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In-class Exercise – Week #8: Assessment models for steel members 
 
The steel moment-resisting frame (MRF) shown in Figure 1 has been designed in a high 
seismicity zone for gravity and earthquake loading. The cross-sections represent the final 
design of the steel MRF in the North-South loading direction. Steel beams and columns have 
been designed with S355J2 profile (i.e., 𝐸 = 210𝐺𝑃𝑎, 𝑓! = 355𝑀𝑃𝑎). End plate beam-to-
column connections have been utilized for the seismic design. The total floor weight due to 
gravity loading is G = 5kN/m2 (all included). Compute the basic properties for modeling the 
first-floor beam and first story exterior columns with zero length elements. Assume that the 
steel beams are braced laterally in the middle of the span. 

 
 

Figure 1. Steel building design 
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Solution 
Exterior columns 
The column unbraced length is 𝐿" = 3500𝑚𝑚; the member is in double curvature: 
 

𝑘# =
6𝐸𝐼!
𝐿

=
3 ⋅ 210000 ⋅ 576.8 ⋅ 10$

3500
= 2.0765 ⋅ 10%

𝑁𝑚𝑚
𝑟𝑎𝑑

(1) 

 

Using the influence area, the gravity load acting on the exterior columns at floor 𝑖 is 

𝑃&' = 5 ⋅
8
2 ⋅
8
2 = 80𝑘𝑁	 (2) 

Hence, the axial force due to the gravity load applied to the exterior first story column is as 
follows: 

𝑁& = 𝑃&( = 4 ⋅ 80 = 320𝑘𝑁	 (3) 

The axial resistance of the member at yield is as follows (assume expected material 
properties):  

𝑁)*,# = 𝐴 ⋅ 𝛾,- ⋅ 𝑓! = 19800 ⋅ 1.25 ⋅ 355 = 8786.25𝑘𝑁	 (4) 

Hence 

𝑁&
𝑁)*,#

= 0.036 < 0.2	 (5) 

The following quantities corresponding to the monotonic backbone curve are computed using 
the equations provided Week #8 for steel members. 

The effective yield strength 𝑀!
∗  is computed using 

𝑀!
∗ = 1.15 ⋅ 𝑊)*,! ⋅ 𝛾,- ⋅ 𝑓! ⋅ D1 −

𝑁&
2𝑁)*,#

F = 1.15 ⋅ 3230 ⋅ 10/ ⋅ 1.25 ⋅ 355 ⋅ G1 −
0.046
2 H

= 1.6183 ⋅ 10$𝑁𝑚𝑚	 

The following ratios are computed since they are needed for the next computations 

ℎ
𝑡0
=
298
13.5 = 22.07 

𝐿"
𝑖1
=
3500
74 = 47.3 

1 −
𝑁&
𝑁)*,#

= 0.964 

The hardening ratio 𝑎 for monotonic loading is computed as follows: 

𝑎 = 12.5 ⋅ K2!
3"
L
45.7

⋅ K8#
'$
L
45.9

⋅ G1 − :%
:&',)

H
5.9
= 1.42 > 1.3	 (6)

Hence the value 𝑎 = 1.3	is used. 
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The capping moment is therefore computed using 

𝑀; = 𝑎 ⋅ 𝑀!
∗ = 1.3 ⋅ 1.6183 ⋅ 10$ = 2.2952 ⋅ 10$𝑁𝑚𝑚	 (7)	 

The column’s residual flexural strength 𝑀, is given by 

𝑀, = D0.5 − 0.4 ⋅
𝑁&
𝑁)*,#

F ⋅ 𝑀!
∗ = 7.8557 ⋅ 10<𝑁𝑚𝑚	 (8) 

The column’s pre-peak plastic rotation 𝜃) is obtained from 

𝜃) = 294 ⋅ G
ℎ
𝑡0
H
4(.=

⋅ G
𝐿"
𝑖1
H
45.=

⋅ D1 −
𝑁&
𝑁)*,#

F
(.$

= 0.097	𝑟𝑎𝑑 < 0.2	𝑟𝑎𝑑	 (9) 

Similarly, the column’s post-peak plastic rotation 𝜃)> is obtained from 

𝜃)> = 90 ⋅ G
ℎ
𝑡0
H
45.%

⋅ G
𝐿"
𝑖1
H
45.%

⋅ D1 −
𝑁&
𝑁)*,#

F
7.<

= 0.315𝑟𝑎𝑑 > 0.3	𝑟𝑎𝑑	 (10) 

Therefore, 𝜃)> = 0.30𝑟𝑎𝑑 

The ultimate rotation 𝜃; which represents the total chord rotation at which the steel column 
loses its axial load carrying capacity is given by 

𝜃; = 0.15	𝑟𝑎𝑑	 (11) 

 

First-floor beam 

The beam unbraced length, 𝐿" = 4000𝑚𝑚 and a span, 𝐿 = 8000𝑚𝑚 ((assuming centreline 
dimensions). The member is in double curvature; therefore, the elastic rotational stiffness is, 
 

𝑘# =
6𝐸𝐼!

𝐿 − 2 ∙ ℎ
=
6 ⋅ 210000 ⋅ 337.4 ⋅ 10$

8000 − 2 ∙ 400
= 5.904 ⋅ 10=

𝑁𝑚𝑚
𝑟𝑎𝑑

(12) 

 
The following ratios are computed since they are needed for the next computations 

ℎ(
𝑡0
=
378
9.4 = 40.2 

𝑏
2𝑡?

=
190

2 ⋅ 14.6 = 6.51 

𝐿@
𝑑 =

4000
450 = 8.89 

𝑑
533 =

400
533 = 0.844 

1.25𝑓!
355 =

1.25 ∙ 355
355 = 1.25 
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The following quantities are computed based on the presented assessment models for steel 
beams: 

The effective yield strength 𝑀!
∗  is computed using 

𝑀!
∗ = 1.17 ⋅ 𝑀)* = 1.15 ⋅ 𝑊)*,! ⋅ 𝛾,- ⋅ 𝑓! = 1.15 ⋅ 1700 ⋅ 10/ ⋅ 1.25 ⋅ 355

= 8.8262 ⋅ 10<𝑁𝑚𝑚	 

The capping moment is, 

𝑀; = 1.11 ⋅ 𝑀!
∗ = 1.11 ⋅ 8.8262 ⋅ 10< = 9.7971 ⋅ 10<𝑁𝑚𝑚	 (13) 

The beam’s residual flexural strength 𝑀, is given by 

𝑀, = 0.4 ⋅ 𝑀!
∗ = 3.5305 ⋅ 10$𝑁𝑚𝑚	 (14) 

The beam’s pre-peak plastic rotation 𝜃) is obtained as follows, 

𝜃) = 0.0885 ⋅ G
ℎ
𝑡0
H
45./$<

⋅ D
𝑏
2𝑡?

F
45.(95

⋅ G
𝐿@
𝑑 H

5./95

⋅ G
𝑑
533H

45.=7(

⋅ D
𝑓!
355F

45.7/

= 0.039	𝑟𝑎𝑑	(15) 

Similarly, the post-peak plastic rotation 𝜃)> is obtained as follows, 

𝜃)> = 5.63 ⋅ G
ℎ
𝑡0
H
45.<$<

⋅ D
𝑏
2𝑡?

F
45.%55

⋅ G
𝑑
533H

45.7%5

⋅ D
𝑓!
355F

45.9/5

= 0.149	𝑟𝑎𝑑	 (16) 

The ultimate rotation capacity 𝜃; is given by 

𝜃; = 0.20	𝑟𝑎𝑑	 (17) 

 


