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In [Riberholt. .19821 guidelines for static models of trussed 
rafters are given, and these are mainly thought applied to frame 

models. In this paper a simple calculation method is forwarded 
for the static analysis and dimensioning of trussed rafters. 

It has been an object to forward a calculation method which is as 

simple as possible and still taking into account the essential 

effects. 

Due to lack of time only W-trusses have been investigated, but it 

is expected that later on other·types of trusses will be dealt 

with in a similar manner. 
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The moment coefficient method is applicable to trusses supported 

close to tlle heel joint. Cantilevered W-trusses may be designed 

according to [Feldberg & Johansen, 1981, chap. 81 or as described 

in section 4.2. 

The method takes into account that the straight cho!:ds are conti­

nuous. If they contain splices, these must be placed, where the 

moments are close to zero. 

The normal forces can be found under the assumption that all the 

connectior.s in the truss act as pinned 'joints loaded with nodal 

forces. 'l'hese are found by means of some a.pproximate equilibrium 

reguirem<"nts for the adjacent chord bays. Figure 2.1 gives some 

examples. 

Oil I i TITTJTn I I I I I I I I 1 I CTT_l] I I I I I I I I TTJ1 q bot 

GJIIID q bot, a 

ls 

yay 2c A 
Examples: F2 = 1/2(11 + l2)qtop 

F7 -· 1/2(16 + l7)%ot + c qbotta 

Figure 2.1 Lattice model of a W-truss and nodal forces. 
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The moments in the chords from distributed line loads ll'ith con­

stant intensity over each top chord or ov~r the entire bottom 

chord can be found from 

( 2 .1) 

where 

kmom Moment coefficient 

q90 Distributed line load perpendicular to the chord 

lbay Bay length as defined in figure 2.2. 

Figure 2.2 Bay lengths in a W-truss. 
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The bay lengths are defined as the lengths between the centre of 

the nodes or the middle of the supports. 

If the previous distributed line loads cause moments of the same 

magnitude as the moments from concentrated forces or distributed 

loads of limited distribution these can be found under the as­

sumption that the chord is a continuous beam over several bays. 

Sec section 3.3.7 end ~~la 

-
For example, the moments in the bottom chord in figure 2.1 aris­

ing from qboba can be calculated as if the bottom chord was a 

continuous beam supported by four simple supports. 

The moment coefficients are determined by calibration with frame 

models as described later in this paper. 

Internal eccentricities in the connections between chords and 

lattice must be taken into account. The eccentricity moments can 

either be inco::porated into the moment coefficients or they can 

be calculated separately. 

A more detailed description of how the moments are calculated is 

given in secti.on 4. 

Il.imensioning 

'The dimensioning of the timber cross sections muse be done as 

described in chapter 2.6 in [Riberholt, 1982]. 
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By analysing a W··truss it is found that the moment coefficients 
depend on ·the following, The are sensitive to some of the para­

meters and relatively insensitive to others. 

I: Slope of the roof. The following have been analysed, 1:4, 
1:3r 1:2. 

II: Slip in the connections. There has been calculated with the 
following values, which are chosen from those given in [Feld­

berg & Johansenr 1981] for long term loaded trusses, 

TABLE 3.1 

Connections 

Heel joint, slip in the 
direction of the top chord 

Splice in the middle of the 
the bottQ~ chord. 

Connection at the ridge, 

slip in the direction of 

the thop chord. 

Slip i.n mm 

Used for the stress analysis 

No slip A B c D 

0 1 2 4 6 

0 0.5 1.5 3 6 

0 0.5 1.5 3 6 

A corresponds to nail plates with long teethr B to nails 
driven directly through thin steel plate gussets and. C to 
nailed plywood gussets. 
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III: Eccentricities in the connections between the diagonals and 

the chords. Two cases have been regarded, they are shown in 

figure 3.1. The ridge connection remained the same. 

Central 

Eccentric 

Figure 3.1 Central and eccentric connections, partly between the 

top chord and the diagonal, partly the k-joint in the 

bottom chord. 

IV Eccentric support of the heel joint. 

V 'l'he dimensions of the bottom and top chord. 

VI The span of the truss. 

VII The load on the top chord in proportion to the load on the 
bottom chord, e.g. heavy or light roof. 
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VIII Symmetric or asymmetric load on the top chord. 

IX Attic load over e>. part of the bottan chord. 

3.2. Method of caJibration 

The moment coefficients were calculated by means of a frame 

program which was especially developed for the task. Topologir 

geometry, and loadings were generated automatically and so were 

the moment coefficients by means of equation (2.1), which gives 

(3 .1) 

In the frame analysis the timber parts were assumed linear elas­

tic. The connections were modelled as shown in figure 3.1 ancl 

3.2, and the slip in a conr:ection of the real truss was modelled 

by a prescribed slip between the members. There have been calcu­

lated with sli.p (mutual movement) values as given in table 3.lr 

which are assumed to be typical for different types of connec-· 

tions. It is namely expected that the dimensioning of the con­

nections will result in that the fasteners are stressed approxi­

mately equally, independently of the magnitude of the force or 

the size of the connection. 
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~------------
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fft 

n II liD qbot,a 

81 B2 

____ s 

Figure 3.2 Frame model and geometry determining parameters. The 
pinned joint at the ridge can be shifted downwards in 

order to model that the compression force between the 

top chords is transferred in the lower part of the 

joint. 

In the frame program the prescribed slip is treated as described 
in annex A. 

Moment coefficients have been calculated for the maximum moment 
in the bay and at the nodes. It has been taken into account that 
the moment curve at the node in rea~ity does not end up in a 
peak, but instead turn of due to contact pressure or forces in 

the connectors. As peak values there have been emploied the 

moments in a certain little distance of the node point corre­

sponding to points within the connection domain, see [Riberholt, 
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1982]. Figure 3.2 gives some examples of the node distances in 

mm. 

The lengths Xl and X2 are assigned values so that the lengths 
in the top and bottom chctds approximately are equal, see also 
figure 2 •. 2. 

The dimensions of the timber parts have been chosen so that they 

correspond to what is given in a recently issued Danish span 
table [Wood Trussed Rafters, 1983]. 

3.3. Eesults of .t.be cali!Jr.Q.tiQn 

The effects of the phenoma listed in secti.on 3.1 have been inves­
tigated, either by varying one parameter or several parameters 

simultaneous corresponding to the following headings. 

There has been used c.t reference truss with parameters as given 

in section 3.3.1, with a roof slope of 1:3 and with a slightly 
eccentric ridge connection DHRIDGE = 0.167. 

3.3.1. Roof Slope; Connection Slip, Ridge Model 

The other parameters were set to: 

III Centric connections 
IV Little support eccentricity, D = 70 mm 

V Ht = 150 mmr Hb = 125 mmr Width = 50 mm 
VI S = 8000 mm 

VII Heavy roof qtop = 1.61 N/mm 
VIII Symmetric top chord load 

IX No partial attic load 
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Overhang 0 = 500 mm Emoduli, top & bot. 8400 11Pa 
Xl 

X2 

= 1310 mm 

= 1950 mm 

-

diag. 7200 MPa 

Figure 3.3 contains the resul ta for a central ridge connectioru 

and figure :3.4 for an eccentric ridge connection, where the 

eccentricity is determined as DHRIDGE • htop = 0.167 • 150 mm. 
This value is expected to reflect th~t the contact between the 
two top chords occurs in the lower part of the joint due to 
rotations of the chord ends. In figure 3.5 is given kmom for 
DHRIDGE = 1/4, but this is more due to completeness than to 

reality. 
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slopes and slips in the con­

nections. Central Ridge Con­
nection, DHRIDGE = 0. 
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Figure 3.4 Moment coeffi­
cients for different roof 
slopes and slips in the con­
nections. Eccentric Ridge 

Connection, DHRIDGE = 0.167 -
1/6. 
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3.3.2. Roof Sloper Connection Slipr Ridge Model 

The other parameters were set to the same values as in section 

3.3.1 except for: 

III Eccentric connections. The diagonals are connected to 

the chords at the inner periphery, see figure 3.1 

lowermost. 
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cients for different roof 

slopes and slips in the con-

nections. Eccentric Ridge 

Connection, DHRIDGE = 0.167 -
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Figure 3.8 Moment coefficients for 
slips in the connections. 
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By comparing the results in figure 3.4 and 3.7 it can be seen 

that the values for kmom diffe.r, especially at the K-joint in 

the bottom chord (Bay 3 right and Bay 4 left). By analysing the 

differences in the moments at the nodes, it was found that the 

moments in the truss with· eccentric connections could be deter­

mined from those in the truss with central connections 

(3. 2) 

where 

Mcentral node moment in truss with central connections 

Me Eccentricity moment = 1/2 Fparhchord 

The chord parallel component of the force from the 

diagonals to the chord. 

kM A factor depending of truss type and node. For W·­

trusses with a roof slope of 1:3 the following 

values were found. 

T-connection in the middle cf the top chord, 

approximate values. 

Bay 1: kM = 0.2 

Bay 2: kM = 1.2 

K-connection in the bottom chord, exact digits. 

Bay 3: kM = -0.63 

Bay 4: KM = 0.37 
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It can be added that the moment contributions at the T-connection 

are of less importance than those at the K-connection. If the 

bottom chord \"as idealized to a continuous beam over 3 bays and 

simply supported the factor kM could be calculated to -0.6 and 

0.4 instead of the figures -.63 and 0.37. 

3.3.3. Support eccentricity 

From figure 3.9 it is seen that the suppport eccentricity influ­

ences the momentdistribution in the chords and thereby the moment 

coefficients, especially the adjacent bays number 1 and 3. 

f'or small support eccentricities 0 < D < approx. 200 mm it is 

reasonable to include the eccentricity effect in the moment 

coefficients. But for larger eccentricities the moment at the 

heel joint is dominating and it determines the dimensions. It 

should therefore be treated separately, for example as described 

in section 4.2. 
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Figure 3.9 Moment coefficients for a roof slope of 1:3, span= 

8.0 m and different suppport eccentricities D. Ec­

centric connections. 
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3.3.4. Dimensions and E-moduli of the chords 

Only the height of the chords influences the moment distribution 
substantially. In figure3.10 moment coefficients for trusses 
are given where the heights of both the c~ords are 25 smaller 
than those used for the figures 3.4 and 3.7 topmost to the right. 
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Figure 3.10 Moment coefficients for a roof slope of 1.3. 

Heights of the chords htop = 125 mm and hbot = 
100 mm 

Compared with figure 3.4 and 3.7 one finds, in general, smaller 

numerical values of kmom· This is due to the fact that the 
eccentricity moments at the nodes are proportional to the height 
of the chords, and that the prescribed slips in the joints cause 

larger positive chord moments in the stiff (high) chords. 
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calculations have shown that a change of 25% in the E-moduli only 

caused negligible alterations iil the moment coefficients. 

3.3.5. The span of the truss 

In figure 3.11 kmom is shown for trusses similar to those used 

for the figures 3.4 and 3.7 topmost to the right. The only 

differences are that here Span = S = 1200 mm and chord height = 

htop = hbot = 175 mm is used. The chord dimensions are selected 

from [Wood Trussed Raftersr 19831. 
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Figure 3.11 Moment coefficients for a roof slope of 1:3. 
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Compared with figure 3.4 and 3.7 one finds that for small slips 

in the joints kmom values are of approximate the same size. 

But it is seen that for the larger span kmom is not so sensi­
tive to the slip. 

3.3-.6. Heavy cr light roof, symmetric or asymmetric 
load on the top chord 

For a reference truss moment coefficients were calculated both 

for central and eccentric connectlons. 

For beth trusses it was found that 1-1hen the load on the top chord 

was changed from 1.61 kN/m to 1.31 kN/m (heavy to light roof) the 

values of the moment coefficientc were altered less than 10 
percent, except for some calculated for larger slips. 

It was further found that the moment co2fficients did not d2pend 

on whether the load on the top chord was symmetric or asymmetric 

(top chord loads: L61 and 1.12 kN/m). The differences were 

negligible. 

3.3.7. Partial Attic Load 

A reference truss was analysed with an extra distributed line 

load over 1.2 m of the middle bay of the bottom chord, see figure 

3.2 with Bl = B2 = 0.6 m. The extra load intensity was 

1.05 kN/m. 

It has been investigated whether the moments caused by the par­

tial attic load gbot.a corresponds ~o what would have been 
found in a continuous beam over 3 spans. This means that the 

resulting moments could be found from 

(3. 3) 
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fq bot,a= 1, 05 k N/m 
!qbot ::0,05 kN/m 

gTfl.~.~~~~--~--~-;t[:[:J. 'J. :J:J. :~~?~1~M~s~u:p] .. §. M qbota 

---·- IO)·Msup 

Figure 3.12 Distributed loads on the bottom chord. Resulting 
moment distribution and moment distribution caused 

by qbot.a on a similar continuous beam over 3 
spans. 

Meanwhile it was found that if (3.3) ~as solved for kmom it 
gave values which differed considerably from those given in the 
figures 3.4 and 3.7. 

Instead of this a "Swedish rule" was used. It states that the 
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moment distri.bution due to the partial attic load can be found as 

the moment distribution in a continuous beam over 3 spans, but 

with the moments at the supports reduced by a factor of 0.8. 
'J'his moment distribution_ is shown dotted in figure 3.12. The 

moment coefficients found in this v7ay by solving (3.3) is given 
in figure 3.13. In figure 3.14 they are shown for a span of 12.0 

m and all other parameters as the reference truss. 
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Figure 3.13 Moment coefficients for a reference truss with a 
roof slope of 1:3 and a span of 8.0 m, and loaded 
with a partial attic load. 
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Figure 3.14 Moment coefficients for a roof slope of 1:3 and a 

span of 12.0 m, and loaded with a partial attic 

load. 
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The normal forces are calculated as described in section 2. The 
moments are calculated as ·described in either section 4.1 or 4.2. 

The following moment coefficients can be used for w-trusses 
provided that 

The support eccentricity D is less than: 

200 mm 

2 • bottom chord height 

The slope of the roof is larger than 1:4 

The moment coefficients depend on the slip in the joints, and 
values are given for the following three cases. See also table 

3.1. 

A Nail plates with long teeths 

B Nails driven directly through thin steel plate gussets 

C Nailed plywood or wood gussets. 
Connectors with teeth pressed into the wood. 

Provided the moments are calculated from equation (2.1) or the 

first term of (4.1) the values of kmom given in figure 4.1 and 
4.2 can be used. 

27 

,.) 



Case A 

kmomf 
0.2 

0. 1 - 0.1 --=-==:-----0
:.:·.::.0 9:... B a y 2 m a x 

---Bay 1 max 
0.06 

0 1--.----.,r---r·-,.-·--Ji> Roof angIe 
20 3 0 

-0.6--- -0.1 -0.1 ----"""-Bay 1 right 

0.2 
0.14---_ 

0 . 1- 0.11 ----------.:::::::0~·~0~9 Bey 4 max 
0.0 6 Bay3max 

0 ----,- ---.--.---.--+Roof angle 
---"2'-"0'-----'3'-'0"'.,..0~- B a y 3 r i g h t - u. ~ 

-0.1 

Case C 

kmomt 
0.2~0.1~ 

012 0.17~Bay2max 
0.1. 0.1 Bay 1 max 

0 1--.----.,--,---..,---+ Roof angle 

-0.1 

k mom 

0.2 

0,1 

20 30 
~Bay1right 

0.13---- -v.v• 

0.2 8 

0.2t..____ ~ 
---..___Bay 4 max 

Bay 3max 
0.11 

0 Roof angle 
20 30 --------=-o.o7

7 
B a y 3 r i g h t 

-0.1 ------
0.15 

Case B 

kmom 

0.2 

0.1 

0 

0.13 ----..__ 0·1 Bay 2mox 
O.O 8- Bey 1 max 

0.12 

·----.---,-----,--- 1 ~ Roc f angle 
20 30 

- 0.0 ~,--"-"'=:...... __ :, ____ 8 a y 1 r i g h t 
-0.1 -0.08 

0.2 

0.1 

0.19~ 
0.15 012 

------ -~c~:;· Bay 4 max 
--...Jl..J21. B 3 ay max 

20 30 

-0.1 

28 

Boy members 

4 

Figure 4.1 kmomrcentral for 
central connections between 
chords and diagonals. 
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Figure 4.2 kmom,ecc for 
eccentric connections where 

the diagonals are connected 
to the inner side of the 

chords, see figure 3.1 bot­
tom. 



If the eccentricities in the chord-diagonal connections are smal­

ler than those assumed for figure 4.2 then kmorn can be found 
by interpolation between the values in figure 4.1 and 4.2. 

If the eccentricity moments from the chord-diagonal connections 
are taken into account seperately, it can be done at the nodes by 

where 

(4.1) 

kmomrcentral Homenl coefficients at the nodes, see figure 
4.1. 

Distributed load perpendicular to the chord. 

Length of the bay 

A factor which reflects the partition of the 
eccentricity moment. The following values can 

be used. 

For the T-connection 
chord. 

Bay 1: kH = 0.2 

Bay 2: kM = 1.2 

For the K-connection 

Bay 3: kM = -0.63 
Bay 4: kM = 0.37 

in the middle of the top 

in the bottom chord. 

The chord parallel component of the force 

the diagonals td the chord. 
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Height of the cross section of the chord. 

The effect of the eccentricity moments in the joints must also be 

taken into account in the bays. This can approximately be done 

by 

where kmom,cent.ral 
in the bay and the 

node. 

( 4. 2) 

is assigned a value corresponding to Mmax 

values in the brackets are evaluated at each 

If the chords are subjected to distributed load of limited exten-
. 

sion or concentrated forces, then the moment contribution can be 

deterlJ1ined in the following way. r'irst one find the moments at 

the supports of a continuous bearr1 which corresponds to the conti­

nuous chord that is with the same number and length of bays. 

Then the moments at the supports are reduced by a factor 0.8 c.nd 

with these the moments in the bays are calculated. See figure 

3.12. 

4. 2. J'l-truss· with_a_J.arge Support fu:£en.t.!:.i.Qili 

. It is assumed that the support eccentricity is so large that it 

is decisive for the dimensions of the chords. The critical cross 

sections are thus just above the support. At this point the 

normal forces and moments can be found from figure 4.3 and the 

following formulas 
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J D 

Figure 4.3 Cantilevered truss. Geometry and design modification 

of the truss. 

Provided that there is a wedge in the space between the top and 

bottom chord so that the whole support area is covered, then the 
following calculation method can be used. 
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'.f'he total reaction is R and the nodal forces F i are 

(4.3) 

F2 = qtop 1/2 (al + a2) <a2 - a1lla2 + Force from top bay 
(4.4) 

F7 "' qbot 1/2 (D + bl) Cb1 - D)/b1 + Force from middle bay 
(4.5) 

The normal forces are approximately 

( 4. 5) 

(4.7) 

The sum of moments Mtot in the two cross sections is 

~~tot = -Nbot • D tg a - 1/2 qtop ay - 1/2 %ot D2 ( 4. 8) 

As suggested in [Feldberg & Johansen, 19811 Mtot is partitioned 
between the two cross secticns proportional to their section 

moduli. The argument is that this reflects the non-linear beha­
vior of the members and the heel joints at the ultimate state. 

b h 2 

top top 

bwth~t 
;:--b ~h;-;2,..'-' + h h 

top top -bot bot 

( 4. 9) 

( 4.10) 

In [Riberholt, 1980) it is explained how it can be taken into 

account that there is a smaller likelyhood for the fact that a 
big growth defect (knot) occurs at a moment peak than at the 
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moment maximum in a bay. 

for the large moment peak 

•rhis effect is especially pronounced 
at the support. 

If the stren3th control of the cross sections just over the 

support is carried out as 

Bottom chord 

Top chord 

at 
--- + 
:[ t,o 

at 
f- + 

c,o 

0 
m --k f fmm 

s 1 

( 4 .11) 

< 1 

then the bending strength increasing factor kfm can be assigned 
the following values, and still the probability of failure will 

be the prescribed 5%. 

kfm = 1.4 for u/k ~ SC 19 

kfm = 1.3 for T24 ~ sc 24 

It must be emphasized that the evaluation is done for Nordic 
spruce and pine of the qualities mentioned. But since it has 

been done relatively conservative and if the density and distri­
bution of grov1th defects do not differ too much, then the values 

should also be applicable to the CIB strength classes. 

34 



lillNEX & Description of how prescribed deformations at the end 

of a beam element can be incorporated into a frame program. 

t· y 

L.-x 

Figure Al. Degress of freedom for a plane beam element. The 

prescribed slip is calculated positive from the beam 

node to the system node. 

Equilibrium of the element gives 

{q} = [kJ{v) + {q0 } 

where {q} Nodal forces 

[kl Stiffness matrix of the beam element 

{v} Deformations of the beam nodes 

{q0 } Nodal forces for {v} = {0} 

(A.ll 

The slip {g} between the beam node and the system node is 

defined as 

{g) = {v*} - {v} (A. 2) 
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For beam node 2 it can be 1vritten as 

* I vl 0 vl 
* 0 v2 v2 
* 0 (A, 3) v3 v3 ~ 
* = v4 v4 94 
* vs vs 9s 
* v6 v6 96 

Solving (A. 2) for {v} and substituting it into (A.l) one find 

* {q} = Ikl ( {v } ~ {g)) + {q
0

} 

* = [kl {v } + ( {q
0

} - [kl {g)) (A.4) 
* * = I k l { v } + { g

0
} 

where * {q 0 } can be interpreted as the nodal forces fo:: * fv } = 

{0}. The equation (A.4) mentioned above corresponds to the 

normal equilibrinm equation (A.ll' the only modification is that 
the right hand side is changed to 

{r} = -{g
0

} + Ikl {g) (A.Sl 

The forces {s} and moments can be calculated from 

{s} = [Sl {v} + {s
0

} (A. 6) 

= 
~ 

[SJ ({v"} - {g)) + {s 0 } 

where [ Sl Stress matrix 

{sol Forces and moments for {v} = {0} 
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Introduction 

This paper presents a simplified calculation method for W-trusses. The 

method is applicable to heel joint constructions with or without wedges. The 

proposed construction of the heel joint with a wedge has some advantages 

over other heel joint constructions since the magnitude of the bending mo­

ments in the heel joint and their distribution between upper and lower 

chords may be influenced by altering the length of the wedge. 

The greatest difficulty in the calculation of W-trusses is to take into con­

sideration the influence on the moment distribution of the displacements of 

the joints. Consequently the report concentrates on the determination of the 

bending moments while the calculation of the axial forces has been left 

out. A more complete report will be published later in which bach W-trusses 

and Wvl-trusses will be treated. 

Assumptions 

The method is based on the static model presented in figure 1. The upper and 

lower chords are assumed to be continuous beams which are hinged to each 

other. The fictitious bars in the heel joints and the diagonals are assumed 

to be hinged to the chords. As far as the chords are concerned, the system 

lines are placed in the centre of gravity of the timber. In the diagonals, 

the system lines have been placed so that no eccentricities occur in their 

connections to the upper and lower chords. In the same way it is assumed 

that the imaginary hinges between the fictitious bars and the chords are 

placed on the system lines of the chords. 

The angle between the fictitious bar in the heel joint and the upper chord 

shall not be less than 14·, and the point of intersection of the fictitious 

bar with the system line of the upper chord shall be 50 mm from the end of 

the wedge along the upper chord, see figure 2. Finally, the fictitious bar 

shall be placed at least 50 mm from the point af intersection of the under­

side of the wedge and the upper side of the lower chord. 
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The roof truss is assumed to be symmetrical with regard to the positions of 

the chords and the diagonals. The eccentricity of the supports in the left 

and right heels need not be the same. The notations introduced are presented 

in figure 3. 

The external distributed loads acting on the roof truss are divided into 

three parts, according to figure 4, where qul is a symmetrical upper chord 

load, qu2 is an asymmetrical upper chord load and qJ is a symmetrical lower 

chord load. 

To calculate the displacements of the joints in figure 1 and bending moments 

hereby introduced, the unit-load method has been used. 

Calculation procedure 

1. Calculate the support reactions R1 and R2 (figure 3) taking into consi­

deration all external loads. The roof truss is subsequently regarded as 

being supported at the points of intersection between the system lines 

of the upper and lower chords, so that R1 and R2 are also treated as 

external loads. 

2. Remove the fictitious bars in the left and the right heel joints and 

consider the chords to be supported on rigid supports in the joints 

1 - 7. Apply the external distributed loads on the roof truss and cal­

culate the moment distribution. 

3. Consider the influence of the support displacements caused by the ex­

ternal distributed loads by adding to the support moments the follo­

wing moments, (the joints are numbered as in figure 1): 



4. 

b2 
(0.548 qul + 0.208 qu2 + 0.519 qz) 

u 
liM2 = 

sin2a 

b2 
(0.548 qul - 0.208 qu2 + 0.519 qz) 

u 
liM4 = 

sin2a 

(0.276 qul - 0.188 qu2 + 0.290 qz) 
b2,t 

liM6 = 
sin2a 

(0.276 qul + 0.188 qu2 + Q.290 qz) 
b2,t 

liM7 = 
sin2a 

where bu = the width of the upper chord (figure 2) 

bt = the width of the lower chord (figure 2) 

a = the slope of the roof 

In item 2, the influence of the fictitious bars in the left and the 

right heel joints was disregarded. In fact, the external distributed 

loads give rise to axial forces in the fictitious bars. To calculate 

the verti cal force component Xi (see figure 5), the following 

expression can be used: 

4 

where qu = the resulting distributed upper chord load acting on the 

appropriate half of the roof truss. 

Euiu = bending rigidity of the upper chord. 

Eti,t = bending rigidity of the lower chord. 

i = 1 for the left heel joint and 

heel joint. 

i = 2 for the right 

The influence of the force Xi on the bending moment distribution of the 

roof truss is considered in item 6. 
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5. Determine how the support forces R1 and Rz are distributed on the upper 

and lower chords via the fictitious bars in the left and right heel 

joints. Assuming that the upper and lower chords are placed on rigid 

supports, the forces Xui and Xti (figure 6) can be solved from the 

equations 

> (1.· ~v . >I nl 2 2 

t ·-·-·-.·~t~ __ 7_7_2_·_3_.~!_<~1 "-_<_.~~'--' -;,- coso. 
• tl 2 1 tl 2 
u (1 - -) 2 >u (1 - (-) ) 

lu lu 

where Xui = the vertical component of the force acting on the upper 

chord. 

Xii = the vertical component of the force acting on the lower 

chord. 

6. Add the force component Xi to Xui and subtract the force component Xi 

from Xti• Calculate the bending moment distribution in the upper and 

lower chords assuming that the supports are rigid. 

7. Consider the yield of the supports by adding to the support moments the 

additional moments: 

n 
= -(l.l7Xul - 1

- + 
1Ju 
"1 = -(0.34Xul- + 
\j!u 

= -(O.OlXul _j_ + 
\j!u 

n = -(0.77Xul _1_ + 
\j!u 

n 
o. 77Xuz _2_ + 

\j!u 

n b 2 

0 • 4 5 X 12 -}-) 'L-,-
5 

.-'i ~"-Q,-.Cl 
~.l 

where Xui and X,t,i are the force components corrected for the force Xi 

as in l_tern 6. 
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Figure 1 

Figure 2 

Figure 3 
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7.4.2 

7.4.3 
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Bracing 

Genera 1 

This section applies to compression and bending members, 
which should be hold to avoid unsuitable lateral deflec­
tions. This can be done by staying against fixed supports 
or bracing members. 

Single supports 

Supports of compression and bending members have to be 

designed for a load of 

where FN is the force of a compression member or the force 

of the compression part of a beam. 
1-l t 

........ N ---1(1 f~ _t 

\-.1 
- ~ 

4- - t 111 

11-J + Fig. 7.4 a Single supports 

Continous bracing 

Compression members 

Compression chords of trusses have to be supported against 
bracing members, which are to be designed for an uniform 

1 oad of 

q = 



7.4.3.2 

where 

3 

m is the number of chords, 

FN the average compression force, 
1 the span of the bracing member. 

The deformation of the bracing members shall not exceed 
the value f = l/f. 

The procedure can be used approximately for the compression 

flanges of beams with T- or 1- cross sections. 

Beams with rectangular cross sections 

Beams with rectangular cross sections have to be supported 
against bracing menbers, which are to be designed for an u­
niform load of 

where 

q =--

m is the number of beams, 
M the maximum bending moment of the beam under ver­

tical loading, 
the span of the bracing member, 

b the width of the cross section. 

The bracing members should support the compression chords 
of the beams. 

The deformation of the bracing members shall not exceed the 

value f = 1/s 
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t-JL~ 

T 1.--1 _..J._ -~ 

t=i'~ ~-~ 
L_,., 

r-1 1-..., 
~ -1 >-I 
CJ 1 • ., 

1--.. I 
o-- 4~-! 1-J ~f"' l ~--1 ~-J 

1" -1 f-J I ~ 
t r-i j.- ,.l 

L.,! 
-t~ 1-..1 

·j i-J 1 r""" \-~ 

N t-- J.l. 
Fig.7.4b Continous bracing 

Proposal for the values 1(< and ~ 

Remarks 

1'{ 1 = 1 00 

= 30 

1 ~ = 350 

~ = 500 

(to be confirmed; note ANNEX 75) 

The coefficients~< depend on the initial deflections with­
out loads of the structural members. In addition to it the 
mode and the line of attack in the cross section of the ex­
terior loads have some influence. 

Comments are given by ANNEX 75 (under preparation). 
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L • INTRODUCTION 

It is tu be expected that European manufacturers of one-family ho1Jses 
to a grm·:i:ng extent v;ill seek ne,.., m2~rket.s abroad and. so in ;;1any cs.st>z 
~ .. ,o:lll face the requiret:ents that the hoG::-es must be 2.bJ.c -::.o ~~rit~l3"::.s.r::d 
earthquakes. A particula:tly suitable type for earthquake areas is timber 
framed houses v.rith a .sheating of fer exaJnple plywood, particle boards, 
fiber boards, plasterboards or similar materials. 

In this paper first a qualitative de~.cription is given of the forces 
induced in a house during ar1 earthcpake. The general rules for the 
design of earthquake-proof houses are listed and a method for ta..~ing 
up the forces in panelled timber framed houses based on vertical shear 
valls and horizontal diaph:r·agms is described. The last chc:-~pters of the 
report deal v.rith the geneTal requirem2nts to be r.1et 1-1hen de;;iE;~1ing the 
structural elerr.ents and joints of the house and ~o~hat steps to tGJ:e to 
ensure that the statically secondary elements of the house can ~-,ri th­
stand seismic vibrations. 

Supplementary to the general advice and instructions of the report the 
Appendix contains guidelines on design of panels subjected to forces 
in their own plane. 

2. QUALITATIVE DESCRIPTION OF T}ill CONSEQUENCES OF At'\! EARTHQUAKE ON 
A HOUSE 

J."'l1e direct consequences of an earthquake on ar.. area are that the ground 
trembles and that fe..lllts and failure lines are formed on the ground 
surface. By seismic design is to be t-o br? understood design against 
t~e consequences of earth termors. It is not possible -co give design 
rules for a situation where the failure line is formed directly unde~ 
the house. This risk should be r.1inimized through the choice of buil<iing 
site on the basis of data about the geological character of the area. 

During an earthq_uake a building Fill be exposed through its foundation 
to a set of vertical and horizontal accelerations of varying intensity 
and direction. As a result ALL; parts of the building connected to the 
fm.mdation \~ill be exposed to inertia forces, 1.;i th directions c or!"e­
sponding to the direction of the accelerations. The magnitude of the 
forces is proportional to the intensity of the accelerations and the 
,;eight (mass) of the separate parts. Thus the loads on a house during 
an earthQ.uake are of a dynamic natu.Te and design agair:st earthquai\:es 
should thercf; . .n~e, illcc..lly be bast.,;'d 0n a UynG.L'lic ana 'lysis, ;.;here the 
loading is a set of time dependent displacements of the foundation. 

However, a dynamic seismic analysis for 1-2 storey houses is made only 
in very special cases. This is due partly to the fact that the proce­
dure is rather laborious and subject to considerable uncertain-cy parti­
cularly as regards what daJJlping properties should be attributed to the 
structural elements and joints, and partly to the fact that the eigen­
frecauency of such buildings normally is such ttat the forces can be pre­
dicted without performing an actual anal0,sis given the overall da.'llping 
properties. 

1 
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3. SEISHIC STP.1'WARDS 

As a :cesu..lt of thP. reasons stated 1n the above chapter the seismic ste.n­
dard of most co1.mtries subtitutes the dynamic analysis with a static 
for ordinary houses 

Normally the seismic design requirements are that the house must be able 
to ~~·ithstanG. a set of horizontal, stat)c forces in two directions at 
right aJJgles to each other, the si.ze of the fo:·ce being proportional to 
the veight (mnss) of the building parts. The proportionality factor is 
etated in the standard dependent on the actual building area. 

The precise definition of these forces and their lines of action dif'fer 
from seismic standard t.CJ seismic standar-1, but the procedtlX'e outlined 
in the .following cover most cases. 

l~. GENERAL RULES FOR THE DESIGN OF IJOUSSS IN EARTHQUAKE A..RF.AS 

The following principles should be follo,ed vherever possible, when 
planning houses for constructior: in esrthquake areas: 

l) 
2) 

3) 

l! ) 

Minimize the weight of all parts of the house. 

Choose a simple, ~ompact plan design. 

Aim at SyrD.llietry. Ideally, sym:netry about t"o vertical planes 
at right angles to each other. 

Choose --c.he srune layout of i-Talls 1n both stories of 2-st~o"rey 

houses. 

Principle (1) i.s a direct consequence of the fact that the forces on 
a house during an earthquake are propo1·tional to the weight of the 
building parts. EspeciaJJ.y the choice of roof covering !l!ay have <:L 

grea-t influence on the vertical forces on walls and the fow:1.dation. 

The other principles al.l aim at the finished building becon:ing as 
simple and statically clear as possible, &~d to avoid torsional 
forces. 

Investigations of drunages caused by earthquakes have shown that appe.-· 
rently the simplest structures have the greatest chance of esccvping 
undamaged .from an earthquake. This is probably due to the fact thao, i. ', 
is much easier to predict the critical spots in a s:i.mple structure. 

5. STATIC MODEL OF TI!A.BER FRAMED HOUSES 

5.1. Code defined seismic loads. 

The code defined seismic loads that a house should be able 1:0 1<itr,;;'tn!Oci 
are shown on Fig. l 
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?igure 1: Horizo!1tal section of house. 
Lines of action for the seismic loads. 

In each direction the total horizontal force is K =<X V, where "'-
is a _product of seve:tal factors to be found in the actual SE:lsr::1c cod-e 
a.l1d \i is the -w-eight- of the house (inc2.ud.ing live load). 

In highly threatened earthq_ua\<e areas the horizontal force on the 
buiJ..ding ·vJould typically correspond to 15% of t.he weight of the build­
ing (ex. mul-:iplied. by the partia~ coefficient for seismic load). The 
vertical dist,ribution of K ean vary some·Hhat depending on tbe actual 
code, but it can generally be assumed that K is distributed on each 
element according to its weight. 

5.2. Timber Fram2d Houses Conceived as a Shear Wall Structure. 

There is general agreement in the eart,hquake li teratuTe that the most 
Gffective way for houses to withstand the ef~ects of an earthquake is 
by shear action in walls a11d par oi tions. 

The foJ.lwong requirements m'..lst be met in order that this shear action 
lS effective: 

' ) ~, Walls, horizonta.l partitions and :roof planes n;ust be able to 
withstand forces acting in their mm plane. 

2) The connection between t·wo structural elem2~ts must be able to 
transmit the shear forces. 

3) The connection between \ialls and the foundation must be able to 
transmit shear forces as well as normal forces. 

4) 'l'here must be 3 preferably l; walls that are neither parallel 
inte::-sect along G- co=oro line. 

5) All diaphragms must be able to transmit forces perpendicular to 
their ow1-:. pla.ne to their suppcrting str,Jcture. 

Generally all of these 5 req_ui:cements can be met by a timber framed 
house. 
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5.3. Determining Forces in Panels and Joints. 

When the loads have bec:.n determined en the basis of a seismic standard 
a..r:1d the structural system has been c:hosen in acco:cdance 1-1i th th~ rules 
listed in Chapter l;, the folloving simple procedure can be used to de­
termine the forces in a st!'uct ure. 

A house 1-1ith a rectangu1a2~ plan and pitched roof is considered. 
On Fig. 2 are shmm the forces that the house must be able to transmit 
to th-o foundation, when T,he earthquake is assumed to act in the longi­
tudinal direction of the house. 

First it is assumed that only the facades of the house can transmit 
horizontal forces to the foundation. 

Fig. 2: Seismic forces in the longitudinal direr::tion of the 
house 

L 
FG: Force on a gable 

L 
Force facade FF: or. a 

F~: Force on a roof plane 

FL 
e 1 · 

Force on a horizontal, first floor })artition 

T 
F'~2 : Force on horizontal, ground floor partition 



~Tben determining the forces on the basis of 

F - .,.z_ • V 

where V is the ¥.reigbti of the part in ':luestion, the live load on the 
horizontal partitions m·J.st be included in V together with the "'eight 
of any non-Gearing wails. 

5 

All the shear forces in a horizontal section just above the foundation 
must be transmitted in the e:onnection bet~ween the facade and the foun­
dation. This connection must also b2 able to transmit the total over­
t"U.:rning monent acting on tlle house except for the overturning momE::nt.. 
f~~ow the forces F in the gables. 

Length of house: L 
Width of roof plane: a 

~- F~·~=F·L 

I 

1.. 

f 

~ig. 3: Transmission of forces from roof ·to facade and 
gables. 

'The forces F e.re a result of a shifting of tb.e force3 in the roof 
plane. 

The forces that the joints bet1-1een the v·arious 1valls and partitions 
must be able to transmit can be calcu.lated fro1n F'ig.s. 2 and 3 by simple 
cquili brium considerr.tions. 
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When the earthq_1J.ak.e acts in thf: tracsverse direction of the housE.·~ tl·]en 
both the resulti!Jg shec:r forces on the house and the total overturning 
moment are transmitted through the connection Oetv1een the gables and 
the foundation. 

Fig. 4: Earthq_ua.ke forces in the transverse direction of the 
bouse 

In the above it was assumed that the horizontal forces \o.7ere tre.nsn:i.tted 
to t.he foundation tJ:o .. rough the gables and. the facades. If a house •c:. x· 
contains load bearing partition wa.lJ.s that aTe directly connecte·:: -,~~ 
the foundation, then these walls are comparable with the facades and 
gables as regards the absorption of the horizontal forces. Naturally 
the d.ivision ·of the forces between inner and oute1· valls depends on 
their rigidity as well as the rigidity of the horizontaJ. parti~ic!'""S,. 
If the rigidity of the inner wall is comparable to that of the outer 
walls, then the horizontal seismic forces deriving from the horizor.taJ. 
partition can be distributed in proportio!J to how much of the vertical 
load from the horizontal partitions each -•all supports. 

6. STRENGTH AI~D DUCTILITY BEQLiiREMI~~TS :!"'OR S~'"'RUCTURAL ELEMENTS MID 
JOINTS 

When designing again;;.: e:.;~:-t:~~;.ur::.Y.e fOJ:'ce.:,~ it 1s not onJ.y prudent to c,·oid 
brittle failures but it :is :;. requireJ~er:ts that m<lst be net, if the ~;ouse 

is to survive a ma,jor ero.rthquake. 
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·During a...'1 earthq_r.;a..~e the house receives a certain amount of kinetic 
energy through the movements of i -:s foundations. The house must be 
R.ble to absorb this energy. If the house behaves elastically UI1til a 
brittle failure occurs, the situa-:.ion can be described in a simplified 
manner as shown on Fig. 5. 

F 

l I 
)1 
..J_ . \ ------· --------?> 0 

Fig. 5: Stress-strain curve for a house with brittle faiLn·e 

Tne hatched section. corresponds to the amount of energy that the house 
can abscrb, a.YJd this must be larger tha:1 the amount of energy ''eceived 
by the house during the earthq_uake. 

If the house behaves in an elast,ic-·plastic way the sit.t!ation ca..'1 be 
described in a simplified mJ.nner as sho,,.;n o:c Fig. 6. 

F 

Ul 
I 
~ 

Fig. 6: Stress-strain cu!'··ve for a house wi·:.h plastic failure. 

\o 
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The hatched section corresponds to the amount of energy that can be 
absorbed bJ' the house. 

It is evident that the forces generated by an earthqua."l:e in a house 
with a plastic behaviour are smaller than the f.orces generated. in a 
house 1<i th bri ttlc ,failure behaviour. 
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The forces given in va::cious seismic standards all assume that part of 
the seismic energy "lill be absorbed by plast)_c de format ions, and 
therefore, the requirement for avoiding brittle failure must be met. 

7. REQUIREJ,lliWl'S FOR NON--BEJ\lUNG STRUCTURES A..'JD SECONDARY STRUCTURES 

If a b'J.ilcling is designed and built as a shear v1all structure, the re­
lative movements between the varicu.s parts of the building are small 
and the damage from these real ti ve movements oD secondary structures, 
non-bearing v.ralls, windows, doors etc. will therefore, be re.lati vely 
small. 

In spite of this, details by 1;indo1<s, etc. should be made in such a 
way that it is possible for a wall to deflect without the windo1< getting 
a similar deflection in order to avoid broken windm< panes. In (l) a 
gap of at least l /8" rv 3 mm bet 1<een wall and window is rec onunended. 
For non-bearing wal_ls it >~ould be prudent to ·build in a certain gap, 
too. 

Even if the shea!' 1-rall structure reduces the relative deflections amone 
the bear·ing strnctural parts, it cannot of course, avoid th::tt all pt: .. rts 
within ·thro house are exposed to the earth treroors. 

1~1e following rules serve to reduce the t:.nfol"tunate cunsequenc:t3S of 
these tremors. 

l) Cupboard, like booi. cases, closets etc. ought to be scre1<ed (not 
nailed to the 1<alls. Closets should be provided with a positive 
locking device. 

2) Brick chimneys and fire places as 1<ell e.s heavy partitions should 
be avoided. 

3) Stoves, boilers and similar, heavy objects must be properly secured 
to floors and 1<alls, and they should be placed as lm,, as possible • 

4) Any gas installation must have an easily accessible closing val-:e. 



APPENDIX 

111e directions in tbis paper· is of a generaJ. ci·~'?.racter and should 
be .supplenented ;rri th a pr:x~eC:u:rc for des]_gning pr::nelled timber 
frnmes as well as directions for desie;ning ti:.e joints bety;ecn t!lese. 

Ar:. will appee_r from this paper, the action of the dJTimr:ic seismic l0G.C:. 
on hou.scs r~tL! be calculated as tradi 1:.ional, static loads ( short---cerm 
loc.d). !J:his, howeve:r-, imposes certain limitations on the choice of de-
sie;ns with the result that designs leading to br:ittle faillJre s~'1Cl~~d 
not be usee.. 

T·his mea.."Js the;t the t:"aditione..lly used. design princi-ylss e,s vrell at: a 
lai.·ge p2.rt of the tre"dj.tional designs car1 be er:1ployed. 

Reference is made to SBI ?tJblication 11~0: Trc.~konstru1~t.ioner, forbind.e1ser 
(-~-;ooden strv.ctures, joints), 19[)~ Yega2·ding t!lB design of the joints. 

Regarding panelled timber fye.rnes reference is ;r1ade -r-o }L ~T. La:rsen r:..nJ. 
Riberhol.dt: Sta1>iliserende skiver af trreplader ( sta;:;il-:.zin,s vJooderi 
panel:::.), F95, !)epartment of Structural enginecrine::;, TJ-;e Tcchr:.ic2J lln::.­
versity of Dem:sark~ where a design proceO.ure baned on :Janish stanClE-=-~·ds 
maJ be found. 

As Dm1:.sh load requirements do not, include seisreic fo::ces of aey in-· 
portan1.2e '~ the content should be supplemen-:::.ed ~s foJ.lovs: 

1) All shes_tings shoulcl be joined by tre.ck joints. 

2) Na,il-glueing stould not be used. 

3) The nailing bet;.,reen paneJs and timbe:-::- frr:une shou:c:_ be done -v7i-ch 
fe:vr n·ails to avolJ ~.:;ha-: an ove~lo8..d ca-:_:ses a fail1lYe of' stf ... bility 
and not a slip in th~:: naili!1g. 
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Sampling of wood i'or joint tests on the basis of density. 

1. Introduction 

In this paper are d.escribed two methods used by TBADA to 

sample wood for mech?nical joint specimens on the basis 

of density. These methods are employed in the following 

circumstances: 

Hethod 1 

It is required to produce a large number of se+.s of nominally 

identical specimens matched on the basis of density and it 

is not possible to cut a replicate for each set from a common 

piece of wood, 

Hethod 2 

It is required to produce sets of different types of joints 

matched on the basis of density and it is not possible to 

cut a replicate for each set from a common piece of wood or 

the sets have different numbers of replicates. 

It is possible to use method 2 to select wood for specimens 

in a single set to match a prespecified denei ty distribution. 

The objective of any density matching procedure is to produce 

identical distributions of Specimen density for each set, It 

is not sufficient to merely select specimens so that sets hw;e 

identical means and standard deviations for specimen density. 

As an illustration '.rable 1 shows an example of incorrectly 

matched sets of specimens, In vhat. follows it is shown how 

matched density dis+,ri.hutions between sets have been attaine<l, 



Incorrec.:Qy matched density distribution;;_, 

Density values 3 (kg/ru ) 

I RopH'" 

I 

1 

2 

3 
I; 

5 
6 

te 

--· 

--

Mean 

S.D . 

Set 1 

i--

375.0 
1;25.0 

475.0 

525.0 

575.0 

625.0 

500.0 

85.1; 

--

Set 2 

39 5. 1> 

3<J 5.1; 

500.0 

500.0 
601;. 6 

601;. 6 

500.0 
85.1; 
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TABLE t• 

·----

Set 3 

1;11;.6 

1;14. 6 

/;11;.6 

585.1; 

585.4 

585.1; 

500,0 

85.1; 

,, 
\ 
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2. :Hethod l - Natchi.J21L_sets of nominally identical specimens 

2.1 1heor.;y (Three piece symmetric joint specimens) 

Consider the ma·1;ching of sets of three piece SY'jlme-cric joint 

specimens in which all three members are of the same timber 

species. Within an in<J.ivi.dual specimen the three members 

arc intended to have identical densities. 

Let: n = number of sets of nominally i<lenticel specimens 

m = number of replicates per set. 

There are in total nxm specimens containing 3xnxm pieces 

of wood (2xnxm nominally identical side members and rrxm 

nominally identical centre members). 

Cons:\dering for the purpose of demonstration a case where the 

cros"-sectional area of each side member is half the cross­

sectional area of the centre member. The average density 

for the }''replicate of the iit-set is given by: 

whe:re: 

D. . = (DL . . + 2DC. . 
10J 1oJ 1:J 

+DR .. )/4 1,J 

i = 1, n and j - 1,m 

DL. 
l,j = density of left hand member 

D.C. 
]. hi = density of centre member 

DR. 
1,j = density of right hand member 

. __ (1) 

To be able to perform the matching process it is necessa!'y to 

determine the density of each of the 3n:xm pieces of wood and then 

to rank the densities of the side members from 1 to 2xnxm and rank 

the densities of the centre members from 1 to rrxm. 

{Densities ranked in ascending magnitude). 



Each piece of wood is assigned to a given set and replicate 

according to the rnles in Table 2, 

Ranks of joint member densities TABLE 2 

~icate L~~< of side member deusi t.y _____ ] 

~eft hand member ~ right hand. member I 

t-----1-,-3-,-5-,-- i 2 (n(j-1) + i) - 1 -+~---2-(r-,(-j-1) :i_)_l 

2, 4, 6, I 2 ( nj - i) + 1 
1 

2 ( nj - i + 1) 

I Rank of centre member density 

1,3,5, nj + 1 - i 

n (j - 1) + i 

i signifies set number, j signifies replicate number, 

The scheme underlying th0 method of Table 2 is demonstrated in 

Table 3 for a case where n = 4 and m = 6. 

Rank of joint member densitit?s. TABLE 3 

j L Set ----
RepHoo'• -~~-1 ___ 

i 

I 

l 

2 3 4 
----

L C R L c R L c R L c R 

1 1 4 " 3 3 4 5 2 6 7 1 8 ~ 

2 15 5 16 13 6 14 it 7 12 9 8 10 ' 
j 3 17 12 18 19 11 20 21 10 22 23 9 2'• 

1;. 31 13 32 29 11• 30 27 15 28 25 16 26 

5 33 20 34. 35 19 36 37 18 38 39 17 40 

6 47 21 1;.8 45 22 46 43 23 44 l;l 2'• 1,2 
-----

L signifies left hand member, C signifies centre member, 

R signifies right hand member. 
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The method described could ee.sily he modified for the 

matching of joints l<i th other nunhers of wooden members. 

It should however be realised that the quality of the 

matching achieved by this method ~<ill reduce with any 

reduction in the number of members per specimen. This 

is because D .. is averaged over a number of members, equation 1,J 
(1). In general the quality of the matclling ~<ill improve 

with any increases in the number of replicates per set. 

2.2 Example (Hethod 1) 

TRADA reCeiltly ru1dertook a series of longer term tests on 

three piece symmetric dry European red11ood bolted joints 

subjected to lateral loadings. The cross-sectional area of 

each side member was half the cross-sectional area of the 

centre member. It 11as require.d to produce 1l1 matched sets 

o:f nominally identical specimens 11ith 6 replicates per set. 

Applying the theory in Section 2.1 of this paper the results 

in 1'able 4 ~<E:re obtained. 

It C8n be seen from Table 4 that even 11i th as fmv as 6 

replicates per set extremely good matching of average specimen 

densities was obtained. 

3. Hethod 2 - Hatchino- sets of different_!,;ypes of specimens 

3 • 1 1'h e <:.D:: 

As mentioned in the introduction the objective of a matching 

procedure is to produce identical distributions of specimen 

density for each set of joint specimens. This is achieved when 

for specirr,ens ranked on the basis of ascending density the i th 

ranked. specimens from each set have a common density .. Exact 

matching of density distributions cannot be 'achieved economically 

and there is need for a matching method which gives an optimal 

selection of ~<ood for joint specimens in situations where there 

is a limited choice of densities. A method for an optimal 

selection of wood is described below. ' 



Example 1 - Di,j values (kg/m3 ) 

-
Set 

Replicate i 
I ' I 6 9\10 1 2 I 3 i 4 l 5 7 8 

i 1 350.0 349.5 31•9· 5 353.31357.0 356.0 357.3 355.01355.51355.5 
. 2 372.0 372.0 370.5 370.0 J371.0 367.0 367.0 359.513~0.5 366.5 

j 3 391.5 1391.5 391.5 392.01392.0 387.5,387.5 388.0 388.0 387.5 
. I 

I 
I; 1±03.0 i '•05.C 405.0 1,01±.8 40''· 5 ,,o6.o ~;o2.3 1,06.0 1±01±,31 1,01+.0 

412.51412.'} 5 411 .o 411.0 411.!3 41'>. 0 1+14. 3 414.5 417.51426.0 

L 
6 443.0 441.8 41!0. 5 4'•1.0 441.0 '<39. 5 1±38.0 '•36.3 '<33.0 1133.0 

L 
I 

396.31395.01394.4 He an 395.1 1395.1 39 1±.8 395.6 393.2 394.8 395.4 
I 

I 
S.D. 29.4 29.3 29.3 28.51 27.51 28.4 27.51 29.1 i 26.61 28.6 

I 

?.C-; 

TABLE '* 

11 12 13 14 

356.5 355.5 357.8 358.0 

369.3 369.iJ 369.5 369.5 

387.5 1387.5 387.5 1378.5 
1±02.0 1;01.5 1;01 .• 0 I ''01.0 

426.0 11,26.5 1,26. 51428.0 

1432.81 1,1,6.5 '*'•5.8 1,41!. 5 

395.8 397.8 398.0 396.7 

27.8 31.4 30.7 31.2 

Mean 

354.7 

368.8 
388. ,, 

,,o=;. 6 

lt18. 0 

43').8 

395.6 

28.8 

S.D. 

2.9 

3.1 

3.4 

1.7 

6.6 . 
1,, 5 

>tJ 

"' "" <D 

~ . 

I 
I 
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The method can only be successfully applied if the number of 

pieces of wood from which specimens of any given type can be 

cut is greater than the number of specimens required. (Strictly 

speaking the requirement is that there must be a greater number 

of wood densities to choose from than there. are replicates), 

For a good. matching, available, densities from which a selection 

is made should cover the entire target density range. 

Hethod 2 consists of two steps: 

Step 1: Calculating target densities for n ranked specimens. 

Th t t d •t f .th ank d . . • k t b th e arge ens1 y or 1 r e spec1men 1s ca en o e e 

density corresponding to the most likely cumulative frequency 

associated with the ith highest of n observations. The most 

likely cumu.lative frequencies for i = 1, n are assumed to be 

given by order statistic 

on the interval 0 to 1. 

( 1 - m n 

medians m. for a 
l 

Using Filliben 1 s 

unifonu distribution 

algorithm 1
/: 

i = 1 

[ m. = (i - 0.3175) / (n + 0.365) i = 2, 3, ___ , n- 1 
l 

0.5 (1/n) i = n 

(2) 

Assuming that the target density distribution is normally distributed, 

the target density values are assigned. to each of the n specimens 

in a set according to: 

d.. = D 
l 

= D 

+ ¢N (mi) 6-D 

(1 + ¢N (mi) VD) 

______ (3) 
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where.: 

d t t d . t f . th nk d l. t . 1 . = arge ens1 y or 1 ra e rep 1ca e, 1 = , n 
1 

D =mean density for the target density distribution, 

(5" D = standard deviation for the target density distribution, 

VD = coefficient of variation for the target density 

distribution = o J D , 

PN (mi) = percent point function of a standard normal 

distribution at m. 
1 

= number of standard deviations from mean associated 

with them. level of exclusion, 
1 

Step 2: Selection of the best combination of available densities. 

Let us assume that there is a transportation cost associated with 

assigning each available density to each target density and that 

cost is: 

c .. Jl 

h b d d 't f .th 1 d . f d were: x. = o serve ens1 y o J raUKe p1ece o woo 
J 

available for specimen preparation, j = 1, m, 

The optimum combine.tion of available densities is that combination 

which minimises the total transportation cost. In any solution 

account has to be taken of any conditions limiting the supply of 

wood for each of the available densities, The combination of 

availcble densities that minimises the total trausp01·tation cost 

can be found manually on a trial and error basis or on an automated 

basis using the 'transportation algori tlun' from operations .research 
2/3~ 

Experience at TRADA has shown that a mixture of manual and automated 

approaches gives a rapid solution, This mixed approach consists of 

generating a matrix of transportation costs, making an initial 

assignment on the basis of judgement and then, using the transportation 

algorithm, checking for attainment of an optimal solution before if 

necessary updating the solution iteratively until the optimal solution 

is found. 
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The basic principle described can be used to match density 

distributions for sets of joints with different numbe<'S of 

replicates. 

:j. 2 Exam_ple (Hethod. 2) 

In a recent series of tests at 1'RADA it was required to optimise 

the selection, en the basis of density, of 20 from 32 pieces 

of dry European red1wod availabl2 for the cc.tting of embedment 

specimens wit:1 nails bearing parallel to grain. The available 

densities in kg/m3 \;rere: 

392 392 4.07 1±21, 4.21± 1±21± 1±27 1±27 

1±30 1±30 1±32 44.6 44.8 1±58 4.58 1±70 

1±70 480 4.85 4.85 485 . 4.85 520 51±5 

545 5h5 5115 602 606 606 606 606 

1'he target density distribution was characterised by a mean of 

1±88~6 kg/m3 and a standard deviation of 53.5 kg/m3 

Table 5 shows tlu., values for m. and d. calculated in accordance . 1 l . 

with equations (2) and (3). Also shown in Table 5 are the rank, 

j, and the value, x . , of the available density assigned to each 
J 

di together with the ratio of x"j to di for each i. 

With only 32 pieces of wood to select"from,a relatively good match 

to the target distribution was attained. In general the quality of 

the match will improve with any increase in the number of available 

densities. 



I 
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Conclusion 

The two methods described demonstrate that through use of 

relevant rational sampling strategies good matching of 

density distributions for wood in joint specimens can be 

achieved economically. 
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Example 2 - Results TABLE 5 

i r¢ m. N(mi) 1 

1 0.03'±06 -1.82'± 
2 0.08262 -1. '388 
3 0.13172 I -1.116 
z, 6,18082 -0.912 
5 0.22993 -0.739 
6 0.27903 -0.586 
7 o. 328111 -0.445 
8 0.37724 -0.313 
9 0 ,1126)1, -0.186 

1.0 o. 475115 -0,062 
11 0. 521155 +0,062 
12 0.5'/.366 +0.186 
13 0.62276 +0.313 
14 0.67186 +0. 1,1±5 
15 0.72097 +0.586 
16 0.77007 +0.739 
17 0.81918 +0.912 
18 0,86828 +1,116 

l_~6 -- 0.91738 +1.388 
o. 965911 +1.821, 

d. 
1, 

. (!cg/m3) 
------

391.0 
Hh, 3 
/;28.9 
1±39 .8 
Z.h9. 1 
457.2 
1;611, 8 
Z.71. 9 
Z.78.6 
Z.85.3 
Z.91. 9 
498.6 
505.3 
512.4 
520.0 
528.1 
537,1, 
548.3 
562.9 
586,2 

j 

1 

3 
9 

12 
13 

( 

111 1, 

X. 
J 

l<g/m3 ) 

93.0 
07.0 
30.0 
46,0 
48.0 
58.0 
58.0 15 1, 

16 11 

17 1, 

1R 4 
19 4 
20 11 

21 4 
22 11 

23 5 

26 5 
27 5 
28 6 

70.0 
70,0 
80,0 
85.0 
85.0 
85.0 
85.0 
20,0 
115.0 
lx5. 0 
115.0 
115.0 
02.0 

2lli~ ~ 
·--'--

Mean 

S.D. 

i = rank of t&rget density value, i = 1, 20, 

mi =order statistic median for ith ranked replicate, 

d t . d . t f . th - '· J l . t . = arge't ens1 y or 1 ra=e<. rep 1ca.e, 
l 

j = rani< of available density, j = 1, 32 , 

th 
xj = valae of j ranl<ed available density, 

I 
I 

X. 
....J. 
d. 

1 

1.0026 
0.9824 
1,0026 
1,0141 
0.9976 
1,00J7 
0.9854 
0.9960 
0.9820 
0.9891 
0.9860 
0.9727 
0.9598 
<1.9465 
1,0000 
1.0320 
1.0141 
0.9940 
0.9682 
1. 0270 

0.9927l 

0.0207 J 

L 
t 

~ 
I 

I 
' 
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S/\~1PLHiG STR1\TEGY FOR PHYSICAL AND ~,1ECHANICAL PROPERTIES - -

OF IRISH GROWN SITKA SPRUCE 

1. Introduction 

Of the softwood species gr-own in Ireland, Sitka Spruce 
constitutes approximte ly 45% of the tota 1 area 
covered by forests, and in 1982 it was estimated that 
about 60% of all newly planted trees in state forests 
were Sitka Spruce. It is also forecast that by the 
turn of the century, Ireland will have more than 
enough timber to satisfy its own needs. However, to 
date there has not been a systematic study of the 
quality of the timber, particuhrly from the structural 
usage point of view. For this reason, it was decided 
to carry out a ·three year project with the objective 
of obtaining: 

( i ) basic physical and strength properties of Irish 
Sitka Spruce that will be available in the 
near future 

(ii) a data base upon which future values could be 
eva 1 ua ted from a 1 imited test programme 

(iii) relevant data for stress grading, 

2. Background 

In order to understand the basis for the sampling 
strategy described in the foll~wing sections, it is 
necessary to explain a little ~bout the terms used 
in Irish forestry. 

