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Please keep in mind that this exam of June 22nd 2012 was a computer exam of 2 hours. In 
the written examination as from 2012 also open question will be asked. 

 

Question 1 Qrack Width 

To determine the crack width in the support region of a continuous girder, a part of the structure is 
modeled as a reinforced tensile member, see the figure. The height of the tensile member is hc,eff. 

The width of the tensile member is equal to the width of the girder (b). The dimensions of the 
girder are: b * h = 400 mm * 800 mm. 

 
 
Average axial tensile strength concrete  : fctm = 2.2 N/mm2 

Diameter main reinforcement  : Φ = 32 mm 
Maximum crack width  : wmax = 0.15 mm  
The required reinforcement is equal 
to the provided reinforcement  : As,required  =  As,provided = 4400 mm2 

Height tensile member  : hc,eff  = 137.5 mm. 
Long term elastic modulus of concrete : Ecm (∞) = 12000 N/mm2  
Reinforcing steel  : B500B      fyd = 435 N/mm2 
Elastic modulus of steel                            : Es = 200000 N/mm2 

 
A. Calculate the strain of the tensile member (ct), expressed  in ‰, in case the concrete 

starts to crack for the first time. 

 
B. Calculate the stress in the reinforcement (so) as the concrete starts to crack, expressed 

in N/mm2. 

 
C. Calculate the tensile force  (Ntcrack), expressed in kN, as the concrete starts to crack. 

 
D. Calculate the stress (sr) in the reinforcement in the crack,  just after the first crack 

has occurred. 



Question 2 Prestressed Tgirder 

A prestressed girder with a span (l) of 21 meter, is prestressed using 3 prestressing tendons.  
In the middle cross-section the prestressing tendons are 100 mm from the bottom fiber of the girder. 
The center of gravity of the anchorages coincides with the center of gravity of the cross-section (eo = 
0).  The girder is fully prestressed. 
In the middle cross-section the following can be assumed: 
 Friction loss and time dependent losses are 20% in total 
 Elastic losses are compensated for. 

 Variable loading (q) = 10.5 kN/m1.  
 

 
 

Ac = 0.403 m2      yb = 0.508 m  Ic = 0.037 m4 

Strength class of concrete C35/45    fcd =23.33 N/mm2 

Stress - strain diagram concrete  = 0.75   = 0.389 

Density of concrete  25 kN/m3 

Prestressing  steel Class A Y1860S7   fpk =1860 / 1.1  = 1691 N/mm2  

    pm0 = 1395 N/mm2    

Ep = 195000 N/mm2 
Partial load factors:  g = 1.2  q = 1.5   p = 1.0 



 

A. Calculate the working prestressing force (Pmt), expressed in kN, which is required to have no 

tensile stresses in the bottom fiber of the girder. 

 
B. Calculate the initial prestressing force (Pm0), expressed in kN. 

 

C. Calculate the required cross-sectional area of the prestressing steel (Ap), expressed in mm2. 
 

D. Calculate the value of the design bending moment (MEd), expressed in kNm. 

 
E. Calculate the value of the bending moment capacity (MRd), expressed in kNm. 

To answer this question, it can be assumed that the tensile stress in the prestressing steel in 

ULS is 1607 N/mm2 
 

F. To answer question 5, the height of the concrete compression zone xu had to be calculated. 
Now calculate the strain of the prestressing steel (ɛud) in ULS that follows from the calculated 
xu, expressed in ‰. 

 

G. Calculate the actual stress in the prestressing steel in the ULS , expressed in N/mm2. 
 

Use the stress - strain diagram of the prestressing steel with the following parameters: 

fpd = 1522 N/mm2 

fpk / s = 1691 N/mm2 

Ep = 195000 N/mm2 
ɛuk = 35 ‰ 

 
H. Calculated is: 

MEd = (D) kN, and 
MRd = (E) kN. 
Does the critical cross-section fulfill the requirement with regard to safety? 

Yes or No 

 

 
 

 

 

Question X  Multiple choice questions 

The multiple choice questions belonging to this exam are not included in this answer form. 

 



Question 3 Eccentricity 

A prestressed girder with a span of  19 meter has 1 curved tendon.   The centroidal axis of the 
anchorages coincides with the centroidal axis of the girder (eo = 0).  
Dimensions of the girder: 500 mm * 960 mm (width * height) 
The profile of the prestressing is presented in the drawing.  
The magnitude of  the initial prestressing force Pm0 = 2600 kN. 
                              
Time-dependent losses and friction losses are 20% in total. 
Elastic losses and losses caused by wedge set are compensated for. 
Density of concrete is 25 kN/m3. 
 
Remark for all the questions 
Requirement: 
The girder has to be fully prestressed. No tensile stresses are allowed to occur in any fiber of the 
cross-section. 
 

 
 
 
 

A. Calculate, in cross-section A-A, the maximum eccentricity (emax), expressed in mm, at 
time = 0.  
Remark: A variable load isn't present at time t = 0. 

 
B. Calculate, in cross-section A-A, the minimum eccentricity (emin), expressed in mm, at time 

t = .  
At time t =  also a variable load is present 
The variable load is: 5 kN/m1. 

 
C. Calculate in the cross-section at the support, the maximum eccentricity (emax),  

expressed in mm, at time = 0.  
A variable load isn't present at time t = 0. 



Question 4 Flat slab floor - punch 

A flat slab floor is supported by columns. The slab has several spans. Consider a panel continuous 
at all edges, see the figure. The slab is part of a braced structure (non-sway frame). 
 

 

Spans           lx = 7 m 
           ly = 9.8 m  
Depth of the slab         h = 361.129 mm 
Dimensions columns          320 * 320 mm   
Strength class C35/45            fck = 35 N/mm2 

                         fcd = 35 / 1.5 = 23.33 N/mm2  
Density of concrete                        ρ = 25 kN/m3  

Concrete cover                         c = 25 mm  
Diameter bars in x - and y - direction     Φ = 20 mm 
Internal lever arm                                 z = 0.9 * d 
Reinforcing steel  B500B            fyd = 500 / 1.15 = 435 N/mm2 
Variable load                                        qvar  = 6,00 kN/m2  
Partial load factors         γG = 1.2           γQ = 1.5    
 

A. Calculate the design value of the punching shear load (VEd), which each column has to 
resist, expressed in kN. 
For this question it holds: 
The panel considered is continuous at all four edges. This implies that the column has 
to resists loads from the 4  adjacent spans (panels). 
The connection between the slab and the column can be regarded as being hinged. 

 

B. Calculate the design value of the punchingshear stress, expressed in N/mm2. 
For an ideal midfield column it is prescribed that factor  = 1. 
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