Heaven's Light is Our Guide
DEPARTMET OF CIVIL ENGINEERING
RAJSHAHTUNIVERSITY OF ENGINEERING & TECIHNOLOGY
B.Se. Engineering SECOND Year ODD SEMESTER Examination, 2019

Cr 2111
Mechanics of Materials-1

Full Marks: 72 Time: 3 Hours

N.B.. (i) Answer any SIN questions, taking THREFE from cach section.
(i) Figure in the margin indicate full marks,
(iii) Use separate answer seript for cach section,
(iv) Assume reasonable value for any data missing,

SECTION-A

Draw shears foree and bending moment diagrams for the following frame shown in figure below., 12.0
I ocate point of inflection and dangerous section itany,
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@ Draw shears foree and bending moment diagrams for the following ifame shown in figure below. 12.0

Locate point of inflection andd dangerous section if auy.
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) 3 Deline point of inflection and dangerous section. 1.00
@ Draw shear force and bending moment diagrams for the sta’ shown in figure below. 9.00
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0.4 (a) A solid conical bar of circular x-section is suspended vertically @ shown in fig. below. The length of 7.00

the bar is L. the diameter ol its base D, the unit weight w andimdulus of elasticity is £. Deter mine
the elongation of the bar due 1o its own weight,
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(b) Prove that * A shearing stress acting on one face of an clement Is always accompanied by a

Qs

2.6 (a)
(b)

27 ()
]

(c)
2.8 (a)

(b)

numerically equal shearing stress acting on a perpendicular foree™,

SECTION-I

An overhanging beam supports the loads as shown in the following figure. Compute the maximum
bending and shearing stress and sketch the stress diagram,
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Define the followiry terms:
(i) Yield Strength () Ultimate strength (lii) Necking (iv) Hardness

A 50 Kip weight i sup‘po.'lcd by three colimns as shown in the following figure. Determine the
lcmpcmlu!'c change equired to just relieve the bronze column of all stresses. The columns have equal
cross-sectional area «f 2 sq. inch and are initially same iength,

[ SO0kip
@ = 6.5 % 107 infin/°f
« & " @ = 11.2 % 107 in/in/f
i S T Eg =130 x 10%psi
= - = Fp = 15 % 10° psi

Derive illustration for longizdinal and cireu mferential stress for a thin walied cylinder.

A cylindrical préssure vessei i in diameler is to be designed 10 operate &l a pressure of 250pzi. How
thick must the well be if the sile stress 15 not to exceed 15000psi?
Derive the relation between 4, shear and noment.

Prove that the maximum she

g streas in a reCtangular section is 50% greater than the average shear
stress.

A6 ¥4 x12inchangle isto L relded to a ensset plate. The angle camies a load of 75000 ib applied
along its centroidal axis. (a) Dt nine the fengths of the side fillet welds required at the heel and toe
of the angle. The weld at the he s to be the same size as the maximum permissible weld at the toe.
(b) Determine the lengths of the ‘e fillet velds ifa cansverse fillet weld is added at the end of the

anple.
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Full marks: 72 "
Time: 3 Hoaurs |
N (i) A”ns“cr any SIX questions, tking THREE fron cach section, |
('|.|.) |’lglll’L."i in the margin indicate full warks,
(iii)  Use separate answer script for each seetion. .
(V) Assume reasonable value for any data missing. BT4R
TR !
SECTION-A )
1
@ l)r;.m sI\Fur fuycc and bending moment diagrams for the following beam shown in figure below, Locate the 12,00 5
point of inflection and dangerous section il any. :
|
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@ Draw shear force and bending moment diagrams for the following frame shown in figure below. 'rL 12.00 |
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Q3(@a) Determine the deformation of steel tubular spreader bar AB due to the application of tensile forces at C and D, 5.00 f
The cross sectional area of the tube is 100 mm”. Let E = 200 GPa. ‘
B '
(b)  Two bars are 1o be cut from a 1-in thick metal plate so that both bars have constant thickness of 1 in. Bar A is 7.00
to have a constant width of 2 in through its entire length, Bar B is to be 3 in wide at the top and 1 in wide at the
bottom. Lach bar is 1o be subjected 10 the same load P. Determine the ratio /Ly so that both bars will streteh
the same amount. Negleet the weight of the bar.
)
N\ .
7 R
N
Q.-@ Prove that “the intensity of shear force ordinate equals the slope of the corresponding ordinate of the moment 5.00
diagram.”