A 'forest' is the name for the tot a 1 area of a 
plantation which consists of several 'compartments'. 

1. 



A 'compartment' within a forest is an area, the 
boundary of which is clearly identifiable such as 
by a river, road, edge of farmland or county 
boundary. A 'compartment' would be further divided 
into 'sub-compartments' which are also sometimes 
referred to as 'stands'. A 'sub-compartment' has 
no clearly defined demarcation lines. In gener·al 
a 'sub-compartment' would be an area consisting of 

trees of a homogenous species and of the same age. 
Ther'" are, however, some 'sub-compartments' that 
may have mixed species but these are few. 

A 'plot' is an area temporarily marked out in a 
'sub-compartment' for the purpose of monitoring the 
growth or some other characteristics of that 'sub­
compartment'. 

A growth classification knovm as 'yield class' 
(abbreviated toY .C.) is used to classify a 'sub­
compartment' or a whole forest if it is a homogeneous 
unit. The Y.C. is a measure of the mean annual volume 
increment. Thus Y .C. 16 means that the crop (v1hatever 
the species) will produce or is capable of producing 
a mean annual increment which reaches a maximum of 
16 cu. metres per hectare per annum. The Y.C. system 
is based upon the tota 1 vo 1 ume production to date 
divided by age. The primary means by which Y.C. is 
determined are he·i ght and age. Curves have been 
developed relating height and age to Y.C. Y.C.'s 
vary from 8 to 28. 'Thinning' is the process of 
cutting a certain number of trees in a stand in order 
to influence the growth of the remaining trees. The 
type and intensity of thinning·and thinning cycle 
depends on the forester and ha~e the greatest 

influence on the profitability of the stand. Thinning 
may or may not be carried out right up to the 'maturity' 

age of the stand. 

2. 



'Maturity' age is the age when the maximum growth 
potential of a stand has been reached and is 
therefore ready for c 1 earfe 11 i ng. In the case of 
Sitka Spruce, the maturity age is about 45 years. 

3. Sampling Outline 

It was decided at the very beginning that three 
different section sizes would be tested. It was also 
decided that samples would be obtained from a range of 
yield classes and five was considered a reasonable 
number. These would be chosen from the most common 
Y.C.'s viz. 12, 16, 20, 2~. and 28. 

Two limitations that had to be considered in 
determining the actua·i numbers that would be tested 
were: 

(a) only 300 planks could be 'processed' through 
the laboratory in l year, and 

(b) the project duration was scheduled for 3 years. 

As a result, a unit of 60 planks per Y.C. per size was 
adopted, as shown in the table below. 

y .c. Size 1 Size 2 Size 3 Tot a 1 per Y. c.l 
12 60 60 50 180 I 
16 60 60 60 180 

20 60 60 60 180 

24 60 60 60 180 

28 60 60 60 180 

Tota 1 per size 300 300 300 900 

3. 



The next problem was hov1 to go about a random selection 
and this fe 11 into 3 stages: 

(a) Selection of 'stands' for each Y.C. 

(b) S-=lection of trees within each 'stand' 

(c) Selection of planks. 

The selection process adopted was such that, in the case 
of (a) the probability of selecting a 'stand' increased 
with the area of the stand, i.e. the larger the area 
of the stand, the more chance of it being selected; in 
the case of (b) the probability of se 1 ecti ng a tree of 

a particular diameter increased with the frequency or 
number of that particular diameter present in the 
selected stand and in the case of (c) every olank had 
an equal chance of being picked. 

The problem now was whether to select 1 plank of each 
size from 60 different stands, 60 planks from a single 
stand or something intermediate. The first option 
would.be impractical; the second would be too biased. 
The third option offered the possibility of sampling 
from a 11 over the country. It was decided once again to 
opt for 5 stands per yield class which would me&n 
selecting 12 planks of each size from each stand. 

4. Selection of Stands 

Since the primary objective was to obtain data on the 
timber that would be available in the market in the 
near future, only those 'stands' marked for clearfelling 
in 1983 were considered. As all state forests are well 
documented and monitored, this information was easily 
obtained from the Inventories Section of the Forest and 
Hil dl ife Service in the form of a computer print-out. 

4. 



Of the stands that were available, any stands that 
had either (a) no thinning carried out or (b) were 
severely understocked, were excluded from the 
selection process. It was then assumed that all 
the remaining stands were more or less similarly 
managed s i 1 vi cultu-rally. 

The areas of each stand were then tabulated against 
the stand number and a third column containing 
cumu·lative areas was added. The cumulative area was 
multiplied by a factot· of 10 to obtain 1~hole numbers 
as shown in the example below. 

Stand Area Cumu 1 a t:i ve 
No. (ha) Area X 10 

1 0.4 4 
2 3.6 40 
3 2.8 68 
4 0.4 72 

Numbers between 1 and the maximum number in column 3 
above were then selected from random number tables. 
Thus in the example above, if the number selected was 
between 41 and 68, stand no. 3 would be selected. It 

can be seen, therefore, that the bigger the area, the 
bigger the chance of selection. It was also possible 
that two stands from the same forest could be selected. 

By this method, a total of 15 stands were selected 
although only 5 were required. This was done to cover 
the possibility that the stand selected (a) had already 
been felled; (b) was wind blown; (c) was not the 
required Y.C. when checked. 

In respect to (c) above, it was decided that where a Y.C. 
measurement of the selected stand did not reach· the 
required value then the nearest adjacent stand of the 
same age and required Y.C. would be taken. This had to 
be done in order to expedite the selection process. 
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It should be mentioned, however, that experience so 
far has shown that there was an equal likelihood of 
a higher Y.C. as of a lower Y.C. and therefore on a 
national basis an assumption was made that the 
chang~s in Y.C. upwards and downwards would balance 
out. 

5. Selection of Trees 

• 
Once a stand was selected the area map of the stand 
was divided by a grid into plots of 0.04 ha each. The 
plots wer·e numbered and then randomly selected from 
random number tables at the rate of 1 per hectare 
with a minimum number of ~ pl6ts being selected. 

The distributions of diameters at breast height (DBH) 
of each of the selected plots was then carr·ied out. 
It was thus possible to obtain an average distribution 
of DBH for the stand and also the average number of 
trees (N) per 0.04 ha. 

For the p~rpose of this project, it was decided to 
cut N trees according to the frequency distribution of 
DBH. The method adopted in selecting the trees is 
best described by an example. In the table below is 
shown a distribution of DBH. 

DBH Tally No. Designated Tree 
Number 

10 11 2 1 1 2 

11 1111 4 3, 4, 5, 6 

12 1 1 7 

13 u-'11 5 8, 9, 10, 11, 12 

14 111 3 13, 14, 15 

Total = 15 
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6. 

A number was designated to each tree as shown in 
column 4. These numbers were then drawn one by 
one out of a bag. Thus if tree no. 9 was drawn 
out first, then the first tree selected would be 
of DBH 13. If tree no. 1 was drawn out next, then 
the second tree selected would be of DBH 10 and so 
on. 

The way this was transferred to the site was as 
follows. The site map of the stand was crossed by 
parallel 'lines in an arbitrary direction approximately 
equally spaced. In the example above,l5 points were 
then marked approximately equidistant apart along the 
lines with the first tree being located along the 
first line an arbitrary distance from one end of the 
line. Obviously, a tree of the ~equired DBH would 
not be found at the exact point. So the nearest tree 
of the required DBH in the vicinity of the point would 
be selected. The person doing the selection would thus 
walk up and down the parallel lines until all the trees 
were selected. 

Selection of Planks 

The selected trees will be felled and cut into bolts 
of 5 m length each. Bolts with a top diameter less 
than 17 em will be excluded. The bolts will be 
tr·ansported to the nearESt of 2 State sawmills a.nd 
converted into planks of the required sizes. The 
planks obtained will be numbered with the tree nu~ber 
and the section (i.e. whether butt or top). 

The planks will then be kiln dt'ied to 18% moisture 
content and the first 12 planks of each size from 
each forest will be selected using random number 
tables. However, any plank with excessive distortions 
(twist, bow, cup) or wane will be rejected. 
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It is anticipated that enough information will 
be obtained :Jn v1hich the following variations 
may be ascertained: 

(a) Variation of strength betv;een Y .C.'s -which 
if sig~ificBnt will be used for adjusting the 
strength properties depending on·the mix of 
Y.C. 's that can be expected in any one year. 

(b) Var-iation of strength between forests within 
a Y.C. (i.e. geograrhical location) -which if 
significant will be used to adjust values for 
ea.chY.C. 

{c) Variation of rate of rejection (due to distortion) 
bet1veen Y.C.'s. This vtould be important fer 
forestry management and future planting policy. 

Some of the problems that will need to be resolved in 
the analyses is that of bias due to 

(a) Area of selected stands and 

(b) Number of planks obtained for each size. 

(c) It should be mentioned here that effects due to 
milling will not be considered. 

8. Concluding Con~ent 

Although the data obtained will be used for other 
objectives (other than those already stated) and the 
analytical croblems from the statistical viewpoint 
will have to be resolved, it is hoped the results 
obtained vlill be a significant step towards forming 
a methodology for creating data banks for timber 
prooerties here in Ireland. 
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2. CHAIRMAN'S INTRODUC'PION 

MR. SUNLEY said that after acting as chairman for 17 meetings he would 

now like to hand over to somebody else. Im, STIEDA had accepted the 

position of vice-chairman subject to endorsement by the meeting, and 

MR, SUNLEY said he would now write to CIB Headquarters to propose that 

JJR. STIEDA would take over as chairman at the next meeting, which would 

be held in Israel at the invitation of DR. KORIN. 

3. COOPERATION WITH OTHER ORGANISA1'IONS 

ISO/TC 165: Reporting in the absence of MR. LARSEN at a meeting in New 

Zealand MR. SUNLEY said he had expressed the hope that matters to be 

raised in ISO/TC 165, due to meet in Corsica the following week, would be 

discussed by CIB-Ii1.8 in advance, It was felt that strength grouping 

could well be considered if referred back by ISO. 'Phe plywood testing 

document would be discussed. in ISO/TC 165 and also TC 139 before going 

out for letter ballot as a Draft International Standard. The meeting 

supported the proposal for public comment and early publication of the 

document. 

RILEM: PROFESSOR KUIPERS said that in his meeting the previous day there 

had been no further discussion of joints testing. 'l'he test method for 

nails would be published in Materials and Structures in June. No further 

comments had been received. on the one for staples, which had been included 

in the Lillehanuner proceedings a11d would be sent for publication shortly. 

There had been a long consideration of the method of test for structures 

and there would be much to change. The question of fixing the load factor 

value was referred to CIB-11'18 and could perhaps give rise to a 11'18 paper. 

A third draft would be produced and placed before 11'18 for comment. 

After further discussion the plywood test method had been confirmed as a 

basis for other sheet materials also, and the chipboard document being 

prepared would be similar to that for plywood. The comments of CIB-11'18 

were sought on RILEM procedures a11d draft proposals, and particularly their 
, 

help in the evaluation of test results; DR. NOREN thought a paper on 

Nordic methods should be produced on the last topic, 
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A discussion of delamination tests by the CIB-\i18 meeting concluded that 

those considered by ISO/TC 1.65 could be considered as quality control 

tests and that the RILEM group should separately take up a study of more 

fundamental tests related to the properties of the material. and the glue­

line. 

CEI-Bois/FEMIB: MR. RIBERHOL1' said an international working group would 

produce proposals for the qualification of glulam at the end of this year, 

and would then go on to consider production control. At the request of 

the chairman he undertook to prepare a report for the CIB-\i18 proceedings. 

IUFRO S5.02: MR. AASHEIM said there would be a meeting of the timber 

engineering group in Mexico in December, and PROFESSOR EHLBECK was asked 

to report the proceedings for CIB-Ii18. 

IABSE: PROFESSOR EDLUND reported that this year's IABSE conference in 

Vancouver in September would include a half-day seminar on wood structures, 

with eight papers appearing in the proceedings. 

members would be attending. 

A number of CIB-\HS 

EEC EUROCODES: MR. SUNLEY said the Commission for the European Community 

would be appointing a number of IV18 and CEI-Bois/FEMIB members to prepare a 

draft for Eurocode 5 on timber. He thought the working group might be 

formed and active oy the next IV18 meeting. 

h. AFRICAN, CARIBBEAN AND LATIN-AMERICAN SUB-GROUP 

MR. CRESSWELL reported on behalf of MR. BECKETT, who was presenting a paper 

at the Pacific Area Standards Congress meeting in New Zealand. He said 

Zimbabwe was the centre for the East African region, which hoped to 

reinforce contacts with the Pacific and build np relations with South 

America in cooperation with DR. de FREI'rAS. A report for the proceedings 

was being prepared by MR. BECKE1'T. MR. AASHEIM said Norwegian aid was 

being provided to establish a laboratory in Harare. 
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5. TRUSSED RAFTER SUB-GHOUP 

The chairman said it had been hoped that a draft trussed rafter Annex 

would be produced by Denmark. Mll, HIBERHOLT thought an approach could 

be drafted from two papers before the present meeting and it was agreed 

that he should und.ertake this and produce a draft design chapter and 

Annex for discussion at the next meeting if possible. 

In connection with nail-plate design Mll, AASHEIM said a meeting was being 

arranged in Oslo shortly to revive the work. 

6. SAMPLING SUB-GROUP 

PHQFESSOR GLOS said no Annex had 

for the next meeting. He named 

yet 

the 

been prepared but he hoped to produce it 

members of the sub-

group and said he had written for information to determine differences in 

regional practice. Replies had been received but the analysis was not 

yet complete. He gave an illustrated description of the principles being 

pursued and undertook to supply a paper for the next meeting. 

7. TIMBEH FRANE HOUSING SUB-GROUP 

Mll, SUNLEY said he had not been successful in finding a chairman for the 

sub-group and still wanted a volunteer or suggestions, possibly for 

someone outside \VJS, The work would help towards 1\urocode 8 on seismic 

design. DR. NOREN thought the Nordic group could perhaps make a suggestion, 

NR. SUNLEY said terms of reference had already been drawn up and he would 

' discuss further developments 1;i th DR. NOHEN. 

8. COLUMNS 

Mll. POUTANEN introduced his paper CIB-\VlS/17-2-1 'Mod.el for Timber Strength 

under Axial Load and Moment'. In the subsequent discussion Mll. RIBEHHOLT 

commented that the CIB formula for columns did not allow for possible out­

of-plane deflection, Mll. POUTANEN pointed out that the formula for 

combined tension and bending was inaccurate and asked for further test 

results to compare with his model. 
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9. TRUSSED RAFTERS 

In the absence of the author, MR. V. PICARDO, note was tal,en of paper 

CIB-W18/17-i!J-1 'Data from Full Scale 'l'ests on Prefabricated Trussed 

Rafters 1 • DR. EGERUP reminded the meeting that W18 had asked specially 

for this large volume of test results which represented a great deal of 

work and provided very useful data for study by others. 

Introducing his paper CIB-WlS/17-lll-2 'Simplified Static Analysis and 

Dimensioning of Trussed Rafters 1 , MR. RIBERliOLT said the object was to put 

fon;ard a method as simple as possible. The Nordic group had agreed on 

how connections should be modelled in a frame analysis leading to the moment 

coefficients given in the paper, which was proposed as a basis for an Annex on 

simplified trussed rafter design. 

DR, KALLSNER presented his paper CIB-W18/17-14-3, 'Simplified Calculation 

Method for W-trusses'. 1'he chairman said the proposed analytical method 

seemed complex compared with methods of fifteen years ago, MR. RIBERHOLT 

and DR. NOREN thought the industry favoured methods of medium sophistication, 

but a simple model could be provided in addition. There was discussion of 

the possible application of plasticity theory to improve the agreement of 

models with experimental results. 

It was concluded that guidelines had been presented by the two papers, and 

in response to a question by the chairman MR. RIBERliOL'l' said he 1<euld try 

his best to develop an Annex on trussed rafter design for the next meeting. 

10. PLYWOOD 

PROFESSOR EHLBECK presented paper 17-4-1 'Determination of panel shear 

strength and panel shear modulus of beech plywood in structural sizes' by 

himself and MR. F. COLLING which described improvements to the RILEM method, 

He said some conunents from DR. POST were now to be checked and discussed. 

The chairman and DR. BOOTH suggested it was important that the RILEM 

proposals should go quickly for public comment, at which stage the co1mnents 
' from Germany could propose the modifications described, DR. NOREN asked 

whether the test configuraioion might be valid for nail plate shear tests and 

PROFESSOR KUIPERS said it should be useful also for other sheet materials. 
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Paper 17-l,-2 1 Ul timate strength of plywood webs 1 by DR, LEICES'l'ER and 

DR. PRAM was introduced by MR. RIBERJ{OL'.l' who raised some questions he 

felt should be put to the authors, 'l'he chairman asked MR. RIBERHOL'l' 

to write to DR. LEICESTER thanking him for his contribution and 

proposing that the first part of the paper might be appropriate as Code 

material if rewritten suitably. 

11. CIB STRUCTURAL TIMBER DESIGN CODE 

MR, FE\VELL drew attention to the last sentence of Clause 1,,1.0 requiring 

test specimens to be orientated at random in the testing machine. There 

was a discussion of this requirement compared with placing the worst defect 

in the test span, which underestimates the characteristic strength in 

comparison with other materials, 

' It was concluded that MR. FE\vELL, MR. RIBERHOLT and DR, NOREN would consider 

the topic and produce a short note giving rec01mnendations. On the related. 

question in joint testing, PROFESSOR KUIPERS said this was not catered for 

in the RILEM proposals but 1ms to he covered when making recommendations 

for sampling. 'l'he chairman said DR. SMITH would give thought to the matter 

and mal<e sugge s ti. ons. 

12. JOINTS 

Paper 17-7-1, 'Influence of nail properties on nailed joint behaviour' by 

DR, I. SMITH and others was introduced by the principal author, There 

followed a discussion of the method of determining the yield strength of 

nails and the possibility of quality control. The chairman pointed out 

that the CIB Code indicated a characteristic tensile nail strength varying 

with diameter, and MR. RIBERHOLT said this had been explained by strain 

hardening in drawing wire down to the smaller diameters. 

Presenting his paper 17-7-2, 'Notes on the effective number of dowels and 

nails in timber joints', DR. STECK said that it gave formulae for defining 

joint efficiency in a way better than currently provided in the CIB Code, 

An extension of the work to non-linear behaviour was proposed by MR. 

RIBERHOW' with support from the chairman and DR. BOOTH, and DR. SMITH said 

he had done theoretical work bringing in non-linearity and variability 

which might assist. 
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13. BRACING 

Paper 17-15-1, 'Proposal for Chapter 7,1, BRACING' by DR. BRilNINGHOF'F was 

introduced by the author, who said the proposed chapter and Almex 1<ould 

give easy rules to cover th<e great majority of cases and background 

information to help 1<ith more difficult cases. There was a discussion 

of the varying bracing requirements in different countries, with a 

suggestion by Ii'ROF.GLOS that options could be provided depending on 

initial straightness. DR. EGERUP said a typical example would be of 

" interest and DR. BRUNINGHOFF said this could be provided. Finally the 

draft chapter was accepted subject to production of an Annex giving the 

recommended coefficients and an example of the application of the method. 

14. TIMBER STRESSES Al\lJl GROUPING 

Following a request at the previous meeting, MR. FEWELL presented his 

paper 17-6-1 'The determination of grade stresses from characteristic 

stresses for BS 5268: Part 21 together with the background paper 17-6-2 
1 The determination of soft1wod strength properties for grades, strength 

classes and laminated timber for BS 5268: Part 2 1 • 

The need. for an Almex 44 was accepted after discussion, It was felt that 

it should not be limited to the practice of a single country but that 

other countries should be encouraged to present descriptions of th.eir own 

methods. MR. ELDRIDGE said he would produce a paper explaining sampling 

and stress derivation in Canada. 

15. SAMPLING 

Paper 17-17-1 'Sampling of wood for joint tests on the basis of density' 

by I. SMITH and L.R.J. WHALE was described with illustrations by DR. SMITH. 

Answering a question by PROF.GLOS he said the approach was different from 
; 

the ISO method but he felt it was needed for research purposes. DR. NOREN 

said the ISO method was based on Nordic recommendations; the ne1< approach 

might be better and this could be discussed. 
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Paper 17-17-2 'Sampling strategy for physical and mechanical properties 

of Irish grown sitka spruce' by V. PICARDO was received in the author's 

absence, Earlier in the meeting IPROF.GLOS had emphasised the importance 

of describing exactly hOI< the sampling was done, and the paper providing 

this information for the Irish study was discussed in relation to the 

choice of sampling method. 

16. STRUCTURAL SAFETY 

Paper 17-102-1 'Safety principles' by H.J. LARSEN and H. RIBERHOLT was 

described by the latter as an explanation of principles in the Nor.dic 

codes leading to recommendations for CIB-W18. After a discussion of the 

paper, PROFESSOR KUIPERS gave an illustrated description of studies in 

Holland apparently indicating that a higher factor of safety than currently 

applied would need. to be adopted for timber to achieve the same level of 

safety as in steel and concrete structures, The'meeting agreed that the 

conservatism in deriving design stresses for timber should. be emphasised., 

and that the topic should form a major subject for discussion at future 

meetings, 

Paper 17-102-2 'Partial coefficients limit states design codes for structural 

timberwork 1 by I. SMITH was accepted. as having been adequately considered by 

the discussion that had already taken place, 

17. TIMBER FRAME HOUSING 

Paper 17-15-2 'Seismic design of small wood framed. houses' by K.F. HANSEN 

was considered, the chairman noting that it would be a useful paper in 

connection with developments in Eurocod.es, 

18, OTHER BUSINESS 

PROF.GLOS asked why the harmonisation of grading rules was undertaken by the 

ECE rather than IS·O. 1'he chairman said the difference between North American 

and 1\'uropean practice was a difficulty, but North American machine grading 

was likely to be accepted. for the United. Kingdom. DR, NOREN said work 

had been started towards international acceptance of machine grading and 

the ECE might take it up at a later stage. The chairman suggested. that a 

United Kingdom paper on machine grading might be prepared for the next 

meeting. 
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MR, SUNLEY expressed the appreciation of those attending :for the 

organisation and facilities provided by MR, MEIERI!OFER and the host 

country. 

19. NEXT MEETING 

The next meeting will take place at Beit Oren, near Haifa, Israel, on the 

3rd-7th June 1985. 

The chairmen of sub-groups are invited to progress the proceedings 

of their sub-groups well in advance of the main meetings, 
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20. PAPERS PRESENTED AT THE MEETING 
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Timber Joints Subjected to Lateral Loads 
- I Smith, L R J Whale, C Anderson and 
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Notes on the Effective Number of Dowels and 
Nails in Timber Joints - G Steck 

On the Long-Term Carrying Capacity of Wood 
Structures - Y M Ivanov 0.nr! Y Y Slavik 

Data from Full Scale Tests on Prefabricated 
Trussed Rafters 
- V Picardo 

Simplified Static Analysis and Dimensioning 
of Trussed Rafters 
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Simplified Calculation Method for W-Trusses 
- B Kallsner 
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CIB-W18/17-15-1 

CIB-W18/l7-15-2 

CIB-W18/l7-17-1 

Cl B-W18/l7-17-2 

CIB-W18/17-102-1 

CIB-W18/17-102-2 

Proposal for Chapter 7.4 Bracing 
- H BrUninghoff 

Seismic Design of Small Wood Framed 
Houses - K F Hansen 

Sampling of Wood for Joint Tests on the 
Basis of Density - I Smith, 
LRJ Whale 
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Properties of Irish Grown Sitka Spruce 
- V Picardo 
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Partial Coefficients Limit States Design 
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- I Smith 
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21. CURRENT LIST OF CIB-W18 PAPERS 

Technical papers presented to CIB-W18 are identified by a code 
CIB-W18/a-b-c, where: 

a denotes the meeting at which the paper was presented. Meetings 
are classified in chronological order: 

1 Princes Risborough, England; March 1973 
2 Copenhagen, Denmark; October 1973 
3 Delft, Netherlands; June 1974 
4 Paris, France; February 1975 
5 Karlsruhe, Federal Republic of Germany; October 1975 
6 Aalborg, Denmark; June 1976 
7 Stockholm, Sweden; February/March 1977 
8 Brussels, Belgium; October 1977 
9 Perth, Scotland; June 1978 

10 Vancouver, Canada; August 1978 
11 Vienna, Austria; March 1979 
12 Bordeaux, France; October 1979 

13 Otaniemi, Finland; June 1980 
14 Warsaw, Poland; May 1981 
15 Karlsruhe, Federal Republic of Germany; June 1982 

16 Lillehammer, Norway; May/June 1983 
17 Rapperswil, Switzerland; May 1984 

b denotes the subject: 

1 Limit State Design 
2 Timber Columns 
3 Symbols 
4 Plywood 
5 Stress Grading 
6 Stresses for Solid Timber 
7 Timber Joints and Fasteners 

8 Load Sharing 
9 Duration of Load 

10 Timber Beams 
11 Environmental Conditions 
12 Laminated Members 
13 Particle and Fibre 

Building Boards 

13 

14 Trussed Rafters 
15 Structural Stability 
16 Fire 
17 Statistics and Data 

Analysis 
100 CIB Timber Code 
101 Loading Codes 
102 Structural Design Codes 
103 International Standards 

Organisation 
104 Joint Committee on Structural 

Safety 
105 CIB Programme, Policy and 

Meetings 
106 International Union of Forestry 

Research Organisations 



c is simply a number given to the papers in the order in which 
they appear: 

Example: CIB-W18/4-102-5 refers to paper 5 on subject 102 presen­
ted at the fourth meeting of W18. 

Listed below, by subjects, are all papers that have to date been 
presented to W18. When appropriate some papers are listed under 
more than one subject heading. 

LIMIT STATE DESIGN 

1-1-1 

1-1-2 

1-1-3 

1-1-4 

6-1-1 

11-1-1 

Limit State Design - H J Larsen 

The Use of Partial Safety Factors in the New Norwegian 
Design Code for Timber Structures - 0 Brynildsen 

Swedish Code Revision Concerning Timber Structures -
B Noren 

Working Stresses Report to British Standards Insti­
tution Committee BLCP/17/2 

On the Application of the Uncertainty Theoretical 
Methods for the Definition of the Fundamental Concepts 
of Structural Safety - K Skov and 0 Ditlevsen 

Safety Design of Timber Structures - H J Larsen 

TIMBER COLUMNS 

2-2-1 

3-2-1 

4-2-1 

5-9-1 

5-100-1 

6-100-1 

6-2-1 

6-2-2 

The Design of Solid Timber Columns - H J Larsen 

The Design of Built-up Timber Columns - H J Larsen 

Tests with Centrally Loaded Timber Columns -
H J Larsen and S S Pedersen 
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Sampling Plywood and the Evaluation of Test Results 
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The Evaluation of Test Data on the Strength Pro­
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Procedures for Analysis of Plywood Test Data and 
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Specification for Timber Grades for Structural 
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Stress Grading Coniferous Sawn Softwood 
- ECE Timber Committee 
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Derivation of Grade Stresses for Timber in the UK 
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Strength and Long-term Behaviour of Lumber and 
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- K Mohler 

Classification of Structural Timber - H J Larsen 

Code Rules for Tension Perpendicular to Grain 
- H J Larsen 

Tension at an Angle to the Grain - K Mohler 

Consideration of Combined Stresses for Lumber and 
Glued Laminated Timber - K Mohler 

Evaluation of Lumber Properties in the Unites 
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Stresses Perpendicular to Grain - K Mohler 

Consideration of Combined Stresses for Lumber and 
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Strength Classes for the CIB Code - J R Tory 
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Test Methods for Wood Fasteners - K Mohler 
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Rules for Evaluation of Values of Strength and 
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Design of Truss Plate Joints - F J Keenan 

Staples - K Mohler 
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Design of Joints with Nail Plates - B Noren 

Polish Standard BN-80/7159-04:Parts 00-01-02-03-04-05. 
"Structures from Wood and Wood-based Materials. 
Methods of Test and Strength Criteria for Joints 
with Mechanical Fasteners'' 

Investigation of the Effect of Number of Nails 
in a Joint on its Load Carrying Ability-
W Nozynski 
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Test on Bolted Joints - P Vermeyden 

Comments to paper CIB-W18/12-7-3 ''Design of Joints 
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Strength of Finger Joints - H J Larsen 
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Design of Joints with Nail Plates (second edition) 
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Load-Carrying Capacity of Dowels - E Gehri 

Bolted Timber Joints: a Literature Survey 
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Bolted Timber Joints: Practical Aspects of 
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- I Smith, L R J Whale, C Anderson and 
L Held 

20 



17-7-2 

LOAD SHARING 

3-8-1 

4-8-1 

4-8-2 
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- H J Larsen and E Theilgaard 
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The Design of Simple Beams - H J Burgess 
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ENVIRONMENTAL CONDITIONS 
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Directives for the Fabrication of Load- Bearing 
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Testing of Big Glulam Timber Beams - H Kolb 
and P Frech 

Instruction for the Reinforcement of Apertures 
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Glulam Standard Part 1; Glued Timber Structures; 
Requirements for Timber (Second Draft) 

Experiments to Provide for Elevated Forces at the 
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Two Laminated Timber Arch Railway Bridges Built 
in Perth in 1849 - L G Booth 

Consideration of Combined Stresses for Lumber and 
Glued Laminated Timber - K Mohler 

Consideration of Combined Stresses for Lumber and 
Glued Laminated Timber (addition to Paper 
CIB-W18/9-6-4)- K Mohler 

Glulam Standard Part 2: Glued Ti.mber Structures; 
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Glulam Standard Part 3: Glued Timber Structures; 
Performance (3rd draft) 

Glulam Standard Part 3: Glued Timber Structures; 
Performance (4th draft) 
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Hardboard Under Long-term Load and Varying Temper­
ature and Humidity Conditions - W Halfar 

Determination of Deformation of Hardboard under 
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of the Structural Analysis of Timber Roof Trusses -
F R P Pienaar 
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13-17-1 

16-17-1 

16-17-2 

16-17-3 

17-17-1 

17-17-2 

On Testing Whether a Prescribed Exclusion Limit 
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Components and Structures - B Noren 

Discussion of Sampling and Analysis Procedures 
P W Post 

Sampling of Wood for Joint Tests on the 
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Propasal for Safety Codes for Load-Carrying Struc­
tures - Nordic Committee for Building Regulations 

Comments to Proposal for Safety Codes for Load­
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Structures and Wood-Based Products in Poland 

Safety Principles - H J Larsen and 
H Riberholt 

Partial Coefficients Limit States Design 
Codes for Structural Timberwork 
-I Smith 

INTERNATIONAL STANDARDS ORGANISATION 

3-103-1 

4-103-1 

5-103-1 

7-103-1 

8-103-1 

12-103-1 

13-103-1 

14-103-1 

14-103-2 
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HODF:L FOR TIHBER STRENGTH UNDER AXIAL LOAD AND MOMENT 

Tuomo Poutanen 

SUMMARY 

The 1110del is based on bi-l:i.near stress-strain relationship. 
It is assumed there nre two failure reasons. In compression 
failur'e occurs when critical strain is reached. In tensiou 
failure occu:c-s, when stress exceeds defect strength. It ls 
assumed that defP.ct strength de£'~ncs completely the tension strength 
according to the p.cinciple of the weakest link of chain or the 
principle of brittle :racture mechanics. It is assumed thnt 
there is only one defect per cross section. 

Interaction diagram for axial load and moment is derived. 
Also equation for size effect is derived. Comparisons to available 
te3t results are .done. 

1. INTRODUCTION 

It is known that the generally used linear interactio11 formula: 

N 
N 

u 

+ M ~ 1 
Mu 

is conservative. 

( 1 ) 



The author has developed a timber strength model which is 

different from formula 1. 

The author has no resources to make tests to verify the model. 

The rn.odel is presented here to raise dis:::ussion and to get 

tests results. 

2. LUll TATIONS 

Due to lack of time and shOI'tage of resources: 

a. Only rectangular cross section is handled. 

2. 

b. Stress-strai.n relationship in compres~i.on is assumed to be 

bi-linee.r·. 

c. Formulae .. .:u~e derived to deal v1i th mean values. 

d. Size effect is not included in strength model. 

e. The emphasis is on timber which has an equal mean tensi.on 

and compression strength. 

f. It is assumed the moment affects either of the cross 

section main axes. 

3. BASIC ASSUMPTIONS 

3.1. Cross section deformations 

Cross section planes are assumed to remain planes under load. 

3.2. Stress-strain relationship 

Stress-strain relationship is shown in figure 1. 

It must be especially noted: 

a. Behaviour in tension is linear up to r~a1lure. 

b. Behaviour in compression is bi-linear. After strain has reached 

a certain value stress does not increase but remains constant, 

This assumption is done mainly to simplify calculations. However 

it is shown I 1,2 I that this is a good approximation for 

compression behaviour. 
• 

f 
c 

Compression bending strength fbc is assumed to be equal to compression 

strength f . 
c 

( 3) 
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Figure 1, assumed stress-strain relationship 

3.3. Cross section failure 

There are'two reasons for failure: 

In compression failure occurs when critical strain is reached, 

see figure 1. 

I u ·I = n f 
c 

In tension failure occurs when stress r mches defect stt'ength, 

figure 2. 

u f 
v 

3 . 

( 4) 

( 5) 
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Figure 2, tension failure occurs when stress a r.;:~aches 

defect strength f 
v 

This is the key assumption of the model. Defects dominate 

tension strength totally. Defect free timber has infinite 

strength, but if it contains a defect and if it fails it leads to 

complete failure of cross section in spite of the strength of the 

defect free pat•t of cross section. Defect 

to be same as tension str-ength ft by mean 

strength f is assumed , v 

value and distribution 

if tension test is carried aut with a test sample which has 

e>ne defect. 

f 
v 

However, due to practical reasons, f must be given different 
v 

( 6) 

meardng. Test samples have a certain size and contain a different 

number of d8fects and fail when stress reaches the weakest defect. 

So, equation 5 depends on test specimen and f is strength of 
v 

the weakest defect of said specimen. 

Effect of shear force on strength is ignored. 



5. 

3.4. Defect 

Defect is assumed to be local strength disturbance e.g. knot 

or inclined fiber. Thenature of defect is not described and 

handled further. Anyhow, defect must be relatively small compared 

to cross section. Also defect has the nature of brittle fracture 

mechanics. This also means that defect might be more dangel'OUS 

than hole, because defect can destroy the strength of defect 

f:J.''ee timber. It is not necessary to make an assumption on distance 

between defects on timber beam. This distance might possibly 

be 200 •.• 500 mm, but there must be only small number of 

defects on timber beam. 

Size effect is ignored in the strength model, that is why it is 

assumed there is one defect per tension part of cross section. 

Ti:nber between defects is defect free and is strong enough 

to avoid failures. So, failure always occurs in cross sections 

with defect 1 if tension stress causes the fail.ure. 

3.5. Effect of load duration and moisture 

Cross section behaviour can be described by values f , f , n, E. 
c v 

Load duration and moisture have an effect on cross section through 

these values. This topic will not be handled further. 

3.6. Size and grade effect 

The model basically deals with cross section strength with one 

defect on tension side. In l'eali ty a timber beam has several 

defects. The number of defects and defect strength depend upon 

beam size and timber grade< However, the strength of the beam 

is dominated by the worst defect and there is analogy between 

cross section strength with one defect and beam strength with 

the worst defect. 



Problems arise when size increases. Questions to be answered 

are: h0\1/ the de fee ts are located and what is the density. 

In the strength model these questions may remain open but 

6. 

when the model is used to find out size effects assumptions must 

be made. This topic will be handled further in section 6. 

3.7. Strength deviation 

Deviation consists of deviation of 

To simplify calculations devj_ation 

f , f , n and E. 
c v 

of f , n and E is 
c 

ignored. 

Ignoring the deviation of f and n is justified because it 
c 

affects results very little. Igncring the deviation of E is 

justified because only strength values are handled and E has no 

effect on them (but has a large influence on diflections). 

It turns out that 111ain results of the model can b0 derived ignoring 

also the deviation of f . It also turns out that distribution of 
v 

the deviation of f has no practical influence on results. 
v 

4. Cross section strength 

4.1. Introduction 

According to the bosic assumptions there r;1ay be two fal lure reasons: 

exceeding the compression ·strain or exceeding the defect strength. 

Thus cr·oss section has at least two design ste.tes. Due to elasto­

plastic behaviour of cross section there are altogether four design 

states. These are listed in the order of decreasing normal force: 

a. Cross section under tension, state 1 

b. Cross section under elastic compression ar1d tension, state 2 

c. Plastic cross section, brittle failure, state 3 

d. Plastk cross section, ductile failure, state 4 

• 
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4.2. Cross section under tension, state 1 

When the cross section is completely under' tension failure occurs 

when stress <T(N, M, y) reaches the defect strength 

figure 3. It is assumed that stress never reaches 

f ' v 
the defect 

free timber strength f or reaches it so seldcm that this case 
r 

can be ignored. 

y 

rf if 

\ ,\ 

·1 
b 

It 

Figure 3, failure situation when cross section is under tension 

It can be noted from figure ·3 that f can be found out by loading 
v 

the cross section with constant stress. This me~ns that defect strength f 
v 

is equal to timber tension strength f .. The effect of the location of 
1; 

the defect can be found out by assuming that the probability for any 

location is equal. Assume that ft has distribution function f.' . Let us 

consider def.ect location i. The failure probability is made out of 

three probabilities: 



n 

Firstly, the location has stress ai while the mean stress 

is at 

Secondly, location i represents one out of n: 

8. 

( 7) 

1 
P2 = n (8) 

Thirdly, probability for failure on stress level ai is: 

ai 

p3 = s f' 

0 

Probability for failure of tho location i is: 

Probability for failure for the whole cross section is: 

To 

may 

n 
p = L:: 

iH 
P. 

l 

simplify the case 

write: 
n 

.!'= 
1 [ 
n 

i=l 

we handle mean strength values and 

ai 

a.i s at f' = 0,5 
0 

( 9) 

(10) 

( 11) 

we 

(12) 

• 



9. 

This equation is general !l.nd needs the di,;tl'ibution function and 

its parameters. To simplify the case we assume that deviation 

is 0 then: 

t r f' (x) = o; X {_ ft 
0 

(13) 

X 

if' (x) = 1 X > ft 
0 

In this case we wi 11 find out that f t is the value that a- figure 

has in its area centroid and ft can be calculated. figure 3: 

y • 

r 
h 

= 

Ey elimi.nating y from 14,15 we get design for:nula: 

Using other notation, figure 3: 

a L ·v 2ft?----~~-~ 
a- y 

Writing the formula in another form: 

1 

(14) 

(15) 

(16) 

(17) 

(18) 



By using notat).on from formula 1 and considering: 

we get: 

N 
u 

N 

M 

( !;!... ·• 
·, N J 

u 

= 

' 

f . b • h 
t 

a b h 
t 

a 1 
b 6 

+ 
I 6M . 2 

, hN J 
u 

b . h' 

<: 1 

10. 

(19) 

(20) 

(21) 

(22) 

This formula 22 and also formulae 16,17, 18 are new design 

formulae which correspond to formulc 1 in case cross section is 

completely under tension. 

Later in this study timber with equal tension and compression 

strength will be handled: 

In this case it can be derived from the model that fictitious 

bending Stl'eng'ch (rupture strength) meets the condi. tion: 

Considering this, formulae 18 and 22 can be Written: 

N ) ' I~, I"N + 1,80 ,( 1 
u , Mu; 

or: 

(at\ ' ( a 0 ) + 1,80 L 1 f j \ fb t 

(23) 

(24) 

(25) 

( 26) 



11. 

All these formulae are based on mean strength values ignoring deviation 

instead of the correct formula 12. 

The error which results from ignoring deviation can be found ·out 

by maV.ing comparison to formula 12. 

There has been av ai.lable tension test material of 250 samples 

T24 grade Finnish soft wood. From the test tension strength ft 

and the worst defect strength f have been found out ft ~ f • 
v v 

Normal, log-normal and Weibull distribution has been fitted into 

the test material, table 2. Because formul11e 16 -26 are only 

based on defect strength, test results may be used to find out 

the difference from formula 12. This cornpar·ison has been made 

with all combinations of distribution (normal, log-normal and 

Weibull) and all combinations of N and M. It was fotlnd out 

that the difference is less than 3 % in all cases. The difference 

is largest with the largest il'l which means the case a o:::: 0. 
y 

All this means that formulae 16-18, 22-26 can be considered 

to be practically the same as 12. 

the whole cross section is under tension stress if: 

N :;;: 0,71 
N 

u 

This is also boundary condition for design state 1. 

In this design state failure is brittle due to defect. 

(27) 

4.3. Cress section under elastic compression and tension, state 2 

Boundctry con di tio0.s for this state are: cross section is partly 

under tension and partly under compression and compression stress is 

less than compression strength, figure 4: 

( 28) 
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t 

12. 
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1 b--t ' a,f 
1 

Figure 4, failure situation when cross section is under elastic 

compression and tension 

Design formula can be derived from stat.e 1, assuming that failure 

never occurs on corr:pression side. Ignoring size effect state 2 

is the same as state 1 when cross section is assumed to be only tension 

part of it. 

By notation (J = 0 
y 

in formula 17, we get: 

This can be written also in the follo·•ing form: 

+ 

or: 

+ 

a b ~- f2 
f -'{~ 

t 

6M 
hN 

u 

( 29) 

(30) 

(31) 



• 

In special case f ft formulae 30,31 
c 

0, 71 
at 

0,95 
ab 

L. 1 + 
ft fb 

or: 

0, 71 
N 

0,95 
M L 1 + 

N M u u 

Boundary condition for state 2 is: 

L. N 0,21 
N 

u 
L.. 0,71 

can be written: 

In design state 2 there is brittle failure on tension side of 

cross section. 

4.4. Plastic cross section, brittle failure, state 3 

13 . 

(32) 

(33) 

(34) 

If compression stress exceeds compression strength but ultimate 

compression strain is not exceeded the cross section is in design 

state 3, figure 5. 

Boundary conditions are: 

(35) 

(36) 
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Figure 5, failure situation when cross sectio!1 is under tension 

and plastic compression 

Failure criterion is 

which can be derived in the same way as in design state 2. 

In actdi tion to formula 37 we need equilibrium conditions: 

SadA - N 
A 

sa (y--h/2)dA = M 
A 

and geometric conditions: 

X 

h 
= 
\o"~\ - fc 

(37) 

(38) 

(39) 

(40) 

(41) 
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When N and M are known x, y, ay-' a can be solved from eauatione 38- 41. a . 

lt is not possible to solve these equations in closed form. 

Therefore numerical solution is used. 

In design st&te 3 failure occurs on tension side after plastic 

deformation on compression sj_de. 

4.5. Plastic cross section, ductile failure, state 4 

Boundary conditions are; 

Ia•' ) f 
. Y· c 

Design criteri0n is: 

\ a~~ .:. n f 
c 

Otherwise cross section is handled with equations 38 - 41. 

cross section has ductile failure on compression sideo 

According to the model cross section strength can be derived 

(42) 

(43) 

(44) 

from f , f 
v c and n without knowirig fb. Results are not sensitive 

to variations of f . That 
c 

is why assumption of f = f can be made. 
c v 

In the appendix N, H-interaction curve has been plotted. 
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Design states 1-4 have been shown with different lines. In state 4 

curves for ultimate strain have been plotted with values n = 2,3, 

which correspond to appr. strain 1, 1,5 %. 

Lines according to design formula 1 have also been Plotted. 

It can be fou:1d out that formula 1 is 15 .•. 20% conservative 

compared to the model if N, M t 0. 

4.7. Bending strength 

Bending strength (modulus of rupture) of the model is not 

constant and needs an explanation. In design state 1 bending 

strength varies depending upon moment. In design states 2 and 3 

bending strength (ultimate tension of cross section) has constant ,, 
value '/ 2 · ft. 

It has also been stated fb = 1, 34 ft. Thi.s equation is based 

on f = f and fb is fictitious b8ndine strength calculated from 
t c 

linear stress-strain relo.tionship, which is wrung according to 

the model. 

5. Comparisons to test results 

5.1. Introduction 

According to the model bending strength can be calculated out of 

tension and compression strength. This property can be used to test 

the model when the same timber has been tested for tension, compression 

and bending strength. There are two sets of data of this kind, Finnish 

timber code and a test with Finnish timber. 

Mr. Buchanan has derived a ~odel for N, M-interaction. He has also 

done large number of tests. This can be· used as a .comparison. 



5.2. Finnish timber code 

Short term mean strength values of Finnish timber code /4,5/ 

in grades T24, T30 are shown in table 1 

strength value grade ] 

f t-----:-_:-
4

-.~-~---t---:--:~6 ~ 
c 

ft 28,9 31,5 

fb 38,0 ~1,9 

f/ft 0,99 1,03 

fb/fc 1,32 1,28 

f h /_f_t _____ l ____ 1_, 3-1----'---1_,_3_3_ 

Table 1, Appr. mean strength valws of Finnish T24, T30 timber 

17. 

It can be found out that tension and compression strengths can be 

considered to be the same because the difference is -1.,, +3 %. 

It is also found out that fb/fc, t 1,28 ... 1,33 and on an average 1,31. 

This value is only 2% smaller than the value it snould be according 

to ~he model 1,34. The difference is small and the model can be 

considered to fit into Finnish timber code in grades T24, T30. 

5.3. Test with Finnish timber 

300 tension and 250 bending tests have been made all with same kind 

of timber, cross section grade, humidity etc. I 5 /. Compression 

tests were !10t included, but tests made elsewhere show that f <" f • 
c t 

So, the assc>mption f = f is made. 
c t 
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L 

Into the test material was fitted normal distribution: 

1 1 ' 
f(x) = \.[2 7!

1 rx 
exp (-

2 
(X-/') ) 

a 

log-normal distribution: 

1 1 ( log_lx_LL) ' f(x) exp(- ) 

X fly;_-; 
2 j3 

Wei bull distribution: 

{! ( X-}!_) 
{! -1 x-u fl 

f(x) = exp (- -'-) 
8 8 b 

Results for tension tests are shown in table 2 and bending tests 

in table 3. 

18. 

(45) 

(46) 

(47) 

fractiles 

distribution parameters 1 % 1- 5% 50 % 
·---··· t·------------___ l 

normal !1= 30,8 12,1 

<l'= 8,01 

v!eibull !1= 10,9 14,9 

8 = 22,3 

{! ~ 2,650 

log-normal I'= 3,387 15,7 

0= 0,272 

Table 2, tension strength values ft (MPa) 

17,6 

18,2 

18,9 

30,8 

30,3 

29,6 

I 

I 

I 
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fractiles 

distribution parame~ers 1 % 5 % 50 % fb/ft 
1--- ·---- ----

normal I' = 40,0 18,0 24,5 40,0 1,30 

"'= 9,42 

Wei bull fl= 16,2 21,1 25,1 39,5 1,30 

b= 26,7 

I 
I"= 2,6932 

log-normal "= 3,657 22,0 26,0 38,7 1,31 

fh 0,241 

I 

Table 3, bending strer,gth values fb (MPa) 

In table 3, also ratio fb/ft is shown. It is found out that this is 

practically constant 1,30 ... 1,31 and only 3% less than expected 

on the basis of the model 1,34. This means that the model fits into 

the test results. It also seems that the results of the model do not 

depend upon the assumed strength distribution. 

5.4. Buchanan's tests 

Information about Buchanan's tests was received just before writing this. 

Buchanan has derived a strength model for timber and done a large number 

of tests, appr. 4000. A part of the model and test results are shown 

in figures 54, 53 of Buchanan's thesi3 I 2 /. 1'hese fi.2,ures h8VB bcBn 

copied into figure 6, adding the at: thor's N, M-interaction with 

dots (n=2,5). Also test results from figures 54, 58 have been picked 

up (approximately) and plotted with circles in the figure of the apper.dix. 

It can be found out that the author's and Buchanan's models give closely 

the same results though they are based en completely different theoretical 

background. The largest differences lie on the area N/N = 0,7 ... 1,0. 
u 

Relatj.ve exactness of the author's model is best on this area. 
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Figure 6 figures 54, 58 from. I 2 I added with author's model 

with dots n ~ 2,5. 

6. Size effect 

Failure criterion in design states 1-3 is completely based on 

brittle fracture mechanic·s and it can be compared to the failure 

of the weakest link of chain. 

This principle gives an opportunity to explain the fact that in timber 

structures increasing size decr·eases ultimate stress. 



21. 

Assume that defect has cumulative strength distribution function F. 

Consider timber size which has n defects. Then probability for'_,__failure 
1H0 

1 

on stress level a
1 

is: 

(48) 

If size is increased k times defects increase r- times. If we examine 

beam length effect on tension strength we may assume k:::r. 

New 
1
size !J,_ ~J;o;/,wi thprob_"~i li ty: 
"/BJ11o:rr;s unlcu'(ec/ 

v --- ~ 

(49) 

on stress level s-2. 
We must claim that all sizes fail with equal probability, so P

2 
= P

1
, 

which also means a 2< a 1 . This also means that larger size resist lower 

stress and it is weaker. 

Size effect can be defined as: 

(50) 

Writing equations 48, 49 equal we get: 

(51) 

Out of this equation size effect can be calculated in all confidence 

levels. Some numerical calculations maCe vii th 50 '% and 5 % confidence 

levels have shown that confidence level has very little effect on 

results. 'Thus the simplest confidence level 50 % is used. Assuming 

F is cumulative districution function of normal distribution it is 

found out that the mean value has no effect on results and we select 1 

as the mean value and v as the coefficient of variation. 
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Then we may write: 

(52) 

Using size 1 as reference (a1 ~ 1) we get: 

This is an equation which gives the reduction of mean strength value 

when defects (size} increase k times. In this case F is cumulative 

distribution function of normal distribution having 1 as mean value and 

having coefficient of variation same a3 variation of defect. 

In literature size effect is often given as: 

(54) 

where 8 5
2 represent size and p is constant. To length effect there 1' 

has been given different values for p such as: 0,192, 0,167 and 

0,25 I 2,3 /. Assume that F is cumulative distribution function 

of normal distribution, we find out that equations 54 and 53 give 

very closely the same results if different values of p in equation 

54 correspond to different coefficient of variation in equation 53. 

If p has values 0,192, 0,167 and 0,25 the needed coefficient of 

variation is appr. 23 %, 20 % and 29 %. 

Literature has not reported variations, but calculated values look 

reasonable. Nevertheless, it is obvious that increasing variance 

increases size· effect as shown by equaticn 53. 

If we apply this same principle for ti1:1ber beam with constant span 

depth ratio subjected to moment load, we find out: when size increases 

k times we may assume number of defects increase k2 times because defects 

increase k times in length and depth direction. In this case equation 53 

can be used when k is replaced by k2 . Th:s is not -self-evident because 

moment loaded beam has defects on different stress levels. This means 

that equations 48, 49 must be divided into different stress levels 

which also means different confidence levels. Anyhow, it was found 

out that change of confidence level does not change result and 

one stress level may be used. In this case literature shows that 
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equation 54 can be used. Fewell I 3 I gives the constant p value 0,4. 

In this case equations 54 and 53 give closely the same results if 

coefficient of variation is appr. 24 %. Calculations made with 

equations 50, 51 on confidence level 5 % give the same result, 

appr. 24 %. This is a good approximation for the coefficient of 

variation of Fewell's tests. 

7. Conclusions 

1. According to the model design formula 1 is 15 ... 20 % conservative 

when N,N'f'O. 

2. Results can be derived from basic assumptions without any 

calibration to test results. 

3. According to the model bending strength can be calculated from 

compression and tension strength. This calculation fits well 

wi tr. Finnish timber code and a test of 550 samples I 4, 5 I. 

4. The N, M-interaction curve of the model is closely the same as that 

derived by Buchanan I 2 I ft·om completely different basic 

assum~tions. 

5. It is possible to derive equati.on for size effect from the 

model. This equation means that size effect can be practically 

completely explained by coefficient of variation of defect. 

Test information on size effect is limited but the model seems 

to fit into availA.ble t-r:qts. 

6. The model defiEes clearly cross section def:>t·mations. This 

gives an opportunity to unlinear analysis of timber structures. 



Notation 

E modulus of elasticity 

K size factor 

N force 

M moment 

subscript u ultimate 

F cumulative distribution function 

b width of cross section 

f strength 

f' 

h 

subscript b bending 

c compression 

r defect free 

t tension 

v defect 

distri.bution function 

depth of cross section 

n factor for ultimate compression str·ain 

t,p,r constants 

s size 

v coefficient of variation 

x depth of plastic zone of cross section 

y location of neutral axis or defect of cross section 

stress, subscripts as f 

y upper edge 

a lower edge 

24. 
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Introduction 

Determination of Panel Shear Strength and 

Panel Shear Modulus of Beech Plywood 

in Structural Sizes 

J. Ehlbeck and F. Colling 

High quality beech plywood is a usable material in timber engineering, 

e.g. for reinforcing glulam 3tructures under perpendicular-to-grain 

tensile stresses or for plywood gussets in nailed or glued trusses. 

Beech plywood may also be used as a web of I- or box-beams or in similar 

structural applications. 

Therefore, it is necessary - among others - to make available data 

of the panel shear strength and the panel shear modulus. In a study made 

in the ''Versuchsanstalt fUr Stahl, Holz und Steine'' of the University of 

Karlsruhe (FRG) such data were collected using shear tests with beech 

plywood panels of 10 to 40 mm panel thickness. This task gave the opportunity 

of using the RILEM-recommended test method developed for testing plywood 

in structural sizes. This RILEM-Recommendation /1/ was approved by 

CIB-W18 and forwarded to ISO as a basis for a draft ISO Standard. In a 

joint committee of ISO/TC 139 and 165 this recommendation was discussed. 

A draft proposal of this ISO Joint Committee will be under discussion at the 

main meetings of the technical committees TC 139 and TC 165. It was considered 

useful to perfom tests using high strength plywood panels at this stage in 

order to propose additional or modified test methods if necessary. 

./I. 
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Test Specimen 

The test specimen and test set-up described in the R!LEM~Recommendation 

are shown in F'igs. 1 and 2. A method of measuring the shear deformation 

is given in ASTM Standard D 2719-76 /2/ and will be proposed also in the 

ISO draft. This principle is given in Fig. 3. When using this loading 

apparatus, the external loads act to the test specimen in a manner shown 

in Fig. 4. 

The panel shear strength is 

F t,u 
L x t 

( 1 ) 

with Ft =ultimate applied tensile load of the testing machine; ,u 
L =length of panel; t =panel thickness. 

In former investigations MOHLER and EHLBECK /3/ used small test specimens and 

found panel shear strengthsfor beech plywood in the range of 18 to 20 N/mm2 

(Mpa). According to that, ultimate tensile loads in the range of 430 to 480 kN 

had to be expected for test specimens of 600 mm length and 40 mm panel 

thickness. At the same time shear stresses will occur in the timber rails 

of 115 x 35 mm cross-section. These stresses amount to 

f = 
H 

( 2) 2 X 35 X 1 b 

with H z Ft/4 (see Fig. 4). With Ft,u = 480 kN, shear stresses in the 

rails will figure up to about 15 N/mm2 (Mpa) with the failure of the 

test specimen certainly to occur in the rails instead of shear failure in 

the plywood panel. These considerations made sure that the proposed timber 
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rails of the RILEM-Recommendation are not practicable for high quality 

hardwood plywood of a more than 20 mm - panel - thickness. Moreover, it 

seemed to be too time-consuming to use steel rails instead of timber rails. 

So, the timber rails were l'eplaced by beech plywood rails of the same 

thickness as the test panel thickness. ~lith a r'ail width of 150 mm instead 

of 115 mm the shear· stress in the rails amounts only to half the shear 

stress in the test panel: 

H f = .,.-----';'-...,-, 2 X t X 150 
= f p X t X 600 

4 X 2 X t X )SO = ( 3) 

With the plywood rails taken from the same panel under scrutiny, it could 

be expected that a failure in the rails would never occur. From these con-

siderations the test specimens were modified as shown in Fig. 5. In no case 

of altogether 72 tests failure occurred in the rails. 

Test Set-up 

Ultimate test loads up to 500 kN require heavy and unwieldy test equipment 

when the test set-up according to Fig. 2 is used. The steel bars and pins 

and yokes as well as the steel link connected to the crosshead of the 

testing machine are only used to transform the tensile loads of the 

testing machine to compressive loads acting on the test specimen. Why not 

imposing compression loads of the testing machine directly to the test 

specimen? 

.//. 
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A stationary test equipment was developed (see Fig. 6). It proved to 

be time-saving, because only the test specin;en had to be moved into or 

out of the testing apparatus. The test load F, as shown in Fig. 4, acts 

directly on the test specimen. It has to be taksn into account that the 

panel shear strength in this case amounts to 

cos 14° 
(4) 

with Fu =ultimate compressive load of the testing machine. 

Test Procedure 

A constant rate of loading was chosen so that the ultimate load was 

reached within 3 ± 1 minutes. The load-deformation curves were recorded. 

A typical graph is given in Fig. 7. The shear modulus can be calculated from 

the straigth line portion of the load-deformation-curve. The elastic range 

extends to about 40 %of the ultimate load. 

Test Results 

Shear failure occured always along the weakest cross-section of the test 

panel. The shear strength achieved was not influenced by the location of 

the failure section. The coefficient of variation of the panel shear strength 

was rather 1 ow, ranging from 9 to 10 %. Compared with shear strength values 

obtained from ~man specimen, a reduced shear strength of about 80 %must 
be taken into consideration for plywood panels in structural sizes. 

./I. 
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The mean panel shear strength of the beech plywood under scrutiny amounts 

to 11,5 N/mm•; the shear modulus ranges from 700 to 800 N/mm•. A detailed 

research report is in preparation /4/. 

Conclusions 

The RILEM-Recommendations for testing the panel shear strength of plywood 

in structural sizes may be usable for softwood plywood. If the panel shear 
strength increases, however, e.g. for hardwood plywood, timber rails in 

the dimension proposed by the RILEM-RecommencJations turn out to be the 

weakest part of the test specimen. In such cases the rails should be of 

the same material and of such a cross-section that the shear stresses 

in the rails do not cause early failure of the test specimen. 

The test equipment described in the RILEM-Recommendations becomes heavy 

and unwieldy when high tensile loads have to be applied. A simple stationary 

test set-up, easy to handle and of big advantage when testing many replications, 

proved to be a useful alternative with compressive loads of the testing 

machine directly applied to the test specimen. 
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A BS TR_hl::f_ 

Methods are given for computing the strengths of both stiffened and 
unsti ff enGel plywood webs of glued I -beams. These methods, veri£ ied by ex per l·· 
ments with r·adiat'J pine ply\lood webs, indicate that the ultimate strength of 
ply.:ood t.Jcbs can be considerably greater than the cri Uca 1 elesti c load. 

The stre·ngth of plyoood webs in J-beams and box bem;,s is rarely a criticc.l 
design considera·cion, Indeed, unless glued edge--joints are used, the strength 
capacity of tho web is usually determined by the strength of the fastener 
system. Nevertheless. in the interests of' ensuring adequate re lia.bi li ty, it is 
useful to have a method for evaluating the ultimate· strength of plywood webs. 

