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CE508: GEOTECHNICAL ENGINEERING-1 Time: 3 hours Max. Marks: 100

Instructions to students:
1. Do notwrite anything other than your roll number on guestion paper.
5 Assume suitable data wherever required and mention it cleasly.

. 3

Writing appropriate units, nomenclature, and drawing neat sketches/ schematics/ flow chart wherever,

required are an integral part of the answer.
4. Semi-Graph paper can be requested from
papers for plots necessary for relevant problems.
5. Appendix: Hydrometer Analysis Tables ~ |

the invigilator for solving Q 44 and Q9B and Arithmetic Graph

stions (5 questions @ Tmark)

. Tn its natural condition a soil sample has s of 198 kg and a volume of 0.00Im’. I
the mass of the sample is 1.80 kg. Specific

After being completely dried in an over,
gavity Is 2.7. Unit welght of water s 10 kN/m’. The degree of saturation of soi is:

- choice qu

(@) 065 (070 (054 (D06l

3T A tetrahedral unit consists of a ceniral silicon o hatis sumoupded by numberof | :

oxygen atoms located at the corners of a tetrahedron.

A6 b e A T |
i A borrow pit soil has a dry density of 17 KN/ . How many cubic meters of this soil will : :
" be req;lired to construct an embankment of 100 m volume with a dry density of 16 :
CkN/m”. '
iv. . A given Cohesionless soil has emax = 0.83, min = 0.5. In the field, the soil is compacted “
© to a mass density of 1800 kg/m3 at water content of 8%. Take the mass density of water - :

as 1000 kg/m3 and GS = 2.7. What is the value of relative density, Rp
 (9)56.43 (b) 6025 (¢) 62.87 () 6341

VA combination of Aluminium-Hydroxyl Octahedronsforms—
(2). Silicasheet (). Gibbsite sheet (¢) . Brucite sheet (4). None of the above R

N vlCLAYpartlcles are ﬂéky.“Their thickness is very small relative to their length &

' breadth, in some cases as thin as :
(2). 1/1000™ of the length. (b). 1/100" of the length.
(o). 1/10" of the length. _ (d). 1/ 150" of the length.

vil - WhlGh statement 1s correct: Shrinkage limit (wg) —
(a). Is the water content at which a soil would just begin to crumble when rolled into

a thread of approximately 3 mm diameter
(b). Is the water content at which a soil is practically in a liquid state, but has

infinitesimal resistance against flow which can be measured by any standardized

procedure ‘
t at which a decrease in moisture content does not

(c). Is the maxinium water contet
cause any decrease in the volume of the soil mass. It is also the smallest value of o
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Viii |

~ water content at complete saturation of the soil mass.
(d). None of these.

"Followmg statement are made on compacted soil, where DS stands for soil compac‘aon o
- on Dry Side of OMC and WS Stands for soil compacted on Wet Side of OMC. Identify
incorrect statement:

(@) Soil structure is flocculated on DS and dispersed on WS

(b) Construction of pore water pressure 18 low on DS and High on WS.
{¢) Soil on drying, shrinkage is high on DS and Low on WS.

(d) On addition to water, swelling is high on DS and low on WS,

X

As per the Indian Standard soil classification system, a sample of silty clay with liquid
hm1t of 40% and plasticity index of 28% is classified as :

Two series of compaction tests were performed in the laboratory on an 1norgamc clayey
soil employing two different levels of compaction energy per unit volume of soil. With

- regard to the above tests, the following two statements are made.
- I The optimum moisture content is expected to be more for the tests with higher energy.

II The maximum dry density is expected to be more for the tests with higher energy.

- The CORRECT option evaluating the above statements 1s :

' (A) Only Tis TRUE (B) Only 11 is TRUE (C) Both I and II are TRUE (D) Neither I nor
1lis TRUE. | RO S
' Short answer type questlons (4 questlons @25 marks) - 10

QZA

“degree of saturation of the sample.

A 1000 cc core cutter weighing 946.80 gm was used to find out the in situ unit weight of -

- an embankment. The weight of core cutter filled with soil was noted to be 2770.60 gm.
' Laboratory tests on the sample 1 ndlcated a water content of 10.45 percent and specific

aravity of solids of 2.65. Determine the bulk unit weight, dry unit weight, void ratio and

Q2B
- with in a clay mass ?

