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N7 —0.25,-4—00,-1}
3% 22" 3% 22 410

= min. {0.455,0.88, 0.97, 1}

= 0455

= min. {

410 3
V.. = 25x0.455x 20 x 10 x x10™ kN

dpb 1.25
= 74.62 kN

= mi b 45.27 kN
Vi min. Vdpb .
Consider bolt A,

F, = Direct shear force

= £=@=12.5kN
8 8

F. = Torsional shear force

Tr, 100 x 400 x v/30% + 75
2 = 2
2 4(\/3o2+752) +2%30% +2 x 90

F, = 7327kN

f
Resultant stress on bolt A,

(Fr)a

JE3, +E} +2F, . .cosO

30

_ \/(12.5)2 + (73.27)2 +2%x125%73.27 X ———r—=
V302 + 752
= 78.77 kN
Consider bolt B, F, = Direct shear force

= £=@=12.5kN
8 8

E, = Torsional shear force

Pe.r;

100 x 400 x 90
= = 81.63 kN.

4(\/302 4752 )2 +2(30)% +2(90)?

Resultant Force on bolt B.
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1—“D2 + 1—}2
12.5 + 81.63 = 94.13 kN.

Bolt B is subjected to maximum force
For connection to be safe,

(Flp < Vi
But here, 9413 kN > 45.27 kN
The design is not safe.

6. (b) Solution:
Given:

R)B

Clear span in shorter direction,L, = 3.5m

Longer span, L,=8m

Support thickness, b = 230 mm

Live load, LL = 3kN/ m?

Floor finish load, FF = 1.25 kN/m?

Characteristic compressive strength of concrete, f,, =20 N/mm?
Yield strength of steel, fy = 415 N/mm?

Clear cover = 20 mm
The type of slab is determined by the ratio of longer span to shorter span.
Ly 8

E = £=2.286>2

Since the ratio is greater than 2, the slab behaves as a one-way slab.

The effective depth is assumed based on span to depth ratio for deflection control.

o L, 3500
25 25

Using 10 mm diameter bars, the overall depth is

=140 mm

D = d + clear cover + g

10
= D=140+2O+7

= D = 165 mm
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The effective span is taken as the lesser of

=

off

35+014=3.64m

Loy = Toin {3.5 +023=373m

3.64 m

Load calculation per meter width of slab.
Self weight of slab = 0.165 x 25 x 1 =4.125 kN/m
Live load = 3 x1=3kN/m

Floor finish load

Total load, w
w

Factored load, w,
= w

1.25x1=1.25kN/m
4125+3+1.25

8.375 kN/m

1.5 x 8.375

12.563 kN/m

Maximum bending moment for simply supported slab

Maximum shear force

=

=

w, Liﬁ’

8

12.563 x 3.64°
8

20.803 kNm

Wby
2
12.563 x 3.64
2
22.865 kN

Check for depth using limiting moment of resistance.

Mu, lim
= 20.803 x 10°
= d

0.138 fckbd2
0.138 x 20 x 1000 x 42
86.841 mm

Since the required depth is less than the assumed depth of 140 mm, the section is safe.

For main reinforcement, the design equation is

_ 05wl [j_4O6M, |,
- fg fckbd2

st
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6
_ . O.5><20{1_\/1_4.6><20.803><102 1000 % 140
st 415 20 x 1000 x 140
A,, = 440.53 mm?
Area of one 10 mm bar = 78.54 mm?
Spaci b 1000 x78.54
pacing of bars, s = T a1053
s = 178.28 mm
Provide 10 mm diameter bars at 170 mm centre to centre.
A, _ 1000x78.54 _ 462 mm?
S pI'OV 170

Distribution reinforcement

Ast, gist = 012% xbx D
0.12
= Ast, gt = 100 x 1000 x 165
= Ast, dist 198 mmz
Area of 8 mm bar = 50.265 mm?
) e 1000 x 50.265
Spacing of distribution bars, § = ——————
198
= s = 253.864 mm
Provide 8 mm diameter bars at 250 mm centre to centre.
Check for shear.
_ Y
YT b
- o _ 22.865x 10°
v 1000 x 140
= T, = 0.163 N/mm?
1 462
Percentage of tension steel, p, = M
1000 x 140
P, = 0.33%
Interpolating the design shear strength
0.49 -0.36
= ———(0.33-0.25
T =036+ s ( )
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Since T

The slab is safe in shear.

