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Simple Stress-Strain &
Elastic Constants

) Detailed Explanation

2 ;

Try Yourself Questions

T1 : Solution

W
Initially, due to load ‘W’ each steel bar will carry T load

WL

Expansion of steel bars = ——
4AE

" is observed in the steel rod

. The temperature ‘t* should be raised such that a expansion of ‘6 + XXLE

= (L-98)at = +£
4AE
but L>> &
= Lot = s+ (0)
4AE
Now, the steel rod gets attached at the centre of steel plate, the force in each steel bar gets reduced by
20%.
. W
Therefore, The load caried by each steel bar = 5
Remaining load will be carried by steel rod = W _% = %

After connection the steel rod will not get detached from square plate, so the length of four steel bars and
steel rod will be same in the end

L+—— = L-8+——
- 5AE 5ak

but L>>6
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WL WL
- 5AE 5aE
WL1_1
= 5= T5Ela A
W (1 1
f i) and (ii), t t = — | —+—
rom (i) and (ii), we ge SEo (a 4AJ

T2 : Solution

Area of cross-section of AB (A ,5) = 100 mm?
Area of cross-section of BC (Ag.) = 200 mm?
Modulus of elasticity (E) = 200 kN/mm?

Axial tensile load (P) = 50 kN

Length of portion AB(L,g) =1m

Length of portion BC(Lgy) = 1m

Let R, be the reaction at fixed end A

Workbook 3

By drawing the FBD of the given figure we came to know that to maintain equilibrium

R,-50 =0
R, = 50kN
Ry<€— —>»R,  50kN €— 3 50 kN
A B
B c
Portion AB: R, P,s=50kN ' (Tensile)
Py 50x10° .
o 2 ==————— =500N/mm? (Tensile)
A8 A 100
A Pas Lag _ 50x10° x 1000
A5 AgE 100x200x10°
25mm (elongation)
Portion BC.:
Pgc 50kN (Tensile)
Pse 50x10° .
= 2> ="—— =250N/mm? (Tensile
Ogo y 500 / ( ile)
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4 Civil Engineering e Strength of Materials

A :PBC~LBC=5O><1O3><1OOO
BC Asc-E 200x200x10°

Age = 1.25mm (elongation)
Assuming:
Tensile force = Positive
Tensile elongation = Positive
50 kN 50 kN
+
A B c

() Normal force diagram

500 N/mm®

250 N/mm®

A B C

(#f) Normal stress diagram

(iii) Elongation/Displacement diagram

T3 : Solution

(i) Since the cubes are confined in x-direction, hence
Ap+tAg+Ac =0

where,

A_,is change in length of cube A in x-direction

A gis change in length of cube Bin x-direction

A ~is change in length of cube Cin x-direction

A
xA+Aﬁ+AxC
L L L

€ tepgte, =0

()
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0,=0
c,=0
- O,
> B
G, —| A
—

From above FBD, we have,

Putting these values in (i), we get

—O, + _Gx+ G_Z + —Oy
E. "B M| B | =
206, O, o,
TE B MR,
A B B
= —
“|Ey Eg
GX
(”) exB
eyB
eZB
(iif) Volumetric strain,
Sy

Workbook 5
Gy=0 =0
6,= 0.5 KN/mm” 6.=0
iH ——
=06 o—3 ¢ Y
o, 5 B - —
6,= 0.5 kN/mm?
c _ Oy € = Gx+u 6Z € = Oy
XA~ T = xB— T = B~ > xXC— T =
EA EB EB EC
0 [~ E = E/]
=0
— uBGz
Eg
_ M0, __03X0S ot knjmm2
Ex 200
2.=B41 [2x 2|41
E, 150
_ o Hgo, _ 0041 08x05 . .o
EB EB EB EB
_ His0,  Hgo, _ 0.3x0.041 03x05 _ .. . 4
EB EB EB EB
= Gz po. =05 08X0DA_ 5 44010
EB B EB EB

= €gt€Ep+eg
= 545x10%+8.11x 104 -2.44 x 108 =-1.084 x 108
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Shear Force and
Bending Moment

) Detailed Explanation

2 ;