< A . P
Draw SFD and BMD for the following structure shown in fig. below,
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* SECTION-B

Q.5(a) Define the following terms: Aoy

i inti i i) Poisson's Ratio iv) Ductility
Thermal strain i) Modulus of rigidity iii) Poisson's Ratio | o L
by l)\ $0 kip weight 'h) supported by three columns, us shown in the followlng Figure, Determne the lemperature K00
/ change necessary 10 just relieve the bronze column of all stresses. The columns hive cqual cross sectional aren
of 2 sq.-in and are initially the same length. ¢

T ( 50 kip a, 0.5 410 "/

0 - '
o Lap=112710 infinfT
! L7 ‘ fy 19 ¢
g g T 1= 30 % 10" Psi
7 5 7 £y = 15 % 10° Psi
[a0) b
{a) Derive the formula [r horizontal shearing stress. 300

/7 (b) A T- beam supports the loads as shown in the figure below, Compute the maximum bending and ""E"iﬂl'; 9.00
stress and sketch the stress diagram.

J kN/m =20 cm=—A 4
2 kN/m S cm
. : T
N ’/N . . ,B/,\/\ 20 ¢cm

-

10m /i)’ § m — l

—)gcm

/-

y ‘
Q.7(a)  Prove that the circumferential stress in a thin wall cylinder is twice the values of the longitudinal stress. _A.00
/ (b) A spherical vessel with an inside diameter of 50 inch is made of material having an allowable stress in tengion 8,00
of 10000 psi. Determine the thickness of the wall 7T the vessel is to sustain a pressure of 200 psi.
S——— .
19‘(«) Deline the following terms: ST O A 3.00

i) Lap joint i) Butt joint iii) Efficiency of riveted joint. S 4
(b) On the conncction of rivets shown in the following figure, the load P = 48000 Ib passes through the center of - 9.00
the rivet *C", Determine the resultant load on the most heavily loaded rivet. .
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Full marks: 72
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Se Engineering Second Yenr Dad Hemester Pandnation, Juih
CL2111
Mechanics of Materfaly -

Thme: 3 Houen

N.B:- ('l.) :\ns“cr any SIX questions, taking THREE from each wection.

(.I.ll) Figures in the margin indieate full marks.

(!u) Use separate answer script for ench section, h

(iv)  Assume reasonable value for any data missing.

SECTTON-A
@ Draw SFD & BMD for the following stincture. {.ocne the point of infleetion and dangerous section [T any. 12
([AAR!
RS \ P

A B C 3} I |
' Ot O— .\/_\L\../_“.)
£ & -

)'ll
| dm Im | 2m Im im 2m 6m
| | t }
Q.2 Two men are to carry a 47 x 4" wooden bar of 16 1 fong. i) 1 they pick it up al the ends, what will be the 12
. . . . o b ‘ p
mavimum bending stress in the bar? ii) ICit is assumed that each man (akes hold of the bar at the same distance
from the end. between what yoints can this be done in order that the bending stress in the bar would be
A P ¢
maximum? { Weight of bar = 20 1),
0 Draw shear foree and bending mement diagrams for the Tollowing siructure shown helow. 12
3 kN/m
i NN IINONLNE D
A
2m|,  8kN 3 - 5 kN-m
A oy
Im .
AR
v JAS A
Vi < am
, Am , o sm e
B 2 -
(!Jp/l‘r\\\'c that for a beam of solid circulas X-section the maximuin shearing unit sircss on any cross-section is 473 3
times the average shearing sUress. .
(b)  Five planks 3" = 10 arranged as shown in figure helow and secured by bolls spaced at 2 It apart, are uy:tl W )
suppoit 4 concentrated load P at the center of a rimple suppited span of 16 1 long. 1T P causes a maximum
flexural stress of 2000 psi. determine the maximur heariny force on the bolt and maximum shearing stress in
the plank. =
.: .: ll \ d
[}
1
) s
' ' l 5"
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= %/ » -
| e |
10
SEITION-8
Aa) Define the following terms: (i) Noup Stess (i) Longilvdinal Stress (i) Hook's Law.
9

by A rigid ffoor is suspended hy three rods as showr

138,000

foliowing figure, The total uniform foor load iy ol

b, Arca and material propetiies of three rod” ¢ sikee, Compute |h‘c_’|«_‘j|-:l_g),|} cach red.
r“ - -
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_Q.A\ the connection of 12 rivets in the following fipure, the load 1" -tx,mm‘ 1 passes throuph the center of the

rivet ¢* and has a slope of 4 to 3, Determine the resultant foad on the most heavily loaded nivet,
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R 1 3" 13 1
Q7(2)  Two blocks of wood 4 em wide and | em thick, are glued together as shown in figure below. Determine the 6

shearing load and shearing stress on the glued jointif " =+ 60 kN.

