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THL ADVANTAGE OF WOOD AS A CONSTRUCTION MATERIAL 

INTRODUCTION 

Since the nid.if i,.!, ii.,.ati in of the construction 

processes a-d r'ir p-, 'ihricatioi ot elements and 

components for different types of industrial 

bu'ldmqs using HOCK) as a Tain material is reason 

nablv well known, . ? nnwhasu of this paper 

is on the advantages of vw.od as a material rather 

than thf method in which it can be used 

Briefly, tht industrialization of construction 

methods using wood as a main material is best 

accomplished by the production of two dimen 

sionai structural components such as wall panels, 

root trusses and roof panels as opposed to three 

dimensional elements such as box type com- 

ponents, total room elements etc. 

Ths préfabrication of wall panels and roof trusses 

has been widely developed with the majority of 

»uch   systems   utilizing   fully  engineered  designs 

showinq the minimum sections of wood with 

the maximum strenqth possible and all |omts 

being fastened together with gang nail galvanized 

steel connector plates pressed in. This type pre 

fabrics jn varies from the primitive drop hammer 

which requires only electricity or an as power 

tc >r> highly sophisticated fully automated 

systems ir living computerized controls of 

massive hydaulic presses etc. 

For developing countries, the elementary type 

of equipment which can be operated by un skilled 

workers, coupled with the use of native timber 

produce prefabricated elements which require 

only semiskilled laborers to erect at the con 

struction site and offer economy, use of native 

materials, ease of erection and fast fabrication 

¡n the plant and fast erection in the field. 



Por   comune,   Wod   ha$   fpndpfed 

'•••«     •"    strength forwent.     won.ab.hty       ' 

"T*    te-'V   «*«*   no   ..ternata   ^ 
has been able to challenge 

Only  - ;t5 lack of ,ong ,e,m durabllltv and 

^it Y;,ire does un,reated ^ '» 

z:-:z: -—-»-: 

W?$ta^Ch
ân:VebVbreak,n9dOW"^^ 

-< « ,o .^ntir:^'^; 
»   -n   contact   Wlfh  the gr ^ 

O'V   Rot  fungus penetrates  a  bu.ld.ng  through 

:.r:,:::,:r —'•»- 
INSECTS      ,„  ,«mp„a„ mni 

„'•"*' t°",i"M » *~* =u« „n 

"*"* ,0 9»"»»in«tt and flourish. 

to«!.   . VU,ne"b"'tV   of  untreated  timber 

'° '"' " ,n «>•»>• '«Pect, i„ mo,t Mrj0ui  ?**/ 
C0m,ng   ,hc    ha/,rd glyM   ,et      ' 

«»•  •««*   and   wh,ch cmrmZthT * 
"«k of hum.n l,fe ' """  " * »r,ou« 

decree   J . eonstri.ct.on with a high 

occur' W!th  r"«ng temperatures   A m„^ 
«»re   h,,«   misunderstanding   „Te   mi« . 
WW «ha, most f,re problem, Lt .XT" 
« tat sufficently mrtigated by"se of t. 

» "T,?cr"„7 °' * «"-"•'—w. j 



The best known example of the .jllacy o' re- 

lying on incombustibility ' r high fire resistance 

is the 1953 fir» which .went through trv General 

Motors transmission plant at Liv >r< a Michigan, 

US A and collapsed the J4 acre steel building in 

a matter of minutes Before 3 40 p.m. on 12 

August, 1953, nobody even suspected that a fir* 

like this could happen it was a "incombustible 

buildiny with non-combustibit 'lachmery usinq 

non-combustible raw materiali, md the end 

product was non combustible Yet the building 

burned,   resulting   in   a   28   million   dollar   los< 

World wir" experience and tire reco'd. :how mat 

buildings ..-rntatning engimerec o> solid timber 

components perform eMremely well ,n fire and 

have excellent fire res'stmq nullities As men 

tinned previously, unlii» unprotected metals 

timber does not lose its strength suddenly n 

conditions of extreme heat. 

