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Q.1(a) (i) What are the functions of cement mortar in brick masonry work?
(i) What are the purposes of making frog in bricks during moulding?
Explain with the help of neat sketches.

[6 + 6 = 12 Marks]
Solution:

(i) Uses of cement mortar:
¢ To bind the building units such as bricks.
e To carry out pointing and plaster work on exposed surfaces of masonry.
e To form an even and soft bedding layer for building units.
e To form joints of pipes.
e To hide the open joints of brickwork.
e Toimprove the general appearance of structure.
e Tofill up the cracks detected in the structure during maintenance process etc.

(i) Frog or kick: A frog is an indentation in the face of a brick to form a key for holding
the mortar. It serves two purposes:

1. Itindicates the trade name of the manufacturer.

2. In brickwork, the bricks are laid with frog uppermost. It thus affords a key for
mortar when the next brick is placed over it.
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End of Solution

Q.1(b) A rectangular plate in biaxial stress is subjected to normal stress ¢, = 65 MPa
and o, = -20 MPa. The plate (bx hx t) has dimensions 200 x 300 x 15 and is
made of aluminium with E=75 GPa an v = 0.33. All dimensions are in mm.
Determine
(i) The maximum in-plane shear strain (y,,,,) in the plate,
(ii) The change in the thickness of the plate (At), and
(iii) The change in volume of the plate (Av).
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[12 Marks]
Solution:
Strain in x-direction
() Gy 1
e = 2y =—-—7(65-(0.33)(-20
* E E 75><1o3[( )~(0.33)(=20)
e, = 954x10*
Strain in y-direction
9 c 1
y X
e, = —=-v—= =———(-20)—-(0.33)(65
Y E = 75><103[( =(O86}(5)]
€, = -552x%x 104
Strain in z-direction
1
€, = E[O—v(65)—v(—20)]
e = -198x10*

z
(i) Maximum in-plane shear strain

VYmax = € pmax™ € pmin
= (9.54x 107%) - (-5.52 x 107)
Yooy = 15.06x 107
(i) Change in thickness of plate
At = e [1)
= (-1.98x107%)(15)
At = -2.97 x 103 mm
(i) Change in volume of plate
AV
EV = Volume=€x+€y+62

Av = [(9.54-552-1.98)x 10][200 x 300 x 15]
Av = 183.6mm3

End of Solution
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Q.1 (c) The electric motor exerts a torque of 800 N on the steel shaft ABCD when it is
rotating at constant speed. Design specifications require that the diameter of the
shaft be uniform from A to D and that the angle of twist between A and D not
exceed 1.5°. Knowing thatt_ > 60 MPa and G = 77 GPa, determine the diameter
of the shaft that my be used.

[12 Marks]
Solution:
300 Nm 500 Nm
View
A B c D
300 500 Line
800 —> -~ diagram
A B c D
800
500 500 Torque
diagram
_ A B c D
For maximum shear stress
167 0x
Tmax = D3
16(800x 10°)
nD?
D = 40.49 mm

angle of twist

T
05 ,=0,,-+0,5+05,=[15x—
D/A D/C C/B B/A ( 180)

Op1c = 0
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(500 x10%)(0.6 x 10°)

cB =
(77 x10%) X p*
32
(800x10%)(0.4 x 10%)
eB/A = p
(77x103)(D4)
32
D= 42.08 mm

So, design dia. = 42.08 mm =~ 43 mm

End of Solution

Q.1(d) Analyse the propped cantilever beam shown in the figure. During loading the rop
B sinks by 6 mm. E = 2 x 10° MPa, | = 86.04 x 106 mm*. Draw shear force and
bending moment diagrams. Find the maximum B Mn value of its location from
either of the supports.

1 18 kNm
12 kNm
Al D
I C ‘_D/
I 4m I 2m I 1m —>|
[12 Marks]
Solution:
Dflection at support B due to UDL
I~~~y
l L a |
| 8 |
. ! g1
Oc !
ws wee
= —+—x3({
% = g o5 <3
(Li=4m)

Deflection at support B due to concentrated moment

| L

)
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M3 ML,
= — 4+ —2x1{
% = 55 < 1Y)
(L2=6m)
Deflection at support B dueto Rg
Rgl®
883_ 3E/( )
8, +85, —6x107° = g,
wt wis M3 ML 5 Rg7®
3+ 2+-—2x1-6x107° = B
gel 3 T oy T T 3l
18x10%|x 4% (18x10%)x 43 12x10° | x 62
| ) +( ) ><3+( ) +12X0 1 _px107
8EI 6E/ 2E| El
_ RBX73
- 3H
576x10° 576x10° 216x10° 72x10° . . 5 FApx11433
El El El El - El

=  1440x10° -6x107° x £l = Rgx 114.33

E| = [2x105><106><86.o4><106x1o—12]

