.Sem-B)
| P B. Tech,
ODD SEMES
SEM. V) TER THE
P EXAMINATION 201617 RY
STRUCTURAL ANALYSIS.11
e T
(e’ Hour Max. Marks - 100
e .
- SECTION - A —

Note: Attempt all the questions,
)

1. Attempt all questions. All carries o
a pistinguish between flexibi]
method.

qual marks,

10x2=
it (10 x 2 =20)

Y method and stiffness
AT Refer Q. 4.3, 2 Marks Questions, Page SQ-12B, Unit-4.

b. Define shape factor.
455 Refer Q. 5.4, 2 Marks Questions, Page SQ-15B, Unit.5,

c. How we determine the horizontal thrust for two hinged
arch ?

as& Refer Q. 2.5, 2 Marks Questions, Page SQ-6B, Unit-2.
d. Define distribution factor.
Refer Q. 1.11, 2 Marks Questions, Page SQ-2B, Unit-1.

e. Derive the shape factor of rectangle,
XEE Refer Q. 5.3, Page 5-3B, Unit-5.
f

. Write any two methods to analysis continuous beam with
its equation.

Refer Q. 1.17, 2 Marks Questions, Page SQ—4B, Unit-1.

Explain Muller Breslau’s principle. .
Refer Q. 2.1, 2 Marks Questions, Page SQ-5B, Unit-2.

- =

What is relative stiffness ? Write relative stiffness of
continuous beam.
Anw,

Relative Stiffness : Refer Q. 1.7, 2 Marks Questions,
Page SQ-2B, Unit-1.

elative Stiffness of Continuous Beam : Refer Q. 1.8,2 Marks
Questions, Page SQ-2B, Unit-1.

What is the maximum tension and minimum tension on a
cable of suspension bridge ?
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Design of Structure-I SP-17 B (CE-Sem.5)

Amix Refer Q 34,2 Marks Questions, Page SQ-9B, Unit-3.

j. What is plastic hinge ?
Ang ReferQ.5.3,2 Marks Questions, Page SQ-15B, Unit-5.

SECTION-B
2 Attempt any five questions. (5x10= 50)

a. Analyze the following continuous beam Fig. 1 using the
flexibility method of matrix analysis. Draw BMD.

60 kN/m _ l_ 100 kN
A FHTTTTTA A 15m ¥ C
2 B
\w _Alnlu.m m
[ 4m L 3m
(Constant : EI)
Fig. 1.

Aix Refer Q. 4.3, Page 4-6B, Unit-4.

b. Draw the bending moment diagram for the continuous
beam shown in Fig. 2 using moment distribution method.
EI is constant.

N 80 kN ) 120 kN
20 kN/m _2m _| m
PO A AR AKEA KA. ik 5
AR e
[ m . 4m S 6m |
i e b >
_ _ Fig. 2.

Ank Refer Q. 1.15, Page 1-29B, Unit-1.

c. A foot bridge is carried over a river of span 90 m. The
supports are 3 m and 12 m higher than the lowest point of
the cable. Determine the length of the cable. If the horizontal
deck is loaded by UDL of 20 kN/m, find the tension in the
cable.

Anik Refer Q. 3(b), Page SP-8B, Solved Paper 2014-15.

d. Draw the schematic diagrams for horizontal thrust, bending
moment at any section, radial shear and normal thrust at
any given section for a typical two hinged symmetrical
parabolic arch.

Anx Refer Q. 2.11, Page 2-24B, Unit-2.

120 mm

- e
20 mm
Fig. 3.

ghape Factor : Refer Q. 5.3, Page 5-3B, Unit-5.
ATE Numerical : Refer Q. 5.6, Page 5-9B, Unit-5.

f. Derive the wun,amﬂom.:bm &mﬂwwﬁ for reactions and bending
moment at any section of a simply supported beam. Using
the ILD, determine the support reactions and find bending
moment at 2m,4mand6m ?... a simply supported beam of
span 8 m subjected to three point loads of 10 kN, 15 kN and
5 kN placed at 1 m, 4,5 m and 6.5 m respectively.

A8 Refer Q. 2.3, Page 2-5B, Unit-2.

g Determine the plastic moment capacity M, for the frame
shown in Fig. 4 given below.

BWZ
gokN  e3m

M,
p»E E_u .F. H
il |

mE\.\L

(Constant : ED

Fig. 4-

Ang Refer Q. 5.16, Page 5-24B, Unit-5.
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Section-C

Attempt any two questions. (2 x 15 = 3¢
3. A three hinged stiffening girder of suspension bridges of
span 100 m is subjected to two point loads of 200 kN apq
300 kN at the distance of 26 m and 50 m from the left enq
Find the shear force and bending moment for the girder ¢
a distance 30 m from left end. If supporting cable hag the
central dip of 10 m, find the maximum tension in the cab]e,

Ans: Refer Q. 3.6, Page 3-11B, Unit-3.

4. Analyze the beam given in Fig. 5 by slope deflection method
and draw its bending moment diagram and shear force
diagram.

10 kN 20 kN
2 kN/m l l
AYYVYYYYVYY 3m 3 m 3 m 2m
A JB Tc WD
5m
 —

Fig. 5.

Anis. Refer Q. 1.7, Page 1-11B, Unit-1.

5. Develop the flexibility matrix for the cantilever with co-
ordinate as shown in Fig. 6, take uniform flexural rigidity.

1 2 3

N T |

[ l‘* : H«l —»
Fig. 6.

AnE. Refer Q. 4.2, Page 4-3B, Unit-4.

©0©
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ODD SEMES
GEM. V) TER T
C* EXAMINATION, 2017_1181E0RY

STRUCTURAL ANALYSIS. Iy
ms—f L e

. Attempt all sections. If any missip -

g dat ' -

Note " cyitably. % Tequired, then chopge
Section - A
Attempt all questions in brief
what do you mean by carry over moment ? 2x10=20
Refer Q. 1.10, 2 Marks Questions, Page SQ-2B, Unit.1
state Castigliano’s second theorem. , ‘
Refer Q. 2.4, 2 Marks Questions, Page SQ-5B, Unit-2
Two hinged arch is a indeterminate structure '
) » wh

Refer Q. 2.16, 2 Marks Questions, Page SQ-8B, Unit-2 v
How horizontal thrust can be obtaj i
Castigliano’s theorem ? ained by using
Refer Q. 2.5, 2 Marks Questions, Page SQ-6B, Unit-2.
What is the range of central dip ? _
The central dip of a cable ranges from 1/10 to 1/15 of the span.
What is the effect of temperature change in cable ?

Following are the effects of temperature change in cable :
Temperature increases 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.

iii. Due to rise in temperature, the length and dip of cable increases
and reduces the horizontal thrust.

Define stiffness coefficients.

Refer Q. 4.5, 2 Marks Questions, Page SQ-13B, Unit-4.

