Solutions to Beam Deflections and Elastic
Stability Problems

Civil Engineering Licensure Exam — Mock Exam
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Problem 1: Maximum Deflection of a Simply Sup-
ported Beam with Central Point Load

A simply supported beam of span 6 m carries a point load of 20 kN at midspan.
Determine the maximum deflection using the formula:

PL?
T 48EI
where ET = 50 x 10N - m?.
Solution:
P=20x10°N
L=6m

EI=50x 105N - m?

~20%10% x 63
48 x 50 x 106
Reference: Deflection of Simply Supported Beam with Point Load

= 0.009m = 9mm

Problem 2: Maximum Deflection of a Cantilever
Beam with Uniformly Distributed Load

A cantilever beam of length 3 m carries a uniformly distributed load of 5 kN/m.
Determine the maximum deflection using:
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"~ 384FT

where ET = 40 x 106N - m2.


https://www.youtube.com/watch?v=0bm2_AHsLVU

Solution:

w=>5x103N/m
L=3m
EI=40x 105N - m?

_ 5x5x10%x 31
T 384 x 40 x 106

Reference: Deflection in Cantilever Beam with Uniform Load

=0.0211m = 21.1 mm

Problem 3: Critical Buckling Load of a Pin-Ended
Column

A column with an effective length of 4 m has a moment of inertia of 8 x 10 mm*
and a modulus of elasticity of 200 GPa. Determine the critical buckling load.
Solution:
Using Euler’s formula:

L =4m = 4000 mm
I =8x10%mm?*

E =200 x 10* x 10° N/m”

2 % 200 x 10° x 8 x 10~
P = TSRS U os72kN

Reference: Euler’s Buckling Formula for Pin-Ended Columns

Problem 4: Deflection at Midspan of a Simply
Supported Beam with Triangular Load

A simply supported beam of span 4 m carries a triangular load varying from
zero at one end to 6 kN/m at the other end. Using the moment-area method,
determine the approximate deflection at midspan.

Solution:

For a simply supported beam with a triangular load increasing to wpyax at
the end:


https://www.youtube.com/watch?v=ke0pSHW3w-g
https://www.youtube.com/watch?v=RtVZcm5Tde0

5 _ 3'wmaxL4
max T 90ET

Wiax = 6 x 103 N/m
L=4m

Assuming ET = 50 x 105N - m?:

3 x6x 103 x 4*
o = o T = 0.023m = 2
D = o 50 x 100 028m = 28mm

Reference: Triangular Load on a Simply Supported Beam

Problem 5: Slenderness Ratio of a Fixed-Free
Steel Column

A steel column is fixed at one end and free at the other. If its effective length is
3 m and it has a radius of gyration of 50 mm, determine the slenderness ratio.
Solution:
The slenderness ratio A is given by:

L.
A= =t
r
For a fixed-free column:
Leg=2L

L = 3m = 3000 mm

r = 50 mm

2 x 3000
A= —=120
20

Reference: Slenderness Ratio Calculation for Columns


https://www.youtube.com/watch?v=jiSzFkS5oyg
https://www.youtube.com/watch?v=rSe7ES2kEzE

