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Section A : Design of Concrete and Masonry Structure

Q.1 (a) Solution:
(@)
Ultimate Load Method:

1. It takes into account the elasto-plastic properties of the materials to decide upon the
strength of a member. It is more close to actual load tests.

2. Sections are designed for ultimate loads for which suitable critical combination of
various loads is anticipated.

3. Design procedure is based on actual experimental observations. Though suitable
assumptions have to be made to simplify the computation. It stands quite close to
actual tests.

4. Actual test strengths of two materials are made use of in the design of members.
5. Itis more often an economical section.

6. It is desirable to use under-reinforced beam to exploit full strength of the materials
and in practice, design is done so.
Elastic Theory Method:

1. It takes into account only the elastic properties of material and does not allow to
exceed safe stresses on any fibre. It results in the under stressing of materials.

2. Only maximum probable load anticipated to be borne by the members are considered.
3. Design procedure is mathematically simple and is based on the laws of Mechanics.

4. Modular ratio (m) is used in the design of members.



14 | ESE 2025 : MAINS TEST SERIES

5. It gives an uneconomical design in comparison with ultimate load method.

6. Mostly sections are either balanced or over-reintorced.

(i)

Let effective depth of the beam = d
d
Breadth of beam b = )
1 1
N= o, T, o0 %Y
M0, 18 x50
f N0 g
3 3
1 1
Q = EGCbC]N =5 50x0.87x0.39 = 8.48
Equating the moment of resistance to the given bending moment.
Qbd? = 600,000
d. o
N 8.48 x 5% d~ = 600,000
i3 = 600,000 x 2
- T 848
d = 52.11 ~ 54 cm (say)
b= 5 = 27 cm
A fsteel A = BM. 600,000 _91n
FeaORSIee, B T G5 Jd  1400x0.87x54 oL
Q.1 (b) Solution:
4e
Equation to the cable profile: y = l—zx (I-x) (e=0.10m)
4x0.1
= 10—
¥ = Toxa0” 07V
y = 0.004x (10 - x)
dy
Slope, Iy 0.004 (10 - 2x)

Slope at ends A and B

0.004 x 10 = 0.04 rad
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Slope at mid span C = 0
Change of slope from A to C = 0.04 radian
Angle of deviation for the cable from A to C = 0.04 radian
ie. o = 20 =2x0.04 = 0.08 radian
Loss of stress from A to B = (uo + kx) x Initial stress
= (Mo + kx) x f , where f_ is initial stress
(0.35 % 0.08 + 0.0015 x 10) x f_
0.043 f,

Percentage loss of prestress in the cable

Loss

- O-O}ﬁxmo - 43%

0

Note:
For one end jacking:

For two end Jacking;:

ocCopyright: [MADE EASY

www.madeeasy.in



16 | ESE 2025: MAINS TEST SERIES MADE ERSYH

Q.1 (c) Solution:
Anchorage length of bar at simply supported end of beam can be determined by,

1.30M,,
Development length, L, < v + 1
u
1.3M,,
Anchorage length, [, > Ly - v
u
0.87 x f,, X0  0.87 x415% 20
_ = =940 mm
where, Li = "axq,, 4x1.92
M, = fA, (d-042x )
h _ fstAst
where x, = —0-36fckb

f,;=0.87 fy, if the section is balanced /under-reinforced.
<0.87 fy, if the section is over-reinforced.

Assume x, <x, . (balanced/under-reinforced section)

0.87 fAqt
Yu T 036 f4b
where A, =3 x 20¢ = 942 mm?
. = 0.87 x 415 x 942 _ 157 458 mm

u 0.36 x 20 x 300
0.484d = 0.48 x 500 = 240 mm

and X

u,lim
X, <X, ;- therefore section is under-reinforced and computed value of x, is correct.
M, = 0.87 x 415 x 942 (500 - 0.42 x 157.458) Nmm
= 147.56 kNm
6
Hence, I, > 940 - 122214750500 5 500 573 1
300 x 10

Therefore minimum anchorage length of 300 mm is required.

©Copyright: [MADE EASY www.madeeasy.in



MADE EASY Test No : 3 CIVIL ENGINEERING | 17

Q.1 (d)Solution:
Given effective flange width, B, = 1300 mm

e——— B=1300 ———]

1 F
dy=100
1
d =550
e—
b, =275
(All dimensions in mm)
n
Area of steel, A, =0 XZX 25 = 24543693 mm?>
Limiting depth of neutral axis, (x ), = 0.48d (For Fe415)
= (x,) i = 0.48 x 550 = 264 mm
Assuming actual depth of neutral axis x, < d;
A C=T
= 0.36 f - B;. x, = 0.87 f . A
= 036 x 15 x 1300 x x, = 0.87 x 415 5 x - x 25°
= x, = 126.23 mm > d,
Hence our assumption is wrong.
Assuming x, > d;
3
and Z % < d;
Yy = 015x,+0.65d,=0.15x, + 0.65 x 100
= (0.15x, + 65) mm

Hence, C, =036 f,. . b, x, + 0.45f, (B;- b,).y,= 0.87f . A,
= 0.36 x 15 x 275 x x,_ + 0.45 x 15 (1300 - 275)(0.15 x, + 65) = 0.87 x 415 x 2454.3693

= x, = 172.99 mm > df

3
Z% = 7414 mm < df
Hence our assumption is correct.

Depth of neutral axis, x, = 172.99 mm

Y= 0.15 x 172.99 + 65 = 90.95 mm
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Ultimate moment of resistance = {0.36 fur-by-x, (d—042x,)+045 f (bs —b,,).y; ( d- y?fﬂ

= (M.R), = [0.36 x 15 x 275 x 172.99 x (550 - 0.42 x 172.99)]

+ {0.45 x 15 x (1300 — 275) x 90.95 x (550 - 90%”

= (M.R),, = 440102582.3 N-mm
= 440.1026 kN-m ~ 440 kNm

Q.1 (e)Solution:
(i)

Light weight or foam concrete is broadly classified into three categories:

1. Light weight aggregate concrete: Naturally available light weight aggregates are
pumice, diatomite, scoria, volcanic cinders, rice husk and sawdust.

Artificially light weight aggregates are cinder, foamed slag, sintered flyash, exfoliated
vermiculite, bloated clay and expanded perlite. These light weight aggregates are
used to form light weight concrete.

2. Aerated concrete: It is manufactured by raw materials that are calcarious and silicious
in nature like cement, lime, pulverized sand, flash; by entrapping air in cells. It is
also known as foam/ gel/cellular concrete.

3. No fines concrete: Here, the fine aggregate fraction is omitted in concrete
manufacturing. The aggregated/cement ratio ranges from 6 : 1 to 10 : 1. And the
water-cement ratio ranges from 0.38 to 0.52.

(i)

Underwater concreting is done with the use of tremie pipe. Concrete is poured with the

help of funnel and bottom end is closed with polyethylene. Thus pipe is filled with

concrete having slump 150 to 200 mm. Pipe is slightly lifted and jerk is given to cause
tearing of polythene, resulting in the discharge of concrete at the place of deposition.

Q.2 (a)Solution:
Given, b = 300 mm, d = 655 mm, d’ = 45 mm, fy =415 MPa and f, = 20 MPa

2
_ n(zTS)x2=491><2=982mm2,Ast=491 x 4 = 1964 mm?

sc

. x”'% — 0.479 for Fed15

= X = 0.479 x 655 = 313.7 mm

u,max

* Assuming (for first approximation) f,_ = f,, = 0.87 f,
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C, = 0.362x20x300xx,=(2172x,) N
C, = (0.87 x 415 - 0.447 x 20) x 982 = 345772 N
T, = 0.87 x 415 x 1964 = 709102 N

* Considering force equilibrium: C .+ C =T,

= 2172x, + 345772 = 709102

= x, = 1673 mm<x, . =313.7 mm

The assumption f, = 0.87 fy is justified since section is under-reinforced
and thus tension steel has yielded.

0.0035(1 - ij = 0.00256
167.3

Further €.

For Fe415, e, = % +0.002 = 0.0038

Ase <e, theassumption f, = 0.87 f, is not justified, whereby the calculated value of C
(and hence the value of x, = 167.3 mm) is also not correct. The correct value has to be
obtained iteratively using strain compatibility.

