
                                                                                     

 
 
 

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 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

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  

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


l r:;1u~ - J ,,,.. __ Distr. 
LIMITED 

ID/WG.44717 
l~ December 1985 

United Nations Industrial Development Organization ENGLISH 

\'i1'nn.1. ,\ustri.1, :'. - 6 December !Oi:l'i 

~'1Bf.~-S~Lf.CTION_. S_TRt:NGTH G~O~IN~ _A_:~~ ~~R_ESS GRADWG, 

FOR THE UNIDO FRE-FABRICATED t-!ODULAR ~IOODEN B~ID(;~~ 

Prepared by 

TimbPr R,.s,•arch .ind Dl:'vPlop'11Pnt Associ.ltion'':·.: 

t,,: ~ :- 1 i · f h rJ ~; (' ( 1 f r fl;· ~·1~ h11r ,t[J'J d) nc:r n··~_, . ..,~. tr 1 l ·. 

~ • ' I ·. i 1 ' CJ f I_'~! ! [) r I • TL i :; ·10 (. r Hill r Lr h' l c, h I ... n r .. r) r 'r ~ ~ I.' i 

• 1 i --~ r 1 ·,.,· ... , ..., :~ ~), • • r , r 1 1 , •• • t ~ . : \ •. 

V.R5-J777R 



CONl t-:~TS 

Timber Sele~tion 

llbtaining 1-!t.'sults nf the Design Selection Pr,>cess 

Strengtl1 Properties of Timber 

Strength Croups and St:-ess (;rades 

Kev to ~orld Regions for Classification 

Table 

Table ~ 

Table 3 

Table 4 

Table 5 

References 

Annex I 

'i 

7 

8 

12 

b 

9 

l l 

13 

15 

16 

17 



-1-

TIMBER SELECTION 

The design selection process for the prefabricated modular wooden bridges 
is fully explained in the manuals, Annex I shows a chart surrunarizing the 
whol~ process. It can be seen that timber selection is one of the three 
~ain essentials and th<t this is the aspect to which the UNIDO simpified 
grading rules relate. The following extracts from the m~nuals enlarge 
upon this. 

Properties of timbers from many developing countries, together with 
information on strength grouping, stress grading and general timber 
technology are given in Part 4 of the manuals. The selection of timbers 
included has been made with care, listing only those which satisfy 
various criteria. Factors considered were wr-~her the timber was likely 
to be suitable for bridge construction; whether it would probably be 
available at a suitable cost, and whether it would be sufficiently 
durable or capable of being treated. Inevitably however, individual 
circumstances, and even individual advice, will give rise to cases in 
which it is required to assess or use a.timber not provided for in the 
manual. Sufficient information is given in Part 4, therefore, to enable 
t~e more experienced user to make his own further selection, based on the 
reconunended criteria. 

The following steps must be taken by every user of the manuals when 
dealing with the timber selection stage of the design process: 

1. Timber nomenclature 

It is necessary to determine the local names, and also the botanical 
species or combinations of species, of timbers which are on offer. These 
timbers must be in the form of material which is likely to be available 
in the sizes and quantities suitable for bridge building. The names 
given must be linked with the standard timber names, as explained below, 
and with the informatio1 provided in Part 4. 

The strength of timber depends considerably upon the species of tree from 
which the wood lS taken. For international scientific purposes, the Latin 
name nf the tree species i5 ~1~0 ~ssociated with the timber itself. 
Trees have been treated in the same way as other plants hy botanists, and 
the scientific naming system has evolved over several centuries. For 
tr.is reason, the Latin description implied in the botanical name may 
actually refer to some feature of the tree itself, rather than a 
characteristic of the wood. Nevertheless, despite certain limitations 
and difficulties in its application, the botanical naming system is the 
most reliable means of reference, since conunon, conunercial and vernacular 
n~Mes of tre~s and woods are often imprecise or misleading. 

Attenpts have been made to standardize trade names, and to relate 
acceptej comrn~rcial names of timbers to their scientific name~. For 
example, Br1t1sh Standards 881 and 589:1974 (Reference 1) cover most 
timbers known to the trade in Bn.tain, which is a prolific importing 
country, drawing from many sources of supply. ASTM D 1165 (Reference 2) 
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nomenclature used in the USA. !nternational 
promulgated by FA0, who select a preferred vernacula~ 

it, in capital letters, as a pilot name {Reference 3). 
timber ~roducing countries also publish national 

conformity of nomenclature (Reference 4). 

