G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

r = .
L6632

LMD

VGl

Sopt o mber L7

Fodiwalls SNGUIGH

I
1ot B S r.Tr a0 !
Y TniaTria nEYT T
Nareaw, oL
Y Re-taptar . ot
-

A TalTR oW
1/
AL NSTRVCTILN MATERILL =

' N

Fotart L, Williamase

*

Fresidont and Managing Dirces v, Jutomitod Building Components, TBurope $.4A.,
Brasuals, Tolzium,

y The visws ani cpinione oxpress:d in this paper are thoae of the author and do

Rt necessaaly rofiset the siews of the secretariat of UNIZW. This document
hae beun roprodgcaed witnet formal cditine.




We regret that some of the pages in the microfiche
copy of this report may not be up to the proper
legibility standards even though the best possible

copy was used tor preparing the master fiche

L .~
~——
.







Page
e ivantage U owoerd o oonoenrreta ey T aterial 1
No tuilding 18 cumnletely fireprool 4
Why enginecced ti1 er ~enstreecion ioosaler 5
3cenes of the wost costly siuple Fiiiding fire
in this natioi's aistory £

Hruamary







THE ADVANTAGE OF WOOD AS A CONSTRUCTION MATERIAL

INTRODUCTION

Since the ind.stiatialization of the construction
processes a d e prefabrication ot elements and
components for  ditferent types of industrial
buildings using aood as a Tain matenial is reason
nably well kncwn, . = cinphasis of this paper
is on the advantages ot wood as a material rather
than the method in which 1t can be used.

Briefly, the industrialization of construction
methods using wood as a main material is best
accomplished by the production of two dimen-
sional 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.

Th2 prefabrication of wall panels and roof trusses
has been widely developed \vith the majority of
such systems utilizing fuily engineered designs

showing the minimum sections of wood with
the maximum strength possible and  all joints
being fastened together with gang rail galvamzed
steel connector plates pressed in. This type pre-
tabrica* on varies from the primitive drop hammer
which requires only electricity or air as pcwer
tc b highly sophisticated fully automated
systems irv.lving computerized controls of
massive hyd, aulic 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 semi-skilled laborers to erect at the con
struction site and offer economy, use of native
materials, ease of erection and fast tabrication
in the plant and fast erection in the field.




For centuries wood has rendered unique and
ubiguitous SRIVICE 1O man It has 3 range of qua
litres  in slrength-'or-we»ght, workability ang
natural beauty which no afternative material
has been able 1o challenge

Only in 115 Jack o long term durability and s
vulnerability 1o fire does untreated timber have
drawbacks. But man has developed preservation
treatments to overcome these problems  These
chemcal treatments, methods of application
and the designs of the treatment plants take over
where nature left oft

The enemies of untreated timber can be broadly
identified as fung,. insects, weather and firg.

FUNGI - which live by breaking down the cel-
lulose, starch and SUgar in wood Fung need
moisture for the growth, so their activity in
wood tends to he concentrated where timber
i$ in contact with the ground, or where mois-
tire can penetrate or condense. the so-called
Dry Rot fungus Penetrates a building through
a damp patch and then has the Capacity to carry
water into dry timber.

INSECTS N temperate Zones, insects attack
is largely confined to damage Caused by the
larvae of insects such as Woodworm, the Powder
Post beetle, the Death Watch beetle and the
Longhorn beetle. These larvae live for months
or even vyears in timber and over a period of
time can cause serious loss of strength, lending
to collapse. In regions of termite activity huge
numbers of adult insects can destroy timber
very rapidly.

WEATHER Untreated timber, absorbing moi-
sture during raintall and then drying out in sun.
shine, alternately swells and contracts. This sets
up stresses which can Cause splitting in the timber
and distortion in the structure. In temperate
Zones the problem may manifest i ;elf as 5 window
which is draughty or resists being opened, but in
the tropics it can be much more severe.

