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& REPORT ON GEO-TECHNICAL INVESTIGATION WORK FOR PROPOSED CONSTRUCTION OF

ESTABLISHMENT OF CENTER OF EXCELLENCE IN HEALTHCARE R & D FACILITY OF ASSAM

GOVERNMENT - IITG HEALTHCARE FOUNDATION .

1. INTRODUCTION: The work of soil Investigation was awarded to RELIANT FOUNDATIONS

PVT. LTD & RELIANT ENGINEERS .Sun-Polo Colony, Byelane - Dipar Boro Path, Near

Ayursundra Superspecialty Hospital, Ahomgaon, GARCHUK Guwahati-781035.

2, Soil investigation work by making boreholes :

2,1The field and laboratory investigations carried out by us to access the nature of sub-strata and to evaluate

the soil parameters required for design of foundations proposed to be constructed for proposed construction.

2.2Client's help is gratefully acknowledged in providing bore hole locations, close supervision and checking

during boring, sampting, various testing operations and cooperation and guidance during finalization of

report.

2.3 This report is based upon the results of field, laboratory tests conducted on selected soil samples

collected from borehole locations.

3. SCOPE OF WORK:

The scope of work provided to us for this project was limited to the following:-

3.1 Mobilizing necessary plant, equipments and personnel to the project site, setting up the equipment,

carrying out the field investigations on land and demobilization on completion of work.

3.2 Making 150 mm nominal diameter bore holes at the site in all types of soil using suitable approved

method of boring to be given at site by the Engineer-in-Charge. Refusal shall mean when SPT field 'N'

value reaches 100 for 30 cm or less penetration ofSPT sampler.

3.2.1 Conducting standard penetration tests in the bore holes at 1.50 m interval in depth as per specifications

/ instructions of Engineer-in-Charge.

3.2.2 Collecting undisturbed soil samples from bore holes at 3.0m interval or every change of strata,

whichever is earlier as per specifications.

3.2.3 Collecting disturbed soil samples from bore hole at regular interval and at every identifiable change of

strata to supplement the boring records.

3.2.4 Recording the depth of ground water table in all the bore hole if observed up to the depth of

exploration during boring work as per specifications & withdrawing the casing pipe.

3.3 Conducting the following laboratory tests on selected disturbed / undisturbed soil samples collected from

bore hole / test locations :-
(a) Bulk density and Moisture content

(b) Sieve analysis

(c) Hydrometer analysis

(d) Liquid limit & Plastic limits
(e) Specific gravity
(f) Shear test on undisturbed and remoulded saturated dishrrbed soil samples

1
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&. REPORT ON GEO-TECHNICAL INVESTIGATION WORK FOR PROPOSED CONSTRUCTION OF
ESTABLISHMENT OF CENTER OF EXCELLENCE IN HEALTHCARE R & D FACILITY OF ASSAM
GOVERNMENT. IITC HEALTHCARE FOUNDATION .

(g) Determination of void ratio.

3.4 Preparation and submission ofreport in three copies.

4.0 FIELDINVESTIGATIoNSI

4.lNecessary plant, equipment and personnel for conducting the requisite field work were mobilized to the

site.

4.2 Borc hole was bored at this site using Auger and wash boring method as per IS: 1892-1979. Casing or

Bentonite has been used as required to retain the bore hole. Depth ofBore hole was 35.50M.

4.3.1 Standard penetration tests were conducted in the above bore hole at every 1.50 m interval & at

change of strata as per specifications / instructions of Engineer-in-Charge. The bore was cleaned up to the

desired depths. Standard split spoon sampler attached to lower end of 'A' drill rods was driven in the bore

holes by means of standard hammer of 63.5 Kg. falling freely from a height of 75 cm. The sampler was

driven 45 cm as per specifications & the numbers of blows required for each 15 cm penetration were

recorded. The numbers of blows for the first 15 cm penetration were not taken into account. This was

considered as seating drive. The numbers of blows for next 30 cm penetration were desipated as SPT 'N'

value. Wherever the total penetration was less than 45 cm, the number of blows & the depth penetrated is

incorporated in respective bore logs. Disturbed soil samples obtained from standard split spoon sampler for

all the above standard penetration tests were collected in polythene bags of suitable size. These samples

were properly sealed, labeled, recorded and carefully transported to the laboratory for testing.

4.3.2 Undisturbed soil samples were collected from the bore hole at every 3.00 m int€rval in depth & at

change of strata as per sampling specifications. These sampling tubes after retrieval from the bore hole was

properly waxed and sealed at both ends. These were carefully labeled and transported to the laboratory for

testing. Undisturbed soil samples wherever slipped during lifting, were duly marked in the field bore logs as

well as in the soil profile.

4.3.3 Disturbed soil samples were also collected from the borehole at suitable depths/intervals to

supplement the boring records. These samples were collected in polythene bags of suitable size. These

samples were properly sealed, labeled, recorded & carefully transported to the laboratory for testing.

4.3.4 The depth of ground water table was checked / measured in all boreholes.
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of waterofboreholeBorehole numberSl. No
0.00M From ECL35.50

BHO I

1.00M From EGL35.50BH02
1.00M From EGL35.50

BHO33

0.50M From EGL35.s0
BHO44

0.50M From EGL35.50
BHO55

0.00M From EGL35.50
BHO66

1.50M From EGL35.50
7

3.00M From EGL35.50
RHO88

1.00M From EGL35.50
BHO99

0.00M From EGL35.50
BHIOl0

0.00M From EGL35.50
BHI Ill

0.00M From EGL35.50BHI2t2
0.00M From EGL35.50

BHI3IJ
0.00M From EGL35.50BHI414

0.00M From EGL
BHI5l5

0.50M From EGL35.50BHI616

4.3.5 Summary of boreholes:

5.0 LABORATORY INVESTIGATIONS:

5.1 The following laboratory tests were conducted on selected soil samples recovered

From borehole / test locations: -

(a) Bulk density and Moisture content

(b) Sieve analYsis

(c) Hydrometer analYsis

(d) Liquid limit & Plastic limits

(e) Specific gravitY

(f) Shear test on remolded and saturated disturbed soil samples

(g) Determination of void ratio..

All the above laboratory tests were carried out as per relevant Indian standards' All the soil samples were
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Jh REpoRr oN GE.-TECHNT.AL rrwEsrrcArroN woRK FoR pRoposED ..NSTRUCTI.N o.
ESTABLISHMENT OF CENTER OF EXCELLENCE IN HEALTHCARE R & D FACILITY OF ASSAM

GOVERNMENT - IITG HEALTHCAR.E FOUNDATION .

6.0 FINDING OF GEOTECHNICAL INVESTIGATION:

The study of bore logs/results of laboratory and other field tests are tabulated through different tables as

annexure.

7.0 CALCULATION OF BEARING CAPACITY

calculation of Net safe Bearins capacitv based on shear criteria

IS: 6403-lggl recommends the following equation to calculate the net Safe Bearing capacity ' q,' based on

Hansen's Bearing Capacity analysis:

q.:l/T' {CNc S" 4 L + 9 (Nq- 1) Sq dc iq + 0.5 T B N, S, drirx R * }

Where, C = Cohesion of soil.

"l = Saturated DensitY of soil

B = Width of footing = 2.0 m (assumed)

R * = water table correction factor depending upon position of water table

with resPect to founding level

a = Effective surcharge at footing level = Y D (D = depth of footing)

N", Ng , \: Bearing caPacitY factor

S., Sq ,S1 = ShaPe factor

d", q, E = dePth factor

i", iq , ir = inclination factors

F = Factor ofsafetY:3

B ) calculation of safe bearins pressure based on tolerable settlement'

The safe bearing pressure is to be found out from the elastic settlement consideration and is found from the

following equation given I.S. 8009 (part-l) 1976

5r:- S*: (H/ l+eo) C" logro (Po + AP)/ P"

Sr: Final settlement in mm

So.a = Settlement computed from one dimensional test

Ht= Thickness of soil laYer in m

eo : Initial void ratio at mid height of of layer

C. = Compression Index
po= Initial effective pressure at mid height of layer

Ap = pressure increment

For the computation of settlement of foundation founded at certain depth, a correction should be applied to the

calculated Srin ttre form ofa depth factor to be read from

Fig: 12 of I.S. 8009 (Part-l) 1976.

