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Detailed Solutions

ESE-2025
Mains Test Series

Q.1 (a) Solution:
When walls yield by 0.2 mm.
Let the reaction developed at wall is R.
Now, total change in length of bar = 0.2 mm

Expansion due to temperature + contraction due to R = 0.20

RL RL RL
i (LCXAT)Copper + (LO(AT)Brass + (LCXAT)AlumiIﬁum - ( ) _( ) _( ) =0.2
Copper Brass Aluminium

AE AE AE
1000 x 5 x 1076 x 40 + 2000 x 6 x 107° x 40 + 1000 x 7.5 x 107° x 40
1000 2000 1000
-R =+ =+ =|=0.
200x10° 300x0.8x10° 100x0.5x10

= 0.98 - R[3.33 x104] = 0.2
= 0.98 - 0.2 = R[3.33 x 1074]
= R = 2340 N

) R 2340
Now, Stress in copper = = =11.7 N/mm?

Acopper 200

R 2340

- 2
300 7.8 N/mm

Stress in aluminium "

aluminium

R 2340
Stress in brass = Age =700 = 2340 N/mm?
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Q.1 (b) Solution:
yl
Aw, R, g
X --fmmm-m--- dmmmmn dmmmes 4mm o] x| 2
! &
! y ! N
~— 400 mm ——
Wi+ W,
A ™) B 8x10*
. Direct compressive stress |
+ dueto (W) and (W,)
(+) '
Al ! )
] ),
Bending stiess due to L, 2
E moment (W, X e,) E
s O (1)
Al () | B\
Bending stress due to
moment (WV, X ¢,)
200 x 400°
Moment of inertia about y-axis, Iy = :72 =10.67 x 108 mm*
Cross sectional area, A = 200 x 400 = 8 x 10* mm?
Direct e st f Wi+W, _ W+ W,
irect compressive stress, f,= =
P d A 8x10°
Now, bending moment due to W;, M, = W, x 60 = 60V,
Similarly, bending moment due to W,, M, = W, x 80 = 80WV,
. M, 400 60 W, W,
Now,bending stresses due to M, f, = Iy X > = 10.67 < 10° X = 33916.67
(Compression at A and Tension at B)
N bendi . due to M —M2x400— 80W, %200 — W,
ow, bending stress due to M,, f, = I, 2~ 1067 x10° = 566875
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Total stress at A and B,
Stressat A, f, = f,+f, -/,

B I/\/1+W2+ W =W
= fa = T8x10° ' 88916.67 666875
StressatB, f, = f,-f, + 1,
Wi, W W,
= fp = 8x10* 88916.67 66687.5
Now, fA = 4fB
I/\/1"'1/\/2_|_ W W _4[W1+W2_ Wi " Wa }
8x10*  88916.67 66687.5 8x10* 88916.67 66687.5
Wi AW W, A, AW W) (W)
88916.67 88916.67 66687.5 66687.5  8x10* 8x10*
5W, 5, 3W, 3,
= - = 4+ 4
88916.67 666875  8x10* 8x10
5W1 _ 3W1 _ 5W2 + 3W2
= 88916.67 8x10* 666875 8x10*
- W, x 1.87324 x 10-° = 1.12476 x 10~ x 50
W, = 300.22 kN

Q.1 (c) Solution:

Given:

=
|

, = 300 N/m =300 kN/mm
5 = 400 N/m = 400 kN/mm
Let the load applied at C is P as shown in figure.

=
|

—— Y
Let the reaction at A and B be V, and V, upwards. § §
§ 250 mm T
L=
F, =0 3 :
y . S S
= Vy+V,-P-W=0 (1) § &
— o Ny Y
Also, M, =0 ) g 5, 5,
= V,x04-Px026-Wx02=10 ...(id) A% c 4 98]
_0.26P+02W e 400 mm ————
= VA - 0—4 - O65P + 05W mm P ¢W= 25N
}«—200 mm —|

Putting value in (i), we get
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Vp=P+W-V,
= P+W-0.65P, - 0.5\W=0.35P +05 W
As the bar is horizontal
Vv V
= 8, =—Landdy =L
0.250 +6, = 0.080 +0.200 + J, ( A k, B kBj
= 8, =0,+0.03
. Va o Y5003
ka kg
0.65P +0.5\W 0.35P +0.5W
= = +0.03
300 400
0.65P+0.5x25 O.35P+O.5><25_|_003 W =25KkN
- 300 ) 400 ’ (W= )
- 0658 hoa17 = 9L 003124003
300 400
P( 0.65 0.35)
= 300 200 ) = 0.0195
= P =1516N
Q.1 (d) Solution:
Given: I =1.2x10° mm?*
w = 20 kN/m =20 N/mm
Length of beam [, = 4 m
Length of strut, [, = 2m
w=20kN/m
Let, the load taken by strut is P. A B _
4m
5 P
Now,deflection of B in beam, A, = % _3—EBI >m
: : PI
Deflection of B in strut, A, = AE 1
wly Pl Pl
ﬁ _— =
8EI 3EI AE
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wly Pl _ Pl

8] 3 AE
20 x(4000)*  Px(4000)° _ Px2000
8x12x10° 3x12x10° 400
4000°
533.33 x 10° = P(5+—
3x1.2x10°
P = 299913 N
P ~ 30 kN

Q.1 (e) Solution:

Let, N, and N, be rotational speed of solid and hollow shaft respectively.

J, and ], be polar moment of inertia of solid and hollow shaft respectively.

T, and 1, be maximum shear stress of solid and hollow shaft respectively.

T, and T, be torque transmitted by solid and hollow shaft respectively.

P_and P, be power transmitted by solid and hollow shaft respectively.

Now, P, = 1.35Ps
- 2nN, T, 1.35X2nN,T;
60 60
= N, T, = 1.35 x N_T,
Now, N, = 1.03 x N_
On putting the value of N, in equation (i)
1.03NT, = 1.35N_ x T,
= T, =131T,
Now, % = %
_ IR
= T= ]
. w _ T
Ts Ju X T,
But, T, = 14t
= 14 = 1.31><£

h

...(iii)

[.' R is same for both]

(-.-5=1.31)
T
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= J. = 1.069],
(L 4 (L 4 4
—xD* = 1.069x—x\D* -d
= 32 32 ( )
= 30* = 1.069 x (30* - d%)
= d* = 30%* - 757717.49
= d = 1512 cm

Q.2 (a) Solution:

Let, the vertical reactions at A and B be V, and V, respectively.