Because ali structural materials are „ftected by 

fire, the important consideratu n is the fire en- 

durance, which may be defined as the period 

for which structural < omponents will sustain 

their load when subjected to intense heat. For 

high fire endurance the materols jsed must of 

course be resistant to fire damage but the con- 

struction details play a maior part The times to 

failure for small structural elements of several 

materials in a fire in which a temperature above 

600° C was reached after 5 minutes and 900°C 

was reached after 35 minutes is as follows. (As- 

suming that failure occured when the strength 

of the material was reduced to 25%of its original 

value.) For timber the rate of charring was as- 

sumed to be 1" per 40 minutes and the calculated 

times to failure were: 

i)    Aluminium alloy    ; about 3 minutes 
ii)    Mild Steel : about 6 1/2 minutes 
ili)    2" x 4" softwood  : about 25 minutes 

Steel loses strength rapidly as its temperature is 
raised above 250° C and at about 550°C, it has 
little less than half its original breaking strength. 
At about 750° C it retains only about 10%of its 
original strength. 

Moat aluminium alloys start losing strength im- 
mediately the temperature is raised. They are 
reduced to about half their strength at 300° C 
and melt at about 600° C. These temperatures 
are significant when It is realiied that ordinary 
building fires attain temperaturas of between 
TOO^CervíBOPC. 

Wood do"' n >t Inse its strength in m-' same (Any 

In fact ts unit strength nay morose with the 

increase in temperature owing to (lie réduction 

of moisture content A wood member ises 

strength by reason r>t thr mate.ic' luii iii.uuur> 

the charring of the surface and it dots not nor 

mally ignite until (t Tempeiature of about 250" C 

is obtained These figures make it apparent that 

even a light tirr-irf-i truss can be expected to have 

advantage over a steel truss as far as fire endurance 

is concerned In addition, non-combustible treat 

ment can now render timber fire resistant and 

fir» retardent and Thereby acceptable as an alter- 

native   tor   non combustible   building   materials. 

It is rie,¡i th^t to protec wood against fungi and 

insects it mus; be made unpalatable to the at 

tackinq organism Similarly, immunity »o «he 

weather must ueppno on the degree to which the 

timber ;ai be waterproofed Rendering timiier 

fire resistan; is concerned with more complex 

principi« but, simply stated, the problem is to 

ensi ;e that I~.cali7ed combustion is not trans- 

mitted acre    r>e surface of  *he wood by flame 

If pre-treatment of timber is to be effective not 

only must tie preservative he carefully chosen 

with reference tc 'h way the timoer will he used 

and the ha/ards it will encounter but the method 

of treatment must be accurately speci¡i"o and con 

trolled To effect a permanent solution the pio 

cesses all ¡n>nive treatment in a closed vessel 

This also provides that accurate measurement of 

the solution can be achieved. In the case of some 

of the preservatives, the concentration of the treat- 

ing solution is ad i usted to suit the hazard that 

timber will encounter to give the degree of pene- 

tration desired. 

A wide ringe of preservatives is available, that 

whatever the production problem or special 

hazard, it is unlikely that it has not been en- 

countered or anticipated by the research and 

development laboratories of the various com- 

mercial treating companies in the world. To be 

effectual, the preservative should be permanent 

and insoluable in water so that it cannot be 

washed out of the wood by the most severe 

conditions. 

Thus, wood preservation treatment is now avail 

able to protect wood from its enemies: fungi, 

insects, weather and fire and it is practical, not 

just theoretical. It can be applied economically 

by simple processes not requiring highly skilled 

personnel. 



