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1. INTRODUCTION

In [Riberholts.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 sﬁatic analysis and dimensioning of trussed rafters.,

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

simple as possible and £till taking into account the essential
effects.

Due to lack of time only W-trusses have been investigateds but it
is expected that later on other types of trusses will be dealt
with in a similar manner.
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2. DESCRIPIION OF THE MOMENT COEFFICIENT METHOD

L S

The moment coefficient method is applicable to trusses supported
close to the heel joint. Cantilevered W-trusses may be designed
according to [Feldborg & Johansen, 1981, chap. 81 or as described
in section 4.2.

The method takes into account that the straight chords are conti-
nuous. If they contain splicess these must be placedr where the
moments are close to zero.

Normal forces

The normal forces can be found under the assumption that all the
connections in the truss act as pinned ‘joints loaded with nodal
forces, Yhese are found by means of some approximate equilibrium
reguirenents for the adjacent chord 5593. Pigure 2.1 gives some
examples.
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Figure 2.1 Lattice model of a W-truss and nodal forces.



Moments

The moments in the chords from distributed line logds_with con-
stant intensity over each top chord or over the sntire bottom
chord can be found from
- 5 R
M= Kpom « 990 lhay (2.1)

where
E~ -4 g} .
kmom Moment coefficient

dgy Distributed line load perpendicular to the chord

lbay Bay length as defined in figure 2.2.
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Fiqure 2.2 Bay lengths in a W-truss.



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 continucus beam over several bays.
Sece scction 3.3.7 anc 4.1,

For examplers the momentg in the bottom chord in figure 2.1 aris-
ing from Qpo4,s ©an 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 incorporated into the moment coefficients or they can

be calculated separately.

A more detailed description of how the moments are calculated is

given in section 4.
Dimensionirg

‘The dimensioning of the timber cross sections muse be done as
described in chapter 2.6 in [Riberholt, 19821.
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3. CALIBRATION OF MOUENT COEFFICIENTS

3.1. Regarded Phenomenar review

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 ingensitive to others.

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

IT: Slip in the connections. There has been calculated with the
following valuesr, which are chosen from those given in [Feld-
borg & Johansenr 1981)] for long term loaded trusses.

TABLE 3.1
;;nnections _ 8lip in mm
Used for the stress analysis

No slip A B C D
Heel joints slip in the 0 1 2 4 6
direction of the top chord
Splice in the middle cof the 0 0.5 1.5 3 6
the bottom chord.
Connection at the ridger 0 0.5 1.5 3 6

slip in the direction of
the thop chord.

A corresponds to nail plates with long teethr B to nails
driven directly through thin steel plate gussets and . C to
nailed plywood gussets.



ITI: 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 .
L N ]

| L
Eccentric . | \//

Figure 3.1 Central and eccentric connections, partly between the
top chord and the diagonal, partly the k-joint in the
bottom chord,

b

1

v Fccentric support of the heel joint.
\ The 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.



VIII Symmetric or asymmetric load on the top chord.

IX Attic load over a part of the bottom chord.

3,2. Method of calibration

the moment coefficients were calculated by means of a frame
program which was especially developed for the task. Topologir
geometryr and loadings were generated automatically and sO were

the moment coefficients by means of equation {2.1)r which gives

. 2
Kmom = Mframe model” (990 bay’ , (3.1

In the frame analysis the timber parts were assumed linear elas-—
tic. The connections were modelled as shown in figure 3.1 and
3.2, and the slip in a connection of the real truss was modelled
by a prescribed slip between +he members. There have been calcu-
lated with slip {mutual movement) values as given in table 3.1
which are assumed to be typical for different types of connec-
tiong. 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.



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 reality does not end up in a
peaks 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,s see [Riberholt,

b
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1982]. Pigure 2.2 gives some examples of the node distances in

mn.

The lengths X1 and X2 are assigned values so that the lengths
in the top and bottom chords approximately are equals 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, 19831,

3.3. Results of the cajlibration

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

simultansous corresponding to the following headings.

There has been used at reference truss with parameters as given
in secticn 3.3.1r with a roof slope of 1:3 and with a slightly
eccentric ridge connection DHRIDGE = 0,167,

3.3.1. Roof Slope: Connection Slipr Ridge Model
The other parameters were set to:

III Centric connections

IV  Little support eccentricityr D = 70 mm
v Hy = 150 mmr Hy = 125 mmy width = 50 mm
VI S = 8000 mm

VII Heavy rootf dtop = 1.61 N/mm

VIII Symmetric top chord load

I¥ No partial attic load

10
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Overhang O
X1
X2

500 mm  Ep 4,157 top & bot. 8400 Mpa
1310 mm diag. 7200 MPa
1950 mm

it

H]

Figure 3.3 centains the results for a central ridge connectionr
and figure 2.4 for an eccentric ridge connections where the
eccentricity is determined as DHRIDGE ° htop==0.167' 150 mm.
This value is expected to reflect that the contact between the
two top chords occurs in the lower part of the joint due to
rotations of the chord ends. 1In figure 3.5 is given k., for
DHRIDGE = 1/4, but this is more due to completeness than to

reality.
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Figure 3.3 Moment coeffi-
cients for different roof
slopes and slips in the con-
nections. Central Ridge Con-

nectiony 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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Figure 3.5 Moment coefficients for a roof slope of 1:3 and for

different slips in the connections. Large eccentri-
city in the Ridge Connection, DHRIDGE = 0.25 = 1/4.

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:

ITI Eccentric connections.

The diagonals are connected to

the chords at the inner periphery, see figure 3.1

lowermost.
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Figure 3.6 Moment coeffi-
cients for different roof
slopes and slips in the con-
nections. Central Ridge Con-

nection, DHRIBGE = 0. .
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Figure 3.7 Moment coeffi-
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By comparing the results in figure 3.4 and 3.7 it can be seen
that the values for kg, diffexr especially at the K-joint in
the bottem chord {Bay 3 right and Bay 4 left). By analysing the
differences in the moments at the nodesr it was found that the
moments in the truss with eccentric connections could be deter-
mined from those in the truss with central connections

= N 1+ ky 1M1 (3.2)

a8CC. centra

- 2
= Knomsrcentral 950 pay + 172 Ky 1Fpar! Derora

where

Mcentral node moment in truss with central connections

Mg Eccentricity moment = 1/2 Fparhchord

Fpar The chord parallel component of the force from the
diagonals to the chord.

ky 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.

1.2

Bay 1l: Ky

"

Bay 2 _ kM

K-connection in the bottom chord, exact digits.

Bay 3: ky = -0.63
Bay 4: Ky = 0.37

18



It can bhe added that the moment contributions at the T-connection
are of less importance than those at the K-connection. If the
bottom chord was idealized to a continuous beam over 3 bays and
simply supported the factor Kky 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.

For 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 morent at the
heel joint is dominating and it determines the dimengions., It
should therefore be treated separately, for example as described
in section 4.2.

18
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Figure 3.9 Moment coefficients for a roof slope of 1:3, span =

8.0 m

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 figure 3.10 moment coefficients for trusses
are given where the heights of both the chords are 25 smaller

than those used for the figures 3.4 and 3.7 topmost to the right.

Central connections

Slip ¢t heel joint, mm

Eccentric connections

k-mvn knmn
€3 e BAYTWAX 0.3 TJmmn BAYIMAX
~— BATILEFT —— BAYILEFT
0.2 == BAYIRIGHT 0.2 o BAY1RIGHT
- vors BAYZUMAX oo n s BAYZMAX
..... doonero == BAY2LEFT Ceaederort [ BAY2LERT
0.1 ———r———r (i —.— e BAYZRIGHT S B S S tut 2L N o e e BAYZRIGHT
--------- | o ot . . ’_‘___,._..-——-—-"’—‘_"—'—'M i
s o e =z
PR T
0.0 —— = o0 e T
B s e s e B et 139 e [PV S e
-0t , -a.1
0 2 4 ] 0 2 4 ]
Stip ot heel joint, mm Siip at heel joint, mm “
.
™
klibm kmm
0.3
e BAYIMAX 0.3 e BAYAMAY
~m=c BAYILEFT s BAYILEFT
0.2 —= BATIRIGHT 0.2 R NEAEA e GAYIRIGKT
....... * s BAYAMAX P SN B st BATALAX
........ | e == BAY4LEFT e BAYALEFT
0.1 e (R}
RIS Sy g #ﬂ-___‘_;__::‘_‘;__-;-f'
‘"“'.d-. ﬁ —
0.0 =¥ i 0.0 =t -
i O S B
s o o o amar e o fosm e s et . '_‘,' -
=1 -0.1 e
o 2 4 [ Growesm 2 & [

Slip ot heel joint, mm

Figure 3.10 Moment coefficients for a roof slope of 1.3.
Heights of the chords

100 mm

h

top

= 125 mm and hbot =

Compared with figure 3.4 and 3.7 one finds, in general, smaller
This is due to the fact that the
eccentricity moments at the nodes are proportionél to the height

numerical values of kmom'

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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Caleculations have shown that a change of 25% in the E-moduli only

caused negligible alterations in the moment coefficients.

3.3.5. The span of the truss

In figure 3.11 Kk ., 1is shown for trusses similar to those used
for the figures 3.4 and 3.7 topmost to the right. The onl
€ = 1200 mm and chord height =
htop = hyop = 175 mm is used. The chord dimensions are selected
from [Wood Trussed Raftersr 1983].

differences are that here Span =
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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 k values are of approximate the same size.

mom
But it is seen that for the larger span Kmom 18 not so sensi-

tive to the slip. .

3.3.6. Heavy cr licht roofr symmetric or asymmetric
load on the top chord

For a reference truss moment coefficilenits were calculated both
for central and eccentric connections.

For beth trusses it was found that when 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 coefficients were altered less than 10
percent, except for some calculated for larger slips.

It was further found that the moment coefficients did not depend
on whether the load on the top chord was symmetric or asymmetric
(top chord loads: 1.61 and 1.12 kN/m). The differences were
negligihble.

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 hags been investigated whether the moments caused by the par-
tial attic load gy, Corresponds to what would have been

found in a continuous beam over 3 spans. This means that the

resulting moments could be found from
- 2
Mres = Kmom 9pot 1 * Mgbotascont.beam - (3.3)
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| ﬂ B TQper =105 KN/m
MM%MM@V L:QMHMH%H quoi’=o,05kr\1/m

Mres= M- frame-analysis

~ Figure 3.12 Distributed loads on the bottom chord. Resulting

moment distribution and moment distribution caused
by Qpot,a ©O0 @ similar continuous beam over 3
spans.

Meanwhile it was found that if (3.3) was solved for kpon 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 distribution due to the partial attic load can be found as
the moment distribution in a continuous beam over 3 spanss but
with the moments at the supports reduced by a factor of 0.8.

This moment

distribution is shown dotted in figure 3.12. The

morent coefficients found in this way by solving (3.3) is given
in figure 3.13. In figure 3.14 they are shown for a span of 12.0
1 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 mrs and loaded
with a partial attic load. '
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Figure 3.14 Moment cocefficients for a roof slope of 1:3 and a
span of 12.0 ms, and loaded with a partial attic

load.
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4. A SIMPLE STRESS ANALYSIS FOR A W-TRUSS

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

4.1. YW-truss. with a little Support-Eccentricity

The following moment coefficients can be used for w-trusces

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 piywood 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 k given in figure 4.1 and

mom
4.2 can be used.
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Figure 4.1 Kpom,central for
central connections between

chords and diagonals.
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eccentric connections where
the diagonals are connected
to the inner side of the
chords, see figure 3.1 bot-
tom,
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If the eccentricities in the chord-diagonal connections are smal-

ier than those assumed for figure 4.2 then Kk can be found

Mom
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 seperatelys it can be done at the nodes by

= 2 N
M = Knomscentral 990 lbay + ky "t 172 EFpari Bchord (4.1)
vhere

Kmomscentral Moment coefficients at the nodesr see figure
4.1.

dgg Distributed load perpendicular to the chord.

lbay Length of the bay

ky A factor which reflects the partition of the
eccentricity moment. The following values can
be used.
For the T-connection in the middle of the top
chord.
Bay 1: ky = 0.2
Bay 2: ky = 1.2
For the K-connection in the bottom chord.
Bay 3: ky = -0.63
Bay 4: Kky = 0.37

Fpar The chord parallel component of the force

the diagonals to the chord.
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hohord 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

e 1 2
M = Knomrcentral 960 1._,&_}; +

1/4 hchord[(kM Fpar)left + (kM Fpar)ri ht] (4,2)
g

where k is assigned a value corresponding to M

monircentral max
in the bay and the values in the brackets are evaluated at each

node,

If the chords are subjected to distributed load of limited exten-—
sion or concentrated forcess then the moment contribution can be
determined in the following way. rirst one find the moments at
the supports of a continuous beam 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 and
with these the moments in the bays are calculated. See figure
3.12,

4.2, H-truss-with a large-Support Eccentricity

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 thuc 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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Figure 4.3 Cantilevered truss. Geometry and design modification

of the truss.
Provided that there is a wedge in the space betwean 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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The total reaction is R and the nodal forces Fy

Fy = Qpop 1/2 (ay + a3)%/ay + Gpop 1/2(D + b1)2/by (4.3)

Fo = qtop 1/2 (al‘+ a2)(a2 - al)/a2 + Force from top bay

(4.4)
Fq = Qpor 1/2 (D + by) by - D)/by + Force from middle bay
(4.5)
The normal forces are approximately
Npot = (R = Fl)cot B (4.5)
Nt0p = (R ~ Fl)/sih B ' (4.7}
The sum of moments M., in the two cross sections is
2 2 :
MtOt = “‘Nbot *btgo - 172 qtop al - 1/2 qbot D {4.8)

As suggested in [Feldborg & Johansen, 19811 M. ., 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.

2
b'tophtop

M = M : s ' (4.9)
top tot btophtop + bbot bot

X

Bt Phot

M =M , 7 (4.10)
bot = Meot B BT ¥ B BT |

In [Riberholt, 1980! it is explained how it can be taken into
account that there is a smaller likelvhood 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. 'This effect is especially pronounced
for the large moment peak at the support.

1f the strength control of the cross sections just over the
support is carried out as

€ “m
Bottom chord % +opy = 1
t,0 T
(4.11)
Cit Um <
Top chord + - 1
fc,o kfmf‘m

then the bending strength increasing factor kg, <an be assigned
the following values, and still the probability of failure will
be the prescribed 5%.

= 1.4 for wk ~ SC19

kfm

1.3 for T24 -~ SC 24

if

' kfm

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 growth defects do not differ too much, then the values
should also be applicable to the CIB strength classes.
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ANNEX A, Description of how prescribed deformations at the end
of a beam element can be incorporated into a frame program.

\j‘\»———voww

Pr‘escrtbed Syst '

Beam - slip ;nyosd:m
element ‘

Figure Al. Degress of freedom for a plane beam element. The
prescribed sglip is calculated positive from the beam
node to the system node.

Equilibrium of the element gives
{q} = [kl{v} + {qo} ‘ (a.1)
where {g} Nodal forces
[kl Stiffness matrix of the beam element

{v} Deformations of the beam nodes

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

The slip {gl} 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 written as

vy vy
*

Vo V2
+

V3 V3
. - =

V4 vy 94
*

Vg Vg 95
&

Ve Ve Ye

(A.3)

Solving (A.2) for {v} and substituting it into (A.1l) one find

[

(g} = kICV™) ~ (gD + {q,}
[k1{v™} + ({gy} - [kl{gh

Ik1{v™} + {q;}

where {qg} can be interpreted as the nodal forces for
{0}. The equation (A.4) mentioned above corresponds

(A.4)

{(v¥1 =
to the

normal equilibrinm eguation (A1}, the only modification is that

the right hand side is changed to
{r} = —{qo} + (kl{g}
The forces {s} and moments can be calculated from

{s}

[8]{v} + {s,)

[S1({v"} = {g) + (s}

where [8] Stress matrix
{so} 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 both W-trusses

and WW-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 lesst 50 mm from the point ot intersection of the under-

side of the wedge and the upper side of the lower chord.



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 fiqure 4, where q) is a symmetrical upper chord
load, q,7 is an asymmetrical upper chord load and qp is a symnetrical 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 Ry and Ry (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 Ry and Ry 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):



b2,
AMp = (D.548 g + 0.208 qup + 0.519 qp) -—
sina
b2,
AMy = (0.548 qu1 - 0.208 q,p + 0.519 qp) ——
. sinZa
bZL
Mg = (0.276 g,y - 0.188 qup + 0.290 gp) ~—
sinZa
bzl
MMy = (0.276 qu1 + 0.188 qup + 0.290 qp) ——
sina
where b, = the width of the upper chord (figure 2)
by = the width of the lower chord (figure 2)
o = 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 X3 (see figure %), the following

expression can be used:

9.t ) .2 £ X a5t T2 N 3
N _Eu!ucosu ¥y E - 3(‘5’_[,—) + Z(FU‘)J] '{;_’E'I‘PLS [1 - 3(;‘;) + 2(@;) ]
- u L2 r'l 2 1 EI 2 “‘l ﬂl 1 “} 2
16";‘?:7:%6?5 (1 ";:) {1 - g0 “:'w—u-) )+ £ Q --"”Hﬁ (1 - gl +§;;) )]
where g, = the resulting distributed upper chord losd acting on the
appropriate half of the roof truss.
E I, = bending rigidity of the upper chord.
£gly = bending rigidity of the lower chord.
i = 1 for the left heel joint and i = 2 for the right

heel joint.

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

roof truss is considered in item 6.



Determine how the support forces Ry and Ry ere 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 X,i and Xpj (figure 6) can be solved from the

equations

21

where X,j

X83

H

HE]

n,2 N g2

M Yy I
Noyy) T 0§

£, 2 E, 2
(-t L] 1 - (-
o8 7 ¥, { (wu) }

the vertical component of the force acting on the upper

chord.

the vertical component of the force acting on the lower

chord.

Add the force component Xy to X,j and subtract the force component X;

from Xg;. Calculate the bending moment distribution in the upper and

lower chords assuming that the supports are rigid.

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

additional moments:

n n T H 2
b
AMy = —(1.17X, .15:_ + 0.97X31 E% + 038X ;,,’2“ + 0.45Xyp 11"%) T
] ,
AMy = ~(0.38% 1 L L 0.a5x M 17, 2+ 0.97X k) it
o el Y A vy iz v, IR Ve [sinZa
n n n b%l
Mg = ~(0.01X7 -1 + 0.08Xp; L + 0.77X, -2 + 0.80Xpy 2} —
=T uly Ay, Y 25, Tsina
n n b2
aMy = -(0.77X,y L + 0.80xg; -1 + 0.01X 2 4 0.08xg 2y %
7 ul 1 u2 2 —
v, vy v, Yp Lsin‘a

where X,; and Xz; are the force components corrected for the force Xy

as in item 6.
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7.4

7.4.1

7.4.2

7.4.3

7.4.3.1

Bracing
General

This secticn applies to compression and bending members,

which should be hold to avoid unsuitable lateral defiec-

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

Fy

1M

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

F

of the compression part of a beam.

i C

N qﬁ: o NS P = L
. R

& 0 ’ +

Y

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
Yoad of




7.4.3.2

where
m is the number of chords,
F, the average compression force,

N
1 the span of the bracing member,

The deformation of the bracing members shall not exceed
the value f = 1/f .

The procedure can be used approximately for the compression
flanges of beams with T- or I- cross sections.

Beams with rectangular c¢ross sections

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

m-M
1-b
Ty

q:

where
m is the number of beams,
M the maximum bending moment of the beam under ver-
tical loading,
1 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/§ .
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Fig. 7.4 b Continous bracing

Proposal for the values f; and g

N 47 100
2:30 .
;% - 350 (to be confirmed; note ANNEX 75)
5 =
§ = 500

Remarks
The coefficients-qi 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 c¢ross section of the ex-

terior loads have some influence.

Comments  are given by ANNEX 75 (under preparation).
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be expected that Burcopean manufaciurers of one-family houses
wing extent will seek new markets abroad and sc in w”"y casesn
the requirements that the houses must be able to withszand

particul r13 suitable type for earthqQuake areas is timber
houses with a gheat ing of fer example plywood, particle boards,
iber boards, pls sterbo ards or similar materisls.

In this paper first s gualitative description is given of the forces
induced in a house during an earthguake. The general rules for the
design of earthquake-proof houses ares listed and & method for taking
up the forces in panelled tirmber framed houses based on vertical shear
walls and horizontal diaphragms is described. The Tasu clcptﬁr" of the
report deal with the genersl requirements to be met when desi igning the
structural elements and Joints of the house and whau steps te take to
ensure that the statically secondary elements of the house can with-

etand seismic vibrations.

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

2. QUALITATIVE DESCRIPTION OF THE CONSEQUENCES OF AN EARTHQUAKE ON
4 HOUSE

The direct conseqguences of an earthguake on an area are that the ground
trembles and that faults and failure lines are formed on the ground
surface. By seismic design is to be to be understood QOblgn agzinst

the consegquences of earth termors. It is not possible to give design
rules for a situation where the Tailure line is formed directly under
the house. This risk should be minimized through the choice of building
site on the basis of data about the geological character of the area.

During an earthquake a building will be exposed through itsg foundaticn
to a set of vertical and horizontal accelerations of varying intensity
and direction. As a result ALL parts of the building connected to the
foundation will be exposed Lo inertia forces, with directions corre-
sponding to the direction of the accelerations. The magnitude of the
forces is proportional to the intensity of the accelerstions and the
weight (mass) of the seperate parts. Thus the loads on a house during
arn earthouake are of a dynamic nature and design egairst earthquakes
shouid therefore, ideally be based on a dynasic analysis, where the
Jloading 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 uncertainty parti-
cularly as regards what dauping properties should be attributed to the
structural elements and Joints, and partly to the fact that the elgen-
freguency of such buildings normzlly is such that the forces can be pre-
dicted without performing an actual analysis given the overall demping
properiies.
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3. SRIGHMIC STANDARDE

Ls a result of the reasons stated in the above chapter the seismic stean-
derd of most couniries subtitutes the dynamic anslysis with a static
for ordinary houses

Normally the seismic design requirements are that the house must be able
to withstand @& set of horizontal, static forces in two directions at
right angles to each other, the size of the force being proportional to

the weight (mass) of the building parts. The proportionality factor is
stated in the standard dependent on the actual building area.

The precise definition of these forces and their lines of action differ
From seismic standard to seismic standard, but the procedure cutlined
in the following cover mosi cases.

b, GENERAL RULES FOR THE DESIGN OF HOUSES IN EARTHQUAKE AREAS

The following principles should be followed vherever possivle, when
planning houses for constructior in esrthquake areas:

Minimize the weight of all parts of the house.

j ]

)
j

Choose & simple, compact plan design.

w M

) Aim at symmetry. Ideally, symmelry about two vertical planes
at right angles to each other.

k)Y  Choose “he same layout of walls in both stories of &-storey
houses.

Principle (1) is & direct consequence of the fact that the Torces on
a house during an earthguake are proportional to the waight ol the
building parts. Especially the choice of roofl covering may have
great infiuence on the vertical forces on walls and the foundation.

The other principles all aim at ihe Tinished building beconing as
simple and statically clear as possible, and to avoid torsicnal
forces.

Tnvestigations of damages caused by earthquakes have shown that appe-—
rently the simplest structures have the greatest chance of escaping
unéamaged from an earthquake. This is probably due to the fact that 1
is much easier to predict the critical spots in a simple structure.

5. STATIC MODEL OF TTMBER FRAMED HOUSES

5.1, Code defined seismic loads.

The code defined seismic loads thai a house should be able TO withsband
are shown on Fig. 1
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Pigure 1: Horizontal section of house.
Tines of action for the seismic loads.

Tn each direction the total horizontsl force is K =0¢ ' V, where
is & uvroduet of several factors to be found in the actual selsmic code
and V is the weight of the house (including live load).

Tn highly threatened earthquake areas the horizental force on the
building would typically correspond to 15% of the weight of the build-
ing (o< muitiplied by the partisl coefficlent for seismic load). The
veriical distribution of K can vary somevhat depending on the actual
code, but it can generally be assumed that K is distributed on each
element according to its weight.

5,2. Timber Framed Houses Conceived as a Shear Wall Structure.

3

There is general agreement in the earthguake literature that the most
effective way for houses to withstand the efTlects of an earthquake it
by shear action in walls and partitions.

The follwong reguirements must be met in order that this shear action
is effective:

1) Walls, horizontal partitions snd roof planes must be able to
withstand forces acting in their own planea.

2} The connection belween two structural elements must be able to
transnit the shear forces.
3) The connection between walls and the foundaticn must be able Te

transmit shear forces as well as normal forces.

L)  Trere musi be 3 preferably 4 wells that are neither paraliel
intersect along & common line.

5) A1l diaphragms must be able tc transmit forces perpendicular to
their own plane to their supperting structure.

Generally all cf these 5 requirements can be met by a timber framed
house.
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5,3, Determining Forces in Panels and Joints.

Wnen the losds have been determined on the pasis of & seismic standard
and the structural system has been chosen in accordance with the rules
1isted in Chapter 4, the following simple procedure can be used 10 de-
termine the forces in a structure.

A house with a rectangular pian and pitehed roof ie congidered.

On Fig. 2 are shown the forces +hat the house must be able to transmit
to the foundation, when the earthquake is assumed to act in the longi-
tudinal direction of the house.

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

Fig. 2: Seismic forces in the longitudinal directiocn of the

house

L
FG: Foree on a gable

Lo -

:F. Force on a facade

L -
FT: Force on a roof plane

ol - . . .
:61: Force on a horizontal, first floor partition
WL

Force on horizontal, ground {loor partition



When determining the forces on the basis of

Yo ool ¢V

k)

where V is the weight!of the part in guestion, the live load on the

horizontal partitions must be included in V together with the weight
of any non-tearing valls

11 the shear forces in a horizontal section just above the foundation
mist be transmitted in the connection between the facede and the foun-
dation. This cconnection must also be able to trensmit the total over-—
+urning moment acting on the house except for the overturning moment
fvom the forces F in the gables. h '

Length of house: L

Width of roof plane: a
L . a .

FT 5 = F L

B o s 2T

rig. 3 Trapsmission of forces from roof 4o facade and
gables.

The forces F ere a result of a shifting of the forces in the roof
“plane.

mhe forces that the joints between the wvarious walls and P rti*ions
wust be able 10 transait can be calculated {rom Figs. 2 ma' 3 by simple
eguilibrium considerations.
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When the earthouake acts in the transverse direction of the house, then
both the resulting shear forces on the house and the total overturning
moment are transmitted through the connection between the gables and

the foundation.

Fig. 4: Earthquske forces in the transverse direction of the
house

Tn the shove it was assumed that the horizontal forces were trensmitied
to the foundation through the gables and the facades. If & houss alac
contains 1oad bearing partition wslls that are directly connectes o
the foundation, then these walls are comparable with the facadss and
gahles as regards the absorption of the horizontal forces. Naturally
the division of the forces between inner and outer walls depends on
their rigidity as well as the rigidity of the horizontal partiticns.

If the rigidity of the inmer wall is comperable to that of the outer
walls, then the horizontal seismic forces deriving from the horizontal
partition can be distributed in proportion to how much of the vertical

losd from the horizontal pariitions each wall supportis.

6. STRENGTH AND DUCTILITY EEQUIREMENTS FOR STRUCTURAL ELEMENTS AND
JOINTS

When designing against earthgueke forces it is not only prudent to saveid

brittle failures but it is s requirements that must be met, if the nouse
is to survive a major earthguake.
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During an earthguake the house receives a certain amount of kinetic
energy through the movements of its fToundaticns. The house must be
able to absorb this energy. If the house hehaves elastically until a
brittle failure occurs, the situation can be described in a simplified
manner ag chown on Fig. 5.

F

A

;bM%{ e

b sor i crr—— i e e —— ——

‘ —

o

Fig. 5: Ctress-strain curve for s house with brittle failure W

The hatched sectilon corresponds tc the amount of ernergy that the house
can abscrb, and this must be larger than the amount of energy received
by the house during the earthquake. =

If the house behaves in an elastic-plastic way the sifuvation can be
described in a simplified manner as shown on Fig. 6.

F
A

L
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I
I
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Fig. 6: Stress-strain curve for a house with plastic failure,
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The hatched section corresponds to the amount of energy that can be
absorbed by the house

Tt is evident that the forces generated by an earthquake in a house
with a pilastic behaviour are smaller than the forces generated in a
house with brittle failure behaviour.

The forces given in various selsmic standards all assume that part of
the seismic energy will be absorbed by plastic deformations, and
therefore, the reguirement for avelding brittle failure nmust be met.

7. REQJIREMEH” FOR NCN-BEARING STRUCTURES AND SECONDARY STRUCTURES

If & building is designed and built as & shear wall structure, the re-
lative movements between the varicus parts of the wuilding are small
and the damage from these realtive movements on secondary structures,
non-bearing walls, windows, doors etc. will therefore, he relatively
small.

In spite of th*s, details by windows, etc. should be made in such a

way that it is posslble for a wall to deflect without the window getiing
a similar deflection in order to aveld broken window panes. In (1) a
gap of at least 1/8"~u 3 mm between wall and window is recommended.

For non-bearing walls it would be prudent to build in a certain gap,
too.

Fven if the shear wall structure reduces the relative deflections among
the bearing structural parts, it cannot of course, avoid that all parts
within the house are expcosed 10 the earth tremors.

The following rules serve to reduce the unfortunate consequences of
these tremors.

1) Cupboard, like book cases, closets etc. ocught to be screwed (not
neiled to the walls. Closets should be provided with a positive
locking device,

2) Brick chimneys and fire places as well as heavy partitions should
be avoided.

3) Stoves, boilers and similar. heavy objects must be properly secured
to floors and walls, and tney should be placed az low as possibl

L) Any gas installation must have an easily accessible closing valve.



APPERDIX

The directions in this
be supplemented with &
frames as well as dire

paper is of a general character and should
rrocedure Tor designing panelled timber
tons Tor designing the Jjoints between these.

As will appeer from this paper, the action of the dynamic seismic losd
on heouses cat be calculated as traditional, statie loads {short-term
losd). This, however, 1mposes risin limitations on the choice of de-
sisns with the result that 02Signs leading to brittle failure shouid
not be used. :

3. O

<

This mesns that the traditicnally used design principles as well as &
laige part of the treditional designs can be employed.

Rofercence is made to SBEIL vrlicebion 140: Trekonstrukticner, forbindelssr
{wonden structures, joints), 198k regerding the gesign of the joints.

Regarding panelled timber Iremes reference is made vo H.J. Larsen and
Riberholdt: Stabiliserende skiver af traplader {stabilizing wooden
panels), 735, Department of Structural engineering, The Techrnical Uni-
versity of Denmark, where & design procedure based on Nanish standards
may be found.

As Danish load requirements do not include seismic forces of apy i

portance, the content should he supplemented a8 fellows:
gp,
Ly
1) Ail sheatings should be joined by track Joinis. w2

2} Nail-glueing should not be used.
3)  The neiling between panels and timber frame should be done with

few nails o avoid thai an overlond causes a Tailure of stability
and not 2 siip in the nailing.
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Sampling of wood Tor joint lests on the basis of density.

Introduction

In this paper are described two methods used by TRADA to
sample wood for mechanical joint specimens on the basis
of density. These methods are employed in the following

circamstancess

Method 1

It is required to produce a large number of sets of nominally
identical gpecimens matched on the basis of density and it
is not possible to cut a replicate for each set from a common

piece of wood,

Method 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 picce 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 density 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 have
identical means and standard deviations for specimen density.
As an illustration Table 1 shows an example ol incorrectly
matched sets of specimens, In what follows it is shown how

matched density distributions between sets have been attained.
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Incorrectly matched density digtributions, TABLE 1.
Density values (kg/m’)
Replicate Set 1 Set 2 Set 3
375.0 3954 414,6
425.0 395.4 414.6
3 575.0 500.0 41k, 6
4 525.0 500.0 585.4
5 575.0 604,6 585.4
6 625.0 604,06 585.4
Mean 500.0 500.0 500.0
5.D. 85.4 85.4 85.4
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fethod 1 — Matching sets of nominally identical specimens

Theory (Three piece symmeirie joint specimens)

Consider the matching of sets of three piece symmetric joint
specimens in which all three members are of the same timber
species. Within an individual specimen the three members

are intended to have identical densities,

Let:

i

number of sets of nominally identical specimens

=
i

number of replicates per set,

There are in total nxw specimens containing 3xn«m pieces
of wood (2«nxm neminally identical side members and nxm

nominally identical centre members ).

Congidering for the purpose of demonstration a case where the
cross~sectional area of each side member is half the cross-
sectional area of the centre member. The average density

i
for the ereplicate of the iﬁéet is given bhy:

D, .= (DL, . +2DC, ., + DR, .}/
1y) Lyl 1:J 1,J

[ N
Il

1, nand j = 1,m

1

where: DLi density of left hand member

El

=
3
]

iy density of centre member
’.

DR, .
1,)

i}

density of right hand member

To be able to perform the matching process it is necessary to

determine the density of each of the 3uxm pieces of wood and then

(1)

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

the dénsities of the centre members from 1 to nxm.

(Densities ranked in ascending magnitude ).
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Each piece of wood is assigned to a given set and replicate

according to

the rules in Table 2,

The scheme underlying the method of Table 2 is demonstrated in

Table 3 for a case where n = 4 and m = 6,
Rank of joint member densities. TABLE 3
T Set _m
Replicate 1
1 2 3
L C R L C L C R C
k 1 4 2 3 3 4 5 2 6 1 8
2 15 5 16 13 6 14 11 7 12 9 8 10
j 3 17 12 18 19 11 20 21 10 22 23 9 24
4 31 13 32 29 14 30 27 15 28 25 16 26
5 33 20 34 35 19 36 37 18 38 39 17 50
6 | a7 21 48 L5 22 46 43 93 4y | 41 2% 42

L signifies

R signifies

left band member, C signifies centre member,

right hand wmember,

Ranks-of joint member densities TABLE 2
Replicate Rank of side meﬁg;r dengity

lef{ band mwember i right hand member |

B 1y 3y 5y mm= 2 (n{j=1) +1) = 2 2 (n(j-1) + 1)

2, &y 6, ~m 2 (nj -i) +1 2 (nj -1+ 1)

Rank of centre member density
1,3,5, ——= nj +1 -1
2,4,6, - n{j~-1)+i

i gignifies set number, j signifies replicate number,
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The method described could eesily be modified for the

matching of joints with other mmbers of wooden nmembers,

It should however be realised that the quality of the

matching achieved by this method will reduce with any
redunction in the number of members per specimen, This

is because Di,' is averaged over a number of members, equation
(1}, In gereral the quality of the matching will improve

with -any increases in the number of replicates per set.

2.2 Example (Method 1)
TRADA recently undertook a series of longer term tests on
three piece symmetric dry European redwood 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 was reguired to produce 14 matched zets
of nominally identical specimens with 6 replicates per set.
Applying the theory in Section 2.1 of this paper the results

in Table & were obiained.
It can be seen from Table % that even with as few as 6
replicates per set extremely good matching of average specimen

densities was obtained,

3. Method 2 - Matching sets of different typeé of specimens

3.1 Theory
As menticned in the introduction the objective of a matching
procedure is to produce identical distributions of specimen
density for cach set of joint specimens, This is achieved when
for specimens ranked on the basis of ascending density the ith
ranked specimens from each set have a common density. FExact
matching of density distributions cannot be achieved economically
and there is need for a matching method which gives an optimal
selection of wood for jeint specimens in situations where there
is a limited choice of densities. A method for an optimal

selection of wood is described below, '
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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
spealing the requirvement 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 vhich a selection

is made should cover the entire target demsity range.
Method 2 consists of two steps:
Step 1: Calculating target densities for n ranked specimens.

The target density for ith ranked specimen is taken to be the
density corresponding to the most likely cummlative fregquency
associated with the ith highest of n observations. The most
likely cumvlative frequencies for i = 1, n are assumed to be
given by order statistic medians m, for a wniform distribution
on the interval 0 to 1. Using Filliben's algorithm 1/:

( 1-m s i=1
n
w, = (i -~ 0.3175) / (o + 0.365) ,i=2,3, _._.yn-1
1/n ‘ s
0.5 s 1 =1

(2)

Assuming that the target density distribution is normally distributed,
the target density values are assigned to each of the n specimens

in & set according to:

d. =D + ﬁN (mi) CTD

(1 + By (my) Vp)

H
=1

(3)
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vwheres
di = target density for ith ranked replicate, i = 1, n
D = mean density for the target density distribution,
U—D = standard deviation for the targeil density distribution ,
VD = coefficient of variation for the target density
distribution = &5/ D,
?67 (mi) = percent point function of a standard normal

distribution at mi
= number of standard deviations from mean assoeciated

with the mi level of exclusion.
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:

neotE (%)

A8
8y

where: X, = observed density of jth ranked piece of wood

v

available for specimen preparation, j = 1, m,

The optimum combination of available densities is that combination
which minimises the total transportation cost. 1In any solution

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

wood for each of the available densities. The combination of

available demsities that minimises the total transportation cost

can be found manually on a trial and error basis or on an automated
basis using the *transportation algorithm? 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 sclution 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 numbers of

replicates.

Example (Method 2) )
In a recent series of tests at TRADA it was required teo optimise
the seléction, on the basis of density, of 20 from 32 pieces

of dry Buropean redwood available for the eutting of embedment
specimens with nails bearing parallel to grain. The available

dengities in kg/mJ were:

300 302 407 4Dk 49L koL 427 427
530 430 432 446 KA8 458 458 470
K70 480 485 485 485 - 485 520 545
545 545 545 602 606 606 606 606

~

The target density distribution was characterised by a mean of
488,6 kg/m3 and a standard deviation of 53.5 kg/m3

Table 5 shows the vaiues for m, and di calculated in accordance
with equations (2) and (3). Also shown in Table 5 are the rank,
Jj» and the value, Xj’ of the available density assigned to each

di together with the ratio of Xj to di for each i,

With only 32 pieces of wood to select'from a relatively good match
to the targel distribution was attained. In general the quality of
the match will improve with any increase in the number eof available

densities,



b,

Page 10,

Conclusion

The two methods described demonstrate that through use of
relevant rational sampling strategies good matching of
density distributions for weod in joint specimens can he

achieved economically,
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Example 2 - Results TABLE 5

X,

i my ﬁéN(mi) 4 j *5 Tt

,(kg/mz) (kg/mB) .
1| €.03406 -1,824 591.0 1} 393.0 1.0026
2 | 0.0826% -1,388 L1L,3 3 { 407.0 0.9824
3 1 0,13172 ~1,116 4928,9 9 | 430.,0 1,0026
L | 0.18082 ~0,912 439,8 12 | 446,0 1,0141
5 | 0.2299% -0,739 4491 13 1 448,0 0.9976
6 | 0.2799% -0.586 L457,2 14 | 458,0 1.,0017
7 1 0.3281% -0, 445 464, 8 15 | 458.0 0.9854
8 | 0.37724 -0.313 471,9 16 | 470.0 8.9960
9 | 0.42634 ~0,186 478,6 17 | 470.0 0.9820
10 | 0.47545 -0,062 485,% 18 | 480,0 0.9891
il | 0.52455 +0, 062 491,90 19 | 485.0 0,9860
12 1 0.57366 | +0.186 498,6 20 | 485.0 0,9727
13 | 0.62276 +0.313 505,73 21 | 485,.0 0.9598
14 | 0.67186 +0., 445 512,4 22 | 48%,0 00,9465
15 1 0,72097 +0,580 520,0 2% | 520,0 1.0000
16 | 0.77007 +0.739 528,1 2% | 545.0 1,0320
i7 | 0.81918 +0.912 537.4 25 | 545,0 1,0141
18 | 0.86828 +1,116 548,75 26 | 545,0 0.9940
19 | 0.91738 +1,388 562.9 27 1 545,0 0.9682
20 | 0,96594 +1,824 586,2 28 | 602,0 1.0270
Mean 0.9927
S.D. 0,0207

i = rank of turget density value, i = 1, 20,

1l

It

(=P
'
H

i

order statistie median for ith

target density for ith

ranked replicate,

= rank of available density, i=1i, 32,

value of jth rapked available density,

ranked replicate,

e A b el o e g e
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SAMPLING STRATEGY FOR PHYSICAL AND MECHANICAL PROPERTIES

OF IRISH GROWN SITKA SPRUCE

Introduction

Of the softwood species grown in Ireland, Sitka Spruce
constitutes approximately 45% of the total ares
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
enpugh timber to satisfy its own needs. However, to
date there has not been a systematic study of the
guality of the timber, particularly frem 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 physi¢a1 and strength properties of Irish
Sitka Spruce that will be available in the

near future

(i) a data base upon which future values could be
evaluated from a limited test programme

(ii1) relevant data for stress grading,

Background

In order to understand the basis for the sampling
strategy described in the following sections, it is
necessary to explain a Tittle gbout the terms used
in Irish forestry.

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



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 general
a 'sub-compartment' weuld be an area consisting of
trees of a homogenous species and of the same age,
There 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 known as 'yield class!
(abbreviated to ¥.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 YV.C, 16 means that the crop {whatever
the species) will produce or is capable of producing

a mean arnual increment which reaches a maximum of

16 cu. metres per hectare per annum. The Y.C. system
is based upon the total volume production to date
divided by age, The primary means by which Y.C, is
determined are height 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 cof thinning and thinning cycle
depends on the forester and have 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,
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‘Maturity' age is the age when the maximum growth
potential of a stand has been reached and is

therefore ready for clearfelling. In the case of
Sitka Spruce, the maturity age is about 45 years.

Sampling Outiine

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
vield classes and five was considered a reasonable
number. These would be chosen from the most common
Y.C.'s viz. 12, 16, 20, 24 and 28.

Two Timitations that had to be considered in
determining the actual numbers that would be tested

were:

(a) only 300 planks could be *processed' through
the Taboratory in 1 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,

i Y.C. Size 1] Size 2 | Size 3 | Total per V.C.
12 60 60 50 180
16 60 60 60 180
20 60 60 60 180
24 60 | 60 60 180
28 60 50 60 180
Total per size 300 3060 300 ‘ 900




The next problem was how to go about a random selection
and this fell intoc 3 stages:

{a) Selection of 'stands‘' for each Y.C.
(b)  Selection 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 selecting a tree of

a particular diameter increased with the frequency or
number of that particular diameter present in the
sefected stand and in the case of (c) every plank had

an egual 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 all over the country., It was decided once again to
opt for 5 stands per yield class which would mean
selecting 12 planks of each size from each stand,

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
Wildtife Service in the form of a computer print-out.



0f 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 silviculturally.

