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ESAY2.1 HJ Larsen
Compression pegmdicular to grain

The rules in the ENV version of Eurocode 5 from 1987 were very simple.
It had to be verified that

Sc,90,d ¢ kc,90fc,90d
with
fcygoyk =0,014,

(1)

)
and wherek; oo varied from 1 to 1,8 as shown in Tablé dependent on
the geometrysee Figre 1.
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Figure 1. Geometry
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Table 1. kgodependent on a, | angih mm.
[ <150 mnr 1,2 150 mrr

az2100 mm a<100 mmnr

2150 mmr 1 1 1
y_ a[150 . &
150 mm>1 215 mn 1 41_50 1+ 84— 15
I 3 | 200
15 mm>| 1 1.8 1+-2
' 125

In abou 1995 (see e.dRaper 316-4) it became clear that a more realistic
value forfcgox was

fC,QO,k = 0, o07r K
and research was initiated to verify higher valuekfeys.

®3)
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The result was very complicated rules in the 208rsion of Eurocode
5, but even though the clause on compression perpendicular to grain
swelled to 4 full pages, the rulegre not exhaustive andorse they
were not logical having strangigso-jumps (e.g .from 1 to 4 for marginal
changes of the geometric parameters.

Based on a paper by Blass and Gérlacfrest published and discussed
in CIB W18) the rules were withdravand simple and realistic rules were
given in an Amendment to Eurocode 5 (Al from 2006). These rules, that
are empirical, are discussedraper 416-3.

Especially for trusses made with punched metal plate fasteners there
may beneedfor higher loadcarrying capacity This can be ensured bg-r
inforcing the compression zones. This possibility has beastigated by
e.g.Kevarinmaki,Paper 2414-1. Based on this papend recent tests
conducted at VTT using the punched metal plates -GOOS and GNT
150S,the following design method is proposed.

The characteristic loadarrying capacity for a load perpendicular to
grain may be determined from

R= Rowood,k *Rplate k

Rplatek:2| psupeP @,

where
Roowood,k  Characteristic loagtarrying capacity for load perpendicular to
grain according to Eurocode 5

(4)
®)

Rplate k characteristic contribution from the reinforcement
losupet  effective support plate length
Pc . o, k Characteristic reinforcement resistance per unit length of the

5 plate (U= 0° orU= 90°)
U angle between the plate and the grain direction.

_€élpsup- € for end supports

| =
p,sup ef — | . .
ilpsupt D for intermediate suppor

(6)

where
lo,sup the length of the support plate directly over the supped
c is the allowed misplacement tolerance of the punched metal plate.

1. Blass, H.J. and Goérlacher, R.: Compression perpendicular to theWi@id Confe-
ence Timber Engineering, Finland 2004, Vol. 2, p.-438
2. Test results have been publishethimreports VT¥5-0376409 andVTT-S-0376609.
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If the plate covers the whole width of the support therD. With the separate reinforcement punched metal plates the gap between the
p. . @nd DI shall be determined from test made with the specific plate  upper and the lower plate shall beslésan 10 mm and the height of the

and with the same support condition than envisaged, i.e. either with ati  lower separate plate shall be at least 40% of the depth of the timiver me

ber support or with a support (concrete, steel) having a much larger co ber.

pressive strertf than timber perpendicular to the grain. In the former case Reinforcement has also been investigated by K&aper 236-1, who

the contribution for the reinforcement is only about 40 % of the cantrib did not find any effect. This may be due to the fact that the plateotid n

tion for the latter case. extend completely to the edges.
The support plate length shall be measured as shown in Figure 1.

T 1o Ipisup

Figure 1. Reinforcement thi plates covering the whole depth and with
separated plated) =90 U.

