
Advanced Structural Concrete AS 2021 
Page 

1/9 

Exercise 2 Solution 
 

fm / 13.01.2022 

Deformation capacity and demand 

 

Geometry 
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   3
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Table 8 and 3  
 

3.1.2.3.3 
 

Table 3 

 

 

 

Table 5 and 9 
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Resistance 

 

Beam: 

  

.

.

.
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2
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2
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0.44 0.35 verification of deformation capacity required!
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Tension member: 

  . 267.9kNRd s TM sdN A f  
 

Stiffness 

 

Beam: 
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Tension member: 

  . 126.2MNII

s s TMEA E A  
 

 

a) Verification of structure for load scenario 1 

 

Elastic internal forces: 
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Ø 26 mm
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4.1.4.2.6 
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.

.

431.6kNm

346.7 kNm
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B field Rd
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M M
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The clamping moment exceeds the moment resistance. Reaching the moment resistance, a plastic hinge at 

the clamp is formed and the static system of the beam changes to a simply supported beam, which has further 

load bearing capacity (MB.field < MRd).The rotation capacity of the plastic hinge has to be compared with its 

deformation demand resulting from the system change. 

  
.1 .1

.

.1 .1 .1

261.2kN

38.8kN

Rd

dy d
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d d dy

M
Q Q

M

Q Q Q

  

   

 

 Qdy.1 corresponds to the load at which a plastic hinge forms at the fixed end of the beam. 

 Qd.1 corresponds to the load that has to be carried by the simply supported beam.  
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Internal forces after redistribution: 
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Verification shear force: 
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Rotation demand: 
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Rotation capacity: 
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Work theorem 
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  The reinforcement yields over the entire crack element when failure is reached (Regime 3). 
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2.61mrad 2.28mrad OK (concrete crushing)

33.40mrad 2.28mrad OK (steel rupture)

smycu

puc pl dem

smysmu

pus pl dem

L
x d x

L
d x d x

 
         

 

 
         

  

 

The rotation capacity of the plastic hinge is satisfactory. 

 

 

Remark:  

Rotation capacity simplified: 

  

2.64mrad 2.28mrad OK (concrete crushing)

0.5
40.39mrad 2.28mrad OK (steel rupture)

smycu

puc dem

smyu

pus dem

d
x d x

d
d x d x

 
         

 

  
         

  

 

The rotation capacity determinded with the simplified method is in good agreement with the more refined 

method taking into account concrete crushing. For the given geometry (rectangular cross section) assuming 

Lpl = d is justified. The simplified approch overestimates the mean elongations at failure of the 

reinforcement. For situations with steel rupture being the governing failure mode, the more refined 

calculation method is recommended. 
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b) Verification of structure for load scenario 2 

 

Elastic internal forces: 
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The normal force in the tension member exceeds the normal resistance. Reaching the normal resistance, the 

tension member plastifies and a cantilever beam remains as the static system, which has further load bearing 

capacity (MB.clamp < MRd). The deformation capacity of the tension member has to be compared with the 

deformation demand resulting from the system change.  
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  Qdy.2 corresponds to the load at which the tension member yields and can not take any more load. 

  Qd.2 corresponds to the load that has to be carried by the cantilever beam alone. 

 

 
Internal forces after redistribution: 

   
.
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Verification shear force: 

   . , ,32.1kN min , 230.7kN OKB max Rd s Rd cV V V     

Deformation demand tension member: 
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Deformation capacity tension member: 
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  The stirrups weaken the concrete cross-section. Therefore, the cracks are likely to form next to the  

  stirrups. 
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  The reinforcement does not yield over the entire crack element when failure is reached (Regime 2). 
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The deformation capacity of the tension member is satisfactory. However, assuming the effective crack 

width would be sr = sro (conservative), the deformation capacity was wpus = 41.1mm and not sufficient.  

 

 

 