Further infcrmatior, en nomenclature is included in Part 4. The essen~ial 
cor.siderat1cn, from the point of view of a person in the field concerned 
with timber selection for a bridges pr0ject, is to obtain a positive 
ident1f1,-a7_1or: of timbers offered corrunerc1ally or reco:nmended locally as 
suitable. ~u single piece of simple advice can be given; normally 1t is 
desirable t~ con~act national forestry or ti~her research organ1zat1cns. 
:?AD,'\. is .'!l so c,hle to provide advice, a;:d if help can be requested in a 
moderate, concise a~i orderly m2nner, this ~~y be provided free of 
charce. 

2. Ava1lat'"i.iit.y 

I-· consider 1ng the timbers to be used. practical considerations such as 
availabil~ty, co1tinuity of s~pply and cost rr~st be paramount. There is 
a ~artic~iar tendency in some developing countries, often having a strong 
tradition •>f forestry dating back to the colonial era, to issue 
publicatjons and lists from national institutions which describe a large 
variety ,")f species which are uncorrunercialized, infrequently occuring, or 
which gr-2'-'' on.:.·/ ir. remote or unlogged regions. Some of these may at 
f1rst sight appear suitable for bridge building, b~i~g describerl for 
example as 'very durable'. However, unless good supplies can be made 
rea~1ly avail~ble in t~~ required dimensions, then these apparently 
excel lent choices must he rE:Jected in favour of more comrr.on timbers. 

Chapter 1 of this manual 1ndi~ates the principal s1z~s required for the 
modular f)dnel, the pieces of which are all 50 mm thick, ranging in widt.:1 
from 150 filTc to 250 mm. Lengths of up to 3.3 m are required ior the 
modi:les, and 3.8 m for th~ normal deck timbers. These size reqeirements 
in t.hemsei •;es will preclude the use of many of the finer and more 
decorativ~ timbers, which tend to be sawn in random dimensions, for 
non-structural use. I~ some countries, where a ready market does not 
already exisc calling for wood for local constructional purposHs, 1t may 
first be necessary to locate sawmills capable of producing the sizes and 
quality of cutting re1u1red, and then to negotiate with them over the 
species f<,r wh2ch suitahle logs can be obtained and cut. 

3. Assessrr.er:t 

Ft:rt.her as;;es~;rrients shoul•°! he mrtde, ·1ft..:·t- having determined and ver1f1ed. 
t_he 1dent1•y .~f i1 l1s•_ of lc.1:-11 ~1:nbcrs thought l!kely t_o be su1tiible frJr 
~lridw b1:1!·iirq. ,.._. :.:il: stagr~, the requirements of ava1l<th1l1ty an<l 
conr 11.,;l~i ;Jf sur·rl/ sr,r.'-lrl .1lsc1 have been consider.?d. The assessment 
sh:.:i1;ld U.:'. f..1low U.> rr•:tticids ')iven in Petrt 4. Only a few esserit.irsl 
pc:1r,r.~; iir•· r .• -·::1.1r-,~ed ;n this sect.ion, therefore. 

-:-·•.•: ,;, ... 1~: - .. r1·•11Jlr·.·mr·nr-., from thr~ point of vu~w oft.he df!Slgn st:lecf.l(H1 

fJfiJ· ··~; r:•f·'.! lr: ttil:.> .~h.1pt.1?r, lS t.O dr:cu!" t".hC Stren9t.h gr(;Up rH1d 

:>.:::.- :;;-f .. <.•1,i•:, ·::•·r; ;,:h1··:, <'.~· p·;r,:.dJ!e t.1r-1bers f<'\11. ThE> mf!thnrl Ly 
~·~ :" '-:· ·.>' :. ·.-. r ...• ;.:r>r: !:. f•i:t.iwr dec;;:r1t.f>d bt:low. At. thP. fiiHT\t: 

, .,, '.-,. :,1;:·,t .. _r· of <>r.r.r:r ·1rr.r.•~l' techn0l()g1cal properties should t;e 
.- .... :: 1: .. !, ,! . .,.Jr:•;''": ,-J,L-::~1f1<>1r:r,r.'> r;i·1"'n in P'1rt 4. Tins prr>c~s~, 
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will further refir.e the list, el1m:..nating t.:.mbers which are less suitable 
~or various reasons. The properties classified in Part 4 are density, 
strength group, workability, shrinkage, durability and amenability to 
pres~rvat1ve tre~~ment. 

