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.) . CJIAII:iI!'..::Jt S J.J)D;IBSS 

j.; :c J G i3tmley uclcomed ~he delccates to the meetinc and cave a. uri cf outline of' 

the history of Horkinc Commission \Jl3. He explained tha'i; \IU was foriae ,l c2.rl · 

in 1959 as a n-~uJ.y ,c_;roup on timber structures but li ttlc was acl!i C"/c,J. in ~"a~, 

ciirection. In 19Gl and 1965, CI:S throuGh '.IW, supported two Intc r·~1ation~l 

Conferences on l.i!".lber en,sr:i.necring in Britain, the fil'st at ~ou ',:wi:ipton and i, .. c 

accond in London. 3incc 1969 the Commission has been ina,cti ve and. I Le Sunlc,r 

explained that the present meetinc ha.cl been called ~o cliscuss the future o f 

tn ··:. and if it \·tau decidcu. tha:t the group could perform a useful f1Lvict :i.on v1.i.t;1j_1: 

i.hc ficlu. of timbe r· structures it woultl be necessary to draw up a pro :.:rr'Jnnc 

of worl~. He pointed out that there ah•cadf existed a number of international 

or.~;ani za.ti ons worb.nf3' within this fi cld and in dr•a.wing up a. pro:::.-ramme of ~mr;: 

for ~n:: it would be essential to avoid duplicatinc- or overlappinc· the work of 

other croups such us TIILEJ.I, IUFRO, ISO and GEN'. WlC was fortunate in thi i:-: 

respect as man_y of its members were also closely connected with these othei' 

organiz.1.tions an<l, therefore, a close liaison between the diffe:ccnt :':Toups 

could be maintained. For this reason, I,lr Sunley particularly welir.omell 

Professor lilli·l Kuhne and. Dr J Kuipers to the meeting as representatives of the 

1a1~·:i.~ 3-'l"P Commi t-tec. 
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],;;. ;:ilJHI,E'f openeu. -!;he discussion by acain emphasizinc the need, in pla.nni nc; the 

f11 Lu1·0 of lJlf'i, to avoid duplicab.nr.: work already beinc undertaken bJ o·~J.ier croupn. 

Lt or<l.er to i:1entif,y the ~roups already working on timber and j_ ts utUi vation, he 

suumi Lted -to the rncetinr; a surve;y carried out by Professor P Sonneinons (Anp 1/1) 

for the !UL.EM 3-TT Committee, which lists both the International an<l l!u:co:oea.n 

or,r~anizations workinc; in this field, l.ffi SIBlLEY went on to expln.in, as Cha.b·m.:i.n 

of thn JTJ}'TTO lforkinc Group on Structural Utilization, l1ow this particular [;TOW) 

pl'ovidcd a worl,1-wicle forum for timber oneineers to discuss current rcsca.rcl1 

pro,jec ts, to present papers on selected topics, and to coordinate resea.rr;h 

prol':rammcs. He pointed. out that it did not work on the drafting and clevc loprncnt 

I of national desi 1,n codes and standards for timber struct ures and. he thouc;ht that 

this was an area where WW might function effectively. 

PH0FJ'.~S0H KtiIJllli e.s a representative of HILErn 3-TT Committee ex-rlainecl that iLII,:~ ·; 

is a worlcl-wiu.e organi7.ation of buildinG° testine laboratories and. Commi L tee 3-'l"i' 

is the c:roup which deals with the testing of timber. At present they are in thP. 

.. 
process of establishinr,- a proGrarnme of work and PROF'CSSOH KUlil·IB thoucht thaL Liti::; 

may include work un main load bearine members and lone term testinc. HP. did ,10 ~ 

Lhink that RILEJ.-i would directly concern itself with the developm8nt and. rationo.l inn.-

tion of na.tional desi en codes and standards. 

A general discussion followed from which it emerced that the delec;c.tes r,onoido:··ccl 

'that there was a useful area of work for \'11 /3 to undertake and therefore it sh011ld 

no L be disbanded. J:iH SUNLEY suce;ested, and it was generally acceptc ,l, thn.t the 

t~rm::; of reference would be, "To study and highli{.';ht the major di.ff(r c;nn c r: b0. l. \-1c•.m 

1,hc relevR.nt national desiGTI cocles and stanclards and SU[~GCBt wa,ys in wlt.i eh Lhe 

future developmenL of these codes and standards mieht take place in order to 

minimize or eliminate these clifferenccs". It was further a.0 reec1 th:-i.t j_ni LinlL• 



\11 '"'. should concern it self primarily with European codes and sta.nla.cds 1r1i th the 

other pic~.rticipatin,'.; countries, ie Canada, USA, :arazil and Australia, e-Lc actint:; 

as a.c.lvi sers and. con tri but ing experience. At a later date the compa.1·i son \-muld. 

be broadened to a world-wide basis. (It emerged later that in la;1inf}: llO\•m 

principles of Limit State Desirsn all countries could have a definite interes L.) 

PHOFl~SSOH LAHSEH pointed out that the field in which it was sufrg-es ted \ff \ shoulcl 

function was ver,y close to the \✓Ork of ISO and Cl!:N and he did. not t;hink i L wo11ld 

lie pos::;i ble for Wl'.~ to write an international design code for timber struct,n·cr; 

which would be accepted either on a world-wide basis or even a Europee.n one:. i'or­

this reason he -~houcht it important to make ISO and GEN aware of l;he work of :,1 ··. 

so tliat when these or·uanizations come to consider the d,rafting of any c;oJes o:c 

st.andards dealinr. with timber structures Wl8 would be able to exert o. a~ron~; 

influence by virtue of the proC,Tess i L had made towards the ;rn.tionn.li?.atj_on of 

the cxi stinr; national codes and stanc.lards. Conversely WlB should have due rer;n.rrl 

for the work of ISO and CEH, particularly when consillerinc the loa:linr ,c for Hhi.,:i, 

structures a.re to be designed. 1i'he ISO group TC9P. is responsible for er.:tr-i.bl:i.,:J; i ir 

tLe imposed loads fo:r' structures and these will be applicable universnll:/ to a1 l 

s Lruc l;u.1·trn and raaterials. 

li'inally, havinp; a;;reell in principle Urn work which \"18 could most 1rnefully un:lc,r­

take, the Chairman su{3"r;ested that fur·ther discussion on this to9ic r;houU be 

deferred until later in the meetinc when the future proe;ramme of work would be 

di scusscd. This w;w ar;reed by the delegates. 
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5. EXIS'rHJG HATIOHAL BUILDING P.EGULATIONS AND DESIGN CODES FOTI 
'l'II;IBER STRUCTURES 

BRAZIL 

l,ilt de J;'REI'l'AS said that at present there are no national buildin& TC[',Ulr.i,bon:J 

in Drazil and buildine controls are issued and enforced by local municipal 

a11thori ties within the boundaries of urban areas. The clcc;ree of control a.ntl 

technical sophistication varies between clifferent authori tj es althoul_';n the nu~: 

and smaller authori tes tend to follow the principles and metlwds of the larr;E:r 

city authorities. Of these, the City of S§.o Paulo has one of the oldest buildin,:: 

codes which serves as a basis for the majority of present codes of other' authori tic::-.. 

It was established in 1927 and is under constant revision by a permanent cotle 

revision committee composed of representatives of the city covernment, and. oi 

encineering and architectural associations. The code lists minimum requirements 

for ventilation, illumination, room dimensions and water and electrical jns~alla­

tj_ons but does not include minimum requirements for structural design. 

~-Iithin the areas whore building control exists it is necessary for a rer;:i.stort:J 

encineer or architect to assume responsibility for the design and construction 

of any building works. Al though it is open to such an ene,'i.neer or architect ~o 

use nny design method he thinks suitable there are in existence nn.Uonal d.esi .,t 

nnJ. construction starnlards, issued by the Brazilian Sbandards Association (ABlfi') 

covering the use of concrete, steel and timber. However in all cases the enr ·i,1nc; · 

or o.rchi tect in charc e is held legally responsible for the work. 

PHOJi'r1~SSOH LAH~EH aml Iiilt JOHAIISE:N outlined the Dan.i.sh :ifationa.l Jui Ll:i n;; Lri.w, vii! i.cl1 

is the responsibilHy of the Minister for ~'3uilu.inc and controls ::i,11 1Juilcli.n •· 1:1ork~: 

in Denmark. 'rhe Law operates throuG°h the National Building- l(ec,ub,tionc whicf1 W ; rr:: 

last revised in 1972. 'l'hese Rei..,--ulations lay down minimum fua ctional i.·ec1uire:1,1f,~YG:.; 

for lluj_ldings ancl \'1herc lhcy exisL refer to functional codes such as the cod '.~ 

/J 



clcalinf; with desi e,n loads for builu.ings. 'rhe Iler;uln.tions also ref or to :i'Jat:i on:-i I 

Si.~.nlanls dealinr; with specifica~ions for buil,lin[;· 1nater·ials DJlu. JJcsi,;r1 C:odc :::: i·rlli c'.1 

recomrnond ~he prinr. i ples and methods to be followed in the u.csiun of :,Lli l 1.lL1 _;:.:. 

'l';iesc standards and cou.os of prnctice are published by Dansk ln1.::eni_t1·fon:11:i.n .. 

( the Danish Soci et-1 of Enr;ineers) awl enc ineers ma,y d.epart from U101 :1 ni·ovi i•~· i, :; : ,-:; ; 

cnn justify Urn d.evin.ti.ons to the local authorities and the i'-·!init~b·J of ~~uildi,1~·, 

er~ prototype testin2; of a structure. 

1.:o;rs:c:,~UH HOGlllufi' so.id there was no Ifa.Uonal Buildinc Law in Fr.?.noc bu'L thcrC; cJ ·c 

national ree,ul1:1,tionc dealing with loadings on structures, fire a.ncl r-iafetJ . Tim 

loadin{~ ree,uln.tions vary regionall,y to take account of variations in snoH and 

win,l lonu.incs etc throughout the country. There also exist Stanuards 2'nd Co·.~c r.: 

of Practice published by a ranc-e of national or~anizations includinc cnc;ineer- :::, 

contractors and insurance companies. 'l1hcse publications cover new materials ::irnl 

techniques and are cradually replacinc Agrement Certificates. 'l'licse Stancla:.:·c.ls 

and Co1les of Practice are not mandatory but every contractor is l(')r:o.11,y requi r ed 

to cuarantee the bu.ildinE,·s which he erects and this can most ensil;;' be accompli sht~,l 

b:r following the Standards and Codes of Practice. For buildinr: innurancc rur )O r;e s 

0.verJ desit,-n enr;inecr muct be able to prove the adequacy of his dcaj.[jnS and t11ore­

fore he too tends to follow the Uational Standards and Codes of Prn.chcc. In 

o.d.<li ~ion to the private insurance companies there also exists a sta.Lc cont1·oll •; l 

Iiational Insurance Company usually offering better terms than the !)l'ivo:Le corr10n.nic:~ 

a.nd this requires builu.ings to be designed and constructed in accordanuc wi [;}1 

rc ,_:;ulations published b,y the Uational .Building Federation. 'l'hese l'e culntions 

contain most of the National Standards and Codes of Practice toc;ethcr with 

ac.idi tional requirements laid down by the Uational Building Federation. 

IIOLLAJlfD 

JlH KUIPERS explained that in Holland domestic dwellings were controlleu b,y 



Government Building Regulations which are mandatory and c:ivc J.cci ;;n recini l' cment :, 

and construction details. For the purposes of supervision of load bearinc et rue t 1t ;•o s 

the country was divided into regions under the control of Building Inspectors ou L 

t he interpretation of the rerrulations by these inspectors coulcl va:ry consi cl.e f' ab l,? 

from region to region. '11here also exists the Dutch Normalization Insti tu.tc \•I;Li. c~1 

is 1·csponsible for publishin[;' material standards and desi f;ri codes. 'l'he s-L rmda.r d 

for timber was first published in 1958 and contained grading rules for timbe1· usc,u. 

for structural purposes. More recently DNI has published 11Dcsign lfo Lhods for 

Buildings, Part l", which deals with the loads for which all builJ.inr;s should b e 

designed. Subsequent parts still to be published will deal with met hods of cle si= n 

for different materials which include timber, steel, masonry and concrete. It is 

expected that the Part "Hethods for 1l1imber11 will be published in 197 3. 'l'hc loadi nc;­

requirements in Part 1 are mandatory and will apply to all materials 1·1h:i.l e Yhc 

subsequent Parts dealing with specific materials will be adviEory and carr./ no l e ;o,.L 

requirement. 

HORWAY 

MR BRYIJILDSEN reported that the situation in Horway, was similar to Lne o cher· 

Scandinavian countries and that all building was subject to control under -~ i1e 

National Buildine Regulations. The Regulations la,y dmm minimum functional 

requirements for buildings and refer to the Norwe ,.~io.n Standanls fol' Dc s :i.;,n o r 

Structures. 'rhese Standards cover steel, concrete, aluminiw!I 2.11-..:. t .i.1.1'ocr :.•n ~ t. rr.'.'r, 

recently been revised ancl coordinated in content and layout. 'i1J10y all rt'!fr~r to 

a mandatory load standard, HS 3052 "Calculation of Loading", and ar·e nubli s l:c"_l 

b.y the Society of Engineers. In addition to these 3tandards and Re r;ulati ons the 

lending banks which finance building works stipulate ad.ditionnl conditions 1•c l ~•-Lc · 

to design and construction which ma_y vary from bank to bank arnl whi ch must lJ c 

fulfilled before a loan is approved. Al thout.~h the Stand2,rds for Desicn of 

Structures are not mandatory I any departure from them must be sho~m to compl;r 

with the National Building Regulations. 

,-
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S\'lEDEU 

/ 
PHOP'.i:3SOH ~TOPJ.:H confirmed that building control in Sweuen is or;;ani?ed similarlJ 

Lo Horwa,y and Denmark antl control is exercised under the Iluildin{; /I.et 191({ ~1J 

the Buildinc Ordinance of 1959. 'l'he buildin{S rer,ulations are contained in tlw 

publication "Svensk ByC;c-norm 67 11 (SBH 67) which is j_ssuecl and revir;ccl o.:J rcqui_red 

by i:ite,tcns Planverk ( the National Board of Urban Planninc) which is the central 

authority for planning and builclinG in Sweden. Svensk Byggnorm 67 consi:::its partl,:/ 

of reGUlations which arc compulsory for both builders and the authorities and 

pa.rtly of recommendations and u.irections which are optional. Linkecl with :.mi/ G'7 

are special codes dealing with structures in steel and conc:ccte, howevcl' at pccscct~­

thcrc is no special code for timber Gtructures. To deal with the revision of :]Hlf ('t 

:,taLcns Planverk has appointed a "Safety Group", kno\'m as S-g-i·oup, which is r.1.~ 

present draftinc a {';eneral structural cocle for load bearin~ structureG. 'l'o ti!is 

code at a later date will be added additional codes dealinc; with npccifie mr,:tcrie.lG 

e;_; steel, concrete and timber, ancl these additional codes will be k11own a,c 

"'l'cchnology Codes". 

S\•jI1'ZI:RLAi.JD 
., 

PlWFESSOR Kumm stated that there is no National Building Law in ::iwi tzcl'lancl n.nd. 

ccnerally such builchng control as exists is administered by the local autho1•j_-l.;:Les 

and thercfOI'C the clcr~ee of con t;rol varies considera,bl;J' from the lnrr;e to the 

~nall o.uthori tieo. Jlowevcr, in the case of buildin{:s whj_c;h belonr: to Lhe Gar1l;on2,l 

nnd Fe1leral authorities there oxis~s Cantonal and Federal Rer;ulo.tionc, rcspe<: !; i.·.,r0.l:,,, 

which control the clcsicn and construction of these buildings. In r.1,dd i Li.on Lhcr-c 

al so cxi sts a numucr of intcrcantonal cornmi ttees which make rccomrnendo.:L:i.orrn for 

lmi lclin::; regulation a audressed to the local or Cantonal buildin,; v.uthoritics. 

'l'hcre also exists two Standards Orr;anizations with the responsiuilit,y for pul,lish:i.n, · 

technical standar,ls. r11hesc are Verba.ml Schweizerischer Haschincnin,luo ~1,j ell er (v,;:,) 

with :in internal r:~anclarclG or,·•,-::mization (SIIV) and a standards off_i_c:c il:i.:::l,rilrnl,in:; 



:::tanclards of 2.11 kinds including those of other countries e.nd. ~chwej_zerisdier 

fo,;cnieur -uncl A:r·chitek ·~en-Vercin (SAI) which deals exclusivel;,c ui. t }·'. lluiL.in~; 

cban<l.a.cds. ITei ther of these orca.nizations are controllcu. by tlie li'cu.er2.l 

authorities but the :JAI Standards form the basis for contracts in ·bo ~)Uil ~L-1 , ; 

field in Switzcrl,md. 'I'hese standards are established in cooperation i:i ~11 

en :-:;inocrs, architects and contractors organizations and al thou{:h they a:·o no~ 

mandatory thc,y are frequently used and are often ad.opted b;,,r the li'cc.lox·o.l 1m:i.L1iw 

authorities. '11he current SAI Standards which a.re relevant to the Lleci,'. ,n e.n:.1 

construction of timber structures are: 

Ho 

Ho 

j_Jo 

Ho 

u r:-, 

lGO 

122 

163 

General Conditions for Building Contracts 

Basis of Load Calculation 

Concli tions and T,leasuring Rules for Carpenter \fork 

Structural Timber 

Ho 16/; Calculation and Execution of Load Dearinc 'fi.mbc ;• ;:i"~ructm·c:; 

'l'hc f :i. rst two Standards lfos 118 and 160 apply generally to all buildinc t·10rk::.; 

and materials. 

1.·IT~S'l' GEHElu.JY 

PROFESSOR I-!OlILER said that there did exist within the l<,edero.l Hepublic a. '.3,d.lu.i:1. · 

Law but this had now been superseded by the nine re6rj_ons each of v1h:i.ch h0.tl :d::, o·.n1 

building regulations which incorporated the Fetleral Law. 'l'hese re:).onal rc : ,11lr'. ~'.'.o:1 :: 

operate in three pc1.rts, the first of which is compulsory ancl criocif:Lcs Ll1 

functional requirements and loadings to be catered for in desi :;11. 'J'his po.rt , ., 

dra.fted by the iJational Buildin[; Comrni ttee which is composcJ. of scientir; :,~; il.1L 

enc ineers, Federal Government representatives and contracto1°s. 'i1l te ::::ccon,. pt.~• ;; 

cleals with Standards for materials and the third po.rt with desi :::n co.Les i'o ;· 

buildings and structures. This latter part is not ma.mlator~• aw.l ot;:ier rnn i;110:1 c o :'.' 

dcsicn may be used, including the prototype tcstinc of structures, "::.·ovide.1 c;11c · r;~:., . 

1)e justifiotl. Provic.lecl the r·ce,i.onal bui~ding ree,ulations have 1J cen c oranl:i.u: 1.' i : •. 

l;lie ul timatc :(·esponsibili ty for buildin,:: failures rests uUh -~J:e Fc,lor d 

Government via the roc;ional aut horities. 



UNITED STA'I'ES OF .AI,IERICA 

PilO:F'ESSOR ~'rEllif reported (App 1/2) that at present building control in the U~3A 

ia conducted at local and state levels rather than nationally althouch the loc;,,l 

codes by reference are tied to one of four voluntary semi-national coJ.os. llo11e ·.1r,1·, 

the introduction of mandatory state building codes, which are clesi r:ned to sc rvc 

as a basis for local codes and which at present is taking place c n:ulually th1·ou:)1-

out the USA, will have the effect of combining the four semi-national codes into 

a sinc;lc national code. All the design codes permit exceptions and dcviatio1rn 

provided the exceptions can be justified to the controlling autho1·i t,y. 'rhis 

n.llows the codes to be modified und new ideas introduced without rc-rlraftinc 

the entire code. 

Huildinc specifications and Standards are introduced. by the Federal /mthori ~icrn 

such as the Federal Housing Administration (I-Iinimum Buildinc Stantl.ards) an<l 

industrial associations such as the Hational Forest Products Association (Hat .i on::i.l 

Dcsicn Specification for Stress Graded Lmnber and its Fasteninc;s). 

;lnt erprctation of buildinc; codes, reculations, specificationn and ctandn.rd c1,1·e 

issued by interesteu. organizations such as the United ~tates Sa•h.M':s amJ Loa,n 

Le: ac ue in oru.er l;o rnake their members familiar with the tec}mj_co,l domunen·cs n.n L 

tlie princi!Jles on ~;hich they are based. lfa.n,y of these publicationc incorpo l'~'-~e 

U10 best judi:;em ::mt of specialists in the various fieltls ruid rna,y be conside1·ed 

reliable public s~e,temento. 

AJ.l tco~in,~ of inate1·ials ancl the development of materialr_; stantl.ru•lifl i f., A,snoc: . .-,.:,cu. 

on .:i. v oluntary l.Ja:Jio with the i\r.1er:i.can Society for '11ostinc: nnd llatcrialu (f,::;'i'l ). 

Uifl'l'l.1i) KINGDOH 

. !: cum:·r sn.iu. ~haL .::i,i, prcsenc j_n Enc;land unll \lal oc buildi nc r~on~i•ol NaL; m:or 1 ; _· :· ,,! 

u,/ Lhc local o.uthorHies applyinr-- the Builu.in,~· l{er~lo.ti ons (197~!) whicl1 j•eLL< ! ;,o 



the healtli antl. safety aspects of buildines. 'l111e He{,ula.tions opera~ed b~f c£,.llinr~· 

for minimum fu..'1.ctional requirements referring where necessa:i:·-/ -~o f~c l;:i.o,ial co.,or:: 

(ic loo.ding a.ml wind codes) a.'ld then by "deemed to satisf;/' clauses H2iich w-.:~a 

recorm:icndations b.~' reference to :3ri ti sh Standards Institution Cod.as of fr2.cticc 

and Uatorial Standards as to how the functional requirement • couLl 1m fulfillc·.i.. 

\·/hilst the functional requirer:1ents are mandatory the "deemed to rm.tisf:;" cl~t:.r;c.:f_; 

m·o no L and it is open to the engineer to deviate from the methods of d.esL,11 

cccom1:10nJed in the TISI CoJ.cs of Practice provided he can justify the new rnc:tltoJ, 

ci. !;i1er by calculation or protoLype testing, to the controllinc: lor.al authori ~./. 

ln cases of di sacroement between the local authority an<l the enG°inocr· ;:11 a;11)cal::.: 

S,/stcr.1 exists whereby the parties can present their cases to the relevant 0 0,;cm­

mcnt minister for a u.ec-ioion. 

It is the local authorit.'.r which ic lcce.11.y responsible for t:iie safety of all 

builJ.in:-;-s within -~he bow1daries of the au~horit~/. 

LU 



i\.U!)'I1it.AJ.JI A 

J.l,: L::-:nr,~:..i'l'i.";n scni; his apolo ;_sies to ~he meetin,:_: for his absence. He suim:;_t;tc,] 

-[;\•JO papers to the mcc Lin[;' of which the first "Australian Codes for i.jse of' ';-1in~J(~ i • 

in Structures" (App 1/3) outlined the principles and basis of -r.11e cur-rcnl; 

Auctralin.n 'l'imbcr f~nc;ineerinc Code AS CA 65 - 1972. 'l'hc second r,nne1· 11 r:onte:,1,-,oi•ai ·.' 

Con1,;cpt s for St rue Lural 'fimber Codes" (App 1/ 4) was first presented e.t a som:rn~.:· 

on "'!'imber· Desi,:,-i aml Construction in the 70' s" held at the Uni versi Ly of Auckb..nJ, 

Hew Zealru1J, in Aucust 19'72. 

As dclccates to the meetine had not had time to stud,y Dr Leicester' n papers, 

DJ/ :JOO'I'H cave a brief resume of the Australian 1l'imber Code AS CA Gj ancl pointed 

ouL that in addition to this there also exists a further code AS CA 3[1 "Licht 

'l'imber Frame Construction". He went on to say that neither of these couen were 

mandatory and Austr,1,lian engineers were at liberty to use methods of ciesi,)1 o Lhcr 

Uw.n those recommended in these codes provided they could justify them to the 

con ~rollinc· authorities for building. 

:llU'.Z,11 

11:: ile li'JGI'l1llS ropo1-tcil that the Drazilian Slandards Association (Ai3iT'l') i_:rnucd 

in 19'.;l ~he Stand1':!'d IYB-11, which (:ivcs rec0171Illendations on t}10 u.esi;_,n and_ con::.:i;ruc­

tion of ~imbc1' structures. It is aimed particularly to the cone Lruction of 

brirl•-7e0, roof Gtruc lures, ca:cac;cs, \·rarehour1cs, etc, and does not inclwic the 

nblization of •:lu-lam, plywood or particle board. 

'l' i1j :-; nt;1Jvbrd u.ces the theory of elnc tici ty for the dosii;n or bnoms, l;ol111nn:: 

anlJ Lcn~c:ion mr.mll0.r::1. 'l'he pennii::clblc stresses are rospoc-Livel;y 20,.':, l:_., :, ri,n,l '):J, 

of the limit strens for compression, tension and bentlinr;, obcaincd from r:len.,· 

q)Qr;imenD in the C)'()GJ1 concli tion. ;:itresses due to i111pact lands o.1·n Ji vj ,1cd L;; 

ll 



The new code would specify methods of test for deriving strength values for 

those items included in the code for which design data was not given. 

PHOFESSOR LARSEN also submitted to the meeting a short paper on "Limit ~tate 

Desir#' (App 1/5) in which he discusses the principles of the design method and 

the choice of partial factors. 

MOHSIEUR HOCHAR.'r said that the design of timber structures in France was related 

mc1.inly to two documents which applied nationally. The first known as S tandar:l 

1W.i3 52001 dealt with the quality of the material and gave details of clesie,'11 

stresses assolliated with a particular quality. '11he second document, 1l1echnical 

Unified Doeument 1972, specified methods and rules for the calculation and clesit~n 

of timber structures. It is generally recognized in France that -~hese two 

clocwnents work on a safety factor of 2. 75 and the design stresses laid down in -
NFil 52001 were derived by dividing the mean value of the relevant test results 

by 2.75. 

I1he limit state methoci of design was already in use in F-rance for concrete but 

there were no indications that the design of timber structures would chance ~o 

this method in the foreseeable future. 

HOLLAIID 

DH KUIPEHS said that the present design code for structures was published in 

1955 and. adopted the permissible stress method of design. It covers loa.dinc;s P.nd 

a number of different materials including steel and timber but not concrete. A 

major revision of the code was started in 1961 and the first part of the code waG 

published in 1972. This deals generally with buildine construction and gives 

details of loadings, pe.cmitted maximum deflections, a limited amount on the 
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methods of design and calculations and finally a section dealing with the erection 

of buildings. However the engineer may depart from this code provided he decl~res 

the departures on his drawing·s and agrees them with the local authority. 'l'his 

fj_rst part of the revised code also refers to subsequent parts, some still to 

be drafted, which deal with particular materials. The part dealine; wHh timber, 

steel and concrete are expected to be available shortly and included in the 

timber part will be a set of permissible stresses related to the Nordic soft\voods 

and a few hardwoods. Also included will be methods of calculation of the stren~;i;h 

of timber structures, calculation of deflection and the acceptable limits for 

J'OOd buildinG practice, design details for beams and columns includinc; r;lu-lam, 

and detaiJs of jointing and fasteners. However it will not include clet11ils on 

plywood or other board materials but a limited nwnber of data sheets have been 

issued on these by the Timber Research Centre. 

Finally, DR KUIPERS said that Dutch timber engineers were beginninc to conside1· 

limit state design and discussions had taken place with ree;ard to a further 

revision of the timber code to include this method of design. He said it ulreadJ 

existed to some decree for steel and concrete. 

NOTI\'l'AY 

l,':H BRYIJILDSEN said that the "Norweieian Standard for the Desicn of 'l'imber 

::itructures" would be published this year based on the limit state methods of 

design ancl related to the Load Standard NS 3052 "Calculation of Loadinr1'. 'i'ho 

-Limber standard contains chapters on i3"eneral requirements, matcria,ln and 

connectors includinc glu-lam loads and load effects, dcoicn pr:i_nciplcs, 1.1.L·t.i.r:1r_,, t(_) 

limit ~,tate, serviceability limit state, dcste,n rules, cons truct:i.on, r,11 i ld:i.n ·,,­

co111po:'1cnts, proof loo.dine; of timber structures, rules for tcstin,: of connec 1;01·~; 

nnrl rules for ~)ro Lotype testing of structures. 



1m BRYIHLDSEN also submitted to the meeting a paper entitled "'l'he Use of Partial 

Safety Factors in the Hew Norwegirui Design Code for Timber Structures" (App 1/ G). 

SWEDEIT 
, 

PHOFESSOTI NOREIJ submitted a paper to the meeting entitled "Swedish Code Hevision 

Conerninc; Timber Structures" (App 1/7). He then went on to say that :SvmJen uas 

closely watchinr;- the Hordic Building Committee (NKB) to see if they could rco,ch 

acrcement on a timber design code based on limit state desir,n. In the rncanti:ne 

Sweden was revising the existing national code (SBN 67) which was not based on 

limit state design and applied to all building in Sweden. This code includes 

chapters on load.inc and timber structures but it is limited .i.n its references to 

design methods an<l tends to refer to accepted methods found elsewhere. 

S~II'I1ZETILAND 

•. 
PROFESSOR KUHNE said that there are no official mandatory codes in Swi tzerlan:1 

but SLA 164 published in 1953 deals with the design of timber structures. It in 

based on the permissible stress method of design with fixed safety factors. It 

c;ives permissible stresses for European fir and spruce, also oalc, beech and ash. 

It incluJes permissible loads for fasteners in timber and la_'/S dm-m deflection 

limitations and safety factors. Finally, it deals with the manufar::turc of ti,11bcr 

pro clue t s such as glu-lam. At present the section dealing with safety fa,c tars 

is beinG revised and details are being included for new fasteners but this does 

not include pa-~enteu. s.ystems such as nail plate connectors for which Urn 

rnanufar,turers would have to provide the design data. PROli'EGSOH Klf![[-fr: sai<l !.hd I, i LC 

cocle vms delil>erately kept simple as .i.t was intended for use by crn.ftsrncn a~; i-1cll 

as encineers, and as far as he knew at present there were no SU{·.{~cstionG r•cf·;;:i,rdi.n•·· 

a second revision of the code to incorporate limit state design. 

lj 



WEST GERHANY 

PROFESSOR MO'HI,EH reported that the design of timber structures in West Germany 

cenerally followed the recommendations laid down in the DIN Standard 1052. This 

code contains extensive design details which allows the engineer ver;r little 

freedom of choice and is based on the permissible stress method of desicn. 'i.'he 

topics covered by t he Standard include: validity of the regulations, proof of 

safety and drawinf;s, properties of materials, rules for dimensioninc , members 

subject to bendinc, members subject to tension, members subject to compression, 

struts and braces, allowable stresses, deflections, joints and the de s i ,:11 of 

bearincs. The last revision of the code was in 1969 and German engineers are 

be;.,;inning to consider the limit state method of design and it is possible that 

limit codes will be developed simultaneously for timber, s~eel and concrete uith 

a viev1 to using the same load factors for all materials. 

UiH'l.1ED KINGDOll 

'i'he current clesi@l code of practice for timber structures was first yublisiir>J. 

in 19:;2 and revised in 1967. In 1971 it was converted into meLl•jc Llnits but 

i·li thout any revision. This code is not mamlatory and enoneers cn.n ,Jc part; from 

its recommendations if they can justify the departure to the loco.l auLhoritic::;. 