Try Yourself Questions

T1 : Solution

R, +Rg = 200 o !
DMy =0
= 12R;-120x 9-80 x 6+ 480 = O ﬂ | 20 KN/m
Ry = 90KN A \* | TB
R, = 110kN RT S R
- A 480 B
Taking x from left of support B, | fe— x —]
2 |
WX 6 6
M>< _ [RBX— 5 :| | " m[OSX46]
= 90x — 10x2
Now, for maxima or minima,
M 90-10x2 0
ax - (0~ 10x29=
x=45m
oo
ax® T
d*M
—dx2 <0
Hence, bending moment is maximum at x = 4.5 m
My = 90 x 4.5-10 x (4.5)% = 202.5 kN-m
Taking x from right of support A,
M, = R,.Xx [0<x<86]
M = 110x6 atx=6
= 660 kN-m
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MBDE ERSY Workbook 7

660 kN-m
202.5 kKN-m

T2 : Solution

Let R, and R are the vertical reactions at supports A and C respectively. Since there is no horizontal load
so horizontal reaction at fixed support A will be zero.
2.5wa

w/unit of length

Reactions:
EFy =0
R, + Re = Swa +2.5wa
R, + Re = 7.5wa (1)

Since there is an internal hinge at B, therefore moment at B either from right or left is zero. Taking moment
about B from right, we get

IM; =0
Ro x 2a—(2.5wa x 3a)—(wx3ax 15a) =0
= R, = 6wa

Putting value of R in (i), we get
R, = 7.5wa-6wa

R, = 1.5wa

For SFD:
Portion DC :

S, (x from D) = 2.5wa + wx [0<x<a]
at x =0, Sy = 2.5wa
at x = a, S¢ (justright of C) = 2.5wa + wa = 3.5wa
Portion CA:

S,(x from D) = 2.5wa + wx — 6wa [a<x<5a]
at x = a, S¢ (just left of C) = 2.5wa + wa - 6wa = —2.5wa
at x= ba, S, (at support A) = 2.5wa + 5wa - 6wa = + 1.5wa

If S, = 0, then we have (in CA)

2.5wa +wx—-6wa =0
3.5wa = wx
x = 3.5afrom D or 1.5a from A

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




8 Civil Engineering o Strength of Materials MBDE ERSYH
For BMD:
Portion DC:
2
M. (x from D) = —2.5wax — W; [0<x<a]
2
M, = —2.5wax — wx (Parabola)
atx =0, My=0
2
atx = a, M, = —2.5wa’ - e _ 3wa?
Portion CA:
2 w g
M (x from D) = — .5WEZX—T+ (x—a) [a<x<5a]
wx®
M, = —2.5wax - +6wa(x-a) (Parabola)
2
atx = a, M, = —2.5wa’ e 3wa?
at x = 5a. M, = —2.5wa1(5a)—%(5a)2 +6wa(5a-a)
= -12.5wa® - 12.5wa? + 24wa?
= -wa?
dMm
ForM_ .. % =0
dx
—2.5wa—-wx+6wa=0
x = 3.5a
M. (atx =35a) = —2.5wa(3.5a)—g(3.5a)2 +6wa(3.5a-a)

(-8.75-6.125 +15) wa® = 0.125wa?

There are two points of contraflexure and they are D, and D, at a distance ‘a’ and ‘2a’ respectively from

fixed end.

w/unit of length

Hinge k 2.5wa
N R c / ]
¢
Ru=15wa § 22 B 22 o a |
1.5wa ' i | 2.5wa
SFD ® !
<15a—> 1 ) ‘ |
| : | 25wa |
<1521 0.125wa> | i
i ® "\ ! i
A s | D
BMD , 5
wa I
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T3 : Solution

Workbook 9

Assuming p <q
20 kN
P

l YVY
A C

B D

| 12m |

|«<—6 m—>} 18m I

Total distributed load
= p+qg = 20kN/m

Distance of centroid of distributed load from support D =

%(p+q)=120

()22
3 {p+q pP+q

Assuming Rg and R to be the support reaction at B and D respectively

120 kN

20 kN
A T c
RB
2 Mp
2p+q
= Rgx18-20x24-120x 4 0+q
As, p +qQ
= Rg
2 M
= RBx6+RDx24—120[24—4M:|
p+q
RB
As, p +qQ
= Rg

20

l[480+480(p+20 ﬂ ..... (i)
18 20

0

0

Ry (given)

= 20

% [24-4(“’2020 ﬂ ..... (ii)

(@ Copyright
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10 Civil Engineering e Strength of Materials

Equating value of ‘R’ from (i) and (i), we get

=

I}

1 1480+ 480[ P20
18 20

480 + 24 (p + 20)

120p + 2400 + 2400

p:

and, p + g
g

1201 o4 4 P£20
30 20
72
1728—€(p+20)

8640 - 72p — 1440
12.5 kN/m

20

7.5 kN/m
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Principal Stress-Strain &
Theories of Failure

) Detailed Explanation

2 ;

Try Yourself Questions

T1 : Solution

e, =+445x 10°
30°

€ . =€,

Let normal principal stress in x and y direction are € ; and €, respectively.