20 kN 20 kN/m
A ~N B
' C D ./ 1 E
VA VB
I 4m | 4m | 2m =—3 m—

ZFy=O

= VA+VB—4O><4—20—%><3><20 =0

= V, +V, =210 (i)
=M, =0

= VA><10—40><4><8—20><6+10+%><3><20><2 =0

= V,x10-1280-120+10+60 =0
= V, = 133kN
From (i), V, = 210-133 =77 kN

Shear force diagram:

Take a section x-x at x distance from A,

Portion AC:
S.(xfromA) = V, - 40x [0<x<4]
= 133 - 40x
Atx =0, S, = 133-40x0=133 kN
Atx=4m Sc (Justleft of C) = 133 -40 x 4 = - 27 kN
Portion CB:

S.(xfromA) =V, -40 x4 -20 [4<x<10]
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= 133 - 160 - 20

= -47
Atx=4m, S_(JustrightofC) = -47kN
Atx=10m  Sj (Justleft of B) = -47 kN

Portion BE:
1 20
Sx(x fromA) = VA —40X4—20+VB —EX?(X—lo)X(X—lo)
[10 < x <13]
= 133—160—20+77—%@—10)2
- 30- 100
3
) 10 2
Atx=10m, S;(JustrightofB) = 30 —?(10 -10)" =30 kN
10 2
Atx=13m S, (Justleftof E) = 30—?(13—10) =0
Bending moment diagram:
Take a section x-x at x distance from A,
Portion AC:
22
M, (x from A) = VAx—4O7 [0<x<4]

= 133x - 20x
Atx=0,M,=0
x=4m,

M. (Just left of C) = 133 x 4 - 20 x4?

= 212 kN-m

Portion CD:
M (xfromA) = V,x -40 x4 x (x - 2) - 20 (x - 4) [4<x<8]

= 133x - 160 (x - 2) - 20(x- 4)

Atx=4m,

133 x 4 - 160 x2
212 kN-m

M- (Just right of C)

Atx=8m,
M, (Just left of D) = 133 x 8 - 160 (8 - 2) - 20(8 - 4)
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Portion DB:
M, (x from A)

Atx=8m,
M, (Just right of D)

Atx=10m,
M, (Just left of B)

Portion BE:
M, (x from A)

Atx=10m,
M, (Just right of B)

Atx=13m,
M (Just left of E)

Loading diagram

= 24 kN-m

= Vx-40x4% (x-2)-20(x-4) +10  [8<x<10]

= 133x - 160 (x - 2) - 20(x- 4) + 10

= 133 x 8 - 160(8 - 2) - 20(8 - 4) + 10

= 34KkN-m

= 133 x 10 - 160 (10 - 2) - 20(10 - 4) + 10

= - 60 kN-m

= V,x-40%x4(x-2)-20(x-4) +10

+VB(x—lO)—%x?(x—lO)x(x—lO)x(x_lo)

[10< x <13]

= 133x—~160(x —2)~20(x —4)+10+77 (x~10)+0
10
9

x0

133 x 10 -160(10 -2) - 20(10-4) +10+ 77 x 0+ 0
= - 60 kN-m

133 x 13 - 160 (13 - 2) - 20(13 - 4) + 10 + 77(13 - 10)

—19?0><(13—10)3 =0

20 kN 20 kN/m
NW,J4OkN/ ~ 1ORY/m /l/l/ﬂ
A N B
C D. & E
I 4m | 4m | 2m | 3m—
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133
20
30
N IN(‘L _x) C D (+)

| CEN ; B
| 27 )
1 47 : i 1
| | SFD Valges in (kN

BM,, =221{11 i
i 212 1° 84 :

BMD Values in (kN-m)
From BMD
Maximum negative bending moment = 60 kNm

Now, maximum positive bending moment is in portion AC at F where shear force is

zero.
Let, SF is zero at x from A.

133 27
Now, — =
X 4—x
= 532 -133x = 27x
= x = 3325m
Now, M, = 133x - 20x2

221.11 kN-m
Q.2 (b) Solution:

T
Area of steel bar, A_ (Z) 16% = 647

Area of brass bar, A, =

|
TN

g) (242 -162) = 80m

Let x = Extension of bar in mm

. E;x
Stress in steel bar, 6, = [

. Ey x
Stress in brass bar, 6, = I

133 x 3.325 - 20 x 3.3252

STEEL

BRASS

8 kN
2

4 mm

_’|nluén|‘_
— 24 |—
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2

2
o, o
Total strain energy of the composite bar = Z_ESASL + ﬁAbL
E252 E252
- S AL+ AL
L~ 2E, L~ 2E,
Ex? E,x*
= S A +2—A
- TR TR
22
22
u-= 205000 x 647 + 100000 x 807
- 22000 )
= U = 16587.61 x> Nmm (i)
Potential energy lost by the weight
E = W(h + x) =8000 (4 + x) Nmm ..(ii)
From equation (i) and (ii)
16587.61 x> = 8000(4 + x)
= x? - 0.4823x -1.9292 = 0
On solving
x = 1.6508 mm, - 1.168 mm

Egiear 205000 x 1.6508

Stress in steel rod, o, = I 2000 =169.207 MPa
Eq....x 100000 x1.6508
Stress in brass rod, 6, = Brzss = 5000 =82.54 MPa

Q.2 (c) Solution:

Consider a elemental strip of thicknes dx at a distance x from end A.
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: ) (230 -200) 3
= 200+ ——xx = 200+ —
Diameter of element strip, d, 2000 x 200~
Td Td 32Td
Angle of twist of strip, d0 = * = ¥ - ad 1
G T 3
30 % mG| 200+ ——x
200
20 30Tdx

Total angle of twist, 6

= 0
= 0
= 0

For a solid shaft of mean diameter

mean

Angle of twist, 0’

6/

Percentage error

Q.3 (a) Solution:

3 4
0 TEG(QOO + xj
200

2000

32T (-1) 200

nG 3 ) 3
3 200+ x
200 )

32T 200{ 1 1 }
X —
G 9 | 200° 230°

9.69x107° (%) radian

%(200 +230) = 215mm

T Tx2000
Gl ox T« (215)*
32

9.534x107° (9 radian

0-0 9.69 —9.534
x100 = [ 222 7222% ) 100 = 1.61%
(555 100 = (2525 w100 2161

Let the vertical reactions at A and B be V A and V.

