CIE202/SP10 Mechanics Of Materials

{ Two plates are fastened by a bolt as shown in the

PROB-1 (3

S0 mm

e Figure. The nut is tightened to cause a tensile load in
T _the shank (unthreaded part) of the.bolt of 6-0 kN.
Determine (q) the shearing stress in the threads; () the
shearing stress in the head of the bolt; (c) the bearing
stress between the head of the bolt and the platé; and

_}_ : (aﬁ the normal stress in the bolt shank. & fel -

e _ Cborie® -

- R Y 2 _.
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PROB-2-(30) , :
Three bars each made of different materjals are connected together and placed between two walls when the
temperature is T'; = 12°C. Determine the force exerted on the (rigid) supports when the temperature becomes

T 2= 18°C. The material properties and cross-sectional area of each bar are given in the Flgure below.

Steel
£ =200 GPa )
= 24 HO)C gk, 87 | -r0 ; _1 ”?1{/
| ‘a%,é
AlW _ys @ y10 -ﬁlﬁmm? )
Ag = 200 mm? A;,,«* 0 mm: S—

i—-——w B0 mm ——— 200 m

Y m s;l

The 8-mm-diameter.bolt is made of an aluminum alloy. It
fits through a magnesium sleeve that has an inner diameter .
of 12 mm and an outer diameter of 20 mm. If the original

lengths of the bolt and sleeve are 80 mm and 50 mm,

respectively, determine the strains in the sleeve and the bolt
if the nut on the boltis tig"f’i‘tenéd” so that the tension in the
bolt is 8 kN. Assume the material at 4 is rigid. E 4 = 70
GPa, E ,,z = 45 GPa.




CIE202/SP11 Mechanics Of Materials TEST#1

Miﬁ_ﬂ A horizontal beam 4B with cross-sectional dimension (b=

mm) X (h =200 mm) is supported by an inclined strut CD and
09m carries a load P =12 kN at joint B (see Figure). The strut, which

consists of two bars each of thickness\95/8, is connected to the

beam by a bolt passing through the threg bars meeting at joint C

[see figure part (b)].

(a) If the allowable shear stress in the bolt is 90 MPa, what is the
— Beam AB (b X &)

I T minimum required diameter dy;, of the bolt at C.
) l . o _Bolt (i) :
b 1 :f i (b) If the allowable bearing stress in the bolt is 130 MPa, what is
ER R Sh
’*JF 8 the minimum required diameter dp;, of the bolt at C.
Strut (1)
(b)
PROB-2 (35) The horizontal rigid beam 4ABCD is supported by vertical bars
Clme 1w BE and CF and is loaded by two vertical forces acting at
B
e , respegjively (see ﬁ;gure)gﬁ
deelifE =i 200,GPg) an dihi
Py = 400 kN & o P L
]00 m nd Acr The distances
yo“u ﬂ?‘ ic
between v 10us points on the bars are shown in the figure.
0.6m Determine the vertical displacements of points 4 and D.
)
PROB-3- (30)

' A steel rod of 15-mm diameter is held
Washer,

d, =20 mm snugly (but without any initial stresses)

EN

2. Hamete ..
[2-mm f_t,l/m“'[tr bolt between rigid walls by the arrangement

shown in the figure. (For the steel rod,

use (00 = 12 X 10%/°C and E =200 GPa.)

15 mm | 18 mm

Clevis.
t = 10 mm
(a) Calculate the temperature drop AT (degrees Celsius) at which the average shear stress in the 12-mm

diameter bolt becomes 45 MPa.

(b) Determine the average bearing stresses in the bolt and clevis at 4 and the washer (d,, = 20 mm) and wall

(t=18mm) at B.



CIE301 Strength of Matenals/SP98 Test#1 Name

PROB 1-(35)

The ax1al stresses are 12 M Pa in the wood post B and 150 M Pa in the steel bar A.

the shearing stress is lumted to 70 M Pa (¢) The minimum diameter for pin D if it is in
double shear and the sheanng stress lS hm1ted to 50 M Pa. ys
} &) Fap=T> 10

P— 70, 875KN Fo = SHKM
: R A | steel area = 300 mm?  p THe=00®
A =5 [P=30 33|
O\C =22 ézmm - Smooth - l )’/——0————7
? ' ‘ E b) Cy= 281§ \p

1850 mm?>. Both the tie rod and the pm
stress 1s 450 M Pa and u.ltlmate sheann

VS @ your sgrvmeh. N

T = ZosrIN -

oFS=23¢
b) FSe2t26 —

12 =>ES:%3¢6
E
™ t‘/"tL‘-—\IO,X’f
a 65 kN '

PROB-3-(35) B
In the assembly shown below brass roaAE (Ey= 105 G Pa) and aluminum rod CF (E,

=70 G Pa) each have a cross-sectional area of 500 mm? . Determine the displacement of
end D of the rigid member ABCD that would be caused by a 40 kN load.

g() =0,332mp Brais',s,_vk = |




CIE301 Strength of Materials/SP00 TESTH#1 NAME

PROB-1-(30)

Member BE of the pin-connected structure shown below is a 25 X 8 mm rectangular bar. The load
P is applied to the pin at E as shown below. The pm at E has a diameter of 30mm. Determine a) the

axial stress in BE, and b) the shearing stress in the pin at E. ‘
O — 150 MPo

ME LN |

Ce=21.22T1Pa.
: TE‘:: 50,02 T‘}Pd\

35m

PROB-2-(40)

Bar CD of the pin-connected structure shown below is to be con51dered ngld If temperature in bar
A (E=200 G Pa, A=150 mm®, o = 11.9 x 10%/°C) increases by 100 °C and the temperature in bar
B (E= 100 G Pa, A= 200 mm’, a = 17.6 x 10%°C) increases by 50 °C after the 24 KN load P is
applied. Determine the vertical displacement of point ; o .

