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Exercise #10: Lateral Drift Analysis of Steel Frames with Eccentric Bracings 
 
The steel office building shown in Figure 1 has been designed in Sion, Switzerland with steel 
frames with eccentric bracings (EBFs) in the East-West loading direction and steel moment-
resisting frames (MRFs) in the North-South loading direction. Both frames have been designed 
for gravity and seismic loading. The cross sections shown in Figure 1 represent the final design 
of the EBF system. A behavior factor of 𝑞	 = 	3 has been considered for the EBF system. The 
steel components (beams, columns and braces) have been designed with S355 steel profile (i.e., 
𝐸 = 200𝐺𝑃𝑎, 𝑓! = 355𝑀𝑃𝑎). The stability coefficient 𝜃 is less than 0.10 in all stories. All the 
EBF links are designed to be 500 mm long. 
 
The design location in Sion, CH is site category D with a reference peak ground acceleration, 
𝑎"# = 0.20𝑔. The gravity load at each floor of the building is 𝐺 = 5𝑘𝑃𝑎. Assume that this 
only contributes to the seismic mass. 
 
The following questions should be answered: 
 

1. Compute the design base shear, 𝑉$,&', in the East-West loading direction for one of the 
two steel frames with eccentric bracings. 

2. Use the approximate drift analysis method to calculate the expected lateral storey drift 
demands at each storey for the seismic design action. 

3. Compute the expected EBF link rotation angle, 𝛾(. Assuming that we have shear-
critical links do the corresponding link rotation angle, 𝛾( satisfy the required limits? 
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Figure 1.  Final design of steel frame with eccentric bracings – plan view and elevation 
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Suggested Solution 
 
Question 1 

Given: 𝑎"# = 0.20𝑔 and soil type D, the Type 1 design spectrum is defined with the following 
values: 𝑆 = 1.35, 𝑇) = 0.20𝑠, 𝑇* = 0.8𝑠, 𝑇+ = 2𝑠. 

The design base shear will be obtained using the Type 1 design spectrum. However, we first 
need to estimate the first mode vibration period, 𝑇,, of the office building in the East-West 
loading direction. For this reason, we can use the approximate period formula that is a function 
of height: 

For buildings with heights up to 40 meters, 𝑇, = 𝐶- ∙ 𝐻./0 

For steel frames with eccentric bracings, 𝐶- = 0.085. The corresponding height of the building 
in this case is, 𝐻 = 5 ∙ 3.2 + 3.6 = 19.6𝑚. 
 
Therefore, 𝑇, = 0.085 ∙ 19.6

!
" = 0.79𝑠𝑒𝑐 

 
Therefore, 𝑇) 	< 	𝑇, 	< 	𝑇*; hence,  

𝑆$(𝑇) = 𝑎"# ⋅ 𝑆 ⋅
2.5
𝑞  

Thus, for each direction, we obtain the following design accelerations: 

𝑆$(𝑇12) = 0.20 ⋅ 9.81 ⋅ 1.35 ⋅
2.5
3 = 2.21	𝑚/𝑠3 

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

𝑊 = 6 ∙ (5𝑘𝑃𝑎 ∙ 13𝑚 ∙ 13𝑚) = 5070𝑘𝑁 
 
Therefore, the design base shear per frame is as follows: 

𝑉$,&' = 𝑆$ ∙ 𝑚-4- = 2.21 ∙
5070/2
9.81 = 570.4𝑘𝑁 
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Question 2 
In order to use the approximate drift analysis method, we should first distribute the design base 
shear based on the equivalent lateral force method; therefore, per frame with eccentric bracings:  
 

𝐹5 = 𝑉$,&' ∙
𝑧5 ∙ 𝑚5

∑ O𝑧6 ∙ 𝑚6P67,:1
 

 

Floor, 𝒊 Weight, 𝑾 
[kN] 

Mass, 𝒎𝒊 

T𝒌𝑵 ∙
𝒔𝟐

𝒎X 
𝒛𝒊 
[𝒎] 

𝒛𝒊 ∙ 𝒎𝒊 
[𝒎] 

𝑭𝒊	 
[𝒌𝑵] 

6 845 86 19.6 1688 161 
5 845 86 16.4 1413 134 
4 845 86 13.2 1137 108 
3 845 86 10.0 861 82 
2 845 86 6.8 586 56 
1 845 86 3.6 310 30 

 
The flexural component of deflection of the frame with eccentric bracings may be calculated 
in the following steps: 
 
Step 1: compute the moment of inertia of the column sectional area about their centroid by 
using the Steiner’s theory: 
 

𝐼; ≈ 2 × 𝐴; a
𝐿
2c

3

=
𝐴;𝐿3

2  
 
As an example, for storey 3, 

𝐼, ≈
𝐴;𝐿3

2 =
16100𝑥65003

2 = 3.40𝑥10,,𝑚𝑚0 
 
Step 2: Compute the value of the external moment, 𝑀 at each mid-storey level. For example, 
for storey 3, 
 

𝑀 = 82 ∙
3.2
2 + 108 ∙ a

3.2
2 + 3.2c + 134 ∙ a

3.2
2 + 3.2 + 3.2c + 161

∙ a
3.2
2 + 3.2 + 3.2 + 3.2c = 3524524𝑘𝑁 ∙ 𝑚𝑚 

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

ℎ𝑀
𝐸𝐼,

= 𝛿𝜃.,<=>?@A> =
3200𝑥3524524
3.4𝑥10,,𝑥𝐸 =

0.0332
𝐸  

 
Step 4: Determine for each storey, 𝑖, the accumulation of value of	𝛿𝜃5,<=>?@A> from storey 1 
up to storey 6. For example, the accumulation of 𝛿𝜃5,<=>?@A> up to storey 6 is: 

hℎ5 a
𝑀
𝐸𝐼c5

B

57,

=
0.0608 + 0.0395 + 0.0332 + 0.0198 + 0.0141 + 0.0037

𝐸 =
0.171
𝐸 	
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Step 5: Record the produce of ℎ5 	and 𝜃5,<=>?@A>. For example, in storey 3 due to flexure: 
 

