CIB-W18/17-14-2

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION

WORKING COMMISSICN W18 - TIMBER STRUCTURES

SIMPLIFIED STATIC ANALYSIS AND DIMENSIONING OF
TRUSSED RAFTERS
by

H Riberholt

Technical University of Denmark
Denmark

RAPPERSHIL
SWITZERLAND
MAY 1984



e,

IRNDHOLDS FORTEGNRILSE

T R ot B Wt v 4 G g e P T S AL AL BTRE L § e ART e S e T g it Ve AL e e A g e S Ak e dre

1. IquRODUCTTON.FG.."...‘DG‘.‘.O."‘.....G......--....ﬁ....

2. DESCRIPTICH OF THE MOMENT COEFFICIENT METHOD:ccecsesosceess

3 © gﬁl'_m&?ﬂ:iQ_EL_QE_fiQﬁgHmw&;ﬂmwﬁ- MR RN EEREEE R E I N I A
3.1. Regarded Phenonenar ITEVIiEHessvsasarssasasasoscassnnss
3.2. Method of calibratioNe.cveescseessassvssssceasssansas
3.3. Results - of the ¢alibratiONesecesrscannsscascscesrasana

3.3.1. Roof Sloper Connection Slipr Ridge Model.....
" 3.3.2. Roof Sloper Connection Slips Ridge Model

3. Support eccentiriCityiiessesessnecassssssanass

&, Dimensions and E-moduli of the chords....cce.

5. The span O0f the trUSS.seaciecncesesscrancaasns

6.

7 L]

Heavy or light roof. symmetric or asymmetric
Partial Attic Loadﬂ.l..l-l'Il.....l..l..l.l‘l

‘4. A_SIHPLE STRESS ANALYSIS FOR g E?'“"ER-’; 3......-0---..0.....
4.1. W—truss with a little Support BecentricCltVeessssnsss
4.2, W-truss with a large Support Becentricityivecesenses

1. INIRODUCTION

In [Riberholts .1982]1 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 etill taking into account the essential
effects.

Due to lack of time only W-trusses have been investigaﬁed: 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 QF THE MOHMERNT COEFFICIENT METHOD

The mcment 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 spllc sr these must be placedr where the
mements 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 spproximate aqulllbrlum
reguirenents for the adjacent chord bavb. Figure 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
K~ - R .
kmom Moment coefficient

dgg 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.
See section 3.3.7 and 4.1,

For exampler the moments in the bottom chord in figure 2.1 arig-~
ing from qpo¢,s; ©an be calculated as if the bottom chord was a
continuous beam supported by four simple supports.

The moment ceoefficients 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.
Dimensioning

‘The dimensioning of the timber cross sections muse be done as
described in chapter 2.6 in [Riberholt, 19821,
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3. CALIDRATION OF MOMENT COEFRICTENTS

3.1. Regarded Phenomenar review

By analysing a W-truss it is found that the moment coefficients
depend on the fcllowing. The are sensitive to some of the para-
meters and relatively insensitive to others,

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

IY: Slip in the connections. fhere has been calculated with the
following valueg, which are chosen from those given in [Feld-
borg & Johansen, 19811 for long term loaded trusses,

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

No glip A B C D
Heel joint, slip in the 0 1 2 4 6
direction of the top chord
Splice in the middle of the 0 0.5 1.5 3 6
the bottom chord.
Connection at the ridge: 0 0.5 1.5 3 )

slip in the direction of
the thop chord.

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



III: Eccentricities in the connections between the diagonals and
the chords. Two cases have been regarded, they are shown in
figure 3.1. The ridge connection remained the same.

Centrot

Eccentric

L...,-—‘L___

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

v Eccentric 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. Topologis
geometryr and loadings were generated automatically and so were
the moment coefficients by means of equation {2.1), which gives

. 2
Kmom = Mframe model’ {490 5ay’ , (3.1

In the frame analysis the timber parts were assumed linear elas-
ftic. The connections were modelled as shown in figure 3.1 and
3.2y and the slip in a connection of the real truss was modelled
by a prescribed slip petween the 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 equallys independently of the magnitude of the force or
the gize 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. 1t has been taken into account that
the moment curve at the node in realiity 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 peint corre-
sponding to points within the connection domain, see [Riberholt,
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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 lengthe
in the top and bottom cherds 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, 1983].

3.3. Results of the cajlibration

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

simultaneous corresponding to the follewing headings.

The;é has been used at reference truss with parameters as given
in secticn 3.3.1s 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 eccentricity, D = 70 mm
v He = 150 mms H, = 125 mms Width = 50 mm
Vi S = 8000 mm

VII Heavy roof qtop = 1,61 N/mm

VIII Symmetric top chord load

I¥ No partial attic load

10



Overhang O
X1
X2

500 mm Eméduli' tOp & bot. 8400 MPa
1310 mm diag. 7200 MPa
1950 mm

it

H]

Figure 3.3 centains the results for a central ridge connectionrs
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 te 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 kg, 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-

nection, DHRIDGE = 0.
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Figure 3.4 Moment coeffi-
cients for different roof
slopes and slips in the con-
nections. Eccentric Ridge
Connections, 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 Connections 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 peripheryr see figure 3.1
lowermost. '

14



Roof slope 1:4

km
0.3 "] BaAYIMAY
R EEERRN EE YU 4 )
0.2 P! LA ,’f--— SAYIRIGHT
JRTT (T T4 I pavzua
i ~~ BAYZLEFT
L e
0.1 - — '::{— - ~mer BAYZRIGHT
| "1 - .’.4‘
-] ""’
’f K
0.0 F— :
P =
0,7 ~fT —
o 2 4 R
Slip at hee! joini, mm
km Wt
R -
0. -t .
3 Pid —— BAY3HAX
- L d
e _A——pavater
0.2 west ] —ms BAYIGHT
- 4
LT LT T mavaux
- — - —e RAYALEFT
-
0.1 e _/’/ ."/
-
[ P
0.0 S e
£ = >
v
-
~0.1 e
o . 2 4 &

Slip at heel joini, mm

Roof slope 1:2

kM
0.3 —— BAYILIAX
e BAY1LEFY
6.2 == BAYIRIGHT
e BaYZMAX
..... -~ = BAYZLEFT
0.1 Ani2E P w—— BAYZRIGHT
s e
IS S -
‘¢r."'
6.0 ot
~0.1 |
o 2 4 &
K Stip at heel joint, mm
ey
0.3 o BATIMAY
e BAYSLEFT
0.2 SN - BAYSHIGHT
Leedt PRERRAR AL e
e e BAYALEFT
0.1 —
. ,.4"‘ L]
I -
_...-u—.-_-r'.ll"d‘ L
0.0 = e
—--"p’"’"“
0.1 — i i
o 2 4 &

Slip at heel joint, mm

Roof slope 1:3

kmm
0.3 e WAY T WAX
= BAYLEFT
0.2 et BAT LRIGHT
veasprrt Coee BAYZMAX
U SRS deenee /::;-—-— BAYILEFT
0.1 P — J——: S e BAYZRIGHT
T -z ot
A
0.C i m
Lo - d‘"’.’."
~ba
) .2 4 ]
Siip at heel joint, mm
Ko o
0.3 T e BATHAX
o BAYSLEFY
c.2 S L e T {-— BAYIRIGHT
- “oon BAYAMAX
. e = T //-— BATALEFT
o1 e el et P
. -
- ‘*_':;""/ A7
iy _/"
.0 - o
k- P DR el
"’-"
0.1 s
0 .~ 2 4 5

Slip at heel joinf, mm

Bay members
2

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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By comparing the resuvults in figure 3.4 and 3.7 it can be seen
that the values for k..
the bottom chord (Bay 3 right and Bay 4 left). By analysing the
differences in the moments at the nodesr it was found that the

differ, especially at the K-joint in

moments in the truss with eccentric connections could be deter-—
mined from those in the truss with central connections

= M 1 + kM [Me! (3-2)

aCC, centra

= 2
= Kmomscentral 990 1fay * 1/2 Ky 1Fpar! Bepora

where

Mcentral node moment in truss with central conpections

M Bccentricity 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 glope of 1:3 the following

values were found.

T~connection in the middle cf the top chord,
approximate values.

Bay 1: ky = 0.2
Bay 2: ky = 1.2

K~-connection in the bottom cherd, exact digits.

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

18



It can be added that the moment contributions at the T-connection
are of less importance than those at the K-connection. If the
bottom chord was idealized to a continuocus beam over 3 bays and
simply supported the factor ky could be calculated to ~0.6 and
0.4 instead of the figures =-.63 and 0.37.

3.3.3. OBupport 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 eccentyicities 0 <D< approx. 200 mm it is
reasonable to include the eccentricity effect in the moment
coefficients., But for larger eccentricities the moment at the
heel joint is dominating and it determines the dimensions. It
should therefore be treated separately:, for example as described
in section 4.2.
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Figure 3.9 Moment coefficients for a roof slope of 1:3, span =

8.0 m

centric connections.

and different suppport eccentricities D.
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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.
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Figure 3.10 Moment coefficients

Stip ct heel joini, mm

Heights of the chords

h

top

Slip ot heel joini, mm

= 125 mm and hbot

for a roof slope of 1.3,

100 mm
Compared with figure 3.4 and 3.7 one finds, in general, smaller
mom® This is due to the fact that the
eccentricity moments at the nodes are proportional to the height
of the chords, and that the prescribed slips in the joints cause

numerical values of k

larger positive chord moments in the stiff (high) chords.
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Calculations bave 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 kg, 1is shown for trusses similar to those used
for the figures 3.4 and 3.7 topmost to the right. The only
differences are that here Span = € = 1200 mm and chord height =
htop = hpop = 475 mm  is used. The chord dimensions are selected
from [Wood Trussed Raftersr 19831].
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Figure 3.11 Moment coefficients for a roof slope of 1:3.
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Compared with figure 3.4 and 3.7 one f£inds that for small slips
in the joints k., values are of approximate the same size.
But it is seen that for the larger span Kkpoyq 1S not so sensi-
tive to the slip. -

3.3:6. Heavy cr licht roofs symmetric or asymmetric
locad on the top chord

For a reference truss moment coefficients 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
negligihle.

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 lecad intensity was
1.05 kN/m.,

It has been investigated whether the moments caused by the par-
tial attic load dy,¢,5 CoOrresponds 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 pot +° * Mgbotascont.beam (3.3)
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.......

,Lk’/ leP
= 7102 Maug

- Figure 3.12 Distributed loads on the bottom chord. Resulting

moment distribution and moment distribution caused
by Qpet,a ©n a similar continuous beam over 3
spans.

Meanwhile it was found that if (3.3) was solved for k., . it
gave values which differed considerably from those given in the

figures 3.4 and 3.7.

Instead of this a "Swedish rule" wae 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
monment 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
m and all other parameters as the reference truss.
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Figure 3.13 Moment coefficients for a reference truss with a
roof slope of 1:3 and a span of 8.0 m/ and loaded
with a partial attic load. '
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Figure 3.14 Moment coefficients for a roof slope of 1:3 and a

span of 12.0 m, and loaded with a partial attic

load.
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4. A SIMPLE STRESS ZNALYSIS 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, W-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 plywood or wood gussets.
Connectors with teeth pressed into the wood.

Provided the moments are calculated from equation (2.1) or the
first term of (4.1) the values of K given in figure 4.1 and

4.2 can be used.

mom
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28

and diagonals.



Case A

kmom

o
w
]

02"

0.1

mom &
0.2+ )
— —~——, m
0|0 B e
0.06 7
) T 1 T T ¥ Roof angle
-008 20 30
0.4 - =21 Bay 1 right
ERak +Bay 2 left
kmom é
0.3
° 0.2—0'22‘\__1_
014 Bay 4 max
0.1 '_O‘} h_“'*-—-._____‘_"
e By 3 max
0.0%
0 T T Y ~» Roof angle
20 30
. =04 "-O.‘ISMM'““BGV Iright
‘ -0
-0.2
Case C
kmom‘é‘
6.2 402 .
018~ 0.12
014 e Boy 2 max
' 041 Boy i1max
0 T 1 H T » Roof cngle
e By 1 right
-0.1 1 / -0.07 48{1)’ left
-017

\ﬂ1 Bay L max

Xl Bay Imax

01

-0.2 1

T 1 P Root angle

T T

20 30
/ Bay 3 right

-0,21

Case B
kmomA
0.2 -
11.4012\\“‘:;"“*‘“———'803'2me
) ~5Hs Bay Tmax
0 T T ] i * Roof ancgle
20 30
0.7 o Bay 1right
-04 +Bay Z ieft
kmom‘*
0.31
- 10.26
0.2+ .
o.17 Bay 4 max
0'1—0.13\\__—_—8 3
: 007 ay mcxx'
¢ 1 Y T T ¥ Roof angle
20 30
031014 I Bay 3right
-0
0.2
Bay members
2
1
3 4
Figure 4.2 kKpom,ece foOr

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-

ler than these assumed for figure 4.2 then K can be found

nom
by interpolation between the values in figure 4.1 and 4.2,

If the ecgcentricity moments from the chord—~diagonal connections
are taken into account seperatelyr it can be done at the nodes by

= 2 (e
M = Kpom,central 990 lbay + ky "t 1/2 IFpar[ Rehord (4.1)
where
Knmomscentral Moment coefficients at the nodess see figure
4'1'
dgg Distributed load perpendicular to the chord.
1bay 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
0.37

Bay 4: kM

par The chord parallel component of the force

the diagonals to_fhe chord.
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hehord 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

= I 2
M = Kmomscentral 990 1bay +
1/4 hchord[(km Fpar)left + (ky Fpar)right3 (4.2)
where Kyom,central 15 28signed a value corresponding to M.y

in the bhay and the values in the brackets are evaluated at each
node. l

Tf the chords are subjected to distributed load of limited exten-
sion or ccncentrated forcess then the moment contribution can be
determined in the foliowing way. Frirst 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. W-truss-with a large-Support Fccentricity

.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 thug just above the support. At this point the
normal forces and moments can be found from figure 4.3 and the
following formulas

31
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Figure 4,3 Cantilevered truss. Geometry and design modification
of the truss.

Provided that there is & wedge in the space betwesn 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 F; are

F) = Grop 172 (a3 + a3)%/ay + apop 1/2(D + by %/by (4.3)

Fy = Qgop 1/2 (a3 #+ ap) (ay ~ ay)/a, + Force from top bay

(4.4)
Fq = Qpop 172 (D + by)(by - D)/by + Force from middle bay
(4.5)
The normal forces are approximately
Nyor = (R ~ Fl)cot B (4.5}
Ntop = (R - Fl)/Sin B (447)
The sum of moments My, 4+ in the two cross sections is
2 2 ﬁ
Megi = “Npor * P tga - 1/2 dgop 2 172 gper D (4.8)

as suggested in [Feldborg & Johansen, 19811 Mio+ 1s 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
hﬂq;%op

M =M Vi i ' (4.9)
top tot btophtop + l—‘\bot bot

2
" . bbothbot
- Z ‘a
bot tot btopl—l top * hbot b bot

(4.10)

In [Riberholt, 1980] it is explained how it can be taken into
account that there is a smaller likelyhood for the fact that a
big growth defect {(knot) occurs at a moment peak than at the
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moment maximum in a bay. This effect is especially pronounced
for the large moment peak at the support.

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

Bottom chord t o i ﬁ: £ 9
t,0 THam
(4.11)
Ot Um <
Top chord £ v 1
c,0 fm™m

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

kfm = 1.4 for wk ~ 8C 19

if

Ckgp = 1.3 for T24 - SC 24

It must be emphasized that the evaluation is done for Nordic
spruce and pine of the qualities mentioned. But since it has
been done relatively conservative and if the density and distri-
bution of 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.

Pr‘escribed System *
Beam - slip T
element ' mode

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

Equilibrium of the element gives
{g} = [ki{v} + {qg,} : (a.1)
where {gl} Nodal forces
Ik] S8tiffness matrix of the beam element

{v} Deformations of the beam nodes
{qo} Nodal forces for {v} = {0}

The slip {g}! between the beam node and the system node is
defined as ‘

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

vy vy
*

Vo V2
+

V3 V3
. - =

V4 vy 94
*

Vg Vg 95
&

Ve Ve Y6

(A.3)

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

i)

[k1C{v™} ~ (g} + {qg )
[k1{v"} + (igq,} - kl{gh
Ik1{v™} + {q;}

{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 {5} and moments can be calculated from

{s}

it

[81{v} + {s,}

[ST({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
propoesed construction of the heel joint with a wedge has some edvantages
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 celculation 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 bkoeh 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 diagonzals are sssumed
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 end 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. Finelly, the fictitious bar
shall be placed at least 50 am 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 he symmetrical with regard to the positions of
the chords and the diegonels. The eccentricity of the supports in the left
and right heels need not be the same. The notations introduced are presented

in figure 3.

The external distributed loads acting on the roof truss are divided into
three parts, according to figure 4, where q,] is a symmetricel upper chord
load, q,7 is an asymmetrical upper chord load and gp is a symmetrical lower
chord load.

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

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

Calculation procedure

1. Calculate the support reactions Rj and R, (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 = {0.548 q,1 + 0.208 qp + 0.519 qz) —_—
sinly

b2,

&M, = (0.548 qul - 0.208 q,p + 0.519 ql) —
. sinZa

bZL

BMg = (0.276 gy - 0.188 g,y + 0.290 qp) ~—
sinza

bzl

M7 = (0.276 qup + 0.188 qyp + 0.290 qp) ——
sinza

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
lvads give rise to axial forces in the fictitious bars. To calculate
the verti cal force component Xj (see figure 5), the following

expression can be used:

9t 2 AICINLII: T LA AT SLITE
. _Ei ot Yy E 3(1’_1.:) +2(w_u‘):'] 'g;_’;'zwl [1 3(;;) +2(EI) ]
Pt £1,2 Loy o in2 Y " LI
IGHFE‘W(T‘-@:) (1--8-(1“_"‘1—‘;))-&%(1-@";? (1'-8-“*‘3;) )]
where g, = the resulting distributed upper chord load acting on the
appropriate half of the roof truss.
E I, = bending rigidity of the upper chord.
ELIX = 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 are distributed on the upper
and lower chords via the fictitious bars in the left and right heel
joints. Assuming that the upper and lower chords are placed on rigid

supports, the forces X,j and Xgi (figure 6) can be solved from the

equations
n,? ¥y LI
v {i.-—) - Ty (1 = (=
E—L - -—-—.Ealu A cosa A | /2 - 3"’1. ‘ (*l) )
oo By o,

&2 3
| R Cooh?
{1 o ¥, O G

ul F 3 I
where X,; = the vertical component of the force acting on the upper
chord.
Xpi = the vertical component of the force acting on the lower
chord.

Add the force component X; to X,; and subtract the force component Xy
from Xgi. 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 7 n n 2
1 1 2 2, b
AMo = —(1.17X,,7 —— + 0.97X§1 ~— + 0.34X o -5 4 0.45X15 =) — M
2 ul " 21 i u? " 12 ¢Z EET%?E
- (0,38, i 2 2y P4
aAMy = -, ul . + 0.45Xp] -{Ijz- + 1.17X 2 T + 0.97Xp2 ﬂ}—l—) =7
U [¥]
n n n bgl
AMs = -(0.01X N 0.08X97 —- + 0.77X,,0 & + 0.80X9, —2).
AMg ullpu“f 21%+ u2¢+ Ezw)m
u 1
n n b2
aMy = =(0.77X,] - + 0.80X37 —- + 0.01X,7 D4 ouosxg, 2y 2
%J ¢Z %J QL Lsin “a

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

as in item 6.



Figure 1

Figure 3



IEERNEERRRREREN R

ey o :
UREREREREREEEREE I} o Rj

Figure &

\\\\\\X\\\ <
“..39‘\,||I!'.i!n. T

Figure 7

| Figure 8



CIB-Wi8/17-15-1

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION

WORKING COMMISSION W18 - TIMBER STRUCTURES

PROPOSAL FOR CHAPTER 7.4 BRACING
by

H Brininghoff

CEC-Bois, Femib, Glulam, Ulm
Federal Republic of Germany

RAPPERSWIL
SWITZERLAND
MAY 1984



7.4

7.4.1

7.4.2

7.4.3

7.4,3.1

Bracing
General

This section applies te compression and bending members,

which should be hold to avoid unsuitable lateral deflec-

tions. This can be done by staying against fixed supports
or bracing members,

Single supports

Supports of compression and bending members have to be
designed for a load of

Fy

1M

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

F

of the compression part of a beam,

i C

LO—— —‘F'I—,l S, ﬂHL?i-L
. A

& 0 ’ +

Ty

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
load of




7.4.3.2

where
m is the number of chords,
FN the average compression force,
1 the span of the bracing member.

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

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

Beams with rectangular cross sections

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

niform load of

m-M

1-b
g

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 compressicn chords
of the beams.

The deformaticn of the bracing members shall not exceed the
value f = ?/E .
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Fig., 7.4 b Continous bracing

Proposal for the values . and g

n ¢ = 100
, = 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 1ine of attack in the cross section of the ex-
terior loads have some influence.

Comments  are given by ANNEX 75 (under preparation).
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be expscted that Luropean manufacturers of one-family houses
wing extent will seek new markets abrozd and sc in many cases
the requirements that the houses must be able wo withsiand
akes. A par tlcula;13 suitable type for earthqQuake areas is timber
houses with a shea ting of for example plywood, particle boards,
iber boards, pls sterbo ards or similar materials.

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 to take to
ensure that the statically secondary elements of the house can with-

etand seismic vibrations.

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

2. QUALITATIVE DESCRIPTION OF THE CONSEQUENCES OF AN EARTHQUAXKE 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 against

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 accelerations 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 earthguakes
should therefore, ideally be bascd on a dynaaic 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 damping
properiies.
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3. SEISMIC STANDARDSE

L5 & result of the reasons stated in the above chapter the seismic stan-
derd of most countries 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 horizeontal, static Fforees in two directions at
right angles to each other, the size of the force being proportional to
the weight (msss) of the building parts. The proportionslity factor is
stated in the standard dependen® 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 most cases,

b, GENERAL RULES FCR THE DESIGN OF HQUSES IN EARTHQUAKE AREAS

The following rrinciples should be followed vherever pessitle, vwhen
planning houses for constructior in earthguske areas:

-4

t

1) Minimize the weight of all parts of the house.
) Chorse & simple, compact plan design.

Aim at symmwetry. Ideally, symmetry about two vertical planes
at right angles to esach other.

Mo

Choose the same layout of walls in both stories of B-storey
houses,

R
—

Principle (3.) is a direct consequence of the fact that the forces on
a2 house during an earthquake are proportional to the weight of the
building parts. BEspecially the choice of roof covering may have &
great influence on the vertical forces on walls and the foundation.

The other principles all aim at ihe finished building becoming as
simple and statically clear ss poseible, and to aveid torsional
forces.

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

it
5. STATIC MODEIL OF TIMRER FRAMED HCUSES
5.1. Code defined seismic loads.

The code defined seisnic loads that a house should be able to withstand
are shown on Fig. 1
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Pigure 1: Horizontal section of house.
Lines of action for the seismic loads.

In each direction the total horizontsl force is K =0 ' V, vwhere =
is 2 product of several factors to be Tound in the actual selsmic code
andé ¥ 1s the weight of the house {(inecluding live load).

In highly threatensd earthquake areas the horizontal Torce on the
building would typicelly correspond to 15% of the weight of the build-
ing (o< multivlied by +the partiel coefficient for seismic load). The
vertical distribution of X 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.

There is general sgreewent in the earthquake literature that the mosi
effective way for houses to withstand the effects of an sarthguake is
by shear acticn in walls and partitions.

The follweong requirements must be met in order that this shear action
18 effective:

1) Walls, horizontal partitions and roof nlanes must be able to
withstand forces acting in their own plana.

2) The connection belween two structural elemernts must be able to
transnit the shear forces.

3) The connection between walls and the foundaticon must be able %o
transmit shear forces as well as normal forces,

4)  There musi be 3 preferably 4 walls that are neither parallel
intersect along & common line.

5) A1l diaphragms must be able to transmit forces perpendicwlar to
thelr own plane to their suppcrting structure.

Generally all cf these 5 requirements can be met by a timber framed
house.



5.3. Determining Forces in Panels and Joints.

When the loads have been determined cn the basis of & selsmic standard
and the structural system has been chosen in accordance with the rules
listed in Chapter 4, the following simple procedure can be used to de-
termine the forces in a structure.

A house with & rectanguler plan and pitched roof is considered.

On Fig. 2 are shown the forces that the house must he 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 house can transmit
horizontal forces to the foundation.

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

house

L
FG: Force on a gable

L fnl

FF: Force on a facade

L -
FT: Force on a rocf plane

L . . . c .
FeT: Force on a horizontal, first floor vartition
L

Force on horizontal, ground {loor partition



When determining the forces on the basis cf

where V is the weight! of the part in uguestion, the live load on the
horizontal partitions must be included in V together with the weight
of any non-tearing walls.

411 the shear forces in a horizontal section just sbove the foundation
must be transmitted in the connection between the facade and the foun-
dation., This connection must also be able to transmit the total over-
turning moment acting on the house except for the overturning moment
from the forces F in the gables. h :

Length of house: L
Width of roof plane: a

N
/

TEF s o nmmmmen e 28 LA

Fig. 3: Transmission of forces frow roof -to facade and
gables.

Yhe forces F are s result of a shifting of the forces in the roof
" plane,

The forces that the joints between the various walls and partitions
mst be able to transeit can be calculated {rom Figs. 2 and 3 by simple
equilibrium considerations,

L
s
{7
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When the earthguake acts in the transverse direction of the house., then
both the resulting shear forces on the house and the total overturning
monent sare transmitted through the connection between the gables and
the foundation.

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

ot

In the above 1t was assumed that the horizontal Torces were trensmitied

to the foundation through the gables and the facades. If & houss als
contains load bearing partition walls that are directly connectel wo
the foundation, then these walls are comparable with the facades and
gahles as regards the absorption of the horizontal forces. Naturally
the division of the forces between inner and cuter wells depends on

their rigidity as well ag the rigidity of the horizontal partiticns.
If the rigidity of the inner waell is compsrable tc thait of the outer
walls, then the horizontal seismic forces deriving from the horizontal
partition can be distributed in proporiion to how much of the vertical

load from the horizontal pariitions each wall supports.

IS}

6. STRENGTH AND DUCTILITY KEQUIREMENTS FOR STRUCTURAL ELEMENTS AND
JOINTS

When designing against earihguake forces it is not only prudent to =zvoid
brittle failures but it is 2 reguirements that must be met, if the house

-y

is to survive a major earthguake.
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During an earthqueke the house receives a certain amount of kinetic

energy through the movements of its foundations. 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 simplifiegd
manner ag chown on Fig. 5.

F

A

;bM%{ T
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— &

o

Fig. 5: BStress-strain curve for z house with bvrittle 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
i
!
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I
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Fig. 6: Stress-strain curve for a house with plastic failure.
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The hatched sectlon corresponds to the amount of energy that can be
absorhed by the house.

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

The forces given in varicus seismic standserds zll assume that part of
the seismic energy will be absorbed by plastic deformations, ang
therefore, the requirement for aveiding brittle failure must be met.

7. REQUIREMENTS FOR NON-BEARING STRUCTURES AND SECONDARY STRUCTURES

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

In spite of this, details by windows, etc. should be made in such a

way that 1t is possible for a wall to deflect without the window getiting
a similar deflection in order to aveild broken window panes. In {1) a
gep of at least 1/8"~v 3 mm between wall and window is reconmmended.

For non-bearing walls it would be prudent to bulld in a certain gap,

t 00,

Even 1f 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 exncsed 0o the earth iremors.

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

1) Cupboard, like book cases, closets etc. ought to be screwed (not
neiled to the walls. Closets should be previded 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 they should e placed as low as possible.

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



APPERDIX

The directions in this paper is of a general choracter and should
be supplemented with a procedure for designing penelled timber
frames as well as dirvections for designing the Joints between these,

As will appeer from this

on houvses nal be calculated

load). This, however, impose
re

paper, the action of the dynamic seismic load
ed as traditional, static loads (short—term
s certain limitations on the choice of da-

signs with *16 ult that designs leading to brittle failure should
not be used.
This means that the traditionzlly used design princivles as well as &

lavge part of the traditional designs can be employea.

Reference is made to SRI Pablication 140: Tr”konstruktioner
(wonden structures, Jjoints), 16084 regarding the design of the joints.

Regarding panelled timber Fframes reference is made vo H.J. Larsen and
Riberholdt: Stabiliserende skiver af trapiader (stabilizing wooden
panel°), 7395, Department of Structural engineering, The Techrnicel ”wiM

versity of Denmark, where a design procedure based on Danlsin stander
may be found,

As Danish load requirements do not include seismic forces of any im-
s
A

portance, the content should be supplemented 2s follows .
3

1) All shestings should be joined by track joints. &

2) Neil-glueing should not bs used.

3) The nailing between panels and timber frame should be done th

i
few nails to avoid that aag overleosd causes a failure of stability
and not a slip in the nailiag.
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Sampling of wood for joint lesis on the basis of deusity.

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

circamstances:

Method 1

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

piece of wood,

Methed 2

It is required to produce sets of different types of jeints
matched on the basis of denmsity and it is not pessible to
cut a replicate for each set from a common piece of weood or

the sets have differeni 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 of incorrectly
matched sets of specimens, 1In what follows it is shown how

matched density distributions between sets have been attained.
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Incorrectly matched density distributions. TABLE 1.
Density values (kg/m))
Replicate Set 1 Set 2 Setl 3
375.0 395. 4 414.6
425.0 395. 4 414,6
3 475.0 500.0 414,6
& 525.0 500.0 585.4
5 575.0 60%,6 585.4
6 625.0 60%., 6 585. 4
Mean 500.0 500.0 500.0
5.B. 85.4 85.4 85.4
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fethod 1 - Matching sets of nominally identical specimens

Theory (Three piece symmetrie 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 intendéd to have ideniical demsities.

Lets

i

number of sets of nominally identical specimens

E
i

number of replicates per set,

There are in total nxw specimens containing 3xnx<m pieces
of wood (2vnxym nominally identical side memhers and nxm

nominally identical centre members).

Considering for the purpose of demonstration a case where the
cross~sectional area of each side member is bhalf the cross-—
sectional area of the centre member., The average density

s
for the ereplicate of the iﬁéet is given by:

Di’j = (DL i 21)(:1.’3. + DRi,J.)/lk
i=1, n and j = 1,m
where: DLi,J = density of left hand membher
DCi,j = density of centre member
DRi,j = density of right hand member

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

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

(1)

to rank the densities of the side members from 1 to Z2xnxm and rank

the dénsities of the centre members from 1 to nxm.

(Densities ranked in ascending magnitude).



Page 4,

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

according to the rules in Table 2,

Ranks of joint member densities TABLE 2
Replicate Rank of side memhber deusity

left band wember i right hand member
1y 3y 5y === 2 (n(j=1) +1) = 2 2 (n(j-1) + 1)
2y by 6, e 2 (nj -1i) +1 2 (nj -1+ 1)

Rank of centre member density

1,3’5’ —— nj + 1 b i

2,4,6, - n{j~-1)+1i

i signifies set number, Jj sigrifies replicate number,

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
Sgt N
Replicate 1

1 2 3 4

L ¢ R L ¢C L C R C
1 1 4 2 3 3 4 5 2 6 7 1 8
2 15 5 16 13 6 14 i 7 12 g 8 10
il 3 17 12 18 19 11 20 21 10 22 23 9 24
k 31 13 32 20 14 30 27 15 28 QS 16 26
5 33 20 34 35 19 36 37 18 38 39 17 40
6 L7 21 48 L5 22 L6 43 93 4k 41 2h 42

L signifies left hand member, € signifies centre member,

R signifies right hand member,
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The method described could easily be nodified for the

matching of joints with other wmubers of wooden members.

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 sets
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 each 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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Example 1 — Di,j values (kg/ TABLE 4
Set
Replicate 1
1 2 3 5o 5 6 7 8 9 10 11 12 i3 14 iMean S.D.
]
1 350.0 |349.51349.5(353.5,357.0(356.0 |357.3355.0]355.5(355.5 |356.5 1355.5 | 357.8 | 358.0] 354.7 2.9
2 372.0 1372.0(370.5(370.01371.01367.0 |367.0359.5]370.51366.5 1369.3 [366.0 | 369.5 | 369.5] 368.8 3.1
it 3 301.5 1391.51391.5{392.G{392.0 |387.5 |387.5|388.01388.01387.5 '1387.5 1387.5 | 387.5 | 378.51 388.4 3.k
A E03.6 1 405.6 205,61 004,8 1404, 5 1406,0 102,31 506,01 4043|5040 [402.0 1 401.5 | 40L..0 | 401.0 407%,6 1.7
5 513.0 | 411.0 4118 412.5|412.5 | 4140 [414,3 414, 5] 617.5/426.0 [ 426.0 {426.5 | 426.5 | 428.0 | 418.0 6.6
6 L43.0 1 441,8 | 550.5 | &41.0 | 441.0 {439.5 [438,0 436,31 433.0|433,0 1432,8 {446.5 | 545.8 | 44k, 5| 439.8 5.5
Mean 395.1 1395.1(394.8(395.6(396.3 [395.0 1394.4|393.2|394.8[395.4 [395.8 {397.8 | 398.0 | 396.7 | 395.6
S.D. 29.% | 29.3] 29.3| 28.5] 27.5| 28.4] 27.5] 29.1 26.6| 28.6 | 27.8 | 31.4| 30.7 | 31.2] 28.8

*g 9%eg
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The method can only be successfully applied if the number of
pieces of wood from vhich specimens of any given iype can he

cut is greater than the number of gpecimens required. (Strictly
speaking the requirement is that there must be a greater mumber
of wood densities to choose from than there are replicates).

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

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

The target density for ith ranked specimen is taken to be the
density corresponding to the most likely cumulative frequency
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 uniform distribution

on the interval 0 to 1., Using PFilliben's algorithm 1/:

( 1-m , i=1
n

(i - 0.3175) / (n + 0.365) 2y 34y n -1
1/n ‘ .
0.5 s+ 1 =1

=4
I

N
e
n

(2)

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

in & set according to:

D+ ﬁN (mi) 6‘D

D (1 + ﬁN (mi) VD)

=
il

(3)
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vhere:
di = target density for ith ranked replicate, i = 1, n
D = mean density for the target density distribution,
O_D = standard deviation for the target density distribution,
VD = coefficient of variation for the target density
distribution = &,/ D ,
;57 (mi) = percent point function of a standard normal

distribution at m:.L
= number of standard deviations from mean assoeiated

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:

it (x)

S
RS

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

available for specimen preparation, j = 1, m.

The optimum combination of available dengities 1s that combination
which minimises the total transpertation cost. In any solution
account has to be taken of any conditions limiting the supply of
wood for each of the available densities., The combination of
available dengities that minimises the total transportation cost
can be found manually on a trial and error basis or on an automated

p 2/3/

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

basis using the *transporfation algorithm? from operations researc

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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Page 9.

The basic principle described can be used to match density
digstributions for sets of joints with different numbers of

replicates.

