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Question Two (20 marks) 
A beam has the cross section shown. If it is made of steel that has an allowable stress of σallow = 24 ksi, 
determine the largest internal moment the beam can resist if the moment is applied  
(a) about the z axis, (b) about the y axis. 
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Where (z) is the farthest point in the section from the Neutral axis along the Y-axis 
     And (y) is the farthest point in the section from the Neutral axis along the Z-axis 



Question Three (20 marks)

The resultant internal moment acting on the cross section of the aluminum strut has a
magnitude of M = 200 N · m and is directed as shown. Determine (1) the maximum bending
stress in the strut (2) The location y of the centroid C of the strut’s cross-sectional area (3)
specify the orientation of the neutral axis.

Determine the location ȳ of the centroid C of the strut’s cross-sectional area (4 marks):

Method 1:

ȳ =

∑

ȳA
∑

A

=
10(400)(20) + 2(110)(180)(20)

400(20) + 2(180)(20)

= 57.37 mm

Method 2:

ȳ =

∑

ȳA
∑

A

=
10(360)(20) + 2(100)(200)(20)

360(20) + 2(200)(20)

= 57.37 mm

Determine the resultant internal moment components directed along the principle y and z axis
(2 marks):

My =
5

13
520 = 200 N · m

Mz =
−12

13
520 = −480 N · m



Determine the principle moment of inertia about the principle y and z axis (4 marks):

Method 1:

Iz =
1

12
(400)(20)3 + 400(20)(57.37− 10)2 + 2

1

12
(20)(180)3 + 2(20)(180)(57.37− 110)2

= 57.6 × 106 mm2

= 5.76 × 10−5 m2

Iy =
1

12
(20)(400)3 + 2

1

12
(180)(20)3 + 2(20)(180)(190)2

= 367 × 106 mm2

= 3.67 × 10−4 m2

Method 2:

Iz =
1

12
(360)(20)3 + 360(20)(57.37− 10)2 + 2

1

12
(20)(200)3 + 2(20)(200)(57.37− 100)2

= 57.6 × 106 mm2

= 5.76 × 10−5 m2

Iy =
1

12
(20)(360)3 + 2

1

12
(200)(20)3 + 2(20)(200)(190)2

= 367 × 106 mm2

= 3.67 × 10−4 m2

Determine the maximum bending stress in the strut (8 marks):

Determine the bending stress at point A: At point A, y = ȳ−200 = −142.6 mm = −0.1426 m
and z = −200 mm = −0.2 m, therefore

σA = −

Mzy

Iz

+
Myz

Iy

= −

(−480)(−0.1426)

5.76 × 10−5
+

200(−0.2)

3.67 × 10−4

= −1.30 × 106 Pa

= −1.30 MPa

Determine the bending stress at point B: At point A, y = ȳ = 57.37 mm = 0.05737 m and
z = 200 mm = 0.2 m, therefore



σA = −

Mzy

Iz

+
Myz

Iy

= −

(−480)(0.05737)

5.76 × 10−5
+

200(0.2)

3.67 × 10−4

= 5.87 × 105 Pa

= 0.587 MPa

Therefore, point A undergoes the maximum bending stress at 1.30 MPa.

Specify the orientation of the neutral axis (2 marks):

The angle θ that the internal makes with the principal z axis is

θ = tan−1(
5

−12
)

= −22.6◦

The angle α that the neutral axis makes with the principal z axis is

α = tan−1

(

Iz

Iy

tanθ

)

= −3.74◦





Question Five (20 marks) 
 
Determine the deflection at the center of the beam and the slope at B. EI is constant. 
 
Solution No.1 
“Slope & displacement by integration” 
- Support Reactions: 
஻ܯ∑ =  0  

ܮ.௬ܣ − ௢ܯ  = ௬ܣ   →     0.0 =  ெ೚

௅
 

At distance (x) 

(ݔ)ܯ +  ெ೚

௅
 . ݔ ௢ܯ− = 0.0  

(ݔ)ܯ = ௢(1ܯ  − ௫
௅
) (Moment function) 

- Moment Equation: 
.ܫܧ ௗ

మఔ
ௗ௫మ

= (ݔ)ܯ = ଴(1ܯ − ௫
௅
)        → (1) 

By Integration twice; 

.ܫܧ ௗఔ
ௗ௫

= ∫ ൬  ܯ଴ ቀ1 − ௫
௅
ቁ൰ . ௫ݔ݀

଴ = ଴ܯ  ቀݔ −
௫మ

ଶ௅
ቁ +  ܿଵ   → (2) 

.ܫܧ ߥ = ∫ ቀܯ଴ ቀݔ −
௫మ

ଶ௅
ቁ+  ܿଵቁ ௫ݔ݀.