Preser-.121<:.i·'e treat.me:.'::. cf t1m·,e::- 1n·.r:.::~ves the E1troduct1on into the wood 
str·1::.~r~ of stable chemic~!s ~~.l.ch protecc i': from wood destroying 
orqa:t1s::-.s su:::h as f:.:mgi or ir.s::=~ts. The processes used are well 
u:iders:..-:<Y'., v;1th a le-:-,;~ history 0f Sl!C:cessful use. Many wooden bridges, 
1,nf cic'.·c:: o:.:_.:;::12s :: ... ~ jesl.'}" tr.a:-. the .. ·:.:.:;·· syste:n; ·.•hich have been properly 
nrct·=··· ~.: :;.re s-:i~ !. rc.,vidir:] se::-v:~"-" after· ::iore thar. 50 years. The 
rrc;::c:r::.:-~s :·r:lc::-.·ar.t ::_,· !:h1s c:.:ii'.si.::::e-rat . .:m ar"' durability and amenity .::.o 
pres,•r•,·<n.ic::. ~t.!cai::"·:;_l:::t~· refers to the nature' ::-esistance of the timber 
to deC<lf a~d ins~c:t attack .. 

The timbers classified i~ the ~1ghest durability grouping in Part 4 have 
ccnsideratle res:stance to fungi, beetles anj termites under tropical 
cor . ..:!:.:.irms, even without treatment. How~ver a problem with reliance upon 
natural durability as an alternative to pr~servation is that, regardless 
of hew durable the heartwood may be, the sapwood of practically all 
timbers is per1shabie. Furthermore, the ease by which sapwood may 
readily be distinguished from he~t~wa0d by rapid visual inspection varies 
considerably from species to species. Therefore unless assured supplies 
of s1p-free timber in ~ durable sp~cies can be obtained from a reliable 
source, preference should be given to preservative treatment, ideally by 
one of the pres~ure methods describe1 in greater detai' in Part 4. 

4. Stress grading 

Stress grading is an establish~d technique for the select.ion of 
structural timber which is lntended tc ensure that each piece does not. 
contain features that would have an excessively weakening effect. It is 
imprac~1cable merely to state in specifications that 'all timber shall be 
free from defects'. Stress grarling must be carefully and effectively 
carried out on the timber chosen for the pre-fabricated mo·lular panels. 

During the early stages of a project, this will entail several processes, 
including some form of ~raining or provision of stress grading skills, 
and a consideration of the grading aspects of the species shortlisted. 
Two forms of visual stress grading are described in Part 4. These are 
for tropical hardwoods and conifers respectively. Both sets of rules 
provic~ for two pass grades, or structural qualities of timber. All four 
grades are equally satisfa~tory and suitable for use, provided that the 
gr~ding is performed correctly, and the choice is taken into account in 
arriving at the final 'stress grade'. 'Stress grade' is a term given a 
very spec l·l J ;:ind precise meani!"l], as further explained in Part 4. It 
indicates a combination of a particular visual grade of structural 
timber, with a part1c•1lar st_re!lgth gr')uping of the timber concerned. Only 
wben lL hi'Ss br:en dec1d1;(J 1.o•t.1ch 'str-::s:; qrade' can be used, is it possible 
to r,nt·~r r '.-ir- design t<~h le:. g1 •1.;,n n.:• t.,-~, .:ind choose th-e number of trusses 
ne.:·d··l f(,l ., <jl"•!n sr,.'1:-. ,-,-1.J lr1·:d1,·g. 

; ! r-1\' ! 'l .f :" f. ! ' t · 

! ' I' l t ..,, '. l . ;~ • : ] !', ,- . r 

~ 1 t r~' : I , 

.. , j, !' 