<7

v C

0.4016 N/ mm?

8 mm dia bars
at250 mm c/c

dn

e

6. (c)Solution:

4m,

EI

10 mm dia bars

~ at170 mmc/c

80 kN

4m, EI

4m, EI

Using moment distribution method performing sway analysis:

~6E[A _—6EI A

Mp)ap = Mp)gy = 12 42
) 800
Assuming EIA = 3
(Mp)pp = (Mpp, =-100kNm
+ 6 EIA
Mpep = Mppe =—7 =+ 100 kNm
Distribution Factors:
Joint | Member | Stiffness| Sum | DF
BA |4El/A=EI 0.5
B 2EI
BC EI 0.5
CB EI 0.5
c 2E1
CD EI 0.5
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Joint | A B C D
Member | AB BA |BC CB | CD DC
DF 05 |05 05|05
FEM |-100  -100| 0 0 |+100 +100
50 |50 -50 [-50
25 -25 +25 -25
+12.5 (1255 -12.5| -12.5
6.25 -6.25 6.25 -6.25
312 (312 -3.12| -3.12
156 -1.56 1.56 -1.56
0.75 10.75 -0.75| -0.75
0.38 -0.38 0.38 -0.38
+0.19 (+0.19  -0.19] -0.19
0.1 -0.1 +0.1 ~0.1
0.05 | 0.05 -0.05|-0.05
~66.67 3337|3337 -33.37|3337 -66.67

Free Body diagram:
66.67 33.37 66.67 33.37
A B
4m C 4m D
25 25 25 25

Reaction at A due to moment,

66.67 +33.33
= —— =25k

Reaction at D due to moment,
= 25kN (1)
. Sway force causing above moment,
25 +25=50kN ({)
Actual sway force = 80 kN ({)
Hence, Actual moment

80
M,y = - 6667 x o = -106.672 KNm
33.37 80 _ 53.392 kN
MBA = -00. X% = -J0. m
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80
Mye = 33.37x o = 53392 kNm

80
M = -33.37 x 0" -53.392 kNm

80
Mg = 3337 x5 =53.392 kNm

80
Mpe = 6667 % =106.672 KNm

106.67 kNm | @

@
~@ | 5339 kNm

(BMD)

©) @ | 106.67 kNm

5339 kNm | @

53.69 KNm

7. (a) Solution:

First the fixed end moments are determined for each span.

—wll,  -20x4°
For span AB: Mg, = uizAB = 1>2< = -26.667 kN-m
+wl?
M,,, = % = +26.667 KN-m
For span BC:
_pab?  —40x4x2?
Mg = 2 = 2 = -17.778 kN-m
BC
+Pa’b _ 40x4°x2
Mg = = = 35.556 kN-m

2 2
For the over hange span
Mep = ~Ppy X Lep
M

o = -25%2
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M, = -50 kNm
The slope deflection equations are written for each member.
Since support A is fixed, 0,=0
For span AB:
2EI
Mpp = Mpyp + L—(ZGA +05)
AB
2EI
= M,, = -26.667 + T(0+63)
= M,, = -26.667 + 0.5 EIO,
2EI
Now, Mg, = Mg, + —(263+6A)
Lap
2EI
= My, = 26.667 + = —(26p)
= My, = 26.667 + EI0,
For span BC:
2EI
Mpe = Mg+ L—(ZBB +6¢)
BC
2EI
= M. = -17.778 + T(ZGB +0c)
= My = -17.778 + 0.667 EI0, + 0.333 EI0 -
2EI
Mep = Mpep + L—(ZGC +05)
BC
2EI
= M, = 35.556 + T(ZGC +05)
= M, = 35.556 + 0.667 EI0 -+ 0.333 EI0,
Joint equilibrium is applied.
Atjoint B:
My, + My = 0
26.667 + EIB, - 17.778 + 0.667 EI6, + 0.333 EI6.=0
1.667 EI6, + 0.333 EI6 . = -8.889 (i)
Atjoint C:
Mg+ Mcp = 0
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M, = 50
35.556 + 0.667 EIO - + 0.333 EI0, = 50
0.333 EI0, + 0.667 EI0 - = 14.444 ...(ii)
Solving the simultaneous equations (i) and (ii)
Elo, = -10.728
EI6. = 27.011