Example (Method 2) ’
In a recent series of tests at TRADA it was required to optimiée
the seléction, cn the basis of deﬁsity, of 20 from 32 pieces

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

dengities in kg/mj wexres

500 392 407 ARh A2% 42k 427 427
530 W30 432 446 kA8 458 k58 470
K70 480 485 L85 485 485 520 545
545 545 545 602 606 606 606 606

~

The target density distribulion was characterised by a mean of
488,6 kg/m3 and a standard deviation of 53.3 kg/m3

Table 5 showe the vaiues for N 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 seleci'from a relatively good match
to the target distribution was attained. In general the quality of
the match will improve with any increase in the puwber of available

densities,
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Conclusion

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

achieved economically,
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Exgmple 2 —~ Results TABLE 5
1 y
* my féN(mi) a. j *3 3 =
(ke/n>) (kg/m”) i
1| 0.03406 -1.824 391.0 1§ 393.0 1.0026
2 | 0.08262 -1,388 41k, 3 3§ 407.0 0.9824
3 10.,13172 ~1,116 L28,9 9 1 430.0 1,0026
4 | 0,18082 ~0,912 439.8 12 {1 446.0 1,0141
5 1 0.22993 =0.739 L4G,1 13 1 4h8,0 0.9976
6 | 0.27903 ~0.586 L57.2 14 | 458,0 1.0017
7 1 0.32814 ~0. L45 64,8 15 1 458.0 3.9854
8 | 0.37724 ~0.313 471,9 16 | 470.0 0.9969
9 1 0,4203% ~0,186 478,6 17 | 470.0 0.9820
10 | G.47545 -0.0062 485.3 18 | 480.0 0.9891
11§ 0,52455 +0, 062 491,90 19 | 485.0 0.9860
12 | 0.57366 |1 +0.186 498,6 20 | 48%.0 0.9727
13 1 0.62276 +(.,313 505.3 21 | 485.0 0.5598
14§ 0.67186 +0, 445 512.% 22 1 48%,0 0.9465
15 | 0.72097 +0.586 520.0 23 1 520,0 1, 0000
16 | 0.77007 +0,739 528,1 2% | 545,0 1.0320
7 | 0.81918 +0,912 5374 25 | 545.0 1.0141
18 | 0.86828 +1,116 548,73 26 | 545,0 0.9940
19 | 0.91738 +1,388 562.9 27 | 545.0 0,9682
20 | 0.96594 +1.824 586,2 28 1 602,0 1.0270
Mean 0.9927
S.D, 0.0207
1 = rank of target density value, i = 1, 20,
;= order statistiec median for ith ranked replicate,
o . . th .
; target density for i ranked replicate.
j = rank of available density, j =1, 32,

HI

value of jth ranked avallable density.

i
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SAMPLING STRATEGY FOR PHYSICAL AND MECHANICAL PROPERTIES

OF IRISH GROWN SITKA SPRUCE

Introduction

0f the softwood species grown in Ireland, Sitka Spruce
constitutes approximately 45% of the total area
covered by forests, and in 1982 it was estimated that
about 60% of all newly planted trees in state forests
were Sitka Spruce, It is also forecast that by the
turn of the century, Ireland will have more than
enough timber to satisfy its own needs. However, to
date there has not been a systematic study of the
guatity 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

(i11) 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 little 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' s an area temporarily marked out in a
'sub-compartment' for the purpose of monitoring the
growth or some gther chéracteristics of that 'sub-
campartment'.

A growth classification known as ’'yield class!
{abbreviated to Y.C.) is used to classify a 'sub- f

iz

compartment' or a whole forest if it is a homogeneous
unit, The Y.C. is a measure of the mean annual volume
increment, Thus Y.C. 16 means that the crop {(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 of 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 Qutline

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 fo be considered in
determining the actual numbers that would be tested

were.

(a) only 300 planks could be ‘processed' throuch
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 £0 180
24 60 | 60 60 180
28 60 50 60 180
Total per size | 300 300 300 | 900




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

{a) Seiection 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 Targer the area

of the stand, the more chance of 1t being selected; in
the case of (b) the probabitity of selecting a tree of

a particular diameter increased with the freguency or
number of that particular diameter present in the
sefected stand and in the case of (¢) every plank had
~an egual chance of being picked,

The problem now was whether to select 1 plank of each
size from 60 different standé, 60 planks from a single
stand or something intermediate. The first opticn

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
Wildlife Service in the form of a computer print-out,
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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
thie 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 CumuTative o
No. (ha) Area x 10 f
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. 1



It should be mentioned, however, that experience so
far has shown that there was an equal 1ikelihood of
& 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

Y

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 numbered 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 DBH.

DBH Tally No. Designated Tree
Number

10 11 4 1, 2

11 117 4 3,4, 5,6

12 1 | 1 7

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

14 111 3 13, 14, 15

Total = 15



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

The way thie was iransferred to the site was as
follows., The site map of the stand was crossed by
paraliel tines in an arbitrary direction approximately
equally spaced. In the example above,15 points were
then marked approximately equidistant apart along the
Tines with the fivrst tree being located along the
first 1ine an arbitrary distance from one end of the
Tine. Obviously, a tree of the required DBH 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 Flanks

The selected trees will be felled and cut into bolts
of 5 m length each, Bolts with a top diameter less
than 17 cm 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 treé 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 wili be rejected.



Analyses

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

(a). Variation of strength between Y.C.'s - which
if 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 location) - which if
significant will be used to adjust values for
each Y.C. '
{¢) Variation of rate of rejection [due to distortion}
between Y.C.'s. This would be important fer

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 planks obtained for each size,
(¢c) 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
anatytical 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
properties here in Ireland,

i~
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2. CHATRMAN'S INTRODUCTION

MR. SUNLEY said that after acting as chairman for 17 meelings he wounld
now like to hand over to somebody else. DR. STIEDA had accepted the
position of vice-chairman subject to endorsement by the meeting, and
MR, SUNLEY said he would now write to CIB Headguarters to propose that
BR. STIEDA would take over as chairman at the next meeting, which would

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

3 COOPERATION WITH OTHER 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 be
raised in IS0/TC 165, due to meet in Corsica the following week, would he
discussed by CIB-W18 in advance, It was felt that strength grouping
could well be considered if referred back by ISO. The plywood testing
document would be discussed in ISO/TC 165 and also TC 139 before going
out for letter ballot as a Drafl 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
comnents had been received on the one for staples, which had been included

in the Idllehammer 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 quesiion 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 Wi8 for comment.

After further discussion the plywoed test method had been confirmed as a
bhasis 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, NDREN’thought a paper on
Nordic methods should be produced on the last topic.



A discussion of delamination tests by the CIB~Wi8 meeting concluded that
those considered by ISO/TC 165 could be considered as quality control
tests and that the RILEM group should separately take up a study of moxe
fundamental tests related to the properties of the material and the glue-

line.

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

produce proposals for the gqualification of glulam at the end of this year,
and would then go on to consider production control, At the request of

the chairman he undertoek to prepare a report for the CIB-W18 proceedings,
TUFRO 55,023 MR. AASHEIM said there would be a meetling of the timher
engineering group in Mexico in Decemher, and PROFESSOR EHLBECK was asked

to report the proceedings for CIB-W18,

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

Vancouver in Seplember 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 European 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 nexi W18 meeting,

4,  AYRICAN, CARIBBEAN AND LATIN-AMERICAN SUB~GROUP

MR. CRESSWELL reported on behalf of MR, BECKETT, who was presenting a paper
at the Pacific Area Standards Congress meeting in New Zealand. He said
Zimbabwe was the centre for the East African region, which hoped to
reinforce contacts with the Pacific and build 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.



5. TRUSSED RAFTER SUB~-GROUP

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

Annex for discussion at the next meeting if possible,

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

érranged in Oslo shortly to revive the work.

6. SAMPLING SUB--GROUP

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

group and said he had written for information to determine differences in
regional practice. Replies had been received but the analysis was not

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

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

7 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 developmenis 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. LEGERUP 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-WI8/17-14~2 'Simplified Static 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
coefficients given in the paper, which was proposed as a basis for an Amnex on

simplified trussed rafter design.

DR. KALLSNER presented his paper CIB-W18/17-14-3, 'Simplified Calculation
Method for W-trusses!', The chairman said the proposed analytical method
seemed complex compared witﬁ methods of fifteen vears ago. MR. RIBERHOLT
and DR. NOREN thought the industry favoured methods of mediam sophistication,
but a simple model could be provided in addition. There was discussion of
the possible application of plasticity theory to improve the agreement of

models with experimental results.

It was concluded that guidelines had been presented by the two papers, and
in response to a question by the chairman MR, 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, NORéN’asked
whether the test configuration might be wvalid 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 guesiions 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 mightl be appropriate as Code

material if rewritten 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 requirement compared with placing the worst defect
in the test span, which underestimates the characteristic strength in

comparison with other materials,

It was concluded that MR, FEWELL, MR, RIBERHOLT and DR, NQRﬁN 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 joint behaviour' by
DR. I. SMITH and others was introduced by the principal author, There
followed a discussion of the method of determining the yield strength of
nails and the possibility of guality 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,



15, 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 more 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 STRBESSES AND GROUPING

Fellowing a request at the previous meeling, MR. FEWELL presented hig
paper 17-6-1 'The determination of grade stresses from characteristic
stresses for BS 5208: Part 2' together with the background 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 4% 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 strategy for physical and mechanical properties
of Irish grown sitka spruce' by V. PICARDO was received in the author's
absence. Barlier 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 Nordie

codes leading {o recommendations for CIB-WI1S, After a discussion of the
paper, PROFESSOR KUIPERS gave an illustrated description of studies in
Helland apparently indicating that a higher factor of safely than currently
applied would need to bhe adopted for timber to achieve the same level of
safety as in steel and concrete structures. 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

comnection 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,



MR, 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

Zrd-7th June 1985.

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

of their sub-groups well in advance of the main meetings.
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20. PAPERS PRESENTED AT THE MEETING

CIB-WiB/17~2-1

CIB-W18/17-4-1

CIB-W18/17-4-2

CIB-W18/17-6-1

CIB-W18/17-6-2

CIB-Wlg/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

- 4 Ehlbeck and F Colling

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

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

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

- I Smith, L R J Whaile, 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 Slavik

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

Simplified Static Analysis and Dimensiohning
of Trussed Rafters
- H Riberholt

Simpiified Calculation Method for W-Trusses
- 3 Kédllsner
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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-W18/17-102-2

Proposatl 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 - 1 Smith,
L R J Whale

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

Safety Principles - H J Larsen and
H Riberholt

Partial Coefficients Limit States Design
Codes foyr Siructural Timberwork
- 1 Smith
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21.

Technical

CURRENT LIST OF CIB~W18 PAPERS

CiB~Wl8/a-b-c, where:

papers presented to CIB-W18 are identified by a code

3 denotes the meeting at which the paper was presented., Meetings
are classified in chrenological order:

0~ Y G s W0 PO

En I A T e T e B e B S ]
-~ O B WY e O

O~ G O B0 N

P RS gt e
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Princes Risborough, England; March 1973

Copennhagen, Denmark; Gctober 1973
Delft, Netheriands; June 1974

Paris, France; February 1975

Karlsruhe, Federal Republic of Germany; October 1975

Aaiborg, Denmark; June 1976

Stockholm, Sweden; February/March 1877
Brussels, Belgium; October 1977

Perth, Scotland; June 1978

Vancouver, Canada; August 1978

Vienna, Austria; March 1979

Bordeaux, France; QOctober 1979

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

Karlsruhe, Federal Republic of Germany; June 1982

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

denotes the subject:

Limit State Design

Timber Columns

Symbols

Plywood

Stress Grading

Stresses for Solid Timber
Timber Joints and Fasteners
Load Sharing

Duration of Load

Timber Beams
Environmentatl 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

Cl8 Timber Code
Loading 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 Theoretical
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 '
492 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

7-2-1
8-156-1

SYMBOLS

3-3-1

4-3-1

PLYWOOD
2-4~1

3-4-1

3-4-2

4-4-4

5-4-1

5-4-2

6-4-1

6-4-2

6-4-3

/-4-1

Comparison of Larsen an Perry Formulas for Solid
Timber Columns - H § Burgess

Lateral Bracing of Timber Struts - J A Simon

Lateraltly Loaded Timber Columns: Tests and Theory
- H J Larsen

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

symbols for Structural Timber Design
- J Kuipers and B Norén

Symbols for Timber Structure Design
- J Kuipers and B Norén

Symbols for Use in Structural Timber Design

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

Standard Methods of Testing for the Determination
of Mechanical Properties of Plywood - J Kuipers

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

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

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

Veneer Plywood for Construction - Quality Speci-
fications ~ISO/TC 139. Plywood, Working Group 6

The Determination of the Mechanical Properties of
Plywood Containing Defects -~ L G Booth

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

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

Methods of Test for the Determination of Mechanical

Properties of Plywood - L G Booth, J Kuipers,
8 Norén, C R Wilson
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7-4-2
7-4-3

/=44

§-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 Ulti-
mate Tensile Stress of Pilywood - C R Wilson and
AV Parasin

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

Sampling of Plywood for Testing Strength - B Norén

Procedures for Analysis of Piywood Test Data and
Determination of Characteristic Values Suitabile
for {ode Presentation - C R Wilson

An Introduction to Performance Standards for Wood-
base Panel Products - 0 H Brown

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

Planar Shear Capacity of Plywcod in Bending
- L KA Stieda

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

J Ehlbeck and F Ceolling

UTtimate Strength of Plywocod Webs
- R H Leicester and L Pham
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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
6-6-1

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 Conifercus Sawn Softwood

- ECE Timber Committee

Grading Errors in Practice = B Thunell

On the Effect of Measurement Errors when Grading
Structural Timber - L Nordberg and B Thunell

SGLID 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 EC1l 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
Gtlued Laminated Timber under Torsion Loads

- K Mghier

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 Mghler

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

Evaluation of Lumber Properties in the Un1tes
States - W L Galligan and J H Haskell

Stresses Perpendicular to Grain - K Mghler
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

13-6-2

13~6-3

15-6-1

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 foy 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 fFoschi

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

Size Factors for Timber Bending and Tension Stresses
- AR Fewell

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

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

The Determination of Scftwood 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

bd7-2
5-7-1

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-
lTuation of Structural Timber Joints with Mecha-
nical Fasteners and Connectors - RILEM 3TT Lommittee

Test Methods for Wood Fasteners -~ K Mohler

Influence of Loading Procedure on Strength and
Slip-Behaviour in Testing Timber Joints -
K Méhler

Recommendations for Testing Methods for Joints
with Mechanical Fasteners and Connectors in
Load-Bearing Timber Structures - RILEM 37T 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 3TT Committee

6-7-2 Proposal for Testing of Integral Nail Plates as
Timber 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 Mghler

71-7-2 Long Duration Tests on Timber dJdoints - J Kuipers

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

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 3§ Keenan

9-7-2 Staples - K Mohiler

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

19



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 Joints with Nail Plates - The Heel Joint
B Kdallsner

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

Comments to paper CIB~-W18/12-7-3 "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 1980G) - B Norén

Load-STip Relationship of Nailed Joints -
-J Ehlbeck and H J Larsen

Wood Failure in Joints with Nail Plates -~ B Norén,

The Effect of Support Eccentricity on the Desigh
of Weand WW-Trusses with Nail Plate Connectors
- B Kg@11sner

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

Comments on CIB-W1&/14-7-1 - T A ¢ M van der Put

Final 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

Load-Carrying Capacity of Dowels - E Gehri

Bolted Timber Joints: a Literature Survey
- N Harding

Boited 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 Naiied
Timber Joints Subjected to Lateral Loads
- 1 Smith, L R J Whale, C Anderson and

L Held
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17-7-2 Notes on the Effective Number of Dowels and
Nails 1in 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 Noreén

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 Cotlumn in Combined Compression
and Bending with Respect to Creep - B Kdllsner
and B Norén

6-9-1 lLong Term Loading for the Code of Practice {Part 2)
- B Norén

6-9-2 Long Term Loading ~ K Méhler

6-9-3 Deflection of Trussed Rafters under Alternating
Leading 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 4 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 Kuipersy

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 VYarying 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 Slip 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

Cantilevered Timber Trusses - A R Egerup

The Effect of Support Eccentricity on the Design
of W= and WW- Trusses with Nail Plate Connectors -
B Kdltsner

Guidelines for Static Models of Trussed Rafters -
H Riberholt ‘

The Influence of Various Factors on the Accuracy
of the Structural Analysis of Timber Roof Trusses -
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MCDEL FOR TIMBER STRENGTH UNDER AXIAL LOAD AND MOMENT

Tuomo Poutanen

SUMMARY

The model 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 stress exceeds defect strength., It is

agssumed that defect strength defines completely the tension strength
according to the principle of the weakest link of 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 to available
test resulis are done,

1, INTRODUCTION
It is known that the generally used linear interaction formula:

N M
u u

is consarvative,



The auther has gevelcoped a timber strength model which is
different from formula 1.

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

tests results,

2., LIMITATIONS

Due to lack of time and shortage of resources:

2, Only rectgngular cross section is handled.

b, Stress—strain relaticnship in compression is assumed to be
bi-linear.

¢c. Formulae asre 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 strength.

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

section main axes.

3. BASIC ASSUMPTIONS

3.1. Cross section. deformations

Cross section planes are assumed to remain planes under load,

3,2. Stress~strain relationship

Stress—strain relationship is shown in figure 1.
It must be especially noted:
a. Behaviour in tension is linear up to failure.
b. Behaviour in compression is bi-linear. After strain has reached
a certain value stress does not increase but remains constant, § .
_This assumption is done mainly to simplify calculations. However
it is shown / 1,2 / that this is a good approximation for
compression behaviour,
Compression bending strength fbc is assumed to be egual éo coébression
strength fc'
| (3)

= f
f
cb ©



AN

o (stress)

N/

€ (strain)

Figure 1, assumed stress-strain relationship

3.3. Cross section faillure

There are:two reasons for failure:
In compression failure occurs when c¢ritical strain is reached,

see {igure 1.

l(r": nfc {4)

In tension failure occurs when stress reaches dsfect strength,

figure 2.

o =t (%)



strength f

/

N

“_h“m_§> M

Figure 2, tenslon failure occurs when stress o 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 distributicn

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

one defect.

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

defects con timber beam.

Size effect is ignored in the strength model, that is why it is
assumed there is one defect per tension part of cross sectlon.
Timber between defects is defect free and is strong enough

n cross sections

[

to avoid failures. So, failure always occurs

with defect, if tension stress causes the failure.

3.5, Effect of load duration and moisture

Cross section behaviour can be described by valuesg fc’ fv, n, E.
Load duration and moisture have an effect on cross cection through

thegse values., This toplc will not be handied 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
beanm size and timber grade. However, the strength of the beam
ia dominated by the worst defect and there is analogy between
cross section strength with one defect and beam strength with

the worst defect.



Problems arise wheﬁ size increases. Questions to be answered
are: how the defects are located and what is the density.

In the strength model these questions may remain open but

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

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

3.7. Strength deviation

Deviation consists of deviation‘of fc, fv, n and E.

To simplify calculations deviation of fc, n and E is ignored.
Ignoring the deviation cof fc and n is 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 diflections).

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 fV has no practical influence on results,

4, Cross section strength

4.1, Introduction

According to the basic assumptions there nay be two failure reasons:
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:

a. Cross section under tension, state 1

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

c. Plastic cross section, brittle failure, state 3

d. Plastic cross section, ductile fallure, state 4



4.2. Cross section under tension, state 1

When the cross section is completely under tension failure occurs
when stress ¢ (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 igncred,

b U_y'i Th

N

o,f

: Figure 3, failure situation when cross section is under tension

It can be noted from figure 3 that fv can be found out by loading

the cross section with constant stress. This mezns that defect strength
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 o4 while the mean siress

is o’

Secondly, location i1 represents one out of n:

Thirdly, probability for failure on stress level o5 is:

P. = Tt

Probability for failure of the location i is:

Probability for failure for the whole cross section is:

T3
P= 2. P

£1

=

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

n Ol

(23] H .

F= % Z: —_— J £ = 0,8
i=1 t 0 '

(10)

(11)

(12}



This equation is general and needs the distribution function and

its parameters. To simplify the case we assume that deviation

is 0 then;
by
rf‘( )
J X = 0} X §_ ft (13)
o
X
S frix) = 1; X > ft

a

In this case we will find out that ft is the value that ov- figure

has 1in its area centroid and ft can be calculated, figure 3:

Ty Tt t - hoOot (14)

oy *op Ty

¥y
y . (18)
h 2 Ty
By eliminating y from 14,15 we get design formula:
2 2
oy & VI -0, {16)
Using other notaticn, Tigure 3:
afop 2 _ 2
Tat Ve Ty (17)
Writing the formula in another form:
Ty z Ty 2
) LB A 18
(%) ~+(—F) =1 (18)



10.

By using notation from formula 1 and considering:

N =f *b"h (19)
u T
I S . ‘ 20
N " b ' h (20)
M = o 1 b ot K (21)
b 6
we get:
N &‘2 6M2
o o €t (22)
u u

This formula 22 and also formulae 16,17,18 are new design
formulae which correspond to formuls 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 =f | {23)

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

bending strength {rupture strength) meets the condition:

f, =1,34 " ¢ {24)

N M7
() + 1.80 (v &1 ] (25)
u u
or.
It ¢ 1,80 (?—-9— \ ¢
(f ;i v F ) <1 (26)
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All these formulae are based on mean strength values ignoring deviation

instead of the correct formula 12.

The errcr which results from ignoring deviation can be found out
by making comparison to formula 12.

There has been available tension test material of 250 samples
T24 grade Finnish soft wood, From the test tension strength ft
and the worst defect sirength I\fhave been found out f‘t = fv'
Nermal, log-normal and Weibull distribution has been fitted into
the test material, table 2. Because formulge 16 -26 are only
based on defect strength, test results may be used to find out
the difference from formula 12, This comparison has besn made
with all combinations of distribution {normal, log-normal and
Weibull) and all combinations of N and M. It was found out

that the difference is less than 3 % in all cases. The difference
ié largest with the largest M which means the case o& = 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)

CZIZ

This is also boundary condition for design state 1.

In this design state failure is brittle due to defect.

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

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

less than compression strength, figure 4:

)gy]< £, {(28)

R



12.

@

P

N

*“_MELq_*L - o, f

Figure 4, failure situation when cross section is under elastic

compression and tension

Besign 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 cy = 0 in formula 17, we get:

This can be written also in the following form:

7 éﬁ {30)

2l
<
(sl l=2

+

or:

{31)

=|=
N

%[%
I~
=
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In special case fc = ft formulae 30,31 can be written:

o T
0,71 -;,E + 0,95 }3 <1 (32)
t b
or
N Mo
0,70 & + 0,95 = &1 (33)
u u

Boundary condition for gtate 2 is:

0,21 £ %’— £00,71 (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:

zo'le ‘ (35)
Plyraty 5

| 0';1 Lt (36)
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b | LY g,
f__"wwﬁf— ‘ ﬁ fA

Figure 5, failure situaticn when c¢ross section is under tension

and plastic compression

Failure criterion is
eye's 7
0,0 [ t (37)
which can be derived in the same way as in design state 2.

In addition to formula 37 we need equilibrium conditions:

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

and geometric conditions:

x \U§\ B fc
Ll 2 (40)
Ua +|0yl
Oa
= e {41)
b g, *log|



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

i1t 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 conditicns are:

ot
!U—y_ 7 £, (42)

o LVart, (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 c¢ross section strength can be derived
from fv, fc and n withcout 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 have been shown with different lines. In state 4
curves for ultimate strain have been plotted with values n = 2,3,
which correspond to appr. strain 1, 1,5 %.

Lines according to design formula 1 have also been plotted.

It can be found ocut that formula 1 iz 15...20 % conservative

compared to the model if N, M # O.

4.7. Bending strength

Bending strength (modulus of rupture) of the medel is not
constant and needs an explanation. In design state 1 bending
strength varies depending upon moment, In design states 2 and 3
bending strength (ultimate tension of cross section) has constant

™
value -YZ LI A

T
It has also been stated fb = 1,34 ft. This equation is based
on ft = fC and fb iz 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 conmpression strength. This property can be used to test

the model when the same timber has been tested for tension, compressicn
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 bomparison.
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5.2. Finnish timber code

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

in grades T24, T30 are shown in table 1

strength value grade
T24 T30

f 28,7 32,6
c

ft 28,9 31,5
fb 38,0 41,9
fc/ft 0,99 1,03
f /f 1,32 1,28
b ¢

fb/ft 1,31 1,33

Table 1, Appr. mean strength valies of Finnish T24, 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/fq =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 medel 1,34, The difference is smail and the model can be

considered to fit into Finnish timber code in grades T24, T30.

5.3, Test with Finnish timber

300 tension and 250 bending tests have been made all with same kind
of timber, cross section grade, humidity etc. / % /. Compression
tests were not included, but tests made elsewhere show that fpﬂift'

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

£(x) = -\—éﬁ Cexp (- 3 (2 (45)
log-normal distribution:
A0 IR — exp(—% (logla) V)" (46)
xﬁ\@::
Weibull distribution:
£(x) = :? (-—E-é-'»”-i)!3 - exp (- g_u g (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 iz2,1 17,6 30,8

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

& = 22,3

B = 2,650 ]
log-normal yp= 3,387 15,7 18,9 29,6 é

§=0,272

Table 2, tension strength values ft (MPa)
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fractiles
distribution | paramefers 1 % 5 % 50 % fb/ft
normal = 40,0 18,0 24,5 40,0 | 1,30
a= 9,42
Weibull M= 16,2 21,1 25,1 39,5 1,30
5= 26,7
B= 2,60932
log-normal V= 3,657 22,0 26,0 38,7 1.31
B= 0,241

Table 3, bending strength values fb {MPa)

In table 3, also ratio fb/ft ig 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 medel 1,34. This means that the model fits into

the test results. It also seems that the results of the model do not

depend upon the assumed strength distribution.

5.4. Buchanan’s tests

Information about Buchanan’ s tests was received just before writing this.
Buchanan has derived a strength model for timber and done a large number
of tests, appr. 4000, A part of the model and test results are shown

in figures 54, 58 of Buchanan’s thezisz / 2 /. These fisures have been
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 cut that the auther’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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6. Size effect

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.
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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:

Lo (48)

P = (1 Flop);

If size is increased Kk times defects increase r times. If we examine
beam length effect on tension strength we may assume k=r,
New 5178 f=im,witn probability:

”N’mcrrf’rs un fm fea’ A

i ) K (29)

P. = (luF(a
2
on stress level G%,
VWe must claim that all sizes fail with equal probability, so P2 = Pl’
which also means 0p¢ 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 cquation size effect can be calculated in all confidence
levels. Some numerical calculations macde 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

¥ 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{g1) = 0,5 = (1-?(02» (52)

Using size 1 as reference (o; = 1) we get:

-1 /k

l A
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 F 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:

{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

0,2% / 2,3 /., Assume that F is cqmulative distribution functicn

of normal distribution, we find cut that equaticns 54 and 33 give

very closely the same resulis if different values of p in equatiocon

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 is appr. 23 %, 20 % and 29 %.

Literature has not reported variaticns, but calculated values look

reascnable. Nevertheless, it is obvious 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 tc moment lecad, we find out: when size increases

k Times we may assume number of defects increase k2 times because defects
increase k times in length and depth difection. In this case equation 53
can be used when k is replaced by kz. 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

out that change of confidence level does not change result and

one stress level may be used. In this case literature shows that



23.

equation 54 can be used. Fewell/ 3 / gives the constant p value 0,4.
In this case equations 54 and 53 give closely the same results if
coefficient of variation is appr. 24 %. Calculations made with
equations 50, 51 on confidence level 5 % give the same result,

appr. 24 %, This is a good approximation for the coefficient of

variation of Fewéll's tests.

7. Cconeclusions

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

2. Results can be derived from basic assumpticns without any
calibration to test reéults.

3. Acccrding to the model bending strength can be calculated from

x"l/

compressicn and tension strength. This calculation fits well
with Finnish timber code and a test of 550 samples / 4,5 /.

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

5. 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,

6. The model delines 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

cumulative distribution function

o

width of cross section
f strength
subscript b bending
C compression
r defect free

t ftension

v defect
! distribution function
h depth of cross section

n factor for ultimate compression strain

t,p,r constants

S Size

v coefficient of variation

X depth of plastic zone of cross section

y location of neutral axis or defect of cross section

stress, subscripts as f
y upper edge §

a lower edge

24,
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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 a 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 frusses,
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 fiur 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

CIB-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 ISC 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 method of measuring the shear deformation
is given in ASTM Standard D 2715-76 /2/ and will be proposed also in the
ISC draft. This principle is given in fig. 3. When using this loading
apparatus, the external ioads act to the test specimen in a mannher shown

in Fig. 4.

The panel shear strength is

fo = (1)

wWith Ft u ultimate applied tensile load of the testing machine;

L = length of panel; t = panel thickness.

In former investigations MUHLER and EHLBECK /3/ used small test specimens and
found panel shear strengthsfor beech plywood in the range of 18 to 20 N/mm?
(Mpa). According to that, ultimate tensile loads in the range of 430 to 480 kN
nad 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

f= sx357T3 (2)

with H = F./4 (see Fig, 4). With Fe y = 480 kN, 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 - panel - thickness. Moreover, it

seemed to be oo time-consuming to use steel rails instead of timber rails.

So, the timber rails were replaced by beech plywcod rails of the same
thickness as the test panel thickness., With a rail width of 150 mm instead
of 115 mm the shear stress in the rails amounts only to nalf the shear

stress in the test panei:

_ H o fa x T x 600 -
s T35 ° T 7% T x T30 0,5 x f (3)

P

With the plywood rails taken from the same panel under scrutiny, it could
be expected that a failure in the rails would never occur, From these con-
siderations the test specimens were modified as shown in Fig, 5. In no case

of altogether 72 tests failure occurred in the raiis,

Test Set-up

Ultimate test Toads up to 500 kN require heavy and unwieldy test equipment
when the test set-up according to Fig. 2 is used. The steel bars and pins
and yokes as well as the steel Tink connected to the crosshead of the
testing machine are only used to transform the tensile loads of the
testing machine to compressive loads acting on the test specimen. Why not
imposing compression loads of the testing machine directly to the test

specimen?

S



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 festing apparatus, The test load F, as shown in Fig. 4, acts
girectiy on the test specimen. It has fo be takan into account that the
panel shear strength in this case amounts to

F« cos 14°
u

- 3y
fo = =153 (4]

with Fu = yltimate compressive load of the testing machine.

Taest 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 locad-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 location 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 ¥rom small specimen, a reduced shear sirenath of about 80 % must
be taken into consideration for plywocd panels in structural sizes,

S



The mean panel shear strength of the beech plywcod under scrutiny amounts
to 11,5 N/mm?; the shear mcdulus ranges from 700 to 800 N/mm2?. 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 dimensicn proposed by the RILEM-Recommendaiions turn out to be the
weakest part of the test specimen. In such cases the rails should be of
the same matarial and of such a creoss-section that the shear stresses

in the rails do not cause early failure of the fest 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 WERS

BY
R.H, Leicester,6 Ph.D. ¥

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

ments with rediats pine plywood webs, indicate that the ultimate strength of
plywood webs can be considerably greater than the critical elastic load,

1, IHTRODUCTION

The strength of plywcod webs in I-beame and box beams ig rarely & criticel
design congideration, Indesd, 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 have a method for evaluating the ultimate strength of plywood webs,

In the follewing, the strength of the plyweod web of an I-heam will be
discussed., The notation to be used is shown in Figure 1. Only webs with the
plywood face grain running paraliel to, or perpendicular to the beam axis will
be 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

A = (sguash leoad/elastic critical load)o's (1

¥ CSIRO Division of Building Research



2. NOTATION

2.1 Parametersg

a = dimension in the x-direction

B = bearing length of concentrated flange load, Figure 2

df, dw = depth of flange and web, Figure 1

o, = [ e s, Bonding sttiness of v

o, =[5y 2tea, Banting stiftness of plycos

ny = GLT ti/ﬁ, torsional stiffness of plywood

E = Youngs modulus of elasticity for solid wood

f = gtrength in terms of stress

EC, fs.: compregssion and shear strength

GLT = shear modulus of solid wood | l '
P = concentrated flange load, Figure 2

tf, tw = thickness of flange and webh, Figure 1

v = shear stirength

Vf, Vw ¥-shear strength contributions of flange and web

¥, ¥ = certesian cocordinates in the plane of the plywood web, Figures 2 and 6
2 = coordinate normal to the plywcod web y
« = EL ot tS/(12 r)

; = (D, + @/, Dy)o's

r AT .

0 = thz |

Az = lateral deformation of the web

8 = angle of face grain relative to the ¥-axis

A = glenderneas parameter, equation (1)

u = Poisgon’s ratioc

oy = direct tension stieas



=4

¢ = angle of diegonal tension stress relative to the x-axis

Q = nroportional ares of plies lying in the dirvection of the applied

compreasion stress

2.2 Subecrints

c = Ccompression

crit = critical elastic buckling value

f = flange

L = value along the longitudinal direction

s = shear

s¢ = value measured with small clesr specimens of solid wood
sq = ultimate or "sguash’ value for stable elemtns
t = tension

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

®, v = velues along x and y directions

3. CONCENTRATED LOADRS ON FLANGES

3.1 Structural Geometry

The three configurations to be considered are illustrated in Figure 2.
These configurations concern a concentrated load of magnitude P, distributed
along a length B of the flange. The plywood web in the vicinity of this load ig

unstiffened,

3.2 .§guashﬁgggg

The squash stress f, aq oy & plywood element in compression is given by

£ Qf

c,sq c,sc

(2)

where fc . denotes the compression strength of small clear specimens of solid

r

vood, and  denctes the proporticnal area of plies lying in the direction of

the applied stress,

Because the flanges 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
be given by

psq = Beff tw fc,sq

could

8q

(3
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Figure 2 Configurations for concentrated ivadings on flanges

Beff =B + 3,0 df (daj
for configurations I and II, and

Befg =B + 0.5 df (4h)

s

for configuration III,

3,3 The Elastic Critigal lLoad

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

crit

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

P = 1" & D /d

crit eff "y Tw (5
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where

- _ 0,25 .
aGEff = 2.0 Beff 2.5 dw (DX/D}’) (6a)
for configuration T,
- 0.25
| Bapf © 1.0 Beff + 1.0 dw (DX/Dy) (6b)
for configuration 1I, and
- 0.25
Sopf © 3.0 Beff + 0,5 dw (Dx/Dy) (6e)

for configuration III,

In the coﬁputations it was agsumed that there wag & fixed condition

between the web and the flange. Comparisons between the empirical equations ard

the exact theoretical soiutions are showm in Figure 3,

/

—gquaticns (6]

1"*"'—"\'
Loexact

SN

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 conzervative fit to euperimental data was fourd to be given by the
following equation:

P t/Psq = 1.0~ 0.25 % (7

ul



in which the slenderness parameter A is defined by

X = (P /P 0.5 (8)

sq crit
3.5 Experimental Dats

Load tests were made on gome S0 I-beams fabricated with 3-ply ard 7-ply
radiata pine plywood webs, and 90 x A0 mm deep flangea of solid radiata pine,

The critical elastic load, measured by means of a Southwell plot, occurred
at a lateral deformation A .. =t and is in reascnable agreement with
z,crit w
theoretically computed values ag shown in Figure 4, In Figure 5, the measured
ultimate loads are compared with the predictions of equaticon (7)., In defining

the ultimate load a limitation a, 1t £ 0.05 dw wag plared on the latereal
deformation, 4

15 - T
—— Theory -
o Conf I
0 Conf T
&  (onf 0T

crit

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

4, SHEAR STRENGTH OF A STIFFENED WEB

4.1 Structural Geometry

The stiffened 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 force V = P/2 on each plywnod panel.

