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From compatibility of deformation,
d = x0,=(L-x)6,
L-x)0
~ )
x

External work done by uniformly distributed load is equal to load multiplied by area
under displacement diagram,

W

e

wxleXS
2

= W

e

1
—wL(L—-x)0
S wL(L=)0y

Internal work done is sum of work at plastic hinges,

W, = MO, + M,(6, + 6,
N W. = Mpel+Mp(el+wj
! X
L-x
x+L
. ool
x
Equating external and internal work,
1 x+L
—wL(L-x)0; = M 0O (_)
2M,(L+x)
= w= Lx(L -x)
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For collapse load, differentiate with respect to x and equate to zero,

i( L+x ) 0
dx\ Lx —x?

=  (Lx-x)(1)-(L+x)(L-2x) =
= Lx-x?-(L?+2Lx + Lx - 2x?) =
= x>+ 2Lx-1%>=0
Solving,

x = L(\2-1)=0414L

Thus, plastic hinges form at fixed support and at 0.414 L from the propped end.

Substituting x = 0.414 L in load equation,

=

2M,,(L+0.414L)
@ T T(0.414L)(L-0.414L)
11.657M,
wC = L2

6. (c) (ii) Solution:

The design of a brick masonry wall is governed by several critical factors that determine

its load-bearing capacity and long-term durability. These factors include:

Material Properties: The compressive strength and overall quality of both the masonry
units (bricks) and the mortar type used.

Execution Quality: The standard of workmanship during construction, which ensures
proper alignment and joint filling.

Bonding Patterns: The specific arrangement of bricks (e.g., English bond, Flemish
bond) which affects the monolithic action of the wall.

Geometric Constraints: The unsupported height and length of the wall, which directly
impact its susceptibility to buckling.

Loading Conditions: The magnitude and combination of external loads (dead, live,
wind, or seismic loads).

The eccentricity of applied loads, which introduces bending stresses.

Architectural Features: The placement, frequency, and dimensions of openings
(windows and doors) that create weak points in the masonry.

Lateral Support: The presence and location of intersecting cross-walls, floors, and
roof diaphragms that provide lateral stability.
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7. (a) Solution:

Given: Cantilever projection,
L

Materials used: M20, Fe415
fae

Depth of slab:

Span
Overall depth

Overall depth

Nominal cover

Diameter of bar used

Effective depth, d

24 m

20 N/mm?, f, =415 N/mm?.

10 (For cantilever slab)
2.4x1000 _ 240 mm
10
20 mm
10 mm
10

240—20—7:215mm

Let us provide maximum depth of slab as 240 mm at support and gradually reduce the

depth to 120 mm at free end.
Load calculation:
Self weight of slab
Live load
Load due to finishes
Total working load
Factored load (w)

Check for depth: BM,
For Fe 415 steel, BM,, jim

BM,
= 34.56 x 10°
= d

0.5 (0.24 +0.12) x 25 = 4.5 kKN/m?

2 kN/m?

1.5 kN/m?

8 kN/m?

1.5 x 8 =12 kN/m?

w, x[*  12x(24)
2 2

0.138 f,, bd?

BM,, tim

0.138 x 20 x 1000 x d?

111.9 mm < 215 mm.

= 34.56 kN-m/m

Hence, the effective depth provided is sufficient to resist the design moment.

Also, provided depth is more than that required for balanced section and hence section

is under-reinforced.
Reinforcement calculation:
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0.5 f, bd 4.6 BM,
A, = ——|1- 1-———37s"
st fy fck bd

0.5><20><1000><215(1_\/1 4.6><34.56><106]

B 415 20 %1000 x 215°
= 466.43 mm?
1000 x *(10)
Spacing of 10 mm ¢ bars = 4 =168.385mm c/c
466.43
. Provide 10 mm ¢ bars @ 160 mm c/c
1000 x *(10)
(Ast)provided = 160 =490.87 mm? > (Ast)req.
Distribution reinforcement: A, = 0.12% of A ¢ (For Fe 415 steel)
0.12

= —= %1000 x 240 = 288 mm?
100

Let us provide 10 mm ¢ bars as distribution bars

1000 x ~(10)
Spacing = 288 =272.7mmc/c
. Provide 10 mm ¢ bars @ 270 mm c/c.
1000 x ~ (10’ i
(Ast)provided = 270 = 290.89 mm
Anch leneth. . (087-£,)0 087x415x10 470
nehorage fengt 17 4q, 4x12x16

Main tension bars are extended into the support to a minimum length of 470 mm
including anchorage value of hooks and 90° bends.
Check for deflection control:

(E) = (E) Xk X k. Xk
d max d Basic

by = D100 - 42087

=—x100 = %
bd 1000 x 215 0.23%

0.58 x 415 x 26
' 490.87
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From graph given modification factor for tension reinforcement)
k, = 1.8

t

(i),

L
(—j - 20 1116<126
d provided 215

Hence, the cantilever slab satisfies the deflection limit.

