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A C-clamp in Figure Qltal is tightened by applying a couple (equal forces

in opposife directions on opposite sides) to a lever of 150 mm length at the

enO- of the clamp screw. The clamp screw is a steel shaft having a

diameter of 20 mm. The maximum allowable shear stress in the shaft is

200 MPa.

Pengapit-C dalam Raiah S1[aJ diketatkan dengan mengenakan satu

gorhtigo, pada tuil di huiung sl*u pengapit. Paniang tuil ialah 150 mm.

Sko pungopit merupaknn aci keluli berdiameter 20 mm. Tegasan ricih terizin

malrsimum ialah 200 MPa.

(D

150 mm

Figure Ql[al
Rajah S1[aJ

Find the maximum force that can be applied in the couple.

Tentukai daya malaimum yang boleh dikenaksn bagi gandingan

tersebut.
(20 markslmarkah)

If a c83400 red brass with a diameter of 5 mm is placed between

the clamp and the force is applied until maximum value, explain

briefly (using graph) the stress-strain relation of the rod. (see

Appendix 1)

Jikn rod loyang merah CBj400 berdiamater 5 mm diletakknn antara

pengapit ai, it"nokan daya sehingga mencapai mal<simum, huraikan-ruriri 
ringkas (menggunaknn grafl hubungan tegasan - teriknn bagi

rod tersebut. (Lihat LamPiran 1)
(30 markslmarks)

(ir)

Rod.loyang
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The assembly in Figure el tbl consists of an 4-36 steel tube having a cross
sectional area of 600 mm2 and a c83400 red brass bolt having a cross
sectional area of 400 mm2. when the temperature is 15 oc, the nut holds
the assembly in a snug position such that the axial force is negligible. If
the temperature increases to 80 oc, determine the average normal stress
in the bolt and tube. (See Appendix l).

Pemasangan di dalam Rajah sltbl terdiri daripada tiub keluli A-36 dengan
Iuas keratan rentas 600 mm2 dan bolt loyang merah c83400 dengan luas
keratan rentas 400 mm2. Pada suhu 15 oc, nat dipasang ketat pada tiub di
mana daya paksi boleh diabaikan. Jika suhu meningkat kepada g0 oC,

tentukan tegasan tegak purata bagt bolt dan tiub tersebut. lrtnoi tampiran I)

-3-
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Figure Qllbl
Rajah S1[b]

Q2. The simply supported beam is subjected to the
Figure Q2.

(50 markslmarkah)

distiibuted loading shown in

(r)

Rasuk disokong mudah dikenaknn beban teragih seperti yang ditunjukkan dalam
Rajah 52.

Figure Q2
Rajah 52

Determine the shear force, F and bending moment, M throughout the
beam as functions of x.

Tentu.kan daya ricih, F dan momen lentur, M sebagai fungsi x bagi rasuk
tersebut.

(70 markslmarknh)

150 mm
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Draw the shear force and bending moment diagrams.

Lukisknn rajah daya ricih dan rajah momen lentur.
(30 markslmarknh)

e3. The beam is subjected to the loading shown in Figure Q3, wherePo is the

maximum value of the distributed loading. Determine the maximum slope and

maximum deflection of the beam in term of x, .Q, l, E and I' Modulus of

elasticity and moment of inertia of the beam are E and I, respectively.

Rasuk dikenakan beban seperti yang ditunjukkan dalam Rajah 53, di mana Po adalah

nilai malcsimum bagi beban teragih tersebut. Tentukan kecerunan maksimum dan

pesongan maksimui bagi rasuk tersebut dalam sebutan x, P0, l, E dan I. Modulus
-elastik 

dan momen inersia bagi rasuk, masing-masing adalah E dan I'

Figure Q3
Rajah Sj

(100 markslmarknh)

(ii)

Q4. lal A gear assembly is sho*n in Figure Q4lbl. During the locking condition,

the- gear tooth is subjected to state of strain that has the following

components:

e . =720(rau), ,r= 415(10-6) ano /,n = 550(10')

By using the strain-transformation equations, determine:

(D The in-plane principal strains.
(il) The maximum in-plane shear strain.
(iii) The average normal strain.

In each caseo please specify the orientation of the element and show how

the strains deform the element within the x-y plane'

...51-
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Satu sistem gear ditunjukknn pada Rajah S4[b].
gigi gear tersebut telah dikenakan keadaan
komp onen-komponen s eperti b erikut :

fn reference to the Figure Q4[bl,
tooth is subjected to state ofstrain

IEMM 22U31

Dalam keadaan berkunci,
teriknn yang mempunyai

lbl

s, = 520(0-u), ,, = -zoo(to-u) ana T"y = -750(,ro*)

By using the Mohr's circle method, determine:

The in-plane principal strains.
The maximum in-plane shear strain.
The average normal strain.

(D
(ir)
(iir)

e, = 720(10-u), rr= +ts(to*) dan y o= sso(to*)

D e n g an m e ngun akan p e r s ama an tr an sfo r m a s i - t er i kan, t entukan :

Terikan utama satah dalaman.
Teriknn ricih maksimum sstah dalaman.
Purata terikan normal.