10 kN/m
o 2
TVA TVB
[ 4m f 2m—>i
ZFy =0
= V,+V,-10x6 = 0
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= V,+V, =60 (1)
My, =0
= V,x4-10x6x1 =0
= VvV, =15kN
Using (i), Vp = 60-15=45KkN
SFD and BMD are drawn below:
M, =11.25
15 20
OB uiy— B
A c A } ; C
X — ©) B D !

2 (Values in kN-m) 20

Position of D:

15 25

X 4—x
= 60 - 15x = 25x
= x=15m
2
Now, M, = VAxx—10><7
1.5%

15x1.5- 10XT =11.25 kNm

Calculation of bending stress:

From figure ‘
Depth of neutral axis, from top y, = 400 mm Y
600 mm
So, Depth of neutral axis from bottom, Ne l _____________________ A
y, = 600 - 400 = 200 mm ybI
_ bh® — 200mm ——
Moment of Inertia, [ = —
36
200x 600°

= T i =12 x 108 mm*

Now, maximum positive bending moment at D, M, = 11.25 kN-m

Maximum negative bending moment at B, M, = 20 kN-m
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AtD:

Compressive stress and tensile stresses will be at top at bottom respectively.

So, compressive stress at D, f,,, = TDX Yiop
11.25%10°
= ————=—x400 =-375N/mm?
12x10
: Mp
Tensile stress at D, f, o = 7 Ybottom
11.25x10°
= ————x200 =1.875 N/mm? (Tensile)
12x10
AtB:
Tensile stresses and compressive stresses will be at top and bottom respectively.
S il = %x = —ZOX106 x 400
0, tensile stresses at top, ftop - Yiop = 12 %108
= 6.67 N/mm? (Tensile)
Compressive stresses at bottom,
Mg 20x10°
Foottom = ] Ybottom = 75— g X200

+3.33 N/mm?

Hence, maximum tensile stresses will be 6.67 N/mm? at top fibre at B and maximum
compressive stresses will be 3.75 N/mm? at D (1.5 m from A) at top fibre.

Maximum shearing stresses:

fe— 200 mm ——=
Maximum shearing force, V, = 45 kNm

3 V
) _ 9 Vs
Now, Maximum shear stress, T, = 5 X—A

45%10°

_ 3,
2 (%x200x600

j =1.125 N/mm? (Compsressive)
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Q.3 (b) Solution:

Let R, and R be the vertical reactions at A and B respectively.

Mfﬁ/m
R, * Rg I

—12m—+=—12m —+—12m —

2F, =0
1
= RA+RB‘§X2-4X12=0
= R,+R, =144 (1)
M, =0
1 2

= —Ryi ><2.4+§><2.4><12>< 1.2+§><2.4 =
= -Rp; x24+4032 =0
= R, = 16.8 kN ..(if)
= R, = 144-168=-24kN =24kN ({)
Using Macaulay’s method

d*y

EI G =

Where M = Ryx+ Ry (x—24) L x 225 (x-1.2)x (x—1.2) F=12)

x 2 24 3

= —24x+16.8(x—2.4) —%(x -1.2)°

- El(dz—yj = —24x+16.8(x—2.4) —§<x ~1.2)° (i)

dxz 6 oo
Integrating (iii), we get slope equation

d 1\
= EI(—yj = -1.2x* +C, +@<x—2.4>2 _o(x=12) .(iv)

dx 2 6 4
Integrating (iv), we get deflection equation

3 1 5

= El(y) = -0.4x° +Cyx+C, +2.8(x - 2.4) —£<x—1.2> (V)
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Now, At x=0,y=0
= 0=0+0+C, = C,=0
At x=24m,y=0
1 5
= 0=-04x24>+C,x24 —£X1.2
= C, = 23472
5
= Slope equation, EI(Z—‘V) = —1.2¢% +23472 + 8.4(x —2.4)° —g<x ~1.2)*
x

1
= Deflection equation, EI X (y)= — 0.4x2 +2.3472x + 2.8 <x —2.4)3 —£<x —1.2)5

Slope at A and B,

dy)
0, =|—=
- A (dx @x=0
= (ﬂ) = 2.3472 _ 2.3472 = 1.824 x 10~ radians
dx ) @0 EI 3000
dyj
Also, 0, = (—
B dx ) @x=24m
d
. (—yj _ i[—l.zxz +2.3472 —i(x—l.Z)ﬂ
dx @x=24 EI 24
_ L [—1.2><2.42 +2.3472 —31.24}
3000 24
= 1.6656 x 1073 radians
Deflectionat Cand D, y
yc = y@ x=12m
1 3
= Yo ro1s = E[—O.Alx +2.3472 x|

_ 1 [—0.4><1.23 +2.3472 ><1.2}
EI

= 5.52 x 10*m = 0.552 mm (T)

YD = Yax=36m

Yoresem = é [—0.4x3 +2.34772x +2.8(x —2.4) —21—4(x - 1.2)5}
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. [—0.4 x3.6%+2.3472x3.6+2.8x1.23 —ix 2.45}
3000 24
= -2.897 x 103 m = - 2.897 mm
= 2.897 mm ({)

Q.3 (c) Solution:

Given :

FOS=2,u= O.3,fy =250 N/mm? M =20 kN-m, T = 40 kN-m
Let, the outer diameter of shaft, dO =D

Let, the internal diameter of shaft, d, = 0.6 D

nx(D*~(0.6D)*)

Now, section modulus of shaft,Z = D
64 x —
2
T 4 4
= ——(D*-0.1296D*) = 3
32D( ) =0.08545 D
n(D*-(0.6D)")
Polar section modulus of shaft, Z )= D
32X —
2
n 4 4
= ——x\D*-0.1296D") = 3
T ( ) =01709 D
M 20x10° 23.405x 107
Now, Maximum bending stress, 6,= — = X 5 = 3X
Z 0.08545 D D
Maxi hear stress ¢ = L = 40x10° 23405107
aximum shear stress, Z, = 01709 DT
Principal stress (o, ,)
o o, )
- 5 b 2
01’ ) = 7i (7) +7T
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2 2

23.405x 107 23.405x107 23.405x107

= 61,2 = 3 t 3 3
' 2D 2D D

23.405x107 | 1 Ry

= I P
7
= = 2400 5511.12]
D
_3787x107 _ 1451x10’
- 1T Tpr 2T
1. Maximum principal stress theory
\ I
FOS
37.87x107 250
<
D? 2