: ' c_,-_, : ' ,,.-
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of the timber er timbers selected has been determined, then the final 
stages ct the design selection process can proceed. The rules for 
selecticn of the 'st1ess grade' are explained by means 0f a "-"Orked 
example in the fotl0~1ng section. 

s~1ect1on of 'stres~ grade':-

Part. 4 expl.'iins ir. more detail how timbers used in the pre-fal-ricated 
modular wooden hrLdge system are allocated 'strength grcup~·. The basis 
of this grc~ping is the inherent strength of the type of ti~ber 
c0ncerned, dS deterffiined from tests on small pieces free from defects. 
Determ1nat1on cf the strength group is only oce step there~ore i~ 

deciding the 'st:.·ess grade•. 'l'o find the strength group of a timber 
listea in Part 4, it is merely necessary to lc0k this u~, in column (2) 
of tbf;! general class.ification tables. It will be noted that there are 
sr-...,en strength groups and that these are designated by means of ·s· 
num~ers, with strength group Sl being the strongest, and S7 the we2kest. 

-1\~ an example of the determination of the strength group for a hardwood, 
the followin9 extract from Table 8 of Part 4 (proFerties of timbers from 
Af~i~a) sho~s ~hat Ekki (Loph1ra alata} is classed as a strength group SI 
timber: 

: BOTM:lC/\L NAME: PILOT/Common names :(1):(2} :(3}:(4j:(5): (6) 

:----------------:---------------------:---:----:---:---:---:-----: 

Loprii ra al.at.a EKKI 
.l\:z.obe 
Ka.ku 
Bongossi 
Eba 

H Sl B c A P/R: 

In a similar way, as ~n example of the determination of the strength 
group of a cc·nifer, n~feIE::nce Lu Table 5 ot Part 2, giving proper~iPS of 
timbers from rentral A:nerica, 1.h.l~ show ~hat. Caribbean pitch p.ine (P1nus 
car1bdf~~) ic; classl<d as a str•!nqth rJr.oup S4 timber. Relat1or.ship between 
str~ngU: grrup, vis1.1,;d gr-lde and stre~s 'Jrr.Hic :-

The fc·l ~owir '1 ex .~r.;sct of '!'at l':'! ?. (a) fr.om Part 4 .sn0ws ho·..: t"ne strengr.h 
grou1 J s l inkt u with the vi Sl!<\l grarte i.:1 order to .3rr ive at ::.he 'stress 
qrcsrl\·' oi the t•.rnber. 
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StrerJoJt.h gr-- _ 

·----------------------------------------------· . . 
Visual grade : Sl S2 SJ 51 SS S6 S7 : 

·------------------·-----------------------------------------------· . . . 

~k>. ! S t.n·':tura l F27 F22 Fl/ !:'14 Fll F8 F7 

No. 2 Struct.;.ira l F22 Fl7 FJ.4 Fll FB F7 FS 

The 'F' r.umb:!r in this table indicates the 'str~ss grade'. To continue 
the worked example: supposing it had been determined, from the study of 
the stress grading rules and trials of their use described earl1er, that 
the visual grade of structural timber known as 'No. 2 Structured' coul<i 
efficiently be produced in sufficient quantities using Ekki, th: Sl group 
timber referred to previously, then the 'stress grade' indicaLed would be 
F22, as shown by the underlined figure in the extract table given above. 
A similar exercise carried through to this conclusion for the other 
example, which was the S4 strength group conifer Caribbean pit.ch pi~e. 
supposing the visual grade known as 'No. 3 Structural' had been decided 
upon, leads to the 'stress grade' F8. This may be verified by reference 
to Table 2(b) in Part 4. 

OBTAINING RESULTS FOR THE DESIGN SELECTION PROCESS 

Selection oi the numher of trusses required for the bridge 

H~ving established the span of the bridge, its load type (fl2~. HA etc.), 
and the 'stress grade' (F number) of the timber to be used for the 
modular pa'.'lels, it is finally necessary to est.ablish the number of 
trusses required to make up the girders of :he bridge. This is a very 
simple process us1nq the following tables. One further small but 
lmportant deci.•non ~dY bf? required howevP.r, ciependert. upon the stress 
grade of timber selected. 

Use 0f light- or heavy-chord designs:-

As explained in elsewhere in the manuals, both light-chord and 
heavy-chord designs are available. The latter were introduced because 
t.he design of the original steel parts became more critical than that of 
the timber, when the possibility of using high 'stress grades' was 
provided for. The decision to use light or heavy chords affects not only 
the choice of the steel or timber lower chords themselves, but also the 
t.ype of plates used in the modular wooden panel. 

