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:J4Yelll Bihar Public Service Commission

20 1 2 Assistant Engineer
Exam heldin 2012

m Two-plate load tests with square plates were performed on a soil deposit. For 30 mm settlement,
the loads obtained are as follows:

Width of square plate(in mm) | Load(in kN)
300 38.2
600 118.5

Determine the width of square footing which would carry a net load of 1500 kN for a limiting
settlement of 30 mm.

[10 Marks]
m Given,
Width of square plate(in mm) | Load(in kN)
300 38.2
600 118.5
Settlement recorded = 30 mm
As per Housel’s equation,
We know that Q= Ap~m + Pp X N
where, Q@ = Load applied on given plate
Ap = Contact area of plate
Pp = Perimeter of plate
m = a constant corresponding to the bearing pressure
n = another constant corresponding to perimeter shear
Hence, for the two plate load test, we may write
Q = A,m+P,m
Apt = (0.3)°m? = 0.09 m?, Pyy=4x03=12m
382=009m+12n (1)
App = (0.6)°m? = 0.36 m?, Po=4x06=24m
1185 =036 m+2.4n ..(2)

Operating equation (2) —equation (1) x (4)
1185-4x%x(38.2) = 2.4n-4.8n
-343=-24n
n=14.29
Put the value of nin eq. (1)
382 =009x m+1.2x 14.29
m = 233.91
For prototype foundation, we may write
Q= 233.91A,+ 14.29 P,
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Let size of footing, be (B x B),
A= B? P,= 4B, Q,= 1500 kN
1500 = 233.91B8% + 14.29 x 4B
233.41B° + 57.168B-1500 = 0
B=241m~24m
The size of footing = 24 m x 2.4 m

Q)] For the simply-supported beam shown in figure 1, determine the deflection at centre point C and
slopes at ends A and B. [E = 2.05 x 105 N/mm? and I = 80 x 10° mm?*]

50 kN
A B
C
[<2 m>] 4m <2 m>|
Fig. 1

[10 Marks]

Bl Given ssB
E = 2.05 x 10° N/mm?
I =80x 108 mm*
| 50 kN
A v B
c

f 4m

4m I
To find deflection at centre point C, and slope at point A and B,
Let us find it by using moment area method.

M/EI diagram

At C, slope will be zero,
ie. 0.=0
So, considering part AC only,
For slope at A,
Change of slope from Ato C = Area of M/El diagram between Aand C

1. L_PL

-0, = =X=—X—+
9c=0, 2" 27 4F]
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o - —PL®
AT 16EI
PL? ( )
O2= 16ET ‘>
By symmetry
pL® ( )
O = 16E1 O

Deflection at C,
A = t,, = moment of area of M/El diagram between A and C taken

about A.

1. L PL_2(L/2) P
A.= | =X=X X =
c” 2727461 3 48E1
Deflection at C = P—E(\Lward)
erection a = 48E]
Given, P =50kN
E = 2.05x 10° N/mm?
I=80x 10% mm?*
10" x107®
EI = 1.64 x 10" Nmm? = 1-64XT kNm? = 1.64 x 10* kNm?
2 2 2
Now 0,= PL _ 50kN><(8)4m 2
16E1  16x1.64x10*kNm
6, = 0.01219radian ()
0, = 0.01219 radian ((,)
3 2 2
a= P 50kNx(8)"xm®  _ 13050 m

 48ET  48x1.64x10*kNm?
A, =0.03252m | Ward

RG] A post-tensioned beam, 200 mm x 300 mm, prestressed with tendon 520 mm? area stretched to a
stress of 1000 N/mm?. The tendon passes through a hole 50 mm wide and 75 mm deep left in the

beam, having the centre of the hole at 75 mm from the bottom.

The loss at the time of prestressing

is 5%. Find the stresses in concrete immediately after prestressing.

Bl Given:
Post tensioned beam (c/s) — (200 mm x 300 mm)

[10 Marks]

jfe—— 300 MM ——|

[«——200 mm —]
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Cross section area of tendon = 520 mm?
Initial stress = 1000 N/mm?2
Initial prestressing force,

P = 520x1999 N\ = 520 kN
1000

Loss of prestress = 5%, k = ( —ﬂJ =(1—i) =0.95
100 100
Eccentricity of prestressing force = 75 mm
Stresses in concrete just after (immediately after) prestressing,
i.e. At transfer stage,
No losses is considered here,

At ends,
P _Pe
fyp = AT Yuw
P Pe
o= AT

520x10°  520x10° x75

= - 7 %150
(200%300)  200%(300)
12
f, = —4.33 N/mm?
P Pe
sz Z+Tyb
3 3
_ 520x107  520x10°x75 ..o

200x300 200 (300)"
12
f,=21.67 N/mm?