What is the technical reason that a lot of water may be held as adsorbed water

0.2C

Define the following: :
a).Physical Weathering, b). Chemical Weathering, ¢). Role of Soil Mechanics or
Geotechnical Engineering Specialist in any of the Civil Engineering projects.

Q2D

Define activity and liquidity index for a given soil along with its physical
significance ? :

i

What are the factors affecting compaction? Explain it precisely? Explain OMC and Zero . 05
Air Void Density? Write the relationship of dry unit weight in terms of water content

and Degree of Saturation?

_ Q3B

- Compare the compactive energy used in the IS heavy compaction test ‘with that of the IS 05

light compaction test? Which is giving more compaction effort and what is its ratio?
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Q4A

obtained:

Q4B

as

Two soils were tested for their consistency limits in thé‘llaboraté‘i‘*i/. The folld{%.fihg data were

Soil A ' Soil B

No. of blows, N : who No. of blows, N W%

8 43 5 65

20 39 15 61

30 37 30 59

45 335 40 58

Plastic Limit =25% " Plastic mit=30%

The natural moisture contents of soils A and B were measured in the field and were found to
be 40% and 50% respectively.

- Determine the liquid limit and plastic limit for both the soils A and B. Which of the soil has
* greater Jiquid limit and greater plasticity?

05

Using phase diagram representation in terms of volume and weight define Water Content (w),
Void ratio (e), Porosity (n), Degree of Saturation (S) and specific gravity of solids Gs, and also
give the mathematical relationship? '

05

‘The hqmd 1limit and plastic limit of a soil are 50% and 25% respectwely When the soil was

dried from its state at liquid limit, the decrease in volume was 40 percent of the volume at

liquid limit. When it was dried from its state at plastic limit, the volume decrease was 20
- percent of the volume at plastic limit. Determine the shrmkage limit and shrinkage ratio?

05

058

- An excavation was made in a clay stratum having y, = 2 T/m’®. When the depth was 7.5m, the .
. bottom of the excavation cracked and the pit was filled by a mixture of sand and water. The

- L thickness of tie clay layer was 10.5m, and below it was a layer of perviou$ water-bearing sand
. Y :

QEA

- (Figure 1). How much was the artesian pressure in the sand layer?

Figure 1

05

A gtﬂtﬂ‘tl}lll{?d‘ Isboratory reported these results of five samples raken from a single boring.
Determine which are not (:Grl*‘{’.‘t‘ﬁ\ reported, If any.

Sample #1: W= 30%, va = 149 KN/, v, = 27 kN/m™; olay.
Sample #2: W = 20%, va = 18 KN, v, = 27 £N/m”; st

© Sample #3: v = 10%, yo = 16 kMNAnT, v, = 26 LMy sand.

Sample #42 W = 2%, o= 17.3 EN/m’, . = 28 KN/m™; sfit.
Sanxp!c #I: vy = 2E T, Ya = 18 KN = Yx = 27 KNty stt

o5

Q6B The in situ void ratio of a granular soil deposfc is 0.50. The maximum and minimum void
' - ratios of the soil were determined to be 0.75 and 0.35. Gs=2.67. Determine the relative

density and relative compaction of the depoSit?
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b).n, =

a).Y, = (1 —n)G,Y,,
e(1-5)