4,2 Sguash Load

From Curry end Hearmon [3], the squash stress of plywood in shear, denoted

by £ may be taken to be givenrn by the following equation, stated In N,mm
unitg 4’

fs,sq = [1.17 - B.16 (tw/nJ] fs,sc + 4 (n - 1)/(tu) (92
where f denotes the shear strength of small clear specimens of solid wood,

4

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

The saquash load capacity of the plywood web, denoted by v, sqe My be
estimated from ’
Vw,sq =4, by, fs,sq (10>

4,3 The Elastic Critical Load

A good estimate of the thecretical elastic critical shear stress, denoted !

by £ of a rectangular plywocd panel fized on all four edges, is given by

s,crit- _
the lesser of the following

3.0.25

,
F = e
fo epit = 1.8 (/4% (D D) (3.66 + 2.0 £) . (11a)
- Ja 32 (p3 p 30+25 4
fy epit = 1.8 (Map® @30 20 366+ 2,080 (11b)

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

2. Ecuations (11) were obtaindd by mirnimization of a function derived by
Lekhnitskii [4], together with the assumption that for a plywood panel with
fixed edges, the critical stress is 80 per cent higher than that of a panel
with hinged edgeg. The.elastic shear capacity of the plywood web, denoted by
Vw,crit' ig given by

Vw,crit N dw tw fs,crit (12)

4.4 Ultimate Webh Capacgity

Once a plywood web has buckled, an I-beam will carry additional load
through the action of tension membrane stresses, denoted by Ty 4 acting at an

angle ¢ to the beam axis as shown in Figure 6, If this stress plus the
cartribution of the buckling stress is taken to be egual to the ultimate
tension strength of the plywoond, then

0t,¢ = ft,¢ -2 fs,crit sing cosg (13>

FE



where ft , denctes the tension strength of the plywood at an angle ¢ to the
beam axis’

T

Taking into account the shear force carried by the vertical component of

the diagonal tension then leads to the following expression for Vw ult s the
ultimate shear capacity of the plywood web !
Vu;ult 7 d, by {fs,crit * Op 4 ging cos¢) (14)
_ A .2 2, . ,
= dw tw {{1 - 2 sin"¢ cos ¢1 fs,crit + ft,¢ ging cosg}
The value of ¢ will be chosen so as to maxinize the value of Vw ULt For

typical plyuwood webhs this leads to value of ¢ that is at an angle of 20° to the
strong axis of the plywood, For this direction the tengion strength ft ¢ is

roughly squal to 2 fs sq’ Substitution of these values into equation (14) leads
to '
2

Vw,ult/Vw,sq = (.64 + (0,797 (15}

vhere

—_— T 0.5
A= (Vw,aq/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 pdrportion of the
total load may be carried by berdling of the flange elements, Thus the total

shear load on the bzam, dencted by V. may be written

V=V, + Vg (177

vhere V--and Vf denote the ehear load carried by the weh and flange respesct-
ively,

For the I-beam shown in Figure 6, the flanges may he congidered as a pair
of simply supported beamsg and hence

3 3
f df AY/L (185

<
"

4 E. t

£

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 Iocad, a lower bound estimate of deflection, dernoted hy
Ay ult may be ohtained from congideration of the shear deformation alone, i.e.

by oie = Yy e L7/€2 £, 4, 6 p) } (19)
Equations (18) and (19) lead to the following estimte of Ve ¢ the shear
load carried by the flange at failure A
y e 2
Ve ue = 2 Vy e (Bg/Sp) CEg/EL) (dp/d) (d/L) (20)

¥



The ultimate shear load capacity of the beams, denoted by Vult' is then
given by

Vv (215

ult = VYo ult T Ve uit

Of course, a check must be made to ensure that the flanges can accept the

deformation ﬁy ult and can carry the additional vertical loads impossd by the

diagonal tension field,

4.6 Experimental Data

Load tests were made on 12 I-heams fabricated with 3-ply and S5-ply radiata
pine plywood webg, Some of the results shown in Figures 7 and 8 indicate that
hoth the elastic critical load (measured hy a Scuthwell plot) and the ultimate
load capacity of the webs are reascnably well predicted by egquations (11) and
(15) respectively. ’

1-5 T
-~ thaory
©  experiment
© '.
"0 pre ot e -
Moo

05} .

o}

o

0L~ | LT
0 - 2 b 6

Slenderness A

Figure 7 Critical elastic loads for stiffened plywood webs
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e ° e
é
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0 I ]
0 2 A b 6

Slenderness A
Figure § Ultimate strength of stiffened plywood webs

Ldﬁér bound estimates according to equations (18) and (19) of the addit-
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 besm can be
several times the strength of the web alone,

The lateral deformations of the webs were roughly given by 8,
the elastic critical load, and for the ultimate load were bounded by ﬁz u <
0.065 @ , :

W .

§, < CONCLUDING COMMENT

Simple procedures have -been given for estimating the critical elastic
loads and the ultimate strength of both stiffened and unstiffened plywood wehs
for glued I-beams, The methods are obv1ouc1y relevant tc the design of plywood
webs of other types of structures

In practical termg, it is of interest to comment that in the application
of these equations, it has been noted that except for extreme designs it is
difficult to induce fasilure in stiffened plywood webs of I-beams: it was also
found that for many practical situations it is unnecessary to stiffen a plywood
web,

11
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Figure 9 Measurad effect of flange stiffness on the strength of
stiffened plywood webs
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DEPARIMENT OF TUE ENVIROMIENT
BUTLDING RESEARCH ESTABLISHMENT
PRINCES RTSBOROUSE LARORATORY

THE DETERMINATION OF CGRADE STRESSES FROM CHARACTIERISTIC STRESSES FOR
BS 5268:PART 2
by A R Fewell, March 1984

IHTRODUHCTION
The writer has been asked to produce a draft Amnex 44 to the CIB Code listing the
factors used in the UK to derive grade stresses from characteristic stresses.

: - ) . . 1 . .
These factors are given in detaill by Fewell  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.

REDUCTICN FACTORS

. . . yql -
The relevant factors for wvisual grades, as given by Fewell arve as follows:

= £ K
fg frRip-Kgz g
where fg is the grade stress

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

strength and 200 mm width for tenslon strength),

KLD is the load duration factor and adjuste 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 or width and has the values

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 Annmex 43 of the CIB Code and the
load duraticn factor KLD = (0,563, ., KS = 0.673 for compression perpendicular
and shear stresses. These reduction factors for compression perpendicular and
shear are arbitrary since no characteristic stresses for these properties have

been derived in the UK from tests.

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

from grade stresses the grade stress is multiplied by & factor K7. Where:

K7 = 1.17 for timber having a depth (or width for tension) of 72 mm or less.

K7 = (300/&0'11 for timber having a depth or width greater than 72 mm but
less than 300 mm. :

K7 = 0.81 [fhz +92300)/(h2 +5680017 for timber having a depth or width

greater than 300 mm.

Owing to comparatively few data being avallable for the tension strength of [ull
. 2 .
size members, and based on the work of Curry and Fewell” the grade tension
{3

stresses have heen given an overriding value of 0.6 times the bending stresses o

for all grades.
There are ne reduction factors for meodulus 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
for visual grades the KS value for bending, tension and compression parallel is
0.80. Secondly, over many vears it has been found that the equation which gives
the best fit when adjusting samples of bending strength data of diffevent depths
to 200 mm depth for determining grading machine settings, is

Ky, = 0.73 /th® +92300)/ (h” +56800)]. Therefore the Xg

stress is 0,907,

; factor for bending

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.
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Anuex 44
REDUCTION FACTORS TOR DERIVING DESIGN STRESSES FORM CHARACTERISTIC VALUES

44,0 Genetal
This annex provides exsmples of reducition 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 Perwmissible Stress Design, Materials and
Workmanship., In this case the reduction factors are used to determine gradea

stresses (fc) from characteristic values (£

o

K)'

The characteristic stresses are relevant to the conditions cutlined in Annex 43
, clause 43.1. These include bending strength for a cross-section depth of

200 mm 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 texm. This results in three factors; K., for size,

ol

Kb for Joad duration and K, for general safety.

o = FxKgg K peKg

h

— .
. COMPRESSION
GRADTNG . TENSION COMPRESSION )
FACTOR i BENDING | y rrn PERPENDICULAR
METHOD PARALLEL PARALLEL AND SHEAR
K., VISUAL i 0.849 0,925 1.0 1.0
oo MACHINE 0.903 - 1.0 1.0
K, VISUAL 0,563 0,563 0.56%4 0.563
. MACHTNE 0.563 0.563 0.563 0.563
K VISUAL 0.724 C.724 0.724 0.673
| MACHINE | 0,800 0.800 0.724 0,673

There is an overridiung adiustment applied to fg for tension which must not be

greater than 0.6 times fg for bending.



Tt should be noted that BS 5268 gives factors by which the fg values fovr tensicn

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

The reduction factors for compression perpendicular ard shear strzsses arc
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 classeos and the assignment 1o streagth classes of various

]

specics and grodes were detormined.

(h) Laminating grades. PFactors were determined to enable permissible stresses For

various sombinstions of grade and number of laminaticns to be calculated,

MATERTLT AND TESTIEG

L

The date used in this analysis was dretn LrOﬂ Pil,ts databonk of stmmclursl size
test resulise An oubtline of the samplcn used is given in Table 1o Althousn

the semples of timber that wers tested were subject to some preeselection they
nevertheless covered the spectrum of strength likaly to de included in commercial

samples of graded timber, The species tested were

British grown Dougles fir and Sitka spruce and Cancdian hem-fir and spruce-pine-Eir.

The timber was conditicaned to a moisture content of some 14 o 17 per cenl =nd

o

the tests were carried oult fto the procedures given in B3 5820:197955 Tor the
berding tests a spen to depth ratio of 18 was used, the load was applicd al the
third polnis of the span end the duretion of a test was generally between 10 to
15 mimatese  In all tests the grede determining deflect was located within the
zong of maxirxun stress with the tension sdge selected at randome HHodulus of
elasticity was determiuned fron shear free deflecticns measured within the cenire
third of the span. The tension lests were made on fvll crosa-seclbion specimens
th the mojor defects clear of the grips and the durstion of sach test was agsin

10 to 15 minutes,.

To aguish with some agy

g
o
O
<

off this anzlysis, for example the determinetion of
grade relativity facters; datlz from tests carried oul in Canads were also used.
These samples ere listed in Teble 2 and wviad o repld proo? lowoding

methed to determine fthe bending and tension sitrength properties at the lower ends
of the distridutions of sirength for timber conforming To the Canadian NIGA stress
grades.  The proof load was sel fo achicve sboul o 10 per cent breskage rale

nd. the species tesbted were Douglas fir-larch; hemw-fir and spruce~pine~fir, The

a
4 ille and the tivber covered a wide range in

moisture contents, from 10 per cont to green, and wes tesied at fempsratures

5o were corried out at the

s

~

ranging from «17 4o 13 °C. Tor the bending tests a span to depth ratio of 17 was
used, the load was applied at the third points of the spsn end the duration of
test was generally less than one minute, No positive action was taken to locate

the grade dolbermining defeet in ecach picce of timber within the zone of maximum



stresse Centre point defleoction relative to the supporis was measured fopr the

!

detempination of modulus of elesticiiys, The tonsion tests were made on Tull
cross~section specimens and the duration of a test was also generally legs than
one minute. e il test programse involved soma 4000 specimens bus the nwaber

of specimans in sach Semple is nol Knocwn,

ANAYYSYS
(a) Characteristic valucs

The BS 4978 85 grado nieces were selected out from each samplc listed

e
and analysed uwging the 3 neber Ueibull function
percentile bending stress and B volue and mean B valus for cach sample given
in Jable 3.

-

o ghandord depth of 200

i
where M ig moigture content and the suffixes 1 end 2 denote the lower and higher

meigture contents rospectively and €

Hemelip
Sprucespine~ie 407 = 10
Other softwoods 5,01 = 10

o~ P 2 en ] s 2 PO Tt NP, B LR
for all of sach species comvinalion, welghted avorages ol v

lower 5 pexr coat or mean values wers calculated to debermine chayecteristic

values

REER

whitewood and Sitia
firat caloulnted.
only specinens from ViR and VI

samples which are

then the somples waed in the ordigls

A



e

4

(b} ¥eon small clear bending strength and B values
Mean bending otrength (frg) and modulus of elasticity (B ) values at 186 per cont
& a0 =t

moisture content for small clear gpecimens were determined from data given by

9

Tory e« For the North fmerican species coabinations the fests were carried out

A

R L . . -
DE2555T8 T using 2 dnch sguare specimens, whilst for

LR

in North #
other specises the deats wore corried oul at PRL using 2 om squore specimens and

11

data arce Lowen frosn Bulletin 50 Sennoguently two different approaches ware
used to dolermine the mean values required from the MHorih American and PRL date.
The test date vere for specimens at moisture contents of around 12 per cent and
also at fivbre saturation point, nesessitating adjusitmants to derive values for

¢

u
18 per cent. Tt was decided to azssume a fibre saturction point for all spocies
of 27 per cent moisture contont.
U data approsche. Tesd wvalues are given in Table § for the tvwo moisture conditiens
mentioned above. Also given are the values at 18 per cent moisture content
dotersined from the eguation

o~ - £
£, = exp | In fpgpn + (1n frdn ‘NS”)

wiere I is bending strength and can he replaced by E thronghout,

ﬂD is the dry test moisture content and the sulfixes F3P znd D denole
strength (or ) at 27 per cont and the dry meisture countents respechtively

Howth American data approach. To a2djust the 2 inch volues to 2 cm sgunre values

the North American data given in Table 6 were maltipliod %y factors taken Trom

Bulletin 50, ie 1.053 Tor bending strength and 0,93% for modulus of elasticity.
To adjust to 18 per cent moisiure conient the bending strength and B walues
for the 27 por cent moisture condition were multinlied by a raiio R given in

Table 6o Values of R were determined from

hn

= ratio of 12 per cent moisture content sirength o B to values

at fibre saturation point taken Trom ASTH DIZS5E5

The £ and EHC values for a species combination were then teken as the mean of
3 [
7

all those velues for the individual species and are given in Table T

\un



{¢) Ratios of structural size Sost velues %o small clear test values

Table 8 shows the rotio of structural sizme test valuss, fmk’ E and Ek from

ot
Table 4 %o the emell clear £ and B values from Tables 5 and 7. T4 can
x.J &3

be seen from Teble § that except for BG Dowglas fir the ratios do not diffor
greatly hetween specics. TP should bo noted that test evidence for both British

grown and Cenadian Douglas fir is aveilable which shows thai this snhecies is
currently much overrated for sbtrength in the naticnal Codes due to ztresscs

being besed on mmall cloar specimen tesis. Omiitting Dougles fir, meen values

of the valios wore calenlated ars aloo given in Toble 2, For all species
where no sirctural size test data exwist, excopt Tor Horbh American Dougles
fiv, the meon retics were multiplicd by the fsc axd Wsc values to determine the
characteristic valuss for the 58 grade which ave Iinted in Toble 9, Tor s

(0]
Tatle § alego includss the velues from Toble 4.

lecause of differences in test methods these stresses may not be

i the UK alpresoes e L coive who

compareblie wil G stresaes bul they

A4 - " o e R | - I A N P o - H . -
the three specics sroups to he esizblizhade  The ghresses in Teble 10
ER) 3 " .1 - o .
the Tollowing o the speoias \
[aM
™ 1 ATy
f L }.(J.l ?

Z'Iem“"‘fil‘ ? &OTT 1 aO',”'T 10097
Sprucespine-fir 1:044 1137 1.125

A
(A

atios te the 55 grade stresses for hemCir and spruce-pings

o
L]
_J
R
<
.’3
e
ot
=
o
[t
Tk
o
"

. o sy i 5 - - N A e I T fada
e 9, and averaging the resulisy gives the stresses and B velues for 33

. renh [ (i mdraganm T e E I
For the USA species no gtructural size test detavere s

approsch wos used So delormine their sharacte e T34

r
and Canadian specics groups (except Southern pine) have similor species

compositions it vas decided $hai the stresses should be ohtoined by faoloxing

grouns Ly the

trly

the corresponding chorvacteristic values for the Canadion species
P LI

ratics of the amall olear speeimen values for ecach of the groups. This msintains

the stronglh relativiiy betwoen the two sourses off sunplye The resulting strosses
W o - ", &

and I values are alsoe gziven in Table G



Belore mlress valucs for the other grades ond properiies were determined
consideration was given to a muber of faclors which influenced the velues

Tinally specifiicd,

1 Values of choracteristic sbress are invariably subject to uncertainty, and

35 grade can differ hy moro

evernn Tor ouide 1o

o samples the glresoces for the

i

then 20 per cont bhetwsen samples of the zame specics. Therefore smnll

(o]

i

in stress values between species are really of ne i

of structures and to specifly stress values with gquite small differences

1,

a practical inconvenience with no real advantage 4o the effTic

material.

+

2 The characberisiic bending siress of spruce-pine~fir is shown from the

Canadien tesis Yo be 4 per cent highor then Tor hem=Tir; whilat from the UX te

2

it is 6 por cent lowere There is some justification for concluding that this

icots UK sampling efTects which would tend to lower the strength

of gpruce~pine~fir coupered with hom-fir,

3 It was previcusly that British geowsn Scoits plae

redwood/vhitenoad,

S8 &8 ATODea

snd larch cheald we

cine fibemmeies Urliiee
S80 Uhregs viiiued an
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BiG Cnat DrLt LUTODCan spruace

1 h N

tne cherscteristic bhending stresses for

4 Canzdion test results show that
Dovgles Tir-larch are higher for the Select grade, but lower Tor the Fo 1, 2
; , , - . 12

and 3 grades, than those for the same grades of Hem-fir and spruce-pine-{ir

4, 1 )

The Tour poinvs glven above were used to modify some of the bending strengih

n

values in Teble 3 {to producs the assizned values given in Table 11, In genersl

~
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the bending stress of 21.6 N/ms~ Ffor Buropean rGOMOOufwnltuwool and for Hem{irp
obltained from the test results, wes token as the relerence level and those speciles

1
1

vhoae characteristic nonding stress was within + % par cent of this were
: b

the sams value.

{d) Other propertics end grades

The characteristic ¢lress values Tor Bending, modulus of elazticity, tension

and compreesion parallel to grain for the other grades were obtained by wmulitiplying

1
the 35 grade vaiunes in Table 11 by grade relativity fectors. The relobivity Tootors
+

for the B3 4475, MILIA Jois

g

and Plank grades were determined in & previous study
- 3 . . + N f ot feap P e £
by Curry and Tewell” and are given in Table 12. The prade relativity foctors fopr

No 1 and Fo 2 grades in tension differed 1ittle and in line with the Canacimm



test evidonce the same factor was applied to bothe The relativity factors arve
the geme for the Joist and Plank and Structural Light Framing grades and for

T

hoth the Cancdian HLOA and U84 1Y

The greade relativity Foctors Tor the Light Froming and Stud grades wove oblained
1

by egtimation from thair specified grade slrength ratios a relabivity

factora esbabiished Tor the Joistv and Flank gradeon.  These are included in
Teble 12, With no fest evidence availsable and in line with Canadisn
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different species in Teble 11, and the grade relabivit

are given in Tables 13 to 17,

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

O ovalues zre relavant to

shresses given in Tablez 13 to 17.

mmast therelorae be adjusted

o R A,
load duraiion and 200 mnm

gectlon widihe The zeonorael safely factor incorporaies an allowance for the feot
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Quration of load 0, 55"
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general salety Oy
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Thus choracterictic stross
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Thue characteristic otress
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gize by the factors given in Teble 21. These facteors are retained in line with
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Jorth Americen prachtice despite o lack of evidonce o Jusiily their use.
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A4 hy dmnoving o 1 and posoibly ubresl differences & number of widely used

species are assigned the some grode streszses for bonding, tonsion ond compresuicn

parallel to the grein which chould simplify specification and supply,
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The species are Douzlas flr-loreh; hom-filr and sprucs-=pine-£ir from Comodng
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purchasing the timber,
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property is assigned to all species/grades in each strength
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example when durebility or joint strength is lwportant.
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(h) Lominating groden
In GP 112

the specified boole stresses for tThe species by factors related to the srade of

Lo stress volves Tor laminated timber were obtained by multipl/ing

the timbowr voed; and to the awsoer of leminations in the womber. Tor D8 50288

.y 21 vy £ s a - el 21y . 4
the 335 grode strosses heve offcectively reploced the besic obresses and 4t is

A onew sot of faotors
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netions end for combinniions

of laminationsz. fThese factors for single grade cong

of two grades, sre given in Tables 28 and 29,

CONCLUBTIORS
By publishing the proecodures used to delermine the Code siress values this paper

will assist those charped with the responsibility of producing future revisions.
1%t is obvicus Tron ths content of his paper that inprovements can siill te wads
$0 the precedures by conbinued research which will increase the daia availanle,

increese knowiodpe of the factors sffecting strength and rofine the statistical

technigques usad in tne analysis.
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Table 1

TIMBER SAMPLES TFROM UK TESTS

Orizin | Newinal Number of pieces
Species of size -~ -4
timber 1 Bending lTension Compression
Redwood /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 2 185 93
Finland | 38 x 100 248
38 = 150 245
50 % 200 228
Poland 38 x 1090 199
50 x 100 218
Hea~fir Canada 44 x 100 157
44w 150 124
44 % 200 121
75 x 150 92
75 x 250 91
Spruce~pine~fir{l) ! Canada |38 = 28 320 213 213
38 » 184 324 215 210
Douglas fir United | 38 x 100 253
Kingdom | 47 x 200 218
Sitka spruce United |47 w 228 81
Kingdom | 72 ® 250 36
73 x 154 89

(1)

These samples were selected for destructive testing from s larger

sample of 7492 picces.

o



Table 2 TIMBER SAMPLES FROM CANADIAN TESTS

) SECTION | NUMBER OF
SPECIES ?kiﬁF DEPTH BENDING
TR MM SAMPLES
Douglas fir~larch i SKL 89 Z
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¢ 1
140 1
184 1
235 1
No 2 89 1
140 1
184 1
235 1
No 3 29 1
140 1
184 1
235 1
Spruce-pine-fir SEL 89 b4
i 140 4
184 4
235 2
No 1 89 2
140 2
184 2
Ne 2 8¢ 4
140 4
184 4
235 2
No 2 89 1
140 1
184 1
735 1




Table 3 DBERNDING STRENGTH AND MOE LOWER FIFTH PERCENTILES AND
MEAN MOL VALULS TOR INDIVIDUAL SAMPLES GRADED TO THE

S5 GRADE

Bending Modulus of

. strength elasticity

Nominal © ’

Species size Lowar Lower
mm No of 5% - Ng of %Z'“ M%an?
pleces N/ 1 pleces N/mm2 N/ mm~
Redwood/whitewood | 38 x 150 126 24.0 126 7143 11164
50 x 150 158 23.9 158 7434 10834
50 x 200 132 22.1 132 7610 113¢2
58 x 170 85 24,0 85 6981 11162
70 x 195 91 23.1 g1 7817 11900
38 x 100 S4 24,2 54 1 7043 10373
38 % 150 b2 23.4 62 7425 10782
50 x 200 66 22.0 66 6604 10540
Hoem-fir 74 x 150 33 20.2 83 6832 10903
74 x 248 85 22,3 85 755¢ 11639
44 x 100 149 27.3 149 3676 13289
44 x 150 112 25.7 112 8243 11508
&& w700 ii0 2i.8 110 85920 12757
Spruce~nine-{ir 38 x &8 214 | 28.6 H87 7471 111052
38 x 184 264 20.9 575 6369 10045
Douglas fir 38 % 100 84 21,8 84 6823 11232
47 x 200 130 18.8 130 7695 11462
Sitka spruce 47 x 228 43 ¢ 16.6 43 1 4606 7521
72 % 230 68 15.5 65 5071 7958
73 x 154 57 16.7 57 5860 | 8477
_ o) . Lo




Table 4 WEICHTED MEAN VALUES OF S5 GRADE STRUCTURAL
SLZE TEST DATA WITH BENDING STRENGTH ADJUSTED
TO 200 mm DPETH AND MOE ADJUSTED 10 18%
MOTSTURL CONTENT

Characteristic values
for S$S Grade N/mm?

Species

=i
=

fmk : K

European

o
redwood/whitewood 21.6 10561 7021

Canadian hem~fir 21.6 11822 7953

Canadian spruce-
pine~fir

20.4 10185 66064

British grown

Sitka spruce 16.5 7882 >130

British grown

5 .
Douglas fir 17.9 11019 7120




"Table

4

)

SMALL CLEAR DATA FROM PRL TESTS

. : Z
Bending strength #/mm

Modulus of slasticity *T

N/ o
Species -—
fesp | B f My [oae [Prer | By "y | Psc
Parana pine 52 98 112.0 {76.1 8700 | 10400 1 12.0 1 5680
Pitch pine 66 1107 j12.0188.2 | L0400 | 12600 [ 12,0 1 11670
Western red cedar 38 57 [12.0 ] 48.5 | 68001 7700 | 12.0 | 7330
Redwood/whitevood h2 78 [13.3 162.5 7500 1 10160 | 13.3 | 9150
British grown Douglas fir 53 g1 (12,0 173.3 | 83060110300 |12.0| 98550
British srown larch 50 87 112.9 :71.2 | 7300 9100 |12.9 | 8400
British grown Scots pine 46 89 (12,0 y68.4 | 7300100001 12,0 8820
British grown Furopean spruca 3 66 133.4 l53.8 63060 | 8500 | 3.4 1 7630
British grown Sitka spruce 34 67 12,2 15100 5900 ¢ 8100 ,12.0 % 7140
British grown Corsican pine 41 81 112.0 | 61,7 | 70007 9200 ) 1Z.07 8250
b S — SRS RSN SR — .

NG



Table 6

NORTH AMERICAN SMALL CLEAR TEST DATA

CANADA USA
BENDINCG MODULUS OF RENDING MODULUS OF
SPECIES T G i ELASTICITY STRENGTH ELASTICITY
COMBINATION SPECIES Y ? N /mm” N/mmz i K/WWE
Frsp 3 K Ergp R foer R Ergp R
Douglas fir-larch | Douglas fir (Coast) - - - 52.9 1 1.336 1 10756 | 1.143
Douglas fir {(West) - | - - P~ 53.2 E 1.346 10432 1.121
Douglas fir (North) - - - - 51.3 | 1.404 | 9715 | 1.15¢
Douglas fir (Canada) 52.0 1 1.375 % 11122 1.127 - - - -
Western larch 59.8 i 1.418 § 114041 1.149 | 52.8 | 1.375 ; 10033 | 1.160
Rem—fir California red fir - - - - 40.1 | 1.428 | 8087 | 1.160
Grand fir - - - - 40.3 | 1.291 8619 | 1.149
Noble fir - - - ~ 42, 1.394 9515 | 1.143
Amabilis/Pac silver 37.8 1.432 9287 1.127 44 .2 1.380 9791 1.138
White fir - - - - 40 .4 1.360 | 8005 | 1.165
Western hemlock 8.0 1 1.370 ¢ 10177 ¢ 1.121 ¢ s45.8 1 1.380 8012 | 1.143
Spruce-pine—fir Ingleman spruce 32.0 1.413 1 8626 1.138 32.4 1.507 7095 1.148
and Western Black spruce £0.5 | 1.488 1 9101 | 1.087 - - - -
Whitewoods White spruce 35.2 1.413 §  792¢ 1.149 - - - -
Red spruce 40.5 1.404 9136 1.121 - - - -
Alpine fir 35.6 1 1.321 ¢ 8674 | 1.104 | 33.8 | 1.404 1254 1.132
Balsam fir 36.5 1.326 7 7784 1.138 - - - -
Wergern white pine - - i - - 32.3 1 1.543 8226 | 1.127
Ledgapole pine 39.0 | 1.493 | 8784 | 1.138 | 37.9 | 1.375 7419 | 1.138
Pondercsa pine 39.3 1.451 7791 1.127 35.4 1 1.442 6874 1.170
Sugar pine - - - - 33.7 1 1.360 7116 1.093
Jack pine £3.5 1.418 8046 1.154 £1.6 1.346 7354 1.154
Mountain Hemlock - - - - 43.2 1.437 7157 1.160
Southern pine Loblolly pine - ? - - 50.3 1.399 ¢ 9567 1.160
Longleaf pine - - - 58.9 ¢ 1.375 . 10935 1.143
Shortleaf pine ~ - - 51.3 1 1.404 1 9570 | 1.149
Stash pine - ; - - 59.9 | 1.456 1 10563 | 1.165
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Table 9 CHARACTERISTIC VALUES FOR TUE S8 GRADE

Characteristic values
for $$ grade N/mm

Species

fmk E Ek
Redwood /whi tewood 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 8355 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 1¢ CHARACTERISTIC VALUES FOR THE NLG/ SELECT
GRADE TROM 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
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Table v ALE RELATIVIVY WPACHTORS THDE
CHARACTERISTIC BENDIHG STRID

=D TO THE 55 GRADL

NIZA AND HGEDL

ooy,

‘ JOXET AND PLAEER
PROPERTY STRUCTURAL LIGHT FRAMING

S S

LIGHT FRANING
STUD

55 G5 Sel o i o 2 Conat JLé Utid

T

Bending 1. 00 Go7 1.07 0.5 075 0.63 0.47 G.37 0e55
Tensicn 03 | 05T { 076 | 053 1 0.53 - - - - -
Compression {Far)| 0690 | 0.77 | 1.00 | 0.90 § C.78 | 0.60 | 0.69 0.52 | 0.38 | 0.60

Mean It 1.00 | 0.84 ¢ 1.01 080 1 050 | 0.87 1 0.89 0.87 § 0.87 « o1
Min % 1.00 | 0.83 .05 1 0.90 | 0,90 | 0.80 | 0.9 0.87 1 0.87 | 0.85
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Pable 14 CHARACTERISTIC { FHOVALURE POR PHE CANADIAN HLUA JOIST AND
PTANK AND STRUCTURAL LIGHT FRAMING GRADES

—
MY I NI DAY
PROFERTY GRADE OUOLAS T e PR OO AP TN e
Udadin 0L WiEieTt TR e T e LI L
R iigdeali 11 .
LARCH RN
ot S : . S -~
Bending Sel . 23. 1 2361 231

No 1 1602 16,2 T 162
16,2 162 16.2
No 2 119 11.9 11.9

Tension Sel 164 16,4 166 4
Ko 1 11.5 115 1165
No 2 ) 1.5 1.5
Ho 3 - - -

Compression Parallel | Sel 216 27.6 21.6
Yo 1 19,4 19,4 19,4

Ho 2 16.9 169 16.9
fio 3 I 13.0 $3.0 13.0

it 2 A S e - ST E

Mean 1 Sel 12282 11940 10287
No 1 10944 10640 9167
Yo 2 10944 10640 9167
No 3 10579 10255 8861

SIPUNER SIS : e FENET RN

Kin E Sel 8516 8351 6997
No 1 7299 7158 5998
Ho 2 7299 7158 5993
Yo 3 6458 | 6362 5331

A NG ey
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Table

i CHARAGT:

FRAMING CGRADES

RUEPTC STRENGTH VALUES TOR

THE CANADIAN WLGA LICGHT

PROPERTY

SPECTES

CRADE

DOUGLAS 1R
LARGH

HE-FIR

x5,

SPRUCHPT
PR

LANe]

Bending

S
Conot
Std
Util

Stud

13.6
10.2
8BO

11.9

—te e 1
— O
2 k-3 -3
O e O

——d

)

12.6
10. 2

3.0
1.9

Comprossion
paraliel

o, b
Conet
i g
[FRY 'J

Uil
Stud

1409
1.2

3.2
1340

—
a0 - D
o o«

@

-
O o oD

—

Mean H

Const
std
Util
Stud

10322
10579
10573
10579

10522
10235
10285,
102585

%

Min IS

Congt
Std
Util

Stud

1299
7056
7056
6394

7153
6919
6919
G760

YRR




Table 17 CHARACTERTHTIC OTRENCTH VALUED POR THE USA NORDL LIGHT PRAMING CORADES

SPERCIES

ORI TR
PROPERTY GRALE SOUTL

HITRIO0DS PIHE
6 12.0 1745
940 1301
7o 1062
0.5

DOUGLAS BILR~ —
LARCH o ’ W

i

Bending Const
Std

Util
Stud

E

£
O oM 0O o

RS R
- U0 D A

=

15,7

1449 13,2 19, 2

11,2 9.9 145
To3
1e5

LY

T
:
]

&

Comprescion Congt
parallel Sta

o

o 00— i
IS

a

Uv il 10.6
Stud 13,0 1 16.7
Hean ¥ Const RGP 7 7531 11143
4. 3670 54 1753 10893
Uil 9570 GHAC 7753 10893
Siud 9670 54 7753 10825
Min b Gonst 6eTe 6646 5243 7516
v 6443 6424 5073 1265
Fil H449 5424 5073 T205
Siud 6201 HET6 4950 TCG5
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Table I8 Grade stresses for softwoods: graded to BS 4978 rales: {or the dry exposure condifion

Modalbus of

Campression clasticity
Hending Tewsion e SHICAT ——
paralel puraiiel Parallel  Perpendiculpr paralled
Standard name Crade 1o grain® to grain® to prain e grain®* 1o rrain Menn Mininnim
N/nm? N/mm? N/t N/mm? NAnm? N/nmy? N/mm?
Hedwood whitewood S5/h158 7.5 4.5 1.9 21 {.82 103500 TO00
Giporeed and GSANGS 53 32 6.8 1.8 0.82 9000 GO0D
Seols phte, NS 1.0 6.0 8.7 2.4 1.32 11000 1000
(British-grown) MSO 6.6 4.0 7.3 2.1 0.82 Q000 6000
Corsican ping 5570 7.5 4.5 7.9 2.1 0.52 Q500 6300
(Britisli-grows) GS/MGS 5.3 3.2 6.8 0.8 0.82 8000 S000
M5 1.0 6.4 8§71 2.4 1.33 10500 7000
AESO 6.0 4.0 7.3 2.0 6.83 2000 5500
Sitha spruce and SS/NMSS 5.7 34 6.1 1.6 (.64 8000 5000
Furopean spruce GSAMGS 4.1 25 5.2 t.4 (.64 6300 4500
(British-grown) WY 0,6 4.0 6.4 1.8 R 9000 GO0
M50 4.5 2.7 5.5 1.6 0.64 7560 5000
Douglus fir S5/MSS 6.2 3.7 6.6 2.4 .88 $1000 7000
(ritish-grown) OS/MGS 4.4 2.6 5.6 2.1 0.88 as560 6000
: M73 1.0 6.0 §.7 2.9 1.4] 11060 7500
M350 6.6 4.0 7.3 2.4 Q.88 9500 6000
f.arch S8 7.5 4.5 7.9 2.1 G.82 10500 7000
{British-grown} GS 5.3 32 6.8 ik 0.82 HGOC 6000
Parana plue SS 9.0 5.4 9.5 2.4 1.03 131009 7500
{Importeds GS 6.4 1.8 31 2.2 1.03 9560 6000
Piteh pine S8 1.5 6.3 1.0 32 1.16 13500 9000
(Caribbeun) GS 7.4 4.4 9.4 2.8 1.16 11000 7500
Western red cedar S8 5.7 34 6.} 1.7 0.63 £500 5300
(tmported) GS 4.1 ] §.2 1.6 0.63 7000 - 4500
Douglis fir-fareh 88 7.5 4.5 7.9 2.4 0.35 110060 7500
(Canada) GS 53 32 6.8 2.2 0.35 10006 6500
Douglay fiv-larch S 7.5 4.5 7.9 2.4 0.85 11060 7500
(L8A) GS 5.3 3.2 6.5 2.2 U.85 9500 6060
Ttem-fir S5/MI88 7.5 4,5 7.9 1.9 .68 {1000 7500
fanada) GS/MGS 5.3 32 6.8 1.7 0.68 SG00 6000
‘ NS 10.0 6,0 9.1 2.4 113 12000 3000
MO 0.6 4.0 7 2.1 0.7 13500 TO00
Hem-fis 58 5. 4.5 7.9 L9 0.68 11000 7508
{(LISA) s 5.3 32 6.8 1.7 0.68 Q000 G000
Spruce-frine-fir S58/8155 7.3 4.5 7.9 1.8 .68 10000 6500
{Canada) GS/AGS 53 3.2 6.8 i.6 0.68 £500 5500
M75 9.7 3.8 8.5 2.1 110 10500 7000
M50 6.2 3.7 7.1 1.8 0.68 S0(K) 3500
Western whitewoods S8 6.6 4,0 7.0 1.7 0.66 0060 G00%
(LISA) s 4.7 28 6.0 1.5 0.66 7500 500G
Seuthern pine 88 8.6 5.8 i0.2 2.5 0,98 12300 8500
{(USA) GS 6.3 4.1 8.7 2.2 0.98 10500 000G

*Stresses applicidsle to timber 300 mim deep (or wide):
*When the specifications specifically prohubit wane at bearing areas the 58 grade compression perpendicular to the grain stress may be multiplied
by 1.33 and used for ali grades.