Substituting these values into the moment equations

M, = -26.667 + 0.5(-10.728) = -32.031 kNm

M,, = 26.667 - 10.728 = 15.939 kNm

M, = -17.778 + 0.667(~10.728) + 0.333(27.011)

M, = -15.939 kNm

Mgy = 35.556 + 0.667(27.011) + 0.333(~10.728) = 50 kNm

Support reactions are determined from equilibrium.
20x4x2+32.031-15.939
R, =
4
4 = 44.023kN (1)

-
I

40x2+15.926 -50
6

R, = (20 x 4 - 44.023) +
R, = 35.972 +7.656

R, = 43.633kN (1)

R. = (40 - 7.656) + 25
R, = 57.344 kN ()

Thus the final end moments are

M, = -32.031 kNm, M, = 15.939 kNm
M, = -15.939 kNm, M, = 50 kNm
M, = -50 kNm

The support reactions are

R, = 44.023 kN, R; =43.633 kN, R = 57.344 kN
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40kN 25 kN
50 kKN/m
20 kN/m ‘ l
@ B[ Ycl 4p
N J ; N J : N
44.02T3 kN 43.633 kN | B7344kN |
i | 14687 30 |
32033 16014 | ; | |
| 20 b !
O ! i 1
S 15.939 BN |
% BMD

! P(gC E deflected shapé i i
44.:023 25; 2§5
& 765: ® | 7656 | @ SFD
° ©
32.34
35.977 32.344

7. (b) (i) Solution:

From the mechanism

A = 0(2]-x)=x0,

21—
= 0, = %9

External work done = Intensity of load x Area of collapse

mechanism diagram under the load.
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= T/Ve =
= T/Ve =
= w, =
= w, =
= T/Ve =
Now, internal workdone

W, =
= W, =
ﬁ l‘ =
= W. =

By principle of virtual work

I/ve =

= Qu (312 Z21x) =
2

= M, =

For the maximum value of M,.

dMp

dx

N Du (31— 4x) =
8

= X =

Hence, M, =

= M, =

S

S

Uu

u

I\J‘g N‘S

_%(el+ A)(I —x)+%Ax}

%(Bl+x61)(l—x)+%(x61)x}

(21-x)

x2
4+

3l

%(enx e) (I-x)

[(361—-x0)(1-x)+x(21-x)6 ]

[312 —2ix]6

M0+ M0 +6,) + M6,
2M, (6 +6,)

oM, {e +

AM,]

(21-x)
X

d

0
X

I/Vi
AM,]

X

(31-2x)x

wy,

4

wy

8

8

3l
=0.751

[31-2x0.751]x 0.751

0.140625 w [?
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7.11M,

= w, = —pg
Minimum collapse load = w, x I

7.11Mp

l
7. (b) (ii) Solution:
1. Pozzolanic Action: Pozzolanic action is a chemical reaction that occurs in concrete

when a siliceous or aluminosiliceous material (a pozzolan, like fly ash or silica
fume) reacts with calcium hydroxide Ca(OH), in the presence of water.

* The Mechanism: When Portland cement hydrates, it produces Calcium Silicate
Hydrate (C-S-H) - which provides strength - and Calcium Hydroxide, which is
relatively weak and soluble. The pozzolan reacts with this "extra" calcium
hydroxide to create additional C-S-H gel.

¢ The Benefits:

Increased Strength: It improves the long-term compressive strength of the
concrete.

Reduced Permeability: The additional gel fills capillary pores, making the
concrete denser and more resistant to chemical attacks (like sulfates).

Improved Durability: It reduces the risk of alkali-silica reaction (ASR) and lowers
the heat of hydration.

2. Importance of Water-Cement Ratio (w/c): The water-cement ratio is the ratio of the
weight of water to the weight of cement used in a concrete mix. It is arguably the
most critical factor in determining the quality of the final product.