In the following, the strength of the ply~'OOd \-leb of a.n !-beam vill be 
discussed, The notation to be used is shown in Figure 1. Only webEl with the 
plywood face grain r·unning parallel to, or perpendicular to the beam a>:is ~1ill. 
be considered. The two speci f: ic problems i n"Jest i.gated are the bCJckl i ng strenJth 
of an u,-,ntiffened web supporting a concentrated flange load, and t.he ultimate 
sh<Hir capacity of a stiffened plytoood panel, 

t . 
w -

Figure 1 Notation for I-beam 

Throughout the dJscussion, the slendernes.s of the plywood web will be 
described by means of a parameter A which will be defined by an equation of the 
typs 

A = (squash load/elastic critical load)O.S (1) 

------------~---·-------------------·~------------

* CSIRO Division of Building Resear-ch · 
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2. NOTATION 

2. 1 Parameters 

a = dimension in the x-direction 

B = bearing length of concentrated flange load, Figure 2 

df, dw = depth of flange and web, Figure 1 

0 2 bending stiffness of plywood = J < E lr) z dz, 
-() X in the x-direction 

() 2 bending stiffness of plywood = J < E lr) z dz, 
-() y in the y-direction 

= GLT t 3/6 torsional stiffness of plywood w ' 

-- Youngs modulus of elasticity for solid wood 

f = strength in terms of str·ess 

fc, f = compression and shear strength s. 

GLT = shear. modulus of solid wood 

P = concentrated flange load, Fig·ure 2 

tf, tw = thickness of flange and web, Figure 1 

V = shear strength 

V f, Vw = sheac strength contributions of flange and web 

X, y 

,_ 

a 

f3 

r 

() 

6 z 
B 

" 
!J. 

at 

-cartesian coordina.tes'in the plane of the plywood web, Figures 2 and 6 

= coordir~te normal to the plywood web 

~- EL .UTL t~/( 12 r) 

= <Dxy + a)/(Dx DY)o.s 

= 1 - !J.TL !J.LT 

-- t /2 w 

= lateral defonnation of the web 

= angle of face grain relative to the x-lixis 

= slenderness pat·nrnetf>r, equation ( 1) 

= Poisson's ratio 

-- direct tension st.t-ess 

2 



¢ - angle of diagonal tensi.on stress r·e lati ve to the x-axis 

Q - pr-oportional area of plies lying in the direction of the applied 
comp:cpssion stress 

c ·- compression 

crit " critical elastic buckling value 

f - flange 

L -- value along the longitudinal direction 

s = shear 

sc -· value measul'ed with small clear specimens of solid wood 

sq - ul Umate or 'squash' value for stable elemtns 

t -- tension 

T -- value transverse to the longitudinal direction 

ult " value at ultimate load 

l/, y " ve.lues alonsr x and y directions 

3, CONCENTP)IJ_T;;P_ LOl,DS ON FLANGES 

\--

t-1.. 3,1 Struct.]dral Gq_oJ]letry 

The thrEe con£ igurations to be consider·ed m·e illustrated in FigurE: 2, 
These configurations concern a concentr·ated load of magnitude P, distributed 
along a length B of the flange, The plywood web in the vicinity of this load is 
unstiffened. 

j 
The squash stress fc,sq of a ply>Jood element in compression is given by 

f " Q f (2) 
c,sq c,sc 

where f denotes the compression 
c,sc 

strength of small clear specimens of solid 

wood. and Q denotes the proportional area of plies lying in the direction of 
the applie<;l stress. 

Because the flanges tend to spread the action of the applied load, the 
effective bearing length of the concentrated load, denoted by Beff' is greater 

than B. From a limited set of tests it was found that the squash load P could 
be gi.ven by sq 

(3) 

3 
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Figur·e 2 Configurat-ions for cor.ccntrated loadings on flanges 

where 

Beff = B + 3.0 df 

for configurations I and II, and 

foe configuration I I I. 

3,3 J:be Elastic Critical Load 

(4al 

(4bl 

The theoretical elastic critical load P cri t 1-1as computed by the method of 

Alfutov and Balabukh [1, 2] for several typical cases, and fitted to the follo:l­
ing empirical fomula 

(5) 

4 
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where 

a " 2,0 B } 2.5 d CD /D )0. 25 
eff eff w X y ( 6a) 

for con£ iguration r , 

8 eff - LOB 
eff 

+ l.Od CD /D )0, 2S 
w X y C6b) 

for con£ iguration II, and 

a -· 3,0 B + 0,5 d CD ID )0,25 
8ff eff w X y C6cl 

for configuration Ill, 

In the comput.a t.ions it. was as.<>umed thc,t. there was a fixed condition 
between the '1eb and the flange, Comparisons between the empirical equations ar.d 
the exact theoretical solutions are shown in Figure 3, 

Sr---

l 
6 

2 equations 161 

exact 

0o~----------~1----------~2 

B (o)'" •11 y 

([0. 

Figure 3 Effectiveness of the approximation of equations C6l 

No satisfactory theory to predict the ultimate load Pult was obtained, 

However, a conservative fit to e;:perimental data was four~ to be given by the 
following equation: 

(7) 
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in which the slenderness parameter A is defined by 

A = <P /P . )0.5 
sq cnt 

3.5 Experiment01 Data 

( 8) 

Load tests were made on some 50 I-beams fabricated with 3-ply and ·7-ply 
radiate pine plywood webs, and 90 x 40 mm deep flanges of solid radiata pine. 

The critical elastic load, measured by means of a South<Jell plot, occ'urred 
at a lateral deformation ~z.crit ~ tw and is in reasonable agreement with 

theoretically computed values as shown in Figure 4. In Figure 5. the measured 
ultimate loads ai.·e compared with the predictions of equation (7). In defining 
the ultimate load a 1 imi taticn ll 1 t ;;; 0. 05 d was placed on the lateral 
deformation. z,u w 

Figure 4 
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4 ,1 ?tructucal GeometJ;y 

The stiffened plywood web to be considered, illustrated in Figure 6, is 
glued to both flanges and stiffeners. The applied central load P gives rise to 
a shear for·ce V = P/2 on each plywood panel, 

4,2 .fu!uash Load 

From Curry and Hear·mon [ 3 J, the squash stress of plywood in shear, denoted 
by f _ , may be taken to be given by the following equation, stated in N,mm 
unit~·sq 

fs,sq = [1.17- 0,16 Ctw/nlJ fs,sc + 4 Cn- 1l/Ctw) C9l 

where f denotes the shear strength of small clear- specimens of solid wood, 
slsc 

and n. is the total number- of plies, 

7 
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Figure 6 I-beam with stiffened plywood web 

The squash load capacity of the plywood web, denoted lJy Vw, sq- may be 
estimated from 

vw,sq = dw tw fs,sq 

4,3 The Elastic Critical Load 

( 10) 

A good estimate of the theoretical elastic critical shear stress, denoted: 
by fs,crit• of a rectangular plywood panel fixed on all four edges, is given by 

the lesser of the following 

C11a) 

f . = 1 8 CIT/a l 2 co 3 D J0 · 25 (3 66 + 2 0 {J) 
S,Crlt ' W X y . ' ' 

( 11b) 

where the elastic constants D , D and fJ are defined in the notation of Section. 
2, Equations C11l \Jere obtainiid by minimization of a function derived by · 
Lekhnitskii C4J, together with the a'ssumption that for a plywood panel ~;ith 
fi.xed edges, the critical str'ess is 80 per cent higher than that of a panel 
with hinged edges. The.ele.stic shear capacity of the plywood web, denoted by 
vw,crit• is given by 

v 't = d t f 't w,cr1 w w s,cr1 
(12) 

Once a plywood web has buckled, an I-beam will carry additional load 
through the action of tension membr·ane stresses, denoted by at,¢' acting at an 

angle¢ to the beam axis as shown in Figure 6, If this stress plus the 
contribution of the buckling stress is taken to be equal to the ultimate 
tension strength of th& ply\Jood, then 

8 
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where ft , denotes the tension str·ength of the pl yc•ood at an angle 9 to the 
beam ax1ss:' 

Taking into account the shear force carried by the verUcal component of 
the diagonal tension then leads to the following expr·ession for vw,ult' the 
ultimat(' shear capacity of the plywood web 

vw,ult -- ~ t(J {fs,cr-it +at,¢ sin¢ cos9\l 

dw tw {[1 2 . 2"' 2r f 't + ft.¢ s i n¢• cos¢ l -- - s1n cos J 
S,Cr'l. 

(14) 

The value of ¢ will be chosen so as to maxir"i ze the value of v lt. For w,u . 

typical ply<lood webs this leads to value of ¢ that is at an angle of 20° to the 
strong axis of the plywood, For this direction the tension strength ft,¢ is 

roughly equal to 2 f , Substitution of these values into equation ( 14) leads 
to s,sq 

V lt/V = 0,64 + <0,79112) w,u w,sq 
(15) 

where 

1 = CV /V . )O,S 
w,sq w,cr1t (16) 

4,5 Flange Effect 

The shear deformation of plywood I -beams contributes a significant propor-· 
tion fo the total beam deflection, As a result, a significant p'fFportion of the 
total load may be carried by bencli ng of the flange elements. Thus the total 
.shear load on the beam, denoted by V, may be written 

(17) 

where V and V f denote the shear load carried by the web and flange respect­
ively, w 

For the !-beam shown in Figure 6, the flanges may be considered as a p._'lir 
of simply supported beams and hence 

Vf = 4 Eft d
3 

6 /LJ f f y 
(18) 

where Ef, tf and df are the Youngs modulus, width and depth of each flange, L 

is the beam span, and 6 is the vertical deflection at the centre of the beam. 
y 

At the ultimate load, a lower bound estimate of deflection, denoted by 
Ay,ult may be obtained from consideration of the shear deformation alone, i.,e. 

6 lt = (V lt Ll/(2 t d GLT) y,u w,u w w 

Equations (18) and C19l lead to the following 
load carried by the flange at failure 

9 

.a ··r.· 
estimte of vf,ult' 

(19) 

the shear 

(20) 



The ultimate. shear load capacity of the beams, denoted by Vult' is then 
given by 

(21) 

Of course, a check must be made to ensure that the flanges can accept the 
deformation Ay,ult and can carry the additional vertical loads imposed by the 

diagonal tension field, 

4.6 Experimental Data 

Load tests were made on 12 !-beams fabricated with 3-ply and 5-ply radiata 
pine plywood webs, Some of the results shown in Figures 7 and 8 indicate that 
both the elastic critical load (measured by a Southwell plotl and the ultimate 
load capacity of the webs are reasonably well predict&d by equations (11 J and 
(15) respectively. 

v ...,,sq 

1-0 

0·5[-

0 
0 

0 

0 

theory 
0 experiment 

0 
0 

·-­--- ·---~--____ ____!__ _(__ __ _ 

2 4 
SlendernQSS A 

6 

Figure 7 Critical elastic loads foe stiffened plywood 1•ebs 
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15 -----·--------,---------·1-- ·-----, 

0 

0 

0 

tf 10-----\ 
0 \ 

l·heory 
0 experiment 

0~ 0 . 

0 
0 

0 5 .. 

0 0'--------_-'-2--------4'---

Slenderness } 
6 

Figure 8 Ultimate strength of stiffened ply\Jood ~o~ebs 

Lo~o~er bound estimates according to equation!'! (18) and (19) of the addit­
ional shear force carried by the flanges is shown in F1gure 9. It is to be 
noted that the ultimate shear strength of a stiffened ply~o~ood ~o~eb beam can be 
several times the strength of the ~o~eb alone. 

The lateral deformations of the webs >'ere roughly given by h
2

, cri t ~ t\.1 at 

the elastic critical load, and foe the ultimate load ~o~ere bounded by hz,ult < 
o.os d\.1. 

5, · CONCLUDING COMMENT 

Simple procedures have been given for estimating the entice! elastic 
loads and the ultimate strength of both stiffened a.nd unstiffened plywood webs 
for glued !-beams. The methods are obviously relevant to the design of plywood 
webs of other types of structures, 

In practical terms, it is of interest to comment that in the application 
of these equations, it has been noted that except for extreme designs it is 
difficult to induce failure in stiffened plywooa webs of I-beams: it was also 
found that for many practical situations it is unnecessary to stiffen a plywood 
web. 

11 



6.---------~----------~ 

"'4 >' --

Flange effect 

predicted by 

equations (18) 

o and (19) 

0 

0 

0 

2 
Predicted V IV 

u!l w.w\t 

Figure 9 Measured effect of flange stiffne.ss on the strength of 
stiffened plywood webs 
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THE DETERC!INATION OF GRAllE STRESSES FRON CHARACTERISTIC STRESSES FOR 

BS 5268:PART 2 

by A R Fc10e ll, Narch 1934 

J.ETRODUCTION 

The writer has been asked to produce a draft Annex 1,4 to the CIB Code listing the 

factors used in the UK to deriv2 grade stresses from crlaracteristic stresses. 

These fa-:tors are given in detail by Fewe11
1 

for visual grades but the slight 

·variations 2pplicable to machine grades an:: not included. 

This paper g1ves a resum6 of the factors for visual grades~ states the relevant 

differences for machine. grades and presents a draft Annex 44. 

REDUCTION FACTORS 

The relevant factors for visual grades, as given by Fewe.ll
1 

aTe as fvllo~·TS: 

where f is the grade stress 
g 

fK is the characterisi..:ic stress (basF?d on 200 mr:t depth fol' bending 

strength aad 200 rmn width for tension strength), 

K10 is the load duration factor and adjusts the test duration fK v.:llucs to long 

duration and has the value of 0.563 for all stresses. 

KSZ is the size factor adjusting the bending and t2n!?ion stresses to 300 mrr. 

depth or widtll and has the values 

0.849 for bending stress 

0.925 for tension stress 

1.00 for all other stresses. 

K is a safety factor and has the value s 
0.724 for bending1 tension and ~ompress1ou parallel stresses 

1 



In addition to the above values token from reference l a K value for compression 
s 

perpendicular and shear stresses can be deduced from the grade stresses given in 

BS 5268, the characteristic stresses glven in Annex 43 of the CIB Code and the 

load duration factor KLD ~, 0.563. :. K 
s 

0.673 for compression perpendicu1ar 

and shear stresses. These reduction factors for compressio!1 perpendicular and 

shear are arbitrary since no characteristic stresses for these properties have 

b._;en derived in the UK from tests. 

It should be noted that wheD deri.ving permissible bending or tension stresses 

frGm grade stresses th~ grade stress is multiplied by a factor K
7

. 'hlhere: 

1.17 for timber having a depth (or width for tension) of 72 mm or less. 

~ (3001!~0 · 11 for timber having a depth or ~Vidt:h greater than 72 llli'1 but 

less than 300 nun. 

K
7 

0. 81 [(h
2 

+92300) I (h
2 

+56800)} for timber having a depth or Hidtlc 

greater than 300 mm. 

Ot,Jing to comparatively f21v data being available for the tension strength of full 

size members, and based on the \York of Curry and Fe1ve11
2 the grade tension 

stresses have heen given an ovcrridins value of 0.6 times the bending stn:sses 

for all grades. 

There are no reduction factors for modulus of elasticity. 

For machine grades there are two differences from the factors g1ven above. 

Firstly since the strength variability bet1vcc~n machine graded parcels is less than 

for visual grades the K
8 

value for bending, tension and compression parallel is 

0.80. Secondly, over many years it has been iound that the equation which gives 

the best fit 1vhen n.dju.:.;ting .samples of bending strclJ.gc.~l data of different depths 

to 200 nun de;' ch 
- 2 

Ksz ~ o. 73 /. (h 

stress is 0. 907. 

for determining grading machine settings, is 

+92300) I (h
2 

+56800)}. Therefore the K
0

,, factor for bending 
"'" 

T~1e reduction factors given above are sunnn2..rised dj_agrmnaticaJ.ly in Figure 1. 

The factors described above are included in a draft: Annex 44 to the CIB Code \·lhich 

is attached at the end of this paper. 
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REDUCTION FACTORS FOR DE!UV ll':G DESIGN STRESSES FOR"! CHARACTERISTIC VALUES 

4Lf,0 General 

This annex provides example8 of reduction factors accepted by national codes 

authorities. 

44. l United Kingdo01 

The reduction factors listed here are relevant to British Standard BS 5268. T~e 

Structural Usr. of Timber: Part 2 Permi3sible Stress Design, Materials an<~ 

Forktt1anship. In this case the reduction factors are. used to deterrl1ine grade 

stresses (f) from cheracteristic. values (fK). 
0 

The charac~.:eristic stresses are re.levant to the conditions cutlined in Annex ,~3 

, clause 43.1. These ir1cl.ude bending strength for· a cross-section deptl1 of 

200 mm and tension strength for a cross-section ~-d.dth of 200 mm. 

The grade stresses are relevant to the same conditions as the chara.c:terit-tic 

valur:s except that bcnJ.ing and te.nsion stresses are for 300 mrn depth or ~·lidth -cn;d 

the duration of load is lonE term. This results Ln three factors; K
82 

for size, 

KLD for J.o~d duration and KS for gcner:1l safety. 

I FACTOR G~ADING I! BENDING ~E:\SIO~T I COl-'~I~SSION p~~~~~g~~~~~R 
r-----·-----------~--------- --------~ 

·---f-:~THOD ---~·- ---~-:~R_.I.LLLi_:~~LcL - _ _:Nc SHEAR_I 

r Ksz VJSUAL i 0.8~9 I 0.925 1.0 i.O 

L--- -~:~CHIN~--+-- 0. 903 - __J_ 1.0 1.0 

I ~ VISUAL I 0.563 0.563 i 0.56J 0.563 

-;~"- :;:::· I ~::h ~~::: -+ ::::: ::::: 
L _____ 1 __l~':_f~r_N_'r: _ _l_ o.soo L-~~s_o_o ___ l ___ o. 724 o.673 _ _I 

There is an overriding adjustment applied to f for tension which must not be 
g 

greater than 0.6 times f for bending. 
g 

4 



It should be noted that BS 5268 gives factors by v.'hicb the 

and bending ·can be adjusted for the size of 1:1emter used in 

f val.t•es for tension 
g 

the design. 

The reduction factors for compression perpendicular 2nd shear stresses arc 

somewhat arbitrary since no characteristic values for these properties have 

been determined in the UK from tests. 
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t..::J:d.s re:;wrt g:i.vos tho procc.:.duro tUJOd to <h:-tcr:nino solid. o.ncl lrrai.nEd;oc1. tj.~r:.1Jcr 

" t;TZ\0.0 strcc:--:.us for }J;J 5268 ancl i~-; h:: .. ccd on the fi.~1[;.l pa;!GX' ·oy Cu:c-ry <.;nd Fe~~wll-' 

combina:'cionr> of ::-:pecicn a,nd g_rc,C:.o .s.ncl to minimi3o the c.ppc:.rsntJ.y confus:l.rJ.g 

t ') ' \' j ' ,... '-1\ 4h"Cl1\c•-,r1 +r ')l]•·A··t·, ·~,, .. ,,-,.,,, ~.·J.l.\!''l .~":::..ll<'l(',l,F.'.<~ +() GiJCh ,0 t;J.O S\_rc.;·:;<-11 C . .(1S<J(',_;. 2,)l(:_ ;;,~.(-; :;;Q,; , .. ._.. .. ~-,L~, vU ,.,_ .. '.)·~---.'· t·. (.-.<:-··=~·:o · .. ·- ~ v. 
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V:i.GU;-_:,1 fr~":l/lO;;" I11 0J"··· 1:;:.~.·--::l;·J.nc c;.t':_l..C.LCB r·o1a~ions bot1:.reen ::~t:ccng!;h and :nm:.U .. LU:""3 of 

clo..r:rtic~5.t;y (Lp) ;:: .. r(; n~;:_·;:1 to 5.c:::iv·c: l:<::::>.c1;inc se-Gti:n[;::; fo:c an.;yr level of :-;trcn.:;··l;ll 

Dpocic~s 

de-.t::;_ c:x:i. ~-;·'~ ~- ~p~-:-::; 0~/~-: ::: :-:-~.1 p-;-_'o ':) :~ ~:-:_,_'?::'(' :.-: ,-,_:~:·;.::!. 1:· i. ;~ c (l lJ(_' l_ ~> :,\· <"·J"t-..l t:: :.r~ 1 _:_ o:::eJt c l-:1 t :~r e ·Llfs i..'~ c 
ir-; :r·c:;c_:c;.f·., .. r; ln:tc;r :u1 :_:,,;; d-:;t::L\.lc6. c:-~-;sc:riptions cf t--iH::: En2.lysis, 

(cl) Gh2.l'<lC-Gc::.':ls-Li0 \i .:,1-l;.o:::; f'oJ.> tm1:.::J..on -}D.d. cor;Jpre~.:-:;n.c;:. 1 unc'!. for ·the other g:c·::t-d'.:~.:-3 

;-;en"':.; <;~Ytn.i;.y;(;_ !Jy r .. :"\ll"tilJJ.ying tr.t::) v<:<!.uc::; fro:>: a 1 D.nC!. c
1 

1);:t prcvious1.y OErtr.~1Jli,;:-;}H-:d 



specie~:; and gJ."'.c:.d.cs vrc~:ro dctorr:linod." 

(h) Le,:ninat1ng gT'ades"' Fae"toro: l·tere determined to enable pormir::siblc ~~treDse:-:; for 

various ·::o::~bin.:.;:t.ionf.-: of grado n.nd nur::bcr· of laminations to be oalcule .. ted0 

'l'ho d.:;.ta. used in "thiLi 1:t-nalysis vw .. s dro.·;:n from PHL\' G cl:_1_'!;a1x:::,:<J.k of :::-d;ructurt~ .. l sit~o 

JJ.evc::ctlleleEs covG:c·ccl the spcct:r'I.J.m of s"trcr:.sth 1il-:ol~y to bo :i.ncludcd in eo:;Encrcio.1 

sarnpleu o:1:' g·radcc1 t:l.mbcro rl'hc species tested 1;-;erc ;_::uropoan rerli·:ooC/;-;h:i.tC1.--iOOc1. 1 

J3ri tish g-ro·;-rn DcugJ.c>,s fir &.nd Sitka spi'UCo and. Can(:..d.ie,n hom· .. ·fir o,ncl f.::pr-ucG·· .. p:l.:!').U<·•?ir.,. 

Tnu ·t;im1)er t-.res concl5.-'cion.ed to a moisture content o:f some 14- to 17 per cent e.nd. 

tho te;~tn \·;·o:t'C 02.rr·l.cd m1t to -(.ho proceclu.res given in J3S 5820:19795,. For -\;De~ 
"bc:n_.-:::.:l.ne; t~:.sts a sp2D to dep-th ratio of 18 Hns used.~ the loc;,d 11as applied at the 

-t;hj_:r-d po.L~·l;;:i o~C' the f;pan c:!.ncl -~he C!:uration of a tes-t l7as g-cncro,lly bo-tHeen ·10 to 

15 mimJ.tcs'-' J:n all te~:-;ts i.;h.o c-.r.-DJJ.e determining defect Has located. \Vithi:n tho 

zona of J:;::J.:d. ·:i':J.m. str<-.:ss Hi th th& tension eclg-e solcctoc1. a:t r·andomo I'·Yod.ulur:: of 

elu;;,d.;icity- 'i'l2-:.-.1 d.ete;:·;Jinod fro::~ chcar frso defloc-tionu measured. ':ri thin tho cmrtre 

third of the r;pe,n,_. Tho ·tension iestr:; Here made on full cross-section specimens 

H:l.th t}JO JTI{;,jor dcfoctf3 clen,r of' the g;:('ips and -tho d.ure:liion of oaoh test t-:as D..g·ain 

To a[c::;dnt ,,·:Lth rJomo .:\spects of this e .. ns.lynisr for cxo;nple the cle-tcrrdnD-tion of 

gracle ~~clativi ty fn.o-tors, clatev from tests carricO. out in Crtnc::td.a Nero also usedp 

'l'hcsc sample:::; n,ro l:i.Gted in Te.ble 2 and u.sod a ra.picl p:eco:E' loc: .. ding 

nw~thod to c1.c~term:i.nc the bending and tcn3ion stre~gth })ropcrtior.> at the lovrcr oncls 

of the distrihu.tions of strength for tir:ibGr conforming to the Ce .. nadian HT£!1. strer3S 

gl~c:.~closo The proof J.o[] .. cl 1-itl..S r;;et to achieve o..boui: o. 10 per cent ln·o.::};:age rD .. te 

and tho r::poc:i.e;;; tes·Ged Here Douglas fir.-.--larchr hem·,.f:i.l' anc:. ;"Jpruc8•'<4pinc· ... fire The 

te;:;tc Here cc~rri.ed 011t at the s<-x'i·?LJills n.nU the t:i..l;;;-)OI' oo7orecl G. t-rid.e ranee in 

moiuture con-tcntD, i'J.~om 10 pox· cent to t;rocn, and I'Jas tostecl at tempc~raturcs 

. ~ 1' + 1?°C rangu~-G X rom .... ( vO ~J " For the bonding tests a S!)an to depth ratio of 17 HD..fJ 

uscd1 tho lo~0 .. cl HC~B n .. p-pliccl n:t the third. pointr:: of tho npc.1,n e-nd -the duration of 

test \·ras gonoro.lly less than one m:i.nuto, No positive action 1·.¥<-: .. s taken to locate 

the grt::dc ct:r~cn'mining dof8c't in cn,ch p:!.oco of tir:1bcr Hithin t!:.o zone of mn.xir.1UITI 
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ANllLYSIS 

Subsequently the 1)cncling strcr:s valuos Here ~dj~~s"tc1 ·!:;o u stnnclU-rd. dopth c,f 200 r:-1::1 

u~:d.ng tho f;::;,c"Lor fro,n :<1o.-:ell e . .r~c:. Ct.~:':.'"'JG s K ~- (~:OO/h)Oo~ ·~·.:hc:.-.o h is CL:;>t}~ uF 

moistnrc co:n.tcx:.ts l'C:Spcctivcly and G 

Eu.rc>~_ .. o~.-:n ..,..,"",..1~·To""r1/1·'i'; +r'~·roo" 
!J ~ J-'·'·'···· '"''I "~'--·"<;...V \), 

Sprucc--~pin ;:~''""fi 1~ 

Oi;hcr soft;·roocls 

first coJ.Ci).l:_d:ed.,, 

hA.B 

6(;36 

4,53 

4-67 

5.01 

the \t<:.~lU8C! 

X '!0-3 

X ~0 ··3 
.. ,?\ 

X 10 .. 

X 10'~3 



moi;;;turo content for srnall clenr rJpecimcns ·Hero dcterminocl f1~om dato. given by 

Tor;y·9 f< Por tho Nor-th l~rne:d.c;:m npecics co:nbinnt:Lonr::; the tG:::ts 1-lOI:'e carried. out 

:in Nort.~, t. :;•oric.n. to !~.;3::c:·.T D2))5"-·7n:.~ 10 
urdnc 2 inch sqt~,-:!_J'C cpocimon~)f Hhilst for 

other npn:;,;_r~n tho tc::::tr; ~,:o:r.·o G;_;.r:ciod. out at PHL u~:dns 2 em square spcoir.1ons 

d.i-J.:t.e. a:ec -t-·' ;::.:n i':c.:,;·:' }3u1Jet5.E 5011 C::o.:::,~oqr:.cmt~-Y t·.--:o diffcr::mt appro2.-c~:.c~> 

also at f:i.br·c sc:turc:.tion pohl·C~ ncccs~:;:Ltatins cvljustmont:c to Uorivc vaJ.ues for 

mentioned above., .filso given arc tho valueD at 18 per cent moistul'O contor!.t 

f ~ exp rJn 
so l 

I-ID in the C.:.!.J test r::oisturc contGnt n.nd the s-vJ'fi~:.eB JT'SP Qj"ld D clenoto 

str-ength (or B) ~lt 27 por cent cmcl the dry· noif3ture contents I'Of~poctivol7f 

No:r:>th Americc..n data approach~ rro i"_>.djur::.:t tho 2 inch vo.lucG to 2 em squr.l..-!.'8 ~)""~l1l.lCf~ 

Bulletin 50 1 io 1.053 IOl' bonding strength and 0, 935 for mociuhls of elasticity, 

To acljust to 18 per cent moisture cor.:G0nt tho bondinG strenGth and lS values 

for the 27 per cent moisture conc1ition Here rrrlJ.ltipliod by a ratio 1~ given in 

'l1able 6(1 Values of R l:-Tere determined from 

where nAsrn.-·: •=:: ratio of 12 per cent moisture conton·t strcngtl-'~ Ol' E to values 

a.t fibre so,tur3.tion point taken from l;srn,1 1J2555 

11hc f and. J:ij va.luer:; for a species combin2.tion HOI'C -t;};.en te}-:en as the mean of 
SC GO 

all those vctluon for.' tho indiv:i.clua.l spccier:; and are given. in Table 7(1 



(c) HatioG o.f f:.d.il"'UCtUr.J.l Gi;;;e ~,;()~Jt 'i/iJ.lUeS ·to f.;mull ol0a1, test values 

Table 8 8hm·m the r~:.:t.io of structuroJ. ~::;izc teet va1u·3s, f' E and E from .. !TL'k:' k 
Table ~ to the small clear f 

80 
r:.nd E

80 
values from rl1cvblcs 5 and 7" It can 

be nccn from 11\:,,bJ.e 8 tbat except for BG DouG'l<.:s fir th8 ro.tior-: do not cl:i:ffc2 

currently r:1uch overx·<::,tcd fvr str0ngth in ·:·,he !1r!:U.on:t.l Codes d.·J.e tv :d;::--o3SDcs 

bei:ag lx.J .. sed on r:~rnall cJ.r_-::;J.:;::· GTJocimcn teste" Omittins; 1Jo1..1...:_~lc..s fir~ men.n vgluos 

of ·bhc ::catioB ·;-ro:re:: c:v.l 1Julr: .. tccl n .. nd. <:·.t:rc c:~J.co g:l\:-on in 1l1o.l)JJ3 2o li1or all fJpce:l.e:: 

mo;_n1 ra:t:i.os~ ~;::oro rrn..~.J:ti~)licd by the fc·c e.~.1d }!~~ .... voJ.uen to d.c·Gcrr~!~.nc 
...., ' '-""...,. 

the 

f ., lij 
mk b 

k 
Hem""'fir 1,077 1.077 1.097 
Sprucc-lJiD.e-~·fi r 1.044 1.137 ·1.125 

Applying these r·atios to the SS grade stressss for hom-fir and spruce-p:i.nc....-.:f:Ll~ 

grade Can.o.d.im1 JJou.gJ.c.-...s fi:r· ..... J.e:..rch inclur..'.r.;Q ln 1\=:.-c.J.e 9. 

a:ncl Ca.n.:.:..O.in,n Dpocics groupn (except Southern pine) have £-imilc,r spcciDs 

oot1por·d:ticms :tt 112-r~ d..ccd.clcrl ~;hn:t the stresr:.:os c~o1.~ld be obt~d.nod. by fa,oto:('ing 

the st:rcnrsth rclati\d.ty he-hmc;n the tHo sou:l .. oes of supply.- IJ.'he rontllting ntr(;:sses 

ancl E values arc also G'i·ven in 1J.ln,b1c 9~ 

6 



Before r.rtroDr.> v.:-:.lu.c.:-:.: for -the other c;:r.~ctdo~; o.ncl pJ.'oportios Here d.otcrm:i.nocl 

conniclcrntion Ho.u civon to <J. number of factors Hh:i.ch infJ.uonccd the vnJ.tws 

finall;,r npecifiod., 

1 "i'~'~.ll.l"~'"' •. cJ·f' (~1--> .. :o.·.r.o .. ctr~pJ' '.·~·'·J'.o '.~·o' 1"'0r' .• ~ --rc -': 1lV"l'l. o'rJJ" "ll1lJ'"c•·1• ·'·o UlilC"l't"l.'1' 1 v~ .. --~ - ~~- -· '""- .. ~v-- "·~ <'-. ~ ..... ,. c •.. u. ·.J .:,.~ <.::~v IJ ,,_; c-•.•• ·vy 1 tl.11C ... 

in strc;-::>D vaJ.uo~; bct;·wen species a.ro really of r.:.G ::.lignificanoe to the snfety 

of' strwYh.J.rc~; e.ncl i.;o Bpncify st:rcsu value;~ Hith quito ;:Jmall clifforoncos io alno 

a practj_ca.J. inconvenience Hith no real c.vlvantage to tho eff:i.c:tont use of the 

mat~;-:rialtl 

2 The oharactoristic.: bending fTtress of Gpruce.-.-,..pine-fir is sho~·m frorn tho 

:l t is 6 por cc::rl.i lot:Jcr,., 1Tiore is so;no justification for concluci:Lng that this 

3 It ww previously n{;rcccl 

4 Can:..:.dio..n test rcsu1i;u r3hoi"l th<.::[; tile cho.re,ctcristic bencling utresscr; for 

Douglar; fir~·~larch ~:.rc hichor for tho f)clect grc.>:,d.o, but lm·ror- for the Ho 11 2 

1 3 1 t . ' J f t' . f l! (.'>. , • ~·. 12 anc grac c~s 1 -nan ·~,; 1osc-~ ·or ~1e sar:J<-) g-rr:w.es o ... · em·...,:o.:r anu spruce-p1ne ....... ,:1r o 

The four poin.1us given above ;·Jere usr3cl to mod.ify sor1o of tho 1c.na.ing streugt!l 

values in ~.\J)le 9 to proO.tJGe the a~~ signed values ci von in r~£\bJ.e 11 (} In gc:nerc:,l 
n 

t11H bonding Dtl,8f-JS o:f" 21 "6 N/m::/ for E-o.rope<tn r·ccJ.i,JOocl/t·;hitc\·lOO:l and fo1, T-Iwn~·-fir 

( cl) o·thcr propc:rtios (},lld grtlc103 

Tho charactori::y[;ic stre::w valu.o:,:; for 1Kmding~ moclu1us of clD,s·tio:lty 1 tencion 

and compression parD.l1o1 to gr&.in for the other t,Tad .. e:;; 1.-rc:r.,B ob·kd.nccl by mul tipl;ying· 

tho SS g:cacJ.c vaJ::.:tG~l in 11\t"blc 11 by gpnd.o :::··cla:G:i.vi·Gy foetor.::;. rrho relativity fector:J 

for the }JS 4972.~ Ff/)ji Joist ancl P1o,n1: grr;..cles vrcro dotcrmineU. in :: .. , }_):PcviouG r:rl;ud;;r 
" 'J 

by Gul-.r,y n.nil. Pm-;oll' cJJ.cl arc-: gi-..icn in 1.l'ablo 12-e ~Oho f'rD.de rclD.tivity fo.otorr; for 

Ho 1 <::,nd i"To 2 zr;.H.1or; in tcmr:>ion c·~if:J.'cr·cd little ~:.nd in line Hith th·8 C;::_·o.(1Cinn 

7 



tent o-..riclrmco the B;_~li!C fe.ctor ':I<-U~ [::.r.1pl:i.ocl to bothe IJ.11VJ rclo:t:i.vity fa.ctorr:: n:ro 

the came for tho Joist ancl PJ.c-1.nk n.nd. EHruc·L-ur<.-:J. L:i.c,11t }i1rn .. ming [;'I'ado::: n .. ncl for 

be subj::~ct -to r3.ircct tons:!.on forc8Du 

are gi 1.ron in ':J.la.bles 13 to 'j "( ~ 

Ge':;"'.::.:l.on H:l.dt.l.1e r?h0 :;c~·!.CX'D .. l G~~fO~,Y f'o.c:..-l;or i::-l-GC:i."'pOr2..tGS 3.!1 a.lJ.0\,7(::.,;_·wo :f:'cn"' -the fo.Gi; 

tho:t in GP 112
1 stl'CE;~;o;;; 1:-/Cl'O detor:7!ir~.otl fro~n 0.. fi:::·G-t percen·l;ile o;~t:l.!a.::.:..-t.e J:(u=:;tc'-C::.d 

of the fif't::1 po:r·ccntilo ,~sed here(! Tho fo11m,rine su;~r;;arises the fac:icrs for -th~ 

different proporti.c_;:.e 

sect ion depth 

duration of lo~-'-~~-

general safety· 

dUl'a.:t ion o:I:' load 

0.849 

0.563 
0.724 

Oo925 
o~s63 

0~724 

(Prom K 

8 



o.:m. 

Cor:1prcr.;:~don (p:;n•o,llol) ~ ·The rclovo.n·t; factors are 

duration of' lo;:v1. 0.., 563 

Modu.lur::: of clru.rGicj:~~r(, 1fhcr·e 2.r·e uo factors requiroc1 ~but 0J.l VD.lucs h.::~vo lx-:(.m 

ro,..JQ'cc1 o.t:-.t:· ·'·o .. q.,o :no~..,....""''..~. ~-oo "/•>J·n2 
<.-u. ~ .L. !j \r.t~ · . -•~-.L. "--·•:> l• ) l<' :, : C 

OJuhcr propcrtio:.-;o Tn aclclition to the nmjor ctrcng-th properties gi von c:;JJovo l;hu 

Cocto v:iJ.l alr:-w incllu.1o grr.~cle rd;roDsos for shear pr.r<:~llol ·Lo gr•ain .:u1d for 

co::1p:r.csr.>:ion perpcnC.icular to grain 9 :i.e bco.ring stro::>::;o ThcGo have l;eon clori'.?Cd. by 
q 

~L1 0!',T' ;:n}.(l nrc inc;J.1).derl in thi:J report to co:-np1c·to tho st:eoGsos H~:d.eh arc Given 

loBS thctn 30D :m:1 lTiclth or U.c~rrth rco.-ching a mo.ximum at 72 r:nn 1 using ·Ghe factox· K fr·G:li 

tho equo,t:i.on 

~Phis sizG factor ic leBA tlw.n -the factor::.::: usocl in -this r·opo:r-t to a-djust tho tcrd: 

test cLTta~ seconO.l;-/ it i~; po~;sible th<:tt la.rger fe,c·ts:::·s h·ou1.d be more unsafe for 

harclJ-10ods o.nd. machine [;r'2cded t:!.::1bor 0-nd. thirdJ.y fo:- sinplicit:;r ono ocrur:.t.ion could 

in line id.th tho ft:Lctor curx•cmtly u::;oQ in CP 112zPart 2~, 

One effect of the al)ov·o docis:i.on i r; -that /)ending and. ton.sion s·treDscs for the 

a 38 x 09 m~n cec-Gion fJit~o ax·e incrcm.uoclfl Strer::seu for other section ~;:i.~cn of 

thcce gr·aG.on arc found 'by muJ.·U.pl;;ring tho stresseD for the 38 x. 89 rnm soctio~l 

9 



size by the f:;..ctorc givnn in 1\c::blo ~?.1 '!> ;J.'Dcso f,:_:~ctora n:r:n rot£d.nccl in l:i.no 1-d.th 

North Amcrico..n prc.;,ctice dcGp~tc a J.ac.l;.: of ovicl.cnoo to ju::rtify thcil' u::;o~~ 

and r;;::::.chinc vcrn:ton;:: of SS and. G~:l c:r·c.u1cn ~ tenuion ctJ.~or.:>iJCE: fol" DS 49'(] crDcles 

nhuuJ.d br] Oo6 tiJ!tO:J the l)enclin.g ctre::~r;os in line Fith ovidcmc(: or~ ::;achi:nc grad:L'l.g14a 

fo~r 

to t.;..ssig·:n,. 



parallel to tho gr~:d.n t·rhich c;boulc.1. n:i.:npJ.jfy specificD,tion c\nrl nupply .. 

DOU3,'ln.:::; f'ir··~~lr.~rG~1 ~:.nd })_(3:)}--~f:i.r f:r·om th3 u:~i"i.i li"'L."tGh~ 3cotiJ pine GYJ.Cl Co.r:;:i_c·)j'1 

pi:o.e :\.'y·-::>:~1 thn U~{ ~L~~-cl Eu.rop;:;c:.n rccl1::.roocl/ul:l.i t mwocl? 

the stror.t?;th of ih\:~ materi n.l D.O\<' boing pror3.u.r:cd.-s 

"''. in prices 1-;hich r:l<..\'l occur in the time interval 1jct\·ieon cor.1.ploting tho d.enign D-ncl 

pur•clw.sing the timber$ 

Strong~th clo.ssos D.rc divisions of i;imbor strength :i.nto Hhich spooien/ gro.de 

corf!bina.tions of simiLu~ ~Ttrong·th o;rc a1loce.tod$ One vn.l\:.n of ea.ch stTcngth 

1.. • • ~ ' ] ] ' I ' ' 1 + L} 1 tp}:UC1 ~-propor·vy J.B e .. ss:tgnco. ·~o a. .... spGCJ.esjgrac.os J.l'l c:;;:..C.l Gu:-ecng~. l. 'Lass-:- ..__~ __ ~-. 

grac.lc/t>pccics cor:ibino .. tion ·to bo usoclo St~rVn{~·Lh cJ.asnes nre ·thc:rofo:ro ~_;o~n WJ 

a simylifioo;l;ior! rw·l; only for the cnt~·incor iJ;xt tJ.r;o for· ::;-..J_pplim."'D 1vho Hill be 

able to roJ.[J.tu tho:i.r stoc.ks more oGsil;y- to spocific<:.' .. -tiorFs received.~ Of co--.x·('sc 

on occ(.•.;;:Lons it L:C!.f l;e ncccfJD0.I'Y for tho O.ct~icnor· :to lj mi-G tho G;_)oc:iesr n~; for 

example l·Ihen O.urability or· joint strcncth is :i.JjJpop-tant<-

11 



Thir;.; d.oo;~ not al1oH 

high c;r~:.cles of \·Tet:.kcr np~~eiou to be cl<:u:mifiod Hith. J.mi c.rr.u).es of r-rL!'onf_:'cr 

species even if their· st:ecss valuos pc~cnitot 

the . . . 
;:-:::l.Jor :>l)·~'-';:: ·~·~_;i· 

'botm.O.a.:e:?. ()S{;-

an o::u:.:-:·U.n.at:Lon ·:>f 'I'e:.ble 22 

to ·(.hi.s ;·w_.s naclo Fk:c:re ·th8 J.o~ilest va.lt.J.G of r. p~trticu1c...:c- pPoporty v,'m.:t1c1 l::t.>,vc 

penc:.lisf~d. tho J:>Bm?.iniDg npcciG::.>/g.ro.d.uc in ·0hat cle.BD ·hoo Bevorely~ An example 

f..;honr· c;,ncl comprcsoion. lXtrc.llel exc:t=:ed.ccl 95 p(n.~ cent of the 

-9.21<1 2.'f.., 

12 

;_t:;e 

( ..• 



\-.:iJ.l (;,:3:::-Lf.::t. tl1.o~;e che,r·c:ocl ~·.::i.th tho J.·esponsibility of pr'oducinc.· future revision::;" 

to tho proc\:_~d.UTOD by contin',J.ed research 'd1Jic-;h l,\1 ill increase tho d:-1-te" ava.ila,"b1e 1 

teohnicruos usa& in the analysis. 
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1 Britir;h ~~tanO.:"lrd Code of Practice CP 112:P:::..r-t 2:1971" The ctructu.raJ. ucc~ 

of t:!.rnbcr.:l n.sr 1971 o 

of tim1Jer 

3 

\ 

+1• ,m,.,'\·,,:, 1-., 1:-:.~r ,_,~·(·7."' C'::')·'r /··1'r:· ~ :'l"fi." 
v ~'·- .1.~ ••.• 1 .J.n ;..J .d '·· / ) t;; 1 J.~ 

9 '.Po ry 



13 FmH:d.1 h H c. S:i.v.o :fn_c;t ors for ben din;; and. tcnsJ-on f.:trosncuo G33/32/2 

[',2/27, llov 1')G2, 

14 Curry l1 1J1 ;;nd FO\·H'oll !i.. H" 1!1ho relD.t1on~3 bcti-·!COn tho ultirn.e.tc; tonDion and 

C:')tnproDsion ::;trong-th of timber e)1C1 :i.ts moduluD of eL,:..sticityo 

l'.'T ·n·' C'' 2°/'7"1 1 '""1'1 ;\ I .[.>lt)'J _~l .L > (, 

15 



Tab 1e J THillER SM1PLES FR0°•1 UK TESTS 

,---------------r----------T··-··------, ----·--------------------------------· 

I / Origin ,. !'-!on1inal i'<tJwber of piecC!s j 
Species I of size ·--------- _________ T _____________ .J 

timber ! wm !lendh~ Tension I Compres:>ion 
---------------··------------ ----------,------------· ---·-·---~------ ---------------

Redv;ood/h'hit:euoo:l SHe.den i 38 x 100 213 

I
I 38 X 150 4(i5 I 206 

38 X 200 I 195 

50 X 100 I I 
50 X 150 !;43 

50 X 2( .. )0 J 507 I 
50 X 170 97 i 
70 X 1'!5 9-=-_j I 

I--F-i-_n_1_a_n_u_' +3 8 x 100 ~--- 21; 8 ~----- -~ 
38 X j 50 I 2i;) I I i 

~-1an~ -~~: ;-:-;;--·---~
8 

-- j---------r-~;------1 
------------- --- ------------'-~()---~-~-~~----- _____ l_ -- ]! ________ ~!:_ ---1 

e,n-fi1 ll\::narlc1 4!, x 100 1S7 I 
1 

I 
' I ~1 ~ ;~~ t;~ i j' I 

75 X 15(~ 92 I I 
75 X 250 91 I 

--·--·-----·----- ---- ---- - ---·---,------ ------

''""'"-''"'··H, "l I '"""'" '" , '' no I m I m 
Dou.gla~-;:-ir ----·-

1 

Un:ted-. 

3

~ ._Y.,-~
84 

-22~:1-8: --~~-~,_j~--_2_~---l, Kingdom I 
- Sit~-:-~;,ruc~---- Tu~iu~- ~; :-;~-~:- - ~! ____ ,___ l-------1 
L ___________ f_ingdom _2_-"._~L- 89·---"------·--- --------· 

104 

(l),I'' · l 1 t· . tlese sarnp es were se ec ca for destrtiCtive testing J.nrger 
sample of 7492 pieces. 



'·· 
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Table 2 TIHllER SNII'LES FRQ;l CANADIAN TESTS 

---·---~ ---,-~----,--------, 

SPECIES NLCA 
GHADE 

SECTIOt\ NUHlll\R OF 
DEPT!! BEND INC: 

Nd SAl,!PLE S 

llouglac; fir-larch SJ.'.L 2 
2 
2 

Hem-fir 

Spruce-pine-fir 

No 1 

235 2 

89 
181, 

. 235 

l 
1 
1 

-·--· ----·-il----·-·--
No 2 

No 3 

SEL 

No 2 

No 3 

SEL 

No l 

No 2 

89 
]l,O 

184 
235 

89 
11,0 

2 
2 
2 
2 

1 

184 1 
235 l 

89 4 
1110 4 
181, I; 

235 2 

89 2 
]1,() 2 
184 2 

89 
140 I, 
184 I, 
2:l5 2 

---- ·---·-- ·-------
No 3 89 1 

1110 1 
184 l 
2'35 1 



'!'able 3 BENDING STRENGTH AND )lOE LOivER FIFTH PERCENTILES i\ND 
HEAN HOE VALUES FOR INDIVIDUAL SA~1PLES GRADED TO THE 
SS GRJ\DE 

---~-----------T --------, 

I 
Bending I NoduJ us of I 

Nm:rinal strengt1t ):' elastj city I 

s~;,e -~:-~£ -~rL~~cr N:~-~-T~"~~crllc:,-1 

I 
pi~ccs "-/ o 2 nieces [ N)/ o ? 1 N/mm2 I 

" rm1 · , nnn- l 
~'l.~d\Wo~/~ehi;~"·-'DOd- 38 X- 150 --~26 -~--;-~~~~ 126 I 7143 11!.6~ j 

I sox rso rs_s 23.9 158 17431, 10831 1 

50 132 

Species 

58 X 211.0 85 
70 X 195 91 23.1 91 7817 11900 
38 X 100 54 24.2 54 7043 10373 I 
38 X 150 62 i 23.1; 62 7t..25 10782 I 

-----·----------· so x zoo 66 I 22 .o ___ 6~ ~!o~ 1_10_5~~~--l, Hem--fir 174 x 150 I' 83 lzo.2 83 6832 i0903 
74 x 2LS ss 1 22 ·? _ ss 7559 Ins~; I 

I L14 X 100 I Jl<9 I 2/.J J49 8676 , U::>tc) I I''" X 150 112 I 25.7 ]]2 821,j 111508 I 
110 

Sptur.e-ninc•-fi r J8 x 88 216 ~8.6 I 1;8/ 17471 I J.i052 1 

--------------- 3~ x_ 181; 264_, _ _20 ~- 57_:__ 6369_1~0~--
Doug1as fir 33 x 100 84 21.~ 1 31, 16823 1 11232 

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

47 x zzsl 43 !16.611,3 4606 7521. I 
72 X 250 I 68 115.5 68 5071 7959 II 
73 X 151, I 57 16.7 57 5860 8477 
---~-----· ------------- ---- ________ ! _____________ ! 



Table 4 HEICJJTED tlEAN VALUES OF SS GRADE STRUCTURAL 
SIZE TEST DATA \rLTll BENDING STRENC:Til ADJUSTED 
TO 200 mm \JPFTll AND HOE ADJUSTED TO 18% 
MOl. STURE CON'i'ENT 

--·------------·-,---------- .. ·-------

Species 

Characteristic values 
for SS Grade N/nun2 

f l lc EK 
Til( 

---... ~ .... ____ - ·- .. 

--~----·---------- --------··-·---

21.6 10561 7021 
Europe:an 
red'I;,!OOd hvhi LC'\·:ood 

---------------- -------- -------
hem-fir 21.6 11822 

-------1--·---------+-
Canadian spruce­
pine-fir 

20,/f 10185 

7953 

::~::":,,~~::"_ -'~' l '~tt· 51~ 
llrlttsh ~~own 17.9 11019 7120 
Dougla~~ ~:1r 

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



Table 5 SNALL CLEAR DATA FRON PRL TESTS 

, ·~---------·-.----T·~~du!us of :];o.sticltv J 
.dcnU1ng strength _,/rnn J 2 

N/mm · 

-- -~------- -;;-JSP T~~~---_l_ ~r:-_l "~_sc _j 
Par~na ;;i.ne --- '::•'_ -~ ;;:-,f~', "'" ""'"j n 0 %00 i 
Pitch pine 66 107 12.0 

1

, 88.2 10400 12600 12.0 11670 

1

1 

Hestcrn red cedar 38 57 12.0 48.5 6800 7700 12.0 7330 

1 

lkdlwoclh7hite\.JOOcl 1,2 78 13.3 I 62.5 7500 10100 l3. 3 9150 

lld.ti"h gr01m Douglas fir 53 91 112.0 73.3 8300 10500 !12.0 [ 9500 I 
British gru1m larch I 50 87 112.9 · 7!.2 7300 9100 112.91

1 

8400 

British gr0\,~1 Scots pine I 1:6 89. 12.0 ~~68.1, 7300 10000 112.0 8820 I 
Briti.sr• gro·-,m Euro;oean sp'"'"''' 1 36 66 : ). ', 

1 
~3.8 I 6'!00 I 8500 1

1 

L).l, 7680 1·', 

'J'-r·r· .• ,-,·.s•,, --o,-· s,· ... l" ~-,,- ~- I "-1•. 61' I'" I r,J ·(JOO' o~r(l() ·o 0 7Jfr, ... ;sr <:t' , _L,\-d . .:->) _u~.(;- ' _,~ '- .v I-' .l :J_ I u ~-' 11 ..... _. .·+<., 

L~~:~~~~~-gr~~'~'--~~'rsi~,~' ~'_i_~~-- j __ 41 L ~~- _jJ? ~o __ l ~·.: .. 7 j__ ~-C~l-~ f _ __"_~~~ j _1 ~ -~~J -~~~~l_l 

Species 



Table 6 NORTH l0lERICAN Sc!ALL CLEAR TEST DATA 

------, - ''0''"1"S 0~ 1 B''ND· "NG U~A "0""'"S -OF l 
• ! '-" l• -~l- .._ l I A L~ >.- l_A l . . ' . .1 L· -~~ I 

r-
i I i I 

CANADA 

BENDING 
! SPECIES 
I COHBINATION 

SPECIES 
STR2:\GTH 

1\/mor2 
]" AST"C"'"" STRl'N''"'" ~ ~1 \S~-r,~v · ',;, .• ,.J.,

2
J.l'( i ~ •. .:.c·;.,j_t1 ! 1:..--c,_l_l_'-'/J-.c 

1
r 

"I "'- 'r N·/"'"'2 1 ,.1"'"'2 . 

I ! 

f -~ 
1 Douglas fir-larch i Douglas 

I Douglas 
I Douglas 

Doualas e 

Hestern 

_,, rn", 1 r,,r~: 1 • ,_ ,.,;_, ! 
I j 

I . I ---,-, I 
fFcr R 1 E1.

5
"r> ; R 1 £,,.,...... R ~1. E.~ 5 ,. i R j 

L) 'l" ! _;_•2;!.." 1< l" ! l 
-------+---~-- ! _L , I ---j 
f~r (Coast) I - - - i, -- II 52.9 I, J. 336 I 10756 I 1.143 \ 
flr (\vest) [ - - - 1 - 53.2 i l.3L;6 1 10432 1 1.121 ~ 
fir (North) f - - - i - J 51.3 l.40Lf ! 9715 l 1.154 

fir (Can~da) I 52.0 1.375 11122 I 1.127 
larch 59.8 1.418 11404 

1 
1.149 j 52.8 l 1.375 

1 
10053 [ 1.160 

~-------+------- I I 
Hem-fir 1;0 .1 1.428 ~ 8067 11.160 

1 '"'91 ! 
California red fir 

Spruce-pi l~.e-.f ir 
and l,,restern 
HhiteHoods 

Southern pine 

Grand fir 
Noble fir 
Amabilis/Pac silver 
\}hi te fir 
\,!estern hemlock 

Englemon spruce 
Black spruce 
h'hi te spruce 
Red spruce 
Alpine £ ir 
;)alsam f:i_r 
\h:.ctern i.'<'hite p1ne 
Lodg(~pole pine 
Ponderosa pine 
Sugar pine 
Jac:k pin'2 
Hountain Henlock 

Loblolly p1ne 
Longleaf pine 
Shortleaf pine 
Slash pine 

37.8 1.432 
- -

48.0 1. 370 

39.0 1.4lJ 
40.5 1.488 

I 
! 

9287 ' 

10177 

8626 
9101 

40.3 
1+2. 5 

Ll27 1 1,1, .2 
L;O .Lt 

1.121 ! 45.8 

' 138 ' ·~2 4 .l.. ! ..) .. 
1.087 

35.2 1.413 7929 1.149 
1
1 40.5 1.404 9136 1.121 
i 35.6 1.321 8671; 1.104 33.8 
1 36.5 1.326 ns1, 1.us 

". L c I 8619 1.149 
1.391< I 9515 I 1.143 
1. 3so I 9791 1.138 
l. 360 [ 8005 l .165 
1.380 i 9012 1.143 

1.so7 I 1o9s I 1.149 

1.404 7254 1.132 

i - - - - 32.3 1.543 8226 1.127 
I 39.0 l.4S3 8781; 1.138 37.9 1.)75 7419 1.138 
1 39.3 1.451 7791 1.1n 35.4 1.1,42 6874 l.l7o 
' - - - - 33.7 1.360 7116 1.093 
143.5 1.418 801;6 1.154 4].6 1.346 7361; 1.154 
1 - - - - 43.2 1.437 7157 1.160 

1 
I _ _ - - "0 3 ] oog I J • - ... -'~ 

' - - - - 58.9 1.375 
51.3 1.404 
59.9 1.456 

9667 
10935 

9570 
10563 

1.160 
1 .143 
1.149 
1.165 

··--·~--'----'----'---..._l _____ _l_ _ ___j 



'J.lable 7 ~;~_~,~.AfJ VALUT~3 ?nu;.-: sr:~ALl, CL;~;AH_ -~1 _r~;;rr:.J CI1able G) 
POH '11IlE CAI·;XDL\_~·.f AJJD USA Si)EGTJ::;_) cu.:nn:A'l1IONS 

·-----···--·---------------·-·--~-~:~~~,~-,~~~~~ ]' 
N Jilnl'" 

---~-----~------------~-~-·~·-;·-:·---- .. --1--.-_-·--

.. ~))~'.c.~-~~---·····~·······•··· ......... ·--~--~~-~-~~--J ..... ~--~-'~ ........ J .. -'~~-~-J 
Dour;las fi.r--lccrc't CA:i I 82. ~ I 11·idl! I 

'H' .•. I '"'h 1 ! 100:;~~ 
·::· ----;·· -- .. ---·······---·l·····'c~~'7-·-·--··-~~----~-; .. ,· ... ll --~·c--1 .;·: . 
.c0':!-~11 I' ltl' O,lo ·~'__:() 

Uc ' ·o . J. • .).:~ o ~ t., I , "j') 
·-_---. .. ·-·-------··1"'"''-~--t---·"'l''":·---
Sp::--u.cc:;.."pn~.()-l'lr C;~,_t-..; I Sb .. U J tj)l) 
1'lcs·1·<,.,..,n ·,r),l·!--_,·,rood'·' PS1\ t:-.111 ') '"li"_)'\0 

.,,:__,_A:~~~.~~. --~-~.V ~~:.·-~:--+~-~~-•~~.w--.~~---~~~-:~l~~~~~~--~ 
Sc'-ltharn pine 1 USA I 31.7 , 1 O)dcl 
-~----------.. ------ -l----

1J'abJ.e 8 r"C:~';.'I0:-3 o.r~· ~)S G:fA~;;.; ~3-~t-,i~UG'.:\nU\i.J ~;_; ,._,·,;; '.l'J,~::..i? 

V;lLu;·:~:) ( i<~{'~·:.r '.1:\--:-J.d.e /~) :;-.:) •· •. '-"·.- · .L!: __ ,)_, .:;;; .:.·~~-~ 

T1 .1~;~~)'11 ·;.'ALL'·;::.;:: (':-''j-;(\.: '}'n.iJ2.cG ::J "UD '() 

r-··-~-....... ---- .. ·-----------··-···--.. --............ ~-------- .. ·~·--· .................................... . 
Ratios or 3~ v~~J.uss 

l
. ~;;;;~:;:;-·· ____ ,___ -;-·]·---~~ ... ~~~-!. i·:,·-----11 

"1(/ " / "' ' ''i- ' .• ~.--. 1 SC 1 1\_. 1 

-·----------------··--- .

