CHAPTER

Suspended Cables
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FIg. 12.1 Atypical suspension bridge

A.Cables

Flg.12.2

portant structural element. A suspension bridge consisis

«  Loaded cable supported at the ends is a system in enuilibrium, musl satisly the following twa
conditions:
(i) The force polygon shoutd be closed.
(i) The funicular polygon should be closed
+ Letthe loads W, , W, and W, represented by pg, grand /s lo a suitable scale, Ling "po’ is dravn
through p which paraliel lo CA and line *s0' is drawn parallel 1o £8 and hence point ais oblained. .

T T A

Fig. 123

»  Now pgrsopls force polygon of the loaded cable {shown in hgure above)
«  omline is drawn perpendicular to pgrsfine through O. Now in the tigure above.
mpis vertical reaction V, '
smis Verlical reaction V,,
= DNow,
T,is represenled by po
T,is represented by go
T,is represented by ro
T, is represented by s0

Note; Polnt Qin the vecior diagram is delerminated 1o (ind tensions in various segmenis of the loaded cable.

« Infigure, OMis horizontal reaction (H) or horizonlal component of the lension in any section of cable.

Note: The {unlcular polygon coincides with the centre line ofthe loaded cord itsell thal is Ihe shape of loaded
‘cord is same as that of the funicular polygon.

12.1 Equation of the Cable

+  Consider unitormly distributed cable. The loading onthe cable detzrmines Whe profile of the cable.
»  The figure shown below s unilormly distitiuted cable suspended through simple supporls at the
same leval.
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Flg.12.4
where, ¥, < sag of the cable.
* The varlical reactions at 4 and 5.
wi
V. = Vy=—
A g 2
* The horlzontal reaclions .
H, = Hy=H

H-is determined by taking moments aboul C and equaling il lo zero, thal is 4. =

I ‘
= VW oHy =0
M A7V

w2 wi?
or Ty es0
wi?
= H= 8_}': B

« Toderermine shape of the cable
we obtain the expression for moment at P{as shown in figure abave), tat is M

M, = V\'-Ejr——f‘fy 0
wiwit Wit ) .
= »é-x"?f = BYL-} {Using eq. (i)
4y,
= Y= ,’?c ,\‘(/—.l') : L (iny

Here, x is measured tfrom left side Suppart A whichis faken as origin,

NOTE
*  Equation (i) thatis y = T{ix(l ~x) is second order parabota. The dsllacled shapeof the

cable under UDL or due 10.ils own vieight is calenary and nét parabola {in reality).
Bending moment at any point on the cable is zero,

12.2 Horizontal Fension in Cables

.
L

Horizonlal force was algebraically determined in equaton (i) tor uniformly distributed suspended

cable, thal is

wi?

A=

*Note: In fiat loacied cables, large horizental forge is generated at the supports.

12.3 Tension in Cable

h. ;

+ ' The lension in cable varies along its {engl

+  The maximum lension (T, ,) occuts a1 supporis as horizomal {orce {H) is constant all along xhe
length of the cable and vertical force acting at the supports (V, or Vyiis maximum.
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Fig.12.5

The tension in cable at any arbilraty paint say £ls evalualed wilh the halp of vetlical lorce al
that seclion and consient harizontal forcs, thatis

To = -\fH?' + VE

s TS evaluated as
Tmu;, = ,j‘ ‘ 3 }‘!'2
. %
o ) -‘r;n'xv.g = Vg +H

i is desi r unilorm cross-secticn of cables.
Where maximun of Tm“ and ?;!.ztﬁ is design cable force fo



12.5 Cable Clamped to Saddle Carried on Smoath Rollers on the Top of the Pier
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Flg. 12.7 (o) Rofter support, (b) FBD for pler (é} £80 for cable at support

« " Here, suspended cable and anchar cable are ditferent, hence lgnsion on both cable are ditterent.

«  Assume T as lension in suspended cable and T, as tension in anchor cable.

