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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. 
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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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Suggested Solution 
 
While the final design requires explicit nonlinear dynamic analysis with 7 or 11 site-specific 
ground motions to verify the retrofitting objectives, the procedure outlined below may be used 
for preliminary design of the friction dampers for the planned intervention. I assume that you 
have the information for the SIA 261 elastic spectrum from the seismic engineering course.  
 
Question 1 
 

An estimate of the seismic forces in the y-y loading direction should be computed for the given 

design location based on SIA-261, Chapter 16.  

Design location : Valais, CH, Z3b (𝑎$% = 1.6𝑚/𝑠"),  

Soil Type E (𝑆 = 1.40, 𝑇& = 0.15𝑠𝑒𝑐, 𝑇' = 0.50𝑠𝑒𝑐, 𝑇( = 2.0𝑠𝑒𝑐),  

Building Class: COIII (𝛾) = 1.4), 

Steel structure to be retrofitted; the supplemental damping ratio, 𝜉 = 0.10; therefore, 

𝑛 = I
1

0.5 + 10 ∙ 𝜉 =
I 1
0.5 + 10 ∙ 0.10 = 0.82 > 0.55 

The design base shear will be obtained using the elastic design spectrum according to SIA-261 

(Clause 16.2.3). We first need to estimate the first mode vibration period, 𝑇*, in the y-y loading 

direction. For this reason, we can use the approximate period formula that is a function of 

height according to SIA-261, 

For buildings with heights up to 40 meters, the following equation holds true, 

𝑇* = 𝐶+ ∙ 𝐻,/. 

For steel frames with concentric bracings, 𝐶+ = 0.05. The corresponding height of the building 

in this case is, 𝐻 = 3 ∙ 4.0𝑚 = 12𝑚. 

Therefore, 

𝑇* = 0.05 ∙ 12
,
. = 0.32𝑠𝑒𝑐 

Therefore, 𝑇& 	< 	𝑇* 	< 	𝑇'; hence, 

𝑆/(𝑇) = 2.5 ∙ 𝑎$% ⋅ 𝑆 ⋅ 𝑛 

Thus, for the y-y direction of interest, we obtain the following design accelerations: 

𝑆/(𝑇*) = 2.5 ⋅ 1.6 ⋅ 1.4 ⋅ 0.82 = 4.57	𝑚/𝑠" 
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Note: when we use the elastic spectrum according to SIA 261 we do not amplify by spectral ordinate by 𝛾! =

1.4. 

Seismic mass: In this case, we assume that the seismic mass is only attributed due to gravity 

loading. Therefore,  

𝑊 = 3 ∙ (7𝑘𝑃𝑎 ∙ 16𝑚 ∙ 18𝑚) = 6048𝑘𝑁 

Therefore, the design base shear per frame is as follows: 

𝑉/ = 𝑆/ ∙ 𝑚+0+ = 4.57 ∙
6048
2 	
9.81 = 1409.4𝑘𝑁	(2	𝑙𝑎𝑡𝑒𝑟𝑎𝑙	𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔	𝑓𝑟𝑎𝑚𝑒𝑠	𝑖𝑛	𝑦 − 𝑦) 

According to the retrofitting objectives the friction dampers should be designed for two times 

the 475-year earthquake; therefore, the base shear for the preliminary design should be as 

follows, 𝑉 = 2𝑉/ = 2818.8𝑘𝑁. 

We should distribute the base shear based on the equivalent lateral force method; therefore, per 

frame:  

𝐹1 = 𝑉/ ∙
𝑧1 ∙ 𝑚1

∑ ^𝑧2 ∙ 𝑚2_23*:5
 

 
Table 1. Elastic forces for two times the 475-year earthquake 

Floor, 𝒊 Weight, 𝑾 
[𝒌𝑵] 

Mass, 𝒎𝒊 

+𝒌𝑵 ∙
𝒔𝟐

𝒎. 
𝒛𝒊 
[𝒎] 

𝒛𝒊 ∙ 𝒎𝒊 
[𝒎] 

𝑭𝒊	 
[𝒌𝑵] 