Papa?‘a?:—

B8 8

B

Refer Q. 1.18, 2 Marks Questions, Page SQ-4B, Unit-1.

Differentiate between plastic modulus and section modulus.

Refer Q. 5.6, 2 Marks Questions, Page SQ-15B, Unit-5.

What do you mean by plastic hinge ?

Refer Q. 5.3, 2 Marks Questions, Page SQ-15B, Unit-5.
Section-B

=30
A‘.‘tempt any three of the following : i o uulsobeani
d the moments at the supports for the continge Use
shown in Fig. 1. Draw also BM diagram for the bearm-
Slope deflection method.

E. B E-E-

o
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SpP-21B (CE-Sem.5,

20 kN/m 5 40'kN 40 kKN
m C
R R
2m
H‘ﬂlﬂ— Smﬂ
[e— 3 m —>tt— 4 m—m|

Fig. 1.
Ang Refer Q. 1.8, Page 1-14B, Unit-1.

b. Using Muller Breslau Principle, compute the
ordinates at 2 m intervals for moment at mid

the continuous beam ABC shown in Fig. 2.

1 2 B 3 4 5 ¢

£ % %

e 6m } 2m — )

Fig. 2.
Ans: Refer Q. 2.4, Page 2-10B, Unit-1.

influence line
SPan of BC o

c. Acable of span 120 m and dip 10 m carries a load o
the horizontal span. Find the maximum tension in the cable
and the inclination of the cable at the support. Find alge
the forces transmitting to the supporting pier, if the cable
passes over smooth pulley on the top of the pier. The anchor
cable is at 30° to the vertical. Determine the maximum
bending moment for the pier, if the height of pier is 14 m,

ARz

f 8 XN/m op

Given : Span, L = 120 m, Dip, A = 10 m,
Intensity of load, w = 8 kN/m

Height of pier, h; =14 m, Angle of cable, a = 30° (from vertical)
To Find : Maximum tension, Transmitted force and Maximum
bending moment.
Va

H‘
]

A

(a) Given cable.

(b) Forces on pier
Fig. 3.
1. Reaction at the Supports :
i. Due to symmetry vertical reactions,
Vo= vB="’_2L=¥ = 480 kN
ii. To obtain ‘H' taking moment about central point ‘C’ (considering
left part of C), % M:=0
Vyx60-Hx10-8x 60 x 60/2 =0
480 x60- 10 H-4x 60 x 60 = 0

-5)
92 B (CE-Sem Solved p
of” 10 H = 14400 \Ep"rnln-,.,;,
Ho rizoﬂ"al reaction, H = 14400

U Ty
Mnfim‘lm Tension in the Cable .
2 )

i. Maximum tension will be oceyrg cither g,

Pports A
ngz: (VA)Z +(HR =W‘ B

~{lagop -
cos®= H__ 1440

11y kN
. T To17g = 0941
9 = cos™ (0.9487) = 18435
o5 Trans_ml‘““g to the Support; fer -
3" g;erriﬂg to Fig. 3(b), horizontal forze lra:gsx:i\tt:d‘ i
0 = Tm"i (cos 0 - cos g) " per
= 1517.9 (cos 18.435° _ cos 60°
. ) =
Jertics] force on the pier = T (sin § + g ) R
+ Ve i
i = 15179 (sin 18.435° 4 gy 60°) = 179454 kN
\ Maximum Bending Moment in the Pier H .

jmum bending moment in the pier = Horizontal § .
I;}i ight of pier = 68106 x 14 = 953484 N ¢ oL P
Analyse the continuous beam as show:

d. downward settlement of supports B an.
5 mm respectively. Take EI = 184 x 101
matrix method.

80 kN 40 kN
¥ B | C
A

2m #s- u@’
4m —e—— T —

Fig. 4.
ATE Refer Q. 4.7, Page 4-17B, Unit-4.

. tinuous beam has span lengths AB =6 m and

c. A tw—oes Yna::igncan'ies a UDL of 30 kN/m on entire length of

f}(\:e-beam. A and C are simply supports. If the load factor is
1.80 and the shape

factor is 1.15 for the I:section. Find the

ection modulus peeded. Assume yield stress for the
s

material is 250 N/mm?®.

aAxnis. Refer Q. 5.14, Page 5-19B, Unit-5.

0 in Fig, 4. If the
d C are 10 mm and
Nemm?®, Use flexibility

< Section-C . e
s myu(;nlfe‘;::ggl\)e '\f:“s‘;‘;::\gy.supported ntb,‘):,1 Ba,“(ii ;n:‘
o A d at D. The span AB, BC :.::Bgn;nﬁ o dmmdln
Lo e e ot e sl B
i tsskgo:;el;‘;:‘:d\‘;i‘:g m;:mel;; di:tr'\hution method.
ANR ::e‘f’e‘:oa 1.16, Page 1-31B, Unit-1.

in Fig. §
. ¢ beam shown it
lowing continuou
b. Analyse the fol

ding
A aw the bep
: deformation-
. £ consistent
using metl'fod o
moment diagram.
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Design of Structure-1

SP-23 ‘CE'Sem.s,
60 kN 20 kN/m
¥ B
Aﬁﬁ 3 C
4m 2m 6 m
R, Rp Re
Fig. 5.

Degree of Static Indeterminacy ;
Total number of reaction component, R = 34+41=4

Total number of static equilibrium €quations, E = 3

Degree of static indeterminacy, X = R — E=4_-3.,
Basic Determinate Structure : To obtain ba
structure removing redundant force Rp. The resu]
structure is a simple supported beam ABC ag sho

60 kN

NEEF:.—-:-E

sic determin,,
ting dEtenninatz
wn in Fig. g,
20 kN/m
A C
D A A,
' }
R, =T0kN B Ry =110kN
Fig. 6. Deflected shape of basic determinate beam
due to external loads.

1kN

1
?kN

1
7kN

Fig. 7. Basic determinate beam subjected to unit load at B.

'y
/_ ’Az
m B S
Rp
Fig. 8. Deflected shape of basic determinate
beam due to redundant force Ry
3. Deflection under the Redundant Force :

i. To find the deflection at B in this continuous beam, the unit load
method is used.

ii. Reaction at supports in the determinate beam AC.
Taking moment about ‘C’

My =0
Ryx12-60x8-20x6x3=0
R, =70 kN

«
4B Solveq p
5"'2 IV =9 i a,‘f'_'"ﬁn‘:rls.

il R _GO—ZOX 6+R(‘=[)

A RC=60+20xe‘70 10
= 0kN
. Reactions at supports due to ypj load 4y B.R

A=R

Upward deflection at B due to Ry (Fig. 8).