¢ T= JV“’H-F

v,
J where, ¥, and Hare the vertical and horizonial reactions at the end ol lhe suspension cabte.
H . v
Ty \{\ « lanfi= F"
r .
@) o) (¢ »  For equilibrium of the saddle, ve hava
. | : : T.cosa = Teosp
Flg. 12.6 {0} Guide pully support (b} i : ‘ !
., ly support {5} £BD for Pier {c) FBD for coble at support And total verlical load transmilled to the pieris; V= T, sina + Tsin
* Here._ cabie at the support is quided over pul i ;
puiley. Pulley is provided i i i -
y y is provided at top of the pier. This cableis Note: There will be no bending moment for the pier since horizontal components of T, and Tare equal.

anchored on tha other side of pier.

* Thetensions in both the cables is same, as suspended and anchor cable are same.,

»  Thentension inthe cabla al the end is 12.6 Cuived Length of the Cable

)

! - 1

T= Wi e T T T
< .

f
« tanf= % .where f{is ihe inclination of h : g
r of suspended cable. ' T
s - 3 ! C

* aisinclination of the anchor cable with the herizontal, Fig-12
* Thus, total veriical load transmitted to the pier is ; -

v = T 0 o - . . : 8 ’

sing + T sinf = T{sine. + sinf}) Curved lengihofthe cable, L=+ 5%1

« Nethorizontal force transmitied to the top of the pier is,

H, = Tlcosu~cosfij) where [ = span length ol ceble, f1 = sag of the cable

* i o .
iia;:;;;z: bending moment for the pier. B, = Net horizontal force at the 1op of the pier » Heighi ‘
that is : A cable supported al its ends40 m aparl carties load of 40 XN. 20 kN and 24 kN
: BM,,. = Hxheight at distances of 10 m, 20 m and 30 mfrom the lelt end. The poinl whera 20 kN is supported is 13 m below

lhe lavel al end supports. Delermine

f



()} The reactions at supports
(i) Tensions in difarant paris of the cable
{ili) Total langlh of the cable

Solution:
Taking momen! abou! A,
M, =0
(40 x 10) + (20 % 20} + {24 x 30) ~ V,x40= 0
- v 400+ 400+ 720
b= T ag
40
= V, = {(40+20+24)-

40 kN
20kN

Now, My = 0
- D -
ABx20~-Hx13-40x10 = 0

H Z
- 13
H = 40kN
Tenslon calculalion
Vv, = ‘
, = 4G kN COV =09KN
. . Gl
= i m~-;—-10 M 10 m—-—f—— 0m A0KN
; : P
n\ i ! : s
ri z /
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20 kN

=38 kN

38 = 46 kN
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*  op, 0g, orand os represent the lensions T,. 7,. Tyand T, in the segments AC, CO, OEang £8
©  T=va0% + 467 =609 kN

Ty = (46~ 40)° + 407 = 4D.AS KN

Ty = |(38-24)7+ 40° = 42.38 KN

T, =382 + 407 = 55,17 kN

and 8,, 8,, 0; and 0, are the inclinations of ihe different segments of the cable with ihe horizonlal

46
= —=11
an 8, 0 S
= . 0, = 4
46-40
= ——=015
lan g, m
'= 0, = 837
38-24
tang; = 0 =035
= 0, = 19°18
38

lan@, = 4—0'=Q.95

= o B, = 43°37
+ Lengthcalculation
AC = 10sec49° = 1524 m
CD=105ec8°32 =10.11m
DE = 10 sec 19° 18" = 10.60m
EB = 10sec 43°32 =1373m
= Towallengtn = 15.24 + 10,11 + 10.80 + 13.79 = 43.74 melers

A suspension cable of 150 m span end 15 m cenira! dip carrles & load of 2ZkN/m.
Caleulate maximum and minimum tension in the cable, horizomal and vartical forces in each pler under
the falfowing conditions:
(I} Cabls passesiover a Irictionlass rollers on tap of (he plers.
(1) Cable Is firmly clamped lo saddles carried on frictiontess rotiers on top of the plers.
For both the cases the back stay is inclined at 30° wilh the horizontal,

Solution:
w2 2x 1507
Horizontal reaction, . H= g—= — =375 kN
' o 8y, 8x15
vl 2x15
Vertical reaction, v, = %- = ———uzbu =150 kN




Maximum tension T

g

V1507 + 3757 = 403.80 kN

Equationof shape of cable {parabola)
4ay

. y = -’—zc.r(fv.r) !
Sope: & e,
dx 7 {1-29)
!
Siope of the cable at support: % = 4—':"— atx=0
A 4
4x15
tanf = ——=
g =0 0.40
0 = 21°48"

{a}) Horizontaltorceonthe pler
H = T (cos21°48 -cos30%)
= 403.63 {cos 21° 48’ - cos 30°)

) = 25.23kN
Vertical force on the pier .