Table 19 Grade stresses for Canading softwoods: graded (o NLGA redes: Tor the dry exposure candition

Modulus of

Conipressian elasticity
Jending Tension e s [P Shicur R ~
Standusd paralied parilhel Parailel Perperdicular purallel
fme (rade to prain {0 priip fo prain to grain” 1o prain Mean Minfmuwm
Nenen? MAmm? NAmun® N/my? NAm?® N/t N/mm?
Douglas-fir-luseh J & P*
Sel 8.0 6.2 5.8 2.7 0.93 12800 8500
No | 5.6 4.5 7.4 2.7 0.92 11360 7500
No 2 5.6 4.2 5,0 2.4 (.93 P00 500
Mo 3 L 5.3 N 0.61 10500 LA
SLE

Sei 9.5 7.4 £.8 0.93 | 2560 8500

3o
Y

No | G 4.9 .9 7 0.43 [RECVY] 7500
No 2 6.4 4.9 .9 g 0.93 IGO0 7500
MNo 3 4.7 - 53 i.8 0.61 10500 6500

Li"

Const 5.4 - 6.1 2.7 3.93 11000 TE00
Sid 1.0 -~ 4.6 2.4 0.93 10500 R
Ut 32 -— 3.4 i.8 G.601 {0500 TOU0

STUDT 4.7 e 5.3 1.8 .61 10300 TG

Hemfir MR
5S¢l 8.0 6.2 8.8 2.1 0.71 12600 8500

No | 5.6 4.3 - 2.1 0.71 10500 TO00
No 2 3.8 4.3 6.9 1.8 0.71 1500 7000
No 3 4.1 - 5.3 i4 0.47 10500 Mt

S
el Y.l 7.1 5.8 2. 0.71 12000 B3N
Mool 6.4 4.9 7.9 z2.1 0.71 10300 000
No 2 6.4 4.9 6.9 1.8 0.7 10560 THN0
Mo 3 47 — 3 1.4 0,47 1380 G300
¥

Const 5. - 6.1 2.1 071 10500 7000
Std 4.0 - 4.6 1.9 0.71 10500 Hely
Uil 32 - 34 1.4 0.47 10500 7000

G.47 10500 7000

Ja

sTUD” 4.7 5.3 I.

Sproce-pine-fir J & P
Sel 8.0 0.2 £.8 1.8 0.68 10505 70
Nu 1 5.6 1.3 1.9 £.8 .68 sl 5000
No 2 5.6 4.3 6.9 1.6 0.65 G0 6000
No 3 4.1 - 5.1 H

2 0.45 000 5500

SLE™*

Sel 9.1 7.1 8.3
No | 6.4 4. 7.9
No 2 6.4 4.9 6.9

R (.68 10500 7000
0.6% G600 6000
K¢ 09.68 8000 6000

o

No 3 4.7 -— 5.3 1.2 0.45 5000 5500
L
Const 5.4 -— B (.58 OG0 G000

0.68 9000 COU
2 0.45 9000 GG00

Std
Uil iz -

&
<

o O

B
=N

STuD” 4.7 - 53 1.2 0.45 G000 5500

& P, Joist and Plant Grades: stresses applicabie to tmber with cross-secnional dimensione greaser than or ¢quad
w38 o xRS o,
YSLEL Seruciurad Light Prombng Gradies: stresses apolicadle to tmbo of 38 mum x589 mim cross seotion: for other section sizes see
Tabie 21,

LE. Light Framing and Stud Grades: stresses applivable to iimber 32 ma < 89 mini cross section: for other section sizes sce Tabie
21,

AWhen the specilivations specifivally prohibit wane w0 bearing areas thin H% wade comypression perpendicular (o the grain siress may

be mrultipficd by 133 and wad for ail grades,




Table 20 Grde stresses Tor USA sofovoodss graded to NGRDE nules: Yor the dry exposnse condition

Muodulns of

Campression elieriviey
Bemling Temsinn e e Shear e
Stanidand paraiicl paradiel Parulic Feepemtionlar parullel
nunie Grade 0 grain o priin 4 grain tu prain® 1o prdn Afean Al
NAng? Nommd N/mm? N/mnd N/mm!? NAnm? Nt
Douglas-fi-lareh Jap
Sel .0 6.2 8.8 2.4 0.85 OO0 ROG0
No | 5.6 4.3 7.9 24 T 088 TR 4500
No 2 L6 4.3 6.9 2.2 0.85 10uen 0500
No 3 4.1 — 53 1.6 0.56 400 GG
SEEe
Sel 9.1 7 8.8 2.4 0.43 1080 Ri}i0
No i 6.4 4y 1.9 24 085 1N 60
Mo o2 G4 4.9 6.9 2.2 Q.85 101300 S50
No 3 4.7 .- 5.3 1.6 0.56 Y300 G000
1Ly
Const 54 - 6.1 2.4 0.85 100 G500
Sid 4.0 e 4.6 2.2 0.85 9500 630G
Uil 32 — 34 I.e 0.56 950 G500
sSTun 4.7 - 53 f.G .56 9500 6500
Hiem-fir &
Sel 8.0 6.2 8.8 1.9 0.68 11000 B0
No ! 5.6 4.3 7.9 1.9 0.68 LOG20 6500
No 2 5.6 4.1 6.9 1.3 0.68 FOGN) 6500
- Mo 3 4.1 — 53 1.3 0.45 PSS [gves
S
Sel 9.1 7.1 8.5 1.9 0.63 LHXA 800G
“ - 6.4 4.9 7.9 1.9 0.68 10 65
Nol [} 4.9 6.9 1.7 0.68 HE 6500
Ne 3 4.7 - 53 1.3 0.45 9300 s
Ly
Const 5.4 - 6.1 1.9 .68 1000¢ [INI{]
Sid 4.0 - 4.6 1.7 .68 9500 6500
Uil 32 — 14 1.3 .45 9500 fealts]
STLUEy 4.7 -— 5.3 1.3 G435 9500 G
e . .
N Woiein Jar
wliewoody Sel kR 535 7.5 1.7 006 LN oY)
Na i 5.0 18 1.0 1.7 Q.08 B 5000
No 2 5.0 1.8 L [.5 0.66 U S04
No 3 3.6 — 4.7 1.1 C0.44 SGx} 4509
s[,!.’l *
Sel £ 6.3 7.8 1.7 0.66 901X) 600
Nu | 51 4.3 7.0 1.7 G.66 K600 S0
No 2 5.7 4.3 6.1 15 0.r6 RGUD piies
No 3 4.1 . 4.7 1.1 G4 8000 4560
1y
Const 4.8 — 54 1.7 0.66 000 5000
Sid 3.5 — 4. 1.5 0.66 8000 SO0
Ll Z.8 . - 3.0 il 0.44 B0 SO00
ST EA - 4.7 . 1.1 0.4 8000 5000
Suuthern pine j&P
Sel 10.3 8.0 1.3 2.5 0.98 12500 QUK
No J 7.2 55 10.2 2.5 ¢.98 11500 7500
No 2 1.2 5.5 8.9 2.2 0.98 11500 7500
No 3 5.3 — 6.8 1.7 .64 11000 6500
SLF** !
Sel 1.7 9.1 1.3 2.5 0.98 12500 G300
No | 8.2 6.3 102 25 0.95 1504 7500
No 2 8.2 6.3 8.9 22 0.95 11560 7500
No 3 6.0 - 6.8 i 0.64 J1000 6500
|
Const 6.9 -~ 7.8 .5 0.98 130G 71500
Sid 5.4 — 59 22 0.98 1 K0 7500
Utit 4.1 - 4.3 1.7 0.64 {1030 7500
STU 6.0 o 6.8 1.7 0,64 11000 000

& P, Jobst and flant Grades: sreases applicabls 1o tios?
10 38 mm # Fid mam.

eont B Steactural Dight Praming Grades: strovsey applivably to timiber of 38 i w59 pam cross sevtion: for other seclion sviges see
Table 21,

L. Fight Framrisg andd Sted Gradess steovses wiphivabie Lo tmber 35 mm 2 89 men cron secticns bor other section sizes see Tubie
M
“When

D ntaphad B D3 aad s tor gl prades,

e owigh cross-aectional dintersions preater than or sgual

the speafications spenfivatly prohitig wane at bearitg arcs tie 35 gade cotepression perpeitdivular 10 the grain siress may




TARLE 21. MODIFICATIUN ?\CTO”Q BY WHICH THr STREGSES TN TABLES I AND 20
SHOULD BE MULTIPLIED FOR SECTTONS QTUER THAN 33 wn x 89 mm

Teerion Grade Bending Tension Cowpression Hodulius
size parallel  pavallel  parallel of
) to grain to grain to graiu elasticicy
¢ i K ¥
Ky 14 10 1)
3 38 SLE )
Sal 1,10 1.05 1.G5 1.0
Noo 1 1.10G 1.05 1.3 1.0
Ha. 2 1.140 1.035 1,35 1.0
Ho. 3 110 - 1,35 1.0

Const 0.%0 - 1.0
Std 0.73 - 1.0
Uil 0,50 - 0.6

»

F
°
[ a3 4o

STUD 1.10 - 1.55 1.0

i e

T8 % 63 SLE T
Sel .0 1.05 1.05 1.0
No. I 1,05 1.05 1.20 1.0
o, 2 105 1.05 1.35 1.6
Ho. 3 1.05 1,55 1.0

LE -

Const Q.80 ~ 1.0 1.3
Std .95 - 1,9 1.9
Util G.60 - 0.75 1.0
STUD .08 - 1.55 L

C{.B X EJ o

Lo 5 1.0
No, I 1.0% 0.30 1.20 1.0
Ho. 2 1.05 (.30 1,35 1.¢
No, 3 1.03 - 1.55 1.0
LT

Conat 0.80 ~ 1.0 1.0
Std .95 - 1.0 1.0
Deil 3,60 - 0.75 1.0

e

A §§§‘ — et e eres i
and Sal 0,85 0.75 1.0 1.0
%9 % 8% No. 1 A0 (.30 1.0 0.80

Nao. 2 0,40 0.30 1.0 .80

Ho. 3 0,35 - 1.0 1.0

STTD G.35 - 1.0 1.0

i

R TSI 009 - 1,35 L0
tod
38 x 146

NOTE. Foy grades and properties not listed and for 33 ma x 89 wm cross
sections the modificatiou facrtor has the value 1.0 that 1s, wo modification
¢f the tabulated streds

2g8es3 Lo ragulred,
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TABLE 24 SOFTWQOD SPECIES/GRADE COMBINATIONS WHICH SATISFY THE REQUIREMENTS
FOR STRENGTH CLASSES: GRADED T0 B3 4978

Standard name Strengen class

SC1 5C2 SC3 SC4h SCS
Izmporced
Parauna Piae GS S8
Pirch Fine {(Caribbeaun) GS 58
Redvood GS/S6 58 M73
Whitoewood GS/ME0 35 M75
Viestarn Red Cadar o8 58
Douglas Fir-Larch (Canada) GS S5
Dourlas Fir-Larzh (HSA) GS 58
Hew iz "Canada) . GS /M50 54 175
Hen-Fir (USA) GS 55
Spruce-Piac~Fir (Canada) . GS /M50 55/475
Wescern Whicewoods {(USA) G3 85
Southern Ploe {(USA) GS 55
bricicsh grown
Douglas fir G5 H30/83 M75
Larch 63 58
Scots ¥Yine GS/MS0 35 M75
Corsican Pipe GS M50 58 M75
Furopean Spruce GS M50/88 MT5
Sitika Spruce G8 M50/85 MT5

Machine grades MGS and MSS ave interchangeable with GS and 55 grades
respectively.

A specics/grade combination from a higher strength class may be
used where a Jower strength class 1s specifiled.



TABLE 25 NORTH AMERICAZ SO
REQUIREMENTS FOR STRENGTH

QFTHECOR PR

CLASSES:

CLES/GRADE

NLGA AND HGRDL JOLGT

COMBINATIONS WHICH SATTSFY THE

AND PLANK GRADES

aaada

Standard nane
and origin

Strenzth class

1 sC2 5C3 SCh 5C5
Douglas Fir-Laxch (Canada) MNo., 3 Voo i, Ho, 2 Sel
Douglas Pir-Larch (USa) No. 3 _ -~ No. 1, No. 2 Sel
Bem~Fir (Canada) No. 3 No. 1, Yo. 2 Sel
Hem~Fir (USA) No. 3 No, 1, No. 2 Sel
Spruce~Pine~Fir (Canada) No. 3 No. 1, No. 2 Sel
Westarn Wnsue roods (USA) Ho. 3 No. 1, Sel
No. 2

Southern Pine (USA)

No. 1, No.

Lo

w2

o
—

y
2; Ro,

A species/avade combi
used where g lowey str

Thegse cl
114 mm.

assiiications app

Note that Joist and Plank

om a higher streugch class
ig 5pec1litc.

1y oaly to timber of a size not

No. 3 grade should not be used

may be
less

than 38 o x

for tension members



Table 26 North Americnu solfhwoeod spevies/grades which sufialy the reguicements for strength classes:
NLGA srd NGRDBL stroctera] lght framing prades

Seclion sire
Aviual

e

38 mm x 89 nun

A8 mm X% 36 mm

B mm X 63 ni

63 mm x 62 mym

Stastdard none and origia

Douglayy firdinreh {Cunada)
Douglas fir-tareli (1754}
Hem-{iy {Canada)
Hem-fir USA
Soruce-pine-fir (Can
Western Whitewoods (USA)
Southern pine (LSAY

IR | 502 503

No 3 - No 1, No 2
No 3 - No J, No 2
No 3 — No i, Mo 2
mNo 3 —— No I, No 2
No 3 No I, No 2

b

Doaiglas fir-iarch (Canuda)
Douglas fir-farch (USA)
Hem-{ir (Canada)

Hea-fir {LISA)
Spruce-pine-fir {Canaday)
Wentern Whitewoods (LISAY
Southern pine (USA)

63 i X B9 mm
and
0 mm X BY mni

A species/grade comuination from a higher strenuth class may be used where a fower streng

Strengih class

Sel
No 2, No 3

No 3 No |, No 2

No i,

No 3 — No I, No 2
No 3 - No 1, Nu 2
No 3 — No I, No2
N 3 — Ne |, No 2
No 3 - Ne l, No 2

Sel
Na 3

No 3 Ne 1, Ne 2

Sel —
Sel -
Sci -—
Sel -
Sei -—
—_— Set
Sel -
Sel -
Sel -
Sei -
Sel -

Sel
Sei
Sel
Sel
Sei

No 1, No 2

Sel

1o fe-farch {Canada) No i -— No 1, No 2
Pouvglas In-larch (USA) No 3 —~- Mo l, Ne 2
Hem-fir (Canadal No 3 o No i, No 2
Fiem-fir (USA) Ne 3 - No I, Mo 2
Spruce-pine-{ir (Camda) Nao 3 ' - Mo, Mo B
Western Whitewoody (USA) Noy 3 No |, No 2 Sei
Scuithern pine (LSA) - — No 3
Dougias Nr-iarch (Canuday No 3 - Sel
Douslas fir-darch (UNA) Mo 3 - Sel
Hepi-Nir (Canady) No 3} - Set
Hem-Miy {USA) No 3 — Sel
Spruce-pme-fir (Candu) Na 2 — Sel
Western Whitewoods {USA) Ne 3 — Sel
Southern pine (USA) —_ e No 3
Douglas fir-luch (C -— - Set
Daosrglas lir-darch (17 -~ - 52
Hem-fir {Canada) — o Sel
Hem-Tir {LI8A) — e Sel
Sproce-pine-Hr {Comdald® - - Sel
Western Whiteweods (USA} - e Sel
Soutlern pite (USA) - — -

Note that Structural Light Framing No 3 grade shoukd aot be wsed for (ension members,

it class is specified.

The size modification factors from Tabie 21 are included in the stresses used Lo assign these speciessgrades combinations to the strength

classes,
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Table 27 North Americon sottwood species/prades which satisty the requirements for strength

classes: NLOA and NGRBL fight traming and sted grades

Secton sise
At

36 ma X BY

M onum x 38 mm

Stasrdard e and origin
Douglas Viv-lureh (Canada)
Zougtas [ir-lachi (LSA)
Hemy-fir (Canada)

[Tem-fir LISA
Spruec-pine-fir (Chanwda)
Western Whitewoudy (LISA)
Southern pine (U5SA)

Pouglus fic-tireh (Canadu)
Douglas Tir-larch (USA)
Tenm-fir (Canieit)

Hem-lir (LISA)
Spruce-pine-fir (Canuda)
Western Whitcwouds {USA)
Sounthern pine (USA)

Strength cluss

81

Sed, Stud, Ul
Sud, Swad, U
Std, Stad, Lhii
Sid, Swd, Lhdl
Sidy Srad, Ui
Sid, Stud
Uil

Stund
Stud
Stud
Stad
Stud

Const, Siud
Sid

$C2

Const
Consd
Clonst
Const
Clonst
Conlist
Sid

Const, Stud

Const
Const
Const
Cunst
Consi

3% mm X 63 mm

Douglas fir-farch (Canudda)
roughes Mir-fareh (USAY
Hem-fir (Canady)

Hem-fie (USA)
Spruce-pine-ir (Canada)
Western Whitewoods (USA)

Const, Sid, Sud
Const, Std, Stud
Counst, S1d, Stud
Canst, Sud, Stud
Cunst, Std, Stud
Const, Std, Stud

Const, Stud

L

andl

Southern pine (USA) — Const, Sid Swud - —
43 mm X 63 mm Douaglas fir-larch (Canadad Const, Std, Stud — -— — —
Pouvglas fiv-larch (LSA) Const, Std, Sl — w— - -
Hoem-fir {Canada) Const, Std, Stud — — - —
Hem-{ir {USAj Const, Suid, Stud —_ — — e
Spruce-pine-Tir {Canada) Const, Std, Stud e e — —
Western Whitewoods (USA) Const, Sud, Stud - — — —
Southern pine (USA) — Const, Sud Swud - —
63 mm x 8% mm Douptas ir-tarch (Canada) Std, Uil Const — — —
_' Douglas Tir-larch (USA) Sud, Uil Canst -— — -
Y iam x 8% mm Hem-fir {(Canada) Std, Lhil Const — -— —
Hem-fir {USA) Std, Uril Const — — —
Spruce-pine-fir (Canada) Std, Ui Const - s -
Western Whilewoods {USA) Sid Const — - —
Southern pine (USA) Uil Std Canst e -
34 mm % 114 mmy? Douglas (ir-larch (Canada} Sted - — - —
Douglas {ir-dfarch (USA) Stud —— e e —
38 mm x 1O mm* Fem-tir (Canada) Stud — — e —
Hem-fir (LUSA) Stud - — — e
Spruce-pine-fir (Canada} Stud - — — -
Western Whitewoods (USA) Stud —_ — -— -
Southern pine (USA) Stud — - -

A species/grade combination from a higher strength class may be used where a lower strength class is spexified.

*Available in Stud grade only.

Note that Light Framing and Stud grudes should not be used for tension members,

The size modification factors from Table 21 are included in the stresses used to ussign these species/grades combinations 1o

thie strength classes.
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The wourk reported in this paper is part of HRADA's current programue of

worle on chsrvacleristic properties of mechanical joints 1o structural

Limberworic. The programme of work comsisis of {wo projects; one
partly fipanced by the U.K. Government Depariment of the Envivoument
(D.0.E.) and the olher partly fiuanced by the Commission of the Puropean
Communities @hﬁtc,)e Fithin both the D05, and C.E.C. projects the
fellovwing material properties ore being collected as input data to
analyticai wodels used o predict charscteristic properties of nailed or

olted jaints:

(i) lead-embedwent relationships for nails or bolis bearing on various
solid timhers; vavious plywoods and tempered bardboard,
(ii) diameters, bending yield stresses and bending clastic meduli foy
bright wire civeular nails,
(iii) diametcrs, tensile yield stresses, tensile ultimate strengths and

tensile elastic moduli for black bolis,

Emphasis is being placed within the D.0.E. project upon timber species most
gspecilically relevantl to UK. construction; British-grown siika spruce and

scels pine, greenhcart and keruing;

: and TE grade lewpered hardboard,
Emphasig is being placed within {the C.E.C, project upon timber species and
plywnods of comnon interest {to all Buropean countries: TFuropean wedwood,
Yuropean whitewosd, Canadian spruce-pine-fir and plyweods: Finnish bireh,

Finpwish gyruce, French pine and Canadian Douglas-fir,

The remainder of this paper is devoted to presentation and analysis of

results from bending tests on bright wire circular nails,

Objectives and scope of nail bending tests

The objectives o¢f nail tests ave

(a) Estiwation of statistical variations in diameters, yield stresses and

elastic moduli between manufacturers {within U.K. and between countries
; . P , ..+
of the Buocpean . Communities)} and within and between batches of nails.

+ , . . . .
A hatch of nails is here taken To mean nails wmanufactured in a common production

run and from the same consigiment of steel,



2

(1) To provide sourvce duta for the estimaiion of the propertion of

variebi Lity o strvepgth and sbifthess propevties of laterally loaded

naited jeints thal can be atliriboted to vordalility io nail properties,

(¢) Following from (L) above, to enable a rational consideration of

guesticas sovceh aws

"Which nail properties should be regulated threupgh national codes or

tandards?y

"What tolerances should be specified on {he properties that are to be

regulatad??,

It was decided at the outset fo restrict the study to nails manufeclured in
countries of the Buropesu Meonomic Communities with preliminary emphasis on
naits manofoactured in the U.K.o. The scope of {the tests on UK, nails is

as follows:

nominal diameterss 2.09, 3.35, 4,00, 5.00, 6,00 mn
nwshey of manufaclurors: &
musber of replicates per bateh: 20

nuwber of batches per combination sf diamecter and manuflaciturer: 3

. . ; , 1
Total number of tests on U.K, nailss /

5 diametlers x 4 manufacluvrers x 20 replicates x 7 hatches = 1200

Al the time of writing lesis have been completed on 20 replicates from one
batch from each of four manufacturers for the five diameters, i.e, Tivst %00

tests are compleied, and fests are in progress ou nails from second batlches,

Nails are being ceollected from mainland-Furope and at least 400 additional

tests on thesze nails are intended.

- oy P

1/ Nails tested are Intended to comply with the rcguirements of:
B3 1202: Part 1. OSpecification for nails: Part 1. Steel nails,

London, British Standards Institution., 1974,



5. Toel mothods nnd procedures

The methed contorms substoniially to the recommendations for nail

- . . , L . Y
hending lests by Noren and peblished av "Nordtest project 77-77" /9 Fig.l.

Maxiwoem load avd the associaled mid-span deflection, initisl slope of the
load~deflection diagram and idimil of proveriionslily for ecach nail were

atl extracted fron plets of load v, mid-gpan dellection, Fig.2.

Test arrangement Fig. |

d = nominol nail
diameter

elecironic i

displacement [W

transducer ; .
. }
5| /é 0d 7

ey |

e

e R

2/ NOREN, B. Method of iesting nails in wood (SCCOﬂd draft, August 1980),

CIB~-Wi& paper 14-7-2, Warsay, May 1981,



PLATE 1

Test apparatus in use (Nail at maximum bending )
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vbion of full placlic hinge

Chservation of neils uwnder lest and the large ameunt of plastic
deformatlion apparoent in tested 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 estimated elastic mid-epan deflections with observed mid-
gspan deflections at maximun loads zhowed that estimated elastic
deflections were in the ovder of & 10% of coerresponding observed
deflections, On the basis of test obscervations 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 plastic hinges

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

Fig.
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Slarting Trom Fig.d an approximnle large deflexion solulion can be developed

Tor yield ﬁtressizﬂj

o a

Plastic yield moment M& iz developed by the resultant reaction applied {through

lever—arw 3.3
© 1

Yrom geometrys

(fn n j{{—l '2‘\"“(0 — R (‘f"‘ +- §{" .}(m(f(,c(-) - %\
ac £ 2. !

Again frow geowetry:

y 2. : o ) "
PG :;Qﬂﬁ[w;&m‘@ m“<w+“g (ZSMJQ‘WTQWQQJ
. \ .

Taking D =0 equation {3) reduces to swmall deflexion solution:

i\"! N 2 F?vru !- .
e oy
7T (%)

1 - , S
Assuming that the nail cross-section is circular and remains undistorted
with dianeter equal to d:

C § 3

}\'}\V = T ¢
/

¢ — e (8)




8.

lies an assumpition thal the naill stecl does not

exhipit elroin havdening ).

(Use of equation (5) i

Loguating egualions {3} and (5):

. e - e TN L in -
'S’“ i : i .,.!.".'.,. o c:_/ﬂ LG (Q"' -4 .({ )( ) St %l} - 1(?\&" 1 C{'}J ) 1
/ A5 L 2 \ Ao : a e ()

For the small deflexion approximation (= 0):

e I

. . - . R . o . . R . .
For the approzimute Jarge deflexion solution % die found iteratively using
equation (2) and then used in equation (6) to find fy. Tor 1he small
deflexion solution fy is found directly using cquation (7).

I

Yield stress at propoviional Limii

N g L.

LY T e

1
7 e d®

e . e A

where: P'I = proportional timii load.
J

Modulus of elasti

D AT A —y

glovne of loud~mid-span dei¥lection ecurve ,

3
where: |

< |,
* .;_
(SIS Y

Results {First batches of U.K. nails only)

The following rotaticn is used in the presentation of fest results for natl

diameters, yield siresses and elastic modulis

d = nail diameter

fyL.D= = yield stress at formation of full plastic hinge as calculated by

the approximate large deflexion solution, enguation (6),

£ \ . . y . .
vS.0, = vield siress at formation of full plastic hinge as calculated by

the small deflexion zelutien, eguation (?),

: . . e . .
yP. L. = yield stress at proporiional limii, equation (8),

B = modulus of elasticily, equation (9),

5.0, = standard deviation,

C.v. = ¢coceificicenl ol variation
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s

Kith lhe oxception of fvP,Le it was found that within bateh vaviation of
individual nail prnpert}es is relatvively swall cupecially for nail diametler,
The obscerved relatively high variehility in estimated values fov fyPoL. is
thoupht to be associated with the well knows difficulty in estimating
proportional Timit froem a test record, (i.e. not only variability in
matorial property)., In most strvetoral nailed joints more than one nail
ig employed, I nails in a given gel of joinils ave from a common hatch
the coefficient of variation associated wiili hetween joint variation in
averege nall propervily is bﬁﬁs?xcoefficient of variation associated with
variability beltween ivdividwal nails, (whcrc n = opumber of nailg per joint).
On the basis of theory which vwill be presented in Section ¢ of this paper,
it can he proven thal within bateh variation dn nail properties d, fy and
I has negligible influence on wvariability of characteristic joint

propertics,

Jig. 4 shows a comparison o¢f observed mean bateh diameters with the

. o . : . o+
talerance intervals for 4 permiited hy BS 1202: Part 1, (nominal dismeter -~
0,05 mn for nail diameters > 2.65 mu). In enly one imstance did an

observed mean hatch diamcter fall below the permitled tolerance interval, at

& noninal diameter of 3.3%5 nm, Tu five iustances (2?% ol batches) observed
mean beltch diameter was ahove the permitied tolevance interval. The

guestion of influence of variability in mean batch diesmeter on the strengtlhs
of joinis which fail by simultansous formation of a plastic hinge{s) in the
naill{s) and a bearing failure of the timber beneath the mail(s) will be
discussed in Section 6, AnoTher cvonsideration not deall with later, is that
excecdance of the upper telerance limit for d can resuli in substandard edge
distances, end distances and spacings, which will usually be sized on the
bagis of nomival diameters, Jeading to the possibility of reduced joint
sirength caused by prewatuvre splitting of the weod, The preliminary
conclusion to be drawn from the above is that manufaclurers experience

difficulty in meeting the BS 1202:; Part 1 specification for 4,

Comparison of mean values for fyS D and fVI D showed that the small
deflexion estimates for yield stress at formation of a full plastic hinge

are & to 6% higher than corresponding large deflexion estimates. - Comparison
of mean values for f and T showed that proportiocnal limit yeild

yP. L, yL.D. ;
. . e e . N .

sireases are in the order of 75 to 93 of corvesponding full plastic hinge
large deflexion estimates. This shows that the nail steel undergoes

gstrain hardewing, As & consequence of this there is no absolute value
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Tor £, Any esiimates for ¥ based on cguation (5) are nominal stresses,
- , .
Ihe choice of ceowdinate gsel I and é> in development of equation (2)

max rmax
ie purely arbitrary, Any other coordinated sel beyond {he mid-span

deflection al which a plostic hinge Fformed could have bsen chosen. Figeh
. . . . Lo . . (
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
be the best estimate for I, There is no distinet {rend relating nominal
)f
diameter and f . : fthe guestion of beltween manufacturer variation in

y}.HDo
fchD. connot be properly judzed on the basis of lhese resulis and will be
considered when all 1200 tests on U.K. nails arve completed. Provisionally
it ds proposed that beiween baleh mean and variability in fy be estimated
by combining results for all {wenly batches, i.e. no distinction on basis

of manunfacturer or nominal diameter,

Talhle 2 snzmavises bhelween Trateh variation in B. ™ere is no distinct
variation in E belween manufactorers. 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 avre cn average about 0% lower than these 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 imporiant chjective of the work is to enable
rational cousideration of guestions asscclated with regulation of nail
properiies and predictabiliiy 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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Aoz yicld

e agn

FALE 1
o AR o
1 Within batch mean yicld s

Nominal
Wiameter ()

i ! P
PAL00 E5,00 4 6.00 Mean S0, of

i
| i PR S

| 583.9 1 683.6 | 697.9 | £7.9 | 18.50

LR S SRR SRRSO S et e g < ittt

831.9 | 796.6 | 803.0 | 809.9 | 18,0 5.02

o
0
° b
“

Tuarer

C

o T o S ..d..a..,_.,._.,.i,.,.w... JR—— H, U [V vt o o e e
w3 202,01 790.9 1 7643 | 7441 | 46.1 6.19
I M AR . R

L

1

Mo

. 7216 G79.8 E PR | 787.6 42,9 5.84

Mean 5.0 1 8505 1 719,71 70h03 760,53

! - v m) = - -
P S 85,04 23.2 1 Th.5 777 40,6

Cov. (%) 1 18,351 2,95 10.35( 11.0%} 6,17

0

. . e
Units Tor fy are N/mu

L.h,

Global (all combinations of manufaciurer and diameler combined):

. 2
Mean 7hi .9 N/mm
. . 2 , . e e
5.0, 7.0 N/ A between ceombination variabhility

C.V. 9.66 %
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cr disivibution statistics for

4

cen monufacturer and hetween dian

modirlus of elasiicity, B

i
Within batch mean medulus of c?asﬁicity '

Nowminal 2,65 335 E L., 00 l 5.00 6,00 iMean S0, C.V.
dianeler (mm) 1 i !
|

e e e - - L T TS p——

185,120 4,404 2,22

‘s 1 183,094 | 197,258 183,655 | 179,478 | 188,137

&

2 R | A - _ _
£ 2 177,001 190,239 | 186,077 | 188,898 1 190,356 | 187,13215,055 1 2,70
?3 [ ST, N— e L SV - P U SR
w 5 j68,3&2 &z,a;; 182,067 | 194,164 1 187,382 | 18%,88218,666 | 4,71
S PSRN R I N
A 4 ?aBGF 183,192 J)&s)lu 182,959 | 188,814 | 183,9068(4,196 | 2.98

Mean 376 u7h 189,281 184,39 ?E 1865375 188,672

8.0, 93271 1,525 1 2,80%1 5,619 1,006

5.01 0. 58

Iy

Units for B are N’/;sz2

Gicbal (all combinations of manufaciurer and diameter combined

. n
Mean 185,026 N/

2 ) _ , e
S. 1, 54959 N/mm { helween combination variabilitly

C.V. 3.02 %

~

N—



Yield load for a nailed

Congideration will Lo restricted Lo joints which fail by:
a) beaving failuve of The fiwmber bensath the conneclor, or
b)  simultancons developmeni of a beeving failuve of the timber hencath

the commecter and one or more "plastic hinges" in the cennector,

The Joad at which eiiher state ds first attained is referred to as the

yield load, P_. Various explicit solutlions are available for predicting
Pv For different combinations of joint geomelry, muumbey of hivges and
wood properties, Bach solution is based on assuping that both the nail
stecl aud the weood are idegl rigid-plastic materials, For convenience

3/

the infivences of nail properties d and fy 031 Py are maximised by a so-

Larsen's expressions and notation will be used, It can be shown that

called mode 3 failure, Fig.69 Tox whioh;

o= 0402t ; J* ¢ Vo g Ve

)
where: 'SH = compressive strength of timber bencaill the cormmector {(N/ma™)

{ p oS p .
§£ - i/>/2l 1°f3> 5 /% defined in Fig.6 .

