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DETAILED EXPLANATIONS

1. (a)
(Vw)displaced = Vsoil + Vwax
Waax
= (Vw)displaced = VSOil * Gwawa
=V 4+ —
- 5= Vel 15951
= Ve = 337.2cc
Wsolid
NOW/ Yd = Vsoil
- Ya = 375 ~ 163 8/cc
2. (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
3 (c)
Dry density
Density at ) )
dry condition $ Point of maximum
(zero saturation) density (.100%
saturation)
Point of
lowest density
(Partial saturation)
Moisture content
4. (d)
5, = 150 KN/m?; 0, =52°
We know 6, = 45° +% =52°
o = 14°
= 2 4:5"+9 +2ctan 4:5"+9
0, = 05 tan 2 5
14 . .
= 150 = 0+2ctan| 45 +? {0, = 0, as tensile unconfined}
¢ = 58.6 kPa
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(b)

g=45KN/m’
fyytao
N N
5m ¥ =20 kN/m’
¢ =30°
o Kg +KyH
Active earth pressure at base

1-sin¢ 1-sin30° 1
= where K, = = ==
K+ KyH  1+4sin¢g 1+sin30° 3

%(45)%(20)(5) - 48.33 KN/m?

(a)
As per allen Hazen’s equation

k = 100D
Here, kis in cm/s, D, is in cm

k = 100x(0.15)?

= 225cm/s
7. (b)
A 2\
y =20 kN/m’
6m
e Fmx7m ] N7
1.5m
ok AR
After overburden correction, corrected SPT value
350
N, = ————=xN = i><20 = 36.84
(o’+70) (20x6)+70
(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
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_ WH
Qup S+C
WH
Qyp = (S+C)FOS
30x100
250 = (510.25)6
S =175cm
9. ()
Q, = CNA, + aCA,
900 = 40(9)[0.4?]+ oz (4x0.4x10)
ol = 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
10. (b)
]
- AH
U"l§2—04<06
S 300 T
T
T, = —u?
T
N T, = Z(0.4)2
T, = 0.126
11. (a)
For sand, C

e

n

0
G =

04
1-n 1-04
2.7

Ya

@WIN

Gy, _2.7x9.81
1+e
Ya

1+z

3
15.90 kN/m?

Ya

w
Ysat

0
2

Gie (27+
’Y =

)
. x9.81
l+e [1+2j
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= Y., = 19.81 kN/m?

. 1 - /
qnu = Sqdqqude +ESYCL\{L\{NYY B

= g, = (133x1.263x1x184x1590x15)+ %(0.733)(1)(1)(18.08)(19.81 - 9381)(2)
= q,, = 869.68 kN/m?
Quu = G, = V4D;= 845.83 kN/m?
Q,, = 845.83 x (2 x 3) = 5075 kN
12. (d)
Qup = 9ch2 +ocnDL
= 9(58)(gx0.82j+(0.6><58><7t><0.8><9) =1049.5 kN
For 16 piles, nQ,, = 16 x1049.5 = 16792 kN
Qug = 9CB? +0ic (4BL)
= 9(58)(6.2)% + (1)(58)(4 x 6.2 x 9)
= 33011.28 kN
where B =35+D=3(18)+08=62m
o = 1 for pile group
_ min{QeandnxQ,,} 16792
Qug = FOS - 25
Q, = 67168 kN =~ 6717 kN
13. (¢)

1
q, = CN_+ YDqu + EYBN“{
) 2 2
For local shear failure, C’* = EC =§><36 = 24 kPa
2
tan¢g’ = gtanq)

= o = tan [%tan(])}

= tan’! [gtanmo} = 13.64°

N =11, Nq=4 N,=16

q, = 24(11) + 20(2)(4) + %(20)(2)(1-6)

= q, = 456 kN/m?
qu_YDf
= 4D
qsafe FOS ¥ f
456 -20(2)
= qsafe = 25 +20(2)
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14.  (b)

15. (o)

For

=

=
16. (a)

o, = 1000 kPa, o' = o, - u; 6, = 1600 kPa; 6," = 0,

We know,

Tsafe

Qsafe
Qsafe

206.4 kN/m?
206.4 x (2 x 1)
412.8 kN =~ 413 kN

I\

N

I\ R \L‘L \L‘L
0.6 m r ( SF%P

I\

N

L
|

O
|
[

L
1l

FOS =

FOS

T
I

-
01—

- 9CgD2 +acnD(L-Ly)+ 9cg(D§ —D?)+acnD,L,

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

+9(40)£(1.22 ~0.67)+1(40)(mx1.2x15)

¢’ +v'H cos? Btan ¢

YsatH cosPsinf
1,at H=H_

CI

c08? B[ Vet tan — ' tan ']