V= T (sin21°48' + sin30°)
= 403.83 {sin 21° 48’ + sin 30”)
= 351,94 kN !

{b} Inthis case, H =0
T OS5 21°48" = T,co530°
{where, 7, is tension in suspension cable and T,istension in anchor cable)
. cos21°48"
7. 403.89 % =
= g = 4R
Verticalforce onpier = 403.89 x sin 217 48" + 433 sin 30°

= 366.43kN

: - -
A cable is suspended belwaen two points 50 m apart localed at the sama lavel.

It carries uniformly disiributed foad of 20 kN
iy per metar. The sag of the cable at mid span i
Caleulate tension in the cable at ths left quarier polnt and the curved lsngth of tha cable panis 5 m.

Solution:
The horizontal reaction:
w? 20302
= 8}‘¢ = ——B—;B— = 450 kN

The vertical reaction at support is

2

Ve v oy LW _20%30 '
=V =5 = —2——=300 kb {because of symmelry)

AYa

20 WN'm
T T

A
L A N B =
T T h=5m /

X

-

O 30m

The vertical component ol force at the lell quarter pointis
gy vl 20%30 460

42 4 4 4
— The lension in the cable al left quaner point is:

2 = JA507 +150° = 474.34 kN

The curved lenglh of the cable is

&7 8 &
L= 4o =30+ ox——=3222m
T3 3°®

B. Cable Supports at Different Levels

12.7 Tension in Cable Supported at Different Levels

Flg.12.9Cable supportedatendsat different fevels

»  Let Che the lowast point on the cable al a distance f; {rom support Aor I, from support 8.

« Nowstrom M, =0
2
- w(2h)
“ 8y
(2
and - Hy = By, +0)
But H, = Hy

2

w(zr,)z w(2t,)

8y, 8yt d)




2
= 5 Ye

2 Yo +d
This relalionship helps in localing (he lowest point Con the ¢able.
* Verticalreaclions at supports
Taking moment at B,

M, =0
2
V-2 by < 0
2
wd
V= pd
A2
Similarty, M, =0
%=‘i+@
!
» Tensionin the cable at 4, Ty = V2eif
and lension in the cable ar 5, Ta = JEei?

A cable of unilorm crass-sectional erea I stretchad batween two supports 80 m
Bpart with ana end 5 m above the ofher (as shown In figura below). The ceble Ie loaded with uniformly
dislribuled load of 7 kN/m and the sag of the cable messurad from the higher end is & m. Calculalg

horlzontal tension in the cabls and maximum tension in the cable.

7 kN/m

Solution:
t=80m. d=5mandh=6m
Tolocare lowest point

But A

= 3.45’2 = 80
= f, = 2319m
f, = 56.81m
' on (H \V(Z.'l}2 B wi?
Now, horizonta! tension {H) = 8. +) -_2()%‘*5)
4
- 7x68Y _amneakn
2x6
Maximum tension in the cable
| | w, Ha
“ =72
7x80+1882.64x5

2 80
= 280 + 117.67 =397.67 kN
mu \XV’E +H
297,677 +1882.642 = 1924.1BkN

]

12.8 Curved Length of Cables

T
A ; . & Ia‘
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| !y‘
bL_i_c_/
I . b
:
Fig.12.10
i, B8 1( ay‘é)
— —— [ 7/ R a8
Curved length of cable, = 2[211‘1’32,‘}*2 2 32,
i
L= [‘+{2+§[T1+%
2(1F ¥
L = !+—3-( ,a + ‘z

C.iTemperature Change Effecton Cable
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Flg. 12.17



*  rorthe suspended cable shown atove, the rise in | i
, emperature increases the length of
the sag. Supports remains stationary Sheliha cabls and

= Changeinsag {By.)