+ —_
P R T 003291+¢Xy sin2e,
* 2 2 2
Here, 6, =30°ande =€, € =€,
445 x 106 = = ;ez = ;ez cos(2x30°)+0 [ ¢, =0]
3¢, +e,= 1780x10® ()

We know that
€, +e€, = ex’+ey’
€,+€,= +445x10°-32x 10
€, +e,= +413x10° ..(if)
From eq. (i) and (ii)
€, = +6835x10°
€, = —2705x10°

C@ Copyright mMRDE ERSYH www.madeeasypuincations.org)




12 Civil Engineering o Strength of Materials MBDE ERSYH

Principal stresses may be calculated as

E 2.1x10° " %
- — + - - —
o = T2 (€ +ue,) = 03 [683.5x10 +0.3x(-270.5x10°)
= 139.00 N/mm?
E 5
and 6, = (€ tHE) = Lﬂ)2[—270.5><1o-6+o.3><683.5><1o-6]
27 1-u 1-(0.3)
= -15.10 N/mm?

T2 : Solution

When a shaft is subjected to combined bending and torsion, the magnitude of principal stresses is given
by

16
oo, = — L
where, 6, = principal stress
G, = minor principal stress
M = bending moment = 20 kNm
T = Torque = 40 kNm

., [M+x/M2+T2]

L TDk
and o, = 163[20+\/202+402]><1O6
nD
329.62x10°
EEY>
and o, = 163[M—JM2+72] _ 163[20—\/202+402]><1o6
D D
_ _125.90><1O6
B >?
(i) According the maximum shear stress theory
c,/FOS
Tmax < %

6,-0, _ (o,/FOS)

2 h 2
[329.62+125.90}< o 250
D? =172
DS 3644160

>
. D > 153.88mm
Hence minimum diameter of shaft

D 153.88 mm

waw.madeeasypuincations.org MRDE ERSH © Copyrighg




MBDE ERSY Workbook 13

(ii) According to maximum strain energy theory

(o, /FOSY
2F

U <

U= é(c? +0, —210,0,)

L[329-62><106J2+(‘125-90X106T+2><0-3><329-62><125-90><1012

D? D? D°

1 [149399.65% 10"
2F D"

E DG < ~— 2

1 |:149399.65><1O12:| 1 (250)2
oF

149399.65x 10'2 ) (250)2
D - 2
149399.65x 10"
(125)°

D> 145.69 mm
Hence minimum diameter of shaft Dis 145.69 mm.

T3 : Solution

12 KN/mm |<300 mm>] Tmax

P @\ “““ pr
A Point under ]
consideration (Bending stress) (Shear stress)
TRA=24kN TRB=24kN
24 kN|  (+) SFD i
©) 24 kN
24 kKN-m

5
=z

C@ Copyright mMRDE ERSYH www.madeeasypuincations.org)




14 Civil Engineering o Strength of Materials MBDE ERSYH

Shear force in beam AB is given by
S(xfromA) = R, - wx

= 24-12x
Shearforceat(x=1m) = 24-12x 1
= 12kN
Bending moment in beam ABis given by
2
M (xfrom A) = RAx—Wx
* 12
2
245120 o2
M_ at (x =1.0m)
M = 24x1-6x1?2
= 18 kNm

and MOQOI about neutral axis is given by

bd®  300x400°
12 12
I 1.6 x 109mm*
Now we have M = 18 kN, S= 12 kN and I = 1.6 x 102 mm*. Hence normal and shear stresses at y = 100
below NA can be calculated as
Bending stresses may be given as

I =

M 18x10° x 100
c = — e
1

Y = e

and shear stress 1 at a point P (y = 100 mm) below NA may be given as

=1.125 N/mm?2 (tensile)

SAy 12x10° x100x300x 150
b 1.6x10° x 300

T = =-0.125 N/mm?

f«—— 300 mm ——

' T, —-NA
£
S _
£ = y
£
o
o
N °
i |
!
A

Note: Positive shear will produce negative shear stress element

[www.madeeasypuincations.org MRDE ERSH © Copyrighg




MBDE ERSY Workbook 15

Now point can be considered as stress element shown below.

