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| PART A
i (R I .
i)Magnitude
ii)Direction 2
jiii)Point of application
7. | Total strain energy stored in a body or it is the capacity of a strained
body for doing work, on the removal of the straining force. 2
3. | Hooke’s law states that, when a material is loaded, within its elastic
limit, the stress is proportional to strain. 2
Mathematically, Stress/strain= E = Constant
4. | Cantiliver, Simply supported, Fixed, Contineous, and Over hanging
beam.
2
5.
m _=b _ E 2 10
e — —
£ 3 R
Where, M = Bending moment
I = Moment of inertia
== Bending stress
y = Distance of fiber from neutral axis
E = Young's modulus
R = Radius of curvature
1] PART B
1 1. Coplanar concurrent forces,

This system consist of a group of forces lying in a same plane
and their lines of action meet or intersect at a point.

fg‘

b
2. Coplanar non concurrent forces, g
In this system of forces lie in a same plane but their lines of

action do not intersed.
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3.  Coplanar like parallel forces,
In this system lines of action of forces are parallel. Their
direction is same and all of them lie in a same plane.

4. Coplanar unlike parallel forces, E[

Forces in this system are parallel to each other but with
different directions of action and all of them lie in a same
plane.

5. Collinear forces,
Forces lying in a frame straight line are collinear forces.
o>
6. Non coplanar concurrent forces.

7. Non coplanar non-concurrent forces.

3x2

(1) Strength - Ability of a material to resist breakdown.

(2) stiffness - Ability of a material to resist deformation.

(3) Elasticity - Property of a material to regain its original shape after
the removal of external load.

(4) Plasticity - Property by which material retains the deformation
even after the removal of load.

(5) Malleability - Property by which material can be drawn into

: sheets.

(6) Ductility — Property by which material can be drawn into wires.

(7) Hardness — Property by which a material resists penetration.

(8) Toughness — Property of a material to resist fracture due to impact

Loads.

4x1.5

d=30mm
|I= 6000mm
E=2 %105 N|mm?2

P= 40%x 163 N

3
) Shess = ;:Z;;i

= 56.¢2 Nlmmz

56-62

] g = = L y
2) Slnain = 52 paag =2 B3RO

4

-
2) Elongation, SL= TaxL = 2.63%10 X6000
= 1-64%mm

2x3
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Diamelev, D = 30mm
Y = .__S_Q -
Radins, R i~ =1Bmm ,
“Torque , T = 8KNm = BXD N mm
- 4
Blay moment of laertia ,J=—gz D
ot 4
= H
= 35 (300 _qa5125
m
Mat. sheay sivess, 9, = L xR
A
= BXIO” xi5_ 1509, 74N [mm®
724%!. 26
3x2 6
2 kN
SF at B = 2KN A%{' “LE‘:
SF at A = 2KN = 200 R
K 2
BMatB=0 : ; :
BM at A = 2x2 =4KNm 21
S5FD ,
4 i 3x2 6
BMD :
b =100mm
d=150mm 3
Shearing Force, F=30KN = 20 %10 N 3
Average sheay slyess Ty = %= SOXIO"_ 9 Nlmm
4 y Lav =727 Jepxis0
Mo wam Sheay stvess T, .. = 15 Ty
_ 2
c-tp-» = F53J =B Nlmm
150 Fi N,mmz‘
2x3 6
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7. | I=4m = 4000mm
b =80mm
d=120mm
w = 10KN/m = 10N/mm n 3
Section modulus, Z= é_t_i_’_z . % =192 X10 mm3
[ 2
Ma. G?fﬂifjﬂ meﬂ(’n'l?, M= w%} = lox;;ooofzo‘ﬂfgl\[mm
Max, Bending shess o b= 12 30X 4 N
192x103
2x3 6
PART C
1
(a) 2
6, = 156XI0 = 1506mm
L o T
jl = |60 — = 155 vom
4, = 150%10 = 1500 mm2
] -
_“1?_,-. '5% = T5wm
- a4+ 9
__‘1 tzi' s = | l5ﬂ')m
a; + QZ
Tig=1
k 150 % Q-
T o : 5
[Is)
k7 ﬂ7_=]
w
Ay =]
] Sl
le @ | 150 Y=3
Y JL 8
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AN
kNl o 1
v
A - v .
2
L 50  gBEm,  B5m by
3 1 A g ! T o
R4t Rg ~ 21 kN L
2y,
Taking moment about A _2Y%
il = o (25 112.5)+AX? 5+E%5 %
RB’HQ‘E = | 628 5xl=r 2 2%
1 x5 8 g
Rg = I Rp= 10KN
OR 7 15
(1y Hemisphete, / 5’5
V= s 2, 00 1
5 < 133913-33mm Y Tige!
=3 _ 54 _ x40 ‘W "
$ ~ B "= = J5wrD )
o) RiﬁH creulay  cone, A=)
vy = T b Ty 10?50 = 5 3133 33m0m? Yy =)
Y, =)
Y, - v+l 4o+ €0 < 52:5mm §L=:y
g = Yhtlds_ 35-57mn s
V, + Va
2‘:“!"’ 5XN 2 ynlw
W
4
# , €1
y |-5rr>{ 15m , 15wy [-5m I
RatRp = 16 KN X \q =1
25 N = 2x3x4"5+5X4+:5+2% 1'5+2 XI5 "5/2 0=3
Rg = 9125 KN Bs- 2,
Ry = 6- €75 kN 7 15
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n, A = T4% _ 1/ x400
Avea of tolum 2
—125¢£3- Tomm?
Aiea of Sheel ds - ARTY X252 < [462-5mib| 4,
Ara of tonerede 4, = A-Ns = 123700 mm® | Bs=)
2 AC—'—'|
sl1ess o Abe tonirede, o = 45 Nlmm? | 7
=
Lj'hejf) in Gleel o5 = E5XT£:|gx4~5 P,4/
Ec b
= giN[mm?
Sade load, P=og As+oc - Ac
= T715. 61 KN ’
L= 3w = B000mm
d = 25mm
Aveq - T, *d* = A40. €25 mm®
3
Avial pull on e r0d, P=15KN = IBRON
when -he  load 5 Suddenly appl?ed
ax15x103
ahess, o -;2_-fF - e &1 Erdmd A=
490 625 i
5 = v__z &
Shvain negq U = B |l
Volumﬂ, Vv = AXL =4% - 625x%306060 q:%

