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6. Appendix 
 
 

The reference 
Moelven 
structure 
 
 
6.1 Ceiling over a 

span of 50 m 
 
 
Moelven Töreboda AB. 
Structural solution for 
a 50 m span roof. 
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6.1.1: Geometry of the structure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Coordinates of the nodes:    Values of  7 independent parameters 
(cartesian reference system centered in A)   of the geometrical configuration: 
 

 

 

 

 

 

 

 

 
 
6.1.2: Kinematic unknowns of the Displacement Method: (left half) 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: The variables at the nodes B, D, E and G are coherent with the inclined roof and not with the 
horizontal and vertical directions as the nodes A, C, F and H. 
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6.1.3: Mechanical properties of the elements 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Steel:           S355 

Glulam:       GL30c 
 
 
Note: In the Moelven’s technical report the element FH is a thin steel tendon, with few data about. 
As it has been shown, this choice is not stable under uneven load. In this work that diagonal has been 
considered as Glulam, like his fellows. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.2 Loads 
 
Permanent load:  g = 0,70 kN/m2 

Snow load: q = 2,5 kN/m2 
 

Spacing between the beams: s = 7,2 m 
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Uniform 
 

 

Uneven 
 

 

 

 

Uniform and non uniform snow load distribution according to EN 1991-1-3 

 

 

Design loads of Moelven, according to the Swedish National Annex: 

ULS combination: pleft    =  29,81 kN/m 

 pright  =  30,65 kN/m 
 

 

 

Design loads of the thesis, according to Eurocode 1: 

 

Uniform Load Distribution: 

ULS combination p  =  ( 1,35*g + 1,5*q )*s  =  33,8 kN/m 

 

Uneven Load Distribution: 

ULS combination: pleft  =  ( 1,35*g + 1,5*q )*s  =  33,8 kN/m 

 pright  =  ( g + 0,5*q )*s  =  14,0 kN/m 
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6.3 Little improvements of the existing configuration 

 

 

 

 

 

 

 

 

 
Coordinates of the new nodes:    Values of the optimal parameters  
(cartesian reference system centered in A)   of the geometrical configuration: 
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6.4 Assessment of the structural solution of Moelven 
 
6.4.1: Diagrams of the internal actions at the ULS 

Internal actions in the upper beam: 
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Axial forces in the truss elements: 
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Material properties: 
 
 
 
 
 
 
 

6.4.2: Safety factors against failure 

Assessment of the tension in the lower chain: 
 

Uniform load distribution              Non uniform load distribution 
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Assessment of the local buckling of the beam AHA’: 
 
 

Uniform load distribution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Non uniform load distribution 
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Assessment of the local buckling of the diagonals: 
 
 

Uniform load distribution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Non uniform load distribution 
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6.5 Structure with solely glulam elements 
 
6.5.1: Proposed optimal solution 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Coordinates of the new nodes:    Values of the 8 optimal parameters  
(cartesian reference system centered in A)   of the geometrical configuration: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Midspan deflection and maximum bending moment in the upper beam AH, under ULS uniform 
distributed load; comparison between the optimal solution with glulam elements and the previous one 
with a steel chain. 
 
 
 
 
 
 

X  [m] Y  [m]
Point A 0,000 0,000
Point B 4,855 0,243
Point C 6,300 -3,333
Point D 10,140 0,507
Point E 14,769 0,738
Point F 17,950 -5,000
Point G 18,785 0,939
Point H 25,000 1,250
Point H' 25,000 -5,000
Point L 22,229 1,111

Position x(C) 6,300 m
Position y(C) -3,333 m

Angle BCO 68,00 °
Angle DCO 45,00 °

Position x(F) 17,950 m
Angle EFO 61,00 °
Angle GFO 82,00 °
Angle LFO 55,00 °
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Design of the elements: 
 
 
 

b x h   [mm] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.5.2: Diagrams of the internal actions 

Internal actions in the upper beam, ULS: 
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Axial forces in the truss elements, ULS: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.5.3: Safety factors against failure 

Assessment of the tension failure of the lower elements: 
 
Uniform load distribution              Non uniform load distribution 
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Assessment of the local buckling of the beam AHA’: 
 
 
 
Uniform load distribution              Non uniform load distribution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Assessment of the local buckling of the diagonals: 
 
 
 
Uniform load distribution              Non uniform load distribution 
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6.6 Influence of the stiffness of the upper member 
 
 
Safety factors against flexure-bending failure of the upper beam changing its ratio h/b 
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Bending moment in the upper member changing its ratio h/b, ULS uniform load: 
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Axial forces in the diagonals changing the ratio h/b of the upper beam: 
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6.7 Influence of the rotational nodes stiffness 
 
6.7.1: Diagrams of the internal actions of the upper beam 

 
Uniform distributed load at ULS; comparison between the models with all hinges and 
with all clamps. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