128
Ay = RB iﬁix(h

4. Consistency Requiremepfs :
i. From the consistency condition,

A =By
4540 _p 12
&I - *48El

Ry = 126.11 KN

ji. Therefore in the continuouf
" Taking the moment about °C’
=M =0
R,x12-60x8+Rg
R, x 12 - 480 +126.11 x
Ry = 6.94 kN
ii. v=0

xG—ZO"Gxa=0
6-360=0

— e o 4

|
iy ‘

2¢‘
- ‘

vi. De 6 .
. x dx x dx : d
Ax=1;70xxixff!‘mx"?ﬁﬂ‘uoxq_ ‘
H [}
de
+£110:x%xﬁ_£101:_5!3 |
35 a4 2 [T 2B L B (a5
-8 o+ gt b g e el - e
746.67 +1453.33 + 3960 - 1620
- EI
_ 880y,

beam ABC (Fig. 5.
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Design of Structure-1

SP-25B (CE-Sem.5,

R, + Ry + Ry =60 + 20 x 6 = 180 kN
Ry =180 - 6.94 — 126.11
R = 46.95 kN
iv. Moment at ‘B’ (Left part) :
Ry x6-60x2=694x6-60x2=-783¢
106.67 =

Fig. 9. Bending moment diagram.

4. Attempt any one part of the following : (1x10
a. Atwo hinged parabolic arch of span 30 m and rise 6 m = 10)
two point loads, each 60 kN, acting at 22.5 m and 15 ;le'rnes
the right end respectively. Determine the horizontal th -
and maximum positive and negative moment in the a;::t
Ans. Refer Q. 2.9, Page 2-21B, Unit-2. :

A two hinged semicircular arch of radius ‘R’ carried a load
‘W at a section the radius vector corresponding to Whizh
makes an angle ‘a’ with the horizontal. Find the horizonta]
thrust at each support. Assume uniform flexural rig-idity

ARE Refer Q. 2.6, Page 2-15B, Unit-2. '

. Attempt any one part of the following : (1x10=10)
. A suspension cable of length 174.53 m is supported at the
two ends at the same levels. The supports are 170 m apart,
The cable is subjected to a UDL of 20 kN/m of horizontal
length over its entire span. Determine the reactions

developed at the supports and their inclination to the
horizontal.

Given : Length of cable /, 174.53 m, Span of cable, L = 170 m,
Intensity of UDL, w = 20 kN/m

To Find : Reaction of support and inclinations.
1. The cable is shown in Fig. 10. The length of the cable ‘I’ is given by,

20 kN/m
Fig. 10. Given cable.

6
p-2 -

1=1.8 ® —

"X — —
2

70+§xh—-1'7
110+ 3% 170~ 11483 m

h- [SE3RTIO
8 =16‘%=l7m

Let‘H be the horizontal force ang v
2. then AP the verical gy A,
v, < WL 2017
A 2 - ‘T =1700 kN
3. Maximum Tension in the Cable : )
will be occurs either support A or B

Tmu = (VA)2 +(Hy

Horizontal reaction,

aximum tensioy in the cab)
and is given by, cable

_ wL _20x(707
Bh X1y ROWN

= (1700 + (4250) = 45774 kN

4. Its inclination to the horizontal is given by,

T oz €08 0 = H
H
0= cost|— =cos“& %0 )
T 15714
0 =214 m

b. A three hinged stiffening girder of a suspension brid'ge of
span 120 m is subjected to two point loads o.f 240 kN and
300 kN at distances of 25 m and 80 m respecu\{e'ly.from the
1eft end. Find the forces and bending moment in g\Trder a‘i; a
section 40 m from the left end. The cen.tral dip D.t 1 ;
supporting cable is 12 m. Find also the _manmum tension
the cable and draw the BMD for the girder.
Ans. Refer Q. 3.7, Page 3-13B, Unit-3.

(1x10=10

6. Attempt any one part of the following cantilever with co-

a. Develop the flexibility matrix for the

ordinate as shown in Fig. 1. T

ake uniform flexural rigidity.
1 2

. it-4.
Ang Refer Q 4.2, Page 4-3B. Unit

"
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b. Analyse the continuous beam as ShOWl-l in Fig. 12 by stiffnesg
matrix method if the support B sink by 10 mm. Take
EI = 6000 kN-m?2

] 2 B 251 C_ 251 R,
A o s R
= 3m i 4m 4 m ™
Fig. 12.
Ans. Refer Q. 4.12, Page 4-30B, Unit-4.
7. Attempt any one part of the following : (1x10=10)
a. Find the collapse load for the loaded portal frame shown ip
Fig. 13.
w
e 2m + 2m >
B
W E C
dm M, 2Mp
M, 4m
= T
A
D
T
Fig. 13.

Ang; Refer Q. 5.18, Page 5-27B, Unit-5.

b. A continuous beam ABC is loaded as shown in Fig. 14,

determine the required plastic moment. If the load factor is
3.2.

5 kN/m

60 kN 90 kN
JER W y .
3 M, f B D 2M, E 7
ft— |t —— > |t — — g — |
12 m 8 m 8m 8m
Fig. 14.
ABE. Refer Q. 5.15, Page 5-21B, Unit-5.

©00©

—o?
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1. t:\f;emlzlt all questions in brief
' at do you '
. Refer Q. Z 1 ZHI:/FaI}l{by degree of redunq . 2x7=19)
A 1, 2 Marks Questions, Page § ancy ?
p. Write the assumptions are mad Q-12B, Unit-4,
e

g‘ege"t_lon method. while developing slope
ollowing ar i

e g are the‘ assumptions made f .
deflection method : or developing the slope

i All the joints of the frame are rigid

ii Distortion, due to axial and
’ sh :
neglected. ’ ear stresses, being very small, are

c. What is the effect of temperatur
e change in t
ARB. Refer Q. 2(f), Page SP-20B, Solved Paper 2(?17?118.lm cable?

d Write different approaches to matrix method.
There are two approaches to the solution of matrix method :

1. Direct approach.
9. Transformation matrix approach.

e. What is restrained structure ?

ang In structural engineering the term “restraint’ is used to denote
how much a structure is slopped from buckling sideways.

{ Differentiate between plastic modulus and section modulus.

x55 Refer Q. 5.6, Page SQ-15B, Unit-5.

g. Write the limitations of load factor concept.
Afig. Limitations of Load Factor Concept .
i This method leads to excessive deformation and cracking:
r material stresses.

i No factors of safety are used fo
N-B
SECTIO! _—

2. Attempt any three of the foll?wiﬂg(i? 158 in Fige 1
continuous beam ABCD isloa Dotermine the suppor:

. : m.
loading support B !:;(1;:5 bz; :2 . 100 N/mm"™

moments. Take I=
distribution method.
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4000 kN

00 kN/m
15 -y

Structure-]

4m
Fig. 1.

AT Fixed End Moments

L

£l = 1600 x 10° x 2 x 10° =32 x 10" N-mum® = 32 x 10* k.

