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Slippage: This involves atomic planes within the
material sliding over each other in a parallel
direction (also known as plastic deformation).
Creep: This is the slow and continuous
permanent deformation occurring in a material
due to a sustained load over a long period.
Fracture: This is the breaking of a material into
two or more pieces due to stress.

Cleavage: This is the splitting or breaking of a
material (especially a crystal) along a specific
crystalline plane.

Slippage / fohae: 3od amft & fiR oA aa
(atomic planes) T-gER & SR AR G2 H fthaera
& (R wnfRe faeuor oft &hgd §) |

Creep / #hia: I8 &id T dh fARaR ¥R (load) & HROT
gt & g arert T SR FRaR Wt fasgor 81
Fracture / %iSTeh: Ig d-11d o ShRUT HTHT T ggahe &t a1
Y T 31fdes gl H ST g1 ST 8

Cleavage / URdeR: I8 U [fgq fohteetta aa & ary
g} (fastwerz feheet) T et a1 g 81
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ZONE TECH Strength of Material TEST ID: 602
1.  AnswerA 5. AnswerD
solution Solution
Volumetric strain For steel without a distinct yield plateau, the yield
- strength is determined using the 0.2% offset
g, =0, = E(l—Zu) method (also called proof strength)
n=05 fomT fopeht wE dics wiet aret Wit & forg, diee W @t
' gdl 0.2% Sifhde AYS (9 g Lo ot gd §) ot
g, =2(1-2x0.5)=0 FEIHATC eheh THTIIT ST 8|
E 6. AnswerA
2. Answer D Solution
Solution - P
. . nD* A
Full Circle about Diameter: I = P= Applied axial load (which remains constant
Semicircle about Base (Diameter AB): throughout) the length of the bar for static
4 4 equilibrium
L= 1x(RD j: mD A = Cross-sectional area of the bar
2 \ 64 128 At the larger end, the cross-sectional area is at its
3. AnswerD maximum (Amax).
Solution At the smaller end, the cross-sectional area is at
The moment of inertia of a body about an axis is its minimum (Amin).
the sum of the product of its mass and the square Since the minimum cross- sectional area (Amin)
of its distance from the axis. occurs at the smaller end, the maximum stress is
et arer & oRa: et Ao & 1 e STt produced at that exact location. Conversely, the
i minimum stress will develop at the larger end.
mamnqaﬁ?a{a{ﬁgﬁé\ﬁaﬁ%waﬂq’mm agﬁim’m_aaammmm(Amax)mgl
d B RR R, - deaer QRaT G & (Anin) BT 21
IXX=Mr2 qﬁ% ﬂa@' hH EFT—H'@EFQW Qﬁtﬂ' (Amin) @% m W g:kﬂ
4. AnswerC g, 39fely 999 Famer €Y Sl 3T S8 R U7 giar gl
Solution 39 IdC, oY HH LI o AR R A1 g
7. Answer B

Solution

When discussing composite bar systems (or
composite members), the term "compatibility"
refers to the condition where different
components of the system must deform in such
a manner that they fit together without violating
the continuity of the system. It's a fundamental
concept in structural analysis that ensures the
compatibility of displacements and deformations
among the different parts of a structure or
system.

Equilibrium pertains to the state where the sum
of forces and moments acting on a body is zero,
ensuring the body is at rest or moves with a
constant velocity.

Momentum is related to the motion of bodies and
is the product of the mass and velocity of an
object.

fafa s vonferat (a1 YT gewdl) & Taf w=a g9y,
"Frradr” sree I ATt GefHa sear & sigl gone! &
fafer=1 geanl ot 59 UhR fagpd g1 =nfay ok 3 vomedt hr
fRazar &t o fhg fomr emuw & fhe gt 9d) @8
AT fAsdwor # Ueh Heayd Srayron § S fohelt
I AT YUTTett & fafere=1 9Tt o offer faerma ofk fasgor
&Y A AR et 81
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TEST ID: 602

10.

e I e ! Fafia g STgi fondt fie R &k
HA T Tl R O @ AT T g 8, SR ag
ghffagare i e R o R MA@ 8
a1 fiet i 71 & Geifda g iR fordlt aeg & gegm™ 8k
AT T UK gidT 8l

Answer D

Solution

The strain energy density (u) for a material under
a uniaxial tensile load within its elastic limit is

given by the formula:

2
(o)

" 2F
o = Tensile stress

u,

E = Modulus of elasticity (Young's Modulus)
Since the strain energy density is directly proportional to
the square of the tensile stress

()

(20)2 467

TThp T M
Answer A
Solution

PxL

AxE
Where:
P = Applied tensile load
L = Length of the bar

AL =

A = Cross-sectional area of the bar (gdzj

E = Young's modulus of elasticity

Because both bars are made of the same material

(copper), have the same length (L), and are

subjected to the same tensile load (P):

This means elongation is inversely proportional

to the cross-sectional area

AL o l oc l
A d

di:d2=1:2

2
AL, {ﬁ} =[zf B
AL, \d, 1 1
Answer C
Solution
SHEAR CENTER
A point through which when load passes then no
twisting (only bending) occurs in section, is

known as shear centre
Shear centre always lie on the axis of symmetric

11.

12.