The areas of each stand were then tabulated against
the stand number and a third column containing

- cumulative areas was added, The cumulative area was
multiplied by a factor of 10 to obtain whole numbers
as shown in the example below,

Stand Area Cumulative
No. (ha) Area x 10
1 0.4 4
2 3.6 40
3 2.8 €8
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 47 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 reguired. This was done to cover
the possibility that the stand selected (a) had already
been feiled; (b) was wind blown; (c) was not the
required Y.C. when checked.

In respect to {c) above, it was decided that where & 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.

(4]



It should be mentioned, however, that exverience 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 assumpiion was made that the
changes in Y.C. upwards and downwards would balance
out. -

Selection of Trees

Sl

Once a stand was selected the area map of the stand
wes divided by a grid into plots of 0.04 ha each. The
plots were numhered and then randomly selected from
random number tables at the rate of 1 per hectare

with a minimum number of 2 plots being selected.

The distributions of diameters at breast height (DBH)
of each of the seiected plots was then carried 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 purpose 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. 1In the tabTe below is
shown a distribution of OBH,

DBH Tally No. Designated Tree
Number

10 11 4 1, 2

11 1111 4 3,4, 5,6

12 1 | 1 7

13 |25 5 8, 9, 10, 11, {E

14 111 3 13, 14, 15

Total = 15



A number was designated to each tree as shown in
columnn 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 iransferred to the site was as
follows. The site map of the stand was crossed by
paraliel 1ines in an arbitrary direction approximately
equally spaced. In the example above,15 points were
then marked approximately equidistant apart along the
Tines with the first tree being Tocated along the
first Tine an arbitrary distance from one end of the
Tine. Obviously, a tree of the required DRH would

not be found at the exact point. So the nearest tree
of the required DBR 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 Tength each. Bolts with a top diameter less
than 17 com will be excluded. The bolts will be
transported to the nearat of 2 State sawmills and
converted into planks of the required sizes. The
planks obtained will be numbered with the tree number
and the section (i.e. whether butt or top).

The planks will then be kiln dried 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.



Analyses

It is anticipated that enough information will
be obtained on which the following variations
may be ascertained:

(a) Variation of strength between Y.C.'s - which
1f significant 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) Variation of strength between forests within
a Y.C. (i.e. geographical lecation) - which if
significant will be used to adjust values for
each Y.C. ‘

{c) Variation of rate of rejection {due to distortion)
between Y.C.'s. This would be important for

forestry management and future planting policy.

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

(a} Area of selected stands and
(b) Number of plenks obtained for each size.
(¢) It should be mentioned here that effects due to

miTling will not be considered.

Concluding Comment

Although the data obtained will be used for other
objectives (other than those already stated) and the
analytical problems from the statistical viewpoint
will have to be resolved, it is hoped the results
obtained will be & significant step towards forming
- a methodology for creating data banks for timber
proverties here in Ireland,

[\
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2. CHATRMAN'S INTRODUCTION

MR, SUNLEY said that after acting as chairman for 17 meetings he would
now like to hand over to somebody else. DR, STIEDA had acceplted the
position of vice-chairman subject to endorsément by the meeting, and
MR, SUNLEY said he would now write to CIB Headquarters to propose that
IR. STIEDA would take over as chairman at the next meeting, which would

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

3. COOPERATION WITH OTHER ORGANISATIONS

IS0/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 he
raised in IS0/TC 165, due to meet in Corsica the following week, would be
discussed by CIB-WI8 in advance, It was felt that strength grouping
could well be considered if referred back by ISO. The plywood tesling
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 propesal 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. The tegt 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 Lillehammer proceedings and 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-W18 and could perhaps give rise to a W18 paper.

A third draft would be produced and placed before Wi 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-W18
were sought on RILEM procedures and draft proposals, and particularly their
help in the evaluation of test results; DR. NORﬁN’thought a paper on
Nordic methods should be produced on the last topic.



A discussion of delamination tests by the CIB~-W18 meeting concluded that
those considered by ISO/TC 165 could be considered as guality control
tests and that the RILEM group should separately take up a study of more
tfundamental tests related to the properties of the material and the glue-

line.

CEI-Bois/FEMIB: MR. RIBEBHOLT 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 reguest of

the chairman he undertook to prepare a report for the CIB-W18 proceedings,
TUFRO 55,02¢ ME. AASHEIM said there would be a meeting of the timher
engineering group in Mexico in December, and PROFESSOR BHLBECK was asked

to report the proceedings for CiB-W18.

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. A number of CIB-WI18

members would be attending.

EEC_EUROCODES: MR, SUNLEY said the Commission for the Buropean Community

would be appointing a number of W18 and CEI-Bois/FEMIB members to prepare a
draft for Eurocode 5 on timber. He thought the working group might be
formed and active by the next W18 meeting.

L. 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 Fast African region, which hoped to
reinforce contacts with the Pacific and build up relations with South
America in cooperation with DR. de FREITAS, A report for the proceedings
was being prepared by MR. BECKETT. MR. AASHEIM said Norwegian aid was

being provided to establish a laboratory in Harare.



3. TRUSSED RAT'TER SUB-GROUP

The chairman said it had been hoped that & draft trussed rafter Annex
would be produced by Denmark, MR, RIBERHOLT thought an approach could
be drafted from two papers before the present meeting and it was agreed
that he should undertake this and produce a draft design chapter and

Amnex for discussion atl the next meeting if possible.

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

érranged in 0Oslo shortly %o revive the work,

6. SAMPLING SUB-GROUP

PREFESSOR GLOS said no Annex had yet been prepared hut he hoped to produce it
for the next meeting. He named the members of the sub-

group and said he had writien for information to deteymine 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 nexi meeting.

7. TIMBER FRAME HOUSING SUB-GROUP

MR, 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 W18, The work would help towards Eurocode 8 on seismic
design., DR. NOREN thought the Nordic group could perhaps make a suggestion,
MR. SUNLEY said terms of reference had already been drawn up and he would
discuss further developments with DR, NORéN.

8. COLUMNS

MR. POUTANEN introduced his paper CIB-W18/17-2-1 'Model for Timber Strength
under Axial Load and Moment!. In the subsequent discussion MR. RIBERHOLT
commented that the CIB formula for columns did not allow for possible out-
of-plane deflection, MR. POUTANEN pointed out that the formula for
combined tension and bending was inaccurate and asked for further test

results to compare with his model,



9. TRUSSED RAFTERS

In the absence of the author, MR. V., PICARDO, note was taken of paper
CIB-W18/17-14~1 'Data from Full Scale Tests on Prefabricated Trussed
Rafters',  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-W18/17-14-2 'Simplified Statiec Analysis and
Dimensioning of Trussed Rafters', MR, RIBERHOLT said the object was to put
forward 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
coefficlents 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-irusses?, The 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 he 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, RIBERHOLT said he would 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 comments 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 comments
from Germany could propose the modifications described. DR, NORﬁN’asked
whether the test configuration might be valid for nail plate shear tests and
PROFESSOR KUIPERS said it should be useful also for other sheet materials.



Paper 17-4-2 '"Ultimate strength of plywood webs' by DR. LEICESTER and
DR. PHAM was introduced by MR. RIBERHOLT who raised some questions he
felt should be put to the authors. The chairman asked MR. RIBERHOLT
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 rewritien suitably.,

11, CIB STRUCTURAL TIMBER DESIGN CODE

MR, FEWELL drew attention to the last sentence of Clause 4.1.0 requiring
test specimens to be orientated at random in the testing machine. There
was a discussion of this requiremeni 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. FEWELL, MR. RIBERHOLT and DR, NORﬁN’would consider
the topic and produce a short note giving recommendations. On the related
question in joint testing, PROFESSOR KUIPERS said this was not catered for
in the RILEM proposals but was to be covered when making recommendations

for sampling. The chairman said DR. SMITH would give thought to the matter

and make suggestions,

12. JOINTS

Paper 17-7-1, 'Influence of nail properties on nailed joini 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 drawving 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,
RIBERHOLT 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.



13. BRACING

Paper 17-15-1, 'Proposal for Chapter 7.4 BRACING' by DR, BRUNINGHOFF was
introduced by the authorn who said the proposed chapter and Annex would
give easy rules to cover the great majority of cases and background
information to help with morve difficult cases. There was a discussion
of the varying bracing requirvements in different countries, with a
suggestion by PROF,GLOS that options could be provided depending on
initial straightness. DR. EGERUP said a typical example would bhe 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 AND GROUPING

Fellowing a request at the previous meeting, MR, FEWELL presented his
paper 17-6-1 'The determination of grade stresses from characteristic
stresses for BS 5208: Part 2' together with the hackground paper 17-6-2
'The determination of softwood strength properties for grades, strength

¢lasses and laminated timber for BS 5268: Part 2!,

The need for an Annex 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 their 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 IS0 method but he felt it was needed for research purposes, DR, NORéN
said the IS0 method was based on Nordic recommendations; +the new approach

might be better and thie could be discussed.



Paper 17-17-2 'Sampling sitrategy for physical and mechanical properties
of Irish grown sitka spruce' by V. PICARDO was received in the author's
absence., Earlier in the meeting PROF.GLOS had emphasised the importance
of describing exactly how the sampling was done, and the paper providing
this information for the Irish study was discussed in relation Lo 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 Nordic

codes leading {o recommendations for CIB-WI1S, 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 struciures. The meeting agreed that the
conservatiem 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! by I. SMITH was accepted as having been adequately considered hy

the discussion that had already taken place,

17. TiIMBER 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 Eurocodes,

i8. OTHER BUSINESS

PROT,GLOS asked why the harmonisation of grading rules was undertaken by the
ECE rather than IS.0. The chairman said the difference between North American
and Baropean 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,



ME. SUNLEY expressed the appreciation of those attending for the
organisation and facilities provided by MR, MEIERHOFER 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-proups 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

CIB-WiB/17-2-1

CIB-W18/17-4~-1

CIB-W18/17~-4-2

CIB-Wi8/17-6-1

CIB-W18/17-6-2

CIB-W18/17-7-1

CIB-W18/17-7-2

CIB-W18/17-9-1

CIB-W18/17-14-1

CIB-W18/17-14-2

CIB-W18/17-14-3

Model for Timber Strength under Axial
Load and Moment - T Poutanen

Determination of Panel Shear Strength
and Panel Shear Modulus of Beech-Plywood
in Structural Sizes

- J Enlbeck and F Colling

Ultimate Strength of Plywood Webs
- R H Leicester and L Pham

The Determination of fGrade Stresses from
Characteristic Stresses for BS 5268 : Part 2
- AR Fewell

The Determination of Softwood Strength
Properties for Grades, Strength Classes
and Laminated Timber for BS 5268: Part 2
- AR Fewell

Mechanical Properties of Nails and their
Influence on Mechanical Properties of Nailed
Timber Joints Subjected to Lateral Loads

- 1 Smith, L R J Whale, C Anderson and

L Held

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 and Y ¥ STavik

NData from Full Scale Tests on Prefabricated
Trussed Rafters
- ¥ Picardo

Simplified Static Analysis and Dimensioning
of Trussed Rafters
- H Riberholt

Simplified Calculation Method for W-Trusses
- B Kdllsner
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CIB-W18/17-15-1

CIB-W18/17~15-2

CIB-W18/17-17~-1

CIB-W18/17-17-2

CIB-W18/17-102-1

CIB-Wl8/1i7-102-2

Proposal for Chapter 7.4 Bracing
- H Brininghoff

Seismic Design of Small Wood Framed
Houses - K F Hansen

Sampling of Wood for Joint Tests on the
Basis of Density - I Smith,
L RJ Whale

Sampling Strategy for Physical and Mechanical
Properties of Irish Grown Sitka Spruce
- ¥V Picardo

Safety Principles - H Jd Larsen and
H Riberholt

Partial Coefficients Limit States Design
Codes for Structural Timberwork
- I Smith
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21.

Technical

CURRENT LIST OF CIB-W18 PAPERS

CiB-Wl&/a-b-c, where:

papers presented to CIB-W18 are identified by a code

8 denotes the meeting at which the paper was presented. Meetings
are classified in chrenoclogical order:

O~ oY U B WY =

o S e B S S o
~ G O B Wy == O

00 ~ O O B D PN =

T
W N e O WO

Princes Risborough, England; March 1973

Copenhagen, Denmark; Cctober 1973
Delft, Netherlands; June 1974

Paris, France; February 1975

Karlsruhe, Federal Republic of Germany; Octeber 1975

Aalborg, Denmark; June 1876

Stockholm, Sweden; February/March 1977
Brussels, Belgiumy; October 1977

Perth, Scotland; June 1978

Vancouver, Canada; August 1978

Vienna, Austria; March 1978

Bordeaux, France; Octcocber 1878

Otaniemi, Finland; June 1980
Warsaw, Poland; May 1981

Karlsruhe, Federal Republic of Germany; June 1982

LiTlehammer, Norway; May/June 1983
Rapperswil, Switzerland; May 1984

denotes the subject:

Limit State Design

Timber Columns

Symbotls

Plywood

Stress Grading

Stresses for Solid Timber
Timber Joints and Fasteners
Load Sharing

Duration of Load

Timber Beams
Environmental Conditions
Laminated Members

Particle and Fibre
Building Boards

i3

14
15
16
17

100
101
102
103

104

105

106

Trussed Rafters
Structural Stability
Fire

Statistics and Data
Analysis

CIB Timber Code
Lecading Codes
Structural Design Codes

International Standards
Organisation

Joint Committee on Structural
Safety

CIB Programme, Policy and
Meetings

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 beiow, 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 Limit State Design - H J Larsen

1-1-2 The Use of Partial Safety Factors in the New Norwegian
Design Code for Timber Structures - 0 Brynildsen

1-1-3 Swedish Code Reyision Concerning Timber Structures -
B Norén

1-1-4 Working Stresses Report to British Standards Insti-

tution Committee BLCP/17/2

6-1-1 On the Application of the Uncertainty Theoretica?l
Methods for the Definition of the Fundamental Concepts
of Structural Safety - K Skov and 0 Ditlevsen

11-1-1 Safety Design of Timber Structures - H J Larsen

TIMBER COLUMNS

2-2-1 The Design of Solid Timber Columns - H J Larsen
3-2-1 The Design of Built-up Timber Columns - H J Larsen
4-2-1 Tests with Centrally Loaded Timber Columns -
H J Larsen and S S Pedersen '
22 Lateral-Torsional Buckling of Eccentrically Loaded
Timber Columns - B Johansson
5-9-1 Strength of a Wood Column in Combined Compression and
Bending with Respect to Creep - B Kdi1lsner and B Norén
5-100~1 Design of Solid Timber Columns (First Draft) - H J Larsen
6-100-1 Comments on Document 5-100-1, Design qf Sotid
Timber Columns - H J Larsen and E Theilgaard
6-2-1 Lattice Columns - H J Larsen
6-2-2 A Mathematical Basis for Design Aids for Timber

Columns - H J Burgess
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6-2-3 Comparison of Larsen an Perry Formulas for Soiid
Timber Columns =~ H J Burgess

7-2-1 iateral Bracing of Timber Struts - J A Simon

8-15-1 Laterally Loaded Timber Columns: Tests and Theory
- H J Larsen

17-2-1 Model for Timber Strength under Axial
Load and Moment - T Poutanen

SYMBOLS

3-3-1 Symbols for Structural Timber Design
- J Kuipers and B Norén

4-3-1 Symbols for Timber Structure Design
- J Kuipers and B Norén

1 Symbols for Use in Structural Timber Design

PLYWOOD

2-4-1 The Presentation of Structural Design Data for
Plywood - L G Booth

3-4-1 Standard Methods of Testing for the Determination
of Mechanical Properties of Piywood - J Kuipers

3-4-2 Bending Strength and Stiffness of Multiple
Species Plywood - C K A Stieda

4-4-4 Standard Methods of Testing for the Determination
of Mechanical Properties of Plywood - Council of
Forest Industries, B.C.

5-4-1 The Determination of Design Stresses for Plywood
in the Revision of CP 112 -~ L G Booth

5-4-2 Veneer Plywood for Construction - Quality Speci-
fications =ISO/TC 139. Plywood, Working Group 6

6-4-1 The Determination of the Mechanical Properties of
Plywood Containing Defects - L G Booth

6-4-2 Comparsion of the Size and Type of Specimen and
Type of Test on Plywood Bending Strength and Stiffness
- C R Wilson and P Eng

6-4-3 Buckling Strength of Plywood: Results of Tests and
Recommendations for Calculations - J Kuipers and
H Ploos van Amstel

7-4-1 Methods of Test for the Determination of Mechanical

Properties of Plywood - L G Booth, J Kuipers,
B Norén, C R Wilson

ib



7-4-2
7-4-3

7-4-4

§-4-1

9~4-1

9-4-2

9-4-3

9-4-4

10-4-1

11-4-1

11-4-2

11-4-3

12-4-1

14-4-~1

14-4-2

17-4-2

Comments Received on Paper 7-4-1

The Effect of Rate of Testing Speed on the UTti-
mate Tensile Stress of Plywood -~ C R Wilson and
AV Parasin

Comparison of the Effect of Specimen Size on the
Flexural Properties of Plywood Using the Pure
Moment Test - € R Wilson and A V Parasin

Sampling Plywood and the Evaluation of Test Results
- B Norén

Shear and Torsional Rigidity of Plywood
- H J Larsen

The Evatuation of Test Data on the Strength Pro-
perties of Plywood - L G Booth

The Sampling of Plywood and the Derivation of
Strength Values {Second Draft) - B Norén

On the Use of the CIB/RILEM Plywooed Piate Twisting
Test: a progress report - L G Booth

Buckling Strength of Plywood - J Dekker, J Kuipers
and H Ploos van Amstel

Analysis of Plywood Stressed Skin Panels with
Rigid or Semi-Rigid Connections - I Smith

A Comparison of Piywood Modulus of Rigidity
Determined by the ASTM and RILEM CIB/3-TT Test
Methods - C R Wilson and A V Parasin

Sampling of Plywood for Testing Strength - B Norén

Procedures for Analysis of Plywood Test Data and
Determination of C{haracteristic Values Suitable
for Code Presentation - C R Wilson

An Introduction to Performance Standards for Wood-
base Panel Products - D H Brown

Proposal for Presenting Data on the Properties of
Structural Panels - T Schmidt

Planar Shear Capacity of Plywcod in Bending
-~ L KA Stieda

Cetermination of Panel Shear Strength
and Panel Shear Modulus of Beech-Plywood
in Structural Sizes -

J Ehlbeck and F Colling

UlTtimate Strength of Plywocod Webs
- R H Leicester and L Phanm
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STRESS GRADING

1-5-1

1-5-2

4-5-1

16-5-1

16-5-2

STRESSES FOR

4-6-1

5-6-1

5-6-2

5-6-3
b-6-1

7=6-1

9-6-1

9-6~2

9-6~3
9-6-4

11-6-1

11-6-2
11-6-3

Quality Specifications for Sawn Timber and
Precision Timber - Norwegian Standard NS 3080

Specification for Timber Grades for Structural
Use =~ British Standard BS 4978

Draft Proposal for an International Standard for
Stress Grading Coniferous Sawn Softwood

- ECE Timber Committee

Grading Errors in Practice - B Thunell

On the Effect of Measurement Errors when Grading
Structural Timber - | Nordberg and B Thunelld

SCLID TIMBER

Derivation of Grade Stresses for Timber in the UK
- W T Curry

Standard Methods of Test for Determining some
Physical and Mechanical Properties of Timber in
Structural Sizes - W T Curry

The Description of Timber Strength Data - J R Tory
Stresses for ECl and EC2 Stress Grades - J R Tory
Standard Methods of Test for the Determination of
some Physical and Mechanical Properties of Timber
in Structural Sizes (third draft) - W T Curry
Strength and Long-term Behaviour of Lumber and
Glued Laminated Timber under Torsion Loads

- K Mghler

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 Mihler

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

Evaluation of Lumber Properties in the Unites
States - W L Galligan and J H Haskell -

Stresses Perpendicular to Grain - K Mshler
Consideration of Combined Stresses for Lumber and

Glued Laminated Timber (addition to Paper
CIB-W18/9-6-4) ~ K Mohler
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12-6-1
12-6-2
13-6-1
13-6-7
13-6-3
15-6-1

16-6-1

Strength Classifications for Timber Engineering
Codes - R H Leicester and W G Keating

Strength Classes for British Standard BS 5268
- J R Tory

Strength Classes for the CIB Code - J R Tory

Consideration of Size Effects and Longitudinal
Shear Strength for Uncracked Beams - R 0 Foschi and
J D Barrett

Consideration of Shear Strength on End-Cracked
Beams ~ J D Barrett and R 0 Foschi

Characteristic Strength Values for the ECE
Standard for Timber - J G Sunley

Size Factors for Timber Bending and Tension Stresses
- AR Fewell

Strength Classes for International Codes
- AR Fewell and J G Sunley

The Determination of Grade Stresses from
Characteristic Stresses for BS 5268 : Part 2
- AR Fewell

The Determination of Softwood Strength
Properties for Grades, Strength Classes
and Laminated Timber for BS 5268: Part 2
- AR Fewell

TIMBER JOINTS AND FASTENERS

1-7~1

4-7-1

5-7-2

5-7-3

Mechanical Fasteners and Fastenings in Timber
Structures - E‘J Stern

Proposal for a Basic Test Method for the Eva-
luation of Structural Timber Joints with Mecha-
nical Fasteners and Connectors - RILEM 3TT Committee

Test Methods for Wood Fasteners - K Mohler

Influence of Loading Procedure on Strength and
STip-Behaviour in Testing Timber Joints -
K MohTler

Recommendations for Testing Methods for Joints
with Mechanical Fasteners and Connectors in
Load-Bearing Timber Structures - RILEM 3TT Com-
mittee

CIB-Recommendations for the Evaluation of Results
of Tests on Joints with Mechanical Fasteners and

Connectors used in Load-Bearing Timber Structures
- J Kuipers
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6-7-1 Recommendations for Testing Methods for Joints
with Mechanical Fasteners and Connectors in
Load-Bearing Timber Structures (seventh draft)
- RILEM 37T Committee

6-7-2 Proposal for Testing of Integral Nail Plates as
Timbeyr Joints - K Mdhler

6-7~3 Rules for Evaluation of Values of Strength and
Deformation from Test Results - Mechanical Timber
Joints - M Johansen, J Kuipers, B Norén

6-7-4 Comments to Rules for Testing Timber Joints and
Derivation of Characteristic Values for Rigidity
and Strength - B Norén

7-7-1 Testing of Integral Nail Plates as Timber Joints
- K M@hler

7-7-2 Long Buration Tests on Timber Joints - J Kuipers

7-7-3 Tests with Mechanically Jointed Beams with a Varying
Spacing of Fasteners - K Mthler

/7-100-1 CIB-Timber Code Chapter 5.3 Mechanical Fasteners;
CIB Timber Standard 06 and 07 - H J Larsen

9-7-1 Design of Truss Plate Joints - F J Keenan

9-7-2 Staples - K Mohler

11-7-1 A Draft Proposal for an International Standard:
IS0 Document ISO/TC 165N 38E

12-7-1 Load-Carrying Capacity and Deformation Characte-
ristics of Nailed Joints - J Ehlbeck

12-7-2 Design of Bolted Joints - H J Larsen

12-7-3 Design of Joints with Nail Plates - B Norén

13-7-1 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®

13-7-2 Investigation of the Effect of Number of Nails
in a Joint on its Load Carrying Ability -
W Nozynski

13-7-3 International Acceptance of Manufacture, Marking
and Control of Finger-jointed Structural Timber
~ B Norén

13-7-4 Design of Joints with Nail Plates - Calculation
of S1ip - B Noreén
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13-7-5

13-7-6
13~7-7
13-7-8

13-7-9
13-100~4

14-7-1

14-7-2

14-7-3

14-7-4

14-7-5

14-7-6

14-7-7
15-7-1

16-7-1

16-7-2

16-7-3

16-7-4

17-7-1

Design of doints with Nail Plates - The Heel Joint
B Kdillsner

Nail Deflection Data for Design - H J Burgess
Test on Bolted Joints - P Vermeyden

Comments to paper CIB-Wi8/12-7-3 "Design of Joints
with Nail Plates® - B Norén

Strength of Finger Joints - H J Larsen

CIB Structural Timber Design Code. Proposal for
Section 6.1.5 Nail Plates - N I Bovim

Design of Joints with Nail Plates (second edition)
- B Norén

Method of Testing Nails in Wood (second draft,
August 1980} -~ B Norén

Load-S1ip Relationship of Nailed Joints -
-4 Ehlbeck and H J Larsen

Wood Failure in Joints with Nail Plates ~ B Norén,

The Effect of Support Eccentricity on the Desigh
of W-and WW-Trusses with Nail Plate Connectors
- B Kg@11lsner

Derivation of the Allowable Load in Case of Nail
Plate Joints Perpendicular to Grain - K MOhler

Comments on CIB-W18&/14-7-1 - T A ¢ M van der Put

Finat Recommendation TT-1A: Testing Methods for
Joints with Mechanical Fasteners 1in Load-Bearing
Timber Structures. Annex A Punched Metal Plate
Fasteners - Joint Committee RILEM/CIB-3TT

toad-Carrying Capacity of Dowels -~ L[ Gehri

Boited Timber Joints: a Literature Survey
- N Harding

Bolted Timber Joints: Practical Aspects of
Construction and Design; a Survey
- N Harding

Bolted Timber Joints: Draft Experimental Work Plan
- Building Research Association of New Zealand

Mechanical Properties of Nails and their
Influence on Mechanical Properties of Nailed
Timber Joints Subjected to Lateral Loads
- 1 Smith, L R J wWhale, C Anderson and

L Held
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17-7-2 Notes on the Effective Number of Dowels and
Nails in Timber Joints - G Steck

LOAD SHARING

3-8~-1 Load Sharing - An Investigation on the State of
Research and Development of Design Criteria -
E Levin

4-8-1 A Review of Load-Sharing in Theory and Practice
- E Levin

4-8-2 Load Sharing ~ B Norén

DURATION OF LOAD

3-9-1 Definitions of Long Term Loading for the Code of
Practice - B Norén

4-9-1 Long Term Loading of Trussed Rafters with Different
Connection Systems - T Feldborg and M Johansen

5-9-1 Strength of a Wood Column in Combined Compression
and Bending with Respect to Creep -~ B K&llsner
and B Norén

6-9-~1 Long Term Loading for the Code of Practice (Part 2)
- B Norén

692 Long Term Loading ~ K Méhler

£6-9-3 Deflection of Trussed Rafters under Alternating
Loading during a Year - T Feldborg and M Johansen

7-6-1 Strength and Long-Term Behaviour of Lumber and
Glued-Laminated Timber under Torsion Loads -
K Mohler

7-9-1 Code Rules Concerning Strength and Loading Time

- H J Larsen and E Theilgaard

17-9-~1 On the Long-Term Carrying Capacity of Wood
Structures - Y M Ivanov and Y Y Slavic

TIMBER BEAMS

4-10-1 The Design of Simple Beams - H J Burgess

4-10-2 Calculation of Timber Beams Subjected to Bending
and Normal Force - H J Larsen

5-10-1 The Design of Timber Beams - H J Larsen

9-10~1 The Distribution of Shear Stresses in Timber Beams

- F J Keenan
9-10-2 Beams Notched at the Ends - K MOhler

11-10-1 Tapered Timber Beams ~ H Riberholt
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13-6-2

13-6-3

Consideration of Size Effects in Longitudinal
Shear Strength for Uncracked Beams - R 0 Foschi
and J D Barrett

Consideration of Shear Strength on End-Cracked
Beams -~ J D Barrett and R 0 Foschi

ENVIRONMENTAL CONDITIONS

b-11~1
6-11-1
9-11-1

Climate Grading for the Code of Practice - B Norén

Climate Grading (2) - B Norén

Climate Classes for Timber Design - F J Keenan

LAMINATED MEMBERS

6-12-1

8-12-1

8-12-2

8-12-3

9-12-1

9-12-2

9-6-4

11-6-3

12-12~1

12-12-2

13-12-1

14-12-1

14-12-2

Directives for the Fabrication of Load~ Bearing
Structures of Glued Timber - A van der Velden and
J Kuipers,:

Testing of Big Glulam Timber Beams - H Kolb
and P Frech

Instruction for the Reinforcement of Apertures
in Glulam Beams - H Kolb and P Frech

Glulam Standard Part 1: Glued Timber Structures:
Requirements for Timber (Second Draft)

Experiments to Provide for Elevated Forces at the
Supports of Wooden Beams with Particular Regard
to Shearing Stresses and Long-~-term Loadings -

F Wassipaul and R Lackner

Two Laminated Timber Arch Railway Bridges Built
in Perth in 1849 - L & Booth

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

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

Glulam Standard Part 2: Glued Timber Structures;
Rating (3rd draft)

Glulam Standard Part 3: Glued Timber Structures;
Performance (3rd draft)

Glulam Standard Part 3: Glued Timber Structures;
Performance (4th dratvt)

Proposals for CEI-Bois/CIB-W18 GluTam Standards -~
H J Larsen

Guidelines for the Manufacturing of Glued Load-
Bearing Timber Structures - Stevin Laboratory
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14-12-3
14-12-4

PARTICLE AND
7-13-1

9-13~1

9-13-2

11-13-1

11-13-2

11-13-3

14-4-1

14-4-2

16-13-1

Double Tapered Curved Glulam Beams - H Riberholt

Comment on CIB~W18/14-12-3 - £ Gehri

FIBRE BUILDING BOARDS

Fibre Building Boards for CIB Timber Code
(First Draft) - 0 Brynildsen

Determination of the Bearing Strength and the
Load-Peformation Characteristics of Particleboard
- K Mohler, T Budianto and J Ehlbeck

The Structural Use of Tempered Hardboard -
W W L Chan

Tests on Laminated Beams from Hardboard under
Short- and Longterm Load - W Nozynski

Determination of Deformation of Special Densified
Hardboard Under Long-term Load and Varying Temper-
ature and Humidity Conditions - W Halfar

Determination of Deformation of Hardboard under
Long~-term Load in Changing Climate ~ W Halfar

An Introduction to Performance Standards for
Wood-Base Panel Products - D H Brown

Proposal for Presenting Data on the Properties of
Structural Panels - T Schmidt

Effect of Test Piece Size on Panel Bending Properties
- P W Post

TRUSSED RAFTERS

4-9-~1

6-9-3

7-2-1
9-14-1

9-7-1
10-14~1

11-14-1

Long-term Loading of Trussed Rafters with Differ-
ent Connection Systems - T Feldborg and M Johansen

Deflection of Trussed Rafters under Alternating
Loading During a Year - T Feldborg and M Johansen

Lateral Bracing of Timber Struts - J A Simon

Timber Trusses - Code Related Problems -
T F Williams

Design of Truss Plate Joints - F J Keenan

Design of Roof Bracing - The State of the Art 1in
South Africa - P A V Bryant and J A Simon

Design of Metal Plate Connected Wood Trusses -
A R Egerup
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12-14-1

13-14-1

13-14-2
13-14-3

14-14~1

14-14-2

14-14-3
14-7-5

15-14-1

15~14-2

15-14-3

15-14-4

15-14-5

16-14-1

17-14-1

17-14-2

17-14-3

A Simple Design Method for Standard Trusses -
AR Egerup

Truss Design Method for CIB Timber Code -
A R Egerup

Trussed Rafters, Static Models - H Riberholt

Comparison of 3 Truss Models Designed by Bifferent
Assumptions for Stip and E-Modulus = K Mohler

Wood Trussed Rafter Design - T Feldborg and
M Johansen

Truss-Plate Modelling in the Analysis of Trusses -
R 0 Foschi

Cantitevered Timber Trusses - A R Egerup

The Effect of Support Eccentricity on the Design
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MODEL FOR TIMBER STRENGTH UNDER AXIAL LGAD AND MOMENT

Tucmo Poutanen

SUMMARY

The woedel is based on bi-linear stress-strain relationship.

It is assumed there are two failure reasons. In compression

failure occurs when critical strain is reached, In tension

failure occurs, when stross exceeds defect strength, It is

assumed that defect strength defines completely the tension strength
according to the principle of the weakest link o chain or the
principle of brittle fracture mechanics. It is assumed that

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 te available
test results are done.

1. INTRODUCTION

It is known that the generally used linear interaction formula:

N
o w4l (1)

is conservative.



mhe author has developed a timber strength modsl which is
different from formula 1.

The author has no resources to nake tests to verify the model.
The model is presented here to raise discussion and to get

tests results.

2. LIMITATIONS

Due to lack of time and shortage of resources:

a. Only rectangular cross section is handled.

b, Stress—strain relationship in compression is assumed to be
hi-linear.

c. Formulae are derived to deal with mean values.

d. Size effect is not included in strength model.

e. The emphasis is on timber which has an equal mean tension
and compression strengih.

f£. It is asesumed the moment affects either of the cross

section main axes.

3, BASIC ASSUMPTIONE

3.1. Cress section.deformations

Cross section planes are assumed to remain planes under load.

3,2. Stress-strain relaticnship

Stress—strain relationship is shown in figure 1.

T+ must be especially noted:

a. Behaviour in tension 1is linear up to railure.

b. Behaviour in compression is bi-linear. After strain has reached
a certain value stress does not increase but remains constant, fc .
This assumption is done mainly to simplify calculations. However
it is shown / 1,2 / that this is a good approximation for
compression behaviour.

Compression bending strength fbc is assumed to be egual ﬁo coébression

strength fc'

= f
be C

(3)




/N

o (stress)

N/

€ (strain)

Figure 1, assumed stress-strain relationship

3.3. Cross section faillure

There are:two reasons for failure:
In compression failure cccurs when critical strain is reached,

see {igure 1.

l(r": nfc {4)

In tension failure occurs when stress r eaches defect strength,

figure 2.

o =t (5)



strength f

/

N

._._,_m...,} M

Figure 2, tenslon failure occurs when stress ¢ reaches

defect strength fv

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 part of cross section. Defect strength f\'r is assumed

to be same as tension strength £ by mean value and distribution

t
if tension test is carried out with a test sample which has

one defect,
f = f (6)

However, due to practical reasons, fv must be given different
meariing, Test samples have a certain size and contain a different
number of defects and fail when stress reaches the weakest defect.
S0, equation 5 depends on test specimen and fv is strength of

the weakest defect of said specimen.

Effect of shear force on strength is ignored.



3.4. befect

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 dangerocus
than hele, because defect can destroy the strength of defect

free timber. It is not necessary to make an assumption on distance
between defects on timber beam. This distance might possibly

be 200 ... %00 mm, but there must be only small number of

defects on timber beam.

Size effect is ignored in the strength medel, that is why it is
assumed there is one defect per tension part of cross section,
Timber hetween defects is defect free and is strong enough

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

with defect, if tension stress causes the failure.

3.5. Effect of leoad duration and moisture

Cross section behaviour can be described by values fc, fv, n, E.
Load duration and moisture have an effect on cress cection 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 reality 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.

A5



Problems arise wheﬁ size increaées. Guestions to be answered
are: now the defects are located and what is the density,

In the strength model these questions may remain open but

when the medel is used to find ocut size effects assumptions must

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

3.7. Strength deviation

Deviation consists of deviation.of fC, fv’ n and E.

Te simplify calculations deviation of fc, nand E is ignored.
Ignoring the deviation of fc and n 1s justified because it

affects results very little. Ignoring 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 difiections).

It turns out that main results of the model can be derived ignoring
also the deviation of fv. It also turns out that distribution of

the deviation of f‘V has no practical influence on results.

4, Cross section strength

4,1. Introduction

According to the basic assumptions there uay be two failure reasonsz:
exceeding the compression strain or exceeding the defect strength.
Thus cross section has at least two design states. Due to elasto-
plastic behaviour of cross section there are altogether four design
states. These are listed in the order of decreasing normal force:

&, Cross section under tension, state 1

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

¢. Plastic cross section, brittle fallure, state 3

d. Plastic cross section, ductile failure, state 4



4.2. Cross section under tension, state 1

When the cross section is completely under tension failure occurs
when stress O (N, M, y} reaches the defect strength fv .

figure 3. It is assumed that stress never reaches the defect
free timber strength fr or reaches it so seldcm that this case

can be ignored,

L Uyt 1 Th

Figure 3, failure situation when cross section is under tension

It can be noted from figure 3 that fv can be found ocut by loading
the cross section with constant stress., This me:ns that defect strength fv
is equal to timber tension strength ft. The effect of the location of
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 defect location i. The failure probability is made out of

three probabilities:



Firstly, the location has stress ¢ while the mean siress

is ot

Secondly, location i represents one cut of n:

Thirdly, probability for failure on stress level o, is:

Probability for failure of the location i is:

Probability for failure for the whole cross section is:

n
P = Z Pi (11)
21 .

(=5

To simplify the case we handle mean strength values and we
may write: : o

n .
T ; i .

po 1), 2 [ eios (12)

i=1 t 0 ‘

o o
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This equation is general and needs the distribution function and

its parameters. To simplify the case we assume that deviation

is 0 then:

Y

(.

Jf(x) = 03 x & f, (13)
+]

X

' —

gf(x) S15 x> 1,
[«

In this case we will find ocut that ft is the value that o- figure

hags in its area centroid and ft can be calculated, f{igure 3:

R I (14)
J 2 P
o + F - f
L. t 5 b L (1)
by
By eliminating y from 14,15 we get design formula:
2
L\ fFP -
oy & " o, (16)
Using other nctation, figure 3:
Y
Ua.-‘i\ c.ft - o—y {17)

Writing the formula in another form:

(5 e
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By using notation from formula 1 and considering:

N =7f, *b " h {19)
u t

= 0 . . ‘ 20
N L b°h (20)
M = O ¢ Loy o (21)

b 6

we get:
N -7 &M - ?

(i (w4t (22)

u [

This Tormula 22 and alse formulae 16,17,18 are new design
formulae which correspond to formule 1 in case cross section is

completely under tension.

Later in this study timber with equal tension and compression

strength will be handled:

f =f =1 | (23)

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

bending strength {rupture strength) meets the condition:

f. =1,34 " ¢ {24)

(;{) + 1,80(\1:—: £1 (25)

or:

o+ [0
(—f—Ej + 1,80 (}—;9—) ¢ 1 (26)
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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 making comparison to feormula 12,

There has been available tension test material of 250 samples
T24 grade Finnish soft woed., From the test tension strength ft
and the worst defect strength fvhave been found ocut ft = fv.
Normal, leog-normal and Weibull distribution has been fitted into
the test material, table 2. Because formulae 16 -26 are only
based on defect strength, test results may be used to find out
the difference from formula 12. This comparisen has been made
with all combinations of distribution (norwal, log-normal and
Weibull) and all combinations of N and M., Tt was found out

that the difference 1s less than 3 % in all cases. The difference
ié largest with the largest ¥ which means the case oy = 0.

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:

> 0,71 (27)

chZ

This is also boundary condition for design state 1.

In this design state failure is brittle due to defect.

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

Boundary conditionfs for this state are: cross section is partly
under tension and partly under compression and compression stress is

less than compressicn strength, figure 4:

}oy}< £ (28)

R
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_ M |

Ny

/f___b_ﬁr_ : o, f

Figure 4, failure situation when cross section is under elastic

compression and tension

Design formula can be derived from state 1, assuming that failure
never occurs on compression 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 ¢ = O in formula 17, we get:
a

This can be written also in the following form:

= &2 (30)

WIQ
o
+

o

ct
ot

or:

(31)

z|=
N

%]%
T
=
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In special case fc = ft formulae 30,31 can be written:

Ty Ty
0,71 £ 0,95 = £ 1 {32)
t b
or:
N M
0,70+ + 0,9 T <1 (33)
u u
Boundary condition for state 2 is:
z N |
0,21 & . 400,71 (34)
u

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

cross section.

4,4, Plastic cross section, brittle failure, state 3

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:

| 0';1 {nf_ (36)
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Figure 5, failure situation when cross section is under tension

and plastic compression

Failure criterion is
|
L2 f 7
aa._[ & (37)
which can be derived in the same way as in design state 2.

In addition to formula 37 we need eguilibrium conditions:

/(o*dA = N (38)
A
J.a(y--h/Z}dA = M (39)
A

and geometric conditions:

P \U;l B fc

h = +lg! (40)
Ta Igyl

y.o_ ..l

h o 'WU§| {41)



' .
When N and M are known x, ¥, oy, o, can be sclved from equations 38 -~ 41,

1t iz not possible to solve these equations in closed form,
Therefore numerical solution is used.
In design state 3 failure occurs on tension side after plastic

defermation on compression side.

4.5. Plastic cross section, ductile failure, state 4
Boundary conditions are:

tt
!U—y_ 7 £, (42)

oa<\/2 £, (43)

Design criterion is:

|a" & nf ' (44)

Otherwise cross section is handled with equations 38 - 41,

{ross section has ductile failure on compression side.

4,5. N, dM-lnteraction

According to the model cross section strength can be derived
from fv, fc and n without knowing fb. Results are not sensitive

to variations of <o That is why assumption of fc = fv can be made.

In the appendix N, M-interaction curve has beel’ plotted.
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Design states 1-4 heve been shown with different lines. In state 4
curves for ultimate strain have been piotted 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 found out that formula 1 is 15...20 % conservative

compared to the model if N, M # 0.

4.7. Bending strength

Bending strength (modulus of rupture) of the model is not
constant and reeds an explanation. In design state 1 bending
strength varies depending upon moment. In design states 2 and 3
pending strength (ultimate tension of cross section) has constant
value 1(51° ft'
Tt has also been stated fb = 1,34 ft. This equation is based

on ft = fC and fb is fictitious bending strength calculated from

linear stress-strain relationship, which is wrong according to

the model.

5, Compariscns 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 model for N, M-interaction. He has also

done large number of tests. This can be-used as a comparison.
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5,2, Finnish timber code

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

in grades T24, T30 are shcwn in table 1

strength value grade
TZ24 T3C

£ 28,7 32,6
c

ft 28,9 31,5
fb 38,0 11,9
fc/ft 0,99 1,03
f /f 1,32 1,28
b e

fb/ft 1,31 1,33

Table 1, Appr. mean strength valwes of Finnish 724, T30 timber

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 =1,28...1,33 and on an average 1,31.

] t
This value is only 2 % smaller than the value it should be according
to thé model 1,34. The difference is small and the medel 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 ete. / 5 /. Compression
tests were not included, but tests made elsewhcre show that foczft.

So, the assumption fC = ft is made.
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Into the test material was fitted normal distribution:

£(x) = —\—é-_;—; Cexp (- 3 (2 (45)
log-normal distribution:
£lx) = = exp(- 3 (l—o—%mz)'y)z) (46)
xﬁ\ﬁ;;?
Weibull distributiocn:
£(x) = Tf- (igi)ﬁ " e (- ’;‘!“‘—)ﬁ (47)

Results for tension tests are shown in table 2 and bending tests

in table 3.

fractiles

distribution | parameters 1% 5 % ' 50 %
normal M= 30,8 i2,1 17,8 30,8

o= 8,01
Weibull H= 10,9 14,9 18,2 30,3

§ = 22,3

B = 2,650 ;
log-normal y= 3,387 15,7 18,9 29,6 !