First cycle

* Assuming ¢ = 0.00256

(351.8 —342.8)

f.= 3428+ (0.00256 — 0.00241)
s (0.00276 — 0.00241)

= 346.7 MPa
= C,. = (346.7 - 0.447 x 20) x 982 = 331680 N

Cuc + Cus = Tu
709102 — 331680
= Yu ( 2172 j mm
45

= 0.0035| 1-——

i Ese ( 173.8]

0.00259 ~ 0.00256  (calculated earlier)

Second cycle

* Assuming g, = 0.00259
f.o= 3428+ (351.8  342.8) (0.00259 - 0.00241)
sc (0.00276 — 0.00241)
= 347.4 MPa
= C, = (347.4-0.447 x 20) x 982 = 332368 N
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_ x, = (7091051_;32368] =1734 mm (Converged)
e Taking x, = 173.4 mm
Mg = C,.(d—0416x,)+C, (d-d’)

(2172 x 173.4) (655 - 0.416 x 173.4) + 332368 (655 - 45)
= 4223 x 10° Nmm
= 422 kNm
Q.2 (b)Solution:
(i)
The assumptions made while analyzing the reinforced concrete beam using Limit State
Method as per IS 456:2000 Code are as follows:

1. Plane sections normal to the beam axis remain plane after bending, i.e., in an initially
straight beam, strain varies linearly over the depth of the section. Thus, strain
variation diagram is linear.

2. The maximum compressive strain in concrete at the outermost fiber (¢_,) is taken
as 0.0035, regardless of whether the beam is under-reinforced or over-reinforced,
because collapse invariably occurs by the crushing of concrete.

3. 15456: 2000 allows the use of any other possible shape of the stress-strain curve of
concrete which results in substantial agreement with the results of the tests on
reinforced concrete.

4. For design purposes, compressive strength of concrete may be assumed as 0.67
times the characteristic strength of concrete. The partial safety factor of y_ = 1.5
shall be applied in addition to this.

5. The tensile strength of concrete is ignored i.e. not taken into account. Cl. B-1.3(b)
of IS 456: 2000 states that all tensile stresses are to be taken up by reinforcement
and none by concrete, except as otherwise specifically permitted.

6. The stress in reinforcement is derived from representative stress-strain curve for
the type of steel used.

7. For design purpose, the partial safety factor for steel is takenasy =1.15i.e. design

stress of steel = L =0.87 f,
1.15
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8. The maximum strain (¢_,) in the tension reinforcement at the level of centroid of

reinforcement steel at the ultimate limit state shall not be less than &* o which is
defined as:

87 f,

S

+0.002

(ii)
Size of the column: 400 mm % 400 mm
[ =225m

Minimum eccentricity is greater than the following:

1 L2250 40 1333 -1783
' 500 30 500 30 00 = L.00 mm

e .= 20mm
0.05b = 0.05 x 400 = 20 mm
- e, has not exceeded 0.05 b
400 % 400 = 160000 mm?

Gross area of the section, A ¢

Area of steel, A_ = 8 x %><162 =8 x 201 = 1608 mm?

Area of concrete, A . = 160000 - 1608 = 158392 mm?
Since e_. has not exceeded 0.05 b, the ultimate load is given by,
P, =040f,A +067f A
0.40 x 20 x 158392 + 0.67 x 415 x 1608
1267136 + 447104 = 1714240 N = 1714.24 kN

= Pu

Q.2 (c) Solution:
* Short column/slender column:

Given; [ = ly = 3000 mm, Dy =450 mm and D_ = 600 mm

Lo _kele _p . 3000

= ke 5k,
Slend o 1D Dx 600
enderness ratio
Ny Kyl
A
D, D 450

¥ Y

As the column is braced against side sway in both directions, effective length ratios
k. and ky are both less than unity and hence slenderness ratios are both less than 12.
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Hence, the column may be designed as short column.

¢  Minimum eccentricities:

o =L Dx 3000 600 o0 m (> 20.0 mm)
x,min 500 30 500 30

I Dy, 3000 450

e = —+—L="""1 2" _ 21,0 mm (>20.0 mm)
ymin = 500 30 500 30

As 0.05D, = 0.05 x 600 =30.0 mm >e¢, . =26.0 mm

and 0.05D, = 0.05x 450 =225 mm >e, . =21.0 mm

The formula for axially loaded column can be used as per IS 456 : 2000.
* Factored load
P = Service load x Partial load factor = 2000 x 1.5 = 3000 kN

* Design of longitudinal reinforcement

P, = 04fyAq+(067f, - 04fy)As

u

= 3000 x 10° = 0.4 x 20 x (450 x 600) + (0.67 x 415 - 0.4 x 20)A_
= 3000 x 10° = 2160 x 10° + 270.05 A_
_ 3
. - (3000-2160)x10° ...,
se 270.05

In view of column dimensions (450 mm, 600 mm), it is necessary to place intermediate
bars in addition to the four corner bars.

Provide 4-25¢ bars at corners : 4 x g x 252 = 1964 mm?

T
and 4-20¢ at additional : 4 X 1 x 20% = 1256 mm?

A, = 1964 + 1256 = 3220 mm? > 3111 mm?
Percent reinforcement provided,
100 x 3220
"'~ (@s0xe0)
= 1.193 > 0.8% (minimum reinforcement) (OK)
< 6% (maximum reinforcement) (OK)

e Lateral ties

| | q)muin,lOng — é = 625 mm
Tie diameter, ¢, > 4 !
6 mm
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Provide 8 mm diameter ties

450 mm
Tie spacing, S, < 16x20=320 mm
300 mm
Provide ties spacing = 300 mm
d 4-25 ¢ at corners
Clearance to
450 . .
ties = 40 mm mm 4-20 ¢ (at middle of each face)
8 ¢ ties @ 300 c/c staggered
e °

fe— 600 mm ——

The detailing of reinforcement is shown above.

Q.3 (a)Solution:
One end of short span is continuous and other discontinuous.

Assuming discontinuous end to be simply supported.

26 +20
2

% =173.9 mm =~ 175 mm (say)

=23

Limiting span to depth ratio

Depth of slab required, D

Let effective cover = 25 mm
Effective depth of slab in short direction, d_ =175 - 25 = 150 mm
Effective depth of slab in long direction, d = d, - Bar diameter
150 - 10 = 140 mm

Effective spans:

—
I

clear span+d =4+0.15=415m
I = clear span + dy =5+0.14=514m
!
;= L Py
I, 415
Two way slab.

Loads

Self weight of slab = 0.175 x 1 x 1 x 25 = 4.375 kN/m?
Finishes = 1 kN/m?
8 kN/m?

Live load

©Copyright: NADE EASY www.madeeasy.in
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13.375 kN/m?
1.5 x 13.375 = 20.0625 kN /m? = 20.06 kN /m?

Total load

Factored load, w,

Moments

Positive mid-span moment in short direction (M :,x) :

M;x = a;wuli
(0.047) 20.06 (4.15)?
16.24 kNm/m

Positive mid-span moment in long direction (M;[y):

M;, = oy w,ly
0.035 (20.06) (4.15)?
12.09 kNm/m

Negative support moment in short direction (M;x) :

M, = oc;wul,%
0.062 (20.06) (4.15)?
21.42 kNm/m

Negative support moment in long direction (M;y) :

M, = oc;wulf
= 0.047 (20.06) (4.15)2
= 16.24 kNm/m
Depth of slab required :
Maximum moment, M = 21.42 kNm/m
For Fe415, M, . = 0.138 f, bd 2
M, jim = M
= 0.138f, bd? = 21.42 x 10°
= 0.138(20)(1000)d? = 21.42 x 10°
= d = 88.1 mm < 150 mm (OK)
Flexural reinforcement :
M;, = 16.24 kNm/m
d_ = 150 mm

X
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+ 0 P o_ _ S _ 4.598M,
ptx,reqd. = 0.23 A) From 100 bd 2fy [ 1 fckbdz
e regd. = 023 x 1000 x 150 = 345 mm /m
' 100
1000 % = x 10
Spacing of 10¢ bars = o =227.65 mm c/c ~ 220 mm c/c(say)

Provide 10¢ bars @ 220 mm c/c in short direction at mid-span.

