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ESSAY 2.1 H J Larsen  
Compression perpendicular to grain 
 
The rules in the ENV version of Eurocode 5 from 1987 were very simple. 
It had to be verified that 

 (1) 

with 

 (2) 

and where kc,90 varied from 1 to 1,8 as shown in Table 1 ï dependent on 
the geometry, see Figure 1. 

 
Figure 1. Geometry 
 
Table 1. kc,90 dependent on a, l and l1 in mm. 
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In about 1995 (see e.g. Paper 31-6-4) it became clear that a more realistic 
value for fc,90,k  was 

,90, 0,007c k kf r=  (3) 

and research was initiated to verify higher values for kc,90. 

 The result was very complicated rules in the 2004-version of Eurocode 
5, but even though the clause on compression perpendicular to grain 
swelled to 4 full pages, the rules were not exhaustive and, worse, they 
were not logical having strange kc,90-jumps (e.g .from 1 to 4 for marginal 
changes of the geometric parameters. 
 Based on a paper by Blass and Görlacher

1
 (not published and discussed 

in CIB W18) the rules were withdrawn and simple and realistic rules were 
given in an Amendment to Eurocode 5 (A1 from 2006). These rules, that 
are empirical, are discussed in Paper 41-6-3. 
 Especially for trusses made with punched metal plate fasteners there 
may be need for higher load-carrying capacity. This can be ensured by re-
inforcing the compression zones. This possibility has been investigated by 
e.g. Kevarinmäki, Paper 24-14-1. Based on this paper and recent tests

2
 

conducted at VTT using the punched metal plates GNT-100S and GNT-
150S, the following design method is proposed. 
 The characteristic load-carrying capacity for a load perpendicular to 
grain may be determined from: 

90, , ,wood k plate kR R R= +  (4) 

, , , , ,2plate k p sup ef c kR l p a=  (5) 

where 

90, ,wood kR  characteristic load-carrying capacity for load perpendicular to 
grain according to Eurocode 5 

,plate kR  characteristic contribution from the reinforcement 
 lp,sup,ef    effective support plate length 
 pc,Ŭ,k      characteristic reinforcement resistance per unit length of the 

plate (Ŭ = 0º or Ŭ = 90º) 
 Ŭ   angle between the plate and the grain direction. 

,sup
, ,

,sup

for end supports

for intermediate supports

p
p sup ef

p

l c
l

l l

-ë
=ì

+Dí
 (6) 

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

----------------------------------------------------------------------------------------------------------- 

1. Blass, H.J. and Görlacher, R.: Compression perpendicular to the grain. World Confer-

ence Timber Engineering, Finland 2004, Vol. 2, p. 435-440 

2. Test results have been published in the reports VTT-S-03764-09 and VTT-S-03766-09. 

,90, ,90 ,90,c d c c dk fs ¢

,90, 0,014c k kf r=
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If the plate covers the whole width of the support then c = 0. 
 pc,Ŭ,k and lDshall be determined from test made with the specific plate 
and with the same support condition than envisaged, i.e. either with a tim-
ber support or with a support (concrete, steel) having a much larger com-
pressive strength than timber perpendicular to the grain. In the former case 
the contribution for the reinforcement is only about 40 % of the contribu-
tion for the latter case. 
 The support plate length shall be measured as shown in Figure 1. 
 

 
Figure 1. Reinforcement with plates covering the whole depth and with 
separated plates. Ŭ =90Ü. 
 
The reinforcing punched metal plates shall be identical and be placed in 
the same way on both sides of the timber member. The extended rein-
forcement plates may also be used as a connection in the truss according to 
EN 1995-1-1. The separated punched metal plates are only used as rein-
forcement. 
 The reinforcing punched metal plates shall be placed in accordance 
with the following requirements: 
ï The principal direction of the punched metal plate shall be either Ŭ = 0Á 
(Vertical position ) or Ŭ = 90Á (Horizontal position ); 

ï 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; 

 

With the separate reinforcement punched metal plates the gap between the 
upper and the lower plate shall be less than 10 mm and the height of the 
lower separate plate shall be at least 40% of the depth of the timber mem-
ber. 