1

1 ___ ::_~:L____ ... - .. :~--1 
}WrOD82!1 Oo3~ I 1.1') o.rf I 
reclvJ;od/.-.·hj_ tc':,-·oocl "" I - j 

(~::~~j~~ .. ·----------------·-r- o. 34 ------r~---;~--~--(;::;8 --111 
hcrn~~i'.i.r 

•-·~-~·••" ~,..~~ ~u • •-~~,........_..,_.,..._, .. __ ~,...~-q- , ~~»--•--.~- ~-·~-~ ... .._v~.,......!.. ~·-'-•••---M-

G-:\YIC.'.Ul'lrJ. 0(.35 i 1814 ~~ O.,'[r) 
... I 

~-::~~~~~~:.:: ~~~------·r.· -··-·--· .L-·- ......... -----·--··-1 
BrlLH>h :-ro•\n 0.,32 I f< 10 I Q, 72 I 

~~~~::::·:. ~-,~·;~·0;,~---·-·-----.. -~~ -~~ :~;~·--+ .. ;·:·1 ;- ·-~~··;:-"' ... 
I Dou,r ] ,_' B f1 r I 
1:~·;:-;;_ t-:~---.... ----~---- ---T~~-;;-- l-1·~-1~-- ;;·::~;,------
L~~ 8~~ ~ :~~~"-'.; ~- _ .. ~~~--~J J.~ ~.f~·.':·.~ ~~ ~ ~~ .. J~ .~-~·~--. -~~~-~ 1 -·-~ ·- .-~-·- ~-~~ ·- ~ ~?--J 



Table 9 CHARACTERISTIC VALUES FOR TilE SS GRADE 

-------------------- --------1 

Species 

Characteristic valu;s I 
for SS grade N/mm2 

------r--~--

f ' I E. Ek lHK 

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

Redvmod /Hhi l e\·JOod 21.6 10561 7021 

Hem-fir (Canada) 21.6 11822 7953 

Spruce-pine-fir (Can) 20.4 10185 6664 

Sitka spruce (BG) 16.5 7882 5130 

Douglas fir (BG) 17.9 11019 7120 

'h\~stcrn red cedar 16.5 8356 5571 

Corsican p1ne (llG) n.o 91,05 6270 

Parana pine 25.9 11035 7357 

Pitch p1ne 30.0 1330~ 8869 

Doug los fir-larch (Can) 22.4 12160 8l10 

Douglas fir-lorch (US/\) 20.1! llll5 7111.3 

I-! em-fir (USA) 20.7 10976 7384 

Table 1 0 CHARACTERIS'CIC VALUES FOR TllE NLC" SELECT 
GRADE FRCJH CANADIAN IN-GRADE TEST DATil 

Species 

Douglas fir-larch 

Hem-fir 

Spruce-pine-fir 

··-·-----------

' 

23.9 

22.2 

22.9 

Sel grade 
------- -------

E Ek 

12620 

ll720 

111 OCJ 

9380 

8550 

8340 



'l'ctbl.o II CALCLJL,'\SED AlW AS~:3JG1·TJ~D VALUES OF STH!!;SS (H/mm
2

) FOH rrn~; 
3;3 GH.ADi~ Oli' :8~3 ,:: ')72! lV.:::·rc~D n::i OEDi~I~ Q}il JI~NTli :U ~.;r:pn_;~s:3 

r--·-·~------· 1 ----·-----, 

I I PHOF:F:ETY I 

I - BEl~-;I;-;~;,;--~ I;'JO;;;I;~S ()J:' ~~-,,;:·~;;~;--~ 
~ems ~ 

1 ~ r---L 1 ~--~ 
f ~~~;--:~lei:] ~:L~;~,~,~~---~--~ -~ ~-~~:,~· J·;;~1~~:,~e:;~ T~~~-l·~~:~~ ~·~,~:~·-~·~~~ 
!·----... ft~·-~~~~-- ""'"""""·- --·-" , _ _. .... ~-..T~H q--~~~.,.--""""'"'_,, ___ ~--..... -L ...... - .................. ...__.._~,,_...,,.,,...,_._ ..................... 

Piech p1ne 

1

! 30,0 ~~ ,\0,0 ,~ 13/M ~~ G~C') J 

Soul.llC'.rn >iDf: (liS:~) 27 ~2> 27.8 12)26 3 ))1 

Pu:c<.: .. na pi.-c,:: 25o9 ! 25 .. 9 l 11035 1 7357 
I 

D~:>u[;,'la;.:; fir--J.arch 

Hem·-fir (C) 

( ,, \ 
\ \.t ) 

(IlG) 

Coro::::i.cc~.::' ;::inc (:00) I 
Hc'"··f:i.r (iJ3A) ., -··-·· IV'·') \ 

:~::~~~;,'" r:,',_·;,;«(;;) , ~··, II 

: .. ;c;;.'tc:~"~1 ~.-il'Jj.tc;·;o::.;c.L;:: ("LISA) 

2'1 ~O 

20,4 

21 .G 

21 .G 

?1 .. 6 

1 2160 

1 H322 

9405 
10976 

10135 

391 i 

2110 

7021 

6270 

7413 

6CG4 

I 
:Onl.'{) .. ~.;~; 1"':J. ,-, ( S::---~) ~ 'i 7 • 9 . ! 1 '( e 9 11019 /1 ?0 ! 

! ,·{~~'·Pl.'!' r~c c'"'c'<.r I 1rSl>) t ~6~() 0356 5:/(1 j 

l"lcf:'))"CC, 'TlC:CO (T<;; I ! I 
··-~-~~~-~~,-~~::_ ( j~~-~--. _____ j_~(). ~---L_-~~ . ), __ J __ .~2~-~--·-.. ~ 1 3C~----t 



1J:o::-;.sion 

Compression 

T\1\Can B 

Niin }!; 

GHJ\:UE EJ:~~LJ\'J.liVrrY }_iiJi(?t'O\t;-) THDI;~XI~;D TD ~PHJ~ SS GH/JJ)E 
CHAR!-I.OrEHI~YJliC JI}-JDDW S1.i.'r{83S 

0,63 Oo51 0016 

( Hn---) 0&90 o. n 1.00 0.60 0.69 

1.00 Oc 8,~. 1.01 

1,00 o .. (33 •i .os 

0.52 ' (),3[3 0,60 





' ) 

' \ 

11abl e 14· CH!~~·tAC 1 l1 Li{f:.Jl.[lJC :.r;:m<·rcrrH V AL1F~:3 FOH 11 1Hl~ G,\XADIAl.J lTLGJ\ JOIS'l1 i\JTJ) 
PLANK AND ~)11TtUC:l'UHAL LIGI-FJ.l fi'HAi,1ING GHADES 

rrens:i.oD 

No 2 

No 3 

Sel 

No 

Ho 2 

16.2 

11.9 

11.5 

16.2 

11.9 

16.4 

11.5 
11 • ':i 

16.2 

11.9 

11.5 

lio 3 1 - - -

-;,;~;;;:::~-;~;-;·:~:;~·;::~'" ·~;:~~-"~ ---·····"~E!·~=-~ ·-·~~: ~--r~---~;:: -~~-, 

No 2 16.9 16.9 '1 16,9 

no 3 1 13,0 n.o 13.0 I 

-~;:~~~,···~~~-,·-·- ..... ~.~·-··~, ;:~- • ·- • ""'· • ;;.;;;;··-·-· ··- •• -~· 1 -9~-~ ·-·· ··--'"~-;;;;~- · '>···-
1 JJo 1 10944 106!;0 9167 

1 
No 2 1091J4 106/jO . 9167 

No 3 10579 102d5 3()61 
I 

-;:~7"~,.~ .. ---~--~--·-·r ~e~·-·'-··~8~~6~--"· ~·s;·;;--r~--699~--~·-·· 
No 1 7299 715Cl I 5998 

JJo 2 7299 715Cl 5998 

1 Ho 3 6.1()8 ' 6362 I 5331 
~~~~,=~~_......-......., ..... ~,,-~=-"'~-· .. ····~·~"''.J ............ ,., •• , .. ~~-... .._~...,---i-~ ... ~----'~--"' 



Table \(:l CI-IAru.crr:sin:;Jr:r:rc ;rntEJ·iGTH VALlJ::;;3 ?or~ 1l:my; \j;J:"i. 
NGRDL JOI:Jrr Ic:!EJ PLi\:i·~Y~ fUm ;:/L~~·{UC'TU~V~L LTG:rr YH/~J,TLTG GHADl:~;:) 

r------~·----·-. - ---------1 
1 sn~~CTE:s ·----.. ..... -.. --,_~---.--.------~ .. ---~---~---···-·-._....·~- ~ ... -

'D , .•. , .•.. r·· 1· I' '·'"··'·'"" i " "t"·. il 0.1_,__-.·.··'--"•·' .. lf'- U(l!"' f'~·r· "~'.:''-''-• ,1 1 oJO., .,t~lYl 
l<.'.:CCh ! l~~-,)-., . .!.- \'ihitt;'-:,'CO:~_;-_; ! pine 

·--·---~---,-·-· -··--· ----.... ~---~-----t---·---.. ··--.,..-·--·-···--·L ........ --.. ··-·--·-1 I ' 

I PflOP1~Wf'f 

Bc:nd:i.ng ~~ 3 •' 1 2:0 ~ r; ?)<In 

No 16 ~ 2 16 ~ 2 1,1 0 3 20<9 

11] .• 2 20,.) 
I 

'1G,2 

lTo .?· . lic9 "11~9 'i0,5 I 15<-3 
·"-'~"~"'~--~-... -~ ..... .., .... j-......... -._,.,......_._ ... ___ ...,...__""hA-.....---'--""'''~""""'""'"~'"~--~·,.--·-----....... ,.' ,__.,, """ -..~~·-·,..~·~<-~.- -..~.-.-..; ·-~"" H<<> .... ,.. ...... ..,._~-~" "'"" -~--~~k.. -~~ .. ~~ o<¥~.~ ........ -,.--.... .. _~-.,-; 

'l''"'~l·o··1 ""i 1S ~ I . 1oc /• ' 1t '' II '''1 1 I -- • '"'. • '-'~ ... C e ·1· · "' ·1 --.- ~ ../ '-- 'I-

I 
No 1 11,5 11,5 10,1 I 14.7 

}To2 "'11.5 11o5 10~,·j '14~7 



], .. , 

' \ 

Table lG CH/\HAC'.ii;_~::n:;-)'JlTC ;::i1l'l~~EIRrl1 I-l VALUJ~;3 FOH 1 rlU~; C!~!-Jl\DJAN ULGA L1GIVl1 

lilR/~MING GI~ADJ':S 

Stu.d 11.9 1L9 

-;,,~1);;:;3:~;;-~ ·-··~:Jn :~·;·m•r=·~=·~;~:;~--,.·~-·-.. ·~;;·;····--·~·-··-··-~7:9~"~·-
parallel Cltd 11,2 11,2 11.2 
. Otil 3,2 . 3,2 8,2 

!.:::~,1·-~.":··-.--·· ,. ... ~.o:~'l·~~··j····-·~~~-o~·: 
0

2·~--·~-~·-
1

1·f;~-~-~~r~·~····~Jo:~~---l 
ll<:,o, . _.. \) _ ,:::; v v~. .. v)ct.. /~ J 

Std 105'19 '1023'j 886·1 
util 10579 102iJ) 8861 

Stc1. 7056 6919 5193 

=·~·· ·------.. ~--~J~~~- ~~·-~~·----~~;~ ---·-~· "---~~~-L .. ~.- ~~~~·- .,. J 





Ta!J!r 18 CcHit' strr:,ses for soft\\o<Hb: gradtd to B<.J -~~ns ru!es: for tile dry txposun: t'OtHiilion 

St:HHJ:irtl IWHH' 

Hl'd\1 oodh\ hi!l'lVOod 

(illiJHH!l'd and 

Sco!s pil(t', 

(Briti\!1-);I'OWil) 

Cor:-.inlfl piru.' 

(ll d! ish. grown) 

Sitka .\prut·e 11nd 
Europt·nn o,.pruel' 
(eritbh -grown) 

Doug!a:; fir 

(Hritbh-g:·own) 

l.arch 
(Bri: i~h-gro I I'll) 

Pnran~t pine 
{lnqw;·tcdJ 

J>itch pitH' 

(Caribbt<Ut) 

'\'t·.~tcrn red Cl''br 
(lmporf\'dJ 

Dou1:l::~ fir-!:trl'h 
(Canadn) 

Dougl:ts fir-l:1rdr 

(USA) 

Il<·m-fir 
·r:nnad:l) 

llrrn·fir 
(CSA) 

Spruct'·flillc·fi r 
(Cunatl:J.) 

Wc~ll'rn whi!ewoo<h 
(lJSAi 

SotJthcrn pine 
(USA) 

Cra<ll' 

SS/i'>lSS 
Ci~;\J(~S 

M75 
;-.150 

:)Sii\1:-JS 
GS/,\!CS 
~n5 

!\150 

SS/\!SS 
CSi.\lGS 
1\1"15 
M50 

SS/\1SS 
CS/\1(1S 
tv17 5 
l\·150 

ss 
GS 

ss 
GS 

ss 
GS 

ss 
GS 

ss 
CiS 

ss 
GS 

SS/\1SS 
GS/MGS 
,\]75 

!\150 

ss 
CiS 

SS/l\lSS 
GS;\lCS 
M75 
M50 

ss 
GS 

ss 
GS 

"Strcs;e~ applic<ibk: :o timber JOO mrd tkcp (or wide}: 

Bcndin;.: 
parn!ld 

!o gmin~ 

N/n1m 2 

'j .5 
.'U 

10.0 
(l.() 

5.3 
10.0 
6.(! 

5.7 
4.1 
(i,6 

4.5 

6.2 
4A 

10.0 
6.6 

7.5 
5.3 

9.0 
6A 

10.5 
7..1 

5.7 
4.1 

7.5 
5.3 

7.5 
5 . .1 

7.5 
5.3 

10.0 
(l.(l 

7.5 
5.3 

7 .; 

5.3 
9. 7 
6.2 

6.6 
4.7 

9.6 
6.8 

Tl'a.-.inn 
p:lral!cl 

!o 1~r:1in~ 

4. 5 
3. ), 
6.0 
4.0 

4.5 
:u 
6.0 

H 

3 .-1 
2.5 
4.0 
2.7 

3.7 
2.6 
6.0 
4.0 

4.5 

3.2 

6.3 

3.4 
2.5 

4.5 
3.2 

0 
3.2 

4.5 
3.2 

6.0 
4.0 

4.5 
3.2 

4.5 
3.2 
5.8 
3.7 

4.0 
2.8 

5.8 
4.1 

Pan! lid 

Jo graiu 

N/rnm:· 

7.9 

6.1:! 
8.7 
7.) 

7.9 
6.S 
8.7 

'1.3 

6.1 
5.2 
6.4 

5. 5 

6.6 
5.6 
8.7 
7.3 

7.9 
6.8 

9.5 
3.1 

11.0 
9.4 

6.1 
5.1 

7.9 
6.8 

7.9 
6.0 

7.9 
6.8 
<J.J 
7.7 

7.9 
6.8 

7.9 
6.8 
8.5 
7.1 

7.0 

(!.0 

10.2 
8. 7 

P<•rptJll!kul:lr 

lo J(r:lin~* 

2.1 
1.8 
2.4 

2.1 

2.! 
. ~ 

2.4 

2.0 

1.6 
1.4 
1.8 
1.6 

2.4 
2.1 
2.9 
7.4 

? .l 
i.8 

2.4 

2.2 

3,2 
2.8 

1.7 
1.6 

2.4 

2.2 

2.4 

2.2 

1.9 
1.7 
2.4 

2.1 

1.9 
I·; 

1.8 
iJi 

2.1 
1.8 

1.7 
1.5 

2.5 
2.2 

Shear 

par:11ll'l 

In J:r:dn 

N/11111l~ 

0.1:!2 
0.82 
1.32 

0.82 

0.82 
0.82 
1.33 
0.83 

0.64 
O.M 
! .02 
0.64 

0.88 
0.88 
1.41 

0.88 

0.82 
0.82 

1.03 
1.03 

I. 1 (l 
1.16 

0.63 
0.63 

0.35 
0.35 

0.85 
0.85 

0.68 
0.68 
1.1) 
0.7\ 

0.68 
0.68 

0.68 
0.68 
1.10 
0.68 

0.66 
0.66 

0.98 
0.98 

Modulus of 
dmlidJ~-

:'11inimum 

10500 

90C10 
! 1000 
9000 

9.'\00 
8000 

10:"00 
~1000 

8000 
6500 
9000 
7500 

I 1000 
95()0 

I 1000 
9500 

1G500 
9000 

11000 
9500 

13)00 
I 1000 

8500 
7000 

! JOOO 
10000 

11000 
9500 

11000 
9000 

12000 
10500 

11000 
9000 

10000 
S500 

10500 
9000 

90110 
7500 

12500 
10500 

7000 

6000 
7000 
6000 

6500 
5000 
7000 
5500 

51100 
4500 
(;0()0 

5000 

7000 
6000 
7500 
6000 

7000 
6000 

7500 
6000 

9000 
7 5()l) 

5500 
·1)00 

7500 
6500 

7500 
60{/U 

7500 

6000 
:woo 
:coo 

7500 
6000 

6500 
55(J0 
7000 
5500 

60Ut) 

5000 

8500 
7(\()() 

*"When the ~pl'cific:uivns .•pt•cifi·:a!ly ptohibit w:n1c a! be:1ring ;1rca~ the SS grad.: compression pcrpcndkul:lr to the grain ~tn:~.·. may be mul!ipli:.;d 

by 1 .. 13 and w,cd for ;di gLl(ks. 



Standard 

nanw 

f}ou);Ja,. fir- Ia! ch 

J{r.'!ll·fir 

~;prt\l'{'·pine-fi; 

J & JH 

S1'i 
No J 

No 2 
~~0 3 

SIX'"' 
Sd 

1'\ol 
r-.:o 2 
No.1 

LF' 
Cons! 

Std 

Uti! 

STUJV 

,: & P* 
Scl 

No J 
No:: 
No J 

SLF"·~ 

S'.'l 
No J 

No 2 
i'lo .1 

LF' 
Con~t 

Std 
l!lil 

J 1'. ll* " . 
set 

No I 
No 2 

No 3 

SI.F*" 
Sc! 

No l 
No 2 
No 3 

LF' 
Corw 

Std 
Uti! 

STUD' 

Bendin1~ 

par:d1d 
to J:rain 

.s.o 
S.ti 
5.6 

·1.1 

5.-~ 

4.0 
3 . .2 

•1.7 

R.O 
5.6 

5.6 

4.1 

Y.l 
6.-1 

6.·~ 

5.·1 
4.0 

4.7 

8.0 
5.6 

5.6 

4.1 

9.1 

6.4 
6.4 
4.7 

5.4 
4.0 
3.2 

.:J.i 

'J l'lhio~l 
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0.93 
0.93 

0.61 
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w :i.'> n11n x I i•1 ~rrm. 
"'SLJ-". Su·•.l<..:tmal Light l::.~n:ir1_;; Gnt:~t:s: Sl!c.~~'"'"· :~i'!.l!i..::tl\lc 10 timh·1 of .<S n:n: x ~9 rnrn <..:r<..l~~ s~.-crio!t: for other :;crt ion si;.cs ~ec 
T;•,b:c 21. 
"l.l'. Light Fr.trtling anJ .'.:tuJ Gt.H.lr:.~: ~ItT'>'>'.') <tPilli.:;~hk !\\ ii;;lber .V mn1 /. B9 :>i::• ,·o~lS.': ~;cl"li\J!l'. t'o.>t o;ther ~~~et\on ~·.in:~ :.cr T<~bi¢ 

21. 
"\\'hcnth( .<.r•eo.:iri,·ariG;h ·'!>.:·cifkal!y p;o'Jill!t 11';tnC' :t: l1carin~: ;n.:::h d;:: ~.~~ :~r,t:Je com;~rc~~iou p:.:-q.•(lldic!!l<H ;o th~ grain Sil>'SS may 

bt' n:ultip:icd by ~ .. 13 n:1J IL'·~~CJ for <.Ill ;;Ptk~. 
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1'A.)3D".: 2.1. ~10J)JF1C.\'J'IO~-: F:V:TORS BY kllTCH THi·: ~)'J'RE~iSES IN 'fi\BL!~~; 19 1\ND 2C 
SHOULD BL ~!L!LTIPLJ!·:D F{}l·~ SEC'i'J\):\~; OTlli-~1\ T!i:\;{ 33 til!!l x WJ rctm 

siZG paral.lc.l paral.ld pactllcl or 
to grain to t,ra.ta to gT<-!.i.u elasticity 

K7 Kl4 K!O Kll 
3~-x-;u-· -·sr5-,.·······-~·----·-·---.. -----~~-·----.. ·------------·-

·::;;;r LlO 1.05 !.O:i 1.0 
No., 1 
Eo( 2 
No. :; 
LF 
ConJ.J t 
Std 
UtH 

STUD 

1.10 LOS 
1.10 J ' 115 
1.10 

0 (•t'\ •• v 

0.75 
0,50 

!. !0 

1.20 1.0 
1~3j 1.0 
1.55 l.O 

LO 
1.0 
0.65 

1. 55 

1.0 
1.0 
l.O 

1. 0 

-;;;;-:::-6~.,-·-s"·~·;;·--------------.. --------·-----------·--------
_,o A - ,,. 

'sei 
No. 1 
No, 2 
!Io.. 3 
LF 
Coo:.>.t.: 
Std 
Ut i.l 

S'IUD 

l. 05 
1.05 
1.05 
LOS 

).05 

l. 05 
1.05 
l. 05 

1.05 
1. 20 
1.35 
1.55 

1.55 

1.0 
1.0 
1.0 
1.0 

~-----•·--·~-·-·•~••'• -'~-·~~~--.--.-~-·--~--~•"" __ ,,, _____ ,, ..... ,,.,,,,, .... "~·..-·•·~-~---•·-~··~··--~-·-~-.-c-..•·--·--~-·-·~-,..-.--~ 
63 :-: 63 ~;IS 

·s-~~-r 1.05 0.75 LOS 1.0 
No~ l LOS 0.30 L20 1.0 
!lo. 2 1.05 (} .30 1.35 1.0 
Nof 3 1.05 1.55 1.0 
!,F 
c-;;n£-1 t 0.80 1. 0 J..O 
Std 0.95 1.0 1.0 
Util 0.60 0.75 1.0 

'STl}D 1.05 1.55 1.0 

63 ·x·lfY-~·-~s-:c~·~·~,.---·-~~.--... ---~ .. --·_,_--~-........ -----~---...... ----~------·~----· _..__ 
Mvl ·s-c.T o.9s o.?s 1.0 1.0 
~9 x 89 No, 1 0.4-0 0.30 l.O O~BO 

No. 2 0.40 0,30 1.0 0.50 
No, 3 0.35 1.0 1.0 

STUD 0.35 1.0 1.0 

:;sx-Tw--s1·mc--oss--·----------r:c.s---------1.:u---------· 
bnd 
38 X J/;(j 
··~---·---~-----,-----··--·--------~------.--···----··------~---

NO'fEc For gr<::des und properties not :U.stcd ~1nd for JfJ :::u ;..: 89 mm cr:ons 
sections ths modJ.fic.1tion f.:.'<:tor h;_;s the '-y2.llu ~ .0; that is l no ;;.;::d:i.fic:J.c:Lon. 
of tt1e t~bulatc:d stresses io ~aguired. 
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HcE;--i'ir (cl:!A) COi!'i'l' 5· 4 

1

1 6.1 I 0. 6[) 976'! 

1

• 56~6 
Spruce-·pine-~i'ir (C.h.U) COJ:gYJ.1 5~~4 6.,-; Oo68 9065 5998 

:::,:~~~·:1: ~~;: .. ;arch (G;~r) ~:;:::: ~:~ 1

1

' ::~ I ~:;~ ~~~:: ~~ ~~~~ 
~)cuthcrn pi:ne (Tm:i.) J.;o 3~--J"P :5~3 6~B Oo6/j 10B9B 6GB1 

f:prucco-pine .. fir (c>.':) G~i 5·3 \ 6.8 0.68 tl')5) S')Yr 

H/\·Jf Scot:..; pint1 & l<:t,rch GS 5 .. 3 I 6.8 0~82 3f>71 Sb27 
I 

Emn-fil• (u:sA) 

Hc:n~~fir ( C/~.H) 

Dou.gla.s fir-le.rch (US;~) 

D J .. J . \l{'f" .. ',',•) .J::'>U[?.· .. nc.; :t J.Y'·-" .. B.I'CJl v._ 

Sou·~bcrn pjnc (U8A) 

\·J ~·lhitehrood (Uf)A) 

.. •. . • \'·u-q.·'·•) '<'i i'i!!l.'LD'/1000 ..., , 

(u'"' ') ....... 

Hem-fir (USA) 

Dougl2.s fir-ls.rch (USA) 

.. . .. (c··~) ' 0X'U.CC--plnG-llr "~.!.~ 

Hem-fir ( CAi·{) 

Douglas :fir-le.rch ( CA:·.;) 

Douglas fir-la.rch ( CfLi·T) 

Hem-fir ( C:A?i) 

Sprnce-.pine·-fir ( C/!H) 

D J "' 1 . ('!'''•'·.) oug..a~~ : lr~-.J..:l.rCJ.-1 , ..... ~ 

Hem-·fir (ll:3A) 

BG Douglo.s fir 

Hem-fir (USA) 

GS 

GS 

GS 

GS 

GS 

No 1-JP 

GS 

S1\JD 

S'J'lJD 

No 3-·SLF 

Ho 3-SLP 

03 

No 3-.TP 

iTo .'l-JP 

5·3 
5·3 
).3 

'j.O 

s.o 
4.8 

4.7 

4·7 
lj.J 

tj.. 7 

4-7 

'/.0 

6.1 

,.. ) 
)• .) 

5 ' .. ) 

5·5 
5·6 
5·3 
5·3 

o .. cs 

0.8') 

0.66 

0.66 

0.66 

() 0 1<7 

0.61 

0.61 

0.47 

o.ljs 
0.56 

0~45 

o.G4 
0,88 

7900 
922() 

9930 
9 H7 

1021£, 

10898 

so~.::o 

802(). 

7931 

71:0) 

8b61 

10235 

10')79 

10579 

10285 

8861 

95t19 

7700 

o. 45 951j9 

o. :;G I 9670 

)20;~ 

6129 

6601 

61 :!3 

673'1 

7?65 

52!.]8 

')248 

6276 

6301 

G760 

5331 

5930 

5907 

5000 

5910 

5907 
5930 

o. i):j 1 6621 --.--·---.!.----· _____ , _______ ,. .. -·-··-----·--
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I .~:o:-:1---i':L:e (U:>.\) 

!':•(;'• •,·,·1. ,·.-,'~ ·i-' 1' ~--. 'I ·• "('<" ·,.. <\ 'lj ·:._ ~ ) _.-.v.. "" .-...... - ... <'.~ ./J, '·-'"-

l~o 3-<!P 

l-~ 0 ~ _,p 

Lh:J:IJ 

~:.;:l'U.D 

;-~-0 3---:::L·r;: 

ST·;u;·_l) 

~) 'l'A!TD 

S·L·~~tD 

;_3:l~I~:-:D 

') ~- " :_: 'd/ 
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U'l'IL 
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U'TTL 

l!'CIL 
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'I-~ () 

/i. 0 

!;. " 0 
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.1< Q 
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,, 
J 
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-~ 

~· 2 

3, 2 
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~· 

( j 0. ~7 J'' 
~ 2 n 

h 3 0.61 
~·· 1 O:Y/9 6;;JD 

4<- 3 o. 100)3 7 ~:os 

4 .. 7 o. 6Lj 7153 ljSJ:y.s 
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1!-~ 6 o. 63 951:9 6/~ 
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,, / o. 93 '·t ~ 0 10579 7 o ys 
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"L\i1U::. :.Z.J G:u~DE 0TF.t::::;::;:_.:.s ANU XODULI OF t:Lt~STICITY FIJR STH.ENGTg CL:\.SSE~~: FOR Tli£ !>.U ~:x~)DSURE CONDITION 

Strength 
class 

SCi 

B~nding 

parall~l 

to grai:1 

2. 
(ll/!m·.~ i 

2.8 

Tension 
pnrall~l 

to g~ain 

''"/ 2 ... \.ri :ll.i.:l!. I 

Compre8olo;l 
paraliel 
to gra!:1 

•) 

(n/<::ur:-) 

2o2 t 3.5 

Co:npr~ssion 

~erpendicular 

to g~niJ:* 

G:rc:;,Je -=-=-c---) 2 
(tl/'"""-) (.,,_;""" -) 

2 ~ l j • 2 

Sl:ear 
par;;.llel 
~- o r_::: a.L~ 

I 2 '­
\n/~nm J 

r-;odulus of: 
el.:1sticity 

\·;ea:: i·fir:.i.;-:::.._\:~1 
) ---------

~f~/·;,;;·,-) (Nim,.,LJ ' . ... " 

6UOO !; 500 :____ __ _ --------- _!!· !;6 - .. -----------

SC2 L1.i 2.5'( 5.3 2.1 1.6 0.66 8000 ---- ·---- ---
C(' '} 
•) ,, _/ 5.3 3.2 1- 6~8 2.2 !.7 0.67 8GGO 

SC!> 7 !:i 4 " ,) --- -------~ . ~ ~ -- ) 

SC5 lU.O 6. 0 + -·---·-- ---
SCf,§ 12.5 ·; 0::.. 

- • j ------------ ---

·--------

7.9 2.Lt !.9 {L71 9:JCD -----·-------------------·-·---- -- .. 

3.7 2.3 2.4 ! (\() 
-'-~uu 

12-'--5 __ _ J. g 2. 8 1 . 50 

lOJGO 

14100 

SC7~ iS.O 9.0 ·~.) 4.4 0 ., 
J.J 1.15 1G2UO 

scoo 

5800 

66UU 

/'lOU 

11 c:no 

!3 [,()() 

SCCJe 17.5 10.5 16.5 5 .. 2 3 .. 9 2.00 16700 !56UO --·--------- ---------------------------------

SC9§ 20.5 12.3 19.5 6.1 4.6 ---=· - __ :c____ 
2.25 21600 IDUOO 

tq.lllen the sp~ciflcatlon S?ecificsl.ly prohihitB •..;ane at h~<."-lring Hreas tl!e higher vo.lu~s of cor.1pn;ssion perpendicular to the grain 
stresr:; mny be used, ctheP,-:lse the lower vulecG apply~ 

-{:Nvtc the Light Fr.amlng~ Stud, Structural Llght F::-uming Nf?. 3 .<::!!d .foiHt Bnd Plank No. 3 gr~des should not be used for tension 
mcmhers. 

§ Clnsses SC6, SC7, SC8 aud SC9 uill usually cor.lprlse the dcn~cr hrv:d.\-Jc~:ds. 



TAilLE: 21; SOFT\JOOD Sl'SCES/GRADE COI·lBI:-11\.TIONS WHICH SATISFY TllE REQUIREliENTS 
FOR STI•.E:IGTS C~\SSES: GRADED TO BS 1;978 

Standard n.a~C! 

Ic:mor:r!d 

Pitch F'i~1e (CJ.ribbean) 
Reduoozl 
Whi l (o>:ood 
Westec~ Red C~dar 

Douglas Fir-Ldrcb (C.ln3da) 
DOLJ~J.a~ Fir-I.ar~h (USA) 
flcm··f'i~ (Ca[JJlia) 
Ueo-·Fi:: (USA) 

Sprt1ce-Pillc-Fir (Can~da) 

('C 
'-' ~-

Wester-n wlliCe'loods (USA) GS 
Soutl1orn Pine (USA) 

Douglas Fir 
L,n-ch 
Scots "Pine 

Corsic:J.n PJue 

GS 
GS 
GS/!!50 
GS /!1',0 

ss 

GS 
GS 
GS/t!SO 
GS 

GS/!150 
ss 
GS 

GS H.SO/SS 
GS 
GS/0!5) 

GS HSO 
European Spruce GS >~0/SS !175 

ss 

ss 
ss 

ss 
ss 
ss 
ss 

SS/!175 

ss 

ss 
3S 

ss 

Sitka Spruce GS !150/SS H75 
-·-~-- -·· ~-----------~----~-------------------------·---

ss 
t·il 5 
c17 s 

!175 

H75 

H75 

C175 

NBchinc .. grncles HCS :1nd nss [I)~Q int.erchangcnb]c \Vi th GS <.lnd ss grades 

respectively. 

A spe.ci~s/gr.:::dc combincttion from <.1 higher strength class may be 
used \·/h(~rc a JoHer strength class is specified. 

.. 
• 



TABLE 25 NOl'~T!l AI1ERIC/hi SOFT:..JOOD SI);~CIES/GlL\DE COU3INA'I'lONS \,liiiC~l SA:l'J.SF'Y T~lli 
REQUlREl1l:~~TS ?OR STB . .ENGTB c: .. /LSSI:S: IiLGA A;.\D nG~U)L JOIST /lJTD PLA.NK. G~{..-\Dt:S 

Str-cn:-'(th cl:1ss Standar:d name 
and or::.gin 

---~·-·"-~··,~-·-·~w-.-.-----~-~··•··--·----•·-·-"'··• ----------

SCl SC2 SC3 

Dougl.::w Fir~L.arch ( Cmcilda) No. 3 ~to ~ 1 , ~~0 0 
ry 
'• 

Douglas Fi r-La.:::cl! (USA) No .. 3 No. 1. :c<o. 2 

Hem-l"ir (Can..ada) No. 3 ~o. 1 ' :c<o. 2 
Bem-F:L:r (t:SA) No. 3 No. 1 , No .. 2 

Spruce-P:Lne··Fir (Canada) Noo 3 No. 1, No~ 2 
Hes t:ern ~!hi tm·:oods (USA) No. 3 No. 1 ' Sel 

No .. 2 
Southern Pine (USA) No .. 1' No .. ? No. 3 -· 
------------· ----- ----

P. .. spec:::.es/ ~~:ade cc·~ubinatior: £:-om a highe::' ·:;tre:ugth cl.::'.::>s rrwy be 
used where a lowe!r l;tr~agth cl&ss is specifie~. 

SCI, scs 

Se.l 
Sel 

Sol 
Scl 

Sel 

Se.l 

These classi.:ic.ationE3 apply o:1ly to timber of a size not l~~ss than 38 m:m x 
l JA ten. 

N,0te. th~t Joist and Plank No. 3 grade should not be :Jsed for tension tc0mbers. 



Tal)Jt' 26 :...:orth A.mcrir:n: softY.'OOd ~.pet'il's/p,r:l~les '-''hid! sH!i~Sy the rcqrd~·enH·nls for s£rl'ngth classes: 
NLGA ni::d :\CHDL ~;!n!cWml lig~d fr:;mi:lg gntdt>s 

Scrliou :.i1<' 
Artu:l! 

38 mJ;J x ()(; mm Dougb~ fir-i:t:·,·h (l :(n;tdal 

lJ(lUg!;:_\ fir ·\ard; (t. ):\,1 

!km·fi: (C::rl.tlh) 
HcnHir US."~ 

Spruce-pir~c-f:t· ((·:u::'d") 
\\'e~tern \\'iliic\H>c·,d~ (l!S.-\) 

Southern pine WS·\} 

J.S t:l:IJ X 3li mm J);)ttg!~L !'ir-ian·iJ (C;:n:td;J) 

Dougla.) fir-1:\r.:li (V:,\) 
Bern-fir (Cmalb) 
1krn-fir (U~):\) 
Sprtt·~·c-pir;,•. fi :· (C:Jt~\d:t) 
Wc~tcrn \\'h:(C\IW)d, (US:\'! 
Sc;tilcr!~ pi;)-_: (lJS,\) 

~-ll I!Hil x GJ nw. !),~;!::;::c.-. fir-!a:dt tCd:lazb_J 

Dotrbb~ rir-L\:c·!t \LS:\) 
llcm-l'ir (C;tnCJd.t) 
llutt-fiJ (l.~S.-\} 

Spruce-;•in~·-l'ir \C::rt:t:i:J) 
\Vt~lnll \\'hitl'l':,,c,d:· :t:S.\) 
Sc.uch:.':n p'tti<: (US.-\} 

SCI 

No 3 
No J 
No 3 
;\o 3 

\io 3 
No J 

No 3 
No 3 
No 3 
No 3 
No 3 
No 3 

~0 J 
No 3 
No 3 
1'--:o 3 
Nu 3 
.'-io ~ 

SC2 

No 1, No 2 

No I, No 2 

S('J 

No l, N-:1 2 
No J, No 2 
t-\o L !'-io ~ 
No J, No 2 
!\.'oi,Ao2 

Sci 
No ! , N~~ 2, No 3 

No!,No2 
No I, No 2 
No l, No 2 
No I, No 2 
Nol,~·o~ 

Sel 
No J 

,\io I, Nl1 2 

No 1, :--.lc 2 
No I, No 2 
No 1, t<o 2 
~~o l, No2 

Scl 
No J 

~c.: SC5 

Sd 
Sci 
Sci 
Sd 
Scl 

Sci 

Sd 
Sci 
Scl 
Sci 
Sci 

No l, No ,, 
Sd 

____ , __ 
,~, ·----·--

Sci 

S"l 
Sd 
Sc! 
Sci 

No l, No 2 S::-J 

··~--------.------- ----
63 mm x GJ mm !),)t!;_;ia~ fi:--::u~h (C.!!::td<!J 

Dvu~·-\:ts fir·l:u·~·;l rL:~).\) 

ll..:r1dir (Ctil:it:;t) 

}km-f;t (US·\) 
Spru~·e-plnl'·fir (C:n;hia} 
\\'c5t1.:rn WJdtewood~ (liSA) 

Sourhar. pim' (l.'SA) 

63 mm X ~9 mm D:ltltla~ (i:-l~i~(\1 (C::O:··.td~d 

:wd Ddugl:;.~ i'ir-J:::rc~1 (\ ':< \J 

~/) mm X S:J m!ll Hendir (Canad:tl 

J knl-l"i:- <USA) 
Spnlo.''>pi:w-!ir {C>:t:tdal~ 
Wcs!\'f!l \\'~ii:e\\GOd~ (lJ~:\) 
Southern ~-,ir;..: (US:\ I 

>Jo 3 
;-.i\) 3 

No 3 
Ne 3 
i'\• .. l 3 
:--~o 3 

Sci 
Sd 
Sel 
Sci 
Sci 
Sci 

No 3 

Sc1 
Sci 
Sci 
Sci 
Sc! 

Sci 
Sl'l 

t\ sp~·dcs/grndc coa1~)i:Jati,)!l i'ro!ll <: lli~~:1cr .\\r\~n::th .:hbs rnny (l{' u•:t·J. whc!·(· a lower ~rrcn ,·<h l'iass i~ snc-:ifk'd. 

N\.\te that Structura\ Lirl>( Fr<l!nin.s No J i..:r«de .'>hll~iU :w! l>•! ;:.-;cd for tcn~ion members. 

Scl 

The ~izc modificnion ractnr" \rorn Tabi~ 21 art indt:d:·J in the .'.!lt':,scs ll'>t:d to <1: •. ~ign th\'~C speci<.:B/gr:::dcs combinmions to llw strength 
..::!a.~S(:.',, 

(\ 

\ 



Tahle 27 Norlh Amerit:un softwood SfH•rivs/gr:aks which sarisfy the requin.'lliCIIIS for strengfh 
l'lasses: NL<;A and N(;IU}L ligl11 fr·aming ~111d stud gr~1dcs 

Sl't'lion .~i1c 

Artual 

31> mm x 1!!.1 JJllll 

Jfl ll\!ll X .18 /\\Ill 

J!f Jlllll X 6J 1!1111 

{JJ nun X 63 nun 

~t.utdanl n:uac uud o1 igin 

Dougl:ls l'ir-!;ud1 (C\JI:!lb) 
Do\lglzls rir-l;u-~11 (l.ISt\) 

!lcm--!'ir (Cwad:1) 
llcnHir USA 
Spruce-pine-fir (C:1:J<ld:1} 
Western WllitLWO<hh (US.-\} 
Sout!1nn phw (lJ~},\) 

Dou!;',l<•.s fir-l:1rch (CJn;Jd<l) 
Dnugi;J!-, Jir-lardl (US.\) 

l!t:lll-rir (Can:1da) 
Hclll-i"il (L:~iA) 

Spruce-pine-fir {C1n<t1la) 
Wl·stcrn Wlliccwood-. (lhA) 
Southern pinl' {US.'\) 

Douglas fir-lar.:h (Can:td:J) 
Doug!;~~ fir-Jardl (USA) 
llcn1-fir (Can;1d:l) 
HcJJl-fir (USA) 

Sp1 ucc-pinc- fi1· (C:u1 :1daJ 
Wc~!crn Whilcwood-; (US:\) 

Soulhern pine (US.-\} 

Douglas fir-lah'h I_Can;Hia) 
Douglas rir-l:ucll (USi\} 

llem-fir (Canada) 
Hem-fir (US/\) 

SprtH:c-pinc-fir (C<Hl~lda) 
Wcstc:rn \Vhi[{.:wood~ (USA) 
Southern pine (US:\) 

SCI 

Std, Stud, Util 
Std, Stud, tJiil 
Sui, Stud, I ltii 
S!d, S1ud, U1il 
Std, S1t1d, Util 

Std, Stud 
Ut il 

Stthl 
S1ud 
Stud 
Stud 
Stud 

Cons!, Stud 
S1d 

Const, Srd, Stud 
Cor\Sl, Std, Stu,! 
Con~t, Stt.l, Stud 
ClH1St, Sui, SlUJ 
Cunst, Sid, Stud 
Con~!, Std, Stud 

Const, Std, Stud 
Const, Std, S1uJ 
Cons!, Std, Stud 
Consl, Std, St.ud 
Const, Std, S!lld 
Con~!, S1d, Stud 

Slrl'ngtll cLt~s 

SCl 

CO!hl 

Con~t 

C'01bl 

Con~t 

(\lib! 

C011~t 

SC3 

St<l Const, St11d 

Con~l 

COliS[ 

em~! 

(\Jib[ 

Const 

Comt, Sid 

C'onst, Std 

Canst, Stud 

Stud 

Stud 

SC4 

----------------------------------------------------------
ld mm X 89 mm Douglas t"ir-Jarch (Canada) Std, Uti! Comt 

I ~ Douglas rir-lar-:h (US/\) Std, l.Jtil Comt 
HSJ hllll X 89 111111 Hem-fir (Canada) Std, lhil COilS[ 

J I em-fir (US/\} Sid, LITil Comt 
Spn!Cc-pillc-fil (Can,Hial Std, Uti! Const 
w,•stcrn \\'llilcwond~ (USA) S1d Canst 
Sou them pine (US.-\) Ulil S!d Const 

scs 

----~--------------------------------------------· ·--------------------------·--------------
38 mm >: 114 mrn• Dougl~s rir-Jar..:h (Ctn:Hla) Stud 
llll(l Douglas fir·Ltr..:h (US/\) Stud 

JO mm X l•IU mm* Hcn1-fir (C<JJH!da) Stud 
llem-fir (USA) St11d 
Sprli<-"C·pinc-fir (Canada) Stud 
Western \VIiit<.:wuod~ (USA) Stud 

Southern pi11c {US.\) Stud 

--------------------~-------·------------------··- ----------------------·--·-··-------------------------------------
A 5p;;cic~/gradc ..::ombinalion from a hiehl'r ~trenglh dass may I.Jc mcd 11·hcrc a lower ~trcngth class i~ spcdfied. 

•Avail<Jblc in Stud gmdc o!lly. 

Note tlial Libhl Fra!lling and Stud g1:1dcs siJOuld not be u~cd for l~nsil111 members. 

l"llc- silc nw,lifkalio;; fa'-·turs (rom T;1blc 2! ;u~ indudd in the strc;~t~ u~cd to u~~ign these SJlt.:dcs/gradc~ cl)mbinations to 

the sta'llgt!J da:,sc>. 



1.04 1.33 2.00 
• I 

l ! 
~---·-"t"''"-·--=~~-1 

I 

1.33 2.00 oJJo 

Note. Por the:::;.: f(~c-~orr.:> to 2.ppl,y thG O\.ltc.·r laJn:i.nc;~.tion;:::; in not less thn.n 25 per cont 
of the croro~><je:.:::-~i 0~1 at 'uoth cc~ges ::.lwul(L 1JO of the higho:.c srado. 
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Jn -Lro rh: c 

The \·?o.t·];_ l'('J)()rtcd. in LJ:L:; p3.J.It'r is part f;f 'IlL\DA 1 s current prograun:1e of 

worlc on c}l-'l.t'nc.t.cr:i st:Lc properLi(;;:,: of J!leclltllJicnl joints i.JJ structt!l'al 

partly fLwncccl l)y the Ueh~ Gove1·nmcnt Dcpur-Lmrnt- of the Env:i.rou!ucn.t 

(Db O.Ec) <-mel the o thc'l' partly Li_uance:cl by tJw CommiBrd.on of the European 

Communi tit.~S (C~ Ec Co)~ 

ftnalyti.cai JlJOdcls 11~eJ ·to predj_ct c11arnc:terj.stic properties of nailed or 

holtPd joiJJ"Ls: 

( i) 1 o~td~,cml.Jct\HJ<-'llt r·c-d ntion~dlips for na:LJ t> o:c bolLs hearing on vn1·ious 

solid. tim})r.~rs, variotlS ply1\'oods nnd -Lernpe;red l1ardboard 1 

(i:i.) c1i<_lmc~.ers, llC.lH.Li.ng; y:iJ·ld. s"L:ccsE;cs nntl hl'.nding clastic moduli for 

f ••. ) 
\].]]_ 

hrigbL v:lre drcular n::d.b, 

di.3Inrtcrs~ tensile yie]_d stresses, teJlsi]_o lJltiJn&te strengD1s and 

tciJsile elascic modul.i for b)_ac]( ho:l_i:s~ 

Ew.phru;df> :is bcdng plnced 11'i.thin the D.O~E~ project upon timUer speeic~ most 

spccifj.CI!ll.y Jele~an·L to U~K~ COJ1structj_o11; Dritish-gro,~l sitka S]lruce and 

scots J.d.J:_c 7 _rp.·c.cnlH:Hl' t ancl. kcr·ui.ng; and TL grade: i .. ertipcrcd hcn·dboo..rcl. 

Emphasis 1s being placed v;ithi.n the CcE.C. project upon timber spcc:ies and 

pl:~.n~'00CL'3 of cowm.or~ iEterest to all f~n·opean cot1ntrics: European :.t:('dwood, 

European '.dJiteii'O'Jd~ Canadian spruce-pine--fir rtnd pJywoods: Finnish birch, 

:Fi:nxlish svrucc, French pi.ne and Canaclian Douglas-fir. 

lbe remaind.er of this paper is devoted to Jll'CSQJltatioll and m1alysis of 

rcsu]_ts fro~1 bending tests on bright ~ire circular nails. 

Tl1e objectives cf nail tests ar·e·: 

(a) Estilun·tion of statistical variations in diameters, yield stresses and 

elastic moduli b~~h·:ecn manufacturers (,d i:hin U .. lC and bct•,.,.-0en col..tntries 

of the Eu ope an . Communities) and within and bl~ t,.;een ba tchc s of nai 1 s. + 

+A batch of nails is here taken to mean nails manufactured in a common production 

run anu.· from the sumc eon~_;ignme.nt of steel. 



vr:<ricbjJ:i.ty :i.n r,-1_·.-:rqc·n{~th n.nd. st.-jJ·J:'Jl(::~;s JH'O-I)cr·t.:i.c-;; of Jntcrally londed 

J_lailed jc;iJlt.s -tlla.·[. c~J.11 -iJc nttrilJu"Led to \'i.'lriahili'Ly in rwil properties" 

(<~) }'o)lO\·f·i_ng :from (b) n1Jnve$ t.o cnrd)le a rational conBideration o:f 

11 \'/ld_ell nni.l p:ro;;or Lies shot;] d. be rcgrU.r.tr~d thrcl;_gh national cotles or 

t'tnJld.(JJ.'t1s? 11 ~ 

It I\' as decidc.::d r<.t the o1rLst:t to ref::trict. the stud_y to nc1.:i ls lllanu.fac"Lured in 

countries of the· Europee.n };eonomi.e Con~;rmJd.tics Kith preliminnry emplHu.;) s on 

The scope oJ' t..he test~; on U.I<. nai] s is 

as fo] l(J\\8~ 

rnuillJGr of :nnnufac-Lurc:rs ~ l1 

ntunl)er 0:.f' rcpl :i cn'Lcs pc:::.· bntch: 20 

lP.unbcr o:f lla..tche:-:: per combinat..i.on of clioJ:lC tcr aJJd manufacturer: 3 

U'l( '] 1/ on ·. ~ rw1 .s: 

5 diamei.ers x 4. manufacturers x 20 replicates x ~1 hatches ::::: 1.200 

At the time o:f \tl·:iting t.esi..s hav-e been completed. ou 20 rcplj_cates fru!Jl Orli) 

bat<;l\ from each of four manufacturers for the fi·ve diameters, i~e. first 400 

te~::;t.:;; are completed, and tests are in progrcs.s on nrdls frorn second batches. 

N.::tiJ.s an~ being collected. from mainland--Europe and at least l~OO additional 

tests on these nai.Js are ill-tended. 

l/ Nails tested tiYC l.ntendPcl to comply \dth the requirements of: 

DS 1202: Pnri.. 1. S'pr:eif:i.cat:i.ou for Jwils: Part l. Steel nails. 

Loudon, Hriti.o.Jl Standanl.s Jnstii;ttion. l97h. 



Thr;~ liiC·'Chod confOJ'lW~: snlEd .. <:lli (:.j ally to -UiC'!_ l'ccommoni.lrfL:i.ons :for· nail 

be1ldi:ng te:3 ts hy Ncn·crt QJll:l prdJlishcd H>·· 11 l\oi:dtc~~rL rroject Tl~--7'? 1121 ~ l'ig;o :L 

Haxi.1:m1n Jood o.ut1 the <-'!.SSof::iu'leclm:i.d·-·Fq)nn de:llc~ct:iorJ, init:i.n1 slope o:f: t1Jc 

lo<'Hl---·itc1'1cet.ion d:i_n~v,'wn and. :limit o:f propor-Li.on,,_l:i.-Ly for en.eh nail were 

all cx_tJ:aetcr] J'roru. })lots o:f Jor,d v" lllid.---spail <leflection, 

Fig. ·1 

p 

l ~,v . c· --- ---··--- ----- ------- ,_-c _____________________ ~;\\/1-------~{-

~~l---,,- --7~- ····\t---1,-

eledron!C -· --1----·---------t~ d = norn:nol nuil 
displacement l {[ diornetcr 
(To nsdu c e r 

~ <----I---'Q.9 ___________ ~ I ~ 

2/ NOtU::--J, B. ~rcthod of testing· nails in 1-;ood (second drrtft, August 1980). 

CIB-h'18· paper lh-~7-~2, \\'arsa\~·, Hay 1981. 



PLATE 1 Test apparatus in use (Nail at maximum bending) 
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Obsc~·vnt:i on of ~Hd.ls UJHIC'l' 'Lr;s t an!1 tlH.~ la.-qu• rdnouut oJ plasLie 

d.c:f'onn.J..Lion uppo_r(·_nt :i.n tested nails lc.:Hl -LlH.~ writers to su.spcct that a 

small c1c:U cx:i.on "Lhr.~Ol'Y (:s-LLnate for yic] d s'L1·•~ss at tbe formation of a 

fu]l pla~;tic hinge COlJJd llc ~m_lJ;:;i,antiaJl)· in error~ sGe Plate l~ 

spon deflr·etion:.:; tt-L m.:1ximmn lo\:tc1s ::..:howQr1 that. cstimntecl elaE,;tie 

deflections '~dCl'P- in the onle1' of ~ 10;.£ oJ correHpond:i ng ol)sc-~1·vccl 

deflections~ 

estimnLQcl eln.st:; e and ohservc:d. clefleeti.on::-: c:tt lll£LXLHLDJ1 loade., the follo·w:i.ng 

detol'J:lt?cl BLhpe is ar;sUJ1li~d for e~;t.imating y:i clcl stress at formation of a 

ful.l. ]ll.as1.ic hi.n~e: 

Fig 3 
Assu:necJ ciefonnccJ shape used us basis fof' ....... _________ ··--·----. -··--·---·----~---·--- -·---- -------"-------~-- --~-----·-

l?shrnotinq viclci s1Tess 
__ , _____ --·--·---· • - J ------ .. -------- --·----··--· 

P~1ox - rnux1mum lood "loud ot v:hich full plustic hinge forms 

mid-srJnn deflection C't which P is otiained t- ' max 



S·Laj_'·tj_Jlg JJ.'O)!J J. :i.g.) nn <t}l:(jJ.·uxiru<"1-Le la;_'ge l1c•:L'Jc•:.:.icJn soJuLio.n crtn he d(~-\'e1opccl 

for yit:J d 

Plnsi ic y:i.cJd 

Jc·ver-arm ] . ~ 
1 

r 
Cp 

·r,-h·-.·1, 

Again fro:·:J gcow.etry: 

:i.2 de1-·elopc•cl by "Llte. resttlta.nt reEtc-i:,j_on appJj_cd. thro;JgJJ 

~I 
--- ---- --- ( f ) 

-·- (c + ~) ( 2 stvg ... 
. 2 ' 

Taking <() ::::: 0 equ.aU.o:n (3) reduce~; to small dt~flexion solution: 

p ... 
,..,.,"-.:< L .. 

+ 
Assum1ng that the nail CI'oss-section is circular and remains undistorted 

with dinr:tc:ter eqn.al to d.: 



(ll 0 ,. ('"") - ;:;c:, (Jj_ equa (:i.oll ) 

cxltib:Lt t_:"LrnJ_-,~, llrt1'c'i(:JJ:i.uc~) .·. 

y' .... '! -- + _cl_ \ (2 'o ~\~ '() 
?. / 

For the (ll'fl<:::<inn nppr·oximation (~)::: o): 

f y 
··············-·····:. ................................. ···--·---······----------~---- ("7) 

1?01' the n.pj_n'oximutc lrn·ge chd'lcxion so:~.ui-.ion r() is fomH1 iteratively using 

(~q_rtat:i.on (~~) nnd. then used in ccrunt:ion (G) to fird. i~r· For the small 

doi'lcxlou solu."i".ion f is :fopncl_ directly usin;?; c-~C_(lW.tion (7)o 
y 

<;·~ e 1 
-l .... r •• • cc: •.• f y .... /p 

I\ l-'1 ···--···--· ·-····--····--·········--·-······· ( 1:) 
wh(~l'c~: PJ-r- ~-:: p:coportiona] limit load, 

j, 

F 
('I! ·-·········-<•···-···--·---------··-··--··--·····-··--·--·-. / 

in:i t.in1 slope of lo<.Hl-mi.d.-spnn Uci'J.ectioa curve ~ 

The following notation is used in the presentatj_on of test results for nail 

diameterE~, yield stresst~s a.nd el<;~.stic moduli: 

d -- nail diameter 

f 
yL. D. yield stress at formation of full pla~tic hi age calculated. by .. as 

-the approxir.aa te large de flexion solution, 0quation ( 6), 

f 
yS • Jl • yield s-tress at formation of full p1.astic hinge calculated by - as 

the small deflex:ion solution, eqne.tion ("?), 

f ·I' l y-o I• - yield stress at proportio11al li1nit, equatior1 ( 8)' 
JiJ ::::. rnodrd.us of elasticity, equation (9)~ 

S~D~ ·- staudarJ deviation, 

C~Vo - cocfficicJlL of variati.on 



h':i.Lh HH~ rxec'p-t.ion oJ t ~-1 , 1 
:i.t WD_s :J:ound that 1ri.tLin ln1-Lch variation of 

y. ~ h 

incliv:i.duul JF:i:l ·p:ropC'1'L:i.e~3 :i ;:.; rQ}a'Ljyely f::ma] l u_.;pecialJy· J.'or nail dianwter~ 

]
1lic ob.'_;el'VC'd rc]u.-U.vPly h:iglJ vnrinbj1ity i11 c~d_.:iwatcd vallw~:- :for f _

1
, I is 

y ' ~ ~. 

thought to be.· Cti:>soc:i.a-Led. 1'fith tho "i·.'cl1 Kno·wn cli:fiiculty in estimating 

p:;_'oportional ]imit from a test record, (i.e~ not only variability in 

matc~ri£11 Jll'OJlerty). In most struc. Lural na.il0d ;joinbJ more than one nail 

IJ nails :i.n a given 80L of joints are from a coJnmon lwtch 

the co2:ff:i c:i (_~n c of FnJ_•:i <•.tion nssoc:i.n.Lcd wi tL 

1 1 r·• a\rcree;c :na:Ll propct·t-y is j \/ Vlt~eocd:ficient 
l)ct;wecn joint '/ariation in 

of variation associated with 

vnr:i_nhili-t:.;r/ lJpL\\;()i2D iwlividu.a.1 nails~ (where 11 ~::number o:C l.tails par joint). 

On tlH: bas.i.f_.; of thoo:ry \dJ:icll uill l1c vresen"l-.cd in Scctioll 6 of this paper~ 

it can 1)e proven tl1at ·withiP bai.ch \'Hriai:.:i.on in nail properties d, f and 
y 

] ,. 
' has negligible: :il.lf'luc~nee on ·vr~rinbility o:f characteristic join-L 

pl'opertic~"~ 

J:'ig~ h sllcrh's a comparison of observed mean batdJ diameters with the 

toleranc.c int(?l.'Vn1s for d penni i...tc(l by BS 1.202~ Pa1.·t 1, (nom:i.na1 diameter + 

O~O:J m~n for nnil dinmctcrs ;;. 2 .. 65 mtn)o In only one iEstance did an 

observed mcnn batch rliamctcr :fall below the pc:r.·mitt.ed toleranc.e interval, at 

a nomiral d:i.rurJeter of 3 ~:-55 nun. In five inst.anc:es (251)b oJ ba-tches) observed. 

me:.tn h2tch d.iameter was ahove the permi"lt.e>d tolo.rar~ce interval. ~rhc 

quc,s·U .. on of influence of vnr·..iability jn mean batch diameter on the strengths 

of jojni_.s v.·hj_ch fail b,y simultaneous formation of a plastic hin~~e(s) in the 

nail(s) and a bearing failure of the timlwr beneath the nai.l(s) v.rill he 

discttssed j_ll Section 6. Another consic!.eration not dealt ·with later, is that 

exceedance of tlH~ upper tolE.,.rance limit for d cn.n res11lt in substand.ard. edge 

distan(;es, f;nd dist,:)nces and spacjngs~ which will usually be sized on the 

basis of nominal diameters, ]eading -Lo the possibility of reduced joint 

strength ecru sed. by premature splitting of tlw V.'oodo The prelim.inary 

conclusion to be drawn f'1om the abov-e is that manufacturers experience 

difficulty in meeting t!Jc BS 1202: Part 1 specification for d. 

Comparison of m0an "\·-a1ucs for fyS.D. Rnd fy-L.D~ showed. that the sma1J.. 

def1exiun estimates for yjcJd stress at forwation of a. full plastic hinge 

are h to 6~-6 higher than corresponding large dc:flcxion estimates. Comparison 

of mean valueo· for f ·l" I and f L D shm;eu that propor lional limit yei ld y - • ... y .• • 
stresses are in the order of 75 to 9Jj{ o:f corresponding full plastic hinge 

large clcflexion es-Limat0s~ This shows that tho nail steel undergoes 

str.:.-tin hardening. As a consc:qucncc of this there is no absolu Le value. 
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cr st·arldord deviation 
( between rconufodure r 

I 
variability) 

2· 0 --.................... L .... ____ ..... L ....... __ ....... L .. ____ .. ____ ..\ ____ .......... _.! ____ .. _ 

2 65 3 J:) I, 00 5·00 600 
Nominal cliorneters (mm) 



:r • 
y 

choice of 

<::s-L:i.n:n·tes J'or :r bn.::;ed on CCJlHltion (:5) are nominal stresses. 
y 

coordinate E;('t P and. 6 ?• in develomrH-:nt of equation (~-~) 
lJlaX J'llHlX ~ 

1\ny oiJwr coord:i_nated set beyond_ the mid-··span 

deflection aL \d.d.eh a plnstic hinge foTmC~(] could Junrc b·2cn chosen. 

:i.1J.r.1 f.d~t·<YLes the :in-Lcrrelati.on~'hip b(-~t,·:ccn nd.d.-spml deflcct.ion b and 

Table J S11illll't£tX'i~::cs bci·.wecn hn tch varia·f ion in f which is I_n'csumcd to 
yL.D~ 

foJ' f • 
y 

·There is no distinct trend relating nomin..-:-11. 

