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Hora Duracion
. 9-9:30. 30 min.
9.30-10:30 IHs.
10:30-11:30 1Hs.

11:30-13:00 1:30Hs.

15-17 2:00Hs.
17-18 1 Hs.
9-10:30 1:30Hs.

10:30-12:30 2:00Hs.

12:30-13 30 min,
15-17:30 2:30 Hs.
17:30-18 30 min.

11,

1V.

Vi1,
VIit.

~

USOS ESTRUCTURALES DE LA MADERA
Tema

INTRODUCCION

LA INDUSTRIA DE LA MADERA Y RECURSOS
FORESTALES

a) Desde el punto de vista oficial
b) Desde el punto de vista de la industria

PROPIEDADES DE LA MADERA

COMIDA
ELEMENTOS DE MADERA Y TRIPLAY

TABLEROS DE MADERA

CRITERIOS DE DISENQ
SISTEMAS ESTRUCTURALES DE MADERA Y TRIPLAY

a) Techos econémicos en claros pequ=fios
y grandes. Vigas de madera y vigas
de alma abierta. Armaduras de madera

Discusioén

COMIDA

b) Sistemas para vivienda. Techos y siste
mas de pisos de triplay. Armaduras de

techo. Problemas de seguridad contra
incendio.Consideraciones econdmicas

y factibles en México.

Discusiédn

-Ing.

@,
Profesor

Ing. Francisco Robles

Ing. Salvador Vazquez R.
Sr. Carlos Rodriguz A.

Ing. Ramén Echenique

Ing. Federico Martfinez
de Hoyos

Ing. Federico Martinez
de Hoyos

Ing. Roberto Meli

Ing. Robert G. Sexsmith.

Francisco Robles.
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Fecha Hora

Miercoles 9-11

" 11-13

" 15-18

Jueves 9-10:30

" 10:30-13

" 15-16

" 16-18
9-11:30

Viernes

" 11:30-13
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1:30Hs.
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1:00Hs.
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2 : 30Hs.
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1X.

b)

c)

d)

Puentes de madera y concreto
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pernos, anillos, placas de cor

tantes, placas con clavos

COMIDA

Estructuras de placas plegadas
de triplay

LA MADERA COMO GENERADORA DEL
ESPACIO ARQUITECTONICO

EJEMPLOS DE PROYECTOS DE CONSTRUCCION

DE ESTRUCTURAS DE MADERA

Auditorio en Puebla

COMIDA

Instalaciones Portuarias,
Postes y Torres en Madera

Estructuras para Puentes
Estado del Arte en EUA: Lamina

cién, Preservacién, Reglas de™
graduaC|on Disefo.

X. *“PROTECCION DE LA MADERA

COMIDA

Masa Redonda.

O

Profesor

fng. Robert G. Sexsmit

Ing. Jehova Guerrero y
Torres.

Dr. Roy Hooley

Arg.Jaime Ortiz M.

Ing. Federico Martfinez

Hoyos.
Ing. Jehové Guerrero y
Torres.

Dr. Roy Hooley

Dr. Roy Hooley

Sr. Karl Lindberg
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INTRODUCCION

Francisco Robles

"La madera es el Gnico material vivo que se emplea
en la construccién, y, como todo lo que proporcio-
na la vida, es algo menos rigido que los otros. El

atractivo que tiene la madera procede, en gran par

te, de sus cualidades vitales,"

Eduardo Torroja, en

’ "Razén y ser de los tipos estructurales"

1. CONSIDERACIONES GENERALES

El interés actual en la madera como material estructural obedece en gran
parte a que es un material vivo. En efecto, como ha dicho el Dr. Blomquist,
“la madera es el Gnico recurso natural renovable que puede producirse y manejar-
se como una cosecha y que tiene buenas propiedades estructurales”. En esta época
en que nos preocupa por una parte la crisis de energéticos y de minerales y por
otra la creciente contaminacién ambiental, parece que debe estar en auge un ma-

. o A, . ., . .
terial como la madera, cuya transformacién en material de construccion implica
ot
- ] L °

menor consumo de energia y menor contaminacion del aire y del agud’los que carac-
terizan a la fabricacién de materiales tales como el acero, el cemento, el alumi
nio y los tabiques. Debido a la ligereza de la madera, el ahorro de energéticos

se consigue no sdlo en los procesos de elaboracién sino también en el bajo costo

de transporte.




Por otra parte contribuye al interés de la madera como material estructural,
el que la produccion de productos derivados de la madera puede dar origen a -
multitud de indusirias que podrfan constituir una importante fuente de ingreso
para los ejidos y para la poblacién rural en general. Una ventaja de las indus-
trias de la madera es que por regla general requieren inversiones iniciales bajas.
Ademés las plantas pueden ser relativamente pequefias sin menoscabo de su efi-
ciencia.

La naturaleza viva de la madera se refleja en lo complejo de su estructura. Tanto sus
cualidades como sus limitaciones se desprenden de esta estructura.En las palabras de To

rroja:"Las fibras son la caracteristica constitutiva esencial de la madera. La fibra le

- da su beileza, su expresién resistente, su estructura vital" . La estructura fibro-

sa de la madera es el origen de su naturaleza anisétropa, que constituye un in-

conveniente desde el punto de vista de su uso como material estructural: es resis

tente a los esfuerzos normales paralelos a las fibras, pero es débil ante estas ac-

ciones en sentido perpendicular a ellas. También es baja su resistencia a esfuer-
arfe

zos cortantes paralelos a la fibras, Por otrafes en las fibras donde reside el atrac

tivo estético de las variadas texturas de la madera.

Una ventaja importante de la madera es su ligereza. Es de los materiales
-de_tensién
que puede desarrollar una mayor fuerzaYo compresién por unidad de peso.

Constituye una limitacién de la madera la forma en que se encuentra en la
Naturaleza: en piezas rectas de longitud mayor que sus dimensiones transversales.
Tanto el tamafio como la forma imponen restricciones a las escuadrias posibles.

Desventajas adicionales de la madera son su tendencia a los cambios volu-
métricos con los cambios de humedad del ambiente, el aumento progresivo de las
deformaciones bajo carga con el tiempo, la dificultad de realizar uniones adecua
das, el peligro de pudricién bajo la accién de determinados organismos vivos
y el peligro de incendios. Estos inconvenientes, que pueden contrarrestarse en

grado razonable, a veces se exageran. Incluso el comportamiento ante incendios,



O puede ser mds favorable que el de otros materiales. La durabilidad puede ser con
siderable. . Existen fechos de madera en Inglaterra que datan del siglo Xill y es
frecuente encontrar elementos de chicozapote en las ruinas mayas que todavia
cumplen con su funcién estructural.

No obstante sus inconvenientes, el interés de la madera como material es-
tructural parece claro. Sorprende que en México, cuyas reservas forestales son

(de vivien udi i

apreciables, su uso esté restringido a la consmmqlsas
para estructuras de concreto, y, ocasionalmente, de algin techo para instalacio-
nes industriales o centros de reunién, y a la elaboracién de durmientes de ferro-
carril para la trasmisién y distribucién de energia eléctrica.

En este curso se exploraran las causas' del escaso aprovechamiento de la madera,
se sefialarén aplicaciones en que la madera puede ser de interés y se hardn suge-

rencias sobre formas en que el uso de la madera puede fomentarse.

2. ALGUNOS ANTECEDENTES HISTORICOS

La madera fue el primer material utilizado por el hombre con capacidad pa-
ra resistir tensién y c¢ompresidn, - y, por lo tanto,flexion. Se mencionan algunos

ejemplos de usos de la madera en épocas pasadas.

2.1 Viviendas palcoliticas de Rusia. Los indicios mds antiguos del uso de la

madera. Unos 20 siglos de antigledad.

2.2 Paldfitos y viviendas comunales del neolitico

2.3 Arsenal de Pireo

2.4 Puyentes galos y chinos

2.5 Puente de Trajano.~ Disefiado por Apolodoro. 99 d. de J.C. 20 pilas

y un claro total de aproximadamente un kilémetro.

O 2.6 Antigua catedral de San Pedro en Roma. 326 d. de J.C.

2.7 Techos de madera en Inglaterra.- Viviendas y edificios religiosos. Abadia




de Westminster ( §. Xl ). Disefiados empiricamente.

2.8 Techos de madera en China.

2.9 Techos de armaduras durante el Renacimiento.- Palladio, S. XVI .

2.10 Obra falsa para levantar el Obeliscode la Plaza de San Pedro.- Se

/
cambio en S XVI desde su antiguo lugar en el Cerco Maéximo.

Pesos327 ton. Proyecté Doménico Fontana.

2.11 Puentes cubiertos suizas y americanos.- Puente de Schaffhausen en
;
Suiza. 120 metros. Construido inicialmente con un apoyo al centro. S.XVII. Des
truido por los franceses en 1799. .
Puentes semeia::ltes fueron frecuentes en Nueva Inglaterra en el S. XIX.

El objeto de la cubierta era proteger las uniones.

3. EVOLUCION DE LAS FORMAS ESTRUCTURALES EN MADERA
3.1 El poste.~ El darbol vivo sugiere el uso estructural de la madera como

soporte vertical: el poste empotrado en el suelo. Puede usarse sin labrar.,

3.2 La viga.- El arbol caido sugiere las posibilidades de la madera como

viga.

Los primeros puentes y techos se hicieron . con troncos sin labrar. Siguié

o

el empleo de madera aserrada. Un paso importante fue el invento del machihembra
do que permite la transmisién transversal de cargas.

3.3 Lo armadura.- Las limitaciones en escuadria de la madera resiringen los
claros en que pueden usarse elementos sujetos a flexién. La triangulacién se desa
rrollé como una forma de salvar claros grandes con pocec peso.En las armaduras
triangulares el material se usa con gran eficiencia puesto que los miembros traba-
jan en compresidn o tensién uniformes en toda su seccidén y longitud. Los primeros
intentos dé triangulacién se hicieron con madera para techos de dos aguas. En los

puentes de madera la friangulacién ha sido siempre un elemento esencial. Aun hoy

es uno de los recursos estructurales mds comdnmente utilizados,



3.4 Madera contrachapada (triplay)

El hecho de estar formada la madera contrachapada por capas altemadas con
las fibras normales entre si’ convierte a la madera en un material isStropo en el

plano, obvidndose asi’ uno de sus inconvenientes. Aplicaciones interesantes de la
contrachapada
. -, - . . -
madera)sonsen comhinacién con madera ordinaria para formar vigas, en sistemas es

/

tructurales basados en el concepto de "stress-skin",y en techos de placas plegadas.

3.5 Madera laminada

Los elementos laminados estdn formados por tablas encoladas, con sus tablas
en la misma direccién. La madera laminada encolada ha aumentado las posibilida
des mecdnicas de la madera al independizar las dimensionales totales de la viga
de las impuestas por el tamafio de los troncos de los drboles.

Ademas los elementos de madera laminada puede construirse con curvas o

que incrementa la libertad en formas estructurales.

3.6 El arco

La técnica de la madera laminada encolada ha hecho posible la construccidn
de arcos de cerca de 100 m. Un ejemplo de arco interesante es el cimbra del -
puente de Plougastel, hecha con maderas delgadas clavadas y con ensambles a -

compresién a bdse de mortero (Freyssinet).

3.7 Estructuras a base de lamelas

La estructura de lamelas permite hacer techos de claros grandes utilizando
elementos de pequefias dimensiones.

3.8 Materiales diversos derivados de la madera

Existe una multitud de productos derivados de la madera que tienen aplica-
ciones estructurales. Su interés es doble: permiten aprovechar los desperdicios de
madera y pueden disefiarse para que. reunan propiedades especificas requeridas para

determinada funcidn estructural.




3.9 Paneles sandwich

Estdn formados por capas exteriores de un material resistente (triplay, ldminas
de derivados de la madera) y capas internas ligeras (poliestireno, poliuretano , pa=

pel con estructura de panal, etc.>o

4, CAMPOS DE APLICACION DE MADERA /
4,1 Vivienda

4.2 La madera como auxiliar en la construccion.- Obras falsas, cimbras, an-

danvios.

4.3 Postes, pilotes y durmientes

4.4 Construcciones provisionales

Puentes de caminos de bajo costo, puentes provisionales. Edificios provisiona-

les,

4.5 Construccién ligera. Aulas, talleres.

4.6 Obras portuarias
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PROPIEDADES DE LA MADERA

Dr, Ramén Echenique-Manrique
Departamento de Botdnica
Instituto de Biclogia, UNAM

Podemos definir a la madera como un conjunto de células hue
cas y alargadas cementadas entre si, En el 4rbol vivo las funciones
principales de la madera son las de sostén y conduccidén de soluciones.
las paredes celulares de grosor variable segin la especie de madera es
tdn estructuradas a base de tres-componentes principales, celulosa que
se puede decir que es el armazén, las hemicelulosas que funciona como
matriz y la lignina que es el cementante de todos los componentes.

La madera es un material anisotrépico, o sea que todas sus
propiedades varian de acuerdo con sus tres ejes estructurales, los cua
les forman dngulos rectos entre si.

El eje longitudinal o axial (L) puede definirse como aquél
que corre paralelamente a lo largo del tronco o de las fibras, el ra-
dial (R) es perpendicular al longitudinal, paralelo a los rayos (una
linea recta de la médula o centro del drbol a la superficie del tron
co), y el tangencial (T) perpendicular al axial y al radial y tangen
te a los anillos de crecimiento o circunferencia del tronco. En for-
ma similar la madera tiene tres planos: el transversal (TR) delimita
do por los ejes tangencial y radial; el radial (RL) comprendido en-
tre los ejes radial y longitudinal, y el tangencial (TL), que se for
ma con la interseccidn de los ejes tangencial y longitudinal,

Existen dos grandes grupos de drboles de donde proviene la
madera:
I ' T R VAP [N}
a) Las angiospermas, latifoliadas, hojosas o de hoja cadu-
‘ca, Ejemplos de este grupo son las maderas de caoba, en
cino, fresno, cueramo, etc,

. ' I
v . v |

b) Las gimnospermas ¢ coniferas. La madera'de oyamel, ce-~
dro blanco, sabino, pino, etc., son e'jemplos de este
grupo,

f N ' ' t

En México la madera de pino es la mids bundante en el mer-
cado y la mis cominmente usada en la construccién. En la actualidad
para el mercado nacional, las calidades de la madera no se clasifi-
can en base a sus' posibleSusos estructurales, sino Gnicamente desde
el punto de vista 'del uso que se le pueda dar en''la' manufactura de
muebles, canceles, alacenas, etc, El sistema’ de c1a51ficac10n en uso,
especialmente en’ 1a ‘Ciudad de Mexlco, segrega las p}ezas en madera de
primera, segunda,''tercera’'y de construccién o cimbra,’ ségun la canti-
dad y severidad dé defectos. Por lo tanto la 'llamada madera de cons=
trucc10n es la de més baJa calidad, la que es préctlchmente lnser-
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vible para usos de carpinteria comunes y corrientes. Mds adelante se
presentard una clasificacién de la madera desde el punto de vista es
tructural que podria ser adoptada por usuarios, distribuidores y prg
ductores,

Propiedades fisicas de la madera.

/

El peso total de la madera es la suma de los pesos de agua
y de sustancia madera. El agua puede contribuir significativamente al
peso total de la madera, llegando en algunas especies a mds del 200
porciento, Es por esto que los valores de densidad son de poco valor
como indices de las caracteristicas fisico-mecdnicas de la madera si
no se establece el contenido de humedad al que se hizo la medicidn.

La madera de pino que cominmente se usa en la construccidn
tiene densidades que van de 0.40 a 0.55 gr/cm3. PA/VV,

El contenido de humedad es la relacidén que existe entre el
peso del agua en la madera respecto al peso anhidro de la misma. El
contenido de humedad de la madera recién aserrada puede tener valores

Peso del agua X 100

Contenido de humedad % =
Peso de la madera anhidra

de 150 a 200 porciento o mds. Lo mismo sucede con la que estd sumer-
gida en agua. La que generalmente se usa en la construccidén tiene
contenidos de humedad de 7 a 50 porciento aproximadamente,

La humedad en la madera puede estar localizada principalmen
te en dos sitios. En los huecos de las fibras como agua libre y den-
tro de las paredes de las fibras como agua fija. Al secarse la madera
el agua libre en los huecos de las fibras es la primera en perderse,
y mids tarde la que se encuentra en las paredes de las fibras. El con-
tenido de humedad de la madera correspondiente a la humedad que queda
Gnicamente en las paredes celulares se le llama punto de saturacidn
de la fibra (PSF), siendo el intervalo de valores para la madera de
pino de 25 a 30 porciento, Las propiedades de la madera CAMBIAN NOTA-
BLEMENTE a contenidos de humedad inferiores al PSF.

Una caracteristica importante de la madera es su higroscopi
cidad. Es decir que tiene la capacidad de tomar o dejar escapar hume-
ddd hasta que se balancee con la de la atmbésfera. Este punto de balan
ce se le conoce como contenido de humedad en equilibrio. Es por esto
que el contenido de humedad de la madera por abajo del PSF variari se
gun la temperatura y humedad relativa del. medio ambiente,

vl
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Al cambiar de'contenido de humedad la madera por 'abajo del
PSF, el agua fija dentro de las paredes de las fibras también varia.
El aumento o disminucidén ' de agua causa que las paredes''de las fibras
aumenten en dimensidn o se contraigan. Consecuentemente los cambios
dimensionales' de la madera ocurren cuando varia su’ conténldo de’ hume
dad por abaJo del PSF., ''' ' "' ot e

[T BT . . R I ) i) G

La 'expresibén que se usa para valorlzar las contracciones de

la madera es la SLgulente , ! . ‘ L

[ ' ) A N RN b

. . . Dimensid - Dimensidén B
Cambio dimensional % = ——mension A .? flens
Dimensidn A

X 100

Dimensidén A= Es aquella de mayor magnitud, la cual general-
. mente es la que la muestra tieme cuando su con
tenido de humedad es superior al PSF

Dimensidén B= Es la menor, que por lo general es la que la
muestra tiene cuando su contenido de humedad
es inferior al PSF

Los cambios dimensionales en la direccién longitudinal (L)
son insignificantes, ya que pueden tener valores hasta de 0.9%. En la
direccidn radial (R) son del orden de 2.4 a 1l1% y en la tangencial
(T) de 3.5 a 15%. Para la madera de pino del pais los valores aproxi-
mados son: L= 0,3%, T= 8%, R= 4%,

Como era de esperarse, siendo la madera anisotrdépica, sus
coeficientes de expansién térmica varian segin los ejes principales
de la misma. La expansidn térmica perpendicular a las fibras es de
10 a 15 veces mayor que en la direccidn longitudinal, En la gran ma
yoria de los casos los cambios dimensionales debidos a variaciones
de temperatura no se toman en cuenta, por su poca magnitud en la ma
dera o porque los cambios dimensionales causados por variaciones de
humedad son mayores y encubren los térmicos. Por ejemplo una viga
de madera de 0.5 x 0.5 x 10 m expuesta a un cambio de temperatura de
50°C sufrird un cambio dimensional perpendicular a las fibras (R y T)
de 0.16 cm y a lo largo (L) de 0,19 cm.

La conductividad térmica en la direccidn axial (L) es apro

ximadamente 2.5 veces mayor que las direcciones transversales (R y T).

La madera es un excelente aislante a corriente eléctrica en
el estado anhidro, mas al aumentar su contenido de humedad, su conduc
tividad aumenta significativamente., La resistividad (1/conductividad)
de la madera anhidra varia entre 3 x lO17 y 3 x 1018 ohm-cm compardn-
dose favorablemente con la de bakelita que es de 1 x 1012 ohm-cm. Ma-
dera con un contenido de humedad de 307 tiene una resistividad de
1 x 10% ohm-cm. La resistividad de la madera en la direccién axial (L)

es aproximadamente la mitad que en la perpendicular a las fibras (Ry T).



Respecto al aislamiento de sonido, la madera por si sola al
igual que otros materiales, no constituye una barrera contra el soni-
do, pero cuando gé combina edn diversos elémentdd &é pusdé dbtener una
unidad estructural con propiedades satisfactorias de aislamiento. El
problema de absorcidén de sonido es diferente que el de aislamiento, ya
que este Gltimo requiere de materiales pesados y densos, mientras que
el primero necesita de materiales blandos y porosos.

Propiedades mecdnicas de la madera

Como la madera tiene tres ejes principales (anistropia): Lon
gitudinal o axial.(L), radial (R) y tangencial (T), las propiedades me
cdnicas son diferentes en direccidn de cada uno de estos ejes aun cuan
do en muchas ocasiones estas diferencias entre radial y tangencial son
minimas, por lo que se ha optado por hablar {dnicamente de las resisten
ciag mecdnicas en direccidn paralela y en direccidn perpendicular a
las fibras.

lLa resistencia de la madera en tensién paralela a las fibras
(T 11) es la mds alta de todas las resistencias de este material. la
madera tiene una deformacidén plidstica minima cuando la madera se suje-
ta a este tipo de esfuerzo., Cominmente la resistencia en T 1l puede
ser 40 veces mayor que- perpendicularmente a ellas (TL). Por lo regular
se entiende que los resultados de pruebas de flexidn estdtica (esfuer-
zo al momento de la ruptura EMR) valorizan conservadoramente la madera
en T 11. El rango de valores para madera con un contenido de humedad
de 12 porciento es de 300 a 3000 kg/cm2 segin la densidad de la especie.
la madera de pinos mexicanos tiene valores alrededor de 800 kg/cm2 a un
contenido de humedad de 12 porciento,

En el caso de compresidn paralela a las fibras (C 11), la re
lacién esfuerzo deformacidn en contraste a la de T 11, la porcidn plis
tica de la curva es mayor y tiene un limite de proporcionalidad bien -
definido. Aunque las resistencias son diferentes para T 11 y C 11, los’
médulos de elasticidad son iguales., La resistencia en C 11 es de 3 a 10
veces mayor que la direccidn perpendicular (CL). ELl intervalo de valo-
res de EMR cuando la madera tiene un contenido de humedad de 10 porcien
to se estima que es de 100 a 1600 kg/cm2° Las especies de pino del pais
tienen valores cercanos a 150 kg/cm? a un contenido de humedad de 12%.

La resistencia en compresién perpendicular a las fibras estd
intimamente relacionada a la dureza y resistencia al corte perpendicu-
lar a las fibras (CRL). Cuando la madera se comprime perpendicularmen-
te a las fibras, la tendencia es la de compactar las fibras e incremen
tar la densidad conforme va aumentande la carga, razdn por la cual se
puede decir que el mdximo esfuerzo es imposible determinar, por lo que
se trabaja con-el esfuerzo al limite de proporcionalidad (ELP). Entre~
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las maderas mexicanas pueden encontrarse especies con valores de 22 a
225 kg/cm2 a un contenido de humedad de 12%. La madera de pino del
pais a un contenido de humedad de 12 porciento tiene valores cercanos
a 60 kg/cm2.

Cuando se impone a la madera un esfuerzo cortante en direc-
cidén perpendicular a las fibras (CR4), su resistencia es muy grande y
nunca sucede ruptura en el plano transversal (TR) ya ésta Unicamente
se presenta en CJd.o corte paralelo a las fibras (CR 11). Cuando el es
fuerzo cortante es paralelo a las fibras y el plano donde este se
aplica es el radial (RL), en ocasiones la resistencia se ve afectada
muy seriamente por la presencia de pequeflas rajaduras o grietas resul
tado del secado de la madera. Entre las maderas mexicanas pueden en-
contrarse especies con valores de 22 a 225 kg/cm® a un contenido de
humedad cercano al 12 porciento, para la madera de pino al mismo con-
tenido de humedad los valores estdn cercanos a 40 kg/cm2,

Los valores de dureza son indicadores de la resistencia de
la madera a indentarse y a la abrasidn. Para determinar la dureza en
la madera se utiliza el método Janka. La dureza en las superficies
radial (RL) o tangencial (TL) es préicticamente igual, sin embargo la
que se presenta en la transversal (TR) es por lo general mayor que la
lateral. Para especies mexicanas con contenido de humedad de 12 por-
ciento, la dureza lateral (RL y TL) va de 109 a 1548 kg y la de los
extremos (TR) de 152 a 1550 kg. La madera de pino mexicana tiene una
dureza lateral de 360 kg y en las superficies transversales de 460
kg, a un contenido de humedad de 12 porciento.

Si se compara la madera de una conifera de EE.UU. (Douglas
fir) y acero estructural con bajo carb6én, puede verse que para pe
sos iguales de ambos materiales la madera es 16 veces mds eficiente
que el acero en flexidn estdtica. La razdn principal de esto estriba
en el hecho de que conforme la densidad de un miembro decrece, el vo
lumen, el &rea transversal y su momento de inercia aumentan. General
mente en flexidn estdtica la fractura total en la madera no es ins-
tantdnea, sino que se desarrolla poco a poco., las especies mexicanas
tienen un intervalo de EMR de 300 a 2100 kg/cm? y de mdédulo de elas-
ticidad (ME) 40 000 a 300 000 kg/cm2, a contenidos de humedad de 12%.
Se estima que la madera de pino nacional tiene valores de ME de
100 000 kg/cm?, y de EMR de 850 kg/cmZ2 a un contenido de humedad de
12%.

La madera es mis resistente a una carga de impacto que a

una aplicada estdticamente, siendo en flexidén 50 a 60 porciento mds
resistente al impacto,

Existen varios factores de importancia que afectan las ca
rdcteristicas mecdnicas de la madera, A continuacién discutiremos
brevemente los mids importantes.

La madera proviene de drboles que son organismos y como
todo ser viviente exhiben variabilidad natural, Asi tenemos que las
caracteristicas mecdnicas de la madera de muestras de un mismo 4rbol,




y entre Arboles de la misma especie exhiben diferencias. En base a estu
dios hechos en otros paises, podemos dar como ejemplo, que el médulo de
elasticidad en flexidn estdtica puede tener un coeficiente de variacidm
de 227 y el EMR de 16%, esto es para la madera de una especie,

La resistencia mecdnica es proporcional a la densidad, de don
de resulta que un aumento o disminucibén en la densidad de la madera tig
ne como consecuencia igual efecto en la resistencia.

El contenido de humedad al igual que la densidad, es un factor
de suma importancia en la resistencia mecdnica de la madera, Cuando su
contenido de humedad es superior al PSF la resistencia mecdnica es la
misma para todos los contenidos de humedad hasta la saturacidn total.
Por abajo del PSF la resistencia mecdnica aumenta conforme la madera
tenga menor humedad. Por ejemplo si una muestra se seca hasta un conte
nido de humedad de 8%, el cambio de humedad que sufrird a partir de un
PSF de 50% serd de 227 y es posible que el EMR se incremente 88 porcien
to, &4 porciento por cada porciento de contenido de humedad que disminu-
ye a partir del PSF,

La influencia de la temperatura sobre las propiedades mecéni-
cas puede ser considerable, y la magnitud de este cambio depende de la
combinacién de tiempo y contenido de humedad cuando la madera se expone
a temperaturas extremosas. La resistencia al impacto es la caracteristi
ca que mids es afectada por las bajas y altas temperaturas. Cuando la ma
dera tiene un alto contenido de humedad, o se calienta en atmbésfera de
gran humedad, la pérdida de resistencia es mayor que si la atmésfera y
madera tuvieran humedad menor,

Otro factor que afecta la resistencia mecdnica de la madera
son los defectos naturales que son aquéllos que se forman cuando el 4r
bol estd en pie y los artificiales que se producen durante los procesos
de corte, secado, preservacidn, etc,

Algunos de los defectos naturales mids comunes son nudos, des
viacidén de la fibra y bolsas de resina.

Los nudos son los defectos naturales mds comunes e importan-
tes, ya que se trata de porciones de ramas que quedan incluidas dentro
de la madera al crecer el 4rbol en didmetro. Los nudos producen el efec
te detrimental de la desviacidn de las fibras en su cercania y recorde-
mos que la madera es menos resistente en la direccidn perpendicular a
las fibras que en la paralela, ademis actdan como reductores de 4rea de
resistencia, ya que cuando el nudo es del tipo "flojo" se puede asuhmir
que en ese lugar existe un orificio,

Algunos drboles crecen de tal manera que sus fibras estén dis
puestas en espiral a lo largo del tronco., Al aserrarse la madera ésta
presenta grandes desviaciones en direccidén de las fibras, lo que afecta
grandemente la resistencia, ya que la madera es menos resistente en la
direccidén perpendicular a las fibras. lLa desviacién de la fibra se ex-
presa como la relacidn entre 1 cm de desviacién de la fibra de la aris

ta 6 eje de la pieza y la distancia dentro de la cual ocurre esta des
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viacidén., Una desviacién de 1/15 reduce el EMR en ll porciento y el ME
en 6 porciento, para flexidn estdtica,.

Las bolsas de resina son defectos de relativa poca importan
cia y su efecto sobre la resistencia depende de la abundancia, tamafio
y localizacidén de las cavidades en la pieza de madera.

Entre los defectos artificiales mds comunes tenemos desvia
¢cidn de la fibra, grietas y alabeos.

La desviacidén de la fibra es uno de los defectos artificia
les mds comunes y se origina al aserrar mal el drbol o al volver a
aserrar las tablas sin precaucidén de que las fibras corran paralela-
mente a los cantos y superficies de las piezas elaboradas. El efecto
sobre la resistencia es a causa de las diferencias en resistencia de
la madera entre la direccidn longitudinal y las transversales.,

Las grietas por lo regular aparecen durante el proceso de
secado y su magnitud y frecuencia depende primordialmente de la espe
cie, tamafioc de la pieza y precauciones durante el secado, Su influen
cia negativa sobre la resistencia de la madera es poco importante en
T 1l yen C 11 y CL. Sin embargo reduce notablemente la resistencia
en TLy CR 11. En el caso de flexidn estdtica el efecto sobre la re-
sistencia depende mucho sobre la localizacidn de las grietas, ya que
entre mds cerca estén del plano neutral donde el corte es miximo, su
efecto es mayor; en las superficies donde los esfuerzos de tensidn y
compresidén son miximos, los efectos de las grietas son poco importan
tes.

Los alabeos. son defectos que se originan durante el secado
y se consideran defeétos, ya que al eliminar las distorsiones es ne-
cesario remover material. En ocasiones la severidad del defecto es
tal, que hace la pieza practicamente inservible para la construccidn
y muchos otros usos.

A continuacidén se presentardn una serie de tablas y diagra
mas mostrando esfuerzos permisibles segin calidad para la madera de pi
no del pais, Estos esfuerzos los definimos como aquéllos que pueden
ser sostenidos permanentemente con seguridad por un componente estruc
tural de cierta calidad,

, .
La derivacidn de estos esfuerzos se basd en resultados de
pruebas de laboratorio realizadas con madera de pino libre de defec
tos y con pequeilas probetas, La madera provino de 4rboles de Duran-
go, Chihuahua, Michoacdn y Veracruz (l4 especies). Estdn basados en
una muestra reducida, por lo tanto los esfuerzos que se proponen se
pueden considerar como conservadores. Los esfuerzos ya fueron modi-
ficados para tomar en cuenta la variabilidad natural de la madera,
la permanencia de la carga y se les aplica un factor de seguridad.

Las calidades propuestas dependen en el nimero de anillos
de crecimiento por cm, profundidad de fisuras o grietas, desviacidn
de la fibra, dimensiones de bolsas de resina y localizacidén, dimen-
sidn y frecuencia de nudos en la madera,
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Esfuerzos segin calidad para la madera de pino

"YVERDE" a contenidos de humedad superiores al 18%

Clasificacidn Flexibn Compresidn 11 Compresidn 1 Corte 11 Médulo de elasticidad
estdtica promedio minimo
6
Tensidén 11
kg/ cm? kg/cm2 kg/cm2 kg/cm2 kg/cm2 kg/ cm?

Calidad 75 67.5 41.25 11.25 10.5 45000 22500
F-75

Calidad 65 5805 35.75 9.75 9.10 39000 19500
F-65 .

Calidad 50 45 27,5 7.5 7 30000 15000
F-50

Bdsico 90 55 15 14 60000 30000
F-100

"SECO" a contenidos de humedad inferiores al 187 -

Calidad 75 78.75 52,5 16.5 11.25 54000 24750
F-75

Calidad 65 68.25 45,5 14.3 9.75 46800 21450
F-65

Calidad 50 575 35 11 7.5 36000 16500
F-50

Bédsico 105 70 22 15 ) 72000 33000
F-100

Esfuerzo segln calidad= Es aquél esfuerzo que puede ser sostenido permanentemente con seguridad por un

componente estructural de cierta calidad,
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Dimensiones miximas o minimas de defectos, excepto nudos,

TIPO DE DEFECTO

CALIDAD 75
F-75

CALIDAD 65
F-65

CALIDAD 50
F-50 .

Velocidad de crecimiento (minimo)

Fisuras o grietas (profundidad mixima)

Desviacidn de la fibra (no mayor de

Gema (no mayor de

Bolsas de resina (menos de 3 mm ancho

y profundidad mix., de

16 anillos /5 cm
1/4 del grosor

1l en 14

1/8 de cualquier

Sup.

1/4 del grosor

12 anillos /5 cm

1/3 del grosor

1 en 11

1/8 de cualquier

Sup,

1/3 del grosor

8 anillos /5 cm

1/2 del grosor

le 8

1/4 de cualquier

Sup.

1/2 del grosor




Dimensiones miximas de nudos permisibles

CALIDAD 75 CALIDAD 65 CALID
F-75 F-65 F-
Ancho
nominal Nudos en el  Nudos en la Nudos en las Nudos en el  Nudos en la Nudos en las = Nudos en el Nudos
de la cante o en zona central aristas de canto o en zona central aristas de canto o en zona
superficie el borde de de la viga o las vigas o el borde de de la viga o las vigas o el borde de de la
la viga en cualquier en cualquier la viga en cualquier en cualquier la viga en cu
superficie superficie de superficie superficie super
de un miembro un miembro en de un miembro de un miembro un mi
en compresidn tensién en tensidn en tensidn comp
mn m mm mm mm mm mm 1
1 25.4 6 6 -- 10 10 3 13
1-1/2 38.1 10 10 -- ’ 13 13 6 19
2 50.8 13 13 3 19 19 10 25
2-1/2 63.5 16 16 6 22 22 13 32
3 76.2 19 19 10 29 25 16 38 .
4 102 25 25 13 38 35 19 51 t
5 127 32 32 16 48 44 25 64 J
6 152 38 38 19 57 51 29 76 (
7 178 &1 44 . 22 60 60 32 83 '
8 203 &h 51 29 67 67 38 89 i
9 229 %8 54 32 70 73 44 92 ‘
10 254 51 60 35 76 79 51 98 I
11 279 51 64 38 76 86 54 102 1
12 305 54 70 41 79 92 60 108 1

Dos o mds nudos de dimensién mdxima no se permiten en una longitud de 305 mm. Para miembros sujetos a flexidén y simplemente .
las dimensiones de los nudos permisibles se pueden aumentar cuando se localizan en los tercios de los extremos. Estos se puc

proputcionalmente a los extremos en dimensiones 25 porciento mayores a las que aparccen en la Tabla,
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PROTECCION DE LA MADERA

Dr. Ramén Echenique-Manrique
Departamento de Botdnica
Instituto de Biologia, UNAM

La madera como todos los materiales de construccidn, es sus-
ceptible a deteriorarse con el tiempo; sin embargo, siendo ésta de ori
gen orgdnico, son los organismos los principales causantes de su dete-
rioro, aunque en ciertos casos agentes fisicos como fuego & intemperis
mo, pueden ser los principales destructores de la madera.

Intemperismo.- La madera expuesta a la lluvia, socl, viento,
polvo, etc., con el tiempo su color se transforma en grisdceo, a causa
de que las capas superficiales se deterioran por las hinchazones y en-
cogimientos que experimenta con los cambios de humedad, ademids de que
los polisacdridos de la madera han venido sufriendo hidrélisis, proce-
sO que se acelera por la energia de las radiaciones infrarojas y ultra
violetas del sol. Este tipo de deterioro es relativamente sencillo de
evitar cubriendo la madera periddicamente con capas de pintura o bar-
niz, las cuales actian como barreras a los rayos del sol y retardan la
penetracién de humedad y por lo tanto reducen los cambios dimensionales.

Fuego.- Como los principales componentes quimicos de la made-
ra, lignina, hemicelulosas y celulosas, son combustibles, la madera es
también combustible. Pero no porque tenga esta propiedad quiero decir
que si se usa en una estructura, ésta no puede ser resistente al fuego
en caso de incendio,

Para el caso de la madera y su resistencia al fuego, es muy
importante la relacidn entre forma y dimensidén de la pieza. Una asti-
l1la prende facilmente, el fuego se propaga con rapidez y se consume en
segundos o minutos. En el caso de una pieza grande’ con mucho volumen
en comparacidén a su 4rea (una columna de 10x10x400 cm) esta se prende
con mayor dificultad que una astilla, la propagacidén de la flama se re
duce considerablemente y se consume muy lentamente, Una pieza de estas
caracteristicas forma una capa de carbdén en la superficie que actda co
mo aislante, ademds a causa de la baja conductividad térmica de la ma-
dera, el interior se conserva a temperaturas bajas, aunque en el exte-
rior se esté quemando, por lo que la pieza conserva por mucho tiempo
gran parte de su resistencia mecidnica.

Hasta la fecha, no se ha encontrado ningin tratamiento que
convierta a la madera en un material incombustible. Pero tampoco exis
te estructura alguna que sea cien por ciento a prueba de incendios,
no importa si estd hecha con materiales incombustibles. Sin embargo a
la madera se le puede aplicar ciertos tratamientos para retardar su
ignicidén y la propagacidn de flamas.




Por lo tanto, a una estructura de madera se le puede dar resig
tencia al fuego mediante tratamiento de la madera de compuestos quimicos

hidrosolubles retardantes de fuego, con recubrimientos a base de vermica s -

lita, asbesto, yeso, etc., mediante los cuales se pueden formar barreras
temporales que protsjen la madera del fuepe y utiligan piegas de madera
de dimensiones y formas que den un gran volumen con un minimo de superfi
cie.,

Hongos.- Son plantas que a diferencia de las plantas verdes o
con clorofila, no pueden manufacturar sus alimentos, por lo tanto son pa
rdsitos y se alimentan de materia orginica. Los hongos producen exoenzi-
mas que descomponen la celulosa, hemicelulosas y lignina de la madera,
en compuestos menos complejos que pueden utilizar en su nutricién.

La gran mayoria de los hongos que manchan o deterioran la made
ra necesitan de ciertas condiciones para su crecimiento, si ALGUNA DE
ELLAS SE MODIFICA NEGATIVAMENTE EL HONGO NO PUEDE DESARROLLARSE.

1. Alimento.- El alimento en la madera siempre estd presente,
ya que las mismas paredes celulares y contenidos de las cé
lulas son el alimento,

2. Humedad.- Los hongos necesitan de cierta humedad, y cuando
la madera tiene contenidos de humedad menores al 15 por-
ciento, el hongo no se desarrolla.

3. Oxigeno.- Estas plantas necesitan de un minimo de aire (oxi
geno) dentro de la madera, el cual se estima que es igual
al 20 porciento del volumen de la pieza de madera. Es por
esto que piezas saturadas y sumergidas en agua no tienen
espacios con aire, y por lo tanto no pueden ser deteriora-
das por hongos.

4. Temperatura.- El rango de temperatura Optima para el desa-
rrollo de los hongos en la madera es de 23 a 33°C.

Existen tres tipos principales de deterioro por hongos. Un gru
po de hongos que viven de las sustancias almacenadas en cierto tipo de
células de la madera. Estos hongos manchan a la madera, mas no reducen
su resistencia mecdnica. Otro grupo causa pudriciones, o sea que manchan
y destruyen la madera al alimentarse de los componentes de las paredes
celulares. Este segundo grupo causante de las pudriciones blancas y par-
das es el mds importante por la gran cantidad de dafios que causan. El
tercer grupo de hongos es el causante de las llamadas pudriciones blan-
das, que es un tipo de pudricidn muy especializado y Gnicamente ocurre
cuando la madera estd sujeta a temperaturas y humedades altas, como las
que existen en las estructuras de torres de enfriamiento. Este grupo de
hongos mancha y destruye la madera.

Para prever el dafio por hongos se podria utilizar un o una com
binacibén de métodos. En algunos casos es conveniente usar madera de espe
cies que tengan gran durabilidad natural. El1 aumento en durabilidad natu
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ral de éstas especies se debe a que por razones poco conocidas el dura-
men o centro de los drboles queda impregnado con sustancias quimicas

que son eficaces preservadores. Otra forma de proteger la madera de hon
gos es el disefiar las estructuras de tal forma para que el contenido de
humedad de la madera se mantenga a menos de 15 porciento. En algunos ca
sos esto consiste en cubrir las tuberias de agua fria con algin aislan-
te para que la humedad que se condensa sobre ellas no gotee a la madera
y que el agua de lluvia no se acumule en recovecos, etc. Si la madera

va a estar en contacto directo con el suelo o expuesta a la intemperie,
su contenido de humedad probablemente sobrepase el 15 porciento, por lo
que para protegerla se le puede someter a tratamientos superficiales o

a presidn con preservadores, segin el riesgo a dafio por hongos a que es
té expuesta la madera. Si el riesgo es alto, la madera debe tratarse con
métodos a presidn; si el riesgo es menor entonces el método de inmersidn
podria ser el mis conveniente, Cuando la aplicacidn se hace con brocha o
con aspersidn, la proteccidén que se obtiene es minima, por lo que dnica-
mente se recomienda para casos de muy poco riesgo.

El tipo de solucidn preservadora que se vaya a emplear depende
en muchas ocasiones del uso final de la pieza. Si no se va a pintar y la
apariencia no es importante, la creosota o pentaclorofenol disueltos en
aceites oscuros podrian usarse. En cambio, si las piezas de madera se
van a pintar o la apariencia es determinante, entonces lo mejor seria
utilizar soluciones de sustancias téxicas en agua o en aceites 11geros o
claros.

Insectos.- A estos organismos se les considera como segundos
en importancia a los hongos por los dafios que causan. Los insectos mis
importantes son las termitas o polilla y existen dos tipos principales,
las termitas subterrdneas que son las mds destructoras y la polilla de
la madera seca.

Las termitas subterrdneas construyen su nido bajo el suelo o
en pedazos de madera en contacto con este a fin de hacer tineles hasta
los sitios donde encuentran alimento, Estos insectos de cuerpo blando,
son muy susceptibles a los cambios de temperatura y de humedad, es por
esto que construyen tlneles para mantener dentro de ellos condiciones
optimas de medio ambiente. Consumen la parte interna de “la pieza dejan
do un cascardn en el exterior que los proteje de la luz y cambios de
temperatura y humedad. Cuando la madera no estd en contacto directo
con el suelo construyen tineles sobre el tabique o concreto hasta lle-
gar a la madera y mediante ellos mantienen la comunicacidén con el nido
y las condiciones ambientales deseadas.

Las polillas de la madera seca no necesitan conexidén alguna
con el suelo y resisten bien los cambios de temperatura y humedad., No
son tan dafiinas ni numerosas como las subterrdneas y’su presencia se
nota cuando los miembros aladas (palomillas de San Juan) emergen de la
madera a través de pequefios orificios para ir a otros sitios a deposi-
tar huevecillos o empezar una nueva colonia.

El control mis efectivo de las termitas subterrdneas es la
prevencién. Cuando sea posible las construcciones de madera no deben




estar en contacto con el suelo a menos que la madera esté apropiadamente
impregnada con algin preservador. Se deben disefiar los cimientos con obs
ticulos contra termitas, inspeccionar peribédicamente y destruir tdneles

que se localicen sobre cimientos de concreto o mamposteria, remover toda

"la madera enterrada cercana a la construccidn, y en dreas de alta inci-

dencia de dafio envenenar el suelo alrededor de la estructura o utilizar
alguna especie con gran resistencia natural al ataque por termitas,

Para evitar el dafio por polilla de la madera seca, se pueden
utilizar especies resistentes a ella o se le puede aplicar a la madera
un tratamiento superficial efectivo con algin preservador.

Barrenadores marinos.- Estos organismos desde la antiguedad
son famosos por los dafios que causan a embarcaciones de madera é insta-
laciones marinas, sobre todo aquéllas que se encuentran en mares tropi
cales 0 en zonas costeras salobres.

Los dos tipos principales de barrenadores son moluscos y crus
tdceos y en ambos el deterioro consiste en que cavan tineles ya sea pa-
ra alimentarse de la madera o para usarlos como morada y digerir el
plankton marino y los hongos que crecen en las paredes de los tidneles,
los cuales pueden variar en longitud y en didmetro, segin el organismo
y condiciones ambientales en las que se desarrolla.

Los métodos mids efectivos de proteccidn en contra de los tala
dradores marinos consisten en impregnar la madera con sales hidrosolu-
bles de cobre~cromo-arsénico o con una mezcla de creosota y alquitrdn
de hulla., Existen también especies cuya madera tiene gran resistencia
natural al ataque de barrenadores marinos.

La preservacidn de la madera en México.- Las soluciones de
preservadores mids conocidas y usadas en México son a base de creosota,
pentaclorofenol y sales de cobre-cromo y arsénico tipo C.

La creosota es un producto de la destilacidén de carbén bitu-
minoso, consistente en una mezcla de unos 40 importantes compuestos té
xicos a hongos e insectos.,_ Su aplicacidn por lo general es con métodos
a base de presidn., Una desventaja para ciertos usos es que lo sucia
que deja a la madera la imposibilita para pintarla, ademds del mal olor
que despide,

El pentaclorofenol es un compuesto de cloro y fenol en forma
de polvo grisdceo. Es soluble en aceites y generalmente se aplica en
concentraciones del 5 porciento, Se pueden utilizar aceites ligeros cla
ros con lo que se obtienen buenas apariencias de la madera tratada, ade
mids puede pintarse. Su aplicacién puede ser por imersién, aspersién o
a base de métodos a presidn.

Las sales hidrosolubles de cobre cromato y arsénico, cominmen
te llamadas sales CCA, vienen en dos tipos A y B; ambos contienen bdsi-
camente 1os mismos elementos tdéxicos a los organismos destructores de
la madera pero en diferentes proporciones, razén por la cual la madera
tratada con el tipo A necesita una mayor cantidad de sales por unidad

O



de volumen. Los dos tipos son efectivos. La madera tratada con estas sa
les hidrosolubles queda limpia y se le puede aplicar toda clase de aca-
bados. Por lo general la madera se impregna con métodos a base de pre-
sién., Una desventaja es que es necesario volver a secar la madera des-
pués de tratada. Las sales CCA tipo C tienen caracteristicas sinmilares.