= D > 144.69 mm ~ 145 mm
So, External diameter of shaft, d, = 145 mm

Internal diameter of shaft, d, = 0.6 4,

d

1

0.6 x 145 = 86.818 mm

= 87 mm

2. Maximum strain energy theory

uc=<

= %(G% +03 —2u0102)

37.87)\> 14.51
14
- 10 {(_Dg j +(_ =

10
= na
= D¢
= D

<

2
) —2><0.3x(3;’§7)(—

(1452.98 + 212.87 + 333.68) < 15625

\%

\%

So, external diameter of shaft, d;, =

Internal diameter of shaft, d.

o)

e

2
1451 | _ ( @j
D )|\ 2

0.128 x 10
152.58 mm
153 mm
91.8 mm

1
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Q4 (a) Solution:
Let W, be equivalent gradually applied load which produced same deflection as

produced by man.
X 5 We i
4 B C VIR — 6 cm
K i
— 1m| T 2m 30 cm
i R
e x
X
Taking moment about A,
W,x3 = Ry x1
R, = 3W,

M, = -W, X x + Ry(x - 2)

d*y
El(dx—zj = -Wx +3W,(x - 2)
2 2
EI(d_yj _ Wexa? 3W,(x-27
dx 2 2 !
W, xx* W, (x-2)°
El(y) = e:x - f(xz ) rcx+C, (D
At x=2,y=0
3
= 0= Wegz +2C, +C,

—4W, .
= 2C, +C, = 3 ...(it)
Atx=3,y=0

3 3
= 0= We x5 W) +3C; +C,
6 2
= 3C, +C, = -4W, ..(iii)
On solving equation (ii) and (iii)
-8
C, = ?We, W, = 4W,
On putting the value of C, and C, in equation (i)
W' W,(x-2)° 8
Ely = ———-—= -—W,x+4W,
YT e 2 3 o
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(i)

Atx=0
Ely, = 4W,
AW,
T
I = %><300><603 = 540 x 10* mm*
EI = 1 x 10* x 540 x 10* N-mm? = 54000 N-m?
AW,
Y = 54000
Work done be man when he jumps
= 600(h +v,)
= 600><(0.5+ AW )
54000
Work done by equivalent applied load
2
= lWeX621Wex 4, _ W;
2 2 54000 27000
From equation (iv) and (v)
2
600(0.5+ AV ) A
54000 27000
= 8100000 + 1200 W, = W2
= W2 - 1200\, = 8100000
= W2 - 1200W, - 8100000 = 0
W, = 3508.6 N, - 2308.6
Take + ve sign W, = 3508.6 N

Maximum bending moment = 3508.6 x 2 Nm
= 7017.2 Nm = 7017200 Nmm

Maximum stress produced

max

fmax = y X Ymax

7017200

(60
finax = 540%x10* "\ 2

X —) = 38.97 N/mm?
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Q.4 (b) Solution:

Given: External diameter, D = 200 mm
f. = 90 N/mm?, L =3 m, P =800 kN

Let internal diameter of hollow cast iron column is d.

_ L 3000
Effective length of column, L = 2T T 1500 mm
Using Rankine’s formula
feA .
P = 1 L 2 (1)
1+——| —
1600 ( r)

n
Here, Area of cross section, A = Z(DZ —d?)

. . T (4 4
Area moment of inertia, I, = a(D —d )
Area moment of inertia, [ . = 1(D4 - d4)
7 “min 64
. . I
Radius of gyration, r = 0

= re =

From equation (i)

90><%(D2—d2)

800 x 103 = 5
1 16(1500)
X5
1600 D*+d
70.686(D? — d2)(D? + d42)
N 800 x 103 =

(D? + d?)+22500
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= 800 x 103(D? + d?) + 800 x 103(22500) = 70.686(D* - d*)
= 800 x 10%(200? + d?) + 800 x 10%(22500) = 70.686(200* - d*)
On simplification, we get d* + 1131842 -8.927 x 108 =0

Let d?
x2 + 11317.66x - 8.927 x 108
From which X

Metal thickness

Q4 (c) Solution:

=X

0
d? =24750.417 mm? = d = 157.32 mm

D-d 200-157.32
2 2

=21.34mm

o, =100

T.. =30

(All dimensions are in MPa)

Principal stresses, o

tan20

20

0,

and 2

2
Gx+0y Gx—o'y 2
+ +1T,
2 2

100+ 20 100 -20>
> i\/( > )+(30)2=60150

110 N/mm? and o, =+10 N/mm?

ery _ 2x30
o,-0, 100-20 =07
-36.87°

-18°44'(-ve sign indicates anticlockwise direction)
- 18°44’ + 90° = 71°56’
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o Gyj 1
. P : = | —2+-u—|=(110-0.286 x10) —————
Major principal strain, € ( r HE ( ) 205 x 1000
. €. = +5226x 10
Increase in diameter, Ad_ = € _xd
— Ad, = 5.226 x 104 x 400
Ad, = 0.209 mm
o . o, Ko !
= +-—*=(10-110-0.286) ——
Minor principal strain, € , T F ( ) 205 % 1000
. e, = - 1.047 x 10

Length of major exes of ellipse = d + Ad_,
400 + 0.209 = 400.209 mm
-€,xd
-1.047 x 10~* x 400 = - 0.0418 mm
Length of minor exes of ellipse = d - Ad_
= 400 - 0.04188 = 399.958 mm

Section B : Structural Analysis

Q.5 (a) Solution:

(i) When supports are at the same level.

Decrease in diameter, Ady

2 kN
A 1 B
2m I 2m
Fixed end moments,

— wL -2x4

Map = T T g = -1 kN-m

— wL

MBA = ? =1 kN-m

Support A is fixed, 6, = 0

Mg, =0 [." support B is simply supported]

2EI 3A) —
0 = 25(20,)+1
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6 = &
B 4F]
—  2FI
= M,y = Map+— (204 +65)

2EI L 3
= 4+ =] = -2 kN-
L ( 4EI) 5 KN-m

(i) When support ‘B” sinks by 1 cm

A_ 1T
I 400
EI 2x10°
— = 22 }N-m=50kN-
L~ 400x100 =™ m
My, =0
0=2x50 [26 3 }+1
=2 x X -
= B 400
0. = L
= B~ 800

-1+2x50{_i_i} 14100 (-L)
800 400 800

-1.875 kN-m

5. (b)Solution:
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=M, =0
= V,(28) = 55 (28 - 21) + 35 x 14 x 21
= V, = 38125 kN

V, = (35 x 14) + 55 - 381.25

= 163.75 kN [V, + V, =545 kN]

SM.=0
= V,(14) = H(5) +35x 14 x 7
= 381.25(14) = 5H + 3430

H = 381.5kN

At section P which is located at 7 m from left support.
M=V,(7)-Hy,- 35><7><%

= 381.25(7) - 381.5 y, - 857.5 .. Q)

Taking left support 'A' as origin, equation of parabolic arch is,

y= 4lzc (lx—xz):%(%x—xz)

5 P ..
= @(ZSx—x ) .. (ii)

. Atx=7m,y=ypwhere
5 2\ _
Y, = 75c(28%7-7%)=375m

. From equation (i):

M = 381.25(7) - 381.5(3.75) - 857.5 = 380.625 kNm
So, Required moment is 380.625 kNm.

