UNIT-I &I

INFLUENCE LINES FOR DETERMINATE AND INDETERMINATE BEAMS
PART - A
1. Where do you get rolling loads in practice?
Shifting of load positions is common enough in buildings. But they are more

pronounced in bridges and in gantry girders over which vehicles keep rolling.

2. Name the type of rolling loads for which the absolute maximum bending moment
occurs at the midspan of a beam.

(i) Single concentrated load
(i) udl longer than the span
(i) udl shorter than the span

(iv) Also when the resultant of several concentrated loads crossing a span, coincides with a
concentrated load then also the maximum bending moment occurs at the centre of the
span.

3. What is meant by absolute maximum bending moment in a beam?

When a given load system moves from one end to the other end of a
girder,depending upon the position.of the load, there will be a maximum bending moment
for every section. The maximum of these bending moments will usually occur near or at the
midspan. The maximum of maximum bending moments is called the absolute maximum
bending moment.

4. What is the absolute maximum bending moment due to a moving udl longer than
the span of a simply supported beam?(Apr/may-2018)

When a simply supported beam is subjected to a moving udl longer than thespan,
the absolute' maximum bending moment occurs when the whole span is loaded.

Mmax = WI%/8

5. State the location of maximum shear force ina simple beam with any kind of
loading.(My/june-2016)

In a simple beam with any kind of load, the maximum positive shear force occurs at
the left hand support and maximum negative shear force occurs at right hand support.
6.What is meant by maximum shear force diagram?

Due to a given system of rolling loads the maximum shear force for every section of
the girder can be worked out by placing the loads in appropriate positions. When these are
plotted for all the sections of the girder, the diagram that we obtain is the maximum shear
force diagram. This diagram yields the ‘design shear’ for each cross section.



7. What is meant by influence lines?

An influence line is a graph showing, for any given frame or truss, the variation of
any force or displacement quantity (such as shear force, bending moment, tension,
deflection) for all positions of a moving unit load as it crosses the structure from one end to
the other.

8. What are the uses of influence line diagrams?(Nov/dec-2017,2016,Apr/may-2015)

(i) Influence lines are very useful in the quick determination of reactions, shear force,
bending moment or similar functions at a given section under any given system of moving
loads and

(i) Influence lines are useful in determining the load position to cause maximum value of a
given function in a structure on which load positions can vary.

9. What do you understand by the term reversal of stresses?

In certain long trusses the web members can develop either tension or compression
depending upon the position of live loads. This tendancy to change the nature of stresses
is called reversal of stresses.

10. State Muller-Breslau principle.(Nov/dec-2016,Apr/may-2015)

Muller-Breslau principle states that, if we want to sketch the influence line for any
force quantity (like thrust, shear, reaction, support moment or bending moment) in a
structure,

() We remove from the structure the resistant to that force quantity and

(i) We apply on the remaining structure a unit displacement corresponding to that force
guantity.
The resulting displacements in the structure are the influence line ordinates sought.

11. Sketch the Influence line for shear at D for the beam(.Nov/dec-2019,2015)
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12. Draw the influence line for shear to the left of B for the overhanging beam.(Nov/dec-

2019,2015)
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PART - B (16 marks)
1. Two point loads of 100 kN and 200 kN spaced 3 m apart cross a girder of span 12
m from left to right with the 100 kN leading. Draw the ILD for shear force and bending
moment and find the values of maximum shear force and bending moment at a
section4 mfrom the left hand support. Also evaluate the absolute maximum
bending moment due to the given loading system. (Apr/ 2012, Nov/
2013) May Dec
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2. A simply supported beam has a span
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of 16 m is subjected to a UDL (dead load) of

5 kN/m and a UDL (live load) of 8 kN/m (longer than the span) traveling from left to
right. Draw the ILD for shear force and bending moment at a section 4 m from the left
end. Use these diagrams to determine the maximum shear force and bending

moment at this section. (Apr/May 2018)
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3. A live load of 15 kN/m, 5 m long moves on a girder simply supported on a span of
13 m. Find the maximum bending moment that can occur at a section 6 m from the

left end. (AUC Nov/Dec 2012, May/June 2014)
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4. Draw the influence line for Mg of the continuous beam ABC simply supported at A
& Cusing Muller Breslau’s principle. AB=3 m,BC=4 m.El is constant. (AUC
Apr/May 2011)
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5. Draw the influence line diagram for the propped reaction of a propped cantilever

beam having span 6 m. Take El = constant. (Nov/dec- 2019,2016)
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6. A simply supported beam has a span of 15 m and subjected to an UDL of 30 kN/m,
5 m long travelling from left to right. Draw the ILD for shear force and bending
moment at a section 6 m from the left end. Use these diagrams for calculating the

maximum BM and SF at this section. (Apr/may 2017,2018)
Solution:
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7.A continuous beam ABC is simply is simply resting on supports A and C, continuous
over the support B and has an internal hinge D at 4m from A and E at middle of span BC.
The span AB is 7m and the span BC is 8m.Draw Influence lines for

i. Reactions at A,B and C
ii. Shear to the right of B
iii. Bending moment at E.(Nov/dec-2019,2016Apr/may-2017,2016)
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8. Using Muller Breslau Principle, draw Influence line for bending moment at mid span BC
i.e(D),Compute the ordinates at 1m interval.(Nov/dec-201,20157)
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9. Draw the ILD for the foces in members U,L, and U,L3 of the truss shown in fig.(Nov/dec-

2017,2015)
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10. A train of 5 wheel loads crosses a simply supported beam of span 22.5m. Using
influence lines calculate maximum posistive and negative shear forces at mid span
and absolute maximum bending moment anywhere in the span.(Nov/dec-

2017,May/june-2016)
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Figure 5.22(b) ILD for SF. at mid-span with loading for madmum —ve S.F.
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UNIT-II  ARCHES
PART - A
1. What is an arch? Explain.

An arch is defined as a curved girder, having convexity upwards and supported at its
ends.The supports must effectively arrest displacements in the vertical and horizontal
directions. Only then there will be arch action.

2. State Eddy’s theorem.

Eddy’s theorem states that “The bending moment at any section of an arch is
proportional to the vertical intercept between the linear arch (or theoretical arch) and the
centre line of the actual arch.”

3. What is the degree of static indeterminacy of a three hinged parabolic arch?

For a three hinged parabolic arch, the degree of static indeterminancy is zero. It is
statically determinate.

5. Explain with the aid of a sketch, the normal thrust and radial shear in an arch rib.

Let us take a section X of an arch. (fig (a) ). Let 8 be the inclination of the tangent at
X. If H is the horizontal thrust and V the vertical shear at X, from the free body of the RHS
of the arch, it is clear that V and H will have normal and radial components given by,

N=H cosB + V sinB
R=V cosB - H sinb

4. Which ofthe two arches, viz. circular and parabolic is preferable to carry a
uniformly distributed load? Why?

Parabolic arches are preferably to carry distributed loads. Because, both, the shape
of the arch and the shape of the bending moment diagram are parabolic. Hence the
intercept between the theoretical arch and actual arch is zero everywhere. Hence, the
bending moment at every Section of the arch will be zero. The arch will be under pure
compression which will be economical.

5. What is the difference between the basic action of an arch and a suspension
cable?

An arch is essentially a compression member which can also take bending moments
and shears. Bending moments and shears will be absent if the arch is parabolic and the
loading uniformly distributed. A cable can take only tension. A suspension bridge will
therefore have a cable and a stiffening girder.

The girder will take the bending moment and shears in the bridge and the cable, only
tension. Because of the thrusts inthe cables and arches, the bending moments are
considerably reduced.If the load on the girderis uniform, the bridge will have only cable
tension and no bending moment on the girder.



6. Under what conditions will the bending moment in an arch be zero throughout.(Apr/may-
2018)

The bending moment in an arch throughout the span will be zero, if (i) the arch is
parabolic and (ii) the arch carries uniformly distributed load throughout the span.

7. Indicate the positions of a moving point load for maximum negative and positive
bending moments in a three hinged arch.