Los retardantes de fuego mds efectivos son soluciomes solas
o en combinacidn de fosfato mono y dibdsico de amonia, sulfato de amo-
nia, bdérax, &cido bdrico y cloruro de cinc. El mids eficaz es el fosfa-
to de amonia, ya que no {inicamente reduce la inflamabilidad de la made
ra sino que previene la formacidén de brasa. El mejor método de aplica-
cidén es el de presidn.

En la actualidad en México existen firmas distribuidoras de
los preservadores y retardantes de fuego mencionados. También existen
plantas de impregnacidn a presidén en Mazatlin, Sin., Guadalajara, Jal.,
Durango, Dgo., Parral, Chih,, Chihuahua, Chih,, Las Vigas, Ver., y en
la Ciudad de México,

Resumiendo, se puede decir que aunque la madera es un mate-
rial orginico combustible y susceptible a ser deteriorado por organis
mos, ésta puede tener gran durabilidad y permanencia en estructuras
de madera,

Para evitar el deterioro causado por hongos se recomienda
que, cuando sea posible, la madera se mantenga constantemente a un
contenido de humedad inferior al 15 porciento. Cuando esto sea impo
sible y dependiendo del riesgo a que estd sujeta, debe tratarse con
un preservador adecuado, o escoger una especie con gran durabilidad
natural,

Respecto a los insectos, especialmente las termitas subte
rrdneas, se recomienda prever el dafio, ya que el control una vez
que han atacado la madera es mucho mds dificil, Una recomendacidn es
pecial es que toda estructura de madera se inspeccione cuidadosamen=-
te dos o tres veces al afio, con objeto de detectar algin inicio de
dafio causado por agentes bioldgicos, ya que es muy facil controlar
el dafo en sus etapas iniciales.,

La madera es muy resistente al fuego cuando las piezas
son de grandes dimensiones. Para madera de piezas pequeflas estas
pueden impregnarse con algin retardante de fuego. Ademds lo mis im
portante en los incendios son los contenidos de las estructuras y
no el de los materiales de que estd hecha la estructura.
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USOS ESTRUCTURALES DE LA MADERA
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CRITERIOS DE DISENO PARA ESTRUCTURAS DE MADERA

1. COMPORTAMIENTO MECANICO

— ) (3 [ Co .3

-

En una sesién anterior se han tratado las propiedades mecénicas de la made

O
c

ra. Para entender el comportamiento estructural de la madera y plantear los crite
) I
rios de disefo es importante recalcar lo siguiente:

a) La madera es un material anisotrépico (tiene distintas propiedades en dis l:
tintas direcciones). Puede considerarse que existen dos direcciones orfo [
gonales con esfuerzos distintos: paralelo al .grano y perpendicular al gra
no) . L 1:

b) Por lo anterior los esfuerzos que hay que considerar en el disefio son los [

[
[

siguientes:
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: esfuerzo longitudinal de tensién o

compresién paralela al grano

esfuerzo transversal perpendicular

al grano. (FR: esfuerzo radial, se

toma igual al transversal, aunque

sea en general menor)

cortante longitudinal (deslizamien-

to a lo largo del grano)

UR: cortante transversal (la resistencia
[I es mayor que en el caso anterior.
7 Para el triplay hay que considerar dos tipos de esfuerzo cortante
_

vT en el plano

:) \jR en el espesor

| S— L )
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2. ESFUERZOS DE DISENO

-
<
&%

El disefio se basa en esfuerzos permisibles que son valores reducidos con res

]

pecto a las que se obtienen en los ensayes estdndar; estos @ su vez se corrigen por
las distintas condiciones de trabajo que pueden presentarse.
Los esfuerzos permisibles est4n reducidos con respecto a los de ensayes estdn

dar tomando en cuenta:

a) La variabilidad propia del matefial. Los valores medios obtenidos en los

ensayes deben reducirse considerando que las propiedades varfan de un ér
bol a otro. Esta reduccién depende de la variabilidad de la propiedad
en cuestién para la especie de que se trate, Para la resistencia en com

presién y cortante este factor es del orden de 0.75.

b) Los defectos de las piezas. Las piezas de madera tienen defectos que re

ducen su resistencia: nudos y rajaduras que no existen en los especlmenes

§f<
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sobre los que se realizan las pruebas estdndar. La importancia de estos

defectos se juzga mediante una clasificacién. En los patses en que el

empleo estructural de la madera estd muy difundido, los elementos de ma
dera pasan o través de un proceso de clasificacién en el cual, con base
en el nGmero, posicién y direccién de nudos y rajaduras y en la densidad
de los anillos de crecimiento y en la direccién del grano, se estima la
reduccién que estos defectos implican en la resisiencia de la pieza con
respecto a un elemento sin defectos. De esta forma cada elemento de
madera sale con un sello que especifica sus esfuerzos bésicos. El factor
reductivo por este efecto varia entre 0,40 Y- 0.75 segin el grado.

En México no existe un sistema de clasificacién que se base especifica-
mente en las propiedades estructurales. La clasificacién en madera de
primera, segunda y tercera atiende esencialmente al aspecto de las pie-
zas.

La duracién de la carga. En los ensayes esténder la carga se aplica ré

pidamente, mientras que los esfuerzos permisibles se refieren a cargas sos
tenidas (del orden de 10 afios). El efecto de la duracién de la carga se
aprecia en la figura siguiente, de la que se deduce que la reduccién co
rrespondiente a 10 afios con respecto a una carga répida es del orden del

50 por ciento.
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Tomando en cuenta las distintas incertidumbres

que existen en el disefio (magnitud de cargas, métodos de anélisis, pro

cedimientos constructivos) es necesario tomar en cuenta un factor de se

guridad que depende del tipo de esfuerzos y que varla entre 1.5 y 2.

Como resultado de tomar en cuenta todos los factores anteriores las propieda

des en especimenes estdndar se ven reducidas por factores que varfan entre 5 y 10,

segin el grado, paralos esfuerzos de tensién y compresién.

tra algunos valores comparativos tomados del Reglamento Briténico.

La tabla siguiente mues

COMPARACION ENTRE ESFUERZOS EN ESPECIMENES ESTANDAR Y ESFUERZOS

BASICOS ESPECIFICADOS

Especie Compresién |i_grano Cortante . Médulo Elasticidad
Abeto Douglas 540 | 54 -106 103 {7.8-13.8] 140,000 120,000
Western Hemlock 450 | 42 - 85 67 |6.4-11,7| 120,000 100,000
Redwood 450 | 39 - 81 93 (6.4-11.7] 100,000 850,000

El subindice e indica esfuerzos medios en ensayes est4ndar

El subindice b indica esfuerzos de disefio: se indican los lfmites para los distin

tos grados considerados.
Esfuerzo en kg/cm
Datos del Reglamento Briténico CP-112
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- sibles y la densidad de la madera.

ta es una clasificacién confiable.
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dolos por los factores especificados en la tabla para otros tipos de madera.

ESFUERZOS PERMISIBLES SEGUN EL REGLAMENTO PARA EL D.F,

En México, el Reglamento del D.F., especifica esfuerzos permisibles para
@ los distintos tipos de madera a través de correlaciones entre dichos esfuerzos permi

Las correlaciones no son malas pero lo que fal

La tabla siguiente da los esfuerzos propuestos por el Reglamento del D.F.;

estos esfuerzos se refieren a maderas de primera y deberdn modificarse multiplicén

g

J

L
)

S

Parc maderas de tercerc, se tomar& el 50%.

cas dichos esfuerzos se presentan en la tabla siguiente:

e 4 ) ) L)

QL_J
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Concepto Valor en kg/cm2

ara cualquier Para
bt X=0.4
Esfuerzo en flexién o tensién simple 196 X] .25 62
Médulo de elasticidad en flexién o tensién simple 196,000 Y 79,000
Esfuerzo en compresién paralela a la fibra ]43.56, 57
Esfuerzo en compresién perpendicular a la fibra 54.23,2 25 7
Médulo de elasticidad en compresién 238,000 Y 95,000
Esfuerzo cortante 35 X] 025 10

U

Para maderas selectas, se pueden incrementar en un 30% los valores anteriores. Pa
ra maderas de segunda, se tomaré el 70% de los valores consignados en la tabla,

Esfuerzos permisibles para distintas maderas mexicanas se dan explicitamente

en las Especificaciones para estructuras de madera de la Secretarfa de Obras Pdbli

[
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ESFUERZOS UNITARIOS PERMISIBLES EN Ko/cm?

PARALELAMENTE A LA FIBRA Cory \ Mé&dulo
i ul
ESPECTLE Calidad -~ T o~ — norﬁbmn a clnsl?:idad
Pino binnco
(P. arizonica) la. 80 65 G0 6.0 18.0 85 000
Pino lacio
(P. michoacana) 2a, 60 35 50 6.0 180
o ayacahuite
I'ino prieto
£’. chihuahuana)
{P. dou lasiana)
Pino real
(P. engelmanni) -
(P. herrerar) la. 90 75 70 8 0 20.0 | 90 000
(P. ortiguillo) - £
(P. lawsont) 2a. 0 65 60 8.0 20 90 000
Chalmaite blanco
(P. monlezumae) T
(P. pseudostrobus)
(P. strobus chiapenis)
Cedro rojo o blanco
Pino chino 1a. 100 85 80 9 20 0| 100 000
Ocote chino
(P. lewophilla)
(P. lumholtzii) 2a. 75 70 65 9 20.0 | 100 000
Pmo blanco la. 110 90 85 9 25 0 100 000
(P. durangesis)
Pinabete 2a. 85 5 70 9 25 0 100 000
Ban 1a. 130.0 110 - 100 10 300 110 000
(Cordia gerascanthus) 2a. 100.0 95 80 10 30.0
Cocofte
(Gliricida sepium)
Dzal4n 1a. 120.0 100 95 10 25.5
{Lisyloma babamensis) 100 000
Guavacdn 2a. 90 8 75 10 25.5
(Guaiacum oficianale)
Jobo
(Spondias lutea) )
Lucino 1a. 120 0 100 95 10 250
2a. 90.0 85 75 10 25 5| 1007000
Huapaque 1a. 150 0 125 0 115 12 30 0 110;'000
(Ostruya guatemaliensis) 2a. 110 0 105 0 95 12 30 0 .
Zapntillo 1a. 135 0 110 100 10 250 110- 000
(Frythroxylon cllipticunt) 2a. 100 0 95 80 10 250

O
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En cuanto a la modificacién de los esfuerzos bésicos por diversas condiciones
de trabajo, estos son los principales factores que hay que considerar segin el Regla=-
mento del D.F,

a) Las condiclones de humedad. Tratdndose de maderas saturadas o sumergi-

das, el esfuerzo de compresién paralelo a la fibra debe reducirse 10%; el
de compresién perpendicular a la fibra, 33%; y los médulos de elasticidad,
10%. En realidad la reduccién de la resistencia con el contenido de hu-
medad es continua y esta especificacién es una simplificacién gruesa. La
mayorfa de los Cédigos distinguén la madera protegida de la humedad de
la expuesta a la intemperie.

b) La duracién de las cargas. Cuando la duracién de las cargas no exceda

el lapso indicado a continuacién, se incrementarén los esfuerzos permisi-
bles segin la siguiente tabla:
15% para dos meses de duracién:
25% para 7 dias de duracién:
50% para viento o sismo:
100% para impacto
Los incrementos anteriores no se aplican a los médulos de elasticidad en el
cblculo de deflexiones.

¢) La posibilidad de redistribucién de la carga. Cuando 4 o més miembros

puede considerarse que estén trabajando en conjunto para soportar una mis
ma carga, los esfuerzos permisibles pueden incrementarse en un 10% (Re-

blamento Britdnico).




3. PROCEDIMIENTOS DE DISENO

Los procedimientos de disefio para madera se basan en las fé6rmulas conocidas
de resistencia de materiales, por lo tanto solo se destacardn aqul algunos puntos par

ticulares sobre los que hay que poner la atencién.

3.1 Disefio de vigas (Miembros en flexién)

Hay que revisar:
a) Flexién: con la férmula de escuadrfa. El esfuerzo admisible se reduce pa
ra miembros de mucho peralte (mayor que 30 cm) debido al efecto del gra

diente de esfuerzos. El factor de reduccién por peralte .es ‘el siguiente:

h2 + 922)

F =081 —
(h2 + 588)

b) Cortante horizontal (longitudinal), hay que comparar el esfuerzo cortante
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méximo (igual a 1.5 veces el promedio) con el permisible

c) Aplastamiento en los apoyos: Los esfuerzos permisibles en compresién se
aumentan dependiendo del tamafio del apoyo.

d) Deflexién: con les férmulas usualas. La doflexién permisible se fija ge
neralmente en 1/360 veces el claro. Para el efecto de cargas sosteni-
das el médulo de elasticidad debe reducirse hasta el 50% segin algunos
reglamentos.

En elementos de piso la deflexidnes el efecto qie rige el disefio en un
gran ndmero de casos, especialmente porque se relaciona en forma direc
ta con las vibraciones que se presentan en los sistemas de piso. En ele
mentos de madera laminada es usual especificar contraflechas que redu
cen la importancia de este factor,

e) Pandeo lateral: debe proveerse contraventeo en vigas peraltadas hay pro

blemas si la relacién peralte a ancho excede de 3

3.2 Disefio de columnas (Miembros en flexocompresién)

El disefio esté regido en general por pandeo excepto para columnas muy cor
tas. Se emplea la férmula de Euler que, considerando un factor de seguridad de

2.75,da lugar a que el esfuerzo permisible sea .

J
0.3E
Foo=—
° (K Y
Las columnas pueden ser simples (de un solo elemento) o espaciadas (de va-

rias piezas unidas por medio de bloques de empaques). Para estas §ltimas se apli-

can las mismas férmulas pero con factores notablemente mayores.




n

g

Para efecio combinado de carga axial y flexién se aplica la conocida férmu

la de interaccién

f fi

—_ 4 e

d b
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3.3 Conexiones

Las estructuras de madera estdn armadas a base de piezas relativamente pe-
quefias. Uno de sus puntos criticos son las uniones entre las distintas piezas; estas

deben disefiarse de manera que sean capaces de trasmitir los esfuerzos de uno a ofro

elemento.

Por la importancia del disefio de las conexiones en estructuras de madera, es

g
te se tratar§ especificamente en otra sesién de este curso.
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4, MADERA LAMINADA

La madera laminada est§ formada por piezas delgadas (tablones o duelas) pe
gadas para formar vigas o muy frecuentemente elementos curvos. Es importante no
tar que en todos los lechos la direccién de las fibras es la misma, a diferencia de
lo que ocurre para el triplay.

Su disefio difiere poco del de estructuras de madera sélida; hay que tomar
en cuenta los hechos siguientes:

a) La clasificacién es distinta que para madera. Como se trata de piezas
que trabajan esencialmente en flexién es importante que la madera me-
jor esté colocada en los extremos y las reglas de clasificacién se basan
en los defectos de las partes extremas esencialmente.

b) La unién longitudinal de las piezas reduce la resistencia. Es convenien

te el empleo de juntas inclinadas como la de la figura; mientras més in

ey e o

PR,
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clinadas sean las juntas menor es la reduccién de esfuerzos que se pide por

ese efecto. Cuando las juntas longitudinales son verticales, la reduccién

es mayor y depende del némero de juntas por unidad de longitud (ver figy

ra) .

——
-

I

JUNTA INCLINADA

JUNTA VERTICAL

(poco recomendable)

i

3
A

Factor de reduccién de resisfeﬁcia por

juntas inclinadas

Reduccién

Inclinacién de la

junta
1 a 12 o menos 0.85
1al0 0.80
la 8 0.75
1a 5 0.60

Factor de reduccién de resistencia por

juntas verticales

Espaciamiento de Factor de
las juntas Reduccién

30 t é).?O

20 ¢t &).80

10 t 0.60

t es el espesor de la laminacién.

TIPOS DE JUNTA LONGITUDINAL EN MADERA LAMINADA

¢) Para piezas con curvatura importante, se introducen esfuerzos que reducen

la resistencia de las piezas.

El factor de reduccién que se propone es el

O
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siguiente:

= =1 - 2000 (/R2]

De particular importancia son las tensiones radiales (en la direccién del pe
ralte) que suelen ser criticas por la baja resistencia de la madera para tensién nor
mal al grano. Las fér mulas dadas por los reglamentos para considerar este efecto

no son muy exactas (ver referencia 1),

e




5.  MADERA CONTRACHAPADA (Triplay)

Se frata de paneles compuestos por cierto ndmero (impar) de lechos, coloca
dos alternando la direccién de las fibras.

Los elementos de fl'ipl(J).' pueden emplearse para trabajar con cargas norma-
les a su plano (en sistemas de piso) o més frecuentemente con cargas en su plano
(como diafragmas) .

Los esfuerzos permisibles dependen del grado de triplay (se clasifica en gra
dos A, B, C y D generalmente).

Para su trabajo en compresién y tensién y para el célculo de deflexiones,so
lo se consideran efectivos los Iech\os con las fibras en la direccién de los esfuerzos.
Existen tablas que dan las propiedades geométricas equivalentes de las seccionés en
funcién del ndmero de ldminas.

Por lo anterior, al usarlo como placa (losa) hay que orientar las fibras de

los lechos exteriores en la direccién del claro.

™ 1 |
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Para cortante el esfuerzo permisible perpendicular a los lechos es del orden

3

O del doble del que se admite en el plano de los lechos.
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6. COMPORTAMIENTO SISMICO DE ESTRUCTURAS DE MADERA

La experiencia de dafios observados por efecto de sismos intensos muestra que
el comportamiento de las estructuras de madera se compara muy favorablemente con
el de otros materiales especialmente la mamposteria y el concreto. Las razones de
este desempefio satisfactorio son principalmente las siguientes:

a) El tipo de estructuracién da lugar a una muy alta capacidad de absorcién
de lo energia producida por el sismo, a través de movimiento de las jun-
tas.

b) La resistencia de la madera ante cargas aplicadas en forma répida es muy
considerable.

Los puntos que hay que cuidarl en el disefio de estructuras de madera en zo-

nas sfsmicas son:

a) En anclaje adecuado de las estructuras en su base y el disefio de las co

nexiones,

O
1
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b)

d)

La rigidizacién lateral; mucho de los dafios observados en estruciuras de
madera durante temblores se deben a que las deférmaciones excesivas su
fridas por las construcciones producen dufios en elementos no estructura-
les aunque no afectan mayormente o la estrueiure.

Es importante que los pisos y techos funcionen como diafragmas rigidos
para trasmitir las fuerzas sismicas a los elementos resistentes en cade di
reccién. Para lograrlo debe proporcionarseles rigidez y resistencia al
cortante en su plano. Los techos de armaduras de madera deben contra
ventearse. En pisos de parquet las duelas deben unirse para formar un
elemento continuo.

Debe proporcionarse una liga adecuada entre muros y techos y entre mu
ros transversales para evitar fallas por volteamiento de los muros y para

una transmisién apropiada de las cargas laterales.
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Economical Roofs-Short and Long Span

Robert G. Sexsmith )
Visiting Professor,instituto de Ingenie-
ria, UNAM,

Timber is a very economical material for use in roof structures in
a wide variety of spans., Its use results in very light roofs and
rapid construction times, In this discussion we shall examine some
specific systems and the major considerations for choosing and

proportioning them,

A, Beam and Joist Systems,

Let us first consider short span Beam and joist systems, By ''short
span'' we mean spans of about 6 meters or less, where sawn beams

‘can be used, In this span range, spans should be chosen as long as
possible within the limits of available lumber length, or to suit
the architectural requirements.,

Consider the floor system of Fig, |, It is a typical Beam and joist
system supporting a plywood or shiplap floor,

A live load of about 200 kg/m2 is assumed, The design follows brie

fly to remind us of the design principles to be used.

Flooring

Plywood flooring 5/8 to 3/4" will suffice for the flooring., Face
grain should be in the span direction, and unsupported edges should
be tongue and groove or supported with blocking between the joists
(unless floor underlayment is to be attached on top). Such connec-

tions permitt the floor to act as a shear diaphram for lateral force



design,

Joists

ine joists carry live load 200 kg/mzo Dead load of flooring about
i5 kg/mZ,piping, ductwork, etc, 15 kg/m2 and selfweight estimated
at 25 kg/mz, Load duration is normal, conditions are dry, Joists

are at 41 cm, therefore carry a D + L line load of

w= (250 kg/m?2) (0.41) = 100 kg/m
There are design aids available which directly give required joist
size. Let us check flexure, assuming No 1 k.de.s.p. (No. 1 kilm
dirieac Southern Pine). fé = il15 kg/m2 x l.15where the 15% increase
in a.iowahle stress is permitted in specifications for load sharing
systems,.
The required section modulus is 220 cm . Tables of section modulus
for standard lumber sizes are available. From these we find that
2 x 8 joists have S = 13,1 in = 215 cm3° Shear will not likely
govern, Deflection should be checked and limited to about L/360,

avoid ‘''bouncy' floors,

[T we check deflection we shall find it too large. 2 x 10 joists
are needed to meet the deflection criterian, Dead load of joists
is now 15 kg/mz° Beams can now be designed on a total load basis

of’l;g/m2 ]ive;f"{ﬁkg/m2 dead load,

Beams
Total load is 245 psf on tributary width 4.8 m, giving a line load
5500 kg/m ., Selfwt is about 140 kg/m. Total load 5600 kg/m, on a

span of 5,5 m ,

O
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Flexure, using Fb = 115 kg/cm2 gives a Section modulus of 3850 cm”,

A lox 14 beam is needed; if this is too large a size, a higher grade
lumber might be used. Beams can be made up of a pair of narrower
members bolted to one another,

End shear is 3300 kg giving a shear of 4,9 kg/cmz(less than allowable),
Deflection will not govern this member,

Columns

Columns will have a total load of 6500 kg. Assume column longth is 2.7m

AL x 4 column has e/d = 2él%l= 31 which is less than the maximum
L/d= 50,

At this slenderness, the allowable column stress is

_ _ 0.3 E _ _ 2
f = —(-e—fm = 549 psi = 38.5 kg/cm
and the required area is gSog = 170 cmz.

A 6 x 6 column provides 193 cm? and has lower k/d . Use 6 x 6 column,
We now have a design:

Joists 2 x 10 16" o.c., span 16' (4,8 m)

Beams 10 x 14 span 18' (5.4 m) ‘

Coiumns 6 x 6

Bearing stress on beam-col. is

lﬂ%%Q - 480 psi = (34 kg/cm?)

Desending on the specification used thisis a bit high. A column cap
cauld be used of higher grade softwood timber, hardwood, or steel,
columns will require a base plate of some type., Lateral support must
oe provided to the system, possible by braces between columns

2.d oceams,




We have an efficient system, of available materials, that is very C)

fast to erect with nominally skilled labor,

Medium Spans

Woen spans exceed about 6 m we must go to laminated timber
METOETS,

Consider the problem of framing a large manufacturing area with a
flat roof '"post and beam' system, Let us assume that we can have

corumn locations as shown in Fig. 2,

Main beam lines cross the

Structure at 7.2 spacing and the main beam spans are 9,6 m - 12 m - 9,6 m
Secondary beams at 2.4 m span 7.2 m between main beam lines. Plywood
stressed skin panels are to be shop fabricated to span 2.4 m between

Deams . <>
Design of the beams for a roof dead + live load of 150 psf results in
members 3 1/4 x 14 5/8, The uodd numbers are standard sizes fabricated
from a member 16" wide with 9-1 5/8" laminations. The beams rest in

metal beam hangers attached to the main girders, The roof will provide
lateral support to the beams, after it is attached, The beams weigh

7.3 kg/mz.

The main beams can be efficienly designed as cantilevers with a central
suspended span., An optimum cantilever distance can be found to minimize
the size of the side span members,

This is about 1,5 m for the spans shown with uniform load.

The central suspended span is then 9 m. For a uniform dead and live

load (includ ng 24' beams and the decking) of 156 kg/m2 these beams C)
become 5 1/4" x 24 3/8', The side spans work out to about the same

size pecause of the benificial effect of cantilevering,



Spaced laminated timber columns can be chosen to support the loads,
Lateral forces must be accomodated with end walls using the floor as

a shear diaphragm,

The structure is light, fire resistant, and easy to erect with a small
crane.

Many variations to this basic system can readily be imagined,

B. irusses

Timber trusses are a very common form, Thousands of railway and road-
way bridges and many large span roofs. have been constructed of them.

A Tew important forms are shown in Fig. 3., The key features to watch
for are to arrange for short stocky compression members where possible,
easy connections, and forms that minimize chord stresses, The picned
truss is useful for short spans (60 ft or less) where a sloping roof

is desired. When very short spans such as for houses, are involved,

the entire truss can be made of about 2" lTumber with plywood gusset
plates for connections, For example, the top chords might be 2 x 6 ,
bottom chord 2 x 6, and webs 2 x 4, For larger spans the top and bo-
ttom chords are spaced members, with single webs the width of the space,
3olt and split ring connectors are used, The bottom chord may be spliced
at midspan with wood pieces. providing a lap joint,

The flat pratt truss has similar chords and webs=-spans can be great
oecause web length does not increase with span as in the pitched truss.
Chords may have more than one splice,

Compression webs are short, the longer sloping webs being in tension,

A variant of this, called a howe truss, reverses the slope direction,
The slioning members are in compression, and the vertical tension webs

are steel rods that pass through a single solid chord with threaded ends
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to anchor on a plate that bears on the outer faces of both chords. CD
The compression members are connected on dowels, This system uses large
timbers but has very simplé €BAAEctiB6As, Tﬁe compression member con-
nection. will only carry compression, therefore we have to watch for

stress reversal under partial span loading.

On long spans the bowstring truss makes sense because under uniform
loading the web forces are negligible, It acts as a tied arch,

Sma:l webs with light connections are. then possible, This form should
be especially attractive in Mexico, where you do not have large
nonuniform snow loads, Web design here would be governed by nonuni=
form wind suction across the upper surface. The chords of the bows-
tring would be laminated, while the webs can generally be sawn lumber,

Bowstring trusses can reach spans of over 200 ft, ()

A1l of these trusses might fit well with the practice here of using
stone or brick walls, The trusses can bear on the top of the wall,
Because of their lightness, adequate tiedown against wind suction

is essential,

The depth-span raties for these trusses should be a little greater
than for similar steel trusses to keep chord sizes down. About
1: 5 or 6 is good for pitched trusses, 1:6 or 8 for bowstrings,
1: 8 or 10 for flat trusses, Roofs should have enough slope to

guarantee drainage and avoid ponding.

beflection is a much a result of joint displacenent as of member
iength changes, thus the number of panels should be kept small, C)
Joinks are a major source of expense, another reason to minimize.

their number,
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Design of trusses is a stra|ghtforward process The chonce of J0|nt
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system is an nmportant step° A few J0|nt types are shown |n Flg. L
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It can be seen that Joxnt type is, dependent On type of chords,

i“gle or multiple) and type of webs (tension rods or sawn ]umber)
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_accaal bracnng must be prOV|ded for trusses, often by dlagonals "
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4Ccr0ss pairs of trusseso This mlght be done in end bays, "and other
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mweirs at lower panel po:nts° Ch0|ce of rooflng system must take
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C. Arches and Portal’ Frames. . S

The variety of arches and: firames. posible in:wood :is endless, The
story is best told in photographs., Most forms are three hinged,

with maximum- size of members l-imited: by.cilearance:requirements

1

during’ shippings.-" = ieywersy: sagt o s, izrny 1gin50  [an v e o

T BN ] Py w o s :
LoD o A I e I APt S T < B B T4

Let us look at a 60 m span parallel arch system .as a typlcal examp]e

of arch consStructiony . o oo v s s e Lt ey me e

Assumeparaltel -arches. ‘at ém: spacing, 60 m.. -span,, 2k m height,, IOQ;Kg/m2

loading or FOkag/mggsucbﬁon&due'toywhndaonfkeeward,sidefréna[ys[s3
1eadsywofé réruiredrsectioncabout 114 x-45 1/2'% at.the thickést.
part. TheAMemberccan»beatapaned to acsizevgowernedﬁby,shearnat the
ends (about 11" x-2L"sat-crown, :114,x~30", cat - base)ensy -

. E
PPN Sive, - o7 oL ) :
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The anaiysis simply follows the usual procedure for force analysis,
ne section is governed by combined bendng and axial load, Shear is
cn.cked at the ends, Lateral bracing is necessary, and can be provi-

«2d oy pbeams in beam hangers placed during arch erection,

%verali buckling of the arch should also be checked,




Light arches at close spacing have been found useful for farm
storage structures. One firm in New York State has produced a
series of designs for spans 9 to 24 m, The arches are gable
arches at 2 or L ft, ' \

spacing, and can be erected by field crews without cranes, They
provide large farm storage buildings rapidly.and cheaply. They
can be roofed with plywood or light decking.

Radial arches are a common form, The one at Puebla is discussed
later in this course,

Portal frames are typically used in modern church structures,
Here, the architect is almost unlimited possibilities,

A problem unique to these forms is the smail radius of curvature
at the knees,

This results in radial tension and must be carefully accounted
for.In general, radial tension arises whenever we have flexure

on curved beams., Remember that wood is very weak in radial tension,

The various roof forms all have advantages worth summarizing,

They are very fast to erect when fabricated in a shop in advance,
They do not require highly skilled labor, They provide light,
strong roofs of any span desired, They perform better in fire

trhan steel construction if large lumber sizes are used. They
provicde a degree of insulation and sound deadening, If forests are

o-uperly managed, they use a renewable resource,



C R L

\ .\\w OV

164

SN TG Y ) BB St o e o e

C ak'ﬁ"l voe T O

TIMBER TRUSS DESIGN

The design of tirber trusses 1s a bread subject, and it 1s 1mpossible to provide more
then a gereril discussion of truss desiga here, highlighting design features peculiar to
timber construction

T1mber trusses may be classified according to several crtena

Form ....... Bowstring, pitched, flat, inverted bowstnng, lenticular or

sawtooth
Web System ..... vee-.. Howe, Pratt or Warren (with or without verticals)
Matenals ......... .y+- Sawn, glulam or mixed matenals

Timber cennectors (split rings and shear plates), or
bolted joints.

Type of Fastening .....

Monochord (having chord members made up of a single
piece, Double Leaf (having chords of two leaves, usually
with web members between), or Malti-leaf (having chords
of threc or more leaves).

Chord Arrangement .....

Seloction of Truss Type

Sometimes toof shape will dictate the truss type. as in a sawtooth roof More often
the type of truss is selected by the designer for best economy, together with appearance
requirements.

The truss type universally found to be most economical for uniform roof loads 1s the
bowstring Here the top chord 1s of very nearly the same shape as an ideal arch, so that
for uniformly distributed loads, stresses 1n chords are almost uniform throughout the truss,
and web stiesses are low. These features are particularly mmportant 1n timber truss design
because of the need for keeping connections betwecn members simple and compact

Wwhen a flat or pitched roof 1s required, ot when loads are transmitted to the truss of
panel points rather than uniformly along the top chord, flat or pitched trusses may be used.
Oftea 1t 1s mote economical to provide buildups from bowstring trusses even for these roof
shapes. Sometunes flat trusses are not needed even when a flat roof appearance 1s desired,
if parapets or adjorning buildings control the outward appearance.

The web system used should in general permit timber web members to be used with
greatest efficiency and most conventent connections Warren web systems, usually with
verticals, are found best for bowstring trusses, Howe web systems for rod-and-timber

trusses.

Glulam permits higher stresses than sawn timber, can b2 curved to any shape, can be
vanied 1n cross-section throughout its length, and can be of almost any length and size
necded for the design. Sawn timber ts limited in length and extent of avadable sizes, and
is relatively prone to cheching and splitting wn larger sizes. Sawn merbers are less ex-
pensive than glulam, however, where they will serve. Thus most trusses of substantial
span, or designed to carry substantial loads, ate combmations of glulam and sawn timber,
often including steel tod tension members or steel gusset plates, or both

To carty a given load at a joint, spht-uine and shear-plate connectors are generally
most economical for shop-fabrnicated joints, but bolted joints are to be preferrad as 8 rule
where a few holes must be bored in the field If considerable fieldbonny s necessary,
conacctor jaints may be best for ficld work also since the accissany prooving ton's can he

proviced
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In general, monochord trusses will cary & loud at least equal to that sustained by
double- or multi-leaf trusses having the same cross-sectional chord arca However, splices
w1/ be more cumbersome 1n monochord trusses, and in large or heavily-loaded trusses the
chords theselves may become inconvenieatly large Many factors enter into the detern-
instion of the number of leaves 1n a truss, and it 1s wise to calculate stresses before de-
ciding on truss details.

Loyout

For flat trusses, the depth should be 1/8to 1/10 of the span  For pitched trusses,
the roof slope should be at least 4 12 In bowstring truuses, the radius of the top chord 1s
usually made equal to span (depth 0 134 span), althoveh a grester ridius ray be used for
low-rise trusses, and a shorter radius for high-rise trusses.

Panel spacing may be controlled by the deswed locution of purlins or concentrated
loads, or by secondary bracing, usually panel lergth should be selected for bost economy
of the whole structure Usually the fewest panels that will give reasonable compression
chord and web sizes should be used. For bowstring trusses, with top chonis umformly
loaded, this asually means a panel length of & to 12 fect depending on truss ~pon

Trusses should be cambered 1n the shop to offset 1nitral deflection ~rsuiting from the
setting of joints and to provide good appearance under dead aad lhive load.  Recominended
camber 1s given on page 212,

Design

Timber trusses are usually considered as pin-connected trusses, ard conlinuity i1s
often taken into account in calculating combined bending and axial load 1n chord members,
where roof loads arc applied directly to chords Stress dizgrams are drawn fo:r balanced
and unbalanced live loads, wind loads, and special loads Recommended loading corb

nations are given on page 46

Members are designed for the allowable unit stresses gi:ven on pages 11 to 13,
Connectors are designed according to the data given beginning on page 142.

For a given combination of live, dead, wind or earthguake loads, the duration of suct
combined load can be only as great as the shortest duration of any of 1ts compunents, and the
working stress permitted for the shortest duration tn the conbination should be applied tc
the member stress induced by the combination of leads of venious durations  Thus for :
member under dead load only, 907 of the tabulated allowable wnit stress should be usad, for
a member under dead, floor and snow loads combined, 115% of the tabulated value should
be used, for a member under wind, dead and wind, or dead, Lve, snow, and wind, 133% of
the tabulated load sbould be used. A check should be made on indiwvidual combinations
to determine which will govern. Factors for duration of load aze given on page 13

In the desizn of bowstring trusses, when radws equals span, the central angle formed
by the truss 1s 60°%, and the top chord compression in the end panel 1s numerically eaual te
the total load on the truss. Because the cucular top chord is very close to a flat parabol:
in shape, the top chord stress is nearly umiform throughout its length.  Bottom chord stress
1n such a bovstring truss varies from 90% to 95% of the total iead on the truss

If the roof load 1s applied directly to a bowstring top cheed through deching or jo sts,
the direct bending ts equal a.d opnosite to the bending caused by eccentnicity of the curved
chord, and the chord need be designed only for axiel load ~rd for the relatively small bend-
tng moment wlich results from the dead load of truss and susgended ceilings.  If the roof
load 15 appiied to a curved top chord through purlins at paael points only, bending 1s 1n-
diced in the curved top chord equal to the amount of cccentricity multiplied by chord stress,
mnltiplied by a factor of 0.85 for continuity, the member must therefore be designed for com-
bired bending and compression.



If the roof load 1s applied directly to a straight chord, as in a flat or pitched truss, the
ord must be desivned for corbined bending and axial load.

In houstring trusses, the preatest chord stresses are producad by fuil balanced vertical
ad, the gpreatest web stiesses are caused by unbalanced vertical load.

2toils

Bowstring Trusses. Monochord bowstnng trusses may have either continuous g.lulam
rords, or sawn chord segmeats abutted at ranel points. Web members may also be single-
af, fastened to chor’s by steel straps or gusset plates, or may be double-leaf, placed out-
de the single-leaf chords, and fastened by bolts and connectors.

Double-leaf bowstring trusses usually have single-leaf web systems, connector-joined
y chords. Since web stresses are low, a connector assemblv on a single bolt will usually
affice for the webdc-chord joint The eccentricity resulting from such connections will
ot vsually produce shear stiesses that are too high, and they can be calculated and allowed
> in design.

Welti-leaf trusses are bwilt much the same as double-leaf trusses, the web members
aving one less leal than the chord. Double- or multi-leaf chords may be of curved glulam
: of cverlapping segments of sawn timber. Occasionally where web stresses are high, the

H

/eb rember may have one more leaf than the chords.

Wely members or chords having more than one leaf may be designed as spaced columns,
swovided the end fisity and spacer-block requuements are met.  Spaced colurn design s
aven 1y CSA Code 086, and data are given on pages 122, 123, 128 and 129,

Flat and Pitched Trusses. Monochord flat or pitcled trusses are usually of the rod-
nd-firber llowe type, with diagonal web members dapped into chords, and threaded rods
:xtevding througl the chords.  Such joiats can be designed to avoid eccentricity. Daps
stould not he wade more than one-cuarter the depth of the chord mewrber. When calculating
et section, both the hole and the dap should be deducted from gross section.

Double- or multi-leafl fiat or mtched trusses are sometimes designed, but usually only
for light loads  jleavy londs lead to large web stresses, for which the rod-and-timber type
of truss 1s better adapted.

The use of multiple connector-and-bolt assemblies in web-tochord joints should be
avolded ualess the members have been fully seasoned before fabnication to the moisture
content t' ey may be expected to attain in service In seasoning, wood shrinks across the
grain but not along the grain  Thus the shrinkage in members permitted to season after
fabrication and which meet at an angle to each other causes distortion of the bolt pattern.
The resulting "shrinkage stresses” cause splitting and lessen the load-carrying capacity of

the joint.

In outdoor structures, and even jn indoor structurcs of constant occupancy, some
seaso 1l i oisture changes 1 the wood occur, and thus joints which would result in "shrink-
afpe stresses™ should be avoided wheiever possible. When they cannot be avoided, wood
should be seasoned to as ncarly its final equilibrium moisture content 1n the structure as
possible, stitch bolts across the ends of veb members, ard saw keifs to control location of
spiits, may be helpful. The harmful effccts of shrinkage stresses are at a minunum when
otly one conccotor dssembiy 15 used in the joint, or when the members to be joined are
v xr}‘lvl avlare alihe 1n woisture content and shninhage charactenstics, asin a choid sphice

Splices and leel Joints

1 ~d
Sphices 1y chord wembers should be made betwoen panel pownts wlencver positle
. - . e, and
uee should be eade symmetncal shout their centie lines with resject to sjhoens an
e es ) y

jomn' s to tehe avant e of preduction and as<embly economies,

Compression splices in chords may be made by installing 18-gaupe galvanized sheet
metal separators tightly fitted hetween abutting ends to prevent inteclocking of end grain,
Splice plates bolted to the outside of single-leaf chords, or between the leaves of double-
or multi-leaf chords, serve only to lold the abutting ends in position and do not transfer
load.  Thus the use of split rings 1n sucl sphices is unnecessary.

Similar splices may be made using steel splice plates, when truss thichness is s
factor.

Tension splices may be made using wood splice plates and split rings, or steel splice
plates and shear plates.  In multi-leaf trusses wood splices, or a combinaticn of both wood
and steel splice plates, may be used  The arrangement of splice plates and connectors
should be such that the Yoad istransferred as evenly as possible between chord sections,
without eccertricily, this usually requires symmelry about each of three planes through the
centre of the joint.

Consideration should be given to the possibility of differential stnnlage btetween
splice plates and chord, as when unseasoned sawn splice plates are used with seasoned
glulam chords, or steel splice plates are used with sawn chords, The effect will be great-
est when members are deep and gage lires of connectors are widely separated, 1t can be
mimmized by using two narrow, piralle! splice plates of wood, or two steel straps.

Heel connections must transfer the Lerizontal component of load {rom the top chord of
a bowstring or pitched truss (or the end diagonal of a flat truss) into the bottom cherd, and
the vertical component to the supporting column or pilaster. For hight loads, woad heel
spl.ces and sphit ring connectors may be used, with hght stecl bearing plates between truss
and support. For larger trusses and heavier loads, welded steel assemblies are used, in
which the top chord or diazonal bears directly on a steel heel plate, to which Straps are
welded which transfer load 10 the bottom chord through shear plates.

The number of sphices to use depends unon the avarlabihty of commercial lengtls of
timber and the lengths which are comvemient to ship and handle in assemlly and erection.
They should, of course, be as few as possible.

Western lumber species (Douglas fir, western hemlock) are usually readily available 1n
lengths up to 20 fcet, and are obtminable on oider aith reasonable ease up to 32 feet.
Lengths over 24 feet, however, usually cury a premium price.  Fastern species (2astem
spruce, jack or red pine) are not readily available 1n lengirs preater than 16 feot

Glulm leraths are limited only by tle size of the pluat i whick they are produced,
skipping restrictions and handling ease The mavimum length for any given truss wember
will depend to some extent upon 1ts cross-sectional size and hence uts flexibility, Trusses

of 80-foot to 100-foot spin will probably require one chord splice, and mote than 100 feet
two or more chord splices,

Truss Spacing

Distance betveen trusses 1s controlled by the nost econormical artancerent for the
loads 1o be carried ind the ather sonices to he porfomed Ly the oef stiveture, et ss
support of crine rails or cailing All other requirements beme caual, best economy dejen, «
upon the men bers which teot upen the tius “cs and suppart the roof Geck

For suvn geists of custern specie |, the 1 ooanium prectienl spacing, ard usually 11 e
rost economical, 15 16 feet Tor savn jorsts of Pou, bee fir or v entera Testork, 20 6 ot s
the wevamum aad uu My mest ccanamical The spocre of trisar o ahich support Dy te ?
orphinh dochs icotly <hould be the cenaaue allew ble far the wpectes and thackae s s of
Tl wned Spaci of tiu cos ot Yoaa than 12 oot centres, gecardless of foehing e

wHer ents s weldon cconorcal.

O ,



When glulam puthins are used, the spacing 1s himited only by good cconomy, since
glelam members can be rade to any length. Spacings up to 30 fect have been found eco-
noic ]l Por buildings of asy cextent, whare truss spacing 1s not controlled by other con-

siderations, namvestietior af cost of roof structure for different truss spacings and purlin
artargements may be dvisable.

Longitudinal sway bzacing, perpendicular to the plane of the trusses, 1s usually pro-
vided by sawn X-bracing im a vertical or near-vertical plane. Recommended X-brace and
strut sizes arc given on page 213.

Wind Brocing

Lateral wind bracing may be provided by end walls or intermediate walls or both,
provided the diaphragm actien of the roof or the horizontal bracing is adequate to transfer
wind loads to the walls, 3=d provided the walls themselves are adequate. Knee braces
between trusses and columns may be installed to provide resistance to lateral loads to

each building bent.

lforizontal {riming betwxeen trusses consists of struts running between trusses at
Yottom chord level, and diagenal tie rods, often of steel with turnbuckles for adjustment.
The anangement provides a borizontal truss apd stould itself be analyzed for the required
wind loads 1o determine member sizes and connections. Struts may be of sawn of glulam
timbers, fustened by clip angles to truss chords, or may be tee struts of tv.o planks spiked
together and to the truss, snugly fitted between truss chords. Reccmmendations for strut
sizes are given on page 2130

When hnee braces are wsed, the truss, knee brace and column should be analyzed to-
gether as a building bent beth for the wind loads apphed and for vertical loads. Bending
actions 1n hnee braces should be considered and caution exercised to prevent splitting of
the knece brace because of overstressing 1n combined bending and axial stress.

Fire Resistance

When trusses are to be incorporated 1n a building of "heavy timber" fire classification,
the mimimum truss member size will be specified by the applicable building code. The
National Building Code of Canada (1953) Subsection 4.1.3 5 requires nominal dimensions of
single roof truss members to be at least 4" x 6" in unspnnklered buildings, this is a
common building code reqguirtement Other requirements deal with spaced members, sprin-
Lered buildings and other details, the building code in force should be consulted before
procecding with design [est economy of trusses built to quahfy as "heavy timber" will
be rcalized when the member si1ze required for fire resistance 1s not greater than that re-
quired for structural adequacy, this may dictate the most practical spacing of trusses and
the purlin size Data on the fire prerformance of timber 1s given on page 262.

Stendord Trusses

Sere timber fabricators provide standard trusses for the more common roof loads and
spans  Such standard trusses may well be more economical than trusses especially de-
signed for a speaific buailding, because of the advantages of quantity production, they
should be considcred whergever they may prove suitable.

() B
TIMBER ARCH DESIGN

The des:gn of three-hinged arches of the Tudor or Gothic type is not difficult, but in
some cases it may become quite involved. Experience n arch design will permit the design-

er to avoid onerous calculations of non-critical conditions for the particular size and shape

of arch being considered.
Snowt

Generally speaking, vertical gloads will govern at roof slopes under about 40° and wind

loads at greater roof slopes, for customary building proportions.
In Mexico wind il sbably gaevuern.

In the following pages, the corplete design of a Tudor arch by exact methods 1s detail-
ed, an approximate design method suitable for roof slopes under 40° and for preliminary
design purposes, 1s also given. This lalter method 1s usually sufficient for architectural
purposes, but critical factors should be checked by exact methods before proceeding.

EXACT DESIGN METHOD

) Basic Assumption: The- designer must first make certain assumptions regarding (a)
variation 1n arch depth, (b) radius, and (c) whether haunch, if any, will be sohd or open.

Most haunched arches are tapered from the haunch toward the base and toward the
crown, so that at any point along the axis the section will suffice for combined beading and
compression, and so that the scctions at the base and crown will be adequate for shear.
In practice, the base and crown depths are usually %to % of those at the tangent poiats to

avoid excessive deflection If maximum taper 1s desired, stresses must be checled at a
rumber of points along the axis.

Usually it will be sulficiently close to assume the arch axis to be § inches 1n from the
outer face of the arch at the heel and crown and 8 inches at the tangent points, Hut if an
exceptionally deep or shallow arch 1s required these distances may vary.

Somectimes an arch curved from base to crown is required. Such arches are usually of

uniform section, 1n which case a conservative assumption as to depth must be made.