Tor both two piece and three plece joints.

Ueing the methed for geveration of systen moments and assuming uncorrelated

4/

variab}es ihie expected value for Py isg
oeiano s (4 T T NE TN / V2
E(R) = 040825 (3, ¢ -3},)f(5i} (i-?“\/ (\;+ + Vg

\\
/S

and variance for P is:
. - (
P = *\ z

V“{‘(‘){) o (.‘-'4

whera! §H’ ﬂ, f and

..)"

~ 7 =2 2 - -2
Yooweey (M4 Vi Ve, )+o-e@w?\fd )
e

mean valunes of SH, iy f and d re apcct1V61}
J

id V. are coefficients of variati i 3, £ ar
H’ ﬁ’ and g ave coefficients of variation of SH’ 3, fy and

! respectively.

-

.

LARSEN, H.J. K.¥. Johansen's nail tests. CIB-W18, Bordeaux, Cctober 1979.

HARN, (.J, and SUAPIRO, S.5. Statistical wmodels in engineering, London,

John Wiley and Sens, 1967

(1)

(12D
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To a good approximatien equation (11} way be simplificd to:

SENE

ot-0825(5, 7 £, (1)

-

6.1.2 Initial sti: for o nailed joint

Fer nailed Joints in which the nail bkas a high slenderness

ice. joints which would tend to produce a mode % failure, the

jeint gtifiness is upp)Oh{r@Lcd by Willkineon's lineay elastic solution
¥ i fu | 32’.‘ Wi, ”
{ & N AL L bl ] TS
L O LGBELE Py 15

[4]

whevay P : joint load (W) at joint displacement by (mm)

2]
= modulus of elasticity of neil (N/mm™)
: elastlic bearing constant of member 1, Fig.0.

s
= giress per wnit embedmant (N/mm))

constant of member 2

an elastic heaving

d = nail diamcter

& v

r - T oo
2 (v Y NS %

. U] '

t ¥R

Eguation (14) can be used to gquantily the

#oand @ on joint stiffness.

Using the method for generation of sysiem moments and assuming

Unce

IR VS PN A1
F(F’ \ O <c-.3b((.’:)(€£) ‘ (R—,;) & G{}z

rreiated varisbles the expected value for [ g) i

ratio,

(F ) ( Lt :*3:; (7 '\/(_{?’ . \LE

initial

5/

¢ ’ i L o ('I {"i“}

influence of nail properties

, ooy L
and variance for (Qt\ 18

Var (U5) % O U

.
-
.
C
N
T
AN
o
: H

5) moy be simplified tos

(4)#(F)

approximation equation(l

2 (B (k)™

To a good

(%) = ot6L5Le

(i7)

WILKINSON, T.L.

5/

of Structural Divigicn, ASCE, September 1972, 08 (STQ) 2005-2013

Analysis of nailed joints with disgsimilar members.
¥

Journal
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-
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that ]

f f r

iablo

assumed i normally dis

is

1T it
(18) and (19) b,

exclusion.,

for

ievels of 3

gensitivity of P o wvariations in T .
i ¥ ¥
Sengitivifty of P 4o variaticns in fy

Bl 1 £ A8 AN i kot . 4 O i e ot S O A

0.70

-
1

’4

PR R AT gty

|
‘/‘ Ay
/ Uﬂ) ] 0,9487

lavels of ex

0.,8%67

£,

x> usoed

/o, ()

P
i
o
o

1

as Tthe

index

Tor mean yield

Yrom equations {(12) aud {1%):

¢

et

\f‘ar ( } £,

\/C‘\ (

at 3 ibuted,

(i a: Tn)ﬁ times P? for %V = fy

W

glvep dde from which can be

e

e

1

f )/b) e (}‘) )

then from equations
Cat all
8

guantified the

1.20

1.30

0600
1&;101])

<
3
IR

1.0954

1, 1402

= 0,20, = 0,10, V(‘ = (.015,

< Vi

..--,_. 1,'.(._.},& S S . et it . b
On Lhe basis of Table 3 1t is suggested that a target value For 4 should
be specified for naidls if reliable predictiens of P are to be atiained.
Provicionally it is proposed that a suitable favget value for f_ is
, 2 - . . - .
750 N/man®, (The question of a sultable tolerance interval on £ is
¥
considered in Section 6.2.2). The above alszo suggests thatl caution should
be exercised when usivg test data for joints with naiis of unkown yicld
girengtll:,
Variation in cosfficient of variation for yield stress Vf
v
From equation (12): "
' ZAN WA ’ “~ 2
\/c‘w (f va - \é,_{ I \4_{: T J(- \/1 -+ \\/_S-
e A 2 N
z 7 =
) 2 ; %
- e
\’/':’( ({ ) Vc = V‘Siﬂ, % v fJS }b \' - ("‘C‘)
The fu]]ou1N( aro talken as re pro’cntatvve Va]ues:




Typical

range

(‘-ﬂ-_.}?‘,_.—-‘

"y s Y ; [ - £ - 4 l/
S (V%yJ \“ﬁ L OeOB26 \4? \ R
; Ty
Mo (¥, = €>3 =0 Cr0536 1,
f

rives data from wh?ch can hﬂ quantilied the contribution cl ny

(21}

Tabile 4 ‘o

the coefficient of varintion V. .

Py
Yable 4
Contribution of ¥, to Ve,
Ve 0.0 0.05 0.10 0.15 0. 920

Vo (Vi)
[ -
S R A 1,0000 | 1.0934 | 1.089% | 1.1915 | 4.3215
| Ve, (V= 0) N ,_ L

From Table 1 the observed value of V. associated with hetween batch

Ty
variation in mean yvield stiresses for individual batches was 0.0966.,

is 0,10, As

Ty
ig incorreetly estimated fo be

by a factor of 1.3215/1.0893

Let it be assumed that the true value of V an

illusiration consider a case where Vry
6,20, which yields an over estimate of V

Thus if P
j?

Py

w 1.2132 times, were normally distributed a 100% overestimale

in ny would result in the following ratics of predicled value to true
“valuesg Tov Py at 5% and 93% levels of exclusion,
Iable 5

Ratios of predicted to trve values for PY if 100% overestimate in va occurred

— { ]
o . s L
fy =a) y 5k iy ¥ 9 iy & @
.10 0.9580 | 1.0301
0.15 0.9302 1.0422
0.20 0.8955 1.0528
0.25 0.8511 1.00621
0.30 0.7923 1.0704
0.35 0.7107 1.0779
Q.40 0.5808 1.0840
e Yog < 020 e 000 g = 000
ny a ny a ny a



20,

(X0

Tt e apparent frow Toble 5 that the lower fail of the Py distribulion
is mwore sensitive to vavialions in va than is the upper tail of that
distribution. IBxamination of Tahles 4 and 3 reveals that between batch
variations in I_ ave unlikely to greatly inlluence ralios of P heltween
nogminglly identical  Joints, Also from the seme tables it can be deduced
that tolerances on ¥ thal id may be decided should be included in codes
of practice need not be specified 1o a high precisien, The main objective
of & tolerance interval wovld be to preclude usc of unusually low quality
gteel in wive neils which would result in highly dnconsislent joint
strengths, On the basis of the tests on firsl batches of U.K. nails a

3
sugpested telerance intevval on fy is 750 R 150 N/mmd, sec Sccetion 6.2.1
Tor basls of seleclion of & targel value of 750 N/mmge For quality
cointrol purposes 1t would be adequate {o csiimate fy using the gmall

deflexion solution of cquation (7).

rical order of between joint variations in joint properiics PY and(P/é}

T

The vurpose of this section is to give a general indication of relative
sensitivity of joint propexties o variations in noil properities and {o

variations in wood preperties.

The following are talken to be vepreseniaiive properties;
Foom 15 7 = [ == J = 2 / = 0.,3%5, V,; = 0,
\d 0.015, \fy 0.10, \E 0.03, \SH 0.20, \k01 0.3%5, i 0.10,
Ca 5

‘i/ji ().j._)e

From equations {12} and (13} the coefficient of variation for Py is:

-~y -’ o . ]/
v, o= 06 (Vv VT g G vf \V2 |
i b r ty ‘ e {22)

From equations {16) and (17) the coefficient of variation for (P/§ ) is:

o 2, g\, 2, g 2, g v 2\
\/(Fy(\_,) - O 25 (\’ji—; - C; \/b\c‘] [ qu vd T {LJ \'/ﬁ‘ ) (2’:’)

Substituting typical values for VSH’ Vﬁ’ ny and Vd in equation (22);

VPY = 0.1201. Table 6 shows the influence on VPy of taking various

components of equation {22) to be null,



o7 egua bl

0 0.1158
V, =0 0.1158
0

01225

Thus foirly dlow variability in strengths between nominally ideniical

6/

Vaviebility in strengths beiween Joints is not dominaled by variability

Lt

3

neiléd Joints ds predicted, a conclasion consistent with experience.

in any single component property, bul is most strongly influcnced by
variabilitly in SF and leas?t influenced by wvariability in d.

Substituiing typical values for V., V. .., V. and V4, in equaiion (23);
P TRO1Y Td I

e = 0,35030., ‘able shows the influence Ve e . taking various

xp/é) 0.3030 Table 7 shows the influence on %b/é) of taking various

components of equaticn {23) to bhe mall,

ivily of equation (E_._j__),
S— -
: v
w/8)
VF = 0 0.3035

v 0 0.1525
= 0 0.3024

Ve 0 0.263%9

3

Fairly bigh variability in initial stiffnesses between nominally identical
nailed jolnts is therefore predicted, a conclusion consistent with
experience ', Variabiliiy in initial stiffnesses belween joints is
dominated by variability in kOl’ Variability in I and d have negligible

influence on variability of initial stiffnesses.

SMITH, 1. Interpretation and adjustmwent of results from short term lateral
load tests on whitewood joiut specimens with nails or holis. TRADA Research

Report 5/82. Ighenden Valley, TRADA, 1982,



Coned

Tollowing provisional conclusions arve based on the analysis of results

Trow bending tests on first batehes of UK, manudaclured nails and on the

results of 1he sensitivity studies in Sections 0.2 and 0.3,

1/

2/

i

6/

Witlhin a bateh of nails varialion in diameter, vield stress at formation
of & full plastic hinge and meodulus of elasticity is swall, especially
in the case of diameter, The primary source of variation in these nail

propexvties is between bateh variations,

O the basis of the nails tesled manufaclarers appear lo experience

difficully in meeting the BS 1202: Tart 1 tolerance interval on diamcter,
. . + - , .

(nomxna diameter - G.05 mm for diameters greater than or equal Yo

2,65 mi),

Provided that quality centyol censures pail diameters fall within the
BS 1202: Tart 1 tolerance interval it is reasonable 1o neglect deviations

from the neminal diametor.

There is no digtincet trend relating nominal diameter and yield slress at
formation of a full plasiic hinge.

Consisfend witlh cyperimental expericnce, i1 is shown theoretically {that

Fairly lew variabilitly in strengths of nominally identical nailed joints
is to be expected., Varaibiliily in sirengths of joints is not dominated

by variability in any single compoaent property.

Consistenl with experinental experienca, il is shown lheoretically that
fairly high variability in initial stiffnesses of nomipally identical
nailed joints is to be expected., Variability in initial stiffnesses of
Joints is dominated by variability in the bearing stiffness of the timber

beneath the nails.

A target value for ihe vield siress for nails should be specified in
codes of practice for structural timberwork, This would result in
reliably predictable joint strengths. It is also necessary to specify
a ftolerance interval on yield stress o preclude use of unusually low
quality steel in wive nails which would resull in hiphly inconsistent
Joint strenpths, A proposed tolerance interval on vield stress is

Fog e s 2] . . .. \ .
750 ~ 150 N/mm on the basig of yicld stress corvresponding to formation
b J l £



a full plastic hinge. Recause nailg strain harden it is necessary
vo wateh any specified lolerance dnlerval to the lest method which will

he used bto determine yield siress diu guality conlrol processes,

Quegtions such as the inflvence of wilhin manuracturer versus bhetween
manufacturer variations iu nail propervies, will be investigated when the

full programne of nail tests is completed,

1S/AL
26th Mavch 1084

Timber Bescarch and Tlevelopmenil Association
Hughenden Valley, Hipgh Wycoembe, 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 o= F, {resp. Foo) g Foqq0 iqg

) N
respectively Ffﬁéf £ Faltowable.

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 1is more
practicable to interpret the difference equation as a equation 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

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 Toad 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 humber of rows

E A?(E As) stiffness of member 1 (2)

1 212
K slip modulus
Abbreviations
r K e
wz_
EoRy
m=2+r‘Ke(E; +E,§\)
1™ 27
= ¥
M 2=
g, = Wt Nuwi-4 o = 9T Voi-d
1 2 2 7

2.2 General Formulas

Lantos' derivation yields the difference eguation

N1y ¥ Ny = Nyggeeqy =¥l k=1, (n-1}.



The sclution is

X
o _ X X X m1(1+u)-“
Ne, = o N = (-p + m, (1+4) - (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
Fpo= w (NNgg) =5 (o)
o N
Fp = ?'N1(n—3) B

The definition of‘@ derives from the terms

N
Py g Fa110wable (resp. I:n : 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
Jointed 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 strength
class of fc(t),D‘



for dowels and nails depends among others on Vp, and so there

Fd o
results the standard stiffness from min t?wgwi .
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

~

2
1,4:-0,7-4 600 = 4 _600 N/mm

E o= 1,4k B -
rronF
An_’]z___q :)ﬂ?ZQF . 1 .
fe,0k d 1
7 Tmod 14,5
Y

2.3 Joints with Dowels

To calculate the effective number of dowels in a joint the following
determinations are used:

o
Fe = 3 Ty
P

0,7d "~ 0,3d

- o - -
@ A LI
t, o= t, = t
£, = 240 N/
L. _g s . - 2.083

From these we attain

-
i

93,75 Vp d2  and

-~
1l

312,5 Vo d .



The distance between dowe]s may be e = 7-dand with p = 0,4 the

stiffness EA = V?f7g;. i 5E" 1,881-10" def@ﬁ The factor v = rkb N

='7,355+107" - is independent from the diameter d of dowel. In F1g. 3
different formulas for joint efficiency are shown:

7em T Tho

7 LANTOS and a straigth approaching line for 77 in accordance with

Lantos' result.

2.4 Joints with Nails
In accordance with paragraph 2.3 the following determinations are used:

o
Fa = 3 F

Fr

3,464 £ = 4382 d%7  with F, = 200 \0,47d

1,7

K
(see also Ehlbeck/Larsen /3/).

The distance between nai1s mav be e = 10d and with p = 0,4 the

stiffness EA 4,0?3-!0“ P 7 n.

The factor ¢ = %%3- = 10,92+10° i}ﬁ is independent from the diameter

[H

{

of nail.

In Fig. 4 different formulas for joint efficiency are shown:

]
ef 1 2 (ol
7c1s = = 7 (10+5 (n-10))

7 LANTOS for oy = fd resp. o, = 0,8 fd

and a straigh? approaching line 7



7,0
0.9
L U8
07
" 06
0.5

0.4

DOWELS

—
H —
o,

nlam‘os

e Ny from formula (6121g)

__82-n
=5

0

Z 4 b 8 10

4 /4

number n  ———

Fig. 3 Efficiency42 of joints with dowels

10
0§
08
4
o
NAILS
F‘
06 = Nuantas
- from formulg
051 N )
’ anmw
80
|
a4 L ;
0 10 20 30 40 50
number n = —»
Fig. 4 Efficiency U of nailed joints



N<<=1
- T |
N<<—=: . =N
i
r=12
Fig. 1 Load distribution in joints with mechanical
fasteners
section x = n n-11n-2 /5 7 7 4,
fastener: non:lon-Z //3 7 ! member T
— oy - 1
, e Bl Bl /A0 e K Vi ;o=
5 , 7 !
/V -_<.“;:; E 4—/1(_70 -n—NZ] -I—NZZIIZ-:@—— - | —-—— -1_/\/2/?
{ s FN
S Nip=HNop= N
., 10~ %20
member 7 / 0 SN S A0 WD RPN RPN S
*;Le /jlve e e% o= N -0
in n

Fig, 2 Notation



3. Conclusion

Based on Lantos’ dinvestigation /1/ the formulas (6.1.1.1b) and
(6.1.2.1g) of CIB-Code /2/ were checked and improved approaching
functions were proposed.In case of joints with dowels the efficiency'q
is for n = 3 and 4 a bit Tower, and for n > 4 higher in comparison to
the CIB-formula. For nailed joints the values of % are 1newmykase below
the values Of'?CIB' |
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O THE LORG-TERM CARRYING CaAPAGITY
OF @O0 BIRUCIURES

by Yuod, IVANOV and Yu.Yu.BLAVIK

he design carrying capacily Pd (in using limit state design method)
of structure made of material with pronounced influence of load dura-
tion on its strength ought to be eqgualled Uo the long~term carrying ca-
pacity @lt ab the close of the service life,i.e.
I S (1)
This principal statement presented to the CIB /th Gongress/q/ is de-
tailed below,

The ensuring problem of the wood structure saflety consists thus in
prediction of Tthe Pltwvaluen The long=term wood structure carrying ca-
paclty Plt being tightly connected with material properties mentioned
is obviously depends on the long~term strength of wood. The results
sbtained recently in the uncovering the physical nature of the sollid
strength/g’i/ establish an general relationship for Jdifferent material
between time~to~failure t, sec, and stress 6 by the eguabion

log t = log A = &x& (2)
The half=-logarithmic dependence log (6 ) was proposed for wood by
WOod/4/, Leont’ev/B/, P@arson/G/. here 1s now the possibility to re~
veal the physical sense of the values entered into the equation (1).
Here

AT

log A = mwo—Ze—— 4 log 7, ;X" -—-%g:f-* ; (%)
Ly g DOV

UO is the activation energy of failure process; T;is the period of
atom oscillations; ¥ is activation volume; 2 is gas constant;T is tem-
perature, K.

The process of gradual accumulstion of submicroscopic damage in so0-
1id occupys the most porfion of the time to moment of solid failure
under loada. accelerated approching to this moment begins when submic-
roscopic cracks spreaded in solid and stabilized reache some linmit

concentration snd start to coalesce. This smaller portion of the tine



m?___.,

t corresponds Uo the process of crack development where might be app-
lied the fracture mechanic methods. However, the last sbage of the fai
lure process according to/a/ obeys also Lo the relationship mentioned
above. The failure has here a cumulative nature having been inherent
to a deterministic mechanism of chemical bond cleavage. Therefore,the
relative wood gtrenmgth decrease under load ig also delerministic, in
contrast with absolute wood strength values wich are random variables.
This circomstance enables the prediction of the long~term woodstrength
for given service life of structures.

Ag a basis of long~term wood sbtrength prealcobtlon serves the cons-
tancy (at T=Const) of the absclssa portion log A being cut by bthe
stralzht Line according to (2). For its Jefining we need to know con-

o~

stants UO and T, . GCorresponding to valency bond cleavage log ¢, ==15%
as for many polymers. The energy value U, we will find by the compres-
sion along the grain test results for oven-dry oak wood having been
carrisd oubt with constant rabte and at difflerent temperature &)+1OOO”
Here the relationship Ghl(T)(at log t=Const) is linear one with the
conlfidence interval <1,61 pP.C. and confidence level 0995/?/,

According to (2) we can write
U, =2, ﬁRT(log J+15)

] = SR T O S S ON SU \
) ‘: 6-(
Bxeluding from this eqguation coefficient Jffor cach two pairs of va-

laes T4 6& , W& will obtailn The equation for UO;

~ Ly
U =2 %R(1los & it SN S AU (1)
o=2s 2 Log t+1%) Qp-ﬁ

Hor 10 pairs of the values Ti and 5& it wags obtalned the magnitude
U =17052 53/ mole.

visposing the energy value UO we can precalculate the magnitude of
log 4 for comparison with its values found on graghs log (8 ) for EA
perimentation at different temperatures. Under cosmon atmosphere con-
ditions (~20°C) has been adopted rounding-oflf log A=17 which satisfys
Jwith small ervor within ~ 2~% p.c./ both its theoretical magnitude

found above {by means of the constants given) and the experimental da-—

Fig. ta presented in Big.1s with the following confidence intervals:s for



..,.:7)._.
fLension alonw the graln of larch wood at uninberrupbed loading (PFig.la,
oo S8/t o . : N Co
1y mec =4, pec 0] 2E,6 pac.y compression al®ng the grain of pine atl

- f "

e . e 4 R . . ) .
1 loading {(Fig.la,2;w=15% p.c. =2,10 p.c. and Fig.la, s3w=
BN 1 553 k 3 it : s 23

prinberruple
s

oy /e b . . . L. , i

= A0 pecufa/ -2,04 p.c.; shear in torsicn tesbs with tubular specimens

0/ e

' "bs?? BaCe

of Uouglas fir ab ramp loading (Hig.la,4;w=10-12 p.c. J
and for bending under permapent long-lerm load during up to 9 years of
Doupglas fir (Fig.1a,53w=12 poca/q/)x/ L pec. The gtraight line by
the equation (2) represents the long-term strength of a common lumber
with ~6 p.¢. confidence interval ane confldence level 0,90, Here fox
uninterrupted loading v defined sccoraing Lo the test duration ti from
(7), see below.

Hrom bthe similarity of triangles (Fig.1b) we will obtain

e b
_________ v,
G

£ .

214 log A=-log
log A-log €

This eguation 1s used lor prediction of wood long-term strength 6it

by short-term values of UThe ultimate stress 6t amdt time characteris-

tie L. From here A,

T RN (5)

where Kq(t)=%§§—§§%%§ﬁ%w > 1V ig the coefficlent of long-term strength
The Kq(t) valuss might be found by thelr depeniience on load acti-
ons applied To structure. Inasmuch as bthe fallure mentloned has a cu-~
mulative nature (i.e.wood long-term strenslbh depénds on the summary
loald action during structure service life) the strength control only
by maximum load at 1ts one-fold actilon during service period does not
give to structure any guarantee of relisble work. In securing bthe lat-
ter it needs to allow not oaly the maximum load variabiliﬁy but also
their time characteristics. Under sbtr-ucture service conditions and in
testing might be encountered differvent cases of load action (see sche—
mes in ®ig.2). Ab & ~Const (Fig.2a) bime asction of 5Jequalls to t; at
. . ch
perioculenl application of b=Conet (Fig.2b) obvicusly tﬁgfﬁhti;forﬁﬁb
acblon of stress 6

i during Oy the addition to the bime-to-failure

Bk 1 B b e i o W o o oo ks et it 1 B e sy e

) . Ny
%/ The tests in work7‘7



G,

where 6( Bﬁ)mﬁe_ ig the time~to~Tallure tf at  H=Const and the

R . - E : g A s PN G B : ?’l
failure will occure when the known condition is LuiilLled( )

s )
or abt uninterrupted change of stress 6 in function of time t as the
integral

= T (6)

120
By means of (6) we can find fime-to-failure in case of uninterrupted

.

loading (Fig.2c) with constant rate W as
1

mg('{ﬁ s

where We——-r~~ and t  is test duration ap to the failure moment atb
- / ) L

The ramp loading with sufficient number of load Iracbtions 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 conditions we can predict long-term
structure carrying capacity. Indeed, 1f the invariability of calecula-
Glon scheme and the conservation of initial wood guality are ensured
during service 1ife, the progressive decrease under load ¢f sbtructure
carrying capacity will be determined only by the long-term strength
of wood. Knowing the latter, we can find the design carrying capacity
Pd (in the 1limit stabte method design stresses are egualled to the
long-term strength).

The control of the value P. obtained realises by direct determina-~
tion of controllable short-time str-ucture carrying capacity Py (i.e.
ultimate load) from short-~term test with time characteristic ©.

Replacing according bto the mentioned above in (5) 6&# by (Plt)



e

o
: .. .. 2
and Gg by Py wa will ilnﬁ/ﬂ“/

I
™oy L ,,v_m..“'gn.._.,w 8
(Pyg) = ’ (8]

’ Kq(t)
where Kq(t)ququiog L is the time~component of structure salely fac-
tor (s.f.).
_ L o
The wvalue (P1f> obbaine: is.obviously found with some error inasmuc
as a confined nunber of structure specimens are tested, Possible chan-

mes of (P]t) in understate diyection oughlt to be compensate augmenting

it ba K2 > 1 as much, where KE is the probability-component of s.f.,
which allows a variabllity of a stracture workaanship quality. Let us
give an example. Glue laminated beams (by 9m span and 60cm cross sec-—
tion height, with 2-% grade lunber sand phenolformaldehyde cold setbing
glue) in number 292 were tested up bto failure. By statistical an&lygi
"of these data on computer the applicuability was subsbantiabed of log~

:? e o - 9 }E l/’ .y ™
(q))g according to which K9m e , where ﬂzogﬁ%ji

normal distribution
£0,01; ®=1,64 at the confidence level 0,95; from here K,=e'*®*+9i152
=1;%,

According to stated above the further normalization improvement
in the calceulations of design wceod struclbure carrylng capacity is de-
veloped differentiating both values of Kq(t) and K. by field of sppli-

cation and kind of structures.
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The data shown in the following tables supplement CIB-W18 Paper
16-14-1 presented fin MNorway (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 follews

Table A.1  Physical Measurements of Trusses

Table A.2 Plate Sizes

Table A.3  Deflections from 24 hour deflection tests
Table A4 Deflections from Strength Tests

Tahle A.5  Failure Loads and Description of Failure

Table A.6  Deflection Recovery & Span/Defiection
Ratios at Long Term Design Load.

Tables 1 & 2 Prhase I included Truss numbers 1-48
Phase 11 included Truss numbers 49-61,

- Tables 3 & 4 For description of tests see IS 193 P : 1978
Appendix A clause A2 or BS CP 112 : Part 3.
Although deflections were taken at § points
on the ceiling tie only the deflections at
centre span and C.T. node points are given.

Table b Load factors are given separately for
ceiling-tie, rafter and tank loads. For
design loads see CIB 16~14-1.



Table ATPHYSITCAL MEASUREMENTS OF TRUSSES

. ned (e . Moisture
| nfwmber D1nf3310ns T;g?; Content
Truss [Span |[Pitch Rafter Ceiling Tie Wt a}éa“?"git
No, | mm deg i m kg (%}
{ - 0
3 18300 | 10 }83 X gg g; . ggﬁ 37.5 14-15
4 18300 ] 30 | 97.5x35 | 112 x 34.5 |42 14-16.5
5 18300 | 20 969§ X gg g}g X §2'5 40 14-15
05 X%
6 18300 | 30 ég x gg }j; X gg 37 13-15
7 |ewo) w0 ] NZXH AL P 13-15
8 8300 | 30 | j12%3 PRI 13.5-15
9 |e3o0 | 0 }}8 X el 9692 X A Ky 13.5-16.5
10 19100 | 30 10?{8 X 53'5 }38 X gi.s 53 14.5-15.5
1 19100 | 30 ‘*?58 X gg }}} X gj s 1985 | 13.5-15
12 [9r00 ) 30 {00 x 30 e s 13-14.5
13 16000 | 30 ;} X 32'5 ;S X gg 215 | 13.5-14.5
Mo (8990 | 30 | LAl X S | e XD s 13-14.5
15 fe000 | s0 | J12 x| RS XIS g 13-15
16 | 7580 |17.5 | 9.5 x 34 % x 35 |32 13.5-15
" ? ;
17 17586 117.5 gg X gg ; gg X 52'5 32 13.5-15
. 87 x 34.5 97 x 35 1
18 7586 1175 | LX) STXR e 13.5-14
19 [5369{17.5 | 752 %32 ol X2 11rs 13-14
20 15410 117.5 7172 X gi'g ;g X 32'5 16.5 13-14
72 x 35 © 72 x 35 e s
21 | 5394 {17.5 72 x % X3 s 12.5-13.5




Téb]e A.1 continued

\i’ 3
Timber Dimensions Truss Eg;izgze
. o aas . Sf]f Range
Truss [Span [Pitch Rafter Ceiling Tie Wt at Test
No. | mm | deg mm mm kg (%)
- 72 X 3b 72 x 35 _
22 |5600 {22.5 75 % 38 2% % 3t 18 12-13.5
72 x 35 72 % 35 r
23 15600 [22.5 75 % 38 7% % 3% 19 12-13.5
- 72 x 35 72 x 35 _
24 15600 |22.5 25 % 38 75 3 38 18 12-13
. < 119 x 35 121 % 35 -
25  |8985 |17.5 17 % 35 178 x 38 45 16-17.5
‘ ! 118 x 34 121 x 34 i )
26 |9015 {17.5 190 x 35 120 % 30 45 13-15%
: . 119 x 34 120 x 35 e )
27 18990 {17.5 118 x 3 170 ¥ 34 45 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 {17.5 109 x 34 110 x 34 37} 11.5-12.5
31 18077 }22.5 97 x 34 96 x 34 34 12-13
_ 93 x 34 94 x 34
32 |8080 |22.5 o1 % 34 96 % 34 34 11-12
95 x 34 - 95 x 34 ’ 1T £
33 | 8092 | 22.5 % x a1 9 % 3 34 11.5-12
' 119 x 34 119 x 34 '
34 19290 |22.5 115 % 3 119 x 33 48 11-13.5
, 116 x 34 118 x 35
35 19300 | 22.5 116 x 34 119 % 33 48 11-13.5
5 117 x 34 120 x 35 .
36 19290 | 22.5 118 x 3 136 » 3% 44.5 12-14
37 |seoz 225 | o0 %3 s 37.5 |  11-14
‘ - 97 x 35 111 x 35
38 | 8695 22.5 97 ¥ aa 170 % 3 37 13-14
97 x 35 111 x 35 , -
39 {8700 22.5 36 % 31 110 x 38 38 | 12.5-13.5
112 x 35 96 x 35
40 | 86901 22.5 116 % 3% 57 x 35 37.51 12.5-15
41 18700 22.5 %}g X 3 O 39.5 | 13.5-14
110 x 35 96 x 35
42 18696 22.5 110 % 35 57 x % 38 13-14




Tabie A.7 continued

Timber Dimensions . ﬂw_gg?;s ?g;igﬁ;e
Truss| Span| Pitch Rafter Ceiling Tie Wt aia?git
Mo . i deg Ny i kg (%) ]
" 110 x 35 116 x 35 - _
43 86961 22.5 107 % 34 110 x 24 41.5 12-14.5
110 x 35 110 x 35 a .
44 86801 22.5 108 x 34 109 x 34 7.5 13-14.5
110 x 36 109 x 34
45 86961 22.5 110 x 34 110 x 35 41 13-14.5
' 120 x 34 120 x 34 AT
46 8790 | 30 120 x 35 117 x 34 51.5 14-17
120 x 35 117 x 34 : _
47 67801 30 120 ¥ 35 120 x 35 54 15-17
- 118 x 33 117 x 34 _
48 97861 30 118 x 34 117 x 35 53 13.5-16.5
" 111 x 24 111 x 34 e =
50 8408 | 30 11 x 34 111 x 34 47 13.5-18.5
111 x 34 111 x 34
51 8404 1 30 111 x 34 111 % 34 40 13.5-15.5
. 97 x 41 87 x 4j _
E¢ 83001 30 97 % 41 97 x 41 41 15.5-18.5
97 x &1 97 x 43 19 =
53 8307 ] 30 97 x 41 97 x 41 41 17.5
117 x 34 117 x 34 . _
54 8257 1 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 34 37.5 116.5-20 B
. 97 x 41 97 x 41 -
56 81164 22.5 a7 x 41 96 x 47 37 14.5-19
86 x 41 26 x 41
57 8080 | 22.5 96 % 41 96 x 41 38.5 13-14 %W
99 x 41 38 x 41
58 7590 1 17.5 98 x 4] 95 x 41 35.5 14-16
37 x N 96 x 41 .
86 x 34 96 x 34
60 5885 1 17.5 95 ¥ 34 96 x 34 24.5 14-15
96 x 34 97 x 34
61 5884 {17.5 96 x 34 07 x 34 23 15.5-17
Table A.1 : PHYSICAL MEASUREMENTS OF TRUSSES



Table AP PLATE SIZES
1;uss Q?ET Raftar Q@i?ing ”Qei1ﬁng Apex
. Pilate Hode 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 B0 120 x 100 | 259 x 124 180 x 100
5 180 x 100 | 80 x 50 120 x 1060 | 200 x 104 180 x 100
6 180 x 100 | 80 x 50 120 x 100 | 259 x 125 180 x 100
7 180 x 100 v 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
E) 180 x 100 | 836 x 50 120 x 100 | 180 » 10C 180 x 100
10 180 x 100 | 80 x 50 120 x 100 { 180 x 100 180 x 100
11 180 x 10606 | 80 x 50 120 » 100 | 1806 x 100 180 x 160
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 x 75 60 x 50 120 x 75 160 x 76 120 x 100
16 220 x 100 | 30 x 50 1120 x 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 1001 86 x 50 120 x 100 | 302 x 100 180 x 106
14 160 x 76 80 x 50 120 x 100 ] 160 x 65 120 x 100
20 160 x 76 80 x 50 120 x 1001 160 x 60 120 x 100
21 160 x 76 80 x 50 120 x 100 160 x 64 120 x 100
22 180 x 64 50 x 60 75 x 1204 180 x 64 100 x 120
23 180 x 64 50 x 60 75 x 1201 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 1001 260 x 125 260 x 125
26 260 x 1251 50 x 80 120 x 100] 310 x 162 260 x 125
27 260 x 1251 50 x 80 120 x 1007 260 x 125 260 x 125
28 220 x 100] 50 x 80 120 x 100} 220 x 100 260 x 125
29 220 x 100] 50 x 80 120 x 1007 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 1061 50 x 80 120 x 1007 220 x 100 260 x 125
32 180 x 100} B0 x 80 120 x 10G] 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 300] 50 x 80 120 x T00{ 301 x 102 261 x 125




Table A.? continued

Truss Heel Rafter Ceiling Ceiling Apex
_No. Plate Node Tie Node Tie Splice
35 | 180 x 100 5O 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 {260 x 125 | 260 x 125
40 | 180 x 100 50 x 80 |120 x 100 |220 x 100 | 260 x i25
47 180 x 100 50 x 80 |120 x 100 |220 x 100 | 260 x 125
42 1180 x 100 50 x 80 [120 x 100 |220 x 100 | 260 x 125
43% 1 186 x 100 50 x 80 (120 x.100 1307 x 100 | 260 x 125
44* | 180 x 100 50 x 80 [120 x 100 {307 x 100 | 260 x 125
45% | 180 x 100 50 x 80 |120 x 100|300 x 100 260 x 125
46* | 180 x 100 EO x 80 |100 x 120 |260 x 125 | 260 x 125
47* 1 180 x 100 50 x 80 {100 x 120 [260 x 125 | 260 x 125
a8t | 180 x 100 50 x 80 [100 x 120 |260 x 125 | 260 x 125
50 | 157 X101 | 50 x 100 [101 ¥ 10T 184 x 101 | 129 x 151
51 | 157 x 101 | 50 x 100 |13 X300 185 x 101 | 129 x 15
52 | 140 x 101 50 x 100 |107 x 101 [120 x 76 129 x 125
53 | 140 x 101 50 % 100 1100 x 101 1200 ¥ 76 129 x 126
54 | 185 x 107 | 50 x 100 {100 x 10T [185 x 100 | 169 x 126
55 | 185 x 101 50 x 100 {100 x 101 {385 x 101 | 167 x 126
56 | 200 x 101 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 %é? . ;8} 256 % 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 {700 x 101 {225 x 75 157 % 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.  V'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 1.1
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 Cnly