' Always
; 8
ol
| g
el ol
100mm | 100 mm ~50mm
i . ﬁ_l

PROB-3-(30)

For the truss shown below, determine the stresses in members AD and CD. Given Agp = 200 mm®
and A, = 150 mm?. '

T—-——-"«—-som O’QD: —'—{C)O.C]]"?Pd\
?}ma % £ —100kN O_E‘D: '80 WP&-'




CIE301 Strength of Materials/SP02 T EST#i NAME DK. 15% A—

PROB-1-(25)

For the truss shown below, determine the stresses in members AB, BD, and CD. Given A,; = 200
mm’, A= 150 mm®, and A gp =125 mm®.

3N 24N

o . ’ s ﬁh@-”— 2o
Oy = ~24™Pa, - " “
b e, v o, ssen
Cy2:D::’. —~24.0Y4 MR e }" O 3
Ore =+Bo M |1 N | Yoge —2 = -
: X ) D
IR
PE

PROB-2-(40)

the walls of a grain bin. If the terfg
washer that must be used if the bearfhg st 2 xceed D0,
shearing stress in the head of the K the ead has a dlameter of 80 mm and a thlclcness of 60 mm

ways O y@ur sef qﬁggz g AT

P- @O o)

= ¥3.a6 KN -
= H 67 MPoc Av"‘L@\.Q{%fE_

PROB-3-(3

Bar A is made of aluminum with a modulus of elasticity of 10.5 x10° ksi and Bar B is made of steel S
with a modulus of elasticity of 20x 10° ksi. All bars have a rectangular cross section of 2.5by 1.0~ .~
inches and are unstressed when P is zero. When load P is applied, the strain in A is found to be R
0.0010. Determine the axial stresses and load P.

- Rigid -

03m




CHE3R] Mechanics of Materials/SEUS Test#l Name:

PROB-1- (30)

In the ‘triss shown ‘below, determing the stress inmembers AE, BE, and BC. Given that the members are 30 mm
tn dmmeter

— - /

| @;}E —:é 7‘ff7PaL“/

/

D

Thx. buf jt}mt shown below is fastened by four 1S mny diameger rivets. Determine the maximum load P if the
maximum stresses-are not to exceed 100 MPa in shear, 140 MPa in tension; and 210 MPa in bearing. Assume that

the foad isequally div 1dc,d,among_ the rivets. r . '

=764 ¥N

; 3 A= (‘ao‘aox@ ).
. Ap= m55Y(IS)

PROB-3- (35)
A rigid honzontal bir ABC is-supported by 2 hinge-at A and by twe stee] cables-at B and C, which are of equal

Ie:Wth L. = 08 i, and argd A =140 min’. Ciiven E = 200 GPa and ‘s load of 40 KN is applied as shown.
Détermine the stress in each cable.

i
Fi
E
N

R}

T— g = 80 ﬂ%u«//

A —.

c

.

FQ)+ érc, —}3@ '
40kN 6(, = 36& =)> Q/—,‘QF&

{-’g—_ .1 KN




CIE202/SP05 Mechanics Of Materials TEST#1 NAME

PROB-1 (35)

RN Gy An aluminum bar 4B is attached to its support by a 16 mm

diameter pin at 4 (see figure). The thickness ¢ of the bar is 15

mm, and its width & is 40 mm. If the allowable tensile stress in

the bar is 150 M Pa and the allowable shear stress in the pin is

t=s 1S mme—s B — —] :;-v—b =40 min
- — 85 M Pa, find the allowable load P.
; ,L P suKN
robh. 1.7-7 P o
B . 3413KN
PROB-2-(40)

The bimetallic thermal control shown in the figure is made of a brass bar (length L, = 0.75 in. and cross-
sectional area 4, = 0.10 in.?) and a magnesium bar (length L, = 1.30 in. and cross-sectional area A,, = 0.20
in.?). The two bars are arranged so that the gap between their free ends is & = 0.0040 in. at room temperature.

Calculate the following quantities: @the temperature increase AT (above room temperature) at which the

two bars come into contact, and (b) the stress o in the magnesmm bar when the temperature increase AT is
= 753595

300 °F. (Use the following material properties: o, = 10 x 10%°F, o =14.5x10°/°F, E, =15 x 10° psi,
and E,, = 6.5 x 10°psi.)

W?%S @M)urﬁmrwce
BTL
4+ e L

o ATE

g.ooh =

o

PROB-3-(25) .

A horizontal bar CBD having a length of 2.4 m is supported and loaded as shown in the figure. The vertical
member AB has a cross-sectional area of 550 mm®. Determine the magnitude of the load P so that it produces

a normal stress equal to 40 M Pa in member 4B.
I /‘fj /,1

L

Prob. 1.2-2 ~3, 158N




CIE202/SP06 Mechanics Of Materials TEST#1 NAME

PROB-1 (35) Two flat bars loaded by a tensile force P are spliced

h=mm using two 15 mm diameter rivets (see figure). The bars

have width & = 20 mm and thickness ¢t = 10 mm. The

bars are made of steel having an ultimate stress equal

to 400 M Pa. The ultimate shear stress for the rivet

' T i steel is 180 M Pa. Determine the allowable load P if a
safety factor of 3.0 is desired with respect to the

ultimate load that the connection can carry. (Assume

f=10mm
: & that the bars do not fail in tension at a cross section
P el el T _Jesds P through a rivet, and disregard friction between the
| T\ (e whv ]
Prob. 1.7-8 P ,
6= 20205 KM
PROB-2-(40)