Considering a three hinged parabolic arch of span ‘I’ and subjected to a moving point
load W, the position of the point load for a. Maximum negative bending momentis 0.25I
from end supports. b. Maximum positive bending moment is 0.2111 from end supports.

8. Draw the influence line for radial shear at a section of a three hinged arch.
Radial shear is given by Fx = H sinf - V cos8,

Where 6 is the inclination of tangent at X. | sin@ | — x cos0 4r

9. Distinguish between two hinged and three hinged arches.

Two hinged arches Three hinged arches
Statically indeterminate Statically determinate
Might develop temperature stresses Increase in temperature causes increase in

central rise. No stresses.

Structurally more efficient Easy to analyse. But in costruction, the
central hinge may involve additional
expenditure.

Will develop stresses due tosinking of Since this is determinate, no stresses due
supports to support sinking.

10. Explain the effect of yielding of support in the case of an arch.

Yielding of supports has no effect in the case of a 3 hinged arch which is
determinate. These displacements must be taken into account when we analyse 2 hinged
or fixed arches under

JU = AH instead of zero oH
JdU = AVA instead of zero dVA

Here Uis the strain energy of the arch and dH and AVA are the displacements due to
yielding of supports.

11. Write the formula to calculate the change in rise in three hinged arch if there is a
rise in temperature.

Change in rise = 1> + 4r* a T 4r
Where | = span length of the arch r = central rise of the arch a = coefficient of thermal expansion

T = change in temperature



12. In a parabolic arch with two hinges how will you calculate the slope of the arch at
any point?

Slope of parabolic arch = 8 = tan-1 4r (I — 2x) 12
Where 6 = Slope at any point x (or) inclination of tangent at x.
| = span length of the arch, r = central rise of the arch

13. How will you calculate the horizontal thrustin a two hinged parabolic arch if
there is arise in temperature?

Horizontal thrust = | a TEI /y?dx
Where | = span length of the arch
y = rise of the arch at any point x
a = coefficient of thermal expansion
T = change in temperature
E = Young’s Modulus of the material of the arch
| = Moment of inertia
14. What are the types of arches according to the support conditions.
i. Three hinged arch
ii. Two hinged arch
iii. Single hinged arch
iv. Fixed arch (or) hingeless arch
15. What are the types of arches according to their shapes.
I. Curved arch

ii. Parabolic arch'iii. Elliptical arch iv. Polygonal arch



16. what is the value of horizontal thrust when it is subjected to an UDL over the
right half of the three hinged parabolic arch?(Nov/dec-2019,2016)

H = wi¥/16y;

17.Name any two methods for analysis of two hinged arches.(Nov/dec-2019,2016)
Eddy’s theorem
Double Integration method

18.Define Rib shortening.(Apr/may-2018,2015)
If the magnitude is high it may result in the change in the length of the arch, due to

corresponding strain, which can be found out by the Hooke's law. The final result will be

the shortening of the arch. This effect is known as the Rib shortening.
19. What are the advantages of three hinged circular arches?(Nov/dec-2017,2015)

a. The bending moments and shears operative over cross sections of three hinged arches
are significantly smaller as compared to the subseqguent stresses in a simple beam
covering the equivalent span and bearing the same load. So, three hinged arches are

inexpensive relating to ordinary beams, specifically for large span structures.

b. Calculations are very simple as compared to other type of arches.

c. No bending moments are generated at the abutments and the crown since hinges cannot
withstand moments.

d. Differential settlements of the supports do not impact stresses, since the pines or hinges
allow the arch to assume the slightly different shape consequent upon settlement.

20. Name the stress resultants induced in the arch section?(Apr/may-2017)
Bending moment
Shear Force

21.Name the two methods for analysis of fixed arches (Apr/may-2017)
o Castiglino’s theorem
o Elastic centre method
o Column analogy method.



PART - B

1. A circular (three hinged) arch of span 25 m with a central rise of 5 m is hinged at
the crown and the end supports. It carries a point load of 100 kN at 6 m from the left

support. Calculate

i. The reaction at the supports and

ii. Moment at 5 m from the left support. ( Apr/May 2017,Nov/dec-2017,2015)
Solution:
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Step2 : Reactions B, and & :-
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2. A parabolic two hinged arch has a span of 40 m and a rise of 5 m. a concentrated
load 10 kN acts at 15 m from the left support. The second moment of area varies as
the secant of the inclination of the arch axis. Calculate the horizontal thrust and
reactions at the hinge. Also calculate maximum bending moment at the section. (
Nov/dec- 2019,Apr/may-2018,2016)

Solution:
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"ﬁ?q.‘ft‘_'.ﬂ% mowent abeout A,
~Vp x40 +(lox15) =0
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1
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3. A symmetrical three hinged circular arch has a span of 13 m and arise to the
central hinge of 3 m. it carries a vertical load of 15 kN at 3 m from the left hand end.
Find

i. The reactions at the supports,

ii. Magnitude of the thrust at the springing,

iii. Bending moment at 5 m from the left hand hinge and

iv. The maximum positive and negative bending moment. ( Nov/Dec 2012)
Solution:
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sSteph szndn‘mg Momerst. at S5m0 fwm left Sugport.

Ty e Bnding moment «f A= 5m foom the. left suppert ,
we find +he vadiug and Y velue by wiing +the formula
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—
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B. W XS — Haly) — 15 x =

= (154 x5) — (7-5 x2-96) —{15%>>

i Barv) = €25 ErS e !




Step 5 - Normal thrwt and padial shear :-
i) NoYwal 'Ht_'x;mt lat %= 5 Frove A).
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4. A two hinged parabolic arch of span 25 m and rise 5 m carries an udl of 38 kN/m
covering a distance of 10 m from left end. Find the horizontal thrust, the reactions at

the hinges and the maximum negative moment. (Nov/Dec 2012, 2013, May/June
2014,2015)
Solution:
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5. Derive the expression for horizontal thrust in a two hinged parabolic arch carrying
a point load P at distance one fourth spans from left support. Assume

I =lo sec 0. (AUC Apr/May 2011)
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7. A parabolic two hinged arch of span 60 m and central rise of 6 m is subjected to a
crown load of 40kN. Allowing rib shortening and temperature rise of 20° C,
determine horizontal thrust, H. IC = 6x10° cm® AC = 1000 cm?, E = 1x10* MPa, a =
11x10°/° C, 1 = IC sec 6. ( Apr/may 2017)




Solution:
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8. A Symmetrical three hinged circular arch has s span of 13 m and rise to the central hinge of
3.5 m as shown if Fig. Q. No. 13(a). It carries a vertical load of 15 kN at 3m from the left hand
end. Find:

i.  The magnitude of horizontal thrust at supports
ii.  Thereaction at the suppots
iii.  Bending moment of 5 m from the left hand hinge and
iv. The maximum positive and negative moment. (Nov/dec-2015)
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Step5: Novmal thvwt and Radial shear :-
M noYmal -Hn_zmtfqt A= S Frow A).

Ny = V sine + H los&
heve, )
- ~ | E
& - tan (F{E)

! -5

G- 4
& = 10° 7'

net verbical shear force at %= Seofromh

= dan

vV =

Vp =15
54 -15
- 346 KNJ.