Moreover the absorption of water creates the ideal
conditions for fungi to 9erminate and flourish,

FIRE . The vulnerability of untreated timber
to fire 15 in some respects its most serious short.
coming - the hazard which gives least warning
of attack and which carries with it serious
nsk of human Jife

The widespread yse of inept misleading terms
to describe the fire characteristics of various mat.
enals and types of buildings s responsible for
misconceptions regarding fire problems. ko
éxample, the word “tire-proot* should be dropped
from fire language as there 1s no such cendition,
The term has gained wide acceptance for reasong
ol brevity to describe constri.ction with a high
degree >t tire resistance but this device is not
justified. The tecihinical concept of this word is
better described by the term “tully protectad”,
as fire resistance is often confused with non-
combustibility. Although mMost metals are non-
combustible in terms of the standard definition,
they soften and collapse at fire temperatures
and therefore cannot be considered to be ‘fire
resisting” because of the early structural failure
which occurs with 11sing temperatuyres. A much
more basic misunderstanding 1S the Mmistaken
belief that most fire probiems can be soived or
at least sufficiently mitigated by use of fire resis:
tant construction. This misconception has caused

High fire resistance ratings are too fraquemly
required in circumstances where a jow rating
would suffice or fire resistance is not a linting
design consideration.

Ail engineers are dware that steei softens and loses
a considersble amount of its original strength even
it it is raised 1o only a moderately high temper-
ature, Nevertheless, this does not Prevent steql
being used for all sorts of structures and vet
timber, although superior to unprotected stee| in
its ability 1o Carry its load during fire iy regerded
3 unsuitable, if not outright dangerous, for per-
manent structures because it burns. In recent
Years however, it has been forcibly demonstrated
that the combustibility or otherwise of the mat-
erials forming the structure of the building besr
little relation to fire safety with regard to protect-

ion of human life or the contents of the building
iteelf.
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The best known example of the .allacy o* re-
lying on incombustibulity “r high tire resistance
is the 1953 tire which .wept through the General
Motors transmussion plant at Livor a Michigan,
US A and collapsed the 344 acre steel building in
a matter of minutes Betore 340 pm. on 12
August, 1953, nohody even suspected that a fire
like this could happer: 1t was a n.n combustible
building with non-comhustibic machinery using
non-combustible raw materials, and the end
product was non-combustible. Yet the building
burned, resulting in a 28 million dollar los<

World wirs experiencs and $ue record. “how that
buiidings :ontaining enginverer or sohd timber
components perform extiemely well in fire and
have e¢xcellent fire resisting qualities As nien
tioned previously, unlite unprotected metais
timber does not iose its stength suddenly
conditions of extreme heat.

Because ali structural materiais are .ftected by
fire, the important consideratic 0 is the fire en-
durance, which may be defined as the period
for which structural r~omponents will sustain
their load when subjected to intense heat. For
high fire endurance the materials used must of
course be resistant to fire damage but the con-
struction details play a major part. The times to
farlure for small structural elements of severai
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 originai
value) For timber the rate of charring was as-
sumed to be 1°' per 40 minutes and the calculsted
times to failure were:

i) Aluminium alloy ;. about 3 minutes
i} Mild Steel : about 8 1/2 minutes
lii} 2 x 4" softwood : about 25 minutes

Stesi ioses strenqth rapidiy as its temperatura is
raised sbove 250° C and at sbout 560°C, it has
ilttia iess than helf its original breaking strength.
At sbout 760° C it retains only sbout 10%of its
originai strangth.

Most aluminium slioys start iosing strength im-
medistely the tempersture is raised. Thay aras
reduced to about haif their strength st 300° C
and meit ot sbout 600° C. These temperatures
are significant when it is reaiized thst ordinary
buiiding fires attain temperstures of between
700°C and 900°C,

Wood doss 1t Jase ots strength in the same way
In fact ts urat strength mav incrs ase with the
increa.e N temperature owing to the rediction
of mauisture content A woOG member  ses
strength by reason ot the mate e’ lost tinougn
the charring of the <urface and it does not nor-
mally ignite until a tenperature of about 2507 C
is obtained. These figures make it apparent that
even a Light timiser 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
fire retardent and thereby acceptahle as an alter-
native *or non-combustible building materials.

