
CE 325 HW#2 
 

1. For the determinate beam given below:

a. (5 pts) Draw shear (V) and bending moment (M) diagrams and label with values
at each transition point (beginning/end segments, maxima/minima, points of
inflection).  Show your sign conventions for the V and M diagrams.

2. Given the cross-section of a beam below:

a. (5 pts) Find the location of the Neutral Axis (N.A.) and moment of inertia about
the N.A.

Given the max/min shear force (Vmax = 4000 lbs, Vmin = -3200 lbs) and bending moments 
(Mmax = 7467 lbs⋅ft, Mmin = -9600 lbs⋅ft), calculate the: 

b. (5 pts) Maximum tensile and compressive bending stresses (σ)
c. (5 pts) Maximum shear stress (τ)

SOLUTION 



Problem 1  

Executive Summary 

Problem Statement 

Draw V and M diagrams. Find maxima/minima and points of inflection. 

Results 𝑽𝒎𝒂𝒙 = 𝟒𝟎𝟎𝟎 𝒍𝒃𝒔 

𝑽𝒎𝒊𝒏 = −𝟑𝟐𝟎𝟎 𝒍𝒃𝒔 

𝑴𝒎𝒂𝒙 = 𝟕𝟒𝟔𝟔. 𝟕 𝒍𝒃 ∗ 𝒇𝒕 

𝑴𝒎𝒊𝒏 = −𝟗𝟔𝟎𝟎 𝒍𝒃 ∗ 𝒇𝒕 

𝑰𝒏𝒇𝒍𝒆𝒄𝒕𝒊𝒐𝒏 𝒑𝒐𝒊𝒏𝒕 𝒂𝒕 

 𝒙 = 𝟖. 𝟖𝟑 𝒇𝒕

4 ft 

8.83 ft 



Technical Summary 

Step 1 

Solve for resultant force and location. 

Step 2 

Solve for reactions at supports. 

𝐿𝑜𝑎𝑑 𝑖𝑠 𝑡𝑟𝑖𝑎𝑛𝑔𝑢𝑙𝑎𝑟. 𝐹𝑅 𝑙𝑜𝑐𝑎𝑡𝑒𝑑 𝑎𝑡 𝑜𝑛𝑒

− 𝑡ℎ𝑖𝑟𝑑 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑎𝑤𝑎𝑦 𝑓𝑟𝑜𝑚 𝑙𝑒𝑓𝑡 𝑠𝑢𝑝𝑝𝑜𝑟𝑡. 

=> 𝐹𝑅 @ 𝑥 = 4𝑓𝑡 

𝐹𝑅 =
1

2
∗ 12𝑓𝑡 ∗ 1200

𝑙𝑏

𝑓𝑡

=> 𝐹𝑅 = 7200 𝑙𝑏𝑠 

𝛴𝑀𝐴 = 0 → −𝐹𝑅(4) + 𝐵𝑦(12) − 1600(18) = 0 

=> 𝐵𝑦 = 4800 𝑙𝑏𝑠 

𝛴𝑀𝐵 = 0 → 𝐹𝑅(8) − 𝐴𝑦(12) − 1600(6) = 0 

=> 𝐴𝑦 = 4000 𝑙𝑏𝑠 



Step 3 

Draw V and M. Use integration to calculate V and M values. 