It

-
<
"

Ny = é 3 4bx S lo* -j'))+é_ 5 x toslo® ‘.-‘l))
[N, = 6:-77 kn ]

"IRadial $heay : -

Ry = Vtse - HSins
= 63-#6xw&{;&,' ﬂ’j—{'ﬁ-ﬁx;in[fo“ 1’))

FRx = =472 Kl\ﬂ

step 6: Moarmuw Bending Moment : -




Matimum posit(v.a. (Sagginﬁ) ord;‘m'lz,, = X (‘i =)
= 5(13-5)
13
= 3-08_
Net Maxioum Pos';‘b've O‘rdina’&; x =

3.08~ 3-8

6.5
X = 0.7

Mariroumn Posfb'va_ m_omm‘t = load X prdin ate

=715 x 0.77)

x(L-2)
A
5(13-5)
13
=3.08
Net mawmum mia‘h'vz ovdipale = 3-08 _ .3%3_ xbS

Mawimum Nlﬁaﬁ"f t hoﬁfn7)07dim’h

"

B

- 058
Maximusn Ntﬁa‘livg, mowent. = Load x ordinat
= 15 x 058
= 8. 7kNvm |



9.A parabolic 3 hinged arch shown in Fig. 13(b) carries loads as indicated determine.
i. Resultant reactions at the end supports
ii. Bending moment,radial shear and normal thrust at D, 4m from A.(Nov/dec-2016)

30 ko

4, = o-g9(20-4)D
177-3 - 0894,
1-91, = 178

’T, = 9-42m'

12 = 20-—.1,

= 20-9. %42

[12 = 10-58 p, |

stepo: vevyhwl and Horizontal Beattiong : -

Cow’)sidﬂini e Fofhon 1o ledt O‘fc and tql’r‘ni m%
Vaxi0-5g ~Hx5 - 3ox{o.5¢)" -,

2

10-58Vp ~5H = 479 D)



Taring wmoment about vight of ¢,
-Vg X9-42 + Hxh =0
-q-42Vg + 4K o —3)
By Sv=o,
Va t+Vg = 30XI0 = 30
Vg = 300-V4; —20)
St ® iv O,
- Q-3 (300-Vp) +t4H =0

~2826 +942V, 444 =0

+9-42Vy 440 = 2826 —-FD)

By .SoLvh‘J? egn. D and &)
V, = 233‘.12 KN
[H = 157- 59 KN |

[Va - 6682 ew

Step3 - Bend?n? Mowxnt ot A= 4vo from A -

&=

BMy = Vyx4 - Hxy - 30x 4)*
2
heve,
! 9 = i‘%_i xf LD
= fﬁ_-—o X x . —-zﬁ-
@x:o.se)” 4(@ 10580 =)
Y=._3-05m|

My = (233-!'1 X4) ~157-49x 3. 05) - 240

Step 4 . Noywoal thrwst and’ 2@3 3’1_@7:*
i) Noymoal thyust :-

N = Viing + H lose



heve,

v = wNet vertical sheay fovee at n=4m ﬁmA‘
= VA - 30X4
= 233.!2 -/2p

LV = 1312 gy |

H =157, $9 kwn

6 = tan-! x (21 /5—2x4)>
.'2! )6)
= tan~! [ AXS . x [ - 8)7

@r1e)*
= tan”'(0.58¢)
m
Nz 13-12x8inl30° 27') + 15749 % (os(36"27)

= 5733 +135.77
E = 193.) Jqd

i) Radial Sh@r S

R = Vcos® -} Sims
11212 x tos (30029') — 45749 x8in(30c°27")

177 knt|

1

E




10. A Uniformly distributed load of 25 kN/m covers the left span of a three
hinged symmetrical parabolic arch of span 16 m and central rise 3 m.

Determine the horizontal thrust and also the bending moment, shearing force

and normal thrust at the loaded quarter span. (Nov/dec-2019,2017,Apr/may-
2016,2018)

step!: Vevtial Reactlons Vv, and Vg -

ZVv=o

Va4 Vg = (25x8) = 200 —-®
Talcina moment alout A

_VB x1b + 25"(,5-25) -6

= 200
VA'+ 50 = 204
Va - 200~ 5p

[Va = T50kn]

&2 : Ho'n‘zmta\ ﬁeatﬁoos 2w

Taxing mowment abeout ¢

2
Va X8 —-25)(%_ - Hy X3

=0

Cls‘oxs) - (2'5x ‘8/:) — 2H, =0

rHA 133-332\_1]

Hp = 123.32KkN

n




Step3 ; Resultant Rzeactions at A andB:-

Ba = \) Vatt T = Jr(/so)’}(rs;-ss)z

KA =200.6

Bs = |+ by = J(so)’}(!as-n)"
Ee 14239 kﬂ

step 4 : Berding Moment at A= 4m -fnm A;-

1]

"

B = Vaxh —2B6x 4> — Hpx
A "4/2_ A%

To find ¥:-
For Pa'mbolic arches,
4 = % x40
1>

BR T

B-m = (Isox ¥) - @Sx_g’) - (133-33):2-25)

[B.m = 180 Ko |

Radial cheay force at x=4m trom 4:-
S-F . Ry = V tose - HSins

Step 5

heve, V= wNet verbal sheary fore at x=4w 7"MA.
= Vy - Wr$=/50- BSxy)
[V = 50 en]
H = Honzontal shay free = /233.33 40
o = -tan"[ -41% (1‘2")]

= ia”"[%_ (16—2(4))]

= tan'(0375)

E = 20'3‘3]




R = B xtos (207337) - i33.23 x 5 (20°23))

IR :0-4’5 : l"JNI

Step b Novma) thrwt at x-=
Novmnal Hougt, N,

& 'f?nmi} L

= Wy 3im@ + H tosa

T B x$in{20°33') + 133.33x wsiza'gg_f)

Py = 23 ey



11. A three hinged parabolic arch of span 20 m and rise 4m is subjected to a
uniformly distributed load of 20 kN/m over a entire left span. Find the
horizontal thrust and maximum bending moment.(Nov/dec-2015)

Step 11 Vertical Reactions ,.

ZV =0

—
Vﬂ +V3 = 200 -
Tam‘ng moment about A ,
- Vg X20 +€o xLo)z) -
2

&s 50 m]

VA g 50 200
[

"

som |




Step 2 1 Hovizontal Peactiops :-

TH-o
Hp + Hg = ©

Taking  moment about ¢,
2
2

‘/. &A = 125KnN

He = -l2skw | = )25 KN

sp3 : Resultant Peartions ;-
By = JVA’H}A" = J(lSo)2+Q25)7‘
LRA = 195.25 zﬂ

Rs 2 s n> - J(So)’+(:zs)z

[Ea = 13463

Sep4 . Maximum Bending Moment -

2
BNy, = VaxX - 200x%_ pxy
he'fl,
J = 41g‘ x (L~x)
' e

0-8% — c-0hx*,

aC
1

Em 150% — 10x*— 125 [0-8%- 0-04%2)

1

150x - 10%* - Joox + 517

B~ EoxX - 5AT



‘D:‘ff.ﬂqn'ﬁat& w ith ':’f.’;i:pétf to M,

AM 56 _jox
ofn
() = S50 —{boo
l_?{ = 5m |,

SooBm = so%-527 = (soxs) - 5 x(5)

)TEW"! = 125 KN !




12. Find the reaction components at the supports of a symmetrical parabolic
fixed arch 20 m span and 3 m central rise when it is subjected to a uniformly
distributed load of 2 kN/m over the left half span.(Nov/dec-2016)

Hovizontal +imut ) - Y, +H,
- hovizoptal tvwt undey the load .
horizomtal st due 4o ‘Eempemﬁup Yise
b, = IXT ET

[y>ds

]
Sy dx
Jy2dx

Veythcal Beat Tons :-

heve, H,
H} -

H, =

,S-L—eg 7

ZVv=o
VA +VB - 40
Tacfng moment about A,

—Vp x 60 +(4~0X3c9 = o
}VB-: 2021\)]

VA = 40 ~-20
FV/; ::.QOENI

Step 2 ;. Hovizonta) thyust (H,):-

30 6o
Ty ydx 4 {1y ydx
o 30

. fuydx _
24 ©
Jy*dx fy’dx
H, = Nal))# Nyl2) °
Dy

1) Denominator ;-

. 6o
Dy = f ¥ *dx
o

"vaé, 3 — 43( ‘X(l“x) — Jrxd (l,x_,.xz)
12 Lbo)z

24 [ box —>2)

(bo)”

