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Exercise #4: Interaction Curves 
 
The single storey steel industrial building shown in Figure 1 consists of I-shape S355 steel 
columns (𝑓! = 355𝑀𝑃𝑎, 𝐸 = 200𝐺𝑃𝑎), which are connected to a roof truss system at the top. 
The cross-section sizes are shown in Figure 1. The roof truss has a flexural stiffness that is 
significantly greater than that of the columns in the direction where the columns bend about 
their strong axis (assumed as fixed at the base). The roof truss has negligible flexural stiffness 
in the direction where the columns are bending about their weak axis (assumed as pinned at the 
base). In the two perimeter frames in the East-West (EW) loading direction, X-braces made of 
75mm diameter circular steel rods made of S355 (𝑓! = 355𝑀𝑃𝑎, 𝐸 = 200𝐺𝑃𝑎), are installed 
in three bays to create a non-sway frame as shown in Figure 1. The steel rods have a negligible 
compressive resistance (i.e., tension only bracing system). Axial struts are used to brace 
laterally the columns in the EW loading direction as shown in Figure 1. The total dead load 
acting on the roof of the structure is equal to 5.0kPa. 
 

1. Compute the buckling resistance of the HEB500 columns in the perimeter moment-
resisting frames. Show explicitly your assumptions and calculations. 

2. Sketch the first order bending and shear diagrams only for the columns of the perimeter 
moment-resisting frames in the North-South loading direction due to the lateral load, 
F1. 

3. Compute the bending and shear diagrams only for the columns of the perimeter 
moment-resisting frames in the North-South (NS) loading direction due to the lateral 
load, F1, by considering the influence of compressive axial loads on the steel columns. 
In this case, you should to think how the frames with X-braces may affect the HEB500 
steel columns. 

4. Check the interaction of compressive axial load and bending moment demands for the 
HEB500 column in one of the perimeter moment-resisting frames. In your calculations, 
assume that lateral torsional buckling is not critical for these members. 

 
NOTE for Figure 1: F1=1800kN and F2=15,000kN 
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Figure 1. Single-storey industrial building – plan and elevation views 
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Solution 

1. The procedure follows the approach described in the SIA 263, section 4.5.1 

Interior column 

-Strong axis boundary conditions: Fixed-Fixed: 

𝐿"##"$%&'" = 0.5 ⋅ ℎ (1) 

Euler critical buckling load: 

𝑁$(,! =
𝜋*𝐸𝐼!
(0.5ℎ)* =

𝜋* ⋅ 200 ⋅ 1072 ⋅ 10+

(0.5 ⋅ 5000)* = 338567𝑘𝑁 (2) 

 

𝜎$(,,! =
𝑁$(,!
𝐴

=
338567 ⋅ 1000

23900
= 14166𝑀𝑃𝑎 (3) 

Slenderness coefficient: 

𝜆,!@@@@@ = A
𝑓!

𝜎$(,,!
= A 355

14166
= 0.158 (4) 

 

The HEB500, has a cross-section aspect ration, -
.
= /00

100
= 1.7, and a flange thickness of 𝑡# =

28𝑚𝑚 ≤ 40𝑚𝑚. Therefore, according to Figure 7 of the SIA 263, when considering buckling 
with respect to the strong axis, the buckling curve a is used; hence, the imperfection factor is: 

𝛼,,! = 0.21 (5) 

We have: 

𝜙,,! = 0.5 G1 + 𝛼,,!I𝜆,!@@@@@ − 0.2K + 𝜆,!@@@@@
*L = 0.508 (6) 

Therefore, the reduction factor is: 

𝜒,,! =
1

𝜙,,! +N𝜙,,!* − 𝜆,!@@@@@*
= 1.04 → 𝜒,,! = 1 (7) 

The buckling resistance of the column with respect to its strong axis is: 

𝑁,!,23 = 𝜒,,! ⋅
𝑓!𝐴
𝛾45

= 8080.5𝑘𝑁 (8) 

Th safety factor 𝛾45 = 1.05. 

 

-Weak axis boundary conditions: Pined-pined 

𝐿"##"$%&'" = 1 ⋅ ℎ (9) 

Euler critical buckling load: 
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𝑁$(,6 =
𝜋*𝐸𝐼6
(ℎ)* =

𝜋* ⋅ 200 ⋅ 126 ⋅ 10+

(5000)* = 9949𝑘𝑁 (10) 

 

𝜎$(,,6 =
𝑁$(,6		
𝐴 =

9949 ⋅ 1000
23900 = 416.3𝑀𝑃𝑎 (11) 

Slenderness coefficient: 

𝜆,6@@@@ = A
𝑓!

𝜎$(,,6
= A 355

416.3 = 0.923 (12) 

 

The HEB500, has an cross-section aspect ratio, 	-
.
= /00

100
= 1.7, and a flange thickness of 𝑡# =

28𝑚𝑚 ≤ 40𝑚𝑚. Therefore, according to Figure 7 of the SIA 263, when considering buckling 
with respect to the weak axis, the buckling curve b is used; hence, the imperfection factor is: 

𝛼,,6 = 0.34 (13) 

We have: 

𝜙,,6 = 0.5 G1 + 𝛼,,6I𝜆,6@@@@ − 0.2K + 𝜆,6@@@@*L = 1.05 (14) 

Therefore, the reduction factor is: 

𝜒,,6 =
1

𝜙,,6 +N𝜙,,6* − 𝜆,6@@@@*
= 0.645 (15) 

 

The buckling resistance of the column with respect to its weak axis is: 

𝑁,6,23 = 𝜒,,6 ⋅
𝑓!𝐴
𝛾45

= 5211𝑁 (16) 

The buckling resistance of the interior column, 𝑁,,23 = min{8080.5,5211} = 5211𝑘𝑁 

 

Exterior column 

-Strong axis boundary conditions: Fixed-Fixed: 

The corresponding buckling resistance of the column with respect to its strong axis is identical 
to that of the interior column. 