13.
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If any section has more than one axis of
symmetry then shear centre will lie at the
intersection of those axis of symmetry

If a section has combination of plates then shear
centre will lie at the intersection of axis of those
plates

ag fiig oI e oA W Jaer & A 2R (wg)
el gidil (Rth s giclt 8), 39 R der e €1

fARR ez gAem A (Fa=eudn) & yfer W A9 ghar
2l

IR fopeft 9™ 7 R\ &t ua 9 samer Ui g, ot
fAR Tex I iR o $exdee™ (ehe foig) R fRa gl
3R hIE YoM g wicy 4 e a1 g, at R )
3 WicH oht YR & $exde™ W f&d ghl

Shear center of a tee section is located in the
flange of tee section

T-9M T IR ez T-9M & Ueiol # 4 glar g1
Answer D

Solution

Core or Kernel: The core or kernel of a section is
the region where, if an eccentric load is applied,
no tensile stress is generated within the section;
only compressive stress is produced.

R 37Ul el (Core or kernel):- foret |@uE &1 R
37T heict I &7 BIdT & [oITH TG D13 Ichiwud HR THITAT
ST & df @US § hi a1 Ufdedt I gl g1, hael

gdftes ufdeer Iaa=1 ghmmi
Answer B
Solution
WL
Simply Supported Beam: 6, =——
PY SHPP ! 48EI
PL’

Fixed-Ended (Built-in) Beam: §, = ———
192EI

L= length of the beam
E = Modulus of Elasticity of the material
| = Area Moment of Inertia of the cross-section

. . wr? PL’
Equating the Deflections= =
48E1 192EI
P=4W
Answer A
Solution

When a shaft is subjected to both bending and
torsion, the resultant stress is calculated using
the principle of superposition. This principle
states that the total stress at any point is the
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14.

15.

algebraic sum of the individual stresses caused
by each load acting independently. This principle
is applicable because the stresses are within the
elastic limit of the material, hence they can be
superimposed linearly without interference.

S foReft amre wR SfST ofiR iR S avg & 9 T &,
at ReTede KF &Y 70T GURUISIRE & R{igia &1 IuanT
TYch i STTdl! &1 I8 Rigia srardn g fon foret off foig Rt
T, IAT-IHT A€ h HRUT IO~ g dlet LI ol
siierTiovcita 4 giar 81 g Rigia gafrg @ gl 8 aife
fomT foheft Teptae & e & & srerifua fohar S dehan
gl

Answer A

Solution

When a beam undergoes bending, the fibers on
one side contract (compression) and the fibers on
the opposite side elongate (tension). The neutral
surface represents the transition layer between
these zones. Fibers lying precisely on this surface
maintain their original length, meaning they
experience zero bending strain

According to Hooke's Law, stress is directly
proportional to strain within the elastic limit.
Because the bending strain is zero at the neutral
axis (the intersection of the neutral surface and
the cross-section), the bending stress is also zero
at this point

19 foneft ftm & S (g B fopan) N 8, A TF RE &
IgeR Riged g () 3R g8 d¥th o higeR theld &
(32M) | gt T & aHT fget o off= dh gifsiee e
(Seera areft ud) gidt &1 Sk 3t Tag W HINE hEeR
STt et i TG T &, AT 3 R A A @ et
TSl &1

8 AUt (directly proportional) gt g1 dIfd
gl YR (|geT T 3R shig-Tar ot e fdg)
R SfT L [ gl 8, 3ufeg 39 fig w & a ot
LA gt gl

Answer D

Solution

feam 8-

16.

17.
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1kN 2kN 2kN

Ll

1m 2m 3m 4m

PEPECSCIRINENNNN

HHT 37Teg R & 3m <t g TR arTad F9 Smeut = My
Mx = 2x(1) =0

My =2kN - m

My = 2KN - m (amrerd)

Answer D

Solution

Since the given beam is symmetrical, the shear
force at the supports will be equal and maximum.

5+5+1x4

Shear force at the supports = =7kN

Answer D
Solution
The critical buckling load (Pcr) for a long column
is given by:
B n’El

a T Lze
Pol
E = Modulus of elasticity of the material

I = Minimum area moment of inertia of the cross-
section
Le = Effective length of the column