After a load P = 150 kN is applied to the pin-connectegd,s

':r,,_c,,_rshown figure below, the temperature
G g, R it 5 ”ﬁ‘“\
increases 100 °C. The thermal coefficients of expansion : \

it ) gy & iy :
are g%v ¥/ °@ffor the glum}jg alloy rod 4 and
sk ~.i\1?'?!1‘ B, N { At
12x 107/ °C for the steel rod B. The moduli of elasticiK f aluminum and*$teel date 75° G Pa ant200 G Pa,

respectively. The cross-sectional area of members 4 ang) Wﬁeyism@my QM%WV%@@W@. i

member CD is rigid, determine (a) The normal stresses in bars 4 and B. (b) The vertical component of the

displacement of point D.

o) ox= 20 H
- TZ = 20 o

b) $n= 415.45mm

A 20m

] D
L L5m _“)L‘—_" 2.5m * 1.0m
(a) P=150 kN
PROB-3-(2

om0 mmy 4y Two pieces of material are interlocked as shown in

the figure and are pulled by forces P. If the ultimate

stress in shear for the material is 38 M Pa, what

7 80 ram — force P is required to fracture the piece in shear.
Section 4-4 i): [ 37 Y




CIE202/SP07 Mechanics Of Materials TEST#1 NAME

PROB-1 (30)

A0 mum The suspended rod is supported at its end by a fixed-

connected circular disk as shown in Figure. If the rod passes
through a 40-mm-diameter hole, determine the minimum
required diameter of the rod and the minimum thickness of

the disk needed to support the 20-kN load. The allowable

normal stress for the rod is Gaow = 60 MPa, and the

120 KN allowable shear stress for the disk is Taow = 35 MPa.
— P d = 20.60 mm t=4.55 mm
-_‘Aqb A -‘\(R?‘ G- %
t® : - 2 .
e 2R O
PROB-2 (40) 9

The steel (Es = 200 GPa) pipe column shown in Flgure has an outside

diameter of 15

the column by thg

(a) The average&%waWs tly @We %&E\#e% | 6 Lolumn and the

Aoz T (3% O
steel bearing plate. G= 23.58 MPa o= CD )

(b) The diameter of a circular bearing plate if the average bearing stress

between the steel plate and the wood beam is not to exceed 3.25 MPa.

2
D =242.41 mm AR

(c) The change in the pipe thickness if D = 0.3.0t = 0.000531 mm &J«; T ()

= - & = 20 o - uvF 372
Aaa-owy Ean= 28 = £ = 0.c00 T
PROB-3- (30) Cipp = 3SnS < 8L = fpe= 00321}
=05
50 mm ~ /, 100 mm P The load P.produces an axial strain of 0.0075 m/m in
" *— 200 mm 1 the steel post D in the Figure; Determine the axial
0.09 mm strain in the aluminum rod CE if there is a 0.09 mm
unloaded

U clearance between B and D before the load P is

applied.

8(‘_‘1«; = {.6081




CIE202/SP08 Mechanics Of Materials TEST#1 NAME

PROB-1 (35) -
L A

A rigid bar BD is supported by a pin support at B and by
two wires attached at C and D (see figure). The wires are
identical except for length and are just taut (but free from

stress) before the load P is applied. Find the tensile forces

produced in the wires by a load P = 5000 N.

A copper bar AB under a tensile load P = 500 KN hangs from a pin
supported by two steel pillars (see figure). The copper bar has length 10 m,

cross-sectional area 8100 mm?, and modulus of elasticity E;. = 103 GPa.

Each steel pillar has hefh ,:} 1 §5rosg®&tiondl areg75009mm’, and

modulus of elasticity Eg —@66 GP% tiethe & 1ent f*‘ﬁ%lntA
AEW@yS @ y@usﬂ service

An aluminum bar 4B is attached to its

support by a 16 mm diameter pin at 4

(see figure). The thickness ¢ of the bar

is 15 mm, and its width & is 40 mm. If

the allowable tensile stress in the bar is

150 MPa and the allowable shear

roh. 1.7-7 g}) é!—-’ stress in the pin is 85 MPa, and

allowable bearing stress is 75 MPa,

find the allowable load P.



CIE202/SP09 Mechanics Of Materials TEST#1 NAME

PROB-1 (35) | " The rigid link is supported by a pin at 4, a steel wire
- " BC having an un-stretched length of 200 mm and

cross-sectional area of 22.5 mmz, and a short aluminum

block having amr umtoaded length of 50 m m and cross-

v sectional area of 40 mm>. If the link is subjected to the

vertical load-shown; determine the rotation of the link -

a? A i about the pin 4. Report the answer in radians. Given
150 mm
_* 100 mm 150 mix that Eg; =200 GPa and E_;= 70 GPa.
450 N P
a‘,
50 mm
PROB-2-(30)

The steel bolt has a diameter of 7 mm and fits through an aluminum sleeve as shown. The sleeve has an inner
oFs® thafiit _]US Bresse up against
ate@ egte ergture of

T =100°C, determine the average normal stress in the ﬁlﬁ\&gﬁ@@é&l@ y@{l@) &8 ENK,T?@GPa Qs

diameter of 8 mm and an outer diameter of 10 mm. The

the sleeve. If the assembly is originally at a temperature of ¥

oo K7

=14x10%°C, 0,;=23x10?%°C

PROB-3-(35) i
The rigid bar AB shown is supported by a steet rod A€

having a diameter of 20 mm and an aluminum block having
a cross- sectional area of 1800 mm?. Pins at A and C are 18-

mm diameter pins. If the failure stress for the steel and

aluminum is Ost(fail)= 680 MPa and O 41, ¢ail )= 70 MPa,

075 m-d Aluminun respectively, and the failure shear stress for each pin is Tgjl

2 m F = 900 MPa, determine the largest load P that can be applied
to the bar. Apply a factor of safety of F.S. =2.



