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Main structural Systems of Timber frames and elements
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Main structural Systems of Glulam
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Structural Timber design is done according to EN 1995-1-1 
Eurocode 5: Design of timber structures-Part 1-1: General-
Common rules and rules for buildings:

1. Ultimate Limit States according to Section 6;

2. Serviceability Limit States according to Section 7;

3. Connections with metal fasteners according to Section 8
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Ultimate Limit States
of timber structures
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Ultimate limit states:

1) Design of elements subjected to stresses in one principal direction:

1.1. tension parallel to grain;

1.2. tension perpendicular to the grain;

1.3. compression parallel to the grain;

1.4. compression perpendicular to the grain;

1.5. bending;

1.6. shear.

2) Design of elements subjected to combined stresses

2.1) combined bending;

2.2) compression stresses at an angle to the grain;

2.3) combined bending and axial tension;

2.4) combined bending and axial compression.

3) Stability of members.

4) Design of cross-sections in members with varying cross-section.
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Main axis according to EC5

Fig. 1. Member axes
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Design of cross-sections subjected to

stress in one principal direction
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Tension parallel to the grain (1)

Fig. 1. Timber element subjected to axial tension

Strength condition of axially loaded timber element according to

EN 1995-1-1, Eq. 6.1:

where:

– the design tensile stress along the grain;

– the design tensile strength along the grain.

,0, ,0,t d t df 

,0,t d

,0,t df
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Tension parallel to the grain (2)

The design tensile stress along the grain:

where:

Nt,Ed – the design tension force in the element;

Anet – netto cross section.

Determining Anet should be evaluated:

• If holes and cuts are in the distance of less than 200 mm, the

Net cross section should be taken as one;

• Holed for nails and screws with diameter less of equal to 6 mm

can be neglected.

,

,0,

t d

t d

net

N

A
 =



Tension parallel to the grain (3)

The design tension strength parallel to the grain according to EN 1995-1-

1, Eq. 2.17:

where:

kmod – is a modification factor taking into account the effect of the

duration of load and moisture content;

ft,0,k – is the characteristic value of a tension strength;

– is the partial factor for a material property;

kh – the cross section height coefficient.

mod ,0,

,0,

h t k

t d

M

k k f
f



 
=

M
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Modification factor

Structures shall be assigned to one of the service classes given below:

Service class 1 is characterized by moisture content in the materials corresponding to a

temperature of 20⁰C and the relative humidity of the surrounding air only exceeding 65% for a

few weeks per year.

Service class 2 is characterized by moisture content in the materials corresponding to a

temperature of 20⁰C and the relative humidity of the surrounding air only exceeding 85% for a

few weeks per year.

Service class 3 is characterized by climatic conditions leading to higher moisture contents

than in service class 2.
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Modification factor

Load duration classes LDC
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The partial factor for a material property
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Mechanical properties of softwood
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Mechanical properties of Glulam (homogenous)
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Mechanical properties of Glulam (combined)
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The cross section height coefficient according to EN 1995-1-1, Eq. 3.1 and Eq. 3.2

For rectangular solid timber with a

characteristic timber density ≤70 kg/m3,

the reference depth in bending or width

(maximum cross-sectional dimension) in

tension is 150 mm. For depths in

bending or widths in tension of solid

timber less than 150 mm the

characteristic values for fm,k and ft,k may

be increased by factor kh:

0,2
150

min

1,3

hk h

 
 =  



For rectangular glued laminated

timber, the reference depth in bending or

width in tension is 600 mm. For depths in

bending or widths in tension of glued

laminated timber less than 60 mm the

characteristic values for fm,k and ft,k may

be increased by factor kh:

0,1
600

min

1,1

hk h

 
 =  


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Tension perpendicular to the grain

Fig. 1. Element subjected to tension perpendicular to the grain

Strength condition of the element subjected to tension

perpendicular to the grain according to EN 1995-1-1, Section 6.1.4:

Remark:

The effect of member size shall be taken into account.

,90, ,90,t d t df 
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Compression parallel to the grain

Fig. 1. Element subjected to axial compression stress

The following condition should be satisfied according to EN 1995-

1-1, Eq. 6.2:

The design compressive strength:

,0, ,0,c d c df 

,0, mod

,0,

c k

c d

M

f k
f




=
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Compression perpendicular to the grain (1)

Fig. 1. Timber member subjected to compression perpendicular to the grain:

a) Member on continuous supports;

b) Member on discrete supports
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Compression perpendicular to the grain (2)

The strength condition of member subjected to compression

perpendicular to the grain according to EN 1995-1-1, Eq. 6.3 and 6.4:

where:

– the effective contact area in compression perpendicular to

the grain;

– a factor taking into account the load configuration, the

possibility of splitting and the degree of compressive deformation.