§=0,272

Table 2, tension strength values'ft (MPa)
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fractiles

distribution | parameters 1 % 5 % 50 % fb/ft

normal w= 40,0 18,0 24,5 40,0 1,30
a= 9,42

Weibull H= 16,2 21,1 25,1 39,5 1,30

b= 26,7

B= 22,6932

log-normal V= 3,857 22,0 26,0 38,7 1,31
B= 0,241

Table 23, bending strength values £ (MPa)

b

In table 3, alsec 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,

2.4, 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 %4, 53 of Buchanan’s thesis / 2 /. These fisures hava boen
copied into figure 6, adding the author’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 appendix.

It can be found out that the author’s and Buchanan’s models give closely
the same results though they are based cn completely different theoretical
background. The largest differences lie on the area N/NLl =0,7...1,0,

Relative exactness of the author’s model is best on this area.
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/ 2 / added with author’s model

Failure criterion in design states 1-3 is completely based on

brittle fracture mechanics 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 decreases ultimate stress.




21.

Assume that defect has cumulative strength distribution function F.

Consider timber size which has n defects. Then probability for failure
g

on stress level o is:

\ n

; {48)

P = (1—1?(01)

If size is increased k times defects increase = times. If we examine
beam length effect on tension strength we may assume k=r,

New siz§_§a$$§Ay;ﬁh_gpobability:

r"f“'é)’f’? @ ?'f’) 5 Ur}? (n( c:o’"/w\
) ke (49)
= - a
Fo (l F 2)

on stress level G%,

VWe must claim that all sizes fail with equal probability, so P2 = Pl’
which also means Op¢ U,. This alsc means that larger size resist lower
stress and it is weaker,

Size effect can he defined as:
K = —= (50)
Writing equations 48, 49 equal we get:

1-F (o)) = (1~F(Cé)}k (51)

Out of this equation size effect can be calculated in all confidence
levels. Some numerical calculations made with 50 % and % % 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 distritution 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.



Then we maj write:
k
1-F{gy) = 0,5 = (1-—?(02» (52)

Using size 1 as reference {o, = 1) we get:

-1 /k

1 \
K=F {1-0,5 ) {53}
This is an equation which gives the reduction of mean strength value
when defects (size) increase k times. In this case ¥ is cumulative
distribution function of normal distribution having 1 as mean value and
having coefficient of variation same as variation of defect.

In literature size effect is often given as:

By P

S2

K = (54)

where Sl’ 52 represent size and p is censtant. To length effect there
has been given different values for p such as: 0,192, 0,167 and

0,25 / 2,3 /. Assume that F is cumulative distribution function

of normal distribution, we find out that equaticns 54 and 53 give

very closely the same results if different values of p in eguation

54 correspond to different coefficient of variation in equation 53.

if p has values 0,192, 0,167 and 0,25 the needed coeificient of
variation iz appr. 23 %, 20 % and 2§ %.

Literature has not reported variations, but calculated values look

reasonable. Nevertheless, it is obviocus that increasing variance

increases size effect as shown by equaticn 53.

If we apply this same principle for timber 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 kK times in length and depth difection. In this case equation 53
can be used when k is replaced by k2. This 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

cut 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/ 3 / gives the constant p value 0,4,

In this case equations 54 and 53 give clesely the same results if

coefficient of variation is appr. 24 %, Calculations made with

equations 50, 51 on confidence level 5 % give tne same result,

appr. Z4 %. This is a good approximation for the coefficient of

variation of Fewéll’s tests,

Conclusions

According to the model design formula 1 is 15... 20 % conservative
when N,MH£0.

Results can be derived from basic assumptions without any
calibration to test results,

Accerding to the model bending strength can be calculated from

a”é[

compression and tension strength. This calculation fits well

with Finnish timber code and a test of 550 samples / 4,5 /.

The N, M-interaction curve of the model is closely the same as that
derived by 8uchanan‘/ 2 / from completely different basic
assumptions.

It is possible to derive equation 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 available tests,

The model defires clearly cross section deformations. This

gives an opportunity to unlinear analysis of timber structures.
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Notation

E modulus of elasticity
K size factor

N force

M moment

subscript u ultimate

cumtulative distribution function

3

width of cross section

w3

f strength
subscript b bending
¢ compression
r defect free

t tension

v defect
! distribution function
h depth of cross secticn

n factor for ultimate compression strain

t,p,r constants

s size

v coefficient of variation

X depth of plastic zone of cross section

¥ location of neutral axis or defect of cross section

stress, subscripts as T
y upper edge s

a lower edge

24,
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Determination of Panel Shear Strength and

Panel Shear Modulus of Beech Plywood

in Structural Sizes

J. Ehlbeck and F. Coiling

Introduction

High quality beech plywood is & usable material in fimber engineering,
e.g. for reinforcing glulam structures under perpendicular-to-grain
tensile stresses or for piywood gussets in nailed or glued ftrusses,
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 agpportunity
of using the RILEM-recommended test method developed for testing plywood

in structural sizes. This RILEM-Recommendation /1/ was approved by

C1B-W18 and forwarded to ISO as a basis for a draft IS0 Standard. In a

Jjoint committee of ISO/TC 139 and 165 this recommendation was discussed,

A draft proposal of this IS0 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.

A



Test Specimen

The test specimen and test set-up described in the RILEM-Recommendation
are shown in Figs. 1 and 2. A methed of measuring the shear deformation
is given in ASTM Standard D 2719-76 /2/ and will be precposed also in the
1$0 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

£ o= Lol (1)

with Ft u - ultimate appiied tensile load of the testing machine;

L = Jength of panel; t = panel thickness.

In former investigations MUHLER and EHLBECK /3/ used small test specimens and
found panel shear strengthsfor beech piywood in the range of 18 to 20 N /mm?
(Mpa). According to that, ultimate tensile 1oads in the range of 430 to 480 kN
had to be expected for test specimens of 600 mm Tength 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

H
X 35X 175 (2)

with H = Ft/4 (see Fig. 4). With Ft g 480 &N shear stresses in the
rails will figure up to about 15 N/mm? (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



rails of the RILEM-Recommendation are not practicable for high quality
hardwood plywood of a more than 20 mm - panal - thickness. Moreover, it

seemed to be too time-consuming to use cteel rails instead of timber rails.

So, the timber raiis were replaced by beech plywood rajils of the same
thickness as the test panet thickness. With a rail 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:

W  fox tx 600 . . '
feo—toT0 ° TrrxTxTs - X (3)

With the plywocd 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 eguipment
when the test set-up according to Fig. 2 is used. The steel bars and pins
and yokes as well as the steel Tink connected to the crosshead of the
testing machine are only used to transform the tensile loads of the
testing machine to compressive Joads acting on the test specimen. Why not
imposing compression oads of the testing machine directly to the test

specimen?

R



A stationary test equipment was developed (see Fig. 6). It proved to

be time-saving, because only the test specimen had to be moved into or
out of the testing apparatus. The test lcad F, as shown in Fig. 4, acts
directly on the test specimen. It has to be takan into account that the
panel shear strength in this case amounts to

F .+ cos 14°
U

- 3\
fp = X t (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 uitimate 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 Tocation of
the failure section. The coefficient of variation of the panel shear strength

was rather low, ranging from 9 to 10 %. Compared with shear strength values

obtained from small specimen, a reduced shear sirenath of about 80 % must
be taken into consideration for plywood panels in structural sizes.

S



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-Récommendations for testing the panel shear strength of plywood
in structural sizes may be usable for softwood plywood. If the paneil shear
strength increases, however, e.g. for hardwood piywood, timber rails in
the dimensicon propcsed by the RILEM-Recommendations turn out to be the
weakest part of the test specimen. In such cases the rails should be of
the same matzarial 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-Reccmmendations becomes heavy

and unwieldy when high tensile loads have to be applied. A simple stationary
test set-up, easy to handie and of big advantage when testing many repiications,
proved to be a useful alternative with compressive loads of the testing

machine directly applied to the test specimen.
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ULTIMATE STRENGTH OF _PLYWOOD WEBS

BY
R.H, Leicester, Ph.D.¥

L Pham, Ph.D,*
PACIFIC TIMBER ENGINEERING CONFERENCE, AUCKLAND, NEW ZEALAND, MAY 1984.
© ABSTRALT
Methods are given for computing the strengths of both stiffened and
unstiffened plywood webs of glued I-beams. These methods, verified by experi-

mente with radiata pine plyuood webs, indicate that the ultimate strength of
plyuood webs can be considerably greater than the critical elastic load,

1, INTRODUCTION

The strength of plywcod webs in I-beame and box beams is rarely & critical
design congideraciom, Indeed, unless glued edge~joints are used, the strength
capacity of the web is usually determined by the strength of the fastener
system, Nevertheless, in the interests of ensuring adequate reliability, it is
useful to heve a method for evaluating the ultimate strength of plywood webs,

In the following, the strength of the plywcod web of an I-beam will be
discussad. The notation to be used is shown in Figure 1, Only webs with the
plyuood face grain running parallel to, or perpendicular te the beam axis will
ba considered. The two specific problems investigated are the buckling strength
of an unstiffened web supporting a concentrated flange load, and the ultimate
shear capacity of a stiffened plywood panel, )

Figure 1 Notation for I-beam

Throughout the discussion, the slendernesz of the plywood web will be
described by means of a parameter A which will be defined by an equation of the
type

= {(squash load/elastic critical load)o's (1)

¥ CSIRG Division of Building Research



2.  NOTATION

2.1 Parameters

a = dimension in the x-direction
B = bearing length of concentrated flange load, Figure 2
df, d, = depth of flange and web, Figure 1
o, =[] aa, T Sitiress of piyoot
o, =[]y e, Bt sitiness of piye
%y = GLT ti/é, torsional stiffness of plywood
E = Youngs modulus of elasticity for solid wood
f = gtrength in terms of stress
EC, fs.: compression and shear strength
GLT = ghear modulus of solid wood | - '
P = concentrated flange load, Figure 2
tf, tw = thickness of flange and web, Figure 1
v = shear strength
Ve, Vw é-shear strength contributions of flange and web
¥, y = cartesian coordinates in the plane of the plywood web, Figures 2 and 6
2 = coordinate normal to the plywocod web
« = EL ot ti/(lZ 7)
8 = (D + /D, Dy)O'S
r N LT .
& = tw/2 |
Az = lateral deformation of the web
8 = angle of face grain relative to the x-axis
A = glenderneas parameter, equation (1)
u = Poisson’s ratio
ot = direct tension stress

o
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¢ = angle of diagonal tension stress relative to the «-axis

Q = proportional ares of plies lying in the direction of the applied
compression stress

2.2 Subscripis

c = gcompression

crit = critical elastic buckling value

f = flange

L = value along the longitudinal direction

s = shear

sc = value measured with small cleer specimens of aolid wood
sq = ullimate or "aquash’ values for stable elemtns
t = tension

T = yalue transverse to the Ionqitudinal direction
ult = value at ultimete load

x, y = values aiong X and v directions

3, CONCENTRATED LOADS ON FLANGES

3.1 Structural Geometry

The three configuretions to be cansidered are illustrated in Figure 2,
Thege configurations concern a concentrated load of magnitude P, distributed
along a length B of the flange. The plywood web in the vicinity of thig load is
unstiffened.

3.2 .§guashﬁgggg
The sguash stress fc - of a plywood element in compression ig given by

£ (2)

=0 f
c,sq c,8C

where fc denctes the compression strength of emall clear specimens of solid

r

wood, and 2 denotes the proportional area of plies lying in the direction of
the applied stress,

Because the flenges tend to spread the action of the applied load, the
effective bearing length of the concentrated load, denoted by Beff' ig greater

than B. From a limited set of tests it was found that the squash load P__ could
be given by 8q

Psq = Boge t, fc,sq (3
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Figure 2 Configurations for concentrated loadingg on flanges

Beff =B + 3,0 df (da)
for configurations I and 11, and

Beff =B + O.S df (4h)
for configuration III,

3,3 The Elastic {ritical Leoad

The theoretical elastic critical load Périt was computed by the method of

Alfutov and Balabukh {1,2] for several typical cases, and fitted to the folleu-
irg empirical formula

2 2
Pcrit =1 L Dy/dw (5
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e

where

. . , 0,25 .
for configuration T,
- 0.25
| 8.ff © 1.0 Eeff + 1,0 du (DX/Dy) (6b)
for configuration 11, and
_ n 0.25
o T 3.0 Beff + 0,5 dw (Dx/Dy) (6e)

for configuration III,

In the coﬁputations it was assumed thet there was a fized condition
vetween the web and the flange, Comparisons between the empirical equations ard
the exact theoretical solutions are shoun in Figure 3,

4/.

£

/4

ONFIGURATION 1 427
¢ v . /‘/

- equations (6)

i gxoct

B D 072
()

Figure 3 Effectiveness of the approximation of equations (6)

3.4 Ultimate Load

No satisfactory theory to predict the ultimate load pult wag obtained.

However, a conservative fit to experimental data was fourd to be given by the
following equation;

pult/Psq = 1.0 - 0.25 X (7



in which the slenderness parameter X is defined by

x=¢ s 03 (8)

sq erit
3.5 Experimental Data

Load tests were made on some 50 I-beams fabricated with 3-ply and 7-ply
radiata pine plywood webs, and 90 x A0 mm deep flanges of solid radiata pine,

The critical elastic load, measured by means of a Scuthwell plot, occurred
at a lateral deformation Az crit & tw and is in reagonable agreement with
theoretically computed values ag shown in Figure 4, In Figure 5, the measured
ultimate loads are compared with the predictions of equaticn (7). In defining

the ultimate load a limitation 4, ¢ £ 0.05 d, was placed on the leateral
deformation, ‘

15 Y !
—~— Theory -
o Conf I
0 Conf I
s (onf ot

Crit

]
0 1 2 3
Slenderpess A

Figure 4 ritical elasﬁic loads for unstiffened plywood webs
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Figure 5 Ultimate lcads for unstiffened plywood webs

4, SHEAR STRENGTH OF A STIFFENED WEB

4.1 8&tructural Geometry

The etiffened plywood web to be considered, illustrated in Figure 6, is
glued to both flanges and stiffeners. The applled central load P gives rise to
a shear ferce V = P/2 on each plywood panel,

4,2 .Sguash Load

From Curry end Hearmon [31, the equash stress of plywood in shear, denoted

by £ may be taken to be given by the following eguation, stated in N,mm
unit8 ST

fs,sq = [1.17 - 0.16 (tw/n)] fs,sc + 4 (n - 1)/(tw) (97
where f denotes the shear strength of small clear specimeng of solid wood,

4

and n. is the total number of plies,
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Figure 6 I-beam with stiffened nlywcod web

The squash load capacity of the plywocd web, denoted by Vw sq may be
estimated from !

Vw,sq = dw t

4.3 The Elastic Critical Load

" fs,sq (1,

A good estimate of the theoretical elastic eritical shear stress, denoted:
by fs crite of a rectangular plywoed panel fixed on all four edges, is given by

the lesser of the following

2 3)0-25

£ - . '( .

s, crit 1.8 (H/dw) ‘DX DY' (3.?6 + 2,0 & . (11a)
- e 42 a3 0,25 \

fs,crit = 1,3 (n/a ) (D Dy)_ (3.66 + 2,0 8) , (11b)

where the elastic constants D, D, and 8 are defined in the notation of Section.

2. Equations (11) were obtaindd by minimization of a function derived by
Lekhnitskii (43, together with the assumption that for a plywood panel with
fixed edges, the critical stress is 89 per cent higher than that of a panel
with hinged edgey, The. elestic shear capacity of the plywood web, denoted by
Vw,crit' 18 given by

Vw,crit ) dw tw fs,crit (12)
4.4 Ultimate Web Capacity

Once a plywood web has buckled, an I~beam will carry additional lead
through the action of tension membrane stresses, denoted by oy b acting at an

angle ¢ to the beam axis as shown in Figure 6. If this stress plus the
cortribution of the wuckling stress is teken to be equal to the ultimate
tension strength of the plywood, then

Ot,¢ = ft,¢ -2 fs,crit sing cosg (13)

2&



where ft . denntes the tension strength of the plywood at an angle ¢ to the
heam axish

Taking into account the shear force carried by the vertical companent of
the diagonal tension then leads to the following expression for V , the
. . ‘ w,ult
ultimate shear capacity of the plywsod web

Vu;uit =4, &, {fs,crit a4 sing cosg} (14)
= du tw {{1 - 2 sin2¢ c052¢3 £

£ sing cosg}

g,crit * t,¢

The value of ¢ will be chosen so as to maximize the value of Vw ULt For

typical plyuwood 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 fi ¢ is

roughly esqual to 2 fs sq" Substitution of these values into equation (14) leads
to ‘

v / = (.64 + (U.??/Az) (15

w,ult Vw,sq
where

- 4 0'5
A= (Vw,sq/wu,crit (167

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 pgrportion of the
total load may be carried by bending of the flange elements, Thus the total

shear load on the beam, denoted by V, may be written

V= Vw + Vf (173
where V' and Vf denote the shear load carried by the web and flange respect-
ively,

For the I~beam shown in Figure 6, the flanges may be considered as a pair
of simply supported beams and hence

3 3
£ 4 Ef tf df Ay/L (182

<5
i

where Ef, tf and df are the Youngs modulus, width and depth of each flange, L
is the beam span, and AY ig the vertical deflection at the centre of the beam,

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.

(v
W

L2t d, G (192
wvow

Ay,ult = ult LT) o

Equations (18) and (195 lead to the following estimte of Vf 1t the shear
load carried by the flange at failure A

/du) {d /L)2 (200

2V £

Ve uie T2 V% ue B

» (L /t ) (d
%

¢/G ) (B £



The ultimate shear load capacity of the beams, denoted by V ult is then
given by

ult © Vu,ult + Vf,ult 20

0f course, a check must be made to ensure that the flanges can accept the
deformation ﬁy ult and can carry the additional vertical loads impcsed by the

’

v

diagonal tension field,

4.6 Experimental Data

Load tests were made on 12 I-heams fabricated with 3-ply and S-ply radiata
pine plywood webs., Some of the results shown in Figures 7 and 8 indicate that
hoth the elastic critical lcad (measured by a Southwell pleot) and the ultimate
lpad capacity of the webs are reasonably well predicted by equations (11) and
(15) respectively.

18 H
-~ theory
©  experiment
© :
‘!0 b s -
.y_"ii'_'.f Qy
v Y
0'5 = 1 G
o}
0 -
0 ! Lo T——
0 2 b 6

Slenderness A

Figure 7 Critical elastic loads for stiffened plywood webs
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15 Y ‘ 1

—— {heory
© © experiment
0]
o)
10 -_—_.—-._g:) . p=
o .
o
Vv.ull 0]
VY« o
\o\\
8
05 . —t
0 I 1
0 2 b 6

Slenderness A
Figure 8 Ultimate strength of stiffened plywood webs

Lower bound estimates according to equations (18) and (19) of the eddit-
ional shear force carried by the flanges is shoun in Figure 9. It is to be
noted that the ultimate shear strergth of a stiffened plywood web beam can be
several times the strength of the web alone,

z t . at

The lateral deformations of the webs were roughly given by & u

z,crit
the elastic critical load, and for the ultimate load were bounded by A 1 <
0,05 @ , z, ult

W )

5, CONCLUDING COMMENT

Simple procedures have -begen given for estimating the critical elastic
loads and the ultimate strength of both stiffened and unstiffened plywood webs
for glued I-beams, The methods are obviously relevant tc the design of plywood
webz 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 exireme designs it is
difficult to induce failure in stiffened plywocd webs of I-beams; it was also
found that for many practical situations it is unnecessary to stiffen a plywooed
web,

11
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THE DETERMINATION OF GRADE STRESSES FROM CHARACTERISTIC STRESSES FOR
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INTRODUCTION

The writer has been asked to produce a draft Ammex 44 to the CIB Code listing the
factors used in the UK teo derive grade stresses from cliaracteristic stresses.
These factors are given in detail by Feweill for visual grades but the slight

"variations applicable to machine grades are not included.

This paper gives a resumé of the factors for visual grades, states the relevant

differences for machine grades and presents a draft Annex 44.

REDUCTION FACTORS

. . . gl .
The relevant factors for visual grades, as given by Fewell™ are as follows:

= £ K
fg fp-Fip-Rez-Fg
where fg is the grade stress

fK is the characteristic stress (based on 200 mm depth for bending

strength and 200 mm width for tensicn streungthl,

Kb is the load duration factor and adjusts the test duration fK values to long
duration and has the value of 0.563 for all stresses,

KSZ is the size factor adjusting the bending and tension stresses to 300 mm
' depth er width and has the wvalues

0.849 for bending stress

0.925 for tension stress

1.00 for all other stresses.

Ks is a safety factor and has the value

0.724 for bending,tension and compression parallel stresses



In addition to the above values taken from reference 1 a KS value for compression
perpendicular and shear stresses can be deduced from the grade stresses given in
BS 5268, the characteristic stresses given in Annex 43 of the CIB Code and the
load duration factor KLD = 0.563. .\, KS = 0.673 for compression perpendicular
and shear stresses. These reduction factors for compression perpendicular and
shear are avbitrary since no characteristic stresses for these properties have

heen derived in the UK from tests,

It should be noted that when deriving permissible bending or tension stresses

from grade stresses the grade stress is multiplied by a factor K7. Where!

= 1.17 for timber having a depth {or width for tension) of 72 mm or less.

K7 0.11 :
K7 = (300/I)"° for timber having a depth or width greater than 72 mm but

less than 300 mm. .
K, = 0.81 /(n” +92300)/(n? +56800)7 for timber having a depth or wideh

greater than 300 mm,
Owing to comparatively few data being avalilable for the tension strength of full
. 2 .
slze members, and based on the work of Curry and Fewell” the grade tension
stresses have heen given an overriding value of 0.6 times the bending stresses
for all grades.

There are no reduction factors for modulus of elasticity,

For machine grades there are two differences from the factors given above.

Firstly since the strength variability between machine graded parcels is less than

g value for bending, tension and compression parallel is

0.80. Secondly, over many years it has been found that the equation which gives

for visual grades the K

the best fit when adjusting samples of bending strength data of diffevent depths
ne

te 200 mm depth for determining grading machi séttings, is

= 0,73 Zzhz +92300)/(h2 +5680017. Therefore the XK_, factor for btending
e

Ly
Ry, z

stress is 0,907,

The reduction factors given above are summarised diagramatically in Figure 1.

The factors described above are included in a draft Annex 44 to the CIB Code which

is attached at the end of this paper.

i
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Anuex 44
BEDUCTION FACTORS TOR DERIVING DESIGN STRESSES FORM CHARACTERISTIC VALUES

44,0 General
This annex provides examples of reduction factors accepted by national codes

authorities.

44,1 United Kingdom

The reduction factors listed here are relevant to British Standard BS 5268. The
Structural Use of Timber: Part 2 Permissible Stress Design, Materials and
Vorkmwanship., In this case the reduction factors are used to determine grade

stresses (fc) from characteristic values (f
(e

K)'

The characteristic stresses are relevant to the conditions cutlined in Annex 43
,clauvse 43,1. These include bending strength for a cross—section depth of

200 nm and tension strength for a cross—section width of 200 mm.

The grade stresses are relevant to the same conditions as the characteristic

values except that bending and tension stresses are for 300 mm depth or width and

the duration of load is long term. This results in three factors; K., for size,
L for load duration and X, for general safety.

o = fK'KSZ'KLD'KS

=

h

| .
' COMPRESSION
GRADING . TENSION COMPRYSSION ems s
FACTOR it BENDING | . a1 ro PERPENDICULAR
METHOD PARALLEL PARALLEL AT SHEAR
K, VISUAL 0.849 0,925 1.0 1.0
o MACHINE 0.903 - 1.0 1.0
K,y VISUAL 0,563 0.563 0.56% 0.563
. MACHINE | 0.563 0.563 0,563 0.563
Ko VISUAL 0.724 C.724 0.724 0.673
MACHINE | 0.800 | 0.800 0.724 0.673

There is an overridiug adjustment applied to fg_for tension which must not be

greater than 0.5 times fg for bending.



Tt should be noted that BS 5268 gives factors by which the fg values for tension

and bending can be adjusted for the size of member used in the design.

The reduction factors for compression perpendicular and shear stresses are

somewhat arbitrary since no characteristic values for these properties have

heen determined in the UK from tests.
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(g) Stresses for strength classes and the assignment to strength olasses of various

specics and grades were delormined.

(h) Leminoting grades. Factors were determined to ensble permissible shresses For

various zombinstions of grade and purber of laminations to be calculated,

NATERTAT, AND TESITIG

The date used in this analysis was deain from PRLYs databonk of stmicturnl size
test resulise  An outline of the samples used is given in Tedble 1. Altkougn

the samples of timber that wers tosted were subject to some prewselsebion they
nevertheless covered the spectrum of sbrengih likely to be included in commercial
samples of graded timber. The species tested were Suropcan redwooé/wnitewoodg

cemoine-fire

o
&
]
2
o

British grown Deuglas fir and Sitkas spruce and Cancsdian hemefir a

mber was conditioned Yo a moisbure content of some 14 to 17 per cent aund

.‘

1

adures given in BS 5820:197953 Por the
o
o

&
all Tests the grade delermining defect was located within the

o) i

Ty
zone of maximwn stress with the tension sdge seolected at random. Modulus of
elasticity was determined fron shear free deflections measured within the centre
third of the spane The tension tests were made on full crosswgeciion gspecimens

e
with the major defects clear of the grips and the durstion of each test was assin

0 to 15 minubos,

To aszist with some aspects of this anslysis, for example the determination of
ade relativity factors, data from tests carried oul in Canzda were also uscde
e

These samples are listed in Teble 2 and used o rapid proc? loading

method to determine the bending and tension strensth properties at the lower ends
of the distributions of strength for timber conforming ¥o the Canadien ¥IGA stress

gradese. The proof Joad was seb to ochicve sbout a 10 per cent breskage rate
and the species tested were Douglas fip-larch, hemfiy and spruce-pine~firs The
tests were carried out al the sswmills and the timber covered a wide renge in
wisture contents; from 10 per cont to green, and was tested at Yempsratures
ranging from =17 4o 13°C. PFor the bending tests a svan to depth ratio of 17 was
used, the load waz apvlied at the third points of the spsn znd the duration of
test was generzlly less than one minute, No positive action wos teken to locate

the grade dotermining defect in cach picce of timber within the zone of maximum



relative

't(‘,’" o

stress. Centre point deflection

doterninotion of modulus of elastict

supporss

te

5 meazured for the

e

ots were made on Tull

cross~section specinens and the duration of a test was also generally lozs 4
onc minutce ‘Ihe full tesi programse involved some 4000 spocimens bus the nuaaber
of speciment in eich szmple i1s not known,

ARAYYSTS

(a) Charscterigbic wvaluos

The BS f0(8 85 grade pieces were selected out from each sample listed in Tehle 1
and analysed using the 3 poraneter Ueibull function to determine the lower £i0th

ne
(S

percentile bending lue  and mean § owval

Table 36

va

in

Subgegquently the bending stress valunes wers adinghted &
3 n B L I S o o e h - [ 6 's T "'1 On

using the focbor from Fowell and Cusvy o X = (£00/1)

J | T 3 meden g e de g AN L orx ey - - S

sarplee  No adjustumonts for molsiure comtont were ince

7 el 4 g wy e DRSS LR W v C e .
The nodulus of elasgticity velues were adjusted o 18 v
!
using the equotion from Coviagton and Fawell' log 31 =
where M ie meisture content and the oulfixez 1 and 2

moigture cond otively and C

Buropcan rec?.t-.food/ wnitewood
Hemefin

i 4457

iy ac e
SONTWOLLS

Spruces=pine~iy
Other

denobe the lowsr

g Tor each sample glven
o shandard =00

vnere h

G eent
Teser T R (‘{ ( K }
b AU 2 Li} i A
© TR 27

and highew

for all samplez of each specles combinatlion, weighted averages of the adjusted
lower 5 per cont or mean velues were cslculated to debermine characiteristic
values fnk? Ek and Be  Thape valiuew sre given in alle 4.3&% exoept for redwood/
waitewood and Sitka soruce were token from Currny and Fczellb for which they wers
Tirest caloulotoda tenh Aot were roezoricd o include
only specinens from Vih and V1 gualidy »norvecels in tho rebio 5 to 1e Thiz plvesg

samples vhich are morc represeniative of the matorial
then the somples test pro

A

.aﬂ’l

meErc

et

Py



( b) Mean omnll clear bending valucs
Mean bending strength (fﬁc) and modulus of elasticity (ENO) values at 18 per cont
pl wis

moisture content for swall clear specimens were determined from dato given Ty

Torygs For the Forth fmerican species combinations the lests were carricd out

10
DEsSS-78a T using 2 inch sguare gpocimens, whilst for

in North Paerics Lo !

other specics the toots wore cnrried out at PRL using 2 om squore specinens and tie
11 sa

data are i Bulletin 50 OSenseguently two Gifferent approoches wero

veed to debermine the mean values required from the Horth American and
The test dota vere Tor specimons at moisture contends of around 192 par cent and
also at fibre saturation point, nesessitating adjustmente to derive values for
18 per cente Tt was decided %o assums a fibre saturstien point for all species

of 27 per cend moisiurce conitend.

UL data epprotche  Test vslues are given in Table § for the two moisture conditsons

mentioned shove. Also given are the values at 18 per cont moisiure content

-

determined from the eguation

£ 27
foo = exp {1n fg, + {1n fordn ANSU) T

[£ a8

)

wiere £ is bending strength and can he replaced by B thronghout,

‘U is the dry test moisture content and the suffizxes PSP and D dencie

gtrength (or B) at 27 per cont and the dry moisture contenlts remnecthiv rely
153 WV i

North fAmericen dzla approach. To adjust the 2 inch volues 4o 2 om squnre values
the North American data given in Table 6 were multinlied Yy factors taken from

in 50y de 1,053 for bending strenzgth and 0,935 for modulus of elasticity.

<—

Bullel
To adjust to 186 per cent moisture content the bending strength and B values
Tor the 27 per cent moisture condition were miltiplied by a ratio R given in

Teble €. Values of R were determined From

= ratio of 12 per cent moisture content strongth or B 4o values

at fibre soturation point taken From AT D2SG
22

Tohe £ and EHC values for a species combination were then tzken as the mean of
fl (>3
all those volues for the individuval species and are given in Table 7.

wn



(c) Ratios of structural size tost values bo small clear test values
Table 8 shows the rotio of structural size test valuos, fmk' % oand B . Trom
Table 4 to the small clear £, so and ESC values Trom Tebles 5 and 7. Tt can
be seen from Teble § that except for X

B

Douglas fir the ratios do not differ

a
;
)

greatly between speciose. Tt should bhe noted that test evidence {or bolh Dritish
grdhn and Cenadian Douglas fir is available which shows that this sneocies is
currently much overrated for strength in whe naticnal Codes due to ztresses
reing hesed on omall ol Omiiiing Dougles fir, mezn values
of the »atios were given in Teble &o  For all species

whera no structural size excopt Tor North Americen Douslas

Mir. the mean rabtios vere tiplicd by the § snd ¥ walues to determine tho
i a0 a0
haracteristic valuss for the 83 grede which ave iinted in Table 9, I'ow

Tatle § aleo includss the valuves freom Table 4.

For Conadian Dougles fir-lovch, bending sirength and B values for the WLOA SE
o

useds  Jecauvse of differsnces in test methods these shresses may not be directly
compareblie with the U shresaes ailow volotive wirengihs

the three species zroups to be esieblizhid. The shresses in Teble 10 supgoest
the and the species

3

Hemwfip 1077 1.077 1.097
Sprucespine-fir 1044 1137 1125

Applying these ratios to the 855 grade stresses for hem=fir and sprucewpineefin

in Table 9, exd =zvereging the resulis, gives the eirvesses and B velues for S3 ;
j

grade Cansdian Douglas fir-larch includsd in Teble 9. ;
H

For the USA species no structural size test dotevere svaileble and so an indircot

approzon wos used So delcraoine their characteristic valuss., Becanse the U8

and Conadian apecien groups (except Souther pine) have similer species

compositions it was decided that the stresses should be obioined by Feotocing

the corresponding chorvacteristic values for the Conudion spocies

e values for cach of the groups. This modntains

ratiocs of the zmall clear speei
the strength relativity hetween the two sources of supply. The resulting stresses

and E values are alsc given in Toble Ge



Before stress valucs for the other grodes eand propertics were delbermined
consideration was given to a mwber of factors which influenced the volues

Tinally specificd.

1 Values of choracteristio stress are inveriably subiect 4o uncertainty, and

even for cuiie 1 2 samwles the stresses for the 38 grade can Aiffor by moro

then 20 per cont hebueen swmples of the came specics, Therefore sunll
in stress values belween species are veally of ne significance to the

of structures aud to specify stress velues with quite small differences
a practicael inconveniecnce with no real advantage Lo the efficiont use of the

material,

2 The characteristic bending siress of sprucespine~fir is shown from the

o=
5]

Canadian tesis Lo be 4 per cent higher then for hem-firy whilst Lrom the UY teul
it is 6 per cont lower. There is some justification for concluding that this
ioots UK sampling offects which would tond to lower the streng

of spruce-pine~fir coupzred with hom-Sir,

Code commlttes thatl sritish grows Scots plae

3 1% was previcusly
3 7

redwood/vhitanood,

L Yo s Lene PR - - TR AP ot S
oy ¥ should e e same gbress values as Duarol
& b Lowa i

an ey e Yy IR TR PR R -,
and vhat Srit VELUEE 48

Aritish grown

1 b

bending stresses for

4 Canudisn test resulis show that the charscteristic
Douglas firlarch arc higher for the Select grade, bub lower for the No 1, 2

L)

; . . . . 12
and 3 gredes; than those for the saume grades of Hemefir and spruce-pine—fir .

Y

The four poinvs given above were used to moldify some of the vending streugth

values in Toble 9 o produce the assizned values given in Table 11  In general
~
-

NPy : _ A .
the bending stress of 21.6 W/ma” for Buropean redwood/whitewood and for Homfir

obtained from the test results; was teken as the relference level and those speciles
vhose characteristic ponding siress was within + 5 per cent of this were assi

The same valus.

(@) Other propertics and grades
The characieristic siress values for bending, modulus of clasbicity, tension
- . » ' - Lt x i S | . o ..
and compression o grain fer the other grades were obloined by muldiplying
the 855 grade values in Teble 11 by grade relativity fectorz. The relotivity Teotors
t

for the B3 4

1670, NLOA Joist and Plank grades were deternmined in & previous study

[}
4 . . . .
by Curry and Fewell” and are given in Table 12. The grade relatbivity factors for

No 1 and fo 2 grades in teasion differed 1ittle and in line with the Car



test evidonce the same factor wos applied to bothe The relativity factors are
the game Lfor the Joist and Plank and Structural Light Franing grades znd for

both the Canedien FLUA and USA ROIDL grades.

The greade relativity Factors Tor the Light Froming and Stud grades wore oblained
by egtimation from thair specified grade slrength ratios eu relabivity

factors esbabiished Tor the Joist and Plank gradew. These

ars included in
Teble 12, With no fest evidence availsable and in line with Canadisn

B b ers] g . Fal e MW I T, ~ B STyt ey vad v e oo
no tension stresses are given for the o 3 grades; the Lizht Praming znd

g, Mimber of these grades should not be uced in constructions where it wounld

taot o dirceot tension forcog.

[ on
(0]

o £
50
=2

C.ta

o

.,

Characterigtic alress velucs determined using the 35 grede stresses fow the

A =
(e) Grade siress valnes
rade sbress values vere obtained by applying Facbors to lhe chnewraciorisiic

<O ovalues zre relavant to

shresses glven in Tablea 13 &

mmast therelore be adjusted

Joad durabion

gectlon widihe The zeonorael safety factor incorporaies an allowance for the feot
that in OF 1?21 stresses were dotorained from a firvst percent ilc eshimeie insbesd
of the fifth porcontile used here. The following wrises the factcrs for the
different propertics.

Bending strengthe The relevent facltors are
. 0 gt
section depth 0e849 (From X = (200/n) & L Powell 3)

duration of lozd

general safety 0s724

Thus characteristic stresses 4n bending are multinlied by a coxbined Factor of 0,340,

i

Tension strangthe The
-

Quration of load 0555
72

general salety Oy



" Thus

in tenwsion

L {perallel).

duration of

The nt facltors

Comproession

releova
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0724

aroe
Tload

general safety
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. 2
500 N/ NN e

Modulus of clasticity. There
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tension
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as suggested by Fewsll

This sire factor is less
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that wsing larger factors could be ursale due to the

&
test data, seconily it is possible larger factor

Y LY

hardwoods and nachine groded tinber and 4

¥

-

be used for both bending and tension stresses
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A
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complete the
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One effeet of the above doci and tension stresses for the
Structural Light Frosming, Light grades wnich are relevant to
a 38 x 69 mn section size are increascd. Siresses for other scebion sizes of

-

these grade

n

are found Dy multiplying the stresses for the 38 x 89 wm scction

moximum at 72 ma, using the fector ¥ !

midtiplicd

Mot

irdly for gimplicity one efuation could
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A by danoving snnall oend possibly unresl differences s nunber of widely used

specics are assigned the some grode stresses for bending, tonsion ong compresiion

paralisl to the

n which ghould simplify specificabion and supply,

The species are Douglas fir-lorch; hoen-fir and sprucse-pine-~Sir from Comodng
Douglas fireloreh and hem-lir from the USH, larch, Jcots pine and Corsionn
pine from $he UL and Buropsan redwooﬂ/whitowoad;

the grads stresses for

A}

B T
ritish grown ond dwporhoed Dovslas fir have heon

b ly reduced Thig ref] strong evidence, both

v 1

in the UX and Iorih Awverico led siresses ovoerrabe

.t

the strength of the material now b

ing produced,
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{g) Strens

e increasing nu

-
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that the 1o of specifying timber for strucihural

3 ooy i~
necomne more sonnlicnt

In an attempt to ease this situats

. e
a strength class oysiom into 35
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of strens grades end species available in the UX has mennt
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Te approeciate the mejor adventazge of the strenzih class system it wost be uwndersiocod

that
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Therefore to specify o stress grade witll
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cannot hope to coourately enbicipate the changes dn aveilabilily esud movenents
in prices which moy occur in the time interval bolween completing the design

purchasing the Himber.

i

Strength classes erc divisions of timber strength into which species/grade
combinations of similar strenzgih are allocated, One valuo of each strengd
property is eosiguned to all 5peoies'grades in each strength olass, Thuso o
structurel engineer con design to and specify a particular strength class and

allow aveilebilily and price at the time of purchase to deternine the actual
b
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suppliers who will
able to relate thair stocks more easily to specificotions received. OF course

on occasions it wey be necessary Tor the designor to Limit the speoies, as for

example when Gurability or joint strength is importants
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The species grouping wystem in 0P 112 differs from strength olaosves i that 1%

simply groups bvogether timber spacies This Jdoos not allow
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high grades of wenker spacies to be rades of sironser

ir stress values
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of these speciag / gredes, inevitably others are penalised, However, for thoss

spesies which can be mechine groded, machine sebiings con be produced which will

enable a more efficient approach by grading direotly bo the strength class
bouwnbari es.

The strength properities given in

Jor speoi e;:\/ graden wsed in

valoues o 10.0, 75, 9¢3, 4ol and 2.8 n/ ar” for clesses

.
lebermined

el s Copv A
aAe T [ I

L o rmeey ey 3 . . 2 B4 'l .
Cloms valuen for the obher propertics were

Tve in Table 22 for 53_300‘3,8&5/3?360 combinotions with bendi

the lowesd v

values equal to or greater then the bending velue for ihat classe 4n excepbion

.

the lovesht value of o parbiculer property would have

this was nade
penalised the rema 2 specles/grades in vhat oless too severely.  An example

s
R
SO chang

grovm sprace to the Se 2 clus

ito low moduivs o
BS 5268, spesies/zraden weve admitbed to a strengih class if
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ere gilven in Poble 23 and the allocation of me.-uio.f.;/

assigned o the olasst
grades to these closses 1o shown in Tables 24, 25, 26 and 27,

" R 5

The size Taoctors given in arious sizes of MNorth American Light

to calculate atregs

Froming, Stud and Strmcetu Ny Ers

3
L,_)

.

e 4 o b LT 7, - Y 1 . PP | o N afut! S oen e oen < ™ ER TRy oy
values for allocating these sizes and prades Lo The olasses shown in Tebles 26

A

-y
e



(h) Lominating grodes

In CP 112 permisuible stress values for laminated timber were ohbained by il tiplying
the specified beoie strosses for the gpecies by Factors roloted Lo the rradn of
T rrado of

o~

. 1 v qrres HeA R S LN v d e A A I3 . [ e
the timbor veod; ond to the aviber of laminations in the member. For B3 5240
g 12O v T S . R
the 33 prede sbrasnng stresses and 4% io

A new sot of Pfastorns

therefore :pronriate
Ay, e

. L e Y ey 3 NP
baged on the O3 sende obvcone:

) eyt T g R cniem Ty
whers possible the same porm

Tactors for single

EEE N

two grades, are given in

CORCLUGTIONS

ublisaing the procadures used to determine the Code slress values this paper

he responelibllity of producing future revisions.

content of this paper that improvements can still be mads

It is obvicuz fron
t0 the procedures by continued research which will increase the data availsble
L #

inerease Xnowledpe of the factors affecting strength and refine the statistical

technigques usad in the analysis.
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Table 1

TIMBLER SAMPLES TROM UK TESTS

Origin

Nowinal

Nuawbery of pieces

pr

Species of size 1
timber i Bending ! Tension | Compression
Redwooed /whitewood Sweden | 38 x 100 213
38 = 150 485 206
38 = 200 195
50 x 100 104
50 x 150 443
50 x 200 507
50 x 170 7
70 x 195 g3
Finland | 38 x 100 248
38 % 150 245
50 % 200 223
Poland 38 x 1090 199
50 x 100 218
Hew-{ir Canada 44 w 100 167
&4 3 150 124
44 % 200 121
75 % 150 92
75 = 250 91
Spruce~pine-fir (1) ! Canada 38 v 28 3290 213 213
38 ¥ 184 324 215 210
Douglas firv United |38 x 100 253
Kingdom | 47 % 200 218
Sitka spruce United |47 x 228 81
Kingdom [ 72 x 230 36
73 = 154 89

(1)

gample of 7492 picces.