12

~ cos (18°) 19tan 18° — (19— 9.81) tan15°|

q)l

o5 tan? (45 + E) + 20’tan(45 + %)

YLy Ly
e
R AR
}C oy
oo ]
1.2m (Qsp)g 1.5m
’(/!\: 'y /f/!\
l\’r’: ENEY
Qo |1, 30T
eb)P AN
HHHHH
(Qu)
C=60kPa e

= (er)Pﬂe without bulb T (st)PiIe without bulb T (er)Bulb + (st)Bulb

- u; 6; = 2600 kPa; as (0, = 65 + 0))
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(o1 -u) = (o3 —u)tan2 45+£ +2c’tan 45+£
1 2 2
- (2600 - 1) = (1000 u)tan? (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)
17.  (d)
A 41.95kN/m’
A\ Z\ -l l2c  2x25
Y, = 1655 kN/m’ v/K.~ 16550708 ~ >60m
4m| (1 C=25kPa )
B o 0=10° 04mf [\ 283KN/m
2 & AV 165
B, =
2y, = 2023 kN/m®
4m ) Cc=0 +
(=28°
X . 78.08 kN/m’
K, - 1 —s.1n10 _ 0.826 0704
1 1+sin10° 1.174
K, - 1=sin? 434
2 1+sin28
Gy, _27x981 16,55 KN/m?
Wiy = Tye ™ 1706 100 KN/m
G+e 2.7+0.6
Veaddsand = 7307 = 1106 x9.81 =20.23 kN/m?
(P), = —2C\K, = -2(25)1/0.704 - 41.95 kPa
(P4 )B1 = —2C K, +vzK,
= - 41.95 + 16.55(4)(0.704) = 4.65 kPa
(Pa)s, = YaziKe, =16.55(4)(0.36) = 23.832 kPa
(Pg)c = delKaz +Y/22Ku2 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.

%(0.4)(4.65)+%(23.83+ 78.08)(4)

204.75 kN/m ~205 kN/m (say)
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18.

19.

(c)
When slope is dry

Ya

FOS

Gy, 275x9.81
1+e 1+0.52

=17.75 kN/m?

C+ (de cos? i)tan 0

YH cosi sini

25+ (17.756 x cos? 26°)tan 16°
17.75(6)cos 26°sin 26°

1.184

When slope is subjected to seepage

C v' ) tan¢
Y sinicosi | Yoy ) tani

FOS =
G+e 2.75+0.52
Yat = 1707 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
(c)
Volume of cure cutter mould, V = %DZH
n
= V=X 0.12%2 x 0.14 m?®
= V = 1583.36 cm®
Mass of soil sample, M = Mass of (soil + Core cutter) - Mass of core cutter
M = 2840 - 1160 = 1680 gm
. M
Bulk density, Py =
1680 1061
- Po = Tosa36 1001 EM/cC
: - P
Dry density, Pi = Trmw
_ 1061 101
= Pa = Jo5 ~ gm/cc
Gpy
Also, Pi = 11,
2.73x1
= 1.01 =
1+e
= 1+e =270
= e =17

© Copyright: MADE ERASY
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20. (b)
z
' B
g &
}=—200 mm —>} 300 mm |
.y o
7, S / RO ‘:I SOOI o e
k,=2mm/s kg =25mm/s
" This is a case of series arrangement.
.. Discharge is same in both A and B.
X7  200+300 500
by = 327200, 300 T00+120 0 ™S
k2 25
da = qavg
da = keq 1A
2.27 20x10
= q, = 454 cm®/s
21.  (d)
As per result of falling head permeability test
al h,
K = 2.303 Al log E
2
g = 22 =" (2x102)" =314 x 104 m?
4 4
2
A = EDZ =g><(6><10‘2) =283 x 10-3 m?
L=015m; h,=0.45m; h; =030 m; t =120 sec
4
K = 2.303><3'14X10 i ><0.15 og 0.45
2.83x10™ 120 0.30
= K = 5.62x10°m/s=5.62 x 10 x (24 x 60 x 60) m/day
= K = 4.86 m/day
22. (o)
As percentage particles finer than 4.75 mm is 100% it means it is sand.
Dot C, = 1.40 < 6 — poorly graded
. Soil can classified as SP.
www.madeeasy.in © Copyright: MADE EASY
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23.  (b)
G L
R N
Y A I
11m ‘ Mmoo ¥ ————————
T f Ky h-34
4m Ysat 2m Ysat
| i
Ysat(4) = Yw (h) Ysat(z) = Yw(h - 34)
10h ' 10(h-3.4) 3
= Ysat = T o (1) = Ysat = 7 cee (11)

Equate both equation (i) and equation (ii)
10h 10(h-3.4)

