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SECOND MID TERM EXAM

(SOLUTION)
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1 10
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Total |@ 30 d
Question # 1(a) (3 Marks) 2
Calculate the force P required to carry the 120 kN load for
equilibrium of the pulley system shown in the figure. %

3

Solution

The free body diagram clearly

illustrates that force P for

equilibrium of the pulley
system is 15 kKN. That is,
P=15kN

ii. Determine‘the tension in the rope.
Solution 7 T«

0 N
2 cos40 15x9.81 N
y
10x9.81IN | ;-1 5c0s50°m
Ax_= d
1




CCW(+)EM , =0= T x2c0s40° —15x9.81x 3c0s50° —~10x9.81x1.5c0s50° =0 => 7' = 246.95 N
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Question #1c (4 Marks)

For the equilibrium of the 15-kg cylinder E
and the 30-kg cylinder F

(i) Draw the Free Body Diagram (FBD) of
joints C and B.

(ii) Determine the tensions developed in wires
CD and BA.

Solution

i) Free body diagram of joints C and B

Fcp

AR
.

F,,c0s30° =0

0= Fj,.cos

Fyesin+ F, sin30° —15x9.81=0

Consider the e%ibrium of joint B, we have
—>3F. =0= F,,c0s45° - F,.cosf =0

TSF, =0= —F,,sin45° + F,.sin0—30x9.81=0

Solving Equations (1) through (4), yields

30x9.81 N

1)
)

©)
(4)

F'a4




0=2.95
F,.=280.2N
F.,=3232N  Ans.
Fp,=395.8N  Ans.
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Question #2a (4 Marks)

Calculate the forces in all the members of the
shown truss using Method of Joints. Supports
at 4 and E are pin supports.

Solution .
A
Consider the equilibrium of joint B. \ }
B ‘
—2XF =0=F,. =0 Ans. ‘ B Fac
T5F, =0=-10-F,, =0= F, /==10 kNy Ans.
Fpa
Consider the equilibriu
50:0:>FCA:FCE 32 kN
TEF "~ F;c0s45° =0 0 = tan}(2/2) =450
0545° =32= F., = F,, =-22.63kN(C)  Ans. ¢
0|0
Feca Fce
Consider the equilibrium of joint D. 10 kN

—XF =0=>-F, =0=F,. =0 Ans.
. Fpc D
TSF, =0=-10-F,, =0= F,, =—10kN (C)  Ans.

DE

Alternative solution
The truss is symmetric with respect to its loading and geometry, and members BC and CD are zero force members.

32 kN

1 0 = tan'}(2/2) =45°
ol




S Fy=F,,=0,and F,, = F,, =—10kN (C) Ans.

Consider the equilibrium of joint C.

TSF, =0=-32-2F,, cos45" =0= F, =—22.63kN (C)=F,,  Ans.
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Question#2b(1+2+3 = 6 Marks)

For the truss shown in the figure: 18 kN

Identify zero force members

i. ldentify the
members, if any.

zero force K

ii. Calculate the support reactions 4
at the supports 4 and G. Assume
the supports 4 and G as pin and
roller respectively.

iii. Calculate the forces in the

members DE, DH and IH using 2m 2m

10kN. \Q

N
/

E

8 kN

the method of sections.

Solution 18 KN

i. Zero force members: BC, BA ap

wE

N
O

Ax

r|‘

Ay
] 2m

ii. Reactions:

2m 2m 2m

8 kN

A
Y
A

<

SSF =04 -8=0= A =8kN  Ans[*
CCW(+)IM, =0= G, x8+8x2-12x8-10x4=0
=G, x8+16-96-40=0=G, =15kN T 4ns.

TSF, =0=4,+G,-18-10-12=0= 4, +15-40=0 Fpy

=4, =25kN T Ans. Froe+2

2m
Fir <

Y
A

8 kN




CCW(+H)EM , =0=>—F,, x2+15x4—8x2-12x4=0

=F, =-2kN(C)  A4ns.

TSF, =0=15-12+F,,sin45 =0
= F,, =—424kN(C)  Ans.

SSF =0= -8-F, —F,,
= 8- (-2)-F,, —(-4.24)cos45" =0
= F., =-3.0kN (C) Ans.

—F,,,cos45° =0
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Question #3 (10 Marks) caliis
The frame, with a vertical member ABCD, a 25 /"
horizontal member CEF and an inclined :
member BE, is supported by a cable at D. The i e
pin connections are 4, B, C and E. A moment B} £ i
of 24 kN.m is applied at the point F. Cg /@ -
/__5,:'/ = 24KkN.m
(a) Calculate the reaction forces at 4, and the 2m &7
tension 7'in the cable. >
v B@/

(b) Draw the free body diagrams (FBD) for

each member.

(c) Determine the horizontal andgvertic
components of force at B and C.

N

+ A4 o

Solution

a) Reaction forces at 4, and the

?T\ :
6( D

n T»/cable
cosd=—, sind= ’ ,1m - 3m s 1m
l nl % i g
Equilibrium frame > T @—u&)
/// B
- 0sd+A4 =0 1) 2m )y 4
e
no—4,=0 ) } B
(cowt)d. . (6)-24=0 @3) ] @[
from (3) 4, =)N , then from (1) 7 =5kN, then from [
(2) 4,=3kN ""P\D '% B

b) Free Body Diagrams of each member Im l("} C - E im F

CEf—C, B Ol O
¢) Equilibrium equations for members 1 and 3 el E, 24kN.m

E

2m ¥
Member 1: E' lb’y 1Es
—> Y F =0 4+ B +C,-5c030=0 (@) B&—s B _SE

TS F, =0 -3-B -C, +5sin0=0 (5
Im A ~m
e
: B“—% g In
A~ ;




(ccwt)d M. =0 4(5)+B,(2)+5c0s0(1)=0 (6)

From equation (6), B, =-12 kN @)
Substituting (7) into (4) yields C, =12 kN (8)
Member 3:

(cowt)d M, =0 -B (2)-B,3)=0 9)
Substituting (7) into (9) yields B, =8 kN (10)

Substituting (10) into (5) yields C,, = -8 kN (11)