3 2016 206 12.0 2466 1409 
2 2016 206 8.0 1644 940 
1 2016 206 4.0 822 470 

 
Based on the lateral force distribution in the y-y loading direction we are going to use the 

approximate drift analysis method to estimate the lateral drift demands per storey. Because 

with have steel frames with single diagonal bracings (we assume that the friction dampers are 

single diagonal bracings), we will have to estimate the flexural and shear contributions to the 

lateral drift demand in the same way we did in steel frames with eccentric bracings. The main 

issue is that because the friction damper size is to be found, the shear contribution will be a 

function of the area of the main diagonal brace, 𝐴%. Because we know the target drift limit 

imposed by the owner, we will use this one to identify 𝐴%. In this example, we are dealing with 

a 3-storey building; therefore, we anticipate that shear deformations will be the main 

contributor to deflections. However, we will also compute the flexural ones. 
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Step 1: compute the moment of inertia of the column sectional area about their centroid by 

using the Steiner’s theory: 

𝐼6 ≈ 2 × 𝐴6 d
𝐿
2e

"

=
𝐴6𝐿"

2  

As an example, for storey 1, 

𝐼* ≈
𝐴6𝐿"

2 =
13100𝑥6000"

2 = 2.36𝑥10**𝑚𝑚. 

Step 2: Compute the value of the external moment, 𝑀 at each mid-storey level. For example, 

for storey 1, 

𝑀 = 470 ∙
4.0
2 + 940 ∙ d

4.0
2 + 4.0e + 1409 ∙ d

4.0
2 + 4.0 + 4.0e = 20672195𝑘𝑁 ∙ 𝑚𝑚 

Step 3: Determine for each storey the value of ℎ𝑀/𝐸𝐼*. For example, for storey 1, 
ℎ𝑀
𝐸𝐼*

= 𝛿𝜃*,)8/9:;/ =
4000𝑥20672195
2.36𝑥10**𝑥𝐸 =

0.351
𝐸  

Step 4: Determine for each storey, 𝑖, the accumulation of value of	𝛿𝜃1,)8/9:;/ from storey 1 

up to storey 3. For example, the accumulation of 𝛿𝜃1,)8/9:;/ up to storey 3 is: 

hℎ1 d
𝑀
𝐸𝐼e1

,

13*

=
0.351 + 0.175 + 0.0478

𝐸 =
0.574
𝐸  

Step 5: Record the product of ℎ1 	and 𝜃1,)8/9:;/. For example, in storey 1 due to flexure: 

𝛿*,)8/9:;/ = 4000𝑥
(0.351)
𝐸 =

1403
𝐸 	𝑚𝑚 

Step 6: At each level where the value of the lateral drift is required, evaluate the accumulation 

of the storey drifts, , 𝛿1,)8/9:;/	 from storey 1 up to the considered 𝑛𝑡ℎ floor, to give the drift 

∆)8/9:;/
(>)  For example, in storey 3 due to flexure: 

∆,,)8/9:;/=
1403 + 2104 + 2295

	𝐸 =
5802
210 = 27.6𝑚𝑚 

In summary, the flexural deflections along the 3-storey frame are as follows: 
Table 2. Summary of flexural deformations along the building height 

 
NOTE: As expected, the flexural deformations in this case are fairly small and could be neglected in a preliminary 

design 

The shear component of deflection of the frame may be calculated in the following steps: 

 

Storey Frame Inertia Ii [mm4] External Moment Mi [kN-mm] δθi [rad/E] Storey Inclination θif [rad/E] Storey Drift δif [mm/E] Σδif [mm/E] Δm,flexure [mm]
3 2.36E+11 2818936 0.0478 0.574 2295 5802 27.6
2 2.36E+11 10336098 0.1753 0.526 2104 3507 16.7
1 2.36E+11 20672195 0.3507 0.351 1403 1403 6.7
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Step 1: Compute the value of the external shear 𝑉1 acting in each storey 𝑖 due to seismic 

loading. For instance, for storey 1, 𝑉* = 2818.9𝑘𝑁 

 

Step 2: Compute for each storey 𝑖 the storey drift due to shear, 𝛿1,#@/A;	, by substituting the 

value of the storey shear and member properties into the appropriate formula for frames with 

eccentric bracings (see Slide 26 in Frames with Eccentric Bracings). 