110 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Non uniform distributed load at ULS; comparison between the models with all hinges 
and with all clamps. 
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6.7.2: Diagrams of the internal actions of the diagonals 

 
Uniform and non uniform distributed load at ULS; comparison between the models 
with all hinges and with all clamps. 
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114 
 

6.7.3: Diagrams of the internal actions of the lower elements 

 
Uniform and non uniform distributed load at ULS; comparison between the models 
with all hinges and with all clamps. 
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6.7.4: Safety factors against failure 
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6.8 Influence of the slip of the joints 
 
6.8.1: Design of the connections 
 

Characteristic resistance per dowel 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Limträhandbok – Del 3 

Steel:           S355 

Glulam:       GL30c 
           [mm] 

 

Design resistance per dowel: 
 
 
 
 
 
with: 
 
  [kN] 
 
 
 
γM = 1,3    -  Wood connections 

kmod = 0,8  -  Medium term, Service class 2 

𝑅𝑑 =
𝑘𝑚𝑜𝑑

𝛾𝑀
𝑅𝑘  

𝑅𝑘 = 26,3 ∗ 𝑛 − 9,8       
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Note: The axial force indicated in the table refers to the uniform ULS load distribution, however the 
design has been made considering both the two load cases. The forces are evaluated with the structural 
analysis without joint slip, since the connections are not known yet. 
 
 
 

6.8.2: Joint slip modulus and structural stiffness reduction 

 
Calculation of the slip modulus:       Eurocode 5 – Table 7.1 
 
      ρm = 430 kg/m3 

 ( per shear plane )  d = 12 mm 

      Kser = 2 x 4652  kN/m 

 
 
Note: The value of the slip modulus Kser has been multiplied by two because in a steel-to-timber 
connection like this one the strains arise only on the timber side, hence the stiffness is the double. 
 
 
 
 
 
 
 
 
 
 

The slip modulus of the whole joint is found 
multiplying Kser (per shear plane) for the number of 
shear planes of the connection. 
Every steel plate provides two shear planes, one for 
each side. 
 

𝐾𝑠𝑒𝑟 = 𝜌𝑚
1,5

  
𝑑

23
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Fictitious reduction of the area accounting for the additional deformation of the joint: 
 
 
 

Deformation of the bar: 
 
 
 
Elasticity of the element: 
 
 

Hooke law in one joint: 
 
 

Elastic law of the equivalent system: 
 
 
 
Substituting all in the first equation:  
 
 
 
 
 
 
 
Note:  Felem can be simplified: it’s the same force in all the three elements since they work in series. 
 
Elaborating the equation the fictitious reduced area A* is found, accounting for the joint slip: 
 
 
 
 
 
 
 
 
Where  A* → A  for  Kser_joint → ∞ 
 
 
 
 
 
Replacing A with A* for all the jointed members in the 
original structural analysis, the new solution obtained takes 
into account the joint slip. 
 
  

𝐹𝑒𝑙𝑒𝑚 =
𝐸𝐴

𝐿
Δ𝐿𝑒𝑙𝑒𝑚  

𝐹𝑒𝑙𝑒𝑚 =
𝐸𝐴∗

𝐿
Δ𝐿𝑡𝑜𝑡  

𝐹𝑒𝑙𝑒𝑚 = 𝐾𝑠𝑒𝑟
𝑗𝑜𝑖𝑛𝑡

Δ𝐿𝑗𝑜𝑖𝑛𝑡  

𝑡𝑜𝑡 𝑒𝑙𝑒𝑚 𝑗𝑜𝑖𝑛𝑡  

𝐹𝑒𝑙𝑒𝑚

𝐸𝐴∗

𝐿

=
𝐹𝑒𝑙𝑒𝑚

𝐸𝐴
𝐿

+ 2
𝐹𝑒𝑙𝑒𝑚

𝐾𝑠𝑒𝑟
𝑗𝑜𝑖𝑛𝑡

 

∗

𝑠𝑒𝑟
𝑗𝑜𝑖𝑛𝑡
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6.8.3: Kinematic diagrams 

 
Axial deformation of the truss elements of the structure, neglecting and considering 
the longitudinal joint slip. ULS uniform load. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

               1,087 
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6.8.4: Static diagrams 

 
Forces in the truss elements of the structure, neglecting and considering the 
longitudinal joint slip. ULS uniform load. 
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Alternative theoretical solutions 
 
 
6.9 Configuration that follows the principal directions of stress 

 
6.9.1: Proposed optimal solution 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Coordinates of the nodes: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Midspan deflection and maximum bending moment in the upper beam, under ULS uniform 
distributed load; comparison between the new proposed solution following the principal directions of 
stresses and the previous one studied so far. 
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Design of the elements: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.9.2: Diagrams of the internal actions of the upper beam 

