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1. Solution:

Endurance limit is the stress level below which even large number of stress cycle cannot produce
fatigue failure.

2. Solution:
E=3k(1-2p
3. Solution:

It is the circumferential stress that occurs in cylinders and acts normal to the cylinder axis and
also normal to the radius vector. Hoop stress is tangential to the surface on which it acts.

4q. Solution:
Maximum shear stress = 1.5 Tavg
A h ‘ 3 i B 60x10°
verage shear stress, Tavg = bd - 100xd
and T = 4N/mm?
60x10°
= 1.5x
4 100xd
= d =225 mm
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5. Solution:
o, MHO
8 = ___J/
" E E
Maxi . 80 40\1 70
aximum strain = ===
4 JFE E
. One dimensional stress = 70 N/mm?

6. Solution:

It is a short length of an angle section used at a joint to connect the outstanding leg of a member,
to the Gusset plate and thereby reducing the length of the joint.

7. Solution:

Grillage foundation consists of a number of layers of beams, usually laid at right angles to each
other and used to disperse heavy point loads from the super structure to an acceptable ground
bearing pressure.

8.  Solution:
The only difference is in the effective length, which is increased by 10% in case of battened
column whereas in case of laced column it is increased by 5%.

9. Solution:

The Miiller Breslau Principle states that the ordinate value of an influence line for any function on
any structure is proportional to the ordinates of the deflected shape that is obtained by removing
the restraint corresponding to the function from the structure and introducing a force that causes
a unit displacement in the positive direction.

10. Solution:

The work done by one load on the displacement due to a second load is equal to the work done
by the second load on the displacement due to the first.

11. Solution:

S
I L KI>A4§
6EId
M, = Mg = 2
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12.

13.

14.

15.

16.

17.

18.

8 o

Solution:
Shrinkage Ratio: It is defined as the ratio of volume change which is expressed as percentage of
dry soil volume to the corresponding change in water content i.e.

(V1—V2)/de
Wy — Ws

Shrinkage ratio = 100
where,
V, = Vol. of soil at water content w,.

V, = Vol. of soil at water content w,.
V4 = Vol. of dry soil.

Solution:
Design Loads
Loads to be considered in the design of masonry structures are:
1. Dead load of walls, columns, floors and roofs as per IS 875 (Part-I).
2. Live load on floors and roof as per IS 875 (Part-II).
3. Wind loads on walls and sloping roofs as per IS 875 (Part-III).
4. Seismic loads as per IS 1893 (Part-I) and snow loads as per IS 875 (Part-IV).

Solution:

Over consolidation ratio (OCR), is defined as the ratio of preconsolidation stress applied to a soil
sample in the past to the current effective stress applied on the sample.

Solution:

It is a type of deep foundation in the shape of a hollow prismatic box which is built above the
ground level and then sunk into the ground at the required depth as a single unit. It is a water
tight chamber which is used for laying foundations under water like rivers, lakes etc.

Solution:

Anchor Piles are the piles that are required to resist lateral loads with or without being braced
depending on circumstances and an ordinary or standard house piles are required to carry a
vertical load.

Solution:

The temporary structure erected to support the concrete in its required form, till it hardens and
becomes self-supporting is known as formwork, centering or shuttering.

Solution:
Cover: The following minimum cover is required for:
(a) Beams - 25 mm
(b) Slabs - 15 mm
(c) Columns - 40 mm
(d) Foundation-50 mm
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19. Solution:
Parabolic fox
curve
I 0.67f,
0
0
e 0.45f,,
»
.0002 .0035
Strain —
Stress-Strain Curve for Concrete
20. Solution:

21.

9

Best section for RCC beam: Usually slab is casted monolithically with beams and thus a T-section

is best suited as the beam section since it provides large compression area (in the form of large
flange width) which reduces the overall depth of beam required.