CIE301Strength of Materials/SP98 Test#2 Name

()< PROB-1- (30)

A composite bar consists of a steel core and a brass shell as indicated in the figure.
Determine: a) The radius of the interface in order that each component carry half the
torque. b) The maximum shear stresses in the steel and brass portions.

~

rn =?

r; =15mm _
L =05m c
G, =80GPa

Gy, =40GPa

[, =N.yomm

-. CZ:':. ILH; C.>—3r7/7¢

PROB-2-(35)

The T-beam section is subjected to the loading as shown below. Determine at midspan. a)
The maximum corr}ptgs'si!g\ stress. b) The maximum tensile stress. Take L = 3 m{ b=>
. 015m,h=02m,¢=0.05 m,)and W=15kN/m.

3T £ “ wee.
COVIP Py 3 ’/ _ w m: / P g M=
L {1 - Ly M, $HLSH
U_TGN: 6‘2?0%\ 0. ™
T 7 - B 6§ Lf)\;ny;/'
g EROBIGH Always @ your servic

The solid steel shaft AD shown below is subjected to applied torques at sections A and C.
The shear modulus of elasticity G = 80 G Pa and the diameters of the shaft d, = 25mm
and d, = d; = 40 mm. If the angle of rotation at A is not to exceed | ¢ latiow = 0.0125
radians in either direction, and the magnitude of the shear stress is not to exceed T yow =
70 M Pa anywhere in the shaft. Determine: a)The minimum torque T, that must be
applied at end A. b) The maximum torque T, that may be applied at end A.

a To= 224X pme
s g Sl -




n.py'snmnamb,mm

Iudmsof‘.’:OIblﬁ’/Deunnmethn R
- mmwmonalloadmglshmudtowh.




CIE301 Mcchanies of Muaterials/SP03 TEST #2 NAME

PROB-1-(35)

For ihe beam and cross-scction shown below, ¢alculate ihe load P based on an allowable siress of

;f 40 MPa i tension and 70 MPa in compression.
Pr =304V "
f — 249 N ' 100mm
’<————-—~>
| 4> 20mm
| T
\ 2.m ?“?I{r Imm '*B*I 20mm L 80mmn
. v
USE @ 232951 N
PROB-2-(30)
= 40 GPa and

.~ The circular shafi shown below is subjected {o torques at C and D. Given that Gy =
Giye ™ 80 GPa, determine the angle of twist al 1) and the maximum shearing stress in the shaft,

/ )= 0,244°  Tmae=1592 116

5 Srus
J s I HE DN Qo M0 N

g N;W a\}’ mm

e R R S | SR R
O m
7/ PROB-3(35

The beam shown below has a Squarc cross-section and carries the loading as shown. Calculate the
rcqutred sidedimension b of the square cross-section if the allowable bending stress is 12 MPa.

- : © - 1.5 Kn/m
2.5 m 2.5%m
b

b =132.83mm



CIE301 Mechanics of Materials/SPM TEST#2 NAME

PROB-1-(30

The cross section of the beam below is square of dlmcnsmn 50x SO mm. Determine the maximum stress at 9 m from
the left hand pin support.

X C[!’I)) Mm—- 8!5*3‘44"0;;) = %8 o8 M PCK.

& KN ) & KN
3KW/m

The two steel shafis (G = 80 G Pa) arc connecled by

o s m "% gears and subjecied 1o a torque of 400 N-m. Given
i Ly that d; = 40 mm and d; = 30 mm, determine (a) the
0 min = : :
. Ezm e ¥ I‘“T;; 7T angle of rotation in degrees at D and (b) the
I ‘: .L,J ] 1‘ s r maximum shearing siress in cach shafl.
f- -._:_ é IO jreeny
N ! e |
! ’ =
: L |8
E /5 £Y) L “75 i L{S t
PROB-3-(40) N (:,, y@ur ServiICe

Determine the valuc of load P so that the maximum allowable stresses at the roller support does not exceed 40 M Pa
in tension and 70 M Pa in compression.

P . ZOmmm

2immm S>ER<— 80mmm




CIE202 Mechanics of Materials/SP05 TEST#2 NAME

PROB-1-(30)

A 2 m long circular steel shaft must transmit a torque of 800 N-m. If the shaft is to be
lightweight, it must be hollow. Assume the wall thickness is 0.1 times the diameter (see figure).
If the maximum allowable shear stress in the shaft is 150 M Pa; Determine:

a) The required diameter in mm. b) The total angle of twist of one end of the shaft relative to the
other.

PROB-2-(35)
For the beam and cross-section shown below, calculate the maximum compressive and tensile stress
at the midpoint between A and B.

4kN/m

PROB-3-(35)
For the beam and cross-section shown below, calculate the stress at point E and F of the cross
section based on the moment value at the midpoint between B and C of the beam.

I kips




CIE202 Mechanics of Materials/SP06 NAME

PROB-1-(30)

A solid circular structural steel (G = 77 G Pa) shaft is securely fastened to a solid cold-rolled
bronze shaft (G = 39 G Pa). For the steel, the allowable shearing stress is 75 M Pa; for the
bronze, the allowable shearing siress is 150 M Pa. The allowable angle of twist in the 3.5-m
length is 2.5°. Determine the maximum permissible value of the torque T

3T oo St
TR

PROB-2-(40)

For the beam and cross-section shown below, for the moment value at midpoint between the
supports, calculate the stresses at points D and E of the cross section.