The use of heavy chords is only considered for 'stress grddes' Fll and 
higher, £0 the decision is quite simple. If a lesser s~re~s grade than 
Fll is involved then there is no que~tion of netd~ng hedvy-chord panels 
and steel chorrls. For FlJ itself, it may be economical, or more 
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cor.ven1ent ~r a particular project, to use light-chords for bridges of 
lower loading designations, such as H20 and for spans up to about 18 
m~t.res. Wi .. h the higher loadings (s;.1ch as HA and SiS20) using Fll timber, 
and with all the higher stres~ grades from Fl4 to F27 inclusive, it is 
normally recommended to use the heavy-chord designs. In some instances, 
in the following tables giving the number of trusses needed for a given 
Jpan and loading, the possibility of using either type of chord has been 
provided for. For complete cla~ity, the letter symbols 'L' or 'H' are 
used in ~he tables for stress grades Fll and higher, to designate the 
nu~ber of trusses required in light-chord and heavy-chord designs. 

Truss Tables 

Tables such as that shewn as Table I are used 
number of trusses required in a particular 
accordance with the recommendations given above. 

TABLE I 

to establish 
bridge design, 

Number 0f trusses neeced for a given span and loading for 
Stress Grade F4 

the 
in 

---------------------------------------------··----------------------

Loading 

Span (m) 

·-------------------------------------------------------· . . 
6 9 12 15 18 21 24 27 

·----------·-------------------------------------------------------· . . . 

HlO 4 4 4 4 6 6 8 

HVi 4 6 6 6 8 

H20 4 6 6 6 8 

HS15 6 6 8 8 

HS20 6 6 8 8 

2/3HA 4 4 6 8 

HA 6 8 

------------------------·--------------------------------------------
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STRENGTH PROPERTIES OF TIMBER 

THE STRENGTH OF WOOD 

The strength of "'10od depends considerably upon the species of tree from 
which the timber is taken. For this reason it is necessary to 
standardise timber names, and for international scientific purposes the 
Latin name of the tree species is also associated with the wood itself. 
The greatest range of strength is found amongst the various tropical 
timbers. The conifers, conunonly used for construction in temperate 
regions, tend to fall near the middle of the range of tropical timber 
densities and strength. To illustrate the gr~at range of tropical woods, 
a timber from Malaysia known as Bitis (botanical species Madhuca utilis) 
has a bending strength about seven times that of Balsa {Ochroma 
pyramidale) from Ecuador. 

The range of strength of timbers suitable for bridge building is of 
course somewhat less, since the very low density woods are excluded for 
many practical reasons. It is nevertheless quite considerable. Just as 
an example, there are two potentially useful African woods, mentioned 
because both have good natural durability. One of these, known as Ekki 
(Lophira alata), has a bending strength about twice that of the other, 
known as Niangon (Tarrieta utilis). 

It is clear from the above that in attempting to specify possible timbers 
for use in the pre-fabricated bridge system that may be used anywhere i~ 

the world, quite a confusing and large list of difficult-to-pronounce 
Latin names and diverse strength pro~erties would ensue from an attempt 
to deal with timbers on an individual basis. To avoid this, a grouping 
system has been adopted throughout the manuals that is largely based on 
one developed and used for many years in Australia, a country where there 
was a special need for such a system due to the diversity of indigenous 
timbers used for construction. 

The usual way of establishin~ the strength of wood is to use standard 
test methods on small pieces which are carefully cut to avoid any defects 
which would influence their properties. (There is another, more 
expensive method applied to a few important timbers used in 
industri~liz~d ~ount~ie~. b~t details of this need not be mentioned). 
These test pieces are known as small clear specimens. By placing timbers 
into ~roups according to their small clear properties. it is possible to 
classify them quite concisely, and to cover thousands of species whose 
properties have been meas11red in this way in various timber laboratories 
throLqhout the world. 