Glued joint dem

r <——V )If<40° ‘ | ——

(b) A solid conical bar of circular x-section is suspended vertically as shown in figure below. The length of the bar 6
is L, The diameter of its base D, the modulus of clasticity £, and the weight density y . Determine the

clongation of the bar due to its own weight.

| P OR— ) ___.>l

——————s

) < :{/// %/ /
E %/‘

-
| | 9
.8 (1) Define the following terms: (i) Pitch (ii) Shear Cenrur (iii) Side fillet (iv) Stifiness. 4
@ Draw SFD and BMD for the following structure shemn in the figure below. 5

10 kN

/ ' i
n,/ T i
. \—6m —-—,Pi-—-5 (TR

. g g i ' i X rically equal
i e ¢y element is always accompanied by @ numertcali
(¢) Prove that "A shear stress acting on onc face ¢ an alway

s

A "
i ¢ ing 0 rpendicular face
shearing stress acting on a perp

e
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Mechanies of Materinly-l
Full Marks: 72 Time: 3 Hours
7 N () Answer SEX questions, taking THREFE from each seetion,
» ) Figure in the margin indicates full marks,
4 (1) Use separate answer seript for cach secrion,
| (iv) Assume reasonable value for any data not given.
7
/ SECTION-A

—— g g—— . =

@ Draw the SFD and BMD for the following structare, Locate the point of inflection and 12,00
" dangerous section, il any. N/

24
1O KN-m \L yl'" (

A ‘. BANAANALL —— Y11
43 N - g i
}" | ) |, . o
Sm A Sm A 5m A 10m i

before the load 1 is applicd. Determine the vertical movement of P il its magnitude is

Q:/ﬂ: rigid bar AB, attached to two vertical rods as shown in figure below, is horizontal 6.00

S0 Lips. £
774
Alumi Steel J
Alummum l. = ]3 “
L8Rt -l L
.2 A=02in \
A =035’ £ =30 x 10" psi A\
=10 » 10" psi {A il A, A
- 7 T S
@ Uraw shear forze and bending moment diagrams lor the following structure shown in 6.00
fivure below, :
/
. | o
U §m 1 Tm o
“6
@ Draw shear force and bending moment diagrams for the following structure shown in - 12.00
fieure below, -
- . 20 kN / hinge
I KN/mm”/ D\{\'\C ) [/
R ,{‘ A
i ! A e
\‘ E 12m i I
I -~ '
\ .
\
b A
15 ke >
™ 3m : 6m 1 4m 1.
f’t.('?'! ”\)‘- !
QA A concentrated load I is carried at mid span ol a simply supported beam of 14 [t span. 12,00
The beam is made of 2 in. by 8 in. picces serewed together, as shown in figure below.,
H the maximum flexural stress developed is 1600 psi; find the maximum shearing
stress and the piteh of the screws, if cach serew can resist 200 b,
- (=~
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Lt / . 1I\
' SECTION - B %}

. RS
Q.5G1) A composite bar is shown in figure below is firmly attached to unyielding supports,
N | H 8 ¢y
Two axial forees are applicd. Find the stresecin each bae Assome Ly 107 10" i S
. . . l- .
Eo = 17 % 10" psi and L = 30 % 10 psi.

',"jl S ——
zl — 20" —J
'l ('np'\cr . § —“‘5‘"';‘”‘——' ;\\'l!ll;llﬂll:::l} 3
. A= 1S5 A L5 18
|« }— ¥ N
an I kI N

(b) A steel bar 10 0t fong with a cross-sectional arca of 4 in? is placed between two rigid .00 f
walls as shown in figure below. Al a temperature <25°C, the gap A = 0.1 in. Find the
temperature at which the compressive steess in the bar will be 1800 psi
P %
ol A le—
e 101 Hak
Q.6(a)

The strength ot the longitudinal jointolaeylindrical tank is 40 kips/ft, whereas for the

400
iy circumferentiai joint, itis 19,5 Kips/i, Caleulate the maximum diameter of the tank il
- the internal pressure is 250 psi.