1t is cieas that 16 protect wood aganst tungi and
insects it mus: be made unpalatable to the at
tacking argan:sm. Similarty, immunity to the
weather must gepena on the degree to which the
timbe: can be waterproofed Rendering timuer
tire resistant 15 concerned with more complex
principles but, simply stated. the problem is to
ensiie that !~ecahized combustion s not trans-
mitted acroc tte surface of *he wond by flame.

It ore-treatment of timber 1< to be eifective not
only must tre preservative hr carefully chosen
with reference tc th  way the timber wili he used
and the hazards it will encounter hut the method
of treatment must be accurately speciiies and con
trolled. To eftect a permanent solution the pro
cesses all irvolve 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 adjusted to suit the hazard that
timber will encounter to give the degree of pene-
tration desired.

A wide ringe of preservatives is avaiiable, that
whatever the production problem or special
hazard, it is unlikely that it has not been en-
countered or anticipated by the research and
deveiopment laboratories of the various com-
mercial treating companies in the world. To be
effectuai, the preservative should be permanent
and insoluable in water so that it cannot be
washed out of the wood by the most severe
condltions.

Thus, wood preservation treatment is now avail-
abie to protect wood from its enemies: fungi,
insects, weather and fire and it is practical, not
just theoreticai. It can be applied ecoiomicaily
by simple processes not requirirg highly skilied
personnal.




No Building is Completely Fireproof

because the contents can burn

Theo o oantents ot most boddings are (om
Bost e ot toas the e nmbust e contents
ot othe by ing whe b the p tentio! tire
bazard 1o both Lide ant propert,

The barning cantents ~t a bulding can
create ond tona that sSre unternable to bu:
oy | te Athogt stagrtinq the t\u"lilnq to
Lo Expernience and tests hve shawn that,
¢ qqequnte e pratective measures are not
werperated srecke frome bureing contents
c o omgke 1 budding untenatle in 2 to 6
mintes  Temperatures of 150 F may be
e hed in 5 ta 1T minutes This tempera-
ture s breen established os the himit for
Lrimepeded evacuation ot people through a
Fuiding o which there s a hire At such
aw temperatires woed and other ateuctural
bui'ding matenals wn td not be igrited

Many studies have been made ot bulding

f.res 1n which human 'ives have been lost

When all the facts are known, 1t s usually
found that nadequate tire detection ond
protec tyon devices inadequate exits with re
qard to number ond disposihon ar other
des:gn deficiencies entirely unrelated to the
primary structural support are ot fault This
being the case, the first consideration  n
any building human safety - 15 to pro
vide tor prompt detechon and alarm, and
adequate exit tachties  The only satety s
out

Atter the occupants are safely out of a
building 1n which there 1s a fire, the next
most 1mportant consideration is to save the
building ond pratect surrounding praperties
This not only requires timely and etfective
tire fighting, but depends on the fire satety
measures included in the bullding design,
rather than on the cambustibility ar non-
cambustibility af the canstruction maternials
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Chicego's McCormick Place as it appecred in 1966 ! 089 foet long 345 feet wick
contaiming 1 119 000 square teet ot tioor area ~n 3 levels

“THERE’S NO SUCH THING AS A FIREPROOF BUILDING.
THERE ARE DIFFERENT DEGREES OF FIRE RESISTANCE.
ALMOST ANY MATERIAL WILL BURN UNDER THE PROP-

ER CONDITIONS."*

Scenes of the most costly single building fire in this nation’s history

Many people thought that McCormick Place was
n tireproof structure - alf of 1ts strizctural mem
bers were non-combustible including its interior
ond exterior bearing oand non-bearing walls In
1966, 3 55 million visitors poured through the giant
exhibition center

Shortly after 200 a m on January 16, 1967, o tire
broke out in the huge exhibition area where the
Nationol Association of Houseware Manufacturers’
1,200 exhibitors were preparing for their semi-
annual trode show Between 12,000 ond 15,000
visitors were expected to attend the show scheduled
to open a few short hours oaway