L= i+=I8
"3
- 18y
8L = 3¢ °°¢
!
3 4
8= g%y %

_»gf‘:
"= &,

S
H = Ve .
H ~ ¥y

Note: The minus sign in ebove lormula signilies that if dip increases then horizontal force decreases,,

* Change insiress with respect to dip

T H
Sirass) f = D
Stress) /= 0= 2
(assuming V1o be very small compared 1o H)
1
= w s T
foo H o v
- 5 s
f H
. o o
r= r

Note: The minus sign in abave formula signifies that il cable dip increases then stress decreasas.

D.Nonuniform Load

* Sincethroughout tha cable, the horfzontat force is constant, hence masimum lens
al that suppor! where venical reaciion is greater ihan the other

i A Tm.u = \éH? + V2

ioh will be evalvated

L

IZEU LIPR PR A loaded suspandad cable is shown In ligure below. Determine tha langth of the

cable.
10 kN/m

!
-

|
b Hm 1

Solution:
To locate lowesl paint C:
2m,d=3mh=2+3=5m

l\_ _ M:F:".Sﬂ
l, "J Ye 2

as
I

1, = 1581/,
But L+, =30
= 2584, = 0
= I, = 11.63m
[, = 1837m
Now, curved length of cable is
L= !+-2—-h—2+gﬁ
34 314
2 & 2 2
= 4ot X =31.14m
L= X3 3 Tie

A slesl cable of 8 mm diameter [s sireichad across two poles 50 m apart. The
cenlral dip is 1 m at a lemperature ol 20°C. Assume unit weight of steel as 78 KN/m* and thermal
coelficient as 11 x 10-°C. Determine

0] Stress intensily in the cable

(i) The fall In temperature necessary to ralsa the stress to 30 Nfmm?

Salutton: -

Walght of the cable (W) .
{=50m
y (0p). = ¥m
¥, = 7BKN/m?

W Al = %.»:azxm'“xsox?a:o 196 kN

C




Tmax Celeulation | 12.9 St;spension Cable with Three Hinged Stiffening Girder

Wi 0.196
He oot=2020X80 posy . w w
%z 8x1 E o L2 X i 2
W 019 iy CIRE
V=" = ~'~—§=0093m ' . v
2 2 ' Ye
e
= f - . — C.
Toan = JHZ 47 = 12057 5 0.008" = 123 kN W,junit length
; 1.23 ' ‘ w
fadmaximum stress) = - 2 e 24470 kNIm? = 24 47 Njmmm® | ) a I i { i i i .
q 8" x10 TR 7 A £ :::mwwv
Change in dip -z =
i B ettt X ——-—q
X 3¢ : ir2: ~ i
Sy, = E’},—SL o S ‘ . ; ;
: g . : Fig. 12,12 Three-hingedstiffening gleder
3/ :
B = Té;:a{ (8Ll » A suspension bridge with three hinged stiffening girder is shown in figure above,
= 3 o 1110 x) . Ngl_g:' Lbads are enlirely taken by the tension in the cables.
= 51 ?55 x110-5 ! : 12.9.1 Single Concentrated Load
' 5 . »  Consider the above ﬁgur'é ol suspended bridge on which concentrated load Wis moving left 1o right.
Now, ¥ =7 Yo ) Haere, ACHis suspension cable and DEFis the three hinged stiflening girder.
! Ve ; Let the load Whba al a dislance Z rom support D and consider a seclion al a distance ol x from A
( 30—24.47) ; o D,
24.47 T S156x10% ) Cable: Assuming A as origin, the equation of shape of cabla is
. . ) { = 4383°C ! ) ay. . )
< The fallin temperalure necessary Io raise the siress 1o 30 N/mm?is by 43.83°C. ! yo= paits
) ‘ * Letthe equivalent UDL acting on the cable be w,