Differentiating equation (i) w.r.t. x,

dy 5 5
ro V2 2 (08-2x)= (14—
V= 106 B2 7 gg(14-x)
5 N
Atx=7m, y' = tand = 5(14-7)= 035714 |
0 = 19.65°

. Normal thrust at section P is

N = Vsin® + Hcos0
Now, V =V,-35x7=38125-245
136.25 kN

<

ocopyright: [MADE ERASY www.madeeasy.in



MADE EASY Test No : 1 CIVIL ENGINEERING | 35

N = 136.25 sin0 + 381.5 cos0
136.25 sin 19.65° + 381.5 c0s19.65°
405.1 kN
Similarly, radial shear is given by,
Q = VcosO - HsinO
= 136.25 cos 19.65° - 381.5 sin19.65° = 0.027 kN

Q.5 (c) Solution:
For overhang AE,
Support moment at A, M, = 20 x 1.5 = 30 kN-m (Hogging)
Applying theorem of three moments, for span AB and BC subjected to UDL,

3 3
Myl +2My (I + 1) + M+ 1= 4 +6EI( L ’ L

—20%x3% 30x33
- +

= M,@)+2M; 3+3)+ M. ()= —, 0
= ~30(3) +12 M, +3 M. = -337.5
= 4My+ M, = -825 Q)

Now consider spans BC and CD,

—w1l13 wzlg

Mgl, + 2M (I, + 1) + M, (L)

4 4
-30x3% 20x3?

N Mg (3)+2M.(3+3)+0 = T 2

N Mg +4M, = - 1125 ...(i)

From (i) and (ii),

M, = -145kN-m

M, = -245kN-m
Maximum free B.M at the centre of span AB and CD is
2
-2 - 2 25KNm

Maximum free B.M at the centre of span BC

2
- 30;3 = 33.75kN-m
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Bending moment diagram:

20 kN
1 20 kN/m 30kN/m 20kN/m
O Y Y Y YV VY Y Y YV YV Y Yy

B.M. diagram (in kN-m)

Net positive bending moment at mid span of AB,

(+M

net

30-14.5)
3

Vap = 22.5—[14.5+( ><1.5} = 0.25 kN-m

Net positive bending moment at mid span of BC,

245-145
(*Mpe)pc = 3375~ [14-5 + (3—) X 1.5} =14.25 kKN-m

Net positive bending moment at mid span of CD,

24.5
(+M,.)cp = 22'5_[TX1'5} =10.25 kN-m

Q.5 (d) Solution:
Considering equilibrium of part AC of the cable,

30m |

Vi

I N EEE

B, H
3KkN/m
U e R
L [\/E+\/Ej—30(\/g+\/_J—17.57m
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I
{—Jil—ﬂ=3%=35—gzlbﬁm

l2 - \/H + \/E V6 +4/3
2f, =0
= V,+V,=3%x30=90 (1)
Taking moments about C, (considering left portion)
2
V4 x17.57 —H x6 -3 % 17.57” _ 0

6H 3x17.57
= 4= +

17.57 2
Taking moment aboutC, (Considering right portion)

12.43%

Vg x12.43 - H X3 -3X 0

3H 3x12.43
5 = ( ) ...(iii)

+
12.43 2
On putting the value of V, and V, in equation (i), we get

( 6H 3x 17.57) ( 3H 3x 12.43)
+ + +

17.57 2 12.43 2
0.5828H = 45
H = 7721kN
From equation (ii)
6x7721 3x17.57
V, = Do+ 20 =50 72 kN

17.57 2
From equation (iii)

3x7721 3x1243
= + =
Vi = "o > 37.28 kN

Maximum tension occur at highest point i.e. (A)

Tmax V VA2 + H2

J(52.72) + (77.212 = 93.50 kKN

Minimum tension occur at lowest point i.e. (C)
T . = H=7721kN
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Q.5 (e) Solution:

Taking moments about A,

V, x40 =120 x 10
V,=30kN T
V. =120-30=90kN T
Taking moments about C of the forces on the right side of C,
Hx8 = 30x20
H = 75kN
Let R be the radius of the arch
8(2R -8) = 20 x 20
R =29m

Let D be the middle point of AB.

2
The equation to the circular arch with D as origin is, y = VR —x* —,|R? —(E)

Y = /292 — 32 _\[292 _ 20?2

Yy = \84l-x* -21
Maximum positive bending moment

The maximum positive bending moment occurs under the load, i.e.,

AtE, yp = V841-10> -21 =6.221 m
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M = 90 x 10 - 75 x 6.221 = + 433.425 kNm

For maximum negative bending moment

max (+)

Taking moment about x-x section (Right side)
M, = 30x%(20-x)-75y

= M., = 30(20-x)-75(y/841- 2 —21)

For maximum bending moment

dZVI_xx =0
dx
(—2x)
B30-75X ———— _
- N
= 2/841-x2 = 5x
Squaring both sides
4(840 - x?) = 25x2
4 x 841 = 29x2
x = 10.77 m

Maximum negative bending moment,

M

max (-ve)

30(20-10.77) - 75( 841-10.77% — 21)

-167.55 kNm
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120 kN c

BMD
(Values in kN-m)

Q.6 (a) Solution:
Since ends A and D are fixed. 0, = 0, = 0.

Let 6, and 0 be the rotations at ‘B” and “C’ respectively and 6 be the sway of the frame to
the right.