4 2
= 2h = 4h -13.6
= h = 68m
10x6.8
Voot = =17 kN/m3
4
Y/ = Year ~ Yo
Y = 17-10 =7 kN/m?
24,  (d)
GYy
Yo = 7 AN
S
B 2.6x10
= 17 = —010x26
142D
S
= S = 04911
_ WG _010x26 _ o
©T s T 04911
. n = 0.346
At full compilation (S = 1)
: e = wG
e .. = 0.0 x 2.6 =0.26
- % —0206
Mmin = 74, ~
0.346 — 0.206
o = —— " %100
lAn 0.346
= %An = 40.46%
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=

25.  (¢)
g, for circular footing
q, = L.3CN_+ nyNq +03yN,
C = 0and Df= 0
{footing is at surface of cohesionless soil}
. (9.)cireatar = 0-3 YD NY{D = diameter of circular footing}
Now, g, for strip footing
g, = CN_+ YD;N, + 0.5y BN,
C = 0and Df= 0
{footing is at surface and soil is cohesionless}
(qu)strip =05 YD Nr
(qu )circular _ 03YDNY
(qu )strip OSYBNY
D = 2B (given)
(qu)circular _ EX§ _ g _12
(qu )strip 5 B 5
26. (d)
Given, w, = 35%, Ip =w, -wp=10%, w, = (Ip + w, = 10 + 35) =45%
VL-Vp Ve =V,
We know that, W —wp ——
Given, V, = (1-0.25) Vp =0.75 Vp
V, = (1-032)V, =068 V,
10 L—1 v,
v o Wmw)V, =V lors )
pT s Vi -V,) L_ 1y,
0.68 0.75
= w,-w, = 24.28
= w, = 35-24.28 =10.72%
Vi-V,)/V Vi-Vy)/V
Shrinkage ratio, R = Mxmo = W=V /Va x 100
Wy —Woy wp — Wy
(0168 j 1j
= ~———=x100=1.372 = 1.37
45-10.72
27. (a)

As the load is gradually applied from Jan 2007 to Dec 2008, the load is assumed to be instantaneously

applied at middle of loading period i.e. in Jan 2008.

Now,
Ah
AH

u

100 mm,
250 mm

Ah
Nl

t =4 years (from Jan 2008 to Jan 2012)

0.4

www.madeeasy.in
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T

Oyt
L

d2

Now there is no change in permeability, coefficient of volume compressibility and drainage depth

C, and d will not change

=

28. (b)

0.68

Ah

T2 _T 2
Ty, =—U" =—(0.4)" =0.1256
= U= 04)
t; =4 years
! t, =12 years {Jan 2008 to Jan 2020}

0.377 > 028 i.e. U > 60%
-0.9332 log (1 - U,) - 0.0851
~0.9332 log (1 - U,) - 0.0851

0.68 i U—A—h
68ie. U,= AL
A

250

170 mm

As the flow is in upward direction.

- P, =H +Z+iZ
Where, H, = Height of water above soil surface = 2 m
Z = Vertical depth of section =1 m
Ah 2
i = Hydraulic gradient = —=—=0.5
L 4
P, =2+1+05(1)
= P, =35m
Datum head = 3m
Total head = 3+3.5=65m
Head loss = Total available head - Total head at P
= (4+2+2)-(75)=15m
29. (a)
Test result e, = 110, e,=1.00
p; = 150 kN/m?, p, =450 kN/m?
c - e1—6 _ 1.10-1.00 — 0.209%
¢ logygpy —logypr 108y 450 ~log,( 150
© Copyright: MADE EASY www.madeeasy.in
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Now clay layer in field

110 ———
8
E L T e
i) |
2 [

1.00 ————1|—————:———— :
| | |
| | |
| 1 L

log 150 log250 log 450
Effective stress
H =5m

o
o, = Initial overburden pressure = 250 kN/m?

Ao’ = Additional pressure = 150 kN/m?
As per result of lab, initial void ratio of clay in field under initial overburden pressure can be

calculated as

1.10-1.00 1.10—-¢
logy9 450 —logy 150 logo 250 —log, 150
= ¢, = 1.054
~ CCHO10 oy +Ac’ |  0.2096x5 o {250+150} Couts
AR = 100 %% o | T 141054 250 |~ 1041>mm
30. (a)
10000 kN 10000 kN

|

10000 kN /|~ 10000kN 4m
I
|

— 4m—>/<— 4m —>
/

®P (7 m below G/L)
3 1 T7Q
o - | =
z b2 . +( ’ )2 ZZ
Z

r= 42 +4% =5657 m

Z=7m
Q =4 x 10000 = 40000 kN
5.3 1 °/? 40000
 2m 1 +(5.657j2 7)?
7

G, = 110.93 kN/m?
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