For a column with a circular cross-section, the
b 4
moment of inertia is: 1=

So P, cd*
Given that
d, =0.5xd,

4
b [ﬁj =(0.5)" =0.0625
P, \d,

The percentage reduction in the buckling load is

P —F x100% = 1—5 x100%
P P

1 1
Percentage Reduction = (1 - 0.0625) x 100% =
93.75%
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ZONE TECH Strength of Material TEST ID: 602
18. AnswerD 22. Answer B
S9Iut|on Solution
Given that
Side (a) = 2.5 cm, g, =g +g +¢g,
Length (L) =300 cm,
Slenderness ratio (A) = ? g, =0.05+0.10+0.10=0.25
4
_ i _ (25) —3.9550m* K- Hydrostatic Stress
12 12 VolumetricStrain
A =a®=(25)" =6.25cm? .
Least Radius of Gyration (rmin): = M =100N / mm’
0.25
r. = \/I— 3.2%5 0.7217 cm
mn TAIA N 625 23. AnswerB
Calculate the Slenderness Ratio (): Solution
300
A=———=416
0.7217 AL = DXL
19. AnswerD AxE
Solution P=30kN=30x10®N
Mass: [M] _ _
Acceleration: [LT2} L=1m =1000 mm
Force: [MLT?] D= 15 mm
Work (Energy): [MLZTQ] E=2 x10° Mpa = 2x105 N/ mm?2
2m-2
Power: [ML T J _ [MLzT'3] -+ Power — Work cross-sectional area (A):
[T] Time , 157
20. Answer B A= d x5 e e
Solution 4
concurrent forces are a system of two or more extension (AL)
forces Whosg Il.nes of action intersect at a single 30 10°N x 1000 mm
common point in space = > . 5
gHad af (concurrent forces) &t ar e § 3ifdes Sl &l 176.71mm” x (2 x10°N / mm )
Teh QFT'HEE: g f@?ﬁﬁrf%hm%@ﬁ' {Iines of action) AL = 0.85mm
SfaRer & gep gl Gy foig W fAerdt 81
21. Answer B 24. AnswerD
Solution Solution

A force couple consists of two equal, parallel, and
unlike (opposite in direction) forces that act along
different lines of action. Because the forces are
equal and opposite, their net translational force
is zero (Fnet = 0), meaning they produce no linear
acceleration. Instead, they generate a pure
turning effect resulting exclusively in rotary
motion

BiE &ue (force couple) # & sRTeR, FAMIAR 3R faudia
T2 ATt 9 B § ST STHT- SR A8l IR I A &
Fiifh & go1 SRR 3R Rwda gld €, safey e e
T thid [ (Fnet = 0) gidT 8, foident Aqeia g fon
8 &S AR gafierRs (linear acceleration) et
g1 g1l 39 oI, & O kg & g I =R (pure
turning effect) da1 o=ad &, Ood @k Aed AE
(rotary motion) gtar g1
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Creep requires following:

Constant stress

High temperature

Time (Prolonged loading)

High strain rate is not a factor for creep.
'shig" &t ufehar & forg Fefafea smasae &:

fReR ara

3= dIUHTT

Ty (SrefamTferen TRoT)

I fapfar @R 'R’ Y ufchar &1 e 781 &
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ZONE TECH Strength of Material TEST ID: 602
25. Answer C o9 foreft a%g R &t SRTeR ok fudia feamett & srefty
solution f&ama (axial pulls) ST STTaT 8, fS9d ITh! dars g+
15 kN/m AT &, @ IO gF et ufdedt (stress) iR fpfa
(strain) @t 'd9= ufdsd' (tensile stress) 3R 'd9+

M@ < 2.5m " fapfa’ (tensile strain) agT ST 81

26.

27.

w.| ©

d>M, =0
-M, +15x2.5x%=0

M, =15x2.5><%

=46.875kNm

Answer C
Solution

)

j D=1
Indeterminate
L D, >1

ANSNSNNNY

Indeterminate

D=0
Determinate

D.=1
Indeterminate

Answer C
Solution
When a body is subjected to two equal and
opposite axial pulls, as a result of which the body
tends to extend its length, the stress and strain-
induced are known as tensile stress and tensile
strain.
Compressive Stress and Strain
When a body is subjected to two equal and
opposite axial pushes, as a result of which the
body tends to decrease its length, the stress and
strain-induced are known as compressive stress
and compressive strain.

28.

29.
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e ufdee ok fagfd (Compressive Stress and
Strain)

STe feneft aeg TR &t aRreR R fauia fesratt # srafta gama
(axial pushes) @maT STaT 8, Y IGH! a3 g
A 8, At I g At ufdeet ok Ry @t e
gfdea’ (compressive stress) iR 'ddfe faefa’
(compressive strain) &gl SIdT &1

Answer A
Solution
'y T
: ST o
B: C 5&(:‘8&\)‘-’0 igioffenin
T A DTE P ki1 G
O yield platealf : i
O 012% 1218% 10-15% 20-30%

g, —>

OA =Linear curve

A =Proportional limit

B = Elastic limit

C = Upper yield point

D =Lower yield point

DE = Plastic region

EF = Strain hardening region

FG = Necking region

F = Ultimate stress point

G = Fracture point

Answer B

Solution

Hooke's Law states that stress (o) is directly
proportional to strain (g) within the elastic limit:

c=Exe¢
P
Axeg
Eoc1
€

According to question Both bars are subjected to
the same tensile force and have the same size so