A=1lcm=001m

SP-29B (CE-Sepy 5,

—~-y

w? 6E@DA __1500x8" 6x(2x32x10%x0,0;

Ms=-13 L 12 8
= — 8006 kN-m
. wL’_éE(_Zﬂ_—_ 1500 x 8° _6x(2x32x10%)x0.01
Ty I 12 8
= 7994 kN-m
M;' ) __w£+6EZIA= 1500 x 4 h 6x32x10%x0.01
12 L 12 ¢
=—1998 kN-m
L wi? . 6EIA _ 1500 x 42 . 6x32x10%2x0.01
Mo=7" 7 12 4 = 20121N-m
Wab  4000x4 x4
e A T - —8000 kN-
My, L 8 "
M=+ V‘Z!b”i‘i%’_‘_“ = + 8000 kN-m
2 Distribution Factors :
Joint | Member | Relative Total |Distribution
Stiffness Relative Factor
Stiffness
BA 4E(2D) /8 =EI 0.5
B 2E]
BC 4EI/4=EI 0.5
CB 4EI/4=EI 0.5
C 2EI
CcD 4E(2D)/8=EI 0.5
3. Moment Distribution :
B [o]
— A - 05]0.5 0.5 0.5| D
L A - B806 7994 | - 1988 2012 - 8000 8000
alancing —3003| - 3003 2994 | 2994
Final - 8006
— 4991 | - 4991 5006 | — 5006 8000

N

CE_Sem-S)

(
'3013 . » Solvedpape @
51’ a7 o hinged semicircular arch of : r (2018-19)
p- onceﬂ"a"ed load W at the crq fadius R caprieq
a

=

i "
¥D. Find the vertical

c .
eﬂectlon of the crown. Assume unifo
d Tm flexura) rigidity,

. 'en,mdqu!_Ofmb:R' Load=w
‘,;’.:,vfin d : Vertical deflection at the crown,

3 Consider the arch as shov‘:’n in Fig. 2.

3. From AOPN, y=Rcos (]

> x=R-Rsin6=R(1-sin0)

5. We know that, horizontal thrust at the crown, H = !
i x

6. Bending moinent at any section x-x,
M= Ve ¥y- W R(1-sin®)- % Rcos®
2 n 2 1
7. Strainenergy stored,
/z[‘—v— R(1-sin®) - ‘% Rcos BI‘
_of?L2 T ———=Rdb
W= [2_ds=2| =
! ]‘”[5 (1-sin@)- R’“’s—e-}' W* Rdo
EI’® T
8. Vertical deflection at the crown,
2
s dw, _ 1 :r.!R![(l -sin®) _cos e} oW Rd0
Tdw EIY 2 t
R’
= 0096 WR”

_ 2WR’
5= _TI— x 0.048 El
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c. The three hinged girder of a suspension brj
of 200 m, the dip of the sujrorting cable :gg‘;l;:\: al;pan
girder is subjected to two point loads 450 kN and 28(') kb}he
distances of 40 m and 150 m from the left end. Find th =
and BM for the girder at 75 m from the left end. Findealsla
the maximum tensior in the cable. Draw the bend;j 80
moment diagram for the girder. ing

Given : Span of bridge, L = 200 m, Points loads = 450 kN ap, d
280 kN, Central dip, b = 16 m, Distance of section from eng
A=75m

To Find : Maximum tension, shear force and bending momep¢
at section, Draw BMB.

1. To calculate vertical reactions, ZV =0

V, +V, = 450 + 280 = T30 kN

2. Taking moment about support B, we get

V, x 200 = 450 x 160 +280 x 50
V, = 430 kN
V, = 730 - 430 = 300 kN

5 1
A |= 200 m =B

3
16 m

D c E

e é e
A =40 m—>y=—60 m >=— 50 m —>[<—50 m—>i B
450 kN 280 kN

Fig. 3.
Now taking moment about gcent:ral hinged C, M. =0
V, x 100 = 450 x 60 + H x 16
430 x 100 = 450 x 60 + H x 16
H = 1000kN
wi?
8h
w x 200°
8 x 16
UDL on cable, w = 3.2kN/m

Now, =

1000 =

Vertical reaction for the cable, V = %L— .22 "2200 = 320kN

Maximum tension in the cable,

T, = v+ H? = 3207 + 1000* =1049.95kN

max

_32B (CE-Sem-5)

sP Solved
7. The bending momeng 54 y Paper 201819,

Thobs Section at 5 distance 75 m from left
e

= Beam B
. Beam moment at distance ;\g ‘mlz momeqy
=V, x T5-450 x 35 = 43 Tom left hingeq

9. moment —

= \Z“ﬂ - 4 x16x75(200—75\
\__
H =1000 x 15 200 S
— = 15000 kN-
10. Actual bending moment at sectiop = BkeN mhe i
= 16500 - 15000 = 1500 kN ding moment - Hy
11. Shear force at the section at a distance 5 m-: i
SF = Beam shear— Hang o L6
12. Beam shear at section (x = 75 ) =V, -450=430-450 = 20kN
tanp= %Y _4h N
dr F (L-2x)
tan 0 = 4 x 16 % (200 - 2 x 75)/ 200
=0
14. Actual shear force at section = Beam shear - H tanug
=-20-1000 x Q.08
Shear force = — 100 kN

15. Actual BMon girder :

13.

i AtPointD:
4hx 4x16x40
¥p= —i}—(L—x)=Wch—40)=1024m

. BM = 430 x 40 —1000 x 10.24 = 6960 kN-m
ji. AtPointC:

4hx 4x16x100
ve= LD o

BM_.= 430 x 100 - 450 x 60 - 1000 x 16 =0
jii. AtPointE:

4 x16x150 _
)’8'—‘ ——z—(200—150) =12m

BM3=_300x50+1000x12=—3000kN'm

50m, B

D c
Fig. 3-
.7 Give the step of fie

ss matnx

Slysis of indeterminate beE

d Whatis stiffne
method for an

R

2 (200-100) =16 m

xibility matrix
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Design of Structure-I " 59,34 .
P.
-33B (CFE-Sem-s) “ SO]VEd Pape, (2015_19)

AHK Stiffness Matrix: Refer Q. 4.8, Page 4-21 .
Steps : Refer Q. 4.8, Page 4-21B, Unit-4. B, Unit4.

10 mm

e. Find the shape factor of the I-section sh in Fs
160 mm shown in Fig. 4.