CiiD.;liCtcT nnd f _,. 
11 

' ~'l1c questior~ of bctvc~~ll lniJJJufacturcr variation in 
)' .t.l< -- ~ 

:f'yL~D. ccu::mot be ];H'operly judg:ecl on tllc lmsis of thcs0 results a11d. ,,.·ill he 

consj_d0rccl i·:huJ all 1.2.00 tests on U .. JC nailf:J nre cowplctc~d. Provisionally 

it is proposed Lhat. hct1-.'e(:n brttch meaa and VTtriabi_Jj ty in i' be estimated 
y 

by combining results foJ.' aJ l twenty batchc:s, i~co no distinc.t,ion on ba.sis 

o:f l!Wnn:fnc turcr or nominal cliameter ~ 

1.'ahlc 2 sm;mtar:i.scs between batch V8.ri.at·i.on h1 E~ There :i.s no disti11ct 

Also there is no d.L-~tinct va.rintion 

in E hetween nominal diameLerB 3.35~ h.OO, 5.00 nnd 6.00 mm. The E va~.ues 

fOJ' 2eGJ now:i.1wl di;:-uncter nails arc on average ab0ut 65~ loi'lcr than those LJr 

othel.' nomiwJ.l diamct,ers. Apart from Uwse observations it is apparent that 

E value~-' are )n the orcl0r of 10)0 less -thnll those 1H.;ually associated ·wi t.h 

steels~ 

_q_~~ mentioned in Scc.tion 1 an important objective of the work is to enable 

rationa.l consj_dcration o:i' qr:.estions associated \-d.t.h regulatio11 of nail 

propert-ies and pl'CJictabili-Ly of joint properties as a function of 

l'cgulation of 11ail. }lropcrti.es. Bel.ow are d.eveloped explicit expressions 

relating expected values and variances of join"L properties to means and 

varianc~:-s of nail c:~.nd Y.'oocl p:rope:rtiE~s. Through application of these 

expressions the questions nhout nail properties can be answered. 
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TABLE: 1 ----·----

Units for 

_glgl!!!.J.-. (all eombinati ons of INl!lUf ac Ltirl'r aml diameter combj ned): 

He an 

S.D. 

c. v. 
between combination vari&bi.lity 



l~n /:.\·.' (;' c 1) !t::·o 1 \"tl l' n (: !~\lE:.S'£ .... Y~:.t)_ ~l~~:' .. ~:::,:g_0'~~- -~1)-_PY.!E -~ ~~ f: ... ~~-l.L:> -i:.':'}.!JY-.L.ig~-~--~:.~:.n~:L~~:~:!~.5-.S.:.~~-j_~E. 

E!.2.Q:::L~~~~~ ~i. .. s~ID.~.i:i-_ c j J:-.:-~L)~~-

TABLE 2 
~--·~---- ----

r-·--·---·-· -·-----·-· -----·-- . -------------.- - . ------- -- --- ..... ----- ------
1 \'i:Lth:in 1wtch mean modulu~ of c·ln.s·~·j_city 

. 2 . 
Units :ffH' E arc N/mm 

.GJ9..1L\~J. (ell com1>:inat-ions of manufacturer and diameter combined): 

Mean 

S.JJ. 

185,026 

5,959 

3.22 

bett-.-·eon combination variabilit-y 

c. v ~ 



Considera-tion ;-.r:L:l.l be J'cst:l:ict.cd to joints \dli ch fail by~ 

a) hcur:!ng; fa:i lln:c of -the tim[H~r 1wnr-'ath Lhe connec--LoJ·~ or 

b) si1nu.Jtnn~ons d.cvclorlincnt of a bC:~.:--;ring :f:'::d.lut'C o:l i..hc ·UJnlJcr beneath 

the connec"Lo:c and one or J{i0i.'C llp]asti.e h:i.ng·c's 11 j_n the connecto1'~ 

yield lorul, Py~ Var:i.ou~; cxp] ic:i.t soJ.ld_,j_ons arc available :for predicting 

P :fo~· clii.'fe~~Cli.L comlJ::.nnt.JOlLS of joint gcon~c"Cry 5 numbc1· of hinges, nnd 
y 

wood propcrtie;:;o Each ~~oJu.-Lion is ba; __ ;(;>c1 on as:~vm:i.11g that lJot.h the ntd 1 

stc~cl a1Jcl the Koocl arc :i.cleel r:Lgid--p]astic mc-tter:ial8. For convcnienc:e 

Lm:::_;(•j}t s CXJH'essions nncl. no·L--.::-li-.ion v,r:i 11 be used~ 3/ It can he shown that 

iJJc :influence~' oi" n<_d.] p:copcrt:ics cl c::na f on P a1'('. maximised by a so·-· 
y y 

called_ mode 3 f<Jilurc 9 T':i.t~~6~ for \dd.ch; 

y1 . ti. (j( I + ;'!,) .) ('> clef:i.ncd :i.n :Fig. 6 ~ 

VSH' v0, Vf oud Vel are coefficients of variation of SH' ¢, fy and 
y 

d rcspcct,ivEd.y. 

3/ LAHSEO:, ILJ. K.\'1, ,Johanson's nail tests, CIB-1118, Bordeaux, October 1979, 

hj HAHN, G~J·. and SlL\P:tHO, S~S. Statistical mode]s in enginc~erin.g. London, 

Jolm \Iiley and Son:o, 1967, 



Fi LJ. 6 

shnr:H:s for cu.lculoh 1jfi of [), volue.s 
• -- -·· f ·-·····- .......... ··----- ··----· ···---- - ·····------·-- ) ------ ------ ----

[) Fl 
1r /LI' 

__ J\r--l '/A 
1~1ernbcr ----·-_ -·--ir~ernber 

' 1 1 11en~Jle>r I 3 

[
, _______________ ------ --~--r ' 

1- ------ ----- -------:-:l-- --*- 0 

sll < ~--}~1-<..:::'f~->-i,. i_,, 

l'ioc!e 3 foiluce 

F) £':. y 
b 

17·1 

'\'" 2P 

Py 
L.':~ 
bi 
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J?or Jla.j_lcd joints i.n \dd.eh the na:i1 1H1S a hi~~h Elcndcrncss ratio, 

i~e" joints 1·:ld.ch Hould tend to }H'oChlCe u mode ~) :fo:i.Jure, the initial 

]' 

J' c 

·- joint lo<:H] at joint 

J.:i..liC:ar elastic sol<J.tiol} 

----- ______ , ___ - -- ---- (i'i) 

d:i.sp1nccment iJ (mm) ,, 
nnil (N/mw'') 

k01 ... eJ.a~tic bcari11g COJls·Lunt of nlC!Jtbor 1, Fig.G . . , 
--- sb.'Gf1S pc1· unit embedment (N/n~n?) 

t;;oo 
""·' 

·- eJr!.stic l.w.::u.·ing constn.nt of mcwher 2 

d 

t I~~ 

I' 

J:;qucd·,:;on (:Llt) can be used to quantify the in:f'luence of nai] prope:t·LiC's 

1~ and d on joint stiffnesso 

5/; 

cr;- ylit U<J :;+ (:I ?l- ( ~J 
-------- ---·- -----·------------- ( i 7) 

5/ WlLKl;{SO.N~ 'l\L~ Analysis of nailed joiut2 with dissimilar memhcrs. J'ournal 

of Structural Division, ASCE, September 1972, _2!'3_ (ST9) 200'5-2013 



(),~~~:! \T;-d_':i.c"d.:i.nn in m;;-~an ~~.r.;<~ld ~;-.r"r::-:.:--; f 
................................... -- ...... J: 

Let [rJob;11 nver;:,__•Y(-' y:l.c~Jc~ ~:.-Ll.·c~r:s :f he u~;c•d as tlte i11dcx for m8an y·:i.eld 
,, "' . n Jrp.:; 

sL.r·c:s.';~ J_· -·- ?!J-'1,.9 l\/nn:;-'- (T'n.!J1e 1). Ji'rom equations (l2) n.ncl (:L~)): 
yg 

f. 
·=J~~· 

r 
Tjj 

J:C i.-L is ll:u:t-t P 1s no;-:·I!la.lly d:i.i~tribntc~d, thrn from l'quations 
-~· J' "'" J. <-~ 

( 18) ilJld ( 19) p 
y 

for f 0 :[ is (f /f ) 2 li.nw'l P for f: o• f nt all 
y yg y yg y y yg 

lcvel.s of cxc:]_lls:i.unft Table :5 gj_ves datu from \1-'l.tic:h can b.:-~ qua.nt:i.:f'iccl the 

Een::d.-Li.vi.ty uf J.l t-o V<-n~iat:i.ons in f ~ 
y y 

sc~n;_d. -U.vj_i;y oi:' P to variat:i.cns i:a f 
---·~--····--~-·----~·-----X .... -·--·-·--.--··-· ......... 3 

1

------------····- _,.. ---------- __ .. __ ........ __ .. ____ .. _ ~ .. - ·----------~--------- ------r------·----.. --
.r; '- I I I I I 

------1 

-! ~~r.=_t:0? L:.~~~~~ .. --.I~~~;{~-~~:~-~~-~8~=-::~~-;-~~r~~:~. ~~o :i~:-. --~~:~~-~--L:~_l'~O:~ .. ~ _ _j 
On the basis of Tnh1c ~5 it is suggested. that a target valu0 for f should 

y 
l1e speci.ficd for 11ails if reli~tble prcdicliorts of P nrc to be attAiiJ8d. 

y 
Provisionally it 

9 
is proposed that a suitable target. value for f is 

y 
750 K/n,;n"". (T!J(' cpcstion of a sui t;_lb1e tolr:-1··ance: inter-val on f..~ is 

J 

considered i11 Sectj_on 6~2.2)~ The above also suggests that caution sho-uld 

be exercised \dwn usi11g tcs-L data for joints with nails o:f unkmn1 yit:lcJ 

:=: i_,rengtl t. 

6.2~2 Varilttion in cocfficicn·t of variation for y·ield str2ss Vf·-
' ~----~------~---··--~~~-·---~-~--·-·----~-----· .. ----·---·----·-··-·-----------

Fron1 equation (12): 



Typical 

Stthst.itvtiJJg :La 

the eoeffieicnt of ·va.~~.i.;.ttion vl, 
} 

r··---------- ------. --···-···- ,. 
I , 

·- ,.'·-( .. ) . )- 1.0000 I 1.0231 I l.OS<rl I J.l9:l5 1.3215 
\1 "" \/{, - (.' I I I J L- ~-~- -· ~1'-~-- . -~~~-~~~------·------"----~-"·-----.. ~·---·-'·---~--~-·--·-·-~---·,~--·--------·-----·'·---··-------···----

Frow Table l the obsPrved value. of \~,.associated 1·d th bet\·!(~ en batch 
·J 

variation in mean yield sLressc·s :t'ur incliv:i.d.ual batches \i'as 0.0966. 

Let i1. be (l(;SUine<l that the true value of vf i.s 0.10, 
y 

As an 

il1:nst.:cation consider a case ·where V... is incorrectly estiruaLed to be 
J.y 

0 .. 20 5 which y·icld.s an over estimate of v
1

., by a factor of :1.3215/:1.0893 y . 
:::: l. 2132 Li.mcs. 'Ilnu; if P were normally distributed a 10CY;~ overcstir!lni..c 

j, Vf. 
y 

values 

y 
\\'Ould result in the following ratios of JH'edictcd vo.luc to true 

for P at Y!o and 9~/1:~ levels of cxelusiGn. y . 

.'I92.:!.£... 5. 
H.aLio:~ of predicted to tl'ue values for P r if JOO% ovcrestimnt.e in Vfv occurred 
---~------.----.-.--------------·--------______ ): ____________________ _. __ . ________ _ 

0.8955 1. 0528 

0.8511 1.0621 

\dwrc v .. 0,20 v -· 0.10 v -- O.OFj 
sH )b c1 -··-·--

v 
:fy 

a vfy a v fy a 



20. 

:i.s H101'e sen~~j_tivc to VCti'.ia-l_.i(>l1S· ].J). Vj-, iJl.Hl'l is the 
·y 

ihe P di.s·trilJtLLion 
y 

upper tnil of that 

<Lis l.r:Ll;u ti on~ B:xawina·U on of 1'ahlc!~' lJ a.nd 5 revr:aJs that between batch 

\i;:J.rint::_OJL~> in f are tml:i.kc~ly to greatly ini'lu.c~neo l'atios of P bctw<:.~en 
y y 

A.1.so :from the ::.~ame tables it cnn be cle(luced 

thtd:. LoJ CY'8Jl.Ce2 en f Lhn:L it nH.1y· be decided should. be ineludccl in codes 
y 

of prnc·ticc Jlccd not be SJlCCi.fi.ed to a l1i~1 prccisio11. Th0 raain oUjcct:i v-c~ 

of u ·toloranec interval wou] d be to preclu.dc 1l.SC of Ulntsu.a.lly low qunl:i.ty 

.'3/.ccl :ln "ire Jwils which ~;ould result in highly i.nconsi.siA,nt joint 

strenp;tllso 

t.ol crclncc inter\~"D1 on f 
y 

i~_; no + .. 1')0 
0 

N/nu•l-, sec Section G. 2. J 

of sc'1 rction oJ' a target vulu~ oJ 750 N/mm 
2 

For quality . for basis 

control purpo~.;c~s it \vould ho adequul-e to es"Lim;:-:~_te fy using the smaLl 

doflexion sol.tl·Lio11 of cq\;utioll (7). 

6.~5 Typic(~l ord2r of bot:h'G\-~Il jojnt \rariations in joiut proper-Lies P_r and(P/c\) 
·-·-.. ·~--·-·-·--------· .. ·-····--·----.. --.. -----·--·--.. -·--·-.. ·-·-.. -··-·--·----·----L-----·----

The ymrposc of t1Li s sect:Lon is to give a genoral incliGation of relative 

senBitiv:i.ty of joint prop<n'Lics to variations in nail properties and to 

VEtl'lationd i11 wood prepcrtics. 

The follmdng nre taJ!;:en to be rcpr.:!~:en-Lativo :propt'!'tics; 

v '= 0.015, y 
cl fy ... o.1o, vE" 0.03, vm:"' 0.20, vk01 "' 0.35, v0 "' 0.10, 

vh~' 0.15 . 

.FJ'OnJ equat.ions (l!2) and (13) the coeffl_cit~nt of va.riat.ion for Py is: 

V '2 +- + 
( 

I ' , 1 2. , Vz 
. b 'd ) 

----·-- ----------· (;~2) 

From equations (16) and (17) the coefficient of variation for (P/6 ) is: 

V - Q•?C: (\/2 '· (f/s) ~- ,... J c ' 
----····--

Substituting typ:i.cal valuC>s for VSH' V¢' Vfy and Vcl. in equation (22); 

Vy =: 0.1261. Table 6 show~; the in:fluence on v1} of -Laking various y y -
con~JOJlents of equatio11 (22) to be nul_l. 

. (.<3) 



~h:t1J]c 6 
-~---···· -~----~-~ 

Sen~::!. i. J >: - ·-·-·"'·-· ----

~- ----··;!'~,-- ------, 

~----··~-~-- ~--~--~-· ·----- :-·----~-----~-------~·-·'-"- .. ~_., __________ J 
' ! I J v,: - 0 0.0?68 
I ,''H 

- 0 

v 0 -- 0 0' u 58 Jy 

-~-~~------ ~~-----~-----~'"_)__ ________ ~)-~~~~!') -- _______ I 
1hus fDirly J.o·;;r vaJ·:l.ub:i.l:i.ty in strengt1l.<-~ 1Jc·LI·l<:cn llOmiually idc~n·U.co.l 

lH-~iJ.C(l joint~-, iE; IH'c:cl:i.ctr:;d~ a concl,J_sjon consistent ,,·ith exper-:i.cncc. 
6/ 

Vo.ri.nlJility ~-n stl'ellgtlJs be:L'\\-'C!(·)l.l join-Ls i."> not donri.unt.cd by variahilit:y 

i.n 2ny single colnponnlt prO]_l('_l'·Cy, bu.t i~~ lliOst strongly in:fllJ.cnced by 

vario_lJilii.y in Sn and lea.st i.n:fluencecl by varial1ilit~r :i.n d. 

Suhsd tn Ung typical values :for VE' VtOJ' V d and V p 
1 

in equnLi.on ( 23); 

'(i)/h) '' 0.3036. Table 7 sho'.-.'S the in:flucncc on '4,/1:) of tald.ng various 

CO!ll}JDn(~nt:; of equn·U on (2~5) to bo nul). 

I'nirly- high vnriabil i ty in inj_ tial Htiffnes.ses bet\-.reen nominally identical 

nailed JOliltS is theroforr predicted, a cortclusion consistent with 

experi.er1ce 6/. Variabi.lity in ir1:i.tial sti.ffne~ses between joints is 

dominated by variability irJ k
01

• Vari.abi]_ity in E and d have 11cgligible 

influeliC0 011 vuriahiJ.ity of i.11itial stiffnesscs. 

6/ smnr, L Interpretation and udjustment o·f results from short term latera] 

load te:::Ls on whi tcwood joj_nt specimens 'Iilit-h nails or holts. THADA Research 

I' . ~/"''' ~.epo:t.'1, J u.,:.,.. Jfughendcn Valley$ THADA. 



22. 

J'llc-: fo11cn·:in;.~ provisional eoncll·!sions_ Ol'C~ lwst~\1. on the <Jl1<llysis of rc~mlt::.; 

Jro1n 1lc~JH1i ug te:.;;t::.~ on f:i.r.~;t bnteJws of 1), IC lll~tnufr:tc"Lnrc~d na.i.ls and on the 

rc;,nd ts of the scns:Lt:i.vl.1.y studies :in. Section~; G~2 nnd 6.). 

1./ \'i:lL1lin a batch o:f nails varin-t:i.on iH tHametcr, yield stret3S at :fo:r:·m.:d,ion 

o:f h :CuJJ pJastic h.i~1gc and modulus of clns"Lic:i.ty is sH:all~ especi.ally 

in the ca~=e oJ' dium<:t(~r. 1fhe primary sou.rce o:f variation in these nail 

2/ On the lmf_;i!-:; of ·Lhc nn:i.Js tested manu:fetct'J_:r·ers appeal' to expcrienee 

clif:ficulty in IW''(·:t:i.ng ·{:l)(' BS 1~~02t rart t to1ern.nce interval on diameter~ 

(nominal d.J_nJneter :r. 0.0:5 mm :for cliamcte:r·s greater thou or equal to 

2.6') nw:), 

3/ Prov:ldud tJJn.t qnnlity control cn~.urr~s naLl diameters fall within the 

BS 1202~ Part J tolc.rance int~;rvn.l it. is :!'.'eBsonnble to neglect dcvini:.i.ons 

fro1n the J)Omirlul. diameter~ 

lj/ re!Jc:r:e j_~-; .no CU.Ed:,inct trend relating; nand na] diameter and. yield st-ress at 

for!nation of a full plastic hinge. 

5/ CoJis:i.stent vd.th expc~:imcntal eX}Jt:ri.cJlce, it. is shown theo:t'Ptically that 

fairly len.; varin1)ili ty in strength~; of nominally identical nailed joints 

is to be eXJlected. Varaj.bil.ity in strcngtl1s of joints i_s not dominated 

by variabi J.i ty j n any single component property. 

6/ Consistent vdt.h .-:-xpe;ri.mC'ntal experience, it is shown theoretically that 

fairly high vuriabilj.ty i.n ini.tial stiffr1csse~ of no1ninaJ.J.y identical 

nailed joints is to be expected. Varia1Ji1ity i11 initial stiffnesscs of 

joints j_s doJ:lirW.I.A.:'d by variability in the bearing stiffness of the timber 

beneath the nails. 

7/ A target vaJ.ue for the yield s·tress for nail.s should be specified in 

cocles of p:ractice :for structural timlJerw_ork4 TI1is would result in 

reliably predictnbl"e joint stTC'ngt-hs. It is also necessary to specify 

a tolcr.::tncc ini:crvaJ on yield. s-LrcBs to preclude use of unusually low 

qu;,l ity stc:(·:l in wire n.-.~ils wbicl1 kould rc:..~ult in higl.:ly i.nconsis-Leilt 

joint 
+ 750 .... 

A ]lrOJlOsed tolerntlce i11·tcrval 011 yield stre~s is 

on the lJ;J~d.s of yield stress corresponding to formation 



2j, 

of ~l fuJ.] pl.nstic l1~.!1gc. Because 11nils strain harden it is nec:L•ssary 

to lr!ettdJ r:.r:y spcciJ'.Lct_l ·(ol(::t.'tiD':~c~ i.rd.crva] to -the -Lest mc,·UHHl wJdch \11i.l 

lw u::.<'d. to t1_;:~te:unilH:' y.i.c•ld sL:ccss :i.u qnu] ii,y co.n"Lrol p1·oce:-wes~ 

QtH~st:I on..:.o such as "t.lu: influence oi' w:lt.ld.n. manu.J~acturcr versus lJ(~tween 

mn1n:.tac:tuJ:cr vnr:i.ati.OJl.S iu n<d1 prorcrT-ics, vill lJc investigated when ·the 

full pro~~r:Jn1mc of nail tcst;:s if; complcLud~ 

IS/\L 
26th Narch 1.931, 

Timber Hc~;c:arch and Developmc:n L .Association 
JlughP.11den Valley, Ifigl1 h'ycoml>c, Bucks. 
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Notes on the Effective Number of Dowels and Nails 

in Timber Joints 

G. Steck 

1. Introduction 

In timber joints using mechanical fasteners it often occurs that several 
fasteners are in a row parallel to the direction of the load. In this case 
the load isn't distributed uniformly over the fasteners (see Fig. 1). The 

design of the fasteners in Fig. 1 is as follows 

max F = F1 (resp. F11) ; Fallowable 

respectively r~nef f Fallowable. 

The term nef =~·n denotes an effective number of fasteners and~ the 
efficiency of the joint. Lantos /1/ proposed a theoretical solution for the 
distribution of axial force N within the joint. In this paper the results of 
Lantos' solution will be compared to the formulas (6.1.1.1b) and (6.1.2.1g) 

of the CIB-Code /2/. 

In case of interest in the total distribution of load and not only in the 
maximum loaded fastener exists another treatment of Lantos' difference equation. 
Especially in the case of calculation the probability of failure it is more 
practicable to interpret the difference equation as a equation system. 

2. The Efficiency rrz of a Joint 

2.1 Notation and Abbreviations 

The following notation and abbreviations are used to show Lantos' solution 

and to define the efficiency{· 

~Q!~!iQ~ (see Fig 1 and 2) 

N axial force 

axial force of member 1 in section 
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N2i axial force of member 2 in section (n-i) 

F. 
1 

load of fastener i 

F N --m r·n average load of fastener 

e distance between the fasteners in a row 

X section of member 1 between the fasteners 

x and (x+1) 

n number of fasteners in a row 

r number of rows 

stiffness of member 1 (2) 

slip modulus 

r K e 
1jJ ~ E2A2 

w ~ 2 + rKe 

fo = 
1jJ 

i~·w 

w+ ~ w2 -4 w- I) w2 -4 
m1 ~ 

2 m2 ~ 

2 

2.2 General Formulas 

Lantos' derivation yields the difference equation 

-N1(k-1) + wN1k - N1(k+1) ~ ¢N; k ~ 1 .. . ( n-1). 
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The solution is 

= a, N = 
X 

with x 0,1 ... n. 

The maximum loaded fastener is fastener 1 or n and the 

maximum values appertaining to this are 

F1 
1 N (1-a,1) = - (N-N ) = --
r 11 r 

Fn 1 N N = = -C( • r 1(n-1) r n-1 

The definition of 1 derives from the terms 

::_ Fall owabl e ( resp. F < F ) and ---~ < n = allowable r·nef = 

From this results 

1 
"2 = -n 

= n(1-cx1) and 1 = -
n ncx 1 n-

Fallowable , 

The efficiency of a joint therefore depends on the number of fasteners 

in a row, distance e, slip modulus K and finally from stiffness of the 

jointed members. The efficiency is reduced in the case of decreasing 

stiffness EA. Therefore as stiffness is appointed the product of cross 
N __ r·'Z·n Fd(esign) 

section A = -,----'-'----
fc(t) ,O,d(esian) fc(t) ,0,-d 

and modulus of elasticity E = 1,4 kmod E
0

, which belongs to the strength 

class of fc(t) ,o· 
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F d for dowe 1 s and nails depends among others on {P, and so there 
results the standard stiffness from min (fwEo ) 0 

c( t) ,0 

For the values in table 42o1 and 42o2 of CIS-Code, annex 42, is the 
standard strength class SC 15 determining with 

2., 

E 1,4 o kmodoE
0 

= 1 ,4o0,7o4
0
600 ;-' 4 0 600 N/mm 

A = 
r 7( n Fd 
f 
c,Ookmod 

Y"'m 

2o3 Joints with Dowels 

To calculate the effective number of dowels in a joint the following 
determinations are used: 

Fd 
1 
3 Fk 

K = 
Fd Fk 

u;Tcf = 
0~ 

C( = oo + ~. 1 = k = 1 , 0 
C(, 2 

t1 = t2 = t 

fy = 240 N/mm2 

A t > Alim 
2,083 = d = 
vP 

From these we attain 

K = 312,5 {Pd 0 
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The distance between dowels may be e = 7· d and with p = 0,4 the 
Fk 3 E _ rKe _ stiffness EA = r7nT -14 ,5 = 1,881·10 4 d2 Y'7Zn. The factor 1J!- EA -

= 7,355·10-
2 

_1,.- is independent from the diameter d of dowel. In Fig. 3 
"2n 

different formulas for joint efficiency are shown: 

;? C IB =-
n 

1 2 
=- (4-h- (n-4)) n 3 

7LANTOS and a straigth approaching line for 7 in accordance with 

Lantos' result. 

2.4 Joints with Nails 

In accordance with paragraph 2.3 the following determinations are used: 

K = 3,464 :k = 438,2 d0 •7 with Fk = 200 1]0:4 d 1 •7 

(see also Ehlbeck/Larsen /3/). 

The distance between nails may be e = 10d and with p = 0,4 the 

stiffness EA = 4,013·10 4d1•7 r 7 n. 
rKe - 2 1 The factor 1jJ = EA = 10,92·10 .,,)ri' is independent from the diameter 

of nail . 

In Fig. 4 different formulas for joint efficiency are shown: 

7ciB = ---
n = ·~ (10i- (n-10)) 

and a straight approaching line z· 
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F - N 
m (· n 

N <:::;= f--i ---.-+-+-11 +-+-IIIIH-.J.II-++11 ++II ~: =!;::> N 
f) =17 

N <> ~----~ -----'-·-· __ : _: _: _: _._·_._.J..__----1: => N 
r = 2 

f~ Load distribution in joints with mechanical 
fasteners 

section x = I n 
I 

fastener: 
I n- 7 I n- 2 / /1 2 / 7 I 0 I 

member 7 ~ n~7 n,-2 j L J ?, l 
' --1--l---+--+--1 

L N72__ N77-- Nw -- , c::::::::> N N7n--
' - -
...,_ - - ---N2n <>l --N2o -N27 -N22 vj' 

/ 

I 

/// 
/· 

merober 2 - -e J __ 1- -

Fig. 2 Notation 

Nw = Nzo= N 

N =N =0 
7n 2n 
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3. Conclusion 

Based on Lantos' investigation /1/ the formulas (6.1.1.1b) and 

(6.1.2.1g) of CIB-Code /2/ were checked and improved approaching 
functions were proposed. In case of joints with dowels the efficiency 1 
is for n = 3 and 4 a bit lower, and for n > 4 higher in comparison to 
the CIS-formula. For nailed joints the values of rz_ are inevev_y

1

tase below 
the values of 7CIB' 
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o:f utructure mad.e of Jnaterial with pronounced influence of loac.l Jura-

tion on itu utrength ought to be equalled to the lone;-terrn carrying ca· 

pacity .P1t at tlw cloue of the uervice life,Le. 

p <:::' 1'1.. • ct o 
( 1) 

'l'b.i.s principal statement presented. to the CI.B '?th Con[l;res:/1 / 

tailed below, 

l. (:' 
'" 

'l'he ensuring p.r.•oblem of the wooci utn1cture c>afety comiistu thus in 

preuiction of the Pit -value. 'rhe lone;-term wooJ. utructure cturying ca­

pacity Plt beillf'; tightl.;y connecteJ. with material properties mentioned. 

iB obviour;ly depewls on the lon(';-term citrenp;th of woou .• 'rhe re;3ults 

attained recently in the uncovering the physical nature of the solid. 

stren,;u/2 • ;5/ eutabl:L;:;h an general relationship for Jifferent rnatedaJc. 

between time-to-failure t, sec, anci stresli f! lly the equation 

log t ~ loc; A - <X6~ (2) 

'l'he half-logarithmic ciependence lo[',; t( ef ) was propoued. for wood by 

,·vooc/LJ,·/, Leont 'ev/5/, Pear.son/6 /. 'l'hcre is now the possibility to re­

veal the physical sense of the valu.eu entered into the o quat ion ( 1). 

Here 

log A 
uo 

= --------
;,), .? HT 

U
0 

ifl the activation energy of failure procefJB; r( ifl the period of 
u 

(3) 

atom oDeLLlationn; 0 iD activation volume; ii is gas com3tant; T is tern-

ll'b.e proeel3s of g:cadual accumu.lation of submicro~'copic (!~amage in so-

lid occupys the most portion of the time to moment of solid failure 

under loacL Jtecelerated approching to this moment begins when submic-

roscopic cracks spreaded in solid ana utabilized reache some limit 

concentration and start to eoaleuce. This smaller portion of the time 
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t corresponds to the process of crack development where mirc;ht be app·--

1ieci the fr,~ctu.re ffi(lCl1anic methou.fi, However, the 1u::rt utat;e o:f the fai, 

1Lu·o proeess aeconiing to/2/ obcys also to the relati_om>hip mentioned 

above. 'i:he .fa:i.1ure has here a cur•ca.lati.ve nature i:Javinr; been i.nhcrent 

to a determinifitic mcGhanifim of chemical bond cleavage. ~rhercfore, the 

.ce1ative wood. s"tren("';tll decrease un\.ier load is also determin.istic. $ in 

contrast wi.th dbt;o1ute woocc strene;th values wich are random variables. 

'.L'his circomstance enables tho jCrec.!iction of the 1onc;-tc\I'lll vwod strength 

f'o.r given service life of struc·tures~ 

1w a basi.s of lone;-term wooo Etren(';th J.lreci.iction Eerves the cons-

tancy (at T=Gonst) of the abscissa portion log A being cut by the 

Etraisl~ line according to (2). For its defining we neeJ to know con-

slantll U 0 and ·(" • Gorresponcti.ng to valency bon:J cleavace log ;:;_: '"-1 _:) 

af; i'or many pol:ymerE. 'l'he energy value U
0 

we wi.ll find by the compres-

sion along the grain test r.·e~3ul ts for oven-dr~;r oak wooc.~" having been 

carTien out with constant rate and at Jifferent ten1pcrature +27+100°G. 

l:iere the relationship ~11(T) (a-t lot; t"'Gonst) is linear one with -the 

,. . t 1 +1 6.1 . -P' ' 'l "l o· or/?/ con.c rrjence rn· erva - , p. e. anu cone ru ence _.eve. , f:J • 

According to (2) we can write 
~ lJ

0 
-2,_:!H'l:(1op; t+1)) 

J.~ ----------~----------
{ ), 

hxclu<l.ing from this oquo.tion coef:ficj_ent (for each two pairs of va-

6':i_ , VJe will obtain the equation fo.r U
0

: 

·r" ·r ~ F .:.Jr.} - l.l () 
_:.._~.:;,'-~-·----L_(.... __ _ 

l!'or 10 pair13 of the values •_r i and il1 it wm; obtained the magnitude 

uo~170~~jkJ/mole. ,_ 

( 4) 

uispoBinc; the energy value U
0 

we can procalculule the mae;nitude of 

log A for COlllJJi3.l'iE.>on with its values fOllnd on grughs log t( 5) for ex~-. 

pecimcntation at d.:i:t'fercnt temperatures. Under eommon atmocphere con­

ditionE (-20°G) hac been adopted rounding-off log A=1? which satisfys 

/witb :c>1uall error within~ 2-) p.e./ both its theoretical mac;nitude 

found above (by means of the cons Lants [Si.ven) and the experimental da-

Fig .1 ta presented :Ln i!'i.c; .1 a vd.th the followinG; coni'id.ence intervalll: for 
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VioJ /'' 1 ' 1 ' ') ,), '! " '' ' ... ' .. n . 1 ~ JJ .• (. 0 ··- +, ' l) Q ,_. 4 

/9/ + ~30 p .. G. -2,0LJ-- p,.c.; uhear in tors:Lon testJr-5 wj_th tu.bul.ar f:3pccimens 

and :t'or bendinc; un.d.er pe:r.~l!J.an.e:nt lon[;-term load. durinc; up to 5 yea.rs of 

iJou:o;Lw :t'i:c (B'ig.1a,);w=12 p.e./4/)x/ ~),L!- p.e. '.l'b.e ;Jtraight line by 

the equut;ion (2) repre:Jents the long-term strength of a eommon lumber 

with ~6 p.c. conficwnee inter'Val anc confidence level 0,90. He.re for 

' uninterrupted loa Ung t defined ucc,orc ing to the te.'Jt duration t 1 from 

en' see below. 

Hrorn the similarity of triangles (Hig.1b) we will obtain 

This equation is tlsed for prediction of wood long-term streng·th () 
lt 

by short-term valueB o.f the tlltimate streE;n 6't <llHi time eharacteris-

·tic L. Hro1n here 
()) 

. . lo ,. A-log t 
wl.1.ere K

1 
(t) ~1~-----J- '-~~~ '> 1 i.s tf.te coefficient o.f lon,rr_·,-tE~rm E)trcnp_-,tih og A- .Of!; t ~ -

'Che K
1
(t) valuCJ:> mic;ht be found. by their r~epent once on load acti-

on:; crppliecl to Btructure o Inasm\J .. ch as til1e failLl.f'e mcnt.i.oneJ. .has a cu-

mulative natLn:e (i_.c.wood. long-term :3Lrel1i';t.h depenc's on t;hc E>Ummary 

loa:' aetion during structure uervice lifo) the utrength control only 

by maximum load at :it;J one-fold. action d.urine; service perio:t does not 

give to structure any guarantee of L'eliable vwrk. In Eeeuring the lat-

ter it needs to allow not only the maximum load V3.I'i:Jbility but also 

their time character:isties. Under str-··c2cture service cond:i tions and in 

testing might be encountered different cases of load ac·tion (see sche-

U'i.[~"2 mes i.n ~~~1'it;o;:.)., At b :::::Con~:)t; ( . .0'1p; .. ::·!t:l..) ti:110 dcti.on o:i~ (-/ equall.s to t; at 

,..)-.-.-.'v'oo;,·.,·> i '''l' .'~- ~ .. •.1·.1) ob",.l· l'Jl''-·-'1''. ·i··._- ) / •. \+.:i ·, i'.'o- .r• ~o-·1~-' p(:;:r·1oci.:'L(:..al u-ppl:i.caLion of r) ,v \.J...' :--_.v'-· \ .. ,..., u v ~ ... v _ nW 

action o.f sbrcss 5i aurine; ~ti the addition to the time-to-failure 

-~;-;;;;-;~-;~~t~-;:J:;-~;~;k74r~e~~-~~~;ied out at 26,6 °0; 

Le. ~ ;~ p.c. less; that in work/10/ at 21,1°0. 
loc; A=16, '7 < 1? 



bti 
•-w ___ ;._ __ ' 

t;( 6; ) 
where t( l):i)•c/w- c<Q, ic; l;he time-to-failure tf at l;.cQom;t and the 

f . . J . ll b tl· . '. ' . l. ·'' ftl.LJ.,J.Llo i( 11 ) · a. :I .. ure Wl. occure w .en · :le Known eoncl .. GHln __ _ _ .. _ ~ ~-

~" ;jtj L_. -tc·c~) ~ 1 , 
; -.:; i ]_ 

or· o.t uni.nterru_pte,1 ehanr2;e of lotreDs 6' in function of t:iJne t aD the 

j
·ty 

dt. 
-t(i?") ~ 1 ' 

' c 

integral 
( 6) 

By me;n1;c: of (6) we can find. time-to-:fuiltn·e in cm;e of' uninterrupted 

loa\iing (Figo2c) with constant rate w as 

- b whe rc VJ::o:--~07--
. I 

and t 
1 

is teDt duration u.p to the failu.re moment at , 
fJ~~ r 'Cb·uc uul" · · - ,_, 

t;' 
t=--'--

ol. fi 
(7) 

'l'he ramp loading with BUfficient number of load f'ractions might be 

roughly equal leu to com;tant rate loading, 1'he reDt caDeD (Fig. 2, e-h) 

are cornbina.tionD o:f that mentionec' .• 

Having; fouml the wood lont;-term strenv;th for the c:Lven load dura-

t:Lon uncler lotructure service cond.:Lt:LonB we can predi.ct long-term 

c;tructure carrying capac:LtJ. Indeed, if the invar'iab:Llity of calcula-

tion scheme and the con'!ervat:Lon of initial woo<i quality are enst1red 

,Jllrirw; service life, the progresEj_ve deeJ:·ease under load cf Dtructure 

carrying capaeity will be d.etenn:LneJ. only by the long-term r;tren[<;th 

of wood, Knowing the latter, we can f:Ln.l the deDign carryinL<; capacity 

P- (in the limit rotate mGthou (;eBi[';n ~Itresses are equalled to the (j 

long-term Btrength). 

'l'he control of the value P,i obtained rnaliBes by direct determina-

t:Lon of controllable lihort-time st r> .. ucture carrying; capacity P t; (i.e. 

ultimate load) from Bhort-·term test wi t.ll t:i.mtl eharacte .dstic t, 

t{eplac ing accordinr:; to the mentioned above in ( 5) 6'1 t; by ( :P
1 
t) 
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VIC \Hll f'indj 1;)j 

( 2 ·1·t·J '~ 
.. ' 

j) 
•t 

--··-----
K1 ( t) 

(H) 

v1hcre K1 (t)~B 1 -C 1 Jog t in the time-corn_porwnt of ntcucture c>cJfcty fae·· 

tor ( s. f.) • 

'l'he value O)u) obtaine. 
ch. 

is obviously found with some error inasmud 

r-;es of C.P1t) in undonotate direction ouc;ht to be compensate aur£menting 

a"; much, where JC, is the probability-eomponent of b.L, 
c. 

whieh allows a variability of u r;trcwture work.mam_;J:lip quality. Let UB 

give an exam1Jle. (XJ.ue lwnjnated beams (by 9m spun and. GOcm cross :;ec-

tion hei.u;ht, wi.tl'l ;'-3 graJ.e lumber anll phenolformalclehyde cold f3etting 

glue) in number 292 were tested up to failure. By statistical analy~ 

of these data on computer the applieabilit,y war; subntantiated of log-

( ) (.'£ li' 
normal distr:i.buti.on 13, uecording to which K2 "' e , where V=O,V+3:!: 

:!:o,01; Of' =1 ,61<- at tho eonf:i.dence level 0,95; from here K2 ~e 1 • 6LLCl,1~)3~ 

~1,3. 

Accorcl:i.ng to stated. above tl'le further normalization improvement 

in the calculations of design wood. structure carrying capuci ty is J.e-· 

velope<i differenl>int:i.ng both values of K1 (t) unci K2 by fiold of Jppli-

catj.on and kind of structures. 
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The data shown in the following tables supplement CIB-Wl8 Paper 
16-14-1 presented in Norway (June 1983) and is given here at 
the request of var·ious members of the Group. Beca.use of the 
volume of data it was necessary to present the data in 5 
separate tables as follcv1s 

T&ble A.l Physical Measurements of Trusses 

Table A.2 Plate Sizes 

Table A.3 Deflections from 24 hour deflection tests 

Table A.4 Deflections from Strength Tests 

Table A.5 Failure Loads and Description of Failure 

Table A.6 Deflection Recovery & Span/Deflection 
Ratios at Long Term Design Load. 

Tables 1 & 2 Phase I included Truss numbers 1-48 

Tables 3 & 4 

Table 5 

Phase II included Truss numbers 49-61. 

For description of tests see IS 193 P : 1978 
Appendix A clause A2 orBS CP 112 : Part 3. 
Although deflections wer~ taken at 5 points 
on the ceiling tie only the deflections at 
centre span and C.T. node points are given. 

Load factors are given separately for 
ceiling-tie, rafter and tank loads. For 
design loads see CIB 16-14-1. 



Table A.l PH Y S I C A L M E A S U R E M E NT S 0 F T R U S S E S 
r---------------- ---------------.. -----~-n 

' Timber Dimensions Truss/ ~Ol~tu~e I 

I 

_3 ___ 83o·o-r3o-T-,6~ ~-1r--~-1~ ~ ~~ 37~5 -14-~ ___ j __ I ___ _J_ ___________ j_________ ---- --------
4 18300 30 II 97.5 X 35 112 X 34.5 42 14-16.5 

5 Is "OO ?O 98 x 35 112 x 36. 5 40 14- l s 
I J v . 96.5 X 35 112 X 36 
I 

6 I 8300 30 9 7 X 35 11: X 35 
. 98 X 35 I 11 I X 36 

7-T83:~~ j 112 x 35 197 x-3-5--r--
4
-,--

l ' 112 X 35 I 96 X 35 

8 8300 30 112 X 35 96.5 X 34. 5 38 109 X 35 96 X 34.5 

37 

9 8300 

,,- 19100 1 

1·1 191oo I 

30 110 X 34.5 96.5 X 35 . 
41 !-- 110 X 35 96 X 35 

153 30 109.5 X 34.5 113 X 35.5 
110 X 34 1'1 0 X 34 

148.5 30 i] 0. 5 X 35 111 X 34 
110 X 35 111 X 34.5 

12 I 9100 I 30 
. 110 X 34.5 112 X 35 

45.5 1'10.5 X 35 112.5 X 35 

~~-:000 130 

--

I 
71 X 34.5 73 X 35 21.5 71 X 35 72 X 35 

14 5990 30 7J X 35.5 72.5 X 35 21.5 

6ooo I 
71.5 X 34 73 X 35 

15 30 71.5 X 34.5 I 72.5 X 35.5 22 71.5 X 34.5 72 X 35 -
j 

16 7580 17.5 96. 5 .X 34 96 X 35 32 
--

96 X 35 96 X 34.5 17 7586 17.5 98 X 35.5 98 X 35 32 

18 7586 17.5 97 X 34.5 97 X 35 29 95.5 X 34.5 I 96.5 X 35 

19 5369,17.5 72.5 X 34 72 X 34.5 I, 7. 5 72.5 X 35 72. 5. X 34 

116.5 72 X 35.5 72 X 35.5 20 5410 17.5 71.5 X 34.5 72 X 35 

21 5394 17.5 u2 X 35 72 X 35 n8 2 X 34 i 72 X 34.5 -

I 

13-15 

13-15 

13.5-15 

13.5-16.5 

14.5-15.5 

13.5-15 

1 

13. 

1 

1 

13. 

13. 

13. 

1 

1 

12. 

3-14.5 

I 
5-14.5 

3-14.5 

:::: I 
5-15 

5-14 

3-14 

5-13.5 



Table A.1 continued 

Timber Dimensions 
I --!Tioi sture --

Truss ' Content 

Truss Span Pitch Rafter Ceiling Tie 
Self Range 
vlt at Test 

No. mm deg mm mm kg (%) 

22 5600 22.5 
72 X 35 72 X 35 18 12-13.5 
72 X 35 72 X 35 

23 5600 22.5 
72 X 35 72 X 35 19 12-13.5 
72 X 35 72 X 35 

24 5600 22.5 72 X 35 72 X 35 18 12-13 
72 X 35 72 X 35 

25 8985 17.5 
119 X 35 121 X 35 45 16-17.5 
117 X 35 118 X 35 

26 9015 17.5 
118 X 34 121 X 34 45 13-15% 
120 X 35 120 X 34 

I 119 X 34 

I 

120 X 35 I 27 8990 17.5 118 X 34 119 X 34 
45 13-14.5 

- I 

28 8365 17 .5 110 X 34 112 X 34 37 12-~ 
29 8388 17.5 110 X 34 111 X 34 37 11-12.5 

~a 8384 17.5 109 X 34 110 X 34 37 _11.5-12.5 -- ~ 

I 12-13 31 8077 22.5 97 X 34 96 X 34 34 

32 8080 22.5 
93 X 34 94 X 34 34 I 11-12 
94 X 34 96 X 34 

33 j8092 22.5 95 X 34 95 X 34 34 11.5-12 I 96 X 34 95 X 34 
! 

11-13.51 34 I 929o 22.5 119 X 34 119 X 34 48 
115 X 34 119 X 33 

35 9300 22.5 
116 X 34 118 X 35 48 1H3.5 
116 X 34 I 119 X 33 

36 9290 22.5 I 117 X 34 I 120 X 35 
44.5 1 12-14 

118 X 35 t 116 X 35 

I 37 8692 22.5 I 96 X 35 110 X 35 3l 11-14 
97 X 35 110 X 25 

I 97 X 35 111 X 35 
38 8695 22.5 37 13-14 

I 97 X 34 110 X 35 

87oo J22 .s 
97 X 35 111 X 35 

39 I 38 12.5-13.5 
96 X 34 110 X 35 -

I -
40 8690 22.5 112 X 35 96 X 35 37.5 12.5-15 

110 X 35 97 X 35 I 

41 8709 22.5 110 X 35 97 X 35 39.5 13.5-14 

86d 22--~-
110 X 35 98 X 35 

42 110 X 35 96 X 35 38 13-14 
110 X 35 97 X 35 

----' ---



Table A.l continued 

-·-···------- -·---------------·-- --·--
-,~oETu·r-~e-Timber Dimensions Truss Content r-------------- -----·------··- Self Range Truss Span Pitch Rafter Cefling T·iE: Wt at Test 

No. mrn deg nill mm kg (%) ----·· ---~- --- . ------
43 8696 22.5 110 X 35 110 X 35 · 

41.5 12-14.5 107 X 34 110 X 34 

44 8680 22.5 110 X 35 110 X 35 37.5 13-14.5 109 X 34 109 X 34 

45 8696 22.5 . lJ 0 X 36 ]09 X 34 
41 13-14.51 110 X 34 110 X 35 ---- ---

46 9790 30 120 X 34 120 X 34 51.5 j 4-17 120 X 35 117 X 34 

47 9780 30 120 X 35 i17 X 34 54 15-17 120 X 35 120 X 35 

48 9786 30 118 X 33 117 X 34 53 13.5-16.5 118 X 34 117 X 35 r-- --

!iO 8lt08 30 l 11] X 34 111 X 34 I 41 13.5-18.5 1 111 X 34 I 111 X 34 

51 8404 30 ~111 X 34 ux34 40 13.5-15.5 111 X 34 _X 34 -----\-

t5.5~~~~-5L 8300 30 97 X 41 97 X 4] 41 97 X 41 97 X 41 

53 8307 30 97 X 41 97 X 41 
41 17.5 97 X 41 97 X 41 -----

54 8297 22.5 .117 X 34 117 X 34 41.5 15-18.5 Jl7 X 34 117 X 34 

55 8306 22.5 117 X 34 117 X 34 
37.5 16.5-20 117 X 34 116 X 34 -- ---

56 8110 22.5 97 X 41 97 X 41 37 14.5-19 97 X 41 96 X 41 

57 sogo I 22 .s 96 X 41 96 X 41 
33.5 13-14.5 96 X 41 96 X 41 

I -- ----·-
99 X 41 98 X 41 58 7590 17.5 35.5 14-16 

7608,17.5 

98 X 41 95 X 41 

59 97 X 41 96 X 41 
35.5 16.5-19.5 97 X 41 98 X 41 

60 5885,17.5 96 X 34 96 X 34 24.5 14-15 96 X 34 96 X 34 

61 5884 17.5 96 X 34 97 X 34 
23 15.5-17 96 X 34 97 X 34 

Table A.l PHYSICAL MEASUW·lENTS OF TRUSSES 



Table i\.2 P L A T E S I Z E S 
--~------~----·-------

-,:~~ :s~~[~-~ii~~---- --R~-fte~----c~i-11~~~---~r~~~ 
5

1 i-n1~--~~--- Apex _____ _ 

___ N o?EC_______ Li_e _ _l~l)~~ '-1 e _ ___r__:~ c e.--J---
3 160 X 76 

4 HlO X 100 

5 180 X 100 

6 180 X 100 

7 180 X 100 ! 
8 180 X 100 

9 180 X 100 

180 X 100 

180 X 100 

180 X 100 

120 X 75 

120 X 76 

120 X 75 

220 X 100 

220 X 100 

220 X 100 

160 X 76 

160 X 76 

160 X 76 

180 X 64 

180 X 64 

180 X 64 

2CO X 125 

260 X 125 

260 X 125 

220 X 100 

80 X SO ] 21 X 'JO 0 180 X 1 00 

80 X 50 120 X 100 259 X 124 

80 X 50 120 X 100 260 X 104 

80 X 50 

80 X 50 

80 X 50 

80 X 50 

80 X 50 

80 X 50 

80 X 50 

60 X 50 

60 X 50 

60 X 50 

30 X 50 

80 X 50 

80 X 50 

80 X 50 

80 X 50 

80 X 50 

50 X 60 

50 X 60 

50 X 60 

50 X 80 

50 X 80 

50 X 80 

50 X 80 

120 X 100 259 X 125 

l120 X 100 180 X 100 

120 X 1 00 180 X 100 

120 X 100 

120 X l 00 

120 X 100 

120 X 100 

IJ20x76 

120 X 75 

1 1 20 X 75 

120 X 100 

120 X 100 

120 x 1 oo 
120 X 100 

120 X 100 

120 X 100 

75 X 120 

75 X 120 

75 X 120 

120 X 100 

120 X 100 

120 X 100 

120 X l 00 

180 X 100 

180 X 100 

180 X 100 

180 X 100 

166 X 73 

160 X 71 

160 X 76 

304 X 92 

305 X 102 

302 X 100 

160 X 65 

160 X 60 

160 X 64 

180 X 64 

183 X 64 

181 X 64 

260 X 125 

310 X 102 

260 X 125 

220 X 100 

121 X 100 

180 X 100 

180 X 100 

180 X 100 

180 X 99 

180 X 100 

180 X 100 

180 X ]00 

180 X 100 

180 X 100 

120 X 100 

120 X ]00 

·120 X 100 

180 X 100 

180 X 100 

180 X 100 

·120 X 100 

120 X 100 

120 X 100 I 
100 X 120 I 
100 X 120 

100 X 120 

260 X 125 

260 X 125 

260 X 125 

260 X 125 

10 

11 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

2~ 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

220 X 100 50 X 80 120 X 100 220 X 100 260 X 125 

220 X 100 50 X 80 120 X 100 220 X 100 260 X 125 

180 X 100 50 X 80 120 X 100 220 X 100 260 X 125 

180 X 1 00 50 X 80 120 X 100 220 X 100 260 X 125 I 
180 X 1~00 50 X 80 120 X 100 220 X 100 260 X 125 I 
180 X ]00 50 X 80 120 X 100 301 X 102 261 X 1251 

---~--- ---~- -----~------· 



Table A.2 continued 

----.------~-------- -.,...----------,----··--
Truss 

No. 

35 

36 

37 

38 

39 

40 

41 

42 
43+ 

44+ 

45+ 

46+ 

47~ 

48+ 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

I 

I 

Heel 
Plate 

]80 X l 00 

180 X l 00 

180 X ] 00 

180 X l 00 

180 X 100 

180 X 100 

180 X ] 00 

]80 X l 00 

180 X 100 

180 X 100 

180 X 100 

180 X 100 

180 X 100 I 
180 X 100 

157 X 101 

157 X 101 

140 X 101 

140 X 101 

185 X 101 

185 X 101 

200 X 101 

200 X 101 

256 X 101 

256 x 101 

257 X 75 

257 X 75 

Rafter 
Node 

50 X 80 

50 X 80 

50 X 80 

50 X 80 

50 X 80 

50 X 80 

50 X 80 

50 X 80 

50 X 80 

50 X 80 

50 X 80 

50 X 80 

50 X 80 

50 X 80 

Ceiling 
Tie Node 

120 X ] 00 

]20 X 100 

120 X 100 

120 X 100 

120 X 100 

120 X 100 

120 X 100 

1120 X 100 

1120 X J 00 

120 X 100 

120 X ] 00 

] 00 X ]20 

100 X 120 

100 X 120 

101 X 117 
50 X 100 101 X 118 

117 X 101 50 X ] QQ 119 X 101 

50 X 1 00 /1 01 X 1 0 l 

50 X 100 100 X 101 

50 X 100 100 X 101 

50 X 100 100 X 101 

50 X ]00 ]00 X 101 

50 X l 00 

50 X 100 

100 X 101 

128 X 101 
127 X 101 

50 X 100 126 X 101 

50 X 1 00 I 100 X 101 
50 X ]00 100 X 101 

Ceiling 
Tie Splice 

260 X 125 

260 X 125 

1260 X 125 

1260 X 125 
260 X 125 

220 X 100 

220 X 1 00 

220 X 100 

307 X 100 

307 X 100 

300 X 100 

1260 X 125 
260 X 125 

260 X 125 

184 X iOl 

185 X 101 

120 X 76 

200 X 76 

185 X 100 

185 X 101 

229 X 76 

229 X 75 

256 X 1 01 

256 X 101 

I~~: : ~~ 
Table A.2 PLATE SIZES 

+ Raftet' splice plate 220 x 100 

Apex 

260 X 125 

260 X 125 

260 X 125 

260 X 125 

260 X 125 

260 X 125 

260 X 125 

260 X 125 

260 X 125 

I 260 X '125 
260 X 125 

2GO X 125 

260 X 125 

260 X 125 

129 X 151 

129 X 151 

129 X 126 

129 X 126 

169 X 126 

167 X 126 

I 143 X 126 

143 X 126 

156 X 126 

157 X 12·~ 
15/ X 126 

]57 X 126 



Table A.3 D E F L E C T I 0 N S F R 0 M 24 . H 0 U R T E S T 

Truss Deflection 24 Hour (mm) After Release Load (m~) 
. -

No. Node 1 Node 2 Centre Node 1 Node 2 Centre 

3 Strength Only 

4 7.3 ;7.6 10.1 2. 1 2 .1 2.4 

5 6.2 '6.5 7.4 1.3 1 .4 l.i 

6 7.9 6.9 I .9;7 1.9 1.6 2.1 

7 5.9 6.0 I 8.2 1.4 1.5 1.9 

8 6.3 6.7 9.5 1.4 1.7 2.0 

9 6.1 5.7 8.1 1.1 0.9 0.9 

I 
10 7.0 6.9 9.8 1.4 1.3 I 1.6 

n 6.1 6.6 8.3 1 .0 I 1.1 1.1 

12 Strength Only 

13 5.3 5.6 7.9 0.9 1.1 1.4 

14 4.8 4.8 5.9 0.8 0.8 1.0 

15 4.7 4.5 5.9 0.9 0.9 1.1 

16 9.7 9.3 11.2 1.8 1.5 1.9 

17 10.4 10.5 13.2 0.8 1.0 1.0 

18 Strength Only 

19 Strength Only 
20 6.9 6.4 I 8.0 I 0.6 0.7 0.6 

21 Streligth Only 
22 Strength Only 
23 Strength Only 

I 24 6.2 6.2 I 6.6 0.8 0.8 0.1\ 

25 Strength Only 
26 Strength Only 

27 17.8 15.6 I 20.0 6.5 5.4 6.1 
28 Str<:J;gt:l Only 
29 

I 
Strength Only 

30 14.76 14.32 I 16.8 3.8 3.88 I 4.48 
---·--------------~--------~---·-



Table A.3 continued 

------------------··--------------·---------·----
Deflection 24 Hour (mm) After Release Load (mm) 

Truss -----~----~-------

~Node~ Node 2 rio. Centre 
'----· 

~-oc:~-~- _ No~e 2 Centr:_ ---- --
31 Strength Only 

32 Strength Only 

33 9.6 10.9 12.4 1.6 2.0 2.2 

34 11.6 11 . 68 12.8 2.8 3.2 4.0 
35 Strength Only I 

36 Strength Only 

37 Strength Only 

I 38 Strength Only 

39 10.7 10,9 ,,3 .2 1.5 1.8 2.1 

40 Strength On1y 

41 Strength Only 

42 8.8 9.4 1 11.1 1.5 1.6 1.5 
43 Strength Only· 

44 

I 
8.7 9.3 112.1 1.6 2.2 2.5 

45 Strength Only 

46 Strength Only 

47 10.7 10.8 I 11.6 * 2.4 2.7 
48 Strength Only I 
50 Strength Only 

' 

51 Strength Only 

52 Strength on·ly I 53 Strength Only ' 
54 Strength Only 

55 Strength Only 

56 Strength Only 

57 Strength Only 

I 58 Strength Only 

59 Strength Ordy 

60 Strength Only 

61 Strength Only I 
*Transducer Slipped. 

Table A.3 DEFUCl IONS FROM 24 HOUR TEST 



TABLE A.4 DEFLECTIONS FROM STRENGTH TEST 

..-----.---D~-s,-.g-n--(~S·t·_--r_e~n-g---t~t-1-)~~------roesign + Pt. Load (Strength) 
t·lithout Point _ ~~_____: 

I Centre Node !_ ~- Node 2 Centre _N:.:::o:...:.. 1--.:.:.No:::.d:.;:.e_l'-+_Node 2 
3 6.1 6.4 

4 5.4 5.8 

5 5.0 4.8. 

6 5.7 5.3 

7 4.7 4.5 

8 5.9 5.9 

9 5.3 5.2 

10 5.6 5.6 

11 6.4 6.6 

12 6.7 6.0 

l3 4.4 4.5 

14 4.1 4.1 

15 4.0 3.6 

16 9.2 9.9. 

