colildos relativamente moisivos. la rcvibración previa 
.11 pulido evitare"• lo• aparición de grict;as por contracción plástica. Cuando 
dil"ho <Jgridonnicntu se presenta antes del fraguado final. es posible ce
rrar las ~lrict;~s ~olpcando la ·supcdic.:ic a cada lado de la griet.l con una 
llana. No ::;e· ohrienc nin~Un rc::;ult;.u.io duradero con sólo p~ner lechada 
sohre ellas y someterlas ~ un proceso de pulido. 

1.3.1 Eu n:sum..:n. a fin de ó\Sl'f¡Ur.1r bucn~s rcsuhados en la culo~ 
C<ldón del nml'h'lo t.•n dima ~o:alurost•. lól t~.·mpcratura inkioal de dacho• 
colocaci~n de_be estar limitada· a un punto. de prdercncio:1 entre los 2-1 
y los JS''C. tal como se indica en las S<ccioncs 2.2.2 y 1.2.~. Debe hacer
se todo el <'sfucr:o posible po1rn mi1ntcner unif('lrmr la tcmr~.·ratura d~l 

concreto. 1 )dicn lomar~,~ todas l,1s llh'did;Js nC'Cl'-"•triots par.:1 l"tlln~.·,,r l'l 
concrtt\1 inmCdi.ltanll'lll\.' dl'!'pul·s de !-ill llt.·yada a l<t Jhra )' de vthr.:Jrst• 
al terminar su ,·nlu,·.al·iún. Las f(,SiiS ~~ nivd Jd h:rrt.•no ddll"ll prnlCHl:rs~.· 

d<' un SCGldO.l'.\t·,·stn• durant..: l.1s n¡h'l'.:tdonc..·s J~.· a..:~1baJo y f..'aJit 1111.1 J~.· 

Cslas dche n·<llt.:;usc. sin dL•mnr.:l, en d nw,ucnto ~.·n que- l'l C<.m..:u·IO l' .... h:· 

listo para ello. En ('ondkioncs extremas d~; itha rcmp..:r.ttura .uuha~.·nt.d. 

exposkión din.·,·ta il los rayos del sol, baj.i.l humc-dad relilfi\'a y vicnt~ 
-IOl~ ··-- a~¡r·-- ... l., re- k···~ -''1110 ..J. ·:1lnc· . '··. ,{-L:.J~ a ,t.. ..... 11-~ 

. 
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piejo de la estructura por su tumi.lñO o forma-. aun el·cuidadoso y rom

pleto aptgo a las prActicas mencionadas puede no producir el grado de . 
calidad deseado para el trabajo. En esas circunstancia•. se ha encontrado 
que vale la pena restringir la colocación del concret,, a las última• horns 
de la tarde o ·al anochecer. · 

4.4 Curado y protección 

i.i.l En la Sección i.2 se ha cubierto casi por completo el renglón 
relativo al curado y la protección. Debe h.acerse hincapié en el hecho de 
que. en clima caluroso, existe una gran necesidad de tener un curado ·con
tinuo, de preferencia por medio de agua. La necesidad se acrecienta du
rante las primeras horas, casi se puede decir que durante todo el primer 
día. a partir de la colocación del concreto. Todas las superficies deben 
protegerse del secado, aun del intermitente, ya que todo esto contribuye 
al desarrollo del agrietamiento. . 

i.1.2 Cuando se trate de estructuras contenedoras de agua ·debe 
considerarse que las cimbras de maderas absorbentes que permanecen 
tn su sitio. no son los mediOs adecuados para curar en clima caluroso 
y seco. Las cimbras deben cubrirse y mantenerse húmedas. Deben aflo
jarse tan pronto como esto pueda hacerse sin ~añar el concreto Y es ne~ 
cesario tomar medidas para que el agua de curado corra por dentro de 
ellas. Durante el descimbrado. deben tomarse precauciones para proporw 
cionar cubiertas húmedas a la!; super[icies recién expuestas ·con el fin de 
evitar su rxposición directa a los rayos del sol y .íll viento. Los agujeros 
para sujetadores de. cono se r,ucrlt·n rc11enar y cualquirr. reparación que 

pudiera ser ncccsari_a se puede !fcl·Útou dc!"~uhril"llllo pl·qucñas porcinnrs, 
d cada ve=. (unformc v.1ya ~iemto nrt.:c-saritl par.1 l'onliuuar t"!'tl· lrah;¡ju. 
Dichas repara~iones deben qtH·dotr rrrminadtts l'U d curso d~· los prinll"~ 
ros días despuC~ del dcscimhrtadu. de momera qur las n"par;-.cinnrs Y el 

relleno de los agujeros de los conos se puedati <:urilr al mismo tiemPo 
que el concreto qut los rodea: Al finalizar el. período de curado prescrito 
(el mínimo es Je 7 días: 10 diol!' es preferible). la ·~.:ubicrHl debe pcrma~ 
necer en su lugar sin volverse a auojar durante varit~s di.as (se su~icrcn 
-1 lli.1!'), de mílnrra. qur lil !>iuprrlkie del cmH.:r"·to se s"·quc lc-nttlll1l'llll' 
y ~~a menos propcn~a ill agrielamicntn por COI~[racciOn. Los erecto~ dd 
.... CCi!dO sC minimi:an alln mfls si se aislan CS[fUCIUI"OlS tales COIÜO Jüncll's 
v tubt!rias. de las corrient~!'i dl' aire y la libre rin:ulólción 'h~l aire scn1. 

1.-I.J En rc:->umen. proporcionar .. la ~emperaturn y las condicione~ 
Je humed;¡J apropiadns parn el curado del c.:Oncrcro es mucho mAs cri· 
th:a·c imporlant~ en climas caluro!'OS. que a tempcratur:ls nnrmales. Por 
lu tanto. es Jc primordial i111portancia que se- inicie el curado inmedi01ta~ 

. v,.mr-nfe. que !'C cuentr con amplia cobcrturíl y qul· se continüe ~in inre

' '\)rrupraCin. 

•• 

Cf.~ITULO S 

pruebas e . . , 
tnspeccton 

S.l Pruebu 

5.1.1 Las pruebas.del muestreo de coucreto fresco deben llevarse a 
cabo y los cilindros prepararse sin retrasos. de manera que resulten tan 
representativos como sea posible del concreto utilizado en la ~structura. 
La alta temperatura. la baja humedad relativa y los vientos ·secos son 
dañinos par3 todos los concretoS y rn particular para rl prqu~ñ~ volumen 
d< con<rcto utilizado para la• pruebas y para moldear los cilindroo. El 

' dejar la mucstr01 expu~sta a los rayos del sol, al viento o al 'aire seco. 
puede &l.Ícctar seriamente los resultados de las pruebas. 1 

5.1.2 En ocasiones resulta deseable efectuar pruebas tale~ como la 
del revenimiento y la del contenido de aire con mayor frecuencia que las 
realizadas en condiciones normal~s: también pueden indicarse pruebas 
adicionales. Al~unos ejemplos de tales prueba• adicionales son: tempe
raturas ,de Ios materiales y del concreto, ti<mpo de fraguado ·;nidal y 
lino!. perdida de revenimiento, y temperatura y humedad relativa en la' 
cimbras. 1 

5. LJ Debe prestarse especial atención a la protección y al curadi> 
de cilindros moldeados para las pruebas de resistencia.· Debido a lo re·. 
ducido de su tamaño. en relación con la mayoría de las partes de la es
tructura. resulta fácil que los cilindros de prueba alcancen temperaturas 
n\As altas, sufran más cambios de temperatura, y se sequen Complera~ 
mente y con mayor rapidez que el concreto colado en la obra1

• con los 

i5 
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corrrspondirntes efectos daiiinos aumentados. Por estas razones, en di-
mas ralurosos se necesita tener especial ~uidado de mantener la tempe
ratura uniforme y lqs condicione• de humedad apropiadas en lo< cilin
dros. que se rtquieren Pl\ra cumplir con los métodos de prueba de la 
ASTM, para la prueba de resistencia. La~ temperaturas adccuadils se 
pueden mantenor evitando la txpo,ición al sol y utilizando los decto< 
relrescantts de la evaporación del agua. ya sea por medio de tcb de 
yute húmeda o de arena mojada que cubra los cilindros. En clima calu
roso el simple acto de cubrir la parte superior del cilindro de prueba 
moldeado con una tapa, o una placa de metal, no resulta suficiente para 
evitar la pérdida de humedad y para conservar las temperaturas están
dar. De hecho, es Importante mantener agua libre en la superficie de 
los cilindros. Debe utilizarse arena mojada y tela de yute húmeda (que 
se mantienen hllmedas) y rocío del tipo de la neblina. a fin de asegurarse 
de que los cilindros retengan el agua y evitar así alzas excesivas de tem
peratura. 

5.1 :t Los cilindros de prueba utilizados como base para la acepta
ción del concreto al entregarse en una obra, deben estar protegidos del 
secado y de los incrementos de temperatura. y deben transferirse en con
diciones de curado húmedo continuo estAndar al laboratorio a la edad 
de un dla. Durante su traslado tambitn deben estar protegidos y es in· 

• dispensable que se manejen con todo cuidado. 
5.1.5 Se pueden hacer cilindros adicionales para curarse en la obra 

con objeto de que auxilien en la determinación de cuAndo descimbrar • 
. cuindo retirar los puntales y cuAndo poner en servicio la estructura. A 

"' menos que los cilindros utilizados para estos propósitos sean curados en 
la misma obra y, tanto como sea posible. en condiciones semejantes a 
·las de la utrucutra, dichos cilindros pueden ser engañosos. 

S.2 Inspección 

5.2.1 La Norma ACI 311 "Recommended Practico for Concrete lns· 
pection", cubre los numerosos detalles a los cuales hay que apegarse en 
relación con la edificación de una buena obra de concreto. Los electos 
particulares del clima caluroso en el comportamiento dtl concreto y las 
precauciones ttuc se deben tomar con objeto de minimi:::élr sus efectos 
ad\'ersos. sehan discutido a fondo en este trabajo. La supervisión apro
piada del concrtto colado en clima caluroso debe enfocarse a asegurar 
ti cumplimento de estos proctdimientos y de estas precauciones adicio
nalts. La inspección competente se anticipará a la necesidad de procedi
mientos tales como el rociado de las cimbras y de la subcbase;'la nece
sidad de hielo como parte del agua de mezclado: el suministro de som-

. bras. protectores contra el viento, o rociado d{"l tipo de neblina, y otros 

P~U~UAS E INSPECCION 

del mismo tipo; y minimi;:ar lo.s retrasos durant~ la rolocación y el curado 
del concreto. 

5.2.2 Los supervisores deben verificar la temperatura del aire. las 
condiciones ambientales generales (despejado. nublado). la velocidad 
del viento y la humedad relativa. a int<rvalos frecuentes. La ptrdida de 
revenimiento y el agua añadida a la hora de llegada. al igual que el tiem· 
po de mezclado corr~spondicnte. siempre deben str registrados. Los re· 
gistros deben incluir la frecuente Verificación de las temper"aturas del 
concreto. observaciones acerca del comportamiento y la. apariencia del 
mismo, a la hora de la entrega y después de haber sido colado en las 
cimbras, al igual que la protección. el tipo y el titmpo de curado según 
las especificacion.,s. Todos estos datos deben identificarse con el traba
jo que se lleva a cabo. de modo que las condiciones que rodean la cons
trucción de cualquier parte de la estructura se puedan determinar en 
lecha posterior. en caso de que esto fuera necesario. En los registros 
permanentes del proyecto debe incluirse una copia de todas estas obser
vaciones. 
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1 

• • stnopsts 

Se comentan lOs requisitos generales para la producción de un con
creto satisfactorio. al igual que los m~todos para cumplir con dichos 
requisitos. Para muchos concretos estructurales se requiere un conside
rable exceso de protección. a fin de asegurarse de que esttn libres del 
daño ocasionado· por el cong~lamiento a temprana edad y asi, garan
tizar ti seguro desarrollo de la resistencia. Se discuten los accle:rantes. 
el mantenimiento de registros de temperatura. el calentamiento de los 
matc:ria~u. la preparaciÓn de las sub:-ba~e!'i, las cubiertas aislante~ de 
p~otección, los recintos con calefacción. el curado. el concepto de ·ma
durez y el descimbrado. Se menciona el material suple-mentario. rn base 
a fuente autorizadas, acerca del efecto de las temperaturas de curado en 
la resistencia del concreto. Se i~cluyc una lista de las referencias selec
cionadas. 

Palabras doH'C: aditivos: agentes acdcrnn1es; agentes inclusores de. 
aire; agregados: agua: aislamiento: calentamiento: cimbras (construc
ción) i cloruro de calcio; construcción con concnto: construcción ~n 
clima frío; concretos; concr~to reforzado; curado: descimbrado; durabi· 
lidad: durabilidad y el congelo>miento .y deshielo: edad: manejo de los 
materiales: resistencia a la compresión; suh-ba!-ics; temperatura. 

1 

' 1 
1 

,¡· 
1 
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CAPITULO 1 

introdu~ió 1 
' 1 

· 1.1 · El objetivo primordial de esta guia es el de describir los proce
dimientos de construcción que garanlizarin que el concreto colocado ea 
clima frio dé como resuhado una estructura lo aufkientemeatc reslatente 
y durable para satisfacer los· requisitos de servicio. El concreto colocado 
bajo condiciones de clima frlo desarrollarA estas cualidades 6alcamente 
si ha sido hecho, colocado y protegido de m!lnera adecuada., El grado 
necesario de protección aumenta, a medida que disminuye la lcÍDperatura 
ambiente. El .clima frlo se define como un periodo de tiempo n el cual 
durante mlls de 3 dias consecutivos la temperatura diaria cae poc debajo 
•s~. , 

1.2 Los planes para proteger al concreto fresco del congelamiento 
y para mantener las temperaturas por encima del mlaimo diaeiiAdo, du
rante el tiempo requerido despuh •1 colado. deben prepararse de aatc
mano cuando se esperan temperaturas de congelamiento. Todo el equipo 
y los materiales necesarios deben estar en la obra antes de que caiga la 
primera helada y no despub de que d concreto ha sido cookado. y su 
temperatura se acerque al punto de congelación. 

1.3 En clima moderadamente frío, como el del oto6o, cuando se ha 
pronosticado helada fuerte o temperaturas de congelamiento en la obra, 
todas las superficies de concreto descubiertas deben estar protegidas de . 
la congelación. por lo menos durante las primuu 21 horas a partir de su 
colocación. • Cuando ha pasado el clima frío, debe proporcionarse una , ··.• 

• Todas las gri\hc:as q~ indican las frchat promrdio de tempe-ratura 1 de congr
lamicnto e-n los Estados Unidos se p~cn obtcnrr drl No.1tiunal Oimatic Üntrr. Frdtral 

' 1 
Building. Ashevtlle. N. C. 28801. . , 

6t 
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protección similar contra el connclamieutn. El l'Uih.:ldo a..;i prc.nc'tliJo C's
Cari a salvo del. dafto por congelamiento a tcmpraiHI edad y. si líen e aire 
incluido y después recibe un curado ap~opi&~do. ~rf!uido de utt secnlo. 
no aufrirA daño ~n su durabilidad final. La protección contra el connc
lami~nto durant~ las primeras 21 horas no garantiza el d.-arrollo de la 
r~sist~ncia r~qu~rida a la ~dad especificada, en p.~rticular cuando se es
pera clima considerabl~mente máS frlo. Por lo t;mto. ··1 curado y la pro
tección deben continuar durant~ el tiempo necesariO -y .1 la tempere~ tu~ 
ra lo suficientemente elevada r~:if'ICCln al pu11to de conHd01ditn- fMr;, 
producir la resistencia requeridn. V~ansc In!( c.,pltUios 6 V 7. 

1.1 En climaS mis fríos. cuandn las tcmpl·ralur<IS n11:J•.1s di~1ri<~s 
por lo gener41 se mantienen por debajo de In. S''C. el connctn Licbc 
colocarse a uná temperatura no menor que 1~1 c¡m.• :--e In• ~·n 1 .. lint·~• 1 
de la Tabla 1.1.1. segun la clase 'de concreto indicado. Es más. debe 
mantenerse a una temperatura no menor que esil durante rl lapso in\li~ 
cado en l.i Tabla 1.1.2. Este periodo depende dd tipo y de l.t c~ntidad 
de cemento. de si se ha utili2ado un acelerante y de la condición de ser
vicio. El concreto puede estar protegido contra el congelamiento. pero 
puede no haber desarrollado la capacidad adecuada para recibir carga. 
La Tabla 1.1.1 ~s particularment~ aplicable a concreto de resn nonn.11. 
El concreto lig~ro ~structural es más resistente a la pérdida de calor 
que el concreto de p~so normal .. y ésta es signilicatl\·amentc menor b~jo 
condiciones de resique:dad. Por 'onsiwuic11te. las temperaturas mínimas 

....... ·.-.-: .. :._· 

1 de la Tabla 1.4.1. correspondi~ntes a la temperatura en rl momento de· 
la colocación y a aquélla a la cual se debe mantener. pueden bajarse. 
en el caso del concretO ligero. una vr: que ~ hnya efectuildo la inves~ 
tigación de laboratorio requrrida. : .;1 exprricn~·ia indica qur el concreto 
ligero recién. rnc.-:rlado muesrra una ma~·or retención de calor que el 
concrctn de peso normal reclón nu~:dado. ~~~ cmu.::rctos tli.<ilantcs c.lc 
peso más lii-Jrro drmuestran una rapacidcad dl· rctrnción de calor .aún 
mAs alta. Cuando están expuestos a temperaturas dC l.:onHelamientn. di
chos concretos pueden ser cspc,:i;dmente su.scL"pt1blcs a sufrir de cnngr
lo•micnto \!n la sUperficie. 

1.5 Los periodos de prott:"c.:dón compawtivamcnte l:Ortos que se 
mue~tran en la Tabla 1.1.2. se aplic;:an a concn'to ~.:on :1in.• incluido ... ·on 
un contenido de aire como el recomendado por el Comite ACI 2 i 1 ' y 
constituyen los requisitos mínimos .de protección para la buena durabi~ 
lidad de dicho concreto. • • Esros cortos periodos sólo son permisibles 

• Comitl ACI 211 ... Práctica rc~.:omt·nJ;.¡bJe para dllsilicar ..:oncrt•to lh>rm3l y ü,n
crrto ~s."lrlo (ACl 211.1.7-fl", lnstitut'", l\11."'11"ic;¡n~• d<-1 Cl"'mr1:ro y del ConHeto. A. C .• 

•• Puf'o,to que d t.:ünO.:rl.'lo :.Íil ··~r..· ¡;¡, lni.lu 1\1.) ;w ddo,· ullli: •• r ¡Jond,· Sl' rn·~'llld 

c""'gelamien:.., }" c¡jt'!<.híelo, este ~.:on..:n·t.., lhl l'St:i. ..:ubieuo por las re~.:umcndadunn.: lll' 

obstante. tt durabilidad potencial del ~.:unacto !'.in aire incluido resulta mejor :t:-··~p:r .• da 

--J 
IN"I'NI)l}tJO:II}N IJj 

TABLA 1.4.1.- TEMPERATURAS RECOMENDADAS PARA 11. CONCRI!TD 

Tamaño de la sección, dimensión mlnima. m. 
Linea Temperatura del 

aire 
o.3o 1 ·o.30- o.90 T o.90- 1.110 1 t.IKJ 

1 

2 
3 
4 

Temperatura min1ma del concreto en el momento de la colocaci6n y 
que se mantieoe 

-¡ 
Temperatura mínima del concreto en ei momento del mezclado según 

el,cllma indicado • 

Arrib~ de -1 °c 16°C 1J0C 10°C 
-18 a -1°c· 1a"C 16°C 1JOC 

-18°C 21°C 1B"C 16°C 

MáXIma catda gradual de temperarura permisible durante les prlmeqs 
24 hrs despuok de rerminada la prot-ión 

JC'c 
1o0C 
1J0C 

5 1 , 28°C ,. 2~C 1 . 1 ~C l. 1loC 

•p.,, clime mili _frío M proporctoM un rnergan méyor de la'"f*Jtute entre .. COIIICWID .., el 
momento del nwzcl8do y 11 temptfaturJ mt'nlme requerida ~· 111 coload6ft • __._ .,,_, . . . 

si~mpre y cuando •· haya suficiente curado postuior ( vtau .,1 Capitu, 
lo 5) o tiempo de curado a bajas t~m~raturas. a fin de desarrollar 111 
rtsistencia de diseño requerida en d momento en el cual se nece:aita. 
y sie•npre y cuando 2 el con, reto no esté sujeto a congelamil!nto en con
diciones de saturación. Si se espera que algo del concreto ·qucde up~csto 
al congelamiento, en condiciones d~ saturación. durante la construcción. 
debe contar con una adecuada inclusión r!• •'.<. aunque una vez en 
servicio. no sea expuesto a dicho congelamiento. 

1.6 La verdadera temperatura de la superficie del concreto deter
mina la efectividad de la protección. sin tomar en consideración las tem· 
peraturas del aire o si el objetivo es la durabilidad o la resist~ncia. A fin 
de evaluar y ·verificar la protección proporcionada. las temperaturas d< 
las esquinas y de las orillas del concreto deb~n vigilarse ( vbse ~1 Ca
pitulo 9). dado que éstas son las partes más vulnerables al congtla
miento y las más diliciles de mantener a la temperatura requerida. 

por mtdio d~. por lo mt:'nos, dos Vt'C('~ la lon~•tud dr prófoot·ción indic01da tn la Tabla 
1.4.2. Ea cuanto· al concreto con airt: incluido .. en el cual s~· ~_·nt.:u,•nrran invulu..:r;.dos los 
criterios de resistencia, la prott'cción de~ ser la suficiente a fin dl· t¡uc ·,.¡ concreto al· 
ca11-- '- -csis~---·- rtq~:-~'-'- -,ara --r~icvl:or t;"O d,. u>rvkio.>. 
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TAlLA 1."4.2.- PROTECCION RECOMENDADA PARA CONCRETO 
COLOCADO EN CLIMA FRIO• 

Protección recomendada en la temperatura que se indica 
en la línea t. Tabla 1.4.1. días•• 

Contra daño por. 
Categoría congelamiento••• . _ Para resistencia seg'::lra 

del 
servicio Cemento del Tipo 111, acele- Cemento del Tipo 111, ace· 

Tipo 1 y 11 rante o 20°/o Tipo 1 y 11 ' lerante o 
extra de. 20°/o extra 
cemento de cemento 

1. Sin carga. sin ex-
posición (Volase 
la Sección 6.1.1 1 2 1 2 1 

2. Sin c:.rga. expuois· 
lo (Véase la Sec· 
ción 6.1.2) 3 2 3 2 

3: Carga parcial. ex· 
puesto (Véase la 
Sección 6. 1.31 3 2 6 4 

4. Carga completa. 
expuesto (Véa!e 
el Capitulo 71 3 2 . Véase la Tabla 7. 7 

. 1 

• Clltnll ~U~CePCble • tener una tltl\pefecure mred" diatit inferkw- • los &°C. VNn• -1• 
loccio- 1.3 y 1.4. 

•• La· protecci6n dlbl lnw""""*- únkarnenlt dt ec:uerdo con ._ hwtrucdo"" de le 
Saod6n1.10.4. , 

• • • El cancrtto "*"'o rwquerlra une. protacci6Í'I mM ••••nse como dtfenu contre •1 .... 18-
mienta tlfrmic:u por c:ontracci6n y. cuando el contenido dt cemento n ~o. requeriri une 
protecct6n mil extenu h•t.- que~ conaeto alcanm una rtlistencilde 3S kefcml. 

i .7 En caso de utilizarse, las cubiertas calentadas deben ser resls
tent•• y a prueba de viento y de la inttmperie. De lo contrario, a pesar 
de un alto consumo de combustible. no se pueden mantener las tempe
raturas adecuadas en las esquinas. las orillas y en secciones. delgadas 
de concreto. No debe permitirse que los equipos de calefacción calien
ten o sequen el concréto en un punto determinado. El concreto fresto, 
expuesto al bióxido de carbono (COa) procedente de atmósferas conta
minadas, o que es el resultado del uso de parrillas o de otros dispositivo• 
que producen gases debido R In combustión dlrectameote hacia Ul)a 
zona tncr:rrada. puede produdr la ..:arbonHti\Ción dd conc[tto. provo .. · 

, cando superficies suaves de profundidad variable que depende de la con
"'l centración de COa. de la temperatura d• curado del concrc•-- · · de la 

"\l¡~. 
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humedad relativa. El monóxido de carbono, que oe preaenta debido ,..· 
la combustión parcial. al igual que Jaa altas collccntraclooco de CO,. 
representan un peligro potencial para loa trabajadorea. MAa alia. deben 
ponerJe en vigor medidas eatrictaa para la prevencl611 ele illcendioo. El 
fuego puede dallar el concreto a cualquier edad, pero a uaa edad muy 
temprana, puede sufrir un dallo adiCional debido al CODgelamicDIID, oi 
~ste se presenta antes de proporcionatle una nueva protccd6a. 

1.8 El concreto con revenimiento lllia bajo que el nonaal ( < 1 O cm) 
resulta particularmente deseable para loaaa planas en cUma &lo: de ata 
manera, se minimiza el agua del sangrado y el fraguadO le pracnta 
con mayor rapidez. Si el agua de aaagrado periD&Decc a~~ebo ticmpo 
oobre la aupcdlclc, pa.dc llegar a Jmpe.tlr la obteDd611 de u· buaa aca-
bado y producir u11a ~~~perllcie · -YC y polvoaa. . . 

1 .9 El concreto siempre debe ou colocaclo a laa tciapÜaturu mAa 
cercanaa a las temperatura mAa ba_IU pualalbla (riANia T.W. J.f.l). 
Las temperaturaa que excedan de la !ndkacla a la Tabl. J .•t.J, ca aAa 

. de 5°C deben Mi cvitadu. Dek apreu ..... la i taéld .. ..., a 

. colocar concreto a baja teaperatua. · ati ,._ .. - · 11 c11.a &tel. El 
concreto, al cual no ac le permite co.,.a.nc, que IC CIIIIDCa a kjaa tem
peturaa por encima deJ pulllO de coqeJaci6n (5 a J3°C) y qoC nicibc UD 

curado a largo plazo. deoarrolla una raiatcllcla otti .. mk ....... y« 
durabilidad y estA menos suJeto al agrletamlmto ttnlico, liiiC ua coa
creto almiJar colado a · temperaturaa JD6a 'altao. La alta t..,Uacara del 
concreto en el momento de la colocaci6G amillorarA auo bacw propie
dades. au11que puede apresurar· Jos acabados ell clima frlo . 

1.1 O La colocación de concreto durante el lnvicmo debe apegarse 
a lo siguiente: . 

J.IO.r Evitar dallos ál concreto debidoa al congelamiento a edad 
temprana. El grado de saturación del concreto rccitn cok>c.do. que ca
rece de acceso a fuentes exteriores de agua, se reducirA a medlda que se 
endurezca d con<reto y ae utilice agua durante el proceao de hidratación. 
En estas condiciones. el tiempo en el cual oe reduce el grado de utu
ración, por. debajo del nivel que podrfa ocasionar dallos por congela
miento, corresponde aproximadamente .al tiempo que toma el: concreto 
para alcanzar una resistencia a la compresión de 35 ltg/cm•. A una tem
peratura de I0°C. la mayoria de los concretos bien proporcionadoa al-
canzarAn cata reoistencia durante el oegundo dla. · 

1.1 0.2 Permitir que el concreto desarralle cualquier resistencia que 
ata necenria, aegún ou tipo de acrvicio (Tabla 1.4.2) con obJeto de ga- · 
rantizar un descimbrado aeguro para una r6plda reutllizacl6n de la cim-

. bra. el retiro seguro de los puntales y el n·¡•punta);,mi~o.·nto. al igual que 
poder cargar con seguridad la estructura cuando !C dt.see. en el curso 
de 1<~ construcción y despu<s de haberla terminado. ' 
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. 1.10.3 Mutcnu lao .condlclonu ·de curado.que propiciarAn el des
arrollo iíon111l de la ruiitcncla, libres de calor excesivo y de saturación 
·crÍtka ilel concreto. al ·llogar a au fin el periodo de protección ( vlase 
el c;.p1tulo .7l. · 

I.IO.i Limitar loo cambloo bruscos de temperatura, en particular 
antu de que la rcolstencla se baya drsarrollado lo sullciento para so
portar los esfuerioo por. temperatura. El enfriamiento repentino de las 
superficies de concreto, o ,de los miembros exteriores. en relación con la 
estructura intt:rior, puede provocar agrietamiento. en detrimento de la rt· 
sistencla y la durabilidad. Al·flaalizar el periodo requerido. debe remo· 
verse la protección de manera tal. que el descenso de la temperatura de 
cualquier porcl6n del concreto sea gradWII y no exceda. en el termino 
de 21 horas. de la cantidad Indicada en la linea 5 de la Tabla 1.1.1. 
seg6n el tamallo de la sección de concreto. Esta rapidez puede lograrse 
por medios tales como la disminución paulatina de· las fuentes de calor. 
o permitiendo que el alalamlento permanezca hasta que el concreto haya 
alcanzado un equilibrio de temperatura con la del medio ambiente. . 

t.!Q.S Proporcionar prot.ecctón congruente con el tipo de servicio 
al que se destina la estructura. Las estructuras de· concreto estén desti
nadu a una vida de muchos afias. Si la estructura mue~tra esquinas 
daladas. por. el congelamiento. zonas deshidratadas, o grietas debidas 
al aobrecolentanilento, que no son sino el resultado de una falta de 

1 protecélóD adecuada. un curado Inapropiado y una supervisión descul· 
, . · • dad~. no auele ser satisfactoria la resistencia obtenida de cilindros a 

loo 28 dlaa. De manera similar, la resistencia Inicial de una estructura. 
. lograda mediante el .uso Indiscriminado de demasiado cloruro de calcio. · 

no tt:rvirl sf. aAos m6S tarde, el concreto sufre un severo agrietamiento 
debido 8 una expansión Jnterna destructiva, como•resultado.dt una" reac
ción llcall-agregado aumentada, .o la corrosión del acero de refuerzo. 
No se debe trotar de hacer economlas en la construcción mediante el 
sacrificio de la durabilidad. V~ase la publicación ACI 201 "Guide to 

• Durable Concrete", 
La experiencia ha deinoitrado que el costo de una adecuada protec

c.l6n para el concreto colado en clima frto, no t!ene por qu~ considerarse 
exce-sivo. tomando en cuenta lo requerido y el beneficio que se obtiene. 
Sin embargo, s6lo el propietario puede decidir si el costo extra de la 
operación de colocación de concreto en clima frlo serA una inversió·n 
provechosa. La alternativa puede ser la de.esPerar a que 'mejore la. tem .. 
peratura. Puesto que la negligencia en la protección temprana contra 
el congelamiento puede tener como resultado la inmediata ·destrucción 
o la permanente debilidad del concreto. es C\'idcnte que la protección 
adecuada contra las bajas temperaturas y el curado apropiado en todas 
las operaciones de· colocación de concreto en clima frlo son esenciales. 

CAPITULO 2 

temperatura del concreto en 
el momento de la colocación 

-calentamiento de los materiales 

2.1 . la protección descrita en el Capitulo 1 debe proporc•onarsc 
Inmediatamente despuh de la colocación del concreto, con el fin d~ 
asegurarse de que no sufra congelamien.to antes de que haya sido po
sible instalar la protección. La temperatura del concreto en el momtntn 
de la colocación· no debe ser inferior a la que se indica en la linea 1 de 
la Tabla 1.-4.1. Las altas temperaturas en el concreto no ofrecen propor
cionalmente una mayor· protección contra el congelamiento. ya que In 
pérdida de calor es más rApida en diferenciales mayores de temprra1ur.1. 
AdemAs. a temperaturas mAs elevadas se requiere mis •Rua de mezcla
do. ·por lo que aumenta la ptrdida de revenimiento, en ocasiones se pro
voca un fraguado rápido y se incrementa la contracción ttrmica. l."l
rápida pérdida de humedad en las superficies de concreto e:o~:puesr.:1~. 
puede provocar agrietamientos por contracción plástica. Por lo tanlO. la 
temperatura del concreto fresco. en el momento de la colocación. debe 
mantenerse tan cerca de las temperaturas mínimas sugeridas como ~~::" 
posible. 

2.2. El concreto en el momento del me.zclado debe· mantenerse a tcm-
. : perturas no mAs altas de 6cC sobre las minimas recomendadas en lt~ 

Tabla 1.1.1. Deben evitarse las temperaturas superiores a los 11 °C so
bre estos valores. En tanto que resuha dificil calentar los agresado;o; de 
manera uniforme a una temperatura prede-terminada. la tc111perntura Jel 
agua de mezclado puede ;lju:-;tar:-;~: f.ldlnh.:Lih.: ·,1h'.:~·landn a9u¡} ..::.dicnu; 
y agua Fria. con el fin de obtener concreto den1w d~ los ó C de J., ll'm 

·pua~ura requerida. 
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2.J C~nformc dtsl"icnJt. 1~, t~IIIIH'r,\lur"ol dd ;iirC. ~011 más los inHn:· 
dientes que deben calentarse con ubjl!to de producir concreto recién 
mezclado a la temperatura mínima deseada. Durante los periodos mas 
frloa, la temperatura del concreto debe elevarse a fin de nnu1.1r 1.1 ptr
dida de calor ocurrida en la etapa entre el mezclado y la colocación. tal 
como se recomienda en las lineas 2. 3 y ~ de la Tabla 1.~.1. Mientras 
m~s ma•iva sea la sección d< concreto, más lentamente perderá calor. 
En la linea 1 de la Tabla L~.J se recomiendan las temperaturas mini
mas y m~s bajas para el concreto. en el momento d< la colocación. a 
medida que la sección dt concreto s(a mtis masiva. En obras masivas. 
el concreto se bentficia. de manera m~y particular. por las baja·s tem-
peraturas iniciales. . · 

2.1 Cuando los agregados estin libres de hielo y de grumos conge
lados. por lo general s< puede obtener la temperatura deseada del con
cr<to, calentando_ sólo el agua de mezclado, pero cuando de manera con

. sistente. las temp<raturas del aire S< manti<nen por debajo de 0°C. resulta 
neceoario calentar Jos agregados. Si <1 agua de mezclado está a 60°C, 

. sólo en contadas ocasiones es nec<sario. calentar los agregados a. tem
perturas de más de I5°C. Si el agregado grueso está seco y libro de 
escarcha. hielo y grumos congelados, se pueden obt<ner las temperaturas 
adecuadas del concr<to fresco por medio del incremento <n. la t<mp<
ratura de la arena únicamente. la cuai; sólo en raras ocasiones tendrá 
que ser superior a los i0°C aproximados, si el agua de mezclado esta 

. a 60 :-c. Asimismo. deben teners~ en consideración las variaciones esta· 
· cionales. dado que las lemperaturas promedio de loS aQreHad.os pucd(;n 

st·r sustancialmente tno"ts etlta~ 4uc tas lcmpt.·raturas dd ólire en ~1 otoflO, 
o,urdrnJo Jo contrario en l.:a prim;an·ra. 

2.5 El aguól de me:clado dt:bl~ e:aar disponihl'-" a una t~mpcriltura 
rc~ulada y consistente, y en canLido~dcs suFich·ntrs. a fin de evitar fi~IC· 
tuaciones .de consideración e"n la temperatura y._ por c~nsiguiente. en el 

. r~venimiento del concreto entre una dosificaciOn y otra. 
Por medio de informes se ha sohido que e1 Conrado prematurO entre 

agua 1umamente caliente y cantidades concentradas de cemento provoca 
~:n fraguado relámpago y la formaciOn de grumos Je cemento en los 
f.."<llniones mc!dador~. Cuoando Sl" utili;.1 ¡I~Jlla a una temperatura Slipc· 

rior a 60"C. pu~de r~sultar necesario ajustar ~1 orden en el Cual se mez· 
~..·IOJn los ingredientes. Puede ser\'ir Je ayuda, si s~ inicia· con el agua 
calitnt~ y el agrc9ndo grueso. antes que el ccmcnro y ·S~ detiene o ami· 
nora la rnpidc: Jc entrada' del U\) U U. mientrn~ se cilrl:]ólll el ccmL·nrn y 
el agregado. · 

Si es necesario dosificar el cemento, separadam...-nte de los agregados. 
d mt:clado puede rt::suh<~r más dificil. En este C<~So. deh<"n. coloc;¡r~~ 

~apul.\intadamentt tres cuart.1s partes <..h: la ·adición Jc agua calienll' en 

i ~. l .. 'l 
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el tambor. ya sea antes de los agregados, o al mi.sm.o tiempo que tstos. 
El cemento debe añadirse despuo!s de los agregados. La cuart~ parte 
restante del agua d<be cargarse por la boca de descarga .del tambor a 
un ritmo moderado como ingrediente final. : 

Se puede utilizar agua a la temperatura del punto de ebullición, siem
pre que las temperaturas del concreto resultante esten dentro de loo limi
tes descritos en la Sección 2.2 y qu< no se presente un fraguado relam
pago. Si se llegara a notar una perdida de efectividad del adlÚvo inclusor 
de aire. debida al cont~cto inicial con el agua caliente, dicho aditivo 
debe agregarse a la carga una vez que la temperatura d~l ag•a haya 
disminuido· por d contacto con los materiales sólidos mas frescos. 

2.6 El calentamiento de los agregados debe efectuarse· de· -nera 
tal. que no haya grumos de hielo. de nieve o d< agregado. Con frecuen
cia sobrevivirán al mezclado algunos grumos congelados de 75 mm y 
permanecerán en el concreto d<spués de la colocación de éste. Debe 
evitarse el sobrecalentamiento de manera que las temperaturas de aque
llos agregados, cuyas cantidades en la dosificación son reducidas. no ex
cedan· de 100°C y que el promedio de temperatura del volumen de la 
carga no uceda de· 65°C. Cualquiera de estas temperaturas es consi
derablemente superior a la necesaria para obtener temperaturas desea· 
bies en el concreto recien mezclado. Los matoriales deben caleRtarse de 
manera uniforme. ya que una variación considerable en su t~mpcratura 
hará variar notablemente el requerimiento i:l< agua. la rapidd del endu-
rec,imiento y el revenimiento del concreto. ¡ 

Drspués de un periodo prolong,•do de ·calentamiento con vapor de 
los agregados en los almacenes de depósito, se requiere de ~n cuidado 
especial pa':a la dosificación de l•1s primrras cargas dC conf..'rrtO. Muchos 
productores de concreto no utili:iln las primeras toneladas de agregado 
extremadamente cali~nte. Este material. normalmente se descarga y S<" 
somete a un reciclaje; colocándolo <ncima del agregado que ha perma-
necido en los almacones de depósito. · 

2.7 Con objeto de calentar <1 agregado se recomienda la circulación 
d<l vapor por tuberías. pero para obras pequeñas. los agregados se pu<
den d<scongelar calentándolos qoidadosamente sobre tubería de ·fierro 
fundido dentro de la cual se mantiene fuego encendido. Cuando los agre
gados se descongelan o se calientan. por medio del vapOI' que circula 
en tuberías, las superficies rxpucsras de éstos deben cubrirse con lona•. 
en la medida de lo posible, a fin de mantener una dizitribución· de calor 
uniforme y de evitar la formaéión de superficies de agregado congeladas. 
_Si el vapor está confinado en un sistema de calefacción por tuberias. 
resulta posible evitar las dificultades que se. generan en la humedad va· 
riable de Jos agregados~ pero. a la vez. aumenta la posibilidad de puntos 
localiz:t.dos secos y calientes. Los chorros dt vapor liberados e~. el agre~· ·· ·· 
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A&do pueden ocasionar problfmas de variación en ·la humedad. Eventual
mente, el desgaste y la corrosl6n en la tubería por donde pasa el vapor 
hacia los agregados provocarA fugas que pueden conducir al mismo 
problema de variación tin la humtdllld, provocada por los chorros de va
por. Se recomtrnda llcver a cabo inapeC:ci_oncs en la tubería y realizar 
los reemplazos necesarios. 

2.8 Cuando las <ircunstanclas requieren del deshielo de una can
tidad considerable de material que csti a temperatura extremadamente 
baja los chorros de ~•por pued:e·n constituir el Unico med-io prActico de 
proporcionar el calor necesario. En este ta..,, el deshiel" debe efectuarse 
con tanta anllcipaci6n como aea posible respecto a la dosificación. de 
manera de poder alcanzar un equilibrio sustancial tanto en el contenido 
de humedad, como en la temperatura. De alli en adelante. el suministro 
de vapor puede redud~ a un mlnimo que evitarA un nuevo congela .. 
miento. minim,zando. de esta manera y hasta cierto punto. los problemas 
que pudieran •rglr de un contenido variable de humedad. No obstante. 
en esas condiciones; el control del agua· de mezclado tendrá que estar 
sujeto a aa aJuste individual p8ra cada closlflcaci6n. Con el fin de man
tener al agregado libre de hielo, se ha utilizado calor seco en vez de 
vapor.· 

2.9 Si se conocen lOs pasos Y las temperatura!~ de tod~,~ lo!l compo
nentes y el contenido de humedad de los agregados. la temperatura fina! 
de la mezcla de concrCto puede c¡¡lculane por ntedio .de la siguiente 
fórmula: .. 

T = 0.22(T,W, + T,W, + T,W,) + T.W. + T.W~ + T,W., 
0.22(W, + W, ·t W,) + W. + w •• + w •. 

donde 

T = temperatura final de la mezcla de concreto ( °C). 

T ... T .. T,. T •. !IOn _las temperatura• tri •e del cemento. del agregado 
fino. del agregado grueso y del agua de mezclado. respectivamente. 

W,, W •. W •. W •• W .... W~.-~n los peso!ll (kg) de cemento. agre· 
gado lino y agregado grueso, excluyendo el contenido de humedad. agua 
y agua libre del agregado fino y del agregado grueso, respectivamente. 

Si la temperatura de uno, o de ambos agregados ee inferior a 0°C. 
la humedad se encontrarA en estado de CORRelación y _la r6rmula arriba 
(ttada tendr• que ser modificada. a Fin de tomar en cuenta el calor que 
_..e requiere para elevar la temperatura del hielo a 0°C y. de esll"' mudo. 
convertirlo en agua. E.n dicha fórmula, las expresiones T; W w• y/o T., W ttu 

deben cambiarse por: ' . . 

----·- ----¡~ 
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."'•• (0.50 T,- 80) y/o W,, (0.50 T, - 80). respectivamente. 
segun el caso (0.50 es e~ calor especifico del hielo, y el número 80 se 
relaclontt con el calor de fusión necesario para derretir el h.lclo). 

2.10 El In.s~ituto Sueco para Investigaciones de1 Cemento y el Con· 
creto (Referencia 23) reali:;:ó pruebas con objeto de determinar la meg
nitud del descenso de temperatura del concret~ que debla esperarse du
rante su entrega en clima frío. Sus estudios incluyeron mezcladoras de 
tambor. giratorio. camiones de volteo abiertos y camiones de volteo cu
biertos. El descenso de la temperatura para un lapso de una hora en el 
tiempo de entreg~ puede calcularse mediante las ecuacionts aproximadas. 
que se dan a continuación: 

l. Mezcladora de olla giratoria: 

T = 0.25(1, - 1,) 

2. Camiones de: volteo cubiertos: 

T.= 0.10(1, :- 1,) 

3. Camiones de volteo abiertos: 

T = 0.20(1, - 1,) 
_donde 

T = descenso de temperatura que se espera durante la entrega. ac 
(este valor debe sumarse a t,, a fin de determinar la temperatura reque-
rida para el concreto en la planta). . 

t, = tempeatura requerida. para el concreto en la obra. °C. 

t. = temperatura ambiente del aire, °C. 

Los siguientes ejemplos ilustran la aplicación de estas reglas apro
ximadas: 

1, El concreto debe- mantenerse. ·en continua agitación en una mcz
- dadora de olla giratoria durante un periodo de entrega de una hora. 

La temperatura del aire es de -1 °C y la del concreto. en el momento 
de la entrega debe estar, por lo menos. a I6°C. De la fórmula 1: 

T = o.25(16- (-lll = 1.25•c 

Por lo tanto. debe darse tolerancia para un d~sctnso de temperatura 
a 4.25°C, y ti concretO en la planta debe tener una temperatura de, por 
lo menos. 20 + 1.25°C, en numeras redondos. 25°C. 
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2. Para las mismas condiciones que las del ejemplo l. el concretq 
se puede entregar dentro del lapso de una hora y no hacer girar la 
o!Ja ucopto para el mezclado. y brevemente al momento de descarga. 
La aplicación de la constante de la fórmula 3 arriba citada, como la que 

·mejor representa la situación da: · 

T = o.20(I6- 1-•11 =.J.1•c 

.Se tendr6 que permitir una tolerancia para una )emperatura de con
:creto de 161o, aproximndamente. 20 + J.i ó 2i°C en la planta. 
' La ventaja de los·camlones de. volteo sobre las ollas gioatorias sugie
;re que la ptrdlda de temperatura do tatos ae puede minimizar evitando 
thacer girar la olla. excepto cuando aea abAolutamcnte neceaario, durante 

· 
1
Ja entrega. La eliminación de la agitación, en la medida de lo posible, 
reduce la tolerancia requerida de ptrdlda de calor, por lo menos. hasta 
·un nivel comparable al do los camlone• de voheo. 

., 
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CAPITULO 3 . , . 
prepara.:ton prevta 

a la eoloeaeión 
del eonereto 

3.1 La preparación para la colocación del concreto. aparte de. lo 
que se describió en la Sccci6n·l.2, consiste principalmente en asegurarse 
de que todas las superficie~ que vayan a estar en contacto con el con· 
crcto recién colocado estén a una temperatura que no pueda ocasionar 
un congelamiento prematuro, o prolongar severamente el endurecimiento. 
Por Jo Qtnual. la temperatura de estas auperficiea de contacto, incluyc:'n .. 
do los materiales de la aub-bas·e. no necesita ser superior a unoa cuantos 
grados sobre el punto de congelación, digamoo 2°C. y de preferencia. 
no debe ser superior a la temJXratura del concreto que se: va a coloc~r. 
tal como se deacribe en la Tabla 1.1.1. linea l.. 

Todo el hielo la nieve y la escarcha deben quitarse. de manera que 
no ocupen el espacio destinado al concreto aólido. Se pueden utilizar 
chorros de aire caliente prra remover la escarcha, la nieve y el bic:lo 
de las cimbras. el acero de refuerzo y otros aditamentos ahogados. A 
menos que el Arta de trabajo estt cubierta, puede ser necesario llevar 
a cabo este trabajo justo en r:J momento anterior a la colocación del con .. 
creto con el fin de evitar que se vuelvan a congelar. 

Nunca debe colocarse concreto sobre material congelado de la su~r .. 
ficit de la sub .. base. Eri ocasiones. la sub-base se puede descongelar lo 
.~u(iciente como para colocar L'l COIIL"n·tu ,·ubrku.lul,, ~·on malrrial ais
lante durante unos dias antes de la coloc;u:it'm dd ~.:on~reto. pero t'n la 
mayorla de los casos resuha necesaria t. ;,plll".•~·•On de calor externo. 

i) 

------·----·--· 

·' 
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Los experimento~ en la obra mostrarAn cuAles son las combinaciones de 
material aislante y de tiemPo que permitirán que el calor superficial 
ducongolc d material do la sub-boso. De sor nec<sario, el material d<s
congolado debo volvorso a compactar. 

..5E 

CAPITULO 1 

protcuión 

1.1 Antes de la colocación del concreto deben ha.cene arreglos par" 
cubrir. aislar. abrigar o calentar el concrdo recitn colocado. los cuate~ 
deben ser adecuildos para alcanzar la temperatura y las condicionn de 
humedad que aquí se recomiendan en todas las zonas del concreto. En 
clima frio, la temperatura del concreto rrc::itn colocado debe mantener!'e 
tan cercana como sea posible a los valores ~escritos en la linea 1 de la 
Tabla 1.1.1 para los periodos d< liompo Indicados on la Tabla 1.1.2. 

1.2 Puesto que la mayor parte del calor de hidratación del cemen
to en proceso de endurecimiento. se desarrolla durante los primeros 3 
dias. puede no requerirse calor de ·fuentes extunas con objeto de ~an
te:ner al concreto a las temperaturas correctas. si el calor que ~e gen~r., 
en ti se conserva de la manera adecuada. Este calor se puede retener 
por medio del uso de mantas aislantes sobre las superficies sin cimbra~ 
y de cimbras aislantes.' Algunos de los materiales que mAs st acostum
bran son: · 

4.2.1 Hojas de espuma dr poliestirtno: Estas se pueden recortar en 
la .forma deseada y lijar entre los pernOs de las cimbras. o cOlocarlas 
en el Jugar preciso por medio de pegamento. 

i.2.2 E!tpuma de urctano: Esta espuma se puede rociar en la parte 
exterior de las cimbras con objetO de formar una cap.1 aislante continua. 
La espuma de Úretano ·debe. a su vez. ser rociada con un buen esmah..: 
para exteriores, a fin. de eliminar virtualmente la absorción de agua y 
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protegerla del dtcto dañino de los rayos ultraVioleta. El empleo de es
puma dio urctano debe e'mprcnrlersc con precaución. dado que, cuando 
entra en contacto con el fuego, gcncfa gasc5 sumamente tóxicos. 

i.2.3 Manta5 de ~spuma de Pini/0: Este material consiste en. man
tas flexibles de espuma de vinilo con un lado recubierto de vinilo extrui
do. Para obtener calor adicional pueden también tener <1lambrcs eléctricos 
incorporados en la espuma. La5 mantas no ciCctrica~ se pueden obrcncc 

. en rollos de ancho cstllndar. Las rlictricas de"ben · mandarse hacer por 
prdido. · 

4.2.4 Fibras de crlulo•~ o lana mineral: Por rrglo general. la lana 
minera,l. o las fibras de celulosa. estÁn recubiertas por gruesos forros de 
polictilcno flara formar gr.arules r,aJ>'"ICS o rollo". A los rorros de plástico 
en algunas. ~aslnncs IC les da un acnb..1do $Upcrficial rugoso. a fin de: 
reducir el riesgo de deslizamiento. Se pueden utilizar extrndidos para 
cubrir las losas o plegados para envolver a otros elementos. 

i.2.5 Paja: La paja sigur siendo popular, a pesar de no ser tari 
efectiva como las mantas o los tapetes. Algunas de sus desventajas son: 
su voluminosiclad, su inflamabílidad y la necesidad de protegerla de la 
humedad. Las lonas alquitranadas. las películas de polietíleno plástico. 
o el papel impermeable se deben utilizar como recubrimiento protector 
con objeto de disminuir las in(ihraciones de aire. y de· mantener la paja 
seca y en su lugar. 

Para obtener el ~rwyor prove..:ho del uso de las mantas comerdalc~ 
o del aislante de guata, y ·la má!; grand-e eficiencia al volverlos a utili
zar, éstos deben estar bien protegidos Por medio de un material de recu
brimiento fuerte e impermeable a prueba de viento. lluvia. nieve o cual
quírra otra forma de humedad, que pudiera perjudicar su valor aislante. 
El aislant~ debe mantenerse en estrecho contacto con. las superficie~ del 
concr~to o de las cimhras. 

i.J Los rcgisuos de temperatu.ra del concreto revelan la' efectividad 
de las disrintas canridadu o clasu de aislante o de otros mCtodos de 
protección, para divenos tipos de obras de concreto bajo diferentes con~ 
diciont:s climaticas. la selección y mcodificaciones adecuadas pueden rea~ 
lizarse de acuerdo con ellos; Y a han sido publicados algunos métodos 
adicionales para calcular l~s temperaturas que se pueden mantener, por· 
medio de diversos arreglos para los aislantes. en determinadas condicio
ne sclimilticas.::· 11 En base a los requerimientos de esta práctica rcco
mcndablr. las Tablas 1.3.1. 1.3.2. 4.3.3 y 1.3.4. al igual que las figuras 
1.3.1. i.3.2, 1.3.3 y i.J.i, indican la resistent;ia tCrmica. R. del aislante 
que se requiere para las caras de los muros o de lils losas de concreto 
de distinto espesor, con diferente temperatura del aire y para diversos 
contenidos de cemento. Se ha supuesto que la temperatura del concreto 
ea· el momento de la colocación ts de 1 O"C. 
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TABLA 4.3.1.- AISLANTE TERMICO PROPORCIONADO I'ARA MURO$ 01; 
CONCRETO Y LOIAS IOIRE EL TERRENO 

Concroto colocodo o lo"C. ¡.,.,t.-16n mtniiM do 7 di• 

Temperatura ambienta mínima deleire, grados C, pe'misibte 
cuando se utiliza aislante con estos valores' 

de ,es_iftencia té, mica A, °CIW/ml 
Espesor del muro¡------,-----,------r--:---

o 'de la losa, 
m R = 0.35 R = 0.70 R = 1.06 R D 1.41 

Contenido de cemento = 17e kg!ml 

0.15 9 e 8 4 
0.30 7 4 o , ' -4 
0.46 5 -1 -6 ' -12 
0.61 3 -4 -12 -19 
0.91 o -11 -22 -33 
1.20 -3 -16 '-27 -38 
1.50 -3 .-16 -27 -3e 

ContenidO de """*'lO m -237 k¡Vml 

0.15 e 7 4 2 
0.30 6 2 -3 -e 
0.46 4 -4 -12 -19 
0.61 1 -e -19 -29 
0.91 -4 -1e -31 -47 
1.20 -e -23 -39 • . 
1.50 -e -23 -39 • 

Contenido de cemento = 296 kg/ml 

0.15 S 6 3 1 
0.30 6 -1 -7 -13. 
0.46 _2 -7 -17 -26 
0.61 -1 -14 -27 -39 
0.91 -e -26 -43 -62 
1.20 -12 -32 -51 . 
1.50 -12 -32 . . 

' Contenido de cemento = 356 kglml 

0.15 S 5 2 -2 
0.30 4 -2 -10 ..:,a 
0.46 1 -11 -22 -34 
0.61 -3 -18 -33 -48 
0.91 -11 -31 -54 • 
1.20 -1G -40 • . 
1.50 -lo -40 • • 

·.·-~ .. 
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TABLA 4.3.2.- AISLANTE TEAMICO PROPORCIONADO PARA MUROS OE 
CONCRETO V LOSAS SOBRE EL TERRENO 

cóncftto ooh t o o 1o"C. Pro~l>n mlnlmo do 3 dios 

Espesor del muro 
o de la losa, 

m 

. 

0.15 
0.30 
0.46 
0.61 

'0.91 
1.20 
1.50 

0.15. 
0.30 
0.46 
0.61 
0.91 
1.20 
1.50 

0.15 
0.30 
0.46 
0.61 
0.91 
1.20 
1.50 

0.15 
0.30 
0.46 
0.61 
0.91 
1.20 
1.50 

Temperatura ambiente mlnima del aire. grados C. permisible 
cuando se utiliza aislante con estos valores 

de resistencia térmica R. °C/Wim' 

A= 0.35 A= 0.70 A = 1.06 A = 1.41 

Contenido de cemento = 178 kg/m> 

8 5 2 o 
5 -1 -6 -12 
2 -6 -13 -21 

-1 . -10 -19 -29 
-3 -13 -26 -38 
-3 -16 ·-27 -38 
-3 -16 -27 -38 

Contenido de cernonto = 237 kg/m> 

7 3 o . J 
3 -4 -11 -18 

-1 -11 -21 -31 
-4 -17 -29 -42 
-7 -23 -38 -53 
-8 -23. -39 . 
-a· -23 -39 . 
Contenido de cemento = l\16 kglm' 

6 2 -2 -7 
1 -8 -16 -24 

-4 -16 -29 -42 
-8 -23 -39 -56 

-11 -31 -51 . 
-12' -32 . . 
-12 -32 . . 

Contenido de cemento = 356 kg/m' 

5 o -5 -10 
. 

-1 -11 -22 -32 
-6 -22 -37 ··53 

-12 ~31 ·-51 . 
-16 -38 . • 
-16 -40 . . 
-16 -40 . • 

-~------------·---- .. ·---··· _, ..... 

;-· ..... 
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TABLA 4.3.3.- AISLANTE TEAMICO PROPORCIONADO PARA LOSAS OE 
CONCRETO V RECUBRIMIENTOS PARA CANALES SOBRE EL TERRENO 
· Concleto ~o 1o"C oob<o terreno o t'c. Pro....,illn mlnlmo do 7 dios 

Temperatura ambiente mínima del aire, grados C. permisibl~ 
cuando se utiliza aislante con estos v&IOfes 

de resistencia térmica ft. °Cf\NJml 
P.er alte de la 

losa. 
m 

0.10 
0.20 
0.31 
0.46 
0.61 
0.76 
0.91 

0.10 
0.20 
0.31 
0.46 
0.61 
0.76 
0.91 

0.10 
0.20 
0.31 
0.46 
0.61 
0.76 
0.91 

0.10 
0.20 
0.31 
0.46 
0.61 
0.76 
0.91 

A = 0.35 A = 1.06 

Contenido de cemento = 178 kg/ml 

. . . 
• • • . ·- • • 
8 6 2 
4 -1. -6 
2 -6 -14 

-1 -11 -21 

Contenido de cemento = 237 kg/m> 

• • • 
• . . 
• • . 
5 o -6 
2 -7 -17 

-2 -13 -26 
-5 -20 -34 

Contenido de cemento = 296 kglmJ 

• • • 
• • • 
9 7 4 
2 -6 -13 
~ -14 -27 -· -6 -22 -38 

-9 -28 -46 

Contenido de cemento :.: 356 kg/ml 

• • 

7 3 o 
-1 ··10 -21 
-6 -21 -36 

-10 -28 -55 
-14 . --34 • 

• 
) 1aoc.: calor ldicionel requerid>J 

(( -s1°c 

. 

A = 1.41 

• 
• 
• 
-1 

-12 
-22 
-31 

• 
• 
10 

-11 
-26 
-38 
-48 

• . 
2 

-21 
-39 
-53 . 

-J 
--31 
-!:12 

• 

-
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TABLA 4.3.4.- AISLANTE TERMICO PROPORCIONADO PARA LOSAS DE 
CONCRETO Y RECUBRIMIENTOS PARA CANALES SOBRE EL TERRENO 
Concroto colocodo 1 1o"c oobro torrono a 2"c. Pro,_ibn mlnimo do 3 dla 

Per11te de la 
• losa. 

m 

0.10 
0.20 
0.31 
0.46 
0.61 
0.76 
0.91 

' 0.10 
• o 20 
: 0.31 

0.46 
0.61 

• 0.76 

' 0.91 

0.10 

' 
0.20 
0.31 
0.46 
061-
0.76 
0.91 

0.10 
0.20 
0.31 
0.46 
0.61 
0.76 
0.91 

' 

Temperatura ambiente m•'nima del aire, grados C, permisible 
cuando se utiliza aislante con estos valores 

de resiS1encia térmica R. °CIW/m2 

A = 0.35 A = 0.70 A = 1.06 A = 1.41 

Contenido de cernento = 118 kg/m> 

• • . • . • • • . • • • 
6 3 o -3 
3 -4 -12 -19 _, -9 -18 -:27 

--1 -11 .-21 -30 

Contenido de cemento = 237 kglml 

• . . • 
• . • . 
8 1 6 4 
2 --6 -13 -21 

-2 -13 -23 -34 
-6 -18 -29 -41 
-6 -20 -34 -46 

Contenido de cemento = 296 kglml 

. . . • 
• 

1 

. . . 
6 -· 2 -1 -4 

-1 -11 -21 -30 
--6 . ·21 -35 -46 
-9 -23 --41 -59 
-9 -28 -46 . 
Contenido de cemento = 356 kg/ml 

• • • • 
• . • • 
3 -3 -10 -17 

-4 -18 -31 . - -44 
-10 -~7 -43 -63 

. -12 -29 -52 • 
-14 ·-34 . • 

~, 

"t ) ufc : ator .ticion•l ttQuttido 

:~¡ (( -&••e 

• 
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1 . ! • •• •• 
1 ~ ...., • 

• ¡ • ' ' • 

Con1eniao de 

,;~n:;:~ 

' . 

Contenido de 
cemento, 
237 ll.t/ml 

j 

j 

Contenido de 
ce,.n1o, 
:IN ll.e/mJ 

Conteni4o de 
c..mento, 
He lilefm.l 

Figura 4.3.1.- Rotiotenc!. *""""' R, .., OCtwlm• ... -·_.;d. poro 
muros da concreto y losas IObN el ta"ano. Concreto aala ' • 100c. "otacci6n 
mfnim1 de 7 df1s • 

Conlentdo de 
cemento, • 

· 178 lqaJml 

1.-or del mwro o de 1• ION, m 

Contenido de 
cemento. 
237 •g~ml 

Cont.nldo o• 
cemento. 
298 11.9fml 

Contenido de 
cMnento. 
351 ll.a/ml 

Figure 4.3.2.- Resistencia! térmica R. en °CJW/m1, del aislante ~eride pare 
muros de concrero y lotas 10br1 el terreno. Concreco coloado • 1o0c. ProtKCtón 
mínima de 3 dfes. 

. .-~ -~~~~~ .. - .· 

· ...... -.... ~ ... ·:y-;·):4ff:·· .. · : -.. 
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Con ten lelo de 
cernet'lto, 
17•1ltlmJ 

Concenido de 
ce~nto, 

237 kefmJ 

'j 

1 
'i 
-¡ 

-~ 

"" .. , • 1'' 

' l 
il 
ti 
} 
ll 

j.______. 
Contenido de 

c:emenlO, 
Hlllg/ml 

• 

Contenido de 
cemen1o, -
ue llr.glml 

u 
o 

Figura 4.3.3.- AoolltltiCia t6rmlca A, an °CIW/m> del aislante requerido para 
losas da concreto y recubrimiento para Cllnales sobre el terreno. Concreto colocado 
1 1 oOc sobre el ttrreno 1 JD'c. Proteccl6n mlnima de 7 dfes. 

-- ·~ -~ 
, 

:-~·--:-.---, . 

.K i\~ 
j~\ "-;_ 

~!\\ ~' . 
-¡ 
u_ . 

'"" 
Co•Henido de 

cemento, 
171 tr.g/IT'l 

1. 

1. 

-~ ; 
. .; ! 
! . ... 

, 
. ' 
:1 

_J ___ __ 
Con1enldo de 

c;cmenlo, 
237 lltfml 

Contenido de 
c;emen1o, 
216 llg/ml 

Contenido de 
c;e~TW"nlo, 

3~6 k9/m.l 

Figura 4.3.4.- Resist8ncia tlrmica R. tn °CIW/ml del aislante requerido· para 
losas de concreto y recubrimientos pera Clnaln c:oloCIIdos 10~1 el terreno. Con

. cretO colocado 1 10°C sobre terreno 1 2°C. Protecci6n m_lnima de 3 dlas. 
; ~ ' 
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TABLA 4.3.5.- VALORES DE AISLAMIENTO DE DIVERSOS MATERIALES 

Material aislante 

T i'blas y losas 
Poliuretano expandido (A·11 exp.} 
Poliestireno expandido extruido (R-12 exp.) 
Poliestireno expandido extruido. liso · · 
Fibra de vidrio. unida orgánicamente 
Poliestireno expandido, esteras moldeadas 
Fibra mineral con adhesivo resinoso 
Tabla· de fibra mineral, con fieltro hümedo 
Recubrimiento, densidad regular 
Vidrio celular 
Cartón laminado 
Tabla de conglomerados (baja densidad) 
Tri play 

Mantas 
Fibra mineral, formas fibrosas procesadas 

a partir de roca. escoria o vidrio 

Relleno suelto 
Fibra de madera, maderas suaves 
Fibra mineral (roca. escoria o viorio) 
Perlita fe,.,pandida) 
Vermiculita (expandida) 
Aserrín o viruta 

Resistencia térrnica. H, 
pdra materiales con ~.on 
c~~esor de 1 O rnrrl • 

0.433 
0.347 
0.277 
0.277 
0.248 
0.239 
0.204 
0.182 
0.173 
0.139 
0.128 
0.087 

0.224 

0.231 
0.216 
0.187 
0.157 
0.154 

•V•Iores ~~ ASHRAE H1ndboolr. of Ftu~ementals, 1972, Ameriun Socitty of Heeting, 
Refrigerlting. end Air.Conditioning Enginte", NUIVI York. 

. 
El espesor de los materiales aislantes puede calcularse de acuerdo 

con los valores de la Tabla 4.3.5. Se supone que la velocidad del viento 
es menor de 21 km/h. El espesor del aislante debe aumentarse a mayo
res velocidades del viento. La resistencia térmica de los aislantes se· ha 
calculado suponiendo que se. aplica a la superficie ~xtcrna de las cimbr;'s 
de acero. Cuando se utilizan cimbras de triplay de 20 mm (?-:f"), la re
sistencia térmica, R. de los aislances. que se proporciona en las tablas 
y curvas. puede aumentarse en 0.176°C:W ·m::. dL· acuerdo con la .T.il
bla 1.3.5. Dado que las esquinas y las ~rilla~ son l'dlll\ ul.1rm~:nre \'Uinc

rables. el espt:sor del aislante para est.:•s p~nc~ Lh·Uc ser ·aproximada
mente tres ve( es el. espesor requerido para muros u los~1s. Para cemento 

" ti-
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~; dl?'l Tipo 11: los requerimiento" p:ua aislantC' que :o;r proporcion.1n en las 
t;t.hi.J:- d~tbn aumt:ntarse apro.xinaadamenl~ un J()t·; . Cu.mdn se tuilic~n 
otros tipos de ctnH."nto. deben· reali:01rsC" oajuslt·~ ~imil;:tres en propon.:iún 
con la cantidad de aislante: empleado: No 1.'S ;arnn~l"j~blc Ullil r;.lntid¡¡d 
de aislante superior <1 la reqeurid~t. ptll'Sto que pu~.·(k l'IC\':Jr b rcm¡w-

~ ratuw interna del concreto m-il~ &~.ltit del nin:!' rl'l'OIIIelld<ldo. alar~;anJo, 
asi. el periodo gradual de e:nfri¡¡mienro. e increnl~.·ntando .la contranión 
cárnica, al igual que el riesgo dt aurietamieiUir ddlítlo al shock l~rmíco. 

-1.4 Aunque r.:sult.1n mas \:aros t.¡U'-' otro~ mCJIOs d~ prot('C..:ión. lo~ 
rl!cintos cerrados son probablemente los más ef~ctivo~. Impiden el pit~o 
del viento. evitan la entrada de airr rnC" '! ..-onservan el Cillor. Se pued~n 

e hacer de cu;_tl..¡uicr maceri.1l adl·naadu ¡,.¡· \.~ .. tno maJcr.l. lon;1, yeso prcfot
Oric.:at.ln o pelicul•• Jc plastko. los recintos r.:•hri,:;¡Jus dl" matt·riales lli!
xihlcs son más baratos ·y nao\s fadlcs al<" pnn('r ~· fl'IIW\'I.'r. Lns rcdnrus 
f;ünic41do~ de mah~riales riHi.dos son m¡is cfecti\'o.s para impedir el paso 
del viento y mantener las temperaturaS del perlmetro. Los re.cintos deben . 
soportar ~as cargas de viento y de nieve, Y ser ra:ona:,Jem~nte hermé
tit::o!. Debe proporcionarse el espacio sufidente t:ntre el concreto y el 
recanto para permitir la lib:re circulación del aire: caliente. Si se propor
ciona la altura suficiente. los obreros pueden trabajar con mayor di-

• ciencia. . 
f.Jor m.:dio de \'apor, aire caliente (orzado y calentud~res estaciona

rios o de otros tipos se- puede sumini~trar c~•lor a los U:(intos. 
Aunque d calrntan1icnto por medio de vapor proporciOna un medio 

, ambi~nte ideal pára el curado, las condiciones de trabajo que ofrece 
•. distan mucho de s,er las ideales y puede provocar problrmas de hielo en 

los alrededores del perimetro dr-1 rccinro. 
Los ventiladores para ;aire for.:adtl, 4ue si! calientan con petróleo 

• 0 con l)o!S. son, tal \·e::. l¡)s fuentes de calor más populares. ya que el aire 
calienre t:arcula alri!de(l,,r Je-1 conndn. L,•s !-!'"se~ de ~~c.,·pc ddwn ven· 
¡ibnr hada rl tXt('rior con el .fin de c\'ililr do.1ños por el uc~u..p1e dtl 
bióxido de carbono " las superficie:; dd concreto fresco expuesto. ldcal
mc:lte. estos calentadores deben estar colocados f_uera del recinto, el cual 
debe recibir el airl! taliente forzado a través de duetos. Los calentadores 
tamhii-n pueden funcionar por medao de eiCctrlcid~td. Estos call'ntadores. 
al 1qu;ll t.JUt:' los .. ·:-t:.donarat~~. proJI:•·t·n C'<llor !'0-t'l't'. pnr In l;anro. ddl(' 
h:n~r.se ~· 1 :¡J;.do l'on ubj~to de l'\'ltar qu~ Sl' S<'l.jlll'll );as .supnlu.:ic~ de 
,·oncreto expuesto. EsCt. duhidratación puede cvilarse cubriendo el con-
'rl!tO con· ,opa:\ de material impum..:abl~. . 

los fu .. ·:-~•"~~ darectos. o los c.1l~nt¡¡dores estacionarios de peta:óh.'O·O de 

• Eu ·c,.n;r.·r· t.1r ~~.~~~:\'t' Strw!m··~·· Ru.''··~in 1"'~-· ISJ.'~T. Po•rtl.m.l t~ •.. ·.·::: 

1\:;:¡,"~l.l~:,m. ~k.•l.ci,·. l'l<' rl:,•d,·:-: 1'!! oJI'Ir.\r ,un.l.• tip¡,,¡~ d,· ~alur d~ hidr;¡t,¡,·¡Un r.or.o 

"iJ ;;!,,· .. no:~. ,,•m,•nt••• 

'\' 
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carbón. tales como los braseros o salamandras, deben evitar,;e aun ~n 
obras pequeñas. No proporcionan la circulación de aire que se pucdi! 
obtena con los chorros de vapor o los ventiladores y la adecuada \·en· 
rilación de los gases de desecho resuha punto menos que imp~sihle 
de c~nSeQuir. El peligro Je incendio con este tipo de calentador es 
esPecialmente grande. En· todo momento en la obra debe estar dispo· 
nible un equipo contra incendios adecuado. a fin de garantizar la pro· 
lección contra· este riesgo. Asimismo, en todo momento de~ haber p~r· 
sonal prt:scntc que mantenga en constante operaCión las unidadrs de 

-calentamiénto. 

1.5 El calentamiento interno del concreto se puede lograr ahogando 
en el resistencias elfctrica~ rn espiral aisladas. Se pasa una corri~nlr 
de bajo voltaje a través de las espirales ahogadots en la ma~. cerc~ de 
la ~uperfide de la sección. dr acuerdo con· un p<ttrón predeterminado. 
La temperatura interna del concreto se puede elevar a cuaiQui~r ~¡,.rJ 
que se requiera disminuyendo el espaciamiento o la pendiente de las 
espirales. Y el en(riamiento Progresivo se puede controlar con intrrrup
ciones intermitentes de la corrirnte que pasa a traves de ellas. El calen
tamientO se inicia. por lo general. dcspues de un periodo de prerra9uado 
de enrre i y S horas. drpt"ndiendo di! la~ car;¡crerísticas de fra9u.1do ~.h·l 
l·oncr~to. De esw manera. las ..:imhras·aislantc~ ~r requieren únicatnC'nle 
para evitar el congelamiento del concreto durante el periodo.de prcfra-
9uado y para minimi:ar la disipación del calor de las superficies 4uc 
carecen de espirales. La perdida de humedad en las superficies sin Cim· 
bra debida a la evaporaCión debe evitarse cubriéndolas con c~pas de 
plástico. L<ls temperaturas del concreto deben vigilarse por m~dio dr 
dispositivos de control con objeto de que no se excedan las temperarur~ls 
recomendadas. 

1.6 Durante la coloc.1ción drl concreto. las loníHI o cualquier 1~1ro 
tipo dt· nahiatas filcilmenh' movihh:s. cXIl'lldidas sohrr c;•hallrh·s o oum.a
:oncs, c.lt.•hcn Sl'HUir csrrcl hame1~te el rrol·eso dl· l·olocal·ión, th.: m;111n .1 
que: Unicilmente unos cuilnto.s metros de concreto queden cxpuc~tos ,1 1.1 

intemperie en cuctlquicr z~omento. Dichas lonas deben <trregk1rse .. h· mt'· 
do que el aire caliente pueda circul.ar libremente. tanto en la r~ure :--ur~
rior t'omn. t'XC<"ptuando IHs p;1\'Í111entn~. en lil p;1rh• iuf('rinr d~o.· 1.1 lo .. ,t 
Para );a pn·,· .. ·udc'ln ..td t'mi:Jl"lóuuit'llhl, lamhil·n n•.-.ulr.m t•f~o.•di,-.,~ 1 ..... 
l'ap<ts de material ai~lanrc l'Oiocadas dire\:tamente ~ohrc el concr~1o. ~·n· 
volviCndolo. Estol protección es partkularmentl' import<tnte en d ~.·:-.~o 

del con..-relo ligl!rO estructural. dchido a '111C ~u c;ap;h·id41d de m;:tyor re
tención dt· calor pi!rmirc un l'oil~l··!;uuicnlo mia.-. ~~·ap1d1) d~..· tts supl·r!i.·u·.-.. 
"'UC' el con~.·u·lo tk peso nnranal. 

1.7 lilS Cll\'olturas y lo~ r .. • .. ·inlo:-; tkh\·•: l'··¡¡::.oiLú•'l ... ~,lu\·aJo .. du· 
rante todo ~1 pcrindo dP. protcn;ión rc .. ·orn~o.•n.!.~.! ... 1.;~,.., ~t'l'Cioncs :il..' pu .. ·· 
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d~n remover temporalmente con objeto de permitir la colocación adicio· 
na) de cimbras o de concreto. pero la programación de este trabajo debe 
garantizar que no se permftir6 la congelación de dicho concreto. 

Estaa aeccionta deben reemplazarae tan pronto como la cimbra o ti 
concreto han tomado su poaicl6n definitiva. El tiempo perdido en el 
periodo de protecci6n requerido debe recuperarse a la temperatura re~ 
querida. aDI~s de retirar la proteccl6n. 

1.8 Cuando se utilizan ·Cimbrea aialantes junto con recintos calen-
tados. es aconsej~ble vigilar la temperatura. tanto del interior como de 
la superficie del concreto. por medio de dispositivos d~ control. con el 

. fin de asegurarse de que el concido. especialmente el conueto masivo. 
. no se caliente m_6s de lo necesario. 

CAPITULO 5 

métodos y re')uisitos para· 
el curado en clima frío 

5. t Con objeto de que alcance la· hidratéh:ión adecuada. d concn~ro 
nuevo debe estar protegido áel secado prematuro. Por lo general. deben 
tomarse medidas positivas a fin de evitar una evaporación excesiva de 
humedad de dicho concreto. No obstante. durante el invierno. ·cuando 
la temperatura del aire cae por debajo de los IO(lC. las condiciones at
mosfl-ricas en la maYor parte de la~ zonas no provocarán un !oteado 
inducablr: pero,.¡ ronarto nuevo. rn condil.:ion('~ dr ~<tturaciñn. re~uha 
\·ulnerablc al congcl~uniento y. por lo t~lnto. debe pcrmitir~ele un li!;Jero 
~ecado antes de expontrlo a temperaturas de congelami~nto. 