= [172.08 x 10°]
1440000- 103248 = Ry x 114.33, Rg=11.69 kN
EFy= 0
R, + Rg = 18x4
R, = 60.31kN
~~~~ B
A Y-S
M, 12
Mg = 0
~M, +60.31x7 -18x4x5+12=0
M, = 74.17 kNm
BMD
¥
18 kN/m |
I’VWVVVWVW\: N
! 4m ( ) ﬁ
My ; 12 kNm
X
RA. X |
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2 2
M, = —Mjy —Rax - W 7417+6031 -1
e = —
ax ~ 60.31-18x=0
x=2335m

BM )= —My =-74.17

at support A (x =0

BM at C (x = 0) = ~74.17 + 241.24 — 144 = 23.07

BMy ot orp = ~74.17 + 60.31 x 6~ (18 x 4) x 4
= -0.31kNm

BM atrightof D — -0.31 + 12 = 11.69 KNm
26.87
' 11.69
L ‘ ®
I I
l ! 0.31
74.17 ; !
——335m— 5
6.31 ; :
© .

End of Solution

Q.1(e) A simply supported rectangular beam (cross-section 300 mm x 400 mm) with
effective span of 6 meters is carrying the following characteristic load:
(i) Characteristic Dead load (including self-weight) = 15 kN/m
(ii) Characteristic Imposed load (not fixed) = 10 kN/m
(iii) Characteristic equivalent wind load (acting downward) = 5 kN/m
Calculate the Design Bending Moment and Design shear force for most critical
load combination for limit state of collapse and limit state of serviceability.

Partial Safety Factor (y,) for load

Limit State of Collapse Limit State of Serviceability
Load Combination Dead Imposed | Wind Dead Imposed | Wind
load load load load load load
Dead load + Imposed Load | 1.5 1.5 - 1.0 1.0 -
Dead Load + Wind load 0.9 — 17 e — e
Dead Load + Imposed Load | 1.2 12 12 1.0 0.8 0.8
+ Wind load
[12 Marks]
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Solution:
Most critical load combination for limit state of collapse:

Case-1 = 15DL + 1.5 IL kN/m
=15x15+15%x10=37.5

Case-2 =09xDL+15IL
=09x15+15x%x 10=285

Case-3 =12DL+1.2LL+1.2WL

1.2 x (15 + 10 + 5) = 36 KN/m
Most critical is case -1
(@) Maximum bending moment for limit state of collapse

_ wyxl5 375x6°

8 8
For simply supported beam
BMU = 168.75kN-m
(b) Maximum SF Vv, = %

(Note: Maximum SF shall be calculated from clear span = L, = (L4~ d))
L ojpsr = 6.0-0.35=5.65m
D = 400 mm
Assuming conv. = 50 mm
d = 350mm
Maximum SF at face of support,

wyx Ly _ 37.5%5.65

V=5 2

= 105.94 kN
Load combinations for limit state of serviceability
Case-1 =1.0DL + 1.0IL

= 1.0 x (15 + 10) = 25 kN/m
Case-2 =1.0xDL+ 1.0x WL

=1.0x (15 +5) =21 kN/m
Case-3 =10xDL+0.8LL+0.8WL

1.0x 15+ 0.8 x (10 + 5) = 27 kKN/m
For simply supported beam:

2 2
(@) Maximum bending moment = % = 27;5 =121.5 kNm
(b) Maximum SF. = Wéd = 2 X25'65 =76.275 kN

End of Solution
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Q.2 (a) A steel bar AB of length 3.5 m and diameter 25 mm is connected by four
inextensible cables + of length 2.5 m each, forming a rhombus with AB ad
diagonal. A 100 kN force acts at the x = points C and D. Determine the decrease
in length of the member AB and increase in the length between points C and D.

Take modulus of steel as 201 GPa.

A

100 kN

Solution:
100 kN
1.75
sin® = ——=44.43°
' 25
coso = £:45.57°
2.5
At joint D:
2f =0

FAD
\R 100 kN
%

FBD

F,pCOS 0+ Fgrcos® = 100

f,=0
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Fipsin® = Fgysin®
FAD = FBD
2F,p,cos® = 100

Fip = L=70.02 kN
cos44.43

At joint A:

FAC

2f, =
F.s+2F,;coso = 0

F,g = —2x70.02 x cos 45.57° = -98.03 kN
F,s = 98.03 (compression)
. PL
Decrease in the length of member (A ) AB = aE
A = %(0.025)2 = 4.91x107 m?
E = 201 x 108 kN/m?

98.083x3.5
4.91x107* x 201x10°
0.347 x 102 m = 3.47 mm
As cables are inextensible, total work done by the external force will be equal to the strain
energy stored in the bar AB.

y
Strain energy stored in bar AB = EFAB Aup

= [%x98.02x3.47:| ool
Work done = Strain energy stored
y
§x1OOxACD = %x98.02x3.47

Acp = 3.401mm
Alternative solution:
Unit load method

dp = XK A,

1
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1 kN
A = ACB=ABD=AAD=O
Ag = —3.47mm
Ky = Fas _(-98.03) _ (9803
100 100

8CD = KABAAB
= (-0.9803) (-3.47) = 3.401 mm

Q.2(b) Determine the maximum load P the joint can carry if bolts of M 20, grade 4.6 are
used.
fe——— 300 mm —
Vr
It P
L1 o o |
100 i
10 0
100 ¥
+1 O 11 O _
100 i 10 mm thick gusset plate
1 o0 o (Fe410)
100 |
sof | © ©
160 mm
Design shear strength of bolt V_, = fp Anp
nsb \/§ Ymb
Bearing strength of bolt = LZ.S k,-d-t-f,d
Ymb
€ P fub
= —| —-0.25=+-1.0
Where k, = Least of [Sdo (Sdo J f }
[20 Marks]
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Solution:

4%
bl P
- | A
50 |l
+1 O 1 O
100 i i
+] O i O
100 i i
+1 O 1 O .
100 i i 10 mm thick gusset plate
N O P O (Fe410)
100 i i
504 © 19
g
160 mm

(1) Bolt strength (V)
(a) Design shear capacity of Bolt, V,,

fb
Vi = \/§L1Y — (ngAgp +N,AL)

(Here n = 0 given in question)

Vasp = o
\/§7mb
400
J3x1.25
(b) Design bearing capacity of Bolt,
k- & __ 950
" 3d, 3(20+2)

ny Anb

x1x0.78><%x202 = 45.27 kN

=0.757

_ P o5 100 5oe_q0g5

3dy 3(20+2)

Kk, is minimum of all above k, =0.757
2.5 kyat 1,
Ymb

_ 2.5x0.7571x§:x10x410=124.148 KN

Vdpb =
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Bolt strength is minimum out of V,,_, and VO,/Ob
: Vi, = 45.27 kN
(2) Maximum resultant shear force (g, .,)
Psin 35°
i p
e 300 mm ——————|
T Oe6 i i O 1 ;D_C_O_S_ 35°
2 1
R | ori 02
Lloslos '
Os il O
Owil Os
2 X
!J‘I
160 mm

Due to inclined loading, two direct force/loads will be induced in x and y direction.
Along with a torsional moment.

(a) Direct shear force in xdirection.

o085 ogopkn
10
(o) Direct shear force in y direction.
. Pein3S_ 05736 P kN
10

(c)  Torsional moment on bolted connection.
Torsional moment = P sin 35 x 0.3 — P cos 35° x 0.25 = 0.0327 P.
Net torsional moment is 0.0327 P kNm in anticlockwise direction.

(d) Maximum resultant shear force will be generated at the bolt on which radial
distance from C. G is maximum and inclination between direct shear force
and torsional shear force is Minimum.

. Maximum radial distance (r, )

e = y(100+100)° + 802 = 215.40 mm

Radial distance for bolts,
[ =rl5="I5="I15= oy = 215.40 mm

r="r,=1,="ry = y100% + 807 = 128.06 mm

ry=rg=80mm
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Maximum torsional shear force,

B (TM) X Fra

n
N

-

0.0327 Px10% x 215.40

4x215.407 + 4x128.067 + 2 x 807
0.02668 P kN
(e) Total force acting along on bolt 6

FDl
0
EF B
0
J—F C.G
0 = tan_1 @ =68.2°
80
F,= Fy, + F,sin6 = 0.082 P + 0.02668 P sin 68.2
= 0.10678 PkN
Fy = fFp,+ F,cos 0
= 0.05736 P + 0.02668 P x cos 68.2°
= 0.0673 P kN
Fr= F2+F2 = /(0.10678P) + (0.0673P)?
= 0.12622 P kN
3.  For safe design, Fn # Boltstrength (V)
0.12622P . = 45.27kN
P . = 358662kN
P 358.662
Safe load, P = ;—f == —239.108 kN

Q.2 (c) (i) How do super plasticizers increase the mobility and make the cement
concrete flow? What is the advantage of using fly ash in concrete for massive
dam construction work?

(i) What are the disadvantages of destructive methods of testing concrete and
advantages of nondestructive testing of concrete?

[10 + 10 = 20 Marks]
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Solution:

(i) Superplasticisers are hydrodynamic lubricants which impart high workability by
reducing friction between the grains or by reducing the amount of water to be added.
Superplasticizers are principally surface reactive agents (surfactants). They confer
negative charge on individual cement particles (and also its hydrated particles)
such that they are kept in a dispersed or suspended state due to inter-particle
repulsion. Thus they confer high mobility to the particles.

Following are the advantages of using fly ash in concrete for massive dam construction
work.

Improved workability with lesser amount of water.
Lower heat of hydration and thermal shrinkage.

Improved resistance to attack from salts and sulfates from soils and sea
water.

Reduced susceptibility to dissolution and leaching of calcium hydroxide.