't'he present code is ba.sed on the permissible stress method of deGj,_:;-n wi_i;h f·i;-:.cd 

factors of safetJ. It includes sections on: materials, applj_n,nccs ard corano;1cn ~::; 

nlso dcsir::n consillorabions which include desit,n ntresses for a rn.nc::r: of ii1nl;r:rG, 

rnoJ.if:ic::,Lion factors for t,1pes of loo..u.ine and. data on joint J.o::,:i. ,11 owi :f'ar: ·,c;;j ;1 ;:_ ::. 

1 L al co Gon Lains recommenu.;;i.t ions ,.lealin,~· wi Lh workmanship an:l Lhc i.n~;n,;r; don, 

~cstin;: and. 1Jaintenance of timber structures. 

'l'l:c coalc :i.s nov1 being- completely revised anu. a new co:J.e lm~:crl or Llw l.i. ;,i_ L ::,,rHc 

1;1~ :.hoc.l. of Jcsi,-~n Hill replace it. 'l'he reasons for adoptint; l:i.ni ~ GLai.c de:~:i. "·11 

,u·e f::c L ouL in the 1·eport to the BSI Committee BLCP/17/? - \;orkii·1· ; ~,Lref:8c:; 

(App 1/ ·,). A necornl prcliininar~/ report on Lhe new Code of Prac I; ice wa8 o.l::;o 

l: 



submitted at the meeting (App 1/9). This describes the first four chapters of the 

new code which includes, desi1::,n objectives, general requirements for materials 

and the effects of moisture content. 

( 



7. s•mESS GRADING OF TUIBER 

DEHMAHK 

PROFESSOR LARSEU said there existed a Code of Practice dealing with the 

era.dine; of timber for structural purposes and this specified three f Tacles, '1'300, 

T200 and unclassified. 'rhe two T grades were approximately equivalent to the 

British Standards Institution Code of Practice CP 112 grades of 75 and 50 cra.d.c, 

respectively. However, PROFESSOR LARSEN said that the trade l3'enerally did not 

grade to the T rules and most timber used in building was "unclassified". 

FRANCE 

MONSIEUR HOCHART said that in France two methods of grading existed. One was 

operated by the sawmillers handling home grown timber which was not usually 

used for load bearing timber structures. The second system was defined in 

the Standard B5201 and was used for structural timber. Three t7ades are 

defined according to rules which take account of knots, size of members, o·o"vrth 

etc. However, these rules are at present being revised and it is hoped to 

rationalize them with developments in other countries. An attempt is a.lso bdn;; 

made to grade timber to a special BTade which is used solely for trussed re..fters 

the success or failure being established by prototype testing. MONSIEUR HOCIIAI~'r 

admitted however that the rules for selecting the three structural crades were 

not implemented accurately and frequently a parcel of timber would be [·;rad.eel 

merely by weiehine to indicate the average density and a quick inspeci;ion of 

the outer pieces. 

i lOLLAl'ID 

DH KUIPERS 3tatcu. that there has been a grading Standard in existence in llol lancl 

since 195G which opecified rules for joinery timber and stress ,.:.rc'l.d:i.nr; , ''..'he 

stress r:rau.inc; rules are based on streneth test results. '.i.'lle stresn c r·u.Llcs and 

associated desi ,:~n si;resses were chosen on the basis that ., of timber irrrpor~:1 

l " 



would be used for structural purposes. Rules also exist for resorting the 

S of structural timber into two higher gTad.es but these are rarel,y usecl and 

most structural timber is considered to be standard grade. The same rules arc 

used when timber is selected for laminated structures but new rules are beine 

drefted for this purpose. 

NORWAY 

l,'ITT BRY1HLDSEN submitted a copy of the Norwegian Standard NS 30,'10 (App 1/10) 

to the meeting which specifies three grades "Extra" (E) and "Standard" (s), the 

structural grades and "Other" (c) which is non-structural. l!,or the structur~l 

grades it also specifies design stresses for bending. The basis of the Standard 

is the old commercial grading rules which have been tightened up in order to 

select the structural grades. MR BRYlULDSEN suggested that "E" and 11 S11 grades 

are probably not very different from the new "SS and "GS" grades which will shortl:l 

be introduced in the United Kingdom. 

SWEDEN 
,, 

PROFESSOR NOHEN said that Sweden was similar to Denmark and recoc.,'11izecl the 'l1 

g-rade system but neither the industry or timber engineers made use of it. He 

suggested that engineers should decide on stress values related to the general 

quality of timber available and leave it to the mills to maintain that qun,litJ. 

SWITZERLAND 
.. 

PHOFESSOR KUHNE reported that there were two era.dine system• in ~1witzerla.rl'l, 

one syotcm for r;-tructural timber and the other for joinery and non-struduro,l 

work. 'l'he structural rules given in SIA 163 defined three c;rau.es oasccl on ~ho 

ratio of the knot sizes to the clear timber. Most of the structural timber t1scll 

is [:,--rade 2 and the craftsmen do the selection of the 3rd erade when necessary. 
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'!'he 1st grade is only sorted for particular jobs ie laminated beams etc. 'fhe 

rules are to be revised during the next three years and it is possible that onl;,r 

the first and second grades will be retained as the third gTade is very poor and 

there is little available. 

UNI'fl<:W KINGDOM 

l:rt CUHHY said that the current g-rading rules were contained in the timber desi ;}1. 

code CP 112, but these rules were soon to be superseded by the 1·evision of BS 1 •'.), (;Q 

"Specification for Timber Grades for Structural Use" (App 1/11). 'Phis new Starniar(l 

introduces a different system of gradine from the old CP 112 rules based on the 

Knot Arca Ratio (KAR) as seen in a cross-section through the timber. r.t1his system 

ic consitiered to be more simple than the CP 112 system and there are only two ;-rn.J.efJ 

specified. instead of four. It has been in use in Canada successfully foJ' a muulJcr 

of years. 'rl1e limits for the KAR system have been chosen so that the lower crn.rlr: 

GS, will correspoml to the timber at present generally used for structural wori ~ 

in the United Kingdom. 

vfl~S'L' GEHJ,LAIJY 

PHOI1'l~SSOE UOIIl.,J '.:ll said that structural timber was bought from the mills and then 

graded for u::w. The 1st grade was limited and used mainly for laminated struc Gurc~::; 

ancl t;he 2nd grade provided. the bulk of the otructural timber. 'l'hc e:re.d."ini ; ruler; 

were based. on knot size ratios but the,y al so includt3u. a density am:1 c:::r~r:ic:1t. '.iii(! 

:cnlec onl:r applied ~o European softwoods and imports of strue ~u1·al ;,ir.11Jc1· uorr: 

l:i.1::itccl a.1111 were u:nally '.;ths. lie aclmi~tcd that the csradinr-: rult!D ,:crt; not ::.: i; r:i ,;i,I 

enforced.. 



8. '11HIIBER JOINTS 

PROFESSOR STEHN introduced his pa.per "Mechanical Fastener·s and 1'1astenin:; :i.n 

r11imber Structures" (App 1/12) and because of a. s:llortage of time t;ave a brief 

outline of the contents. He a.eked for comments from the delecatcs r-e r:arlint; 

the accuracy of the technical data contained in the report. i.Jl ~Ulfl..LY r·equc~; ~eJ. 

delec-ates to write to Professor Stern with any new information on ra:cl.t~ncrl.: n.;1•.i 

fastening methods in their own countries so that the report could be revi :~od. 

where neceasar:y to take account of -these new developments. Ln :;;umLr 2: .. :.clcd 

that this sort of report on a specific "topic was most useful as a stt·.r·~t.Hi ,Jo;_,;:, 

for discussion and he would welcome reports from other delegatcr: ai.. f :r~u -~·e 

meetings. 



9. li'U'l'UI~ F::OGEAi TI,C OF t!ORK 

' ... 'o swn up the two Lla;ys of talks J.'.iR SUHLJi.:Y requested short; commen~c fTom the 

uelc1;aLes on the nsofulness of the meeting and the direction in i·1hic1~ jl'-• s},onk 

r,10'10. Ilc sai,l in hj.s opinion 1,!l['.; ohould wo:ck towards coordim•.~inl; the u.iffc:cc::.~ 

co•lcr.; arnl s GQ.lldards of each country I particularly in relation to the structural 

gradinc of timber, the derivation of desicn stresses, and the design a:9proacl1 ~o 

~imber structures in c;eneral. 

ER I~CE said that he thought the meetine had providecl a valuable opportw1i i;,/ fo1• 

the exchance of ideas and views with people from qther countries and this alone 110,::; 

sufficient reason for Wl8 to continue. 

:
1HOFF.SSOR LARS:SII thouG°ht that Wl3 should operate more as a ba.ckcrouml e,roup 

workinc- towards the coordination of national codes and stanu.ard1:1 with a view to 

influencing bodies like ISO and CEN. 

PTIOF8SSOR KUID-JE said ISO was a very formal organization and the d.eleG"ates at ISO 

meetings were not necessarily technical experts from each country. It also uor~-::ed 

slowly and in many respects CEU was similar • 

., 
PHOFZSSOR UOnElJ agreed with Professor Larsen and Professor Kuhne tha-t; HHI shoulu. 

work with a view to influencing ISO. 

HE SUHLi"TI suc;~estcd that when 'the IUFRO Con{;Tess is held in llorw1w in 1976 :i_ ~ 

rniGht be worthwhile to arrange a joint meeting between CID, HILT::E and IU!i'EG. 

ITT m :YIHLDSElJ ac;reed with this and said that he thought WU! should continue at 

least for the three years up to the IUFRO Cong-ress. 

l'HOFl;::;~on KUJI!f~ :::aid that he aloo thouc-ht van should contin;.i.e but it ::;hou}d 01w1 ·a~,_, 

on a world-wide basis rather than a European one. He also su:·;gestcu. Umt Uwru 

, •) 



shoulcl be a link between RILEI,'I and Wl8 or IUFRO and when RILEH next met (i.Iay 1973) 

this could be discussed. However, a main interest of lULEl',1 v,as testing work a:1c1· 

this was probabl;{ not of such great importance to Wl8. DR KUIPF!RS acrced ui th 

.. 
PROFESSOR KUHNE and said that he was very interested in the future of Wl3 and vras 

concerned and eager for a RILEM/Wl8 link. 

I,lONSIEUR HOCHAr'tT said he did not think it was possible to achieve an,y larr;e 

der,-ree of uniformity between countries on codes of practice but was interested 

to discuss the basis of the different national codes. He thou,:;ht Prance should. 

participate in the activites of Wl8 which should have a broad brief aimed. at the 

better utilization of ti~ber. 

l!IR :BURGESS who was standing in for Mr Levin said he thought Wlil should continue 

but with a restricted objective so that if the objective was the coo1·Jination of 

codes and standards, Wl3 should only concern it self with Buropean codes. 

LITL clc FHEI1l11\S referred back to earlier in the discussion an..:.i. so,id lie a;;·rce;,l ui th 

Professor lforJn, Professor Ln.rsen and Professor Kuhne that lJl~ should opc1'a~c 

as a pre ISO bo<.ly and do the g-rounrl work for ISO to work from. 

?l:01".!~SSOli. S1l'ETUJ agreed with the other delegates that WH3 should continue lmi; he 

thouc.:h~ i ~ should be kept on a world-wide basis. 

PHOFJ!:3SOR LO:iD'J·~:I saiu he Llicl not thinl: the task of proiucjnc ..,;n :i. fiCll cocle::; ;:ml 

::..:tandarcls shoul<l occup~r the time of Wl8 but rather that \/1'~ should ac~ an 011 

a•lvj_ cory boJy on specific topics. 

j.D{ JJ~CF. so,id Lhat he thou,3hb ISO ruid C]1.:N were subject to }>Oli'Licu.l prescurc:::. 1m L 

in tiieir work ;;110.J would undoubtedly require technical clocurncn L r; nml pt·ovj_ i:i.n; 



this documentation should be the job of ltJlG. 

DH BOUl1H said he thoucht ~rH: should act as a forum for resec1,rch arnl wofr_ c,r:rJoci n\ e ,~ 

uith methods of desicn and codes. He thoueht this might best be achi0vecl b J l1a01i n :: 

one forum with a number of crnall sub-cornmi ttees workinc on clifferent topics. 

1m CUl1lff said. he agTeed with Dr Booth. 

In drawing the rnodinc to a close MR smrr,EY said it was clear from the u.i ccussi 0 :1 

that delegates thou6ht that Wl3 could perform a useful function workinc for the 

tmification of the national design codes aml standards related to c.i_mber r;-~J~uc Lu r·cr;. 

He sucgested that with this in mind delegates would pe:chaps 0 i vc oomc thou,,_;ht to 

the draft in,~· of a skeleton timber design code with a view to di ccussions on it 

at the next meetinc, PROFESSOR LATISEH said he ac;reed with thi£: bu~ 110 ~J-,ou::.-Jt-~ in 

addition indi vi<l.ual (ieleeates should take a specific topic from t:i1e skelc-;;on co·lt: 

and compcJ.rf! the approaches of the existine; national codes to that ~011:L:). j_Jl :nr.: 

own case he said he would be prepared to undertake to look at -i;he dcsi ~n of ti :.1~i c: 

columns. Dlt BOO'rJ-l replied. that he thought the draftinc; of a unj_fiecl code fo:c tltr. 

clesicn of timber structures would prove difficult but he ac;rocd wi-Gh the approa'._:i, 

succested by Profezsor Larsen and he would be prepared to prcccnt a ~aper at ~i10 

next mectinc- outlinin1:; the present position and problems associated with tn1c use 

of plywood in tiaber structures. rrhe remaining delegates agrectl with thi:, appro,!ci1 

and !<!it smfl.J!.'Y thanked Professor Larsen and Dr Booth for their offers. 

A :.,ltort diacuosion foll0\·1ed as to the time and place of the nexl; 111cc~h1,- ;. 

Professor Stern, Hr Heecc and Professor Larsen all off creel to n.c t aG hoct r; ~o 

the next meet in;~ n.nd it was finally decided to accept Profc::::sor Lo,rnen' s offer 

and hold the next meetinc; in Denmark on 25 - 26 October 1973, the precise venue 

to be fixed later. 
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PAPERS AND ARTICLES SUBMITTED AT THE MEETING 

1 A note on international organiza,tion~ active in the field of uhlizc.tio:,1 

of timber - Professor P Sonnemans. 

2 " 

3 

✓ I]. 

J 

Survey of status of building codes, specifications etc,. in USA -

ProfeGsor Ji! G Stern. 
• 

Australian codes for use of timber in structures - Ur H 1I L8ice::rlc1·. 

Contemporary Concepts for structural timber codes - Dr H li Leicc::;·~.cr. 

'.j ,J Limit f:itate Design - Professor H J Larsen. 

(j J The 1rnc of partial safety factors in the new lforwccinn Jcr:;ifJl 

code for timber structures - J.Ir O Brynil<lsen. 

~ 

7 J Swedish code revision concerning timber structures ?rofes::mr :'3 ·.:ore;1. 

'..'i " ~forking ff~resses report to British Standard• Insti tu :;ion CornP1it ~e,: 

BLCP/17/2. 

9 / Revision of CP 112 - First draft, July 1972 - BrHi sh ;~ Lan:larrls 

Institution. 

10 J Quality specifications for sa~ timber and precision b1:1bcr -

Horwe::;ion !:itandard, N'S 3000. 

11 J Specification for timber crades for structural uoe - ~:-1-iticL :- . . 
~,, ~ .::,;·L ,_r,,_ ~•• .. l ~; 

DS '+978. 

12 J 1-Iecna.n.ical fasteners and fastenine in timber stl0 ucturco - .!'rofe:~~:;o: .. · 

r; G Stern • 



P.ILEM - C.T.I.B. 

Note on the international organizations which are active i:i 
the sphere of use of wood in construction, in its wid.es-;; sens..;. 

1 On a world-wide level 

1. l RILE!vl 

1.2 IUFRO 

1.3 CIB 

1.4 ISO 

1.5 ATIBT 

1.6 IRG 

Committee 3-TT (Prof H R W Khune, EMPA) 

Division 5 (cf Report TNO H-71-X p.24) 
Subject Group: Wood Engineering (Mr J G Su.'1.ley, PRL) 

Wood Protection (Prof, Dr G Becker, EL,.) 

W-18 Timber Structures (Mr JG Sunley, PRL) 

TC 55 (timber, termin~logy, defects, standard, testing) 

TC 92: (fire resistance of materials) 

International Technical Association ·o£ Tropical Woocis 
(nomenclature and uses) · 

Wood Preservation (sponsored by - OECD) 
(International Research Group W.P.) 
(Prof Dr G Becker, BAM) 

with a Group III "Methods of Treatment" 
(Mr Bruce, BWPA) 

2 On a European level 

2.1 OEN 

2.2 UEAtc 

2.3 CEI-Bois 

European Standards Committee (EEC + EFTA) 

GT 33 - Testing of joinery 
GT 38 - Wood preservation 
GT proposed: Structures in glued laminated wood 

European Union of Technical Agreement in the Building InJ.t;.G·~r.Y 
- c/ o CSTB-Paris 
(A-B-BHD-E-F-GR-I-NL-P-UK) 

Common directives for agreement on - windows, doors, (li,-_:r.t 
housing - prefabricated), light components or partitio~~; 
in the timber field 

European Confederation of Timber Industries (Avenue Hoche 36, Pru.~is) 

has formed a Technical Committee which could have the 
following members 

- The National Federation of Timber Industries 

- Section of the European Federation, such as FESYP (particle-
board) which has its own special Technical Com.~ittec 

- the Institutes (laboratories, etc) 

•. 
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This Technical Committee has 3 sub-con:mittees 

SCI: 
SCI!: 
SCIII: 

Preservation and Finishing 
Wood and Fire 
Problems of Manufacture 

A specialist working group has also been formed: "I.:oist~re :J:;~-:.r.:..7,ic.:/' 
(Representatives from FPL, BAM, El:.'IPA, <::TB.., IBE, 'I·}!O) 

2.4 FEMIB (European Federation of Building Joinery 1fanufactt..~e:-s) 

(Section of the CEI-Bois Federation) 

2.5 CEH 

has formed a Committee 

Timber Engineering (see 2.6) 

with a sub-committee (to look at the importance of l~~inatc~ 
wood) 

Glulam 

which has itself formed a technical working group 

Glued Structures 

European Standards Committee on Wood Preservatives 

(Non-official committee, but is made up of representat~vcs 
of National Standards organizations with a view to reacr.ir.c 
basic unification) 

( A-B-BRD-Ch-Dk-E-F-NL-P-S-UK + Afnor GT 38) 

2.6 European Softwood Conference (commercial organization) 
(buyers and sellers of wood from the North) 

under the control of the UK it is concerned with the problems of 
g-rading of Northern wood from the point of view of its utilization 
in construction. 

to examine the possible application of the KAR system, such as is 
used in Canada, for example 

In the UK, TH.ADA has been charged to make a thorough study. 

This question has also been examined by Timber Engineering (FEUIB 2.4 
which has decided to contribute to the current work and support a part 
of TRAD A' s work. 

NOTE: work chiefly on stress grading of lower quality wood for 
general construction use (General Structural Grade GS) 

they have also defined a higher grade category (Special 
Structural Grade SS) 

because GS corresponds mainly to the Gute Klass III (DIN 4074) 
and SS to GK II, it would appear necessary to foresee a better 
grade to correspond to GKI ( or also to the Constructiehout NEN'), 
indispensable for components of laminated wood. 

2.7 European meetings of Information Services on Wood Technology 
(Meetings rare). 

P SONNEMAL'iS 
4.11.12 
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SURVEY OF STATUS OF BUILDING CODES, SPECIFICATIONS, ETC. 

USA.-

With respect to building codes, regulations, specifications, and standards, the USA 

is in a state of change. This change is, to some extent, of an organizational nature. 

Just as in Er.3land, where 1500 and more local codes existed prior to the introduction 

of the nal·iona I code, innumerous mandatory loca I codes and regulations control 

building construction in the USA. Yet, almost all of the local codes are by reference 

tied to one of the four voluntary semi-national codes. An effort is being made by the 

four codes groups to unify into a single national code organization. However, it 

appears that such a step wi II not occur in the immediate future. 

Yet, unification is coming as a result of the introduction of mandatory state building 

codes which are designed to serve as a basis for local codes and regulations. Of the 

50 states, more than 14 states have already their own state c<;>des which adopted one 

or more of the four semi-national building codes by reference. The Virginia Legislature 

adopted during its recent session two of the four semi-national codes. However, the 

Governor's veto killed this legislai-ion. 

All these codes permit deviations from the code whenever such deviations are justified. 

Thus, a way is provided for the introduction of new ideas without going through a lot 

of time-consuming red type, provided sufficient background material is submitted to 

the governing local authority. This background material has to cover satisfactorily all 

relevant aspects, not only strength considerations but also humcn factor and safeiy 

aspects. For instance, a building maybe rejected if designed satisfoctori ly from the 

stabi lily viewpoint, but unsatisfactorily from the viewpoint of fire resistance. 

Building specifications and standards are introduced by federal authorities, such as, 

the Federal Housing Administration (Minimum Building Standards), and industry 

associations, such as, the Nationa I Forest Products Association (National Design 

Specification for Stress-Grode Lumber and Its Fastenings). The latter specification 

lehrstuhl fur 
lngenieurholzbau v. Soukonstn,k:•ionea 

Universit-::it (TH) Karl~n; , 1::i 

fret. Dr,-ln9. K. Mohl• r 
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is periodica I ly reviewed and updated. Thus, the next edition of ND S wi II give 

consideration to joints with multiple fasteners, which in the past were treated in 

the same manner as joints with single fasteners. 

Interpretations of building codes, regulations, specifications, and standards are 

issued by interest groups, such as, the United States Savings & Loon League 

(Construction Principles, Materials & Methods), in order to make their members 

familiar with the technica I documents, their background, and the reasoning behind 

the decisions made. These interpretations incorporate the best judgement of the 

specialists in the various fields covered and can be considered reliable public 

statements. 

A II testing is to be undertaken in agreement with the standards developed by the 

American Society for Testing and Material on the basis of a voluntary consensus by 

all parties involved. 

In contrast to the German documents which cover as many of tl-e relevant detai Is 

as feasible, the American documents leave some of the details to the designerls 

judgement and decision. On the other hand, the American documents do by far not 

give the freedom to the designer and engineer as the codes adopted by the Scandina­

vian countries. As an example, the official German standards provide definite in­

formation on required nail spacing; whereas the American voluntary counterpart calls 

for such nail spacing 11 as to avoid unusal splitting of the wood. 11 

I I 
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1. DESIGN STRESSES AND MODULUS OF ELASTICITY 
FOR TD1.BER, SCANTLIN<; 

In Austral,ia, design stresses for timher scantlin~ may ~e 
derived from any of the following methods~ 

(i) Standard tests on small clear specimens 

(ii) Tests on structural scantling 

(iii) Machine stress grading. 

In the following, the basic clesign values w:f.11 be denoted by R*, the 
characteristic values by~ and material design coefficients by ym. 
These quantities are related by the equation 

R* = R /y k m 

a. Desir.n Values Based on Standard Tests 

Table l gives a summary of the method used for the derivation 
of the design working stresses and modulue .of elasticity based on the 
results of standard tests on sMall clear specimens. One fenture to 
note is that the visual grading rules of A~stralian codes that specify 
the permissible defects for a given 17.ra.de factor are based almost 
entirely on the results of tests on- Douglas fir in the case of 
softwoods and. of jarrah in the case of hardwoods. Also it should 
be noted that in addition to th.e r,1ater:ial coefficient y gj,ven in . . m 
Table 1, there is in effect a further load factor arising from the 
fact t-.hat a strength grouping system :J._s emp,loyed in the Australian 
Timber Engineering Code AS CA(,5-1972 (Tables 1.6, 2.21, 2.2l). , In this 
Code a ratio of 1.25 is used for the -specified values of compressions 
bending and tension design stresses of adjacent stress grades. 

b . Design Values Based on Tests of Scantling 

For assessing hendinr, strenath, each stick of a specified 
grade of timber scantling is tested at its ••rorst:: defect with the 
defect placed on the tension edge. The characteristic value. I\ is 
then taken to be the one i:>ercentile value and the material 
coefficient y is taken tc be 2.22 (made up of a load factor 1.25 and 
a duration m factor of 16/9). · 

For assessing tens ion strength, the whole stick of tirnher is 
tested in tension and the characteristic value R,_ for a Biven P,rade is 
taken to he the one percentile value. The materlal coefficient Y is m 
taken to be 1. 6 6 (made up of a load factor 1. 25 and a dur.a tion 
factor of 4/3). 

For assessing modulus of E!lastici ty, each whole stick in a 
chosen grade is tested on the flat. The characteri<Jtic value Rk is 
then taken to be the mean value and the material coefficient Ym 
is taken to he 1.00. 

c. nesiBn Values Based on Machine Gradinp, 

TI1ere is at present no universally accepted procP.dure for the 
derivation of design values. One favoured method in Australia is to 
choose the characteristic strength 1\t in bending as illustrated in 



Type of 
Load 

All 

All 

Pithdrawal 

Hithdrawal 

Lateral 

Lateral 

Lateral 

Lateral 

Mote 1. 

Mote 2. 

TABLE 3 

BASIS FOR nERIVATION or-
: . 

DESIGN WORKU!G LOADS FOR FASTENERS 

I 
Type of Fastener 

I 

I All 

I 
, All 

I Nails 
I I Screws 

I Nails' Scre~~s. 

Design V~lue R* = ~/Ym 

Characteristic Value, ~ 

i:tean ultimate i:;trength of 
fastener metal 

Hean yield of fAstener metal 
,; 

One-percentile of max. loads 

' Staples 

One-percentilP- of max . loads ' · 

(One-percentile of max. loads' 
(One-percentil~.of loaas at 
(slip of 0.015 in. 

. l. 

Split rings 

Toothed plate 

Nailed plate 

(On~-percentile of, max. loads ' 1 

(Average of max •· loads 

. · (On~-~e~c~ntile o~. -~~-. ~oad.s 
(One percentile .of t oads at slip 
(o~ o.ois in.) . . 

' : . • • ! 

(One-pero~ntile of max·. loads 

l
(One-percentile of loads at slip 
(of O. 015 in. 
I ... . 

Phere two sets of characteristic values and material 
coefficients . are cited, the set to be used is that 
leacl:lng to the small.er design working, load. 

\; ' '• 

Slip refers to displacement beb·1eert adjacent lapping sur1:aces. 

. · !· . . , ~ . 

I '• l o ,r· 
... ,, 

I . " 
• 1 _ , 

I •· 

1 • I , t •• ., 1,: I • 

I • •1 

, .·' " I 

I• • [ ''- !•· • • 

! 

Mater.ial 
Coefficient 

ym 

1.67 

1.25 

2 . 0 

8.3 
3.2 

5.6 
8~0 

2.5 
1.6 

'•. 3 . 1. 6 
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Fig. 1 and to t a l<e the material coefficient ym to he 2.5. 
modulus of elasticity, the desi~n value R* is taken to be 
where E is the cut-off MOE value set on the mach:f.ne, as 

For the 
1.3E , 

0 

0 shown in Fig. 1. 

Local 
.«>R 
(defect on 
tension face) 

Characteristic 
bendtne " 

_strength]_,,. 
-I 

cut-off 

.,. 
.,.. '',c. 

,. )I. .,,_ ,. .. 

;• 'I- ,...,.. ;. 'I': 
-,c. 

)l I< 

(tyr,ical ranp;e 
f or i machine 

14 ,, 

E 
0 

1.4£ 
0 

FIG. 1. ILLUS'ffiATIOt! OF CONCF,PTS FOR 
MACHINE STRESS GRADES 

d. Comment 

grade) 

2!1% exclusion 
-limit 

local 
HOE 

(on flat) 

At present a comparative assessment is beine made of the three 
methods used for the derivation of design values. One aspect, for 
example, is to determine to Hhat extent design stresses base~ on 
standard tests of small clear specimens should be lower than those 
derived from scantling tests nue to the fact that in the case of 
standard tests some allowance must be made for the fact that th_ere is 
an uncertainty associated with the assumed effect of defects. In a 
more general context, a comparative assessment is also beinr; made of 
the methods of choosing design stresses of timber and thoF.e of otl-.er 
structural materials. Another area of current investigations is a 
review of visual grading concepts in order to devise more suitable 
techniques than those currently in use. 

2. LOAD SHAJlJITG FACTORS 

In c01!1J'llon with many other structural tinr-er codes, the /\ustralian 
AS CA65 recommends load sharing factors that are inden~nnent of ~pecies. 
However, this assumption is in conflict •d.th published resenrc.h r"sults 
and consequently a research pror,ram to !'.'_easure the load sh;iring 
characteristics of some Australian species has been initiated. 



• I 

:•l 

3. DESIGN LOADS FOR JOINTS 

In Australia 1 desicn loads are derived through a set of 
standard tests specified ln the Standard Al88-1972 "Determination of 
Basic Working Loads for Metal Fasteners for Timber". A r:ium."lary of 
the criteria is civen in Table 3. As for the scantling 1 the systP.rn of 
streneth grouping used in AS Cl\65 (Table 4.1.1) leads to an. effective 
load factor additional to that given in Tatle 3~ 

It ts of interest to note that Armendix J-12 of AS CA65 ~rovides 
recommendations for design vnlues of the displacement moduli of , .. . • 
mechanically fastened jointr;. These are based on infol"'!llation obtainerl 
in standard tests. Hoi:·rever recent investigations at the Division of 
Buildinr.; Research shou that these displacement moduli do not aRree 
with the load-slip characteristics of fasteners in sP-r.vice, and 
further research to provide a basis for future recommendations for 
structural coder; is no~-, in progress. 

t • 

t • ' l 

' . 
I ' 

I' , 

· ' , I , 

I I , ; . • I 
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TABLE 1 

BASIS FOR DERIVATION OF DESIGN VALUES FOR SCANTLING 
FROM STANDARD TESTS OH SMALL CLEAR SPECIMENS 

DESIGN VALUE R* = Rk/ym 
Property 

5 

Characteristic ,Value, Rk Material Coefficient 

Tension One-percentile of FI 
b 

2. 78/GF 

Bending strength One-percentile of FI 
b 

2. 22/GF 

Compression strength One-percentile of Fl 1.67/GF 
parallel to grain I C 

I 

I 
Compression strength Mean limit of 1.33 

proportionality in 
compression perpendicular 
to the grain test ; 

: 

Shear strength of Hean Fl 4.2/GF 
V beams 

.. 
Shear strength of nean Fl 4.7 

V joint details 
(See Note 2) 

Modulus of 
F.las tici ty 

Note 1. 

?Jote 2. 

Note 3. 

. 
Hean . .(0. 75/GF)O. S 

i 
1 Fl and Fl are ultimate strel!,gths in bending, Fb, 

C V 

compression and shear in standard tests ·on small clear 
specimens. 

Haterial assumed to be clear at joints. 

GF = grade factor= 

(bending strength of structural scantlinr, containing 
maximum permissihle defect)/(hendi ng strength of 
small clear specimen cut from scantlin~~) 

The following are typical grade factors used in Australian 
grading rules ~ 

select grade GF = 0.75 
standard grade· GF = 0.60 
building grade~ CF = 0.48 
common ,grade: GF = 0,375 

I 

I 
ym 

I 
I 

I 
I 
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4 . BUCKLING STRENGTH 
OF TIMBER STRUCTURES 

See Section 3 of the paper "Contemporary' r.oncepts for 
Structural Timber Codes1

' by R. H. Leicester. An additional aspect not 
covered in the above paper is the effect -of lateral restraints on 
buckling strength. Appendix D of AS CA65 deals witJ-1 this topic but the 
recommendations therein are considered to he unsatisfactory. A more 
acceptable design method has since been derived but is not yet included 
as an amendment to the original code. 