The reinforcing punched metal plates shall be identical and be placed in
the same way on both sides of the timber member. The extended rei
forcement plates may also be used as a connection in the truss according to
EN 19951-1. The separatepunclred metal plates are only used astei
forcement.
The reinforcing punched metal plates shall be placed in accordance
with the following requirements: . ]
i The principal direction of the punchedima| pl at e shall be either U = O0A
(Vertical p o gHorizonm@lrpositionyr U = 90 A
i The lower edge of the punched metal plate shall be between 3 mm and
10 mm away from the lower edge of the timber member;
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ESSAY2.2 H J Larsen frn, glulam = K T Ky2 Te0, 4

Glulam Strength
where

The first drafts for standards for the strength of glulam were based on testsfto 1S the tensile strength parallel to grain of the laminations

madein Norwayby Johannes MdeBased on a small number of tests on [0 IS the tensile strength of the finger jant
300 mm deep beams made of lamiimreg without joints it was proposed ki1andk, are factors depending on the varability of strengths

and acceped to calculate the strength as .
P g Based on own tests and tests by Laf$le@ parameters are estimated.

fgiuiam k =K fiamination I Colling® developedn his dissttation from 199G model for the
with k as given in the following tabléNote the very high lamination strength of glulam beams, the-salled Karlsruhenodel. _
strengths and the corresponding high glulam strengths: between 48 and 28  The Karlsruhe Model uses a subdivision of a glulam beam into cells,
MPa. (150 mm bngandwith a depth equal to the lamination thickne&sich
cellis assigned random mai& propertiesThe calculation model is based
Lamination quality (approximately) C40 C30 C20 on two computer programs, one teahulates glulam beam layp, and
Bending one that performs flr_ute element calculatlons.
Tension and compression parallel to 1,2 1,3 1,4 The beam layup simulation program assigns values to each cell along a
grain continuous lamination, The lamination is assumed to consist dirae-
Modulus of elasticity for strength ka rialsd: wood and fingefoints. First, the position of each fing@int is de-
culations termined by sampling from statistical distributions determined by measu
Shear 1.2 ing the distance between fingeints in glulam beas Thedensity is a-
Other stiffness values 12 sumed to be constant within a lamination, but is allowed to lvairyeen

laminations. Thé&not area ratioeKAR)-value and the density are then
used to calculate the stiffness (modulus of elasticity) using regression
equations. For each lamination, i.e. for all the cells between two finger
joints, a single basic KARalue is assigned. This KARalue is then used
within the lamination to assign each cell a specific kKédRue by muli
plying the chacteristic laminatielAR-value by a factor, taken fromast
tistical distributions, its aim being to simulate the influencmaottiple
knots within a limited zone (= the length of the cell) of the lamination.
Following the assigning of KARalues, each lamination in the beam is
assigned a modulus of elasticity in the cells of that lamination. The{roc
dure is shown in below.

Ehlbeck and Colling put iRaper 1312-1 forward amore convincing

theory for the strength of glulam. They note as a beginning that tle ben

ing strength of glulam beams depends especially on the tensile strength of

the outer laminations. The tensile strength of a latiwnaliffers, howe-

er, in two waystom that in a regular ISO 8375 tension test (strength i

creasing effects):

a) Lateral displacements of the laminations, occuring in a regular tension
test, are prevented when the laminations are part of a glulam beam,;
this effect can be taken into accobgta modifcation factork;

b) Longitudinal strains of a weak zone of the lamination (i.e. zones with
knots and low modulus of elasticity) are hindered by the adjadent la

1. Moe, J.: Strength and stiffness of Glued Laminated Timber Beams, Norsk Skogindustri

inations; let this be taken into account by a modification fdetor 1961
_ _ 2. Larsen, H. J.: Strength of glulam beams, Institute ofdBig Technology and Sted
Thebending stength,fn guamcan therefore be determined by the faHo tural Engineering, Aalborg University, Report 8201, 1982
ing equations 3. Collin, M.: Tragféahigkeit von Biegetragern aus Brettsctimilz in Abh&ngigkeit von

_ den festigkeitsrelevanten Einflsgréssen. Karlsruhe, 1990
fm, glulam — k1k2 k\/,1 ft,O
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Simulation mean, psi KAR-value
Eoégcgﬂl\;?gc:e}pgmatlon and agiven KAR-value, the modulus of elasticity Four different failure criteriaareude These cri teeri a
perience gained during the calibratiorttotd model to beam bending
IN(E)=In(Beg) + & % testso
}Ii\,:r'?{ eggshtgirgr?gullljgti%?wcoir\?(laggatr?éger;esgsﬁfgﬂl:r?él?rz]ofc?tzlﬁlsrno?elasticit 1. If the stress redistribution due to the removal of a failed element leads
- E& qt 9 pression for| . Y to the failure of agther element, the beam is assumed to fail. This si
as a funtion of density and KARvalue.qgy is defined inthe following ig- ulates a brittle failure in tension
;Ji(r)?]andliss gsrgﬁaség?oo;;hﬁoﬁrnzrﬁce d];;ct)rir?)ltjt[]ee@?gzr?r?:aﬁgrgfs?ic;?aa?gg 2. If an element fails in tension within a predefimedionof a prevously
frorﬁqt%e average regression Iine){o the regression line of the cument la failed element, the beam is assumed to collapse.Shisiates a failure
ge reg g due to high shear stresses

nation, and is also assumed to be normally distributed. As an example, the
variability for a variable X, is shown ag 9.