𝛿.,<=>?@A> = 3200𝑥
(0.0608 + 0.0395 + 0.0332)

𝐸 =
427
𝐸 	𝑚𝑚 

 
Step 6: At each level where the value of the latearal drift is required, evaluate the accumulation 
of the storey drifts, , 𝛿5,<=>?@A>	 from storey 1 up to the considered 𝑛𝑡ℎ floor, to give the drift 
∆<=>?@A>
(E)  For example, in storey 6 due to flexure: 

 

∆G,<=>?@A>=
219 + 321 + 427 + 490 + 535 + 547

	𝐸 =
2539
200 = 12.7𝑚𝑚 

In summary, the flexural deflections along the 6-storey frame are as follows: 
 

 
 
The shear component of deflection of the frame with eccentric bracings may be calculated in 
the following steps: 
 
Step 1: Compute the value of hte external shear Vi acting in each storey i due to seismic 
loading. For instance, for storey 1, 𝑉, = 570.4𝑘𝑁 
 
Step 2: Compute for each storey 𝑖	 the storey drift due to shear, 𝛿5,HI>JA	, by substituting the 
value of the storey shear and member properties into the appropriate formula for frames with 
eccentric bracings. 
 

 
 

𝛿HI>JA
(5) =

𝑉
𝐸 ∙ T

𝑑.

2𝑚3𝐴$
+

𝑚
2𝐴"

+
ℎ3(𝐿 − 2𝑚)3

12𝐼"𝐿
X 

 
And using this to compute the drift in storey 3 due to shear, 
 

𝛿.H =
485.1
200 ∙ T

4386.3.

2 ∙ 30003 ∙ 7493 +
3000

2 ∙ 16100 +
32003(6500 − 2 ∙ 3000)3

12 ∙ 308.2 ∙ 10B ∙ 6500 X
⬚
= 2.0mm 

 

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]
6 2.24E+11 256997 0.0037 0.171 547 2539 12.7
5 2.24E+11 986028 0.0141 0.167 535 1992 10.0
4 3.40E+11 2103176 0.0198 0.153 490 1457 7.3
3 3.40E+11 3524524 0.0332 0.133 427 967 4.8
2 4.18E+11 5166155 0.0395 0.100 321 540 2.7
1 4.18E+11 7058227 0.0607 0.061 219 219 1.1
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Step 3: Sum the storey drifts due to shear up to and including storey 6 to obtain the total shear 
drift at floor levels 6. For example, the drift due to shear at floor 3:  
 

∆HI>JA
(.) = 2.0 + 1.7 + 2.0 = 5.7𝑚𝑚 

 
In summary, the shear deflections along the 6-storey frame are as follows: 
 

Storey Storey Height hi 
[mm] Shear Vi [kN] Storey Drift 

δis [mm] Δm,shear [mm] Δtotal [mm] 

6 3200 160.6 2.7 12.0 24.7 
5 3200 295.0 1.8 9.3 19.3 
4 3200 403.2 1.8 7.5 14.8 
3 3200 485.1 2.0 5.7 10.5 
2 3200 540.9 1.7 3.7 6.4 
1 3600 570.4 2.0 2.0 3.1 

 
In the last column of the above table, the total deflection due to shear and flexure is 
summarized.  
 
Note herein that in reality, the storey drift of storey I is given by the integration of the curvature 
along its height, hi. The assumption we did to solve the problem with the approximate drift 
analysis technique is that we assumed that the bending moment from floor to floor is constant 
over the height; hence, the curvature is also constant. This would naturally give us larger 
estimates of displacement demands. However, the expected differences from the real solution 
is not more than 10% (for shorter buildings) or 20% (for taller ones).  
 
Therefore, the corresponding storey drift ratio, 𝑆𝐷𝑅5 for each storey is, 
 

𝑆𝐷𝑅5 = q
∆-4-J=5 − ∆-4-J=5L,

ℎ5
r ∙ 𝑞 

 
Note that the above storey drift ratios should be multiplied by the behaviour factor, 𝑞, to 
estimate the real drifts of the structure (equal displacement rule) as discussed during week 2 of 
Advanced Steel Design. Therefore,  
 

 
Storey Storey Height hi [mm] Shear Vi [kN] Δtotal [mm] SDRi [rads] γp [rads] 

6 3200 160.6 24.7 0.005 0.066 
5 3200 295.0 19.3 0.004 0.055 
4 3200 403.2 14.8 0.004 0.052 
3 3200 485.1 10.5 0.004 0.050 
2 3200 540.9 6.4 0.003 0.040 
1 3600 570.4 3.1 0.003 0.034 
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Question 3 
 
Regarding the allowable EBF rotational angle, 
 
𝜃(,5 = 𝑆𝐷𝑅5 
 
Therefore, with 𝐿	 = 	6500𝑚𝑚 and 𝑒	 = 	500𝑚𝑚: 
 
𝛾(# =

M
>
∙ 𝜃(# =

BGNN
GNN

∙ 𝜃(#   
 
The link rotation angles per storey have been calculated in the last column of the table above. 
Assuming that the links are all shear critical (based on Question 3) the upper limit of 0.08	𝑟𝑎𝑑𝑠 
for shear-critical links is satisfied. 