5 . FRACTURE STRENaTH OF 
TIMBER STRUCTURAL MEMBERS 

See Section 4 of the paper "Contf>..mporary r.once~ tP. for 
Structural Timber Codes:' by ll. H. Leicester. 

6. LIMIT STATE DESIGN 

In Australia, a Standards Association sub-conunittee has been 
set up to provide guidelines for writin.~ structural codes in the Limit 
State format : and it is hoped that all Australian structural codes 
will eventually follow these guidelines. During the meetings of this 
sub-committee, considerable debate and disagreement arose r,,1-._enever 
attempts were made to specify methods for the derivation of characteriotic 
values and design coefficients. Part of the reasons for this are to 
be found in the following difficulties: 

(i) Some of the methods that have been reconunen<led for the 
evaluation of characteristic values lead to ridiculous 
results when applied to strengths, such as timber in 
tension, which have lar~e coefficients of variation. 

(ii) There was considerable disagreement as to whether 
rational methods or; ,intuition should be used as the 
basis for the derivation of design coefficients. 

(iii) The method for dividing the tota.l );load factor" into 
resistance and action design coefficients appears to 
differ between various codes. 

(iv) The correct factors for load combinations have not yet 
been satisfactorily ~esolved. ' 

(v) There is disagreement as to the most suitable format 
for design coefficients · when combining materials into 
a structural element (e.o,. reinforced conctete beams, 
Blulam beams), and uhen comhininp, elements into a 
complete structure (e.g; flobr grids, trusses). 

Becauseof these difficulties; the current draft document 
of the Limit State Design sub-committee is limited es!'.entially to 
definitions and terrninoloBY• The only specific recommendations 
are contained in the appendices which are .enclosed with these notes 



and titled '1Proposed Appendix for Document BD/5/1/72-3~:. Th~ 
intent of these recommendations is to delineate beo~een the 
responsibilities of the material and loading codes in such a Hay 
that each one may be developed independently. For example, it is 
essential to decide whether the material or loadinn code should 
provide factors for the importance of a structure. The method of 
delineation is based on the results of a few simple reliability 
studies. 

7 



PROPOSED APPENDIX FOR DOCUi,1ENT BD/5/1/72-3 

APPENDIX A 

CHARACTERISTIC VALUES 

A.1 !1ethod of Specification 

Characteristic values shall be specified in loa~ing codes 
for actions (and action effects) and in material codes for resistances. 
Characteristic values other than as reconur.€r.ded in the follm-,ing may 
be used, but the method for their derivation shall be clearly indicated. 

A.2 Recommended Characteristic Values 

It is recommended that characteristic values for actions 
and action effects shall be taken as the 95-pcrcentile probability 
values (i.e. Qk = Q0 95 , s1 = s0 95), and that characteristic resistances 
shall be taken· · c • as the 5- percentile probability values 
(i.e.~= RO.OS). 

An acceptable alternative when statistical data are not 
available is to take the characteristic values to be the nominal values 
given in Standards, Codes of Practice or other regulations. 

APPENJ)IX B 

COEFFICIENTS FOR DESIGN VALUES 

B.1 Design Coefficients for Action and Action !3ffects 

Design coefficients y. for application to characteristic 
action and action effects shall be~ specified in loading codes. They 
will be chosen both for the case of single actions and combination of 
actions in such a way that the resulting design action or action effects 
shall be 95-percentile values for desir,n against collapse limit states 
and shall be mean values for design against serviceability limit states. 

8.2 Design Coefficients for nesistance 

Design coefficients y for the resistance of structural 
materials, structural members and m complete structures shall be 
specified by structural material codes. These coefficients shall take 
into account the importance rating of the structure, the mode of failure 
and also whether t!1e loading is a normal one or has only a rare chance 
of occurring. 
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CONTEMPORARY CONCEPTS 
FOR STRUCTURAL TIMBER CODES 

by 

R.H. LEICESTER* 

1. INTRODUCTION 

It is generally accepted that the specification of design 
recormnendations in terms of sophisticated concepts is undesirable for 
structural codes, particularly for timber structural codes. Not only 
does this make the design procedure uneconomic with respect to design 
time, but also the sophistication of concepts is not compatible with the 
imprecision of data (such as loads and strengths) on which structural 
design is normally based. 

There are however many sound reasons for the use of the most 
sophisticated contemporary structural concepts in the preparation of a 
code. Even when structural data are meagre, the concepts provide some 
idea of relative strength values. This will indicate which structural 
parameters are sufficiently influential that they should be included in 
codified design recommendations, and will also indicate where further 
test data are urgently required. 

A few years ago during the course of preparation of draft 
recommendations for the first Australian timber engineering code AS CA65, 
Australian Standard Code of Practice for the Use of Timber in Structures, 
(Ref. 1), it became apparent that many aspects of the existing timber 
structural codes (Ref. 2, 9, 10, 12) and the Australian design handbook 
(Ref. 26) were not in strict compliance with the corresponding concepts 
of contemporary structural theory. As a result, research programs 
were initiated into several of the more contentious areas of timber codes, 
and where feasible the findings were incorporated into AS CA65. In the 
following, the basic concepts of three of these investigations will be 
discussed. They are concerned with aspects of reliability, buckling and 
fracture theory. 

2. STRUCTURAL RELIABILITY 

2.1 Variability in Structural Properties of Timber 

In the design of timber structures, the stress analysis and 
proportioning of member sizes are carried out with the same degree of 
sophistication as is done for steel and reinforced concrete structures. 
However, as is indicated in Table 1 and Ref. 13, 14, 22 and 23 there can 
be considerably more variability in the strengths of timber structural 
elements than for steel and reinforced concrete members. Consequently 
in the preparation of modern timber codes it is important that the effects 

*Division of Building Research, CSIRO, Melbourne, Australia. 



TABLE 1 

COEFFICIENTS OF VARIATION FOR 
SOME STRUCTURAL ELEMENTS 

Structural 
Element 

Steel Members 

Reinforced Concrete Beams 

Timber Scantling (Graded) 

- tension 

- bending 

- compression 

Metal Connectors for 
Timber Structures 

Typical Range of 
Coefficient of 
Variation of 
Strength(%) 

5 - 15 

10 - 25 

35 - 60 

25 - 45 

15 -_20 

10 - 15 

2 
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of variability be correctly taken into account and that design specifications 
be in accordance with contemporary concepts of reliability theory. 
Without the use of a rational framework, the extrapolation of traditional 
approaches to variability may lead to unsatisfactory design recommendations. 

2.2 A Reliability Concept for Structures 

Structural codes frequently specify more than one method for 
assessing the adequacy of a structure. For example, AS CA65 permits an 
assessment to be made from any of the following: 

(i) Computations based on specified safe working stresses for 
structural elements 

(ii) Prototype testing of complete structures 

(iii) Proof testing of complete structures. 

Furthermore, the basis for each of these methods may have several 
forms. For example, the derivation of specified safe working stresses 
can be made from the results of tests on 

(i) Small clear timber specimens 

(ii) Visually graded structural scantling 

(iii) Machine graded structural scantling. 

Table 2 gives a comparison between the current English and 
Australian methods for the derivation of design working stresses and modulus 
of elasticity from tests on small clear specimens. It shows that even for 
this most traditional method of derivation there is not complete agreement 
between two countries that maintain a good exchange of technological 
information. 

It is apparent therefore that there is a strong necessity for a 
unified concept of safety to use as a basis for the various specified methods 
of assessing the adequacy of a timber structure. In addition there are 
currently moves in many countries (including Australia) to have all structural 
codes comply with a recommended "Limit State" format (Ref. 4, 5 and 6) and 
this has focussed attention on the relative safety of structures constructed 
with different materials. One contemporary concept of structural design 
that is useful in this respect is illustrated in Fig. 1. It is essentially 
the idea that structural design is a decision process involving cost; and 
that the correct or optimum decision is the one that leads to the least 
total cost (Ref. 7 and 29). The decision is based on test data (e.g. 
strengths of scantling timbers), previous experience (e.g. the likely range 
of coefficients of variation of the relevant structural properties) and 
subjective judgements (e.g. the effective cost of intangible consequences 
of failure such as the loss of life or the damage to the reputation of the 
structural engineer). The cost of a decision is taken to include both the 
cost of the structure and the additional effective cost of failure should 
this occur. 

The following is a simple example of a cost function C(n) that 
may be used to derive safe working stresses for a particular type of 
structural member; 

C(n) . . . . . . . (1) 
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TABLE 2 

METHOD FOR DERIVATION OF BASIC WORKING 
STRESSES AND MODULUS OF ELASTICITY FOR 
GREEN TIMBER FROM TESTS ON SMALL CLEAR 

Property 

Tension strength 

Bending strength 

Compression strength 
parallel to the grain 

Shear strength of 
beams 

Modulus of elas ticLty 
for computing beam 
deflection 

SPECIMENS 

Basic Working Value = ~/ym· 

British Standard 
B. S. CP112 

Characteristic Material 
Value, Coefficient* 

RK ym 

one-percentile 2.25/GF 
value of fb 

one-per cen tile 2.25/GF 
value of fb 

one-percentile 1. 40/GF 
value of f 

C 

one-,-percentile 2.25/GF 
value off 

V 

mean E 1.00 

Australian Standard 
AS CA65 

Characteristic Material 
Value 

~ 

one-percentile 
value of fb 

one-percentile 
value of fb 

one-percentile 
value off 

C 

mean f 
V 

mean E 

Coefficient* 
ym 

2.78/GF 

2.22/GF 

1.67 /GF 

4.2/GF 

(0. 7 5/GF) O 'S 

t--------------l..-------_:....,.--------11----------'--------
*GF = grade factor= ratio of strength in bending of structural timber to that 

of small clear specimens. 
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where n = R/S is the ratio of mean values for strength R and load action 
S, n is the opt imum choice of n, a is the parameter relating structural 

0 
costs t o strength, CF is the cost of failure relative to the cost of all 
the members of the t ype under consideration in the structure, pF(n) is the 
probab i lity of f ailure for the specified value of n, and A is a constant 
that is independent of n. The correct design decision is given by 

0 . . (2) 

With the use of equations (1) and (2), a design strength R* can 
be derived for specific situations. As an example, for the typical case 
a= 0.5, v

8 
= 0.2, a design load S* specified as the 95-percentile value 

s
0

_
95

, and an assumption of Weibull distributions for both R and S, the 
design strength R* derived from equations (1) and (2) is 

• • . ( 3) 

where_ RO.OS ~s.the 5-percentile value of strength R 
mater~al coeff~ment given in Table 3. 

and is a 

A typical ilnplication that can be drawn from the values in Table 3 
is that for multi-storey steel structures (CF= 30-100, VR = 10-20%) the 
appropriate coefficient y is about 20% larger than that necessary for 

m 
light framed timber structures (CF= 3-10, VR = 20-40%). Ano t her 
implication is that whereas for secondary structures (CF= 3- 10) the s ame 
mater i al coefficients ym may be used for both tension members a nd beams 
of timber (see Table 1 for typical VR values ), for major structures 
(CF= 30-100) a much larger coefficient s h oul d be a pp l ied f or the t ension 
members . 

In practice numerous distribution functions and cost models are 
fitted to equation (1) and these largely subjective assessments are adjusted 
so that the predictions of the cost function coincide with experience where 
information is available. Once this is done the model can be used to 
provide design information for new situations. For example, in addition to 
the assumptions used to compute the values in Table 3, if it is assumed 
(conservatively) that the coefficient of variation is zero for structures that 
survive a proof load P, then the proof load factor A which relates P 
with the design load S* by 

P = AS* (4) 

can be obtained by minimization of the cost function C(A) specified as 

(5) 

where G
8

(P) is the probability that load S will exceed P and S* 
is the design load. Some values computed with equation (5) are given in 
Table 4. The values indicate that for a typical light timber framed 
structure (CF= 10), the proof load facto: A to allow for variability 
should be about 1.2 for dead loads (S* = S, v

8 
= 0.1), 1.5 for specified 

design wind loads (S* = S, v
8 

= 0.2) and 1.2 for floor live loads 
(S* = s0 _

95
, VS = 0.3). 



TABLE 3 

MATERIAL COEFFICIENTS FOR VARIABILITY 

(See equation (3)) 

Relative Material Coefficient ym 
Consequence 
of Failure VR=0.l VR=0.2 VR=0.4 

C = F 3 0.99 0.92 0.74 

C = F 10 1.09 1.13 1.15 

C = F 30 1.19 1.36 1. 73 

CF= 100 1.31 1.67 2. 71 

CF = 300 1.44 2.03 4.06 

7 



Method for 
Specification 
of Design Load 

S* = S 

s• = so.95 

TABLE 4 

PROOF LOAD FACTOR 

(See equation (4)) 

Relative Proof Load Factor 

Consequence 
of Failure 

Vs=0.1 Vs=0.2 Vs=0.3 

C = 3 
F 

1.21 1.44 1.68 

~= 10 1.23 1.50 1.80 

C .. 
F 

30 1.25 1.54 1.90 

C = 
F 

100 1. 26 1.59 1.99 

~ = 300 1. 27 1.62 2.06 

C = 
F 

3 1.06 1.10 1.12 

C = F 
10 1.08 1.14 1.21 

C = 
F 

30 1.09 1.18 1.28 

C = 
F 

100 1.11 1.21 1.34 

C = F 
300 1.13 1.24 1.38 

8 

" 
Vs=0.4 

1.92 

2.15 

2.32 

2.48 

2.61 

1.13 

1.27 

1.43 

1.47 

1.54 



s ~.111ple cost functions of the type given in equations (1) and (5) 
can be usec to derive a great variety of structural design criteria. For 
example, tr ·y can be used to determine whether a structural code should 
make an allowance for the occurrence of rare events such as for the 
occurrence of excessively weak glued joints or of domestic gas explosions. 
Simple cost functions may also be employed to choose the appropriate 
modulus of elasticity to be used for deflection computations. 

9 

2.3 Effect of Variability on the Strength Characteristics of Timber Structures 

Structural codes are phrased in the language of deterministic 
concepts and consequently a code for the design of timber structures must 
contain numerous factors to account for the strength characteristics that 
are due solely to material heterogeneity. One such example is the effect 
of the method of loading. Since a structure constructed from a 
heterogeneous material will tend to fail at its weaker locations, the volume 
of material subjected to high stress levels is important. A simple example 
of this effect is illustrated in Table 5 which gives the measured effect of 
method of loading on the nominal modulus of rupture of a large sample of 
kiln-dried, pith-included slash pine (Pinue elliottii) scantling (Ref. 19). 
For comparison Table 5 also shows values that are predicted for an assumed 
Weibull distribution of strength (Ref. 37) with a coefficient of variation 
of 25%. (This coefficient of variation was the measured "within-stick" 
value). The large effects of the type shown in Table 5 appear to be 
neglected in all timber codes. 

Another similar omission in timber codes is the "weakest link" 
effect for members connected in series sequence such as those of a truss. 
To account for the fact that the load capacity of such a structure is governed 
by its weakest member, a modification factor, to be denoted by ~ , should 
be applied to the specified design working stresses. For an assumed 
Weibull distribution of strength this factor for a structure containing N 
members is approximately 

. (6) 

where VR is the coefficient of variation of material strength, For an 
11 membe r truss with VR = 15%, this modification factor is 0.7. This is 
a large factor and even if the strength distribution of truss members do 
not follow the Weibull distribution, the complete neglect of the weakest 
link effect would appear to be a dangerous practice. 

One type of modification factor related to variability that is 
specified in most timber codes is the load-sharing factor that arises in 
parallel structural systems. In these systems the weaker members have 
the opportunity to shed some of their load on to the stronger ones. An 
example of such a system is a beam grid. With the aid of a computer, 
the load-deformation characteristics of a beam grid can be determined from 
the characteristics of single beams. Table 6 gives some load-sharing 
factors computed in this way for a grid system with five main beams. 
The values for dry slash pine and green Douglas fir are based on data from 
Ref. 31 and Ref. 11 respectively. The parameter S=O.l chosen for the 
case of finite stiffness corresponds to the type of grid for which timber 
codes provide a load-sharing factor. The case of infinite stiffness 
corresponds essentially to a nailed veritcally laminated beam. It is to 



TABLE 5 

EFFECT OF METHOD OF LOADING ON 
BENDING STRENGTH 

Average Modulus of Rupture for 
Dry Pi t:h-in Slash Pine 

Method of Actual Relative Value Loading Measured 
Value, 
p.s.i. Measured Predicted 

Concentrated load 8900 1.00 1.00 
at centre 

Concentriated load 7430 0.84 0.81 
at third points 

Equal end moments - - 0.69 

10 



Stiffness of 

TABLE 6 

LOAD SHARING FACTORS FOR 5-BEAM 
GRID SYSTEM 

Load Sharing Factor for Design Strengths 
Based on 5-percentile Values 

11 

Transverse Single Point Load at Uniformly Distributed 
Members Centre of Central Beam* Load 

Dry Green Dry Green 
Slash Douglas Slash Douglas 
Pine Fir** Pine Fir** 

Zero stiffness 1.00 1.00 0.84 0.82 

Finite stiffness ** 1.05 1.37 0.93 1.15 
(a=O .1) 

Infinite stiffness 1.24 2.40 1.21 2.40 

*Load-sharing factor for point loads is additional to the load 
reduction factor that would be applied for the lateral 
distribution properties of grid systems with beams of a 
homogeneous material. 

**Factors cited for this case are derived by approximate computation. 



be noted that contrary to the predictions of the averaging model once 
proposed by A.S.T.M. (Ref. 8), the green Douglas fir with the smaller 
coefficient of variation of 30% exhibits a larger load-sharing effect than 
the dry slash pine with a coefficient of variation of 41%. This is due to 
the more "ductile" load-deformation characteristics of the green Douglas fir 
as shown in Fig. 2. "Ductile" load-deformation curves and the 

12 

consequent good load-sharing characteristics have also been measured on 
green messmate stringybark (Eucalyptus obliqua), a common Victorian hardwood. 
These results indicate that timber codes should take into account the 
timber species and/or moisture content in specifying modification factors 
for load-sharing effects. 

3. BUCKLING STRENGTH 

3.1 Columns 

A dilemma arises in writing code recommendations for slender structures 
due to the fact that although many factors are known to affect buckling 
strength, the lack of relevant data on real structures discourages the 
decision to fonnulate comprehensive specifications. Even for the simplest 
slender structural element, the column of rectangular section, there is 
little agreement between codes. This is illustrated in Fig. 3 which 
shows the buckling strength for rectangular columns of a typical structural 
timber as specified by codes from the U.S.A. (Ref, 9), U.S.S.R. (Ref. 10), 
U.K. (Ref. 12), Canada (Ref. 2) and the Australian Timber Engineering 
Design Handbook (Ref. 26) denoted by "T.E.D.H." in the figure. 

For the Australian code AS CA65, a decision was made to use a 
sophisticated format that would be in line with the increasing sophistication 
of techniques employed for structural analysis. Thus the effect of 
slenderness on the load capacity of a column is taken to depend on its 
initial moisture content, straightness and E/F 1 value, and also on the 
ratio of live load to dead load. The specifiea safe design stresses were 
derived through a rational formulation (Ref. 20) and therefore should lead 
to reasonable recommendations for the relative strengths of different columns. 

As an example of the effectiveness of the AS CA65 formula in providing 
an appropriate allowance for relative strengths, Fig. 4 shows the predicted 
effect of duration of load on the strength of initially green, Select grade, 
alpine ash (Eucalyptus delegatensis) rectangular columns with slenderness 
coefficients of L/B=20 to L/B=50. This predicted effect is seen to be in 
reasonable agreement with the experimental data obtained by Pearson (Ref, 27) 
from columns of 2 in. x l½ in. section which were allowed to dry during the 
test. For comparison, Fig. 4 also shows the allowance for duration of 
load as recommended by the codes of U.S.A. (Ref. 9) and U.S.S.R. (Ref. 10). 

3.2 General Structures 

Except for the cases of rectangular beams and columns subjected to 
simple loading and lateral restraint conditions, there is little guidance 
given in timber codes for the effects of slenderness on strength. 
Difficulty in the formulation of recommendations arises primarily from the 
vast range and complexity of structures that can fail through buckling. 

The basic concept of buckling on which the specifications of AS CA65 
are based is illustrated in Fig. 5. The effect of slenderness on strength 
R is stated in terms of a stability factor X defined by 
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X = R/R 
0 

• 0 (7) 

where R is the strength of the structure if it were completely 
restrainid against buckling. The stability factor is specified in terms 
of a slend.erness aoeffiaient Q which is a function of the structural 
dimensions only, such that the Euler buckling load RE can be written 

R = H/Q 2 

E 
(8) 

where H depends on the elastic properties of the structural material, the 
support conditions and the method of loading. 

The Q-x curve of a real structural member is asymptotic to the 
line x=l.O and to the curve for the Euler load given by Equation (8) . 
Its path is influenced by structural crookedness, residual stresses, creep, 
failure criterion, buckling mode and the reduction in modulus of elasticity 
at high levels of stress. 

In order to simplify the format for design recommendations, the 
slenderness coefficient Q in AS CA65 is defined by 

• • • • . . . • . • (9) 

for columns and 

• • • • • . .. . .. . (10) 

for beams, where E is the modulus of elasticity, FE is the nominal 
stress at the Euler load and Fb and Fe are the permissible working 
stresses in bending and compression for stable members. In this way the 
slenderness coefficient of rectangular columns becomes L/B and the same 
Q-x curve is obtained for the Euler load of all beams and columns. The 
stability factor to be used for design is then given by 

x=l.O, 

x=lO/pQ, 

x=200/(pQ) 2 , 

pQ<lO 

lO<pQ<20 

pQ>20 (11) 

where p is a tabulated material factor. Equations (11) were chosen as 
the simplest ones possible that provide a reasonable approximation to the 
theoretically computed Q-x curve. The specified code values of p are 
based on data for column tests only (Ref. 25 and 32) but may be modified 
at a future date should information on other structural forms become 
available. 

In this manner the Australian code AS CA65 manages with a simple 
format to provide design reconnnendations for a great variety of slender 
structures. These include recommendations for beams supported along the 
tension edge only, slender arches and portal frames. 
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4. FRACTURE MECHANICS 

4.1 Basic Concepts 

During the past decade, an area of structural theory termed 
"linear elastic fracture mechanics" has been developed to cope with 

18 

certain design aspects of structures made from high strength steels. This 
theory provides a useful criterion for failure at the root of sharp notches. 

An elastic analysis of sharp notches (Ref. 18) leads to the 
result that in general there are two stress singularity fields in the 
vicinity of a notch root. At this location a stress component oij 
the form 

has 

• (12) 

where r and 0 are polar c~ordinates with respect to the notch root; 
s and q are constants in the range 0.5 ~ s ~ q ~ o which depend on the 
material elastic properties and notch angle; and KA and ~ are constants 
that depend on the material elastic properties, the member geometry and 
the loading. For the particular case of a notch in wood the stress intensity 
factors KA and ~ are defined in terms of the stresses shown in Fig. 6 by 

(13a) 

for the primary stress singularity field and 

(13b) 

for the secondary stress singularity field. 

Equat~ons (13) imply that there are infinite stresses at a notch 
root. This cannot be strictly true, but provided the breakdown in elastic 
theory occurs only in the inunediate vicinity of the notch root, then the 
elastic stresses on a boundary circtunscribing this neighbourhood are in accord 
with equation (12). Under these conditions the stress intensity factors 
KA and KB completely define the stresses in the vicinity of the notch root. 
Consequently a criterion for failure at the notch root can be specified in 
the form · 

• • • • • ( 14) 

where KAC and KBC, the aritiaal stress intensity factors, and the inter­
action equation (lqJ are determined by direct measurement. This criterion 
of failure is particularly useful when the structural detail of a notch root 
is unknown and can only be specified in terms of its method of fabrication. 

4.2 Glued Lap-joints 

A glued lap-joint in tension fails at the right angle notch such 
as the corner B indicated in Fig. 7. For this type of notch the effect 
of the secondary stress field is negligible and the failure criterion for 
fracture can be taken to be 

• . . • . • . . • • • . ( 15) 
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The comparison between theory and experiment shown in Fig. 7 is taken from 
a previous paper (Ref. 36) in which the measured value of KAC was found 
to be 0.24 f lb.in. units. It indicates that in addition to the fracture 

V 
criterion of failure it is also necessary to satisfy the usual limit stress 
criterion. For this case the limit stress criterion is taken to be 

21 

. . (16) 

where lAB is the nominal shear stress along the glue line AB and f 
is the shear block strength. It is of interest to note that the v 
strengths of glued lap-joints of practical dimensions are not proportional 
to the area of the glue line. 

4.3 Effect of Size on Notch-Strength 

An important prediction of fracture mechanics is that provided 
member sizes are large enough, then the nominal stress at failure of notched 
structural members is inversely propdrtional to ~s. where ~ is a 
characteristic length that defines the size of a member (Ref. 16). An 
example of this fracture characteristic is given in Fig. 8 which shows the 
measured nominal modulus of rupture at the notch root of geometrically 
similar, notched, dry, messmate stringybark (Euaalyptua ob 7-iqua.) beams of 
different size. (In terms of the notation and dimensions in Fig. 8, the 
nominal modulus of rupture at the notch root is 23P /BD). The slope 
of the log-log plot for the experimental data is 0.4i~s compared with the 
value of 0.45 predicted for wood (Ref. 16). 

This large effect of size on strength is not considered by any 
timber codes except AS CA65. 

4.4 Butt-joints in Laminated Timber 

A serious obstacle to the use of fracture mechanics as a design 
concept is the difficulty, even with the aid of a computer, of calculating 
stress intensity factors. However for the special case of a notch that 
is a sharp crack there are available solutions for many cases (Ref. 25, 33 
and 34). One useful application of these solutions is to predict the 
strength of "butt-joints" in glue-laminated timber. These butt-joints are 
gaps between board ends and thus simulate cracks of length t; where t 
is the lamination thickness. 

In the case of a sharp crack, s = q = 0.5 and the notation 
K

1 
and K

11 
will be used to denote the symmetrical and antisymmetrical 

stress intensity factors respectively. If the glulam is subjected to a 
uniform tension stress o along the grain, then 

0 

~ = 1. 250 /t , KII = 0 
0 

• • • . . • . . • (17) 

and if it is subjected to a uniform shear l o' then 

~ = o, 
~I = 1.25 l ./t 

0 
• • . • . . . . • (18) 
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The stress intensity factors for more complicated situations can be obtained 
from various sources cited previously. 

Fig. 9, 10 and 11 give a summary of measurements by the author of 
critical stress intensity factors in glulam and of the interaction between 
KIC and KIIC' Each plotted point represents the average for one species 
and glue com61nation that had at least 80% wood failure in the vicinity of 
butt joints after fracture. As shown in Fig. 9 and 10, the design 
recommendations of AS CA65 are based on the relationship between shear 
strength and fracture strength for sharp notches cut in wood with a carbide 
tipped saw. This probably represents the weakest type of notch for low 
density species. However, as there is such a poor correlation between 
shear block strength and butt-joint fracture strength for medium and high 
density species, it is usually preferable to obtain the fracture toughness 
of butt-joints by direct measurement on fabricated glulam. 

Tests on str~ctural size beams and tension members have shown that 
the fracture mechanics concept of strength is very effective in predicting 
the onset of fracture. This normally occurs just before total failure. 
One particularly useful feature in applying the fracture mechanics concept 
is that it permits a much closer spacing of butt-joints than is normally 
reconunended by timber engineering codes. From an analysis of computed 
stress intensity factors, Walsh (Ref. 35) has found that the effect on the 
strength of a particular butt-joint by a neighbouring butt-joint is less than 
5% provided that it is separated by at least two laminations if it occurs 
in the same cross-section or by a distance 4t if it occurs in an adjacent 
lamination. These theoretical recommendations were checked by tests on 
12 tension members of laminated radiata pine (Pinus radiata). The 
disposition of the butt-joints in these test members is shown in Fig. 12. 
From the value ~C = 5000 p.s.i. /in. measured in a previous test (Ref. 15), 
a modification factor ~=0.77 according to equation (6) and the 
appropriate stress intensity factors (Ref. 35) the predicted nominal 
fracture stress is found to be a = 2840 p.s.i. In the tests fracture nom 
occurred at an average stress 
a = 2970 p.s.i. norn 

a = 2770 p.s.i. and the ultimate load at nom 

Some laminated timber fabricators in Australia are currently 
manufacturing beams with butt-joints. The use of butt-joints saves the 
cost of acquiring expensive finger-jointing equipment and the delays 
associated with scarf jointing. For typical structural applications, butt­
jointed laminae in beams have only a third the nominal tension stress 
capacity of continuous laminae. However because deflections usually govern 
beam design and because butt-joints have little effect on compression 
strength, it is normally possible to place butt-joints in the top two­
thirds of a beam without affecting the beam size. 

5. CONCLUDING REMARKS 

Several examples have been given on the use of sophisticated 
concepts for the preparation of a timber structural code. These concepts 
may be useful for unifying traditional design practice as with structural 
reliability aspects; for indicating where extrapolation of test data may 
be dangerous as with the strength of notched beams; and for providing an 
accurate model of structural behaviour as with the strength of butt-joints 
in glulam. However a sophisticated concept is almost invariably a 
complex concept and may be of no practical value unless it can be applied 
within a simple design format. An example of this difficulty was 
discussed in the section on buckling strength. 
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In addition to the concepts discussed in this paper, there are many 
other sophisticated contemporary concepts of structural theory that could be 
profitably employed in the preparation of timber codes. These include the 
non linear (Ref. 30) and ultimate strength analysis of complete structures, 
the concept of loads as stochastic processes (Ref. 28) and the use of 
realistic fire characteristics (Ref. 3) in combination with reliability 
concepts (Ref. 21) to provide design procedures for fire loadings. It is 
hoped that in the future some of these matters will be investigated. 
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8. NOMENCLATURE AND DEFINITIONS 

B = least dimension of a rectangular column. 

C = cost of design decision. 

CF = cost of failure relative to cost of structure. 

E 

fb,f ,f 
C V 

= 

= 

= 

modulus of elasticity. 

bending, compression and shear strengths 
respectively of small clear specimens. 

design working stress in bending. 

design and basic working stress in compression. 

FE • nominal stress at Euler load. 

= 

= 

= 

= 

n = 

n = 
0 

PF = 

p = 

q = 

Q = 

complementary distribution function. 

grade factor= ratio of strength in bending of 
structural timber to that of small clear specimens. 

stress intensity factors for primary and secondary 
stress singularity fields. 

symmetrical and antisymmetrical stress intensity 
factors for sharp crack. 

critical values of KA' KB, K1 , K11 • 

length of column. 

R/s 

optimum value of n. 

probability of failure. 

proof load. 

strength of singularity as defined 

slenderness coefficient defined by 
and (10). 

by equation (12). 

equations (9) 

r = polar coordinate. 

R 

R, R*, 1¾z, RO.OS = 

= 

strength or stiffness. 

mean, design, characteristic and 5-percentile 
value of R. 

Euler load. 
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R 
0 

= strength of structure if it is completely 
restrained against buckling. 

s 

s 

t 

= strength of singularity as defined in 
equation (12). 

= load or load action. 

= mean, design, characteristic and 95-percentile 
value of S. 

= thickness of lamina in a glue-laminated timber 
member. 

coefficients of variation of R and S. 

a = parameter relating structural cost to strength. 