This procedure is capable of simulating the correlation between KAR
values found within a single lamination. Also, the procedsieed means
that even if two cells are assigned the same KARe, their respective
modulus of elasticity need not be the same.

The continuous lamination also contains fingents, which are md-
elled in the same way as described above, but by assigmugegr-joint
properties instead ofiwood propertiedto the cell that contains a finger
joint.

If an element fails close to (grey area) apre
viously failed element (black) the beam fails.
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3. If a fingerjoint fails in tension the beamila This is motivated by the
fact that fingetjoints induce a failure across the complete lamination
width, and not only a part of it as is the case for knots.

4. If none of the above criteria have been fulfilled, the beam is assumed to
fail when the fith element fails in tension.

The model has been substantiated by many tests both for softwoods, see
e.g.Paper 2612-1 and hardwoods, see eRpper 4012-6.

An improved model for softwoods is describedPaper 4012-2.

The European Standard for glul&i 1194 (to be replaced by EN
14080) is partly based on the model but mainly on empirical expressions
fitted to data, see e.Baper 2812-1.

In USA a completely different approach has been chosen, viz.the so
calledlk/Ic model established in 195K is moment of inertia of the knot
area in a crossection, andgis gross moment of inertia The theory Is-0
scure and relies on several fitting factors/funcibasedn extensive tes
ing, seePaper40-12-4

CIB-W18 Timber Structures A review of meeting 43
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ESSAY2.3 H J Larsen
Shearstrength of timber

In Eurocode 5:2000 very simple design rules were given for shear in
beams without end notches:

For shear with a stress component parallel to the grain, see Figure
6.5(a), as well as for

shear with both stress components perpendicular to the grafigsee
6.5(b), the following

expression shall be satisfied:

refy (6.13)

where
U shear stress
f, shear strength for the actual condition.

NOTE: The shear strength for rolling shear is approximately equal to
twice the tension strgith perpendicular to grain.

(@) (b)

Figure 6.5.(a) Member with a shear stress component parallel to the
grain (b) Member with both stress components perpendicular to the
grain (rolling shear)

There isthus no sizéactor andhe influence of any end crack isik-

garded.
In an amendment (Al dated 2007) the following is added

CIB-W18 Timber Structures A review of meeting 43

For the verification of shear resistance of members in bendingy-the i
fluence of cracks should baken into account using an effective width
of the member given as:

whereb is the width of the relevant section of the member.

NOTE: The recommended value fQris given as
ker = 0,67 for solid timber
r = 0,67 for glued laminated timber
ker = 1,0 for other wootbased products in accordance with EN 13986
and EN 14374.

Information on the National choice may be found in the National annex.

But still any size effect is disregarded although several researchers have
found a size effect at least as big as for tension perpendicular to grain, see
Paper 1912-3 andPaper 386-3.

Since rather high shear strengths are given in the present standards EN
338:2003 Structural timber Strength classes and EN1194:1999mber
structures Glued laminated timberStrength classes and determination of
characteristic values, the forhsafety against shear failure is probably

less than for e.g. bending. That shear failures are very rare in timter stru
tures is probably due to that the shear stress distribution at supports deviate
from what is normally assumed.
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ESSAY2.4 H J Larsen
Size factors

Timber is a heterogeneous material containing dispersed defectseAs ar
sult, the measured bending strength of timber depends on many factors

such as the length of the beam, the method of loading, and any bias used i, #

selecting the test bearfhe influence of these various factors is often d
scribed in terms of two factors: a 'size factor' and a 'load configuraten fa
tor'.

Thesefactmar e often determined by
theory althoughhe basic assumptions of the Wellibkeory (brittle fai-
ure, statistical homogeneity) are not strictly fulfilled.