5.2 A pc~ar de que el concreto expuesto al clima frío no es su~cep
tible de secarse a una rapidez no deseada. debe prestarse especial aten· 
ción a aquel concreto que sí está protegido, según se especifica en la 
Tabla 1.<!.2.' En tanto las cimbras permanc::can tn su lugar. las ~upcr
ficies adyacentes a éstas cstarAn curadas adecuadamente en clima frio. 
Pero. las s~perficies sin cimbra. en particular los pi~o~ terminado~. tien· 
den al sec<tdo rápido en un rtcinto cerrado. Cuando un rnncreto es ca· 
lent.1do a más de I6°C y expuesto a una ttmpcr.1tur.l del .lire de I0°C. 
CS indispensable que se tomen medidc1S pnsilivas a rin de evitar f'l ~~cado. 
La técnica preferida consiste en utili:ar vapor. tanto para el calenta

·miento. como para evitar la evporación c.H~Si\·,,. Si ~e va a utili::ar un 
compuesto liquido pí1r=1 e-1 cu~.1.do dt.•l tipo f.lrmadM dL· memhran~. (':-;le 
no debe aplicarse sino h.1~ta qut.· se h;1 lnminadt.• ··1 u:-n dd v.wor. Cuan
do .~e utili:a un calor secO. el concreto dehC' l· ... t.1r ,·,:hicrto con un mate
rial ir11oermeable. o un compue~to p;1r.1 "nn·:1d••" que cumpla ,·on In~ 

¡,; 
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ft"tJUi:iiroS de 1.-. nurma ASTM C-10':). o se pucdt· qarólr l·on .&~gua. El ni
cado con agua u el mCtodo menos dc:ocahle. d.-do qul!. en dima extre
madamente frío, ocasiona problema~ de form;tciOn de hielo donde t>Lt~luil 

1 
ae filtra de los recintos o donde existe un ~ellado ddicit"ntc. Asimi~mo. 

' incrementa la posibilidad "de que el concreto se con\1cle en condiciones 
próximas a la saturación, una vrz que se remueve la protección. 

5.3 Cuando la temperatura del aire ha caído a to~·c. el concrcro 
puede quedar expuesto al ·aire dentro del recinto. siempre y cuando la 
hUmedad relativa no sea inferior al 10~.V.. Cuando el· clima es extrema
damente frio, siempre -resulta neCesario aliad ir .humedad al aire calentado 
con objeto de lñ.ancener esta humedad. Por f'jtmplo. ~¡ la temrtratura 
exterior u de -I2°C, la humedad rclativü dentro del reci;lto Calenr.1do 
.será inferior al 20$f si no se añade humedad. Si ~e utiliza el curado 
con agua, éste. debe darse por terininado 12 horas antes del periodo d~ 
protección de temperatura, y debe· permitirse que el concieto seque antes 
y durante el periodo de ajuste gradual a las· condkiones de cHma fria 
ambiental que se mencionan en la linea 5 de la Tablo 1.1.1. 

S.1 Una vez removida la protección para conservar 13. temperatura. 
no se requiere medida positiva alguna para evitar la evaporación exce
siva. en tanto la temperatura del aire permanezca por debajo de los 
10°C. Una excepCión a esto la constituye el cuncrdo colocado en r~gio
nes u:trem_adame:ntc aridas. Cuaa,do d concreto •• HFC qu~da expuesto 
al aire: con una·tempt:ratura de 1o··c. y una humcd;.td relativa menor al 
iO~'c. o al aire con una tcmperátura de 5"C Y. una humedad relaüva 

· menor al 6<V~. el se~.: a do se'r~ ~wesivo. Cuando ~;, tcmperatur;~ del con
•· 

1 l·reto ·h.Í caido a scc. Ul\~' fC111pt'r;IIUra :.mbicnt~· d~· s··c. l'OII Una huuu;.~. 
1 do1d r~lativ¡¡ dd 11 ~-; pued~.· :-~r ,,,Jn.u.la. Si :-;,· ,·:-;p'-•ra un ~l'COH.Io cxcc· 

' sivo y no "e esperO\ con~clami..-utu. Sl' put..•lh.• .:ur.•r d Hlll\·rl'tu nm iiHUa. 

· U..- lo contr.uio. el prot.:cclimkuto pr..-krido ,.:- d nuph:o d..- t.:omputi-stos · 
piara "curctdo" o de una cubierta pcrmcah.le. A tcn:pcr;Jturas. ~upcriores 

-

a lOs IOct. el ~ecado auml.!nla ~.:on rapidc:. Durante d periodo invcr· t;~ 
na l. en el· c·ual se prcsenla td congcl<uniento. las t...·mp,·ratur~ extremas 
oca.:aionales. superiores a lo:-; IO·C. no dchen ser nu,ti\·o.de preocupación. 
Sin embargo. cuando se prescnr.,n temperiltur;¡:-; sup("rior~s a ll\S IO·'"'C 
durant~ mas de l~t mitad de un periodo de 2i hor;.•s. y.:1 no se debe <"OIISi· 

derar al concreto como concreto de invierno y dchc <~plicarse un01 prilc· 
tica dt' curado normal. 

5.5 A pesar de que el concreto expuesto ., dima inv·crnal no se 
seca a una velocidad indeseable, la aplicación d~ un compuesto p<~ra 

.. ,urado" reduce el ~u~·cado y, por lo tanto. mejora las condiciones de cu· 
rado. S1 ~\! aplicé.l un ~o.·ompuesto duranle Cl primá l'criodn de tcmpt'ratura 
:-;up~rior .ill punco Jc ..:on!1"b~·¡c\n dt•o.:¡HI.:!' d~.· "l'h' ,,. h_ •• r~·muvido la ¡~•·". 
ll:n,:ióH. ~e climin.1 lo• ne~e:;iJ.,J de ~·(L'I.:Iu~u· op~.·r;ll·iuiH.'!' adil.:ion;d,··. · ,¡l' 

....U ~.urüdo !-ii la h:mpaatura se llegara a clevaÍ' por s,,brc los JO''C. 

'-" 
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CAPITULO 6 
1 

requisitos de protección 
para el concreto bajo ot~as 

· condiciones de servido 
aparte del estructural 

6.1 .Para Concreto que no sea estructural. d cual se describe en el 
Capitulo 5. los requisitos de protección necesarios en cada una d.! las 
tres condiciones general.es de servicio son los siguit'nte~: 

6.1.1 La primera incluye renglones tales como cimientos y suh('s· 
tructuras que no estarán sujeto~ a una carga .'a tt•mprana ed.1d y "111"'. 
debido a su loc<~lización rrofunJa n rt'llcnada. sufrirltn pocO o nin'~,,·l•• 
congclamil·nto y deshielo en el St."r\'ido. En est;,s circunsrow~iots ri..- n'u1 ..... 

trucción y scrvkio, las condicione!!! favoreccran el curado natural n~nli
nuado. Este concreto únicamente requerirla el tiempo de pro1ccción: re. 
comendado para la primera condición en la Tabl01 1.1.2. 

1 

6.1.2 La segunda incluye concrt'to en pila~ m;lSÍ\'ól!il y presas Qll<' 

contarán con superficies expuesta:;; al congelamiento y a la acción: del 
clima durante el servicio. pero que no tendrán requi~ilo!C de n:si~!~.·nci.l 

;~ temprana edad. Las porcione$ interiores serán autocurables. Lis surn· 
(icies e.xtcriore:;; continuaran curit.ndose cuando la!' cond1ciones n.:Hur;.d~·:

scan favorables. Con objero de proporcionar un curado inicial y d(' "'•:
gurar la durabilidad de las superficin y de las orill.u dur<tnte el ser\'i
cio. este concreto debe recibir. cuando menos. la cancidad dt' proleH¡,·~~~ 
recomendada para la &t'gunda ~o.·ondici.6n en In T,,hla l.i.2 .. El concr\'lt> 
en estructuras masi\'as, en las naal("~ el inaem('nlo c1e temperMura inC.:r. 
na f:!ll critico. no c1eh~ :-;u(rir an·lc-radñn t'll :-;u d,·~¡¡rrollo d~.· re~i!-itcnn;l. 

6.1.3 [.;1 tch:cra cotu.JkiOu •n~·lu)'\' ,·~rru\·111: .• ~ •. ,¡,u .. ·:-.t ....... 1 l.1 ;K(Ic'l:• 

de} ~!ima·. 'qu(' pueden est.U part.·i;tlmentc t..;ar~.1d.1 .. ollliC'S de que J<ts \·~'11· 
l'jt) 
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didonrs de curado natUral hayan desarrollado plenamente la resi!!itcnda 
dd concreto. Un concreto tal debe cÓntar. por lo menos. con la cantidad 
de protección que para la tercera condición !'e recomienda """ la To•
hla 1.1.2. Cuando las condiciones que se: ·espcra11-en la ohw rc~pecto a 
la carga, las condiciones clim6ticas. los materiales y la me:cla proh<~ble. 
son conocidas. se: puede estimar la confJrmac:ión de la cantidad de pro· 
tccci6n y de curado que se rtquienn a I0°C, en base a lo~· dilto~ apro
piadns (referencias 1 y 13) de no hacer~ especimencs de prueba curados 
en la obra. 

6.2 Durante la ~poca de frio, con frecuencia e!t ahólmf'n~(" signifi
~.:ativa la protección que proporcionan las cin1bras que no ~on de- .acero. 
En recinto! calentados, las dmbras sirven Para distribuir el calor mlls 
cquitati\'amente y para evitar el calor concentrado. ~n el aislante de
nido, en muchas oculones, lao cimbras, incluyendo la• de acero. propor
"¡,,nan una protrccióu ndecu8da Kitt c .• l~nlamicnto surlrmcntario. Por lo 
tantn. a menudo resulta ventaJoso de¡ar la!t cimbraR hasta que tcrmir1e 
el periodo de "protección minimo requerido. o a6n 1116s tiempo' No obs
tarite, el programa de construcción o la feutiliz:aci6n. por cuestión de 
.conomla. de las culobru. COII frta~encia determinarAn su r.moción a la 
hrevedaJ posible. En este ca110. la!' 'dmhróls ~ pueden rrmovrr-tan-rron· 
to como c~to .K _pueda realizar 2lin causar dafto o porier en peligro al 
\·nn_cri:to. Si' l'loC::. ufili:An 'cuñas para stparilr la d.nhra del t·oncrcto joven. 
~·st.u JeMri ser de madera. Por lo general. ,·uando c::l concreto ya es lo 
:mficientc::mente re!4istente, las ~Squina!ll y tas orillas no !!iuhir8n daños 
durante:: el descimbrado. El.tiempo mlnimo necesario para esto eS prde--. 
riblt' detcimiharlo de ~anera tenativa en la obra misma. ya que itlfluyen 
l'" él di'\'ersos factores propios de la obra en si. Jos cuales incluyen el 
qpa y );~ cantidad de cemwto, al it~nal que otro~ óll'lo.I'JCCios de la me:cla 
dd 'oncreto. la temperatura de curado. el tipo 'de la cstru..::tura. el diseño 
de las cimbras y la habilidad de los ~rabajadorcs. Generalmente, pa;a 
\'ntonces ya serA lo suficientemente resistente como para soportar su pro· 
pio ~so !'in que se presente agrietamiento. Dupub de la re:moción de 
la cimbra, el concreto debe cubrirse con mantas aislantes O mantenerlo 
encerrado en recintos caleatados durante el tiempo recomendado en la 
T<tbla 1.1.2. Si se. utiliza calor interno par medio de resi•tencias ahoga
tbs en e:roriral. el concreto debe cubrir~ con capa!' imptrmeilbles y del-le 
,·ontinuArse t:l calentamJento dur~nle el tiempo rccomcndc1do. 

o.l En el caso de mUros de contrnción, muro:~ de dml·nradlm u utróll' 
t·structuras. en las cuales ünicam~ntc uno de lo:s lad~:~ estará Sl1jcto a 
presión hidrostitlca, la apresuradH remnt"ión de la cimhril. mientras el 
concreto e"s aún relativamente joven. puede dislocar 1~ amarres y sepa· 
r.1dores de la cimbra y formar canaics por los cuales pu.ede fluir d i1~JU01. 

6.1 Al llegar • ou fin el periodo de protección. el cnn· ... ,, .!,·be 

, .•• ·. 

,,, 
enfriarse gradualmcn~c- de ílcucrdo con In indicado en la Tahla 1.1.1. 
Esto ·se pueQe lograr c~n facilidad. rt:dun'-"ndo el calor qu'-" prcwient de 
fuen1cs externas. No ohstantC .. l~s cimhróls ·ah•l.,nces pueden pre!liencar 
••lgunm• dificuh.1des. Puede rc.o;ult.ar.s;Hi.-;radorio <thrir un poco la!t cim· 
bras y cubrirlas con cilpas de polictilc-n<•. a fin de permitir una ligera 
circulación del a_ire. 

1. lricl..- con rel•cibn lonvitudl81tur•. pro••guir h8Ci• •rribe 
2. H•cie le derech• •• ••o.-.or d•l mu•o 
3. Hecl• ab.¡o ••-.c~IO m••imo d• temoer•tur• permi\ible f ij 

o•• e-wltllf' .. egrlet8miento 0 $ 10 1' '!;'-~o zo •e 
rr=~~==~--r-~~~~~~~~T-1 

01 

1 Altur• E 0.2 

'-:===-' -~ Lonvltud 
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e 

":9 04 
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~ o' 
·ª -------·-------' oo------·---

09 

o o 
Detcen10 m••imo de tetnP~aturil • fin de avitP 
el aori•t•mlento. (011..-enct. entre concreto V 
embi•nte). 

6.5 Aunque el 'oncrcto debe· enfr_iarse 9radualmentc ha.sto1 que C'.o;lé 

a temperatu•a ambiente, a fin de evitar el agrietamiento termico. se pu~de 
.Permitir un· diferencial de temperatura entre el concreto y la temperatura 
ambiente en el momento de suspender la protección. La diferencia máxi· 
ma permisible entre el concreto y el air~ ambiental (si los vientO!" no 
exctden de 21 kmih) se puedt determinar por medio de la Fig. 6-5 .. La> 
curvas ofrecen compensación por el cspc~or del muro y la restricción del 
factor de forma. ' 
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CAPITULO: 7 

requisitos de proteuióa para 
el concreto estrcutural 

' 

7.1 Los criterios p~~ra el deac:imbrado del concreto -.actural debc'n 
basarse en la resistencia del concreto en la obra y no a uu duracl6n 
arbitrarla de tlempo. Para el concreto cstru<:tural, el cual debe alcuur 

· un considerable nivel de resistencia de discllo, previo a un dcacimbrado 
Y Uft desapuntalamlente finales seguros, debe proporclODarM UD tiempO 
de protcccl6n adicional auporior al mlnlmo catablec:ldo ca la Tabla 1.1.2. 
dado que este mlnimo úoicamcntc seria auflclcotc dnde el puDio de viaL. 
de la resistencia al dalla por coogelamleoto. · · . 1 

7.2 Un mttodo utilizado para verificar el logro ele la aulicicnto re-
' slstoncia antes de reducir, cambiar o remover el apoyo. y ADICI de aus-

pcnder el curado y la protocci6n, cooaiatc ea elaborar. por lo IDODOI, aéis 
cilindros de prueba en la obra, tomados ele loa •llllmoa 75m1 ele concretci, 
de los cuales. por lo menos 3 debco elaborarse por cada 2 boraa durant~ 
toda la etapa de colocaci6o del coocreto. o por cada 75 m1 , segün el qu~ 
proporcione ~1 mayor número de ci1indroa. Dicho• e~lmenc1 deben 
hacerse de acuerdo COD la norma ASTM e 31 y. de lomecllato. debcri 
protegerse del clima frlo, ea tanto puedan colocarte bajo la miama pro! 
rección proporcionada a laa partes de la estructura a Jaa culea repre! 
aontan. Después de rctlrarloa del molde debe procederse al cabeceado 
y prueba de los espcclmaea, de acuerdo con lu secclouea ackcuadas de 
las normas ASTM e 31 y e 39. Las pruebas ele realatcocia a la com' 
presión del concreto y las .no dcatructlva:s efectuadas en la obra. cuandO 
están correlacionadas con los resultados de la prueba de cilindros cori 

93 
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curado normal y curado en la obra (ASTM C 192). constituyen un mC

t~o adicional que se puede utilizar con el fin de verific01r el logro de la 
resistencia. 

7.3 _ Puesto que la ganancia de resi~t~ncit~ drl concreto es una fun
ción del tiempo y de la temper-aturil, el cálculo drl dr~1rr~llo de la rcsis

rcncia del concreto en una estructura tanibiCn se puede llevar a cc1bo 
relacionando Jos Jnct e m en tos de temperatura y tiempo dcJ concreto en 
la obra con la resistencia cÍe los ·cilindros· de la misma mezcla de con
creto. curados bajo condiciones estAndar de laboratorio. Esta relación 
ha sido .. tabltcida" por medio del uso del !actor de madurez. M. ex
presado como: 

M = :E(C + IO).lt 

donde 

e - temperatura ~ •e 
.ll _ duración dd curado a la temperatura C. en horas o dias. 

La ecuación aupone que la resistencia no aumenta a temperatt1:i1s 
inferiores a aproxlmadame_nte -10°C. En el concepto de madurez. el 
duarrollo de la resistenci~. estA considerado como equivalente a la suma 
de las contribuciones de ceda periodo ~e curado. Cuiindo la temperatura 
u constante. como en los; mttodos de curado en el laboratorio. el signo 
de adtd6n no es necesariO. 

7.3.1 La curva del f8ctor de madurez·resisrencia se establece efec· 
tuando pruebas de re1Jstencia a la comrresión, a dlvenas edades. a una 
~erie de cilindros de concreto similar ni cual se va a utili:ar en la obra, 
curados en el laboratorio, a una temperatura estandar (23 ± 1.7°C). 

La verdadera resistencia del concreto colocado en un sitio en particu
lar. en un momento en particular, puede predecirse por medio de la de~ 
terminación de su factor de madurez en el mome-nto dado y la lectura 
de la resistencia correspondie~te en la curva f~ctor de madurrz·re~is
tcncia. . 

El factor de madurez del concreto en la obra se detern1ina midiendo 
la temperatura del cOncreto, en el siUo en particular, a periodos de ti_em
po reducidamente separados y sumando los productos sucesiVos d~ los 
periodos d~ tiempo y la temperatura promedio del concreto durante 
e~e periodo. 

7.3.2 La siguiente información debe t~tar disponible ·de modo que 
!OC pueda llevar a cabo el cAlculo de la resistencia del concreto ("n la obra: 

a) La relación del factor de mndurez·resbaencin dr-1 nwn.-f(l que 
se está colando bajo condiciones cstándnr de· laboratorio. 

b) Un registro de temperatura 4 tiempo del C"ncreto en la ,,hra. Estos 

HEtJl ... ,.,,.s lll" , '"•IT.!"• ,, .. ~ 

.se pueden obtener por ~edio del uso de termistorcs o termopares .:alados 
a diversas profundidades en el. concreto. La ubicación que arroja los mas 
b;,jos valores dt>bc ser la serie de t~..·mperaturas utili:.1da en los calculas. 

e) Se pu~dcu ohtcncr .. Medidores d~ madurez del concreto". los cua~ 
I(~S pcrmitCII ,,, dct~rminación continua y dir!!Cta Jl'l r.,cror de mJdurc:. 
t:n un lug;1r e-n po:arlkular del t:oncreto en la obra. los medidorc5 utili:.1n 
una sonda ahogada· en el concreto, la· cual mide. de manera continua. la 
temperatura; automáticamente la integra al tiempo. y continuamente 
muestra el faqor de madure: en un contador. marcado en grados Crlsius· 
horas. 

7.3.3 Cálculo.s dt ejemplo. Previniendo un periodo de clima frío. un 
contratista instaló termopares en un muro de concreto, colado el t •. de 
septiembre de 1976. a las 9:00 a.m. Se había establecido una curva la~
tor de madurez~resistcncia y una historia de la ganancia de resistencia; 
bajo condiciones de laboratorio. se había desarrolbtdo de la mezcla de 
concre-to utilizada ( Fig. 7.3.3). Se mantuvo un re-gistro de las tempera· 
tu ras del concreto en la obra. A los tres días ( 72 horas) el contratista 
·necesitaba sabe~ la resistencia del concreto en la obra. Si utiliza el re· 
gistro de temp~ratura, tal como se indica en las colUmnas 3. 4 y S de la 

. Tabla 7.3.3. con objeto de determinar el factor de madurez equivalente 
que se muestra en' la- columna 9. le resulta posible determinar que la re
sistencia del concreto colocado t'i aproximadamente de 126 kg-'cm:. 
tomando como· base la curva fac"tor de madurez-resistencia. 

Figur11 7 .3.3.- Relación del factor ''~~1U4~nci1/madurez JNI• 
cs,,ecímenes curados en el laboratorio 122.8°~) 

• 
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TABLA 7.3.3.- CALCULO DEL FACTOR DE MADUREZ Y PREDICCION DE 
. RESISTENCIA DEL CONCRETO EN EL LUGAR 

1 2 3 4 5 6 7. 8 9 

r.empo TcmpcrJ· Tempera· !CoL 4) Intervalo Col. 5lol f-actor Resisten· 
trans- tura en la lura pro- + 10"C de CoL 6. de cia a la 

Fecha curriáo estruc· medio en oc tiempo °Chr madu· wmpre· 
hr tura la estruc· hr rez l: sión co· 

"e (llfd CoL 7 rrcspon-
oc °Chr dicnw, 

kg/cml 

Sept. 1 o 10 
10 - ·- - - --

12 10 
10 20 12 240 240 . -

2 24 10 
9 19 6 114 354 -

30 8 
8.5 18.5 18 333. 687 76 

3 48 9 
8.5 18.5 12 222 909 105 

60 8 
7.5 17.5 12 210 1119 122 

4 72 7 .• 
6.5 16.5 96 1584 2703 208 

8 168 S 
6 16 72 1152 3855 239 

11 240 6 
6 16 72 1152 5007 262 

14 312 6 

Nota: Tamparatura da ~rado an al llbor~Otto = 22.8°C 
Sup6ng~~~ qu1 no hay pnancia di taliltancia O - 12 hr 
C.lcuiOI ~01 an un punto de qm~atufl loeltilldp a 10 cm por dabtiO dtl 1~ 

lul)lttor da la loaa d• ao~ot ... 

7:t En ttrminos ge:~erales. son escasas las oportunidades de propor
cionar un curado adicional al concreto cstructutal aparle del proporcio
nado inicialmente. En la Fig. 7.1 se ilustra el dec~o en la resistencia de 
suspender el curado húmedo y de exponer al concreto al aire, a diversas 
edades. Por esta razón, las resistencias tempranas. lo suficientemente al# 
tas para a!!cgurar la obtención de la resistencia dt diseño, deben ser 
logradas antes de que el concreto estructural, con_ apoyos temporales. 
pueda ser librado de ·Ja protección invernal y expuesto a te1_nperaturas 
de congelamiento. 

7.5 El tiempo que el con<:reto requiere para lograr la resistencia 

., 
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~ DATOS DE L4 MEZCLA 

1 ----+--A/C: 0.80 ---------j 
1 Revenimiento: 1 cm : 

f+f-+- -1------------f--Contwaldo da ClllmiMO: ~ ka/ml 
fllorcantafecM~:~ 

'""it-f.o-~.-------------.:.--~Co=:·~~=:~~do~U.~~'=·~,~·~---~ 037 14 28 80 t80 
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requerida y la segura remoción de: los puntales se ve influido por muchos 
factores. Enue tstoa. )oa mAs importantes son aquellos que: afectan lit 
rapidez y el nivd del desarroUo de la ruiotencla. taJea como la tempe
ratura Inicial dd coaaeto ea el momento de la colocaci6D. la tempera
tura a la cual M mantiene d concreto daputs de la colocación, ~~ tipo 
del cemento. el tipo y la cantidad del aditivo acelerante o de otros adi
tivos utilizados y las condiciones de protección y curado. La duración d< 
la protección puede reducirse de manera considerable poi' medio dt: 

7.5.1 Mantener la temperatura durante la ptotecd6a y curado a un 
nivel mú alto deapub del colado que d Indicado en la linea 1 de la 
Tabla 1.1.1. Vtaae la Plg. 7.5.1. Loo cementoa dtl Tipo 1 y d<l Tipo 111 
proporcionan ruiatenclaa algo mú altaa que el Tipo 11 a edadu tem
pranas. Ccm motivo ele laa variaclonn en el comportamkllto de cualquier 
cemento dado, loa datos proporcionados en la Pig. 7.5.1 deben utilizarse 
únicamente como gula. • ' 

7.5.2 Utilizar tipos y composiciones de cemento que demuestren un 
desarrollo de resistencia mú temprano. V tase la sección 8.1. 

7.5.3 Utilizar un aditivo acclerante, tal como el cloruro de calcio. 
o uno que estt de acuerdo coa la norma ASTM C 101, del Tipo C (ace
lerante) o E (reductor de agua y acelerante). No obstante. deben revi

. sarse las diversas precaucionu que se menc~n en el Capitulo 8 anr'-"~ 
de utilizar cloruro de calcio o aditivos del Tipo C. o del Tipo E: que 
contienen cloruro de calcio. Debido a las variaCiones en el comP<!'rta-
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EDAD AL MOME~TO.DE lA PRUEBA tESCALA LOO-. l. O•AS 

Fivur• 7.5.1.- Ef~to de In condiciones de t1mperetura 
en el de,.rollo de 11 rnistencil del concreta (Cemento 
Tipo l}ll 

...... , 

miento segUn las distintas marca~ y tipos de c~mento. dl~ben de..:tu;~rsc 

rlruebas previas a la temperatura de curr~do prevista .. utili.:ando el ¡,;cmcn
t<J. lo~ aHrtgados y los aditivos propuestos. 

7.6 D(cbn tomarse las pre~iluciom·s ade(u;"J••!l a fin de a~cgur;tr el 
...:nfriamicnto ;¡radual dd .~o:onn("to al lll'OM a :-11 rin d periodo dt: pru· 
~•~l:CÍOJI. 

7.7 Q,· .ISÍUI1ttlmcnte I!S posible 'que SI! a .lh.'CC~~IrlO tomar Jc_l"iSÍOill'~ 

··uanJo no se actuó de la maneda adecuada. a lin de confirm.u la sufi
ciencia dt'l ~.:urado y de la protección para producir niveles .seguros de 
,iesarrollo de ruistencia. Parn concretos qut! de ordinnrio ttlcanzarian "un 
r.:argen :-.c~uro de r~!'.istencin promedio. superior a la rcsi5tcncia de disr
:lo,f' .. (011 2S dias de curctdn húm~do ~srilndM a 2J°C. la Tablil 7.7 ilu.s
: r:t el :~úrnero aprn.\iru;,do dC' dia.s de curado y prute\:ción rccomcnd.-Jos 

! ._, v .1 21' C. l"llll objeto tie obtener d porcentaje de re~istcncia d(' d1sc-
. :.~, qt!e r~quicre cl.in~cniero o d ;¡rquilecto para la remoción segura de 
: ... ~ l."lrnbr,,~ y los punlales. El nUmero de di.-.s y el porccuwjc_ de f',. ilus
::.aJo:-; en 1<.~ Tabla 7.7. reflejan 1~ \'clm:idad a la cuaf resulta posible que 
..-1 concreto logre la f'. requerida duromte la expO-"ición indicada. Sin em
:,,,·r~¡u. ~n prt."visión de es,t~ posible problema, el infjcnicro debe desarrollar· 
a:na lUrva factor d .. · madun·:-n•Si .. tt'l~lia. bas.1d01 l'll lt\S matcriille~ e~pc

' tfil·o:-. utilizados en l.:t obra. 

.. 

1••·.-ltldl""• 1'1 111•<11 ...... _ . ~-- ., 

TAHLA 7.7.- DURACION D·c LA PHOTECCION 1\ECOMENDADA ~AHA 
PORCENTAJE DE RESISTENCIA REQUERIDO 

---· ··---·-- --------·-------
A 10°C. A 2fJC. 

c:Jids C!os 
-· ------

Pcrct.!nldJe de Pur :~ntoi~ rJ(! 
la resistenr 1a r;po .-: .. cen:ef'lt.; ' lo resistt:nria Tipo de ct:mtnh.' 
de oiseño. f'c . d~ 'a.sano. l"c 

! requerida 1 11 111 fl'<luerida 1 11 111 

50 6 9 3 w 4 6 3 
65 11 14 5 65 ~ 10• 4 

85 21 28 16 85 16 18 12 
95 29 35 26 95 23 24 20 

·-
los d1101 de esll t.t>•• proc«<f'n el~ concreto• con retiuenci• de 210 e 350 kg/cml tlewuts 
de 28 di.s de curaJo • 21 1 1.7 °C. S• considHO es11 re1i1tencie • los 28 di as. para cioLI•topo 
de cen~tnto. corno el 1000/o en •• determinKi6n del tiempo ~wrio pw• •lc•nltr d1\lert01 
vorcentejel de ftt• retiUenci•. 100C y con 21°C dUt•nte el cur.:Jo Por nec••id•t. t•tos 
\lillores s.on ")lo ~tpro•imedos v promedio. Orben obtenerw los velare• tll'-!ecllicu5 l:Un 
mateueles y metcl.:n rt~ •• obr•. 

7.8 Lns rct·omcndacion\.'5 que=-~ dan en e:-t~ Cap¡tulo y lil T;,hla ~- ; 
!'e hasan f'll disposiciones o \.'11 la ü.i:-teucia de cicna~ ..:PJH.ii,·tl~fh'~ ,i: !.1 

obra, que cumplen con las norm_as minnnas y r~4lll:rimu:n!os bá~iros ~i

guicnte!": 
- 7.8.1 la tcmpr:r.atura int~·rn;a dd ·~nncn•to tkb~· , ... 1.1r. IH'l' ¡,~ na·.:,.._ 

a 10 e Jc!"pii~S dl' ,,, ú)ILk<I..-!Úil de ,Jt,ho ~tllll"lo'ltl. A fm d .. · 1\l.l!lh"lh'r 

al mínimo la cuntran.:ión kruii(<J subs'--·.:u•·nt~·- dd1c tr~1!.rr.-.~· Jt· qu~· ···:,, 

temperatura !>e exceda lo mt·no:-- po~i~l\· en l'u.dc.¡lut.·r ~~PI1 < ,1 '--1..-1 o~ih· 
7.S.2 Las· instalilciones deben ~\.'r cap<tCt'S de millll~lll.:r í.a :._·m¡·,· 

ratura del concrct~. durante: todo el proceso. 11 10' C. o _más. ha~t.• .¡u,· 
se pueda gar.1nti::ar que t·sw protec,·ión se puede ... u~p.._-,Hicr t tor1 sr·~pnt

dad. Dkhas instal<lcionc-" induyt.~n: 
a)· l\bn~10 ;u.h:cu;Jdo y pn'll.:l"l'tul: .._,lntla ..:1 \ tl'_:¡¡,, ~ lo~ 1-'..::tLd.~··d.

calor. 
· b) Equipo elt•t:livo y persono.1l suficic1HC con of.j~to ~h· m.mtcncr In

das las parles del '--·oncr('to a la tcmpl'r<~lur<.~ H'l)IICrid;,, .:11 iHual qu~.:, t·l 
equipo de protección contra iuccndios nccesano. 

. e) Protección y süuema de calentamiento 411c ahari.¡uc la ~UPl"l fictC' 
superior de lilS nue.:·as losa:-> o pisuc;, y qur dl'j\.' t.h·sl"uhlcrta:-:_ las <.~hcr_
turas. a fin dr proporciPnar l"irrulaciúr, dl' ;\ir.· .. r Jth'l!tl:<•lJlll" ·~e u:1lrl'I'LI 

t:uhit'ttas ai5lantcs. 
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d 1 V tntilación ·y circulación en la mtdida en que sean necesarias 
para mantener una temperatura. constante en las partes superior e infe
rior de elementos verticales tales como. muros, pilas y columnas. 

7.8.3 Los puntalts deben permanecer colocados el tiempo necesario 
para salvaguardar todos los miembros y la tstr.uctura. El número de 
hileras reapuntaladas por debajo de la que se ••tá colando y el tiempo 
que debe permanecer. colocado dicho reápuntalamiento deben basarse en 
evidencia confiable que se tenga de que la resistencia obtenida es la su
ficiente para soportar con seguridad el total de las cargas involucradas. 

7.8:t El concreto debe hacerse con cemento portland de los Tipos 1, 
11 y IIL 

7.8.5 Debe efectuarse un curado adecuado. en particular con el fin 
de evitar el secado en recintos calentados. 

7.8.6 Debe llevarse a cabo una inspección con objeto de cumplir 
con los requisitos de construcción del Reglamento de las construcciones · 
del ACI. al igual que con otras normas de inspección de dicho Institut'o. 

7.9 La remoción de cimbras y apoyos, al igual que la colocación y 
remoción de puntales debe estar de acuerdo con la norma· ACI 317 "Re
commended Practico for Concrete· Pormwork", Entre otros requisitos . .la 
norma mencionada 1 ecomienda lo siguiente: 

7.9.1 El ingtniero o el arquitecto debe determinar y especificar la 
resistencia requerida del concreto en la obra. con objeto de permitir 
la remoción de cimbras y de puntales. 

7.9.2 Deben efectuarse pruebas adecuadas a· los cilindros de con
creto curados en la obra o del concreto en la obra (véase la sección 7.2). 

. 7.9.3 En las especificaciones deben prescribirst, en su totalidad, los 
métodos para tvaluar los resultados dt prueba del concreto, al igual que 
la resistencia mínima requerida. 

7.9.i Dtben registrarse y ser utilizados por el ingeniero o el arqui
tecto los rtsultados dt todas las pruebas, al igual que los registros dt las 
condiciones climáticas y cualquiera otra·. información pertinente, con 
objttO dt tomar Ja dtcisión resptCtO a cuándo deben removerse Jas cim
bras y los puntaltS. 

7.9.5 El ingeniero dtbe planear dt antemano y revisar cualquier 
pro(eso de reapuntalamiento, mismo que constituye una de las operacio .. 
nes más criticas rtlacionadas con las cimbras. Esta operación debe tfec
ruarse de manera que. en ningún momento se requiera que grandes breas 
nuevas de construcción soporten cargas muertas y de construcción com~ 
binadas que sobrepasen la capacidad determinada por ·las cargas de dise
ño y el desarrollo de la resistencia dtl concrtto en el momento del des-· 
cimbrado y reapuntalamiento. 

·H 
. i ~ ' 

CAPITULO 8 

aceleración del daaft.o lo 
de railtcacia. 

8.1 Aspectos !JCDualea 

Si se observan las precauciones adecuadas, 1t pueden utilizar aditivos 
a.ctlerantts. ctmtnto de alta ruistencia a· temprana edad (Tipo 111) o 
cemento adicional. con el fin de desarrollar el nivel de resilllencla reque
rido en un periodo mlls corto. Esta aceleración de ganancia ele rullllencia 
con frecuencia tiene como resultado un ahorro conálderable debido a la 

. menor duración de la protección, la facilidad de volver a utilizac la dm
br~ con mayor rapidez, la mb temprana remoción de los puatala, o me• 
nos mano de obra para los acabados de los elementos planos ( vta~e 
ACI 302). ·cuan.do estos medioa ac utilizan con objeto de obtener uu· 
más alta resistencia a temprana edad, el incremento del calOr de hidra
tación resultante puede ser favorable en algunas ocaalonea. Los factores 
dt composición del cemtnto, tales como un mAs alto contenido· de silicato · 
o aluminato tricálcico, cuando pOr cualquiera otra razón no son advtr-. 
sos. resultan ventajosos en clima frio con motivo de su coall'ibución a 
un calor por hidratación más alto y más temprano; Sin em~go, aun los 

. ¡· e<q¡entos del mismo tipo varian ampliamente entre si en IU relaci64 
. tiempo-resistencia. Se recomienda efectuar pruebas con. el cemento pro
puesto para usarse en la estructura, con objeto de demoatrar cual de 
estas posibilidades será la más conveniente para este propósito en par
ticul .. r. 
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8.2 Coruro de caldo como aditivo acelerante 

1(2.1 El cloruro de calcio es un aditivo acelcranre ampliamente uti. 
lizodo y de gran popularidad. El uso y Íos electos de dicho cloruro .
describen en "Guia para el uso de loa aditivos' et:~ rl concreto" presenta· 
do por el Comitt ACI 212 (traducida por el Instituto Mexicano del 
Ctmentó y del Concreto, A. C .. junio. 1976. 81 pp.). al igual que en la 
rderencia 3. No existen los suficientes datos acerca del uso del cloruro 
dr calcio con cemento portland con escoria· de alto horno. O· con otros 

· cemcntoa combinados que justifiquen t.:ualqutcr ucomend3ción, positiva 
o negativa, rcspe:cto a su empleo con estos cementos. No obstante. ·en 
ciertas c:ondfciones no se c,lebe utilizar el cloruro de calcio. y las siguien-
tes aplicaciones deben rrgiatrarse cuidadosamrnte. . 

a) No se debe utilizar en concreto preslorzado debido a su poten
cJal para aumentar la corrOsión mttAlica a causa del csfueno. 

b} La preoencia de loa cloruros se ha relacionado con la corrosión 
galvl:ntc=a del acero galvanJiado cuando este material se utiliza como 
cimbra ~rmanente en cubiertas o en elementos empotrados, y· en cons· 
uucdonn ele este tipo n9 ee recomienda ti uso de cloruro de calcio adi
cional. 

e) Asimismo. rtelenttl estudios han indicado que la corrosión gal
. v.Anica de los metales ahogados_ en el concreto se intensifica mediante 
la adición de cloruro de calcio al concreto. Los siguientes- constituyr-n 
ejemplos de esto: 

1) Cuando H conectaron externamente hojas de aluminio y de ace
ro. i\hogadas en e) concreto, la corro~ión galvAnica del aluminio 
fue proporcional a la concentración de cloruro de calcio. 

·-· · 2) Donde se colaron grande• losas de concreto reforzado, en las 

..... 

"' 

cuales habla conductos ahogados de aluminio y acero unidos 
elf:CCrtcamente, los resultados demostraron que el cloruro de cal
cio fomentaba la corrosión galv6nlca. (/Yroerrding•. ASCE. Vol. 
89. ST5. octubre de 1973. pp. 117-132.) 

d) No debe utilizarse cloruro de calcio donde se requiere concrcto 
re-sistente a los sulfatos: un 20% adicional Cl.e cemento resistente a lo~ 
sulfa.tos resultará mucho mAs beneficioso. pues incrementarA, en vez de 
disminuir. 1a resistencia del concreto a dicho! sulfatos. . 

e) Si no se controla la reacción élcali-sílice del cemento, mediante 
el uso de un cemento con bajo contenido de .Aicalis o de uña puzolana 
efectiva •. el cloruro de calcio puede incrementar la expansión. 

f) En las zonas de alta concentración de cloruros, )as variaciones 
en el contenido de calcio del concreto en un elemento aislado. que son 

~~.::-:~:75f:.·.·.7 ~\~:T.----.. ~--~-~~;-f7" -7.:~~.}-'7· ....... --- ----~---
.: ; '• op,-• 
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provocadas por los cambios ~~~ las condidones cllm6tlc&s. pued~n nr:ar 
células de concentración y ocasionar una severa corrosión del acero el~ 
refuerzo con protección fl!eficiente. Esta pr6ctJc:a es pel!grosa y no dehf': 
!ler permi_tida en la~ estructuras en las que existe continuidad en el acero. 

g) Aparte de las condiciones arriba descritas. bato las cuale!ó no 
debe utilizarse el Cloruro de calcio. úna considerable cantidad de ca~os 
confirmado~· de refuerzo corroldo y el c:onsecuente- deterioro de las e-s
_tructuras de concreto que CC?ntienen cloruros han sido registrados donde 
no ~xistfa razón aparente para prohibir el cloruro de cakio. En vi!la do 
esta peligroSa capacidad para ocasionar dafios por corrosión cuando se 
utilizan cloruros, en cualquiera de sus formas. en canUdadu signHica· 
tlvas. cualquier a<eleraci6n que pudiera necesitarse debe obtenerse por 
otros medios. como antes ya se mencionó en este apltulo. 

8.2.2 El cloruro de calcio u· otros productos químicos en la me:cla. 
en cAntidades permisibles. no rcduc:tri.n el punto de congelación del con~ 
crcto de manera aignificatJva. A fin de evitar una con.fianza injustificada 
en eate mttodo y con objeto· de evitar el uso de materiales daAinos. no 
debe permitirse un intento tal de proteger al concceto del congelamiento. 

8.) Otros aditlvoa actltrantes 

8.3.1 Se: ha encontrado que alguno! acclerantes reductores de agua. 
según la norma de la ASTM C 194 "ChemiCal Admixtures lor Conc«tc · 
(Aditivos químico! para el concreto), del Tipo E. aceleran la ga·nanda 
de resistencia, a temperaturas ambiente de 10°C e inferiores. y reducen 
el contenido unitario de agua de la mezcla. La mayoria de los aditivo!' 
del Tipo·E contienen pequeños porcenr'ajes de clon1to de calcio que. por 
lo general. no alcanzan el 0.2';f., por peso. de cemento. C"uando !le ulili
zan en las proporciones de dosificación recomendadas ( vfasr la sec
ción 8.3.2). Esta cantidad por si misma, ejercería un efecto sumumentc 

. lim.itado en las propiedade!' que proporcionan una resistencia tempr<ut.l 
al .concreto. No obstante. las pruebas jndican que a~gunos accle,anleo,; 
reductores de agua. que cumplen con los requisitos de la norma ASTM 
C 191 mejorarAn SU!Ittanclalmente la resistencia a las 24 horas, cuando 
el concreto que los contiene, mezclado a ·10°C, estA expuesto a tempe
raturas de l0°C. La resistencia" de un concreto como fste ~e aprox1mar.t 
a la que es posibl~ obtener. mediante el 2$f; de cloruro de calcio y scr.:i 
superior a aquélla que se obtiene con alguno~. pero no todos. los cemen
tos del Tipo 111. Los datos también indican que los ücelerantcs reductorr"' 
de agua pueden producir considerables incrementos en la resi~tencia .1 

cualquier edad posterior. En la norma ACI 212 "Guia para el uso d.
aditivos para el concreto": en la ACI 201, "Durabilidad del concr...-to ~·:: 
servicio", y en el simposio patrocinado por el Comitt ACI 222. SP-'"'· 



---.---..,..-··-·-·· .. 

,,,., CUMA lllllll 

"Corros&ón dt' metales en el concreto". se puede ért.contrar información 
adicional sobre. este tema. 

· 3.3.2 Si no se cuenta con la información adecuada, o no están dis .. 
ponibla los registros de. comportamiento anteriores, deben llevarse a 
cabo prueba. con el fin de evaluar el efecto de un aditivo en particular 
sobre laa propiedades del concreto de la obra. utilizando materiales se
mejantes y a las temperaturas esperadas en ésta, y apegándose a los 
proccdJmlentOI de consirucción que se siguen en ella. Los fabricantes 
de muchos aditivos de patente anuncian propie\lades de endurecimiento 
y desarrollo de resistencia acelerados. Ya que la mayori~ de estos pro
ductos contienen cloruro de calcio, el usuario debe determinar si el 
aditivo en cuestión contiene cloruro de calcio o no, y, de ser así, el por
centaje, por peso del cemento, que su uso introducir A en el concreto .. 
De acuerdo con esto, el potencial de corrosión debe entonces ser eva
luado. 

'" 

CAPITULO 9 

registros de 
tcmparat ra 

\ 

.. 

9.1 El peraonal a cugo de la '"'FICCI6n dclle •a7iW1 ~: 
de la fecha. la hora. la temperatura clcl aire utator. la , ·· .S 'ea del 
concreto al momeoto de la colocacl6a y de las coedid '" clf=kkal 
(calmado, ventoso, dapejado, nublado, eec.). El 1 11 5 o. '.... lDchaW 
la temperatura de diveraoa puntos delltro del Nelato y e-. la 1 ¡ ficJc. 
las eaquinu y las oriDa1 clcl concreto, ea cantidM •flkeatt'pu~~ llutrc 
el rango de temperaturaa del concreto. ~ disraian. ¡¡.,. lledir la. 
temperatura empotradCIII eu el conaeto IOil !clezae.. pcn1 a: p!NIIIe obte
ner una exactitud satisfactoria y uu .ayer flelliiÑIM*I .. ~aci6a 
al se coloca el termómetro contra el coacreto Njo au e •1 u t.1 a..poral 
de material ai•lante peaado, basta que reglsúc uu t«=rerat~~B c--...te. 
También se pueden utilizar resistencias ta.kas o tea eJ. a - :ba
bles, colados en el concreto. En el auao ele aoda periodo ele :H llcwu. 
deben registrarse las Jecturaa de la temperatura •Azfma y ele la IÚilima. 

Los datos registrados deben mostrar con toda claridad el claarroiJo de 
la temperatura de cada parte del concreto. Ea loa regiat1101 pcnaaDenta 

de la obra se debe incluir una copla de las lecturaa de tc.puatura. Re
sulta preferible medir la temperatura del concreto en mb ele un lugar 
en cada miembro y utilizar la lectura mia baja como representativa del 
promedio a lo largo de determinado periodo. Debe vigilarse la tempe· 
ratura del concreto por .medio de dispositivos de control, a fin de evitar 
un calentamiento excesivo. 
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CAPIT1.lLo 1 
. ¡ 

Sinopsis·; : In troducéión 
' 

ESie repone del estado actual de. conocimientos incluye una historia del 
deurroUo ole 135 pri""'ras ban.das.trwponadoras utilizadas para el trasl•do y la 
colo.:ación de conc••:o. Presenta una discusión sobre el diseno de los sistem35 
de transponaciun, '. ,,•.IJ.:ión• a las prop~dadu del concreto en estado plástico; 
a la velocidad de coio<.;oón ·y a las especificaciones del trabajo. Considera el 
ancho de la banda, .su velocidad y los ángulos de inclinación con respecto a los 
requorimienios especificas. Abarca los tres tipOs de transportadores de concreto: 
los portátiles, los de alimentación y los de distribución, y sus: aplicaciones 
paniculares. Asimismo describe los tilétodos prácticos p~ la elección, uso y 
mantenimiento de. los transportadores. También discute el ahorro que representa 
usar bandas transport~doras en la colocación del concreto. Finalmenie, enfatiz.l 
la calidad del concreto colocado así como los procedimiento· de inspe_cción. · 

! 
1 

! 

Las band.s transportadons de concreto estan disellldas o modlllellda cape· 
cialmente para transport>r concreto en Htado pliatico deode una funur IW 
sunwustro hasta las cimbras a otros luGares, sin tener que usar equipo adicional. 
ucepto el requerido para la compactación. La colocación del concreto por JMdio 
de banus transportadoras debe ser una operación continua. Los mcjona seaul .. 
tados ~' .obtienen cuando se cuenta con un IUIIIilllf1rO COIIIlatlte ~ -"' 
mezclado Id< :uadaJnente para CUJII' la banda ·ll'llllpOrtldor, UÍ COmo -
dispo~itivoi necesarios para desplazar el punto do tlncaJp durant: la cl,ocerión, 

¡ de manera que el concreto en est3do plósti;;o pueda ser depos.itado ~n tOda el 

[ 
"'""· >in ne~osidad de traspalearlo o aplicarle demasiada 'ribración. j 

t.:.. band35 transportadoras se duifican en IRS tipos: (1) porút~ o auto-

~i~o~~- \ 
1~ rrillk:raos bandu transportadoras en Norteam6rica se utilizaron Pi? m ;u 

·:: :. ·. Ln 1:. "Millen Cuide" de J79S 1t dtscribe Wta banda tranJpOrtadora de 1 

'on::nida1, (2) de alimentación o en serie y {3) de distribución, 'ua descatp 

• 1 

. . 1 .. " , ... , •. 1..-! primera noticia que se tiene de una banda. tnmportadora ~ para 
,-·,··.::,: <l'.Jterial más pesado que el grano proviene 1p111111 de los alias Jl90s, 
.:ua•.J,, '" instalaron algunas bandas transportadoras en 11111 planta proceiadon 
~ •. """"'al en Edison, NJ. L1 introducción comercial de cojinetes anllfria:..._ 
w. c11 1> constn¡cción de rodillos guia abriú el camino para las bandaa lnlllpor· 

:~~o". modernas. En 192:, se emrlr·iron por primera vez con éxito en~ DIIIICjo 

10 

1 L ;~~::·:"~ sahe, la primera vez que se usaioo las bandas tnnsPortaooraa de 
~ ·:n~·rL'W fur en 1929, cuandu.Ja Corbella Construction Co •• lnc. UiÓ uDa baada 

l''·""l'"rtodm• de 1113 m de lunsilud paia colocar· el coaereto estructural del 
:•.,mtc ·de la 238a. Calle Este, en el condado de Bronx, ciudad de Nueva Yurlt. 
1 ;1 1u•: t~o:l.• tJr t:onrre tu.( 1 : 2:4, (.unlrnl.il •KJC¡t:uJu de tamal\o mb.imu de 1 t.J:nua. 
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Cobc•ción tk concrtto por mt'Jtu .;,- 1: ... ,1,: .. .; trfmlpt:itlldonu 

.:nue ••~> y 1 Y44, se utililarc>n ~and•s transportadoras para trasladar cli"~' · ,'· 
entre la planta mezdadou y un punto de distribución central. en donJc <ra· 
cargado ''" ..:uch:nonrs con dc!'carp infc:rior para ser colow.do en diversu.cibras. 
del Corrs of ~ngincen y de la TVA. Estos proyectos utilizaban de 190 a 2S6 
de cemento por ml de concreto y agregad<• de 100 a rso mm de tamano máximo. 
La seg~peión del ·~regado de mayor tunafto en los punto~ de transferencia y 
en las toh·as en CJusa de. problemas considerables; de aqu·i que se desanoUar:m 
nrios dcnectorc<. can3les y tolvas pan reducir la· segregación al m•inimo.' e[., 

1941 a 1'-~0. IJ Ontario llydro (Fig. 1) uaó con e>tito las bandas transportadoras 
pan colocar concreto e:.' siele diferentes construcciones de presu.l La Tabla ;1. 
muesr:ra las principales caracter~sticu del concreto manejado en'eaw operaciones.' · 

TABLA 1.- PRIMERAS PRESAS EN DONDE SE MANEJO EL CJNCRETO 
POR MEDIO DE BANDAS TRANSPORTADORAS 

PROFIET ARIO CEMENTO, AGREGADO, PROI'ORCION 
NOMBRE O AGENCIA KG/Ml,EN DE TAMAÑO DE AGREGADO 

CORAZONES MAXIMO, FINO EN EL 
DECONCJIE. mm. TOTAL DE 
TO AGREGADO, 

POI<CEI'o"T AJE 

PlnoCanyon Corj,s of E..,U.n ·.2U 152 • 
Mollonins creett Corps of EnPnocrs 190 152 .. 
Typrt C'orps of EnPnoen 195 IOl • 
Fontana TVA 190 152 JO 
Ft. Loudoun TVA 196 127 25 
Gwnenville TVA 256, IOl ~7 

Aquu~~n Ont:uio Hydro IBZ 76 4~ 

llomnO>ute Ontario Hydro 208 38 4~.5 

Dea looc:hims Ontario H~dro 217 76 4'.5 
Otto Holdcn Ontario Jfydro lt7 76 ,. 
Pino Pon~ Ontario tlydro 228 76 ' 

• ; '1 

43 

G. W. Rayner Ontuio Hyd:o 199 76 43 ¡, 
' StewariYiDe Ontaz1o Hydr,Q t97 76 4) ' 
;: 

i 
1 
i 

' J 
' 1: •Datos no dbponJblcs 

i 

Fi~· l.-: Sistrma ttt.;f'wnario dt trll~tJPfJfrt en 14 htllf Dn IO«hinu. t'O;,trvld4 ptJ' 1t 
n·impatird Ontarto lf.vrlro. 

. A rrincipios de lo déoda dr los 50s. b Jisponibilidaú de concreto premezdado 
f':Ul Ucv;.tr a c~ho proyrl·to) J.· construc~iún en los E.s1ados Unidos ere(, una gran 

. demanda de equipo qut· facilitan libr:u rl tramo •ntre el arca accesible a un 
camión-mezcladora y el luf.tr donde debi:a ser colocado el concreto .. A futes de 
dicha ·década llepron al mercado las primeras bandas tronsportadoru de concreto 
portátiles. comercialmente accesibles.• 
. El transportador ror. alimentación se desarrnllu aproximadamente en 1962;5 
l•'primera banda distribuidora fue una unidad-de descarga lateral, usada en 1963 
para colocar una capa de concreto en la. vi a ni pida· elevada de la 46a. A•enida 
E> t .. en Oenver, Colo. Poco desputs se desarTollaron los diJtribuidores radiales. 

Las r. ific.ciones y mejoras en los tres tipos bási<os de transportadores han 
sid<' rapidas y significativas. A. princi¡>im de los SO. las bandas uansporta\loru 
rmban :'miradas a una capacid3d O''" , .-cila~a entre ::3 y 31 ml/hr. L•• .. Joci· 
JaJc; de c .. llJCaci6n actuales -de 9~ mJ !hr en banda; de 45 cm Je ancho v de 
~30 m3/hr en bandas de 61 cm- traen. cmno resultado 4ue las h>ndas tran;por· 
~lr'i.,tas de concreto se:m adec~.&adas lo mismo paro '!fectuar col0cadones m»iYas . 
:.ie rJnc!'eto que para construir edificio-:.· 

¡¡•:··'iúa quo el dise~o de banda< tr~nsportadllras fue evolucionando, se 
•. a'· ttr-..: ·1U~ IJs características requenilas para C\itar la se~rera.-.:ión ~el concreto 
·' '':,, 1: :::::n posible m:~ne_,., concrete t:¡.1!o de alto como de b.ajo reYellimiento. 
o:· r:p.i~. cualquiei concreto con agre¡;ado normll u Ligero, q~ putda ser 

"''" cgac.1 c•or un C>mÍÓn·mezcladora. pocr:i colo••rst por medio de 'ún~ banda 
:r:t'1 .. ~~or:<!d•.lí3. También &t' han trar..spnrtJc.lo ·:=u11 e~ito concrttos ~onteniendo 
'!'"' .~o gr·.:csu ue so y 1 so mm en '>and.: de 41 y de 61 cm de ancho, respec· 

. uv:.!' ::nte.6 
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CAPITULO 2 1 

Consideraciones de d i~~ño''~ 1 

' ~ •• 1 

·:,· 

.l' t.. ' 
. \ 2.1. Requerimientos se~a . 

... 
' No todas las b:mdas tr:msponadoru pueden colocar concreto con hito. Deben 

ser cliseftadas específicamente para superar los problemas que presenta el ~to.' ,· 
Lo• transportadores de concreto operando a la velocidad de ba11da correéu )' can"· 
las t~lvas de carga, m~poutivos de transferencia ); limpiadores de banda fUDCio
nanuu ad '"uademente, no modifocan la remtencia, el reteni:ruento o el cOnlenido 
de aire dta ;oncrcto que transportan.• ·' El diseno conecto de las bandas iranJ. 
nono doras do concreto destinadas para efectuar aplicaciones espec ifku1depeftde 
del cono.imicnto de la mteracción •ntre las diversas nriables invol~. Ll 
mayoría de lus intentm. fallidos. en t. cclucación de concrel<' por nlcéüo de'· 

.• . . ' 1 ' . 
bandas transportadoras se puede atribuir a que en el diseno no se tomatOD en 
na~~ la lm, siguicnieo requerimientos de naanejo y colocación: · \ 

. . 1 

· · k dimensiones. de todos los <omponentes dol tnnsportadaJr deben•estar 
do :.~;acrdo al pesu del concreto; e'pccialmonte t. unidad imputlora. el 

' f ha> l.·"•·' ce soporte y los rodillos suía de- b banciL El concreto de peso 
lf. .norr::il ~> aproximadamente cinc.:.Cnta por ciento más peudo que el de los 

mai_. riales que· se tr:msportiill usualmente, como los lllftpdoS. \ . 

• • 1 

·' ,. El tcarsportador en 1i, o por lo menos el mec:aaismo de de-a- del 
:un. ret'J, debe poder deJplaz:use .. por toda el irea do colocadón, sin inte· 
•ru:· Ji: demwadÓ ni demorar la colocación del concreto. Esta condición 

. , ..• i: dj;-.pensable, ya que el concre.to debe distribuirse uruformcme\nc en. 
toda d área de colocación. El desplazamiento debe ser mucho mis !rap;do 

,. ·'"· caan~o se, requiera que la colocación se efectúe en capas, para faciliw la 
, .. ~<: comna_ctaéi6n del,concreto. ' 
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·.·~lltpues10 a tu condiciones ambientales por inuy poco .tlempo.-~te·la·cons. 
. trucclón :M lo Plonta de Energio Cutalc, m·elsur de California, se transportó 
concreto a uno. distancia mucho milyor. En un día soleado, a 27°C de temperatura. 
ambiente y sin protección sobre tu bandu, la temperatura del concreto m estado 
plistico alimmtó solamente 2°C, habiendo lido ~spor¡ado 213 m. J 1 El tierilpo 

. requerido para triiiSpol'll! el concreto a lo IIIJÍ!~~C' 1Íic!o. el sistema de ba.rldu 
rur de un minuto aproximacbmnate. :.; : :~ .. tf:· · 

En IJ U. S. Amry Enpneer Waterwaya·Experin~entj~tion se llnáron a cibo 
exPerimentos on los que le limul6 el IPIIIportr '~ §l.iii!'eto h~ta una distanaa 
de 1.800 m por medio de. INaulil'lrlnlpor1adoriiF'!ie' ei!íiblecló quo no bebía 
cambios en la temperatura del concreto debidos ala traiiPOrtación. La tempera·. 
tura· del concreto tmdia a cJescmder cuancJi' era~. elevada que la del lirei 
cuando era rn3s boja que.la del aire. entoncisi~~.dia a aumentar. La upidez- oo, 
aacenso o· dts.."tnso.dtpendio de"" la diferencie ir..i#il de las teinperaturas.H _ · 

Estos "!'trimentos conlinnaron llg~¡Jiif.~os anteriores. que indicabi!JI 
que ti tiemp0 transcurrido tes decir. el tiep¡po t~!Ndu a partir de que el agua 
babia sido a~re~ada a la mncla) ttnía un eféct'! importante sobre el revenimiento 
del concrtto. :3 Bajo condiciones de secado ,;el,tivamente severas (temperaturas 
por encima de los 21 °C}. de . humedad relatiVa meno~. al SO· por ciento y de 
velocidad dtl viento mayor a 16 km/hr. la pérdida eri el reveriimiento atribuible 
al transpono del ~crtto a una distancil de 4SO' m fue de aproxitn~darnenjO 
1.3 cm. El concreto :• ... ·portado·a. mis de 900 m experimentó una pérdida en ef 
nwnimiento m:is pronunciada, de aproximadamente S cm. Las pruebas efectuadai. 
IDdicaron un IIIJIIClltO deflnllivo en la mlltencia del concreto, comspondlente· 
a la pérdida en el18'1C\\lmieato. La cllamlailld6n·de lite iDcluido fue menor 11 0.5' 
por ciento. en un concreto que·ori8iallrneate coatenia S por ·ciento de· aire. 

Cuando se vaya a usar un transportador 'de mis de 450 m de longitud y .. se 
~an condiciones arnbientlles extremu, seri necesario contar con alguna forma ... 
de prOtección pan mantener la trabajabilldad del concreto o para protegerlo 
contra .la congelación. Las proteccioneS moinadu sObre el transponedor aumentan 

1 •• t 

•',¡_,_: ·. 
. 't• ,. 

la ClrJI ntuena que debe ser soportada por su estructura y tll vez hagan neéesa- ~· '·' _ 
rios ll,ün·os a¡ustes en el diseno· estructural. Las proteccionu autosoportantes J" .·: .... 
aumeatan la mverslón de capitll requerida para construir un SJstemo <le transpor· 
IICióa y generalmente sólo son prácticas cuando el transponador es lijo. · 

. , .. -

l.6. (:ancteristica: de la mezcla de CODCftto 
¡ ~ 

Cualquier· concreto estructural puode ~r ·transportado satisfactoriame~t~ .por •· 
medio de una banda transponadora. los concretos con revenimientos extré~~s. ··~ 
ya ~an meno~s de 1.5 cm o m: ·o• .. , de 18 cm, tienden a reducir ilótableineñte \, 
la capacidad de, colocación de ·""~ '•mda transpónadora. La ·tendenci.a a' rod~. ~ 
del agre~adi' ,de tamallo máximo (lloyor de 100 mm reduce. Í]lucho el ángulo de \ 

. indinacii>n o df declinación permisibl~. Se puede obtener una.éolocaciun ~ncrente • 
y un'a capacidad .máxima de, la banda transportadora si se utiliza una mezcla de 

'' -. 
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3.1. Transportadores pOrtáliles 
:' 

La colocadón del-concreto • "cono nlc:~c,~:.j). 
'd . uso de b:~~~das transponadoru po:rúllilii;''l~ 
. faoriconte a otro, pero todol lioacn eiet1aa cii'al:tiéil!il 

·¡e;·· 'tante es qu• ucla unidad es au10JIIficlaut11 )' 
, :· ._,, .... 'roda la obre. Cada unidad debe lener 111 propia 

equipo puede considerarse wrdadcramenle . 
':ntrgía eSI:.:ionw. El peto y_ la liiO'Iilidad neceado~ ea 111111 bulda lriÍIIpona-. . ' 
-dora portátil :estJin8en su longitud tol&l a 18 m .¡m~xlmaclamente. Esto, IIIIWU. 
'hmita la alt~ra má.'tima de detearp a 1 1 m 11W o menos. La all\&rl m•xima de 

. , , . "' · ,¿,,. e>tá tle_tenninada por el ánsUJo nwtimci d& IDdin•ción al qu. ....... 
, ., . ::i.n•Íw eficie_nternente el concleto tianaporwto en la bulda (""r la St !/lo• 

. ~, •':·~ -~;-:; -~-~ .: :J;'' . .• . 

.,.,. '"'" _,,,, .... ;: :.:o• ~a.~da! tr&nsportadoras pottátiJeoJ ton impulladll.par a_...,IDCI.,IIIII de ..... 
.. • .. ,., , ,_¡;;,: . .n -.st~inas de ~anamisiOD hidráulica pua dar lq Ir a la .,....._ 1!11111 

, "!t.-., ., :Je transmisión: hidriulica pmeen una alta polellda ca mlad6a .& p1tD 

•• '. 1.> carga y tienen .J8:cipac:iclad de unocar y P.Uai COII la a-u Clllpda liA 

.-.. 

-1 .. :> 
. ' ~ 

~--- • . . . --~lj1 ! . ' • 

. , ,_, -. r-:io~rr• de sufrir falln·t~~dnicas. Estm tnnSpOrtatl- eatMa equ~ ~ • 
·; ..-. 

'· 

-~-----

'"<!"''"'~o. de. elevación ~f. :PI~"1-x·.~~q ,• au~ ~~·~ 
ct:rc.·c•or¡ matra. - : . ' .. lJ ,- -~r. · '·.·:;-~f.\"' ~.-·,··:; 1 • .... , :·: ·,l, =. : , 

, ::G~ hand:~• t~St>ci~a~~ ~~'('f..t:íj:~ ri,+'~-~~~4fa· 
,¡~ I<!UOS loS de~ •tipos_ de ti'anapOihdores j1111~;~ 1 filiO Ja ..... 
,j, .¡,, rroyectos ... ~ :~ concnt~ ~ ~ .~ illl ....... 

'"""'ri:U enb obra c'aen·.&ñtro dell'l!l&t!"de !corto~~ o "JJ9q ~-) . 
l '"" banda trjsl>or~i autoprOpubadi de 17m dli Jonajtu4 total. ·c. 

~,.;;.,; <Ir JO hr l '.tonif¿i~n mot;iz. ru•d. •·olncu el concreto a 11111 oeJOcklad 
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mente' corw ~n 'el eqúi¡,.; de trislado, como son !os camiuncs-mczcladoras y los cucharón ·ton desc&r¡¡a'inferior. La elevada -npldez de c:olocad6n permhló dupU-
[Inndes cucharones con deacarga inferior 'usados 'en lu pl:mtas de presforzado y car el tamallo .de bs.colocaclone• iñd(iduales, lo. que orl¡¡ln6 una reduCción en 

1· prefabricado. En la construcción de carreteras se usan bandas transportadoras de : lo• · ;costos•<:le la •éimtiru~·.iF ~uid-•mtt'riii Cle'·''i:OióQaOn''ite'.'i::ODc'fetO 'cj" 
alta capacidad en combinacion con él equipo de colocación de concreto para·l .acelere,.la.•temlináci(ln•total-de i\11\íí"óbri'• teiulii eotiid niíllltído iiD ihonv ~cOiüi
cimbra desliwite,_ para transferir el_ concrrro desde los jmritos accesibles a los· :, de;able:en·los· intereses•de'lós ·p~ítamoí·p~· comüúiiíOG':'PiiHo'i&ftll(·d pro. 
camiones ,de volteo·· huta el ire_a 'de colocación. los tr:msportadores ac uian •. pietario' cuenta•mánápidamenwcordói tieiléR~'~Ift'·de'iatDifl.i!i:ílln 
también en la construcción· de-túneles pan subirel concreto a las tolvas recepto-·· completa.( ...... _,,,,,,,,.,_ ,ou"··· ,"' ·'' 1' cr.·• .. :k";>:cc•• j · o.::;-,-;;.;~' 0

"_'· 

ras de la_s bomb;¡._ Aunque esta máquina no caen completamente Cleniro de . • ::·Los 'trilispoiiailol'tis fatii'ica~ 'expiéUrnelí~' p'Ua'ínls .. r.-.~t!f'~"i,Ja. 
nin[~uno-dC'IoÍ un tipos de transportadores descritos ·anteriormente, operan de : · tlvamcnté. bilrattis y· puedeii·eliir\inli'ta''bechiciai"de''~iWDr·Ouüt'eq~·,¡¡¡j, 

·.acuerdo. a los limites y condiciones que se ·apUcan 'por lo general a todas las bandas : . costoso1, ·comci" itírdas 'gi'úá$il'J' la 1 tnftiSiót( ~ ·i:IJ>iíif'Riij~rida'P'~ '¡Jflll~ 
':transportadoras de· concreto. · o, · ' · · ., -uA •1ranspoitador: di''coiici'Ctó 'e'itá · deiei:niinaéfí' jídf'iá QpiCICiiit· de. CÓIÓC8él6n 

• < . - . • . 'j ·. ~ 'que se dele a, u! como por la distancia a la q• debe operar' lhl ¡nvyecto pende 
·3.6. Economías 1M la co'-Unl por mediD de cnnsp~·_-· · : puede:.¡ustlflcar ta· lñveisión en equipo necesaria pva trinlpoÑI'. el conmto por 

', · · · · · • •· · banda dnde_,la pl"!'ia ·de dosificación hasta todos'los puntoa IMl proyecto. En 
. ·En el ~;\lisis final, la con~niencia .de llgwi_. tipo de .transport~dor para un , :caso ·de·Hjue·Íex.ista'-algúñ' cairiino-'de acceso, los cainionn-mezdadoru'u otras 

·proyte.to_ en._plrticular se detemún~.en gran medida por lo que cuesta utilizar el ; ,, unidades· de ;traslad~ Úsualfueriié"-i:óñsiiiuWá'i-f-"el '/iiltOdo' ;¡jjj eroii6'/rli~,"'¡;a'ra 
equiro y por 13 invenión de capital que representa. El costo del uso ·de.los llan~o transportar ~Lcancieto des'de ü plaíilá''de'do~JClltló_!!;li~i~:¡m pun!~ _iü,#~~~
porta~prel ~eneralmente. ac di.;¡de en dos d.asitlcaciones: .(1) operación o coloc• ', · mente. tetciino al áré•f ¡¡¡¡: coloCí'Cióii:·r Déiiido' .~•qué· narliiát~nt2 ·nisiíliA"fícD 
ción ·y ~~) instalación y mantenimiento. · ; mco~rir ioportes ·para Jós 'ifans¡iortaílo;¡;¡: e_ii ''0.t1Jbiiíaéión" ~¡;h !~' ~¡;i;!J:;o 
~- fabri,cantes. de 'sistemas ele transportación de concreto afllm:ui' qiJt las cnlcicar: .Oportehemp(irale5' e;i el 3iei·'de' coiÓé3ciiin; li distíÍtiCia'que iÚrári~-

\ ecooomias en .sus ,-,,stos de operación multan de la colocación continua de · 'lador•.debe obircar es geneiáltÍlénte meíiodle' 30'iti'·y'iobeq.leri.;,\e'iií·~ ·cl~''li~dil-
- :: · coíiaet~ con aales C\tuinns, en compat11Ci6a con el m6todo de la grúa y el-ctichaión · e~ eri·vol3di.Zo se··linüuiri:a :mends·'dC J 2 m.· ' ~ 1 11. ' ' ~ .. ·,_,.:) t.' ~~-:., • ~ < •: .:'1 

· con clliscarsa inferior.lo · . . · /Los 'trmspilrtadores · ¡iari' éoloear colicié'i6'~''jliiÍiiiCiíl''(~¿¡j~'~t,e-~i'/.'~)!n 

., 
,1 ., 
;1 

:¡ 

. • , Los conos .de instalación de los tnlllplln.dorn tienden a resuJtar bastanie , e11 'pi.:.yeci:is 'ilonile'iii'iéijuieie ;un¡ Púí''jiáil'iitro'J' t~ que n0 -~:n .. lá CÓ~ 
·!·---pen~ntes .del, volumen de ~to. q1ie iiri colocadO. Est")"detemúnJdos Ción 'de cout'reto:' La coloe8Ci6ri'\>P.r' rrie'dio de"if,m'sf'9fti_!lo~· ~~,0~ el .. ·;~ 
, .. _en snn medida, por el tipo 1M tnaspoltldor 1l1llizado y por la ctiJtánCia ala que ; ··~~de~ útf~:7.~.~:'ile''\ne'~?t~~¡;aq~~{::A~~o~\-;~:;~~~·.ae;_~uf)ijf,# iiilé 
' debe ser -transportado el conereto. Por .'ejemplo, ·el ·uso de· tnMportadom de di$pé11tible1 ;cara ·nevar a clibif otros traba¡os, en combmaaon con _la cap~Cidad de 

aUmentación pMa efectuar colocaciones de' concreto de alcance y volumen signif1- coloi:ación ue concreto 'de los lnnspottadorn, rueC!eri pcmútir que eljnoyécto 
cati•'lt y ~ir. restricciones en la rapidez de colocacilin, generalmente produce 'se tei'rTtlrit' i:'oihiiáy(i(¡.;¡;;·ííeZ:''" .. ·. . ' . · . · ·, ' _ 
c,os!~ ,co,mbipados mis, bajos que los qué ac pueden obtener con cualquier otro " 
tipo de equipo de colocaciónJ' Lu losa de cimentación pesadas resultan exce-

. -.-lentes para·aplic:arles·concreto por medio de transportadores, pues requieren de la 
colocación de irandes volúmenes de concreto 1in jun..- frías. · 

·,¡. ' El COStO de mantenimiento de l_os trinsporiadOf!S es predominantemente el que 
, ·_resulta de 1mantener· el equipo limpio y libre de acumulacionn de conrr•·to. E• 
!'necesario reemplazar regularmente ei material de la· cuchilla rupadora•dt:la banda1 
•. sujeto a desgaSte! El tiem¡x:i'dur.ani~: el cual el equipo ha esiadoen servicio e• un'' 

factor determinante ·en la' neéesidad de reempalmar )a banda y eftCIUilf O IrOS 

:ajustes .• El reempbzo de los' deÍle~roris y 'de los. reé:ubrimientos de ~.ule ~n los 
, puntos de lransfererici3' vaf¡a·.·· f.!LT

1

-'!hÜ~ruJo del Vot~inen y: de. la a~perrza drl 
concreto coluc.:u.Jo. · . ·• · · . ' . • . _.· . 

· ·. En.cl proyecto de la Planta del n·r~ia de Ca>raic, e~ California, c.e-demost1 ·,. 
otra venta¡• de la colocación por' lilt:dio ·de ,;ansportadores. Estos ·llevaban. el .: 
concreto ha•ta lupres aparelitemc:nie inactcsibles.' a r'i!:is de 1 SO m 1 /hr y a un ·. . 
coSJo muchv men,, al que ,se hubierJ obtenido· usando el sistema d.!_, grua v_· . 
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S.I.I~Sjleccibn del concreto X: 
_ •. f¡' 1:! .•.. '.1,·-·_ :·:;::."ot 1''"1tf"l"'l\ ' ~ •., . . . . . ~f..;.J:,....:-~ .: ':J-t:·· ;:,;-; . .,· ~~l':'{j r;:;.•¡;-.·<-~ 1· 

El hecho de, que\ las blutdástcr.\hspruudarÜde ~on~~!f;~~!Pl!N~,,un sistema l il~ 
· abiertp; en>ifoil'de' c.ásil..lódo· el concreto que est:í •~ndo colocodo puede inspei:-
. · cio·nane visualmente, :·¡;ropotclotllr:<umo é~celente oportunid3d pan conrrolu el , j '· 

ÍÓatenal. La Tl'llljo) de 'tólrémo<:<FJC:,.Uja.-:.sobre i~;bal)ik, J¡,~,inspe'!~'P!J@n,;;· ., .. ; fi 
visualmente·: <ll''jlñriciplo y con frecuencia dunnte la colocación. El crmcmo n· ' · 
Yisibl~ e!' ¡:uilql!ier punto ck la banda y, debido a que ~sta se - a una -.eJcid. t 
dad rjluy alta; el punto de inspecci6n ao n critico. J 

Después de efectuar las pruebu adecuada y someter el c:Oftcreto a la 1nspec- · 
ci6n :yisual. para asegurar, que a la banda solamente Uep concreto de calidad, .1 
(..;<:~!~ ponene npeciil atención en inspeccionu ·que la deswsa del concreto ;• 
dezde los transportadoreS .sea correcu y que su compactación tambil!n. sea la :¡ 
·adecu~da. las prácticas de c:unpo recomendables deberán observarse cuicbdosa· '1 .-.. 

. i men~. 
i• :: '". ·.¡. '. 

. '1 
1 

:0---r:::··;.~-·!·-~--·-··. 1
• s.z.·PruebaS < -t~-I~C-JJ.tt~~·:-:..(~f(~: -~-r~~·c;tttYt::r('·Xt·~x.' 

. • ,. ~-.... -· • -~ . . \~ . . . - ...... ~~ ,, ~--f p 

··.: ."; l=<t.'; v~ !-"~•i;':¡.~t·~·::--:~(-.,':•· ';-:,: ·.: . .,. ·,¡:·.·. :w '.' .. . . - . .. 'it 
'· 1. _\,. r-::•,_ .. ,._; •·'i i ,_:;,.,: ·;i;;-.i.l .•.• ·-·.-·'lf!. :.i'J(:' (;•..: .e,.;_· .. ,:·: )'! ,:·.. ~.~ -~ e_~!.~~-_alguna· duda co~-.mpecto a l:a 'ca~ac:id:ad ~e un_determinld~~IJ'f:.c~- ~ 9 ~ ;··. 