* KeyImpacts:
Strength: According to Abrams' Law, the strength of concrete is inversely

proportional to the w/ cratio. A lower ratio (less water) typically results in higher
compressive strength.

Durability and Permeability: Excessive water leaves behind "voids" or capillary
pores once it evaporates. This makes the concrete porous, allowing water and
harmful chemicals to penetrate, which can lead to corrosion of steel
reinforcement.

Workability: While a lower w/c ratio makes concrete stronger, it also makes it
"stiffer" and harder to pour. This is why chemical admixtures (plasticizers) are
often used to maintain workability without adding more water.

Shrinkage and Cracking: High water content increases the likelihood of drying
shrinkage, which leads to surface cracks as the concrete cures.
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7. (c) (i) Solution:

Consider a column AB of length L fixed at end A and free at end B as shown in
tigure.

Let the column buckle due to crippling load P.
a = Deflection at top end B.
M, = Moment at fixed ends.

Consider a section at a distance x from fixed end A and y is the deflection at these
section.

dzy
B3 = +P@a-y)
d2
N EId—Z +Py = Pa
X
dy P _ P
= o2 BV T OE

The solution of the above differential equation is,

y=C cos(x\/gj + C, sin(x §]+a (i)

Where C, and C, are integration constants.

Applying boundary conditions,

(i) At A, x=0y=0
: 0=C,+0+a © C=-a
d
(ii) AtA, x=o,d—Z=o
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Slope at any section is obtained by differentiating Equation (i),

dy P ([P [P [P
Yo _ A C, |— L
I G Fl sm(x EIJ + G, Fl cos(x EIJ
P
C -
0+ Sy

= C, =0
At free end B, deflectiony = a
(i) AtB,x=Ly=a

0

Putting in Equation (i), a = —acos(L %J+0+a
P P m 3n 5n
— = L —:—’—’_
COS(L\IEJ 0 = NET222

Considering the least practical value,

[P _=

EI 2

r_n

= I~ 2L
2

EI

= P=n2
4

7. (c) (ii) Solution:
Let [, and [, be the horizontal distances of the lower hinges A and B from the crown C
respectively

We have,
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Taking moments about C of the forces on the left-hand side of C, we have:

=

h

T

L

Vil =
VA =

L L+l

Sl P e e e
1 s

=\/—+\/Eandl \/E \/—
Hh,

g

h

Similarly, taking moments about C of the forces on the right-side of C, we have:

=

Vil, =

Vg =

Hh,
y
L

Adding equations (i) and (ii), we have:

But

But

and

V, +V, =
Vy+V, =W

W_

iy
3‘

H

—

[+
(3 2)

w
T Ty

ho b

s

sy

—

iy

W

iV + i) [V + )

NG NS

Wi

h1(\/E+\/E) hz(\/E'i'\/E)

Wi

(i + )

...(ii)
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8. (a) Solution:

(Sign convention): ®, ©

® M/EI Diagram means T loading in conjugate beam and © Ve % mean | loading in

conjugate beam, @ BM in conjugate beam means | deflection ® BM mean T deflection

10 kN 20 kN 10 kN

(IAsm* T 5m(~: 5mi \TmBD

100 kNm

50kNm 19N 10 kN

| 100 EI

B

Conjugate Beam

In conjugate beam fixed end A and B is converted to the free and D and E of internal
hinge is converted to pin support.

Calculation of reaction at D, taking moment about point E = 0.

So RDX10-1><5—0><5><(10+%><5)+(1x@x10x5)+(1x@x10x%x10j =0
2 EI 3 2 EI 2 EI 3
T 5000 N 1250 N 10000 _
3EI EI 3EI
_ R, = _291.67
EI

So taking moment about point C

(Bending moment at any point in conjugate beam is equal to deflection at that point in
real beam)

A =—291'66><5+(1><5—0><5)xE—1x5—0x5x(5+gx5)
c EI 2 EI 3 2 EI 3
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2291.63
C = EI (\L)
2291.63 x 10°
A= =-9166
= c 250000 mm({)

As per the sign convention of conjugate beam @ BM in conjugate beam mean | deflection.