(b Determine the value of *h of the following: loaded beam which satisfies the following 8.00
governing criteriaz 8 = 4 ksi and S_ = 10 ksi.
e A% £y
\ o 10t 2
| 5 1\ Y
- //’ L l l
,.// T Y /\f\ '
—_—l 2 ) »
}‘ 5 1 </ 1 5/ 0] 3/ “l F 10 -.|
pr
()
D.7(a)  Deline the following terms: A0
(i) Side fillet (i) Transverse fillet (iii) Butt fillet
thyMustrate the relation between circumferential stress and longitudinal stress. 3.00
(er - Adriple riveted tap jointis shown in figure below. The rivets are 7/8 inch in diameter 6.00
and the allowable stresses are S, = 13,000 psic Sp = 32,000 psi and S, = 20,060 psi.
Calculate the safe load *P°, )
I)
r /
\ ) |
/S e /
° o \J
% o
| ,— 10 —
o o
. () b v
H N ;
Pp=7/8"
Q.8G0) Derive an analytical expression for a beam subjected to flexural stress, 3.00
(1 Prove that the average shearing stress of a solid rectangular section is 2/3 of the 3.00
. maximum shearing stress on a given cross-section of a beam. ' |
/’ (€1 A beam of rectangular cross-section is to be cut from a cireular log of diameter *D", 6.00 !
What should be the ratio of depth of the beam to its width for maximum strength in 1
pure bending?
: |
The End }
|
|
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BARLA

' SECTION-A

Draw shear foree and bending moment diagraras for the fallowing stracture as shosn i figure

below Locate pomt of inflection and dangerons section if any.,

L

CE”12

167

——

SKN 2EN/m 3 hN/m
| A) 1 KN-m /rl/h/ IQO OQO
v ANNNNNNN o ~ —%_ Y v
s N, \ | .
& &, N
_\;/ \;t ) L \Lﬂ e »
am T Gm Y 2m Y dm N dm * Sm |
O N
"
- . . .. . e A’ -
20 Detine domgerous section and point ol inflection. R P 267
@ D shear foree and bending moment diagrams for the following structure. ek o 9.00
sy B
LN L (3
ZlA
J— et
! 2m
i Sae !
) Gim i dm Ao 10KN
I 71 - O
Draw shear toree and bending moment diagrams for the frame shown in figure helow, L1167
y 5
10 KN-m KN
—
dm
L4 3N Al
N
Im
\ __\ /_
é‘_._ _I_Im
PN
2 / Sm L 3
3 e
Ot D siessastezin diagram of mild steel and expliain various point on it ‘ 367
- by o agid Sars S0 and CD are cupporied by pingst Aand D oamt e trorade Vo EV s haen e v
. tizure below, Determine the vertical movement of point D il the value of PP is 300 Kips.
1Y Sweel
L=41A=2in
A Fodonio' s
N\, C——
[
B Alummim
e Lo e
.L\fm — : Lo 1200 ki
} . e
‘ | D
» . \
|« 11 A ” il
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) Sketeh the major types of weld and write the weld thickne
4

I

l

SECTTON-R N\

i

i ' i : dtudin
Derive the analytical formulation of bursting foree on longl

al and tramsyerse section ol g
N\
walled exlinder.

insi i mn. i ade of matenal having an
A sphierienl pressure vessel with an inside diameter of S0 in. is made { 1

10y,
i . . b thicknens of e wall G0 e vessel s o
allowable stress in tension ol 10,000 e Dt |I:‘ th s o el by evid : .
i 2 Gz L b 9 \weco= Sl o)
sustain a pressure of 200 psi. i ;
What are the assumptions in deriving, the

relations hetween bending moment and Hexure stresses 1.67
andd Between vertical shear amd the shearing stiesses
Derive the formala tor horizontal shearing stress,

100
Compare the stiengths of two beams, identical in all respects, except that one s

liellowy and the 4" 00
ather 15 solid, as shown in the following figure.

Prove that the masimuom shearing stress inoarectangular seetion is
sheiring stress

S0%4 preater than the averape 2,67

— e

A box beam carries a distributed load of 200 /ft and a concentrated load “P* as shown in the 9,00
fieure helow. Determine the maximum value of Pif S, < 1000 psi; S, < 1500 psi and S 200 pei,
'l' 200 Ib/ft
FAVAVAVL VAN NN 12 E
'y .
=t = H 3t gl
. 5 3 4
Iotine ihe o LS, 30 .
o & el o S>an) .
1 Lap joim (1) Butt joint (1) Efficiency of a riveted joint,

ss according to difterent edecs
. A ; . .
On the connection of 9 rivets shown in the following fivure,
N LR

wecenter of the mvet C and has a slope ol 110 3
vaded rver,

1.67 .
the load I' = 10000 |1 passes throngh 7.00 ,
- Determine the resultant load on the most heavily

4

- ah Kl
'“@ -l
)
o )
\ "
‘,

P =.10.000 Il{
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