The ~mall cJ~~r ~~opr-•y strength groups help cons1derably in providing a 
brief classification fo. strength, and bring us some way towards having 
short sets of tables for u«::SHJ• s such as those for the morlular bridges. 
!Jnfort•rnritely, they r.o not g · dll the way. This is hecause t.he 
propertl•.•::; m1·asured fr•.)111 the tC?s .. ; on small, perfect specunf~ns are much 
too h19h safely t() be 1.1~;,"d in structural design. Stress(?S USE.:'J tn 
sr.ructl1r:1 l timbf!r l'.'0rl1~! :;tJch rlS BS 526A ( Refer.~ncP 'i) or AS l 72C 
(Refer1~n···~ 6) <lre r~rlll•'(~'! in f.•!'U!r.11 st.1r1es from tho~;f• or1•pr:.itly rler1v1!:j 
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from test. Heductions have to be made to allow for facts such as that 
timber strength is naturally qui.+:e variable, even from one perfect piece 
to another: timber strength varies according to the duration over which 
the load is applied, and of course like any other structural material, 
safety factors are necessary. In addition to these reductions, another 
set uf ratios are needed ~o allow for the influence of features such as 
grrtin deviation, k~ots and other characteristics, that nave to be allowed 
in structural sized pieces of wood as opposed to small clear pieces. 

Chapter 3 expl~ins in greater detail how wood is graded for structural 
purposes. Information is given on simplified grading rules for tropical 
hardwoods and conifers that have be~n developed for use in UNIDO 
projects. Stresses are listed in various structural timber codes for 
timber graded in a similar manner, follo#ing rules that are available in 
the national standards of the countries concerned. Most industrialized 
timber-usinq countries and quite a number of less-developed countries 
have national stress grading rules. Unfortunately there is some 
confusion over the names used for the 'safe working stresses'. The 
British code calls them 'grade stres~es', whereas the Australian code 
~efe~s to them as 'stress grades'. This confusion of nomenclature is 
unavoidable since both terms are so firmly rooted in all the codes, 
stand~rds and regulations of the respective countries, that there is 
little the reader can do but unders~and and remember the two usages. 

The following section gives further details of the strength groups and 
stress grades that ar~ used for the manuals. 

STRENGTH GROUPS AND STRESS GRADES 

Strength groups 

As outlined above, timbers used in the pre-fabricated modular wooden 
bridge system have been allocated 'strength groups'. Tiae following 
definition, given in an Australian Standards Miscellaneous Publication, 
MP 45 (Reference 7), explains briefly what is meant by this term 

Where the structural species of timber used in a country are 
easily identifiable and few in number, it may be appropriate 
that specific structural design proper~ies be published for each 
of thc:;c species. HnwP.ver, in many countries numerous species 
are used and it is not practicable to have long lists of design 
data. Rather it is preferable to group the timber and to provide 
structural design properties for a limited number of strength 
groups. In general each strength group will cover a large 
number of species and cnnmercial mixtures of species. The 
timbers listed in the ~ llowing tables are grouped into seven 
classes according tG the Australian system of strength 
classification. 

Full details of the strength grouping method ar~ given in MP 45 but 
essentlally the process consists of ensuring that the small clear 
properties of the timber concerned are equal t0 or greater than those for 
the appropr1~te group indicated in Table 2, which shows minimum standard 
strength r:lrtssif1cations based on small clear specimens. 
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TABLE 2 

Minimum standard strength classification 
based on small clear specimens 

--------------------------------------------------------------------
PROPERTIES 

:-------------------:----------------------------------------------: 
:Strength :Moisture : Modulus of 

group :condition: rupture 
(MPa)* 

Modulus of 
elasticity 
x 10 (MPa) 

Maximum 
crushing 
strength 

(MPa) 

:Maximum : 
: shear 
:strength: 
: ( MPa) 