8 = (l/NT)(EBIB/ETIT)(LT/LB) 3 a stiffness parameter 

for beam grids where EBIB and ETIT are the 

stiffness of the main and transverse beams; 

LB and LT are the span and spacing respectively 

of the main beams; NT is the total number of 

transverse beams. 

ym = material coefficient defined by equation (3). 

0 = polar coordinate. 

A = proof load factor defined by equation (4). 

A = optimum value of A. 
0 

p = 

= 

a tabulated material factor for computing buckling 
strength, see equation (11). 

a ,a ,a 
X y xy 

components of stress. 

a nom 

X 

= 

nominal stress as indicated in Fig. 7 and 12. 

stability factor defined by equation (7). 

modification factor for the "weakest link" effect. 
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Limit State Design. 

The current debate on the relative virtues of limit state 
design and the traditional design principle is often confused 
by bringing into the debate such question.s as, for .example, 
an alteration of the safety syst~m, the introduction of statisti­
cal methods, etc. 

Limit state design is only new in that it entails the acceptance 
of other states than those traditionally applied (ie. that the 

stresses at a given point or the deformations exceed a specified 
value) as limiting the usability of a structure. 

Thus, for example, limit state design permits the use of the 
theories of plasticity or rupture, whereas the traditional methods 
are based on the theory of elasticity. 

At the present time, it is doubtful whether any engineers would 

find it justifiable to use anything but the theory of elasticity 
for the wooden parts of a structure. The higher qualities of 
wood do, admittedly, possess certain plastic properties in com­

pression and bending, but the "yielding" is not, as in the case 
of steel, a benignant phenomenon, but results in unacceptable 
destructure of the wood. For the poorer qualities, in ~hich 

rupture usually occurs near !mots or other defects, it is doubtful 
whether there are any plastic phenomena at all. 

Composite structures, e.g. roof trusses, with mechanical fasteners 
(nails, bolts, nailplates etc.), on the other hand, often have 
good plastic properties, and there are considerable advantages 

to be gained in this case by accepting as the limit state the 

collapse of the total structure rather than rupture of a single 

component. 

Whichever the method adopted, the loads and material strengths 

must be specified in such a way that the limit state is not reached 
in practice, or - if this is unavoidable - that the risk of the 

.--------
3tructural Research Laboratory 
Technical University of Denmark. 
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limit state being reached is a small, ac ceptable quantity. 

Statisticians dream of being able to calculate this risk, and 
their dream has, or may one day, be ::: ome reality in a few fields. 

But for normal building structures - and especially for those 

of wood - it is inconceivable that we ~hall ever be able to pro­
cure all the necessary data on the variations in the loads and 

the material strengths. This does not mean, of course, that 
statistics should not be used to the extent possible, i.e. for 
the purpose of specifying, at a uniform level, the loads (corre­
sponding to a specific probability of occurrence) and the material 

parameters (corresponding to a specific exclusion limit). 

Before use, the characteristic loads thus statistically determined 

are multiplied by a factor (partial coefficient) yF ~ 1, and the 
characteristic material parameters are reduced by division by a 
parti al coefficient y ? 1. There will frequently be different 

m L LL 
va lues of Yp for the dead load y~ and the live load yF, and 

vlf' may vary for different types of loading. 

By distributing the safety over the load and the materials, great 
freedom is achieved because a given structure will reach the limit 

state at the same characteristic load, whether we use 

a, DL b, LL 
C Ym = Yp = Yp = 

or 

k•a, DL b LL C 
Ym = Yp k' Yp ; ic 

where k is a constant. 

DL LL Thus, if we choose yF = yF = yF' we need not complicate matte~s 
unnecessarily by splitting the safety between the loads and the 
materials - we can just as well use a single safety factor 

yF • y on the materials alone (or the loads alone). Only if 
m DL LL 

we make Yp t Yp will the partial coefficient system have any 
purpose._ 

With regard to the choice of partial coefficient, it must be bor~e 

in mind that the dead load acts favourably in some cases and 
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unfavourably in others. Tl1erefore, in order not to complicate 
DL the calculations ur.necessarily, we should choose Yp = 1.0. 

Conclusions. 

The intrc::i"Jction of limit state design merely :neans the introduc~ 
tion of additional - possibly less stringent - criteria than 
ti10se at present applying to the design of structures. 

The set of partial 
proposed in (1) is 
(1.3 • 1.3) on the 

( DL LL coefficients Ym = 1.3, VF Vp 1.3) 
the same as using a single safety factor 
strength parameters only. The proposed 

change therefore represents an unreasonable complication. 

The system of partial coefficient for concrete given in [1], 

1.4, v;L = 1.6) should be changed to vm = DL 
(ym 1.3, VF = 

DL 1.3 1.4, VF = 
same result and, 
calculations. 

LL 6 1.0. vF = 1. /1.4, which gives precisely the 
in some cases, considerably facilitates the 

(1) BLCP/17/2 - WORKING STRESSES REPORT 71/12202. 
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IN THE NEW NORWEGIAN DESIGN CODE FOR TIMBER STRUCTURES 

Odd Brynilclsen, The Norwegian Institute of Wood Working and 
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i. 

2. 

Background 

The Norwegian Standards for Design of Structures have all been 

revised lately. The Standards for Structures of Steel, Concrete, 

Aluminium and Timber are now being printed and will be published 

before summer. The four Design Standards have been coordinated 

in cqntent and layout and they are all based on the common Load 

Standard, NS 3052 "Calculation of loading"'. They are also based on 

the limit state methods of design. 

NS 3052 "Calculation of loading" 

This standard contains the load factors which of course are the same 

for all structural materials. 

See Appendix i. 

The loads given in the general Building Code, in NS 3052 or elsewhere, 

should in principle be the characteristic loads. Because of lack of 

data the characteristic loads have not been defined, and the given loads 

are nominal loads which for the time being are used as characteristic 

loads. 

The design load is the characteristic (nominal) load multiplied by the 

load factors given in NS 3052 for two limit states. 

3. Material factors 

The material factors may be different for the different materials. 
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For timber four partial factors are introduced: 

Y 1 = Factor for grading 

1. 0 when timber is quality marked and the grading is 

supervised _by an officially reckognized quality control 

system. 

For L marked gluelam. 

For connectors and joints. 

1. 1 For normally graded timber. 

Y z = Factor for workmanship 

1. 0 for structures made at a factory where production is supervised 

by an officially reckognized production control system. 

1. 1 Other structures. 

Y 3 = Factor for calculation. 

1. 0 Complete control of all calculations and designs by another 

person. 

1. 05 Control of main forces and main dimensions, self control 

1. 1 No control (Not permitted when collapse may lead:to danger 
to life} 

Y 4 = Factor for consecuence of rupture 

1. 0 Structures when rupture will lead to small consequences 
for economy or insignifi<;ant danger to people. 

1. 05 Structures for small houses . 

1. 10 Structures where rupture may lead to largt• consequences 
for economy or to possible danger to people. 

(Where danger to people is present, the structure must be 
systematically supervised and maintained}. 
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The material factor Ym is 

Y m = Yi · Y 2 · y 3 · y 4 

Normally the material factor shall not be less than i.4/yf 

Where yf is the effective load factor: 

Characteristic Strength 

The characteristic strength values for timber are determined 

on a 7 5o/'o confidence level as the 5o/'o lower exclusion limit. 

(Short term loading, ½ - 6 min.) 

Full scale tests on timber graded visually to the stress groups 

T40, T30 and T20 has given the characteristic bending strength 

_values 41, 5 - 30, 2 - 22, 8 N/mm2 respectively. 

If the long term reduction factor is 0, 6 the characteristic bending 

strength would be 24, 8 - 18, 2 - 13, 7 N/mm2. 

In the design code these values_ have been given to 26. 0 - 20. 0 -

14. 0 N/mm 2 , which are slightly higher than the derived values. 

This had to be done in order to obtain that normal average structures 

designed according to the new and the old code should be as equal 

as possible. 

The design stress is the characteristic strength divided by the 

material factor. 
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8.1 

LOAD FACTORS 

Method of design 

Appendix 1 

from NS 3052 

In paragraph 8 it is assumed that dimensioning of 
structure is made by a calculative control of two 
limit states, to be indicated below as service 
limit state and ultimate limit state. The relevant 
rules indicate to what extent and in what way those 
two states must be controlled. 

8.2 Load factors 

Insecurity concerning loading should be indicated 
by the loads being multiplied by the load factors 
as stated in subd. 8.3 or 8.4. 

In principle the load factors should take care of: 

a Abnormal or not anticipated loads, of which 
no account has been taken. 

b Reduced probability that several possible loads 
all have their full value at the same time. 

Insecurity of material strength, execution, etc. 
is taken care of in the relevant rules for the 
calculation of structure by special factors or in 
some other way. 



8.3 Loads and load factors 

If the loads are not fixed more accurately, they 
may be given with the values of this standard, 
the Building Regulations or other official regu­
lations. 

For housing structures or other structures with 
a predominantly dead load the loads are to be 
multiplied by the load factors indicated below. 

Table 6a Load factors for the ultimate limit state 

Load factor for 
Loading 

G N V J E 

0 1,2 1,6 1,1 1,4 -
G + E 1,2 - - - 1,5 

~•:o + E 0,96 1,28 0,88 1,12 1,2 

Table 6b Load factors for the service limit state 

Load factor for 
Loading 

G N V J E 

0 1,0 1,0 1,0 1,0 -
G + E 1,0 - - - 1,0 

~':o + E 0,8 0,8 0,8 0, 8 0,8 

The following symbols are used in Tables 6a and 6b: 

G for structure loads 

N for imposed loads, snow loads and other ordinary 
loads not specified in the Tables. 

V for water pressure 

J for earth pressure 

0 for ordinary loads 

E for extraordinary loads. 

~•q'he load factors in the last line in thest two tables 
are the result of the four first columns of the first 
line and the last column of the second line being 
multiplied by 0,8. 



When two or more extraordinary and mutually in­
dependent loads appear at the same time, the 
load factor for the load having the greatest effect 
should be calculated as having the value indicated 
by Tables 6a and 6b. Load factors for the rest 
of the extraordinary loads may be reduced by 30%. 

The dimensioning should be based on the most 
unfavourable alternative according to the Tables. 

For structure loads and other loads certain to 
appear the load factor in Table 6a should be 
1,0 if in this way more unfavourable results are 
obtained than the values given in the Tables. 

The same factor may be used for each of these types 
of load for an entire structural member so as to avoid 
e.g. different structure load factors for the various 
parts of one single beam. 
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SWEDISH CODE REVISlON CONCERNING TIMBIB ~TRUCTURE8 

G ~ n e r a 1 

The use oi tircber for structur1:1.l purposes in Sweden is at preeer.t 

submi tteci to Svensk BJggnorm ( SBN 67) /1/. T~1is code of .standards 

partJ.y contain~ regulations compulsory for the builder as well as 

for the local building authorities, in parts recommendations not 

compulsory for· the ouilder but accepted by the local authorities, 

SBN 67 is issued by the central building authority, Statens Pls.nvel'k 

(SI') - ThP, N"l.tional Board of Urban Planning. 1''or structures in steel 

~ria concrete, however not for tim~er structvre3, there a~e elso specific 

caries in coordination with SBN. GP is respon!3:i.ble for the principal 

building :::eg'.1lations, some of which, for example the Loading Code, are 

included in SBN. For revisal of these principal regulations SP hav~ 

appointed a "Safety Group", here called the S-g1·oup. This group is 

supr,osed to present a d.raft for a general structural code fo:r supporti.ng 

structures in May 1973. To this code will be added later on application 

rules ( codes of practice) for ti111ber, steel and concrete structures etc., 

so called Technology Codes. 

An important part of the charge of th~ S-grou, has been to decide 

between different principles for the verification of the safety of 

structures. Further, the S-group ~s supposed to act as a reference 

group for Sweden in the intern at ion al worl;. on matters concerning the 

safety of structures. Several of the group members are actively involved 

in the work within NKB (Nordic Building Regulations Committee). NKB has 

several subcommittees, also for the loading code and for the safety of 

structures. 'rhe NKB-subconimi ttee for timber structures has presented 

up to now twelve drafts for sta.t\de.~ds on different subjects /2/. 
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lt should perhap..;; be mentioned that at p:ccsent SBN 67 is t>ej ng 

revised. The differences in the chapter concerning tim~er structures, 

however, are limited and not affected by the vork of the S-group. 

P r 1 n c 1 p 1 e s f o r t h e v e r 1 f 1 c a t 1 o n o f 

s a f e t y o f s t r u c t u r e s 

The conc~ption of l;_mi t load originally referred to the ultimate J.oa 1l 

and the "limi~ load method" dealt with calculating of ultimuLe strcngLlt 

and was especially referred to for structures w~ich c0ul6 yield plastic~~} ; . 

The limii, st'.l.tc method, ho,-1ev~r, is nO\: used in the general sense of' 

fl. design in which the fitness of th-= structu~-e.s is verified at dii'fe:rL~,,t 

load. levels, 1. e. for different limit stat2s. 

,T'.tdging from the proposals by ISO /3/, NKB, and var10us natious, chc 

unity is considerable therein that the structures should be merited 

fromout their serviceability 1 i..mit state, as vell as from the ultimate 

limit stRi-e. However, what is discuss'=d are the performance requircrr:c!'ll: 

defining the limit states and me-c.hods of verifyj ng that the s t.ructures 

;meet witr.. these requirements. The methods subject to cumparison P..rc: 

1) The methcd. of permissible stresses (traditional in most ~ountrie s ) 

2) The method with partial coefficients 

3) Methods of probability. Ey these the requirement can be theore­
tically defined '9y one permitted maximum p:>:"oba.l)ility of the struc',;_:r,~ 
becomir,g unfit for service condi t::.ons an:i another maximum prcbabJ li '~~, 
of i-i:.s passing the r'.lpture limit. 

The difference between the method 2 and 1 ia m~i~ly that accordinG tc 

method 2 the safeiy coefficient is divided into partial coefficients 

on the load- a~d the resistance sides. 

One essential feature of the partial coefficient method is that 

different coefficients are b~ing used for different types of loads. 

Sometimes the coefficients are denoted partial coefficients only 

on the load side.) 

At times method 1 as well ·as methcd 2 are called semi-probabilistic, or 

statistic. This, though, is hardly correct, and certainly not ju~;t, i fi c·d 
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merel:,· because of characteristical values are being used to express 

load and re1::,istance. Characteristic :t'or a probabilistic (statistic) 

method should be an ambition to quantify the risk of exceedin6 the 

:i..irni t states, 1:1.t least by us:rng an approximative subs-ci tute measure. 

Within certain limits for load combinations and variations uf load 

and resistance it is possible to bdapt the partial coefficients of 

method 2 for a certain probability of failure. The probabilirtic 

method will be more correct, especia:!.ly wh~I". severaJ varia~les are 

involved. In this method th~ variables w~ll h~ve to be express~d 

":Jy?. or 3 parameters, whereas unly one cha!'acteristical parameter is 

used in methud 1 and 2. 

ISO have distinguished betwe~n the limit state design method ana 

th~ method of permissible stresses. This is really an irrelevant 

:reference to the difference between the theory of elasticity and 

the theory of plasticity. 

The Swedish S-group has accepten the partial coefficient method or. 

account of on~ impo~tant advant~ge: The method has been eccepted in 

Denmark a.nd Norway and. seems to be the method on which inte1national 

(E\.l.ropeo.n)· agr~ement can be reached. 

However, the group intends to present a probabilistic method as 

well. 

T h e p a r t i a 1 c o e f f i c i e n t m e t h o d 

The verification that the stress (S) does not exceed the resistance (R) 

can be expressed by 

S(t F1 F 1, t F2 F2' .... ) ~ R( )( M1 Ml' •••• ,L1 ,L2, •..• ) ( 1) 

S is the function which transforms the load values (F) to the load 

effect. R is the function which transforms the strength (M) and the 

geometric parameters (L) into that resistance which is defined by the 

limit state in question. Naturally, Sand R should be thus. defined, 

that stress and resistance are of the same kind (e.g. moment in a certain 

cross-section of a beam). For some cases (1) has to be generalized. 
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One example is the fairly frequentl;;· used interaction formula 

(2) 

The cha.racteri stical F-vah:es 1:1.re found in the loaning code. Also 

the partial coeffj cients for load (~F) are g1 ven in this cocie. 'l'he 

oth':!r qua11ti ties, including the functionci S anJ R ar•~ sti pultd:.cd 

:i.n the respective "technology codes" (e.g. the codes of practice for 

timber structures). If M denotes moment, the characteristical value 

will, of course, depend on variati0ns in material strength and varia­

tions of section rnodulus. l'M can be made dependent on the extent of 

quality control an1 inspection at the "building site. The value of;/ 

will further be dE.pendent on the definition of the characteristjeal 

value. At present 5-per cent fl'.·actiles f::>r resistance and 9'.;>-per ~cnt 

fractiles for loads have been suggested. 

Table 1 ~s a way of presenting partial ~0efficients for loads. 

Table 1 Examrle of partial co~fficients for loads (){F) 
(P~oposal by Ostl~nd, Sweiish S-group) 

Loacl 
combination 

I 

II 

III 

Type Requireu S- value 
of load 2 3 4 

Dead l,O 
" (favour. ) ( 1 , 0) 

Live 

Climate 

Dead 
" (favoar.) 

Live 

Climate 

Dead 
11 (favou--r.) 

Live 

Climate 

1 ,O 

1 ,o 

., ,., 
- '£.. 

( 0 ,9) 

1 , 3 

1,0 

1 , 1 
(0,9) 

1 , 1 

~ ,o 

1 , 3 
( O ,9) 

1 , 5 

1,0 

1 ,2 
(0,9) 

1 , 3 

1 ,0 

1 ,o 
( O ,9) 

1 ,o 
1 ,0 

5 

1 14 
(0,9) 

1 ,, 

1 , 0 

1 ,3 
(0,9) 

1 , 5 

1 ,o 

1 , 1 
(0,9) 

1 , 1 

. 1 ,o 
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A column with still lower values than tho'e in column 2 has b2en 

discussed for t~1e serviceability state, however, this would imply 

partial coefficients lower than with a value below 1 , which mibht 

be inconvenient. 

P r o b a b i 1 i t y m e t h o d s 

In the lone; run the aim with a design method should be to attain 

UI1iform reliability values for different s~ructures. This, rowev~r, 

is not practically obtainable ~y the partial coefficient method. 

Thus, within the S-group, as well as ••ritbin NKB, diffenmt statistic-al 

safety systems have been discussed. The possibil~ty of introaucing 

such a system in a general structural code has been dealt witli, ~s 

well as the possibility of using it for determination of the coefficients 

!'or the partial coefficieP..t method. The base for this discussj on has 

been the probability concepts by Allin Cornell /3/, and variants pr~sented 

by Fostnblueth, Esteva, and Dietlevscn /4/. These systems have in commt,n 

the introduction of a measure of reliability,~, substituting the re~l 

pr~bability of failure. 

A nocinaJ. tradi tionaJ safety factor as the quotient of strength and 
< 

load on defined exclusion levels may be maintained. However, a central 

factor equal to the quotient of the mean values might be preferable. 

e = R/s ( 3) 

Cornell, e.ssuming normal distribution of the strength (R) and of the 

load (S), arrives at the following relation of 0 to hiR measure of 

safety O= 1/VR-S : 
/,--2--2--2-2_ 2_ 

1 + a \· V R + V S .... a V R V S 
e = ----------- Pi) 

, - rl v! 
V denotes the coefficient of variation. According to Cornell the level 

of e should primarily be adapted to established structural practi~e. 

In that case the method will principally be applied for calculating the 

relative effect on the reliability of different design conditions. One 

of the disadvantages of the Cornell expressions is that 0 ~ ~ when 

~2v~ = 1 which occurs, for instance, at 8 = 4 and VR = 0.25. Instead 

of expressing the probability of failure as P(R-S~ 0), one can choose 

P(R/S~ 1) = P(lnR - lnS~ 0) = P (Z~ 0) (5) 
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By ~.ntroduc:1ng the approximation 

Z·~ lnH - lnS = lnR/S = :n~ 

and the variance 

(6) 

2 2 2 2 2 (7) 
o = o +o ,;;J, VR + VS 

Z lnR lnS 

Esteva arrivt:.s at a 13 which 1s analogical with Cc:-;.iell's 8 = 1/VR-S' 

V 2 
s 

(8) 

For a stipulated reliability ~ (. cl ,table 1) the central safety fectoJ.· 

then is 

e = R/S = exp($ J v~ + v~ ) = exp av (9) 

Should one prefer characteristical values Rk resp. Sk, defined by 

lnRk = luR - kRVR resp. 

the nominal safety factor should be 

~ ) 
R /s e e exp(-k V - kV)= exp(AV - kRVR - kV kk= = RR SS ,.. SS 

(io) 

By using the equations (1), (8) at least in simple cases, it is 

possible to calculate the partial co~fficients (~) expressed in terms 

of V 8 and VR /5/. A result is shown in Fig. 1. The real probability 

of rupture, ca.lculated for different types of distribution F8 and FR, 

normal, log-nor!llal, extreme I and II, has alf;O been cozr..pared with 

Estevs's measure of reliability. 

lne 
PE= 460 exp(-4,3 V) 

Stockholm in March 1973, 

Bengt Noren 

(11) 
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for timbet· structure;:;). NKB-Bkrift nr 7. May 1967 and 
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Sept, Oct, Nov and December 1969 
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~ERiViS OF RZFERENCE 

- . . h :·cco::-.r:1enc. W:let; er 

were asked to exa~ine the feasibili~y of applying 

li~it sta~e desi~n to tinber str~ct~rcs an~ to 
this approach should be adopted. ir. -c·:'le c·..:..:-::.:-.::. t; 

~cvision of CP 112. 

2 CO~l.POSITION OF SUB-CO:Mr1ITTEE 

Mr JG Sunley (Chairman) 
· Dr L G Booth 

:_ .·Dr W Chan 
· Mr W T C\lrry·· ... / ·.: ·.: ·.-. : :· _:·. : 

~r. G · D ·Grainger · {~·o-opt.e~). 
Mr M Macdonell: :·. 
Mr P J Steer 

.... · . 

';':-.e sub-com.-nittee held five meetings _between February ar..c.. ;.u5~st 

1971. The minutes. of these meetings were submitted to the ~ai~ 

B:CP/17 Committee. 