Solution:

Go

Gu ____________________________
164 \E

o, | f i

' 5 C 'D :  F

af

! ! ! !
0.12% 1.4% 15-20% 20-30%

€o

Stress-strain Curve for Mild Steel in Tension

A — Proportional Limit
C — Upper Yield Point

E — Ultimate point

o, — Ultimate stress/Tenacity

CD— Yield Plateau
DE— Strain hardening

B — Elastic Limit
C — Lower Yield Point/ Actual Yield Point

F — Fracture point

o — Yield stress

Y

EF — Strain Softening/Necking Region
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22,

23.

24.

10 -

Solution:

max = 7 N/ mm? Width of section, b = 120 mm; depth of
section, d = 200 mm; length of beam, / =4 m

Let “w’ kN/m be the safe udl. [—120mm —~

Given: Maximum bending stress, ¢

Maximum B.M. in simply supported beam due to ud/
w-1?
M = KkN-m 200 mm
b.d> 120 x 2007
Section Modulus, Z = G = 3 mm? v
= 8 x 10> mm®
We know, M=o_. 72
10°  (4x10%)?
w10 BT kg x10°
10 8
w = 2.8 kN/m

Solution:
Following are the theories of failure:

1. Maximum Principal Stress Theory/Rankine’s Theory
Maximum Principal Strain Theory/Saint Venant’s Theory
Maximum Shear Stress Theory/Tresca’s or Guest-Coloumb’s Theory

2

3

4. Maximum Strain Energy Theory/Belt Reimi-Heigh’s Theory

5. Maximum Shear Strain Energy Theory/Distortion Energy Theory/Von Mises-Hankee Theory
6

Mohr’s Theory

(i) Mild steel is a ductile Material and Distortion Energy theory is most suited.
Distortion Energy Theory: By this theory the material will fail when distortion energy per
unit volume of a material will exceed the distortion energy per unit volume for a material in
case of simple tensile test.
For 3D loading, failure condition:

2

o

2 2 2 Y
|:GI)1 +Gp2 +Gp3 _GIJIGPZ _GPZGPS —Gplcp3]>(_FOS)

(ii) Concrete is a brittle material and Rankine’s Theory is suitable for brittle material.
Rankine’s Theory: According to this theory material will fail when the value of Maximum
Principal stress reaches the maximum elastic stress in uniaxial loading test.

e condion, [ o >22]
ailure condition, | Op 2——|.
i iti n 255
Solution:

Influence line : Influence line is a representation of variation of stress function like support
reactions, shear force, bending moment at particular cross-section when concentrated unit load
moves over span of a structure such as beam, girder, arch or truss from one end to another end.
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25.

It is used to analyse the effect to moving loads on the structure. It can also be determined using
Muller-Breslau principle.
Example:

R4 1

\] | '
AN L es

| |
I X 1

For a simple supported beam, influence line of vertical reactions at “A’, can be found out using

unit load at a distance “x’.

L-x X
1 = = 1 —_ —
For which R, 1 1
ILD for R,
1o X
L
1
A B
Solution:
A=1
A A =N
AN 87 _ R
' B6EIA
)i
B6EIA

For given frame, let stiffness matrix be k
ki1 k
where, k = [ " 12}

For k;; and k,,,
Providing unit horizontal deflection at ‘B’

SM. = 0
6EI 6EI
Rexb= o+
12E1 12E1
= Re = T kyy = 3
6E1 . .
ki, = Ko =7 (Moment induced at ‘B’)
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For k,,
Providing unit rotation at B

4EL  BEL _TEI

k —3
2 L L L
12EI G6EI
» - [EC
Stiffness matrix, k = 6EI TEI
2 L
26. Solution:
For sand,
All around pressure, o, = 350 kN/m?
Angle of shear resistance, ¢ = 38°
Using,
Princi _ 2( gzo, @
rincipal stress, o, = oztan”| 45 +§
= o, = 35Otan2(45°+%)
= o, = 1471.31 kN/ m?
Deviator stress, 04 = 0,-04
= 1471.31 - 350

= 1121.31 kN/m?