Q6B Classify soils (A to F) on the basis of the data provided, as per 15:1498-1970 (Figure 2). 05 |
| - Where additional information is required, say what data is needed. -
|| Soil WL - lwe % passing % gravel % sand
through 751 | >4.75mm (4.75mm -
sieve (.075mm)
A 450 50 100 0 0
B 34 |20 80 0 20
C 60 30 90 0 10
D - Non-Plastic | 100 . - 0 0
E 35 20 20 60 20
; F - Non-Plastic | 10 20 70.
. Q.7A | The compaction of an embankment is carried out in 300 mm thick lifts (layers). The rammer 05
: used for compaction has the foot of area 0.05 sq m. The energy developed per drop of the
rammer is 40 kg-m. Assuming 50 percent more energy in each pass over the compacted area
due to overlap, calculate the number of passes to develop compactive energy eqmvalent to IS
: light compaction for each layer 7
j Q.713 The following test results were obtained for a fine- gramed soil: 05
: WL=48% ; WP = 26%
Clay content = 55%
Silt content = 35%
Sand content = 10%
In situ moisture content = w =39%
- Classify the soil by refereeing to plasticity chart(Figure 2), and determine its activity and
liquidity index
1S 1498 - 1970
& %
§ a.o? ﬁi__#'m
5 1 1 B o | B
£ 0P . - SN SN U= 5 S S—
£ - ' e Wi e OH |
1o |- <t /,/ :
::::"\*m BP0t |
¢ w30 30 O 0 0 10 W W w0
LIGUD LT, ey
__Figure 2: Plasticity chart as per Indian Standard Soil Classification System
; OR
Q7B Establish the following relationships: 05

S 0 - O
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QSA " Use the graja-size distribution curve shewn bk : - 10 |
' Aterberyg Winlts are LL =490 and PL = 35367 3 : }
Gravet | i Sard g Ly |
:q_é
E .
§ »
|
|
i 215 2 i tars 0.1 40¥5 401 L0 S }
Partiche Ulspreter {mm) : ‘
: : |
‘ Figure 3 |
Use the grain size distribution curve shown above(Figure 3) to classify soils A, B | :
and C as per Indian Standard Soil Classification System for both coarse and fine
_grain sizes. Soil Atterberg limits are:
" ForSoil A - NP, Soil B- LL=49% and PL=45%, Soil C-1.1.=45% and I,=25 (Refer to -
Plasticity chart as per Indian Standard Soil Classification System given in |
_Figure2:Platicity Chart).
Q.9A | The following data refers to a compact1on fest as per Indian Standard (light | 10 |
| - compaction): }
| Water |85 12.2 13.75 155 182 202
Content : |
(%) | i
Weight of | 1.80 1.94 2.00 2.05 2.03 1.98 ' :
wet ' :
sample f_s Li
(<e) | w.]<
- If the specific gravity of soil grains was 2.7, |
a). Plot the compaction curve and obtain the maximum dry unit weight and the ‘
- optimum moisture content; |
| b). Plot the 80% and 100 percent saturation lines;
). If it is proposed to secure a relative compaction of 95% in the field, what is the
- range of water content that can be allowed, and
- d). would the 20 percent air voids curve be the same as thP 80 percent sa’curatton ; i
curve? . S B 3
}
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Q9B

Q9B For theHydrometeranaIysm carried out using ASTM 152 H using Sodium 10
: - Hexametaphosphate dispersing agent for soil of specific gravity 2.65 the readings
obtained are given below. Construct the GSD for the fine particles? Also, classify
the soil. Relevant tables have been given in the Appendix.
Date | Time | Elapsed | Tenwp. | Actual
: Time Hydro.
{min} °c Rdg. |
Ra
29/L8 AL P 2 5 5
A0 i o AF
408 2 oy 2
430 * s 0
$2A b 25 =
§ 4 e s A
i 4140 <2 RE préz
{ &2 136 e =
09/16 | SR44 | 1 E% 15
OR e -
- A compacted fill is to be constructed using one of the two potential borrow areas 10

- Aand B. The in situ properties of soil at these sites are as follows:

' Borrow area A: en=0.80; wn=17.5% , Gs=2.65

Borrow area B: e,=0.68; wn=14.0% , Gs=2.65

The compacted volume of the embankment will be 50,000m3, its unit weight 20 -

- kN/m3 at a placement water content of 20%.