3 RECOMMENDATIONS 

~~~er considering the advantages, disadvantages and i~plica~io~s, 
vhe ·sub~committee recommends that the revised Code of Practice s~o~lc.. 
be based on limit state philosophy. 

;~1 v:-.ough the sub-committee ha~ look~d into the im:9lications o~ 

zvate design if applied to all sections of'the Code, the ox~c~ 

o~ how it should be applie~ should be determined by the panc:s 
~ppointed t~ draft these sections. 

4 BACKGROUND 

a Conventional Design _Methods 

' .... ,,..""-...._ ................ u 

In the conventional design process a structure is c0sis~cd so . . 
that the stress.' induced in the material does not exceec.. v:.~ 

l 



11 2:).:::r:::.issiblo s"'vress 11
• 'I·l-:.c pcr:.-;issib:!.e strc ~:.:::.; ·· -· normally 

u::-::.,iv0c. &-c in tinbor by dividin3 o.. r::ini:;:u:;. test vc:..lue by a 

si!13lc rod.uction .i'3.cto:::- which .s..llows .:or .:;. :-.·ll:;.-::.,e;:.::- oi..· variables 

sue~ as :on3-ter~ loating, size fao~ors~ i~&cc~::'acies in the . . 
-desis:-.. ::;?::'ocess, imper!e~t work.."Il.ar..shi:p, possi olc vc:..::'ic- -~ ic:.:.:: - -

design load, etc.-. 

The rela-;;ionship between the applied loac..i:-.3 which ~-:cuLl -:::.a.use 

the r:::1.r.::.:::.u~ test value to be reached, ar:d. 1:;i.:.0 2.o.s..c..i:-.. z ',.'hi~:'. 

would cause the structure to become unfit fo-::-

necessarily cor.sta.~t but depends on the prop8rti03 

..,_.:, 

,....' -'"' 
v~ 

.,,.. ,,.. --

....... v V 

-- ,.. ." . v .... ..... 

and ~ther factors. The use of a single overall safe~y ~~c~o::­
. therefore leads to lack of uniformit°'J wit:h. :::-egard. to sc;.:e;-~y 

bet\1een <iifferer.t types of structu:::-e, it also 
so=e variables are not properly allowed for. 
effec~s of furt~er variables when they arise 
include. 

-- ,. ,- -
v .... ..:....1; 

b Limit State Design 

Li:r:-.it state design offers a method of overco:::::in.g -che above 
ooj ections to conventional 11 :per:missible stress :,• clesic;r. :::-.c·~·:-.cc.s. 

The designer covers rr:.ore directly those conditions) o:- 11
::..:..;: .::..-;:; 

s~atcs" as they are called, at which the st:::-uct:ure co.1: ::)e s::..:..c.. 

to ::ave beco~e unfit for use. The many variablo·s &n.c.. u::-..:,:::-.0 '.-.'::-.s 

:which mc;ke safety factors necessary are allowed. for i::-. c. :::-.o::-e: 

sys-;:;e~atic man.~er, and this together with the in"Grocluc-;:;::.on o: 
s~a-;:;istical ~ethods, means that the overall safe"Gy fac-;:;or &~c.. 
the s~atistical probability that this will be inac..e~u&-;:;e =ay ~e 
predicted ~ore accurately. 

A "lir:.it state" is reached when the structure bcco~es "I - .,,.. • - --
LA. • •. ,. 1 1 

• ~ ..... ~ 

-· 1....1 • 

\.:SC.:. 7here can be a nu:::.1ber· of reasons why a structuro ':)e:co:-:·.c.s 
unfit for use a.."'ld each one of these can be ter:::::ied a 11 :::..::.:'..-'c s-;:;z..-;:;0 11

• 

T::c rr:.ost i:::::iport~nt linit states in ~imber design ar0 ~~os~ 0: 

collapse and excessive deflection (in concrete st:::-uc~u::-es· -;:;~~ 
li::.it state ot excessive local damage due to c:::-ac:ci~s ::.s .s..lso 
.cor:sic..eret but this is not relevant to _timber). De1e~c..~nc o~ ~~o 

2 



- .. 
l.OC.C.l.::" ... 3 and typo of structure, ....__..,~ .. - V 

,. -·- , ··- . , . 
~...,"-v·...;, • ..., 

. . 
J~ ~ ~, . .::,_;:_ 

i::1--.;o accot..:rv. Wi t:i. tir:ibe:::-, biod.cterio:catio:'.'. &:::.c:. cc;,:::·:.:·c.:::..c:_ · ~ 

fastener~ could well be other limit states co~side:::-od. 

Briefly tho:::-efore, li~it s~ate design consists of de.::i~~~c 

those conditions which would. render a .. "\..,... -~.:. ~ _ ...... ,... .,., ~. ' 
1,,,4 ............... v .-v ..... '-'--

ar ... d. of producing a design such that the c:-.an.ces of· t:-... e.::c :..::..::.::.. :; 

s~ates Oei~~ reache~ dur~ng the inte:1ded li.:e of ~ ".,..- -:'\ r""' •• - ........ - ... - - ... ·~·. - • 
v;.. ... 1;;; .;;, v ..... 1,,,,4.\..,, >J ,.....,_ .._, 

t . ~ ' ure uccep ao~y re~o~e. Account ·has therefore to "be t;c.:.:•:C;:-_ c.:: ·..;:_e; 

variutio~s in loads a.~d in the proDerties of . -
~ppropriate allowa:..ces made for inadequacies 

_,_. 
v~.:.e ""'· ,.., ~ ,.~..,... -7 r, ~ -• 

...... c:;.v\.,,,: ..... -c.. ...... -

analysis and in the quality of construction. This a??=-o~c~ 
?rovides greater flexibility ar..d scope for the engineer to 

safe and serviceable structures at an economic price since 
limit states and the risk or probability of failure can ~0 

depending upon the type of structure. 

of the loads duri::::"ig -.;-::.2 

, r, • .• ~ c. v ~­
....... - ... - t;;. ~ 

- .: _ .... ,.. 
.- ...... ~ :c..eally the variation -in magnitude 

o~ a s-cructure· ._shou_ld. be expressed 
~a:x::.~1....~ likely load, corresponding 

.,_ .. t' ... , ..... . s~at;i~ ica~-Y so ~na~ ~~e 
to any partic·.1lar :p:-o~a::-::.:..i 7,y 

of occu=rence ca.~ .be deter~ined. This load is Y~ ... own as~::.~ 
C;iP.R.ACTE?.ISTIC LOAD. For the -immediate future t::.e c::.a~ac7-e:::-i3vic 
loud in r::ost cases cannot be so defined because o~ -lo.cl-: 6~ c.c.. vo.. 
n...~d i-: will be necessary to assuoe that the cr.aracte::::-is~ic :..oz.c. 

,· 

is t:-... c load given in CP 3, Chapter V, Part I, or othe:::- app:::-o::_:;:-iB.:;:;e; 
source. I~ sho~ld be noted however that CP 3, C~a?ter V, ?c..:-~::, 
prcse~ts wind. loads in a for~ which enables charac-:eris7,ic :..o~c 

val~es to be derived in the above manner. The cha:::-acte:::-is~ic.:oz.c 
takes into account expected variations but does .not allow ~or: 

i loads significantly different from those ass'l:.::.ed. 

in the desig~ 
ii lack of :precision in design calculations 

iii inadequacy in the method of analysis . 

-iv d.i~ensional errors in construction which al~er . . 

loads or effects of loads 

?~rtial factors are therefore introduce~ for each ::.~it ,....- ,... ··- -
.:> '-"·...,vl,,.; 

which reflect the degree of uncertainty arisin3 fro:r. -:: ... 0 [;.:-:;ov.;:; 



co:isiC.e:=utions and associated \•lith t!le co:-.:.seq_1.:.e:::-.. c03 :.:· c. 

par~icular li~ii state is reached. T::-ius t~ ... e 

~esign for a particular li~it state, are ~he c~ar&c~eri~~=-c 
loac..s rr.ul -cipli.ed by a pa::-tial factor '{ F ie 

DESIGN LOAD= CHARACTERISTIC LOAD x '(F 

should. be exp::-essed statistically so that the ::::..~.:..:.:-. ..:.:-. u:.. t:'..:;.,..-~0 

value, corres_ponding to a :particular probabili "'cy of occur:::·0:--.c0, 
can ·oe This ultimate strength is cS.S 

CE.A.?.J..CTE?..ISTIC STRE!.~GTH. This ·characteristic st::-e~st~ i3 ~~8~ 

rec..uced by a partial factor Y~ (which ~ay be th0 ?roduc~ c: ~ 
r..u~ber of separa~e factors) to adjust fro~ the test 
conditior..s unc..er which strengtb. was t1easured to t:'c .. e 
loac.. etc conditions associated with the structure. 

DESIGN STRENGTH= CF..ARACTERISTIC STRENGTH/Ym 

This general principle of design is obviously applicable to 
~:: !:la.terials and has been incorporated in the draft Coc..e o: 
Practice for concrete. It has also been reco~.=.endec. oy the 3S: 
joint Co~ittee on Codes of Practice, that other r:'.E:.terial coc..8s 
sc.oulc. follow this principle. The structure may be a::-.alyzec.. oy 
any ~ethod recognized as appropriate to the ~aterial a:-~c.. ~~e 
li~i~ state being examined. In many cases these ~ethoc.s are 

already available and familiar to designers and represe~~ ~o 

change from current procedures. 

5 J"USTIFICATIO~ FOF CF...A..~GE 

~~e ~ai~ reasons for recommending a change to.limit state Qesi3~ are 
az follows: 

a The Coles for other materials have, or are :pro0r0ssi~3 

tow..rc.s, li:-:.it state design anc. it is not in the interests o:: 
ti~ber to lag behind. 

b Codes concerned with loac. s:pecifico.tio:i. arc bGi.:ig c.ovc::.0:10.::. 
on a st~tistical basis in which it could be dif~icult or 

, . ...,. 



ur:..eco:-.or..:::..c to use current conventior..al d.es::..c;..'.". ::.c--c:.cc:::;. 

C 

r:-.G.ke 

s.;ate 

a rea::.is"'cic 
design gives 
appraisal of 

engir..eors. .,,.~.,_ °' r, .. ...... 
.... """'v .. ... 

overa~l s&..fe--cy 

:; .. c,-;:· C ~-.......... ,_,.-.... ... - .... 
.... ... 1,,,, -..1-v .... uu 

-- ,.. I 

,.,, ..... -

...... 
lig:-.. :'c . of their own judgement and e::.Qe::-::..er..c,:;: eiy a:::.::..o,..,::..:'.'.= 
to decide ·for the::n.selves appropriate sa::e7:y f&c-;:;cr.:; ::c-: 
st:::-uctures. 

.,., -- . ,, .. - - ,. 
o...J ~) -~ .._, --- - '"" 

d It is imperative that timber design ~,:;:-;:;~ots .. ... - .. .s :-.. c .. ~ __ c. ~-: e ..:J 

ab:::-east with r..ew inforI:J.ation and li::::c.i t state ze-c~cc..s :::-.&:-:0 -;:;:-.::..s 
easier to achieve. 

e Tir.1ber design methods, including the st:r'c:.ct::..c.s..::.. c.0:.::-::..v.::...·.;::.:-:-. 

of wor~ir..g stresses from tests and incorpcrati.:-.g .:c:..c"'cors :.:-e;:,e;•:.::...::.-:::; 

~o different conditions are very near to a 
· a:id a change-over would be easier than for 

li::ii t 

o DISADVANTAGES 

7 

were 

. a 

in 
There are no significant benefits to be gained for 

the sho:::-t-term by changing to a limit state approach 

-- --- ...... - "'o'"\ "" ......... ..J~-

in terms of economy. 

b Designers are fam±liar with ~he present CP 112 ~-.- ..... ,..,,,., ,-. .,_...,; v .... v\.A.~ 

a.~y c~ange will involve extra effort with no i=ediate be~ef::..-c. 

c Span tables-, design charts and aids, will r ... eed to be 

recalculated. 

d ~ifferent species will not necessarily have t~e zs..~e 
relative design stress values as at present· 
to different plyw-~ods · ?,nd jointing devices) • 

, .-:· 

r-1.ETnOD OF STUDY 

. .. .. ,.. , ,-: ,• .. .... ... . . 
• ' · •· 

:, 

--

(this 

basic principles underlying the philosophy of li~it 
studied by reference to the available literature. 

also 

sta~e 

l:.dvice was also sought from Dr Bate of Building :R.csc.:...rch S"vc."c::..o:-.. 

Who was lar~ely co:icerned with the drafting of th.e ur ... ii:.~~ 
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::-.0-c'hocs of ap:proachir..g the problems of introc..1.:.cir ... c ::..i:::.i~ s-;;::;:;:;-:; -~~c .:;:. ·::. 

:..·o-::- ~ir.i·:)er. 

- - . - . 
o I r ;\ 
- •• t.,; ~:::6..0rlyihg objective throughout the sub-co:::.::-.i-:;vc.:e I s c.. 8 ..... ::.. ~:=, :_.; :· - ~ :.... ~ : ... ~ 

state methods of design should res~~-c i~ r• - ...,.... .. - -, -- ••. ,.... - .. 
.,Jl)...._\.Avv ........ -•...:-..J 

•.:::·.ic':'. we:::-e k:iow!'l fror:1 e)..--perience or fro:::. curreY:t c.c.:s:.g::: p::-c,.:;.::;~-...:·.:·,::;.:; 

~si:::g u:p 1;0 date ir...for:mation to be - satisfactory. ?o-::- "'c:-... e ~-...::::::-~~e,:.;e;.:; ;:,_ 

-c:-... e ir.itial char .. ge-over to limit state design thi's wo~lc.. b0 ;;...c:.:'..e;·;,:;;.:.. 

if :::cr:ber sizes arrived at by both methods of desig;l were (;;~~(;::-:;;:.. :.... :..:..::; 

:=t was felt 'that i:n . ..formation on material pro::pe::::--;:;ie·s ( es ·ci:.",";::.0:::::­

:3trc:1gth) was probably more co:rr.prehensive and relia·::.le t:-_a..--: -;:;;_&-;:; 

on. loadings. The bias was therefore towards c..efining c:.ar&c-c_e:.:-:'..::;-;:;:'..c 

::,tronr;ths a:id partial safety factors for materials ('/;~.) us c:o:::;e;::_y 

o.s cxistin~ data would permit-. By equating these to c::n.rac-;:;c:--:...:;-::..c 

loads apnropriate pa::::-tial safety factors for load.s ('(.,,) co\:..lC:. oe 
4 ~ 

evaluated. Ii; a~oun.ts to deriving load factors which give -c:: ... e &::: ... s•:re:-.:z 

we ::-ec;.uire. It t=-ans:pired in discussions with Dr Bate -::-... at :;·:-... is ·.-:c..::. 

c::se.r ... tially the same approach as that adopted by t::C..e co.::.:nittee '.·:::_.::;:: ... 

craf~ing the Code of Practice for St~~ctural Concrete. 

~n the USA, Sca.~dinavi~ and certain other countries al i:.'l 20 .......... ,.,.., ... . ,.. - ,.. ....... 
c; ... • .. \...,_.__ '--""'~--v ...... 

l0vel ·:..n t:ie derivation of design stress for tir:n.be:= is ":)ei:r~g ·...::::;oc... 

~he characteris-cic strengths for concrete are also based . - ........ 
~ ..................... 

excl~sion level and it seemed desirable that this should :)e ~~0~vc~ 

for "vi~ber. 3y changing from the present 1 in 100 exclusio::: :evel -;:;~e 

r0:ative streng'ths of different species would change zargin~~ly. 

was conside::::-ed ~o be acceptable. 

?rcli:iin,ary calculations showed that the limit state :ne-;:;i ... cc.. o: c:.c:::;:.c;:-­

coulG. be t:.scd. s-.:ccessfully for bend.ing s-t;resses, co::-.bined s-;:;rc.:sc.:; .:i:-.~ 

cc~u::.;.1. design in solid. tirnbe:r-, using a value of :rp .of l.j ce-:-... c::-z.::..:y .-. .'c,:..· 

3trcn3th and 1.0 for deflection. 

0 
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s::..::-.pler, but d.if.:erent values nay ·oe introd.ucec. &s :::v::·e; data tecome 

G.va:.lable. Concrete is recom..v:-.ending 1. 4 \.!D ;- 1. 6 1.-11 , ·.-::~e:. 

c.eac.. and imposed loaci..ing, timber will be 1. 3 WTJ + l. 3 •.-:1 . 

,,,,., ,... ·- --· - . . .... . . ...... 
VV-&~ __ ,...._ . - · --•• 

~~c values o.: characteristic strengths for d.if~c~e~t 

~~ctors a...~d values of Ym should be determined by ~~e 

for redrafting this section of the Code. 

•"""' .- r • ·•~ ,. ..,,,. •• - ,.. ,-
.._.....:...., ... ,.,v ...... -.- ..J- ._ 

':':-.e sub-coI:1.""2.ittee then considered how lir....i-'c st&te co~ce:pt::; cc,·..::. ,: ·:::,.: 

r:.pplied in principle to other aspects of design cs p"l.ywooc., c-·-.:...::.. :: . . , 

join-cs etc. 

W~ere strengths are derived on a statistical basis 

for solid timber, then design could follow the sa::.e oasis ~z :0~ zo::.~ 

ti::r,ber. 

T:-.. e :::n.ethod of dealing with joints would depend. 1;0 &.. lar3.:e .:;x:;,:;:.·c 

upon the statistical data available. Where suf.fic:.e:r.t d.a·~c.. ',·:c .. '0 

[J.Vo..i.lable, then the same approach as ·for tinber wo-.....lc. ·::>0 .::..)::. ::-c:,r.:...c:.:c e;. 

i:·:r.c chG.racteristic strength ~of joints may be gove:.:-r.ec.. . e:i-;;~·.o::::- ·-:,y --::-.e: 

joint 

s-cate of collapse or in certain cases by the li::.i·c 

sl:.p. For jointing methods where statistical~&:;& 

r-,--- - ... - ·' 
.juU...v\:! V-

r- -..-. - V"' - · · -
0,.~ \:.! .-•V V 

uvailable, the characteristic strengths may have· ~o ~0 

i::itially by sir=iple · factorization of. existi::ig st~eng-c~ 

. . .. 
r-- --:-,- .... ,-....,, ....... - - =· .... ......_l:,; vl..; ......... .-~ .. e,.;....__ 

. . 

~ore data beco~e · available a true statistical approach cou.:.c.. 'be 

i1tpl e1:.ent ed.. 
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REVISION OF CP112 - FIRST DRAFr JULY 1972 

PREPARED BY THE BUILDING RESEA.TtCH EST ABLI SIIT,BNT, Pill:NCES lTI STIOROUGH L~".BOR).'.7 J:-:-:. 

S:2:CTION mm: GENER.AL 

1 .1 SCOPE 

Tnis Code of Practice deals with the structural use of timber, plywood and. .:).;.: ic;r­

wood based sheet materials. It is based on the principles of engineering c.c;,ie;-~·,, 

on data on naterial properties established by research and on the perfornancc 

testing of full size structures. 

;·.'here information was lacking from British sources recourse was r.iade to 

information from the Forest Products Laboratories of the USA, Canada, S:·mc_cn a:--ac.. 

Finland, to ,·:horn due acknowledgement is made. The valuable contributio:.-1s of tr-.c 

Council of Forest Industries of British Columbia, the Swedish Timber Council anc 

the Finnish Plywood Development Association are also acknowledged. 

The Code includes recommendations on design procedures to permit the adoption of 

a limit state approach. It gives partial safety factors 

to enable design loads to be determined for the limit states of ultimate stren.=;tn 

and deflection and recommends characteristic basic stresses for the materials anci 

characteristic joint strengths for nailed, screwed and bolted joints. CharactGri s ~::.c 

grade stresses applicable to material which conforms to ~pacified cracin~ rul es 

or is selected by an approved method of machine grading arc included 7 tog-c~::c:r 1.-:::_ t ;: 

partial safety factors to enable these, and the characteri~tic joi~ts r,,+..,... .-, ... ,,. ,...t.· -, ,-. 
.., u ..... I,_; - .. ... ) \I • •·~ ' 

to be adjusted to permissible stress and permissible strength values for 

particular design situations. 
, 

As an al ternn.tive to theoretical design a method is rccor:-n-nendcc. ,::::ere by the ~ . .':.: :.l::. "c ~: 

lehrstuhl fur 
tngenieurholzbou u. Bo1.1kun~11 ·Jk rioru:,, 

Universitot {TH) Kon Jn, t: 

freL Dr,-lag.. r.. Mo ,., 



of a particular structure to satisfy its functional requirements for strength a~G 

stiffness may be determined from tests on full size units. 

1.2 DEFINITIONS 

Where timber terms are used in this Code they have the meaning assigned to ttc~ 

in BS565, BS4471 and BS1860. In addition the following definitions apply: 

Characteristic basic stress. The stress which can be sustained under lo~g 

term load in a dry exposure condition by material containing no strength 

reducing characteristics or defects. 

Characteristic grade stress. The stress which can be sustained under long 

term load in a dry exposure condition by material of a particular visual or 

machine grade. 

Characteristic joint strength. The force which can be sustained under lor.g 

term load in a dry exposure condition and for a particular direction of 

loading by a particular type of joint. 

Characteristic loads 

a Characteristic long term load. The total load acting permanently on a 

member or structure including dead load as defined in CP 3:Chap V:Par~ l 

and any imposed loads which are known to be of a permanent nature. 

Examples of imposed load which should be considered as permanent i~clude 

the imposed load for floors of domestic premises defined in CP 3:Chap V: 

Part 1 and any loading in roof spaces due to storage. 

b Characteristic ~edium term load. The imposed load which is not permanent 

but which may be applied from time to time for prolonged periods. Exampl~s 
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of medium term imposed loads include the uniformly distribu~ed ir.-,posec. 

loads, for roofs as defined in CP 3:Chap V:Part 1, and for shutter~~G-

c Characteristic short term load. A wind load for Class C (15 sec u·-:e:::-c12,:..:-.,:; 

time) as defined in, and calculated in accordance with, CP 3:Chap V: 

Part 2 or the concentrated imposed loads for roofs, ceilings, skylights 

etc as defined in CP 3:Chap V:Part 1. 

d Characteristic very short term load. An impact load or wind load for 

Class A or Class B ( 3 sec and 5 sec averag.ing time) as defined in, and 

calculated in accordance with, CP 3:Chap V:Part 2. 

Design load. The load determined by multiplying the characteristic loads by 

partial safety factors appropriate to a limit state of ultimate strength or 

deflection. 

Dry exposure. An exposure condition, as for example within a covered building, 

where the moisture content of timber will not exceed 18 per cent. 

Glued·laminated timber. A member produced by gluing together a number of 

laminations having their grain essentially parallel. 

Horizontally laminated beam. A beam whose laminations are parallel to the 

neutral plane. 

Member. A structural component which may be a piece of solid timber, laminated 

timber, or built up from pieces of timber and other sheet materials (eg floor 

joist, box beam, member of a truss etc). 

Permissible stress. The stress, determined by multiplying the characteristic 

stress by appropriate partial safety factors, which is applicable to the desiin 
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of a merrber of a particular grade and size and for the conditions of ex~osure 

a~d loading to which the member will be subjected. 

Permissible joint strength. The strength, determined by multiplyin~ tne 

characteristic joint strength by appropriate partial safety factors, which is 

applicable to the design of a joint under the conditions of exposure and 

loading to which the joint will be subjected. 

Structural unit. An assembly of members forming the whole or part of a 

framework or building (eg truss, prefabricated floor panel etc). 

Vertically laminated beam. A beam whose laminations are at right angles to 

the neutral plane, the laminations being of a grade defined for solid ti~ber: 

Wet exposure. An exposure condition where the moisture content of timber will, :~or 

significant periods, exceed 18 per cent. 

1.3 SYMBOLS 

The symbols used in this Code are as follows: 

b 

d 

E a. 

Breadth of beam or joist, thickness of web or least transverse 

dimension of a tension or compression member. Where there is more 

than one such dimension b1, b2, b3 etc indicate their several 

values. 

Depth of beam or joist, greater transverse dimension of a tension 

or compression member. Where there is more than one such d.irnens::.on 

d1, d2, d3 etc indicate thei~ several values. 

Avera{Se value of M:odulus of Elasticity. 
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fbg' f , f tg cg 

Fbp' f , f tp cp 

f f f ba' ta' ea 

f cng 

f cnp 

f sg 

f sp 

f snp 

f 
tnp 

C 
a 

I 

Characteristic value of modulus of elasticity corresponai~g ~o 

the lower 5 per cent exclusion limit. 

The characteristic grade stress in bending, tension and 

compression respectively, parallel to the grain. 

The permissible stress in bending, tension and compression 

respectively, parallel to the grain. 

The applied stress in bending, tension and compression 

respectively, parallel to the grain. 

The characteristic grade stress in compression perpendicular 

to the grain. 

The permissible stress in compression perpendicular to the 

grain. 

The characteristic grade stress in shear parallel to the grain. 

The permissible stress in shear parallel to the grain. 

The permissible stress in rolling shear. 

The permissible stress in tension perpendicular to the grain. 

Any characteristic load. 

Average value of modulus of rigidity. 

Characteristi.c long term load. 

Second moment of area of a cross-section, otherwise known as 

moment of inertia. 
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1 
e 

M 

r 

t 

a 

Characteristic impact load 

Actual length or span of a member. 

Effective length of a compression member. 

Bending moment. 

Moment of resistance. 

Characteristic medium term load. 

Radius of gyration. 

Thickness of lamination. 

Characteristic short term load. 

Angle between the direction of load or force and the 

direction of the grain. 

Partial safety factor for load. 

Partial safety factor for material or joint strength. Where 

there is more than one such co-efficient yml' ym2 , ym3 etc 

indicate the several values. 
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S:2CTIOW T';·:O: D~SIGN OBJECTIVES 

2. 1 LI KIT ST !..TE DESIGN 

The object of design is the achievement of acceptable probabilitieG tr.at ~~c 

atructurc being deGigned will not become unfit for the use for which it is 

required during the intended service life, ie that it will not reach a li~it 

state. 

The characteristic stresses and loads used in design should take account of 

variations in the properties of the materials and in the loads to be supported. 

Where the necessary data are available these characteristic values arc based or. 

statistical evidence and where they are not available on an appraisal of 

experience. In general the characteristic stresses and loads are not useQ 

directly in design and two sets of partial safety factors are introduced, one for 

material and joint properties (~m) and the other for loads (~f) to enable 

permissible stresses and design loads to be determined for a particular design 

situation and limit state. 

2. 2 LIMIT STATE REQUIREMENTS 

2.2.1 General 

All relevant limit states should be considered to ensure adequate safety and 

serviceability. The usual approach will be to design on the basis of the most likely 

critical limit state and to check that the remaining limit states vdll not be 

reached. 

2.2.2 Ultimate strength 
, 

The strength of the structure or any member of the structure should be such tnat 
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under the action of the design loads the stresses induced in the r~,aterials o:::- t:-.:,:; 

forces ir.duced in the joints do not exceed the permissible values, due 

taken of the effects of fabrication and erection. 

acco:.;::·.--: - c. - -_.__ .... ~ 

In design calculations the permissible stresses, permissible joint strer.gtts a~~ 

the design loads shall be those specified in the appropriate section of this Ccce 

or derived in accordance with the recommendations of this Code. The most 

unfavourable combination of the presence or absence of loads likely to occur 

should be considered. 

2.2.3 Deflection 

The deflection of the structure or any member of the structure under the forces 

or loads that will be encountered in service should not adversely effect its 

serviceability, due regard being paid to the possibility of damage to surfacing 

materials, ceilings, partitions, the ponding of water and to aesthetic and 

psychological effects. 

Under continuous loading timber and wood based sheet materials are subject to 

increasing deflection, some of which may be n,on-recoverable, and in certain 

circumstances account may have to be taken of this effect in design. 

I Where a member is installed at a moisture content in excess of 18 per cer.t 

in an exposure which would normally be classified as dry and then dries 

out under design long term load or some part of this, the deflection 

caused by this load should be taken as 1.5 times the value calculated 

using the appropriate modulus of elasticity and/or modulus of rigidity 

values for the dry condition of exposure. 
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II For wet exposure conditions the deflection under design. long te:r:n. loc.c. 

should be taken as twice the value calculated using the appropr:.ate 

modulus of elasticity and/or modulus of rigidity values for the wet 

condition of exposure. 

III For dry exposure conditions where a member is installed at a moisture 

content not significantly in excess of 18 per cent this effect r.1ay be 

ignored. 

IV Where members of a basic thickness in excess of 100 mm are used under 

the wet condition of exposure, or under the dry condition of exposure 

if no special provisions for kiln drying have been made, the deflections 

should be calculated using the appropriate modulus of elasticity and/or 

modulus of rigidity values for the wet condition of exposure and subject 

to the conditions in (I) and (II) above. 

In all cases the engineer must satisfy himself that deflections are not excessive, 

having regard to the loading conditions and requirements of the particular structure. 

As a guide, and in the absence of any specific criteria indicating a higher or 

lower value, the following may be regarded as reasonable limits: 

I the deflection of a flexural -member under design load ·should not exceed 

0.003 of the span. 

II subject to due regard being paid to the possible effects of the increased 

deflection, members may be precambered to an amount equal to the deflection 

under dead load and in this case the deflection under the remainder of the 

design load should not exceed 0.003 of the span. 
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III the lateral deflection of a vertical member under the action o= :&te~~l 

forces arising from the effects of wind should not exceed 0.003 of their 

span. 

IV the deflection normal to the length of rafters in house roofs should not 

exceed 0,004 of their span under design load. 

V the deflection of the purlins in house roofs should not exceed 0.003 o: 

their span under design load. 

VI the deflection of beams over windows or other openings should not exceed 

0.002 of their span under design load and special provision 

may be required to prevent excessive load being transmitted to any 

frame beneath. 

VII the deflection of flooring under design load in house floors ·should 

not exceed 0.003 of the distance bet~reen the supporting joists or 1.5 ~.m 

whichever is the smaller. 

In dcter:mining deflections account should be ta.ken of the effect of joint slip or 

rotation and any tolerances on fit permitted in framed structures. 

For the purpose of calculating deflections the permissible modulii and design 

loads shall be those specified in this Code or derived in accordance with the 

recommendations of this Code. (See Clause ) . 
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Durability 

To achieve the service life required for a str~cture condideration should bG 

given, depending on the exposure conditions to the durability charactori~tics of 

the species of timber, adhesives and jointing devices used and to the nee~ to 

provide protection against decay, infestation by wood destroying insects and 

corrosion. Attention should be paid at the design stage, in detailing and durin0 

construction to the possibility of moisture absorption, moisture ingress a~d co~ce~sa­

tion and to the avoidance of moisture traps which might adversely effect perfor~ance. 

2.2.5 Fire Re::,istance 

In the desi{;?l of a structure attention should be paid to the provision of 

adequate fire stops and the materials used must be capable of satisfying eit~er 

naturally, or by protection or treatment, the requirements for surface spread of fla..-:e 

and fire resistance as specified in building regulations. 

2.2.6 Vibration 

Where there is a likelihood of a structure being subjected to vibration from 

causes such as impact forces, wind or machinery, measures should be taken to 

prevent discomfort or alarm, damage to the structure or interference ~nth its 

proper function. 

A number of criteria may be required to specify acceptable limits to the vibratior..a.l 

characteristics of a structure or structural unit and reference should be made to 

the specialist literature. As a guide the vibrational characteristics of a timber 

joist floor construction ~dll generally be acceptable if the deflection under the 

design load does not exceed 13 mm for floors in dwellings and 6 mm 

for floors in gymnasiums, dance halls etc. 
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2.2.7 Other limit states 

A structure or part of a structure may have to satisfy serviceability limit 

states for thermal insulation and sound insulation or other li~i t states a,::,::;oc::. 

with unusual or special functions and these should be ta..1<en into account i:.-: -~:.c 

design. 

2.3 DESIGN LOADS 

2.3.1 General 

The characteristic loads on a structure should ideally be determined fro,:1 

knowledge of the magnitude of the loads that occur in practice and their frcquer.cy 

distributions over the service life of a structure. The characteristic loads 

should be those which correspond to a defined probability of occurrence. Since 

it is not yet possible to express loads in these statiotica.l tcrr:is the folloufr.c 

characteristic loads should be used to determine tesign lo~~s for the limit 

states of ultimate strength and deflection. In order that account may be to.ken 

of the effect that load duration ha.son the strength of timber and wood .based. 

materials, four categories of load are given which are broadly related to the 

length of time that the load will be applied. 

I The characteristic long term load Gk 

II The characteristic medium term load Qk 

III The characteristic short term load, Wk 

IV The characteristic -very s-hort term load, ~ 

Any exceptional or abnonnal loads associated ~dth a particular type of structure 

must be taken into account and should be assigned, on the basis of an estimate of 

their probable duration, to one of the four categories given above. In dcsicn 

account should also be taken of the loading conditions occurrin~ during construction 
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and erection to ensure that subsequent compliance of the structure or structt:.ral 

unit with the limit state requirements is not impaired. 

The design load is obtained from the characteristic load by multiplyin~ t~c 

characteristic load (Fk) by the appropriate partial safety factor for load (y~) 

ie 

The pal'tial safety factor yf is introduced to take account of: 

I possible unusual increases in load beyond those considered in 

d,3ri ving the characteristic load. 

II inaccuracies in assessment of the effects of loading. 

IrI variations in dimensional accuracy achieved in construction. 

IV the importance of the limit state being considered. 

2.3.2 Ultimate strength 

In designing for the ultimate strength limit state, because of differences in the 

corresponding permissible stress values for the materials and permissible joint 

strengths, the long term load acting alone and in conjunction with the other 

categories of load should be separately considered. In assessing the effect of 

these loads on the structure as a whole, or on a part of the structure, the 

arrangement of the loads, and their presence or absence, should be such as to cause 

the most severe condition. For the ultimate strength limit state the partial 

safety factor for load yf should be taken as 1.3. 

However where the application of the imposed and/or wind loads causes s~resses 

which decrease and/or reverse the stresses due to the dead load the partial safety , 

factor for the dead load should be yf = 0.9. When considering the design of part 

of the structure under a combination of loads if a more unfavourable condition 
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results by taking the dead load with a yf of 1.0 or 1.3 in any other part of 

the structure, then this value should be used. 

2.3.3 Deflection 

For the deflection limit state the partial safety factor for load yf shall be 

taken as 

a 1.0 where up to two characteristic loads are combined to give the design 

load and 

b 0.8 where three or more characteristic loads are combined to give the 

design load. 

The worst combination of characteristic loads shall be considered for design 

purposes. However if a more severe condition is created by selecting only parts 

of the structure to be loaded with the imposed and/or wind load then the arrange­

ment of these loads should be such as to cause the greatest deflection. 
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SECTION THREE: MATERIALS 

3.1 GENERAL REQUIREMENTS 

The materials used should comply with the appropriate British Standards, where 

such exist, or with other national standards as indicated. 

3. 1 • 1 Ti~ber The follo~nng standards apply to timber: 

Glossary of terms relating to timber and woodwork 

l'fomcncl::iture of commercial timbers, including sources 

of supply 

Specification for dimensions for softwood 

Specification for dimensions for softwood, Part 2, 

BS 565 

BS 881 :589 

BS 4471 

small resawn sections BS 4471 Part 2 

Grading and sizing of softwood flooring BS 1297 

Grading of timber for structural use BS 1860 

National lumber grading and dressing rules Canada 

Instructions for grading and marking of timber T-virke Sweden 1966 

3.1 .2 Laminated timber. The following standards apply to laminated timber: 

3. 1 .3 

Glued laminated timber structural members 

Plywood. The following standards apply to plywood: 

British made plywood for marine craft 

Plywood manufactured from tropical hardwoods 

Information about plywood 

British made plywood for structural purposes 

Douglas fir plywood 

Finnish birch plywood 
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BS 4169 

BS 1088 

BS 1455 

BS 3493 

.ABPI,1 Spee BP 101 

Canadian Std o-, 2'1 

Finnish Std O.IV.'1 