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 j 20.0 6.5 5.4 6.7
28 Strengin Only

29 Strength Only

30 14.76 | 14.32 ’ 16.8 3.8 3.88 4.48




Table A.3 continued

Deflection 24 Hour (mm) After Release Load (mm)
ngfs 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 Only
37 Strength Only
38 Strength Only
39 | 10.7 10.9 ]13.2 1.5 1.8 2.1
40 Strength Only
41 Strength Only
a2 8.8 9.4 l 11.1 1.5 1.6 1.5
43 Strength Only-
44 8.7 9.3 12.1 1.6 2.2 2.5
45 Strength Only
46 Strength Only
a7 {107 {108 |16 * 2.4 2.7
48 Strength Only
50 Strength Only
51 Strength Only
52 Strength Only
53 Strength Only
54 Strength Only
55 Strength Only
56 Strength Only
57 Strength Only
58 Strength Only
59 Strength Cnly
60 Strength Only
61 Strength Only
* Transducer Slipped.
Table A.3 :  DEFLECTIONS FROM 24 HOUR TEST




TABLE A.4 : DEFLECTIONS FROM STRENGTH TEST

DES1§?t£§EEegg§g% Design + Pt. Load (Strength)
No.| HNode 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 5.8 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 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. 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 ~11.2 10.8 111 17.4
el 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 £.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 1.4 11.6 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 11.0 11.2 12.0 16.4
30 12.0 11.96 13.6 13.64 13.52 15.76
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)

Nol 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
3B 9.4 10.0 11.6 10.4 11.2 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 11.2 9.8 10.5 17.6
9| 8.9 8.8 10.3 10.0 10.0 15.9
40| 2.0 3.88 11.32 9.2 10.36 21.24
41| 7.63 7.88 10.08 8.88 9.2 18.4
420 7.4 7.9 10.7 8.6 a.1 18.3
43| 7.3 7.6 8.8 8.2 8.7 15.6
4l 7.2 7.6 9.4 8.5 8.6 15.4
45| 7.9 8.0 9.5 9.2 9.2 14.8
36] 6.2 6.9 8.6 7.2 7.9 15.9
271 8.4 6.4 7.9 9.2 7.3 14.2
a8l 70 6.8 8.0 8.0 7.6 4.2
50| 5.2 5.8 6.6 5.0 6.8 14.2
511 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 18.0
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. 11.0 No Pt. Load
59l 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 OF_FAILURE
, (Figures in brackets are Load Factors).
Maximum Load at Failure Description H
Trussi €, Tie Rafter Tank of Fajlure
" No. kn kn kn Total
{LF) (LF) (LF) kn
Lateral movement of
3 7.18 21.67 2.14 32.25 apex joint causing
fractures in both
{2.92) (2.86) (2.85) rafiers .
4 6.94 20.36 2. 14 30,75 Test terminated due
. ~ to excessive bow in
(2.82) (2.69)} (2.85) left ratter.
5 7.88 25.84 2,14 37.15 Test terminated due
- to excessive bow &
(3.20 | (3.41) | (2.85) fwist in left rafter.
6 6.00 18.35 1.94 27,55 Test terminated due
. ‘| to excessive bow &
(2.44) (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 refter
8 7.18 21.24 2.31 32 Test terminated dus
To excessive bow in
(2.92) (2.80) (3.08) right rafter.
g 9.65 30.54 2.51 44 " Test terminated due
. to extreme bow in
(3.92) (4.03} (3.55)‘ Teft rafter. |
Test terminated due |
10 10.0 20.93 2.2h 44,6 to excessive bow &
. ' ) twist in both
(3.70) (3.72) (3.01) rafters.
_ Left rafter : timber
11 9.18 30.04 2.25. 42 .85 failure just over
. strut doint, followed
(3.40) | (3.61) | (3.00) by collapse of C.Tie |
12 2.00 232,70 2.06 351 lLateral fajlure at
, apex joint due to
(2.96) (2.85) (2.75) excessive bowing.
- Timber failure :
13 4.71 15.70 1.88 23.4 right rafter between
strut intersections
(2.66) | (2.88) | (2.51) ard gpex_ o




Table A5 continued

Maximum Load at Failure

J ERTECR E——— - Description
7 Tie] Ratfter Tank Al
No. kn kn kn Total of Failure
{LF) (LF) (LF) kn
14 4.71 15.02 2.06 22.5 Timber failure:
- right rafter 1 m
(2.66) (2.75) (2.75) from apex.
Timber failure:
- left rafter between
15 5.65 17.88 2.25 23.4 strut node & heel,
: followaed by C.Tie
3 (3.19) (3.28) (3.01) collapse.
Timber failure:
16 5,53 16.57 1.88 25.2 right rafter midway
(2.5) | (2.5%) | (2.51) betuoen strut rode
17 5.4] i6.79 1.88 25.3 Test t@rminatgd -
(2.41) | (2.54) | (2.51) e
Test terminated -
_ excessive bow in top
18 5.53 14.65 1.88 23.25 | half of both
.rafters, foliowed by
(2.46) (2.22) (2.51) buckling at apex.
19 5.88 17.94 2.25 26.25 | Test tgrminated -
) | e | o) Point Load
Test terminated -
left rafter
fractured dus to
20 5.06 13.87 2.25 21.35 | lateral distortion
i S bow an
(3.38) | (2.97) | (3.01) mignt rafter. N
Point Load.
Timber failure in
- 5 right rafter
21 4.59 14.13 2.25 z21.15 between heel plate
(2.89) (3.03) (3.01) & strut node. HNo
Point Load.
Timber failure:
right rafter
27 3.06 15.32 1.49 20.05 | between heel & node,
(1.85) (3.11) (1.99) followed by hreak

near heel joint -
both occurred at
knots.




Table A.5 continued

Maximum Load at Failure

1RUSS \ e TaTter | Tank Description
' kn kn kn Total of Failure
(LF) (LF) (LF) kn
3 . .
2 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 dus to
excessive lateral
(2.85) (2.90) (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 hetween heel & node
followed by timber
(2.69) (2.62) (2.77) failure at node,
Timber fajlure:
27 5.76 15.96 1.69 24.75 left rafter between
a / y node and heel
i (2.76) (2.04) (2.25) (tateral failure).
Timber failure mid~
way between apex &
strut - left rafter,
28 4,12 17.96 1.86 27.2 followed by timber
- failure at apex
(2.46) | (2.46) | (2.48) left rafter & shear-
: ing of C.T. splice
plate.
Timber failure
. adjacent to apex on
29 7.88 24,02 2.43 35.6 right rafter,
(3.17) (3.29) {3.24) followed by failure
between apex & sirut
I P ____ion riaht rafter
Timber failure
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) hetween heel plate &
strut on left rafter
31 6.47 18.99 2.06 28.75 Timier f%ilure:
right rafter at
(2.70) | (2.65) | (2.75) Ctrut.




Table A.5% continuaed

B ) Maximunm Load at Failure
Truss)—m—ss T e Description
C. Tie Ratter fank .
No. kn kn KN Total of Failure
(LF) {LF) {LF) kn
32 6.47 19.Q9 2.06 28.85 Excessive bowing
{2.70) (¢.67) (2.75)
33 1 7.06 | 19.75 | 2.25 | 0.3 | lWeer faliure mds
(2.54) | (2.76) | (3.01) | apex on left rafter
34 6.71 20,49 1.88 30.45 Timbey failure on
T right rafter
(2.43) (2.49) (2.51) adjacent to apex.
35 .00 20.19 1.69 29.25 Test terminated due
- to springing of
(2.17) (2.45) (2.25) apex.
36 6.71 20.23 1.88 30.15 Excessive bowing in
(2.43) | (2.46) | (2.51) both rafters.
Timber failure left
5 . - rafter adjacent to
(2.42) {2.29) (2.51) timber failure at
left heel plate.
38 | 4.3 | 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 fajlure:
' right rafter
(2.42) (2.38) (2.57) between leading 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
Timbeyr failure:
right rafter midway
4] 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,
42 7.53 21.54 2.24 32.6 Iest terminatgd due
o excessive bowing
(2.92) | (2.80) | (3.01) in left rafter.




Table A.5 continued

Maximum Load at Failure
TRuSS I Tie [ Rafter | Taik Description
’ kn kn kn Total o ratlure
(LF) (LF) (LF) kn
Rafters spliced:
: Brash timber failure
4 . . R s \
3 6.94 20.94 2.06 31.25 in right ceiling tid
(2.69) (2.72) (2.75) at node, followed by
failure at node 1in
left rafter.
Rafters spliced:
timber failure in
44 7.53 22,11 2.06 33 left rafter between
3rd & 4th Toad pts
(2.92) | (2.87) 1 (2.75) Followed by timber
failure at apex &
plate shear in C.T.
: Rafiers spliced:
45 8.82 25.75 2.27 38.15 | timber failure in
teft rafier midway
(3.42) (3.34) (3.03) between heerl & node
. then over heel platg
46 7.88 23.93 2.08 35.3 Rafters spliced:
ight rafter sey
(2'7]) (2.67) (2.77) ;;%era?adiizortggge
Rafters spliced:
. teft rafter
a7 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:
48 6.59 | 23.85 2.9 | 2 §§i§:§n1fﬁe;f;h§’s
(2.26) (2.66) (2.85) rafter just over
heel plate at knot
cluster,
Timber failure right
rafter over node pt
50 6.59 20,37 2.14 30.4 followed by failure
in cejling tie
(2.65) (2.66) (2‘74)" between heel & node
& plate withdrawal
_ at right heel
2 3 Y 'd...
51| 800 | 248 | 253 | s6.4 | perel e
{3.21) (3.20) (3.24) joint & node on Tefy
rafter




1api1e A.D contihued

Maximum Load at Failure.
Truss b . Description
C.7ie Rafter “Tank : ,
No. kn 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
foilowed by timber
(2.68) (2.56) (2.74) fracture at node &
" heel in right
rafter.
Timber failure:
right rafter at
strut node,
53 6.59 20.02 2.4 30.05 followed by Z.7.
n failure between
right side & right
Q.7. withdrawal
L from C.T, node,
| Right Q.T. with-
drawal at C.7T. nodd
54 4.]% 11.70 1.37 18.5 Inside plate not
(1.67) (1.59) (1.76) correctly
N positioned. ]
b Right Q.T. plate
55 7.88 21.80 2.55 33.5 withdrawal at .7,
node & left Q.T.
(3.20 (2.97) (3.27) 1 Withdrawal at apex
55 6.47 19.53 2.14 29.4 Timber failure -
. left rafter bLet-
2
(2.70} (2.72) (2.74) ween node & apex |
Right Q.T. with-~
drawal at C.T.node
57 5.88 | 16.10 1.94 1 25.2 | e17oued by timber
{2.45) (2.25) (2.49) failure at midspan
of C.T.
Timber failure :
. a . right rafter bet-
58 6.60 16.91 2.14 25.4 ween apex & strut
(2,67} (2.56) (2.74) node - No Point
Load B!




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 betwezn
9 apex & strut node
(2.41) (2.20) (2.51) after severe distor-
tion - No Pt. Load
60 4,59 13,73 2.14 20.7 Terminated due to
cxcessive distortion
(2.64) (2.69) (2.78) - Mo Point Load
-Timber failure :
61 4.59 13.95 2.14 20.9 right rafter
betwean heel joint &
(2.64} {2.74) (2.74} strut node.
- No Point Load
LF = Load Factor.

Table A.5 : FAILURE LOADS & DESCEIPTION OF FAILURE,



Table A.6

Recovery % Average Centre |Midspan/ |
Truss Recovery |Span/Defi|Node Defl
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 78.3 77.0 845 1.311
. 7 76.3 75.0 76.8 75.9 1000 1.38
8 77.8 74.6 78.9 77.1 863 1.46
9 82.0 84,2 88.9 85.0 1612 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 92.3 90.5 92.4 91.7 567 1.26
N 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
30 764.2 72.9 73.3 73.5 493 1.16
. 33 83.3 81.6 2.3 82.4 655 1.20
. 34 75.9 72.5 68.7 72.4 718 1.10
13 85.0 83.5 84.1 84.5 652 1.22
42 83.0 83.0 86.5 84.1 774 1.22
1 44 81.6 76.3 79.3 791 709 1.34
47 55.8 77.8 76.7 71.4 835 1.08

Table A.6 : DEFLECTION RECGVERY & SPAN/DEFLECTION RATIOS
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by

H. J. Larsen

Through the work of amecng other orgenizations CEB {Comit#é Euro-Internaiional du

Beton), CIB, EEC (Furopean Economic Community), ECE (Hceonomic Commission of

Furope), ISC (International Standardizeticn Organization), JCSS {Joint Committee

on Structural Safety) and NKB (Nordic Commitiee on Building Regulations) agree-
rent has been reached oan a mumber 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 psrtial coef-
ficients in principle should be determined in such & way that a uniform prob-

ability of fallure is ensured for comparable structures.

|

he principles of limit state design, the vartial coefficient method and the
way in which the partial coefficients have been fixed in the Nordic countries,

are described in the following.

Further is mentioned some of the problems in harmonizing internationally *he

partial cocefficients snd scme speciasl problems in relation to wood structures,

The following documents have been used:

-~ Eurocode No.!. Commun Unified Rules for Different Types of Construction and

Materials (Z2EC), 1983. Cos

- Recommendation for Loading and Safely Regulations for Structursl Design,

NKB-report 36, 1978,

- ECE Compendium of Model Provisions for Building Regulations, Chapter 1 -

Structurazl Performance Requirements, 1983.

- Code of Practice Tor the Safety of Structures, Danish Standard DS 409

(transleticn), 1983. r

1. LIMIT STATE DESIGN

Limit state design only means that the reguirements sre related to clearly de-

fined limit states, 1.e. stales 19 Whlbq any cf the performance criteria govern-

ing the use of the structure are 1nfr1nged.
Limit state design can be used in connection with vermissible stress method as
well as with the partial coefficient method &nd for both elastic and plastic

structures.

Limit states ars ¢lessificd into the following csterories:

ot
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structure or parts thereof, considered as a rigid bedy, or attainment of the

maximum resistance capacity of the structural system or of individual members.

Serviceability limit states which correspond to a loss of utility beyond which
the service conditions are no longer met. Serviceability limit states may corre-
spond tc unacceptable deformations or deflections which affect the appearznce
or efficient use of a structure or cause damage to finishes or non-structural
elements; or vibrations producing discomfort or affecting non-struchtural el-

ements or equipment.

2, DESIGH PARAMETERS

In analytical verification the limlt state is expressed by a calculation model

invelving varicus perameters and variables, called basic variables.

The Tollewing basic variables are involved:

~ actions (F)
~ gtrength (f) and other properties of meterials, 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

the superstructure and fixed equipment, and also tc actions resulting from a pra

tically constant level of water, and deformations imposed by settlements,

For most acticns, in particular the self weight of the structure, the unigue nom-
inal value G is generally calculated as the mean value, i.e. cn the basis of the

nominal dimensions 2nd mesan unit masses.

In some cases, however, it may be necessary to consider other representative
values, i.e. either an upper or & lower value, or both. Wind suction and dead load

of a roof is an example, where a lower value of the self weight should be used.

representative values are the charscteristic value qQ, and the combination wvalue

ka where s 1.
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The characteristic values are usuvally prescribed by the competent public auth-
s

n many cases {especially for climat
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s of materials are represented by their characteristic values. In gen-—
eral, a characteristic value can be presented as a fractile in the distribution

s similar influence on the resist-

ence {e.g. the modulus of elasticiiv in instability design).

With regard to characteristic values for strength (£), they are specified such

that they correspond to a p % {e.g. 5% or 50%) fractile.

In certain cascs upper and lower characteristic values have %o be concidered. e.g.

if an increase in the resistance resulis in o decrease in safety due to reduced

deformability,

Geometrical data

In design, eccount should be taken of the possible variation of the gecmetrical
data. In mcst cases, the variability of the geometrical data may be considered

in comparison with the variability assosiated with the

actions and the materizl properties. Hence, in general, the geometrical dats may

be sssumed to be non—random and as specified in the design.

U
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For the dimension of cross sechbions tolerance limits should e given, e.g.

CIB Structural Timber Design Code, § 5.1.0.

3. PARTIAL COEFFICIERT METHOD

ity of cases the action effects £ are comparsd

below. This compariscn mey be written as
<
S, =& (1)

The definition of 3 and R depends on the individual design protlem and the va-

lations may be scalar, vesicrial f{e.g. M, ¥ - interaction) or °cmet*mes more




Serviceability Limit States: The condition for wverification is generally

<
84 % C4 (2)
vhere Sd is the design value oF the action effect and QQ represents a fixed
value or a function of certain material properties (aud then corresponds to Rd}.

An action effect is iritrocduced into calculations by its design value Sd' Depend-~

ay Tl "
Wl

. based on the

47

tanecusly which can be done by aprlyving “combinaiion r

feilowing format:

5, = S{v,. .F ceer Yo oF Ly eewae ) 2
d {‘F,T rep,1’ ‘F,i rep,i’ ) (3)
where F“ep ; @re the representative values of the actions., The partizl co-

ES 5 =L

efficients (loadfactors)YF ; depend on the nature of the actioas and the limit
3

state under consideration.

In some publications the following Format 1s given:

- = 1? L L I ) * * * * B i §
Sd YS(Yf,frep,?’ Yf,lFrep,l’ - ) (4 )

et with :f
Yr,i T YeVr,q (5)

the two Tormats will give exactly the same results, and (4) therefore represents

an unnecessary complication.

Corresponding to (3) the following combinations are used (in symbolic presen—
tation):

G + v . G, + + . L. . . . b
YG,max “max G,min ‘min YQ,1Qk,1 1> YQ,l wo,l Qk,l (6)
where
Gmay permenent acticons the =ffects of which increase the effect
- of the variable aciions
i permanent actions the effects of which reduce the effect
1Ll . .
of the variable actilons
Qk ! basic (variable) action (characteristic value)
]

U iQk 5 accompanying variable actions (combination values)
H

In the loading regulations of the Nordic countries only the products y

£
-
[EN
O
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is introduced into eazlculstion by the design value Rd

-/d‘." RIS ) ( :'

In some publications the |

- / I ) - \

Rd R(‘Kj‘!/‘YH,." AR fk’l’YM,l’ v r‘K’J/‘YM’JS "‘)/fR (8/
where

T,1 7 Yo,i'r (9)

but this again represents an unnecessary complication: Except for very rare situ-
ations, e,g. in connection with friction, a common Tactor can freely be moved from
the left to the right side of the inequality (1) without any infiuence on the

‘result, 1. e. the following three conditions are egual

g 5(en) FR ey
(eed 2R (o) lvprg) Y | (10)
fvg S0 ) FE ) |

Having thie in mind many futile discussions could be avoided, e.g. which uncer-

should be covered by Yor Y and'YR respectively, or is it against

s o
[
nature to havezzwy"factor on EY

The system of partial Tactors sheuld be given values facilitating the design. In

200 1 fou

[¢]

rdance with this y.'is in the Nordic codes in most cases put egual

to
ect, in others an

L]

dead load because dead load in some cases has a favourable ef

uwntfaveourable effect,

Geometrical parameters are generally introduced into the calculation by their nom-

o e e e e ran s e L et P e

inal values (ad = drom)' In some cases safety elemenis fa are introduced

L. DETERMIBATION OF PARTIAL CCEFFICIENTS!' PRINCIPLEFS

The partial coefficients should in principle be so determined that & uniform
probability of failure is obtained for comparable structures irrespective of

- the materials used.

The probability of failure can in principle be defermined as follows, where the
(Y X : ?
most simple case is studies, viz. one action effect 3 and one resistence paramster

K. Both are assumed to be stochastic wvalues, seo figure 1.



robability

Load S

« M\%& 5 .
Resistance R

-
1

Figure 1, Density function for an action effect S and the corresponding
registance R

The probability of failure be is equael to the probability of getting values of

S grezter than R, or with M = R-85, see figure 2.

P, = P(R<S) = P{M<0)

The value of p. is very sensitive to the form of the tails (the &istritution
function of high values of § and low vzlues of R) and in practice the necess-

ary information is never available.

e

- ’ e e R - S

tii M

Figure 2. Density function for the failure function M = R-S.
The probability of failure is hatched

Usually only the mean value and the variance of R and S are known, together with

gz rough knowledge of the talls.
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Instead of the true, unknown distribution function, standardized distribution

functions are used: For 8 usually a normal distribution, for R a lognormal.

For these conditions it is possible to calculate the probability of failure,
i.e. P(R-S < 0}, but it is only a formal probability of failure because of the

use of the standardized distribution functions instead of the true, unknown.

To underline the formal characteyr, the safety is normally not given by the
formal probebility of failure, bui by a so-called safety-index. The safeiy

index 8 is defined Ly

g = uM/cM (11)

where b, is the mean and o, the variance for the failure function M = R-8,

M M
see fligure 2.

The relation between formsl probability of failure per year and the safety
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 B-values (NKB 1678), and (in brackets) corresponding for-

mal probabilities of failure per year

Failure type .

Ductile Brittle
Safety Class: with without
strain-— strain-
hardening hardening
Low . B = 3.09 3.71 L. 26
(1073) (107 (107°)
Normal L8 = 3.7 4,26 4,75
oty 0% (107

High g = L.26 4.7

The Nordic partial coefficient system

o

The described principles and the p-values in table 1 form the background for the

partial coefficients used in the Hordic countries.




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 table 2 are given the load factors for the most common combinations of zctions
for serviceability and for ultimate limit states. Besides there are further com-

binations involving accidental lcads.

Table 2. Action combinations with corresponding partial coefiicients,

serviceability ultimete

limit state limit state
1 : 2.1 2.2 2.3
vermanent action
welght of structural members
Gk fized action 3) ' 1.0 1.0 0.8%5 1.0
0.15 Gk Iree action 3) - - - 1.0 Ik
weight of earth and ground water 1.0 1.0 1.0 1.0 h
variable action 1)
one variable acticn _ 2) St 1.3 1.3 -
other varigble actions 2} P P -

1) Inthe table the Y is to be taken as 1.0+¥, i.e. the usual action, ka is

given the partial coefficient T = 1.0

2) The variable actions and their values in the serviceability limit state are

given in the siructural codes.
1

3) A Tixed action takes either the value 0, or its "maximum" value simulteneously
on all parts of the structure where it can possibly act. A free action can at

any peint independently take any value between 0 and maximum.

The principles for the determination of material factors are given in Annex A.
For ordinary timber structures with normal degree of control a value of Y = 1.5
is vused 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 loazd-carrying capacity (strainhardening).

For structures made under extended control, i.e. glulam structures, Yy = 1.35

is used.



International agreement

No internaticnal sgreement has been reached on the partial coefficlent. 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.

- In most countries the coefficients are not determined on a rational basis, but
by comparison with the existing safety faciors, and some countries only pre-
tend to use the partial coefficlent system. Tustead they are trying to maintal
the permissible stress system (by using the same lcad factor on all loads).

- Some of the interrnational organizations, among others CEB, have tried to forcs

.
o

through partial coefficients especially suited for their materials.

s

Most of the proposed systems are, however, in agreement with the Tfollowin
Prop Y 3 s g 8

recommendstions in the ECE~-Compendium, viz.

For safety problems the partial coefficients yyp for actions may be chosen in

the following way.

For perwmanent zctions which are unfavourable Y = 1.0 - 1.3
For permanent actions which are favoursble Yp = 0.8 - 1.0
For variable actions yp = 1.3 - 1.6
For accidental actions Y = 1.0

For servicesbility problems the values of vp may be differentiated to some

exvent and should be chosen with regard to the nature of the problem. Normally

the value of is about 1.0.

Tt
The partiszl coefficients Yo for the strength of materials and modulus of elas-
ticity are strongly dependent of the type of materiazl ‘and the variasbility of the

"

material properties. Foliowing values may be given as exampples:

Strengths of materials Modulus of elasticity

i

¥or concrete Yy 1.25 - 1.5 Yy = 1.0 - 1.2

For sieel

Y
M

= 1.0 ~ 1.1 Yy = 1.0 = 1.

i
i
i
|
1
i
!
i
!
i
1
1
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The additive geometrical gquantity sa for cross sectlion dimensions may

be chosen so that a, * sa approximately correspond to the tolerance limits.

A partial ceefficient Yo by which the conseguences of failure are taken into

account, may be introduced with values varying from Yn = 0.9 for consequences

wnich are not seriocus to Y, = 1.1 for consequences whizh are very serious. With

these values Y, should be multiplied eitherto Vg OF to v,
I d il

5. GSPECIAL PROBLEMS POR '"MIMBER STRUCTURES

The partial coefficient system described has been developed for concrete and

is based on the agssumption of time-independent material vroperties,

Lo

steel an

Pa)

This assumption i1s not glven explicitely bul through the fact that the g-values

correspond to a fixed probability of failure per year,

If the Ym—values proposed for concrete or steel are used together with the usual

b

ime-dependent strength and stiffness reductions, timber structures will get a

vigher safety level than other structures: Only at the end of the assumed life-

Lime will timber ghtructures have the prescribed f-values, in most of the life-
time - especially for permasnent and long-term loading - they will have much

higher B-values.



1 7 ANNEX A

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 maierials 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 concemned at tne situation in
the building structure will generally have. _

In the case of some materials, the weight of which is not very well-
defined, a range is given within which the weight may generally be as-
sunied 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 values given
may occur. ‘

Tables of weights or weight densities and masses or mass densitics,
respectively, of building materials and goods in bulk:

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 nonyendered brickwork

Table A 5 Weight densities of materials 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 ofsolid fuels

Table A 10 Weight densities of liguids

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 manure and fertilizers



Tauble Al. Weigh! densities and mass densities of building materials

AHNEX A

weight TMass
density density

materials kN/m? kg/m?
concrete, hardened

{newly cast concrete about 1 kN/m? greater)

reinforced concrete, aggregate natural stone

{granite, {lint) 24-26 2450-2650
urireinforced conerete, aggregate natural stone )
{granite, flint) 23-25 2350-2550

structural lightweight concrete 14-20 1430-2040
mortar, hardened :

(freshly mixed mortar about 1 kN /m?* greater)

cement mortar ¢ 21 2140

lime-cement mortar 19 1940

lime mortar 17 1730

masonry cement 19-20 1940-2040

gypsurn-lime plaster for Rabitz rendering 15 1530

plaster of Paris 10 1020
natural stone

basalt 30 3060

granite, gneiss 7 27560

marble, dense limestone 21-27 2140-2750

Limiestone, porous 13-21 1330-2140

sandsione, dense 22-27 2240-2750

sandstone, loose 14-24 1430-24590

siale 27 2750
mantjactured, solid building blocks

concrele blocks 23 2350

sand-lisne bricks v 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)

Scandinavian hardwood 7 710

Scandinavian softwood 5 510

(impregnated wood may have a higher
weight density than those given)

NG
R
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Table A2. Weight densities and mass densities of metals

ANNEX A

weight miass
density density
‘metal kN/m? kg/m?
" aluminium 270 2750
lead 111.8 11400
bronze B4.3 8600
copper 87.3 8900
brass 83.4 B500
steel, rolled 7.0 7850
cast iron 71.1 7250
cast steel . 77.0 7860
tin 72:6 7400
zZine T0.6 7200

Table A3. Weights and masses of roofing materials per m* of roof surfacel

weight mass
material . kNMm? 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 mimn thick) 0.50 50
tiled roof, interlocking pantiles? 0.55 55
tiled roof, sromer» tiles? 0.65 65
tiled voof, »vinger tiles? 0.45 45
laths for tiled roofs 0.05 &
river gravel {for fiat roofs) {10 mm thickness) 0.17-0.19 17-19
roofing felt, single layver 0.02-6.05 2- 5

1 Weight per m? of finished rocf rurface inclusive of normel overlapping of roofing
material. When nothing else is mentioned the weight comprizes only ihe actual
roofing material. The weight of battens, purlins, rafters, and the like is not in-

cluded.

2 The weight of tiled roofs are givez';‘a.s tha weight of dry roof tiles + about 14% of
this weight {corresponding to maximum moisture content) + weight of sheathing
(felt or plastic sheet) 0.04 kN/m?. If pointing is applied, 0.09 kN/m*® shall be

added.

e e T S - et i e 15 ne
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ANHEX A

Table Ad. Weights and masses of non-rendered brickwork per m* of wall® 4

weight mass
type of wall (norL,fm}  kN/m?® kg/m?
half brick 19 190
broad brick 2.9 290
one brick 3.9 400
balf brick + half brick
{cavity wall with wire ties) 4.0 410
half brick + half brick
(cavity wall with headers) 4.4 450
brick and a half 5.9 600
two brick 7.9 800

3 The weighis given in the table refer to brickwork of solid bricks with a weight
density of 17 kN/m® and mortar with & weight density of 17 kN/m?,

4 The weight of vendering (about 10 mm thick) is assumed to be 0.20 kN/m?*.

Table AS5. Weight densities and mass densities of materials for wearing surfaces

weight - mass

density density
material _ kN/m?* Ly/m?
asphaltic concrete, mastic asphalt 22-24 2240-2450
bitumen 10 1020
asphaltic conerete, base course material 21-23 2140-2350
fine cold asphall 20-22 2040-2240
cement rendering, terrazzo 20-23 2040-2350
tiles of liimestone, marble, slate 27 2750
floor clinker, ceramic tiles 20-22 2040-2240C
cork tiles 1- 5 100- 510

10-20 1020-2040

linolenum, magnesite, rubber, plastics

iy
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ANNEX A

Teble AG. Weight densities and mass densities of covering and insuloting materials

) .
Yy

weirht mass
density density
material kN/m? kg /m?
ashestos-cement bosard 18 -22 1840-2240
ashestos-cellulose-cemnent board 14 -15 1430-1530
asbestos-silicaie board 7T -8 710- 820
gypsum board 9 920
glass 26 2650
plywood, pine 6 -7 61C- 710
expanded sintered clay 25-5 250- 510
minera) wool 0.2- 2 20- 200
foamed plastic 0.1- 0.4 10- 40
chipboard, heavy g -10.5 B20-1070
chipboaid, medium heavy 4 -8 410- B20
woodfibre board, hard B -10 B20-1020
wood{ibre board, semihard 6 -8B 610- 820
woodwool slabs 3 -6 300- 510
Table A7. Weight densitics and mass densities of soils®
weight mass
density density
soil kN/m? kg/m?
neturgl deposits
dry sand and gravel 15-18 1530-1840
moist sand and gravel 18-20 1530-2040
vzter-saturated sand and gravel 19-22 1840-2240
water-saturated moraine clay 19-23 1840-2350
water-saturated plastic clay 16-20 1630-2040
water-saturated silt i0-16 1020-1630
10-12 1020-1220

water-saturaled 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.

v e = #m

R o At S
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Table A8. Weight densities, mass densities and characteristic angles of internal fric-
fion, ¢, of inorganic' materials

weight mass
density density

materizal kN/m? kg/m? Yy
; cernent
in silo 12-16 1220-1630 20
in bags 16 16830 :
: limestone and lime
gquarried stone 18 1840 4B
hydrated limme 6 610 25
E hydraulic 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
E 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 densities and mass densities of liguids
weight mass
density density
liquid ¥N/m? kg/m?
alcohol 7.8 800
petrol 7.4 750
benzene 88 400
liguid gas
propane -b.0 510
butane 5.7 580
glycerol 12.3 1250
coal tar 10.8-12.7 1100-1300
milk 101 1030
wils C1.810.8 B00-1100
fuel oil 7.8- 9.8 800-1000
diesel oil B.3 gh0
linseed oil 9.2 940
creosote oil 10.8 1100
lubricating oil B.8 200
whitz spirit 8.5 870
paraffin oil 8.3 850
hydrochloric acid (40 per cent) 11.8 1200
sulphuric acid (87 per cent) 17.7 1800
water 9.8 1000
wine 9.8 1000
ether 7.4 TH0
beer 10.3 1050

Table A11. Weight densities, mass densities and characteristic engles

ton, vy, of organic substances

"

of in ternal fric-

weight Inass

density density
substance kN/m? kg/m? ¢
cotton and wool, in bales and stacked 13 1330
books, stacked 8 820
books, on shelves and in filing cabinets 6 610
fruit, in crates 3 360
fruit, in bulk 4 450 ab
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 5 550 25
margarine, packed 7 710
flour and oats 6- 8 510- 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 vailues, i.e. inclusive of any packing men-

tioned per m* of the article in storad condition.
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Table A12 Weight densities, mass densities, and cheracteristic angles of internal
friction, P of agricultural crops

weight mass
: density density
material ) kN/m? kg/m? ¢;
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 2 m 1.0 160
root crops
potatoes
in bulk or in bags 7.0 710
fodder roots, cut 7.0 710 30
green crops, siloge
direct-cut silage 10.0 102¢
pre-wilted silage crops ' 7.5 T80
green {odder, loosely stacked 4.0 410
silage, sugar beat waste 10.0 1020

Table A13. Weight densities, mass densities, and characteristic angles of internal
friction, 'gok, of seed and grain 10

- weight density® mass density?® ~

b

kN/m? kg/m?*
material 3m 12m 3m 12m lp;
light seeds 3.8 45 390 460 20-30
cocks foot . 290 340
rye grass, meadow fescue 350 420
rough stalked meadow grass 370 410
mangold 260 300 :
sngar beet ) 380 460
heavy seeds 8.3 8.4 Y B8b0 E60 20-30
leguminous fruit 850 860 :
clover, cleaned and sorted 830 B40
hupine 810 3820
lucerne, cleaned and sorted 820 830
rape . 700 730
timothy 610 650
grain 7.9 83 810 850 20-30
bariey, Danish ' 730 800
oats, Danish 640 680
wheat, fodder 810 850
maize, unsorted 740 800
rye, Danish 790 840

9 Minimum and maximum weight and mass gdensities 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 moisture content which the ma-
terials concerned generallv 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



Teble A14. Weight densities, mass densities, end cheracteristic angles of internal

friction, ¢, of concentrates 11

weight density 9 mass density®

kN/m?* kg/m?
materia: dm 12 m 3m 12m ¢l°{
cottonseed cake, unhulled 5.3 5.8 540 5990 35
cottonseed fiakes 6.5 6.7 660 680
fish meal 65 6.8 860 ".690
tneal 3.8 400
wheat bran 34 5.2 350 b30
linseed flakes 66 6.9 870 700
linseed, rolled 53 6.3 540 640
groundnut {lakes 73 75 . 740 760
coconut flakes 6.3 6.8 640 690
meat bone meal 7.9 83 810 850
Tucerne meal 38 41 390 420
oi! cake 9.8 1000
oil meal 4.9 500
rape meal 60 6.2 610 630
soybeans, rolled 5.1 5.7 520 3580
soybean measl, Danish 58 6.1 590 620
sunflower finkes .4 7.6 750 710
sunflower meal 58 8.0 590 610 .