PROB-3-(30) . , _
: “"'\x y Q I‘EU' \\‘.y*‘;, -': Q&“z "' ‘\ "»! an
For the beam and cross—secuon shown beIow calculate the maximum compressive and tensile stress

on the CIOSS S section based on the moment value at the midpoint between the two supports. Given 1=
10.5x10" mm

135N i &,:“«’,—"1"(

_ Elf)&?ﬁ-m




CIE202 Mechanics of Materials/SP07 TEST #2 NAME

PROB-1-(30)

The shaft assembly shown below is made of A-36 steel (G= 77 G Pa) and consists of a solid rod
AB of 15 mm in diameter connected to the inside of a tube DBC using a rigid disk at B.
Determine the angle of twist at 4. The tube has an outer diameter of 30 mm and wall thickness of

3 mm.
| &, -~ i
o Tk =]
PROB-2-(30)

For the beam and cross-section shown below, for the moment value at midpoint between the
supports, calculate the maximum compressive and fensile sfresses.

PROB-3-(40)

For the beam and cross-section shown below, for the moment value at midpoint between the
supports, calculate the stresses at pomts D and E of the cross section.

i : 134N FENAn

S}i"}%&?&-m b .

120 mm



CIE202 Mechanics of Materials/SP08 TEST#2 NAME

PROB-1-(30)

Draw the moment and shear diagrams for the beam shown below.

& PROB-2(30)
The two shafts are made of steel (G = 80 G Pa). Each
/ ~— has a diameter of 25 mm and they are connected using
’ ;}\ the gears fixed to their ends. Their other ends. are
50 mm att%g}}@d tﬁxed -

100 g :
T : free*geﬂ,@tlo

< éf ﬁﬁgl’ @?‘@l@ €dat at E as shown determine

and B.

e,

MEN

o

w PROB-3-(40)

A simple beam 4B with span length L = 14 m supports a uniform load q that includes the weight of the beam. The
beam is constructed of three plates welded together to form the cross section shown. Determine the maximum

permissible load g based upon bending and shear if the allowable stresses are G,;; = 110 MPa and T, = 70 MPa.

450 mm

— 0.mm- —




CIE202 Mechanics of Materials/SP09 TEST#H2 NAME

PROB-1-(30)

Draw the moment and shear dlagrams for the beam’ghown below. o o
3 k h ‘m ) ¥ o m{;ﬂx/?é/
PROB-2(35)

The stepped shaft shown is made of solid circular cross section (see figure) and is held against rotation at the ends.
If the allowable stress in shear is 55 M Pa, what is the allowable torque T that may be applied to the shaft at C?

PROB-3-(35) ‘p
The tubular shaft is to have a cross section such that its inner diameter and outer diameter are related by

d, =08 d,, Support at A is considered as a pin and at B as a roller. Determine these required dimensions if the
allowable bending stress is Gy = 155 M Pa.

15 'k}’ﬁiﬁz}

-




CIE202/SP10 Mechanics Of Materials

PROB-1 (35)

- 50 mm

— IHmm e

4

1O mam

22 mm

PROB-2-(30)

Three bars each made of different materials are connec ad togee

temperature is 7" = 12°C. Determine

~ T',=18°C. The material propertieg,?%nd )
SteelP®

R

£.o= 200 GRY
C}:-‘\! = i:{ ](] {j.]",l‘::(—tq

|4

= 2 mm?2

TEST#1 NAME JSEug

Two plates are fastened by a bolt as shown in the
Figure. The nut is tightened to cause a tensile load in
the shank (unthreaded part) of the bolt of 60 KkN.
Determine (a) the shearing stress in the threads; (b) the
shearing stress in the head of the bolt; (c) the bearing
stress between the head of the bolt and the plate; and
(d) the normal stress in the bolt shank.

r ard] placed between two walls when the

5 ') supports when the temperature becomes

%f %@%apﬁre given in the Figure below.

Copper

L;J,. = [0 GPa F. = 120GPy

il

Gy, = 2HUFNAC o = 17010 oy

A =515 mme

CAg, =450 mm2 |

PROB-3-(35)

A00 mm

—= 3 mm

e 20 MM -§~—-——~--i

100 mm

The 8-mm-diameter bolt is made of an aluminum alloy. It
fits through a magnesium sleeve that has an inner diameter
of 12 mm and an outer diameter of 20 mm. If the original
lengths of the bolt and sleeve are 80 mm and 50 mm,
respectively, determine the strains in the sleeve and the bolt
if the nut on the bolt is tightened so that the tension in the
boit is 8 kN. Assume the material at 4 is rigid. E 5 = 70
GPa, E ,,; =45 GPa.
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PROB-1-(40) :

For the beam shown below determine the force acting on the top flange (70x20 mm) based on the value of the
bending moment at mid span between the supports, The cross-section of the beam is shown to the right.

20mm S50 mm

e e 4
{ ¥ ¥

20 mm . _ 2 kN-m

JkN/m

6drmom ;| . | e

20 mm

. PROB-2(3%5)

The two shafts AB and EF are fixed at their ends and fixed connected to gears that are in mesh with a common gear
at C, which is fixed connected to shaft CD. If a torque of 7= 80 N. m is applied to end D, determine a) the torque
at 4 and F and .b) the angle of twist of end D. Shaft AB has a diameter of 20 mm. Shaft FE has a diameter of 30
mm. Shaft CD has a diameter of 25 mm All shafts are made from steel (G, = 80 G Pa).

e

Frobs. 5-81/82 ) T q

PROB-3-(25)
The aluminum machine part is subjected to a moment of M = 75 N-m. Determine : a) the maximum tensile, b) the
maximum compressive stress, and c¢) the stress at point C of the part.