27.  Solution:
For given soil,

2
Length of drainage path d = e im
Coefficient of consolidation, C, = 2x10™* cm?/sec

= 2 x10®8m?/sec

For half of ultimate settlement, degree of consolidation,

u=205
. T 2 T 2
For U = 0.5, time factor, T, = ZXU =Z><O.5 =0.196
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Ct
Using, T, = d\;
019 2x108 xt
= : VR
()
=  Time of settlement, t = 9800000 sec = 113.43 days
28.  Solution:
For soil,
1550
Minimum dry density, Pimin = T0x10%70 1.55 gm/cc
1550
Maximum dry density, Pamac = 10x10x(10-2) 1.9375 gm/cc
P Pouik 1.9
Dry density in natural state, Pi = 1w 12012 1.696 gm/cc
1 1 1 1
Relative density, I, = ?mi” ? =1 '155 1'6196 =0.43

O Puax 155 1.9375

29. Solution:

The volume of loosely deposited damp sand is much more than the volume of same sand in loose
and dry state. This increase in the volume of damp sand is called as bulking. In the damped state,
a sort of cohesion develops between the sand particles due to capillary water. This cohesion
prevents the sand particles from taking a stable compact position. The effect of bulking of sand is
more pronounced when moisture content is about 4 to 5% and the resultant increase in the volume
of sand is about 20 to 30%.

30. Solution:

Equation of parabola with origin at a support is given by,

dex

y = L2 (L_x)
dy 4de
= L=2(L-2
Slope = —~ 2 (L-2x)
de
Slope at support (x=0and x =L) = J_rT

Total eccentricity at support and midspan = 50 + 75 = 125 mm

4x0.125
Slope at support (x =0) = XT =0.05
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Net change in slope between supports,

2 x 0.05 = 0.10 radian
1000 x 500 = 500 x 103 N

o

Initial prestress, P,
If P, is prestress at the other end,
P, = Pje-(n+K)
uo + KL = 0.55 x 0.10 + 0.0015 x 10 = 0.07
P, = 500 x 10° %07 = 466.2 x 10° N

(500 —466.2

x 100 = 6.7%
Percentage loss 500 j o

Alternatively, relation between P, and P, is given by
P, = P, (1 -po-KL)

= P, = 500 x 10° (1 - 0.07) = 465 x 10° N
500 — 465
= | —————|x100=7%
Percentage loss ( 500 ) X 0

31. Solution:

Following are components of plate girder,

1.  Web plate: These plate are used effectively to resist shear force on the girder.

2.  Flange plate : There are plates effectively used to resist
bending forces on the girder.

3.  Stiffners: These are provided to reduce possibility of
diagonal and vertical web buckling.
These are further classified as:
(i) Horizontal stiffner
(ii) Vertical stiffner
(iii) Bearing stiffner

32. Solution:
In case of tension member, stress is constant which is independent of the cross sectional area. It
means for a given load we can determine the required area directly as given below,

Required A = Applied load
equired area, req ~ Permissible tensile stress

while in compression member, permissible stress 6,. depends upon slenderness ratio (A) and so
on the area itself. Hence, we have to assume area first and then we check whether the applied
force is less than the permissible force or not.

P < Gut x Areaassumed

Hence, in case of compression member indirect method of design is used.
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33. Solution:
A stair may be defined as series of steps suitably arranged for the purpose of connecting different
floors of a building at different elevations. It may also be defined as an arrangement of treads,

risers, stringers, newel posts, hand rails and baluster, so designed and constructed as to provide
an easy and quick access to the different floors rendering comfort and safety to the users. The
enclosure containing the complete stair way is termed as staircase.

A staircase without any waist slab is called a tread riser staircase. In this type of staircase only
riser and tread are provided so they are called tread riser staircase. They are also known as
straight staircase.

Design steps for stairs:

(i) Effective Span of Stairs: Stair slab may be divided into two categories, depending upon the
direction in which the stair slab spans.

(a) Stair slab spanning horizontally/transversely
(b) Stair slab spanning longitudinally(along the incline)

Stair slab spanning horizontally: In this category, the slab is supported on each side by side
wall or stringer beam on one side and beam on the other side. Some times as in the case of
straight stairs, the slab may also be supported on both sides by two side walls. In such a case
the effective span L is the horizontal distance between centre to centre of supports.

