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PART A
I(1) |Slenderness ratio is the ratio of effective length of a column to least 2 2

radius of gyration. " " !
- S CIUWGE p LY, : Dtertea - AR o [ ¥ Ve (0ao
1(2) | SHem®force-atany SoBeh SW beam 1 (1R-alircate seom DAl 2 2
forces acting either to theright or left of the section-of-the-beam
[(3) |A fixed beam is supported between two fixed ends. It is classified as 2 2
a statically indeterminate beam, which involves more than three
unknowns and the equilibrium equations of statics alone are not sufficient
to determine the support reactions.

I.(4) [Slope at any section of a beam is the angle made by the tangent drawn at 2 2

the corresponding section in the deflected beam with the horizontal.

I(5) |The ratio of a moment produced at a joint to the moment applied at the 2 2

other joint without displacing is called carry over factor.

PART B

IT (1) |The types of end conditions of column are 1.5mark 6 6
a. Column with both ends hinged-Equivalent length le=
b. One end fixed and other end hinged-Equivalent length le=]/2
¢. Both ends is fixed- Equivalent length le=1/2
d. One end fixed and other end free- Equivalent length le=2]

I1(2) [b=20 cm,d=15cm P=1000kN,e=5cm

each

d P, My _ 1000 | 1000X5x10x12 2 €) 3
m stress f—=— 4+ —== =8.33kN
Maximu M AT T 20%1e 15 X203 3kN/em 6
=i P _ My _ 1000  1000X5X10x12 2
tI‘ S f i — — = - =].
Minimum stress i~ e T 1.67 Kn/cm 3
3

II(3) |When an eccentric load acts in such a way that on region around centre of
gravity of section no tensile stress is developed anywhere in the
region,then the area of that region is called core of the section,

(3marks) 3 6

Eccentricity is the distance from the axis of the column or strut to the line
of action of load which doesnot coincide with axis of column (3marks) | 3

I (4) |Strength criteria-In this the beam is designed to resist bending and shear
stresses developed in the beam. This is ensured by maximum bending and
shear stress are within limits.

Stiffness criteria-According to this criteria the beam should be stiff to
resist deflection or in other words beam should be stiff to resist deflection

(3marks)




within permissible limits.
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 a member at a joint is the ratio of the stiffness

due to applied loads considering the member to be fixed at both the ends

The distribution factor fo
factor of the member to the total stiffness factor of all members meeting
Fixed end moments are the moments induced at the ends of the member

(3 marks)

(3 marks)




PART C

111 (a)

L=12m=1200cm

A=1m’=10*cm?

E=2 x10* kN/em?

I= 100x100%/12 =8.33 x10°® cm?
a. Both ends are pinned

_M*El _I?2x10* x8.33x106 _ (Steps-2
Pe = s =1142310.8 kN p—
b. One end fixed and other end free
_M2El _11% 2x10* x8.33x106 _ 2 (Steps-2
P8 T = =285577.7 kN
Answer-2)
11T (b)
Toint C 1>
SH=0.TV=0 M
Pcpsin60=100 (1)
Pep=115.47 kN )
Pce=Pcp cos 60=115.47 cos 60=57.73 kN (
Joint D |
YH=0,yV=0 )
Ppccos30=Pppcos30 (1)
PDC=PDB:1 15.47 kN. (I)
P[)A=PDCsiD30+PDB sin30 (05)
Ppa=115.47/2+115.47/2=115.47 0.5)
IV (a) | Assumptions
1. All members are pin joined or hinged

ii.  Frame is loaded only at joints

iii. —Frame should be perfect frame

iv.  The self weight of the members of the structure is neglected. 3) 15

Method of Joints
i. In this method, each and every joint in the frame is treated
separately as free body in equilibrium.

ii. The unknown forces are then determined by equilibrium
conditions such as > H=0,Y V=0

iii.  Sum of all vertical forces and horizontal forces is equated to zero.

iv.  While taking joints, care should be taken that at any instant joint




should not contain more than two members in which the forces 3)
are unknown.
IV (b) | I=4m=4000mm
D= 20cm= 200mm
=2 x10°N/mm’

t=1 cm=10mm

d=20-1-1=18cm=180mm 1

I=11/64(D*-d"=11/64(220"-180%=2.7009 x10"mm*

1. When both ends are fixed 2
L=1/2=4000/2=2000mm 5
PE_nzft_nz 2x10° x2.:009x107 ~13328.8 kN

1 2000

ii.  When one end fixed and other end free 2

L=12=4000/2=2828.42mm
PE_H:f.‘I_HZ 2x12582:;2:;c2)09x107’ —6664.4 kKN 2
V (a) |Conditions for stability of a dam

i.  If bending stress is greater than direct stress there will be tensﬂe 2
stress on one side of the dam .So inorder to avoid tension in the
base of the dam bending stess should be less than direct stress.

e < b/6,the eccentricity should be less than b/6

ii.  For the equilibrium of the dam the restoring moment should be
greater than overturning moment. This condition prevent dam 2
from overturning

iii. To prevent sliding of dam the maximum available frictional
resistance should be greater than horizontal water pressure, hence 2
the dam will not slide F>pW

iv.  To prevent crushing at the base of the dam the maximum stress at
the base of the dam should be less than the permissible stress in 2

masonry or concrete

V (b)
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Mal=W1/4x1Ix1/2
Ma=W1/8
Mb=W1/8
Ra=Rp=W/2

