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Q1

Q.2

Qs

Q.4

Qs

The bending momeri].in a three-hinged arch
whan compare§ with a simply supported beam
is usually

(a) larger

(b) 'smaller

{&) can be larger or smaller

{d) nona of these

The bending moment in an arch is proportional

lo !

{a) vertical ordinate of lhg arch.

{b} intercepl between tha arch axis and the
funicular polygon. .

{c) vertical ordinale of the funicular polygon.

{d) none of tha above.

A suspended cable hinged al wo ends is &
{a} stalically unstabla structure.

(b) stalically indsterminate struclure,

(c) geomatrically unslable slruclure,

{d} geomatrically inadmissible struciure.

A shallow parabolic cable when subjecled loa
unifomly distributed load infinilely long develops
{a) 2ero bending moment.

{b) infinite bending moment.

{c) zero axial force.

{d) none of these.

An arch in the form of a parabola wilh axis
veriical has hinges al (he abulments and the
crown. The abuiments are at differen| levals.
The heighl of the crown above abutmenis are A,
and f1, The asch has a lotal herizontal span L
The horizontal thrust due toa uniformly distributed
load w per unit length is

as

Q7

Q8

Arches
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A parabolic two hinged arch is loaded wilh 8
concenlrated load W al the crovn. The horizontal
\hrust is equal to '
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For the semieircular two-hinged arch shown in
the figure below, 3 momant of 50 1-cm applied
at B produces a displacement ol 0.5 cmat A.
1i a concentraled load of 101 is applied a1 A,
the rotation (in radians) ai 8in the arch wifl be”

%
B
g%y
(&) 03 () 0.001
{c} 0.0001 {d} oo

in atwo hinged arch, anincrease inlemperalure
induces

{a) no bending momenl in the arch sib.

{b) uniform bending moment in the archiib.
{c) maximum tending at the crown.

{d) maximum bending moment al the crown.



Q. 9} ‘Which one of the (ollowing is associaled vilh
- Iheribsherlening in azches either due tochange
in temperalure or lack of fit o cause stresses
in the arch members?
(a} Onlywo-hinged arches andnotthree-hinged
arches.
{b) Two and three-hinged arches.
~ {c) Two-hinged arches made of reintorced
cancrate only.
@) Only !hree-imged arches hut not two-hinged
arches,

Q.10 A Ihree-hinged circular arch ACBis formed by
two quadrants of circles AC and BC of radii 2R
and R respeclively with C as crown, as shown
in the figure. Consider the lollowing in respect
of the reaclive nrces daveloped at supporis A
and Bdue o concentrated load ‘w at the crovm:

-t

. Line of action of reaction A, at Als inclined
at 45° to lhe horizontal.

Vo=V, = W2

H, = 2H,

H = H, = W2

wmeh of the above isfare correct?

(@) tand 3 (b} 2and3

{c) ,2and 4 {d} 4 only

Q.11 For the two-hinged parabelic arch as shown in
the figure, which one of the lollowing diagram
represents the shape of the bending moment

~ varialion.

(a} /—‘—\B

kel

Q.12

Q.13

(6} A%ﬂ
{c) %e/f——\a
@ f’ 58 .

A three hinged arch is subjecied to poini load
at crown, The magniluds of horizontal reaclion
atAis '

N
(a £ by
VqET O
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A three hinged parabolic arch having a span of
20mand a rise ol 5 m canies a point ivad of 10 kN
atquarter span from the lefl end as shown inthe
figure. The resultant reaction at tha lelt support
andits inclination with the horizonlal are respliactively

10KN l‘ﬂ ',

{2} 9.01 kiV and 56.31°
{b} 8.01 kN and 33.69°

Q.14

Q.15

Q.16

{c) 7.50 kN and 56.31°
{d) 2.50 kN and 33.69°

Alhree hinged arch, shown in the figure is quarler
of a circle. I the vertical and harizontal
componenls of reaction al A are equal the value
ol 0is

(b) 45"

@) & i
{d) Noneofthese

(c) &

Athraa hinged arehol span 30 mand rise 6mis
subjected 1o a rise of temperature of 40°C. The
change inthe rise of the arch s

(Take 1 = 12 % 10°% per °C)

{a} 20.9mm {b) 309mm
{c) 10.9mm (d} 40.9mm
Find the horizontal thrust at each support ior the

three hinged arch as shown nthe figure.