The fixed end moments are,

Mag = Mpa =0, Mpc = Mcp =0
MCD = MDC =0

Mgpc = 40 x 1=40 kN-m

Mcr = 20 x1=20kN-m

Slope deflection equation:

— 2E] 38
M, = Map+ 5 AB(zeA+eB—L—J

AB AB
2EI 30 EI 30
For span AB: Mag = 4~ 0+93_Z =5 GB_I
EI 30
My = (200
EI
For span BC: Mg = 7(293 +9C)
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EI
MCB = 7(63 +29C)
El 5 36
For span CD: M, = STy
El 38
For equilibrium, sum of moments at joint B is 0.
= Mgy ~Mpc = 0
El 3d) EI
7(263 _Tj +7(2eB +0c)+40 =0
40,+6 BELRN.
BROC 4 EI

For equilibrium, the sum of moments at joint C is 0,
-Me-Mq,+20 =0

EI EI 38
—(20,~+0,)+—| 20~-——|-20 =0
2( c +65) 2( ¢ 4)
38 40
6B+46C—z = E

Total shear in vertical members is 0,

Mpp+ Mgy Mcp +Mpc _
4 4
Myp+ Mgy + Mep+ Mpe =0

2 4 2 4 2 4 2 4
30, +6.-35 =0
From (i), (ii) and (iii),
o - 257143
B EI
o - 14.2857
c 3EI
5 = -11.4286
9EI

...(iii)
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Final bending moments are

1 3
M,, = E><(—25.7143)—g(—11.4286) = -8.57 kN-m
M,, = —25.7143—%(—11.4286) = - 21.43 kN-m
M, = —25.7143+%(14.2857) = -18.57 kN-m
1
Mgy = E><(—25.7143)+(14.2857) =1.43 kN-m
1 3
My, = E(14.2857)—g(—11.4286) =11.43 kN-m
= (14 2857)—2(—11 4286) = Kk
M, = (14 g 1L =18.57 kN-m
40
1857 20
o o 143 S
’ B 18.57 c '
@/2143 ~ \@®
4 3
e
AT%57 P s

BMD (All value in kN-m)

Q.6 (b) Solution:

Let V, and V|, be the vertical reactions at ‘A" and ‘D’ respectively.

Taking moments about A,

SM, =0, = V,x6=15x15+30x45
V, = 2625kN

 f,=0, = V, + V), =45
V, = 18.75kN

Forces in the members of the truss:
Joint A: Resolve vertically,
Z@=Q

F

' Sin 60° = —18.75

F,z = - 21.65 kN = 21.65 kN (compressive)
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Resolve horizontally,
F,5sin60° Fyp
A 60°
F 5 cos60° faz
18.75 kN
3f =0
F,gcos60°+F,, =0 15 kN
F,r = 10.83 kN (Tensile) B l e Fye
Joint B: 60°
2f,=0,
~ Fyp sin 60° - 15 ~(-21.65 sin 60°)=0 -2L6SKN Fae
Fpr = 433 kN (Tensile)
2F. =0,
Fpo+ Fppcos 60° - (- 21.65 cos 60°) = 0
Fpe = -13kN
= 13 kN (compressive) 433 kN Fer
Joint E:
60° 60°
2f,=0, =  433sin60° + Frsin60°=0  1083kN E Fep
Fop = -4.33 kN = 4.33 kN (Compressive)
2f.=0,
= 10.83 +4.33 cos 60° = F, cos 60° + F ;
F.,, = 15.16 kN (Tensile) o
Joint D: 60°
15.16 kN D
2/, =0, 26.25 kN
Fposin60° = -26.25
Fpe = -30.32 kN = 30.32 kN (Compressive)

Now, applying a vertical load of 1 kN at E,
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Joint A: z fy =0,= K,z = Na (Compressive)

1
2f.=0,= K, = NG (Tensile)

1
Joint B: Y fy =0, Kg = NG (Tensile)
1 .
2f.=0,= Ky = NG (Compressive)
. ) P
Vertical deflection of E = Z(ﬂ)
AE
Member P K PK
-1
AB -21.65 ﬁ +12.50
1
BC -13 —ﬁ + 7.505
1
CD -30.32 —ﬁ +17.51
DE 15.16 +L +4.38
. 2\/5 o
EA 10.83 L +3.13
- 2\/5 .
1
BE 433 + ﬁ +2.50
1
CE -4.33 + ﬁ -2.50
>PK = 45.025

~ 0.563 mm

PKI 45.025x10° x 3000
Vertical deflection of joint E = 2(—) = X X .
AE 1200 x 2% 10
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Q.6 (c) Solution:
The stiffness matrix can be developed by giving a unit displacement successively at
coordinates 1, 2 and 3 without any displacement at other coordinates and determining
the forces required at all the coordinates.

To generate the first column of the stifness matrix, give a unit displacement at coordinate.

1 as shown in figure.

For 15t column of stiffness matrix

—————

K B 1
; A1=1 I ’
41 !
Al
- 12E(;H) N 12E3(I) _ 0A44F]
10 5
6E(41)
ky, = T = —0.24E]
6E(I)
ky = — 22 =—0.24EI

* For 2" column of stiffness matrix:
To generate the second column of the stiffness matrix, give a unit displacement at

coordinate 3 as shown in figure.

k22
Ky /B %
12 / B
/ QT ’ ks
0,=1
ez=:\1 D
_a
_ B Mpa | _BAEMAD _
ko= 2\, )T 2 10x10
(, = AEGD 4EGD o,
10
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M- 1 4E(4I)
ks = 75 72
e For 3" column of stiffness matrix

=0.80EI

To generate the third column of the stiffness matrix, give a unit displacement at coordinate
3 as shown in figure.

_i
')
_ (M) 8L 5 ) oupg
ks = 5\ 2 2 '
1( 4E(41)
Ky, = E( " j:O.SEI
4E(4I) 4EI

= +—=24E]
Kas 10 5

Hence, the required stiffness matrix [k] is given by the equation
0.144 -0.240 -0.240
[k] = EI|-0.240 3.200  0.800
-0.240 0.800  2.400
Q.7 (a) Solution:

Consider diagonal member BC as redundant

Vy
H, A C
2m
E
Hy B 2m D 2m [
15 kN 20 kN
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Taking moments about A,
M, =0 = Hpx2=15x2+20x4
Hp = 55kN (=)
Horizontal reaction at A = H, =55 kN («)

And vertical reactionat A, V, = 35 kN

. PEC
Forces in the members :
Joint E, \
P,y 45 E
ZFy= 0, = P.-sin45° = 20 kN
P.c = 20V2 kN (Tensile) 20 kN
2F, =0, = -Pp,-Pp-cos45°=0
P., = -20kN

ED
P, = 20 kN (compressive)

Joint C,
XF, =0, = P, = 20+/2 sin 45°
P., = 20 kN (Tensile)
F,=0, = ~Pop - 2082 cos45° =0
P., = -20kN
P., = 20 kN (compressive)
Joint A, V,=35kN
X F =0,
20+ P, cos 45° = 55 H,=55kN = 20
P,, = 35J2 kN (Tensile)
2F, =0, = -P,5-P,psind5°+35=0 Pup
PAB =0 Pyp
Joint B,
ZF =0,
P,=0
-55 1 Pyp

Py = 55 kN (Compressive)
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Now apply a pair of unit forces 1 kN each at B and C in the direction of member BC.