7x18x1x1=126

Reinforcement details:

10 mm ¢ @160 mm c/c

T /
Lo © O 0O O g
g S
E £ -
g =)
g N
o
IQ J
| 24m |
7. (b) Solution:
Distribution Factors.
Joint Member Stiffness Total Stiffness Disfi:cilaolitsion
4E] 1
BA e =EI 5
B 4FE] 2El 1
BC e =EI 5
Fixed End Moments:
— 20x1x 32
Mgy = 742 =-11.25 kNm
— 20x1%2%3
Mps = + —42 =+ 3.75 kKNm
_ 20x2
_ 20x1

My =+ 32 (3X2_3) =+ 6.67 kNm
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Mcd = -5 kNm
B
111
A 2 2 C
D
-11.25 +3.75 +2.50 +5.00 -5.00
0 +6.57
-3.34 -6.67
-11.25 +3.75 -0.84 +5.00 | -5.00
-1.46 -1.45
~073 <
-11.98 +2.29 -2.29 -5.00 | -5.00
5.44 10.14
IL 5 kNm
|
C D
9.86

Calculation of support reactions
B.M. atB
VIZ
B.M. atB
VC
v,
7. (c) (i) Solution:

Mix proportion
Water cement ratio
Entrained air
Volume of concrete, V
Unit weight of water, v,

Let volume of cement be V.

Volume of sand

BMD

=V x4-20%x3-1198=-229
= 1742 kN

= V. x3-50x4-20=-229

= 12,57 kN

= [20 + 5] - [17.42 + 12.57] = - 499 kN |

=1:15:3

=05

= 15% =0.015m?
=1md

= 9.81 kN/m?

= 15V,
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Volume of coarse aggregate = 3V

Weight of cement W. =145V

Weight of sand W, =16 x 1.5V =24V,
Weight of coarse aggregate W, = 15.5x3V =465V,
Weight of water W, = 05x145V_ =725V

Using absolute volume relation,

14.5V, 24V, 46.5V. 725V,
1= + + + +0.015
315x9.81 2.65x9.81 2.6x9.81 9.81
V. = 0249 m?
Weight of cement W. = 14.5x0.249 = 3.612 kN
Weight of sand W, = 24 x0.249 = 5.978 kN
Weight of coarse aggregate W, = 46.5 % 0.249 =11.582 kN
Weight of water W, = 7.25x0.249 = 1.806 kN
Converting into kg,
3.6116x1000
= ————=368.159 k
Cement 981 g
5.9779 %1000
= —————=609.366 k
Sand 9.81 &
11.5822 x 1000
Coarse aggregate = 0.81 =1180.647 kg
Water = 1.80598;11000 —184.079 kg

7. (c) (ii) Solution:

The design of lacing systems for built-up compression members is governed by Clause
7.6 of IS 800 : 2007. The key recommendations are as follows:

General Requirements

* Lacing bars should be inclined at an angle 6 between 40° and 70° to the axis of the

built-up member.

*  The lacing system should be uniform throughout the length of the column.

* Single lacing systems on opposite faces should preferably be mirrors of each other

to avoid torsion.
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Slenderness Ratio Limits

* The maximum slenderness ratio fe of the lacing bars shall not exceed 145.
r

* The effective length [, for single lacing is the length between inner end rivets/welds.
For double lacing or welded lacing, it is reduced to 0.7 times this length.

* To ensure the individual components do not fail before the whole member, the
slenderness ratio of the individual main component between lacing connections
should not exceed 50 or 0.7 times the maximum slenderness ratio of the member as
a whole.

Design Forces

e Transverse Shear: The lacing system must be designed to resist a transverse shear
force V equal to 2.5% of the maximum axial load on the column.

* If the member is subjected to external bending moments or lateral loads, the shear
resulting from these must be added to the 2.5% value.

* This shear force Vis divided equally among the parallel planes of the lacing system.

Thickness and Width

* Minimum Thickness: For single lacing, the thickness $t$ should not be less than 1/

40 of the effective length. For double lacing, it should not be less than 1/60 of the
effective length.