Yp %y

Fig. 6.
100 x 10+ 10(y, - 10) = 1604180+ 100) 19
2
10(y, - 10) = 2200~ 1000,
y,=10mm
The assumptionthaty_isin webis eg
. Dividing the total area i sargs
;i Dividing area into four rectangular, two in compression

anx:
zone and two in tension zone,
...... l'l
L
Fyl »
iy
Fig.7.
5. iii. Plastic moment is given by, M’ = f’ I Ay
1. Elastic neutral axis from top fibre, - [160 <10 (70 —5)+10x (70 -10)x (10-10)
5o 160 x 10 x 5 + 180 x 10 x (90 + 10) + 100 x 10 x (195) 2
t -
160 ;7135 +180 x 10 + 100 x 10 +10x(130-10)x (1302 10) . 10010 (130~ 5)]
= .UJomm
2. Moment of inertia about elastic neutral axis, M, = 319000, N-mm 7
1 . . M, 319000f,
= L 160 x10° + 160 x 10(87.05 - 5) 6. Shape factor, S= E{f’—’_—mzs.oz 7 <1305
1 & 2 ]
445 x10x180°+10 180(100 — 87.05) SECTION-C
1 )
+-L 5100 x 10° + 100 x 10(195 - 87.05)° following: @x1
12 3. Attempt any onepart Ofl::v: in Fig. 8 by slope deflection

= 10784857.33 + 5161864.5 + 11661535.83 / Analyse the frame §
I = 27608257.66 mm* method.

3. Distance of extreme fibre,
¥ = 200-87.05= 112.95 mm

I 27608257.66
4. Elastic moment, M, = f,( ) (f—) = 244429.02f,

ya) 11295
& PlasticMoment (M,): )
i Ietplasticnemnluisbeatadistamey’fmmbottomﬁbre.Assurmns
it fall in web.
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Design of Structure-1 SP-35B (CE-Sem.g
~3)
AN
1. Fixed End Moments :
Alfa = M£4 =0
Mp. = ‘!.E:-“-M =2kN-m
8 8
ME = _WL_4000x4 __ oyN.p
8 8
po_ wl_1000x6 _go00 N s lN.
= 10" 12 m =3 kN-m
2 2
po__ wit__1000x6% o0 .
Mpc =~ 13" 12 m =-3kN-m
2. Slope Deflection Equations :
i. ForspanAB:
2EI 2EI
F
MAB= MAB+T(26A+GB)=0+TGE (- 9A=0)

2EI
Mm=0+2TEI(6A+293)= 3 ’<203=§E193

ii. For SpanBC':
2E x(2I)

My = M{C+ZTM(29,,+90) =2+ (205 +6,)
=2+EI(20,+8))
2E (2
M= M£B+2TH(290+93) ==2+ ; I)(ZBC +0p)
=-2+EI(20,+6y)
iii. For Span CD:
Mm=M£B+%’(2ec+e,,) (v 0,=0)
My,=+ 3+—2?(2ec+e,,) - 3+2E10,
2EI EI
M= M,’;C+ZTEI(26D+BC) == 3+—6-(0+(-)C = —3+—3—eC

3. Equilibrium condition at B:
MM + MBC =0

%EIO,+2+2EIO,+EIBC=0

X B0, + Elo,=-2 D

4. Equilibrium Condition at C :
i My, +My=0

-2+2El0,+EI0, + 3+§EIOC=0

Elo, + g El6,=-1 2

P‘sa B (CE-Sem-5)

e (20151,

—— Solved

= om eq. (1) eq.
i Fr €4 (2), we ey

9,=_¢
5. End Momentsncalc\j:

M

» Elg . _
ﬁon. :l 017

_2
AB 3(—0,55)=_03_‘m.m
4
My, = 5(-(‘)‘55):

~0.73kN-
M kN-m

5o =2+2(-055),

= -2 + 2(_0-17)‘ 04171 =0 3 k.-‘\'-m

= 3+—(-0_“)=289k}‘,
3 O KN-m

M_=-q,-017
e 3+T’ =-3.056 kN.

6 Bending Moment Diagram :
4 kN-m

3.056 kN-m
Fig. 9.
b. Analyse the fixed beam shown in Fig. 10, using strain energy
method. And draw the BMD.
2m 4]8‘ 2m832m“]€2m
: ” ( D D
! B
A% ——
L=8m
Fig. 10.
i beam, the
Reactions at Supports : Due to symmetrl;c:]rley::;:ile«z e .'am
- reaction and moments at supports A and
=R
A B
e i‘{‘ - M: - Mas shown kx; Fig. 11.
. A g +4=16KN.
am=4+
Total load on be Iy W
VA = VB = 2 9
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Design of Structure-1 SP-37 B (CE-Sem.5)
4 kN 4kN 4kN
4 2m 2m 2m
.2m

A * r -
C

iz )
s

V,
A B
Fig. 11. Beam with fixed and moment at A and B.

2. Fixing Moments at Supports :

i. Due to symmetry strain energy in portion AD equals to strain
energy in portion DB. Hence, total strain energy stored in the
beam AB

= 2 x Strain energy in portion AD
ii. Considering portion AC and taking origin at A, then
M=V, x-M=8&-M
iii. Considering portion CD and taking C as a origin, then
M=V, (x+2)-M—4x=8(x+2)-M—-4x
=8c+16-M—-4x=4x+16-M

2

iv. .. Strain energy stored in beam AB, W, = 2-[‘: A; xE (:s
= 2, dx 2 , dx

W= 2[]0(8;:-111) 2 g+ 2 Uxv16-MF EI]

_ 1,2 2 1 ¢2
= E]ﬂ(sx—M) dt+-E7L(4x+16—M)z &
v. For total strain energy of deflected beam to be minimum,

W,
w0

. 1 2 1 .2 .
ie., E—IL 2(8x-M)(-ndnﬁjo2(4x+16-M)(-1)¢:=o

2 (27 eMm ., 2| [£T . I
—E"B['z—:[+H[1L+E[—4[?l-16[x]0+bﬂxlo =0

8 4M 16 32 2M

. L qeANA 16 32 M.

e e wmEt e
6 M= 80

=%0=13.33kN-m

Hence BM at A and B = 13.33 kN-m
3 Free BM Calculation :
i FreeBMatAandB=0
ii FreeBMatC=8x2=16kN-m
ii. FreeBMatD=8x4-4x2=24kN-m
iv. FreeBMat E=8x2=16kN-m

4 BMD: The BM diagram is shown in Fig. 12.

C D
Fig.12.BMD, °©
art of the following -

Attempt any one part of wing : .
Atwo hinged parabolic arch has span of 29 S :‘1 r:.‘e 57)
carries 8 UDL of 20 kN/m for a distance of 5 m from the l;;
end. Determine.