1,'Iechanical Fn.steners. The following spccific,::.tions ~pply to 

mechanical fasteners: 

Black bolts, screws and nuts 

Nails 

Aluminium nails 

Wood screws 

:SS 9'i6 

BS i 202 

BS 1202 ?t 3 

:3S 1210 

Adhesives. The follo,-ri.ng specifications apply to adhesives: 

Synthetic resin adhesives (phenolic and 

aminoplastic) for plywood 

' Synthetic resin adhesives (phenolic and 

aminoplastic) for wood 

Cold setting casein glue for wood 

BS 1203 

BS 1204 

BS 1444 

3.1.6 Preservatives. The following specifications apply to preservatives: 

Coal tar creosote for the preservation of timber 

Pressure creosoting for timber 

Classification of wood preservatives and their 

methods of application 

Copper/chrome water-borne wood preservatives and 

BS 144 

BS 913 

BS 1282 

their application BS 3452 

Fluoridc/arsenate/chromate/dinitrolphenol water-

borne wood preservatives and their application 

Treatment of plywood vri. th preservatives 

3.2 SPECIES OF TIMBER 

BS 3453 

BS 3842 

Thi~ Code is based on a limited number of timbers likely to be generally 

available (see Table 1) but because sources of supply vary it is not ~ossiblc 

to include an exhaustive list. 

16 



Since at the design stage it may not always be possible to specify a 

particular species this Code also gives six stress groups and lists cxa.uplcs of 

softwood and hardwood species which qualify for these groups. A specie::; ,-;n.ich 

qualifies for a particular stress group will have characteristic basic s~rcc::; 

values not lower than those quoted for the group. 

For species not tabulated advice should be sought from the Building Research 

Establishment, Princes Risborough Laboratory or the Timber Research and 

Development Association as to the stress groups to which they should bo assigned, 

the stresses appropriate to particular species if adequate data are available, 

and to their suitability for a particular use. 
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TABLE 1 NAMES AND DENSITIES OF SOME STRUCTURAL TDIBZRS 

j A-:,pro:;:ir..n:~c 
Der.si ~y at 
a r..oi:3turc Standard Name Bota.nica.l species Other co.mnon nar.1es 
co :::rt c r:t o: 
13 -:)Or cent 

:~r-/-3 J."'-D u; 

SOFI'WOODS I 
Douglas fir Pseudotsu~ menziesii B C pine 590 

Oregon pine I 
Western hemlock Tsu,gn heterouhylla with Hemba.l 530 

Abies spp and Tsuga Hem-fir 
mertensiana 

Larch Larix decidua - 560 
Larix lentolensis 

Parana. pine Arauca.ria au~stifolia - 560 

Pitch pine Pinus nalustris Longleaf pitch pine 720 
Pinus elliotti N caraguan pitch pine 
Pinus caribaea Honduras pitch pine 

Redwood or Pinus s:v'lvestris Baltic redwood, ' 540 l Scots pine European redwood, 
deal, Swedis.h pine 

Ca.na.dia.n spruce J.'iainly Picea glauca., Princess spruce 450 
Picea mariana Western white 
Pinus contort a a.nd Abies spp spruce 

Home-grown Picea abies Norway spruce 380 Eurooean snruce 
Home-gro,m Picea sitchensis - 400 Si tl<a snr1Jce 

Whitewood Picea a.bies, Abies alba. Ba.l tic whitewood 510 - ' European 
whitewood, 
white deal 

HARD\·:OODS 

Greenheart Ocotea rodiaei - 1060 
Gur,jun/keruing Dinterocarnuc spp - 720 
Iroko Chlorophora excelsa mvule 690 
Jarrah Eucalyptus rnarp;inata - - 9-;o 
Karri l!:Ucal~tus divcrfJicolor 930 
Oak C)uercus robur - I 

720 
Opepc Nauclea diderrichii ' kusia 100 

i 
* Some Gpecifications admit Pinus echinata, ,!: taeda, Z £it':~ and ,E vi~rini~ n~ 

which are considerably lighter and of lower strength. 'I'he a.ata. given in thiz 
Code do not apply to these species. 
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SECTIO 

SECTION' FOUR: l':IOISTURE CONTENT 

4.1 GENERAL 

The basic factors governing the moisture content of timber and wood based sheet 

materials in buildings are:~ 

I \food is a hygroscopic material; its moisture content therefore depends on its 

expos.ure condi.tions;, 

II Unless wood is in contact with water or exposed to damp conditions, its 

moisture content stabilizes, in most cases, at between 10 and 20 per cent, 1·/hicn 

is very much lower than when the timber is freshly felled. The drier the 

a.tmo::.phere and the higher the temperature, the lower the moicture content which 

the wood attains. 

III At a moisture content below about 30 per cent wood shrinks or svrells as its 

moisture content changes. 

IV The strength properties of wood change with changes in moisture content 

below about 30 per cent; an increase producing a decrease in strengtn and vice 

versa. 

V Hood is less prone to decay if its moisture content is below 25 per ce:r.t and 

may be regarded as immune below 20 per cent. 

VI Imported softwood from European sources is normally dried to a moisture 

content below 23 per cent before shipment to the UK. Softwoods of Canadian 

origin vall generally be unseasoned, but dipped in a fungal inhibitor before 

shipment. Pa.clmging end other changes in timber handling may however alter tnis 

traditional pattern. 
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Imported hard't1oodn from all sources arc normally dried before 3l-'.ipi!le:rt 0!'"1:.;r to 

such an extent a::; will avoid deterioration during passage to the UK. ':i:'nc ~;.ci~~·.;.:.~c 

content at the time of arrival may be anywhere within a ·,-,icle rangE:, ":.n.rt fur-;;;.;:;:.' 

drying is normally done after arrival. Supplies of dried hardwood are 

generally available. 

VII Plywood and other wood based sheet materials arc produced in a rclativ0ly c...ry 

condition ~nth moisture contents within the range 6 to 14 per cent. Althoucn 

their hy&roscopic properties are not the same as those of timber they under0o 

changes in strength and in dimensions, of which thickness is affected the mo~t, 

with changes in the conditions of exposure. 

All timber whether imported or home grown,• which is thoroughly air-d:iccl in 

country attains a moisture content between 17 and 23 per cent, depending on ";he 

weather conditions prevailing at the end of the drying period. If the e~~ilibriu::-, 

moisture content in service is lower, or if special requirements exist, as for 

example for la.r.1inated timber, then it will be necessary to kiln-dry the tiillber. 

Care should be taken on site to ensure that materials supplied and to be usea in 

a dry condition are adequately protected from the weather. 

4. 2 SERVICE REQUIREMENTS 

Timber when it is installed in a structure should have a moisture content co:nplyin.i; 

with the limits appropriate to the use as given in Table 2. Timber in categories 

3, 4 and 5 require kiln-drying to achieve the specified moisture contents. 
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TABLE 2 MOISTURE CONTENT OF TIMBER FOR V.AiuOUS POSITIQl;s 

I Li::.i t s o.f !:".Cl=:.:/ .;u.~ .... :; 

Category Position Exposure content (per r,cr.·~) 

Hin 

I 

"" .... :_::: 

' 
Framing, cladding and Partly or entirely 14 20 

l external finishings external 
I 

Framing including roof Internal 12 20 
2 members and floor joists 

I 

Flooring, ceiling and Intermittently 12 16 
3 wall linings heated 

I 
' Flooring, ceiling and Centrally heated 10 I i4 ! 

4 wall linings I 

I 

Flooring, ceiling and Close proximity to 6 I 'iO ' 
5 wall linings heat source I I i 

Although some timber after fixing may be subject to temporary exposure to the 

weather and therefore to possible absorption of moisture it will rapidly dry out 

after covering, providing there is ample ventilation. Sufficient tirr.e sho~ld be 

permitted, as necessary, for drying to occur before a member is fully enclosed or 

is subjected to its design load. 

Timber members fixed at higher moisture contents than those in Table 2 will suffer 

differential and uneven shrinkage in drying out i.!!~ to the equilibrium moicture 

content of the service condition. Where this is acceptable, provision should be 

made to obviate any loss in strength at joints and fixing points and to accommodate 

any additional deflections or displacements. 

Timber more than 100 mm, in thickness. cannot he reduced to a uniform moisture content 

within the limits of Table 2, except at an uneconomic cost. 
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Before the fixing of timber in categories 3, 4 and 5 of Tab~e 2 the we-;: t!'ace s 

should be completed and their work dried out, adequate ventilation oei:r:g :-; :~c,·_.· '-~0 ~ 

throughout the drying period to remove the high humidity a.ir from the cc:.i::.i:.. :.,::. 

4.3 STRI~GTH PROPERTIES 

Because of the effect of moisture content on strength the permissible str8~C 

values to be used in design should be those corresponding to the higheset ~O:.$t~rc 

content that the particular member will attain in service. It is not r.owcvcr 

possible to deal fully with all possible expqs.ure cqnditions and for the pur,;:, ose'-' 

of this Code two standard conditions only are defined. These are: 

1 Dry exposure condition. An exposure condition where the moisture 

content of timber will attain an equilibrium value not in excess of 

18 per cent. 

2 Wet exposure condition. A:n expos.ur~ condition where the moisture 

content of timber will attain an equilibrium value in excess of 

18 per cent. 

\·!here members more than 100 mm in thickness a.re used the permissible streGscs for 

the wet exposure condition should be used, irrespective of the actual exposLlre 

condition, and the other factors given in clause 2.2.3 should be taken to apply. 

4 .4 GIDI-.lli'TRICAL PROPERTIES 

The actual dimensions of a member will vary with its moisture content an~ 

allo·11ance may· have to :be made for this. in determining the geometrical properties 

for use in design. 
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The basic sizes of sawn timber are specified in BS 4471 at a moisture conte~t o= 
20 per cent. For any higher moisture content up to 30 per cent the size wili 

on average be greater by 1 per cent for every 5 per cent of moisture content in 

excess of 20 per cent, and for any lower moisture content the size may ~e s~aller 

by 1 per cent for every 5 per cent of moisture content below 20 per cent. ?or 

any moisture content higher than 30 per cent the size will not be greater ~han 

at 30 per cent. 

Where a timber member is processed to size at the equilibrium moisture content it 

will attain in service then the geometrical properties of the actual section should 

be used in design. 

Where a member is specified and supplied in accordance with BS 4471 as sawn, 

regularised or precision timber the basic sizes may be used to calculate the 

geometrical properties of members for use in the dry exposure condition. For 

timber members for use in the wet exposure condition the geometrical properties 

may be increased by the following factors: 

breadth, depth, radius of gyration __________________________ 1.02 

area 

section modulus 

second moment of area 

23 

1.04 

1.06 

1.08 



NORWEGIAN STANDARD NS 3080 
1. Ed. Nov. 1972 

NORGES BYGGSTANDARDISERINGSRAD 
(Norwegian Council for Building Standardization) 

UDK: 691.113 

SfB:Hil 

This is a translation of the standard. Only the Norwegian text have 
been ado~ted as Norwegian Standard. 

QUALITY SPECIFICATIONS FOR SAWN TIMBER AND PRECISION TIMBER 

1. SCOPE 

This standard defines quality specifications for sawn timber and 
precision timber of sprunce and pine. 

2. DEFINITIONS 

Bark 

Brown stain 

Bark pocket 

Bast 

Blue stain 

Hard decay 

Slope of grain 

- the outer protective layer of the 
trunk. Should not be mistaken for 
bast. 

- grayish-brown discoloration caused 
by dyes in the bark. Should not be 
mistaken for decay. 

- ingrown bark. 

- light, colored so~tissue on insidG 
of bark. Some of it may be left on 
the wane. On drying it becomes brittl0 
and darker in colour. 

- discoloration caused by fungi, mostly 
blu&. Blue stain does not affect the 
str0ngth properties (Fig. 2) 

- decay started during storagu. Shows 
up as light-brown streaks or patches. 
Does not affect the holding of nails 
(Fig. 3) 

deviation of the direction of ~rnin 
fro~ the longitudinal direction of 
timber, measures on the fnc~ cut from 
the outer side of lov,. Local distur­
bances of the grain at knots or th~ 
like, are not taken into account. 7he 
slope of grain is determined by means 
of a special scribe or from splits or 
streaks of blue stain, but not from th~ 
growth rings. 



Square 

Bow 

Face 

Moisture content 

Rind gall 

Defects due to 
insects 

- sawn timber of dimensions exceeding 
70 mm and with the face up to about 
1/3 larger than the edge. The pith 
should be approximately at the centre. 

- curvature of the face of the timber 
in direction of length. (Fig.16) 

- the two wider sides of the timber 
(Fig. 1) 

- amount of moisture in ~imber expressed 
as a percentage of its dry weight. 

- originally surface woun.d that has 
been enclosed by the growth of the 
three. (Fig .14) 

- tunnels in the wood caused by worms 
or insE.cts. (Fig. 4) 

Precision timber (J) - timber satisfying requirements on 
cross-sectional dimensions and toler­
ances according to NS 3043. 

Spring 

Edge 

Cup 

Pitch pocket 

Knots 

- curvature of the edge in the direction 
of length. (Fig 17), 

- the two narrower sides of the timber. 
{Fig. 1) 

- curvature occuring in the cross­
sectional direction of the timber. 
(Fig. 18) 

opening between two growth rings, 
normally filled with resin. Th~ 
resin pocket can be "on edge" or 
"flat" depending on the direction 
of section. (Fig. 5) 

- bark-ringed knot - dry knot~ completely or partially 
(encaes knot) surrounded by bark. (Fig. 6) 

- sound knot 
(intergrown knot) 

- knot cluster 

- pin knot 

- rotten knot 

- knot, fully intergrown with the 
surrounding wood. (Fig. 7) 

- two or more knots appearing on a 
length of the timber equal to the 
width, up to 150 mm. 

sound or dry knot with a diameter of 
7 mm or 1 e s s . ( Fig . 8 ) 

- knot, fully or partially attacked 
by rot. (Fig. 9) 



. dead· ·knot 
(encased knot) 

Internal face 
(Pith side) 

Rise 

Rot 

Hair surface check 

Sawn timber(s) 

Checks and shakes 

- ring shake 
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- kno~, not intergrown with the su:round­
ing wood. Darkcoloured> dry kn0t is 
called 11 blacl{ knot;". (Fig.'!) 

- the face of the timber which has turn0rl 
towards the pith of the log. (Fig. l) 

- the greatest de:viation of a side fror.-: 
a straight line. (Fig. 17) 

- decomposition of the wood caused by 
fungi. not may have different colours. 
(Fig. 10) 

- s0e~ Checks and shakes 

- by sawn timber means here brJth timber 
produced directly from the log and 
timber produced bly cleaving~ split t i r,'.:_'" 

or the like. 

- separation of the growth rings. 

- hair surface check-fine separation of wood fibres along 
the grnin, NoPmally found on tlw l':dfc:~C:, 
and often darkcoloured. 

- check 

Compression wood 

Pitch wood 

Wane 

Twist 

Swirl 

- l011r·itudinal separa~ion of wood fiL..,es ci.i.:.1-~ 
following tLc direct 1-on of [~rain. When 
the timber is diagonally grained it may 
consist of several 3horter 9 oblique 
separ·ations. (Fig. 11) 

- hard) brown or reddish wood, mostly 
darker in colour chan normal wood. 
Should not be mistaken for heartwood. 
May give deformation of the timber. 
(F'ig. 12) 

- wood which is saturated with resin. 
(Fig. 13) 

- the part of the &urface which is tm­
touched by sawbl~de or planer, 
(Fig. 1) 

- spiral distortion 

-
0 transverse wood" caused by the top 
of the tree breaking off, or some 
other disturbances during the growth. 
Twist will always give rise to the 
dt:velopment of falce heartwood. 
(Fig. 15) 



Weather gray 

External face 
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- disooloration caused by the action 
of weather. 

- the face of the timber that has been 
on th~ same side as the bark of the 
tree. (Fig. 1) 

Width of annual ring - the average width or the growth 
rings lying more than 25 mm from 
the pith. 

Fig. 1 

EDGE 
ARRIS 
WANE 
EXTERNM. :FACE 
INTERNAL FAC£ 



-· __...,._. 

Fig 2 Blue sap stain Fig 3 Hard decay 

Fig 4 Defects due to insects Fig 5 Pitch pockets 

Fig 6 Barkringed knot Fig 7a Dead knot 



• 
• • 

•• I 

• 
Fig 7b Sound knot Fi_g 8 Pin knots 

Rotten knot 

Fig 10 Rot 

fig 12 Compression wood 

Fig 11 Check 



Fig 13 Pitch wood 

Fig 14 Rind gall 

Fig 15 S1,s1i r l l ' 
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2m 

Fig. 16 Bow 

2m 

RISE 

Fig. 17 Spring 

Fig. 18 Cup 



Faceknot and edgeknot 

Splay knot 

f=faceknot 
k=edgeknot 

f=faceknot 
k=edgeknct 

Face-to-face knot 

C 

K,.a+b+c 
2 

Knot cluster - overlapping 

Fig. 19 Measurement of knot 

Arris knot 

Lear knot 

f=faceknot 
k=edgeknot 

f'=faceknot 
k=edgeknot 

Edge~-to.,-edge knot 

a, + b, a2 + b, a1 + b, 
K•-2-+-2-+-2-

Knot cluster - single knot 
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3. DESIGNATION 

Timber graded according t o this standard should be designated 
by stating the following succe ssively: S (for sawn timber) 
or J (for precision timber), thickness x width (in mm) x 
l ength (in met er), grade (see clause 6) and the number of this 
standard ~ eventua lly with the addition of the wood species, or by 
code aft er Table 1, 

e.g. : 
S 50 x 100 x 4.2 E NS 3080 spruce 

or Hi 1.200 

Table 1 

Code Text 

Hi 1.200 Timber quality E NS 3080 
Hi 1.300 Timber quality s NS 3080 
Hi 1.400 Timber quality C NS 3080 
Hi 1.500 Timber quality Sx NS 3080 

4. RULES OF MEASUREMENT 

For squares all sides are regarded as edges. 

For timber with greatest side 50 mm or less all sides are 
regarded as edges. 

Knots are measured as shown in fig. 19. 

Width of annual rings js measured at that end where the 
growth rings arc greatest. 

5. COMMON REQUIREMENTS 

5.1 Sawn timber and precision timber shall have dimensions and to­
lerances as given in NS 3042 and NS 3043 respectively. 

5.2 In any cross-section at least 2/3 of any surface shall have 
been processed. 

5.3 The timber shall be free from bar le. 

5.4 95% of the parcel shall have a moisture content not greater 
than 22%. 

5.5 Damages during transport and handling (such as truck-damages 
and soilage) are permitted only to a small extent. 

6. SPECIAL REQUIREMENTS FOR THE DIFFERENT GRADES 

The special quality specifications are for grades "Extra" (E) 
"Standard" (S) and irother" (C) given in clause 6.1. The special 
quality specifications are for grade Sx give~•in clause 6.1, with 
the supplementary clause 6.2. 

6.1 If a defect is present at its permissible maximum, other de­
fects occurring so close that they are likely to act together 
shall be comparatively smaller. 
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Table 2 Structural timber .. 
[ 

Extra grade (Grade E) Standard grade (Grade S) ' 
l 

Knot 1 ) j 

On edge: 1/2 of the thickness On edge: 2/3 of thickness. th6ugh max. 
70 mm for 11quare . 

On face: 1/11 of the width, though On face: 1/3 of width. though max. 70 mm i 
max. 11c:; mm ! 

Knot clusterl) 1/11 of width (max.35 mm) + 1/3 of width (max. 70 mm) + i 

1/2 of thickness 2/3 of thickness (max. 70 mm) 

Swirl Close swirls 1/11 of.width permitted, 
-I 

Small, close swirls permitted I 

except close to edge ) 

Rind galls Small, shallow rind galls with length Length equal to width of timber permitted, I 
up to half the width of the timber is but must not penetrate through the timber I 
permitted , 

Slope of grain Up to 1: J 0 permitted Up to 1:7 permitted i 
' I 

Ring shake Not permitted Ought not to appear I 
. ..i 

Hair surface check Not .permitted Small cheoks permitted, also acros11 the ! 
arris, but not down to the pith side ' . 

Check A few shorter checks of Permitted in the full length with depth ! 
depth up to 

1/11 of the thickness is permitted, up to 1/2 of thickness. For square, I 
checks up to 3/li of the side are permitted• , except on the edges 
Opposite checks are added together 

Width of annual r-ing Max. 5 mm Unlimited 

Pitch pockets 
Pitch wood 
Weather gray, brown Permitted 
stain etc. 
Blue stain 

Hard decay 
Permitted to a limited extent 

Compression wood 

Rot 

Defects due to Not permitted 

insects 

Spring Max. 5 111111 rise over 2 m length 

Bow For thickness> 30 mm max. 10 mm rise 
over 2 m length 

Twist Max. 1.5 mm per 25· mm width measured 
over 2 m length 

l) The specifications apply to ~imensions of thickn~ss equal to 
or greater than 36 mm. For smaller thicknesses the specifications 
for knots are given in the respective product standards. 

I 
I 
' I 
• 
I 

' 
i 
I 

l 
' ! 

I 
! 
I 

l . . 

I 

I 
I 
i 
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Table 3 Non-structural timber 

Other grade (Grade C) 

Knots l) Large single knots and knot clusters 
are permitted, but the timber should 
be hold well together 

Swirl, Ulimited, but the timber should hold 
well together 

Rind gall Unlimited 

Slope of grain Unlimited 

Ring shake Permitted, but in limited length if 
it is seen on both sides of the pitr 

Hair surface check Unlimited, but the timber should 
hold well together 

Check Unlimited, but must not go through 
the wood and the timber shall hold 
well together 

Width of annual ring Unlimited 

Pitch pocket 
Pitch wood 
Weather gray, brown, stain, Unlimited 
etc. 
Blue stain 

Hard decay Unlimited, but the wood must be firn· 

Compression Unlimited 

Rot Permitted, also if going through thr:. 
wood if hard and firm 

Defects due to insects Permitted to a very limited extent 

Spring Unlimited 

Bow Unlimited 

Twist Unlimited 

1) The specifications apply to dimensions of thickness equal to 
or greater than 36 mm. For smaller thicknesses the specifica­
tions for knots are given in the respective product standards. 
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6.2. If a defect is occurring at its maximum, other defects shall 
be comparatively smaller. On the other hand a defect, which 
should have resulted in a lower grade, may be tolerated if 
the quality of the piece of timber otherwise is clearly 
better than the maximum requirements. Thus, a single piece 
of timber may not always fall within th~ given limits. The 
quality of the parcel as a whole should nevertheless be clear­
ly better than the requirements. 

Table 4 Supplementary requirements for the grade Sx 
·-

Grade Sx 

Knots, in general l) In addition to the knots specified 
below an equal number of smaller knots 
are permitted. as well as some pin 
knots. 
The number of knots !pplies to a 
length of 1.5 m. 

- sound knot On edge: 3 knots, 2/3 of thickness 
On face: 3 knots, 1/3 of width --

- dry knot On edge: 3 knots, 1/3 of thickness 

l 

On face: 3 knots, 1/4 of width, max .: -- 50 mm I 
i 

- barkringed knot, rotten Permitte,d if they are small and insig-: 
I knot, and knot hole nificant I 
' 

Pitch pocket Insignificant pitch pockets permitted l to a limited extent 

Rind gall Insignificant rind galls permitted 

Hard decay Some streaks and flecks permitted 

Blue stain Some streaks and flecks permitted 

Weather gray, brown stain, Some streaks and flecks removable 
etc. by rubbing are permitted 

1) The specifications apply to dimensions of thickness (3qual to 
or greater than 36 mm. For smaller thickness the specifica­
tions for knots are given in the respective product standards. 

I 

~ 
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7. INSPECTION 

If required control is carried out on 5% of the delivered 
parcel of timber or on an appointed central parcel. The 
choice of timber for the control shall be at random. 

8. MARKING 

Every piece of timber shall have the producer's identifi-· 
cation mark. The colour of the mark shall be red for the 
Extra grade and blue for the Standard grade, or the timber 
should be marked with the letters E resp. S. 

If requested, Grade Sx shall have the additional mark ''x". 

COMMENTS 

Timber satisfying the requirements for Grades E an~ Scan 
be assum~d to have a ben1ing stren,th of 300 kp/cm 
(30 N/mm) and 200 kp/cm (20 N/mm) respectively. Grade 
Sx is in addition satisfying special requirem~nts for the 
appearance. 

If an approved stress grading machine is used for the 
quality grading the grading requirements which may havt=. 
oeen stated in the approval of the machine, no longer 
applies. Otherwise the requirements in this standard 
applias. 
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This British Standard specifies the means cf assessing the quality of timber for 
which the grade stresses will be ·given in CP 112. A number of important changes 
have been introduced within the framework of earlier versions of this British 
Standard. Full provision is made for both visual stress grading and machine stress 
grading. 

For visual stress grading the principle of knot area ratio has been adopted as 
a means of determining the maximum permissible knots for a given grade. This 
principle has been 'applied in Canada and the United States of America and accepted 
for use in commercial grading rules throughout North America. Testing on 
European species has shown that this method of grading gives good correlation with 
strength properties. It is used in this standard to determine the acceptability 
of timber whose knot limitations may have been measured by different rules in the 
countries of origin. 

Two standard grades have been established for visually stress graded timber, 
namely, General Structural grade (GS), and ' a higher grade, Special Structural 
Grade (SS). Since there can be small differences of opinion between experienced 
graders a small deviation in grading is permitted. 

The standard specifies two machine stress grades, which may be used as substitutes 
for the two visual grades GS and SS~ they are MGS for GS and MSS for SS. Provision 
will be made in future editions of CP 112 for additional machine stress grades 
separated by standard increments of modulus of elasticity. 

It i~ a requirement that every piece of timber purporting to be graded in 
accordance with this Standard shall be appropriately ~arked. 

Under the aegis of the British Standards Institution a sy~tcm h~s been establiHt~d 
by which trained graders obtain certificates of competence and grading m~chincs 
are operated under strict rules. 
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- It is expected that some visually graded and marked timber will be avail~ble 
soon after the publication of this .standard. However, it may be two years 
after the publication before sufficient marked timber to meet the full demand 
is available. 

This British Standard applies to timber graded in the United Kingdom. Imported 
timber which has been visually or machine stress graded overseas, and which meets 
these rules may be accepted as complying with this standard, subject to any 
necessary safeguards. 

SPECIFICATION 

1. SCOPE 

This British Standard specifies two methods of grading timber for structural 
use, namely, visual stress gr~ding and machine stress grading. 

The permissible sizes of characteristics in two visual stress grades of timber, 
v✓ l,ich are named 'General Structural Grade' (GS) and 'Special £tructural. Grade' 
(SS), are specified. Also specified are visual grades for laminating timber, viz, 
LA , LB and LC • 

The conditions for the approval and control of stress grading machines and the 
requirements for machine stress graded timber are given. 

2. DEFINITIONS 

For the purpose of this British Standard the nomenclature in BS 881 and 589 and 
the definitions of BS 565, BS 4471 and CP 112 apply, together with the following: 

2.1 Approving authority The body responsible for the assessment, periodic 
testing and certification of a stress grading machine. 

2.2 Fissure A longitudinal separation of the fibres, appearing on a face, edge 
or end of a piece of timber, and including checks, shakes and splits. 

2.3 Indicating prope rty The property of the timber used by a stress grading 
machine to determine the grade stress. 

2.4 Machine stress graded timber A piece of timber to which a grade stress has 
been assigned by measuring one, or more, indicating prop~rties of the timber by 
means of a test in a non-destructive testing machine. 

2.5 Margin areas The areas adjoining the edges of the cross-section~, each oI 
which occupies 1/4 of the total cross-sectiona~ area (See Fig. 1). 

'I_ .. 

2.6 Marr,in condition A margin condition exists "when more than 1/2 the ar(!a of 
either margin is occupied by the projected area of knots. 

2.7 Knot area r~tio (KAR) The ratio of the sum of projected cross-sectional 
areas of all knots at a cross-section to the cross-sectional area of the piece. 
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3. STRESS GRADED TIMBER 

3.1 Sizes, Permissible deviations and Processing reductions 

3.1.1 Sawn sofh,ood Tinber graded to this standard shdl also conply with 
BS 4471 with respect to the basic sizes, permissible deviations and pro­
cessing reductions applicable to constructional 'timber. 

Section moduli and other geometric properties are given in.CP 112 

NOTE: Stress graded softwood of the following basic 
thicknesses is readily available: 38, 44~ SO, 63, 75 mm 
and also 100 mm in limited species. 

3.1.2 S<'.wn hardwood The main structural species 1may· be assumed to ba available 
in the sar,1e sizes and lengths as sawn softwood until such time as a British 
Standard for sizes of sawn hardwood is published~ . 

3.2 Processed Timber If the grading has been carried out before processing, pro­
vided the reduction in size does not exceed that for·conatructional timber in (1) 
of Table 3: BS 4471, Part 1, the grade is not considered to have been changed. 

3.3 Resawing or Surfacing Where graded timber is resawn or surfaced to an extent 
beyond the limits of Clause 3.2.the timber shall be r.egraded if it is to coml)lY 
with this standard. 

3.4 Deviation in grading A parcel ~f visually graded timber shall be deemed to 
satisfy the grade specified, provided that on inspection of the actual sizes of 
the characteristics not more than 5% of the parcel is found to be deficient. 
Of this 5%, any piece having any one characteristic worse by more than 10% shall 
be rejected. 

3.5 Timber graded abroad Timber graded and marked abroad to meet the grades of 
this British Standard need not be regraded in the United Kingdom, provided that 
the timber is not resawn into smaller sizes. 

4. MEASUREMENT OP CHARACTERISTICS Fett VISUAL STRESS GRADING 

4.1 Knots Knots shall be assessed by their ltnot area ratio, which shall be taken 
as the ratio of the sum of their projected cross-sectional areas to the cross­
s~ctional area of the piece. In making this assessment knots of less than 5 mm 
diameter may be ignored, and no distinction shall be made between knot holes, dead 
knots or live knots. 

Th·e method of assessing the knot area ratio is illustrated in Fig. 2. Typical 
knot area. ratioo are shown in Fig. 3. In cases of dispute the method given in 
Appendix A may be used to determine the knot , a.re.1.·ratio. 

4.2 Fissures The size of a fissure shall be taken as the distance between lines 
enclosing the fissure and parallel to a pair_ of opposite faces (See Fig. 4a). 

If a transverse longitudinal plane cuts through two or more fissures on opposite 
faces 1 then the sum of their size. shall be taken as the size of the defect 
(See Pig. 4b). 

When a fissure occuro on the surface of a piece, its size may be verified by means 
of a feeler suage, not exceeding 0.2 mm thick. 
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4.3 Slope of g~ain The slope of grain shall be measured over a distance 
sufficiently great to determine the general slope, disregarding slight local 
deviations. 

The methods by which slope of grain shall be measured are: 

a. by taking a line parallel to the surface fissures, or 

b. by the use of a grain detector (See Appendix B). 

4.4 Spiral gr~in Where spiral grain occurs the slope of gr~in shall be determined 
by measuring the worst slope of grain on the faces and on the edges and taking the 
square root of the sum of the squares of the· slopes. For example, if these slopes 
are 1 in 18 and 1 in 12, the combined slope is: 

✓ (1/18)2 + (1/12)2 = 1;10· or a slope of 1 in 10 

NOTE: This procedure is intended to apply in instances where it is deemed necessary 
to measure the slope of grain; in most cases, it will be sufficeient for the grader 
to use his judgement in rejecting timber containing spiral grain which occurs to 
an undesirable extent. 

4.5 Wane 1'he amount of wane on any surface shall be taken as the sum of the wane 
at the two arrises, and shall be expressed as a fraction of the dimension of the 
surface on which it occurs (See Fig 5). 

4.6 Ra te of growth Rate of growth shall be measured on one end of the piece, and 
shall be taken as the average number of growth rings per 25 mm intersected by a 
straight lice 75 mm long normal to the growth rings, passing through the centre of 
the end of the piece (See Fig 6a); or commencing 25 mm from the pith when this is 
present (See Fig 6b). When a line 75 mm in length is unobt'ainable the measurements 
shall be made on the longest possible line normal to the growth rings and passing 
through the centre of the piece. 

4. 7. Resin pockets Resin pockets shall be measured in the same way as fissures. 

4.8 Distortion The bow, spring and twist in a piece shall be measured over a 3 m 
lensth (See Fig 7), The cup shall be measured over the width of the piece. 

5. GENERAL STRUCTURAL (GS) GRADE 

5.1 General A piece will satisfy the requirements of GS grade if the characteristic~ 
do not exceed the limits given in this clause.~ 

5 .2 Kr.ots 

5.2.1 Knot arc,>. ratio When a margin condition exists, the lcnot area ratio 
shall not exceed 1/3. When a margin condition does not exist, the knot 
a.cca ratio·shall not exceed 1/2. 

When the cross section is square, the knot area ratio shall not exceed 1/3. 

An example is shown in Fig 8. 

A cl<:cision sequence that may be followed when selecting for GS t;racle is given 
in Apj)Cndix C. 
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J.2.2 Lonr i t udinal s epar at i on Where two or more knots, or groups of knoTs: 
both wit h kno t a.r ea ratios exceeding 90% of the permissible ratio, are sep­
arated in a lengthwise direction by a distance of less than half the width 
of the piece, the piece shall not qualify for the grade. 

5.3 fissu:.-es 

5.3.1 If the size of the defect is less than or equal to half the thick-
ness of the piece, then the fissures may be unlimited in number wherever they 
occur in the piece. 

5.3.2 If the 3ize of the defect is greater than half the thickness of the 
piece, but less than the thickness of the piece, then the length of the 
fissures shall not exceed 900 mm or 1/4 the length of the piece, whichever 
is the lesser. 

5.3.3 If the size of the defect is equal to the thickness of piece, then the 
length of the fissures shall not exceed 600 mm: if the fissures occur at the 
end of the piece their length shall not exceed 1 1/2 times the width of the 
piece. 

5.4 Slope of grain Slope of grain shall not exceed 1 in 6. 

5.5 Wane The amount of wane shall not exceed 1/3 · of the dimension of the surface 
on which it occurs, except that not nearer either end of the piece than 300 mm the 
al,1(;un.t of wane may be up to 1/2 of the dimension of the surface on which it occurs 
within a single continuous length not exceeding 300 mm. 

5.6 R3tP. of growth The rate of growth shall not be less than 4 annual rings per 
25 mm. 

5.6 Rc~in pockets The limits given for fissures in clause 5.3 shall apply to 
resin pockets. 

5.8 D:istortion Any piece which is bowed, sprung, twisted or cupped to an excessive 