:---------:---------:-------·-----:-------------:----------:--------: 
Sl Green 

12%** 
103.0 
158.0 

16. 3 
18. 7 

52.0 
81.0 

13.1 
18. 7 

:---------:---------:------------:-------------:----------:--------: 
S2 Green 

12%** 
86.0 

134. 0 
14. 2 
16. 3 

43.0 
71.0 

11.0 
16.7 

:---------:---------:------------:-------------:----------:--------: 
S3 Green 

12%** 
73.0 

114. 0 
12.4 
14. 2 

3E.O 
62.0 

9.1 
15.0 

:---------:---------:------------:-------------:----------:--------: 
S4 Green 

12%** 
62.0 
94.0 

10. 7 
12. 4 

31.0 
53.0 

7.7 
13.l 

:---------:---------:------------:-------------:----------:--------; 
SS Green 

12%** 
52.0 
79.0 

9.1 
10.7 

26.0 
46.0 

6.5 
11. 7 

:---------:---------:------------:-------------:----------:--------: 
S6 Green 

12%** 
43.0 
67.0 

7.9 
9.1 

22.0 
40.0 

5.5 
10.3 

:---------:---------:------------:-------------:----------:--------: 
S7 Green 

12%** 
36.0 
57.0 

6.9 
7.9 

18.0 
34. 0 

4.6 
9.1 

--------------------------------------------------------------------
* 1 Megapascal = 1 N/mm = 145 lbf/in = 10.2 kgf/cm 

** Seasoned values estimated from corresponding green values 

Stress grades 

Design information in the bridge manuals, such as the tables showing the 
number of trusses required for each loading and span, are based on a 
determ~nat1on of the 'stress grade' of the timber conc~rned. In this 
co.1text 'stress grade' ~as the special meaning given in the Australian 
Standard Timber Engineering Code (Reference 6). The standard's 
~zfinition of this item is as follows: 

'The classification of ~ piece of timber for structural purposes 
by means of either visual or mechanical grading to indicate 
primarily the basic working stress in bending for purposes of 
design and, hy implication, the basic working stresses for other 
properties normally used in engineering design. The stress grade 
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is designated in a form such as 'F7' which indicates that, for 
sue~ a grade of material, the basic working stress in bending is 
approximately 7MPa.' 

In Australia, stres~ grades are derived either through visual methods or 
bv mPchanical grading techniques based on measurement of local stiffness. 
There are s~t r.:tios in the relationship between visual gr.-ide, strength 
group and stress grade. All three increment by a factor of 1.25 between 
each step. As a consequence, there is considerable economy in the actual 
r::inge of numbers shown in the stress grade tables, since many of the 
v::tlues work out equal and consequently they mesh together. Thus, for a 
specific grade, timber species from different strength ~roups may he 
interchanged. Table 3a and Table 3b show the relationship between visual 
grade, strength group and stress yrade for the simplified grading rules 
for tropical hardwoods and For conifers which are given in this manual. 

It should be noted that a strength group classification sy5tem is 
in traduced in the Bri. ti~:.-~ Standard, BS 5268: Part 2 (Reference 5) . The 
British Standard makes use of 'strength classes' which are defined as 'a 
class1ficat1on of timber based on particular values of grade stress'. In 
a straightforward intepretation of the UNIDO modular wooden bridge system 
following the methods given in these manuals, structural timber 
engineering calculaLions are not necessary. All data for choice of the 
number of tr11sses jn a bridge are to be found in tables. Under special 
circumstances ~here it is required to make calculations however, 
information may be obtained from TRADA if it is desired to relate 
Australian strengtt. groupings to design recorn.-'lendations given in the 
British code. 
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Relationship between strength group, visual grade and stress grade 

TABLE 3 (a) 

Hardwood stress grades 

---------------------------------------------------------------------
Strength group 

·-----------------·------------------------------------------------· . . . 

Visual grade S2 S2 S3 S4 SS S6 S7 : 

;-----------------:------------------------------------------------: 
Structural No.I F27* F22 Fl7 Fl4 Fll F8 F7 

Structural No.2 F22 Fl7 Fl4 Fll r-s F7 FS 

---------------------------------------------------------------------

TABLE 3 (b) 

Softwooi stress grades 

--------------------------------------------------------------------
Strength group 

:-----------------:------------------------------------------------: 
Visual grade Sl S2 S3 S4 S5 S6 S7 : 

:-----------------:------------------------------------------------: 
Structural No.3 Fl7* Fl4 Fll F8 F7 FS F4 

Structural No.4 Fl4 Fll F8 F7 F5 F4 F3 

--------------------------------------------------------------------
* The 'F' numbers in the bony of the table 
indicate the Australian 'stress grade' 
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KEY TO WORLD REGIONS FOR CLASSIFICATION 

The f~llowing section presents the general classificat1on of the 
properties of tropical hardwoods ~nd tropical softwoods (conifers), in 
tabular form, divided in1_0 geographical regions and appropriately 
ref~renced. 