20 mm

k A Qg\/\k,. 1}
v O 203 mm ‘ Eo 10
: 1O mm A o
10mm -~ B
.. ..’-“- X. ) B
| . N T s

1} m

4 mm
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PROB-1-(35)
P=T750N

Crank

)
A~
b4
A"

I l

\ \\ o g ’
\\,_ \.\ _./}) \ /__/ o 3 ;
_,_ - /_\(/ 3} g Ry R e =
hy=123mm N Ap 24 mm } !
Ay y /"'/ \ /,/"' _ v
\'-V/-"' \(" by = 60 mm _
- ) Top view

Draw the stress elements showing stresses at points 4 and B on the bicycle pedal crank shown in the figure. The
pedal and crank are in a horizontal plane and points 4 and B are located on the top of the crank. The load P =750
N acts in the vertical direction and the distances (in the horizontal plane) between the line of action of the load and

points 4 and Bare b | = 125 mm, b, = 60 mm and b; = 24 mm. Assume that the crank has a solid circular cross
section with diameter d = 15 mm.

PROB-2- (40)

i 1 "‘(-i‘}l %. " @—m
5@2 ¥R
&: ﬁl

' o=
>

15 mm

«—Iy=25m *"‘“**)*“' Lz=15m — b =65 mm

For the beam and cross section shown, determine the maximum tensile, compressive, and shearing stresses.
PROB-3-(25)

For the stress state shown to the left, determine: a) the
normal and shearing stresses for the shaded area using the

5.5 MPa method of equilibrium; b) Draw the stress elements
showing the principal stresses and maximum shearing
10.5 MPa stress.

27 MPa
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CIE202 Mechanics of Materials/SP09 Test#3 ' NAME:

PROB-1-(25)
10MPa
4 For the stress state shown to the right: a) Determine the
6MPa . normal and shearing stresses for the shaded area using the
7 ~ method of equilityriurm; b)Y Determime the primcipal stresses”
" and the maximum shearing stress.
15MPa
60°
PROB-2-(40)

A circular hollow shaft 100 mm in outer diameter and wall thickness of 10 mm is fixed at one end and loaded
as shown below Compute the state of stress at points 4 and B located at ﬂg}f ﬁxe@, end. Present your analysis and
the state of stress acting on an element. A %&*H v%; TN ————

i s 3\\::;\

PROB-3-(35) o ,

The beam is- constructed from four beards. ghned -
together as shown to the left. If it is subjected to a
shear of ¥ = 850 kN, determine a) the shear flow at B
and C that must be resisted by the glue; b) the

maximum shearing stress in the composite section.

10mm—| {125 mr
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PROB-1-(35)

O N T A 30 mm diameter tod is subjected at
mm, s its free end to an.inclined force F =
500 N as in the figure. (The force F in
plan view acts in the direction of the x
axis and has an x and y component.)
Determine the magnitude and
directions of the stresses due to F on
the elements 4 and B at section a-a.
Show the results on elements clearly
related to the points on the rod.

.}'o
D .

RRQB—Z- (30)

?elfﬁé?}m Determine

gbg gy @fa‘ tre ’Ses in the beam satisfy
Aiwae ecification that they should be equal :

to or less than 155 MPa at section 4-4 by
looking at (a) the maximum value of the -
normal stress in the beam, and (b
maximum value of the principal stress at the
junction of the flange and the web.

PROB-3-(30) /7
N /y For the stress state shown to the left, determine: a) the
normal and shearing stresses for the shaded area using the
10MPa method of equilibrium; b) The principal stresses and
maximum shearing stress.
'+ 8MPa

12MPa
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PROB-1-(40)

Draw the moment and shear diagrams for the beam shown below.
12 KN 10 KN
S5KN/m

<—6m —>|<—6m >i< mo sl Im s

PROB-2- (30)

@50 bQﬁdS Gs shown in figure. The
n%ﬂegﬁtvb “the beams at a longitudinal.

mm. The allowable force per nail is
N: a) Determine the maximum vertical shear.
force that could be handle by the section. b)
Determine the maximum shearing stress if the
vertical shear force is 12 KN.

" For the stress state shown to the left, determine: a) the
normal and shearing stresses for the shaded area using-the: -
method of equilibrium; b) The principal stresses and
maximum shearing stress.

12MPa

8MPa

10MPa




CIE202 Mechanics of Materials/SP06 . TEST#3 NAME

PROB-1-(35)

A 50 mm diameter rod is subjected at

its free end to an inclined force F =
700 N-as trr the figure: (The force F'in
plan view acts in the direction of the x

axis and has an x and y component.)
Determine- the magmitade: and
directions of the stresses due to F on

the elements 4 and B at section a-a.
Show the results on elements clearly
related to the points on the rod.

500 ma.

PROB-2-(35) :

For the beam shown below, draw the moment and shear diagrams.

PROB-3-(30) ., \:s\%}%%

For the stress state shown to the left, determine: a) the
normal and shearing stresses for the shaded area using the
method of equilibrium; b) The principal stresses and
maximum shearing stress..

15MPa

8 MPa

18MPa




202 Mechanis of Materials /SP0S Test #3 NAME

" PROB-1-(35)

Draw the moment and shear diagrams for the beam shown below.

