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DETAILED EXPLANATIONS

1. (b)
G =1.90
Ysat _ G+e
We know G = Yo ET
G+e
Now Gy = T+o
Lop = G*04G Se=wG
Y 1+404G (1)e=0.4G
= 1.90 + 1.90(04G) = 1.4G
= 1.90 = 0.64G
G =297
2 (a)
(Vw)displaced = Vsoil + Vwax
Wwax
= (Vw)displaced = VSOil * Gwawa
345 = Vi +L
- — ol T 09%1
= Vi = 337.2cc
N _ Wsolid
oW Ya Vsoil
- 00 s
= Ya = 3372 ~ 1038/cc
3. (b)

P =32%; W, =47%; Wp =35%

a=P-35=32-35=-3=0
b=P-15=32-15=17
c =W -40=47-40=7
d=1,-10=(W, -W,)-10= (47 -35) - 10 =2
GI = 0.2a + 0.005ac + 0.01 bd
= GI = 0.2(0)+ 0.005(0 x 7) + 0.01 (17 x 2)
= GI = 0.34
4q. (b)
Q = AKi;
Ah
= AK—
= Q I
Given; Q =200 cc in 100 sec; A = 30 cm?; Ah = 20 cm; L = 35 cm
@ = 30xKx &
100 35
= K = 0.1167 cm/sec
= K = 1.17 mm/sec
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5. (d)
o, = 150 kN/m?; 6_=52°
We know 0. = 45°+%= 52°
o = 14°
= 2 4:5"+9 + 2ctan 45"+9
G, = 05 tan 5 2
14 . .
= 150 = 0+2ctan| 45 +? {05 = 0, as tensile unconfined}
o ¢ = 58.6 kPa
6. (a)
H=15m; C=150 kN/m?;y=19 kN/m? S = 0.06
Sn = C_m
YyH
= 0.06 = Com C_=17.1 kN/m? i.e., mobilised cohesion
' 19x15 " ' o
= C, = 171 kN/m?
FOS = €10 8.77
C, 171 '
7. (b)
AN VZ\Y
y=20kN/m’
6 m
R
1.5m
w ¢ ¥ T

After overburden correction, corrected SPT value
350

. —— XN
Ny = (6’+70)
- 30 o-3684
(20x6)+70
(c)
Given data: C = 0; NL7 =18.5; NY =225; Df= 2m; B=15m;y=195kN/m?; FOS =25
1
q, = cN_+yDN, + VBN,

19.5(2)(18.5)+%(19.5)(1.5)(22.5)

= Ty

= q, = 1050.56 kN/m?
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_ qu = YDf
fns = FOS
1050.56 —19.5(2.0)
- Ins = 25
= q,. = 404.62 kN/m?
9. (b)
Given: W = Weight of hammer = 3 tonne ~ 30 kN

Qap = 25 tonne ~ 250 kN
FOS = 6 (for engineering news record formula if allowable)

C = Combined temporary correction i.e., 0.25 cm for steam hammer
H = Height of all =100 cm

_ WH
Qv = stc
__WH
= Qp = (S+C)FOS
30 % 100
250 = (5+0.25)6
S =175cm
10. (a)
Q, = CNA, + aCA,
= 900 = 40(9)[0.4?]+ oz (4x0.4x10)
= aC = 52.65

So for pile of cross-section 250 mm x 250 mm, ultimate load carrying capacity is

Q, = CNA, + oCA,

= Q, = 40(9)(0.25%) + 52.65(4 x 0.25 x18)
= Q, = 970.2 kN ~ 970 kN
11. (a)

As pile is installed in dense sand, so effective length as per Kuching effect is
L. = 20D =20(0.5) =10 m

YLy =19 x10 =190 kN/m’

190

[=<50 cm 1
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12.

we know, after L o effective stress will remain same.
End bearing resistance,

= YLy N, =19 x 10 x 78 = 14820 kN/m? # 11000 kN/m?

L 2
er = YLeff Nq Ab = 11000XZXO.5 = 2160 kN

Frictional resistance:

, o] 04190 |
For AB Qy = Ktando,, = (1)tan(24°) =42.30 kN/m?2 < 100 kN /m?

(st)AB = 4230 x T x 0.5 x10 = 664.4 kN
1 190

For BC q; = Ktandoj,, = (1)tan(24°)[w =84.6 kN/m? < 100 kN /m?