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.

131 The weight densities given are inclusive of the raoisture conte..t which the ma-

terials concerned generally have in stored condition:

Flakes: apx. 5 - 11 per cent by weight
Meat bone meal, fish meal:  apx. b - 6 per cent by weight
Others: apx. 8 - 17 per cent by weight



10

ANNEX A

Teble Al5. Weight densities, mass densities, and characteristic angles of internal
friction, Cpe of manure and fertilizers
kY

weight rass
density density
material kN/m? kg/m? w;
manure
urine, liquid meanure, sludge 10.8 1100
compost 11.8 1200
farmyard manure, solid
to a height o1 1.5 1mn 5.9 600
to a height of 3.0m 9.8 1600
fertilizers S ‘ 25-35
ammonium nitrate sulphate 7.8- 9.0 &00- 920
Chile saltpetre 311.3-12.3 1150-1250
agricultural lime 12.3 1250
potassium ferthlizers 8.6-11.8 880-1200
calciurn smmonium nitrate 7.8- 9.8 §00-1000
calcium cyanamide 8.4.- 8.8 860- 9210
caleium nitrate 11.5-12.4 1170-1260
Kola apatite concentrate 12.9-18.2 1320-1E690
NKP 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 10290-1100
superphosphate, pulverized 9.8 1000
ammonium sulphate 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

urea




CiR-W18/17-102-2

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND ODCCUMENTATION

WORKING COMMISSION W18 - TIMBER STRUCTURES

PARTIAL COEFFICIENTS LIMIT STATES DESIGN CODES
FOR STRUCTURAL TIMBERWORK
by

[ Smith

Timber Research and Development Association
United Kongdom

RAPPERSWIL
SWITZERLAND
MAY 1984



Page 1

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
coefficients methcdology for primary structural materials such as
concrete, steel, masonry and timber. Efforts are being made within

these countries to harmonise 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 galn economic advantage through use of a
more rational probability based design procedure.

Codes 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 welght materials and are to some extent illcogical. It is
felt that there is no great pressure to produce a UK nartial coefficients
timber code immediately and thought should be given to the matter before
carrving 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 limit 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
orobabllistic nor inherently associated with a particular code formatting.
The BS CPl12 : 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 (overturning},

- rupture of critical sections of the structure due to excesding the
material strength (in scme 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.

P
e
[y

CIB. CIB structural timber design code. International Council for
Building Research Studies and Documentation Publication 66. Sisth
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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
elarents or eguipment (especially if resonance oCccurs)

- 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 lmpressions due to stresses perpendicular to the grain and
not affecting the ultimate strength

4. What is 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 probability 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:

AR (1

where: P,= frequentist probability of load exceeding resistance

—t

R = frequentist reliability

Leoad 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 cbjective
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 load in the event of failure of a single
element and the interaction of these factors.

Explicity probabilistic design irherently includes statistical modelling of
at least loads and resistances.

Notionally probabilistic design makes qualitative (subjective) allowance for
the probabilistic nature of loads and resistances. Qualitative allowance
must however be translated into quantitative calculations. This is achieved
through agreement within code canmittees upon relativities indexed o a base
oroven satisfactory by experience.
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5. Wwhat is rational design?

Traditionally timber components or structures are designed on an individual

element basis ignoring interactions and canplex support conditions. There is
now a general 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 sare 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 resistances, time in sexvice on
mechanical properties, volume etc. can be treated as independent.

Uncder an approximately rational procedure the design equation for an element
by element design is:

| # F Ko Ky Ko KM

(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,

Ky = modification factor for time in service,

K, = modification factor for enviromment,

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 life only at the
calibration point(s) used during the assigrment of A ,’@} K. , K, , K ,K ,
. K, et i z = N

H



Page 4

Within the context of rational design equations A and ¢ can ba calibrated on
either an explicitly probabilistic basis or a notionally probabilistic
basis, see ltem 4.

6. What i1s a partial coefficients limit states design methodology?

A partial coefficients limit states design methodology (also sanetimes
referred to in North America as load ard 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 is 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 ecuaticn when applied within the framework
of a systematic check for each limit state.

There are many variations and notations amployed within generalised
approximative expansions of equation (2). The form and notation used in this
note are:

fig]

5 T..E y 7 - K Ly ™M f.(0:05)
. S » . ). . __L S y/ B i—- . — " =

Mmoo (3
where: _Bf_ = load factor (partial coefficient},
¢, 4+, = lmportance factors,
ﬁﬂ = characteristic design force {subscripts 1 and j denote dead,
, snow, wind or other loads),
76 = load combination factor,
K = composite modification factor,
= f(Ka, Kb’K{’ ....... ) Koo Ke KK&X Kiu.”
Ke = modification factor for environment,
K, = medification factor for duration of loading,
K, = modification factor for interaction of elements
M = design method factor,
£ (0.05) = short term characteristic strength as determined in a

laboratory test and converted when appropriate to
reference; specimen volume, environmental conditions,
test method and test procedure,
= 5% exclusion value at ¥ level of confidence*,
S = materials factor (partial coefficient)

g}

The two essential 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, 2.g. a check should be included
on vibrational performance of lightweight flocors in addition to
traditional checks on static strength and deformation performance.

(ii) Rational and reliable tasis for calibration of all coefficients and
factors in equation (3).

axclusion could e amploved without violating i

LON, DU aSsoclated partial ooenn

validizy

2VTE WL e
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7. Reason for choice of a partial coefflcients methodology in preference to
a working stress methoadology for a ilimit 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
be achieved under working stress and partial coefficients methodologles
within the context of a limit states design procedure. The advantage in
using a partial coefficients methodology is that it conclsely 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 appropriate nore un5€ornLlevels of reliability between
designs and when appropriate gain econamic advantage through use of & more
rational probabillity based design procedure. Without the returns indicated,
especially without a net economic advantage, it is to be expected that design
engineers will be extremely sceptical about the potential superiority of
limit states codes with a partial coefficient methodology relative to
tradition working stress codes such as CP112 - Part 2. The adverse reaction
by designers to BS CPL10 bears witness to the truth of this dbservation.

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
and econamy. Theyalms 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 sumary: Code drafting bodies should remember at all times that the
purpose of the exercige is to produce understandable approximations to
rational design. This is generally agreed by those who keep the cbjective 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 ccoefficients
design equation

8.1 Mcdification factor for duration of loading, Ke

Within BS CP112 : Part 2 and other similar structural timber design codes
rmodification factors for duration of loading are assigned to various loading
classifications. (Loading classifications are notional locading histories
adopted as the basis fram which are calculated modification factors for the
duration of load effect.) In 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 term (2.g. dead + imposed + wind, dead + imposed + snow + owind)
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Short term loading in CPL12 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, il.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 terminology relates to a situation where the design snow loading is
sustained for a total of 30 days over a design life of 50 years. Long term
loading in CP112 terminology is dead load sustained in perpetuity.
Numerically CP112 duration of loading modification factors are

the proportions of long Teraa duration strength which when continucusly
sustained cause failure~in 15 hours, 30 days and at infinity. Basic strength
values quoted in CP112 are indexed to long term lcading and:

Ke cono (short term)} = 1.50
Ki cpua (medium term) = 1.25

Kt P2 {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 inmediately
raises the question of the general validity of the CPil2 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:

(1) Conservative estimates of design loads, especially imposed f£loor
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.

{1ii) Leck of account of beneficial effects fram partial fixities,
‘non—-structural ' sheathings, composite actions, etce.

{iv) Conservative test methods and procedures, e.9. 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 Environmental Degradation of Engilneering
Materials. Virginia Polytechnic Institute and State University. Cctober
1977,

{3) FOSCHI, R.0. Load duration testing and damage accunulation modelling in
timper ijcints. Technische Hogeschool Delft, Stevin Labcoratory, Report
4-79-7. Delft, TD. 1979.
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{v) Conservative interpretation and adjustiment of test results during
estimation of working stress resistances, e.g. conservative adjustment of
results from short term test resistance to resistance for lead sustained in
perpetulty 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 conplex 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
locading class, with say 60 years as the norm. Under the proposed basis:

K (60 years) = 1.0

It can be shown by using damage accumnulation models that expected €

factors for other practical target design lives (in the range 10 years to 200
years) would be in the region of unity}0% for most. types of solid wood
elements and mechanical joints, (higher deviations fram unity could well be
observed 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 reascn that for all design lives likely to be of interest a
desian 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 Ki

unless he deviated fram that norm, i.e. Ky would be unity in most instances.
Under these circumstances it would presumably be acceptable for either Ki to
be conservatively estimated for other design lives or to follow more complex
selection processes than would be accepted across the toard.

8.2 short temm characteristic strength, £,(0.05}

As indicated within the definition of £4(0.05) given under item & it is
necessary to index characteristic properties so that they are associated with
standardised reference; specimen volumes (or dimensions), envirommental
conditions (e.g. climate classes 1; temperature of 202 2degC and a rela.ive
humidity of 65 X 5%), test methods and procedures, etc. Also it is highly
desirable that a standardised statistical technique(s) is used to estimate
£4{(0.05) fram 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 K all modification factors in equation
{3) will be numerically ecual to unity at the reference points used in the
definiticn of fS(O.OS).

In the case of all but the camonest; timber—species-grade combinations,
sheet materials and Jjoints 1t is standard practice to measure in the
laboratory only short term characteristic properties, i.e. £ ¢ (0.05) and
associated stiffness properties measured in reference conditions. Using
informaticn of a more extensive nature gathered from tests on the more common
materials extrapolations are made to predict the behaviour of less cammon
materials in non-reference conditions. Tt would be a relatively simple
matter for new materials to be rapidly introduced into the market place if
reputable relevant organisations had merely to perform tests and estimate a
suitable value of £4(0.05) and the associated stiffness properties.
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8.3 Materials factor)ﬁnq

Under a strict definition J,, is a partial coefficient which is a function
of: the statistical variation in resistance, the target probability of
failure, the target design life and coefficients and factors on the force
side of the design equation. Within this context statistical variation in
resistance is the net variation after due allowance has been made for random
variability in cross-sectional area, cross-section distortion, modulus of
rupture, ete, i.e. variability in section/element resistance, not variability
in critical stress.

Unfortunately use of a 3; 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
cecefficients limit states structural timber design code, a modified
definition for &, be adopted so that ¥, includes in its derivation an
adjustment factor balancing the transformation of the index for K, from
"short—temm test duration' to a 'normal design life’. Thus;

U(modified) = ¥, (puare) x K, (short temm test duration) )
with the value of X used indexed to 'normal design life'. The modified
form of &, given in eguation (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 mumerical value of J,, (in modified or unmodified forms) is when
used in conjunction with pre-specified values of J¢ , Ip , ¥ K, I, and
M only strictly appropriate to a particular type of structure, a particular
location within that structure, a particular gecographic location and the
particular type of element being considered. However, somne rationalisaticn
will be necessary before practical design calculations can be sensibly
performed on a day to day basis. Balancing the considerations influencing
rationalisation of &, 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 ocoefficients limit

states design codes for structural timberwork.

The following types of analysis are thought appropriate:

and similar lightweight floors

Type of analysis Static | Equivalent | Dynamic | Linear Elasto-plastic
static elastic | -viscous
Ultimate 1.s.
calculations
D X X X
D+ S X X X
D+ W X X X
D+ 35 + W b4 X X
D+ E x(1) x(2) X(1) X(2)
Serviceability 1.s.
calculations
b X X X
D+ S X X X
D+ W X X
D+ S+ W X X
I (Domestic
floors) X X
“Where:
D = dead plus permanent imposed lcading,
S = snow loading,
W = wind lecading,
E = earthquake loading,
I (Damestic floors) = imposed loads causing transient vibrations in domestic

(1) or (2) indicates that the type of analysis ls assciated with another type
of analysis marked with the same character.

10. Metheds for calibrating partial coefficients limit states design

eguations.,

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 combinations of (§,, , K
factors, I¢ , ¢ ., /% 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:

{

- — K ?g(oof))
F fy -
- “ JL (5)

where: (| = camposite factor adjusting fram test conditions and including
a factory of safety.

Fran equations (3) and (5) for a soft conversion:
£
S I M _}_‘ P,
,Zb’ e R 2. bﬁc(} Lo Vs B (©)

Via varicus manipulations it is p5531bLe to produce canbinations 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 common value of ¥ for all loading classifications. Such
manipulations are merely a question of code formatting and are not
discussed further.

Y, =

2]

In the derivation of various design resistances in Approved Draft BS5268 :
Part 2 the J% value used to transform 1— {0.05) to working sress resistance
varied between timber species and hetween 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 K4 values by the
procedure cutlined above. The need during drafting of BS5268 : Part 2 for
variable < lies in:

1) Use of inconsistent definitions for f ,(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 S comuon to all timber species and all strength
properties.  (This implies neglect of the influences of differences in
physical processes governing sirength. Although guesticnable 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 proupted 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-probebilistic, may also be
semi-rational).

Under this methad 54; Y Ies Y., and I, in equation (3} can be

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
failure within the design life and variability of lcads. wa\Uc\rly ¥,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. (Mcdification 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 HR) - £

- 2 PN
C“’%(R) + Oii(uj)/z (7)

where: B = safety index
f(R) = material resistance
f{U) = applied force
£(R) = mean value £(R)
£ = mean value £l ‘
sgry= standard deviation of {(R)
5 F(u)g standard deviation of {(U)

Taking both R and U to be log-normally distributed and making the
approximations;

W(&) - n(u) == !v}(’ﬁ/ﬁ) , and

2 2 1,7 . .
(T + J%(U\)) - <V(ez + Yy ) (%)
and recasting within the safety checking equation;

fiyn = PER) W

vields:

/

& = exp (< /.{;\/;3> and

A= '8»(‘) (‘X fe \/u> (to)

where: VR and v,

i are coefficient of variation for R and U respectively.

Equations (10) can be used in conjunction with a series of co-ordinated
numerical exercises to calibrate ¥ , ¥, 1 I , 5 " and T, ., L.e. /\
decamposes into ) ¢ . /% and I ¢ values and @ decomposes into ¥ and
I values}. T / "

(4) MacGREGOR. J.G. Safety and linmit states design for reinforced concrete.
1975-1976 National Lecture Tour sponsored by Structural Division
Canadian Society for Civil Engineering in co-operation with Portland
Cement Asscciation Canadian Division.
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10.3 Numerical reliability studies (Rational and probabilistic)

Numerical reliapility studies simulate the reponse of structures or
canponents to in service loadings cover thelr entire design life and include
an estimation of the randan variation in the response between structures.
Within such studies full account is taken of interactions between statistical
processes and realisite idealisations of structural assemblies are used.

For aging materials such as timber the assumption that derivation of &, and
I, can be uncoupled from derivation of XF , % , Ir 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 meambers 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. O. Foschi at FORINTEK in Vancouver, and Jjoints
in pitched roof trusses o TRADA.

When calibrating the design equation using results from mumerical reliability
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.g. Ky = 1.0 ata design life of 60 years.

11. Short to medium term options

The best short to medium term option appears to be a hybrid calibration
process for a partial coefficients limit states code with calibration being a
mixture of soft conversion and probabilistic analysis. The hybrid envisaged
contains the following:

a) Assigmment of %% , Jp and I. factors through application of the second

moment method described by MacGregor (4). In general it would be desirable
to specify ¥ and ¥¢ values appropriate to all structural materials in
national loading codes.+ Ip factors would be best specified within codes for
individual materials but derived from criteria commeon to all materials. F,
values would best be gpecified, 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 e calibrated entirely on the
basis of explicit semi-probablistic analysis. Owing to the general tendency
for forces resulting from a combination of loads to be less varilable than
forces resulting fram single loads the uncertainty concerning variability of
various loadings would not be as troublesame as might be supposed.)

+ This is the approach already adopted in the USA through ANSI
AS8.1-1982 (5). The second mament method was the basis of the A58,1
calibration process and it is therefore semi-propabilistic. The vackground
to the cailbratlon process as is guidance on derivation of campatible

= /fg values for the various structural materials which will be used (v

structures de51gned with AS8.1 loading combinations are given in reference
4.
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b) For components where the time to failure is principally governed by
permdnent locadings, e.g. roof trusses and most structural joints there is no
"need to rsort to soft conversion techniques when calibrating b’,' e @0d K
factors. For such situations @, and I__ can be estimated using the second
monent. methods and Ky factors can be estimated using Wood's curve (7) or
similar data.

¢) For camponents such as jolsts in flat roofs and floor joists where
transxent imposed lcoadings are a significant influence upon time to failure K
and X cant be regarded as uncoupled. Soft conversion of current working
strebs codes is the hest interim option in such cases, though save assistance
is available from the work by Foschi on roofs, see Section 10.3.

(The resistance side of the design equation would be calibrated in scame 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 techniqie 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
failure and target design lives.

{b) Determination of Fk s y; and Y. values.
' §

13. Important polnts to be considered by committees dealing with design of

structural timberwork

{a) Interpretation of data currently being collected on duration of lcading
influeces on strength.

{b) Grouping of components on the basis of failure mode, ability of the
assanbly in which that camponent is located to redistribute load in the event
of failure of the component, loading mix, etc.

(¢) Appropriateness of evaluation of individual camponent or system
performance for various structural problems.

{d) Assignment of 8’ ” and M factors on the resistance side of the
design equation.

(e} Assignment of {g (0.05 ) values.

signment o actors on the force side o e design equation.
(£} As £ Ie £ the £ de of the d t

(5) AMERICAN NATIONAL STANDARDS INSTITUTE. American national standard
minimun design loads for buildings and other structures. ANSI AS8.1-1982.
ANST.1982.

(6) ELLINGWOOD, B., GALAMBOS, T.V., MacGREGOR, J.G. and CORNELL, C.A.
Develogment of a probability based load criterion for American national
standard A58: Building code requirements for minimum design loads in
puildings and other structures. MNational Bureauof Standards Speclal
publication 577. washington. US Government Printing Office. 1980,

(7) wWCOD, L.W. Relakicﬂ of strength of wood o duration of lcad. US rorssc
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Minutes of RILEM commilttee 57-TSB at Rapperswil, Switzerland,

21st May 1984

Prepared by! R.F. Marsh

Present i E. Aasheim . J. Kuipers (chaiyman)
L..G. Booth R. Lackner
D.#. - Brown R.TIF, Marsh
H,J. Burgess : U, Meierhofer
D;: Cresswell B. HNorén
' J. Ehilbeck U. Saarelainen
A. Ipple : I. Smith
U.A. Cirhammar C.K.A. Stieda
¥. Glos J.G. Sunley (part time)

U. Korin

U. Meierhofer welcomed the RILEM 57-TSB committee to Switzerland

on behalf of BMPA and J. Kuipers thanked EMPA.

J. Ruipers reported changes to the funding of RILEM which necessitated

a request to organisations and individuals to become members or pay
administrative fee. He expected that a reguest for fees will be seant

to committee members if they were not either representing a RILEM member

organisaticn or were already individual RILEM members.

J. Ehlbeck asked for clarification as to the terms of reference of this
comnittee 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 virtually complete, commilitee
3-TT was effectively disbanded.

This committee reference is 57-TSE and is to handle:

testing of timber based sheet materials other than plywcod

testing of structurcs.

It alsc acts as a forum for finalizing the work of 3-TT.

J. Kuipers reported that the document 3TT-1; C, Testing methods for
joints with mechanical fasteners in lcad-beavring timber structures,

annex C: “Staples", had been published in the CIB/WI8 Proceedings of

the Lillechammer meeting, May 1983, No written comments had been rececived.
No verbal comments were recelived at this meeting. The document was agreed

but was to be put to the CIB/Wi& 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 document 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 Lillehammex
and a 2nd draft had been circulated to permanent members of the committee.

Written comments had heen received from B. Norén and W. NeZyfiski,

J. Ruipers introduced the paper and suggested it should be considered on

a clause by clause basis.

For the purpose of these minutes a copy of draft 2 is included and reference

will be made to the clausenumbers in that draft,

.

There was long and detailed discussion on all points of the 2nd draft,
These minutes record either those points on which agreement was reached
or highlights those clauses which vequire to be reconsidered together

with comments as to the objects to be achieved in revising the clauses.

Section Q. Introducition.

Paragraphs 0.1 to 0.3 were agreed in that they form a background explanation
to the application of the testing method but would not have to be included
in the final IS0 Test Method Standazd., U. Kovin and others pointed out that
parvagraph 0.2 (d) implied quality control and that the test methods proposed
were too cumbersome for this. It was agreed that it was the decision of

the supervising engineer to decide which elements of the test method were

te be used for quality control.

There was general disgatisfaction with clause 0.4, The following two

alternatives are propesed 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/W18, 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) If testing of components or structures has been chosen

3.0

3.2

3.4

3.5

as an accepted method te 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 require

revision,

Symbols.

The symbols were agreed except that Yt should read Yf It is

est’
necessary to confirm that these symbols are consistent with the IS0
symbols., Tt was agrveed that further information should be given to
the factors which govern the selection of the value Ytest'
Thus in clause 2.0 should indicate

Ytoﬁr = factor for increading design load.

Definitions.

Dead load.

Add: ... acting on the structure being tested and excluding the
selfweight of that struciure.

Design load.

Accepted,

Impoged load.

Accepted.

New heading: Self load.

Force due to the static weight of the supporting structure being tested.

Wind lead.

Accepted.

N.B.  The chalrman doubted if in a definition can be said:

(dead) load = force (due to ...), ete.
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3.6 Ytest factor.

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 being tested
the relationship of the in use to testing environment

the national safety codes

clte,

N.B. Tt was agreed that CIYB/WI8 be asked to produce a paper indicating

Act. Ruipers the factors which nead to be considered in assigning a value to chst'

3.7 Supervising Engineer.

Apreed as original 3.4,

5.8 4.0 Sawmpling.

4.1 Number of tests.
After ... variability in manufacture, add: desived or vequirved
level of confidence;
after ... structures to be produced, add: the cost of testing

cach elemaent of structure.

4.2 Manufacture and quality of test structure. To read:
The manufacture and assembly of the test structure shall comply with
the design specification. The manufacturing metheds used shall be,
or should simulate as closely es possible, those which ave used in
production. The quality of the materials used shall be checked against

the design specification and recorded in the test report.

5.9 5.0 Conditioning and Testing Climates.
Accepted, but add the following sentence:
Where it ig not possible to define the in~use environmenl or repro-
duced that envivomment in the tegting laboratory then allowance should

be made in assigning a value to the Viost factor.

5.10 6.0 Apparatus and General Testing Reguirements.

6.1 Rewrite as follows:
The accuracy of the positioning of the applied loads (ldead }1mp)
and the measurement of deflection and the applied loads, shall be

within the tolerance of + 3Z.
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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 cumbevsome and as a conseguence expensive.

The procedures did not recognise medern testing metheds with
automatic load application and recording techmniques.

He 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 and others stated that the methods described had been

in use for many years and by theilr nature gave the Supervising
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 incrcase of deflection must decrease during

the 2nd peried of sustained design load.

R.F. Marsh and J. Ehlbeck commented that the Supervising Ingincer
would be aware whether the structure under test was sensitive to
"bedding down' or glip and thus it might be rcascnable to define
minimun periods of time required to either apply or sustain the Zoads

in ovder 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 optien 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 3rd 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:
-~ details of pre-conditioning of the structure
- gpecification of the materials of counstruction

~ load/deflection curves for ecach loading case.

Diagrammes .

As a consequence of the vevision 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 hoard by 1.D.G. 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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D.H. Brown indicated that from U.$.A. experience large (i.e. as plywood
test method) test samples were required because for some types of particle

board the flake size was of a similar order as the IS0 test sample size.
J. Kuilpers also indicated that tests on particle boards in Holland had
involved the adoption of test samples to the size defined in the plywood
testing code,

J. Ehlbeck 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 mathod was intended te covern

all types of timber-based shect materials and that such tests for preducing
strength data as a basis for structural design should be carried out only

once for a certain type of material.

L.G. Booth propesec that for the sake of progress that a test method for
sheet materials be civeulated based on a test sample size as that for
plywood. This would solicit a response from interested parties to justify

the use of smallew test samples,
With reservations B. Norén and J. Eblbeck agreed to this.

J. Ruipers zgreed to prepare a draft test method for Timber Based Sheet
I &£ 1 1 N
} possibly
Materialg based on the plyweood test method,/toegethey with suggestions or
}. 5 i & w
additione of clauses on creep tests. The draft is to be based on the
IS¢ plyweod testing method,
This draft is to be included in the proceedings at Rapperswil and written

comnents invited.

Determination of Panel Shear Strength and Panel Shear Modulus of Beech
Plyweod in Structural Sizes by J. Ehlbeck and F. Colling. Paper CIL/WI8 -
17-4-1,

In this paper the authors have shown that the testing metheds of the 150
draft code for testing plywood were difficult to achieve for thicker

sections of structural plyweod.

I. Smith and D.H. Prown gave verbal comments on their experience and would
submit these in writing to J. Fhlbeck. 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 submit to IS0 an alternative method, based on this work, to be

included in the IS0 draflt code,

It was agreed that this should be further discussed at the CIB/WIS

meeting prior to submission to 180.

Any Other Business.

J. Kuipers introduced some work that his laboratory had undertaken
! Y

on the testing of glulam samples with the suggestion of producing

a standard method,

He stated that these tests involvaed the basic pavameters other than

that of tension.

¥. Glos stated that as the basic mode of failure in glulam members
was a brittie tension fracture resulting frowm bending that he did

not appreciate the value of J. Xuipexs proposal.

J. Ruipers pointed out that as little was wecorded on the basic properties
of glulam, that Lf the body of knowledge was increased by a series of

simple tests then this must be valuable.

R.JFF. Marsh pointed out that cube tests {compression) we used in concrete
to indicate other properties of the material including tensile properties
with proper calibration similar tests of glulem sections would 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. Ruipers explained that giulam 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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PESTING METHODS FOR TINBER STRUCTURES (Second

¥ NIRODUCHTON

. This droft testing standard gives recomnendations for the load testing of timber
structures where such festing is to be used in conjunction with, or as an
alternative to; calculotions to v“TLf“ the stiructural adequacy of a design.

The draft stenderd provides a method of testing to satisfy the design requirements

of the CIB Structural Timber Design Code,

£.7. The testing of components or of complete slructures may be nccoessary:

a “where a compenent or siructure is nolt ame

able to calenlations,

or where czlculation is deemed imprasticabley

b where mater oxr design metheds arc used which are not adeguately

gefined By the relevant straciura

-
)
o
&

i1

¢ wnere thers s wntertainty as to whether the structure will periocrn

adeguately boeause of doubt or disapreement over compliance with the

i

[y

design rules or the ¢uality of the malarials used;

d where o routine check of a2 mass—produced structure or part of a

o RN Y wvanc v r ey e e Gl g - 3yt el .
structure IR oy )))_‘J_CT [IF COmENne CchhuwWacn a e ani &

o~
194
[

- £y il -
ANV ST ED,

o 1 . 'y - . .
el Vhenever possible more than one structure of the same desizn should ba tested to
pernit the assessmont of the likely variebility in performance,
"
.

Qh(tf Tt is recognized thatl nationzl reguirements nay differ but for the purposcs of.
“E ,,,,, design to conform with the CIB Ceode 2ll componants and structures sheuld he
\ tested in acoordance with clauses 7.2 and T4 or 7.5 and at least one slructure
of a parvicular design should be teslted in accordance with clouse T2

I
N 1 v Ry "Ly
SR AT LN {»f/‘r.»: ---- s i ff\m AN’; E.l.f\)‘wt (0 LLA T Cils coke
1'- SCOPE :‘k‘l D IJD O‘ }‘jLIC.’N‘.TIOH
The methods of testing given in this dralt stencdard are Tor timber components
and struciures. They are net appropriate to the testing of individual picces

of timver, joints or structural medels,

\(\ Four loading procedures are given in this draft standard:
i pre~ioad
ii deflection trst

iii  proof test
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\
A

VA

It wmay not be necessory to carry oul deflection, proof and strength tests,
depending on the purpose of the test. DBut all deflection, proof and strength

tests should be proceded by the pre-load leoading procecdure,

24 BY 5’"”EOT“
7 dead lozd (M) ) '

R design load (N
design & ()

¥, imposed load (I7)

itp

Foorr self-weight of the structurd (W)
Py B

P ind wind load (W)

-~ : the facltor Ty which the desisn load shonld be inorcased for the
py . &
1o,

brool load
(Sl o

UG ‘f/fi"*’f’f Llri bl f
/

L0 DRDINTDIONS

3.7 Dead load

Porce dun to the static weight of all permanent floors, roofls, partitions,

‘n ve e ) . i o . P
cladding, finlzhes and other vpermanent cpnstructnonq &g%w¢r¢Aq &
o

( et

P {

. P t

Nz 1 1 P Lo
(g.f; \ A AAS T, Ll

3.2 Design load
Porce due to the most adverse combinetion of dead, imposed and wind loads

(including selfeneight).

3.3 Tmposed lozd
Force due vo internal occupancy or use, including distrivutec, concentrated;

2

impact, inertia and snow leads, dbut excluding wind loads

3.4 Bupervising engineer

A osuitably qualified engineer responsible for the conduct of the test,
3.5 VWind load

Force due to the effect of wind pressure or suction,

4 SAMPLING

est

f.\.
U)

4.1 Wunbers of
The nwiver of componenis or siructures to ve tested and the method of selection,
will normally depend on the objective, Jtaking account of the probable variability

in manulfzcturs, similar components




or structures to be produced and the 4irl 1cu1Ly cff delining the most sevore

Joading condition.

4.2 Nenufacture and quality of test structure

Phe manufacture and asserbly of the test structurc should comply with the design
specification, and LE%T;;EQO g used shonld be, or should simulate as closely a
possible, these whicn are to be us Ld in p**oductﬁon° The guality of the materials

4

used should be checked against ;do oPCC)flCW(lOH and recorded in the teszt report.

éqé j‘

5.5 CORDITIONTHG ATU TRSTING CLTHNATES
A1) components and struchures teo be tested should be conditioned Lo and tested in
envirvonmental conditions as near as practicable to those that will be experienced

by the component or structure in usc.

¢ - ~ 3 - -1
G APPARATUS AT GENERAL

YT T T IR e T e
jLs.J‘(‘(,L] .‘.R,'L FERY A

@”& The sccuracy of Joading and of defleclion and lead meesurement should be within

3 per C(.‘-I]i} ¢ "’T{ ‘fp {,,{,}){,ﬁ'(‘g:f(- r?-w'i-? M/f‘ G ;’ ! £ '“‘ /'j et sty o /"L(

! et
In )l { e S } “
LN l & 0 .
W Of
e } /i»

,_:{,(— Grn, et .., e

{,flﬁ The method by which the loading is to be appliszd, and the positions el which the

deflections are to be measured, can only he do unvo& hy reference to the
4 ] " v . A
J/ particular component or structure veing tested and to the particulsr loading

onditions being investlgated,

f 3 The test loading sheould be both applied and resisted in o manner which reasoconab)

Y

approximates zctual service conditions or whict

)
[N
"3

vinces In the test strusture the

mayximun stresses and defllections that can be antizipoted in service. Socenbricitis

other than those necessary to simlate service conditions, should be aveided
al points of iohuzwg end reaction, and care should be taken to cnsure 1 no

inadvertent resirs

oW
e
]
pn
n

are present., Laterzl restrzint should also be consistent

with the service conditions,

1 cwwhkfﬁfgr\

ablish 1Hé loading ComITiBH a1l reasonaghlovonbinedions—of-dead, imposed

and.wind loadae sheouvlé-be-coensidered. The loading condition is, for tesi purposcs,
referred to as the design load and it is this load that the test should simulate.
Where o single worst loading condition cannot be readily identified it nay be

necessary to test nore than one structure under different design loads,

m%\maﬁﬂ%ﬁka\dgf\%%\.fﬁs}



T LOADIRG AWHD RECORDIHG PROCEDURES
The loading speclre for the pre-load, deflection, proof and strength tests are

+

illustrated in Pigure 1.

71 Load/defleotion recording
Yhen plotting }oeu/ucfl*ctloq curves The sell-weighit of the structure shall be
taken into account and zllowance shall be made for ancillary loading eguipment
and Uoklectjorﬁ at the suppoerts,

SRNENENC \w’\ ko

Loaﬂ/doflection readings shall be taken and preferablly plotted during a test.
Such plots serve as a check against mistakes and will show up irregularities

in the behavioar of the zirsciure Lo enable 2 pariisulor weskness to b

1)

iﬂv@stiﬁdqu 25

FRERES N

JETE T R PR T I T U SR N S , : :
vhe send load shall be applied, maintained for a period of

G S A
datun Tor

Lestee

of the structure and the weight of any encillery equipment shal

he rocordcd.

Where camber is

aegsured relative to the supnport points

after the release of a1l lowds other than s2if-weight end losding eguipment and

&
immediately tefore the start of the deflection test.
e \
Vei”l\p (e

T3 Defl (1(“ vion "\'.(;:'s't

Tmnediately following the pre~load test and the esteblishment of the deflection
dztun pointe the dead losd shall be appliecd agein.  This is fto be malintalined o

v

15 minutes and then additional load shall e applied, either a2l a continuous

rate or in at least four ejual increments with egual time beiween incresments,

until the design lead is reached. The rate of loading should be such that the.

time taken Yo reach the design load from selfl weight is at least 30 minutes and
1

preferably net more than 45 minutes. The design load shall be maintained Tor

)"
i
-
O
=
a1

£

%7 the lozd shall then be reduced to dead load only, held for 15 ninules,



Deflection readings

shall be taken

during

the defloction test as follows:

a immodictely® before the dead load is applicd (this reading is

coincident with that at the end of 4he pre-load test);

b odimmed Lely“ en achiceving dead lon

¢ 15 minutes after the ¢

.
as

-

application of the dead load;

d  either continuonsly as the load is increased or at ecach increment of 1o

e immediately™ on achieving the design load;

T at sufficient intervals

load to enable a deflooﬁion/time curve to he plotted {for ecach poind

whizh deflection is recorde

pel

ho immediate iy ®
i 15 minutes
3 immediately™

k15 ninutes

T4 Proof load test

el

after the leoad h

af

deflceotion test is ca

after relucing
5
after relcase

ter the releas

Aithin 1 hour of completing the pre

rricd ouwt) the dosign load should be applicd e

vy - - PIEE WS S M N B . 8 ORI oo
same nanner and ot the same reve as

De increaned

to a value of J% Limes

Tire rate of loading for this additi

a;

as heen

g at the enda of the 24 hour period under the design lozd;

the loa

& to dead load

reduced to the doead load;

of the dead load;

o of the dead lond.

X
,x)i" i'vf,.{,,f}-('é:vQ... &{]’S’Q 2

AL
p
coeding deflection sest {or pre-load teut

for the deflection test. The load shall
the deg
o 1oadﬂthe

again in
ign load and maintained for 15

A )

a8 that used belween

the dead and desizn losds (de using the same increments of load and time).