Reduce permeability

Lower costs

(ii) Disadvantages of destructive test:

1.

A large number of specimens are required which could be tested to destruction,
at various ages.

Test results are not very reliable as all specimens are not identical in quality
with the entire mass of concrete.

There is much delay in obtaining the results.

It is impossible to obtain requisite information on in-situ concrete without
damaging the concrete.

Crushed samples used for destructive testing creates high amount of debris
which in-turn degrades the environment.

Advantages of destructive test:

1.

The measurement can be done on concrete in-situ and thus representative
samples are not required.

Non-destructive testing makes its possible to study the variation in quality of
concrete with time and external influences.

In N.D.T method the concrete is not loaded to destruction. Its quality is judged
by measuring certain of its physical properties, which are related to its quality.

In N.D.T there is no wastage of material as in destructive methods of testing.

Non-destructive methods are quick and can be performed both in laboratory
and in-situ with convenience.

Non-destructive test (NDT) can be performed on fresh (green) as well as hardened
concrete with equal ease and are described as follows.

End of Solution
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Q.3(a) A point on a thin plate is subjected to the two successive states of stress as
shown in the figure below. Using Mohr's circle method, determine
(i) The resultant stress of stress represented on the element oriented as shown
on the right.
(ii) The principal stresses and principal planes caused by the superposition of
these two stress states.

350 MPa
200 MPa \ .
58 MPa J"
+ (o)

—

I
=
=

[20 Marks]

Solution:
Case-1

Plane A
Plane B 350
200
2,
200 Plane D
Plane C 350
o
(=200, 0)
-2
KC =3502 00=75
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G, = —275 + 75 cos 60° = ~237.5 MPa

o,, = —275-75 cos 60° = -312.5 MPa
Tyqy1 = 758N 60° = 65 MPa
; 65

{ =

Case-2

Plane D

Plane B

c|(0, 58)
B
(—44.28, 37.28) 50° |
o |
/A
(44.43, -37.28)
D| (0,-58)

G, = 58 5in 50° = 44.43 MPa
o,, = -44.43MPa

Teop2 = 58 cos 50° = 37.28 MPa
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44.43
M
Plane B 37.28
Plane A ( 44.43

Total stress

Oy

G, = (-237.5) + (+44.43) =-193.07 MPa
G, = (-312.5) + (~44.43) =-356.93 MPa
T,, = 65 +37.28 = 102.28 MPa

(~356.93, +102.28)

(-193.07, 102.28)
Principal stress
(-193.07, 102.28)

26 ‘

(~356.93, —102.28)
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o, +O0
Centre:( X2 y:OJ

(—‘I 93.07 - 356.93 O)
= 2 )

= (-275, 0)

2
J( —356.932+ 193.07) 109082

131.05
6, = 275 R = —275 — 131.05 = —406.5
6, = —275 + R = 275 + 131.05 = -143.95

T 102.28
sin 20 = E=m=0.78
20 = 51.26
0 = 25.63 (Anticlockwise from x-axis)
[Ind Method
By Graphical Mohr’s circle method:
Scale: 1cm = 25 MPa
—~ 7 —~
s e 5
S 25 1
a ol
100 +
125 1
150 T
From scale
Distance, OR =125¢cm
So stress, OR = 125 x 25 =312.5MPa (C)
Distance, OT =9.5cm
So, stress, OT = 9.5 x 25 =237.5MPa (C)
Distance, TA = 2.6¢cm
Stress, TA = 2.6 x 25 = 65 MPa
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— >~ B§5MPa
2375 MPa
- 1
312.5 MPa
Case-2
Scale, 1cm =10 MPa
70 +
60
50
40 +
30
20
TS 10
—tISO 5.0 —4.0 —3.0 —2.0 —1.0 o 66
-107
—20
=30
"""""""""" A(44.4, -37.28)
—40
—60 1+ D (0, -58)
Distance, OL =4.44cm
Stress, OL = 4.44 x 10 = 44.4 MPa
Distance, LA = 3.728cm
Stress, LA = 37.28 MPa
Total stress, 1cm =25¢cm
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I 125
- 100

(-356.9, 102.28)

N, B 1+ 25
375 A A B
T N
(410,55, 0) v/ (~148.45,0) o 5
§ + 25
-+ 50
(~193.07, 102.28 1 7

=+ 100

1125

o, = —237.5 + (44.4) =-193.1 MPa = 7.724 cm
o, = -312.5-44.4 = -356.9 MPa = 14.276 cm
T,, = 65+37.28 =102.28 MPa = 4.09 cm

From graph:
Major principal stress, o, = OA =16.242 cm x 25 = -406.05 MPa
Minor principal stress, 0, = OB =5.758 cm x 25 = -143.95 MPa
Principal angles: From Graph

20,, = 51.31°
= 0., = 25.65°

20,, = 231.31°
= 0, = 115.65°

End of Solution

Q.3(b) Asolid RCC slab is having effective span of L, = 3.0 m and Ly = 4.5 m. Position of
slab S - 1 is shown in the figure below.

T

=

1o}

<

3

!

€

o)

<

+
= Centre line
S-1 o) Top plan of
j*i slab panels

€

o)

<

4
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Slab carrying total design load of 20 kN/m2. In slab S - 1, calculate and provide
the spacing of all main reinforcement only, by limit state method of design, for 8
mm diameter high strength deformed bars. Check these spacings must not exceed
the standard guidelines of IS 456 : 2000.

Effective thickness of slab = 120 mm

Grade of concrete M 20

Grade of reinforcement Fe 415

M
b | 0.30 0.40 | 0.512 0.60 0.65 | 0.662
b, | 0.085 | 0.114 | 0.143 | 0.172 | 0.187 | 0.203

p; is the percentage of reinforcement.

Type of Panel ) I__qng Span
Case and Short Span Coefficient o, Coefficients o, for All
No. Moments (Values of /,/1) Values of
Considered L1,

1.0 1.1 1.2 1.3 14 15 175 2.0

@) @ © © @ ©® O (10) (11)

(1) 2)

1. Interior Panels:
Negative moment

at continuous edge | 0.032 0.037 0.043 0.047 0.051 0.053 0.060 0.065 0.032
Positive moment
at mid-span 0.024 0.028 0.032 0.036 0.039 0.041 0.045 0.049 0.024
9. Four Edges:
Discontinuous.
Positive moment
at mid-span 0.056 0.064 0.072 0079 0.085 0089 0.100 0.107 0.056
[20 Marks]
Solution:
M20/Fe415 Steel
Lo =30m
Lyeff =45m
L
yeff 4.5
Step 1 — = —=150<2.0
P L yess 3.0

It is a two way slab.
Itis a Interior panel.

Step 2 Total Design load = 20 kN/m?
factoredload = W,=1.5 x20
= 30 kN/m?
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Step 3 Effective depth of slab (given) = 120 mm.

Step 4 Bending Moment Calculations
o value BMU MU PY
B.d, o
o) 0.053 0.053 x 270 0.99 | Not given
=14.31
M. 0.041 0.041 x 270 0.77 | Not given
=11.07
My, 0.032 0.032 x 270 0.60 0.172
=8.64
My 0.024 0.084 x 270 0.45 Can be
=6.48 calculated
from given
values

Moments = - W, - [2e
ax30x30%=270a

BM BM,, x10°
B-d®>  1000x 1207

Values for 0.99 and 0.77 not given in table

Use Ast = 05l 1—4'6M; x Bd
fy fcde
_ —
et L 0BX20 1_\/1_ 46x143110° |00 150
(=) 415 20 x 1000 x 120
= 352 mm?
_ —
et L 05x20 1_\/1_4.6><11.O7><102 1000 %420
#() 415 20x1000x 120
= 268 mm?
by same formula.
Asty(f) = for BM, = 8.64 kN-m
= 206.92 say 207 mm?
Using P,% = 0.172% also
0.172 5
= x 1000 x 120 = 206.4 mm
ASto) = oo
= 206.4 say 207 mm?
Asty(+) for BM, = 6.48 KN-m
= 1563.72mm2
Step 5 Spacing of reinforcement using 8 mm o.
1000 7, .
= X — 8
Ast, e 4( )
1000 7, .
= ——XxX—(8) =142mm =
B5o 4( ) say 140 mm
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1000 =m .o
Ast,,) = EXZ(& =187 mm = say 180 mm
1000  m, .o
A = x—(8)" =242mm = 24
Sty(,) 206.92 4( ) say 240 mm
Ast 1000 ™ gy _ 306 mm = say 270 mm

Y T 159727 4

Step 6 Minimum Reinforcement
Considering 30 mm eff cover

D =120 + 30 = 150 mm

Ast . = %x1000x150=180mm2

mn - 100
Spacing of 8 mm ¢ shall not exceed

o 1000 &, .o
= ——X—(8)° =279 mm
(8) Minimum steel = — = ><4( )

(b) 3d=8x 120 =360 mm
(c) 300mm
only in Ast,,, - steel — spacing is more than 279 mm
Provide Asy,(,, =8 mm ¢ @ 270 mm c/c
Step 7 Provided steel:

:%: Astn)
it e == :::E Top bar at support
Ast ), =8mmo@

352 mm? 140 mm c/c

o Bottom bar
L Ast,, =8mmo@
m 268 mm? 180 mm clc

Bottom bar

Ast,, =8mmo@
Top bar at support 207 mm2 270 mm c/c
Ast,, =8mm¢@

207 mm?2 240 mm c/c

End of Solution

Q.3 (c) Design bending moment and shear force diagram have been given below for a
two span continuous beam. Effective span of beam is 6.0 m each. Design a
rectangular, singly reinforced RCC beam section at support ‘B’ only by LSM of
design.
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180 kNm 180 kNm
A ' B c
BM Diagram
+ ‘ +