To permit the use of 1%,-inch laminations a radius of 40'0" may be used i the cune
1S continuous to the base or crown or a 32'0" radius if the curve stops short of these
points. However, a much shorter radius 15 usually desired, a typic

e ‘ al one in commen usage
being 9'4" for *-inch laminations if the cume stops short of the b

ase or crown or 12'6" 1f
1t 1s continuous to an end. See page 209 for lumting radu. The shorter the radsus the

more costly will be the arch, prticularly 17 laminations less than 1" nominal thickaess
are required.

When the roof slope 1s flat the haunch may be very deep, and 1t may be econowical to
leave the haunch open above the actual structural member required. The toof 1s carr ed by a
sloping beam supported at the 1nner end by the arch aad at the outer end by the wall

applicable, except for the determ-
wind pressure and the method of combining force
loading, thes 2y vary according to the povernig by-faw. Here wllowable toads aid com-
binations thereof are accordance witl, the N.ational Building Code of Cur ada and
according tothe CS A X

Desrgn Procedures The following steps nrchg(-ncrnl]v

s due to vanous coaditior s of

stiesses
of Recommendi d Pructice for Enpincenng Design an Tuaber.
o

1 Determine dead, snow and wimrd-Joads and their points of apphication

(a) Dead load per sq.ft of rom‘h.'ﬂch may be estimated at § Ihs per square

foct, roof and ceihing actual deud loag~§ ¢ page 266 for wesghts of building
materials

(b) Snow load 1n pornds per square foot of horicort il

recction maltiplied by
factor [1-00233 (roof slope 1n deyrees =20)) (nee p

Z
e 493)




PRELIMINARY ARCH DESIGN

and the roof slope is under about 40°, wind will
b takes into account vertical

with the same example vsed

When preliminary sections o€ required
sbably not gosern and the follawing simphified design, whic
ads only, may be used. The rethod 1s given in conjunction
the exact desipn method previausly gnen.

1. Sketch the outhne of the arch as hefore, assuming 94" mimmum radsus. The dunen-

sions, loads, and strength data are:

I Dimensions®
Span 45 0 ft, haunch height 14.0 ft, crown
height 34.0 ft, spacing of arches 14.0 ft

v Loads.
DL 15 psf + LL 40 psf = Total vertical load

S5 psf.

34 0'

Allowable stresses (normal duration of load +15%

for snow)"
1

Bending: (2400) (1.15) = 2760 ps:
Compression parallel. (1600) (1.15) = 1840 psi
Longitudinal shear. (1653 (1.15) = 190 psi
Compression perpendicular (390)(115)=450 psi

| |

Assume Lhe centre of curvature and scale vertical distance from elevation of arch base.

2 Determine horizontal thsust at arch base, by summation of moments for half arch,

or by formula: - Roof load ¥ arch spacing X S an?
8 x crown height
1= (55) (14.0) (45.0)_z - 5.7 kips

“(8) (34 0) (1000)
3. Determine moment at tangent point (opposite centre of curvature) of wall arm.

M= (5.7kps) (94 V) (12) (1000) = 642,000 1b. inches

ction modulus at that point*
g-=M - 642,000 _ 233 inches®
Fy 2760
Fiom "Propertics of Sections", 5%" x 16%4" has a
In this case, since the roof slope exceeds 40°
it 1s best to assume an arch of one or two
" x 18" estimated arch size st tangent

4. Determine required se

5. Determine arch size & tangent.
‘ soction modulus of 238.2 inches’.
shghtly and wind maw be governing,
laminations greater depth. This would give S
point.

6. Determine arch size at hase, by formula

_3 ___ MHonzontal reaction _
2 Allowable shear stress x arch width

8= _(3)(5,700) __ g 6 inches
(2) (190) (5.25)

ount reqaszed for shear strength alone As in t
s. of the depth at tungent ponts, or about VA

This 1s the an he "exoct" method, make
arch depth 4t base . Crown depth should be
tne same as base depth.

It should be noted that this method yiclds only approximate tesults, and this only when
<o that wind dees not govern (about 10° or less) In this
n would have been too small, tad

method provides approxanale

the roof slope - flat enowh
overming, and the cateulated sectio

evarple wand wos 7
ttowever, this

extia Viranations aot Leea sdded arbitranly.

GLUED-LAMINATED STRUCTURAL TIMBER

BENDING STRESS REDUCTION
FACTOR FCR
- CURVED MEMBERS

Yalues of 1-=2000{t/R)?

“res GUachly, Uyn‘h’rmnr,' cutinates

2

12 accordance with CSA 086-1959, the working stress in bending, for
the curved portion only of members, shall Lbe m '

, se modified b 1
by the curvature factor y multphestion

1 - 2000(t/R)*

where t = the thickness of the lamination 1n inches, and
R = the radius of curvature of the lamination 1n inches.

Rodius of Curvature, Fcet

8 910 15 20 10 10

3 4 5 6 7

100

09s

0.90 .

085

0.80

0.75

070

For standard thicknes<ces of
Douglas fir only, the recom-
mended mimimun radn of cur-

viture and the beadiag <tieas

redoction factors are histed

06s

FEoL b Iacimaton Ly 0T
s ‘ Tlickness ;.hmr‘.um: Factor |
’ v 1rd J R ; ‘
! B Tinypent Q'—J'i‘ 00

[ } Cur o ~d 3 126", 0930 4
5 6 g PO Taaoat 32=00, 0667 )

f Cirred AL 00 0 D677

Radios of Curva!urc, Feet

A
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CAMBER OF TRUSSES AND BEAMS

YSTRING ROOF TRUSSES

L S Sp on ——-—

I
!

Scgmental Overlopping Sawn Timber Chords
Canber in bottom chord only, equal to % nch
per 10 feet of span.

Continuous Glulom Top Chord

Camber in bottom chord only, equal to % inch
per 10 feet of <pan.

,ANGULAR ROOF TRUSSES

Lere feasibie, carher
v top and bottom chaords.

vV

; N

Spcn

Sown Timber or Rad and Sown Timber

Camber 1n top chords equal to % inch per 10
feot of span, camber in bottom chord equal
to '~ inch per 10 feet of span.

Glulam Timber or Rod and Glulam Timber

Camber 1n top chords equal to % inch per 10
feet of span, camber in bottom chord equal
to ¥ inch per 10 feet of span

¥E AND PRATT ROOF TRUSSES

A

'—- —— -— Spon - - ———J

Sown Timber or Rod and Sawn Timber
Camber 1n top and bottom chords equal to %
inch per 10 feet of span.

Glulam Timber or Red and Glulam Timber

Camber 1n top and bottom chords cqual to %
inch per 10 feet of span.

'PLE GLULAM AHD OTHER BUILT-UP BEAMS .

Lo e = SpEP e el

Cimher equal to deflection due to twice the dead
load.

Alternatively, camber of % inch per 10 feet of span
will sunt m.a'ny conditions of loading.

0-SPAN AND OTHER COMNTINUOUS

UL A

Spon ' Sa-~n .1 Soon

GLULAM BEAMS

Camber hwlt into these structures shoull account
for the loadiag combinations on the various spans.

With roof spans, the centre-span camber should be
areater than the adjacent-span carber to prevent
l:“(CC'i\il\C overloading due to unforescen live loads
as, for example, rain water accunaultion.

—

ANTILEVERED GLULAM BEAMS

[- oo —.:.»-—"-/l—)

. 1
Inadequate camber n cantilevered beams should
b avor od for ple cang apprarance

Al i
Tre ohviee of the fabrcaior hould be seastt O

o e orornrements an e stractores

O
ROOF TRUSS BRACING

During the erection of a structure such as a building, bracing is required between
trusses to provide lateral stability and to resist buckling of truss chords under compresston.

Vertical, or near-vertical, crossed sway bracing, acting 1n tension only, 1s usually
located 1n alternate bays to align each parr of trusses erected and to prevent overturning
of these trusses Each truss should be braced on at least one side.

lorizontal struts, butted between bottom chords of trusses and continuous from end
to end of the structure, assist in positioming the lower chord. In a simiiar manner,
occasional purlins may be used to position the top chords of adjacent trusses.

A built-up member of two planks in the form of a "T" can be used to resist compres-
sion and, if designed properly, tension as well. To be effective, these struts must be
fitted snugly between trusses, and where tension forces have to be resisted, too, must be
secured by adequate fastenings to each other or to the bottom chord.

The following table indicates for various truss spacings and spans the recommended
size of members to be used 1n T-struts and vertical sway bracing. Lumber used for these
purposes should be of "Construction" grade (B.C.L.M.A.) or equivalent per CSA 0141-1958,
Specification for Yard Lumber.

These member sizes have been armved at through field experience and are sals-
factory for bracing and alignment of trusses during ercction.

If laterally applied forces can exist, such as wind loading, then a horizontal bracing
system, independent of the above ordinary truss bracing, must be designed and installed to
transmit the forces to the walls and thence to the foundations.

© T Tiuss Spacng
Truss
Menmb - R A
Span mver 14 e 18 20° ] 22' 24
30* - 59 T-strut Top piece 2x6 2x6 | 2x8 | 2x8 ! 2x 10| 2x12
One line DBottom 2x6 2x6 | 2x8 2x 8 2x10 | 2x12
of bracing i
X—bracing 2x6 2x6 | 3x6 | 3x6 Ix6 3x6
60' - 89' T-strut Top piece 2x6 2x6 | 2.8 | 2x10 | 2x10 | 2x10
Two lines Bottom 3x6 326 | 3x8 3x8 3x8 3x10
of bracing |
X-bracing 3x6 3x6 | 3x6 {326 3x6 | 3x6 |
90" - 120" T-strut Top prece 2x 8 2x8 | 2x10 1 210 | 2+10 ) 2x 10 ;
Three lines Bottom 3,8 Ix8 | Ix8 | 3.8 3x10} 3413
of bracing |
X—-bracing 3v6 | 3x6 | 336 1336 | 3x6 1 IN6
Notes

1 Struts should be assembled with nails
with at least 3 nmils
the T-strut

it one-foot certres and <honld he cpiked to truss<es
The nail lenpth shonld equsl twice the thickncss of the top prece of

Alternatinely, rectanpularly cross-sectioned atruts miy be used 1n vhich case the truts

conncctron is made with chip angles and machme bolts or by means of a properly docyy aed
hanger.

2 Sway braciig should be bolted at cuach erd to truss web mambers with ‘. inch ~achine holts,
and be faatened at their intersection with a spacer black and one ','. Inch muchineg bolt
Alternatively, chip angles and bolts may be uscd to connect bricing to trusres,

Steel bar with turnbuckles and chips for bolting to web punel pointa muy be subntituted lor
womlen awny bracing men bera
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SHOP DETAILING PRACTICE

Good drawing office practice 1s cqually applicable to timber and to other matenials.
ve follostng practices are geserally followed by members of the Canadian Institute of
~ber Construction, and serve 3s a rehiable guide for designers and detailers 1n all offices.

ancral
The wmetheds of prepaung shop dctails will depend upon the nature and complexity of
e project.  The follovang general rules apply, however, to most detailing jobs.
1 Careful planning of drawing and layouts 1s necessary for ease of reading and good
appearance.
2 Repetition, unnecessary pictonial details, drawings more easily described by words,
and encessive fabricatien details should be avoided. .
3. The principle of symmelry, standard symbols, and simplicity in erection drawings

should be used to full advantage.

All information necessary in order to fabncate and erect should be shown or refer-

A

red to on the drawings.
ypes of Drawings Required

Architectural drawings will usually show the general shape of structural members, and
eir relationship to other elemzats of the building. Detailed drawings are necessary to
bricate and erect the structual members. Such drawings are of three types. framing
statls, hardware or connection details and erection or layout drawings.

Froming detoils are needed for the fabricating plant to manufacture members of the
auised shape, trim them to the required size, and do the necessary boring, routing or
apping.  The 1nformation on the framing details should refer only to the actual framing
7 the stem All daps, cuts znd counterbores should be accurately detailed. Standard
atailing symbols should be used, as given on page 210.

Framing details for trusses are usually made as part of the assembly drawing for the
uss, and plywood patterns are made to cnsure accurate fit.  When the truss 1s symmetri-
al, only half need be shown,  a small sketch showing picce marking1s included.

For surple jobs, 1115 usuilly sufficient to draw elevations of typical frares or bents.
11 information 1s provided ca the elevation, such as gcometry, fabricating details, and
scation of hardware A Iist of connecting hardware 1s shown next to each joint. Separate
'etails should be provided for cross bracing, slruts, wall conncctions, or other types of
rembers used A scparate detail should be shown {or whaitever cannot be taken care of
v the elevation of the bent, such as 3 purhin hardware connection derail or end cutting
letal.

In more complex jobs, {raming members m plines nornal to principal bents must be
Mown on additional clevations.  Jobs of this kind would include buildings with wall wind
racine, mipler-ond beam buildiags, and others These additional elevations may encompass
be hale building or they may be partial elevations, sufficient only to detail the membgr

equin Two be framed.

Far still more complex ,2bs, such as shew frames or hp and valley roofs, at often is
~und conenient to chow large jomt Jetrls and indicate the hardv wre st the joint. Lumber
It als are then shown separately with all inflormation required for fahrication hut without
“ard v are

Hardwore details are for the most part drawings of the fibncted and often wetled

Ve ot
-teel pars used for connectng turber members, they are necded for the cteel ful i '

O

to work from Since the steel 1s often not fabricated 1n the same shop as timber, all neces-
sary dinensions should be shown on these detatls without need for reference to other details.
Plywood templates may be used when necessary to ensure accurate fit of bolts or lag
screws.  llcle locations and dimensions should be shown as 1n standard steel detailing.
Standard welding symbols should be used When standard steel connections for which

drawings are available are called for, they need not be detailed but are merely referred to
by number.

Erection details are needed by the erection crew at the jobsite.  An erection planis
drawn for the roof and each floor of a structure. This plan locates the centre hines of
framing members and their location 1n relation to each other and to the rest of the structure.
Member piece marks are shown on erection details.  Anchor bolts are usually not detailed
on the erection plan since they are indicated on elevations. Anchor-setting plans, may,

however, be shown 1in these drawings, or on a separale anchor-setting drawing, when
requested.

Layout of Drawings

For sumple jobs, it 1s often possible for all three types of details to aopear on
one sheet. For more comrplex jobs, better practice dictates that separate sheets be used.

Information pertinent only to one kind of detail should not be repeated on other detail

drawings, e g., a reference dimension essential to the erection plan is of no use to users of
framing details.

Deta:ls should be arranged on the sheet so that they are easily read, so that there s
adequate clearance between drawings and dimension lines, and so that enough space 1s
allowed for the later possible addition of needed notes or sketches.

Scale

The scale selected for drawings will depend to some extent on the size of skeet and

s1ze of structure, but should always be large cnough to allow easy reading.  The following
scales are usually satisfactory

Framing plan elevations. AN A = 1o
Framing detals %"oor M - 1o
Hardware or steel Jdetails. 1" or 1% = 1'0"
Erection plans. o Y - ret

Piece Morking

Each member should bear a piece mark, which 1s shovn on the framing details or hard-
ware details, erection plans, and 1s marked on the member stself.  All p;cces beanng the
same mark number are interchanpeable, and conversely no two pieces wlich differ m) aay
way should tear the same mark numwber.

Piece mark numbers usually consist of a letter desionating the type of member, ard a
number, e g., bear marhings might he shovn as B1, B2, B33, ecte. ‘lf two menbers daffer
only 1n that they are night- and left-hand, they are usually so marked, e g, BIL and BIP
If there are only small differences from a standard 1ember, 2 letier ray be suffined, o v
B2, B2A, B2B.  Steel parts are given the same type of picce marhing. ™

Standara Lardware
such as holts and tirber coancctors are not piece marked.

When tvo preces are matchied in the shop and should be surilarly matched in the field,
each piece slould bear a separate mark numbar so that they will be erccted properly.

Material Lists

, ditenal lists are necessary for completion of 4 job I'hey may be shown on tte shop
riuin - N
#s, or may accompany the drawings as separate sheets L.sts of the hadware,

S O
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plates, or welded assemblies, which are requued for

«ch as bolis, washers, connectors,
te the joint on the framing details.

sinple coaneclion slould be shown opposy

ICOI'QI'\CCI
The following clearances should be cbscrved 10 detaihing’

1. Polt holes 1n wood or stecl should be 1/16 inch oversize, anchor bolt holes may

reguiie additienal cleazance.
2. Holes for drift bolts <hould be the same size as the duft.

3. 1loles for lag screws in softwood should be bored so that the lead hole 1n the main
menber for the shank is the same s12¢ and depth as the shank, and for the threaded
portion appromim stely 3/4" of shank diameter, holes 1n side members should be
1,16 inch oversize, 2$ for bolts.

4 Daps should be 1/16* greater 1n size than the member which frames into the dap.

5 Sile clearinces between members should be 1/8 inch, or between member and steel
shoes or hangers, 1/16 inch.

6. ‘“here members must span exactly between two fixed powts an end clearance of

1/8" should be allowed.

Cimensioning

Standard dumensioning mactice should be followed. Whenever possible, holes should
be located on pruge lines. All gauge hines and other f{abricating dimensions should be
refered to the same datum plone Fractional dunensions should be shown to the nearest

1/16 inch

S3zes of menber cross-sections <hould be given 1in inches. Actual cross-section size
of plui wr members should be given, and nominal size of sawn membeis. Sometimes 1t 18
necess iry to suiface sawn members to standard fimshed glulam sizes, n such cases the
actual size should be givea, with the notation "actual”. All other dimensions should be
given in {eet and inches.

Radius and location of inner cdge of curved members should be shown, except that
when twius 1s larpe s 1n a cambered beam, ordinates may be shown instead. Where only

inal camber of a beam 1s given, the beam will be cambered to a
'

centie ordmate for now
parubohic profile

When a4 men ber, truss or arch 1s symmetnical about a centre line, the symmetry should
be no'cd on the centre line and dimensions given on one sude only, referred to the centre

Line.
Notes and Special Data

\futerial requirements may be given on the matertal lists and need not be repeated on
the drasinns

Aadition.] data which 15 requued to descnbe fully the structural members and which
mat be rcludod in notes aa drawings or on material Lists, are as follows. )

1 Grade for saan weabers, of tress-grade for glulam members.

2 Scivice prade (integior or estersor) for ghelam menbers.

3 Ap;eotince e for glulam werhers,

4 Timinh (soal eoat, stan, varm b, ete )af required,

Proarc stive tee deent af required

i

6 Wrapping. crating, of shipping requiren.d ats

GLUED-LAMINATED STRUCTURAL TIMBE ™\
{
i

MINIMUM RADI!l OF CURVATURE

"I‘ ~
. eCleshe f-zxdsombldv layup for curved merbers 1s governed by the same considerations of
OF o I, giade and end joints that apply to straight members, but the mayumum thickness
e laminations 1s governed by the curvature to which the lamimnations are to be bent

Lun :
. um:ertlh?[l 1S 1lo iccome part of a cuned laminated member must be unheated and
en bent after glue has heen apphied The i (
k practice of steaming thick lumber to pe
bending to sharp curvature has no apphcation in glted-laminated construction permit

Standard lamination thicknesse /s ches and nct 2 the most
S are ncne ¢l 1;, mcnes. Gcne_rally, e
economical menbers can be pr(x]uv('d from laminations of standard thickness

Lar e
o a"ltmalxon ﬂ;(lcl nesses other than standard require resurfacing, thus a greater quantity
amnating stock of standard thickness must b | :
E st be consumed to build th red s
When for some reason a radiwu A
b as s less than the recormended m ¥
ended mimimum for %-inch laminatio
1s required, 1t 1s advisable to choos y o
, e the greatest possible rad
C s and to consul
laminating plants before prepanng specifications. neult wh

Minimum Bending Rodii Recommended for Douglas Fir and
Clear Straight Grasned White Oak ot o Moisture Content
of approximately 10 Percent

Lamination Recommended Minimum Radn of Curvature
Thickness
. White Oak Douglas Fir
Tangent Ends Cunved Ends

I/. inch L t "

; 1'-6 2'-7 2P=-7"
Y 2 _gn 4 _Qn g7
l/z 3! — 7II 6! n - ~!
% 4' - 10" s o
. _ 70 _g" T
Y% (Standard) 6' ~1" 9'—~4q" 1’9" é?
1“ 7' -9 15' - 0" 200 - 4"
“ 11' - §" 20" - 8" 28" - 0"
1Y% 14' - 10" 27' - 6" 35'-6"
1%, (Standard) 16' - Q" 32'-o" 40"~ 0"




s type of connection may be

SUSPENDED BEAM CONNECTIONS

¢ contilevered ond suspended postions of beam arrgngeme

sm connections moy be mode provided they resist odequately the vertico

It is 1n tensy
Arranging beams so thot rod ot bo
:ulur%«rghe(s when loads ore great end beom dimensions permit, wesher di
g s

plates simid

Centilevered
— Swpporting
- Y¥ember

s shown in

Washer

rmode wsing bolts or threoded 1ods, with round of
peges

Supported
Member

square § ecio) plate washers, between
106 1o 112. Other types of suspended
| and horizonta! forces imposed.

ar tc those shown on pess 234 may be odded 10‘
a
pended beom connection may be made similar to the conce

SQUARE PLATE

trensfes later

Reod or Bolt
Load, Lb.

on avaids sheor at notched corners
mensions must

—

ROUND PLATE

Rod Washer
Diameter, Diometer,
n.

Steel = 20,000 psi

Two bolts —ay be used with recton-
be odjusted accordingly Side
ol loads across the joint, Another type of sus-
ed purhin hanger shown in drawing 20 on poge 232.

e

o Rod Sice of Minimum
T | o | WS [T n
L e | Mesben e TR T
o Tensile Strength of
e R ___.‘
2,540 b " v,
4,110 s 3, %
6,140 A 3\ "he
8,520 \ % ¥, :/,
11,200 1 % he
14,100 1% YA 5
18,060 1y, ) A
21,40 v, e 3
26, 260 1, 8", A
35,430 v, | 9 1
v 46,710 2 \ 11 1y
Tensile Strength of
2 |y 2, "
3,700 \ V] 3 e
5530 | % EiA %
7680 1 7, ‘ P, \ e
0,09 11 s L,
12600 11, \ O
7S, S R U A SR A
SER S O N B
2352 . v b8 b
M 1L 9. M
42,04 ' :

2,560 % 27,
4,110 % 3%
6,140 kA ay,
8,520 . 5%
11,200 1 6y,
14,100 i 7
18,060 Y, 7%
21,430 | 1% 8y,
2,260 | 1% 9y,
35,430 1%, 11
46,710 2 |

Steel - 18,000 psi

2,310
3,700
5,530
7,680

10,090

12,690

16,250

19,290

23,540

31,89

42,010

1, b et Ve fleinnge e

Mimimum
Washer
Thickness, In

TYPICAL CONNECTION DETAILS
ARCH SHOES

The most common type ‘of connection between the b
of arches and the foundation, this 1s also the basic &+ -
for the variations shown 1n (2), (3), (4) and (5) below.
shoe 1s for use when the honzontal component of the
reaction 1s transferred to a masonry pier through ar
bolts, and the foundation must be designed to carry
horizontal thrust. Piers may be designed as cantilevers,
they may he tied together across the building through
floor slab This type of shoe 1s suituble for honzor
thrusts up to about 10 kips. Dimensions and caurying ca
cities are given on page 236. A concealed arch shoe may
made by slottirg the arch along 1its centre line and vsin
single plate in the slot 1n lieu of the side plates.

T
a
4

For use when the arch 1s supported on a steel f]
beam. This 1s the same asscmbly as 1n (1) above, exc
that the anchor bolts are omitted and the base plate
made narrower The shoe 1s welded to the {loor hemm, wh
carries the horizontal thrust by tying across to the oppos
side of the building.

L\h

For concrete foundations not de<ipned to camry h
zontal thrust This 1s the same design as i (1) aho
except that anchor bolts and foundation nced not camy
horizontal thrust. ke base plate should be exteaded
enough so that the tie rod does not interfere with the b,
of the arch A shortl rod <tub should be welded to the pl
and threaded for a turnbuckle.

A vapation of (3) having the rod extending throvgh
arch can be used when the floor construction peimits,
in joist {loors.

For use with glulam floor beams This as the desig
(1) above, with the base plite extended {ar enovgh to pe
installation of lag screws and shear plates n the top of
glulun heaw, to conry the horontal thrust  Archor b
caa be lihter than an (1) sinee they do not carry hoose
load Alteimnatively, the floor heam may be exteded <o
the arch rosts directly upon 1t ratbor than vpon raen

For found ition .iches, ahere the brannpg w1
inchined <o that louds parallel to tte beooriayg e
anall Snoarlar to a celvan hae, the e plates n
chip anples or weblled T, Shear phoes may be ey
i the o ch 1o resant toads wress the b st face,
when moccasary anchior bolts must o te ! o

e ant o uch Joads Toe Lirpe found ition nrehes 0t o

connection ruy be desirable. O
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TYPICAL CONNECTION DETAILS
COLUMN BASES

T I The simplest of column bases, this may be used whe.n
B | Y ® [ uphft forces and horizontal forces are neghgible. It is
e J: most frequently used for small columns.

| ]“ -
4 Sl 4 7
& ! : | 4 4
P s |“ 4 4-
L8 O i !/." dia dowel x 1&"

g

Ln

4 n -‘l-l,".émm

When uphift or horizontal forces, or both, may exist, a
column base similar to this should be used When necessary
for greater end distance in the coluirn, the upstanding leg
of the angle may be increased. One or more bolts may be
used through the column, with shear plates if necessary for
the horizontal load to be transmitted.

For the same uses as (8) above, where 1t is desirable
to provide umform bearing surface under column and angles,
or where 1t 1s necessary to distnbute the vertical reaction
over a larger area than that of the colurn The base plate
<hould be a minimum thickness of Y%-inch, but where the
load must be distributed the thichness depends upon the
area over which the load must be spread.

For usc where there may be some honzoental load or
uphift, but where the plinth s anted 1n size One or more
v an o Wdded 1n

bolts may be used through column and on bx:dul ‘1
masonry, as requircd, af needed, shear plites ray be us i

in the column.
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TYPICAL CONNECTION DETAILS

ARCH PEAKS

For steep arches, where bolt length 1s natl too great,
this connection transfers both honzontal and vertical
loads It consists of two shear plates back-to-back, and a
machine bolt or threaded rod and washers ccunterbored
into the arch. To avoid local crushing at peak under
deflection, tips or arch halves are sometimes beveled off;
sometimes a %-inch spacing washer 15 used for the same
purpose.

When the vertical stear 1s too great for one pair of
shear plates, an additional pair of shear plates centered
on a %" x 6" dowel are used. The load<amying capacity
of shear plates perpendicular to grain in end grain 1s ahout
three-fourths of that perpendicular to grain 1n side grain.

13.

When the slope of the arch i1s such that bolt or rod
lenpths as n (11) or (12) above would be excessave, wHou
plates buck-to-back on a %" x 6" dowel are used in
conjunction with a j-inch tie plate and through bclts
When appearance 1s not a major factor plates on the fice
of the arch may be used, but 1if a concealed connection s
desired a %-inch bent plate may be dapped into the top of
the arch and sccured with lag screws and shear plates.

Here a hanger for the nidee purhia s corbiaed s the
reak connection  The arminpemeat s esseatialhhv g wa'e
plate on cach wuch face bolted through the arch, vl shear
plates on the bolts when necenaary to transmy vertical
toads and shcar betvecen arch Malves.
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TYPICAL CONNECTION DETAILS
BEAM OR PURLIN CONNECTIONS

Type "V"

The simplest type of purhin hanger 1s the Type "V"
strap hanger. It may be folded from plate, but 1s usually
of welded straps. It may be single or double, and may be
bolted or spiked The hanger may be dapped into the top
of the supporting beam or arch. If the purlin 1s of sawn
timber 1t should extend about Y%-inch above the supporting
member for each 4 inches of purlin depth; 1f glulam, both
members should be flush Dimensions and load camrying
capacities of Type "V" purlins begin on page 238.

e

we

Type

When somewhat neater appearance is desired, the
Type "U" hanger may be used Here the supporting strap
s welded to a face plate, which may be nailed to the
supporting member and may be lag-screwed 1nto the top
of the member. Dimensions and load camying capacities
of Type "U" purlins begin on page 239.

~

-

When purlins are supported on top of the beam or arch,
clip angles made the simplest connection. For slopes under
45 degrees, one chip angle 1s usually sufficient; for greater
slopes two should be used.

For ndge purlins supported on top of arches,bent plates
may be used in place of the clip angles 1n (17) above. The
arch 15 cut off so that the ndge purlin bears directly on the
arch, the usual arch peak connection must also be made.

one type of concealed purhn

elded plate and pipe. On stecp
cwve the

For hght puthn loads,
hanger may be made from v
the svpporting arch may be dapped to rec
stability. Deep purlins may require two
d or screwed to the end of

slopes,
haiper, providing
pipes. The hanper must be naile

the purlin before ercction.

For heavicr purlin loads, an altenote type of corce sled

15 welded from steel plate. The cnd of the
o5 a o kerf nto which the weh plate fits,
arch may be dapped
ded purhn hpets
This type of ot

1 hea o

purlin hange
puthin recoen
and both purlin and supporting beam Of
to provide flush wirfaces. Such conce

4

should alwiys be full purlin wadth.

e dea he adapted for aspeade

TYPICAL CONNECTION DETAILS

COLUMN

CAPS AND BEAM SEATS

21.
- :7
b\ ] !
I
LA
T —"_T—"—
Tt
Beoring

Plate —_.M__

This simplest column cap is adapted to connectic
in which the beam and column are the same width T
bearing plate may be loose or it may be welded to t
side plates, which are bolted through column and bea
Plate thickness are % inch 1n most cases, unless rcgur
bearing area and overhang calls for thicker plate. Bolts ¢
for positioning and transfer of lateral loads enly, vertic
loads are carried directly in beanng through the bean
plate A concealed column cap may be made by using
single plate placed in a mortise cut in beams and colu;
in lieu of two side plates.

22. I

T
T

TH T+

These two alternatives to (21) are useful when t
column and beam are of different widths. They must
welded assemblies. Minimum edge and end distances |
bolts 1n timber members should be observed in these a
in (21).

24" min

.i_v*__v =3

23‘\ /Clecmnce l/,"
I =
41—
T
?
|
|
I

4x3xY, Lmin

When a beam bears on masonry, 1t should always 1.

at least a %-inch beanng plate, and thicher beaning i
if 1t 1s necessary to distnibute the loid over a p,mnt\cr ar
Anchor bolts should extend through bearing plate and ¢
angle, sometimes lugs may be welded to bearing plate.
bearing plate with concealed dowel, similar to (7),

sometimes used.

.
L oar
‘\\hcrc the be anng arca s 1ot vide e~otsh for ¢
anyles, a Lont beannp plate as uced, with tle bottom
the beam rauted out 1o recenve the anchor tolt Vel

O
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TYPICAL CONNECTION DETAILS
COLUMN CAPS

In this simplest beam-to-column connection for beams
| continuous over the column, the dowel may be driven 1n

—___,T__l’g__‘_____ prebored holes from the top of the beam, or it may extend
@ partially through the beam, with hole 1n beam bored only
it 1% dia e part way through. Either round dowels or spiral dowel
4 dowel made from square bars may be used.
)

For beams continuous over the column, this connection
provides for uphft. A loose bearing plate may be used
whete the column cross-section provides inadequate area
for beaning on the beam in compression perpendicular te
! grain.

These column connections may be used either for
continuous beams, or where beams abut over the column A
splice plate on cach side of the beam should be used
across such butt joints to tie the members together and
{o transfer lateral loads. Usually Y x 3" strap 1s sufficient,
unless lateral loads require heavier steel, bolts only, or
bolts and shear plates, may te used. If the column cross-
sectional area 1s insufficient for bearing 1n compression
perpendicular to grain in the beam, loose beanng plates
may be uscd, to distribute the load An alternative splice
plate method calls for dapping the top of the beam for a
single sphce plate, fastened with lag screws with or
without shear plates, depending on the load to be trans-
ferred. In such cases, holes should be slotted to avoud
restraint under load.

@
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TYPICAL CONNECTION DETAILS
BEAM CONNECTIONS TO COLUMNS

)
-

—t
L

}—r
Ll

As an alternative method of distributing the load over a
beam area greater than that of the supporting column,
corbels may be used, with or without an additional bearing
plate. The load carned by the corbels 1s carried 1nto the
main column through split rings. Dimensions of strap and

?nsg)les are simlar {o trose given 1n column caps (26) and
28).

) J 1 When the column contintes through, in ulti-ston
‘ buildings, this vandt.on may be used. With glulam coluTas
I | L the columa size may be stepped down at the elevation of
[ the corbel.
j
31, &y '
t ! |
When beams abut at a column n multi-story buildines
clip angles may be used above and below the beam \\‘;'P*
a beaning plate of required thickness for st
| > the needed distri-
1 bution of load. eam
. N .
‘ . As an alternte to (30) above, beam or purhin ha L ces
L siotlar to the Type "U" Lanver of (16) can be used tlore

the reiction niust be transmitted to tle column tiuiou
shear plates. The colurm may also he stepped 1n si-e at
the clevation of the bottom of the beam.




TYPICAL PURLIN HANGERS ; TYPICAL PURLIN HANGERS

SINGLE OR DOUBLE HANGERS, TYPE "V" SINGLE HANGERS, TYPE “U"
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ARC AND GAS WELDING

UNIT\STRESSES AND WELDING SYMBOLS

1d Matol

On o ction throuph throat of (illet veld, or on
sy g surface ared of plug or <lot weld

Ca
(Strdes w 3 Hillet weld shall be considercd as shear on the thront, for

any dyection of apphied stress. Neather plug nor slot welds shall be
assigatgd any values in resistance to stresses other than shear.)

Unist Stresses of

SHEARING

13,600 ps1

wectron thiough throat of bult veld .. 13,000 ps1

TUNSION _ Butt weldg, section through throat ....ooceeeeer.s . 20,000 psi
COMPRF.SSION —~ Butt welds,‘gection through throat (crushwag) .....- 20,000 psi
BENDING — Fibre stressey in butt welds, due to bending, shall not exceed the

above values prescribed for tension and compression, respectively.

_ from AISC Specification, 1947

2 Standcrd Location of Elements of a Weldihg Symbol

GROOVE ANGLE, INCLUDED
ANGLE OF COUNTERSINK
FOR PLUG WELDS
LENGTH OF WELD

PITCH (CENTCR-TO-CENTER
SPAGCING) OF WELDS
ARROW GCONNECTING REF-
ERENCE LINE TO ARROW
SIDE OF JOINT, TO GROOVED
MEMBER, OR BOTH

FINISR SYNBOL
CONTOUR SYMBOL

RGOT OPENING, OCLPTH OF FILLING
FOR PLUG AND SLOT WELDS

SIZE: SIZE OR STRENGTK
FOR RESISTANGE WELDS
REFERENCE LINE

-?(’1\3,

{BOTHE SIDE s)

(N)

FIELD\WELD SYNBOL
WELD ALL AROUND SYMBOL

—e—————HNUMBER OF SPOT OR
PROJECTION WELDS

SFTECIFICATION PROCESS?
OR OTHCR REFERCNCE
TAIL (MAY BE OMITTED
WHEN REFLRENCE

15 NOT USED}

BASIC MELD SYWBOL

| OR DETALL REFLRENCE

3 Arc ond Gas Welding Symbols ond Examgles

S S St N
e m e - '
> of Weld Weld —]
b o - _JMpe ot ¥eld e Field l Yuet
' \ ~ Groove . ""ﬂ} Plug & Weld Al Flush
N N P A T 77 ster 7#“11 Cavound |\
[ >:-‘ - 1 - Vv#|>- -1 o ST T T T T Y T ——7 i
‘ LI I N T LA D IR S SRS
Tobt weld . f13en Ugroove | Stop weld YOV weld other Shop wild all areund b, il ‘l
on soron o ne ) e 'l ~ulc, s, ancrement longth
*_ | oy ',,,"_ aptuificatien 132 2", mteh 8" 1

i
yectsled g le 997, root 1 Loth side
1
~ !
\
\
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RAILROAD CROSSTIES AND SWQCH TIES

Dimensicns for Standard Crosstios and Switch Ties

The standard crosstie length 1n Canada 1s 8 feet except in Newfoundland where 7 fcet
1s standard. The Canadian standard switch tie 1s 7 1n x @ 1., lengths from 8'6" to 16'6"
depending on the turnout for which required.

Size No. 1 crossties are widely used under heavy trafflic combined with higher speeds.
Size No. 2 crossties are used under main hine traffic and branch hines.
Size No. 3 crossties are used on some branch lines and sidings.

Sawned or ile ved
Top & Bottor Only

Size Kind of Wood Sawed or Hewed Top Bottom & Sides

10 9',5"‘1‘

i F" min

o oo
ot io 91974 o 2
1 Soft

T 7% 1o 7V

1A Soft Ty |

‘ ’7"10 i

18“ to 8‘,‘.'"I

16" min 4

B" o 8'%" ’
P mn t

be'ro 8
2 Soft or Hard o 844

J 6" 1o 6% 6" 10 6"
2A Soft ! 6" 10 1C" l
6" 1o 614" 4
- .
17" 10 TV 7“"!0 7‘/:"‘
3 Hard fo 7 ¢ b6 mn g
6" to 6%
210 6 1
3 Soft 5" mun 4
6" 1o 8%" i
. I N7 e o
3A SO“ P S™ min ,
6" to & "1

Specics of Wood

Hardwoods and softwoods are used for both crossties and switch ties tlarunocus e
usually ordered mined allowing the following species oak, beech, bireh,and mapte Sontwous
spectes specificd are usually one or more of the following

Douglas fir, larch, Leulodk
tamerack, lodgepole pine, jack pine and red pine.

Preservative Treatment

The major Canadian railways have standardized en the use of pres.uie treated ties
The standurd preservative vsed 15 a mivture of S0% creosote wnd 507 porio’er o7
The recommended retcation 1s 7 th of precenvative per cubie foot of wond 1l

\
3 ~ oot

of presaure treated ties 1n Canada 15 moie than thuty yeaos This s three ot o0 oo !
best service hife that can be realised uamg anticated ties or Bies treated wath b v or
ticatment,
Canadion Stendard Association Specification

The recopuized <pcaficotion covenng pres re e ted cronsties ol g e
CSA Spee 080 C6, Tescrvatine Treatiment of Crocctie s und Saate™ loes By Pe e

A e
Prces e, Other CSA Specifications red sted 1o wood preacroation we Jeted an page 0




ROUND TIMBER POLES
FOR UTILITIES AND BUILDINGS

Dimensions

Tables of diensions far poles of vanous species classed as above are provided in
aprhcable Conudian Standards Association Specifications. The following table is an extract
f1o0 CSA Spec 015 3, Physsmal Propeities of Jack, Lodgepole and Red Pine Poles and
Re:mnfercing Stubs (Third Lditon), to which reference should be made for similar tables
giving dicenssons of lodgepdle pine and red pine poles. Such tables for other species are
given 1 appropniate CSA cpeaflications.

DIMENSIONS OF JACK PINE POLES
Figures Based on Ultimate Fibre Stress of 6,400 Pounds per Square Inch

( Class 1 2 3 4 5 6 7 8 9 10

lb-:’_“:_“_;;:;_ 17 15 15 15 12

e ooy 2| B | B ||

,Ll\:{i “V;.Clgt::?:nxcj:'ne Minimum Circumference at Six (6) Feet from Butt

, Pole | from Butt (Inches)

(Feet), (!'Ec}z I ]

f e | 3y L ]2201205]190] 175] Less | Less

| 18 3% .-k __| 2751255 ;2351215200 { 185 | than | *han

©20 4 330 300 (290265 | 245 | 230|210 | 19.5 |Class | Class

i 4 345 | 3251 30.0 | 28.0 | 260 | 24.0 | 220 | 205 | g 8
25 5 360|380 (3152052701250 23.0 | 21.5 | ot soreg
30 54 360 35! 34010320295 |27.0]250] 23.5] of of -
35 6 4201 320 365|340 {315 ] 290 27.0 | 25.0 lsamfh 153mteh
40 6 44.07 4551 3851360 3301305 {285 |____|cneihjieng
45 6" 4601 4v5] 405|375 [ 350 § 32.0 | 30.0
50 7 480 | 4501 420390 | 36.5 | 33.5 | 31.0

| sS 7% 500, %7.0 { 435| 405 {37.5 | 35.0 | __

i 60 1 8 51.5] 485! 450 420 (390 | 360

.65 8, | 5351 ®0| 465|435 /400 [-___

| 7ol o' |sso)ws|isolas s

Note Dash hines indicate lenpth limits.

* [he fipur s n this eolamn weore used 1n detemuntng the required circumferences at groupd
Line and <hould he usel whenever a definition of ground line 1s necessary.

Lengths

Poles wte piovduced wn lenaths from 16 feet to 70 feet or more, depending on the
species  The «tamdard lenghs are 16, 18, 20, 22, 25, and 30 fect, and longer in 5 foot
e (nts
Pole strength Clusses

Eiglt Afe e nt pole .trerpth clisses have been adopted, each having a diffcrent

tronon, lodd value Por vo wdditional clusses, 9 und 10, top circumferences only are

wieaified In e ¢ on of @1n wes 1 oto 8, the bre Jdng loads have been wied to comnute
e nooesay cncanderemu d ©ccurencats, Thas a pole of any given length and ¢'iss
Las o fived e s aFe s of species, for copancenng desipn and practical paspoaes
Cron, U e droe el vany s ath the Specncs Because of the achereat daffencreer

e ot P N L SR LA

For purposes of calculating strength, it 1s assumed that the load is applied two feet
from the top of the pole and that the pole breaks at the ground line. The following table
gives the approximate breaking load for Classes 1to 8

Pole Classes and Approximate Breoking Loads

Class of Pole Approximate DBreaking Load

1 4,500 pounds
3,700 pounds
3,000 pounds
2,400 pounds
1,900 pounds
1,500 pounds
1,200 pounds

960 pounds

Sgecies of Wood

In Canada poles are normally produced from jack pine, red pimne, lodgepole pine, Douglas
fir, western larch or western red cedar.

RN T N7 I RYC)

Preservative Treatment

Service conditions under which poles are normally used are such that they are exposed
to decay. In order to obtain the best service Iife ard to maintain the strength of poles, they
should be properly treated with an approved preservative.

Preservatives commonly used are creosote, or a 5% solution of pentacklorophenol
in o1l,

The btest service hife 1s obtained from full length pressure-ticated poles. A retention
of six to cight pounds of preservative per cubic foot of wood 15 recommended

The Leartwood of western red cedar has a good natural resistance to decay, but the
sapwood has considerably less This species of pole has normally been used with a butt
treatinent only 1n accordance with Canadian Standards Association Specification 080 C7.
There has been a substantially increasing trend toward full-length treatment of this species.

Service Life
Due to vaned service conditions, Gguahties of different species, ete., it is impessible

to estimate service hife accurately. The following table gives a conscivative estimate of
pole service life that may be expected under av crage service conditions.

Full Length Pressure Treated Poles
Butt Treated Western Red Cedar Poles
Untreated Poles

40 to 50 years
25 to 35 years
4 to 20 years
(Some species are more decay-resistant than others, when untreated)

Canadian Stoadards Association Specifications

The recopmsid specifications covenng round timber poles and thewr preservatine
treatment are as follows

015.1 The Physical Properties and Preservative Treatment of Eastera Wihite Ced i
Poles.

0152 The Physical Properties and Proscrvative Treatment of We dtetn Red Cod o
Poles.

0153 The Plyvacal Proparties wad Presen ative Tre dment of Juko T drepote
ani Red Pire Poles and Reintorcing Stubs

CIS(E)  The Plysical Praperties and Prowomative Freatront of Do plas e Poles

OS0CY Precenative Tre dment of Polcw by re

ON0C?7  p

veure "((‘( ot
rencrvatine Ireme nt of Increed Pole Rutts by the Noa Pre ron Proce -

Weatern Red Cedur and Noither Bhite Codar Pales

" - . o
Crter €8y Speaifications related to weod Prosesn hon are gnQ‘; s 260 wed 261
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ROUND TIMBER PILES

0

The following tuble Jhoming wizes of piling noninally available is from Appendix A of
CSA «pedification 056.1962.

TABLE Al
SIZES OF TIMBER PILES
Si7e C Qe 14 Size 13 Size 12 Size 11 Size 10 Size 9
Deary nation N
Moneter at Dalieme
Buit or 1 arpe Lind
Jackes » ___-?_4,_- 13 12 11 10 9
Lenyth Dismeters at Tip Smatl Fnd
Feet Inches
Up to 20 10 10 9 8 7 6
20 10 34 10 9 8 7 6 6
35 to 44 9 8 7 6 - -
45 to 59 8 7 7 - - -
60 to 69 8 7 6 - -
70 to 89 7 6 - - - -
.90t 105 5 5 - - 1 - =

Notes 1 Diameters are runimumexcept tolerances allowed by Clause 4 2.1 5 will apply.
2 Mixumum drumeter at utt shall mot exceed 20 inches for any size.
3 The Table i1s written in such a way that the butt size governs in most cases other than for
very long piles, and tip sizes shown are only restrictive 1n excluding abnormal piles.

When design requineme nts are such that tip size only govirns the selection of the size
of the pile, 1t 1s recmraended that mimimum t1p size only be specified with maxumum butt
diameter not to eaceed 20 inches.

When selecting a paling species to meet design and length requirements 1t 1s advisable
to detcrmune ats avaitabality or permit the use of one or more alternative species having
sufficicnt «trength,

Extremely long pales are available only tn Douglas Fir, Western Red Cedar, Pacific
Coast (Western) Hemlack, and Western Larch Species

Prescrvative Treotment

Pressure treatn ent of timber piles should be specified when 3 permanent foundation 1s
reouited  The tv o exceplions to this statement are (1) when piles are permanently and
corpletelv subrerped in fresh water, and (2) when piles are eatirely embedded 1a earth and
cut off below pround water table If there 1s any possibility of the water table fluctuating or
berag lowered n the future, pressure treated poles should be specified.