𝑉(𝑥) = ∫ 𝑞(𝑥) 𝑑𝑥 

𝑉(𝑥) = 50𝑥2 − 1200𝑥 + 𝐶 

𝑉(0) = 4000 → 𝐶 = 4000 

𝑽(𝒙)𝟎𝒇𝒕→𝟏𝟐𝒇𝒕 = 𝟓𝟎𝒙𝟐 − 𝟏𝟐𝟎𝟎𝒙 + 𝟒𝟎𝟎𝟎

𝑆𝑜𝑙𝑣𝑒: 𝑉(𝑥)0𝑓𝑡→12𝑓𝑡 = 0 → 𝑥 = 4𝑓𝑡 

𝑀𝑜𝑚𝑒𝑛𝑡 𝑐𝑢𝑟𝑣𝑒 𝑟𝑒𝑎𝑐ℎ𝑒𝑠 max 𝑎𝑡 4𝑓𝑡 

𝑉(0)0𝑓𝑡→12𝑓𝑡 = 4000 𝑙𝑏𝑠 

𝑉(4)0𝑓𝑡→12𝑓𝑡 = 0 𝑙𝑏𝑠 

𝑉(12)0𝑓𝑡→12𝑓𝑡 = −3200 𝑙𝑏𝑠 

𝑉(𝑥)12𝑓𝑡→18𝑓𝑡 = −3200 + 4800 = 1600 𝑙𝑏𝑠 

𝒒(𝒙)𝟎𝒇𝒕→𝟏𝟐𝒇𝒕 = 𝟏𝟎𝟎𝒙 − 𝟏𝟐𝟎𝟎 

𝑀(𝑥) = ∫ 𝑉(𝑥) 𝑑𝑥 

𝑀(𝑥) =
50

3
𝑥3 − 600𝑥2 + 4000𝑥 + 𝐷 

𝑀(0) = 0 → 𝐷 = 0 

𝑴(𝒙)𝟎𝒇𝒕→𝟏𝟐𝒇𝒕 =
𝟓𝟎

𝟑
𝒙𝟑 − 𝟔𝟎𝟎𝒙𝟐 + 𝟒𝟎𝟎𝟎𝒙 

𝑆𝑜𝑙𝑣𝑒: 𝑀(𝑥)0𝑓𝑡→12𝑓𝑡 = 0 → 𝑥 = 8.83𝑓𝑡 

𝐼𝑛𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑝𝑜𝑖𝑛𝑡 𝑎𝑡 𝑥 = 8.83 𝑓𝑡 

𝑀(0)0𝑓𝑡→12𝑓𝑡 = 0 𝑙𝑏 ∗ 𝑓𝑡 

𝑀(4)0𝑓𝑡→12𝑓𝑡 = 7466.7 𝑙𝑏 ∗ 𝑓𝑡 

𝑀(8.67)0𝑓𝑡→12𝑓𝑡 = 0 𝑙𝑏 ∗ 𝑓𝑡 

𝑀(12)0𝑓𝑡→12𝑓𝑡 = −9600 𝑙𝑏 ∗ 𝑓𝑡 

𝑀(18)12𝑓𝑡→18𝑓𝑡 = 0 𝑙𝑏 ∗ 𝑓𝑡 

4 ft 

8.83 ft 



Step 4 

Maxima and minima 

Step 5 

Inflection points 

𝑉𝑚𝑎𝑥 = 4000 𝑙𝑏𝑠 

𝑉𝑚𝑖𝑛 = −3200 𝑙𝑏𝑠 

𝑀𝑚𝑎𝑥 = 7466.7 𝑙𝑏 ∗ 𝑓𝑡 

𝑀𝑚𝑖𝑛 = −9600 𝑙𝑏 ∗ 𝑓𝑡 

𝐼𝑛𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑝𝑜𝑖𝑛𝑡 𝑎𝑡 𝑀(𝑥) = 0 

𝐼𝑛𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑝𝑜𝑖𝑛𝑡 𝑎𝑡 𝑥 = 8.83 𝑓𝑡 



Problem 2 

Executive Summary 

Problem Statement 

Locate N.A. 

Calculate max bending and shear stresses. 

Results 

𝒚̅ = 𝟐. 𝟕𝟓 𝒊𝒏. 

𝑰 = 𝟑𝟕. 𝟔𝟖𝟕𝟒 𝒊𝒏𝟒 

𝝈𝒎𝒂𝒙(𝑻) = 𝟔𝟖𝟖𝟎 𝒑𝒔𝒊 

𝝈𝒎𝒂𝒙(𝑪) = 𝟖𝟒𝟏𝟎 𝒑𝒔𝒊 

𝝉𝒙𝒚_𝒎𝒂𝒙 = 𝟏𝟖𝟔𝟎 𝒑𝒔𝒊 



Technical Summary 

Step 1 

Locate N.A. 

1 

2 

3 

𝑦̅ =
∑ 𝑦𝑖̅𝐴𝑖̅𝑖

∑ 𝐴𝑖̅𝑖

𝑦̅ =
((4.75)(4) + (2.5)(2) + (0.25)(3))

(4 + 2 + 3)

𝑦̅ = 2.75 𝑖𝑛. 

y 



Step 2 

Calculate Moment of Inertia 

𝑺𝒆𝒄𝒕𝒊𝒐𝒏 # 𝑰𝒄𝒆𝒏𝒕𝒓𝒐𝒊𝒅 𝑨𝒓𝒆𝒂 (𝒚𝒊̅ − 𝒚̅)𝟐 𝑰𝒊 

1 
(

1

12
) (8)(0.5)3 

4 (4.75 − 2.75)2 16.0833 

2 
(

1

12
) (0.5)(4)3 

2 (2.5 − 2.75)2 2.7917 

3 
(

1

12
) (6)(0.5)3 

3 (0.25 − 2.75)2 18.8125 

𝑰 = 𝟑𝟕. 𝟔𝟖𝟕𝟒 𝒊𝒏𝟒

Step 3 

Calculate Max Shear Stress 

𝑉𝑚𝑎𝑥 = 4000 𝑙𝑏𝑠 

𝑉𝑚𝑖𝑛 = −3200 𝑙𝑏𝑠 

𝜏𝑥𝑦 =
𝑉𝑄

𝐼𝑏

𝜏𝑥𝑦_𝑚𝑎𝑥 =
(4000)(8.7656)

(37.6874)(0.5)

𝜏𝑥𝑦_𝑚𝑎𝑥 = 1860 𝑝𝑠𝑖 

𝑄 = ∫ 𝑦𝑖𝑑𝐴 

𝑄(𝑦 = 0) = (4)(4.75 − 2.75) + (1.75 ∗ 0.5) (2.75 +
1.75

2
− 2.75)

𝑄(𝑦 = 0) = 8.7656 𝑖𝑛3 

Note: shear stress is maximum at the N.A. 

Note: y measured from N.A. 



Step 4 

Calculate Max Bending Stress 

𝜎𝑥 = −
𝑀𝑦

𝐼

Note: normal bending stress is maximum at extreme fibers 

Note: y measured from N.A. 

−
(7466.7)(+2.25)(12)

(37.6874)
= −5350 𝑝𝑠𝑖 

−
(7466.7)(−2.75)(12)

(37.6874)
= 6540 𝑝𝑠𝑖 

−
(−9600)(+2.25)(12)

(37.6874)
= 6880 𝑝𝑠𝑖 

−
(−9600)(−2.75)(12)

(37.6874)
= − 8410 𝑝𝑠𝑖 

𝑀𝑚𝑎𝑥 = 7466.7 𝑙𝑏 ∗ 𝑓𝑡 

𝑀𝑚𝑖𝑛 = −9600 𝑙𝑏 ∗ 𝑓𝑡 

𝜎𝑚𝑎𝑥(𝑇) = 6880 𝑝𝑠𝑖 

𝜎𝑚𝑎𝑥(𝐶) = 8410 𝑝𝑠𝑖 