, ., · •'; ·, .e ··:· ·'. ,, . ··"' ":·::·:'·'-' ·' · ,:'. ,,;.•.,; ... .-, ..... , . ·::c.,,z.: ,, ce¡.;:. • para;cplo.:u concreto con eJulo, w· bancbs transportadoras deben probUié'6ífó · · 
1 

¡ . 

: ''' '' :é· ·: -' ' '' '''? "C':<>;:·:-r.• r. • , • , .,,, •••• ·~., ,..,,.'. :_;,., ,. :. ':•.'. ··:· .'.,. · .:; , , :~ondicióries· de ·Ira bajo antes de intentar cualquier colocación importante. Áfortu· :; ,' 
··. -, .:r.:~::-=::- ··- "i· :•¡· ::i :: -:+!'· •t;,.:;;·_'¡·¡~{:r·~::[:~:~; :·.':}!! .; .. ;~.~v-·: ._: ,: ';~~-.~_:,. ·'· ~:~aO-~n~e-~ -~~ 'ínanejo ~d~_ unos c:U~toi mttros cúbicos de ~cOncreto ~n una _ban~ 

~~-·-.:._.,:•·. 'e! 1.·•. ~'= ::e:;__¡ ~-.·-:to.-?'·-)~J ._:, .... ,!( .- :,~j- .. JraniPOrtldora confirmárá-"el disetio ade'-"U3do e _idcritificari l:as'ire~s pioblema. 
·~ f.IL~: ·:-:-_ .. , :~~' -. 'r;i: ·r·- .. :-:·-~ ---. !t·-·. ~-··:. ,. : _ .. , .. "C~a~do un· Siitema··.ruriCiona sarisf~ctoriwente en 1ales · p,ruebu, .no._es a.~T~i8'3do 

:;~pqnrr 'que ei.transport310r funciunai:i. i:unbiéñ ~n~furm~ uiÍsrai:iotii b~jo 
éondiciones realos ile lr3b3jo. ~ 

. i¡¡¡¡¡¡¡ ~\IS,.I~nlt:'_haS dL•_IJ,'InC'fL'.W_l'_n '-'St;~l.istÜ:I'\.V.JJS ffi\1&S(Ir~ p--t.·nnw ~ . 
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Objectives of saf~ty, qua/ity, and ri:onomy a" gi~n priority in thru .· 
guidrlines for jormworlc. A sfflio" on contñiCt docum~ms rxPiains 
tht Jcind and amoum of.fP«ification 11~iclanc~ th~ tng;nÑr/Qii:hit«t. 
should pro vide for the c-ontractor_. fh~ remaind~r oj th~ rtport ar:J.: 
11isn tht controctor oÍt .lht Mst· wgys to mttl tht sprcific"ation rt· · 
quiremrnts saje/_v· and ·economic:ally. Sf>Paratt c:haptrrs d~l with'dt
sign. cons~ruc:tion, and,,;Oitrial.t jor forinwork. Consid~rations ~
cuUar 10 arc:hü~·tu~l conc:Trtt un also outlitr«i in a ~poratt c:hapttr. 
Oth~r ~C'-tioirs ·o,, r¡¡;voitd to formwork]or bridgts, ·sht/ls,-:mass i. 
coná~it~ ond u~dtrgrouñd i.·o.rk. Th~ concÍutli~g dropter un form-, 

• 1mrk Jor s,r~~-·;~' mtthOds ·,;lcónst~·-:timi ~ ¡.·~uues slivf~rmi~R. , .. -. 
p/IJ(td d~R;h_-.;.tto'roni:rttt; tr~m{i·cónáe;· ,;,.~,; tiild p,.;.rtnssM 

.. :r ' • ~ 

, r ..,,. ~ 1J "¡"(\~•' !• ., 
K~y•ords: II'I!IH'!Jal~~: alumiuurn: :mchnr~· Ha~t~n~n); arctiilttluraJ COII•·rct~; 
brid¡es' (~trucrurc!J: canal iinin¡.'; n'1a1ing.,~ compmit~ materiah~ coiarftlt cutt
srructioa; con•trucrion cCKI~;: co.S.111UioD ~aitriab¡ c'ulvcru; ratw•ur•; ris- ' 

• . ' • . ' ! . -

tencn; li~rbQard;, folded platct; (Ofm IYnlOYal; (uraa•arlt (tuao\HIICtJoa•: . , 
roundatiOns: llus ribn~: h~lers: ínstrts; in~tina boatds; tu.dsdOR'f'l); tona·. : 
sp.an; lumbcr; mass \:oncrcte;' multilaory buildin .. ; Partln1 ~nts; M.a.~ic fornt:Í; 
rly•ood; ~ cvlln't"'r; ~pleted aqrrpleNittftli: pr«surc:\.pr~rnsCd · , 
con..:rete; qaaJily ro'ntml: re'inrotcrd. tooérnei"róOrs; ufeiJ: sarety fa..:to~: sct·; .•1 '· 
tlctncnr (structural); staclls (SitiiCiurat·torllUI)'; shritns: ibun.a: lllprana ro ..... 
stnactiOa; sprdnfatla.s; Uructural ck1ian; lti'DCIUral aecb; suhtarfki mue- : ~· 

. '. 
tures; '*'•~Ka (AWCb••""-J: tunnftos: lQidcrwalei consuuctlnn. 
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tion or conduits and pipes embedded in concrete ac
cording to ACI 318 (Section 6.3). · • . 
- u. Tempora·ry openings or attachments .For climbing 

crane or other material handling equipment. · 

2.2-Loails· · .. 
2.2.1 Verticalloads:._Vertical loads _consist of dcaú 

load.and live load. The weight of rorm~.ork. plus the 
weight of freshly placed concrete is deaú load. The live 
load includes the weighl Óf workmen, equipment, ma
terial storage, runways, and .i1Í1pact. 

· Verticalloads assumed for shoring andreshoring de· 
- . -· . . ' 

sign for muir ¡,lnry construction must include all loads 
,r·ansmincd rn·ui.thc flooi~ above· as dictated by the 
propo,cd c<>nstru~·tion schedule. Refcr to Section 2.S, 
Shorcs. . 

Vertical supports and hcirizontaf'framing should be 
.designed for a minilnumlive loador 50 psf o[ horizon
tal' prÓjection. Wtren ~otorized carts are uscd the in in

. imum live load should be 7S psf. 
,;The minimum design load ror combined dead and 

live loads should be 100 psf, or 12S psf ir motorized 
carts are used: -

2.2.2 Lar'eral pressure of concrete-Unless the con
ditiolls of Section 2.'2.2.1 or 2.2.2.2 are mct, formwork 
should be 'designed reir the lateral pr~ssure of the Jiewly. 
placed connete given in Eq. (1-1). Maximum and·min
imum values. given for other pressure formulas:do not 
apply to Eq. (2·1) (see Appendix for metric conversions· 
o.f equ~1~iuns _in this se~:ti~n): 

... (2-1) 

"here p =.latera) prc.Stlre, psf; W = Ullit w_eight of· 
fresh connete, pcf; and h ~ depth 0r nuid or plastir-
c.oncrete, ft. -. -· 

For columns or other rorms that may becfilled rap
idly t>efore any stifrening·of the concrete takes place, h 
should be taken as the full height of the_ form, or the 
di>~ance between construction joints .when·more than 
o_ne. placeúient of concrete is to be ·made .. -: · 

2.2.2.1 For concrete made with Type 1 cement, •. 
··weighing ISO pcf; 'containi~g no·pozzolans or admix

tures, having a slump or 4 in. or.les5 and normal[nter
nal.vibration lO a dcpth of 4ft or less; rormwork·-may 

·be designed for _a lateral pressur~ as ·rollows, .where R 
; rate or placement, rt per hr; _and T = temperature 
of concrete in the form, deg F. 

FOR COLi.JMNS . ¡·. 

. 
p = !50 + .. 9000 R/T. · (2-2) ~ 

wit h a maximuni c:i.f 3000 ~sf, a minimum of 600 psf, 
but in no case grealcr than.l50 h. _ ... ,_· 

. FOR WALLS with rate of placement less than 7 ft 
pcr hr 

..... 
- ··l"t;~m1it1re h~\ iusuÚi.:ient test data 'llllith -~lwf c:tnL ·. ;pes: Sce,~?~il· 
in;~l \laltn.eut of rormulas in M.dcrftl« l.l. • ' · ·';' • •. 

.. -- -. : 
p = ISO + 9000 RIT · .. (2-2a) 

, .. ' 

with a maximum of 2000 psf, a minimum.of ·600 psf, 
but in no case greater thai1 1 SO h .. ·. . · . 

FOR WAI.LS with·i rate of piacement of.7 to 10 rt - ,., .. ·- . . . 
per hr · 

1¡ • ' 

p·= ISO+ 43,400/T + 2800 RIT (2-3) .... ' . . . . 
.. ,¡IJ a máxirnu~ 'or 2000 p;(; a' minimu~ of 600 psr;· 
but in' no case greater than.ISO h. ·. , .. 

· 2.2.2.2. Alrernatively~ a.method based on appro
priate experimenta\ datá ·.may be used to dete~mine the 
láteral pressure used for forni design (References 2.1 
through 2.S). · · · , 

2.2.2.3 if concrete is pumped.from the base of the 
form, the form should be designed for full hydrostatic 
head of concrete wh plus a mínimum allowance of 25 
perccnt for pump surge pressure, In certain instances• 
pressures_may be as high a~.the.face pressure of the 
pump piston. · · · 

2.2.2.4 Caution must be. taken when using externa! 
vibration or concrete inade with shrinkage compensat
in.g o~ expansive cements. PreS>ures in exc~ss of equiv
alen! hydrostatic may occur. 

2.2.1.5 For slipform lateral pressures, see Section 
7.3.2.4. . . 

1.2.3 Horiwntalloads-Braces.and shores should be 
•',.igned to resist all foreseeable-horizontal loads such 
as sei~mic. rOrces, wind, cable tensions, inclined sup- · 
ports; dumping of concrete, and starting and stopping 
of equipment. Wind loads on enclosures.or other wind 
breaks attached to the formwork should be considered 
in addit ion to these loads. ;,. ·•· ·· 

l.2.3.1 For buildin.g ·construction, in ño case· 
should the assumed value of horizontal load ·due to 
wind, dumping of concrete, inclined· placement of con
.crete, and equipment acting in any direction at eách
noot line be less than· 100 lb. per_linear rt of noor edge 
or -2 percent of total dead load on the form distributed 
as a uniform load-per linear. foot of slab edge, wliich, 
ever. ·is .greater. 

2.2.3.2 Wall form bracing should be designed to 
meei ihe minimum wind loa~ requirements or ANSI 
AS8.1 or or the local building code, whichever is more 
stringent. For wall forms exposed to the· elements, the 
mininium wind design·load ·should not be less than 1 S 
psf. Bracing ror wall forms should be designed- for' a 
horizontal load of.at least 100 lb per linear ft of wall, 
applied at the top. . r • 

2.2.3.3 Wall forms of unusual height or exposure 
· should be given spedal consideration. _ 

2.1.4 Special loads-The Jonñwoik shoula be de
signed for any special conditions of constructio.':' likely 
to occur such as unsymmetrical placement of concrete, 
impact ~f machine-delivered concrete,- up.lift,cc:incen- · 
trated loads or reinforcement, form handling loads, 
and storage of construction materials. Form desig~e~s 
should be alert to ·provide for- special loading cond1-

l 
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tions, such as walls constructcd over spans of slabs or 
beams which exert a differem loading pauern before 
hardening of concrete than that for which the support-
ing structure is designed. _ ___ _ _ 

---lmpositii5niWiiiiYconslr~~t:iiO~ loads on the partially 
complcted stnicture shoul<l not be allowcd cxcc¡H as 
specific>d in formwork drawings or with the approval uf 
the engineer or architect. See Section 3.8 for spccial 
conditions periaining 'to multistory work. 

2.2.5 Posr-iensioning luads-Shores, reshores, and 
backshores need lo be analyzed for both concrc1~ 
placeinent loa<ls and for all load transfer that takes 
place during post~tensioning. · 

2 J-Unil slresses 
Unit stresses for use in the design of formwork, ex

clusive of accessories, are given in the applicable codes 
or specifications listed in Chapter 4. When fabricatcd 
formwork, shorin8. or scaffolding uuiiS are used,,man
ufacturer's recommendations for allowable loads may 
be' fo'n.;wed if supported by the test reports of a quali
fied and recognized testing agency or successful experi
ence records; for formwork materials which will expe
rience substantial reuse, 'reduced values should be used. 
For formwork 'materlals with limited reuse, allowable 
stresses specifiéd in the appropriate design codes or 
specificatioíis for temporary structures or for lempo-. 
rary loads on permanent structures may be used. Where 
therc will be a cqnsi<.lerable numbcr of formwor~ reuses 
or \\ hcrc for~worlc. is fnbricatcd from nwlerial:...· ·.· 1ch as 

. stccl, aluminum, or magnesi'um, it is recommended that 
the formw01k be de<igned as a pcrmanent structure 
Gl.n~·ir:g permanent loaUs. 

2.4.:.... Salely lac;tors for accessories 
Table 2A shows recommended mínimum f.,ctors of 

safety for formwork acc.ssories such as form ties, form 
anchors, and fornt hangers. In selecring these accesso
ries, the formwork designer should be certain that ma
terials, furnished for the job meet these mínimum ulti
mare 3lrength safety requiremeuts. 

Table 2.4 - Mínimum salely lactors of .lormwork 
accessories • - .. . 

Forrn rie 

Form anchor 

Sar~ry 

fact.c;;O.:.I -t-'TLY!:P<:.::Of:,CO=Rl::U::.ru::;<::l::ioc;:n ___ _ 
l. O AU applkations · 
2.0 Formwork supponina form 

wci&hl auU concrete pres
surn only 

l.O Formwork suProrting w1dghl 
of focms. concrrte, consuuc-

- _______ . __ _ __ _ -~ lion_live loJods, aud impa~t ___ ..,_ 
~rm· hang:t:rs _____ __ 2.Q__ ~~~p_p_l~c_alions _ 

Andu•rin8 in~rlc; ~ n PtC'l"3SI ..:om·r~lc pau~l, when 
!.lset.l as iorm ties ' uscd at formwork 
------~-~--- ---- .. :=c-:...-'---

•s4fety f<k:tiJrt are baKd on ullimate 1Utn11h of acc~'tCWJ. 

2.5-,Shores 
Z.S . .l Generai-Shores are defined as vertical or in

clined support mernbers designed to carry the weight or 
formwork, concrete, and construction loads above. 

2.5.2 Sp/ices-Field-constructed butt or lap splkes of 
timber shoring are not recommended unless they are 
made using fabricated hardware devices of demon

-strated strength and stability. lf"plywood or "lun!b-er 
spliccs are made for timber shoring, thcy sho~IJ be Jc
signcd against bucklirig and bending as for any othcr 
struclural compre~sion memhcr .. 

2.S.J Multistory stru,·tures-Prior to cÓnstruction, 
an ovcrall plan for scheduling of shoring and rcshuring 
or backshoring, and calculation of loads transferred.ru 
the structure, should be prepared by a qualified and 
experienced formwork designer. The structure's capac· 
ity to ·carry these loads should be reviewed or approved 
by the engineer/architect. The plan and responsibility 
for its execution remain with the contractor. 

Shores.and reshores or backshores (as defined in 
Section 3;8) must be designed lo carry all loads trans
mittcd to them. A rational analysis should be used oo 
<lctcronine the number of Ooors to be'shored, resliurcd, 
or backshored and to determine the loads transmitted 
to the noois,' shores, and reshores or ·¡,ackshores as a 
re.ult of the construction sequence. 

:rhe analysis should consider, but should not neces
sarily be limited to, the following: 

I.. Structural design load of the slab or member in
cluding live load, partition loads, and other loads for 
which the engineer designed the slab. Where the en~t
neer included a reduced live load for the design of ccr
tain '.;,embers and allowances for constructio'n loads, 
such :·.liUt ~1ould be shown "''1 the strurlural dra'"'ings 
and be takcn into consideration when perforuouog this 
analysis. 

2. Dead load weighf of the concrete and formwork. 
3. Construction live loads, such as placing-crews and 

cquipment or stored matcrials. 
4. Design strength of concrete specified. 
5. Cycle time between placement of successiv.e tlo.-
6. Strength of .concrete at time it is required .tu s: . _ 

port shoring loads from· abo ve. 
7. The distribution of loads between Ooors, ,¡;,"es, 

and reshores or backsho'ie< at the time of placing ::in-. 
crete, stripping formwork. and removal of reshoriq: or 
backshoring. u.J., 

8. Span of slab or structural member between per
manent supports. 

9. Type of formwork systcms, i.e., span of hori;on
tal formwork components, individual shore loads, •:te. 

10. Mínimum age where appropriate. 
Commercially available test cells can be placed under 

selected shores to monitor actual shorc loads to guide 
the shoring and reshoring process ·as construction pro-'· 
ceeds.z• 

2.6-Braclng and laclng . 
The formwork system should be designeJ tu 1ransfer 

all horízontalloads to the ground or lo completeJ cc•n
struction in such a manner as to insure safety at all 
times. Diagonal bracing should be provided in ven ical 
and horizontal planes where required to resist liücral 
loads and to prevent instability of individual members. 

. ,. 
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Horizo111al lacing may be consid~red in dcsign lo hold 
in place and incrcase·the buckling slrcngth of individ
ual ~hores and reshores or backshores. Ladng should 
be pro,·idcd in whatever directions are ncccssary lo 
produce rhe corre~~ slentlerness ral ip tlr for tlu! luaU 
supported. whcre 1 = unsupporkd kugi h anJ r =··~casi 
raUius uf gyrarion. Tite braccd systcm shuuiJ he an
chc-re~·in a manner to insure stability of the total o,;ys
tem. 

2.7-Foundallons for formwork 
Prorer foundations on ground such as ruudsills, 

srrea<lfO<'Iing<, or pilc foorings should be provided. lf 
soil Ui!der llllld <ill.< i:; (>r m ay beco me. incapable or SliP· 
poning <ur·:· ::•:roscd loads without appreciable scllle
rnenl, it shouiJ be slabilized or othcr means of suppon 
sllould be provided. No concrete should be placed on. 
formwork supported on frozcn ground. 

. ' . 

2:8-Settlement 
Foimwork should be so dcsigncd and éonslrucled 

th:!.l vertiLal adjustments can be maUe to compensatl· 
for· take-up ami scttlcmer.ts~ · 

2 .9-' References 
2. 1. G:!rduer, N. J., '' P1 l'~SU! e uf l'o)m;retl' :\gaiu~l f7orm"OI ~, '' 

:\'...:~ !·2·~T' \\, :~r:;.-;t".f;";;g.l •;. "":1, 0:u. -"· Juty-.'\ug. 191\U, pp. 2.-:IJ. 
.. .:.86. and f)i~uo;.~il.'ll, Pro('t>edirrgs V. 78, No.· J, May-June 1981' rP. 

.:.-t}.~A6. 

~.:. U.trd;; .. , N. J., aud Ho, P. T.·J., "[aurnl Pre~~ure of Frc.;.h
c,.•lh.:rctc." ,'\CI J(~~··RN·\l. Prllf.'et·din.~.~ V .. 76, N\1, i, .luly 11)7~. pp. 

St'Q.~:o. 

2 J. C!·:ar. C. A .. and Harri_v,n, T. A .. '"CuFKrt:le Pri!~SU!e on 
· Ft·rm~\cgk," C/R/:1 Rr:mrt ,'\iu. 10~. (·,,,!"''UI."tio!l lntlustry Rc

~c·ar-.h alld lnh,nnati~·n 1\~-.odatit•n. (I'FH.Jvn, II}RIIi, l.~ pp. 
Z t. "l'r~~~m-.: ,.¡ C·.·ncrete 0n \"•!nit;o.l 1-"c•n•~Y."Irk (1-"rischbcton nur 

Lt)lrcdltt: Sc.:h.Jiurrgen)," (lJIN 18218), Oculsdu:s h!Siilut für Nor- · 

mung e.\'., Uo:rlin. 1980,4 pp. 

2.~. Gardnrr, N. J., "Pr('o;su~ of Concrelt- on Formwork-A Re
·.il!w," ACI )l.lliRNA.l, ProcttdinR$ V. 82, No. S, Sept.-Oct. 198S. pp. 
7J4.f'SJ. 

Z.6. G~undy, Paul, and Kabail.l, A .• "Construclionloads on Sbbs 
·~ilil Sil•'red Form"ork _in 1\lullistof)' Uuildings,'' ACI JoUMNA!., 
-Proceedinu V. t;(,l, No. 1:!, f)~._·..:. 1•)1lJ. pp. 1729·17)8. 
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CHAPT':'!l 3-CONSTRUCTION 
3, 1-Safety precautlons 

Conslructors should fullo·..; ail slat~; local, and fed
eral 'codes, ordinances, and reglllalions pertaining to 
f0rming ond 'horing. 

In addition lo the vcry real moral and legal respon
<:.ibi"iity to maintain safe conditions for workmen and 
the public. safe construction is in.the final analysis 
more ec..Jnomical,han any short-lrrnl cost savings from 
cutting curner.< on safely provisions. 1\llention to safety 
is rartii:ularly significan! in formwork construction as 
thesé Mru.:tures support the concrete during its plaslic 
slale and as it is developing strength, until thc concrete 
becomes slruclurally self-sufficient. Following the de-

'·' 

sign critcria contained in this guide is essentialto assur
ing safe performance of the forms. 1\11 structural me m· 
bers and connecti0ns should be carefully planned sq 
thaf a .c;ound dl•fermination of loads may br accuratt:ly 
tnadc arúJ sncs-;e~ c;\lcubtcd. 

111 additiu11 ro thc adequacy of'the f~rmwOrk. spcdal 
~truL·Iurcs Slh.:h a~ nwlristory buildings rcquire cou~it.J
eratiuu of the bchavior of newly compÍeted bearnsLand 
slab~ !icil are use<.l to support formwork and other. 
co1· uction Joads. lt musl be kepl in mind thal the 
SIJc.o¡:ih of freshly cast slabs or beams is lcss than thal 
of a11 agcd slab. 

Form\\'ork. faiiure~ can be attribuled to human error, 
subslandard matcrials and equipment, omis.sion and 
basic iaauequacy in design. Careful supervision and · 
continuous inspe...:tion of furmwork e-rectio'n can .pre-
vent many ac~ilit:ms. 

ConstructiUn flf\.'CI~dures muc¡t be planned in ádvance 
tu insurc thc safety of rersonnel and the integrity .of the. 
finished slructure. Some of lhe safety provisions which 
should be.considereU are: . • 

a. Ercction 1)f safety signs and barricades to keep 
unauthorized r-.:rsun~el clear of areas in w-hich e'rec
lion. concrete placing, or stripping is undcr way. 

b. PrU\-itJiug experiem:cd torm wa[chers during con
crete piJcemcu! ttJ ussure e:uly recognition of possiblc 
form tJi,placement or failure. A supply of extra shores 
or olhcr material and equipmenl. lhal rnighl be needed 
in 311 CIIICfgCOC)' should be readil'y avaiJable. 

c. 1'10vbiou lor adequate illumination ofthe form- · 
work. 

d. l11dusion of lifting poinls i1i lhe design and detail· 
ing of all fürms which will be crane-handled. This i.< es
;1ecially important iu Oying forrns or climbing forms. In 
the ca•e vf wall formwork, consiúeration should be 
given to a11 i!ldcpcndcnl scaffold bolled to the previ•Jus 
li ft. 

e. lncorporation of scaffolds; working pbtform•. 
. and guur;Jrails inte formwork design and ail formwork 

drawin~~. 
f. 1\. progF\111 :,f ficld c;afcty ino;pection.~t ·or fnrm-

work. . 
3. i. 1 Soíilc cornmon; ~.:onslructiori defidrncies which 

rnay lead to·form failures are these, "hich are applica· 
' ' ble 10 all fonn.work: · . , · · 

a. Failure lo inspect ·formwork during and aflcr con
crete'placemcnl lo detecl abnormal dene·ctions or olher 
signs of imminenl fililure which could be corrected. 

b. lnsufficient nailing, bolling, or faslening. 
c. lnsufficienl or improper lateral bracing. 
d. l'ailure lo comply with manufacturer's recórn

n'lendarions. 
c. Failure 10 con'ilruct formwork in accordance with 

the fonn drawings. 
f. l.ack <'f proper field inspection by qu"lified per· 

s<•IIS to assurr that.form d~sign has bcen properly in
terprcted by form builders. 

g. Use of lumber containing knots lhat impair the 
strengl h olthe member. 

h.· Jmprop.:r weldinll or slruclural components. ··:· ... :;¡•,:;·,. 
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3. 1.2 Construction deficiencies applicable to vertical. ' 
formwork include: 

__ '!-_failur_e_to conrroLrate of placing concrete·verti' 
cally without regard to design parameters. · 

C'. Shoring n~t plumb, thus inducing lateral lo~ding 
as well as reducing vertical load capacity. 

-- ---ct: locking 'ctéviéei on metal shoring not locked, in
operarive, or mis~ing. 

b. lnadequately tightened or secured form ties or 
hardware. 

c. Form damage in excavation by reason of embank-
ment failure. 

1 

'• i-

d. Use of externa! vibrators on forms not designed 
for their use. 

e. Decp vibraior pcnetration of earlier semi-hard-· 
eneJ lifts. 

r. lmproper framing of blockouts. 
g. lmproperly constructed or located pouring pock-, 

ets. 
h. lnadequate bulkheads. 
i. ll~properly anchored top forms on a sloping face. 
i- Failure- to provide_ adequate support for lateral 

pr~ssures on formwork. 
k. Attempt to plumb forms against concrete pressure 

force. 
3. 1.3 Construction deficiencies applicable to hori

zontal forms for suspended structures include: 
a. linproper use of multi-tier shores. 
b. Failure to regulate properly the rate arid sequence 

of pla<ing ct>ncrete horizontally to avoid unanticipated 
loadingson the for!"work. -

Fig' 3./.3_a:.:_lnadequate lu•aring rmd~r mud.si/1 

SHOAI CLI ... . 

« 1 i• ... ., •. 
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Fig. 3./.J.b-Upli/t offormwork. Conneclion oj 
shores lo joists and stringers mus/ hold shores m place_ 
when uplift nr torsion occurs. Lac:ing lo reducethe 
shore or s/enderness ratio tiray ~ required in both di-' 
rections -

e. Vibration from adjacent moving loads or load 
carriers. 

f. Inadcquatcly tightened or secured shore hardware 
or wedges. 

g. Loosening of reshores or baáshores under noors 
below. 

h. Premature removal of supports, especially under 
cantilevered sections. · 

j_ lnadequate bearing or. u_nsuitable soil under mud-
sills (Fig. 3.1.3.a). . , 

j. Mudsills placed on frozen grou'nd subject to thaw
ing. 

k. Connection of shores to joists, stringers, or walcs 
·. ~hich are inadequate te) resist uplift or torsion at joints 

(see Fig. 3.1.3.b). 
. l. Failure to consider effects of load transfer which 
may occur ~uring post-tensioning (see Section 3.8.7). 

m. Inadequate shoring and _bracing of composite 
construction. 

3.2-Constructlon practlces and workmanshlp 
3.2.1 Fabricar ion and assembly details 

3.2.1.1 Studs, ·;al'·. or shores shoul(' be properly 
"pliced. 

3.2.1.2 Joints or splices in sheathing, plywood 
panels. and bracing should be staggered. 

3.2.1.3 Shores should be installed plumb and with 
adequate bearing. ' 

3.2.1.4 Use specified size and cap,,;,:. of form ties 
or clamps. 

3.2.1.5 lnstall and properly tighten all f,,,, ties <. 
clamps as sÍlecified. All threads sho~ld full~ er .,. · ,. · 
nut or co'upling. . . · . . 

3.2.1.6. Forms should he sufficienrly tight t• pre· 
vent lo.<S of mortar from thc concrete. 

3.2.1. 7 Access hole.s '"ay be nece"ary in "all 
fonn!; or olhCr higti, narrow forms to facilit::Jtc con· 
crete placement. . :· ' 

3.2.2 Joints in tire coni:rete _ 
3.2.2.1 Contraction joints, construction joints, and 

isolation joints should be installed as specified (see Fig. 
3:2.2.1). 

3.2.2:2 Bulkheads for control joints or ·construc· 
tion joints should prefer_ably be made by splitting along · 
the lines 'or·reinforceinent passing through the bulk·. 
head so· tli~t ea eh portian m ay be positioned and re
moved separately without applying undue pressure o:~ . 
the reinforcing rods, which could cause spalling or 
cracking of the concrete. When required on the engi
.ntier/architect's drawing, beveled inserts at contrnl 
joints mÜst be left ur\disturbed when forms are 
stripped, and removed only after the concrete has been 
sufficiently cured. Wood strips inserted for architec· 
turai ·ireatment should be kerfed to permit swelling 
withoui causing pressure on the concrete. 
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fig. J2.2.t-Furming und shuring res;raints al constmction joints in suppo;ted 
slabs 

3.2.3 S/oping surfaces-Sioped surfaces slcerer than 
1.5 horiwmal lo 1· vertical shouh.l be pruvided with a 
iop form lo hold lhe shape of lhe concrete during· 
placement, unless il can be demonslraled thal the lop 
forms can be omilted. 

3.2.4 lmpection 
3.2.4.1 Forms should be inspecled and checked 

before the reinforcing steel is placed lo insure that the 
dimensions and the localion of lhe concrete mcmbcrs 
will conform lo the drawings. 

3;2.4.2 Blockouts, inserts, Sleeves, ancl;~rs, and 
other ernbedded items should be properly identificd, 
posilioncd, nntl-<;ecurcd. 

3.lA.3 Fonm should be. chcckcct for cmnhcr wltcn 
specified. 

J.l.S Cl~unup and watings . 
3.2.5.1 FoniJS shouiJ he t horoughl.y deÍllled of all 

· dirt, mortar, and foreign mattc..'r anO cOateu \'v'ith a re~ 
!case agent bcfore each use. Where the bottO!]t.of lhc 
form is inaccessible from within, access panels should 
be provided ro pcrmit thorough removal of extrancous 

• • . .• ~1 

matcnal befare placing concrete. lf surface appearauce 
is. i;n_portant, forms should not.be reuSed.afler.damage 
froin previous ·use has ~eached.the state ~~f p.;ssible im
pairmcnt tu concr~tc surfa\:CS. 
. 3.2.5.2 Furm coalinp.sshould be. applicd bcfore 

placing of reinforcing sleel ~-nd"shouliLni;lbe used in 
such quantilies as lO run unto. bai's or>c~iÍcreie con'-

. siruuivn JOints. . . :\~-' ).:~ _-;;.~·· 
· 3:2.6 Constmction operatipns 'Cin ih~ formwork 

3.2.6.1 Building materials including concrete must 
nol be dropped or piled on th.e formwork in such man
ner as lo dámage or ovcrload iL •.... ',,'_''., •. , · ,, .' 

· 3.2.6.2 Runways for mo,:ing equipment'_should be 
provided with struts or legs as required and .. ~houkl _be 
supporred directly on.the formwork or st'ru~iural meti•
ber. They shonld not benr on nor be supported by. the 
reinforcing stecl unless speci:il bar suppo'ris aie pr~: 
vidcd. Tite furmwork must be suitable for th~ support 
of such runwayswilhoul signifkant deOectiÓ_I)S,, vibra-
li<ins, or lateral movemcnts. · · 

3.2.7 Loadi11g new s/ubs-Guard against overloading 
of new slabs. Loads such as aggregate, timb.;r, boards, 
reinforcing sted, or support devic.S must not be placed . ·: . . ,. .. . . 

on new construclion in ·such manner ·as to 'ctamage or 
ovcrload it. • 

3.3-Tolerances 
Tolerance is a pcrmissible variation from lines, 

grades, or dimen~ions given in contrae! drawitigs. Sug
gesled tolerances for concrete structures can be found 
in ACI117. ' 

Tite contractor is expected to set and mainiain con
crete forms so as lo insure completed work within the. 
lolerancc limils. 

3.3.1 Recommendations for enginccr/architect and 
contru,·tor-Toleranccs should be specified by lhe en
gineer/archilect so lhat the contractor will know pre
ciscly what is required ·and can design and maintain his 
fonnwork accordingly. lt should be remembercd that 
spccifying toleranccs more exacting than necded may 
increase construction costs. 

Contractors are expected, and should be required, to 
establish and maintain in an undislurbed co"ndit ion un· 
lil final ~omplelion and acceptance of a project, con-
trol points and bench marks adequate for lheir own use 
and for refercnce to establish tolerances. (This require-
ment may bc~ome even mo~e important ror the con· 
tractor's protcction when toleranCc:o; are not specifie"d 0r 

shown). The engineer/architect should srecify toler
ances or reqnire performance within generally accepted 
limirs. Where a project invoh·<! features scnsilive lo the 
cumulative efftct of generally accepted tolerances on 
individual portions, the engineer/architect should an
licipate and provide for this effecl by setting a cumu
lative tolerance. Where a particular situation invohes 
several types. of general! y accepted tolerances on items 
such as concrete. location of reinforcement, and fabri
catiun of reinforcement, whicli become mutually in
compatible, the engineer/architcet should anticipate the 
difficulty and specify special tolerances or indicate 
wltich controls. The contraer specifications should 
dearly state lhat a permitted ,·ariation in one part of 
1he construction or in one section of the specifications 
must nol be construed as permiuing •·iol~tion of lhe 
more stringent.requirements .for any other part of lhe. 
consi.ruction or in any other such specification secrion. _Y y 

1 
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The engineer/architect should be re,ponsible for co
ordinating the iolerances for concrete work with the re
quiremenls of othe_r trades_whose work adjoins the · 

-~onC~~¡e constñiCti~n. 

3.4-lrregularllles In lormed surlaces 
This secl_ion provides a way of evalualing surface 

variations due 10 forming quality, but is nol intended lo 
apply lo surface defecls such as bugholcs (blowholes) 
and honeycomb aítributable to placing and consolida
tion deficiencies. The laller are more fully explained by 
ACI 309.2-R. Allowable irregularities are ~esignated 

. eithcr ohrupl or gradual. Offsets and fins resulting 
· frr; .: úisplaced, mismatched, or misplaced forms, 
shealhing, or liners or from defects in forming mate
rials are considered abrupt irregularities. Irregularilies. 
resulting from warping and similar uniform variations 
from planeness or truc curvature ·are co~sidered grad· 
ual irregularities. 

Gradual irregularities should be checked with a 5-ft 
template, consisting of a straighteilge for plane sur
faces or a shapcd lemplate for curved or warped sur
faces. In measuring irregularities, the straightedge·or · 
template may be placed anywhere on the surface in any 
direction. 

Four classes of formcd surface are defincd in Table. 
3.4. The engitH:triar..:hitcct should iuJi~ate which is re
quired for the work he is specifying. 

Table 3.4 - Permilled lrregularltles in lornied 
surlaces checked with a 5·11 template 

-----
T~·re nf L'lass of surf<ICe -- --- ··------- -- ·-

_ ~~~-g~l~!i:Y_ A u o 
li1 :.11.Jual ~-¡ irí. !,í in .. in. 

~brup_< __ 1/1 in. Y. in. 1 in. 

Class A is su~gested ror ~urfaces pro;.,inently ex
po<ed to public view, wherc aprcearance is oLspeciaL- _ 

·importance. ·class B is intended for coarse-textured 
concrete formed surfaces intended lo receive plaster, 
stucco, or wainscoiing. Class C is a general standard 
for pennancntly exposed surfaces where othcr finishes 
are not specified. Class D is a minimum quality re
quirement for surfaces where roughness is not objec
lionable, usually applied where surfaces will be perma
ncntly concealed. Speciallimits on irregularilies may be 
necded for surfaces continuously exposed 10 flowing 
water, drainage, or exposure. lf permitted irregularities 
are different from those given in Table 3.4, they should 
be specified by the engineer/architect. 

3.5-Shoring and cenlerlng 
3.5. 1 Shoring-Shoring must be supported on satis

factory roundations such as spread footings, mudsills. 
or piling as discusscd in Section 2. 7. 

Shoring resting on intermcdiate slabs or other con
struction alieady in place need not be located directly · 
above shores or reshores below unless lhe slab thick· 
ness and the location of its reinforcemeni are inade
quate to take the reversa! of stresses and punchir 
shear. Where the latter conditions are questionable, t' 
shoring location should be approv~d by the enginee, 
architcct (see Fig. 3.S.I.a). 

All rnember:-: must be straight and true without twists 
or bends. Sp·,.. :1 attention shoula be · ~n lO beam and 
slab, or one-way and two-way jois, construction to 
preven! local overloading when a heavily loaded shore 
resls on the thin slab. 

Muhitier shoring is not recommended and is consid
ered a dangerous practice. 