= (471615 mm D
2.
u = (6é1:15)

_—__—ﬁzxtoox T3 x141615

= 27519.01 Nmm = 27-51 KNmm

15
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1 | = 8m = BODOM™™D
(@) =
b = A0mMmr
4 = 2070
Avin) pull , P=120KN = 126%03 N
E = 2004 (03 Nlmm?
n'5 valip = 0°30
Paiss0n' 5 P m;zox|o5x5x103
chonge in leng-n, AT " 30x20 X 200K103
= 50 5
. =2
; Sba bxlaleral shain
Change, 0 Wld—‘h;’-_ Sb=2
ladera) shain, =75 2% ~ IND3 k=%
lineay Styain, 4 = 55’1‘ 5 %3
3 _ w6

ladeyal  Sdrain = 6°3 ¥Ix 0 i

change 1 hickrss , It = 1x laleval slvaio
=20X3X (0 s 0-Obé=ém5‘,’~r)m

L= 28m=2500mmw
Jct’m‘awa%we .14 = 30K
& Slyess 1o The bay do no%&ielcl
o= ot E
= 2 4% x 301126 ¥ (P

= 34 -4 Nlmm?2 -
i) @hess in e bay when hends C}ie{cl by | <7
N T '%JE = z

,[4,“5‘&30_ ' 1zo><w3
=|2 2500

- 33. 4 Nlmm? 15
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Il

"f?nqmg T ="T1FKNm X106 Nmm

Max. sheay slvess T = 40 MPa =40 |mm?

T-1_ Tp3
16

¢
&-5%0" = T xA0X D3

1% 106

= 1719- 1
R 91719

p? =

D= 4¢ 25mm

YT SKN 28w
A Ce D E 2
15 g

VB0 g 1By Doy
QA“Q'RB ~ [TKN
Taking moment aboul A
Rg%6 = Q4le5x0-75)-r(2x3’3<4-6)+ 5%4.5