*  Minimum Width: In riveted /bolted construction, the minimum width of lacing bars
should be approximately 3 times the nominal diameter of the end fastener.
End Connections

* Lacing bars shall be connected to the main members by welding or by using at least
one fastener at each end.

* Tie Plates: Lacing systems must be provided with tie plates (also known as batten
plates) at the ends of the compression member and at points where the lacing system
is interrupted.
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8. (a) Solution:
For ISLC 225

I, = 2547.9 x 10* mm*

— 4 4
Iyy 209.5 x 10* mm

All dimension (in mm)

Depth of centroidal axis from the upper edge:

_ 3053x24.6+10115(5.8 + 225)
y = 3053 + 10115

Moment of inertia of the composite section about the neutral axis

~ 183 mm.

2
Iya = 2Iself +2Ai(yi _y)
= 209.5 x 10% + 3053 (24.6 - 183)2
+35057.6 x 10* + 10115 (230.8 - 183)2
= 45.24 x 10 mm*.
I 7
.. Section modulus, 7z = _NA _ 45.24 %10 — 1658.36 x 10° mm?®

¢ ymax (450 +5.8—183)
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Plastic modulus of section:

Equal area axis:

.

3053 +200%x154 +y,; x9.2 = 200x15.4 + (450 -2x154 - ]71) x 9.2

= Y, = 43.68 mm

(From lower surface of top flange of I-section)
Plastic modulus of the section about equal area axis,

5.8

Z,,, = 225x 5.8(43.68 +15.4 + —j
2

+

[2 X (90 -5.8)x10.2 % (43.68 +154- 2 ‘25-8)}

200 x 15.4(43.68 ; %) +43.68% 9.2 X _43;8

+

80883.9 + 29166.2 + 55490.4 + 8776.54

174317 x 103 mm?®.
Plastic modulus of the section below equal area axis

200 x 15.4 x (450 -15.4 - 43.68 - %)

ZP22

, (450-2x154 - 43.68)° x 9.2
2
1828.987 x 103 mm3

174.317 x 103 + 1828.987 x 103

2003.304 x 103 mm3.
Plastic modulus of the compression flange about yy-axis.

sz
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2 -
Z,,, = 200x15.4 %200 N 2x(225-2x10.2)" x5.8 L 2% (10.2 90 x 225 10.2)
4 8 2
= 411.885 x 103 mm?.
Classification of section:
Outstand of flange of I-section
b
b=-—-= 200 _ 100 mm
2 2
b
T = £:6.5<8.48 (e=1)
tr 15.4
Outstand of flange of channel section
b= bs-t,=90-58=2842 mm.
b 82 g0 (8.4¢)
t 10.2
d _ h—=2t, 450-2x15.4
¢ of I-section = n = 90 = 45565 <84 €.
Hence, the entire section is plastic.
.. Local moment capacity
fy fy
M, = BZ,,——<12Z,——
dz " m0 Ym0
= 1.0x2003.304 x 10° x % x107°
<1.2x1658.36 x 10° x % x107°
= 455.3 kNm < 452.28 kNm
M, = 452.28 kNm > 253.8 kNm (OK)
_ _ 3574.6x10* N
V4 ey (Compression flange) = T 15 317.742 x10° mm?”.
250

My, ;= 1.0x411.885x 10° x T 10°°

<1.2x317.742 x 10° x % x107°
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= 93.61 kNm < 86.65 kNm
My, s = 86.65 kNm

Check for biaxial bending

M M, 2538 7.4

“+ +
Mg My, s 452.28 86.65

= 0.64 < 1.0. (OK)

8. (b) Solution:

Let tension in segments of cable are T, T,, T;, T, and T, and inclination are 0,, 0,, 0, 0,
and 0, from horizontal as shown in free body diagram.

FBD of cable

= V,+V,=30+40+24+18
= V,+ Vg, =112kN (i)
Taking moment about point D (Consider left side)
Mp =0
= V,x20-Hx75-30x10=0
S v, = (%H&S) (i)
Taking moment about point D (Consider right side)
Mp =0
= Vpx30-Hx (75+6)-24x10-18x20=0
= Vy, = (%+ 20) ...(iii)

©Copyright: NADE EASY www.madeeasy.in



62 | ESE2026: MAINS TEST SERIES MADE ERSYH

On putting the value of V, ann V, in equation (i), we get

(—7'5H + 15) + ( 133'?)H + 20) =112

20
H = 92.96 kN
Now:
o 7.5%92.96
From equation (ii), V, = ———* 15 =49.86 kN
- 13.692.96
From equaiton (iii), =~ V, = — a0 20 =62.14 kN