Reinforcement has also been investigated by Korin, Paper 23-6-1, who 
did not find any effect. This may be due to the fact that the plates did not 
extend completely to the edges.  
 

lp,sup 
lp,sup 
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ESSAY 2.2 H J Larsen 
Glulam Strength 
 
The first drafts for standards for the strength of glulam were based on tests 
made in Norway by Johannes Moe

1
. Based on a small number of tests on 

300 mm deep beams made of laminations without joints it was proposed 
and acceped to calculate the strength as  

, ,glulam k lamination kf k f=     

with k as given in the following table. Note the very high lamination 
strengths and the corresponding high glulam strengths: between 48 and 28 
MPa. 
 
Lamination quality (approximately) C40 C30 C20 
Bending  
Tension and compression parallel to 
grain 
Modulus of elasticity for strength cal-
culations 

 
1,2 

 
1,3 

 
1,4 

 

Shear 1,2 
Other stiffness values 1,2 
 
Ehlbeck and Colling put in Paper 19-12-1 forward a more convincing 
theory for the strength of glulam. They note as a beginning that the bend-
ing strength of glulam beams depends especially on the tensile strength of 
the outer laminations. The tensile strength of a lamination differs, howev-
er, in two ways from that in a regular ISO 8375 tension test (strength in-
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 account by a modification factor k1 

b) Longitudinal strains of a weak zone of the lamination (i.e. zones with 
knots and low modulus of elasticity) are hindered by the adjacent lam-
inations; let this be taken into account by a modification factor k2 

 
The bending strength, fm,glulam can therefore be determined by the follow-
ing equations 

, 1 2 ,1 ,0m glulam v tf k k k f=  

, 1 ,2 ,0,m glulam fj v t fjf k f k f=  

where 
ft,0     is the tensile strength parallel to grain of  the laminations 
ft,0,fj  is the tensile strength of the finger joints 
kv,1 and kv,2 are factors depending on the varability of strengths 
 
Based on own tests and tests by Larsen

2
 the parameters are estimated. 

 Colling
3
 developed in his dissertation from 1990 a model for the 

strength of glulam beams, the so-called Karlsruhe model. 
The Karlsruhe Model uses a subdivision of a glulam beam into cells, 

(150 mm long and with a depth equal to the lamination thickness). Each 
cell is assigned random material properties. The calculation model is based 
on two computer programs, one that simulates glulam beam lay-up, and 
one that performs finite element calculations. 

The beam lay-up simulation program assigns values to each cell along a 
continuous lamination, The lamination is assumed to consist of two ñmate-
rialsò: wood and finger-joints. First, the position of each finger-joint is de-
termined by sampling from statistical distributions determined by measur-
ing the distance between finger-joints in glulam beams. The density is as-
sumed to be constant within a lamination, but is allowed to vary between 
laminations. The knot area ratioes (KAR)-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 KAR-value is assigned. This KAR-value is then used 
within the lamination to assign each cell a specific KAR-value by multi-
plying the chacteristic lamination-KAR-value by a factor, taken from sta-
tistical distributions, its aim being to simulate the influence of multiple 
knots within a limited zone (= the length of the cell) of the lamination. 
Following the assigning of KAR-values, each lamination in the beam is 
assigned a modulus of elasticity in the cells of that lamination. The proce-
dure is shown in below. 
-----------------------------------------------------------------------------------------------------------  

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

1961 

2. Larsen, H. J.: Strength of glulam beams, Institute of Building Technology and Struc-

tural Engineering, Aalborg University, Report 8201, 1982 

3. Collin, M.: Tragfähigkeit von Biegeträgern aus Brettschnittholz in Abhängigkeit von 

den festigkeitsrelevanten Einflussgrössen. Karlsruhe, 1990 
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For a given lamination i, and a given KAR-value, the modulus of elasticity 
is calculated from 

( ) ( ) ,ln lni reg B i iE E X= +D + 

where Ei is the modulus according to the regression equation for lamina-
tion i. Each such equation gives an expression for the modulus of elasticity 
as a function of density and KAR-value. ȹB is defined in the following fig-
ure and is a measure of the difference from the average regression equa-
tion. ȹB is assumed to be normally distributed. Xi is a measure of distance 
from the average regression line to the regression line of the current lami-
nation, and is also assumed to be normally distributed. As an example, the 
variability for a variable X, is shown as SR,B,1. 
 This procedure is capable of simulating the correlation between KAR-
values found within a single lamination. Also, the procedure used means 
that even if two cells are assigned the same KAR-value, their respective 
modulus of elasticity need not be the same. 