17 9.4 9.4 

18 9.0 9.2 

'19 6.3 6.3 

20 5.8 5.1 

21 6.7 6.5 

22 5.1 

23 5.2 

24 5.8 

25 I 11 .4 
26 12.4 

27 12.2 
28 11.24 

29 

30 

31 

9.6 

12.0 
6.8 

5.3 

5.6 
5.6 

11.6 

13.4 

11.8 

10.96 

10.4 

11.96 

7.6 

I 
8.2 7.3 7.4 15.7 

7.0 6.5 6.9 13.8 

6.4 5.8 5.7 12.6 

7.6 

5.8 

8.3 

7.6 

7.4 
8.2 

8.5 

6.6 

5.0 

5.1 

10.9 

11.7 

11 .2 

7.9 

6.8 

7.7 
6. 1 
6.0 

7.0 

13.7 

14.6 

14.0 
14.52 

11 .o 
13.6 

9.0 

I 

6.9 

5.2 

6.8 

6.3 

6.4 

7.4 
7.6 

5.2 

5.2 

4.8 

i1 .0 

11.2 

10.8 

13.0 

13.8 

13.8 

12.96 

11.2 

13.64 

7.6 

6.2 

5.3 

6.8 

6.0 

6.4 

7.4 
7.6 

5.4 

5.1 

4.5 

11.3 

11.3 

11.1 

No Pt. Load 

No Pt. Load 

No Pt. Load 

No Pt. Load 

No Pt. Load 

No Pt. Load 

13.4 

15.0 

13.6 

12.4 

12.0 

13.52 

8.8 

13.9 

12.4 

15.2 

14.6 

13.7 

14.5 

16.7 

12.8 

10.1 

11.9 

16.6 

17.6 

17.4 

19.1 

20.8 

19.8 

20.36 

16.4 

19.76 

15.9 



Table A.4 continued 

Design (Strength) 

No 

32 

33 

34 

35 
36 

37 

38 
39 
40 
41 
42 
43 

44 
45 
46 
47 
48 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

Without Point 
Node 1 Node 2 

6.52 7.28 
7.8 7.9 
8.7 9.0 
9.4 10.0 
9.6 9.4 
9.1 9.4 
8.4 10.4 
8.9 8.8 
840 8.38 
7.63 7.88 I 
7,4 7.9 
7.3 7.6 
7.2 7.6 
7.9 8.0 
6.2 6.9 
8.4 6.4 
?:0 6.8 
5.2 5.8 
5.2 5.8 
6.2 6.0 
5.8 5.9 
7.4 8.4 
7.0 7.2 
7.2 7.4 
7.4 7.0 
9.4 9.8 
9.2 9.6 

I 
- 6.6 

6.8 _j 7.0 

Centre 

9.04 
10.6 
10.6 
11 .6 
10.8 
11.4 
11.2 

10.3 
11 . 32 
10.08 
10.1 
8.8 
9.4 
9.6 
8.6 
7.9 
8.0 
6.6 
6.4 
7.4 
8.0 
8.6 
7.8 
8.4 
8.4 

11.0 
11.0 
8.6 
8.6 

Design + Pt. Load (Strength) 

Node 1 Node 2 Centre --
7.68 8.8 16.32 

8.8 9.4 18.8 

10.2 10.2 17.6 

10.4 11 .2 18.4 

10.8 10.6 16.4 

10.4 10.8 16.8 

9.8 10.5 17.6 

10.0 10.0 15.9 

9.2 10.36 21.24 

8.88 9.2 18.4 

8.6 9.1 18.3 

8.2 8.7 15.6 

8.5 8.6 15.4 

9.2 9.2 14.8 

7.2 7.9 15.9 

9.2 7.3 14.2 

8.0 7.6 14.2 

6.0 6.8 14.2 

6.0 6.8 12.4 

7.0 7.0 15 .o 
7.0 7.0 18.0 

8.6 9.8 14.2 

8.0 8.3 I 13.0 

8.4 8.6 16.0 

8.6 8.2 15.3 

No Pt. Load 
No Pt. Load 

No Pt. Load 
No Pt. Load -· --

Table A.4 DEFLECTIONS FROM STRENGTH TEST 



Table A.5 : FAILURE LOADS & DESCRIPTION OF FAILURE 

(Figures in brackei;s are Load Factors). 

---r ---
Maximum Load at Failure Description 

Truss c. Tie Rafter lank of Failure 
·No. (t~) kn kn Total 

(LF) (LF) kn 
Lateral movement of 

3 7.18 21 .67 2.14 32.25 apex joint causing 
(2.92) (2.86) (2.85) fractures in both 

rafters. -

4 6.94 20.36 2.14 . 30.75 Test terminated due 
( 2. 82) (2.69) (2.85) to excessive bow in 

left rafter. 

5 7.88 25.84 2.14 37.15 Test terminated due 
(3.20 (3.41) (2.85) to excessive bow & 

twist in left rafter.! 

6 6.00 18.35 i.94 27.55 Test terminated due 
(2.44) (2.42) (2.59) to excessive bow & 

twist in left rafter 
~---

7 9.06 28.76 2.33 41 .45 Test terminated due 
(3.68) (3.79) (3.11) to excessive bow & 

twist in ri 2ht rafte_r:l 
I -

8 7.18 21.24 2. 31 32 Test terminated duP. 
(2.92) (2.80) (3.08) to excessive bow in 

rioht rafter. - ------
9 9.65 30.54 2. 51 44 ·rest terminated due 

(3.92) (4.03) (3.35) to extreme bow in 
1 eft rafter. 

Test terminated due 
10 10.0 30.93 2.25 44.6 to excessive bow & 

(3.70) (3.72) ( 3. 01) t~· i st -in both 
rafters. 
·-- --1 

11 9. 18 30.04 2.25 42.85 
Left rafter : timber 1 
failure just over 

(3.40) (3.61) ( 3. 01) strut joint, fon owed 
by collapse of C.Tie --

I 
-------------.-·:----·---' 

12 8.00 23.70 2.06 35.1 Lateral failure at 

(2.96) (2.85) (2.75) 
apex joint due to 
excessive bnwinn. ---- -------

-· Timber failure : 
13 4. 71 15.70 1 .88 23.4 right ra. fter bet~1een 

(2.66) (2.88) (2.51) strut intersections 
I - and a~::ex. -....! 



Table A.5 continued 

~laximum Load at ~-ailure 
Truss ·--·" 

No. " 
·:-Tf e ·---RaTfer ,----rai1~ --- -· 
kn 
LF) 

.. --__ w 
4 

(2 

.71 

.66) __ ,_ 

15 5 .65 

(3 . 19) 
--··---+--

16 .53 5 

(2 .. 46) 

17 5 -. 41 

(2 .. 41 ) 

18 

19 

5 

(2 

5 

(3 

20 G 

(3 

21 4 

.S3 

.46) 

.88 

. 70) 

.06 

. 18) 

.59 

(2 .. 89) 

22 3 

(1 

---

.06 

.85) 

-· 

kn (t~) _j_L_I] 
15.02 2.06 

(2.75) (2.75) 
----

-

17.88 2.25 

(3.28) (3.01) 

16.57 1.88 

I (2.51) (2 .51) 

16.79 1.88 

(2.54) (2.51) 

14.65 1.88 

(2.22) (2.51) 

17.94 2.25 

(3.84) ( 3. 01) 

I 

13.87 2.25 

(2.97) (3.01) 

14.13 2.25 

(3.03) ( 3. 01 ) 

15. 32 1.49 

( 3.11) (1.99) 

Tot a 1 
kn 

22.9 

23.4 

25.2 

25.3 

23.25 

26.25 

21.35 

21 .15 

20.05 

Description 
of Failure 

Timber fa i 1 ure: 
right rafter 1 m 
from _apex. 

Timber failure: 
left rafter betwee n 
strut node & heel, 
followed by C.Tie 
co 11 apse. 

Timber fai 1 ure: 
right rafter mi dwa y 
between strut node 
and heel. -----
Test terminated -
excessive bowing i 
1 eft rafter. -
Test terminated -
excessive bow in t 
half of both 
rafters, follcMed 
buck1in~_}yex. 

Test terminated -
excessive bow. N 
Point Load. 

Test terminated-
left rafter 
fractured due to 
1 a tera 1 distortion 
also severe bo'1 on 
right tafter. No 
Point Load. 

Timber failure in 
right rafter 
between heel plate 
& strut node. No 
Point Load. 

Timber failure: 
right rafter 

,, ,, 

op 

by 

between heel & nod e, 
followed by break 
near heel joint -
both occurred at 
knots. 



Table A.5 continued 

- ·-
Maximum Load at Failure 

Truss C. fie Rafter Tank Description 
No. kn kn kn Total of Failure 

(LF) ILF) - (LF) kn - ·-
23 5.18 15.59 2.45 23.4 Plate shear at 

(3. 14) (3.17) (3.27) right node in C.T. 

24 4. 71 14.26 2.35 21.5 Terminated due to 

( 2. 85) (2.90) (3.14) excessive lateral 
distortion. 

25 7.18 19.85 2.08 30.45 Timber failure: 

(2.69) (2.53) (2.77) left rafter adjacent 
to heel. 

Timber fa i1 ure: 
right rafter 

26 7.18 20.55 2.08 31 .15 betv1een heel & node 

(2.69) (2.62) (2.77) followed by timber 

I failure at node. ----
Timber failure: 

27 5.76 15.96 1.69 24.75 1 eft rafter between 

(2.16) (2.04) (2.25) node and heel 
- (lateral failure). 

Timber failure mid-
way between apex & 
strut - left rafter, 

28 4. 12 17.96 1.86 27.2 follov1ed by t·irnber 

(2.46) (2.46) ( 2. 48) failure at apex 
I left rafter & shear-

I ing of C.T. splice 
plate. ·--

I Timber failure 

29 7.88 24.02 2.43 35.6 adjacent to apex on 
right rafter, 

(3.17) (3.29) (3.24) followed by failure 
between apex & strut 

f-.---· 
on ri nht rafter ----·-· - -·--·-····--·-·----.··-

Timber failure 
adjacent to heel 
plate on left rafter 

30 4.82 14.77 1.49 22.35 foll01;ed by timber 

( 1. 94) (2.02) ( l. 99) fa i 1 ure mi dvJay 
between heel plate & 
strut on left rafter ... ---- -----

31 6.47 18.99 2.06 28.75 Timber fa i 1 ure: 

(2.70) (2.65) (2.75) 
r·i ght rafter at 
strut . 

L. . L-. -



Table A.5 continued 

,----- ··--------~--------------------

Maximum Load at Failure I 
Truss 

--r;~e-r R~t~ei]-- ·ir~r--
Description 

No. 
Total of Fai 1 ure 

kn ---r--J-~1 L __ jJ __ l 
32 6.:7 1 1:.091 2.06 28.85 Excessive bowing 

(2./0) _j_i~ill (2.75) --------

33 7..06 19.75 2.25 30.3 Timber failure mid-
way between strut & 

------;--
__ £:_S4)_ __(ij_6) (3.01) apex on left rafter 

34 6. 71 20.49 1.88 30.45 Timber failure on 

(2.43) (2.49) (2.51) right rafter 

- ---- -·----r-~9jacent to apex. 

35 6.00 20."19 1.69 29.25 Test terminated due 

(2.17) (2.45) (2.25) to springing of 
·apex. -----

36 6. 71 20.23 1.88 30.15 I Excessive bowing in 

(2.43) (2.46) (2.51) both rafters. 
-

Timber failure left 

37 6. 2C} 17.61 1.88 27.0 rafter adjacent to 
strut, fo 11 O~>led by 

(2.42) (2.29) (2.51) timber failure at 
left heel plate. ----- - --

• 
38 4.35 13.64 1.29 20.55 Terminated due to 

(1.69) (1.77) ( 1 . 73) excessive distort-
ion _ _i_ll_ ri_cJ_~t_rafter -

39 6.24 18. 31 1.88 27.7 Timber failure; 

(2.42) ( 2. 38) ( 2. 51) right rafter 
betv:een loading~ 

Timber fa.ilure mid-
40 7.53 21.44 2.25 .~2. 5 way betv1een strut 

(2.92) (2.78) (3.01) 
node & heel of ri gh 
rafter, fo 11 owed by 
failure at node pts_ 

t 

I 
Timber failure: 
right rafter midway 

41 7.53 20.10 2.24 31.75 between node & heel 

(2.92) (2.69) (2.98) 
followed by timber 
failure adjacent to 
heel joint on right 
ceiling tie. -

42 7.53 21.54 2.24 32.6 J T"t tec,iooted doe 

(2.92) (2.80) ( 3 .01) 
to excessive bov;ing 
in left rafter. 

- - ------

I 

J 



Table A.5 continued 

Maximum Load at Failure 
Truss -rlie Rafter· Tank r--· Description 

No. kn kn kn Total of Failure 
(LF) (LF) (LF) kn 

Rafters spliced: 

43 6.94 20.94 2.06 31 .25 Brash timber failure 
in right ceiling tie 

(2.69) (2.72) (2.75) at node, followed by 
failure at node in 
left rafter. 

Rafters spliced: 
timber failure in 

44 7.53 .22 .11 2.06 33 ·1 ef'c. rafter betv1een 

(2.92) (2.87) (2.75) 3rd & 4th load pts 
followed by timber 
far! ure at apex & 
plate shear in C_.l.:_ 

I Rafters spliced: 
45 I 8.82 25.75 2.27 38.15 timber fa i1 ure in 

(3.42) (3.34) (3.03) 
'left rafter midway 

between heel & node 
then over heel plate 

- -

46 7.88 23.93 2.08 35.3 Rafters spliced: 

( 2. 71) (2.67) (2.77) 
right rafter severe 
lateral distortion 

-· ·-• 
Rafters spliced: 

I 47 7.88 24.76 2.08 36.15 ieft rafter I 
compression failure 

( 2. 71) ( 2. 76) (2.77) at ., oad point appro~ 
l rn ftom hee 1 

·--· 
I 

Rafters spliced: 

48 6.59 23.85 2.19 34 
severe lateral dis-
tortion in right 

(2.26) (2.66) (2.85) rafter just over 
heel plate at knot 

j 
c1uster. ·-

Timber failure righi 
rafter over node pt 

6.59 20.37 2.14 30.4 fo 11 owed by fa i 1 ure 

(2.65) (2.:~l= 
in ceiling tie 
betv1een hee 1 & node 
& plate withdrawal 

I at right heel 

51 8.00 24.58 2.53 36.4 
Timber failure mid-
way between heel 

( 3. 21) (3.20) (3.24) joint & node on lef 
raftel' . ·--- -



taote R.~ cont1nuea 

r-----~----------- ----------r----··----------
1 ~laxirnum Locd at Failur'2 

T~~~s ~r~e---~-a-~~er-rlt~k --~--;~-ta~- ~~s~~~ \~~~n 
________ _i_L_£_2__,_(_1,_i] _ __l_j_L F) _____ .:::_k n:_______+--------

52 6.59 

(2.68) 

19.37 

(2.56) 

2.14 

(2.74) 

29.4 

Timber failure: 
right rafter bet­
ween heel & node 
fo 11 owed by timber 
fracture at node 1\ 
heel in right 
rafter. --- -------- ------ ------------ ----'--'--~__:_::._:_:_ ________ _ 

53 6.59 

(2.68) 

--------+ 

20.02 

(2.64) 

2.14 

(2.74) 

30.05 

Timber fa i 1 ure: 
right rafter at 
strut node, 
fo 11 owed by C. T. 
failure between 
hee 1 & node on 
right side & right 
Q.T. withdrawal 
from C. T. node. -1 
Right Q.T. with-

54 1 11 . 70 drawal at C.T. nod• 
4.2 1.37 185 'd 1 · Ins1 e p ate not 

(1.6?) (l.S9) (1.76) correctly 
--L-----~------+-----+------+-JP::_:::_COS it i oned. ___ _ 

55 7. 88 

(3,20 

21 .80 

(2.97) 
2.55 1 33.5 

(3.27) 
-'-----+--------[------- f---

Right Q.T. plate 
withdrawal at C.T. 
node & 1 eft Q. T. 
withdra\val at aoex 

~--

56 6.47 19.53 2.14 29.4 Timber fa.ilure-

( ) left rafter bet-2.70 (2.72) (2.74) d & 
-----4----~-----4------+----l-~w~ee~t~l~nQ~_ape~-

Right Q.T. wlth- ~~ 
16.10 drawal at C.T.node 

5.88 1•94 25 ·2 followed by timber 
___J_ (2.45) (2.25) (2.49) failure at midsranl 

~------~-----~-----~----~~·of~~c~·~T~·--------
Timber failure : I 

58 ~ 16.91 2. 14 28 .4 right rafter bet-
ween apex & strut 

-

7) (2.56) (2.74) I node - No Point 
Load '---------'-------'------L=:.:=.. ________ __, 

57 



Table A.5 continued 

Maximum Load at Failure 
Truss Description 

No. C. Tie Rafter Tank of Failure 
kn kn kn Total 

(LF) (LF) JLF) kn 
. 

Timber failure : 
59 5.41 15.18 1.96 22.9 right rafter betweer 

( 2 .41) (2.30) (2.51) apex & strut node 
after severe distor-
tion - No Pt. Load 

--
60 4~59 13.73 2.14 20.7 Terminated due to 

(2.64) (2.69) (2.74) excessive distortioJ 
- No Point Load -
Timber failure : 

61 4.59 13.95 2.14 20.9 right rafter 
(2.64) (2.74) (2.74) betweeil heel joint , 

strut node. 
J - No Point Load 1 

LF "' Load Factor. 

Table A.5 FJI.ILURE LOADS & DESCEIPTION OF FAiLURE. 



Table A.6 

------------------··---·---··· -·---·-- -------------·---
Centre -~Midspan/! Recovery % Average 

Span/DeflJ Node Defl 
Rat~o --~at~~ 

81~ 1.36 

Truss -------------------· Recovery 
-~·l_o~-- _Nod:_~ I_ Node 2 Centre . %---l--

4 71.2 72.4 76.2 73.3 

5 79.0 78.5 85.1 80.9 

6 75.9 76.8 78.3 77.0 

7 

8 

9 

4 

7 

10 

11 
13 

14 

15 

16 

17 
20 

2 

2 

30 

3 3 

9 

2 

4 
~ 

I 

34 

3 

4 

4 

4 

I 

76 3 

77.8 
82.0 

80.0 

83.6 

83.0 

83.3 

80.8 

81.4 

92.3 

91.3 

87.1 

63.48 

74.2 

83.3 

75.9 

86.0 

83.0 

81.6 

59.8 

75 0 . 
74;6 

84.2 

81.2 

I 83.3 
I 

80.4 

83.3 
I 80.0 I 
I 83.9 
I 

90.5 

89.1 

87.1 

65.4 

72.9 

81.6 

72.6 

83.5 

83.0 

76.3 

77.8 

76 8 

78.9 

88.9 

83.7 

86.8 

82.3 
. 83.0 

81.4 I· 

83.0 

92.4 

92.5 

93.9 

66.5 

73.3 
82.3 

68.7 

84.1 

86.5 

79.3 

76.7 

77 

85 

81 

84 

75.9 

• 1 

.0 

.6 

.6 

81 

83 

80 

82 

91 

90 

89 

65 

73 

82 
72 

84 

84 

79 

7'1 

• 9 . 

.2 

. 7 

.8 

.7 

.9 

.4 
• 1 

.5 

.4 

.4 

.5 
• 1 , . ' 
.4 

1108 1 . 16 

845 1 .311 

1000 1.38 

863 1.46 

1012 1.37 

918 1.41 

1084 1.30 

747 1.45 

999 1.23 

1000 1.28 

668 1 .18 

567 1.26 

664 1.20 

834 1.07 

445 1.20 

493 1.16 

655 1.20 

718 1.10 

652 1.22 

774 1.22 

709 1.34 

835 1.08 

Table A.6 DEFLECTION RECOVERY & SPAN/DEFLECTION RATIOS 
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SAFt~TY PRJIJCIPLES 

by 

H. ~T. Larsen 

Through the work of among ot:1er organiz.e.tions CEB (ComitC Euro-Internati~r.al du 

Beton) , CIB, EEC (European Economic CorrJ;}uni ty) , ECE (Economic Commission of 

Europe), ISO (International Standardization Organizat~on), lTCSS (Joint Commit-tee 

on Structural Safety) and NKB (Noc·dic Committee on Building Regulations) agree­

rr:.ent has been reached 0fl a m.unber of the basic principles for the safety de­

sign of structures, e. g. that it sliould be based on limit state design, the.t 

the partial coefficient method should be used, and that the partial coef­

ficients in priEciple should be determined in such s. W'a.Y thc,:t a uniform prob­

ability of failure is ensured for com:parable structures. 

The principles of limit state design, the partial coefficient wethod and the 

way in which the ps.rtial coefficients have been fixed in the Nordic countries, 

are described in the following. 

Further 1s E:entionecl some of the problems in harmonizing internationally t.he 

partial coefficients c~d some special problems in relation to wood structures. 

T'hc following docu.:av=nts have been used: 

- Eurocode No.1. Cc1rJ11·~n Unified Rules for Different Types of Construction &.!ld 

Materials ( ZEC), 1983. 

Rcconunend.ation for Loading and Safety Regulations for Structural Design~ 

NKB-report 36, 1978. 

- ECE Compendium af Model Provisions for Building Reeula..tions, Cha:pter 1 -

Structural Performance Requirenents, 1983. 

- Code of Practice fer the Safety of Structures, Danish Standard DS 409 

(translation), 1983. 

1. LIHrl1 STATE DESIGN ··---

Limit state design onl;y- means that the requ:i.r8r.~eats are rela~~ed to clearly de-

fined lirnit states, i.e. sta.tes in. which any oi' -the perfor:nance criteria govern­

ing the use of the structure are i~f/inged. 

Limit sts.te desit;n can be used in connection ·r1ith permissi.ble str~ss metbod as 

well a.s with the pa:rtial coei'ficier1t met~:od and for both elastic and plastic 

structures. 

Limit states ar2 dJ.o.ssifieJ into thP ~olJowirl,~ ~3te7orjes: 



.2 

1Lhti~§:!~_J:i8i!_~!§:!:~§. which correspond tc the loss of static equilibrimn of the 

structure or parts thereof, considered as a rigid body, or attainment of the 

maximum resistance capacity of the structural system or of indi··ridual mer::.bers. 

§C:JO:!i£C:§::t:'gg;z_~:i:!1l:i::L~!§:!o":~ which correspond to a loss of utility beyond which 

the service conditions are no longer met. Serviceability limit states may corre­

spond to unacceptable deformations or deflections which affect the appearance 

or efficient use of a structure or cause da.1:age to finishes or non-structural 

elements; or vibrations producing discomfort or affecting non-structural el­

ements or eQuip'llent. 

2. DESIGN PfcEA1€TER3 

In analytical verification the limit state is expressed by a calcule,tion model 

involving vario-us parameters and variables, called basic variables. 

The follo'r'ling basic variables arc involved: 

actionR (F) 

strength (f) and other propP.rties of materials, in particnle.T elastic moo·c1li (E) 

- geometrical date. (a) 

Actions 

~:=~~~!::~~!-~~!~£~~ are generally represented by a unlque nominal value G. This 

applies to dead load e.g. to the self weight of the structure, e.r,d the weight of 

the superst1·ucture and fixed equipment, and also to actions resulting from a :pra 

tically constant level of water, and deformations imposed by settlel:lents. 

For most actions, in particular the self weight of the structure, the unlque nvm­

inal vo.lue G is general).:,' calculated as the mean. value, i.e. on t11e basis of the 

nominal dimensions P..nd mean unit masses. 

In some cases, however, it may be necessary to consider other representative 

values, i.e. either an upper or a lm.;er value, or both. \~ind suction and dead load 

of a roof is an exarr:ple, where a lo·wer value of the self ·Height sho'J._l._d be used. 

Y~E~~~~~-~~~~~~~, Q, can be represented by different values. 1The mos·t frequent 

representative values arc the ch::tracteristic value Qk and the combination value 
< 

l)!Qj, where lj! = 1 , 



'l.'he cL&rHcteristic vcclues are u.su.a1ly prescribed by the competent pubJ.ic al.-tth--

or:i.~y 1n national loe.ding 
. . 

rcg'-ll&;t~r.ons ~ 1n ina::w cases (especially f'or climat 

loa~ts or v..rind anci. suecified return period e.g. 5C year.s. 

Properties of materials a::."e represented by their characteristic values. In ge_n­

eral, a characteristic value can be~ presented as a fractile in the dist:cibution 

oi' tte materi8..!_ properties and properties w:i-th a similar influence on the resist-

( t -1 ; l t" .•.. t ""'"t d . ) f'.n(:e e.g. t le moau _us oi' e as 1c:~vy 1n 1ns a....,1..~..1·y es1gn • 

\-lith regard to charac"'~eristic values for strengt-h (f), they arc specified Sl'.Ch 

that the;/ 120r1"espond to a p% (e.g. 5% or 50%) fracti1e. 

In certain cases upper and loTtTer characteristic values have to be con:.idered. e.g. 

if an L:1crc-ase in the resistr::.nce res~.~.lts .in a C.ec.rease i!l safety Ci.u.e to reduced 

def'omability. 

In d.esign, e.ccount sbou.ld be taken of the po::;sible variat:i on of the geometrical 

dat~t. In mc~:;t cases, the variability of the geometrical data may be considereCt 

small, 0r r1ec.ligib1e, i.r, comparison Hith the variability asf;oCiated ~>rith t-h~: 

actions and the materlal prcperties. Hence, in general, t::te geometri.:::-a.2. data r1ay 

b<2 s.ssumed t.o be ncr--randvm and as specified in the desi.gn. 

For the dirn'2!1sion of cross sections toleranre limits sho~lld be r:iven, e.g. as :.rr 

CIB Str-uct1J.ral. Timber Desig::1 Code, § 5o 1. 0. 

~;~:.~~~!~--~j-~i!:_.§!~!;:~: J:n the ma.jority of cases the action. effect;s S are con:pc~reJ 

vith tLe corresponding resistance capacity R whereby reference is made to the 

respective de~'ign val:._1e..s Sd and Pd) see belo1-r. This compc1..r1son ma? ·be ~,.;:ritten St.S 

( 1 ) 

The d-c:fi:d.tior: cf 3 ar:.d R depe!"lds vn the individuaJ. design problem and the re·-

.lat.l·o~ ... '·: m·a'-I '"'e -~~ ... ,l"~ v- .... "'·~rl·a· leg '1'1 1\i ..:yo,·-,;,ra rion) _ - ~ " '-" ::. ..... o.. c.~~, c:_ .............. J. \ • , 0 11, ~· -· .)_.~.~ ... c:- c ... _ , or sometimes more 



expressed ·by: 

>~here sd is the design 

value or a function of 

1J:he ccndi tion for verification lS generally 

value o:'"' tte action effect and 4. 1 represents a fixed 
('(. 

certain material properties (a11d then cvrresponds to 

( 2) 

~-~£!~~~-.:=:!~:=~! is :i.r..trociuced ir~to calcuJ.ation.3 by its de; sign value Sd. Depend­

ing on the design sit'J.ation, several actions r:1ay have to be c::msidercd s:i.mul-

taneotisl:/ -,.,rhich can be done by ap:;.-lying 11 combin2..tion rules", based o~-:: the 

folloHing format: 

Sd = S ( v n • F 
1 

, • . • . v n . F . , .. .. ) 
· r- , 1 rep, · .~.i , 1 rep~ 1 

( 3) 

,,rhere F . are the represer:.tative values of the actions. The partial co-
rep,J. 

efficier!ts (load factors) yF i depend on the natc.'.re of the acti.OllS and the limit , 
state under consideration. 

In some publicat.io!"1S the follvw:!.ng fermat is given: 

( 4) 

but with 

( 5) 

the tw·.) formats >~ill g1ve exactly the same results, and (4) therefore represents 

an unnecessary complico.tion. 

Correspond:ng to ( 3) the fo.llo,....-ing combinations are 1.:.sed (in SY?fbolic presen­

te~tion): 

YG G + y . G . + y Q., + . l:. y . 1j; • Q ~ 
,max max G,:r.:!ln m1n Ci, 1 .!\., 1 1> 1 Q,l 0)1 'k,J. 

where 

G 
max 

G . 
m1n 

\,1 
1/J ,Q . 
0,1 """k,l 

permE .... "lent actions the ·.::ffects of vrhich inc2·ease the effect 
of the variable actions 

pe~manent actions the effects of Hwh:~ch reduce the effect 
of the variable actions 

basic (variable) action (characteristic value) 

accompanying variable actions ( ccmbination value:3) 

In the loading regulations of the Nordic count:ries only the p:rc.C.ucts y" . \);""' .: 
1.::{,1 v, .... 

are g1ve~. 

( 6) 
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R - (f' I f' I E I ) ~.d- '1'y"1'"''-• .-yM., ••• '.y,,., ... ' K, ll.i., n..,l l ,1 1\:,.j iVl,J 
( 7) 

-. 

= R(f 11Y,.f 1' .. • fk ./'(M . ' Y:., LJ.) ,1 ).1,1 
E, ./y,, . , •·. )/yR K,J lvl,J 

( 8) 

whe:r'e 

( 9) 

but tb.is ag;.1.in represent2 c;,n unnecc.ss<::ry complication: Except for very rc.re situ-

at~.ons, e ~g. in connection vi th f:-.."~_ction, a common factor can freely be rr.oved frc)m 

the left to the right side of the inequality ( 1) without any influence on t!::e 

·resuJ.~.:;, i. e. the following three conditio!'l.s are equal 

2 ' -, s . S( .... ) R ( .... ) /yR l c ( ' ;; R (" .. )/(yRyS) ( 1D ) ._, • • • • I 

J 'S( .... ) < ( .... ) YR)'S R 

Haviug thiE in mind many f~tile discussions could be avoided, e.g. ~,.;hich uncer­

tainties should be c8vered by y
8

, yf' ym and ·YR respective.ly, or is it ae;ainst 

nature to have a Yt(·fa-:;:tor on E? 

'l1he system of partial factors shcuJ d be giv~n V[ .. lu.es facilitating the design.. ln 

e~ccordance v;itt this y...., -is in the Nordic ccd~s in most cas~s put equal to i fo:: 
' dead load b12cause dead load in some cases has a fa~v~o~.n·able effect, in others an 

unfavourable effect. 

Q~9~~~~i:£~~-E~E~~~~::~~ are generally introd1J.ced i!1to the calculation by their non:-· 

inal values (ad -::: a.com). In sorrie cases safety eleruen-'c.s !':.a e.re introduced 

e.. ± /.Ia) • 
nom 

4. DE~ERl,UNA'.I'ION OF P.:\RTlAL COEFFICIENTS' PRINCJ.P:SFS 

The partial coefficier;ts should in principle be so detersined that a uniform 

probability of failure is obtained !'or comparabJ.e structures irrespective of 

the materials used. 

rrh~ probability of fa.ilure can in prin.cipl~? be determined as follows, ~Jtere the 

most simple ca.'.:;e is ·studies, v:iz. on::. actio!".:. effect S and one resistance para:iic-::.er 

}L Both arc assur:-~ed to bt: stochastic ..,.-e,}.ue.s, st:f~ fit;ure 1 
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A Probability 

I j__. _____ __ __:::/~ Load S 
----t> Resistance R 

:?igure 1. Density function for an action effect S and the corresponding 
resist9.nce R 

Tne probability of failure pf 1s equal to the probability of getting values o.f 

S greater than R, or with M:::: R-8, see figure 2. 

p = P(R<S) = P(M<O) 
f 

The value of p-f' is very sensitive to the fo:cm of the tails (the distri-bution 

function of high values of S and low ve.lues of R) and in practice the necess­

ary information is never available. 

' ----~R-·S 
,uM 

Figure._ 2. Density f·,mction for the failure function M = R-S. 
The probability of .failure is hatched 

Us-ually only the mean value and the va.ri ance of R and S are kncwn, together i-Ii th 

2 .. rough knovled.ge of the tails. 
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Instead of' the true, unk.no-;.,rn distribution functior1, standardized distribution 

functions are used: For S usually a normal dist!·ibution, for R a lognorma~. 

For these conditions it is possible to calculate the probabiJity of failure, 

i.e. P(R-S < 0), but it is only a formal prcbability of failure because of the 

use of the sta.'1dardized distribution functions instee.d of the true, unknovn. 

To ur,derline the fonrra.l character, the safety is normall)' not g1 ven by the 

formal probabil.i ty of failure, but by a so-called safety-index. r.l'he safety 

index S is defined by 

( 11 ) 

w!J.ere ~l-1 is the mean and oM the varlance for the failure function M - R-8, 

see .figu:ce 2. 

The rel.ation betvE.en formaJ. probabili t.y of failure per year and the safety 

index is illustrated in table 1, which gives the values recommended in 

(NKJl-repo~t 36, 19]'8), dependent; on the type of fail'.lre and safety class. 

'I'able 1. Reconnnended 8-values (NKB 1978), and (in brackets) corresponding for-­
mal probabiliT-ies of failure per year 

Failure .!nJ.e 

Ductile Bl'ittl€ -·----
Safety Class: with without 

strain- strain-
hardening_ hardening_ 

B = 3.09 3.71 4.26 

(10-3 ) ('10-4) ( 10-5 ) 

Normal s = 3.71 4.26 l1. 75 

(10-4 ). ( 10-5 ) ( 10- 6 ) 

High 8 = 4.26 4.75 5.20 

( 10-5 ) 
~ 

( 10-7 ) ( 10-0
) 

The Nordic partial coefficient system 

The described principles and the ~-values in table 1 form the background f'or t:ne 

partial coefficients ~sed in the :i'Jordic countries. 

1. 

i· 
' i 
' 

l-. 
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The partial coefficients and load combination rules have been calibrated so 

that the partial coefficient method for a wid.e range of desit;n situations 

gives the same dimensions of the structures as the safetr index method. 

The following is a verr brief extract from the Danish Code of practice for the 

safetr of structures, which has been based on NK3-Report 36. 

In table 2 are given the load factors for the most common comtinations of actions 

for serviceabili tr and for uJ.timate limit states. Besides there are further com­

binations involving accidental loads. 

Table 2. Action combinations with corresponG.ing partial coefficients, y f 

permanent action 

weight of structural members 

Gk fixed action 3) 

0.15 Gk free action 3) 

'\-.reight of earth o.nd ground water 

va:riable action 1) 

one variable action 

other v:1riable actions 

serviceabilitr ultimate 
limit state limit state 

1. 0 

1.0 

2) 

2) 

2.1 2.2 2.3 

1. 0 0.85 1.0 

1. 0 

1.0 1. 0 1.0 
·-------· 

1.3 1.3 

ljJ ljJ 

i) In the table the ~.v is to be taken as 1. 0 •1/J, l. e. the usual action, tj;~ is 

given the partial coefficient '( f = 1. 0 

2) The variable actions and their values ln the serviceabili tr limit sta;;e a:re 

give:1 in the struct1.J.ral codes. 

3) A fixed action takes either the value 0, or its "maximum" value simultaneously 

on all parts of the structure where it can possiblr act. A free action can at 

anr point independentlr take any value between 0 and mc.ximum. 

The principles for the determin'<tion of material factors are given ln Annex A. 

For ordinary timber structures \Vi th normal degree of control a value of Y m = 1 '"5 

is used corresponding to a coefficient of variation of 15% for the structural 

strength (for the materials the value is usually higher), and ductile failure 

without extra load-carrring capac i tr ( strainhardening). 

For structures made under extended control, l. e. glulal.'J structures, y m = 1. 35 

is used. 

,.,; 
c • . , 
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No inte:rnatio!lal agreement hs.s bee!l reo.ched on the partial coefficient. There 

are a number of reasons for that. 

J;_ reC}.uirement for the he.nr..rJniza.tion is that the loads are agreed inter­

nationalJy. Ttis is not the case for the time being, and there is vr;ry little 

progress in harmonizing the loading rego..1lations. 

- In most countries the coefficients are not determjned on a rational basis, but 

b:.; comparison with the e:xis"ving sa.fet.y factors, and some cow.Yt.ries only pre­

tend to use the partial coefficient system. Iustead they are trying to maintain 

the permissible stress system (by using the same load. factor on all loads). 

Some of thA international !Drganj zatj ons, &~ong others CEB ~ ha7e tried to force 

through pa.rt:iaJ.. coefficients especie.lly suited for thei!"' material.s. 

Most of the proposed systems are, however, in agreement with the following 

recomrncnd.at ions in t!1e EC:E-Compendj urn, viz. 

For .§£f<:!.LEE5"?.~£go00 the parti0ol coefficients YF for actions may be chosen m 

the following way. 

:F'or peruancnt e.ctions v;rhich are UIJfavourable Yp = 1. 0 - 1.3 

For permanent actions 11hich are favourable YF = 0.8 - 1.0 

For variable ae:tions YF = 1. 3 - 1.6 

For accidental actions Yp = 1.0 

For ~<:~::~~~<::'£~-~i:!.LEE<:'£~~'!1:! the values of YF may be differentiated to some 

extent and should be chosen with regard to the nc..t1.rre of the problem. Normally 

the value of y f is about 1. o. 

The partial coefficients y for the str8ngth of materials and mcdulus of elas­
m 

ticity are strongly dependent of the type of material and the variability of tioe 

material properties. }"'allowing values may be given as examples: 

Strengths of tnOoterials Hodulus of elasticity 

For concrete YN = 1. 25 - 1.5 yl•l = 1.0 1. 2 

v = 1. 0 -· 1. 1 y!-1 -- 1. 0 1 . 1 !M For steel 



10 

The addi-tive geometrical quant.ity /~a for cross section dimensions may 

Ue chosen so that ~ ~ La approximately correspond to "the tolerance limits. 

A nartial coefficient y , by 'lo.1hich the consequences of failure are taken into 
- n 

accormt, may be introduced with values vc..rjring from y n = 0. 9 fer consequences 

which 

these 

are not serious toy = 1.1 for consequences whi~h are very serious. With 
n 

values y should be multiplied. either toy or to Y,. 
n F N 

5. SPECIAL PROBLPMS FOi< '!:'IMBEI\ STRUCTL'RES 

The partial coefficient system described has been developed for conc:-"ete and 

steel and is based on the assumption o.f time-independent material properties. 

This assumption is not given explicitely but through the fact that the S-values 

correspond to a fixed probability of failure per year. 

If the y -values proposed for concr-ete or steel are used together vith the usual 
m 

time-dependent strength and stiffness reduc-cions, timber structures \-Till get a 

higher safety level than other structtrres: Only at the end of the sssu .. ttted .life­

"',:, ime will timber structures have the prescri becl S-valaes, in most of the life­

time - es:pecially for perManent and .long-term loading - they v:ill have much 

higher S-valuec. 

·. 



ANNEX A 

ANNEX A. WEIGHTS AND WEIGHT DENSITIES -----------------·--· 
in the following, lists are giv<on of the weights, weight densities, masses 
and mass densities respectively of a number of building mai.erials and 
goods in bulk. 

Where nothing else is stated, the weights of structural parts and 
weight densities of bt:ilding materials given may be assumed to include 
the moisture content which the material concerned at tile situation in 
the building structure will generally have. 

In the case of some materials, the weight of which is not very well­
defined, a range is given within which the weight may ge:1erally be as­
sumed to be found. 

When an angle of internal friction is given in the form of a range, the 
lowest value for the material in question may be assumed to be within 
the range. 

It should be noted, however, that deviations from the vnlues given 
may occur. 

Tables of weights or weight densities and masses or mass densities, 
respecUveiy, of building materials and goods in buill: -

Ta.b!e A 1 Weight densities of building materials 
Table A 2 Weight densities of metals 
Table A 3 Weights of roofing materials 
Table A 4 Weights of non-rendered brickwork 
Table A 5 Weight demities of m8.teri2.ls for wearing surfaces 
Table A 6 Weight densities of covering and insulating materials 
Table A 7 Weight densities of soils 
Table A 8 Weight densities of inorganic substances 
Table A 9 Weight densities of s.olid fuels 
Table A 10 Weight densities of liquids 
Table A 11 Weight densities of organic substances 
Table A 12 Weight densities of agticultural crops 
Table A 13 Weight densities of seeds and grain 
Table A 14 Weight densities of concentrates 
Table A 15 Weight densities of manure and;fertilizers 

-. 



2 ANNEX A 

Table A!. Weight densities and mass densities of building m~.terials 

weight mass 
density density 

n1a terials kN/m' kg/m' 

concrete, hardened 
(newly cast concrete about 1 kN/m' greater) 
reinforced concrete, aggregate natural stone 

(granite, flint) 24·26 2450-2650 
:mreinforced concrete, aggregate natural stone 

(granite, Oint) 23·25 2350-2550 
structural lightweight concrete 14·20 1430-2040 

mortar, hardened 
(freshly mixed mortar about 1 kN /m' greater) 
cement mortar 21 2140 
lime·cemertt mortar 19 1940 
lime mortar 17 1730 
masonry cement 19·20 1940-~040 \-'' 

~.,., 

! gypsum-lime plaster foe Rabitz rendering 15 1530 
i plaster of Paris 10 1020 

I naturai stone 

I basalt 30 3060 
granite, gneiss 27 2750 

' marble, dense limestone 21·27 2140-2750 
I limestone, porous 13·21 1330-2140 

I sandsLone, dense 22·27 2240-2750 
sandstone, loo-s~ 14·24 1430-2450 

I 
slate 27 2750 

I maruJactured, solid building blocks 

I 
concrete blot:ks 23 2350 
sanri·lime bricks 18·20 1840-2040 

I 
light-concrete blocks 4·14 400·1430 
moler brick 12 1220 
brick 14·20 1430-2040 

I brick, hard burned 17 1730 

i clinker brick 1 9·20 1940-2040 
! 
I wood, air dried (about 15% moisture) 
i S.:andinaY~an hardwood 7 710 
I Scandinavian softwood 5 510 I 
! (impregnated wood may have a higher 

weight densit_y than those given) 
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Table A2. Weight densities and mass dem:ities of metal.\ 

·metal 

weight 
density 
kN/m' 

mass 
density 
kg/m' --

~luminium 

lead 
bronze 
copper 
brass 
steel, rolled 
cast iron 
cast steel 
tin 
zinc 

27.0 
111.8 

84.3 
87.3 
83.4 
77.0 
71.1 
77.0 
72:6 

------- 70.6 

2750 
11400 

8600 
8900 
8500 
7850 
7250 
7850 
7400 
7200 

Table -~3. We_i\'hts and masses of roofing materials perm' of •·oaf surface1 

weight mass 
material -------~-----'k:.:.lc:.<c:irr::.'. __ _!:_g lll2.'_ __ _ 
ordinary roofing sinte 
asbestos·cem~nt corrugated board 

0.20·0.25 20·25 
0.15·0.20 . 15·20 

asbesi'.os·r.::ement slate 0.20·0.25 20·25 
timber boarding (25 mm thick) 0.15 
thatch (200 mrn thick) 0.50 
tiled roof, interlocking pontiles2 0.55 
tiled roof, >romer» tiles2 0.65 
tiled ;·oaf, »vir.ge» tiles2 0.45 
laths for tiled roof• 0.05 
river gravel (for flat roofs) (10 mm thickness) 0.17·0.19 . 
::.?OfingJ:.:_Jl, single layer -------'0..:..0:2·0.05 

15 
50 
55 
65 
45 

5 
17·19 

2- 5 

1 Weigh~ perm' of fin\shed reef :c:.::!"fac:e inclusive of normal overlapping of roofing 
material. \Vhen nothing el:::e i.s mentioned the Wt'ight comprises only the actual 
roofing material. The weight of battens, purlins, rafters, and the like is nol in­
cluded. 

2 The weight of tiled roofs are giver1 a.s th0weighlof dry roof Wes -+· about 14% of 
this weight (correspondiug to maximum moisture content)+ weight of sheathing 
(felt or plastic sheet) 0.04 kN/m'. If pointing is applied, 0.09 kN/m' shall be 
added. 
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Table A4. Weights and masses_o,'non-rendered brickwork perm' of wal/3 4 

thickness 
of wall weight mass 

type of wall (nom.~ntm) kN/m' kglm' 
half brick 108 1.9 190 
broad brick 168 29 290 
one brick 228 3.9 400 

half brick+ half brick 
(cavity wail with wire ties) 290-350 4.0 410 

half brick + half brick 
(cavity wall with headers) 350 4.4 450 
brick and a half 350 5.9 600 
two b•ick 470 7.9 800 

3 The we:ighls given in the table refer to brickwork of solid bricks w:th a weight 
density of 17 kNim' and mortar with a weight density of 17 kN/m'. 

4 The weight of rendering (about 10 mm thick) is assumerl to be 0.20 kH/m'. 

Table AS. Weight densities a11d mass densities of materials for wearing surf.::.a.:.ce:cs:._ __ 
. .. . ~eight .----;;ass 

material ---
asphaltic concrete, mastic asphalt 
bitumen 
asphaltic concrete, base course material 
fine cold asphalt 
cement rendering, terrazzo 
tiles of limestone, marble, slate 
fioor clink<?.r, ceramic tiles 
cork tiles 
linoleum, magnesite, rubber, plaslics 

denoity density 
kN im' kglm' 

22-24 2240-2450 
10 1020 
21-23 
20-22 
20-23 
27 
20-22 

1- 5 
10-20 

2140-2350 
2040-2240 
20,i0-2350 
2750 
2040-2240 

100· 510 
1020-2040 
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Table A6. Weight densities and mass demities of covering and insul<tting materials 

weight mass 
density density 

material kN/m' kg/m' 
flsbesto&·cemen t board 18 ·22 1840-2240 
asbe.stos~cellulose-cement board 14 -15 1430-1530 
asbestos-silicate board 7 - 8 710- 820 
gypsum board 9 920 
glag, 26 2650 
plywood, pine 6 7 610- 710 
expanded ,.intered clay 2.5- 5 250- 510 
mineral wool 0.2- 2 20- 200 
foamed plastios 0.1- 0.4 10- 40 
chipboard, heavy 8 -10.5 820-1070 
chip8om..:l, medium heavy 4 - 8 410- 820 
woodfibre board, hard 8 -10 820-1020 
woodfibre bonrd, 3emihard 6 8 610- 820 
woodwool slabs 3 - 5 300- 510 ---------------

Table A 7. ~~eight dens;!ics and mass densities of soiiB 0 

weight mass 
density density 

-~k~N~/m __ ' ______ k~g/m' soil --------
natural deposits 

dry sand and gravel 
moist sand and gravel 
water-sah!rat.ed sand and gravE! 
water-saturated moraine clay 
w&ler·saturated plastic clay 
water·satura+,ed silt 

15-18 1530-J 840 
15-20 1530-2040 
1.9-22 1940·2240 
19-23 1940-2350 
16-20 1630-2040 
10-16 1020-1630 
J 0-12 1020-1220 

--

water·sRturated -~"'~----------~-'------ -------
5 Since the weight demity of soils may vary within a fairly wide range, it should in 

principle be determined by measuring and weighing undisturbed samples. 

: 
' I 

I 
I 
I 
! 
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Table AS. Weight densities, mass densities and characteristic angles of internal fric· 
fion, ¥>k, of inorganic'materials 

------
weight mass 
density density 

m~.terial kN /rn 3 kg/m 3 'I'~ ---
cement 

in silo 
in bags 

limestone and lime 
quarried stone 
hydrated lime 
hydraulic lime 

coke ash, slag 
g-round limestone 
(additive to livestock feed) 
salts 

in bulk (common salt) 
rock salt 
dicalcium phosphate 

sand, dry 
shingle ar,d pea shingle, dry 
broken stone 

crcshed brick, dry 
natural sto:-te, dry 

12-16 
16 

18 
6 
7 
6· 9 

10·14 

12 
22 

8· 9 
16 
16·18 

12 
1.6·18 

1220-1630 
1630 

1840 
610 
710 
€10· 900 

1020-1430 

1250 
2?40 

320· 920 
1630 
1630-1840 

1220 
1630·1840 

20. 

45 
25 
25 
25 

40 
45 
40 
30 
30 

35 
:35 

Table A9. Weight densities, mass densitieB and characteristic angles of internal fric-
tion, 'I'll, of solid fuels6 7 

. 

weight mass 
density density 

fuel kN/m' kg/m' 'I'~ 
---------------·-·--

brown coal, loosely depos;ted 6·8 650·820 35 
brown cval briquettes, stacked 13 , 1330 
fire wood, stacked 5 550 
coke and cinders, loosely deposited 3·5 350·550 45 
coal, loosely deposited 7-8 710·82~ 35 
charcoal, loosely deposited 2-4 200·410 
p•at, loosely deposited 3·6 300-610 
peat. compressed 6·9 610-920 -------------------------
6 The weight densities are given as gross values, i.e. inclusive of a.ny packing men­

tioned per m 3 of the article in stored condition. 

~- 7 The weight densities given refer to dry fuels. 

( 

;:, 
h 
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Table AJC:,~eight densi!~~and ~~~'densities of l~quid~'----­
weight 
density 

liquid-------- kN/m' 

alcohol 7.8 
petrol 7.4 
benzene 8.8 
liqu.id gas 

propane 5.0 
butane 5.7 

flycerol 12.3 
coal tar 10.8·12. 7 
milk 10.1 
oils 7.8·10:8 

fuel oil 7.8- 9.8 
diesel oil 8.3 
linseed oil 9.2 
creosote oil 10.8 
lubricating oil 8.8 
white Bpirit 8.5 

paraffin oil 8.3 
hydrochloric acid (40 per cent) 11.8 
sulphuric acid (87 per cent) 17.7 
"'"nter 9.8 
wine 9.8 
ether 7.4 
beer 10.3 -----· 

ANNEX A 

mass 
density 
kg/m' 

800 
750 
900 

510 
580 

1250 
1100-1300 
1030 

800-1100 
800-1000 
850 
940 

1100 
900 
870 
850 

1200 
1800 
1000 
1000 

750 
1050 

Table A j J. Weight densities, mass deru;ities and characteristic angles of internal fric-
tion, 'i'h, of Ol'gar.ic substartces 8 ~ : 

··--- ---'-----
weight ma$s 
density density 

substance kN/m' kg/m' 

cottor1 and wool, in bales and stacked 13 1330 
books, stacked 8 820 
books, oa shelves and in filing cabinets 6 610 
fruit, in <:rates 3 350 
fruit, in bulk 4 450 35 
rubber 10-12 1020-1220 
hides and skins, sta.cked 9 920 
flax, in bales and stacked 3 300 
~Toundnuts 4 410 
coffee 6 610 
meat 8 820 
malt 5 550 25 
margarine, packed 7 710 
flour and oats 6- 8 610- 820 25 
paper, stacked (see also books) 11 l120 
butter, packed 8 820 
sugar, in bulk 8 820. 35 
tobacco, in bales 3 350 

8 The weight densities are given as gross values, i.e. inclusive of any packing men· 
tioned perm' of the article in stored condition. 



,[ 

! 
i 

8 ANNEX A 

Table A 12. Weight densities, "''"s densities, and characteristic angles of internal 
friction, '~'k• of agricultural crops 

material 

hay crops 
hay, hard compressed . 
hay, medium compressed 

stacked to a height of 8 m 
stacked to a heiffht of 2 m 

root crops 
potatoes 

in bulk or in bags 
fodder roots, cut 

green crops, silage 
direct-cut silage 
pre·wilted silage crops 
green fodder, loosely stacked 
silage, sugar beet waste 

weight 
density 
kN/m' 

2.0 

1.5 
1.0 

7.0 
7.0 

10.0 
7.5 
4.0 

10.0 

mass 
density 
kg/m' ' '~'k 

200 

150 
100 

710 
710 3·o 

1020 
760 
410 

1020 

Table A 13. Weight densitz'es, ma-55 dem:ities, and characteristic angles of internal 
friction, .<Pk' of seed and grain 10 

· weight density9 mass density9 -
kN/m' kg/m' 

material 3m 12m 3m 12m ' '~'k 

ligizt seeds 3.8 4.5 390 460 20-30 
cocks foot 290 340 
rye grass, meadow fescue 350 420 
rough stalked meadow grass 370 410 
mangold 260 300 
sug~n beet 3SO 460 

heavy seeds 8.3 8.4 850 860 20-30 
leguminous fruit 850 860 
clover, cleaned and sorted 830 840 
lupine 810 820 
lucerne, cleaned and Borted 820 830 
rape 700 730 
timothy 610 650 

grain 7.9 8.3 810 850 20-30 
barley, Danish 730 800 
oats, Danish 640 680 
wheat, fodder 810 850 
maize, unsortl!d 740 800 
rye, Danish 790 840 

9 Minimum and maximum weit;ht and mass densities are given at depths of 3 m 
and 12m, respectively, below the surface of the stored materiaL 

lOThe weight den~ities. given are inclusive of the muisture ('On tent which the rna· 
terials concH ned generally have in stored condition: 

Grain: apx. 14-18 per cent by weight 
Grass seeds: apx.. 14·16 per cent by weight 
Other seeds: apx. 11-17 per cent by weight 

r-; 

" 
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Table AJ4. VI eight densities, ma•s densities, and characteristic angles of internal 
,friction, <~'k• of concentrates 11 

weight density 9 mass density9 
kN /m' kg/m' 

materia~ 3m 12m 3m 12m 0 

'~'k ---------
cottonseed cake, unhulled 5.3 5.8 540 590 35 
cottonseed flakes 6.5 6.7 660 680 
fish mea! 6.5 6.8 660 690 
mea1 3.9 400 
wheat bran 3.4 5 ,. 

·" 350 530 
linseed flakes 6.6 6.9 670 700 
linseed, rolled 5.3 6.3 540 640 
groundnut flakes 7.3 7.5 740 760 
coconut flakes 6.3 6.8 640 690 
meat bone meal 7.9 8.3 810 850 
lucerne meal 3.8 4.1 390 420 
oil cake 9.8 1000 
oil meal 4.9 500 
mpe meal 6.0 6.2 610 630 
soybeans 1 rolled 5.1 5.7 520 580 
soybean mea1 1 Da!"'ish 5.8 6.1 590 G20 
sunflower flakes 7.4 7.6 750 770 
sunflow€'r meal 5.8 6.0 590 610 

9 Minimurn and maximum weight and mass densities are given at dzpths of 3 m 
and 12m, respeclively, below the surface of the stored material. 

11 The weight densities given are inclusive of the moisture conte •. t which the ma-
terials concerned generally have in stored condition: 

Flakes: apx. 5- 11 per cent by weight 
Meat bone meal, fish meal: apx. 5 ~ 6 per cent by weight 
Others:' apx. 9- 17 per cent by weight 
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Table A15. Weight densities, muss densities, and characteristic angles of inte~nal 
friction, ~~'k• of manure and fedilizers 

material 

--:-:------
wtight 
density 
kN/m' 

mass 
clensity 
kg/m' "'~ -------------- _____________ .....;::__ 

manure 
urine, liquid manure, sludge 
compost 
iarmj•ard ma.nur€!, solid 

tv a height of 1.5 m 
to a h~ight of 3.0 m 

fertilizers 
ammonium nitrate sulphate 
Chi\e saltpetre 
agricultural lime 
potar.siu.rn fert.ilize!:S 
ca:Ciurn r.mmonium nitrate 
calciurn <:yanamide 
-cs.lcium nitrate 
Kola apatite concentrate 
NKP fertilizers 
PK fertilizers 
phosphate rock 
superphosphate, granular 
superphosphate, pulverized 
ammonium sulphate 
potassium sulphate 
Thomas phosphate 
Thomas meal 
urea 

10.8 
11.8 

5.9 
9.8 

7.8- 9.0 
11.3-12.3 
12.3 

8.6·11.8 
7.8- 9.8 
8.4- 8.9 

11.5-12.4 
12.9-18.2 

8.1·11.9 
10.6-13.5 
12.4-16.7 
10.0-10.8 

9.8 
9.8·1 0.8 

12.3·14.5 
17.5·19.8 
19.6-21.6 

7.1· 7.4 
-------------------------

1100 
1200 

600 
1000 

800- 920 
1150·1250 
1250 

880-1200 
800·1 000 
860· 910 

1170·1260 
1320·1860 

830·1210 
1080-1380 
1260·1700 
1020·1100 
1000 
1000-1100 
1250·1480 
1780-2020 
2000-2200 

720· 750 

25-35 

·, 

!· 
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INTRODUCriON 

The United Kingdom in ccm:non with countries such as Cartada and the USA is 
moving tONards prcx1uction of limit states design ccx1es with a partial 
coefficients methcx1ology for primary structural materials such as 
concrete, steel, masonry and timber. Efforts are being made within 
these countries to harmcnise national loading ccx1es and the individual 
mat.erials ccx1es .. Hopefully a climate will be created wherein designers 
are encouraged through the exercise of expertise to prcx1uce more relevant 
and if appropriate more uniform levels of reliability between design than 
are a·ttained with present vxxking stress solutions. When appropriate 
designers should be permitted to gain economic advantage through use of a 
more rational probability based design procedure. 

Ccx1es for materials such as concrete have been intrcx1uced in the United 
Kingdom by a process of calibration with existing designs. This has 
resulted in load factors which are not universally applicable across both 
light and heavy weight materials and are to some extent illogical. It is 
felt that there is no great pressure to prcx1uce a UK ·_oartial coefficients 
timber oode inmediately and thought should be given to the matter before 
carrying out the type of procedure applied to other materials. 

This note was originally prcx1uced for tJ1e British Standard Institution 
Ccx1e Committee CSB32, which oversees the prcx1uction of UK timber ccx1es, 
and gives a TRADA view of the current situation with respect to methcx1s 
for calibrating partial coefficients timber ccx1es. 

1. What is limit states design? 

A limit states design is one wherein certain lin.ct states may not be 
exceeded. The limit states may relate to the load-carrying capacity of the 
structure (ultimate limit states) or to its function in nonfr"l use 
(serviceability limit states). Limit states design is neit.l-)er inherently 
probabilistic nor .inherently associated with a particular ccx1e formatting. 
The BS CPll2 : Part 2: 1971 and its intended replacement BS5268 : Part 2 : 
1984 are working stress ccx1es with a rudimentary limit states design 
procedure, i.e. separate checks are made for strength and deformation. 
Reference is also made to fire, durability and corrosion. 

2. Ultimate limit states 

Ultimate limit states correspond to the maximum load-carrying capacity or to 
complete unserviceability. 

Ultinate limit states may for example correspond to: (l) 

Loss of static equilibrium of the structure, or part of the structure, 
considered as a rigid body (overturning), 

rupture of critical sections of the structure due to exceeding the 
mz.4.terial strength (in sane cases dependent on t--he lcx.Kiing history), 

loss of stability (due to, among other things, buckling), 

unlimited slip of the whole structure or mutually between parts of it. 

( l) CIB. CIB structu.ra.l t.il1U::::€r design cede. International Cou.0cil fer 
Building Hes~::arch Studies a.nd Ccx::uiT'.entation Publication 66. Sixr.:.h 
·-.::'\Li.t.icn, ,Ja .. n.uar_:~/ ~.-~;::3.3. 
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3. Serviceability limit states 

Serviceability li.mit states are related tc criteria governing normal use. 

Serviceability li.mit states may for example correspond tc: (l) 

- deformations which affect the efficient use of a structure or the 
appearance of structural or non-structural elements, 

- excessive vibrations producing discomfort or affecting non-structural 
elements or equipnent (especially if resonance occurs) 

- local damage which reduces the durability of a structure or affects the 
efficiency or appearance of structural or non-structural elements, 

- local buckling of thin plates (for example in webs or flanges) without 
rupture, 

- excessive impressions due to stresses perpendicular to the grain and 
not affecting the ultimate strength 

4. h1la t is probabilistic design? 

A probabilistic design is one wherein a component or structure is sized so as 
to attain in the long v~ a desire of probability of load exceeding 
resistance at any time during the design life. '!'his long ~ probability is 
often referred to as frequentist probability. '!'he Ulterrelationship exists: 

where: 

R = 1 - Pr 
T 

Pr= frequentist probability of load exceeding resistance 
T 

R " frequentist reliability 

( I ) 

Load and resistance are here used in a general sense and could for example 
represffi1t deformations withll1 a serviceability li.mit states calculation. 

Within any design methodology it is necessary to decide whether the objective 
is tc design for a target level of individual element reliability or a target 
level of system reliability. '!'he li.mit states agall1st which probabilistic 
design should be made, target levels of reliability and the choice between 
individual elements or system reliability all depend upon factors such as the 
conses~ences of failure, cost of increasai security agall1st failure, ability 
of tl1e system to redistribute load in the event of failure of a single 
element arrl the interaction of these factors~ 

Explicit¥ probabilistic design inherently i.'1cludes statistical modelling of 
at least loads and resistances. 

Notionally probabilist.ic design makes qualitative (subjective) allow-ance for 
tlle probabilistic nature of loads and resistances. Qualitative clllcwance 
rnust ho,..rever te translated Lnto quantitative calculations. rrhis is achieved 
D.'lrough agreement 'Ni t.'lin code ccrnmi t.tees ur-:on relativi-ties indexed to a tese 
proven sa tis factory by t~xper .ience. 
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I 
Traditionally timber cetnp:)nents or structures are designed on an individual 
elerr,ent basis ignoring interactions and canplex support conditions. 'I'here is 
r.cw a general acceptance for sane fonns of timber structures that design 
slc>:.mld follcw more rational pr=edures which take account of redundancies and 
partial fixities J:etween canponent and Which design to a target level of 
reliability, or sane related measure such as a safety index (see item 10.2). 