0
A C
0
/’1
2m
L
0 © °E
B 2m D 2m

There will be no force in members EC and ED.

Joint C,
Kea 45° oo
1
KCD
1 :
2f.=0 = Koy = 7z (compressive)
Xf =0 K., = -1sin45° = 1 i
fy = = cp = —1sin45° = 7 (compressive)
Joint D,
_ L
KDA \/E
kpp < 20" S
1
2f,=0, =  Kp,cos45° = 7z
Ky, = 1 (Tensile)
2f.=0, = K,y = -1 cos45°
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_ 1 . Kap
Kyp = 7z (compressive) 1

Joint B,
ny=0, = K,z +1xsin45°= 0
1 I
K,z = 7z (compressive)

Actual force S in any member is,

S =P+ XK
—Z(PKL)
> (PKL
Where, X = ?E =- ( 7 )
Z(ﬂj =(KL)
AE

(.- Area A and Young's Modulus E is same for every member)

Member| P (kN) K (kN) [ (m) PKI1 K%l
1
AC +20 - 2 ~20,/2 1
7 V2
CE +20,/2 0 22 0 0
ED - 20 0 2 0 0
1
DB -55 -— 2 1
7 +55/2
1
DC 20 — 2 +204/2 1
V2
AD +3542 +1 242 +140 242
BC 0 +1 22 0 22
AB 0 1 2 0 1
J2
S(PKL) = 217.78, | S(Kl) = 9.66

_s( PKI
AE) _ -X(PKl) _-217.78

o z(Kzl] T ox(KA) 966
AE

-22.54
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Actual force in members,

Q.7 (b) Solution:

1
20 - 22.54 x ( \/5) = 35.94 kN (Tensile)

20+/2 —22.54(0) = 28.28 kN (Tensile)
-20 + 0 =20 kN (Compressive)

1
- 55 - 22.54 x (—ﬁj = 39.06 kN (Compressive)

1
-20-22.54 x ( \/E] =4.06 kN (Compressive)

35\2 -22.54(1) =26.96 kN (Tensile)
0 -22.54 (1) = 22.54 kN (Compressive)

1
0-22.54 x ( \/E] =15.73 kN (Tensile)

The bending moment expression for various portions are given in table.

20 kN
5kN

20 kN

S S E D)

20kN =— ¥ —>]

5KN - 5kN
0 D
Portion | CD | BC AB
Origin | D C B
Limit {0-4|0-3| 0-4
M, —5x | =20 | 20+ 5x
(o) 1207 (-20+50)°
Total strain energy, U ,[ 2E] +.[ 2E] dx +.[ 2E] d
0
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3 2 3
= u=£[x—} +4¥w[x]8+i[400x—200x—+25x }
2EIL 3 1y 2EI 2EIl 2 0
. U = 266.67+600+ 1 [1600—1600+25X64}
EI EI 2EI

U = 1133.33 _

= = T ..(i)
1 1
Now, Work done = =X PxA= 5% 5A =2.5A ..(ii)
From Equation (i) and (ii)
55A = 1133.33 567
SA = 07— =567 mm
258 = 2 _ 14166
- %7 Tgooo
= A = 56.67 mm
Q.7 (c) Solution:
The influence line diagram for moment at C, 10 m from the support A is as shown in
tigure.
L- 10(25-10

where y. = 2(L-2) 100 )=6

L 25

To find load position for maximum moment at C, we have to find average load on

portion AC and CB and identify the
heavier and heavier portion lighter.

load which when crosses makes the lighter portion

When the train of load moves form left to right:

Load rolling on | Averageload Average load
C on AC on CB
100 o, 1w
First 200 %) > %)
Second 200 &0 s
Third 200 %) < %)

Therefore, when third 200 kN load is just on the section, moment is maximum at C.
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Referring to figure.

100 kN
200 kN
200 kN

200 kN
200 kN

2512525 4.0
y y2\y3 B
1 \3/4\]/ ]
4.5 6 |5 |4 24
[~— 10m | 15m ———]

Maximum moment at C = 200y, + 200y, + 200y, + 200y, + 100y
= 200 x 4.5+ 200 x 6+ 200 x5+ 200 x4 +100 x 2.4
= 4140 KNm
When load moves from right to left.

Calculations to find load position for maximum M when loads more from right to left

Load crossing Ave;i%;aéoad Ave;;ggéoad
100 %) < %}
First 200 %) < %)
Second 200 51_(2? > %)

Therefore, moment is maximum when second 200 kN load is on the section. Maximum
moment is this case

100 kN
200 kN
200 kN
200 kN
200 kN

40025125125

21 |36 |6 |5 |4

<~—10m I 15m ——
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Maximum moment at C

Q.8 (a) Solution:

100y, + 200y, + 200y, + 200y, + 200y,
100 x 2.1 + 200 x 3.6 + 200 x 6 + 200 x 5 + 200 x 4
3930 kNm

50 kN
B 21 C
2m
3m
30 kN
D
2[ ——
4m 6m —=
Non-sway analysis:
B C 50 kKN
S
21 T
2m
30 kN I 3m
21 D l
4m |«—6m —
A
. 30x 4 x 22
Fixed end moment Mp,y = ———— =-13.33kNm
6
30x4% %2
Mpp, = ———— =26.67 KkNm
6
Distribution factors
Joints | Members k Xk | Distribution factors
BA @ 4 0.5
3 8
B AEQD) 4 3t
BC — - 3 EI 0.5
CB % = 4 EI 0.5
6 3 8
C 3 EI
cD % EI 05
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Moment distribution for non-sway case

A B C D
| 05 05] o5 05
-13.33 26.67
-1334 | -1333
_667~ N e
3.33 3.34
1.67 - N 167
- 084 ~083
_oa2~ N
0.21 0.21
0.10 ~ N 010
-0.05 -0.05
-20.42 1244 | -12.44 -3.55 3.55 1.77