The continuous lamination also contains finger-joints, which are mod-
elled in the same way as described above, but by assigning ñfinger-joint 
propertiesò instead of ñwood propertiesò to the cell that contains a finger-
joint.  

 

 
 

Four different failure criteria are used. These criteria are based on ñex-
perience gained during the calibration of the model to beam bending 
testsò: 
 
1.  If the stress redistribution due to the removal of a failed element leads 

to the failure of another element, the beam is assumed to fail. This sim-
ulates a brittle failure in tension. 

2.  If an element fails in tension within a predefined region of a previously 
failed element, the beam is assumed to collapse. This simulates a failure 
due to high shear stresses 

 
If an element fails close to (grey area) a pre- 
viously failed element (black) the beam fails.  
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3.  If a finger-joint fails in tension the beam fails. This is motivated by the 

fact that finger-joints 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 fifth element fails in tension. 

 
The model has been substantiated by many tests both for softwoods, see 
e.g. Paper 26-12-1 and hardwoods, see e.g. Paper 40-12-6. 
 An improved model for softwoods is described in Paper 40-12-2. 
 The European Standard for glulam EN 1194 (to be replaced by EN 
14080) is partly based on the model but mainly on empirical expressions 
fitted to data, see e.g. Paper 28-12-1. 
 In USA a completely different approach has been chosen, viz. the so-
called IK/IG model established in 1954. IK is moment of inertia of the knot 
area in a cross-section, and IG is gross moment of inertia The theory is ob-
scure and relies on several fitting factors/functions based on extensive test-
ing, see Paper 40-12-4 
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ESSAY 2.3 H J Larsen  
Shear strength 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 grain, see Figure 
6.5(b), the following 
expression shall be satisfied: 

vft¢  (6.13) 

where 
Ű   shear stress 
fv   shear strength for the actual condition. 
 
NOTE: The shear strength for rolling shear is approximately equal to 
twice the tension strength perpendicular to grain. 

 

 
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 is thus no size factor and the influence of any end crack is disre-
garded. 
 In an amendment (A1 dated 2007) the following is added 
 

For the verification of shear resistance of members in bending, the in-
fluence of cracks should be taken into account using an effective width 
of the member given as: 

bef =kcrb  (6.13a) 

where b is the width of the relevant section of the member. 
 
NOTE: The recommended value for kcr is given as 
kcr = 0,67 for solid timber 
kcr = 0,67 for glued laminated timber 
kcr = 1,0 for other wood-based 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 19-12-3 and Paper 38-6-3. 
 
Since rather high shear strengths are given in the present standards EN 
338:2003 - Structural timber - Strength classes and EN1194:1999 - Timber 
structures - Glued laminated timber - Strength classes and determination of 
characteristic values, the formal safety against shear failure is probably 
less than for e.g. bending. That shear failures are very rare in timber struc-
tures is probably due to that the shear stress distribution at supports deviate 
from what is normally assumed. 
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ESSAY 2.4 H J Larsen 
Size factors 
 
Timber is a heterogeneous material containing dispersed defects. As a re-
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 in 
selecting the test beam. The influence of these various factors is often de-
scribed in terms of two factors: a 'size factor' and a 'load configuration fac-
tor'. 
 These factors are often determined by applying Weibullôs weakest link 
theory although the basic assumptions of the Weibull theory (brittle fail-
ure, statistical homogeneity) are not strictly fulfilled.  

To estimate the influence of the stress distribution and the size of the 
stressed volume on the strength, see Paper 19-12-3, the two-parameter 
Weibull-distribution is used. The cumulative frequency is defined by 

1 exp

k

V

S dV
f

sè øå õ
é ù= - -æ ö
é ùç ÷ê ú
ñ  (1) 

where f and k are the parameters of the Weibull-distribution, and ů = 
ů(x,y,z) is the stress distribution over the volume V. 

The (constant) width b of a beam with rectangular cross section b h³ is 
assumed not to influence its strength, so that the integral in (1) may be 
written: 

( )( )

0 0

,
k kh xL

V x y

x y
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f f
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= =

å õå õ
æ ö=æ ö æ öç ÷ ç ÷
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For a beam with constant depth (k(x) = h) (2) may be written: 
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0 0
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 (3) 

 
 
 

with 
V     stressed volume 
max s maximum stress occurring over the volume V 

() (),F Ge zdimensionless stress distribution over the length and depth 
respectively related to max s 

,L hl l parameters, denoted fullness parameters by Colling, to de-
scribe the fullness of the stress-distributions. A value of ɚ near 
1 stands for a nearly constant stress-distribution. 