Rg= qAKN Rp= KN

srat B = 1
E =-b kN
D= +2KkN
C.= & 2N
A = +8 KN
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gMat B=0 o Al 5Ky, 2KN
PO
E=@x45)-2x 1-5%0-05) n’f e D =
=]1-25 KNm LB g 15 g 105 U5y
D= (§x3)-(AX1'5%2:25) | |
=105 KNm i % |
€ 4x(-5—-(A%r5x0°15)| 1 S |
= 7-51KNm | sep ' il
f =0 [
Mo - BM will scur at
Me , wheve %;heav : iy
Jorie changes Hith, ! P
j”'ﬂ %iﬂmlf,"g"%‘ ST poin) o
fﬂU'l@ . - Max BM = 0 (5% 050~ «on:?'_f% 8 15
2ze i 5K C”Z?)—("’-“"'E) =\ 5 keNlm
VIl d= & = 500000 Presswie, P=2MPg = 2n(mn?
(@)
1= lomm E=200Uba = 200 X(0° nlmm?
Dsision's Yalio , Vm =0 '3‘[’%2
|
v) ckanqg in diame-ey ;Gﬁ’ . Dd /m]
e 22((57(!05)1 C‘_Djoj
Ax10¥200 X (03
= 4375 ’
- Ti-Pd 1
27Change 1 volume, dy = =% [1- %
1 bom, dy = o L J 53
3 4 v,
= TIX2X 657(30) ["“béfﬂ JQ';?_’—?'
X 10 X200X 107
=17 .goxmémm
7
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(b) RptRp = 4-6x 4 =18 kN L 4.5 KN|m
Rgx3=45x4x2= 36 "p, iEB cf
K = 12 KN e 2m 4 dny
Rﬁ = KN :
SF ot A =GKN ‘\ ‘\
B =6-(4 5x3)+12 '6_*__:"33.*"\1 '
= 4-5XN ; SPD .
C=4.5-(45x) =06 ' ’
. [ i
Tl dz2T G\
B=4-5x|X0-5 =2-25¢Np, 2 - 25KNm
c=0.
Mo BM il Oy at X
- R o |
% 55
13-5x = g
Mar,. pM = x1-33 ~ 4:5X1-33%)133
2.
= 4 KNm
SFD>2
Psint of ondvaflexwre
py BrND=2
ME‘-‘GX}‘ 4—5y%x/2:o. Gy
o By
2:254% ~64 =0 hlz,s
Y =& (lm 8 | 15
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y The beam i5 Subjetled Ao puve  bioding and is 4heefwe
Tiee fwm sheay fore
2) The maderial of he beam 15 homogeneous and, ldo-lwpm

) Each longiydlingl | fibye is ~hoe Jv expand 167 tond
independenily

4) The alug lht the young's modulug i he same fos bear
madevial in Jension as well a5 tompyession

5) A dansverse sechon of the beam which b o plang
before bendling will yemain a plare aFlev bending

e The elastic limit 15 not exteeded.

7 The vesurtant Thwugk cov pull on a hansverse
stetion  of dhe  beam 15 2€Y0

a) e vadius of curvaduve of dhe deflecled beam
i5 very lavge tompared awhh Jhe dimensions of
the cwss seedion of he  beam

1X7

w =

- 11323,_b_d_§ 150X3503 ;40)(310
12 I’Z |z

1€8- 38 108 o

Shear stress at upper edge of the upper flange is zero.
Shear at the joint of the upper flange and web = F [D"’- 7;.)

= Aox 10> 350>~ 310
s . L =2 18 1 N mmZ
sXx 16553 MD® [ j

Sheay glvess at the Ejﬁ B
Juncdion, =0 -10;‘—%-
=6 “Jox 12 f‘J'U = |65 N[mm2

Mo - shear shress Tmn = T [2 (0% 823t 7{]
— AOKIOD_ [m 35 3‘0j " ’°f’ﬂ

1% 36 XIDEX(0

= 13-06 N[mm?

15
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Py (4 score
X1 d=300mm
(a) 0~ 3By = 3500mmM
Groa X = 120 N{mm2
T = 225X10°mmt
disdane, blw NA ana| pilvemg -ﬁibve
y = dj, = 150mm
[
sechion modulus , Z= Z/(\f 225410 = 1-5%10 mm?
Momeond o vesislane ( M = “iay X%
=RpXI-FXI0 —l"zSOleNmnhﬂ {
z=1
Max,. bending moment = W% M=3
B ot wxas‘ao :3(5
6_
goxiobs wA2Ze  150X10°s 2= & wy =117 95kN] :
(b) CH CH+clM
. DR A I
B * D TRl L ELLL

-0 3 -

Consider a small element of a beam ABCD of length dx is loaded with a udl
as shown in fig
Let, M = BM at section AB

M+dM = BM at section CD

F = Shear force at AB

F+dF = Shear force at CD

I = Moment of inertia of the section about its NA
Consider an elementary strip at a distance 'y’ from NA,

Leb o b= |adneidy of bending slvess atwss A8
ol 4 diﬁlam@-('f from NA
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a=avtn of ship

M _ s _mny
ittt A 2

. ot do= (Midm) * Vg
Fovie aoos AB = Shressxamea = = 50
Foie aoo% €D = (a—f—d )@ = (M“'d”‘) YxX0
Net unhalanied Fovie = M;dcp g xa~—?- . y-0

- 4,
Ny

Tho Jolal unhalanied Joree (F)) above Abe NA

X Y xo

d/ dl,
— dnrj‘ ] d :AX) d_dm
J—-—I a-9-cy JQ,‘JJ w—-aj

wheve A = Area of Abe beam dbove NA

and 9 = disdane between (a of the avea

and NA
we know that er- forte :él"_ A-Y
aveq I
ar- b
g, — b (A0 - F 15
T=1p Y ol