M;fy = 12.09 kNm/m
dy = 140 mm
Pt fck 4~598Mu
+ = 0 F = 1-
Piy,reqd. = 0.18% AT bd " 2f, [ Fubd? H
A;ty,reqd. = O 18 x 1000 x 140 = 252 mm /m
1000 x ™ x 102
Spacing of 10¢ bars = 55 = 311.7 mm > 300 mm
Provide 10¢ bars @ 280 mm c/c (< 300 mm) in long direction at mid-span.
M, = 21.42kNm/m
d. = 150 mm
- N o From Pt _ Ast _ fox 1 4598M,
Pix,reqd. = 0.28% 100 bd 2 fy fucbd?

0.28
At reqd. = 100 x 1000 x 150 = 420 mm /m

1000 x * % 102

420
Provide 10¢ bars 180 mm c/c in short direction at support.

Spacing of 10¢ bars =187 mmc/c ~ 180 mm c/c (say)

My,

dy

16.24 KNm/m
140 mm

) P Ay fa 4598M,
_ 0 F = 1-
Piy,reqd. = 0.24% M 200 bd 2 fy[ Fubd?
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Asty reqd. = % x 1000 x 140 = 336 mm?/m

1000 x * % 102

Spacing of 10¢ bars = 336 =233.7 mmc/c ~ 220 mm c/c (say)
Provide 10¢ bars @ 220 mm c/c in long direction at support.
Deflection check:
;tx,reqd = 315 mm?/m
1000 x ~ x 10 ,
A prov. = 20 =357 mm*/m
A+
fst _ 0-58fy' itx,reqd
stx,prov.
= 0.58(415)3ﬂ =232.6 N/mm?
357
k, = 1.6 (from figure 4 of IS 456:2000)
(é) = (é) -kp k., wherek, =1 ( Pe = O)
max basic
= 23 x1.6=36.8

l
(Ej _ A0 57 <368 (OK)
prov 150

~<100@180c/c (top) | | oo---- Top bars
L Bottom bars
100 @220¢c/c —‘% ~{~100@220¢c/c | 4000 mm
Ty (bottom)
A A M20 concrete
t 1 ] j Fe415 steel
100 @ 280 ¢/ c
(bottom) v

fe—— 5000 mm ———

]

Plan

©Copyright: [MADE EASY www.madeeasy.in



MADE EASY Test No : 3 CIVIL ENGINEERING | 27

100 @ 220 ¢/c 100 @ 180 ¢/c
|

._.'._0/ e © o o
175 mm

e ]

fe— 5000 mm\‘;ﬂ
100 @220 ¢/c
Section A-A

L— 100 @ 280 ¢/c

100 @ 180 ¢/c 100 @ 220 ¢/c
|

._.'._0/ e © o o
175 mm

e 4000 mm | ——
100 @ 220 ¢/c

Section B-B

Reinforcement details

L — 100 @280 ¢/c

Q.3 (b)Solution:
Size of foundation :
Column service load, P = 1500 kN
Let weight of the foundation, P,= 10% of column load (P) = 0.1 x 1500 kN = 150 kN

i
Total load, P, = 1500 + 150 kN = 1650 kN
1650
Area of footing required, A = 260 10.31 m?

Note: Do not use factored load of 1.5 x 1650 kN here, since safe bearing capacity of soil
itself takes into account the factor of safety.

Given, B=25m
= A_1031_ 4124 m ~ 42m (say)
B 25

Area of footing provided, A =4.2 x 25 m?=105m?> 1031 m?> (OK)

Net soil pressure

P 1500 ,
oD 086 kN
“= AT 105 /m
<160 kN /m? (OK)

Factored soil pressure, w,,=1.5 x 142.86 = 214.29 kN/m?
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Depth of foundation from bending moment criterion:

x
b =400 m
2500 mm ——=i

[ e — |
a =600 mmi

e—B

y
fe————— L =4200 mm ———>i

The critical section for BM will be at the face of the column.

. B-b\(B-b
Moment at section X;-X;, M = Wyo 5 N Ta

2
= 214.29 XM =118.13kNm /m
' L-a\(L-a
Moment at section Y,-Y, Muy = Wyo 5 4
2
42-0.
= 214.29x ﬂ =347.15 kNm/m
o Maximum moment, M, = 347.15 kNm
For Fe 500, M., = 0.133f,, bd?
= 347.15 % 10° = 0.133 (25) (1000) 4>
d=323.12 mm
M 347.15%10°
. uy
= = =322.39 mm
Depth of foundation, d \/ 0B \/ 334 %1000
Take d = 330 mm
Check for one way shear
Y i
B T Tl S
]| Mk
i b= 600 mm i i‘g

Y2
L =4200 mm ————>

Critical section for one way shear will be at a distance of ‘d” from the face of the column.

Maximum shear force at section Y,-Y,

L-b
= Xl X _d
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= 214.29 ><1{4'2 —0.6 —0.33} =315 kN
V 315%x10°
uy 2
; = = =0.955 N
Nominal shear stress, T, Bd _ 1000x330 /mm

k =1.0 for d > 300 mm
kt.=1x0.29 N/mm? <t (=0.955 N/mm?) (Not safe)
Revised depth of the footing is computed as below,

kT =0.29 Vi
’EC— . = Bd

Vi  315x10°

= = =1086.20
- 4= %029 1000x0.29 mm
330+1086.20
Average of 330 mm and 1086.20 mm = 5 - 708.10 mm =700 mm (say)

Check for d = 700 mm
42-0.6

Vuy = 214.29 x{ - 0.7} =235.72 kN

Vi 23572x10°
Bd ~ 1000x700

T, =C =0.34 N/mm? > T, (: 0.29 N/ mmz)(Not safe)
Try d = 800 mm

42-0.6

Vuy = 214.29 x[ - 0.80} =214.29 kN

Vi  214.29%10°

T = =0.268 N/mm? < 0.29 N/mm?*
®  Bd  1000x800

(OK)

Adopt effective depth, d = 800 mm
Check for two-way shear (Punching shear) :
Net punching shear stress developed,
P, -w, (a+d)(b+d)
2[(a+d)+(b+d)]|d

Tvp (developed)

(1.5%1500) — 214.29(0.4 + 0.8)(0.6 +0.8)
- 2[(0.4+0.8)+(0.6+0.8)]x 0.8

_225-360
T 416
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= 454.33 kN/m? = 0.454 N/mm?

Tvp (permissible) 0.25 \ f ck X kB

{kﬁ = 0.5+B =05+ 400 =1.167 % 1.0}
a 600

= 0.25V25x1.0

=1.25 N/mm? > 0.454 N/ m? (Hence safe)

With 60 mm effective cover,
Total depth if footing = 800 + 60 = 860 mm

Q.3 (c)Solution:
)
When the bending moment required to be resisted is more than the moment of resistance
of a balanced section of singly reinforced beam of given size, there are two alternatives:
(i) To use an over-reinforced section.
(ii) To use doubly reinforced section.

An over reinforced section is always uneconomical and also undesirable because of
sudden failure probability. Also the increase in the moment of resistance is not in
proportion to the increase in the area of tensile reinforcement. The reason behind this
is that the concrete, having reached maximum allowable stress, cannot take more
additional load without adding compression steel. The other alternative is to provide
reinforcement in the compression side of the beam and thus to increase the moment of
resistance of the beam beyond that of a balanced section.

Doubly reinforced sections are also useful in following situations:

(i) Where the members are subjected to probable reversal of external loads and thereby
the bending moment in the section reverses, such as in case of wind and earthquake
loads etc.

(ii) When the members are subjected to loading, eccentric to either side of the axis,
such as in columns subjected to wind loads.

(iii) When the members are subjected to accidental lateral loads, shock or impact.

The steel reinforcement provided in the compression zone is subjected to compressive
stress. However, concrete undergoes creep strains due to continued compressive stress,
with the result that the strain in concrete goes on increasing with time. This increases
compressive strain in steel in addition to creep strain in compressive steel. Thus the
total compressive strain in compressive steel will be much greater than the strain in
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surrounding concrete due to flexure alone. Thus, compressive steel takes up all the

additional compressive stresses beyond the permissible compressive stress for concrete
making the section safe against failure in flexure.

(i)
Approximate solution considering gross section:
. . T2 2
Area of a single wire, A = 1 x 7% =38.48 mm

9 x 38.48 = 346.32 mm?
300 x 250 = 75 x 10° mm?