To estimate the influence of the stress distribution and the size of the
stressed volume on the strengtbePaper 1312-3, the tweparameter
Weibull-distribution is used. Tédncumulative frequency is defined by

hY

e o
S=1 -expé B gdV @)
g Vve fo=
wheref andk are the parameters of the Weibdistribution, andi =
A(x,y,z) is the stress distribution over the voluvhe
The (constant) widtb of a beam with rectangular cross sectiwhhis
assumed not to influence its strength that the integral in (1) may be
written'

h(x) &
(gv bL ﬂéf— %yd> 2)

ve f x=0y @(;
For a beam with constant deptt@() =h) (2) may be written:

,.as ' max s ¢
gV =bhl. —g— Ff de dﬁ)
VQ - G O X9
. C 3)
maxs 0 0
V%—g . c+/|_ h ._8
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a p pTallel givgs eWeessionsifa 6 s

with
\Y stressed volume
max s maximum stress occurring over the voluwe

F(e),G( Ydimensionless stress distribution over the leragtd depth
respectively related to max

parameters, denoted fullness parameters by Collings-to d
scribe the fullness of the stredistributions. A value oénear
1 stands for a nearly constant strdsdribution.

weakest | ink
The exponenk depends only othevariation of the distributiomand
may approximately be determined by

_ 1 15

"~ cov
In the case of shear and tension perpendicular to grath may be s
sumed corresponding to aefficient of variation of COV = 0,23.
For structural timbebeams in bending the size effect is in most cases e

pressed as a depth effect that covers as well the depth influence proper as
the length effect, i.e. the depth factqgris nomally given as

(4)

where

h beam depth

hes areference depth
c a constant

In Europe a reference depthigfi= 150 mmandc = 0,2has been chosen.
In North Americahes= 150 mmandc = 0,4 covering also a lengdifect.
For glulam aeference depth dfes= 600mmandc = 0,1 mmhas
been chosen
Some researchers doubt any depth effect for glulanPaper 2812-
2. The chosen reference depth makes it very costly to make tests that can
unequivocally determinthe depth effect for glulam.
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Table 1. Fullnesp ar amet er & as a funct-ion of the exponent k of the two
parameter Weibull distribution. St 15 . 6+ 15
Stressdistribution > — e - > e
1 T L =5k
l — >
Omax Omax 1,0 ) i i
2 a1 % - H\Wﬁf [ _
Tlﬂmm &g 0 £ A 2
g -
3 o k+1 YK E=18h * 3
a1 1+ 0 . .
N -Omax eae—0—— lo)
¢ Figure 1 — Test arrangement for measuring local modulus of elasticity in bending
4’1'0mnx a 1 .1- /7k+l ]/g
Omax §£+1 14 8 When the bending test arrangement is not as shown (i.e.|spa#) and
¢ - distance between inner poinég,=6h) then the bending strength shall be
5 a1 ]/é‘ adjusted by dividing by
L O 1+ak) & o
25 o), 0 max (;Ei+l( 2 ) 0 K :a|es OQZ 7)
Clet 9
6 L Uk wherelesandle are calclated as
~ +0,34% -0,02R? +0,0088) § lesOF leg = | + 5oy 8)
Imax ¥ B andl anda; have theespective values for the standard test procedure and

EN 4081 Timber structure$ Structural timber and glued laminated

the test.
Apparently the depth rules are identical for design and test. However,

timberi Determination of some physical and mechanical propertiesi: spec (7) applies for all depths, while (5) only applies fot 150 mm, refled-
fies that the bending strength shall be determined from tests on béthms w ing Eurocode 5°s attitude to size effect for beams. The missing symmetry

geometry as shown in Figure 1.

EN 384, Structural timbédr Determination of characteristic values of
mechanical properties and density requires that the bending and tensile
strength shall be adjusted to 150 mm depth or width by dividing by

CIB-W18 Timber Structures A review of meeting 43

makes it possible to cheat with the strength values.

Eurocode 5 desnot take the effect of load configuration into account.
This is in practte notfeasible, even the simplest beam design woeid b
come very complicated.

As shown inPaperl136-2 there is also a size effect for longitudinal
shearand here has been proposals for including the effect in Eurocode 5.