 

𝛿#@/A;
(1) =

𝑉
𝐸 ∙ j

𝑑,

𝐿"𝐴%
+
𝐿
𝐴$
l 

And using this to compute the drift in storey 1 due to shear, 

𝛿*# =
2818.9
210 ∙ j

7211.1,

6000" ∙ 𝐴%
+
6000
4590l  

Step 3: Sum the storey drifts due to shear up to and including storey 3 to obtain the total shear 

drift at floor levels 6. For example, the drift due to shear at floor 3:  

∆#@/A;
(,) =

2818.9
210 ∙ j

7211.1,

6000" ∙ 𝐴%
+
6000
4590l +

2349.1
210 ∙ j

7211.1,

6000" ∙ 𝐴%
+
6000
4590l +

1409.5
210

∙ j
7211.1,

6000" ∙ 𝐴%
+
6000
4590l =

6577.5
210 ∙ j

7211.1,

6000" ∙ 𝐴%
+
6000
4590l  

The target lateral drift limit imposed by the owner is 1%; therefore, each one of the stories 

should satisfy this limit; hence,  

𝛿*# + 𝛿*
)8/9:;/ < 1% → 𝐴% = 9657𝑚𝑚"(𝑅𝑅𝐾260𝑥260𝑥10) 

In summary, the shear deflections along the 3-storey steel frame are as follows for the selected 

friction damper tube assuming an elastic design (i.e., the damper is not activated): 
Table 3. Summary of shear and total deformations along the building height 

 
 

In the last column of the above table, the storey drift ratios (SDR) are summarized for the 

selected RRK profile. Note that the drift limits are below or at most 1%. In principle, we could 

have optimized the brace size per storey to reach 1%. However, this would imply that the 

Load F [kN] Storey Storey Height hi [mm] Shear Vi [kN] Storey Drift δis [mm] Δm,shear [mm] Δtotal [mm] SDRi [rads]
1409 3 4000 1409.5 16.0 74.7 102.4 0.007
940 2 4000 2349.1 26.7 58.7 75.4 0.009
470 1 4000 2818.9 32.0 32.0 38.7 0.010
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damper connections should be different, and this will cost more than the reduction in the steel 

weight we would benefit. Therefore, we keep those all the same. 
 
Question 2 
 

For the selected RRK, 

𝑁6; =
𝜋"𝐸𝐼&
𝑙&"

=
𝜋"210 ∙ 98.6𝑥10B

7211.1" = 3930𝑘𝑁 

 
Assuming that we do elastic design, this should resist the lateral load at the upper storey and 

should not buckle. Therefore, 𝑁6; >
C

60#D
= *.EF

GHI(E.KF)
= 1694𝑘𝑁 

𝜃 = arctan d
4
6e = 0.59𝑟𝑎𝑑𝑠 

 

Therefore, member buckling is prevented for the selected RRK260x260x10. assuming that the 

damper behaves elastically (no slip). However, we would like the damper to be activated at a 

slip load, 𝐹#, lower than the expected elastic force that we have calculated in Table 1. The 

selected slip load, 𝐹#, should be such that when it is used in stability verifications of existing 

members, these would not have to be reinforced, if possible. 

 

Let us assume that we design the friction damper for a slip load, 𝐹# = 650𝑘𝑁 that is 

approximately one third to one fourth of the expected elastic axial load inside the bracing 

element, in this case, the expected second order moment in the friction damper would be, 

𝑀& =
𝐹#(𝑢0 + 𝑒)

1 − 𝐹#
𝑁6;

= 650 ∙
7211.1
100 + 0

1 − 650
3930

= 56161𝑘𝑁 < 759𝑥10, ∙ 0.355 = 269445𝑘𝑁𝑚𝑚 

NOTE: in the calculation above I assumed that the corresponding imperfection of the member is 𝐿/100 to properly 

account for member P-Delta effects (typical manufacturing limits are 𝐿/1000).  
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Question 3 

 

The required number of bolts depends on the sliding interfaces and the coefficient of friction. 