7.5 Strengin test

Tmmediately following

53

the proof load tes

the design lo2d) the load shall be

Tajilure ocours,

& TEST REPCRT

my 4. - 4
The test report shall include: ///

further

r

throvghout the 24 hour period under the design

(including the 15 winutes at times

g4

increased ot the same rate until

ftaiaaﬂcjwwﬂm? ff $T;£&kbié
(@,

o the conditions of testing; including the methods of loading and of

measuring loads

b the type(s) and

and deflections;

¢ the moisture content of the timber

s i

position(s) of fracture(s)

ad;

at

if no
R
thon

RV R
L LG

*For the purposos of

this standard

Timnedinte

1yt ds equivalent to 'within i



M 4 [kgyw{»r,cz,,lfﬂ,wb ”'}b waelare el
d the nature and size of defects in the materials which may have contributed
to failure;
/ . ~ J . 3 N .
/// ¢ the guality of material relative o that specified.

/

i Photographs shall be used to illustrate important points of the report.

/
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1984-08-16 Bengt Norén/YL Written comments and proposals are very

welcome to be send to the author and

to Jan Kuipers-Delft,before next meeting

TESTING METHODS FOR TIMBER STRUCTURLS (THIRD DRAFT)

INTRODUCTION

This standard concerns loed testing of timber structures or structural
components to verify adequacy of design. Thus the standard provides a
method to satisfy design reguirements of the CIB Structursl Timber De-

sign Coge.

Verification by testing of components or structures may be applied for
example where materials or design methods are not adeguately defined
by the structural code or where there is uncertainty as toc wether the
structure will perform in compliance with the quality of the materials

or the design rules used.
Whenever possible more than one structure of the same design should be
tested to permit the assessment of the likely variability in perfor-

mance.

1. Recommended field of application

This standard is intended for testing of timber components and struc-
tures and generally not appropriate to the festing of individual pie-
ces of timber, joints or structural models. Relevant parts of the
standard may be applied for proof loading or for testing of structures

in service.

2. Symbols

Gy gravity load of the structure ("self-weight")
P epplied load (Gg not included)

Pp value of P corresponding to desicgn 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. General testing requirements

The accuracy of leading 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 nol 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 locead

from the structure {Gp), while P does not.

It should also be observed that the load caused by the "self-weight"
may be favourable or unfavourable to the load-carrying capacity of the

structure. Generslly, when simulsting 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 cr regaerded necessary for the judgement of the performance
of the structure. A minimum reguirement is that the deflection is mea-

sured at the point of maximum displacement.

Measurements of load and defermation shall be recorded, preferably
continously. A minimum requirement is that load and deformation is
recorded when load applicetion 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. Tlest report

The test report shall include:

a) Specification of material (for timber species, grade, density snd

moisture content). Deviations from specifications.

b) Specifications of design. Deviations.

c) Conditions of testing, including methods of loading and of measu-

ring loads and deflections.

d) Test results. Maximum load and deformation. Load/deformation

curves.

e) Type and position of freactures.

) Nature and size of defects in the materiels which contributed to

failure.
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Written proposals for changes in the text heveunder in such a forwm that they
divectly could replace the drafv-text arve welcomed by J, Kuiﬁers, Delft
University of Technology, Depariment of Civil Engineering, P.0. Box 5048,
2600 GA Delft, The Netherilands. Also other written comments will be.accepted

gratefully. Please send such proposals/comments before lst January 1985.

DRAT T ~  July 1984

TER-1. Testing methods for woed-based-board matenials in

structural grades for use in load-bearing structures

TOREWORD

The CLB working committee WI8 "Pimber Structures" ds drafting a timber design
code for international use in the design of timber structures. To suppori such
a document il is necessary to have acceptable test methods to enable the
development of comparative design information for different wood-based-board
meterials, Consequently, the CIB Wil committee asked the joint committee 3TT
of RILE¥M/CIB to develop acceptable tesi methods for structuval plywoods,

which were published in "Materials and Structures", Vol. 14 ~ No 79, Jenuary -
Februavy 1481,

It was felt that au egual urgent need exists for testing methods for the
determination of propervties of other hoard materials used in load bearing
timper structures. It was considered necessary, therefore, to starvt drafiing
an dnternational standard on this subject, where gpecial emphasis should be
given to the purpose of the application of the test resultg, i.e. the
determination of charvacteristic strength values for structural design.

This task was starced within 2 new joint committee 57-TSE of RILEM and CIB:
"Festing methods for structures and board materials". The underlying
recomeendations weve worked out on the basis of the recommendation TT-2;
.”Tcsting methods Tor plywood in structural grades for use in load-bearing
structures’. Jo that document, TT-2, medium-size test specimens were adepted
for the determivation of characteristic strength and stiffness properties

of plywood. Although various board wmaterials may not demonstrate defects

like some types of plywood, the different dimensions of the wood elements

‘may have comparable effccts 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 {or use in load-bearing structures

INTRODUCTTOR

This Recommendation, which is based
on the recomwendations of WI8 — Timber
Structures - Commission of CIB and
57-TSB - Testing methods for structures
and board materials ~ Commlttee of
RILEM/CIB, specifies standard methods
for the determination of some physical
and mechanical properties of commercial
woodwbagedmhoard material,

Tt 1s known from current unfinished
reseavch programmes that the gize and

shape of the tesi plece, and the size

of the wood elements influcence the strength

of the tesi piece, but these relatiocnships
are not yel established for all commer-—

cial gheet matevials.

The strength values from the test
pieces deseribed in Chis Recowmendation
may need o be medified before heing used
in the design of structural components:
for example, the design strength and
stiffness of a full panel may differ
from the values found fvom the tesi spe-
cimens defined in this Recommendation.
Yt dis expectaed that the relationship
hetween 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.

It is not intended that this
Recommendation should be used for
routine quality control testing, where
smaller test pleces may prove adequate.
1. 8COPLE ARND TIELD OF APPLICATION

This Recommendation specifies standard
methods for determining some physical and
mechanical properiies of commercial wood
based particle panel preducts intended
for use in load~bearing timber structures,
2. SYMROLS

A, Cross

a,, distance fremthe cenbiz of the test pizce Lo the point
where the deflection is measuiad (mm),

b, widith of test piecs or sampte (men);

A, chirect stifiness (V) .
L6 bending sufiness (N/mm?);

£ load (N);

!, strengih (N/mm?y,; )

G, shear modulus (N/mm?);
/, lengih of 1est piece oF sample (mim);

gauvge fength (mm);
h4, roment (N/mm);
. mass of strip imredistely aften wsting (g);
m,, constant mass of stap or sample elter diying (a);
[, thickness of test piece {mm);
W,  scetion modulus (mm?®);
w,  detlection, defloamation or slip (mm);
Pony, nominal density {kg/m?);
w, moisture content,
Subscripts applied to capacilies, stengths, stiflnesses, and
moduli of clasticity :

h, bending;

e, compiession;

max, mexhmnum;

£ panct shear;
f. ir plane of plies shear;
L ension.

Prefix applied to loads, moments, deflections, defoma-
tions and slips:

4, increment,



3. SAMPLING
3.1, Sampling of panels

The pavels from which the test pieces
are cut shall be sampled in accerdance

with 180 0000 (1).
3.2. Sampling of test pieces from panels

Test pleces shall nermally be cut from
the panels in accordance with the cutting
given in.figure I. This cutting schedule
ig based on a sampling unit of four
panels. Alternative schedules may be de-
veloped when the test pieces are cut other
than parvallel and perpendicular to the two
wain divections of the panel, or when only
soeme of the strenpgth propertics are to be
developed or when dictated by the special

needs of the test.

DUEAEMNSIONS OF TEST PIECES

4.1, Method of meassureomaont

The mothod of toking measuremenis and the type of

cuipmaont 10 be used shall b" inoccordance veth S0 380G,

Qenging : 1-8

Teasion: 5-1%
Compression: . 1730
e plane of plas shear: 31-33
Panel thear: =38
Panet shear mogulos: [AE A

Fig. 1. -~ Cutting schedule.

(1) In preparation

bl
P

G020 M u.m;on‘m.uv 1o be taken

The thickness of the test piece shall be measured 1o the
neerest 0,01 mm ot four points and the av
The width and fength of the (o8t piece she H
the nearcat T mim &t two points and the averags rastriad,

IRTiv ;r""-'in(‘z

The dimensions of the west picce shall be measured
pmms spocilied In 4. 3.

4.3, Points of measursments

The measuraments of the dimensions of the test picce shall
be taken ai the {ollowing points:

{a) bending; the thickness at four points, v o sach
edge 100 mm from the mid-lengtin the width at two points
100 mm frem the mid-length;

(0} comprassion; the thickness ptfour points, two oncach
edge 100 mum from the ad-lengih; the width st tws paints
100 mm from the mid-length; '

(e} tension; the thickness st four points, two an aach zdge

400 mim feom the mid-length; the width 8l (wo
400 mmm from e mid-length;

() panel shearsuength; the thickness at four po
con each edge 100 mm from the mid-tengih, t?':f;«

two points 50 mum from gach side;
(c) parel shear mo fiL.F'xs the thickness &
of the four sides: the length and width o
{1y in plane of plies shear; the thickness a
on cach edge 100 mm from the mid-langih; 1
two points 50 mm fiom cach side,

5. MOISTURE CONTENT

The moeisture content shall boe determined fiom
taken not nearer than 150 mm rom the end of U
of ftom a separate maichad test piece. Thestrip shal

the same thickness and widih as the tesi piece and ¢

fove a lengih of 2545 rmm.

The strip shall be welghed immediately after testing
ihen drsd 1 o constant mass {2) in a vumf‘d OvEni G @
temperatvre of 1032 2°C. The balance used sha
of measting the mass 10 an acturscy of 0.1

The moisture content shall be calculetad {rom the
following {fomula: ’

@ () -m ) o, . .

where o is the moisture cornitent; m, is the mass of the sirip
immediately afier testing, in grams; /71, is the conslant mass
of the strip after drying, in grams,

The moisture content shall be calculzted to thioe decimal
places.

() Consiant mass is censidoed to be reachid when two sus
weighing operations, Carond o at an iienvat of 6 hows, donatdiier b
than 0.1% of the mass of the suip.



G, DENSITY

The denaity of cach test piece shadl be dewymined om tha
test plece or liom a somple eken fon the

ne partion oflhe
pane! as the test piece. Where suitable, the sirip which is
prepared for the measuremon o mohstuie content {sge
clause B) may also be vsad (0 detormine donsiy.

The balance used shatl be capable of measwing the mass
te an acewacy of 0.1%

The density, based on the mass when oven-dry and the
volume at test, shail be colcutated liom the following
forrmula;

= 10% s fibt

Lu

where p, .38 the denstity (kg/m®); my, is the mass of the
ample gliccdrying (a); L s the length o( the sarnpic {mm};
b, is the width of the sample (mim); (, is the hicknoss of
the sample (mm).
The deasity shall be catculated 1o thron significant figures.
If the density s obtoined on o different basis, thon tha basis
of the density value with respect 190 velume and moistine
conient shall bo stated,

SECTION WWO MECHANICAL PROPERTIES

7. CORDITONING AND TRETING CLINVIATLS

Al test plocos shall normally be conditaorned, pdor o ling!
machining and testing, o constont mass (23 and moistuie
content in sn etmonpiaere of wlatve humidiny 694 5% and
tempeicture 2000 2400 {8),

Whoe posaibilo, conditions of testing fhu st hothe same

as wiose in g

,
H
coondiioning chambarn, but veheio this is not

possible testy tndoertaken mmediniely alter the

test picces hove Deen remeved ftony the conditioning
chamber.

B, BENDIRG STHINGTH AND STHIFFRIESS
8.1, Test picce
The test plece shall be restangular Iy cross-seetion.

The depth of the st piece shall be equal to the thickness
of the panel :

T

oy

e withth of the test piece shail be \JOO mn.

The lengih of the test picoe will cepend on the mathod
used forappiying the lond {sce 8. 3) butshall be sufficient 1o
cnswie that the length of the zone subjected to the uniform
moment shialt not be fess than 300 mm.

Unless othenwise spacilied, an estimate shall be made of
the worse {ace of the test piece and this {ace shall be strassed
in tension during the bending 1est,

Y The testmethods speciiied in this Recommendaiion may also be used ot
i '
other tosting climates.

8.2, Sampling of test picces from panocls

Eightiest pieces ok
pancls in accords

slromthe sgpling unitof fow

¢ the schedufe given in figue 1,
A Turtber eight test pieces shall be
cut from the four panels in accordance
with IS0 .... (%)

§.3. Looading method and eyuipment

The mothod veed for apy nlying the load s‘.‘:c,;l hesuchihata
zone of length not !.-:ss than 300 rary ot the middie of ...c
length ol the test pioce shall be suby;
moment. The method of e.a-'rrei-'ing the loed shall be such that

dircctl tension of compression forces fre not applied 10 the

test picce at large defiections.
Noie, - t.argle deflzctions may ocour ‘vhen SPOCIMTNS

with small boending stffness are

altoinative test arrangamants may be regui

test method dascribed in this clavsa is not suitabie for a

specimen with a thich Tower than & mnn

The loading cquinma capubic of measuring the

shailb
load o an accuracy of 1%

&.4. Test procedure

G.4.1. Rafe of application of load

nuous motion
' bc aciusied so
cthin 2002120

The loat shall
throughout the test
that the maximum
seconds,

The time taken from the beginning of the leading 1o the
maxitnum load shall be meesued and oo

nearest 30 secconds,

(4) IS0 draft international standard
"Determination of apparent modulus
of elasticity in bending and of

bending strength™ N 17,



VoA 2, Moaswenont of deformation

The deflection of the test pince shall Bo measuicd midwi

SRR

betveen G points on the longituding anis of the (g Ho
foceied in the zone of unifom moment. The distance

Betveeon the lwo poinis (gauge feng ath) abvall i loss than
250 mm and the points shall be spaced s (o apat gs
poessible consistent with maintaining ade

batween the gavaes and the logding equip

ale cleggnoe

(LA
The deftection shell be measvred to the noarest 001 T,

Note, — lho (‘u:\mu.:e of the test plece may be obiaines
by measuring the angular rotaion i the ends nf tho zone of
uniform moment. -

Note - The eight small specimens according

to 8.2 shall be tested according to

LSO .. ().
8.5, Expression of rosults

8.5 1. fending stiffnoss and modulus of clastioity

The bending stiffness 6f the 1ost pieco sha'l be nalouinied
from the foltowing formula:

El= AR /8

where s the bending stifiness of tho est pioce [N/mim?);
1

Abdis the increment of roment 1 mic-lengih on e sivaic aht
line poition of the lead- defloction curnve (NJon), Aw s the
incioment of deficction corres sponding (0 JAF (mm); /s thao

gauge fenpth {num).

. ha bending siliness of the test plece shalt be caleulsted
to thiee significant f(‘.li'a!.c}.

T thickness (nominal or actualy nsed to caloutate the
second moment of ares shail be stated.

8.5.2. Ultimate inoment capacily and bendi T slrength

The ultimate momant capacity of the test plece. which is
the maxiimum moment resisiod by the test plece, shall be
recorded o three significant figures,

Hoe value of tha bonding stongih s subsequonily
caleulated flom the eltimate 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 momoent {N/mm); W ois the section modyius
{mm?3).

The bending strengih shall be caloulated 10 thies
significant figures

Tha thickiness (nominal ar actugl) used o calculate the
wcl:oﬂ modulus shall be stated.

8.5.3. Crecp in bending

Test to be developed; suggestions
are welcome!
O, COMPRESSION STRENGTH AND STIFFNESS

9.17. Tost picce
The tost piece shel: b reclanguiar in cross-seclion.

Several pieces of the panels to be
tested shall be glued face to back until
the thickness of the test piece is not
less than 40 mm. Ro test picce shall he
made entirely from material from one
pancl, except where the panel thickness

.

is 40 mm or more.

The width of the st piece shali be 200 mm ared s length
shall be 400 mm.

Care shall be takon in preparing the tes
end swifaces smooeth nnd paralicl to cach othor snd et right
angles (o the length. ‘

piece 1o moke the

9.2, Sampling of test picces Trom pancls

Thaiest picce shal ho made frorm the sampling unit of {four

I
i

pancls in agcordance with the schoedule given in ligure 1.

g.3. Loading method and cquipmient

The load shall be apphed through a hinged connaction on
the uppor hr:dd of the testing machine to aliow {or zmy
deviatlen lrom pnmzl“l ol the ends of the test pioce and
permit adjusiment 1o the end of the tast picce in cone
direction. The test picce shiall be loosely held by smooth
side restraining rails. Suitable loading appaiatus s given in
annex A, _

The loading equipmant shall be capable of measusing the
foad to an accuracy of 1%

8.4, Test procedure

8.4 .1. Rate of application of the load

The load shatl be applicd with a conmtinuous maotion
throughout the test. The rate of loading shall be edjusted so
that the maximum load be reached within 3004120
seconds.

The time taken from the beginning of the foading {0 tha

maximum load shall be measuied and recorded to the
neargst 30 seconds.



A 2. NMeasuremont of deformation

Data for load-defonmation curves shall be taken to
determine the compression sif{iness and the modulus of
clastiqity.

The deformation shati be taken over the central portion on
both wiﬂ of the test plecs mmq a gauge length of not less
than 125 mm but not gueater than 200 mm, The average of
the two readings shall be LnoLd in the calculation of the
stitfness and moedulus of clasticity of the test plece.

The defoimation shall be meesured 1o the neanns
0.071 man.

3.6, Expression of results
9:5 .1, Compressian stfinaess and moedalus of elssiicity

The compression stifiness of the tost picce shall be
catculated from the {ollowing fomuls:

R AR A
wieie £4, s the comypression stifincss of the {est pioce (MY

AF ishe tncrement of tocd on the staight ine postion of tha
load- deformation curve (N} /) is the gauge dengih {(mmg;

A s theincremant of de ummhouu.m\.\,
auga length /0 {man),

HOnng 0 A5 ovi

the ¢

3
The compession stiffnoss of the test picce sholl be

: t.!{jﬂifii:&ﬂi

i

The thickness {nominal or actual) vsed to caloulate the
CrOSS-seClions:] aies fs!‘:;‘m he vtatod.

8.5.2. Ultinaste compression copacity s compression
strangih

kuhum.cs(rm pression capacity of the test pizen, which
15 the madmum compession o

adcaisted by the test plocs,
shall beccorded (o three signifcant {ig_wfe::

"
Vv

If a value of e compression stiength is subsaguent
caleuiated fiom the ultimats compression capecity it shell bhe
g

caiculaied from e Tollowing {ormuly;

W

Fonlf,

whee /o is the comprassion stisngih (N/mm?); Foacis ths
maximum compression load (M), A s the cross-scctions!
area (mm®),
The compression strength shall be calculated 1o three
agnificant figures.

The thickness {nomina! or actual} usad to calculate the
cress-scetional area shall be stated

Lt

10, TENSION STHRENGTH AND STIFFNESS

10,1, Test picce

The test picce shall be rectangular in cross-saetion.

The thickness of the test picee shall be cquat (© the
th:ckm,us of the board.

The test picce imay have a constant width of 250 mm
throughout its lengih or may e necked down e o oo
widihy of 250 mm for a fength of 800 rmm.

Mot the test pince is necked dovwn 1o 250 miv
the cutting schedule given in figure 1 will necd ic b
moddified.

The length of the test picce shall be 1,200 ram.

MNote. - For contain species of  board thetest spotimen
defingd in this clause may cause o lmge
faiiures a, or within, the gnps. For these boas
appropriaie tost specimen must be designed. The
the specimen shall e not less than 150 mm and dot

geomelty shall be given in the testreport.

10020 Samnting of test picoes from pancls

Fight tast picces shall be cotfrom the sempling u

panels in cocoidance with the schadule given i figurs

0.3, Loading mothod and equipmaoent

The test piece shall be held in grins wilc
required lozds 10 tha test picce with the minim
on lead al, o lecation of, {aillwe. Such dov
apply a bending moment (© the test pisce, alicw

“under faad, or inilict damage or stress concenirations ¢ the

leat piece.
For ideal test conditions, the grips should bo e
The type of giips used shall be recorded.

Suitable loxding anparatus is given in avnex {5,

The loading equinmaent shall be capable of megsuniag the

Awad to @n eccusacy of 1%.

10.4. Test procedure

10.4.1. Rate of application of load

The load shall be applied with a conlinuous motion
throughout the test. The rate of toading shail bo ¢
thatthe maximum load isreached within 3004 12

The time taken from the beginning of the loading 1
maximum lozd shalf be measuied and recorded 2 the
neares! 30 seconds.

(5) In preparatijon



10.4.2. fessurement of deformation

Data for load-deformation curves shall be token to
detennine the tension stiiness and the modulus of lasticity.

The(ﬂﬁonnaﬁowshﬁFiet“Pﬂr over the central portion on
both sides of the Wwst piece vsing & gauge fength of notless
than 125 mm but not giceier than 400 mon The average of
the readings shall be used inthe celoulation of tho lest piace
stiffness and the modulus of elastcity,

The dafomation shall be maaswied 1o the nearest
0.01 mm. ’

10.4.3. Unaceeptable test results

Any tesl plece that fails at, or within, the grips shall be
rejocted.

1004, Eeprossion of resulis

1001, Tension sifiness snd imodulus of elasticity

The sensicn stilness of the test pivce shel be caleulaied
from the {otovwdng Toimudia: ‘

Fhess 41 [,

whise DA s the tonsion stifinass ol the test paee (NY; AF s

the inciement of lond on ihe s-.i:;z:g;.'u‘-. o portion of the load-

deformmion cuve (N /) is the gauge ath {man); s
the naremant of defommation correspoid

gauge lepgth /) {mm),

ing to AF over the

Thetensionstiliness of the test plece shall be codetiated to
three sigmincant figures, '

The thic

FRRESEY

; (rv‘:miml or actual) used (o caloulate the
cross-sectional ares shall be stoted.

Y050, Uihinate tension ci

pacity and tension slrengih

The ulthmate tension capacity of the test plece, which s

the m;:>:izrwt;'a tension load seisted by tho tes! pioce, shall ba
recorded to Huee signilicant higures,

If & valve of the tension stength is subsaquently
calouleted fiom the ultimaie tension capacity it shall be
calculatad from the following fonmula:

S )

wheie 7, is the tension strength (H/mm?);, Foa ie the
maximum tension load (W), A is the cross-sectional area
{mm?).

The tension sucngth shafl boe calevloted 1w three
significant figures,

The thicknass {nomina! or actual) used o calcuiate the

ClOSS'SCCUCH]&'u?Cd shall be staied.

&

11, PAREL SHEAR STRERGTH
I1.1. Test piece

The test plece shall be rectangular
} -]

in eross-section,

The thickness of the test piece ghall

be equal to the thickness of the panel.

The width of the test picce shall not
be less than 430 mm and the distance
betwaen the rails ghall be 200 mm

(sce figure 2).

The length of the test piece shall be
500 wm.

Note, = Tt is recommended that ihe
stronger direction of the specimens be
orilented perpendicular to the rails. For
thin board it may be necessuxy to usc
this orientation in order o preclude
Buckling of thin

2

failure by buckliing

e

inating

specimens may be avolded by la
two or more lavers together to develop
adequate stiffness. Because lominating
can affect panel shear properties, the
report of test results muet so indicate

when specimens are laminatced.

Some reconstituted panel 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 z surface covering of
fiber or particles mey shear from the
panel, This may be prevented by applying
lateral pressure to the rails. A simple
method cof applying this pressure is by
means of boltg as illustyated in

figure 3.
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Timber vails baving minimum dimensions

331
of 35 by 115 wm by approximately 700 mm
long shall be glued to both sides of the
test picce at cach edge. The width of the
cails may be increased to eliminate a
shear failure between the rails and the
test pisce. The rails shall be gpaced

200 mm apart with their ends even with

the plywood test picce at two diagoenally
opposite corneys as shown in figure 2,
Yrior to gluing, the rails and the Cest
piece shall be conditioned to the approwi-
mate meisture 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
maioer compression lead is to be applied.

(G).

Steel rails may be substituted fov
Tumber rails and clamping may be sub-
stituted for gluing provided that no

crushing of the specimen or slippage be-

tween rail and specimen occurs. Special

rall facings may be needed to develop

adequate friction between rail and specimen.

The clamping mothod is particularly well
suited te reconstituted pancel materials
that would othervwise reguire bolting to
provent 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 wm
gage length as shown in figures 2 and 3,
The gage length along which deformation is

measured shall be the compression diagonal

(8) If the width of the rails is other than

115 mm, the bevel shall be cut at such an
angle to ensure that the applied loads arc

collinear.

o

at 45 degrees to the rails passing
through the center point of the shear
area. The gage length shall be centered

between the rails along this line,
11.2. Sampling of test piecces for panels

Three test pieces shall be cut from
the sampling unit of four panels in
accordance with the schedule given in

figure 1.

Note. — Provision is also made in the
cutting schedule for three test pleces
with their long dimension parallel to

panel length.
11.3. Loading method and cquipment

The loading 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 piece both in the plane of the test
piece and in the thickoness dirvection.
The lead on the rails shall bhe applied by

separating the machine cross-heads.

The loading equipment shall be capable

of measuring the load to an accuracy of 7.

A suitable apparatus for applying cgual
loads to the rails 1s shown in figure 3,
The opposing collinear forces applied to
pins located on Che longitudinal axis of
the test pilece and perpendicular to its
planc are divided into two cemponents, a
major compression force applied to the end
of the rail by a loading ycke 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 lcoad is

applied threough a two~way rocker and



bearing-plate arvangement to distribute Fotae. — DBecause shear stresses applied
the leoad uniformly to the vail end., The by the rails also produce equal tensile
rigid block applying the lateral force to stresses at 45 degrees to the rails,

the projecting rall ends ensures that the materials lLiaving tensile strongth-lesé
pin remains perpendicuiar to the plane of than or approaching their shear strength
the test plece. will usually display one or more tension

. breaks at appreximately 45 degrees to the
Other loading methods can be used and axs At apt - J &

. . , rails and often extended beneath them.
may be more appropriate with steel rails. I

wa s Many reconstituted panel materials displa
Any other methods must result in the same “ny - be o pLay

. . this characteristic. Such results are
shears and moments applied to the portion : - )

‘ . . acceptable.
of the -test specimen between rails. A pos- § phe
silble altemative has been given in 11.5. Expression of results

figure 3 a. .
= 11.5,1 Panel shear strength

11.4. Test procedure
; The panel shear strength shall be cal-

i1.4.1. Rate of application of load culated from the following formula:
The load shall be applied with a conti- f o= P owax/lt

nuous motion throuchout the tesit. The ratc .
’ ; = ’ 0 where fp is the pancl shear strength

of loading shall be adjusted so that the ‘ TN . .
e Jus - (N/mw®) s ¥ max is the maximum load (K);

maximun load is reached within 300 + . .
) i - - 1 is the length of test piece (mm);
120 seconds, . . .
’ t is the thickness of test piece (mm).
The time taken from the beginning of the "
' & i e panel shear strength shall be cal-

Joading o the maximun load shall be mea— ¢ g y
= : culated to three significant figures,

surad to the nearest 30 seconds. 3¢
The thickness {normal or measured) used

11.4.2 Measurement of deformation \

‘ to calculate the panel shear strength

Ingert 3 mm pins through the holes des- shall be stated.
eribed in 11.1. Use linear transfcrmers or \ C e
‘ 11.5.2 Panel shear modulus of rigidity

other suitable means of measuring the com-

. s . . Panel shear modulusg of rigidity shall be
pregsion strain between pins ag shown in

. . . caleulated from load and deformation data
figure 3. Use one gage on each side of the

panel and average the results either elec— according to the formula,
tronically by appropriate circuityy at time ¢ = 0.5 (r /dY (L/1t)
yony approp y g
§ test or whe s Formi he cale . s oa
of te or when performing the caleulations where G is modulus of rigidity, N/mmz;
Accuracy shall be to 2% of total elongation. (P-/a) slope of the force-deformation
X . g - 3 b S SR 3 1
&

11.4.3 Unacceptable test resultsg diagram, N/mm; and L is the gage length, mm.

_Any test piece that fails in other than  Because the force-deformation curves are

shear or tension between the rails shall often curvilinear at low stress levels, it
be rejected. is recommended that the portion of the curve

% ]
pominal 77
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selected for compulation of G represent

the approximate range of panel ghear

design stress.

It ig recommended that the shear
modulvg caloulated by the above formula
be multiplied by a factor of 1.]9 to
account for higher than average sheag
stress distribution at the locatlon of
strain measurement. The veport shall
clearxly state whether this factor has

been applied.

12, IRTERLAMINAR SHEAR STRENCTH AND

EFFECEIVE SHEAR MODULUS
12,1 Test picce

The test piece shall be rectangular in

cross—section.

The thickness of the test piece shall

be egual to the thickness of the panel.

The width of the test pilece shall be

150 mm awd ivs length shall be 450 mm.

The test piece shall be glued hetwoeen
steel plates 25 mm thick, 450 ww long
and 150 wa wide. The plates shall be
bopded to flie test plece with an adbesive
gufficiently wigid to preclude a signifi-
cant contribution of adhesive creep to the
measured deformation. One end of ecach
plate shall bLe provided with a knile edge
projecting O nm beyond the end of the test

plece as shown in figure 0.

The long dimension of the test plece may
be either parallel or perpendicular to the
length of the original panel. The orienta-

tion shall be recorded.

e Test pmee

b garosc

det plteshied s
coaf plis

_Tiend plzies

AL drmensive #omuan

V block supported on rocker with axis

perpendicular to plane of specimen.

figure 4 - Interlaminar shear test
using a dial gage for measuring

plate slip.

12.2. Sampling of test picces from panels

Three tegt pleces shall be cut from
the sampling unit of four panels in
accordance with the schedule given in

figure 4.

2.3, Loading methed and eguipment
12.3, Leading methed and eguipment

The load shall be applied through
V blocks so that it is uniformly distri-
buted along the knife edges. The ¥ blocks
shall be vertically positioned in the
machine, cone 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 test

Hote. — Pivotrs permitiing rotation about
an axis pavallel to the knife edge ox
sphericsl seats free to pivot in this
manner shonld not be vsed as they create
unstable leading which may cause violent
cjection of the test plece from the machine

and a hazard o opavating personnel,

The loading equipment shall be capable

of measuring the load to an accuracy of 1%,
12,4, Test precedure

12.4.1 Measuromznt of deformation

The load shall be applied with a conti-
nucus motion throughout the test. The rate
of loading shall he adjusted so that the
mazimum load s reached within 300 +

120 seconds.

The time taken {rom the beginning of the
loading to the maximum load shall be mea-
sured and recorded to the nearest

30 seconds.,

12.4,2 Measurenent of deformation

Pata fox load-slip curves shall be
taken to determine the effective inter-

lLaminar shear modulus,

A suitable method of weasuring the
glip between the steel plates is shown

in figure 4,

The slip between the steel plates

shall be read to the nearvest 0.002 mm.

12.4,3 Unacceptable test results and

types of failure

Any test assembly that fails wholly ox
partially in the bhond between the metal
plates and the test pilece shall be rejected,
Acceptable faillures in reconstituted
naterials may occvr anywhere within the
thickness of the test plece, but not at

the glued interface with the steel plate.
12,5, Bapression of results

12.5.1 Effective interlaminar shear modulus

The offective interlaminar shear modulus
shall be calculated fyem the following

formula:

G = AFi/Awlb

where G is the effective intevlaminar
shear modulus (N/mmg}; AT ig the increment
of load on the straight line portion of the
load-slip curve (¥); Aw 1s the increment

of slip corresponding te AF (mm); t is the
thickness of the test plece (mm): I is the
length of the test piece (mm); b is the

width of the test piece (mm),

The effective interlaminar shear modulus
shall be calculated to three significant

figures.

The thickness (nominal or measured)
used to calculate the effective in inter-

.
.



laminayr shear wodulus shall be stated.

12.5.2 Interiaminar shear strength
The interlaminayr shear strength shall

be caleulated from the following formula:

£ o= T max/ 11
. max/1b

where fr is the interlaminar shear strength

2 A . .
(N/mm”); ¥ max is the maximum foad (W),
1 is the length of test piece (um); b is

the width of test picce (nm).

The -interlaminar shear strength shall be

calculated to three significant figures.

13,

PESE REPORT

The test report shall include detaills of

the test material, the mathod of fest, and

the test results. The amount of detail
given under each of these headings will

depend on the purpoge of the tests.

The fellewing dats on material shall
novmally be piven: particle type, orienta-
tion, adhesive, surface treatment, manu-
facture, wonufacturer's grade ov product
standard grade, and any other information

pertinent to the purpese of the tests.

The following data concerning the test
conditions shall normally be given: the
type of test, the accuracy and method of
loading, the accuracy of measurements of
1 )f ~13 '1"' T 1] DT ] ] f ']:\ N "\1" “\" ¥
deformatiocn, the method of determining
the slope of the levad-deformation curve,
the temperature and relative humidity of

the time of

Lest.

For individual test pileces the following

data shall be given: test picce dimensions,

moisture content, time of failure, maximum

loads, description of failure, and the cal-

culated values of stiffness and capacity.

When wmoduli and strengths arve calculated
the basis on which they have been deter-
mined shall be stated. The thickness
{(nominal or measured) used in the calcula-

tion chall be stated.

Additional data may be required in
some cases, This way include the follow-
ing: full details of methed of manufacture, .

full details of any natural defects oy

manufacturing features which influence the

test rvesults, density and load-defom
diagrams. If the test pieces are not cut
shown in

in accordarnce with the schaedule

figure 1, then details of the cutting

schedule shall be gilven.

The number of test picces and penels
tested for cach property shall be stated
in the test report, and if a statistical
treatment of the data is possible then
the value of the standard deviation oy co~
efficient of variation for each property
as the nesn,

shall also be given, as well
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With the development of new approaches to stress grading and
proct leading techniques, the posgibility of more convenient
strength groupings of structural lumber and the continued thrust
towards more enlightened Codes of Practice bhased on limit state
concepts there is even more justification for the continued
interest in this CIB Sub-Group.

The African Continent is recognising the importance of renewable
building resources such as structural timber. It is expected
that Zimbabwe will take initiatives to secure its position as a
local centre of technical excellence within the Southern African
Development Coordination Conference {SADCC) and reach out to the
African Network of Scientific and Technical Institutions (ANSTI)
in Nairobi under the auspices of UNESCO to promote post-graduate
courses in Timber Engineering, based in Harare.

It is, perhaps, not entirely fortuitous that 7imbabwe has again
been chosen by the FAO to esgtablish and fund a Technical Training
Centre for timber utilisation, sawmilling .and gecondary processing
which complements the Timber Engineering Resgearch Centre now

being funded by the Norweglan Organlisation NORAD,

The UNIDO (Vienna) organisation continues to welccome 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 {ARustralia). 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 keynhote speakers.,

It is regretted that the dates of the CIB W.18 meetings in
Switzerland and PTEC in New Zealand had to clash, Fortunately
Zimbabwe was able to send Eng., D, Cresswell, a distinguished
local Consulting Engineer, to Switzerland at this time,.

News from the Caribbean and Latin American 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 Dx. De Freitas will
report in due courge. It ie 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,
Pregident of CIB, about possibility of establishing a new

CIB Working Commisgion to deal with the utilisation of tropical
hardwoods in house construction,

I +rust our CIB W.18 Chairman will be able to coordinate all our

/2....
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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