180 kN ‘ - ‘
180 kN 180 kN
SF Diagram

The following parameters may be used for design. All notations are as per IS 456
: 2000.

(1) Grade of concrete M 20

(2) Grade of reinforcement Fe 415

(3) Nominal cover to reinforcement — 25 Mm

(4) (Effective depth/width) ratio — 2

(5) Diameter of flexural bar — 20 mm

(6) Diameter of shear reinforcement — 8 mm (CS area 50 mm?)

(7) Design shear strength of concrete 1, = 0.88 N/m?

(8) Maximum shear stress 1, = 2.8 N/mm?

(9) Round off effective (calculated) to next higher multiple of 100
(10)M, ji/fek bd?=0.138

(1 1)(%) = 1.2—[(1.2)2 - ?fig/g}

(12)Lever arm z = d(1—0.42§)

M
13) Ay =——4—
0.87f1,-A,, -d
(14) Vs = R A A
Sy
(15)Minimum shear reinforcement = A _ 040
b-S, 0871,

Check all spacing of reinforcement as per standard guidelines.
[20 Marks]
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Solution:
Beam is to be designed at support ‘B’ only by LSM where
BM = 180 kN-m
SF = 180 kN }
Factored values : BMU = 1.5 x 180 = 270 kN-w

SF = Vu=(1.5x180) = 270 kN
(a) Design for Bending Moment
Using the value given in question,

% —20 | M20IFe415
1. Equating for a limiting section.
BM, = 01388 x f, - B- d?
270 x 10% = 0.138 x 20 x B x (2B)?
B = 290.30 mm
d = 2 x290.30 mm = 580.5 mm
Let us provide, b = 300 mm
d = 600 mm

Keeping effective cover

= NC+¢st+%¢m :25+8+%x20:43mm

(say 50 mm)
Overall depth = d + effective cover
D = 600 + 50 = 650 mm
2. Area of steel
1/2
X 12 |qop - 888xMO
d fo - b
6
- 120- \/(1 oy - 8:68x270x% 102 —0.42218
20 x 300 x 600
x = 0.42218 x 600 = 253.31 mm
LA (Leverarm) = /= d(1— 0.42><g,)
= 600 x (1-0.42 x 0.42218) = 493.60 mm
6
_ BM, 270x 10 1515 mm2

Ast - =
0.87xf,xz 0.87x415x493.60
Number of 20 mm¢ bars

- 1515 =4.82 Provide5-20mm ¢

Provide 5 - 20 mm ¢ bars at top face of beam for negative BM at ‘B’.
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3. Check for Shear
Maximum shear force = Vu = 270 kN
Nominal shear stress

3
T - ﬂ: 270x10 _150
Y Bd 300x600
7, = 0.88 N/mm?
Shear force for design of shear reinforcement
Vg, = (t,-1,)B.d
_ (1.50-0.88) x 220X 000
1000
= 111.60 kN
Spacing of 2 legged — 8 mm ¢ steel
300
T L —5-20 mm ¢
Ast
600 H— 8 mm
(ot \B @ 190 clc
_L T~2-10

A, x 0.87f, xd
- VSU

2x50x0.87 x415x 600

111.60 x 1000
= 19411 mm
Spacing as per minimum shear steel

o _ 087 XAy 081x415x2x41
v 0.4xB 0.4 x 300
= 300.8 mm
So provide 2 legged - 8 mm ¢ @ 190 mm c/c near support
Provide 2-10 mm bars at bottom also as hanger bars.

4. Check for spacing of reinforcement
(a) Maximum spacing of shear reinforcement
(i) 0.75d = 0.75 x 600
= 450 mm
(i) 300 mm
Provided spacing of 190 mm is ok
(b) Spacing of Main bars
B = 300 mm

B=300

OO0 O0Q
< x xxx

L | [d=600 mm
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(300 — 2 x 25— 2 x 8 — 5 x 20)
4

X =

= 33.5mm
Maximum spacing of horizontal reinforcement
(i) Maximum dia of main bar = 20 mm
(i) 5 mm + maximum size of aggregates
=5+20=25mm
So, provided spacing of 33.5 mm is ok.

End of Solution

Q.4 (a) (i) Briefly explain the following with the help of neat sketches:
I.  Structure of an exogenous tree
Il. Heart shakes and star shakes defects in timber
(ii) Determine the proportion of aggregates A (with Fineness Modulus FM = 7.83)
and B (FM = 6.81) required to suitably combine to provide the following grading
of such a combination:

IS sieve designation 80 40 20 10 | 4.75| 236 | 1.18 | 600 | 300 | 150

(mm) mm| mm | mm| mm|  mm|  mm| mm| uym|um | um
Cumulative
Percentage retained 0 6 | 45 72 | 95 | 100 | 100 | 100 | 100 | 100

on each sieve

[10 + 10 = 20 Marks]

Solution:
(i) The structure of wood visible to the naked eye or at a small magnification is called
the macrostructure.

Sap Wood

Medullary Rays

—— Cambium Layer

1. Pith: The innermost central portion or core of the tree is called the pith or medulla.
2. Heart Wood: The inner annual rings surrounding the pith is known as heart
wood. It is usually dark in colour.
It does not take active part in the growth of tree. But it imparts rigidity to tree
and hence, it provides strong and durable timber for various engineering
pUrposes.
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3. Sap Wood: The outer annual rings between heart wood and cambium layer is
known as sap wood. It is usually light in colour and weight. It indicates recent
growth and it contains sap.

It takes active part in the growth of tree and sap moves in an upward direction
through it. Sap wood is also known as laburnum.

4. Cambium Layer: The thin layer of sap between sap wood and inner bark is
known as cambium layer. It indicates sap which has yet not been converted
into sap wood.

5. Inner Bark: It gives protection of cambium layer from any injury.
6. Outer Bark: It consists of cells of wood fibre and is also known as cortex.

7. Medullary Rays: The thin radial fibres extending from pith to cambium layer
are known as medullary rays. The function of these rays is to hold together the
annual rings of heart wood and sap wood.

(ii) Heart Shakes: These cracks occur in the centre of cross-section of tree and they
extend from pith to sap wood in the direction of medullary rays as shown in Fig.
These cracks occur due to shrinkage of interior part of tree which is approaching
maturity. Heart shakes divide the tree cross-section into two to four parts.

Shakes

Heart

Star Shakes: These are cracks which extend from bark towards the sap wood. They
are usually confined up to the plane of sap wood. They are usually formed due to
extreme heat or frost.

Shakes

4
iﬁqld"’Jll.l..’

©

(ii) Fineness modulus of A = 7.83
Fineness modulus of B = 6.81

)
—
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Fineness of modulus of combination of both A and B to be calculating as per given
table to get the proportion.

Sieve Cumulative retention each sieve
80 mm 0
40 mm 6
20 mm 45
10 mm 72
4.75 mm 95
2.36 mm 100
1.18 mm 100
600 um 100
300 pm 100
150 ym 100
Sum of cumulative retained = 718

Fineness modulus of combination,

Sum of % cumulative wt. retained _ 718 _ - g
100 - 100

Let the proportion of A=x
Then proportion of Bin mix = 1 — x
Xx 783+ (1-x)x6.81=7.18
7.83x+6.81-6.81x=7.18
(7.83-6.81)x = 7.18 - 6.81
1.02x =37

X = 36.27%
Proportion of Ain mix = 36.27%
Proportion of Bin mix = 63.72%

Proportion of A with respect to B in mix,

36.27
63.72

Proportion of A: B = 36.27 : 63.72 = 1:1.756.

x 100 = 56.92%

End of Solution

Q.4 (b) A T-section beam is constructed by ruling two pieces of wood together as shown
in the figure. The maximum stress in the glue joints is to be limited to 2 MPa in
tension and the maximum shear stress is to be limited to 1.7 MPa.

(i) Determine the stress components on element at pint ‘P’. Point ‘P’ is located at
glued joint.

(ii) Determine principal stresses at point ‘P’.

(iii) Show these stresses on properly oriented 2-D element.

(iv) Determine the maximum value for load w.
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50 mm
4wNm ]
w (N/m) e
(HlHHHHHHHH &
] P ;
< 2m | . ]
_—>50mm

l«<—150 mm—

Sign convention for shear force and bending moment are as follows:

ERES)

[20 Marks]
Solution:
50 mm
4w Nm
w(N/m) =
REEERRERERERRER RN §
P
| 2m | " r
— 50 mm
<—150 mm——=i
A+ Ao
Yo = A+ A
(15050 25) + (150 x 50x 125) ___
- (150 50) + (150 x 50) -
Ina =1y + 15
3 3
_[M+(150x50x502)1+[50(1—50)+(50x15O><502)
=" 12 12
s = (20.31><106)+(32.81><106):53.12><106 mm?
4wNm

( w (N/m)
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M, =0
(Vg x2)+(wx2x1)+(-4w) =0
Vg =-wN
Vo, =3wN
WN
4WW
< 1 3WN
I 2m I
3W
w
A B
I 2m I
SFD
-)
20
4W
BMD

Bending stress at ‘P’

A
N _¢_25 mm

N

Bending stress
distribution

o w_(4w)(25)><1o6
| 5312x16

o= 1882x 10%w
Direct shear stress at ‘P

‘U.

Y.=50mm } ?

150 mm ' Direct shear stress