1.125 N/mm®
1.125 N/mm?

t=0.1125 N/mm’

Here we have
o, = 1.125N/mm?
o, = 0
T = -0.1125 N/mm?
The principal stresses may be given as

2
o, +0 G, —OC
61/62 = 2 yi ( 2 y} +T)2(y
1125+0  [(1.125-0Y |
- + ~0.1125
& J{ s )+< )
- 0.5625 +0.5736
. o, = 1.136 N/mm?2
and o, = -0.011 N/mm?

For direction of principal stresses, we have
2t _=2x0.1125

tan 26, = X = -0.2
" 6,-0, 1.125-0
8p = -5.65°(clockwise)
and 0., = 90°+6p,
= -90°-5.65°
= -95.65° (clockwise)
Check: Principal stress normal to 65 =-5.65°
, 6,+0, O,-0, )
c/ = 5 + 5 c0s20p +1,,SIN20p

_ 1.125+o+1.1225—0008(%_5.650)

2
-0.1125sin(2x -5.65°)
= 0.5625 + 0.5516 + 0.0220
6/ = 1.136 N/mm? =g,
and o, = -0.011N/mm?

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




16 Civil Engineering e Strength of Materials MBDE ERSYH

Hence major principal plane is 5.65° clockwise and minor principal plane is 95.65° clockwise from the
vertical

1.136 N/mm’

0.011 N/mm”

[www.madeeasypublications.org MRDE ERSH © Copyrigha




Deflection of Beams

) Detailed Explanation

2 ;

Try Yourself Questions

T1 : Solution

w
A B \
©
2L A L |
B
R

According to Maxwell’s reciprocal theorem,
Deflection at B due to load W at C = Deflection at C due to load W at B

. w(2Ly’ N w(2Ly? r R(2L)’

.. Deflection of B in beam ABC =38,

3El 2E| 3El
R(2L)Y’
% = gl
5, =38,
W(2L)3+W(2L)2X R’ REY
3El 2E| 3El  ~ 48El
28
- 2w
=3

C@ Copyright mMRDE ERSYH www.madeeasypuincations.org)




18 Civil Engineering o Strength of Materials MBDE ERSYH

o8 (SLS) 14 WL
0, = 8,=0g= [ﬁ ]@ =51 Bl
By area-moment method, considering,hogging bending moment to be negative & sagging bending
moment to be positive

2RL
EI +
A B
El wt
| 2L L—i
3wl +wL
o _ | 2Bl o | BwLewh) o
B 2 El 2 El

s6wl? 4wl®  12wl®
-~ 17 El El T 17E

— ve sign = closckwise

T2 : Solution

Using strain energy method, we can obtain the final distance between AA.
Since no load is acts at AA. Hence apply pseudo load Q at ends A.

Taking outer face as reference.

Total strain energy, U 2Upc+2Uge+ Uge

a (@Qdy _[@%°]
Ye = | e =

6E1 |,
Q°a°
Ve = 5F;
2
o Iza<—Py)2dy_ P2y T
sC = Jo 2FF 6EI |,
4P%5°
Yee = 35
a[-(Qa+2Pa)Pdx  (Qa+2Pa)? ; .
Ugp = J = ————x
0 2ET 2FE]

[www.madeeasypublications.org MRDE ERSH © Copyrighg




MBDE ERSY Workbook 19

(Qa+2Pa)

U =
ce 2EI
.. Total strain energy,

U = 2U+2Ugs+ Uy
| 2xQ%° .\ 2x4P?%3° . (Qa+2Pa)’a
~ BEI 3EI 2F1

28’ . 16P%a° . 3a(Pd +4P°a + 4PQEP)

- BEI 6EI 6EI

U 28P%a% +5Q%a° +12PQa®

6EI

U 10Qa° +12Pa°
Q 6EI

(y) _ 12Pa°® _2Pa°
0QJa_g =~ 6EI  EI

3
Thus, final distance by which AA moves away from each other is El
Let 'S’ be the shear force at a distance ‘x’ from the fixed end
d_SX e L2_X2
ax % 12
= s =% L2x—£ +C,
X |_2 3
At free end, e, x =L
Shear force is O
2
= C, = g%'—
+ x? +2 L
= S, = ~X %@ §Qo
Let ‘M, be the moment at a distance ‘x’ from the fixed end
dM, x3 2
= —X =S = —QuX+Qy——+—-0gL
ax X Y% q03L2 3%
2 4
—(pX X 2
- + +=qyx+C
= M, = 75 CI012L2 3% 2