The borizontal thrust at each support.

nding moment, normal thrust and radial shear at
: l::cﬁon of the arch 5 m from the left end. ks

ven : Span of arch, L =20 m, RiSE, h=5 m, Ingen!hy UIU'DL,
gi,_ 20 kN/m, Length of UDL =5 m.
To Find : Horizontal thrust, Bending moment, Normal thrust and
radial shear at section.

rtical reactions, V=0
5 V,+Vg=20x5=100kN -
9. Taking moment about support B, IMp=0
" V. x20-20x5x(52+15)=0
o V, = 875kN
(D, V +VB=100
i S \?B =100-875=125kN

, 20kN/m ¢

3 Fig. 13.
7 4. Horizontal reaction for UDL load,
H= _l__w—a’(5Ls—5lﬂ2+2¢ls)
16 kL

2 =295KN
! = x (5 [5*203—5x20x5 +258
= —x———3
10 et i from left end,
i ment at section at 8 distance 5m
i ent — H moment T

= mom!
Ahll’ = 3i?5_20 x 5 x (5/2) - Hy
X
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SP—89 B (CE-Sem.5

y=228x590_5)=375m
20

M, =815x5-20x(5%2)-29.5x3.75 = 7
6. Normal Thrust and Radial Shear :

6.875 kN-m

) dy_d 4h.x(L—x)]
L t3ﬂ9=Z‘dt 12
_dy _4h =ﬁ2 - .
tan 6 = o F(L_ZI) 207 (20-2x5) =5
0 = 26° 34’

ii. Normal thrust, N = Vsin 6 + H cos 6

N = (87.5-20 x5) sin 26° 34’ + 29.5 x cos 26° 34’ = 20.81(&{3)
iii. Radial shear, S =V cos 8 — H sin 6 m
= (87.5-20 x 5) cos 26° 34' — 29.5 sin 26° 34’ — _ 24.4 kN

b. Using Muller Breslau principle, compute the influ
obtained at 2 m intervals for reaction at C of the co;
beam ABC shown in Fig. 14 below :

1 2 B 3 4 5 6 7
A—eo—o ———0—o A C
_27 _
T 6m T 12m S
Fig. 14.

ence line
ntinuoyg

1. Restrain in the direction of R is removed and
direction of R is applied as shown in Fig. 15.

2. According to Muller-Breslau principle, the defected shape of thig
beam is the influence line diagram for R..

3. The bending moment diagram for the released beam is asshownin
Fig. 15(c).

4. To find the deflections in this released
conjugate beam with (M / EI) diagram as 1
5. Summation of vertically forces, Zf; =0
Vy+Vp=-1kN
6. Bending moment about AIM, =0
1x18+V,6=0
Vg=-3kN
V,=3-1=2kN
Al 2 B 3 4 5 ¢

D

unit load in the

structure consider itg
oad shown in Fig. 15(a).

f¢e—6m } 12m
(@) Actual beam
? : B

3kN
(b) Released beam

= —o J_g{

. Solved Paper(2018—191
12kN.,

B (CE-Sem5)
gp-40

0.0262 0.432
ANl T —3
(e) Influence line diagram for Ve
Fig. 15.
7. In conjugate beam, IMp =0, we get
Vi x6 = (1/2) x 6 x 12 x 6/(EI x 3) = 12EI
8. V=0
Vi+Vi=(V2)x 18 x 12/EI
(12ED + V¢ = 108El
V¢ = 9%/EI
i i j IMn =0, weget
9. Moment at point C in conjugate beam, IM =0, e
M+ (12ED x 18 - (1/2) x 18 x (12/3ED x (18 +12)=0
M = 864/EI . e
10. Taking moment causing tension at the bottom fsaggmg) a.: rii e
. and the one causing tension at the top (hogging) as negative,
get

11 - 864/El —673.33EI

ﬁ{fc =~ — 864/ET + (96/ED x 2 - (U2) x 2 (annn- = — 400.67/EI
T o — 864/ + (96/ED x 4-(U) x 4% “‘*’Géin Y

Mo GA/ET + (96/ED) x 6 - (1/2) x 6 x (3 — _18133E!

ME T~ SG/EI + (GB/ED 8- (U x 8 (G4RED = 161

- _T067EI
10 x (100/3ED =-T0.
1 4+ (96/ED) x 10— (V2) x =0
ﬁs = _gsufE‘.I:(( ED x 12— (1/2) x 12 x (144/3ED
p=—864

Scanned by CamScanner



Ty

Design of Structure-1 SP41B (CE-Sem.5)
12. For portion AB, moments are calculated from, the left side end,
M, =0

M, = (12/ED x 2- (12) x 2 x (43ED) = 22.67/ky
M, = (12EI) x 4 - (V/2) x 4 x (16/3EI) = 37.33/E1
13. The above moments in the conjugate beam Tepresent deﬂections
in the released beam; and the deflections in the released beary
represent the influence line diagram in the given beam
14. Now, influence line diagram (ILD) ordinate at (o]
= (864/EDN/(864/EIN = 1
15. Hence, dividing moment values in co
get ILD for V, in the given beam.
16. ILD for V,, thus obtained, is shown in Fig. 15(e).

njugate beam by 864/E1, we

5. Attempt any one part of the following : (Tx1=7)
a. A suspension bridge has a cable of s5pan 100 m angd dip of
10 m. The cable is stiffened by a three hinged stiffening
girder. Sketch the influence line diagram for bending
moment at quarter span of girder. Determine the maximyp,
moment at this section when a UDL longer than the span of
intensity 10 kN/m traverses the span.
s
G.ven : Span of bridge = 100 m, Dip =10 m, Intensity of UDL,
w =10 kN/m ; = :
To Find : Draw ILD for Bending moment and maximum BM.
1. Fig. 16 showsinfluence line diagram for bending moment at quarter
span D.
C,

Y N

4

DlE

2 Cs 18.75

A

- 25m D EC B
50m

" 100 m |
Fig. 16. ILD for My,
te in this diagram is given by
DD, orce, = XL-) _25000-25) ..
) L 100
3. Maximum moment occurs when the uniformly distributed load

occupies portion AE. To locate £ 1 We write expression for EE , from
tnanglesAClB and AD B

. 1~
(AEIAC) x CC, = EE, = (BE/BD) x DD,

2. Maximum ordina(

(1)

= -y

_42B (CE-Sem-5)

sP Solved Pype, ¢
(AE/50) x 1875 - (BErs) aper (201819,
AE/BE = 505 * 1875

Adding 1 on both gigeg
(BE + AE)/BE = (75

+50)/7
AB/BE = 125175 o

BE = (75/125) « AB = (751125) x 109 = 40m
From eq. (1)

(AB = 100 m)
4. Maximum positive moment,
M., = Intensity of),
max yo oadxAreaofAAD
=10x [WAD,B -5 gE p) 1By

=10x [(12) x 100 x DD, - (112) x 1
=10x (V2) x 100(DD1—1EE ) HIOREE

= 10 x (1/2) x 100 18.75 - 15} = 1875 kN-m
5. Maximum negative moment = 10[a BC A- AAE B)

=10 x [(112) x 100 x CC, - (1/2) x 100 EE] (: Dpp,= ccy)

=10 x [(1/2) x 100 x 18.75 - (1/2) x 100 x 15] = 1875 kN-m

b. A suspension bridge of span 100 m and width 6
two cables stiffened with hinged girders. The
cable is 10 m. The dead load on the bridge is 10 kN/m? and
live load is 20 kN/m? which covers the left half of the span.
Determine the shear force and bending moment at 25 m

from the left end. Find also the maximum tension in the )
cable.

