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Exercise #6 – Seismic design of steel moment resisting frames  
 
Problem #1: Seismic design of steel beams 
 
The steel moment-resisting frame (MRF) shown in Figure 1-1a has been designed in a high 
seismicity zone for gravity and seismic loading. The steel beam-to-column connections can 
be assumed as rigid as shown in Figure 1-1b. A behaviour factor of 𝑞	 = 	5 has been adopted. 
The cross-sectional profiles shown in Figure 1a represent the final design of the steel MRF. 
Steel beams and columns have been designed with a S355J2 profile (𝑓! = 355𝑀𝑃𝑎, 𝐸 =
210𝐺𝑃𝑎, 𝑣 = 0.3). Steel beams are braced laterally at two locations as shown in Figure 1-1c. 
The moment distribution due to earthquake and gravity loading is shown in the same figure. 
 

     
a. Moment resisting frame design b. Rigid connection 

 

 
c. Moment distribution in interior IPE330 steel beam and lateral support locations 

 
Figure 1-1.  Steel moment-resisting frame design and typical beam-to-column 
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The following questions should be answered: 
 

1. Check if the first-floor interior beam IPE330 is adequate in terms of cross section 
classification as discussed in SIA 263 or the Eurocode provisions (calculations should 
be explicitly done). 

2. Check if the first-floor interior beam IPE330 satisfies the lateral bracing requirements 
for lateral torsional buckling. If not, compute the reduced flexural strength of the first-
floor interior steel beam because of lateral torsional buckling. List your assumptions 
clearly. In any case, the flexural resistance of the beam, reduced by the effects of 
lateral torsional buckling, cannot be less than 210kNm. 
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Problem #2: Seismic design of welded beam-to-column connections 
 
The steel moment-resisting frame (MRF) shown in Figure 2-1 has been designed in a high 
seismicity zone for gravity and earthquake loading. The cross sections shown in the figure 
represent the final design of the steel MRF in the East-West (EW) loading direction. Steel 
beams and columns have been designed with S355J2 (𝑓! = 355𝑀𝑃𝑎) profiles. The total floor 
weight due to gravity loading is 𝐺	 = 	5𝑘𝑁/𝑚" (all included). A behaviour factor of 𝑞	 = 	4 
has been adopted as part of the design process. Welded beam-to-column connections are 
realised in the steel MRF. 
 
The following questions should be addressed: 

3. Do the steel beams satisfy the design requirements for the ductility class the MRFs 
are designed for? 

4. Compute the flexural design resistance, 𝑀#$,&',( at the column face of the first-floor 
beam to be used for the seismic design calculations. Assume that the beam satisfies 
the lateral bracing requirements and can develop its full-plastic bending resistance 
(i.e., no need to check for lateral torsional buckling). 

5. What are the requirements for the complete joint penetration welds between the beam 
flanges and the column face in terms of fracture toughness? 

6. Compute the shear demand, 𝑉)', of the first-floor interior steel beam. 
7. Compute the flexural design resistance at the centre of the connection at joints 1 and 

2. 
8. Check if at nodes 1 and 2 the column flexural resistance, 𝑀*,#$,&', is larger than that 

of the respective steel beams intersecting the joints. 
 
Consider the following assumptions: 

• Ignore the composite action due to the presence of the concrete slab. 
• The axial and shear force diagrams of the columns are shown Figure 2-2. 
• The flexural resistance of the columns may be approximated as follows (linear 

interaction): 

𝑀*,#$,&' = 𝑀#$,&' ∙ 81 −
𝑁)'
𝑁#$,&'

: 

 
𝑁)' is the design axial load due to earthquake and gravity as shown in Figure 2-2. 𝑁#$,&' 
is the axial design resistance of the steel column. 
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Figure 2-1.  Final design of steel MRF 

 
 

 
 (a) axial force diagram  (b) shear force diagram 

 
Figure 2-2.  Shear and axial force diagram for steel MRF columns  
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