,90, ,90 ,90,c d c c dk f  

,90,

,90,

c d

c d

ef

F

A
 =

efA

,90ck



23

Compression perpendicular to the grain (3)

The effective contact area perpendicular to the grain Aef should be

determined taking into account an effective contact length parallel to the

grain, where the actual length l at each side is increased by 30 mm, but

not more than a, l ir l1/2.

Condition should be satisfied

For members coefficient is equal to:

Members on continuous supports:

Members on discrete supports:

,90

,90

1.25 /

1.5

=


=

c

c

k solid sawntimber

k glulam

,90

,90

1.5 /

1.75 , 400

=


= 

c

c

k solid sawn timber

k glulam l mm

1 2 .l h
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Bending

The following expressions shall be satisfied (when relative slenderness

for bending is ≤0,75) according to EN 1995-1-1, Eq. 6.11 and 6.12:

, ,

,

, ,

,

1,0

1,0

m y d

m d

m z d

m d

f

f









About axis y-y

About axis z-z

,

, ,

,

, ,

y d

m y d

y

z d

m z d

z

M

W

M

W





=

=

, mod

,

m k h

m d

M

f k k
f



 
=

Determined in the same

way as for elements

subjected to tension



25

Shear (1)

For shear with a stress component parallel to the grain, as

well as for shear with both stress component s perpendicular to the

grain, the following expression shall be satisfied, according to EN

1995-1-1, Eq. 6.13:

,d v df 
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Shear (2)

3

2



=

  

d
d

cr

V

k b h
mod ,

,

v k

v d

M

k f
f




=

is the coefficient which is used for verification of shear

resistance for members in bending, the influence of cracks should be

taken into account. For solid timber and for glued laminated timber is

equal to 0,67.

crk
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Shear (3)

,

1,5



=  

 

d
d v v d

cr ef

V
k f

k b h

The strength condition should be verified according to EN 1995-1-

1, Eq. 6.60:
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Shear (4)

Reduction factor kv according to EN 1995-1-1, Eq. 6.61 and 6.62:

1,0vk =
For beams notched at the opposite side 

to the support

( )

1,5

2

1

1,1
1

min

1
1 0,8

n

v

i
k

k h

x
h

h
  






  +  
=   

  
 − + − 
  

For beams notched on 

the same side as the 

support

efh

h
 =

4,5

5

6,5




= 



n

for LVL

k for solid timber

for Glulam
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Torsion (1)

The following strength condition shall be satisfied according to EN

1995-1-1, Eq. 6.14:

, ,tor d shape v dk f  

For a circular cross section

For a rectangular cross section

, 3

, 2

2

2
tor d

tor d

T

r

T

k b h







=



=
 
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Torsion (2)

Coefficient k2 takes into account the ratio between height and width

of the cross section:

2

2

/ 1,0 0,208

/ 1,2 0,219

...

h b k

h b k

= → =

= → =

Factor depending on the shape of the cross-section:

For a circular cross section

For a rectangular cross section

1,2

1 0,15
min

2,0

shape

shape

k

h

k b

=


+

= 

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Design of cross-sections subjected

to combined stresses
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Bending

The following condition (when relative slenderness for bending

≤0,75) should be verified according to EN 1995-1-1, Eq. 6.11 and 6.12:

, , , ,

, , , ,

, , , ,

, , , ,

1,0

1,0

 

 

+  −

+  −

m y d m z d

m

m y d m z d

m y d m z d

m

m y d m z d

k about y y axis
f f

k about z z axis
f f

km=0,7   (for rectangular cross section)

km=1,0   (for other cross sections)
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Compression stresses at an angle to the grain

The compressive stresses at an angle to the grain, should satisfy the

following expression according to EN 1995-1-1, Eq. 6.16:

,0,

, ,
2 2,0,

,90 ,90,

sin cos

c d

c d
c d

c c d

f

f

k f



 



+

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Combined bending and axial tension

The following expressions shall be satisfied according to EN 1995-

1-1, Eq. 6.17 and 6.18:

, ,,0, , ,

,0, , , , ,

, ,,0, , ,

,0, , , , ,

1,0

1,0

 

 

+ +  −

+ +  −

m y dt d m z d

m

t d m y d m z d

m y dt d m z d

m

t d m y d m z d

k about y y axis
f f f

k about z z axis
f f f
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Combined bending and axial compression (1)

The following expressions shall be satisfied, when relative

slenderness of elements are according to EN

1995-1-1, Eq. 6.19 and 6.20:

2

, ,,0, , ,

,0, , , , ,

2

, ,,0, , ,

,0, , , , ,

1,0

1,0

 

 

 
+ +  − 

 

 
+ +  − 

 

m y dc d m z d

m

c d m y d m z d

m y dc d m z d

m

c d m y d m z d

k about y y axis
f f f

k about z z axis
f f f

, , 0,3  rel y rel zand
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Combined bending and axial compression (2)