m is having
central dip of

Given:Span,L;lOOm,Widthofbndp' =6m, Centraldip=10m,

section distance = 25 m, Intensity of dead load, w, = 10 kN/m?,
; Intensity of live load, wj = 20 kN/m? axd
: To Find : Shear force and Bending moment at section an

Maximum tension in the cable. 2
v, Va
H <— B
C
X B
A je—> D C
25m ——
t— 100 m "
g & ith two
) Suspension hr‘\dge e
g hj;;:ed stiffening girder.
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m.l.bw (CE-Sem.g

60 kN/m

I._.-._.-._.-.5.—.-.—.—&.—.:- 30 kN/,

-.u.—._._.—.-a.wr_:.—.E._.-=.—._.5._._m_.H.E.E.— H_a-
01

g D )
& = B c -
100 m —|
(b) Loading for beam shear and be
Fig. 17. SRS meny
1. Total Lead on Girder:
i Dead load per girder = 10 x (6/2) = 30 kN/
i Live load per girder = 20 x (6/2) = 60 rz\h—own_mﬂw_hmhwu.
Span.

iii Total load on girder,
W=30x Hoo.fchWO"wog.fmoocﬂgoorz

2 mnﬂmeﬁ_oun UDL from Cable :

_ Total load 6000
. B ”u span 100
3 Horizontal an Vertical Reactions at Su

N pports :
H = wL¥8h = 60 x 100%/(8 x Swou qmoo kN
) V=wlL/2=60x 100/(2) = 3000 kN
4 Maximum Tension in the Cable :

Tpar = VE+ H? = /3000° + 75007 =8077.75 kN
5. Analysis of Girder:

i Now consider the analysis of girder, which is s j
» ubject ‘
Joad and to upward w, at D’ which is 25 m from _m_m mMMvﬁooim gven

=60 kN/m

w,

ii ReactionatA’, R, = EE
100
_ 30 x 100 x 50 + 60 x 50 x (100 - 25)
e Hco ) wqng
fii Beam shear at D’ =3750-30x 25— 60 x 25 = 1500 kN

?»a:»:wmﬁé.u o (_) = 100
m Hmoo E.ﬁw alumoclmo |m||muuuo

v. Moment at Section :
Mp= Beam moment + Moment due to w,

w, x x(L - x)

= Beam moment — :
= mqmoxnm&oxmmxm%u%xmmxwlw
—60x mm:oo -25)
- 9375 kN-m 2
6 Attempt any one pur! !'the following : (Ix1=D

a. Analyse the continuous beam sh in Fi
i own in Fig. 18 by flexi o
matrix method. Take EI is constant. 8 y flexibility

E——

e —

m.v.FI»—...u\q_ﬁ.,\ ™
15-1%

Wm0 sowue
vm

AT
m
N qm.““—“o anMMMMM B and C are taken as redundant f
2. ’ structure is obtained b t forces
BandC. y introducing the hinges at
3. The coordinate directions chose
R n are as shownin F \
4 pisplacements due to given loadin inFig. 1%a).
structure : gt in the released
i The oobwwsmwvm beam and the load on it are as shown in Fig. 19b
vl\ uww/ PN D e
kw
FJLbe

(a) Coordinate direction.

720

ElL
320 360

El B

(b) Conjugate beam for released structure.
Fig. 19.

beam, the maximum ordinate of load in

AB = 40 x 12%/8EI = T20/El

iii. The maximum ordinate of load in
BC=120x4x 8/12EI = 320EI

iv. The maximum ordinate of load in
CD = 20 x 12*/8EI = 360/El
= Displacement in coordinate direction
+ Rotation of BC at B = Shear {orce in conjugate
+ Shear force in conjugate beam inBCatB
320 a2+8 1 3946.67
1.2 120 xpw+.w.xi\|x5x\|w\| xﬂmn\.mw\l
2293.33
1 320 12 12+4 x|~\+wﬂm xmmmuﬁ - \|m~\|
3/ El
N?.—E.m Matrix : - \he coordinate

i determinate S .
Fig. 20t)- ooaﬁmwama beams and oading

i. In conjugated

1 =Rotation ofABetB

v. A
L beam in AB atB
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Design of Structure-I SP45B (CE-Sem.5)

a1
El
A
#~s Q»B/E bcm

D

(b) Conjugate beam and loading.
Fig. 20.
8y, = (23) x 12(2ED + (2/3) x 12/(2ED = &/EI
and 8, = (1/3) x 12/2ED = 2/E1
ii. Unit force is applied in coordinate direction 2 as shown in Fig. 21 )
The conjugate beam and loading on it are as shown in Fig. é\(b? ’

A B s C N D
~ == (5 @ oY
1kNm
(a) Unit Lead in coordinate direction 2.

1
g EI ‘@I
B c D

(b) Conjugate beam and loading.
Fig. 21.
8,5 = (1/3) x 12/(2ED) = 2EI
and 8,, = (2/3) x 12/(2E]) + (2/3) x 12/(2EI) = 8/EI
6. The final displacements at 1 and 2 are zero.
7. Hence, the flexibility equation is given by, [8] [P] = [a] - (4]

8/El 2/EIl [P, 0] [3946.67/EI
2/El 8/EI|P,] (0] [2293.33/EI
1(8 2[[R] 1 [3946.67
EI|2 8||P,| ~  EI|2293.33
P, 8 27'[3946.67
P| "~ T|2 8] |2293.33
1 8 -2][3946.67] [-449.78
Ti-a|-2 8 |[220333] |-174.22
8. The end moments obtained are indicated in Fig. 22(a) and hence

the bending moment diagram is shown in Fig. 22(b).
449.78 174.22

(a) End moments.

gp46B (CE-Sem-5)

- Solved Paper (2018-19)

b. Analyse the continug
A us beam shown in Fi ;
matrix method. Also sketch the bending‘:o 23, by stiffness
6.4 kN ment diagram.

PR \
1. ) A
T 5m " 3m *\P t 39‘:

AHE

1. Degree of Kinematic Indeterminacy and Selection of
Coordinate :

Since hefe unknown displacement happens at B only. Hence the
kinematic indeterminacy of the given beam is 1. Hence select a
coordinate at B only as shown in Fig. 24.

1
R N
B |\

i
Fig. 24.
2. Fully Restrained Structire and Forces Development in the
Coordinate Direction : _
i. Fully restrained structure to be obtained by imposing the restraints
of all joints as shown in Fig. 25.
6.4 kN 8 kN

m 3m Im
Fig. 25.

ii. Fixed end Moments :
M= _WabYL2=-64x5%
MF, = Walb/L? =64 52 x 3/8% = 15XN-m
’ 2/62 = — 6 kKN-m

F= Wab'l/LZ=—Bx3:3 /6
ME=-

M:! = + 6 kN-

«: The force develo!
o _15-6

5m 3

a2/gt = - 45kN-m

od in the coordinate direction,
EN-m

S hi nl o d "
ere ) one €oor inate. Hence {he s12¢ 0 e stifines
L Since t s only on \( { thi T

4_—‘"
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i To obtain stiffness matrix [K], apply up;
coordinate direction as shown in Fig. 26,
iii. Forcedeveloped in the coordinate direction to be
slope deflection equation.

t displacement in the

obtained by uSing

\, B=1

Ko\,
Fig. 26.