V, =49.86 kN

I w, =40 kN

V,=6214kN W5 =24kN

Bt H=9296 kN I
(Funicular polygon)

From function diagram

Tension in each segment of cable

~
I

L= (V2+H? =4/49.86>+92.96 =10549 kN

~
|

, = (Vi —w, ) + H? = /(49.86-30)> + 92.96* =95.06 kN

T, = (Vs —w;—w, )+ H? = (621424 -18)* +92.967 =95.12kN
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T, = (Vy-w,)’ +H? = /(621418 +92.967 =10291 kN

T, = JV3+H? =16214>+92.96% =111.82kN

Inclination of each segment of cable from horizontal.

v, o — 1 4986 .
tan0, = 73 = Yy =tan 92.96 = 0,=28.207
Vy—-w 1( 19.86
tan 0, = (“‘H—l) = 0,=tan’| S| = 0,=12.059°
Vp—ws;—w —1( 20.14
tan 0, = i = ) o,=tan”| —o=| = 0,=12204°
(Vg —w,) a1 44.14 .
tan6, = T = 6,= 9296 = 94=25.40
VB t -1 6214 °
tan 6, = i = 0= tan 9.9 = 0,=33.761
Final length of cable
[ _ 10 10 10 10 10
= final " cos@, cosB, cosB; cosB, cosOs
o1 .10 . 10 10 10
= final "~ 0s(28.207°) cos(12.059°)  cos(12.224°)  cos(25.40°) cos(33.761°)
Ly, = 54903m
8. (c¢) (i) Solution:
T
th %%
i T
d -d ----- Tapered Beam
1{ ]
th
1 |

T
- cd+ 2tx
i3

1
Circular Cross-section

Diameter at a section at distance x from the free end is
dx = d+ 2tx
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Bending moment at the section is
M, = Wx
Section modulus for circular section is

nd’ _m(d+ 2tx)?

7 =
32 32
Bending stress is
M, Wx
Z,  m(d+2tx)
32
_ 32Wx
% T n(d+2t)’
Let c. =C %, where C = 2w
(d+2tx) n
For maximum bending stress,
do, 0
dx

Differentiating using quotient rule,

dl_x |
dx[(d+2tx)3} -0

= (d+2tx)3 -xx3(d+2tx)>x2t = 0
= (d + 2tx)? - 6tx(d + 2tx)> = 0
Dividing by (d + 2tx)?,
= (d+2tx)-6tx =0
= d+2tx - 6tx =
= d-4tx =
= x = LA
4t
Thus, the distance from the free end at which the bending stress is maximum is x = 4%

_— d
Substituting x = i
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-
s = 4t
max 3
n(d+2t><£)
4t
32Wd
_ 4t
= Omax ~ 3
2)
TE _—
2
8Wwd
= Omax ~ ‘ 3
27d
T X
8
_ 8Wd o 8
- Omax Tt o7
64W
- =
Omax = 7mtd?
Thus, the maximum bending stress is
O ax e T 1 (from free end)

8. (c¢) (ii) Solution:
Main Components of Brick Earth
1. Silica

High-quality bricks usually contain 50-60% silica, existing in both free and
combined states.

It helps maintain the brick's shape by reducing cracking, shrinkage, and distortion.
Proper amounts improve uniformity and give a smoother texture.
Too much silica makes the brick fragile.

It enhances the heat resistance of clays that have low alumina content.

2. Alumina

Alumina is a key ingredient in clay, responsible for its plastic nature when mixed
with water, allowing easy molding.

In excessive amounts, it leads to high shrinkage and deformation during heating,
reducing the brick's strength.

Ideally, bricks contain about 20-30% alumina.
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* It also contributes to the ability of bricks to withstand high temperatures.

3. Lime (around 5%)

* Lime functions as a binding agent during burning.

* Itreduces shrinkage during the drying stage and helps combine silica and alumina
effectively.

4. Iron Oxide

* This compound determines the color of bricks, producing shades from yellow to
deep red depending on its concentration.

*  When present in higher percentages (around 8-10%), it can create darker shades
like blue or purple, and with manganese, nearly black.

* It also enhances strength, durability, and resistance to moisture.

5. Magnesia

* Found in small quantities (generally below 1%), it can add a yellowish tint along
with iron oxide.

* It helps reduce warping by slowing the softening process during firing.

* Excessive magnesia can weaken the brick and cause deterioration.

0000
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