SECTION-A

EXT) Analyze the frame shown in fig. 2 and draw the BM and SF diagram. [E is constant for all the

members].
20 kN/m l“o kN

I f
£ f«=2m —
(V]

20 kN +>

£
N

f 4m } 4m |

Fig. 2

[10 Marks]
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20 kN/m 140 kN
c

[<=2m —]

20 kN

EI = constant

r—2mj<—2m —

IN
3

| 4m
Let us do it, by using slope deflection method,

Unknown joint displacements,
(eBl ec)

If we use modified slope deflection equation for span BC, then there is no need to consider 0, hence

unknown reduces to only 6.

Hence, joint equilibrium equations required is:
Mg, + Mge+ Mgy = 0

Fixed end moments:

Span AB
20 kN/m
A B
4m
20 x (4% 20 x (4)2
>~ = 26.67 kNm :_2() = 26.67 kNm
My = —26.67 KNm
Mg, = 26.67 KNm
Span BC
20
/ 40 kN
| l [
B c
(I> 4m I
10
40 x 4 40 x 4
g =20 kNm g =20kNm
Mege = —20 KNm
Mecg = 20 kNm
MFBC = -20-10 = — 30 kNm
Span BD
Q 20x 4 _
-+— g = 10 kNm
£
N
20 kN —*—>
€
N
20%x4 _
\;ﬁ g = 10kNm

(1)
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Megp = 10kNm
Meps = =10 kKNm
Now, using slope deflection eq.
2E1 3A
Span AB‘ MAB: MFAB'FT(ZGA-FGB—T) {BA=O,A=O}
= —26.67+2TEIGB =-26.67+0.5E104 (A)
2FE1 3A
MBA = MFBA+T(295+6A —T)
2ET
= 26.67+——205 = 26.67 + El0, -(B)
- 3E1 A
Span BC, Mge = Mesc + T(GB —Z)
_ _30+%eg .(C)
2E1 3A
Span BD, Mgy = MFBD"'T(ZGB"'GD_T) {6p=0,A=0}
2EI
= 10+=,-205 = 10 + E/6, (D)
2ET1 3A
MDB = MFDB +_(29D +65 ——)
L L
2ET
= ~10+=,-205 = - 10 + 0.5E/0, ..(E)

Now, using eq. (1)
Mg, + Mge+ Mg, =0

26.67 +EI0g +(—30+3TEIGB +1O+EI€)BJ =0
2.75E16,+6.67 = 0

-6.67
EIog = 575 =7 2.425
Now, M,z = —26.67 + 0.5 x (-2.425) = — 27.88 KNm
M., = 26.67 —2.425 = 24.245 kNm

BA
Mge = =30 + 0.75 x (-2.425) = — 31.818 kKNm =~ — 32 kNm

Mg, = 10-2.425 =7.575
Mpg = —10 + 0.5 x (-2.425) = — 11.212 kNm

X

27.88 kNm .
20 kN/m
A 1
A 4 m
"~ [ 24.245 kNm
x .
X
20x 4 27.88 —24.245
20x 4 27.88 —24.245 2 4
>t 4 =39.092
=40.908 kN
SF._=0

40.908 -20x = 0
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40.908
20

=2.045m

X =

2
Mmax = —27.88+40.908x2.045—w = 13.956 kNm

40 kN

32
@ 20+

7.575

&8

=28 kN T
20 —3?2= 12 kN

20 11.212-7.575

> 2 =9.091

o

20 kN
\ t 11.212

20  11.212 -7.575
_+—
2 4

=10.909 kN

End moment diagram:
27.88
24.245

e 24'2245=12.122 kNm
7.575 n

C
D —— M212-7575,
= 4.393 kNm

11.212
Free moment diagram:
Span AB: 20 kN/m Span BC: l40 kN
L 4m AN L | AN
| i i 2m ' 2m |
| v I‘\ | | ., I‘\ |
20 x (4)?
228 40 km 2024 - 40 km
204 _ 20 kNm

20 kN —»
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(BMD) 13.956

27.88

| 40— 12.122
i 24.245 =27.878
i U
| A
2045m |
20 -9.939 BMD (in kNm)
=10.607 kNm
C
11.212
(SFD) 40.908
28
=F g +
o
>
. 12 12
39.092
+ SFD (in kN)
(2]
o
(o))
=

EXQ] A uniformly distributed load of 20 kN/m covering a length of 3 m crosses a girder of span 10 m. Find
the maximum shear force and bending moment at a section 4 m from left-hand support.