Tle requited retention of preservative varles with species and service conditions, the
following tuble shows recomrmended mimimum retentions

Minimum Retentron of Creosote, Pounds Per Cubic Foot of ¥ood

j Species General Use ] Constal Use® !
! Coast Douglas Fir (oL, 8 12 Full Cell ‘
clareh L. L. e e 10 12 Full Cell i
s Lolrepole & Jack Pine o.onnaet 8 12 Full Cell
P Pime L e . 10 16 Full Cell
Plamnroel Lo el . 8 [ 12 Full Cell |
S [, PO U - el o d
CCosaal uae rofors to usean sult wator v here tinber s subyo ot Lo atta 4 y maorine borers

Canadion Standards Association Snecifications

e recogmand speafications covanng prles and ther jressue treatment ate as follons

0% St ad Syecific aion for Roand Timber Pi'es
S0y T ow vianve Treataont of Tl s by Tre s e Processes
O 1Y St dras for Creosorad Y ood Paand on Piles,

O CSA e b e, e Y Tto vond precoruation e Biated on papes 0 -0 0

PART IV
TIMBER TECHNOLOGY

This part coqtains gondensed information on timber technology with which the ¢

should be famihar 1n ordeito make the most effective use of timber as a structural ©

LUMBER GRADING AND SELECTION

SERVICE CONDITIONS

DIMENSIONAL CHANGES IN WOOD

SHEAR IN CHECKED BEAMS

LOAD DURATION-STRENGTH RELATIONSHIPS

FORM FACTORS

THERMAL CONDUCTIVITY

PRESERYATIVE TREATMENT BY PRESSURE PROCESSES
TIABER CONSTRUCTION AND FIRE SAFETY

REFERENCE PUBLICATIONS )

esigner
atenal,



TIMBER CONSTRUCTION AND FIRE SAFETY

Tre sticrpth of matenals at ordinary temperatures bears hittle resemblance to the
lovi-citnng capacity under fire conditions, where tewperatures may be of the order of
1500 1a 1SCC™F Unhike manv other maternials, wood in construction sizes retains s
streopth amt shape for prolonged perniods of severe beat exposvre. Timbers do not expand
or dictort 1n a fire. For this reason, adjoimine walls, floors, and roofs are not af'fccted

bevord tle local zone of fire exposure.

In the 1iportent fire protectior aspect of stroctural endurance, timber performs better
than ~ost nen-con bustible building matenals, Although the surface may get charred, the
uadar azed aool below the surface mtains its strength and will support a load equivalent
to the caracity of tle unclarred vood size. In actual fires, the extent of charning 1s
celden more than one-half inch deep. For this reason, fite exposed timbers often remain

mtict itk a senviceable safety factor.

Fire cadyrance or collanse resistance of load hearing timber assemblies is a matter
of tte thichness of wood ani the number of faces exnosed to fire, plus the actual load
carned by the menber. The sare thichness of wood will have various fire endurance times
or “ratinzs” dependent en where 1t 1s used e.g., a column, beam, floor, roof, wall, partition
2te

Conscouertly building codes specify mimmum nominal dimensions to ensure adequate
fire enduronce 1n exposed structural elerents of tirber. Buildings of timber construction
are usuallv de<ignated as one of tlree gencral code tvpes ‘ood Frame Construction,
Srdmary Construction, and ITeavy Taimber (also called Mill) Ceastruction

Vool P'rarie Construction 1 as exterior »walls of weood and structural framing of smaller
hrereicns than Heavy Timber Ordinary Construction has masonry ewterior walls and
structural framing of woed of sinaller dimensions than Heavy Timber. Framing of Ordinary
snd wood Trame Constructions s often provided with fire resistant coverings, where the
~cenpency nsk or binlding heiglt warrants this added protection,

Yormally, fiaming of Ileavy Timber Construction 1s exposed for purposes of
apr~iriace and economy. Tle supenior fire resistance of Heavy Timber Construction is
lte to the use of tirbers of 1missive size Section 4 13 5 of the National Building Code
of Connda (17523) 1s a typical example of the specification for Heavy Timber Construction.
Glued-Inninated timber construction is also recognized 10 Section 4.1 3 5 as equivalent 1

fue nerformince to sawn timbers of the same cross-sectional dimensions.

Fire Protection

1 e cxtent of structurl fire endurance desirable beyond building code requirements
w1 motter of eco omic balance between the nisk mside the building and the available fire
fretcenion facilities. Fxpenence irdicates that too much emphasis on the fire resistance
of the strvctural frare results an a false sense of sccunty. The emphasis 1s wrongly pla\ced

on <o called "¢

s proof” bnlings rather than fire-safe bwldings. Good building design
ntolcpnte stnictural endarince, plus antomatic detection and ertinguishing facilities

Pere aceded provide meximur fire safety it minimum cost

Hoooccaped butlding s "fireproof”, because cach contains s share of fire risk
in the form eof patenals and processes insyle the huilding. The case of igndion and
rite of bhoomiy o of these bwlding contents deterr ine the "deygree of nsk"” and oxtont of
R PR U red IR heeie pale of the hwitdiag 1o 1o re<int Le ot coll ipse and th s
S e tenat oy e evacad o pated and suuscquently pomat effective eating uishe

ettt cb e

'e (nO": W0 e we sharning of voed g, fo ontoreted Yo i o
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butlding ifovever, where conlitions of use reauire relativelv non<ombustible building

are highly effective. Several commercially
n tested by the Underwnters’ Laborotornies of Canada

natenals, fire retardant pressure treatments
available pressure treatments ave bee
and are listed 1n their publications,

Damrace control 1n the first instance berins with the cc;ntc-nts, which are much rore
susceptible to 1omition and fire srread than the structure. In fact,
require severe fire exposnure from the contents to m
of a buildine are on fire, a
attacking the structure.

timber buildings usuaily
aintain corbustion. Ylen the contents
M ..

furnace effect” is produced with the intense intenor heat

At this point the most impoertant fire protection factors are prompt detection and

extincuishing operations  The sjeed und effectivencss with which a fire 15

discovered and
extinguisbed will govern the extent of damrage to both contents and structure.

Duilding matenals can nesther detect nor extinguish a fire but they can rlay a
sigaificant role in faciltating evacuation and fire fi7

: shting operations. In plannine fire
safe butldings, structural endurance, exits, detection and extinquishing facibtics must be
Integrated for balanced protection.

Fire Sofe Design
Masimum protection of the occupants and the property can be achieved bv taking
advantage of the fire-endurance properties of wood and by

close attention to specific
design details, '

These 1nclude:

1 Adequate and accessible exits for evacuation of the occupants and entry by the
fire department.

N

Enclosing stairv ells, elevator shafts and all other opemings to upper storeys

Fliminating or protecting orcmings an partitions, walls
diviiers.

w

and otier honzoatal

4. Isolating hazardous processes by use of det

ached buildings or fire resistive
barriers.

5 Sub-dividing buildines as much as
area.

possible to mimirize the value 1n anv one

6. Installing toof venting equipment and sucperdel fire curtains from the reof,

where division walls would interfere with essential production facilities.

7. Firestopping concealed spacces and suspended cerlings.

- Providing windows or access panels 1n basemrent walls to

rermit fire departirent
entry and to facilitate venting smoke and gases.

9. Inst: 1
talling automatic alarms and/or spunklers, where the degree of nsh anl
values warrant special protection.



REFERENCE PUBLICATIONS
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PART V
REFERENCE DATA

This part containsimiscellancous data which may

be needed for occasional or frequent
reference, assembled heré:for convenience,

MATERIAL WEIGHTS AND DEAD LOADS
BEAM DIAGRAMS AND FORMULAS
LENGTH OF CIRCULAR ARCS

FOOT AND INCH DECIMAL EQUIVALENTS
COMMON LOGARITHMS

NATURAL SINES AND COSINES

NATURAL TANGENTS AND :§rANcsNTs

SQUARES OF NATURAL SINES AND, COSINES
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STRUCTURAL DESIGN

Copyright by R.N. White, P. Gergely y R.G Sexsmith

VOL. 3 BEHAVIOR OF MEMBERS AND SYSTEMS

Chapter 19. Structural properties of Engineering Materials.

19.4 TIMBER

Wood has been used o sttucnnes tor thousands of vears with an excel-
lentrccord of performance and durabihtv. Frimber s readihv avaalable in
most parts of the world ma vanety ol speaes. It has arelauvebhy high ratio
of strengeh to waght. s clthaent i resisung both tensile and compressine
stesses, and at can absorh considerable energy prior to fraciune. Tt s less
sensitine 1o latigue problems than metals. “Tunber s quite 1esistant to
detenioration, and, when used in Loge sohd members. it can withstand
mstense temperatires, Modern glue-laminatig techmques makes it pos-
sble o tabnicate members of nearh any shape and size. Timber s abso
available in sheet torm (phwood) Finalls, 1t has @ natural esthetic appeal
and is otten utdized m an mternally exposed conditon for root structures.

Some ol the shortcomimgs of umber indude 1ts Tow clasuc modulus, its
susceputbidity 1o volume changes (swelling and aadking), and deteroration
under certam envivenmental conditions, and its vatiability i mechanical
properties. not ouly from spedies to species but also within a ginven speaics.
Reluble gradimg techmques for nmber e still evolving. Fortunately. the
strength variabiity eflec s mummized in glued-lammited timber because
10 made up of many small prieces of high-quality lumber. Connections 1o
tnamsder tensile ot sheanng loads are difhcult to make and awie usually
expensive. Fmally, speahic grades of timber used in a set of design calcula-
tons may not be 1eachilyv available at the time of construction, thereby
necessitating design changes.,

Wood s a cellular” material composed of cellulose, lignin, and small
quantatics of other materials. The cell walls are made of cellulose, stiffened
and bound together In hignin. T he cellular structure produces anisotiopy;
that is. a dependence of mechanical properues on dinection. Anvone work-
ing with wood soon notices that its sulfness and stength along the dirvec-
tion of the gram are considerably higher than perpendicular to the graimn.
We shall explore this complex behavior both qualitatively and quantita-
tvely in this secnon,

Wood comtuns Linge amounts of water in its natural state and normalhy
15 prtiadhy chried belore use in a sttucture. Asat dries below the fiber satura-
ton pomnt (25 10 30% moisture content), at inaredses in both stength and
stillness. Most dued umber has a moistuie content of less than about 20%.
H it s to be glued. timber should be diied to about 12% moisture content.
Tinber changes dimensions with changing moisture conditions, and the
degree ol damensional change is a functiion of grain direction. Longitudmal
shrinkage iy negligible in most speaes. and the tangental shrinkage is
about twice the radial shrmkage (ditecuons are 1efeired to the annual
gronth rings of the uee).

NOTA: No se incluyen las figuras mencionadas en el texto,
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The o classes o ttees e hardwood (or deciduous) and softuood (ov
coniferous). We shall 1estiict out attention to the sottwoods since thes
cncompiss nearls all structural tmber. The term “sott wood™ does not
necessatily mean that the wood is softer than a hard wood: also, soft woods
are often sttonger than hard woods. Douglas lir and Southein pime are
among the most widely used species und have similar propeities, Other
species that are becoming more impottant in construction because of the
scatcity of Douglas fir indude hemlock. spruce, larch, the various pies
(Ponderosa, white, sugat, and Norway), and the other firs (balsam and”
white). ‘
Mechanical Properties

We wish to explore a number of important factors that influence the
mechamcal properties of timber and the response ot timber to load,
mcluding:
(@) Density vananons and inherent variability within a given species.
(b) Moisture content.
(c) Direction ol loading with respect to the direction of the grain.
(d) Types of stress (tension. compression, or shear).
(¢) Dwnauon of loading.
Prior to presenting detailed discussion on the properties of one popular .
species — Southern pine—we should think about how timber 1esponds to .
stiess and how 1t fails when loaded to ats ultimate capacity. .

The mternal structure of wood v composed ol a large number of tiny
ibers oniented with their length parallel to the vertical axis af the uee. The
severe duectionality of fibers is immediately evident in the gram patterns
in a section of umber. Each fiber can be considered as a very small hollow
column with laterval support provided by the connected adjacent fibers.

It is instructine o idealize a piece of wood loaded in either unmiaxial
tension or compiession as a handful of dunking straws bound loosely
together with rubber bands and loaded in the same manner. The straws
have hittle stength and stiffness when compiessed perpenchcular wo therwr
long axis, but they show considerable strength and stifness in axial tension
o1 compression. Failuie of the sttaws m compression parallel to their long
direction is by buckling of the individual suaws. Wood behaves in much
the same fashion. It fails by arushing at low stiess levels when compressed
perpendicular to the grain, by teaning of the fibers at high pavailel-to-the-
grain tenstie stress, and by successne buckling of the fibers when loaded
m compression parvallel o the gram. The parallel compression strengti s
about 3 to 10 umes the perpendicula compression strength, while the
modulus of clastaty mav chifter by as much as 30 to 1 tor the tiwo directions,

The parallel compression tailure ol wood (see Figuire 19.17) has been
mathematically modeled by Pincus [1967], who showed that the propor-
tional himut ot tmber can be predicted by an analvais of long wibular
columns embedded i an elasue medwum. This anabyvsis lends turthe
strength to the concept ot wood fibers acting as numature Euler columns,

Fhe behavior ol wood loaded per pendicular o the grain is chanacter-
ed by an increase in stiftness atter the cavities ot the fibers are com-
pressed: this ocans when the thickness s reduced to about Ya the oniginal v
value. The capacis of this dense, compiessed matetial is very high, but \
it normaliv canmot be utithzed m design because the convesponding detor-
mations are too ligh, Wood loaded in ade compression is used in bearing
shuns ane i gnillages where s compressibnlin and eventual mereasing
soflness permuts appropriate load sharing and redstibution.

v
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Lunber Hoaded o faolure in bending (higure 19 18a) exbabits the typical
load-detiecuon bebavior shown e higure 190180 The noanad elastic 1e-
sponse i ollowed by onctastic behavior with appreaable sttam pror 1o
fature At the proporuonal e the extieme hbers on the compression
side of the beam begin to buckle, throwimg more load on therr adjicem
mterior hberse The budkled hbers contnue to carty a stress near then
buckling stess beaause the adjacent hibers provide some support and
resttam agaimst fadure. This process spreads toward the neutial axis as
the bendimg moment as indreased, and the stress distibution just belore
fathure s as allustrated i bugure 19 18¢. We see that the compressive
stiesses are nonhnear, the neuttal anis is shighthy below md-depth, and
the masnum tensile sniess is about 30% L ger than the peak compression,
The st vinble distiess in the beam is olten teanmg and talute of wensile
fibeis. even though the hulure really starts with overstessing in
compiession,

Deep beams tend 1o have lower ultmate bending stresses than shallow
beams because the flatter stam grachent and the mcreased depth of the
deeper beams results m less-eftective resttamt of the critcally stiessed
compressne fibers by adjacent fibers. This phenomenon leads to the so-
called “depth effect™ that must be accounted for in designing beams
(Scction 29.1)

The vanious mechanical properues of wood are determined from tests
(AS M D143 performed on small specamens that e tree of defects such
as knots and aracks. The resulung values are thetefore much higher than
the allowable stiesses that we use for members containing defects.

I he dinectonal propetties of shordeat Southern yellow pine and their
sttong dependence on moisture content are llustrated in Figures 19.19
and 19.200 where aight different stress conditons are portraved. Two
diffcrent stress values amre given for some conditions: f,p is the propor-
vonal limut stess while ;7 15 the stress at failure ol the specimen. We are
most mterested i values for diy wood (Figure 19.20) because structural
omber m thicknesses up to lour m. s usually Kiln dried prior to usage and
then kept dry i the finished sttucture. The strong dependence of proper-
tics on density of the wood hber is presented in Chapter 29.

Several observations arein order here:

(@) The stiengths in longitudinal compression (case 1) and in bending
(case 7) wie at least 30% greater than the cortesponding propottional
lits

(b) T he bending test proporuonal limit and strength values (case 7) for
the small dear specimens are higher than the longitudinal compression
values (case 1) This is beaause dear wood s much stronger in uniasial
tension than m compression Members withy defects (such as knots) on the
tension side may Ll suddenly i tension and show a substantially reduced
lll()(llllll\ ol |lll)lll|L’.

() Stiength values m large sawn timbers would normally be substan-
tially dess than the values given i bigares 1919 and 19.20 for the small
clear speamens. N majpor teason tor the reduced strengths is the presence
ol natural detects, such as knots, stoping gram., splits, and shakes (cracks)
and vantions n soundness of the wood through the thickness of the
member. as well as the depth eftect desaiibed earlier.,

N
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() ‘Timber s very weak n tension perpendicular to the grain (case 6)
and relatnely weak in perpendicular compression (cases 2 1o <) and
horizontal shear (case 8).

(e) The perpendicular compression test results (cases 2 to 4) are influ-
enced by the speamen conhguraton: the hbets in the 20, long unloaded
end regions give support o the central loaded hibers and raise the propor-
tional [t stress about 50% above that for a 2 in. cube loaded in unitoam
perpenchcular compression. The strength value also depends upon the
dnection of the growth tings with respect to the compresston. In softwoods,
the mimmum perpendicular compression strength occurs when the load-
ing ditection s at an angle of about 45° with the annual growth rings
(case -1).

(t)y The modulus of clastiaty £, for longitudinal compression (case 1)
is about 10% Iigher than the bending modulus (case 7). Approsimate
values of E for perpendicular compression loading are Egz = 0.10E, for
loading radial 10 the growth ungs (case 2) and Er = 0.05E, ftor loading
tangential o the growth rings (case 3).

{g) Porsson s 1ano s also highly directional, with approximate values of
vr, = 0.023. vy = 0.04. vy 7= 0.5, vy = 0.33, vgr=0.5, and vy, = 0.3 for a
softwood such as Southern pimne. ‘The first subscript is the direcuon of
stress (T = tangential, L = longitudinal, and R = radial, all with respect to
the grain ditection). and the second is the direction ot deformation.
Longitudinal detormation is largely independent of tangential and radial
perpendicular compiession

(h) The sheiing modulus G for timber is highly directional and must
be associated with the appropriate shearing stresses and stiains in the thiee
planes defined by longitudinal. radial, and tangential divections (as in
stress cases 1, 2, and 3+for compression). A mean value of G = E;/16 may
be used m compuung torsional and shearing deformatons of timber
members.

(i) The compressive stiength of timber surfaces loaded at angles other
than 0° or 90° to the gram is needed in truss joints and other types of
structures with inclined members. The Hankinson formula is a commonly
uscd empirical lcl.monslnp that provides a continuous transition {rom
longitudinal compiession to per pendicular compression:

e
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where NV s the stiength on the indined surface. Q is the suength per-
pendicular to the grain. P is the stiength parallel to the grain, and 8 s
the angle between the gram ditecuon and the load.

(0 The sharp mfluence of moisture content on umbet strength is evident
from a companson of Figures 19.19 and 19.20. Reduang the water con-
tent from the gieen condition (81%) to a dryv state (12%) nenly doubles
the proportional lnmt and strength values in both compression and bend-
ing. 'uither diving will conunue to inciease suength. We should note,
however, that div umber mav occasionally have less shock resstance
(energy absorption capacn) than green wood hecause the latter will deflect
mudch more prion o fractn e, Empinical expressions exast (Gurfinkel [1973))

for convertmyg suength data measured at a certam mossture content to
values at difterent mostur e lesels,

. - - .- - - ————
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I he tnanstormanon of the test resudts of Tigures 19 19 and 1920 mul)
values stintable for allowable stresses tor design purposes will be discussed
m Chapter 29,

The vanabihty of timber density {or Southern pine s dlustiated
Figuine 19214, where frequency distuibutions are gnen tor small dleas
speamens and for lumber. The mean value for both distiibutions is abouyt
0.52. Both suflness and strength 1ive with imereasing density: i fadt, the
modulus of tupture R of kiln-diied Southern pine has been deteymined
to be a hinear tunciion of specilic graviy G, with R = 20,36 + 2 5 lor clear
specimens and £ = 2146 — L7 tor lumber, where R s mksic A hequence
distnibution of modulus of 1uptwre values measwed on green Douglas hir
speamens cat trom a single tvee s gnenan Figure 19.2150, Southen pme
would vield essentallv idenucal vesules. Tois evident that vanaton in density
is davgels responsble for im-species variation i mechamcal properuces ol
small dear speamens. This vananon and the influence of defects must be
takhen into account in establshing values of allowable design stiesses. The
problem s handled by grading the lumber as e comes from the sawmili,

‘Timber shows pronounced sensitnvaty to duratuon of loadig. partcularls
s tesistance to bending loads. For example. the maximum load that can
be carnied tor one month is on the order of 70% of the load that can be
carvied o1 one mmute. Testresults by Wood [1951] on Douglas hr beams
are shown in higure 19,22, The reasons for this behavior are not fully
undeistood. but the ume-dependent inclasuc deformations of the cellulose
component, which also leads to creep deformauons m umber structuncs,
nmust be an important {actor '

Timber has high durabihts: when kept in a contmuoushy submerged
condivon. Detenoration can be severe, however, under alternating wet
and dry condimons or at a tansiion sone such as near the waterlme v a
marime pile Preservauve chemical ueatments are used widely to make
wood 1esistant to fungi (decav). msects. and manne borers. Creosote
solutons, oil-hotne chemicals, and water-borne morgamec salts are foiced
into the umber by pressuie to produce a hughly resistant product known
as treated tomber Properiy treated tmber will last nearly indefimitely under
adverse conditions '

19.5 SUMMARY

We have seen that from the standpoint of the stuctwmal engineer, the
most impottant material properties are E, f,. f,, tmlure aiteria tor com-
bined stiess states, ducolin, and the various ume and environment
dependent phenomena such as acep. stramn rate, +ensth of loading, and
moistuie level Tor a given sttactural geometry, the sttuctural deforma-
tons and the deflecuons i the clastic range of behavior e a function
ot £, the modulus of clastiaty, Fhe modulus also controls a structure’s
buckhng capaats The abilitv of a structure to reach a certam value ol
overload i notmally o tuncuon ot the vield saength /. the ulumate
strength /', and fadure anteria for combined stiesses while the pertorm-
ance and safenn of the strnaure atter it achieves the overload. or unde
teversing heavy loads, depends primaniy on the matenial ducuhiny and s
ability 10 absorh energy, Both detormations and stress distiibutions are
mtuenced by tnme of Toadimg and other envinonmental factors wheneve
we use conaete. tunber, on l)l.i\ll( 1 a4 strucoare,

A structuie can be no beuer than the matenial from which it is built,

Thusatis mperame that we have an inttmate knowledge ot the response
ol materals o joad. ’

dove tion
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CHAPTER 29

Behavior of Timber
Structures

29

Behavior of Timber Structures

Timber is one of the most versaule of all natural building matenals. Tt is
clhicient in carrying tensile, compressive, and bending stresses, and it has
a high suengthyweight ravo. It can be used 1 a wide variety of structural
forms (sce iguie 2001 and higures 2.4, 4.13.4.26. and 6.17 of Volumce 1)
1o produce rather unique architectunal effects. The structural properties
of umber are presenied m Secrion 194, In thus chapter we shall consider
the major aspects of behavior of umber members and their connections.

Tunber s used in many shapes and sizes rangig from thin phywood to
beams seveiral feet deep. Ordinary sohid-sawn members are available in
standard sizes such as 2 by ds. b by 8, and up to as karge as about 12 in.
by 1t The dimensions given for sawn timbers are nomal: thatis, the
member is tpically 172 0 smaller in actual dimensions after it s surfaced
(plancd) A 100w by 120, iiaber that has been surfaced on all tour sides
measures 9-172 00 by 11-172 . The actual dunensions must be used in
all calculations,

Many of the fundamental behavior and design concepts utilized for steel
and conaicte shructures are uselul m desigming tmber structures. Lhe
Mo new aspedt s the strong dincdionahty ansottopy) of umber., I
sttength propernes vy considerably dependimg upon the angle between
the loadmg and the gram, and whether the stiess is compressinve, tensde.-
o1 sheanmg, We shall assume that Secuon 194 on basic mechanical prop-
crues has been studhied prior 1o studving ths chapeer, -

The behavior of connecnons requnes speaal attention. As we shall see
i Secuon 29,5, connections tot timber aie npt amenable to ordimay linear
clastic stress anabysis Tnstead, we mu develop an undenstanding of the
complex behavior and possible failure modes of the vanous fovms of
connections and rely oneextensinve test data tor establishung design -
torntion
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he estabbshment ot appropoate faciors of safens M Umher stsc es
s dhithenlt hecause of the mherent vanabidioy v strength propesties as well
as the dependence of steengith on such envnonmental factors as duranon
ol loadimg and moisture content The nataral vavabihty e timber
paoadly accounted for by rather elaborate gradimg rades that are apphed
durmyg the producnon of “stress graded™ fumber. The grading s done on
the basis of densiy s snaighiness of gram, seveniny and locaton of detects,
and other tactors that affect basic strength properties. Gradmyg rules are
established and enforced by a number ol commeraal organizauons such
as the Southern Pie fnspecnon Burcau (SPIB).

29.1 ALLOWABLE STRESSES

Smcee timber structures are customarily designed on a working stress
basis rather than on a strength basis, we face the problem of deadimg what
the allowable stresses should be tor a given speaes and gl.ldc It 15 not
suthcient to say that a snuaure s buillt of coast region Douglas ,hl instead
we must define the qualiy of fit used, be it construction grade, dense
construction grade, select structural. dense select structural, o1 vome other
grade. lunhcnnorc within each of these grades we may have a furthes
subclassthcauon of indiidual members, such as J&P (oist and plank),
B&S (beam and stimger). and P&T (post and timber) This latter class-
frcavion 15 used because some members have detects that are permissible
i compression members (P& T) but are unsatistactory in bending mem-
bers (BXS).

‘The suength” properties 1eported in Section 19.4 are for small deag
speamens, telatively tree of any defects, tested in shore tune loading in a
dry condition. The allowable stresses in sttuctures made of large. imperfect
umber clements that e to be loaded for decades must be but a fraction
of the wdeal strength propertes given in Chapter 19. We define reduction
cocthaients G, €, and G, to account for durauon ol loading, vanabihity
of clear wood strength, and naturallhy occurring delects, respecuvely. The
foliowing considerauon of these factors is adapted from Wood [1960]. 1t
ty pifies the rationale most often used in deriving working stresses.

The eliect of durauon of loachng 15 given in Figuie 19.19. We obsenve
that the long-ume strength of umber (e.g., 10 vears loading durauon) s
approvimately half the shortume strength. or C,= 1/2. 'l he second factor,
vauabihty of dear wood speamen stiength, is illustrated in Figuwie 19 185

for Douglas fn."The mean value for modulus of rupture for this particular |

=)

tee s 7250 pu About 95% ol the values exceed 75% of the mean value,
or 5110 psi. Thus we might be willing to accept 5440 psi as a near-mmi-
mum svalue of dear speamen bending strength  H so, the appropiiate
reduction factor s C, = 3/4.

Nearly all timber members used i structuves contain some natuial
defects. The grading rules are based on the maximum seveny ol defect
pernnssible within cach grade The severity of defect may be defined by
the firacuonal reducnon in strength it produces. with a 3/8 maximum
reducton bemg tvpical This means that a member with 5/8 the strength
of a top-of-the-line speaimen would be acceptable within a given grading
classihication, o1 C,; = 5/8.
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Applying the three reduction factors to the mean strength of the mate-
tial of Figure 19 184, the expected value of the near mmmmum strength
under long-ume loads is
. . 13\ (B =0s . .
F=C/C.Ch(7250) = (—) (—) (7250) = 1700 psi
2\4/ \8
Itis essential to realize that the reduced stress of 1700 psi sull does not con-
tain a real factor of safety. In fact il we took alarge sample of beams that
had just barely met the grading minunum rules. about 5% of the sample T
should have a long ume strength less than 1700 psi since this fraction has '
a shott-time strength less than the 5440 psi associated with C, = 3/4. Most
of the specimens would be substantially stronger than this, however, be-
cause they would be closer to or above the mean strength and have less
critical defects.
A basic allowable bending stress of 1500 psi might be 1easonable for this
timber, in which case the near-mimmmum lactor of safety would be
1700/1500 = 1.13, and the mean factor of safety would be about

=c,cd(725m=1<i) (7250) _ | gq -

FS. 1500 215/ 1500

- - - e e TN

it we assume that the average reduction Cy4 due 1o defects is 4/5.
This vather simple approach to safety has been augmented by probabil-
ity-based studlies. such as the one done by Wood [1960]. Given the lnge
number of vanables mfluencing timber strength, and the fact that at least
some of them have 1ather well-defined trequency distiibutions, it secins -
onlv a matter of time belore probabilistic concepts will play a major role
in helpig 1o establish more rational ways ot handlng safety in timber
structures. -
Typical allowable stiess levels for a dry medium grade Southern pine
based on a 10-vear load duration, varability as discussed above, and
detects tor the grade we:

Bending and tension paraliel to grain 1750 pss
Compression paralle] to gran 1450 psi
Compression perpendicular o grain 540 ps1’ P
Honzontal shear 100 psi |

These allowable stress levels should be compared with the proportional

Linnt and ulimate strength values given in Figuie 19,17, .
Allowable stresses are customan iy adjusted ot load duration in accord-

ance with igue 1909, Thus durations shorter than 10 vears result in

increases from 5% tor a two-month loading (snow) to 100% tor impact

iading Fnallyv, the allowable stress levels muast be decreased if the timber

does not veman diy.
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29.2 FLEXURAL MEMBERS

Fhere are rvo magor dassthcations ol umber members used to resist
bending woment. solid sann and glued Lamimated. The solid sawn bheams
ate sinula o the famihias 2 by 1O 4 by 850 and other dimensioned lumbaer
available at Tumber yvards N o disadvantage of sobid-sawn secuons s
atather low st on size and fength, Tlus problem is overcome mthe sec-
ond tvpe of Hexvwval member — glued-lammated structural tmber Aty pical
glued-lannmated member s made up ol many small boards, 374 in 10
-1 2 meom thicknesss glued wgether with a stong adhesive (see Figute
29.2a,"T he process o glue luminatng was perlected i the 1940 and has
provided the timber mdustiy with a new dimension for designing larger
and better timber suuctures Suaight and cuvved members of almos
unlnmited size mav be tabricated tor long-span ginders, arches, and ngid
trames Several tpes ot glued-dammated members arellustrated i bigure
20 2. Lanunated members are also shown n the Volume 1 higures histed
at the begmumg ol this chapter.

The mam advantage of glucd-laminated timber s that it 1s made up ol
standard commercial sizes of thin boards, Small tices can be transformed
inw large stuctural elements in this process, The mdividual boards can
be anranged o have the lnghest qualiny lumber in the regions of gieatest
stress, thereby penmitting hugher allowable suesses i glued-lanunated
lumber than v sohd lumber They can be casihv bent in the fabricaton
process to form cunved arches and brames (see photo at front of Chapter
and Figuie 29 2). In additon, camber may he conuolled predisely and
tapered sections are readih made. Striking architectural effects are pos-
sible with eaposed glued-lanmimated members Finally, a large giued-lam-
mated member is highly 1esistant to hire because deterioration is mimmal
alter the imnal surface charring takes place. "L he man disadvantages of
this product ate associated with the special equipment and shills needed
m making high quahty members. Sive and length imtations are often
unposed by vanspottation difficulties: this may lead o vather lurge and
expensive connecuons in the held.

In addition to sohd-sawn and glued-laminated flexural members, we
often use plywood and other products such as parucle board to carny bend-
ing loads in floors, voofs, and walls. The design of these elements s nor-
mally not contiolled by stresses but rather by suffness: for example, 3/8 in,
plywood muight be stong enough for a house floor, but it would be too
bouncy tor the occupants. Phiwood 15 also utilized as web matenal in
built-up timber girders and as a primary components ol stressed-skin
pancls, and as diaphiagms tor vesisting in-planc shear. The désign of the
latter types of structunes is treated by Gurfinkel [1973].

The behavior of umber beams loaded to tailure was discussed in Section
19 4, where we saw that tmber has a load-deformation response that 1s
lincar to about halt the ultimate capaaty in bending (Figure 19 165). The
design basis for vber beams is conventional bending theory, with st esses
computed from £ = Mol and v = VQ/1b. These expressions aie used even
though timber beams do not have then neutral axis of bending preasely
at then centrowd because ol differences in 1esponse to tensie and compres-
sive stesses. Also, notmal Iinear behavior may be altered by such factors
as long-time loading cficas, changing mosture content, and impetfecuons
m the umber. These effects aie not severe, especially when considered in
comparison with all the other possible vanations in the properties of a given
piece of umber,

e miet

e DB T D
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The conventional bending theory expressions are adjusted to account
tor several speaial probiems that arise in imber flexural members, We shall
concentrate our discussion on these problems and iliustrate some of them
with two examples: a solid-sawn beam and a glued lammated member.
Speaal consideration s needed for the tollonwing ellects 1 both sohd and
glued laminated umber elements: )

a. Effect ot depth on ultimate bending capacity.

b. Effect of cross-sectional shape on ultumate bending capacuy.

c. Hornzontal shearing stresses.

d. Compression sticsses perpendicular to the grain at supports and at
concentrated load points, .

,

Cuived glued-laminated members are alvo subject to additional stresses
due to: (a) bending of laminanons in the tabrication process and (b) radial
ot bendingol lunundronsrmthednbi . Aiern
stresses, acting at nght angles to the normal bending stresses that arise as
the curved scction is subjected to bending moment. Radial tensjon is par-
ucularly troublesome because of the low strength of umber m tension
across the gain,

The eflect of beam depth on bending strength was described in Section
19.4. The deeper the beam, the smailer the support given o critically
sticssed compressive fibeis by adjacent. less lnghly stressed fibers. A ty pical
method tor accounting for this effect 1s 10 decrease the allowable bending
stiess by an empnically derived depth factor expressed as a function of
beam depth d. Using a 12 1in. deep beam for the base strength, the U.S.
Forest Products Laboratory has dernved an expression for rectangular
beams fiom extensive experimental wotk:

A+ 143 _

(,d=0.81 m" =

! (29.1a)
where d s the depthan inches and Gy is a factor less than unity thatis used
to dearcase the allowable stiess in beams, More recent work by Bohannan
[1966] based on stausucal stiengthy theory results in the following expies-
sion fo1 the depth factor:

19

cd=(jym . (29.15)

C({" alﬁ;

U‘ﬂy 'F;" \‘\‘
&e{‘cC‘{“ S 1w
@vev.eajasf



I he allowable moment on g beamn s then
‘\l-|||n\\ = (:‘,ll'hb

where Fp, = notmal alowable bending stress and & = secuon modulus “The
depth facton s apphed o beams that are more than 12, deep. Fuhe
exprossion gives teduction Lactors o the tange of 0 8 1o 1 0.

Fhe effect o the suppore allorded to atically stressed compiession
fibers also apphes to the banding suength of nonrectangular shapes such
ds those shown e hgure 293 In cases (@) and () the widith of the beam
at the extreme hber s nanow, there s an abundasnice of adjacent support-
g hbers beanse the sectton mareases in width with inareased distance
Brom the upper hiner, Onahe other hand, the box beam 6! igure 20.3¢ has
thin Hanges and relavels lintle benehidial support can be develuped. o
addinon 1o the hber support arguments, we can so compare the laihme
of a umber beam 1o the velkding ol i steel secuon There s itde 1esenve
sttength e an bsccuon alter aical stressimg ot the flanges (low ratio ot
plastic secnion modulus to daste section modulus in g steel bean)., but the
sohd shapes can transter an imaeasing amount ol load to the inner hbers,
We expect the linst beams m Figure 29.3 to be suonger than a iectangular
scction swith the same seenon modulus, winle the thud should be weaker,
This ellect can be expressed an terms of a form factor Cp that accounts for
the gecometiy ob a cross section, using the rectangular secuon as a base.

Dictz {1942] presents a senuempitical evaluation of form factors tor dif-
fcrent beam shapes  Pyvpical values used m ULS. design pracuce are
Cy= 148 lor a ancular sectuon and C; =1 414 for a squane section with
bencdimg about one ot the diagonal axes. The expression for box and
I-beams 1s more-complex and s given by Guifinkel [1973). In all cases. the
Lactor is apphed as a reduction to the normal allowable bending stress, or

allowable M = C,F,S (29.3)
Sunultaneous usc of the depth and form tactois gives
allowable M = C,C,F,S (29.4)

Sheating stresses in timber members take on added importance because
of the relatnvely low shean strength of umber along the divection of its grain
and because of the possibility of horizontal checks and cracks. Considering
4 rectangular secuon, we can compute 4 maximum nominal shear stress

3 ,
2 d :

U=

at the neunral axis of bendimg. The hovzontal components ot this shear:
stress tend to produce translation of the top half of the beam with respect
to the bottom halt. 1 horizontal checks and cracks develop along the
member, there will be a concentranon ot horizontal shear stress at the tip
of the checks and aracks with the possibihty of a sheaning failure at a low
average shiear stress,
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Assume that a beam is partially cracked along the mid-depth as shown
in Figure 29.4a. The cracks do not necessarily extend completely through
the thickness of the beam. The resuiting behavior is complex: part of the
shear is carried by the entire section while some is carried by the upper
and lower sections trying o act as independent beams because of the
horizontal cracking. This phenomenon is known as two-beam action. We
should realize that the beam could be completely cracked at mid depth,
thus two separate beams. and that the maximum shear stress in each hall
of the beam would sull be the same as that in an uncracked beam piovided

- that each half carried V/2.

Partial two-beam action is beneficial because the total shearing force neac,
the beam ends is resisted partuilly by the beam acting as a unit and partialiy
by the combination of two beams. Experimental and theoretical studies
at the Forest Products Laboratory have been used to establish methods for
handling the division of shearing load between the twa load-carrving
mechantsms. These rather elaborate methods. which are needed only for
beams with high shearing stresses. are bevond the scope of this book (sce
Gurfinkel [1973]). The effects of checking are not expected in glued-
laminated members that are properly protected from adverse drying con- -~ —
dittons, since the lumber is kiln dried before assembly,

Compression stresses perpendicular to the grain at supports and load
points must be cousidered in design because tunber has little stiffness and
strength in perpendicular compression (see Section 19.3). Typical aflow-
able stiesses are about 400 psi for softwoods tf the bearing lengths in the
direction of the beam 1s 6 in. or more. For shorter bearing lengths at points
some distance {at least several inches} away from the end of the beam
(Vigure 29.-16). a higher bearing strcss may be used because the deformed
hibers at the pomt of hearing will develop tension along the gram. This
tension component helps tesist the transverse load; it is most effective
when the beanng length is very short. Some specifications allow an increase
in bearing siress of about 75% tor a 1/2 in. bearing length, with smaller
mereases for lengths bevween 1/2 i and 6 in.

Cunved faminated clements such as arches or the knee scction of rigid”
frames mav have signihcant internal residual stesses because of the bend-
g stress impaosed on cach lamination as its forced into the desired curva-
ture. Large external lorces arc often required to hold a curved member in
postion until the glue cures (sce Figure 29.2a). When the foices are re-
leased the member will spring back shlightdv but cannot straighten out
because ol the restriming sheaning stresses set up in the glue lines.

The combimation of 1esidual limination bending stresses and glue line
shear stiesses will reduce the bending strength of a curved member as
compaed with a singht member of the same cross section, Experimental
ehuta bas heen wsed 1o detive a reduction expression



Fo=F [1 — 2000 (L) j (20 3)
N4
where Fooas the allowable working stiess an the curved lammations, F s
the allowable workimyg stess o a siaight lmmaton, and 4R s the 1atio
ot lannation thickness to radias of cnvatue
Lhe other problem muoduced i curnved lammnated members as one ol
tadial stresses induced perpendicular to the gram when the member s
bent Curved beam theoiy, winch s bevond the scope ot dus book, s
needed 10 evaluate these suesses, However, we should be able to visualize
that a tensile 1adial stress will be induced if we try to straighten the mem-
ber. while bending action that produces moire carvature will produce
compressine vadial stress. The maximum intensity of radial stress occurs
at the neutral anas and has the value

3M .
Seadiar = 9rdi (29.6)

tor arectangular section,

Expressing frawm N terms of the extreme fiber bending stress =M/l =
6Mbd? we have d

feadia1 = ‘g ot . (29.7)

Thus a laninated member with a depth of 2 ft and a radius of curvature of

16 tthas a peak radial stiess equal to 1/32 tmes the peak bending stress. A
large depth to rachius of curvature 1atio is needed to produce laige radial
stiesses. but even arelatnely low tensile 1adial stress may be cniucal be-
cause ot the low tensile strength of wood perpendicular to the gramn.
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Example 29.1 Rectangular Beam Strength. A surfaced 8 in. by 16 in.
timber beam s 1o catry a permanent uniform loading on a 15 ft span
(Figuic 29.534). For normal allowable stresses ot F, = 1750 psi bending
and F, = 100 psi shear, deteimine the total allowable load on the span.

The allowable stresses are decreased by 10% tor permanent loading, or
F, =0.9(1750) = 1575 psi and F, = 0.9(100) = 90 psi. A depth factor reduc-
tion also applies o the bending stress as the beam is greater than 12 in.
deep. s reduction (Equanon 29.16) 1s Cq = (12/15.5)¥* = 0.97, and
F, = 13730 97) = 1520 ps1 = 1.52 ksi.

The bending capacity 1s M = F,S where S = section modulus = bh?/6.
Since the dimensions of a surfaced tnber ave 1/2 in, less than the nominal
dimensions,

7.5(13.5)

5 = 300 in3

S =

;m(l)/
M = 1.52(300) =456 in.-k = 38.0 ft-k

~

The maximum shear stress in a rectangular section (neglecting two-beam

' o .3V
shearimg action) isv =57 o1

V= 3’ Av = 23(7.5)(15».5)(0.090) =7.0k

From equilibvium, My, = w,L%8 and Vyuo = w L/2. Solving these expres-
stons tor wy, and w,, we get

w, = 1.35 k/ft and w, = 0.933 K/t

The load capaaty of the beam is conuolled by shear stress. Shear is often
critical in timber beams, in contiast to steel beams where shear seldom

governs,

Example 29.2 The curved porton of a 36 in. by 10 in. glued laminated
(Ligawre 29.56) has 1 in. lammations and a 1adhus of 12 {t. Determine the
allowable wind induced moment on the corner poruon it the normal allow-
able bending stress is 2100 psiand the allowable honizontal shear is 90 psi.

Thiee tactors are apphied to the bendimg stiess: depth effect, curving of
lammations, and duaton ot load. From Equauon 2914,

Cy = (12/36)"" = 0.885 and Fp = 0.885(2100) = 1860 psi.

From kquanon 295,

I

2
F.=F [1 — 9000 ( ) 1 = 1860(0.903)

14



= 1000 PNl
This stress devel v maeased by 331% for the very shiort duration wind
loading, or
F, = 1.333(1680) = 2240 py1 = 224 kv

10036)?2

= 92160 n*, and
8]

We compute the section modulus §

M = 2.242160) = 4850 in.-k

‘I he allowable stress i tadial tension is otten taken as 173 the allowable
horizontal shear stress. or 128G0) == 30 psi. Phere is no increase i allow-
able radial stress tor wimd loadimg because of the severity ot the effects of
possible tensile failwe duce to radhal suess. I he maximum tadial stress s
at the neuttal anis and 15 equal o
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d
fmdial = '£ ;’
or the equivalent allowable bending stress is determined from
9
30 =22 12 F, =480 psi = 0.48 ks,

which is only a ftacuon of the allowable bending stress of 2.24 ksi as deter-
mined from the regular bending analysis. This example is a rather ex-
treme casc in that the vadius of cumvature ts small for the depth of the mem- ¥
ber. and the bending action 1s computed tor wind stresses: both of these
tactors tend o make the radial tension much more serious than the regular
bending. The proper method of treatmg this situation is to remtorce the Q
faminated member with stecl rods that can absorb the radial tension forces.

Some change in geomeury, such as a more gentle curvature with larger

racius. would also help the situation. -

v

29.3 COMPRESSION MEMBERS

Compression members of timber occur commonly as small building .
columns. supporting members in industrial structures, and truss mem-
bevs. The siaplest tnber compressive form is the solid rectangle, made of
sawn or glued-kiminated timber. When the length is excessive for this form,
the space coluimn, made of twe or more column sections separated by .
spacers, is used. The spaced cofumn has an inereased racius of gyvration
‘for a given cross-sectional area. These two column tvpes are iltusirated in
Figure 29 Ge. Spectal shapes lor architectural purposes can be fabricated
tn glued-lamiinated tmber.

The most imporiant behasior wpic for wood columns is stability. The
basic stabifity theory presented in Chapter 20 mav be used o predict the
buckling load of long columms. T'he Euler buckling equation,

K

fer= (kLin? (29.8)

is usuathy modihed for recangular umber sections by replacing Lir with

L.d. where d is the dimension of the column normal to the axis of buckling,

We can casily show that the vadms of gyrauon of a recungular seciion is

given by r =dr\ T2, Replacing r by d/ VT2 in Equation 29.8, the expression O
for kuler buckbing is
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N Long columns tested at the Torest Products Labotatory (Newlin and
Gahagan [1930)) produced vesults moexcellent agreement with Equaton
. 299 Sectuons FHoang by T e 24 o fong, gave 1auos of (tesyy/theory)
' 0.979 for div Southern yellow pie and 0.964 for diy Douglas hr. The
value of £ m Equaton 299 1 customanly determimed for each column
speamen by a bendimg test puior to the avial loading. .
Shorter columns, 2t and 12 ft long, were also tested by Newlin and :
Gahagan. The 2 {ulong diy pine speamiens faded by crushing and focad
buckfing of the internul Bbers, as descrboed e Seetion 19, 6, an stesses ol
around 3.6 ksi. The 12 todong columns exhibited both stabibits and |
crushimg at fatlure stiesses of about 5.2 ksi. The data mdicate that. for
column lengths up to about 2 nes the least dimension of the column, 4
there is hittle 1eduction of strength below the stength of very short
spedimens. .
A more recent study by Parker [1964] on a shortand interimediate length
tmber columns verthed the applicability of the tangent modulus theory
(Equation 20 1B for predicting buckling loads ac stress levels above the
proportional fimic. Div Southein pine and Douglas fit columns 3 6 in.
square and with lengths ol 18,36, 54.and 72 in. were loaded concentnically.
The vesults of the tests on the Southern pine columns are summarized in
INgwe 2966, The average values of test vesults at each L/d ratio produce
the type of cuive we would expect (compare with Figuie 20.12),
Timber columns with purely axial load mav be designed using the stress
versuy Lod relauonship shown i Figure 29.7, wheve the LFuler stress . g
O dinided by a factor of satety 1 used tor elastic buckhng and a constant
Callowable stress (fuane) 15 used for inclastic buckling. A moie refined F.
approach 1s not scught here because the mherent variabilities in column
geometty and suength are greater than the differences between the
tangent modulus theory and the simplified approach.

v .

