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Exercise #11: Seismic Design of Steel Frames with Eccentric Bracings 
 
The steel office building shown in Figure 1 is comprised of steel frames with eccentric bracings 
(EBFs) in the East-West (EW) loading direction and steel moment-resisting frames (MRFs) in 
the North-South (NS) loading direction. Both frames have been designed for gravity and 
seismic loading. The cross sections shown in the figure represent the final design of the steel 
EBF. The behaviour factors are 𝑞	 = 	3 and 𝑞 = 5 for the EBF and MRF systems, respectively. 
The steel members (beams, columns and braces) have been designed with S355J2 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 500mm long. 
 
The following questions should be answered: 
 

1. Check if the EBF link in the first storey of the frame is shear, intermediate or flexure-
critical link. 

2. Check if the maximum overstrength 𝛺 from all the EBF links does not differ from the 
minimum one by more than 25%. In case that the difference between 𝛺"#$ and 𝛺"%& 
exceeds 25% assume that 𝛺	 = 	𝛺"#$. 

3. Design and draw the stiffeners for the EBF link in the first storey by assuming that 𝛾' =
0.02	𝑟𝑎𝑑𝑠. 

4. Check if the non-dissipative beam segment outside the EBF link (between the steel 
column and the bracing member) is adequate to resist the combined axial load, bending 
and shear demands due to gravity and seismic actions. The axial load due to gravity in 
the steel beam is equal to zero.  

 
The force diagrams of the steel frame with eccentric bracings for the gravity and the seismic 
action are shown in Figure 2 to Figure 6. 
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Figure 1.  Final design of steel EBF 
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Figure 2. Axial force diagram for seismic loading (units in kN) 
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Figure 3. Shear force diagram for seismic loading (units in kN) 
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Figure 4. Shear force diagram for gravity loading (units in kN) 
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Figure 5. Bending force diagram for seismic loading (units in kN-m) 
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Figure 6. Bending force diagram for gravity loading (units in kN-m) 
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Suggested Solution 
 
Question 1: 
 
EBF check in the first storey: 
 
Shear resistance: 
 
𝑀',)#$* = 𝑓!𝑏𝑡+7𝑑 − 𝑡+9 = 355 ∙ 300 ∙ 24 ∙ (400 − 24) ∙ 10,- = 961.1𝑘𝑁𝑚 
 

𝑉',)#$* =
𝑓!
√3

∙ 𝑡. ∙ 7𝑑 − 𝑡+9 =
355
√3

∙ 13.5 ∙ (400 − 24) ∙ 10,/ = 1040.4𝑘𝑁 

 
Since the axial load in the EBF is zero, the check 𝑁01/𝑁'),21 < 0.15 is satisfied. Threfore, 
 

𝑒3 = 1.6 ∙
𝑀',)#$*

𝑉',)#$*
= 1.6 ∙

961.1
1040.4 = 1.48	𝑚 > 𝑒 = 0.5	𝑚 

 
Therefore, the EBF link is classified as shear-critical. 
 
Question 2: 
 
For shear-critical links, the overstrength 𝛺# 	per link is computed based on the following 
formula: 

𝛺# = 1.5 ∙
𝑉',)#$*,#
𝑉01,0,#

 

 
𝑉',)#$*,# is computed as discussed in Question 1. 
𝑉01,0,# is computed directly from the shear diagram shown in Figure 3 due to seismic loading. 
 

Storey Cross 
Section 

𝑽𝒑,𝒍𝒊𝒏𝒌 
[kN] 

𝑽𝑬𝒅,𝑬,𝒊 
[kN] 𝜴 

𝜴 − 𝜴𝒎𝒊𝒏
𝜴𝒎𝒊𝒏

 

6 HEB140 183.6 118.5 2.33 26.63% 
5 HEB240 457.1 317.5 2.16 17.39% 
4 HEB280 563.8 404.4 2.09 13.59% 
3 HEB320 705.9 515.1 2.06 11.96% 
2 HEB360 864.7 604.9 2.14 16.30% 
1 HEB400 1040.4 848.5 1.84 0.00% 

 
Question 3 
 
The maximum allowable 𝛾' is 0.08𝑟𝑎𝑑𝑠 for shear critical EBF links. For the given link rotation 
angle, 𝛾' = 0.02	𝑟𝑎𝑑𝑠. 
 
Therefore,  
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𝑠 ≤ 52𝑡. −
𝑑
5 = 52 ∙ 13.5 −

400
5 = 622	𝑚𝑚 > 𝑒 = 500	𝑚𝑚 

 
Based on the calculated 𝑠 distance, we don’t have to install stiffeners in this case. However, 
this is not a good practice and stiffeners will be installed at a minimum distance. A typical 
drawing is presented that the stiffeners are placed every 194mm < 622mm. Note that in this 
case the EBF link is able to achieve much larger 𝛾' than 0.02𝑟𝑎𝑑𝑠.  
 