€18, =2:5
E, ¢ 2

Call Us : 9462447676, 9828747676




ZONE TECH Strength of Material TEST ID: 602
30. AnswerD 34. AnswerD
Solution Solution
Thermal stress: When any material body is
constrained so that its free mechanical Loading SFD BMD
deformation due to a general temperature n® (n+1)° (n+2)°
change is preventgd, the internal resistive forces Point load Const (0°) linear (1°)
developed per unit area are broadly categorized
as thermal stress (or temperature stress) (const) UDL 1° 2°
el T ST fohelT aeref i a%g Bt §9 W Akl ST & (linear) UVL 2° 3°
foh ITUAT # T I&Td o RRUT B ATl IHhT WA Wo
gif3e fawuur (deformation) 9 gt Ug, @t ufd 318
SFthel TR 3T~ 817 aTet STaRes UfeRiyes Il ol #ie diR
R YA ¥ (A7 IYAH ¥H) & T H qificpd fohal SITdT
gl
c =aoEAT
a = Coefficient of linear thermal expansion %. X
E=Young's Modulus of Elasticity y L
AT=Change in temperature Shear force diagram for this beam is:
31. AnswerD
Solution ¢
Hooke's Law states that stress (o) is directly A SFD
. . o il 1 _ Wox ) -W,L
proportional to strain () within the elastic limit: F_T 20
c=Exeg
32. AnswerD
Solution , L Bending moment diagram of the beam:
The load increases slowly from zero to its final
value P. The stress induced is &, and the strain 91
2
energy stored is U, = 62;] M :W%]iﬁ BX)D W, 12
Sudden Loading: The full load P is applied 0
instantly. The maximum stress induced becomes
twice (o, =2c) and the maximum deformation 35.  Answer B
becomes twice as much compared to gradual
loading. Solution
Strain Energy Relation: Since strain energy is According to the bending equation for beams
proportional to the square of the stress (U « ¢ Mxy
), doubling the stress results in [G= I j
2 2
U, =%=4X[%j=4‘31 o = is the bending stress.
33. AnswerB M= is the applied bending moment.
Solution

A Beam is said to be Built-in or 'encastre' when
both ends are rigidly fixed so that the slope
remains horizontal.

e Tt afta o 2T AR Hoteelt & 59 g fthery fohy Tt
2 foh ITehT e gilksiied (&fdst) &1 3@, @t 39 'foree-
' g1 'TAeRe (encastre) dH Sgl SITdT 8|
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y= is the distance of the point from the neutral
axis.

I =is the moment of inertia.

coxy
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ZONE TECH Strength of Material TEST ID: 602
36. AnswerA ST & Ugel @i Yo dfS & 916 ff @ g Ear g 39
Solution HI=IdT T Haerd & foh shrg-Tar R fonedt oft filg R 2,
G:% g TR @ IR g & e orgora & g &, W A

37.

M = Bending moment.
Z = Section Modulus

Section Modulus for a Rectangular Section:

2

Z= where (b) is width and (d) is depth)

Since stress (o) and depth (d) are constant, the

section modulus Z must be directly proportional

2
to the bending moment (M). Because Z :K%Jb

the width (b) is directly proportional to (M)

Answer C

Solution

Plane section before bending remains plane after

bending, this assumption means that strain at

any point on cross section is directly proportional
to its distance from the neutral axis or strain
diagram being linear.

Following are the assumptions made in the

theory of Simple Bending:

1.  The material of the beam is homogenous
and isotropic.

2. The beam is initially straight, and all the
longitudinal fibers bend in circular arcs with
a common center of curvature.

3. Members have symmetric cross-sections
and are subjected to bending in the plane of
symmetry.

4. The beam is subjected to pure bending and
the effect of shear is neglected.

5. Plane sections through a beam, taken
normal to the axis of the beam remain plane
after the beam is subjected to bending.

6. Theradius of curvature is large as compared

to the dimensions of the beam.

F-26/A Madhuvan Colony, Kisan Marg, Tonk Phatak, Jaipur

S AR giar g1

fuet I & AR & & AIarg A S 8

1. oW &1 AARae gty iR STEHIgiu gidT 81

2.\ gE A Hiar glar g, ok at diffiegfeet wessR
Qe A Hex AT haeR & 1Y TGher 31Teh H g8d
gl

3. Aqd & wro-garr s gid € ofik 39 w R{ad
& i | §fST gidt 81

4, & W =R & gR § R MR F W @l
TOR3IETS &R fear SraT &1

5. &9 & UfRrg & deaq (i) g U e oM,
19 & I g & are ft wiH 81 Bd 8

6. o % STEHIA FHI T H e 1 ISAT FIT BT
gl

M = Bending moment.

Z = Section Modulus

Note: The neutral axis is the layer that undergoes
no elongation or compression, meaning the
bending strain is exactly zero. Since stress is
directly proportional to strain within the elastic
limit, the bending stress at the neutral axis is zero
(minimum), not maximum. The maximum
bending stress occurs at the extreme outer fibers
of the beam