These samples were selected for destructive testing from a larger



Table 2 TIMBER SAMPLES FROM CANADTAN TESTS

rerton | uvpER o
o NLCA S]\;(:J-,f];O:\ I\}_}\ﬂ*]“‘h ‘O‘T
SPECTES CRADE DETIH BENDING

T MM SAMPLES
Douglas fir~larch | SKL 89 2
140 2
184 2
235 2
No 1 89 1
184 1
- 235 1
No 2 89 2
140 2
184 2
235 2
No 3 89 1
140 1
184 1
235 1
Hem—{ir SEL 8¢ i
140 i
184 1
2135 1
No 2 39 1
140 1
184 1
235 1
No 3 39 1
140 1
184 1
235 1
Spruce-pine-fir SEL 89 4
i 140 4
184 4
235 2
No 1 89 2
140 Z
184 2
No 2 89 4
140 4
184 4
235 2
No 3 89 1
140 1
184 1
735 1




Table 3 BEXDING STRENGTH AND MOE LOWER FIFTH PERCENTILES AND
MEAN MOE VALUES PFOR INDIVIDUAL SAMPLES GRADED TO THE

S5 GRADE

Bending Modulus of

. strength elasticity

Nominal = ‘

Species size . - o
™m No of ngc“ No of LY;CT Mean

pleces N);mz pieces N;émz N/ mm?
Redwood /whitewood |38 % 150 126 26,0 126 7143 | 11164
50 % 150 158 23.9 158 7434 10834
50 % 200 132 22.1 132 7510 11302
58 x 170 85 24,0 85 6981 11192
70 x 195 91 23.1 91 7817 11960
38 = 100 54 24,2 54 7043 10373
38 x 150 62 23.4 62 7425 10782
5C x 200 66 | 22.0 66 | 6604 | 10540
Hem—-fir 74 x 150 33 20.2 23 6832 10903
74 x 248 85 22,3 85 7559 116359
44 % 100 149 27.3 4% 8676 13284
44 x 150 112 25.7 112 8243 11508
&ly 3 200 110 21.8 110 8920 12737
Spruce~pine-fir 38 » 88 214 ] 28.6 487 1 7471 111052
38 w 184 264 20.9 575 6368 10045
Douglas fir 38 x 100 84 21.8 &4 6823 11232
47 = 200 130 1 18.8 130 1 7695 411492
Sitka spruce 47 x 228 43 1 16.6 43 1 4606 7521
72 w 230 68 15.5 68 5071 7959
73 w154 57 16.7 57 5860 | 8477

e e e 1




Table 4 WETCHTED MEAN VALUES OF $S GRADE STRUCTURAL
SLZE TEST DATA WITH BENDING STRENGTH ADJUSTED
TO 200 mm DPETH AND MOE ADJUSTED TO 187
MOLSTURYE CONTENT

Characteristic values
for S8 Grade N/mmZ

Species - .
fmk ! E K

=

European

5
redwood/whitewood 21.6 10561 71021

Canadian hem~fir 21,6 11822 7653

Canadian spruce-

bine-fir 20.4 | 10185 | 6664

British grown

Sitka spruce 16.5 7882 2130

British grown

g .
Douglas fir 17.3 11039 7120




"Table

4

)

SMALL CLEAR DATA FROM PRL TESTS

. . Z
Bending strength #/mm

Modulus of slasticity T

N/ o
Species —
Fesp | fo | My [fae [Prsr | By Yy | Psc
Parana pine 52 98 112.0 {76.1 8700 | 10400 1 12.0 1 S680
Pitch pine 66 | 107 |12.0188.2 L0400 [ 12600 112,01 11670
Western red cedar 38 57 (12,0 ] 48.5 | 6800 1 7700 | 12.0 7330
Redwood/whitewood 42 78 |13.3 162.5 [ 7500110160 | 13.3 | 9130
British grown Douglas fir 53 81 |12.0 [73.3 | 8300 ({10300 |12.0 | §5560
British grown larch 50 87 112.9 ;71.2 | 73001 9100 |12.9 | 8400
British grown Scots pine 4t 89 (12,0 y68.4 | 7300100001 12,0 | 8820
British grown Furopean spruca 3 66 133.4 l53.8 63060 | 8500 | 3.4 | 7630
British grown Sitka spruce 34 67 12,2 15101 5900 ¢ 8100 ,12.0 1 7140
British grown Corsican pine 41 81 112,00 | 61,7 | 70007 9200 ) 1Z2.0 ] 8250
e e e 4 s e e e [RUS SUUSN [T P ——

NG
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Table 9 CUHARACTERISTIC VALUES WOR TUE S8 GRADE

Characteristic values
for $$ grade N/mm

Species

fmk E Ek
Redwood /whitewood 21.6 10561 7021
Hem—-{ir (Canada) 21.6 11822 7953
Spruce-pine~fiy (Can) 20.4 10185 Co64
Sitka spruce (BG) 16.5 7882 5130
Douglas fir (BG) 17.9 11019 7120
Western red cedar 16.5 8356 5571
Corsican pine (BG) 21.0 9405 6270
Parana pine 25.9 11035 7357
Pitch pine 30.0 13304 8869
Douglas fir-Jlarch (Can) 22.4 12160 8110
Douglas fir-larch (USA) 20.4 11115 7413
Hem~-£fir (USA) 20,7 10976 7384
Westeyn whitewoods (USA) 1.1 8911 5831
Southern pine 27.8 12526 8351

Table 10 CHARACTERISTIC VALUES FOR THE NLG, SELECT
GRADE FROM CANADIAN IN-GRADE TLST DATA

Sel grade

Species o i

Douglas fir-larch | 23,9 12620 5380
Hem-fir 22,2 11720 8550
Spruce—-pine—fir 22.9 11100 8340




Table tt CALCULATED AND ASSICHED VALUES OF STRESS N/ “C“ THE

55 GRADE ()I‘ ZS A5, W 1 ORDE O"‘ I]’:?G TRESS

TNDING S

SPRCTES

.f‘ oy WLt
Tmk
S U NRUU SN SES
valculated

R b i i o g A S T

Pitch pine 30,0

Southorn pine {(USA) 278
Parena pionc 25e9
Touslas feeloreh (O ,

Douvglas fHr-larch (&) 2264

Hea-fir (C) 21.6 5 TS5 3

Redw ooq;

(54 .
weots pin

A%
—x
o
G
%]
—
-

%]
”
]
N
EY
-

Corsicon sine (bu

Hem-fir {(U34) o

(]
-]
-3
no
—
E ]
LAY SN A W 3N
—_—
<
D
-1
i)
——

Douglas

Snruce 2004 216 10185 564
Jarter 16,1 19,1 8911 1 883
Sie (50 17.9 177G 11016 1120
road cadar 16,5 16,5 5356 5571
Buropsan epruce (50
Sithe spruvce (B2 6.5 1665 7832 5130
Bl . wonpd S L ntiiotrd s H




Table 2 BADE RELATIVIVNY WACTORS THDEXED TO PHE 83 ORADE
CHARACTERTSTIC RENDITG STREDSS
T
NIGA AMD ITG&DL
BS 4919 JOIZ AND ¥
JOIST AND PLA .
0T PRANTHA

PROPERTY STRUCTURAL TAGHT MaAdTic LIGHT FRACING

N . STUD
55 G REN! o g ilo 2 o 3 Conat 5L Util

Bendiﬁg 1000 Oo?‘f f;evOr( Oc.- f’l) 0075 OG 55 006:\) 947 Oa 37 0955

Tension 0:.63 | 051 | 076 | 053 | 0.53 - - - - -
Compression {Far)| 0.90 | 0.77 | 1.00 | 0.90 | 0.78 | 0.60 | 0.69 0.52 § 0,38 | 0,60
Mean W 1.00 | 0.84 | 1,01 | 0.90 | .90 | 0.87 1 0.29 L1 087 ] 0.27
Min B 1.00 0,83 .05 0,40 0.90 | 0.80 0.90 G 87 0.87 0.8%

Fevgsan
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Table

4 CUARAGTERISTIC SURFICET VALUSS WOR 985 CANADTAN WLGA JOIST AND
PLANK AND STRUCTURAL TIGHT PRAMINC GRADES
SPRCTIS
FHOFERTY GO pouoras wie | | SPRUGE-PINE-
LARCH et L IR

Bandi g Gl 2331 c_.,)e'i 23‘-1
No 1 16,2 16,2 162
¥o 2 162 1642 16,2
No 3 11.9 11.9 11.9

Tenaion Sel 1644 1644 164
o 1 1145 1165 1.5
No 2 115 1165 1.5
Vo 3 - - -

Compression Parallel | Sel 216 27,6 21.6
No 1 19@4 ,5951’1. 19»4
Ho 2 16»9 1609 1609
o 3 13:.0 12.0 13

Mean B sel | ipese 11940 ?oedz
Yo 1 10944 10640 9167
No 2 10944 10640 9167
No 3 10579 10255 8861

Min B Jel 8516 8351 6957
No 1 7299 7158 5998
No 2 7299 7158 5998
Wo 3 6458 6362 5331




St
=
S b
&
2

SUREACTH

TOAND PLAW

UA]iHS

’() i W H UEA

] u\I Gzzlil}lz:j

e

DL P

Southern
DT

PROPERTY GRADE " las —
ovglas Tir- , . lostar:
o Honwli | romRen
whitewoeods
e e
Bonding Sol 23,1 23 20.4
No 1 !{),2 16‘,"(;’ 1:'},3
by

Y RSPt ke ko i e of
'

29,0
0.
209

D2
NG

153

ST RS

(AN
™ O

-1 =2

[

A2
N
oY)

(@]

— b - SR RSN
Tension 82l 16,4 16 .4 14.65 21 .1

T 1 e ] ‘

Ho 1 1.5 1165 1C0.1 14,7

- ~ P . - I 2

Ho 2 115 1.5 101 14,7

Mo 3 - - - -
Conﬁr~hu_on Sal 21,8

parallel .

o i 19.4

e 2 16.9

o 3 3.0
s et S 8 88 5 e 7 P
Hiwan B Sel 11220

o 1 10004 GG 8020 TAETS

o 2 10004 a8 A0:0 19273

o 3 5570 5549 | 1753 10895

R et EL I R Mn”mr.rgu‘rxamowrnwnm- B s e

Win B Sel T34 Ti53 8123 3765

e ]
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Table {6 CHARA PTG STRENGTH VALUES PO THE CANADIAN HLGA LICHT
F'Adln? dAD“

SPECIES
PROPERY RADE : o .
PROPERTY CRAY DOVGLAS ¥R | oo oo | SURUUH-PINE-
LAREH e FI}

Bending Const 13.6 13.6 13.6
gtd 10.2 G, 2 10.2

Uil 8.0 8.0 3.0

Shud 11.9 1.9 1.9

Compression Conpt 14.9 149 14.9
paraliel 5ta 1.2 112 1.2
IJ‘ull ._302 892 802

Stud 13.0 13.0 13.0

Mesn B Const 10322 105eR 055
5td 10579 10235 3361

Util 10579 OQC’ 5861

Stud 10579 10255 3861

Min I Const © 7299 7153 R0G3
atad 7055 6919 5763

Util 7056 6919 5793

Stud 6354 6760 5644



Table {7

CHARACTERISTIC

STRENGTHE VALUKS

IPOR THE USA NGRDL LI

Gy

FRANING GRADES

r‘«umuw T A
SPRCTIS
IOPRRTY R ' ‘
I ;101 LR G‘L../LD.’J DOUG TAY T Re e r..“‘"f:\»"]_‘}_;;:‘ﬁ‘f SOT\,FPH”‘_‘
LARCH Hlital—' TH g Py
Bending Const 13.6 13.6 12.0 1765
Std 0.2 10,7 G0 1301
Uil 5.0 8.0 Ta1 6.3
Stud /f'!eg 11@9 1005 iSc?:
Comprossien Conet 14.G 4.9 13.2 19. 2
parallel St 11.2 1.2 G.9 4.5
Uil e 2 3e2 To3 10.6
Stud 13:0 13.0 115 1047
Wean I Const G392 9769 7931
Std, 9670 9545 7153
Util 9670 9549 7753
Stud 9670 954G 7753
Min R Gonat 6672 6646 5243
6449 6424 5073
6449 6424 5073
6301 5270 AS55
b L D LT i PR T e e T S B s S LSBT A TEL TR e T b IR T b )

A T M T R A I T e S B T e 7

A
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Tabde 18 Grade sivesses for softwoods: graded to BS 4978 rules: for the dry exposure condifion

Modalus of

Campression clasticity
Bemding Tension . Shicar I -
parallel puaraliel Parallel  Pespendicutar— parallel
Standard name Grade 1 gruin® fu grain® to prain 0 grain** fo rain Menn Mindnra
N/nim? N/mun? N/ mm? Nsmm? N/t N/ o N/mm?
Hedwood whitewood S5/RISS 7.5 4.5 74 21 {0.82 L0500 TOM
(anporied and GS/MOS 5.3 iz 6.8 {.8 0.82 G006 GO0
Seots piie, N75 10.0 6.0 8.7 2.4 1.22 11000 7000
(British-grawn) M5O 6.6 4.0 7.3 2.1 (.82 $060 6300
Corsiean pine 3S/NSS 7% 4.5 7.9 2.0 0.82 9500 G500
(Britishi-growa) GS/AGE 5.3 1.2 6.5 0.8 (.82 OGO 5000
N5 10.0 6.0 8.7 2.4 1.33 10500 FO00
NSO 6.6 4.0 7.3 2.0 0.83 w00 53500
Sitla speace and SS/NSS 5.7 34 6. 1.6 0.64 8000 5000
Earepean spriree GS/AMGS 4.1 2.5 52 1.4 (.64 6500 4300
(British-grown) S 0.6 4.0 . 1.8 1.02 9000 GO0
M50 4.5 2.9 5.5 1.6 0.64 7500 5000
Douglas fir SS/MSS 6.2 37 6.6 2.4 0.88 HCOO 7000
{Hritish-grown) GSAMGS 4.4 2.6 5.6 2.1 0,88 o360 6000
E M73 10.0 6.0 8.7 2.9 1.4] 11004 7500
M0 6.6 4.0 7.3 24 0.88 9500 G000
Larch S8 7.5 4.5 7.9 2.1 .82 10500 000
{British-grown} GS 53 12 6.8 1.5 0.82 SGO0 6000
Paranu pine SS 2.0 5.4 2.5 2.4 1.03 11009 7500
(Emportedi GSs 6.4 kR i 2.2 1.03 9560 G000
Piteh pine S8 10.5 6.3 1.0 3.2 1.16 13500 9000
(Curibbean) Gs 7.4 4.4 9.4 2.8 1.16 {1000 500
Woestern red cedar S8 5.7 34 6.1 1.7 0.63 8500 5500
(Imported) GS 4.1 C2s 5.2 1.6 0.63 To00 - 4500
Douglas fis-farch S8 7.5 4.5 7.9 2.4 0.35 G0 7500
(Canada} GSs b 2 6.8 2.2 0.35 10000 6500
Douglas fir-tareh S5 7.5 4.5 7.9 2.4 0.85 11060 7500
(UKA) GS 5.3 3z 0.4 22 0.85 9500 6060
Bem-fir S8/NISS 7.5 4.5 7.9 1.9 G.68 {1000 7500
anada) GS/AMGS 5.3 3.2 6.8 1.7 0.68 QGO0 6040
M5 10.0 6.0 9.3 2.4 113 12000 3000
M30 6.6 4.0 7.7 2.1 0.71 L3500 OO0
Hem-fis $% 75 4.5 7.9 L9 6.68 11000 7508
{USA) Gs 5.3 3.2 6.8 1.7 0.68 000 6000
Sprace-pine-fir ERTAYR 7.5 4.5 7.9 1.8 0.68 10000 6500
(Canada) GS/MOS 5.3 3.2 6.8 i.6 0.68 8500 5500
M75 9.7 5.8 8.5 2.1 110 10500 7000
M50 6.2 37 7.1 1.8 0,08 S0() 8500
Western whitewoods S8 6.6 4.0 7.0 1.7 0.66 90u0 O00%
(USA) as 4.7 2.8 6.0 1.5 0.66 7500 S006G
Southern pine SS 9.6 5.8 1.2 2.5 0.98 12500 3500
{LSA) GS 6.8 4.1 8.7 2.2 0.98 10500 7000

*Suresses applicidle 1o timber 300w deep (or wide):
**Whea the specifications speeifivally prohubit wane at bearing areas the S8 grade compression perpeidicular (o the grain stress may be mulliphicd
by 1.33 and used for abl grades.



Pable 12 Grade stresses for Canadiag sofiw ooy graded (o NLGA rales: for the ary exposure condition

Maodilus of

Compression elasticity
tending Tension e e e Skeur e e
Stundurd paritlici paraile! Paraflel Perperdicalar parallel
nitme Grade to prain o priin fo prain o priine 1o yrain Mean Minfmum
Nomem? Mum? NAnunt Nmm? N/num® N/t NAmm?
Pouglas-fir-fusch J&pe
Sei 5.0 6.2 8.8 2.7 0.93 12500 A3500
No | 5.6 4.3 7.9 2.7 0.92 100 7500
Mo 2 3.6 4.2 0.4 2.4 .93 1Honn 7500
Mo 3 41 5.3 I 0.51 10500 i
SEF
Sei 498 7.1 £.8 2.1 (.93 12560 85600
No 1 G} 4.9 7.9 2.7 0.43 F1000 7500
No 2 Gt 4.9 ¢.9 2.4 0.93 FHOGD 7500
No 2 4.7 - 5.3 1.8 (.61 10560 6500

Iy
Const
Sud

0.93 11000 7500
0.93 10500 it

(SO Y
bt > .
[
.ot
ey g TN
v
Lo N ]
Eos

U e 4 1.8 G.61 10509 TO00
STUns 4.7 e 5.2 1.8 0,61 10300 7000
Hem-fir F& P

Sel 8.0 6.2 8.8 2.1 0.71 12660 8500
No } 5.6 4.3 N 2.1 0.71 10300 000
No 2 3.8 4.3 0.9 1.8 .71 13500 TO0G
No 3 4.1 — 5.3 1.4 0.47 10560 G560
SLp*

Sel ES] 7.1 8.8 2.0 a7 12000 5300
Mol G4 4.9 1.9 2.1 071 HOF00 TOuU
No 2 6.4 4.9 6.9 P8 0.7 13560 00
Mo 3 A7 — 53 1.4 0,47 1360 G300

L=
Const 5.4 — 6.1

Sud 4.0 - 4.6

Liil 3.2 - 3

i 0.71 1500 000
9 0.71 10500 704G
4 .47 {0300 7000

- R

sTeD. 4.7 5.3 1.4 G.47 10500 7000
Spruce-pine-fiy J & pr
Sel 5.0 £S5
Nu 1 5.6 7.9
No 2 5.6 E 6.9
No 3 4.1 — 5.3

& 0.68 HE05 7000
8 (.68 Q000 5000
R4 0.68 000 G000
.2 0.43 600 5500

=
[

a3
w

Rk e e
L

SLE**

Sel 9.1 7.1 8.3 1.8 (.63 10560 000
No ) 6.4 4. 7.9 i.8 0.68 9600 6000
No 2 6.4 4.9 6.9 1.6 09.68 2000 600G

1

No 3 4.7 -— 5.3 1.2 0.45 G000 S500
Const 5.4 e 6.1 1.8 0.58 000 GONn
Std 4.0 — 4.6 16 0.68 9000 GOGO
Uil 3z —— 34 1.2 0,45 2000 600

EY NS 4.7 — 5.3 1.2 0.45 G000 3500

&P, Joist and Plant Grades: stresses appilcable to timber with cross-sectional dimensione areater (han or equal
w3 mon o« 1 aun
TYSLEL Swrucieral Light Froming Grades: stresses epolicable (o tmbe of 38 mm » 59 mm cross seetion: for other scelion sizes see
Tabie 21,

LY. Light Framing and Stud Grades: stvesses appliveble to thober 3% mony 0 B9 aus crase section: for other section sizoy sce Tobie
21

When the specifications speaifically prohibit wane ar bearing areas the &% arade compression perpendicular (o the grain sivess nay

be maudtiplied by 1,33 and ueed Tor afl evades,
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Table 20 Gaude stresses for USA softv oods: praded to NGRDL rules: Yor the dry exposare condition

Muadulns of

Campression chactiviny
Bewmling Temion e e et Shear e e
Standand paraiicl parabiel 1 el Perpemdicalar parudiel
nume Grade lu grain o prain o pradin tu prain- 1o prain Afean Minimum
NAnm? Nonmd Nonm? NAnm? NAmm? NAnm? Nomm?
Dauglas-lie-Laeeh J&p
Sel 8.0 6.2 8.8 2.4 0.85 N K]
Mo | 5.6 4.3 7.9 24 T 088 10000 6500
No 2 80 4.3 6.9 22 .85 10000 G500
No 3 1.1 - 5.3 1.6 0.56 9300 GO0
SLE
Sei 9.1 7 88 2.4 0.43 11000 Ri¥IN
No i 6.4 4.9 7.9 24 Q.85 OO0 hian
No o2 S 4.9 6.9 2.2 Q.85 10:00) 630
No 3 4.7 - 5.3 1.6 0.56 9560 GO0
LB
Const 54 -— 6.1 z.4 0.85 HOU0Q G500
Sud 4.0 - 4.6 2.2 0.85 9500 6503
Uil 32 — 34 1.6 0.56 9500 G800
srune 4.7 —_ 53 i.6 (.56 Q500 0500
Hem-fir J& B
Sel 8.0 6.2 83 L9 0.68 11004 SO0
No ! 5.6 4.3 7.9 1.9 0.68 LOG3) 6500
No 2 5.6 4.1 6.9 1.7 G.068 [[EeRR] 6500
- el 4.1 — 5.3 1.3 0.45 G300 [{ve]
SLiee
Sel 9.1 7.1 8.8 1.9 0.63 LHXD RN
ho } 6.4 +.9 1.9 1.9 .68 [[ee] 65
No 2 6.4 4.9 6.9 1.7 0.68 HEY 6500
No 3 4.7 — 53 1.3 0.45 9300 60K
| %2
Const 5.4 - 6.1 1.9 .68 1000G 650
Sred 4.0 - 4.6 1.7 Q.68 9500 (o]
Uil 12 — 34 1.3 0.45 9500 65U
STUmy 5.7 - 5.3 1.3 G.45 9500 (33441
Wostern J&mM
wliitewaods Sel 7.1 53 7.5 i.? .66 PECH (AL LS
N} 5.0 138 1.0 1.7 Q.68 000 SO0
No 2 5.0 1.8 6.1 [5 0.66 ©ORLNN 000
No 3 3.4 — 4.7 1.1 C 044 8 ENes)
SEE*
Sel g1 6.3 1.8 1.7 0.66 9011 60060
No | 57 1.3 7.0 1.7 0.66 EO00 S
No 2 5.7 4.2 6.1 £.5 0.06 GO0 SO0
No 3 4.1 — 4.7 1.1 .44 8000 45G0
LE*
Const 4.8 e 5.4 i.7 0.66 8000 5000
Sid 3.5 — 4, 1.5 0.66 K000 5000
Uil Z.8 .- 3.0 iR 0.44 5000 SO0
ST 4.1 - 4.7 . 11 0,44 8000 5000
Sunuthern pine J& P
Sel 10.3 8.0 1.3 2.5 0.98 12500 9000
No | 7.2 55 10.2 2.5 0.98 11500 7500
No 2 7.2 5.5 8.9 2.2 0.98 11500 7500
No 3 5.3 — 6.8 1.7 .64 11009 6400
SLF '
Sel 1.7 9.1 1.3 2.5 0.98 12500 9000
No | 8.2 6.3 10.2 25 0.93 LEs0D 7500
No 2 8.2 6.3 8.9 2.2 0.98 11500 7500
No 1l 6.0 - 6.8 1 0.64 11000 65040
¥
Const 6.3 - 1.8 2.5 0.98 [$0NG 7500
Sud 5 —_ 5.9 22 0.98 11400 7500
Uit 4.1 —_ 4.3 1.7 0.64 jlo0a 750
srons 6.0 - 6.8 1.7 0.64 11000 000

3 & P Joistand Plant Grades: streases applicabls to timber with cross-aectional dintensions greater thaa o squal

1038 im0 FId man,

s Btradturad Dight Praming Grades: stroveey aprhoably to tnsber of 38 mm # 59 pun eross savtion: far other section sizes see
Table 21,

LhBaght Framieg and Sted Grados: stresses applicable Lo tmber 38 nun < 89 man cross section: bor other sestion sizes see Table
2L

When the speafivations speaficety prahileg wane al bearing areas tie 58 prade compression perpeisdicular 1o the friain slrees may

Do nitaphod By 13 aad vty qd) [RNTHEN
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TABLE 21. MODIFICATION 3 ‘\( IO SOBY wIen g STREGSES IN TABLE 510 AND 20
SHOULD BE ““I TIPLIED vop & TTONS OTIER ThHAN 33 wm x d‘) i
Section  Grade Bendiay T Tedsion Cotsresslon Meduiug
size parallel  parallel parvallel ot
ey Lo grain  to graln  ro grala elasticiyy
5 “14 “10 o
38 x 38 sLE .
) .10 1.08 1,05 1.0
No, 1 1.10 1.05 1,24 1.0
Heo 2 1,10 1.05 1.35 1.0
Ho. 3 1,10 - 1.55 1.0
L¥
Const  0.$0 ~ 1.0 1.0
Sed 0.73 - 1.0 1.0
Uedl 0,50 - 0.65 1.0
STUD 1.10 - 1.55 1.0
37263 SiE " h
Sel 05 1.05 1.05 1.0
Hoo I 1,05 1.05 1.20 .G
No, 2 .05 1.05 .35 1.0
Hoo 3 1,05 - 1.55 1.0
LF '
Conszt  0.80 ~ 3.0 1.3
Std 0.95 - 1.0 1.3
Ueil 0.60 - 0.73 1.0
st 508 - 1.35 Lot
63w 68 T T —
1,05 1.0
1.20 1.0
1.35 1.¢
1.55 1.0
Conat 0,80 “ 1.0 1.0
Std 0.95 - 1.0 1.0
Gesl 0.60 ~ 0.75 1.0
STt 1.05 - 1.35 1.0
ST - =
anvl Sal 0.95 0.75 1.0 1.0
9 2 8% No. 1 0.40 0.30 1.0 0.280
Na, 2 0,40 0.30 L.0 0.80
Ho. 3 0,35 - 1.0 1.0
STUD G.35 - 1.0 1.0
TSI Ty 1,33 B O R
uad
38 x 140 e _ N _
NOTE. For gradeg and properties nor sted and for 38 mn X 89 ma cross
sections the modificarion factor has the valye <005 thac is, wo madillcacion
of the tabulared Siresses (s raguirved,




fable 22 (Sheet 1) SPRULES AND GRADES SRR

Species

-,

Scuthern pine

Pitch pine

. fymen n . . 4 PRI o
Seuthern pire (USA) SEL--J7? 103 11.3 0.98
e . [ ot ey e " ;o 4

Hen—-{inr {CA) RS 0. Yed e 13

ey

BG Douplas Tir I

0
Ge 0 Bo
Q

— =3
-
Lo
e

{
R/ﬂ, Scots pine & larch 15

{

!

#: Coraicon ping e T0. 0 8.7 Te33 10500 (OO0
8 8@8 0093) 122‘32 S ] \J

OOND
- =
—
[0l
-
(N
—
o
<
—
<
[N
[
%

OO0

55 9.6 10.2 0. 58 12526
9,1 8.8 071 11940
a1 £.8 0,068 10257
Q.1 8.8 0. 35 11224
SRL-SLA Ge 8.8 0. 68 11086 T5A
85 9.0 9.5 1.03 11035 f25]
° 1
Southern ovina Ho 1--5L1 8.2 10, 2 e G 11273 P515

Youthern pine Ho 28150 8.2 5,0 0. 98 11273 TH16

oo
a
—_
2
°
oo
<
.
Ch
Y
O
[
(]
ot
(02
.
A

PO IS RPN B TEIULR k @ Lo it
Wodhitewcod (UsA) SEL-3LE

hY

- £y PR - e ~ Iy z_jlr_-/-‘{
irelaren {CAN) SRL-JP a8 G.93 Te2ne GH106

o

Pouglas

o
-

3.8 O 11940 £351
10287 5997
8.8 0,865 11226 T184
8.8 0. 68 14056 1753
7.9 0.85 12160 8110
11115 T413

43

r
fem—-7ir (CAN) SELemd P
Sproce—pine-fir (CAN) SEL--JP
nowglas firelarch (ULA, STLJP
Hom-fir (US4) SFLJP

Dovglas fir~larch {CAN) 58
{

coooO O O
m o
o2
<
N
Zo

- O > o
L] - »
oW

,
<
i
e
S
24
w
.-.._4"
.
_—
.
O
~
<
a
-y
=
WA

Trouglas fir-larch
HomwTir (CAN) : 55

Hem—fir (USA) i

-1
L

-l
s

-3
-
LSRN
—_—
.
oG
o]
o
N
&

T . - N . “ . - Faw - r - ey atw - o A
R/4, Seols plac & lorch 33 {5 {+G 0.82 0561 {Cen
BG Corsican pine 88 Te5 1.9 Q.82 G405 206

. Y PR e - .
Spruce-~pline-Tin (ka; a5 {eh [

I ND
«
-
c
e
-
J—
-
b
—
LS
O
—

Piteh pine G5 Tod) 9. ¢
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TABLE 24 SOFTWQOD SPECIES/GRADE COMBINATIONS WHICH SATISFY THE REQUIREMENTS
FOR STRENGTH CLASSES: GRADED TO BS 49738

Standard name Strensch class

SCl 5C2 SC3 SCA SCS
Imporced
Parava Pine GS ss
Pitch Pine {(Caribbean) GS 38
Redwood GS/M50 58 M73
Whitowood 3S/150 55 75
Vestarn Red Cadar C5 SS
Douglaa Plr-Laveh (Cianada) GS SS
Bouplas Fipr-Lavzsh (US4) GS 5SS
Hew- iz Canada) : GS/M30 35 U735
HJem=¥ir (USA) GS 53
Spruce-Pilue~-Fir (Canada) . GS/MEQ §5/M75
Wescern Whicewoods (USA) GS 55
Southaera Plone {(USA) GS 58
bricicsh grown
Douglas Flr GS H50/85 M7 5
Larch GS 58
Scots Vine G3/%33 38 M75
Corsican Pipe GS M50 58 M75
European Spruce GS M50/88 MTS
Sitka Spruce GS M33/85  MT5

Machine grades MGS and MSS are interchangeable with GS and S8 grades
respectively.

A specicgs/grade combination from a higher strength class may be
used where a lower strength class is specified.



TABLE 25 NORTH AMERICAN SOFTHCOD SPECIES/GRADE
REQUIREMENTS FOR STRENGTH CMuSSuS: qLGA AND HGRDL JOIL3T

COMBINATIONS WHICH SATTSFY THE

AND PLANE GRADES

s

Standard nanme Strenzth gla

and origzin

5Cl SC2 5¢3 SC4 SCS
Douglas Fir-Lazch (Canada) No. 3 No. 1, No. 2 Sel
Douglas Fir-Larch (USA) No. 3 7 - No. 1, No. 2 Sel
Bem~¥ir {(Canada) No, 3 No. 1, ¥o. 2 Sel
Hem-Fir (USA) No. 3 No., i1, No. 2 Sel
Spruce~Pine~Fir (Canada) No. 3 No. 1, No. 2 Sel
Western Wniltewoods (USA) Ne. 3 No, 1, Sel

Ne. 2

Southern Ping (USA) Ho. 1, Ho. 2, No. 3 Sel

A species/erade coubination from a higher streugeh class
used where a lowey strezogth class is speciiiec.

These cla
1% mm.

{fications apply only to timber of a size not

Note that Joist and Plank No. 3 grade should not be used

may be

less than 38 wm x

for tension members



Table 26 Novth Americnn soffvond spevies/erades which so
NLGA sed NGRDL structers] lig

Seclion sire
Aciual

38 mm x 89 mum

38 nam X 3% mm

¥ mm % 63 run

63 mm X 62 i

Stasuekard ning

woand arigin

LA

Sriength ¢lass

03

sty the regricements for strength o
niframing prides

fisses:

Douglys fir-izreh (Cunuda) No 3 - No t, No 2 Sel -
Bouglss firdarch (1754 No i - Na 1, No 2 Sel e
Hem-fiy {Canaday No 3 — No i, No?2 Sci .
Hem-fir USA No ol - Mo, No 2 Sel ——
Spruce-pine-fir {(Cannday No 3 No |, No 2 Sel -—
Westers Whitewoods tUSA) No 3 No |, No2 Sel - —
Southern pine (LSAY - - No i, No 2, No 3 — Sel
Douglas fir-darch (Camuda) No 3 - No 1, No 2 Sel -—
Douglas fir-larch (LSA) Na 3 - Mo 1, No2 Sel —
Hem-fir {Canada) No 3 — No i, No?2 Sel -
Hem-fir (U154 No 3 — Ne |, No 2 Sel -
Spruce-pine-fir (Canadio No 3 ~-- Me ], Ne 2 Sel -
Western Whitowoods (USAY No 3 Ne i, Ne 2 Sel — -
Scutiern pine (USA) - e No 3 No i, No 2 Set
I r-larvh (Canada) MNol e No |, Ng 2 Sud -
Douglas Jir-lasoh (USA) No i — Mo |, Ng 2 Sei —
Hem-Tir (Canoda) N 3 —_— No t, No 2 Sel -

Hem-fir (USA) No 3 - MNo |, Me 2 Sel —
Spruce-ping-fir (Comdia N 3 - No b, No 2 Sei -
Western Whitewoods {LSA} No 2 No |, No 2 Set - —
Scuihern pine (USA) - — wNo ol No i, No 2 Seol
Dougias i N 3 e Sel - o
Douglas fir-lareh (USA) No 3 - Se! - -

Hem-Nir (Canada) No 3 — Set - e
Hem-Ta (Lisa) No 2 - Sel - s
Sprace-pme-fir (Candn) Nao 2 — Sel — -
Western Whitewoods ({1SA) N 3 — Sel e -
Southern pine (LUSA) —_ — No 3 o Sel

03 mm X 89 mm
and
&9 mimr x B9 iy

A specics/grade combination from o higher serons
Note that Strucoerad Light Framing No 3 grade shos

The size modification Mactors frem Tabie 21 are included

classes,

Douglay fir-la
Douglas fir-la
Hem-fir {Can

foh (Comddy)

Hem-ir (1JSA)

Spruce-pine-ti

Woestern Whis

Souihern pine (USA)

redy (L Ay -
ada) -
r{Canday? -
ewonds (LUSA) -

1

1

i th

Sel

ith class may be used where a lawer streng

a0t be wsed for tension members,

b class s specified.

€ stresses used Lo assign these species/grades combinations to the strength



A

Table 27 North American sottwood species/grades which satisry the requirements for strengith
classes: NLGA nud NGRDL fight framing and stad grades

Seetian size
Actud

Standard nane and origin

3B s X 89

Prouglas fir-Loeh (Canada)
Zougtas fie-larel (LISA)Y
Hem-fir (Canada)

Hem-fir UISA
Spruce-pine-fir (Cauadin
Western Whitcwoods (LISA)
Southern pine (USA)

M onum % Momm

Dauglas lic-lareh (Canadiy
Douglas lir-larch (1JSA)
Hem-fie ¢Canada)

Hem-Tir (L5A)
Spruce-pine-fiv (Canuda)
Western Whitewoods (U5a)
Southerny pine (U5A)

Streapth class

5C3

SCt sC2 5C3 5C4

Sud, Stud, Ll Const —— ~
Std, Stad, Ul Const — -
S, Stad, thii Const e -
S, Swad, Lhil Const - —
Std, Sted, Ul Coist — -
Std, Stud Const — —
Lt Sid Const, Stud -

Stusd Const — -
Studd Const — e
Stusd Const — -
Stand Cunst — -
Stud Const - -
Const, Stud — - —
Sid — Const, Stud —

8 mm X 63 s

Douglas fir-larch {Canuda)
Draughs lir-barch (USA}
Hen-fir (Cansdy)

Hem-fie (USA)Y
Spruce-pine-1ic (Canadg)
Western Whitewoods (USA}

Cons, Sid, Siud
Const, Std, Stud
Const, Std, Stud
Canst, Sud, Stud
Cunst, Sud, Stad
Const, Sid, Stud

Southern pine (USAY — Const, Sid Swud nam -
43 e X 63 mm Douglus fir-larch (Canada} Const, Sid, St — -— — —
Daougias fir-larch (USA) Const, Std, Stud — e — -
Bem-fir (Canada) Const, Sud, Stud — — — —
Hem-{ir {USA; Const, Sil, Stud —_ — — —
Spruce-pine-Tir (Canada) Const, Sid, Stud - - — —
Western Whitewoods (LISA) Const, Sid, Stud - — — —_—
Southern pine (USA) e Const, Sid Swd — —
63 mm x 89 mm Douglas (ir-lacch (Canada) Sid, Udl Const — — —_
a } Daugias Iir-larch (USA) S, Uil Const — - —
BY inm x §Y mm Hem-fir {Canada) Sed, Wil Canslt — —-— —
Hem-fir (USA) Std, Uil Const — — —
Spruce-pine-fir (Canada) Sid, Uit Const - - ~—
Western Whitewaeds (USA) Sid Const — — -
Southern pine {LUSA) Lhit Sid Canst - -
38 mmox (14 mm Douglas Tir-larch (Canada) Stud - — — —
and Douglas fir-farch (USA) Stud — v - —
38 mam X 14U man* Hem-tir (Canada) Stud — — o —
Pem-fiv (LISA) Stud - — —- —
Spruce-pine-fir (Canada} Swud -~ — w— —
Western Whitewoods ([JSA) Stud — — — —
Southern pine {15.4) Stud — —— -

A species/grade combination fTom a higher strength class may be used where a lower strength class is specified.

*Available in Stud grade only.

Note that Light Framing and Stud grudes shoukl not be used for tension members,

The size modification factors rrom Table 21

the strength classes.

are included in the stresses wsed 1o assign these species/grades eombinations o
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[ VALUES G MODIIICATION PACTORS

LAMTTATPTON i
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i Bending | Yonsion Compransion | Compression S ‘OCdéu’

- par perp iy oL
Elasticity
& d - 4 p - -
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Bty G ; i e y =

LB il (L) e db
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I the cross-section at both cages should be of the higher grade,

1 .
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of TRADA's current programme of

worlk on chsrvacleristic properti

Limberworik. The programue of work consisils of twe projects; one
pavrtly financed by the U.X. Government Department of the Envirvouwent
(D.0.E.) and the other partly fiuanced by the Commission of the Furopean
Communitics . B.Co ). Within Dboth the D,0.E. and C.E.C, projects the

following

material propeviies ore being cellocted as input data to

analytical models used to predict characteristic properties of nailed or

Tolted joints:

(i) load-embedment velationships Tor nails or bolls bearing on various
solid timhers, varvions plywoods and lempered hardboard,
(i1) diameters, bending yield sitresses and bending clastic meduli for
bright wire c¢iveular nails,
(iji) diametcrs, tensile yield stvesses, tensile vltimste strengths and

tensile elastic moduli for black bolis,

Fophasis is being placed within the D.0.E. project upon timber species most
specifically zelevantl to U.K. construction; DBritish-grown sitka spruce and
scots pine, greepheart and keruing; and 16 grade tempered havdbhoard,
Emphasis is being placed within the C.E.C, project upon timber species and
plywnods of common intevest to all Buropean countries: Furopeaun redwood,
Furopean whitewood, Canadian spruce-pine-fir and plywoods: Finmish birch,

Finnish suvruce, French pine and Canadian Douplas~fir,

The remainder of this paper is devoted to presentation and analysis of

resulis from bending {ests on bright wire circular nails.

Obiectives and scepe of nall bending fesis

The objectives of nail tests are:

(a) Estiwation of statistical variations in diameters, yleld stresses and

elastic moduli between manufacturers (within U.K., and between countries
; . s N , ...+
of the Buopean . Communities; and within and between batches of nails,

+ . . . . .
A balch of nails is here taken to mean nails wanufactured in a common production

run ond from the same consignment ol steel.



2

(h)  To provide source data for the estimation of the prepovtion of.

variehility in strenglh end stiffness propertiecs of laterally loaded

naited joints thal can be atitriboted to vaviahility in nail properties.

(u) Following from {1} above, to enable a vational consideration of

guesticns such as:

"Which nail properties should be reguleted threugh national codes or

sltandsrds?,

"What tolerances should be specified on ihe properties that are to be

regulatad?®,

Tt was decided at the ouwtsel to restyiet the study to nails manufactured in
countries of the Puropesu Neonomie Comaunities with preliminary emphasis on
naiis mannfactured in the U.Ko. The sccope of the tests on U.K. nails is

as follows:

pominal diameterss 2,69, 3.35, h.00, 5.00, 6.00 mm
number of manafacturers: 4
mamber of replicotes pex bateh: 20

nuaber of batches per combination of diameter and menufacturer: 3

. . ; . 1
Total nuomber of ftests on UK, nails: /

5 diameters x 4 manufaclurers x 20 replicates x 3 hatches = 1200

At the time of writing lests have been completed on 20 replicates from one
bateh from each of four manufaciurers for the five diameters, i.e, firsi 400

tests are compleied, and tests are in progress oun npails from second batches,

Nails are being collected from mainland-Fucope and at least 400 additional

tests on these nails are intended.

1/ Nails tesied ave intended to comply with the requirements of:
BS 1202: Part 1. Specification for nails: Part 1. Steel nails,

London, British Standards Iostitution., 1974,
] i I



gt wethods and preccdures

5. e

The method conforms subsioutially to thoe recommendations foir noil

bending lests by Noven apd published av "Nordtest project 77-77" /, Fig.l.

Muximan load aud the associaled mid-span deflection, initial slope of the
load~deflection diagranm  and Limit of provoriionalily for each nall weve

all extracted fren plots of load v, midespan dellection, IMg.2.

Test arrangement Fig. 1

electronic -- . 1 d = nominol nail
displacement — diometer
fransdecer ,Q/

gﬁ\ (/é 10d l;"

e

e Ea—

2/ NOREN, B. Method of testing nails in wood (second draft, Aupust 1980).

CIB-Wi8 paper 1h-7-2, Warsaw, Moy 1981L.