K = (2E1/8) (6, + 205 - 8) + (2EI/8) (205 + 0, -3)
=(2EI/8) (0+2x1-0) + (2EI/8) (2 x 1 +0-0)
= (El/4) x 2 + (El/3) x 2 = TEl/6

Hence the stiffness matrix, [K] = [7TEl/6)
4. Final Forces :
Final force acting in coordinate direction is zero
ie., [P] = [0]
5 Stiffness Equation :
i The stiffness equation is given by,
IK] (a] = [P-Py]
[7EI/6] (A] = [0-1.5]
[a) = (6/7ED x [1] =1 [- 1.5) = — 9/7EI)
i 6p = —9/N7ED
i 0,=6-=0
6. Final End Moments :
M,p=—4.5+(2El/8) [- 9/(TED] = - 4.82 kN-m
Mp, = 7.5+ (2E1/8) [- 2 x 9/(TED)] = 6.857 kN-m
Mpg-= -6 +(2EI/6) [- 2 x 9/TEI) + 0] = — 6.857 kN-m
Mg =6+ (2E1/6) [- 9(TED + 0] = 5.57 kN-m
7. Simply Supported Bending Moment :
L Moment in span AB = Wab/L = 6.4 x 5 x 3/8 = 12.0 kN-m
i Moment in span BC = WL/4 = 8 x 6/4 = 12.0 kN-m
8. Bending Moment Diagram :
The bending moment diagram is drawn on tension side as shown in
Fig. 27.

(~+ A and C are fixed eng)

1. Aftempl any one part of the following : (7x1=7)
a. Find the collapse load for the frame shown in Fig. 28.

=g

gp-48 B (CE-Sem.5)

Solved Paper (201419

Ans
1. Degree of static indeterminacy,
r =3 (Number of.closed loops) - Number of releases = 3(1) — 1=2
(Since the end ‘D’ is not restricted against rotation,
. - Number of rel =1
2. Number of possible plastic hinges, N =5 (r.e.,at4, B, C, ;)a:;d i!)
3. Number of independent mechanisms, n=N—r=5-2 = 3
4. These three numbers of independent mechanisms are :
i Beam mechanism.
i. Column mechanism.
iii. Panel mechanism or sway mechanism.
In addition to above three mechanisms, there will be the combined
mechanisms.
i. Beam Mechanism :
a. Beam mechanism is shown in Fig. 29.

rk done, Wy =W x FF, =Wx (1/2)8
E Plzntteerr::ll:oik done, WIE= MPB + M: x 20+ MPG =4 Mpe ‘
d Equating external work done and internal work done, we get
Wie/2 =4 M8
o W, = SA!P!I
i:. f‘r:) m\ml:n‘:;ﬁis'm plastic hinges are formed
as shown in Fig. 30.

(1)

atA,BandE
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b. External work done, W = W16/2
c. Internal work done, W, =2M,0+2M (0 +9)

: Mo=7TMp
d. Equating external and internal work done P
Wi0/2 = TM,6
W= 14M /I .
iii. Panel Mechanism : X
a. In this mechanism plastic hinges are formed at A, B anq Conly
w

Fig. 31.
b. External work done, Wg = Load x Displacement at E
=WxEE' =W x (I/2) x 6 = Wie/2
c. Internal work done, W;=2M 6+M 0+ MPB = 4Mp9

d Equating external and interngl worlf done
Wie/2 = 4M.p
. W.=8M (3)
iv. Combined Mechanism :

a. This mechanism is shown in Fig. 32.

Mp

Fig. 32.
The plastic hinges are formed atA,FandC.

20 3 T oW
¢. Internal work done,

Wi=2M0+M(0+0)+M x(0+0)=
d Equating extemlal and fntern:fl work done_ Or0=6 i
Wie=6M g
W=6MT7 (4)
From eq. (1), (2), (3) and (4) we

consider least
Hence collapse load, W, = 6M /1 r least value of

b. External work done, W= W x ie +W x ! 0= wie  wie
2

v

gp-50 B (CE-Sem:5)

Solved P

—_—

aper (201519

1. Degree of static indeterminacy,

o W N

r = Vertical reactions + End moments - 2
=2+1-2=1

o ————————

0.5861 0414/
(b) Mechanism
We X
wc=l—perm |
1
A Y T o B
;" s
- T =
! W,
V=t X V=gt
(c) Released beam
Fig. 34.

Number of possible plastic hinge‘s, N=2(atAand inAf?)l
Number of independent mechanism, n=N-r=2-1=

i d that is reaches Mp.
. Consider the moment at A as redundant an re r
The second hinge will be form where the net positive bending

moment is maximum.

The equilibrium bending moment diagram, mechanism and simply

supported beam are shown in Fig. 34, (a), (b) and (c) respectively.

. Bending moment at X.

W, W, =
My=%*"7%2
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8. From Fig. 34(a) and 34 (b), we get
x_ W _ Wx?
Mp + MP 7 = 2 2 l“‘

9. For Mptobe maximum,; de/dx =0

10.

11.

12.
13.

X
143 = 252
MP[+1] g 2

o [Lrx] o W (_zj_ﬁ (l—_x)
M”[T}"le )" 2 T\

LA e A [
P™ 9 " (+x) 2| (U+x)

de_d
dx

Now,

W, [(x-x%)] |
el =0
dx| 2 (I +x) j
W[ 0+ x)0 - 22) - (lx = xz)(l):' L
2 1+ x)?

-

W/2#0
(A +2x)-2)-(x-x%)=0
129l +lx ~22—lx +x2=0
12-2x-x2=0
x2+2x-12=0

s R —axIx(1) _ -20x 44l

X = =

2x1 2
_—2l+BPF _ —21+2.828]
2 - 2
Taking + ve value x = 2 +22'828l = 0'82281 =0.4141

From mechanism Fig. 34 (b),
0.58610 = 0.4141 ¢

o= 0.586 _ 1 41550
0.414
0+ ¢ = 0+ 1.41550 = 2.41550

External work done, Wy = _‘% X % x | x 0.58616 = 0.293 W (0

Internal work done, W, = Mp0 + Mp(0 + ¢) + 0 =3.4155 M0
Equating external and internal work done, we get
- 0.293 W10 = 3.4155 M0

3.4155 M, 11.657 M,
0.293] l

Collapse load, W _ =

©0O
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