In order to size the stiffeners, the following empirical formula may be used (see stiffener design 
of panel zones in steel MRF section): 
 
𝑡 > max(10	; 	0.75 ∙ 𝑡.) = max(10	; 	0.75 ∙ 13.5) = 10.1𝑚𝑚; therefore, 𝑎𝑠𝑠𝑢𝑚𝑒, 𝑡 =
	12𝑚𝑚. 

 
Question 4 
 
We will consider the beam in the first storey. The beam size is an HEB400: 
 
Cross-section classification: 
 
According to EC8, for 𝑞	 = 3, Class 1&2 cross section profiles are permitted. Therefore, the 
steel beam member outside the EBF link should be first checked for section classification: 
 
Flange subject to compression:  

𝑏+ − 𝑡. − 2𝑟
2 ∙ 𝑡+

=
300 − 13.5 − 2 ∙ 27

2 ∙ 24 = 4.8 < 	9 ∙ U
235
𝑓!

= 9 ∙ 0.814 = 7.3 

Therefore, the flange of the beam is classified as Class 1. 
 
Web subject to bending and compression. Assume the web in compression (conservative 
assumption): 
 

Section A-ASection A-A
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ℎ<
𝑡.
=
298
13.5 = 22.1 < 	33 ∙ U

235
𝑓!

= 33 ∙ 0.814	 = 	26.9	 

Therefore, both the flange and web are classified as Class 1; hence, the HEB400 beam cross 
section is Class 1. 
 
Shear resistance: 
 

𝑉'),21 =
𝐴= ∙ 𝑓!
√3 ∙ 𝛾>?

=
6998 ∙ 0.355
√3 ⋅ 1.00

= 1434	𝑘𝑁 

 
Shear demand: 
 
𝛺 = 𝛺"#$ = 	1.84	(we use the smallest Ω obtained in Question 2 as suggested by the question) 
 
𝑉01 = 𝑉01,@ + 1.1 ∙ 𝛾A= ∙ Ω ∙ 𝑉01,0 = 84.5 + 1.1 ∙ 1.25 ∙ 1.84 ∙ 63.6 = 84.5 + 160.9

= 245.4	𝑘𝑁 < 1434	𝑘𝑁 
 
Shear load –flexure interaction: 
 
Shear-bending interaction verification: 
 
𝑉01 = 245.4	𝑘𝑁 < 717	𝑘𝑁 = 0.50𝑉'),21 	 
 
Therefore, no reduction due to shear is required. However, if 𝑉01 > 0.50	𝑉'),21, the bending 
resistance shall be reduced due to the effects of shear demand and the reduced flexural 
resistance shall be used to check the axial-flexure interaction.  
 
Member buckling:  
Since the buckling length is the same in the weak and strong axis, the buckling resistance is 
checked merely according to the weak axis.  
 
Bucking resistance of the steel beam (z-z axis) 
 

𝑙* =
𝐿 − 𝑡. − 𝑒

2 =
6500 − 13.5 − 500

2 = 2993𝑚𝑚 
 
B
C
= D??

/??
= 	1.33	 > 1.2 and 𝑡+ = 10.2𝑚𝑚 < 	100𝑚𝑚; therefore the imperfection curve is b 

and the imperfection factor is 𝛼 = 	0.34 (z-z axis) 
 

𝑁EF,G =
𝜋H ∙ 𝐸 ∙ 𝐼G

𝑙*H
= 3.14H ∙ 210 ∙

108 ∙ 10-

2993H = 24962.5	𝑘𝑁 

 

λaI = U
𝐴 ∙ 𝑓!
𝑁EF,G

= U19800 ∙ 0.355
24962.5 = 0.53 
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ΦG = 0.5 ∙ c1 + 𝛼 ∙ 7λaI − 0.29 + λaG
Hd = 0.5 ∙ (1 + 0.34 ∙ (0.53 − 0.2) + 0.53H) = 0.70 

 

𝜒G =
1

ΦI +fΦI
H − λaG

H
=

1
0.70 + √0.70H − 0.53H

= 0.864 

 
Nb,z,Rd = 𝜒G ∙ 𝐴 ∙

+!
J"#

= 0.864 ∙ 19800 ∙ ?./LL
<.?L

= 5784	𝑘𝑁  
𝑁01 = 𝑁01,@ + 1.1 ∙ 𝛾A= ∙ Ω ∙ 𝑁01,0 = 0 + 1.1 ∙ 1.25 ∙ 1.84 ∙ 755.2 = 1911	𝑘𝑁 < 	NM,I,NO 	

= 5784	𝑘𝑁 
 
Axial load –flexure interaction: 
 
The beam experiences bending demands only in the strong axis. The bending demand due to 
gravity and seismic action is as follows: 
 	
𝑀01 = 𝑀01,@ + 1.1 ∙ 𝛾A= ∙ Ω ∙ 𝑀01,0 = 110.4 + 1.1 ∙ 1.25 ∙ 1.84 ∙ 190.9 = 110.4 + 483 =
593	𝑘𝑁.𝑚 (brace side)  
 
h/b = 400/300 = 1.33; therefore, the buckling curve to be used is “a” (i.e., aLT = 0.21), according 
to EC3. 
 