'&~licitly rational design' therefore involves use of analytical models 
which include elasto-plasticity, viscosity, relative slip l:etween adjacent 
sa~ rigidly connected elements, etc. in conjunction with statistical 
rrc.delling of stiffnesses, loads and resistances. Ideally an explicitly 
rational analysis \.<:luld 1:€ undertaken for every structure. More 
real.isit.ically, approximate rationality can 1:€ achieved by assuming the 
influences of factors such as interactions, canplex supports, statistical 
nature of loads, statistical nature of resistances, t.ime in service on 
mechanical properties, volume etc. can J:e treated as i.'"1dependent. 

Under an approximately ra·tional pr=edure the design equation for an element 
by element design is: 

__________ (2) 

1.-vhere: Fk ::::; characteristic design force, 

A = ooefficient adjusting for statistjcal variation in loads 
causing design force, 

f, 
K 

p 

K· ., 

K/;. 

K .~ 

" 
K v 

Kcl 

~1 

= characteristic design resistance for reference;ti.~e i.'"1 service, 
interaction condition, envirorment, volune 1 direction of 
loading, etc . , 

= ooefficient adjusting for statistical variation in element 
resistance 

= modification factor for interaction conditions, 

= modification factor for time in service, 

= modification factor for environment 1 

= rrcdification factor for volume, 

= modification factor for direction of loading, 

= mcdification factor for design methcxl (corrects for neglect of 
factor-s such as partial fixities &"ld complex support 
conditions) . 

In qeneral the equality in equation ( 2) corresponds notionally to exact 
,::i.tGS.inment of the desired probability of failure withi..rt the target design 
Life. 'I'he equality in equation ( 2) corresponds exactly to littainment of the 
desired probability of failure <,;itl1in tl1e target desiqn life only at the 
calibration coir1t(s) used dur:L'"1g tl1e assic;rment of ;, , ¢, K· K K K 

- , I ;.. ._, '/ , :<: 
1 

, etc. 
-I 
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Within the =ntext of rational design equations ,-\ and ¢ can ee calibrated on 
eitl1er an explicitly probabilistic basis or a notionally probabilistic 
basis, see item 4. 

6. Wnat is a partial coefficients limit states design methodology? 
A partial coefficients limit states design methodology (also sanetimes 
referred to in North America as load and resistance factor design) is a 
systematic procedure Wherein checks are made against the possibility of 
attaining any of a selected range of ultimate and/or serviceability limit 
states. The objective is for the design force not to exceed the design 
resistance for the critical limit state employing within each limit state 
check tlle approximately rational procedure previously descriCed, see item 5, 
and embodied in equation (2). Equation (2) is the basic fonn of the partial 
coefficients limit states design equation When applied within tlle framework 
of a syst~natic check for each limit state. 

There are many variations and notations employed within generalised 
approxirnative expansions of equation (2). The fonn and notation used in this 
note are: 

L 0 t " I(' . Fk • '-! l"J T,~ ;(, 
+ 

K I"" M fs (o·os) 

:>5,.,.. "-
~.vhere: Jf = 

I~ I = . ,,., 
fk 

'1-'o = 
k = 

= 

Ke = 

Kr = 

Y· = 
l 

M = 

____ (:>) 

load factor (partial coefficient), 
importance factors, 
characteristic design force (subscripts i and j denote dead, 
snCM, '"'ind or other loads), 
load combination factor, 
Canp:Jsite rncxiification factor, 
f (Ke, Kl-, K~, ... 4 ••• ) K~ 

v ~ 
K . x K . X K; •••• , 

t:::.. t: v 

modification factor for environment, 

modification factor for duration of loading, 

modification factor for interaction of elements 

design method factor, 

f (0.05) = short term characteristic strength as determined in a 
laboratory test and =nverted when appropriate to 
reference; spec~en volume, environmental conditions, 
test method and test procedure, 

= 5% exclusion value at 1 level of confidence*, 
materials factor (partial coefficient) 

The twD essential h~gredients of a properly fonnulated partial coefficients 
lirnit states design metllodolcgy are: 

( i) Provision for checks against all appropriate limit st..ates rehevant to 
a particular fonn of construction, e.g. a check should ee inclucied 
on vibrational perfonnance of lightweight flocrs i.'1 addition to 
traditional checks on static strength and deformation performar1ce. 

( ii) Fational and reliable LBsis for calibration of all coefficients and 
factors .in '?C{Ua tion ( 3 ) . 

);- '.'Jtl:.er l.ev,:::ls of exclusion .:.:auld 'ce C::i11f>loyer.J wit_l-l.out (F_LOlc3."Ci.:1g t-J·1e v.~-:..Lid.lr:y 
()_f. ~i·H;:; ·._k::~3.i.:]n -'~{{t:.(Tr.._i.on, uur~ ,_issr.A::.J..,Jc.di L;c.rt:.l,J...L ·.:c>:~s~Ei,,.:.i.en::.s ·,,jo~.:i_,J. ~:e 
nLJLLE:.r i..c:_lllv <iiffec~nt.. 
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7. Reason for choice of a partial coefficients methodology in preference to 
a v.orking stress methodolc:Xzy for a Limit states design c:XXie. 

That design engineers are able to exercise a degree of discretion over the 
level of reliability for a given structure or structural element is desirable 
and by implication rational design incorporating probabilistic concepts is 
desirable. (Acceptance of this does not implicitly irnply acceptance of any 
particular level of sophistication at which the objective will J::e persued.) 

At the outset it must J::e acknowledged that exactly the same end product could 
J::e achieved under working stress and partial coefficients methodologies 
within the context of a limit states design procedure. The advantage in 
using a partial coefficients methodology is that it ocncisely fonnalises the 
design procedure When the engineer is permitted to nake systematic decisions 
with respect to levels of reliability required, as a function of the target 
design life and the consequences and nature of failure. 

Designers should J::e encouraged through t11e exercise of expertise to produce 
1nore relevant and if appropriate more uniform. levels of reliability between 
designs and When appropriate gain econamc advantage L'rrough use of a more 
rational probability based design procedure. Without the returns indicated, 
especially without a net economic advantage, it is to be expected that design 
engineers will be extremely sceptical about the potential superiority of 
limit states codes with a partial coefficient methodology relative to 
tradition WDrking stress cedes such as CP112 · Part 2. The adverse reaction 
by designers to BS CPllO bears witness to the truth of this observation. 

It is desirable that wB have a similar probability of failure across a wide 
range of structures and that we obtain a sensible balance l::etween performance 
and econany. The>?aims are only achievable if a partial 
coefficients cede calibration does not result only in a manipulated 
refonnatting of existing working stress codes without discriminative levels 
of reliability. 

In SlU1lllai)': Code drafting bodies should remember at all times t.'lat the 
purpcse of the exercise is to produce understandable approximations to 
rational design. This is generally agreed by those \mo keep the object;ve in 
mind to J::e l::est achieved through a limit states design procedure with a 
partial coefficients methodology. 

8. Choice of indices for coefficients and factors in a partial coefficients 
design equation 

8.1 Modification factor for duration of loading, K j, 

Within BS CPll2 : Part 2 and other similar structural timber design codes 
modification factors for duration of loading are assigned to various loading 
c.lassi.fications. (Loa.ding classifications are notional loading histories 
adopted as the basis fran <.vhich are calculated modification factors for t.'le 
duration of load effect.) In CPll2 : Part 2 : 1971 the following 
classifications =e adopted: 

l. I.Dng term (e.g . dead + permanent impose-d) 

2. Hedium term ( eg. dead + snow, dead + temporary loads) 

J. Sf1ort term ( •2 .g. dead + irTlfOSed + wind, dead + .ilntxJsed + sno.v + ;,vind) 
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Short tenn loading in CP112 terminology relates to a situation \vhere the 
design wind load is sustained for a total of 15 hours over a design life of 
50 years, i.e. the definition is not synonymous with short tenn test 
durations typically in the order of 5 to 20 minutes. Medium tenn loading in 
CP112 tenninology relates to a situation where the design snow loading is 
sustained for a total of 30 days over a design life of 50 years. Long term 
loading in CP112 terminology is dead load sustained in perpetuity. 
Numerically CP112 duration of loading rrcdification factors are 
the prOfOrtions of lo"'j te,-,v. durati.on strength which when continuously 
sustained cause failure in 15 hours, 30 days and at infinity. Basic strength 
values quoted in CPll2 are indexed to long term loading and: 

K t cP 11 2 ( short tenn) = l. 50 

K!: c p 11 2... (medium term) = l. 25 

K t CP 
11 

;2. ( long tenn) = l. 00 

It can easily be demonstrated by use of damage accumulation rrcdels (2) and 
(3) that in situation where transient loadings do not cause resultant forces 
mucl1 greater than those resulting from dead and permanent imj:Osed loadings 
and where transient loadings are of relatively short duration time to failure 
is daninated by the dead and permanent imj:Osed loadings. This inmediately 
raises the question of the general validity of the L'Pll2 rrcdification factors 
for short term and medium tenn loading classifications and why these at times 
apparently excessively liberal factors do not produce a significant 
incidence of failure. The reason probably lies in various factors including: 

(i) Conservative estimates of design loads, especially imj:Osed fl=r 
loads, snow loads and wind loads. 

(ii) Codified wcrking stress resistances are often estimated on the basis 
of conside1ationsother than catastrophic collapse, e.g. resistances for 
mechanical joints and bearing strengths perpendicular to grain. 

(iii) Lc.ck of account of beneficial effects fran partial fixities, 
'non-structural' sheathings, ccmfOsite actions, etc. 

(iv) Conservative test methods and pr=edures, e.g. selective fOSitioning 
of test specimens to propagate failure at the weakest cross-section. 

(2) GERI-lARDS, C.C. Time-related effects of load on strength of wcod. 
Proceedings of Conference on Environmental Cegradation of Engineering 
i-1aterials. Virginia Polytechnic Institute and State University. C<:tor.-er 
1977. 

(3) I~~rli, R.O. Load duration testing and damage accumulation ~cclelling in 
timber joints. Technische Eogesch=.L Delft, Stevin Lal:oratory, EefOrt 
4-79-7. Delft, 'l1-ID. 1979. 
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(v) Conservative interpretation and adjustment of test results during 
estitna.tion of tNOrking stress resistances 1 e.g. conservative adjustment of 
results fran short term test resistance to resistance for load sustained in 
perpetuity and choice of a larger reference volume than occurs in the design 
without pernutting the designer to increase design resistance for elements 
with a volume less than the reference volume. 

If we introduce new design procedures taking rrore rational account of factors 
such as interactions and oanplex support conditions it will be necessary to 
also introduce a rrore rational system for assigning K t factors. A more 
rational basis for K 1: is believed to be target design life in lieu of 
loading class, with say 60 years as the norm. Under the proposed basis: 

K t (60 years) = 1.0 

It can be shown by using damage accumulation models that expected l~t 
factors for other practical target design lives (in the range 10 years to 200 
years) 'M:luld be 1n the region of unity±iO% for rros1 types of solid 'M:lod 
elements and mechanical joints, (higher deviations from unity could well be 
observed for reconstituted 'M:lod products such as particleboards). 

Preliminary consideration of equation (3) 'M:luld seem to suggest that Kt 
should be indexed to 'short term test duration' . This, however, is rejected 
for the practical reason that for all design lives likely to be of interest a 
design engineer 'M:luld have to apply a reduction factor t_n the resistance 
side of the design equation. Provided that a suitable norm for target design 
life could be found the design engineer would not need to calculate Kc 
unless he deviated from that norm, i.e. Kt wnuld be unity in most instances. 
Under shese circumstances it would presumably be acceptable for either Kt to 
be conservatively estimated for other design lives or to follow more canplex 
selection processes than would be accepted across the board. 

8.2 Short term characteristic strength, f 5 (0.05) 

As indicated within the definition of f 0 (0.05) given under item 6 it is 
necessary to index characteristic properties so that they are associated with 
standardised reference; specimen volumes (or dimensions), environmental 
conditions (e.g. climate classes l; temperature of 20:!: 2degC and a relacive 
humidity of 65 ± 5%), test methods and procedures, etc. Also it is highly 
desirable that a standardised statistical technique(s) is used to estimate 
fs (0.05) from test data. Use of an inappropriate statistical technique(s) 
could significantly effect the design equation relative to its basis of 
calibration. \'lith the exception of K t all modification factors in equation 
(3) will be m.nr.erically equal to unity at the reference points used in the 
definition of fc(0.05). 

0 

In the case of all but the commonest; timber-species-grade combinations, 
sheet materials and joints it is standard practice to measure in she 
laboratory only short term characteristic properties, i.e. f 5 (0.05) and 
dssociate.d stiffness properties measured in reference conditions. Using 
information of a rrore extensive nature gathered from tests on the more common 
materials extrapolations are made to predict the behaviour of less ccmnon 
materials .in non-reference conditions. It ;vould be a relatively simple 
matter for new materials to be rapidly introduced into the market place if 
reputable relevant organisations had merely to perform tests a.'1d estimate a 
suitable value of f" ( 0.05) and she associated stiffness properties. 

v 



Page 8 

8.3 Materials factor ,o,.., 
Under a strict definition J:"' is a partial coefficient which is a function 
of; the statistical variation in resistance, the target probability of 
failure, the target design life and coefficients and factors on the force 
side of the design equation. Within this context statistical variation in 
resistance is the net variation after due allONance has been made for random 
variability in cross-sectional area, cross-section distortion, modulus of 
ru-pture, etc, i.e. variability in section/element resistance, not variability 
in critical stress. 

Unfortunately use of a ()M conforming with the abcve definition is not 
consistent with adoption of a design life other than 'short tenn test 
duration' as the index for K t . It is suggested that, within a partial 
coefficients limit states structural timber design code, a modified 
definition for o., be adopted so that 6',"' includes in its derivation an 
adjustment factor balancing the transfonnation of the index for Kt from 
'short-term test duration' to a 'nonnal design life'. Thus; 

Om (modified) = 6',
0 

(pure) x Kt" (short tenn test duration) 
('1-) 

with the value of K ·1:: used indexed to 'nonnal design life' . The modified 
fonn of 6""" given in equation (4) is the inverse of the resistance or 
rerformance factor ¢ which is proposed within the draft revision to 
Canadian Structural Timber Design Code CSA 086. 

Any given numerical value of OM (in modified or unmodified forms) is When 
used in conjunction with pre-specified values of Of , I-f' , '-/(, K, I "' and 
M only strictly appropriate to a particular type of structure, a particular 
location within that structure, a particular geographic location and the 
particular type of element being considered. However, some rationalisation 
·will be necessary before practical design calculations can be sensibly 
rerfonned on a day to day basis. Balancing the considerations influencing 
rationalisati~n of o.~ values will prove to be the major problem once a code 
fom1atting st.3.ge is reached. 
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9. Type of analysis used in conjunction witl1 partial coefficients Limit 
states design codes for -s:tiucturaT ~n-.ork. 

The followi.ng types of analysis are mought appropriate: 

L of analysis Static 

Ultimate l.s. 
I I 

calculations 

Equivalent Dynamic Linear 
static elastic 

Elasto-pla 
-viscous ~ 

l 
D X X X 

D + s X X X 

D + w I X X X 
I I 

D + S+W I X X X 

I 
D + E I X(l) X(2) X( 1) X( 

I 
2) 

Serviceability l.s. 
calculations 

I 
I 

D X X X 

lo + s X X X 

I 
I 
I 

I 

I 
' ' ' 

D + w 
I 

X 

D + s + 'il'J I X 
i 
I 

(D:rnestic 
I 

I I floors) I 

' Where: 
D = dead plus permanent imposed loading, 
S = snow loading, 
W = wind loading, 
E = eartllquake loading, 

X 

i 
X 

X X 

I (D:rnestic floors) = itnposed loads causing transient vibrations in danestic 
and similar lightweight floors 

(l) or (2) indicates mat me type of analysis is assciated wim anomer type 
of analysis marked wim me same character. 

10. ~letl1ods for calibrating partial c:-oefficients limit states design 
ec;ua tions . 

Below are briefly described tlrree memods of calibration. These should not 
however be considered as discrete as code drafting agencies will of necessity 
require to utilise facets of each. 

I 
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10.1 SOft conversion 

Under a so-called ' soft conversion' partial coefficient.s designs are l:Blanced 
against accepted working stress designs to find combinations of o~, , K 
factors, If , Of , fa and I"" which produce cxxnparable designs by l::oth 
methods. This :implies an acceptance that the working stress design used in 
the calibration will produce the desired probability of failure within the 
design life of a structure or elements. 

For a working stress design the design equation is: 

where: .Jl 

____________ (S) 

camposite factor adjusting from test conditions and including 
a factory of safety. 

Fran equations (3) and (5) for a conversion: 

f Or • I r ·· F : -t- f_ 'Jf · L . 'f.. · f. - (G) 
C , 1 >>' "r,c K,c . =I >,} ;-,.J- c,ff k,j -------

Via various manipulations it is }i5ssible to produce ccmbinations of 
coefficients and factor in equation (3) which will be acceptable to code 
users, e.g. CSA 086 committee has proposed manipulation of Ke factors to 
produce a cc:mnon value of •t for all loading classifications. -Such 
1nanipulations are merely a question of code formatting and are not 
discussed further. 

In the derivation of various design resistances in Approved Draft BS5268 : 
Part 2 the Jl. value used to transform f 5 ( 0.05) to working sress resistance 
varied betwePn timber species and between strength properties as a function 
of the type ;Jf raw data. This may appear at first to be a significant 
obstacle to attainment of a coherent set of 5',., and K t: values by the 
pr=edure c utlined above. The need during drafting of BS5268 : Part 2 for 
variable JL lies in: 

i) Use of inconsistent definitions for f 3 (0.05) between timbers or 
between strength properties. Numerical values assigned to f 5 ( 0. 05) are not 
always true ult:imate strengths and may relate to deformation l:imits. 

ii) Differences in physical processes governing strength as a function of 
t:ime, environment, nominal stress level, etc. 

The solution lies in: 

a) Adoption of a constant .5'1. comnon to all timber species and all strengt.h 
properties. (This implies neglect of the influences of differences ill 

physical processes governing strength. Although questionable t..'lis 
slinplification seems consistent with the state of current knowledge.) 

b) Use of only true values of f 5 (0.05) in ult:imate l:imit states 
calculations. (This is t~'le requirement which prompted the revised asses&'Tient 
of strength data on joints undertaken during recent redrafting of CSA 086) . 
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10.2 Semnd rnanent rnethcxl (4) (Semi-probabilistic, may also be 
semi-rational). 

Under this rnethcxl Of , 'fo , If , 
determined explicity for non-aging 

~"' and I"'' 1n equation ( 3) can be 
materials. 

Through an approximative unmupling of force and resistance the design 
equation =efficients~,foand Itare not functions of the material properties of 
the structure being cdnsidered but are functions of the target probability of 
failure within the design life and variability of loads. S,'""'U"'rly '6., and I Mare 
not functions of the loading but are functions of the target probability of 
failure within the design life and variability of the resistance property 
being used. (~lcxlification factors such as Kc.are evaluated independently for 
aging materials such as timber as per current practice in writing working 
stress ccxles . ) 

Briefly the theory is: 

t(\A) 

where: (3 = 

co-,-(~) ,_ '\<"') Y/2 
safety index 

_________ (7) 

f (R) = 
f (U) = 
f(R) = 
flU) = 

Cf(R) = 
o ~ \U) = 

material resistance 
applied force 
mean value -f(rz) 
mean value -'(U) 
standard dei_.iation of f'( 1Z) 
standard deviation of t( U) 

Taking both R and U to be log--normally distributed and making the 
approximations; 

ln(R) - I..,(C\) 

( un~ + UfCu)) v2 :::: 

h(KIC\) J C\Vl''l 

<>< (viZ -r vl--1) ______ ('6) 

and recasting within the safety checking equation; 

f(u),\ __________ (~) 
yields: 

;\ 

(- ,x_ p 'v~~ ) 

(x /3 \ILl) --------(10) 
where: Vrz and Vu are =efficient of variation for Rand U respectively. 

Equations (10) can be used in conjunction wiG~ a 
numerical exercises to calibrate ¥~ 1 \1--c , I c 
deccmposes into Yt , '!o and If values and (:6 
I values). I 

M 

series of co-ordinated 
I Q and IyY\ r i.e. ;\ 

decom~ses L~to ~ ard 
~\ 

(4) MacGREGOR. J.G. Safety and limit states design ;:or reinforced concrete. 
1975-1976 National ~~ture Tour sponsored by Structural Division 
Canadian Society for Civil Engineering in co-operation with Portland 
Cement Association Canadian Division. 
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Numerical reliability studies simulate the reponse of structures or 
components to in service loadings over their entire design life and include 
an estimation of the randan variation in the response between structures. 
Within such studies full account is taken of interactions be·tween s·tatistical 
processes and realisitc idealisations of structural assemblies are used. 

For aging rraterials such as timber the assumption that derivation of 6,, and 
I.,.., can be uncoupled frcm derivation of Yf , '!;, , If and I~ factors is not 
proven. It is therefore necessary to carry out selective numerical 
reliability studies for key structural application such as floor joists, 
joists in flat roofs and trussed rafter members and joints to establish the 
validity/applicability of semi probabilistic methods such as the second 
nanent method, section 10.2 Such studies are currently being performed on: 
joists in flat roofs by Dr. R. o. Foschi at FDRINTEK in Vancouver, and joints 
in pitched roof trusses c.J- n:_,q .D A . 

When calibrating the design equation using results from numerical reliability 
studies it is usual to employ preselected coefficients m1d factors on the 
force side of the design equation with calibration restricted to the 
coefficients and factors on the resistance side of the design equation. Also 
for calibration purposes it is necessary to select a reference oondition for 
each of the K factors, e.g. K~ = l.O at a design life of 60 years. 

11. Short to medium term options 

The best short to medium term option appears to be a hybrid calibration 
process for a partial coefficients limit states oode with calibration being a 
mixture of soft oonversion and probabilistic analysis. 'I'he hybrid envisaged 
oontains the follow.ing: 

a) Assignment of Yo ¥.;: and I,_, factors through application of the second 
crcrnent metrod described by MacGregor (4). In general it would be desirable 

to specify 't:, and ·((f values appropriate to all structural rraterials in 
national lr)ading. codes.+ If. factors would be best specified within codes for 
illdlV.lduaJ rraterlals but den.ved from crlterla =rmon to all rraterlals. Fk 
values would best be specified, or the basis for their estimation would best 
be specified, in national loading oodes applicable to design with any 
structural material. 

(The force side of the design equation would be calibrated entirely on G~e 
basis of explicit semi-probablistic m1alysis. Owing to the general tendency 
for forces resulting from a combination of loads to be less variable than 
forces resulting fran single loads the uncertainty concerning variability of 
various loadings would not be as troublesane as might be supposed.) 

+ 'I'his is the approach already adopted in t.~e USA through i\1'1SI 
A58.l-l982 (5). The seoond mcment method was the basis of the A58,l 
calibration process and it is therefore semi-probabilistic. The background 
to the calibration process as is guidance on derivation of c~>tible 
j5 = Yo.~ values for the various structural rraterials which will be used i'' 

structures designed with l\58 .1 loading combinations are given in reference 
6. 
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b) For canp::ments where the time to failure is principally goverm.'Cl by 
permanent loadings, e.g. roof trusses and rrost structural joints there is no 
need to r;_'iiort to soft conversion teclmiques when calibrating ~-"' , I w' and K-~; 
factors. For such situations o..., and I~ can be est.imated using the second 
rrment methods and K , factors can be estimated using Wood's curve ( 7) or 
similar data. -c 

c) For components such as joists in flat roofs and floor joists where 
transient imposed loadings are a significant influence upcn time to failure Kt 
and ~ eo.n't be regarded as uncoupled. Soft oonversion of =rent v.orking 

"' stress codes is the best interim option in such cases, though sane assistance 
is available from the v.ork by Foschi on roofs, see Section 10.3. 

(The resistance side of the design equation would be calibrated in some cases 
on the basis of explicit semi-probc>bilistic analysis ~d in others on the 
basis of a soft conversion interpreted in the light of results fran limited 
numerical reliability studies. The choice of teclmiq<le in idividual 
structural applications would depend upon the loading mix). 

12. Important points to be oovered by =rrnittees dealing with overall 
concepts for design Ln any structural material 

(a) Classification of structures and assignment of suitable probabilities of 
failure and target design lives. 

(b) Determination of Ft.- 'fo and Y. values. 
~ -\-

13. Dnportant points to be considered by ccrnnitt:ees dealing with design of 
structural timberwork 

(a) Interpretation of data currently being collected on duration of loading 
influeces on strength. 

(b) Grouping of components on the basis of failure mode, ability of the 
assembly in which that component is located to redistribute load in the eve·1t 
of failure of the component, loading mix, etc. 

(c) Appropriateness of evaluation of individual component or system 
performance for various structural problems. 

(d) Assignment of 6'., , I vV) and M factors on the resistance side of the 
design equation. 

(e) Assignment of fs (0.05) values. 

(f) Assignment of It factors on the force side of the design equation. 

( 5) AL'1ERICAN NATIONAL STANDARDS I.i"\iSTITUTE. American national standard 
minimum design loads for buildings and other structures. ANSI ASS.l-1982. 
AL'JSI .1982. 

(6) ELLING\'KXJD, B., GALAMBOS, T.V., MacGREGOR, J.G. and CORJ:.l"ELL, C.A. 
Developnent of a probability based load criterion for i\merican national 
standard ASS: Building code requirements for minimum design loads Ln 

National Burea~of st~>ndards Special buildings and ot-~.'1er structures. 
i?ublication 577. ;YastLi.ngton. US Goverrunent Printing Office· 1980. 

(7) ~.\COD, L.-d. ?.ela.tion .·Jf 3t.rer1c;tl1 of ".,.zxxl to duration of lo-J.d. US For';;s::. 
i? .1.:cxlucts C....:;.J:..x)r:J. CDC/ :--'s~F-:>rt ~·,o. l ') l.i-) • '~~CS.:\. L r~-' :::, L . 
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Hinutes of RILEH committee 57-TSll at Rnppers11il, s,.,.i.t;;.crlancl, 

21st }lay 1981, 

Prepared by: R.F. Harsh 

Present E. Aashcim 

L.G. Booth 

D.H. llrmm 

H.J. Burgess 

D; Cress"cll 

J. Ehlbeck 

A. Epple 

U.A. Girhammnr 

P. Gl.os 

U. Karin 

J. Kuipers (chairman) 

R. Lockner 

R.F. Harsh 

U. Heicrhofer 

B. Noren 

U. Saan:;lainen 

I. Smith 

C.K.A. St:i.eda 

J.G. Sunlcy (part time) 

) .0 U. Hcicrhofer 1-wlcomcd the !ULEH 57-TSll CO!Iomir.t:ce to SHit:zcrlancl 

on behalf of El,WA and J. Kuipers tbnnkccl El'lTA. 

2.0 J. Kuipers rcpo1:tcd chan~;cs to the funding of RILEN. ,.,1Jic.h necessitated 

a request to organisations and individuals to become me1nbers or pay 

administrative fee. He expected that a request for fees ,.,j_lJ. be sent 

to coim:ittee members if they '1;\1ere not either representing a RIJ ... .E'N mer:1ber 

organisation or Here a~ready individual RILEN members. 

3.0 J. Ehlbcck asked for clarification as to the terms of reference of this 

conuni.ttee and of the status of the conunittce 3-TT. J. Kuipers stated that 

3-TT had been set up to process a number of subjects including test methods 

for nails and stap1es but that its uork being virtually complete, committee 

3-TT Has effectively disbanded. 

This committee reference is 57-TSB and is to handle: 

testing of timber based slwet n}aterials other than ply\WOd 

testing of structures. 

It also acts as a forum for finalizing the \\1ork of 3-TT. 

4.0 J. Kuipers reported that the document 3TT-1; C, Testing methods for 

joints ~>ith mechanical fasteners in load-·bearinG timber structures, 

annex C: "Staples", had been published i.n the CIB/HI8 l'roceedinGS of 

the Lilld1amnler meeting, Hay 1983. No ,,,ritte.n comments had been received. 

No verbal conm1ents v.rere received at this meeting. The document \\1as Bgrecd 

but ~>as to be put to the CIB/WIB mee(ing for fonnal approval. On approval 
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it Hill be sent to RILEN (Paris) for publication. 

Act. Kuipers N.ll. Also Cill/HIB agreed l:hat the document should be published. 

5.0 Testing methods for timber structurcos, 2nd draft, 1He.pared by J. Torey. 

J. Kuipers stated that thco 1st draft had been discussed at Lillchanmwr 

and a 2nd draft had been circulated to permanent members of the committee. 

Hritten comments had been received from B. Nor8n and H. NoZyfiski. 

5. I J. Kuipers introduced the papcor and suggested it should be considered on 

a clause by clause basis. 

5. 2 FoJ~ the purpo;;;c:; of these minutes a copy of draft 2 :i.s ineluded and refercn.ce 

\\7 ill be made~ to the c.Lwsenumbcrs in that draft:. 

5.3 Tl1crc ''''"'' l.on3 a·,Hi deUJ.:Llcd discussion on nl.l points of the 2nd dr2.ft. 

Tl1esc minutes record citl1er tl1ose poi11ts on wl1icl1 agrernncnt 11Bs reached 

or hi[;hligllts those c.lauscs \V1LLch re.qu:i.rc to be rcconrd.clerc~d togethe1~ 

witl1 commcllts as to the objects t:o be <.lchicved in revising the clauses. 

5.~ Sectio11 0. IntJ~oduci:ioJl. 

5.4.1 I)aragraphs 0.1 to 0.3 \)Crc agreed :Ln th<:lt they fo:nn a background explt:mation 

to the appl:i .. cntion of the testing method but \\TOuld not have to be included 

in the final ISO Test Hethod Sto.ndtt-.rd. U. Karin and others pointed out that 

paragraph 0.2 (d) implied quality control and that the test: methods proposcod 

14C?.re too eumbenwmc fo1· this. It H<::.H.~ agreed that it VJilS the decision of 

the supervising engineer to decide t·:hich elements of the test method Here 

to be t1scd for quality COJltrol. 

5.4.2 There 'das gene.ra1. dissatisfaction Hith clause 0,1+. The follmving t\·.TO 

alternatives are proposed for consideration: 

0.4 (a) In order for a structure to satisfy the proposed ISO code 

on the design of timber structures~· the relevant national code, 

or the draft code on the Design of Timber Structurcos proceeded 

by CIB/HIS, it shall be tested in accordance IJith tlw methods 

defined in this code to meet the requirements specified in the 

particular structural code, 

2 
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0, 4 (b) If testing of components or structunos has been chosen 

as an accepted method to demonstrate that this component or 

structure was designed in conformation with a parti.cuJ.ar 

timber design code, this code shall specify ,.,)lich pm:t(s) 

of the methods of the underlying standard must be used 2.nd 

which requirements fulfilled to be accepted, 

5.5 I .0 Scope and Field of Application. 

·I. I Agreed. 

l .2 Titis was agreed btlt foJ.lowing the review of section 7.0 may require 

revision. 

5.6 2.0 Symbols. 

The S)7mbols were ngT·ced exce·l·."lt that y should read y • It is 
t test 

necessary to confirm that these sy·mbols are cons:i sten.t ,-,1ith the ISO 

symbols. It ~Cas agn:ocd that furtlwr infonnation should be given to 

the fuctors Vlhich s~ovcxn the. selection. of the value y . 
~ tcs t 

Tl1us Ln clause 2,0 should indicate 

yt.est factor for increading design lc>Dd. 

5.7 3.0 Definitions. 

3. I De. ad J.oe..d. 

Add: , , , acting on the ::~tructuTe being tested an.cl excluding the 

sclf\,lc.:i.ght of that s tructurc. 

3.2. Design lond. 

Accepted, 

3.3 Imposed load. 

Accepted. 

3.4 New heading: Self load. 

Force due to the static weight of the supporting structure being tested. 

3.5 Hind load. 

Accepted. 

N.B. Tbe chairman doubted if in a definition can be said: 

(dead) load ~ force (due to .. , ) , etc. 

3 
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v factor. 
'te.st 
The y factor 1s to take into account such factors as: 

test 

the variation 111 'h70rkmanship 

the nature of the structure being tested 

the desired or required confidence leyel in the structure being tested 

the relationship of the in use to testing environment 

the national snfety codes 

etc. 

N.B. It 0as agreed tl1at CIB/1~18 be asked to produce a paper i_ndicating 

4 

Act. Kuipers the factors Hhich need to be considered in assigning a value. 'l:.o Ytest' 

3. 7 Su.pervising Ertgineer. 

Agreed as ori.ginal 3.4. 

5.8 ~.0 Sampling. 

4.1 Number of tests. 

After varin1JiJ.ity in rnnnufactlJre) ndd: desil~ed or rCtJUi.l~cd 

leve]. of c011fidence; 

after ... structures to be p1~oducc!d, add: the cost of testing 

eacl1 clement of stJ~ucture. 

lf,2 l-!anufacturc and quality of test structure. To r~_ad: 

The mDnufacture and assembly of the tent structure f_-:ball comply \\lith 

the desirr,n specification. The manufac.turir1g methods used shnll be, 

or sl1ouJ.d simulate as closely as possible, those \~lich nrc used in 

production. The quality of the nw.terials used sh~d.l be checked agoinst 

the. design specification and recorded in the test report. 

5;9 5.0 Conditioning and Testing Climates. 

Accepted, but add the following sentence: 

Hherc. it is not possible to define the in-usc environment or repro­

duced that environment in the testing lnborotory then alJ.o·hrc-nlce shan] d 

be made in assigning a value to the y factor. 
test 

5.10 6.0 Apparatus and General Testing Requirements. 

6. I Re"rite as foll01vs: 

The accuracy of the positioning of the applied loads (Fd d + F. ) 
ea 11np 

and the measurement of deflection and the applied loads, shall be 

"ithin the tolerance of + 3%. 



6.2 Accepted. 

6.3 Accepted 

6.4 Omi.t the first seJ1tCJ1Ce, 

Otherwise agreed. 

5. I I 7.0 Loading and Recording Proccodures. 

7. l Agreed except th{:!t at end of t:bc first sentence chttnge to 

... deformations at supports. 

Clat1ses 7.2 to 7.5 Jlroduccd a J.ong and intense discussioJl, 

June I 981+ 

B. Nor6n and others indicated that the test procedure~~; as defined 

IYCXQ. bot:h long and cumbersome <.mel as a consequence expensive. 

The proccdu.rc:.:; did not recoRn:i sc rnodern testi.Dg methods 1vith 

automatic load npplication o.ncJ I"ecm~ding techniques. 

He also doubted the ba~.:;is of: tbe definition of the periods of time 

for \-Jhich l:he loads l'lCTe to be: n.ppJ.iecl and held in position .. 

J.G. Sun.J.ey ancl others stated that the mctllods described had been 

in use for llWny years a.nd by their natuxe gave the Supervising 

Engineer an indication of the long tenn bchnviour of the structure. 

It \\1<'1£; particuL1rly pointo.d out that the British Code required that 

1n clause 7.3 tJ1e rate of inc1~case of deflection must decrease Juring 

the 211d period of sustained design load. 

R.F. Nnrsh and J. Ehlbcck commented thot the Supervising Enginc~cr 

\\rould he. c:Mr.tre 1-lhether the structure under tent \VOS se.ns:i.tive to 

'Ledding dmvnt or slip and tbus it might be rcasona.blc to define 

miJlimtJJlJ periods of time required to eitl1er apply or SllStain tlte loads 

1n order to meet the requi1:c.ments of the test procedure. 

It was agreed that this section sholild be rewritten in a manner to 

give the Supervising Engineer options in chasing the test method 

to be adopted. 

In defining this option P. Glos indicated that consideration should 

be given to cycJ.ic loading ter; ts but pointed out that the loading tests 

must be defined in such a manner th~t ~vhichever testing option is 

chosen by the Supervising Engineer the resulting structure must he safe. 

5 
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It was agreed that B. Nor~n be invited to define alternative testing 

procedures to satisfy the criteri0. defined above. Particular attcntio11 

should be paid to rate of loading and the periods of maintaining 

the loads for defined periods. 

The in tent:i on J.s: 

to include a 3rd dr,oft (by Noren) in the proceedings of this meeting; 

to invi.te 1n:itten co1mnents prior to -the next meeting of RILEN- Cill/I-JI8; 

to adopt a revi.sed 3rd draft at the next meeting to be. circulated as 

a RILEN paper. 

5.12 8.0 TcRt Report. 

This claur_:;e \\1as agreed 'i.Jith the addition of the follm\::Lnz po:i.Dt:s: 

- dctail.s of pre-conditioning of the structure 

- specification of tl1e materiaJ.s of constructio11 

- J.oad/deflcction curves for each loading case. 

5, I 3 Di H[sr·ammcs. 

As a consequence of the revision of clause. 7. 0 the figure 1 'i'.dll have 

to be revised. 

P. Gl.os suggosl:ed that it would lJe valtt~Jlc to include a typical. load­

deflecti.c>n curve. 

6.0 Test He.thods for Particle Boards. 

J. Kuipers stated that he had just received copi.es of a suggest draft 

for the tcs ling of particle board by I .D. G. Lee an_d an i\mericai1 paper 

011 pDnel shear tests. 

In addition he had also received the hand 'ivrittcn dr2.ft of a paper 

-Test Hethods for Basic J?roperties of Hood·--based Panels: Past experience; 

to-day's needs, by J. Dobbin HcNatt. 

The method of testing proposed by I.D.G. Lee involved the use of test 

samples to the. same dimensions required for plyHood samples. 

lloth J. Ehlbcck and B. Noren strongly criticized the basis on "hich 

this choice "as based but were unable to provide justification for the 

use of ISO recommended test sample sizes. 

6 
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D.ll. llro1m indicated that from U.S.A. experience large (i.e. as ply~o10od 

test method) test samples vere required bec~·uwc for some types of particle 

board the flal\:c size 1vas of a similar order as the ISO ter,t snmp1e size. 

J. Kuipers also indicated that tests on particle boards in Holland had 

involved the adoption of test samples to t}1e size defined in the plyhTOOd 

testing cocle, 

J. Ehlbeck felt thot the size of test samples should be related to the 

characterist:i.cs of the type of particle board being tested . 

. J. Kuipers reminded the meeting that the test metlwd Ha~; intended to covc:r: 

all types of t:i.mber~-basec1 sheet materia] s nnd that such tests for produc.i;_1g 

strength dat.n DS a basis for stYuctura] design ~::hould be carried out only 

once f:or a certain type of mllte3:i.al. 

L.G. Booth proposed that for the salze of prorp~csf3 th<J.t a test method for 

sheet JnatcrLJl~:: be ci:rculatecl b<.1.c;cd on a te~Jt sample size as thnt for 

ply\iroocJ. This vwulcl sol:!.c.it a J~cspon~;c f1~om :Lnt.c.rc:~;ted pnrties to jnstify 

the use of smallc:;~ test samples. 

Hith rescrv.::1tions B. Norl~n and J. Ehlbcck agrcc:d to tl1is. 

J. Kttipers 8grecd to prepare a 

N_aterials based on the ply\1ood 

d1~oft test mctl1od for 

/
possibly 

test method) toget:he1~ 

Timbc:c Based Shc:c t 

with suggestions or 

additions of cl.auses on cree]l tests. The draft is to lJe based on tl1e 

ISO ply\'·Wod tenting mc.tbod. 

This draft is to be included 111 the proceedings at Rappers\·Jil and \·lritten 

comments invited. 

7. 0 Determination of Panel Shear Strength and Fanel Slwar Nodulus of Beech 

Ply\·IOOd in Structural Sizes by J. Ehlbcck and F. Colling. Paper CTJ3/1VI8 -

17-4-1. 

In this paper the authors have shm·Jn that the testing methods of the ISO 

draft code for tcs ting ply'i,~ood \\rerc difficult to achieve for thicker 

sections of structural plywood. 

I. Smith and D .1-I. Brmvn gave verbal comments on their experience a.nd 'i-lOu ld 

submit these in ~<riting to J. Ehlbeck. They did express some doubts on the. 

correlation of the ISO test method to the neH method proposed by 

Ehlbeck and Colling. 

7 
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L.G. Booth stated that the authors had undertaken valuable work on 

revieHing methods proposed in a RILEN/ISO draft code. JULEH should 

no·hr submit to ISO an alternative method, basccl on this ·work, to be 

included in the ISO draft code. 

It was agreed that this should be further discussed at the CIB/HI8 

meeting prior to submission to ISO. 

8.0 Any Other Business. 

J. Kuipers introduced some ·Hark that his labora.tory had undert<Jkcn 

pn the testing of glulc.nn sompler; Vlit:h tbc suggestion. of producing 

a standard method. 

He stated that these tests involve.d the lnts:Lc parmnetc::.rs other than 

tl1at of tcnsiotl. 

J?. G1os statecl that as the basic mode; of £o.i1urc. in gluL:nn mc:mbcrs 

H<J.S a brittle tension frnctttre res\ilting from bcncl:L:ng thttt he did 

not appl't:c:i.a.te the vnluc of .J. Ku:i.pcrs propo~;al. 

J. Kuipers pointed out that a:; little. \·las 'J.:ccorcJ(:d on the bDSlC properties 

of glularn, that if the body of knovledgc \·/38 increa.'::;cd by a r~eri .. cf.; of 

simple tests then this must be valuable. 

R.F. Harsh pointed out that cube tests (compression) \Ve used in concrete 

to indicate other properties of the matc:.rial including tensile properties 

with proper calibration similar te:>ts of glu)Jml sections \\rould give an. 

indication of the other properties of glulam . 

.J. Ehlbcck asked if delamir1ation te.sts for glulam BhotlJ.d b(->: con.siclered 

by this committee. 

Act. Kuipcl:f; J. Kuipers explained thot glulam \vas not strictly '\1ithin the terms of 

reference of this connnittce but that he vould urge RILEN to set up 

a group to study this topic. 

There being no further business J, Kuipers thanl\.ecl (~verybody for attending 

and contributing to the meeting. 

8 



/• 

0 IN'l'iWJJUC'l'IO;J 

0 ,. \ 'j_'h:i.r; dr~:.ft tc~>t}ng ::.d:;)_nd~n.'d g:i.vcr.; rcco:r::ncnd.:~tion:~ .for the lon.J. testing of timber 

ctructtn·e~-; ·.-;here :::;uch tc:.>ting i::> to be used. in conjunction \·Jith, or <lG 2-n 

aJ.terr;ativc to 1 calcula.tion:'; to verify the ~::>tructura-1 <Jdep1<:tcy of a dcs:igno 

,, '2 V• .~ 

a · i·Jhcrc n. cornponcttt or structure is not ar;;encl'ble to cc~lculo.:tion::.: 1 

tlefjnod 'by the rc1cv;~_;1t :::tl'\J..Ctu-r·.::..l codci 

l
it }:;~ :cccog~::i.:::e:d th.:~.t. ~lt:.tion::-~l requi::'e::·:cnt~~ ::;c:q differ but fo1.' the pur1)osos of. 

tlc,<·j~q-, ·to "on·:"'o-,-··" ... ~th +[·~-' "I~3 Cor'lc --:)1 CO!'-")nn-~p+'-' '-':nr1 ~-t~··ur-t'Jr·"'"' ·d•ou)rl !..,c~ "·J '"-' u''' '-'···A'"><.>.,. "'<v v.. -< <-- ~'-- .. !:'- ~--"~' v . ..._......, ._" . "'·' ;;>.,. .~ '·'~ 

\ tu;tcc1 in aGCOl'Uc.cncc 1·1ith Gl:n:c;cc; 7. 2_ l'.nc1. 7, '1· or 7,. Sand ""' J.ca'Ot one ,_,trc>ctur·c 

of C!.. prn:·.ticnL:.r Uo~>icn ::~hould 'oc tcstccl L1 acco:cd.::).nce i·<'i th cl.:;.usc 7 ~ 2~ 

rrhc methods Of tcr:>tinG (;::i.VSn :i..n this clr'Hft stc~.nc~arcl are for timb'2I' C0.:1~)0!18nts 

~u1cl structure~>. r.t:hcy a.:cc not appropriate to the testing of' individual pieces 

\~\ Four londi11g procedures are given in this draft standard: 

i pre-load 

ii deflection test 

iii proof test 

iv strength test 

1 
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c 

It may not be noccs>JG.)'Y to carry out clcflcction, proof and strength tests, 

d..cpcnd.ing on the purpo~;c of the test~ But o.11 cleflcct:i.on 1 proof and strength 

tests sl10t1ld lJC preceded l 'qr 
'J 

2 •0 SYl<'!}30LS 

F clend 
F\ , 

dcs1gn 
p 
-imp 
F 

. ~3elf 

l'' \·/ i ncl 

{' t J!J,. (-· ' 

dead. loe,cl ( ;r) 

design load ( !·:) 

imposed. 1 Or:Hl ( ri) 

sGlf~"-\-J<=:d ght of t~1e structur·G (n) 

' ' 1 ' ( ") \·IJ.no. .oao. 1~ 

proof 1oru3. test 

( . ·) ,'.1;1' ('(>]f' ... ,.j';>'i(·~-+) ll1C .. U~tl.l 0 '·'"···· .. ~----~;,•lv ~ 

<<'\_//,_{L'·"''·)~ l ., 

''orc·o c);·c ·'o l'n·'·r·~,,~.,l oc·~,. 'l c·y ;;c·,., ..: 1°1 ~-....,,. -':c-.-~-~---·..,) ·'c·c' I' ...... v v~-J,:(;..., <..n.<pi:..l. or .. )\:-~ .d'-· uc~l.,-c; LU.-""'v,.l.U_l·;~, 

A suit~ilily quulificd cngi11eer r-esponsible for tl1c conduct of ·the tcsto 

3~ 5 Hind. load 

For·ce due to the effect of Hind pres[;ure OI' suction. 

4 fANPLING 

4.1 Nu:nbcTS of tests 

The number of co:;:poncnts or structures to ·be tested. ancl the r::cthod of selection 1 

\':ill no:-:ma.lly clepcn(1 oa the objective, t2..-king account of the probable v;::.riability 

in :nnnuf[:.ctu:r'•2 1 the :-c<tuircd level oP co~fic:cnce 1 the nu::1bcr of simila!.' co::;?O!'iCnt~' 



or ::•tructurcs to be produced ancl tLc clifficul ty of defining tho most scvcl'·c 

loading condi·tion. 

~ .• 2 t•;a.nuf2cturc n.n<l qual i.ty of test structur·c 

1l'h o I:lu.xn~f acturo encl a.s~::ci;i1) ly of thG to r.;t st ruct urc ~..>lloulcl cornp ly \·lith the des i c;n 
• r-,.._(1._,.,-._ .... -{ .• {-<. 

spec:ificn tionr, and. the /'-methods u:.:;cd. should 1)e t Ol' should sirnulatc 0.-s clo~·wly as 

possi()J.e, those h1hich nrc to be u;_;cd in p!."oduct:i.on~ rrhe quality of the materieils 
·. 

used should be checked nnd recorded in tl1e test report. 

5)\) CO!~DJIPIOJ·!Tl·fG J\ilD 1SS'l'I!JG CLIT.;_AS.SS 

All components ru1d struct\lrcs to be ·tested sl1ouJ.d be conditioned ·to and tested in 

cnv:i.ron,ltVntGJ. conc.:.i.!cion;:: as ncar as p:cacticablc to tho~:;e that v:ill be experienced. 

+ 3 per' cent, ,~1 I •-.f). 

bfL .. -- rl1he mc:thod by 1-.:hic:h the J.o,:,~ding :Ls to be ~o.-pplied 1 and "t:l!e posit:Lo:;;:; o.t \·.'!i.ich the 

clc.flcctiCJn::; (1.:cc to be rnc<.1nurcc1 1 C<:!.n on1;y iJe d.ccid.od 'o;y ref'crcnca to the 

condition:-; 1)eing :i.nvc~stig<:tcdQ 

tl manner \·lh:i.ch rc:2.~:>onnbJ.J 

other th<:tn those necc::~:>e.ry to sirnul,::-.:.tc f->Grvicc coniitiont;i should be <-lvoic:.ocl 

at poin-tf.> of loc:.cli:v; o:nd rcc.ction 1 o.ncl co.:cc ~.:;}~ould 1)'3 't.:.:l:cn to ensure t:-E:.t no 

\..Jith the ser'..rice cond.itior:s. 

1 e,~, "\YO ,J~, 
~~?0:-~-C-~D.t-.::~ 1J li..·s h- t Ii 0 · 1 [a d·i.il[S--COT1d:i'tT{if1"---n;I-l---r c c~·:;on~rtrl·-e·-c-o::;D-i -na:-t-i G-l'l s---o f-~C:en d1---i r~p o s e cl 

a-n.cl ... H.:i.n_c\__ _ _lQ_O,Q.S._ .. S.h.OU-lfl---b·G·-··COH-G-i-d-er-eclo rrhe J.oaclinc;- condition is, for test purpo~_;c~, 

referred to c..s the dosie11 lo1-~cl and. it is thi:.> load the~t the test should si:::ulatG. 

Hherc e. single Horst loading condition cc..nnot .. o~ rec;.dily identified it :'::c.·~y De 

ne0essary to test T:lore thr:.n one sti'Uc-turc under c~ifferent clesir::;TI locds. 

\~'~0J>.D~~:>"'·A"'---~~kb1·~;:'r 
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7 LOADIJ~G AJDJ H.ECORDlNG PHOCJ_~DUllBS 

rrhe loc',d-~lllG ~:.pcc·'L.T~t for the pre~-·load, dcf'lcction 1 proof o..nd. stre:n.:;th tc8ts are 

i.lhJ.::>tr;Jt.od. in F:i.guro 1 ,. 

7.1 Lond/dcflcction recording 

\'/hen plottinG loe.d/clcflcction curvor:~ the ~~elf~-~ .. ,~cig·ht of t.hc Ert.ructuro Ghall Uo 

te}:c.n into ucc:ol~nt (n;d. allol·ranc.:e sh<..1ll bu ;no.dc for anciJ.Ln:y loadinG oquipi:1Cnt 

and [c\~flcct~;;''"·V d tho supports, 

~JJ~j·l'i<,~.(\ir\ . .bf'!i 

lo .,,:j/l-_...,PJc·c,·'··,·ol' >'o~cl~,~r~~· ~-h?]l ',) 0 -~- . ..,l,cl~ "'1'1 )ll'Op"',...~ 1··]y 'Jlo.~ .. ,.,..,,,, ,~,,,,.·n • "e,,.~-. _;c.~•v.o...-J..;.v. J. •• ··~"l.l.•·:;_:,·-'~--~·------..- ~_,,_,._.,c;..·,,_. ;.~c •. :·~v .. 1-- Vvo...·. ~~-.J.gn t_,",::>l·• 

Snch pJ.(lt~.'> GG~'VO c::._s 2. chcc:':. <:>.[Jl•.inst :nintn.kcs <tnd ~--'ilJ. sho:-1 up irrc[;uleritie:r.; 

j_:ru:]cclit: l-e'ly -~-.-.-:·,)·,··<-' r,,1,--: 5 .. -::::•<)di:~ t.cly c•.ftcl---. -~he: lo<:l.d ]·:~=-~~ ~ouen rcJ.cesud :::.nd. r:z:":_in 

,,;tcr ''~~:·j,:.;;:~t:;::·;,'C_?''':;;~:·~:_,tc·:c) ~'j-;c, L:.::;t ·""'''''"·'''-"'''''r:t tc'/ccn i.:: to :;c,r·,rc, ;c;; ·:.:,,, 

dntu:u for a.J.J. ;_:.ub:~c:rl-~c~rl·:·. :~<:;f'}c;·:::.-Lion :-:::;_:.:.::nr·;;:~::c:nt~; in the C.c:f1~:c::tion ;::ni.i ~-:;tr'(:~~:g·:;:-: 

rl'}Jc seli~---:.-;e:·:.c;:!.-~ of t~"JC~ stTur:;.J,::ure ;tnd. -Lhc v,•cight oi' a.r:.y 2.ncil1<:.Py cquip::cnt shz.tJ.l 

\)v; ilv.;,. Lc>G"!(,/ 
7t3 })cf1cc-G}.o~1 -~tc;::;t 

until tho design load. is rc:J..chedc 11-10 rate of J.o2.d.in.; should be nuch tha.t the. 

time tctkcn to re,~ch tho desig-n load fro:-n self l·:cic;l1t is ut least 30 r:.inutcs ani 

preferably not more t!12-n 45 minutes. The desicn load shc:J.l be m2.inte.incd. for 

24 hours; tl1c loa~ shall t]1cn be reduced to dead load only 1 held for 15 ::1inutcs 1 

and then released. 

4 



Dotlcetion re.:::.ding::; .sho.ll be t<~.ken during the deflection test as follo~;:s: 

a immccli;o.:tc1y* bcforo the dead loo.d is c:.ppJ.iod (this rending is 

co:i.nciclcnt vd.th that at the end of t11o pre·-loo.cl tcut); 

b ir:unccli.n.tt?.l;;r1r on c::chieving Ctoad lon,dj 

c .15 minutes after tho applice.tion of tho cleall loo.cl; 

cl either cont:i.nuonsly as the 1oo_cl is i~1cicG[:;ed or at ce.ch increr;wnt of loacl.j 

e irnrnediatoly-x- on achicvin.s· the dc::_sign, load; 

f at sufficient intcrv~d.s throughottt the 24 hour periNl m1dcr the clc;:,ign 

loncl to cn;::.blo a clefloot:i.on/tir:;o cur·ve to be plottcc1 for each point e.t 

g. c:.t tho cn(1. of t}~c 2/r hour· period under the de~:>ig-n lood; 

h :i.;n:ncd.L·~tcl:'{1: ~'--~to·c rr:.~lucinr; the 1.oe..cl to dead lo.:-1.d 

i 15 ~:1inutcs fcftnr the lonci hcu.; been l"cduccd tcJ the C.orccl lon.d; 

j inmedi,):LcJy;-:· .:'-.ftc;.~ rC>lC<ls6 of the; dcc.cl lo~:..cl.j 

k ·15 uirmtDs after t.:1c rclc2.;-:~o of the cloe..cl lo;.:..d<> 

be i11c:rcased to a v~ltlC 

~n''1 ~ l'l1"'I'Cmcn't• or Jo•c'1 "11C1 4"·l'r•~) ·-:><.-~'"'...- - \J .. , • ',;:; •. .. <~ <~ ... l, ........ "' 

Ir:tned.iatcl:; follo'.-J:i.ng the proof loDd tc:.:;t (including the 15 minutes 

the clcL>icn J.oc,d.) the load :;;h.;-:~ .. 11 be further :i..ncrca~_;c;\1. c::t tho sa:.1c rc:~tc u~til. 

fai lLu~c occurs., 

rrhe test report r->hz~l1 inc1.ud.c: / 

r:. the concliti.ons of tcsti.ng, including the mc;thods of load.ing ancl of 

mc·a8u.ring lo<1cls nnd deflections; 

b the typc(s) and position(s) of frccture(s) 

c the moisture content of the timber 

-----·-·"' 



cJ ';:) {'-cvv<--{-c-c"'-t,,,.v~r:'~;:, ,v,<£0JiJ-U;"'L0 

cl the na:l:uro and :3izo of defects in tho m.1.tcrials .Hhieh may have contributed 

to fcc:i.lurc; 

f/"0 the qudity of matcri.<cl rclcctivo to that specified, 

I 
/ Pho"togr·Zlphs she.ll be usoc1 to illustrate important points of tho report{> 

l. 
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TESTING METHODS FOR TIMBER STRUCTURES (THIRD DRAFT) 

INTRODUCTION 

This standard concerns load testing of timber structures or structural 

components to verify adequacy of design. Thus the standard provides a 

method to satisfy design requirements of the CIB Structural Timber De­

sign Code. 

Verification by testing of components or structures may be applied for 

example where materials or design methods are not adequately defined 

by the structural code or where there is uncertainty as to wether the 

structure will perform in compliance with the quality of the materials 

or the design rules used. 

Whenever possible more than one structure of the same design should be 

tested to permit the assessment of the likely variability in perfor-

rna nee. 

1. Recommended field of application 

This standard is intended for testing of timber components and struc­

tures and generally not appropriate to the testing of individual pie­

ces of timber, joints or structural models. Relevant parts of the 

standard may be applied for proof loading or for testing of structures 

in service. 

2. Symbols 

Go gravity load of the structure ("self-wdqht") 

P applied load (Go not included) 

Po value of P corresponding to design load 

y the factor for Po 
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3. Sampling 

The quality of the materials and the manufacture and assembly of the 

tested structures should comply with the design specification. 

2 

The number of components or structures to be tested and the method of 

selection will depend on the probable variability in manufacture, the 

required level of confidence and the number of loading conditions to 

be applied. 

4. General testing requirements 

The accuracy of loading and of deflection and load measurement should 

be within ± 3 per cent. 

The test loading should be distributed and resisted approximating ac­

tual service conditions. Irrelevant eccentricities at points of loa­

ding and reaction and inadvertent restraints should be avoided. 

5. Loading procedure 

The standard defines a basic program for the application of the test 

load in figure 1 ( fu 11 curve 1 to 6). It is based on a "design" 

value of the applied load, Po, see 5.3. 

The periods are 

- 0 Only Go acting, i.e. p = 0 ~ 0 min 

0 - 1 Loading to p = 0.5 Po ? 2 min 

1 2 Load removed, p = 0 ? 2 min 

2 - 3 Loading to p = Po 2 4 min 

3 - 4 Constant load p = Po 220 min 

3 - 6 Load increased to p = Ps (failure) (210 min) 

Max.i.mum rate of loading dP/dt = ± Po/4 (N/rr,in). 
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Important: If considerable yield is developed in the structure before 

failure, the rate of loading must be reduced thus that the maximum 

rate of the deformation, as stipulated in the relevant testing stan­

dards for members and joints, is not exceeded. 

The standard offers alternative programs after the load has reached 

the value YPo (point 5 in figure 1, dashed curves): 

Alt. 2 

Alt. 3 

Alt. 4 

Load is removed at P = YPo and the testing interrupted. 

The load P = YPo is kept constant during T minutes, then 

removed and recovery is measured during a period (8 - 9) of 

Tr minutes. 

As Alt. 3 but the structure is reloaded to failure (P = 
PEl). 

Alt. 2 is intended for ''proof loading'' and the case when the capacity 

at more than one load combination is tested. The value of Y depends on 

the confidence required in estimating capacity. Alt. 3 and 4 are 

intended for the study of deformation and capacity at long-term 

loading. 

The reference value of load, Po in figure 1, should approximately 

correspond to the ''design'' value of the load at the servicability 

limit state, normally the total of permanent loads (characteristic 

values) and variable loads (reduced characteristic values). It should 

then be observed that code value usually includes the gravity load 

from the structure (G 0), while Po does not. 

It should also be observed that the load caused by the "self-weight" 

may be favourable or unfavourable to the load-carrying capacity of the 

structure. Generally, when simulating combination of loads with dif-
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ferent distribution over the structure or over its service time, the 

influence on stresses and deformations of the partial loads should be 

considered in chasing the Po-values for the different members. 

6. Recordings of load and deformation 

The deformation (deflection) shall be measured at the number of points 

prescribed or regarded necessary for the judgement of the performance 

of the structure. A minimum requirement is that the deflection is mea­

sured at the point of maximum displacement. 