distribution (parabolic)
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VQ _ (3w)x(150x50)(50) _ , oy Loe
T= It (53.12x10%)(50)

(423x10%w <17
w < 4.014 kN/m
6 < 2MPa
(It seems error in problem because in hogging moment below NA at point ‘P’
compressive bending stress will develop)
So, w < 1.062 kN/m

(i)  Stress element as ‘P’

0.45
2 2
;
. (3w)(150x50x50) _ ) 4onPa = 0.45 MPa
(53.125><106)(5o)
o, = -2 MPa
c, = 0
7, = 0.45MPa
) 240
(||) 0,01/0pz - ( 2+ )i%\/(0+2)2+4(045)2
Gy = ~2.096MPa
Op, = +0.96 MPa

(iif)
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2t,,  2(0.45)

201 = 5,5,  (2)-(0)
6, =-1211°
oo = 77.86°
Crosscheck:
0 =-12.11°

o/ = (-2)cos?(-12.11)+2(0.45)cos(-12.11)sin(-12.11)

X

= —2.096 MPa

Q.4 (c) An RCC cantilever retaining wall is to be designed to support the soil as shown
below. Design and sketch the reinforcement for vertical wall only. Also sketch the
position of main reinforcement in Toe and Heel slab. (Do not design Toe and Hell
slab). Neglect the effect of passive earth pressure and self-weight of vertical
wall. Water table is not affecting the moisture condition of retained soil.

7XXRXN TNk
y=20 kN/m’ £
o =30° Vertical =]
wall =

7XXXN
11 000 mm
Heel Toe 600 mm
1
LKeY | 150 mm
2000mm  gog 1000 mm
mm

(1) M 20 grade of concrete
(2) Fe 415 grade of reinforcement
(3) Diameter of main and distribution reinforcement : 8 mm
(4) Minimum effective thickness required : 400 mm
1-sino
() K, = 1+sing
For M 20 and Fe 415
Percentage reinforcement p, in %

M,
0.4 0.5 06 | 0.667
bd’

Pt 10.114 0.142 0.172 | 0.204
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Design shear strength of concrete 1, in N/mm?
Py 0.15 0.25 0.5 0.75
Te 0.28 0.36 0.48 0.56

[20 Marks]

Solution:
Design of vertical wall of retaining wall----stem.
Heightofwall = 4.0m
Coefficient of active earth pressure
1-sing 1-sin30 1
Ka = Tisino 1+sn30 3
Active earth pressure at bottom

1

Total active E/P
y
a® o

kyrH? = %x%x 20 x 4% = 53.33 kN

Maximum BM (factored)

BMu = 1.5><Pax% = 1.5x53.33x%=106.67 KN-m

Say 107 kN-m
Let us provide thickness of
d = 400 mm as given in question
Total depth = d + 60 mm effective cover
= 400 + 60 = 460 mm

BM, 107 x 10°
Eff. depth required d = Y =\/
SHII V@B ~ V0.138x 20 x 1000
= 197 mm < 400 mm available safe
A = 912 1000 460 = 552 mm?
st min 100
As per table
Mu - 107x10° o
Bd® ~ 1000x400°
P% = 0.204%
A = 0-204 1000 x 400 = 816mm?
st 100
1000 m, 2
i = ——x—(8) =61.6mm
Spacing of 8 mm ¢ T 4( )
Provide 8 mm ¢ @ 60 mm c/c.
Vertical steel = 8 mmo @ 60 mm c/c

Horizontal steel Minimum = 552 mm?
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Spacing of 8 mmo steel.

wx£(8)2 =91 mm
552 4

Provide 8 mm¢ @ 90 mm c/c

Check for shear:

Maximum shear force at base= V= 1.5 Pa = 1.5 x 63.33 = 80 kN

V, _ 80000
v~ Bd 1000 x 400

P% = 0.204%

= 0.20 N/mm?

(036-0.28)
_ 0.28+29802029) (5504 -0.15) -
T = 02+ a5 g5 < 02047019 =032
T, < 1, Safe

A for stem
main bar

8 mm ¢@ 60 mm c/c
A for heel

— 8 mmo @ 90 mm c/c

A for Toe

Q.5(a) A rectangular prestress concrete beam has a cross-section of 200 mm x 300
mm. lts effective span is 8 meters. This beam is prestressed by a straight cable,
50 mm below the central longitudinal axis. This beam supports an imposed load
of 20 kN/m.
Find the magnitude of prestressing force which can balance the stresses due to
dead load and imposed load at bottom fibre of mid-span. Unit weight of concrete

: 25 KN/m3.
200 mm 20 kN/m
=
gl 4
S 50 mm 150 mm
T (0] P P
| 8 mm |
A B

[12 Marks]
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Solution:
e=50mm ,te
300 f e R Rt --

o—* 3 y =

200 8m
1. Self wt of beam, DL = 0.20 x 0.30 x 1.0 x 25 = 1.5 kN/m
2. Imposed load w; = 20 kKN/m
At mid span:

wi? 8

Maximum BM = 5 = (1.5+20) x5 =172 kN-m

To balance the stresses at bottom fibre at mid span

Stress = 0
PP M _
= A z z =
1 e M
Pl—+—| = —
= (A Z) Tz
p_ M M
- " (Zve) (2+e
A 6
172 x10° 172

= = 1720 kN
—3

N[/
A1 | s N

Pe/z M/z at bottoms

)
|

End of Solution

Q.5(b) The compound beam is subjected to a uniform dead load of 1.5 kN/m and a
single live load of 10 kN. Determine

(i) The maximum negative moment created by these load at ‘A’, and
(ii) Maximum positive shear at ‘B’.
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Assume A is a fixed support, B is a pin and C is a roller.
1 [
| [
K B I°
I
[ 1
[
1
5m 10 m |
[12 Marks]
Solution:
10 kN
1.5 kN/m
KVWYWVWM
1 ° c
A | ®
: S
5m 10m :
0=1
=) |5m I.L.D for BM atA
_ 1
Maximum — ve BM at A = —1-5(§><15><5)—10><5
= -56.25-50 = - 106.25 kN-m
Maximum +ve SF at B,
10 kN
| 1.5 kN/m
1 ° c
A | ®
; S
5m | 10m :
1 (+) I.L.D for S.F at C
Maximum SF at B = 1.5(%x10x1)+ 10 x 1
=75+10=17.5kN
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Q.5(c) Derive the expression for displacement of an undamped free vibration of motion
for a single degree of freedom system from first principles. Plot the undamped
free vibration response.

[12 Marks]
Solution:
Displacement of an undamped free vibration of motion for a single degree of freedom
system.
(i) Differential equation for motion:
. d?
_y=2y
at
k
AVAVAVAVAVAVAVAV
Q00
P - my (Inertia force)
Body in dynamic equilibrium
>x=0= —ky-my =0
= my+ky =0 .. (A)

(i) Solutions to differential equation of motion:
Since itis a second order linear differential homogeneous equation with constant coefficients,
a trial solution can be
y = Acoswt ()
y = Bsinot .. (ii)
Substituting equation (i) into equation (A) gives,
(-ma? + k)A cos ot = 0
To satisfy this equation at anytime,
-mw? + k=0
k

i.e. = —
m

k
o= \/; is called natural frequency of the system.

Since the differential equation is linear,
y = Acosmt + B sinmtis also a solution

So, y = -Awsint+ B mcoswt

Att=0,y=y,v=Vv, y =v=y,
y,=Acos0 + Bsino= A=y,

, v
v, = ~Aw sin0 + B o cos0 = vo=Boo=>B=Eo

Substituting A and B in the equation of motion, we get,

Vo .
y = Y,cosot+—2sinwt
(O]
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Free vibration response:

Undamped free vibration response

End of Solution

Q.5(d) Calculate the safe load of a compression member made up of a welded box
section as shown in the figure. The effective lengths along major axis and minor
axis are 5 m and 2 m respectively. The yield stress of the material is 340 MPa.

. 116 mm
KL Design Compressive
— Stress f,, (MPa) 16 £
16 mm - - mm IS
20 299 N 190 == e S
30 278 &
40 256
L 1] 1 16 mm
[12 Marks]
Solution:
. T 16 mm
16 €
16 mm - L-mm 1S
—>N\ le— 150 —| /= o
mm =
L 1] 1 16 mm
(i)  Moment of Inertia about principle axis.
i 3 3
_ [ 182X767 | (180 16)(225+8)7 |x 2+ | 12X40 |, 5
XX | 12 12
= 559.304 x 108 mm*
[16x182° 450x16° 2
/yy: _T]X2+{T+(45OX1G)(75+8) X 2

= 115.585 x 106 mm#
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As I, > 1,

Major principle axis — x-x axis.

Minor principle axis — y-y axis.
(ii) Maximum slenderness ratio

about x-x axis

L
/ 559.304 x 10°
Where, ro,= |2 = =166.3
= A \/(450><16)><2+(182><16)><2 i
Ay = =99 _ 30,066
166.3
. Ley
About y- N = =L
out y-y axis W »
[ /115.585><1o6
— By _ LIRS Y
Where, fy = N 50004 =75.6mm
2000
= ——=264
Hence, XW 56 6.455
As, Ao > N,
Mrax = M

Also, Buckling strength will be based on x-x axis.
(iii) Compressive strength

KL 1 7, vpa)
[

20 299
30 278
40 256

(a) Using linear interpolation, to determine 7, corresponding to A = 30.066
30.066-30  fq =278
40-30  256-278

f,= 277.855MPa
(b) Design compressive strength,
P,= A,f, = 20244 x 277.855 = 5619.34 kN

R, 5619.34
(c) Safe compressive load = % =35 - 3746.23 kN

End of Solution

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in www.madeeasy.in




mnDE EASY ESE 2021 Main Examination
535 India's Best Institute for [ES, GATE & PSUs Civil Engineering

Q.5(e) (i) Whatinformation is generally needed to be provided in tender documents?