O.4x -0 0cob7x™

[4=




bo
2
Pr = f (04x - 0 0067%%) dx
0

bo
= [ (O-t6x2%) 4-4gx55 x4 0-0054x3) dx
0

-— . 3
- [O 16 % + 4.1'3‘"0-515 6
3 ——— - 0'003474‘]
=) x4

°

[( 520 4+ 696729 - 174 96) -oj

[;v = 99).29

) Numexator (1) ;-
30
30 -
Nv(') = My d =
of y dx _/(aox)(o-z,w-o-oobvx*)a’x
30 L2,
- Iég '12._0-)31)\-7(3)dﬂ(

©

30
= (32‘_3 - 0-'341‘f)
3 4 /

[( 72000 - 27/35)-0]
44865 ]

1

Ny (D)

\

i) Nunevatoy(2) o

éo
Ny (2) = f“zyd‘x
; " 3o

hew, Wy 5 20 -4 0% 41200
U, = (200 -20% ’
r 2) ax
My (2) = _f { 1200-20%) (04 x — ©-0067 X
20

':fszgox - 8ohx*- 3x* 4+ 0.134%3 ) dx

30

bo
= j (480% - 16-04 X%+ 0.134 ¥3) dx

30



to
= [480*’ _1bopx3 | o :34::4]
2 3 7
30
= [( 864000 — [/54880 + 434160 )
- (216000 - 144360 + 27;35)]

nel()) 4 ”"(2)
Mo () MN(2
D

= (4#6’65 + 44505')
99). 28

. {H, = 90.16 kN ’

Step3: Zniveased Hovizostal thyust -

lodTET

4
f Y?dy

o
bom .
ltxot )7p

A1
o«
T = 20%¢
E
T

=
]

"

fxiotmps - 1Y 107K
= T,secq

Te = b5y 4
= 6105yt 0:006 m#

f;"_{h—x’)

>
"
.
k\( ac
! "

¢ = _4%[,(-21)
A .
= 4xé (60-.?(39))
(60)?
8 = o
T - I, Secs

U-pob
—_—teo
tesio)

T - ©O-006 m#%



11
- 4x& Lbo'x 12)
(60)*
y= 0-4%- 0-0067 X*
H, = 1ATEL
* %
f y? dx
°
heve,
bo N 60 N
Dv :f yrdx = J (o-w—o-oobvx’)dx
0 0
bo

\

j(o.lbxz + 4-4841/551" - 5.3(,x.5373)dx

V]
~3 .4 . bo
- [0-'b1?’+ 1,-48‘“’/0’5:5 B 5.3b X0~ X ]
3 4
> o

A

[(Hszo + 6981.29 - 177366- 1,) —-o]

My = (box Hxw® x20x 1310 o-oob)
N3y -89

H1= 697'86 N
‘ Hy = 0-697KkwW

He Hy+H, = 9o.)p 4 0697



13.A three hinged parabolic arch of span 100m and rise 20m carries a
uniformly distributed load of 2KN/m length on the right half as shown in the
figure. Determine the maximum bending moment in the arch.

2 kN/m
L L LE)

L]
e
3
L]
e
3

—_

P!A_)
R =N,
® B
step i: Vertical Reactions :.
Z_\_I,E_O
Vap +Vvg -= 0o

Tak.hn? moment about B,
Vp X100 — 2x(i<=*21 = B

|Va = 25 k0]

Ve o

= loo - 25
us 75 k0 |

\




step 2 : Hovizontal Reaclions :-

Zb‘;:o
Ha = He
Taxirg morment abeut ¢

v 56 - 2 x(50)*
B X 20 X{_ o)-HBx\jC =0
(‘75 X50) - (50)"" - 20Hg =0
/He = 62-5¥n]
UM = 62.5 ICNJ

step 3 Resultant Peaclions :-

2A = } VA2* HA!. - J@‘S)’-#‘ (62-5‘)2
[Br = t737km]
Ep = f
B - V32 -+ Haz - (75)11_(52.5)2
[Fe = 97,43 ]

step 4 ; Maximum Bendizz Moment ..

The i i
maximum bend:ng moment  will peruy
al a settion XX at' K’ distarre ;ﬂ?urr) B

—

BN - aVoax 2x%2
BEX + 2XX" 4 Hgxy

heve, A
.- izcz(l-w)
= 4x2
(ra:)ze X "(’”"1)

g = 0:-8x -o0.008%%

g5 + A% 4 62:5 (081~ 0. coBx)

s + A% 4 BOX 4 0.5%*

- 25% t 05%*?
|



Foy md«jﬁmum bﬁnd!ﬂj’ MD‘mfnt’ ,d”’}'n_ -0.

dn
p‘,ff.gur,rh'ate. worth TE-!PPE’! to A
9‘_1""_:]_-:_1. = =725 4+ %X
ol '
o = ~25 4+
[n = .2-5mj

My = =25 +0.5%n2

W

[-25x25) + (0.5 x @5)*)

- 312.5 kuml

I

o

14. A two hinged parabolic arch of span L and rise R carries a UDL of w/m run over the
left hand half of the span. The moment of inertia of the arch rib varies as the secant of

the slope of the rib axis.
a. Obtain the expression for the horizontal thrust H.

b. Calculate the horizontal thrust and bending moment at quarter span

point on the right half of the span if [=20m, r = 4m and
w=20kN/m.(Nov/dec-2017)
@ \"M‘ICASL Mact;f‘b_'\&' e &N P
| N\ ( | Jamya
ff_’\')b> o \ W s
W Q LY A A— -i;, — 5

- L\«L % D
—— e = A
- 8
\\v' = UJ£ {
s 7
2]
2} Hovizedad T iy J’LL%A:{
] U

5 flh u»(a £ - 20) A=
2_4






sl WL ~2 L 4 ) J
i b4 SI& lag =20

- 4.”,&*[50 1§ =20 4]
2560 J
N+ [)) = £ S'NQ’Y |

e —————

S0

NA(2) 2 pyvb(““’f)

Q
- 8300) \'\




2%¢
N' P‘Nd‘(‘) ‘}’N"(9
= Sl Sun
220 ’gg';‘

i%‘”" = 4 45 Q-I)

qrastien Vols) - 43
s s) ~ r{.s)
bm@’“‘ﬁ“’ ::o L



UNIT 5 - PLASTIC ANALYSIS OF STRUCTURES

PART - A (2 marks)

What is shape factor? (Apr/May 2016) (Nov/Dec 2019,2017)

The shape factor is defined as the ratio of the plastic moment of a section to the yield
moment of the section.
State upper bound theorem. (Apr/May 2018) (Nov/Dec2016)

Upper bound theorem states that “A load computed on the basis of an assumed mechanism
is always greater than or equal to the true ultimate load”.
Define plastic modulus. ( Nov/Dec 2017)

The plastic modulus of a section is the first moment of the area above and below the equal
area axis. It is the resisting modulus of a fully plasticized section.

A
Z
=, y)

P2
. What are meant by load factor and collapse load?( Nov/Dec 2018,2017 & May/June 2016)
Load factor:
Load factor is defined as the ratio of collapse load to working load.
collapse load W,

Load factor, j, = i i
working load W

Collapse load:

The load that causes the (n + 1) the hinge to form a mechanism is called collapse load where
n is the degree of statically indeterminacy. Once the structure becomes a mechanism.
Define plastic hinge with an example.(Nov/dec-2019,Apr/may-2018)

When a section attains full plastic moment Mp; it acts as hinge which is called a plastic hinge.
It is defined as the yielded zone due to bending at which large rotations can occur with a constant
value of plastic moment Mp.
What is difference between plastic hinge and mechanicalhinge?

Plastic hinges modify the behavior of structures in the same way as mechanical hinges. The
only difference is that plastic hinges permit rotation with a constant resisting moment equal to the
plastic moment Mp. At mechanical hinges, the resisting moment is equal to zero.

List out the assumptions made for plastic analysis.(Apr/may-2016)
The assumptions for plastic analysis are:
» Plane transverse sections remain plane and normal to the longitudinal axis beforeand
after bending.



11.

8.

9.

10.

12.

13.

14.

15.