Measurements of load and deformation shall be recorded, preferably 

continously. A minimum requirement is that load and deformation is 

recorded when load application respectively removal of load is started 

or finished (i.e. at the points marked by circles in figure 1) and, 

additionally,at each loading increment of DP = 0.5 Po· 

During constant load, time and deformation should preferably be 

recorded continously or at least five times during the period (three 

points between the starting and final points). 

7. Test report 

The test report shall include: 

a) Specification of material (for timber species, grade, density and 

moisture content). Deviations from specifications. 

b) Specifications of design. Deviations. 

c) Conditions of testing, including methods of loading and of measu­

ring loads and deflections. 

d) Test results. Maximum load and deformation. Load/deformation 

curves. 

e) Type and position of fractures. 

f) Nature and size of defects in the materials which contributed to 

failure. 
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hh:it:tcn propos<llr; for cl1anges in the:>. text ht-~I·eu.nder in such n fonn t:hal Ll1ey 

direc.t.ly could replace the drafl·-tcxt. <n·e \\'elcmned b:-/ J. K1.1ipers, Delft 

University of Tec.hnoloz .. ~,y, Dcpnrtment of Civ:i..l Engineering~ P.O. Box 501rH, 

2600 CA Delft) The Ne.tllcrJ.ondE;. Also other v;r:i.tten comments Hill be. <.lCCt:'pted 

grn.tefully. Plc:.asc send f_;uc.h proposals/commcni:s before 1st January 1985. 

D R A F T July 198it 

TSil-1. Tcst:ing methods for 1·/00il·-based-Goorcl nwtcrials in 

structural grades for use i11. J.oad-bearing st1~uctures 

The CIB \.;rorking commit:tce Hl8 11 Timb(~J: Structurcs 11 is dn1fti:ng a tii::ber d2sign 

code for intcn:JaLion.~·d use. in the-; design of timbc1: structure::~. To support such 

a doct.m'<C::nt it is necessaJ:y to have acc(:ptablc test methods to enable llH~ 

dcv(;lopmer;t. of comp;n::-ative design _:i.nformntion for U:i.ffcrent \·Wod·-b<Jsed-~huolrd 

m<::t(;ri.:d.r~ o Ccl!.1;_;eq_uc.:nt.ly ~ the CIB \n 8 corlnLi.ttcc aslu.'.d the joint com:d.ttcc .3Tr 

of H.lLEl·i/ClB. to de:v2lop ~:;c.cc:ptahle tc:f..;!~ method::; for struc.turul ply-:;,·ood.f; ~ 

\·.7h:i.c1J \·H.~re published in 111'-Jatcrinls and SU:ucturc:s 11 ~ Vol. J/f ·~·No 79) J2n.uary 

Fc:bru;::ry 1 ~:Jfll. 

J.t \·l<IS fe] t t.h<.ll: D":."J c.cJual ur;:.:,ent need c~x:i sts for testing me.thod~.> for the 

det.er!n1.rJnt:icJJl of p1·operti.cs cJf ot:l1er board JnateJ~inJ.s used in load bearj_ng 

timber stl~tJct:urcs. It W3S considered necessary, tltereforc~, to start drnfti.ng 

an internc1t:i.onnl ~;tcmcL:n~d orl. this ~;ubject) \.:there special emphasis should be 

_given to the purpose of t.hc application of the test resu1U:) i.e. the 

detcrm:iDc.tion of cllara.cte:ristic sti·c.ngtll vnlucs for structural de:;.i.gn. 

Tld~; t.:l.'·Jk \·NIS :.;Llxt.ed HiLhin c.1 nev1 joint committee 57-TSB -of H.ILEH and CIB: 

11 Tcsting method;;, for structures and board 111atcri.als 11 . Tl1e underlying 

rEcommen<l.::;tions \·,yere Hm·ked out on Uw b[Jsis of the recommendation TT-2; 

11 Tc~st:ing Ji1t'.t:1JOd£; fm.: plyn:·.rood in structural grades for use in load-bearing 

structures 11
o Jn that doc.ulnc:nt) TT-2> medium-size test specimens Here adopted 

for the dctcnnin .. nt::.on of char2ct.erist:i.c strength and stiffness properties 

of ply\\1 00d o AJ thQugh vm:ious board 111aterials may not demons t:rate defects 

like some type~:; of ply'i\700d, the different dimensions of the 'i\1ood elements 

·may lwv<e comparoblc' effects on the properties. It is proposed, therefore 

and for reasons of standardisation, to maintain the same test pieces as for 

plywood. It should be kept on mind that these recommendotions are not intended 

for quality control tests. 



Testing methods for vwod based board mntcr:i.als in 

f:itruc.ttlral grades for ur3e i.JJ load--hearing struc(:ttl-es 

INTRODUCTION 

on the recommc.ndation.r; of Hl H - Timber 

Structures - Commi~_;s:i.on of CIB and 

57-TSB - Testing method~-; for structures 

and board mat:.erials - Committee of 

HILEH/CJB, .specifics standard. methods 

for the cle.t:c:rmina.tion of some physical 

and mcchm.l.ical propcrt.j es of commercial 

\\Tood--bas c-:d--bot! rcl mn t.nriaJ.. 

It :i.s l-;_ncl\·!n from current unfininlled 

research programr:1e.s tlJ.ilt the: size. and 

;;hapc of the t.e1;t piece~ <Jnd the size 

of t:l1e vwod c.dcmcnts influence the strength 

of the test piece~ lJtJl. these re].;Itiousllips 

c"i.c.ll ~;:11CC't m:1t.eJ~ia] .. ':>, 

p:!.ec:e;; dci]c.rihc:d in tl1:i.s Rec.oJnmcnd.::ttion 

mr1y need to be. modified befcn~c:. being usc~d 

in the cle~;:i.gn of ;;Lrucl:uJ:--aJ. components: 

fen example, t1Jc~ desig·a strength and 

stif£1·lc:ss o.i: fJ full pnnr:l n1ay diffl;J: 

from t.lw vnluc;,; fCJuncl from the test spc.-

c:i.mc.ns define-d in. this RecOJJltnC:n.cl;Jtion, 

lt lS expected thnt the rel;ltioJlship 

bctHc.cn the strength of the test piece 

nnd thnt of lloarcls i11 structural compo­

Ilents wi.ll be given in Codes of Practice 

for the De~;ign of Structural Components. 

Sampling tecl1niques) the selection of 

test pieces and the analysis of data "hrill 

be de. a 1 t \Vi th in £ ur the.r Recommend a tion.s 

\1rhich are in preparation. 

Test of the gl11e properties in 

particle panel products are not included 

in this Recommendation. 

It is not intended that this 

Recommendation should be used for 

rout:i.nc-:. quality control testing> Hhere 

smaller test pieces may prove adequate. 

1. SCOPE AND FIELD OF APPLICATION 

This }{e.commendntion specifies standard 

methods for cl.elerm:i.ning some physical and 

mechanical propertier_; of commercial Hood 

based pnrticJ.c panel. products 1.ntendcd 

for usc. in load-bem-ing tirnbe.r structun-::s. 

2. SYH.BOLS 

a 1, dis\<.H"JCC fr(:tn the ccr·,tiT~ oi the tt.:st pic.·ce to the poi:1t 

v;hert\ the ddkc1.ion ;,s rne<:\~,Ull'\d (inm); 

b, wicl:h cf i(~;:;t p:cc<..~ o: sam;;!c (m:n); 

f:"A, dired stiffncs5 (i'~); 

El, bcndin~; stiffness (N/nlni"); 

F. lo;;d (I!); 

f. strc:n(Jth (i-~/imn:>); 

G. f>hc:tn mcdulus (r\l;'mm 2); 

I. lenn\h of test piece or sample (mm); 

1,, oau~)e !cnuth (lll(fi); 

l1, rnorncnt (1"-l/rnm); 

m,.,. !YlilSS of ~;!rip intrnc·dia\<.dy i.lftt~J testirt~l (g); 

m0 , c:orJ:;;,[tt ma:;s of ~.trip or scn~p!c after chyinD (q); 

t. thid:nc~;s of test piece (rnm); 

IV'... section modulus (mm:-;;); 

IV, dellcc:tion, dcforlr\Gtion 01 slip (n:n:); 

{10 ._.,, nominD! density (J.:u/m~); 

w. moisture content. 

Su!Jsciipts applied 10 C<lpi"lCities, s!Ci)f]ths, stilfncss~s, <md 

moduli of elasticity : 

b, bendino; 

c, compression; 

max, nk>:imum; 

p, panel shear; 

r, in plane of p!ics shcrn; 

I, tension. 

Prcfi>: applied to loads, moments, r!cf\ect"Jons, dcforr.:a+ 

tions and slips: 

A, incrcomcnt. 
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3. SANPLING 

3.1. Sc.mpling of panel~_; 

The p<mcls from \,1hicl1 the test pieces 

an~ cut shall be:- sampled ill nccordance 

with ISO 0000 (1). 

3. 2. Sampling of test plec.es from pm1.els 

Test pieces sl1all noJ~JnaJ.l.y be cut from 

the panels in accorcloncc \\1 :i.th the cutting 

given in. fi8urc. 1. This cutting schedule 

:i.S based _on a .sampling unit: of four 

panc]s, Alternative sclleclules may be de­

veloped li!hcn the test pj_cces arc cut other 

than parallel <m<.l perpcncl.iculm: to the t'i\7 0 

mnin directioJJS of tl.J(-! pnnel~ or \·Jl1cn only 

some~ of Ll.Jc ~~ tn:~ngt.h properties arc. to be 

devclopccl 01~ wl1en dJ.ct~Rtc•d lJy the special. 

needs of the tcGt. 

SECliOf--.1 0\~:· l'HYS!Cf.L PnOr>r:.nTI[~; 

The rnc~;il;:"Jd of takir1D rnu:surernents cuHJ the typl~ of 
cqt1ipme:nt w he u::,r_:cJ :-;!1;:!!! be in ncco~chnc:c \'lith ISO 3[;(;.~. 

;;u.o 
)i.(:~ . 

Panel t:->ear: 34-39 

Fig. 1. ··- Cuttino ~~chcdulc. 

(1) In preparation 

4. 2. fVlc<;:;urcrncnis to be ttllwn 

The thic!:nc~ss of the tc:st piece ~;h<JII k:: IYIN::',tn~<) tc. the 

ncawst 0. 01 rn:n o\ four point:; ond the: <1'/C:!(]•:.~·:· rcce::dcd. 

The \viclth .:>nd lc:nuth oi tho to:;t pi('Cc: sh;:~li be: r~-~;;~asu•vJ to 

the nemc:f;t 1 mm til t\VO point:> ~u1d the a\·(:r<:D·:: I('CC".!cd. 

The dirnon~;ion~;; of th(~ test pieu~ shtdl be mc,-.:-;tcJ .:·c; <-·.:the 
points spc~cilu:;d in ·1. 3. 

4. 3. Points of m~asur<::rncnts 

The rncnsurerncnt:; of the dimensions of tho tc:~,\ pic::c:c shall 

b;: t<lkcn at tho foilov-.:ing points: 

(a) bendino; the thickness <:lt four pc~!nts, 1\','D on- C<o.ch 

educ 100 nH·n fronuhe rnid-lcnnth; the 1.vidth ;:1: t\',-"8 r~·i<~is 

100 rnm from th(~ mid·lcn9th; 

(b) comprcs.<;ion, the thickness r:t four poin~s, L"/C, en ·~Jch 

cciar; 100 Ill ill from the rrdd-lonoth; the width ,:;t [',',·'.) r>:ints 

100 ITHn from the mid ·length; 

(c) ton:~ion; tho thickness Bl four points, two c_,:l c:;:ch -'::;:]ge 

~00 mm from the rnid-lonoth; the width .:1t tv-:o p::ints 

400 rnm frorn the rnid·lcngth; 

(d) panel shc<H suongth; the thickness at four pci::ts. :vvo 

on CJch cduc 100 mm frcrn the mid--lcncth, the !::·ns;·.:-~ at 

two points 50 rnrn from each side; 

(c) p<1nd shear modulus; tile thicknc·ss c:t the: r~::d-r:;:ints 
of the four side;:;; the ir:nnth z:nd width J< the C:(~(]r':::~: 

{f) in plane of pii<:s shc;:r; thf~ thickr1o~-;s c:t fou1- p:::-~~r:1s t-.vo 

on C<iCII cdac 100 n~m from the mid k•noth; t:.0 ;,_,:n·:;: 1 at 

t\vo point:; 50 n1c:1 f1crn each side. 

G. MOISTUi'\!: CONT[i\!T 

The rnoi:,t\J!e content shcdl b(! ckt:;rn<\n(~d J:c':Y~ 0 ~·.;ip 

taken not nc;arcr th;:~n 1 !)0 mm l:om the r~;od nl I. he tc·::-t p·:~ce 

or I 10m ;J ~;Pparnt~J m.~;tc!H:d \est picz:c. The strip s!F:i: iu·.-.:: 

the ~<.l!liC thicknw,s ;:;nd widlh us thu test piec8 <'.nd .<,:·,, 

hnve a lenoth of 2~; :!: 5 mrn. 

llw strip shtdl be \·vo·,Ji'.Gd immediately [Jftcr te~-;tin~! ;;nd 

then driul 1.0 il constant moss (2) in 2 vented over-, 2t a 
wmpcnJtl!fc c.f 103 :_!: 2."C. Ths !)alc-;ncc u:;ed sh~d! be u.;:-::b:e 
of mc:asUJ ino tho rn~1ss to <lll 8CCWiJC)' of 0 _ 1 S~. 

Thu moi:;turc content shrdl be e<dcul.:Jted from t~1c 

followinfJ formula: 

(t)= (n1,,;·---n10)/tn0. 

wheH; cr) is the moisture content; m..., is the 1118SS of the strip 

imrncdiZltCii' alter testing, in grams; m0 is the const,:;nt 1'~3:::_s 

of the strip £lftor drying, in gri'HliS. 

The rnoislurc content sln!l be colculotcd to tbtce dec:>11al 
places. 

{?.) C,:n~,;:_;nt m<J:~'> is CV1',;•L:cd to be re<•cln:d 1.\-lll'P h\-o :.cJ·:-:ro:; -,._, 
w.:'flhin[J opl:t<Jticn~;. c,'!r!,,.c; ou~ ,'lt Jn i;otcrv;:d of G ilOl!i~. c;-:, fV!t r~·::,.· ))-, r 
than 0. 1 'to of the rn~:.s of tile 'str1p. 
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G. !)[J\I;'.JlTY 

p~uwl as the test piece. \'Vht..~rc suiu:ble, tho ~,;rip which is 

p1cprm:d fCJi tho ~-~w<!:~urc::\t:nt '.~f moi~;1utc co!ltcn! (scc­

cli:HJse l)) mny <dso be u:;cd t<J Jetormin<: dc:.o1~>hy. 

Tho bJL:mc:(~ used sh.:dl be c<:JJ)<Jbtc of n~eJstuir1-u th8 rnz,ss 

to an ;:ccuracy of 0. 1%. 

The density, based on the mr1ss \':hC>n ovon-d1y and tiL~ 

vo!urnc <lt tc:;t, sh;_:il be c~JiculJtcd f1om tho follo\·vin:J 

fonnula: 

(! ··•10'xm /IIJI {),, 0 

v.;hc:rc:: Jl
0

,.,' is the dcn~;tity (k~J/ri1 3 ); rn
0

, is tlv~ 1n0~::s of the 

Sa1nplc <.'llten!rying (U); /,is the Jc:noth of tl~c s:1mpio (mm); 
b, is the \-vidtil of the sc>rnple (r11m); l, is (h~o th:ckr~css of 
th<: ~:ample (rnm). 

lf the density i;~ obtnir:ed on o c!iiic:ent b;:.sis, then the hosis 
of the: dc~~~~~-i'ty \'<:!ue vvitL re:,pect to V(;:L:rne ilnd rnoisturo 

content ;,h:1!! b,; :;t;ncci. 

/;Ji tc::t p:c:;;c~~ :·;hn)i !1(H!I:tdiy he co:lcii:i.:_:r~cd, p:ior to fin<l: 

rn.Jchininu <!nd w:~!inu, 1.(; cnnst,:r•1 rnc!~::> (2i r:nd moi:.tute 
con1en'1 i11 {J!\ <~li'P.CJ'_.,:·:r·,'~IC c/ 11: 1.tli:v1~ llu;nid:1y (;~J:i_ ~\';~, nnd 
lcmpc;;~tl:rc /0 :. :)··r: (?;), 

\Vh~:~ll~ pv<>ihl_(~, co',\:.h\itl!\\ of U:~;\in~l ~:hv,;ld he lhl: ~~<ntH: 

n~~ tiH1~-;[; in \it;:: cor1di~io:1:nn clwn:b.-;r, but v:hc:;t"; !his is not 

po:;~;!!1:e 1c~;(:; ;,!:(:~:!d !;~; u:idl:il;~kc;l il"l":!l;ui:cl:t:dy nitu lite 
te::.t p\t:c>:; hcwG I.Jc(~n rc:r,c;'JCd fro:tl the corrditioninn 
ch:::rl!J<:r. 

B. Bf:!\lDiiJC, ~-~T\'i!-i\~(~T!-1 /\f\iD ~;TJI:Ff\!I:SS 

8.1. Tc:.;t piece 

l!w depth of tile lC~:! piu:(' :.;h;dl I.J(: c:quaf to 1hc thir.:kne% 
oi t!H: pm:el. 

The width of th(! tu:,t pit'CO :>1:<!11 be 380 mm. 

The Jcnotli of the: test pil-:GC~ \'/ill cicp(~rrc.i on the method 

US(!d fcH <lr!p~yino the lu:1d (.c.ce 8. 3) but shall be sufficient \0 

cnsuoc 1!1~·:tthc J.:;nr;th of \ho ?.one subjcctc~ci to the unifon11 

rnomcnt skJI! not bu less thili1 :wo mm. 

Unless ot!wrv:ise spc:cificd, nn estimate sh.:dl b(~ made of 

the worse f~1cc of the lest piece <:nd this f;1cc shoJi he stressed 

in 1cnsio;) durin] the bcndino test. 

(3) ll1c 1•::-t mt':hc•d:. :.:.,c·cified in 1i1i:> f\ccornrnt":.nda~;,::.n m<~y .1!:,0 be V$U! iol 
otiH:r tc:,ti:>!J clim<llcs. 
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Eio ht t c~.t JJiec;:~ ~·-\ <~ :·~ h·· cu\ r rom \hu sz: :Y:p!i rtn u ni! of f o ~n 
pnrH .. ds in t:cc:orci::rlCt: '.'/ith the ~:cht:duk ~:.ivcn in li~;utc 1. 

A ft1rtl1cr eigl1t test pieces shall be 

cut fi·om the foul~ p.::me.ls in <:-.ccordnnc.c: 

vli.th ISO ('•) 

U. 3. Lo~Hli!IU method <md equiplrwnt 

··rho method u~;od fo~ applyinQ the lo~1d :.h-:1!! he suc!l th~:t .:1 

zone of lenc)'tll not 1.·2S5 01<!:1 300 f"i"lL-r ;y, \he rniddie oi '!he 

le:FJth of the test p:t>:.:c: sh<:il; be suhj·~·-c :d to J L,nifG:nl 
mo;·ncnt. The mcthcd of <~r~piying the ict'c".i ~.:-,a!IIJI; suc:1that 

direct te-nsion or co:-Y".;:,;cs~.:,on furccs f!!e r1ot 0pp\icd W the 

test p!~:cc z:t L:Jif}G dcf.~:c:tio:os. 

Note. ... L.aruo d..;i:octions may occt't when ~;pcc!rnc·ns 

V/ith srnn!l bC'ndir1£) ~.tilfncss arc tcs:·:·d to !rlilwe 2nd 

aiU:I nJtive to:::, ;:.n ran£:~' ~-,,(;n :::.- n~2'/ tx rcq li i: -:d. In \_l(;n:: r ,>I the 

test rncthod chscril)'_:d in !;lis cl<:ws·J is r~ot suitab~c for a 

spccirncn \-\~ith a thick::~;s~; lmvcr th.:;n G c<:n. 

The lo~1dinu cquir-,r-:·:onl shaH bwc-q):~b!c: of mea::;u:ino -,he 

loJd to an 0ccutacy o: 1~~ 

The load sh<ill b.: <:i}p!ii:·d wi!h a C•Y>tinuous motic•;: 

throughout the ((-'St. "\he! ~~~tc: o{ 1·0<JdirlrJ :: 1 !.'''·.\ o.c CiC!jt,r;;'[_'~ ;~~ 
that the !fl(lXirnu:)l lo2CJ be roachcci \';:thin 3C\..} _i: ~ .-:lJ 

seconds. 

lllc time til ken from tho hc~J::minq ol ;r~:: !oDdiii~-l to the~ 
m<lXi'.Yl.Unl lo<-rd sh:1\i Lc mf;cstnC:d trnci r(·co;dc:d 1iJ lk! 

ncc:He~,t 30 ~,cconds, 

(rJ) ISO draft international standard 
11Detcrmination of apparent modultJS 

of elasticity in bending and of 

bending strength" N 17. 



T!w ddienion of the \c:;t pi«cf: ~;h<di Lil~ 1: Ci!:;UIC(! n:idw;:·
1
, 

LH!(\'.JCt:n tv-.rc po:n;:; on tho lOil~Jiludin;d tl.\!:-; of \I\(' t•:-:;! ;):;;,:c 

loc;:tcd i11 tho rone of uniiorm mo;-r1e:lt. l/i(: di:;LJ!KC 

!:c\V-.'(!l:f'l :!H~ l'.\'0 iK>in::; (~~r:U~it· kn~![!l) ;.i::::i be: nr:)\ k·s;; thc,r; 

2::,0 m:n <md the JlOints ;.;IJ;"Iii be ~;p.::lCC'd <<S L:1 i:p<·ll\ <:S 
po::~:;ibic~ cow.i::tcnt \·\·ith m<JiJ~1.;iinin~~ ;:dcquo1lc: clc;;u.:n·-;::e 

b(1\wcc:n the; fFlll~_l(:S ilnd the lo;1din£) cquip:r-:cnL 

Note. -·- The curv,:Jtuu.: of the test p:er:e rn:''l' be obu>:nc·:.:~ 
by nw<J~;winu the iJilUUi<1J rotntion ill the: cncL; of tiw zone of 
unifOIIYI nwnwnt. 

Note. --The eight. sma] l spc~cimens accordino-
" 

to 8.2 shall lle tc!;t:cd according to 

ISO . . . . ( ''). 

8, li. Exp:·r-;ssion of result~~ 

H.~). 1. Dendi! I[.! stiffnqss (1/i(/ modulus of ri slicifJ' 

Tho hc11dino ~,1iffr1c::~; r1f the· U:~;t piece ~;1--:,::lllx: r.;dcui;lted 
from the foi!ov,~j;·;o formui<': 

whc~ro ri i~, the hcndi;)Q ;;liHnc~;s ,,( dw tc~.t r~iecc (N/n·1:n?); 

!l/:1 i:;thc inc:rcr!'lUlt of 1·,·ro:ncnt ;:t rnid· !t_:nc'h (l'ill•o <:.:.,.,,·,..f,i 
• ' ' ' ' ' • " '. I ' <' ~ ~ ' ' ' 

line po;ti~m of tho !c:JCJ.deflcction curve: (1\!_/~r rr.), _,iv,.· is the 

incrc:mun of dr:lk·c~_ic·:l co:·~-u~;!-'Dild!llO w ,i/:'7 (r:-:m); /
1 

i~: the 
n::uge [(~:1{1\h (lliril). 

The bc·ndinu ;:,;iiir:c:~-~~ c1f thl: t(;SI piece skill !x~ czilcu\;,:cd 
to th1N: sionifiu!nt Lc<rres. 

Tile thid~ncc;s (nornin<"ll Oi' 2C!U<~I) rrsecl to C<:ilcu!t:t·:~ iht~ 
second morncnt of <::~-eel ~;hal! be ~;[{i((•d. 

8. [). 2. U!t.im:lic mnmr:n! cap;:: .. ci!y ,,,nd bending sin'ngth 

The u~tirnate m.::~:nc:flt capnc:ty cf the: test p:ecc. \\'hich is 

the maximum !iiOtllf~n! rc::;is~ud by the test piece, sha:: LlC 

ro.corded to thrc:o si~jnific,lnt fi~.;~acs. 

If 0 v:due of ti:e bendi~-~~J st;cnu:h is subscqucr.:iy 
ca!cu!r;tcd from the u!tinwto rnc,:I·Jc,nt C.:;pJcity it sh<lll ~.Jo 

ca!cui<l!ed frorn tt·;c foi:mving (crmuln: 

vvhcne t~, is tho bending strcnnth (N/mm 2 ); Mr.···" is tho 

maximum mo;Ywnt {N/rnm); \V is tho section m~;d:..;~us 
(mm'). 

The b·:-ndin9 $lrcngth shall be calcu!~:tcd to t!nee 
siQnificl!nt fiJurcs. 

The thickness (nominal or ;)ctucd) used to c:a!culhto thl'! 
sectio_n rnodu!us shi:ill be SH1tcd. 

8. 5. 3. C'J'~e(.p ln bcn.ding 

Test tc> be dcvcJ.oped; stiggestic>ns 

arc welcome~ 

9. 1. Tc~t piece 

Several pieces of the panels to he 

tested shall be glued face to back until 

the thickness of the test piece is not 

less tl1nn 40 rum. No test piece sl1al.l. lJc 

made entirely from material from one 

poncl) except '1:·7ho.re the panel thickrH:~Ss 

is l1-0 mm or more. 

The width of tile lust piece shall lk 200 mm tir1d its lN1oth 

f;ha!l i.l~! 1(00 rnm. 

Ca1c shn!i be taken in i"!H;p,ldnD the k~:t piece to r:-::: 1 ;(~ ti-,8 

end sud;,ces snoooth n;:d pi"!rtdid to c:Jcll othl~• ;,;nc! ?t ;-;~~.ht 

nnolcs to the icn(jth. 

Tho test pic~cc shall i)e: m;1cle frorn the ~;amp:in<J ur1i't cd four 

p<_:ncls in <JCcord;:nc:c V>'ilh tho :;ch;;dule f)ivcrJ in fi~;uro 1. 

9. 3. Lo<1din9 rnethod nne! cquiprnent 

The !odd ~hJII be :)pp!ir:d throuDh a hi;1DCd ccnnection on 

the upper head of the: tcstin~J nl<ichinc to <:)!lcl\v for <HIY 

duvia:ion frurn parail:..::l of the c<-:ds of the tc::;t pi('GC Jnd 
rermit <1djustrncnt 10 the end of the test piece in ono 
direction. The tc-~st pie:c.o slwil bo lcosciy held by s:~iooth 

side re:strainino rnils. SuiUJLic lo~ldinCJ app,;;ratus is uivc:n in 
annex A 1 . 

The loJciino equiptnent sbrdl br; Cdpn!Jie of n:c.:buring tho 

load 1;J on accuracy of 1%. 

9. li-. Test procccluro 

9. II. 1. Rate of application of the load 

The !oDd shnll be 8pp!icd with a continuous motion 
throughout tho test. The r.:Jtc of lonclin£J shiJI! be odjustcd so 

th.:Jt the mJxirnum load be rcnched \-\!ithin 300 ~t 120 

seconds. 

Tho time wkcn from the beginning of tho lo.::ding to :he 

moximurn load shJil Uc rncasu;cd and recorded to thG 
nearest 30 seconds. 



9. t1 . ?.. ll·icasur(:f;Jcnt of deforrn<.:fion 

Dc1.10 for lo;ld·ddonnntion curves sh<-dl be w~en to 

dotcrrnirw the comp:c~;sion stiffness and the modulus of 
c!a:;ticit)'. 

The defonn;-;tion ~,h;ri! 1;.,_~ taken over the ccnt:<li portion on 

both sides of the: ll~~~t pic~ce usin~-J a oouqe lon~)th of not less 

than I ::?5 rnm but not ~;r(:;:tr;; than ~.00 mrn. The O:lvCr.:l~JC of 

the t\vo re<Jc!inus shzJ!I be used in tho e<:i:cul~;tion of the 

stiffnc1ss <lnd modulus of e:!~Jsticity of the t8st piece. 

Tlw dcforrn<:llion sh<lll be fn(:Clsurcd to the nearc:,t 
0.01 rnm. 

0. G. Fxprc~.;~;lon ol results 

Tlw comp:(~:<>iun ~;tiffnr:;s of tho test picco ~;!dl lx; 

cJ!cui;_ltud from the: fo~lov-.'inJ (ormuiJ: 

v/:1cre !J;( i;; the co:11prt"::;~:ion stiffr11. ;:s of thf! 1cst p:t)CO U'n; 
,1F is tiw incl\'lllent c< lo::d on the ~;\1:·~:u:11 lin~:: po•.lion of 1::,;. 

lo;Jd·di.dz;Jmntion c.u:vc (l\1); /1 h; t!tr.: ~rw~;·.~ iu1Gth (1nri"1); 

11 \',' i:; th' increi·l:ent of ckfcHi"i"l<:llion co1 tC:' pondinu to ;5F ov1~; 

tl1r.: ynu:y; ),_:fli.J\h /
1 

(mm). 

·n;(: co!np~t::.~_;ion stiffnrJ:_;s of the tcsf. p!e:r:e ;_;k;!l l;t~ 
Ciliet:l::kcl 10 1hlt::C ~-iO!lificc<;l( fi~JUU::;, 

The ti:ickne:~s (l.tOillil':<d 01 actual) l.'S(_'d :o Cllcuir;tc th\: 

CiOSS·:;oc1im1;d <nC'<l :;hn!i he ~-la\::-:d. 

9. [). 2. Ulti:;Jate CC!mprcs·sion C/!JI:Ir:if)' end comprc:._.·~;ion 
stron_c;f.h 

The ultirn:,:c compr·rs:;ion ct;p<:city of tho tr.st pi( ce:. \\-"hie~·~ 

is the; rn;:;;.;ir·r;urn c:ompre~;sion lo~>d 1bi::-tc:d by thl: :est piece, 

sh;:;!! l;o Jccu:cled to thll:l< si~Jr:i~:ci:<'~l fiourcs. 

!f n \',:i!uC> of the~ con'lprcs:;icn stoU1filh is subsew:,.:n:.!y 

uilcu inlcd i i o:n 1 i 1 ~) 111ti~1l:!:.:; co~lli"'fl_:s~,icn C:<"lpncil~' it. ~;h,:~l i b~: 
calcuL::ted from ti~:_: lolkJ\Ving fcrrnui~J: 

V.JhCJC (, i:; th.: cornprc:,.:::.ion str,;nuth (H/mrn 2); fn-~< is ths 

n:nximum cornpn::ssion lo:nl (N); A is the cwss-soc~ion~:~ 

nrca (mm 7 ). 

The comprcssio!l st!enoth sh;:dl be ca1cu!~Jtcd to th;ee 

sionific<:nt fiuu1cs. 

The thickr·1L:Ss (nc:r:ina! _or vctu:-d) used to calcu!~He t;>;;­
cross·scct;onal .srcn sh.:·dl be sta~cd. 
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10.1. Test piece 

The test piece :>hiill be n~cLlnDuiJr in crcs;;.:,;c~:c<L 

The thickne~ .. s of the test pi~;cl' sh.:dl be cqu,-:1 lc tht: 

thickness of the board. 

The test piece may have <1 co11stant \'-.'idth c.f 2::.c r;'dl'i 

throuqhout its 1on£Jth or moy be nc~ckcd down to'' c )~~~t;;nt 

width of 2~)0 mrn fc,r 8 lcnuth of GOO rnm. 

Note .. " .. ![ the tc;;t pic;cc is rtc,cLcd dO\'.'n to 2~i0 t< ,,~ :;h~u 

the cuttino scl1cdulc given in li~JtHC 1 \'·.'ill need ;;:. b·) 

rnodific:cl. 

The lc:itCJtir of the w:;t piece shilll bu I ,}00 rmn. 

Note.·-- ror CCI\(Iin species of board t!ie k>~ :·i:<:C,~"il(:i'l 

defined in this clause rna)' c.:tuse n l:lr~)L' p-:;v':,<<··; o! 
fni!Uic~; (l\, 01" wi1hin, ltlC wips. FOi th{::;c boards (_") r:wrc 
appropriate te~;t spc:cimon must l>c: dc~.!onul. Ti~r.' \',-i(~'.ii of 

the ;;puc.imcn ~JI<JiiiJ(o not les:; th<in '1 ~)0 rnm ;n;d dc:t; r:s C•i i!::·; 

ncomcdry sh<:dl be qiv0n in tk: test tcput1. 

pr:nt:l~; in <:!CC(Jtdancc; with tl·1e ~;cllc~dui·:; ~jivcn in 1 . 

The test piece skill be held in ol'ip:; \',t~;ich r;~i·" tltc: 
1equircd Joz:ds to thc. test pi{)Cl' with the rrl~l"liiY!:::·:- :::·::nee~ 

on lo;:d <d. o: loc<J\ion of, {ci:lurr.. Such dv·.·'ic( \ .-.:~.'::' rw\ 

npply <1 bcndin~l niocncnl \0 the tc~,l piece, <~!:c-:>' :- :r --.;'D2 

·under lo.:;d, 01 ini:ict dml'Wfje or S\IC:ss conc:(:n;u,;:;:;;:.s ~~'the 

tc~;t piece. 

Fm icfc;_d \est conditions. tlw c:ip~-; should k! ~-cdf z:l:,~; .:ng. 

The typQ of Qlip;; u;:::ed shall br: rec:orckd. 

The lcJilding equipn1ont sh<i!l he Cilpi:iblc of r~'cz::;urir:~: the 

· !Gad 10 an (iCCUWCJ' O{ 1%. 

10. 4. Test procedure 

10 .ll. 1. fiate of application of loud 

The load shall be npr!icd \Vith H continuo~iS rLJtion 

throughout the test. The rnte of loz!Cling shall be: ;::d;~~s·.·:d so 

th<H the maxin1t:n1load is reached \-\'ithi n 300 :' .. 1 20 s·::c..:: :lds. 

The time taken from the bC:'fJinning of the !o~;~~i:~g :.:- the 

rnaxirnum !oz:d sh<:dl be n"<C'asurcd z;nd rcco~c:8d t: :he~ 

nearest 30 seconds. 

(5) In preparation 



10.4. 2. f/;u_,,·sur{.·ment of drJorm<,fion 

Data for !u<·ld--ckform,~:tlon curves sha!! be t.:d:cn to 

dcwrr::inc- t11c t:.·-n~-;ion ~;:tiffnc:os ::-:1~d the moduiu;; of elasticity. 

The dcfornlZltion ~,h,~!1 he td~t;n over the centred po1tion on 

both sich:: of tt·,c tt_·~;t piece l::,in£1;; ~1.::uqc kn~;th uf not !e;:; 

th.:H1 12h rnrn but net £Ff:.::tc;r thc.)n ·~00 mm. The Dvorago of 

the roadit·1us shcdi b~~ u:-~cd in 1he cz:!cuL:;tion of tho test piece 

:.tiff ness ;;1·,d tile rnodulw-: of co!<:~,\icity. 

The ddorrn<dion shall be rn~oilSUiCd to the ncarc~~~ 

0. 01 rnm. 

10.4. 3. Unacccpt,-;h/e te:;t results 

Any tcH piece that fai!s (lt, or vdthin, the grips shall be 

rejected. 

10. tJ. 1. fcnsion s:ilfnL\>3 and modulus of eidsticil)' 

The \(;iiSiun s:iifl!(·!,::.; or the tc:s\ pic:cc~ ~:1-r:i!i h.~ cn!cu!J:cd 

fro:ll th<:: folio\'>'inu fuomuic1: 

wh(:te f'/t 1 i:; the-: \01<:-:ion ~:,ti!!i1t~:;s nf li;e ksl pi~ ;_~c (!'-!); .-lF is 

the iiKI(:Orlei'd of lu:id Ul the ;,t;;:ioht line jJn:tic-:1 oi the lc::d­

(i(;(o:rr:;~t!uil curve (l'~); /1 is 1!w (l.:~u:Je !cnoth (~1ll1'1);. \<.-'/ i::; 
the inc:rcrnr:r:t cf <.!c:fo::11:j~ion CCH!T~;p;)i·:dill£) to .--JF ovc1· lin 

uau~;n L:np:h /1 (rnr:1). 

llw kn:.ion ~;tiff nee;:; of the: test piece ;;hcdi he czdcu\Dtcd to 

three ~;is;ni~icant fi~JIIrc::. 

The thid:r;z;:;s (n:·lnlir~;;l n: <:ctuai) usee! to c,~J!culc:tc the 

uo:-;:,·sc;;t:c.\~1::! (~Jed ~.h;-dl Llc: :~t~lH~d. 

10. s·. ), UhiiO/t{C tension (:i;j)/ir:i:v and tclnion 5trength 

T!w ut\i:1!iilc \Cil~,io<l c;.;p::c:ity of the w:;t pic·ce:, \'ihici~ is 

tile Jli<:>:iiiWii'l ter::;ion !o:HJ 1e::i~;tcd hy tiH: test pi\:cc, :.:!':::1! h..:, 
IOCOid\.'cJ to \i11CC! ;;ionific;:;~~t flf)llfCS. 

lf n vr:!uo d tho tcn.c;icm ~:tror:oth i~.; :;uhsr.quc:n~.ly 

c<ilcu!;:tc>d frc.::·il the llitim:;:u H~~~~;ic·n uq.< ci:•i' il sh.::!l be 

C<1icuL1ted fiOIYi the lo:IU\\'i:l~) L'HiliUIZi: 

\VIwrr. !1 i:; iho t·~~n::;ion str:~nnth (N/rn:n:'); Fe·~· is tlw 

rnm:inwm wn:,ion load (U); /l i£> tho cw~:.';·sl:c\ion<JI art~a 

(mm:>). 

Tl1c tcn:,ion SHCl'lf!lh shull be: calcub\c•d to three 

signi:iun1t ficu:cs. 

lho thickn~:ss (nomin&l or Jctual) u::::cd w c<dcuk:te the 
cro~~:;.~~ectio:ld orec:r sh~l!l LlD suncd. 

6 

1 1 , l' ANEL SHEAR STI:Ei\G'l'll 

ll .1. Test piece 

The test piece shall be :rectangular 

1n cross-scctioil. 

The thickness of the test p1cce sl1nll 

be ~qual to tl1e thickness of the panel. 

The width of tl1e test piece shall not 

be less than L130 nm.l and the distance 

hetHecn the rails shall he 200 mm 

(,;c,c figure 2). 

The length of the test pJ.ece shall he 

600 mm. 

NoLe. -· It is re.coc1mendcd that the 

s tronsc:r direction of the spcc.J.mcns be. 

oriented perpendicu1.ar to the rails. For 

thin lJoard it may lJc neccss2ry to usc 

this orientation :i.n order to prcclucl0; 

failure by bueklirtg. Buc'Jd.i.ng of thin 

two or more layers together to dcveJ.op 

adequate stiffness. Because lnminati.n& 

can ~ffnct pn11el shear properties, tl1c 

report o.C teE;t re.SLJlts 11mr.t so i.w.licat:e 

\~1en specime11S are ]_aminated. 

Some l~econstitutcd panel 1~aterials 

have high panel shear strength but lo'd 

interJ1nl bond strcngtl1 and interlaminar 

shear strength rc:quircd to transfer these 

stresses from tl1e rails i.nto the panel.~ 

The rail along with a surface covering of 

fiber or particles may shear from the 

panel. This may be prevented by applying 

lateral pressure to the rails. A simple 

method of applying this pressure is by 

means of holts as illustrated in 

figure 3. 
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Timber rn:i.Js havi11.g rninimum diincn~,;ions 

of 35 by l J 5 mm by approximately ?00 llllll 

long sl1all. be gluc!d to lJotlJ sides of tl1e 

tesl pi.cc.c at eac.h ccdgc. The ".ldth of the 

rails 1nay lJe increased to eli.minatc a 

shear failure bet:Heen the r:1ils ancl the: 

test piece. 'l'he rails shall be np£tccd 

200 mm apart \·lith thc~ir e.nds even \\1ith 

the ply\·JOOd ter.;t piece at tHo diagonally 

opposite conv-:rs ns shovin in figun:~ 2. 

Prior to gluing> the ·n:d.ls and the test 

piece slwJ.l be conditioned co the approx:i_ ... 

mate moisture c~ontent at Hhich the test 

p:i.ecc :i.s to be tested. After gJ.uing, a 

bevel of l/1 clcg. sl1all be cut on the end 

of both p<li rs of timber rails \O:'he.J:-e the 

major compn;::.;r;:i.on load is to be. opplic-;d, 

(G) ' 

Steul. r<tils m.1y be substituted for 

sLituted foJ~ t;luin.g JYLOv:;_ded tlu1.t n.o 

crushi11g of tl1e S])Ccimen or slippage be-
tween 1·nil ~11d specime11 occtt1~S. Spec!ial 

raiJ facings 111ny be nc!eded to develop 

acl(~qunLc·~ fric.t:ion betv7cen rA:i.l and specimen. 

The cl<"'l!ilp:ing r::cthod is particul<Jrly \·:ell 

suited tc1 J~ec.OllSti_tuted ]JnncJ. mnteJ:ials 

tlJnt Hould Cl't:lJc~T\-.J:i.;-;c~ rcgt;.irc ho1ting to 

prcVC'IJt int.c1 Jnminor s1Jet!l" in the~ specimen 

under the ru:11~~. 

h1hcn l!loduh.:s of rigidity is to be 

det:ennined ~ 3 mm l1olcs sllalJ. be drilled 

through Uw pan(:d at each end of a 200 mm 

g<:1ge length a:; slwvm in figure.s 2 and 3. 

The gage length along \\7hich deform.:1tion is 

measured s11all be the compression diagonal 

(&) If the width of the rails is other than 

115 mm, the bevel shall b(-: cut at such an 

angle. to ensure that the applied loads arc 

collinear. 

9 

at 45 degrees to tl1e rails passlllg 

through tl1e. center point o£ the shear. 

area. The g<tge lcn_gth slwll be cent.eJ~cd 

be.t.\vec.n the rails nlo-ng t.1Y.is line .. 

J I. 2. Sampling of lest p1c:ccs for panels 

.Three test pieces shall be cut front 

the sampl.ing 11nit of four pa11els in 

accordc1nce \·/ith the schedule given. in 

figure I. 

No-te. -Provision 1s also ;:aacle in the 

c~utt.ing schedule for lhree test pieces 

witl1 tl1eir long dirnensio11 paraJ.leJ. to 

panel lc:ngth. 

11.3. Loading method and cqtd.pment 

The lcJ;lding shnlJ. be· appJ.:i.ed so 

tlul'l.: the result<1nt of the forcef3 appJ :i.cd 

to a pair of railu shall be a s1ngle force 

acting al.ong the! longitlJJ:i.nal axis of Ll1e 

test piece hotl·1 in the pl_DllC of tl1e test 

pic-:.cc oncl in the thickness (~i.rcc.tion. 

The load on the i.~ai ls shall be appJ ic:cl by 

separating tl1c mnchi.na Cl"ClSS-llcads. 

The J.onding equipment sltH11 be cnp<.1L1e 

of measuring the load to an accuracy of 1%. 

A suitable npparntus for appJ.yina equal 

loads to the rnils is sl1own in fi.gure 3. 

The opposing collinear forces applic.d to 

pins l<Jcated on tl1e J.ongitt1dinal axi.s of 

the test piece and perpendicular to its 

plane are divided into two cocponcnts, a 

major compression force applied to the end 

of the rail by a loading yoke free to 

pivot about the pin; and a minor lateral 

force applied to the projecting end of the 

rail by a block that keeps the pin spaced 

the correct distance from the rail it 

loads. The major compressive load is 

applied through a t1·70-\vay rocl..::(~r and 



the load unifon<1ly to the rail end. The 

1~igit1 blocJz. app1y:i.ng the lateral. force to 

tl1e ]Jrojecting 1~ail. c11ds cnstJres U1at the 

pin remains perpend:i.cular to the plane. of 

the test piece. 

Other loading methods can he used and 

1nay be more appropriate with steel rails. 

Any other mcll1ocls must result in the same 

sl1cars and mome.nts npplicd to the port.ion 

of the -test spccimc.n bctvccn railr;. A pos~· 

sible alternntive has been given in 

figure: 3 a. 

11 .4. Tc!st proccdlJt·e 

J J .4. J. Hnte of application of load 

The load sl1nll l1e applied with a conti·-

nuous nwtion tln~ougJwuL the test. The rate 

c>f loodi.llg s!Ja1.l. ])C ;Jdjust<~d so that the 

mDximuln 1o<J.c1 iu rc.nehc:.d 1-ri.tbin 300 + 

120 sec~ond;;,. 

The time tnl\c:.n from the' beginning of the: 

loading to the llE-lx.i_nnl!ll load r;hal1 b(~ mec.-:;-· 

surcd to the nc~rcs1: 30 seconds. 

1 J. /1.2 Nc:asuremcnt of deformation 

hH-:crt J nnu pirw through the lloles des··· 

crillcd i.Jl ll .1. Usc ]_i.J1cnr trAJlsformers 01~ 

other suitable me:m,c; of mec:t~.>uring the. com·~· 

pression stl'<1in be.t\\)een pins as sho\·m 1.n 

fi3t1rc 3. Use one g:1gc on cncl1 side of tl1c 

panel and avcxage the results either elec­

troJlic~:llly lJy O]Jpropriate circuitry at time 

](I 

No'f;c. - Becnuse she<lr stresses applied 

by tl1c rail_s a].so produce equal tensiJ.c 

stresses at 45 degrees to the rails, 

mat:crio.ls hov:ing tensile strength· ler--;s 

than or Approacllirlg thei1: sl1enr strength 

H:Ll.l usuul1y d:i.spl<'LY one or more teusion 

brenks at approximately /-15 degrees to the 

rn.ils and often extended ben.c.ath thc:m. 

Hany reconstituted panel mat:er:i.als display 

this cbaracteristic. Such results are 

acceptable. 

11 .5. Expression of restJlts 

l J. 5. l Pant-~1 s1wn1~ strength 

The pnncl shear stre.ngth shall be cal­

culated fJ:·om the follmvin.g formula: 

f - F max/1 t 
p 

where f :Ls the p<rnel shc<n stre.ngth 
2 p 

(N/mm .. ) ; F max is the mtn::i:unnn load (N); 

1 :ts the length of test p:i.C.'.CC. (mm) 
' 

t lS the thickness of test piece (mm) 

The pane]_ sl1enr st1~engtl1 shall be! cal­

culated to three signific:a11t: figures. 
,~ 

The t:ld.c.kne~3 g ( 11ormal or mcar:; uT cd) used 

to calculate the panel shear strength 

shall be stated. 

1 1.5.2 Panel shear modulus of rigidity 

Panel shear modulus of rigidity shall be 

calculated from load and deformation data 

acconling to the formnla. 

G • 0.5 (P /d) (L/lt) 
g 

of test 01~ ~1en pc1~fo1:ming the calculations. 2 
Hhcre G is modulus of rigidity, N/nm1 ~; 

Accurncy shall bee leo 2% of total elongation. 

J 1.4.3 Unacceptable test results 

, Any test piecG tlnt fails in other than 

shear or tension hetHeen the. rails shall 

he rej cctcd. 

(P·/d) slope of the force-deformation 
g 

diagram, N/mm; and L is the gage length, nun. 

Because. the foTce-deformation curves are 

often curvilinear at low stress levels, it 

is recommended that the portion of the curve 

" . 1 ?? ];101111.118 •• 
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selected for comput:<1t:i.on of C reprt:scnL 

tl1e aJlproxilJlate range of p:1nel sl1ear 

dcs1gn stJ:c:ss. 

It is recommended that: the shear 

moclulu.s c.:tlcuL.itc;cl. by the above formula 

be multiplied by a factor of 1.19 to 

account for higher than averugc shear 

stress distribution at tJ1c J.ocation of 

strain mensu;:cmcnt, The report sha.ll 

clecn:J.y state \,1hetbe.r this factor has 

been applied. 

I 2. INTEHL!\HJNAR SI-lEAR STJU~NGT'H AND 

EFFEC'J'IVE SHEA!< NODULUS 

12.1 'Test piece 

TJ1e test pi.ece shall be rectangulaJ: in 

cross--r_;c-~c tion. 

The thicknc:s~; of the tcr.>t. piece .sh.:-111 

he-; cqu~ll to the t)J:i.ck.ne:~ns of: t'h(_~ p~!Ilcl. 

The x-;:i_dtll of the. test piece sh:.:<Ll be 

I 50 mlll rrnd its Jengtl1 f_;hall be ltSO mm. 

nnd 150 mm \V.i.clc. The platc~s shall be 

bonded to U.10. test piece \1ith nn ndllcsivc. 

suffici<~ntl)' rigid t:cl ]Jrccl.tJde a signifi-

cn11t COlltrilJutioil of adl10sivc crcc!p to tl1c 

mcast1rcd deformn.tion. One end of cacl1 

plate :.;]);J1J. ]JC! provided \\'ith a knife. edge 

project:i.iJg 6 rnm beyond the end of the test 

piece ns t;lHYh'I1 in figurt-.. 6. 

The long d:i.mens:i.on of the test piece may 

be either parallel or perpendieul.m: to the 

length o£ t11e. or j gin<.1l panel. The orienta­

tion sl1all be recorded. 

V bl.ock supported on rocke~ with axis 

perp2lldic.ular to vlane of specimen. 

figure h.- - InteJ:laminnr shear i:ost 

us:r_ng n d:i.nl gnge fo1: me<-:suring 

12.2, Sampling of test pieces from pDnels 

Three test: pieces shaJ.l be cut from 

the t~(llllpl:i.ng ·un:i.t of four panels in 

accoJ:d:lJ1Ce wi.tll tl1c scl1edule give11 1.n 

figure lr. 

12.3. Loading method and ocp.11.pmc:nt 

The. lo3d shall be applic{.l tlu:ougll. 

V blocks so that i.t is t1nifor~1ly di.stri-

buted along the knife. c.dgc;;. The. V blocks 

sh~ll be vertically positioned in the 

machine, one above the other, causing 

the forces applied to the test piece to 

net parallel to the axis of the machine. 

The test piece itself vill be slightly 

inclined 'Ihen placed in the machine. 
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NoLc. ·-· :F:i.voLG permitting "J'ot.:_t.tion ·about 

nn axis pnralle]_ t:o the k11ifo edge or 

sphu~icnl Hc~ats free. to pivot in tld.f.> 

nwn.ner ~-;ho~:ld not be u.scd <W they create 

unst.:J.hlc~ ].C>D.cl:Ll!g 1-ihich mny cnu!;e violent 

ejection of t:hc. te!>l piece fror:t the: mncld.nc 

a11.d a hnzo.n:l to operating personnel. 

The~ londi11g C<ju:i.pmcnt. shtl.ll l)e capable 

of 1ncasur:i ng the' 1 o:-icl to an .nccurn.cy of J %. 

12.4. Test proc:ccluJ~e 

The Jond shnll be: applied \·Jith a conti·­

nuotiS motion tl1roughout tltc test. The 1~atc 

of lo<Jcline shall l)(; adjusted so that the 

maximum lo:1d i.s reached \>lit:hin 300 + 

120 seconds. 

Tl1e time taltcn f1:om the beginning of the 

loading to the maximum load shall be mea-· 

surcd and recorded to the nearest 

30 seconds. 

12,q-,2 f:'l_casurenlc:J1t_ of dc:.:foJ:Jn<Jt:i.on 

Data for lotH.l .. ··slip curves shall be· 

taken t.o deterrninc. the effective intc~r-~ 

laminar sh_c.ar modulus. 

A suitable mo.t:l-Jod of me.<.1sur1ng the 

slip bct\\7 Ce.n tbc steel plates is shovnl 

1n figure 4. 

The. slip bc:tHc:c.n the stec=:l plates 

shall be read to the nearest 0.002 mm. 

12.~.3 Unacceptable test results and 

types of failure 

/\ny test assembly that fails \'JhoUy or 

partially in the bond bet:Hccn the metal 

plates and the test piece shall be rejected. 

Acceptable failurc~.s in l~ecoustituted 

ma te.r:La ls Irk1Y occur <lll)i\\7hcre. \~7 i thin. t·lK: 

thickness of tb_c,_ test p:i.ece~ but not. ut. 

tbe glued intcTfDce 'i·lith the s.tc.el pLlt.c. 

1?..·.5. ExpJ:8St5:i.On of results 

12.5.1 Effective interlominar shem: modulus 

The effective inter].aminar sl1ear moclu]_us 

shall be calcu]_ated from the following 

formula: 

G 
r 

1\ Ft/ /1, l.'lh 

where c; i.s the effective interJ.nmiJlar 

shear modulus (N/mm?.); 6 F ~-s the ineTcment 

of load on the straight line portion of rhe 

load-slip curve (N); !J '" is the increment 

of slip corresponding to /1. F (nun); t is the 

thickness of the test piece (mm); 1 is the 

length of the test piece (rum); b is the 

''idth of the test piece (mm). 

The effective interlaminar shear modulus 

shall be calculated to three significant 

figures. 

The thickness (nominal or measured) 

used to calculate the effective in inter-



l~1ni.nar shoor JUocl\JlllS shall be stated. 

12.5.2 Intcrlnm:i.n.Jr shear strength 

The intcrlarninnr ~;hear strength shall 

be calculnt.ccl from the foJJ.o\,d..ng fonmlla: 

\,{hen moduli ancl i3Lrengt.l.ts arc calcul<:lt:C:.!. 

the basis 011 wl1ich they !1ove l1een d~tcr­

rnined shall he stated. The thickness 

(nominal or measured) used in the calcu!.a-

tion shall be stnted. 

f F max/lb 
r Additional. data may be 1~equired in 

\\1herc f is the inter laminar sbear strength some cases. This mo..)r include the follcn~"­
r 

(N/mm?.); F mnx is the mnximum load (N); J_ng: full details of method of manufo.c:ture~ 

1 is .the length of teE>t piece (mm); b L:; 

the 1ri.clth of Lest piece (mm). 

The ·:i.nte.rlaminnr shear strength shall be 

calcuJ.oted to three sig11ificant figures. 

13. '.f.'ES'.I.' REPOE'f 

The test report: shclll include dc.t:uils of 

tl1e test material~ the method of test~ and 

the test results. TllC'. amount of detail 

given under c~1cl1 of tJJc.sc hendingt; vlil1 

depend on t:1"lc purpo;;c of: tbe. tests< 

Tl1e fol.luwi11g data on material s]Jall 

normally be given: pn1~ticle type~ orienta·-· 

t:i.on, <.tclhc:,;:i.ve) st.n~facc t:re.atment~ m;:mu­

fact."t1:;:c.::~ "J(J<l"J1Ufacttirer 1 G grade or product. 

s tnnclarcJ grade, and nny other i.n.formati.on 

pcrt.in011 \: lu Llle purpo:.>c of the te.s ts. 

The. LolJ.oi'/).nr; datn concerning the test 

concU.tion;; ~.;hall norm;:,lly be givcD~ t.hc. 

type of test} the accuL'lC.Y nnd method of 

loading, tl1e ncctJrlJCy of JneastlrcJncnts of 

c1c.formatj on~ tl1c~ method of clctern:ining 

tl·1c slope of tl1e load-dcformnti.on cttrve, 

the. te1.n.pu~attn:e. and re.J.ative. humidity of 

the time of test. 

For individual test p1cces the follo"ing 

data sl1all be given: t:est piece dimensions, 

moisture content, time of failure, maximum 

l.oads, desc~ription of fai.lurc, and tlte cal­

culnted values of stiffness and capacity. 

full details of any nnturnl defects or 

manufacturing fentures \·?hich infJ.ue.n.ce ~.he 

tc~st rcsult.s) den~:d.ty ancl lonc1-dcfor:;3tion 

dingJ~ams. If the test pieces are not cut 

in accordance ,,1ith tbe. schedule shm·:n :i.:1 

figt1re 1 s thc11 details of the cutti11g 

selwclulc sh,ll.l be give.n. 

The number of te.st pieces and pt:.nc1s 

tested for each property ~311<-JJ.l be st.:~.t.(~J 

in t11c: test re.po1:t, aDcl :i.f a ~;tatist::ica1. 

tre.ntment of t.he dat;J is possible tlJCI.l 

the value of the standnrcl deviation n!~ co-

effi.cicnt of variati<ln for cacl1 pJ~Oj1crty 

Ghct1l o.J..so be::. given, as \\'C!ll as the ut.::t:::-~. 



CIB W,18 SUB-GROUP AFRICAN, CARIBBEAN AND 
LATIN AMERICAN REGIONS 

REPORT FOR MEETING 17 AT RAPPERSWIL. 
SWITZERLAND MAY 1984 

With the development of new approaches to stress grading and 
proof loading techniques, the possibility of more convenient 
strength groupings of structural lumber and the continued thrust 
towards more enlightened Codes of Practice based on limit state 
concepts there is even more justification for the continued 
interest in this CIB Sub-Group. 

The African Continent is recognising the importance of renewable 
building resources such as structural timber. It is expected 
that Zimbabwe will take initiatives to secure its position as a 
local centre of technical excellence within the Southern African 
Development Coordination Conference (SADCC) and reach out to the 
African Network of Scientific and Technical Institutions (ANSTI) 
in Nairobi under the auspices of UNESCO to promote post-graduate 
courses in Timber Engineering, based in Harare. 

It is, perhaps, not entirely fortuitous that Zimbabwe has again 
been chosen by the FAO to establish and fund a Technical Training 
Centre for timber utilisation, sawmilling .and secondary processing 
which complements the Timber Engineering Research Centre now 
being funded by the Norwegian Organisation NORAD. 

The UNIDO (Vienna) organisation continues to welcome the initiative 
of the Sub-Group and the opportunity was taken at the Pacific 
Timber Engineering Conference in Auckland (May 21 - 25) to 
encourage possible cooperation with the Pacific Area Standards 
Conference (PASC) convenor Dr, R.H. Leicester (Australia). This 
was supported by Mr. R. Hallett (UNIDO) who also attended the 
conference in addition to CIB W18 members Dr. H.J. Larsen 
(Denmark) and Prof. B. Madsen (Canada) as keynote speakers. 

It is regretted that the dates of the CIB W.18 meetings in 
Switzerland and PTEC in New Zealand had to clash. Fortunately 
Zimbabwe was able to send Eng. D. Cresswell, a distinguished 
local Consulting Engineer, to Switzerland at this time. 

News from the Caribbean and Latin American Regions has been scant 
but it is believed that my colleague Dr. Alr'.antino De Fred.tas 
(Brazil) has recently had additional responsibilities thrust upon 
him. 

There are signs, however, that interest is growing in Chile, 
Mexico and Argentina and it is hoped that Dr. De Freitas will 
report in due course. It is thought that Architect Carlos 
Alberto De Abreu Maffei, Head of the Brazilian Housing Programme 
and CIB Board member, has been having talks with Dr. R. Wright, 
President of CIB, about possibility of establishing a new 
CIB Working Commission to deal with the utilisation of tropical 
hardwoods in house construction. 

I trust our CIB W.18 Chairman will be able to coordinate all our 
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activities as there are considerable interests in tropical 
hardwoods in Africa and the Far East (PASC Region) . 

The response from RILEM & IUFRO Groups may also be of some 
importance in this area. 

In conclusion, I would confirm not only wide support for the 
establishment of regional technical groups but that I have noted 
in all personal contacts made in the southern hemisphere that 
many Third world nations have reached a common threshold of 
development in timber engineering and aspire avidly not only 
to rationalise the use of their forest product and preservation 
resources but to apply modern technology more readily within 
their respective building industries. 

14th June, 198 4 

R.S. Beckett 
JOINT COORDINATOR 

Dean of Engineering 
University of Zimbabwe 