Total area of prestressing steel

Area of beam section, A

300 x 250°
Moment of inertia of beam section-I = >1<—2 =391 x10mm*

Distance of centroid of steel area from the soffit of beam,

;o Ax0848x(250-40)+5x3848X40 11550,

9x38.4
0.8 x 1570 x 346.32 N ~ 435 kN

Prestressing force, P,

Eccentricity of prestressing force,

250
e —

TJ —115.56 = 9.44 mm

Stress diagrams due to P, is shown below.

-P; tPey, =P Pievy

A A AT A

Since the wires are distributed above and below the CG, the losses are calculated for the
top and bottom wires separately.
Stress at level of top wires (y =y, =125 - 40 = 85 mm)
- BBy,
c/t A I
_435x10° | 435x10° x 9.4

125 — 40
75 % 10° 3.91x 108 ( )
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= -58+09
= -4.9 N/mm?

_ b _Deyy
Stress at bottom, (f.), = 2 i

_ 435% 1033 435 10° x 2.44 (125 - 40)
75x10 3.91x10
= -5.8 - 0.9 =-6.7 N/mm?
Loss of prestress in top wires = 6 x 4.9 x 4 x 38.48 = 4525.248 N = 4.525 kN
Loss of prestress in bottom wires = 6 x 6.7 x 5 x 38.48 = 7734.48N = 7.734 kN
Total loss of prestress = 4.525 + 7.734 = 12.259 kN ~ 12.3 kN

12.3

= ——x100=2.83%
Percentage loss 135

Q4 (a)Solution:
1. Givendata:h=4.0+1.25=525m; u=0.5,0=15° ¢ = 30°,
Y, =16 kN/m?, g, =160 kN/m?

cos0 — \/cos2 0 — cos? 0]
* Earth pressure coefficients: C, = > 5 |08 0 =0373
cosO + \/cos 0 —cos” 0
C = 1+ s%n(b ~30
P 1-sin¢

2. Preliminary proportions
*  Thickness of footing base slab ~ 0.08h = 0.08 x 5.25 = 0.42 m
Assume thickness of base slab as 420 mm.

* Assume stem thickness of 450 mm at the base of stem, tapering to a value of
150 mm at the top of the wall.

*  For an economical proportioning of the length L of the base slab, it will be
assumed that the vertical reaction R at the footing base is in line with the front
face of the stem. For such a condition, (assuming the height above top of wall to
be about 0.4 m), the length of the heel slab (inclusive of stem thickness).

x - (&)= PPesr0s~20m

Assuming a triangular base pressure distribution,
L =15X=30m
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*  The preliminary proportions are shown in figure below.

— 617~ __—1g=15°
150 0=15

e {536
WZ
4000 75—>H
P_sin 6 ,
_ W i “ I = 5786
h=5250 3 925 p
250—] i<—» ———————— Py
i W, ! — P, cosf
(I S— W, )
450 =
1250 \ 3
420} o
\ 4 1500 Heel
WS
1000 x =2000
<— L =3000 ——~

Forces on wall (with preliminary proportions)
3. Stability against overturning

* Force due to active pressure:

N2
_ Cave(W)
a 2
where, h’= h+ Xtan0 = 5250 + 1850 tan15° ~ 5746 mm
b= (0.373)(16)(5.746)>
“ 2

= 98.52 kN (per m length of wall)
P, cos® = 98.52 cos 15° = 95.16 kN
P, sin® = 98.52sin 15° = 25.5 kN
(P, cosO)h’
3
= (95.16) (5.746/3) = 182.26 kNm

*  Line of action of resultant of vertical forces as shown in figure above with respect

*  Overturning moment M, =

to the heel can be located by applying statics, considering 1 m length of the wall:
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Force (kN) Distance from heel (m) Moment (m)

W, = (16)(1.85)(5.25 - 0.42) =143.0 0.925 1323
W, = (16)(1.85)(0.5 x 0.536) =79 0.617 49

W, = (25)(0.15)(5.25 - 0.42) =181 1.925 34.8
W, =(25-16)(4.83)(0.5x0.30) = 6.5 1.750 114
W; = (25)(3.0)(0-42) =315 1.500 47.2
P, sin® =255 0.000 0.0

W =2325 kN My, =230.6 kNm

Distance of resultant vertical force from heel
w W 2325
*  Stabilising moment (about toe)

M, = W(L-X,) =2325x(3.0-0.992)
466.86 KNm (per m length of wall)

_ 0.9M, _ 0.9x466.86
(Fovertning = 37 =~ 182,26

4. Soil pressures at footing base

=0.992 m

=2.31>1.40 (OK)

M,=182.3kN/m

V/\| X, =0.992m
v

W =232.5kN/m

1203 kN/m’ [N 347 kN/m’
= |
B2KN/m'@ T | kg
1300 from left

R=wW Lr=1776

Calculation of soil pressures

*  Resultant vertical reaction R = W = 232.5 kN (per m length of wall)

M
o Distance of R from heel : LR = (wi;_MO)

_ (2306+18226) .
2325
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] Eccentricity, e = Lg - % =1.776 — 3—20 =0.276 m <% =05m

e Hence, the resultant lies within the middle third of the base.

6e 6x0.276

— = ————=(0.552
L 3.0
R 6e
Do = f(“_fj
232.5

= 5 (1+0.552)=12028 kN/m? < g, (=160kN/m?)

232.5

Toin = 50 (1-0.552) = 34.72 kKN/m? >0 (OK)

and

5. Stability against sliding

300 mm Neglect

i

T ? /<1000 mm |
hy =950 mm

Pr— =]

Design of shear key

e  Sliding force = P, cos0 = 95.16 kN

*  Resisting force (ignoring passive pressure on the toe side)F = uR
= (0.5 x232.5=116.25~116.3 kN

09F  09x1163
_ _ —1.1 <140
diding = P, cos®  95.16 (Not safe)

(ES)

Hence, a shear key may be provided to mobilise the balance force through passive
resistance.
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* Assume a shear key of size a x g, at 1300 mm from toe

Cp¥e [(h1 +a)? - h%}

F = > + WsRpoe + URpeel
3x16x [(0-95 +a)’ - 0952} 120.28 + 83.2 (83.2 + 34.74)
= 5 +tan30xfx1.3+0.5x;><1.7
= 24a* + 45.6a + 126.48
0.9(24a” +45.60+126.48)
(FS)stiding = 95.16 > 14
= a > 0.36 m.
Hence provide a shear key of size 400 mm x 400 mm.
Q.4 (b) Solution: T
Given: Material used, M20, Fe 415 §
Ultimate shear force, V, = 300 kN =
Shear resistance of bent up bar = 5200
V, = 087f,- A, sina Vo omo

0.87><415><2><g(20)2 X sin 45° <~ b =300 mm —

160410.2885 N = 160.41 kN

Design of shear reinforcement:

Vv, _300x10°
bd ~ 300x500

0.625,/f, =0.625\20 =2.8 N/mm? (O.K)

Nominal shear stress, (t,) = =2 N/mm?

<7

¢, max
Design shear strength of concrete (t)

Percentage of tensile reinforcement at section where bars are bent-up:

A, 33 x(20)?
%) = —-x100 = —=———x100 = 0.63%
Pi(%) bd 300x500 0.63%
From table given in question, using linear interpolation
t = 048+ 0.56-0.48 (0.63-0.50)
¢ 0.75-0.50
= 0.5216 N/ mm?
T, > T,
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Hence, additional shear reinforcement consisting of vertical stirrups shall be required
to resist shear force.