E. Stiffening Girder !
I V, = Vyg= V= ——
* Theshapeof the suspension cable is Sane g i - ’ 5
2 ds the bending mo i i v
oo ‘ g moment diagram for the simply supported c".?
| | ) wol”
s As I‘o_ads passes over ihe bridge, the shape of the bending moment diagram changes wilh Ihe = i %,
posilion of loads and thus the pralife of Ihe cable also changes. f i
. Lhemm(e. 10 maintain the shape of cable thal is parabolic shape throughaut the passage of loads ' e = VI K
Th? moving loads are ranslerred to the suspension cable as uniformly distributed load, : : +  Consider gpoinl Fx, y) on the cable
is ob[ec'nve is atnllalged by providing stiffening girders which transmits the received load into the L M =0
from of uniformly distributed Ioad vith the help of closely spaced hangers or suspenders ; :
] ‘:?hr "ﬁﬂs?u.ng received loads, sliflening girder have (o resist bending moment and shear torce Mo = Eg"‘—ﬂg—_wzo
‘hereas dead load is ransmitted (o the suspension cable with ] i v
: s vithoul creatng b
shear foree in the stilfening girder. g bending moment and i
. . , ‘ Hy = et We
: 2 2

Note: The girders may be Ihree hinged or two hin i
v ged. The girders are suspended lrom the cablgs 1
hanger cables. The roadway is then provided on stiffening glrder. f ihrough



Siitfening Girder:

* Verlicallorcsal D,

Similarty

. Wi-2)

.duglo W

wl d
o duenw,

S,"-‘(
"

Ves —. ductow

; 7
% 2 -2 dquelo W,

Bending moment a! a section with x meters lrom the Jeif

2
M, = {VDt_W(x“z}}”{%éx"%r—}. forzsx

i
= (4~ { Ho-2

The second termin both the cases of bend:‘ng moment abova is equal 10 Hy.

=

= A

where, , = Moment due to Wat seclxon Ky '

Exprassion Hin lerms of W

Thus,

Also

M = p. - Hy,= @
{~ momen! about hinge peoint al centre Eo! the girder is zero)
Be ‘
H= T
Ye
Wa
H= oy lorogzsx

s e

Wi-2)
H= oy ferxszst
lelc W

SYc Vs 2y for0gzgx

dinz
Yo = T iforQszgy

A~ 2
= _‘53'—2'f0ry<z\f '

wl?

W,x . . .
S ; {f—x} al section x-x and maximum momenl & atC. The

nature of lhis moment is hogging. The shear force i

is —t¥ (—I——-x)
“\3 .

Eu'aniplei bR A A three hinged stitfening girdar of a suspension bridge of span 100 missubjected
1o two point toad of 100 kN and 150 kN at a distance al 25 m and 50 m from the left end. Find the shear

force and bending moment for the glrder at a dist
‘tansion and ils slope in ne cable.

has a central dip of 11 m, Also find the maximurn

ance of 30 m from the let end. The supporting cable

AAHHMH H H L,

Consider Girder:

Lel the reaclions at A" and 8 due 10 given loading is A, and Ry’ respeclively.
Taking moment at A’ and equaling il to zero.

=0
Ay % 100-100%x25-150x50 = 0
Ry = \0OKN
Also, IMS = 0 {where Cis Ihe mid poinl)
ow
Ry w—— & =0
872778
E’ 4x100
W, = ——f—=—1-5-0 = 4 kN/m
= ‘ A, = 250~ 100 = 150 kN/m

A130 m from lelt end:
Shearfarco =
SF =

Shear farce due to givenloading + Sheartorcedugto w,

A, = 100 —1¥, (—10—0 —30]

150 - 100 -4 % 20 = -30 kil




M(bending moment) = Moment due (o given loading + Moment dug tow
o
M = 150x30-100x5-4 x%q(wo-ao)

= =200 kNm =200 kiNm (hogging)
[ 4x100

Consider éable: V, = t,— ¢ VU :
4= Wog = === 200 kN
W dxioe
H.= = — =
By, T 454.56 kN

= 3 )
Toae = V2 +H? = 2007 + 454 552 = 496.6 kN

Now, stope to horizonlal is
T3 COSB = H

- .
L\ 454.55 '

8 = cos '(h.ﬁ =23°45

49&6} 23%45

- I'
12.10 Suspension Cable with Two Hinged Stiffening Girder
*  Three hinged stillening girder is a determinate slructure, however (wo hinged siittening girder is nat

= Co 1sider a singfe ralli g load W al a distan rorr K Wi v T ad is
lance 2 loom Das sho In figure below h i
3 . e o
Iransry itted lo the cable as a UDL, L) BspeCIWE olload DOS"I‘Q b