Untuk setiap kes, tentuksn orientasi elemen dan tunjukkan bagaimana teriksn
mengubah elemen tersebut dalam satah x-y.

Figure 4[b]
Rajah 4[bJ

(50 markslmarknh)

during the locking condition the gear
that has the following components:
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Dengan merujuk kepada Rajah S4[bJ, dalam keadaan berkunci, gigi gear
telah dikenakan kesdaan terikan yang mempunyai komponen-komponen

seperti berikut:

t. :520(0-u), ,, = -760(10*) auo r,y = -750(10*)

Dengan menggunakon koedah bulatan Mohr's, tentukan:

(i) Teriknn utama satah dalaman.
(iil Terikan ricihmal{simum satah dalaman.
(iiil Purata teriknn normal.

(50 marks/marknh)

Figure Qs[a] shows a wide-flange beam with T- cross section, pin-
connected at one end and simply-supported at the other. The beam is
subjected to three external loading as shown. - Determine the stress

components at point A and B and show the results on an element at each

of these points.

Rajah 55 [a] menunjukknn rasuk lebar yang mempunyoi luas-keratan rentas T,

disokong pin pada satu hujung dan disokong mudah pada hujung yang lain.

Rasuk tersebut dikenakan tiga beban luar seperti yang ditunjukkan. Tentukan

komponen-komponen tegasan pada titik A dan B dan tuniukan jawapan pada
elemen untuk setiap titik-titik tersebut.

Figure Qs[al
Rajah 55[aJ

(50 markslmarkah)

3000 N
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A same wide-flange beam as described in Figure Q5[al is used in the
construction of the frame with an additional link holds the frame at D and
pin-connected at E, as shown in Figure Q5[bl below. The frame supports
a centrally applied distributed load at 18 kN/m. Determine the state of
stress at points A and B on member CD and indicate the results on a

volume element at each of these points. The pins at C and D are at the
same location as the neutral axis for the cross section.

Rasuk lebar yang sama seperti dinyatakan dalam Raiah Ss[aJ digunakon
dalam pembinaan kerangka dengan tombshan lunjuran yang menyokong
kerangka pada D dan disambung pin pada E, seperti yang ditunjukkan dalam
Rajah SS[b] di bawah. Tentukan keadaan terikan poda titik A dan B pada
struktur CD dan nyatakan hasilnya pada elemen untuk setiap titik-titik
tersebut. Pin pada C dan D adalah berada pada loknsi yang samo dengan
pal<si neutral untuk keratan rentas.

= l*- o.: m--l

T-
I
I

I

I

.2m
I

I

I

II
Figure Qslbl
Rajah Ss[b]

(50 markslmarkah)
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Q6. Figure Q6 shows a tubular shaft with an inner diameter of 15 mm. The bearings
at A and B exert force components only in the y and z directions on the shaft. By
using an allowable shear stress of ru11o.,o = 70 MPa, and base the design on the
maximum shear-stress theory of failure, determine to the nearest millimeter its
outer diameter if the shaft is subjected to the gear loading. Show the bending-
moment diagram as well as the torque diagram in the solution.

Rajah Q6 menunjukkon tiub aci dengan diameter dalaman sebanyak 15 mm. Galas
pada A dan B mempunyai komponen daya hanya di keduduknn y dan z pada aci
tersebut. Dengan menggunaknn tegasan ricih yang dibenarknn rauow : 70 MPa, dan
berdasarkan reksan pada teori kegagalan tegasan-ricih mal$imum, tentuknn kepada
millimeter terdekat, diameter luaran aci jika ianya dikenakan bebanan gear.

Tunjukan rajah lentur-momen dan juga rajah kilasan dalam pengiraan.

Figure Qi
Rajah 56

(100 markslmarkah)

3fi) min

-oooOOooo-



IEMM 22u31

LAMPIRAI{ 1

Average Mechanical Properties of Tvpical Engineering Materials
(SI Units)

Materials Density p
(tvtg/*)

Modulus of
Elasticity.E

(GPa)

Modulus of
Rigidity G

(GPa)

Yield
Strength
(MPa)

Coef. of
Therm.

Expansion
cr, (101/"c

Metallic

Aluminum { ZU+fG
Wrought Alloys L 6061-T6

Cos-t Iron {Gray ASTM 20
Alloys LMalleable ASTM A-
197

Copper ,-Red Brass C83400
Alloys -l_Bronze C86100

Magnesium Alloy [Am
T6U

1004-

f-Structural A36
Steel Alloys -] Stainless 304

-Tool L2
)

Titanium Alloy { [Ti-6A 1-4v]

2.79
2.71

7.r9
7.28

8.74
8.83

1.83

7.85
7.86
8.16

4.43

73.r
68.9

67.0
1.72

101
103

44.7

200
193
200

120

27
26

),1

68

37
38

18

75
75
/3

44

414
255

70.0
345

152

400
5r7
800

1000

23
24

t2
t2

18
t7

26

12

l7
12

9.4

Nonmetallic

Concrete fl,ow Strength
t-High Strength

Plastic *l'f(evlar 49
Reinforced L30% Glass

2.38
2.38

1.45
1.45

22.1
29.4

131
72.4

11

11
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