Assuming 2-legged 8 mm ¢ stirrups

.. Design shear force, V.=V, -V.-V,_
= 300 - (t. - bd) - 160.41
_ 300 0.521x300x500 160.41
1000
0.521x300x500
=61.44kNbut £ 05(V, -V )= 0.5(300— 1000 ) =110.925 kN
Design shear force, V. = 110925 kN
Spacing of stirrups:
v oo 0.87 fy Aspd
us Sv
O.87><415><2><§><(8)2 X500
= S, = 3 =163.60 mm
v 110.925x10
Spacing from minimum shear reinforcement criterion.
Agy S 0.4
b S, 0.87 f,
0.87 f, A
y4isv
< — s
- KT
0.87x415x2x * (8)?
= 4 =30247 mm
0.4x300

Spacing S #

i) 0.75d =0.75 x 500 = 375 mm

(i) 300 mm

(iii) 163.60 mm (spacing of stirrups computed above)

(iv) 302.47 mm (from minimum shear reinforcement consideration)

. Provide additional shear reinforcement of 8 mm ¢ 2-legged vertical stirrups at spacing
of 160 mm c/c.
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A 2 - 12¢ nominal bars
( x[2-204

AN
>
|
(O8]
g
2
=

g | Nominal bars
§ |2 legged 8 mm¢
B @160 mm c/c
Section (A-A)
Q4 (c) Solution:
Given: Beam cross-section
e 500 mm ———
é 12 kN/m (Live load)
F
- ~— 150 mm 20m
C.G
R s S :
()
8
_ e
Y
0mmd e E

Let ¥ be the distance of C.G. from bottom of the flange,

300x200x100+150%x650x525+ 500x150% 925
300x200+150%x 650+ 500150
544 4 mm

Moment of inertia of beam about C.G of the cross-section

— 2
Iee = et +2A; (Fi )
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_ 300x(200)° 2, 150x(650)°

+300%200% (100 — 544.4 +150% 650 (525 - 544.4)°

3
+200XAB0)7 | 500150 (925 - 544.4)°

= 265.24 x 108 mm?

Area of cross-section of beam

500 x 150 + 150 x 650 + 300 x 200

= 232500 mm?
_lcg._ 26524x10° o0 7 g
Pop Ty, (1000-544.4)
_lcg._26524x10° o 7 3
ot Ty 544.4 '
Now, self weight of beam = y A =24 x (232500 x 10-%) = 5.58 kN/m
Prestressing force, P = (1385.44x1100)x 10100 kN =1523.984kN
At mid span:

wy [2 5.58%(20)2
8

=279kNm

Moment due to self weight, M, =

wr 12 12x(20)°
8

=600kNm

Moment due to live load, M,

Eccentricity due to prestressing force

e = 5444 -100 = 444.4 mm
Now, stresses at top and bottom are computed as below:
Case : 1 At transfer stage:

Only prestressing force and DL are considered.

P Pe Md
At top: ftop = ———+—

A Ztop Ztop
1523.984x10°  1523.984x10° 279 % 10°
_ X444
232500 5.822 %10 5.822 %10
6.555 - 11.6327 + 4.792 = -0.286 N/ mm?
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P Pe Mg
At bottom: Joot = A7 -
_ 1523.984x10° 1523.984x10° x4444  279x10°
232500 4.872x10’ 4.872x10’

6.555 + 13.901 - 5.7266 = 14.73 N/ mm?

Case : 2 At final stage.
At this stage, prestressing force with losses + DL + LL are considered,

kP kPe Md Ml
+—+—

At top: ftop = X‘Z_t Z |z
= [1-B2) (1215 \_ogs
100 100
_ 085x1523.984x10° 0.85x1523.984x10°  279x10° = 600x10°
Fiop 232500 5.822x107 ©5.822x107  5.822x107
= 5.572 - 9.888 + 4.792 + 10.306
= 10.78 N/mm?
At bottom:

k_P+ kPe _ Md _ Ml
fi’Ut - A Zp Zy, Zp

_ 085x1523.984x10° 0.85x1523.984x10° =~ 279x10°  600x10°
) 232500 4.872x10  4872x107  4.872x107
= 5.572 + 11.816 - 5.7266 - 12.315

= -0.65 N/mm?

Section B : Design of Steel Structures

Q.5 (a)Solution:
For Fe410 steel, f, = 410 MPa, fy = 250 MPa
For 4.6 grade bolts, f , = 400 MPa, fy = (0.6 x 400 = 240 MPa

A , = Stress area of bolts

- 0.78><g><d2 - 0.78><g>< 202 = 245 mm?

Diameter of bolt hole, d, = 20 + 2 =22 mm
Y, = Partial factor of safety of bolt material = 1.25
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" Bolts are in single shear and strength of bolt in single shear,

fub -3 400 3
= A, Xx—"—x107" =245 x————x107" =45.26 kN
Vg, b X N X X TAxis X
Strength of bolt in bearing, Vp g = 25kpdt Yf ”b (f, = minimum of , and )
m
Taking, k, = 0.606 (given)
400 3
V,i = 25%0.606 x 20 x 9.1 x 195 x10
= 88.23 kN
So, Bolt value = Minimum of V_ and Vpb =45.26 kKN
Critical bolt is top-right bolt,
/\/
P
|<—200
_ | A
40y [ o ,
80 N
Y o 1/ 6 F
80 |- _______II,;/_XQ____J: ________ _
80 |
40 :: [+ E [} |
<100 ~|

. . P’ Pf
Direct force in bolt, F; = —=—
n 8
. Per
Force in bolt due to torque, F, = 5,2

0

50 mm

502 + 1202 = 130 mm

\
|

2r? = 4 x [(502 + 402) + (502 + 1202)]
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84000 mm?

50
= ——=0.3846
cos 0 130

P’x200x130 _ P’
2~ 84000 3.23

Resultant force on bolt, F, = \/Flz +F} +2FF, cos0

’

l2+%+2x1xix0.3846
8¢ 3.23 8 3.23

= 0376 P’
Now, Resultant force < Bolt value
0.376 P’ = 45.26 kN
Factored Load, P’ = 120.37 kN
P’ 120.37
Service load, P = 15 = 15 =80.25kN ~80kN

Q.5 (b)Solution:

ISA80>\<50X8mm

i 45 mm
50mm;  100mm i
‘ $ b Jr ! \_J b
i 35 mm
; a 0

/
18 mm diameter
bolt hole

For Fe410 grade steel : f, = 410 MPa, f, = 250 MPa
Partial safety factors for materials : v, , = 1.10;y,, = 1.25
The shaded area will shear out

A, = (100 +50) x 8 = 1200 mm?
A, = (100+50—(2—%) ><18) X 8 = 984 mm?

A,y =35 x 8 =280 mm?
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A, = (35—%><18)x8:208mm2

The block shear strength will be minimum of T,,, and T, as calculated below:

_ Agefy  09A4f,
Tdbl - +
\/§Y mO Y ml
{1200 %250 0.9 x 208 x 410
= +
J3x11 1.25

o= 0.9A,,f, N Agefy
23,
Ym1 Ym0
_ (0.9 x 984 x 410 280 x 250
= +
J3x1.25 11
Hence, the block shear strength of the tension member is 218.86 kN

}x 10 kN = 218.86 kN

j %1072 kN = 231.34 kN

Q.5 (c) Solution:
je— 150 mm ——

| ‘Itf=8><0.7=5.6mm

% ! [
I~ 1
S !
e b LLE .
i S
! I
o = t,=12x07=84mm

‘ I tf= 5.6 mm

fe—— 150 mm —

3 3
[ o= DUXS6T s 150x5.6x2x 127,82 + 200 X84
xx 12 12
= 33.04 x 106 mm*
W W x10°
Direct sh t 1S T =
irect shear stress, f, A 150x5.6%2+8.4 %200
= 0.297 W N/mm?

Due to moment

M W x10° x 200 x 130.6

=0.79W
z 33.04 x 10°

f
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fu
Vot < B,

410
= W+0.79% + 3% 0.297% < Bx125

W < 200.876 kN

200.876
Service load, W, = 15 =133.92 kN

Q.5 (d)Solution:
(i)

Limit states are the states beyond which the structure no longer satisfies the specified

performance requirement. As per IS 800: 2007, the limit states are generally grouped under.

1. Limit state of strength: Limit state of strength are associated with failure of structure
under the worst combination of loading including appropriate partial factor of
safety. The limit state of strength include

(a) Loss of stability /equilibrium of structure (including the effect of sway) or any
of parts including supports and foundation.

(b) Strength limit (general yielding, formation of mechanism, rupture of structure
or any of its parts of components)

(c) Fatigue and brittle failure.