The map below depicts the zones in which these timbers may oe found: 
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TABLE 4 

PRJPERTIES OF TIMEERS FR::M 
CENI'RAL AMERICA 

------------------------------------------------------·-

:!1):(2) :(3}:(4):!5): (6) : 

:---------------:----·-----------·-----:--:--:·--:--:--:---; 

»-.:hr as ·>:.apJta SAroOILl.A !I S3 c ·- : A M/R 
2.ap:>ta 
NlSf'.lero 

A:~dir.=t inennis .l.:'Ll':LH! lJ Sl B JI,. B P/M 
.·!\lrrerrlro 
Aatseed Coraro 
Arra.rgoz.a 

Bucida buceras OCA}( u Sl c c B R/R 
Bl ~11 :,-..co:l 
Pucte 

Calophyll un SAN1'A W\RIA ~ S4 B B B P/R 
brasi l ienc;e Palo Maria 

Krassa 
Galba 

Dir.orynia BASRAI!XJ.JS fJ 53 A g A R/R 
gt~anensis Arqel1·~ 

.Angelique 

Diph:)lis sa i ic1 folia RUSTIC : '·' S3 p, B B -/R 
Jubilla 
Olachiga 
Nispero am3Iillo 

D1pteryY. crlorata 'RN<A ti SI n ..... .\ M/R ...... 

Kunaru 
Koernaroe 

--------··------ ------------------ -- .. ·---------------------------- ----
f'.'.}.:Y '!') 'TJU JMNS: -

(1) 
(2} 
(3) 
(4) 
~ r>) 

( 6) 

Density 
Strength gro1Jp 
nt>rkability 
Shrinkaqe 
~Jrab1 lity 
Arrenahility to preservative t.re;\tJrent, sap_/:-.,,·art 

Por al 1 tahJ~·s rn <:his sect.ion see rrnp en page 13 for k<y t.o tt·q1nns 
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TABI.E 4 (Q:ntinued) 

PROPERTIES OF TI!-!BERS FIU1 
CFNI'Rl\L Af.f:.RlCA 

PIIm/Comon na!!eS :(1):(2) :(3}:(4):(5): (6) : 

:--------------------: ----------------: --: --: -: -- : --:----: 

Hyrrenaea courbaril 

Lican1a te:natem;is 

~ianilkara bident.at.a 

S)'rrfh<:Xlin globulifera: 

Tabebuia guayacan 

Terminalia amazonia 

17.Y TO o:>UffS: -
(1) 
(2) 
(3) 
(4) 
(5) 
(6} 

CXXJRBi\RIL 
Teina 
Guapinol 
OJapbol 
Copal 

OOIS GRIS 
Bois diable 
Bois de masse 

Bfal.ATA 
Bullet...o:xl 
Ausubo 
Purgo 

MANNI 
Barillo 
Cerillo 
Leche Maria 

0.JA'Yf!iCM 
Lapacho 

Nargusta 
Fakadi 
Guayal:x:> 
White Oliver 

~sity 
Strength group 
WOrkabi 1 i ty 
Shrinkage 
Durability 

H 

H 

u 

M 

H 

u 

S3 B B A P/R 

S2 c B B -/R 

Sl B B A R/R 

S3 A A B R/R 

Sl c c A R/R 

S3 A B A M/R 

~bility to preservative t_reatment, sap/heart 



CINIFERS 

OOI'ANICAL NAME 

Pinus car illaea 

Pinus cxx:arpa 

KEY ro 0)~:­
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
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TABLE 5 

PR:>PERl'IES OF TIMBEAS FID-1 
ONl'RAL NEUCA 

PIIDr/Cl:lmal names 

caritt>ean pitch pine 
Ccnstanero 
Aste 
Pi.B:>auau 
PllX> macho 

: OOOte pine 
Pi.oo ocote 

: Pi.oo blancc. 
: oeot.e 

:(1):(2) :(3):(4):(5): (6) 

:~:~-:~:~:~:~~: 

: 
H : S4 : A 8 : 8 P/M 

: : 

M S4 A B B P/R 
: 

Density 
Strength group 
W:>rkability 
Shrinkage 
Durability 
Anenability to preservative treatment., sap/heart 
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