Wit~ a) oy il -3)
{ h}l‘z +hz]1 b h#z + hZ{I

Wﬁ(&‘g -a! ng{h_—_a_}
© Koot D i

Q.17 Atwohinged semicircular arch ol radius Acarries
a congentrated load W at lhe crown. The
horizontal thrusl is

w w
@ 75 ® -
2 %
@ 3 ST

Q.18 Tha horizonta! thrusl al supporl A in a lhree
hinged arch shown in the given ligure is

2 kNfm

I

{b} 10kN
{d) 20kN

(a) SkN
{c) 15k

Q.19 The vertical reaction al support ‘A’ for a lhrea
hinged parabolic arch as shown in the figure is

@ o ® 5
© P (d) None of lhese

Q.20 Asymmetrical wo-hinged parabolic arch when
subjected lo unilormly disltibuled load on the
enlire horizontal span, is subjacted lo
{(a) racial shear alone
{b) normal thrust alone
(c) normalthrust and bending moment
(d) normal thrust, radial shear and bending

Q.2

rd

Three semicircular symmetrically Uree hinged
arch have radiiSm, 7.5 and 10 mrespectively,



and each arch supports a point foad Wal its
own crown, Whal is the ralio of horizontal thrusts

in lhese arches?
(@) 1:2:3 o)y 1:15:3
©1:1:1 @ 1:15:2

Q.22 Thethree hinged arch shown as inthe given figure
wifl have lhe value of horizontal reaction as

8O %N

1
1
'
‘.
h
1
H
'
.
.
19
B

t+——B8 m——f——B m—
(@) 20kN (b) 30KN
(c) 40KN (d) 50kN

Q.23 The horizontal (hrust at A for the two hinged arch
shown in given ligure, will be

100 kN
40 kNfm L&
E.
n
A ]
25m
(@) 312.5kM (b) 410,16kN
{c) 97.66 kN {d) 315kN

1.(b) 2 (b} 3.()} 4 (a) 5. (a)
15, (a}
25. (&}

11.(b) 12 (a8} 13.(a} 14.(b)
21.(8) 22. {c) 23. (b} 24.(b)

16. (6] 17.{b) 18.(b)
26, (d)

Ql24 The shape of inliuence line diagram [or Ihe
horizonta! thrust of three hinged archis
{a) Reclangular {b) Trangular
{c) Parabolic (d) Cubic

25 Assertion A: The bending moment at any
seclion in an arch is less than thal at a similar
poinl in a corresponding simply supporied beam
with Ihe same loading.

Reason (R): The horizontal reaction at tho

suppon induces a momenl opposile in nature to

that caused by theam action.

{(a) Bolh Assertion {A) and Reason (R} are
individually true and Reason (R) is the
corzect explanalion of Assertion (A).

“"{b) Bolh Asseriion {A) and Reason {R) are

' individually trus but Reason (R) is NOT the
" cotrect explanation of Assertion {4). )

{c) Assertion (A}is true bul Reason (R} is false,

{d) Assertion {A)is false but Reason (R)is true.

.26 For a two-hinged parabolic arch, let V, issumof
tha verticel forces on the lefl hand side of the
seclion and H is the horizonal thrusl, I acis Lhe
angle of langent at the poinl on arch with
horizonlal, the axelthrust at section from left
hand side Is given by
(a) V,cosa-Hsina
(D} V, sina—-Hcosa
(¢) V,cosa+ Hsina
(d) V,sina+ Heosa

R () I N ga) B.{c) 9.(a) 10.(c}
19. (@) 20. {b)
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S Arches

1. (b}
Take simply supported beamand 3 hinged arch
of same span and same load.
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M o=V x-Hy
. BMin 3 ninged archis less
2. {b)
Eddy's theorem siates that bending moment in

an arch is proportional tointercep! belween arch
axis and funicular polygon.

4, (a)
A parabolic arch having UDL on enlire span
carrias zero moment al any seclion thal is why &
paraholic arch subjecied to UDL is designed for
normalthrust only.

5. (a) )
I A 3-hinged parabolic arch consist of lwo
different parabolic drch.

A. Carrylng UDL
Harizontal thrust 8

Wf

EYG|

Verlical thrust
WJ_ :
YRR .

wffy
[ ]

B. Carrying concentrated Load W al crown.

i 8

(e}

Il. 3hinged circular arch consists of two dilferent

circular arch vath concentrated load "W al.

oown

H=V,=V,= %’——)Independenlcf radius of-

arch.