Stair slab spanning longitudinally: In this category, the slab is supported at bottom and
top of the flight and remain unsupported on the sides. The effective span of such stairs,
without stringer beams, should be taken as follows:

(a) Where supported at top and bottom risers by beams spanning parallel with the risers,
the distance between centre to centre of beams.

(b) Where spanning on the edge of a landing slab, which spans parallel, with the risers, a
distance equal to the going of stairs plus at each end either half the width of the landing
or one meter whichever is smaller.

(c) Where the landing slab spans in the same direction as the stairs, they shall be considered
as acting together to form a single slab and the span determined as the distance c/c of
the supporting beams or walls, the going being measured horizontally.

(ii) Live load: IS : 875 - 1987 (Part-II) give the loads for staircases. For stairs in residential
buildings, office buildings, hospital wards, hostels, etc. where there is no possibility of over
crowding, the live load may be taken to be 3000 N/m? subject to a minimum of 1300 N
concentrated load at the unsupported end of each step for stairs constructed out of structurally
independent cantilever step. For other public buildings liable to be over crowded, the live
load may be taken by 5000 N/m?.

(iii)  Distribution of loading on stairs:

(a) In case of stairs with open walls, where spans partly crossing at right angles occur, the
load on areas common to any two such spans may be taken as one-half in each direction.

(b) Where flights or landings are built into walls at a distance not less than 110 mm and are
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designed to span in the direction of the flight, a 150 mm strip may be deducted from the
loaded area and the effective breadth of the section increased by 75 mm for the purposes
of design.

(iv)Estimation of dead weight:

(a) Dead weight of waist slab: The dead weight w’ per unit area is first calculated at right
angles to the slope. The corresponding load per unit horizontal area is then obtained by

T2
T

increasing w’ by the ratio where R =rise and T = tread. Thus if ¢ = thickness of

waist slab in mm, then

4

_xIxd
1000
Hence dead weight w, per unit horizontal area is given by

cwrx SEAT o NR AT

w, =w _—

T T

w, = 2501+ (R/TY

(b) Dead weight of steps: The dead weight of steps is calculated by treating the steps to be

x 25000 = 25t N/m? of inclined area

equivalent horizontal slab of thickness equal to half the rise (gj . Thus if w, is the weight

of step per unit horizontal area, we have

S L — - 2
Wy = 51000 x1x1x25000=125RN/m

Where R is rise in mm.
Total w = (w, + w,)
per unit horizontal area
(v) Depth of the Section: The depth of the section shall be taken as the minimum thickness
perpendicular to the soffit of the stair case. Once the depth of the section is finalized, area of
reinforcement can be known too along with spacing.

Main
Steel

Distribution
Steel

16 . Civil Engineering (Test3) www.madeeasy.in © Copyright: MADE EASY



= Delhi | Noida | Bhopal | Hyderabad | Jaipur | Indore
ﬂlﬂtgtﬁe fDrFESIGnATgpsHUS ‘ Lucknow | Pune | Bhubaneswar | Kolkata | Patna RPSCCE19
34. Solution:
Given: Flange width,b = 2000 mm; Span, /; = 9m = 9000 mm; Flange thickness, Df = 150 mm;
Opverall depth, D = 750 mm; Rib width, b, = 300 mm
fe——2000 mm ———
A, = 6x g x32% =4825.486 mm? 150 mm| |
!
Effective width of flange for an isolated T-beam is given as £
IS
o 9000 — 2001 S
b= lo—+ b = 5000 " 300 R
—|+4 —+
b 2000
ce s 6-320
= b, =1358.82 mm < b -
Now to calculate the moment of resistance of the beam, we need to calculate the actual depth of
neutral axis.
Assuming that the NA lies in the flange.
Force of compression, C =036f, bfxu
Force of tension, T =087f A,
But C=T
0.36f, byx, = 0.87f A,
_ 087f,A,;  0.87 x 500 x 4825.486
= *u T 036f,b; | 0.36x 25 x 1358.82
= x, = 171.64 mm
x, >D f
Hence our assumption is wrong.
. NA lies in the web.
As we can see from the stress diagram,
jepth of rectangular portion of stress b, |
iagram i - 3
- 3.3 L IDf L3
= Zx, == x171.64 = 73.56 MM L
7 7
3
Df > ;x“ ——————— e ERCEEEEEEEEEEEEEEE CEEEE R Neutral axis
It means that depth of flange is greater than
the rectangular portion of stress diagram.
In this case it is assumed that depth of
rectangular portion of the stress block is equal =<b, =
to Yr
where, y, = 0.15x + 0.65D; # D,
. The given T-beam can be shown as
17 . Civil Engineering (Test 3) www.madeeasy.in © Copyright: MADE EASY
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I« 0.45 fy >