No Building is Completely Fireproof 
because the contents can burn 

rW-, . ,„(,.„('; ot most KeM.nq, O'f curn- 

t-njst-r-'r :r.¡ ' .s the fnmbusl'h'p contents 

o , .hr feu ],r>a whir h s t»<e p tentici' t'rc 
!„_.....i   »,   ^e»h   ''*e   OP4   prnpfrt. 

juc h irn.ng rintrnl', nf n bm'dinq con 

rrr1,r ,,„M.W that -rr untenable to hu- 

.,,,,, | (,. ,v»h,-ut sto'fmq Ihr bu-idrnq to 

(- ,m Experience nini tels hive shown that, 

< .i tr'-iuot.- 're pr>tcrt.vr mcMi-rs are not 
,,- ,¡„,rntc] ""^r »rem hum-no contents 

.- :e ..'okf i hu.'>d"-.q unten,iHe m 2 to 6 
mn-.-cs Temperature- >< 1^0 F men be 
:, i-lioii m 'i to 11 minutes This tempera 

turr .ios b-'pn established os the limit for 
join•[ rrjpiH evacuation of ptop'c through a 

ru-cinq m which there s O *'ce At such 
'ow tempe itures word and other -structural 

building materials  wo,  Id   not  be   ignited 

Manv studic«. Have been made of building 
f:rcs  in which  human   lives  have been lost 

When oil the facts ore known, it s usually 
round that inadequate hre detection onrì 

protection devices inadequate exits with re 
qard to number and disposition or other 

design deficiencies entirely unrelated to the 
primary structural support ore at fault This 
bemq the case, the first consideration n 

on>   building human   safety      -  is   to   pro 
vide 'or prompt detection and alarm, and 

adequate exit facilities The only safety is 

out 

After the occupants are safely out of a 

building in which there is a fire, the next 
most important consideration is to save the 

building and protect surrounding properties 

This not only requires timely and effective 

fire fighting, but depends on the fire safety 
measures included in the building design, 

rather than on the combustibility or non- 

combustibility of the construction materials 

'il 
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Why Engineered Timber Construction is SAFER 

Buildings usmg  suitably  engineered   lam 

noted  nnd sown  timber   r on ,trur tir in  perform 

extremely  well   in  n  fire   and  nave   excellent 

lire   resistive   qualities   vvhrn   fire   safety   pro 

visions    reijinred   hv   modern   building   codes 

are    followed       Wbile    timber    will    burn      it 

retains   its   strength   und'i    fire   lunger   than 

tinpr'iter t.'d    metals    whirh    are    rater)    nun 

combustible     The myth <  f  n< n <-   imbustibi litv 

os proof aqamst fire ADS   le   t'    od at I noma 

Steel loses strengt)    'up dl,    .,  its temper 

tu,e   is   rami.)   above   . ,b. ut    ?S0  C   MH?   F > 

at   about   5S0 C   Hf>22   F '   ''   hn<-   '<11<c   loss 

than  half  its original   b"at>mg  strength  and 

loses   °0'\.   of   its   strength   at   about   7 >0  C 

(1382   F)      Most   a   innnimi   aliiiys   start    los 

mg strength immediately  the  temperature  " 

raised,  they arr  reducer)  to about  half  their 

strength ot 3n0  C !V2   F > and molt at about 

600 C   (1112 F)      These   temperatures   arc 

vgr    t  , ,,,  t    Ae. ..     ' • )   e    .i       •)••:•. 

bui!.).'-g    fi" '•     '      '• " : • '    I  i'i *     '" o- 

/<)()   C   ' I ¿ri ?    i      i      Vf a .   '.      IrV,,.'   F W- < d 

d< -e'    iv  t    I    \e      t • i i    |»(      .o   'In :'• .-    A   ] v       'O 

fa< t • 'ts unit I • • ' )!; re- . •, •• • ' e A !'- 

i n < 11 . i s t    i r i   t * o i . .   . t  i o       An]  t     ' i •.    ' '    ! ur 

tion     ir     ne   '   ,t   ir ••     •      -Writ       -,      ...   ,1     .,-<• ,».),'  , 