(¢
Parabonc twe hinge arch

H= -——; Subjecied toUDL

Hz — 25 Wi — —» Subjecied lo conceniraled baad
128 h
Seml circular 2 hings arch
4wR

H= ET -3 Subjecled lo UDL

SRR

H= — — Subjected lo concenlrated load

&
From iaxwell-Betti theorem
P = MgOp,

o 0y, = 10;;?’5 =0.1radians

{c)

Increase intemperaiure in a o hinged arch vall
cause horizonial (tuust cnly. Moment due W«
orizontal thrust is Py,



i0.

1.

Bo maximum bending moment will be at crown

. ascrownhas highest valus of y.

{8}
in the case of two hinged and fixed arches rib

HL
shorlens by an amount SE

There is always horizonlal compressive thrust
due to lemperalure increase or lack of fil in the
caseof two hinged arches. While inthres hinged
arches no such thrust exists and only the shape

. villchange at srown.

{e)
The moment at crown is zero. Consider portion
AC. ’

Ha2R=V32R=sHe =V,

For8C HpR= Vo= Hy= Vg

As H,‘ =I'fs

S0 ifﬁ:vs

MV4+V5=W

w
. & VR—Vag?

Ab}
- The horizontal thrust influence finein two-linged

archis afourth order parabola,
However bending moment at any peint

= Beam B.M. - Thrust B.M,
Horizonial thrust due lo udl! throughout the span

Wt
8h
For hall span loading shown in the figure, the

symmetry shows that horizontal thrust
wi?

H= %n

B.M. for loaded hall portion 1aking x posilive

fromA.

_w.rz whi? 4_!:_

=2 eh

For right hall A= '—%u-zr;
withx positive from B.

12,

13,

Thesa expressions are same as that for three
hinged arch in the same case.

a
Verlical reaclion al both support = -g {by

symmelry)
Now, taking momenl aboul hinge al crown from
HS =0

f&y. .. =~
Let lheverical reaclions at lelt and right suppont
bé V, and, V; upwards raspeclively.
Taking moments about right support, wa get
Y, x20-10x15=0
= ..V =75
Vy = 10-7.5=25kN
Lel the horizantal reaction al lell suppert be H
from lelt o righl.
Taking moments about the crown from lefl, we
get . )
75%x10-10x5~-Hx5=0
= H = SkN
Let the resullant reaclion at lhe lelt support
makes wn angle @ wilth ihe horizonlal.

B PN
1ang = -?5—5 '
= 0 = lan'(1.5)
= 8 = 5631°
Resullant reaclion,

R= JH e

= (PO =901k

14,

15,

17.

(b) 18,

Values of horizontal and verlical components of
1eaclion al A are equal al 8 = 45°. Since lhe

vartical and horizontal components are given by 19.
sin® and cos0 respectively, and sin@ = cos 0 al

45° thus the componenis are equal.

(a)
Changein rise of the arch
2vap?
4h

= waxmﬁxm
4x6

0.0208 m = 20.9mm

al

22.

(D)
For lwo hinged semicircular arch with load W
applied at any seclion, the radius veclor makes
an angle 8 with the horizontal.

(4

23.

W H= LA
4
When load is al crown,

26.
0=

X NiA

H= —
T

Hence option {b) is cofrect.

(b}
iFy =0
. R+ Ry= 2x10=20 i)
IMy = 0.~ Rax20-2x10x15=0
R, = 15kN(T)

and R, = 5KN(T)

M, = 0 from lefl
A, % 10-Hx5-10%x2x5=0
15%x10-10x2x 5=5H

H = 10kN(—)

Hence option (b)is cortect.

(a)
Structura is unstable, L will gel deflect as shown
in the ligure below

A

A B
Hance, vertical reaction at ‘A" will be zero.
{e)
Let vertical and horizonlal reactions al fighl
support be Vand H respeclively.
Taking momenl aboul the left hinge

C Vpx16 = 80x4
Vy = 20kN
Taking moment about the lop hinge
Hxd4 = 20x 8
H = 40KkN
(b} )
wi? _ 40x25°
= - = =3125kN
Dueloud{, H, & 65 {
Due lo point load,
25 wi
ST 97.66 kN
Total thrust = H, + H, =410.16 kN
(d}

Shear lorce at a section on left side
V= Vcosa-Hsinu
Axial (Radial) thrus!, N =V sinc + Hcos «



