
Structure II Recitation 3/8
Three Moment Theorem



Before we start …

Today’s Tasks:

Homework Example (Three Moment Theorem) (12 Questions)

Lab Session (Continuous Beam)

Reminder:

Preliminary Report Resubmission: 3/11, Monday (Email Submission)

Tower Testing: 3/20, Wednesday
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Q1: Moment at support R1 (M1)
Since its end support,  M1 =0 

Q2: EIθ on Left Side of R2
Based on the given data:
MA = 0 (From Q1)
L1 = Span A = 16 ft 
L2 = Span B = 24 ft

Use the slope diagram to find the EIθ (Course Slides P.8, 3/4)
EIθ(Left) = W x L2 / 24 = (7 x 16) x 162 / 24 = 1194.667

Q3: EIθ on Right Side of R2 
EIθ(Right) = 5 x P x L2 / 128 = 5 x 68 x 242 / 128 = 1530
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Q4: Moment at support R4 (M4)
Since its end support,  M4 =0 

Q5: EIθ on Left Side of R3
Based on the given data:
MC = 0 (From Q4)
L1 = Span B = 24 ft 
L2 = Span C = 15 ft

Use the slope diagram to find the EIθ:
EIθ(Left) = 7 x P x L2 / 128 = 7 x 68 x 242 / 128 = 2142 

Q6: EIθ on Right Side of R3 
EIθ(Right) = W x L2 / 24 = (3 x 15) x 152 / 24 = 421.875
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Q7 & Q8 (M2 & M3)
Plug in the values into the Three Moment Theorem:
First Formula:
MA = 0, L1 = 16 ft , L2 = 24 ft, EIθ1 = 1194.667, EIθ2 = 1530, MB = M2,  MC = M3

0 x 16 + 2 x M2 x (16 + 24) + M3 x 24 = 6 x (1194.667 + 1530)
80 x M2 + 24 x M3 =  16348.002

Second Formula:
MC = 0, L1 = 24 ft , L2 = 15 ft, EIθ1 = 2142, EIθ2 = 421.875, MA = M2,  MB = M3

M2 x 24 + 2 x M3 x (24 + 15) + 0 x 15 = 6 x (2142 + 421.875)  
24 x M2 + 78 x M3 = 15383.25

Both tension on top:
M2 = -148.00635 k-ft , M3 = -159.948 k-ft



Q9 Support Reaction R1
Draw Free Body Diagram

∑M at R2 = 0:
R1 x Span A  + M2 - (w1 x Span A) x (Span A / 2) = 0
R1 x 16 + 148.00635 - (7 x 16) x (16 / 2) = 0
R1 = (112 x 8 -148.00635) / 16 = 46.75 k

R1 - (w1 x L) + V2 = 0
V2 =  (7 x 16)  - 46.75 = 65.25

Q10: Support Reaction R2
Draw Free Body Diagram

∑M at R3 = 0:
R2 x Span B + M3 - P x (Span B - D) - M2 - V2 x (Span B) = 0
R2 x 24 + 159.948 - 68 x (24 - 18) - 148.00635 - 65.25 x 24 = 0
R2 = (408 + 148.00635 + 1566 - 159.948) / 24 = 81.75 k
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Q12: Support Reaction R4
Draw Free Body Diagram

∑M at R3 = 0:

(w2 x Span C) x (Span C / 2) - M3 - R4 x Span C= 0
(3 x 15) x (15 / 2) - 159.948 - R4 x 15 = 0
R4 = (337.5 -159.948) / 15 = 11.837 k

Q11: Support Reaction R3
Look at the whole beam

∑Fy = 0:

(R1 + R2 + R3 + R4) = (w1 x Span A) + P + (w2 x Span C)
(46.75 + 81.75 + R3 + 11.837) = 7 x 16 + 68 + 3 x 15

R3 = 84.663 k
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Lab Session:

Step 1: Draw the elastic curve
Step 2: Label curvature with + or –
Step 3: Label the points of contraflexure
Step 4: Estimate the effective lengths
(Total L is 24 inch)