(6)
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As for configuration effect this has beestimated to be too complicated,
especially since shear seldondecisive in practice.
For a curvedeamit shall be verified that

St,90 ¢ Kaiskvor ft,90

where

) l_éVo 16( _V(ﬁll5

wvol — o ~—
&2

where

i Visthe stressed volume aNgis the reference volunfer whichf;ggis
defined. According to EN 1194Timber structures Structural timber
and glued laminated timbeDetermination of some physical anem
chanical properties, the reference volume is 0,81 m

T Kyisis a factor that takes into account thess distribution.

For a curved beam with constant momehere the stresses gpvaries
parabollically over the deptkys is theoreticallyl,22. Eurocode 5 givégis
= 1,4 for all curved beams and tapered beams with straightsicel@nd
Kais = 1,7 for pitcheecambered beams.

Tensionperpendicular to grain
For a uniformly stressed volunw the design criterion is
é-vref ]/g
St90 ¢ fio0ms— 4
C vV =
whereV, is the reference volume for whighy is determined ankis the

parameteof the Weibull distribtion (in Eurocode 5 a value &= 5 is
normally used.

CIB-W18 Timber Structuret A review of meeting 43 ESSAYS
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ESSAY 3.1 H J Larsen
Stresses around holes in beams

Theanalogyseams obvious, lever tests has shown that the method is
very much on the unsafe side and it is not found in the final (2D}
code 5.

The placement of holes in glulam beams represents a frequent necessity in  Another method was put forward in a drgf000) for the German iii-

timber construction practice in order to enable penetration of pipend
wires The disturbance of the stress flow around a hole creates tension
stresses perpendicular to grain whichyreduce the load bearing capacity
of beams with unreinforced holesnsiderably. In general a holenei
forcements inevitable to provide sufficient shear force capacity. Invisible
internal reinforcements, such as gluadcteel rods and screws, especially
selftapping screws, are very often preferable from architectural points of
view.

In a draft for Eurocode frord002there was a proposal for design rules.
It was based on the assumption that the-kedying was the same as for
a corresponding notched beam, see the figure.

— 1
Py [ [ th Vn’2t i
1 T, | h/2
I | | ]
h hd i C] ............. T ——
T | | al?2
hn | |

hot i i hef:I: wzt
....................... FIRUUURIVRPR SEUUUURIN PPN

i i
i , 1 P [N
[ [ j
h hy i ® .................... o 7
T |
i I

Dimensions of holes in beams and the notched beam approximations for

rectangular and roundholes.
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ber Design Code: DIN 1052h€& method is below described for a round
hole (the design for rectangular holes is in principle the same). Tie met
od is a classical strengtti materialapproach: The design tension force
perpendicular to the grain at the hole periphdtygoq is compared to the
design value of the resistan&ego g4

Food _  Fioog 1)
Rood 0,5k odof ooq

where (in case of round holes)

lto0=0,353y +0,% (2)

is the distribution length of the assumed triangular stress distributien pe
pendicular to grairb is beam width andl 904 is the design tension strength
perpendicular to grain, see the figuRewritten as the ratio of a design
stressk gog VErsus design strengtfl) reads:

31904 ¢ q (1b)
ft 904
where
F
St,90d = ﬁ (3)

The design value of the tension force is composed of two additive parts

bound to the separate actions of the shear force and the bending moment

Rod =Fivd Fimd (4)
where (in the case of round holes)
Ve, 7 &, (0,7h)° 2
Fv.d =— L €3 ( 5 ) u Ay ©)
4h é h H
M (6)

Fma= O,OO8T
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Vyq andMgy are the absolute values of design shear force and marinidat
hole edge (hole centred/2): sign of ° d/2 to be chosen so as to give-u
favourable results and
h =min{h, 0,15 h 6,15}’ (7)

Gy 90 Ft,V

w8 DRV
7a (F9 )
; ‘ |

I \ 1,90 "/J M

£ b planes of failure
bound to shear force V

Geometry notations of a round holeamglulam beam according to DIN
1052 and schematic illustration of the derivation of the tensiorefre
bound to shear force V.

Further, the maximum/minimum restrictiohg ¢ 0, 4h andhy)
apply.

However, the tests reportexijpport neither the DIN nor the Eurocode
methodsand they have both been withdrawn. For the time being there is
no rec@gnized design method and it is generally necessary to avoid the
problem by using a reinforcement at the hole edges.

There is, however iRaper42-12-1 anew draft for a design method
is copied below.