[10 Marks]

20 kN/m

ILD for SF¢

ILD for BM¢
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for maximum +ve SFat C,
Tail of udl is placed just to the right of C.

Maximum +ve SF = Load intensity x area under udl|

= 20x1(3+i)x3 — 27 kN
2{10 10

For maximum —-ve SF at C,
Head of udl is placed just to the left of C

maximum —ve SF = Loading intensity x area under udl

=_201i+l x3 | =-15kN
2110 10

For maximum B.M. at C, udl should be placed so that the section divides the udl in the same ratio as it

divides the span.

o 4 : g 3-o
3-a 6 i
6o = 12— 4at :
1000 = 12 l
a=12m | 4m I
Maximum B.M. at C, Mmax = | pading intensity x Area under udl.

2
122.4kKNm

10 10

:20>{1(2'8><6 +ﬁjx1.2}+2o[

1(4x6 4.2x4
i fadebin x1.8
2l 10 10

[EX8) Design a lap joint to connect two plates of size 250 mm x 12 mm to mobilize full-plate tensile
strength. The permissible tensile stress in plate is 225 N/mm? and permissible shear stress in weld

is 180 N/mmZ. The size of weld is limited to 8 mm. Draw the details.

Given, size of plates = (250 mm x 12 mm)
Permissible tensile stress of plate = 225 N/mm?
Permissible shear stress of weld = 180 N/mm?
size of weld = 8 mm
Assuming welding is done on all sides
Let [ be the length of each overlap,

I

12 mm

. -

12 mm

[10 Marks]
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Tensile strength of plate for full strength
ng = (Permissible tensile stress) x Area of plate
225 x (250 x 12) 103 = 675 kN

For full mobilization of strength,
strength of weld ng
(Permissible shear stress) x (L4 x t) = 675 x 103N
t, = throat thickness = 0.7S
=07x8=56mm
Now, 180 x (2 +2x 250) x 5.6 = 675 x 108
[ =84.82~85mm
Overlap, /= 85 mm ¢ (4tor40mm) .
= (4 x120r 40 mm)__. = 48 mm (OK)
Thus, provide 8 mm size fillet weld of length (2 x 85 + 500)
= 670 mm all round the joint to develop the full strength.

Find the maximum load (P) shown in fig. 3 for 20 mm diameter bolts connecting 10 mm thick bracket
plate for nonslip joint having bolt capacity of 52.5 kN.

P,sin60°
400 }

50
50 |
50

[10 Marks]

P,sin60°

~——— 400

50
50 A
50
50

60°

O, P ,cos60°

All dimension are in ‘mm’




MEDE ERSY Bihar Public Service Commission Exam 2012 e Paper-V (Section-ll)

11

Given, diameter of bolt = 20 mm
Thickness of bracket plate = 10 mm
Bolt capacity or strength of bolt, V, = 52.5 kN
Let P, be the ultimate load (in kN)
Bolt ‘3’ is critical bolt,
P,sin60°

O O

C.G.of P cos60°

bolt group
o 1 O
Torsional moment on the weld group
I'=-P,cos60° x 0.100 + P,sin60 x 0.400 = 0.2964 P, kNm

P, cos60°
e
Fr = £, sinb0® =0.173 P
Do ™ 5 - u

1= \(50)° +(50)? = 5042 Mm

32 = 4 (5042 | = 20000 mm?

Now, F, = torsional shear force in the bolt
T5 0.2964P, x10° N-mmx 50+/2 mm
YA 20000

1047.932 P,N=1.047 P (kN)
Direct shear force in the bolt
Fpy = 0.1P,kN; Fp, =0.173 P, kN
F,= Fp, + F;sin45°
1
= 0.173P,+ 1.047 P x ﬁ =0.914P,
F, = Fpq+ F,c0845°

]
= 0.1P, + 1.047P,x 75 = 0.84F,

Resultant stress on the weld

F = JFZ+F7 = [(0914R)F + (084R)F = 1.241P,