S

Example 29.3 At tlus point i your study of stability you should have
some “teeling™ as to whether a ginen steel or concrete column 15 10 be
dassed as short (inelastie acion) o Jong (clasuc buckhng). With this exam-
ple we shall provide maght into typical proportions for short and fong
tber columns,

Typical allowable compiession stress parallel to the giain, denoted by ‘
Feovanges from 400 to 2150 psi for normal load durations with construc-
. ton grade and better ranging from about Y00 to 2150. The modulus of ?
clastucity values for these better grades of timbev vary trom about 1,200,000 ’

psi to 2,000,000 psi. We shall now cestablish a definivon ot short and long
columins from these gnen umber properuces.

T AR AT AT MR G T IR € T VR, TIDY 8 N Tk
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Using a factor of safety of 2.75 against elastic buckling, Equation 29.9
1s tanstormed mto an allowable stiess expression:
0.82E 0.3E

Fa= gl e =~ Ljdy?

This expression is plotied in Figure 29.8 {or the upper and lower values
ot £ (1,200,000 and 2,000.000 psi) along with the upper limits of stress
rtangmg frtom 900 to 2150 psi. We see that elasuc buckling governs tor
(kL{d) 1atios above 13 o 20 for the lower E value, and for ratios above
16.7 to 28.5 tor the higher value of E. Since high strength and high E tend
to go together. the nue curve where the correct E is associated with each
allowable compressive suess Feisrepresented approximately by the dashed
line of Figuie 29.8. and we see that clastic Euler buckiing occurs for kL/d
rauos in the range ol about 16 10 20. For a 6 by 6 in. column, the transition
range 1 8 to 10 fu

Accounting tor tangent modulus effects would increase the transition
pomt shightly.

The amal-load capacities of spiced columns may be determined by appl;'-
ing the prinaples discussed above. The only new aspects are the determina-
tion of appropnate cifective lengths tor the individual elements in a spaced
column and the connecuon requirements tor the spacer blocks. These
refinements are discussed in Volume 4.

29.4 COMBINED BENDING AND AXIAL LOAD

Timber members in a frame. truss, or other structures may be subjected
to vanous combinations of bending and axial {orce (either tensile or com-
pressive). Combined bending and compression is discussed in Section 20.2;
the nonlmear beam-column behavior presented there is fully, applicable
to tunber columas

Relativels hitde experimental work has been conducted on timber beam-
columns. One study performed m the Suuctural Models Laboratory at
Cornell University on 1 in, squane by 7 . long model columns made of
clear white pine s summatized i Figure 29.94, whaie the axial compres-
sive tailure load £1s plotted agamst the farllure moment Pe for nime differ-
ent cceentnaties tangimg from 0 to mbmy, Two specimens were tested
at cach cccentniany; the value of e tor each specimen includes the amphifica-
tion cffect. As with remmtorced concerete beam-coluimns, the tarlure modes
aire compressive for low M/P ratios and ténsile tor high M/P. The nans-
ton from one wpe of tadure behavion to the other is indicated m the hgue.

A nondimensionalized version of this mteraction diagram is shown in
Figuie 29.96 A conservative representation ol the actual interaction cutve
is a4 staght line conneaing PP, and MM, where P, s the pure column
capaats of the sectnon, and M, is the pure bending capacity. Values of com-
bied loading falbing below tus straght line may be expressed in terms
of stresses instead ol {orces and momcents:

{_'"_+,[‘h_ = 1.0 (29.10)
f 1
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£ = allowable stiess ain Jonguudimal compression
S = MUS = bendimg stiess
Fy, = allowable bending stiess

This method of teating combimed stiesses essentally assigns pait of the
suengih ol the secuon to column action and the remamder to beam acuon,
Equanon 20 10 mav be used tor the prehinnnary design of timber beams-
columns as well as tor cases of combimed bendmg and tension by setting
F, = allowable stiess i tension,

A more accwrate estmate of beam-column behavior must indude the
amphhcanon eftects that aie present i any beam-column, The Nauonal
Desygn Spealication for Suess-Grade Lumber and ity Fastenings [197 1]
provides an expression for 1ectangular members subjected o combined
coeeentnie end loads and side Toads:

a “T[ * fulOediB < 1 9G.11

F«J+ l'h—yfn —l) . (—- )

where M = moment mduced by side loads. ¢ = eccentriany of the axial

load. and 8. y = ampliication lactors that depend on the column siender-

ness tato. Lib, For showt columns, 8 = 1 and y = 0; for long columns.

B =125and y = 1. The breakpomt beiween short and long columns is
defined by L/B = (0.3E/allowable stress parallel to gran)® s,

29.5 CONNECTIONS

The provision of connections has alwavs been the most diflicule problem
met m umber stiuctures Overall economy s drasucally affected by con-
necton detads, Substanual improvements in connectors and i under-
standing then behavior have evolved over the past several decades. and
have contnibuted gieath 1o mareased usage of tmber as a major struc-
tural material. Connections cannot be left o the judgment of the ficld
crews: instead, the connections for any umber sttuctuie other than resi-
dential or similar hght construction are carefully designed by qualified
engincers. As o steel and concrete structures, we must not torget that the
pertormance and stiength of an assemblage of stiuctural elements can be
no better than its connections.

A\
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An initial exposure to timber connector design is often bewildering
because we utilize a large number of different types of connectors, each
of which will have diflerent behavior depending upon the orientation of
the load with the connector and the connector with the grain of the wood.
In addition. the stiength of any timber connector defies a rational, mathe-
matical analysis.

Connectors anclude glue, nuils, spikes. bolts, lag screws, pins, metal
plates, and special patented timber connectors called split rings, shear
plates, toothed rings, spike grids, and clamping plates. Each of the latter
group of devices 1s used 1n conjuncuion with a bolt and 1s designed to spread
the load transfer over a substantial arca of timber, thus reducing the severe
concentiated bearing stiesses experienced around a bolt acting in simple
shear. The split 1ing and shear plate connectors are illustrated in Figure
290.10. More detailed information on connection devices and on connec-
tion design is given by Guifinkel [1973]. We shall restrict our attention
here to bolts and spht-ring connectors.

Bolted Connections

Bolted connections are popular because of their easy installation and
relatively laige load capaaties. The man variables that influence the
capacity of a bolted connection designed to transmit force {rom one timber
member to another include: species of wood, grade of lumber, moisture
condition of lumber, geometry of joing, and edge and end distances of bolts.

Given this number of variables, itis not surprising that bolted connection
design is accomplished by resorting to tabulated values ot bolt capacities.
We should not use such tables. however, unless we have a sound under-
standing of how wypical bolted connections actually behave when sub-
jected to load. :

We shall consider first the testing of a single 1/2 in. diameter bolt used
to fasten two 2 in.-thick Southern pine side members to a thicker central
member (Figure 29.11). The load 1s apphied axially to the assemblage by
pushing down on the outside members and up on the center member.
Since the bolt hole 15 normally made slightly larger than the bolt diamcter
(either 1/32 or 1/16 in. larger), some shp occurs as the load is applied.
After the bolt 1s in firm contact with the sides of the hole, the load-slip
relationship s lincan up to ajoad of about 2100 Ibs. and a ship 0 0.03 inches
(Figure 29.11). Addwonal load produces some crushing action in the
tumber fibers adjacent to the interfaces of the three members. ‘The load-slip
cuive continues 1o become more nonlinear as the timber crushes and the
bolt bends, T he mastmum load 15 4700 Ibs ata ship of about 3/4 . The con-
dition of the umber members s tdlusuated at a “safe load™ and at the maxi-
mum load in Figuie 29,11,

A quabiative assessment of the eftects of most of the variables mentioned
above can be made on the basis of mtutuon, The stronger, denser woods
carry higher loads, as will connedtions with larger bolts. ‘The strength of |
the bolt may not aftect the proportional limit ot the connection unless the
bolt is so weak that it begins to bend prior to crushing of the wood fibers;
the longer the bolt 1emains straight the more uniform is the distribution
ol bearninyg stresses on the timber, A connection with thin side members or
a thin central member fails at an carlier stage —there is a balanced condi-
aon of side member thickaess and center member thickness at which all

three members teach a critical state aliost sumultancously.
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It the boltis pliced oo dose ta the end of a member we nmay ind a com-
pletely dilferent mode of fature i which the wood is sphit hecause ot the
wedgime acnon of the bolt, Using 2 o1 - bolis will not necessardy double
o1 quadruple the suength of the connecion because there s no guaraniee
that caclizbolt will canny the savne load. also, there may be some deletenous
mictaction ol delormations it the bolts are too dose rogether, Finalls,
the connection geomeny is changed from dhatin Figuie 29 11 o one with
a single membet on ecach side ot the jomt, strengih will be substantially
reduced because of the reduction to g single sheaning plane, the eoeens
tiaty of the forces i the members, the large amount ol beir bending
action, and the catly fiber arushing.

The second tvpe of bolied connection to be considered is a fnur holt
configuration with (1) two side members parallel 1o the center member,
and (b) two side members perpendicular to the center member, as shown
m Figuie 29,120 The expenmental 1esults are taken trom a study _on
Douglas fn members conducied by Dovle and Scholten [1963] The nsesti-
gavou induded tests on one-bolt joints 1o assess the 1clatne efhiacncy of
the four-bolt connectons, Specimen geomenuy and loadmg s given in

Figure 29,12, Other vaitablessstudied imduded stage of seasoning of the

lamber, bolt diameter (1/2, 3/4. and 1 m.), and snugness of bolt fit.

Four load-slip curves are shown i Figuire 29.13a: loaching 1s parallel to
the grain in all members. The threc sohd curies give the average response
for cach bolt in four-bolt connecuons mare with 1/2. 3/4,-and | in. diam-
cter bolts. The dashed hine shows the load-slip 1esponse of a connection
made with a single 3/4 v bolt. In all specimens the mclastic behavior in-
duded aushing of the wood adjacent to the bolts. There was some bolt
bending and sphitting ot the wood along the bolt hole hnes.

[t s apparent that each bolt in the fousd-bolt connectuon behaved ¢ssen-
tialhy hike a single bolted connection. Tt is also apparent that changing {rom
1/2 in. bolts to 3/4 . bolts provides a substantial merease in connection
stnength and suffness, but that a {urther mciease 1 bolt size above 3/4 in.
docs not mcrease either the ultimate capacity or the mual slope of the
load-shp relation. This is becituse the connection behavior is controlled
almost completely by deformation ot the wood for all bolt «izes above a
certam cutical sive The concept of matching conncector (bolt) strength
to the stiength ot the connected pieces is just as vahid in umber connee-
tions as it is in metal stiucture connections, where we should not use one
large bolt 1o connect two thin sheets of metal.

Bolt length is usually accounted for by conuderng the nondimensional
tatio L/d, where L s the bearing length and d s the diameter of the bolt.
An increase in L/d normally leads to a lower proportonal it tor the
connection because longer bolts bend easier, thus producing carlier non-
umiform bearing stresses at the bolt-mber interface.
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Figure 29.13b gives the response of the second type of connection, in
which the belt loads are perpendicutar te the gram ol the center member.
The low perpendicular to gramm bearing capacity of the wood under the
bolts in the center member lcads to relatively low values of proportional
limit and load capaaty in the connedtion. Furtheimore, the bolt loads
producd a splitung effect on the center member that must be resisted by
the tensile capaaty perpendicular to the grain. The low value of tensile
capacity can lead to abiupt tailure of this type of connection.

The hnal aspect of behavior to be considered is that of load distribution
in a multiple bolt tension joint, whete there arc a number of bolts in line,
parailel to the axis of loading As 1 steel structures (Chapter 21), the outer
bolts tend to carry a higher share of the load than the inner bolts. Cramer
[1968] showed that the two outermost bolts on each side of a long connec-
tion carried about half the total load whenever 6 or more bolts were placed
m line, and that there was relatively litde redistribution of bolt loads after
the proportional limit of the outer bolts had been exceeded. In design
we account for this fact by using veduction factors that are a function of
the number of connectors mn line.

Split-Ring Connectors

]

The split-1ing connector (Figure 29.10) 1s one of several important forms
of the many types of mechanical shear developers used in heavy timber
construction. A split-1ing connector and the manner in which 1t transinits
shearing forces in a joint me illustrated in Figuie 29.14. The steel ring is
placed in cucular grooves cut in the surfaces ot the pieces to be connected,
with halt the depth ot the ring protruding into each member. The mem-
bers are then held together with a bolt. External member forces are trans-
mitted through the connecuion by bearing stresses distributed over the
tather large suitace area of the split ning instead of being transmitted
by high bearing stresses on the bolt. The rng is split to facilitate better
distnibution of load both msde and outside the ring and 1o accommodate
anv dimensional changes m the umber. ¢

The shear connector 1s another impoitant tyvpe of mechanical connector.
It consists of two metal pieces, set mto rnngs i each ot the picces wo be
Jomed (Figures 29.10 and 29.144). Thus load tiansfer from member to
member is by shear in the bolt, but the transter of load trom the member

,mto the bolt is on the large bearing surface around the 1ng of the con-
nector,

The vanious mechanical connectors were established in Europe around
1910 and were invoduced nto ULS. practice about 20 vears later. They
have been widely used since the carly 1940s. The more important advan-
tagres of mechanical connector joints mddude high ethaency, relative ease
of tabnicavon and assembly, adaptabilitv to prefabincation techniques,
and a4 mimmmum of exposed metal that Ieads to better appearance and
greater hire resistance than s tound m conventional bolted joints.

The complex mteraction ol the many variables allecung the strengih of
sphit ting and shear connecator joints precludes any vavonal analyvsis. As
i the case ot bolted connections, we must uulize the vesults ot experi-
mental programs to form a basis for desigming these jomts, Scholten [1944)
has presented extensive data gathered i tests on spht ring connectors
ai the ULS, Forest Products Laboratory, The data used in the tollowing

Te
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discassion are taken trom his paper.

Pro 1o considenng the mfudnee ol the major variables. we shall exuam-
e the behavior of a connection made with two -, diameter sphit rings
ioaded pavallel 1o the gram of air-dry wood (Iigure 289.15a). As shown
i igure 2906, there s an ansial ship ol about 0.02 . that occurs as the
connector and the tmber surtaces aire brought into solid bearing. The
connection then exiubity a hinear load-shp relation up to a proportonal
It of about 2/3 the cipaaty of the connecnon. While the mode of
tailure vanes depending on the size of the connector and thicknesses of
tumber, the hist peak on the loadsslip curve s often the load at which
the arcular core of wood endosed by the connector fails in shear. This
part of the faluie mode often occurs with a rather loud norse, thereby
piroviding a warming that the connecton s m distress. Adter the sheanng
acuon, the jomt contmues 1o carry load and final failure consists of com-
bincd bolt bending and aushing of the wood fibers adjacent to the con-
nectors, The maximum load for this parucular connection was 40 kips at
a ship of nearly 1/2 in,

The other basic joint configuranon has the central member located per-
pendicular to the two outer members (Figuve 29.156). The pertormance
of this connection is sigmhicanty below that of the parallel-to-gran load-
mg casc. The lorces perpendicular to the grain of the transyverse member
produce sphittng near the centertof the connection and bulging below
the split ring. Splitting extends in both directions, horzontally, from the
connectors. ‘The enclosed cores inside the ring ordinanly shear only in
the upper halt, abeve the horizontal spit, while the intact lower half
translates downward with the spht portion ot the member. Values of pro-
poruonal linnt for connecnions with bearing perpendcular to the grain
are about 1/2 to 2/3 of the corresponding values for parallel-to-grain
conunectons,

The min variables 1o be considered in spht ring connecuon design are:
size of 1ing. species of wood, moisture content of wood, geometry ol joint,
and cdge and end distances of timber members,

The effects of connector diameter and wood species are summarized in
Figure 29 17 fon 24, 4, 6, and 8 in. diameter connectors loaded paialiel
to the grain in a two-ring joint. Proporuonal limit loads are plotted against
umber speafic gravity tor six different species. We see that the propor-
tonal limit P’ for each connector size can be expressed as a linear function
of speaihe gravity, The maxaimuim capacities also tollow this hnear rela-
tion, for example. the maximum load for 4 . diameter rings is P, =
76.000G. Connecuons m which the load is applied perpendicular to the
grain of the transverse inember (see Iigure 29.155) have the same general
dependency upon specilic gravity, but then behavior is much more eiratic
because of the mme complex failme modes encountered n this type
of joit.

Connectons loaded atan angle between 0 and 90° ate ucated by uulizing
the Hankinson fonmula (Fquanon 19.3) for basic strength of wood loaded
i compression. For members inchned at 45°% we may unhize the tact that
the perpendicular-to-gram stiength Q s about 2/3 of the parallel-to-grain
stiength P, and we then compute the connection capacity to be




gly 175—-White—=Vol. 3—~GAC-18061 - 1-25-74-0C hsd/2

N = =:,4—P
ToEToN
2 3 2

or 80% ot the parallel-to-grain strength.

Member thickness is important in that below a certain minimum thick-
ness the faillure mode in paralicl-to-grain connections involves splitting
as well as shearing of the enclosed circular core. The vaiiation of propor-
uonal hmit loads and maximum loads with thickness of center member
in a three-member Southern vellow pine connection is shown in Figure
29.18. Side members ave half the thickness of the center member with a
14 in. minimum thickness.

The optimum thickness for the 4 in. diameter; ring is about 3 in. Joints
with thicker members fuil at a nearly fixed load by shearing inside the
ving. while thinner members lead to splitting failures and reduced capac-
ites. Allowable design loads for split ring joints are often tabulated for
the opumum minimum thickness with reduction factors specified for
thinner mcmbers.

Member width is crucial in joints with bearing perpendicular to the
grain. An inarcase in width gives an increased proportional limit and
increased maximum load because it helps to delay the splitting and bulging
actions present in the perpendicular-to-bearing connection. Load values
increase by about 10% {or each inch of width above the minimum width
(4% m. tor 4 m.aing) for widths up to at least the ring diuneter plus 4
inches. On the other hand, the pertormance of parallel-to-grain connec.
Lions is almost independent of ypeomen widih.

{29.12)

The {our paramceters of end disuince ¢, edge detance a, cleay dm.mce )

¢, apad spading s are mportant fictoss in determnung connection behaor,
End distance e is cruaial in a parabel-to-gran connection; the variauon of
capadity with e for a two connector (hin. diameter) joint is shown in Figure
2919, With end distances of less than 6 in. the fmlure modes involve
shear along the projection of the connectons as well as splitting through
the bolt holes for the lower values of e.

Lakewise, the edge distance a ys critical in members with perpendicular-
to-gram connedtion forces. Test results are plotted w Figure 29.20. Note
that the teal need for the edge distance is on the side of the member in
the duccuon ol apphed loading. and that the split rings may be placed
off-ccnter to provide an mcereased eflective edge distance and higher
strength,
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Spacong s i parallc-lo-gHanm connedions i impoiiant n that a connecnon
with closely spaced timgs will fal by shearmg of the wood between connec-
tors on the plane detmed by the edge ot the rings. Fhe substantal reduc-
ton - proporaonal hmit and capaans for 4 m. connectors spaced less
an 9 o s cvdont m Tigure 2921 Tests on these and other size connee-
tots reveal that the mummum spacmg necded to preserve the behavior of
a single_connedor jomt s about 3 an plus 15 tmes the 1ing dumeter,

Pinathv, we consider the mfluence of mosture on sphit-nng connection
suength  Scholten [19-44) found that the test tesults on green umber
connccnions were lower than the tesults for sumilar conmectons m diy
titnber, just as the basic strength propertes of green timber are lower than
those ot div tmber. An approsimate empical relavonsiup s

Liren _ parallel compiession stengthpeen:
Pary patdlicl compression stiengthgyy,

“1he actual dessgn ol split ring and other mechanical connectors 1s done
by using tabulated values with appropriate adjustinent factors for moisture
content, duration ot loading, connector spacing. and actual values ot
tumber thickness, end distances. and edge distances. The assignment of a
suitable tactor of safety is a crucial step m formulating the tables of allow-
able connector loads. Allowable working loads for spht 1ing connectors
are notmally taken as about 1/4 ot the ulumate capacity or 1/2 the propor-
tonal hmit. whichever is less. Connections with perpendiculai-to-grain
bearing are rated from the proporuonal limit because of the greater vari-
ability in farllure mode and ultimate capaaty. Actual values of allowable
connector loads, as specilied by the National Design Spccnﬁcalionfflgﬂ]
for timber. will be given in Volume 4.

29.6 SUMMARY

The behavior of structural timber clements and connections 1 made
complex prunanidy by the great differences in the strength and stiffness
propetnies ot umber as it 15 loaded at various angles to the grain and by
different ty pes of stress. In spite of these complexities. stresses are normally
computed by comventional elastic analysis expressions and then adjusted
to account tor such factors as depth effect, torm effect, curving of lamina-
tons, and duration of loading.
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PROBLEMS

29.1

12
©
n

29.6

20,10

20,11

20,12

20,13

The basic allowable bending stress for a certain grade of umber
15 2000 psi. What s the allowable stiess if the umber s used in a
48 in. decp glued-lanunated member and vou are checking
stuesses produced by snow loading (2 months duration)?

For the depth range from 12 to 100 in.. plot Equations 29.1a

and 29.16 and compaie the predicted depth reducuion factors.
Describe the possible tailute modes for glued-laminated timber
beams, including sketches of load-deflection 1esponse.

You have a umber beam with a knot in one face. How do you
position the beam in the structure to minimize the effects of the
kuot on strength?

Timber design speafications place imits or the ratio of lumination
thickness to radius of curnvature (¢/R in Equation 29.5). Why are
limits needed? Can you sugpest reasonable values for these limits?
Lanunations 3/4 in. thick are bent to a cunvature of 75 . in

the corner section of a laminated umber frame. If the aliowable
working stress in a straight lammation is 2200 psi, what stress

can be allowed in the lamination? - .

Two in. by 10 . floor joists on 16 n. centers are often used in
home construction. If the floor span s 12 ft, estimate the peak
stress in the joists. Ave there structural criteria other than stress
hmits that enter into Hoov design?

A timber beam. 8 . wide, has an end reaction of 24 kips. How
much end bearing distance is required it the allowable compression
perpendicular to grain is 450 psi?

What is the allowable load capaaty of a 5% in. squaie Ponderosa
pine columu. with hinged ends, 1f the length is (a) 8 ft and

(b) 16 It

use £ = 1.100.000 psi, Fe = 800 psi allowable compression
paralicl to gram, and a factor of safety of 2.7 on the elastic Euler
buckhng expiession.

Deteimine the adequacy of the timber beam column in Figure
P29.10. using both Equations 2910 and 29.11. Use Douglas fir,
Select structural grade PET, with Fe = 1200 ps, £ = 1,600,000
psicand Fy, = 1500 psi. Use a tactor of safety of 2.7 on the elastic.
Euler buckling expression, ;

Compare Equaton 29.11 with the interaction equation used for
steel beam columns and comment on the differences. Which one
most closely 1epresents tue beam-column behavior over the
entite rtange ol slendeirness vatios?

Find a nmber structiie in your community and examine the joint
detads Sketch tpicad joints and deseribe their function,

Por the connecnons depicted in Figure 29.17, how many 24 in,
connectors can be teplaced by a single 6 in. connector ¥ Comment
on the relause load-slip charactenistics of joints made with the two
SEZC Connectors,

Why e weanterested in the slip in a joint, such as in Figure

20 11~
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20015 [t s proposed that a timber connection be made with a mixture
ot tour 1 in. bolis and two 1 in. split nmg connectors, Comment on
this proposal. giving particular attention to how the load mught
be shared between the bolis and the split 1ing connectors at
various load levels up to fathne

~ i . . . . .
99.16 Would the use ot a high suength, tensioned bolt in a sphit 1ing
connector joint (such as in Figure 29.16) improse the shp

1esistance and stength ot the jomtz Explam caretully. :

20.17 How would you make a tuly hinged connection at the base ot a
three hinged umber arch? Sketch the connection and describe
it fully.

29.18 How would you make « moment-resistant sphice between two
timbet beams? Can vowr connection also transimit shear?

29.19 A heavy lamimated timber beam trames into a umber column,
Devise a simple connection detail that will transmt the end
reaction of the beam into the column without transmitting any
significant bending moment.

vy
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LA MADERA EN LA VIVIENDA

O Francisco Robles

Ramén Echenique

1. EVOLUCION DE LA VIVIENDA DE MADERA

1.1 Factores que infervienen en la eleccién de la madera como material

de construccion

¢ Qué lleva al usuario a escoger la madera como material de construccion?
No siempre son consideraciones de tipo econdmico o de disponibilidad las que -
determinan la eleccién de madera como medio para realizar vivienda. En efecto,
se da el caso de regiones boscosas donde se prefiere la piedra y viceversa. Al-
go de esto es lo que sucede en México. Pueden ser factores decisivos la tradi-
cién, el afén de permanencia, la imitacién de soluciones que han tenido éxito
Q en ofras: regiones, la falta de una tecnologia adecuada, e incluso, en algunas
culfuras, consideraciones religiosas. En México, una de las causas de rechazo de
la madera como material para la vivienda es la tendencia a asociarla con vivien
das de mala calidad (el jacal) y con estructuras provisionales (barracones, etc.)

1.2 Algunos antecedentes histéricos

Son muy diversas las formas en que el hombre ha utilizado la madera para
crear espacios habitables. Los ejemplos que se resefian brevemente a continuacion
ilustran algunas de las modalidades que ha adoptado la vivienda de madera segin
el modo de vida del usuario y las condiciones climatolégicas.

Fosas cubiertas y forradas de troncoi- En Rusia se han encontrado eviden-

cias de viviendas de este tipo, que datan de la época paleolitica. Las dimensio
nes eran del orden de 3.5 x 13 m y el acceso consistia en una rampa.

Viviendas de postes y ramaje entrelazado.- Durante la época neolitica fue

Q ron comunes las viviendas de planta rectangular y techo empinado de doble vertiente cons
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truidas con postes clavidos en el suelo como soportes verticales y vigas inclinadas
para formar el techo. Con frecuencia se utilizaba una hilera interna de columnas
para soportar la cumbrzra. Los muros se formaban con postes de madera verticales,
a veces de troncos partidos, clavados en el suelo, uno junto a otro, con entrama-
dos de rama cubiertos de lodo o con corteza de érboles. Para el techo parecfarusch
se zacate o algdn recubrimiento de madera. En algunos casos las viviendas eran lo
bastante grandes para alojar a varias familias. Se han encontrado restos de estruc-
turas como las descritas en las cercanias de Colonia ( 4 000 a de J.C.) y en
Wirtemberg( 1 100 a de J.C.). Sistemas semejantes se siguieron utilizando en los
paises escandinavos durante la época de los vikingos.

Palafitos.- Estas viviendas lacustres de la época neol;'ficc se apoyaban sobre
pilotes clavados en el fondo de los lagos. Los pisos probablemente estaban formados
por troncos acostados unos al lado de otros.

Viviendas mexicanas de la éporca prehispdnica.~ Las viviendas de la época

precldsica se parecian a las chozas actuales del Valle ‘de México y consistian en
una estructura a base de varas entrelazadas embarradas con crcillcx;_ y una techum
bre de paja.

En el norte del pais se utilizaron viviendas comunales de forma cénica en
didmetros hasta de 20 m. Otras variantes de vivienda en esta regién fueron las ca
sas alargadas de forma rectangular hechas con postes de madera y ramaje y combi
naciones de adobe con pisos y techos de madera y paja. Estas (ltimas viviendas a
veces tenian varios pisos.

En la cultura teotihuacana se utilizé la madera como refuerzo de muros y co-

fumnas de mamposteria. Los techos se hacion con gruesas vigas de madera que sostenian

un sistema de palos redondos y carrizo sobre el cual se colocaba una capa de tie
rra y un entortado.
Las viviendas de la época azteca eran parecidas a las de la época precldsi-

ca. Los de las clases acomodadas a veces eran de mamposteria con techos de ma-

O



dera. Una aplicacién interesante de la madera fue el empleo de estacas para ci-
menfar.

Las casas de los mayas fueron muy parecidas a las de hoy todavia son comu
nes en Yucatan.

Casas de troncos horizontales ("log cabins").~ Fueron comunes en el norte de

Europa y posteriormente en Norteamérica,

Viviendas inglesas de la Edad Media.~ Uno de los paises donde con mds éxito

se ha utilizado la madera como material de construccién es Inglaterra. Son tipicas
ias casas medievales con muros de construccién mixta de madera y mamposteria -
( "naid-timber houses"). Los techos de armaduras de madera aserrada para las vivien
das lujosas son notables. En la vivienda modesta fue frecuente el techo de zacate.

Viviendas de armazén de madera forrado de tablas ("frame house"). Este siste

ma es frecuente en algunos paises de Europa y ha sido la modalidad de construc-

cién de vivienda més comin en Canadd y Estados Unidos.

Uso de la madera como material para vivienda en algunas culturas primitivas. -
La variedad en las condiciones de la vida y en los tipos de maderas disponibles ha
dado origen entre los pueblos de culturas primitivas a soluciones de notable diver-
sidad. Compdrense las casas de los malayos o los seminoles de Florida, las yaguas
del Amazonas, con las chozas africanas, las viviendas portatiles de Mongolia (yurts)
o de los nootkas del noroeste de Norteamérica y las estructuras de madera y tierra

de los yakuts de Siberia.

2. SISTEMAS CONSTRUCTIVOS QUE SE HAN UTILIZADO EN MEXICO

La madera se ha usado tradicionalmente en México como material para cons-
truccidn de viviendas. Sin embargo en los Gltimos afios su nivel de aprovechamien-
to no ha alcanzado el de otros paises productores de madera. Se describen aqui al

gunos usos tradicionales y algunas experiencias recientes.




2.1 Sistemos rudimentarios

En muchas regiones del pais todavia es frecuente encontrar viviendas de tipo
rudimentario (crozas y jacales) de gran variedad. Para el techo se usan diversas
combinaciones de morillos o vigas con zacate, p'clma teja o ldmina. El techo se
apoya en unos casos sobre postes hincados en el suelo, y en otros, sobre muros de
mamposteria. Son ejemplos las viviendas de Veracruz, Yucatdn, Estado de México,

etc.
2.2 Techos de vigas

Se encuentran dos variantes. En una, las vigas soportan una tarima de tablas
sobre la que se coloca tierra (techumbre de terrado). En la otra la techumbre se
forma con ladrillo (béveda plana o béveda catalana).

2.3 La vivienda de madera michoacana

Michoacdn es una de las regiones de México donde la vivienda de madera tie
ne mayor tradicidn. El sistema estructural es a base de postes, vigas y tablas combinados
con un estilo peculiar de la regién.

2.4 Viviendas prefabricadas de madera de triplay

Aunque fodavia en escala muy reducida, se ha iniciado la produccién de casas
prefabricadas.

La empresa "Triplay y Maderas de Durango", por ejemplo, ha construido mds
de 100 casas en Mazatldn, Guadalajara y la Paz, a base de secciones prefabrica-
das de madera para los muros y el techo. El techo se recubre con ldmina galvani-
zada. La superficie de las vivendos es del orden de 50-70 m?2 y su costo es apro-
ximadamente $ 500.00/m2, incluyendo instalacidn eléctrica e hidrdulica.

Indeco ha propuesto un sistema de muros prefabricados de elementos "sandwich"
de triplay y poliuretano mediante el cual puede construirse una vivienda de cerca
de 50 m? en tres dias, con un costo de $ 18,000.00. El sistema parece haberse usa

do en California y Nicaragua.

O



Se encuentra en estudio el empleo de armaduyras prefabricadas de madera para

techar, construidas con elementos "gang-nail" para las uniones.

2.5 Viviendas prefabricadas con ldminas aglomerados

PROTINBOS ha promovido en Toluca el sistema VELOX, basado en una paten
te alemana, consistente en el empleo de ldminas prefabricadas de aglomerados a -
base de desperdicios de madera y cemento, que se usan tanfo para los muros como
para el techo. Los techos se protegen con papel asféltico e impermeabilizante. La

superficie de las viviendas es 62 m?2 y su costo es $ 450/m2,

2.6 Residencias vacacionales

Un ejemplo de residencia vacacional es la casa octagonal construida por -
"Wood Products de México" en Valle de Bravo. El techo es de madera protegida
con papel asféltico y tejamanil de asbesto. La vivienda tiene una superficie de =
200 m2 y su costo fue de aproximadamente $ 1,400/m2.

También en Valle de Bravo, Arturo B. Avendaﬁ;), ha construido cabafias en A,
de dos niveles, con una planta de 48 m2. Los muros y techos son de madera aserra-
da y triplay.. La techumbre estdé cubierta de papel' asféltico y tejamanil. El costo

aproximado de una cabafia es $ 120 000.

2.7 Conjunto habitacional popular en estudio por SAG

La SAG tiene en estudio una unidad habitacional de madera para el medio ru -

ral. El techo serd de madera con lémina corrugada de cartén o dmina. La superfi-

cie de la unidad seré 144 m2 y se estima que su costo serG de unos $ 400/m2.




3. EXPERIENCIAS EN OTROS PAISES

3.1 Los paises eiffandinavos

Los paises encandinaves son posiblemente los mds adelantades en el empleo de
sistemas de prefabricocién para producir vivienda de madera.

Producen no solamente para el consumo interior sino también para la exportacién.
El pais donde mds extendido estd el uso de la vivienda de madera es Suecia, donde
los usuarios han mostrado en los Gltimos afios una preferencia marcada por la vivien
da aislada, que se presta a la construccién con madera, frente al multifamiliar de
concreto. Los sistemas utilizados van desde el sistema de elementos "pre-cortados"
(pre-cut), que se reduce a la preparacién de paquetes de piezas cortadas a la medi

da, hasta sistemas espaciales. Existen multitud de variantes intermedias a base de dis

tintos tipos y combinaciones de componentes modulares.

3.2 Estados Unidos, Canadd, Australia, Nueva Zelandia

En esios paises, la madera es prolmblemente el material més utilizado para la -
consitruccién de vivienda. En los Estados Unidos cerca del 90% de las viviendas son
de madera. Los datos correspondientes para Nueva Zelandia y Australia son semejan
tes. Tocavia parece prodominar la construccién convencional aunque el uso de la
prefabricacién se estd extendiendo mucho, hay empresas que producen viviendos-corg_
pletas en sus plantas, desde donde las transportan en plataformas al lugar de destino.
En los Estados Unidos ha adquerido gran popularidad el concepto de vivienda mévil
("mobile home"). Bl 25% de las viviendas unifamiliares que se construyen en la ac-

tualidad son de este tipo.

En los Fstados Unidos, &l Departamento de Agricultura. ha elaborado un gran ni-
mero de instructivos que facilitan la auto-construccién de viviendas rurales. Un tipo
de estructura que ha despertado considerable interés en los Gltimos afios es el "pole-
building", apoyado sobre postes hincados en el terreno. Se han desarrollado también

otros sistemas usando el concepto de "stress-skin" o a base de paneles "sandwich".
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Sistemas modulcies interesantes son el "Nu-Frame" y el "Unicom" ,
Qﬁs‘lrwd’j\/os <rqpleccdos em Nuswa_le,lmd,m:_ﬁ/

Los procedimientosYy Australia’ son semejantes a los de los Estados Unidos, aunque @m-

Nueva Zelandia y Australia es comin usar teja o algdn tipo de Idmina para techar.

3.3 Japdn

1 -~ -
El Japén es otro pais donde la madera es uno de los materiales mds cominmente

utilizados en la construccién de vivienda, a pesar de que debe importar aproximada

mente la mitad de la madera requerida.

3.4 Sureste de Asia

Es muy frecuente el uso de soluciones mixtas de muros de mamposteria y armadu
ras de madera, éstas Gltimas prefabricadas en muchos casos. En general el uso de
la madera para vivienda estdé mds extendido que en Africa y Latinoamérica.

3.5 India

Existe un gran interés por promover el uso de la madera en la vivienda. La apli-
cacién mds usual es en casas de construccién mixta con muros de mamposteria con =
techos de armadura. Se han desarrollado sistemas estandar de armaduras que permiten

el aprovechamento de piezas de madera pequefias.

3.6 Africa

En Nigeria existe una empresa (African Timber and Plywood) que ha desarrollado
un sistema a base de componentes modulares de madera y triplay para muros y te-
chos. El médulo bésico es 3' y 4" (102 cm), de manera que el usuario puede plan
tear diversas soluciones sobre una reticula cuadrada de esta dimensién. Se proporcio
nan instructivos y asesoramiento a los usuarios que &3 deseen construir ellos mismos
su vivienda. En otras regiones el uso de la madera para vivienda estd poco exten-
uigo.,

3.7 Latinoamérica

Brasil. El sistema Campolar es un sistema a base de elementos verticales con




ranuras en las que leslizan las tablas o las ventanas o puertas. Los techos son de

ién si g lomerado (B
armadura. Se han empleado también sistemas a base de panelgs de aglomerado (Bra
silia).

Guayana Holandesa.- El costo de la vivienda de madera es la mitad del de la

vivienda de mamposieria. Existe una empresa que produce casas prefabricadas en
que en jos muros se emplea un tablero de particulas aglomeradas con resinas fendli
cas (Fenboard).

Guyana.~ La mayor parte de las viviendas es de madera. Se emplean los si-

guientes tipos de construccidn.

a)" Viviendas de postes redondos.- Son las més econdmicas y sulen cons-

truirlas los propios usuarios.

b) Casas de madera aserrada construidas convencionalmente.~ Es el sistema

mds usual. En algunos casos se combinan muros de mamposteria con te-

chos de madera,

¢) Casas prefabricadas.- Se empezaron a producir recientemente. Tienden a
» . - -
ser mds baratas que las construidas convencionalmente, pero menos satis-

factorias estéticamente.

Panamé.- Se encuentra en(bloques de concretq Jestudio un sistema a base de:pie-

7

zas redondas, carrizo y techo de lémina que parece apropiado para programas de au

to ayuda.

Chile.~ Es el pais de America del Sur donde es mds comin el uso de ia madera
en la construccién de viviendas. Se emplea tanto en las zonas rurales como en las

ciudades. Se utilizan los sistemas convencionales y los basados en prefabricacién.
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De una manera general puede afirmarse que en los paises latinoamericanos, no
obstante las aparentemente abundantes reservas forestales, el uso de la madera en la
vivienda estd limitado a la vivienda rural rudimentaria o al jacal de las ciudades
pérdidas, por un lado, y a la construccién de un minimo reducido de residencias de
lujo. Salvo algunas excepciones, como Guyana, apenas se emplea en la construccién

de viviendas modemas de costo bajo y medio.

4. RESISTENCIA A LOS INCENDIOS

La madera es un material combustible, y, por lo tanto, se considera como un
material peligroso en caso de incendio. Sin embargo la naturaleza y grado de peli-
grosidad dependen mucho de la forma cémo se usa. Hasta la fecha no existe ningidn
tratamiento que transforme la madera en un material incombustible, pero experien-

. . - - - : - - .
cias e investigaciones en muchos paises, han demostrado que bajo condiciones muy
bien definidas la madera se puede utilizar en forma econémica y segura como ma-

terial en la construccidon de viviendas,

Es muy importante tener en mente que los contenidos usuales de las viviendas
(camas, mesas, sillas, cortina etc.) son, combustible suficiente para crear incendios
serios sin importar que las paredes y techos sean de materiales combustibles o no.

En una vivienda la madera puede funcionar como: 1) sistema estructural, 2)
proteccién y 3) decoracion. Para cada caso el peligro de incendio asociado es dife

- - «F ofe
rente, lo mismo que las medidas de proteccién que se pueden utilizar.

4.1 Sistema estructural

La estabilidad estructural en un incendio depende del grado de resistencia al
fuego que ofrezca y esto no es una propiedad del material, pero del elementc -
constructivo que puede estar hecho de cualquier material apropiado o combinacién
de materiales.

El propésito de resistencia al fuego es primeramente el de contener el incendio

al lugar de origen y en caso de que esto falle el de asegurar que la vivienda no
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se derrumbe antes de que el incendio se consuma.

Los principales elementos estructurales de una vivienda que requieren resisten=
cia al fuego son las vigas y columnas, para estabilidad estructural; las paredes y
pisos para estabilidad estructural y/o integridad para prevenir el paso de gases
y flamas a otras porciones de la vivienda y/o aislamiento térmico para impedir que
otras partes o viviendas se prendan a causa del calor conducido.

En general la madera se consume a razén de 38 mm/h en condiciones de incen
dio, por lo que columnas y vigas de secciones grandes, tesisten muy adecuadamente
las cargas adn en incendios severos. Cuando las superficies de un madero se han
prendido la combustién procede perpendicularmente a la superficie, se forma una
capa de carbén, que actla como aislante e impide la penetracion de oxigeno a la
porcién central de la pieza.

4.2 Sistema: de proteccion

Los techos y cubiertas exteriores, de muros forman para las viviendas los prin

cipales sistemas de proteccién del medio ambiente. El techo debe ademds tener la
capacidad de impedir la penefracion de fuego de una vivienda contigua o el que se
prenda a causa de radiacién de calor o de brasas volantes. Si se usa madera en
estos casos, el techo se puede culrir con material incobustible y los muros extemos
1 - 7 e . . .« w . .

deben estar a cierta 'distancia " del muro de la vivienda contigua para evitar la
trasmision del incendio, o deben estar protegidos mediante cubiertas aislantes o de
material incombustible.

4.3 Sistemas de decoracién

El problema principal en este caso es el de asegurar que la madera tenga re-
sistencia a ser prendida y que no ayude a trasmitir el fuego. Por lo regular, la ma-~
dera aserrada, contrachapada, los tableros de particulas y fibras son de secciones del
gadas que los hacen muy susceptibles a prenderse y a trasmitir el ‘fuego de un sitio
a otro. Sin embargo son muy fc’nciles de proteger aplicando retardantes de fuego me-

diante los cuales la madera puede utilizarse reduciendo su peligrosidad inherente.
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Los retardantes de fuego retardan, no controlan la ignicién de la pieza y limitan
las flamas en su superficie. En caso de incendios severos los retardantes de fuego
son inefectivos.

En resumen, se puede decir que aunque la madera es un' material combustible
esta no representa demasiado riesgo en caso de incendio si en su uso en la vivien-

da se sigue una serie de consideraciones y recomendaciones.

5. RESISTENCIA A LOS SISMOS

Es bien conocido el hecho de que estructuras de madera se han comportado
muy satisfactoriamente bajo fuerzas sismicas. Son de interés los casos de Japén y
de California, regiones sismica, donde una gran parte de las viviendas son de ma-
dera. La madera es un: material con gran capacidad de absorber vibraciones y fue
go de corta duracién. Ademds su flexibilidad y ligereza la hacen un material ideal
para construir viviendas en zonas sismicas. Es interesante mencionar que en la es-

Q

cala modificada de intensidad de temblores de Mercalli, el desplome de edificios
de madera bien construidos precede al grupo 12 que corrésponde a la destruccion
total, Las estructuras de madera son faciles de rigidizar y de evitar deformaciones
angulares de los muros.

Los ejemplos que se muestran, en las diapositivas ponen muy bien en eviden-
cia las grandes ventajas que ofrece la madera, en pequefias estructuras, a causa de

su capacidad de absorcién de energia, flexibilidad y ligereza.

\

6. RESISTENCIA AL ATAQUE DE ORGANISMOS

Aunque en pldticas anteriores se tocd el tema de durabilidad de la madera,
ahora que estamos comentando sobre las viviendas, vale la pena recordar ciertos
casos sobre hongos e insectos.

Es evidente que las condiciones ambientales en el pais no son las mismas para

todas las regiones; por lo mismo el riesgo de que la madera usada en viviendas sea
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atacada por hongos e insectos también es variable, segin la regién de que se fra-
te. Las zonas desérticas o permanentemente frias ofrecen los riesgos més bajos mien-
tras las cdlido~himedas, los mds altos.

Para el caso de viviendas de madera los hongos causantes de pudricién y - -
las termitas son organismos que tenderian a disefiar la estructura. Si recordamos -
nuevamente que para que los hongos destructores de madera se establezcan y desa
rrollen necesitan una serie de condiciones especiales de temperatura, humedad, ali
mentacién, etc., y que la humedad es un factor critico y relativamente fdcil de con
trolar para madera que no estd en contacto directo con el suelo o completamente
expuesta a la intemperie, podemos decir que si se tiene el cuidado de detallar la
construccién de la vivienda de tal manera que la madera que se utiliza siempre se
mantenga seca, se evitara su deterioro por hongos, en forma muy fdcil.

Para la madera que esté en contacto con el suelo, o expuesta a humedecerse
por la lluvia, se le puede aplicar algun tratamiento con preseryadores. El tipo,for
ma de aplicacidén y penetracién y retencion requeridos, serd de acuerdo con el
riesgo de que la madera esté sujeta al ataque por hongos y tefmitas. En esta forma
se protege en forma efectiva a la madera. También en algunos casos se podrd uti
lizar madera sin tratar de especies:de gran durabilidad natural.

Por lo anterior podemos decir que aunque la madera es un material orgdnico
susceptible de ser atacado por organismos, si esta se usa en viviendas, mediante
detalles constructivos y aplicacién de preservadores cuando el caso lo amerite, es
posible garantizar la integridad y vida de la vivienda construida con elementos de

madera,

7. COSTOS
La comparacién de costos de sistemas constructivos diferentes es siempre dificil.
Un andlisis de costo superficial, hasado en los precios que rigen en el mercado,

puede fdcilmente llevar a conclusiones equivocadas. En el caso de viviendas de -

O

O
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madera, debe considerarse la infiuencia que puede tener el aumento en el volumen
de produccién con el aumento de demanda de vivienda de madera, el efecto que
puede tener la normalizacién de elementos y componentes, y la influencia de la
rapidez de construccién,que afecta importantemente al costo de financiamiento.

Existen otras ventajas de la madera, de naturaleza indirecta, que son difici-
ies de valuar, tales como el adhorro de energéticos, la disminucion en el costo de
financiomiento, el bajo costo de transporte y plantas, y ofras.

Indudablemente son también significativos el costo de seguros y la durabilidad 4

Koenigsberger da algunas orientaciones sobre costos comparativos que son aplicables
en regiones calido-himedas donde abunda la madera y predominan los techos inclina-
dos. Indica que los cimientos de estructuras de madera son mds econdémicos que para
estructyras de mamposteria. Considera también que tanto los pisos como los techos de

Copimo-
madera son mds econdémicos que los de otros materiales. Sin embargo!- "~ que los

muros de bloque o ladrillo son econémicamente preferibles a los de armazén de ma-

dera forrado.

