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Exercise #9: Seismic design of bracing connections and other members 
 
The steel frame building shown in Figure 1-2 has been designed 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. Both frames have been designed for gravity 
and earthquake loading. The CBF design comprises an X-bracing configuration with welded 
bracing connections. The cross sections shown in the figure represent the final design of the 
steel CBF. The steel components (beams, columns, and braces) have been designed with 
S355J2 profile (i.e., 𝐸 = 210𝐺𝑃𝑎, 𝑓! = 355𝑀𝑃𝑎). The stability coefficient 𝜃 is less than 0.10 
in all stories. The weight of each floor due to gravity (for all three floors) equals to 𝐺	 =
	7𝑘𝑁/𝑚". 
 
The following questions should be answered: 
1. Check if the maximum overstrength 𝛺 from all the brace members does not differ from the 

minimum one by more than 25%. 
2. Check if the diagonal bracing of the first story meets the requirements of normalized 

slenderness. For simplicity, assume that 𝑙# is half the centerline length of the brace (i.e., 
𝑙# 	= 	 (3.0" 	+ 	2.0")$.& 	= 	3.61𝑚). 

3. Check the stability of the first story column for interaction of axial load and biaxial bending. 
The steel column has pin ends in the y-y loading direction. The column is fixed at the base 
in the x-x loading direction. Assume that 𝑀',)* 	= 	61𝑘𝑁𝑚 (bottom fixed end) and that 
𝑀',)*= −78𝑘𝑁𝑚 (top end). 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). Moreover, assume 
that the axial force due to earthquake loading in the x-x direction equals to zero (i.e., 
𝑁)*,)' 	= 	0). 

4. Calculate the action forces on the first-floor steel beam due to gravity and earthquake 
loading. Compute the bending, shear and axial force diagrams of the steel beam. Assume 
𝑘+ 	= 	 𝑘, 	= 	1.0 for your calculations. 

5. Check the stability of the first-floor steel beam due to axial force and bending interaction. 
The steel beam is braced laterally every 𝑙-/4 (1500mm) and it does not experience weak 
axis bending. Assume 𝑘+ = 𝑘, = 1.0. 

6. Design and verify the welded bracing connections of the CBF including their gusset plate. 
The following considerations should be included: 

a. Calculate the force demand of each connection based on the axial resistance of 
each bracing member. 

b. Determine the weld length including the weld resistance. 
c. Design the gusset plate for both tensile and compressive loading. 
d. Develop a preliminary drawing for a typical bracing connection. 

The axial force diagrams for the seismic loading of the steel CBF are shown in Figure 2-2. 
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Figure 1-2.  Final design of steel CBF – Plan view and elevation 
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Figure 2-2. Axial force diagram due to seismic loading 
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