2. Limit state of serviceability: These are limit states beyond which specified service
criteria are no longer met. These include

(a) Deformation and deflections

(b) Vibrations in the structure or any of its component causing discomfort to people
or damages to the structure

(c) Ponding of structures
(d) Corrosion and durability
(e) Repairable damage due to fatigue
(i)
For Fe410 grade steel: f = 410 MPa
For shop welding: partial safety factor for material, vy, = 1.25
Size of weld, S = 6 mm

Effective throat thickness, KS = 0.7 x 6 =4.2 mm
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Strength of weld per mm length = 1xt; X \/gf =
410
= 1x42X—=—— =795.36 N
JBx1.25 /mm
Total length of the weld provided, nd = x 150 = 471.24 mm

795.36 x471.24 x %

Greatest twisting moment

28110408.5 Nmm = 28.11 kNm

6 mm fillet
o
| | |

Q.5 (e) Solution:

For steel for grade Fe410: f, = 410 MPa
For site weld: partial safety factor for material y_ = 1.5

Total weld length = [ | +1 ,+ 80 mm

Strength of the weld required = design strength of the tie member
= 22227 kN

75 mm

181 mm
I

w1

u

Design strength of the weld, T, = Lt Ty

Design strength of 6 mm (¢, = 0.7 x 6 = 4.2 mm) weld per mm length
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410

= 1x4.2x TAxis 662.79 kN
Equating the strength of weld to the load,
(I,,+1,,+80)x662.79 = 22227 x 10°
= [+, = 255355 mm =~ 256 mm
Assume C,, = 27.3mm

Now, taking moments about top edge of angle section,

662.79 x 80x%+ 662.79x 1,1 x80 = 22227 x 103 x (80 - 27.3)

l 180.91 ~ 181 mm
l 256 - 181 =75 mm

wl

w2
Q.6 (a) Solution:
(i)
Lower bound theorem:
If any bending moment distribution can be found which satisfies
(i) Equilibrium condition and
(i) Yield condition (i.e. bending moment no where exceeds Mp)

That system is safe and statically sufficient and corresponding load is less than or
equal to the true collapse load.

V/wu per unit length

L

P

Alternatively, the theorem can be stated in a simple manner as follows:

“A load computed on the basis of an assumed equilibrium moment diagram in which
moments M <M, is less than or at best equal to the true ultimate load.”

wuL2
8 M, + M,
2
_w,L
= ZMP =g
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16 M,
= w, = L2

Upper bound theorem :

If a collapse mechanism can be found such that the associated moments satisfy
(i) Equilibrium condition and
(if) Mechanism condition

The mechanism is kinematically sufficient and the corresponding load is greater than
or equal to the true collapse load.

/wu per unit length

Alternatively the theorem can be stated as:

“A load computed on the basis of an assumed mechanism will be always greater than
or at best equal to the true ultimate load.”

Applying principle of virtual work, we get

1 = A= £><6
wuXEXLXA—Mp6+MP(6+6)+MPG where, =5
= wl Loo=aMmp
) 4
16Mp
= w, = 2
(ii)
Gross diameter of rivets = 18 +1.5=19.5 mm

For 150 mm leg, checking for critical section along section ABC
Deduction in width for hole =1 x 19.5 =19.5 mm
Along section ABDE, deduction in width for hole
(40)°
4x60
Maximum deduction for hole in 150 mm leg = 32.33 mm

= 2x19.5- =32.33 mm
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Net area of connected leg,

A = (150—32.33—i)t
2

Area of outstanding leg,
A, = (75—1)t
2 2

Where, t = thickness of the angle = 12 mm (given)

A= (150 -32.33 —%) 12=1340.04 mm”

A, = 752212 = 828 mm?
2
Anet = Al + kAZ

K = 3A; 3x1340.04
3A;+A, 3x1340.04+828

A_, =1340.04 + 0.829 x 828 = 2026.452 mm?

net

Allowable stress = 150 MPa (given)
Allowable load

=0.829

=150 x A, =150 x 2026.452 N
=303.97 kN =~ 304 kN

Q.6 (b) Solution:

Given: Fe 410 grade steel,  f, = 410 N/mm?
fy = 250 N/mm?
fy = fyp =fyw =250 N/ mm?
n =03
E = 2x10°N/mm?
Vo = 1.25

250
€ = g,= €= ,/ﬁ—l-o

Total superimposed load = 80 kN/m
Factored superimposed load = 1.5 x 80 =120 kN/m

Self weicht of plate eird WL (80x25)x25
elf weight of plate girder, 7 /o = 400

Self weight of girder per metre length = 125/25 =5 kN/m

Design forces:

=125 kN.
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Factored self weight = 1.5x5=75kN/m
Total uniform factored load,
w, = 120+75=1275kN/m

Factored maximum bending moment

w,?  127.5%(25)

M = g = 9960.9375 kNm
Factored maximum shear force,
v = w,.L _ 127.5%x 25 — 159375 kN
2 2
Design of web:
Optimum depth of plate girder,
1/3
i MK
= —fy
When, intermediate stiffeners are not to be provided,
d
S 200 € = 200
d
Let K = t_= 180
6 1/3
g - 9960.9375 x 10° x 180 _ 1998.5 mm
250
1/3 6\1/3
hick Wb M, 1 9960.9375 x 10
. Thickness of Web, t, = f, K2 250 x (180)2

10.71 ~ 12 mm (say)

(Thickness provided is more since intermediate transverse stiffeners are not to be
provided).

Provide web of size 1950 mm x 12 mm

Design of flanges:

Let the bending moment will be resisted by the flanges and shear by the web.

M . 9960.9375x10°

Required area Of flange, Af = fy d tmo = 250 N 1950 X 11 = 2247596 mmZ

Assume width of flange equal to 0.3 times the depth of girder.
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bf = 0.3 x 1950 = 585 mm =~ 600 mm (say)
Thickness of flanges plate,
t = % = 37.46 mm ~ 40 mm (say)

Provide flange plates each of size 600 mm % 40 mm.
Classification of flanges:

For the flange to be classifiable as plastic

E < 8.4e
by
br=tw  6o0-12
The out stand of flange, b = ) = =294 mm
b
o - 294 _o35c84
f 40

. Flanges are plastic (8, = 1.0)
Check for bending strength:

The trial section of the plate girder shown in figure below.
600 mm ——

L
Sk [
— ~ 12 mm é é
3§ J
ot
Plastic modulus of the section,
D - ts
Zp, = 2%bpt. | Ty
2030 40
= 2 x 600 x 40 > 5|7 47.76 x 10° mm3
fy

Bending moment capacity, M, = f,. Z,, - Y_Mo
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1.0 x 47.76 x 106 x % x107° kNm

= 10854.5 kNm > 9960.9375 kNm (OK)
d 1950
Also, a = - 162.5 (< 200)
Shear capacity of web:
Elastic critical shear stress
K, m*E

T.,€ 5
cr 12(1_M2)|:tdj|

Since, intermediate stiffeners are not provided and only transverse stiffeners are
provided at each end,

K

%

5.35
5.35 x m? x 2 x 10°
12(1-0.3)(162.5)°

T, e = = 36.62 N/mm?

Non-dimensional web slenderness ratio for shear buckling stress

fyw 250
_ = | = 1.985
Mo = \VBr,, VVBx36.62

: A, > 12
.. Shear stress corresponding to web buckling
fyw 250
- =X _ ——5=36.63N 2
BT BxAZ T V3x(1.985) fmm
Shear force corresponding to web buckling
Vcr = Av' Ty
= (1950 x 12) x 36.63 N = 857.142 x 103 N
= 857.142 kN < 1593.75 kN.
Which is not safe.
Let us revise the section
Let the thickness of the web be 16 mm.
d
o 00185
ty 16
2 5
S 5.35xm” x2x10" 65.11 N/ mm>

cre 12(1 - 0.32) x 121.8752
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), = % =1.489>1.2
250

T T 3 x(1.489)

V., = A.1,=1950 x 16 x 65.10 = 2031.12 x 10° N

2031.12 kN > 1593.75 kN (OK)

=65.10 N/mm?