12 KN

12 KN
6KN/m

L

E e6m Els 6m \|\ 6m __%<_3m __963m -

N
lied g%?'i and B of the solid

h%ﬁn owing that the bracket
in., Determine and draw the

8

PROB-2- (35) ’ ] ) % @%%’

For the stress state shown to the left, determine: a) the
normal and shearing stresses for the shaded area using the

10MPa method of equilibrium; b) The principal stresses and
maximum shearing stress.

6MPa

12MPa

A

70°
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CIE301 Strength ofwxatenals/spoz - TEST#3  NAME ,DR 13:3 A
PROB-1. — | |

Three boards each 50 mm thzck, are nailed together to form a beam that is subjected to a 1200 n.
vertical shear. Knowing: that the allowable shearing force in each nall is 300 N determme the
larcest permissible spa.cm!7 s between nmls : :

PROB-2-(3

For the beam. and loadmg shown, consider a g.ectxo&:at point B of the beam and detexmme 1) the -
shearing stress.at pomt a, u) the sheann tress‘g’t@omt) the maximum shearing stress

PROB-3-(35) o | \_J>

Draw the moment and shear d.lagrams for the beam shown below: %

‘ kNIm .
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PROB-3

A 12 m long by 12.5 mm diameter gtesl rod ig subjected to an axia]
tensile load of 25 KN. The total elongaticn is 0.07 wam. Caloulgts
the: a) axial strass ; b) axial strain,

rron-10 O = 203, 721f4 €=0.583x5S

Tre solid shalt shown below iz ¢.85v in dianetar and Is acted uwmon
By the forces as shown. Determine the atrass stare at point A and
draw the strass element, Solve the problem by looking as p2inte &
from the laft hand gide.

oo 1b

EQUATIONS:

F

t=8L ;0 =0/A; 0caE ;8 =% (2.0) AIAED ot (WQ) AT

3= (VQ)/T ; 0 = -(Mv)/I ; Fn = gs ;i B =%h ; & =
ph/2 -
;R =wR? ;I . s RS - R
& % i £ EEE
et e Shlways @vwyour servigg v s
i p = I (T4 A aE,) I. =3I I, = A& c.‘i? Yo VAR « -wixl



CIE301/SP00 FINAL EXAM NAME

PROB-1
For the beam shown below determine the equation of deflection

3 KN/m 18 KN

|

F 12 m R en
- :

PROB-2
Draw the moment and shear diagrams for the beam shown below.
3 KN/m 6 KN
1 KN/m l
7
4m 6ém ém 4m

— [ l l |

I — I 1 1
PROB-3

Find the required cross sectional area of a rod subjected to an axial load of 35 KN, if the stress is
not to exceed 200 MPa and the elongation is not exceed 0.10 mm. The rod is 1.5 m long and is
made of steel ( E = 30E06 MPa).

PROB+4

end, and the maximum shearing -'?? in the¥hatt,

Hamsim g AAlWAYS @ your servlmﬁ_.,_L

.. C 1
X ’\‘\0_” m\lﬁ- 12.5mm
PROB-5 03m

The I cross section shown above is subjected to a constant shear of 8 KN. Compute the required
spacing of the nails along the beam, if the allowable shear force is 800 N/nail.

(| PROB-6
‘Write the moment w equations for the beam shown below.

- e

Wﬁw l t R:igidbar.”f:‘.

1m ! 1m 1m

SkN



PROB-7
Determine the stress in members GF of the truss shown below. Given: Ag; = 4500 mm? .

am Im 3m

|
1 120kN
PROB-8
A square steel (E =200 GPa) container with outside dimensions 100 mm by 100mm and sides of 6
mm thickness. The container is filled with a material of E = 30 G Pa and leaving a gap of 0.025 mm

at the top of the container as shown below. A force of 275 KN is applied on the mutamer

determine the stress on the material inside the container. P=275 kN

Rigid

K |

Ot

&\,\\

-3

"

-

[~
774 /IIIIIIIIIII/ -L

6 mm— fe—6 mm
j—100 mm—ﬁ

PROB-9

Al2m long by 12.5 mm diameter steel rod is sub_]ected to an axxa] tensile load of 25 KN. The total
elongation is 0.07 mm. Calculgtthe: a)z 85 ; b)) .

PROB'IO Qg 8 -

The solid rod shown below/ig stm dia and is acted. u on by the forces as shown.
Determine the stress state at point aw th : ént/ § f‘e the problem by looking at
point H from the top side.

EQUATIONS:' —_

= 8/]'-' i 0= P/A ; 0 = Ee ; =2 (Png)/(Ain) i T.= (VQ)/(It) i
qg= (VQ/I ; o -(My)/I ; Fn = gs ; 1 = (Tr)/J ; A = bh ; A =
bh/2; A =nR* ; I = bh’/12 i J=n/2(R* - RY ; I =nrn/4 (R' - R")
:G-QATaQ LA d "l - Yl ive=(ZA y)/(EA)

i ¢ =2 (TgLi)/(Jici i Ic Z (I, +A ;2 ) i av/dx = -w(x) ;
dM/dx =V ; dy/dx* = M/EI



CIE202/SPOS FINAL EXAM NAME

PROB-1

For the beam shown below, draw the moment and shear diagrams.
18 KN

3KN/m

0
!