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




20 Civil Engineering o Strength of Materials MBDE ERSYH

At free end, i.e., x =1L
Moment is O
2
QoL
= C, =~
4 2 2
Jo X' Qox~ 2 ol
- 07 42 glx — 20—
- Moo= oz 72 T3y
Applying double integration method
dy . . N
E|¥ = M,, wherey is the deflection of beam with x distance
- Elﬂ _ X _QOX3+QO|—X2_QO|—2X+C
dx 60> 6 3 4 3

j_y:o atfixedend,ie,x=0 =C
X

o x| b gl
3602 24 9 8
y =0 atfixedend, i.e.,, x =0 =C,=0

+ C4

= El(y) =

X _ % xt golx® % L2

(EDNy =

36012 24 9 8
Deflection at free end. Put x = L

_ 19 qol
= Y= 7360 El

T4 : Solution

The beam will deflect as

Vertical deflection at C, A = A+ A, oL —>C|
A, = Deflection due to momentin BC Br———"" T,
ML2 L2 T ’/ \\\\é'EAQ
A1 = —:u— H 'II c”
2E1  2E] g
A, = Deflection due to momentin AB L
MH uLH A
= —XxXL="——
A EI EI
A = A+ A,
2
ule ulH
A = — 4+
- oE1 " El
ul (L
- —|=+H
= A= EI(Z )
EEEE
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Bending & Shear
Stresses in Beams

) Detailed Explanation

S i
Try Yourself Questions

T1 : Solution

The condition given in the above problem is that the beam has same value of maximum bending stress for

both UDL and concentrated load.

Mrax

Opax = TXYmax

Now for a particular beam 6, is directly proportional toM__
Case 1. For UDL

w/unit length

w L
;] , E
2
M, = WL W
2 2
. . /
BM will be maximum at X = >
Wl wiP wi
e = 575778 T8
C@) Copyright MADE ERSH www.madeeasypuincations.org)




22 Civil Engineering o Strength of Materials

Case 2. For concentrated load P

A 2°

P/' TP/Z
[ / |
P
M, = §X
. . /
BM will be maximum at X = >
P 1 PI
M = 275 %
Now for same bending steress, M for both cases should be equal.
wie Pl
8 4
wi
P = —
- 2
Strain energy for UDL case
fe—x ——| w/unit length
AN 2°
wl T T M
2 2
! |
- MPaix
. 2El
wl o wx?
—Xx-——1_d
Upg = _[l(2 }
0 2E|
Ug = (! 2 (lx—x ) ax
0 2E|

Ug = 8W—;_[;(l2x2 +x4 —21x3) dx

!

8EIl 3 5 4

wl’x® x5 o2ix*

3 5 4
U o WA roer
AB 8EIl3 5 4

0

[www.madeeasypublications.org MRDE ERSYH
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MBDE ERSY Workbook 23

w2 [2015 +1215 —3015}
UAB =

8El 60

2

W 2 5

= _X_

Y = 88160

215

we/
Yre = 2a0E] - (2)

Strain energy for concentrated load case

P
Al<—x—>| l 5
AN _é_
P/2' TP/2
I [ |
Upg = Upe+Ucg [+ loading is symmetrical U, = Ug]
= Upg = Upct+Unc
= UAB = 2UAC
2
IPX l dx
= UAB = 2J~l/2 2
0 2E|
2 P22
- U = 2f; 55 dx
P? c1/2
= Upg = EJO 2d
1/2
P2 X3
- te = @H
0
2 .3
= Upg = P—xl— [from(1)wehave|:>:ﬂ]
4B 24 2
wore 3
= U, = Vel
AT 4Ax4ElT 24
2,5
wel
- Ve = 3a4] 3

[Usslp _ wior240E1 _384 _8 _.

[Usely — wPP/384El 240 5
. Strain energy when beam is loaded with UDL is 1.6 times the strain energy when beam is loaded with
concentrated load.
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24 Civil Engineering o Strength of Materials MBDE ERSYH

T2 : Solution

I = %[100(200)3 —9O><(18O)3] = 22,93 x 106 mm*

AM _ 80N

= 80kN
Ax im

F =

The maximum shear stress occurs at the ‘Neutral axis’.

