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Exercise #7 – Seismic design of steel moment resisting frames: Seismic Design of Bolted 
Beam-to-Column Connections and Beam-to-Column Web Panel 
 
 
The steel moment-resisting frame (MRF) shown in Figure 1-1 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 and the end plate have been designed with S235 (𝑓! = 235𝑀𝑃𝑎) profile. 
The total floor weight due to gravity loading is 𝐺	 = 	3𝑘𝑁/𝑚" (all included). A behaviour 
factor of 𝑞	 = 	4 was considered. Full-strength bolted endplate (4x2=8-threaded bolts) beam-
to-column connections are used as shown in Figure 1-3. Standard M20 bolts of resistance 
class 10.9 (𝑓!# = 900𝑁/𝑚𝑚", 𝑓$# = 1000𝑁/𝑚𝑚") are used. 
 
The following questions should be addressed: 

1. Compute the flexural resistance at the column face of the connection (𝑀%&,(),*) to be 
used for the seismic design calculations. Assume that the beam is braced laterally and 
can develop its full-plastic bending resistance (i.e., no need to check for lateral 
torsional buckling). 

2. Compute the shear demand, 𝑉+), of the steel beam at the first floor. 
3. Check if the bolted connection is adequate to resist the expected seismic demands for 

full plastic design. 
4. Check the bolts for bolt bearing and tear-out failure of the end plate. 
5. What is the required thickness of the stiffeners, 𝑡,, if they are made of S235 steel? 
6. Compute the shear resistance of the beam-to-column web panel, 𝑉-%,() at joint 2? 

Assume that stiffeners will be installed as shown in Figure 1-3. Is the panel zone 
weak? If yes, then what is the required thickness of the doubler plate(s) needed such 
that the panel zone web remains elastic? 
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Figure 1-1.  Final design of steel MRF 

 
 

 
 

Figure 1-2.  Shear force diagram for steel MRF columns  
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Figure 1-3.  End plate beam-to-column connection 
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