PLATE 1

Test apparatus in use (Nail at maximum bending)
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vhion of full nlaclic hinge

Ghaevvation of neils widey lest and the lerge awmount of plastic
deformation anparoent in tesiced nails Lead the writers to suspect that a
small deflexion theory estimate for yield siress al the formation of a
full plastic hinge could be substantially dn evror, sce Plate 1.
Comparisons of cstimated elastic mid-span deflections with observed mid-
gspan deflections at maximum loads zhowed that estimated elastic
deflections were in the ovder of & 10% of cerresponding observed
deflections, On the basis of test observations and the comparison of
estimated elastic und observed deflections at maximun loads, the feollowing
deformed ghape is assumed for estimating yicld stress at formalion of a

full plestic hinges

Fig. 3

Assumed deformed shape used as basis for
es

estimoeving _yicld siress

max maximum load = load at which full plastic hinge forms

O
r

mid-span deflection af which P is aftained

max max
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Starting from g3 ao approximate large detloxion solution can be developed

for yield siress, fy<

Plagide yield mcment M# iz developed by the vesultant reaction applied through

lever-ary 1.6
1

€ F_).'_r_go_';:' tan O

f" oy

PR A

Yrom geomeiry:

éa - %;‘wﬂkB — 2 (P%-é,)(ﬁec@5wf\
i - 2 o~

Again frowm growetry:

- P 2‘ s 3 L] b [ S 7
P }y = f‘l,.‘f lh.g Ser & am (Y’* b ﬁ (2 SW@ - f@\v‘, @) J
. \ .

Taking @ =0 equation {3) redvces to small deflexion solutions

Mo w Fe e
JoT e | (%
i — — — e (W)

Assuming that the nail crvoss-sgection is circutar and remains undistorted
with diameter egual to d:
C 3

f\'}\v = T Ci
/

¢ e e (9)




4

s

8,

(Use of equation {5) duplies an assumption that the nail siecl does not

exhib: elroin hardend

Byuating cgualions {7} and (5):

(\ T

\()‘ fwk}'"'tth3> 1

o e (6

For the small Jdellexion appreximation (Q}: 0)s

e A

For the approximuate Jarpe defiexion solution % is found iteratively using
equation (2) and then used in equation (6} Lo Tind fy. For 1he small
deflexion solution £ is fovnd directly using cquation (7).

I

Yield stress af proEggﬁionﬂl limit

N
1? =

vhaere: PPI = proportional Limit load.,
L Jd

Moduius of elasticity

-
1 el .
Eo. &L7 /F
) B - . L ¢
Y L P — (1)
2 . R o .
vheres [ = initial slope of lowd~mid-span deflection ecurve .

< |,
* .;_.
(SIS Y

—

Resultis {First batches of U,K. nails only)

The Tollowing notation iz used in the presentation of fest resulis for nail

diameters, yield stresses and elastic moduli:

d = nail diameter

fyL.Da = yield stress at formation of full plastie hinge as calculated by

the approximate large deflexion solution, eguation (6),

fyS,D. = yield stress at formation of full plastic hinge as calculated by

the small deflexion selutien, eguation (?),

xR . . o . .
yP, L, = yield stress at proportional limii, equatlion (8),

E = modulus of elasticity, equation (9),

8.0, = standard deviatioen,

C.V. = coefficient of variation
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s

With the exception of £ it wos found that within bateh variation of
- y! o hio
individual nail vroperties is relatively small especially for nail diameter.
The obseyved relatively high varishility in estimated values for f is
: : yP 1.

thought to be associated with the well known diffficulily in estimating
proportional limit frem a test record, (i.e. not only variability in
material property). In most siruvctvral nailed joints more than one nail

is empleyed, If pails in a given sel of joinis are from a common batch

the coeflicienc of variation associated wiil between joint variation in
average nail preperty is UKJ;?xcoefficient of variation associated with
variability between iuvdividual nails, (whcre n = onunber of nails per joini).
On the basis of theory which will he presented in Scetion & of this paper,
it can be proven that within belch variation in nail propertics d, fy and
E has negligible influence on variability of characteristic joint

propertics,

FPig. % shows a comparison of observved mean batceh diameters with the

. caa . . . +
tolerance inlervals for & permitted by RS 1202: Part 1, (vominal diameter —
0.0% wm Ffor nail diameters 2 2.65 mu). In only one instance did an

observed mean hatch diamcter fall below the permitied tolerance interval, at

a nominal diameter of 3.35 mm, In five dnslances (25% of batches) obsevrved
mean batch diameter was ahove the permitied tolervance interval. The

guestion of influence of variabiliiy in mean batch diemeter on the strengths
of joeinls which fail by simultansous formation of a plastic hinge(s) in the
nail(s) and a bearing failurve of the timber benealh {he nail(s) will be
discussed in Section 6, Another cvonsiceration nol deall with later, is that
excecdance of the upper telerance limit for d can result in substaudard edge
distances, end distonces and spacings, which will uswally be sized on the
bagis of nomipnal dismeters, Jeading fo the possibility of reduced joint
slrength caused by prematuvre splitting of the wosd. The preliminary
conclusion lo be drawn from the above is that manufacturers experience

difficulty in meeting the BS 12023 Part 1 specification for d.

Comparisecen of mean values for fyS D and fvi D showed that the small
deflexion estimates for yield stress at formatieon of a full plastic hinge

are 4 to 0% bigher than corresponding large deflexion estimates, = Comparison

of mean values for f ., and f showed that proportional limit yeild
yP. L, vL.D. ‘
2 : 3 Aot . . .
stresses are in the orvder of 75 to 95t of corvesponding full plastic hinge

large deflexion estimates. This shows that the nail steel undergoes

strain hardening, As a consequence of this there is no absolute value.
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Tor §f . Any eslimates for f  based on cguation (%) are nowminal stresses.
. 3 y 1

The choice of cvordinate set Pmax and é) in development of equation {2)
<

Pmax
is purely arbitrary. Any other coordinated set beyond {he mid-span
deflection al which a plostic hinge Formed could have bsen chosen. Figeh
illustrates the dnterrelotionship betwveen mid-span dellection <& and

estimaled T

>

Table 1 summarisces befween bateh variation in fy] D which is presumed to
e )/ e
bhe the best estimate for I, Therce is no distinet {rend relating nominal
)f
diameter and [ : The question of belween manufacturer variation in

y}.HDo
fchD. connot be properly jodzed on the basis of lhese resulis and wvill be
considered when all 1200 tests on U.K. nails arve completed. Provisionally
it ds propoesed that bedween baleh mean and wvariability in fy be estimated
by combining results for all {wenly batches, i.e. no distinction on basgis

of menufacinrer ox nomingl diameter.

Talhle 2 snzmavises bheilween Tateh variation in B. ™ere is no distinct
variation in E belween manuwfactorers. Also there is no distincel variation

in B between neminal diameters 3.335, 4.00, 5.00 and 6.0 mm. The E values
for 2.6%5 nowinal diameter nails ave cn average about 0% lower than thoese for
other nowinel diameters. Apart from these observations it is apparent that
E valuces are in the ovder of 10% less than those usually asscciated with

steels,

Application of resulis

As mentioned in Section 1 an important chjective of the work is to enable
rational consideration of guestions associated with regulation of nail
properiies and predictabilitiy of Joint properties as a function of
regulation of nail properties, Below are developed explicit expressions
relating expected values and variances of joini properties to means and
variances of nail and wood properties, Through application of these

expressions the guestions about nail properiies can be aaswered.
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areter distribution stalistics Tor yield

TABLE 1

vieh mean yield s

I

i o e e AR

i

ENOHiﬂal
‘ 2 4. 00 Mean

diametoer

i
L 5,00 1 6.00

623%.75

02,0

Yol 831.9

j —
i
i

697.9

L7966

s
-
3
H

790.9

809.9

48.0

879 i2

764,53

Thh. 1

46,1

670.8 1 85,4

797 .6 42

785.5 | 719.7 |70k | 76003
93.2 | Tk 777 1 506
Cove {9) 11,31 2,95 106.35 | 11,0k 6,17

0

. pel

Units for & are N/mm
y LoD, /

Global (a1l combinations of manufaciurer and diameter combined )t

v

N/mm2
N/mm2

£,
‘%

Thi 9
72.0
9.66

Mean
S.b.
C.V.

beiweer combinaticn variabilitly
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¢ 4

Yicld Jood for a nailed i

Theory

icted to joints which fail by:

Considevation will Le res
a) hearing failuve of the timber bencath the commector, or
b)  sinultencons developuent of a besring failuve of the timber heneath

the commector and oue or more "plastic hinges" in the connector,

The Yoad at which eiiher state is firet attained is referred to as 1he

vield Joad, P . Various explicit solutions are available for predicting
PV for different cowbinstions of joint geomelry, numbeyr of hinges and
wood preperties, Bach soiution is based on asswping that hoth the nail
steel and the wood are ideel rigid-plastic materials. For convenience

3/

the influences of nail preperties 4 and fy 03 Py are maximised by a so-

Larsen's expressions and novation will be used. I+ can bhe shown that

¥

called mode 3 foilure, Fig.G, for whichy

W i - L, 2 f/') < Afe
- e Lo 0y f . e FI: - .
{;’ O rogas 4 d @/ R — (10}

o
where: 8, = compressive strength of timber bencall the comnector {(N/mn™)

{ = s -
§£ - ti/;/tl 1“f3> 5 /% defined in Fig.0 .

foi bolh two picce and three pilece joints.

Using the meothed Ffor generation of aystem moments and assuming uncorrelated

. i 4
variables the exnccted veiue for T is; /
. £ H)

z

E(R) = 040825 (5, & £ )/(a}? (1+Wy g (\’, PV 4 N

\

and variance for P is;

. v . -f \‘
\h({%q = & ! et

where: SH’ ﬂ, '} and mean values of SH, d, fy an& d respectively.

o -,-II-,- - s ] ,“ 'S f e P 3 3 . ard
Ve ﬁ’ s and g &re coefficients of variation of Sy # fy and

d respectiveiy.

5

.

LARSEN, H.J. K.¥. Johansen's nail tests. CIB-W1&, Bordeaux, October 1979,

HAMN, G.J. and SUHAYLO, $.8. Statistical moedels in engincering. London,

John Wiley and Sons. 1907.

7o/ 2 - e
Yoron1ee7 (V24 Vg Ve )4 00 TN )
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H.1.2

To a goed approximaticn equation (11) may be simplified o

. ) L TN
& (] 7) = ”"(n)/fé(;ii(ﬁ Ty )/Q (c&)

=}

s Tor a vailed joint

P
i.e. joints which would tend o produce a mode 3 failure, the initial

EN

1 najiled jeints in whieh the nail has a high slenderness ratio,

5/

Joint stifiness is approximeted by Willkinson's lincar elastic solution
s Ly B TE g
[- e Ol Cp & (- ty (3 b ! ;7{0‘ C% . : i
wherer P = joint lead (N) at joint displacement o (mm)
2
I = modulus of elasticity of neil (N/mm™)

= elastic hearing constant of wember 1, Fig.o.
b4
stress per unit embedmenti (N/mmﬁ)

w elastic heaving constant of member 2

a2
d = nail diamcter
f"‘l pd ...r..‘ o e 3 7 e S e
S alr e !
T =z -
Bon /;
7 R

Eguation (14) can be used to quantify the influence of nail properties

B oand @ on joint stiftfness.

Using the method for generation of system moments and assuwming

uncorrelated variables the expected vaiue for [1’\ is

SR /A ﬁ’)* . .
F(P \ . O ( ajbig(t:) ’ (L” 41‘("% ‘i (F> ?i-’-g{‘/]vdmw Vr-: (ﬁ’ci )

and vaviance for (Vﬁ) 1S
Vi ({/5) e Lt
+ /N .-/2) (16)

To a good pprox1rat10n equat:on(lj) may be simplified to:

E(5) = 06L56EY (E )’“(kw)a )?’@)

(i7)

5/

WILKINSON, T.L. Analysis of nailed jeints with dissimilar members. Journal

Structural Division, ASCE, September 1972, 98 (8¢ T9) 2005-2013



6.2

ol Joint per

6.2.1

an vield

A e b e e i s

q

d

Let global averspe yield slress £ he used as the index for mean yield

eress$ T = 7hh, Vua) (Table 1), ¥rom eguations (12) aud (13):

£ [ Var (/\ oo b

wvnsiei e v / e ey ..;.,_;M.ﬂ. 3
\/ oy (

=, |
fJXg ﬁj/ R ('

__;._.-..,

=

t/"‘) S— L)

Yf it is assumed that } L ds normally ui~'1ihutod, then from eguations
18) and (19) P_ for f . is (f ¥ fimes P for F = 4 at all
(18) wn (39) ©_ o E ' (/1) L for B =1

ievels of exclinsion. Tablo 3 glves ddtd from which can be gquantified the
gsensitiviiy of Pv o variations in fy,

ey
W

Gable 3

Sensitividty of P to variations in £

e s 1 st i 1 e . 4 S b e e et AR S S b

g s i ]— |
[ ;

iy L‘ 0.70 0.890 0.90 ‘ 1.00 ’ 1.1G 1.20 1.30
IR 2 T T T e o

ot LLLTEL 0,836 | 0,89 aa 0,.9487 | 1.0000 1 1.0488 | 1.0954 | 1,1402

TN - ¢
& %f “+Yﬂ> (at levels of excivsion)
T A ...w...W’-fjw-\..w‘wm._«-.mq —— s i 4 o e ~ et don o e

On the basisz of Table 3 1t is suggested that a target value Tor fy should
be specified for nails if reliable predictions of Py are to he attaiped.
Provisionally it is proposed that a suitable targel value for fy is

750 N/mmg. (Tbe qaestion of a suiltable tolerance interval on £ is
considered in Section 6.2.2}. The above also suggests that cauiion should
be exercised when using test data for jointls with nails of unkown yield

strength,

o
©
"W
v

s

s

Variation in coefficient of variation for yield stress Vf
Y

From cquation (12):

) 2 5
({ \V+\, Pt JH \:;i -T' j(, Vo{ ‘i- \/%:V

e ..., .._,_‘,.',__ SR

%M(F>w-w) %”%-Vf'“léﬂf. / o (2e)

i
The following are talken as re pro'cntatvve values;

4 . 0y T ro. R
VSH = 0,20, \ﬁ w2 0.10, xd = 0.015,

o e e f— S o w————




Typical

range

(‘-ﬂ-_.}?‘,_.—-‘

I Y

" ;o - » ) L
Substituling dn eguation (90)1

y [ - ? l/
o | Nae (ﬂ V2 /00536 + VE\R
/ . v e w-f.l,w‘. /
.\\,’}) ,'f (3) \(tf ({- /\J (:J /} 't('|l) )L / ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ (2!
Table 4 gives data Tyom which Cuﬂ)hﬁ quantified the contribution of ny to

the coefficient of varintion Vrvﬁ

Yable 4

Contribution of V{‘ to VP

S GRS PSR UMY SO S

Vi 0.0 0.05 0.10 0.15 0.20
/ |
A C\%}JJ_“ o I -
1.0000 | 1.0231 | 1.0893 | 1.1915 | £.3215
.vn (\/{\ - (ﬁ)
LB G - - -

From Table 1 the observed value of ﬁ, asgsociated with hetween batch
Iy

variation in mean vield siresses for individual batches was 0.0960.

Let it be assumed that the true value of ny is 0,10 As an

illugiration consider a case where Vry ig dncorrectly estimated to be
0,20, which yields an over estimate of V, hy a factor of 1.3215/1.0893
o £l g = = ])7 E ) PR By < o
w 1.2132 times, Thus 1if P) were normally distributed a 100% overestimale

in ny would result in the following ratios of predicled value to true

“valuesg Tov Py at 5% and 93% levels of exclusion,

Zable

st

Ratios of predicted to trwe values for PY if 100% overestimate in va occurred

e — [ -
| R
Ty =a) 5W y o Y 95k Ly T a
0,10 0.958¢ 1.0301
0.15 0.9302 1.0422
0.20 0.8955 1.0528
0.25 0.8511 ’ ' 1.0621
0.30 0.7927 : 1.0704
0.35 ' 0.7107 1.0779
0.40 0.5398 1.0846
where Vi = 0,20 Vg = 0410 Vo= 0.015
ny a ny a ny a



20,

Ivozs appurent from Table 5 that the lower fail of the Py distribulion
Live to o vavialions in va than is the upper tail of that
distribution. Examination of Tables 4 and 5 veveals 1hat between batich

is more sensi

variations in f_ ave unlikely to greatly influence ratios of D bhetwecen
nominally ideniical Jeoints, Also from the same tables it can be deduced

that toleyances on fy ihat it may be decided should bLe included in codes

of practice need not be aspecified 16 a high precision. The main objective

of & tolerance interval would be fo preclude usc of ugucua1;y low quality
steel in wirve neills which would result in highly inconsislent joint

strengths, On the basis of the tests on firsl batc of U.K. nails a

21

A .
sugpested tolerance interval on fy is 750 150 N/mm™, see Seetion 6,2.1

{\3

for hasis of seiecéion of & tavget velue of 7350 N/, Yor guality
control purposes it would be adequatle to cstimate fy using the gmall

deflexion solution of cquation (7).

p—

Typical order of between joint varistions in joint propertics P and({P/{
2k 2 d Y, a3

The purpose of this section is to give a general indication of relative
sensitivity of joint propexties to variations in noil properiies and to

variations in wood prepertics.

The following are taken to be vepreseniative properties;

i - " - o 8] ] oy 17 —
= 0,015, \fy = 0.10, \E = 0.03, \su = 0.20, \le 0.35, rﬁ = (.10,
0.15.

Pi
From equations {12) and (13) the coefficient of variation for Py is:

| /-
\ . O b ( \/ e /p' SN ' Y 2 \i /2
G I (/ d /

e L

From equations (16} and (17) the coefficient of variation for (/8§ ) is:

2 a2 , 2 !
Vg = 0725 (VE+ V2 5 IV w e v )Y

Substitnt 1§g typical values for ‘SH’ Vg, ny and Vd in eguation (22);
pr = 0.1201. Table & shows the influence on pr of tlaking various

components of equation {22} to be null.

g

€t

)



0.0768

G.1458
0. 1158

0.1225H

Thus foirly low veriability in strengths between nominaelly identiical

6/

Vaviability in strengths beiween joints iz not domiunaled by variabilitly

nailed joints ds predicted, a conclusion consistent with experience.

in any singie component property, but is most strongly influenced by

variabilitly in SF and least influenced by varisbility in &,

Substituling typical values for VE’ VhGl’ Vd and Vﬁ%l in equation {23);

e = 0,3036. ‘awble 7 shows the influence " ;o of ltaking various
&?/5) 0. 3036 Tabhle 7 shows the influence on Y@/é) of taling various

components of equation (23) 1o be nall,

Fakle 7

Sensilivily of equation (23)

XE‘P/&)
v, = 0 0.30%5
VkOix 0 0.1525
V, =0 0,%024
Vgy = 0 0.2039

Yairly high variability in initial stiffnesses between nominally identical

naiied joints ieg therefore predicted, a conclusiecn consistent with

6/

experience ™’ . Variability in initial stiffnesses belween joints is

dominated by varitability in k.. . Variability in B and d have ncgligible
o o 01 E3 5

influence on variahility of initial stifinesscs.

SMLTH, T, Interpretation and adjustwent of results from short term lateral
load iests on whitewood jolut specimens with nails or bolts, TRADA Research

Report 5/82. Jlughenden Valley, TRABA. 319382,



Cone i

The following provisional conclusions ave based on the analysis of results
From hending tests on first batehes of UK. manufactured nails and on the

results of lhe sensitivity studies in Secetions .2 and 6.3,

1/ Within a bateb of nails variation in diameter, yield stress at formaiion
of & full plastic hirge and modulus of claslicity is swall, especially
in the case of diamoter, The primary source of variation in these nail

properties is belween bateh variations,

2/ On the basis of ihe nails tested manufacturers appear to experience
difficulty in meeting {the BS 1202: Part 1 tolerance interval on diamctler,
. : + . . .
(mowinal digmeter ~ 0.05 mm for diasmeters greater than or egual tfo
N o

2,05 ).

3/ Provided that quolity control ensures nail diameters fall within the
BS 1202: Tart 1 tolerance interval it is reasonable to neglect deviations

from the nominal diameter.

4/ There is no distinet trend relating nominal diameter and yield stlress at

formation of a full plastic hinge.

5/ Consisteni with cxperimental expericuce, i1 is shown theoretically that
Fairly low variability in strengths of nowminally identical nailled joints
is to be expected.  Varaibiliiy in sirengihs of joints iz not dominated

by variability in any single component property.

6/ Consistent wiih experimental experience, it is shown theoretically that
fairly high variability in initial stiffnesses of nomipally identical
nailed joints is {o be expected. Variability inm initial stiffnesscs of
joints is dominated by variability in the bearing stiffness of the timber

beneath the nails.

7/ A target value for the vield stress for nails should be specified in
codes of practice for struciural timberwork, This would result in
reliably predictable joint strengths. Tt is also necessary to specify
a tolerance interval on yield silress to preclude use of unusually low

quality steel in wive nails which would result in highly inconsistlent

Joint strcngths, A preposeéd tolerance interval on vield stress is
)

b s ¢ , . .. . .
750 ~ 130 N/mm ; on the basis of yicld stress corresponding to formation



of a full plastic lunge. Becanse nails strain harden it is necessary
vo matel any specified delevance inlevval Lo the test method which will

be used to determine yield stress in qualily conilrol processes,

Quegtions guch as the indluvence of wilhin manuracturer versus hetween
menufaciwrer veriations du nail propervies, will be investigated when the

fall programne of nail tests is completled.

T1S/AL
26th Mavch 1684

Timber Research and Developmeni Association
Hughenden Valley, High Wycombe, 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. ?11) 3 Faﬂowab?e

) N
respectively Ffﬁéf £ Fallowable.

The term Neg =700 denotes an effective number of fasteners and 7} the
efficiency of the joint. Lantos /1/ proposed a theoretical sclution 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 eguation system.

2. The Efficiency n of a Joint

2.1 Notation and Abbreviations

The following notation and abbreviations are used to show Lantos' solution
and to define the efficiency'z. ‘

N axial force

N11 axial force of member 1 in section i



N2é axial force of member 2 in section (n-1)
Fj loacd of fastener i
F o= L average load of fastener
m  r.n
e distance between the fasteners in a row
X section of member 1 between the fasteners
x and (x+1)
n numbey of fasteners 1in a row
r nhumber of rows

E Ag(E AL) stiffness of member 1 (2)

1 22
K slip modulus
Abbreviations
rKe
w = e
Eofy
w = 2+ rKe ( E:‘\ +E,§\ )
11 22
= ¥
M 2-w
m = ,m_.{-___w_a..-_l}.. m = E)— uwz-—_él;
1 2 2 Z

2.2 General Formulas

Lantos' derivation yields the difference eguation

N1y ¥ Ny = Nyggeeqy =¥l k=1, (n-1}.



The solution is

X
o _ X X X m1(1+u)-“
Ne, = o N = (-p + m, (1+u) - (m1—m2) e
My = M

) N
with x = 0,1 ... n.

The maximum Toaded fastener is fastener 1 or n and the
maximum values appertaining to this are

1 N
Foom w (N = 5 (o)
o N
P = M T T %t

The definition of‘@ derives from the terms

N
Py g Fa110wable (resp. Fn : Fa?]owab]e) and ?TH;f : Fa]]owab1e
From this resutts
n n
_ef _ 1 .oef 1
77 % - n(?—a1) and 7T W no g

The efficiency of a joint therefore depends on the number of fasteners
in a row, distance e, s1ip modulus K and finally from stiffness of the
Jjointed members. The efficiency is reduced in the case of decreasing

stiffness EA. Therefore as stiffness is appointed the product of cross
re«m.n F .

section A = 7 i = 7 7 d{esign)
elt),0,d{esign) c(t),0,d

and modulus of elasticity E = 1,4 kmod EO, which belongs to the stirength
class of fc(t),D‘



Fd for dowels and nails depends among others on g and so there

results the standard stiffness from min t?ﬁég& .
c(t),0

For the values in table 42.1 and 42.2 of CIB-Code, annex 42, is the
standard strength class SC 15 determining with

o~

2
1,4:0,7-4.600 = 4,600 N/mm

E = 1,4 - kmod.Eo =
rrnF
A = __72____(1 = )ﬂ?ZDF . 1 .
e 0k d 1
~ 7 Tmod 14,5
Y

2.3 Joints with Dowels

To catculate the effective number of dowels in a joint the following
determinations are used:

o = - k(x,‘i = kOL,Z = Q,D
t1 = t2 = t

fy = 240 N/mm?

S O

From these we attain

-
i

93,75 o d2  and

—~
1

312,5 yp'd.



the distance between gowe!s may be e = 7-dand with p = 0,4 the
. 3 rKe
= Y’ k L = . b 2 e
stiffness EA ?f?g 14555 1,881-10" d V@ﬁ- The factor ¢ PR

. - . . . .
= 7,355+10 ~Jﬁ- is independent from the diameter d of dowel. In Fig. 3
different formulas for joint effictency are shown:

nef

7ZCIB = T (h~4))

_
_Tﬁ_(4

wTr\)

7L ANTOS and a straigth approaching 1ine for 7 in accordance with

Lantos' result.

2.4 Joints with Nails
In accordance with paragraph 2.3 the following determinations are used:

1

F :§'Fk

F
HB = 438,2 Y7

with F, = 200 10,4 ats7

~
il

3,464
{see also Ehlbeck/Larsen /3/).

The distance between nails may be e = 10d and with o = 0,4 the
stiffness EA = 4,013-10d"7 v 7 n,

-2
The factor ¢ rke 10,9210 ﬁ%ﬁ 15 independent from the diameter

EA™
of nail.

[H

I

In Fig. 4 different formulas for joint efficiency are shown:

Nef

7cis Fl" (10%— (n-10))

?LANTOS for 0y = fd resp. 0, = 0.8 fd

and a straight approaching Tine 7.
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Fig. 3 Efficiencyf? of Jjoints with dowels
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Fig. 4 Efficiency 5 of nailed joints



N<=1
- T T T T T T i
N, TPy =N
|
r=2
Fig. 1 Load distribution in joints with mechanicat
fasteners
. /.
section x = noon-l n-2] / Z 7 0
E T i
fastener: noon-lon2? //3 7 / member T
[ i
i— ! frr 1
/V -.<,"::: ;{ -n—w/‘l(_pg -n—NZ] 4-/1/22//'[«_— - | —-—— --s—/VZn
S et Nin = Nop= N
y 0520
member 2 bmpo
bed oo ded
In Zn
Fig. 2 Notation




3. Conclusion

Based on Lantos' investigation /1/ the formylas (6.1.1.1b) and
(6.1.2.1g) of CIB-Code /2/ were checked and improved approaching
functions were proposed.In case of Jjoints with dowels the efficiency'q
is for n = 3 and 4 a bit lower, and for n > 4 higher in comparison to
the CIB-formula. For nailed joints the values of M are inevggﬂcase below
the values of 7eIR
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ON THE LONG--TRRM CAKRYING CAPACITY
OF WOOD BURUCTURES

by Yu.s.IVANOV and Yu.Yu.5DAaVIK

‘he design carrying capacity P, (in using limit stabe design method)
of structure made of material with pronounced influence of Lload dura-
Tion on its strenglh ought to be egualled to the long~term carrying cae

pacity 1L 1 at the close of the gervice life,l.e.

o= p

a ST (1)
//

This principal statement presented to the CIB 7th Congress is de-
tailed below.

The ensuring problem of the wood structure safety consistse thus in
prediction of the Pltwvalue, The long-term wood structure carrying ca-~
pacity Plt being tightly connected with material properties mentioned
is obviously depends on the long-term strenpth of wood. The results
attalned recently in the uncovering the physical nature of the solid
strength/g’i/ establish an general relationship for different material
between time~to-failure t, sec, and stress 6 by the equabion

log t = log A - o8, (2)
The half-logarithmic dependence log ©(6 )} was proposed for wWood Iy
WO0¢/4/9 Leont’ev/S/, P@arSOH/G/. There is now the possibility to re-

veal the physicsl sense of the values entered into the cquabion (1).

Here
Uo ¥
log A = —m—wfe—— 4 dop 7 X F e 3
: 2,% RT B G BT R (%)

UO is the activabion energy of failure process; @:is the period of
atom ogcillations i T is activation volume; ® is gas cons stant ;T is tem-
perature, K.

The process of gradual accumulation of submilcroscopic damage in so-
1id occupys the most portion of bhe time to moment of solid failure
under losd. accelerated approching to this moment bepins when submic-

roscopic cracks spreaded in solid and stabilized reache some linmit

concentration and start to coalesce. This smaller portion of the tine



g,

..._‘2...,,
L corresponds to the process of crack development where might Dbe apo-—-
ligd the fracture mechanic methods. However, the last stage of Uhe fais
lure process according to/a/ obeys also to the relationship mentioned
above. The fallure has here a cumulative nature having been inherent
to a deterministic mechanism of chemical bond cleavage. Therefore,the
relative wood strenpth decrease under load is also deterministic, in
contrast with absolute wood strengbh values wich are random variables.
Phis clrcomstance enables the prediction of the lonp~term wood strength
for given service life of structures.

A8 a basig of long~term wood sbtrength prediction serves the cons-
tancy (at T=Const) of the abscissa portion log A being cut by the
straight line according to (2). For its Jdefining we need to know con—
stants Uy and T, . Corresponding to valency bond cleavage log €. =-1%
as for many polymers. The energy value UO we will find by the compres-
sion along the grain test results for ovean-dry oak wood having been
carried out with constant rate and at different temperabure +25+100°¢ .
rere the relationship Ghl(T)(at log t=Const) is linear one with the
conlidence interval iﬂ,@ﬂ P.co and confidence level 0,95/?/,

According to (2) we can write

U, =2,3R%(1log t+1%)

T e I it i s sk et e Gt e s £ b e i it s i -

Excluding from this equation coefficient Jffor cach two pairs of va~-

lues T4 6& » we will obtain the equation for U

Uomz,éﬂ(log L+1%) m?ﬁje:~gh—i-~ . (4)

#or 10 pairs of the values Ti and 5} it was 5btained the magnitude
UO=170133KJ/moleo

vispoesing the energy value UO we can precalceculate the magnitude of
logg 4 For comparison with its values Tfound on graghs log t( &) for ex—..
perimentabtion at Jdifferent temperatures., Under common atmosphere con-—
ditions { ~ 20YC) has been adopted rounding-off log A=17 which satisfys
Jwith small errvor within ~ 2~4% p.c./ both its theoretical nmagnitude
found above (by means of the constants given) and bthe experimental da-—

ta presented in Pig.1a with the Tollowing confidence intervalg: for



w.::;m
Tension along the grain of larch wood at vointerrupted loading {(Fig.1a,
W /’}/ to : P ..
Ty meCe=t4,/ nac, =2,5 p.cey compression al®ng the grain of Pine gt

uminterrupted loading (Fig.1a,2;w=15 n.c. mJ,IO pe. and Fig.la, 3;w=

20 .o / 3/

=30 D,C, yUR Doca; shear in torsion tesls with tubular specimens
. . . .. . ) - 0/ +. .
of Wouglas fir at ramp loading (Fig.la,4;w=10~-17 Do / ~5,59 p.C.

and Tor bending under permanent long-term load during up to 5 years of
Douglas fir (Fig.1a,%;w=12 D.C, /4/)“/ ij 4 pe.c, dThe straight line by
the equation (2) represents the long—term strength of a common lumber
wilth +6 p.c. confidence interval snc conlldence level 0,90. Here for
uninterrupted loading bt defined according to the btest duration t; from
(7), see below.

From the similarity of triangles (Fig.1b) we will obtain

L2l6  los a-log §
é . log A-log © °

This eguation is used for prediction of wood Long~term slrength 6iﬁ

Dy short-term values of the ultimate stress 5£ and time characteris—
tic t. From here A

L
e K(6) (%)

where 1& (4= iLgfj imigﬁé‘ > 1

3

is the coefficient of long-term strenath
The x. (L) valuss might be found by their dependence on load achi-
ons applied to structure. Inasmuch as the failure mentioned has a cu-
malative nature (i.c.wood long-term strensbh depends on the summary
loadl action during structure service life) the strength control only
by maximum load ab its one-fold action during service period does not
give Go structure any puarantee of reliable work. In securing the lat-~
ter 1t needs to allow not only the maximum Load variabili%y vut also
thelir time characteristics. Under sbtr-acture service conditions and in
testing might be encountered different cases of load action (see sche-
mes in Mig.2). At 6 =Const (Fig.2a) time action of 6 equalls bo By at

periovical applicabtion of A =Const (¥ig.2b) obviously t= A}t&;for ea

action of sbtress Gi auring Z,L the addition to the time-to-fuilure

A 1 S i iy s e e B e ot s e e 1oty R e et e s

x/ The tests in work7 7 were carried out at 26,6 C; Log A=16,7 < 19

le€e ~ 2 poc. less; that in work/qo/ at 21,19,



_d{)';,

where 6( 6j)xﬂe is Lhe time-Lo-Ffailure tf at  H=Const and the

failure will occure when the known condition is uLJzL14‘<1 )

j ___..._.J.‘.:"_... =) .
- t( O‘j“)

Y

or at uninterrupted change of stress 6 in function of time t as vhe
. . "G
integral
dt
—-—i = 1 a (6}

(6 )
o NS
By means of (6) we can [ind time-to-Ffailure in case of uninterrupted

loading (Fiz.2c¢) with constant rate W as
N
x W

where Ws=—-s-—  gnd ti is test duration up to the failure moment at
- ) "

The ramp loading with sufficient number of load Iractions might be

roughly equalled to consbant rate loading. The rest cases (Fig.2,e~h)

are combinations of that mentioned,

Having found the wood long-term strength for the given load dura-—
tion under structure service conditlons we can predict long~ternm
structure carrying capacity. Indeed, if the invariability of calecula-
tion scheme and the conservation of initial wood quality are ensured
during service 1life, the progressive decrease under load of structure
carrylng capacity will be determined only by the long-term strength
of wood. Knowing the latter, we can find the design carrvying capacity

(in the 1limit state method des sipn stresses are egualled to the
long=term strength).

The control of the value Pd obtained realises by direct determina-—
tion of controllable short-time str-ucture carrying capacity Pt (i.e.
ultimate load) from shorb~term test with Gime characteristic t.

Replacing according to the mentiloned above in (5) Git by (Plt)



-
.—:)
and Gﬁ by ft& we will find/q“/
i, i
(17,11_) N , {8
- Kﬁ(t)

where Kq(t)qumcqiog b is the tlme~component of structure safely fac-
tor (s.f.).
J

The wvalue (Plt) obtaines is . obviously found with some error inasmuo
a8 a confined nunber of stricture specimens are btesbted. Pogsibie chan-
mes of (Plt) in understate direction ought to be compensate augmenting
it ba KE > 1 as much, where KE is the probability-component of s.f.,
which sllows a varlability of a structure workmanship quality. Let us
give ap exauple. Glue laminated beums (by 9m span and 60cm cross sec-
tion helght, with 2-3% prade lumber and phenolformaldehyde cold sebbing
glue) in number 292 were tesbed up to failure. By statistical analyg%
“of these data on computer the applicability was substantiated of log-
normal distribution<75)$ according to which sz e£VJ3 where ﬂ=09145i
f0,01; X =1,64 at the confidence level 0,95 from here K2m61,64,0ﬂ§§m
=%, %,

According To sbated above the further normalization improvement
in the calculations of design weod structure carrying capacity is de-
veloped differentiating both values of Kq(t) and K2 by field of appli-

cation and kind of structures,
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SUMMARY
An abtempt has been made, allowing a cumulabive nsture of the deter-

miniastic relative decresas

Fer)
{

of wood strength under load of various Jdu~-
. n). R r o . . . , : ;

ration, to substaélate the prediction of long-term strengbh of wood

and long=~term carrying capacibty of structures on the base of short-

term test results.
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The data shown in the following tables supplement CIB-WI8 Paper

16-14-1 presented in Morway (June 1983) and is given here at

the request of various members of the Group. Because of the

-~ volume of data it was necessary to present the data in 5

separate tables as follows

Table A.1
Table A,2
Table A.3
Table A.4
Table A.5

Table A.6

Tables 1 & 2

- Tables 3 & 4

Table 5

Physical Measurements of Trusses

Plate Sizes

Deflections from 24 hour deflection tests
Deflections from Strength Tests

Failure Loads and Description of Failure

Deflection Recovery & Span/Defiection
Ratios at Long Term Design Load.

Phase I included Truss numbers 1-48
Phase 11 included Truss numbers 49-67,

For description of tests see IS 193 P : 1978
Appendix A clause A2 or BS CP 112 : Part 3.
Although deflections were 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 ATPHYSICAL MEASUREMEN IS OF TRUSSES

Moisture

| Timber DTTGHS?GHS ‘ ng?? Content
Truss |Span [Pitch Rafter Ceiling Tie Wt a$a$g§t
No, | mm deg | ) kg {%)
3 [0 |30 | BN S Tars 14-15
418300 | 30 | 97.5 %35 | 112 x 34.8 | 14-16.5
6 |8300 | 0 _ oy 13 B S IN Y 13-15
7 es00 20 | 11235 o0 X3 | 13-15
8 {8300 | 30 loa X3 P2 X35 g 13.5-15
9 |a300 | 30 1o X 3.8 Y- Y 13.5-16.5
10 j9t00 | 30 [103.5 2 o A 14.5-15.5
vooeto0 | s0 | 105X > 1 XH L lass | 135015
2 fowo | s |10 X3RS 112 X9 less 13-14.5
13 {6000 | 30 X3 DXE Jas | 135145
14 fs9%0 | 30 | 71 X355 e xh las 13-14.5
15 |e000 | 30 | 71-5 X Sy 720 X35 g 13-15
1617580 117.5 | 96.5 x 34 % x 35 |32 13.5-15
17 | 7586 117.5 o oy X35 1 13.5-15
18 [7586 [17.5 | 457 X 33 g b 2B g 13.5-14
19 |5369 |17.5 | 12:5 %34 ple X305 rs 13-14
20 |5610 17,5 | L 72 x 385 75 X385 65 13-14
21 5394 [17.5 2 x 3 72X s |08 12.5-13.5




Téb]e A.1 continued

Timber Dimensions Truss ?gligﬁze
Truss |Span |Pitch Rafter Ceiling Tie ag]f aia;git
No. mm deg mm mm kg (%)
22 |5600 |22.5 fe % 7o % 3 18 12-13.5
23 |5600 |22.5 7o X3 X 19 12-13.5
24 5600 |22.5 X e x5 18 12-13
25 18985 [17.5 | 119 % 3 el k3 45 16-17.5
26 9015 [17.5 1oo X 3 o 13 45 13-158
27 |g9%0 |17.5 | 119% % xR s 13-14.5|
28 |8365 [17.5 | 110 x 34 112 x 34 37 12-12.5
29 18388 {17.5 110 x 34 111 x 34 . 37 11-12.5
30 8384 (175 | 109 x 34 110 x 34 37 | 11.5-12.5
31 18077 {22.5 97 x 3 96 x 34 3 12-13
32 | 8080 |22.5 os 1 3 o0 3 34 11-12
33 | 8092 |22.5 o L R 3 | 11.5-12
34 | 9290 | 22.5 e X e X3 48 11-13.5
35 900|225 | o x u nExs 48 11-13.5
% 9290 (22,5 | 112 x 120 3 4.5 12-14
37 | 8692 | 22.5 S o x 7.5 1114
38 | 8695 22.5 oy X3 x5 37 13-14
39 {8700 | 22.5 X3 X3 38 | 12.5-13.5
0 | g0 f22.s | 112 %38 oo X3 | 975 12,518
4 leoofezs | 110 %% og X35 1 39,5 13.5-14
42 | 8696|225 | 110 x % oy X3 38 | 13-14




Tabie A.1 continued

Timber Dimensions zggis ?ggigﬁge
Truss|{ Span] Pitch Rafter Ceiling Tie Wt aia?ggt,
No. mm deg Ny mn kg (%}
T [ A
43 | 8696 22.5 13)2 X gi }}8 X 3’;1’ 0.5 | 12-14.5
a6 | 86801 22.5 ;ég x gi }g‘g x gg 37.5 | 13-14.5
110 x 36 109 x 34 ~
45 B6SH | 22.5 110 x 34 110 x 3% 41 13-14.5
' 120 x 34 120 x 34 T
46 8790 | 30 120 x 3% 117 % 34 51.5 1417
120 x 35 117 x 34 . _
47 87801 30 120 x 35 120 x 35 54 15-17
- 118 x 33 117 x 34 R
48 97861 30 118 x 34 117 % 35 53 13.5-16.5
o T x 24 111 x 34 T
50 8408 30 117 % 34 111 % 34 47 13.5-18,5
; 117 x 34 1171 x 34 Er
. 87 x 47 87 x 41 _
52 8300 ] 20 37 x 41 97 x 4] 41 15.5-18.5
53 | 8307 30 3; ij} o i 41 17.5
17 x 34 117 x 34 -
k4 8297 | 22.5 117 x 34 117 x 24 41.5 15-18.5
117 x 34 117 x 34 e n
_ 55 830§ 22.5 117 x 34 116 x 24 37.5 116.5-20
56 | 8110 | 22.5 oy X4 o0 X4 37 114.5-19
86 x 41 6 x 47
57 8090 | 22.5 96 x 41 96 x 41 38.5 13-14 %W
99 x 41 98 x 41 _
58 7580 1 17.5 95 x 47 95 y 47 35.5 14-16
97 x 41 96 x 41 - 4
59 7608 | 17.5 97 % 47 98 x 41 35.5 116.5-19.5
96 x 34 96 x 34 -
60 5885 {17.5 96 ¥ 34 96 x 34 24.5 14-15
96 x 34 97 x 34
61 5884 {17.5 96 x 31 07 x 34 23 15.5-17
Table A.1 : PHYSICAL MEASUREMENTS OF TRUSSES




Tabte A,z PLATE STZES

Tguss @§ej Rafter Q§i§ing _Qei1ing Apex
¢. 1 Plate Node Tie Node | Tie Splice
3 160 x 76 80 x 50 127 x 100 | 180 x 100 121 x 100
4 180 x 100 | 80 x 50 120 x 100 | 259 x 124 180 x 100
5 186 x 100 | 80 x 50 120 x 100 | 260 x 104 180 x 100
6 180 x 100 | 80 x 50 120 x 100 | 259 x 125 180 x 100
7 1680 x 700 1 80 x 50 120 x 100 | 180 x 100 180 x 99
8 180 x 100 | 80 x 5C 120 x 100 | 180 x 100 180 x 100
Q 18C x 100 | 80 x 50 120 x 100 | 180 x 100 180 x 100
10 180 x 100 | 80 x 50 120 x 700 § 180 x 100 180 x 100
I 180 x 100 ;| 80 x 50 120 » 700 | 180 x 100 180 x 100
12 180 x 100 | 80 x» 50 120 » 100 | 180 x 100 180 x 100
13 120 x 75 60 x 50 120 x 76 166 x 73 120 x 100
14 120 x 76 60 x 50 120 x 75 160 x 71 120 x 100
15 120 » 75 60 » 50 120 x 75 160 x 76 120 x 100
16 220 x 100 380 x 50 120 » 100 | 304 x 92 180 x 100
17 | 220 x 100 80 x 50 |120 x 100 | 305 x 102 | 180 x 100
18 220 x 100 ] 80 x 50 120 x 100 ] 302 x 100 180 x 100
19 160 x 76 &0 x 50 120 x 100 ] 160 x 65 120 x 100
20 160 x 76 80 x 50 120 x 1006 | 160 x 60 120 » 100
21 160 x 76 80 x 50 120 x 160} 160 x 64 120 x 100
22 180 x 64 50 x 60 75 x 1201 180 x 64 100 x 120
23 180 x 64 50 x 60 75 x 120 183 x 64 100 x 120
24 180 x 64 50 x 60 75 x 1201 181 x 64 100 x 120
25 260 x 125 ] 50 x 80 120 x 100 260 x 125 260 x 125
26 260 x 1251 50 x 80 120 x 100) 310 x 102 260 x 128
27 260 x 1251 50 x &0 120 x T00] 280 x 125 260 x 125
28 220 x 100] 50 x 80 120 x 100 220 x 100 260 x 125
29 220 x 00| 50 x 80 120 x 100] 220 x 100 260 x 125
30 220 x 100] 50 x 80 120 x 1007 220 x 100 260 x 125
31 180 x 100) 50 x 80 120 x 1007 220 x 100 260 x 125
32 180 x 100] &0 x 80 120 x 1001 220 x 100 260 x 125
33 180 x 1007 50 x 80 120 x 100] 220 x 100 260 x 125
34 180 x 100] 50 x 80 120 x 1001 301 x 102 261 x 125