Considering free body diagrams of columns, we get,

L Mg+ Mg, —30x2  —20.42+12.44-30x2

Hy = 6 6
= -11.33 kN

L Mp+Mpe

HD - 3

. 3.55+1.77

Hp = —5 — =1778kN

Consider the horizontal equilibrium ofthe frame, we get,
§=30+H,+H,+50
= 30 -11.33 + 1.773 + 50 = 70.443 kN
Sway analysis:

Let the frame sway by D towards right. Fixed end moments developed in column AB be

M, and that in CD be Mp,.
6E(2I)A _EIA
Then, nT T2 T3
6EIA 2
My = =5 =3t
Mg, 1
Mp, 2
Let M;, = -10 kNm and M, = - 20 kNm
i.e. Mp,p = Mpp, =-10kNm and My, = My~ = - 20 kKNm
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Now, for this case, moment distribution may be carried out.

Moment distribution for arbitrary sway

A B C D
05| o05] | 05| 05|
-10 -10 -20 -20
/ 5 5 >< 10 10 \
2.5 5.0 25 5.0
/—2-5 -2.5 ><—1.25 -1.25
-1.25 -0.63 -1.25 -0.63
/0.31 0.32 >< 0.62 0.63 \
0.16 0.31 0.16 0.32
/ -0.15 —0.16>< -0.08 | -0.08 \
-0.08 -0.04 -0.08 -0.04
0.02 0.02 0.04 0.04
-8.67 =732 | 732 10.66 | -10.66 -15.35
Map + Mga Mecp + Mpc
H, = e and H, = — 3
’ —_
S"+H,+H, =0
g ( 8.67 + 7.32) ( 10.66 + 15.35)
6 3 B
S’ = 11.335kN
, S 70.443
Therefore, sway correction factor k= <7 = === 6.2146
Final moment calculations
Msbirary sway -867 | -732 732 | 1066 | -10.66 | -15.35
Mayiay = KMy hitary sway ~5388 | -4549 | 4549 | 6625 | -6625 | -9539
Myion.suay ~2042 | 1244 | -1244 | -355 355 | 1.77
Mo = Myon sway * KMaspitary sway) | 7430 | =3305 | 3305 | 6270 | -6270 | -93.62
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4 B 3305 MC

62.7

93.6

BMD

All dimension are in kKN-m

33_.05
743 A
Q.8 (b) Solution:
Given:

I

Am

o

AT

E = 200 kN/m? = 200 x 105 kN/m?

5x10°mm* =5 x 103 m*
10000 mm? = 102 m?

10 x 10-6/°C

+20°C

60 kN

Taking A as the origin, equation of parabolic arch is given by

y

= y
50

2 dx

Now, f Y El

_=fx

4hx (L -x)
LZ
4(5)><x(L—x):x(50—x)
502 125
¥ 2 (50— x)?

dx

2
) 125
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Sf’yz dx ?(2500x2—100x3+x4j »
- D E T 1257

3 4 5\ 0
_ . [2500(’“—} —100("—) +(’C—H
125 3 4 5/,

Sf’ 20X 66667

= I = ] ..(i)
Beam moment is Mx = 30x
50 25
dx 60
My— _— 2|30 50——7 2_ 8
{ YEr I x(125)( : 125E1 Y (50+ - v
60 [5 ﬁ_ﬁr 78125 )
125E1° 3 4, EI (i)
Now, EI = 200 x 10° x 5 x 1073 = 10° kNm?
EA = 200 x 10° x 10000 x 1072 =2 x 100 kN
(i) Neglecting the rib shortening, horizontal thrust developed is,
fMy(%) + LoAt
H =
j y ( ) +0+k
78125 -6
( +50x12x10 XZO) 0090125
= )

117.554 kN
(ii) If the rib shortening is also considered, horizontal thrust is given by

jMy( ) + LoAt

ERGHEERE

( 78125

+50x12x10~ XZO)
0.090125

= o 4

(666'667 L 50 6 +0'0001) 7.9167 x 10
10°  2x10

113.842 kN
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Q.8 (c) Solution:

Let tension in segments of cable are T, T,, T;, T, and T, and inclination are 0,, 0,, 6,, 0,

and 0, from horizontal as shown in free body diagram.
FBD of cable

= V,y+Vy=30+40+24+18
= V,+ Vg, =112kN (1)
Taking moment about point D (Consider left side)
Mp =0
= V,x20-Hx75-30x10=0
. v, = (%H&S) (i)
Taking moment about point D (Consider right side)
My =0
= Vpx30-Hx(75+6)-24x10-18x20=0
= Vy = (13?')3}1 + 20) ...(iii)

On putting the value of V, ann V in equation (i), we get

7.5H 13.6H
—+15 |+ +20|=
(o5

H = 9296 kN
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Now:
. 7.5x92.96
From equation (i), V, = BT 15 =49.86 kN
. 13.6x92.96
From equaiton (iii), Vp = T+ 20 =62.14 kN

I w, =40 kN

B H=9296 kN I
(Funicular polygon)

From function diagram

Tension in each segment of cable

= V24 H? =1/49.862 +92.96> =105.49 kN

~3
1l

y = (Va—w, )+ H? =J(49.86-30)? +92.96> =95.06 kN

~3
|

s = (Va—w; —w,)? + H? = /(6214 -24~18)? +92.96> = 9512 kN

~
|

T, = \/(VB —w, )’ +H? = \/(62.14—18)2 +92.96> =102.91 kN

T, = V2 +H?=+6214>+92.96> =111.82kN

Inclination of each segment of cable from horizontal.
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v, o _ ar 1 4986 )
tan6, = —4 = O =tan’|2Te| = 0,=28207
Vi-w ~1(19.86
tan 6, = (AHil) = 0,=tan ' 9.9 = 0,=12.059°
tan 0, = - = o,=tan’| o] = 0,=12224
(Vs —1w,) [ 4414 .
tan64 = T = 64= 92 96 = 64=25.40
v, (6214 )
tanb, = — = o,=tan’| oo = 6, =33761
Final length of cable
10 10 10 10 10
- L. = + + + +
final = c0s0, cosB, cosB; cosO, cosOs
o1 .10 . 10 10 . 10
= final "~ 0s(28.207°) cos(12.059°)  cos(12.224°)  cos(25.40°) cos(33.761°)
L., = 54903m
EEEN
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