I,ors strength t o u , ,. o I ti . .. t.o ]l I .st 

through the rb--., ..-, f thr .ur'o'f !t -lu", 

ne .t    ni.rini,.l,     i'ju   '•      ont   '      ,    ten[  l'oturfi     of 

abou-  2S0   C   '4S.1   f .t' i ... d '     • 

He  Ivy    t   ..iti.   i    '      ..tori....,*..      .,    ,,st 

ont ¡noiose - f  a..      '    A • it.     .1 bieou o;   A   >od 

...   mos'.ivo   him . ,,      »Le  I       ',     (      ,.   .t   C,    .  j 

ufts  I ab. >r nt.'irv   .o   .(••  W'i..i  Hand)..    •!< 

•       [1, .rt I   H   ,,l ,    A     . . ,    , i ....     . 

unprotected metals lose 
their strength quickly and collapse 
suddenly under extreme heat 

A grophic portrayal 
of the value of timber 
in an interne fire of long duration 

Strength of steel, aluminum, and timber in relation 
to the standard fire test. AITC data. 
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Thf.    (.  *:,   r,n t  ,    |      ,,.e 

Chicago's McCormick Place as it appeared   m 1966,  ! 089 fL>et long   345 tee» wid< 
containing III 9,000 square feet of floor urea on 1 levels 

"THERE'S NO SUCH THING AS A FIREPROOF BUILDING. 

THERE ARE DIFFERENT DEGREES OF FIRE RESISTANCE. 

ALMOST ANY MATERIAL WILL BURN UNOER THE PROP- 

ER CONDITIONS."* 

Scenes of the most costly single building fire in this nation's history 
Many people thought that McCormick Place was 
a fireproof structure ----- aM of its stnjcturol mem 

bers were non-combustible including its interior 
and exterior bearing and non-bearing walls In 

1 966, 3 55 million visitors poured through the giant 
exhibition center 

Shortly öfter 2 00 a m on January 16, 1967, a fire 

broke out in the huge exhibition area where the 

Notional Association of Houseware Manufacturers' 
1,200 exhibitors were preparing for their semi- 
annual trade show Between 12,000 and 15,000 
visitors were expected to attend the show scheduled 
to open a few short hours away 

Edward J Lee, general manager of McCormick 
Place, gave the following description of the holo- 

caust that followed "The furnace-like fire so dis- 
torted the structural steel of the building, which in 
itself, was completely fireproof, that it twisted and 

buckled the whole structure Fven the southern 
portion, which is standing erect, and which suffered 

primarily woter and smoke damage rother than 

fire damage, was twisted and buckled m places as 

the tremendous heat was transmitted through the 
structural steel " 

Edmund Valique, division fire marshal, gave a 

similar account "The flames lumped to the drapes 

and in a few minutes raced across the r.eil.ng The 
heat was so greot that — see those girders there - 

it caused them to expand ond contract and pull the 
whole ceiling down It fell faster than a wood ceil- 
ing would hove " 

The direct estimated losses for the McCormick 

Place totaled $150,000,000 The loss on Chicago's 
economy has been estimated at 3 times that 
amount 

• CMcafi BuiMing Communes — Sidnay O  Smith 
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Thtw CtrUinly It Ni Such Thing As A Firtproof Building. 



STRUCTURAL PROPERTIES 

Owing to the very mix.<d nature of rr.p.cal forest» 

a large number of different t.mber, a„ available 

only ,r. small juantities Many of them, however, 

have t.milar mechanical strength properties It ,s 

common for architects and engineers to specify 

' all t.mber shall be Ke,u.r.g' but there are many 

timbers as suitable or more surtable than Keruing 

for structure members If all suitable t.mbers wer o 

accepted, more complete exploitation of the 

forest would be possible whrch would lead to 

cheaper timber In conjunction with the stress 

grading, maximum advantage can be taken of tha 

available    timber   resources   by    segregating   tha 
available timbe,, ,„,„ lfr#ngth „^p,   ^ ^ 

cify.ng   that   any   timbers   of   a   given  group be 

used   instead   of   spec.fy.ng   timbars   by   name 

In the  table  g.ven below,  the stress ranga g.ven 

for   each  column  of   the table appi.«, ,0 m,», 

mum compress.« strength  bot  banding strength 

has  also  been  considered  in  deciding tha DO,,. 