(ii) Differentiate between ‘Lump sum contract’ and ‘Unit price contract’.

[6 + 6 = 12 Marks]

Solution:

(i) Tender documents are meant to keep the tenders informed about the general and
specific conditions applicable for tenderers. Tender documents usually consist of
the following:

(a) A letter of invitation to the tenderers

(b) Specimen tender form

) General instruction to the tenders

(d) Details of civil/structural work along with complete set of civil/structural drawings.

) Details and specifications of machinery/equipment to be supplied, if any
() Draft contract agreement
(g) Arbitration authority who will decide in case of dispute
(h) Time schedule for completion of work
(i)  Amount of earnest money to be deposited and the form in which it is to be

deposited.

(i) Lumpsum contract (Fixed price): This is a single fixed price contact. In this contact,
contractor agrees to perform specified job for fixed sum. The owner provides the
contractor exact specification of the work. In this contract following are the advantages
of the fixed price contract.

(a) Ownerin aware of the cost of the project before the project construction starts.

(b) Itavoids a lot of details and accounting by both owner and contractor

(c) Contractor gets free hand to execute the work

(d) Inthis contractis used with design contract method of delivery, contractor gets
opportunity to use value engineering.

Unit price contract: In this type of contract, the price is paid per unit of the work
carried out. There are different variations of this type of contract. Some of them are
mentioned below.

Bill of quantities contract: In this type of contract owner provide the drawing,
quantities of work to be done and specification. The contractor bid based on the unit
cost of the items of construction. The contractor overhead, profit and other expanses
can be included in the unit cost of the item of work. Sometimes contractor quotes the
unit price of the work and lump-sum amount separately as profit overhead. The
estimated quantities of the work to be done called Bill of the quantities is fixed.
This type of construction is usually followed in government sector for large
infrastructure construction. This type of contract provides owner a competitive bid.
Disadvantages of the methods are:

(a) Owner needs to measure the quantity of work done in the field, hence requires

owner presence at the site.
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(o) Final price of the construction is not known precisely until last price of work is
completed. If there is significant difference between the estimated quantities
and the reality of the situation, owner is put in adverse situation. Mistaken
quantities is called unbalanced bid. Significant unbalanced bid now considered
as unethical.

End of Solution

Q.6 (a) Design an RCC square column with the following data. Provide the main
reinforcement and stirrups. Check the standard guidelines of IS 456 : 2000.
(i) Column size : 500 mm x 500 mm
(ii) Concrete grade M 20
(iii) Steel reinforcement Fe 415
(iv) Design load: 1600 kN
(v) Design moment M, = M, = 100 kN
(vi) Eccentricities e, = e, =20 mm
(vii) Minimum reinforcement : 1.2%

(0] o
M, M,, _ PR,
e — 1.0 o, = =%
(viii)Check [/\/I } +[/\/I <1.0, where %n P,

uxq uy

[20 Marks]
Solution:
Design of column

500 mm

500 mm
B 500 mm - square

P = 1600 kN = Consider factored

u

M, = M, =100kN

ux
Minimum eccentricity

L B
e><,min = ey,min: %4-% or 20 mm

= 20mm (given in question)
Minimum moments, M, = /\/luy: P, e.n
= 1600 x a0 = 32kN-m
1000
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Trial 1 Consider A

A

SC

P

uz

Minimum = 1.20%

(given in question)

12 500 % 500 = 3000 mm?
100

0.45 x fck “A,+0.75 fy- Age
[0.45 x 20 x (500 x 500 — 3000) + 0.75 x 415 x 3000] /1000
3156.75 kN

P, can be found from figure also.

For P% = 120% (M20| Fe 415)
PUZ
T 12.50
P, = 1250x A,
5007
= 12.50x% = 3125 kN
1000
P
a o IEED 0.507
Puz 3156.75
Pu
o, = Calculated based on P_
uz
(2.0-1.0)
- 1.0+ =———"-%(0507-0.20) -
08-02) 15116
P
£ _ 120 406
fck 20
P
b __1600x1000 _ .,
fxBd 20 x 500 x 500
From interaction curve - value of
Mux1
fckBD2 = 010
2
M = O.1O><20><500><500

uxi

Since column is square,
M

uxi

M, " (M,
Cheok( . ) + [ T
uxi uy

g5 = 250kN-m

Mu )l

On 100 1.5116 100 1.5116

0.500 < 1.0 — Safe

So we can provide minimum steel 1.2% as suggested in question.

Area of steel
Number of 20 mm¢ bars
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A, = 3000 mm?

3000
T 2
~(20
420

=9.50

Provide 10 bars of 20 mm¢.
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Lateral ties
Diameter = 8mm (given in question)
2 s
or i mm

Spacing minimum,
Least lateral dimension 500 mm
16 0ngimin. = 16x20=320mm
= 300 mm
So, provide 8 mm¢ @ 300 mm c/c.
Reinforcement details:

10 Number — 20 mm¢d

> @ 9
O

E \)\ 8 mmo @ 300 mm c/c
@) @
® ® Q

500 mm

End of Solution

Q.6 (b) Determine the absolute bending momentin a 16 m long beam AB due to the truck
loading shown in the figure.

A | B
I 16 mm I
20 kN 50 kN 90 kN
Vi \V/ AN |
—3m— 5m {
[20 Marks]
Solution:
20 kN 50 kN 90 kN
l 3m l 5m l
A

Absolute maximum BM occurs near centre.
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Resultant of load system

20 kN 50 kN i 90 kN
C 2.5625 m |
l 3m l : 5m l
A B 4375 D
| B ~

T X=54375m ' R=160kN

Rxx =20x0+ (50 % 3)+90 x 8
X = —15O+120 =5.4375m
160

Ist-possibility: Keep 50 kN and resultant at equal distance from centre

2875 1 22m

20 kN 50KN/ 1.22m 9o kN

| om |4t

B IC

16'm

8m

92m —>

160 kN

39m

I.L.D for BM at B

- 6.22 m—>
9.22m i
ab  6.78x6.22

/ 16

Maximum BM under 50 kN load = 20 x 2.18 + 50 x 3.91 + 90 x 1.79
= 400.2 kN-m
2" possibility maximum BM under 90 kN load

2—'5225= 1.28m
20kN 50 kN 90 kN
' \1.28
3m :4—»:4—»

o
<~ a2=928m 4—»!-— b=672m —|
| o f
I : | R
: b 3.9
! i ab  9.28x6.72
! 1 —=—=39
: p4

I
T 16

I.L.D for BM at D

I
T
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Maximum BM at D = 20 x 0.54 + 50 x 1.8 + 90 x 3.9
= 451.8 kNm
Absolute maximum BM = 451.8 kNM

End of Solution

Q.6 (c) (i) Briefly discuss various factors affecting the output of power shovel to excavate
earth.

(i) What are the precautions to be taken for labour safety during excavation
works?

[10 +10 = 20 Marks]

Solution:
(i) The various factors affecting the output of power shovel:

1. Class of Material: Production decreases with increase in hardness of material.

2. Height of Cut: If the depth of fall from which a shovel is excavating material is
too shallow, cycle time increases and it will be difficult or impossible to fill the
bucket in one pass up the face, consequently the production is reduced.

3. Angle of Swing : The angle of swing of a shovel is the horizontal angle, expressed
in degrees, between the position of the bucket when it is excavating and the
position where it discharges the load. The total time in a cycle includes digging,
swinging to the dumping position, dumping, and returning to the digging position.
If the angle of swing is increased, the time for a cycle will be increased, whereas
if the angle of swing is decreased, the time for a cycle will be decreased.

Operator’s Skill
Condition of the Shovel

Haul Unit Exchange: Haul-unit exchange refers to the total time required for a
loaded truck to clear its loading position under the excavator and for the next
empty truck to be positioned for loading.

7. Size of Hauling Units: Size of hauling units like trucks affect the output of a
shovel, for optimum output, size of hauling units should be governed by size of
a power shovel. If the shovel used is of smaller size, the size of hauling units
also must be small while for a large shovel, hauling units must be of larger size.