Edward J. Lee, general manager of McCormick
Place, gave the following description of the holo-
caust that followed “‘The furnace-like fire so dis-
tarted the structural steel of the building, which in
itself, was completely fireproof, that it twisted and

buckled the whole structure Even the southern
portion, which 15 standing erect, and which suftered
primarily woter and smoke damage rather than
tire damage, was twisted ond buckled in places as
the tremendous heat was transmitted through the
structural steel ”’

Edmund Valique, division fire marshal, gove a
similar account “'The flames jumped to the drapes
and in a few minutes raced across the celling The
heat was so great that — see those girders there -
1t coused them to expond and contract and pull the
whole ceiling down It fell faster than o wood cel-
ng wauld have

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

¢ Chicage Building Commissicng. — Sidney D Sawth.
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o There Certainly Is Ne Such Thing As A Fireproof Building.
Phots The Chicage Tribune.




STRUCTURAL PROPERTIES

Owing to the very mixed nature of tropical forests,
a large number of differsnt tmbers dre availatile
only ir small juantities Many ot them, however
have similar mechan:cal strength propecties It s
common for architects and engineers to specify
“all imber st aif be Kerung' but there are many
timbers as suitable or more surtable than Keruing
for structural rmembers 1 ai) suitable timbers wera
accepted, more complete exploitation of the
forest would be possible which would lead to
cheaper timber in conjunction with the stress
grading, maximum advantage can be taken of the

avarlable timber resources by segregating the
available timbers into strength groups  and spe-
cifying that any timbers of 2 given group be
used instead of specitying timbers by name.
in the table qiven below, the stress range given
for each cotumn of the table applies to max;
mum compressive strength but bending strength
has also been considered in deciding the pos-
tion of 2ach timber The timbars are arranged
n each column approximately in descending
orders of strength and a few well known for
¢gn timbers have been sdded for comparison.

TABLE |
STRENGTH GROUPS
GROUP A GROUP B GROUP C GROUP D
Extremely Strong Very Strong Strong Weskest
Compressive Con pressive Compressive Compressive
Strength above St. ngth Strength Strength below
B.000 ib.per 6.000 - 8.000 4.000 - 6.000 4 000 ib. per
{1) Sq. In. ib. (1) per ib. (1) per Sq.in. (1)
Sq.in. $q. In.
Bitis Red Balau Teak Durian
Keranji Kempas Simpoh Douglas Fir
Chengal Perupok Sepetir Jelutong
Ironbark {Mata Ulat) Machang Scots Pine
Balau Keledang Mempisang Pulei (3)
Giam Merbau Ramin Terentang
Bekau Julim (Melawis) Geronggang
Resak Meranti Bakau Damar Minysk
Mengkulang Jorrah
Rengas Merawen (4)
Keruing (2) White
Kapur (2) Meranti
Tualang (3) Nyatoh
Tembusu (3) Ouk)ﬂod
Meranti
Bintangor
Puneh
Mersowe
Yellow
Meranti
English Ook
Light Red
Merenti (2)
Mﬂwuvnmmuofnmmuonmum




For timbers marked thus. some of the
ecies  tested showed strengths shightly
below the lower hmit of the group in which
the timber has been placed. aithough the
average strength of the timber is sbove this
timit This is justified because (1) there s
not & wide variation in the species averages
for the three timbers concerned, lii) all are
well tried and common timbers and (i)
the method of calculation working stresses
it based on the lower limit of strength
1 each group

These timbers have rot yet been tested,
and have been allotted lnw positions in
in the table

The various species classed under Merawen
vary widely in thew strength some of them
would be hgh in Group C if classified
individually A position on the safe side has
been chosen as little 185 known about the
weakest Merawan, and its correct position
in Group C is indefinite

TABLE 1t
RECOMME NDED WORKING STRESSES

Working <iress in Flexure
b. per Sq. In.

Dry Outside
Places Not in
Under Contact with
Cover the ground

2600 2250
1950 1650
1300 1100
950 800

It witl be noted that the above recommended
working stresses are very comervetive because
they have been besed on the weskest species
after making due sllowsnce for ali fectors whigh
might cause » strength reduction. It is obwious
from theee figures thet significant sevings in tim-
ber sizes can be schieved if oll timber for struc-
tursl purposss hes 8 known performence which
oon be specified in engineering csleuletions. Me-
chanicel stress grading mechines sre now eveil-
shle and should find an importent pless in in
oressing the wege snd acceptanse of weed heving
¢ known strongth perfermense.