hon  of  each   timbe,    The  timbers are arranged 

m   each   column   approximately    m   descending 

orders   of   strength   and   a   few   wall  known for 

•ifln   timbers   have  bean  addad  for  comparison 

TABLE  I 

STRENGTH GROUPS 

GROUP A GROUP B GROUPC 
Extremely Strong Very Strong Strong 

Compressive 
Strength above 
8 000 lb par 
(DSq. In. 

Con pretti va 
St,   ngth 

6 000   8.000 
lb (1) par 

Compressiva 
Strength 

4.000   6.000 
lb.(11 par 

Sq.ln. Sq In. 

Bitis Red Balau Teak 
Keranji 

Chengal 
Kempas 
Perupok 

Slmpoh 
Sapatir 

Ironbark 
Balau 
Giam 

Bafcau 

(Mata Ulat) 
Keledang 
Marbau 
Julim 

Mechang 

Mempisang 
Ramin 
(Malawis) 

Resak Marami Bafcau 
Mengkulang Jarran 
Rangas Merewan (4) 
Keruing (2) Wfhita 
Kapur<2) Maranti 
TuaJang (3) Nyatort 
Tambuau (3) Dar^flad 

Maranti 
tmtansjor 
Punan 

infliahOak 
LhjhtAad 
Marami (2) 

GROUP O 

Weakest 

Comprassiva 

Strength below 

4 0001b par 

Sq.ln. (1) 

Durian 

Douglas Fir 

Jalutong 

Scots Pina 

Pul« (3) 

Terantang 

Geronggeng 

Damar Minyak 

1     S^LT" *• ** nmâU * «"«"* •* or, am* e*,. 
*"•* ara MOT sa* «^^ 



For timbers marked thus, tome of the 
species tested showed «trenqths slightly 
below the lower limit ol the group in which 
the timber has been placed although the 
average strength of the timber is above this 
limit This is lustifieri because (i| there is 
not • wide variation m the species averages 
for the three timbers concerned, !ii) all are 
well tried and common timbers and (ini 
the method of calculation working stresses 
is based on the lower limit of strength 
in each group 

These timbers have not yet been tested, 
end have been allotted low positions m 
in the table 

The various species classed under Merewen 
vary widely in their strength some of them 
would be httjh in Group C if classified 
individually A position on the safe side has 
been chosen as little is known about the 
weakest Merewen. and it* correct position 
in Group C is indefinite 

Strength 

TABLE  II 

RECOMMENDED WORKING STRESSES 

Working c_ iress in Flexure 
lb per Sq In. 

A 
• 
C 
D 

Dry Outside In 
•laces Not in Wet 
Under Contact with Places 
Cover the ground 

3600 2290 2*60 
I960 IMO 1450 
1300 1100 •60 
960 •00 790 

Modulus 
Of 
E lasticity 
1 000 lb 
per Sq. In. 

2f00 
1900 
1360 
1160 

Working 

Shear Stress 
Parallel to 
Grain Lb. Per 
Sq. In 

1«0 
110 
•5 
70 

It «wiM to noted that the above recommended 
working ttresees are very conservative because 
they have been bated on the weekeet specie* 
»her making «Hie allowance for all factors which 
might causa a strength reduction It w obvious 
from these figures that significant savings m tim- 
ber tin» can to achieved if all timbar for struc- 
tural sjurpossi hat • known performance which 
oen to specified in engineering aalmlnium. Me- 
chanical stress reding machinal ere now eveii- 
eaae ansf ihouM fins] en important aloce in m* 
orescsno, tne usage ano acceptance of 
• I 

structure* are generally vastly over-de 
signed became the timber is of uncertein ultimate 
strength and full allowance ha* to to mad* for 
powibie defects such as compression failure*, 
rot etc., which might occur in any piece in the 

structure. Machina stress trading readily identi- 
fie* these defect* and allows maMimum •** to be 
made of eN available timber resources irrespective 
of species, apéeles ictefHifissetton ts of attic im* 