Connection of flange to web:

The welding is done on both sides of the web for its connection to the flange. Since there
are two weld lengths, longitudinal load transmitted to each weld length per mm

1 [vay
dw = 27 |

600 x (2030)° (600 — 16) x (1950)°

= 12 12
[ = 574141 x 10" mm*
1]1593.75x10° x (600 x 40) x 995
w = 2 5.74141x 10" = 3314 N/mm

Providing 6 mm weld size,

Strength of the weld per mm length,

f_y_L_[o_ys] __ 0
V3 Yo J3x1.25
485 N/mm > 331.4 N/mm

x0.7x6

Which is all right.
Designed cross-section

o600 mMm——| i

40 mm
' V\ 6 mm
975 mm fillet weld
— <— 16 mm

""""""""""""""""""""" 1950 mm | 2030 mm

I B N
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Q.6 (c) Solution:
(i)

External work done = Intensity of loading x Area swept

[L Le} [1 L}(Le LG)
=w,|=X— |[+w,| =X= || =—+—
4 2 2 402 4

_ 7w, 0
32
Mp0  Mp0 Mp
Internal work done = Mp0+M0+—=+===3M,0 2% k\
2 2 L c)
7w,L70
0 = 3M,0
32 MP
1 48M
=—wlL= P
W” 2 L Q/‘ 2,1\-/’P
%
Considering member BC )
Hyx L=M,+M,
— 2Z\/IP
HB = T , Mp
3m
g - 48Mp 2M, 34Mp 7"
A 7L L L
34M, . 48M, L M,
= XL-—="Lx=-M
Moment at D 71 =1 %3 p
- e /
L e m
BMD

(i)
As service loads are given, collapse loads are obtained by multiplying service loads
with load factor.
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(1) Beam mechanism
ﬁs x 2= 10 kN/m
External work done = Internal energy stored
10x=x(4x20) = 0.5Mpx0+0.5Mp x20+0.5Mp x0
= M, =20 kN-m (1)
(2) Sway mechanism
46 46
20 kKN —>——t o
1/6i //’Iéi
0/ 0/
,_7/ __7!
20 x 46 = Mpx0+0.5Mp x0+0.5Mp x0+Mp x6
= 806 = 3M,6
= M, = 26.67 kN-m ..(ii)
(3) Combined mechanism
05M, 0.5M,
20 kN —> 2om—>ﬂmm%— éﬂm%\
Sy s
0 ,'II 0 I’Il I = 4m
I’ ’III MP
[/ A J 3
\‘,7L Hy 1.AQSMP JMP
4
VD

M%' Hy U
f "
Va
Vs

Let plastic hinge forms at a distance x” from B

FBD of ABE
M, =0
_ 1SMpxd 5, +10% 7+ 2054~ M, =0
a5 0 (i)
www.madeeasy.in
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From FBD of EC

SM.=0

4—x

= 0.5Mp +0.5Mp —10(4—x)x—==0

M, =5 (4 -x)* ...(id)

Put (ii) in equation (i)
3 x5 (4-x)%=>5x+80
x =1.528 m from B
M,=5(4-x)
= 30.6 kN-m ..(iii)
Minimum M, required to prevent any failure = 30.6 kN-m.
Q.7 (a) Solution:

The relevant properties of ISMC 400@484.6 N/m are,

A = 6293 mm?, bf= 100 mm, I = 15082.8 x 10* mm?,
= 4 4 _
Iyy 504.8 x 10* mm?*, ny 24.2 mm

Area of channel section = 2 x 6293 = 12586 mm?
500 x 16 = 8000 mm?
12586 + 8000 = 20586 mm?

Area of plate section

Total area provided

Let the distance of neutral axis from top be ¥

y
e 500mm —— |
T [ : ] 16 mm
i
ISMC 400
@484.6 N/m ;
""" ~ 300rnrn—>|
'y
2><6293x(%+16) +8000x%
y = =135.168 mm
20586
15082.8 x 10* + 6293 x (216 - 135.168)2 +
L= 2] 500 x 163

o+ 500 16 % (135.168 - 8)*

64297.91 x 10* mm*
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3
2x| (504.8x10*) + 6293 x (150 + 24.2) | + 16 x 200
12

~
1l

vy
55869.29 x 10* mm*

As Iyy is less than I o the minimum radius of gyration will be r

vy
4
Minimum radius of gyration, r_. = \/ 55869.29 x 10 =164.74 mm
min 164.74
i 3
_ 55x%x10 _ 3339

Tmin 164.74

[
The allowable compressive stress for P 33.39 and f,, =250 N/ mm?

From interpolation, o, = 142.966 N/mm? (from interpolation)
Allowable safe load = 142.966 x 20586

2943098.1 N = 2943 kN (say)

Q.7 (b) Solution:

[«—3 cm —>
W ;
_A_ l A IS it ey’ --- 4 cm
f—— L=3m —]
From the strain diagram
| b —>| 4€y C Gy
I A
; IS (3d/8) -~ C, ‘
2 d B
{ ) < T
x, X2
T, i J
(
N T.
4e c 2

v y
Strain diagram

From strain diagram

= e =
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s (-2

Moment of resistance of the beam section
MR. = C1x1 + sz2

2o,(£)ox2($)x2+0, (3 ox2{24 2]
2 78 3.8 Y\ 8 8 16

MR. =
o,bd®> 156,bd*> 47c,bd*
MR. = + = ..(ii)
96 64 192
WL
Maximum bending moment, (BM) __ = (T) ..(iii)

From (ii) and (iii) we have

( %) 476, bd’
4 192

s

W gX(ZSOX30X(4O)2J
- 48 3000
W = 3916.67 N . (iv)

From bending moment diagram

(Collapse beam)
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ﬁ ) 25

7N
—~

N

Ne—

3
For rectangular section, S.F. = )
53 - ol
_—— —X _
2 2 2 \SF
5 43
2 2 S.F.

.EN

I

h(
7\
h
|
wn
w"—‘
N—
1]

h
VR
—_
|
WIN
N—
1]
W | =
Il

w
Il

—_

Q.7 (c) Solution:
(@)
For Fe410 grade of steel, f, = 410 MP%a, f, = 250 MPa
For bolts of grade 4.6, f,, = 400 MPa, f = 0.6 x 400 = 240 MPa

For 16 mm diameter bolt, A , = 0.78 ng (16)? = 156.83 mm? ~157 mm?

Diameter of bolt hole, 4, = 16 +2 =18 mm
1. Since bolts are in two way shear, strength of bolt in shear per pitch length,

400
V, = 2xAyx—20 = 2x157x— 20107 kN = 58kN
b A 3V, J3x1.25
Strength of bolt in bearing per pitch length,
Vi = 2.5kbdtvf—” ( f, will be lesser of f, and fub)
mb
e =15d;,=15x%18=27 mm =~ 30 mm
e 30
i — = ——=0.56
Here, k, is least of 34, 3% 18
P o5 = L 025-058; fu _ 400 _ 0.975; and 1.0
3d, 3x18 . 410
Hence, k, = 0.56
400 3
V. = 25x056x16x8x——x107" kN = 56.34 kKN
pb 1.25
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Net strength of plate per pitch length

T = O.9LA

n
nd Yol

095 (p—dy)t
Ym1

= O.9x%x(45—18)x8><10‘3 =63.76kN

Strength of the solid plate per pitch length

= o.9f—“pt _09x 20 45%8x10 = 106.27kN
Yol 1.25

Hence, the strength of the joint per pitch length will be the least of the strength per
pitch length in shear, bearing for bolts and net strength of plate.
Hence, strength of the joint per pitch length = 56.34 kN

56.34
.. oint = %100 = 53.02%
2. Efficiency of the joint 106.27
(i)
For Fe410 grade steel, f, =410 N/mm?, f, = 250 N/mm?

Gross shear area, Ay =(2x 150) x 10 = 3000 mm?
Net shear area, A_ = (2 x 150) x 10 = 3000 mm?
Gross tensile area, Atg =300 x 10 = 3000 mm?
Net tensile area, A, =300 x 10 = 3000 mm?
v,0=1landy, , =125
Strength due to shear yield and tension fracture,

T _ Avgfy +0'9Atnfu
T By Y

_ 3000 x 250 N 0.9x3000x410 — 1279 25KkN
3x1.1 1.25

Strength due to tension yield and shear fracture,

_ 0'9Avnfu +Atgfy
T By, Y

_ 09x3000x410 , 3000x250 _ 1195 151N
J3x1.25 1.1

So, block shear strength is minimum of the above twoi.e. T, and T, = 1193.12 kN
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Q.8 (a)Solution:
For steel of grade Fe410, f, = 410 MPa, fy = 250 MPa

For bolts of grade 4.6: f.» = 400 MPa
Partial safety factor for material:
Vg = 1.10
Vi = 1.25
Assume design axial compressive stress = 168 MPa,
Cross-sectional area required = % = 4166.7 mm?