In this case, 𝜇# = 0.20, the sliding interfaces, 𝑛# = 2. Therefore, 

 

𝐹# = 𝑛# ∙ 𝜇# ∙ 𝑁+0+ → 𝑁+0+ =
650

0.20 ∙ 2 = 1625𝑘𝑁 

By using 12 bolts, then each bolt should be preloaded to 𝑁L08+ = 135𝑘𝑁 to achieve the required 

slip load, 𝐹# = 650𝑘𝑁. By using M20 10.9 grade bolts then 𝐴# = 245𝑚𝑚" and 𝑓:,L08+ =

1040𝑀𝑃𝑎. We need to check if the required preload is less than 65% of the ultimate preload 

that the M16 bolts could be pretensioned; therefore, 

𝑁L08+: = 0.65 ∙ 0.90 ∙ 𝑓:,L08+ ∙ 𝐴# = 0.65 ∙ 0.90 ∙ 1.04 ∙ 245 = 149𝑘𝑁 > 135𝑘𝑁 

Therefore, 12 M20 10.9 grade bolts suffice for the connection design of the friction damper for 

a target slip load of 650kN. 

 

Question 4 

 

The column axial load demand comes from three sources:  

Gravity load from tributary area (see also Figure 4): 

𝑁M%,N = 3 ∙ (6 ∙ 4) ∙ 7 = 504𝑘𝑁 

Axial load due to seismic action in the interior MRF (x-x) amplified by the effects of 

overstrength in the MRF direction: 

𝑁M%,MOPC = 1.1 ∙ 𝛾0Q ∙ Ω ∙ 𝑁M%,MOPC = 1.1 ∙ 1.25 ∙ 2.0 ∙ 200 = 550𝑘𝑁 

Axial load due to seismic action in the friction damper (y-y) loading direction, 𝐹# = 650𝑘𝑁 

The angle between the brace and the column, 𝜃* = arctan wB
.
x = 0.982𝑟𝑎𝑑𝑠 

𝑁M%,M
C;16+10>	%ARS/; = 𝐹# ∙ cos(0.982) = 361𝑘𝑁 

Therefore, the total axial load applied to the column is as follows: 
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𝑁M%,* = 𝑁M%,N + 𝑁M%,M,*
C;16+10>	%ARS/; + 0.3𝑁M%,MOPC = 504 + 361 + 0.3 ∙ 550 = 1030𝑘𝑁 

 
NOTE: Because we check the columns in the friction damper (y-y) loading direction, when we combine the 

seismic effects in the two loading directions, we reduce the demands coming from the perpendicular direction by 

30% based on the design code load combinations. This is because when an earthquake strikes a building, there is 

a principal loading direction (in this case we assume is y-y) and a secondary one (in this case we assume it is x-

x). The 30% reduction can be found in the Eurocode design provisions but it is not mandatory according to the 

Swiss design provisions. However, you may want to be careful with this if a column is part of a MRF and braces 

intersect it in the perpendicular loading direction as in this example. For seismic interventions of existing 

structures I would always use the 30% rule in this case. 

 

Buckling resistance of the steel column (same as Exercise #13): 

 

Strong axis (MRF direction) 

 

𝑙T = 1.5𝐿 = 1.5 ∙ 4000 = 6000𝑚𝑚 
@
L
= 	1.0 < 1.2 and 𝑡) < 100𝑚𝑚; buckling coefficient 𝛼 = 	0.34 

𝑁6;,! =
𝜋" ∙ 𝐸 ∙ 𝐼!

𝑙T"
= 3.14" ∙ 210 ∙

192.7 ∙ 10B

6000" = 11083𝑘𝑁 

Weak axis (friction damper direction) 

𝑙T = 𝐿 = 4000𝑚𝑚 (the column is pinned at the bottom. The beams intersecting at the top are 

pinned to the column in the weak axis) 
@
L
= 	1.0 < 1.2 and 𝑡) < 100𝑚𝑚; buckling coefficient 𝛼 = 	0.49 

𝑁6;,U =
𝜋" ∙ 𝐸 ∙ 𝐼U

𝑙T"
= 3.14" ∙ 210 ∙

65.9 ∙ 10B

4000" = 8528𝑘𝑁 

λ}V = I
𝐴 ∙ 𝑓!
𝑁6;,!