Moduius Working

Of Shear Strem
Elasticity Paraliel to

1 000 ib. Gramn Lb. Per
per $q. In. $q. In.

Wood structures are generslly vastly over-de-
signed Lecause the timber is of uncertsin ultimew
strongth and full stiowence has to be maeds for
powible defects such s compremsion failures,
rot etc., which might ocour in any piece in the
structure. Machine strem grading readily identi-
fies thess defects and sllows meximum ‘1se to be
made of ol aveileble timber resources irrespective
of wpecies. Species identitication in of ltthe im-
portanse it the swrength charscwristies of the
wood heve been defined by mechenicel srem
groding techniques and the nen-durshie timbers
ore mode durshie by pressure restment with
prossrvetive.




SUMMARY

WOOD IS A\ AILABLF

Not onty e wvod nsual’'y a0 Dhie 1n most coun
tries but it s alsag self parpe gl ng in that where
tnrecre gre o oty cunctgined  there is & per
petual souice ot Himber

WOOD WORKING IS FLEYXIBLY

Wond wors o ey he cagatngl 2ot T vy tiegree

'ﬂmv'd, Do dus
tal 1t deped. 0 whethier you would  rather

Lressey aie not essen
INvest in gle e aan cgpatal equipment
WOOD IS TCONOMICAL

17 a timber o 1d ng, the vanious tunctions of the
componerts ~3n be consuered separatelv  Each
can be proviaed tor the cheapest and most satis-
factory wav Desians can provide optium alues
without over specihication n other respects.

WOOD 'S EASILY WORKED

The power reguired for wood working i1s small
Wood can be fashinned with simple toois by
both professtonals and laymen alike. It can be
worked by highly industriatized methods as
easily as Dy a craftsman FExcellent workability
characteristics also mean that it is easy to mo-
dify and additions and alteiations are simple.
Wood s strong. In comparison to its weight,
't < si;onger that any other building material.
The .uength/weight ratio of structural timber
in U6 whereas steel is 05 and concrete .02.

WOOD IS LIGHT

The density of wood is avproximately 500 kg per
cubic meter. Steel is 6 times greater that wood
and concrete is 5 times grester. Dus to the low
density in conjunction with high strength, buil-
dings of timber may be up to eight times lighter
than corresponding buildings of brick or con-
crete. Timber buildings do not need such heavy
foundations which is an adventage when sub-
s0il conditiors are poor. Transport cost and
erection times are proportionally less as well.

WOOD WITHSTANDS MOV EMENT

Uneven settlement may easily cause serious
cracking in buildings, n concrete, hghtweght
cuncrete and brick A timber butlding may sbsorb
difterences n settiement from one corner to the
other of several centimetar< without any visible
results and moreover, without damage.

WOOD PROVIDES HEAT INSULATION

The semi-conductivity of concrete 1s 13 times
as great as that ot wood and steel 1s 417 times as
great  Because of the good heat insulation ca-
pacity of wood, timber structures do not cause
“cold bridge” problems relating to condensation
and draft sensations.

WOOD IS NOT A FIRE HAZARD

Beth, building and fire experts are quite satisfied
that low rise buildings in timber do not present
any risk in increase fire risks. When fire starts,
timber structures continue to retain fuli strength
for long periods. The strength of a timber struc:
ture is reduced oniy gradually, during burning or
excessive heat, not suddenly in the case of struc-
tures of rurtain other materials which may collspse
very rapidly. Movements are small, which there-
fore reduces the risk of excessive compressive
forces starting fires.

WOOD IS DURABLE

There are timber buildings in existence todsy
which are over 1.000 years oid.

IN CONCLUSION, industrialized buildings made
of timber, properly designed in respect to use,
properly engineered for strength and properly
comstructed cannot only use native meterials
and native unskilled laborers but can olso seve
time, save money and the end product can be
superior to those utilizing other materisls.