extent, having regard to the end-uset shall be rejected. 

NOTE~ Distortion will largely depend on the moisture content of the 
timber at the time it is measured. A precise definition to cover all 
ap~lications and conditions cannot be given, but for guidance the 
follmdng limits of bow, spring, twist and cup may be applied to par,:els 
of graded timber. Bow should not exceed one-half of the thickness in 
any 3 m length. Spring uhould not exceed 15 mm in any 3 m length. 
Twist should not exceed 1 mm per 25 mm of width in any 3 m length. 
Cup should not exceed 1/25 of the width. In some applications, dependin6 
of the type of distortion and section size,' greater amounts may be accom­
inod:,.tcd without impairing performance, but in other applications lesser 
amounts may impair performance. 

5.9 WormholcR Pinholes and wormholes are permitted to a slight extent in a snall 
number of pieces, provided that there is no active infestation of the material. 
\•iood wa.sp holes are not permitted. 
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5. H) Sap.stain Blue .stain in sapwood is not a structural defect and may be 
permitted to a li,nited extent. 

5.11 Abnormal dt~fects All pieces showing fungal decay, brittleheart and other 
abnormal def ects affecting strength shall be excluded. 

Pieces may be accepted however where the reduction in strength caused by the abnor • al 
cldect i.s obviously less than that caused by the defectsadmitted by the grade of 
tirnher, subject to the provision that these abnormal defects are of a type which 
,'/ill not progress after conversion and seasoning,(eg white pocket rot derived 
from the standing tree.) 

o. SPECIAL STRUCTURAL (SS) GRADE 

o .1 Gencni.l · A piece will satisfy the requirements of SS grade if the characteristics 
do not exceed the limits given in this clause. 

6.2 Knots 

6.2.1 Knot area ratio When a margin condition exists, the knot area ratio 
shall not exceed 1/5. When a margin condition does not exist, the knot area 
ratio shall not exceed 1/3. 

When the cross section is square, the knot area ratio shall not exceed 1/5. 

An example is shown in Fig 8. 

6.2.2 Longitudinal separation Where two or more knots, or groups of knots, 
both with knot area ratios exceeding 90% of the permissible ratio, are sep­
ar.ated in a lengthwise direction by a distance of less than half the depth 
of the face, the piece shall not qualify for the grade. 

6.3 Fissures 

6.3.1 If the size of the defect is less than or equal to half the thickness 
of the piece, then the fissures may be unlimited in number wherever they 
occur in the piece. 

6.3.2 If the size of the defect is greater than half the thickness of the 
piece, but less ihan the thickness of the piece, then the length of the 
fissures shall not exceed 600 mm or 1/4 the length of the piece, whichever 
is the lesser. 

6.3.3 If the Gize of the defect is equal to the thickness of the piece, 
then the fissures shall be permitted only if they occur at the ends of the 
piece and their len~th shall not exceed the width of the piece. 

o.4 Slope of gr ain Slope of grain shall not exceed 1 in 10. 

6.5 Wane The amount of wane shall not exceed 1/4 of the dimension of the surface 
on which it occurs. 

6.6 Kate of ~rowth The rate of growth shall not be less than 4 annual rings per 
25 m.-n. 
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6.7 P.esin pockets The limits ·given ior fissures in Clause 6.3 shall apply 
to resin pockets. 

6.8 Distortion Any piece which is bowed, sprung, twisted or cupped to an 
excessive extent, having regard ~o the end-use, shall be rejected. 

NOTEi Distortion will largely depend on the moisture content of the 
timber at the time it is measured. A precise definition to cover all 
applications and conditions cannot be given, but .tor guidance the following 
limits of bow, spring, twist and cup may be applied to parcels of graded 
timber. Bow should not exceed one-half of the thickness in any 3 m 
length. Spring should not exceed 15 mm in any 3 m length. Twist should 
not exceed 1 mm per 25 mm of width in any 3 m length. Cup should not 
exceed 1/25 of the width. In some applications, depending on the type 
of distortion and section size, greater amounts may be accommodated 
without impairing performance, but in other applications lesser amounts 
may impair performance. 

6.9 Wormholes Pinholes and wormholes are permitted to a slight extent in a small 
number of pieces provided that there is no active infestation 0£ the material. 
\Vood \'lasp holes are not permitted. ··· 

o.10 Sapstain Blue stain in sapwood is not a structural defect and may be per­
mitted to a limited extent. 

6.11 Abnormal defects All pieces showing fungal decay, brittleheart and other 
abnormal defects affecting strength shall be excluded. 

Pieces may be accepted however where the reduction in strength caused by the abnormal 
defect is obvi,ously less than that caused by, the deff!cts admitted by the grade of 
timber, subject to the provision that these abnormal defects are of a type which will 
not progress after conversion and seasoning,(eg:white' pocket rot derived from the 
standing tree·) 

7. THffiER FOR LAMINATING 

7.1 General Three grades designated LA, LB and LC are specified for laminated 
construction. To qualify for a particular grade, individuai laminations, after 
final processing, shall comply with the requirements of the following clauses: 

I 

7.2 Knot area ratios The sum of the knot area ratios determined by including 
all knots within any 300 mm of length, neglec,ting overlaps, shall not exceed: 

1/10 for grade LA 
1/4 for grade LB 
1/2 for grade LC. 

7 .3 Fissures Fissures on the face of a lamination ma6 be, unlimited in depth, but 
shall not form an angle with the face of less than 45 • 
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7 .4 Slope of grain Slope of.. grain i;neasured .. in acco~dance with Clause 4 .3 shall 
not exceed: 

1 in 18 for grade LA 
1 in 14 for grade LB 
1 in 8 for grade LC. 

\ 

7.5 Wane Wane shall not be permitted. 

7.6 Rate of growth No limit is placed on the rate of growth. 

7.7 Resin Pieces which are exceptionally resinous, or contain large resin pockets 
which would affect gluing, shall not ~e permitted. 

7.8 Distortion- Any piece which is bowed~ sprung, twisted or cupped to an excessive 
extent, having regard to the method.of laminating, shall be rejected. 

7.9 Wormholes Pinholes and wormholes are permitted to a slight extent in a small 
number of pieces provided that there is no active infestation of the material. 
Wood wasp holes are not permitted. 

7 .10 Sapst•ain Blue stain in sapwood is not a structural defect and may be per-
mitted to a limited extent. ,; 

7.11 Abnormal defects All pieces showing fungal decay, brittleheart and other 
abnormal defects affecting strength.~hall be excluded. 

8. SUPERVISION SCHEME POR STRESS GRADING MACHINES 

8.1 Arproving authority The approving authority shall be the British Standards 
Institution or their delegated agents. 

8.2 Scheme of supervision The approving authority shall make available, on 
request, the criteria by which approval may be granted, and details of the Scheme 
of Supervision. 

8.3 Conditions for machine approval A machine shall be approved by the approving 
authority if!!.!_ th~ following conditions are fulfilled: 

8.3.1 The type of machine has been tested and approved by the approving 
authority. 

8.3.2 The Company and its records, and the actual machine, are subject 
to unannounced periodic inspection by· the approving authority in a manner 
and at a frequency which will be laid down in the Scheme of Supervision 
for stress grading machines set down by that authority. 

8.3.3 The Company operating the machine at the time of grading has complied 
with all instructions under the Scheme of Supervision, laid down by the 
approving authority. 

8.3.4 The machine is not at the time of grading under temporary suspension 
by the approving authority. 
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9 MACflHIE GENERAL STRUCTURAL (MGS) AND MACHINE SPECIAL STRUCTURAL (MSS) GRADES 

9.1 General Two grades of machine stress graded timber are specified, namely 
~~Sand MSS. Additional machine stress grades separated by standard increments 
of Modulus of Elasticity will be specified in future editions of CP 112 with 
their grade stresses. 

The approving authority shall be empowered to authorise additional intermediate 
grades to suit specific end uses. 

9,2 Machine requirements for MGS and MSS grades A piece will satisfy the machine 
requirements for MGS and MSS grade if it has been passed through an approved 
stress grading machine and the whole of the piece has been classified as complying 
with the grade. 

9.3 Visual requirements for MGS and MSS grades Notwithstanding the fact that the 
piece complies with the indicating property requirements of the assigned machine 
grade stress it shall only be deemed to comply with the requirements of that grade 
if on vlsual inspection the piece complies with the requirements for fissures, wane, 
resin pockets, distortion, worm holes, sapstain . and abnormal defects of the equi­
valent grade. 

r,r.s shall comply with Clauses 5.3., 5.5, 5.7, 5.8, 5.9, 5.10 and 5.11. MSS and 
hic;hcr machine grades shall comply with Clauses 6.3, 6.5, 6.7, 6.8, 6.9, 6.10 and 
6 .11. 

9.4 Substitution ~GS grade may be deemed to comply with the requirements for GS 
in clause 5 and hence may he used as a substitute for GS grade of the same size. 
MSS grade may be deemed to comply with the requirements for SS grade in Clc!,USe 6 
and hence may be used as a substitute. 

Grades GS and SS shall not be used as substitutes for grades fl.liS and l:15S. 

10 MARKING OF VISUALLY STRESS GRADED TIMBER 

Every piece 1>f visually stress graded timber shall have the following information 
clearly and indelibly marked on at least one face, edge or end*· 

10.1 A mark identifying the grader or the company responsible for the grading. 

10.2.The grade of the piece. 

*NOTE: It should be noted that face marking is preferable and should 
be adopt~d eventually. 

11 lVIARKING OF MACHINE STRESS GRADED TIMBER 

Every piece of machine stress graded timber shall have the following information 
clearly and indelibly marked on at least one face, edge or end* 

11.1 -The license number of the stress grading machine. 

11.2 The grade assigned to the piece~ 

11.3 The BSI Kitemark and the number of this British Standard, or alternatively 
to these, any mark approved by the approving authority. 

·kNDrE: It should be noted that face marking is preferable and should 

be adopted eventually. 
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12 RE-MARKING STRESS GRADED TIMBER 

Whcce the grade marking is removed by planing, regularizing within the limits 
of Clause 3.2, or crosscutting, the processor shall re-mark the timber with its 
original grade and his own mark of identification, prefixed by a letter R .. to 
denote Re-marked. 
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APPENDIX A 

METIDD FOR DETERMINING THE KNOT AREA RATIO IN CASES OF DISPUTE 

To calculate the worst knot area ratio in any piece of timber use the following 
method: 

1. Choose that section in the piece which intersects the knot or group of knots 
of which the knot area ratio produces the lowest grade. 

2. Consider all knots with diameters greater than,5 mm intersected by the chosen 
section in calculating the knot area ratio of both margin areas and of the whole 
piece. 

2.1 Make full scale drawings of the chosen section and mark the margin areas 
by dotted lines. Mark points on the appropriate side of the rectangle rep­
resenting any knot on that surface. The points ·marked· shall represent the 
widest projection of the knot on that face or edge. 

3. Calculate the knot area ratio and the area of the margin occupied in two ways 
according to whether the pith occurs within the. cross-section or not. 

Por the purpose of estimating the position of the pith within or without the cross­
section examine the nearest end of the piece and assume that all annual rings are 
concentric with the pith. 

3 .1 If the pith is within the cross-section join the points reprt\senting the 
limits of the knots on the drawing by straight lines to a point representing 
the estimated position of the pith. Measure the area within these lines 
which corresponds to knots for the whole cross-section and for that area 
which lies within either margin. 

3.2 Where the pith is outside the cross-section mark its estimated position 
at an appropriate position on the drawing. Join up the points on the perimeter 
of the drawing in a manner appropriate to the assumption that each knot is 
approximately a cone with its apex at the pith. Measure the area thus enclosed, 
corresponding to the estimated position of knots, for the whole cross-section 
and for both margin areas. 

4. In both the above cases express: 

4.1 The total area of knots within each margin area as a proportion of the 
whole of that margin area for the- purpose of deciding whether a margin 
condition exists or not. 

4.2 The total area of knots within the cross-sectional area of the piece 
as a proportion of the cross-sectio~al area of the piece for the purpose 
of determining the knot area ratio• at that section. 

-11- 73/10278 



APPENDIX B 

DETERMINATION OF SLOPE OF GRAIN 

Slope of grain can be determined by means of a scribe, shown in Fig. 9, com­
prising a cranked rod with a swivel handle and a needle, at the tip, set to a 
slight trailing angle. The needle is pressed into the wood and the scribe is 
drawn along with a steady action in the apparent direction of the grain, which 
is indicated more precisely as the needle forms a groovs. If the pressure on the 
needle is not sufficient it may be dragged across the grain; on the other hand, 
a steady action is impossible if the pressure is excessive and the needle penet­
rates too far into the wood. In Douglas fir the summerwood is relatively dense 
and the needle meeting it tends to be diverted, resulting in a step in the groove, 
the avoidance of which requires a parti_cularly slow and steady action as each 
springwood stripe is met. 

If the action is correct the needle follows the grain even when· the direction of 
pull of the scribe is slightly out of line. This may be used to check that the 
scribe does follow the grain by scribing another groove in close proximity on 
each sid~ of the original one with the direction of pull diverging slightly out­
wards in each case when, if the grooves are following the grain, they will be 
parallel·to each other. 

The inclination of grain on a face is measured as shown in Figures 10 and 11 
in which AB is the line indicating grain direction·, AC is a line drawn parallel 

-to the edge of the member, BC is of length one unit (any convenient unit may be 
used) and it is at right angles to AC. Grain inclination is expressed as 'one 
in _x •, where x is the length of AC measured in terms of BC. · 

The slope of grain should be determined on adjacent faces and edges, and from the 
values obtained the true inclination of the grain to the longitudinal axis of the 
member should be determined in accordance with Clause 4.4. 
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CO-OPERATING ORGANISATIONS 

The Timber Industry Standards Committee, under whose i:;upcrvision this British 
· Standard w.1s prepared, consists of representatives from the following Governr:1cnt 
departments and scientific and industrial organisations: 

British Plastics Federation 

* British Woodwork Manufacturers' Association 

* Department of the Environment - Building Research Establishment 

* D~partment of the Environment 

Fibre Building Doard Development Organization Ltd 

·le Forestry Commission 

Hardwood Flooring Manufacturers' Association 

Iw;titute of Wood Science 

Institution of Civil Engineers 

Institution of Municipal Engineers 

* Institution of Structural Engineers 

x National Federation of Building Trades Employers 

* National Sawmilling Association 

* Roial Inst{tut~ of British Architects 

Royal Institution of Chartered Surveyors 

* Softwood Agenti and Brokers Association 

7imbcr Packaging and Pallet Confederation 

* Ti:nbcr Research and Development Association 

*' Timber T1:ade Federation of the United Kingdom 

The Government departments and scientific and industrial organisations marked 
with an asterisk in the above list together with the following were directly 
represented on the committee entrust·ed with the preparation of this British 
Standard. 

Council of the Forest Industries of British Columbia 

Greater London Council 

Home Timber Merchants Association of England and Wales 

l~me Timber Merchants Association of Scotland 

In~titute of Building 

National House Builders Registration Council 

Scottish Timber Merchants and Sawmillers Association 

Timber Drying Association 

Individual experts 
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MECHANICAL FASTENERS AND FASTENING IN TIMBER STRUCTURES* 

By E. George Stem, Earle B. Norri s Research Professor of Wood Construction 
Virginia Polytechnic Institute and State University, Blacksburg, Virginia 

A worldwide survey of the status of mechanical fasteners and fastening in timber structures 

can bring forth some of the idiosyncrasies of timber construction in the various countries 

surveyed. The reasons for differences in the characteristic peculiarities of such timber 

fasteners as are locally available can throw light on the natural as well as man-mode 

limitations with which the builder is confronted. 

The technically more advanced countries should, of course, have many additional and 

more sophisticated fasteners on the market than, for instance, the Third-World countries. 

O, the other hand, the advance in many technical fields depends often not so much 

on the technology available as on the ingenuity of the individuals active in a particular 

field to overcome certain difficulties and handicaps. 

Before machine-made metal fasteners became available, simple wooden pins, such as 

those shown in Fig. 1, played a major role in the erection of ingenious timber structures. 

When machine-made nails came into production, the Scandinavians ingeniously developed 

two distinct types of nai Is, as are shown in Fig. 2, that is, the square-shank nails with 

flat sides as used in southern Norway and Finland and those with longitudinal flutes as 

used in northern Norway and Sweden (1). Did the possibly slower-grown timbe~ from 

the north call for more slender fasteners which would provide greater holding power, 

offer less driving resistance, and exhibit a lesser tendency to split these timbers during 

driving? Long after round-wire nai Is were taken for granted in the developed countries, 

an ingenious Austrian carpenter developed a sheet-metal nail (2), as shown in Fig. 3, 

which proved to be patentable and highly promising, yet could not be mass-produced 

(1) Stern, E. George. November, 1961. Wood Construction in Europe as Observed 
during 1961. Virginia Polytechnic Institute. Engineering Experiment Station. 
Bulletin No. 147. 

(2) Stern, E. G eorge, and Arthur S. Tisch. February and M:irch, 1969. The Improved 
Nail - - - Its Status. Wire & Wire Products, Vol. 44, No. 2, pp. 54-56 and 105-
108; and No. 3, pp. 50-5 1 and 100- 102 . 

* This paper was prepared for prese ntation at the March 20-21, 1973, Meeting of Com­
mission W-18 on II Timbe r Structures" of Interna t iona l Cou ncil for Building Research 
Studies & Documentation (CIB) at Princes Risborough Laboratory of Building Research 
Establishment, Princes Risborough, Aylesbury, Buckinghamshire, England 

The use of brand or trade names in this paper serves to restrict the findings to the par­
ticular product under scrutiny and does not constitute an endorsement of this product. 
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because of unsurmountoble license problems. Today, we know many types of ingenious 

metal nail plates (truss plates), with protruding barbs, prongs, and teeth to penetrate 

the wood, as are shown in Fig. 4. In addition, we learn of the equally ingenious 

Menig plates, Steelam plates, Micro-kim connectors, Griplam rivets, pipe and tube 

connectors, slender threaded spikes, and plastic-polymer coated nails and staples 

which were recently developed (3). 

Ingenuity in the field of wood fasteners is going rampant. Our time is exuberant in 

developing new, improved, and highly practical, needed fasteners for the improved 

assembly of wood. Yet, on the other end of the scale, there still are countries where 

not a single metal nail or other metal fastener is manufactured and where all those 

fasteners which are needed have to be imported. There is an almost unlimited oppor­

tunity in this fastening field everywhere in the world and, especially, in the developing 

countries. It is the purpose of this survey to provide a picture, as limited as it is, of 

the status of mechanical fasteners and fastening in timber structures around the globe. 

As more information wi II reach the author, this report can be mode more comprehen5ive 

and all-inclusive to the benefit of those countries which are not as advanced in the 

fastening field as, for instance, the U. S.A. 

CANADA 

The Canddian Standards Association's Standard B111-1967 for 11 Wire Nails, Spikes 

and Staples11 covers recommended size;and other dimensional data for various kinds 

of wire nails, spikes, and staples commonly used in the building and packaging trades. 

It also includes general statements on material finishes and coatings. The 40 tables 

cover 40 types of 292 standard and 85 special round-wire plain-shank common nai Is, 

common spikes, barrel or broom nails, box nails, clinch nails, berry-box or basket 

nails, moulding and finishing nails; plain-shank and longitudinally fluted flooring 

and casing nails; plain-shank wood lath and fine nails, gypsum-lath nails, gypsum­

wallboord nails, large-head roofing or gypsum-sheathing nails, shingle nails, sheet­

metal nails, eavestrough spikes, hinge nails, siding or clapboard nails; plain-shank 

or barbed car nai Is; plain-shank sash pins, fence staples, poultry-netting staples; 

helically fluted common nails, box nails, finishing nails, metal-roofing and slating 

nails, flooring nails, gypsum-lath nails, gypsum-wallboard nails, eovestrough spikes, 

(3) Forest Products Research Society. June 27, 1973. Panel Presentation on Ex­
periences with Mechonica I Fasteners. 27th Annual Meeting of Forest Products 
Research Society. Session sponsored by Technical Committee on Mechanical 
Fastening. Anaheim, California. 
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concrete or masoniy nails; annularly threaded steel-channel nails, underlay-flooring 

nails, suspended-ceiling nails, plywood-nails, gypsum-wallboard nails, plywood­

subfloor or underlay nails; helically threaded hardwood-flooring nails; helically or 

annularly threaded common nails, roofing nails, and pallet nai ls.91 The steel wire used 

in their manufacture shall be sufficiently ductile for the finished plain-shank fastener 

to withstand cold bending without fracture through 90° over a radius not greater than 

the diameter of the wire. Hardened-steel nails shall withstand bending without 

fracture through 45° over a radius of at least a- 11
• Cement-coated nails up to 0. 135" 

diameter shol I show an average increase in immediate holding power of not less than 

50% above that of identical non-coated nails. 

The Canadian Standards Association's Standard 086-1970 on "Code of Recommended 

Practive for Engineering Design in Timber" provides design criteria for st11Jcturully 

non-graded and graded lumber, glue-laminated timber, plywood, piling, pole con­

struction, and major fastenings. The 33-page chapter on timber fastenings covers 

split-ring connectors, shear-plate connectors, bolts, Jag screws, Glulam rivets, and 

truss plates as well as their conditions of use. No consideration is given in this 

standard to the use of nails in timber structures. 

The Canadian Wood Counci I of Ottawa, Canada, issued during 1971 a 4-page i 1-

lustrated publication on "Canadian Wood Construction: Nails11 to serve as a guide 

for the selection of nails used in timber construction. 

The National Building Code of Canada and/or the Canadian Code of Residential Con­

struction specify the conditions of use for nails. 

ENG IA ND 

The British Standard Institution's Standard BS 1202-1966 on II Specification for Nails" 

consists of three parts which cover steel, copper, and aluminum nai Is, respectively. 

They contain listings of standard sizes, in British units and millimeters, and other 

dimensional data for (a) 24 types of 125 round-wire plain-shank or barbed and square­

wire plain-shank or twisted as well as cut steel nails, (b) six types of 100 round-wire 

and square-wire plain-shank as wel I as cut c.opper nails, and (c) 73 round-wire plain­

shank or barbed and square-wire twisted aluminum nails, in common use for general 

purposes. The head sizes are directly related to the shank diameters. 

O~her British Standards include BS 1494 on "Fixing Accessories for Building Purposes, 

Port I: Fixings for Sheet, Roof, and Wall Coverings11 of 1964, and II Part 2: Sundry 

Fixings" of 1967; BS 1210 on "Wood Screws" of 1963; and BS 1579 on "Connectors for 

Timber" of 1960. 
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Metal nail plates (truss plates) are covered by Agrement Board Certificates. Pollet 

nai Is, with preference to annularly threaded nai Is, do not appear to have a British 

Standard. 

Mechanical fasteners ore covered in the recent 11 Handbook of Fixings and Fostenings11 

by Bi II Lounchburg, published by The Architectural Press of London, England. 

The British Standard Code of Practice, CP 112 on "The Structural Use of Timber" of 

1967 and its metric Part 2 of 1971, contain the requirements for joints in timber 

structures, yet do not cover truss-plate joints. This code is under revision for the 

incorporation of major changes in terms of limit state design (lower exclusive limit). 

IRELAND 

The Irish Standard Specification IS 105-1961 for "Wire and Cut Nails for Building 

Purposes" applies to 55 round-wire, seven oval-wire, and nine cut nails for use in 

the building trade, with the round-wire nails manufactured of low-carbon steel, 

copper or aluminum and with the oval-wire nails and cut nails manufactured of steel. 

The steel and copper wire nails shall withstand cold bending without fracture through 

180° over a radius equal to that of the tested nail. Aluminum wire nails shall with-
iJ.'c 

stand cold bending witl\ fro cture through 90° over a radius not greater than the dia-

meter of the nail. Steel cut nails shall withs•and cold bending without fracture 

through 180° over a mandrel of the same diameter as the thickness of the noi I. 

For specialized purposes, other nails ore used. Yet, no Irish standard appears to 

cover them. At least four types of metal nail plates ore being used in the manufac­

ture of trussed rafters. 

The British Standard Code of Practice, CP l 12, is to be followed, since on Irish 

code relating to joints in building construction does not exist. 

DENMARK 
Except for one standard, that is, DS 171 on Koniske Stifter, 

Denmark does not have any official standards on mechanical fasteners for wood. Those 

commonly used in Danish building construction are listed by Jahansenand Larsen (1). 

They include seven plain-shank square-wire nails, two helically threaded nails, 

five annularly threaded nails, five log screws, and three bolts. In addition to 

( 1) Johansen, M., and H.J. Larsen. 1968. Anchoring of Roofs. Byggeindustrien, 
Vol. 22, pp. 872-882. Translated from Danish into English by Building Research 
Station, England. 
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special types of nails and staples, special sheet-metal anchors (1) and nail plates 

are used by the Danish building industry. 

Plastic-polymer coated plain-shank round-wire nails with flattened shanks were re­

cently approved by the Danish Ministry of Housing for use on an equal basis as the 

same-length standard square-wire nails sofar as their withdrawal resistance is con­

cerned, with the coated nails to provide 300/4 higher holding power in northern soft­

wood than the non-coated prototypes (2). The report recently issued by Feldborg and 

Johansen (3) sheds light on the effectiveness of a number of Danish nails under various 

use conditions, thus may be influential in up-dating the Danish code of practice for 

the structure I use of timber, DS 413-1968, a revised edition of which should be avoi l­

ab le shortly. 

NORWAY 

Norway issued, during 1948, standards for eight types of nails used in building con­

struction: NS 65B and 66B on Rundhodenagler Band K, NS 726 and 727 on Kon­

hodenagler, NS 730 on 1 - lOmm Rundhodenagler, NS 733 on Linsehodenogler, NS 737 

on Senkhodenogler, and NS 738 on Flathodenagler. The catalogue of a Norwegian 

nai I and screw manufacturer lists plain-shank and barbed square-wire nai Is, twisted 

square-wire nails, round-wire nails, square-wire spikes, screwnails, gypsumboard 

screws, and sheet-metal screws for use in building construction. Seven types of truss 

plates and three types of timber connectors ore also used for timber construction. 

SWEDEN 

The Swedish Standards Commission issued, during December, 1947, Swedish Standards 

SMS 1382 to 1386 and 2008 on longitudinally fluted square-wire nai Is and brads and 

round-wire nails, brads, roofing nai Is, and fiberboard nai Is. 

Square-wire, round-wire, longitudinally fluted square-wire, twisted square-wire 

and barbed and helically and annularly threaded round-wire nails with various types 

of heads and points as well as cut nails are described in detail in the catalogues of 

(2) Pedersen, V. June, 1972. Investigation of the Shank Withdrawal Resistance of 
3!-ln. Senco Nails for Determ ina ti on of the lo~-Range Effectiveness of the 
Coating. Also, Transverse Loading Tests with 3~·1n. Coated Senco Nails. Jutland 
Technological Institute. Materials Testing Department. Project No. 30-0-2-19716. 
Reports Nos. 1 and 2. 

(3) Feldborg, T., and M. Johansen. 1972. Withdrawal Resistance of Nails. Statens 
Byggeforskningsinstitut. SBI-Report No. 84. (Danish with English Summary). 
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the largest Swedish nail manufacturer, Gunnebo of Gunnebobruk, Sweden. They in­

clude regular-steel, hardened-steel, galvanized-steel, electro-plated steel, blued­

steel, lacquered-steel, stainless-steel, copper, bronze, and brass nai Is for many 

purposes. The excellent four-part handbook on nails by this Company (4) provides 

information on Swedish nails and their uses in wood assembly and construction as well 

as on timber connectors, timber hangers, and timber joints of various types, including 

timber joints with sheet-metal reinforcements to allow close nail spacing as well as 

toe-nailed joints assembled with bent nails. 

The Swedish building construction code coveri the nailing in wood construction. 

FINLAND 

The single-sheet, two-page Finnish standard for nails, TES 58-38, of 1950, establishes 

the nomenclature and the sizes, in mm and in., of eighteen ½11 to 1011 square-wire 

nai Is as well as of six plain-shank and one diagonally barbed round-wire nai Is. 

The July, 1961, catalogue of the Aktieselskabet Nordiske Kabel -og Troadfobriker, 

up-dated by an insert of June 9, 1967, lists many more nails, including twisted 

square-wire nails. The company's standardized nail sizes do, however, coincide only 

in a few instances with those given in the Finnish standard for nails. 

HOLLAND 

The Dutch nail standards, as developed and published by the Nederlands Nonnolisotie­

instituut during November, 1966, that is, NEN 5553 to 5560, cover 99 plain-shank 

round-wire nai Is of all kinds, twelve square-wire nai Is, and eleven twisted ,;qua re­

wire nails. The former nomenclature (e.g., 33/10) is replaced by the metric nomen­

clature (70 x 3. 4). 

The use of wire noi Is in timber joints is shown in Document No. 2a of the Houtvoor­

lichtingeinstituut of Amsterdam, Holland, of July, 1966, and January, 1969, with 

an insert of February, 1969. This publication covers many details, including the 

suggested sequence of driving nails. Other Institute publications cover the nailing 

of Douglas fir plywood gusset plates for frame and bent joints (Document No. 13 of 

October, 1971), wood screws as well as log screws and their use in the fastening of 

steel gusset plates (Document No. 11 of M:Jy, 1968), sheet-metal anchors and hangers 

(4) Moeller, T., and V. Saretok. 1961. Gunnebo Spikhondbok. Gunnebo Bruks 
Aktiebolag. AB C. 0. Ekblad & Co., Sweden. 
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and their use (Document No. la of September, 1960, and February, 1969), bolts and 

their use (Document No. 5 of Wv:ly, 1966, and January, 1969), split-ring as well as 

shear-plate connectors and their use ,(Document No. 4o of November, 1967), and 

claw plates and their use (Document No. 6 of September, 1966, and January, 1969). 

BELGIUM 

The Belgian Standardization Institute published Standard NBN 305 on nails referring 

to nail numbers, nail length, in mm, and nail diameter, in BWG and mm. FABRIMETAL 

(Federation des Entreprises de l I lndustrie des Fabrications Metalliques) prepared a 

catalogue of nai Is produced in Belgium, which include many low-carbon-steel and 

non-hardened and hardened-steel plain-shank, helically and annularly threaded 

round-wire nai Is and plain-shank and twisted square-wire nai Is. This catalogue also 

lists the producers of wood screws, including self-tapping screws, lag screws, bolts, 

and studs. 

The Centre Scientifique et Technique a la Construction, in coopemtion with the 

Federation Roya le des Societies d' Architects de Belgique and la Confederation Na­

tionale de la Construction, published during 1970 a construction handbook which con­

tains a chapter on timber construction, including design and construction details 

covering nailed construction. 

FRANCE . ~ ! f 

A listing of common wire nails in general use in France, as prepared by the Centre 

Technique du Bois of Paris, France, includes thirty-four 9/10 to 70/200 (diameter, in 

1/l0mny'length, in mm) round-wire nails, twenty-three 27 to 200-mm long helically· 

fluted nails, eleven 25 to 110-mm long twisted square-wire nai Is, and seven 45 to 90-

mm long slender nails. Truss plates of three types, as used in French timber construc­

tion, are described in a pub Ii cation issued by the Centre during January, 1968. 

A textbook on timber construction, as published by Le Groupe de Coordination des 

Textes Techniques, Editions Eyrolles, provides information on the design and comt·ruc­

tion with wood. 

PORTUGAL 

The Portuguese Technical Commission of Mechanical Standardization published during 

February, 1963, Standards NP-277 to 286 covering 149 plain-shank and eleven 

diagonally barbed round-wire nails as well as ten twisted square-wire nails of various 



types. The steel used for making these nails is specified in Portuguese Standard NP-

329 of June, 1964. According to this standard, nails have to bend without fracture 

around a rounded anvil to a 60° angle. 

The performance and use of nails and other mechanical fasteners, including plastic 