 
Uniform and non uniform distributed load at the ULS 
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6.9.3: Diagrams of the axial forces in the truss elements 

 
Positive tension, negative compression [kN] 
 
 
 
 
 
 
 
 
 
 
 
 
 

Uniform load distribution, ULS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Non uniform load distribution, ULS 
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6.10 Mechanical improvement by lowering the support 
 
6.10.1: Proposed optimal solution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Coordinates of the nodes: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Midspan deflection and maximum bending moment in the upper beam, under ULS uniform 
distributed load; comparison between the new proposed solution following the principal directions of 
stresses supported in W and the previous one studied so far. 
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Design of the elements: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.10.2: Static diagrams 

 
Diagram of the bending moment in the lower chord, uniform and non uniform load 
distribution at the ULS: 
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Diagrams of the internal actions in the upper beam, uniform and non uniform load 
distribution at the ULS: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



130 
 

 
Axial forces in the truss elements [kN]; positive tension, negative compression. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Uniform load distribution, ULS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Non uniform load distribution, ULS 
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6.11 Transposition of the Moelven’s structure on h = 4,50 m 
 
6.11.1: Moelven’s structure, 10 diagonals, proposed optimal solution 
 
 
 
 
 
 
 
 
 
 
Coordinates of the adjusted nodes, proposed design and volume of timber needed: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           Uniform load at ULS 
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6.11.2: Moelven’s structure, 14 diagonals, proposed optimal solution 
 
 
 
 
 
 
 
 
 
 
 

Coordinates of the adjusted nodes, proposed design and volume of timber needed: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

General comparison between the configurations with 10 and 14 diagonals for h = 4,50 
m, ULS uniform load: 
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6.11.3: Moelven’s structure, 14 diagonals, static diagrams 

 
Diagrams of the internal actions in the upper beam, uniform and non uniform load 
distribution at the ULS: 
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Axial forces in the diagonals, uniform and non uniform load distribution at the ULS: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



135 
 

Diagrams of the most relevant internal actions in the lower chord, uniform and non 
uniform load distribution at the ULS: 
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6.12 Transposition of the theoretical configuration on h = 4,50 m 
 
6.12.1: Proposed optimal solution 
 
 
 
 
 
 
 
 
 
 

Theoretical compressed scheme. 
 
 
Coordinates of the adjusted nodes and proposed design: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      ULS uniform load 
General results: 
 
Comparisons with the previous technical structure, h = 4,50 m 
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6.13 Improvement of the theoretical configuration on h = 4,50 m 
 
6.13.1: Proposed optimal solution 
 
 
 
 
 
 
 
 
 

Theoretical improved scheme. 
 
 
Coordinates of the adjusted nodes, proposed design and volume of timber needed: 
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6.13.2: Static diagrams 
 
Diagram of the bending moment in the lower chord, uniform and non uniform load 
distribution at the ULS: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Diagrams of the internal actions in the upper beam, uniform and non uniform load 
distribution at the ULS: 
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Axial forces in the truss elements [kN]; positive tension, negative compression. 
 
 
 
 
 
 
 
 
 
 

Uniform load distribution, ULS 
 
 
 
 
 
 
 
 
 
 
 
 

Non uniform load distribution, ULS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
General comparison between the theoretical configurations and the Moelven’s one, for 
h = 4,50 m, ULS uniform load: 
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Conclusive technical proposals 
 
 
6.14 Configuration with “trident diagonals” 

 
6.14.1: Proposed optimal solution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Coordinates of the adjusted nodes, proposed design and volume of timber needed: 
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6.14.2: Static diagrams 
 
Diagram of the bending moment in the lower chord, uniform and non uniform load 
distribution at the ULS: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Diagrams of the internal actions in the upper beam, uniform and non uniform load 
distribution at the ULS: 
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Axial forces in the truss elements [kN]; positive tension, negative compression. 
 
 
 
 
 
 
 
 
 
 

Uniform load distribution, ULS 
 
 
 
 
 
 
 
 
 
 
 
 

Non uniform load distribution, ULS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
General comparison between this technical configuration and the previous theoretical 
results, ULS uniform load: 
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6.15 Pure truss configuration 

 
6.15.1: Proposed optimal solution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Coordinates of the adjusted nodes, proposed design and volume of timber needed: 
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6.15.2: Static diagrams 
 
Diagram of the bending moment in the lower chord, uniform and non uniform load 
distribution at the ULS: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Diagrams of the internal actions in the upper beam, uniform and non uniform load 
distribution at the ULS: 
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Axial forces in the truss elements [kN]; positive tension, negative compression. 
 
 
 
 
 
 
 
 
 
 

Uniform load distribution, ULS 
 
 
 
 
 
 
 
 
 
 
 
 

Non uniform load distribution, ULS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
General comparison between those technical configurations, the previous theoretical 
results and the Moelven’s proposal, ULS uniform load: 
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