଴ = ଴ܯ  ቀ
௫మ

ଶ
− ௫య

଺௅
ቁ+  ܿଵݔ +  ܿଶ → (3) 

- Applying Boundary Conditions: 
At  ݔ = 0.0  → ߥ   = 0.0  (I) 
At  ݔ = →      ܮ ߥ   = 0.0  (II) 
From (I) into eqn. (3) 

.ܫܧ (0.0) = ଴ܯ  ቀ
(଴.଴)మ

ଶ
− (଴.଴)య

଺௅
ቁ +  ܿଵ(0.0) +  ܿଶ      →  ܿଶ = 0.0  

From (II) into eqn. (3) 

.ܫܧ (0.0) = ଴ܯ  ቀ
(௅)మ

ଶ
− (௅)య

଺௅
ቁ +  ܿଵ(ܮ) +  0.0                           

ܿଵ(ܮ) = ଴ܯ ቀ
(௅)య

଺௅
−  (௅)మ

ଶ
ቁ                      → ܿଵ = ଴ܯ ቀ

௅
଺
−  ௅

ଶ
ቁ =  −ெబ.௅

ଷ
      

Substitute with c1 & c2 into eqn. (3)  

.ܫܧ ߥ = ଴ܯ  ቀ
 ௫మ

ଶ
−  ௫య

଺௅
ቁ − ଴ܯ  ቀ

௫.௅
ଷ
ቁ = ଴ܯ   ቀ  ௫మ

ଶ
−   ௫య

଺௅
−  ௫.௅

ଷ
ቁ    → (III) 

- Deflection at the center of the beam at (C) 
At (C), x =L/2 into eqn. (III) 

.ܫܧ ߥ = ଴ܯ  ቆ
  ቀಽమቁ

మ

ଶ
−

  ቀಽమቁ
య

଺௅
−

 ቀಽమቁ௅

ଷ
ቇ = ଴ܯ  ቀ

  ௅మ

଼
−  ௅మ

ସ଼
−   ௅మ

଺
ቁ = ଴ܯ ቀ

  ଺ ௅మି ௅మି ଼௅మ

ସ଼
ቁ    

.ܫܧ ߥ = ଴ܯ  ቀ
ି ଷ௅మ

ସ଼
ቁ =  ି ெబ.௅మ

ଵ଺
 →        

- Slope at (B), where (x=L) 
Substitute with c1 into eqn. (2) 

.ܫܧ ௗఔ
ௗ௫

= ଴ܯ ቀݔ −
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ଷ
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3  
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Solution No.2 
“Slope & displacement by the Moment-Area Method” 
 
 
 
 
- From the Elastic Curve: 
ܿ߂ =  Δᇱ −      ஼/஻ݐ 
୼ᇲ

ቀಽమቁ
=  

௧ಲ/ಳ

(௅)
ᇱ߂ →   =

௧ಲ/ಳ

ଶ
 

ܿ߂ =  
௧ಲ/ಳ

ଶ
−  ஼/஻     → (1)ݐ 

 
- From the Moment-Area Theorem 

஺/஻ݐ =  ቀଵ
ଷ
ቁܮ ቂଵ

ଶ
. .ܮ ቀெ೚

ாூ
ቁቃ = ெ೚.௅మ

଺ாூ
   

 

஼/஻ݐ =  ൬  ଵ
  ଷ
ቀ ௅

 ଶ
ቁ൰ ቂଵ

ଶ
ቀ௅
ଶ
ቁ ቀெ೚

ଶாூ
ቁቃ = ெ೚.௅మ

ସ଼ாூ
  

 
Into eqn. (1) 

ܿ߂ =  ଵ
ଶ
ቀெ೚.௅మ

଺ாூ
ቁ − ቀெ೚.௅మ

ସ଼ாூ
ቁ    

 
 
 
 
 
- From the Elastic Curve 
The slope at (B)  

஻ߠ =
௧ಲ/ಳ

௅
=  

ಾ೚.ಽమ

లಶ಺
௅
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