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Exercise 3

Dimension the slab using the strip method.

Dimension the slab using an elastic FEM-

calculation (e.g. with CEDRUS-7, [4]).

Determine an upper limit value of the ultimate load 

using the yield line method.

Educational content

• FEM-Calculation:

Application in practice

• Strip method: 

Pre-dimensioning / Control of FEM-calculations 

• Transformation of skew reinforcement

Derivation of yield conditions

→ Separate document on website
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Dimensioning workflow with FEM

Documentation / check of:

• Geometry (Interaction CAD)

• Loads

• Combination of results and specifications of the limit states

• Deflections (Attention: elastic → Ultimate state: Factor 3-4)

• Reactions

• Internal forces

• Required reinforcement  reinforcement layout
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Reinforcement layout

• Representative frames

→ 2 to 3 gradations for typical slabs

• Look for repetitions

• Peaks do not necessary need to be 

“covered”, averaging possible, (however, no 

real lower limit value)

• Caution when averaging over high shear 

forces (punching)

• Slight over-dimensioning of the field 

reinforcement is preferred to slight over-

dimensioning of the reinforcement above the 

column
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Edited section of the 

reinforcement layout

Dimensioning with FEM

Reinforcement layout

• Representative frames

→ 2 to 3 gradations for typical slabs

• Look for repetitions

• Peaks do not necessary need to be 

“covered”, averaging possible, (however, no 

real lower limit value)

• Caution when averaging over high shear 

forces (punching)

• Slight over-dimensioning of the field 

reinforcement is preferred to slight over-

dimensioning of the reinforcement above the 

column
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Colloquium 3

Slab with

• h = 0.45 m

• Concrete C30/37

→ fcd = 20 MPa

• Steel B500B

→ fsd = 435 MPa

• Concrete cover

cnom = 55 mm

Task:

Dimension the slab by using the 

results from an elastic FEM-

calculation 

→ here only bending moments

60°
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FEM-calculations with reference load

F1
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Isotropic

10.00

y
x

3.75

42
0.42

100

dq

p
 Factor 

6 210 kN mSupport : Vertical stiffness 



Colloquium 3

17/11/2021 ETH Zurich | Chair of Concrete Structures and Bridge Design | Advanced Structural Concrete 8

 w
 1

-1
 

 w
 2

-1
 

7.
50

3.75 10.00

X-Richtung

Y
-R

ic
h
tu

n
g

L
a
g
e
ru

n
g
: 
E

in
se

n
ku

n
g
e
n
 S

te
ifi

g
ke

it 
1
e
-6

 k
N

/m
2
, 
R

o
ta

tio
n
e
n
 f
re

i

L
a
g
e
ru

n
g
: 
E

in
se

n
ku

n
g
e
n
 S

te
ifi

g
ke

it 
1
e
6
 k

N
/m

2
, 
R

o
ta

tio
n
e
n
 f
re

i

L
a
g
e
ru

n
g
: 
E

in
se

n
ku

n
g
e
n
 S

te
ifi

g
ke

it 
1
e
 -
6
 k

N
/m

2
, 
R

o
ta

tio
n
e
n
 f
re

i

L
a
g
e
ru

n
g
: 
E

in
se

n
ku

n
g
e
n
 S

te
ifi

g
ke

it 
1
e
 -
6
 k

N
/m

2
, 
R

o
ta

tio
n
e
n
 f
re

i

250.0 500.0

-28.4

750.0

-62.9

953.4

-80.0

750.0

-99.2

750.0

-99.2

-80.0

953.4

-62.9

-31.6

250.0 0.0

x

FEM-calculations with reference load

1

2 3

4

5

6

7

8

9

10

11

12

y

 [kNm/m]xm
390

365

335

32

34

38
kNm m

0

0

280

235

175

110

xm

 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 

Contour lines at: 50 kNm/m



 w
 1

-1
 

 w
 2

-1
 

7.
50

3.75 10.00

X-Richtung

Y
-R

ic
h
tu

n
g

L
a
g
e
ru

n
g
: 
E

in
se

n
ku

n
g
e
n
 S

te
ifi

g
ke

it 
1
e
6
 k

N
/m

2
, 
R

o
ta

tio
n
e
n
 f
re

i

L
a
g
e
ru

n
g
: 
E

in
se

n
ku

n
g
e
n
 S

te
ifi

g
ke

it 
1
e
 -
6
 k

N
/m

2
, 
R

o
ta

tio
n
e
n
 f
re

i

L
a
g
e
ru

n
g
: 
E

in
se

n
ku

n
g
e
n
 S

te
ifi

g
ke

it 
1
e
 -
6
 k

N
/m

2
, 
R

o
ta

tio
n
e
n
 f
re

i

L
a
g
e
ru

n
g
: 
E

in
se

n
ku

n
g
e
n
 S

te
ifi

g
ke

it 
1
e
 -
6
 k

N
/m

2
, 
R

o
ta

tio
n
e
n
 f
re

i

0.0
0.0

99.5

-100.0

-291.3

85.4

85.4

-291.3

99.5

-100.0

Colloquium 3

17/11/2021 ETH Zurich | Chair of Concrete Structures and Bridge Design | Advanced Structural Concrete 9

x
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FEM-calculations with reference load
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FEM-calculations with reference load

Principal moments
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Reinforcement 1./2. layer
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Reinforcement 3./4. layer

14 14

14 14

14 14

14 14

14 14

14 14
mm mm

14 14

14 14

14 14

14 14

14 14

14 14

sup sup 

   
   
   
   
   
   
   
   
   

      
   
   
   
   
   
   
   
   
   

4. Layer: -Direction:

3. Layer: -Direction:

4 4450 mm 2 388 mmnomd c   

3 4 3450 mm 2 374 mmnomd c    

1

2 3

5

6

7

9
10

11

12

8

4

s 
=

 2
0

0
 m

m

s 
=

 2
0

0
 m

m



Colloquium 3

17/11/2021 ETH Zurich | Chair of Concrete Structures and Bridge Design | Advanced Structural Concrete 14

Bending resistance in skewed reinforcement directions
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Transformation of the bending resistance in the global x,y coordinates
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Transformation of the bending resistance in the global x,y coordinates

0 , 60      
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Control of the yield condition
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