x I bs—b,, | 1<0.45f >
—~C,=036f,b,x, 1
. Ve »>C,=0.45 f(b;— b,).y;
g Ll .
X ! !
o 1 Il
S : s o
% LA, = d—y,i2
[ — bw — T, = 0-87fyAst1 :_°_°_S','_’Ast2 <-|T=_087 f;’_Astz
C=0C+¢G
= 036 f, b, x,6 +0.45 fck(bf— b,) Yy
T =T,+T,
= 0.87fy Ayt 0.87]3/ Ay = 0.87fy A,
But cC=T
0.36f,b,x, + 0.45 fck(bf— bw)yf = 0.87fy A,
= 0.36 x 25 %300 x x, +0.45 x 25 x (1358.82 - 300)yf
= 0.87 x 500 x 4825.486
= 2700x, + 11911.725 x (0.15x , + 0.65 x 150)
= 2099,086.41
Solving x, = 209 mm
x, > D (OK)
and %xu = %x 209 = 89.57 mm
3
Df > ;xu (OK)

Moment of the resistance of the beam with respect to concrete is given by
My = C;xL +C,xL,
= 036fyb,,x,* (d - 042x,) + 0451, (b, - b, )y(d - y/2)
Effective depth, d=D-50
= 750 - 50 = 700 mm
Yy, = 0.15x, +0.65 D,
= 0.15 x 209 + 0.65 x 150 = 128.85 mm
M, = 0.36 x 25 x 300 x 209 x (700 - 0.42 x 209)
+0.45 x 25 x (1358.82 - 300) x (0.15 x 209
+0.65 x 150) x (700 - 64.425)

= 345,475,746 + 975,496,886.4
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132,097,2632 N-mm
1320.973 kN-m

Now, to calculate the magnitude of point load, equating the bending moment to moment of

resistance
W, = (2 x0.15 + 0.3 x 0.60) x 25 = 12 kN/m 3’ 3/
M, A B
15 =M, = 880.65 kN-m A A
’ | 3m | 3m | 3m |
w w
— Wdlz M ~ 12 x 92 M 3w 3w
8 38 3 ®
W=253.05 kN
A B
35. Solution:
For loading diagram:
Point A:
At point A there will be an upward reaction as SF is positive.
R, = 195t
Portion AC:
Between A and C, SFD is an Inclined line. Hence portion AB will be subjected to UDL.
Intensity of loading = Slope of SFD
-16.5-19.5
= ————=-61tm
w, 50 /
Negative sign indicate downward loading.
Point C:
There is a drastic change in SF at C from -16.5t to 12t, hence there is a support at C and a reaction
on it.
R. = 165+12
R. = 285t
Portion CD:
In portion CD, SFD consists incline line, hence portion CD will be subjected to UDL.
) 0-12
Intensity of UDL, w, = >0 = -6 t/m

Negative sign indicate downward loading.

End Supports:
At support A,

=M,
. Reactive moment at A willbe M,

(285%x6) - (6 x8x4)=171-192 =-21 t-m
21 kNm

Hence support A will be fixed or built-up.