&

wj

fe— r —_—
Fig. 12,13 Cable ond the rwo hinged stiffening girder
W=yt
where, W, 15 equivalent uniform distributed load.
*  Thehorizontal reaction

Note: The magnilude of horizanlal lorce is constant inespactive of load position
* Verlical reactions at the ends of the cables s

"{1 = V=

.
g‘l
H
=
)
A
T

* Conslder girder: M, = Beam momeni + Momenl due 1o w,
x{f-x)
2

= Beam momenl - W, X

V, {shear force at x)
=Beamshear + Shear duelo w,

=Beamshear- w, (% ‘x]

[ZELOSERFE:R A suspansion bridge of span 100 m and widlh € m is having Iwo cables slitfensd
with two hinged girders. The central dip Is 10 m, the dead load on the bridge Is 5 kN/m? and the live load
is 15 kN/m? which covers tha lelt half of the span. Detarmine the shear force and bending moment at

20m [rom ths lsfl end. Also find the maximum tenslon In the cabla.

Solution:
Alyn
- L——E H
10m
]
= 4
<
100m 4
(a)
™
I
t
wl
R.'L MHHHHI‘II}%
L sokrum 13 b

{b) Loading for beam shear ond boam mement

15 v 45 = GO KN/m 15kxNm
! LRI r\mﬁ‘mr\nr\r\nﬁn’[f\r\m

14D6.25 kit

2343.75kN
{c} Loading for boam shear and beam moement




{because there are two girders so load will be "édﬁauy dislributed lo each of lher:'n)

Now, {=100mh=10m .
Dead load per girder = Sx-g— =15 kNim
. . 6 !
. i:v;e lead pergirder = 15x 5 45 kN/m on lelt hall portion
otalioad on girder = 60 =
Consldering cable: : 80 IS
= Equivalent UDL is transmitted o cables is !
Tolalload 3750
Wu = _=W=375 kam
W,/ 37.5x100°
H= L= =
BT " 810 | o075
Ve \v,,£=37.5xl°3= 1875 kN
2
Toox = Vi = 2 2 = 5
Consdorng e V18752 + 4687.5% = 5048.6 kN
Shearat (V) = Boam shear + Shear due lo w,
Ay = Mg _15x50x254B0x50%75
100 100
A, = 2437 5KkN
Beamshearal D' = R/-80x20
= 2437.5-1200= 1237 5kN
= vy = 1237.s-xv,(i—x]
2
- = 1£32.5-37.5(50-20) = 112.5kN
\ M, = Beam moment + Momen! due to w, '
= Beam moment — Wei([—z-iz
= [2437.5%x20-60% 20 x 10] - 37,5 x 20 x %
= 6750kNm
Summary »

Suspenslon bridge makes use of i
Ny suspended cables which in turn help for long span
The shape of funicular polygon is same as the shape of a loaded cable,

Under uniform distribuled loadin, i
ba parabola. g over entire span, the shape of the cable is assumed to

[

Q.1

Q2

Q3

Q4

? " Objectivé Biain Teasers

«  ButunderUDL or dua toils own weight in real ity dellecled shape is caténary not paraogia. .

»  Forldentical conditions and foading, horizontal loree is comparatively much grealer at (he
supports lor flat cable {ihat is having lesser sag or dip) o S

« Tensionin cable varios along ils len gth whereas horizontal force in the cable is constant.

+  Dueloincrease in temperature, dip inhe cable increases and therefore horizontal force

decreases.

+ Dueloincreasa intemperalure, dipin

{ha cablo increases and therefore [he strass decreases.

« The glrders may be thres hinged or two hinged, suspended from the cables lhrough the
hangers or suspenders. Then alterwards roadway is provided onthe stilfening girder.