8. Handling of Oversize Material: When handling shot rock, carefully evaluate
the amount of oversize material to be moved. A machine with a bucket whose
bite width and pocket are satisfactory for the average-size pieces may spend
too much time handling individual oversize pieces. A large bucket, or a larger
machine, or changing the blasting pattern should be considered when there is
a large percentage of oversize material.

(i) Safety measures for excavation

(a) Prior to excavation work, a complete knowledge of underground structures such
as sewers, waterpipes, gas mains etc. is essential so as to proper precaution
to prevent any accidents.
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(o) The workers must be provided with all protective devices.
(c) When depth of excavation exceeds 2 m, the trenches should be securely shored
and timbered.

(d) Sheathing should be placed against the side of the trench. In case of loose or
soft sail, sheathing should be driven into the bottom of the trench.

(e) Excavated materials should be kept away from the edge of the trench.

() Heavy equipments such as excavating machineries, trucks etc. should be kept
away at a suitable distance from the excavated sides.

(g) Afence or barricade should be erected and at night the area must be properly
lighted.

End of Solution

Q.7 (a) A four-storey reinforced concrete (RC) office building located in seismic zone IV
is shown in the figure. The RC frames are infilled with brick masonry. The lumped
weights due to dead loads is 15 kN/m? on the floors and 12 kN/m?2 on the roof.
The floors have to cater to a live load of 4 kN/m? on the floors and 1.5 kN/m? on
The roof. Calculate the design seismic load on the structure at different floors
using Linear static (Equivalent static) analysis, along x-axis.

y-axis
|
|
€
<
v
S
<
Yy
€
< PLAN
X ———>X-axis
I I I I I
5m 5m 5m 5m

e d=20m —

S

~

)

S

o™

g x

S

@

m —

(o]

2

«® ELEVATION

T R P

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in @ www.madeeasy.in




mnDE EASY ESE 2021 Main Examination
535 India's Best Institute for [ES, GATE & PSUs Civil Engineering

Zone factor Z = 0.24
Importance factor | = 1.2
Response Reduction factor R = 5

0.09h
Fundamental translational natural period T, = W
s 12556 0<T<055s
—2=J—"— 055<T<40s
g
0.34 T>40s
[20 Marks]
Solution:
Zone-lV = Z=0.24
Importance factor, / = 1.20
Response reduction, R = 5.00
, _ 0.09xh 0.09%x13.6
Fundamental time period, T, = b - o 0.274

h=36+33+33+34=1360m
Along x-axis, d=L=4x5m=20m

S
g - 2.50 forT,<0.55sec
Seismic weights on floors
W, = (12mx 20 m) x (DL + Part of LL)

=12x20x%x (15 + 4 x 0.5)
4080 kN = W, = W, = W,
Seismic weight of roof W, = 12 x 20 x (12 + 0) = 2880 kN

Live load on roof not considered.
Wi+ W, + Wy + W,
= 4080 + 4080 + 4080 + 2880 = 15120 kN
Total lateral force due to earthquake

Vg = A xZW

= (E)x(i)x S—a x X W

2 R g

= %xﬂx2.50x15120
2 50

Vg = 1088.64 kN

Say 1089 kN

Total seismic weight of building
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Seismic load on each floor:
YSWh?2 = 4080 x 3.602 + 4080 x 6.92 + 4080 x 10.22 + 2880 x 13.62

= 1204293.60
l w, £y
2 7
l W, £ hy
h3
p A1
e 17 |
h1
o Wih?
Distribution of lateral force = > % Vg
ZWh

Floor| W | h WH | Distribution of lateral forces

1 |4080| 36 | 52876.8 47.80kN=1,
2 |4080| 69 | 1942488 175.6kN=1,
3 [4080| 10.2 | 4244835 383.8kN=1;
4 |2880| 136 | 532684.8 481.8kN =1,

ST | 12042936 Total = 1089 kN

End of Solution

Q.7 (b) Analyse a continuous beam shown in the figure. During loading the support B
sinks by 12 mm. E = 210 GPa, | = 5131.6 x 10* mm*. El is constant. Draw BMD
and Elastic curve.

NN

J 20 kN/m 12 kN
E

+

[20 Marks]
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Solution:
90 kN 12 kN
F . am—] 20 kN/m 15m
1 £ By AN
5m I
dp=12mm
5131.6x10*
E=210GPa, /= 5131.6 x 104 mm?* = 10—1;(
4
Er = 210%10° x%= 10776.36 kN-m?
Step-1 FEMS due to applied loads and sinking of supports.
90 kN
I-— 3m—>j=——4m —

2
SN ik L

72 7°

_,90xF x4 6x10776.36x0.012

m., = > =50.29 kNm
2
m,. = _20><5 + 6x10776.36x0.012 — 1063 kNm
© 12 52
B c|
2
me, = +20>< 5 + 6x10776.36x0.012 ~727kNm
cb 12 52
Mg = —18 KNm
12 kN

e
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Step-2: Distribution factors

Joint | Member | & sk | D =§
BA 1/7 0.49
B 0.2931
3 I 3I
BC —X==—— 0.51
4 5 20
Step-3: End Moment distribution
Joint A B c D
DF 0 | 0-49]0.51] Lo [=
FEMS —-104 50.29/-10.63 727 |-18 -
Release C ~54.7 0
COM -27.35
NetFEMS | —104 50.29|-37.98 +18.0 |18
Bal B -6.03|-6.28
CoM _302% N
Final and —107.02 44.26/-4426  +18 |-18 -
moments

Step-4: BMD

107.02 kNm 44.26 KNm 44.26 kNm

0 kN
20 kN/m 18 kNm 12 kN
=—3m 4m ! O |
A B B 5m | C @ D
1

18 kN-m 1.5m
90 kN 12 kN
1.5m
I‘ 3m 4m I 20 kN/m = o~
Y YNV TV

inflection inflection

End of Solution
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Q.7 (c) Differentiate between optimistic time estimate and pessimistic time estimate in a
PERT network.

A construction company has an opportunity to submit a bid for the construction
of a residential building and a commercial building. The 3 time estimates (in months)
for completion of each building are as follows:

Optimistic time Most likely time | Pessimistic time
(in months) (in months) (in months)
Residential Building 3 4 6
Commercial Building 4 6 8

Determine the expected time for completion of each building. Also analyse which
building has more reliable time estimate.

[20 Marks]

Solution:
Optimistic Time (t,) :
This is the shortest possible time in which an activity can be completed, under ideal
conditions, This particular time estimates represents the time in which we could complete
the activity or job if everything went along perfectly with no problems or adverse conditions.
Better than normal conditions are assumed to prevail.

This time estimate is demanded by to.

Pessimistic time (t,):

Itis the best given of maximum time that would be required to complete the activity. This
particular time estimate represents the time, it might take us to complete a particular
activity if everything went wrong and abnormal situations prevailed. However, this estimates
does not include possible effects of highly unusual catastrophic conditions such as
earthquakes, floods, drawings, fire etc.

This time is denoted by t
Expected completion time for residential building is given by

to+4t +t, 3+4x4+6
te1 = 6 =
Variance for residential building is given by

t=t, ¥ (6-3) )
0% = £ =( ) = 0.25 months

=4.167 months

6 6
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c

i)

2 Mode

E

= I Mean

= I

2 | |

o | |

o I I | |

a I I | |
| | | |

t,=3 [L,=4 (,=4.167 t,=6

Time (month) ——
Expected completion time for commercial building is given by

to+4t +1, 4+4x6+8
6 6

e2

= 6 months

Probability function —~

7T (month) —

Variance for commercial building is given by

2
o2 = _ (8 - 4J2 _
2 6
As variance for residential building is less than variance for commercial building hence
uncertainty is less for completion of project.

Time estimates for residential building is more reliable.

4

tp —l § 2
E =0.444 month

6

Q.8 (a)
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End of Solution

Design an open cylindrical water tank of 350 m? capacity. This tank will rest on
ground and have a free-flexible joint at base. Overall height of tank is 4.0 m,
including the free board of 200 mm.

Design the vertical cylindrical wall of tank and sketch the details. Consider only
maximum hoop tension for entire height.
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The following parameters may be used for design, if required.

(i) Permissible direct tensile stress of concrete 6, = 1.2 MPa

(i) Permissible tensile stress of steel 6, = 150 MPa up to 225 mm from water fall