Plastic bending resistance with respect to y-y axis 
 

𝑀'),!,21 = 𝑊'),! ∙
𝑓!
𝛾>?

= 3230 ∙ 10/ ∙
0.355
1.00 = 1146.7	𝑘𝑁𝑚 

 
Computation of critical moment 
 
𝑧P = 0 (the cross section is doubly symmetric – assume that loads are passing through the 
cross-section shear center). 
 
𝐶< 	= 	1.75; the superposition of gravity and seismic moment diagrams may be considered as 
triangular with a nearly zero moment at one end. This is a conservative assumption given that 
under gravity moment the moment diagram in the beam changes sign. 
 
The steel beam is connected to the column with a shear connection; therefore, 𝑘= = 𝑘Q = 1.0. 
 
𝐿	 = 	2993	𝑚𝑚	 
 
Shear modulus: 𝐺 = 0

H⋅(<T=)
= 80.8𝑘𝑁/𝑚𝑚H 

 
Computation of torsional constant: 
 

𝐾 =
2 ∙ 𝑏+ ∙ 𝑡+/ + 7ℎ − 𝑡+9 ∙ 𝑡./

3 =
2 ∙ 300 ∙ 24/ + (400 − 24) ∙ 13.5/

3 = 8.3𝑥10-𝑚𝑚D 
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𝐼. =
𝑡+ ∙ 7ℎ − 𝑡+9

H
∙ 𝑏/

24 =
24 ∙ (400 − 24)H ∙ 300/

24 = 1.435𝑥10<L𝑚𝑚- 
 
Therefore, 𝑀EF may be computed as follows: 

𝑀EF = 𝐶< ∙
𝜋H ∙ 𝐸 ∙ 𝐼G
𝑘=𝑘Q(𝐿V)H

∙ m
𝐼.
𝐼G
∙ n
7𝑘Q ∙ 𝐿V9

H ∙ 𝐺 ∙ 𝛫
𝜋H ∙ 𝐸 ∙ 𝐼W

+ 1pq

?.L

= 1.75 ∙
𝜋H ∙ 200 ∙ 108 ∙ 10-

1.0 ∙ 1.0 ∙ (2993)H

∙ n
1.435𝑥10<L

108 ∙ 10- ∙ r
(1.0 ∙ 2993)H ∙ 80.8 ∙ 8.3 ∙ 10-

𝜋H ∙ 200 ∙ 1.435𝑥10<L + 1sp
?.L

= 151968	𝑘𝑁𝑚 

 

𝜆̅XY = U
𝑊'),! ∙ 𝑓!
𝑀EF

= U3230 ∙ 0.355	
151968 = 0.089 

 
Since 𝜆̅XY < 0.2, 𝜒XY = 1.  
 
N-M interaction (note that 𝑀G,01  = 0) 
 

𝑁01

𝜒G ∙ 𝐴 ∙
𝑓!
𝛾><

+
𝜔!

1 − 𝑁01
𝑁!,EF

∙
𝑀!,01

𝜒XY
𝑀'),!,21
𝛾><

≤ 1 

 
𝜔! = 0.6, since we assume a triangular moment diagram in the beam under examination. 

𝑁EF,! =
𝜋H ∙ 𝐸 ∙ 𝐼!

𝑙*H
= 3.14H ∙ 210 ∙

576.8 ∙ 10-

2993H = 133318.5	𝑘𝑁 

 

𝜒XY
𝑀'),!,21

𝛾><
= 1.00 ∙

3230 ∙ 	0.355
1.05 = 1092	𝑘𝑁.𝑚 

 
𝑁01

𝜒G ∙ 𝐴 ∙
𝑓!
𝛾><

+
𝜔!

1 − 𝑁01
𝑁!,EF

∙
𝑀!,01

𝜒XY
𝑀'),!,21
𝛾><

=
1911
5784	 +

0.6

1 − 1911
133318.5

∙
593
1092 = 0.33 + 0.33

= 	0.66 < 1 
 
Therefore, the beam satisfies all the checks for interaction of axial load and bending, and the 
seismic design is compliant with the seismic provisions for non-dissipative elements. 