(Q)pc = 846 xm x 0.5 x2=265.8kN
.. Total load carrying capacity = 2160 + 664.4 + 265.8 = 3090.2 kN =~ 3090 kN
(b)
For two layer clay layer, equivalent raft will exist at L/3 of second layeri.e. L/3 =6/3 =2 m from
bottom of pile or 6 m from Top of pile group.

|1000 kN
v !
2m
S S I %
4m
)
NS
e 24m — 4m
w12V N\ L - 8m
*1 6m
Width of pile group = 2S5+ D =2(1) +04=24m
Width of pile group at x-x section = 2.4 +§+% =64 m
Ao’ = % = % =24.41 kN/m?
B 64
Initial effective stress
o’ =Y(2) (.- WT is upto G/L)
o’ . = (21-10)(6 + 4) = 110 kN/m?
AH - C.H, log o +/A0
1+ €o o
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13. (d)
Qup
For 16 piles, nQ,,
Que
where B
o
Que
Qyq
14. (o)
Ty

For local shear failure, C’

tano’

= 0’
N c

Ty

= q.,
Tsafe

= Tsafe
= Tsafe
Qsafe

= Qsafe

0.21x 8000 lo [110 +24.45

11068 110 } = 86.71 mm

9ch2 +aenDL

9(58)(g><0,82j+(0.6><58><n><0.8><9) =1049.5 kN

16 x 1049.5 = 16792 kN

9CB? + o (4BL)

9(58)(6.2)2 + (1)(58)(4 x 6.2 x 9)

33011.28 kN

35+ D=3(18)+08=62m

1 for pile group

min{Q,andnxQ,,} 16792
FOS 25

6716.8 kN =~ 6717 kN

1

CN_+ YDqu + EYBNY
2 2
=C==x36 =
3 3 24 kPa
2
—t
3 an ¢

1] 2
tan " | —tan

Sene]

1|2
tan [gtaHZOo} = 13.64°
11, Nq=4 N,=16

24(11) + 20(2)(4) + %(20)(2)(1.6)

456 kN /m?
Qu = YDf
FOS
456 -20(2)

+'YDf

+20(2)

206.4 kN/m?
206.4 x (2 x 1)
412.8 kN ~ 413 kN
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15.  (b)

Qup = (er)Pﬂe without bulb + (st)Pile without bulb + (er)Bulb + (st)Bulb

m_2 — (2 2 —
- Q,, = 9C,D*+acnD(L-L;)+ 9cZ(Db ~D?)+oenDyL,

9(60)%(0.6)2 +0.6(40)(m % 0.6)x (10— 1.5)

U
L
I

+9(40)%(1.22 ~0.62)+1(40)(mx1.2x 1.5)
= Q,, = 1070 kN
16. (a)
o, = 1000 kPa, 6," = 6, - u; 6, = 1600 kPa; 6," = 0, - u; 6, = 2600 kPa; as (6, = 0, + G,)
We know,
6,/ = o3 tan’ (45 +%) + 20’tan(45 + %)
(o1 -u) = (o3 —u)tan2 45+£ +2¢"tan 45+£
1 2 2

- (2600 - 1) = (1000—u)tan2(45+%)+2(220)tan(45+%)
= (2600 - 1) = (1000 - u)(2.463) + 691
= 2600 - u = 2463 - 2.463u + 691
= 1.463u = 2463 + 691- 2600
= u = 378.67 kPa ~ 378 kPa (say)
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17.  (d)
A 41.95kN/m’
a A 3 - 2C  2x25
Y;=16.55kN/m V7_Ku_ 16550700 = 3.60m
dm @ C=25kPa :
B, — ©=10° 04mj 23.83 kKN/m
Y Sl i ——I—Z ____________ T laes N T
B, &
’ You = 2023 kKN/m®
4m (2) Cc=0 .
@=28°
2
o C 78.08 kKN/m
K, - ~-sinl0_0826_ 7y,
1 1+sin10° 1.174
Ka = M =0.36
2 1+sin28
Gy, _27x981 655 1 ,
Udasy = T~ 1406 ~ 102 KN/m

G+e B 2.7+0.6

(Ysat)sand 1+e Yw = 1+0.6

x9.81 =20.23 kN/m?

(P), = —2CJK, = -2(25)J/0.704 - 41.95 kPa

(Pa)p, = —2€ [Koy +v21Ky,

= - 41.95 + 16.55(4)(0.704) = 4.65 kPa

(Pa)s, = YaziKq, =16.55(4)(0.36) = 23.832 kPa

(Pa)c = delKaz +Y’22Ka2 TYw22

= 23.832 + (20.23 - 9.81)(4)(0.36) + 9.81(4)
= 78.08 kPa
Total active earth pressure on wall = Area of positive portion in earth pressure variation.

= SO(465)+2(B83+7809)(@)

= 204.75 kN/m ~205 kN/m (say)

18. (o)
When slope is dry

Gy, 275x9.81

Vo= 14e 14052

=17.75 kN/m?

C+ (de cos? i)tan ¢’

FOS

YH cosi sini
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25+ (17.756 x cos? 26°)tan 16°

17.75(6)cos 26°sin 26°
= 1.184
When slope is subjected to seepage
C y' ) tan¢
FOS = T .
YeurH sinicosi | Ygut ) tani

Gie, _275+052
Ysat = 14 ' 152

x9.81 =21.10 kN/m?

25 21.10-9.81 \ tan16°
FOS = . o o + o
21.10(6)sin 26°cos 26 2110 Jtan26
= FOS = 0.816
19. (a)
C D
Rl
Gi 6m
%
%
B N
| 6m |
T 6 6 8.5
For footing A, B, C, D, the ~ ratios are 0, 33 and 3 respectively.
3 1 5/2
6. % on 2 52
z n r Z
1+| =
7]
3 1 5/2 1 5/2 1 5/2
7 2722 [1+ 02) 6| | sy
) e
3 3
3x600
= [1.0398]
- % 7 2n(3)?