Where a slab load is supported on one side of tli 
be a m only, edge beam forms should be "''-

~~~-~==~~---~~---~-~ ., :::::::-. -~- ------~-- - ····- . - .. 

. ,,._ :. 

' 
.¡ 
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,--~-~JL~-~-~~~~~~ e~. 

~·,-_· ',.:...· -'----'~;¡,;-.•-~ C~·-•-- .:....,.T~-c.:...:-' •_:_:,_~' • :, . • n.·' 
- - . .• .. . - - .• . -- ... /¡ 

IPAN CAN CAUII /,'', 

Fig. 3.5. 1 .a-Reshore instullution. Jmpro(ll!r ¡x¡sitioning of shor~ from ]loor to 
]loor may crea/e bending. stresses for which the slob was not desrgned. 1/ reshores 
or hockshor~ do not match the shores abo ve, then co/crrlate [or ·reversa/ stress es. 
General/y, the dead load srresses are sufficienl ro compensatl' for rt'vt>rsal srresses 
,·aused by rt>shorl!s. Reshores and bockshort'S must M prevented [ro m falling . 

- . ' 
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planned ro prevent ripping of lhe beam dueto unequal 
loading. 

Verlical shores must be erecred so lhat lhey cannol 
tilt, and must have firm bearing. lnclined shores nrusl 
be braced securely againsr slipping or sliding. The 
bearing ends or sh~res shouhJ be square. Cou~tt.:r.:tions 
of shore heads ro orher framing should he ade41~<llc to 
preven! rhe shores from falling oul when revcrsed 
bending causes upward deOcct ion of lhe forms (sce Fig, 
J.U.b). 

J.S.2 Centering- When centcring is used, lowering is 
generally accomplishcd by the use of sand boxes, jacks, 
or wedgcs bcnc:11li thc supporriug mcmbers: For the 
speci~l prrh'··•lls associated with lhe conslruclion of 
centering '"' toldcd piares, rhin shells. and long span 
roof srrucrures, see Secrion 6.4. 

3.5.3 Shoring for composite action between pre••i
ously eret"ted steel or concretefralning and cast-in-place 
conáete-See Secrion 6.3. 

3.6-lnspectlon and adjustment of formwork • 
3.6. 1 Befare concreting 

3.6.1.1 Telltale devices should be inslalled ·on 
shores orforms to detecl formwork movemenrs during 
concFe,ting. 

3.6.1.2 Wcdgcs used for final alignmenl before 
concrele placement should be secured in posirion be
rore the final check. 

-;Hrlr;·r..,~ infonnation ahoul form~ hdorr. duriria, an\J ;\f!l'r com:r~ins may 
be round in Rrfrrrn.:r I.J • .ud lhr t\CI Mílffli<JI ojC11n~rr1~ hnpr~·lwn, SP·2 . 

..... 

' " ' ¡:: ' . . . 

'¡~ =~ 

IIICORRRCTI •u• 'OMI waL 
IIIOT&TI' ......... Sl..oll. ,., ..... CMt 
C ... 1101 .. ._ INI"'C'*CI 1• NOf .. IMWIDIO . 

lfiC0RRaCT1 .tonac...a I'OMI ,. 
TO •tlllat •• , ..... , 110'11 ... 1. 

3.6.1.3 Formwork must be anchored to the shoros 
below so rhat movement of any part of the formwork 
sy"em will be prevenred during concreling. 

3.6.1.4 Additional elevation of formwork should 
he providcd to allow for closure of form joints, seUie
Hit'll!" of llltuhill.ot, shrinkage of lumber. amJ cla!itic 
shortening and dead load deflections or rorm mem
bcrs 

6.1.5 Posirive means of adjustment (wedges or 
j:' ks) shouiJ be provided to permil realignment or 
readjusunent of shores if se.ulement occurs~ 

3.6.2 During and after conáeting-During and after 
concrering; but before inirial set of the concrere, rhe el
cvations, camber. and plumbness of formwork systems 
should be checked, using telltale devices. 

Formwork must be continuously watched so that any 
corrective measures found necessary may be promptly 
taken. Form watchers must always work under safe 
conditions anJ should establish in advance a method of 
communication wilh placing crews in case of. emei
gcncy. 

3.7-Removal of forms and supports 
3. 7.1 Discussion-AIIhough the contractor is gener

ally rcspomihle for design, construction, and safety of 
formwork. ir is recommended that criteria for removal 
of forms or shores be specified by the engineer/archi
tecr. 

3. 7.2 Recommendations 
3.7.2.1 The engineer/architect should specify the 

minimunr srrenglh of the concrete to be attained before 

coRilaCl'. •••r.- .. ," •011• 'ltOII 
IIOUf- &l.t..Ovn" ftAS , .. , ..... 

Otl 011111.• 011111 I«M' . 

\ 
111••:1 Oll 111 

COilAICTI •• to •01111 0111 ut 
POMI ftll t.-ouGII AOTM lell 

Fig. 3.5 .l.b-Pre•·rntioll of rotation is importan/ whur thr sial> framrs into th' 
he(mr fonn on tmly o11e .~ide 
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rernoval of forms or shores. The strength may be de
termined. by tests on job-cured specimens or on the in
place concrete. The engine~r/architeet sl10uld specify_- . 

-- ··who will-makellle-specimens and who will make the 
tests. 

Rc.:sulls of such tests, as wcll as rccords of weathcr 
conditions and other pertinent information, should be 
re~:on.lcd. Depending on the circumstanccs, a minimum 
elapsed time after concrete placemrnt may bf estab 
lished for removal or !he fonnwork. 

Determination of the time of form removal should be . 
baseJ un the resulling effeet on the concrete. • When 
furt!•S ate stripped there must be no e~cessive deflee
tiun ur distortion··and no evidence or damage to the 
concrete, due either to removal of support or to the 
stripping operation (Fig. 3.7.2.1). When forms are re.· 
moved before the specilied curing is completed, mea
sures should be taken lo coíllinue the curing and pro
vide adequate thermal protection for the concrete. 
Supponing forms and shores must ·not be removed 
from beams, floors, and walls until these structural 
units are strong enough to carry their own weighl ~nd 
any approved superimposed load. In no case should 
supporting forms and shores be removed from hori
zontal members before concrete strength is al" least 70 
percent or desi¡¡n strength, as determined by field-curcd 
cylinders ·or ot_hcr approved methods, unless approved 
by the engineer/architect. 

As a general rule, the forms for columns and piers 
may be removed bdore those for beams and slabs. 

-.H:Ir(td inform:JIÍl'!l <'n •ltl:'nr,th deHk•pmcnl o( O:OIICH'Ie undtr Y_lryin_¡ 
C't'nditiorn nf re~tp~ra1ur~ ;;md ·~ilh variJ•us admi.,lurc' ma~· be rounJ 1n A.ll 
Jt1~1~· ond ,\CI .l\lt!R. • • . . 

Formwork and shoring should be constructed so each 
can be easily and s~fely removed without "impact _or 
shock to permit the concrete·to carry· its ·share of the 
load gradually and uniformly. 

3.7.2.2 Whcn licld opcrations are controllcd by thc 
engineer/an:hitecl·~ spccirications, the removal of 
fonns, supports, and protective enclosures, and the 
discontinuance of heating and curing must follow the 
requiremcnts of the contrae! documents. When stan
dard· beam or cylin<Ícr tests are uscd lo determine 
stripping times, test speeimens shg~ld be cured under 
conditions which are not more favorable than the most 
unfavorable conditions for the portions or the concrete 
which the test specimens represent. The curing records 
may serve as -!he basis on which the engineer/architect 
will determine his approval of form stripping. 

3.7.2.3 Since the mínimum stripping lime is a 
function of concrete Slrength, the preferred method of 
determining stripping time is by the use of tests of job
cured specim.ens or of the concrete in place. However, 
when the engineer/architect does not speeify mínimum 
strenglh required or concrete at the time or stripping, 
the following elapsed times may be used under ord;· 
nary conditions. The times shown represen! cumulali' 
number or days, or hours, not necessarily consecutiv 
during which the temperature of the air surrounding the 
conc~ete is above SO F. lf high-early-strength concrete 
is used, these periods me:· ' reduced as ap;·:ov• ' ·,y 
the engineer/architect. c .... versely, if ambienl temper- ·;', -.. ·;: 
atures remain below SO F, or if retarding agents are 
used, then these periods should be increased at the dis
crction.of the engineer/architect: 

~~:r.r-··. ~~-~~-----,-----,-~--~-. ...,..........._ ~;;~ .. - ~ , , :T 

Yf 

. . . 
r--=---=='-'-------------~---="----=~=--~~¡ 

IIICORRE~T& ,ORIII ANO IHOAINQ 

ITif:PP!O IN T .. l MAIIIMt:R Wlt.l CAUSII 
ITRIII ltiYilAIAI.""" T .. •ooU. STRIP. 

. .. 

·r~ 
,, 

¡" :• 

IY ITAI""'O THl MIDDLI 11"AIP 

PIAST, THI SUB Wtt.L· DULICT 
AMO lllOADID Al DISION(O. 

Fig. J.7.2. f.-Strippi11g seq"uence for rwo-"""J' slabs 
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WaJis• ................................................ : .... 12 hr 
Culumns• ................................................ 12 hr 
Si des or beams and girders• ......................... 12 hr 
Pan joist rorms' 

JO in. wide or less ............................ , .... .1 days 
Over JO in. wide ................................... 4 davs .. 

~IIU.-1111:11 h~ ;;¡1111• <uuJ Ji•~ 
luad Jt., lo~,¡ '""' ~ 
1h;~u >u•••·Tu••l thau ''''"'"ral 
titad luat.l deaU ln,ul 

Arch center< ....................... c ••••• l4 days 7 days 
Jót:'-.t. ~e-,,, .. (lr girder sorfits · 

u'ndr : ., 1'1 ·ckar span belween 
strUClural supports ................. 7 days' 4 days 
10 lo 20 fl clear span be1ween . 

.· slruciUral supports ................. 14 days' 7 days 
.Over 20 fl dear span·between 

· Slructural SUpports ................. 21 uays' 14 uays 
. One-way noor slabs . 

Under 10 rt dear span between 
structural supports .................. .4 days' J days 
10 to 20 ft dear span between 
struc1ural supurts ..................... 7 days1 4 days 
Ove1 20 ft clear span !Jet ween 
structural supporls .................. 10 days' 7days 

Two-way slab systems1 •.. Removal lime.s are <on
.' [in~enl. on reshore:. --:here rcquired, being placed as 
· -~o'¡i Js prac_liwlbl!.'_ ~.;'teT strippirig oper01tinns are ~o"m
. pltre hur·nO!:Ialer than the end of the working day in 

which stripp~·occurs. Whcrc rrshore~ are required to 
impkment cady _o;;rripping whill' minimi1.ing ~ag or t.:r~ep 
(rather than f~iÍ· ~i~trihution of superimposed conslruc· 
rio!~ loads as·co,·ercd in Section .l.8), capaciry and 
spacing of such reshores should be specified by the en· 
gineer íarchirect. 

Po;l-tensioned slab system1 ••• As soon as full post- . 
tensioning has been applied. 

3_.8-Shoring and reshoring ol mullistory 
structures 

3.8.1 Dismssion-Multistory work represents spetial 
condilions. particularly in relalion lo removal or forms 
and shores. Reuse of form· material and shorcs is an 
·obvious economy. Furthermore, !he speed or'construc~ 

. lion customary in this type of work provides the addi-
lional advantage of permitling other trades to follow 
concrcting operalions from noor to noor .as closely as. 
possible. However, the shorin¡ which supporl:i green 
concrete is necessarily supported by lower noors which 
may no! be designed for these loads. For this reason 
shoring must be provideu:ror a sufficient number of 
noors to devclop the necessary capacily to support the 
imposeu loads without. exce<Sive stre•s or deneetion. 

"Whcr(' •t~<.:h forms ;¡ho ~urrurl form,.,urk fot slab or ~:1m ,ufil•, 1~ t~· 
m~nallittr('S nf 1he lioillt'f ~h,•uiJ ltWt'fn. 

'(!1 th~ !)('IC' ,.,hi,·h \";JI\ Me rrnuncd wr1hu11t di~lurtointt h•ruriu11 or ~hurin11. 
1WI•r>r(' forrn~ ma)· ~ fl'111U"'nl ,.,¡thoutlli~turbirrll 'hmts, nw hall of .,,.¡!K, 

•h'"'rrl:>ut not lns 1han J d•)S. 
'Sce 'iet.tion l.R for ~~ial con...ti1inn• affC"t"lin¡ nunthft t•f fl1"'1>rt 10 remain 

\hmed t•r 1 il'~horrr..l. 

Reslroring and· hackshoring are procedures used to 
distribute construction load~ lhrough lhe lower noors. 
Though load distribution analysis is similar for the two, 
lhcrc are "ignifkant lliff~rencc~ in ma.gnilulle. dura. 
!ion. :t11d ti"lnint; of l"loor and _1/j:hore loaús for thc two 
p!"Ot:t'dU!l.'S. 

f-nT purposcs uf lhis discu.r:.coion the following defini-
lk'F .1piy: , 

/1)/"{'S- Vertical or iuclined support members de· 
sigr·cd to \.:arry the weight of formwork, concrete,.and 
t:otlstrurtiOn loaús above. 

Resho:·es-Shores placed snugly under a slripped 
conCrete slab or Slruclural ineml:>er after the original 
forms nm.l shores have been removed from a largc area, 
lhus requiring the new slab or structural member 10 de
nect and .support its own weight and exisling construc
tion luatls applied prior to lhe installation or !he re
shores. h i.c; ·assumed thal the rcshorc~ carry no load at 
the time of installation. Arterward, additional con-: 
structiun loads will be distributed among all members . 
connecteJ by reshores. 

Bucks.'wres-Shores placed snugly under a slripped 
concrete slab or structural member after, the original 
formwork and shores have been removed from a small 
area without allowing the slab to denect or supporl its 
owa weight or existing construction loads froin above. 
lt is assumed thal the backshores carry ihe same load 
as tliat carried by the original shores they repJace: 
Original shores ieft in place with o. withoul,remov~l of 
tne forms ac.t in the same way as backshores. Added 
construction loads will be distributed among all mem· 
bers interconnccted by backshores af1er lhe firsl lev-!1 
support at grade is removed. 

Tahle 3.8.1 compares key features or reshoring and 
backsh0ring. With backshoring, so long as the first 
leve! si.ares remain in place in contacr with grade, each 
tier of <hores must carry lhe weight of all concrete and 
construclion !oads above it. Thismay be the weight of 
sc•erai floors. Whilé reshoring remains in place at 
grade lev~l. accumulated shore lo:;ds are less because 
each slab has been permitted to carry ils own weight 
bcrore rcshnrrs wcre put in place. 

Cucc the ti<r of ba.:kshores'or 1eshores in. contact 
with grad~ has bcen removed. the assumption is made 
that lhe syslem of slabs bchaves elastically. The slabs 

. inter~ouuected by resl.ores or backshores will deflcct 

Tabla 3.8.1 - Comparlson ol reshorlng and 
backshoclng · · 

__ ;;;;:~:::::·_ - 1" :.~; ~::';..,, ., -
Do not lel sla~ delle!;t. AlltiW slah 10 denccl. ----- ---------- ·-- -----------------

. Justal! ~ad:shorr• b~f:.. ~e lrt'ilall reo;hore' wllhmu 

-~;i:i~~;~~~::~:~:·.·---1 ~:~~-~~~:~:::;~: ~·~~ 
Back shorn ha".: an Ruhorn havc no iui1ial 

~!¡~~~-=-------- _!oad. _ __ y~ 
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heavy, car< should be us.d in placing lh<s< shores so 
that the loads on the shores do not cause excessive 

equally uuring auuilion or rcmoval of loaus. Loads will 
be diSiribui<U among lhe slabs in proporlion lo 1hcir 
Jc\'eh,pcd stiffnéss. AUJitinu or rcmoval uf load.o,; may 

-·he tlue to"construction tiCtiVit)· Or lo fcm~t\'hig shorcs, 
rt.·shun·s. or ha'-·kshon.·s in thc sysll:rn. 

_ 4 puw.:hing shear Of"bending stress ·¡ñ the.Siab.-- -

J.8.2 .·ld\'lJIII~IJ.!t'S of t!Je 111'0 S_l'.\"/('11/.i 

Reshores-Stripping formw'?r k i.c; more e ... :unomically 
:-~ccomplished if all thc ma1.erial <.:~n be re111oved al lhe 
samc ti111e am..l moved fr<Hil the arca hcfnrc·placiug rc

slwrcs. Slah.c; are all~n\cd to suppt.HI lhcir own wdghl, 
lhus rcdudng th~._· load in the reshores. Rl'shoriug liSU

ally rcquircs. fe\vcr kvl'ls of intcrcunncctcJ ~labs, · thus 
. f1ceing rnnfc arC:-~s ror.othcr trades. Ncar-capacity loads 

i11 · 1 ~·-: 11"-ually t.H.:cur for shorter pcriods. 
8t~t'k5horfs--:-Strippiug of forms may be accom

rlished at an carlier age be-cause large areas of concrete 
are not rcquired to carry their own \\·eight. Ncw slabs 
t..:arry lcss loaJ. thus rcdudng thc cffet.:ls of early cree p. 
Using lhe original :;horcs in place of badshores a~oids 
lile special allenlion requircd to. asq~re that backshorcs 
a1e placcd uniformly light under lhe slab. 11 also pro
vid~s helt~r aso;;urancr that s1'10res are placed in tlte same 
p:t! rcrn on ca:..·h rlour. 

J.8.J Design- Refer 10 Chapter 2. 
J.XA 1'/acing reslwres or backslrores-When u sed in · 

this !'cction. !he \\·ort..! slwre rcfers to <:ilhá hackshores, 
fC.''!horc5, or original c;lwrcs. 

R..:.-·dlllring or b~u.:kshnriug is one of the mo'it critical 
cperation.li ill formwork: nmscq,uclltly the proceU'-:I~e 
should be pl:l.nned in ~t..h"Jih.:c ·autl sheuld be rcviewcd 
or ~pproveU P!· rhe cnginct..•ri~H·:hitect. Oper<ttions 
shouiJ t1e pcrformcd sn th~u :JI no lime will are<ls of 
nt:w ~,,:·.'nstludion he n''t"itc·d lo support cnmbincU d :tJ 

and t"\\ll'ilrucrit'n lo;1ds in c'c·.·~:o; nf lht:ir c~1pability a" 
J~..·tl'fr;,¡'¡;(c/ by,¡, ·:il:!n IPa•.l ;¡:111 •k·¡~,.·I'.'P ·de~· rete 
Slren~·lh al lhe limo or slripping 1nu resl1oring or back
"ihoring. 

In no case shuulu si10rcs be so lo~aled as lo signifi
cantly ·alter lhe paltern or stress detcrmined in lhe. 
structural anal~·sis or .. to induce tensile stresses where 
reinforcing b~us are nol provideü. Size and .. numbcr of. 

shores, and··brnci11g if re4v.ired, ·must providc a 'iUp· 
po;:ingsysteu. capable o(carrying any loads that ·may 
possibly be imposed on it. 

Where possible, shores should be localcd in 1he same 
positimt 011 Cal'IJ noor SO that lho:y will be COIIfillUOUS 

in 1 he ir supporl from floor to floor. When shurcs abo ve 
are 1101 directly <Wcr shores below, an analysis should 
be madc to determine whether or not dctrimenlal. 
Slresses are ¡Hoduced in thc slab. This condilion sel
dom occurs in reshoring because the bending s~resses 
normolly caus,d.'hy lhe offset reshores are not large 
enough lo ovércome the slress pallern thal has already 
b•:<n cstablishcd as a rcsult of the sJab carrying iiS own 
deau loau. Wh<·n backshoring is used thcr< is no ini1ial 
'itr.:-o;s pJiteru e-:tatlishL"d. Thcn:fore the stress pattcrn 
~el up t,y !he offsel backshnres bccome~ primary and 
tnay prudurc tension stresses in arcas without rcinforc
ing ba". \Vhcrc slabs are designed for light'liv< load•. 
or on. long spans whcre the loaUs on the !iihores are 

IJ'hile reslwring is under way. tw fOIISirru·tion luud') 
slwuld ht• permifled on thr nc~'' crm.\lruoion unle.u 1he 
'"'"' t'UflSirtlelion t·an suj~·fv Sllf'fWrt the con.uruclion 
loads. 

\\o'hcn placing reshores, care should be laken not w 
prcload thc lowcr noor ami alsu 1101 lo remove thc nor· 
mal dcncclion of lhc slab above. Thc reshore is simplv 
a slrut and should be lightened only lo lhc extenl lhal 
no significan! shorlening willlake place unuer load . 

3.8.5 Backshoring precawions-Stripping forms be
rore slabs are strong enóugh to carry ·their own dead 
load and. const'ruction loads abov< (if applicable) re
quires knowledgeable supcrvision and ex !reme caution. 
Care must be exercised to insure that individual shoreo; 
are not ovcrloaded during stripping. Thc folluwiug 
procedure should b< followtd during slripping and 
backshoring beam and girder construelion. The proce
dure does no/ apply /0 reshoring wlriclr requires that 
structural members be strong enough to support their 
own weight before stripping the formwork. 

The forms should be removed in such a manner lhat 
thc individual struclural incmbers are not allowed 10 
denecl and carry load. MeÍnbers wilh clear spans of 10 
fl or more should remain supponed at approximatel· 
m id- or third 4 points as a minimum. 

3.8.6 Remo val of reslroring or backs•: ··ing-Shon 
should not be remov<d until th< slab or member sup- ' ·· 
porlcd has attained sufficient strenglh to suppon all 
applied loads. Removal operations should be carrieJ 
out in accordance wilh a planncd sequence so lhat the 
strucfure supported is not subjcct ro impat..:l or loading 
eccenlricities. 

3.8. 7 Post-tensioning effects on shoring and r• , '"· 
ing-The design and plac•ment of shores, rcshore,,. ::'" ~ 
backshores for post-tensioned conslruction requ'.r .' 
more considera! ion than for normal re in forceu co01 · 
,crete.· Tlie stressing or post-len.<ioning 11eel can cause 
ovcrloads to occur in shore!:., rcshores, or backshorec; or 
other temporary supports. Tlie ·stressing sequence ap 4 

pcars to hav< the great<Sl <ffe<t. When a slab is PO''·
tcnsioned, the force in lhe tendon produces downwa;d 
load at thc bcam. lf the bcam is shorcd, lhc shori:.g 
must cilfry this auded load, Magnilude of 1hc load m"Y 
approach lh< d<ad w<ight or the colllrihutory area •>f 
the slab. lf the noor slab is tensioned befare the sup
porling beams and girders, a careful analysis or. the . 

· load lransfer to th• b<am or girder shor<s, reshores, or 
backshores will b• requir<d. 

Similar load transfef'problems occur in po<l-len

sioneu l>ridge construction. 

CHAPTER 4-MATERIALS FOR FORMWORK 
4.1 -General 

The selection of mat<rials suitable'for formwork 
should b< bas.d on maximum economy lo th< contrae
lar, consi•t<nt wilh saf<lY and the quality r<quir<d in 

.. 

·•.• 
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Tab~4.2-Form material& with dala sources • for deslgn and speclfication 

!'.~~----------- -~riocipal-~~~~~=~=-~~~-~----~--- -~ ~~~ =--~:~ -~~~~-~~~~~~-:_-:_-:_-:_~~-- -~~ ____ • 
l.umhcr 

Aluminunl· 

Rcf•.•nqil ntt'd ~n,,d 
pauel puJdu(IS' 

h1<:.ubting t-nard, 
\l(•od •.•r gL.h• tibcr 

ribcr t•r lamimued 
p3P!!'I- rr~·sscJ ltlh('o; or 
fC'tJII.; 

Corrug::úéd ~-;u Ul·oard 

Ci.mcrete 
•. 

F i t>er gla s s- rei n fo rccd 
plastk ·· 

Lellul;.u plastks 

• 

Oth('r plastics: 
polystyrene, 
polyethylene, 
polyvlnyl t.:hiCiride 

Rubbcr 
Form ties, anchors 
aud hangers 

Plaster 

C<1a1inJS 

Steel joists 

Funn framin~ •. ~hcathin[!, and •dturing 

Form sh~thing and pauels 

'Panél frarning atuJ bra~.:ing 

Hea.,.y forms am.l falsework 

Column and jni"l furmc; 

Stay-in-~•lace forms 

lightweight panels a.nd framing: hracing- :1nd h1tri
wr11al 'illt.H ing 

Form liner and shcathing. 

Star-in-pla~:c lincr~ or 'iheathin~_~; 

C'nhm•,: · ::,m1- b>:".:llll ,· .• rm<~; vt•iu !'orms for ~lab~. 
beams; tz.irc.Jcr~. ami prt-cu..;t pilr.~ 

lrH•:r u al atu.J wtJc1 ·'ilab void~; voil.ls in bt·ams anJ 
!o'Íidl'r"'/IUIIIII:liJ~ ll'il"d with ÍIIICfl1ill "t"l'2 ('f~lle" 
<.1 iii-·;IH.:r~J 

Foot it1g.~. ~la) -ir1-placc forrn~. mold" ft1r prccasl 
unil ~ 

Rcady·madc column and dome pan forms; cu\l(l!R· 

1 
.- mat.Je forms for special árchiltl"tural cffcct\ 

rorm liuina ~ud in~ulation: permanent furms· 

Form lineu·for decoralive-\.'Oncrese 

Form linintt_and void forms 
'For securin1 formwork againsa pla~;ins loads und 
pr~surn -. ' · 

Wi'\tt moldos for archilC'Ctural concrete 

Facilitoue form removal 

FormWork supporl 

Formworlr. supporl 

Cold wenther protection of ..:oncrde 

"Ameri~:tn Soflwood l. umher," PS20 
Natinnal llt,ign Spe.,:ilkatillll ftlt WoW Con
'ii!U~·tinu INH'A) 

Jl"omi 1/cmdhoolr.: U'o(.H"/ Ó\ mt f."III!.ÍIIf't>rinR. 
.Htlll'•iul. Kc:fcrence 4.3 

U'Ot/1/ SIT/Ii."IUTU{ Dt-!>1101 naru, Rdcrerh.:e 4.4 
U'ood l:'nJ?Íf't?cring, RC.fcrem:e 4.~ 

"/imher ConHmctíott /1.(unuaf. Rt'fercnce 4.6 
"Cudc fnr Eu~inccrinJ,! lko;i~n in Wnot.l''. (Can
;;rJa), t"AN3-Ul-(ti 

"t"oncrctt Forrns, ·· Referem:e 4.1 

"Comlrw:tion anJ lndu..,trial 1'1) 1\'(t\lll, ... PS 1 

"Corrcrelt> Formirrg," Refcrcnce 4.R 

"Piywond lJe-;ign Sredfk:ition." A PI\ 

Munua/ uf Stnl Con.ttructi<!"· Rderence 4.9 
Cold-Formt>d Stt't'l Dt>.tiRn ll.lanuo/, Rderence 
4.10 

"h . .:rms ftlr One· Way Com:rcte JoiM Ctlll\truc
tion," ANSI J\48.1 

"Form-; for Tw-o- Way Conc~cte Joist Construc
tion," ANSI A48.2 

"Cuúe of Standard Practic.e ror ConcreiC' Joi~t 
Con'itruction," pan of Refer~t...:e 4.1 

ASTM A 464.1 (gal\·anized ·-;teel) 

Alumúrum Cons/ru,·lion ,'Uil'IIWI, Reference 
4.11 

''M,:u-formcd Wothl Parti~..·h.•-1->t';lrtl.'' ANSI 
t\208.1 

''li:Hdhoard Cuncrt'IC 1:orm L.irrcr~.·· Ll.B
~ lfb. 

AST~1 C 5~2 (in!"ulating fornrboard) 

''A StuJy ul Cardboard Voic.h f('lf Pre .. trc~<.cd· 
Cc-m.:r-:rt• Ho.'l. S1ab.,," Rd.:r-=nce 4.12 

ACI JI~ 

"Ptcl":l!"l ConaetC' Unit'i Us.:d :.1~ Forms for 
("ao;t-in·Pia,.:e Concrete," An H7.1R 
"Rl'itr.fon:ed ·rtastic Form~ for CotJ,rete,'· R~!f
eren,.:e 4. 14 

J~l11stir l.ominole Mott>rillls. Th,~ir Prort>riH!S 
11nd Usc:~e. Ref~rcnce -'-1 1 
"C'ellular P!a!ltics in Consuu~.·tion,'' lh·fcfence 
4.11 

"(."ellular Plaslin l'or UuildinF." kclerence 
4.16 . . 

... 

Sr:e Section 2.4 for recommendcd safery fa.:1ors 

"Standard SpecinC'alion~ and Load :rabies for 
Open Web Sletl Joi.o.ts," Reference --1.1 "7 

"RC'Conunended Hurizon1al Shorin~ Beam 
Ercction Pr<X:eJure," ReferC'nce 4.18 

"Rccommended Safety ReQ~iremenn for Shor
inK Cvucrclr Formwork," H.efC'ren.:e 4.19 

l>rli,n Manual for Strut·furaJ Tubin~. Reier~ 
ence4.2U 

AL'I JU6-R; sce also "C~IIular Pla.u:ü'' 

."1 n ~ddi1ion h"l 1\CI SP«iall"ubhcation No. <4, Furmwork fM Conc,nr. Uandboot,, a~t~~l.latdt, •''$'JJKilicaltons ci1cd twre an listtd ei1hrr in C:hal"f.er 4 nfrr
rncn or {"hapter 1!1. 

"Shall be rcadily IIIIC'Idat-ole. nnnrC"ac:li"lt to concrC"It or con .. ·rdt ~.-umaiuina cllkium chloride. and pru1ec1td .a"ainq 1111hanic 1c1ion fU rtliru~ or cont:act with 'ttel. 
'Check 'urracc ructKlr .... ;:h wet c-oncrne. · ~-D 
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!he finished work. Approval by lhe engineer/ardrirecl, 
if requiretl, should l>e bascd only 011 safely and qualiry 
of finished work. Where concreie surface aesrherics are 
critica!, !he. archilect/engineer·should. inake pr~\'i>iori 
for preconstnrclion mock-ups. See Chaprcr 5 for ardri
tectural concrete provi~ions. 

4.2-Propertles ol materlals 
4.2.1 Generai-Formwork for ConcreteL 1 describt'c;: 

rhe forrnwork marerials commonly used in the United 
States and provides e.xtensive related data for form de
sign. ~1uch us~f-ul 'Pedfication and design.information 
is also ·available from manufacturerf and suppliers of 
"'"'nials. Table 4.2 indicares other srecific sources of 
dcsign and specification dala for formwork materials. 
This tabulated information should nol be interpreted to 
cxdude the use of any orher marerials which can meet 
quality amJ safety,requirements.establishcd for the fin
isheU work. 

4.2.2 Sheaihing-Shealhing is lhe supporling !ayer of 
formwork closest to rhe concrele: 11 may be in dirccl 
contact witll the co11crete orbe separated from it by a 
form liner. Sheathing consisrs· of wood. plywood, 
n'1elal, or orher materials capable of transferring lhe 
hl<Ul of thc·cuucretc lo supporting membrrs such as 
juists or studs. 

In selecting and,using these malerials, importan! 
cor;sitlerarions are: ( 1) strength; (2) sriffness; (3) re
leasc; (4) reuse and cosi per use: (~) snrface,character: 
i!-!liq imparr~d to the <..~f'ncre-le S11ch as wood grain 
transfl!r, gloss, rnint:lhiliry; (6) resistanCe to mcchani
cal d::uua¡;e, su eh as from. \'ibraiors ami ahrasion from 
sli¡,hrnlin~: (i} workiJI1ili1y for nllting, drilling, 1nd 
al!aciling fastener<: (R) adaplability lo w~ather and ex
trcm~.: (id~ condition.s, :· ;·r:rature, and moistr .;; and 
(1 0) wcighr and ea se of handling. 

4:2.3 Slruc/ural suppor/s-Strucl ural surport sys
¡ern; carry ¡he sheathing. Importan! consideralíons are: 
(1) srrength: (2) stiffness: (3) dimcmsionaiaccuracy and 
stabiliry; ,(41 workabiliry fo• culling, drilling, and al
laching fastencrs; (5) weighl; (ti) cost and tlurabilily. 

4.3-Accessorles 
4.3.1 Form lies-A forrn tie is a len'sile unit adapted 

lo holding concrete forms against rhe active rressure of 
frcshly placed plastic concrete. In general, i!consísrsor 
an inside tensile member and an externa! holding de'. 
vice, bolh made lo-specifications of various manufac
turers. Thcse manufacturers also rublísh recommcntled 
working loaJs on thc ties for use in fonn desig!•· Thcre 
are 1 wo basic types of ti e rods, the prefabricated ioJ or 
band type, and the lhreadcJ interna! disconnecling' 
rypc. Their. <uggestcd work.ing Ioads range from 1000 to 
.:>ver 50,000 lb. · 

4.3.2 Form anchors-Fnrn\' anchors aie devices used 
lo secure formwork lo previously placed concrete or 
ade4uate strenglh. The deviccs nnrmally are cmhetlded 
in thc concrete during placement. Aclualload-carrying 
capacity of rhe anchors depentls on their shape anf.l 
marerial, rl>e strenglh and lype _of concrete in which 

rhcy are embetltlcd, the area of.'contacl'berween con
cret.e antl-anchor, and the depth of embedment and lo

. _carian .in the member. Manufacturen pÜbllstldesig~ 
da! a and lcsl informar ion lO assÍSI in !he stleclion of 
propcr fonn anchor devices. 

4.3.3 Form hangers-Form hangers are deviccs used •· tu supporl formwork loatls frorn a structural steel or 
pre(.·ast concrete framework. 

4.3.4 Sidejorm spacers-A side forrn spac.er is a de
vice thal maintains the desired disrance between a ver
tical form and reinforcing bars. Both factory-made and 
job-sile fabricaled devices have been successfully used. 
Advanlages and disadvantages of lhe severa! types are 
explainctl in References 1.3, 4.1, and 4.2. 
. 4.3.5 Recommendations 

4.3.5.1 Recommentled factors of safety for ríe<, 
anchors, antl hangers· are given in Section 2.4. Yield 
poi111 of rhe material should no! be exceeded. 

4.3.5.2 The rotl or bantl rype form tie, with sup· 
plemenral provision for spreading ttie forms and a 
holding device engaging the exterior of rhe form, is !he 
common rype usetl for light construclion. 

The lhreaded interna! disconnecting lype is more 
oflen u<ed for Jormwork cin heavy conslrucrion such as 
heavv roundations, bridges, powcr houses, locks, tlams. 
aiHl ~rchiteclural con~'iete. · 

Removable portions should be of a type which can r·c· 
readily removed withoul damage to the concrete c·¡J 
which leave the smallesl practicable. holes ro be fi' ;. ,. 
Rcmovable porrions of the tie shoultl be removed un
les~ tl~e contrae! documents permit thcir remaining in 
plat·e: 

A mínimum specification for form ties should re· 
quire rhal the bearing area of exrernal holding devi<.c< 
be adcquate to prevent e~cessive bearing stress in forr:· 
lumber. ' 

4.3.5.3 Form hangers must supporr the dead loaJ 
or fonns, weight ·or concrete, and construction anU int 
pact loads. Form hangers sliould be symmetrically ar
ranged on rhe supportirig'·'mcmbcr "' minimize rwi,ting . 
or rotal ion of supporting members. 

4.3.5.4 Where the concrete surface is to be e.x
posed and appearance is iínporlanl, the pioper rype of 
fL,rin tie or hanger lhal will nol leave exposed mera! at 
the ·~urface is essential. Otherwi.sc, noncorro,ive mate· 
rials should,be used when tie hales are left unpatchcd, 
cxposing the tie to the elements. 

4.4-Form coallngs and release agents 
· 4.4.1 Cotiliugs-Form' coalings "' sealers are usually 

applietl in liquid form ro conracl surfaces eirher tluring 
manufacture or in the field lo serve one or more of rhc 
following purposes: 

a. Alter the texturé of the contacl surface. 
b. lmprove the durablity or the conlacl surface. 
c. To facilitare release from concrere during srrip· 

ping. . 
d. Seal the conlacl surface from intrusion of mois

turé·. 

' .. 



3ot7A·18 AC1 COMiiñ'feE 
1 
R EPORT 

4.4.2 Rell~ase agents-Form release· agents are ap
plied to the form contact surfaces to preven! bond and 
thus .facilitate stripping. They may be applied perma
nently to. form materials in manufacture or applied to 
thc form before each use. When applying in the fiel<!, 
be careful to avoid coating allja..:cnr const nu.:t ion joiut 
surfaces or reinforcing steel. 

4.4:3 Afanufacturers' recommendatiolls-Manufac
turers' recommend:uions should be followed in the use 
of coatings, sealers, and release agcnts, but indepen· 
dent'investigation of their performance is recom· 
mendcd bcfore '"•· Where surface treatments such as 
paint, ·tik "•llte,j,·e, sealers, or other·coatings are to be 
applied ''' r," tucd concrete sur faces, be sur e that adhe· 
sion of sudt surface treatments will not be impaired or 
prevented by use of the coating,•sealers, or release 
agent. Also, bonding of subsequent concrete place· 
ments must be considered .. 

4.5-Relerences 
4.1; ''Manual of Standard Practic~. '' 24th Edition, Clmcrttc Rt'in

for..:ing St,:el 1i1.~titute, S.:haurnburg, 1983, 82 pp, 
· .r,:;._ RanJall, Frank A., Jr ., and Counois, Peter L>., "Side Form 

Spa'ccro;," ACI iolJRNAl, Proc:eedings V. 73. N_u. 2. Feb. 1976, pp. 
116-1.!0. . 

· 4.3. lhwrllla11dhor,k: Wcmd a., an EIIRill~l'rinll Mutt•ria/, Agri .. ·tii
IUH' ll;.mJb~·ok Nu. n. Fvre~t l'rodm.H Lab~'ratory, u.s. Dcparl· 
ment of Agriculturc, IIJ74, 421 pp. lA"aii_.IJie rrom U.S. ÜO\'C'fll· 
ment Priming Office. Washin¡ton, D.C.). 

4.4. U'nod Snuctural Df!.'il!" ,Dula, N~ti('!nal fnrest F> ·'m.:ls As· 
~ociatittn, W;.r~hiu¡ihm, O .C., 1918, 2Jb rP· ·1 

4.~. tiurfinkcl. nt·rman. n·,,,·,¡ En.f!illf'crirt.f!!, Kemlall llunt Pub
lishing Co., Dubuqu,·. IIIR 1, 5n I'P· 

.\.(!. :\t·H:rk;w lchlitutt' .. r l'iwb._., Ct.m·.t~u..:~ion, rimht•r Coit
ltruc:ion .\f¡t!rtwf, .lrJ Editiou, J1.1IU1 Wiley & :.,,no;, Ncw Yt."rk. 19~h. 
~J(, pp. • . 

4. 7. ''CI'IIu:rclr Form< '' \\'\'stcr'n \\'o,•d Prollm:l~ 1\Ssl•• i<uion .. 
Ponland. Oregon. 

1 
4.~. "Concrete Fonning," American Plywood A~~ociation. Ta- · 

.:0ma. 191U. 
4.9. ,\fum1u/ of Slrf"Í Cun.ftructi~. 8th Edilion, American lnstilule 

0f Steel C0u~rruction. C'hi~o:ago,l980, 804 pp. . , .. . 
4.10.- Cold-Formt'd Srtt•l ~.~iRn Manual.' Am~ricoin lron arld Steel 

ln~ti1u1e, New York. - ·· ' ¿·. .~.· · 

J. 11. A lumimmt Cwt.Hruction Mont~al, Aluminuin A!!~ocilulon, 
New Ywk. , -. ·· 

4.12. Ziverto;, Gc0r8,c J., "A sÍÜdy. of Cardboaid .. Yoids ror l're- · 
stre~o;ed C'om:nt~ Ro~ Slab,, '' ioúrnát, · P~trnsed Concrete lnsti
tule, V. 9. No. J, Juno 1964, pp. 1\6.9). and .V. 9, No. 4, Aug. 1%4. 
'pp, JJ.fo8. . . ,;·,,~ . . 

4:13. Zi11ert~. George J., "Reinrorced Pla'Jtlé:~Form5 for Con
crete," Pmu•t•dinRs. 2 hl Annual Mcctin¡, Societ:j o( the Plastics 1,._. 
dustry, New. '1'ork, 1966. . 

4.14. Uer~l·h, Norman E., l'fustic Laminutr Mat"ialf, Th~ir l'mp-
t'rtirJ .. 11d Usakt, Fost.:r Publishin¡_Co .. tona Beach, Cal.ir. ... ;. !:i. 

4.1 !t. "Cellular Pla~riclli in Constí-Uciion·~ '' Uirildina Materials 
Committet. Cellular Pla!itic5 Oivi~ion, sOci~Y of thc Plao;lics lndú's· 
try, New York. . ' 

4.16. Cellular Plastics for Buildina.'' DiJnt.J 93 and 94, Buildlna·· 
Re~ear~h ~'rtli"n, Ganlt'll, Wa1ford, May and June 1968. (A11aüable 
fl\ll:l Her ~.!Jj..:Sty's Slationery Orfice, london) .. ·, .. ; , .. · 

..J.I'i. ··~,-1udard S('C,.:ificacions 8nd load T8bles f0r Opcn Wcb 
Srf'd Jt,i~r~." Strcl Joi~l lnslilUte. Artingtnn, Va.' . • 

t.l8. "Recouunendcd UoriT.ontal Shorinl llcam (;ra:linn Proc~
du~e:· s~afrolding. Shmint:. and ForminalnMilult, Cll"\lehand. 

4.19. ''N~commendcd Safety Requiremeots for Shuliua Concre~e 
r.:•rmwork," s~arfoldina. Shorina. and Fofmi~llnSlilutc, Clc~c-. 
laud. 

4.20: D~ign Mariual for Slruciural TubinR. Commiuee or St«l 
Pipe Producen, American lron and Steelln5lilute, New York, 1974, 
111 pp, 

CHAPTER 5-ARCHITECTURAL CONCRETE 
5.1-· 'ntroduction 

'· 1 Objective-General requirements for form· 
\\· . k presented in preceding chapters fo(, the most part 
ab· • apply tu ardlitectural concrete. Auditiónal infor
mation is av~ilable in ACI 301 R. 

This chapter identifies and emphasizes additional 
factors that may have a critica! innuence on formwork 
for cast·in·place architectural concrete. Tilt-up and 
otheJ types of precast architectural concrete are not 
considered here. 

5.1.2 Dejinitiun-1\rchitectural concrete is defined as 
coru.:rctc tho1t is cxposcd as an interior or txtcrior sur· 
facc in the complcted struc.ture, definitely contributes to 
its visual character, and is specially designated as such 
in the contrae! docllments. Particular care must be 
taken in the selection of materials for and in the design 
and construction of· the formw'ork, ·as well as in the 
placing and consolidation of such concrete, to elimi· 
nate hulges, offscts, or other unsightly features in the 
finishcu surfacc atÍu to maintain the integrity of the 
surface texture or configuration. The character of the 
concrete surface to be produced must _also be consid·· 
ercd ·when thc fonn materials are sclected. Sp.cial at: 
tention should be given to closure techniques, conceal· 
nicnt of joints in formwórk materials, and lo the seal· 
iug of forms to make them watertight. 

5.1.3 Fuctors in addition to formwork-Many fac· 
tors other .than fórmwork affect the architectural ef· 
fects achieved in concrete surfaces. Thev start at the 
design stage and carry through lo the co;,plot"ed proj· 
ect. Factors affecting the concrete can also include the 
mix design or aggregate, the method of placing the 
coru:retc, and the consolidation technique. Chemicals 
r••Y ha;·e an•effect on the final ¡:oroduct, whether used 
as additivcs in thc mix; applied <.lit\.!ctly to the concrete, 
such as Curing compounds; or ap~ied indirectly. such 
as form release agents. Even after the structure is com· 
pleted; wcather and air pollu¡iou will arrect the appeur· 
ance oftl;e.concrete. These as well as other innucncing 
factors must be identified and their dfects evaluated 
during the iniÍial design stages. However, the single 
most importan!. factor fór success of an architectural 
concrete job is good workmanship. 

5.1.4 Uniform construction procedures-A major 
objective ~f architectural concrete is to obtain uni
formity or color and surface fini.ih. The best way for 
the contracior to ·achieve this uniformity is to be con
sisten! in all construciion practices. Forming materials 
Juusi be kepl tbe same. ~ 1Cicalc a¡~:uts must be ap· 
plied uniformly an¡l consistently. Placement and con
solidatiou of the concrete should be· standardizcd so 
that unifonn density is achieved. Stripping and curing 
sequences musí be held constant throughout 1 he wor i< 
to control color'variations. · 52. 

li; .. 
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5.2-Role ol the architect 
5.2.1 Prep/anning-Much architectural concrete is 

also structural, but the quality ofsurf_a_c.!' gcnerally_de, __ _ 
- --- -·-·sired'for-arcliitectural concrete is of a di fferent lcvcl 

from that which ¡~ ~atisfactory for ~tructural con¡;rctc, 
and is therefor~ more costly. TltC "art.:hitcct who kccps 
abreast of the state of the ari in forming amJ concrete 
tcchnology can use this information during thc dcsign 
process to keep his·plans in line with the budgcl for the 
structurc. lutrh:acies and irregularities may be costly far 
out of proportion to rheir e,c;thetic contriburion. Por 
econPrny, the architect can make form reuse possible by 
standardizing building elements such as columns, 
bca""· windows, and by making uninterrupted form 
creas the same size wherever possible to facilitare use of 
standard form gangs or modules. lncreased size of 
these uninterrupted areas will contribute ro fonning 
economy. A prebid conference with qualified contrac
tors will br(n'g out many practica! considerations before 
the design is finalized. 

5.2.2 Contract documents a11d advance appro•·als
The archited should prepare contract dOcurncuts that 
fully inslruct the biddcr as to the location and dcsired 
appearance of architectural surfaces, as well as other. 
specific rcquirements listed in Sections 5.2.J through 
5.2 . .7. On major work this is frequently achicvcd by 
spccifying a preconstruction mockup prepared and fin-· 
ishcd by the contractor for arproval by the a,r_chitcct' 
using pronosed form maferials. jointing techniques, 
J.nd form surface treatmeut~. ~uch as welting, oiling, or 
IJ . ...;quL'ring. Once sw.:h.a llhH.:kup has bcen completcd tO 
rhe satisfa·.:tion of tliL' an.:ltitcrt. it rcmains at the site 
fo1 thc tlurat;ou of tht.• wu1 ~ as a slandan.l ~·ith Y. •dch 
rhe rt:"i,of the work mTI."t-comply. 

.IJcsign referen..:e samples-smaller spcd111ens ., i con: 
crcte with the proposeu surface appearancc--may also 
be created for approval of the architect. Samples like 
these, kept at the job site for reference, are not as good 
as a full-scale rnockur but may be helpfrrL Samples 
should .be large enough to adequately represen! the sur-

. . fJce of tire r~· .. ·•etc. lf the samples are to be used a< a· 
basls for acceptan_ce, s~veral should be made to repre~ 
sent the variatiop that ·may occur in the finish. 

1 n t he absenc~- of physical' mockups or reference 
. samrles, it m ay be helpful· to specify viewing cnndi

t ions under which thc concrete sur faces "ill be evalu
ated for compliancc with the specifications. 

5.2.3 Tolerances-The architect should specify di
-mensional tokrances <=onsidered essential ro successfui' 
c,c.:ution of thc design. ACI 117 can be consulted, but 
tire arciritect must realile that the tolerances therein are 
for concrete construction in general. and more .restric· 
tive tolerJnces may be required for architectural work. 
No numerical limits are suggested here ~ince ihe tcx· 
turc, lighting. and configuration of surfaces will all 
ha vean inOuence. 

5.2.4· Camher-Tire buildcr can be exf'('cted to cam
bcr forrns to 'urrrpensate for deflection of the forms 
thernselves during·construction. However, the architect 
rnust specify any additionaJ·camber required to com-

pensare f~n structural deflection or ortical sag (the il
lusion that a perfectly horizontal long span menrber is 

.sagging). The architect should be- awarc th.at--ii is cus_- -

tomary to check horizontal members for compliarrce 
with tulcrances befare rcmoval of forms and shorcs. 

5.2.5 Joints and details-Location, nurrrbcr, and dc
tails of such items as openings, contra\.'tion joints, con
struction joints, and. expansion joints should be. ;hown 
on the dcsign drawings or the architect should ~pecify a 
rcview of the proposed location of all of these details a' 
shown on the formwork drawings. • Since-it is impossi· 
ble to disguise the presence of joints in the form fa ce. 
it is importan! for their positions to be predetermined 
and if possible planned as part of the architectural ef
fecL 

The architect can plan joint locations between sur
face areas on a scale and module suitable to 'rhe size of 
available materials and rrevailing construction prac· 

· · tiées. lf this is not esthetically satisfactory, dummy 
joints can be introduced ·to give a smaller pattern. Ac
tual joints between sheathing materials can be masked 
by rneans of rustication strips (splayed fillets) attachcd 
to the form face. Rustication strips at horizontal and 
vertical conslruction joints can also create crisp edges 
accented by shadow lines instead of the potential rag
gcd edgc of a construction joint ·lcft exposed to fu:· 
view. ,_ 

Sometimes construction joints in beams can bé co· 
cealed above the support columns, arrd joints in nn"' -: 
above their supporting beams instead of in the nrore 
customary regions of low shear. . 

5.2.6 Ties and inserts-Form ties and a<:company'.rr~ 
tic holcs are an alrnost inescapable pan of wall 'ur
facc<:. Rccognizing this, archit-:cts frequcJltly intcgr:ue 
tic hules inlo the visual design quality of ~he surface. lf 
this is planned and any effects or materials othcr '''''" 
those provided in Section ~.3.4 are d~sirt>d, "they sh _¡;l) 

be clearly spe"ified asto both location and type. 
Wherc tie holcs are lo be patched or filled, th·: are! •. 

tect should specify the treatment desired unless it :,,, 
been shown on the preconsr.ruction OHH.:kup . 

5.2.7 COver ove.r reinfúrdng steei-Adequatc C'""'"<'r 
ovrr reinforcement a; requir~U· by ,codes is nceJt:d r,~~ 
protet'lioit of sleel and long-term duiability ui tho c·w
crete. Proper reinforceilicnt properly locateJ is impor
tan! in control of surface cracking. For pusitive assur
ance of maintaining requircd CO\'er, it i.s recommc1H.IcJ 
that the architect specify appropriate sidc forrn spacecs 
as defined in Section 4.3.4. 

There is no advantage in spccifying more cov(T th:u; 
required by code. since excessi\'e cover e<JIJ pcrmit ii_J

crca~.ed cracking. Howcver. the architect must Sf>ecify 
suffkient cover to allow for arry reduction that will r<·

sult from incorporation of grooves or indcnted detail; 
arrd from surface treatments _,uch as aggregate exro
sure and tooliñg. The muimum thiüness of arry mn
tcrial ro be removed should be added to basic requircc 
covcr. 

.. ·--
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5.3-Materials and accessories 
5.3.1 Sheathing or form /acirrg-Architectural con

crete form sheathing must be of appropriate quality to 
maintain uniformity of concrete surfaces through mol
tiple uses, and to control denection "il hin appropriatc 
limits. Plywood, steel, glass-fioer ·rcinforccd plastic, 
and aluminum may all be suitable as shealhi11g or fal.·
ing materials.' Sclcct the grade or dnss or rnateri'l 
needed for pressure. framing, and dt>fh:ction rcquirc
menrs. Be su re thal ,the cho~cn lllah .. ·rial mects thl" spcc
ific3tion requirernents for concrete surface textl!rc. 
Procedures for conlrolfing rusting of steel must be 
carefully fol' ·".d. 

S.J.l S, ........ ~l.framing-Form fncing can be sup
. ported wi1L 1umt'ler, steel. or aluminum membcrs 
straight and rigid enough to meet the architectural 
sp~cifications. 

S.J.J Form liners-A form lincr is a material, not 
structurally requircd, alta~hcd lo !he insiJc face or the 
form to alter or improve surface tcxture or quality of·. 
the concrete. Wood, rigid plastic, <lastomúic rnate
rials, and glass-fiber-reinforced plastics are nll suitable 
liner·materials when carefully detailed and fabricatcd. 
Plastics must be handled and assembled with care to 
avoid distortion caused by dnily temper,ture cycles at 
the job site. 

5.3.4 Form ties-Forrn. tie assernblies for architec
tural cc-ncrcte should permit tightenirrg of form; and be 
of ~uch rype as to lea ve 110 metal doser lo the su1 .face 
th~m-1 ~-í in. for stect t_i!:S :11u.J 1 in. for staiukss ·steel 
ties. Thev shnuld not he fir!ed wilh lugs, eones, wash
ers, 'or other devices that will kav~ deprcssions in the 
concrete k-;s than tiil' di~Hndcr of th ... , dcvicc unlcss 
otherwise spedfied. Ties .<hould be tiglrt fitting or hules 
sealed to prevént leakat:;: at thc huir~ i11 r_hc furn1. lf 
tcxtured surfaces are to be formerl, ties shoÍJid becare
fully evaluated asto fil, pattern, grout leakage, andes-
1 het ics. . 

5 . .1.5 SHie form s¡wcers-Side form spacérs; as de· 
fined in Section 4.3.4: are particularlyimportant in ar
ch~tcctural conCrete to maintaiu adcquate cover over 
rt'infvrL·ing steel and pr~v..:nt devt"lopmeiat of rusl 
sireaking on concrete .surraces. Plastic, plUstic-pto
teued, rubber-tipped, or other noncorroding spacers 
mu\t be al,tach.eu to the rei1Ífoicing har so.t:;at thc1. Ju 
;IOt beco)lllC dislodgcd during concrete placrrnenl and 
vibiation. The number and location of 1he side form 
spacers must be adequate for job conditions._However, 
they should nevcr be mvre rhan 6ft on centers, and al
ways stHggered. 

5.4-Deslgn 
5.4,,1 Special considerutions-The general procedure 

wdl follow principies outlincd in Chapter 2. Howrver, 
1 he r orm designer will frc<¡uemly ha ve lirllilalior\S im
P•"CJ by the architectural design. S0me or these cou
siJci~Hions are: tie spadng and size, form facing prcf· 
ere:uccs, lol:ation and special treatmenl of form joincs, 

: srccial tolcranccs, and use of admixtures. Since tlrese 

factor< can innucnce form design, they must be fully 
reviewcd al the beginning ... 

5.4.2 Lateral pressure of concre/e-Architectural 
concrcle may be subjectéd to. exiernal vibration, revi
bration. sct rclardants, superplasticizcrs, and slumps 
grcatcr than llrosc assurned for determining the lateral 
I"C<>~rre a.< notc<l in Scction 2.2.2. Particular care must 
be c· ·ised ;n_lhese cases to desigu the foru•, for lhe 
inr' .~d lateral pressures a.rising from the aforemc_n· 
t i• J suurces as noted in Section 2.2.2. 

5A.J Strilctural consideration.s-Since denections in 
the contact surface of the formwork ren~t directly in 
finished s~rfaces under varying light conditions, forms 
fur architectural concrete must be designed carefully lo 
minimize deflections. Deflections may govern design 
rather than bending (nexural stress) or horizontal shear. 
·Defleclions of slreathing, studs, and wales should be 
designed so tlrat tire finished surface meets the archi-. 
tectural spccifkations. Wood forms bow with reuse, 
and henée more bulging will be renected in the surface 
formed after several uses. This effect should be consid
ereJ when <lcsigning wood forms. 

Whcn tie size and spacing are limited by the archi
tect, 1he form designer may have to rrverse the usual 
proccdure to arrive at a balanced form design. Given · 
the capacity of the available tic and the area it sup
pol ,,, lre can find the allowable pressure, design sup-
porting members, and establish a rate or placing. 

Where wood r:rms ar~ used, stress-graded lumber 
¡or equivalen!) free or twists and warps should be u.,cd 
for struclural members. Fonn material should be sized 
and positioned to preven! denections detrimentalto the 
;trtfaccs formed. Joinls of shealhing materials should 
be backed with .<tructural member> to prevent offsets. 

5.4.4 Tie and re-ancltor design-Tic layout should be 
planned. If the holes are to be exposed as part of the 
architectural concrete, tie placement should be sym
metrical with tire inember formed. lf tie holes are not 
to be exposcd, ties should be locatcd at rus!iration 
marks, control joints, or other point< where t he visual 
errc~t will be minimized .. 

-Extcrl\ally br aced forms m¡¡y be u sed instead of any 
or tire above mentioned metliods t'o avoid objection
nble blcmishrs in the finished surface. 'Howevcr, e•ter
nally braced forrns may be 'inore difficull and more 
costly to build. , 

Consi<.leration should be given to re-anchoring forrros 
into preceding or adjacenl pours to achieve a tight fit 
and preven! grout leakage at these points. Ties shfluld 
be located within 18 in. of the construction joint wher· 
ever possib1e to facilitate re-anchoring the form to ad
jacent poun. Sheathing should not overlap the adja
cent pour by more than 1 \lí in. 

5.4.5 Joints and details-1n architectural concrc•e; 
joints should, where feasible, be 1ocated at the junction 
ur the formwmk panels, At contraction or. con.rruc
tion joints, rustication strip~ should be pro;·idcd and 
fasteued to the race or fonns. 

Corners should be carefully detai1ed lo preven! grout 
leaka¡¡e. Sharp corners should, wherever possible, be ' sy 
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· eliminated by the use of chamfer strlps. 
5.4.6 Tol<'ranc<'s-The form designer mus! check for 

specified dimensional tolerances thal may have.a bear---
-.-~- ing·on·whaCdeneC!ioñscan be permilled when de•ign

ing the forms. lf nospecialtolerances are given. the 
form designer m ay use ACI 1 17 tOicrauerc: ro~ st ruc
lural concrete. 

1 -

5.5-Construction 
S.S.l Generai-Forms should be carefully buill to 

resisl thc pressures 10 which they will be subjected and 
ti) lilllit dcnef..:tions toa practicable minimum within the 
llll,; .LIH.:CS .spedfied. 

Jvints in structural members should be kepl to a 
minimum, and where. necessary, should be suitably 
spliced or otherwise·constructed so as lo maintain con
tinuity. 

Pour pockets for vibrating or placing concrete should · 
be planned to facilitate careful placement and consoli
dation of the concrete to preven! segregation,' honey-
comb, sanding, or cold joints in the concrete. · 

Attachment of inserts, rustication strips, ornamental 
reliefs, etc., should be pianned so that forms may be 
removed wilhout exerting pressure on these attach
m~nts. 

W he re special forming systems are specified by the 
engineer for structural purposes (such as one-way and 
l\';(>-way joisl sysletns) in areas that are considered ar
' .tectural, thc archited and engineer should coordi
nate thoir requir~mcnts lo be sure the architectural ef
fcct is consistenl (01 be sure the architectural errect is 
consisten! with thc forming method and material ;pec
ified. 

Forms which are to·be reused should be carco.•lly in
spected after each use to assure lhat thcy have not be
come damaged, distorted, disassembled, or· otherwise 
unable 10 perfonn as designed. 

S.S.2 Sheathing and jointin¡¡-Coniact surfaces of 
the formwork should be carefully installed to produce 
neal and symmetrical joint patterns unless otheiwise 

·.specified. Joints should be either vertical or horizontal 
and, where possible,.should be staggcred so asto main
tain structural continuity. 

N ailing should be done. with care using hammers with 
smooth and well-dressed heads to prevent · marring of 
the form surfaces. Box nails should be uscd when re
quired on the conta~t surface and·should be placed in a 
ueat pattern. 
· Wherever possible, sbeathing. or. panel joints should 
be positioned at rustication strips or other embedded 
features which may conceal or minimize lhe joint. 

Where construction joints are necessary, they,should 
be. formed with a grade strip al!achcd to ·tbe form to 
define a clean straight line '"' ihe joint or the rormed 
surlace. Eormwork sbould be tightened at a eonstruc
lion joint berore the next placement to prevent seepage. 
of water bdween the form and previously placed con
crete surfaces. 

Atchitectural concrete forms should be leakproof. 

One method to preven! loss of water from the concrete 
al !he joints between sections or the formwork and at 

. construction jointi-is io. attach a gas k e! of nexible ma
terial lo the edge of each .panel. The gasket is com
préssed when the rormwork is assembled or placed 
againsl thc exi.'iling concrete. 

Tcxtured surfaces on multi-lirt constructi!n should 
be separated with rustication strips or broad reveals be
cause accumulation or construction toleranccs and/or 

. random textures prevent texture matching. Furthcr
more, the grout sea! between the bottom of a textured 
liner and the top or lhe previous pour is impractical 
without the rustication strip. 

5.S.J Cleaning, coating, and release agents-Form 
coatings or releasing agents should be applied befare 
reinforcing steel is placed and should be applied carc
fully to avoid contacting adjacent construction joints .... r 
reinforcing. No form coating should be used unleS> ·t 

can be guaranteed not to stain the concrete or imp:-tir 
the adhesion of paints or other intended surface treat
ments. 

.·Form scalers should be tested to assure that they will 
not adversely affect the.texture or the form.lining ma
terial. 

Ties that are to be pulled from the wall mcsl be 
coated with nonstaining bond breaker or encased in 
sleeves lO racilitate removal. 

Forms shoul<l be carerully cleaned and ·repaired be- · 
tween uses to prevent deterioration of the quality · 
surface formtd. Film or splatter of hardened· cene• ··• · 
should be thoroughly removed. 

5.5.4 Orname11/a/ liners and detaii-Orname<lla! 
concrete usually is formed by elastomeric molds or 
wood, plastic, or plaster waste molds. ll.lembers mak
ing up wood molds should be kerfed on the back wher
ever such members may become wedged between pro
jections in the ornáment. Molds must he so conslructcd 
that joints will no.t be opened by slight movomc:~t or 
swelling of the wood. Joinls in the mo.lds should : '' 
mad~ inconspicuou·s by poi!!ting. 

The molds should be carcfully .•et in the forme anJ 
securely held in position to reproduce the dcsign ;h.;wn 
on the drawings. Where woo<.l forms adjoin molds, the 
wood sh01lid be neatly fit•ed to the pmrile o.f the n:old 
and· al/ joúus should be carcrully point<d. Thc m,dJs 
and the adjacenl wood forms should be so detailed 1 hat 
the wood forms can be suipped "ithout distllfbing the 
molds. A slight drart on the edge of molds or pallorn 
strips should be provided to permit removing the detall 
material without damaging the concrete. Special provi
sions should be made for early form remm·al and/or 
rctardation whcn sandblasting, wire bmshing, or othct 
lrcalments are requircd. 

f'orm linees should be a11ached se.:t~rely "ith fas· 
teners or glue recommended b)' the mannfacrurcr. Thc 
rorm behind the liner should be sound to hold the ras· 
teners. When gluing, the sur faces should be cleaneJ and. 
dried thoroughly so that the glue will bond. Do not use 
glue at temperatures lower than those recommended by 
the manura"urer. 

.. 
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5.6-Form removal 
5.6.1 A .-oiding dumag~-When concrete surfaces are 

· lo be lefl as cast, it is importan! not to damage or scar 
the concrete face duritÍg stripping. Forms shoulil be 
supported so that thcy do not fall back or against thc 
architCctural surfacc; Tite use of pry bars and nthl't 

strippiijg tools should be strictiy sl;pervised. In 110 case 
should pry bars be placed directly a~ainslthe concrete. 
E_·,eri the use of wood or rila.'it ic wcUges dc..H:s nof insurc 
that damage will. not occur. 

Once fonnw(lJk is remu"·ed, the archirectural sur
fac:es IIHI'-! be .,i-otccted from continuing construction 
orc!atio!: 

5.6.2 Crlllcrete strength-lt is desirable for architcc
tural concrete to .ha ve a higher compressive strength 
than normal for stripping. This can be accomplished by 
adjusting lhe·mix proportions or leaving fonns ·¡n place 
longcr. lf concrel$: is no! strong enuugh lo overrnmc 

· lhe adhesion between the form sur face and the con
crete, concrete may scale or spall. Thus, a good quality 
surface might require !he forms to stay in place longer. 
However, the longer the forms slay in place, the darkcr 
the concrete will become. rlte architect!engineer should 
specify what concrete strength is requirl!d beforc: srrip
pin~ can cake pla~..·c. 

5.6.3 Unif"rmity-To insure surface quality, uni
formity in stripping time and curing pra..::tices ís essen~ 
!tal. Where !he objective is to produce as consistcnt an 

·~- . ~rrearance as possible, it \,·ill be bcnefkial lo protect 
.ihc concrete during its· car':·· lifc hy ·lcaving thc form
w~..nk in place som•.;wltat lunge1 llmn normal. Early ex
pes u re of corH.'fc·te to tht: ai1 arr~..·cts thc manner in 

which the surface úr~cs. The ambicul conditions can 
lhus influcnc~'th~ cveuLUal color uf {1¡1! ~Oili..TctC:. 

5.6.4 A voiding tltermal sltock-Coid weather con
creling requires lhat special atlention be paid lo the 
sudden lemperature change of concrete. To avoid ther
mal shock and consequent crazing of the concrete sur
¡ ace, the changc in temperature of lhc concrete should 
be. controllcd within the limils outlined in ACI 303R. 

· This· can be accumplishcd hy heating th.: wnrk area, 
·. kaviug thc fon,Jis in pla~.:c in on.lcr to contllin lhc hc~t 

of hydrJtion. or by insulaling the·cuncrele afler !he 
form> have bccn removed (see ACI 306R). 

CHAPTER 6-SPECIAL STRUCTURES 
6.1-Discusslon 

·In ~eneral, formwork for all slruclures shonld be.de
•ign .d. constructed, and maintained in accordance wilh 
recommcndations. in;Chapters 1 lhrough 4. This section 
deals with the additional rcquirements for formwork 
fnr several special classes of work. Allention is direclect 
:;, i\CI J44R for inr\1rm~tion on design and construc-
1 ion of circular p~estressed ..:oncr~te structures. 

6.2-E·Idges and viaducts, includlng hlgh plers 
6.2.1 Oiscussion-For bridges, the conslruclion and 

removal of formwork mus! be planned in advan~e. 
hmns ami supports should be sufficienlly rigid 10 as
surc thal the finished structure will fulfill its intended 

structural function and thal exposed concrete finishes 
will prescnt a pleasing appearance lo !he public. 

6.2.2 Shoring and cen/ering-Follów recommended 
prnclice in Sections 3.5 and 3.7 for erection and rr
nwval. In continuou~ ~tructures, .c;u¡-.port shoí.Jid not be 
rdl~:1~1..·d iu.rlfly sp::111 until thc first an<.l sccont..l ::u.Jjoin
ing ~~ •1s on cach side have reached rhe specified 
st rl',. 

.J Form.s-Forms may be o(any of a large num
ber .• r !naleriair, but most com ·F.lnly wood or metal. 
They muc,t be built mortar-tighl of sound matedal suf
ficiently strong to preven! distórtion during placing and 
curing of the concrete. · 

6.3-Structures deslgned for composite actlon 
6.3.1 Recommendations-Slructures or members !ha! 

are designed so that the concrete porlions act compos
itcly with othcr rnaterials or with othcr parts of the 
strueture presenl special problems of forming which 
should be anticipated in !he design of the slructure. 
Requirements for sitoring or other deflection control of 
thc formwork should be clearly presented by the engi
neer/architect in the specifications. Where successive 
placements are lo acl composilely in the completed 
slructure, deflection conlrol becomes exlremely crili· 
cal. . 

Shoring, with or without.cambering of porlions of 
the struct~rc during placemenl and curing of the con
crete, shc .. ~':l be analvzed .s.;oqrately for !he effects of 
dead loa .. of newly. plac.:d concrele and for the effect 
of other construction loads thal may be imposed be· 
fore !he concrete auains ils design strenglh: 

6.3.2 Design-Formwork members and shores should 
be dcsi~ncd lo limil denections to a practica! mínimum 
consisten! with the slruclural·meonber being con
structed .. 

Where camber is specified for previouslv installed 
components of the str~·.:LUre, allowance shOuld be made 
for !he resultan! preloading of lhe shores before appli
cation of the dead load of concrete. 

·¡n. members constructed in severa! ~uccessive place
mcnts, such as box girder stru.ctures, formwork· com
ponenls should be sized, positioncd, and/or supported 
lo minimize progressive increases in deflection of !he 
structure which would excessively preload the reinforc
ing sleel or other portions of the composite member. 

In muhistory work where •horing of composite 
memben ¡,, roquired, considera! ion should be given to 

. the number of stories of shores nccessary, in conjunc
lion wilh the speed of ~onstruction and concrete 

. strcngths, :o minimize dellections due to succcssive. 
loadings. Distinction should be made in such analyses 
for shores posted to relativelv unyielding support suoh 
as foundations instead or to slructures or men,bers al-

. ·ready in elastic supporl (see ~tion 3.8). 
Compa.ite consiructinn may have heams of rela

lively light·cross seclion that are fully adeq11a1e when 
consuuclion is complete. However, during construc
tion these beams may not be laterally supported lly the 
formwork, leaving lhem with a high slenderness ratio 
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din¡¡ uocuments as a basi! for the design of the forming 
and surport systern 10 be u sed by t he contractor. 

and rcduced beam strength. The ensincer/architcct 
slio~ld alert the contractor to this problem in general 
notes on thc structural drawings or in notes on appli-

__ cable drawings.when this-condition ·exists; ·The form -. 
designer should be alert to 1 his ¡mssibilit y and rrovide 
c;l1oring' or larer•1l support wlu:rc lll~cd~d. 

6.3.3 Erection-Coustruction and/or crcclion of 
formwork for· compo~ite construction folluws basic 
recommendations contained in Chapter 3. Shoring of 
mcmbcrs that will act compositcly with rhe concrete t · • 

be placed should be. done with great care to assurc suf
fident bearing, rigidity, and tightneu so asto prevent 
seltlement or deflections beyond allowable limits. · 
\Vc,lgcs. shims. jacks, ele., should be provided to per
mit .tujustment if rcquired before or during concreting 
us wcll as to permit removal without jarring or impact 
of the completed construction. Provision should be 
made fur readily checking the aci:uracy of position and 
grade during placement. F.ven though adjustment of 
forms may be possible during or aft<r the pour, it is not 
rccommended. Any required adjusiment should be 
made prior to initial set of the concrete. 

Where camber is required, distinction should· be 
made betwern that part which is an allowance for set
tlement or deflection of formwork or shoring and that 
which is proviJed for design luadings. The former 
shoult.l genenllly be the responsibility of the contractor 
;vho designs the forms and supports unless such carn
ber i< stipulated by the engincer/architccl. Measure
me.nt of cih:;be . covideu for stru •. Jral t.lesign loadings 
should be made after hardening of the concrete but be
fo re remo val of the surports lsee also Section 1.4.5(f)J. 

:;.3.4 Rc.•mc\·a! -In addition to meeting the provi· 
siuns of Section .1. 7, forms aut.lior SUflflOrts should be 
rr:muved only afler IC\I~ and specifiec..l •:urinr npera
tions inuicate to the satisfaction of the engineer tharthe 
most recently rlaced concrete has attained the !lrength 
required to develop composite. action, and then only 
after statet.l approval of the engineer/architecl. The se
quence of such removal should··be approved by the en

. gineer /architect. 

6.4-Folded platas, thln.shells, and long span 
roof structures 

6.4.1 Discussion-For .long !pan and space struc
ture• requiring a complex, three-dimensional design 
analysis and presenting three-dimensional problems in 
·rormwork desi~n". erection, and removal, formwork 
planning should be done by engineers having the nec
essary special qualificalions anJ experiencc. These en
gineers should consult and cooperare with •he engi
neer/architect to make sure that the resulting surfaces 
will conforrn to his design. 

6.4.2 Desil(ll 
a. The engineer/architect should speciry.limitina val

ucs and directions of the reactive force! when the false
·"urk is supported by the permanent structure. 

h. When applicable, the engineer/architect !hould 
inclut.le a t.lcccn<cring sequcnce drawing with the bid-

c. Lateral loads-ln 'determining. the lateral forces
actirig-iin tlic-form~work~ the winu load should be ral
cnlated on the basis of a mínimum of 15 psf of pro
jcctcu vertical arca as specificu for wall fonns in s,·c
tion 2.2.3. ·Fur sturctures such as domes,'~egative 
forces due lo suclion created by the wind un the lce
ward side of the structure should be considered. 

d. Analysis-The provisions of Sections 2.1.1 and l.l 
should he closely adhered lo in such formwork plan
ning. 

Assumed design loads should be shown on the form
work drawings. Complete stress analyses should be 
preparcd by competen! structural engineers, and the 
maxirnum and mínimum values of stress, including re
versal of stress, should be shown for each member fl•r 
the most sevcre loading conditions. Due regard shouiJ 
be given to unsy111metrical or eccentric loadings·th<d 
might occur during concrete placement and during 
erection, deceótering, or moving of traveler. The verti
cal or lateral deOection of the moving forrns or travel
ers as well as the_ stability under various loads should be 
investigated to insure that the formwork will function 
satisfadorily and that the conc.rete tolerances will be 
mct. 

Particular ca re must be taken in the design. a·nd de
tailing of individual members and connections. Where 
trussed systems are used, conncctions must be designed 
to keep eccentricities aS small as possible to minim· ·e . 
deOections of distortions. 

Since the weight of the forms and falsework may. ,., 
many cases, be equalto or greater than the design.live 
load of the structure, form details should be so de
signed as lo avoid hanging up the form and falscwork 
and thus overl.oading the structure itself during dccen-
tering. . 

e. Due io the special shapes involved, toleranccs 
based on functions or these shapes should be specificd 
by the engineer/architect in the bidding documents. 

6.4.3 Dralt"ings;_When required, the coniractor 
should subrnit detailed drawings of the forrnwork .or 
approval of the engineer/ari:hitect. 

These drawings should show the proposed concr.:te 
placing sequence and'the resuiting loads. To insure tliat 
the structure can assume its deOected shape without 
damage, the decentering or handling sequen.:e uf the 
formwork should be shown on the drawings. 

Denection of these structures may cause binding ~e
íween the form and the concrete during decentering: · 
Formwork drawings and form details rnust be planned 
to preven! bindin¡ and to facilitare stripping of forrns. 
Drawings should show such details as type of inserts 
and joints in sheathing where·spreading of the form 
may result in the form becomina keyed into the con

crete. 
6.4.4 Approv11/-The formwork drawings attd pro

ccdures must comply with federal and local safety law< 
as well as with the contrae! dra .. ings and specifiratiotts 
and meo! the general iequirernents for formwork 10 as-

·-
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sure the integrity and stability of thc perm".'""' struc
turc itseiL The engincer/architcct should check thc dc
sign and shojJ drawings for the formwook to insurc that 
these requirements are met and apprnve them in writ
ing: 

6.4.5 Cunstructiolt-ln pliu'min!! and erecling íunu
work. provision should be made for aUcqualc llll'ans of 
adjústment during placing where necessary. Tellt<tlcs 
should be installed to ched <tligrimcnt and grade ·dur
ing placemenl. 

Where the forming system is based on a certain plac
ing sequence, that scqucnce should be clearly dcfined 
an_d adhcred ,,. in lhe ficiJ. · 

6A.6 !?er:; .... af offomnwrk-Formwork should be 
remove~r _i!·._j drccntered in accordance \\'ith the proce
dure and sequence specified on the form drawings or on 
the contraer documents. Decentering methods used 
should be planned to preven! any concenlrated reaCiion 
on·any part of the permanenl structure. Duc lo the \ 
large dellections and !he high dead load-to-live load ra
·tio common to this type of structure. decentcring and 
form removal should not be permitted until spccificd 
1es1s demonlitrate that the concrete strcugth and the 
modulus of elasticity specified_ in Contract documents 
have !"Icen reached. Moduli of elasticity may determine 
time of decentering although requireU cumprcssive 
<trcngtl;; may already have bccn attained. Generally, 
decentering should hegin at points of nu\ximum deflec
tion 2nd should progress toward flOÍIIIS of minimum 
J.~tlecti•Jn, With the deceniering (•!" t:dgc IIICilll.JCIS ¡'~')

ceeding simultaneously with lhe 4.1;Jjoiuing shcll. 

6.5-Mass C'oncrete structures 
6.5.1 Discussion-ACI 116R defines mass com::rctc as 

"an:.· \·olnme ilf co.ncret.: with dilllvJ~:>inns l;lrgc \.~liPllgl1 
to rt"quire tl1at measures be takcn lo cupe with gcll~ra
tion of heat from hydration of the cement and atten
d:.Jnt voiume change lo minimizc cracking." Mass 
'.:oncrete generally ·occurs in heavy civil engineering 
construction, such as in gravity dams,.arch dams, grav
ity retaining walls, lock walls, power plant structures, 
and large building foundátions. Speciill provisions usu

·aJiy ·are made to control lhe temperat~re rise i~ thc 
ma" by the use of cement or cementing material com

. J:linations possessing low or moderate heat:geríerating 
ch~racteristics, by postcooling, cooling the fresh con
crete, or by placing sequence. 

Formwork for mass concrete falls into two distincl 
cure~ories, namely, low and high lifr. low lift form
work, for heights ~ to 10 ft, usually consists of mul
tiuse steel cantilever fl,rm units that il)corporate their 
nwn s.:affólding and, on occnsion, lifting devices. Uigh 
liít formwork is stri.:tly comparable ro the single-use 
wood forms used e.rensively for structural concrete. 

6.5.2 Lü!r•ral prtssure of concrete-Tite lateral pres
sure formulas for concrete placed in walls may be used 
fc•r 1'13!" concrete. See Section 2.2.2. 

Cán.<Jeralion should be given tó placing sequcncc in 
thc determination of pressure. Frequently, wncrcte is 
layered in such a way that a full· liquid hcad is devcl-

oper.J against the fonn on the closure end. In addition 
the use of large concrete buckets may cause liigh im: 
pact Joads near the forms. · 

6.5.3 Design considerations-Particuiar care must be 
takcn lo provide anchorage for forms with a batter and 
\\;di forms tieU lo a rock face. The ultimat~ strength or 
t he tic ruds must not exceed the ultimate strength of thc 
ancl• .. bar or bolt. The bending ami welding of high 
l<'" steel tie rods should be rrohibited. Considera-
ti should be gh .. en to form ties embec.Jdcd in previ-
ou 'y placed concrete to insure that such concrete has 
attained sufficient strength to sust'ain design loadings 
from the new placemen! as well as initial bolting 
strcs~es. 

6.5.4 Tulerances-See Section 3.3 and ACI 117. 

6.6-Underground structures 
6.6.1 Discussion-Underground structures differ 

from corrcsponding surface installations in that the 
construction takes pl~ce inside an excavation iJJstead of 
in thc open, thereby providing unique problems in han
dling ami supporting formwork and in lhe associated 
.:oncrete placing. As a result, the following four factors 
usually make the design of formwork for underground 
structures entirely difrerent than for their abo\·eground 
cuuncerparts: First, concrete to fill otherwise inacceS
sible arcas may be placed pneumatically or by positive 
displacement pumr and pipeline; second, the rock 
somctimes is utilized ,., a form backing •. thereby pei~ · 
mitting the use of roe' <nctiors_a"d líe rods in'lieu of 
externa! bracing and shores; third, the limits of the ex' 
cavation demand special.handling equipment that adds 
particular emphasis to the removal and reuse of forms; 
fourth, rock surfaces sometimes can be used for at
taching hoisting devices. 

When placement is by pneumatic or positive dis
placement pump and pipeline methods,' the pla<tic con
crete is forced, under pressure, into a void such as the 
crown of a tunnellining. For more information on the 
pumping process, see ACI304.~R. 

6.6.l Design loads 
6.6.2.1 Vertical loads-Vertiwi and construction 

loads a~sumed in design of rormw·:.:rk for underground 
structures are similar to !hose for·~urface !lructures, 
with the exception of unusual veniczl loads occurring 
near .lh•O Crown o{ arch or IUnDCI forms and Of flota
tion effect bencath tunnel forms. 

In placing concrete in thc crowns of tunnel forms, 
prrssures up to 3000 psf have been iriduced in areas of 
overbreak and near vertical bulkhcads from concrete 
placed pneumatically or by positive displacement 
pump. Until more definite recommendations can be 
made, the magnitude and distribution of pressure 
should be deLennined by the design engineer. In no case 
should the assumed pressure be less than 1000 psf act
ing normally to thc form plus thc dcad weight of the 
concrete placed pneumatically or by pump. 

6.6.1.1 Lateral loads-For shafts au<l e•terior • 
walls against rock, 1hc values listcd in Seclion 2.2.2 
should apply-

l 

1· 



FORMWCI'!K, ~TR-25 

When the ,;haft form relies on the single shcar value which is stripped, moved ahead, and reerected using 
of embedded anchors in the previous placemcnt as a screw jac~s or hydraulic rams. T~~e are permanently 
means of support, the mínimum time lapse_betwcen ... --attached to the form-and-supporting traveling gantry. 

--successive·placements-(or-minimum-con~r¡,¡e strength) The arch .fonn for the continuously advancing slope 
a1u.J maximum allqwabh.•loaJing adtliÚPnaltu thc tkad mcthtlU ""ually con~ists of cight or more scclion." that 
wcight of lhcfurm should be spccifkd. raugc bctwccn 15 and JO H inlength. "lhese are succcs-

For arch fonns am.l for !he portio liS of tunncl ·fonns sively stripped or collapsed, telescoped through the 
above the rna;~¡;imum horizontal dimensiun ur spring line other sections, and reerected using a form traveler. 
of rhe form. the prcs.'iurc shouiU be compatible with tl1· Allhough the mínimum stripping time for tunnel arch 
prr.:ssun.:s Jis~ussed under vertical loads in S..:ctiun _ forms usually is established on the basis of experience-, 
6.6.2 . .1 it cau be safely predetermine<! by tests. lt is recom-

6.6.J Druwin~s-111 addition to the provisions of menued that at the start of a tunnel arch concreting 