» Effect of shear is neglected.
» The material is homogeneous and isotropic both in the elastic and plastic state.
» Modulus of elasticity has the same value both in tension and compression.
» There is no resultant axial force in the beam.
» The cross-section of the beam is symmetrical about an axis through its centroid and parallel
to the plane of bending.
List out the shape factors for the following sections.(Apr/may-2017)
» Rectangular section, S=1.5
» Triangular section, S = 2.346
» Circular section, S = 1.697
> Diamond section, S =2
Mention the section having maximum shape factor.
The section having maximum shape factor is a triangular section, S = 2.345.
State lower bound theory.(Nov/dec-2018)

Lower bound theory states that the collapse load is determined by assuming suitable
moment distribution diagram. The moment distribution diagram is drawn in such a way that the
conditions of equilibrium are satisfied.

What are the different types of mechanisms?
The different types of mechanisms are:
» Beam mechanism
» Column mechanism
» Panel or sway mechanism
» Cable mechanism
» Combined or composite mechanism
Mention the types of frames.
Frames are broadly of two types:
» Symmetric frames
» Un-symmetric frames
What are symmetric frames and how they analyzed?
Symmetric frames are frames having the same support conditions, lengths and loading
conditions on the columns and beams of the frame. Symmetric frames can be analyzed by:
» Beam mechanism

» Column.mechanism
What are unsymmetrical frames and how are they analyzed?

Un-symmetric frames have different support conditions, lengths and loading conditions on its
columns and beams. These frames can be analyzed by:
» Beam mechanism
» Column mechanism
» Panel or sway mechanism
» Combined mechanism
How is the shape factor of a hollow circular section related to the shape factor of a ordinary
circular section?
The shape factor of a hollow circular section = A factor K x shape factor of ordinary circular
section. SF of hollow circular section = SF of circular section x {(1 — ¢/ (1 — ¢*)}



16. Give the governing equation for bending.
The governing equation for bending is given by
M o

Where M = Bending moment
| = Moment of inertia
o = Stress
y = C.G. distance
17. Give the theorems for determining the collapse load.
The two theorems for the determination of collapse load are:
» Static Method [Lower bound Theorem]
» Kinematic Method [Upper bound Theorem]
18. What is a mechanism?

When a n-degree indeterminate structure develops n plastic hinges, it becomes determinate
and the formation of an additional hinge will reduce the structure to a mechanism. Once a structure
becomes a mechanism, it will collapse.

19. What are the assumptions made in fully plastic moment of asection?
» Plane traverse sections remain plane and normal to the longitudinal axis after bending, the
effect of shear being neglected.
Modulus of elasticity has the same value in tension and compression.
The material is homogeneous and isotropic in both the elastic and plastic state.
There is no resultant axial force on the beam. i.e., total compression = total tension.
The cross-section of the beam is symmetrical about an axis through its centroid parallel to
the plane of bending.
» Longitudinal fibres are free to expand and contract without affecting the fibres in the lateral
dimension.
20. What are the limitations of load factor concept?
» The analysis procedure does-not give us any clue if at a load W\, / load factor the structure
behaves well.
» The stresses are within limit, so we have to check the stresses at crucial points by
conventional elastic method.
> This is a peculiar and unrealistic assumption.
» The assumption of monotonic increase in loading is a simplistic.

YV V VYV



PART - B

1. Derive the shape factor for | section and circular section.

(Apr/May 2011)
Isection:

—a—o
—I
—<—

Z, Plastic modulus
Shape factor, S= — =

Z Elastic modulus
Elastic modulus (Z) :

12 _12J (BD“" bde 2
Z = = X

™ 12) D

6D
Plastic modulus ( Z,) :

A
Z =—2(>+1+ng

p

A=2(b,d,) +b,d,




Circular Section:

l_..-ll
—

l_.ril
o

Z
Shape factor, S = . .
Z Elastic modulus

)

Plastic modulus

Elastic modulus (Z) :

Z = | 4
_9 - 5
2
_ 7D
32
Plastic modulus (Z,) :
A _ _
Zp:E yl+y2
D2
A 4
4
g _y, i 20
1_y2_37'r_31'|:
D’ (2D 2D\ =D?* 4D D?
ZP: —t— | = X— = —
4x2\ 3n 3n 8 3n 6
D3
z (6J D° 32 32
S: = = —— X =




2. Find the fully plastic moment required for the frame shown in figure, if all the members have
same value of Mp.(Nov/dec-2019,2018,2017,2016, Apr/May 2016)

5 kN
B 2m 2 m
2 kN bt J/ €
4m
6 m
i res
A D
rrrra

Solution:
Step 1: Degree of indeterminacy:
Degree of indeterminacy = (No. of closed loops x 3) — No. of releases
=(1x3)-0=3
No. of possible plastic hinges =5
No. of independent mechanisms =5-3=2
Step 2: Beam Mechanism:

EWD = 5(26) =100
IWD =M, 0+2M,0+M,0=4M, 0

EWD = IWD
10 0 =4 M,0
M, =25 kN.m

Step 3: Sway Mechanism:

4 Mo

EkN%l———
|




EWD = (2 x 40) = 80
IWD =M, 6+Mp6+Mp[4—e]+M (4—6J:3.33M 0

6 P16 P
EWD = IWD

80 =3.33 M, 0
M, = 2.4 kN.m

Step 4: Combined Mechanism:

2 kN%l—d—B—
|

EWD = (2 x40) + (5x26) =186

WD = M 8+M (26) + Mp(e +%) v [%ej =533 M, 0
EWD = IWD
180 =533 M, 0
M, =3.38 kKN.m

The fully plastic moment, Mp = 3.38 kNm.

3. A simply supported beam of span5 m is to be designed for an udl of 25 kN/m. Design a
suitable | section using plastic theory, assuming yield stress in steel as f, = 250 N/mm?.
(AUC Nov/Dec 2011)

Solution:

25 KNm




IWD=0+M,(20)+0=2M,0
EWD = Load intensity X area of triangle under the load

:25X(Ex5x2.56 J
2

= 156.250

IWD = EWD

2 M0 = 156.250
M, = 78.125 kNm

W.K.T.,
Mp= o, X Z;
6
ZP: %: w:312X105 mm3
o, 250
Assuming the shape factor for | - section as 1.15
_ ZP
Z
Zo_ 312 x10°
Z="F= 21X =27174x10° mm’.

S 1.15
Adopt ISLB 250 @ 279 N / m ( from steel table)

4. Analyse a propped cantilever of length ‘L’ and subjected to udl of w/m length for the entire
span and find the collapse load.( Nov/Dec 2017,2019)

Solution:




—0.586 {—}—0.414 {—]

Consider the moment at A as redundant and that it reaches Mp. the second hinge will form
where the net positive BM is maximum.

V=0
RA"‘RB_WC
. W
Ra =Ry =757
xT 9 20

W.. X o
s MX WX W
P , 2 20

59

For M, to be maximum, =

MW x)( 20 (x X)) .
dx 2| (¢ +x)? }_




(0 +x)(0=2%X) — ((x=x*) =0
2= 20X+ X0 —2X2 — (X +X° =0
2 -2x-x* =0

x> +20x—(*=0

20+ \[BF
2

X =0.414¢

Mechanism :
0.586 79 = 0.414 (0,
0, =1.4155¢
0 +0, =0+ 141559 = 2.4155¢

EWD # X ;x 7 X 0'586fe _ 0'293WC€6
IWD = M, 0+ M, (24155 0) + 0 = 3.4155M.0
EWD = IWD

0.293 W.r0 = 3.4155 M9

11.66 M,

L
5. Determine the shape factor of a T-section beam of flange dimension 100 x 12 mm and web

dimension 138 x 12 mm thick.( May/June 2019,2018,Nov/dec 2016)

W, =

Solution:
————100 mm —————
1§_ﬂm_-
49.48 mm
138 mm _|
100.52 mm
—1

12 mm



Shape factor, S = ZPf _ Plastic modulus
Z Elastic modulus
) Elastic modulus (Z,):

— (100x12x6) 4+ (12 x 138 x 81)
€= (100x 12) + (12 x 138)

y, =150 — 49.48 =100.52 mm

l, = [blgzl ~ Alqz} + [blqzz + Af 2}

[ 100 x 12°

= 49.48mm

3
+ (100 x 12 x 43.48 )? } + {% + (10x 138 x 31.52)° }

I, = 6.27 x 10°mm’*

6
| _827x10° 6537565 mm?