 
Table 1 gives expressions for ɚ. 
 The exponent k depends only on the variation of the distribution and 
may approximately be determined by 

1,15

COV
k=  (4) 

In the case of shear and tension perpendicular to grain k = 5 may be as-
sumed corresponding to a coefficient of variation of COV = 0,23.  
For structural timber beams in bending the size effect is in most cases ex-
pressed as a depth effect that covers as well the depth influence proper as 
the length effect, i.e. the depth factor hk is nomally given as  

c
ref

h

h
k

h

å õ
=æ ö
ç ÷

 (5) 

where  
h    beam depth 
href  a reference depth 
c    a constant 
 
In Europe a reference depth of href = 150 mm and c = 0,2 has been chosen. 
In North America href = 150 mm and c = 0,4 covering also a length effect. 
 For glulam a reference depth of href = 600 mm and c  = 0,1 mm has 
been chosen.  
 Some researchers doubt any depth effect for glulam; see Paper 28-12-
2. The chosen reference depth makes it very costly to make tests that can 
unequivocally determine the depth effect for glulam. 
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Table 1. Fullness-parameter ɚ as a function of the exponent k of the two-
parameter Weibull distribution. 

 Stress-distribution ɚ 
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 EN 408 ï Timber structures ï Structural timber and glued laminated 
timber ï Determination of some physical and mechanical properties, speci-
fies that the bending strength shall be determined from tests on beams with 
geometry as shown in Figure 1.  
 EN 384, Structural timber ï 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 

0,2
150

hk
h

å õ
=æ ö
ç ÷

 (6) 

 

 
 
When the bending test arrangement is not as shown (i.e. span, l = 18h  and 
distance between inner points, a1 =6h) then the bending strength shall be 
adjusted by dividing by 

0,2
es

l
et

l
k

l

å õ
=æ ö
ç ÷

 (7) 

where les and let are calculated as 

les or let = l + 5af (8) 

and l and af  have the respective values for the standard test procedure and 
the test. 
 Apparently the depth rules are identical for design and test. However, 
(7) applies for all depths, while  (5) only applies for 150h¢  mm, reflect-
ing Eurocode 5´s attitude to size effect for beams. The missing symmetry 
makes it possible to cheat with the strength values.  
 Eurocode 5 does not take the effect of load configuration into account. 
This is in practice not feasible, even the simplest beam design would be-
come very complicated.  
 As shown in Paper13-6-2 there is also a size effect for longitudinal 
shear and here has been proposals for including the effect in Eurocode 5. 
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As for configuration effect this has been estimated to be too complicated, 
especially since shear is seldom decisive in practice. 
 For a curved beam it shall be verified that 

,90 ,90t dis vol tk k fs ¢  

where 

1/ 1/5
0 0

k

vol
V V

k
V V

å õ å õ
= =æ ö æ ö
ç ÷ ç ÷

 

where  
ï V is the stressed volume and V0 is the reference volume for which ft,90 is 

defined. According to EN 1194 - Timber structures - Structural timber 
and glued laminated timber - Determination of some physical and me-
chanical properties, the reference volume is 0,01 m

3
. 

ï kdis is a factor that takes into account the stress distribution.  
 
For a curved beam with constant moment where the stresses ,90ts varies 
parabollically over the depth kdis is theoretically 1,22. Eurocode 5 gives kdis 
= 1,4 for all curved beams and tapered beams with straight underside and 
kdis = 1,7 for pitched-cambered beams. 
 
Tension perpendicular to grain 
For a uniformly stressed volume V, the design criterion is 

1

,90 ,90

k
ref

t t

V
f

V
s

å õ
¢ æ ö

ç ÷
 

where Vref is the reference volume for which ft,90  is determined and k is the 
parameter of the Weibull distribution (in Eurocode 5 a value of k = 5 is 
normally used. 
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ESSAY 3.1 H J Larsen  
Stresses around holes in beams 
 
The placement of holes in glulam beams represents a frequent necessity in 
timber construction practice in order to enable the penetration of pipes and 
wires. The disturbance of the stress flow around a hole creates tension 
stresses perpendicular to grain which may reduce the load bearing capacity 
of beams with unreinforced holes considerably. In general a hole rein-
forcement is inevitable to provide sufficient shear force capacity. Invisible 
internal reinforcements, such as glued-in steel rods and screws, especially 
self-tapping screws, are very often preferable from architectural points of 
view. 
 In a draft for Eurocode from 2002 there was a proposal for design rules. 
It was based on the assumption that the load-carrying was the same as for 
a corresponding notched beam, see the figure. 