= I13100 ∙ 0.355
11083 = 0.65,			λ}W = I

𝐴 ∙ 𝑓!
𝑁6;,U

= I13100 ∙ 0.355
8528 = 0.74 

Φ! = 0.5 ∙ w1 + 𝛼 ∙ ^λ}V − 0.2_ + λ}!
"x = 0.5 ∙ (1 + 0.34 ∙ (0.65 − 0.2) + 0.65") = 0.79 

ΦU = 0.5 ∙ w1 + 𝛼 ∙ ^λ}W − 0.2_ + λ}U
"x = 0.5 ∙ (1 + 0.49 ∙ (0.74 − 0.2) + 0.74") = 0.90 

𝜒! =
1

ΦV + �ΦV
" − λ}!

"
=

1
0.79 + √0.79" − 0.65"

= 0.81 
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𝜒U =
1

ΦW +�ΦW
" − λ}U

"
=

1
0.90 + √0.90" − 0.74"

= 0.71 

Therefore,  

𝑁L,!,P% = 𝜒! ∙ 𝐴 ∙
)$
X%&

= 0.81 ∙ 13100 ∙ E.,KK
*.EK

= 3588𝑘𝑁 > 1030𝑘𝑁 

𝑁L,U,P% 	= 𝜒U ∙ 𝐴 ∙
)$
X%&

= 0.71 ∙ 13100 ∙ E.,KK
*.EK

= 3145𝑘𝑁 > 1030𝑘𝑁 

 

The friction damper installation does not require any further enhancement to the steel column 

due to flexural buckling. 

 

Axial load –flexure interaction: 

ℎ/𝑏 = 280/280 = 1.0 < 2; the buckling curve is “a” (i.e., aLT = 0.21), according to EC3. 

Plastic bending resistance with respect to strong axis bending 

𝑀S8,!,P% = 𝑊S8,! ∙
𝑓!
𝛾OE

= 1530 ∙ 10, ∙ 0.355/1.00 ≅ 543.2𝑘𝑁𝑚 

Plastic bending resistance with respect to weak axis bending 

𝑀S8,U,P% = 𝑊S8,U ∙
𝑓!
𝛾OE

= 718 ∙ 10, ∙ 0.355/1.00 ≅ 254.9𝑘𝑁𝑚 

Computation of critical moment: 

𝑧$ = 0 (assume that loads are passing through the cross-section shear center). 

From Figure 4: 

𝑀!,M%,+0S = 𝑀N,+0S + 1.1 ∙ 𝛾0Q ∙ Ω ∙ 𝑀M,+0S = 130 + 1.1 ∙ 1.25 ∙ 2 ∙ 100 = 405𝑘𝑁𝑚  

𝑀!,M%,L0+. = 𝑀N,L0+. + 1.1 ∙ 𝛾0Q ∙ Ω ∙ 𝑀M,L0+. = 120 + 1.1 ∙ 1.25 ∙ 2 ∙ 131 = 480.2𝑘𝑁𝑚 

therefore, 𝑘 = .EK
.YE."

= 0.84 

The steel column is fixed at the base in the y-y direction; however, conservatively, we assume 

that the warping constant is 𝑘Q = 1.0 

From, 𝑘Q = 1.0, 𝑘Z = 1.0 (conservative assumption), k = 0.84, 𝐶* > 2.3, 𝐶* = 2.3, 𝐿( 	=

	4000𝑚𝑚	 

Shear modulus: 𝐺 = M
"⋅(*\Q)

= 80.8𝑘𝑁/𝑚𝑚" 

Computation of torsional and warping constants: 

𝐾 =
2 ∙ 𝑏 ∙ 𝑡), + ^ℎ − 𝑡)_ ∙ 𝑡],

3 =
2 ∙ 280 ∙ 18, + (280 − 18) ∙ 10.5,

3 = 1.19𝑥10B𝑚𝑚. 