Let us try 4, ISA 90 x 90 x 6 mm

The relevant properties are,

A = 1047 mm?, C,= ny =242 mm,r, = r,= 27.7mm, I = Iy =80.1 x 10* mm*

Area provided = 4 x 1047 = 4188 mm? > 4166.7 mm? (OK)
Spacing of angles

For design compressive stress of 168 MPa, fy =250 MPa and buckling curve c, the effective

slenderness ratio is 60.
For laced column, the effective slenderness ratio = 1.05 x 60 = 63
I = 0.65x12 x 10° = 7800 mm

= 7800 =123.8 mm
63
Moment of inertia of section, [ = Ar?

4188 x 123.82
6418.7 x 10* mm*

Moment of inertia required = Moment of inertia provided

= 6418.7 x 10% = 4 x 80.1 x 104 + 41887
= y = 120.67 mm
Spacing of angles, S = 2 x (120.67 + 24.2)
= 289.74 ~ 290 mm
Design compressive strength, P, = f ;A =168 x 4188 N
= 703.5 kN > 700 kN

Which is safe.
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Connecting system

Let us provide a double lacing system with the lacing flats inclined at 45°. Bolts are
provided at the centre of the leg of the angle.

Spacing of lacing bars, a, = (290 - 45 - 45) cot 45°

= 200 mm
o 2005 0s <50
ry 27.7

Also it should be < 0.7 x 63 (= 44.1), which it is.

25 3
= —x700x10
Vt 100
=175 x10° N
vV, 175x10°
Transverse shear in each plane = ﬁt = — =8.75x10°N

As double lacing is provided,

1><£ cosecH
2 N

Compressive force in lacing bar

- % x 8.75%10° x cosec 45°

6.19 x 10° N
Section of lacing flat
Let us provide 20 mm diameter bolts of grade 4.6

For 20 mm diameter bolts

3 x 20 = 60 mm

% X (290 — 45 — 45) cosec 45°

Thickness of lacing flat

Thickness of lacing flat

4.714 mm ~ 8 mm (say)
Provide 60 ISF 8 mm flat section.

t 8
Minimum radius of gyration, r = ﬁ = E =231 mm

L 0.7 x (290 — 45 — 45) x cosec 45°
Slenderness ratio, o 21

85.70 <145
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Which is safe.

For l—1 = 85.70, fy = 250 MPa, and buckling curve ¢, the design compressive stress,

»
fea

Design compressive strength, P,

127.45 N/mm?
fuA,=127.45 x 60 x 8 x 10> kN
61.176 kKN > 6.19 kN

Which is safe.
Tensile strength of lacing flat is minimum of, (i) and (ii) as below.
Diameter of bolt hole, 4, = 20 + 2 =22 mm

fu 410

(i) 0.9%(B—dj)t O'9X(60_22)X8XEX10_3 = 89.74 kN (Fracture)

Ymq

A
g—fu (60%8)x % %107 =109.90 kN (Gross section yielding)

ii
(if) Yomg
Hence, tensile strength of lacing flat is 89.74 kN > 6.19 kN.  (OK)

Connection design

Strength of 20 mm diameter bolt in double shear

fub
= 2x Ay x—L4b
! \/5 XY mb
_ 2245 4 103kN = 90.52 kN
J3x1.25
Strength of 20 mm diameter bolt in bearing (on 6 mm plate)
2.5ky dt
_ 2okdtfy (Letk, = 1.0)
Y mb
= 2.5X1.0X20x6><%x10_3kN =98.4 kN
Hence, the strength of bolt = 90.52 kN
2%x6.19 x cot 45°
Number of bolts required = 90.55 =0.136 =1

Provide one bolt of 20 mm diameter of grade 4.6 at the ends of flat.
Tie plate
Tie plates are provided at each end of the built-up column.
Effective depth of tie plate = 290 - 2 x 24.2 = 241.6 mm > 2 x 90 mm
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Overall depth of the tie plate = 241.6 + 2 x 1.5 x 22 = 307.6 mm
~ 310 mm (say)
Length of the tie plate = 290 mm

ISA 90 x 90 x 6 mm

200 mm 60 ISF 8 mm

O: 10 310x8mm
O E EO‘:*— Tie plate
OI

1
Thickness of the tie plate = 0% (290 — 45 - 45)

4.00 mm ~ 6 mm

Provide 290 x 310 x 6 mm tie plate and connect it with bolts as shown in above figure.
Q.8 (b) Solution:

_ t v . 5
| :' L
3m ! ) Pl '\\ 2 ‘Il
6m - ____E:::____ z I><I T A R
Y- ! o2
P Minor axis Major axis

buckling (y-y)  buckling (z-z)
1. Buckling about y-y axis.

The column is effectively restrained at mid height by a bracing member in y-y
direction as shown in figure.

L 6
Effective length L, = K, 5= 0.8 X5 = 2.4 for buckling in y-y axis
Now, for ISMB 350,

The buckling curve to be used along y-y will be curve b.
¢ = 0.34
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Non dimensional slenderness ratio,

2 2
il 250 [ 2410
A, = = 224~ o951
y n? x2x10° '
9, = 05[1+a(h, —02)+2] |

0.5[1 + 0.34 (0.951 - 0.2) + (0.951)2] = 1.0799

fy /Yo B 250/1.1
0, +(02 -2 )O'S} [1.0799+ [1.0799 ~0.951° }O'S}
142.8 N/ mm?

Area of cross-section = 6671 mm?

Design compressive stress, f_, = [

Design compressive strength, P, = A -f ,
= 142.8 x 6671 N
952.62 kN

2. Buckling about z-z axis

leff 1x6=6m

Buckling curve a will be used

(x =
’ 6000 )
J 250x()
A, = r = 142.9) =0.473
n° x2x10°
0, = 05[1+a(h,-02)+2? ]

0.5[1 +0.21 (0.473 - 0.2) + 0.473%] = 0.641

AT 250/1.1
Ja = (o227 T 0641+ (06417 ~0.4737)°

211.69 N/mm?
AXf
6671 x 211.69 N = 1412.2 kN

Hence, the design compressive strength is the least of compressive strength about
yy and zz axis i.e., 952.62 kIN.

So, the service load will be 952.62/1.5 = 635.08 kIN.

P,
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Q.8 (c) Solution:

je—— b; =140 MM ——|

w, = 10.692 kN/m T
[g=8mM —————————» IS
£
ISMB 300 N
*  Check for bending moment
Factored live load (UDL) = 10 kN/m
Dead load = 0.461 kN/m
Factored dead load = 1.5 x 0.461 = 0.6915 ~ 0.692 KN/ m
Total factored load = 10 + 0.692 = 10.692 kN/m
Factored bending moment
2 2
M, = wgl : 10'6982X8 — 8553 kNm
Plastic section modulus required,
M,  8553x10° _ 3
ZP/ required = fy a ( 250) = 376332 mm
H 1.10
I, available = 8985.7 x 10" mm*
4
7, o= e SIODAU 50067
' ymax 150

Assume shape factor for the I-section = 1.12
. Plastic section modulus available
Z = Ze, available x SF
= 599046.70 x 1.12 mm° = 670932.30 mm°>

P, available

e ZP, available > ZP, required (OK)
Design bending moment
I EA R
Ymo Ymo
(B, = 1.0 for plastic section)
= 1.0x670932.30 x (@) <1.20x599046.70 x 20
1.10 1.10

152.48 x10° Nmm < 163.38 x 10° Nmm
152.48 kKNm < 163.386 kNm (OK)
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: M, <M,
Section is safe in bending.

. Check for shear force

w,l 10.692x8
Maximum shear force, V, = 2” = =42.768 kN
Design shear force V,= Jy (hxty)
/ S NG
250
= | ——=——1{(300x7.70)N = 303.11 kN
( J3 x 1.10) ( )
0.60 V, = 0.60 x 303.11 = 181.86 kN
. V,<0.60V,
It is case of low shear.
. Check for deflection
Maximum deflection of the beam due to UDL,
_ 5wt o
8 = 384 EI (w = service load)
. (101.6592) gl ><(103 )4
= X : mm =19.71 mm

384 2.10x10° x8985.70x 10"
As per IS 800 : 2007, the maximum deflection for beam is

§ = L _ 800 =26.67 mm

max 300 300
3 20.15 mm < Smax=26.67 mm

~. It is safe in deflection.
Thus ISMB 300 is suitable to be used as a beam section for the given loading and
span.

EEEN
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