Z =
Voo 100.52

e

if) Plastic modulus:

e = == i T
2] 14.28 mm
.|. 4
i 138 mm
¥
1 __ | M N
—
12 mm

Equal area axis,

? = width of the flange X h
2856 " 100h
2
h = 14.28 mm (from top)
Vi = (100x 12x (6 + 2.28)) + (12 x 135.72 x 67.86) _ 42.58mm
(100x 12) + (12x135.72)
y, - 107.42 _ 53.71mm
A 2856
Z = “(y+y) _ (42.58 N 53.71)

L 2
Z, =137502.12 mm?®



Shape factor,
Z, 13750212

Z  62375.65
S =220
6. Determine the collapse load ‘W’ for a three span continuous beam of constant plastic
moment ‘M;’ loaded as shown in figure. (Nov/dec-2018)
w w 2W

A \l) B \L ¢ D
T e Ty Fap Ty ¢ Y

1 1 | i | ]
T L T T T

Solution:
Step 1: Degree of indeterminacy:
Degree of indeterminacy =4 -2 =2
No. of possible plastic hinges =5
No. of independent mechanisms =5-2=3
Step 2: Mechanism (1):

Vv F .
Y M

L

|

|

1

te B
2

EWD:WxﬁzM
2 2
IWD = Mg(29 +MP8=3|\/|P6
IWD = EWD
am o N0
2
W :GMP

4

4

(3

Step 3: Mechanism (2):




3 3
0
91=§
3
6+81=6+9 =—9
2 2
w
EWD = W @=$
IWD = M0 +M,(© +91)+MP9
amM.6 M.6
=MP9+ 2P +T
=3M,0
IWD = EWD
am o = WEO
3
WC=9MP
(

Step 4: Mechanism (3):

EWD =2WX%=Wg9

IWD "= M,® + M, (20) = 3M,0

IWD = EWD
3M,8 =W(@
w, - M

The collapse load W, = 3%and the beam will fail.



7. A uniform beam of span 4 m and fully plastic moment Mp is simply supported at one end and
rigidly clamped at other end. A concentrated load of 15 kN may be applied anywhere within
the span. Find the smallest value of Mp such that collapse would first occur when the load is

in its most unfavourable position. (AUC May/June 2013)
Solution:

i) When the load is at centre:

2m 2m T

Degree of indeterminacy =4 -3=1
No. of possible plastic hinges = 2
No. of independent mechanisms =2-1=1

EWD = 15(20) =30 0
IWD = M,0 + M, (20) =3M, 6
IWD = EWD
3M, 0 =30 0
M, =10 kNm

ii) When the load is at unfavourable position:




EWD = 156

IWD :MPB+MP(6+91):MPB+MP(8+%J
- IM,0
WD — EWD
,
3 M. 0 = 150
M, = 6.43 kNm

The smallest value of MP is 6.43 KNm.

8. Arectangular portal frame of span L and L Z is fixed to the ground at both ends and has a
uniform section throughout with its fully plastic moment of resistance equal to M,. It is
loaded with a point load W at centre of span as well as a horizontal force W 2 at its top right

corner. Calculate the value of W at collapse of the frame. (AUC May/June 2013)
Solution:
W
5 L e, w
L 2
2 L
2
A D
S 777

Step 1: Degree of indeterminacy:
Degree of indeterminacy = (No. of closed loops x 3) — No. of releases
=(1x3)-0=3
No. of possible plastic hinges =5
No. of independent mechanisms =5—-3=2
Step 2: Beam Mechanism:




EwD= "V (0

2
IWD = M, 0+ M, (20) + M,0 =4 M0
EWD = IWD
Weo=amo
2 p
SM
WC = ; P

Le W
M, 2 j
|
I |
|
15 \al
MP
EwD= v (6
4
IWD =M,0+M0+M,0+M, 0=4M,0
EWD = IWD
b/ 4 8, ot
4 p
_16M,
c Ty

Step 4: Combined Mechanism:

L

I




EWD = (er] s [er) _ 3wWre

2 4 4
IWD =M,0+M,(20)+M,(20) + M0 =6 M6
EWD = IWD
3W
6=6M©6
4 p
— 8MP
W, =
{
9. Find the collapse load for the frame shown in figure.(Nov/dec-2017,2016)
L w L
5 2 \L 2 C
F
% Mp
W
— T1F am, | T
E 2 Mp
D
akcen EeZa

Solution:
Step 1: Degree of indeterminacy:

Degree of indeterminacy = (No. of closed loops x 3) — No. of releases
=(1x3)-1=2

No. of possible plastic hinges =5

No. of independent mechanisms =5-2 =3

Step 2: Beam Mechanism:

w £
L2 m.
|
|
I

teo B

Dy
25
Mp X
S
Ewp= V(0
2
IWD = M, 0+ M, (20) + M,0 =4 M0
EWD = IWD
Wio-amo
2 p
_8Mp
W, =

’6



Step 3: Column Mechanism:

EWD =
4
IWD = 2M, 6+ 2M, (20) + M, 6 =7 M, 0
EWD = IWD
Wi =7Mo0
2 p
28 M
w, =
¢

Step 3: Sway Mechanism:

W o

4
IWD = 2M, 0+ M,0 +M,0 =4 M,0
EWD = IWD

Weo=amo

4 p

_16 |\/|p
Wc - :
14

EWD =




Step 4: Combined Mechanism:

EWD = (W4f6] N (WJCB) _ 3W <o

2 4
IWD = 2Mp6 +M,(20) + M, (20) =6 M, 0
EWD = IWD
3W/¢
SWIO _ Mo
4 p
_ 8 Mp
¢ ¢
8 M
Hence the collapse load, W, = \ P

10. A continuous beam ABC is loaded as shown in figure. Determine the required Mp if the load
factor is 3.2.(May/june-2016,2018)

5 kNm B0 kN 90 kN

Adf—r-vw-l'(f—ur—v—ﬂt? Sm\LBm\LBm c
1 v, 12m T 2M, T

Solution:
Step 1: Degree of indeterminacy:

Degree of indeterminacy =5-3=2
No. of possible plastic hinges =5
No. of independent mechanisms =5-2=3
Step 2: Mechanism (1):

5 x3.2=16 kNim




1
EWD = 16X x12x6 g
2

_ 576 0
IWD = M,0 + M, (20) + M,0
—4MH
IWD = EWD
4M,0 =576 0
M, =144 kNm

Step 3: Mechanism (2):

192 kN 288 kN

0+0, =0+ g = 376
EWD = (192x 8 ) +(288 x 40) = 2688 0
IWD = M6 +2M; (8 +6) =4M,0
IWD = EWD
4MPH =26886
M, =672kNm

Step 4: Mechanism (3):

192 kN 288 kN

rd

160 =80,
0, = 20



EWD

(192 x 80) + (288 x160) =6144 0

IWD = M,0 +2M,(30) =7M,0
IWD = EWD
7M0 =6144¢

M, =877.71kNm

The required plastic moment of the beam section shall be M, =877.71 kNm.



UNIT 4 - CABLE AND SUSPENSION BRIDGES
PART - A (2 marks)
What is the nature of forces in the cables? (AUC Apr/May 2011)
Cables of cable structures have only tension and no compression or bending.
What are the types of stiffening girders? (Nov/Dec 2019)
» Suspension bridges with three hinged stiffening girders
» Suspension bridges with two hinged stiffening girders
What is the need for cable structures? (AUC May/June 2013)
» The main load bearing member.
» Flexible throughout.

» It can take only direct tension and cannot take any bending moment.

What are cable structures?

Long span structures subjected to tension and uses suspension cables for supports. Examples of

cable structures are suspension bridges, cable stayed roof.

What is the true shape of cable structures?