& §: Fgol UfRTT 98 Ra & O e &g a1 gama
T g, arh A 2 Rregper 7 €l &1 G TR
faffic & iR ¥9, ¥ & Ad 3guid # giar g, safay
et Qferry wR ST R e (RgrFe) gl 8, SifepaH
Tet | STferener ST W i o Tt et fowt (e
QR a1 g1
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ZONE TECH Strength of Material TEST ID: 602
38. AnswerC 41. Answer A
Solution Solution
Tt _T_G#8 Young's Modulus (E): 2.06 x 105 N/mm?
R J L Axial Pull (P): 60 kN = 60 x 10> N
J = polar MOI about longitudinal axis Diameter (d) : 50 mm
q = angle of twist Length (L): 4 m = 4000 mm
G = shear modulus n n
7 A= xd? = (50)* ~1963.5mm?
3
"""""""""""""""" Gpagen = 2 = 220007 19N/ mm?
A 1963.5
) 8[.. — Gsudden x L — ZPL
variation of shear stress E AE
When a shaft is subjected to torsion, the shear 2><(6O><103N)><4000mm
stress induced in the shaft varies from zero at the = 1963 5mm’ x (2 06x10°N /mmz)
centre to maximum at the circumference ' '
. 480,000,000
ST fohdY e IR #:FS (torsion) SRTRIT ST 8, af {Me L=m~1.187mm
H I g areT R ¥ he W L T wiohe R W) Y
SHferra™ e SgeraT &l 2| 42.  Answer C
39. Answer B Solution
Solution A. Carrying linearly varying load from zero at its
_ Change in length(AL) free end and maximum at the fixed end -
9 QOriginal length(L) Cubic parabola
ong = 0.09mm _ s 49045 B. Subjected ot uniformly distributed load -
200mm Parabola
= Changein diameter(Ad) C. Carrying concentrated load at its free end -
®* " Original diameter(d) = B
0.0045mm 2 G
ot = ————=0.00015 D. Free end is subjected to bending moment -
30mm
_ Lateral strain Rectangle
H Longitudinal Strain A o T R OR S @ oo A R R sifdrenan
ILl_0.00015_1 deh e & G A~ YR T8 el - ¥ WReerd
0.00045 3 B. UAM U I fGaRa ¥R & el - Raera
40. Answer A C. 3T ek R R THRT R g8 a1 & - Ryt
Solution D. ek T skt e & e 2 - ot
Length of the bar (L) =2 m = 2000 mm 43. A
. nswer A

Cross-sectional area (A) = 50mm?2
Extension (6 L) = 2mm
Limiting axial stress (o) = 200 N/mm?

Strain= g= oL __2ZMM o0
L 2000mm
2
- Stress _ 200N /mm” _ 200,000N / mm?

" Strain  0.001

o 1

Modulus of Resilience= = — = — x Stress x Strain
2E 2

_ % %200 x0.001 = 0.10N / mm?

F-26/A Madhuvan Colony, Kisan Marg, Tonk Phatak, Jaipur

Solution
dM
—=V
dx
IdM =Ivdx
Change in BM = Area under shear force diagram
=k
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ZONE TECH Strength of Material TEST ID: 602
44. AnswerD 46. Answer C
Solution Solution
4KkNm 4 kNm 2 kNm 100 mm
e e S
N Mz A
| ¢—05m—p|¢——— 4m—Pp| J
Design bending moment value is the value of
maximum bending moment Shear force (V) at the section = 100 kN
T A& Hide o1 o1 Sifderam IR Fde o1 A gar . -V _100x10° _ 5N/ mm®
| & Area 100x200
ZMC -0 As we know, for rectangular section:
Rex4+4-4x45+2=0 tmangravg:%XS:TSN/mmz
Re = 3kN 47. Answer D
Re=4-Rs = TkN Solution
2 KN/m The shear center is the specific point in or
® outside a beam's cross-section through which an
© ‘ BMD © |2 kN/m external lateral load must pass to produce
2 kKN/m bending without any twisting (torsion). When
From BMD, Mmax=2 kN-m a point load passes exactly through this point, the
45. AnswerD resultant of the internal shear stresses perfectly
Solution balances the external load without creating a net
Mxy rotational moment, resulting in pure bending
(GZ I J AR dex fiF & hig-GaM & 3ieR IT I8 98 WY Ulse
c= |.s the bend.mg stres.s. Rl T (SaF) & AT At 21 v Y e dite
M=.|s the applled bending mpment. ¥ 52t ifde @ ToRAT 2, At ge3 RRR B & Retede
y=is the distance of the point from the neutral R fomelt e ARerTet Widie @Y et Rhy sTedt wits ot g
axis. &RE @ eI IR X1 2, T iR A gt 21
I =is the moment of inertia. 48. Answer B

cxXy

Bending Stress Distribution: According to the
bending formula, stress is directly proportional to
the distance (y) from the Neutral Axis. Therefore,
bending stress is Zero at the neutral axis and
Maximum at the Top and Bottom Edges (extreme
fibers

Bending Stress varies linearly across the depth of
the section, being zero at the Neutral Axis and
reaching its peak at the outermost fibers.

gfeRe 9 gt (y) & € ergura (directly proportional)
# g 1 5UR, g OfRr W AR B g i 8
IR T Ju 3R T et fFRT (erd thrgad) R
3fAerdd giar g1

ST BT JoE Y g1 F 1Yy AR U T IeAdn g;
g =gel YIRTH TR L BIaT § SR e et hrgars W
30 HAfYehdH TR deh UgadT 8l
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Solution
Power = Torque x Angular velocity
P o« Torque