For bending moment diagram:

19 . Civil Engineering (Test 3) www.madeeasy.in © Copyright: MADE EASY



For bending moment to be zero

M, =0
195x-3x2 -21 = 0
3x2-195x + 21 0
On solving x = 514mand x =136 m from A
Portion CD:
6x°
M _ (x from D) = —7[0st2]
M, = -3x2
atx=0, M, =0
atx =2, M. = -3x 22 =-12tm
19t
12t
) *)
Fig. (i) SFD '<—x=3.25m—> ) !
i 6tm | 165t |

Fig. (ii) Loading T R, = 19.5t

11.36
A

&)
7

21t-m
Fig. (iii) BMD
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Portion AC:
2
M, (x from A) = +F1’Ax—/\/lA—6%
[0<x<6]
M, = 195x-21-3x
(Parabolic)
atx =0, M, = -21tm
atx =6, M. = 195%6-21-3x6
M. = -12tm
am _
For M ., ax 0
195-6x = 0
19.5
x = ?=3.25mfromA
M, (x=325m) = 19.5 x 3.25 - 21 - 3 x 3.252 = 10.687 t-m
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36. Solution:
v
€90
€45
0=45° —— .
S
Let ¢, be the shear strain in xy plane
Normal strain in x’ direction is given by
€ t€, € -¢€, (])xy )
e/ = — 5 + = 5 00326+?3|n26
Here, 6 = 45, € = €,and €,=€q
€ +e, € —-€ o 0y
Hence, €4 = 5 %0 4 =0 5 0 cos90 +7y8|n90
0, = 2€45- (€9 + E€g)
(])xy = 2 x 500 x 107 - (600 x 10-° + 200 x 10-9)
= 1000 x 107° - 800 x 10-° = 200 x 10~ (radian)
Now we have,e = €, €,= Eqg and q)xy
Principal strains can be calculated as
2 2
e _+e€ e _—€ (0]
= X Yy 22X 4
€, +€e -V [0,
_ SotCp 0”0 | | w
€1/€; 2 [ 2 ) [ 2 J
_ (600+200)x10° | (600-200)x 10’ ,[200x10° ’
€1/€p = > - 2 2
€,/€, = 400 x 107 + 223.61 x 10
€, = 623.61 x 10
and €, = 176.39 x 10
Thus principal stresses will be given as
21 .« Civil Engineering (Test3) www.madeeasy.in © Copyright: MADE EASY
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- £ = 2X10 (623,61x 10 +0.3x176.39x10°) =
o = pleitue] = o (623 - - ) = 148.69 MPa
210 176.39x10° + 0.3x623x10°°
and o, = — [e, +ue ] = 1_032( 39x10°° +0.3x623x10°) =79.88 MPa
The direction of principal plane will be given as
tan 26, = L = Oy
€ —F€, €, —Eqg
€9
-6
tan 20, = 200x10 - €
(600-200)x10
€45
1 1
= —tan”'| =
St
0, = 13.28° Q(b{gg €4
and Op, = 6, +90°= 103.28° S 308

Putting 05 in

e, +€ e, —€ sin20
e/ = = y+[ a yJ00326+¢XYT

x 2

and ' = €,=623.61x10°
Hence major principal plane will be inclined at 13.28° with € ;and minor principal plane will be

m
|

inclined at 103.28° with € ,, in anticlockwise direction.

37. Solution:

(i) Lateral pressure will be earth pressure at rest,
=1-sin¢=1-sin28°=0.53

Total thrust, P, =

Point of application from bottom, Z,

1 D)
—x K - 4
> o Yd

y
5

3" 1.67 m

(ii) Lateral pressure will be active earth pressure,

1-sing 1-sin28° _

Ex0.53x16x52 =106 kN/m

€o

K = — = . =0.36
T 1+sing  1+sin28°
1
Total thrust, P, = §~Ka Ve
P, = %x0.36><16x52 =72kN/m
. L 5
Point of application from bottom, Z, = 3" 1.67 m
22 .« Civil Engineering (Test 3) www.madeeasy.in © Copyright: MADE EASY



mnDE EnSH ‘ Delhi | Noida | Bhopal | Hyderabad | Jaipur | Indore RPSCCE19

India’s Best Institute for IES, GATE & PSUs Lucknow | Pune | Bhubaneswar | Kolkata | Patna
(iii) Lateral pressure will be passive earth pressure,
1+sing  1+sin28°
K = . L . =277
P 1-sing 1-sin28°
1 2
Total thrust, p, = E‘Kp Yg 2

1

P, = §x2.77><16><52 =554 kN/m

I
w|o
I
=
o)
N

Point of application from bottom, Z,

—_ |—

1.67m P, = 106 kN/m Pp =554 kN/m
(i) (ii) (iif)
38. Solution:
Ay A B C
— Ly —— 6m I 4m l

To handle fixed end case at end A, end A is made continuous support, by adding imaginary beam A,A of
span L, and flexural rigidity £/, — .