Conected settlement 516: Ssx depth factor

Depth factor is dependent on the following

i ti: orptt of footing ii. L: Length of footing iii. B= width of footing

4
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R *r*o*, oN GE.-TE.HNT.AL rNvESTrcATroN woRK FoR pRoposED coNsrRucrroN oF

ESTABLISHMENToFCENTERoFExcELLENcEINHf,ALTHCARER&DFACILITYoFASSAM
GOVERNMENT. IITC HEALTHCARE FOUNDATION .

FOf gfanUlaf SOil settlement is calculated from the ,?l ethod Based on Dynamic PetutrationTesl as per IS 8009-

Part-|, 1976, realf;rmed 1998

- S"ttt"."nt of"u footing of width I under unit intensity of pressure resting on dry cohesionless deposit with known

standard penetration reJistance value N, (determined according to IS: 2l3l- 1963t), may be read ftom Fig' 9 (1S

SO1g-pqri-l) . The settlement ur,a", uny other pressure muy be 
"omputed 

by assuming that the settlement is

proportional to the intensity ofpressure.

8.0 Pile load capacity in compression

Ultimate bearing capacity in compression in sand, Qg from IS: 291l(Part-I)-1981

Qu -- Qr+Qf- 
= f,nd bearing resistance + Frictional resistance ofpile in sand and clay'

Qu = Ap (1/2D y Ny + Pp Nq) + I K Poi tan 6 Asi+ cr Ca As + Ap Nc CP

Qp.: AP (1/2 D 1N1 + PP Nq)

Qr.=IKPoitanDAsl
Qr": a Ca As

Q*= Ap Nc Cp

Qsafe=Qu/FOS=Qu/2.5
Where

AJ = Cross sectional area ofpile toe in cm2 '

*i, 
"q 

: bearing capacity factors depending upon theangle of intemal friction

K : earth presiure ioefficient (usually taken as 1'5 for sandy soils)

6 : Angle of wall friction between pile and soil'

As : Circumferential area of pile stem = flx I x d

I : Length of embedment'

d : Diameter of the Pile.

8.2 Pile load capacity in uplift
Ultimate upliit capacity Q ur= Skin friction in sand + Self weight of pile

: Qrs+ Qselrwi

5
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&. REPORT ON GEO-TECHNICAL ITWESTIGATION WORK FOR PROPOSED CONSTRUCTION OF

ESTABLISHMENT OF CENTER OF EXCELLENCE IN HEALTHCARE R & D FACILITY OF'ASSAM

GOVERNMENT. IITG HEALTHCARE FOUNDATION.

9. RECOMMENDATION OF FOTINDATION:

After obtaining the laboratory test results of the samples collected from the field and analyzing the subsoil parameters

in a very careful manner, the net safe bearing capacities of isolated footing foundation at different depths are

calculated and shown in table L.l & 1.2

Table 1.1: Safe Bearing Capacities of Footing Foundations

For Borehole:2,3,6,7,8

Table 1.2: Safe Bearing Capacities of Footing Foundations

For Borehole-1,4,5,9,1 O,LL,L2,L3,l4'L5,L6

t.
:! 6

I

Depth of
footing

from EGL
(M) Footing size (M2)

Net Safe Bearing

Capacities
(Metric Ton /Sqm.)

Shear Criteria

Allowable

Bearing Capacity

for 40mm

settlement

Recommended

Bearing Capacity

for 40mm

settlement

2.0 2.0x2.0 I 1.55 14.72 I 1.55

2.5 2.0x2.0 12.35 16.11 12.35

3.0 2.0x2.0 1 3.15 L7.42 13.15

Depth of
footing

from EGL (M) Footing size (M2)

Net Safe Bearing

Capacities

(Metric Ton /Sqm.)

Shear Criteria

Allowable

Bearing Capacity

for 40mm

settlement

Recommended

Bearing Capacity

for 40mm

settlement

2.0 2.0x2.0 10.27 10.31 10.27

2.5 2.0x2.0 I1.28 I 1.34 11.28

3.0 2.0x2.0 t2.31 12.33 I 2.3 1

Page



RCC Pile Foundation:

The load carrying capacities of bored cast in situ uniform diameter piles of 12.00M to 26'00M length with

pile diameters 45 cm, 50 cm and 60cm. respectively are calculated and shown in Table2'

Table2: Safe Load carrying capacity of bored cast in situ UnifOfm diamet€f pile:

For Borehole:213161718

Jh REpoRr oN GE.-TECHNT.AL rNvEsrrcArroN woRK FoR pRoposED coNSrRUCrIoN o,
ESTABLISHMENT OF CENTER OF EXCELLENCE IN HEALTHCARE R & D FACILITY OF'ASSAM

GOVERNMENT. IITG HEALTHCARE FOUNDATTON .

{

7

Page

Recommended Safe Load Carrying Capacity (tone)

Lateral
Pile

Capacity
(Ton)

Uplift
(Seismic)

Uplift
(Non

Seismic)

Compression
(Seismic)

Compression
(Non Seismic)

Pile
Cuto
ff

Leng
th

(m)

Length
of Pile

from
E.G.L.

(m)

Pile

Stem

Dia. (cm)

4.8013.80.041126.8121.45145
5.9215.7012.5631.23I 24.9850
8.5319.7115.7740.9332.74I

12.0

60
4.8016.5513.2429.8423.87I45
5.9218.8415.0734.59I 27.6750
8.5323.6618.9344.9635.971

14.0

60
4.8019.3115.4532.8626.29I45
5.9221.9817.5837.95

1 30.3650
8.s327.6022.0849.00I 39.20

16.0

60
4.8022.0817.6635.8928.71145
5.9225.1120.0941.33I 33.0650
8.5331.5525.2453.0442.43I

18.0

60
4.8028.4922.7993.8875.10I45
5.9232.3125.8s114.3491.47I50
8.5340.3632.29163.031 130.42

20.0

60
4.8042.3033.84112.3889.90I45
5.9247.7438.19134.891 107.9150
8.5359.0547.24187.69150.15

22.0

160
4.8057.5146.01132.84I 106.2745
5.9264.7151.77157.63126.10I50
8.s379.6063.68214.98I 171.98

24,0

60
4.8074.1359.30155.28124.22145
5.9283.2566.60182.55I 146.0450
8.5381.62 102.03244.89I 195.9160

26.0

"/7 
titrc\ 
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R *r*o*, oN GE.-TE.HNT.AL INvEsrrcATroN woRK troR pRoposED coNsrRucrroN oF

ESTABLISIIMENToFCENTERoFExcELLENcEINHEALTHCARER&DFACILITYoFASSAM
GOVERNMENT - IITG HEALTHCARE FOUNDATION .

For Borehole: 1,4,5,9,10,1 1,1 2,13 r14,15,16

Recommended Safe Load Carrying Capacity (tone)

Lateral
Pile

Capaciry
(Ton)

Uplift
(Seismic)

Uplifi
(Non

Seismic)

Compression
(Seismic)

Compression
(Non Seismic)

Length
of Pile

from
E.G.L.