« ‘Loads are enlirely taken as tension in the cable. )

Figure below show a cable suspendad through
simple supports. Assuming paint A as oligin,
the equation of cable prafileis

X x
- (45—
@ 75lx=30) B 5o
X X
© 35l @ 50y
Tensionin cable under UDL

{a) varies along ils length

(b) is constanl

{c) has maximum value at the support
{d) Both{a) and(c)

Harizontai force in the cable
(a) varies along ils length
{b) maximum al supporl
{c} isconstant

(d) maximum at mid span

A cable is suspended through simple supports
(al same level) having span equal lo 20 m and
dip equal 1o 2m. Then curved length of the cablie
is »
{a) 18.52m
c) 23.61m

[P

(b} 20.53m
(d) 24.82m

Q.5 A cable straiched between lwo supports 50 m

Q.6 For a suspended cable arrangement shown

apartwith one and above the other by 5 m. Thel
{efl supportis abave the right suppon. The cabl
is loaded wilh uniform distributed load of
10 kN/m and dip in the cablais 8 m. The distanc
of he lowest point measured Iromtight support i
(a) 31m {b) 45m

(c) 63m (d) 89m

below, 1he curved langth of cable is

9m

30 M ———mste— 20 M

(6) 44.44m
(d) 68.81m

(a) 28.68m
{cy 52.33m

Q.7 Tne bending moment for the pier in case of

cable clamped (o saddie carried on smoothroller:

on the top of the piceris

(a) depends on harizontal camponents O
tensions of bath sides of cable

{b) zero

{c) equal1oan~,varbilraryvalue

{) both{a)and(c)

Q.8 Figure below is of force polygon of a loade

suennnd cable. op. oq, or and 0s reprosent g

—



lensions T\, T, 7, and 7, inthe segments of the
cable. The valua of 7, is

T R
z| £
S| =
S
1 B S °
8
5 < r
B %
s
R
P 40N ———
{a) 30KN {b) 50kN
{c) G6OkN {d) S0kN
Q.9 Loaded ¢able supporled al the ends satisfies
the conditionfconditions

{a) Tha'orce polygon should be open

tb} The lorce polygon should be closed

{c) The lunicular polygen should be closed
{0} Both (b) and (c)

Q.10 The tunicutar polygon is
(a) sams as the shapo of loaded cord
b} ofatriangular shape
(¢) of aparabolic shape
(@) asiraight lire

Q.11 Acableis susponded through simple support
: altha same fevel. The equivalent weight on ihe
cable is 10 kN/m. distanice betwesn supportis
50 m and the sag ol the cable is 5 m. The

horizonlal reaclion at the support is
(@) SO0KR (D) Ga5kN
{t) 675kN {d) 750kN

Q.12 The equivalen! unifarm dislribuled Ioad acting
on the suspended cable with lhvee hinged
stilfening girder is 5 kMfm. The spanal the cable
is 10mand sag ol the cableis 1 m. The MaxRimum
tension acting on the cable is

{8) 46.2kN
{c) 74.4KkN

(b) 67.3kN
(d) 88,7 kN

Q.13 Oegreeof indeterminacy of a suspension bridge
with a wo hinged sliffening girder is x and (hat
forathree hinged sliftening girdaris y. Theng-yis
@ 1 b) 2
{cy 3 (dy 5 ’ 5.

Q.14 The maximum tension occurring ina susbended
cableis 5 kN and horizontal lension is 4 kiN. The
inclination of {he cable with the horizontal at ihe
support is ’ ;
(@) = fe) a7~ f
{c) 53 (d) or '

L -Answars L )
L(d 2 3 () a (o s, (a)
B. (&) 7.(b) & (b) 9. (d) 10. {a) ,
11.(b) 12, (b) 13. (8) 14. (by) ' . i

Hints and Explanations: :

1, (d) !

4y, 4x5 ,
=B () 0] = s X v % (30 -
¥ 7 ‘( ) 307 ( ")

!’ [Vc +d]"2 i [é)vz
L=y, 3

. [‘ = 1.633’2
Bul, 4 +1,=50m
- [, =3101m=31m
{c)
' L= I+g E*-é
3L 4 2
2fe? 42
= 50+§'[§0‘+20]
= 52.33
(b}
T‘ = m:s@ kN
()
w2 _10x50% e
“ By, B8x5
(o)
Wl
Ve Wy ‘-'VB:_;'
23210 g
2

£=5x10”

= 8y, 8x1
- % =625 KN

Towe= W2+ = 252 4625

= 67.315~87.3kN

= S5kN
H=4kN
H=T,,cosé

8= GOS"F)
5

0= 3687°=37"

Toe