e: .. r····" 1, 2, ""u 3, the following data should be in· ·, operation, the mínimum stripping time be 12 hr for _.. 
ch. · ·d nn the drawings for spccialized formwork and puscd 'urfaces and 8 hr for construction joints. lf the 

'"'"'"'"k for tnnnds: spc~ifications provide for a reduced mínimum stripping 
6.6.3.1 All pressure diagrams used in the design of time based on site e~perience, such reductions sh<hild 

:i.e form including diagrams for uplift, for unbalanced be in time increments of JO min or less and should hl' · 
lateral or vertical Joads. for pressurizcd concrete, or for cstablishcd by laboratory tests and visual inspection awi. 
aily other load applkable lo the particular installation. surface scratching of sample areas exposed by opcn111g 

6.6.3.2 Recommended •tnet!:od of supplemental· the form acc<ss co,·ers. Arch forms should not be 
mulling or bracing to be employcd in areas wherc fortn su ippcd prernaturely when unvented ground water 
pressurrs m-ay excecd tho<ic just listcd duc lo abnormal sccpagc could become lrappcd betwecn the rock <iur-
~o:onditions. face and the concrete lining: 

6.6.3.3 llandling diagrams and procedures show- 6.6.5 Materials-The choice of malerials for under-· 
;ng tl1e ¡noposeJ lllcthod of hamlling the forrn during gro11nd forinwork usually is predicated on the shap·c. 
crection '". iustallat_inn for concrete placement plus the degree of reuse and mobility uf the form, and the mag· 
method of bracing <.lJlJ ~nchorage durjng normal oper- nii.ude of pump or pneuffiatic pressur_es to which it r 
arion. subject~d. Usually, tunnel and shaft forms are mado. 

:::.6.3:4 In thc cese-" the tunncl arch form, steel, ora composite of wood and·steel. E.xperienc· ., 
"he,:k-r it is iutenJeJ for L with thc unit ur bulkhead oi paramoum importance in the design and fabricati<>-: 
s_,sl·em of concrete placcmcnt or is restricted ro use with of a satisfactory tunnel form, due lo the nature of the 
ti'r COIIIiuuonsly :dvanci11g slopc method (sec Section · pressures developed by the concrete, placing tech·- .. , 
ti.li.~). niques, ~nd the high degree of mobility usually re· 

6.h.J.S \Vhcn pi~H.·emeul pf concrete by pumpiug quircd. 
c.r rn~um~.tit' n!(!~h~Us is arn.kipatcJ. lhc capo.. .y ami When reu~c is nota factor, plywuod and tungue-.:nG· 
',\·orking pressure of the prime mo:\'er. ~~:Id the size. gr'oo\'e lumber sometimes are uscd for e."pused s¡:r:"·:~;.:e 
l~nglh, and ,na.,imum embeJmcnt of thcdischarge liue finishes, but more consideration m ay be given to "· .,-,d 
should be as assumcd in the de;ign. Also, whcn the de· shcathing because the high humidity oftcn precludes the 
sign provides fur a metlood or"placcmcnt othcr than by· normal shrinkage and warpiug. 
sustaineJ pumping vi a a buried slick line,. it should be 
dearly stated thai the <lesign 'press.ures ~ould be ex
ceeded if sustaineJ pumping "ere a<lopted. 

6.ri.4 Consrructiati-The two basic methods of plac
,r,g ;: tunnel arch entail problems in the con.;l,uction of 
the formwork that require special provisions to perrnit. 
propcr reuse .. These two basic meth.ods are commonly 
known as the "~ulkhead mctho<l'.' an<l the "continu
ously advancing slope" method. 

Thc fvrmer :s u sed exclusively where poor. grouad 
,,_>nditions e.\Í~t. requiriug the Jining iO'b~ placed con~ 
carrcntly with tunnel driving opcra1io~s. 11 is also used 
·when some factor, such as the size of the tunnel, the 
introduction cr reinforcing steel, or the location of 
construction joints" predudes t.he aJ·;an'cing i.lope. 
method. The ath·andng slope method, a ,;ontinuous 
method of placement, usually is. prefcrred for tunncls 
~:.r¡VCJ¡ tluougi• cumpctenl rol:k, r~ugiiig bctwccn JO 
and 25 it in Jiam:ler and at lcast 1 mi le in Je~gl h. 

The ar"ch form for thc butkheaJ method is usuaily 
tabricateJ inlo a ;in¡;lc unir betwcen 50 and 150ft long, 

' . 

.CHAPTER 7-FORM'.'!ORK FOR SPECIAI 
METHOOS OF C'JNSTRUCTIOI~ 

7.1-Recommendalions 
The arplicablc provisions of Chapte,; 2. 3, a d 4 

also apply lo the work covered in this chapt~r. 

7.2-Preplaced.aggregate concrete 
7.2.1 Discussion-Preplaced aggrcgate concrel: " 

maJe by injecting (intruding) murtar into rile void' l'f 
a prc¡>laccd mass of clean, graded aggregate. For nor
m:tl ~o.onstruction, the prepla~..:t:'d aggregates are wetted 
and kcpt wet until the injection of mortar in¡o the vuids 
is compktcd. In ·underwater construction, thc marrar 
displa~es •.he water and filfs the voiJs. In both types c>f 
cOnstrudicin, ihis process c.an create a dense concrete 
having a high content of coarse aggrega1e. · 
· The injected mortar contains water, fine sand, pon

land cem~nt, pozzolan, and a chemical adn;i>ture de
signt·d to increase the penctration aud pumpahiiity Ji" 
1he murtar. The coarse aggrcgatc is similar to codrst· 

~ , - . 

J 

,'q 
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· :~~r~~:~~:"ve~~~~~'l:~~~~~i~~~~~~~;t;:~~'~1;~e.1~a~a~~',1~:a~l~ffii~~~:~~%¡ .• ~ 
After coil,iion~"i fonñs;·11ffVsuall~~a'vollf:'11'ir,tha ¡; r~cÓ.ridcd.'FO'Humixtloi~Ts~rfaces, ·. , 
comen! ranging frorñi'3S to 45 perccnl. Refer tu ACI ·· · · · monar-iight forms of sieel or plywood are ·ácceptablc. 
304.1 R. · J', d"ahrkatcJ pancl-type forrns usually are not suitable . i 

7.2.2 Design mnsidf'rutiuns-Due to the method of IJc,·au.,e uf the Jilficulty in making mortar-tight seals 
pla,ement. the lateral· pressures on formwork are n111· 

siderably higher than thme developcd for convcntional 
concrete as given in Secrinn 2.2.2. The form dcsiincr 
should be alerted to the unique problems created by -
:ligh-density concrete, by ma.c¡s p.Jadngs where heat uf 
hyuralion aill..l Jrving shrinkage are critica!, antl by Jif
fereritial prr,~.>nre.c; in thc form structure whcn· mortar 
injn·til.lll •·;11 iL'S !_'.rC'atfy f~Oill OOC. fo'rnt fa<.:C tU an~··' 

· other. • l:kcause of the pressure created during aggrc
gate. packing and mortar pumping, forms mmt be an· 
chored and braced far more securely thnn for ordinary 
concrete. Particular attenlion mus! he paid to uplift 
pi-cssures crcated in battered forms. Provision mu.st be 

. made to prohibit even the slightest uplift of dre fonn. 
injection pipes spaced 5 to 6 ft aparl, penetrat;ng tlie 
fa ce of the form, require that the form be checked for 
~truc!tlral integrity as wdl a~ a rneans or plugging or 
shuniu~ off rhe openings when the injection pipes' are 
f('fÚQVCd. 

Form~. lies. and bntciug should be desigucd for thC 
SUIH of: . 

a. The lateral pres.ure of tl;e coa.r~e aggregai~ as do· 
tc,.nineU from the equivaknt fluid latern-1 prc~-::ure nf 
thc Jry aggregate using the Rankine Clr Coulolllb theo
ri~:s for granular materials; or :~ rc!iable hi'n actien rhc-

. ··~ orv: an:.l .1. 

... b. The lateral pressure of the iujected mortar; as an 
t.'qL:i·,:ah::rt fluid thc morlilr normally wcigli~ 130 lh pcr 
m ft. but ruay weigh as rnw:h as 200 lb" per cu ft for 
high-density mClrfap:;_ · :~--. . 

Th•! time requircd for the initial set of the rriortar 
(from 6 to 7 hr) and !he rate or rise (1 tu 6 ft. rer hr) 
shouiJ be ascertainoJ. The maxitnum height of lluid' to 
be aSsumcd in d!!h:rmining the lateral pressure or the 
mortar is the protluct of the rate ';,(;rise (flpei hr) anJ 
the tin:e of initial set in hours. ~ .. ' -~' __ -_ d .• 

Thc lateral prcsslire fór the design · ófJormwork at 
anypoint is the sum of the pressurcsdeterniined frorn 
Stcps (a) and (b) for lhe given height. . 

7 .i.J Corrstruc:ion-ln addition lo ihe provisions of 
C!~apter 3, the forms rnu~t be ·mortar-tight and effec· 
tively vented because preplaced aggregate concrrte eu· 
tails forcing·mortar into the voi¡;ls around the coarse 
aggregate. 

The increased lateral pressure usually requirc. that 
the workmanship and detaib or formwork be of better 
~uality. than. formwork for conventicna~ ~oncrcte. 

1,2.4 MatPrial.• fw formwork- Tongue-and-groove. 
lurnber is preferred for exposeJ surfaces; the joints be·" 
(W<:OJI OOartfS perllli( thC esCape Of (r3CCS Of OJOr(ar. 
H.~v.:evC"r, excessiv1.· bleeOiug will cause sand strcaking, 

---·Fo~-;dcj¡¡iQnal iniOttUiioa Me At-~ lS9, ACilOl.IM., aad Courrtt}UI' 
s,.d'r'fl' H~ac10n, .&.CI Sft' --..: ·• •·•· :1. Nn. !4. 

hctwc ., pancls. Ab.o..;orptive rorm li11inglii are not rec-
. ' om·. lcd because they permn the·coarse aggregate to 

itH; ,¡ r:1e liuing anc.l form an irregular ~urrace. Fonn 
ii!liu;_;s sut:h as hardboard on common shcathing ar_e not 
successful because they. do not transmit the externa! 
form vibration normally employed for ·insu,"ing a void
free finished surfa~e. 

7.3-SIIplorms' 
·7.3.1 Discussion-Forming of concrete by the use of 

slipfnrrns is similar to an extrusion process. Plastic 
concreie is pla.:cd in thc forms, and the forms act as 
moving di«·to shape the concrete. The rate of move
rnent of the forms is regulated so that the forms leave 
the concrete ouly -after it is strong enough to retain its 
sha¡Je while <upporting its own weight and the lateral 
forces cau•cd by wind and equiprrient. Forrnwork of 
this type can lie used· for vertical structures su<:h as 
silos, stCirage hin<, building cores, bearing wail build
ing~. pi~n, chimney~. shart linings, com~wnication and 
ohserYation towers, nuclear shield w~lls and similar 
.'il ructurc~. 

Horiwntal .<lipforming lends itsclf to concrote struc· 
tures .such as tunnel linings, water conduits, drainage 
channels, precast elements, canal linings, highway me
dian barriers, and paving . 

Vertical slipforms are usually moved in small incre
mrnt!' by jacks that propel themselves on smooth steel 
rods or tubing e:nbedded in or attached to the han:!
ened concrete. Horizontal slipforms generall.y move on 

·a rail ~ystem, trac'tor treads, wheels, ora shapcd berm. 
Working and storage decks and finisher·s scaffolding 
are anached to and ~arried by the moving formwork .. 

fhe vertical" or horizóntal movemrnt of forms may 
be a cunünuous process or a_planne::l sequence of fini~e 
placemcnts. · · · 

Slipforms used on such structures as .tunnels and 
shafts should comply with the".applicable provisions vf 
S<etion 6.ó. Slipfórms uscd on mass concrete .structures 
such as dams should comply with the applicable provi· 
sions of Section ó.5 ' 

7.3.2 ·vertical s/ipforms 
7 .3.1:1-"A vertical slipform system has five main 

cornpcnents: sheathing; walcs; yokes;· jacks and jack
rods·, and working or storage de•:ks and scaffolding. 

the sheathing or vertical for nrs <:an 1'• rnet;tl, gla~>· 
fiber-reinroréed ;.lastic, wood, o~ a 'combination oi 
these materials. The function· cf the shcathiag is tJ 
contain ·and shape the concr~e. 

Wale~ h~t\'e t 1l!'~e maif! functi('lns: 
1. They suppon and hold the sheathing in place. 
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2. They transmit the lifting force from !he yokc.; lo 
the sheathing. 

J. They provide support for various platforms a'!d 
_. scaffolding.----··-

Yokes transmit thc liflinJ.'. forccs fro111 thc jacks lo 
rhc walcs anc.J rcsist the latéral fon.:c uf plasth.: L'OIICITic 

within the form. 
The jacks, by climbing up !he jackruus, provide thc 

force nccdcd to raise the cnrire .'ilipform sysll.'lll. · 

Variuus platf"rnrs, uccks, allll scaffuluing cornplr• · 
the·slipfmrn systcm. Tl1ey provide a space for storagl' 
of concrete. reinforcing stcel, and ernbedments as well 
a~ r;,_·rving as a working area l:or pladug and finishing 

·; .J.l.2 Design and construction consideratiuns
~~\i¡·\unus should be designecJ ancJ coustructcd am.J the 
sliC:ing opera.tion should be carried out under the ini
mediat'e supervision of a pcrson or persons experienccd 
in slipform work. 

7.3.2.2.1 .S'!reuthing-shouid be a rninimurn of 3 
ft 6 in. higlr• airu should be constructed of at least a 
nuuinal 1-in. board (rongue and groove pn:ffrred), ~'
in. plywooJ witlt suitablc bradug. 10-gagc rninimum 
~teel shcets, or othcr approved 111alcrials. Caution 
~houltl be excrcise~ when using stt:el sheets in extreme" 
of hcat or col u d u e lo rheir lack of insulaling capabil· 
iry. llo;h plywood auJ boards should be designed with 
th~ir face grain running vertical. The 1-in. boards 
!=ihuuld be spal:rd ~~' to v~ in. apart to allow for expan

-sion wheu they br•:omc wet. Soakillg of all wood with 
a suitabl~ fl)rlll •-. ~· . .:..or waterpnhlfillg ct,.,. ound is de
<irable irr order to reuuce water absorption.by shea-
!l:ing. . 

rl\rniS ~houJJ bl' COihlflh . .'tCd wilh slighl tfruft, in !he 
¡;111gc ul ·,~ to 1,i iu., palfiL·ularly for the iusidc l·tl\.:~ so 
that tj1e distan~e Uetween in~ide form ~nU outsit1L' form 
is greater at tire bollom tharr at the top. Tlris ta,.•:r may 
be applied to the insiue or both faces uf the form. The 
lrue wall thickncss is measurcd at the elevation where 
hardened concrete is maintainrd in rhe form. This rle
vation m ay vary from 1 lo 2 fl above ihe bo!lom of the 
form. Tire taper can be establisheu through use of bal' 
ter strips PlaceJ on the inside face of the upper set or 
wales. The taper reduces friction resisranc.e ro move
ment of the forms during jacking. 

7.3.2.2.2 \Vales may be made of timbcr or 
metal. Two seis of wales are traditionally used, and 
they should be designed lo hold.the sheathing in place 
against lateral forces and friction forces, 10 transmit :he 
lifting forces frum the yokes to the form, and lo sup
port 'arious ,,:af[olding and decks. 

Timber wales should be'of 2· or 3-ply l~mber al least 
one pi y of whidr is nominal 2-in. material. 

7.3.2.2.3 Lateral and diagonal bracing of forms 
rnust be provided to insure. that the shape of the struc· 

-- .-¡·,~ -n'ti~inunn he;"ht i\ a lu.nction of the nue o( slirrinR tll·!'ft' houd. and 
thc :;u•e rc4 uirt·J tor the concrete 10 (laln ~ulrtc~nt "~cnJth 10 tup.ron 11~clf 
v.ichom (iljlgiu¡¡: .a.-ter JcoavinJ the 'lirlorm. A dilhtly.h•llher fturn ,..,u ou•••.dt 
somc "'(orlo. m¡_~ \J'Ia<:r in che tup ni thr fo:m h•r plann¡¡ ot con.:rc1t n;ul reut· 
f•>rlC'llocut. Fn,mt lf(t th.•n ,1'.·1 rt hi1_1h ,,,,. !'telie,·etJ¡o bt d logertlll'ly ,¡,<til•:"'· 
Furnn a~ hi"h as ~ h may he rcquired ""hen lnw IC'Rift!:t:tturc. Of ~1·>~ 'etllnl 
~on..:rete ¡, ,~ifieiJ. h•um in tllccu of 6ft hitch cll!n be \b.C\Im S[le\,:1&1 •pph· 
catiom nach .u ricn and •i••Rir·tklnl thah sJipfunus: · 

tu re ·will no: be distórted beyond allowable tolerances 
during thr slíding operation. 

7.3.2.2.4 The design ·of·the yoi(es must pro,·ide 
for adec¡uate clearance lo install horizontal"r-einforcing 
h:u.~; antl Cltlbcdmcnts in thcir corrc't IOl'Jiions prior to 

. tlll'ir suh111crgence in thc rising concrete. Thcy shuuld 
al~0 bt> lksigned with a minimum oí deflcction to 
maimain thc dl'Sircd conftgurntion and wall tlakkness. 
Tlu: sp-;h:Íng of the yokcs mu~r be planncd w~th consid
eration i"or the reinfordng stccl cunfiguration. the lo
cation of openings, extreme loading points, and condi
tions of a similar nature. 

,.J.1.2.5 A jacking system tira! proviJes for the 
simullallcous movement of the entire form in small in
crcmcnts of approxirnately 1 in. at 2- to 3-min intervai5 
is recommcnded. This available jacking capacity m. · 
be dcsirnl>lc or necesSary for short r.criods; forms l. ' 

nol usual!y rnninlain such spccd of mon·nh:nt for 1,;-.:

h.'IH.h:J rime~. Sp-:ci(il care rnust be t~ken in r.:hoos\ng 
the c-apa(Íty vf the ja\.:ks and arranging them so th;.q t!Je 
furms wi\1 tira\\'. straight anJ true withqut slraia or 
twi~t. Jal:krods must be propcrly braced \\ here not cn
casetl in concrete. 

Duc to the numbcr of variables such as friction and 
unhalam:cd loads, it is essential that resene jacbn!? ca
pac;ty b~ provided in tire system. 

7 .J.2.2.6 Working decks are supporteJ direc iy 
on the forms and rise with lhcm. The·dcck mu'it be.·._.. 
"iigned to maintain the plan Uimen~ion throu~J.ht1 Ut 11 '· 

height ol' the structure. Through rhe use of tru<:>s~\. 
corner braciJ!g, tie rods, and similar itr:ms :his c::m be 
acccrnpli>lrd. 

7.3.2.2.7 Drawing~ sftould he prt•rarcd h· a 
~om¡Jl·:cm and exrericnced eugin::ocr •::ntploycd ::·y :tJt.: 
contnH.:tor, showing the jnck lay('Ut, form~vork, \~·url\· 

ing decks, and scaffold•. A d·,vcloped ele,at'on oi tll< 
structure _<:hould b~ prepare(t, ~howing loc;:Hion •1 f :tlf 
openings and ~mbedme.nt!;. 

7 .3.2.3 Vertical load.< 

7.3.2.3.1 In addi:;,_.¡¡ to tlle dead loads, li·· 
load!; a~sumed for design -'t", t.lccks should 1:ot t-e ! 

rhan the following:. 
Shenrhing 

·. ami joists ......... ~.7j p~f or c'oncentratcd bug!··· 
· whecl loaC:Js, whichever is the ~~·':al vi 

B·:ams, 
trusses, 
anU wales ....................................... 50 p· :· 

l . .ight·dury 
finishers' 
scoffoiJing ............................ .......... 25 p>f 

7.3.2.3.2 The friction loads u'it>d in dctcnnini11¿ 
jac\¡,ing rcquirements shouhJ normal!) be n·,t :~·;s th·"''~l 
2n0 lh -rcr !il't·ar ft of concrete waU •.-.otu."!l .t IL'IIltiUt -' 

h 6-i!t.':.o 4-fl. two-siJeU slipform is usc.L · 

• 3 ; J 3 \\'l¡ere workill'' d..:~.:ks ;.ül~ u:-.ell as a 
l. ·"'h. ~ . ' 

bottOiil fur,lJ for t:~St-in·piJ~c! CiJIISlrUl.IHJ!l, SUI..'ll J.S 
floor ,labs ur roof slabs, the d~ck m·ust b< Jo\ig,.ed f," 
tire dcaJ load oi the cuncretr plus ""Y ~Up<rin¡¡>u;cJ 
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loads, and in no case less than lhe design loads given in 
Scclion 2.2. Where the inside. slipform bccomes part of 
thc slab system, fixing of the form to the concrete must 
be designed to withstand the vertical and lateral forces 
associatcd with placing of the slab. 

7.3.2.3.4 Verticalloads ami torsional forccs re· 
s·llting frorn dcck lt.iads and friction must ahu be cun
sidered. The forrns must act as trusses for the vertical 
loads between jacking points. Knee braccs or other ap

_propriate support systerm should be provided for rop 
·wal'cs wh~re spaÍl between yokes ex~ceds 6 n or where· 
verticalloadc; me unusually heavy. · 

7.J.2A /.,;:eral pressure of concrete-The lateral 
preS>iuc l'f fr"sh concrote to b~ used in designing 
forms. bracing, and wales may be calculated as follows 
(3ec Appendix for metric conversions of equation) 

p e, + 

whcre 

el too• 
p kl!eial psessure. psf 

6000R 
T 

¡.: rnte ur •. :onc.:rete placcmcnt in ft per hr 
T tt:mperatun: uf 'out.:retc iu thc forms, dcg F 

\\'aJes must be adequ<Jtdy naill'd or b~."~lt~d togl•tla:r 
LC' t1ansmit shear dde l<."' htcral pn·ssu1c of cotH.:rcte, 
,l!ld \ Cl i i~,:a! rostS SltouiiJ be p/a~·~,:d lK't \\o'l'l:ll. waks al lift 

p1.)i !lt". 

·: .) . ! . 5 1 t ~;. · · · · · "f'J"--· ~~ug bl':)h.·J td·.:rnw..:es for. <.:li p
r,,rm constllh.:tit:JI on: !i_stcd in ACI ll i. 

7 .. L2.ó Siid;,1g O!Jt'r.uion-~laximum rate of ."ditle 
~llL·t•U be !imi¡~d by thc rate ,for which the forms are 
d·~'llf,n~J. ·In additiou, both maximum and minimum 
r~H·:s ef ~dide must be detcrmincd by an e"pcrien~ed 

· :d¡pf\Hm supen:isor l•J acrommodate _changes in 
lo,:·:<Hher, cr~ncrete shunp, init_iai se! of concref~. and 
•\Cirk~~t,ilitr. and thc tnnny r:-<ig,etJ~ie~ wl~ich arisc Uur
¡l,_:.,; a slidc and which t:annut he 'rredicted accuratcly 

. b::-f(li·t'ham.l. A. persun cxperi~nced irÍ sli_p(ofm con
~;!ruc!ion must be presem ·on·the deck at alr"-Ümes dur
iíle tlú: slide vperatiou. 
.. During the initial placing_,,¡ the concrete in slipfonn, 

1' e nonr ratc shn~dd :10t ::xcccd that for whkh the form. 
w;¡s Jesigncd. . 

Tht' lcvl'l of thc hnrdened·concrttc in the form must 
· '·'" cheo:keu frequent!y by che use .. r a probe to establish 
s"fc iifling cates. Form' mus! be leveled befare they are 
filkd anrl i'"tust be rnaintained leve! unlcss ·otherwise re
q_uircd ror out-of-tolerance cur"rections. Care must be 
t<ck.t"n tn ptn·~,.·ul dflfting of rhe forms fr~m alignmenl 
n: d.:~lg:net1 dimensions aild to pre'\·ent torsi0nal mov~-

- .,:·¡, ¡·;¡¡·zhat e, ..- 1111 i~ ju'llifird bcor:AtN' •i~ack•n i~ sli~;hl !u ,ljp{Ofm v.wk 
,u;¡;-C' ¡he ¡;on..:rt'lt' ;, pla\·ed in shaUow ln:-tft"l oC 610 IU in. lfMI_brcau.c lherto is 
"~'~" ft'\i!11.11ion. Hnwt"\tr, lor 'O'IlC arplicl!ion! ,ucl'l a11 pllfllht 01 CC!tlaln· 
m,·at ~lnJ.:turrs, :uldiuonal ._-¡tJUtiun ma'l be rtquirW 1n achi!ve ma•wnum 
l.!ru~~~~· or 1he ctlll..:rt:tr. li1Ulh ca"~oeS. 1ll(' v;.luc or '• shoukl t.c UM:rcasn.lro 1~_-

Experieno:e has shown that a plumb line, optical 
plummet, laser, or combination of these u sed in con
junction with a water leve! system is effective in main
taining thc form on line and grade and for positioning 
opcning< and embedde<.l itcms. '· ·.-

/\lignmcnt and plumbness of structure <hould be 
e heded·" leas! once during every 4 hr that the slide is 
in or•'' 1on and preferably every 2 hr. In work that is 
don~· 111 separate intermittent slipping operations, a_ 
check of alignment and plumbness should be made at 
the beginning of each slipping operation. 

More frequent readings should be taken on single tall 
structures with relatively small plan sections, as these 
structures tend to twist and gÓ out of plumb more 
readily. 

Sufficient plummeting should be provided to readily 
detcct and evaluate movements of the form for all slip
fmmcd structurcs so that appropriate adjustment can 
be made by experienced personneJ. 

Detailed record< of both vertical and lateral form 
movements should be maintained throughout the slip
form operation. 

7 .J.J Horizontal 5/ipjorms 
. 7.3.3.1 De.•ign considerations-For major struc

tures. this specialized formwork should be designed by 
cxpericnccd; compctent engineers: employed or engaged 
by the contractor or form supplier. A complete struc
!ural analysis, including stress diagrams of the str•.·
tural mcmbers, musl be made ·o insure ·satisfa .. '.' J 

performance. Oue regard should be given to unsym
mctrk-31 and cccentric loadings and the fact that the 
machine muse be regularly disassembled as it encoun
,crs siphons, bridges, chutes, etc. The large machines 
are usually hinged so that sections may be 'pas.ed 
through ur beneath structures. Thc vertical or lateral 
deflcclions, particular! y of long-span machine<, muse be 
investiga!ed, and sufficient rigidity provided to in<ure 
!hat concrete toleranres will be met .. The stability of the 

·machine under the aforementioned loading conditions 
mu!it be carefully invcstigat~d to ln~ure satisfactory 
performance. 

7 .3.3.1 Druwings-The general pr ovision5 .or Sec
lion 2.1.4 shoultl be mer and the rontrac!or should 
submit drawings of the slipform for review anJ ap
proval by the engineer/architecl. These órawings 
should show the handling diagrams, the placing proce
dure, and the· provisions for insuring attainment of the 
required concrete surfaces. 

7.4-Permanent lorms 
7 .4.1 Discus~ion-Permanent forms, as the na me 

implk'S, are forms ldt in place that mayor may not be
come an integral part of the structural frame. These 
forros may !>e !he rigid type such as metal deck, pre•,ast 
concrete, wood, plastics, and various types of fiber
hoard; or the flexible type such as reinforced water-re
pellen! corrugated paper, or wire mesh with waterproof 
paper back ing. 

Whcn the permanent form is used as a deck form; it 
is gencrally. supported from the main struc"tural frame 

1 
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with or wilhout an intermediate system of temporary 
supports. lf temporary supports are required under the 
s!ructural frame members lo suppon the weight of thc 

--- fresh concrete -witnout e"iccssivc dencrt iou, suclt iufor
mation shouhJ be specificd by lhc cn{!illl'cr/an.:hir~:cl. 

7.4.2 Design consitleratiuns_;_lf thc pcnuanent lypc 

form is not covered inthe contract specifictions, (1) the 
rnanufacturer's specifkations should be used; (2) the 
manufacturer's rtcommendcd practicc:• sllouiLI he f, ! . 

lowcd for size, span. rasteniugs, aud othcr spcciaJ rl;,l· 
tures pertinent lo this type uf form, such as being wa
ter repellen! and protected against chemical atlack from 
wer 1.:oncrete; and (3) the minimum requirements of 
Cluptcrs 2 and 3 should be followed. Particular ca re 
should be taken in tite design of such forms to mini
mize distortion or deformation of the form or sup¡Íort
ing members under the construction loads. 

The engineer/architect who spe<ifies or pennits the 
use of permanent rigid forms should consider in his 
structural analysis dead and live loads for the struc
ture's intended usage, especially co11centrated load> be
t ween supporting members. 

Wheu metal deck to become an 'iiltrgral part of the 
structure is- used as a permancill form,' its shape, depth 
gage, physical dimensions, and properties should be as 
callcd for' in contrae! documeills . .lf structural contillu
ity is assumed in the design, the engineer should specify 
the required number of supports over which the form 
material should be continuou ... -. 

7 .4.3 lnstal/otion · 
7.4.3.1 Silop drawings- The coutractor should 

sul,rnit fully detailed shnr drawings for all rerrn-111c111 
d•:(l\ r~...rms lo 1 he cuginecr/an:hitcct for rcview ~llid/or 
approntl. Shop drawing~ :"h01.1ld !'how .11! fon" thick-
11-;!ssés, metal gages, physical dimcnsiun~ auL. 11roper
ties, accessorks. finishes, and :nethods of artachmcnr to 
the various dasses of the work. 

7 .4.3.2 Fasrenings-The permanent ueck form 
must be properly fastened to supporting members and 

.. 1 o adjacent sections of form and properly lapped to · 
provide a tight joint that will prevent lilss uf mortar 
during the. placement of concrete. End closures for cor
rugated or flute:<t' forms shot~ld be provided, where rc
quired, together with fill pieces· where a tiglll fit is re
quired. To prevent buckling, allowance shuuld be 111ade 
for expansion of-metal deck forms. · 

Flexible types of forms (th()se thiu depend for lateral 
stiffness on supporting members) -musi be dtawn tight 
for proper installation. Adequate temporary bracing or 
anchors must be provided in the plane of the top chord 
of the supporting member< to preven! lateral huckling 
and rotation of these supports and to rnaintain the re-
quireu tension in the flexible form. _· . 

Paper or metal form' used to form voids irr concrete 
construction should be properly.placed and onchored to 
reinforcement and to side or deck forms with wi"' ti~ 
or by other approved methods to prevent displacement 

or flotation during placing of concrete. End dosure; 
sltould be properly vented where necessary to eliminato 
·cracking of concrete -by reason of ;~pansion of a ir in 
voids dueto tite heat of hydration of the concrete. \Va
ter shuuhJ be prevcnfcU from cnlcrin~ vnids. \Vhcrc 
water intrusion is possiUic, wcep holes shoukl be pro
vided ro reduce its entraprnent. 

7 .4.4 Ueflections-The vertical and lateral ueflec
tions of the pcrmanent form between supports under 
the load of fre. ·, concrcre should be investigatcd by thc 
designer. Temporary supports should be useú. if nec
essary, to keep denection wilhin desited tolerances. 

7.5-Forms for prestressed COf'!Crete 
construclion 

7 .S.! Discussion-The engineer/archilect should ,,. 
dicate in the contract documents any special requ';-:
ments for prestressed construction. 

lt may be necessary to provide .appropriate means of 
lowrring or removing the formwork before full pre· 
stress is applied, to preven! damage due to upward de· 
flection of resilient formwork .. 

Pretensioning or post-tensioning Of strands, cables, 
.or rods may be done with or without side forms of the 
memher in place, in accordance with Section 7.5.2. 
Bullom forms and supporting shores or falsework me:c<. 
remain in place unlilthe member is C<tp~lble of suppti· r
-lllg_its úead load and anticipated construction load.<.·"-' 
wciJ as any •t.•rmwork carricd by rhe mem~cr. 

The concreting sequence fur cenain structures m;¡~¡ 
also be planned so that concrete is nut ;ubj·::tc,l to 
bending stress caused by dencction of the formwvrL 

7 .5.2 Desi¡¡n 
7.5.2.1 Where thc sitie forms caunQt be •:· •!•"l' 

nicntly remoYed from tl1c Oour: .. m or ~uffit for :tf~ 

~oncrete has set. such forms shL•uid be úesigneu _, 
ditional axial_.andlor benuing loads which mar <. '" 
perimposcd on chem during the preslressing o¡Jerafrtlf!. 

7.5.2.:: Sidc forms.that n1ust remain in place ~i11r 

in!( the tiamfer of prest,<l.;ing force shouid he ·.le
signcd to aJiow for vert~c~· anJ horL~onta/ mov!'mcnts 
of tl1e cast member duri·n~ the prestre.ISing opera:i,>n. 
The form should be c.Jesigued. lo rltininuze restrJIIlt tu 
elastic shortening in H~ prestrcssing operaÚon. F·.,r L'.'(

ample, ¡;lan small components or wrecking strirs r .:JI 

can be removed or Jestroy.:d to relieve loaJ o~ ~~·.!~ 
forms as· well as to eliminate tl!eir rcslrainr Juri!Jg rre
stressing. In all cases the restmint io shrinkage of C('fl· 

crete should be kept toa minimum, anu the d<nectiuns 
of meml>en due to prestressing iorce and rhe c'a<~ic 
d~forhtation _of form or falsework should be couslú
ered in ihe design and removal of the forn1s. 

7.5.2.3 Care should be cxerciseu with P'>St-<Cn
sioned sh.bs to assure lhat ~upp~Jrting shores d,:_. n·Jt ::-.n 
out due t.O 1ifting of slab rlurtng tl!uSil>tling. For ~a:g.: 
structures where the dead load of the rncn;ber re""--'"' 
on the formwork during prestrcssing, d:,.placen'e'\1 vf 
the dead load toward end ;upports shoulu be con,id
er~d in· dtsign of the forms ~.nd shoring incfud:ng dll' 

· or other foundation su¡tpcrt. 
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7 .5.3 Cunstfl;cfiun accessuries-·Hold-down or push
down devices for deOected cables or strands should be 
pro• ided in the casting bed or forms. All openings, 
offseis, brackets, and all other ilems required in the 
concrete work should be provided for ioi the formwork. 
Bearing J•lates, anchOrage assemblies, prcstressing stccl, 
conduits, tube endosures, and lirting úevices shown or 
specified tu be sel in concrete must be accuralely lo
~atcd with rormwork templatc.'i and anchored to re· 
rnain ·.vithinthe tolcrances given on conlract drawings 
and specifications. Quality and strength of these acces
sories should he as specificd. 

7.5.4 Ttd,.,..,.lces-Suggested tolerances for job site · 
prt:t.:ast '"''' •=Llnt man_ufacturcd precast prcstrcsscd 
cuncr~t~ ·¡¡~.,.¡;il.Jt:rs are given in ACl 117 and the PCI 
report on tolerances."' 
. 7 .5.5 Special provisions for curing and for safety o/ 

workmen-Where required lo allow early reuse of 
f orrns, pro,·isions should be made lo use su eh acceler
atcd curing pr·ot,;esses as ·steam curing, vacuum ·process-
ing, 'or other approvcd methods. · 

Safety ;hields should be provided at end anchorages 
of prestrcssing beds or where necessary for lhe prolec
tion of workmeri or equipmeut againsl possible break
ag·: r..)f pr•:stn:ssing strands, cabb.:s, or other assemblies 
during pn:stn:ssiug or ...:a~Ling operation. 

7.6-Forms for precast concrete construclion 
7.6.1 Discu.<sion-This tvpe of forno ;, used for JliC

~ .. :a."t (Oncrete items that ;,av he eif!·~.:r·lnmt- or non
\oa~~.-!Jearing mcmbers fnr siructural or fuchitcctural 
USC'\. 

i.ú.2 Ct•,;stn~t·rion--F··teri·~~r br<ll'C'.'i only should he 
uscd when e":posed melal or filled-i11 pockets resulling 
1":-_01:: ~::e use (~r IJh.;r~•l r : .. ·~ w\·.u~d jlrt'·.c!lt :1n ol~j•:.·tipn 
able 3!1\"learan¡;:e. 

To as5ure uniformity cf appearnm:e in the cast mem
bcrs or units. p:trticularly in adjacent units wherc dir
faf'nl:"cs iu te:xture- .:wd/or C'olor wdi.~ld be visually· ap
parcnt. car~ shoulü be- ;;,ken that the contnct ~urfaces 
l'f í"o1ms ur form lincr~ are of uniform quality and tex
tu!"e .. 

. .Form oil or retardant coatings (nonstaining, if re· 
quircJ) shnuld be applied t>niformly and in accordancc 
w'idl ll!i.lllufacture.rs' recomm~ndations ror·this particti· 
"lar ~:lasc; of work.· 

7.(;..l Acces.<ories·--11 is particularly importan! in lhis 
"'"" of work thal rositive and rigid dcvices be uscd 10 
insure proper local ion nf rcinflJrcement. All openings, 
cWtluts. offsets, iusrrts. lift ring~. and connection de
vice·¡ reqHired to be 'ict in concrete must be accurately 
located and sccurely anchor<d in the formwork. 

The finhh<d <urfaces cf members shoul<l b: free of 
li ft "rings and other .erection itcms where s3me will be 
exr""'cd, will interfere wíth the proper placing of pre
cast members or other materials, or will be subject to 

: i ,,k;;n(t"J f,•r i'r~~a'l ad I'1:Ur"""d (."uncrC1t,"' 1915, .availablc hom 
PtnHc:h~:d <.:onc•et~: ll"limt~:, ('hk::l'·l· 

etlfrosion. Such ilems shoul<l be removed in such a 
manner lhal no remaining nu!tal will be subject to cor-
rosion. · · 

Quality and strength of lhese accessories should be as 
rcquired by conlract drawings and specificalions, out 
!he lirtiug dcvices or other accessories not called for in 
contract drawings are the responsibility of the contrae
toe. 

7. ~ To/erunces-Suggested tolerances for precasl 
c• :rete construclion are listed in ACI 117. 

7.1..5 Remo<•a/ of forms-Precast members or units 
should be removed from forms only aftcr the concrete 
has reached a specified strenglh as determined by the 
ficld-cured test cylinders or beams and job history or 
concrete curing. 

Where required lo allow early reuse of forms, provi
sions may be made to use accelerated curing processes 
such as steam curing, vacuum processing, or other ap-
pro•;ed methods. ' 

Methods of lifting precast units from forms should 
be approved by the engineer/architect. 

7.7-Use ol precac;l concreta for forms 
7. 7.1 DiKussion-Precast concrete panels or molds 

have been used as forms for cast-in-place and precast 
concrete, eithcr as permanent, integrated forms or as 
removable, reusable forms. They have been used for 
both structural and architectliral concrete, designed 
cithcr as struclurally composite wilh the casi-in-place 
material or merely to provide a desired quality of outer 
surface, and in sorne cases ,lo serve both of these por
poses. Concrete form units may be either plain, rein
f,>rccd, or prestressed, cast in the factory or at the job 
siie. The nwst ~ommon use of precast concrete form 
unir.' has becn for elevated slabs acting compositely 
with lopping cuncrete. 

i.1.2 De.~ign 
7. 7 .2.1 Re.lpOIIsibility for design-Where lhc inte

gratcJ fe..~ 11 is to act compoSitely with the strut.:ture 
. concrete, :oe·form panel should be designed by the en
gincer/archtLect who should al~o i11dicate what a<..ldi· 
tional·extcrñal support is r:equired for tht permanent 
fornos. FÓr permanent forms inÚn<led principally .!O 

adtieve a dcsioed architect"ural effect. the cngineer/ar
chitecl may specify surface'finish and desired mínimum 
thickness 'or architectural material. Design and layout 
of lemporary forms ~nd supporting systems shou!d 
1101 mally. be the_responsibility of the contraclor. 

7, 7.2.2 Com1ectíons-Connection details should be 
planned to cvercome problems of mating precast mem
·bers to each other and to the existing or cast-in-place 
structure. 

7.7.2.3 Bonding concrrte form to concrete stmc
ture-Effective bond between precast form unit and the 
structure Concrete is essential, and may be achi~,·cd by: 
.Ol spe.cial u~atment such as grooving or roughening 
the form face in contact with the structure coocrete; (2) 
use uf anchoring devices extending acros.-;. the interface 
betw,·cn fonn panel and structure concr~oe; and (3) a 
combinalion of ( 1) and (2). Lifting hooks in a form 

l 
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unit m ay l-t~: dcsi!~1C~~l ~e:.~\'C a!~o a~ :uu.:hor\ or shcar 
--~ T~liHll..'i;(¡lrs:--

/-

7. 7 .2.4 Cod<' rt'quiT<'111<'nts-l'recas1 concre1e 
fnrm.~ a:;;cd ln l·ompo~b." J~.~ ... ;gn wi¡h \,:a~t·ill·pkh.:C' ;,;(ln
._·J'."f;.• .~!h111/d (1(' Jc..;i~ncd i11 at:~:nrdaJh.T witl. ''1\Hild\JH~ 
(,!de J~.:~l~'irctHcnts fn1 Rcinrorn·J { ·tllh:;c•l·. ·• • \ J 

3 1 o). 

i. 7 .J /)!!!·j:,¡_: cmd 11[to· i'Vfllteting 

7. 7.J.J l 'i/.lru.tiU•I- rhurougit COII.'HiJit!<.~til'll of ,; 
l'ast l"CPl'ICIC' i~ rcqnircd In preven! v0ids \'hkh v.u•n 1 
in1::rr:...:pt 1:1e blliH.I uf 1hc fo1m tu structurC I..OJJl;;ctc, 
h;t '-nfli;.·:,_.nt c<He must be excn.:i<::cú (0 prcvent damage 
nf r'"lll"H.'le panels by \:Ontacl with vibraturs. 

'/. 7 .J.2 Protectio'l of architrctura/ finish-Care 
'1"•11IJ be 1aken to avoid spilling frcsh concrete on ex
po,ed surfa.:es, and any spilled or lcaked co11cre1c must 
be tho•Óughl}' removed before i1 has hardcned. Af1cr 
conneting, protection of precast an;hitc~:tural concrete 
f'?' m facings m ay need to be considered, 

7.8-Forms for concrete placad under waler 
7.8.1 Discu.o¡sion-There are two basic approaches to 

the prolJiem of pladng concrete· UIU.Icr water. The con
cr~tc n1ay be rnixcd in the conventional rnanner and 
1 hcn placed o y special methods, or the preolaced aggre
gatc 11\(.'LhoJ may he u~t:d. 

In the first approach, placement may be made by 
eili>er pump. underwater bucket, or ihe more common 
tremie. The tremie is asted pipe, suspended vertically 
in 1he wa1cr. wi1h a hoppcr attached to the upper end 
above the w:Her surfacc. ·1 he lower end of the pine ex
tonJs to 1he buttom uf 1he arca lo be concreted. This 
p;pc is chargcd with concrcle from thc surfacr. taking 
carc to force any water from the pipe ahead ot <he con
crete. Once the pipe is filled with concrete, it is kepl' full 
ünd its bottom must be kept immersed in the fresh con-
Ciete. • 

In the se•:ond approach, the forms are filled with 
coarse aggregate which is then grouted so that the voids 
aroundthe aggregate are filled. The grout is introduced 
at the bottom and the water is displaced upward as the 
.grour rises. .~ 

7.8.2 Und<'rwater brlcket·and tmni<'. 
7.8.2.1 Design-Form• for ·~nderwater concreting 

are designed wit~ the same considerations as other 
forms ·covered in Scction 2.2 except that the density of : 
the submergcd concrete may be reduced by the weight 
of the water displaced. However, because of.lurge pres
sures which can develop dúe lo the head developed in 
the tremie, loads should be evaluated by personnel ex
perienced in this type of work. Some designs have ig
nored the effecu of submergencc, because this results in 
a practica! design which is sturdy enough to withstand 
the extra rigors of underwater conditions. . 

In tidal zones, forms should be designed for the low
est possible water leve!. Changes in construction sched
ui<S may transform a planned submerged placement to 
one m a de above water •. thus losing the offsetting water 
pressure. 

7·;8 .2 .2· CoiiStrltc-;ti,m_:_U ndr.~rW<;I cr f orm~ shnult.J 
h.e built nn the surface in la!gt• units insofar as pos-. 
s1ble, because final positioning ami fillinfl: whcn done 
umJcrwatcr hy divt"r~ i~ ~:;(ow anJ t.:Oiitly. f-or this rca
snu, fnundatinns sliould he kcrt simple in sh~p~, <llld 
l'unus shoulú be f1ce of COIUplcx bra~:ing and coñnCc
tion tktGils. Through-tics, whkh could intl!rfere with 
thc collcrctc placing should be avoidcd, insofar as pos
siblc. 

Furms ·must be carcfull~· l'itled and sccureJ to adja: 
ccnt materials and/or c:onstruction to avoid loss of· 
mortar under pressure developcd. lf 1here is any now 
past the form, small openings in the form should be 
avoided as lhey will permit washing or scouring of the 
frL·sh concrete. 

When it is inlended to permit concrete 10 ovcrnow 
the form and screed it off to grade, it is essential.that 
thc form i!; positioncd to the proper grade and is dc
tailed so that the overnow will not in1erfere with the 
rroposed method and devices for stripping .. 

Forms should. be well detailed, and su eh details 
should be scrupulously followed so tha1 divers em
ployed to remove ttie form may visualize and plan 1heir 

. work befo re <i•<cending. · 
Multiuse forms may have special devices for posi

tioning forms from above water and ·specia! s1rippin? 
. jevice> such as hydraulic jacks which ~.ormit releasing 
the form from the surface. 

7 .8.3 Preplact'd aggregal<' 
7.8.3.1 Design-The formwork should be designed 

wilh the same considerations as mentioned pre~iously 
in Section 7 .2.2, keeping in mind the submerged con
dition. 

7.8.3.2 Const~uction-lt is important 10 assure 
that silt is excluded from the forms beca use ·silt chokes 
the·voids in the aggregate and imerferes with 1he now 
or grout. ·lf left adhering lo the aggregate, it may re
duce the bond beiween the aggregatc and the grout. 

The inspection· of the forms before concrete place
ment should \'erify that the perimeters of the forms are 
effeetively sealed against the leakage of grout or 1he in
trusion of sil! or oth~.r fines. 

CHAPTER 8-REFERENCES 
8.1- Recommended relerences 

Documents of the various standards-writing organi
zations whose procedures are recommended in this 
guide are listed below wilh their serial designation, in
cluding year of adoption or revision. The document.< 
listed were the currenl versions at the time this guide 
was prepared. Sincc sorne of the cited rccommenda
tions are revised frequently; generally in minar detail 
only, the user of this guide should check with the spon-

. soring organization if it is desired to refer to the lates1 
revision. 

American Concrete ln.stitut<' 
116R-8S Cement and Concrete Termino!-

. ogy 

.. 
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117-81 

207.1R-70 

Standard Tolerances for Concrete 
Construction and Malerials 

Mass Concrete for Dams 11nd 
(Reapproved 1980) Oiher Massive Situcturos 

22~R-80 

(Re,ised 1984) 

'303R-74 
(Revisod 1982) 

)04.1R-69 

304.2R·71 
(Revised 1932) 

305R-77 
(Revised 1982) 

· .306R-78 
(Re,ised 1983) 

309.2R-82 

313.77 
(Rcvised 1983) 

J32R-84 

Control of .Cracking in Concrete 
Structures 

Guide lo Casi-in-Place i\rchitec
tural Concrete Practicc 

Preplaced i\ggregale Concrete for 
Struclural and Mass Concrele 

Pladng Concrete by Puniping 
Methods 

Hol Weather Concreting 

'Cold Weather Concrcting 

ldentirication' and Control of 
Consolidation-Related Surface 
Defects in Formcd Concrete 

Recommcnded Prac1ke for Dcsign 
and Construction of Concrete 

. Bins, Silos, and Bunkers for Stor-
ing Granular Materials 

Building Codc Re4uirements for 
Reiuforccd Concrcle 

Guide 10 Rcsi•\;:ti;ll Ca"-in-Piace 
Cunnctc Cuustru..:lion . 

344R-70 Design and Cvll,trul'lion c•f Cir· 
(Reapproved 1981) cular Prestressed Conqete Struc-

347.1 R-69 

359-83 

·tures 

Precast Concrete Units Used as 
Forms for Casi-in-Place Concrete 

Code for Concrete Reactor Ves
seis and Containments 

·' 
A riterican National Standards /nstitute 
A~S.I-1985 FortiiS· for One-Way Concrtle 

Joist Construclion 

i\48 .2-1985 

A5R.I-1982 

A208.1-1979 

Forms for Two-Way Concrrtc 
Joist Construction 

Minimum Design Loads for 
Buildings and.Other Structures 

Mat-Formed Wood Partklé Board 
. ' 

American PlywoOd Association 

ASTM 
A 446-76 
(Reapproved 1981 J 

Plywood Design Specification, 
1\185 

Standard Specification ·for Steel 
Sheet, Zinc-Coaled (Galvani7.cd) 
by the llot-Oip Proccss, Structur
al (Physical) Quality 

C 532-66. Standard Specification for Struc
(Reapprovcd 1979) tural lnsulating Formboard (Cel

lulosic Fiber) 

Canadian Standard.r Association 
C/\NJ-086-M~O Couc for Euginccriug !Jc,ign in 

Wood 

Nc ·m11/ Forest Products Assaciation 
Nationa1 Design Specification for 
Wood Construction, 1982 

U.S. Department o/Commerce 
LLB-810a Hardboard' Concrete Form Liners 

(Simplified Practice Recommen
dation) 

PS 1-83 Construction and Industrial PI y-
wood 

PS20-70 American Softwood Lumber 

Thcse publicatioris inay be obtained from the follow
iug organizations: 

American Concrete fnstitute 
P.O. Box 19150 
Detroit, MI 48219-0150 

American National Standards lnstitute 
1430 Oroadway . 

· New York, NY 10018 

American Plywood Association 
P.O. Box 11700 

·Tacoma, W A 98411 

ASTM 
1916 Race St. 
Philadelphia, PA 19103' 

Canadian Standards Association 
n8 Rexdale lllvd. 
Rexilale, Onlario M9W 1 RJ 
Canada 

Nattou~l Foros! l'roduc!s Association ' 
1250 Ccuuecticut Ave., NW 
Washinglon, [)(: 2()()~6 

U .S. Department of Commerce 
publicatioris .available from: 

U.S. Government Printing Office 
Washington, DC 20402 '' 

8.2-CIIed references 
Auditiona1 information sources on whkh the coni

mi!!ee recommendations are based are listed i" Sec
tions 1.5, 2. o, and 4.5 

- ¡:;;~ ,-;j;on w.¡• s•tuninN 10 6n1c1 ballo4 of lhe co•nmiiiC't- and •a' ap
rwoYrd ia k:C:Ot"J:-•u:r *Íih ACI baUl'lÍRI procNurt,, 
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FORMWORK 347R-33 

APPENOIX-METRIC ANO SI EQUIVALENTS 
Conversion lactors 
T o con ven r ro m lo_ mulli~~~__:b] 

inche'\ (in.) ~:c-ntimcln~ (~m) 2.54 

·inche!l(in.). millimctc:to; (111m) 2~.4 

fe<"t ( ft) nu..•rcrs (m) O .. 1fl48 

mile~ k ilomctcn (kn1) 1.61J<l 

pounds-force (lb) kilngrams-force (l.gf) 0.4536 

l. i lograms- f o_rc_e newrons (N) 9.807 

pOlmd~-force (lb) ncwtom(N) 4.44" 

poumls~force per kilograms-furce 1.488 
linc;ll fP\11 (lb/fl) per meter (kgfim) 

pour>ds-fmce pC'r ncwtmr:" pcr meter 14.l9 
lim:al foot (lb/ft) (N! m) 

pound~-force per kil(lg:rams-fon;e per 0.0703 
~quare 'inch (lb/in.:l square cenrinteter 

(k@.fhm') 

pounds-force per kilopasc;Jis• 6.89l 
square inch (lb/in. 1

) (k Po) 

pou_t1ds-force p~r kilograms-furce 4.882 
square foot (lb/ff) per square ml'ter 

(kgf/m=) 

pountls-force pt>r · kilograrm-fu'rce O.t)()O.tP82 
~quare foot (lbtf¡:) o;quare cemimelrr 

(t.;gflcm') 

pound~·force per kilopascal~ 0.04788 
square foo1 (lblfl') (kPa) 

rnunds- maso; rC'r kilograms per_ i(r.02 
cubi~ foot (lblft') ~:u bit.: lllC'ICr (l.:g/111') 

\("mpcraturc, lt:m¡'·:r:rtrrrc, IJ\~ 1, ~ . 
fahr~nhcit (F) Cet~i~..:_~ (f...") (1, - 32) .1.8 

----·o u e new1on per square mt'ter is a pa~cal. 

Conversions of nonhomogeneous equallons 
Stction 2.1.2 - L.auro/ prrssure of concute (m~tnc rq:ti~·u!,•nt.t) 

a. for ~:olumns 

. p .. = 0.24h., 

- 8.0~~p .. ':": 0.073 .. 
T,. + 17.8 

(maxirnum of 1.4i kgf/cm: or 0.24h.,, whh.:he,·er is leas1) 

b .. For wall~. ratC' lif placC'ment no1 C''I.Ceedin(l 2 m/h~ · 

p .. = 0.073 + 
8.0R., -----r. .¡. 11.8 

(lll.l'l.irr~um of osa kgf:"cru' m 0.2Jir". \~hich.:n:r i.~ l.!a\1) 
1:. Fllr wa1\,, ral~ o( placr-mcnt 2 lu 3 m:hr 

11 78 o.on .. ---- ,_ 
1; ~ 17.R_ 

2.49R., 

1: t IU 

(2-1) 

(.:!-2) 

(2-2a) 

r_2-JI 

(llla:\imum U.9R kgf/~:m_' or 0.24h ... whkhever i~ lcJ~I) 

P. -... lateral pn:o;.o;urc, k~f/~:m: 

H" 1 ate ul pl:u:cmcut, 111/ltr 
1: lt'111pt·rature nf cuncrcte iuthe fllrm,, lkil: C 
Ir., : heiglrt of f1e"ih cc,nncte al;love puint ~omidcred. m 

Sf'<'1iun 2.2.2-'/ .• Jtl'ralprf'sntrl' •>/ .-oncrt'lt> (SI equiraiPnl•) 

p.,, = 2J.Sh., 

Fur columns 

185R 11 Pu = 1,2 +. ___ ,. .. ·-
Te + 17.8 

(ma'l.imum of 144 kPa or 23.Sh.,, whh:hever is lca~t) 
For wall.,, rate of placemem not exceeding 2 m/hr 

785R., 
p.,= 7.2 + ---·

Tr + 17.8 

(ma-.:imum of 9~.8 kPa or 23.5h.,, whichever is least) 
-For wall~. rale of placement from 2 to 3 m1hr 

lll6 
Pv = 7.2 + ::::-'-"~-:: 

Te + 17.8 
+ 244R.,_ 

T, + 17.8 

(ma'l.imum 95.8 kPa or 23.5h'U, whichever islcastJ 

.. , WlrCfC 

p., -= lateral prc.,_~ure, k Pa 
R., ':": rate of placcment, m/hr 
T, .,... tcmperaturé of concrete in lhe forms. deg C 
Jr, = hl!ight of frc'ih t·oncrete above point Clln3idert>.;, m 

(2-1) 

(2-2) 

(l-2.·¡ 

(2-ll 

Srt·tion 7 .3.2.4-Lotrrol pres51.1rr of Cmlcrtlt' (mf'tr:c f't!llirüh·nu.: 
Tlu: lateral pressure of frcsh concrete to t:-t> 11\c:J in de-;ignin6 form~. 

tic~. IJ¡;.¡~:ing, and wales may be calculated a, f111lo.,.,~: 

where 

e, !l.U~ 

5.35R-.. 
e, + -·--

T,. + 17:8 

p.., htt•r;~l pressu're, k¡¡flt.:m' 

1\ 11 ratc 1Jf placement.'rn/hr 
7:. ::- tcnrpcratur~ or concrete in tht form!;, detl e 

Sectlcm 7.3.2.4-Lat,ol pr~sJu~ of cofln·ett•tSI er¡u1rale:J!\'} 

'll:e lateral rrre~'\urc of frcsh concrete to bc'mcd in de~ignir~F f •11~- · 

tic~. ht::~~:iug, and walco; '!_lay be cakulated a~ follow~: 

.,.,-lu·re 

"· R,. 
r 

4."19 

iar.:ral prc\~ure, kPa 
r;~te of plac('ml!'nt, m/hr 

l'.:lllr'f'rill.!llfC uf coth:rctC' in lhe furm~. 
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ACI 304.5R·82 

Batching, Mixing, .·1nd Job Control of 

Lightweight Concrete 

Reportad by ACI Commiltee 304 

Art Commiltee Repons, Guides, Standard Practíces, and 
Comment.:v-il"s are in tended for guidance in designing. pl.,~-
ning, exe-cutin¡.:::, or ins~t.:ting'con_atruction and in preparing 
specilicalions. H.clcrence lo these documents shall not be 
l!•ade in the Project Documents. lf items found in-these doc
uments are d~sired to be part of th~ Project Documeuls, 
they should be phrased in mandat1•ry language and incor-
porat~d into thf' Project Documents. · 

This rPport Co\·ers many of the practica/ ól.<1pt·ct~ ··f hatch· 
íng of lightwei;¡ht aggregate concrr.te .11:d inc/. ·s com
ments on mixing and job controls. Procedures for batching 
are covered in df!tail, enablin'g the u.5er lo a~hie11e proper 
yield under ••arying condition& of moisture and unit weight 
of aggregates. Absorbed water and free water •re e~·· 
plained. Pertinent detai/.5 o( mixer operation and job Con· 
trols are a/so covered to 11Ssure 11 qua/ity priJduct meeting 
spplicable job specifications. 

Keywonb! absorption: agrregates: air enLninmf!nt: bak'hlnl; bulk 
deulty; coarse aggregates: dea8R7 (lpau/'tolumeJ; fine aggre· 
iates; UcbtweJcht acan••te eoaerete.~ lljJhtwaflht acrre••tn: 
mixers; mi&lDc: mix proportioning: moisture content.: qu~~olity con· 
trol: saturation: llamp ten.: voids; wAter: wei¡bt meuuremeat; 
wetting. · ' 

1 - INTRODUCTION, page 88 

2 - MEASURING ANO BATCHING, 
page 89 

2. 1 - Free water and absorbed water 
2.2 - Absolute volumes 
· 2.2.1 - Bulk spei:ific gravlty lspecific gravity factor, dryl of 

coarse and fine aJgregate · 
• 2.2.2 - Unit weight variationa 

2.3 - Batching coarse •rlreraLe 
2.3.1 - Mix proportiona 
2.3.2 - Calibral.ing Lhe welrhing hopper 
2.3.3 - Batching chart 

2.4 - natching lightweight fine aggregste 

3 - MIXING, page 93 
3.1 - Charging mixers 

3.1.1 - Pl:-"t mixers 
3.'1.2 - Tru"C"k. mixers 

3.2 Mixer operation 
:1.2.1 ·· Transporting anrl wailing time 
3.2.2 - Temperature eUech 
3.2.3. - Adding water ~t ,jobsite 

4 - JOB CONTROLS, page 94 
4.1 - Slump 
4.2 - U nil weight 
4.3 -· t\ir o:omerit 
4.4 - Vielct adj•rstments 
4.5 - Trst cylinders 

1 -INTRODUCTION 

Measuring. mixing, tran:;porting, and placing P!'· 
erations {or lightweight concrete are similar to ccm· 
parable procedures for nOrmal weight con<"rf?'te. How
ever.. there are certain differences, especially in pr~
portioning and batching procedures, that should be 
eonsidered in order to produce a finished product of 
the highest quality .. The weight and absorptive prop· 
erties ol lightweight aggregates are dillerent and 
should be properly considered. Every ellort has been 
made to coordinate these batching methods with the 
basic principies set lorth in ACI 211.2. Other batching 

• 

Copyril(ht© 1982 American Concrete lnstiiut('. AJI ri¡hU rt>!lt't-:'ed in~luolin17. 
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methods currently being used in various locations 
may also be employed. This report also describes 
batching ,;.ethods developed over 1fi years ago in 
Southern Califorilia and used in several other. loca
tions for the coarse lightweighl aggrega.tes lo correct 
for changes ín weight and moisture content to insure 
proper yield. ll alsn ·covers batching o! lightweight 
fine aggregates using a modirication o( lhe methorl 
used for coarse lightweight aggrel(ates. 

Quality control for plastic lightweight concrete re· 
quires special emphasis with regard to yield. aggre· 
gate measuring. and batching methods along with the 
control of watt>r Ior slump and (or aggregate absorp
tiun. 

2- MEASURING ANO BATCHING 

2.1 - Free Water and Abaorbed Water 

One. of the first considerations in batching light
weight coricrete mixtures is a prop~r understanding 
of the water used in lhe mixture. The total water 
usPd per unit volume is dh·íded into t wo components 
or pan~. üne part is the water absorbed by the a.g
grC'gates while the other is similar to that in normal 
w':1g-hl a6e;rt>g:ate cuncrett> a11d is clas:iified as free 
water. Free wakr controls. the slump and, when 
mixed with a ~ivt•n •¡uantity of cement, establishes 
the strength of the p;.-te. The amount o! absorbed 
.•.:::..ter . ...,·¡H vary with differcnt lightweight materials. 
r-¡·r.svaking, and mixing timt..·s .. Absorbed water does 
n~lt ch;uJgc thp volume of llu-! aggrPg:tte~ or concrete 
hPcausE' it is ins.ide the aggre_!{ale. ~osl il"!lportantly, 
,lt).'h.JriJed water does not aUt•cl lile water-cement ra
titJ or the slump of t he roncrete. 

2. 2 - Abaolute Volumea 

Light weight concrete uses lightweight aggregate 
paniclcs in place or normal weight aggregates lo the 
ext•':-tl necessary lo achieve the total weight desired 
in the hardened concrete. The space that the aggre· 
g-ates ocrupy within the· cont:rete _is called their ab
s.,lule volume. The sum o! the absolute volumes o! all 

. : h.t'. !n~r,_,fiients· tnC!ulÚng air muSt equ~l the requircd 
\:niHnH~ 0f mixtd roncrete .. 
. Hy ddiniti( .. n, thr. :tbsolute volume of"á loose gr;.~n

ula:· materi:1l is the net volume of solid material a(ler 
n·m•,ving the voids or _a ir spa.ce.!f betweeO the parti· 
el•·"· The ab.solut~ V'llum"e may be calculaled by eilh~r 
oi t ~1f: following forrr:tdns: 

Ah,;;_ \~ol. in cu (1_ = 
~ .. '.~igh_l .'·:~-~~~~s~--~~a-~_t?,:i~l~ !~J.~---_ 
Speci~1C g~avity of material x 62.4 

n1'. -=: 

• 
We_~g!'_t _ofi~JOs•c ~~~~!ial iro_~ 
Specific gravity o! material x 1000 

2.2.1 - llulk Specific Gravily !Specific Gravity Fac· 
.Lor, !Jryl of Coarse and Fine Aggregate 

The methods used to determine the hulk specific 
gravity ol normal weight aggregates cannol be u.sed 
with lightweight aggregates becausc o! their variable 
absorption rates and the resulting di!liculty o! deter
mining their displ:tced volume in waier. Ml•Lhods d.~
Sl'rihed in Appendix A and 8 nf ACI 2ll.2 ror mea· 
surinl! the specific gravity factor ldryl and the mois· 
tun• iilent give reliable results. 

JC. ' coarse lightweight aggregate. this method con· 
sbi. <.; essentially of immersing a suitably size· · sam pie 
(about 1000·1500 gl for 24 ,¡: 4 hr in water, allowing 
it to surface dry in air or spin drying it _in a centri~ 
fuge. and then measuring its apparent specific grav· 
ity in this saturated surface dry tSSDl condition with 
either a pycnometer or by the displacement method 
described in ASTM e 127. Hall o! tbe SSO sample is 
oven dried to determine it.s percentage o( absorption. 
The SSD speCific gravity is then reduced by the pcr· 
centage o( absorplion to obtain Lhe oven dry bulk 
specific gravity or:_ _the specific gravity factor tdry). 
For example. if the SSD specilic gravity is 1.41 and 
the absorption is 13.6 percent, the oven dry bulk spe· 
cHic gravity is: 

1.41 1.41 
---- = - = 1.24 
1.0 + 0.136 1.136 

For lightweight fine aggregate, th~ oven· dry bulk 
specific gravity is detérmined in m u·· .:_.the same man· 
ner as ror the coarse lightweight materiaL However, 
Ü is diÜicult to visually determine the SSD condition 
and the spin dry procedure (Relerence 12i or the 
ASTM e 128 may give more satisfactory results. An· 
other procedt!r.e {or determining the bulk speciCic 
gravity using all dry materials. which émploys a flow 
cone sand te!iting apparatus. is describPd in Reler· 
ene e 1 O. 
2.2.2.- Unit Weight Variations 

The unit wei!(ht ol lightwf'ight aggregate varies 
dependin!( on !he raw materials us<'d and the size ol 
the aggregate. Smaller particles usually have higher 
densití~s. sptcif:e.: ~ravities, and unit weighls than 
larger partit:le:s. linit weights also va~y due to 
change~ ln ab~orption· or nwisture content. Ir the 
lightwei~ht aggreJ!ates are batched without adjusling 
for th@'~f~ varia~ ion~ in _unit weight, problems of over 

· or unrler yicld ~Jf t he corlcrete can result. To prevent 
such prohlf>m<;, variom; field adjustments ar~ !'11~· 

gestcd in the standard on Proportioning Lightweight 
· eoncr~te. A el 211.2. Es•entially these field odjust· 
ments con~i!"t~ or changing the batch weights of the 
lightwei~eht a!ll{regate•. hoth coaroe and fine. lo in· 
sure that the re•ulting co~crPte produce• the in· 
tended volume or yield . 

The dry lo>use unit weight o! a¡¡gregate depends on 
its specific gravity. on the grading. and on the shapc 
and size or the particles. AnguJar shaped crushed ag· 
gregates have more voids or unfilled spaces between 
the aggregatP partido,. than roun<led or spherically 
ohaped pieceo. Poorly graded aggregate ti.P., all one 
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BATCHING, MIXINQ, CONTROL_;, LIGHrWElGHT CONCRETE 

TABLE 1 - Llgh1welgh1 conért¡1_e laboratory mlx proportlon -· ---

30-C.SR-J 

------- ~-- --
(lu;ullitie~ p~r ('Ubir }'atd 

· ltem 

C,•mt·nt 
fr.-~ wnlt>r 
F.utr'd :lir hy AEA • 
CH.Ir~t> ll\lo L ldr~d 

Fine Jtwt. !dry; 
Ah.~orb. walPr m11.:~. 

TUTAI.S 

!ilil Jf, 

p1•r 1\lf~t. 

77-1 
~r.2 

z:n 
2~21 

l.oo!te vol. 

fi.ll .. k ... 
:Ui.G KBI. 

6% 
J7.u d 
lfi.9 cf 
26.9 gal. 

1 

Abso!. vol. 

2.'!11 d 
U! Y 
1.1:2 
l:l.M-i 

8.77 

1 27.00 
------------··--· 

Wt>l ¡•IH<iiiÍI' unit wt"iRhl of f'oncrete • 2821127.00 • 104.5 pcf 

Quanlitie'l per cubic meter 

CeiHf'.nt 

Free water 
Entr'd air by AEA 
C'oane ltwl. ldryl 
F'ine ltwt. tdryl 
Absurb. water max. 

TOTALS 

33á kg 
181 

per ~Hg. 
45Y 
565 
134 

1674 

Wet pl<'lstir. unit wehcht nf f'Onaele • 1674/1.000 • 1674 kg/m.J 

sizel generií:!y has more· vo;ds than a unilormly 
graded mai:~~.'ial which has enOugh smaller pieces to 
lit into the voids between the larger particl•s. 

Numerous routine tests~~ both natural and light· 
weight aggregates show an amazingly close correl&
tion of the void content for specilic products b~ing 
produced by a given plant over a long period. rr 
changes are made 'in the_souree of raw materi:1ls, in 
crushing or screening equipment, or in proouction 
methods, this could result in a dillerent void content. 
With no such major changes, the variation in .the void 
content will generally result in less than 1.0 percent. 
change in yield o.f the mixture. Dillerent slzed · ma· 
terials from the same productlon faciiity may have a 
dillerent but ahio a relalively constan! void content. 

1 ' ' • • 

Each production facility -has ita own characterlstic 
void content value for each size aggregate being pr.,.. 
duced, and this information can usually be obtaiited 
lrom the source. 

The.absolute volur:ne of the apeeific llghtweight ma
terials in a given container would be the volume o! 
material remaining alter the volume o! voids· has 
been suLtracted from it. In other words, if the ·un· 
filled void space was 44 percent or 0.44, then the ab~ 
solute volume would be 1.00 - 0.44 • 0.66 or 66 per· 
cent. Every loose unit volume of llghtweight aggre
gate in this case will add ·only 66 percent of that vol· 
ume as net solida· or absolute "volume to the total 

. volume of the concrete. The absolute volume, or the 
displaced volume in the concrete, for a given light· 
weight material wUI remain the same even though ita 
density changes or ita moisture absorption ehanges. 

The proper usage o! these basic principies makei 
it possible for any ready·mixed concrete producer to 

0.222 m1 

0.181 
6'\b 

0.6.10 
. o.>oo 

0.134 

, .•.. · 

ruoo mJ 
(J_¡¡o;¡ 

O.ü60 
0 .. 128 
0.325 

I.OUO 

batch an·· .. eliver lightweignt concrete at the proper 
slump.and yield for any job. 

2.3 - Batehing Coarae Aggregate 
' 2.3.1 - Mix Proportions 

For illustration.purposes, a typicallightw~ight con
crete mixturé prepared in a laboratory is shown in 
Table l. This mixture was proportioned by the 
weight method described in A el 211.2. The quantities 
per cubic -yard and per cubic meter of concrete are 
shown separately. The speeification requirements for 
the lightweight concrete and the properties o! t he 
lightweight coarae and fine aggregate are given as 
follows: 

Specificalions: 3000 psi &20.7. MPa) at 28 days, 
-slump 3-4 in. 175-100 r:nml, air entrainment 6 :1: 1 per· 
cent, air dry weight max. 100. pe! 11602 kg/m'l, wet 
plastic weight max. 105 pcl (1682 kgim'l, max. ag· 
gregate '1. in. 119 mm). 

Aggregate Properlies on Laboralory Samp/es: 
Ltwt. coaree: Gradation meets ASTM e 330, oven dry 
looae weight • 45.5 pc:f 1730 kg/m'), Sp. Grav. factor 
ldry) 1.40, 24 hr absorption 12.6 percent. Ltwt. fines:· 
Gradation meets ASTM e 330, oven dry loase weight 
• 59.7 pcf 1956. kg/m'l, S p. Grn·:. factor ldryl 1.74. 24 
hr absorption 13.4 percent. 
· The quantity of lightweight aggregate is shown in 

Table 1 on an oven dry basis with lhe absorbed water 
shown as a separate item. In this example, the batch 
weights lbased on the given dry loose unit weightl 
are tabulated and the loose volume ol the dry coarse 
and fine aggregates is shown. The absolute volume is 
calculated from these batch weights using the oven ::j() 
dry specillc gravit:r factor. 

1 -



' ,. 

ACI CO llmEE REPOAT 

To obtain proper yield ol concrete, il is necessnry 
to maintain the same absolute volumes ol lightweight 
aggregates in each batch ol concrete by adjusting the 
batch weighl! lo compensate lor changes in unit 
weights. This may be done by making standard unit 
weight tests on the lightweight aggregales lre· 
quently during batching operations and adjusting the 
batch weighls lo rellect any changes that may occur 
in thesP unit weights. Although this pradice is foi
IOwí'd successfully in many areas of the country, it 
may be rather time·consuming in a busy production 
lacilily. The alternatc batching system described in 
this reporl has heen developed as a r~ster me.thod. 
E\ther m·:thod produces satisfactory results. The· 
principal difference in the two systems is that the lat· 
ter method uses a much larger container for measur
ing the unit weight - the weighing hopper. In ad· 
dition, it provid~s automatic yield adjustments fo'r 
ev•"Y single batch ol lightweight concrete. 

ZJI.2 - Calibrating the Weighing Hopper 
The system can be set up lor virtually any batching 

lacility that employs a hopper or bin lor weighi~g ma· 
te:ials. The first operation is to determine the volume 
of this weighing hopper. 

Wheo the discharge gate in the overhead bi'n con· 
lainin¡; lhe lighlweighl coarse aggregate is opened, 
loe material will llow into the weighing hopper unlil 
it huilds up lo the lcvel ol the ·discharge gate. Sume 
p!Jnts m ay be slightly dillerent than ·others but suil· 
ahlL :-~;udificati•··ns. as shown in Fig. 1-, can be made 
i., lhe vverhead bins, in the 'Ncighing hopper, or both 
to allvw the weigidng hnpper. to be filled lo a pre- • 
s~rilJed level each time. 

.The volume o( lighlwei~hL aggrt'g-ale in tl,\s (illt··' 

woighing hopper can be calibrated for most batching 
plants in the lollowing manner. The total weight of 
the material (either dry or eontaining absorbed wa· 
terJ in the [illcd hopper can be read directly lrom thc 
weiJ:ht scales. The hopper is then discharged into a 
<hmp truek and the unit weight ol three or four sam· 
.Pits o[ loose material is determined in a suitable con· 
lainor. The total hopper weighl divided by the av· 
traKe unit weight will give Uit! .. total volum~ oLthe 
_rnat.erial in the weighing hopper in cubic feet or in· 
t::.ibic meters.· Asan example, iC.the net wei~ht of the 
:i:!ed hopper is -!550 lb (2110 kg) and the average unit 
"'eighl ol tLe material in it is 48.2 pcl (772 kgim'l. 
the volume is sirnply !Gf,U/48.2 = 96.5 el, i>r, 2110/ 
'l'l'.! • 2.73 m'. This calibration proccdure should be 
p•:dormed three times lo in~JUre valld m~asurements. 
.'\ r;ew r3.libration mi¡;ht be nccessary if the source of 
h<htweight aggr~gat~ is char.ged, since Lhe angle ol 
renose could vary, whit:h would changP. the overall· 
·volume in the weighing hnr)per. lf no major ch;¡ngt"s 
<>ccur in the lilfhtweight aggregates, then one cali· 
Ln1 inn will suUice hr !"everal months. 

Z.3.3 - llatching Chart 
fur the purposes ol illustralion, assume that the 

C:t~ibrated volume of a given weighing hopper w&!! 

OVERHEAO 

LIGHTWElGHT 

WEIGHING HOPPER 

OVERHEAO 

LIOHTWEIGH T 

BIN 

Fig. 1 - Overhead bin and weighing hopper arr:wge· 
menls. 

loun·d as shown lo be 96.5 el 12.73 m') ~nd that each 
truck mixer is lo be loaded with .7.0 yd' or with 5 .• ~ 
m' ol the lightweight mixture shown in Table 1. In 
this case the total loose volume of liR"hlweight coarse 
would be 7.0 x 17.0 • 119 el or 5.0 x 0.63 ·~ 3.15 m". 

A simple chart is prepared lor the batch plant op· 
erator such as Table 2 to mix 7.0 yd' .or Table 3 to 
mix 5.0 m 1

• 

To prepare ·this charl, the possible range · ol lull 
hopper weighls is listed in "the lirst or le[t hand col· 
umn. Since the loose volume in the [ull hopper is 96.5 
el 12.73 m'l, the loose unit weight per cubic [oot c·r 
per.cubic meter (either damp or dryl.may he calcu· 
lated by taking the weigh~ in the lirst column and 
di,iding this by 96.5 el (2.73 m'). These values are 
shown in the second column ol Table 2 or Table ~

The remaining volume ol loose material needed lo 
complete the 7.0 yd' batch is simply ll9· minu• 96.3 
or 22.5 el in Table 2, or 3.15 ininus 2.73 or 0.42 m' in 
Table 3. 

To ~atch the concrete, the weighing hopper is lirsl 
lilled with lightwPight coarse agl{regate. and its 
weight is determined on the scales. The line ol the 
chart on which lhe weighl in the first column is clvs· 
est to this acale weight ia noted and the contents ol 
the wei~¡hing hopper are discharged. The aJdilional 
volume ol 22.5 el or 0.42 m' is"added lo "tne hopper 
basecí upon the calculated weights shown in the third 
column on the .. me line ol Table 2 or 3. The calcu· 
laLed weights shown in the third column are obtain<'d 

-::¡.¡ 
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TABLE 2 - Batchlng chart for_7.0 cu yd-of-con-- TABLE·3= Batchlñgchart tor-s:o ;;;. o,- c~~crete -------creta ___ •- - -- . 

Full ••ichin1 hopper vnlume • V6.5 d Full w.tplnr ltopper vQiume • 2.73 m1 

"' Wt'il(ht-of 
fint hofJJ~r 

filled lb 

4000 

··oso 

4100 

415U 

4::!00 

r -; .. 
• 'il 

t •u 

121 
LuciSP 

·unil wt. 
____ p~---

41.4 

42.0 

42.5 

43.0 

41.0 

44.6 

131 
w~iahl in 

lea>llfl . 

_h~-~~l?e_r _lb 
932 

945 

968 

"' ! l!il 
Tulal ..-t. 1 lh ni 
uf •~Kri'R'· A,IU{rl'lfnh• 

Jh (,.r l. U eu ~-~~ 

49:t2 7tH 

49~1!j 714 

5056 

5118 731 

979 5179 740 
--·-------- -------- -----

990 5210 748 ---------- ·---------
_ _!__00~- C-~~~4- --~--

45.1 1015 5365 767 
-~----- ----------

-45.6 _ . _;1:.:0:::26:__j ___ _::S4.::26::__ r--
7
7_7
8
_5
4 
__ _ 

4450 46.1 1037 M81 ------
4500:-:---+---'-46=".6'-+-1,0-'-49::-- 5549 792 

---.soo--r-¡72 '1062- ·-s6i2- ---80¡--
------ ----- ----

4600 47.7 1073 5673 811 

-¡~~o +- -~8.2 -- ~oas _ ____E~S- ___ 819-
4700 --r-· 48.7 1096 5796 828 ------- --- :-- - ------ ---- ----
4750 49.2 1!~ 5857 838 

---.soo--~9.~ r----¡¡1s s9ls --~--
4R!lo _ ~~-~---- --·-~~2 .:__ --~~~---- ---~~~--
49oro 50.8 1143 6043 864 

by multiplying the unit weight shown in th~ second 
column by Lhe requircu volume o[ 22.5 cf or 0.42 m'. 

Olh~r tnbles similar to Table 2 or 3 can be pre
P••rcd in atJvaric~ f~r- any mix proporiion assunaing 
the basic rull hopper _volume will remain the same. 
The batch plant opcrator · simply notes th, scale 
weight of the first full hopper and from this table <an 
immediately determine the weight needed to·. com· 
plete tlie batch. This same table can be programmed 
into an automatic electronically controlled batching 

· lacility or it could be used in a aemi-automatic plant 
where all of tba lngredients except the lightweight 
aggregates a;.., b~hed electronically. 

If it is desired to record _the .~tal weight of coarse 
lightweight ag'gregate on the i!ellvery ticket for ·any 
given truck, the total. weightS as batched are ahown 
in the fourth column of either Table 2 or Tabla 3. Also 
if the unit weight· of the aggregate is required on the . 
delivery ticket, the value shown In the second column 
provides this lnformalfOlo. . 

If batches leas than a full truckload might be 
needed, tbese could be batt:hed in one cubic yard (or. 
one ·cubie metert incrementa uai'ng the unit weight of 
aggregate deÍermined on the ·immediately preceding 
batch multiplied by tlie loose voluine ahown on the 
mix proportion. These balt:h weighta are shown in 
the fifth column of Table 2 or Table 3. 

. - . 
2.4 - Batchlnr LJrbtweiabt Fine Aftftgate 

It is not practica! to batt:h the lightweight !lne ag· 
gregate by thia aame method aince ita volume 

lit 121 !31 I·U ,;,¡ 
We-iKhL uf IAooa• Wr.i~oehl In Tulal wt. k. "' first hn¡tpl'r unit wl. !'llt~rond uf aggreg. a!(gr .. gal~ 

. _!~~~~ _kg ---~li!-~~~-- ~-~P.-~.!..~- ------~-g ___ lo• 1.11 ml ---- --------··-
1800 659 277 2077 us --------- ----------- --
1825 668 281 2106 421 

1850 678 285 21:)5 427 
-------- ----- ------- -----·-

__ 18_7_5 __ -~7- ---~8_9 ___ _:!6_4 ___ ...!_3~--
1900 696 292 2192 438 
192=5 __ ¡_..:7:::05:_+--=296=--~--'2"'22"'1-- ~~-

==1~---~--- --714 300 __ 2_250 ___ --==4~~-=-
1975 723 304 2279 455 

- 2ooo-- 733 308 r--2aoa 462 
-- ----!---''- ·------ ·---- ----
__20~_5 ____ 1~ __ aE__ 2337 <67 

2050 751 315 2365 473 
------·-· ---------

2075 760 319 2394 479 --------
-~2:~100~~-~~7=8~9--+---~3~------~~23 _____ 48_4 __ 

_..:· 2:::12=5c_ __ {_-_ .. _'n,-'-8'--l---3:-:27,--+---:2c45 .:::2~ .. __ 4~1)_ __ _ 

~-~2::150:::_ __ 1--_;7c.::88=---j------E~-- ___ 2~_1 - --~~ --

_2~~.:_-~--33=5-4---'2.5CCI0, __ ~2-
2200 806 339 __ 2!;39 __ ~?! __ 

~ . ..:222::._:.:s'----l--'s-'1-'-S-~---=a,2 2567 513 
----- --=-=·-1-....:.;c'--

2250 824_ 348 2596 519 

changes due to variable bulking wilh dilrerent 
amounts o( sur(aee water. For this reason, the ligh t
weight fines are batched by weight in much the same 
'manner as natur:-aJ sand with alloo,vances made for to
tal moisture content. 

Since the moisture in lightweight fines may be 
partly absorbed water as well as surface or Cree wa
ter, the moiature meters used in batch plant storage 
bins lor naLural sand bave not been satisfactory for 
lightweight sand.' Satialactory baiching results ha ve 
been obtained by drying a small sample (about 500 gl 
of the lightweight sand being used in a suitable_ con
tainer to·. a _constant weight at a temperatura of 212 
to 230 F (lOO to 110 Cl. The total moisture (absorbed 
plus surface moisture} ia calculated by comparing the 
molst weight of the sample to ita dry weight. Mois
ture testa ahould be conducted at least once per day 
or whenever a fresh supply of lightweight sand is in
troduced which has a different moisture content. 

To adjust for the proper arnount o! lightweight 
fines, the oven dry unit weight of the material being 
used is determined as indicated above. 11 this dry unit 
weight differs from that shown on the laboratory mix 
proportion [59.7 pcf (956 kg/m'} shown in the exam
plel then the dr)' bakh weight is changed by multo· 
plying the loose volume [15.9 el (0.590 m'll by the new 
dry unit weight ju!l determinad. This dry batch 

· weight is increaaed by the moisture content as pre
viously determinad to give the actual scale weight to 
be uaed. 7 ?-e 
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. 3- MIXING 

The absorptive properties o( lightweight aggre· 
gates should be given consideration during mixing. 
The time rate of absorption as Wl•ll as the maximum 
total ahsorplion· rnust be prnperly integrated into the 
rnixing cycle in orcier tu eonlrul the slurnp nct•uratcly. 

3.1 - Cbargiog Miiere 

The sequence or iiitrududng the ingrcJicnts for 
· lightweight concrete into a mixer may vary from onc 

plant to another. Once acceptable procedures lor both 
wetting and hatching h¡¡ve been eslablished, it is im-

.·.¡. :rtant ¡., r~"'reat these as closely as possible at all 
times to :t~.sume uniformity. Weather coñditions such 
as ambicnt temperature and humidity can exert sig· 
nificant influences on any concrete production and 
should be·'properly considcred. 

3.1.1- Plant Mhers 
Station:1ry phmt mixers are commonly used in vre-

. ·casting Or prestressing opei-ations anrl occassion<tlly 
on building si tes w he re concrete is not moved a grcat 
distance. They may also be used al a ready-mixed 
prmiuction plant for complete premixing or ror parlial 
premixing lshrink mixingl with the con~rete later· 
heing fully mi:<ed and transr.orted lo the jOhsite in 
mixer trur:ks. 

Dry or moist. lightwt'ight aggregates should be 
plarf'd in thl' mixt~r first. followrtl_ hy lhe reqÚired 
wat(!r, renwnt, ;q;d any sp<·eifi('d ··adtlilives .. LiKht
weight fines sh.wid he· addt:!d ~ítcr tht:! coarse aggre
gat('s when li,t;·it~weight sand i·; hcing u.o:;cú in t.h~. con

cn·te. 
After all uf tlw in¡~rcdiE-n•s ha~·c bct:n feci into.llw 

plant rni:<er. it should IJe ~>i-a.•raleU al nlixing .s¡.~ed . 
produce a comr+ete mix that will meet thC evaluation 
tests as dt>scriht>d in ASTM e '94."' When stationary 
mix~:>rs are U!'lf:'d !úr t~IO' purpose· of rartial or shrink 
rnixing, they art: ot,fy·r~Tiirerl lo hlend the materials 
.to~elher sin<'t" ITII:'<.ÍHg i~ rompleted in the trut·k 
· mn•Pr. lC t.ht.• lightw~ight aggrE>g:ttc has·not rcachcd 
il.~ .:'ull saturutinn. fi.lrther abofption during nnd arter 
rni:dng may cause t_he mix to :st_iUe'n-:.· 

· a.l.~ -· Truck :\1ixers ·' 

_Ciutgwg or luar.ing a truck mixt;r.:(ollows thc same 
~t~nf'ral practke u_scd in stati~nafy mixers. Larger 
v~:l·Hnes of li~hl"-'cight concrete can sorn~t.im~s he 
hat;ied in truck n!i:.••rS· W:th"t1l ex~eeding the legal 
wei.~hl or ax:k lo.ad l:!niL.~.- Howcvér. lhe volume o( 
co,\i:i't.:Lt• in the ditlm .<ihuuiU nut (·X'ceed 63 perccnt o( 
thP. il-iUIIl vulume ·w he'n tt~tHi as a rTtixer i10r B'o per
,·t·r¡t •>Í thi~ v'llun•(" whcn usetl·!as··~n agilator in ac· 
~ • .,.r,tan~e with ASTM. C 94. 

3.2 - Miier Operaiion.· 

S.n\.·e m•)Sl con,·rdc, h\)til nnr•nai and lightweig:hl. 
i::, :¡;wdlt~LI in tru~.:k r;¡iX\:'I'S, il is in.portanL tu under· 
:;~.-:-.J some aspects ol t r·.u·i-. '•••;,;raliun .. Dtliv~ry lime 
a11J wpather dferts h;n·~~ au impnnant r~lc in si_u~up 

control. These variables may require changes in the 
amount o( water needed to produce the desired 
sl~mp, 

3.2.1 - Transportation and Waiting Time 
Construclion ·joh.s al different distances ffom lhe 

batch plant rcquire· longer or shorter haul periods, 
and it is not uncnmmon lo have a d~lay in unloading. 
T!t lactors rnake it dillicult to determine the total 
1 '\:' Lhal a mixture will he in the drum ror any par· 
,, ular load. Sorne lightweight aggregat~s may con· 
tinue lo ahsorb water with tinie even though pre
wetted. Prewetting slows lhe ra.te o( absorption but 
does not necessarily eliminate absorption. Sorne op· 
erators hold back 2 to 3 gal. of water per cu yd 110 
to 15 liters per m'l to make certain that the batch is 
not too wet upon arrival. lt is orten necessary and 
entirely permissible to add water to a lightweight 
concrete mix on the_job to replace free water which 
ha:s been absorbed by the lightweight aggregate in 
order to bring th41 concrete back up to the desired 
slump. 

Truck mixers_ should be operated al prescribed 
~mixing speeds for the range of lo~al revolutions re
quired to produce complete mixing, normally 70 to 

· 100 revolutions, and then be slowed to agitating 