Algunos datos comparativos han sido compillcdos recientemenre por el Ing,Joel‘
Octavio Quifiones. Segin el Ing. Quifiones un techo de concreto cuesta $ 92,/m2
mientras que el costo de la solucidn de madera equivalente es de solo $ 79. El
costo de cimentacién puede disminuir deé$33.35, para una solucién en mamposteria,
as$ 2‘1/m2, cuando la estructura es de madera. Estos datos no deben tomarse sino
como indicio del interés de la madera como material estructural.

Se menciona en la actualidad como ;Jn costo razonable el de unos $450/m2.
(Los costos en Asia oscilan entre $ 90y $800/m2.) Esto significa que una vivienda
de 60rm2 costaria $ 22,000.00, valor que no estd al alcance de un sector muy
importante de la poblacién. Deben buscarse, por lo tanto, soluciones aun més eco

némicas.
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8. EL FUTURO DE LA VIVIENDA DE MADERA EN MEXICO

8.1 Sugerencias sobre las caracteristicas de programas fendientes a fomentar el

uso de la madera en la vivienda.

La actitud tanto del usuario de vivienda como de las empresas e instituciones
que la construyen, financian y aseguran, es poco favorable al empleo de la madera.
Sin embargo parece claro que, dadas las caracteristucas econémicas del pais, el
aprovechamiento de los recursos forestales para la solucién del problema habitacio-
nal presénfc perspectivas prometedoras. ¢Qué puede hacerse, entonces, para fomen
tar el uso de ia madera en la vivienda? ¢Cudles son las condiciones mds apropia
das para el desarrollo de la vivienda de mcdera'.s ¢Cudles son las aplicaciones mas
convenientes?

No es este el lugar para analizar con detalle las politicas y medidas que pue
den contribuir a propiciar el uso de la madera. Es evidente que es necesario modifi
car los reglamentos de construccién, revisar la politica de las compafiias de segu-
ros, introducir programas de estudio adecuados en los centros de ensefianaza tecno-
[égica media y superior, estimular la investigacion sobre tecnologia de la madera, y
promover el interés de los arquitectos en la madera como material estructural.

Se ofrecen a continuacién algunas consideraciones sobre politicas a seguir en
el desarrollo de programas tendientes a fomentar un mayor uso de la madera como
material para la construccién de viviendas.

Existen ciertas restricciones que deben tenerse en cuenta al plantear el proble

a) Los recursos forestales parecen adecuados, pero se carece de informa-
cidén sobre las propiedades de la madera.

b) Son escasos los técnicos de niveles medio y superior familiarizados
con la madera.

c) La tecnologia del tratamiento de la madera se encuentra en un estado

rudimentario.

O
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d) El capital disponible es escaso.
e) Abunda la mano de obra no calificada.
f)  Existe un rechazo bastante extendido al uso de la madera.
g) Es escasa la capacidad administrativa.
Un examen de estas restricciones indica la conveniencia de empezar con solu-
ciones mixtas, que combinen los materiales tradicionalmente aceptados con la made
que -

ra., Parece claro/‘no puede esperarse un cambio repentino en la actitud del pdblico

hacia la vivienda de madera. Debe procederse gradualmente.

Los proyectos deben ser sencillos, sin refinamientos constructivos, de manera
que no se requiera un excesivo control de calidad. Debe preferirse el clavo a la
cola. Deben preverse holguras amplias y deben buscarse soluciones que admitan va
riaciones dimensionales importantes, La prefabricacién debe introducirse gradualmen
te a medida que se desarrolla la técnica local. La instalacién inmediata de fabri-
cas altamente mecanizadas no parece aconsejable. Debe restringirse al minimo la
importacién de tecnologia. Puede ser Gtil el establecimiento de sistemas de coordi
nacién modular que propicien la produccién de elementos modulares sencillos que
puedan utilizarse tanto en soluciones mixtas como en soluciones completas. Los sis
femas a base de prefabricacién deben dar preferencia a sistemas de elementos rela
tivamente pequefios que puedan montarse sin equipo.

8.2 Formas convenientes de usar la madera en la vivienda

Se presenta a continuacién un posible esquema de la evolucién del uso de la
madera en la vivienda y se hacen sugerencias sobre algunas aplicaciones que pare-

cen ser de interés.

Una solucién mixta que probablemente tendria fécil aceptacién es la combinacién
ce muros de mamposteria con techos de armaduras de madera, por lo que podria =
constituir el punto de partida de un programa de popularizacién de la madera. La
fransicion del tipo de vivienda usual a este tipoc mixto no es violenta. Las venta-
jas del techo de madera son evidentes: ligereza, eliminacién de la cimbra, rapidez,

sencillez constructiva, Se presta tanto a sistemas de prefabricacién como a sistemas
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convencionales «a construccion. Desde el punto de vista de proteccién contra el -
clima puede ser ventajoso. El desarrollo de métodos econémicos para construccién
de armaduras parece un campo de investigacién interesante. Existen dos opciones:
la prefabricacién en serie con un alto grado de mecanizacidn o el desarrollo de
sistemas basados en el empleo racional de mano de obra. En ambos casos parece
acons ejable establecer sistemas estandarizados basados en coordinacién modular. Pue
de ser interesante la elaboracién de i i ili ‘ccié

a elaboracion de instructivos que faciliten la auto-constrccidn.

’ Vg

Un aspecto importantes es el de las uniones. Deben desarrollarse sistemas que no

impliquen pago de patentes. Parecen de interés las que se realizan con placas de
triplay & clavadas o pegadas. Sistermas G e e tom o e'”’“f'l‘”o

2105 Pl ulAoS prden Ser [oqvenm enles,

Otra solucién mixtd podria basarse en el uso de vigas estandar prefabricadas
ce madera y triplay. Para que este tipo de solucidn resulte econémica deben desa
reol larse tipos de triplay mds baratos que los que existen en el mercado, cosa que
es posible en la opinién de técnicos como el Dr. l%lomquist. Una de las razones
del alto costo del triplay es el precio de las resinas fendlicas usadas en su fabri-
cacién, que son un producto de la ir@%trio petroquimica,

Tres aspectos de techos de madera como los descritos que requieren estudio son
el aislamiento térmico, el tipo de revestimiento conveniente (tejamanil, lémina, -
papel asféltico, etc.), y la forma de protegerlos contra el riesgo de incendios.

Un segundo paso en la popularizacién de la madera en la vivienda podria ser
la infroduccién de muros divisorios a base de paneles. Existe ya en el mercado una
diversidad de materiales d@rivados de la madera apropiados para la fabricacién de pa
neles: aglomerados de diversos tipos, tableros de fibra, triplay, etc. Los paneles
puede usarse no sélo para formar muros divisorios sino también para recubrimiento
de techos y para formar plafones. En relacidén con el uso de estos materiales es ne
cesario desarrollar técnicas para pegar los poneles a las armazanes que los soporten.
Es evidente el interés de producir componentes estandar para muros divisorios.

En construcciones mixtas de madera y mamposteria puede pensarse en utilizar

O
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moderaj no, sélo para los techos sino también para los sistemas de piso. De hecho; es
te sisfemcxcor!sfrucfivo se ha usado tradicionalmente en México.

El pgso siguiente pociria ser el desarrollo de elementos verticales de carga., Es
fos pueden ser de armazén de madera cubierto de tablas o parales construidos en
forma com!/encioncl, o de componentes prefabricados. Los muros de carga presenten
mayores pr(ﬁoblemgs» constructivos que los divisorios. Deben- buscarse. sistemas - estructura

{

les que resistan eficientemente tanto las fuerzas horizontales como las verticales.

Un recurso es el de hacer que los materiales de revestimiento-funcionen conjunta-
mente con las armazones que los soportan (stress-skin").

El dltimo paso ‘en la introduccién de la casa de madera como una solucién

1
viabie al jproblema habitacional seria la construccién de casas-completas, sea por
sistema s conven_c'ionéles o sea recurriendo a la prefabricacién.

Un tipo de estructura completa de madera cuyas posibilidades valdria la pena
explorar es el apoyado sobre postes hincados en el suelo ("pole-building").. Presen
ta la ventaja de prdcticamente eliminar la cimentacién. Ademés, permite -levantar
el piso solsare el suelo a un costo bajo, lo que implicaria de por si una gran ven-
taja sobre;muchos de los sistemnas de construccion rural usuales en la actualidad,
sin que suponga cambios :radicales en los métodos aceptados.

Uno‘de |o§ sistemas . constiructivos mds extendidos en México es el basado en
muros de adobe. Desgraciodamente la falta'de resistencia del adobe a las. accidnes
sismicas es notoria.. Puede ser interesante investigar la posibilidad de-reforzar los
muros de :gdobe‘ con un sistema rigidizante de madera.

Una aplicacién de la madera de indudable interés es en los programas. de:re-

regemelaciéy
novagion © m de vivienda.

8.3 Medidas que pueden contribuir a fomentar el uso de la madera en la -vi-

vienda
Independientemente de los programas nacionales para el fomento del uso de la
macera puede ser Gtil favoreczeftoda clase de ensayes piloto en pequiia escala.
i

Se ha sugerido la convieniencia de promover la vivienda de madera entre Jos
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sectores de ingreso medio. La aceptacion por estos sectores contribuiria a pépulo-
rizar el uso de la madera.

Puede ser provechosa la accidén de organismos oficiales como las Secretarias de
Agricultura, Obras Pdblicas, Recursos Hidrdulicos y la Comisién Constructora de la
Secretaria de Salubridad, que podrian promover el empleo de viviendas de madera
para sus empleados en estaciones experimentales, programms de desarrollo de la co

munidad, campamentos permanentes. etc. :

De gran interés puede ser la promocién de programas de auto-construccién en
que se involucre la participacién de los usuarios.

El uso de madera en zonas urbanas densamente pobladas, salvo posiblemente
en los techos de sistemas mixtos, no parece que tenga muchas perspectivas de éxi
to innr:diato. Los primeros intentos del uso de madera en gran escala deben hacer
se en las regiones rurales y en particular en poblaciones de reciente formacién.

("L&ézaro Cardenas”, en las Truchas).

O
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GLUED LAMINATED TIMBER BRIDGES~-REALITY OR FANTASY=

Billy Bohannanz

Gentlemen: 1 sincerely feel it is an honor to address this group.
Your Institute and the Laboratory have had one of the better relatlonships
throughout the years. If we look back at the things we have accomplished
together, we should feel exceedingly proud. However, my personal
relationship with your industry has been more like a stormy romance--we
have had our ups and downs. For this reason, I am awed at being permitted
this captive attention. Whether our relationship will be up or down in
about 20 minutes remains to be seen. It is like the man said, "I've got
some good things to tell you and also some bad; which do you want firse?"

I intend to reminisce a little about past and current research on
timber bridges. I will give you some factual experiences with research
bridges that the Forest Service has built. I will also give you some
opinions of some of your consumers throughout the United States who should,
may, or have already used glued-laminated timber in bridges. I may even
throw in a few of my own opinions just to confuse the issue.

Just so we are all talking about the same thing, what is a timber
bridge? 1If there is a timber bridge market, what type bridges are we
talking about? The Keystone Wye (figure 1) is a beautiful structure.
You all know about it, but if you have not actually seen the bridge, you
cannot really appreciate how nice a structure it is. However, even
though tne Keystone Wye proves that glu-lam timber can be used in such
structures, I would not predict a large market for this particular design.
Rather, the places glu-lam arch bridges will be used are like these two
examples: foot bridges (figure 2) and pedestrian crosswalks (figure 3).
These curved shapes fit in well in many settings and should be promoted
for such use. But to promote glued wood arches for major highway

structures is questionable.

The major market for glued-laminated timber bridges is the plain,
simple, functional bridge with longitudinal stringers and transverse
wood deck (figure 4). Such bridges are used in all but the primary
highway systems. Another potential market is railroad bridges (figure 5).
Many railroad bridge structures are transverse crossties on longitudinal
girders that are supported on pile bents., Glu-lam timbers should be used
for pile caps, girders, and crossties.

The potential market for straight girder bridges is for spans from
approximately 20 to 60 feet. However, wood bridges are used for much

For presentation at Annual Meeting of AITC, Scottsdale, Ariz.,

March 13-16, 1972.
2. Engineer, U.S. Forest Products Laboratory, Madison, Wis.
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longer spans. Long-span wood bridges are more popular in Canada. For
instance, this 125-foot king-post truss bridge is a rather striking
structure (figure 6). The Forest Service in British Columbia has used
such bridges to span 160 feet, and have one planned which will span over
180 feet. The B.C. Forest Service also uses a straight girder with an
I-sectlon for long spans. We have one of their designs for an 86-inch-
deep girder designed to span 151 feet.

The use of glu-lam timber in bridges dates back more than 30 years.
I do not know which giu~lam bridge is the oldest. In Madison, Wis., a
glu-lam arch foot bridge was first built in 1940. Unfortunately, it had
to be rebuilt in 1951--untreated southern pine glued with casein glue, need
I say more? One railroad in Texas used 11 glu-lam preservatively treated
girders in a bridge in 1944. It was reported within the last year that
these girders were still giving good service.

Bridge Market

One question that I anticipated was "how large a bridge market
are we considering?" Such information is not readily available. The
most complete figures that I could find were given in the Highway User
Magazine, February 1971. This publication showed the total number of
bridges in the United States to be over half a million (563,000). Of
these, about 80 percent are in the state secondary, county secondary,
rural roads, and city streets. These bridge classes imply the shorter
span structures, for which timbers could be used. Most of the 80 percent
on secondary roads were built prior to 1935. With the current movement
toward highway bridge safety, many of these bridges will undergo inspection,
and needless to say, many will be replaced.

Within the Forest Service road system, there are many thousand
bridges. The estimated number of new and replacement bridges is 200
to 250 annually.

Somewhere I read that there are 1,700 miles of timber bridges
within the railroad network. I could not verify this figure, however.

Based on this very limited survey, there is a timber bridge

market, which I assume is extremely interesting to you. Now, what
about our involvement?

Forest Service Timber Bridge Research

About 10 years ago the Forest Products Laboratory, in cooperation
with the Division of Engineering of the U.S. Forest Service, initiated
a timber bridge research program. The initial research evaluated the
maximum bending moments and shear loads that should be used in the design
of the longitudinal stringers. In the study, three typical single-span
timber bridges were assembled and load tested under laboratory conditions,




and five single-span Forest Service bridges in three National Foregt )
areas were load tested in place. The conclusions were that the criteria
for maximum bending moments of stringers were satisfactory. However,

the design criteria for shear were very comservative. The AASHO Stan@ard
Specifications for Highway Bridges were changed to reflect these findings.

Since 1965 research has continued along two main directions, one
pathological and one engineering.

In a decay hazard survey, moisture probes permanently placed in
several Forest Service bridges have consistently shown hazardously high
molsture content areas in the upper laminations of some glu-lam bridge
stringers. To study possible factors that contributed to the high moisture
content and potential decay hazard aspects, a deck was removed from a
typical single lane Forest Service bridge that was 12 years old. Definite
advanced decay was found in one stringer and other questionable areas of
incipient decay were observed. The suspected reasons for the decay were
insufficient penetration of preservatives due to lack of incising before
treatment, and water entry into top laminations through deck fastener
holes and checks in the wood. In both the fastener holes and checks,

.the moisture penetrated through the preservative.

Two approaches were proposed to meet the decay hazard: (1) a better
preservative treatment of top laminations and (2) a bridge deck that
would provide an effective roof over the complete bridge structure.

Nearly 100 percent treatment of the top two or three laminations
is possible with a dual preservative treatment. Prior to manufacture,
the top two or three critical laminations could be treated with a penta-
chlorophenol in volatile petroleum solvent. After manufacture, the
complete stringer could be treated with a creosote petroleum solution.
The stringers in one Forest Service experimental bridge have been given
this dual preservative treatment. The same thing might be accomplished
without dual treatment by using all-sapwood top laminations of an easily
treated species.

A deck that will provide an effective roof over the complete bridge
structure is also a reality. The most common timber deck is a nailed-
laminated assembly of nominal 2-inch dimension lumber fastened with
througnh-nailing of the laminations and toenailing of the laminations to
the stringer. This system dates back 40 or more years and was basically
satisfactory when used on solid-~sawn stringers spaced close together. In
tnis construction, the decking deflected very little between stringers so
service performance was acceptable. However, with the advent of glued-
laminated timbers the spacing of stringers has more than doubled although
the decking system remained the same. This has magnified the necessary
structural requirements of the decking.

On wide stringer spacings, the bending strength of the decking is
still adequate, but deflection increased significantly. These deflections
caused a working within the fastener system, resulting in an overall

O
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loosening of the deck. This loosening is exaggerated by shrinking and
sweiling of deck members through repeated wettings. As a result, for
certain designs of bridges using glued-laminated stringers on wide
spacings, the deck becomes excessively loose. In turn the loose deck not
only undermines confidence in its structural preformance, but ineffec-
tively roofs the bridge structure.

A decking system that will support a waterproof covering would
effectively roof the deck structure and minimize the possible decay
problems. But this requires a relatively stiff wood slab deck. Such
a deck has been available for 30 or more years in the form of vertical
glued-laminated wood slabs. The same 2-inch dimension material as now
used in the nailed-laminated deck can be glued into a flat slab. The
resulting panel will be stiff and, when covered with a sealant coat, will
resist penetration of surface water.

Current AASHO Standard Specifications for Highway Bridges do not
cover design of vertical glued-laminated wood bridge decking. However,
a study, now just completed at the Laboratory, was undertaken to
provide such design criteria. The experimental evaluations of a paneled
deck system were supplemented with an exact series solution to develop
design criteria for glued-laminated wood deck systems.

The expected practical width of glu-lam panels is 4 feet or less.
Thus, at 4-~foot intervals or less along the lengths of the bridge
surface, there will be a joint in the decking. Such joints wilil permit
relative deflections of adjacent panel edges, thus reducing the overall
effectiveness of the glued slate system. However, design criteria
have been developed for an effective shear-moment connector device to
minimize this relative movement and provide some continuity of the load
distribution properties of the deck.

Both criteria for the glued-~laminated deck and for the shear-
moment connector system will soon be published.

Experimental Field Bridges

To further evaluate the performance of glu-lam panels, experimental
test decks are being used on selected Forest Service bridges. To date,
six such bridges are in service and three additional bridges have been
designed. We are planning three or four more later this spring. For
this discussion the exact descriptions and locations of the bridges are
not important. Such information is available from the Laboratory for.
those who are interested. The thing that is important toc this discussion
is our experiences in building these bridges.



One thing that naturally came up with each bridge was the cost
of the glu-lam deck panels. For the most part, these were simple, straight
panels with a minimum of shop fabrication. Yet the quotations on the
delivered cost of treated deck panels varied widely, ranging from
$350 to $725 per thousand board feet. To show you the variation, (j)
quotations were $350, $386, $418, $500, $615, and $725 per thousand board N
feet.,

In all fairness the $725 per thousand board feet panels did require
considerable plant fabrieation. These panels weva installed on a steel
pony truss bridge. A total of 18 panels were needed and six of the 18
required special cutouts to fit over the steel superstructure. It was
realized that these special cutouts would be reflected directly in the
cost of the panels. Therefore, the high initial cost did not greatly
disturb the Forest Service engineer. However, during installation of the
panels, it was discovered that each panel was furnished exactly one-
half inch too wide. The accumulated extra width in the 71-foot-long
bridge resulted in the special cutout sections not fitting the bridge.
Such experiences tend to discourage further use of glu-lam decking, at
least on that forest.

One of our most reoccurring experiences has been that contractors
are not familiar with erection of glu-lam timbers. One Forest Service
engineer sungicated that bid prices for the treated glu-lam material were
reasonable whenever only manufacture and shipping were involved. How-
ever, when the bids included erection inplace, prices were very inflated.

1 have discussed this individually with numerous laminators and was
lead to believe that some laminators would both furnish material and
arrange for bridge erection., This was encouraging, and bid invitations (:)
for the next two experimental bridges were sent to five laminators in
addition to other contractors. Two bridges were included in the same
bid package. They were small bridges, slightly in excess of 20-foot
spans, which were being built on the same Forest Service road. From
previous experiences, the Forest Service engineer was reluctant to bid
both materials and erection cost in the same package. I assured him,
however, that I had discussed this with the laminators and they would
give a fair bid for both material and erection. The day of the bid
opening, I received a phone call from a rather disturbed engineer. Not
one of the five laminators submitted a bid. Needless to say, I called
the principals of five laminating plants. Some of you may be here
today. I won't relate the reasons given, but I will say that one Forest
Service engineer does not trust you Or me now.

The low bid that we received for the material inplace for the
glued-laminated deck panels was $2,500 per thousand board feet. The
next low bid was more than double that figure. Now these were plain,
simple, straight longitudinal girders and transverse deck, nothing
fancy. There was no pier work involved. ‘The bridges were being placed
on existing piers of old bridges. I am sure a crew of three people
could have built both bridges in less than 1 week.



We have since rebid the briages for material only. The second big
invitation was sent to only two laminators in addition to other material
suppliers. Again upon bid opening day, I receiyed another phone call; the
laminators didn't bid. This time instead of calling principals of
laminating plants I called the sales representative at each plant location,
One did not bid because the Forest Service specified 8-week delilvery sn:
he had a 10-week backorder iIn his plant. The other laminator had bid
through a-treating company. For some reascn or other the additional
exercise of going through a treating plant resulted in an extra $100
per thousand board foot cost.

The accepted bid price of the panels was $650 per thousand board
feet. This was for the glued-laminated panels, pentachlorophenol treated,
and delivered to the job site. For some reason we also got some very
inflated costs for the auxiliary solid-sawn members that were required
with the bid. These were the handrails, wheelguards, and blocking. For
instance, the blocks between the wheelguards and the deck are 4 by 6 by
12 inches in size. These were bid at $13 each. 1 think that figures
out to be $6,500 per thousand board feet.

Candid Comments

To determine if our experiences with our experimental bridges were
biased in any way, I corresponded with between 30 and 40 engineers to
learn their experiences in the use of glued-laminated timbers. These
engineers included Forest Service engineers, railroad bridge engineers,
American Wood Preservers Institute district engineers, and several
laminators. Some of these contacts requested that I not connect comments
to them, and for this reason I will not provide any sources of iniformation.
But these are honest candid comments, and I think you'll be interested
in what the consumers of your products are saying.

The Economics of Glu-Lam Timbers

Why not use glu-lam timbers? An almost universal comment, usually
without explanation, is that '"Glu-lam timbers cost too much for bridges."
One indicator is the pile cap, a much-used timber in the railroad industry.
This cap is 14 inches square and 14 feet long. One railroad indicated
that on two occasions they considered switching to glu~lam timber caps.
Once the cost of glu-lam timber caps was three times that of solid-sawn
caps, and on the other occasion it was four times.

In addition to solid-sawn timbers, glu-lam must compete with two
other materials for the bridge market--steel and concrete. Hopeful to
you is the indication that steel will cost more than glu-lam, maybe in
a ratio of 2 to 1. However, the ratio of cost of timber bridges to
prestressed concrete bridges is reported to be about 5 to 3.




Solid-sawn timbers are still competing in spans up to about 35 feet.
One forest is using 10- by 24-inch girders, 35 feet long. These are
costing $340 per thousand board feet, preservatively treated and delivered.

It is difficult to make a direct comparison between cost of solid-
sawn timber and glu-lam timbers because of the differences in the properties <i]
of the two materials. The glu-lam timbers have higher strength properties,
thus smaller sections can be used. On the other hand, a solid-sawn 10 by
24 contains 20 board feet per running foot. 'A 10 by 24 glu-lam contains
27 board feet per running foot. Thus part of the economics of increased
properties are offset by the incressed number of board feet.

To sum up this whole question of economics, why do Canadians build
large glu-lam timber bridges? The reason they give is that 'glu-lam
bridges are the cheapest.'" Yet in the United States consumers aren't
convinced.

Competition from Concrete

The major competitor of timber for bridges i1s concrete, both
reinforced and prestressed. Both forms adapt well to short span bridges.
Prestressed concrete is being used for a large percentage of the new
and replacement bridges in many areas of the country. One engineer
indicated an 85 to 95 percent use of concrete. Some railroads indicated
up to a mile and a half of timber trestles were being replaced each year
with concrete.

Lack of Information

In many instances, the lack of information was given as the reason <:>
for not using glued-laminated timbers. 1In a conversation with one
engineer, I asked if he had considered using glued-laminated timbers for
bridges. His reply was, 'Yes, I have -considered it, but I understand
it's not commercially available yet."

Another comment was that the information is available, but it is
so fragmented that it would require a considerable amount of time to
collect it all and put it into some usable fashion. This engineer
suggested a design manual that would cover design criteria, design
specifications, and material properties and typical bridge designs. The
Canadian Institute of Timber Construction published a manual, Modern
Timber Bridges, which basically covers this needed information. Your
Institute may wish to consider such a manual.

Tom Brassell and I are members of the American Railway Engineering
Association Timber Bridge Committee. This group of engineers is quite
eager for information concerning glu-lam timbers. They asked me if we
would prepare a special feature on the relilability of glu-lam tisbers
for the annual meeting of AREA.

We accepted and selected a distinguished panel of three represent-
atives of laminating companies, Tom Williamson of AITC staff, and myself
serving as the moderator. We presented a 20-minute show-and-tell, then



opened the meeting to a panel discussion. This was the most enthusiastic
audience I had ever appeared before. After about 50 minutes we had to
stop the panel discussion with a dozen people standing in the audience with

their hands raised for another question.

The most direct indication of the success of the panel discussion
came immediately after we closed. Before we left the stage, a member of
the Building and Bridge Association of the railroad industry came on
stage and asked if we would put on the same show for their annual meeting
later in the year. The same type meeting was presented again with even
greater success. This indicated, certainly, that people are willing to
learn about the use of glued-laminated timber.

Promotion of Glu-Lam Timbers

One discouragingly candid comment that kept reoccurring was that
your industry is doing nothing to promote and sell glu-lam timbers. One
comment along this line was that contacts made with laminators have been
very unproductive. Many people consider the advancement of concrete in
the bridge market was through promotion rather than material performance.
Also, the cost stigma that is attached to glu-lam timbers can only be

overcome through education.

This is not only education of the designers of glu-lam timbers, but
also education of contractors that erect the timbers.

It is the opinion of many that if your industry wants the timber-
bridge market, you must be prepared to wage an extensive campaign in
favor of timber. This campaign must cover top management right on down
through to the person building the bridge. The campaign must be with
engineers talking to engineers, not salesmen talking to engineers.

Some or all of your companies do have brochures out on timber
bridges. T have seen some of them. One in particular I thought was
quite impressive. This particular one implies engineering services, i.e.,
the customer furnishes bridge span and design load, and the laminator
will furnish the bridge design with accurate material cost. This to me
seems like a very attractive package if erection cost could be included.

Prefabricated Bridge Package

Well, gentlemen, those are the candid comments for what they are
worth. Just a dream or two of mine, then I will quit. Why not a pre-
fabricated bridge package? With glu-lam girders and glu-lam deck, nearly
every piece of a bridge can be manufactured and fabricated in your plants.
A truck with a self-contained hydraulic boom such as used by many loggers
will transport the panels to the bridge site and also erect the bridge.



A systems approach will produce nearly instant bridges with minimum of
onsite labor. If we dream a little further, a modular, shop-assembled
bridge is possible. Maybe one day I will give you my thoughts on this.

In Conclusion

Glu-lam timber bridges, are they a reality or fantasy? 1 hope
these factual experiences and the honest candid comments will help you
decide, Timber bridges are certainly not an obsolete type of structure.
I feel they are still an economic structure for many secondary road
systems. Properly designed, they can give many years of low maintenance
service. Current Laboratory evaluations and field bridge studies
indicated that better overall performance and an extended service life
of timber bridges are possible through the use of glu-lam panel decking.
This combined with glu-lam girders essentially makes a prefabricated
bridge package. It is possible through a systems approach to erect this
package with a minimum of onsite labor.

What is needed to make glu-lam timber bridges a reality?

1. Sell your product.

2. Sell top management that wood is good.

3. Provide an information package that is readily usable by the design
engineer,

4. Educate contractors in the use of your product.



by roger tuomi
and billy bohannan

Who says timber bridges are dead?
Should ariyone be so rash, he'll en-

counter convincing rebuttal from
Tuomi and Bohannan, engineers head-
quartered at the Forest Products
Laboratory. The Lab, an arm of the
USDA  Forest Service, is maintained
at Madison, Wisconsin, in cooperation
with the University of Wisconsin.

The following article is based on a
technical paper presented by
Bohannan at the 1971 Meeting of the
Structural Engineering Division,
American Society of Civil Engneers.
As you'll see, FPL research is point-
ing out new directions for timber
construction.
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d he versatility and durability
) of wood make it an important
enginecring material for bridge
construction, but its potential
for such use is not generally recog-
nized. Some people may even belicve
that timber bridges belong to the
past. Far from being obsolete, timber
bridges are widely used in secondary
road systems and on 187 million
acres of National Forest land. Timber
construction also is used on more
than 1,500 miles of railroad line in
the United States and, to a limited
extent, in major bridges for primary
road systems. Timber bridges, prop-
erly designed and properly treated
with preservative, will give many
years of low-maintenance service.

© Amencan Wood Preservers Institute, 1971 Reprinted from Wood Preserving magazine
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Timber bridges come in a variety
of shapes and sizes Covered timber
bridges, a part of our national heri-
tage, are good examples of service
longevity. One such bridge, 460 feet
long, was built 1n 1866 and is sull in
service. Truss bridges are a popular
design. One somewhat unusual truss
bridge is located near Sumner, Wash.
(Fig. 1). -

Following the
glued-laminated

development  of
construction, two-

and three-hinged timber arches have
been used to support long, clear-span
bridges. The Keystone Wye inter-
change near Mount Rushmore (Fig.
2) is a recent example of an arch
bridge. The top bridge of the three-
level interchange spans 290 feet.
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Figure 6.--A 125-foot king-post truss bridge.
(M 140 028-19)

4 US Government Printing Office 1973-754-545/26
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The Forest Products Laboratory
and the Forest Service Division of
Engincering have a continuing re-
secarch program on timber bridges.
This program covers evaluations of
existing bridges, laboratory evalua-
tions of new or revised design cri-
teria, and studies of experimental
bridges in the field. The objectives
arc to develop new design methods,
better methods of preservative treat-
ment of bridge members, improved
deck systems, and improved methods
to provide a watertight seal and wear-
ing surface for the deck.

‘ﬂxcld observations have
1,4‘7 shown that the bridge deck is

"‘/(ij the critical component with

regard to deterioration. The
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most common timber bridge deck Is
an assembly that is constructed on
site by nailing pieces of dimension
lumber together and toe-nailing each
lamination to the stringers. Shrinking
and swelling of deck members due to
changes in moisture content coupled
with load vibrations tend to loosen
the deck elements, allowing water to
penetrate into both the wood deck
and stringers. Research has indicated
the possibiity of glue-laminating
dimension lumber into panel sections,
making the deck more resistant to
the penetration of water,

Glued panels are also far stiffer
and have higher load capacities than
equivalent thicknesses of nailed as-
semblies, A further advantage in
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glued-laminated construction is that
most of the holes for securing the
deck panels to the stringers can be
drilled before preservative treatment,
thus insuring effective preservative
penetration. Figure 3 shows tests
being conducted to develop design
parameters for glued-laminated decks.

For erection purposes the practical
width of glued-laminated panels 15
four feet or less. Therefore, it is
necessary to devise connectors to
transfer loads across the joints be-
tween panels. Seven joint-connector
systems were evaluated in the FPL
laboratory, and steel dowels proved
to be the most effective. Figure 4
shows the effectiveness of steel
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dowels compared to tapered, wood-
spline connectors.
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ne potential problem in
using wide panels for a deck
system is dimensional stabil-
ity, because bridge decks are
subjected to numerous wetting and
drying cycles that result in alternate
swelling and shrinking, We hypothe-
sized  that  pressure  treating  deck
pancls with creosote would greatly
retard rapid changes in moisture con-
tent. To test this hypothesis six
creosote-treated panels and two un-
treated panels were nailled to simu-
lated bridge stringers (Fig. 5) and
vere exposed outdoors at Madison, . ,
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Praservative treating one of the few holes
that required field drilling on the Au Train
Bridge.

11

The new dual lane Au Train Bnidge.

dimension for treated panels was
about 04 percent while untreated
panels changed by more than 1.0
percent,

To further cvaluate the perform-
ance of glued-laminated panels, exper-
imental test decks have been applied
to six Forest Service bridges through-
out the United States. One of these is
the Smith Creek Bridge in the
Gifford Pinchot National Forest in
Washington which was designed to
include several experimental features
(Fig. 6). Selected stringer laminations
received dual preservative treatment
and the nstailation provides for a
comparison of nailed-laminated and
glued-laminated decks (Fig. 7).

The top three laminations n the
glued-laminated stringers were given a
dual preservative treatment, Before
manufacture, they were treated with
pentachlorophenol, and after manu-
facture they were treated again with
a creosote/petroleum solution. The
dual treatments resulted in almost
100 percent penetration of the pre-
servatives, virtually eliminating future
decay possibilities.
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ﬂnew design  concept  was
/./ i& utilized in the recently con-

/“'% structed Au Tramm Brdge in
“sethe Hiawatha National Forest
i Upper Michigan. This bndge 15
unique n that the glued-laminated
deck panels are laid lengthwise to the
roadway and no stringers are required
under the deck. The bridge is 26 feet
wide and 58 feet long. The pancls
span between pile supports located
approximately 19 feet apart. Con-
struction of the entire supetstructure,
excluding wheel guards and guard
rails, was completed by Forest Ser-
vice personnel in only 2% days under
adverse weather conditions. The var-
ous operations and construction
sequences are tiustrated (Figs 8-14).

Timber bridges are certainly eco-
nomic structures well suited for many
road systems. They give many years
of low-maintenance service when
properly designed and properly pres-
sure treated with preservative. Ad-
vanced design concepts can and will
contribute to  making the timber
bridge an even more efficient
structure in the future.
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Glued-laminated arches spanning 155 feet support the upper roadway of the Keystone Wye interchange,

An unusual timber-truss bridge that supports heavy logging truck traffic.
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Figure 3,--A pedestrian crosswalk of glued-laminated arches.
(M 140 028-22)
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Figure l.--Glued-laminated arches span 155 feet and support the

upper roadway of the Keystone Wye Interchange in South Dakota.
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Placing the first glued-laminated deck panel
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Pulling Au Train Bridge panels into position under extreme weather conditions.

cut to finished elevation during construc-

tion of the Au Train Bridge.
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Driving presarvative-treated piles to support
tne new Au Train Bridge in the Hiawatha

National Forest.
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Steei dowels connecting Au Train Bridge

deck panals.
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BRI DGES

Robert Sexsmith

Visiting Professor

Instituto de Ingenierla, UNAM,
Timber bridges can be very attractive in the short to medium span
range, up to about 30 mts., In the U.,S. and Canada there are about
1700 miles of timber bridges and trestles in service in the rail-
way system, We shall discuss bridges in general, and then focus

on the features of a composite timber concrete system that has

particular advantages as a permanent short span structure,

A very simple timber bridge involves longitudinal girders made of
laminated timber, Transverse floor beams span between girders. We
may call this an 'open a grid system', The structural action is
simple. Span length is limited by the size of available laminated
girders, Width is not really’limited, but economy is best when
sawn timber floor beams are used, possible up to two lanes, Anha-
lysis for flexure, shear, bearing and deflection is required.The
real problems arise in the deck., On lightly travelled roadways a
timber plank deck may be used,

Longitudinal planks span the floor beams, If girder spacings are
small, cross beams are eliminated and transverse planking is qsed
or a vertically laminated deck system with nail lTaminating.
Problems occur in these system because of working of the joints
and deck wear, Decay of the upper part of the stringers also
occurs, Attempts at making a waterproof deck by asphalt paving

usually fail because the asphalt eventually cracks,




Timbers must be weil preserved, Often the top few laminations are C)
treated with pentachlorophenol prior to laminating., The entire

girder is then crecsoted after laminating. Incising should be used

for good penetraticn of creosote in many lumber speciest_

Some extensive research on bridge decks has been carried out. One

possible deck element that has been tested in a number of field

instaliations is the glued vertically laminated panel. 2'" lumber

is glued in the factory to form long panels with widths of about

i or 2 m, These are rigid, fast to erect, and when properly

treatea will protect the stringers below from rot,

The acventage of these systems is very fast erection by local labor
anc .ow first cost. They cannot be used on heavly travelled roads
pecause of deck wear problems, For heavy traffic, a concrete slab can <)
be used instead of a wood deck,

To avoid costly formwork, and have a rigid system, the idea of the
laminated timber deck is still attractive., A composite concrete =
laminated timber deck has the advantages of both materials and no
formwork,

A permanent L lane bridge on main the highway joining Seattle, USA
and Vancouver, Canada, was constructed in 1962 using the concrete-
timber composite deck, This highway receives heavy traffic., The
structure is described here as an example of the kind of permanent
bridge that could be used on major Mexican highways,

The following description represents the main idea of the structure,

not an exact copy of the actual details and sizes used,

O

The substructure consists of timber piles with timber pile caps.

There were about 10 spans of 9 metres each. When pile caps are



O

in place, the laminat:d deck erection is begun. Only hand labor
is required to place -he 2 x 8 and 2 x 10 stringers. They are
side nailed to each cother, stafting at one edge and working
across. Butt joints are staggered, so that‘with 6 metre pieces,

S metre continous spans are achieved,

When the laminated timber stringers are in place, a solid working
deck is available, Steel reinforcement for shifinkage and for
negative moment at supports is placed, and the concrete deck is

poured, No formwork is needed escept at the sides and curb.

Fig. | shows a longitudinal and transverse section of the deck,
Fig..2 shows a typical stagger pattern for the butt joints. This
must be planned as part of the design. The pattern shown results
in section properties 2/3 of those for a solid-q%ck of the same
geometry because of the butt joints. The staggering of butt joints
permits use of lumber shorter than the span and. results in conti-
nuity over the support piers., To achieve shear transfer on the
timber-concrete interface the top surfaces of the 2 x 8 and 2 x 10
stringers are dapped (about 1/2'" deep, 3" long daps). This is done
py che fabricator , not in the field. The 2 x 10's are also grooved
to provide resistance to separation of concrete and timber., These

detaiis are shown in Fig. 2.

Spikes are about 4" galvanized and about 2 every meter are used,

They pass through 2 laminations and partially into the third,

Design of the deck follows the usual considerations for composite
construction, Use a fraction of the wood due to the joints (2/3 in

this case)., A transformed section is formed, and flexure formulae




O

give concrete and timber stresses, Dead load is on the timber alone,

Live load is on the transformed section,

The daps will have to carry horizontal shear at the inter face,
The timber is preserved by pressure treatment with coal tar creo~-
gote after daps and grooves are formed,

The resulting deck is lighter than a concrete deck and concrete
stringer system, It avoids field formwork, [ts longevity is the

same as that of a concrete bridge.
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A POST TENSIONED TIMBER SPATIAL STRUCTURE

Dr. R.F, Hooley, P.Eng.®

SUMMARY

The structure designed herein provides a column free area of 65 m by
305 m for the storage of potash. Twenty-four designs were done by computer

o.to arrive at the economic solution of fifty-one parabolic glued laminated

timber arches. Joists and plywood span between arches. Model and computer
studies showed that the deep narrow arch section would fail by lateral tor-
sional buckling at less than design load unless the roof deck was moment
connected to the arch. This was achieved by passing ten cables 305 m long
through holes in the arch. When these were post tensioned the resulting
compression between arch and joist provided a moment connection so that when
the rib tended to buckle laterally, the joists would have to rotate and so
increase the critical load.

Wind on the flat end walls of the building was carried in part by
bracing between arches and in part by the nailed plywood sheathing. The
structure was analysed as an orthotropic shell with a low shear modulus gen-
erated by the nailed plywood roof. A comparison of the shell stiffness so
found with the stiffness of the arch bracing gave the distribution of wind
load to each component.

INTRODUCTION

The structure described herein had to provide a column free area of
65 m by 305 m with 19 m vertical clearance for the dry, unheated bulk stor-
age of potash in Saskatchewan, Canada. The structure finally chosen for the
job consisted of fifty-one parabolic three hinged glued laminated arches as
shown in Fig. 1(a). A horizontal tie 6 m down from the crown not only stif-
fened the arch but also provided a platform for conveyors, Timber joists
4,1 cm by 24 cm spaced at 0.6 m span between arches. Plywood sheathing
1.59 cm thick is fastened to the joists with a waterproof membrane on top.
The whole structure was nailed together and is shown during erection in
Photo 1.

* Professor, Civil Engineering, University of British Columbia,
Vancouver, B.C., Canada.
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387 3.87
Parabola
(a)

A Frame
(d)

(C ) FIGURE 1

PRELIMINARY DESIGN

The National Building Code of Canada requires that structures of this
type carry various combinations of dead load, wind, snow, and conveying
machinery with the more improbable combinations having a higher allowable
stress.

Analysis showed that the following loads governed design:

Dead Load .0870 T/m?
Snow Load .101  T/m?
Conveyor Dead Load 3.85 T/side (Fig. la)
Conveyor Traveller 7.06 T/side (Fig. la)

The governing snow lonad covered only half the structure and increased lin-
early from zero at the crown to maximum at the support with an average of
.101 T/m. This was reduced near the supports because of the steep roof
slope. The conveyor dead load of 3.85 T/side consisted of the dead weight
of the conveyors, their load, and various walkways. The conveyor traveller
however was like a travelling crane and each arch had to be designed for
7.06 T/side independent of the arch spacing. If the arch spacing were
doubled, then all loads except the traveller would double. Hence, fewer
arches at a greater spacing could be more economical. With this in mind
then, the arches were designed for spacings of 6.1 m, 9.8 m, and 12.2 m.

O
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The horizontal part of, the tie shown dotted in Fig. 1 could either be
omitted to produce a real three hinged arch or included to produce an in-
determinate structure. The structure was designed both ways in search of
an economié solutiodi,

Since the parabola might not be the shape for minimum cost, the other
three shapes of Fig. 1 were also designed with the same criteria as the
parabola. These include inclined trusses, the conoidal shape and the A
frame of Figs. 1(b), (c), (d). These four structures designed with or with-
out a tie, and for three spacings then give twenty-four economic comparisons.
Table 1 gives the total volume of material required per unit of area for
the arches alone; that is the average thickness of material required over
the plan area.

TABLE 1
MEAN THICKNESS

TYPE SPACING WITH TIE NO TIE
meters cm. cm.

Parabola 6.1 5.0 5.3
9,8 4.3 4.6

12.2 3.7 4.0

Truss 6.1 4,1 4.0
9,8 3.0 3.0

12.2° 2.7 2.6

Conoid 6.1 6.8 6.6
9.8 5.1 5.0

12.2 5.0 4.9

A Frame 6.1 6.8 6.9
9.8 5.1 5.2

12.2 4.9 4.6

'

As expected, the arches required less material as the spacing was increased.
This was due, in part to the constant traveller load and in part to the in-—
creased dimensions giving a greater efficiency for in plane buckling. How-
ever, when the increased cost of the joists between arches was included the
smaller spacing of 6.1 m became in all cases the most economical. Although
the truss system required the least volume of material, the multitude of
joints required raised its total cost well above the other three. The sav-
ings in manufacturing the straight A frame were not enough to offset the
extra material required so the choice reduced to the parabola or conoid. Of
these two, Table 1 shows that the parabola at 6.1 m spacing, with a tie was
the most economic structure. The above twenty-four designs were all done
on the UNIVAC 1108 with the program DEGLU at a total cost of fifty dollars
machine rental plus seven man days for data preparation. This program not
only carries out a stress analysis but also designs each member for axial



plus bending and shear for specified load combinations, At the end, it
automatically calculates member dead loads and properties and repeats the
analysis-design process for a prescribed number of iterations.

SIZE OF ARCH RIB

The governing load on the parabolic shape gave a design moment of
41.6 T-m with an axial thrust of 32,6T. A section must then be chosen to
satisfy the interaction formula

LN
Fa F
where ‘E( = actual axial stress
F. = allowable axial stress
'Fb = actual bending stress
F; = allowable bending stress

For the Douglas Fir used here the allowable bending stress was 194 Kg/cm2

when duration of load for snow was included and the allowable axial was O
one-third of the critical axial buckling stress based on a modulus of elas-

ticity of E = 126000 Kg/cm?. A rectangular. section 17.8 cm wide and 122 cm

deep satisfies this condition as follows:

fa = 32000 Kg/ 7.8 cmx 122cm = 15 Kg/em?®
Fb"" 2/. 6 T"m/l7-6cmx 122cmxi2z2cm = 95 Kg/cm‘

F. = /94 K¢/ cm?

F - y 7t 126000 Kglem?
“T 3 e (43m//.£;2m)l

= 28 Kg/c.mZ

where the effective length for in plane buckling is taken as one-half the
arc length. The interaction formula then yields:

28 /194 Q
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Cross sections of 22.8 x 110 and 28 x 103 would also satisfy the interaction
criteria in the same manner. The increase in arch material of 17% and 33%
regpectively for these two sections when compared to the 17.8 x 122 made it
economically desirable to use the deep narrow section.

LATERAL BUCKLING OF ARCH

At this point the design has considered the in plane buckling of the
arch but not the lateral-torsiomal buckling. The extreme depth to width
ratio of 122/17.8 = 6.9 requires a full analysis of this instability. This
analysis was carried out by building a structure stiffness matrix K for the
arch by adding together the member stiffness matrices k of twenty short
straight bars so arranged to form a polygon along the real parabola. Since
each of k contained lateral buckling stability functions, a plot of the
determinate of K against the level of the external load gave the critical
load at the location of zero determinate.