37

Stability of members
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Bending (1)

In the case where only moment My exists about the strong axis y, the

stresses should satisfy the following condition according to EN 1995-1-1,

Eq. 6.33:

, ,m d crit m dk f  

Fig. 1. Lateral torsional buckling of bending element
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Bending (2)

For beams with an initial lateral deviation from straightness within

the limits defined in Section 10, the coefficient may be determined from

expressions according to EN 1995-1-1, Eq. 6.34:

,

, ,

2

, ,

1 0,75

1,56 0,75 0,75 1,4

1 1,4



 

 

 


= −   




rel m

crit rel m rel m

rel m rel m

when

k when

when

The factor may be taken as 1,0 for beam where lateral displacement

of its compressive edge is prevented throughout its length and where

torsional rotation is prevented at its supports.



40

Bending (3)

The relative slenderness for bending should be taken as according

to EN 1995-1-1, Eq. 6.30:

,

,

,

m k

rel m

m crit

f



=

Critical bending stress according to EN 1995-1-1, Eq. 6.31:

2

, 0,05

2

, 0,05 0,05

0,78

1 0,63







=



  
=   − 

  

m crit

ef

m crit

ef

b
E for solid timber

h l

b b
E G forGlulam

h l h
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Bending (4)
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Centrically loaded elements (1)

Fig. 1. Buckling of centrically loaded element
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Centrically loaded elements (2)

Centrically loaded elements when relative slenderness is

according to EN 1995-1-1, Eq. 6.23 and 6.24:

,0,

, ,0,

,0,

, ,0,

1,0

1,0





 −


 −


c d

c y c d

c d

c z c d

about y y axis
k f

about z z axis
k f

, , 0,3rel y rel zir  
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Centrically loaded elements (3)

Buckling coefficients according to EN 1995-1-1, Eq. 6.25-6.29:

,
2 2

,

,
2 2

,

1

1





= −
+ −

= −
+ −

c y

y y rel y

c z

z z rel z

k about y y axis
k k

k about z z axis
k k

( )( )

( )( )

2

, ,

2

, ,

0,5 1 0,3

0,5 1 0,3

  

  

= + − + −

= + − + −

y c rel y rel y

z c rel z rel z

k about y y axis

k about z z axis

0,2

0,1





=

=

c

c

solidetimber

glulam
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Centrically loaded elements (4)

Relative slenderness according to EN 1995-1-1, Eq. 6.21 and 6.22:

,0,

,

0,05

,0,

,

0,05











= −

= −

y c k

rel y

c kz
rel z

f
about y y

E

f
about z z

E

, ,

, ,

12

12





= = −

= = −

e y e y

y

y

e z e z

z

z

L L
about y y

i h

L L
about z z

i b

Slenderness:
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Centrically loaded elements (5)
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Columns subjected to either compression of combined

compression and bending (1)

In all other cases the stresses, which will be increased due to

deflection, should satisfy the following expressions according to EN 1995-

1-1, Eq. 6.23 and 6.24:

, ,,0, , ,

, ,0, , , , ,

, ,,0, , ,

, ,0, , , , ,

1,0

1,0

m y dc d m z d

m

c y c d m y d m z d

m y dc d m z d

m

c y c d m y d m z d

k
k f f f

k
k f f f

 

 

+ + 


+ + 

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Columns subjected to either compression of combined

compression and bending (2)
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Beams subjected to either bending or combined 

bending and compression

In the case where a combination of moment M about the strong axis

y and compressive force N exists, the stresses should satisfy the following

expression according to EN 1995-1-1, Eq. 6.35:

2

, ,0,

, , ,0,

1,0
m d c d

crit m d c z c dk f k f

  
+  

  
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Design of glued laminated members with tapered,

curved or pitched curved profiles
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Single tapered beam (1)

At the outermost fibre of the tapered edge, the stresses should

satisfy the following expression according to EN 1995-1-1, Eq. 6.38:

, , , ,   m d m m dk f
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Single tapered beam (2)

For tensile stresses parallel to the tapered edge according to EN 1995-1-1, Eq. 