20,26

CIB-W18 Timber Structures A review of meeting 43

Design and construction rules for internally reirforced holes accod-
ing to DIN 1052

Figure 6 gives the geometry notations used in the present German timber design code
DIN 1052:2008-10. In detail Fig. 6a specifies the dimensions of the hole within the
beam and indicates the relevant crack planes, similarly relevant for unreinforced and
reinforced holes. Figure 6 b gives the dimensional notations of the internal reinforce-
ment rods and the respective (edge) distances. The following construction rules/limits
for the permissible position and sizes of round holes (see Fig. 6a) apply:

e (,>h

o [,=h/2

. hro(’ru} > h/4

¢  hg < 0.3 h(internal reinforcements, 1. e screws, glued-in rods)

®* |y =04 h(external reinforcements, i. g. glued-on plywood plates)

For the position of the reinforcement bars (d; = nominal /outer diameter) the following
(edge) distances are prescribed;

e . 25diZfa.=4d;
e a=3d,
¢ ar are = 2.5 d;

The design verification of the rod is given as

Fiong £ Ryg (1)

where ; e
N design (d) resp. characteristic (k) ten-

sion force perpendicular to grain due to (2a)
stress disturbance in the hole vicinity

Fiood = Fooox Y= Fiva+ Foumad

and
Fryy=—a 07N 4 07 hyf* | Fyuy = 0008 Mo (2b,c)
tV,d ) e thMd : h, .
h, =min {h, +015h, ;h, +015h, | 3
K modification factor for accumulated load
mod duration and service class;
YL T partial safety factors for loading and materials
ESSAYS page6.12



And on the resistance side, in case of screws

v ir S gy g “haracterictic
Rt = Ruct - (Kiod / 100 {d,\ldl design (d) resp. characteristic (4a)

(k) tension capacity of the rod

In case of (self-tapping) screws the characteristic axial capacity at 90 degrees vs. fiber
direction is (head pull through situation not regarded here)

Ry, = min {T“ Lag - d 5 Ry } e

and (px in kg_fm'l)

characteristic value of pull out parameter
-6 2 2 o -
f,,=80-10"-p; inN/mm of wood screw (load capacity class 3) or  (4c)
of self tapping screw acc. to Z-9.1-519

Riuk characteristic axial steel tension load capacity

In case of glued-in rods the design capacity is
Rog = min {md £y fgi 40 Agl (5a)
where Fig. 6:

design (d) resp. characteristic (k) bond strength
g = Tk (Kmog Ym) between rod and timber {values for fi;, given in (5b)
Tab. F. 23 of DIN 1052:2008, see below)

fya=tx/Ym design (d) resp. characteristic (k) yield stress of rod

The effective anchorage length €4 of the rod, accounting for the possible slight eccen-
tricity of the hole vs. mid-depth and the respective minimum value are

tad=hnu+0.15hg or Cag=hw+ 0,15y, £gm, =max {05d7;10d, } (5c.d)

The basic idea of the design equations (1) and (2a-c) is sketched schematically in Fig. 7,
which exclusively addresses the redistribution of the shear stresses which can not be
transferred in undisturbed manner due to the missing cross-section in the hole area
[Kolb and Epple, 1984; Blaf and Steck, 1999a-c].
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Geometry notations and endangered/potential crack planes of unreinforced
and reinforced glulam beams acc. to DIN 1052:2008
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ESSAY 3.2 H J Larsen
Bracing of compression members

The theory on which thleracing rules in Eurocodedsebaseds the fd-
lowing.

Single column

The free length of a single column with leng@thshall bereduced ta by

a support in the middléA requirement for this is that the support has su
ficient strength and stiffnes§he requirements are as showrnha figure
found by investigating a column that in the middle has the maximum pe
missible deflectia ex,. The force- that the lateral support shall be able to
exert depends among other propertie&® (spring} stiffnessC.

a a
N e N
M — 2a -
u
Vo oF
F=uC

Compression loaded column over two spans with initiatmeight defle-
tion e, laterally supported at mitheight by a springvith stiffness C, u is
the resulting deflection and F the reaction force perpendicular to the co
umn in the elastic support.

The axial forceN results in a mid point moment d¥(ea +u) whereu is
the elastic deflection. This moment is counteracted foyce 2aF/4. Since
u=F/C, N(ea +F/ Q Fd2or

- ©a
a 1
2N C

Theoretically, the minimum stiffness of the bracing member should be

= d-zé eos’g Nd

CIB-W18 Timber Structures A review of meeting 43

wherem is the number of spans. For tvgpans it is thusequired thaks =
2 and for severadpans = 4.