6m —>
PROB-2
. At 20°C there is a gap A = 0.4 mm between the ends of the aluminum and
e ] B 7 magnesium ba1s shown n Flgure Use Ea= 70 GPa Oa =23 x10°/°C,
i D Aa = 500 T4 i <426 x4/ C,
‘ e . Determine (q Qg g siresy in o) rodyh
S rises to 120°C and (b) the change in lenoth of the magnesium bar.
Aiways @ your service
PROB-3
—

Two plates” are joined by four rivets of 20-mm
diameter, as shown in Figure. Determine the
maximum load P if the shearing, tensile, and
bearing stresses are limited to 80, 100, and 140
MPa, respectively. Assume that the load is
equally divided among the rivets.

PROB-4



3 A 4 Determine: a) the largest shearing stress in the
Y 4 shaft. b) the angle of rotation in degrees at F. Given
200 N FONam ANm 3N . G=80GPa
{‘fjﬁr.s‘ - “ . RN kR
g 50 m () T é\ﬁw@ﬂ - “ ,
o ; I s ges wop
oy b AT //ké Lt SEq=—aTtzS
/ : { T i 4 -
A ,q;ﬁ TORRY N __,_.,,_._.L_ i ___>.:H,M. i _,b.__@» ot g,rg | ‘\t-/ ~ ‘Zé—g

PROB-5-

Determine the value of load P so that the maximum allowable stresses does not exceed 40 M Pa in tension, 70 M Pa in
compression, and 12 M Pa in shear.

éloomm 9I J/

PROB-7-

A 2 inch diameter and 4 inch long solid cylinder is subjected to uniform axial stress of 7.2 Ksi. Use E = 30x10° Ksi and
v =" Calculate: a) the change in length, b) the change in diameter.



PROB-8

For the stréss state shown to the left, determine the normal
and shearing stresses for the shaded area using the method
4 2ompa of equilibrium.

12MPa

12MPa

PROB-9 v

Loads P = 1200 N and R = 2400 N are applied at the free end

of the 50 mm diameter post shown. Determine the stress state

at point A and draw the stress element. Solve the problem by
e looking at point A from the top side

< 4200 (409) 4%,

{}’, ~1 49 (m ;A-A/(/;
r f2 T
EQUATIONS: o0
. 7 B} .
¢ =0/L;0o=P/A;oc=E;3d=2I(PL)/(AE) ; t = (VQ)/(It) ;y:%@;[:mj ;

T
q=(VQ)/I ; 6=-My)/I ; Fn =gqgs ; T= (Tr)/J ; A =Dbh ; A =Dbh/2; A = 1R ;
I =0bh'/12 ; J=7n/2(R’-RY) ; I = n/4 (R, - R’) ;e =a AT ; Q=X A d, ;
d=lv.- vl i v.= EAvy)/(EAR) ;¢=2Z (TL)/(IG) ;
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PROB-1
For the beam shown below determine the equation of deflection
3 KN/m 18 jN
% 12 m » 6 m

L | |

r — 1
PROB-2 .
Draw the moment and shear diagrams for the beam shown below. % 4

3 KN / m 6 KN Tl L
¢ 7T

1 KN/m l Iz 21
% | ‘{//’?o
%/

4m 6m ém 4m V @

I | | ! ] 47 (‘//T

e

ajgiiea of a:p0d subieg axial logd of 35 KN, if the stress is
not to exceed 200 MPa and the@jongation is 4 ;
made of steel ( E = 30E06 MPa)us

PROB4 Always @ your servic
The shaft shown below is made from aluminum (G = 85 GPa) . Determine the rotation of the free
end, and the maximum shearing stress in the shaft.

Mo 235 5m Dia. = 18 mm
Dia.= 20 mm

A et

038

U
0.6 m,\l\ D E
045 o \Iil' 125 mm
PROB-5 03 m

The I cross section shown above is subjected to a constant shear of 8 KN. Compute the required
spacing of the nails along the beam, if the allowable shear force is 800 N/nail.

PROB-6
Write the moment and _shear equations for the beam shown below .

A ism el
3 I Blk:/m I

N g e,
S Ent g etE

i l fe—rigidbar

e T

Rigid bar

SkN



PROB-7 .
Determine the stress in members GF of the truss shown below. Given: Ag; = 4500 mm? .

4m | 3m

} 3m |
j 120kN
PROB-8
A square steel (E =200 GPa) container with outside dimensions 100 mm by 100mm and sides of 6
mm thickness. The container is filled with a material of E = 30 G Pa and leaving a gap of 0.025 mm
at the top of the container as shown below. A force of 275 KN is applied on the comtainer,
determine the stress on the material inside the container. : '

&

d /]
6 mm— l‘—tl 6 mm
f*—100 mm

PROB-9 :
A 12 m long by 12.5 mm diameter steel rod is subjected to an axial tensile load of 25 KN. The total
elongation is 0.07 mm. Calculate the: a) axial stress ; b) axial strain. :

PROB-10 ‘ .

The solid rod shown below is 30 mm in diameter and is-acted upon by the forces as shown.
Determine the stress state at point H and draw the stress element. Solve the problem by looking at
point H from the top side. '

EQUATIONS : . — -3
€=0/L ; 6 =P/A; oc=E;8=2 (PL)/(AE) ; t.= (VQ)/(It) ;
q=(Q)/I ; c=-My)/T ; Fn=qs ; t=(Tr)/J ; A =Dbh ; A =

bh/2; A = nR* ; I =bh’/12 ; J = n/2(R* - R ; I = n/4 (R - R
iE =0 AT ; Q=X A, d; n'd1=|Ys"Yc| i Yo = (ZA; v;)/(E2R)

i ¢ =2 (TL)/(IG) ; I, =2 (I, +A d%) ; dv/dx = -w(x) ;
dM/dx = V ; d’y/dx* = M/EI