Soil from the borrow area is to be excavated and transported to the site in trucks of
10 m? capacity. During excavation and dumping of soil in the trucks, the soil '

- increases in volume by 10 percent. At the site, the required additional amount of
: water is added to the soil and compacted to the desired extent by pneumatic
rubber tyred rollers. The cost of excavation, transportation and compaction is Rs
400/ - per truck for borrow area A and Rs 500/ - per truck for borrow area B. 7
Water charges per truck is Rs 150/-. Which of the two borrow areas is more

- economical ? ' '

Page 6 of 8




Appendix

APPENDIX: Standard Tables and Figures for reference

Table 1. Values of Effective Depth Based on Hydrometer and Sedimentation

Cylinder of Specific Sizes

“Hydrometer 1511

" Thvdrometer 15211

1001
1462
BE
1004
10605
Logs
LonT
1008
(AR
1410
(RN
1mz
14013
HRIRE
1015
10146
1817
14018
Laiy
10240
1031
1032
14023
11174

p g
o
=

P oes
126
1027
£ 028
14129
1030
1031
1,032
1035
1034
14135
14034
1037
10538
1059

164
154
155
132
154
14,7
144
142
139
137
134
131
1239
126
12.3
121
118
113
i1
11.0
107
FERA
{2
ioa
W3
9.4
9.3
8.9
8.6
8.4
&1

.o

]

gt
6.8
65
6.2

o

59

d:’:%ng;;whlﬂ?\ﬂﬁi&ﬁui_i’xﬁ*“

EY o had k

16
17
18
i9
i
21

»
23
24
2
2
27
28

2
30

ETR:
10
{58
15.6
155
153
15,2
1543
148
147
145
143,
(12
140

¢ Tk A LA

[ R
fs

bo B Do D L

E ek Wk
(3 10 1ot
1 .ﬂd 5¢ !

s
A L

132
120
11.9
L7
IL5

e

Aol gt Actual S Actual wope o
Fffeetve . , Effectisg . Pffective |
Hydrometer Phepth. L fem Hydrometer Denth 1. fem Hydeometer Dents, 1 {(:m}
Rendipg | bos R Reading i, Aoy Reading P, Lo
{0 6.3 {1 16.3 31 11.2

32

3
o

=g O LT e Ba

fi ol B ol Sad Gad Lad Lep led L0 L
HaakiEy iy

g o
2 iy

3 1

45
46
47
48
49
50
51

ES IR SR U e

U

. D LAY W Ler T

o

P
54

&4

11.1
109
7
10.6
104
12
1t
98
a7
9.6
94
92
9.1
&89
B8
8.4
84
83
8.1
7B
78
76
74
7.3
i
EAS!
6.8
H0
63
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Table 2. Val

ues of k for Use in Fquation for Computing Diameter of Particie i%’
Hydrometer Analysis

C

Temperature |

Specific Gravity of Sofl Particles

CA)

T B2 BO {
LU I O 3% ok

3

I 534
0181319
L0134
LT

027G

{11312
G297

04132346

EEA R
GGI230
3255
G2

e

301193
Hotigz

245 250 255 2o 2,74 275 ZEQ 255
RIS DOI5E5  GolanT  BatAEe S 00N G 00137 i ang
DUISTL 001466 001462 G013 001417 G01396 001376 Bnissn 041538
| BULIEE 0167 081443 00421 051599 0oiATS 16350 G08330 (01521
| OMITE GBI 001435 peras e HGIAGT 0.01342 BAFLI0R
BOHI56 D031 001465 001386 040365 GO oo1ERs 3474287
BOM38 B0i4t4 00159 DALY (01348 DOI32E 010 403273
| BUMIT 001307 001574 D133 009352 001512 (s BH1258
HIA04 - QOST O0I358 01537 OMI31T 001207 notan 0.0 243 :
DOIIBE 001365 001542 4401321 DEHN 001282 00106 (ROIMG  pAaiRe
| 81372 0039 AT 65650 QOLIBE  GHI26T  BOIZT 001232 OIS

B3R
01165

N Xerieat)
01148
GOLITE |
GiTE1aR
F0E149 |

Fable 3. Temperatu

re Corraction

Temperature

"

- tacror Cy

ol el e i s s
LR ]

e
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oLy

o]

[

bnd Bud
g s

24
25
26
23
28
2
30

Factors &,

Table 4. Correction Factors a for Unit Weight «

' {Eniir'\}i’cégm osf

Soil Sedsds,
giom?

Covrreetion
factor
a

285
2
2.75
2y
265
206
233
250

58
097
(.58
0,99,
100
1.0
L2
104
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