(m)

Pile Stem

Dia. (cm)

4.8012.489.9823.3318.66I45

14.2411.3927.1521.72I50
8.5317.9614.3735.5528.44I

12.0

4.8015.4512.3626.6521.32I45
5.9217.6114.0930.84I 24.6750
8.5322.1917.7539.9831.98I

14.0

60
4.8023.9019.1274.00I 59.2045
5.9227.0821.6690.6472.51I50

33.7326.98130.91I 104.73

16.0

60
4.8033.8127.0587.0469.63I45
5.9238.1630.53105.1384.10I50
8.5347.2137.77148.301 '18.64I

18.0

60
4.8045.1936.15102.13

1 81.7045
5.9250.8840.70121.8997.51150
8.5362.6450.1 1168.41134.73I

20.0

60
4.8058.0346.42119.2595.40I45
5.9265.2052.16140.93I 112.74

8.s380.0'l64.01191.26153.01I

22.0

60
4.8072.3157.85138.43I 110.7445
5.9281 .1564.92162.23129.7850
8.5399.3379.46I 173.46

24.0

60
4.8088.0670.45159.64127.71I

5.9298.7378.98185.80148.64I50
8.53'120.6096.48245.11196.09I

26.0

60

>* Page
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{ 4.t

Pile

Cuto
ff

Leng
th

(m)

5.92

60

8.53

50

I

216.83

45

cl



th REPORT ON GEO-TECHNICAL INVESTIGATION WORK FOR PROPOSED CONSTRUCTION OF

ESTABLISHMENT OF CENTER OF EXCELLENCE IN HEALTHCARE R & D FACILITY OI'ASSAM
GOVERNMENT - IITG HEALTHCARf, FOUNDATTON.

10.0 CONCLUSION: Pile foundation recommended. Safe pile load capacities are shown in above Table.

Safe bearing capacity of soil as wll as pile load capacities shown in above table . soil at this site is of silty
clay type upto an average depth of 18.00m so that it is predominantly sandy. Pile resting on sandy strata

shows relatively higher capacity.

* 9
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CaculatiurofNats#ehatif€capacity(8ha'arCrit8'ia)

Deghofnanndn.Of- ? m

Anglc of slraring resi*tamc frx Iocal failurc = On * lan tanO

factor

Shape, tlep{r and tncllna$on fac'tor

Shape tuctgr , Oepth factor

tnclinatioo
fa{*or

wats table Gotectiofi
fnr:rel

Sc= 1"3 dc= '1,23 lc= 1

w'= 0.5
sq= 1.2 dq= 1 iq= 1

Sv= 0"8 gly =
,l tY= 1

Ultimate bearirE capacity (qd) ( Localstrear Condition)

q6={2/3cNcagdtic} + {yD{Nq-tFqdqiq} + t0'5VB}ff sVfiiYW'}

{0" {0.671 3.9

"+{ 1.0 x

,+ { 05* t,B

Net Sa(e be*rirg cePaci$. Qm

F. factor of saloly - 3'O

r 1.3 x 123

133.-1)x 1'2 x

x 0,7S x 0'8

ri
x I x 0'5 1

x

2

I

t2s

r{
2

x ll
1x
xl

Qd= 30.11 .+ 4.0176 '+ 0.54 .= 34.66 llkfic bn*elsqm

{olF = 3a.6S lre*rtcrnne&+n/ 3

Om = 1 1.55 t *ic tonnelsqm

(lns 
= 113.2 KN/$qm
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3-9 bb$r $&mgrSod dsttsity. v (llHic ho'nt3)= i'g0
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Scttlsffcilt Andystr 6 per US 80O*'19t6

Toal settlsnsn, St = Si-l'Sc

St3 lotsr setrrettten t , * tfi,refiiate febstk, settk nr:nt 
' 
* ' Prtunory ca,/rsoi,,atiut saftbment

p'Loadintensitv,B'Widthoffoundation'p=Poissonsratio

I ' lnlluence factor, Es = Modulur of *lasticity of soil

Ht = Thickness of soil layer , eo = lnitial voil ratio at mH height of of layer

cc = compressir:n lndex , Po = lnitial effectice pfessure at mid height of layer

Ap = Average pre$sure increment due to foundation loading

1. Seltlement of day strata

A. Calrula$onof lmmediate se$lem€nt

t 2100

g: 0.5

Settlement si

Settlement 5i 11.

8-Calculation of consolidation Sr

0.11

4

1.9

7,6

m 3.579613611

S{ 0.04899

Settlement 5c {mm}1- 48"994

2
gi * 9S{l-p }rtE*

Total s€tthment Sc : A+B =

f,orrectonfadors

lt

rlr

Sc = Soed = {Ht/ l+eo} Cc loe10 tpo + Op}/ po

60.769

39.4Sl9IBtit mm <{OMM Safe

o.65

( for raft

d 9.5.2

0.8

a

=

N.i5

1
I

of foundation Dl
2inm =
2

SREATH s inm =
1

1.12
INFLUNCE FA TOR

t4.72load intensitY (t1mi2)=

UB= 1.00

rld{13},- 1"00

Total Corrxted seRlemeat, 5r'

Offi'clne*ion factor from

F[ 12 of l5 -8009 Ptl. C.f'

tJ8=

(4=

0.54
eo.

H {rnl=

freld density (Vma3)=

p:



Settlerner* Analysll r per l3 8qM-19?6
'Irnal settlcrn€m. St * Si+Sc

Sts furcrsrtfJsrnerrt , Si= lmr,8d,0,re {ehct rr 5eft er?rrt}t , 5c - ?timsry consofrdsf&rr settlem*nt
a

Sr,,"pB{l-p iI/F.s 5c= Soed= (HVr+eo}Ccbel0tpo +Ap}/po

0 = toad intensity, 8; Width of loundation , p = Ptt{*ons ratiro

I = lnfluerre futtor, Es:* Modulur of ehrticity of ssil

Ht = Thickness of soil layer, eo = lnitial void ratio at mkl height of of laryer

Cc= Comprssion lndex, Po = lnitial effeaive Presgre at mid helSht of layer

Ap = Awra8e pre5sure increment due to foundation loading

l-. s€ttlement of clay strata

A. of lmmediate rettlement

E tVma2}= 2100

ll= 0.5

trrt, s ;J 0.012884927Settlement

S.ttle*"nt (mm!. Si =l 12.884943L

B"Calculation of con solid ation settlernefl t= Sc

Total settlernent Sr = A+B ;

f.orrectionfadors

60.769

UB= l.m

tr(tJ)l- ,;l*, I r," 0.80

ll

It

Total Corrected settlunerrt, Sc : 3!L49{l!19867 rnm <tmhdM Safe

*

2.5Oepth of foundatircn Of (M) =

2I"EI{GIH(Qinm =

2BRtATHtBlinm =

1UB=
1.12INTLUNCE FACT0R (h)=

16.11Load intensity (Um^Z)=

0.11CcF

0.548o*

4tl (m)=

field density tt/rnA3)= 1.9

P= 8.55

AP = {at tllZ m depth} 4.026539799

Settlement 5c {m}. 0-04788

47,884Settlement Sc (mm).

f[ 12 of lS -8009 Ptl. C.F=

Depth conection

fiigidhy faaor { raft

d 9.5.a

C19.2.3 of 6
pr€ssure

0_65

0.8



Settlentent Anatyatr as per 15 8OO:r'f 9?6

Total $ettl€rnefl . St = Sl+Sc

5f= Iotol setthrne st , 5b krwwdiare fehsrrl settbrcc t , sc, a Prtutwy cons*ll*lsttuxt settktlent