= 190 MPa beyond 225 mm from water all

(iii) Molecular ratioM = 13

(iv) Minimum thickness required = 180 mm

(v) Minimum % of reinforcement up to 100 mm thickness 0.24% linearly reduces
to 0.16% for more than 450 mm thickness

(vi) Use 16 mm diameter, high strength deformed bar for hoop reinforcement

(vii) Use 8 mm diameter, high strength deforced bar for vertical distribution
reinforcement

(viii)Minimum diameter of tank required = 11.0 m

(ix) Unit weight of water = 10 kN/m3

;
(x) Tensile stress in concrete = A +(m—1) A
[20 Marks]
Solution:
_ ¥ -
0.20 m :
T = Thickness :
Ho L
3.80m .
Free flexible joint at base
1. Minimum dia. of tank = 11 m
D=11m
T \2
Volume, V=350m3 = Z(D) x H
350
H= =3.68m say 3.70m
T 2
Z(1 1)

Tank height given = 4.0 m
free board = 0.2m
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Havailable = 4.0-0.2=3.80m
> 3.70 mrequired
Letus designforD=11m
H=380m
2. Maximum hoop tension in tank at bottom.

p.D  v,HD
= TH s =S
2 2
10x3.80x 11
Ty = #=209 kN

3. Areaof steel required. (Considered cracked)

T, 209000 .

Using 16 mm ¢ bars for hoop height spacing

1000 =& 2
= —x—(16)" =
1394 4( ) 144 mm

Provide 16 mm ¢ @ 140 mm c/c in single layer.

4.  Minimum thickness of tank = 180 mm
Check, stress developed in concrete if
T =180 mm is provided

f, = Tu
et 1000 x T + (m —1) Ay

[Considering uncracked section]

) 209000
~ (1000 180+ (13- 1) x 1394)

1.06 N/mm? < (f,, (pev)) = 1.20 N/mm?
So safe in direct tension.
5. Minimum reinforcementfor T = 180 mm

(0.24-0.16)

=024 ———
(450 -100)

x (180-100) = 0.222%

0.222

x 1000 x 180
st 100

>
Il

399.6 say 400 mm?
Spacing of 8 mm ¢ for vertical reinforcement.

1000

T 2
= —X—8 = .
3996 4 280/ i

Provide 8 mm¢ @ 125 mm c/c
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9
3 7=180 mm
(e
9
Horizontal 9 Vertical steel
steel 9 8 mm ¢ @ 125 mm c/c
Agt /g (minimum steel)
16 mMmo @ P
140 mm clc g Wall
9

For hoop ' )355,{
tension I/

End of Solution

Q.8 (b) Two loads W, (equal to 1.5 kN) and W, resting on two inclined rough planes OA
and Ob are connected by a horizontal link PQ as shown in the figure. Find the
maximum and minimum values of W, for which the equilibrium can exist. Take
angle of friction for both the planes as 20°.

A\
\\\ VVI VVZ
N r P Q ’1 B
N s
N 7
N 8 L
\\\ ////
___________ 45 B0
(0]
[20 Marks]
Solution:
A B
w, W,
P Q
45° 30°
(0]
Given, W, = 1.5kN
Angle of friction, o= 20°

u = tan ¢ = tan 20°= 0.364
FBD of W, (For minimum value of W,)
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T, sin 45°
T
7, cos45°
W, sin45°
W, cos45°
W,
Normal reaction, 1 = Tysin45° + W, cos 45°
;=106+0.707T, (i)
For equilibrium of load,
fi + T,cos45° = W,sin45°
uN; +T,cos45° = 1.06
(0.364) (1.06 +0.707 T,) + 0.707T, = 1.06
0.385 +0.257T, + 0.707T, = 1.06
T,=0.7 kN
FBD of W,, (for minimum value of W,)
7, cos30°
30°
7, sin30° }
1
W, sin30° &< 30>
W, cos30°
W,

Normal reaction, N, = 7;sin30°+ W, cos30°
= 0.7sin30° + W, cos 30°
= 0.35+0.866W,

For equilibrium of W, load,

f, + W, sin30° = T,cos30°
uN, + W, sin30° = 0.7cos30°
0.364(0.35+0.866W5) + W5 x 0.5 = 0.606
= 0.7786 _ 0.587 kN
2 0.8152
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FBD of W, (for maximum value of W,)

2

45°
W, cos45°
W,

Normal reaction,

For equilibrium of load W,,
f3 + W, sin45°
uN; +(1.5)sin45°
0.364(1 .06+ 0.7077'2) +1.06
1.445

T

FBD of W,, (for maximum value of W,)

7, cos30°
30°

=
7, sin30° /

W, sin30°

30°

Normal reaction, N,

N,

N4
For equilibrium of W, load,

f, + T, cos30°
uN, +3.213cos30°

0.364(1.606 + 0.866115) + 2.782

G

45°

T, cos45°
45°

T, sin45°
W, sin45°

= W, cos45°+T, sin45°
1.06+0.707T,

T, cos45°

T, cos45°

T, x0.707

= 0.4496T,
= 3.21 kN

I

30°
W, cos90°

W,

= T,sin30° + W, cos 30°

3.213sin30° + W, cos 30°

1.606 + 0.866,

W, sin30°

W, sin30°

0.5,
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0.5845+0.315W, +2.782 = 0.5,

0.184W, = 3.366
W, = 18.293 kN

End of Solution

Q.8 (c) Arolled steel joint ISMB 450 is used as beam for the roof of a hall 7.5 m x 12 m.
Thickness of RC slab is 125 mm. The rolled steel joists are spaced at 3 m centre
to centre. The floor finishing load is 1.5 kN/m? and the roof slab has to support a
live load of 4 kN/m2. Assume the self-weight of the beam as 1 kN/m. Take the
width of bearing for the beam as 300 mm. The limiting deflection for the beam is
span/240. vy, = 1.1, fy = 250 MPa. Check the adequacy of the section against
any two modes of failure.

b

Elastic section modulus = 30390.8 x 103 mm?
Plastic section modulus Z, = 1533.36 x 108 m3
Depth of section h = 450 mm

Width of flange b; =150 mm

Thickness of flange t,= 17.4 mm

Thickness of web t, = 9.4 mm

Radius at root = 15 mm

7
Shear capacity V, = \/Agv_y
Ymo

Design bending strength M, = M
mo
Slenderness ratio Design Compressive Stress (f,)
100 107
110 94.6
120 83.7
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Buckling strength F, = (b, + n,) tw - f_,

(b1 + o)ty T

Capacity of web at its connection to the flange F, = Y—
mo

The section ISMB 450 may be assumed as plastic.
[20 Marks]

Solution:

In this question, Z, value given in question is greater than Zp value. Which is not correct.
Still solution is done using same values given in question.

I 3m | 3m I

300 mml

i 7.5m

_ i
300 mmi
I 12m |
Shaded region is tributory area for which joist will be designed.
(1) Load’s on Beam
w, — Self - wt of slab = 0.125 x 3 x 24 kN/m?3
(Assuming unit-wt of RCC slab = 24 kKN/m?)
= 9kN/m
w, — Weight of finishing = 1.5 kN/m? x 3 m = 4.5 kN/m
w, — Self - wt of Beam = 1kN/m
w, — Live load = 4 kN/m? x 3m = 12 kN/m
Total service load, W= W+ W+ W, +w, =9+45+1+12=26.5kN/m.

Factored load or design load
W, =YX W= 15x26.5=39.75 kN/m
(2) Maximum bending moment and maximum shear force
Effective span of beam = c/c distance between support

7.5+%+%:7.8m
2 2

- w2 3975x7.8°
max — u 8 8
= 302.3 kNm

Maximum BM = (B.M)
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Maximum applied shear force,

w,-L 39.75x7.8
V=" =" 3
(3) Adequacy check for ISMB 450.
(i) Shear strength of the beam

=155.025 kN

A -1,
\/§‘Ymo

ht, ) :
(ht,)-1, (450x9 4)X250:555.O44KN

" By,  Bxid

As V>V, safe in shear

Shear capacity Vy =

(ii) Bending strength of beam

_Bs 2y, f

M <127,
T ° Vs
_ 1x1533.36x10° x 250 _ 1.2x30390.8 x10° x 250
- 1.1 - 1.1
= 348.49 kKNm < 8288.4 kNm.
Also, V, < 0.6 V. So no reduction in bending strength required as it is a low
shear case.
Hence, M, > M, (Beamis safe in Bending)
(iii) Web buckling strength
b < hi2—~| T
__________________ 1|'______:/_____—_______________' h
| 45° l
)
I 300 I

Pug=Ay-fy=(b+n)-t -f,

e C
Where, f_,is design compressive stress which depends upon slenderness ratio

of web:

%= 2.45ﬂ - 2_45XM
tW w
450-2(17.4+15)

_ 245
. 94

=100.4
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Using table given

Slenderness Ratio fcd(N/mmz)

100 107
110 94.6
120 83.7

Using linear interpolation to determine f_, value corresponding to A =100.4.

100.4-100  f,y3—107

110-100 =~ 94.6-107
f., = 106.54 N/mm?

450
Flog = (300+7)x9.4x106.54 =525.6 kN

As P,z >V, safe in web buckling.
(iv) Web crippling strength

(t-+ Ry)
I b I
P = Ae fy _ (b+n2)twfy
we ~ -
Ymo Ymo
[800+2.5(17.4+15)]x 9.4 x 250
= =813.96 kN
1.1
AsP, >V, safe in web crippling.
(v) Check for deflection
5 wt h
8§ = —— (Wherel= —
== 382 B Ze%5)
4
5 26.5x(7.8x10°)
= = X 150 = 0.934 mm
2x10° x30390.8 x 10° X
Span 7800
Limiting deflection = ;T =%a0 - 32.5mm

As 6, < limiting deflection.

Hence sec is safe in deflection.
Conclusion: ISMB 450 satisfies all the criteria’s hence, it is Adequate.

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in www.madeeasy.in





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