BM at midspan of a fixed beam=W1/8

VI (a)

‘K"""f.‘:)m-ﬂ

H=25m
h=20m
b=12m
a=5Sm

P=25 kN/m3
w =10kN/m3
Self weight of the dam, W=25x(12+5)/2x25x1=5312.5kN
Water pressure of the dam F=wh?/2 =10 x20%2 =2000kN
Resultant force R=V(F*+W?) =(2000*+5312.5%=5676 kN

Taking moment about F,Fxh/3=WxEF

Fxh 2000x20
EF= " = =
Wx3 5312.5x3

DF=DE+EF=4.49+2.5=6.99m
Resultant R cuts the base at 6.99 from D
Eccentricity e=DF-b/2=6.99-12/2=0.99m

Maximum stress occurs at edge C of the base:ﬁ:naxi;:— (1 + —) =

5312.5 0.99, 2
—2 (1 + 6°2)=661.84 KN/m

Maximum stress occurs at edge D of the 'bElSEF fmin% (1 ¥ —) =

53125 (1 —5 E):22354 kN/m2
12 12

2.5m

VI(b)

For no tension condition
e <Z/A <(bd*/6)/bd < d/6 or b/6

The stress will be compressive .The shaded area is the core of the




‘7 section. 3.5 B
Modulus of section of circular area=ITD*/32
Area of the circular section=TTD?*/4
e<Z/A 3.5
< (@D*32)/ (nD*/4)
<D/8
VII |Ra = Reaction force at support A = W/2 15
(@) Rg = Reaction force at support B = W/2
04 = Slope at support A
0 = Slope at support B
M=EI LY 1
EI .ff%L = W.X L
Sdxr T 2
Let us consider the bending moment determined earlier about the
section XX and bending moment expression at any section of beam o
R
po S0 W
A \L B
AE W2, v 2,
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fa- herg-
2




ElI %= X

Slope will be zero at the centre of the
loaded beam

dy/dx =0, atx=L/2

o WI2
Ci= 16
dy _w.x? wL2
ey -5
At x=0,dy/dx=OA=OB
_ WL
0= — 16 Er
. _ Wiz
16 EI
a % L 3
EI W =W x’/ 12+C;x+C2

At x=0,C2=0
d?x
Bl =W xX112+Gx
=Wx’/12-WL? x/16
At x=L/2

EI %’; —WL%/96- WL%/32
=-WL>/48
WIL*/48EI

d*x
dy?

VII
(b)

W= 50kN
I=15000cm* . - ]
E=2x 104 cm’

1 =4m

Ye=WI1;*/3EI=50x500°/(3x2x10'x15000) =6.994 cm

VIII

15
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SFp=wl*/2xIxl/EIx1/3=wI"/6EI
OB= wl*/6EI

BM%:wl3/6EIx%1=wl4/8EI
ye=wl"/8EI

VIII

1=6m=6000mm
=300 x10* mm*
Ye=4 mm

E=200 x10° N/mm*

swit 5w6000*
384EI 384x200x103x300x10%°

Yc=

4=0.281w

w=14.2 kN/m

s R

15
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For span ABC
Ma(1)+2Mg (1;+1)+ Mecl2-6a;x/1;+6a,x,/1,
I 1=3m
1=3.6m
Ma-0,Mc=0
6aix; /11=5x 6°/4=270
6axx, /12 =8x8/4=1024
2Mg (6+8)+ 0-270+1024
Mp-46.2 kKN-m e

2. knm
RTR‘;_SM——'?BTle) Ly

Taking moments about A
RAX6-5x6x6/2+46.2=<0
RA=7.3kN
RB1=30-7.3=22.7kN

By 2N 8 knleo
()&.ﬂ_ﬁ‘?ﬂ_ié} Re

BRBz. c
Taking moment about B
Rex8-8x8x8/2+46.2=0

RC=26.225kN
RB2=37.775kN




20kN

ol A A
A ann_ Lt

3 B -‘

MEap=-w1%/12=-20x6%/12=-60 kNm
Mrpa=-wl*/12 =20x6%12= 60 kNm

T

Mrpc=-W1/8 =120x6/8=- 90 kNm | 1
Mrsa=W1/8 =120x6/8= 90 kNm X ‘
Stiffness factor at joint B

Kpa=4EI/6=2EI1/3

Kpc=4El/6=2EI/3

At joint B distribution factors are 1
kBA =kBA/ZkB =1/2
kBC:kBC/ZkB =1/2

JOINT A B &

112 J12 ]

Fixed end moments -60 60 -90 90
Distribute 15 15

Carryover 7.5 7.5 N
Final end moments -52.5 75 -75 97.5 | 4
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TUE

RA-20X6X6/2+75-52.5=0
RA=56.25 kKN
Rp1=120-56.25=63.75 kN

35 | Ro %5

C> — 3m—>
TEB:& 6 ";__,_J\R"-
Taking moment about B
RBQ+RC:IZO
ReX6-120X3-97.5+75=0
Rc=63.75 kN

R52:56.25 kN

11