From Torsion Formula
t T

roJ
16T

T=
nd?
3
Tzﬂxr:Toccl3
16

T _(d)
TZ dZ

2 3
T2=T1(Ij =8T

If diameter of shaft is doubled, toque can be in-
creased to 8 times hence power can be increased
to 8 times.
3R AT <1 AT ST & T S1G, at 2Teh bl 8 T[T dAeh
AT ST Hehdll 8, 3R 3AFIY UTeR ot +ff 8 AT deh Tgrm
ST Hehall 81
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ZONE TECH Strength of Material TEST ID: 602
49. Answer A 51. Answer A
Solution Solution
In circular column of D diameter, having load P at The ability of a material to resist deformation is
an eccentricity e said to be sitffness
For no tension foreft ueref i faeuor a1 ufaRter St Y &waT A dwSRAT
PoMy g ]
A 1 52. AnswerB
P peD Solution
nD® _ 250 Red hardness: Also frequently called hot
4 D hardness, this is the specific property that
64 enables a tool material to preserve its mechanical
e<— hardness, structural integrity, and cutting edge
So for no tension load should be with in strength even when operating at highly elevated
N D D . . temperatures. During high-speed machining,
eccentricity of —glog orwecansayinto middle friction creates intense heat that can make
fourth of diameter. metals glow red; materials with high red
50. Answer A hardness resist plastic deformation and remain
Solution harder than the workpiece under these extreme
The Euler approach ignores following factors that conditions .
affect the behaviour of a column under a ¥ BISH: T ST 'EE TSN Wl el S 81 7 T
compression load: nﬁﬁuaaﬁag@mq?ﬁ%ﬁaﬁagamwmﬂﬁ
(i) The stress-strain properties do not remain St AfeRst grg‘%m FRA W SR e q\_ﬂ &l
constant throughout the section. A FIQ TG A 7w A §1 A M A mmim &
(ii) Residual stresses due to cooling after rolling aRT, ST @r'aga AT T em giclt & foredt enqe et
the steel section and those imposed by TR I 1@:{ mifad # 3 z;:ré—*m ST E §,
welding during construction exist in section T g W A oft e W’ﬂq (SR ferres)
before loading. Wﬁﬁumﬁ%aﬁ?mﬂaﬁwﬁmmaﬂz‘sﬁ
(iii) The column may not be perfectly straight as 8l
the load is applied to = Answ‘er B
(iv) Due to construction details, the load is not Solution
perfectly concentric. Corrosion involves chemical and electrochemical
(v) Secondary stresses due to bending are reactions (such as oxidation) between a material
developed in the section due to a small a'nd its environmeht, like air, water, or acids
deflection in the column. ST S <1 s 7 fl gerd ok Swh STre-ar &
(vi) Twisting may occur during loading. TeTeRoT (S g, ot 2 E@E) & aﬁw SR
yer efRerlor PR el ) Aetaiard el 2 ol SlargIchiehet RUare (S siferdtes) A gid g1
e MR & Tod Hiet & AER Y TR e E: >4. ;‘:IZ":;:IA

(i)  Fra-qTa oT @R SRt # fR et B 8

(i) T YoM Ft A HA & 91¢ ST B & BRI
JAfAT TG 3R A0 & SR dfesT gRT g ¢
JTa ST 8 Ugel G | HISE 8id &

(iii) e AT EM S HRUT i foregper HeT AE! 8 Hehal
g

(iv) fmfor faeRor & sRer, YR g8 awg & ddfea 8l 81

(v) 9 d Uy ol ¥ A8y & R @S | A & HRUT
fgdtaer ama fawfRd gtar 81

(vi) ST & SR gA1a gt HehelT B

F-26/A Madhuvan Colony, Kisan Marg, Tonk Phatak, Jaipur

Shear strain measures deformation.

It quantifies changes in geometry.

It is a angular change.

Two originally perpendicular lines change.
The angle between them alters.

This alteration is measured in radians.

2fR ¥+ fa=egor (deformation) @t ATUAT 81

gg Sa1Afd (geometry) # S&era at ATUAT g1

g Uoh 1Ny S&ard 8l

[F # dead (perpendicular) &t 3@ st ST &
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ZONE TECH Strength of Material TEST ID: 602
3h St T 10T T8 ST B g gferrg fiF & i @ oA areft Uk shreufen Jar
39 JadTg i ST H AT ST 81 gt 2, STef Y Aifreafeee IR R a1 R 78 g 1

35. ‘S‘\“Is":.erD 3 [T & HWR & B3R HBI HEYH Fd 6, STalich 38h
olution

56.

57.

58.

A fatigue test is conducted to determine how a
material behaves under fluctuating, dynamic, or
cyclic loads. To establish the fatigue life or
construct an S-N curve (Wohler diagram),
standard test specimens are subjected to a
specific cyclic stress amplitude and repeated until
the material experiences fatigue failure or
completely fractures

ThelTT 3% I8 UdT o o forg fohar S1mar € o &is adiRae
Jeold, SAAIAG a1 TTsfdeTe di€ & dgd hdl FIER
TRAT &1 el AS% bl UdT o= a7 S-N &hd (aigerR
SHUM) I9M & g, T 3% dud R U @Y 1EfRia
I TRl E AT 1T § 3R ag UfehdT 9 deh aIexTs
St & ST deh foh AERTe | Tl thierar 71 g1 Sy a1 ag
T e & g2 A 9|

Answer C

Solution

The strain energy stored in a body due to shear
2

T
stress, is —xV
2G

Answer D

Solution

P =200 kg

c =800kg / cm?
P P

c=—=>A=—
A c

200kg

=P8 _p25em?
800kg / cm” o

025=242
4

d =+/0.3183 ~ 0.5642cm
d=0.5642cm x10mm / cm ~ 5.64 mm

Answer A

Solution

The neutral axis is an imaginary line through a
beam where no longitudinal bending stress or
strain occurs.

Fibres above this axis experience compression,
while fibres below it experience tension.

Fibres directly on the neutral axis do not stretch
or compress, meaning their length stays the
same and their strain is zero

59.

60.