« the strength swie#ectafrctJos at the 
scan ssertned sjy mscssanlcal strass 

twasang i*)*vvnss|sias and the nsm^ureass tifisbars 



SUMMARY 

WOOD »S Av AILABLF 

Not on'y < ,,, iti 'isuai'y j„ i i iMe ,n most coun 

tries hut it >•> ,)Ko Sí>I* p»un, t'i^t nq in that where 

• nrotc lro ;, ;»,.,iy .-..¡,•• j^mpfl ft ere is j per 

petual sou ce ot timber 

WOOD WORKING IS fir xiBl r 

Wv.rf  wort m 
ft"jiiil'-it.    no' 

tial     h   itet*' 

invest "i i«!.' •• 

t.' t» flu' ''idi  ! '  'u  v. y (it'nr 

tus i   i!     '   r*sst s  èif   not   essen 

wiethfi   y,)u   would   rather 

• H .'at'itjl "iijipment 

WOO.fi IS ECONOMICAL 

In a timti'i .. \<3 nq the various functions of the 

componer.'s -.in be considered separate!« Each 

can be profiled tot 'he cheapest and most satis- 

factory way !">siqns can provide optium values 

without    over    specification    in   other   respects. 

WOOD  S EASILY WORKED 

The power required for wood wot king is small 

Wood can be fashioned with simple tools by 

both professionals and laymen alike It can be 

worked by hiqhly industrialized methods as 

easily as by a craftsman Excellent workability 

characteristics also mean that it is easy to mo- 

dify and additions and alterations are simple 

Wood is strong In comparison to its weight, 

t ' st.onger that any other building material. 

The ,11 ength/weight ratio of structural timber 

in    06   whereas  steel  is   05 and  concret«   .02. 

WOOD IS LIGHT 

The density of wood is appro ximately 500 kg par 

cubic meter. Steel is 6 times greater that wood 

and concrete is 5 times greater Due to the low 

density in conjunction with high strength, buil- 

dings of timber may be up to etght timet lighter 

than corresponding buildings of brick or con- 

crete. Timber buildings do not need such heavy 

foundations which is an advantage when tub- 

soil condition! are poor. Transport cost and 

erection  times  are  proportionally   lees at  we«. 

WOOD WITHSTANDS MOVEMENT 

Uneven settlement may easily cause serious 

cracking in buildings, in concrete, lightweight 

concrete and brick A timber building may absorb 

differences in settlement from one corner to the 

other of several centimeters without any visible 

results and moreover, without damage 

WOOD PROVIDES HEAT INSULATION 

The semi conductivity of concrete is 13 times 

as great as that of wood and steel is 417 times as 

great Because of the good heat insulation ca 

pacify of wood, timber structures do not cause 

cold bridge" problems relating to condensation 

and draft sensations. 

WOOD IS NOT A FIRE HAZARD 

Both, building and fire experts are quite satisfied 

that low rise buildings in timber do not present 

any risk in increase fire ritks. When fire starts, 

timber structures continue to retain full strength 

for long periods The strength of a timber sfruc 

ture is reduced only gradually, during burning or 

excessive heaf, not suddenly in the cate of struc- 

tures of r-urtain other materials which may collapse 

very rapidly Movements ere small, which there- 

fore reduces the risk of excessive compressive 
forces starting fires 

WOOD IS DURABLE 

There   are  timber  buildings   in existence today 

which ere over 1 000 years old. 

IN CONCLUSION, industrialized buildings made 

of timber, properly designed in respect to use, 

properly engineered for strength and properly 

constructed cannot only UM native materials 

and native unskilled laborers but can alto save 

time, save money and the end product can be 

superior to those utilizing other materiali. 
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