Sc = Soed = (HV l+eo) Cc lo610 {po + Ap}/ po

p = lcad intensity , 8 = Wdth cf foundatlon ' F 'Foissons ratio

I = lnfluence factor , Es = Modulus of elasticity of soil

Ht = Thk*ness of soil layer , eo = lnitial void ratio at mid he[$rt of of layer

cc = fpmpression lndex , PE = lnitial e{f*tiw pr$ssre at mid heBfrt of layer

Ap = Average pressure incement due to foundation loading

l. Settlemeot of claY strata

I
tir *pt}(l-r )l/lis

A. Calculation of ,ettl€m€nt

39.4!99fr!29 mm <rXtrllM Safe

E
21m

p= 0.5

Sr

s€ttlement 5i L3.93850695

B.Calculation of consolidation lettlernent=

Total $ttbment 5c :A+B=

Correcdoaterl

60.759

It

UB l.qq

t). 0.67

3DIfoundationof
2intn =
2inm =B

1

1.12FLUNCI FACTOR

17.42
load intensitY {t/mA?}=-

0.11
Cc-

0.54

4

1.9
f leld density (tlm ^!!:-

9.5

AP = {at H/2 m dqP!!)--
Settlement 5c {m}'

46.831ffi1Gent scimml'

De fa$or from

Figf2oflS-80ffiPtI' CF= 0.65

f,igidfty tactor { for raft

loundatlon) d $.5.2

0.8

Total Corrected settlement, Sc '

{

UB=

Se$lement (m

8o*

p:
4.355783424

0.0{683

t)rr
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fl= 2 Length L= 2

Cacula$on of Net safe bearing capacity { Shear Criteria}

Oepth of fuundn, D1= 2 m

Angtc of shering rcsistance fCIr local failurc = 6 - * tm
t2/3 

rar.6

Shape, Oepth and inclination factor

Shape factor Degth factor

lnctination
factor

Wat€r tabls corection

ffi
Sc= 1"3 dc= 1.23 ic= 1

Iw- 0.5sq= 1.? dq= 1 ig= 1

$v= 0.8 dy= 1 iy= 1

Ultimate bearing capaci{ (qd} t Localshear Condition}

qo={2EcNescdcic } + 1y D{Ne-lFEdqiq } + t0-5vBNv sYdviyW'}

Qd=

Qd. 2625.+ 4.0176

Net Sale bearirq ryad$ . Qnr

F: fador of *afety = 3.{}

Q*= 10.?7 Metric tonne/sqm

Q* = 100-6 KNlsqrn

{0.67x 3.4

.+{ 1.8 x

.+ { 0.5x I.s

x1.3r
1.98.-1)x 1.2

xO75x

x

1

T

x

2

x

7.23

x(
2

1.23

x

0a

1)

x

t

1i
x 1 x 0.5)

+ 0.5{ .= 3t}.8 tlEfric lonnalsqm

Qc/f = 30.80 Merictorrdsqm I 3

(

-n

*

*

parameter

Cohesion, C= OJ.l xglson=

,Y = 1-80

3.4 Usqm Sutnrerged derxsaty, V $*etric t'or/rn3)= 1.flI

Angle ol'intcmal

. sheacondiibn Local

Nc INq Nv:11g
0"757%l l.stom lr

6U_

*



Setdement AnalYril ar Per tSm:L19r6

Tdal settlemenl , St: Si+Sc

St= Iota{ satilernerrt , 5i= ,rfinr€dia tc (ebstr} *tt,envot , Sc = Primory coasoftktri,,l s ettkment

?

s1=plt{l-r, ltlt* Sc. Sced= {Ht/1+eo}Cclo$O{po +Ap)/po

p = Load intensity, B = Wdth cf foundaiion , F = Poissons ratb

| = lnfluence factor , Es = Modulus of elasticity of soil

ilt = Thidness of soil layer, eo = lnitial rrc&l ratb at mkl hesht of of hyer

Cc = fompression lodex . Po = lnitial effective pre$sute at mid hef,ht of layer

Ap = Average pressure increment due lo foundation bading

1. Settlement of claY strata

A. Calculation of lmmediate settlernent

€ (t1m^2!= 1800

u: 0.5

Settlem*nt 5i 0.009618804

si

B"Calculation of consolidation settlemeot= Sc

Total settlement 5c = A+8 =

Conectienlatitrs

60.769

L,lB= l.m

ll

$t

3$l-5008513 mm <rUXvlM Safe

olj!

+
J
LrJ 1*
rs

:Y

2Depth of foundation Df (M) =

2TENGTH ( t) in m "
2EREATH(Blinm =
IU8=

1.12INTLUNCE FACIOB {h}=

10.11Load intensitY (Vm^2F-

0,18
Cc,,

0.878cc

4tl {m}=
1.8fieH dersity (Vm^3F
7.2P=

257546s2836P = (at Hlz m deplttl_
0.05115Settlernent Sc {m}*

51.r51Settlement 5c {mm}'

Depif cotiecthn fador frorn

fig 12 of 15 -8049 Ptl' C.F= o.65

Rigidity factor { for raft

foundation) d 9-5.?

0.8

Total Corrected seltlement , Sc =

{

9.5r8803723Settlernent (mm

C19.2.3 of 15



Settlctrent AnalyCt as per lli 3OO3'1976

Tdfll $sttlemcnt , St * Si+Sc

St= Iotorretderrre at , 5t- lrFr,rH,dlr{/tt (ebstrj scttJenrent , Y - PriflPry consofidatfsn xttkment

2

si *pBtt-p )t/Es sc= soed= {Ht/r+eo}&lqlo{po +apl/po

p = load intensity, B = Width of foundation , p = Poissons ratio

| = lnfluence fastor , fs = Modulus of dasticity of soil

Ht = Thiclness of soil layer, eo = lnitial voi., retb et mid height of of byer

cc g cornpressbn lnder, Po = lnitial effecti$e Prelsrrre at mu hefht of hyer

Ap = Avera8e pressure increment due to foundation loading

l. Settlmrent of claY strata

A. Calculation ol lmnrediate settlement

E tVmn2)= 1800

uE 0.5

Scttbment {m}, Si = 0"010584654

Settlement {mqll: 10.58466391

B.tukulation of consolidation settlement'Sc

Total scttlement Sc = A+B =

Correalon factss

lil

Toral Correrted setdem€nt,5c :

60.769

39-$XXts984 mm <il0MM Safe

Vt= 1.00

lY,j{l^.B}* IArr--*
t,

t

tr

?.5Depth of foundaticn Dl (M) "
1

LENGfH{Uinm *
2BREATII{Bf inm =

1
VB=

1.12INTLUNCI FACTOfl {lt}=

11.34Load intensitY {t/m^li"

(6:" 0.18

€o. 0.87

H {ml=
I

field densltY lt/m^3). 1.8

pz 6.1

6P = (at Hlz m !qp!!I_ 2.835177832

Settlernent Sc {ra}' 0-05018

SeRternent Sc {mm}= s0.185

ffifn arreaion {actor frorn

Fig12of lS-8009ftI. LF= 0.65

Rigidity factor ( for raft

foundatironl d 9,5.2

0.8

preglure

of tS



5ettlenent Analysir ar per lS gXtlUrT6

Tcxal satlsneflt, st = si+sc

SF fobl settknrenl , Sb tmmdtutls frbrfra, srtl&ntsnt , 5c a Frimary coosoMatbn *ttlefirent
7

si -pll(l.p )l/I,s 5c= Soed= {Ht/1+eo)Ccbgf0(po +6p)/po

p = load inten{ty, B * Width o{ foundatbn ,lr= Poittonrratio

I = lnfluence factor , Es = Modulus of elasticlty af soil

Ht = Thi*ness of $dt try , eo = lnftial rrcid ratb at mid he[ht of ol layer

Cc = Cornpression lndex , Po = ln3tirl ellective prtrssure at mid height of hyer

Ap - Average presture infiement due to foundatlon bading

1" Settlement of clay strata

& Calculation of lmmediate seltletnent

E {t/m^2}= 1800

u= 0.5

Settlement {m},5i =l 0.011510313

setrkment {mm}, si =l 1L5r031323

B.Calculation of ccnrolidation s*tllemerk Sc

Totalsetthmeot Sc ' A+B *

Gorrectlor factors

60,769

It0,= l^m

rv{(Lts)- rsol*ip1 n> 0.67

II

lil

Totel Corrected settlernent, Sc : 395OH)5255 mm <40M1\,1 Safe

Depth of foundation Dt {M}. 3

I."ENGTH (L) in m = 2
"tBfttATH(B)inm =

UB= 1

1.12INTLUNCE FACIOR {lt}=

72.33Load intensity (Vm"2l*

Cc= o.18

€*" 0.87

H (m). 4

field dendty {t/m^lP 1.8

9p:

6P: (rt H/2 m depthl 3.0s3119615

Settlement Sc {m}= 0.04926

Settlement 5c {mm}' 49.?59

Depth correctbn fxtor from

F[1?oflS{(89Ptl. C.f= 0"55

Rigidity factor ( for raft

foundation) c|9.52
|= { Pore pressure correction

factor, Cts.2.3 of 6 8009, rtl, 0.8
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CALCULATION OT PILE CAPACITY

12.000 f Liquified strata than liquified level No
Pile cutoff Length (m) 2.000 Pile Terminating level

6 0

16.30

Ultimate pile capacity , Qu * QP + Qs = { Ap Nc Cp + Ap (l& D T NT + Irn Nq} +[ Sum (K PDi tan d Asi) + alpha x Ca As I
Qp * End bcaring rssistnce . Qs * Frictional rcsistsnce

Pile di 0.45

2 I'ile dia 0.50

3 I'ile d 0.60

Bearing Capacity Factor

Nc Nq Ny

9 0.00 0.00

_agi

+ *

I

Depth from Dopth to

Lerurh

bslo$'

cutolT{m}

'thidop*r

of cilrd

la,vcr

t.r
Cav.

l;'nt?
alpha

Pilc dis D.

r!1

Clrcumfcnart

id arer A*
m!

K phr

Yrub

{ mctrlc

lotttflSl

pu'

rorr/m2

Qr*.

Toryx
Qp,

'l'onne
Qu,

l onnr

Qsafe ln

cnptwriou

ll,tctrie

Tonnc

Q safi

Uplill
Mctic
'fmnc

0.00 2.m 2.00 lgnorcd

2.00 13.00 10.00 5.10 0,42 0.4s 1{.14 30.28

10.00 0.46 30.48 23.33 63.61 21.45 1 1.04

0.00 2.00 2.00 lgnorcd

2.A0 12.00 10.00 6"10 c.50 33.65

10.00 0,50 33"65 28 80 62 45 ?4.94 12 56

0.00 2.00 200 lgnored

2.00 12.00 10.00 6,10 0.42 0.60 18.85 40.38

10.00 0,60 40"38 41 48 81 85 3t.74 1S.77

M)

Y t mrtic
mwm3)

0.42 1S"71



CALCULATION OF PIIE CAPACIW

Pile Length .(M) 18.000 lf Liquified strata than liquified level NO

Pile cutoff Length (m) 2.000 level

Angle of lnternal Friction at Pile Tip (Degree) 6 0

at Pile c 16.30

Ultimatcpilecapaciry-,Qu * QP+Qs= {ApNcCp+Ap $nDTNT+PnNq} +{ Sum(KPoi tandAsi)+ alphaxCaAs }

Qp * Hnd bearing reristn*s , Qs = Frictional reristsncr

din 0.45

Pile dia 0.50

3 Pile dia 0.60

l:.E

{)

Bearing Capacity Factor

Nc Nq Ny

9 0.00 0.00

ll'l

(]$,

Tonnc

QF.
'l trnne

8,n,

Tsru$

m

coprrrrion

Msuir

0 csfc

tlplill,

Mcricl)r1rh from Dcprh tu

t ffr$h
helo*'

curoff(m)

Ihir.kiurs
ofrud
lryu

tr
Cqr,
'l'lml alpha

Pile dio D.

n1

Cirrumfamt

irl rrl Ar,
m2

K phi
Y ( mctric

mdmS)

Ysub

{ $etris

tondn3)

pr}'

t$n/ml

0.00 ?00 2.00 lgnorud

?.00 't8.00 16 00 5,10 0.42 0.45 22.62 48.45

16.00 0.45 48.45 23 33 71 78 28.71 17.68

0.00 2.00 2.00

2.00 r8.00 16.00 5.10 442 0.50 25't3 $3.83

16.00 0.50 53.83 e8 80 82.64 33.06 ?0.0c

0.00 2_00 2.00 lgnored

2.00 18.00 16"00 5.10 0.4? 0.60 30.16 64.60

16.00 0.60 84.60 41.48 106 0B 42.13 25.24

I

t
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CATCULATION OF PITE LOAD CAPACITY

Pile Lensth .(M) 18.000 lf Liquified strata than liquified level lNo.
Pile TermPite cutotf Length (m) 2.000

le of lnternal Friction at Pile ree fi 35

Cohesion at Pile c 0

ultimatepilecapacity,eu * ep*es*{ApNccp+Ap(ti2DyNy*PuNq}"r-{sum(Klloi tandAsi)+ alphaxc'aAs}

Qp * Entl bearing resistnce ' Qs 
* Frictional resistsnce

Baering Cepacity Factor

Nc Nq Ny o

9 40.00 48.03 3s

2

Pile dia nl 0.45

dia 0.50

3 Pile dia 0.60

ro

,"u

E
$

1,

o:1

Depth from Dcptlr to

t,mgth

txlow

culoff (m)

'Itrlckncss

ofrand

lnytr

l"i
(1.

T/ml
alpha

Itilc dtu D.

fl)

Clrcumfcrent

ial arua Ai,
mX.

K phl
Y { rncrric

ton/ml)

Ysutt

( nutric

tonirnS)

po'

tonrm?

Qr,
Tonne

Qp. l"annc
Qu.

'l'onne

Qffifi in

copltsslon

Mctric

Tonnr

Q safe

Uplift.

Mttric

Tonnc

4.00 4"00 lgnorGd 0.0

4.00 14.00 10.00 5.60 a.42 0.40 1if.14 0 1.84 0.84 8.40 33.25

14.00 18.00 4,00 4.00 0.45 5,85 1.20 35 1.86 0CI6 10.1? 48.09

't5D g 6.75 16,00 s.75 0.45 0 1"88 088 14.34 81.34 92.74 174.08 69.63 27.45

0.0
CI,00 4.00 4.00 lgnorad

4.00 14.00 't0.00 5,80 o.42 0.50 'r5.71 0 1.84 0,a4 8.40 36.S5

't4,00 18.00 4.00 4,00 0.50 6.28 1.20 35 1.86 0.88 10.12 53.43

84.10 30.53
15D e 7,50 18.00 7.50 0.50 0 r.88 088 15.00 90.37 119.88 210.20

ltt
lgnorod 0.0

0.00 4.00 4.00

4.00 14.00 'r0.00 5.60 o.42 0.60 18.85 0 1.84 0.84 8.40 44.33

14.00 18.00 4.00 4.00 0.60 7.54 1.20 35 1.86 0^86 10.12 &4.11

15D = 9.00 16,00 s.00 0.60 0 1.88 088 16.32 108.45 188.16 296.61 118.&4 x7.77

0,00



Ref : Appendix{(c|6.53}of lS?9lt (Part I/Sec-2)*2010

Stiffness lkctor f, =

[=

E = Modulus of Sla-tticity of pile mrleri*l= 5000{fu

ti=25xl0n KNlm! ftrrconcrcte for ta :35N/mm1

J = Momsnt of Inertia: a,f t&
B= D = diameter of pile

Deflcclion of pile

H(e+Z$xrooo
J-

t2 El

H= lateral load in KN

y = deflection of Pik head in mm

e = cantilever lengh above ground hed

Il= Modulus of elasricity in KN/m2

I * Mcment of tnertk in rna

7-r= DePth of point of fixitY in m

Cakulation Detailr (Clayl

" {71
{ r(a

s [7f
J,,^

fur clay soil

for mndy slril

1 Pile dia

2 Pile Length

file Length

3 ( soft soil)