speed. J ust prior to unloading. it is suggested that 
the mixer he rotated at mixing speed (or one or lwo 
min. lt is also desirable to stop the unloading oper· 
ation when th <lrum is about ~·11 empty and to re· 
verse the dr~ ... in the mixing direction ror t hree or 
four revolutions at mixing speed lo assure continued 
unilormity o( the mixed material being delivercd. 

· 3.2.2- Temperature Ellects 
The· lemperature of the individual ingredients anJ 

the resulting temperature of the concrete mixlure af
·rect total water requirements. Tempera.lures from 50 
to 85' F UO to 30 Cl generally ha ve no adverse ellcct.s 
on the·ritix. Higher temperatures generally lncrease 
mixin!lf Water requirenients. Ouring hot weather con-

'·•truction, pr~wetling o( the coarse lightweight ag· 
... ··gregate· will help to reduce the .temperature of the 

,concrete and wHI ·also·reduce the amount o( water ab· 
sorbed lrom the mix ·by this material. Premature 
stillening- or loss ol slump .may be caused by high mix 
temperature aria·relative hurnidit.y and have nothing 
to do with a stiOriage o( water in lhe mix. Water 
added unOPr t.hese conditiOn! could produce :c;;erious 
los.sP.S in st reng-th' and other properties. 

3.2.3-- AdJing Water at the Jobsite 
Watt'r to replace that lost through absorption may 

be added to the mix at the jobsite to produce the 
speci(ocu ~Jump witbol!t enolangering the strength 
ant.l uther properties of the mix and without,changing 
the volume ol the concrete. Approximately 1 gal. or 
about lO lb ol water per cu yd t5 to 6 liters per m'l 

.. · will increase the slump by 1 in. 125 mm). When water 
·· is atltled, th~ mixer shoiJJd be operated at mixing 

speed for a minimum o( 30 revolutions before it is 

discharged. ?.'3 \ IJ '/¡ 

1 

1 



. -;.-- -
r 

1' 

1 

1 

1 
!" 

-·~-. ~ ~· ..... ··.\ 
BATCHING, MIXING, CONTROL - LIGHTWEIGHT CONCRETE 30UR-7 

4 - JOB CONTROLs· 

Control tests discussed he re pertain po·imarily lo. 
· the. mixed-Jightweight-cóncrete. llowever:·the.rc are 
other tests which· can be madc on the individual in
grcdit>nl~. pnrticularly nn lht~ lighlwci!-{hl ag~rcg:llcs. 
The latter tests are covered in ASTM e 3:lfJ, "Speé
ifications ror Lightweight ,Ag~Teg:1te for StrucLÚral 
Concrete.·· 

Samples uf "'oncrctt· for 'fidtl nr johsite test~ shuul,i 
always he 1 akt·n from the rnidportion of lhe load as 
it is dc-livered. Inrlivirlual samples taken afler dis
·{·hargt.· or ;•pproximaLely 15 pf"r<'f'nl and bcfnre 85 
pt·' ···nr n[ the load has heen dis('harged will satisfy 
tloi.> fl'<¡llirement, following ASTM e 172. All testing 
m':'thods should be performed in al'corciance with cur-
ren! ASTM test methods. · 

4.1 - Slump 

The slump test for lighlw1.•ighl concrete is per· 
fnrmcd cxactly lhP same as for normal weiKht con
ál'tt•. Thc ~lurup o( lighlwt•ight. f·orwrcl.t• shouht he 
aboul two-thirds that o( noinwl wcight cnncrcte lo 
p,rndtrn' f'(¡ual workahility. This is Uccause Lhe light
\H·ight ,lgg-regatt·!' \-q'igh lt·ss a:ut this--r·cdures lht~ 

effed or Kravily. 
The sltrmp· of rnn(~relf' helwccn _50 to 85 F HO lo 

10 C1 is rt,ntroll~~d 'by !.he Crc(' watl'r. in thc mix and 
is iruh:fH•ndt·nt nf rlw ahsorhed watf'r. ·H.thc !~ipccilied 
slump i.o:: ohL;~int•d _.11 lh<' lime and poiilt v( placemcnt:, 
it t'all lw a;; . ...:utra·d !l~;¡r lht• strt•ngrh anrl ol.hPr pr;op

·:rlit·:' ¡1f 1 1'!: nti~. ;r~ "rtgir.:rlly dt"sigru·d, ha ve '·eE'n 
rn:rintairwd. \Vil hin l.ht'-"C' si al Pd mix l.ern¡Jeralurcs. 
~rdditi•-rral walt·r· ¡u;¡.\ j,¡o ;uldt·tl upon ;:rriva' tl Lhc 
jobsilt: unly H neerieri tu produce thc Speciried slump 
:1s delivt•rt~tl in .:u.·<·•,rdanct> with ASTM .C 94. Where 
tfle C'úlll'P.'lt.• is lJ·ansported Sonte cfist.ant•e (rnm the 
trnck. p:H'Lil·ularly j( pumP plar.cmcnl illl userl. il is 
aJvisabÍe to ha\!e compar'\ti_ve sluntp lf>sts made at 
the point or .placem·ent. In this case, it ·is important 
to menlion that sut:h sample~ shoulri be remixed in 
accorr.lartce wi~h ASTM C 172_be(ure condu!=ling the 
sluoup tests as describ<•d in ASTfl'! C 1-1:1. 

4.2 '- Unit Weight 
Tt:e unit wt>il{ht o( the plasli(' concrete i~.important 

in 1 he control o( liKhtweight mixture!'~ and in veri(y. 
ing romplianc:e with ~t.ruclural desigo cr'ileria. In 
mflst cast:s, tht! j,•b specifications 1•laee an upprr limit 
on the air-dry ~Hlit ·.•:cight in ar.c·nniance with ACI 301 
and with A!>TM e :.67. Since the air-dry weight can
not be mea~ured a t. the Li01e o( plaeemenl, Lhe plastic 
1.1nit_ we-ighl should tJc uscd' as a fi"ld conlrol.· 

The unit w~ight of rresh concrete i~ delermined in 
a o::uitahly si;rt•rl anrl f":dihr<tted r.ontaincr arcnrding lo 
ASTM C 13ft Cylindcr ('ans or nwlds 'shuuld not be 
used as. unit weight o.:ontainers !-iinr:e their volumes 
are nnt alway~ cqual. rr the measurt.>rl unit Wt'ight in 
the field fines not O!(ree within 2 1~ per cu ft (30 kg 

per m') above or below the original mix design weight 
tincluding the absorbed water in -~~e aggregatesl, cor
rective action shoulifbe token. The various corrective 
measures are deseribed in Ser.tion 4.4 on Yielrl Ad
justmcnh. 

In atldilion lo lhc unit weight of Lhe plastir rnn· 

crete, il is also advisahle lo monitor !he unit weight 
uf the oven dry lightwci,¡ht aggregales of the hatrh 
plant. Thc currcnt ASTM C JJII provides that th<·se 
aggrcgatcs shall not difrcr ·mor•! than 10 perrent from 

the weight used in the rnix prnportion. A change in 
dry unit Wf'ight o( lhe aggregates uf 10 percent on 

lhe coarse rradion only Would produce a variation of 
2 lo 3 lb pcr cu lt (30 lo 50 kg per m'l _i_n the plastic 
unil weiKhl or Lhe concrete. 

lllightweight concrete is lo be pumped. the mo.<· 
· ture contcnt should htt rheckerl lo m3ke certain tL~~.r 

suUicient saturation has heEc'n achievcd to avo,id 1::(· 

rt.•5sivc ahsorption as a result of. pumpin~ p'ressure 
applied tu t~e concrete. 

4.3 - Air eontent . 
In conjunction with lightwei,R"ht concrt>lt'. entr:1in(>d 

air is (requently ust•d. anri ils rontrnl nn rhe joh is an 
j~porlanl CODSitJcration in the Cinal fjUality o[ the 
concrete. In addition lo providing inrreased rt'sis
lan.ce lo rreezing and thawing, aír entrainment \l('lps 
to reduce the weight u( lhese: n·.: ·~·s. More. impo~-; 
tanlly, air entrainment produces a·nlnrp cohesive mix 
which improves workabilily and minimiv.•o;; sep,rPga

tiun o( thc hea\!Íer mortar from the lighter a~gre¡::llt· 
particlcs . 

.'\STM C 17:Í, "'M,•asurin¡¡ tho Air Cont<nl 
F'rC"shly Mixt-d Cont·rele by th~ Vnlurnetric Mt·t h01i 

is proferr~d to ASTM e 23L.""Measuring the A ir l:nn
tcnt oC Freshly Mixed Concrete by the Prt.·s~urc 

Melhnd." Ir the. pressure m~lhod is used. it wil! 111ea· 
~ure snme o( the· air within the pores ur the li~ht

weight. aggreg3te iri addition lo the air in thc m •l . .tr. 

The u!!lually accepled toiernnccs on air contenr :dsn 
apply to'lighweight concrt"le. Iiuwever, variatit.:l" in 

·a ir contenl also pruduf(" ~¡,·ari<~lions in plastic unit 
weight. Air col')tcnts ex~c~sively above tho:-e. ·· ll't"i· 

Ciert. can produrt.• S)Jhstantiod reductions in slr..:•1;~th. 

espccially in the richer high-slrC'ngth mixes . .'\ '1 in· 
crease in air contcnl of 2 percenl can cause a "''''ur
tion in unil WC'iRhl in excess or 2 lb per ru rt ,;l!l k_g 
rer In'). This increa~.e in air conlenl· should pru.luc: 
only a relatively small strPngth i-eduction in !t•:rn 
~ixes using a· eement conlcnl u( less than !iOU ib :1er 
ru yd (300 kg per m') but could result in 10 perrenl 
strcngth reduction (or richer mixes usinK 800 lb pcr 
cu yd (~00 kg per m') or mor" of cernen l. Thercf,.n·. 
it is· imperative to maintain tight control!!; on air cor.· 
ten l. 

4.4 - Yield Adjuetmenta 
Field control ol the yiPid o( li~htweighl eoncrole ¡, 

most importan t. Overyicld produces a larli{t!r volum7 "/ 
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of concrete than intended while undery_ield produces 
less. Overyield is nearly always associated with a loss 
in strngth due to a reduction in the net cement con· 
tent. Underyield results in less concrete being deliv· 
ered than was expected or ordered. 

The unit weight of thc plnstic concrete i~ uSf!d to 
measure the yield o( a mixture. The weight oC all the 
ingredients that are plac~d in a mixer drum as givcn 
on the delivery ticket. is addcrl, or, the P.ntire trur.k 
may be weighed beforé and alter <li•charging. ThP. to· 
tal weight includes all of the rP-mP.nt, the aggregates, 
whether '"·ct or rlry, and .al! of the· water addcrl. The 
.rre~h pla:::ti•· nnit weight ciivirled into the wcight nf 
all the ¡,, ·· ·11ts will give the tot:d volume of con· 
crete in the mixer drum. When the calculated volume 
is more than 2 percent ahove or b~low the volurne 
shown on the delivery ticket. an adjustrnent is re-

. q11!red. 

·If the change in yield is due to cntraincd air con· 
tent, then an adjustment in the amount of air·enlrain
in~ agent m ay corrcct this condilion .. 

If t\H:' unil w¡•ighl. Hlt~asurcd in llw f!cld is greal.l'l' 

t ha:-~ the unit wct wcighl shown· on the mix propor
lion :St'c Tablt! 11, this would indi<'ale an unde-ryield, 
t:t.Hivrrse!y if the weight is les.s, an overyieltl m.ty eH> 
c.11r. When there h;•ve hf'•~n no nppreciahle changt·, in 
thP. weigilts_ ~r the original lil{ht w~ight · r:ggre-gatec; 
thernsel\:es, in all probability the -difh•rt-n~e!1l iu yif.·ld 
c.tn t:•.• aLI ri!JHtt'd to an inl'torrN·t amounl 11r an inf'ol'· 
rt..·d ausoiule volumP o( light.weighl. aggrcgales. [u 

this case. steps should he taki!-n at the hatch p!nnt to 
cnrref"t thP ah~"lutf' volum'~ nf l!t:rhf Wf!ight. ag-~re

g<.df"s ¡¡·.'•'d i:1 Lill' ''tHlrrde :1s il. is hciug hatchcd. 

4,5 - Test Cylindeu 

Makin!t. storing. n.nd testing concrete cylinders is 
extrf'mel!· important ''" every job. Standard methods 
should he carefully ohsen·ed. Failu.re to follow thcse 
stañdarriized procedu.res· m.·.:· "lead to !ower te.st v;l~ 
ut•s which may not ff'flect_the 'true 'strer:'gth nf the 
c.mcrete. Emph:t~is should hr. r>laced· on this rnost im

. pn:--t?11t f<lct:•l of conr:rete joh cont.rols lo avnid sub
St>f¡uent ñispútes or_ deo_lays .. 

~. 
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Standard Test Method for 
Unit Weight and Voids in Aggregate1 

T~~ standard_ is issued under lhe lh~- designation· C 29: the numhrr immediately following the di!Signatton indicates the vear of 
ong¡nal adopt10n or, m lhe ~ of l'e"l'iiOn. the year oflast revision. A number in pa~ntheses 1ndicat~ the ... ~ fl 1 · 1 A 
supencript epsilon (t) indicates an editorial change since the last revision or reapprovaJ. · · r 

0 
as reapprova · 

ThdisSust mnhud has been appro_Yt:d[or use h}' agl!flf:u~s ofthe Deparlmt'rrt of De/e~se andfor lisrúur in rhe DoD Jndt't o(S,..,..i'irai<-"rr · 
an tand11rds. _ · _ ,... .. J' v s 

' 
l. Scope 

1.1 This test method covers the determination of unit 
weight in a compacted or loose condition and calculated 
voids in' fine, coarse, or mixed aggregates based on the same 
determination. This test method is applicable to aggregates 
not exceedmg 4 m. ( l~ mm) in nominal maximum size .. 

. . NOTE 1-Unit weight is the traditional terminology uscd to describe 
the propeny determined by this test method. Sorne believe the ·proper 
tenn is unit mass, or density,' or buJk density, but consensus on this 
alternate tenninology has not been obtained. 

1.2 The values stated in inch-pound units are to be re
garded as the standard except in regard to sieve sizes and the 
size of aggregate· which are given in SI u_nits in accordance 
with Specification E 11. 

1.3 For other units of measure, the values stated in either 
.in~h-pound units or acceptable metric units are to be regarded 
separately as Standard. The values stated in each svstem are 

. not ••aC1 equivalents; therefore each system musÍ be used 
mdependently of the other. · 

1.4 This standard may involve hazardous materials, oper
atións. and equipment. This standard does not purport to 
address al/ of the safety problems associated with. its use. lt is 

. the responsibiliry of the user of this standard to establish 
·appropriate safety and health practices and determine the 
app/icability of regulatory liniitationi prior to use. 

2. Refere~ Documents 

2.1 ASTM Standards: 
e 127 Test Method for Specific Gravity and'Absilrption of 
· eoarse Aggregate' . . . 
e 128 Test Method for Specific Gravity and Absorption of 

Fine Aggregate' 
e 670 Pr.!ctice for Preparing Precision and Bias Statements 

for eonstruction Maierials' 
e 702 Methods for Reducing Field Samples of Agregate 

to Testing Sizel . · . 
075-Practice for Sampling Aggregates' · 
E 11 Specification for Wire-Ooth Sieves for Testing 

Purposes• 

1 Tbis test mcthod ls uodcr tbc jurisdic:tion of ASTM Comminee C·9 oa 
Concme and Concrete Aar,q,ates and ls tbc dirtet responsibility ofSubccmmittec 
C09.0J.o5 oo Methods ofTcmna ud SpcD!icotions ror Pbysiat Charactmslics or 
Concrete Aa¡rqates. .. . 
C~t cdition approvcd Juty 13, 1987. PuÑisbcd Au¡ust 1987. Ori¡ioally 

publisbcd as C 29- 20 T. Last pmious a:lition C 29- 78. This edition ofC 29 wu 
eJ.tensively reviscd. lt is recommmded that usen ofthis standard review this editioa 
thon>u&hly. . . . 

2 A1111ual Boolc of ASTM Slllndluiú, Vol lM.02. 
, ArtnUlll Book of ASTM Sttindllrds, Vol lM.03. 
4 .~nnual Boolc of ASTM Sttl!UÚ1rd.s, Vols 04.02 and 14.02. 

2.2 AASHTO Standard: 
Tl9 Method for Unit Weight and Voids in Aggregates; 

3. Significance imd Use 
3.1 This test method is often used to determine unit weight 

~alues that are neccssary for use for many methods of select
mg proportions for concrete mixtures. 

3.2 The unit weight may also be used for deter~·lining 
mass/volume relationships for conversions in purchase agree
~ents. However. the relationship between degree of compac
tlon of aggregates in a hauling unit or stockpile and that 
~chieve_d in t~is test method is unknown. Further. aggregates 
m hauhng umts and stockpiles usually contain absorbed and 
surface moisture (the laner atfecting bulking), while this test 
method determines the unit weight on a dry basis. 

3.3. A procedure is included for computing the percentage 
of vmds between the aggregate particles based on the unit 
weight determined by this test method.. · 

4. Apparatus 

4.1 Balance--A balance or scale accurate within 0.1 % of 
the test load at any point within the range of use, graduated 
to at least 0.1 lb or 0.05 kg. The range of use shall be 
considered to extend from the weight of the measure empty 
to the weight of the measure plus its contents at 120 lb/ft' or 
1920 kg/m3. 

4.2 Tamping ROd__.A round, straight steel rod, '1• in. or 
16 mm in diameter and approxirilately 24 in. or 600 mm in 
length, having one end rounded toa hemispherical tip of the 
same diameter as the rod. 

4.3 Measure.,.-A cylindrical metal measure, preferablv 
provided with handles. It shall be watertight, with the top and 
bonom true and even: and sufficiently rigid to retain its fonn 
~nder rough usage. The measu~ shall ha ve a height approx

, •mately equal to the dtameter, but in no case shall the height 
be less than 80 % nor more than 150 % of the diameter. The 
capacity of the measure shall conform to the limits in Table 
1 for the aggregate size to be tested. The thickness of metal 
in the nieasure shall be as described in Table 2. The top rim 
shall be smooth and plane within 0.01 in. or 0.25 mm and 
shall be parallel to the bonom within 0.5' (Note 2). 

NOTE 2-The top"rim is satisfactorily plane ifa 0.01-in. or 0.25-mm 
feder p¡e cannot be insertcd between the rim and a piece of lf ... in. or 6-
mm or thicker plate glass laid over the meaSure. The top and bottom art 
satisfactorily parallel if the slope between pieces of plate g)ass in contac! 
with the top and bottom does not exceed 0.87 % in any direction. 

s Ava.ilabk from American As.sociation of State Hiahway and Transporutior 
Officials. 444 N. Capitol St. NW. Suite 22S. Washington, OC 20001. 
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TABLE 1 c.pecHy ol-...,.. 
lt' L(m~ 

•;,., 2.8 {0.0028) 

1n. mm 
----~~----~----~~-

(12.5) 
(25.0) 
(37.5) 

(100) 

'IJ. 9.3(0.0093) 
'h 14 (0.014) 

4 :za t0.028) 

· • The iN:cated size of rneasure m ay be used to test aggregates of a nominal 
ma.xtmum Sll8 equaJ to or smatl8r tnan tnat l• ... :ed. The actuat voturne ot the 
measure Sha! be at least 95 % of the nominal votume listed. 

TABLE 2 Requirementa for Me•aure~ 

Thiekness of Metal, min 

Capacity of ~1\llin. 
Measura Bonom or38 mm A"""'""'"' 

otw.r ofwall 

Less than 0.4 ftl 0.20 in. 0.10 in. 0.10 in. 
0.4 ft1 or :nore 0.20 in. 0.20 in. 0.12 in. 
Less than 11 1_ S.Omm. 2.5mm 2.5 mm 
11 L Of' more 5.0.mm S.Onm 3.0 rnm 

• _The adóecl thickness rn the uoper ~ of the wall may 'be obtair:'ed by 
plaong a re•nft'"CCI"'Q band around the top of the meaSI.il'e. 

4.4 Sht>vel vr Scvorr-A shovel or scoop of convenient size 
for tilling the measure wtth aggregate. 

4.5 Ca!ihration Equipment7 A piece of plate glass, pref
erabiy at teast •;. in. or 6 mm thick and a_t least 1 in. or 25 
mm larger than the diamet•r ofthe measure.to be calibrated. 
A supply of water-pump or chassis grease that can be placed 
on the rim of the container to prevent leakage. 

5. Sampling 

5.1 Sampling should generally be accomplished in accord
ance with Practice D 7 5 and sample_ reduction in accordance 
"'''h Methods C 702. 

6. Test Sample 

6. 1 The si"e of the sampk. shall be approximately 125 to 
:oo 'i. of th~ weight required to lill the measure, and shall be 
hand\cd io a manner to avoid segregation. Dry the aggregate 
samt.'lle to essentially constant weight. preferably in an oven 
at :.10 ± 9'F or 110 ± s·c. 
7. Calibration uf Measure 

7 .l Fill [he measure "'ith water at room temperature and 
c_oVer WÍ[h a piece of plate glass in such a way asto. eliminate 
·bubbies and e_\cess water. 

i .2 Ddermine the weight of the water in the nleasure using 
th.o: b:.l!.! nce Jescribed in 4. l. 

7. 3 Measure the temperatlire of the water and determine 
i1~ u~ns:ty from TJble 3. interpolating if necessary. . 

7 -~ Co.lc\.1.\atc the .._-olumc, V, of thc measure by dit·iding 
<he woight. of the water required to fill the measure by its 

. den.;ity. :\ltematively. l:akubte the factor for the measure ( 1/ 
r) ~y dividing the density oithe water by the weight required 
to flll tiu: rrieasure. · .. 

~;o--: E 3--For thc caJculation of unit·weight. the vo&ume of the mea
'llfC i'n 3l'Cep!ahlc m.:tric unus !ohould be c'pres.sed in ~ubic m~~- or 
the fal'tor a'i l/m1. However. for ronW'Jiience rhr size of lhe measurc 
m;ty t-oe C.\orr:s.~d in litres. 

TABLE 3 DenaHy ol Water 

Temperatura 
10/fl' kgjml 

"F ·e 
60 15.6 62.368 999.01 
65 18.3 62.336 998.54 
70 21.1 62.301 887.97 

(73.4) . (23.0) (62.274) (997.541 
75 23.9 62.261 997.32 
so 26.7 62.218 996.59 
65 29.4 62.166 995.83 

7.5 Measures shall be recalibrated at least once ayear or 
whenever there is reason to question the ai::curacy of the 
calibration. 

8. Selection of Procedure 

8.1 The shoveling procedure for loose unit weight shall be 
used only when specifically stipulated. Otherwise, the com
pact unit weight shall be deterrnined by the rodding procedure 
for aggregates having a nominal maximum size of 37.5 mm 
or 1 'h in. or less. or by the jigging procedure for aggregates 
h~ving a nominal maximum size greater than 3i5 mm or 
1 'lz in. and not exceeding 100 mm or 4 in. 

9. Rodding Procedure 

9.1 Fill the measure one-third fuli and leve! the surface 
with the fingers. Rod the !ayer of aggregate with 25 strokes of 
the tamping rod evenly distributed over the surface. Fill the 
measure two-thirds full and again leve! and rod as above. 
Finally, fill the measure to overflowing and rod again in the 
manner previously mentioned. Leve! the surface of the aggre
gate with the fingers or a straightedge in such a way that any 
slight projections of the larger pieces of the coarse aggregate 
approximately balance the larger voids in the surface beiow 
the top ofihe measure. , 

9.2 In rodding the first !ayer, do not allow thc rod to strike 
the _bottom of the measure forcibly. In rodding the second 
and third layers. use only enough force to cause the tamping 
rod to penetrate the previous !ayer of aggregate. 

9.3 Determine the weight of tbe measure plus its contents, 
and the weight vf thc measure alone, and record the val u es 
to the nearest 0.1 lb or 0.05 kg. 

10. Jigging Procedure 

lO.I F1ll thc m~asurc in thr~e apprpximately equal layers 
as.described in 9.1. compacting each !ayer by placing the 
measurc on a tirm baso!. ·Such as a cement-concrete tloor 
raising th~ opposite sides aiÍeQ>ately about 2 in. or 50 mm: 
and allowing the me:1sure to drop in such a manner asto hit 
with a 'harp. slapping blow. The aggregate particles. by this 
procl!dure. will arrange thems-~lves in a denSely compacted 
condition. Compact t!arh layer by dropping the measure 50 
times in the mannC"r described. 25 times on each side. Le,·el 
the surface of the aggre~>te with the tingers ora straightedge 
in such a way that any 5light projections of the larger pieces 
ofL'lc coarsc aggregate approximately balance the largcr voids 
in thc surface below the lop of the measure. 

10.2 Determine thr ~~ ofthe measure plus its contents. 
and !be weight or the mcasurc: alone, and record the values 
to thc nearest 0.1 lb or 0.05 kg. · 

1 

) 
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11. Shoveling Procedure 

1 l. 1 Fill the measure to overflowing by means of a shovel 
or scoop. discharging the aggregate from a height not to 
exceed 2 in. or 50 mm above the top ofthe measure. Exercise 
ca re to prevent. so far as possible, segregation of the particle 
sizes of which the sample is composed. Leve! the surface of 
the aggregate with the fingcr.; ora straightedge in such a way 
that any slight projections of the larger pieces of the coar.;e 
aggregate approximately balance the larger voids in the sur
face below the top of the measure. 

1 ! .2 Determine the weight ofthe measure plus its contents, 
and the weight of the measure alone. and record the values 
to the nearest 0.1 lb or 0.05 kg. · 

12. Calculation 

12.1 Unit Weighr-ealculate the unit wdght for the rod
ding, jigging, or shoveling procedure as follows:. 

M= (G- T)fV (1) 

or 

M= (G- T) x F · 

where: 
M = unit weight ofthe aggregate, lb/t\3 or kg(m3, 

G = weight of the aggregate plus the measure, lb or kg, 
T = weight of the measure, lb or kg, 
V = volume of the measure, t\3 or m'. and 
F = factor for measure, ft- 3 or m-3. 

(2) 

12.1.1 The uP'' weight determined by this test method is 
·· for aggregat. in an o•en-dry condition. lf the unit weight in 

terms of saturated-surface-dry (SSD) condition is desired, use 
the exact procedure in this test method, and then calculate 
the SSD unit weight using the following formula: 

"SSD o M[l + (A/100)) (3) 

where: 
MSSD 
A 

unit weight in SSD condition, lb/ft' or kg(m3, and 
= % absorption, determined in accordance with Test 

Method e 127 or Test Method C 128. 
12.2 Void Contmt-Calcu1atfthevoid·content in the ag

gregate using the unit weight determined by either the rod
ding, jigging, or shoveling procedure,_ as foU!'t.>s: 

% Voids • ((S x W) -M/ S x W]IOO 

where: 
M = unit weight of the aggregate, 1b/ft3 or kg(m', 

(4). 

S = ·bu1k specific graviry (dry basis) as determined in ac
cordance with Test Method C 127 or Test Method 
e 128, and . 

W = densiry of the water, 62.3 1b/ft' or 998 kg(m3• 

13. Report 

13.1 Report the results for the unit weight to the nearest 1 
lb/ft' or 10 kg(m' as follows: 

13.1.1 Unit weight by rodding, or 

13.1.2 Unit weight by jigging, or 
13.1.3 Loose unit weight. 
13.2 Report the results for thc voíd content to the nearest 

1 % as follows: 
13.~.1 Voids in aggregate compacted by rodding. %, or 
13.2.2 Voids in aggregate compacted by jigging. %. or 

. 13.2.3 Voids in loose aggregate, %. 

14. Precision and Bias 

14.1 The following estimates: of precision for this test 
method are based on results from the AASHTO Matcrials 
Reference Laboratory (AMRL) Reference Sample Program. 
with testing conducted using this test method and AASHTO 

. Method Tl9. There are no signilicant di!Terences between 
the two test methods. The data are based on the analyses of 
more than 100 paired test results frorn 40 to 100 laboratoríes. 

14.2 Coarse Aggrega;e (unit weight): . 
14.2.1 Single-Operator Precision-The singte-operator 

standard deviation has been found to be 0.88 lb/ft3 or 14 kg/ 
m3 

( 1 S). Therefore. results of two properly conducted tests bv 
the same operator on similar material should not ót!Ter b;. 
more than 2.5 lb/t\3 or 40 kg/m' (D2S). · 

14.2.2 Multilaboratory Precision-The multilaboratorv 
siandlird deviation has been found to be 1.87 lb/ft3 or JO k&Í 
m' ( 1 S). Therefore, results of two properly conducted tests 
from two different laboratories on similar material should 
not differ by more than 5.3 lb/ft' or 85 kg(m' (D2S). 

14.2.3 These number.; represent, respectively,the (IS) and 
(D2S) limits as described in Practice e 670. The precision 
estimates were obtained from the analysis of AMRL reference 
sample data for unit weight (unii mass) by rodding of normal 
weight aggregates having a nominal maximum aggregate size 
of25 mm or 1 in., and using a 'h-ft' (14-L) measure. 

14.3 Fine Aggregate (unit weight): 
14.3.1 Single-Operaror Precision-The "single-operator 

standard deviation has been found to be 0.88 lb/ft' or 14 kg/ 
m' ( 1 S). Therefore, results of two properly conducted tests by 
the same operator on similar material should not differ by. 
more than 2.5 lb/ft' or 40 kg(m' (D2S). 

14.3.2 Mu/tilabortllory· Precision-The multilaboratory 
standard deviation·has been found to be 2.76 lb/ft' or 44 kg/ 
m3 (1 S). Therefore, results of two proper1y conducted tests 
from two different. laboratories on similar material sbould 
not differ by more.than 1.8lb/ft' or 125 kg(m' (D2S). 

14.3.3 These number.; represen!, respectively, the ( 1 S) and 
(D2S) limits as doscribed in Practice e 670. The precision 
estimates were obtained from the analysis of AMRL reference 
sample data for IOüse unit weight (unit mass) from·laborato
ries using a '/,o-t\3 or 2.8-L measure. 

14.4 No precision data on void content are.available. 
14.5 Bias-The procedure in this test method for measur

ing unit weight and void content has no bias because the 
values for unit weight and void content can be defined only 
in terms of a test method. 
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Standard Practica for 

AMERICAN SOCII!TV ~OR TESTINO ANO YATERIAlS 
1918 RKe SI .. PfMt_,..pr¡,., Pa. 19103 

RecM"1med rrom lh• Annual Booll. ot_ ASTM Stenda~ Cooyr!QM ASTM 
11 I'W3I lllted 1n N curren! comDonect 1~. wdl &QOII&r 111 ll'le I'IUI ~hon 

Making and · Curing Concrete Test Specimens in the 
Field1 

~~ 5tandard_ is ~ under thc fiu:ct_ desipation e 31; the numbcr immediatdy (ollowin¡ the "desi¡natioa indic:ates the year of 
on¡mal ~pt1«:'n or, 1~ th~ cuc of rc~~n, the yur ?f lut rcvision. A Dumbcr in parendlacs indicares tbe )'eat of las& rapproval. A · 
supencnpt ~Ion (t) 1ndieates an cditonal chan¡e unce thc last revision or n:approval. 

Tltis practic' luu b«n approved !Or-we by aptteits of tite !kparti'I'UJU of Dr/mst. Cons!Jt tM DoD bufa o/ SP«i/ictlliOfU tmtJ 
Standarfb for t~ sP«ific JlftU of issaw wlfich lflu b«n IJdopttd by rhlf)qQrfmlrll of ~mst. . . . 

l. Scope 
1. 1 This practice covers procedures for making and curing 

cylindrical and prismatic specimens using job concrete that 
can be consolidated by rodding or vibration as described 
herein. 

1 .2 The concrete used to make the molded specimens 
-shall have the same levels of slump, air content, and 
percentage of coarse aggregate as the concrete being placed in 
the work. 

1.3 The values stated in inch-pound units are to be 
regarded ·as the standard. 

. ! .4 This standard may invo/ve hazardous materials, oper
olions, and equipment. This standard does not purpan 10 

address al/ of the safety problems associated with its rise. lt is 
the responsibilit}' of the user of this standard 10 establish 
appropriate safety and health practices and d~ermine the 
applicability of regulatorv 'imilations prio• 10 use. 

2. Referencecl Doc:uments 

2.1 ASTM Standards: 
C 143 Test Method for Slump of Ponland Cement 

Concrete2 

C 172 Method of Sampting Freshly Mixed Concrete' 
C 17 3 Test Method for Air Content of Freshly Mixed 

Concrete by the Yolumetric Method2 

C 192 Method of Making and Curing Concrete Test 
Specimens in the Laboratory2 

C 231 Test Method for Air Content of Freshly Mixed 
Concrete by the Pressure Method2 · 

· C 4 70 Specification for Moldo for Forming Concrete Test 
. Cylinders Venically2 . 

C SI 1 Specification for Moist Cabinets, Moist Rooms, and 
Water Storage Tanks Used in the Testing of Hydraulic 
Cements and Concretes' · · · 

C 6! 7 Praclice for Capping Cylindrical Concrete 
. S~limens~ 

C IG64 Test Methods for Temperature of Freshlv Mixed 
Port!Jnd-Cement Concrete' -

3, Signilicance and Use 
3. 1 This practice provides standarc:Úzed requirements for 

' T~1s practh:c: is under thc: JUrisdiction of <\STM Comminet" C-9 or. Concrtte 
'tnd (.,ncrc:tc: A~&rc:¡.ues and is thc' Jirc:ct rc:spon!oibilit~- of Subwmminet 

making, curing, protecting, and. transponing concrete test 
specimens under field conditions. 

3.2 lf specimen preparation is controlled as stipulated 
herein, the specimens may be used to develop information 
for the following purposes; 

3.2,1 Checking the adequacy of laboratory mixture pro
ponions for strength, 

3.2.2 Serve as the basis for comparison with laboratory, 
field or in-place tests as the basis for safety and in-structure 

· performance evaluation, and as the basis for form and 
shoring removal time requirements, 

3.2.3 Determination of compliance with strength specifi
cations, and 

3.2.4 Determination of time when a structure may be put 
in service. 

4. Apparatus 

4.1 Molds. Generai-Molds for specimens or fastenings 
thereto in contact with the concrete shall be made of steel, 
cast iron; or other nonabsÓrbent material, nonreactive with 
concrete containing ponland or other hydraulic cements. 
Molds shaJI hold their diinensions arid shape under condi
tions of severe use. Molds shall be watenight during use as 
judged by their ability lo hold water poured into them. 
Provisions for tests of watenightness are given in Section 6 of 
Specification C 470. A suitable sealant, such as heavy grease. 
modeling clay, or microcrystaJ!ine wax shall be used where 
necessary to preven! leakage through the joints. Positive 
means shaJI be provided to hold base plates firmly to the 
molds: Molds shall be lightly coated with mineral oil or a 
·suitable nonreactive form release material befare use . 

4.2 C)>linder Molds: 
4.2.1 Molds for Casting Specimens Venically-Molds for 

casting concrete test 'ipecimeOs shaJl conform to the requlre-
ments of Si>ecification C 470. · 

4.3 Beun• Jfo/d<-Beam molds shall be rectangular in 
shape and of the dimensions required to produce the 
specimens stipulated in 5.2. The inside surfaces ofthe molds 
shall be smooth. The sides, bottom. and ends shall be at right 
angles to each other and shall be straight and true and free of 
warpage. Maximum variation from the nominal cross sec
tion shall not exceoo '1• in. (3.2 mm) for molds with depth or 
breadth of 6 in. ( 152 mm) or more. Molds shall produce 
specimens not more than 1/10 in. ( 1.6 mm) shoner than the 
required length in accordance with 5.2, but may exceed it by 

\ 

COQ.O].O! on Methods ofTestiña Concrete for Strtn¡th. · 
Cumnt tdition ;¡pproved Ma~ 27, 1988. Published July 1988. OriainaJiy 

pd•obhM a5 C) 1 - 20. l..ast PfeVIOUS edition C) 1 - 87a. 

more than that amounL ) 
4.4 T amping Rod-The rod shall be a round. straight 

~A Mua/ Booi.: oj ASTM Slandards, Vol o4.U2. steel rod 'lo in. (16 mm) in diameter and approximately 24 
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. - --- ·--- ---iñ:-(6l0mmflong, ;;,¡¡¡, ÚJeta;,pi,;g end rounded to a 
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; - hemisphcrical tip of the same diameter. Both ends may be 
' rounded. if preferred. 
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4.5 Vihrators-lmemal vibrators may ha\'e rigid or flex
ible shafts. prefcrably powered by electric motors. The 
frequency or vi~ration shall be 7000 vibrations per minute or 
lifCater while in use. The outside diameter or side·dimension 
.of the vibrating element shall be at least 0.75 in. (19 mín) 
Jnd not greater than 1.50 in .. (38 mm). The combined length 
ofthe shaft and vibrating element shall exceed the maximum 
depth ofthe section being vibrated by at least 3 in. (76 mm). 
When externa! vibrators are used. thev should be the table or 
plank type. The frequency of externa! vibrators shall be at 
lcast 3600 vibrations per minute. For both table and plank 
vibrators. provision shall be made for clamping the mold 
securely · to the apparatus. A vibrating-reed tachometer 
should be used lo check the frequency of vibration. 

4.6 Ma!let_:_A mallet with a rubber or rawhide head 
weighing 1.25 ± 0.50 lb (0.57 ± 0.23 kg) shall be used. 

4.7 Sma!l Tools-Tools and items which may be required 
are shovels, pails. trowcls, wood float. metal float, blunted 
trowels, straightedge, feeler gage, scoops, and rules. 

4.8 S/ump Apparatus-The apparatus for measurement 
of slump shaJI conforrn to the requirements of Test Method 
e 143. · 

4.9 Sampling and .'JL<ing Receptac/e-The receptacle 
shall be a suitable heavy gage metal pan. wheelbarrow. or 
flat, clean nonabsorbent mixing board of sufficient capacity 

·lO all· :' easy remixing ófthe enti"' sample with a shovel or 
tfOY:' ; 

4.1 O A ir Content Apparatus-The apparatus for mea
suring air content shall conforrn to the requirements of Test 
Methods Cl73 ore 231. 

S. Test Specimens 

5.1 Compressive Strength Specimens-eompressive 
strength specimens shall be cylinders of concrete casi and 
hardened in an upright position, with a length equal to twice 
the diameter. The standard specimen shall be the 6 by 12-in. 
(152 by 305-mm) cylinder when the maximum size of the 
coarse aggregate does not exceed 2 in. (50· mm). When the 
maximum size of the coarse aggregate does exceed 2 in. (50 
mm), either the concrete· sample shlin be treated by wet 
sieving as described in Melhod C 172 or the diameter of the 
cylinder shall be at least three times the nominal maximum 
size of coarse aggregate in the concrete. Unless required by 
the project specifications, cylinders smaller than 6 of 12 in. 
shall not be made in the lield. 

Non: 1-Tbe maximum size is tbe · sma11esa. sieve openina throu&b 
whicb the entire aiDount of aagrega.te ts requircd to pass. · 

5.2 Flexura/ Slrengrh Sprcimmr-Aexural strength spec
imens shall be rectangular beams of concrete casi and 
hardened with long axes horizontal. The length shall be at 
least 2 in. (50 mm) greater than three times the depth as 
tested. Tbe ratio of width 10 depth as molded shall not 

. exceed 1.5. The standard beam shall be 6 by 6 in. (152 by 
1 52 mm) in cross section, and shall be used for concrete witb 
maximum size coarse aggregaÍe up to 2 in. (50 mm). When 
the nominal maximum size of the coarse aggregate exceeds 2 
in. (50 mm), the smaller cross sectionaJ dimension of the 
beam shall be at l_east three times the nominal maximum size 

of the coarse aggregate. Unless required by próject specifica
tions. beams made in the field shall not have a "idth or 
depth of less than 6 in. 

6. Sampling Concrete 

6.1 The samples used w fabricate test specimens undcr 
this standard shall be obtained in accordance · "ith Methúd 
e 172 unless an alternative procedure has been approved. 

6.2 Record the identity of the sample with respect to the 
location of the concrete represented and the time of casting. 

7. Slump, Air Conteo!, and Temperature 

7.1 S/ump-Measure the slump of each batch of concrete. 
from which specimens are made. immediately after remixing 
in the receptacle, as required in Test Method C 143. 

7.2 A ir Contem-Determine the air content in accord
ance with either Test Method C 173 or Test Method C 231. 
The éoncrete used in perforrning the air content test shall not 
be used in fabricating test specimens. · . 

7.3 Temperall!re-Detennine the temperature in· accord
ance with Test Method C 1064. 

8. Moldlng Specimens 

8.1 Place of Molding-Mold specimens promptly on a 
leve!, rigid, surface. free of vibration and other disturbances. 
al a place as near as practicable 10 the location where they are 
to be stored. 

8.2 Placing the oncrete-Place the concrete in the molds 
using a scoop, blunted trowel, or shovel. Select each 
scoopful, trowelful, or shovelful of concrete from the mixing 
pan to ensure that it is representative of the batch. Remix the 
concrete in the mixing pan with a shovel or trowel to preve!lt 
segregation during the molding of specimens. Move tbe 
scoop, trowel, or shovel around the perimeter of the inold 
opening wben adding concrete to ensure an even distribution 
· of the concrete and minimize segregation. Further distribute 
the concrete by use of a. tamping.rod prior to the start of 
consolidation. In placillg the final !ayer the operator 'shall 
attempt to add an amount of concréte that will exactly fill 
tbe mold after compa'ction. Do not add nonrepresentative 
concrete to an underlilled mold. 

8.2.1 Number of Layers-Make specimens in layers as 
indicated in Table l. 

8.3 Consolida/ion: 
8.3.1 Methods of Conso/idation-Preparation of satisfac

tory specimens requires <different methods of consolidation. 
Tbe methods of consolidation are rodding, and interna! or 
externa! vibration. Base the selection of the method of 
consolidation on the slump, unless the method is stated in 
the specifications under whicb the work is being performed. 
Rod concretes with a slump greater than 3 in. (75 mm). Rod 
or vibrate concretes with slump of 1 to 3 in. (25 to .75 mm). 
Vibratc concretes with slump of less than 1 in. (25 mm). 
Concretes of sucb low water content that they cannot be 
properly consolidated by the methods described berein, or 
requiring other sizes and shapes of specimens 10 represent 
the product or •1rllcture, are not covered by tbis method. 
Specimens for such concretes shall be made in accordance 
with the requirements of Method C 192 with regard to 
specimen size and shape and method of consolidation. 

gz. 
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T AIL! 1 Number of Uyera Requtrwd for lp 1 clmenl 

SOocnwl TYIIOind Siu, 
a Depth, In. (rrrn) 

._.. .....,_., AQoroxlmataOopthof 
Uyo<. n. (mm) ·~ ....... 

e,.-., 
!2(305) 
Ovet , 2 (305) 
, 2 1305) "' l8(4e0) 
0ver 'a¡.oeor 

Beams: 
. 6(152)"' a¡200) 

()ver 6(200) 
6(! S2) to 6(2001 
Over a 12001 

--""""""" ---VibflbQn 
vibraoon 

TABLE 2 Numller ol Rodcllngo to be 111M In_..., Cyu-. 

o.m.tll" ot Cytinder, 
in. (mm) 

a 11521 
a 12001 

lO 12501 

BpecltMnl 

-"' Strokn¡Layer 

25 
50 
75 

8.3.2 Rodding-Piacc the concrete in the mold, in the 
required number of layen of approximately equal volume. 
For cylinden, rod each !ayer with the rounded end of the rod 
using the number of strokes specified in Table 2. The 
num':ler of roddings pe¡ !ayer required for beams is one for 
each 2-in.2. (13-cm2) top surface area of the specimen. Rod 
the bottom !ayer throughout its depth. Distribute the strokes 
uniformly over the cross section of the mold and for each 
upper layer allow the rod to penetrate about''lz in. (12 mm). 
into the underlying.layer when the depth of the !ayer i: ·:'S 
than 4 in. (1 00 mm). and about 1 in. (25 mm) whet. <Í>e 
depth is 4 in. or more. After each ·!ayer is rodded. tap the 
outsides of the mold lightly 1 O to 15 times with the mallet, to 
close any boles left by rodding and to release any large air 
bubbles that may have been trapped. Tap light-gage single
~se molds, susceptible to damage iftapped with the mallet, 
using an open hand. After tapping, spade the concrete along 
th< sides and ends of beam molds with a trowel or other 
sui table too l. 

8.3.3 Vibration-Maintain a uniform time period for 
duration of vibration for the particular kind of concrete, 
vibrator. and specimen mold invoÍved. The duration of 
vibration required will depend upon the workability of the 
concrete and the effect~veness of the vibryuo~. Usually 
suflicient •·ibration has been applied as soon as the surface of 

3 OQUII .. -2 equal 
3 or more 

2 OQUOI 

3 "' """" , 
2 "' ""'"' 

4(!00) 
4(!00) 
hatf-ofspodmOM 
8 (200) as rW as p¡ ICticable 

nalf-ofspoc;mon 
4(!00) _ .. _ 
8 (200) IS ,_,. 1S precticable 

8.3.3.1 Interna/ Vibration-The diameter of the vibrating 
element, or thickness of a square vibrating element, shall be 
in accordance with the requirements of 4.5. For beams, the 
vibrating element shall not excced '13 of the width of the 
mold. For cylinders, the ratio of the diameter of the cylinder 
to the diameter of the vibrating · element shall be 4.0 or 
higher .. In compacting the specimen the vibrator shall not be 
allowed to rest on the bottom or sides of the mold. Carefully 
withdraw the vibrator in sucb a manner that no air pockets 
are left in the specimen. 

8.3.3.2 Cylinders-Use three insertions of the vibrator at 
different points for each !ayer. Allow the vibrator to pene
trate through the !ayer being vibrated, and into the !ayer 
below, approximately 1 in. (25 mm). After each !ayer is· 
vibrated;' tap the outsides of the mold lightly 1 O to 15 times 
with the malle!, to dose any boles left by rodding and to 
release any large air bubbles that may have been trapped. 
Tap light-gage single-use nv,lds, susceptible to damage if 
tapped with .. ,e maliet;--usL¡:, an open hand. 

8.3.3.3 Beam-lnsert the vibrator at intervals not ex
ceeding 6 in. ( 150 mm) along the center line of the long 
dimension of the specimen. For specimens wider than 6 in .. 
use altemating insertions along two lines. Allow the shaft of 
the vibrator to penetrate into the bottom !ayer approxi
mately 1 in. (25 mm). After each !ayer is vibrated, tap the 
outsideS of the mold lightly 10 lO 15 times with the malle! lO 

close any boles left by vibrating and to release any large air 
bubbles that may have been trapped. 

8.3.4 Externa/ VibraJion- When externa! vibration is 
used, take care to ensure that the mold is rigidly attached lo 
or secutely · held against the vibrating element or vibrating 
surface. 

8.4 Finishing-After consolidation, unless the finishing 
has been perf<Jrmed during the vibration (8.3.3),· strike off 
thl.! surface of the (Uncrcte and tloat or trowel itas rcquired. 
Perfomi all finishing with the mínimum manipulation 
necessary to pn:x.1,JCt! a flat even surfacc;: that is level with the 
rim or cdge. of the mold and that h'!' no depressions or 
proje<otions larger than 1/s in. (3.2 mm). . 

8.4.1 C)·/indas-After consoliJation, finish the top sur
faces bv strikino them off with the tamping rod where the 
consist~ncy of lhc concrete permits or with a wood float or 
trowel. 1f · desirea. cap the top surfacc of freshly made 
cylinden with a thin !ayer of stiff portland cernen! paste 
which is prennitted to harden and cure with the specimc:n. 
See <ection on Cappi ng Materials of Practice C 61 7. 

· the concrete has become relaiively smooth. Continue vibra
tton only long enough to achieve proj,er consolidation of the · 
concrete. Overvibration . may cause segregation. Fill the 
mol<ls and vibrate in the required number of approximately 
equallaye,.,. Place all the conc;rete for eacb !ayer in the mold 
befare <larting vibration ofthat !ayer. When placing the final 
layl"r. ayoid overfilling by more than 1/• in. (6 mm). Finish 
!h~ suñace either during or after vibration where external 
v·ibration is used. Finish the surface after vibration when 
interna] vibr3tion is used. When the finish is applied dfter 
·.¡ibration. add oniy enough concrete with a trowel to overtill 
th< mo1d ahout ~~~ in. (3 mm). Work it into the surfacc and 
then· •nril.:e it off. 

R.4.7 8fflm.<-After consolidation of the concrete. strike 
ntT the top surface to the required tolerance to produce a flat ·p 

¡o~ 
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___ _even surface. A.wood float madJe used~ -- ·- -- -
8.5 lnilial Storage-Immediately afler being struck off, 

the specimens shall be moved lo the storage place where they 
will remain undisturbed for the initial curing period. lf 
specimens made in single use mold are moved. lift and 
support the specimens from the bottom of the molds with a 
largc! trowel or similar dcvice. 

· · within 30 ·m in start si<indard ·¿-u-riñg al 73.4':!: -3'F (23 ± 
1.7'C) as required in 9.2.2. 

9. Curing 
9.1 Cm·ering Ajrer Finishing_:lmmediately afier· fin

ishing. precautions shall be taken to prevent evaporation· and 
loss of water from the specimens. Protecllhe outside surfaces 
of cardboard molds from contacl wilh wet burlap or other 
sources of water. Cardboard molds may expand and damage 
specimens al an early age if the outside of the mold absorbs 
water. Cover 'specimens with a nonabsorbent, nonreactive 
plate or sheet· of impervious plastic. Wet burlap may be used 
over the plate or plastic sheet lo help retard evaporation. but 
the burlap musl nol be in contact with the surface of the 
concrete. 

9.2 Curing Specimens for Checking rhe Adequacy of 
Laboratory Mixture Proportions for Srrengrh oras the Basis 
for Acceptance or Quality Control: 

9.2.1 /nitial Curing: 
9.2.1.1 lnilial Curing in Air-During the initial 24 ± 8 h 

after molding, the temperature immediately adjacent to the 
specimens shall be maintained in the range of 60 to 80•F ( 16 
to n·e). and loss ( .- 'l'toisture from the specimens shall be 
prevented (Note 2:;:' ·¡emperature ditTerentials in and be
tween specimens shall be controlled by shielding from the 
direct rays of the sun and from radiant heating devices. 
Specimens not to be transponed shall be removed from the 
molds afier the initial 24 ± 8 h and standard curing shall'be 
started as required by 9.2.2. Specimens to be transported 
prior io 48 h afier molding shall not be demolded, but shall 
continue initial curing at 60 to 80•F ( 16 to 27•q until time 
for transporiing. Specimens to be transported afier 48-h age 
shall be demolded in 24 ± 8 h. euring shall then be · 

· continued but in saturated limewater at 73.4 ± 3•f (23 ± 
l. 7•q until the time of transporting. · 

NoTE 2-lt may be necessary to create an environment during the 
initial curing in air pcriod to provide satisfactory moisture cooditions 
and 10 control thc IClllpenture in thc ranae of 60 10 80"F ( 16 to 27.C). 
The specimens m&y be stored in ti¡htly_ constluctcd wooden boxcs. 
damp sand piu, temporary buildinp at construction tites, under wet 
burtap in favorable weather or in heavywei¡ht closed plastic bap, or use. 
other- suitable methods. provided the rorqoina requirements ti mitin& 
specimen temperature and moisture lo!s are met. The temperature may 
be controlled by ventilation. or thermostatically controUed coolina 
devices. or by heatins devices such as stoves, li¡ht bulbs or tbermostat· 
ically controlled heatina elements. Temperature record orthe specimens 
may be established by means or maximum·minimum tbermometen. 

9.2.1.2 lnitial Curing of Cylinders in Warer-lmmedi· 
ately afier molding, immerse the specimens in saturated 
Iimewater at 60 to 80•F ( 16 to 21•e) for 24 ± 8 h. This curing 
is not acceptable for specimens in cardboard molds or molds 
which expand when immersed in water. Remove specimens 
from molds at 24 ± 8 h. protect from loss of moisture, and 

9.2.2 Standard Curin¡¡: 
9.2.2.1 C)'linders-Upon completion of initial curing and 

within 30 min after removing the molds, store spedmens in a 
moist condition with free water maintained on their surt'aces 
at all times at a temperature of 73.4 ± 3•F (23 ± 1.7"e). 
Temperatures between 68 and 86'F (20 and 30'C) are 
permitted for a period not to exceed 3 h immediately prior 10 

t~t if free moisture is maintained on the surfaces of the 
specimen at all times. except when capping with s lfui 
mortar capping compound. When capping wilh thiS mate· 
rial, the ends of lhe cylinder will be dried as described in 
Method e 617. Specimens shall not be exposed io drioping 
or running water. The required moist storage can be otr 
tained by immersion in saturated limewater and may be 
obtained by storage in a moist room or cabinet meeting the 
requirements of Specificalion e 511. 

9.2:2.2 Beams-Beams are to be cured the samed as 
cylinders, see 9.2.2. t. except for a mínimum of 20 h prior lo 
testing. they shall be stored in saturated limewater al 73.4 ± 
3•F (23 ± 1 Te). Drying of the surfaces of the beam shall be 
prevented between removal from limewater and completion 
of testing. 

NoTE 3-Relatively small amounts of surface drying of flexura! 
specimens can induce tensile stresscs in the extreme tibe~ that .,..;¡¡ • ~ 
markedly reduce the indicated flexura! strength . 

9.3 Curingfor Determining Form Remoml Time or When 
a Structure M ay be Put into Sen·ice: 

9.3.1 Cylinders-Store cylinders in or on the structure as 
near to the point of deposit of the concrete represen ted-as·~"~· 
possible. Protect all surfaces of the cylinders irom the ,;, 
elements in as near as possible the same way as the formed 
work. Provide the cylinders with the same temperature and 
moisture environment as the structural work. Test the 
specimens in the moisture condition resulting from the 
specified curing treatment. To meet these conditions, speci· 
mens made for the purpose of determining when a slructure 
may be put in service shail be removed from the molds atthe 
time of removal of form work. 

9.3.2 Beams-As ·nearly as practicable, cureobeams in the 
same manner as the concrete in the structure .. Al the end of 
48 ± 4 h afier molding, take the molded specimens 10 the 
storage Iocation and remove from the molds. Store spec•· 
mens representing pavements of slabs on grade by placing 
them on the ground as molded, with their top surfaces up. 
Bank the sides and ends of the specimens with earth or sand 
that shall be kept damp, Ieaving the top surfaces exposed to 
the specified curing treatment. Store specimens representing 
structure concrete as near the point in the structure they 
represen! as possible, and atTord them the same temperature · 
protection and moisture environment as the structure. Atthe 
end of the curing period Ieave the specimens in place 
exposed to the weather in the same manner as the structure. 
Remove all beam specimens from field storage and store in 
limewater at 73.4 ± 5•F (23 ± 2.8·e) for 24 ± 4 h 
immediately befare time of testing to ensure uniform mois
ture condition from specimen to specimen. Observe the 
precautions given in 9.2.2.2 to guard against drying between 
tfme of removal from curing to testing. 
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10. Tran•portation of Specimeno to I..abontory 

10.1 Specimens shall not be transponed from the field to 
the laboratory before completion of the initial cuting. 
Specimens to be transported prior to an age of 48 h shall not 
be demolded prior to completion of transportation. Prior to 
transporting. specimens shall be cured and protected as 
required in Section 9. During transportation, the specimens 
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must be protected with suitable cushioning material to 
prevent damage from jarring and from damage by freezing 
temperatures, or moisture loss. Moisture loss may be pre
vented by wrapping the specimens in plastic or surrounding 
them with wet sand or wet saw dust. When specimens are 

· received by the laboratory, they shall be removed from 
molds if not done before shipment and placed in the 
required standard curing at 73.4 ± 3"F (23 ± I.7"C). 

T'- Am«ican Society for Tatlng and Materia18 takM no porsltion . sspecting t'- veJidlty ol eny patent rightlassertec1 in COMeCtiort 
Wlrith any item "*"'iOn&d in tM standatd. Users ol this ltandwd 118 express/y IJdviud tttat oeterminetion of the vaJidtty al arry such 
patent t!QhiS, and the risk ol inlri~ ol 5Uetl rights, Me ent1re1y theit own responslbilify. 

Th~ standard iS subjeet ro revisiort 1t any time by the respomible tfiChl'llcal commm.e .00 must be raviewed every live yeclfS lllld 
if not revised, elther rM(JfJIOII«J or wifhdrawn. Your commenrs are invittd eitlw frx rev1s;OO ol thil standard or tor ac1dltional standatds 
and shouid o.·w:JdresHt1 ro ASTM Heec1quMtera. YOfJT eotnmiWifl wil rec.w caretut conMhnllon., • meeting of the responsible 
rechmcaJ commitr•. whlch you tnly aneno. lf you /eef rnat yoor commenta llave not receN«~ a fek hearing you should meke you, 
views knawn to the ASTM Commtrree 011 Sl~Mds, 1916 Rece sr .. ~- PA 19103 .. 
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Standard Specification for 
Ready-Mixed Concrete 1 

This standard is is.sued under the fhed designation C 94; the number immediately rollowing the designation indicates the year of 
original adoption or, in the ~· of rcvis.ion. the year oflast revision. A number in parenthnes indicates thc year of Wl reapproval. A 
su¡x!Yript ep$ilon (,) indicates an editorial chanse since the last reüsion or rn.ppro\·al. 

Thü spenficatiun htu bun approvedf(>r ILSI!' by ggt'ncies ofthe Depurtmem of D~nue andfor /üting in tht DvD lnd~t ofSpeciftcutivn.l 
and Standards. 

l. Scope 

1.1 This specification covers ready-mixed concrete manu
factured and delivered to a purchaser in a freshly mixed and 
unhardened state as hereinafter specified. Requirements for 
quality,of concrete shall be either as hereinafter specified or 
as specified by the purchaser .. In any case where tlie 
requirements of. the purchaSer differ from the.e in this 
specification, the purchaser's specification shall govern. This 
specification does not cover the placement. consolidation, 
curing, or protection of the concrete after delivery to the 
purchaser. 

1.2 The values stated in ·inch-pound units are to be 
regarded as the standard. -

1.3 As used througbout this specification the manufac
turer shall be the contractor, subcontractor, supplier, or 
producer who furnishes the ready-mixed concrete. The 
purchaser shall be the owner or rr:•' :""'nta~' : thereof. 

2. Referenced Documents 

2.1 ASTM Standards: 
C 3 1 Practice for Making and Curing Concrete Test 

Specimens in the Field2 · 

C 33 Specification for Concrete Aggregates' 
C 39 Test Method for Cómpressive Strength of Cylindrical 

Concrete Specimens' 
C 109 Test Method for Compressive Strength ofHydraulic 

Cement Manan (Using 2-in. or 50-mm Cube Speci-
mensl"' .. · 

C 138 Test Method for Unit Weight, Yiekl, and Air 
. Content (Gmvimetric) ofConc:retel· · · · 
C 143 Test Method for Slump of Portland Cement Con-crete'. ,_ 
C 1 50 Specification for Portlañil Cernen!' 
C 172 Method of Sam¡j¡¡ng Fresbly Mixed Conc:retel 
C 173 Test Method for Air Content of Fresbly Mixed 

Concrete by the Volumetric Method2 

e 191 Test Method for Time of Setting of Hydraulic 
Cement by Vicat Needle' · . . 

C 231 Test Method for Air Conterit of Fresbly Mixed 
' Concrete by the Pressure Method2 · ' . 

1 Tbis spcc:i1k::atioo · is uoder tbe juriJdic:tion of ASTM Committcc C-9 on 
Concrete and Concrete ~tes and is tbedirect rapoDSibilityofSubcommitu:e 
C09.03.09 on Mcthods ofTcstina and Specific:ations for Rcady-Mixcd Cónc:me. 

Cumnt cdition a¡>praoed Oct. JI. 1986. Publisltod Doambor 1986. QriPaally 
published u C 94 -lJ T. l.asl prnious cdition C 94 -16&. 

1 Annual Book of AST'M SltJJU/ards. Vol 04.02. 
1 1Mual Boolc of ASTM Srat~túmb, Vol 04.01. 

C 260 Specification for Air Enlraining Admixtures for 
Concrete2 

C 330 Specification for Ligbtweigbt Aggregates for Struc
tural Concrete2 

C 494 Specification for Chemical Admixtures for Con
crete' 

· . C 567 Test Method for Unit Weigbt of Structural Ligbt
weigbt Concrete2 

C 595 Specification for Blended Hydraulic Cements' 
C 618 Specification for Ay Ash and Raw or Calcined 

Natural Pozzolans for Use as a .Mineral Admixture in 
Portland Cement Concrete2 , 

C 989 Specification for Ground Granulated Blast-Fumace 
Slag for Use in Concrete Mortars2 

C 1017 Specification for Chemical Admixtures for Use in 
Producing Aowing Concrete2 

O 512 Test Methods for Chloride Ion in Water' 
O 516 Test Methods for Sulfate Ion in Water' 
E 329 Recommended Practice for Inspection arid Testing 

Agencies for Concrete, Steel.-and Bituminous Materials 
as Used in Construction' 

2.2 American Concrete lnstitUJe Standards:' 
CP-2 Concrete Field Testing Technician, Grade 1 
21 I.l Recommended Practice for Selecting Proportions 

· for Normal and Heavyweigbt Concrete 
211.2 Recommellded Practice for Selecting Proportions 

for Structural Lightweight Concrete 
214 Practioe Jor Evaluation of Strength Test Results of 

Concrete 
. 305R Hot Weather Concreting 

306R Cold Weather•Concreting 
2.3 National BureaÚ of Standards Documem:' 
Handbook 44 Specifications, Toleianoes, and other Tech

nical Requirements for Commercial Weighing and Mea
suring Devioes 

2.4 Other Documetits:" 
-Bureau of Reclamation Concrete Manual' 
AASHTO T 26 Method ofTest for Quality ofWater to be 

Used in Concrete• 

• AMJitJ! Boo1c of ASTM Sla111iartb, Vol 11.01. 
'Arrnlllll Book. of ASTM StaNitudJ. Vo.l 14.02. 
• Availabke from American Coocretc lnstitutc. P.O. Box 19150. Detroit, MI 

41219. 
7 Availlble at Superinttndent o( Documcats, U. S. Govemmcnt Printin¡ 

Ofticc, Woshi-o. OC 20402. 
• Availablc from tbe American Aslocialion of State Hiabway and T~nspona

tioo Officiab, 444'N. Capitol Sl, NW, Suitc: 22ji, Washin¡tOn. OC 20001. 
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3. Dosis of Purchase 

3.1 The basis of purchase shall.be the cubic yard or cubic 
metre of freshly· mixed and unhardened concrete as dis
charged from the mixer. 

3.2 The volume of freshly mixed and unhardened con
crete in a given batch shall be determined from the total 
weight of the batch divided by the actual weight per cubic 
foot of the concrete. The total weight of the batch shall be 
calculated either as the sum of the weights of all materials 
including water. entering the batch oras the net weight ofth~ 

·concrete in the batch as delivered. The weight per cubic foot 
shall be determined in accordance with Test Method e 138 
from the average of at leas! three measurements, each on a 
di!Terent sample using a 'h-ft3 (14 I60-cm3) container. Each 
sample shall be taken from the midpoint of each of three 
different truck loads by the procedure outlined in Method 
e 112. 

~OTE l-It should be understood that the volume of hardened 
concrete may be, or appear to be, les.s than expected due to waste and 
s"pillage. 0\ler-e,;cavation. spreading forms, sorne loss of entrained air, or 
settlement of wet mixtures, none of wbich ~ the responsibility of the 
producer. 

4. Materials 

4.1 In the absence of designated applicable specifica:ions 
covering requirements for qu'ality oi materials, the following 
s}'ecific<..:ions shall' govern:... · 

4.1.1 Cemem-eement shall conform to Specification 
e 150 or Specification e 595. The.purchaser should specify 
the type or types required. but if no type is specified, the 
requirements of Type 1 as prescribed in SpecificatÍ'· e !50 
shall apply. 

NOTE 2-These ditTerent cements will produce concretes of different 
properties and should not be used. · intcrchangcably. 

4.1.2 Aggregates-Aggregates shall conform to Specifica
tion e 33 or Specification e 33!) if lightweight concrete is 
specified by the purchaser. 

4.1.3 Water: 
4. U.; The mixing water shall be clear and apparently 

clean. ff it contail"'s qua!ltities of súmtances which discolor it 
or make it smell or taste unusual or objectionablc or cause 
su•picion. it sl!all not be used unless service records of 
concrete made with it or other infonnation indicatcs that it is 
not injurious to the quality of the ·concrete. Water of 
questionable quality shall be subject to the acceptance 
critena of Table l. · · · · · · 
· 4.! .J.2 \\'ash .water from mixer washout operations inay 

be used for mixing. concrete provided tests of wash water 
comply "ith the physicaltests of Table 1. Wash water shall 
be tested ata weeldy interval for approximately 4 weeks, and 
therealier at a monthly interval provided no single test 
exceeds the applicable limit (Note 3). Optional cliemical tests 
in Ta~le 2 may be specified hy the purchaser when appro
priate f~r the construction. The testing frequency for chem
icol lirnits should be as given above or as specified by the 
purchaser. 

Non 3-When recycled wash water is used. anention should be 
givcn 10 cffccu on lhc dosagc nite and ttatching sequence of air
entraining and mher ..:hemical admix.lures, ano a uniform amount 
shtluld tll!: used 10 consecuti .. ·e batches. 

• 
4.1.4 Admixtures-Admixtures shall conform to Specifi

cations e 260, e 494, e 618, e 989, ande 1017, if appli
cable. 

NoTE 4-ln any givcn instance, the required dosa¡e of air~n
trainin¡, acccleratin&. and retarding admixtures will vacy. Thercfore, a 
ran¡e of dosages should be allowed which will pennii. obtaining the 
desired etfect. · . 

5. Ordering lnformation 

5 .1· In the absence of designated applicable general speci
fications, the purchaser shall specify the foUowing: 

5.1.1 Designated size, or sizes, of coarse aggregate,' 
5.1.2 Slump, or slumps, desired at the point of delivery 

(see Section 6 for acceptable tolerances), 
5.1.3 When air-entrained concrete is specified, the air 

content of the samples taken at the point of discharge from 
the transportation unit (see Section 7 and Table 3 for the 
total air content and tolerances) (Note 4). · 

5.1.4 Which of Alternativos !, 2, or 3 shal!"be used as a 
basis for determining the proponion• of the concrete to 
produce the required quality, and 

5.1.5 When structural lightweight concrete is specified, 
the unit weight as wet weight, air-<lry weight, or oven-<lry 

· weight (Note 6). 

!'lOTE S-In selecting the specified air content, the purchaser should 
consider the exposure conditions to which the concrete will be subjected. 
Air coctents less than shown in Table 3 may not give the required 
resistance lo freezina and thawlng, which is the primary purpose of 
air.-entn.ined concrete. Air contents hi¡her than the levels shown may 
reduce stren¡th witbout contributing any funher improvement of 
durabiüty. 

NOTE 6-The unit <..;¡eight of fresh concrete, which is the only unit 
weight determinable: .•. -.· :·time of delivery; ;_ .Jways higher than the 
air-dry or oven-dry W\._¿;,t. Dcfinitions of, and methods for determining 
or calculatin¡ air-dry and oven-dry weights, are covered by Test Method 
e 567. 

5.2 Alternative No. /: 
5.2.1 When the purchaser assumes responsibility for the 

proportioning of the concrete mixture, he shall also specify 
the following: -

5.2.1.1 Cement content in bags or pounds per cubic yard 
of concrete. or equivalent units, 

5.2.1.2 Maximum allowable water content in gallons. per 
cubic yard of concrete. or equivalen! units, including surface 
moisture on the aggregates, but excluding water of absorp
tion (Note 7), and 

5.2.1.3 lf admixtures are required, the type, name, and 
dosage to be .used. The cemerit content shall not be reduced 
when admixtures are used under Altemative ~o. 1 without 
the written approval of the purchaser. 

NOTE 7-Tbe purchaser, in selecting requirements for which he 
- assumes respons.ibility shouki givc consideration to requiiements for 

workability, placeability, durability, surface te~ture, and density, in 
addition to lhose for structural design. The purchaser is referred to 
American Concrete lnstitute Standard 211.1 and American Concrete 
.Institute Standard 211.2 for lhe selection of prop(m.ions lhat will rcsult 

, in concrete suitable for various typcs of structures and conditiqns of 
exposure. The water~ment ratio of most ~tructural Jightweight con
cretes cannot be determined with sufficient accuracy for use ao; a 
specification basis. 

5.2.2 Al the request of the purchaser, the manufacturer 
shall, prior to the actual delivery of the concrete, furnish a 
statement to the purchaser giving the sources. specific 

~.¡. 
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Test Method 

e 109 .. CompresSJve strength, rrun '\ contrOl at 7 days 
Time úf set. dev1ation from ¡;ontrc-1. h: min e 131" Trom 1:00 early 

-:-:------------------------''.::0.:.:_:1~30 later 
"Compansons shal! De based on hxed proport10ns and the same vOiume of test wat8f compareCI to contrOl mix uSJng Clty water or _distllled water. 

TABLE 2 Chemtcal_ Umitationl for Waah Wciter 

C~ requ~rements. maximl..wn concentratJOn in mixing 
water, ppm 8 

Chlcwide as Ct, ppm: 
-- Prestressed concrete or in l:riage Cledl:s 

Other reintorced concrete in moist en'lirorvnents 01 

contairung aluminum embedmenta a diSSimilar metals 

500' 
1000' 

:est Methc:x:l'' 

05i2 

· or Wlth stay-in-pl&ce gatvanized metal torms 
Sulfate as SO •, ppm 
Alkalies as {NazO + 0.658 K20), ppm 
Total SOIIds, ppm 

3000 
600 

. 50 000 

o 516 

AASHTO T26 

.., Other test methOds that have been demonstrated lO yietd comparable ¡.esults may be used. 
8 Wash water reused as miltlng water in concrete may exceed the listed concentrabons ot chloride and SUlfate lf 11 can oe Shown that the concentrat101'1 calculated in 

the total mixing water. lndudng rnixing water on tne aggregates and other sources does not axceed the stated limits. 
_e For conditiOflS aDowtng use of Ca~ aecelerator u an admixnn, the c:h6or1de llmitation may be waived by the purctJaser 

gravities. and sieve analyses of the aggregates and the dry 
weights of cement and saturated-surface-dry weights of fine 
and coarse aggregate and qtiantities, type and name of 
admixture (if any) and ofwater per cubic yard or cubic metre 
of concrete that will be used in the manufacture of each class 
of concrete ordered by the purchaser. 

5.3 Alternalive No. 2: 
5.3.1 When the purchaser requires tbe m~'-"·"cturer to 

assume full responsibility for the selection of the proponions 
for the concrete mixture (Note 7), the purchaser shall also 
specil)' the following: 

5.3.1.1 Requirements for compressive strength as deter
mined on samples taken from the transponation unit at the 
point of discharge evaluated in accordance with Section 17. 
The purchaser shall specify the "requirements in terms of the 
compressive strength of standard specimens cured under 

'standard laboratory conditions for moist curing (see Section · 
19). Unless otherwise specified the age at test sball be 28 
days. . 

5.3.2 · At the request of the purchaser, the manufacturer 
shall, prior to the actual deüvery of the concrete. furnish a 

· statement to·the pun:baser; giving the dry weights of cement 
and saturated surface-dey-weights of fine and coarse aggre
gate and quantities, type, and name of admixtures (if any) 
and of water per cubic yard or cubic metre·of concrete that 
will be used in the manufacture of each class of concrete 
ordered by the purchaser. He shall also furnish evidence 
satisfactory to the purchaser that the materials to be used and 
proponions selected will produce concrete of the quality 
specified. 

5.4 Alternative No. 3: 
5.4.1 When the purchaser requires tbe manufacturer to 

assume responsibility for the selection of the proponions for 
the concrete mixture with the minimum allowable cement 
content specified (Note 7), the pun:haser shall also specil)' 
the following: · 

5.4.1.1 Required compressive strength as detennined on 
samples taken from the transponation unit at the point of 

discharge evaluated in accordance with stttion 17. The 
purchaser shall specify the requirements for strength in tenns 
of tests úf standard specimens cured under standard labora-

. tory conditions for moist curing (see Section 19). Unless 
otherwise specified the age at test shaU be 28 days. 

5.4.1.2 Minimum cemem content in bag.< or pounds per 
cubir. yard or k.ilograms per- cubic metre of ~"" .. 1crete. 

~.4.1.3 lf admixtures are required. the type. name: and :-' 
dosage to be used. The cernen! content shall n·ot be reduced 
when admixtures are uSed. 

NOTE 8-AJternative No. 3 can be distinctive and useful only if the 
dcsi¡nated minimum ccment content is "ilt about the same leve! that 
would ord.inarily be required for tbe stren¡th. aagregatt size, aDd slump 
specified. At the same time, it must be an amount that ...,;u be sufficient 
to. assure dÍJrability under expected service conditions, as wcU as 
satisfactory suñace texture and density, iiJ. tbe even't specified strength is ~ . 
attained with it. For additional information refer to ACI Standards~-
211.1 aud 2 t 1.2 n:fem:d to in Note 7. · · .. 

5.4.2 At the requesf of the purcbaser, the inanufacturer 
shall, prior to the actual deüvery of the concrete. furnish a 
statemént.to the purch¡¡ser, "giving the dry weights of cement 
and saturated surface-dry weights of fine and coarse aggre
gate and quantities. type, and namc of admixture (if any) and 
of water per cubic yard or cubic metre of concrete that will 
be used in the manufacture of each class of concrete ordered 
by the purchaser. He shall also furnish evidetice satisfactory 
to the purchaser that the materials to be used and propor
tions selcCted will produce concrete of the quality specified. 
Wbatever strengths are attained the quantity of cement used 
shall not be less than the minimum specified. 

5.5 The proponions arrived at by Alternatives l. 2, or 3 
for cach class of concrete and approved for use in a project 
sball be assigned a designation to facilitate identification of 

· each concrete mixture delivered to the project. This is the 
designation required in 16.1.7 and supplies infonnation on 
concrete proponions when they are not given separately on 
each deüvery ticket as ouúined in 16.2. A cenilied copy of all 
proponions as established in Alternatives 1, 2, and 3 shall be 
on file at the batch plant. 



• 

i. 

0c94 

Total M Content, 1o 

Ex'posure Nomna! Maxm.m Sizee ot Awegate, in. (rTm) 

Condition• '\'o(9.5) 'h (12.5) '~'•119.0) .. ., 45 4.0 3.5 
Modef'ate 6.0 5.5 5.0 ,....,. 75 7.0 6.0 

A For a~r-entrainad concrete, when specif.ed. 

1 (25.0) 11h{37.5) 

3.0 2.5 
4.5 4.5 
6.0 5.5 

2(50.0) 

2.0 
4.0 
5.0 

3 (75.0) 

1.5 
3.5 
4.5 

s For descnption of exposure eonótiOns. refer to ACI 21· 1. Table 5.3.3, Wlth atte<rtion to IJCCCln'IPIII'Iying tootnotes. 
e 1.-"less exposure conditJOnS dietate otnerwise, air contenu. 1ec:omrne11ded aboYe may be reduced by up to 11. tor concretes w+th speciW compt'8SSIV8 Stf'er9d'1, f; e• 

of 5000 psi (34.5 MPa) or abOve. '· · · 

6. Tolerances in Slump 

6.1 Unless other tolerances are included in the project 
specifications, the following shall apply. 

6: 1.1 When the projec1 specifications for slump are writ
tel! as a ··ma"V.:imum" or ".not to exceed" requirement: 

Specified ~ump: 

lf 3 in. (76 mm} lf more than l in. 
or less (76 mm) 

Plus tolerance: o o 
Minus tolerance: l 1h in. (38 mm) 21h in. (63 mm) 

This option is te be used only if one addition of water is 
permitt.ed on the job provided such addition does not 
increase the water--cement ratio above the maximum· per· 
mitted by the specifications. 
. 6.1.2 When the project specifications for slump are not 
written as a .. maximum" or .. not to exceed" requirement: 

Tolerances for :"'ominal Slumps 

For Specif1ed Slump of: 

2 in. (51 mm) and less 
More than 2 through 4 in. (51 to 101 mm) 
~lore than 4 in. (101 mm) 

Tolerance 

±lh in. (13 mm) 
± 1 ia. (25 mm1 
±ll/1 in. (38 mm) 

6.2 Concrete shall be available within the permissible 
range of slump for a period of 30 min starting either on 
arrival at the job site or after the initial slump adjustment 
permitted in l 1.7, whichever is later. The first and last if• yd3 

ur :,'_. m~ discharged are exempt from this requirement. lf the 
user is unprepared for discharge oLthe concretes from the 

. vehide. the producer shall not be responsible for the limita
tion of minimum slump after 30 min have elapsed staning 
either on arrival of the vehicle at the prescribed destination 

· ,-;r :::.t th~· rcquestc-d ·delivery ~ime.· whiche~er is.later. 

-; . .\ir·Entrainéd Concrete 

i.) \'/ht:n air~entrained concrete is desired the puéchaser 
shall ;¡xcify the total air content ofthe concrete. See Table 3 
fÜr rCI.:ümmt:nded total air contents (Note 4). 

i.2 Thc air content of air-entrained concrete when sam
~~kJ frum thc: transportation unit at the point of discharge 
'""ll be within a tolerance of ± 1.5 of the specified value. 

S. ~~E'a_suring !\tatui:J.Is 

8.1 Except as otherwiSt: specitically permitted. cement 
-.hall bt.· measured by weight. Y.'hcn lly asn or ·uth~.!r 

· rnuolans are: specifieJ '" t.he mix. design. they may be 
··~~:agilc:d cumulatively with cement. Cement and poZzolan 
,·ho\1 be weighed on a scale 1nd in a weigh hopper which is 
:;t:pafate and distinct from those used for other materials. 

Cement shall be weighed before pozzolan. When the quan
tity of cement exceeds 30% of the full capacity of the scale, 
the quantity of cement, and the cumulative quantity of 
cement plus pozzolan, shall be within ± 1 % of the required 
weight. For smaller batches to a mínimum of 1 yd3 ( 1 m3), 

the quantity of cement, and the quantity of cement plus 
pozzolan, used shall be not less than the required amount 
nor more than 4 % in excess. U nder special circumstances, 
approved by the purchaser, cement may be measured in bags 
of standard weight (Note 9). No fraction of a bag of cement 
shall be used unless weighed. 

Nare 9-ln the United States the standard weiibt of a bag of 
portland cemen1 is 94 lb (42.6 k¡) j:J %. 

8.2 Aggregate shall be measured by weight. Batch weights 
shall be based on dry materials and shall be the required 
weights of dry materials plus ·the total weight of moisture 
(both absOrbed and surface) contained in the aggregate. The 
·quantity of aggregate used in '"·:· batch of concr. ·' as 
indicated by the scale shall be w.: ... n ±2 % of the required 
weight when weighed in individual aggregate weigh batchei>. 
In a cumulative aggregate weigh batcher, the cumulative 
weight after each successive weighing shall be within ± 1 % of 
the required cumulative amount when the scale is used in 
excess of 30% ofits capacity. For cumulative weights for less 
tban 30% of scale capacity, the tolerance shall be ±0.3 % of 
scale capacity or ±3 % of the required cumulative weight. 
whichever is less • 

8.3 Mixing water shall consist of water added to the batch, 
ice added to the batch, water occurring as surface moisture 
on the aggregates, and water introduced in the forro of 
admixtures. The added water shall be measured by weight or 
volume to an accuracy of 1 % of the required total milling 
water. Added ice shall be measured by weight. In the case of 
truck mix.ers. any wash water·retáined in the drum for use in 
the next tlatch oi concrete shall be accurately measured; if 
this proves impractical or impossible the wash water shall be 