33.09 kN/m? ~ 33 kN/m?

U
Q
Il
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20. (c)

Active pressure on wall

=

~.Active pressure on wall

21.  (d)

At full compilation (S = 1)
. e =

Ya

17

e

n

emin

nmin

% An
% An

12°

5m y=18 kN/m’
= 30°

11<ayH2

2

| cosi—+/cos?i— cos? o'

cosi
cosi + 4/ cos® i — cos® ¢

o| cos12° - \/cos2 12° - cos? 30°
0s12

cos12° + \/cos2 12° - cos? 30°

0.357

1
EXO'357X18X52 = 80.325 kN/m ~ 80.23 kN/m

GYw
1 + (ZUG)
S
2.6x10
0.10x2.6
1+ —~——
S
0.4911

w_G B 0.10x2.6 - 05294
S 04911

0.346

wG
0.10 x 2.6 = 0.26
e
1_+e =0.206
0.346 - 0.206
0.346
40.46%

%100
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22,

23.

(c)
G =27; S =040; w = 0.105;

We know, Se = wG
0.105%x2.7
= —————=071
= ¢ 0.40
_ Gyy (1+w) = 2.7><9.81(1+0105)
T 1ve T 1+071 '
= v, = 1712 kN/m?

Weight of soil will be
Now bulk density at w (= 18%) is given by,

17.12 kN per m?® of natural soil

G
Y, = ﬁ(1+w2)

1+e
2.7%x9.81
= 1+0.18
= Y= 071 ¢ )
= Y, = 18.28 kN/m?

Increment in bulk unit weight, is due to addition of weight of water in order to increase its water
content upto 18%.

Aw,,
2N~ y

soil

= Aw, = (1828 -17.12) x 1 = 1.16 kN
Means 1.16 kN of water is needed to be added per m? of soil or per 17.11 kN of natural soil and
so water to be added for 100 kN soil will be

1.16

= ——x100=6.78 kN
17.12
~.Volume of water to be added
6.78
AV = ﬁwaO = 691 litre per 100 kN of soil
(d)
As per result of falling head permeability test
_ Al oe Fo
K = 2.303 Al log E

2
.- gdZ :gx(leo‘z) =3.14 x 104 m2

2
A = D% =7x(6x107%)" ~ 283 x 109 m?

L=015m;h,=045m; h; =0.30 m; =120 sec

4
K = 2.3O3x3'14><10 x0'15><log(

283%x107° 120

0.45
0.30
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= K = 5.62x10°m/s=5.62 x 10 x (24 x 60 x 60) m/day
= K = 4.86 m/day
24. (a)
G L
R N
Y B A o
11m ‘ Mmoo g --------
t L Ny h-34
4m Voit 2m Ysat
| '
Vear®) = Y, (1) Vsar@) =V, (h - 3.4)
10k . 10(h-3.4) N
= Vet = T4 ..(1) = S ..(ii)
Equate both equation (i) and equation (ii)
10n  10(h-34)
4 2
= 2h = 4h -13.6
= h = 68m
10x6.8
Vour = i 17 kN/m?
Y= Ysat = Y
Y =17-10=7 kN/m?
25. (o)
As per given data:
t = 1 year
C, = 02mm?/s =02 x 107 x 365 x 86400 = 6.30 m?/year
d =5m
T Cyt  6.30x1
: = T A =
L
T, = 025<0.28
u < 0.6
m
T, = —u?
A
- v 4l aH
- 27 4| aH
= AH = 88.62 mm
Now for Ah = 50 mm + 20 mm =70 mm
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26.

27.
28.

29.

30.

Now, T,

= 0.547

= t

(b)

For test 1

For test 2

We know o

Let tan o

A 70 679506

T AH  88.62

- 0.9332 log,, (1 - U) - 0.0851 = - 0.9332 log (1 - 0.79) - 0.0851
0.547

C,t
d2
6.30xt

)
2.17 years

200 kPa; o, = 600 kPa; 5, = 200 + 600 = 800 kPa
350 kPa; 6, = 1050 kPa; 5; = 350 + 1050 = 1400 kPa
o3 tan? (45 + %) +2C tan(45 + g)

o,tan’a + 2C tan o

X

0, X2+ 2CX

200 X2 + 2CX (1)
350 X2 + 2CX - (2)

At X-X section
=
=
(c)
(@

- 150X? = X=2

36.87°

C + o’tand
0+ [(17.5 x 2) + (21.5 - 9.81)(3)]tan 36.87°
52.55 kPa

The all round pressure (confining pressure) is zero in an unconfined compression test and the

Mohr’s circle passes through the origin.

(d)

Phenomenon of quick sand can occur in the sands or silts and can not occur in gravel.

(c)

The phreatic line at the entrance goes downward.
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