Table A.2 continved

Truss Hee Rafter Ceiling Ceiling Apex
_No. Plate Node Tie Node Tie Splice
35 | 180 x 100 | 50 x 80 [120 x 100 |260 x 125 | 260 x 125
36 {180 x 100 | 50 x 80 |120 x 100 |260 x 125 | 260 x. 125
37 | 180 x 100 | 50 x 80 |120 x 100 |260 x 125 | 260 x 125
38 | 180 x 100 | 50 x 80 |120 x 100 260 x 125 | 260 x 125
39 | 180 x 100 | 50 x 80 [120 x 100 1260 x 125 | 260 x 125
40 | 180 x 100 | 50 x 80 [120 x 100 |220 x 100 | 260 x 125
27 1180 x 100 | 50 x 80 ]120 x 100 |220 x 100 | 260 x 125
42 | 180 x 100 | 0 x 80 120 x 100 |220 x 100 | 260 x 125
43* | 180 x 100 | 50 x 80 (120 x.100 1307 x 100 | 260 x 125
46* | 180 x 100 | 50 x 80 {120 x 100 1307 x 100 | 260 x 125
45*% | 180 x 100 50 x 80 |120 x 100 1300 x 100 260 x 125
46* | 180 x 100 | 50 x 80 [100 x 120 |260 x 125 | 260 x 125
47* | 180 x 100 | 50 x 80 |100 x 120 (260 x 125 | 260 x 125
ag* | 180 x 100 | 50 x 80 |100 x 120 |260 x 125 | 260 x 125
50 | 157 x 101 | 50 x 100 orx T 11es x o1 129 x 151
51 | 157 x 101 | 50 x 100 |117 %190 1185 x 101 | 129 x 151
52 | 140 x 701 | 50 x 100 {101 'x 101 [120 x 76 | 129 x 126
53 | 140 x 101 | 50 x 100 |100 x 101 [200 » 76 | 129 x 126
54 | 185 x 107 | 50 x 100 {100 x 101 |185 x 100 | 169 x 126
55 | 185 x 101 | 50 x 100 |100 x 101 {185 x 101 | 167 x 126
86 | 200 x 10T | 50 x 100 [100 x 101 [229 x 76 | 143 x 126
57 | 206 x 101 | 50 x 100 {100 x 101 |229 x 75 | 143 x 126
58 | 256 x 101 | 50 x 100 {150 X 101 1256 x 101 | 156 x 126
59 | 256 x 101 | 50 x 100 |126 x 101 [256 x 101 | 157 x 126
60 | 257 x 75 50 x 100 1100 x 107 229 x 75 | 157 x 126
61 | 257 x 75 50 x 100 {100 x 101 [229 x 76 | 157 x 126

Table A.2 :  PLATE SIZES

* Rafter splice plate 220 x 100



Table A3 DEFLECTIONS FROM 24 HOUR TEST

Deflection 24 Hour (mm)

~ After Release Load (mm)

Truss

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 1.7
6 7.9 6.9 .9:7 1.9 1.6 2.1
7 5.9 6.0 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
10 7.0 6.9 9.8 1.4 1.3. 1.6
11 6.1 6.6 8.3 1.0 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 1.2 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 8.0 0.6 0.7 0.6
21 Strength Only

22 Strength Only

23 Strength Only

24 6.2 6.2 , 6.6 0.8 0.8 0.4
25 Strength Only

26 Strength Only

27 17.8 15.6 | 20.0 6.5 5.4 6.7
28 Streagin Only

29 Strength Cnly

30 14.76 ' 14,32 l 16.8 3.8 3.88 4.48




Table A.3 continued

Deflection 24 Hour (mm) After Release Load (mm)
T;g?s Node 1 Node 2 Centre Node 1 Node 2 Centre
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
36 Strength Onty
37 Strength Only
38 Strength Only
39 | 10.7 109|132 1.5 1.8 2.1
40 Strength Only
41 Strength Only
42 8.8 9.4 ‘11.1 1.5 1.6 1.5
43 Strength. Only -
44 8.7 9.3 l 12.1 1.6 2.2 2.5
45 Strength Only
46 Strength Only
7 1107 (108 |1 * 2.4 2.7
48 Strength Only
50 Strength Only
51 Strength Only
b2 Strength Only
53 Strength Only
54 Strength Only
55 Strength Only
56 Strength Only
57 Strength Cnly
58 Strength Only
59 Strength Only
60 Strength Only
61 Strength Only
* Transducer S1ipped.
Table A.3 :

DEFLECTIONS FROM 24 HOUR TEST




TABLE A.4 : DEFLECTIONS FROM STRENGTH TEST

9951§?t§§32egg§2% Design + Pt. Load (Strength)
No.| Node 1 Node 2 Centre Node 1 Node 2 Centre
3 6.1 6.4 8.2 7.3 7.4 15.7
4 5.4 5.8 7.0 6.5. 6.9 13.8
5 5.0 4.8 6.4 5.8 5.7 12.6
5 5.7 5.3 7.6 6.9 6.2 13.9
7 4.7 4.5 5.8 5.2 5.3 12.4
8 5.9 5.9 8.3 6.8 6.8 15.2
9 5.3 5.2 7.6 6.3 6.0 14.6
10 5.6 5.6 7.4 6.4 6.4 13.7
11 6.4 6.6 8.2 7.4 7.4 14.5
12 6.7 6.0 8.5 7.6 7.6 16.7
13 4.4 4.5 6.6 5.2 5.4 12.8
14 4.1 4.1 5.0 5.2 5.1 10.1
15 4.0 3.6 5.1 4.8 4.5 11.9
16 9.2 9.9. 10.9 1.0 11.3 16.6
17 9.4 9.4 1.7 11.2 11.3 17.6
18 9.0 9.2 | 1.2 10.8 1.1 17.4
t1e} 6.3 6.3 | 7.9 No Pt. Load
20 5.8 5.1 £.8 No Pt. Load
21 6.7 6.5 7.7 No Pt. Load
22 5.1 5.3 6.1 No Pt. Load
23 5.2 5.6 6.0 No Pt. Load
24 5.8 5.6 7.0 No Pt. Load
25 | 11.4 1.6 13.7 13.0 13.4 19.1
26 | 12.4 13.4 14.6 13.8 15.0 20.8
27 | 12.2 11.8 14.0 13.8 13.6 19.8
28 | 11.24 10.96 14.52 12.96 12.4 20.36
29 9.6 10.4 1.0 11.2 12.0 16.4
301 12.0 11.96 13.6 13.64 13.52 19.76
31 6.8 7.6 9.0 7.6 8.8 15.9




Table A.4 continued

Design (Strength)
Without Point

Design + Pt. Load {Strength)

NoJ Node 1 Node 2 Centre Node 1 Node 2 Centre
32|  6.52 7.28 9,04 7.68 8.8 16.32
33| 7.8 7.9 10.6 8.8 9.4 18.8
3| 8.7 9.0 10.6 10.2 10.2 17.6
35 9.4 10.0 11.6 10.4 1.2 18.4
36| 9.6 9.4 10.8 10.8 10.6 16.4
370 9.1 9.4 1.4 10.4 10.8 16.8
38| 8.4 10.4 1.2 9.8 10.5 17.6
39| 8.9 8.8 10.3 10.0 10.0 15.9
0] 2.0 8.38 11.32 9.2 10.36 21.24
81} 7.68 7.88 10.08 8.88 9.2 18.4
42 7.4 7.9 10.7 8.6 9.1 18.3
43 7.3 7.6 8.8 8.2 8.7 15.6
4] 7.2 7.6 9.4 8.5 8.6 15.4
45{ 7.9 8.0 9.6 9.2 3.2 14.8
26| 6.2 6.9 8.6 7.2 7.9 15.9
a7l 8.4 6.4 7.9 9.2 7.3 14.2
48] 710 6.8 8.0 8.0 7.6 14,2
50] 5.2 5.8 6.6 5.0 6.8 14.2
51 5.2 5.8 6.4 6.0 6.8 12.4
52| 6.2 6.0 7.4 7.0 7.0 15.0
53] 5.8 5.9 8.0 7.0 7.0 15.0
54 7.4 8.4 8.6 8.6 9.8 14,2
55 7.0 7.2 7.8 8.0 8.3 13.0
56| 7.2 7.4 8.4 8.4 8.6 16.0
570 7.4 7.0 8.4 8.6 8.2 15.3
58] 9.4 9.8 1.0 No Pt. Load
59 9,2 9.6 11.0 No Pt. lLoad
60 - 6.6 8.6 No Pt. Load
61 6.8 7.0 8.6 No Pt. Load

Table A.4 : DEFLECTIONS FROM STRENGTH TEST




Table A.5 : FAILURE LOADS & DESCRIPTION 0F FAILURE

1

{(Figures in brackets are Load Factors).

Maximum Load at Failure .
_ Description
Truss| €. Tie Rafter Tank of Failure
“No. kn kn kn Total
(LF) (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
4 6,94 20.36 2.14 30.75 Test terminated due
(2.82) | (2.69) | (2.85) Yot asstve bow in
5 7.88 25.84 2,14 37.15 Test terminated due
a to excessive bow &
(3.20 (3.41) | (2.85) twist in left rafter.
) 6.00 18.35 1.94 27.55 Test terminated due
‘ | to excessive bow &
(2.43) (2.42) (2.59) twist in left rafter
7 9.06 28.76 2.33 | 41.45 | Test terminated due
/ ‘ to excessive bow &
(3.68) (3.79) (3.11) twist in right rafter
8 7.18 21,24 2.31 32 Test term?nated dge
(2.92) | (2.80) | (3.08) P oprcesslve baw in
g9 9.65 30.54 2.51 44 "Test terminated due
. t treme bow in
(3.92) | (4.03) | (3.36) Teft ratter,
Test terminated due
10 10.0 30.93 2.25 44 .6 1o excgssive bow & 7
(3.70) | (3.72) | (3.01) frist in both
_ Left rafter : timber
11 9.18 30.04 2.25- 42.85 failure just over
. strut Joint, followed
(3.40) (3.611 (3.01) by collapse of C.Tie |
12 8.00 232.70 2.06 35.1 Lateral failure at
, apex joint due to
(2.96) | (2.85) | (2.75) excessive bawing,
- Timber failure :
13 4.7 i5.70 1.88 23.4 right rafter between
strut intersections
(2.66) | (2.88) | (2.51) ang”gpez_




Table A5 continued

\ Maximum Load at Failure
Truss e S Description
Co e Mafier Tank Al
No. kn kn kn Total of Failure
(LF)M (LF) (LF} kn
14 4.7 15.02 2.06 22.9 Timber failure:
- right rafter 1 m
(2.66) {2.75) (2.75) from apex.
Timber failure:
_ - teft rafter between
15 5.65 17.88 2.25 23.4 strut node & heel,
- followed by C.Tie
(3.19) (3.28) (3.01) collapse.
. Timber failure:
16 © 5,53 16.57 1.88 25.2 right rafter midway
(2.46) [ (2.51) | (2.51) gf]*&‘“’;jgft’"“t hode
17 5.41 i6.79 1.88 25.3 Test tgrminated -
2.47) | (250) | (2.5 Tt rafters "
Test terminated -
_ excessive bow in top
18 5.83 14.65 1.88 23.25 | nalf of both
N 'J‘.'\"_d
(2.06) | (2.22) | (2.51) ek 1o o4 apand b
19 © 5,88 17.94 2.25 26.25 | Test terminated -
(300 | (3.8e) | (3.0) Point Lod.
Test terminated -
left rafter
fractured dus to
20 5.06 13.87 2.25 21.35 | lateral distortion
(338) | (2.97) | (3.01) Mant ratter S
Point Load.
Timber failure in
‘ - 5 right rafter
21 4.59 14.13 2.25 21.15 between heel plate
(2.89) (3.03) {3.01) & strut node. Ho
Point Load.
Timber failure:
right rafter
22 3.06 15.32 1.49 20.05 | between heel & node,
a ' followed by break
(1.85) | (3.11) | (1.99) rear heol f]'/ox'nt )
both occurred at
knots.




Table A.5 continued

Maximum Load at Failure

(2.70) | (2.65) | (2.75)

TRUSS [ orTe ™ Rafter | Tank Description
| kn kn kn Total of Failure
(LF) (LF) (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
excessive lateral
(2.85) (2.50) (3.14) distortion.
25 7.18 19,85 2.08 30.45 Timber failure:
left rafter adjacent
{2.69) (2.53) (2.77) to heel. :
Timber failure:
right rafter
26 7.18 20.55 2.08 31.15 between heel & node
followed by timber
(2.69) (2.62) (2.77) failure at node,
Timber failure:
27 5.76 15.96 1.69 24,75 left rafter between
o 19 0 node and heel
- (2.76) (2.04) (2.25) (lateral failure}.
Timber failure mid~
way befween apex &
strut - left rafter,
28 4.12 17.96 1.86 7.2 followed by timber
- failure at apex
(2.46) (2.46) (2.48) teft rafter & shear-
ing of C.T. splice
plate.
Timber failure
. adjacent to apex on
29 7.88 24.02 43 35,6 right rafter,
{3.17) (3.29) (3.24) followed by failure
between apex & sirut
—_— L on riaht rafter
Timber fajlure
adjacent to heel
plate on left rafter
30 4.82 14.77 1.49 | 22.35 followed by timber
failure midway
(1.94) (2.02) (1.99) between heel plate &
strut on left rafter
31 6.47 18.9%9 | 2.06 28.75 Timber failure:

right rafter at
strut.




Table A.% continued

Maximum Load at Failure
{russ|~ o BT . Description
C. Tie Rattey tank .
No. kn kn kn Total Of Failure
{LF) (LF) (LF) kn
32 6,?7 19.Q9 2.06 28.85 Excessive bowing
(2.70) (2.67) (2.75)
. Timber failure mid-
33 7.06 ?9.25 2.25 30f3 way between strut &
{2.54) (2.76) (3.01) apex on left rafier
34 6.71 20.49 1.88 30.45 Timber failure on
o A right rafter
(2.43) (2.49) (2.51) adjacent to apex.
35 €.00 20.19 1.69 29.25 Test terminated due
2 r to springing of
- (2.17) (2.45) (2.25) ‘apex. o
36 6.71 20.23 1.88 3G.15 Excessive bowing in
(2.43) | (2.46) | (2.51) both rafters.
Timber failure left
- , - rafter adjacent tg
37 6.24 17.61 1.88 27.0 strut, followed by
(2.42) {2.29) (2.51) timber failure at
left heel plate,
3.1 4.35 | 13.64 1.29 | 20.55 | Terminated due to
excessive distort-
(1.69) (1.77) (1.73) _ jon in right rafter
39 6.24 18.31 1.88 27.7 Timber failure:
- right rafter
(2.42) (2.38) (2.57) bé%ween locading pts
Timber failure mid-
40 7.53 21.44 2.25 32.5 way between strut
. node & heel of right
(2.92) (2.78) (3.01) rafter, followed by
failure at node pts
Timber failure:
right rafter midway
41 7.53 20,10 2.24 31.75 between node & heel
followed by timber
(2.92) (2.69) (2.98) failure adjacent to
heel joint on right
ceiling tie.
ar 7.53 21.54 2.24 32.6 Test terminated due
to excessive bowing
(2.92) (2.80) (3.01) in left rafter,




Table A.5 continued

Maximum Load at Failure
Tﬁgss C. Tie | Rafter Tank Dgsgri?t1on
: kn kn kn Total O tatlure
{LF) (LF) (LF} kn
Rafters spliced:
43 | 6.94 | 20.94 | 2.06 | 31,25 |Drash timber failure
in right ceiling tig
(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 left rafter between
3rd & 4th load pts
(2.92) | (2.87) | (2.75) Followed by timber
failure at apex &
plate shear in C.T.
; Rafters spliced:
45 8.82 25.75 2.27 38.15 | timber failure in
Teft rafier midway
(3.42) (3.34) (3.03) between heel & node
then over heel platld
46 /.88 23.93 2.08 35.3 Rafters spliced:
i + e}
(2.7) | (267) | (2.7, Taderal distortion
Rafters spiiced:
. , Teft rafter
47 7.88 24,7 2.08 36,15 Compression failure
(2.71) (2.76} (2.77} at toad point approx
T m from heel
Rafters spliced:
severe lateral dis-
48 £.59 23.85 2.19 34 tortion in right
(2.26) (2.66) (2.85) rafter just over
heel plate at knot
cluster,
Timber failure righi
rafter over node pt
50 6.59 20.37 2.14 30.4 followed by failure
in ceiling tie
(2.65) (2.66) (2‘74)n between heel & node
& plate withdrawal
at right heel
51 8.00 | 24.58 2.53 | 36.4 ggj’bg[tjg;;“;‘:;;”d
(3.27) (3.20) (3.24} joint & node on left
rafter




lapie H.D continueq

Maximim Load at Failure

Truss i

Description

€. Tie Rafter Tank . ,
Na. - kn kn Total of Failure
(LF) (LF) (LF) kn
Timber failure:
' ' right rafter bet-
52 £.59 19.37 2.14 29.4 ween heel & node

(2.68) | (2.56) | (2.74)

followed by timber
fracture at node &
heel in right
raftter.

Timber failure:
right rafter at
strut node,

53 6.59 20,02 Z2.14 30.05 followed by £.7,

n failure between
right side & right
0.T7. withdrawai
from C.T. node.

| Right Q.T. with-
drawal at C.T. node
54 4.]? 11.70 1.37 18.5 Inside plate not
(1.67) {1.59) (1.76) correctly
" positioned.

55 | 7.88 21.80 2.55 33.5
(3.20 (2.97) | (3.27)

1 withdrawal at apex

Right Q.7. plate
withdrawal at £.7.
node & left 0Q.7.

56 6.47 | 19.53 2.14 29.4
(2.70) | (2.72) | (2.74)

Timber failure -
left rafter bet-
ween node & apex

57 5.88 16.10 1.94 25.2
(2.45) | (2.25) (2.49) |

Right Q.T. with-
drawal at C.T.node
followed by timber
failure at midspan
of C.T.

58 6.00 | 16.91 2.14 25 .4
(2.67) | (2.56) | (2.74)

Timber failure :
right rafter bet-
ween apex & strut
node - No Point
Load




Table A.5 continued

Maximum Load at Failure

Truss - Description
No. C. Tie Rafter Tank of Failure
kn kn kn Total
(LF) (LF) {LF) kn |
Timber failure :
59 5.41 15.18 1.9¢ 22.9 right rafter betwean
4 apex & strut node
(2.41) | (2.30) | (2.51) after severe distor-
tion - No Pt. Load
60 4,59 13.73 2.14 20.7 Terminated due %o
excessive distortion
(2.64) (2.69) (2.78) - No Point Load
rTimber failure :
61 4.59 13.95 2. 14 Z20.9 right rafter

(2.64) | (2.74) | (2.74)

betwesn heel joint &
strut node.
- No Point lLoad

LF = Load Factor.

Table A.5 : FAILURE LOADS & DESCEIPTION OF FAILURE,



Table ‘A.6

Recovery % Average Centre [Midspan/

Truss — Recovery |Span/Def}|Node Def)
No. Node 1 | Node 2 Centre % Ratio Ratio
4 71.2 72.4 76.2 73.3 812 1.36
5 79.0 78.5 85.1 80.9 1108 1.16
6 75.9 76.8 76.3 77.0 845 1.371
7 76.3 75.0 76.8 75.9 1000 1.38
8 77.8 74.6 78.9 771 863 1.46
9 82.0 84,2 88.9 85.0 1012 1.37
10 80.0 81.2 83.7 81.6 918 1.41
il 83.6 83.3 86.8 84.6 1084 1.30
13 83.0 80.4 82.3 81.9 . 747 1.45
14 83.3 83.3 " 83.0 83.2 999 1.23
15 80.8 80.0 81.4 80.7 1000 1.28
16 81.4 83.9 83.0 82.8 668 1.18
17 62.3 80.5 92.4 91.7 567 1.26
20 91.3 89.1 9z2.5 90.9 664 1.20
24 87.1 87.1 93.9 89.4 834 1.07
27 63.48 65.4 66.5 65.1 445 1.20
30 74.2 72.9 73.3 73.5 483 1.16
33 83.3 81.6 82.3 82.4 656 1.20
34 75.9 72.5 68.7 72.4 718 1.10
39 86.0 83.5 84.1 84 .5 652 1,22
42 83.0 83.0 86.5 84.1 774 1.22
44 §1.6 76.3 78.3 79.1 709 1.34
47 59.8 77.8 76.7 71.4 835 1.08

Table A.6 : DEFLECTION RECOVERY & SPAN/DEFLECTION RATIOS
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S%F"”X PRINCIPLE

Cl’}

by

H. J. Larsen

Through the work of among other organizations CEB {Comit® Furo-International du
Beton), CIB, EEC (European Economic Community), ECE (Economic Commission of
Europe), ISO {International Standardization Organizatien), JCSS (Joint Committee
on Structural Safety) and NKB (Novdic Committee on Building Regulations) agree=
mwent has been reached on a musber of the basic principles for the safety de-
sign of structures, e.g. that it should be based on limit state design, that

the partial coefficient method should be used, and that the partial coef-
ficients in principle should be determined in such & way that a uniform prob-

ability of failure is ensured for comparable structures.

=}
g
e

principles of limit state design, the vartial coefficient method and the
way in which the partial coefficients have Dbeen fixed in the Nordic countries,

are described in the following.

Further is mentioned some of the problems in harmonizing internationally the

partial coefficients and some special problems ip relation to wood structures.

The following documents have been used:

)

Furocode No.1. Commen Unified Rules for Different Types of Construction and

Materials (ERC), 1983. Cor

- Recommendation for Loading and Safety Regulations for Structural Design,

K¥B-report 36, 1978.

- ECH Compendium of Mcdel Provisions for Building Regulations, Chapter 1 -

Structural Performance Reguirements, 1983,

- Cods of Practice Tor the Safety of Structures, Danish Stendard DS L0g

(translaticn), 1983. v

1. LIMIT STATE DESIGN

Limit state design only mezns that the reguirementis are related to oclearly de-
fined limit states, i.e. states 1n Whl;ﬁ any o of ithe performance criteria govern-
ing the use of the structure are 1nfr1nged.

Limit state design can be used in connection with permissible siress method as
well as with the partial coefficient method and for both elastic and plastic

structures.

Limit states are classified into the followvins catezories:

P
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Ultimate limit states which correspond tc the Yoss of

tatic eguilibrium of the

[41]

structure or parts therecf, considered as a rigid body, or attainment of the

maximum resistance capacity of the structural system or of individual merbers.

Serviceability limit states which correspond to 2 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 canse damage to finishes or non-structural
elements; or vibrations producing discomfort or affecting non-structural el-

ements or equipment.

2, DEBIGH PARAMETERS

In analytical verification the limit state is expressed by a celculation model
Y

involving varicus parameters and variables, called basic variables.

The Tollowing basic varlables are invelved:

- actions (F)
~ strength (f) and other properties of materials, in particular elastic moduli (E)

- gecmetrical data (a)

Actions

applies to dead load e.g. to the self weight of the structure, and the weight of

. - . . . N~ s
the superstructure and fixed equipment, and also t¢ actions resulting from a pra

tically constant level of water, and deformations imposed by settlements,

For most actions, in particular the self weight of the structure, the unigque nom-
inal value G is generally calculated as the mean. value, i.e. on the basis of the

niominal @dimensions znd mean unit masses.

In some cases, however, it mey be necessary to consider other representative
values, i.e. either an upper or a lower value, or both. Wind suction and dead lead
of a roof is an example, where a lower value of the self weight should be used.
Variable actions, Q, can be represented by different values., The most freguent

representative values are the charscteristic value Qk and the combination value

ka where < 1.
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"he characteristic values are usuval

y prescribed by the competent public auth-
ority in national losding reguletions, in meny cases {especially for climat

londs or wind and snow) corresponding to & specified return period e€.g. 50 years

Properties of materiels

Properties of materials are represented by their characteristic values. In gen-

[

eral. a charscteristic value can be presented as a fractile in the distribution
3

roperties and properties with a similer infiuence on the resist-

"

of the materisl

el

snce {e.g. the modulus of elasticity in instability design).

With regard to characteristic values for sirength (£), they arc specified such

that they correspond to a p % (e.g. 5% or 50%) fractile,

Tn certain cascs upper and lower characteristic values have to be concidered, e.g.
the resistaznce resulits in a decrease in saflety due to reduced

if an increase in

deformability.

Geometricsl data

In design, eccount should be taken of the possidle variation of the geome gtrical

data. In mcst cases, the variability of the geometrical data may te considereqd
small, or negligible, in comparison with the variability assoéiated with the
actiong and the material properties. Hence, in general, the geometrical data may
be sssumed to be ncn-random and as specified in the design.

in

o
¥

For the dimension of cross secbicous to;evanoe limits should ve given, e.g.

CTR Structural Timber Design Co , § 5.1.0.

3. PARTIAL COEFFICIONT METHOD

in the majority of cases the action effecus £ are compared

with the corresponding resistance capaciiy R whereby reference is made to the

8. and ®,, see below. This comparison may be writlten as

The definition of 3 and R depends on the individual design problem and the ve-

lations may de scalar, vectorial {e.g. M, N - interaction) or sometimes more
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pa]

d
vhere Sd ie the design value of the action effect and &, represents a fixed
value or a function of certain material properties (and then corresponds t

An acticn effect is introduced into calculations by its design vaiue Sd' Depend-

8]

;1

w
jo]

ing on the design situstion, several actions may have to be considered simul-
1
.

o

ased on the

i

taneocusly which can be done by aprlyving "combination rule

following format:

5, = S{v, .F vees Yom oF Ly vees ) 3
d (‘F,l rep,1’ ‘F,1i rep,i’ ) (3)
where F“ep ; are the representative values of the actions. The partizl co-
4 5

efficients (load factors) v, . depend on the nature of the actioas and the iimit
F,a

state under consideration,

In some publications the following Tormat is given:

- = 1? LI ) . hd L L ) 4 }
Sd YS(Yf,1irep,?’ Yf,lFrep,l’ ) (&)

but with
Yr,i T YeVr,d (5)

the two Tormats will give exactly the same results, and (&) therafore represents
g » P

an unnecessary complication.

Corresponding to (3) the following combinations are used {in symbolic presen-

tation):
G + G + + L 3
T Y . . . Ly . . -
YG,max max G,min “man YQ,1QR,1 i>1 YQ,l wo,l Qk,l (6)
where
Gmay permenent actions the effects of which increase the effect
- of the variable actions
in permanent actions the effects of which reduce the effect
| ipY 0 .
of the variable actions
Qk ! hasic {variavle) action (characteristic value)
]
¥ 'Qk . accompanying variable actions (combination values)
o,17%k,1
In the loading regulations of the Nordic countries only the products vy, PR
o e - Loy
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i introduced into calculation oY the design value Rd
- N
./‘fv.,, vas Bl s e ) (73

Ty scme publications the !

= / P \ )
Rg = RUG gy oo B iMse o SN <o)y (8)
where

YL,; Ym,l R (9)

but this again represents an UNReCessary complication: Except for very rare situ-
ations, e.g. in connecticon with friction, a common Tacter can freely be moved from
the left to the right side of the jnequality (1) without any infiuvence con the

result, 1. €. thc following three conditions are equal

. < )
g s(....) 2R Ly
Sl o) SR (b (vprg) & (12)
R'S _
. < '
RYs S{....) = & (vues) J
Haviug this in mind many rutile discussions could be aveided, e.g. which uncer—

should be covered DY Yo Yer Yy and'TR respectively, or it it against
[}

S
nature to haveziyw~factor on BY

The system of partial factors shnould be given values facilitating the design. In
secordance with this yg is in the Nordic codes in most cases pub equel to 1 fov

Gead load because dead load in some cases has a favourable effect, in others an

[e]
4]
D
4
v
]
Q
CL-
.

unfavourabl

Geometrical parameters are generally introduced into the calculation by their nom-

Ipal values {a, = a y, In some cases safety elements fa are introduced

L, ETERMINATION OF PARTIAL COEFFICIENTS' PRINCIPLES

The partial coefficients should in principle he so determined that & uniform
provability of failure is obtained for comparable structures irrespective of

. the materials used.

The probability eof failure can in principle be determined as follows, where the

most simple case is studies, viz. one action effect 5 and one resistance paranc

K. Both are assumed to bE stochastic values, ses Tigure 1.



T Probability

LN

Sy,

;
|
i
]
s
|
i

load S
« aﬁf\’ta.a_ . C"I
Resistance R

!

Flgure 1. Density function for an action effect S and the corresponding
registance R

The probability of failure e is equal to the probability of getting values of

S grezter than R, or with M = R-5, see figure 2.

pe = P(R<3) = P(M<0)

The value of p. is very sensitive to the Torm of the tails {the @istribution
function of high values of § and low values of R) and in practice the necess-

ary information is never svailable.

s

A Y

gifw

Figure 2. Density function for the failure function M = R-5.
The probability of failure is hatched

Usually only the mean value and the varisnce of R and 5 are kncwn, together with

& rough Xnowledge of the +tails.
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Instead of the true, unknown distribution function, standardized distribution

functions are used: For $ usually a normal distribution, for R a lognormal.

For these conditions it is possible to calculate the probability of failure,
i.e. P(R-8 < 0), but it is only a formal prcbability of failure because of the

use of the standardized distribution functions instead of the true, unknown.

To underline the formal character, the safety is normelly not given by the
formal probability of failure, but by a so-called safety-index. The safely

index B is defined by

B = /oy (11}

wnere u,. 1s the mean and ¢,. the variance for the failure function M = R-B,

M M
see figure 2.

The relation betveen formsl probability of failure per year and the saflety
index is illustrated in table 1, which gives the values recommended in

(NKB-report 36, 1978), dependent on the type of failure and safety class.

Table 1. Recommended 8-values (NKR 1978), and (in brackets) corresponding for-
mal probasbilinies of failure per year

Failure type .

Ductile Brittle
Safety Class: with without
strain-— strain-
hardening hardening
Low . B = 3.09 3,71 .26
- -l _
(1073 (107" (107)
Nermal L8 3,71 4,26 .75
P T - -6
ety (0% (1078
High g = L,26 L.75 5.20
ra
—Q

The Nordic partial cocefficient system

-

The described principles and the g-velues in table 1 form the background for ithe

partial coefficients used in the Nordic countries.

e s 24




The partial coefficients and load combination rules have been calibrated so
that the partial coefficient method for a wide range of design situations

gives the same dimensions of the structures as the safety index method.

The following is a very brief extract from the Danish Code of practice for the

safety of structures, which has been based on NKB-Report 36.

In teble 2 are given the load factors for the most common comtinations of actions
for serviceability and for ultimate 1limit states. Besides there are further com-

binations involving accidental lcads.

Table 2. Action combinations with corresponding partial coefficients,

serviceability ultimate

limit state limit state
1 : 2.1 2.2 2.3
permanent action
weight of structursl meumbers
Gk fixed action 3) ' 1.0 1.0 0.8% 1.0
0.15 Gk Tree action 3) - - - 1.0 I
weight of earth and ground water 1.0 1.0 1.0 1.0 h
variable action 1)
one variable action _ 2) ST 1.3 1.3 =
other variable actions 23 Y ¥ -

1) Inthe table the ¥ is t» be taken as 1.0+¢, i.e. the usual action, ka is

given the partial coefficient Tp = 1.0

2) The variable actions and their values in the serviceability limit staze are

given in the siructural codes.

1

3) A fixed action takes either the value 0, or its "maximum" value simultaneously
on all parts of the structure where it can possibly act. A free action can at

any point independently take any value between O and maximum.

The principles for the determination of material factors are given in Annex 4.
For ordinary timber siructures with normel degree of control a value of Yoo = 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-carrying capscity (strainhardening).

For structures made under extended control, i.e. glulam structures, Yy = .35

is used.



International agreement

No internabional agreement has been reached on the partial coefficient. There

are a number of reasons for that.

- A requirement for the harmonization is that the loads are agreed inter=-
nationally. This is not the case for the time being, and there is very little

progress in harmonizing the loading regulations.

- Tn most countries the ccefficients are not determined on a rational basis, but
by comparison with the existing safety factors, and scome countries only pre-
tend to use the partial coefficient system. Iustead they are trying to maintain
the pernissible stress system (by using the same load factor on all loads).

4

— Some of the international organizations, among others CEB, have tried to force

through partial coefficients especially suited for their materials.

Most of the proposed systems are, however, in agreement with the following

recommendations in the ECE-Compendium, viz.

For safety problems the partial coefficients yy for actions may be chosen in

the following way.

For permanent ections which are unfaveourable yp = 1.0 - 1.3

For permgnent actions which are favourable YF ¥ 0.8 - 1.0

For variable actions yp = 1.3 - 1.6

For accidental actions yg = .0

For servicesbility problems the values of yp may be @ifferentiated to some

extent, and should be chosen with regard o the nature of the problem. Normally

the value of v, is about 1.C.
f

The partizl coefficients Yo for the strength of materials and mcdulus of elas-
ticity are strongly dependent of the type of material and the varisbility of the

"

material properties. Foliowing values may be given as examples:

Strengths of materials Modulus of elasticity

i

For concrete Yy 1.25 - 1.5 Yy = 1.0 - 1.2

For steel Yy
ol

= 1.0 - 1.1 oy =10 - T
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The additive geometrical quantity sa for cross section dimensions may

be chosen so that & * La epproximately correspond to the tolerance limits.

A partial coefficient Y by which the consequences of failure are taken into

account, may be introduced with values varying from Y, = 0.9 fer consequences
which are not serious tc Y, = 1.1 for consequences whizh are very serious. With

these values Yy, should be multiplied eitherto Y OF to v,
I ! Rt

5. SPECIAL PROBLEMS FOR 'MIMBER STRUCTURES

The partial ccefficient system described has been developed for concrete and

1

is based on the assumption of time-independent material properties.

o

steel an

This assumption 1s not given explicitely but through the fact that the S-values

correspond to a fixed probability of failure per year.

f the Ym—values proposed for concrete or steel are used together with the usual

+

ct

ime-dependent strength and stiffness reductions, timber structures will get a

higher safety level than other structures: Only at the end of the assumed 1ife-
time will timber structures have the prescribed B-values, in most of the life-

time - especially for permanent and long-term loading - they will have much

-

higher 8-values.
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ANNEX A. WEIGHTS AND WEIGHT DENSITIES

in the following, lists are given of the weights, weight densities, masses
and mass densities respectively of a number of building materials and
goods in bulk.

Where nothing else is stated, the weights of structural parts and
weight densities of building materials given may be assumed to include
the moisture content which the material concerned at the situation in
the building structure will generally have. 7

In the case of some materials, the weight of which is not very well-
defined, a range is given within which the weight may generally 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 vaiues given
may GCcur. '

Tables of weights or weight densities and masses or mass densities,
respectively, of building materials and goods in bulk: o

Table 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 densities of materiels 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 solid fuels

Table A 10 Weight densities of liquids

Table A 11 Weight densities of organic substances
Table A 12 Weight densities of agricultural crops
Table A 13 Weight densities of seeds and grain

Table A 14 Weight densities of concentrates

Table A 15 Weight densities of ranure and fertilizers
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Table A 1. Weight densities and mass densities of building materials

weight TNARSS
. density density
materials kN/m?® kgim?
concretfe, hardened
(newly cast concrete about 1 kN/m? greater)
reinfnrced concrete, aggregate natural stone
{granite, {lint) 24-26 2450-2650
unreinforced conerete, aggregate natural stone .
} (granite, flint) 23-25 2350-2550
] structural lightweight concrete 14-20 1430-2040
nortar, hardened
{freshly mixed mortar about 1 kN/m?* greater) :
cement mortar 2 21 2140
lime-cementi mortar 19 1940
: lime mortar . 17 1730
' masonry cement 19-20 1940-2040
E gypsum-lime plaster for Rabitz rendering 15 1530
plaster of Paris 16 1020
natural stone . T
basalt 30 3060
granite, gneiss 7 2750
marble, dense limestone 2127 2140-2750
: linsestone, porous 13-21 1330-2140
sandsione, dense 22-27 2240-2750
sandstone, loose 14-24 1430-2450
siate _ 27 2750
mant.factured, solid building blocks '
conerele blocks 23 2350
sand-liine bricks v S 18-20 1840-2040
light-concrete blocks : 4-14 400-1430
moler brick 12 1220
brick ' _ 14-20 1430-2040
| brick, hard burned 17 1730
clinker brick 19-20 1940-2040
wood, air dried {about 15% moisture)
Szandinavian hardwood 7 710
Scandinavian softwood ' 5 510

! - (impregnated wood may have a higher
! weight density than those given)
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Table A2. Weight densities and mass densities of metals

w

ANNEX A

weight miass
density density
‘metal kN/m? kg/m?
" aluminium 27.0 2750
lead 111.8 11400
bronze 84.3 B60O
copper 87.3 8900
brass 83.4 B500
steel, rolled 77.0 7850
cast iron 71.1 7250
cast steel 77.0 7860
tin 72:6 7460
zine 70.6 7200

Table A3. Weights and masses of roofing materials per m? of roof surfacel

weight mass
material kN /m? kg/m?
ordinary roofing siate 0.20-0.25 20-25
asbestos-cement corrugated board 0.15-0.20 ©15-20
asbesios-cement slate 0.20-0.25 20-25
timber boarding (25 mm thick) 0.15 15
thatch (200 min thick) 0.50 50
tiled roof, interlocking pantiles? 0.55 55
tiled roof, sromer» tiles? 0.65 65
tiled roof, »vinges tiles? .45 45
laths for tiled roofs 0.05 5
river gravel (for flat roofs) (10 mm thickness) 0.17-0.19 | 17-19
roofing felt, single layer 0.02-0.05 2- 5

1 Weight per m® of finished roof surface inclusive of normel overlapping of roofing
material. When nothing else is mentioned the weight comprises only ihe actual
reofing material. The weight of battens, purlins, rafters, and the like is not in-

cluded.

2 The weight of tiled roofs are giVenlas thaweighti of dry roof tiles + about 14% of
this weight (corresponding to maximum moisture eontent) + weight of sheathing
(felt or plastic sheet) 0.04 kN/m?. If pointing is applied, 0.0% kN/m?® shall be

added,

e s et o e e o i 55
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Table Ad. Weights and masses of non-rendered brickwork per m’ of wall® 4

thickness

of wall weight mass
type of wall (nom.,yim)  kN/m’ kg/m?
half brick 108 1.9 190
broad brick 168 29 290
one brick 228 3.9 400
half briek -+ half brick
(cavity wail with wire ties) 290-356 4.0 416
half brick + half brick
(cavity wall with headers) 350 4.4 450
brick and a half 350 5.9 600
two brick 470 N 7.9 800

3 The weights given in the table refer to brickwork of solid bricks with a weight
density of 17 kN/m® and mortar with o weight density of 17 kN/m?.

4 The weight of vendering (about 10 mm thick) is assumed to be 0.20 KN/ m*.

s

Table A5. Weight densit.tl'es and mass densities of materials for wearing surfaces

weight ' mass
density density
material . kN/jm?® kg/m?®
asphaltic concrete, mastic asphalt 22-24 2240-2450
bitumen 10 1620
asphaltic conerete, base course material 21-23 2140-2350
fine cold asphalt 20-22 2040-2240
cement rendering, terrazzo : 20-23 2040-2350
tiles of lismestone, marble, state 27 2750
fioor clinker, ceramic tiles 20-22 2040-2240
cork tiles v 1- 5 100- 510

_iinoleum, magnesite, rubber, plastics 10-20 102(_)_-2040
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Table A6. Weight densities and mass densities of covering and insulsting materials

weight mass
gdensity density
material kN/m? kg/m?
asbestos-cement board 18 -22 1840-2240
ashestos-cellulose-cernent board 14 -156 1430-15380
asbestos-silicate board 7T -8 710- B20
gvpsum board R?) 920
¢lass 26 2650
plywood, pine 6 -7 610- 710
expanded sintered clay 2.5- 5 250- 510
mineral wool 0.2- 2 29- 200
foamed plastics 0.1- 0.4 10- 40
chipboard, heavy 8 -10.5 820-1070
chipboaid, medium heavy 4 -8 410- BZ0
woodfiore board, hard 8 -10 B20-1020
woodfibre ponrd, semihard 6 -8 610- 820
woodwool slabs 3 -5 300- 510
Table 4 7. Weight densities and mass densities of soils®
weight mass
density density
soil kN/m? kg/m?
neturgl deposits
dry sand and gravel 15-12 1530-1840
moist sand and gravel 18-20 1530-2040
water-saturated sand and gravel 19-22 1940-2240
water-saturated moraine clay 19-23 1940-2350
water-saturated plastic clay 16-20 1630-2040
water-saturated silt 10-16 1020-1630
10-12 1020-1220

water-saturated peat

5 Since the weight density of soils may vary within a fairly wide range, it should in

principle be determined by measuring and weighing undisturbed samples.

a————
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Table A8. Weight densities, mass densities and characteristic angles of internal fric-
fion, ¢, of inorganic' materials

weight mass
density density

materizl kN/m? kg/m? lp;
: cernent
in silo 12-16 1220-1630 20
: in bags 16 1630 :
: limestone and lime
guarried stone 18 1840 4B
hydrated Hine 6 610 25
E hydraulie lime 7 710 25
coke ash, slag 6- 9 - €10- 900 25
ground limestone
{ {additive to livestock feed) 10-14 1020-1430
f salts
s in bulk (common salt) 12 1250 40
rock salt 29 2240 45
| dicalcium phosphate 8- 9 320- 920 40
: sand, dry 16 1630 30
shingle and pea shingle, dry 16-18 . 16830-1840 30
i broken stone ’
| crushed brick, dry 12 1220 35

natural stone, dry 16-18 1630-1840 R 1.1

Table A3, Weight densities, mass densities and characteristic angles of internal fric-
{ tion, ¢y, of solid fuelsf’ 7

weight mass

density density
fuel kN/m? kgfm? 50;
brown coal, loosely deposited 6-8 650-829 35
brown coal briguettes, stacked 13 ¢ 1330
fire wood, stacked 5 560
coke and cinders, loosely deposited 3.5 350-550 45
coal, loosely deposited 7-8 710-829 35
charcoal, loosaly deposited 2-4 200-410
peatl, loosely deposited 3-6 : 300-610
peat, compressed 6-9 610-820

5 6 The weight densities are given as gross values, i.e. inclusive of any packing men-
tioned per m? of the article in stored condition.

