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Exercise #11: Seismic intervention of existing structures with friction dampers 
 
The steel frame building shown in Figure 1 was designed in 1970s with concentrically braced 
frames (CBFs) in the North-South (y-y) loading direction and steel moment resisting frames 
(MRFs) in the East-West (x-x) loading direction without capacity design considerations in 
Valais (Zone Z3b, Soil Type E). This is an administrative building that must remain functional 
after an earthquake (building category: COIII according to SIA 261).  
 
An engineering office did a seismic evaluation of the existing building and found that the X-
bracing configuration with conventional bracing members (see Figure 2a) is likely to 
experience bracing connection fractures during the 475-year earthquake of SIA 261. In the 
MRF direction, the overstrength Ω = 2.0. A seismic intervention (retrofitting) is planned in the 
y-y loading direction with the use of friction dampers. A single diagonal friction damper may 
be used to resist the seismic force demands (see Figure 2b). The behaviour of the friction 
damper may be assumed to be the typical Coulomb type as shown in Figure 3. However, the 
existing structure should be carefully evaluated to prevent lateral drift demands in the y-y 
direction as well as overloading of the non-dissipative members after the friction damper 
installation.  
 
The owner has specified that the lateral storey drift ratios of the building should not exceed 1% 
of each storey height for a seismic action corresponding to two times the 475-year earthquake 
for the design location according to SIA 261. 
 
The steel members (beams, columns) of the existing steel frame building have been designed 
with S355J2 profile (i.e., 𝐸 = 210𝐺𝑃𝑎, 𝑓! = 355𝑀𝑃𝑎). The stability coefficient 𝜃 is less than 
0.10 in all stories in both loading directions. The weight of each floor due to gravity (for all 
three floors) equals to 𝐺	 = 	7𝑘𝑁/𝑚". 
 
The following questions should be answered: 
 
1. Calculate the corresponding size of the bracing element of the friction damper (made of 

RRK profile with S355J2 steel, i.e., 𝐸 = 210𝐺𝑃𝑎, 𝑓! = 355𝑀𝑃𝑎) to satisfy the retrofitting 
objectives by assuming that the structure (including the friction dampers) will remain 
elastic (as if 𝑞 = 1). Because we are using a supplemental damping device, we can assume 
in this case that the equivalent damping ratio is 𝜉 = 10% (this is typically verified by doing 
a qualification test of the damper). 

2. What could be the required slip load, 𝑁#, of the friction damper? Explain your assumptions. 



Seismic Engineering  Prof. Dr. Dimitrios G. Lignos, EPFL 2 

  
3. How many prestressed structural bolts of 10.9 grade should be used for the slip load 𝑁# that 

you assumed? Assume that the friction damper to be used has a friction coefficient, 𝜇 =
0.20. 

4. Check the stability of the first story column for the interaction of axial load and biaxial 
bending. The steel column is pinned in the 𝑦 − 𝑦 loading direction. The column is fixed at 
the base in the 𝑥 − 𝑥 loading direction. The force diagrams for the end column of the 
interior steel MRF are shown in Figure 4.	You may assume that the buckling length of the 
column in the (sway permitted) MRF direction is 1.5𝐿 (i.e., 𝐿 is the column length). Does 
the existing steel column satisfy the stability checks? 
 

 
Figure 1.  Plan view of the building 

 

   
 (a) Original X-bracing configuration (b) Proposed retrofit with friction dampers 

 
Figure 2.  Steel frame with bracings 
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Figure 3.  Friction damper hysteretic behaviour (Coulomb type) 
 

 
 

Figure 4.  Force diagrams for end first-storey steel column of the interior MRF in the x-
direction due to gravity (G) and earthquake (E) loading 
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