Seismic Engineering  Prof. Dr. Dimitrios G. Lignos, EPFL 17 

𝐼 =
𝑡) ∙ ^ℎ − 𝑡)_

"
∙ 𝑏,

24 =
18 ∙ (280 − 18)" ∙ 280,

24 = 1.13𝑥10*"𝑚𝑚B 

Therefore, the computation of 𝑀6; 	is as follows: 

𝑀6; = 𝐶* ∙
𝜋" ∙ 𝐸 ∙ 𝐼U
𝑘Q𝑘Z(𝐿()"

∙ �
𝐼]
𝐼U
∙ �
^𝑘Z ∙ 𝐿(_

" ∙ 𝐺 ∙ 𝛫
𝜋" ∙ 𝐸 ∙ 𝐼 + 1��

E.K

= 2.3 ∙
𝜋" ∙ 210 ∙ 65.9 ∙ 10B

1.0 ∙ 1.0 ∙ (4000)"

∙ �
1.13 ∙ 10*"

65.9 ∙ 10B ∙ �
(1.0 ∙ 4000)" ∙ 80.8 ∙ 1.19 ∙ 10B

𝜋" ∙ 210 ∙ 1.13 ∙ 10*" + 1��
E.K

~3309𝑘𝑁𝑚 

𝜆̅_` = I
𝑊S8,! ∙ 𝑓!
𝑀6;

= I543.2
3309 = 0.41 > 0.40 

Therefore, the column bending resistance should be reduced due to lateral torsional buckling. 

Φ_` = 0.5 ∙ w1 + 𝛼_` ∙ ^λ}ab − 0.2_ + λ}_`
"x = 0.5 ∙ (1 + 0.21 ∙ (0.41 − 0.2) + 0.41")

= 0.60 

𝜒_` =
1

Φab +�Φab
" − λ}_`

"
=

1
0.60 + √0.60" − 0.41"

= 0.95 

Strong Axis Interaction: (Note that 𝑀U,M% 	= 	0 because the column is pinned in the CBF 

direction): 
𝑁M%

𝜒U ∙ 𝐴 ∙
𝑓!
𝛾O*

+
𝜔!

1 − 𝑁M%
𝑁!,6;

∙
𝑀!,M%

𝜒_`
𝑀S8,!,P%
𝛾O*

≤ 1 

To compute ωy you should consider the moment sign in this case such that the moment gradient 

can reduce the interaction due to bending if the member is in double curvature. Therefore,  

𝜔! = 0.6 + 0.4 ∙ d−
405
480.2e = 0.26 < 0.40; 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒, 𝜔! = 0.40 

Interaction of bending and axial load and bending: 

Option 1: 
𝑁M%&

𝜒U ∙ 𝐴 ∙
𝑓!
𝛾O*

+
𝜔!

1 −
𝑁M%,*	
𝑁!,6;

∙
𝑀!,M%

𝜒_`
𝑀S8,!,P%
𝛾O*

=
1030
3145 +

0.40

1 − 1030
11083

∙
480.2

0.95 ∙ 517.3 = 0.33 + 0.43

= 0.76 < 1.00 
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Therefore, the existing steel column satisfies all the checks for interaction of axial load and 

bending for both BRB options. 

 
SOME NOTES:  

(1) As a general remark in this case, the existing steel columns (and beam) are not overloaded by the 

installation of the selected friction damper. If this was the case, we could have lowered the activation 

force, 𝐹', from 650𝑘𝑁 to something less. The main problem that may occur in this case is that the lower 

the activation force the larger slot displacement you need to design your friction damper for. Just to put 

things into perspective, if an activation force larger than 1800kN is used then the existing steel column 

will need to be retrofitted because the interaction of axial load and bending will not be satisfied. 

Moreover, if you were to check the stability of the steel beam due to interaction of axial load and bending 

(as we did in Exercise #13), with an activation force larger than 1100kN, the beam would have to be 

reinforced. You can do this for practice, if you wish but this should essentially be the same as the last 

question in Exercise #13. 

(2) The preliminary design we did herein assumes that when the damper is activated, then the expected 

lateral storey drift ratio demands will still remain below 1% (i.e., this is an application of the commonly 

used equal displacement rule). This should be verified by nonlinear response history analysis with ground 

motions that should be selected for the design site. Typically, 7 or 11 ground motions suffice in this case 

based on the current design standards. A nonlinear building model of the retrofitted structure is needed. 

If you are interested to see the entire process, you should talk to me for a potential master thesis project 

in RESSLab. 

(3) Friction dampers come with a friction coefficient that is determined by qualification testing similar to 

that shown in buckling restrained braces. In this case, the friction coefficient is determined with a min 

and max value. When conducting nonlinear dynamic analysis for verification of the performance 

objectives of interest, the min and max values (lower and upper bound analysis is typically conducted).  