61.
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12 & wIgeR 3 AggH e B

el Rt IR HiGg HTgeR A af f&gad § siR Tt gad &,
AT IFhT TS g @t & SR ITH € SR glar B
Answer D

Solution

The moment of inertia of an area is always least
with respect to central axis

forelt & @1 STe@ emgof (moment of inertia) gAsm
FE1T 3187 & TTUeT JaQ hY il 8

Answer A

Solution

Maximum Stress Location: In a circular shaft
subjected to torsion and bending, both torsional
shear stress and bending stress reach their
highest intensity at the outer boundary (the
surface) and decrease to zero at the center axis
Sifderan ©Y &l shTg: iR 3R ST aret MeeR e
8, el ReR @9 ik 3T @ a1 & 9158 98 W
Tad el g1d § ok g A o (FR vfRrw) w gt
T 81

Answer A

Solution

Steel is primarily an alloy of iron and carbon.

When the percentage of carbon content is raised,
carbon atoms intersperse into the iron lattice
This

strengthening and forms a harder carbide phase

structure. creates solid-solution
known as cementite (FesC). These carbides act as
barriers that obstruct dislocation movements
within the metal crystal structure. As a direct
result of this structural hindrance, the material's
yield strength and ultimate tensile strength
increase significantly

Wl 7= TU T AR 3R hrei ol Uak e a1g (alloy)
& | TS ShIel <hl AT I¢TS STel 8, At e oh URATY] ST
& Afed IR # thel STTd €1 399 Hifers-Aicg Joigd!
(strengthening) et & 3k Ederse (Fe3C) A &1
Uch & HhIai3s thel §dT &1 & FIE1SS JhIde &l hH
I & SR Hee fohted TapeR o 3iaR feqeicher qawe &t
Adhd &1 3T TFARA IdEC o IIY Tdlol o dR R,
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Strength of Material

TEST ID: 602

ZONE TECH
STt B
62. AnswerD
Solution
A.  Moment of inertia of a triangle about its base
bh*
12
B. Moment of inertia of a rectangle about a
3
centroidal axis parallel to the base - E
C. Moment of inertia of a rectangle about the
3
base of the rectangle T
D. Momentof inertia of a triangle about
3
centroidal axis parallel to the base - ¥
63. AnswerC

64.

65.

Solution

A. Shear stress distribution diagram - Varies for
different shapes of sections

B. Bending stress distribution diagram - Similar
for different shape of section

C. Polar moment of inertia - Sum of M.I. about
the XX and YY axes

A, wa a1 fAaRoT SR - AR & fAf S SRRy

& feg A= gl 8

B. Eoh+ dlat d-1d faaRor IR@ - Rt & fafa=
3MThR & folg |

C. ydia e amgof - M1 T It XX SR YY sreff &
IR H

Answer A

Solution

A. Charpy - Impact strength
B. Wohler - Endurence test
C. Euler -Theory of columns
D. Mohr- Beam deflection theory
A. IdY - T 1fh

B. algeR - Hg=Riich usierm

C. geR-TAT T Rigid

D. Algx- o\ e Rgia
Answer C

Solution

A. Load- d*y/dx*

B. Shear force- D3y/dx3
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66.

67.

C. Bending moment- d?y/dx?

D. slope- dy/dx

Answer D

Solution

Ductility: The ability of a material to stretch or
elongate under pulling (tensile) stress before it
finally breaks.

Resilience: The capacity of a material to absorb
energy when bent or deformed elastically, and
then release it when the load is removed.
Endurance limit: The highest stress a material
can handle through millions of repeating cycles
without breaking from fatigue.

Shearing strain: The measure of how much a
material changes shape when forces push
sideways in opposite directions

sfrefardt (a=aan): fonelt AT 6t ag emar 9o ag
Ze § Ugel R (313 1H) & RoT et a1 oem gt
eha &

AFfered (efterrm): fonet #éiRae 6 ag emar forad ag
AT dich & HS IT AR Fee TR Tall dradT g,
3R &S geM WR IY a19Y BIS a1 &

Teai¥e e (Se-emar &1 din): ag s g o
HIs AT ¥ (fatigue) o droT ¢ o1 aral IR
ET ST a7t GTgehel & SR Sl ehell 21

AR B (haseit fapfa): @ 59 a1 o1 A9 & foh S 9
faodia Reameft & srTet-arTel § g & 8, af AERaS @t
TR fhdT Iaear 81

Answer A

Solution

Continuous beams span across three or more
supports, making them statically indeterminate.
This multi-support configuration allows for an
efficient distribution of loads, which reduces the
maximum bending moment and deflection
compared to a single-span
Consequently, they are stronger and exhibit
much higher stiffness