 
Dimensions of holes in beams and the notched beam approximations for 
rectangular and round holes. 
 

The analogy seams obvious, however tests has shown that the method is 
very much on the unsafe side and it is not found in the final (2004) Euro-
code 5. 
 Another method was put forward in a draft (2000) for the German Tim-
ber Design Code: DIN 1052. The method is below described for a round 
hole (the design for rectangular holes is in principle the same). The meth-
od is a classical strength of material approach: The design tension force 
perpendicular to the grain at the hole periphery, ,90,t dF  is compared to the 
design value of the resistance ,90,t dR  

,90, ,90,

,90, ,90 ,90,

1
0,5

t d t d

t d t t d

F F

R l bf
= ¢ (1) 

where (in case of round holes) 

,90 0,353 0,5t dl h h= +  (2) 

is the distribution length of the assumed triangular stress distribution per-
pendicular to grain. b is beam width and ft,90,d is the design tension strength 
perpendicular to grain, see the figure. Rewritten as the ratio of a design 
stress ůt,90,d versus design strength, (1) reads: 

,90,

,90,

1
t d

t df

s
¢  (1b) 

where 

,90,
,90,

,900,5

t d
t d

t

F

l b
s =  (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 

,90, , , , ,t d t V d t M dF F F= +  (4) 

where (in the case of round holes) 

( )
2

, , 2

0,70,7
3

4

dd d
t V d d

hV h
F V

h h
h

è øÖ
é ù= - =
é ùê ú

 (5) 

, , 0,008
d

t M d
r

M
F

h
=  (6) 
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Vd and Md are the absolute values of design shear force and moment at the 
hole edge (hole centre /2d° ): sign of /2d°  to be chosen so as to give un-
favourable results and 

{ }
2

min 0,15 , 0,15r ru d rl dh h h h h= + +  (7) 

 
Geometry notations of a round hole in a glulam beam according to DIN 
1052 and schematic illustration of the derivation of the tension force Ft,v 
bound to shear force V. 
 
Further, the maximum/minimum restrictions ( )0,4  and 0,25d ro ruh h h h¢ ²
apply. 
 However, the tests reported, support neither the DIN nor the Eurocode 
methods and they have both been withdrawn. For the time being there is 
no recognized design method and it is generally necessary to avoid the 
problem by using a reinforcement at the hole edges. 
 There is, however in Paper 42-12-1 a new draft for a design method. It 
is copied below. 
 

Design and construction rules for internally reinforced holes accord-
ing to DIN 1052 
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ESSAY 3.2 H J Larsen  
Bracing of compression members 
 
The theory on which the bracing rules in Eurocode 5 are based is the fol-
lowing. 
 
Single column  
The free length of a single column with length 2a shall be reduced to a by 
a support in the middle. A requirement for this is that the support has suf-
ficient strength and stiffness. The requirements are as shown in the figure 
found by investigating a column that in the middle has the maximum per-
missible deflection e2a. The force F that the lateral support shall be able to 
exert depends among other properties on its (spring)- stiffness C. 
 

 
Compression loaded column over two spans with initial mid-height deflec-
tion e2a laterally supported at mid-height by a spring with stiffness C, u is 
the resulting deflection and F the reaction force perpendicular to the col-
umn in the elastic support. 
 
The axial force N results in a mid point moment of  N(e2a +u) where u is 
the elastic deflection. This moment is counteracted by a force 2aF/4. Since 

( )2/ , / / 2au F C N e F C Fa= + =  or 

2

1

2

ae
F

a

N C

=
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Theoretically, the minimum stiffness of the bracing member should be 

2 1 cos
d d

s
N N

C k
a m a

på õ
= = +æ ö

ç ÷
  

where m  is the number of spans. For two-spans it is thus required that ks = 
2 and for several spans ks = 4.  

For 2 2ae a= 1/300 that is the maximum permitted value for structural 
timber and for 2 2ae a= 1/300 that is the maximum permitted the maxi-
mum permitted deviation from straightness for glulam, the required 
strength is given in the table depending on C. 
 
