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FIRST MID TERM EXAM
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Model
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Solution
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Question # 1(a) (6 Marks)

The cables AB and AC are attached to the top of the
transmission tower as shown in the figure.
If the tension in cable AB is 8 kN, determine

a) The required tension 7 in the cable AC such that the
resultant (R) of the two cable tensions is along y-axis.

b) The magnitude of the resultant force R.

Solution
The angles « and S can be obtained from the above figure as

a=tan? 40 =38.7";and g =tan? 50 =59°

50 30
Theangle y =180° — (¢ + ) =180° — (38.7° +59°) =82.3°
Applyingsine law on the second figure yields,

r _k_s8 _ T _ R _ 8
sina siny sing sin38.7° sin82.3° sin59°
= — T = _8 = T =5.83kN Ans.
sin38.7°  sin59°
Similarly, — R _ _8 = R=9.25kN  Ans. le— 40m —}e— 50m —
sin82.3° sin59°
A
Alternatively, >\ (3 marks)
-0 _ T
Note R, =0;and R =R “| p P (3 marks)
+ /
—R, =) F =Tsinf—-8sina=Tsin59" -8sin38.7°=0 8kN¥ ) 5 s
/
—T=58KkN  Ans. ~ 1
R

TR, =Y F,=-Tcosf—8cosa = —5.83c0s59° —8¢0s38.7°
= R=R, =-9.25kN Ans.
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Question # 1(b) (2 Marks)

Replace the force-couple system at point O by a f)
single force. Specify the y-coordinate through :
which the line of action of this single force I
passes. |
-— -——-———- X
4KN a
L 1kNm
Solution
y
|
|
|
|
_________ :_O_________x
| _
yA: V= M —(—lj =-0.25m  Ans. (2 marks)
4 KN € /| R, -4
Question # 1(c) (2 Marks)
Compute the moment of the two 10-kN forces about the Y
a) Point O; and |
b) Point 4. I
| 10 kN
|
|
|
|
___________ d__ 0 _ v
4m 2m | 2m
|
|
10 kN :
Solution

The two 10-kN forces are forming a couple. As couple moment is independent of the moment centers, the
moment produced by the two 10-kN forces about points O and 4 will be the same.

Therefore, M, = M , = Fd = -10x8 = -80 kN.m (CW) Ans. (2 marks)
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Question # 2 (10 Marks)
For the force-system shown in the figure: ¥
|
. I 5 kN
i. Replace the three forces and one couple | 0.5 m 075 2 kN
by an equivalent force-couple system (R :< ' >< -Lo M >i 70°
and M) at point O. y g

ii. Determine the direction of R.

iii.  Sketch the single resultant force R that S0
represents the force-couple system and Ey ) '

. . . 0] D X
find its intersection with the x- and y-axes. D
«<— 0.5m T2k
Solution
3
(@) !
—R, =) F,=2c0s70° +1.2¢0s0 = 2c0s70° +1.2x (4/5) =1.64 kN — (1 mark)
TR, =) F, =-5+2sin70° -1.2sin @ = -5+ 2sin 70° —1.2x (3/5) = -3.84 kN ¥ (1 mark)
Therefore, R = \[R? + R? = |[(1.64)7 + (-3.84)7 =4.18kN  Ans. (1 mark)
CCW(+)M, =-5x0.25-2c0s70° x 0.3+ 2sin70° x1.0-1.2sin & x O.5—(ﬂj
1000 (3 marks)
= M, =-1.25-0.205+1.879-1.2x(3/5)x0.5-0.5=-0.44kKN.m (CW)  Ans.
(i)
R -3.84
f=tan'| - |=tan'| —— | = -66.9° Ans.
(RXJ ( 164 j ns (1 mark)
(iiii)
M
|Mo|=Rd:>d=| ol _084 010
R 418
: M, -044
x—|ntercept,x_R—y_m_0.11m Ans. (1 mark)
. M —-0.44
—intercept, y=——2=——"—-=0.27m Ans.
y pLy R, 164 ns (1 mark)
A
C _T_ C
\
T 4.18 kKN
03m  027m 0.10 m
’_\0.44 kN.m l l ¢
(0] D (0] D
o
66.9 4—5’\0.11 m (1 mark)

4.18 kN
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Question # 3 (10 Marks)

A force of 5 kN is acting along the line BC as z
shown in the figure. Determine the following: — C
(i) The moment about point O (Mo). A - sm
(if) The moment about line 04 (Moa). /v 2.°
i _ S5KN
(iif) The moment about line CD (Mcp). () D .
B Im
/ 3m
"
Solution
The coordinates of points O, 4, B and C are: O(0, 0, 0); 4(1, 0, 2.5); B(1, 0, 0) and C(0, 3, 2.5) | (1 mark)

=-1.24i +3.72] + 3.1k kN

(i)Moz?OBxF",Where?OBzfandf;v:5ﬁBC=5( —1+3j+25k J

JED? +(3)7 +(2.5)°

(2 marks)
Therefore, M, = 7., x F =i x (~1.247 +3.72] +3.1k )= 3.7 +3.72k kN.m Ans. (2 marks)
And the magnitude of M is, M, = |MO| =(-3.1)2+(3.72)> =4.84kKN.m  Ans.
(i) M,, = M, -ii,,,, where i, is the unit vector along the line OA.
. %, [+25k . -
Uy, =4 =——==0.371 +0.928% (1 mark)

] VP425

Therefore, M,, = M, -i,, = (~3.17 +3.72k )-(0.3717 +0.928k )=3.45kN.m  Ans. (2 marks)

The above moment can be expressed in a vector form as

M, =M, ii,, =3.45(0.3717 +0.928% )=1.287 +3.20k kN.m Ans.

(iii) Since the line of action of the force is passing through the line CD, the moment of the force about line

CD will be zero. Thatis,M ., =0  Ans.

(2 marks)