Tad &g i a1 sifdres smaRt iR et g1 8, O 3 Wi
&0 § 1fuiRd 81 511 81 I8 9g-3yR fa=ams vR & et
faazor &t srgafa dar 8, 9d Yorer-T4 d1eRom & 6
I | Sifdrepad ST Aiie ok fagiuor &a g ST 8l
gRUTAE™, 3 31fereh Aolgd 8d & SR Igd ik haRdT
gefid d 8l

simple beam.
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ZONE TECH Strength of Material TEST ID: 602
68. Answer A f&=m wR Rk 781 sgEigifue méifaa A foaet oft fig =
Solution goft fesmert F gopr St fhfSirdt, Adfea SR udfa
lSOkN @IRTd gidt &1 $9eh! A ¢ foh aTgdl T —id 1,
wff a1 3R hiees—a ufa wéiRaet o1 Ruasm foegpa
Ueh oI gidT &, T 39 fordd! oft siRuesm ar x, y iR Z
Te—ams —am st PRI A T S e s e
# T 3R 41gu WA Bl
+—6m > 72. AnswerB
Ra+ Re =50 kN Solution
ZHA =0 mechanical properties - Strength, hardness,
Rax6-50x3=0 e!asticity
Re= 25 kN aifh 0 - Fregel, O, e
73. AnswerC
Ra=25kN Solution
69. AnswerD 9KG
Solution T3K+G
A B 74. Answer C
T T Solution
Bending Moment changes: A concentrated
R, R, ; : .
) couple causes an abrupt jump in the Bending
For determinacy: . Moment Diagram (BMD) at that exact point.
Her(.e.ur?known r(=._'a.ct|ons (R)'are 2 (Ra & Re) and Shear Force is unaltered: A concentrated couple
equilibrium condition (E) available are 3 introduces no vertical force at that point, leaving
(ZE, =0, 2F, =0, IM=0) the Shear Force Diagram (SFD) continuous
E >R, So, structure is determinate without any sudden changes at C.
For stability: dfST A # Seara; U dhddds due (concentrated
For stable structures unknown reactions should couple) & RuT §fET AFe U™ (BMD) # 39 @™
be 3, But here unknown reactions are 2 (Ra & Rg), Ufge UR 31aTHdh IBTA (jump) AT 8|
So, structure is unstable fRRR I & SIS T5Ta T8l hidds HUe 39 Ulse IR Big
gféenct i OeT 18 e, fad feR sk g™ (SFD)
70. Answer C fem1 foReht SIS SgaE & @R (continuous) &
Solution wAT |
D, =3m+R -3 75. Answer B
m= Number of members = 12 Solution
R = Number of reaction components =3 Given:
j=Number of joints = 11 Ea = 2Eg
D, ,=36+3-33=6 o, =20,
7. Answ.er b AT is same for both bars
Solution
Isotropic material properties are - Direction Oa
independent =E, .0, AT =(2E; (20 )(AT) = 4 x (E;a,AT) = 4o,
Direction independent : An isotropic material G,
has identical physical, mechanical, and thermal G_B:4
properties in all directions at any given point. This
means that the material's response to an 76.  Answer D
external stimulus—such as stress, heat, or an Solution
electric field—is exactly the same regardless of E=2G (1+p)
the orientation or the axis x, y and Z along which 5
it is measured. Common examples of isotropic __E 210 =0.8x10°
o 2(1+p) (1+0.25)x2
materials include glass and metals.
JTEIEie AT Y @Tfiad - fgam or ek 981 et 77. AnswerB
Solution
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ZONE TECH

Strength of Material

TEST ID: 602

78.

Torsional Stiffness is defined as the amount of
torque required for twisting an object by unit
radian.
It is also known as the ratio of torque to the
angular twist.
Hence the torsional stiffness is given by
TR R ot fohelt avg ol gfe T & Rie &
T SRt €feh bt A & IR IR R fohar STrar 81
39 Tich 3R UTeR Zfawe & 31UTd & dR R Ht ST Siran
gl
zafely, TR fRBAY &l 39 dRg Id1™T STIAT 8:
From the torsional equation
T GT G
6 LJ L
Where, G] is known as Torsional rigidity Hence
Torsional stiffness is also known as torsional
rigidity per unit length.
Tgl, G ot i e RIS (MRis-ggdT) & & & ST ST
g1 3afay, e fRm @t ufd gfe dars e
RfGifeEt ot gt sirar 81
Answer B
Solution
P(watts) = Torque x angular velocity
P=Tx o
Where,
o 2xmxN
60
Tx2xmtxN

60

So, P=

F-26/A Madhuvan Colony, Kisan Marg, Tonk Phatak, Jaipur

79.

80.

Answer A

Solution

It is equivalent to a compression member whose
one end is fixed against rotation and position and
the other and neither restrained against rotation
position in the
perpendicular to wire. So effective length = 2L =
12 m.

g Uoh it Haw & Ay ¢ foraent ueh e i ofik
R & e AR g & 9k qer o 7 at o 3 g
At giar 8 ok 7 81 IR & ciead fean # f@fa 7 @R
BT g1 37d: Tl &g = 2L = 12 #Hiex|

Answer B

Solution

The stress level below which a material has a high
probability of not failing under reversal of stress
is known as the endurance limit (or fatigue limit).
Fatigue Failure: Progressive structural damage
caused by repeated cyclic loading.

Stress Reversal: Continuous shifting between
tensile and compressive stresses.

¥ & 39 lad o, foiaas A1 fonelt AéiRae & v Reeia
(IAC-UR) & PRUT el 7 g4 T GUTGAT TITET Bl 8,
TRy fafde (a1 wénT fafie) gt smar 81

el thiel’R: aR-IR H1sfaeTeh TS & SRUT g4 arel
AR LR SAWT|

g Rade: dga ok #uiffa €9 & diw amar
EESICH

nor fixed in direction
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