discharged prior to loading the next batch of concrete. Total 
water 1 incluJing any wash water) shall be measured or 
weighed to an accuracy of ±3 % of the specified total 
amount. 

8.4 Powdered admixtures _ shall be meas u red by weight, 
and paste or liquid ·ad,;,ixtures by weight or volume. 
Accuracy of weighing admixtures shall be within ±3 % of the 
required weight. Volumetric measurement shall be within an 
accuracy of ~3 % of the tol.al amount required ·or plus and 
minus the volume of dose required for one sack of cernen t. 
whiche ... ·er is greater. 

\\'V 
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...... NOTE. 10-Admixture·dispensers ofthe:mechanical typc cap:ible- of 

adjustment for variation of dosage. and of simple calibration, are 
recomnlended. 

9. Hatching Plan! 

9.1 Bins with adequate separare companments shall be 
provided in the batching plant for fine and for each required 
size of coarse aggregate. Each bin companment shall be 
designed and operated so as to discharge efficiently and 
freely, with minimom segregation. into the weighing hopper. 
Means of control shall be provided so that. as the quantity 
desired in the weighing hopper is approached. the material 
may be. shut off with precision. Weighing hoppers shall be 
constructed so aS to eliminate accumulations of tare mate
rials and to discharge fully. 

9.2 Indicating devices shall be in full view and near 
enough to be read accurately by the operator while charging 
the hopper. The operator shall have convenient access to all 
controls. · 

9.3 Scales in use shlill be accuraté when static load tested 
to ±0.4 % of the total capacity of the scale. 

9.4 Scales for batching concrete ingredients may be either 
beam or springless dial scales and shall conform to the 
applicable sections of the current edition of the National 
Bureau of Standards Handbook 44. except as may be 
otherwise specified .. Methods for weighing ( electric, hy
draulic, load cells, etc.) other than beam or springless dial 
scales which meet the above weighing toleranoes are also 
acceptable. 

9.5 Adequate • .andard test weights shall be available for 
checking accuracy. All exposed fulcru.ms, devises, and sim
ilar working pans of scales shall be kept clean. Beam scales 
shall be equipped with a balance indicator sensitive enougb 
to show movement wben a weight equal to 0.1 % of the 
nominal capacity of the scale is placed in tbe batch hopper. 
Pointer travel shall be a minimum of 5 % of the net-rated 
capacity of the largest weigb beam for underweigbt and 4 % 
for overweiglit: 

9.6 The device for tbe meástirement of tbe added water 
shall be capable of delivering to the batch . tbe · quantity 
required within tbe accuracy required in 8.3. The device 
shall be so arranged tbat the measurements will not be 

. affected. by variable pressures in the water supply line. 
Measuring tanks sball ·be equipped with outside taps and · 
valves to provide fór cbccking tbeir calibration unless otber 
means are provided for readily. and accurately determining 
tbe amount of water in the tanJc. 

NOTE 11-Tbe scaJc liCC1II'I<}' limitalions of !be Natioaal Rcody 
Mixed CoiÍcrete Ass00arion Plant Certification mea tbe requiremeDts 
of Specilicatioa C 94. . 
1 O. Mixen and Aaitators 

10.1 Mixers may be stationary mixers or truck mixers. 
Agitators may be truck mixers or truck agitators. 

10.1.1 Stationa¡y mixers sball be equipped witb a metal 
plate or plateson wbicb are plainly marked tbe mixing speed 
of the drum or paddles, and tbe maximum capacity in terms 
of the volume of mixed concrete. Whcn used for tbe 
complete mixing of concrete, stationary mixers shall be 
equipped with an acceptable timing device tbat will not 

\ ,,., 

· pCimit the batch to be discharged until the specified mixing 
time has elatJ>ed. 

10.1.2 Each truck mixer or agitator shall ha'e anached 
thereto in a prominent place a metal plate or plates on which 
are plainly marked the gross volume of the drum. thc 
capacity of the drum of conta:ner in terms of the volume of 
mixed concrete, and the minimum and maximum mixing 
speeds of rotation of the drum. blades. or paddles. When the 
cOncrete is truck mixed as described in 11.5. or shrink mixed 
as described in 11.4. the volume of mixed concrete shall not 
exceed 63 % of the total volume Of the drum or container. 
When the concrete is central mixed as described in 11.3. the 
volume of concrete in the truck mixer or agitator shall n.ot 
exceed 80 % of th:: total volume of the drum or container. 
Truck mixers and agitators shall be equipped with means by 
which the number of revolutions of the drum. blades. or 
paddles may be readily verified. 

10.2 J\11 stationary and truck mixers shall be capable of 
combining the ingredients of the concrete within the speci
fied time or the number ofrevolutions specified in 10.5. into 
a thoroughly mixed and uniform mass and Óf discharging the · 
concrete so that not less than 5 of the 6 requirements shown 
in Table A l.¡' shall have been met. 

NorE 12-The scquence or mcthod of charging the mixer will ha ve 
an importaDt effect on the·unifonnity of the concrete. 

10.3 Tbe agitator shall be capable of maintaining the 
mixed concrete in a thoroughly mixed and unifonn mass 
and of discharging the concrete with a satisfactory degree of 
""iformity as defir>Pd by Ar>.nex A l. 

10.4 Slump tests of individual samples taken after dis
cbarge of approximately 15 % and 85 % of the load m ay be 
made for a quick check of tbe probable degree of unifonnity 
(Note 13). These two sarnples shall be obtained "ithin an 
elapsed time ofnot more than 15 min. Ifthese slumps difTer 
more tban thilt specified in Annex Al, the mixer oi agitator 
shall not be used .unless the condition is corrected, except as 
provided in 10.5. 

Non t:I-No IIUilples sbould be takea befon: tO <¡¡; or after,90.% of 
the batch bas been discbar¡ed.. 0uc·to the difficulty of detennining the 
actual quantity of ooncme discharged, the intcnt is to pro ... ide. samples 
thal: are representative of widely separated ponions., but not thc 
lqiJmiq BDCI BDCI of !be load •. 

IO.S Use of tbe equipment. may be pennitted when 
operation witb a IQnger mixing time, a smaller load, or a 
more efficient charging 5equence will permit tbe require-
ments of Annex A 1 to be met. · 

10.6 Mixers and· agitators shall !>e examined or weighed 
routinely as ftequently .S nci:essary to detect changes in 
condition duc to accumulations of hardened concrete or 
mortar and CJtamined to detect wear of blades. When such 
cbanges are extensive enough to affect tbe mixer perfor
ma: ce, the proof-tests described in Annex A 1 shall be 
performed to sbow whctber tbe correction of deficiencies is 
required. 

11. Mlxlas and Delivery 
·11.1 Ready-mixed concrete shall be ritixed and delivered 

to the point designated by the purchaser by means of one of 
tbc following combinations of operations: 

11.1.1 Centra/-Mixed Concrete. 
11.1.2 Shrink·Mixed Concrete. 
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11.1.3 Truck-Mixed Concrete. 
11.2 Mixers and agitators shall 'be operated within the 

limits of capacity and speed of rotation designated by the 
manufacturer of the equipment, 

11.3 Centra/-Mixed Concrete-Concrete that is mixed 
completely in a stationary mixer and transponed to the point 
of delivery either in a truck agitator, or a truck mix<r 
operating at agitating speed, or in nonagitating equipment 
approved by the purchaser and meeting the requirements of 

·Section 12. shall conform to the following: The mixing time 
shall be counted from the time all the salid materials are in 
the drum. The batch shall be so charged into the mixer that 
sorne water will enter in advance of the cement and 
aggregate. and all water shall be in the drum by the end ofthe 
first one founh of the specified mixing time. 

11.3.1 Where no mixer performance tests are ·made, the 
acceptable mix.ing time for mixers having capacities of 1 yd3 

10.76 m3l or' less shall be ootless thao 1 mio. For mixers of 
greater capacity, this mínimum shall be increased 15 s for 
·each cubic yard o'r fraction thereof of additional capacity. 

11:3.2 Where mixer performance tests ha ve beeo made oo 
given concrete mixtures in accordance with the testing 
program set· fonh in the following paragraphs, and the 
mixers ha\·e been charged to their rated capacity, the 
acceptable mi.üng time may be reduced for those panicular 
circumstances to a point at which satisfactory mixing defined 
in 11.3.3 ;hall ha ve been accomplished. When the· mixing 
time is so reduced the maximum time of mixing shall not 
exceed this reduced·time by more than 60s for air-entrained 
coricrete. 

11.3.3 Sampling for 1 'iniformity Tests of StaJionary 
Mixers-Samples of concrete for comparátive purposes shall 
be obtairied immediately after arbitrarily designated mixiog 
times. in accordance with one of the followiog procedures: 

11.3.3.1 .4/ternative Procedure !-The mixer shall be 
stopped. and the required samples removed by aoy suitable 
means from the concrete at approximately equal distances 
from the front and back of the drum, or 

11.3.3.2 Alternati••e .Procedure 2-As the mixer is being 
emptied. individual samples shall be taken after discharge of 
approxtmately 1; % and 85 % of the load. Any appropriate 
method of sampling may be used, próvided the samples are 

· representative 'of widely separated portions, but oot the very 
ends of the batch (Note 13). 

11.3.3.3 The samples of concrete shall be tested in accor
dance with Section 19, ~nd differences in .test results for the 
two samples shall not 'exceed !hose given. in Annex Al. 

· Mixer performance tests shall be repeated whenever the 
appearan(e of the concrete or the ~ aggregate content of 
samples selected as outlined in this section indicates that 
ade4uate. mixing has not been accomplished. 

11.4 Slzrink-Mixed Concrete-Concrete that is first par
tially mixed in a stationary mixer. and then mixed com· 
pletely in a truck mixer, shall conform to the following: The 
time of paniai mixing shail be miriimum required to 
intermi.1gle the ingredients. Afier transfer to a truck mixer 
the amo•Jnt of mi.xing atthe d.signated mixing speed will be 
that necessary to meet the requirements for uniformity of 
concrete as indicated in Anncx A l. TeSts to confirm such 
performance may be made ·in accordance with 11.3.3 and 

11.3.3.3. Additionaltuming of the mixer, if any, shall be at a 
designated agitating speed. 

11.5 Truck-Mixed Concrete-Concrete that is completely 
mixed in a truck mixer, 70 to 100 revolutions at the mixing 
speed designated by the manufacturer to produce the unifor
mity of concrete indicated in Annex A l. Concrete unifor
mity tests may be made in accordance with 11.5.1 and if 
requirements for uniformity of concrete indicated in Annex 
Al are not met with 100 revolutions of mixing, after al! 
ingredieots iocluding water, are in the drum, that mixer shall 
not be used until the condition is corrected, except as 
provided in 10.5. When satisfactory performance is fouod in 
one truck mixer, the performance of miXers of substantially 
the same design. and coodition of blades may be regarded as 
satisfactory. Additional revolutioos of the mixer beyood the 
number found to produce the required uniformity of con
crete shall be at a designated agitatiog speed. 

11.5.1 Sampling for Uniformit,v of Concrete Produced in 
Truck Mixers-The concrete shall be. discharged at the 
normal operating rate for the mixer being tested, with care 
being exercised not to obstruct or retard the discharge by ao 
iocompletely opened gate or seal. Separate samples, each 
coosisting of approximately 2 ft3 (0.1. m3 approximately) 
shall be taken after discharge of approximately 15 % and 
85% ofthe load (Note 13). These samples shall be obtained 
within an elapsed time of not more than 15· min. The 
samples shall be secured in accordance with Method C 172, 
but shaU be kepl separate lo represen! specific points in tbe 
batch rather than combined to fonit a composite sample. 
Between samples, where necessary to maintaio slump, the .· 
mixer may be tumed in mixing direction at ar;Jating speed. 
During sampling the receptacle shall receiv,~ :e full dis
charge of the chute. Sufficient persoonel must u.: available lO 
perform the requited tests promptly. Segregation during 
sampliog aod handling must be avoided. Each sample shall 
be remixed the minimum ~ount to ensure uniformity 
befare specimens are molded for a particular test. 

11.6 Wheo a truck mixer or truck agitator is used for 
transporting concrete tbat has beeo completely mixed in a 
stationary mixer, any tuming during transponation shall be 
at the speed designated by the maoufacturer of the equip
meot as agitating speed. 

.11.7 When a truclc mix<r or agitator is approved for 
· mix:ing or delivery of concrete, no water from tbe truck water 
system or elsewhere shall be added after the initial introduc
tion of mixing water for the batch l!xcept when on arrival at 
the job si te the slump of ·the concrete is Jess than thal 
specitied. Such additional water to bring the slump within 
required limits shall be injecte<¡'into the mixer under such 
pressure and direction of tlow that the requirements for 
uniformity specified in Annex A 1 are met. The drum or 
blaúes shall be tumed an additional 30 revolutions or more if 
necessary, at mixing speed, until lhe uniformity of the 
concrete is within tliese limits. Water shall not be added to 
the batch at any later time. Discharge of the concrete shall be 
completed within l'h h, or before the drum has revolved 300 

. revolutions, whichever comes first, aftcr the introduction of 
the mixing water to thc cemcnt and aggregates or the 
introduction of the cement to the aggregates. These limita
tions rilay be waived by the purchaser if the concrete is of 
such slump after the Ph-h time or 300-revolution limit has 

e¡¡ 
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_ been_reached_that.it.can be·placed.-without the·addition·or-
- - water. to the bah.:h. In hot weather. or undcr conditions 

~.:ontributing. tu quick stiffening of thc concrete. a time !t.:ss 
than 11/:: h·may be spc:'-·ilied by thc pUrchas;er. 

IJ.--JnS~ciiOii:-l\1aféri&1S. Productio~ Delin~ry 
13.1 The manufacturer shall aiTord the inspector all 

reasonable acccss. wlthout (,:harge. for making· neceo;s..1ry 
checks of the production facilities and for securing O('(:esc;ary 
samples to determine if the concrete is being produced in 
accordancc with this specific:.Jtion. All tests and inspcction · 
shall be so conducted as not to interfere unnécessarily with 
the manufacture and delivery of th_e concrete. 

./ 
1P 

11.~ Cüncretc delivered in cold ~,.~oe;..~thcr shall have the 
applicable minimum tempaature indicatcd in the following 
table. ,The purch3~r shall inform.thc producer asto the type 
uf ~.:unstru~o:lion for \vhkh the concrete i~ intenJed.) 

Minimum Concreh: Temperature 

Air T~mp:ralure 

JO to 45 
O tn JO 
Bclo~o~o· O 

.:..¡ to 7 
·-!!( !C! -! 
Bdu~o~o ..:.1M 

Thin Section~ and 
U nfonnrd Slabs 

, 'F 

·e 

60 
01 
70 .• 

16 
. 18 

" 

Heav' Sttt1on\ 
· and M !M Concrete 

¿ 

50 , 
60 

10 
13 

" The maximum temperature of concrete produced wlth 
heated aggregates. heated water, or both. shall al no time 
during its production or transponation exceed 90•F (32"C). 

SoTE 14-When hot water is used rapid stiffening may occur if hot 
water is brought in direct contact with the cement. Additional infonna

. tion on cold wea~her concreting is contained in ACI 306R. 

11.9 The producer shall delivenhe ready mixed concrete 
during hot weather at concrete temperatures as low as 
practicable, subject to the approval of the purchaser. 

NoTE 15-ln sorne situations difficulty may be encountered when · 
concrete temperatures apProach 90•F (32"C). Additlonal infonnation 
may be found in the Bureau.of Rechimalion Concrete Manual and in 
ACI 305R. 

12. Use of Nonagitating Equipment 

14. Jnspection of fresh Concrete and Sampling 
14.1 The con tractor shall arford the inspector all reason

able access. without Charge. for 'the procurement of samples 
of fresh concrete at time of placement to determine conform· 
ance of it to this specification. 

14.2 Samples of concrete shall be obtained in accordance 
with Method C 172. except when taken to determine unifor
mity of slump within any one batch or load uf CUI!crete 
(10.4. 11.3.3, 11.5.1. and 12.4). 

14.3 .The individual who samples and tests _concrete to 
determine if the concrete is bdng produced in accordance 
.with this specification shall ha ve demonstrated a knowledge 
and ability to perform the necessary test procedures equiva
lent to the mini m u m guidelines for certification of Concrete 
Field Testing Technicians, Grade 1 in accordance with ACI 
CP-2 (Note 16 ). 

NOTE 16-PeBOnnel of laboratories accrtdited for Testing 'Freshly 
Mixed Field Concrete uitder the National Voluntary laboratory Accred
itatioa Program (NVLAP) should be consi<;iered equi·.-alent to A.C! 
Grade·!. 

14.4 Wh~:.í. ; _;,t .)trength of com:rete is used as a basis for ~ 
acceptance, the manufacturer shall be entitkd to copies of all • 
test reports. · 

12.1 'cemral-mixed concrete may be transponed in suit- 15. Slump and Air Content 
able nonagitating equipment approved by the purchaser. The 15.1 Slump and air-contenttests shall be made at thc time 
proponions of the concrete shall be, approved by the pur- of placement at the option of the inspector· as often as is 
chaser and the following limitations shall apply: necessary for control checks and acceptance purposes, and 

12.2 Bodies of nonagitating equipment shall be smooth. aJways when strength specimens are made ( 17.2) .. 
watenight, metal container5 equipped with gates ttiat will 15.2 lfthe measured slump or ai'r content falls outside the 
permit control of the. discharge of the concrete. Covers •hall . sllecilied limits, a ~heck test shall be made immediately on 
be provided for protection against the weather when required · another portion of the same sample. In the event of a second 
by \he purchaser. · · . ; failure, the .concrete. shall be considered to ha ve failed the 

12.3 The concrete shall be delive~ lo' the site ofthe work · requirements of the specification. 
in a thoroughly mixed and uniform·'mas5 and discharged 
with a satisfactory degree. of uriiformity as prescribed in 16. Batch T~eketlnformation 
Annex Al. 16.1 The rnanufacturer ofthe .c~ncreté shall furnish to the 

12.4 Slump tests of individual sainples taken af\er dis- purchaser with each batch of concrete befare unloading at 
charge of approximately 15 % and 85 % of the load may be the site, a delivery ticket on which is printed, stamped, or 
made for a quick check ofthe probable degree of uniformity written, information concerning said concrete as follows: 
(Note 13). These two samples shall be obtained within an 16.1.1 Name of ready-mix batch plant, 
elapsed time of not more than 15 min. Jfthese slumps differ 16.1.2 Serial number of ticket, 
more than that specified in Table Al.l, the nonagitating 16.1.3 Date, . 
equipment' shall not be used unless the conditions _are 16.1.4 Truck number, 
corrected as provided in 12:5. 16.1.5 Name of purchaser, 

12.5 Jf the requirements of Annex A 1 are not met when 16.1.6 Specific designation of job (name and location). 
the nonagitating equipment is operated for the maximum 16.1.7 ·specific class or designation of the concrete in 

'time of haul. and with the concrete mixed the minimum conformance with that employed in job specifications. 
time, the equi¡iment may still beused when operated using 16.1.8 Amount of concrete in cubic yards (or cubic 
shoner hauls. or longer mixing times, or combinations 
thereof that will result in the requirements of Annex A 1 
being met . 

'metres), 
16.1.9 Time loaded or of first 

aggregates, and 
mixing of cement and 
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16.1.10 Water added by receiver of concrete and bis 

initials. 
16.2 Additional information for certification purposes as 

designated by the purchaser and required by the job specifi
cations st:all be furnished when requested; such information 
mav include: 

1·6.2.1 Reading of revolution counter at the lirst addition 
of water. ' 

·16.2.2 Type and brand, and amount ofcement, 
16.~.3 Type and brand, and amount of admixtures, 
16.2.4 lnformation necessary to calculate the total mixing 

water .added by the producer. Total mixing water includes 
free water on the aggregates. water, and ice batched at the 

· plant. ar.d water added by the truck operator from the mixer 
'tan k, 

16.~.5 Maximum size of aggregate, 
16.2.6 Weights of fine and coarse aggregate, 
16.2.7 lngredients certified as being previously approved, 

and 
16.~.8 Signature or initials ofready-mix representative. 

17. Strength 

. 17.1 •When strength is used as a basis for acceptance of 
concrete. standard specimens shall be made in accordance to 
·Method e 31. The specimens shall be cured under standard 
moisture and temperature conditions in accordance with 
Sectiuns 8.2 and 8.3 of Method e 31 (see Section 19). · 

17.2 Strength tests as well as slump and 'air content tests 
shall general! y be made with a frequency of not less than one 
•.est for each 150 yd3 ( 115 m3). Each test shall be made from 
a separa te batch. On each day concrete is delivered, at leas! 
one strength test shall be made for each class of concrete. 

17.3 For a strength test, at least two standard test speci
mens shall be. made from a composite sample secured as 
required in Section 14. A test shall be the average of the 
strengths of the specimens tested at the age specified in 6.3.1 
or 6.4.1 l~ote 17). If a specimen shows definite evidence 
other than low strength. of improper sampling, molding, · 
handling. curing, or testing, it shall be discarded and the 
strer.gth of the remaining cylinder shall then be considere<! 
the test result. 

:'\'OTE 1 i -Additional tests may be made at. other ages to obtain 
inform.ation on thC adequacy of the strength development orto cheék. 
the adequacy ofcuring and protcction ofthe concrete. Specimens made 
tn chet:"k the adequacy of curing and protectign should be cured in 
accorsiance with 8.4 of Method C JI. 

17.4 The representative of the purchaser shall ascertain 
·and record the delivery-ticket number for the concrete and 
:he exact location in the work at which each load represented 
by a strength test is deposited. 

17.5 To conform to the requirements ofthis specitication. 
the average of al! of the strength tests (see 17.3) representing 
each class of concrete shall be sufficient to · ensure that the 
lollowmg requirements are'met (Note 18 ánd Note 19). 

17.5.1 For concrete in structures designed ~y the working · 
stress method and all construction other th·a·n that covered in 
17.5.2. i'lC: ~ore than ~O% of the strcngth··tests shail have 

values less than the specilied s, · .1gth,f' r and the average of 
any six consecutive strength tests (Note 18) shall be equal to 
or greater than the specified strength. 

17 .5.2 For concrete, in structures designe<! by the u! ti mate 
strength method an<! in prestressed structureS, not more than 
1 O % of the strength tests shall ha ve values less than the 
specified strength, f' r and the average of any three consecu
tive strength tests (Note I 9) shall be equal to or greater than 
the specified strength. 

NOTE 18-Due to variations in materials. operations., and testing, the 
3\'erage strength necessary to meet these requiremcnts \\-i.ll be substan
tially ttigher tban the s~ified sttcngth. The amount higher increases as 
these variations increase and decrea5c: as they are reduced. This is a 
function of !he coetlicient of variation and other factors of control 
explained in AC1214. Pertinent data witl be found in Table 4. 

NOTE 19-Wben the number oftests made ofany clas.s ofconcrete 
total si:4 or less, the average of all the tests shall be equal to or greater 
than shown in \he. following table: 

No. ofTests 
1 
2 
3 
4 
5 
6 

Required A ve~e Strength of 
Consccutive Tests, f' ~ 

Section 17.5.1 Scction 17.5.:! 
0.79 0.86 
0.90 0.97 
0.9:4 1.02 
0.97 1.05 
0.99 1.07 
1.00 1.08 

18. Failure lo Meet Strength Requirements 

18.1 In the event that concrete tested in accordance with 
the requirements of Section 17 fails to mee! the strength 
requirements of this specilication. the manufacturer of the 
ready-mixed concrete and the purchaser shall confer to 
determine whether agreerr· -nt can be reachel! as to what 
adjustment, if any, shall oe made. If an agreement on a· · 
mutually satisfactory adjustment cannot be reached by the · 
manufacturer and the purchaser, a decision shall be made by 
a panel of three qualified engineers. one of whom shall be 
designated by the purchaser, one by the manufacturer, and 
the third·chosen by these two members of the panel. The 
question of responsibility for the cost of such arbitration 
shall be determine<! by the panel. lts decision shall be 
binding, except as modified by a court decision. 

19. Methods of Sampling and Testing 

19.1 Test ready-mixed concrete in accordance with the 
following methods: . 

· 19.1.1 -Campression Test Specimens-Method e 31, us-
. ing standard moist curing in accordarice with 9.2 and 9.3 of . 

Method e 31. 
19.1.2 Compression Tests-l'est Method e 39. 
19.1.3 Yield. Weiglit per Cubic Fooc-Test Method 

e 138. 
19.1.4 A ir Contenc-Test Method e 138; Test Method 

C 1.73 or Test Method e 231. 
19.1.5 Slump-Test Method e 143. 
19.1.6 Sampling Fresh .Concrete-Method e 172. 
19.2 The testing laboratory performing acceptance tests of 

¡;oncrete shall meet the re(¡uirements of Recommended 
Practicc E 329. · 
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A'IERAGE STREiotGTH REQUif!EIIotENTS FOA lJMtTING PR08.A8tLITY OF TESTS FALLI,.G 8ELOW T~ Sf>ECtFIEO STAENGT,.._ f ·e· TO ÜNE Qur Of' EvERY lE'< TESTS 

COEFFtC!ENT OF VA,Rt.r.TlON " " " " 
ReautRED 0vE!'lOESIGN r.o.croR 1.07 1.15 1.24 .. ,. 1.1' 

0EStGk STRE...OTH AEOUIREO AVER,IGE STRE,.GT .. "' 

2000 PSI 2140 2300 "" "" 2\;tO 

. 2500 PSI 2675 2875 ""' , .. "" 3000 PSI 3210 .... 3720 ..,. U20 

JSOO PSI 1H5 ..,, ., .. ..... s:•~ 

4000 PSI .. 270 "" .... "" saao 
4500 PSI 4815 ~175 .... ..,¡, 8615 

5000 PSI ""' 5740 ""' "" "" 
AVERAGE SiRENGTH REOUtREMENTS FOR LIMtTIP+G PROBABILITY 0F TESTS FALLINO 6ELOW THE SPECIFIEO STRENGTM, f '.,. TO 0NE Q1,;T OF EvERY FtvE TESTS 

COEFFICIENT QF VARIAT"ION " " 20 " 
REOUtREO 0VEROESIGN F"CTOR '·" '·" l,U '·20 1.27 

0EStGN 5TRENGTH AEOUlREO AVERAGE STRENGT .. A 

2000 ,.., .,.. , .. , .. ""' 2•~J 

2S00 PSI ""' 2725 "" 3000 · Jiaa 

""''" "'' 
,.,. 3<20 3600 Jeto 

3500 PSI ,... ,.,. 
""' ""' ~ .. ........ .,., - .... """ 50!0 

4$00 PSI - •810 .,,. 
""' "'' .,.. ... """ .... ""' ""' ., .. 

"Computad fl"om Eq 4-1 and values of ·r fa fnore than 30 samp6eS from Table <&.1 (ACI214-77). in the absence ot statisücal expenence a coetficu~nt of vanc1t;on ol 
20 '\ shaU be asSümed. 

ANNEX 

(Mandatory Information) 

Aló CONCRETE UNIFORMITY REQUIREMENTS 

A 1.1 The variation wíthin a batch as· provided in Table 
A 1.1 shall be detennined for each property listed as the 
ditference between the highest value and the lowest value 
obtained from the different portions of the same batch. For 
this specification the comparison wíll be between two sam
ples. representing the first and last portions of tbe batch 

. being tested. Test results confonning to the limits of five of 
the six tests listed in Table A 1.1 sball indicate unifonn 
concrete wíthin the limits of this specification. 

A 1.2 Coarse Aggregate Content, using the wasbout test, · 
shall be computed from the following relations: · 

p • (C/b) X 100 

whcre: 
P = weight % of coarse aaregate in concrete, 
e = saturated silrface-dry-weight in lb (lcg) of aaregate 

retained on the No. 4 (4.75-mm) sieve, resulting from 
washing all material finer than this sieve from the fresh 
concrete, and 

b = weight of sample of fresh concrete in unit weight 
container, lb (kg). 

A 1.3 Unit Weight o[Air Free Morcar shall be calculated as 
follows: 

Inch-pound units: 

Metric unils: 

where: 
M~ unit weight of air-free monar. lb/ft3 (kg/m3

), 

b ~ weight of concrete sample in unit weight container, lb 
(kg), . 

e ~ sáturated suñace-dry-weight of aggregate retained on 
No. 4 (4.75-mm) sieve, lb (kg), 

V = volume of unit weight container, ft3 (m3), 

A ca air content of concrete, %, measured in accordance 
wíth 18.1.4 on tbe sample being tested, and 

G = specific gravity of coarse aggregate (SSD) . 
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Tes1 

Requirerrw"lt. Expreaec:l as 
t.taxmun Permil&lble Oifference in 

Results of Testa o4 Samptes 
Taken from Two Locations 

in the Concrete Batch 

Weight per cubic loot (weight per cublc metre¡ catculated to an air-tree basis. lb~ (kg¡ml) 
4.ir contant. vOIUme S of concrete 

1.0 (18) 
1.0 

Slump· 
lf average' Slump is 4 in. (102 mm) or less. in. (mm) 1.0 (25) 
11 average Slump is 4 to 8 in. (102 to 152 mm),¡;. (mm) 1.5 (38) 

Coarse aggregate content, portien by weight of each sarnpte reteined on No. 4 (4.75-mm) sieve, \\ 6.0 
L.i'Ht wetght ol air-tree mortar"' oased on average for all comparativa sampleS testad. s. 1.6 
Average c:c::mprMSi ... e strengtn at 7 days for each sampie, 8 baaed on average strength of 811 comparative test speeimens,,; 7.sc 

""Test lor Variability ot Constituents in Concrete: Oesignation 26, Bureau ol Reclamat1on Concrete Manull, 7th Edltion. Avadable from Superintendent ol Oocuments. 
U. S. Government Printing Offiee, Washington. OC 20402. 

8 Not 1ess than 3 eylinders will be mo6ded and testad from eact1 of the aampies. 
e TentatJve approvat ot the mixer may be grantád perdng resutts of tht 7-day compresSive strength tests. 

The American Society 101 Tuting end M.rer~ takes no po!ition t'Npeefing the vaJitlity ol any petent rights &S$erted in connection 
wltll .!IIY itwn ment1oned m this MMdala. Usera ol thi! ltandertJ ., expresa/y advised that d«erminatlon ot the vaJidity of any such 
patent rigttts, ana the riSk ol infringement ol sucl'l ~· are entirely their own respoMibiUty. · 

This standard Js sub¡ec;t ro revialon lit any time by the respotWble technicaJ commnr.e tllld must be revHtwed every hve yeer.s and 
,f not rtwised, 8/ther reapproved or wilhdraWn. Your comments •• imntfld etlhet 101 rtNi$ion ol this standard or for ada;tionaJ stanaatds 
and should be addressed ro ASTM Heedquartera. Your comments wi/1 receive careful et:tmiderat/011 1ft a meeting of the f'NI.X)Nible 
tectmical comminee, which you may anena. lf you feel rtJ«t )'OUI' comments have not received a. ftlir heering you should mae yoor 
views known to the ASTM Commitfee on St8ndalds, 1!H6 Rece St., Phllade/t)hia, PA 19103. 

.. 
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Standard Test Method for 

, A~~-an Ai!>úe•é.I>Oro ';1-.re 
Hogtlv.av dnd-Transpcnahon·Qtt•c•:JI~ Stw~ ~~ :---

:>.AS:,rc. ~1·1 r t;?r 

Unit Weight, Yield, and Air Content (Gra'Jimetric) of Concrete 1 

:Thi~ q~nci,u.i is :~•ucd undl'r th.:_li\r~ •1t:,,rnat•on ,- L'li: thc ¡¡o~mhcr 1mn:rJ•a:c!:. t'olk.,i,"'~ thl' tlcs 1 g 11 ;.~r 11 >n inJh'Jt~~ thc ~-·::.r ,,¡ 
un¡una• aJo¡¡hon or. m trll" t..'a\t' .,¡ re~:l\lUn. ,n..: vear ofl01\t n."\;,¡,¡n_ .\_nunt-er m raremh,....._"!. mdrGUt.."'> tht• )'r;'ar of la~t rcappr~val. A 
~uper,..·nm <:;:>~.!on c.; ·~~rcat."s ..1n ".Jit"::.-1 ~~lar . .;~: •,inct· thl' l.l~t o.:•i~u-.n r•r rcapr:•~v:rl. 

du~ 1_fu,¡Jurd h:1.1 l•n;n Uf'(lr::l~';f.. '•" :;;,· i'_:· 11:.-IJ<tllfltrl<'l:l ~~: ;).:lt'l:,,·_ ' ,,,,u:1 rl:t• {Jn/1 /nJ¡•_\ o/.\p1•¡ ni.-,1/io>ll• ",¡,; ;¡,¡, 1 ,Juul~_l<>r tirt' 
'Jl<'i'l/1{" )<'Uf ••1 /11/it' o.l:•<lr /¡..;, h,·, •i r.J.I..I••rr<:J 1'1' ¡h,· .'),•purtnlt·nr ,:(lkWII\o'. · 

1.. Scope. 
1.1 This method covers determinati~'n of the weight per 

cubic foot or cubic metre of freshly mi.\t!d concrete and gives 
formulas for calculating the yield. cement content, and the 
air content of the concrete. Yidd is defined as the volume of 
concrete produced: from a mixture of known quantities of 
the component materials. 

1.2 The values stated in inch-Pound units are to be 
regarded as the standard. 

2. Referenced Documents 

2.1 AST.\1 Standards: 
C 29 Test ·Method for Unit Weight and Voids in 

Aggregate' . 
C 150 Specification for Ponland Cement '·3 

C 172 Method of Sampling Freshly Mixed Concrete' 
C 188 Test Method for Density of Hydraulic Cement3 

C 231 Test Method for Air eontent of Freshly Mixed 
Concrete by the Pressure Method2 

3. Symbols 

A = 
N = 
¡\í, = 
R,. = 
T = 

V 

w = 
w, = 
y = 
yd = 

Y¡ = 

air-content (percentage of voids) in the concrete 
actual cement content. lb/yd3 or kgjm3 

weight of cement in the batch. lb or kg 
relative yield 
theoretical weight of the concrete computed on an 
airfree basis. lb/ft3 or kgjm3 (Note 1) · · 

total absolute volume of the componen! ingredients 
in the batch, fi3 or m' . 
unit wéight of concrete, lb/fi'·or kgtm3 

. total weight of all materials batched, lb or kg (Note 
2) ... 

volume of concrete produced per batch~ yd3 or m' 
volume of concrete which the batch was designed to 

· produce, yd3 (m3) · 

vol u me ,of concrete produced per batch, fi3 

NoTE l-The theoretical wci¡ht. pcr cubic foot or cubic mctre is, 
customarily, a laboratory determination. the value for wb.ich is assumed 

1 This method is under th~ jurisdiction ofASTM Commin~ C-9 on Concrete 
and Concrete Agre¡atcs and is the direct responsibility of Subcommiuec 
ClW.03.03 on Metltods of Tcslins Frnh Concrete. 

Current edition approved June 26. 1981. Published Auaust 1981. Ori¡inally 
publi!>hed as e 138- ·38 T. laoJt previous edition e 1 38 - 77. 

~ .fnniUll Boolc of AST.W StandardJ, Vol 04.02. 
·1 ,-tnmuzi BooJ,; ufA.ST.\1 Standards. Vol 04.01. 

to remain constant fL'r al\ batche!\ maJe ':.lsing identica! c::.mr¡(:r.~.::;: 
Lngrl!dients and proponilms. lt is cakulatt:d from the e4a:J.tun. 

T = w,¡v 
The absolute volume of each ingredient in cúbic fect is equaJ to the 
quotient of the weight of that ingredient divided bY the proJ.~ct of its 
s~ific gravi!Y times 62.4. The absolutc ."'olume of each ing.~:áient in 
cub1c mctres IS equal to the weight ofthe ingredient in kilograms divid.:J 
by 1000 timt:s its specific gravity. Fol- the aggrcg.>.tc CL;r.1pvnents. thc 
bul~ :,pecific graVity o:1.nd weight should be based on tt,e saturatc..i 
suñace-dr)' condit:on. For ccment .. the ar.tual specific gravitv should l-e 
determined by Test Method C 188. A value of 3. 15 mav be uSI'd ft··r 
cements manufactured to meet the rcquircments of Spcclfication C 1 5LI. 

NOTE 2-Thc total wcight of all mJteria!s bat~hed :s the ~u m .)f the 
wcights of thc cement. thc fine aggregate in the condition use J, the 
coane aggregate. in the condition uscd. the nlixin~ water added to :ht~ 
batch and any othcr sol id or liqUid materi::Us us.c-· 

4. Apparatus 

4.1 Balance-A balance or scale accurate to within O.~~ c.r, 
of the test load at any point within .the range nf use. The 
range of use shall be considered to extend from the weight of 
the measure empty to the weight of the measure pius its 
contents at 160 lb/ft' (2600 kg{m 3 ). 

4.2 Tamping Rod-A round, straight steel rod. '1' in. 116 
mm) in diameter and approximately 24 in. (600 mm) in 
length, having the tamping end rounded to a hemispherical 
tip the diameter of which is '1• in. 

4.3 -Inlernal Vibra/or-lntemal vibrators mav have ri2id 
or flexible shafis, preferably powered by electric ~otors. Tht 
frequency ofvibration shall be 7000 vibrations per minute or 
greater while in· ·use."The outside diameter or the side 

·ctimension ofthe vibrating element shall be at leas! 0.75 in . 
~ 19 mm) and not ~ter than L50 in. (38 mm). The length 
of the shafi shall be at least 24 in. (600 mm). 

4.4 Measure-A cylindrical container made of steel or 
other suitable metal (Note 3). 1t shall be watenight and 
sufliciently rigid to retain its form and calibrated volume 
under rough usage. Measures that are mw hined to accurate 
dimensions on the inside and provided with handles are 
preferred. The mínimum capacity of the measure shall 
conform to the requirements of Table l. All measures. 
except for measuring bowls of air meters which are also used 
for Test Method C 138 tests. shall conform to the require· 
ments of Test Method e 29. When measuring bowls of air 
meters are used, they shall conform to the requirements ot" 

. Test Method e 231. The top rim ofthe air meter bowls shall 
be smooth and plane within .0.01 in. (0.25 mm). 

.. 
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TABLE 1 Minimun C.PKity ot Meaaurea 

NonMal Max1mum Sixe 
Capacity o! Measure. min 8 

ol Coarse A.ggregate • 

'"· mm "' dm' . 

25.0 0.2 6 
1 'll 37.5 0.4 11 
2 50 0.5 1l 
3 75 1.0 28 
4'.': 114 2.5 71 
5 152 3.5 99 

• Aggregale ol a g111en nominal maxmum Slze may contaln up to 1 O 't. of 
panJCies :etained on the Sle>~e re:erreo to 

8 To provide lor wear. measures may be 'JD to 5 '\ smaner tnan indicated in this 
table. 

~OTE J-The metal should nor be read~1y subject to attack by 
ce:nent paste. flo""ever. reactive materials such as alummum alloys may 
i:;.e us-!d :n instances wht:re as a consequence 1.)( an initiaJ reaction, a 

. S•.: fa.:-": fi!m is rapidly formed which _PrNeCtS the nl~laJ agair:.st funher 
córr·Jsion. . 

NoTE 4--The top rim is satisfactorily plane if:.,. 0.01-in. (0.25-:nm) 
feeler ~ge cannot be insened between the rim anda piece of '1" in. (6 

, mm·¡ ,)r thicker plate glass laid over the top of the measure. 

4.5 .)lrikr-Oj¡ Plale-A flat rectangular metal plate at 
!ea!'t v. ir .. {6 mm) thick ora glass or acrylic plate at least 11:: 
in. ll1 mm) thick v.ith a length and v.idth at least 2 in. (50 
ffim) greater than tt·.e diamet~r of the meas u re y,rith which it 
is to be used. The edges of t.he plate ;hall be straight and 
smooth within a to!:!rance of 1/16 in. ( 1.5 mm). 

4.6 Calib;atwn J::qwpmem-A piece of plate glass. prefer
ablv at least 1/• in. (6 mm) thick and at least 1 in. (25 mm) 
larger than the diameter of the measure to be calibrated. A 
supply of water pump or chassis grease that can e: placed on 
:h~! ~in1 uf th~ container to prevent leakage. · 

4.7 ,\lai!el-A mallet (with a rubber or rav.hide head) 
wr:ighing ap?roxim<.rely 1 25 ± O.'G lb (0.57 ± 0.23 kg) for 
use with measures of0.5 ft' 114 dm') or smaller. anda mallet 
weighing approximately 2~25 :t 0.50 lb ( 1.02 ± 0.23 kg) for 

. 'JSC with m~asures larger than 0.5 ft 3
• · 

S. C.tlibration ~f ~~~asure 

5.1 Calibrate the measure ::ind determine the factor used 
to convert the weight. in pounds or kilograms contained in 
lhe measure to weight ir. pounds i>er cubic foot or kilograms 
pcr" '.:ubic metre. Fol!ow the procedure. outlined in Test· 
~kthr,d C 29. Measur<s shali be recalibrated at kast once a 
~:::~r ·~r whenever there ts ·rl!aSor: lo question the accuracy of 
tht ca·Lnration. 

6. Sample 

6.! Obtain tht:! sample of freshly mixed concrete in 
;tc.:ord:.:n...:e with Method C 172. 

"'). PrCk.:"tdure 

::_¡ C·Jmpact mea¡¡ures 5mailer than 11.4 ft 3 (\ 1 dm 3
) by 

rr"<:lrJi r:~ ber:au~ of the Uanger of ~~cc~:;ive loss ¡,lf entrained 
<~ir. F~l; meao;ures 0.4 11:·' or larg~r. hac;e the ~elecuon nf the 
,..;,_,.,h .. ,,i c,r ·:onsoli·1:1~ion (Hl the o;lumr. ur¡lr~'i the me1.hod is 
't;tt::l ;r thl.! ~pt·cif;C'arJ('llS umkr '.\·hi\11 the \\" .. "1..: \e; ~ing 
;--:r:--fc:nl;"~. The m~tho<:!$ of consolidatior. :1re ;vf.1ding and 
!n~er:ál "ibratlon. Rod ...:oncretes wit!~ a slump g.:-~ate:- than 3 
11~. :-;~.mm). Rod or .,_.¡brate concrete ~~.·ith a sh..;mp of 1" to 3 
:rL ,:_¡:;. to 75 mm). Con ... olidatr '"·0ncrctes with a ',lump less 

than 1 in. (25 mm) by vibration. 

NOTE 5-The nonplastic concrete, such as is commonly uscd in the 
manuractu~ or pipe and unit masonry, is not co\'ered by this method. 

7.2 Rodding_:__P!ace the concrete in the measure in th :ee 
layers of approximately equal volume. Rod each !ayer with 
25 strokes of the tamping rod when ihe 0.5 ft' ( 14 dm3 ) or 
smaller measures are used and 50 strokes when the 1 ft 3 (28 
dm') measure is used. Rod the bottom !ayer throughout its 
depth but the rod shall not forcibly strike the bottom of the 
measure. Distribute the strokes uniformly over the cross 
section of the measure and for the top two layers, penetrate 
about 1 in. (25 mm) into the underlying !ayer. AFter each 
!ayer is rodded, tap the sides of the measure smanly 1 O to 15 
times with the appropriate mallet (see 4.7) to dose any voids 
left by the tamping rod and to release any large bubbles of air 
that may ha ve been trapped. Add the fina! !ayer so as to

1 
avoid overfilling . 

7.3 Interna/ Vibration-Fi!! and vibrate the measure in 
two approximately equal layers. Place all of the .:oncrete for 
each !ayer in the measure befare staning vibration of that 
!ayer. lnsen the vibrator at three ditTerent points for each 
!ayer. In compacting the bottom !ayer. do not allow the 
vibrator to rest on or touch the bottom or sides of the 
measure. In compacting the final !ayer; the vibrator shall 
penetra te into the underlying !ayer approximately 1 in. 125 
mm). Take care that the vibrator is withdrawn in such a 
manner that no air pockets are left in the spc-cimen. Tht: 
duration of vibration required will depend upon the work
abilitv of the concrete and the etTectiveness of the vibrator 
(Not~ 6). Continue vibration only long enough to achieve 
pro~r consolidation of the concrete (Note 7). Observe a 
constant duration of vibration for the panicular kind of 
concrete, vibrator, and measure in volved. 

NoTE 6-Usually, sufficient vibration has been applied as soon as the 
surf~ or the concrete becomes relatively smooth .. · 

NoTE 7-0ver.·ibration may cause segregation and loss or appre
ciable quantities of intentionally entrained air . 

7.4 On completion of consolidation the measure must not 
contain a substantiaJ excess Or deficiency of con•:rete. An 
excess of concrc!te protruding approximatety 1h in. (3 mm) 
above the top of the mold is optimum. A small quantity of 
concrete may be added to correcta deficiency. lf the measure 
contains a great excess of concrete at completion of consoli
dation, remove a representative ponion of the excess con
crete wii.h a trowel or scoop immediately following ~omple
tion of consolidation and before the measUre is .strJck-otT. 

7.5 Strike-0]]'-After consolidation. strike-o!Tthe top sur
lile< of the concrete and finish it smoothly with the ftat 
strike~offplate usiflg great careto lea ve the measun: just !eve! 
full. The strike-otT is bcst accomplished hy Pre'"ing th~~ 
strike-off plate on the top surface Üf thc measure to ruver 
about two thirds of the surface and withdrawing the plate 
with a sawing motion to finish onl)" the area orig.inall~ 
covered. Then place the plate on the top of thc measure to 
cover th~ original two thirds of the surface 3f1d advance it 
with a vertical pressure and a sawing motion h.l cnver the 
wholc surface of the me:¡c;ure. St~v,.:rJ.I tina! StT0ke~ v:uh the 
inclined edge of. the plate will produce a smooth finished 
surface. 

7.6 C/eaning and Weiglting-After strike-otT. c!can al! 
excess concrete from the t"Xterior of thc m~asure and 

P· 
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·- -- ---- detennine-the-n·ecWeighi Ofihé coñcrete in ihe ~e~u~~ lo a~ -r accuracy consistent with the requirements of 4.1. 

8. Calculations 

8.1 Unit Weight-Calculate the net weight of the concrete 
in pounds or kilograms by subtracting the weight of the 
measure from the gross weig.ht. Calculate the unit weight. U'. 
by multiplying the net weight by the calibration factor for the 
measure used. determined according to Test Method C 29. 

8.2 Yie/d-Calculate the yield as follows: 

Y¡(ft3
) = W¡/W 

or, 

Y(yd3) = W, /(27 W) 

or, 

Y(m3) = w,¡w 
8.3 Relative Yield-Relative yield is the ratio ofthe actual 

vol u me of concrete· obtainCd to the vol u me as designed for 

the batch caléulated as follows: · t R, = Y/Y" 
:"loTE 8-A \aJue for R, sreatcr than 1.00 indicates <..~n ~'cc::-.s o( 

Ctmcn.:te t'<mg produced whereas a value ¡~, t!1.:l.n :ni; w;b:atc~ t:~~· 
batch tu be -shon .. of its designed vol u me. 

8.4 Cemem Content-Calculate the actual cement con
tent as follows: 

N= N,/l' 

8.5 A ir Content-Calculate the air contentas foliows: 

A= [lT- W)fT] x 100 

or, 

A= [(Y1 - V)fY1j x 100 (lnch-pound unitsl 

or, 

A = [(Y- V)f Yj x 100 (SI units) 

9. Precision 
9.1 Data are being compiled and developed that will be 

suitable for use in developing precision statements for this 
test method. 

The Amerfcan Sodlty for Tating lllW1 MMerieb takes no po:stion ,..,.ctlng me '18/idity o/ .-,y pllt8flt rigltts .USCWTed Íll ccnnection 
wWh any 1tem mentronec:1 In thla ttandanJ. U... ol rtus stww:kJITJ .,. e"fJTN4JY advi&ed rhlll determination ot rtut vaJidity of any sucn 
patfltlt rig/U, lnd the risk 01 infrlngement ot such rlgttts, are entirely theit own reaponsibility. 

This ltandVd is sub;.ct to rev;s;on at any tiiM by the respon:tiiJitt technicel eotftmtttN 8lld must be rfNÍfi!Ned every five years and 
if not rwfsed, edher r'fiJIPPfCNed or wflhdr.wn. Your comments ate lnvited e«rter ftx TWVJSiofl ol rhis srancJW or tor adelitionaJ standards 
ana ahouJd be edtiJraad ro AS~ers. Your r.otMJMtS will t8C8riV. CMeful conslderation at • meet1ng of rhe respons•ble 
t$ChtHcal ccmmlftee, which you may lttend. lt you feeJ that your comments halle not rwcelved a fair hearing you should m"a;.~ · • · ·;r 
views Mown ro the ASTM Committee on Stanc1atas. 1916 Rece sr .. Philadelphill, PA 19103. · 
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~t Designatíon: .C 143- 78" 

Standard Test Method for 
Slump of Portland Cement Concrete 1 

"i ~lis standard is iuued under thc filed designation C 143; the number immediately followin¡ thc desi¡nation indicates the ycar of 
orig;r.-.1 .uio;nion or, in tnc case of~visicon. the year oflast :-evision." ncmber in pan:ntheses indicatn thc year oflast rupproval. A 
superscript epsilon (t) indicaus an editorial change $.loce thc last revision or reapproval. 

Thi• me1hod has bHn tJ.p¡;ro11edjor we f1r· agencin oftht Dqlartmnu o[D~nue andfor listing in the DoD tnde:x ofSP«ificmions and 
Standards 

• '
1 Son-~tkm 2 was added editolially af!d subsequent sections renumlxred in Au¡ust ¡qs~. 

l. Scope 
1.1 This test method covers determination of slump of 

concret~. both in the laboratory and in the field. 

. :,¡úTE 1-This Iest method is considered applicable 10 ptastic con· 
<:rt:tó! havin3 COl... '"Se aggrqate up to 11h in. (38 mm) in size. lf the coarse 
ag¿.r~~te ;s larg~r than 1 '•'~ iri. in size. the m::thod ü aj,p!icable wben it is 
made on the fraction of concrete passing a 1111-ln. sieve with the larger 
aggrega¡e beintt removeJ in accordance wilh Sc!ction 4 of Method C 172. 
This test met..nod is not considered applicable to nonplastic and 
nonco1-:sive concrete. 

U The values staled in inch-pound units are to be 
regarded as the standard. The metric equivalents of inch-
pound units may be approximate. · 

2. Referen<ed Documenl 

2.1 .;ST.\1 St~ndard: 
C 17: ~1<.:. xl of Sompling Fn:shly Mixed Cencrele2 

3. Apparatu> 

3.1 Múld-The test specimen shall be formed in a mold 
rr.aJ•: of metal not readily attacked by the cernen! paste. The 
':'etal 'hall oot be thinner thoo No. 16 gage IBWG) and if 
iormed by the spinning process, there shall be no poinl on 
the mold Jt which the thickness is less than 0.045 in. (1.14 
mm). The mold shall be in the form of lhe lateral surface of 
:he i:-u11um of a cone with the base ~ in. (203 mm) in 
d;aower. the top 4 in. ( i02 mm) in diameter, and tbe height 
l.~ in. t305 mm). Individual diameters and heights shall be 
within :!: 1/a in. (3.2 mm) of the prescribe<! dimensions. The 
base a 1J ;he ;op sh lll be open and parallel \;> each other and 
at nght angks to the axis of the .cone. The mold shall be 
.pfovided with fout pieces and handles similar to those shown 
'r.. Fig. l. The mold m ay be constructed either · with or 

' fh:~ t~-st mcthod is ur.der thc JUrisdiction of ASTM Comn:.ittee C.9 on 
· C•:ncr~:c JnC C'o:1crct.c A;;arqat~ anC is the direct ~nsibilit}' of,!,ubcommittcc 

C H.ll3.ü) .~ .... ~1:thods of Tt'Stm~ Fresh Concrete. • 
C•.;rrt,t edition appr<•\"Cd June 30. 1971!. Published August 1978. Originally 

j'Uhi:sh~J b D 1}8- 22 T. La!t pre\'iOu~ etiltion e 143 -7.¡. 
: tnm.,¡¡ Br .... ·i· n/AST.\1 St,mdcm.l, Vol 04.02. 

witbout a seam. When a seam is required, it should be 
essentially as shown in Fig. l. The interior of tbe mold shall 
be relatively smooth and free from projections such as 
protruding rivets. The mold shall be free from dents. A mold 
whicb clamps lo a nonabsorbenl base plate is acceptable 
instead of the one illustrated provided the clamping arrange
ment is such thal it can be fully released without movement 
ofthe mold. 

3.2 Tamping Rod-The tamping rod shall be a round, 
straighl steel rod 'la in. (16 mm) in diameter and approxi
mately 24 in. (600 mm) in length, having the tamping end 
rounded to a hemispherical tip the diameter oi which is '1• in. 

4. Sample 
4.1 The sample of concrete from which test specimens are 

ma•'e shall be representative of the entire batch. ·lt shall be 
obtained in accordance With Method C 172. 

5. Procedure 
5.1 Dampen lhe mold and place it on a flat, moist. 

nonabsorbent (rigid) surface. It shall be held finnly in place 
during ftlling by the operator standing on the two foot pieces. 
From the sample of concrete obtained m accordance with 
Section 4, immediately fill the mold in three layers. each 
approximalely one lhird the vol u me of lhe mold. 

NoTE 2-0ne third of the volumc of the slump mold fills it to a 
deptb of 2-Yt in. (67 mm); two thirds of the volume fills it toa depth of 
6'1o in. ( lll mm). 

5.2 Rod each !ayer with 25 strokes of the tampi~g rod. 
Uniformly distribute the strokes over the cross section of 
each layer. For the bottorn layer this will nec=itate inclining 
the rod slightly and making approximately half ofthe strokes 
near the pcrimeter, and then progressing with vertical slrokes 
spirallv ioward the center. Rod the bottom layer throughout 
its deptlÍ. Rod the second layer and the top layer each 
throughout its depth, so lhat the strokes jusi penetrate into 
the underlying layer. 

5.3 In filling and rodding the t~p layer. he<.p the concrete 
· above the moiJ befc.re rodding is started. If the rodding 
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ooge·oi-the mold, add-additional .:óncrete ~o kecp áne>. ,;:;;, --
of concrete above the top of the mold at all times. Af:er tho 
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FlG. 1 -lar Slump Teat 

operation results in subsidence of the concrete below the top 

top layer. has been. rodded. · strike oiT rhe surface of the 
Concrete: by means Of a ~reeding and roliing mvtion l>i !ht' 
tamping rod. R~:mo11e tht! mold immediatcly from tlw 
concrete by raising it carefully in a verticaJ direction. Raix 
the molda distance of 12 tn. (300 mñ1) in S± 2 s b:< a steaCi 
upward lit\ with no lateral or torsional motion. Complete the 
en tire test from the start of thr filling through removal of the 
mold without interruption and complete it within an dapsed 
time of ::h m in. 

5.4 lmmediately measure the slump by determioing the 
vertical · difTerence between the top óf the mold and the 
displaced original center of the top surface of the specimen. 
lf a decided falling away or shearing ofT óf co,crete lrom one 
side or portion ofthe mass occurs (i'iote 3). disregard the test 
and !tlake a new te~t on 'lnother portio!~ Of the s.ample. 

·N"'On 3-lf twp con~utive tests on a sam.ple of concrtte show a 
faHing away or shearing off of a portio o of the concrete from the mass oí 
the specimen, the concrete probably lacks ·necessary plasticity and 
cohesivenes& for the slump tnt to ~ applicable. 

6. Repon 
6.1 Record the slump in terms of inches (millimetres) to 

the nearest '1• in. (6 mm) of subsidence of the ;pecime:1 
during the test as follows: 

. Slump = 11 - loches of height after su~id~~ce 

7, Precisión ánd Bias 
7.1 Data are being compiled and developed thal will be 

suitable for· use in developing precision statements for thi~ 
test method. 

The AmencM Society for Teatlng MJd ,.,.,leJa tallas no position I'8Jlll)eCtil'l the vai/dity ol any patent rigtrtS &'J88ft8d in connectíon 
witt'l t117y lem ,_,ion«Jin litis 8llfndlu'd. UNrs al this fllllttdard llfll upt8SS/y aavrsed tllat determmation of rhe vaJidlfy ol any such 
,_.,. rlghta, ..-1 tite riSk allnlringement o/ such rlghta, .,. entlrely their own responsibllity. 

Thia •Mdl!ttd JI rUb¡ect to rMiisiott al any tme by tite responsibltt technc.J éommittee end must be f'8111iflwed rnry flve yecn and 
W not reviatld, elthet 1 llltUJf oweo' or wltlldnwn. Y OUt commenta .,. lnviled either lor rwlsion al rhls sttl/Jdard or 101' addirioM/ standflrds 
M'ld lhoukJ be etJd¡ 1! 1 1 a to ASTM Heedqluattw3. YotW cormwJt1 wi/1 r.ceNe C111e1u1 consideration at a meeting o/ the rf~Sp()Nible 
technk:lll comrnlree, whicll )'OU .,_, .aentf. 11 ~ feel lhal 1J041f ~ lleve not reeeived 1 fait" ,_,¡ng you shoold make your 
W'lieWa tnown to,. ASTil Comrnlt• on sr.nctan:~a, una Rece St., PtlillldeipttJe. PA 19103. 
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~t Designation: C 172-82 

. ~tandard Method of 
Sampling Freshly Mixed Concrete 1 

Tbis Standard is issued under tbe fued desi¡nation C 172; the aumber immcdiately foUowi.na the dc:sl¡nation indicates tbe vear oi 
original ~dopti~n ~r, i~ th~ case of~o:n, thc ycar ~flast revision. A number in parenthescs indic.1.1es thc year oflast rupp~val. A 
superscnpt eps.~lon (d mdtcatcs an ed.itonal cban¡e sutce the 1ast revisi.on or reapprovaJ. 

ThiJ mtthnd !un b«n appfovedfor usr by agencin o/thr lhpanmmt of04e1Ue andfor lining itt the DoD l!rdex ofSP«iflcaJ.ions a~ 
Standard~. · . 

1.· Séope 
l. 1 Thts method cover.; procedures for obtaining repre

scntative samples offresh concrete as delivered to the project 
site on which tests are to be perfonned · to determine 
compliance wito quality requirements of the specifications 
under which ihe concrete is fumisbed (Note 1 ). The method 
indudes o;ampling from stationary, paving and truck mixer.;, 
and from agitating and nonagitating equipment used to 
trJ.nsJ)ort central-mi;;ed concrete. 
, · 1 1 Th•! values stated in inch-pound units are to be 
regarded as the standard. The metric equivalents of inch
pound units may be approximate. 

NoTE ! -Composltc sample! are required by this method. unless 
s:'t"cifi..:a:ly excepted by prOOi:dures goveming the tests to be penOnned 
s•H;;, as te~ts to dct.:rmine uniformity of coosistency and Mixer 
e!üciency. Procedures used to selea the specific test batches are not 
d;:S~.:ribed. in this method. but it is recommended that random sampling 
be useJ to detennine o.,.er·all specification compliance. 

1.3 F .ethod also covrcc :he procedures to be used for 
prepali;.~· .. samp!e of concr~te for· furiher·teSting where it is 
desirable or necessary to remove the aggregate larger than a 
des¡gnated size. This removal of larger aggregate plÍrtic!es is 
preferably accomplished by wet-sieving. 

2. Referenced Document 

2. l ASF:\1 Standard: 
E: 1 Specification for Wire-Cioth Sieves for Testing 

Pu¡poses.: 

3. ~~mpling 

·. T 1 The elapsed time between obtaining the fir.;t and final 
. cortions .1f the tomposite >ample shall be as short as 
P·>~sible. but in no instance shall it exceed 15 min. 
· _.;. i. i íran~pon the individual samples to the place where 
fre~h concrete tests are to be perfonned or where test 
specimens are to be molded. They shall be combined and 
r..:m~xcd with a shovel the mínimum amount necessary to 
-:r .. ;u;-c 1:.nit"onnity and complianceo 'With· the mínimum time 
:imil:, spt:cili~d in 3.1.2. 

.1.1.2 Start tests for slump or air content. or both. within 5 
m>n ·1tt~r ühtaining: the final portian of the composite 
~:.mpte. Complete these tests as expeditiously as possible. 

1 ;,¡ .. -.l~th..xl :' unoer thl :u1i~iction cf . .o\STM Commi:tcc C·9 on Cvncrete 
vr ... ' l .• ·:·.:r..:t~ ·\ggt"Cg<lt~S :md is the jir«; re-.prn'iibttit:' <Jf Subcommat!ee 
l""t).J 'l.\ '.l.' ,1;1 ~kthods .;,1 festin& Fre~ Concrete. 

':""l:r~r.t e..ii•:nn arpro· ~ May 2~. I'HI2. Pl..!blish«< hly· IQ81. 0riginall~ 
. pubh'h~tj J.~ e 1 72 - ... z. La~t previous .!.huon e 172 - 71 ( 1977). 

~ ·•.n•;.l! iiJ·•i.: t~( tST.\1 Stund11rds. '.".:.ls 04.02 and 14.:J2. 

Start molding specimens for strength te~ts within 15 min 
after fabricating the composite sample. Keep the elapsed · 
time berween obtaining and using · the sample as short as 
possible and protect the sample from the sun, wind, and 
other sources of rapid evaporation, and from contaminaüon. 

4. Procedure 

4X Si=e of Samp/e-Make the samples lo be used for 
strength tests a minimum of 1 ft3 (28 L). Smaller samples 
may be perrnitted for routine air content and slump tests and 
the site shall be dictated by the maximum aggregate size. 

4.2 The procedures used in sampling shall include the use 
of every precaution that will assist in obtaining samples that 
are truly representaüve of the nature and condition of 
concrete sampled as follows: 

NoTE 2-Sa:npling should n.ormally be perfonned as the concrete is 
deli.,.ered from the mixer tiJ the con.,.eying vehicle used to transpon the 
concrete to the fonn.s; howe\·er, specifications may require other points 
of sampliog, such as the discharge of a concrete pum p. 

4.2.1 Samp/ing from Stationary Mixers. Except Paving 
Mixers-,-Sample the concrete at two or more regularly 
spaced interv:lls during discharge of the middle portian of 
the batch. Take the samples, so obtained. within the time 
limit specified in Section 3, and composite them into one 
sample for test purposes. Do not obtain samples from the 
very fir.~t or last portions of the batch discharge. p,.forrn 
sampling by passing a receptacle completely through the 
discharge stream, or by completely diverting the discharge 
into a sample container. If discharge of the. concrete is too 
rapid to divert the complete discharge stream. discharge the 
concrete "into a container or transportation unit sufficientlv 
·large to accommodate the en tire batch and then accomplish 
the samphng in tht same manner .1~ given above. Take care 
r.ot to restrict t!le flow of con.c"rete ifom the mixer, contair.er. 
or transponation upit so as to cause segregation. These 
requirements apply to both tilting and nontiliing mixers. 

4.2.2 Samp/ing .from Pavin¡r Mixers-Sample· the con-· 
crete after the contents of the paving mL"(e-r have heen 
discharged. Obtain samples from at least tive ditTerent 
portions of thc pile and then composite into one sample for 
test purposes. Avoid contamination with subgrade material 
or prolonged contact with and absorptive subgrade. To 
preclude contamination or ;tósorption by the subgrade, 
sample the concrete by placing three shallow container.; on 
the subgrade and discharging the concrete arross the con
tainer. Composite the sampics so obtained into one sample 
for test purposes. Tite container.; shall be of a size sufficient 
to provide a composite sample size that is in agrcemcnt with 
the ma.'\imum aggregate size. 

• 
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-----Non-3-ln-some-instances.-the containers_ma-.,.-have-iO oe-sup. 
ported abo\·~ the subgrade to pre"ent displar.::ement during d.i~·haJ&e. 

spcL;mcns. 1 he ciTtct of lhoe d11Tcrencn maY nced tu be considl"red or 
detcmlinOO by supple"mentary u:stin¡ for q~ily control or ti!St result 
..:valuation purposes. 

. .\"~ 

4.2.3 Smnpling from Rc~·olring Drum Truck .\li.xers or 
Agirawrs--Sample the concrete at two or more regulariy 
:>paced intervals Juring discharge of thc;: mid.Jie purtion of 
the batch. Take the "'mples so obtained within the time limit 
S(tecilied in Seclion 3 and composite them into one sample 
for test purposes. In any ca~ do not obtain samples until 
after all of the water has been added to the mixer. also do not 
obtain samples from the very first or last ponions of the 
batch discharge. Sample by repeatedly passing a receptacle 
through the entire discharge. stream or by complete! y di
vening the discharge into a sample container. Regulate the 
rate of discharge of the batch by the rate of revolution of the 
drum and not by the size of the gate opening. 

4.2.4 Sampling from Open, Top Truck Mixers. Agitators. 
Nonagitaiing Equipment. or Other T}pes ofOpen-Top Con-
tainers-Take samples by whichever of the procedures 
described in 4.2.1, 4.2.2. o'r 4.2.3 is most applicable under 
the given conditio'\s. 

5. Additional Procedure for Large Maximinn Size Aggrepte 
Concrete · 

5.1 When the concrete contains aggregate larger than that 
appropriate for the size of the · molds or equipment to be 
used, wet-sieve. the sample as described below except make 
unit-weigbt tests for use in yield computations on the fuJl 
ffilX. 

NOTE 4-The effect of wet.sieving on the test results should be 
considered. For example, wet-sieving concrete causes the loss of a small 
amount of air due to additional handling. Tbe air content of the 
wet·sieved fraction of concrete is greater than that of the total concrete 
because the lar¡er size áuresate wbicb is removed d0es oot contain air. 
The apparent strength of wet-sieved concrete in smaller specimens is 
usually greater ~n tbat of the total concrete in larger appropriate size 

;.2 De(¡,tition: 
5.2.1 ~·et-sining conat'lt'-the Pnx·ess of remo\ in~ •~we

gate larger than a designated size from the fresh concrete by 
sieving it on a·sieve ofthe designated size. 

5.3 Appara/lls: 
5.3.1 Sie~·es, as designated. conforming to Specification 

E 11. 
5.3.2 .Wet-Sievmg Equipnlent-Equiprnent for wit· 

sieving concrete shal! be a sieve as noted in 5.3.1 of suitahle 
size and conveniently arr:mged and supported so that one 
can shake it rapidly by either hand or mechanical means. 
Generally. a horizontal back and fonh motion is preferred. 
The equipment shall be capable of rapidly and effectively 
removing,the designated size of awegate. 

5.3.3 Hand Tools-Shovels,. hand scoops. plastering 
trowels, and rubber gloves as required. 

5.4 Procedure: 
5.4.1 Wet-Sieving-After sampling the concrete. pass th~ 

concrete over the designated sieve and remove and discard 
the aggregate retained. This shall be done before remixing. 
Shake or vibrate the sievc by hand or mechani_cal means 
until no undenize material remains on the sieve. Mortar 
adhering to the aggregate retained on the sieve shall not be· 
wiped from it before it is discarded. Place only enough 
corli::rete on the sieve at any ene time. so that after sie\ing. the 
tbicbess of the !ayer of retained aggregate is not more than 
one .nicle thick. The concrete which pas5es the sieve shall 
fall into a batch pan of suitable size which h:iS been 
dampened before use or orito a clean. moist. nonabsorbent 
suñace. Scrape any monar adhering to the sides of the 
wet-sieving equipment into the batch. After removing the 
larger aggregate particles by wet-sieving remix the batch with 
a sbovet the _minimum amount necessary to ensure unifor
mity and proceed testing immediately. 

The American Sociery for TestlnQ ltld AlatwNrls tabs no posltion respac:ling rhe vaJidlry ol any,.,., righfs ass.-recf In COiiHecf'lon 

w;th any. item l'llllfltJoned In rftlr SWtdBtcl. Usen d tlú stant1eiTJ are upreaJy w:ltli:l«< that CleletmiriBtion ot the velldtty ol any such 
patWtt rigla, and the rlak d Jtrlrlnflemett a/IUCII riQhta. ... ""*"'r tlrelr C1M1 iWit> 1 't"''Y· . 

Thi:J ~ iiiUbjecr to teriskln.,., tlme by rhe ·•s:dttl technlclll comm!rfell md must be revlew8tJ ewry five yeet1 and 
tt no1 ~. flllhlit ,.....,..,.., rx W1tw1rawn. Y out c:omment~areltMted ..,_ for ~al rhbl «ant::atd rx tot addlliontJJ stliJdMt:s 
end should o.~ to AS11ll 'J 1~ ata a. Yout conmerwa wt11,..,.,..,. Clftlul ca...,.,., ., • fMIIIJng d tt1e ~ 
tecltnJcaJ commllfee. wltiCh you 1M)' .ntnd. , you ,.. tttiJI )'CU" comrrwltl ,..,. nol rfiCfllwid • faílltMllng you ahoultJ ,.. )'011 

.... k1w;Jwn 10 11M ASTil Ccmmll'el CWI Standwds. 7118 Rice sr., PI S ' .. PA. 19103. 
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~t Deaignation: e 173 - 78 

Standard Test Method for 
Air Content of Freshly Mixed Concrete by the Volumetric 
Method1 · 

This standard is issued under the fhc:d dnianation C 173: the number immcdiately followinA·the designation inWcatcs the year of 
~riginal adoption ür. in trt: cast of re·•i~ion, the year ofl.ast mision. A numbet ia parenthcsc:s 1ndic2t.es the year oflast rc:approval. A 
supci'5Cnpt epsilon (ti tndicates an cJitorial chan¡e since thc last n:vlsion or reapprova!. 

Thi> method ha1 lx-en appro1';'0 for use b}' ag~nciit of the Depanmnu af IH/mM iÚvJ for Jisti~g in cM DoD Inda of SpecijicaJi011S and 
Standards. . . 

l. Scope 

l. L This test method covers determination óf the air 
content of freshly mixed concrete containing any type of 

· aggregate, whettier it be dense, cellular, or lightweight. 

2. Referenced Do<uments 

2. L ASTM Standards: 
C 29 Test Method for U nit \hight · and V oidS in 

Aggregate2 

C 138 Test Method for Unit Weight,. Yield, and Air 
Content (Gravimetric) of Concrete' . 

C L 72 Method of Sampling Freshly Mixed Concrete' 
C 23 L Test Method for Air Content of Freshiy Mixed 

Concrete by the Pressure Method2 

3. Apparatus 
3. L .4irmeter-Ar. :.'-'meter consisting of a bowl anda top 

section ífig. L) conforming to the folloWlng requirements: 
3. L.i Bow/-The bowl sball be constructed of machined 

metal of sucb thickness asto lÍe sulliciently rigjd to withstand . 
normal field use and of such compnsition as not to be readily 
attacked by cement paste. The bowl shall have a diameter 
e(jllal to L to 1.25 times tile heigh! an<! be constructed with a 
flangc at or near the top surface. Bowls shall not have a 
capacity of less than 0.075 ft3 (0.02 m3). 

3. 1.2 Top Section-The top section shall be constructed 
of machined metal of thickness sullicientty rigjd to withstand 
normal field use and of composition not readily attacked by 
cement paste. The top section shalr have a capacity. at least 
20 "" larger than the bowl and shall be equipped with a 
tl"ible gasket and with hooks or Lugs to ~ttach to the Hange 
on the bowl to make a watertight cónnection. The top 

· section shall be equipped with a glass-lined or transparent 
iJ\a.;tk neck. graduated in increments not greater than·o.s·% 
from o at the top to 9 %, or more. of the vol u me of the bowl. 
Graduations shall be accurate to ±0. L % by vol u me of the 
bowl. The upper end of the ncck shall be threaded and 
equípped with a screw <;a~ havíng a gasket ·to make a 
watertig.ht fit. 

--···- -· ------- ' 

' Thi, t~t method is Uf'úr the jurisJictiun of Ac;T'-1 •-:'o·t•mint"t C-9 on 
Cmar~~ and Concrete Ag¡rq:lfe1 an1t" t~ •h:"Kt mponU~üty ofSulxu.,mitttt 
CO~.OlOJ tm Methoos of T~intt Frnh Con•:rr.t~. 

Cumnt edition approveo A.Dril 21. 1978. Pvbtisbcd Junr 1971. Qriainally 
puhh\hed ai C 173- 42. l ast p~Vl\JUS ~,tÜÍOO (' 1 /j- 17. 

1 lmTt.ul B,.o.)!.· •Jf .-tST.\f S:wrtdürJJ. Vol 04.02. , 

3.2 Funnei-A metal funnel with a spnut of a size 
pennitting it to be inserted through the neck of the top 
section and Long enough to extend to a pnint just above the 
bottom of the top section. Thc 'discharge end of the spnut 
shaJl be so constructed that when water is added to the 
container there will be a mínimum disturbance of the 
concrete. 

3.3 Tamping Rod-A round, straight steel rod, '/a in. or 
16 mm in diameter at Least L 2 in. or 300 mm Long With both 
ends rounded to a hemispherical tip of the sarne diameter. 

3.4 Sirike-off Bar-A Hat, straight steel bar at Least 1/a by 
'1• by L 2 in. or 3 by 20 by 300 mm Long. · 

3.5 Measuring Cup-A metal cup having a capacity equal 
to L .03 ± 0.04 % of the volume of the bowl of the air meter. 

NoTE 1-Tbe volume oftbe measuriog cup is slightly lar¡er than 1.0 
% of the volumc of the bowl to compensate for the volume contraction 
that takes pl<tce when 70 % isopropyl alcohol is mix.ed with water. Other 
alcobols or ct. :·.Jaming agents may ~ •1sed if c.a!culations shoW that their 
use will res ..... m an error in indicated air content less than 0.1 %. 

3.6 Syringe-A small rubber bulb syringe having a ca
pacity atleast that of the measuring cup. 

3.7 Pouring Vessei-A metal or gJass container ofapprox-
imately·t-qt or 1-L capacity. 

3.8 Trowel-A blunt-nosed brick mason's trowel. 
3.9 Si:oop-A small metal scoop. 
3. LO lsopropy/ Alcohol-Use 70 % by volume isopropyl 

alcohol (approximately 65 % by weight). (Notes L and 2). 

NOTE 2::.:....seventy % isopropyl alcohol is commonly available as 
rubbin1 alcohol. More concentrated grades can be diluted with water to 
lhe n:quired concentration.. 

3. L L Mal/el-A malle! (with a rubber or rawhide head) 
weighilig approximately 1.25 :l! 0:50 Lb (0.57 ± 0.23 kg) for. 
use with mea.sures of0.5 ft3 (14 dm3

) or smaller .. and a mallet 
weighing approximately 2'.25 ± 0.50 lb ( 1.02 ± 0.23 kg) for 
use with measures Larger thanil.5 ft3 . 

4. Calibration 
4. L fhe volume of the bowl of the airmeter. in cubic feet 

or cubic metres shall be determined by accurately weighing 
the amount of water required to fill it at room temperature, 
and dividing thís weight by the unit weight of water at the 
same temperature. Follow the calibration procedure outlined 
in Section 7 of Test Method C 29. 

4.2 Determine the accuracy of the graduations on the 
neck oL the top section of the airmeter by filling the 
assembled measuring bowl and top section with water to the 
Level ofthc mark for any air content. Add a quantity ofwater 

1,.. ~ 
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at room temperature, equal to :.O % of the vol u me of the 
bowl. to the water already in the necl<. The height of thc 
water column shall increase by an amount equivalen! to 1.0 
% of a': 

4.3 Determine the volume of the measuring cup using 
water at 70"F (2l.l"C) by the method outlincd in 4.1. A 
quicl< checl< can be made by adding one or more cups of . 
water to the assemblcd apparatus and observing the increase 
in the height ofthe water column after filling toa given leve! 
as describcd in 4.2. 

S. Sample 

. 5.1 Obtain . the samplc or freshly mixcd concrete in 
accordanoc with applicable provisions of Method e !72. lf 
the concrete contains coane agregate particles that would be 
rctaincd on a 1112-in. (37.5-mm) sieve, wet sicve a rcprcsen
tative sample over a 1-in. (25-mm) sicve to y\eld somewbat 
more than enough material to fill the measuring bowl. Thc · 
wet sieving proocdureis described in Method e 172. Carry 
out the wet sicving operation with the minimum practicable 
disturbanoc or tbe mortai. Mal<e no attempt to wipe ad
herinj¡ mortar from coane agregate particles rctaincd on the 
si e ve. 

-6. 'Pro<Odure · 

6.1 Roddíng and T~-Using the scoop. aided by the 
trowel if necessary, fill the bowl wi!h frcshly mixed co."r<'e 
in thrce layers of equal depth. Rod each la'ycr 25 tin:cs ·.;iti. 
t~e tamping rod. Alter each !ayer is rodded. t:lp 'he ,;d~; of 
the mea>ure 10 to 15 times :;martly with !he mallet <o clu:." 
any volds left by the tamping rod and to rel_e~ any lar~e 
bubbles of air that may ha ve been trapped .. 

6.2 S1riking. Off-Alter placement of !he third iayr.r of 
concrete in a~.:cordance with .;,1, s1rike off thc ex~.:..:ss concrete 
with the strike·off bar until the sUJface is 11 ush ~~ rh the to;J u:' 
the bowl. Wipe !he flange of thc bowl clean. 

6.3 Adding Water-Clamp the top sectior. inlo position 
on the bowl, insert the funnel. and ad1 water unr;~ it ap;xarr 
in the neck. Remove the funnel and actjust ;!le water Jev~l. 
using the rubber syringe, until tht' bottom l'f the meniscus is 
level "A-ith ihe zero mark. Attach aod tighten t!1e ~rew cap. 

6.4 Agitating· and Ro/ling-lnven and agitaie the unit 
until !he concr_ete scttles free from the base; and then, with 
the necl< elevated, roU and rock !he unit until !he air appear-s 
to have becn n:movcd from·!he concrete. Set !he api;aratus 
upright, jar it lightly, and allow it to stand until the air rises 
to the top. Repeat the operation until no funher drop in the 
water cohJmn is obscrvoo. 

6.5 Dispelling Bubbles-Wben aU the air has been re
moved from !he concrete and aUowed to risc to !he top of tho 
apparatus, remove the screw cap. Add, in I.:Cup increments 
using !he syringe, suffic'ent isopropyl alcohol to dispel tho 
foamy mass on !he surfaoc ofthe water. 

6.6 Réiuiíng-Mal<e a direct reading of !he tiquid in the ,: , 
neck., reading to the bonom of the meniscu~ aüd estimating 
to !he nearcst 0.1 %. 

7. Cakuladon 
7.1 ealculate the air content percent oflhe concrete in the 

measuring bowl in percent by adding to the reading from 6.6 
thc amount of alcohol uscd in accordance with 6.5. · 

7.2 Wben the sample tested represents lhat portien of !he 
mixture obtaincd by wet sieving ovcr a 1-in. (25-mm) sieve. 
calculate !he air content of thc mortar or óf the full mixture 
using the formulas given in Test Method C 231. U;: 
appropriate quantities coaner or finer tban !he 1-in. sieve 
instead of thé 1112-in. (37.5-mm) sieve speófied in Test 
MethOci e 231. 

8. Predslon 
8.1 Data are bel'ng compilcd and developed that will be 

suitable for use in developing prccisioo statements for Ibis 
test method. 

Tlle_Soc>oly,., r-.,--_""_'_"'"'" '"'*1/ryalony-- __,od., .,..,......, 
.,.., ....., ,.,.,_In tilla a.adlnt. Lllerl d""' ltrldatd.,.. ~ at:ltiDed tiW .............. al tftl vddly a/My~Ueft 
pc1W1t r1glft, .nd lite nM 01 lo4161f11671111W ol.uclt rlgiO, .,.. enti'8ly llteiT QM, IN¡ 'bMI'"t· 

--·U>i«:t"'-·""'-""'""' ______ .,._...,,..,_,_ 
11 1'101 fWiaed. ., 1- UWC1 OT ....,....,_ '1011 ccwrl'nlfb ... Jtwled..,., fol' twilbr OllllillfaiWWt1 01 lor .atl~ ~ 
ent1 s1t0u1t1 bt eddtea«J ro ASJll ~ Yout comrn.a riii'IICeiW ClniiJI ca s'a!J lfbr lit • melltJng al rtllt rerpcwtS:ible 
t~ ~. wftlr:h rou ~NY ~. 11 rou ,.., tJW your crommMts 1t1we not recelwld , ,., ~ you Mou~c~ mMe 10U' 
rilwl A:nown ro,. ASJll Cc:rnrniJfM on ~. uns Rce St .• Pf, r _. ..... PA Ji103. 
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1'. S<:ope 

Standard Test Method for 
Alr Content of Freshly Mixed Concrete 
by the Pressure Method1 

AMEIIIICAN IOC•ETV f"OA Tt:ITINO ANO ._,.AT .S 
1111 Rae:. SI.. ~- Pa. 11103 

~ ~tum no. """"'• ac....: or....,.........,., e~ __,.... 
111'101 hllld '" ttw CY,..... eotnbltl«< !!1dl:l, W111 ~- 1n tn1 111Xt M•hOtl. 

T~~ standard_i! iuu~ under W fixed clcsianation C 231: th~: number immediately_followina the desi¡nation indicates the year of 
on11na1 8dopt10n or, 10 the cax of reviston. the year of lut rcvis.ion. A number in parenthCK~ indica teS the yar of lut reapproval. A 
supenaipl cplilon ft) indicatcs ID editorial chan¡e since tbc lut revis.ion or rupproval. • 

This method has lw~n approv~dfor usr by agtf!Cit'S oftht'lkpartm~l oj Dr[enJt' andfor fisli'fg in tht' DoD Jndtx o[Sp«ifications and 