6.39:

,
2 2

, , 2

, ,90,

1

1 tan tan
0,75



 

=

   
+ +   

   

m

m d m d

v d t d

k

f f

f f

For compressive stresses parallel to the tapered edge according to EN 1995-1-1, 

Eq. 6.40:
,

2 2

, , 2

, ,90,

1

1 tan tan
0,75



 

=

   
+ +   

   

m

m d m d

v d t d

k

f f

f f
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Double tapered beams

The apex bending stress should be calculated as follows:

, , m d m df ,

, 2

6



=



ap d

m d l

ap

M
k

b h

21 1,4 tan 5,4 tan = + +l ap apk
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Curved and pitched cambered beams (1)

In the apex zone, the bending stresses should satisfy the following

expression:

, ,  m d r m dk f
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Curved and pitched cambered beams (2)

The apex bending stress should be calculated as follows:

Map,d– bending moment in the apex

,

, 2

6



=



ap d

m d l

ap

M
k

b h

2 3

1 2 3 4

     
= + + +     

     

ap ap ap

l

h h h
k k k k k

r r r

2

1

2

2

3

2

4

1 1,4 tan 5,4 tan

0,35 8tan

0,6 8,3tan 7,8 tan

6 tan

 



 



= + +

= −

= + −

=

ap ap

ap

ap ap

ap

k

k

k

k

1; 240

0,76 0,001 ; 240

 


= 
 + 


in

r
in in

r
kai

t
k

r r
kai

tt
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Tension perpendicular to the grain in the apex (1)

The greatest tensile stress perpendicular to the grain due to the

bending moment should be calculated as follows:

,90, ,90,   t d dis vol t dk k f

0,2

0

1;

;




=  
 
 

vol

solid timber

k V
glulam

V
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Tension perpendicular to the grain in the apex (2)

( )
2

=  apV b h

( )2 2
180

 
= + ap ap inV b h h r

( ) ( )( )
2

2sin cos
180

 
 

 
= + − 

 

ap

ap ap in ap inV b r h r
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Tension perpendicular to the grain in the apex (3)
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Serviceability Limit States
of timber structures
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Serviceability limit states

General data

Deformations should be less than its limit values to ensure:

• Visual and functional requirements of the building;

• To avoid brittle failure of the decoration;

• Water drainage from roofs would be ensured;

• The proper construction should be ensured of the entire life of the

building;

• Ensure a sufficient level of comfort due to vibration.
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Fig. 1. Components of timber beam‘s deflection

– is the pre-camber;

,

c

inst

creep

fin

net fin

w

w

w

w

w

– is the instantaneous deflection;

– is the creep deflection;

– is the final deflection;

– is the net final deflection.

Calculation of timber structures.

Serviceability Limit States
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Limiting values for deflections of beams

according to Eurocode 5 (1)

The net deflection below a straight line between the supports,

wnet,fin, should be taken as:

Limit deflection values for deflections of beams according to

Eurocode 5:

,net fin inst creep c fin cw w w w w w= + − = −
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Determination of deflections according to

Eurocode 5 (1)

The instantaneous deformation, uinst should be calculated for

the characteristic combination of actions, see EN 1990, clause

6.5.3(2) a), using mean values of the appropriate moduli of

elasticity, shear moduli and slip moduli.

The final deformation, ufin should be calculated for the quasi-

permanent combination of actions according to EN 1990, clause

6.5.3(2) c).

If structure consists of members or components having

different creep behavior, the final deformation should be calculated

using final mean values of the appropriate moduli of elasticity,

shear moduli and slip moduli.
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For structures consisting of members, components and

connections with the same creep behaviour and under the

assumption of a linear relationship between the actions and the

corresponding deformations, as a simplification of 2.2.2(3), the

final deformation, ufin, may be determined as:

where:

1, , , ifin fin G fin Q fin Qu u u u= + +

( )

( )

( )
1 1

, ,

, , 2,1

, , 0, 2,

1 ;

1 ;

.
i i

fin G inst G def

fin Q inst Q def

fin Q inst Q i i def

u u k

u u k

u u k



 

= +

= + 

= + 

Determination of deflections according to

Eurocode 5 (2)
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1, , ,

2,1 2,

0,

; ;

; 



iinst G inst Q inst Q

i

i

def

u u u

k

– are the instantaneous deformations

for actions G, Q1, Qi, respectively;

– are the factors for quasi-permanent value of variable

actions;

– are the factors for the combination value of variable

actions;

– factor which takes into account the influence of the

service class on the creep deflection.

Determination of deflections according to

Eurocode 5 (3)
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Determination of deflections according to

Eurocode 5 (4)

Recommended values for buildings
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Determination of deflections according to

Eurocode 5 (5)
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The increase of deflection due to

shear deformations (1)

For structural steel, the ratio E0,mean/Gmean is approximately 2 and

consequently in steel design when considering normal sections, the shear

deformation effect is generally ignored. With timber, however,

E0,mean/Gmean is approximately 16 and for practical beam design, h/l will

range between 0.1 and 0.05 resulting in a shear deformation between 5

and 20 % of the flexural value.

As this is significant percentage, the effect of shear deformation

must be taken into account when designing timber structures.

Shear deformation can be expressed in terms of the flexural

deflection multiplied by a shear amplification factor:

, , ,inst inst M inst V inst M shearu u u u k= + = 
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The increase of deflection due to

shear deformations (2)
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