B=D(m)

t{m}

t1(m)

5 k1= Modulus of subgrade reaction

6 K=k1x0,3/{1.5x8}

7 l= Moment of inertia

8 E = Modulus cf elasticity

9R

10 LUR

11 2R

12 3.5R

13 LflR

14 Lf

15 e {m} eccentricity

16 {Length of fixity)

17 y=( Permissible deftection mm)

18 H = lateral lod capacity

fck= 35 H/mm2

f= 29580398.92 KN1m2

0.45

14.m

0.00

17500.00 KHlm3

7777.78

0.00 m4

29580399 XN/m2

2.03

0.00

4.06

for Cohesive soil

( medium stifT)

L=12 > 2R

2.00

4.06

o.m
5-68

4.50

47.97 XH = 4.80 Ton

Itl *

(.



Rcf : A.ppcndix{ (cI6.J.2}of IS 291t (Rrrt t/S€c. 2} - ?010

o {et
Stiffnpss factor R - 

J"" 
for clay soil

f= syet forsandysoil

rJ'rft
H, * Modulus of Dlasticity of pilc material= 5000{fu

E-?5x106 KNI# forconc;Btc frx f"r =35 N/mml

| = Moment of lnertia = ,r O{ 164

B= D = diarnr*erofpile

De{lecrion of pile

r,: H{e+Zf)xrooo
J-

12 EI

H= lateral load in KN

.y = dcflection of pile hcad in mm

e * cantilcver length above groundl bed

E= Modulus of clasticity in KNltur

| = Moment nf lnertia in m{

Zr= Depth cf print of fixity in m

Calculation Details {Clay}

ftk= 35 Nlmm2

f= 29580398.92 KN/m2

1 Pile dia

2 Pile L*ngth

B=D(m)

Pile Length

3 {soft soil} Ll(m}

5 kX= Modulus of subgrade reaction

6 K*k1x0.3/{1.5x8}

7 l= Moment of inertia

8 E = Modulus of elasticity

9R

10 rvR
11 2R

12 3.5R

13 Lf/R

14 Lf

15 e (m) eccentricity

16 (tength of fixiry)

17 y=( Permissible deflectbn mm|

18 H = lateral kad epadty

L(m)

0.50

12.00

0.00

17500.00 Kl.l/m3

7000.00

O.OO m4

29580399 KN/m2

2"26

0.00

4.51

for Cohesivs soil

( medium stilT)

L=12 > 2R

2.00

4"51

0"00

5.68

5"00

59.23 l${ a

?VI

*,

r\

5.92 Ton

"i't$.



Itef : Appcndix{(clS.5-2}of [S29ll (f;art l/Sec'2]*2010

Sdffnsss ftctor ft x

'r=

1 Pile dia B=D(m)

2 Pile length L(m]

Pile Length

3 {soft soil) tl(m}

5 kl= Modulus of subgrade reaction

6 K=k1x0.3/{1.5x8}

7 l= Moment of inertia

I E = Modulus of elasticity

9R
10 LUR

11 2R

12 3.5R

13 rf/R

14 Lf

15 e {m} eccentricity

16 (Length of fixity)

17 y=( Permissibte deflection rnm)

1.8 H = Iateral load capacity

fck= 35 N/mm2

f= 29580398.92 KN/mZ

0-50

12.00

0.o0

17500.00 KN/m3

s833.33

0.OI m4

29580399 KN/m2

z.7L

0.00

5.42

tbr Cohcsivc soil

( medium stilT)

L=12 > 2R

*G7
J IrB
s {er
',J 

"r,

for clay soil

fcrr sandy soil

E = Modulus of Elasticity of pile material= 5000..jfu

E*?5x106 KN&nz forconcreta for f.1 =35Nlmml

| * Mornent eif Insrtia * 7r D{ /64

B: D = diameter of pilc

Dellection of pile

\r= H(a+Zflxrooo

l,:z,

fi= lateral load in KN

y: deflcction of pile he*d in mm

e * cantilevrr length above giround/ bed

E* Modulus of elasticity in KN/m:

I = Moment of Incrtia ir m{

Zr= Dep{r of Point of fixitY in rn

Calculation Details (claY)

2.00

5.42

0.00

6.G8

6.00

t5.29 l$t =

*\
8.53 Ton

t\T,

t\
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lS Slcrt Sizc

(mm)
WL Rtt$inc{t (gu}

Pcrcentagc

Wt rctaintd

{cil}

Cumrhtfut
ptrccnt

rctrincd {1/o}

Percsnt fr*er (t/ol

4.75 0.00 0.00 0.00 100.00

2.36 0.00 0"00 0.00 100.00

1.18 0.00 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100.00

0.425 CI.25 0.06 0.06 9S.g{

0.300 1.92 0.30 0.35 99 65

0.150 6.35 1.43 1.78 98.22

0.075 5.69 1.28 3.07 96.93

430.14 96.93 100.00 0.00

443.75

BH:-01

GRArn SIZE 4Iti*tIS,l$,;As oerlS: 249(Part- lVl

Deoth:3.00m

Particle Size Dlstrlbutlon Curve

i

0.01 0.1
Particle size ln

101

100

100

99

ssE
98 ii
98*
97

97

1A1

'r" '-"
tr(

Gnvel(%) Sand (%)
$ilt & Clay

lalol

0.00 3.07 96.93

,>

I ]-r.d

i



tS Sicvt Siit
1mm)

Wt Retalned (gm)

lerctnlrge
Wt retdtrcd

GP)

Cumulative

perccot

retrincd (er6)

Ptr{ent lintr (7o)

4.78 0.00 0.00 100.00

0.00 0.00 100.00

1.18 0.00 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100.0q.'-
0.425 0.15 0.03 0.03 99.97

0.300 0.58 0.13 16 ee.q4_
0.1$0 5.24 1.18 .34

0.075 7.10 r.59 94 97.06

432.?1 97.06 )0.00 0,00

445.28

BH:-'01

0.01

G-RAI|rI SltE AilAtY$IS. Ae rer t$: 720 fPart' 114

Daoth:8.00m

Particto Size Distributlon Curve

0.1 1

Par$cle aks ln (mm)

101

100

f00

9sb
sefi
98s
98

97
't0

,*

{.
Io"i I

I i i

I

t
I

Slh& Clay

{%t
s3nd (%,Gravel {%)

97.062.940.00

lt

I

I
I

I
I



IS Sieve Size

{mm)
lvt. Retsind {gm)

Pcrccotrgc

IYL reteined

(cnl

CuuIulatlve

perccnt

rctrlnd {!4)

Perc*nt lintr (7a)

4.75 0.00 0.00 0.00 't00.00

2.36 0.2s 0.09 0"09 99.91

1.18 0.96 0.34 0.43 s9,57

0.600 1.70 0.60 r.02 98.98

0.425 22.32 7.86 8.88 91.12

0,300 25,69 9.05 17.93 82,07

0.150 178.21 62.75 80.68 19.32

0.075 35.21 12.40 s3,08 6.92

19.65 6.92 1@.00 0.00

283.99

8H:41
9,8A,IV SIZS.I t{Ar vSIS. As o er rS i 2720 ffgrt' I!4

Denth:19.50m

Particls Size Distribution Cut1le

0.1 1

Par0cls aiza ln (mm)

101

100

r00

99b
eeE
98s
98

97

r00.01

+

l 't 1d

I

I

Gravel (%) $and {%}
Sllt E Clay

t%|
0.00 93.08 8.92

.+

.-..i.j

I

!

