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Exercise #8: Seismic Design of Steel MRFs - Steel Columns 
 
The steel moment-resisting frame (MRF) shown in Figure 1 has been designed in a high 
seismicity zone for gravity and earthquake loading. The cross sections represent the final 
design of the steel MRF in the North-South loading direction. Steel beams and columns have 
been designed with S355J2 profile (i.e., 𝐸 = 210𝐺𝑃𝑎, 𝑓! = 355𝑀𝑃𝑎). A behaviour factor of 
𝑞	 = 	5 has been adopted as part of the design process. End plate beam-to-column connections 
have been utilized for the seismic design. The total floor weight due to gravity loading is 𝐺	 =
	5𝑘𝑁/𝑚" (all included). The stability coefficient is 𝜃	 = 	0.13 for story 1 of the steel MRF. 
For stories 2, 3, 4 assume that 𝜃	 < 	0.10. The column can be assumed to be fixed at the base 
(exposed type column-base connection). 
 
The following questions should be addressed: 
 

1. Compute the force demands (𝑁#$, 𝑀#$, 𝑉#$) for column 1. For these computations use 
the shear, axial and bending force diagrams shown in Figure 2. 

2. Does column 1 satisfy the design requirements for shear demand/shear resistance? 
3. What is the section classification of column 1? Can it be used for the seismic design of 

the steel MRF? 
4. Compute the buckling resistance of column 1. Check if it is adequate for the design 

against compression. Assume that the steel column is restrained laterally with respect 
to its weak axis every 0.75m. 

5. Check the column resistance for the effects of lateral torsional buckling. The steel 
column is braced laterally only at the first-floor level (𝐿 = 3500𝑚𝑚). 

6. What should the flexural resistance of the column be after considering bending and 
axial load interaction? 

7. Check the column for biaxial bending interaction. Assume that the 𝑀%,#$  = -150kN-m 
(top end) and 𝑀%,#$ = 300kN-m (fixed end). 

8. Check the stability of the column for interaction of axial load and biaxial bending. 
Assume that the 𝑀%,#$  = -150kN-m (top end) and 𝑀%,#$  = 300kN-m (fixed end). 

9. Is the strong column/weak beam ratio check satisfied at the first floor exterior joint? 
Assume that the steel beams are braced laterally to develop their full plastic moment 
resistance 𝑀!,'(,)$. The steel beams are not considered to be fully composite (i.e., the 
slab does not provide additional strength to the steel beam). 

 
Depending on the assumptions made, the answers can vary. 
The axial, shear and bending diagrams are shown in Figures 2, 3, 4, respectively. 
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Figure 1.  Final design of steel MRF 
 

 

   
(a) due to gravity (b) due to earthquake 

Figure 2. Axial force diagram for gravity and seismic loading 
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(a) due to gravity (b) due to earthquake 

Figure 3. Shear force diagram for gravity and seismic loading 
 

   
(a) due to gravity (b) due to earthquake 

Figure 4. Bending force diagram for gravity and seismic loading 
  

-38

-36

-37

-54

38

36

37

54

40kN

33kN

25kN

14kN

76kN

64kN

50kN

25kN

40kN

33kN

25kN

14kN-3kN

-6kN

-10kN

-12kN

-3kN

-6kN

-10kN

-12kN

137 137

129 129

131 131

130 130

75

-98

-92

70 -92

70 -120

109

60

5035

2029

2423

18

115

110
67

50
50

45
43

43



Seismic Engineering  Prof. Dr. Dimitrios G. Lignos, EPFL 4 

 



Seismic Engineering  Prof. Dr. Dimitrios G. Lignos, EPFL 5 

 



Seismic Engineering  Prof. Dr. Dimitrios G. Lignos, EPFL 6 

 



Seismic Engineering  Prof. Dr. Dimitrios G. Lignos, EPFL 7 

 
  