Support Bis 10 mm below mid support A,

Hence, hg = =10 mm =-0.010 m
E = 200 kN/mm?2 = 200 x 108 kN/m?
[ = 1x108 mm*=1x10*m*

The three moment equation for span A,A and AB is

6
MO(L_OJ +2MA(L—°+£J +MB(£J 0040, 5X200x10°(-0.010)
oo o 2] 21 6
= 6M 4 +3Mp = —200 x 10%x /
Substituting the value of I, we get
6M, +3Mg; = -200 (1)

Consider spans AB and BC and since B sinks by 10 mm, support A and C are 10 mm above the position of
mid support B.

Hence, hy = hp=10mm=0.010 m
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Therefore, the three moment equation for these two spans is:

6 6 4 4
Mp| —=|+2Mp| —+—|+Mc|=| =
A(zl) B(zl 1) C(Ij =

6 x 200 x 10° x 0.010
4

6 x 200 x 10° x 0.01
6

o{mp e fm

Noting that M, = 0 and multiplying throughout by /, we get

6 1 1
3M, + 14My = 6x200x10 x0.01(6+zjx1
6x 200 x 108 x 0.01( -+ 2| x1x 107
—1 SMA+14MB = X X X U. E+Z X 1X
= 3M, +14Mg = 500 ()
Solving equations (i) and (iii), we get
25Mg = 1200
= Mg = 48 kNm
Substituting in equation (i), we get
6M, + 3 x48 = -200
M, = -57.333kNm
Thus, M, = -57.333 kNm, M, = 48 kNm, M, =0
39. Solution:
P
© ) ®
L2 T L2 —=
S - 2
El 2 =
©

The degree of freedom is 2. As there
of fixed end beam at one end resting

are two independent displacement components at node 2
on elastic spring support at another end.

@

T

@

AAAA
\AAAJ

The stiffness matrix with reference to the chosen coordinates may be developed as;

A
0

Aq
Ao

) -

}(Displacement components)
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Ky Kk
— klj _ { 11 12}
Kot koo
12E7 BEI
S I
BEI 4ET
ki, = e ky = e
12ET  6EI
S
W=l eer s
L2 L
) ) . 2ET
Given, k, = Stiffness of spring = Vel
12E1 2EI\ G©EI
A
[k, = Modified stiffness matrix = 6EI 4£1
12 L
14E1  6EI
S
k
- W= Ve aer
r L
A4 , )
We know, Ay = [kyl {[P\] - [P']} (1)
[P,,] = No external loads at nodes.
[P’] {a’}
= = ,
7

Matrix is determined by considering the span. AB as fixed. Determining the forces generated at
nodes due to central point load P on beam AB.

L
Rl _ |2
AR
L 8
Put these value in equation (i);
[14E1 6EIT" P
Nl N 2
= = 0-
A 6EI 4EI PL
L2 L 8
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4_E/ -6EI[ P
- Ayl _ -1 L 22
ro| ~ [s6EN? _3e(ELP | -6EL 14EL | PL
EEE L8
4PEI  3EIxP 5PET
_ -] e 4L | =L m
20(E1)? —3E1P+7PEI 20(E1)? | -5PEI
12 41? 417
P = =
L o0(Er? T AL 16El
hm () 2
2 20Er? \ 4 [2 ) 16EI
Let R be reaction is spring.
3 pa—
Hence, R = ksAlz—z—EIx PL =_P(J,)
L 16EI 8
BM at support A = RXL—%
P PL (PL—4PL) -3PL
8 2 8 8
3PL
8
A Bending moment diagram B
EEEN
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