ring connectors, for the jointing of pine timber are described in detail in a well­

illustrated 312-page book as well as in lecture notes by Mateus, published during 

1961 (5) and 1972 (6), respectively. 

SWITZERLAND 

Switzerland does not have any official standards for nails used in building construction. 

However, nail manufacturers, of which there are approximately ten, follow their own 

company standards which are similar. Thus, there are, e.g., DT-Nomis, such as 

N-5201, 5203 to 5209, and 5211 to 5213 which cover round-wire nails with flat, 

countersunk, slightly countersunk, thick, deep, round, large, oval, large roofing, 

extra large roofing, and umbrella heads, as manufactured by Vereinigte Drahtwerke 

AG, Biel/ Trefileries Reunies SA, Bienne, Switzerland. On the other hand, there 

are Swiss Railway Standards, such as, the Schweizerische Bundesbahnen SBB Standard 

Design No. 29,693 of September, 1964, covering the phosphate-coated and rather 

stout 2.5 x 60 and 3. 1 x 80 round-wire nails and 3.5 x 90 twisted square-wire nails. 

None of these nai I manufacturers produce helically or annularly threaded nails at 

this time. 

GERMANY (BRD) 

The standardization committee for wire and wire products of the Germon Standard 

Committee (DNA) published eleven German Standards for round-wire nails, that is, 

DIN 1144 for seven nails for light-weight building panels during September, 1961; 

1151 for 32 general-purpose nails with flat and slightly countersunk heads; 1152 for 

20 nai Is with deep brad heads; 1153 for 16 nails with countersunk heads; 1155 for 9 

nai Is with round heads; 1156 for 17 headless nails; 1157 for 9 nails with oval heads; 

1158 for 16 hook nails; 1159 for 7 U-shaped staples; and 1161 for 18 stout nails with 

(5) Mateus, T.J.E. 1961. Bases Para o Dimensionamento de Estructuras de Madeira. 
Laboratorio Nocional de Engenharia Civil. Lisbon, Portugal. Memoria No. 179. 

9 

(6) -----. April, 1972. 0 Embrego cla Madeira de Pinh<fm Obras Pro­
visorias (Cimbres, Cofragens, Etc.). Curse de Promocao Profiss1onal 501. Ministerio 
dos Obros Publicos. Laboratorio Nocionol de Engenharia Civil. Lisbon, Portugal. 
Documento 501-2. 1. 



wedge or diamond points with countersunk, slightly countersunk, and oval heods 

during April, 1959; and 1160 for 16 nails with large and extra-large heads of three 

and four shank diameters, respectively, during November, 1963. Screwnails of 69 

different sizes with slotted round heads and flat countersunk heods are described in 

DIN 7514 and 7515, respectively, of December, 1943. Pallet nails are covered in 

DIN 15-146 and 147. Recent tests on helically threaded nails and spikes as well as 

plastic-polymer coated staples and nails should result in new German Standards within 

a short time. Wood screws and bolts ore covered in separate standards. 

The jointing with mechanical fasteners in timber construction is covered in DIN 1052 

on "Design and Construction of Timber Structures" of October, 1969. This standard 

was interpreted by Moehler et al in a lengthy (52-page) report (7) which can serve as 

10 

a more or less up-to-date textbook on timber construction as practiced in West Germany. 

The well illustrated chapters on timber joints present probably the most detailed treatise 

covering this subject matter. 

GERMANY (GDR) 

The jointing of timbers, as practiced in Europe and the USA, is described in detci I in 

a well illustrated up-to-date textbook by Moeok (8). 

CZECHOSLOVAKIA 

Czechoslovakian State Standard CSN 73 2810 of July, 1963, on Performance of Timber 

Structures briefly covers joints of elements of timber structures. Detai Is on the jointing 

of timbers ore presented in a textbook by Dutko et al (9). 

POLAND 

Polish Standards of 1971 govern nails manufactured in Poland: Standard BN-70/5028-12 

covers 19 round-wire and 19 square-wire nails; BN-70/5028-17 covers 12 helically 

(7) Moehler, K. , J. Ehlbeck, G. Hempel, and P. Koester. Jonuory, 1971. Inter­
pretation of DIN 1052, Forms 1 and 2 -- Design and Construction of Timber 
Structures - - October, 1969 edition . Arbeitsgemeinschoft Holz in cooperation 
with Bund Deutscher Zimmermeister, Bruderverlag, Korlsruhe, Germany. 

(8) Moenk, W. 1966. Holzbau (4th Edition). VEB Verlag fuer Bouwesen. Berlin, 
German Democratic Republic. 

(9) Dutko, P., F. Lederer, P. Ferjencik, <rnd L. Cizek. 1966. Drevene Konstrukeie. 
Slove~ke Vydavatedstvo Technickej Literatury. Bratislava, Czechoslovakia. 



threaded round-wire nails with multiple thread flutes, large thread angle, and medium 

diamond point and 11 similar helically threaded nails with long diamond point; BN-

70/5028-18 covers 9 helically threaded pallet nails with single thread flute and medium 

thread angle; BN-70/5028-19 covers 6 twisted square-wire pallet nails; and BN-70/ 

5028-25 covers 13 annularly threaded round-wire nails. 

Polish Standard PN-64/B-03150 of July, 19n, covers the design and computation of 

timber structures, providing information on the use of nci Is, wood screws, timber con­

nectors, keys and dowels of various types, clamps, and gusset plates. 

Recently, Nozynski (10) determined the withdrawal resistance and lateral load-trans­

mission of single and multiple plain-shank and twisted nai Is of triangular cross-section 

in two-member and three-member timber joints, advancing design data for these nai Is. 

ROMANIA 

The Romanian Standardization Institute issued during November, 1971, Standard STAS 

2111-71 on Steel Nails covering 247 plain-shank round-wire nails of various types, 

eight plain-shank square-wire nails, three helically threaded nails, eleven U-shaped 

staples, and 14 L-shaped staples. Wood screws are covered in Standards STAS 1451-71, 

1452-71, 1453-56, 1454-56, and 1455-71. Washers are described in Standard STAS 

7565-66. 

USSR 

The status of the art of the mechanical fastening of timbers in the USSR is presented in 

the textbook by Karlsen et al (11). 

BRAZIL 

The United States of Brazil do not hove any official standards for nai Is and other 

mechanical fasteners used in building construction with the exception of those for 

bolts and a variety of screws, including wood screws (P-PB-97 of 1970). 

(10) Nozynski, W. 1969. Test Results of Timber Joints wi th Triangular Nails. lnstytut 
Techniki Budowlanej. Technical Bulletin 29/30. Warsaw, Poland. Pp. 51-63. 

-----. 1969. Ditto. Technical Bulletin 1/2. Pp. 4-7. 

-----. 1967. Special Three-Sided Nails for Building. Ditto. Technical 
Bulletin 1. Pp. 16. 

(11) Karlsen, G.G., V.V. Bolshakor, M.Y. Kagan, G.V. Sventsitsky, K.V.Aleksan­
drovsky, I. V. Bochkaryov, and A. I. Folomin. 1967. Wooden Structures. MIR 
Publishers. Moscow, USSR. Russian {1961) and English (1967) Editions. 
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The design of timber structures and joints assembled with mechanical fasteners is 

covered in Brazi lion Standard NB 11 of 1951 ( 1967). 

SOUTH AFRICA 

The Bureau of Standards of the Republic of South Africa published SABS 820-1966 on 
11 Standard Specification for Mild Steel Nails11 during October, 1966. It covers 74 

(l,oc( 

plain-shank, 2 barbed,,..32 annularly threaded round-wire nails; 2 plain-shank and 4 

twisted square-wire nails; and 6 cut nails. 

The Code of Practice for Timber Building, SABS 082-1965, includes a chapter on 

timber joints assembled with nai Is, bolts, timber connectors, and framing anchors. 

The SABS Standard Building Regulations of October, 1970, cover nailed, screwed, 

bolted, connectored, and anchored joints. 

AUSTRALIA AND NEW ZEALAND 

Australia and New Zealand do not have official standards for nails used in building 

construction and for the wire from which these nails are made. Nails from different 

manufacturers may vary somewhat, yet, are relatively uniform since most of the rods 

used in both countries originate from a single manufacturer and are cold-drawn into 

wire by a single nail manufacturer in each country. Mechanical fasteners of all kinds 

used in timber construction are described in "Timber Fasteners" published by the Com­

monwealth Experimental Building Station of the Department of Works in their Notes 

on the Science of Building, NSB 121, of August, 19n. 

The Standards Association of Australia published Australian Standard CA 38-1971, on 

"Construction in Light Timber Framing", CA65-1972 on "Australian Standard Rules 

for Timber Engineering Design", and C188-1972 on "Australian Standard Methods for 

the Determination of Basic Working Loads for Metal Fasteners for Timber11
• The latter 

standard appears to be unique in the coverage of its subject matter. Austrolian Standard 

E41-1965 on "Flat Pallets for Materials Handling" covers nail types and sizes used for 

pa I let assembly. 

INDIA 

The Indian Standards Institution published during 1961 the Indian Standard Specifica­

tion IS-723 on "Mild Steel Wire Nails" and IS-451 on "Wood Screws" and during 1963 

the Indian Standard Code of Practice IS-2366 on II Nail-Jointed Timber Construction". 

This Institution also published the National Building Code of India, covering "Wood" 

in Port VI, Section 3. 
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M:lSani et al (12) summarized the results of research conducted up to 1968 on the effec­

tiveness of plain-shank and round-wire nails in Indian timbers. This well-illustrated re­

port served as the basis for the present design of no i led structures in India. 

JAPAN 

The Japanese Industrial Standard JIS A-5088 covers 18 nails commonly used in building 

construction and for other purposes. A design manual for timber construction, published 

13 

by the Architectural ln£titute of Japan, contains infonnation on joints in timber construction. 

USA 

The United States of America standardized its wire and cut nai Is, brads, staples, and spikes 

in Federal Specification FF-N-105B of iV.arch 17, 1971. This specification covers more 

than 512 plain, barbed, and threaded round-wire brads, nails, and spikes of 30 styles, 

93 plain, barbed, and twisted square-wire nails and spikes of five styles, and 40 cut nails 

and spikes of eight styles. Among the threaded nails are 75 helically and 36 annularly 

threaded nails. In addition, numerous special nails, made and sold in accordance with 

the manufacturers' standard specifications, are produced for specific applications. Al­

together some 10,000 different standardized nails (13) may be produced during the course 

of a year, if such variables as different nai Is, points, heads, threads, and finishes are 

given consideration when establishing the number of different nails available in the USA. 

According to the Federal Specification, nails need to conform to the following require­

ments: The steel, copper, and copper-clad steel wires used in the manufacture of non­

hardened steel, copper, and copper-clad steel nails shall be sufficiently ductile for the 

finished product to withstand cold bending without fracture through 180° over a diameter 

not greater than the wire diameter or thickness of the nail. This requirement is not ap­

plicable to barbed and deformed-shank nails. Hardened-steel nails shall withstand 

cold bending without fracture through 20° over a diameter not greater than the wire 

diameter. Aluminum nails, brass nails, and medium-carbon-steel cut nails and spikes 

shall withstand cold bending without fracture through 90° over a diameter not greater 

(12) iV.asani, N. J., K. S. Pruthi, S. Lal, and B. Prasad. April, 1971. Nail Joints 
in Timber Structures: Part Ill. The Forest Research Institute, Dehra Dun, and 
The National Buildings Organization, New Delhi, India. Technical & Research 
Report No. 26. 

(13) Stern, E. G., and A.S. Tisch. February and iV.arch, 1969. The Improved Nail, 
Its Status. Wire & Wire Products. Vol. 44, No. 2, pp. 54-56 and 105-108; and 
No. 3, pp. 50-51 and 100-102. 



than the diameter of the wire or the thickness of the sheet from which the fastener wa~ 

sheared. Wrought-iron and steel spikes shall withstand cold bending without fracture 

through 180° over a diameter not greater than the dimension of the square spike. 

Cement-coated nails of 0. 13511 or smaller diameter shall offer an immediate withdrawal 

resistance, obtained within 24 hours after driving, of not less than 50% above that of 

an identical bright nail prior to cleaning. Masonry nails of given sizes shall resist 

given axial withdrawal loads from 3000-psi. concrete. 

Numerous staples and nails as produced by five leading manufocturers (Duo-Fast, Paslode, 

Power-Line, Senco, and Spotnails) are described in Manual No. 1-69-73 on 11 Building 

Construction Fasteners11 issued by the Industrial Stapling Mant.1facturers Institute of City 

of Industry, California. This tv'ianual was incorporated in the BOCA Basic Building 

Code of the Building OfficiakConference of America (Approval No. 69-41), Southern 

Standard Building Code of the Southern Building Code Congress (Report No. 7009), 

Uniform Building Code of the International Conference of Building Officials (Report 

No. 2403), and other codes. 

The Industrial Stapling and Nailing Technical Association*issued their Manual No. 19-71 

On "Pneumatic and Mechanically Driven Building Construction Fasteners" which become 

an integral part of Bulletin No. UM-25c of August 23, 1971, on "Application and 

Fastening Schedule -- Power-Driven, Mechanically Driven, and tv\anually Driven 

Fasteners" issued by the Department of Housing and Urban Development of the U.S. 

Federal Housing Administration. This publication describes in detail the staples, 

nails, corrugated fasteners, and tying fasteners to be used under given conditions for 

diaphragm and non-diaphragm constructions. It shows the number of fasteners required 

and the allowable loads transmitted by these fasteners. 

The 1971 edition of the National Design Specification for Stress-Grode lumber and 

Its Fastenings, published by the National Forest Products Association of Washington, 

D. C., provides design criteria for timber structures, including those for timber joints 

assembled with nails and spikes of various types, wood screws, lag screws, bolts, 

timber connectors (split rings, toothed rings, and shear plates), and metal-plate 

connectors. 

Basic design information for timber joints assembled with mechanical fasteners is pub­

lished in the Chapter on Timber Fastenings of the Wood Handbook (14), under revision 

at this time. Comprehensive information on the mechanical fastening of southern pine 

(14) Forest Products laboratory. 1955. Wood Handbook. Agricultural Handbook 
No. 72. U.S. Government Printing Office. Washington, D. C. Pp. 165-202. 

* the successor of the Industrial Staplin~nufacturers Institute. 
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was compiled by the author (15) and republished in condensed fonn by Koch (16). 

Basic data on the performance of nai Is and spikes in hickory, one of the important 

American hardwoods of great potential use, were developed by the author (17). A 

considerable part of a new textbook on timber construction by Hoyle (18) is devoted 

to the use of mechanical fasteners for _wood. An even more recent textbook by 

Gurfinkel (19) devotes 63 pages to the design with mechanical fasteners, including 

five insert pages on the design of wood joints with multiple bolts, lag screws, and 

timber connectors. Other textbooks and a manual of practice on the design with 

wood are in preparation and will throw additional light on the effectiveness of 

mechanical fasteners and joints in timber structures. 

SUMMARY OF SURVEY with Respect to Nails and Nailed Joints 

The number of nails of given types covered in the national standards of 16 countries 

of the 24 countries surveyed are summarized in Table I. 

1) Of the 16 national standards, the USA Standard covers more nails than any other 

national standard, that is, 645 nails or 22% of the 2893 nails listed. The USA is 

followed by Canada and England, each with 14% of all the nails listed, Germany 

(BRD) with 11%, Rumania with HJ%, Portugal with 6%, Holland and South Africa 

with 4% each, and the remaining eight countries with a total of 15% of all the 

no ils I isted. 

Of the grand total of more than 2893 nails listed, 86% are round-wire nails, 11% 

are square-wire nai Is, and 3% are cut nai Is. Among the 2495 round-wire nai Is, 

74% are plain-shank nails, 3% are barbed nails, 5% are helically fluted nails 

(
11 formed nails11

), 1()'% are helically threaded and 5% are annularly threaded nails 

(15) Stern, E. George. December, 1969. Mechanical Fastening of Southern Pine, 
A Revi ew. Virginia Polytechnic Insti tute and State Universi ty. Wood Research 
& Wood Construction Laboratory. Bull e tin No. 87 (98 pages). 

(16) Koch, P. January, 1972. Utilization of the Southern Pines. Agricultural 
Handbook No. 420. Volume I. U.S. Government Printing Office, 
Washington, D.C. Chapter 24. Pp. 1221-1324. 

(17) Stern, E. George. November, 1964. Nails and Spikes in Hickory. U.S. 
Forest Service. Southeastern Forest Experiment Station. Hickory Task Force. 
Report No. 9. 

(18) Hoyle, R. J., Jr. November, 1972. Wood Technology in the Design of 
Structures. Mountain Press Publishing Company. Missoula, Montano. Chapters 
11-14. Pp. 135-212. 

(19) Gurfinkel, G. 1973. Wood Engineering. Southern Forest Products Associa­
tion. Chapter 6. Pp. 129-187 and XVI - XX. 
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(!'deformed nails 11
). Among the 305 square-wire nails, 62% are plain-shank nails, 

12% are diagono I ly barbed nai Is, and 26% are twisted nai Is. Thus, 22% of the 

nails listed in the national standards are helically fluted, helically or annularly 

threaded, and twisted nai Is. 

In the USA standard, 79% of the nails listed are round-wire nails, 14% are square­

wire nails, and 6% are cut nails. Among the 512 round-wire nails, 69% are plain­

shank nails, 9% are barbed nails, 15% are helically threqded and 7% are annularly 

threaded nai Is. Among the 93 square-wire nails, 46% are plain-shank nai Is, 4C1'/o 

ore diagonally barbed nails, and 14% are twisted nails. Thus, 190/o of the American 

nails listed are helically or annularly threaded and twisted nails. These deformed­

shank no i Is are estimated to make up approximately 2C1'/o of a 11 the no i Is produced 

in the USA. 

2) The sizes of standard 10d -- 3" (76mm) bright plain-shank common wire nails, with 

flat heads and medium diamond points, and their equivalents in 21 of the 24 countries 

surveyed are listed in Tobie II. 

In the light of the fact that the standardized nail lengths in different countries are 

measured in inches and/or mil Ii meters, the lengths of the nails listed vary from 70 

to 80mm. 

The diameters of the round-wire nai Is vary from 2. 6 to 4. 1 mm in England and 3. 0 

to 4.5mm in 17 other countries. The diameters (lengtl-6of the diagonals) of the 

square-wire nai Is vary from 2. 8 to 3. 1mm in the five countries listing square-wire 

nails as their common wire nails. These five countries comprise the four Scandinavian 

countries which are the traditional home of square-wire nails, and Poland which 

lists both round-wire and square-wire nails as her common wire nails. 

3) Of the 24 countries surveyed, at least five countries established test procedures and 

criteria for nails, as is shown in Table Ill. 

The Federal standard of the USA describes test procedures and criteria for cut nails, 

common nails, hardened-sleel nails, coated nails, and masonry nails. Canada has 

standard test procedures or d criteria for common nai Is, I-a rdened-steel nai Is, and 

coated nails. Ireland has :;tandard test procedures and criteria for cut nails and 

common nails, Denmark for coated nails, and Portugal for common nails. 

In testing the ductility and pliability of nails, the finished nail is to withstand cold 

bending without fracture around an anvil of o given radius through a given angle, 
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os is shown in Table Ill. In certain instances, the radius or the diameter of the 

anvi I is that of the nai I diameter or nai I thickness; in one instance, the radius of 

the anvi I is specified as to be at least i\ 11
; and in one instance, the anvi I is just to 

be rounded. The bend angle to be reached without fracture varies from 20° and 

45° for hardened-steel nai Is to 60°, 90°, and 180° for common nai Is made of 

different metal alloys. 

Coated nails shall offer a 50% increase in withdrawal resistancewhich isattributable 

to cement-coating or a 30% increase which is attributable to plastic-polymer coating. 

Masonry nails shall offer a certain withdrawal resistance in 3000-psi. concrete. 

4) A comparison of basic desig ,, procedures for nailed and spiked joints in the USA and 

Germany (BRO) reveals that the German regulations go into considerably morederail; 

thus, cover many situations to which no consideration is given in the American speci­

fication. The reason for the basic difference might be attributed to the fact that 

the German design procedures are issued by the German Government and mandatory; 

whereas the American design procedures are industry-sponsored recommendations ac­

cepted by the various agencies and code authorities as basic procedures to be am­

mended and implemented as justified. 

Some of the detai Is in the German regulations which are in controst with their 

American counterpart are listed below: 

a) As to allowable USA nail-withdrawal loads, they are governed by the Design 

formula, P = 1320 G
2

•5o, in lb., and special adjustment factors; whereas in 

Germany nail withdrawal loads can be given consideration only if these loads 

are short-time loads, such as wind loads, and the nails are designed to resist 

suction and uplift forces acting on sheathing, rafters, purlins, etc. For the 

direct ha nging of ceilings, the use of nails with deformed shanks is recommended 
in. G~rm9n)( .. 
,.! n the 1ig1,t of the fact that ceilings represent long-time loads and that plain -

shank nails lose a considerable part of their initial holding power during timber 

seasoning. 

b) With respect to the latera I lood transmission by nai Is, the American design loads 

are influenced by the 1.5th power of the nail diameter; whereas the German 

design loads are influenced by the 2nd power of the nai I diameter as wel I as by 

a decrease in the load trunsmission with increase in the nail diameter. Thus, 

the American design load is determined by P = KD 1. 5; whereas the German 

design load is determined by P = KD
2/(1 +D). 
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c) In the Am~rican specification, there is no requirement for more than one nail 

in a joint transmitting lateral loads; whereas the German counterpart requires 

a minimum of four nails, althoughthereare certain exceptions, such as the 

requirement of two nails for the fastening of boards. 
I 

d) The number of nai Is in c joint is of no influence on the American design load 

per nail; whereas more 1han ten nails in a row in the direction of the force re­

quires a decrease of l(}J/o and more than twenty nai Is in a row in the direction 

of the force requires a decrease of 2(1J/o of the German design load per nail. 

e) Whereas provisions are included in the American specification for the benefits 

derived from the use of threaded hardened-steel noi Is, no such provision is made 

in the Germon counterpart. 

f) The nailing of flat members to round members requires a 33% decrease in the 

lateral load transmission per nail in the Germon standard and no decrease in 

the American specification. 

g) Driving plain-shank nails (not threaded hardened-steel nails) into green wood 

which seasons under load or into fire-retardant pressure-treated wood, col Is for 

a 25% reduction in the lateral load transmission per nail in the USA; whereas 

nailing of green wood which subsequently seasons calls for a 33% reduced 

lateral load per nail in Germany. 

h} The American normal design load is subjected to various duration-of-load 

factors, with consideration of wind load permitting a 33% increase; whereas o 

15% increase is allowed for short-term loads, such a wind loads, in Germany. 

i) Nails driven into end-grain lumber and subsequently. laterally loaded coll for 

a 33% decrease in the design load applicable to nails driven into side-grain 

lumber in the USA; whereas nails in end-grain lumber cannot transmit any 

design loads in Germany. 

j) Nails driven into predrilled holes of a diameter of at least 85% of the nail dia­

meter con transmit a 25% higher lateral load in German softwoods and a SCf10 

higher lotera I load in Germon beech and oak than nai Is driven without pre-

dri lling; whereas the design load in the USA is not influenced in one way or 

another if the hole is not larger than 75% of the diameter of the nail driven 

into light timber and 900/o of the diameter of the nail driven into dense timber. 

k) Noi Is loaded in multiple shear can, under given conditions, transmit the corres­

ponding multiple design load in Germany; whereas in the USA nails in double 
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shear can transmit only 133% of the single-shear load if the thickness of the 

side member is at least 1/3 of that of the center member, 166% of the single­

shear load if the thickness of the side member is at least equa I to the thickness 

of the center member, and 200% of the single-shear load if the side member 

is at least 3/811 thick and if the nails are smaller than 12d and clinched, while 

threaded hardened-steel nails need not be clinched. 

I) Whereas in the USA nails are to be spaced in such a way as not to cause 

"unusual splitting"; nails in Germany are to be located at given minimum end 

distances, minimum edge distances, and minimum and maximum spacings, with 

multiple nails in a row parallel to the grain to be off-set at least one nai I 

diameter. 

m) The latera I load transmission by nai Is fastening meta I side plates to timbers m~y 

be increased 25% in both countries; yet, in Germany, this increase is limited 

to plates of a minimum thickness of 2mm. 

5) A comparison of deformation limitations for nailed joints in the USA, Australia, 

and Germany, or proposed for inclusion in design standards of other countries, 

was made by Boyd (20) and Morris (21). In the USA, the design load for timber 

joints has conventionally been based on a maximum joint deformation of 0. 015 in. 

(0. 38tnm), which reflects a design load of one-sixth of the ultimate test load 

tronsmitted by softwood joints. A similar joint deformation limit has been used 

in Austro lia. On the other hand, the German design lood has been based on a 

quarter of the ultimate test load and a joint defonnation of 0.059 in. (1.5Cl'nm). 

Joints assembled with nails of small diameters deform under load less than those 

assembled with nails of large diameters. Thus, two types of similar joints, as­

sembled with nails of different sizes, support different loads at given joint de­

formations. 

Since knowledge of joint deformation is necessary for many forms of structure I 

analysis, Morris conduded that design loads for nailed joints should be related 

to specified member displacements. Using an expression involving load, deformr:Jtion, 

(20) Boyd, J.P. 1965 . The Significance of Basic and Applied Research on Mechanical 
Fasteners for Residential Construction in Austrolia. Building Science. Vol. 1, 
Pp. 33-34. 

(21) Morris, E. N. November, 1971. Design of Nailed Joints for A Given Short 
Term Displacement. Timber Research and Development Association, Hughenden 
Va lley, High Wycombe, Buckinghamshire, England. Research Report E/RR/ 33 . 
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nail diameter, and wood speci es, Morris deve loped de sign curves which allow the 

derivation of design loads for la te ral load tronsmissig{i~a~i~gle shear correspond­

ing to given short-term joint deformations. 

CONCLUSIONS 

The information presented is fragmentary. Additional comparisons of mechanica I 

fasteners and their use in various countries around the world could provide background 

information which could be helpful in establishing optimum design criteria for such 

fasteners and their use in the jointing of wood. In the light of this, it is hoped that 

such information which is not available to the author at the time of this writing will 

be made available to him. Th is would permit him to prepare a more complete report 

and, therefore, a more valuable one of the status of the art. 

The USA manufactures a considerably greater variety of mechanical fasteners for wood 

and, particularly, of nails and staples than any other country in the world. Thus, 

such fasteners as threaded stainless-steel and Monel boat nails of a variety of sizes 

are well-known export products in high demand wherever boats are bui It. These 

developments are, of course, the result of a great~r demand for more effective and 

efficient mechanical fasteners for wood in a country which is abundantly covered 

with forests and where wood plays a more important role in the life of any individua I 

than in most other countries. Furthermore, the mass-production of mechanical fas­

teners for wood and the warehouse availability of a large variety of large quantities 

of such mechanical fasteners are more feasible in a country with a population of more 

than 200 million people than in a country having a small population. 
more i mporto nt 

Thus, it appears that the USA will remain one of the"lead e rs in the field of mechanical 

fasteners, unti I some of the developing countries with relatively large untapped forests 

and, therefore, with a natural and self-perpetuating supply of timber will learn to use 

their self-renewable material for building and construction purposes effectively and 

efficiently. Thereby, they will create a large demand for mechanical fasteners for 

wood, which has to be met by either local manufacture or importation. The latter 

would, of course, constitute some drain on the foreign exchange available and, 

therefore, not always be defendable. 

It is hoped that the time will come when every country makes maximum use of its 

old-growth as well as newly grown timbers. This wi II be the time when both common 

and improved mechanical fasteners for wood will have to be readily available not 

only where needed but also in the quantities required. 
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Too little has been published about the outstanding advantages of the use of pcw,er­

driven staples,in place of hammer and power-driven common nails,for building and 

construction. With the availability of plastic-polymer coated, 2~11 -long, 15-go:.ige 

(0. 07311 x 0. 067") staples and with even longer staples in the offing, it might be 

well, especially for developing countries, to promote the introduction and the use 

of staples of appropriate sizes instead of common nails. This is especially desirable 

in their efforts to provide such moss-housing as is so urgent'ly needed and can be 

made available in the foreseeable future only by the proper use of wood and wood­

base products fastened together with nails and/or staples to form building components 

and complete house units (22). 
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TABLE I 

Types and Numbers of Nails Covered in National Standards of Countries Surveyed 

Round-Wire Nails Square-Wire Nails Cut 

:ountry Plain Barbed Longitudinally Helically Helically Annularly Plain Diagonally Twisted Nails Total 
Fluted Fluted Threaded Threaded Barbed No. % 

:anada 198 3 101 41 56 399 14% 
:ngland 300 19 32 7 38 396 14% 
Ireland 62 9 71 2% 
)enroork 2 5 7 14 O'/o 
5weden 40 49 89 3% 
Finland 6 l 18 25 1% 
Holland 99 12 ll 122 4% 
Belgium so+ 50+- 2°/4 
France 41 27 27 95 3% 
Portugal 149 11 10 170 6% 
Germany* 167 140 307 11% 
Poland 19 32 13 19 6 89 3% 
Rumonia 272 3 8 283 10'/o 
South Africa 74 2 32 2 4 6 120 4% 
Japan 18 18 1% 
USA 353"* 48 75 36 43 37 13 40 645+22°/o 

Total 1848+ 81 3 128 293 142 190 37 78 93 2893+- DO% 
64% 3% 0'/4 4% 100/o 5% 7% 1% 3% 3% 100'/o 

* (BRD) ** exclusive of round-wire staples. + and more. 
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TABLE II 

Sizes of Standard lOcl--3" (76mm) Bright Plain-Shonk Common Wire Nails, 
with Flat Heads and Medium Diamond Points, and Their Equivalents in Various Countries 

Country Nail Wire Diameter Wire Gauge Head Diameter Count per Pound 
Wire In. Mm USSWG BISG In. xDiam. 450g. 500g. 

Canada Round 0. 144 (3. 7) 9 5/16 (2. 2) 67 (74) 
Eng land Round 0. 160 4. 1 8 2 55 

Round 0. 144 3.7 9 2.25 70 
Round 0. 128 3.3 10 2.25 88 
Round 0. 116 2.9 11 2.25 107 
Round o. 114 2.6 12 2.25 127 

Ireland Round 0. 176 4.5 7 2 
Round o. 160 4. 1 8 2 

Denmark Square 3. 1 (for31/80) 

Norway Square 3. 1 (for 31/80) 

Sweden Square 2 . 8 ~ for 28/75) 94 
Square 3. 1 for31/75) l15 
Round 3. l (for31/75) 111 

Finland Square 2. 8 (for75x2. 8) 

Holland Round 3. 1 (for70x3. 1) 
Round 3. 4 (for 70x3. 4) 

Belgium Round 3. 4 (for 75/10) 
Round 3. 8 (for 75/9) 

France Round 3. O(for 70/17) 6.5mm 120 
Round 3. 4 (for 70/18) 6.5mm 94 

Portugal Round 4. 0 (for40x70) 8.8mm 
Gem,any Round 3. 1 (for31x70) 

Czechos I ova k ia Round 3. 1 (for3. 1x70) 
Round 3. 1 (for3. 1x80) 

Poland Round 3. 0 (for 3. Ox70) 
Round 3. 0 (for 3. OxBO) 

Square 2. 8(for2.8x70) 
Square 3. O(for3.0x80) 

Rumania Round 3. O(for3. Ox70) 
Round 3. O(for3. Ox80) 

Brazil Round 3. 4 (for 3. 4x74) 

South Africa Round 0. 144 (3. 7) 9 2.25 70 
Round 0. 160 (4. 1) 8 2 55 

Australia Round 0. 144 (3. 7) 9 0.22 80 
India Round 3. 55 (for 3. 6x80) 9 

Japan Round 3. 40 (for 3. 4x75) 

USA Round o. 148 (3. 8) 9 5/16 (2. 1) 65-69 (72-77) 
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TABLE Ill 

Test Procedures for Nails Established in Various Countries 

Country Cold Bending Without Fracture to Given Angle Withdrawal Resistance of 
Cut Nails Common Nails Hardened-Steel Nails Coated Na i Is M:isonry Na i Is 

Canada 90°a 45°c +5D°/4d 

Ireland lBO°b 90°a · 180°b , 
Denmark +3O%e 

Portugal 60° 

U.S.A. 90°b 90°b; 180°b 20°b +50%d 

{a) Bending over radius not greater than nai I diameter. 
(be) Bending over diameter not greater than nail diameter or nail thickness. 
( ) Bending over radius of at least ! 11

• 

(d) Given increase in withdrawal resistance attributable to cement coating. 

X 

(e) Given increase in withdrawal resistance attributable to plastic-polymer coating. 
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roof of Castle Uroch, Germany (BRD), during the 15th 
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Fig. 1. - Top, sguare oak pin of 1411 length used for erection of roof of Castle Urach, Germany, during the 15th century. 
Bottom, rounded pine pin of 1011 length from Kastelruth, Northern Italy, built during 1761. 
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Fig. 4. - Metal nail plates or various types: Right, predrilled flat and deformed; center-bottom, barbed an.:l pronged; left, toothed. 
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Fig. 5. - English na'ils (1965). 
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.Fig. 9. - New Zealand nails (1961). 



Fig. 10. - Stop le 
0

nd noil worehouse of one of the lorgest stop le ond noil monufocture<S in Ci ncinnoti, Ohio, USA. 



i.; 