!

I



IS liiwc Sizc

(mm)
\Yt" Retrincd (gu)

Prrccntege
trYL rctrlncd

(gm)

Cumuhtivc
pcrccnt

rctrlned (fr6)

Pcrcent fincr {%)

4.75 0.00 0.00 0.00 100.00

2.36 0.35 0.12 0.12 s9.88

1.18 0.80 0.28 0.41 99.59

0.600 1.80 0.64 1"05 98.95

0.{25 20.'t4 v.t4 8.18 91.82

0.300 28.63 10.14 18.32 81.68

0"150 174.2',1 61.72 80.04 19.96

0.075 38.12 13.5't 93.55 6"45
{o t,r 6.45 100.00 0.00

282.26

BH:-01,

GRAITY $IZEAl,lAlySIS, As oerlS: 2720 /Part- Iyl
Depth:21.00m

Particle Slze Oistribution CurYe

0.'t 1

Particls eize in (mml

r-
120

100

80

60

40

2A

0

o
c
l!

s

100.01

LiA/y

\
7

I
I

/

/
!

I
I

Gravel(%| Sand {0,6}
Sllt & Glay

ltlol
0.00 93.55 6.45

lAd



lS $iwc Size

(mm)
wt. Rctained (gm)

Pcrcrnllgl
Wt. rctaioed

(cml

Cumulstive

prrcsnt

rctrincd (oy'")

Ftrcotr{ lintr (o/o)

4.75 0.00 0.00 30.00

2.36 0.00 I 0.00

1.18 0.00 0.00 100.00

0.600 0.00 0.0r ) 0.00 1

0,425 0.00 I 0.00 00.00

0.300 058 ). 1: 0.13 I 19 87

0.1 50 6.00 r3 1.46 s8.54

0,075 5.00 1 2"57 s7.43

438.42 t.4" 100.00 0_00

450 00

8H,:-t2

0.0{

GRAlttl SIZEAIVALYSI$. As oprts; 27?0 /Pafr'll4

Depth:3.N)m

Particle Size Bistribution Curve

0.1
Particle size in

101

100

100

99L oeefi
98 l?
98

97

101

v,

i.I

I

i

I

Gnwl (%) Sand {%}
Slft & Chy

l%)

0,00 2.57 97.43

+

I



8H:-42

GEAIIV SIZE AIVALYSIS. Asilrer IS; 27?0 fPart- IY)

Dgoth:4.50m

Particle Slze Distribution Curve

0.1 1

Paffcle eize in {mm}

101

100

100

9sh
ee€
98lt
98

97

0.01 10

IS $iuvc SizE

(ilm)
rc*L Retaiued (gnr)

Perccntrg*

Wt rctriflld

€m)

Cumulrtivr
p€rcf,nt

retaincd {Yr)

Pcrcent liner (%)

4,75 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0.00 100.00

1.18 0.00 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100.00

0./$2S 0.00 0.00 0.00 f 00^00

0.300 0.20 0.04 0.04 99.96

0.150 5.10 1.'t3 1.18 98.82

0.075 6.45 1.43 2.61 97.39

438.2:2 97.39 100.00 0.00

449.97

Gravel {%} Sand (%)

t I

I

i
i
I

it i

.!ti

/
l

l !

.C

I



BH::02

Of,AIi{ SIZE IIVAT }49tS. As tl*r I$: lnO lPr*,llr}
Death:O,00m

lS Siwc Sizc

(mm)
rfft Retalned {gm)

Pcrccntrgt
rrYt. rcteined

{p)

Cumulalivc
pcrccrl

r€tsind (7r)
Prrccut ftrer (?6)

4.78 0.00 0.00 100^00

2.36 r.00 0.00 0.00 100.00

1.18 I r.00 0.00 0.00 100.00

0.800 0.00 0.00 0.00 100-00

0.425 r.10 0.02 0.02 99.98

0_300 r.30 0.07 0.09 99.91

0.150 I 78 1.06 1.15 98.85

0.075 1.rt6 2.61 s7.39

).12 97.39 100.00 0.00

9.85

Particle Siza Distribution CurYe

101

100

100

99

99

98

98

97

o
E
lt
s

0.01 0.1 I
Particle rlae in (mm)

10

/
itil

I

I

l/ I

i

I

I

I

t

i

1

Gravel(%) Sand (%)
Sllt & Clay

t%l

0.00 2.61 97.39

u

s+



IS Siwt Siat

(mm)
lVt Rdeined (gm)

Perccntrgc

lVt rctrlntd
(gm)

Cumulrtivc

plreont

rcteind (Yo)

Pcrcmt lintr (7o)

4.75 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0"00 100.00

1.18 0.15 0.06 0.06 99.S4

0.600 0.45 0.17 0.23 99.77

0.425 35^00 13.38 13.S1 86,39

0.300 30.s1 11.66 25.27 74.V3

0.150 165"82 63.39 88.67 11.33

0.075 24.91 9.52 98.19 1.81

4.74 1.81 100.00 0.00

261,58

BHvA2

GRAII{ SIZE AITIALYSIS, As oer tS: ?730 fPart'lV}
Death:19.50m

Farticle Slze Distribution Curve

0.1 I
Particleslee in (mm|

120

100

80

609
IL

40 :t

20

0

0.01 10

',! i

lf;

<:

^r I

"i*

i
I

/
/

I
J
j I

I

t

Gravel {%} Send {%}
Sllt & Clay

lral
0.00 98^19 1.81

.-1.

r-

t

I



I5 Slcvc Size

(mm)
WL Retsincd (gtrr)

Pcrccnt*gc
r#t. rctrintd

(sm)

Cuuuhth"c
pcrcctrt

rotrincd (7ol
Percent firer (o/o)

4.75 0.00 0.00 0.00 't00.00

2^36 0.00 0.00 0.00 100.00

1.18 0.00 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100.00

0.425 0.00 0.00 0.00 100.00

0.300 4.74 0.16 0.16 9S"84

0.'150 6.35 1.38 ,.54 98.46

0.075 7.69 1.67 3.21 s.79
445.36 96.79 100.00 0.00

460 14

BH:-03

GRIIff SIZE AffAt)GlS. As perlS: 2720 {Zarl- IV}

Dedlh:1.54n

Particle Slz* Distribution Curve

I

I

I

I

I

101

100

99

g8

97

96

o

i;
:t

0.01 0"1
Parficle siro ln

1

Gravql (o,{} $and (%)
Sllt & Clay

l'lol
000 3.21 96_79

10

tr'
-J

.c),

I



B!1::Q3

dRArru srrEArvA{,y$lsr 4f-pprrs; ?720 fpalr- ,Ill
Deoth:6.40m

l8 Sieve Sizr

{nn}
1{t. Retained (gm}

Perceltegc
r#t rctrlncd

(gID)

Cumulatlve

pcroent

rctalaed {%)

Percent fincr (o/o)

4.75 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0.00 100.00

1.18 0.00 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100.00

4.425 0.00 0.00 0.00 100.00

0.300 0.20 0.05 0.05 99.95

0.150 1.01 0.25 0.30 99.70

0.075 4.56 1.12 1.42 98.58

400.21 98.58 100.00 0.00

405.98

I

I ti

!