For e,/2a= 1/300that is the maximum permitted value for structural
timberand for e,;/2a= 1/300that is the maximum permittetle max-
mum permitted deviation fromtraightness for glulam, the required
strength is given ithe fabledepending oIt.

Theoretical requirements to the strength F expressed as F/N for different
C-values.

ed2a C
2N/a 4N/a b
Structural timber 1/300 b 1/37,5 1/75
Glulam 1/500 b 1/63 1/125

Based on experience other values may be found in the National &pplic
tion Documents.
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ESSAY 3.3 H J Larsen The main conalsion is that the theory describedHaper 22-1 is sd-

Timber columns isfactory and that the eccentricity independent of timber grade armd dire
tion may reasonably be put at:

Solid columns _

The first draft for the CIB code (the predecessor for Eurochdas €= (0’1 +0’005) ' )

based orPaper 2-2-1. The departure fahis paper was a straight linear where

elastic column loaded with a sinusoidal deviation from straightness with  r is the core radius.
an eccentricity in the middle of

— In Paper20-2-2it is criticised that the design of timber columns is based
e=q +© = b (2) : ) SR
) , - on the elastic theory assuming that collapse occurs when an elastic limit
whereais the geometrical slenderness ratio: state stress is reached. Research has shown that this failure criterion is
/ =lji (2) conservative and that a considerablyhar loadcarrying capacity may be
where foundi especially for laterally loaded column by taking the plasticds

haviour into account. This is also pointed out in Baper 172-1 and
Paper 302-1.

A computer model for the ultimate load of glued laminat@drons is
described and used to determine characteristic values of thedogthg
capacity of timber compression members. Me@&lo-simulations are
Se/fc+ S/fm 4 ) used to calculate the ultimate load by a second order plastic anaysis, a
where suming for both glued lamired and solid timber columns the stress
S. axial stress straindiagram shown in Figure 1.

Sm bending stress o 4
fc ~ compression strength
fm bending strength o

I column length/buckling length
[ radius of gyration

A very simple failure criterion was used:

The column factor is defined as

=2 @)

fc varctan Ege

L]

where arctan ko €
So  column failure stress

S was determined for various assumed eccentricities used in timber
codes in Canada, France, Germany, The Netherlands, Norway, rSwitze
land, Sweden, UK and USA UK a=0has been used, leading to the so
called Perry Robertson formula from 1925.

In Paper 42-1 results of testwith 120 columns of Nordic Spruce of ] fr
C18 and C30 and with deflection both in the weak and the strong direction
are reported. Figure 1. Stresstrain diagram. fc 4 =0,85f y; €cu =L, 25 ¢ uEo, ¢
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In the case of solid timber the properties were determined for-cross
sections spaced 150 mm using the following stmatttributes: density,
knot area ratio, moisture content, and portion of compression wood. For
glulam the properties were determined for cresstions spaced 150 mm
in each lamination and further the strength of finger joints were taken into
consideratn.

An example of a calculatekl, -curve is shown in Figure 2.

Figure 2. k as function of the relative slenderness for timber with the a
sumed properties for grade 1 according to DIN 4074 together with the
curve found from Eulnde 5. It is seen that Eurocode 5 is on the safe
side.

where

b  constant

/el relative slenderness

/el 0 the relative slendeass for the test specimens from which theco
pression strength is found

/[ |f
[rel =— EC (6)
/reI,O =0,3

_€0,2 for structural timbe
:'0,1 for glulam

Since the curves have been approximated by analytical expressions of the
same type as iRaper 22-1, the difference for centrally loaded columns is
marginal. For laterally loaded columns, however the plastic method leads
to significantly higher loagtarrying capacities than the elastic approach

for slenderness ratios below about 80, see Figure 3.

The curves have been approximated by analytical expressions that happen

to be the same as those given in Eurocode 3 for steel columns,

The Eurocode 3/Eurocodechirves may formally be found by theethod
described ifPaper 2-2-1 with an initial deviation from straightness given

by:
e f

; f_:]b( fer - reﬂ,o) (5)
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Figure 3. Combinations of axial forces and moments, Bffel M/M, are
in (7) and (8) denotesl./fc and S, y/ fm y.
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