-Weak axis boundary conditions: Pined-pined 

Weak axis buckling is restrained at the middle of the column by the axial strut. As such, 

𝐿"##"$%&'" = 0.5 ⋅ ℎ (17) 
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Euler critical buckling load: 

𝑁$(,6 =
𝜋*𝐸𝐼6
(0.5ℎ)* =

𝜋* ⋅ 200 ⋅ 126 ⋅ 10+

(0.5 ⋅ 5000)* = 39794𝑘𝑁 (18) 

 

𝜎$(,,6 =
𝑁$(,6		
𝐴 =

39794 ⋅ 1000
23900 = 1665𝑀𝑃𝑎 (19) 

Slenderness coefficient: 

𝜆,6@@@@ = A
𝑓!

𝜎$(,,6
= A 355

1665 = 0.462 (20) 

 

The HEB500, has a slenderness of  -
.
= /00

100
= 1.7, and a flange thickness of 𝑡# = 28𝑚𝑚 ≤

40𝑚𝑚. Therefore, according to Figure 7 of the SIA 263, when considering buckling with 
respect to the weak axis, the buckling curve b is used; the imperfection factor is: 

𝛼,,6 = 0.34 (21) 

We have: 

𝜙,,6 = 0.5 G1 + 𝛼,,6I𝜆,6@@@@ − 0.2K + 𝜆,6@@@@*L = 0.651 (22) 

Therefore, the reduction factor is: 

𝜒,,6 =
1

𝜙,,6 + N𝜙,,6* − 𝜆,6@@@@*
= 0901 (23) 

 

The buckling resistance of the exterior column with respect to its weak axis is: 

𝑁,6,23 = 𝜒,,6 ⋅
𝑓!𝐴
𝛾45

= 7282𝑘𝑁 (24) 

The buckling resistance of the exterior column, 𝑁,,23 = min{7282𝑘𝑁, 8080.5𝑘𝑁} =
7282𝑘𝑁 
  



Structural Stability  Prof. Dr. Dimitrios G. Lignos, EPFL 8 

2.The first order moment and shear diagrams of the columns are as follows: 

 
Figure 1 – First order moment diagram [kNm] 

 

 
Figure 2 - First order shear diagram [kN] 

 
 
3. In the EW loading direction, the force F2 creates a tensile force in the brace. This tensile 
force will result in an axial load in the exterior column of the perimeter moment-resisting 
frames in addition to the gravity load. The compressive brace does not provide lateral 
resistance. Because there are 3 identical frames with bracing, 

𝐹. =
𝐹*
3

(25) 

 
The tensile force in the brace is obtained as follows: 
 

𝑇 =
𝐹.
cos 𝛼

(26) 

 
Where 𝛼 denotes the angle between the brace and the horizontal beam. The axial load in the 
column due to the tensile force is computed as follows: 
 

𝑁5 = 𝑇 ⋅ sin 𝛼 = 𝐹. ⋅ tan 𝛼 =
𝐹*
3
⋅
ℎ
𝑙
=
15,000 ⋅ 5
3 ⋅ 6

= 4167𝑘𝑁 (27) 

 
The axial load in the corner column due to the dead load is computed using the area of influence 
(i.e., tributary area) of the column: 
 

𝑁* = 𝑞3 ⋅ 𝐴&8#9:"8$" = 5,0 ⋅ 4 ⋅ 3 = 60𝑘𝑁 (28) 
 
The total axial load is 𝑁 = 𝑁5 + 𝑁* = 4167 + 60 = 4227𝑘𝑁 
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The amplification factor is computed with: 

𝜑 =
1

1 − 𝑁
𝑁$(,!

=
1

1 − 4227
338567

≅ 1.01 (29) 

 
The second order moment and shear diagrams are obtained by multiplying the ones from 
Question 2 by the amplification factor 𝜑, 
 

 
Figure 3 - Moment diagram [kNm] 

 

 
Figure 4 - Shear diagram [kN] 

The values of the shear and moment diagrams do not increase by much because the 
amplification factor is near 1.0. This is not always the case! 
 
4.  The check is performed using the following equation: 

𝑁"3
𝑁,,23

+
𝜔

1 − 𝑁"3
𝑁$(,!

⋅
𝑀"3

𝑀23
≤ 1	 (30) 

With: 

𝜔 = 0.6 + 0.4 c
𝑀;&8

𝑀;<=
d ≥ 0.4 (31) 

 
In our case, 𝜔 = 0.4 because 4!"#

4!$%
= −1. 

 
Lateral torsional buckling is neglected in this case; therefore, the resisting moment can be 
computed as follows: 

𝑀23 =
𝑓! ⋅ 𝑊>9,!	

𝛾45
=
355 ⋅ 4820000

1.05
= 1629.6𝑘𝑁𝑚 (32) 

 
Equation 28 becomes: 
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4227
7282 +

0.4

1 − 4227
338567

⋅
1125
1629.6 = 0.58 + 0.28	 = 0.86	 ≤ 1 (33) 

 
The interaction check is satisfied. Notice though that the axial load coming from the bracing 
members in the N-S loading direction is much larger than the corresponding compressive axial 
load due to gravity loading. 
 