F —
Umax = 7572
3
- 8010 x [100x 10x 95+ 2x 90 x 5 x 45]
22.93x10° x(2x5)
= 47.27 N/mm?
ZMB -0 72kN
= R,(23)-72(15) = 0 l
= R, = 46.96kN
. Shear force at section x — x = 46.96 kN A A
For a constant width of section, shear stress increases as the ,;_0'8 m 1.5m Rs

section moves closer to centre of gravity of the section. (Top or

bottom of section)

So, from extremes the shear stress will increase from 0 to some value till the width increases suddenly,
which will result in a sudden drop.

After that the shear stress will start increasing again and will again witness a sudden drop with sudden
increase in width.

So, we need to find shear stress at three depths, when width changes suddenly,

S(AY
Shear Stress, 1 = % B is the width of cross-section at the point of consideration
Calculating shear stress at a depth of 60 mm from the top fibre
Area above 60 mm depth till top,
A = 30 x 20 + 60 x 20 + 90 x 20 = 3600 mm?
Centroid of above area considered from mid-point,

v ©600x50+1200x 30+ 1800x 10

- =23.33mm
3600
46.96x10° 23,
- 6.96x 10 (36600>< 333)27_6N/mm2
5.76x 108 x 90

Calculating shear stress at a depth of 40 mm from the top fibre
Area above 40 mm depth till top,
A = 30 x 20 + 60 x 20 = 1800 mm?

waw.madeeasypuincations.org MRDE ERSH © Copyrighg
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Centroid of above area considered from mid-point,

_ 800x50+1200x30 _ oo o
1800
46.96x10° (1 67
- 6.96x10°( 8£Ox366 ):8.97[\”mm2
5.76x 10° x 60

Calculating shear stress at a depth of 20 mm from the top fibre
Area above 20 mm depth till top,
A = 30 x 20 =600 mm?
Centroid of above area considered from mid-point,
600x50

= =50 mm
600

46.96x10° (600x 50
T = X (6 = )=8.15N/mm2
5.76x10° x30

Hence, maximum shear stress on beam at section-xx is 8.97 N/mm?2.

25
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Torsion in Shafts & Springs

) Detailed Explanation

2 ;

Try Yourself Questions

T1 : Solution

e know that N
O = Oac*6c
TL
0 =Gy Ocg =61 =05
T,+T; =T
T,L T,L
= T, =2T
G,J;  Gady BEREE
2T T
T, = 3 T3:§
2TL
s = (3G,
T(2L) 2TL

% =G0, 2Gd,

2TL | 2TL  5TL
3GJ; |7 2G,J; T 3Gy,

|
Il

=|la
|
1
1
i
I
1
i
I
1
1
i
1
I
!

N
a
3
5

_ EX(EJ
Tmin - J1 2
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a.b 1
- 3J; 2 T 34
Alternative:
T;(D). G m
Tmin = E(E)XG—B = 6\.]363 1
D TD
= —XG = e
of G ! (BJJ
2
EEER
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Theory of Columns

o

9

Detailed Explanation
of

Try Yourself Questions

T1 : Solution

Section modulus,

Direct stress

Bending stress

~. Maximum stress intensity

T2 : Solution

A free body diagram of the entire system of two rigid bars is shown below

(1007 - 757 ) = 3434.37 mm?

(D“ —d*

INF

Sk

= 67.07 x 103 mm?2
D ) x

50x 10°

- 3434.37

M 50x10°x100
Z ~ 67.07x10°

=14.55N/mm?

[
>

= +74.55 N/mm?

|
I+

= 7455 + 14.55 = 89.10 N/mm?

Take, M, =0
= H,x4a-F,x3a = 0
= H x4a-ka(A®)x3a = 0
3 ka(A®)
H, = 2
[www.madeeasypuincations.org MRDE ERSYH © Copyright}




Now, for the calculation of critical load, consider the free body diagram of

lower bar BC, shown below

Take, 2Mg
= H,x2a- P, x2a(A6)
= P,
Area, A
Moment of Inertia, I

Radius of Gyration, k

Effective length,

Rankine’s Critical load

=

Euler’s critical load,

=

=

o® v v

~ 3510896

Workbook

0

ka(AB)x a=0
ka

4

g(zo2 ~162) = 113.097 cm?
(20" -16%) = 4637 cm?
64 =

i
J; _ VAR

=225m

N |~

c,A  550x10°x113.097x10™"
1 L e 1 ez
T 1600 | 41x10™
3510896 N

m?El  n°x94x10°x4637x10°
2 2.25°

8497666 N

8497666

=242
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