The basic member matrix k in member coordinates is given as follows:

/ 2 3 4. S &
JI2EIS |M _V |-6EIS,|-12E18 |-M _V |-6E1S,
T1TE | 2| T | 22| g
o Moy |@IX | -VL |-MLV -6T% |V L
i 2 v 6 2 2 2 &
K = -6ELS, |-M+VL|4ELS;, | 6EIS, | VU4 2FIS,
3 4@2 3 _z . Aez &6 ﬂg
-I2EIS, |-M ,V | 6ELS, |12EIS M, V |6ELS,
TN T 12 23 |4 2| 4
s |-V I-6TX | V2 M,V |GIX |-VL
L2772 |6 lz272z)| 2 6
~6ELS,| VL | 2EIS,|6EI5, |[M+VL |4ELS,
6 22 6 ) Vi 3 L
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where

= member length

= member width

= member depth

=bd(i—.63 l’/d)/3 = St. Venant's torsion constant
bad,/la = weak axis moment of inertia

Young's Modulus of Elasticity

Shear Modulus of Elasticity = E/15 for Douglas Fir
2
|+ PL/i0ET

| + P2*/60E1

[}

~
[]

Ss= | + PL¥/30€T
Sa= | - PL*/ 6O EI
X = | + pd¥iz76

The sign convention for the six degrees of freedom of k is given in
Fig. 2 6

| M= Mc+V4/ 2

l FIGURE 2
VvV



The terms such as M[L-VQ * provide for lateral torsional buckling
due to shear and moment while the terms S;** include the effect of axial
load. Wagner buckling is contained in the factor )} **,

Since the deck of the structure described herein prevents lateral
movement of the top edgé of the arech rib it is necessary to moedify k by
transforming the degrees of freedem from the gravity axis to the top and
setting the displacement one and four equal to zero. Transformation of this
four by four matrix into the global coordinates of the arch and inclusion of
the moment generated by concentrated external jointloads acting eccentric
to the gravity axis finally yields the member matrix k*¥*,

Computer calculations with this matrix on the 17.8 x 122 cross section
showed that for half the arch loaded buckling occurred at 112 Kg/cm2 bending
stress while for the whole arch loaded buckling occurred at 22.5 Kg/cm2
axial stress. A model of this arch was constructed of Douglas Fir to a scale
of 1:18 and test loaded with several load combinations. The critical stresses
as found by Southwell plots agreed with the theoretical calculations to within
ten percent.

With the critical stresses now confirmed it is noted that since they
are well below the elastic limit of the material, the commonly used factor
of safety of three for timber buckling can be used to give allowable stresses

- Fb = Ji2 Kq/cm‘/3 = 37.4 KS/C"“&
Fa. = 22 Kq/c.M"/3 = 7.5 \<S/¢ma

The interaction formula now yields

15 4 35 = 4§
7.5 37.4
a value well above failure at design load.
The same analysis for the other two cross sections show

2.9 4+ 893 = 2.3 22.8 X110 em
13.7 66

3 . 845 = /36 28 x /03 cwm
20 107

* Zavitz, B.A. "A Stiffness Matrix for Twist Bend Buckling of Narrow
Rectangular Sections' M.A.Sc. Thesis, U.B.C., 1968.
**% Charlwood, R.G. '"Lateral Stability of Glulam Arches'" M.A.Sc. Thesis,
U.B.C., 1968.



In the last case the allowable axial stress from lateral buckling was
315 psi. Since this was greater than the allowable in plane buckling
stress of 284 psi the smaller of the two was used.

For the support conditions encountered in this arch where the top edge
is held in line, the National Building Code of Canada limits the depth to
width ratio to between four and five for members under combined axial and
bending. Even though the two wider sections comply with this rule, the
interaction formula shows they have insufficient factor of safety. A study
of the actual support of the top edge as shown in Fig. 3 indicates that it
is not only held in line, but also partially restrained against torsional

rotation.
<
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As the arch tends to buckle in torsion it will bear on the upper and lower
edges of adjacent joists as shown in Fig. 4. The additional energy required
to bend the joists will increase the buckling load so that the two wider
sections are probably safe. It was decided though that this type of joint
was too weak to restrain the 17.8 cm x 122 cm section which was overstressed
by a factor of 4.5. The forces F of Fig. 4 induced by buckling would place
the plywood deck in tension and the nails in shear. Splices in the plywood
could occur near this joint and render it useless. Nail slip and local crush-
ing at the points of bearing of the forces  increase the joint flexibility.
Finally, shrinkage of the timber will produce a gap between the arch and
joists so that no torsional restraint is gemerated until a finite rotation
has taken place. A stiff moment connection was necessary between the rib

and joists but the construction of 7000 such individual connections was un-
economic. At this stage it was decided instead to post tension the structure
with 1.27 cm diameter neoprene covered steel cables. Ten of these cables,
each 305 m in length, spaced equidistant along the rib ran the full length

of the building. They passed through holes drilled in the rib as shown in
Fig. 5 so that when they were tensioned to 9 T each, a uniform bearing com-
pression of 6.5 Kg/cm® was induced between rib and joist. Photo 1 shows
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some of the anchor points for the cables and the splayed members required

to transfer the tension uniformly to the joists., The torsional moment.
which can be transferred to the rib by a reduction in this bearing com-
pression is .026 T-m per joist. The total of such moments over 15 m of

the arch length 1s about 3% of the total bending moment in the rib. Since
this is the same order of magnitude as the moment generated by a 4 cm ini-
tial lateral eccentricity over a 15 m length, the joint so formed was judged
to be sufficiently strong and stiff.

Cable
\

T <t——
Sz = A =9
—_—] <t

Joist 6E§Eg/cn3 M

’—Q\\ ‘—~\ \

I

Y

S |

FIGURE 5 Rib FIGURE 6

If the arch were to buckle laterally with the stiff joint it would
bend the joists as shown in Fig. 6. A torsional rotation would then gen-
erate a restraining couple M=K e where K = E } é3/3 S4

Herein

126,000 Kg/cm?

joist width = 4.1 cm

24 cm
arch spacing = 6.1 m

joist depth

N O ejoim
i}

joist spacing = .61 m

so that K = 66 T/radian. A stiffness analysis could now be carried out to
find the critical buckling stress with this torsional spring in the system.
It was only necessary to multiply the spring constant by the member length,
transform to global coordinates, and add into the appropriate diagonal
terms of the structure matrix. Numerical calculations then showed that

for half the arch loaded the critical bending stress increased by a factor
of 7.2 to 810 Kg/cmz. Since this is beyond the average ultimate stress for
the material, the full allowable bending stress may be used with no reduc-
tion for lateral buckling. Further calculations with the arch fully loaded
showed that the critical axial stress increased by a factor of 16.5 to

372 Kg/cmz. Since the critical stress for in plane axial buckling is only
85 Kg/cm? the smaller figure governs and lateral buckling is again no prob-



lem. The initial design check of the 17.8 cm x 122 cm is then satisfactory
with the interaction formula yielding 1.02 as shown previously. The addi-
tional cost of the cables was a small fraction of the material saved in
using a deep, narrow eress seection.

WIND BRACING

Wind acting normal to the plane of the arches created a positive pres-
sure on one flat end wall and a negative pressure on the other. This gener-
ated a force of 108 T on each end wall, both forces acting in the same direc-
tion. Vertical beams in the end wall distributed half of this directly to
the foundation but the other half placed an axial edge load of 54 T on each
end of the parabolic cylinder. It is normal in structures of this kind to
provide braced bays both to aid in erection and to carry this axial wind
load., Each braced bay consists of eleven panels of struts and diagonals be-
tween two adjacent archs to form a space frame. Analysis of the five braced
bays of this structure with a space frame stiffness program showed that they
were strong enough to resist the wind load but that they deflected 28 cm
normal to the plane of the arch at the crown. This 28 cm deflection over
the half arc length of rib of 43 m means an average relative slip between
adjacent 2.4 m sheets of plywood of 1.6 cm. Either the nails in the ply-
wood sheathing give way to yield a leaky structure or the nails and plywood
carry the wind load instead of the braced bays. It is the authors opinion
that many reticulated shells leak for this reason. To overcome this, a more
precise analysis is required which considers the stiffness of the shell
under axial loads.

Fig. 7 shows the shell under its wind load where 2 and ¢ are the co-
ordinates of an element under the membrane loads Na . Nl andrd;y. Axial
and tangential displacements are U and V. Since it is assumed that the
load is distributed by membrane action only, the necessary elastic constants
of this orthotropic sheet are defined as follows:

N,= Dr €y
Ny = Dy €y
" Nay = Dxy €xy

The axial stiffness Dy will be the joist area per unit length times its
elastic modulus with the plywood neglected because of its relatively flexible
nailing. This yields

Dx =24 cmX 4lem x 126000 Ks /5/ cm = 20300 T/m
M.'I

C



FIGURE 7

Since these joists bear in the flexible perpendicular to grain direction
against the side of the rib, experiments were carried out to show that this
value of D, should be reduced by 55%. Thus .

D.= .45(20300) = 9/00 T/m

The stiffness Dy will be the arch rib area per unit length times its modulus
or

Dy = 17.86cmx 122 cm x 126000 Kq/cml/é.l m = 43500 T/m

The shear stiffness ny will be the shear modulus of the plywood times its
thickness or

Duy = 126000 Kslom? x .59 em /15 = 1300 T/m
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The shear flow “nyis transmitted between adjacent sheets of plywood
by joists and nails in single shear as shown in Fig. 8. The concentrated
shear force per joist is carried by a cluster of several nails at the edge
of the plywood. . Experiments with this system showed that, at the shear flows

r | (e .,

A
I EXRCHNEL) B |
,— —Plywood —————_

VO Nl

_— Nail cluster
[ncoscanzal, .

, ois
‘lr” - :'—:r—{rFIGURE 8 -

—— e e S—— S

expected, nail slip would reduce this stiffness by 80%. Thus

Dxy = 0.20 x [300T/m = 260 T/m

With the relatively large Dy and the small loads expected in this di-
rection it was assumed that the displacement L’ was negligible. Thus the
strains of interest are

70 0L

Ex = QU/JJC €y = ~<‘bu/c)f(
Finally, equilibrium of the element yields
‘9PJx/;x, —_ &’ny/b? = O

The governing differential equation becomes
2 E 3
Dgu/ + Dxy &V, . = O
x 152 ¢ /‘}7
and its solution is

U= _F L coH\()%) cosh (¥x) - sinh ()] COS(gEU
4.'1' Dx. D.x_y

Nuy = mF \/_D—;y [ coﬁk(%) cosh (x) = simh (V"‘ﬂ sin (:2%)
8 a Dse
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Top) 0
where /X: 2a Dac

LL = total length of structure — 305 m

@ = half the arc length of arch = 43 m

F= total axial load = jo9 T

The boundary conditions used herein are:

(1) @ y=o0 aljyy =0
(2) @ y = a v = O
(3) @ x=142 s, = O

(4) @ x=0  { Nedy ==Fla

This last condition assumes that the load i1s distributed as a cosine
function along the edge. This is reasonable since the parabolic arch shape
distributes the edge load in a parabolic manner.

Numerical calculations based on these formulas show that the maximum

is of course along the supported edge Y = @ and varies from .227 T/m at
the ends to .154 T/m at the midpoint. Thus the maximum is only 28% larger
than the average of 108T/2 x 305 m or .178 T/m. The maximum value of U
occurs at the origin and equals 2.4 cm.

These figures are based on the assumption that the shell carries all
the wind load. Since the braced bays and shell deflect 28 cm and 2.4 cm
respectively under the same load, then the shell will carry a fraction
1/(1 + 2.4/28) = .92 of the total load. The maximum /Vm will become
0.92(.227 T/m) = ,208 T/m. The nail clusters of Fig. 8 then must carry a
load of .208 T/m(.61 m) = .127 T. This required four nails per cluster with
a 32 Kg allowable load per nail. Since it was found impractical to drive
these four nails without splitting the joists it was decided to stiffen the
braced bays so they would attract more load. This was done by placing four
additional struts in the structure. Each strut ran from the third point of
the braced bay to the foundation by spiralling between five arches. Photo 1
shows one such strut partially in place on the far left side of the building.
A space frame analysis of these five arches, the strut, and the braced bay
showed a maximum axial deflection of 4.3 cm under 108 T wind instead of 28 cm
with no strut. The fraction of load now carried by the shell becomes
1/(1 + 2.4/4.3) = 0.64 so that a maximum of three nalls per cluster was re-
quired. This joint was practical to build, had sufficient strength, and gen-
erated a building stiff enough to prevent the waterproof membrane from failing.
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CONCLUSIONS

This structure was completed in 1967 and in the succeeding six years
has withstood temperature changes from -40°C to +40°C and wind velocities
of 120 km/hr without discernible problems.
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SYMBOL TABLE

one half arch arc length
arch width

purlin width

arch depth

purlin depth

= shell membrane stiffnesses in respective directions

Young's Modulus of Elasticity
wind force on building ends

actual axial and bending stress
allowable axial and bending stress
shear modulus of Elasticity

weak moment of inertia of arch

St. Venants Torsional constant
structure stiffness matrix

= member stiffness matrix
= purlin moment stiffness

It

member length

= building length

moment at centre of arch member

= moment at ends of arch member

purlin moment

shell membrane stresses in respective directions
axial force in arch member, tension positive
purlin spacing

= member spacing
= stability functions

shell displacement in 3¢ direction

shell displacement in Y direction

shear force in arch member

coordinate along shell length

coordinate across shell

shell membrane strains along respective directions //
2a

= constant in shell differential equation = TF }/Day/0Dsc

angle of rotation of arch
Wagner torsional stability term
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The New Role of T

c=m 0

i

s O

mber

Large Building Projects

On the frozen shores of Ungava Bay
in Northern Quebec, one of the world's
largest ttmber buildings provides stor-
age for over 9.000.000 cubic feet of as-
bestos fibre. awaiting summer ocean
shipment

At Cassiar, in Northern Bntish Col-
umbia. asbestos fibre is processed in a
seven-storey mill building constructed
of umber.

Ninety miles from Pnnce George. a
massive logging bndge spans the tur-
bulent McGregor River. This bndge,
too. uses timber for most of its struc-
tural components.

Our consulting engineering firm of
Gower. Yeung and Associates I1s very
pleased to have had the opportunity of
serving as design consultants for these
three unique structures, in addition to

- several other timber projects, equally
interesting and impressive.

Why Timber?

The use of timber in these types of
structures is relatively rare. If, asis ap-
parent from the success of these pro-

= J.:"';!:"'.‘ﬂ:f{‘_ g:w';g,’ ';:;T?
o

By L. E. GOWER, P.Eng.

Jects, laminated timber deserves an 1m-
portant_place_1n_ large industnal con-
struction. why do so few designers
select this matenial? The answer 1s fairly
simple. The structural use and accep-
tance of laminated timber 1s relatively
new. Most designers have not been
trained inits use and feel uncomfortable
when attempting to select structurai
shapes and to detail connections. Lami-
nated timber, when used to good advan-
tage. 1s usually cheaper than steel, but
many circumstances could alter this
situation. If the designer has limited
timber engineering expertise and fails to
find an economical design solution, pre-
liminary cost studies might well suggest
that steel would be the more suitable
construction matenial. Unless a marked
saving can be seen, 1t is not hkely that
the designer will select an unfamhar
structural matenal.

A second, and largely unfounded
concern. Is that a timber structure will
not be as fire-safe_as _a_steel building.
Insurance premiums may be more ex-
pensive, indicating a similar concern by
insurance underwriters.

Mr Gower i1s president of Gower,
Yeung & Associates Ltd , New
Westminster, B C , a consulting en-
gineering firm speciahzing 1n the
structural design of buildings and
bridges

Mr Gower was formerly Chief
Engineer for Amfab Products Ltd ,a
prominent Canadian timber
laminating firm, which has been re-
sponsible for the design and supply
of many of the large industrial
timber buildings throughout
Canada These have included mills
for the forest and mining industnes
and large warehouses and storage
facihties, particularly used for
potash storage

L.E Gower has been very active
on various timber engineering and
code committees, and has been one
of those responsible for the present
standards of manufacture and de-
sign of laminated timberin Canada

What, then. are the attractions of
timber that led us to select 1t for such
important structures as those men-
tioned”?

There are many factors which

influenced us in our decisions: -

(a) Previous expenence In |ndustry\\
permitted us to become thoroughly
famihiar with all facets of timber design
and construction. We thus could take a
more objective look at innovative
timber concepts.

s ol e T e fogtnt e

Fig 1 Partof the asbestos storage buiiding built recently at Ungava, Quebec (sloping
end wall segments not yet erected)
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Fig 2 The Cassiar Asbestos mill buiid-
ing, Cassiar, BC

(b) We have learned that the best usd
of timber usually involves extensive use
of steel as well. Actual, the term,
“‘timber’’” construction 1s a misnomer.
It should be, **steel and timber’* cons
struction. The main choice 1s 1n the relat
tive amounts of each of these matenals.
In our structural designs. we select
whichever material does the job best,
after all aspects of cost and performance
have been considered. Some designs
employ relatively large amounts of
steel.

What charactenstics usually influ-
ence the choice of matenals? At the
usual pncing levels. er proves to be

ore economical than steel™ T most

T L

bending_applications, with a possible
exception of mass-produced steel bar

joints. In tension mwwﬂl
often mvové_'_r%‘i';eg_g_[c_su\nf%b]_le. even
though a strict companson of the mater-
1al in the main cross-section seems to
favour timber. [t1s the cumbersome and
rather expensive eand connectons
which tsually make imber less desira-
ble—as—a tension_member. One should
“atsoconsider the relative strength relia-
bility of each material. In small timber
cross-sections, the consequence of er-
rors 1n grading can be more serious than
in large sections. My own preference is
to use steel rather than timber for most
highly stressed tension members. Com-

pggggf}l}_g@mb ually can be n
16 be cheaper_in_ti though fre-
quenttysteel might be select d?_m&:_aﬁer

‘vonsiderations. [t might well be that the
éiaseof designing the end connections
and the better resistance of steel to
abuse for traffic will weight the choice in
favour of the steel.

(c) One of the most sertous, but
commonl verlooked factors
mfitiéncing t_h?(to_t_zij;oj_t_g\_\d fa structure,
may be that of erection. Not only does
one fiave to consider the availability of
matenals, ease of installation and on-
site fabrication, but even such subtleties
as possible union conflicts and restric-
tive contract regulations that impose
unrealistic employment demands.

In almost all of these considerations,
wood usually proves to be the prefera-
ble material. Expenenced erectors find
that timber structures usually are very
simple to erect and seldom lead to union
jurnisdiction problems.

Some Interesting
Timber Structures

The immense storage building in
Northern Quebec (Figure 1) was a most
interesting project with several unique
problems 1o be solved. The purpose of
the building 1s to store asbestos fibre

Fig 4 Part of the coal storage building, Fording Coal Company near Fernte, B.C.

10 THE B.C. PROFESSIONAL ENGINEER

Fig. 3 Victona Park Arena

manufactured throughout the year but
able to be shipped only dunng an ice-
free penod of four to five months The
need to accommodate a year's supply of
fibre required a clearspan building 300
wide and 750’ long. Future plans are to
Increase the lengtgh—By another 300’ or
400'. To help visualize the size of the
present building. picture five Amencan
football fields placed side by side; This
‘building would _cover these five fields.
ATléast from the point of view of imber,
content, this building is hikely to be thO
%agglte_sl_ﬁnj_lzgr_,b_mg_m—mﬂ—\mdd.

ere are several stmilar buildings in
Saskatchewan, storning potash, which
cover about the same area but they are
narrower and longerand do not have the
masstve members required for the Un-
gava project.

The arches for this building are con-
structed of lamunated_timber inan ‘17’
section They measure approximately
6’ deep. Shipping restrictions limited
the Tength of members {0 a maximum of
80". Since the_individual half-arches
measured up to 2247, two splices were
necessary in_each length To permit
practical sizes for the splice members,
the arch segments were deepened at the
splices, which seriously comphcated
the geometry of the structure. The ir-
regular rocky terrain proved to be costiy
to grade level, so it was necessary tc
accommodate the building to a sloping
floor surface and pernimeter walls with
varying top elevations. This wall irregu-
larity and the sloping end roof sections
(not visible in picture) created a night-
mare of goometrical comphcations and
it1s very much to the credit of the detaii-
ers and the fabnicators that the building
went together almost without a hitch.
The building had to be erected under
most adverse weather conditions. Fre-
quent wind and snow storms made erec-
tion hazardous and resulted in steady
labour turnover. It was impossible to
maintain a capable, experienced labour
force, but due to competent supervi-
sion, the building was completed suc-
cessfully and on schedule. Because of
the size of the project and the short

FEBRUARY, 1974
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shipping season. a great deal of planning
was necessary in the scheduling and ex-
fpechting of the various components.
The laminated timber components were
manufactured at three different laminat-
ing plants in Canada. The timber joists
were obtained from several sources. 1n-
cluding the eastern United States Steel
connections were manufactured partly
in the west and partly in the east Pat-
terns and test fitting of connections
were used to ensure accuiate fabrica-
tion.

The selection of the matenials for this
building by the owners and the general
contractor. was based strictly on com-
petitive bidding. Al matenals. includ-
ing the steel cladding. were chosen be-
cause of their avalability and low in-
place pnce. No doubt the remoteness of

the site and theanticipated shipping and
efection problems _helped to increase
the altradtiveness of laminated_timber
Another building for which timber
was selected for almost all of the com-
ponents.including the wall claddmg and
the floor decking. because of the same
problems of remoteness. was the asbes-
tos mull bmlding at Cassiar, Bntish Col-
umbia (Figate 277 Since thisis one of the
few high-nse timber buddings in eXis-

tence, it has ttiracted considerable at-
tention and has héch written up in sev-
eral’engineening papers and_reports
The selection of timber for this build-
1ng was duce to its avallabihty, competi-
tive cost, its ease of erection. and its
versatility in accommodating changes in
the machimery layout The structure
consisted of continuous laminated
timber co.mns ¢xtending to the roof.
on a 127 2 18 gnd Laminated tmber
bédms Spanned_the_18_direction bet-
ween columns and sawn struts between
columns in_the 12° direction completed
the grid structure Nail laminated deck-
ing. covered with hardwood surface

FEBRUARY 1974
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Fig 5 Nass River bridge near Stewart, B.C

floonng, was used for all ioors Com-
plete veisatihty was afforded by this ar-
rangement as machinery could be
placed anywhere it was desired, holes
could be readily cut in the floor and
beams could be removed or replaced.

Though the results were very satis-
factory and timber has proven its suita-
bility for this type of project, 1t should
be recognized that wood has a short-
coming which created a problem with
this type of building. Wood 1s compara-
tively light and elastic. For this reason,
heavily vibrating equipment, such as
was used i this asbestos mill, has a
greater tendency to shake this wooden
butlding than if 1t had been bult of steel
or concrete It was necessary to find as
many locations for bracing as possible,
to dampen out the expected vibration.

An interesting combination of lami-
nated timber and concrete 1s 1llustrated
by the arena shownin-Eigure 3 Thisis
one of about twenty ice hockey arenas
whigh have beéen structural frames con-
sisting of reinforced concrete traingular
shaped lower legs attached to tapered
upper legs made of laminated timber.
These upper legs are re-sawn from
paraliel edged billets to produce a
straight upper edge and a subtly curved
lower edge to suit the changing bending
momenls. The response to this type of
structure has been excellent Besides
being aesthetically pleasing and
economtcal, the combination of imber
and concrete has some very pracucal
advantages. Architects like the 1dea of
the durabthty of masonry block walls
and concrete frames at the floor levels,
while the use of timber over the ice
arcas avoids the pioblem of condensa-
tion and dnipping

Another example_o{_an interesting
combination of materials to suit the spe-
cral requirements of a particular job is
the large coal storuge buwlding owned by

the Fording Coal Company. shown
Figure 4. This building consists of larm-
nated timber arches spanning 192" at 247
spacing Steel joists and stecl cladding
were selected because of the fire huzard
from the coal dust. The large umber
arches, having a better fite salety raung
than uiprotected seel, _combine_very
well” With~steél joists_and -cladding to
-Long "span logging bridges con-
strucled recently show how lanminated
timber and steel can be used together to
solve transportation and erection prob-
lems in a very practical and economical
manner. Several types of timber and
steel bndges have been developed. one
of the best bemng laminated timber_gir-
ders with underslung steel trussing The
advantage of this type of system 15 that
the girders can be made large enough to
be erected as simple span girders carry-
ing their own weirght. The size of gnder
required for erection 1s usually close to
the requirements for shear and being in
the finished structure Steel trussing is
developed to suit clearance restrictions
and to suit the section size selected. The
structures are imdeterminate and must
be analyzed by a computer program. A
great deal of care and experience 1s re-
quired to devise suitable connection de-
tails. Figure 5 shows a good example of

this type of trussed girder bndge. It has

wclear span of 186 and was built in 1971+

across the Nass River to open up road

access from_the (nterior to Stewart,

B.C on'the Pacific Ocean.”
-~ on the Facihe LS

Fire Code and
Insurance Problems

The efforts by designers to combine
timber with other matersals 1n quality
buildings are often frustrated by un-
realistic code and Insurance rating re-
quirements. In addition, people are in-
clined to think of buildings as consisting

THE B C. PROFESSIONAL ENGINEER 11



of only one structural matenal. Thus,
fire underwriters class buildings as steel
bwldings. umber buildings and concrete
bulldings. Each of these materials has
outstanding advantages and disadvan-
tages. that designers should have more
fieedom to make use of The cniteria
should be cost. avatlability. ease of
erection. successful performance.
durability and fire safety. Fire safety
does not necessanly tmply incombusti-
ble materials Timber members_of
sufficient size to_rafe as. heavy limber”
are ustially much more fire resistant and
givermuch better perfaormancen a fire
than unpiotected stecel members
~The-National Building Code of
Canada has come a long way towards
permitting a reasonable use of timber in
large buildings. pairticularly when a
buillding 1s sprinklered and accessibie
fiom several sides for fire fighting Of
course. the N B.C 15 not mandatory,
unless it has been adopted by the body
having building code junsdiction in the
location of the proposed building struc-
twie In addition. many engineering
structures such as wharves, conveyor
support systems and logging bridges
have no applicable codes togovern their
design It remains with the designer, in
consultation with his chent. to deter-
mine the best type of construction for
his project. Thus. many large struc-
tures. especially in outlying areas, have
been constructed of timber, when at
first consideration 1t would appear that
incombustible materials should have
been used

Avoiding Troubles with Timber

Wood 1s so famtliar and has been used
for so long that one might feel overly
confident i its use. In actual fact, 1t ts
one of the most difficult materials to use
well. It has many unique charactenstics
which one 1s more likely to appreciate 1f
he has actually worked with wood The
need to have a ‘‘feeling for wood’’ or
actualiy to “‘think 1n wood’’ probably
requires complete familianty with its
properties, which can only be obtained
by woodwoiking experience.

Some very serious mjstakes_have
been made’in wood design, and not only,
by inexperienced_designers. Thé two
mostimportant charactenstics of wood
necessitating careful design considera-
tion, are its weakness in tension per-
pendicular to the grain, and 1ts shnnk-
age across the graimdurning drying Most
difficulties encountered with wood de-
sign and most actual unexpected fail-
ures are traceable to one or both of thes
characteristics.

Space himitations preveat any in-
depth discussion of these design prob-
lems. Possibly, the following hst of
cautionary hints will help the designer
to avoid the more obvious errors.

(a) Wherever possible, use details
that avoid tension stresses perpendicu-
lartothe grain ina imbermeniber. Typ-
ical€xamplesare. notches in the bottom

of beams, truss webs attachedindepen-
dently to_timber chgrgdLm_Sw_aM to
each other. and secondary beam han-

gers attached-close-to-the bottom of the

carrying girders.

" (b) Avoid restraining a large timber
member 1n such a way that shrinkage
from further drying will change the
geometry of the structure or start a split
that could lead to progressive failure of
the member

(c) Do not try to be too innovative in
the design of timber structures, uniess
you are highly experienced. The stmp-
lest type of details 1s usally the best If:
doubt. seek expert advice.

Timber has proven through many
years of successful performance that it
has earned an important place n con-
struction However, 1t must be used
with care and skill Much remains to be
learned about timber because of the
complex nature of its structure and the
varability of its growth characteristics.
Fortunately. excellent research
facilities exist 1in Canada to actively
pursue the necessary investigations.
Research mformation which they obh-
tain 1s published and made available to
the public Designers should keep n-
formed of the latest research develop-
ments. They should also check on cur-
rent trade practices. material availabii-
ity and cost and code testrictions. be-
cause all of these are subject to change.
In spite of these problems. wood s a
most Interesting and challenging con-
struction material, and to those who are
familiar with its charactenistics and can
use 1t with confidence. 1t has a special
appeal which 1s difficult to explain and
certainly cannot be matched by any
other construction material. ©
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CONENCO MANUFACTURING LIMITED

Manufacturers of "Tetron’ Structural Bearings and ‘‘Conenco’’ Laminated
Rubber/Steel Bearings.
Supplied by Conenco West Engineering Ltd for the following projects — HUDSON
STREET BRIDGE, KNIGHT STREET BRIDGE (River Spans), UPPER LEVELS highway
bridges, KOOTENAY CANAL penstocks and bridges and many others.
v For Local Enquiries Contact

BIRD BRIDGE SPECIALTIES LTD.
670A No. 3 Road Richmond, B.C. Telephone (604) 273-7117

CONENCO INTERNATIONAL LIMITED

39 Esna Park Drive, P O Box 369, Don Milis, Ontario Telex 06-22409 Tel* (416) 499-0404
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C¥>  US. DEPARTMENT OF AGRICULTURE « FOREST SERVIC

FOREST PRODUCTS LABORATORY - MADISON, WIS. 5'

in Cooporation with the Univaraity of Wiscongin

U.S.DA FOREST SERVICE -
RESEARCH NOTE -G
FPL-O124 ‘

AUGUST 1968

WOOD FINISHING:

WATER-REPELLENT g £/

PRESERVATIVES

N | Forest Products Laboratory, Forest .Service
U.S. Department of Agriculture
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Homeowners can avoid many exterior wood finishing problems by treatment
with a water-repellent preservative solution (WRP).' This treatment guards
against damage to the wood and paint caused by water and by decay and stain
fungi (mildew). WRP treatment of wood is recommended both before painting
and also as a natural finish for exterior wood.

A WRP should be applied to all exterior wood that is normally painted. In a
new house, use lumber treated by the manufacturer if possible, and treat cut
ends on the job by brushing or dipping. If untreated lumber is used, treat all
exterior surfaces.

In areas where decay is a serious problem, or when wood will be in contact
with the ground (afencepost, for example), some woods may need more protection
than that afforded by a WRP.= In such cases, wood that has received a pressure
treatment with preservative by commercial methods should be used.

J . . .
—A good classification of woods according to decay resistance appears in U.S. Forest

Serv, Res. Note FPL-0153, fForest Products Laboratory, Madison, Wis.
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What Does a WRP Do?

A WRP is a solution that gives wood the ability to repel water, such as rain
and dew. It can do this bhecause it contains waxlike material. By repelling the
water, it fights decay and stain by denying fungi that cause these conditions the
moisture they need to live, Wood surfaces that remain free of mildew have an
attractive natural-finished appearance. A WRP also reduces water damage to the
wood, such as the excessive swelling and shrinking that lead to cracking and
warping. In addition, a WRP protects paint from the blistering, cracking, and
peeling that often occur when excessive outside water penetrates the wood,

A WRP also contains a fungicide that kills any surface mildew living on the
wood. This fungicide is usually penta (pentachlorophenol). Other componenis of
the solution are a resin to improve paintability and to reduce blooming or
crystallizing of fungicide on the surface.

There is a further benefit from a WRP treatment of exterior wood species
such as redwood and western redcedar that contain colored water-soluble
extractives, When water soaks into these woods through the paint and then dries
out again, the colored substances are sometimes left on the paint surface.
WRP treatment will effectively reduce this type of paint discoloration.

Safety First

In mixing and applying WRP, care should be exercised. The safest placé to do
the mixing is outdoors. The solution is a volatile flammable mixture, Don’t
breathe its vapors or expose them to flame or sparks. It is wise to wear protec-
tive clothing on the hands and arms and to take care that the solution is not
splashed in the eyes or on the face,

Applying WRP to Wood Before Painting

Applying WRP solution tothe surface of the wood with a brush, or by dipping,
is an effective treatment for siding and exlerior millwork (doors, window sash,
door and window frames, sills, moldings, fascia), for wood fencing, and for lawn
furniture,

I'PL-0124 -2~
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Figure |.-~-Experimental window sash and frames after severe rain and weathering. Left -
The sash and frame were not treated before painting. Rain that entered the joints
caused extensive paint peeling and excessive swelling of the wood. |t has also
caused cracking of the putty and serious decay in the sash, which must now be
replaced. Right - Before painting, the sash was dipped for 3 minutes in WRP. The
solution was brushed on the frame. The wood is in good condition, and the paint
has weathered normally to the point where repainting is needed.

M 119 771 M 119 770
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Figure 2.--Experimental panels of bevel siding after severe rain and weathering. Left -
The siding was not treated before painting. Raln that entered the butt and lap
joints has caused serious paint peeling.,k Right - Before painting, the siding was
dipped for 10 seconds in WRP. The paint has weathered normally to the point where
repainting I1s needed.

ZM 117 254 -4~ M |7 253
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The following steps are suggested for application to new wood:

(1) If treated siding or millwork is purchased, brush or dip-treat only the
freshly cut surfaces.

{2) Wood which has notl been factory treated can be treated by either dipping,
brushing, or spraying. Care should be taken to treat the ends of boards and
joints between boards. Open joints should be calked after treating and priming,

(3) Allow freshly. treated wood to dry. If applied with a brush or spray, allow
2 days of favorable drying weather before painting, If dipped for 10 seconds,
allow 1 week of favorable drying wealher before painting, If enough time is not
allowed for most of the solvent to dry from the wood, the paint applied over it
may be slow {o dry, or it may discoior or dry with a rough surface that looks
like alligator leather,

When applying WRP to previously painted wood, remove the loose paint, brush
the WRP into the joints only, and wipe off excess solution from the paint surfaces
with a rag. Allow 2 days of favorable drying weather before repainting.

Whether treatment is to new wood or previously painted wood, particular care
should be taken to apply the solution well at the ends of boards and joints between
boards. Some homeowners do not realize that water will climb up the back of
bevel siding {rom the lap joints. It does this by capillary flow. WRP applied to
lap joints of the siding does a good job of preventing capillary flow. Accordingly,
places that should be treated well include the bult and lap joints of horizontal
siding, edges and top and bottom ends of vertical siding, and the edges and
corner joints in window sash, sills, window frames, doors, and door frames,
Often bottoms of doors and window sash are overlooked., These are areas where
water can penetrate deeply and cause extensive damage if not treated., Treatment
with WRP will eliminate many problems later.

The effectiveness of a light treatment with WRP has been confirmed in studies
conducled at the IForest Products Laboratory. Figures 1and 2 show the difference,
helween WRP-treated and untreated bevel siding, window sash, and frames after
exposure to severe weather conditions. The treated siding was dipped for
10 seconds, and the treated window sash for 3 minutes. This is the degree of
treatment usually given by manufacturers. The treated window frame and sill
in figure 1 were brushed with the solution. This is an easy treatment for any
homeowner or painter. Treating by dipping, however, can be expected to be
more thorough and effeclive than brush application.

FPL-0124 3=



O

5

As the illustrations show, the WRP treatment effectively reduced cracking of
the putty and separation of the wood. The paint on the treated wood was protected
from early peeling failure. The WRP treaiment also prevented stain and decay
damage. These results leave no doubt that WRP effectively improves the
performance of both wood and paint.

{dentifying Outside Water Damage to Paint

Paint damage that is the result of outside water, such as rain, heavy dew, or
sprinkler water, is identified by observing when and where it occurs. It usually
appears either as blistered, cracked, or peeled paint (paint failure) around the
joints and ends of boards, or as discoloration by water-solubie substances from
the wood at these same places,

Paint failure caused by outside water (rain and dew) can be distinguished from
failures produced by other causes in four ways:

(1) Failure caused by the penetration of rainwater occurs only during seasons
when it rains.

(2) The failure is usually most severe on the sides of the building that face
the prevailing winds and rains.

(3) TFailure caused by rainwater occurs only on wood that can be wetted by rain,

{4) Paint {failure caused by rainwater may occur on unheated as well as on
heated buildings.

Where rain can wet the wood, it may not be possible to distinguish between
damage caused by rain and damage that is the result of heavy dew., Dew damage
does occur, however, in areas that are sheltered from rain, Fortunately, a WRD
can protect wood from both rain and dew.

If there is any doubt whether damage is from rain or dew, apply the treatment
before repainting. It can do no harm, and it may do a great deal of good. Decayed
wood should be replaced pbefore repainting,

Using WRP as an Exterior Natural Finish

The color and appearance of weathered wood can be affected, to a marked
degree, by mildew. In mosi{ parts of the country, mildew grows on the wood
surface and gives it a dark gray, blotchy, and unsightly appearance, In contrast,
weathered wood invery dry climates or in coastal regions where salt atmospheres
may inhibit the growth of mildew, has a clean, silvery appearance.

FPL-0124 _5-



The color of weathered wood is influencedtoa lesser degree by highly colored
wood extractives in such woods as western redcedar and redwood. These
extractives gradually diffuse to the surface and produce a dark-brown color.
This color may persist in protected areas not exposed to the sun and where
extractives are not removed from the wood surface by the washing of rain.

A clean golden-tan color can be achieved inthe weathering of wood by treating
the surface to retard the accumulation of wood extractives and mildew on the
surface, The treatment, originally recommended by the California Redwood -
Association, consists of applying a WRP to the wood surface. This method of
finishing also is recommended for the popular siding species and for the natural
finishing of exterior plywood, brushed plywood, and low grades of lumber that
do not hold paint well, The treatment also reduces warping and cracking and
prevents water staining at edges and ends of wood siding,

The first application of the WRP is usually short-lived. When the wood surface
starts to show blotchy discoloration caused by extractives and mildew, clean it
by mild scrubbing with a detergent or trisodium-phosphate solution. Then
re-treat with another liberal brush application of water-repellent preservative
solution.

Frequently it is necessary toclean and re~treat smoothly planed wood surfaces
after the first year of exposure. After the cleaning and re-treating, the treatment
should last much longer and need be refinished only when the surface starts to
show an uneven discoloration pattern or small black spots indicating the start
of mildew. The treatment will be more durable on weathered or rough-sawn
surfaces because they adsorb a greater quantity of solution than a smooth surface.

Pigments in the form of colors in oil and tinting colors can also be added to
the WRP solution to give a desired color effect and improve durability. A
quantity of 4 to 6 {luid ounces of colors per gallon of solution is usually adequate.
Pigmented WRP should be applied to the full length of a course of siding without
stopping to avoid the formation of lap marks. Lap marks would also be minimized
by applying two coats.

Penetrating pigmented stains such as described in U.S. Forest Service Res.
Note, IFPL-046 “Torest Products Laboratory Natural Finish,® are considered
more durable than the WRP type finish and can always be applied to wood
previously finished with the WRP.

FPL-0124 —6-
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Nails for Natural Iinishes

When wood weathers naturally, it is important to use nails that are highly
resistant to rusting. Iron nails rust rapidly and produce a severe brown or black
discoloration around the nail, Aluminum nails' and galvanized nails to a lesser
extent, are corrosion-resistant and prevent such difficulties.

A Typical WRP Solution

WRP solutions are widely made and distributed and are available in most
paint and lumber stores. The following is a simple formula for a water-repellent
preservative that will serve effectively both as a pretreatment of wood for
painting and as a natural-type exterior finish for wood,

Approximate quantity

Ingredients For 1 gallon For 5 gallons
Penta concentrate, 10:1 1~-3/4 cups 2 quarts
Boiled linseed oil 1-1/2 cups 1-3/4 quarts
Paraffin wax 1 oz. (1/16 1b.) 5 oz. (1/3 1b.)
Solvent (turpentine, mineral ’ '
spirits, or paint thinner) 3 quarts 4 gallons

(Additional solvent may be added to make a full gallon or 5-gallon measure,
if desired.)

Mixing the Ingredients

Melt the paraffin wax in the topunit of a double boiler or some other container
heated by hot water. Don’t use a direct flame-~the paraffin wax will ignite, The
solvent should be at room temperature (60° to 80° F.) before mixing. While
vigorously stirring the solvent, slowly pour in the melted paraffin, After the
paraffin wax and solvent are mixed, add--in order--linseed oil and penta con~
centrate. Stir until the mixture is uniform.

The ingredients will separate ifthe solutionis at low or freezing temperatures.

I this happens, reheat the solution to room temperature and stir to redissolve
the ingredients,

I'PL-0124 -7~ 4,-7
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I, INTRCDUCCION

' " DPese a contar con bosques que admiten una produccidn
mayor a la actual, en los Gltimos afios, la produccidn forestal
ha tenido un incremento anual tan solo de 1l.1%. Las consecuen-
cias han sido muy graves: destrucéién del recurso, estancamnien
to de la produccién:cuantiosas y crecientes importaclones, li-
mitado desarrollo rural y la existencia de una industria poco
eficiente, con costos altos y precics de la wmadera y de los —-
rroductos.

En el futuro se demandaran mayores niveles de efi- -
ciencila y productividad, en la medida en que se fomenten los -
aprovechainientos vy se incremente la produccidn, se busque sus-
tituir importaciones o exportar, conquistar mercados internos
(perdidos por precios altos o no explorados, vgr., vivienda).
Asi también se recclamaran formas distintas de presentacién de
los productos. /

La magnitud y caracteristicas ée nuestros recursos =~
forestales y la existencia de estos mercados, todavia nos per-
mite ser optimistas al respecto y pensar que es factible, la -
creacidn de una seria industria forestal y un desarrollo armd-
nico e integral de las zonas forestales.

» El papel del Estado es definitivo para estimular la

formacidén de este tipo de industria y desarrollo 6 para res- -

tringirlos.

®
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1.3 JDILMANDZA DE PRODUCTOS FORESTALES Y CEDLULOSICOS

CUADRO Uo. 3 DEMANDA ESTIMADA DE ALZUNIOS' PRODUCTOS FORESTALES
Y CELULOSICO. LN MEXICO, 1975, 1980 y 1985.
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le Erz330 de Ca”a,
etc.) ' 898 700 850 1.€0),320
. —_ . — L ]
PrFIL PARA CAJAS FoC3LCCICy 158
(Li“ZR)
(~1les Co ton.) CTrENT-IAT 198 308 470 129
PATIL PAA CAJRS FiCo.Ccotw 85
(CI-I.5250 o 210)
{-{les de tcn.) CLL3U#C-I0 RTA 95 130 200 322
PAPTL PARA SLCOS,ECL FAILOLCOION 198 |
SA5 ¥ EN SLTLFA i
(iles da ton.) CC .SU 'C-ZIMANT 198 272 3o €22 _J
CT23S FAFZIIES (Iz- PRODJCCICY 375
Frestin, Escradirc,
Cartco-calleey Caem I ACiCN 21
tulinas, nig.énico,
faclel y ~irna. CCY SLVO-TTVANTA 196 %40 720 970
(riles de'Ton.)
—_—a D [ & - —— —
FAPLL PARPA FIRICDICO vt of o) J oA 40
{rdles ce¢ ten.) INF LRTACICH 241
CC 3LV O=27 TN iel 28% JED €10
. - — et et et ———t e = i
TOTAL FAPELES FeehoCcCicy 896
2€2
CCnaN =TT ANTA 18 1820 . 2140 3932
TIDUUCTOA TOTAL §ITCOCTCS FCELSTAINS Y €LY
LC5°CCS, (¢ ~11l=-rs Je nd 1ollo apr2 \.
\echrtle do calera). kk --
7.0 8.5-9.0 11.0-12.0 14.9-15.0
.- PR

4 CCLS.™MO APAMFT4IT 1970

CT” XN FITIVOOA 1979,1970,1955

** (bajo las siguicentes consideraciones; manteniende las propor-
ciones actuales de madera, bagazo, pajas y desperdicio; en el caso
del papel periddico, la produccidn futura proveniente de madera y
bagazo en iguales proporciones y la produccidn de papel consumiendo
celulosa nacional, desperdicio de papel nacional, celulosa de imporxr
tacidédn y desperdicio de papel de importacidn, cen las mismas propor-
cionecs que con 1972,
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‘1.4 + SATISFACCION DE LA DEMANDA TFUTURA

o

Existen varios caminos para buscas satisfacer las deman

das futuras, a caber:

A} . Captando los volimenes dosperdiciados en el —-—

monte y en los aserradefos de los aprovechamien
tos actuales, como materia prima celulés%ca. -
Para 1973 se estima que se desperdicid un volu
men de coniferas con posibilidades de ser uti-

lizado de 500,000-1,000,000 m3 aprovechable.

Aprovechando el total de los potenciales de --

corta en las diversas regiones del pais. ()

4

En el cuadro No, 2 se muestran los vollirznes -
potenciales de corta anual para las coniferas

de las &recas comerciales, Yy para preciosas y -

corrientes y se comparan con los vollmcnes de

produccidn de 1972, en los mismos grupos boté-

nicos y en la misma unidad (m3 rollo aprovecha |

ble). Sc deduce que hay un volumen adicional -

de 5.1 millones de m3 rollo aprovechables de - |

|
coniferas, 12,000 m3 rollo aprovechable de pre
] i

closas y de existir mercados, 1.4 millones da
O

I

I

|

m3 rollo aprovechakle de corrientes,

|

|
|
I

I
I
I
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” Para las coniferas existen recursos para aumentar cn un

100%

la produccidn de 1972, las entidades que pucden adicionay --

mas volumen soé: Durango, Chihuahua, Guerrero, Oaxaca, Jalisco, -
Chiapas, Michoacin, México y Puebla. Par; las "preciosas".se dis-
pone de las selvas para mantener la produccidén actual, sicndo - -
Chiapas, Quintana Roo y Campeche las entidades mds importantes. -
Para las corrientes y de existir mercados podria zumentar en un -
200% la produccidn actual, siendo Guerrero, Durango, Chiapas, Mi;

choac4n, Oaxaca y Quintana Roo las entidades que pueden agregar -

mayox vnlumen.

C) . Aumentando el crecimiento de los bosques natu-
rales a través de labores de proteccidn y meiio
ramiento. A partix de 1975 se podrd esperar in
crementos en un plazo de 10-15 afios, de tal ~-
suerte que serfa hasta 1290 cuando podria ob--
tenerse un aumento por este concepto. Cocnserva
doramente y dependiendo del establecimiento de
servicios técnico-forestales en las concesio~-
nes, sc podria dispener de un volumen adicio--
nal miniro de coniferas cde 1.5 millcnes de m3

rollo aprovechable después de 1990,

D). Aumcntando el volumen por medio de rlantaciones

forestales., Partiendo de una plantacidn

plantas por hectirea y un turno de 10--1% afios -



en zonas tropicales y de 75-20 afios e¢n zonas -~

templeadas, se podria obtener un crecimiento —--

anual del ordcn de 18-15 m3 rollo por hectdrca

-

.

equivalente a una producc.idn totai de 150-225 ok

rollo por hectdreca. Con vi.a plantacién de - --

10,000 hectédreas anuales o¢n 15 afios se tendrian

150,000 hectéreas y una produccidn anual a pay

tir del qguinccavo afio de 1.2-1.8 millones dc -

m3 rollq aprovechable. Existen varizs &reas ya
detectadas‘con posibiiidades:

. En zonas tropicalces con buenas condicio
nes para especies de répido crecimicnto
vgr; Cucnca del Papaloapaﬁj‘Veracruz, -

'anaca, Tamaul ipas, Chiapas, Nayarit.

