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SPECIAL INSTRUCTIONS: ' Answer questions 1'and 2 for 35 marks each, and question 3 OR 4, for 30

marks. Question 2 should be answered on the separate sheet provided.
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i. Determine the forces in members GE, EJ, JK, and KC of the truss shown, I
and indicate whethet these members are in tension or compression. Use ¢ 308N
the method of joints combined with the method of sections. Indicate with T H o
justification the zero force members. |
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3. Draw the shear force and bending moment diagrams for the beam loaded i i 1 B ;f
as shown; indicate peak values. Write an equation for the shear force and ~7 N ' | i
the bending moment for section AD. Also, locate the points of zero lg,g,...;
moment on the beam. Answer this question on the separate sheet provided. b em ]
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3. The gate OA is located at the end of a 2m wide channel and is supported
by hinges along its top edge. The gate is held in its closed position by a
cable and a weight W, as shown. Determine the minimum magnitude of the
weight W necessary to keep the gate closed when the water level riches O.

Consider the density of water p = 1000 kg/m3, L=3mo=30%and /=3
m. Neglect the weight of the gate.

4.  For the figure shown determine:
(1} the location of the centroid of the area;
(2) the volume generated by a complete rotation of the shaded area
about the y axis.
(3) Ifa=0.1m, and the mass density of the material is p = 100
kg/m3, determine the mass and the weight of the body of revolution
obtained at (2).
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2. Draw the shear force and bending moment diagrams for the beam loaded as shown; indicate peak values. Write an
equation for the shear force and the bending moment for section AD. Also, locate the points of zero moment on the
beam. Answer this question on this sheet.
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Example 4.1

A man maintained his inclined body position statically by hands pushing against a wall with
one foot standing on the ground. Assume that the man's body weight is 80 kg. The location of COG
of whole body is shown in the figure. The force applied to the toe of the foot along the ground was

measured by the a force platform and was known as Ry = 200 N. Find

1. The forces acting on the hand and the vertical force applied to the toe of foot

-

the hand in the position.
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Example 4.2

Traction Devices are desiened to maintain parts of human body in particular positions for healing
purposes. As shown in the figure a Jeg traction pulls the leg towards the left by applying force on
the leg. A weight pan is suspended on a long cable that passes over pulleys. The cable is attached
to the leg at B where the COG of the leg is located and the angle B between the cable and leg is 43
degrees. A second cable is connected to the shaft of one of the pulleys and to the leg at point A, such
that point A and the center of the pulley lie on a horizontal line, and the cable pulled by the pulley
hasan angle @ of 60 degrees with the horizontal line. The total weight of the leg and the cast, A
= 200 N. The distance between A and the COG of the leg is 0.5 m. The weight of the patient's upper
body, W, =60 kg . The weight of the pan is 20 kg.

(1) Analyze the forces acting on the patient and the pulley.

(2)  Determine the minimum static friction coefficient for maintaining the patient's body in the
bed.
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Example 4.3

For patient's comfort the traction device can be designed as shown in the figure for minimizing the
icfion force between the patient's body and the bed. A weight pan is suspended on a long cable that
passes over four pulleys. The cable is attached to the leg at B where the COG of the leg is located.
4 second cable is connected to the shaft of one of the pulleys and to the leg at point A, such that
point A and COG of the pulley lie on a horizontal line, and the cable pulled by the pulley has an
anale with the horizontal line, & =75.5" The distance bertween A and the COG of the leg1s 0.5 m.
The total weight of the leg and the castis W= 200 N.

If the friction between the patient and the bed should be minimized to zero, determine (1) the angle
(B) berwzen the cable attached to the leg at B and the horizontal line; (2) the weight W of the pan
required 10 maintain the leg in the position shown.

(is. C:ﬂ.tf{:rﬂ er a f'?e.('_ ﬁatéy di«‘ctf‘fﬁm, ;
. . /
f*jr /f—jjr/ 4‘54/42191{, Ol'm-m, AL f"aﬁf‘mfb u%* 5 /s
A{.ﬂﬂt TGN
oAL)
7 -
feree Fx I3 |
7 =
e O — LL)@
I ! 7—; &}S,v/g .7;&‘)? /3
. /2_ —_ TZ. o
TFe=e  Tewfi-To=o W)

ERy =0 TS W= *

frem 'ﬁfﬁjé-”‘e‘ . T =27, tos7s.5 ‘=0

To= 27, cos75.5 = 0.5T, T



Example 4. 4

Consider the flexed position of the arm in load lifting as shown in the figure. The forces exerted on
the forearm by the biceps, the brachialis, and the brachioradialis muscles are presented by F,, F s
. F\p with attachments at A, | A, , and A, , respectively. Let 8,,6,, and 8, be the angles the
biceps, the brachialis, and the brachioradialis muscles make with the long axis of the forearm. Given
the following data: :

The weight of the load W,= 100 N

The weight of the forearm with hand W= 13N

The distance between the elbow joint and load, OC=0.44 m

The distance between the elbow joint and COG, 0OB=0.2m

The distances between elbow joint and muscle attachments at A, , A., and A,
0A, =005m, OA, = 0.1m,0A, =03m

6,=90, 8, = 60, and 8, = 20.

Assume Fy, = 8F,, = 8F,,

L 2R 2R 2% 2R 2
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(1) Analvze the forces acting on the forearm.
(2) Determine the muscle force and joint reaction forces at elbow joint.
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Example 4. 5

A person is strengthening the shoulder muscles by means of dumbbell exercises. As shown in the
figure the arm is abducted to horizontal. O is the axis of the shoulder joint, A is where the deltoid
muscle is attached to the humerus, B is the COG of the entire arm, and C is the COG of the dumbbell.
F,, is the tension in the deltoid muscle, W is the weight of the arm, and W, is the weight of the
dumbbell. The deltoid muscle force makes an angle 8 with the horizontal. With the following data

The weight of the arm W =40 N

The weight of the dumbbell W =60 N

The distance between the shoulder joint and muscle attachmnnt point A, OA=0.15m
The distance between the shoulder joint and the COG of the arm, OB = 0.3 m

The distance between the shoulder joint and the COG of dumbbell, OC=0.6 m
The angle 6 = 15°

L 2R 2R R 2B 2B o

Determine (1) the magnitude of the force exerted by the deltoid muscle to hold the arm at the position
shown; (2) the magnitude and direction of the reaction force at the shoulder joint.
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