Cabile structures especially the cable of a suspension bridge is in the form of a catenary. Catenary

is the shape assumed by a string / cable freely suspended between two points.

Mention the different types of cable structures.
Cabile structures are mainly of two types:
(a) Cable over a guide pulley

(b) Cable over a saddle

Briefly explain cable over a guide pulley.
Cable over a guide pulley has the following properties:
» Tension in the suspension cable = Tension in the anchor cable

» The supporting tower will be subjected to vertical pressure and bending due to nethorizontal
cable tension.

Briefly explain cable over saddle.

Cable over saddle has the following properties:



10.

11.

12.

» Horizontal component of tension in the suspension cable = Horizontal component oftension
in the anchor cable

» The supporting tower will be subjected to only vertical pressure due to cable tension.

What are the main functions of stiffening girders in suspension bridges? (Nov/dec-2018)
Stiffening girders have the following functions.

» They help in keeping the cables in shape

» They resist part of shear force and bending moment due to live loads.
Give the expression for calculating Tension T on agirder.(Nov/dec-2018)

The tension developed in the cable is given by

T=JH +V°

Where, H = horizontal component and V = vertical component.

What are cables made of?
Cables can be of mild steel, high strength steel, stainless steel, or polyester fibres. Structural

cables are made of a series of small strands twisted or bound together to form a much larger cable.

Steel cables are either spiral strand, where circular rods are twisted together or locked coil strand,
where individual interlocking steel strands form the cable (often with a spiral strand core).

Spiral strand is slightly weaker than locked coil strand. Steel spiral strand cables have a
Young's modulus, E of 150 £ 10 kN/mm2 and come in sizes from 3 to 90 mm diameter. Spiral strand

suffers from construction stretch, where the strands compact when the cable is loaded.

Give the types of significant cable structures
Linear structures:

» Suspension bridges

» Draped cables

» Cable-stayed beams or trusses

» Cable trusses

» Straight tensioned cables
Three-dimensional structures:

» Bi-cycle roof

» 3D cable trusses

» Tensegrity structures



» Tensairity structures

13. What are the main functions of stiffening girders in suspension bridges?(Nov/dec-2018)
Stiffening girders will cause uniform load distribution in the cable no matter where the live
load is present on the girder. They also maintain the parabolic shape of the cable. They also carry a

part of bending moments and shear forces due to live loads.

14. Write about the temperature effects on cable.(May/Hune-2016)
Tension forces in the cables are very sensitive to temperature changes. Temperature increase
causes loss of tension in the cables. The latter is susceptible of causing loss of stability.

Low temperatures and the loss of ductility of certain materials could result in catastrophic failure.



PART - B (16 marks)

1. A suspension cable is supported at two point “A” and “B”, “A” being one metre above “B”.
the distance AB being 20 m. the cable is subjected to 4 loads of 2 kN, 4 kN, 5 kN and 3 kN at
distances of 4 m, 8 m, 12 m and 16 m respectively from “A”. Find the maximum tension in
the cable, if the dip of the cable at point of application of first loads is 1 m with respect to
level at A. find also the length of the cable. ( Apr/May 2018,2016)
Solution:

Step 1: Re actions :
>2V=0
V,+ V=14
>M@B=0
(Vax20)-(Hx1)-(2x16)-(4x12)-(5x8)-(3x4)=0
20V, —H-132=0
V, =0.05H + 6.6...cccveivennnn. @



H=0

H, = H;
YM@C-=0

(Vax4) —=(Hx1) =0

V, =0.25H (2)
sub. (2) in (1),

0.25H = 0.05H +6.6

H = 33kN
0= V, = 8.25kN
V, = 5.75 kN

Step 2 : Maximum Tension in the cable :
T, = V2 + H? = /8257 +33% =34.02 kN

Ty = V2 + H? = [5.75" + 33° —33.49kN
Maximum Tension in the cable, T, = 34.09kN.

Step 3: Length of the cable :
Here, d, =1m
Equating moments about D to zero,
(8.25x 8) - (33xd,) =0
d,=2m
Equating moments about D to zero,
(5.75%x8) +(33xd,) =0
d;, =1.39m
Equating moments about D to zero,
(-5.75x4)+(83xd,) =0
d, =0.69m
AC=y4 +1*  =412m

CD=.4 +22 —447m
FG = /4 +139° =423 m
GB = /4 +0.69° =4.06m

Length of the cable, L = AC+ CD + FG + BG + DF

=412 + 447 + 423 +4.06 + 4
L =20.88m



2. A suspension bridge has a span 50 m with a 15 m wide runway. It is subjected to a load of
30 kN/m including self weight. The bridge is supported by a pair of cables having a central
dip of 4 m. find the cross sectional area of the cable necessary if the maximum permissible
stress in the cable materials is not to exceed 600 MPa.( Nov/Dec 2019,2017,2016)

Solution:

W v,
H, ¢ 30 m T yH
~ A -T- B B
4 m
c
30 kNfm
A = ;C B
I 15 m— 35 m
Step 1: Re actions :
>V=0
V,+ V=450
SM@A=0
30 x 15
—(Vgx 50) + (TJ =0
V= 67.5kN
V, = 382.5kN

XH=0

HA = HB
>M@C =0

(Vax25)— (Hx4)—(30x15x (7.5+10)) =0

H = 421.87 kN
Step 2 : Maximum Tension in the cable :
Ta

To = V2 + H? = (6757 +421.87° =427.24 kN
Maximum Tension in the cable, T, = 569.46 kN.

Step 3: Area:
Tox =0 -A
T 569.46 x 10°
AT T 600

Area, A =949.1 mm®.



3. Athree hinged stiffening girder of a suspension bridge of 100 m span subjected to two point
loads 10 kN each placed at 20 m and 40 m respectively from the left hand hinge. Determine
the bending moment and shear force in the girder at section 30 m from each end. Also
determine the maximum tension in the cable which has a central dip of 10m.

(Nov/dec- 2018,2019)
Solution:

Wa

/]\ 100 m

HA_/ T \.H
- A ’r B B
10 m

Vg

L4
10 kN 10 kKN
A . 20m J20m] B
- 40 m } 60 m
Step 1: Re actions :
>V=0
V,+ V=20
YM@B=0
(V, x100) — (10 x 80) — (10 x 60) =0
V, =14kN
Vg = 6 kN
YH=0
H, = H;
yM@C_0
(Vax50) - (Hx10) ~(10x 30) - (10x10) =0
H = 30 kN

Step 2 : Shear force :
SF at 30 m from left hand hinge.
V, =V, -10-H tano

here,
ano = 4—20' (¢ - 2x) =%(100 — (2x30))
( 100
tano = 0.16

V,, =14 —10 — (30 x 0.16)
V,, =—0.8 kN



SF at 30 m from right hand hinge.
V, = Vg — Htano
=6 — (30 x0.16)
V,, =1.2kN
Step3: Bending Moment :
BM at 30 m from left hand hinge.
BM,, =V, x30-Hxy —-10x 10

here, y at 30 m from each end,

y o xX(, X _ﬂ)xsoaoo _30)

(2 100
y =8.4m

BM,, = (14x30) — (30x8.4) —100 =68 kNm.
BM at 30 m from right hand hinge.