Theoretical requirements to the strength F expressed as F/N for different 
C-values. 
 e2a/2a C 

2N/a 4N/a Ð 

Structural timber 1/300 Ð 1/37,5 1/75 
Glulam 1/500 Ð 1/63 1/125 

 
Based on experience other values may be found in the National Applica-
tion Documents. 
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ESSAY 3.3 H J Larsen  
Timber columns 
 
Solid columns 
The first draft for the CIB code (the predecessor for Eurocode 5) was 
based on Paper 2-2-1. The departure for this paper was a straight linear 
elastic column loaded with a sinusoidal deviation from straightness with 
an eccentricity in the middle of 

1 2e e e a bl= + = +  (1) 

where ɚ is the geometrical slenderness ratio: 

l il=  (2) 

where 
l     column length/buckling length 
i     radius of gyration 
 
A very simple failure criterion was used: 

1c c m mf fs s+ = (3) 

where 

cs  axial stress 

ms  bending stress 

cf   compression strength 

mf  bending strength 
 
The column factor is defined as 

cr
c

c

k
f

s
=  (4) 

where 

crs  column failure stress 
 

crs was determined for various assumed eccentricities used in timber 
codes in Canada, France, Germany, The Netherlands, Norway, Switzer-
land, Sweden, UK and USA. In UK 0a= has been used, leading to the so-
called Perry Robertson formula from 1925. 
 In Paper 4-2-1 results of tests with 120 columns of Nordic Spruce of 
C18 and C30 and with deflection both in the weak and the strong direction 
are reported.  

The main conclusion is that the theory described in Paper 2-2-1 is sat-
isfactory and that the eccentricity independent of timber grade and direc-
tion may reasonably be put at: 

( )0,1 0,005e rl= +  (5) 

where 
r    is the core radius.  
 
In Paper 20-2-2 it is criticised that the design of timber columns is based 
on the elastic theory assuming that collapse occurs when an elastic limit 
state stress is reached. Research has shown that this failure criterion is 
conservative and that a considerably higher load-carrying capacity may be 
found ï especially for laterally loaded columns ï by taking the plastic be-
haviour into account. This is also pointed out in e.g. Paper 17-2-1 and 
Paper 30-2-1.  
 A computer model for the ultimate load of glued laminated columns is 
described and used to determine characteristic values of the load-carrying 
capacity of timber compression members. Monte-Carlo-simulations are 
used to calculate the ultimate load by a second order plastic analysis, as-
suming for both glued laminated and solid timber columns the stress-
strain-diagram shown in Figure 1.  

 
Figure 1. Stress-strain diagram. , , , , 0,0,85 ; 1,25 / .c d c u c u c u cf f f Ee= =  
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In the case of solid timber the properties were determined for cross-
sections spaced 150 mm using the following structural attributes: density, 
knot area ratio, moisture content, and portion of compression wood. For 
glulam the properties were determined for cross-sections spaced 150 mm 
in each lamination and further the strength of finger joints were taken into 
consideration. 
 An example of a calculated crk -curve is shown in Figure 2. 
 

 
Figure 2. kcr as function of the relative slenderness for timber with the as-
sumed properties for grade 1 according to DIN 4074 together with the 
curve found from Eurocode 5. It is seen that Eurocode 5 is on the safe 
side.  
 
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/Eurocode 5-curves may formally be found by the method 
described in Paper 2-2-1 with an initial deviation from straightness given 
by: 

( ),0
m

rel rel
c

e f

r f
b l l= -  (5) 

where 
b  constant 

rell  relative slenderness 

,0rell  the relative slenderness for the test specimens from which the com-
pression strength is found 

c
rel

f

E

l
l

p
=  (6) 

,0 0,3rell =  

0,2  for structural  timber

0,1  for glulam
b
ë
=ì
í

 

 
Since the curves have been approximated by analytical expressions of the 
same type as in Paper 2-2-1, the difference for centrally loaded columns is 
marginal. For laterally loaded columns, however the plastic method leads 
to significantly higher load-carrying capacities than the elastic approach 
for slenderness ratios below about 80, see Figure 3.  

 
Figure 3. Combinations of axial forces and moments. F/Fu and M/Mu are 
in (7) and (8) denoted /c cfs  and , ,/m y m yfs . 
 






















































