. ﬁn'zbnas templadas, en terrenos origi-—-

nalmente forestales que actualmente so-

portan una agricuvltura o ganaderia

r

- o

marginal vgr., Estado de México, Jalisg
co, Mjclioacdn, Guc¢rrero, Puebla, Chia-
pas, Nayarit, etc.
. En zonas templadas, en terrcnos boscosos
inproductivos en donde se corte a mata-
. rrasa ¢ se desmortoe y se hagan planta--
clonecs ¢ espegilcs nativas o introduct

das vgr. México, ! ichoacin, Jalisco, O~

waca, Chiobes, Gur rero, €ic.



| O

E). Con ¢l empleco mds amplio el bagazo de la caila
. de azlcar, en aquéllos productcs gque mis con--
venga y mezclado con fibra larga de conifcras

L4

en las proporciones mas econbmicas. Veracruz Y
Sinaloa son las &reas mas productorag de baga-
'.zo.
F). Con la uti;izacién dél henequén para producir
‘ . vgr., papel moneda, y también a través de plan
taciones de bambd.:para la produccidn de mate-
rial celuldsico,y el uso de palmas, etc.
G) . Por medio de importaciones en aquéllos renglo-

nes que mas convenga.

Resumiendo, para 1975 se tendré& una demanda equivalentce

Neaced

de alrededor cd¢ 9 millones de m3 rollo aprovechable de macera, estl

méndose que habré-disponibié en total 10.5 millones m3 rollo apro-
vechable de coniferas mds 0.13 millones de m3 rollo aprovechable -
de preciosas y 2.2. millones m3 rollo aprovechable de corrientes.
En 1585 habrd una demanda de aproximadamente 14-15 millones de m3
rollo aprovcchable, estimdndose que podr& haber 14 millones m3 ro-
llo aprovechable de coniferas, mds 0.07 millones m3 rollo aprove--
chable cde rreciosas 9 2.5 millones m3 rollo aprovechable de corrien
tes. Despufs de 1985 sc podria disponer de un volumen adicional a

través de las plantacionas comerciales. Ll cultivo de los bosque s,

las plantaciones cowercizles forestiles, la utilizacidén de desper-
dicios, la integracién industxial v el ciplen de fibras. costas ce

. rd
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Los cuadros de demanda se ven ajustados con dstos

actuales y en base sl ritmo de produccidnign con-

siderar nuaves proycectes, de le foxma siguilente:

Balance snire la dswenda y la produccidn Euvture.

.MADERAS ASERRADAS:

ANO

1975
1980
1285

TRIPLAY

1975

1989

1985

LI

L—l
c

15

LOSA
1975
1939

13835

Demande

Mills.M3

2.418
3.045

3.836

Miles M3

159.7
239.7

313.6

606,704
876,443

1,277,986

Oferts

Mills.M3
1.867
2.168

2.469

Miles M3

124.3
153.7

183.1

706,815

834,973

Balancea

Mills, M3
0.551
0.877

1.368

Miles M3

85.4
86.0

130.5

72,100
172,100

354,400
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SITUACION ATTUAL DE LA ATTIVIDAD FORTSTAY

Aprovechamientos e Industrisliza: idn.

La estructura actual de las coucesiones = 13s?2
a ilos volumenes concesionzdos Ae pino c¢s la giguiente: -
30% son Unidgdes Industriales (vIjeaciz de 25 a 50 3fios)
27% Unidades de Ordenacidn (VigeAcia de 10 ados) y 43% -
parmisos preczrios (vigencia de 3 a 10 afios). Hasta l@¢ -
fechia las empresas particulares, predominan en el cprove
chiemiento e industrializacidn ds los bosgues.

Las cmpresas ejidales juinto con las empresas --
descentralizadas o del Estado aprechanpalredador del 25%
del volumen concesionado de pino. El Estedo produce apro
ximadamente un 29% de la produccon de triplay y .un 30%-
de lz celulosa a psrtir de maderds.

thgadas las formas actuales de aprovechamiento,
en términos de eficiencis industiial, desarrollo rurasl y
atencidn al rosque, la mayoria adolece de defectos, no -
existiendo por lo generzl una atencidn equilibrads a esos
tres elemantos.

En -base a las posibilidcdes socioecondmicas de-
los Woscues y a los resultados di-tenidos en €l pasedo,el
Estedo ha tomsdc la decisidn de intervenir directamente-
en el proceso de dassarrollo de les zonas forestales y --
asi recientemante se han impulsado tres organismos Jes--
centralizados, dos federales "Forestal Vicente Guerrero"
en Gaerrero y Profortara en Chihusahua, y uno Estatel - -

Aprofon en Nayarit, que junto con Proformex en Durango, -

-
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Protinios en €l Estado dec Mexico, Atencuique en Jalisco, Azait
zio y Villa Mcdero en Michoscdn, pueden llegar 2 producir & -
corto plazo cesi 6 millones de m3 r anuales o s=a casi el 70%
de la produccidu actual.

Hesta la fecra las empreszs perticulares, preio-
minan en el aprovechamiento e industrislizacidn de los bosques.
Las enpresas ejidales junto con las empres3s descentrelizadas-
o del Estado aprovechan alrededor del 25% del volumen concesio
nado de pino. El Estado produce sproximzdamente un 20% de la -
produccidn de triplay un 30% Ae la celulosa a3 partir de madere

Actualmente existen alrededor de 600 sserrederos,
30% de los cuales con una capacidad diaria/turno de 1,000- - -
5,000 pies tazkls, 50% entre 5,000-10,000 pies tabla, 15% entre
10,000--20,000 p.t. y un 5% de 20,000;30,000 pies tabla o mis.

A fines de mayo habia 18 fabricss de triplay: 2 -
en Cnihushug, 4 en Durango, 2 en el Estado de México, 1 en Hi-
dslgo, 1 en Veracruz, 1 en Chiapas, 2 en Yucatdn, 1 en Canpe--
che, 1 en Quinteina Roo y 1 en Oaxaca; 2 de elles constwnen dz -
40,000-60,000 m3 rollo por afno; 4, de 15,000-40,000 m3 rollo -
aproveclisble por s8fio y el resto mznos de 15,000 m3 rollo apro-
vechable por afio. De chaps hay 2 fdbricas, una en el Estado de
Mexico (Cuautitldn) y otra en Campeche (Zon-Laguna), amvas co.
sumnen mederas tropicales en un volumen inferior a 7,000 m3 ro-
llo‘aprovechable por &ho.

Hay ndsicemente cuatro fdbricss Ae tahleros aglo-
merados:; unad en Sen Luis Potosi, una en Guerrero, una en O3axa-
ca y otrs en Yucaetsn, Hay dos fdbricas de tableros duros, una-

en Darango y otra en San Luils Potosi con un consumo anusl de -

@lrededor 9e 130,000 m3 rollo aprovechable. Hey aproximademan—
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'Y

te 12 fdbric2s dc caja cloevadn o zlamureda:; 1l instelecioncs
que fabricsun molduras, 6 impregnéﬂoras, un sin ndmero 3e opn
raciones cue sec dedican & hacer muchlcs y 33 plentes de Jdes-
tllacidn de resina de piluor 23 en Michoscecdn, 6 sn Jaliseco, -
un:- en Oaxaca, urad eun Guerrero y dos en México.

En la industria de la celuloss y pspzl hsy 62 fd--
hrice de les cucles 7 consuver uaders; de estes una fauricae-
es la de Tuxtepec que =2lchora pspel periddico y p3pel psre -
libros de texto y revistas con produccidn anucl de 45,000 to
nel:das por &fio; celulosa de Chihughua produce mis o menos -
100,000 tceneledes de celuloss al afio;Atenguicue 60,000 tone-
ladas de productos Kreft por afio, Lorcto y Pena Poixre y 33an-
Rafael elahoran verios articulos en una cantidad de mdés o me
nos 85,000 toneladas por afio; Cartdn y Papel de Mdéxico que -
fébrics varios productos y fiunslmente Celulosaz del Pacifico-
gue esta empezanlio a producir pepel corrugado.

El pspel periddico procede en un 100% de madera, -
de la materis prima consumida para la produccion de celulosc
aproximadamente el 68% procede de maders, 24% de bagazo de -
cafia y el 8% de residuos vegetales. De papsl para empsacue y-
otros pepales y cartones c¢asi el 75% de la materis prima uti
lizaja prucede de madera o de desperdicios que originalmante
fueron maders.

Verascruz y Sinaloa son las entidades que producen-
mds czis de azdcer en el pafs. En la actualidad se utiliza -
una parte de le produccidn totsl del bagazo de la cefid, en -
la febricacidn dz palps bléﬁéueaga y sin blancusar gus se em
plea en el papal escritura, pepel celofdn, papzl bond y pafiue
los, toallas y papeles saniturios,etc. Estos productos se oh

tiencn mezcladip bugazo de cafia con celulosa de fibras la-ga-
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La calid.d de los bosques se ha reducido considcrs
| O
Llemerte por la filts de un plen de regularizecidn o se ha -
desperdiciajo por un mal sjuste entre 1o calideé del arbola-
do y el tipo de iudustria. El 60% de los volumenes autoriza-
dos =n empresas permunentes s2 dastina o productos caluldsi-
cos, aprovechdndosc partes del £rbol de espec{ficaciones - -
apropiadas pars productos de mayor redituehilided comd chsya,
triplay ¥ asérradosn Por otrs parte, se desperdicien conside
rables volumenes <de¢ puntas de &rboles y materiaies de cserrg
dero cue poadrian ysarss vgr. psra celulosa y pepel. Las em--
presas papcleras aprovechan 21 70% Azl voldmen total del &r-
pol, las empresas de cserrio de pino el 60% y las de aserrio
de espacies tropiceles el 45%. La no integracidn del aprove-
chainiento forestal represents un costo social elevedo. (var- C)
cuadro siguientce) . .

2.2.A8US0 DIEL BOSQUER

Tén solo en él 20% del &rea du los bosgues producii
vos de pino (en toczl 12 millones de Ha.) se dispona de servi
cios técnicos en doinde la proteccidn, mejoremiento y control-
son nds o menos permanentes; el 90% del &res de los boscues -
sobre-explotedos 3e pino (en total 2.0 millones de Ha.) esté-
abcondonada y casi el 100% de los terrenns forestales de la zo
n3 terplsds sin bosrues posibles de recuperar (1.5 millones -
de Hz.) esté ignoredo. .
La limitada accidn dsl Estedo en la plenescidn, pro

mocicr y desirrollo de las zonas forestiles, la falta de acti [j

0,

vidadnrs, l& alte densidad de poblacidn la muy reducidas psrti-

cipacrcon.de los titulures de derecho de los bosgues en su ——-
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aprovechzmiento o industrislizacion, la demends de medere, el
caricrer temporal de los permisos y el estcdo de veda, han si
do las causss mds importantes del sbuso vy la destruccion del-
recurso forestel, expresados en desmontes, pastoreo, incendlos,
cortas clandestinus, etc., y cuyos efectos se han treducido en
el suidesarrollo de las zonas forestales y sus pobladores, en-
la desaparicidn de especies valiosas y sustitucidn por otras -
menos \tiles, en la erosidn de las tierras, en los azolves de-
las presas y en la reduccidn de los recursos boscosts.

Todavia zu 14 entidades del pais hay dress foresta-
les vedcdes: Bajs California Norte, Chihushua, Souosrs, Sineloa,
Hidal¢o,Hidslgo, Puebla, Veracruz, Aguascalientes, Queretaro, -
Gusnsjuato, Colima, Jalisco, Morelos y el Distrito Federal.

Juzgadas las formas actuales de aprovechamiento en-
términos de eficiencia industrial, desarcollo rursal y atencicn
al bosque, la mayoria adolece de defectos: no existe por lo ge

neral una atencidn ecuilibrada s esos tes elementos.

\

2.3.PARTICIPACION DEL SECTOR CAMPESINO

En el pasado, los poscsedores de los bosques han si-
do genzralmente rentistss en su aprovechamiento y muchas veces
ni en la renta misma han participado. Ademds no se ha crezdo -
una organizacion que haya permitido csnalizar en forma eficien
te sus derechos de monte hacia actividedes productives, ni los
servicios del Estado se h3n orientado adecuadamente para fomen

ter el desarrollo rural en las zonas forestales. Su participa-

cidn se ha prestedo a que otros grupos se beneficien 5 bien que

se favorezca tan sdlo a8 los lideres y representantes.




CUADRO No.

ESTRUCTURA DE LAS CONCESIONES Y SU CLASIFICACION DE ACUERDO CON E
DE LA MADEZRA (1970)

TIPO DE CONCESIONES

VOLUMEN CONCESIONADO
m3 r.t./afio.

EMPRESAS CLASIFICADAS

MATERIA PRIMA +

I_‘OR T

+ A= Aserrio

T= Triplay o tableros.

p=" Papal.

O

A.T T.A. | BA. o A>]  P.| T0rIL DuPRT
I SrS
No. No. _No. o, iD.
UNIDADES INDUSTRIALES §
. CONIFERAS > 400,000 1 1
200,000 - 300.3500 ‘ ] 1 ~ 2 :
100,000 - 150,030 1 2 b 3
50,000 - 80,000 2 1 2 k 5
. PRECIOSAS 9,000 - 15,000 f "2
sSuMA 1 5 2 5 13
UNIDADES DE ORDENACION > 400, 000 9
. CONIFERAS 20C,000 - 400,000 1 2 1 3
100,000 - 150,000 2 2
50.000 — 80,000 2 5 ; 7
~ . CONIFLRAS Y . E
PRECIOSAS 1¢, 000 ~ 40,000 4 i 2
SUMA 5 |2 . | 30
PERMISOS PRECARIOS E )
o CONTFLRAS > 50,000 2 4 35 § 41
. CONIFERAS Y |
PRECICSAS €, 000 ~ 40,000 2 15 383 | 400 :
SUMA 19 418 | I ean ‘
TOTAL 10 34 441 5 £90 ey
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3. I'ROGRANMA NACIONAL DLYT, DISARROLLO FORLEST oML 52

.

El Estado ha tomado plena conciencia dc su responsabilidad

tha claborado a través de la Subsecretaria orestal y de la Fau
na y con la colaboracidén de Nacional Financicra; un instrumento

de. estudio, diagndstico, planeacidén, promocidin e impulsé fegio——
nal como lo es el Programa Nacional del Desarrollo Forestal; me-
dio y no solucidén pero punto de partida para encauzar el creci--

miento del sector, para correlacionar los recursos disponibles -

.
.
o

con los mercados nacionales y mundiales y las necesidades de cre

.
¢

cimiento econdmico y deshrrollo social cel pals y para coordinar
esfuerzos. Este programa se basa en estudios de gran visidn, re-

! « 2 2
gionales de prefactibilidad y regionales de preinversion y en ==

NS
.

otras acciones fundamentales y se aprovecha el Fondo de Estudios
de Preinversidén de Nacional. Financiera para la ejecucidn de los es
tudios. El1 Programa no termina a la conclusidén de los estudios, -

.en realidad es un sistema continuo de planeacidn, para tomar deci.

siones, un medio para coadyuvar en la implementacidén de los pro--

ycctos v en el control de su avance. Se busca no tan solo mejorar
cl dignéstico de la situacién actual sino darle solucidén a los --

maltiples problemas y corregir progresivamente los errores, ademés .

se persigue cGefinir las politicas en diversas dreas, atracr nucvas
inversiones y dar clcmentos de juicio para la toma de decisiones més
racionales en campos tan vitales como organizacién, paxticipacién v
funciones do los scctores, procedencia de las inversiones y distribu

cidn de los bheneficlios.



Poxr acuerdo presidencial publicado en el Diario Oficial -
del 14 de marzo de 1973, se crebd la Direccirn General para el

Desarrollo Forcstal dependiente de la Subsecretaria Forestal y

de la Fauna, la cual se encargara de la con:duccidn dc estos —=

;ﬁrabajos.

En general, la Subsccretaria Forestal v de la Fauna lleva

' v& a cubo los estudios dentro del marco de los principios de -

la politica forestal y en base .a los guione: generales y térmi’ |

nos de¢ referencia (ver contenido en el Apéndice) aprobados por
la propia Subsecretaria, cl Comité Técnico v de Distribucidn -
de Fondos del Fondo de Estudios de Preinver:ién de Nacional Fi
nanciera y el Comité Asesor Forestal design.do por el C, Presi
dentc de la Rep(blica con representantes del DANC, SAG, CNC, -
CNIDS, CNIP, CONCAMIN y Directores de Organismos Forestales Fe
derales. También se basaréa en los guiones e:pacificos que se -
vayan claborando para cada proyecto.
El érogrwna Nacional decl Desarrollo Fo:restal ha sido - -

aprobado y apoyado por todos los scctores concurrentes y los

gue forman el, Comité Asesor Forcstal.

!

O



7RGI‘J‘WZACION TECNICH, LCONOMICA Y SOCIAL :2 @
E LAS RECLOUES FOREGTALES

Las accionts en c¢sta area forman un todo, esté&n relacionadas

-' [} 2
entre.si y tienden a propiciar qgue en cada reyidn forestal del --
—
- . o .
pais se vaya establecicndo la organizacién téenica, econdmica y -

.social que garantice el cultivo del bosque, la superacidén del sec
L

'
[

tor campesino, el desarrollo rural en las zonas forestales, el me

)
Ly

Jjoramiento de la industria establecida y la incorporacién de nue-

'
[

. vas unidacdes de produccidn con bases sblidas de rcentabilidad y -~

eficiencia. En la actualidad existen diversas alternativas de aso

ciacibn entre poseedores de los bosques e industriales, gue son:

Ljido, comunidad o peguefios propietarios trabajando -

por si solos.

. Ejido y/o comunidad y/o pequefios propietarios con or-

() ganismos descentralizados o industriales particulares

o0 con cmpresas del Estado.

- Ejido y/o comunidad y/o pequeiios propictarios con Es-

tado e industriales particularecs.

No sc pretende una sola forma de organizacién ni de asocia
cidén, ya qgue las condiciones particulares de cada zona determi-

naran la f£6rmula més conveniente, pero en todos los casos so’ —=

buscard gue tengan elementos comune

s: racionelidad, bases ccond

micuas y sociolbgicas firmes y moralidad. Interesa aumentar la -

produccibn, sicmpre y cuando cada m3 que se agregue, sea produ-

cido con niveles de cficiencia, calidad y justicia social dife-

rentes a los que hasta ahora hemos tenido y también que parale-
O

lamente a cre aumento de producciédn se promucva el uso de otros

recurcos do las zonas {forcestales a iravés de un desarrollo ro--

o « §PORUL aplCOYUGO,



3.2, EL THPULSO A NUEVOS PROYECTOS @& 7

~

Comprende cstudiou regionales de preiaversibn y de prefag

tibilidad para estudiar posibilidades de desar.ollo silvicola indus,

trial.

Los estudios‘de pﬁeinversién incluye . entre otros a los
siguientes proyectos: proformex, en Durango, Vicente Guerrevro, en =
Guerrero, Gn proceso Y a través del Organismo, Sur de Chihuahua, =~
1 en Chiﬂuahua. Los estudios de prefactibilidad comprende desarrollos

para nuevas industrias que permitan una integracion industrial regig
nal o el aprovechamiento de recursos forestales no utilizados taqﬁo
en entidades no vedadas como vedadas:

Entidades no vedadas: Durangé—El Salto, Zona Lacandﬁna, en

.
Chiapas, Oaxaca-Tuxtepec, y México. Entidades vedadaS{ ~hihuahua, --
Michoacén, Jalisco—AEenquique, Veracruz, Euebla, Hidalgo, Sinaloa, -
‘éolima, Moreclos, Sonora y Baja Califérnia Nortc.

Comprende también la consideracidén y apoyo a proyccios ya
iniciados o terminados, que afectan la relacidn de Qferta-demanda, -
tales como los de:Aprovechamientos Forestales da Néyarit, Celulosa -
de Michoacan, Celulqsa'del Pacifico en Guerrcro, Fabricas de triplay

‘ ¢

en Comitén, Chis., Forestal Vicente Guerrero, HMaderas Moldeadas ( -
Werzalith), en Dgo., Bonampak en Chiapas, Integracidn lndustrial

de Atenquique en Jalisco, Papel periédico y otros papeles a par-

ti'r*de wagazo de la cafla en Verccruz, Sinaloa, «tc.
Los estudios regionales comprenden revisiones de estudios
s’ [ r 1 3
. previos, actualizacién de la informacion, evalui:2idén de altgnitivas :
bajo critcerios de costo/beneficio, etec. Las Grens principales de los
estudios sol: kecursos Forestales, Abastecimicn' » de Troceria y -,

Lefias, Mercudorn ,Pransformocidn, Asncel ds Econdm' wos y Desarrollic



hAspecto fundamental on los proycctes scxd el dax respuesid
entre otras a las siquicintes interrogantes:

¢ Qué funciones y responsabilidades va a tener cada grupo;
el organinsmo, 1os'propietarios de los montes, los indus-
'ﬁfiales particulares y los contratistas on el abastecimicn
to de troceria y leilia, en los caminos, en la industriali-
'

" zacidn, etc.?

Quién sera responsable de la implementaciédn y operacidn del

s

A proyecto y de la coordinacién integraldel mismo?

! ¢ Quién va a captar los créditos?

[

guen gentes iddéneas que asequren el éxito del proyecto?
¢ Qué mecanismo serd necesario establecer para la fijacién de

precios de venta, etc.?
C%.B. EL MEJORAMIENTO Y DEPURACION DE LA INDUSTRIA ACTUAL.

| A través de la revisién de la industria cxistente, se --
persigucn a¢éciones inmediatas tendientes a: Mejorar las técnicas
.de produccidn, organizacidén y comercializacidén para aumentar la
productividad, reducir los costos y aprovechar la capacidad ins-
.talada. Capacitar al personal. Plantcar medios de integracidn in
dustrial, intercambio o venta de materias. primas a nivel regio--
nal, y posibilidad de agrupacidn de &reas, concesiones y servi--—
cios. Aprovechar mejor las diversas calidades ¥ partes del arko-~
lado, buscando rcducir el despercicio con posibilidades de uso -
industrial, utilizar més gmpliamente cl oyamel, ¢l encino y otras
especies hojosas y bhuscar la mejor combinacidén de la madera con

el bagazo de la caiia, el bamb@i, henequén, palmas, etc,, Establecer

1
Py

sccadoras. Reducirla contaminacidn ambiiental. Cr-car concicncies.

"Como se asegurarad que a los.puestos de¢ responsabilidad lle=




3.4 LL DESARROLLO RURAL Y LA SUPERACTON DE LOS NIVELES DE VIDA

)

PR
_ Qo

concesionados y en general promover medidas cororetas pura la -

Reducir las causas por las cuiles no sc ejercen lus volinmonos -

consolidacibébn y racionalizacién de la industria vy para las pooi

a iy

bles ampliaciones, buscando dcpurar la lista df. concesionarios

Y aprovechar las capacidades de los industrialces serios.

.

La industria gque se¢ revisard esté localizada bésicuamente
19

en las entidades m&s significativas y que contribuyen més en la --

produccién forestal: Chihuahua, Durango, Michoacén, Oaxaca, Jalisco,

4

Chiapas, Guerrero, México, Campceche y Quintana Roo. .

DE LOS PROPIETARIOS Y POSEEDORES DE LOS BOSQUES. “

En el desarrollo agricola del pais y en su estructura agraria
se han proyectado dos scctores: el sector agricola moderno y comesr
cializado formﬁdo en su mayoria por particulares y el sector tra-
dicional campesinq. Al primero, se han canalizado la m;ybria do .—--
los bencficios directos o indirectos de la invergién del sector --
publico: obras hidréulicas para riego, caminos, créditos, investi-
gacién, etc., mientras que la carcncia de estos elcmentos es evi-
dentc cn el otro sector(campesino)y dentro de éste, los habitantes

de las zonas forestales, que constituyen una parte muy importante

del scctor rural, han sido los mas olvidados.

Se estudiaran posibilidades para gcnerar emplcos ¢ ingresos -
. 3 » s ey r. . ]
adicionuales a través de desarrollos en actividades . agro-industria-

les, cincgéticas, turistico-recreativo, uso mGltiple de los terre-

]
¢

nos forccstale:, mineras y plarntaciones.



) Se busca también establecer en las organiraciones y concesio-

nes forestales, un scrvicio de desarrollo rural que permita orien-

<T> tar y aplicar las utilidadecs y los derechos de monte que sc captcen
!

y los ?ervicios del Estado, y también considere las experiencias -

\
.

sociales y técnicas del scctor campesino.

Las experiencias de Aprofon, Porestal Vicante Guerrero, Profox
. .

tara,Profortarah, Proformex, Atenquique y FONAI'E,en cuanto a desa--
‘rrollo rural, serén valiosas evidencias para orientar esta impor--
tantisima accién. La Subsecretaria Forestal y ¢z la Fauna promove-

t
"

r& acciones de desarrollo rural en todas las demads zonas forestales

del pais. . : *

3.5. EL CULTIVO DEL BOSQUE | |
Como accién inmeéiata de la Subsecretaria Forestal y de -
-~ |
<4>lanFauna (SFF), asumird la responsabilidad totcl de los Serxrvicios -
Técnicos Forestales tal como lo sefiala la Ley Forestal. En 1972 se
incorporaron ﬁnicameﬂte los Servicos Técnicos de la Unidad de Aten-
quique, debido a la tramitacién bara que el personal incorporado --
pertenezca al ISSSTL y disfrute de sus beneficios Yy prestaciones. -
En 1973 se han incorporado Tutuaca,en Chih. Empresas Ejidales de El

- Salto, en Dgo. y Acuitzio-Villa Madero, en Mich. y se continuaran -

estas acciones con el resto de las unidades industriales, los orga-

S

-

nismos descentralizados y las cmpresas ejidales.

Para cubrir el déficit actual de madera y el qgue se preve
()a mediano plazo, la SI'T fomentard el cultivo del bosque y como tarca
complementaria promoverd plantaciones forestales con fines comercia

les. Se hia estimade qgque en los préximes 20-25 atos deben plantorse

Alredeldor da 0--30 i) I~~~ anuales. indevendic s ltemoente de l1oe vro-—

D¢
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lares vigentcs en la materia para decidir cuales son operantes, =

0

granas de proteccidén de cuencas y §$hg%miento empiental. Los Esta-

dos de México, Michoacan, Hidalgo, Pucbla y Verxacruz presencan gral

des atractivos para llcvarla cabo proyectos autopagables y renta--

bles sobre plantacioncs forestales.

La Subscerctaria Forestal y de la Fauna impulsard métodos =-
stlvicolas vgr. matarrasa con plantaciones gue permitan aumentar
ia productividad del bosque y obtenexr mayores beneficios econdémi-

co-sociales.

La Subsecretaria Forestal estudiara los reglamentos y circu-

si deben modificarse y en que medida, o si deben suprimirse.

X

EL LEVANTAMNTERTO DE VEDAS FORESTALES EN 15 ENTIDADES.

La Subsccretaria Forestal y de la Fauna en coordinacidn -

con los CGobicinos de los Lstados, levantari las vedas forestales

buscando establecer la organizacidn técnica, econdmica y social

que garantice el desarrollo rural, la industrializacidén y el cul

tivo del bosgile. Las entidades sc pueden dividir en tres gru--

pos ¢n bose ,a los recursos comprendidos en zona vedada: Primer -

grupd: HMichoacén, Jalisco y Chihuahua. Segundo grupo: Puebla, ---

Verzcruz, Hidulgo y Baja California Norte. Tercer grupo: Sinaloa,

.Sonora, Coliwu, Morelos, Distrito Pederal, Querétaro, Guanajuato

Yy Aguascalientes,

O



O

3.

7.

2, &

. LA CCORDINACION INTERGUBERNZAMLNTAL E INTLLDG CTORIAL,

Fl estudio de la parte institucional del Programa Naclo-
nal del Desarrollo Forestal, permitiréd definir el arca de traba-
jo de cada una de las dependenecias y seckoren, sus xolaeiénes ¥
correlaciones, las funcioncs que corresponden a cada ¢grupdo y €s-
tablecer los mecanismos de coordinacién centrce las diferente de:—-
réndencias del Ejecutivo, para que sus accionces en materia foresg

v

tal queden ligadas a directrices generales y ze mejore lu efi~ -
/
ciencia de la accidn del sector plblico.

Existen varios organismos forestales descentralizades fe
derales y estatales a saber: Aprovechamientos lorestales de Cam-
peche, Comisidn para los Aprovechamientos Forcestales del Estado

de Oaxaca, Aprovechamientos Forestales de Nayarit, Forestal Vi--

cente Guerrero, en Guerrero, Productos Forestales Mexicanos, cn

Durango, Productos Forestales de la Tarahumara, en Chihuahua y -

Protectora e Industrializadora dc Bosques, en el Estado de Méxi-

co., Como se han creado en distintos afios y ba’io diversas promo--

P

ciones y enfogues, resulta fundamental que la Subsecrctaria Fo--

restal y de la Fauna, respetando las caracteristicas propias de

sus zonas de inflvencia, promueva uniformar suvs politicas y obje

tivos generales, para que como verdaderas unicides de desarrollo

social scan congrucntes con los objetivos de la politica fores--

tal y dcl Programa Nacional del Desarrollo Forestal. Ademas,

seC

deberdn cstablecer acciones conjuntas para resoslver problemas co

L3

munes; vgr. capacitacién de personal, oxganiza~idn, etc. La coor

dinacidon de los organigimos por la Subsccretari. Forestal s

.401.-:1 -

una de ltas tarewus Jwportantes cn el future,
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’ Para evitar los problacas que plantean la Lfijacidn de

los precios de las materias primas, (trocerxia, lefia, tabla, tri
play, otc.); la deterninacidén en la participaciédn de lag utili-

! 4
’

dades, los dercc

[

105 Ge monte, eotc., sc¢ considera bé&sico la inte

gracién inmediata de una Comisibén que determine las bases confoxr

me'a las cuales sc fijen los valores, de acuerdo con criterios
cecondmicos y sociales uniformes.
, )
Esta Comisidn, cuya politica scer& congruente con los -

1 1

objetivos del Progruma Nacional de Desarrollo !"'orestal, se inte

grard con represcntantes de la SAG, 'DAMC, -CNC y del Sector in--

dustrial privado. Podré invitarse a formar parte de ella a otros

-

grupos de interés y, de acucrdo con lo establecido en la Ley Fo-~

restal, intervendra el Banco dc México, S. A. "

La Conisidén ascsorard a los interesados en casos concre

«

tos, y de pedirlo uno de ellos, actuard como arbitro; sus deci--
1] P

.

siones obligaran a las partcs en conflicto.

La coordinacion gon dependencias federales, Gobicrrnos

dcﬁ;Ps estados, organismos de desarrollo, ciéc., relacionados con

el scctor es tarca basica. Se contemplan varios lmedios de comuni-
cacidbn entre los scctores a través de: Comité Alesgor Forestal, C2
misién de Precios de Materias Primas, Participacién de Utilidades
y Dcrechos de Monte, Consecjos de Administracién de los Organismos

. ,
Forcstales Descentralizados y Comité Directivo el Programa Nacio

AY

nal del Desarrollo Forestal. . -

O

O

O



A
(& La clarificecidn de la tenencia de la tierra es un proble

ma, que demanda especial atencidén. La definicidén de quiénes son

-
'

propictarios o legitimos poseedeorces con darxecho a disposicidn
;

de los bosques,.es por fuerza lenta, por lo que es imperativo

establecer los mecanismos legales adecuados, para que, sin per

et . ~ . . » 13
/ juicio de los legitimos intereses de propietarios o poseedores,

A\
'

pucda aprovecharse cn beneficio general la riqueza forestal de

aquéllos predios cuyo dominio no esté plenamente clarificado o

sea francamente indefinido.

En aquéllos casos no previstos por las actualez leyes en

gue por cualquier causa no se logre obtener el consentimiento

C) de los propietarios o poseedores legitimos, pueda llevarse a -

cabo el aprovechamiento de los bosques depositando los dere~ -~

chos de monte o fondos comunes en el Banco de México, S.A. o -

en el Fondo Nacional de Fomento Ejidal, sedin se trate de con-
flictos en los que intervengan pequefios propietarios o unice --

mente ejidos o comunidades.

!

La coordinacidén con el Programa Nacional de Desmontes c¢s
importantc para el uso apropiado de los terrenos forestales y

para la utilizacidn de las maderas tropicales y templadas.



3.8. LA FOIMACTON DE PERSONAL A TOLOS

NIVELLS. (obreros, auxiliaves,

{écnicos, profesionales y administradores.)
/

Para preparar el personal necesario ¢ue demande el de-
sarrcllo forcstal y clevar la productividad y c¢ficiencia del sec
tdr en todas sus areas (cultivo del bosque, abustecimiento de --
troceria y lefias, industrielizacidén y actividades concxas) y pa-
ra hacer cfectiva la participacién del sector campesino en el --
aprovechamiento e industrializacidn se tienen ya alggnas accio=-
nes quc se empezarén a llevar a cabo durante 197 L
A) El1 Departamento de Asuntos Agrarios y Colonizacidn

en coordinacidn con la Subsecretaria Forestal y de la Fauna y -~
con los brganismos Descentralizados empezara a desarrollar pro--
gramas y cursos de capacitacidén para incrementar la capacidad, -
mejorar la organizacidén y obtener una mayor prcparacién adminis-—

trativa, técnica y comercial -de los poseedores de los bosques.

vl

(

B) La Subsecrctaria Forestal y de la Fauna implantard
el Programa Nacional de Desarrollo de Abastecimiento de Troceria
y Leifias, dentro del cual se establecerén centros de entrenamien-
to para obreros ‘en operaciones manualcs y mecanizadas de corte Yy

arrime de trocéria y c¢luboracidn de leiias.

‘
¢

C) La Subsecrectarid Forestal y de la Fauna promovera -

en coordinacidn con la Sccretaria de BEducacidn Piblica el funcio

i
namicento de un minimo de once fecundarias Técn:rcas Forestales en

Chihuahua, Dvrango, Julizco, Michoacén, México, Guerrero, Vera--

O

O



o v

- ' :% é&
cruz, Oaxaca, Chiapus, Baja Californla y Sonora; elavard o nivel
de técnicos la LCscucla de Guardas Foiestales ¢~ Uruapan, a igual
nivel? promoverd este tipo de cursos en Chihualiua, Durango, Gue-
Yrero y veracruz; a'nivel profesional apoyaréd la trangsformacidn
de la Unidad de Bosques de la Escucla Nacional de Agricultura en
Facultad o Escuela de Ingenierfia Forestal para gue ofrezca prepz

racién en todas las areas de la rama forestal y a nivel posgrado

crece la macstria forestal.

. Independientcmente de las acciones anteriores se dstu-.
diarén formas efectivas para llevar a cabo la tarea de formacidn
de personal a todos niveles.
LA ATRACCION DE INVERSIONES

Atraer inversiones hacia la industria forestal por ne -

dio de proyectos rentables y viables socialmente.
Parte vital de una nueva politica forestal debe ser el
establecimiento de instituciones o procedimiecntos de captacién de

rceccursos, a fin de establecer sistemas instibucionales de crédito

. . !
para la actividad forestal.

».

Parte importante es la procramacidén de la inversidn del
sector pGblico forestal, los diversos estudios y accioncs darin a
la Subsccretaria Forestal y de la Fauna mas elcementos para justi-

ficar las futuras inversionecs.,
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4, EVALUACION PRELIMINAR DEL P. N. D, F.

Se ha logrado en verios de los proyacros en marcha

la participacidn directs de le Subsecretaria Forestal y de

ls Fauns, & través de la Direccidn Gencral pera el Desarro

llo Forestal.

4.1.Disponibilided de nuevos volumenes de prodgg;o

madaersbles:

S

Proyecto Aserrio Triplay Celulosa Totszl
‘ M3 /afo M3 /cfio Ton/afo M3/afio rollo
1. PROFORMEX, DGO, 250,000 60, 000 170,000 1,500,000
2. ATEMQUIQUE,JAL. 75,000 15,000 15,000 240, 020
3. PROTIWBOS, MEX, 100,000 15,000 70,000 £10,000
4, MICHOACAN 100,000 15,0090 50,000 430,000
5. NAYARIT 50, 000 5,000 - 110,000
6. SJR D& CHIHA, . —. - 120,000 300, 00C
7. PJIEBLA ‘
MORZLOS
HIDALCD
VERACRUZ - - - 200, 000
8. CHILPAS 50,000 50,000 40,000 310,000
Ajlom,
9, I'.VCTu.GRO,GRID, - 500,000
625,000 110,000 465,000 4,300,000

(menos Agl).
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Promogiones Tmportinte

1%

- Proyrams nacional de desarrollo de zbastecimiento

de trocerie y leiias.

- Creacidn dcl Departamento de Bduacidn y Capacits-

o

"

cidn dcl INIF.

- Creacidn de la Escuela Supsrior de Tecnologies de-

la Moderas en Morelia, Mich.

)
R

- Progrcme de 3,000 Ha/efio, Tuxtepec, Ver.

i " i " " , Proclnoos, Méx.

" " " i " , Profomich. Mich.

- Craeacidn del Fideicomiso Nacional psre plantacio-

nes conerciales.

. Fomento de 1o medera en la_construcgion

- Promover siu uso bdsicamente en la vivienda

- Ccordinar esfuerzos de los diferentes grupos intere

sados.

- Organizacidn del ¢rupo interno de trabajo

. Recreacicdn

- Desarrollo das Parcues Nacionales.

- Fermacion grupo de trabajo.

Tt .
- 1974 inicio de 1inversiones Parqus Miguel Hidolgo

. Lzvaentamiento de vedas forestzles.

Lz
dos,

cial,

! I d
SFF en coordinzcion con los Goblernos de los Esta-
leventord las vedas forestales previo estudio so--

econdmico y técnico.



Estos estudilos estdn —ontemplados en las zcciones

de mejoremiento cn 1la industria ectusl e impulsos & nuevos

proycctos.

Grupo 1l: Grupo 2: Grupo 3:
Chihuahua Veracruz Morelos
Michoscdn Hidslgo ; D. F.
Jalisco B.Calif.Nte. Querétero
i v . :
Puebla Colima Guanajusato
Sinaloa t Aguascalientes

Sonora
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DIRECTORIO DE ASISTENTES AL CURSO.DE USOS ESTRUCTURALES DE LA

MADERA ( DEL 25 AL 29 DE MARZO DE 1974 )

. ARQ. GUILLERMO

NOMBRE Y DIRECCION

C.P. MANUEL ALONSO PALACIOS
Retorno 12 No. 16

Av. del Taller

México, D. F.

Tel: 5-52-52-76

SR. EDUARDO CASTANEDA NIEBLA
Medicina No. 6L

Col. Copilco

México, D. F.

Tel: 5- 48 L5-13

. ARQ. RUBEN CHAYET VISEISKY

Fuente de las Aguilas No. 150
Lomas de Tecamachalco

México 10, D. F.

Tel: 5-89-27-06

SR. OCTAV!O ELIZALDE DAVID
Xocotla 9-A

Tlalpan

México 22, D. F.

Tel: 5-73- 52 16

SR. FEDER!ICO M. HACH GOMEZ LLANOS
Av. Unnversudad No. 2074-53
México, D.

Tel: 5-48- hO 54

iBARRA DURAN
Calle de Tanana No. 4-602

México, D. F.

ARQ.
Av. Coyoacén No.
México, D. F.

Tel: 5-36- 81-19

JAVIER LIRA MARTINEZ
710-103

EMPRESA Y DIRECCION

MADERERIA LAS SELVAS, S. A.

Emiliano Zapata No. 124
México 1, D. F.

Tel: 5- 22- -29-06
INSTITUTO DE INGENIERIA

Ciudad Universitaria
México 20, D. F.

INSTITUTO DE INGENIERIA
Ciudad Universitaria
México 20, D. F.

CORPORACION DE PLANIFICACION, S.A.
Iinsurgentes Sur 1915

Despacho 101

México, D. F.

Tel: 5-50-0L4-73

COMISION CONSTRUCTORA DE LA
SECRETARIA DE SALUBRIDAD Y ASISTEN-
ClA.

L9-Lo.

Cordoba No. Piso
Tel: 5-28=-59-24

México, D. F.




10.

11,

12.

13.

14,

DIRECTORIQO DE ASISTENTES AL CURSO DE USOS ESTRUCTURALES DE LA

MADERA ( DEL 25 AL 29 DE MARZO DE 1974 )

NOMBRE Y DIRECCION

LIC. OCTAVIO LEON PACHECO
Av. Col. del Valle No. 216-1
Col. del Valle

México 12, D. F.

ING., FRANCISCO MARTINEZ ESTRADA
Av. Alvaro Obregén 53-201

Col. Roma

México 7, D. F.

Tel: 5- 14 68-54

ING. SERGIO MOYA NUNEZ
Mordos 677 Nte.
Culiacén, Sin.

Tel: 2-59-76

[NG. GONZALO NOVELO GONZALEZ
Casa No. 37

Col. Marte R. Gémez
Chapingo, Edo. de México

LIC. EMILIO PEREZ BANUET
Atenquique, Jal.

ING., JOEL OCTAVIOQ QUINONES OLGUIN
Fresnos 238

México 20, D. F.

Tel: 5-48-31-23

SR. FRANCISCO ROBLES GALFEZ

Av. Francisco del Paso No. 620-1-106

Col. Jardin Balbuena
México 8, D. F.

EMPRESA Y DIRECCION

UNIVERSIDAD DE SINALOA
Andrade y Constitucién
Culiacén, Sin.

DIRECCION GENERAL DE NORMAS -SIC
Av. Cuauhtemoc 80-ler. Piso

' México, D. F.

Tel: 5-78-82-53

UNIVERSIDAD AUTONOMA DE SINALOA
Andrade y Constitucién

Culiacén, Sin.
Tel: 2-49-70

ESCUELA NACIONAL DE AGRICULTURA
DEPARTAMENTO DE BOSQUES
Chapingo, Edo. de México

Tel: 5-85-45-55 Ext, 245

UNION FORESTAL DE JALISCO Y
Atenquique, Jal.
Tel: 1

INSTITUTO NACIONAL DE INVESTIGA-
CIONES FORESTALES

Progreso No. 5

Coyoacén

México 21, D. F.

Tel: 5-5L-0k-22

INSTITUTO NACIONAL DE INVESTIGA-
CIONES FORESTALES

Av. Progreso No. 5

Coyoacén

México 21, D. F.

Tel: 5- 5h 0L-22



15.

16.

17.

18.

DIRECTORIO DE ASISTENTES AL CURSO DE USOQS ESTRUCTURALES DE LA

MADERA ( DEL 25 AL 29 DE MARZQO DE 197L )

NOMBRE Y DIRECCION

ARQ. MANUEL RODRIGUEZ VIVANCO
ja. Cerrada de Corola No. 17
Col. El Reloj

México 22, D. F.

SR. JULIO ALBERTO RUIZ BARRON
San José No. 16

Col. Prado V

México, D.

Tel: 5-67- 65 53

ING, MARCO A. SALCEDO GUERRERO

Av. Col. del Valle No. 216-1
Col. del valle
México 12, D. F.
Tel: 5-43-79-59

ARQ. ENRIQUE SANCHEZ REYES RETANA

Av. San Francisco No, 250
Desp. Cerrada del Convento de
Churubusco

México 21, D. F.

Tel: 5-44- 41-78

EMPRESA Y DIRECCION

DESPACHO PROPIO
Av. Juérez No. 56-305
México 1, D. F.
Tel: 5- 10- 21-17

INSTITUTO DE INGENIERIA
Ciudad Universitaria
México 20, D. F.

UNIVERS IDAD AUTONOMA DE SINALOA
Constitucién y Andrade
Culiacén, Sin.

Tel: 2-49-70

TRIPLAY DE OAXACA, S.A., Dt C.
Y SECRETARIA DE OBRAS PUBLICAS

V.

Antonio Caso No. 19-6o. y 70. P.

México 1, D. F.
Tel: 5- 66 01-44






centro de educacidén continua

facul tad de ingenieria, unam

DIRECTORIQ DE PROFESORES DEL CURSO USOS ESTRUCTURALES
DE LA MADERA .,

Ing. Roberto Meli Piralla
Investigador del Inst, de
Ing. -

U, No. A, M,

Argq. Jaime Ortiz Monasterio y de Garay
Pedro Luis Oganzon NO. 21

Col,. Guadalupe Im,

Z,P, 20

Ing, Jehové Guerrero y Torres
Dir. Gral. de Laboratotios de
Anélisis Esperimentales de

Esfuerzos
J.S., Gutiérrez NO 347
Z.,P. 16

Sr. Carlos Rodrfguez Alday -

Dir. Gral, de Industrias. . . - ./
Madereras Unidas, S,A, -° . “irosel
Poniente 128 NO. 740 P

Col, Industrial Vallejo

Z.P. 16

Ing, Francisco Robles Fernédndez Villegas
Profesor e Imvestigador del Inst, de Ing,
Us No A, M,

Ing. Federico Martinez' 'de Hoyos
Constructora Elefante, S.A,

AV, RTo Mixcoac NO, 30

Z,P, 19

Tacuba 5, primer piso. México 1, D.F.
Teléfonos: 521-30-95 y 513-27-95
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7.

10.

11, Dr. Ramén Echenique Manrlque

centro de educacién continua

facultad de ingenieria, unam

DIRECTORIO DE PROFESORES DEL CURSO USOS ESTRUTURALES
DE LA MADERA ,

Ing, Salvador Vazquez Reta
Jefe del Dpto, de Desarrollo
Industrial de la Sybsecretarfla
Forestal y de la Fauna. S.A.G.

Dr. Roy F. Hooley

Universidad de Colombia Britanica
Profesor

Vancouver, B,C,, Canada.

M.C, Thomas R, Miles
Asesor=Direcci6n Gral, para El
Desarrollo Forestal

Subsecretaria Forestal y de la | !
Fauna S, A, G, , o

Dr. Robert A, Sexsmith A
Profesor e Investugador del Inst.“de,lng.
U. N. A, M, : ‘ T

Inst. de Bco,
Investigador U,N,A M,

«n‘nﬂw.“
LN

Tacuba 5, primer piso. México 1, D.F.
Teléfonos: 521-30- 95 y 513-27- 95
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