-

7 The weight densities given refer to dry fuels.

7o
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Table A10. Weight densilies and mass densities of liquids

weight mass
density density
liguid kN /m? kg/m?
alcohol 1.8 800
petrotl 7.4 750
benzene 8.8 900
liquid gas
propane -6.0 510
butane 5.7 580
glycerol 12.3 1250
coal tar 10.8-12.7 1100-1300
milk 10.1 1030
oils " 7.810.8 B00-1100
fuel oil 7.8- 9.8 800-1600
diesel oil B.3 850
linseed oil 9.2 940
creosote oil 10.8 1100
lubricating eil 8.8 900
white spirit 8.5 BTG
paraffin oil B.3 850
hydrochloric acid (40 per cent} 11.8 1200
sulphuric acid (87 per cent) i 17.1 1800
wakber 9.8 1000
wine 8.8 1000
ether 7.4 750
E:_eer 7 10.3 1050

Table A11. Weight densities, mass densities and characteristic angles of internal fric-

tion, vy, of organic substances o
) weight mass
~ density density
substance kN/m* kg/m® ¢

cotton and wool, in bales and siacked 13 1330
books, stacked 8 820
books, on shelves and in filing cabinets 6 610
fruit, in crates 3 360
fruit, in bulk 4 460 356

rubber - 10-12 1020-1220

hides and skins, stacked ' 9 920

flax, in bales and stacked 3 300

groundnuts 4 410

coffee 6 610

meat 8 820

malt b 550 25
margarine, packed 7 710

fiour and oats 6- 8 §10- 820 25
paper, stacked (see also books) 11 1120

butter, packed 8 820

sugar, in bulk 8 820 35
tobacco, in bales 3 350

8§ The weight densities are given as gross values, L.e. inciusive of any p‘acking men-
tioned per m® of the article in stored condition.
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Table A12. Weight densities, mass densities, and characteriétic angles of internal

friction, P of agricultural crops

weight mass

e density density
material kN/m?® kg/m? \p;[
hay crops

! hay, hard compressed 2.0 200

! hay, medium compressed

: " stacked to a height of 8 m 1.5 150

stacked to a height of Z m 1.0 100

root crops

! potatoes

i in bulk or in bags 7.0 710

! fodder roots, cut 7.0 710 30
{ green crops, silage

; direct-cut silage 10.0 1020
pre-wilted silage crops 7.5 769

green fodder, loosely stacked 4.0 410

silage, sugar beet waste 10.0 1020

1

Table A13. Weight densities, mass densities, and characteristic angles of internal

friction, ,‘Pk‘ of seed and grain 10

«

- weight density® mass density? -

kN/m? kg/m®
material 3m 12m 3m 12m -.p;
: light seeds 3.8 45 390 460 20-30
: cocks foot 280 340
! yye grass, meadow fescue 350 420
i yough stalked meadow grass 370 410
| mangold 260 300
! sngar beet ) 380 460
| heavy seeds 83 8.4 < 850 B8O 20-30
; leguminous fruit B50 860 :
| clover, cleaned and sorted 830 840
; lupine 810 820
: lucerne, cleaned and sorted 820 830
rape 700 730
i timothy 610 650
grain 7.9 83 Bi0 850 20-30
bariey, Danish ' 730 800
oats, Danish 640 6RO
wheat, fodder 810 850
maize, unsorted 740 800
rye, Danish 790 840

L.

9 Minimum and maximum weight and mass densities are given at depths of 3 m
and 12 ra, respectively, below the surface of the stored material,

10 The weight densities given are inclusive of the muisture conient which the ma-
teriats concerned 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



Table A14. Weight densities, mass densities, and characteristic angles of internal
friction, ¢, of concentrates 11 -

weight density ? mass density®

kN/m? kg/m?
material 3m 12m 3m 12m ¢;
cottonseed cake, unhulled 5.3 5.8 540 590 35
cottonseed flakes 6.6 6.7 660 680
fish meal 6.6 6.8 860 890
meal 3.8 400
wheat bran 3.4 5.2 350 530
linseed flakes 6.6 6.9 870 700
linseed, rolled 53 6.3 540 640
groundnut flakes 7.3 7.5 . 740 760
coconut flakes 6.3 6.8 640 690
meat bonz meal 7.9 83 810 850
lucerne meal 38 41 390 420
oil cake 9.8 1000
oil meal 4.9 500
rape meal 6.0 8.2 610 630
soybeans, rolled 5.1 bB.7 520 580
soybean meal, Danish 5.8 6.1 590 G20
sunflower fiakes 7.4 1.6 750 710
sunflower meal 58 6.0 590 610 - -

9 Minimum and maximum weight and mass densities are given at depths of 3 m
and 12 m, 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:
Fiakes: apx. 5 - 11 per cent by weight
Meat bone meal, fish meal: apx. 5 - 6 per cent by weight
Others: apx. @ - 17 per cent by weight
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Teble Al15. Weight densities, mass densities, and characteristic angles of internal
friction, P of menure and fertilizers

urea

weight raass
density density
material kN/m? kgim? Yr
manure
urine, liguid manure, sludge 10.8 1100
compost 11.8 1200
farmyard manure, solid
to a height of 1.5 m 5.9 600
to a height of 3.0 m 9.8 10600
fertilizers o : 25-35
ammonium nitrate sulphate 7.8- 9.0 §00. 920
Chile saltpetre 11.3-12.3 11606-1250
agricultural lime 12.3 1250
potassivm fertilizers 8.6-11.8 880-1200
caleiurn ammonium nitrate 7.8- 9.8 §00-1000
calcivm cyanamide 8.4- BS 860- 910
celoium nitrate 11.5-12.4 1170-1260
Kola apatite concentrate 12.9-18.2 1320-1880
NEKP fertilizers 8.1-11.9 830-1210
PK fertilizers 10.6-13.5 1080-1380
phosphate rock 12.4-16.7 1260-1700 -
superphosphate, granular 10.0-10.8 1020-1100
superphosphate, pulverized 9.8 1000
armmmonium sulpbate 9.8-10.8 1000-1100
potassium sulphate 12.3-14.5 1250-1480
Thomas phosphate 17.5-19¢.8 1780-2020
Thomas meal 19.6-21.6 2000-2200
7.1- 7.4 720- 750
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INTRODUCTION

The United Kingdom in common with countries such as Canada and the USA is
moving towards production of limit states design codes with a partial
coefficlents methodology for primary structural materials such as
concrete, steel, masonry and timber. Efforts are being made within

these countries to harmcnise national loading codes and the individual
materials codes. Hopefully a climate will be created wherein designers
are encouraged through the -exercise of expertise to produce more relevant
and if appropriate more uniform levels of reliability between design than
are attained with present working stress solutions. When appropriate
designers should be permitted to gain economic advantage through use of a
more rational probability based design procedure.

Cedes for materials such as concrete have been introduced 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 sore extent illogical. It is
felt that there is no great pressure to produce a UK nartial ccefficients
timber code immediately and thought should be given to the matter before
carrying out the type of procedure applied to other materials.

This note was originally produced for the British Standard Institution
Code Committee CSB32, which oversees the production of UK timber codes,
and gives a TRADA view of the current situation with respect to methods
for calibrating partial coefficients timber codes.

1. Wnat is limit states design?

A limit states design is one wherein certain limlt 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 normal use
(serviceability limit states). [Limit states design is neither inherently
orobabilistic nor inherently asscclated with a particular code formatting.
The BS CPI12 : Part 2: 1971 and its intended replacement BS5268 : Part 2
1984 are working stress codes 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
camplete unserviceability.

Ultimate limit states may for example correspond to: (1)

- Loss of static equilibrium of the structure, or part of the structure,
considered as a rigid body (cverturmning),

- rupture of critical sections of the structure due to exceeding the
material strength (in sane cases dependent on the loading history),

- loss of stability (due to, among other things, buckling),

- unlimited slip of the whole structure or mutually between parts of it.

o
-
S——

CIB. CIB structural timber design code. International Council for
Bullding Research Studies and Documentation Publication 66. Sixth

E gy 3 4
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3. Serviceability limit states

Serviceability limit states are related to criteria governing normal use.

Serviceability limit states may for example correspond to: {1)

-~ 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 eguipment (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. What 1s probabilistic design?

A probabilistic design is one wherein a component or structure is sized so as
to attain in the long run a desire of prokability of load exceeding
resistance at any time during the design life. This long run probability is
often referred to as frequentist probability. The interrelationship exists:

il

R=1-& ()

il

where:  Pa= frequentist probability of load exceeding resistance
A

R == frequentist reliability

Load and resistance are here used in a general sense and could for example
represent deformations within a serviceability limit states calculation.

Within any design methodology it is necessary to decide whether the cbijective
is to design for a target level of individual element reliability or a target
level of system reliability. The limit states against 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
consequences of failure, cost of increased security against failure, ability
of the system to redistribute locad in the event of failure of a single
element and the interaction of these factors.

Explicity probabilistic design inherently includes statistical modelling of
at least lcads and resistances.

Notionally probabilistic design makes qualitative {subjective) allowance for
the probabilistic nature of loads and resistances. Qualitative allocwance
must however be translated into quantitative calculations. This is achieved
through agreement within code committees upon relativities indexed to a base
proven satisfactory by experience.
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5. Wwhat is rational design?

Traditionally timber components or structures are designed on an individual
elament basis ignoring interactions and complex support conditions. There is
ncw a deneral acceptance for some forms of timber structures that design
srould follow more rational procedures which take account of redundancies and
partial fixities between component and which design to a target level of
reliability, or sane related measure such as a safety index {see item 10.2).

'Explicitly rational design' therefore involves use of analytical models
which include elasto-plasticity, viscosity, relative slip between adjacent
seml rigidly connected elements, etc. in conjunction with statistical
modelling of stiffnesses, loads and resistances. TIdeally an explicitly
ratlonal analysis would be undertaken for every structure. More
realisitically, approximate rationality can be achieved by assuming the
influences of factors such as interactions, complex supports, statistical
nature of loads, statistical nature of registances, time in service on
mechanical properties, volume etc. can be treated as independent.

Under an approximately rational procedure the design equation for an element
by element design is:

AR, < /@/{k K; K, K, KK, M

(2)
where: Fk = characteristic design force,

A = coefficient adjusting for statistical variation in loads
causing design force,

Ek = characteristic design resistance for referencejtime in service,
interaction condition, environment, volume, direction of
loading, etc.,

}j = coefficient adjusting for statistical variation in element
resistance

K; = modification factor for interaction conditions,

Kt = modification factor for time in service,

K, =modification factor for environment,

A
K, = modification factor for volume,
K, = modification factor for direction of loading,
d
M = modification factor for design method (corrects for neglect of

factors such as partial fixities and complex support
conditions).

in general the equality in equation (2) corresponds notionally to exact
attainment of the desired probability of failure within the target design
life. The equality in equation (2) corresponds exactly to attainment of the
desired probablliity of failure within the target design lLife only at the
calibration point(s) used during the assigrment of A , @, K. , K, , K , K

- . i i 5,
. K, etc. /

H
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Within the context of rational design equations A and ¢ can be calibrated on
either an explicitly probabilistlc basis or a noticnally probabilistic
basis, see ltem 4.

6. what is a partial coefficients limit states design methodology?

A partial coefficients limit states design methodology (also sametimes
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 cbjective i1s for the design force not to exceed the design
resistance for the critical limit state employing within each limit state
check the approximately rational procedure previously described, see item 5,
and embodied in equation (2). Equation (2} is the basic form of the partial
coefficients limit states design equation when applied within the framework
of a systematic check for sach limit state.

There are many variations and notations employed within generalised
approximative expansions of equation (2). The form and notation used in this
note are:

y¥l

:} . T = y T i K I M ‘F (0.0S)
. " P e o Lo \/J/ O ™m )
:2:1 Seideify + JLZ{ XW b 7ok T ;

Mmoo (3
wheres: _Bf_ = load factor (partial coefficient),
¢,+,= importance factors,
F; = c¢haracteristic design force {subscripts 1 and j denote dead,
, snow, wind or other loads),
7 = load combination factor,
K = composite modification factor,
= f{Kg, Ko  Kyy oovenns ) K= K X K_x Kpaee,
K, = modilfication factor for environment,
K% = modification factor for duration of loading,
K, = modification factor for interaction of elements
M = design method factor,

f (0.05) = short temn characteristic strength as deteymined in a
laboratory test and converted when appropriate to
reference; specimen volume, envircnmental conditions,
test method and test procedure,

= 5% exclusion value at ¥ level of confidence?,
X = materials factor (partial coefficient)

™M

The two essentlal ingredients of a properly formulated partial coefficients
limit states design methodology are:

(1} Provision for checks against all appropriate limit states relevant to
a particular form of construction, ©.g. a check should be inclwied
on vibrational performance of lightweight floors in addition to
traditional checks on static strength and deformation performance.

(ii) Rational and reliable basis for calibration of all coefficients and
factors in esquation (3).

he valldiny

TS WO e

lusion could be amploved without violating t
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7. Reason for choice of a partial coefficients methcdology in preference to
a working stress methodology for a limit states design code.

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 imply acceptance of any

particular level of sophistication at which the objective will be persued.)

At the outset it must be acknowledged that exactly the same end product could
e achieved under working stress and partial coefficients methodologles
within the context of a limit states deSLgn procedure.  The advantage in
using a partial coefficients methodology is that it concisely formalises the
design procedure when the engineer is permitted to make 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 be encouraged through the exercise of expertise to produce
more relevant and if approorlate more una€ornllevels of reliability between
designs and when appropriate gain econanic advantage through use of a more
rational probability based design procedure. Without the returns indicated,
espec1ally 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 methocdology relative to
tradition working stress codes such as CPl12 - Part 2. The adverse reaction
by designers to BS CPL10 bears witness to the truth of this observation.

It is desirable that we have a similar probability of failure across a wide
range of structures and that we obtain a sensible balance between performance
ard econany. Thegaims are only achievable if a partial

coefficients code calibration does not result only in a manipulated
reformatting of existing working stress codes without discriminative levels
of reliability.

In summary: Code drafting bodies should remember at all times that the
purpose of the exercise is to produce understandable approximations to
rational design. This is generally agreed by those who keep the objective in
mind to be best achieved through a limit states design procedure with a
partial coefficients methodology.

8. Choice of indices for coefficients and factors in a partial ccefficients
design equation

8.1 Modification factor for duration of loading, Ke

Within BS CP112 : Part 2 and other similar structural timber design codes
mcdification factors for duration of loading are assigned to various loading
lassifications. (Load1ng classifications are notional loading histories
adopted as the basis fram which are calculated modification factors for the

duration of load effect.) 1In CPL12 : Part 2 : 1971 the following
classifications are adopted:

L. Long term (e.g. dead + permanent imposed)
2. Medium term (eg. dead + snow, dead + temporary loads)

3. Short temm (e.g. dead + imposed + wind, dead + lmposad + snow + owind)
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Short term loading in CPil12 terminology relates to a situation where 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 term test
durations typically in the order of 5 to 20 minutes. Medium term loading in
CPl12 teminclogy 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 CPL12 terminology is dead load sustained in perpetuity.
Numerically CP112 duration of loading modification factors are

the proportions of long Terma duration strength which when continuously
sustained cause failure~”in 15 hours, 30 days and at infinity. Rasic strength
values quoted in CPl12 are indexed to long term loading and:

Ke conn (short term) = 1.50

K 2 (medium term) = 1.25

£ CPu

Kt é?ilQ. {long term) = 1.00

It can easily be demonstrated by use of damage accumulation models (2) and
{3) that in situation where transient loadings do not cause resultant forces
much greater than those resulting from dead and permanent imposed loadings
and where transient loadings are of relatively short duration time to failure
is dominated by the dead and permanent imposed loadings. This immediately
raises the question of the general validity of the CP112 modification factors
for short term and medium term 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 imposed floor
loads, snow loads and wind loads.

{ii) Codified working stress resistances are often estimated on the basis
of considerationsother than catastrophic collapse, e.g. resistances for
mechanical joints and bearing strengths perpendicular to grain.

(iii) Leck of account of beneficial effects from partial fixities,
'non-structural' sheathings, composite actions, etc.

{iv) Conservative test methods and procedures, e€.g. selective positioning
of test specimens to propagate failure at the weakest cross-section.

(2) GERHARDS, C.C. Time-related effects of load on strength of wood.
Proceedings of Conference on Envirommental Degradation of Engineering
Materials. Virginia Poliytechnic Institute and State University. OCctober
1877,

{3) FOSCHI, R.O. Lead duration testing and damage accumulation modelling in
timber joints. Technische Hogeschool Delft, Stevin Laboratory, Report
4-79-7. Delft, THD. 1979.
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(v} Conservative interpretation and adjustment of test results during
estimation of working stress resistances, e.g. conservative adjustinent of
results from short term test resistance to resistance for load sustained in
perpetuity and choice of a larger reference volume than occurs in the design
without permitting the designer to increase design resistance for elements
with a volume less than the reference volume.

If we introduce new design procedures taking more rational account of factors
such as interactions and complex support conditions it will be necessary to
also introduce a more rational system for assigning K¢ factors. A more
rational basis for K. is believed to be target design life in lieu of
loading class, with say 60 years as the norm. Under the proposed basis:

K i {60 years) = 1.0

It can be shown by using damage accumulation models that expected K

factors for cother practical target design lives (in the range 10 years to 200
years) would be in the regicn of unity}H 0% for mosi. types of solid wood
elements and mechanical joints, {(higher deviations fram unity could well be
chserved for reconstituted wood products such as particleboards).

Preliminary consideration of equation (3) would seem to suggest that K
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 would have to apply a reduction factor to the resistance

side of the design eguation. Provided that a suitable nom for target design
life could be found the design engineer would not need to calculate Ky

unless he deviated fram that norm, i.e. K¢ would be unity in most instances.
Under these circumstances it would presumably be acceptable for either Ky to
be conservatively estimated for other design lives or to follow more complex
selection processes than would be accepted across the board.

8.2 Short term characteristic strength, £:(0.05)

As indicated within the definition of £5(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 1; temperature of 20% 2deqC and a rela.ive
humidity of 65 % 5%), test methods and procedures, etc. Also it is highly
desirable that a standardised statistical technigque(s) is used to estimate
£5(0.05) from test data. Use of an inappropriate statistical technique(s)
could significantly effect the design equation relative to its basis of
calibration. With the exception of Ky all modification factors in equation
(3) will be numerically equal to unity at the reference points used in the
definition of £,(0.05),

In the case of all but the commonest; timber-species-grade cambinations,
sheet materials and joints it is standard practice to measure in the
laboratory cnly short term characteristic properties, i.e. f 5 (0.05) and
associated stiffness properties measured in reference conditions. Using
information of a more extensive nature gathered fram tests on the more common
materials extrapolations are made to predict the behaviour of less cammon
materials in non-reference conditions. Tt would bte a relatively simple
matter for new materials to be rapidly introduced into the market place if
reputable relevant organisations had merely to perform tests and estimate a
suitable value of £5({0.05) and the associated stiffness properties,
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3.3 Materials factorjan

Urder a strict definition &, 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 allowance has been made for random
variability in cross-secticnal area, cross-section distortion, modulus of
rupture, ete, i.e. variability in section/element resistance, not variability
in critical stress.

Unfortunately use of a 5; conforming with the above definition is not
consistent with adoption of a design life other than 'short term test
duration' as the index for K¢ . It is suggested that, within a partial
ccefficients limit states structural timber design code, a modified
definition for &, be adopted so that ¥, includes in its derivation an
adjustiment factor balancing the transformation of the index for Ky from
'short-term test duration' to a '‘normal design 1ife'. Thus;

a”(modified) = E&q(pure) X Kt? (short term test duration) .

(%)
with the value of Kt used indexed to 'mormal design life'. The modified
form of &, given in equation (4) is the inverse of the resistance or
performance factor @ which is proposed within the draft revision to
Canadian Structural Timber Design Code CSA (086.

Any given numerical value of ﬁg (in modified or umodified forms) is when
used in conjunction with pre-specified values of d¢ , Ip , % 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 considersd. However, some rationalisation
will be necessary before practical design calculations can be sensibly
performed on a day to day basis. Balancing the considerations infiuencing
raticnalisation of BM values will prove to be the major problem once a code
formatting stage is reached.
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9. Type of analysis used in conjunction with partial coefficients limit

states design codes for structural timberwork.

The following types of analysis are thought appropriate:

Type of analysis Static | Hguivalent | Dynamic | Linear Elasto-plastic
static elastic | -viscous
Ultimate 1.s.
calculations
D X X X
D+ S5 X X X
D+ W X P4 X
D+ S5+ W X X X
D+ E X(1} X(2) X(1) X(2)
Serviceability 1.s.
calculations
b X X X
D+ 8 X X X
D+ W X X
D+ 3+ W X X
I (Damestic
floors) X X
TWhere:
D = dead plus permanent imposed loading,
S = snow loading,
W = wind loading,
E = earthquake loading,
I (bomestic floors) = imposed loads causing transient vibrations in domestic

and similar lightweight floors

(1) or (2) indicates that the type of analysis is assciated with another type
of analysis marked with the same character.

0. Methods for calibrating partial coefficients limit states deslign

acquations.,

Below are briefly described three methods of calibration.

These should not

however be considered as discrete as code drafting agencies will of necessity
require to utilise facets of sach.
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10.1 Soft conversion

Under a so-called 'soft conversion' partial coefficients designs are balanced
against accepted working stress designs to find cambinations of 8, K
factors, Iy , ¥¢ , ¥ and I,, which produce comparable designs by both
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:

Wihd ST (5)

2; = _ K ‘E;(O-C)S)

where: | = camposite factor adjusting from test conditions and including
a factory of safety.

Fran equations (3) and (5) for a soft conversion:
£
I, M) R,

¥ 1

-Lzrt % 2 J«g}g }“kié i ,'L=i X{’:} i{"’} %o‘ Fk& (G)
Via various manipulations it is péssible to produce comivinations of
coefficients and factor in equation (3) which will be acceptable to code
users, e.g. CSA 086 committee has proposed manipulation of K, factors to
produce a comron value of J for all loading classifications.  Such
manipulations 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 transfornl-FS(O.GS) to working sress resistance
varied between timber species and between strength properties as a function
of the type of raw data. This may appear at first to be a significant
obstacle to attainment of a coherent set of ¥, and Ky values by the
procedure cutlined above. The need during drafting of BS5268 : Part 2 for
variable 4L lies in:

i) Use of inconsistent definitions for £, (0.05) between timbers or
between strength properties. Numerical values assigned to £ 5 (0.05) are not
always true ultimate strengths and may relate to deformation limits.

ii) Differences in physical processes governing strength as a function of
time, environment, nominal stress level, etc.

The solution lies in:

a) Adoption of a constant 3! common to all timber species and all strength
properties. (This implies neglect of the influences of differences in
physical processes governing strength. Although questionable this
simplification seems consistent with the state of current knowledge.)

b) Use of only true values of £ 5 (0.05) in ultimate limit states
calculations. (This is the requirement which prampted the revised assessment
of strength data on joints undertaken during recent redrafting of CSA 086).
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10.2 Second manent method (4) (Semi-probabilistic, may also be
semi-rational).

Under this method 5{; v Yo o+ Lg, ¥, and I, in equation {3) can be

oy
determined explicity for non-aging materials.

Through an approximative uncoupling of force and resistance the design
equation coefficientsd,fand I,are not functions of the material properties of
the structure being considered but are functions of the target probability of
fallure within the design life and variability of loads. Sdmilarly & and I,are
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. (Modification factors such as K,are evaluated independently for
aging materials such as timber as per current practice in writing working
stress codes, )

Briefly the theory is:
g fR) - fw)

o > - PARN
T T T )73 (7)

where: A = safety index
f(R) = material resistance
{(U) = applied force
£(R) = mean value £(R)
{0 = mean value {(u) 4
Sy~ standard deviation of {(R)
5 F(u)= standard deviation of (1)

Taking both R and U to be log-normally distributed and making the
approximations;

l“(‘{{) - }n(U\) . !v}(f?/a) > (}\vwci!

2 2 A\ . .
(3 + Tew) ? = o< (Ve + Vi) (%)
and recasting within the safety checking eguation;

fwyn = $£[R) W

vields:

/

d = EXP (“"X /> \/{3> , and

A= €’<i) (‘X //3 ‘\/u> (10)

where: Vo and V,, are coefficient of variation for R and U respectively.

n

Equations (10) can be used in conjunction with a series of co-ordinated

numerical exercises to calibrate ¥, % ,Ip y ¥, and I, i.e./

decamposes into Je , /4, and I c values and ¢ decomposes into ¥ and
i

I, values). /

{4) MacGREGOR. J.G. Safety and limit states design for reinforced concrete.
1975-1976 National Lecture Tour sponscred by Structural Division
Canadian Society for Civil Engineering in co-operation with Portland
Cement Association Canadian Division.
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10.3 MNumerical reliability studies (Rational and probabilistic)

Numerical reliability studies simulate the reponse of structures or
campenents to in service loadings over their entire design life and include
an estimation of the random variation in the response between structures.
Within such studies full account is taken of interactions between statistical
processes and realisite idealisations of structural assemblies are used.

For aging materials such as timber the assumption that derivation of g, and
I, can be uncoupled from derivation of ¥, , % , Ipr and K 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
moment method, section 10.2 Such studies are currently being performed on:
Joistsin flat roofs by Dr. R. 0. Foschi at FORINTEK in Vancouver, and joints
in pitched roof trusses of TEADA.

When calibrating the design equation using results from numerical reliapility
studies it is usual to employ preselected coefficients and 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 condition for
each of the K factors, e.q. Ke = 1.0 at a design life of 60 years.

1i. 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 code with calibration being a

mixture of soft conversion and probabilistic analysis. The hybrid envisaged
contains the following:

a) Assignment of V& ¥ and I¢ factors through application of the second

mament method described by MacGregor {(4). In general it would be desirable
to specify ¥ and ¥ values appropriate to all structural materials in
national loading codes.+ I, factors would be best specified within codes for
individual materials but derived from criteria common to all materials., F
values would best be specified, or the basis for their estimation would best
be specified, in national loading codes applicable to design with any
structural material.

(The force side of the design equation would be calibrated entirely on the
basis of explicit semi-probablistic analysis. Owing to the general tendency
for forces resulting from a cambination of locads to be less variable than
forces resulting fram single loads the uncertainty concerning variability of
various loadings would not be as troublesome as might be supposed. )

+ This is the approach already adopted in the USA through ANGIL

A58.1-1982 (5). The second mament method was the basis of the A58, 1
calibration process and it is therefore semi-probabilistic. The background
to the calibration process as is guidance on derivation of compatible .
‘ = /% values for the various structural materials which will be used iv
structures designed with AS8.1 loading combinations are given in reference

G .
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b) For camponents where the time to failure is principally governed by
permanent loadings, e.g. roof trusses and most structural joints there is no
‘need to g%ort to soft conversion techniques when calibrating 5@ » Loand Ky
factors. For such situations ¥, and I_, can be estimated using the second
moment. methods and K, factors can be estimated using Wood's curve (7) or

similar data. ks

¢} For camponents such as joists in flat roofs and floor joists where
transient imposed loadings are a significant influence upon time to failure K
and KMcan% be regarded as wncoupled. Soft conversion of current working
stress codes is the best interim option in such cases, though same assistance
is available fram the work by Foschi on roofs, see Section 10.3.

(The resistance side of the design equation would be calibrated in sane cases
on the basis of explicit semi-probabilistic analysis and in others on the
basis of a soft conversion interpreted in the light of results fram limited
nunerical reliability studies. The choice of technigqie in idividual
structural applications would depend upon the loading mix).

12. Important points to be covered by committees dealing with overall
concepts for design in any structural material

(a) Classification of structures and assignment of suitable propabilities of
fallure and target design lives.

(b) Determination of Fo o ¥ and ¥ values.

13.  Important points to be considered by committees dealing with design of

structural timberwork

{a) Interpretation of data currently being coliected on duration of loading
influeces on strength.

(b) Grouping of camponents on the basis of failure mode, ability of the
assembly in which that camponent is located to redistribute load in the event
of failure of the component, loading mix, etc.

(c) Appropriateness of evaluation of individual canponent or system
performance for various structural problems.

(d} Assignment of ¥, iy

” and M factors on the resistance side of the
design equation.

4

{e) Assignment of {g {0.05 ) values.

(£) Assignment of I factors on the force side of the design equation,
£

{(5) AMERICAN NATIONAL STANDARDS INSTITUTE. American national standa;d
minimun desicgn loads for buildings and other structures. ANSI AS8.1-1982,
ANSTI.1982,

(6) ELLINGWOCD, B., GALAMBOS, T.V., MacGRECOR, J.G. and CORNELL, C.A.
Development of a probablility based load critericon for American nat@onal
standard A58: Building code requirements for minimum design loads in
buildings and other structures. National Bureauof Standards Special

Publication 577. Washington., US Government Printing Office. 1980.
gt of wood o duration of lead. S forsst
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Minutes of RILEM committee 57-TSB at Rapperswil, Switzerlend,

2ist May 1984

Prepared by: R.F. Marsh

Present v E. Aasheim . J. Kuifers (chairman)
L.G. Booth R. Lackner
D.H,.  Brown R.TF. Marsh
H,J, Burgess . U. Meierhofer
D: Cresswell B, Norén
) J. Ehlbeck U. Saarelainen
A, Ipple : I. Smith
U.A. Girhammar C.X.A. Stieda
P. Glos J.G. Sunley (part time)

U. Korin

U, Meierhofer welcomed the RILEM 57-TSB committee to Switzerland

on behalf of EMPA and J. RKuipers thanked EMDPA.
1

J. Ruipers reported changes to the funding of RITEM which necessitated

a request to organisations and individuals to become members or pay
administrative fee. He expected that a request for fees will be sent

to commilttee members if they were not either representing a RILEM member

organisation or were already individual RILEM members.

J. Ehlbeck asked for clarification as to the terms of reference of this
committee and of the status of the committee 3-TT, J. Kuipers stated that
3~TT had been set up to process a number of subjects including test methods
for nails and staples but that its work being viriually complete, committee
3-TT was effectively disbanded.

This committee reference is 57-TSPE and is to handle:

testing of timber based sheet materials other than plywcod

testing of structures.

It also acts as a forum for finalizing the work of 3~TT.

J. Kuipers reported that the document 3T7-1; C, Testing methods fov
joints with mechanical fasteners in load-bearing timber structures,

amnex C: "Staples", had been published in the CIB/WI8 Proceedings of

the Lillehammer meeting, May 1983, No written comments had been received.
No verbal comments were received at this meeting, The document was agreed

but was to be put to the CIB/WiA meeting for formal approval. On approval
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it will be sent to RILEM (Paris) for publication.

N.B. Also CIB/WI8 agreed that the documeﬁt should be published.

Testing methods for timber structures, 2nd draft, prepared by J. Torey.

J. Kuipers stated that the lst draft had been discussed at Lillehammer
and a Znd draft had been circulated to permanent members of the committee.

Written comments had been received from B. Norén and W. NoZyfiski.

J. Kuipers introduced the paper and suggested it should be considered on

& clause by c¢lause basis.

For the purpose of these minutes a copy of draft 2 is included and reference

will be made to the clavsenumbers in that draflt.

There was long and detailed discussion on all points of the 2nd drafe.
These minutes recovd either those pointe on which agreement was reached
or highlights those clauses which require to be reconsidered together

with comments as to the objects to be achieved in revising the clauses.

-

Section 0. Introduciion.

Paragraphs 0.1 to 0.3 were agreed in that they form a background explanarion
to the application of the testing method but would not have to be included
in the final IS0 Test Method Standard. U. Xorin and others pointed cut that
paragraph 0.2 (d) implied quality control and that the test methods proposed
were too cumbersome fox this, It was agreed that it was the decision of

the supervising engincer to decide which elements of the test methed were

to be used for quality control.

There was general dissatisfaction with clause 0.4. The following two

alternatives are proposed for consideration:

0.4 (a) 1In order for a structure to satisfy the proposed IS0 code
on the design of timber structures, the relevant national code,
or the draft code on the Design of Timber Structures procecded
by CIB/WI8, it shall be tested in accordance with the methods
defined in this code to meet the requirements specified in the

particular structural code.
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0.4 (b) Tf testing of components or structures has been chosen

3.0

3.2

3.4

3.5

as an accepted method to demonstrate that this component or
structure was designed in conformation with a particular
timber design code, this code shall specify which part(s)
of the methods of the underlying standard must be used and

which requirements fulfilled to be accepted,

Scope and TField of Application.
Agreed,

This was agreed but following the review of section 7.0 may reguire

revision.

Symbols.

The symbols were agreed except that Yt should read Yr Tt 1is

est’
necessary to confirm that these symbols are consistent with the TS50
symbols. It was agreed that further informat:on should be given to
the factors which govern the selection of the value Yoot
Thus in clause 2.0 should indicate

/ = factor for increading desion load.,
&

test:
Definitions.

Dead load.
Add: ... acting on the structure being tested and excluding the

selfweight of that structure.
Design load,
Accepted,
Tmposed load.
Accepted.
New heading: Self load.
Force due to the static weight of the supporting structure being tested.
Wind load.

Accepted.

N.B. " The chairman doubted 1if in a definition can be said;:

(dead) load = force (due to ca ), etco,
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1 factor.
\test

The Ytest factor is to take into account such factors as:
the variation in workmanship

the nature of the structure being tested

the desired or required confidence level in the structure beilng tested
the relationship of the in use to testing environment

the national safety codes

clte,

N.B. Tt was agreed that CIB/WI8 he asked to produce a paper indicating

the factors which need to be considered in assigning a value to Y
gning .

3.7 Supervising Fngincer.

Agreed as original 3.4,

Sampling.

Mumber of tests.

After ... variability in wmanufacture, add: desired or required
level of confidence;

after ... structures to be produced, add: the cost of testing

ecach elemant of structura.

Manufacture and quality of test structure. To read:

The manufacture and assembly of the test structure shall comply with
the design specification. The manufacturing methods used shall be,

or should simulate as closely as possible, those which are used in
production. The quality of the materials used shall be checked against

the design specification and recorded in the test report,

Conditioning and Testing Climates.

Accepted, but add the following sentence:

Where it is not possible to define the in-use epvironment ©r repro-
duced that envirvomment in the testing laboratory then allowance should

be made in assigning a value to the Tiost factor.

Apparatus and General Testing Regquirements.

Rewrite as follows:

g r of the itioning : 16 ads (¥ + ¥
The accuracy of the positioning of the applied loads <1dead }1mp)
and the measurement of deflecticon and the applied loads, shall be

within the tolerance of + 3Z.

est
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Accepted.
Accepted

Omit the first sentence.

Otherwise agreed.

Loading and Recording Procedures.

Agreed except that at end of the first sentence change to

... deformations at supports.

Clauses 7.2 to 7.5 produced a long and intense discussion.

B. Norén and others indicated that the test procedures as defined
were both long and cumbersome and as a conseguence expensive.
The procedvres did not recognise modern testing methods with

automatic load application and recording techniques.

2=

£

e also doubted the basis of the definition of the periods of time

for which the loads were to be applied and held in position.

J.G. Sunley end others stated that the methods described had been

in use for many years and by their natuve gave the Suparvising
Engineer an indication of the long term behaviour of the structure.
It was particularly pointed out that the British Code required that
in clause 7.3 the rate of increase of deflection must decrease during

the 2nd pevied of sustained design load.

R.Fo Marsh and J. Ihlbeck commented that the Supervising Ingincer
would be aware whetber the structure under test was sensitive to
"bedding down' or slip and thus it might be reasonable to define
minimum periods of time required to either apply or sustain the loads

in order to meet the requirements of the test procedure,

It was agreed that this section should be rewritten in a manner to
give the Supervising Engineer options in chosing the test method

to be adopted.

In defining this option P. Glos indicated that consideration should
be given to cyclic loading tests but pointed out that the loading tests
must be defined in such a manner that whichever testing option is

chosen by the Supervising Engineer the resulting structure must be safe,
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It was agreed that B. Norén be invited to define alternative testing
procedures to satisfy the criteria defined above. Particular attention
should be paid to rate of loading and the periods of maintaining

the loads for definmed periods.
The intention is:
to include a 3rd draft (by Norén) in the proceedings of this meeting;

to invite written comments prior to the next meeting of RILEM - CIB/WIS,

b3

to adopt a reviged 3vd draft at the next meeting to be civculated as

a RILEM papex.

8.0 Test Report.
This clause was agreed with the addition of the following points:
~ detalls of pre-conditioning of the structure
-~ gpecification of the materials of construction

~ load/deflection curves for cach loading case.

Diagrammes .

As a conscquence of the revision of clause 7.0 the figure 1 will have
to be vevised.
?. Glos suggested that it would be valuable to include a typical load~

deflection curve.

Test Methods for Particle Boards,

J. Kuipers stated that he had just veceived copies of a suggest draft
for the testing of particle board by 1.D.CG. Lee and an American paper

on panel shear tests,

In addition he had also received the hand written draft of a paper

~ Test Methods for Basic Properties of Wood~based Panels: Past experience;
to-day's needs, by J. Dobbin McNatt.

The method of testing proposed by 1.D.G. Lee involved the use of test

samples to the same dimensions required for plywood samples.

Both J. Ehibeck and B, Norén strongly criticized the basis on which

this choice was based but were unable to provide justification for the

use of 150 recommended test sample sizes.

6
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DAL Brown indicated that from U.S.A. experience large (i.e, as plywood
test method} test samples were reqguived because for some types of particle
board the flake size was of a similar order as the IS0 test sample size.
J. Kuipers also indicated that tests on particle boards in Holland had
invelved the adoption of test samples to the size defined in the plywood
testing code,

J. Ehibeck felt that the size of test samples should be related to the

characteristics of the type of particle board being tested,

J. Kuipers reminded the meeting that the test method was intended to cover

all types of timber-based sheet materials and that such tests for producing
strength data as a basis for structural design should be carried out only

once for a certain type of matevial,

L.G. Booth proposed that for the sake of progress that a test method for
sheet materials be circulated based on a test sample size as that for
plywood. This would solicit a vesponse from interested parties to justify

the use of smallew test samples.
With reservations B. Norvén and J. Fhlbeck agreed to this,

J. Ruipers zgreed to prepare a draft test meihod for Timber Based Sheet
possibly .
Materials based on the plywood test method,/together with suggestions or
1 )____‘ o =]
additions of clauses on creep tests. The draft is to be based on the
IS0 plywood testing method.
This draft is to be included in the proceedings at Rapperswil and written
I ]

comments invited.

Determination of Panel Shear Strength and Panel Shear Modulus of Beech
Plywood in Structural Sizes by J. Fhlbeck and ¥. Colling. Paper CIB/WI8 -
1741,

In this paper the authors have shown that the testing methods of the 180
draft code for testing plywood were difficult to achieve for thicker

sections of structural plywood.

I. Smith and D.U. Brown gave verbal comments on their experience and would
submit these in writing to J. Ehlbeck. They did express some doubts on the
correlation of the IS0 test method to the new method proposed by

Ehlbeck and Colling.
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L.G. Booth stated that the authors had undertaken valuable work on
reviewing methods proposed in a RILEM/ISO draft code. RILEM should
now submif to T80 an alternative method, based on this work, to be

included in the IS0 draft code.

It was agreed that this should be further discussed at the CIB/WI8
meeting prior to submission to I80.

Any Other Business.

J, Kuipers introduced gsome work that his laboratory had undertaken

on the testing of glulam samples with the sugpestion of producing

a standard method,

He stated that these tests involved the basic parameters other than

that of tension.

P. Glos stated that as the basic mede of failure in glulme menbors

was a brittle tension fracture vesulting from bending that he did

not appreciate the value of J, Xuipers proposal.

J. Ruipers pointed out that as little was recorded on the basic properties
off glulam, that if the body of knowledge was increased by a series of

gimple tests then this must be valuable.

R.JF. Marsh pointed out that cube tests {compression) we used in concrete

i

to indicate other properties of the material including tensile properties

kY

with proper calibration similar tests of glulam sections weould give an
indication of the other properties of glulam.

4

J. Ehlbeck asked if delamination tests for glulam should be considered
by this committee.
J. Kuipers explained that gilulam was not strictly within the terms of

reference of this committee but that he would urge RILEM to set up

a group to study this topic.

There being no further business J., Kuipers thanked everybody for attending

and contributing to the meeting.
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CESTING HETHODS FOR PDRIBER STRUCIURES (Second Draft) 2. Togey

¢ INTRODUCTION

Ol This draft testing standard gives rOLO“woyr\zlonJ Tor the load testing of timber
structures where such testing is to be used in conjunction with, or as an
alternative to, calculations to v“rva the structural adegquacy of a designe.

The dralft standzrd provides a method of testing to saticfy the desimgn requirements

of the CIZ Siructural Timber Design Code.

3 ¢ . 3 " g
£.7. The testing of components or of complete slructures may be necegsary:
a “where o component or siructure is not amenable to caloulations,
or where coleulation is deemed impracticable:

b where materia

or cesign metheds arce used which are not adeguately
defined by the relevent structursl codes
1

¢ wneroe there is wncertainty as to whother the structure will perlorm

adeguntely beoruse of doubt or disapgreement over complisnce with the

design rules or the cuality of the meleriasls used:

4 where o rouline ¢h a mass—preduced structure or part of a

Yy % S ey e g P g T & - - . o S
O PYLer [IF COmeEne ochuwaeen a C},}, T andl a

struciare ig o

- £y il -
ANV ST ED,

vihenever possible more than one structure of the seme desizn shonld be tested to
1 the likely wvariabhilily in performance.
KR o . . \ - PN N '
G &y tit 1s recognized thet national reguiresents may differ but for the purposcs of.
design to conform with the CI8 Code 211 components end struclures should he
\ﬁtsteﬁ in aczeordance with ola 5 7ol and T4 or 7.5 and at least onc structure

-

of & particulaer design should be tested in accordance with clause T2«

. . - I
e C\ {‘B (-‘gwiﬁ/’\‘;‘-‘b&‘ LY o [TV <..«- 4{}-!‘{_ C‘f\/{*’L @ M/f‘(i_}'f’ LA C/ t (‘..& '{:} .....