8. (b) (i) Solution:
The shear flow (g) is uniformly distributed through the thickness and the shear stress is
calculated using.

T
2At

m

"E:

Where, T = torque
A = Enclosed area bounded by the median line of the section thickness
t = Wall thickness at the point of measurement
A = (40 -5) x (50 - 4) = 1610 mm?

T, 40x10°
Stress at A, T, = 2A = 51610 2.484 MPa Ans.

T, _ 25x10°
2tA,  2x4x1610

m

=1.941 MPa Ans.

Stress at B, T, =

8. (b) (ii) Solution:

Total free elongation of bars

Lo, AT + L, 0, AT

0.35 x 21.6 x 1076 x 85 + 0.50 x 23.2 x 1076 x 85
1.6286 x 103 m = 1.6286 mm

Shortening due to induced compressive force P = 1.6286 - 0.5 = 1.1286 mm

1. Compressive force in bars.

PL,  PL,

= + = 1.1286 x 1073
ApE,  Ap XEy
P[ (_)5)5 5+ 0_'650 9} =1.1286 x 103
1500x 107 x105x 10 1800107 x73x10
= P = 187.245 kN Ans.
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2. Charge in length of broze

PL
§ = Lo, AT - —2
b b AbEb
187.245 x 10° % 0.35

= 8, = 0.35x21.6 x 10°x 85 - = 9
1500 x 107 x105%x 10

= 5, = 2.265 x 10* m
= 8, = 0.2265 mm. (Expansion) Ans.

8. (c) Solution:
ILD for shear force at A is as shown in figure. When 10 kN load is just on A.

Positive S.F A—10><1+30><E+40><E+20><i
ositive S5.F. at = 16 16 16

73.125 kN

10 kN
30 kN
40 kN
20 kN

i

e =]
3m 2m2m

1| e |ufe]
6 |16|16|

ILD for SF at A
Maxi itive SF A—10><1+30><E+40><£+20><i
aximum positive SF at A = 16 16 16
= 73125 kN
Since, 10 kN load is lighter one more trial with 30 kN load at A is made. For this position.
< 2z Z
= 8 8 8

1| |14 |12

e 1lbm ——

Maximum positive S.F. at A = 30 x 1 + 40 x %+ 20 ><B =80 kN

16
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Maximum positive S.F. occurs at A and is equal to 80 kN.

Maximum negative shear force occurs at B when leading load is on B.

Maximum negative S.F.

10 kN
30 kN
40 kN
20 kN

i

3m 2m2m

9 (12114 |1
) | 16 |16]16

ILD for SF
Maxi tive S.F.at B = —(20 x 1 + 40 x E+30><E+10><i
aximum negative S.F. at B = —( 16 16 16)
= -83.125 kN

Since 40 kN load is heavier so check by placing 40 kN on support.

14 11
Maximum negative S.F. at B —(1 x 40 + % x 30+ % X 10)

-73.125 kN
So, Maximum absolute S.F. in beam = 83.125 kN

10 kN
30 kN
40 kN
20 kN

.

fe—— |
3m 2m2m

Vi | Y2l Ve Y3

I 8 m [ 1
o 835m—— =~ 765 m —~|

(ILD for absolute maximum moment)

For finding position for absolute maximum moment, position of C.G. of load system is
to be located. Distance of C.G. for the leading load of 20 kN.
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B 40x2+30x4+10x7 e
= TT0+40+30+10 o™

It is nearest to 40 kN load and this load is heavier than another nearest load of 30 kN.
Hence, maximum moment will occur under 40 kN load. Distance between this load and

the resultant.

d=27-2=0.7
Position of 40 kN load for maximum moment.
= E+ﬂ =835mf A
=5t =8 m from

For the section at 8.35 m from A, ILD

Ordinate for moment

z(L-2)
Y= 771
8.35(16—8.35)
y, = 16 =3.9923
Absolute maximum moment = 10y, + 30y, + 40 y_+ 20 y,
= {10 Ve +30x 6.35 +40+20x 5'—65}3.9923
8.35 8.35 7.65
= 325.762 kNm
Q000
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