Srandarrá . . • 

ti~~ Editorial chaft¡c:s wcrc made throu.¡hout in January !983. 
'
1 Son-Scction '-2 was cometed eóitorially in Ju.ne 1988. 

1.1 'This method covers détennination of the air content 

) 

· of freshly mixed concrete from observation of the change in 

The detennination consists of the reduction in volume of the 
air in the concrete sample by observing the amount the water 
leve! is !owered under the app!ied pressure, the latter amount 
being calibrated in terrns ·cir percent of air in the conc-rete 
sample. 

volume of concrete with a change in l)ressure. . · 
1.2 This method is intended for u5e with concretes and 

mortars made with relatively dense aggregates for which the 
aggregate correction factor can be satisfactorilv deterrnined 
by the techr.ique described in Section 5. It is ~ot applicable 
tü concíetes made with lig.htweight aggregates. air-cooled 
blast-furnace slag, or aggregates of high porosity. b these 
cases. Test Method C 17 3, should be used. 

1.3 The va!ues stated in inch-pound units are to .be 
regarded as the standard. 

2. Referenced Documeats 

2.1 ASTM Standards: 
C 138 Test Method for l.init Weight, Yield, and Air 

eontent (Gravimetric) of Concrete' 
C 143 Test Method for Slump of Portland Cement 
. e J:ncrete2 

C 112 Method of Sampling Freshly Mixed Concrete2 

e 17_; Test Method for Air Content of Freshly Mixed 
Con.:rete by the Volumetric Method2 

e ! 92 ~lethod of Making and. Curing Concrete Test 
S¡Jecimens in the Laboratory' 

-3. A pparatus 

J.! ·A ir .\fl'Iers-There are available satisfa~tory apparatus 
of r ... -:-o bJsic operational designs employing tti'e prin;.:ipie·of 
B.l_,•le's !aw. For purposes of reference herein ·these are 
d"tgoatod Meter Type A and Meter Type B. 

. · 3.1. 1 .\feter T_rpl! A-An air m~ter cons_isting of _a mea
suri:lg bowl ~nd cover-assembly tsee Fig. 1) confortiling \o 
the requirements of 3.2 and 3.3. The operational principie of 
this n:eter consists of introducing water toa predetermined 
height abo ve a sample of concrete of known vol u me. and.the 
:.tppli-=JtiC?n uf J. predeterrnined air pressure over the WJ.ttr. 

·: Th1~ 1:1~:h~i ;s und~r thc; ;umdiction of ~ST\t Cc-m•nin·:~ (".o''" C"t~'lt'!"'!!t
•'1Ú l\::r·<:r~~C' ~~~In . .and ¡, the dirtrt l"("'i¡:w'ln•ir.itil\· ,..,f SuN-nmonint"~" 

~-rH o 1.0J un ,\h:th~ 0f T :~tina Frnh Con~retc 
t;.'urrcnt edi!IOR ilpptOved May 28, IIJ82. Publishrd Jul..- I-J82. Oris)Mi'~ 

puhli~nffi il.S (' ~JI - 41,1 T. llSI pre..-ious edmon C 2J 1 -S l. . 
! _..¡r.<~i<tJ! 81}()1( u_(AST,\f St~Jndards. Vol tJ-4.02. 

3.1.2 Me1er Type 8-An air meter consisting of a mea
suring bowl and cover assembly (see Fig. 2) conforrning to 
the requirements of 3.2 and 3.3. The operational principie of 
this meter consiSts of equalizing a known volume of air at a 
known pressure in a sealed air chamber with the unknown 

. volumc of air in the concrete Sample, the dial on the pressure 
gage being calibrated in tenns of percent air for the observed 
pressure at which equalization takes place. Working pros
sures of 7.5 to 30.0 psi (51. to 207 kPa) have been used 
satisfactorily. · 

3.2 .11easuring Bowl-The measuring bowl shall be essen
:ially cylindrical in shape. made of steel or other hard metai 
not readily attacked by the cement paste, having a minimum 
diaineter equal to O. 75 to 1.25 times the height, anri a 
capacity of at least o:2o ft3 (0.006 m 3). 1t shall be flanged or 
otherwise constructcd to provide for a pressure tight fit 
between bowl and cover assembly. The interior surfaces of 
the bowl and ;urfaces of rirns, flanges and other componen! 
fitted parts shall be machined smooth. The measuring bowl 

· and cover assembly shall be sufficiently rigid to limit the 
expansion factor. D. of the appara¡us assembly (Appendix 
X5) to not more than 0.·1 % of air content on the indicator. 
scale "":he-n under nonnal_operating pressure. 

3.3 Ctl\'f!r .-hsemNr: 
3.3. 1 -~·h~ cov~r assembly sliall be· made of !¡teel or othcr 

hard metal no! readily attacked by the cement paste. 1t shall 
be tlangt:d or other.." i•;e- constru~ted to provide for a pressure
tight lit between bowl and cOver assemblv and shall havt> 
machined ~moo;h interior surfaces contou;ed to·provide an 
~ir space atxJ·.,·t.: 1h.c kvel of the top of the measuring bowl. 
The cover shall be sufficiently rigid to limit the expansion 
f~ctor úf the appara!US assembly as prescribed in 3.2. 

3.3.2 .The cover assembly shall be fitted with a means of 
direct readi ng uf the air content. The cover for the T ype A 
meter shall ~ ritted with a standpipe. which ma~ ~ a 
uansparent grad1.1ated tubt or may be a metal tu~ pf 
uniform bore with a glass water gage attached. In the Type B _)' 
meter. the dial · of the pressure gage shall be calibrated to 
tndicate the percent of air. Graduations shall be provided for 

1 ~'; 
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A 
·No.-'.>: A, .n,· -1:1 wr.e., bowl confains conc.refe as shc;vn /n 

thiJ ligure; wh~n bo.,.,l conlt:Jms or:ly aggregafe Jnd :v-o:er, .?. -h; • .; 
(aggregale cor.-ec."'i~,., factor l. A, -G·A (entra/l"ea oir c<Jn,4 en: ;; . .r cc.r;c,~~f-:>,; 

FIG. 1 llluatration of the Preaaure Method for A:'' Content-Type-A Met&r 

FIG. 2 Scllemotic1118grom-Type-8-

a range in aircontent of at least 8 % easily readable to 0.1 % 
as determined by the proper ;>ir pressure calibration test. 

3.3.3 The cover assembly shilll be fitted with air vitlves, air 
bleeder val ves,_ and petcocks · for bleeding off or through 
which water. may be introduced 'as necessary for the partic
ular meter.déSign. Suitable meaiJs for clamping the cover to 
the bowl shall be providtd 'to 'make a pressure-tight seal 
without entrapping air at the joint between the t1anges of the 
cover and bowl. A suitable hand pump.shall be provided 
with the cover. either asan attachment oras an accessory. 

3.4 Calibration. Vessei-A measure having an internal 
volume equal to a percent of the volume of the measuring 
bowl conesponding to the approximate percent of air in the 
concrete to be tested; or, if smaller, it shall be possible to 
check calibration of the meter indicator at the approximate 
percent of air in the concrete to be tested by repeated filling 
of the measure. When the design of the meter requires 
placing the calibration vessel within the measuring bowl to 
check calibration, the measure shall be cylindrical in shape 
and of an inside depth 112 in. (13 mm) less than that of the 
bowl. A satisfactory measure of this type may be machined 

- from No. 16 gage brass tubing. uf a diameter w prG\ iJe th-: 
volume desired. to which a brass disk JI: in. m thicknes:. •:
soldered .to fonn an end. \Vhen design uf ti1c mel~t rec¡ui:.:s 
withdrawing of water from t:,e \~at~i·til!ed bowl :.;r:J cov~~: 
assembly to check ;.:alibration. the measun: . rnay he <1!1 

integral part of the cover assembly or may be a s~par;,¡tt: 
cylindrical measure similar to the above dc~ribed .-:ylindt.'r. 

3.5 Ttie designs of various available types of aiílT'.eters art' 
such that they difTer in' operating techniques and th<retore. 
all of the items described in 3.6 through 3.14 may not he 
required. The items requlred shall ~ th~ nece5sar;.· fvr us~ 
with the particular design of apparatus used to sa!isfactonl\' 
determine air content in accordance with rhe procedurc.s . 
prescribed herein. 
. 3.6 Coi/ Spring or Other Device for Holding Ca/.'brarino 

Cylinder in Place.· 
3.7 Spray Tube-A brass tube of ápprop~ate diameter. 

~hich may be an integral part ofthe cover assembly or whicn 
may be provided sepárately. lt shall be so constructed that 
when water is a'dded''tQ the container, it i~ spíáyed to the 
walls ofthe cover in such 'a manner asto flow down the sidt•s 
causing a minimum of disturbcince to the concrete. 

3.8 Trowei-A standard brick masan 's troweL 
3.9 Tamping Rod, as described in Method C 143. 
3.10. Mal/et-A mallet (with a rubber or rawh1de head) 

weighing approximate1y 1.25 ± 0.50 lb (0.57 ± 0.23 kg) for 
use with measures of0.5 ft' (14 dm") or smaller, anda mallet 
weighing approximately 2.25 ± 0.50 lb (1.02 ± 0.23 kgl for 
use with measures larger than 0.5 ft'-

3.11 Strike-Off Bar-A flat straight bar of steel or other 
suitable metal. 

3.12 Funnel, with the spout fitting into spray tube. 
3.13 Measure for Water, having the necessary ,'apacity to 

fill the indicator with water from the top of the concrete :o 
the zero mark. 
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3.14 l'ibrator. as deso:ribed in Method C 192. 
3.15 Sieve,, 111:-in. (37.5-mm) with not less than 2 ft2 

(0.19 m') oi sieving area. 

4. Calibratio11 uf Apparatus 

4.1 Make '::-alihration. tests in accordance with procedures 
¡:rescribed in the appendix. Rough handling will affect the 

· ca!ibration of both Types A and B meters. Changes in 
baromet;ic pr<ssure will aff<et the calibration of Type A 
meter bu' nct Type B meter. The steps described X 1.2 to 

·X 1.6. ~s applicable to the met¿r type under consideration.' 
are prerequi'!ites for rhe final calibration test to determine thc! 
operatin~ pressure, P. on the pressare gage of the Type A 
meter JS d~5Ctibed in X l. 7, or to determine the accuracy of 
thl! graCuJrions indi·:ating ó!Ír c~ntent en the dial face of the 
prC'ssu~e ¿.Jge uf t:1e Type B meter. Nonnally the steps in 
X! .2 tu X: .6 need be made u:1ly once (at the time of initial 
calibnti~:n·¡, or or.ly occasionally to check volume constancy 
of tt'.e calihraticn .:ylinder and measuring bowl. On the other 
hand. che .:alibration test described in X 1.7 and X 1.9, as 
appli.:abl< to the meter type being chxked, must be made as 
fre:..:¡uc¡;tl;. :1s ~t"<·cssa()· lO ensure that the proper gage 
rrcssure. P. ts teing used for the Type A meter or that the 
L·orre·:~ <:!ir co:·.tents art! teini! ir,dic~ted on the pressure gage 
a ir cuntcr.t SC<1!e fÜr the 1 ype 8 meter. A change in elevation 
c•f rn··ce than 600 ft (, n :·1) frcm the locaüon at which a 
~-!f't'·.'~ r.1c:ter W<-..ll:lst ~a!i.Jrated wiil requ.ire recalibration in 
~::-ct.mll'lC'..: wnh X l. 7. · 

5: _[Hte:rmin:'ltion of Aggregate ~orrection Factor 

S. i Pn.•t'ed:tre-Determine · · . <i&gregate correc1 •. factor . 
un a Cl)mbined sample of fine and coarse a&t, . ..:.gate' as · 
dir,'~!r:d :n 5.~ to 5.4. Ir i~ de~ennint:d indt-pendently by 
~t!1plyiH!:, the calibrated pressure to a sample of inundated 
íi,1r: ~nt1 >:r·2r:;e aggrcgate in aprro~imately the same mois
'.uc ,:nn:jition. amount. a;,d rrcportions occurring in the 
C)ilCrt ... to:- samr.le under test. · ' 

>.: .. ; :~·rt'gult' S,Jn'plc Si.:¡·-C:Jlculate the weights of fint: 
:H:J ~>-~·.\:·11." a:_!:?regate present tn the sample of fresh concrete 
v'host· air ;,:o;:tent is to be deterrnined. as follows: 

1 .. ' 

1' ,, 

¡:~ = tS/ Bl :x F0 

e,= (S/B} x e"' 

·- "c:¿:.t o!' fine agg.regate in có!lcr'!te samPic under 
t~~q. !ron.~.). 
·.-,·•~·~·:· Or :oñcrete ~.m.ple· (same :lS \'O!ume of 
:nt:J~uring howi_l. t1 3 {m.l).. . .. 

.'•l\u:-.•t: o¡'con.:rt:tc produced per hat(h (~ole 1). tt 
~ :·1·'). 

í')·ta! -.: ... ·eight of fine aggregate in thl.' muist"J.re condi· 
<icn used ic ha:ch. lh (kg). 
v;~ight of :::oarsc aggregL~te in concrt!'te sample undcr 
:es~. lh !\:tl, ·.!r.(i 

Cn ~~ · t·.)tJ! wei!!ht of coarse ?.ggn~?,ate in the moisturr 
C"l:nCition us~d 1r. bJ:.:h, 1~ (kg.). 

.'-Di l. i ·-- í:1c 'iúl~•u.:: f•f ¡,;uncn:tt: prouuccd ~~r b;¡:¡,;h c~H'! t(,· 
l. ¡,·rr 1• ·,d .n .&e.:or•hr.; ·· ··:it~ .4Jr!ic-<>t",k P· ""i~.io11~ of Tc~il ~h·:h' .C 

;_ ¡_;¡\_ 

,,, "1: !-- I he 1rrm .. ,,.r•r)u'' ¡., temf'X'r.lrih· ustd m t~i~ stan..tilal 
"ct·Jl.....: ut' ':'~';J~Ii~.hc..:: ;1atk u~l~t:. Tt>t· w,,rd ;~ ·u~J :,-, mt:an h/;1th 

-

..force'" and '"mass. .. and cate must be taken to determine which is 
meant in each case (SI unit for force • newton and for mw -
kitogram). 

5.3 Placement of Aggregate in .'\feasuring Bowi-Mix 
representative samples of fine aggregate F., and coarse 
aggregate C,, and place in the measuring bowl fllled one
third full with water. Place ~the mixed aggregate, a small 
amount ata time. into the measuring bowl: if necessary, add 
additional water so as to inundate all of the aggregate. Add 
each scoopful in a manner that will entrap as Jinle ai. as 
possible and remove a<cumulations of foam promptly. Tap 
the sides ofthe bowl and lightly rod the upper 1 in. (25 mm) 
of the aggregate about ten times. Stir after each addition of 
aggregate to eliminate entrapped air. 

5.4 Aggregate C(Jrrection Factor Determination: 
5.4.1 lnitial Procedure for Types A and B Meters-When 

all of the aggregate has been placed in the measuring bowl, 
remove excess foam and keep the aggregate inundated for a 
period of time approximately equal to the time between 
!ntrodt.lction of the water into the mixer and the time of 
performing the test for air content before proceeding with the 
determination as directed in 5.4.2 or 5.4.3. 

5.4.2 Type A Meter-Complete the test as described in 
7.2.1 and 7.2.2. The aggregate correction factor. G. is equal 
to h, - h, (se< Frg. 1) (Note 3). 

5.4.3 Type B Meter-Perform the procedures as described 
in 7 .3.1. Remo ve a vol u me of water from the assembled and 
filled apparltus approximately equivalen! to the volume of 
air that would be contained in a typical concrete sample of a 
size equal to the volume of the bowl. Remove the wáter in 
the manner described in· X 1.9 of the appendix for the 
calibr"''on '""·Complete the test as described in 7.3.2. The 
aggregate correction factor. G, is equal to the reading on the 
air·content scale minus the volume of water removed from 
the bowl exprcssed as a percent of the volume of the bowl 
(see Fig. 1 ). 

Nuu 3-The aggregate correction f;:.c-tor will "'ary \o\ith different 
aggregates. lt can be deterrnined only by test. since apparently it is not 
directly related to absorption ofthe particle~. The test can bt! ra.sily made 
and must nut be ignored. Ordinarily the factN will remain reasonably 
~onstant for gi.'·cn aggrcgates. but an occasional check test' is recom~ 
mended. 

6. Preparation of Concrete Test Sample 

6.1 Obtain the sample of freshlv mixed concrete in 
aécordance with applicabte procectures or Methoo e 112. tf 
the cOri.crete contaiits coarse aggregate partictes that would be 
reulincd on a 2·in. (50-mm) sieve. wet·sieve a sufficieni 
amount of the represc11tativc sample over a 1 1/.:!·in. (37.5· 
mm) sieve. as cescribed in Method C !72, toyield somewhat 
more than en0u~ material lO fiiJ the measuring bowl of the 
size seiected for use. Carry out the wet·sieving operation with 
the mini'mum practicable disturbance of the monar. Make 
rio attempt to wipe adhering monar from coarse aggregate 
t"~artides retained oO the sieve. 

7. Procedure for Determining A ir Content of Concrete 

7.1 /'/acr."'"'"' and Conmlidation of Samp/1!: 
:.1.1 Place a.representative sample of the concrete. pre

pared as descnhed· in Section 6, in the measuring bowl in 
cqual layers. Consolidate each !ayer by the rodding proce

. Jure ¡7. 1:11 or · hy vibration 17 .1.3 ). Strike-off ·the finally 

1 ~ ¡. 
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consolidated layer. (7 .1.4). \"ibration shall nnt be emrloyed 
to consolidate connete having a slump greater than 3 m. ( i6 
mm). 

7.1.2 Rodding-Place the concret~ in the measuring howl 
in three· layers of approximatcly c:qual vol u me. ConsolidJte 
each layer of concrete by 25 strokes of the tamping rod 
evenly distributed over the cross section. After each laye:- i:l 
rodded. tap the sides of the measure smartly 10 to 15 times 
with the mallet to clase any voids left by the tamping rod and 
to release any large bubbles o( air that ma) have been 
trapped. Rod the bottom !ayer throughout its depth. but the 
rod .shall not forcibly strike the bottom of the measure. In 
rodáing the second and final layers. use only enough force to 
cause the rod; to penetrate the ·o;;uñace of the previous !ayer 
about 1 in. (25 mm). Add the final laver of'concrete in a 
manner to avoid excessive overfilling (7 .1.4). 

7.1.3 Vibration-Place the cLm..:rete in the measuring 
bowl in two layers of approximatel) equal volume. Place all 
ofthe concrete for each layer before staning vibration ofihat 
!ayer. Consolidate each !ayer by three insertions of the 
vibrator evenly distributed over· the cross section. Add the 
finallayer in a manner to avoid excessive overfilling (7.1.4). 
In consolidating the boJtom !ayer. ~o not allow the vibrator 
to rest on or touch the bottom or sides of the measuring 
bowl. Take care in withdrawing the vibrator to ensure that · 
no air pockets are left in the spécimen. Obser..-e a standard 
duration of vibration for the panicular kind of concrete, 
vibrator, and measuring bowl involved. The duration of 
vibration requir-,1 will depen•!. u pon the workab;lity of the 
concrete and ·:.t:.: effective¡ ... ss of' .:ie viblator. Continue 
vibration only tvng enough to achieve proper consolidation 
of the concrete. Overvibration may cause segregation and 
loss of intentionally entrained air. Usually, sufficient vibra
tion has been applied as soon as the surface of the concrete 
becomes relatively smooth and has a glazed appearance. 
Never continue vibration long enouglÍ to cause escape of 
froth from the sample. 

7 .1.4 Strike Ojf-After consolidation of the concrete, 
strike off the top surface by sliding the strike-off bar across 

· the top flange or rim of the measuring bowl with a sawing · · 
motion until the bowl is just leve! full. On completion of 
consolidation, the bowl must not contain a great excess or 

· deficiency of-concrete. Removal of approximateiy 1Ía in. (3 
mm) during strike off is optimum. A small quantity of 
representative concrete may be added lO correcta deficiency. 
lf the mcasure contains a great Cxcess. removc a representa~ 
tive ponion of concrete with a tiowel or scoop before the 
measure is struck off. . . 

7.1.5 Applicaiion'ofTesO.ferhod-Any portion ofthe test 
method not specifically designated as pertaining io Type A 
or 'I'ype B meter sliall apply to both types. 

7.2 Procedure- Type A Meter. 
7 .2.I Prepara/ion for Test-Thoroughly clean the flanges 

or rims of the ·bowi and of the cover assembly so that when 
the cover is ciamped in place a pressure-tight sea! will be 
obtained. Assemble the apparatus and add water over the 
concrete by means of the tube until it rises to about the 
halfway mark· in the standpípe. Incline the apparatus as- . 
sembly about 30" from vertical and, using the bottom of the 
bowl as a pivot, describe severa! complete circles with the 
upper end of the column, simultaneously tapping the cover 

lightl)' to remo\c anv entrapped .ur buhhles abo•.•e th·: 
concrete sample. Retur'n thc: apparatus a..s51;!mbl\.· w a \crlit:.tl 
position and fill the water CC'lum!'l· slightly a~ov-: !he 1n~~ 
mark. while lightly tapping the sides.of the }:o._~wL Bring tllt' 

water h:vel to the ze.ro mark._of the gr:lduateC tu~ be!~)~·: 
dosing the vent at the top of1he water column (ser Fig. 1 AJ. 

NdTE 4-The inh:mal surface of the r.:o\er as5oembl~· sho~l~ ~ k;;p¡ 
clean and free from oil or grease: the surface should be wet :o pren~nt 
adherence 'Óf air bubb\es that might be Jifficult to disiooge :i(ter 

· assem~ly of the apparatus. 

7.2:2 Test Procedure-.'\pply slightly more than· the de· 
sired test pressure. P. (about 0.2 psi (1380 Pa) mortl to th., 
concrete by means ofthe small hand pum p. To relieve local 
restraints. tap the sides of the measure sharply anO. "he:; ~he 
Pressure gage indicates the ex.act test pressure. P. as d~ter
miried in accordance with X l. 7. read the water leve l. h,. ar.d 

. record to the nearest division or half-division on the gradu
ated precision-bore tube or gage glass of the standpipe (see 
Fig. 1 ~). For extremely harsh mixes it may be necessar/ te 
tap the txiwl vigorously until funher tapping proccces no. 
chahge in the indicated air content. Gradually re!e:1~ ~he Jir . 
pressure through the vent at the top of the water column and 
tap the sides of the bowl lightly for about 1 ni in. Recurd thc 
water level, h ... to. the nearest division or half-diü;ior. tse..: 
Fig. 1 C). Calculate the apparerit air conter.t as follows: 

.., A. 1 =h 1 -~~· 

wh_ere: 
A¡ = apparent air content, 

· h 1 = water level·reading at pressure, P (see Note 5 )." anJ 
h2 = water level reading at zero pressure afier :-e!ea:.: 0.1 

pressure, P. 
. 7.2.3 Check Test-Repeat the steps described in 7.2.2 

without adding water to reestablish the water leve! at the zero 
mark. The two consecutive detenninations of apparent <1ir 
content should check within 0.2% of air and. shall be 
averaged to give the value A to be used in calculating the air 
content, As, in accordance with Section 8. 

7.2.4 In the event the air content exceeds the range of the 
meter when it is oi>erated at the normal test pressure P. 
reduce the test pressure to the altemative test'pressure PI and 
repeat the steps outlined in 7.2.2 and ·7.2.3. · 

Non: 5-See XL7 for exact caJibration procedures. An approxirnate 
vatue of thc altemative pressure. P 1, such·lhat the appartnt air content 
wiU equal twice the meter readin& can be computcd from the followin~; 
relatio~p: 

where: 
P1 = altemative test pressure, psi (or kPa), 
P. = atmospheric pressure, psi (approximately 14.7 psi 

(101 kPa) but will vary with altitude and weather 
conditions) (or kPa), and 

P ·= normal test or operating gage pressure. psi (or kPa). 

7.3 Procedure-TyPe n·Meter. . · 
7.3.I Preparalion for Test: Thoroughly clean the flanges 

· or rims, ofthe bowi and the cover assembly so that when the 
' cover is clamped in ·place a pressure-tight sea! will be 

obtained. Assemble the apparatus. Close the air valve be-
tween the air chamber and the. measuring bowl and open 
both petcocks on the boles through the cover. Using a rubber 
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>yri~ inject wa1er duou¡ll one petcock until water emerges 
from the oppositc ¡,..i.gdr Jar,tbo<- gently until all air is 
expellcd fróm litis a*:iiai.l:8ck.-• . : · . . 

. .7.3.2. Tés/ ProcedWi,...,.b- the airbleeder valve on the 
·a ir chamber and pump iur iinothe air chamber until the gage 
hand is. on the initial. pressure line. Allow a few seconds for 
the com!'ressed air to coól to nonnaltemperature. Stabilize 
the sase· hand át the-jllitial pmsure iine by pumping or 
bleeding-ofT airas necessary, tapping the gage lightly. Close 
both petcocks on the- boleS through the cover. Open the ai. 
valve between the air chamber and the measuring bowl. Tap 
the sides of the measuring bowl . sharply to relieve local 
restraints. Lightly tap the pressure gage to stabilize the gage 
hand and read the·~ntage of air on the dial of the 
pressure gage. Failure to close the main air valve before 
releasing the pressure ·fmm either the contáiner or the air 
chamber will result ··in ~·water being drawn into the air 
chamber. thus introducing··error "in subsequent measure· 
ments. In the event water enten the air chamber it must be 
bled from the air chamber through the bleeder valve followed 
by severa! strokes of tbe po mp to blow out the last traces of 
water."Release the pressure by opening both petcocks (Fig: l. 
A and B) before removing the cover. 

8. Calculation 
8.1 Air Conrenr of Sample Tesréd-Calculate the air 

content cf the concrete in the measuring howl as follows: 

A, = rl 1 - G (3) 

where: 
A, ·- air content of the sample tested. %. 

apparent air content of the somple tested. % (e~· 
7.2.2 and ~.3.2). and · 

.1, = 

e; = aggregate correction factor, % (Section 5). 

8.2 Alf Content of Fu// Mixture-When the sample tested 
represents that ponion ofthe mixture that is obtained.by wet 
sievi ng to re m ove aggfegate particles larger than a l 1h~in. · 
(37.5Mmm) si~ve. the air content ofthe full mixture may be 
caicu!at~d as follows: 

A, • 100 A, V.J(IOO V,- A, V.) (4) 

where: (Note 6) 
-~. m air content of the fuU mixture. %. 
V, = absolute volume of the ingredients of the mixture 

passing a 1112-in. sieve. airfree. as detennined from 
the original batch weigbts. ft3 (m'). 

V, = absolute volume oi al1 in¡redients of thounixture, 
airfree, ft3 (m3), and 

v. = aboolute volume of. the aurepte in the mixture 
coaner than. a 111'>-in. si e ve, as· determincd froni 
original batch weights. ft3 (m3). 

8.3 Air Coment of·rhe Mortar Fracrion-When it is 
desired to know the air content of the monar fraction of the 
mixture. calculate it as follows: 

Am = tOO A,V,/[100 V m +A,( V,._- V mll (51 

where: (Note 6) 
A m = air content of the mortar fraction, %. and 
V m = absolute volume of the ingredients of the manar 

fraction of the mixture. airfree, ft 3 (m-'). 

NOTE 6-The vaJues for use in Eqs 4 and 5 are most coriveniently 
obtained from data on the concrete mixture ~bulated as follows for a 
batch of any sizc: -

Cement 
w..., 

Fine lllftllllte 
Coanc ~greptc (No. 4 (4.75-mm) 

to 11..':1-in. (37.5-mm)) 
Coanc·aaftlatt (1 1h-in.) 

.• TotaJ . 

9. Preclsion 

Absolute 
Votume. 
ftJ (rnll 

} ¡ _¡ ·~ 

1', 

9.1 Data are being conipiled and developed that w:ll he 
suitable for use in developing precision statements· for this 
method. 

APPENDIX 

XI. C.\LIBRATION OF APPARATUS 

.'\..: .1 r:'1!ibra1.ion te~ts shall be ~rfofmcd·,¡n accordance 
~\·iÚ; t~¡· f,J.;.-;""ing procedurP.s a~~J applicable to the méter type 
~':~:,,:;_ ~:r1ph}~ed. 

X 1.2 ,.,::d;hration of the Calihration Vessei-De~r.r.nine 

:!·:,;u:att:\ th~ weight of water, w, required to íili the ... 
:.:<J.libr:tti,-~r. vcssel, using a. scaJe accurate to 0 .. 1 ~ of the · 
·sCight e' the vessel filled with water. This, .itep shall be 
¡lt'rf.)rme:-d !Dr T ~~ A and B m~t'ers. . 
. \,: i. ~ ~.·a/¡¡J ... ~uion of thl' Jleasl4ring" buwi-Determine the 

\1d.:l~h' of'..\·ater. H-', required to tiJl the m~a'luriug bowl. !JSing 
.t ,·,.;·aie .iC:'.!¡"<J.~·! lL' í).( S/; llfthe weight0f~he bowl fllleU ":th 
\\·.:~tt:l. S.n.J..: a giass plate :a.refull)' over the 1lange of the bowl 
;a .a. m;.:.:1 -~~.:r to 1.:nsur:: that th..:: bowl ~ ;.;ompktelv f:l!e~ ·.,·ith 
water. A tbin film of cup grease smeamJ on the fÍange of the 
b{l\-\ 1 v. :n m;J~e a wate_rt•g.hl joint bet"o~.:e•!tl the glas-. pl:.:.t': and 

the top ofthe bowl. This step shall be performed for Ty¡:ie A 
and B meters. 

X 1.4 E!f.,tive Volume ofthe Ca/ihration Vesrel. R-The 
constant R represents the efTective vol•¡me o·· the calit'-tr~nion 
vessel expressed as a percentag~ of the volumc of the 
measuring bowl. · 

X 1.4.1 For meter Types A. calculate R as follows (Note 
XI): 

R ~ 0.98 wfW (XI) 

where: 
w = weight of water required to fill the calibration vessel. 

and 
W a weight of water requinld to fill1be -.ring bowl. 
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Non X 1-T~ fKtor 0~98 is u!ed to rorlm -for tht" r"C-C:lction iñ-the 
volume of air in thc ca.libraüon \ieut:l whcn it is comprcs.scd by i depth 
al W..or equal. 10 the dopdl 'al the meoourina bowt. This foctor is 
approximiitely O 98 for :1n g.ir:. 120.}.-mm) deep m-::asuri!l~ bowl at sea 
level. hs Valúe decreases to ap~rm.imately 0.975 at 5000 ft (1524 m) 
abon.sca ~ano 0.970 at 1) ()l)() ft f)962 m) abo'iC '!U level. Tfle 
vatue of this constant wil\ decreax ·by ebout 0.01 for ~ach 4-in. 
t 102-mm) incr~ in bowl depth. The depth ofthe me.asurins bowl and 
atmospheric pres.5urc de. not affect tile effec\Í\C v~Jiunae uf the ¡;alibra
tion v~l for meter Types B. 

X 1.4.2 For meter Typcs. B calculate R •• fcl!ows (Note 
XI): 

1"{2) 

X 1.5 Determinar ion of, or Check of, Allowance for E.tpan-
. sion FactOr, D: '• · 

X·I.S. 1 For meter assemblies 'of Type ~- d!termine the 
expansion factor. D (Note X2l·by filling the apparillus with 
water only (making cenain that all entrapped ~ir has been 
removed and·the water leve! is exactly_ on the zero mark 
(Note X3) and applying an air pre~ure approximately equal 
to the opcrating pressure. P. determined by thc calibration 
test describe<! in X l. 7. The amount the water column lowers 
will be the equivalen! expansion factor. D. for that panicular 
apparatus and pressure (Note X5). · 

NOTE X2-Aithough the howl, co,·er. and clamping mechanism of 
the apparatus must of necessity be sturdily constructed so that it wiU be 
pressure-tight. thc application of interna! pressure wlll rnult in a small 
increa!C in. ,..olumc. This cxpansion wlll not affec1 the test results 
bccausc. with thc procedure described m Sections S and 7, the amount 
of expansiorl is the same for the test for air in concrete .as for thc test for 

· . aggrql.te correction factor on. con > ·ed fine and coarsc apPTegates. and 
is thcrd)y automatically cancell:.. .-lowever. it does enu~r into the 
calibration test to determine the airPressure to be, uscd. in testins fresh 

·· concrete. 
NarE. Xl-The watercolumns on sorne meten ofType-A desi¡n are 

muked with an initial water }evcl and a tero mark, thc diffcrmce 
betwecn the two marks beins the allowance for 'he cxpansion factor. 

· This allowance should bé dtCcked in thc s.:.me manner as for meten not 
so marked and in such a casc:.'the cxpansion factor should be: omitted in 
computina the calibtation readin¡s in X1.7. 

NoTE X4-lt wiU be sufflcimtly accurate for this purpose to use an 
approximate value for P determined by making a prelimiaary calibfa.. 
Uon test as described in X l. 7 exccpt that an approximate value for thc 
calibration factor, K. should be used. For this test K = 0.98 R which is 
the samc as Eq X2 exce-pt lhat the expansion readina, D, as yet 
Unkoown. is assumed to be mo. · · . · 

XI.S.2 For meters ofType B design, the allowancefor the 
expansion factor, D, is included in the difference between the 
initial pressure indicated on the pressure gage and the uro 
percent mark on the air-amtent scale on the pressure gage. 
This allowance shaJl be 'CJiecked. by filfing the apparatus witb ... 
water (making cenain that aJJ entrapped air has been 
removed). pumping air into the air chamber until the ga¡c. 
hand is stabilized at the indicated initial pressure line, and 
then releasing the air to the measuring bowl (Note XS). Ifthe 
initial pressure line is coTTeCtly positioned, the ga¡c should 
read zero percent. The initial pressure line >hall be adjusted if 
two or more determinations show the same variation from 
uro percent and the test repeated to check the adjusted 

. initial pressure line. 
Non: X5-Thil procedure may be accomplished in conjunction 

witb the calibmion t<st dcocribed in X l. 9. 

X 1.6 Calibration Reading. K-The calibration reading, 
K, is the final meter reading to be obtained when the meter is 

. ;J 

opeiated aúliecoTTeCt. Cililfr:itiori 'pmsure. . • 
X1.6.1 For meter Types A, the calibratiori reading, K, is 

as follows: 

K-R+D . LÜ) 

whe-r'!: 
R = efl'ective volume of the calibration vessel (X4. 1 ). and 
D = expan,ion factor (X5.1. Note X6). 

X 1'.6.2 For meter Types B the calibration reading, K. 
equ•ls the efTective volume of the calibration vc>sel (X4.2) as 
follows: 

(X4) 

,'IIQTE X6-lfthe water cotumn indicator is graduated to include an 
initial water level and a zero mark, the diff~nce betwten the two marks 
being equivalent to the upansion factor, t.he term D shall be omitted 
from Eq XJc · 

X l. 7 Calióralion Tesl to ·Determine Operating Pressurc. 
P. on Pressure Gage. Type A Meter-lf the rim of the 
calibration cylinder contains no recesses or projectioris. fit it 
with ·three or more spacers equally spaced around . the 
circumference. Inven the cylinder and place it at the center 
of tbe dry bottom of the meaSuring bowl. The spaoers will 
provide an opening for flow. of water into the calibration 
cylinder when pressure is applied. Secure the invened 
cylinder against displacement and carefully lower the covcr · 

. assembly. After the cover is clamped in place, carefully 
adjust the apparatus assembly to a venical position and add 
water at air temperature, by means of the tube imd funnel. · 
until it rises above the zero mark on the SIC ·1dpipe. Clase the 
Vent an<;l pump air into the apparatus tr .ac:: approximate 
operating pressure. Incline t_he assembly about 30" from 

· venical and, using the bottom ofthe bowl as a pivot. describe 
· severa! complete circles with the upper end of the stand pipe, 

simultaneously tapping the cover and sides of the bowl 
lightly to remove any entrapped air adbering to the inner 
surfacesof the·apparatus. Return the apparatus to a venical 
position,. gradually release the pressure (10 avoid loss of air 
from the calibration . vessel), and open the vent. Bring the 
water. leve! exactly to the uro mark by bleeding water 
through the petcock in the top of the conical cover. After 
dosing the vent, apply pressure until the water leve! has 
dropped an amount equivalen! 10 atiout 0.1 to 0.2 % of air 
more Iban the value of. tbe calibralion reading, K. deter

. mined as deseribed in Xl.6. To relieve local restraints,lightly 
tap the lides ofthe,bowl, and wben·the water leve! is exactly 
at the value of the calibration reading, K, read the press¡;re. 
P, indicated by the gage and record to the nearest 0.1 psi (690 
Pa). Gradually tdeasc the pressure. and open the vent to 
determine whether the water leve! returns 10 the zero mark 
when the sides ofthe bowl are tapped lightly(failure todo so 
indicat.es loss of air from the calibration vessel or loss of 
water due 10 a leak in the assembly). lf the water levels fails 
to retum to within 0.05 % air of the zero marl< and no 
leakage beyond a few drops of water is found, some air 
probably was lost from the calibration cylinder. In Ibis case. 
repeat the calibration procedure step by step from the 
beginning ofthis paragraph. lfthe leakage is more tban a few 
drops of water, tighten the leaking joint before repeating the 
cálibration procedure. Check the indicated pressure reading 
promptly by bringing the water leve! exactly to the zero 
marl<, dosing the vent, and applying the pressure. P, just 
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determined. Tap the gage lightly with a tinger. When ihe 
gage indicates the e.act pressure. P. the water column should 
read the value of the calibration factor. K. used in the tir.;t 
pressure application within about 0.05 % of air. Caution
The apparatus assembly must not be moved from the 
vertical pOsition until pressure has been applied which will 
force water about one third ofthe way up into the calibration 
cylinder. Any loss of air from .this cylinder will nullífy the 
calibration. · · 

X 1 :s Ca/ibrauun TeS! /U Determim• Altcrnative Operating 
PreSSI~re P1-.Heter T}•pe A-The range of air contents 
which .:an be measured with a given meter can be doubled by 
determining an altemative operating pressure P1 such that 
the metec 'eads half of.the calibration reading. K, (Eq. X3). 
bact calibration will require determination ofthe expansion 
factor al the reduced pressure in X 1.5. For most purposes the 
change in expansion factor can be· disregarded and the 
alternative opei'ating pressure determined during the deter
mination of the regular operating pressure in X 1.7. 
·X 1.9 Ca/ihration 'Test !o Check theAir Content Gradria

iiuns·· on the Pressure Gage. Type B ¡\1eter-Fill the mea
suring bowl with water as described in X 1.3. Screw the short 

• píece oftubtng or pipe furnished with the apparatus into the 
'threaded petcock hole on the underside of the cover as
scmbly. Assemble'the apparatus. Close the air valve between 
the air chamber and the measuring bowl and open the two 
·petcocks ,,n holes through the cover assembly .. Add water 
through the petcock on the cover assembly having the 
extcnsion below until all air is expelled from the second 
petcnck. Pump air into the air chamber until the pressure 
r~~: · ;:s the indicated mitial pressure line. · Allow a :ew 

· seconds for the compressed air to cool to normal tempera
ture. Stabilize ·the gage hand at the initial pressu~e líne by 
pumping or bleeding off air as necessary, tapping the gage 
líghtly. (lose the petcock not provided with the tube or pipe 
extensior. on the under side of the co\·er. Remove water from 
the asse:nbly to the calíbrating vessel·controlling the flow, 
deoending on. the particular meter design, by opening the 
petcock provided with the tube or pipe. extension and 
cracking the air valve between the air chamber and the 
measuring bowl, or by opening the aír valve and using the 

petcock to control flow. Peñorm the calibration at an air 
content which is within the normal range of use. lf the 
calibration vessel (X 1.2) has a capacity within the normal 
range of use, remove exactly that amount of water. With 
sorne meters the calibrating vessel is quite small and it will be 
necessarv to remove severa! times that volume to obtain an 
air content within the normal range of use. In- this instance, 
carefully collect the water in an auxiliary container and 
detennine the amount removed by weighing to the nearest 
0.1 %. Calculate the correct air content, R. by using Eq X2. 
Release the air from the apparatus at the petcock not used 
for tilling the calibration vessel and if the apparatus employs 
on auxiliary tube for filling the calibratit>n container, open 
the petcock to which the tube is connected to drain the tube 
batk into the measuring bowl (Note X8). At this point of 
procedure the mea~uring bowl contains the percentage of air 
determined by the calibration test of the calibrating vessel. 
Pump air into the air chamber until the pressure reaches the 
initial pressure line marked on the pressure gage, close both 
petcocks in the cover assembly. and then open the valve 
between the air chamber and the measuring bowl: The 
indicated air content on the pressure gage dial· should 
corresp0nd w the percemage of air determined lo be in the 
measuring bowl. lf two or more determinations show the 
same variat~on from · the correct air content. the dial hand 
shall be reset to the correct air content and the test repeated 
until the gage reading corresponds to the calibrated air 
content within 0.1 %. lfthe dial hand was reset to obtain the 
correct air ~ontent. reche"ck the initiaJ pressure mark as in· 
X 1.5.2. lf a new initiaJ pressure reading is required. fepeat 
the calibraÍion .,, check the accuracy of the graduation on 
the pressure.ga· . :escribed earlier ¡,:---,hiS st:ction. ·¡f difficulty 
is encountered 10 obtaining consistent readings. check for 
leaks. ro, the presence of water inside the air chamber (see 
Fig. 2), or the presence of air bubbles clinging io the inside 
surfaces of the meter from the use of cool aerated water. In 
this latter instance use deae-rated water which can be 
obtained by cooling hot water to room temperature. 

NoTE X7-lf thc calibrating vesscl is an integral part of the cover 
assembly, thc petcock used in filling the \ICSSC( should be !closed 
immcdiately after fillinS the calibration \ICSSC) and not opencd untilthe 
test is comPlete. · 
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oatent rignts, and ttw: rislf ol mfrmgement~ol such righfs. •re enllfeJy t.''leJr own te&penSJblllly. • 

This standard i~ sub;ect to ,{w,,¡¡,;;·at ~·:¡¡~by file responsible technical comm,~ee and ~ be:revi~ every INe yHtS and' 
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Standard Test Method for 
Temperature of Freshly Mixed Portland-Cement Concrete 1 

Thi~ standard is issued under the th.ed dts:~¡nation C lOM; the ou"ml:ler immediatel} followin¡ the designation indicates the year of. 
ong¡na.J ~option or, in tile case of ~vision. the )cat oflast rcvision. A number m parentheses indicates lhe ye:u oflast reapproval. A 
~ap!!r.;.cnpt ~ilon ¡,_, inrli•:ates an editonal change 5tnce the las: revis10n or reapproval. 

l. Scope 

1.1 This test method covers the determination of temper
ature of fresh1y mixed pon1and cement concrete. 

1.2 The values stated in inch-pound units are to be 
regarded as the standard. 

1.3 This standard may involve hazardo"us materials. oper
alions. and equipment. This standard does not purport to 
address al/ of the safety problems associated with" its use. It is 
the responsibility ofwhoeveruses this standard to consult and 
establish appropriaie safety and health practiées and deter
mine the app/icability of regulatory limitalions prior to use. 

2. Referenced Documents 

2.1 ASTM StaTUÚJrds: 
C 172 Method for Sampling Freshly Mixed Concrete" 
E ·1 Specification for ASTM Thermometers' 
E 77 Method for Verification and Calilm>•ion of u-,uid

in-Giass Thermometers' 
2.2 NBS Standard: 
N.B.S. Monograph 150 Liquid-in-Giass Thermometry• 

4.2 Temperature ,\feasuri,,g De\'ice-Th.! temperatuiT 
measuring device shall be capable of measuring the temper
_ature of the freshly mixed concrete to ± I"F (±OSC) 
throughout the entire temperature range likely to be encoun
tered in the fresh concrete. ASTM liquid-in-glass the:mom
eters having a range from Oto 120"F (-IS to 49"C).and 
conforming to the requirements for ASTM thennometer No. 
36"C as prescribed in Specificalion E 1 aie satisfactory. Other 
thermometers of the required accuracy, including the metal 
immersion type, are acceptable. 

4.3 Partial immersion liquid-in-glass thermometers (and 
possibly olher types) shall ha ve a pennanent mark to which 
lhe device musl be immersed without applying a correctiun 
factor. 

. 4.4 Reference Temperature MeasuringDevice-The refer
ence lemperature measuring device shall be a liquid-in-glass 
lhermomeler readable to OSF (0.2"C) that has been verified 
andcalibrated in accordance with Method E 77. The calibra

-,::;n c;;<Lilcate or repon shall ~ available for inspection. 

5 •. CaUbradon of Temperature Measuring De vice 
, , 3. Signiflcance and Use S. f Each temperature measuring de,ice used for deter

mining temperature of freshly mixed concrete shall be 
calibraled ánnually. or whenever there .is a queslion of 
accuracy. This calibration sball be performed by com¡iaring 
the readings on the temperalure measuring device at two 
temperatures al least 30"F (1 S"C) apan. 

t,fi 
1 

3. 1 This test method pro vides a means for measuring the 
temperature of freshly mixed concrete. It may be used to 
verifY conformance lo a specified requirement for tempera

. lure of concrete. 
3.2 Concrete containing aggregate of a nominal max

imum size greater than 3 in. (75 mm) may require up lo 20 
min for lhe lransfer of heal from aggregate lo monar. (See 
ACI Comminee 207.1 R Rqx~rt.') 

4. Apj,aratus 

4.1 ·Container-The Container sball be made of 
nonabsorptive material and large enough lo provide al least 3 
in. (75 mm) of concrete in all directions around the sensor of 
· the temperature measuring device; concrete cover must also 
be al least three times the nominal maximum size of the 
coarse aggregale. 

; 
1 This test mctbod is uadcr tbe jurildictioD of ASTM Committee C-9 ~ 

Concrete and Concrete A.grepta aDd are lbe d:i.ta:t n:spoasibility of Subc:om-
mittee C09.03.03 on Metbods ot'Testin& Ftab Coocmc:. · 

Current editiou approYCd July 17, 1986. Pubülbcd July 1986. 
-' AnnWJJ Book of ASTM SliVI<Úinb. Vol 04.02. 
1 .~Mua/ Book of A.STM Sl.tzndluds, Vol 14.01. 
" Á vai1able from Nationai Buttau of StaDdardl. U .S. Deputment of Com

riterc:c. WuhiftllOD, OC 20234. 
'Available from Amcric:aD Ccmcrete lnslitutc. Boa 19UO, Redf'ord Slalioa, 

Dttroit, MI 48219. Other related docume'Dtl abo available Crom Amcric:aa 
Concre\c lostitute are Commincc Reporta lOS, (HOl Weatber CoDcmiDa) aad 306 
(Cokl Weatber Concn:riDI). 

5.2 Calibration ofthe lemperature measuring devices may 
be made in oilor other suitable baths having uniform density 
if provision is made to: 

5.2.1 ·Maintain the bath lemperalure constan! within 
OSF (0.2"C) durin¡¡ the period of the test. 

5.2.2 Have both the lemperature and reference tempera
ture measuring deyices ntaintained. in the bath for a min
imum of S min befare reading temperalures. 

5.2.3 Continuously circulate the bath liquid to provide a 
unifonn temperature. 

5.2.4 Slightly tap thermometers containing liquid lo avoid 
adhesion of the liquid lo the. glass if the temperalure 
exposure is being reduced. 

5.3 lf a limiting temperalure is speciñed, calibrate the 
measuring device al a lemperalure within ±S"F (2"C) of the 
limiting temperature permitted. 

6. SantpUng Concrete • 
6.1 The temperature of freshly mixed concrete may be 

measured in the transponing equipmenl provided the sensor 
of the lemperalure measuring device has al leas! 3 in. (75 
mm) of concrete cover in all directions around il. 
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6.2 .Tempeiature of the freshly mixed concrete may be 
· obtained following concrete placement using the forms as the 
contairier. · 

6.3 lf the transporting equipment' or placement forins are 
not used as the container, a sample shall be prepared as 
follows: 

6.3.1 lmmediately, prior to sampling the freshly mixed 
concrete, dampen (with water) the sample container. 

6.3.2 Sample the freshly mixed concrete in accordance 
. with Method C 172, except that composite samples are not 
required if the only purpose for obtaining the sample is to 
determine temperature. 

6.3.3 Place the freshly mixed concrete into·the container. 
6.3.4 When concrete contains a nominal maximum size 

of aggregate greater than 3 in. (7 5 mm), it may require 20 
min befare the temperature is stabilized after mixing. 

7. Procedure 
7.1 Place the temperature measliring device in the freshly 

mixed concrete so that the temperature sensing portian is 

submerged a mínimum of 3 in. (75 mm). Gently press the 
concrete around the temperature measuring device at the 
surface of the concrete so that ambient air temperature does 
not affect the reading. 

7.2 Leave the temperature measuringdevice in the freshly 
mixed concrete for a mínimum period of 2·min or unti! the 
temperature reading stabilizes, then read and record the 
temperature. 

7.3 Complete the temperature measurement of the freshly 
mixed concrete within 5 min after obtaining the sample. 

8. Report 

8.1 Record the measured temperature of the freshly 
mixed concrete to the nearest "F (0.5"C). 

9. Precision and Bias 

9.1 The precision and bias of this test method have not 
been determined. A precision and bias statement will be 
included when sufficient test data have been obtained and 
analyzed. 

The Americarl Society for Testing and MateriaJs ta/(es no posirion respecting the vaf!dity of any patent rfgl":!s_asserted in connection 
wirh any item mentioned in Chis standard. Users of this stand810 lJ/1 e:rpressl~ advisfJd tf'!at determinatlon o1 the vali<ttty ot any such 
patent rlQttts. and ti'IIJ nsk ol inlringemerrt ol such rights. are entirely their own tNPOfJSibiUty. 

Thi! standard is 5Ubject ro revisiOn at any time by the rt!pOmible technical ccmmittee and must be rr•iewed every five yesrs and 
if not NNised, either reapproved OT wirhdrawn. Your commenls are invtted either for revi&IOII of tflis standard or lor lldditionsl st/JIIderds 
and should be addressfld to ASTM HeaOQUatters. Your comments wi/1 rece1ve careful consideration st a mee(ing ol the responsible 
tecflnical committee, which you may attend. ff you feel that your comments have not rec6ived a I::Jir hearing you should make your 
views tmawn to the ASTM Commnree on StandetdS, 1918 ~ St.. PhiJadelphla. PA 19103. . 
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l. Scope 

·_Standard Recommended Practice for 
lnspection and Testing Agencies for Concrete, Steel, and 
Bituminous Materials as Used in Construction 1 

T~i~ st:mdard. is iMu~ undc:r the fh~ _desi¡n¡tion E J19: the_ ~umbc>r 'immedia!dy foJ!o.,..in¡¡ thc dl·signati~n indicate ;he year ~f 
ong1~al adopu~n or, ~~ ~case of ~v¡s¡on. the ycr oflast rev1s10n. A_ numtxr in parcnth~ indicates the )"Ur of lo~~t reappro~·aJ. .4. 
supc-ncnpt epstlon (t) tnd1ca1~ ~n editorial chanae since thc lut rt"VISIOn or reapproval ' 

Thü "t"':ll . .,l/7!l'ndt-d p."(Jf/kt' has /JH!I apprrJv~ f(lr U'iC hy ag('•1át'f ofthc flc¡·1urtmt'rr.l of Dt'tf>nw .:-:d fhr li1·;;n,. m tht DJU l11dn t'( 
SfHi-'1/icatwru and Stalldarrh. , . J 

INTRODUCOON 

Purpose 
. Tbe purpose of inspection and testing of materials. composites, ·and practices is to determine 
wbetbe~ or not their characteristics and qualities as used in construction comply with tbe.contract 
documents. · · 

This recommended practice is intended not only to describe the requirements.a~d functions of 
the agency in achieving this purpose including complete reliability reports; but also to indicate 
relationships between the agency and the other parties concemed. ' 

Relatioosbips 
The agency sball be selected and authorized by. the owner or bis representa ti ve to perform the 

prescribed tests and inspection. . · · · · 
The agency must be given written autbority by tbe owner or bis representative to perform the 

prescribed tests and inspections. The agency sh:lil be au!horized in writing by tbe owner or his 
representative to have free access to the sit< · to tbe sbopsc ;'a.rtb ·,<.,re materials are ¡,.,ing 
prepared or stored, as well as to any relev~ .. : data on previous testing and inv~tigatimis of the 
materials. Tbe agency shall be provided with aU applicable plans, specifications, addenda, change 
orders, shop drawings, and other necessary information. · 

Full cooperation between the. agency and the other parties concemed is necessary to ensure 
proper inspection and testing with minimum interference or delay in tbe work. 

r,. 

' ' 

l. 1 This recommended practice defines duties and re
sponsibilities and establishes minimum requirements for 

portland cement concrete used in construction, particularly 
reinforced concrete. 

2.2 S1ee/-For the purposes of this recommended prac
tice, steel, as used in ccnstruction. embraces structural sted 
plates and sbapes used wholly or in part for structures. lt also 
includes R:infofcing steel used in concrete. lt is not intended 
to include steels · used in conjunction with mechanical. 
electrical, heating c:ir air-conditioning equipment except for 

• personnel- and equipment of public and indepeodent com
mercial materials inspection and testiog agencies engaged in 
inspection and testing of concrete, steel, and bituminous · · 
materials as used in construction. . 

1.2 This standard may invo!Ye luuardous materia/s, oper
ations. and equipment. Thu $tandard dQes not purport to 
address al/ ofthe safety problems associaled wilh ils use. 11 is 
1he responsibility of whoever uses this standárd lo consu/1 and 
establish appropriate sofety and health practices and deter- . 
mine 1he applicability of regu/atory limilations prior lo use. 

2- Descriptioa of Tenas 
2.1 Concre1e-For the purpose of this recommended 

practice, concrete, as used in coostruction, embraces aU 

1 1bis recommended pncticc is UDder tbe jurildictioa ol ASTM Committec 
E-36 on Criteria for tbe Evahaation ofTestiq and laspection ~ 

Tbis m:ommeaded ~ wa circ:uJaled for ~ bdon: ~ to tbc 
American Concme lnst.; Americ:an Society of Civü Eqjoecn; AmcricaD Couoc:ü 
of IDdtpcodcat Laboratorics; CoaÍtruc:tioa Spa:ificatiooJ laa.; and a j(rint 
AIA-A.SCE-AO Commiuec OD Quality iD Concme.. 

·CWTCDt ed:ition approval Nov. 10, 1977. Publisbed FcbnaUy 1971. Qriaina1ty 
publisbod a E 329 - 67 T. Ull ........ editioa E 329 • 72. 

the supporting steel structures. -
2.3 Bituminoi.s Materials and Mixes-For the purpo,;e, 

of this recommeodCd practice, bituminous materials, as used 
in coostruction, include aU types of aspbalts and tars for 
pavements. Bituminous mixes are bituminous stabilized soil. 
base course, binder, leveliog, surface course, and masti< 
mixes. Bituminous mixes may contain either tar or asphah 
binder material which, in sorne cases. may be further 
modified with other additive inaterials to produce specia. 
properties. . 

2.4 ~ Tbe organization autborized by the owner 
or bis duly authorized representative, to inspeot or tes·. 
concrete, steel, or bituminous materials as required by th• 
specifications. 

·2.s Authority-The owner, the engineer, or tbe an:hitec 
in respoosible charge of the work or bis duly recognize:l o 
authorized representative. 

11'-/. 
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2.6 Technician-An employee of the inspection and 
testing agency assigned to perform the actual operations of 
inspe<.1ion or testing. 

2.7 Nondesrructive Testing-For the purpose of this rec
ommended practice nondestructive testing includes all test 
methods that do not impair the serviceability of the material, 
pan, or assembly under test. Nondestructive tests are spe

. cific. They · usually reveal only the specific kinds of defects 
and condittons . for whose detection they were designed . 

. ·, ·Consequently'tbey must be selected in accordance with the 
specific materials, the specific conditions to be detected, and 
the specific job to be done. 

taining samples, tbe tests performed, the specitied values for 
the measured characteristics, the values obtained, the pans of 
the structure involved, and similar pertinent data. Ihe 
agency, realizing the seriousness of its reponS, shall be 
prepared to substantiate them to the fullest extent. 

3.2. 7 Ascertain that the consíruction plant and equipment 
meet tbe specitications and are operated in conforrnity 
therewith. 

3.3 Unless specifically authorized, the agency does not 
have the right of rejection. 

,.·· .. 3. Responsibillties and Duties 

3.4 The agency shall have its iaboratory procedures and 
equipment inspected at intervals of not more than 3 years by 
a qualified national authority as evidence of its competence 
to perforrn the required tests. 

' 

1 

1 ,, 

3.1 It shall be the responsibility of the agency to ensure 
that it performs only inspections or tests for which it is 
adequately equipped and statTed and that its employees 

· perform only inspections and tests for which they are 
adeqilately trained. · 

3.2 · The following duties are those usually .performed by 
the agency: · 

3.2.1 Obtain representative -samples of those materials 
required by project specifications to be tested and evaluated. , 

3.2.2 Ascertain that there is proper protection, curing, 
handling, and storing of tbe samples to assure that they 
remain representativo of the material being used at tbe time 
cf sampling. 

3.2.3 Ascertain that tbe samples are identified witb the 
respective ponions of the work in which tbe material 
represented was or wiJl be used. · 

3.2.4 Perform all testing and inspection operations in 
accordance with appropriate standards. · 

3.2.5 Call to tbe attention of tbe proper authoiity at once 
any irregularity or deficiency. . · 

3.2.6 Submit promptly to the proper authority formal 
reports of all tests and inspections which indicate compliance 
or. noncompliance with the specifications. The reports shall 
be complete and factual, citing the metbods used in ob-

NOTE 1-The Materials Referencc Laboratories at the National 
Bureau of Standards are su.ch qualified nalional authorities. 

_3.5 The qualified national authority, when making an 
inspection, shall obtain an affidavit asto tbe qualification of 
tbe personnel as listed in Section 4. 

4. Mlll18llement and Supervision 

4.1 The inspection and testing services of the agency shall 
be under the direction of a person charged with engineering 
managerial responsibility. He shall be a registered engineer 
and a full-time employee of that agency. He shall ha ve at 
leas! 5 years' engineering experience in inspection and testing 
of construction and materials. 

4.2 A supervising laboratory technician sh~ll have at least 
5 years' experience perforrning tests on construction mate
ri,.'·• He shall be able :J demonstrate hi; ability to perforrn 
th~ tests normally required in the mat•;, · stipulated undet 
ASTM or other goveming procedúres. 

4.3 A supervising field technician shall have at least 5 
years' inspection experience in the kind of work in volved on 
construction projects. He shall be able to demonstrate either 
by oral or written examination, or both, bis ability to 
perforrn correctly the duties required of him. · · · ·' 

CONCRETE INSPEC110N AND n:sTII'iG 

S. Genel'lli 

5.1 Concrete inspection and testing services will norrnally 
.i.nclude sorne oral! of the following: sampling and testing of 
ingredients; mix design; checking of production equipment 
and procedures; inspection óf placemenNind· curing; and 
laboratory testing of hardened specimens. The provisions of 
'<;.,c:ions 1 !o) 4 supplemen_t these sections. 

.'. f.~uipmeot for Concrete Iospection and Tes:ing 

· o .1 Laboratory Equipment:._ The.laborator; of the agency 
responsible .for testing concrete shall be equippe<l with at 
least the followinp.: 

6. i .1 A sc.-ew- or h~dra&Jiic-type of compression testing 
;·:_: machine of sufficient capacity to test any specimen which 

''"· may be invo!vea m the con5truction (norrnally a machine 
wtth at least 200 000-lb (<il 000-kg) capacity). It shall 
conforrn 10 al! requirements of ASTM Practices E 4; Load 

·.· 

.Verification ofTesting Machines,2 and ASTM Te$t Method 
C 39, for Compressive Strength of Cylindrical Concrete 
Specimens-' The machine shall be venfied annually in 
accordance with Practic.,; E 4 and a repon giving details of 
the ;erificatior. shall be readily available. 

6.1.2 .\dequate facilities fo; preparing concrete test speci
mens in accordance with ASTM Method C 192, ·Making and 
Curing Conc:c·t~ Test Sped.mens in'the'Laborat.ory.3 

6.1.3 Reusable cylinder molcls coñforrning to Method 
C 192 or single-use molds conforning to·· ÁSTM Specifica
tion C 4 70. Molds for Forming Concrete Test Cylinder> 
Venically.' 

6.1:4 Adequato facilities for curing concrete specimens in 
accordancc-" \\ith Mcthod C IJ2. These facilities may consist 
of either '' therrnostatically wntrolled. fog room with re
quired temperature and humidity control or therrnostatically 

... ·' 
1 Anmwl Fb.lVK ofASTM Standimh. Vols 03.01, 04.02, 07.0,1_, .and OS.OJ. 
'.-I'J.or,.aJ 8.<4.•k. 4.-t!:.T.'.: Star:dards. Vol 04.01. ·· ,: ~ · .. 

_; .( /l 'S 
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· · .corytrolled tanks coñtaining saturated lime solution. 
6.1.5 Adequate tllcilities for capping test specime.ns in 

accordance with Method C 617. Capping Cylindrical Con-· 
ere te Specimens. J 

G. i .6 Adequiue facilities for ¡Jénormi~g the test for flex
ura! strcngth or concrete in accordance with Test Method 
C 78, for Flexura! Strength ofConcrete (Using Simple Beam 
with.Third-Poim Loading)' · 

6.1:7 ·Equipment for :esting ingredient materials con
. forming to the following ASTM methods: 

C 131, Test ~~thod for Res~stance Degradation of Smaii 
. ·, Stze Coarse Aggregate by Abrasion and Impact in the 

Los Angeles M achine, 3 ·, . 

.C 142, Test Method for Oay Lumps and Friable Particles · · 
. · in· Aggregates.' . 
C 123. Test Method for Lightweight Pieces in Aggregate, 3 

C 117, Test Method for Materials Finer Than .75-~m (No. 
· 200) Sieve in Mineral Aggregat.S. by Washing, 3 

. C 40, Test Method for Organic lmpurities in Fine Aggre-
' ' gates for Concrete, 3 · 

· < .. ·." C 136, Method.· for Sieve Analysis of Fine and ·coarse 
·::e;· ' ·· ·. · Ag'gregates. 3 .. , , 

.. .;: :, · (; 88, Test Method for Soundness of Ággregates by Use of 
·ii' · ·: ·Sodtum Sulfate or Magnesium Sulfate,3 . 

C 127. Test Method for Specific Gravity and Absorption 
. · ::: of Coarse Aggregate,3 · · . . 

C 1 ~8 .. Test Method for Specitic Gravity and'J-,hsorption 
ot Ftne Aggregate. 3 • , • . · · · 

C 56ó. Test M_etli~ for Total MoistUre'toni-~nt· of l\g_gr~-
gate by Dry:ng; and . · 

C 29. Test Method for Unit Weight. and V<•i.J· '" 
Aggregate3 · . · · 

6.1.8 Access lO facilities for physical and chcmical anal-
ysis of cernen t. · 

6.1. 9 Access to facilities for tes~inS ·of curing c~~pc.~nds. 
admixtures, arld related ·materiaJs.· ' 

6.2 Field ln.<pectirm Equipmenr-A pocket thennometer 
and c:Quipment confoniting to requirements of the following 
ASTM methods: · '• 

C 231, Test· Method 'for Air Content· of Freshlv Mixed 
Concrete by the Pressure Methoo:' ' ';· 

C '173, Test Method· for Air Content of Frcshlv MixeJ 
· Concrete by thé Volumetric Method 3 • ' ,: • 

C 360, Test Method for Ball Penetratio~ in Fresh Ponland 
Cement Concrete, 7 

' • 

C 31, Making and Curing Concrete• Test Specimens in th< 
Field,3 · · · · • '· •. • 

C 172, Method of Sampling Freshlv Mixed Concrete 3 

C 143, Test Method for Slum¡Í. of· Ponland Ce~ent 
Concrete. 3 and . · 

C 138, Test· Method for Unit Weight; Yield, and Air 
Content (GraVimetric) of Concréte. 3 

STEEL INSPECTION f :. D 'e'i':7TING 

7. General 

: . . . . 7.1 Steel inspection and testing services will normally 
x': •: ,_. mclude one or more of the foUowing general functions: 

·:,• ... inspection at source of base material (the stee1 mill); inspec
tion at fabrication shop; inspection at erection site· labora-· 
tory testing to determine pbysica,l and chemical proPerues of 
steel; laboratory tests of paints for use on steel structures· 
qualification of welding procedures and p'ersonnel; nonde: 

..... ,. , .. ~cuve testi~g (radiograpbic, magneiic particle, dye pene
... , e · tm,.n4 ul~mc, etc.); and insj)ection of cutting and bending 

, .. of. mnforcmg bars and testm¡ of same. The provisions of · · 
'· · "~ons 1 to 4 supplement these sectioni.' 

. , s .. Equipment r.;r StéeJ JaspecÍioa. aDd Testlec 
· 8: f · LaboraJory Equipmem-Thé laboratory of the agency 

. responsible for testing steel shall be equipped with at least the . 
foUowmg: . . . .. _. 

~· ·· 8.1.1 Suitable facilities 'for. Pl'eParina test specimens. 
; · 8.1.2 A screw- or bydraulic-type of testing macbine of 
sufficient capacity to test any specimen wbicb may be 

·.: .involved (normally a multiplc-range macbine with at least 
200 000-lb '(91 000-k¡) capacity). The macbine shall be · 
equipped with suitable gripping and bending tools and with 

.. variable speed . control. It ,shall be verified annually in 
accordance with a procedure specified by Practices E 4 aod 
shall meet the accuracy requirement of these methods. A 

' • ·repi>rt · giving detail ·of the verification shall be readily 
available. · · 

8.1.3 Hardness measuring device (RockweU or BrineU). 

8.1.4. Appropriate measuring equipment su eh as mi
crometers, rules. dividers.· etc. 

8.1.5 · Access to a chemicallaboratory suitably equipped 
for the analysis of· constituents and ailoying elements of 
structural steels, and for analysis of paints to applicable 
specification. ' 

8.1.6. A WS standard guided-bend test jig. 
8.1.7 Bend test jig for reinforcing steel. 

· 8.2 Fie/d Equipmeru (Mili. Ftlbricarion. and Erection)
At least the foUowing items of equipment appropriate to the 
seryice to be reodered sbaJl be readily available: 

8.2.1· Steel tape, rule, calipers, and other appropriate 
measuring eqwpment. ' 

8.2.2 Weld dimension gage . 
8.2.3 Weld viewing shiekl . 

· 8.2:4 Hanimer ftir Weld testing, :-
8.2.5 Hammer arid ball for rivet testing, 
8.2.6 Strong band light. · · 
8.2. 7 Paint thickness gage. : . ·· 
8.2.8 Thermometer (or temperature-measuring crayons).4 

8.2.9 lnspector's identification stamp or tags. 
8.2.10 Calibrated torque wrencb for Iiigh strength bolts. 
8.2.11 Device for calibrating impact and torque W.ench' 
8.3 When nondestructive testing is required, the agency 

peñorming the testing shall meet the requirements of Prac- . 
tite E 543, for Determining the Qualification of Nondestruc-

' . 

4 Tempilszib available from Tempil Corp .• 132 W 22 St., New York. NY,I\a,.e 
bcetl found satisfactory for lhis purpo~e. 

'Skidmorc-Wilbelm or equivalcnt .. 
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tive Testing Agencies,• in their entirety. The requirements of 

' 6'AI'fnwai Book of ASTM Suvuituds, Vol 03.03. . . 

Practice E 543 supersede Sections 3 and 4 of this recom
mended practice with respect to nondestructive testing. 

8.4 Unless otherwise specified, the tests perfonned shall 
be in accordance wi th the test methods specified in Section 2 
of Practice E 543. 

BrnJMJNOUS INSPEcnON ANO TESTING 

9.1 Bituminous inspection and testing will nonnally" in
elude sorne or all of the following services: . 
. 9.1.1. Sampling ofthe bituminous material at tbe:refinery, · 

,terminal, mix plant, or project site, ,, . . . .· . 
· 9.1.2 Testing ofbituminous materiius and mixtures in the · · 

. laboratory, - . 
·• ·· 9.1.3 lnvestigation of aggregate at source for.coinpliance 

' with'thé specification requirements, •. - ·:. 
,.. 9.1.4_' Preparation of mix design with ~r without stability 

determmat10ns such as Marshall, Hubbard-Field, Hveem, or 
others. · 
· 9.1.5 lnspection of proportioning and mixing ai the plani 
or project si.te, , 

. . 9. !'.6 Determination of percent bitumen and grading of 
aggregates iri plant mix, · 

9.1. 7 Detennination of stability in plant mix, · 
9.1.8 lnspectiÓn of spreading.and rolling, 
9.1.9 Determination ofthickness ofcompacted mix, and 
9.1.10 Determination of density Óf samples from com-

pacted surface. · · 
9.2 The provisions of Sections 1 to 4 supplement !bese 

sections. -.. 
10. Equipmeot for BituminoÚs Íospec:tioo and Testilig 

10.1 Tesl Merhods App/icable ro Asphalric Marerials: 
. , 1 0.1.1 Penerromerer and Auxiliary Equiprrumr: 

D 5. Test Method for Penetration of Bituminous Ma-
terials. 7 

e 

1 0.1.2 Viscomerer andA railiary Equipmenl." 
D 88, Test Method. for Saybolt Viscosity8 

O 2170. Test Method for K.inematicViscosity of Asphalts 
1 Bitumens)7 .· .• · 

O 2171, Test Method for Yiscosity of Asphalts by Vacuum 
· Capillary Viscometer. 7 · · • . · · 

E 102, Test Metbod for Saybolt Furo! ViscOsity of Bitumi-
. nous Materials at High Temperature5. 10 . · 

1 0.1.3 Floal Tesr Equipment: · . · ·•. 
D 139, Method of Aoat Test for Bituminous· Materials.• 
10.1.4 Softening Poim Equipmenr:, , .. : 
!) 36. Test Method for Softening Poini· <if Bitumen (Ring-

and-Ball Apparatus). 10 
• · •• , . • 

D 2398, Test Method for Softening Point of Bitumen in 
Ethylene Glyco1 (Ring-and-Ball)..' 0 . -

_10.1.5 Ductilirv M achine and Molds: • · .. . 
D 113. Test Met!lod for Ouctility' of Bituminous Ma-

j, . • terialc;. 7 

1 '• 

'' 

.-!mu.,¡//k,.;lc nf.'tST.W Startdard.J."\'ol 04.03. 
~ .lrrnuul 8(1(}/o: o(.<!ST.\1 Sttmd4TdJ. Vols 04.04 .ind 10.03. 
' lt1'1uul Book v{AST.\1 Slan1Jards. Vob 04~03 and 04.08. 
•· i.'"lt~uui B1>vl.. oj:L\T.\1 Sta11darJl. \'oÍ o4.04' 

... 

10. L6 Flash Poi m Equipmenl." 
D 92, Test Method for Aash and Fire Points by.Oeveland 

Open Cup. 11 . • ·: · .... ·, 

O 3143, Test Method for Aa5h Point•of CutbackAsphalt 
with Tag Open-Cup Apparatus7 · ,. , 

IO.L7 Effecl ofHear and Airon Asphallic Marerials (Thin 
Film Tesl): . . ~ . .' · 

O 1754. Test Method for Effect of. Heat and Air on 
Asphaltic Materials (Thin-Film Oven Test).'• · 

D 2872, Test Method for Effect of Heat• and Air on a 
Movi~g Film of Asphalt · (Rolling ,Thin-FÚm Oven 
Test).· . · .· .. ,; 

10. L8 Distillation Equipmenl: . . . , ; ... 
D 95, Test.Method for Water in Petro1eum Products and 

Bituminous Materials bv Oistillation. 12 •.. 

O 402. Test Method for oistillaiion of Cut-Back Asphaltic 
(Bituminous) Products.' · . . .. · . 

10.1.9 Solubilil.r Equipmenl: 
O 2042, Test Me•hod for So1ubility of Asphalt Materials in 

Trichloroethy1ene7 .. · ·' 

10.1.10 Speci}ic Gravily Eqzúpmenr: · 
O 70, Test Method for Specific Gravitv of Semi-Solid 

BitufT'; . Jus ~aterials.9 : ·.! • (-l.I.·, 
O 3142. Test Method for Specific Gravity or' ÁPI Gra,':\',: · 

of'Liquid Asphalts by Hydrometer Method.7 · • , • ·· 

10.1.11 Equipmenr for Residue of Specified Penetralion: 
D 243, Test Method for Residue of Specified Pene-

tration.7 
10.1.12 Equipmlmt for S por Tesr: 
AASHTO T!02: Spot Test of'Asphaltic Materials 
10.1.13 Eq¡tipmenr }or Tesung Asphalr Emriísioñ's: 
The following tests of .':·-· 
D 244. Methods of Testing Emulsified AspbÍllts: 7 Residue 

by Oistillation, Particle Charge, 'Saybolt VlscOsity, De
mulsibility, Sett1ement. Cement Mixinii; Sieve Test. 
Coating Ability and Water Residue, Examination of 
Residue by Penetratiou. Ouctility, and Solubiliiy:· 

10.2 Tesl .Hethod> App/icab(e IÓ'Tar ProdÜérs.: 
10.2.! Vis_,·o~ett:r u.mi Au..:diiary Equipment: 
D 1665. T~st Mdhod 1or t:ngler Specific Viseosity (;'r Tar 

PrcC.t.i..:-ts; 7 • • -· • • 1· 

10.2.2 F/nat. Tesl E1uipmenr: . · · · .• 
D 13~ .. Vlethod or F1oat Test for Bituminous Materials.•· 
10,2.3 S . .¡iening Poinl Ei¡uipmenr: ,· ::. ·· ':. 
O 36, Test Method for Softening Poin.rióf Bit_um'~ri'r'Ring-

. and-Rall Appar.Jt•JS). 10 .. ' ·'' ·:-- .. 

D 2398. Test Method for Softening Point of Iiituinen in 
Erhylene Glycol1 Ring-and-Ball). 10 ' · · • ' : · • 

10.1.4 Disciilarilin Equipment: · · -~·-.¡ ~-· 

O :O."\c-st Mcthod !(>r Distillation of Ró~d ·Tari<:' .··· : . .... 

.. .. : ¡ 

11 .-tnmw! RnPic ~~f.ISTM S1a11dards, Vols OS.CI. ::and ·10.03:.; , 
:.•. ltu::1.JI H,,,J.. ,,f 1.\""/.\1 .'>•unJurdl. Vuls 05.01, Oó.LH, .1nd 1.16.03 . 

\ 
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-D 95. Test Meth.txffor Water in Petro1eum Pruducts and 
--........-:- ~ .. 

_,.. 
( 

' \ 

Bituminous Materia1s by Distillation.'' 
1 0.2.5' SÚ/Iimlllion Jndex Equipment: 
D ~72. Test Methcid for Su1fonation lndex vf Road Tars.' 
1 0.2.ó .. nuctilitr .\!achine cmd .\.lo/de. 
D 113. Test Method for Ductilitv or Bituminous Ma-

terials. 1 
• 

1 0.2. 7 .Solubilitv Eqwpmem: 
D 4. Test Method for Bitum<n eontent. 10 

. D 2042. Test Method for So1ability of Aspha1t Materia1s in 
Trich1oroethy1ene. 10 

·1 0.2.8 Specijic Gravit_v Equipmenl: 
D 70, Test Method for Specific Grav1ty of Semi-Solici 

·' Bituminous Materials.<J 
10.3 Bituminous Mixes: 

'10.3.1: E.i:traction and Mix Gradation Equipment: 
D•il72: Test Methods for Quantitative Extraction of 

Bitumen from Bituminous Paving Mixtures.7 

AASHTO T30. Mechanical Analvsis ofExtracted Aggre-
r. ~ . &ates.: ....... .: ... . . . . . 

10.3.2 Si~biiÚy. and Compressive Strength Equipment 
(N ole '2): · · 

D 1074. Test Method for Compressive Strength of Bitumi
nous Mixtures.9 

D 1075. Test Method for Effect of Water and Cohesion of 
Compacted Bituminous Mixtures.' 

D 1 138. Test Method for Resistance to Plastic Flow of 
··""· · ·· Fine-Aggregate Bituminous Mixtures by Means of the 

, Hubbard-Field Apparatus13 . -~ 
D 1559. Test Method for Resistance to Plastic Flow of 

. Bituminous Mixtures Using Marshall Apparatus.' 
. . · D 1560. Test Method for Resistance to Defonnation and 

' ,. · Cohesion of Bituminous Mixtures by Means of Hveem 
Apparatus.7 

. 

10.3.3 Equipment for Specific Gr2vity ofMixes: 
D 1188, Test Method for Bulk Specific'Gravity of Com

'P.cted Bituminous Mixtures Using Paraffin-Coated 
'·.., sPe<:imens.9 

--~. .'. D 204í'. Test Method for Theoretical Maximum Specific 
·;·.,- .._ v,,Gravity of Bituminous Paving Mixtures.' 
;1 • 

D 2726. Test Method for Bulk Specific Gravity _of Clm
pacted Bituminous Mixtures Using.Saturated Surfa(C· 
Dry Specimens:' 

10.3.4 'Eqwjm•eni jur Agg,.gate.G;ádation h"'' 
e 117, Te.t Method for Materials Finer Than 7~-,,m ¡-.¡,,_ 

200) Sieve in Mineral Aggregates by Washing.' 
e 136, Test Method for Sieve or Screen AnaÍvsis of Fine 

and Coarse Aggregates.' · 
10.3.5 Other aggregate testing equipment ·as list<d in 

Section 6 of this recommended practice or access tc'outside 
facilities furnishing sUch testing facilities is also',rCQi.l'Jred. 

:-~ 

NoTE 2-The standards in 10.3.2 are altemative methods IO~_evalu
ation of mix design, so me common in SC\me geographical Jro:Js. <;Ome in 
othe'rS. lt is unlikely th.át any one laboratory wouid netd to be;cquipped 
for all of these procedures. In certain areas still other .rJ¡jx design and 
stability 'IÍ~t equipment may be required. The laboratori' sho~ld tY.
equippcd for the locally prevalent practice. ,, . ' 

10.4 General Equipment-Drying oven, thennometer.;. 
hot plates, glassware, scales, balances, mixing bowls. pans. 
miscellaneous laboratory tools, and special equipment which 
may be required for testing either bituminoils m·aterials or 
bitu~inous mix.es to specifications under which the agcncy is 
operating or offcrs to operate. 

10.5 Batch and Mixing Plant Equipment-Equipment 
needed in the bituminous mixing plant will, in general, be 
identical with that listed for the laboratory testing of bitumi
nous mixes and ·agg·;i,'ates for bitumen content and grada
tion. ASTM Recm" ·,._,;nded Practice u 290, tlituminous 
Mixing Plant lnspection.' provides a detailed discussion of 
services nonnally. required . 

10.6 Field Jnspection Equipment (at Job Sitei-lnasmuch 
as service at the project is usually confined to inspection of 
spreading and roUing of pavement and seldom involves any 
actual testing, little if any equipment is nonnally required at 
this point. The inspector should be provided wit;, thennom
eters of appropriate ranges, steel rule, ·100-ft tape, and, where 
required, facilities for removing samples for density tests and 
for checking thickness of pavemcnt. 

u OiscoDtinueél-scc /979 AMUDI *'*o/ ASTM SiandtudJ, Pan l!i. 

• . , . . : ~ -:<;_ ·:-;,.~ . REFERENCE MATERIAL 
! ,. ·,, 

11. Refereoce Material 

·' . 1'1~:1 'Appro¡Íriate refererices, relevan! to !he construction 
. being inspected, including projcct plans and specifications, 

· siÍaii I:>e reactily availablc to !he technicians at all times. The 
following are particularly esseinil: ': · 

· .. 'i 1.1 .'1 AwÚcable parts of Annual Book of ASTM Stan-
dards. 

11.1.2 ACI Manual ofConcreté Jnspection, 
1 '1: i '3 · Bureau of Reclamation Concrete Manual, 
11.1.4 AISC Manual of Steel Construction, 
11.1.5 Applicable buildioi codes, 
.·,' 

11. Ú AS!t!E Welding Code, 
11. 1.7 A WS Code for Welding in Building Construction. 
11.1.8 A WS Specifications for Welded Highway and 

Railway Bridges, 
1 1 .1.9 A WS Recommended Practice for Welding Rein

forcing Steel, Metal lnserts, and Connections in Reinforced 
Concrete Construction, 

11.1.10 AWS Special Ruling, Gas Metal Are Welding 
with Carbon Dioxide Shielding, 

11.1. 1 1 CRSI Recommended Practice for Placing Rein
forcing Bars, and 

11. 1.12 AASHTO standards. 

1 ¡' 



. ~· 

; 

¡ 
j 

j 
. 1 

·' 

1 

1 

1 

1 

1 

E329 

n.-- SocloOy 101 Tootiog ont1 -lab tale• no posltlotl,_mg tilO·-al...,- rigiiQ -/tlmWioctiOil 
wltt -.y hm maltkwJid in~~ .. Ua.~~ al thll ~.,. upiWIIy adviad tftll dilaiilliriitlul al tite~ o1 ~ 8Ur?'t 
,..,. rfgl'ft,.,.; the rlllr o/. b";6¡g&liWJt o/IUCIJ f1gta, ... entlrlly rttelt OWrt I..,OIJIJBA'y. 

- . 
Tlá Jtattdatd ;. sulJied lO rwWon at lln'f time by tire ruponsible ~ comml1fN end must be ~ ....-y ""- )We'W .,.; 

lf ftOf tWISed, _,.,,...,...;...«;·o, •Íf910r .... n. Your commMt1ar.lrnHt81:1 eJttw fot revü:Jn el thil stettdtlrd or lol' eddlllottal ~ 
llitd ShouJd be eddfMMd to ASTJI HeedqtAttfn. Yot~ comments vrlflleceive c.Mul considenltion 111 e meeting o1 tite raponaii:Jie 
riK:hniciJJ cam...,_, wftich ~ may -.nd. 11 )'011 feM thllt your comment1 ,_.. not ~ a falr tteenng you ahouJd I7IIWcll )'O&M' 

wirews.luJown to ,,_ ASTM CommtftM on Stendllt'dl, 1916 Race St., Pf'lllsJelp/tJa PA 19103 . 
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