BMy, = -Vex30 + Hxy

=—(6x30) + (30x 8.4)
BM,, = 72 KNm.
Step 4 : Maximum Tension in the cable :

Ta = Vi + H? = J14* 1 30° —33.11kN

T = Ve + H =/ 6 1 30° =3050kN
Maximum Tension in the cable, T, = 33.11 k N.
4. A suspension bridge cable of span 80 m and central dip 8 m is suspended from the same

level at two towers. The bridge cable is stiffened by a three hinged stiffening girder which
carries a single concentrated load of 20 kN at a point of 30 m from one end. Sketch the SFD

for the girder. (May/June 2013)

Solution:
W Yy
80m
Hﬁ{ T T ->HEI
A T B

8m

c
20kN
30m |

A ~ B

40 m i 40m




Step 1: Re actions :
>V=0
V,+ V=20
SM@B=0
(Vax80) —(20x50)=0
V, =12.5kN
Vg = 7.5kN
SH=0
H, = Hg
M@C-=0
(Vax 40)— (20 x10) - (Hx 8)=0
H = 37.5kN
Step 2 : Shear force :
SF at 40 m from left hand hinge.
V, =V, -20-Htano

here,
tang_ 0 (,_20_ "% @0 _(2x 40)
& 80
tang =0
V,, =12.5- 20 — (37.5x0)
V,, =—7.5kN

5. A suspension bridge of 250 m span has two nos. of three hinged stiffening girders
supported by cables with a central dip of 25 m. if 4 point loads of 300 kN each are placed at
the centre line of the roadway at 20, 30, 40 and 50 m from left hand hinge. Find the shear
force and bending moment in each girder at 62.5 m from each end. Calculate also the
maximum tension in the cable. (Nov/dec-2018)

Solution:
The load system is shared equally by the two girders and cables. Take the loads as 150 kN
each.

Ya

Vg
250 m
HA _( T \HEI
A T B
25m

Cc

150 150 150 150 kN
A 20 L1000l  200m 5




Step 1: Reactions :
2V=0
V,+ V=600 X
M@ B=0
(VX 250) — (150 x 230)- (150 x 220)—(150 x 210) —(150x 200)=0
V, =516kN
Vg =84 kN
>H=0
H, = H;
YM@C=0
(V,x125) — (Hx 25) — (150 x105)—(150x 95) —(150x 85) —(150x 75)=0
H = 420 kN
Step 2 : Shear force :
SF at 62.5 m from left hand hinge.
Vs = V,-150150 150 150 H tan 0

here,
4d 4% 25
tang ___ (, _2¥) _ (250 (2x62.5))
br 2507
tang = 0.2
Vs = 516150 150 150 150(420.%.0.2)
V,,, =168 kN

SF at 62.5 m from right hand hinge.
Vs = Vg — H tang
—84.(420x0.2)
V62.5 =0
Step3: Bending Moment :
BM at 62.5 m from left hand hinge.

BMq, 5 = VX 62.5— (150 x 42.5)-(150 x 32.5) —(150 x 22.5) —(150x12.5) —H xy
here, y at 62.5 m from each end,

y_ % XX(, X _ AX2, 6250250 62.5)
? 250°
y =18.75m

BM,, . =(516x 62.5) — (150 x42.5) — (150x 32.5) — (150 X 22.5)4150 x12.5) (420 x18.75)
BM,, =7875 kNm.



BM at 62.5 m from right hand hinge.
BM,,; = — VX625 + HXy
= —(84x62.5) + (420x18.75)
BM,, = 2625 KNm.
Step 4 : Maximum Tension in the cable :
Bending moment for the cable,

02
Hd = W
8
w_Hxdx8 _ 420X25%8 4 344 kN /m
/ 250
V, =V, = V—f =%2"250 _168kN

T = [V + H? = 168 + 420° = 452.35 kN
Maximum Tension in the cable, T, = 452.35 kN.

6. A suspension bridge is of 160 m span. The cable of the bridge has a dip of 12 m. the cable is
stiffened by a three hinged girder with hinges at either end and at centre. The dead load of
the girder is 15 kN/m. find the greatest positive and negative bending moments in the girder
when a single concentrated load of 340 kN passes through it. Also find the maximum tension
in the cable.(Nov/dec-2018,2016)

Solution:
W A
250 m
Hng i 5 H
hY A ’r- B B
25 m
C

Stepl: Bending Moment :

The uniformly distributed dead load will not cause any bending moment in the stiffening
girder. The live load is a sin gle concentrated moving load.
Max. +ve BM =0.096 W¢ =0.096 x 340 x 160
= 5222.4 KNm.
This will occur at 0.211 ¢ = 0.211 x 160
= 33.76 m from either end.
W/¢ 340 x160

Max. —ve BM = — =
16 16

= —3400 kNm.
This will occur at 0.25 ¢ = 0.25 x 160
= 40 m from either end.




0.2114%

02114

0.096 W N\

- owe T
16

02 L

Step 2 : Maximum tension in the cable :
Dead load of the girder (transmitted to the cable directly)

P, =15kN/m
Equivalent udl transmitted to the cable due to the moving concentrated load,
2 X 34
0, = 20 425kN/m
' 160

Total load transmitted to the cable,p =p, +Pp, = 15 + 425 =19.25kN/m
Vertical reaction, V _ bt _19.25x160 _ 1540 kN

2
2 2
Horizontal pull, H — Pe - 19.25x 160 =5133.2 kN
8d 8x12

Maximum tension, T,.,, = /V,Z + H? = /1540° +5133.3
T = 5359.3 kN.

7. A suspension cable of 75 m horizontal span and central dip 6 m has a stiffening girder
hinged at both ends. The dead load transmitted to the cable including its own weightis
1500 kN. The girder carries adlive load of 30 kN/m uniformly distributed over the left half of
the span. Assuming the girder to be rigid, calculate the shear force and bending moment in
the girder at 20 m from left support. Also calculate the maximum tension in the cable.
Solution:
W vy

'\HB

30 kMNim

N’%(—“u’—'\/_\
A’r‘ 37.5 m 'TB

¢=75m;d =6m; DL =1500 kN; LL =30 kN /m
Since the girder is rigid, the live load is transmitted to the cable as an udl whatever
the position of the load.



Horizontal force due to live load, H , = PL_(30x37.5)x 75
- 8d 8x 6

_ Pt 1500x 75
“8d  8x6
Total horizontal force, H =H, + H, =1757.8 + 2343.8 = 4101.6 kN
_ Total load W, +Wj

= 1757.8 kN

Horizontal force due to dead load, H, = 2343.8 kN

Va=Vo =— -
_ (30 x 37.5) +1500 _ 13125 kN
Maximum tension in the cable :
Towe = H? + V2 =[4101.6° +1312.5°
T, = 4306.5 kN
Dipatx =20m:
y_ M xx(,_x) _**% 2005 _20) _as6om
f:d 4 6752
tan (, 2x) "X Px(@@5 2x20) 0.149
e ——— - =
l 75
To find V,and Vg
V, +V, =1125

Equating moments about A to zero
(Vgx75) — (30 x 37.5x18.75) =0

Vg = 281.25 kN
V, = 843.75 kN
Bending Moment at P :
w2
BM,, = Vax 20 _ fo y - _2£_

2
_ (843.75x 20) _ (1757.8x4.69) _ %

BM,, = 2630.92 kNm.
Shear force at P ;

SF,, =V, — H,x tan® — w( =843.75— (1757.8 x 0.149) — (30 x 20)
SF,, = —18.16 kN.



8. A suspension cable has a span of 120 m and a central dip of 10 m and is suspended from the
same level at both towers. The bridge is stiffened by a stiffening girder hinged at the end
supports. The girder carries a single concentrated load of 100 kN at a point 30 m from left
end. Assuming equal tension in the suspension hangers. Calculate the horizontal tension in
the cable and the maximum positive bending moment.

Solution:

T 120 m /le "
B

HA<
A T B
10 m

c

100 kN
A 30m | 90 m B

T i

Step 1: Re actions :

>V=0
V,+ V;=100
>M@A=0
(100x30)— (Vgx120) =0
V; = 25kN
V,= 75kN
YH=0
Ha = Hg
>M@C =0
— (Vpx60) + (H x10) =0
H = 150kN

Step 2 : Maximum Tension in the cable :
Bending moment for the cable,

w200 _100_ 4 e3kn/m
7120
Vo -V, - WTE _0.83x120 o\
Tow = V2 + H? = \[50° +150° =158.1kN

Maximum Tension in the cable, T... = 158.1kN.

max



Step 3 : Maximum positive Bending Moment :
Maximum positive Bending moment will occur at under the point load.
BM;, =V,x30-H xy
here, y at 30 m from left end,

y_ 4« X(, X _ 4x10, 30420 30)
0 120?
y=75m

BM,, = (75 X 30){150 x 7.5)
BM,, =1125 kNm.