T.OSCOPE AVD PIELD OF APPLICATION

The methods of testing given in this dralt stendard are for timber components
and structures.  They are net appropriate to the testing of individual picces

of timber, joints or structural models.

\«K Four loading procedures are given in this drafli standard:
i preuload
i1 deflection tost
iii proof test

iv  strensth test
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Tt may not be necessary to carry out deflection, prcof and strengih tests,

depending on the purpose of the test.

{ests should be praceded by the pre-load loading procedurc.

2. STHBOLS

P oead dead load (i)

chsign design load (N)

Fimp imposed load (1)
.

Poerr self-weight of the structure (1)
2 L4

Fuing wind load ()

Vs tha factltor o
& 1;;3,;;,:“, LJ; .:.(.‘Cio -/

proci load 1
C gl&.{':ﬂ’. 0 4

‘.
ot )
ik o {

[ o PR T |
i i Rl b e

30 DEPENTTIONS
37

FPorce duo

Doead load

io weight of all permanent floors, roofs,

2 o
Cehlns g, 8
g AT

{0

3.2

Desien loowd

5

Torce duz Lo the most adverse combinetion of dead, impesed and

(inciuding solfwreioht )
3.3 Tmposed load
Porece due to internal ocoupancy or usoe, i

inertia and snow leoads, but

impact, excluding wind loads.

3.4

A suitably aualified engineer responsible for the

Superviasing engineer
conduct of the test.
3.5 MWind load

Force due to the effect of wind pressure or suction.

4 SAMPLING
4.1

The numver of componants

.

Nunvers of tests

<

or structures to ve tested and the method of

will normally depend on

the objective,

idence, the nuavber of similar

But 211 deflection; proof and strength

FY A
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partitions,

wingd loads

including distridbuted, concentrated;

seleciion,
taking account of the probable variability

components
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- The zeouracy of

or structures to be produced and the dif

Joading condition.

ficulty of delining the most severe

4.2 ¥Kenufacture and quality of dest siructure

Phe menulacture and assembly of ithe ltest
i vt ol
specification, and an{m<

structure should comply with the design

hods used should be, or sheould simulate as closely a

posgible, those which are 1o be us ud in p“oéuctwonb The guality of the materials

used should e checked against tdu QpOC)fleLlGn and receorced in the test report,

o o

oA CORDITIONTHG AND TESTING CLTHATES

2

envi. ]“CJN’HC”lL. )l conditions as near as prac

by the component or struciure in use,

,
FY ryyomysaymeayas poav Ay
6 APPARATUS AND ORNERAL °

£

- 3 per cent. el e} g [ o
) e
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o e
Tne method by which the loading is to be
deflactions wre to be measured, can only

particular compenent or siructure being

nditions being invesbigated,

o« e 3 % b 2 3
ﬁM;%;The test loading should be bhoth applied

RuQUIRE

11 components and structures to be tested should be conditionsd to and tested in

ticable to those that will be experienced

loading and of cdefleclion and lozd measuremont should be within

ffp -i—'C‘L-"(Z-{_t_J"-'w."““'“:} ‘f/f (.4 f’ j\ b "(\"/\ g‘ R ST /-'!K

“@

applied, and the positions ot which the

he de unvo& Wy reference Yo the

testced and to the particular loading

end resisted in a manner which reasonably

approximates zciual mvice conditions or which induces in the test strusture the

maximun stresses and deflections that

.
ave 8o

. . .
other than those necessary to sim

A -

€L 2 . . . ~
izipated in servize. Scceniricitiac

-

rvice conditions, should be aveided

al points of loading and reaction, and care should be taken to cnsure that no

inadvertent restrzints are present. Late

with the sarvice conditions

!

(R TARRYE R
Po--cetablish tHe loading G

and.wind 1

referred to as the design load and it is

there & singsle

[ v

restraint should zlso be consistent

EIIBAT Rl reasonal-oondine i onsofH-dead,ilmposed

~ghouké--be-considered. The loading condition is, for test purposes,

this load that the test should simulate.

worst loading condition cannot be readily identilied it may be

e
necessary to test rore ihan one structure under different de sisn loads,

AL AN %P\féf\\)&ﬁwg?j“



T LOADING AHD RECORDING PROCEDURES

The loading spectra Tor the pre-load, deflection, proof and

7
s
)

~ength tests are

P1lustrated in Migure 1.

71 Loa@/defleotion recording

When plotting load/deflection curves lhe self-weight of the siructure shall be
taken into account and allowance shall be made for ancillary loading equipment
and doflectionﬂ at the supports.

L?-c;‘i.\;-(;\._e:ﬁ-\_K:‘?i.-M\f;

Load/“ flecvion readings shall be taken and preferably plotied during a test.
Buch plots serve as a check against mistakes end will show up irregularities
in the bchaviour of the ziructure to enable a2 partizuler weskness to be

. S [ Y T i~ e o
LNVE (,H{v ted as the fost roOLresues,

sead lond shall be applied, mzintained for a period of

A

Daflections of the struciure shall be =

load has been releassd and agzin
wrt tekan is to scrve as
datwn g dn the cefleclion and strength
teste,
The self-weight of the structure and the weight of any ancillery egquipment shall
Ym prmey et
be recoriod,
] . - . . + . fl
Where casmber is provided it shall bLe meazured relstive 5o the support points
oy . . AR . A K - o~ ety L
after the release of all louds other than self-weight and loading eguipment and

i
&//
Ted Deflection test

immadiately bhefore the start of the deflection test.
T){/?(/\v\ A~ (Bea sy

e

Tmanediately following the pre-load test and the establishment of the deflection
lztun points the dead lozd shall be applied nagein. This is to be maintained for
15 minutes and then additiconal load shall be applied, either a2t a continuous
rate or in at least four ejual incremants with équal time beiween increments,
until the design lead is reached. The rate of loading should be such that the
time taken to reach the design load from self weight is ot least 30 minutes and
preferably not more than 45 minutes. The design load shall be maintained fop
24 hours; the lozd shall then be reduced to dead load only, held for 15 minutes,

. g .
and the

o

released,



Deflection readings shall be taken during the deflection teat as follows:
5 immodiately® before ihe dead lozd is applicd (this reading is
coincident with thet at the ¢nd of the premload fost)s
b immediafelg* on achieving dead load;

¢ 1% minutes after the applicaetion of the dead lood;

a either conbtinuously as the load is increased or ab e el increment of load;

e Ammediately® on achioving the design load;

£ at sufficient intervals throughout the 24 hour period under the des

ign

load to enable a deﬁlootion/time curve to be plotted fov gach point at

whish deflection 18 recorded;

o 2t the end of the 24 hour period under the design lozd;

pav
b dmmediately® alter redueing the load 1o dead load

after the load has been reduced to the de

~y
S

115 wminutes 3 Load;

J smmediately™ alter release of the dead load;

¥ 195 minutes alter twe rolease of the dead Loade
2

[
9.) K Q (';{ziﬂ’ '
-~

-~

7.4 Proof load test W,\,H,\)r' 6.
Hihin 1 hour of comploeting whe proceding defloection test (or pre-load test

deflection test is carricd out) the design Toad should be applied &g

game mannor and ot the swme rate ao for the geflection test. 'Whe Joad snall

ve increased to a velue of g% times the design load and maintained for 15 min

The rate of loading for this cdditional loadAthe game as that vsed beltween

the dead and design loods (ic using the same sporements of load and Lime) e

T 5 Strenglh test : e ﬁ
4437

ATy

Trmediately following the proof load test {(including the 15 minuies at A t

the design TO"n) the load shall be further ipereased ot the sane rate until

failure OCTUrS.

TRST 5 Pl (A5 A,&(J LGt f}j &\}\{LC’}TA)T‘,&
8 3P REPORT .
0
The test report shall includes
~» the conditions of testing, inecluding the methods of loading and of
measuring loads and deflections;
v the type(s) and position(s) of rracture(s)

e  +he moisture content of the timber

D

if no
the
thon

s

-

®Ror the purposes of this standard !immediately! as equivalent to 'within i
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d  the nature and size of defects in 1he materials which may have contributcd

to failure;
/"\P

/// e the gquality of material relative to 4hat specified.
/

| Photographs shall be used to illustrate important points

of the report,

j’ .
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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.
¥henever possible more than one structure of the same design should be
tested to permit the assessment of the likely variesbility in perfor-

mance.

1. Recommended field of application

This standard is intended for testing of timber components end struc-
tures and generally not appropriate to the testing of individual pie-
ces of timber, joints or structural models. Relevant paris 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-weight")
P epplied load (G not included)

Pp value of P corresponding to design load

Y the factor for Pp
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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.

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 losding conditions to

be applied.

4, Generel testing requirements

The accuracy of loading and of deflection and load measurement should

be within + 3 per cent.
The test loeding should be distributed and resisted approximating ac-
tuel service conditions. Irrelevant eccentricities at points of loca-

ding and reaction and inadvertent restraints should be avoided.

5. Loading procedure

5.1 Basic program (Alt. 1)

The standard defines a basic program for the spplicstion of the test
load in figure 1 (full curve 1 to 6). It is based on a "design"

value of the epplied load, Pp, see 5.3.

The periods are

-0 Only Gp acting, i.e. P = 0 2 0 min
0 -1 Loading to P = 0.5 Pp 2 2 min
1 -2 Load removed, P = O Z 2 min
2 -3 Loading to P = Pp z 4 min
3 -4 Constant load P = Pp 220 min

3 -6 l.oad increased to P = Pp {failure) (210 min)

Maximum rete of loading dP/dt = = Pp/a (N/min).
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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-

derds for members and joints, is not exceeded.

5.2 Alternative programs

The standard offers sliernative programs efter the load has reached

the value YPp (point 5 in figure 1, dashed curves):
Alt. 2 Load is removed at P = YPp and the testing interrupted.

Alt. 3 The load P = YPp is kept constant during T minutes, then
removed and recovery is measured during a period (8 - 9) of

T minutes.

Alt. 4 As Alt. 3 but the structure is reloaded to failure (P =
PB) .

Alt., 2 is intended for "proof loading" end 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.

5.3 Reference value of applied load

The reference value of loed, Pp in figure 1, should approximately
correspond to the "design" value of the load at the servicability
limit state, normally the totel of permanent loads (characteristic
velues) and veriable loads (reduced characteristic values). It should
then be observed that code velue usually includes the gravity load

from the structure {Gp), while P does not.

It should also be observed that the load caused by the "seif-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 chosing the Pp-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 deformstion 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 AP = 0.5 Pp.
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. TJest report

The test report shall include:

a) Specification of material (for timber species, grade, density and

moisture content). Deviations from specificetions.

b) Specifications of design. Deviations.

c) Conditions of testing, including methods of locading and of measu-

ring loads and deflections.

d) Test results. Maximum load and deformation. Load/deformation

CUT'VES.

e) Type and position of fractures.

f) Nature and size of defects in the materisls which contributed to

failure.
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DRAPT - July 1984

T8E-1. Testing methods for wood-based-board wmaterials in

structural grades for use in load-bearing structures

FOREWORD

The CIB workivg conmittee W18 "limber Structures" is drafting a timber dasign
code fov international uvee in the design of timber structures. To support such
a decument it is necessary to have acceptable test methods to enable the
development of comparative design information for different wood-based-board
materials. Consequently, the CIB Wi8 committee asked the joint committee 37T
off RILEM/CIB to develop acceptable test methods for structural plywoods,

which wers pubiished in "Materials and Structures", Vol. 14 - No 79, Jevuary -
Fobruary 1481,

It was felt thet an equal urgent need exists fov testing methods for the
determination of properties of other board materials used in load bearing
timber structures. It was considered necessary, therefore, to start drafiing
an intersational stenderd on this subject, where special emphasis should be
given to the purpose of the application of the test resulte, i.e. the
determination of chavacteristic strength values for structural design.

This task wag starced within a new joint committee 57-TSB of RILEM and CIB:
"Festing methods for structures and board materials™. The underlying
recommendations were worked out on the basis of the recommendation TT-2:
.”Tosting methods Jor plywood in structural grades for use in load-bearing
structures”. To that document, TT-2, medium-size test specimens were adopted
for the determination of chavacteristic strength and stiffness properties

of plywood. Althougl various board materials may not demonstrate defects

like some types of plywood, the different dimensions of the wood elements

‘may have comparable effects on the properties. It is proposed, therefore

and for reasons of standardisation, to maintain the same test pieces as for
plywood. Tt should be kept on mind that these recommendations are not intended

for quality control tests.



Testing methods for wood based board materials in

structural grades for use in load~bearing structures

INTRODUCTLON

This Recommendation, which is based
on the recommendations of WI8 - Timber
Structures — Commission of CIB and
57-1TS8 - Testing methods for structures
and board materials - Committee of
RILEM/CIB, specifics standard methods
for the determination of some physical
and mechanical propervties of commercial
wood-based-hoard material,

Tt is koown from current unfinished
reseavceh programmes that the size and

shape of the test piece, and the size

of the wood elements influence the strength

of the test piece, but these relationships
are not yel established for all commey—

clal sheet materials.,

from the test
pieces desceribed in this Recommendation
may need to be modificd before being used
in the design of structural components:
for example, the design stvensgth and
stififness of a full panel may differ
from the values found from the test spe-
cimens defined in this Recommendation.
Tt is expected that the relationship
between the strength of the test picce
and that of boards in structural compo-
nents will be given in Codes of Practice

for the Design of Structural Components,

Sampling techniques, the selection of
test pleces and the analysis of data will
be dealt with in further Recommendations
which are in preparation.

Test of the glue properties in
particle panel products are not included

in this Recommendation.

1t is not intended that this
Recommendation should be used for
routine guality control testing, where
smaller test pleces may prove adequate,
1. SCOPE AND TIELD OF APPLICATION

This Recommendation specifies standard
methods for determining some physical and
mechanical properties of commercial wood
based particle panel products intended

for use in load-bearing timber structures,

2. SYMBOLS

A, S

a,, distance ficin the centre of the st prizce Lo the point
where the deflection is measuied (mm);

b, width ¢of {esi piece o sample (mun);

A, direct stifiness (W), .

L, bending stiliness (N/fmm?);

£ load {N);

f, strengihy (N/imm?); )

G, shear modulus (N/mim¥);

/, length of test piece o sample (mm);

1, agauge length {(mm};

h4, moment (N/mm);

M, mass of strip immedistely alte esting {g);

My, constant mass of suap or sample alter diving (g);

l, thickness of test picce (mm);
W, scction modulus {mm3);

W, defiection, defoimation or slip (mm);
Py, rominal density (kg/m®);
w, moisture content,
Subsaiipts applied (0 capacities, stengths, stiffnesses, and
moduli of clasticity @

b, bending;

e, compression;

max, maximuny

P pancl shear;
I in plane of plies shear;
{ {onsion.

Prefix applied 1o loads, moments, deflections, defomma-
tions and slips:

4, increment,



3. SAMPLING
3.1, Sampling of panels

The panels from which the test pleces
are cut shall be sampled in accordance

with LSO 0000 ().
3.2, Sawpling of test picces from panels

Test pileces shall normally be cut from
the panels in accordance wizh the cutting
given in.figure 1. This cutting schedule
ig baged on a sampling unit of Four
pancls. Alternative schedules may be de~
veloped when the test pieces are cut other
than parallel and perpendicular o the two
ain divections of the pancl, or when only
some cf the strength propertics are to be
developed or when dictated by the special

needs of the test.

DIRAENSIONS OF TEST PIICES

G401, Meitbiod of measurcmont

The moethod of wking moeasurements and the type of

cguipment 1o be used shall beio accordance vaith 18D 3864,

Qending : i-b

Tengwn : §~16
Compression: . 17~ 30
fo plane of plus shear:  3i-31
Panel shear: M-
Fanel shear mmedulus: 50~ &1

Fig. 1. -~ Cutting schadule.

(') In preparation

-
]

4.2, Messuremenis to be taken

The thickness of the test plece shall be measured 10 the
fearest 001 men et four points ar d he

i
the nearest 1 mni at two points and ihr; AVEraGE 1esGTind,
The dimonsions of the st picee shall be measwed & the
pomi*‘ spocilied in 4.3

4.3, Points of measurgments

The measurements of the dimensions of the test picce shall
be taken at the following points:

{#) bending; the thickness at {four paints, two o cach
edge 100 mm lromithe mid-lengti the width at ten paings
100 mm frem the mid-length;

(0} compression; the thickness a( four poinis, two o cach
edge 100 nun frony the mid-length; the width st tee paints
100 mm from the mid-length; .

{¢) tension; the thickness at four points, two cncech sdgoe
400 mm from the mid-length; the width at two eoints

400 mm from the mid-tength;

() panel shear suength; the thickness at fowr points, two
on ecach edge 100 mm frem the mid-lengih, th

two points 50 mm from each side;

¢ fength at

{e) IJ?:F\'GI *%} ear modulus; the thickness al tha mid-points
of the four sides: the length and widih ¥

{Nin ;)!arm of plizs shear; the thickness a
on cach edge 100 mum from the mid-lor
two points 50 mim from cach side,

5 MOISTURE CONTINT

The moistine content shall ba detarmaned frony a siip
taken not nearer than 100 mm from the ond of the test goce
of fiom a separate maiched (est picce. The stip shail

the same thickness and width as the test pioce end b

have & lenoth of 25456 mim.

The strip shall be welabed immediately aftern tosting o
then drisd w o constant mass (2) ina vwswd OwEn EL @

of m(aasu:i g the maoss 1o an accursey of 0.’15..
The moisture content shalt be calouleted from the
{following foimula: '

W= (MmN m,. . .

where o is the moisture content; my, is tha mass of the st
immodiately after tesling, in grams; m, is the constant mass
of the strip after drying, in grams,

o

The moisture content shall be calculated to thiee decimal
places.

{2 Constant mass is censidered 1o be recchod when two suos
weighing operalions, carnd out ataninervai of 6 haws, donat die
than 0. 1% of the maas of the stip.




0. DENSITY

The density of cach test piece shall bo dets mingd § fram the
testpleceorliom a sample tahon fom the s

meponion of the
panet as ihe test picce. Where suitable, the sirip which is
prepared for the measuremont of mcoistuie content {seo
clause ) mey also be vsed (o determine density.

The balance used shall be capable of measwring the masss
o an accuracy of 0.19%

The density, based on the mass wheon oven-diy and (he

volume at test, shall be caicilated fiom the {o flowing
formute:

lr}oJ--.:r F0O5 ff?o//l‘)('

whernn P 15 the denstity (kg/rm®y); My, 15 the mass of the

ample alterdrying (a); /s the o ngth of the sarmp
b, is the widih of the sam sple (nun); L is the
the sample {ram}.

=
(SRR
&

(5]

[ied

o

ey

The density shall be calculated (o Uiree sigaificant figures,
lithe density is obtained on a diffsrant basis, thon the hasls

of the density value with Fespact o velume and moistine
content shall be stated,

SECTION VWO MECHARNICAL PROPERTI

7. CONDITIONING AND TESTING CLIFIATES

Al test ploces shall nomsaliy be conditone od, priasto ling)
machining and leating, o cransmm rass {21 and meisture
content i oan atmonpiore of wlative homid By G50 5% and
teinpeinture 2004 ,') e \.f)

ditions of wsting <houtd be the same

as tinse in the fun'“ ioning chambo, but whes li‘is is not
possibie 1osts chould Be andenaken inmedinge Wy alter the
lest pivees have boen removed Gom Ih(: con iltmmng
chaomber.

B BENDING STRUNGTH AND STIFFRESS

8.1, Test picee

The test plece shall be rets ngular i cross-secion.

The depth of the wat picee shail be equi 1o the thickness
of the panel, :

The widih of the test piece shall be \)OO i,
The length of the test ;)i(-:{:v;z will depond on the mcthod
used forapplying the o d {sce8.3) but shali be sulficient j¢]

cosure that the !or;gm of the zone suljeciad to the uniform
mioment shialt not be fess than 300 mm,

Unless otharwise speciicd, an estimale shail be made of
the worse face of the test piece and tivis face shali bo stressed
in tension during the bending test,

3} The tesy Ltmethods specilied in this Recommendaiio may dlso be used o1
'
()'xhi.'f (Ov“"{} ( I'ndlc‘

8.2, Sampling of tes1 picces from panels

Eightiest pleces shati be it fromthe samvipling unft of fau
panels in eccordence with the &I:h(':(;i!:a‘! given in figue 1,
A further eight test pieces shall be

cut from the four panels in accordance
with I80 .... (v)

&.3. Loading method and cquipment

The method vsed for applying the load s u..lhe suchibata
zone of fength not fess than a,r-o e at thae middie of the

to & uniform
all be such that
CHOSS '): ferces are not applied 10 the

length of the (est plece shall be subl
moment. The maethod of aps “i"iug the loed s
dircet tension or com:
test picce at

Note, —- L :hections may occur when spocimions
with simall arc tested 1o fatluie and
alteinative wost arra
test method da "\wbz‘: in this c[auw s not sultabic for a
specimen with a thicknoss lower 1than § mm,

ants may be requid

The loading equipront sheif be-capable of measur ing the
load 1o an accuracy of 1%,

8.4 Test procedure

8.4.1. Rate of spplication of load

The load shall s with a continuocus motion
throughout the test. The rete of loading sha'l be ad Husied 5o
that the maximum load be isached within 30120
seconds

The time taken from the boginning of the loading to the
maximuim load shall be mezeswed ond recorded 1o tha
nearest 30 seconds,

(4) IS0 draft international standard
"Determination of apparent modulus
of elasticity in bending and of

})Gﬂding Si"-l“ength” N ]7.
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8.4.2, KMeasurenrent of deformation

The defiecton of e test pince shall e easurad m:d\'ﬁ.“,'

betvseon (wao points on the longituding axis of the |

focaied in the rzone of uniform moment. The distapes
Botweon the two points (gauge length) cind I.éa‘::‘n:n foss than
250 mm and the points ehall be spaced a3 far spat s
poessible consistent with maintaining ade
batween the gavaes and the logding equip

e clesance

(LA
The deftection shell be measvred to the noarest 004 T,

Note, — lho (‘u:\mu.:e of the test plece may be obtaines
by measuring the angular rotaion i the ends nf the zone of
uniform moment. -

Note - The eight small specimens according

to 8.2 shall be tested according to

LS50 ..o ().

8.6, Expression of resulis

o
o

CBending stiflness and modiulus of ofasiicity

The bending stiffuess o the (est picce shall be caloutaied
fram the foitowing fermola:

El= AR /8

where s the bending stifiness of tho est pioce (N/mim?);

Abdis the increment of roment 1 mid-lengih on the siraighi
line poition of the lead- defloction curnve (N, e ds the
incioment of deficction corres sponding (0 SAF (mm); fisthao

gauge fenpth {num).

. ha bending siliness of the tes! plece shalt be caleulsted
to thiee significant f(‘.li'a!.c}.

T thickness (nominal or actualy nsed to calevtate the
second moment of ares shail be stated.

8.5.2. Ultimate inoment capacity anid hend ing strength

The ultimate moment capacity of the test piece, which is
the maxiinum moment resisiod by the test picce, shall be
tecorded Lo three sign

gnificant figures,

e value of the bonding stengih is subseoucntiy
caleulated flom the elimate moment capacity it shall na
caleulated from the following formula; )

fomz M/ VW,
where 7., is the bending strengih (MN/mm?): M, is the

maximum moement (N/mm); Wois the section madulus
{mm?3).
The bending strengih shall be cazloulated to thies

significant figures

Tha thickiness (nominal ar actugl) used o caloulate the
wcl:oﬂ modulus shall be stated.

r

§.5.3, Crecp in bending

Test to be developed; sugpestions

are welcome!

G, CONPRESSION STARENGTH AND STIFFNESS

9.17. Tost picce
The tost piece shel: be reclanguiar in cross-seclion.

Several pieces of the panels to be
tested shall be glued face to back until
the thickness of the test pilece is not
less than 40 mm. Ro test picce shall be
made entirely from material from one
panel, except where the panel thickness

15 40 mm or more.

]

The widih of the tost plece shali be 200 mm ared s tength
shall he 400 mm.

Care shall be taken in preparing thet
end swifaces smooth nnd paralicl to cach othor snd et right
angles (o the length. ‘

st plece o make the

9.2, Sampling of test picces Tron pancls
i { i

Thoiest picce shal ho made frorm the sampling unit of {our

I
i

pancls in agcordance with the schedule given in ligure 1.

4.3, Loading method and cquipmient

Theload shall be apphed through a hinged connaction on
the uppaor hr,-ad of the testing maching to allow {or zmy
doviation [rom parailel of the ends of the test picce and
permilt adjustment 1o the end of the test picce in core
direction. The test picce shial bo looscly held l‘;y smooth
side restraining rails. Suitable loading appaiaius s given in
annex A, _

The loading equipmant shall be capable of measusing the
foad to an accuracy of 1%

8.4, Test procedure

S.4.1. Rate of application of the losd

The load shatl be applicd with a continuous maotion
throughout the test. The rate of loading shalt be edjusted so
that the maximum load be reached within 30604120
seconds.

The time taken from the beginning of the loading io tha

maximum load shall be measursd and recorded to the
neargst 30 seconds.



4.2, Measuremont of doeformation

Data for ioad-deformation cwves shall be taken to
determine the compression sufiness and the modulus of
clasticity.

The deformation shall Lo taken over the co ntral paion on
hoth sides of the test ploce usmq a gauge length of not less
than 125 nun but nol greater than 200 mm. The average of
the two readings shall be L:ouf in the calculation of the
stiflness and modulus of elasticity of the test picce.

The defoimation shall be measured te the neares
0.01 mm.

9.5, Exprossion of vosults
G150, Compression stiffness aod modulus of elssticity

The compression siifiness of the tos picce shall be
catculated from the bllowing lommuls:

£ AR A,

wiere LA s the comprossion sif{nes
Af s the increment of toad on the
load- deformation curve (N); /s thn {;:”:i_l(;u", iength {mm);
e A5 ovi

R RTHH

o
(]
2
)
(o

Avwisthe increment ol defomation cone
the gauge tungth /0 ().

The comprossion stilfness of the (st plece shall be
coleufated o three :-‘zg)mf;(:ani flgures,

The iickness {nomingt or actuel) used to caloulate the
CRORS -

ongl aies fsiaa‘m ha stiated.

9.5.2. Ultinate compression capacily and COMICssfen
Strengih

T rwshunmc’(rm sression G ;n.kr‘\'u[f!;otml; o, which
i the meddmun compession Jaad jesisted by 1he tost picce,
1.

shall be reecorded (o three significnng {Egures.

Hoa valve of the compression stienath is subsaguantly

caleoiated iomthe uliimate comprossion capacity it shaii be

calculaied from thae following el

FoolA,

wheie £ is the comprossion stangih (N/m m?y; Fracis the
maszimum compression load (N); A s the cross-sectiona!
areg (mim?),

The compression strength shall be calculated to thres
siagnificant figures.

r
w

The thickness (neminal er actual) vsed to caloulate
cross-sectional area shall be stated.

Lt

10 TENSION STHENGTH AND STIFFNESS

10.1. Test picee

The 1est picce shall be rectangular in cros:

~ The thicknesa of the test picce shall be cgual ¢ the
thickness of the board.

The test picce moay have a constant width of 250 sun
theoughout its langih or may be necked down Lo @ conitant
widith of 280 mm for a length of 500 maw.

CHNote -t the test pises is neched down o 280 m 1
the cutting schedule givern in figure 1 will necd o b
modifiad,

“

The tength of tha test picce shalt be 1,200 mam.

Muole, - For contain species ¢! bhoard tho (es!
defined in this cliuse may cause a lorge poicen
failtres A, or withing, the grips. For these boards
appropriate test specimen must be designed. The

the specimen shail iw notless than 150 mm and dos
geomelry shall be given in the test repont.

0.2, ..»dlﬂ 2!

1 of tost picces from panels

Fight1est pieces sholl be cutfrom the sempling u:"

pancls in eccoidance with the schedule given in figurs

10,3, Loading method and equipmaont

The test picee shall be held in grips witich
required loads to tha test picce with the minhy
on load al, o1 lecstion of, {ailwe. Such duvices sh
apply a bending moment (o the test pisce, sliow stirrege

“under fead, orinflict damage o stiess conconvatons o the

1eat plece.

Forideal tost conditions, the gips should ba
The type of giips used shall be recorded.

Suilable loeding anpaatus is given in annoex {5,-.

The loading equipment shall be capable of m

Noed to an sccuracy of 1%

10,4, Test procedure

10.4.%. Rate of application of load

The load shall be applied with & conlinuous moation
throughout the test, The rate of loading shal! be cdivsied so
that the maximum load is reached within "OU-' 120 zeconds.

The time taken from the beginning of the lozding 1o the
maximum lozd shail be measured snd recorded £ the
nearest 30 seconds.

(5) In preparation



10.4 .2, Mensurament of delormation

Data for foad-doformmation curves shall be token to
detonine the tension stifiness and the modulus of clasticity,

The deformation shali beweken over the contral portion on
both sides of the st pic*"c using @ gauge fength of not fess
than 124 mm but not greaier than 400 mm. The sverage of
thereadh1<SQYeJEbi-uaeciuwﬂaﬁc&knﬂ&tmn1ofihn'cttprncg
stiffness and the modulus of elastcity.

The delomction shiall be maasuicd 1o the nearest
0.01 mm. .

10.4.3. Unaceeptable test results

Any tosl plece thet fails at, or wnhm the grips shall be
rejecied,

105 Eeprassion of results

1001, Tension stifiness aad wodwlus of elasticity

o calculaed

The tension stiffness of te test pince ¢
from the {oliowing fonmuta

EAcn b1 1510,

whiete L4, i the tension stfiness ol 1he test pizan (N); 41/ 4s
the inciement of load on iiw staightling portion of the lead-
defommztion curve (W) /) s tha geugo
the inciemaont of dofommation corresponding to 45 over the
gouge length /) {e‘:'wn).

ath {mm); . hwv s

e tension stilfness of tho test plece shall be caleuisted (o
three :;ig;-mfi(‘.am {iires. '

The thicihess (nominal or actua!) usad 1o caloulate the
cross-sectonal aree shall be stated,
1052, Utifinate tension capacity and loasion Steeiigihi
The ullimaiz lension capasity of the test plece, which is
the maxhmuin len
recerded to thnee signitflicant higures.

onToad igsisted by thetest plece, shell be

I & velue of the tension stength s subseauantly
colouleted from the ultimain twension capacity it sha!l be
calculated from the {o fowing formuda:

f( = "m.u.//l,

whaie [, is the tension strenagth (/mm?®); Fae e the

Lt

maximun tension lead (H); 4 is the cross-sectional ares
(rnm®).

The tension “U'Cl'!gﬂ‘« shall Lo celovlated 1w three
significant figur

The thicknzss (nomingl or actual) used o calculate the
cioss-sectional arca shall be stated.

&

I1, PAMEL SHEAR STRERGIH
1T.1. Test piecce

The test piece shall be vectangular
in cress-section,

The thickness of the test piece shall

-

be equal to the thickness of the panel.

The width of the test picce shall not
be less than 430 mm and the distance
between the rails ghall be 200 mm

(see figure 2).

The length of the test piece shall be
600 wmm,

Note. - 1t is recommended that ihe
stronger direction of the specimens be
oriented perpendicular te the rails. For
thin board it way be necessary Lo usc
this erientation in order Lo preclude
failure by buckling. Buckling of thin

specimens may be avoided by laminating

two or more lavers together to develop
adequate stiffness. Because laminating
can affect panel shear properties, the

report of test resulis wmust go indicate

when specimens are laminated.

Some reconstituted pancl materials
have high panel shear strength but low
internal bond strength and interlaminar
shear strength required to transfer these
stresses from the rails into the pancl.
The rail along with & 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 bolte as illustrated in

figure 3.
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Timber vails baving minimum dimensions
of 35 by 115 wm by approximately 700 mm
long ehall be glued o both sides of the
test piece at cach edge. The width of the
cails may be increased to eliminate a
shear failure between the rails and the
test picce. The rails shall be spaced
200 mm apart with their ends even with
the plywood test picce at two diagonally
opposite cornevs as shown in figure 2.
Prior to gluing, the rails and the test
piece shall bLe conditioned to the approxis~
mate moisture content at which the test
piece is to be tested. After gluing, a
bevel of 14 deg. shall be cut on the end
of both pairs of timber rails where the
major compression load is to be applied.

(6).

Steel rails may be substituted for

lwiber yails and clamping
]

g omay bae sub-

stituted for gluing provided that no
crushing of the specimen or slippage be-
tween rail and specimen cocurs. Special

rail facings may be needed to develop

adequate friction between rail and specimon.

1

The clamping method is particularly well
! (%) 1 .)

suited to reconstituted panel materials
that would otherwise veguive bolting to
prevent interiaminar shear in the specimen

under the rails.

When modulus of rigidity is to be

determined, 3 wm holes shall be drilied

through the panel at each end of a 200 mm
gage length as shown in figures 2 and 3.
The gage length along which deformation is

measured shall be the compression diagonal

(®*) If the width of the rails is other
P15 mm, the bevel shall be cut at such an
angle to ensure that the applied loads

axre

collinear,

than

e

ot 45 degrees to the rails passing
through the center peint of the sheax
area. The gage length shall be centered

between the rails along this line.
11.2, Sampling of test picces for panels

Three test pieces shall be cut from
the seampling unit of four panels in
accordance with the schedule given in

figure 1.

Rote. — Provision is also made in the
cutting schedule for three test pileces
with their long dimension parallel to

panel length,
11.3. Loading method and cquipment

The leading shall be applied so

that the resultant of the forces applied
to a pair of rails shall be a single force
acting along the longitudinal axis of the
test picce both in the plane of the test
picce and in the thickoess direction.

The load on the vails shall be applied by

separating the machine cross-heads.

The loading equipment shall Le capable

of measuring the load to an accuracy of 7.

A suitable apparatus for applying ecqual
loads to the rails is shown in figure 3.
The opposing collinear forces applied to
pins located on the longitudinal axis of
the test piece and perpendicular to its
planc are divided into two components, a
major compression force applied to the end
of the rail by a loading yoke free to
pivot about the pin; and a winor 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 two-way rccker and



bearing-plate arvengement to distribute
the lcad uniformly to the vall end. The
rigid block applying the lateral force to
the projecting rail ends ensures that the
pin remains perpendicular to the plane of

the test piece,

Other loading methods can be used and
may be more appropriate with steel rails.
Any other methods must result in the same
shears and moments applied to the portion
of the test specimen between rails. A pos~
sible altemative has been given in

figure 3 a.
11,4, Test procedure
114,01, Rate of application of load

The lead shall be applied with a conti-
nueous motion throughout the tesit. The rate
of loading shall be adiusted so that the

reached within 300 +

maximunm load is

120 seconds.,

The time taken from the beginning of the
loading to the maximum lcoad shall be mea~

sured to the nearest 30 seconds.

11.4.2 Moasurement of deformation

Ingert 3 mm pins

11.1.

through the holes des-
cyibed in Use linear transformers on
other suitable means of measuring the com-
pression strain between pins as shown in

figure 3. Use one gage on each side of the

ks
panel and average the results either elec—
tronically by appropriate circuitry at time
of test or when performing the calculations.

Accuracy shall be to 2% of total elongation,
11.4.3 Unacceptable test results
_Any test piece that fails in other than

shear ox tension between the rails shall

be rejected.

10

Fote. — Becausce shear stresses applied

by the rails also produce cqual ten
stresses at 45 degrees to the rails,
materials having tensile Strongth«lesé
than or approaching their sheay strength
will usually display one or wore tension
breaks at approwimately 45 degrees to the
rails and often extended bencath then.
Many reconstituted panel materials display

‘

thig characteristic. Such results are

acceptable.

11.5. Lupression of results

11.5.1 Panel shear strength
The panel shear strength shall be cal-

culated from the following formula:

£ o= F wmaxn/ltc
P

wherve £ is the pancl shear styength
P

T 2y e

(N/mm™): ¥

1 s

max is the maxiwum load (W)
the length of test piecce (mm);

t is the thickness of test piece (um),

The panel shear strength shall be cal-~

culated to three gignificant figures,
bid

The thickness (normal or measured) used

to calculate the

shtall be

panel shear strength

stated.

11.5.2 7PTanel shear modulus of rigidity
L »

Pancel shear modulus of rigidity shall be
calculated from load and deformation data

according to the formula.
¢ = 0.5 (Pg/d) (L/1t)

vhere G is modulus of rigidity, N/mm”;
(Pg/d) slope of the force-deformation

diagram, N/mm; and L is the gage length, mm.

Because the force-deformaticn curves are
often curvilinear at low stress levels, it

is recommended that the portion of the curve

wominal 77?2
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selected for computation of ¢ represent

the approximate range of panel shear

design styess.

It is recommended that the shear
modulus calculated by the above Formula
be multiplied by a factor of 1.19 to
account for higher than average shear
stress distribvtion at the location of
strain measurement. The report shall
clearly state whether this factor hasg

been applied.

12, IRTERLAMINAR SHEAR STRENCTH AND
EEFECEIVE SHEAR MODULUS

12,1 Test picce

The test piece shall be rectangulary in

Cross~section.

fhe thickncess of the test piece shall

be cgual to the thickness of the panal,

The widih of the test picce shall be

F50 mm and js tength shall be 450 mm.

The test picce shall be glued hetween
steel plates 25 wm thick, 450 mn long
and 150 wa wide. The plates shall be
bonded to the test piece with an adhesive
sufficiently vigid to preclude a signifi-
cant contribution of adhesive creap to the
measured deformation. One end of each
plate shall be provided with a knile edge
projecting 6 mm beyond the end of the test

piece as shown in figure 6.

The long dimension of the test piece may
be either parallel or perpendicular to the
length of the original panel. The orienta-

tion shall be recorded.

12

e Test paznge

[al gange -

stteshicd Ay

flae

Sl plies

AL devizoskeve B man

V bleck supported on rocker with axisg

perpendicular to plane of specimen,

figure 4 - Interlaminar shear tost
using a dial page for measuring

plate sliyp,

12.2. Soampling of test picces from panels

Three test pieces shall be cur from
the sampling unit of four panels in
accordance with the schedule given in
figure 4
12.3, Leoading method and eguipment

The load shall be applied through
V blocks so that it s unifornly distyi-
buted along the knife edges. The V blocks
shaell be vertically positioned in the
machine, one above the other, causing
the forces applied to the test piece to
act parallel to the axis of the machine.,
The test picce itself will be slightly

inclined when placed in the machine.
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Interlaminar sheer rest

Note., ~ Pivots permitting rotation about
an axis parallel to the knife edge ox
spherical seats {ree to pivot in this
manner shonld not be used as they create
unstable loading which may cauvse violent

cjection of the test piece from the machine

and a bazand to operating personnel,

The loading equipment shall be capable

of measuring the load to an accuracy of 1.
12,4, Test procedure

12.4.] Measurensnt of deformation

The load shall be applied with a conti~
nucus motion throughout the test. The rate
of loading shall be adjusted so that the

MAZINNIM
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load is reached within 300 +

seconds.,

The time taken {rom the bepginning of the
loading to the maximum load shall be mea-
sured and recovded to the nearest

30 seconds.

12.4,2 Measurenent of defovmation

Data for load-slip curves shall be

taken to determine

the effective inter—

Laminar shear modulus,

A suitable method of measuring the
slip between the steel plates is shown

in figure 4,

The slip between the steel plates

shall be read to the neavest 0.002 mm.

12.4,3 Unacceptable test results and

types of failure

Any test assembly that fails wholly or
partially in the bond between the metal
plates and the test picce shall be rejected,
Acceptable fallures in reconstituted
paterials may occur anywhere within the
thickness of the test plece, but not at

the glued interface with the steel plate,
1225, Bxpression of results

12.5.1 Effective interlaminar shear modulus

The cffective interlaminar shear modulus
shall be calceulated from the following

formula:

G = ATL/Awvlh

where G is the effective interlaminar

shear modulus (N/mmz); AT is the increment
of load on the straight line portion of the
load-slip curve (N}; Aw is the increment
of slip corresponding te AF (mm); t is the
thickness of the test piece (am); 1 is the
length of the test piece (mm); b is the

width of the test picce (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-

.



Laminay shear modulus ghall he stated.

12.5.2 JIntevlaminay shear strength

The interlaminar shear strength shall

be calceulated from the following formula:

f = F max/11
. P max/1ib

where fr is
2 . . .

(W/mm™); ¥ max is the maximum load (W),

L is the length of test piece (mm); b is

the width of test picce (um).

The ~interlaminar sheay strength shall be

calculated te three significant figures.

i3,

TEST REPORT

The test veport shall include details of

the test material, the method of test, and

the test results. The amount of detail
given under each of these headings will

depend on the purpose of the tests.

The fellowing data on material shall

noymally be pgiven: particle type, ocrienta-

tion, adhesive, surface treatment, manu-
facture, wonufacturer's grade or product
standard grade, and any other information
pertinent to the purpose of the tests.

The following data concerning the test
conditions shall normally be given: the
type of test, the accuracy and method of
leading, the accuracy of measurements of
) N P T . . - - ] - “rin ey
deformaiion, the method of determining
the slope of the load-deformation curve,
the temperature and relative humidity of

the time of fest.

Tor individual test pileces the following

data shall be given: test plece dimensions,

moisture content, time of failure, maximum

loads, description of failure, and the cal-

culated values of stiffness and capacity.

the interlaminar shear strength

figure 1, then details

When moduli and strengths arce calceulatved
the basis on which they have been deter-
mined shall be stated. The thickness
(mominal or measured) used in the caleula—

tion shall be stated.

Additional data may be required in
some cases, This wmay include the follow-
ing: full details of method of manufacture,
full details of any natural defects ox
manufacturing features which influence the
test results, density and load-deformation
diagrams, If the test pieces are not cut
in accordance with the schedule shoun in
of the cutting

gchaedule shall be given.

The number of test pieces and penels
Lested for cach propervty shall be stated

in the test report, and if a statistical
treatment of the data is possible then
the value of the standard deviation or co-
efficient of variation for each properiy

shall also be given, as well as the ncan.



CIB W.18 SUB-GROUP- AFRICAN, CARIBBEAN AND
LATIN AMERICAN REGIONS

REPORT FOR MEETING 17 AT RAPPERSWIL.
SWITZERLAND MAY 7984

With the development of new approaches to stress grading and
procf leading 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 asg structural timber. Tt is expected
that Zimbabwe will take injitiatives 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 (ANSTT)
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 Switgerland at this time.

News from the Caribbean and Latin American Regiong has been scant
but it is believed that my colleague Dr. Amantino De Fréitas
(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 txust 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.

R.S. Beckett
JOINT COORDINATOR

Dean of Engineering
University of Zimbabwe

14th June, 1984