I

I

i
I

i

Particle Slzo Distribution Curva

100.01

101

100

100

esb
ee€
gg ir

98

97

0^1 1

Particle eize ln (mm)

Gravel(%l Sand (%)

,\oNs

I'
+

I

I

il
iJ-
il J

lil
I



8H:'03

GRAIN SIZE ANALYSIS. AS O*r IS: ?720 (PATI.IYI

Deoth:19.50m

lS Siev* Sir:e

{mm)
Wt. Rctalned {gm)

Perccutegl

Wt rGtrlnd
(gm)

Cumulrtive
pcrtent

rctaincd (7o)

Perccnt fincr (Yo)

4.75 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0.00 100.00

1.18 0.15 0.m 0,06 99.94

0"600 0.32 0.14 0.20 99.80

0.4?5 30.21 12.76 12.96 87.04

0.300 25.32 10.69 23.65 76.35

0.150 155.21 65.56 89.21 10.79

0.075 1a 1a 9.80 99.02 0.98

2.33 0.98 100.00 0.00

236.75

Particle $ize Distribution Curvs

101

100

100

99b
eef
gg ri

98

97

0.01 0.1 1

Partlclg size ln (mm)

10

/

Gravel {%} $and (%)
Sllt & Clay

t?[)

0.00 99.02 0.98

T.?V

,o
r3u

t

'r



IS Sieve Size

(mm)
Wt Relaind (grn)

Percentegt
rrlYt. retrlucd

Gm)

Cumulative

pcrcelrt

rctrind (7a)

Pcrcent fincr {7r)

4.75 0.00 0.00 0.00 100.0t I

2.36 0.00 0.00 0.00 1

1.18 0.13 0.0s 0.05 99.95

0.47 0.19 0.24 99.76
lac u.21 13"48 13.72 86.28

0.300 30.f4 1 1^88 2s.60 74.4t

0.150 161.21 63.54 89.14 '10.t

0.075 24.33 9.59 98.73 1.z'. I
,^1 1.27 100"00 0.00

253.70

BHr03
GRAIN $lZE ANALYSIS. As per tS:2720 {Part tW

Deoth:21.00m

Particle Sizs 0istribution Curvs

/

:

t

I

I

I

i
/

I i;

lil

/'

120

100

80

60

40

20

0

o
c
l!

"{

i
t

0.01 0.1 'l

Particle size in (mm)

10

Grevel (%) Sand (%)
$llt & Clay

{%l

0.00 98.73 1.27

1. L
{i

4r



I$ Slcvc $irc

{mm)
lVt. Ilelnined {gm)

Pcrccntagr

l{t retaind
{cml

Cumulativc

perccnf

rcttincd (Yo)
Pcrccnt lincr to6)

4"75 0.00 0.00 0,00 't00.00

2.36 0.00 0.00 0.00 100.00

1.18 0.00 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100.00

0.425 0.00 0.00 0.00 '100.00

0.300 2.58 0,58 0.58 99.4?

0.150 7.47 1.68 2.26 97.74

0"075 8.21 1.85 4.11 95.89

425.69 s5.89 100^00 0.00

443.95

8H:-44

0.01

GRAtiI SIZ€AilAI,YS/S. As oerIS; ?72O (Part- t4
Deoth:T.54m

Particls Size Distribution Curve

101

100

99

e8E
e75
s
95

0.1
Pertlcla d:e ln

1 10

rT'0.

+

vr

I

t

i

I

I !

/

Gravel {%} Sand {'16)
Silt& Chy

ral
0.00 4.11 9s 89

,$

I



BH:41

GFAlfrI SIIEAfIIALYSIS, As perIS: 1720 /Part- lVl

Deoth:13.50m

fS Sievt Siz,e

(mm)
\Yt Retalnd (gm)

Pcrccntegc

Wt rctrinrd
(gtt)

Cumuhtivc
pereellt

ret*ined (o/o)

Prcent flner {r/r}

4.75 0"00 0.00 U.UU 100.00

?.36 0.00 0.00 0.00 100.00

1.18 0.00 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100 00

0.425 0.00 0.00 0.00 100.00

0"300 1.25 0.27 0.27 99.73

0.150 8.63 1.85 2.',r2 97.88

0.075 10.21 2.19 4.32 9s.68

445.21 95.68 100.00 0.00

465.30

Particle Size Dlstribution Curue

I 101

100

100

99

99

98

9g

97

@

s
IL

!e

0.01 0.1 1

Pafticla siza in (mm)

10

I

i
I
!

I
1

.1

:/
il

I
I

Gravel (c6) Sand (%)
Sllt & CIay

(%t

0.00 4.32 95.68

*
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IS Sievc Size

(un) Wt. Retainrd {gmf

Perccntrgc
r#t rctrlnrd

(gn)

Cumulrtivc
perccrt

rttrincd ('A)
Percrnt llncr (7e)

4.75 0.00 0.m 0.00 100.00

2.36 0.00 0.s0 0.00 100.0s

1.18 0.00 0.00 0.00 100.00

0.600 1.0'l 0,41 0.41 99.59

0.425 24"58 9.90 't0.31 89.69

0.300 35^69 14.38 24.63 75.3,|

0.150 125.45 50.55 75_24 24.74

0.075 ar al 9.35 84.59 15.41

38.25 15.41 100.00 0.00

248.1 I

BH:.A4

GRArIv SrZE SrvStyS.J,SrAs per rS: eruO (Part- /,y,
Deoth:16.50m

Particle Size Distribution Curvo

0.1 1

Pardcle size in (mm)

101

'r00

100

99b
eefi
gg )t

98

97

0.01 10

+

F'

o-

I

t

Gravel (%) Sand (%)
Sllt & Clay

r%t
0.00 84.59 15.41
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IS Si*c Size

tmml
\Yt. Retained {gm)

Percrutegr

Wt. rctalned

(gm)

Cumulativc

percent

rctcined (Yr)
Perceot finer ('/e)

4.75 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0.00 100.00

1.18 0.30 0.13 0.13 99.67

0.600 1.17 0.52 0.65 99.35

0.425 28.52 12.67 13.3e 86.68

0.300 24.14 fi.72 ?4.44 75.96

0" 150 140.21 6?.27 86.32 13.68

0.075 24.53 10.89 97 "21 2.79

6.28 2.79 100.00 0.00

225.15

8Hr01

0.01

GRAIIV SIZE AIVAI.YSIS. As oer lS: 2720{Part- IVl

Depth:72,54m,

Particle Slze Oistribution Curve

0.1 1

Per0clo 3lzo ln {mm}

124

100

80

mg
IL

40 f(

2A

0

10

{.

*l:'

i

I

/

Gravel(%l Sand {%}
Silt & Clay
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BH:-45

0.01

GRAIT,I SIZE ANALYSI$, AS SEr IS; TzA PA* IA
Depth:3.(Nm

Particls Size Distribution Curve

0.1
Particle slee ln

101

100

99

98

97

96

t
C
l!
s

11 0

lS Stevc Siee

(mm)
lvt. Rrtsimd (gm)

Percrnlagr

lilt rdrlntd
{sml

Cumulative

percenl

rctalncd ('1o)

Percert ltner (7o)

4.7t 0.00 0.00 0.00 100.00

2.36 0"00 0.00 0.00 100.00

1.18 0.00 0.00 0"00 100"00

0.00 0.00 100.00

Id' I 0.25 r.06 0.06 99.94

)0 0.63 r.'14 0.20 99.80

l. 0 7.01 .57 1.77 s8.23

I 6.33 .42 3.18 96.82

432.58 i.82 100.00 0.00

446 80
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l$ $icve Sizc

(mm)
$t. Rclalned (gm)

Percmtrg*

\t{. rcteintd
(gm)

Cumulative

prrcctrt

rctalaed {c/o}

Prrcent flncr (.?6)

4.75 0.00 0.00 0.00 100.00

2.36 0.0$ 0.00 0.00 100.00

1.18 0.00 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100.00

0.425 0.14 0.03 0.03 99.97

0.300 1.23 0.27 0.31 99.09

0.150 5.6S 1.25 1.56 98.44

0.075 7.6$ 169 3.25 96.75

440.71 96.75 100.00 0.00

454.S8

BH:-05

GRA$, SrzE tryAtY$lS. As oer rs.; 27?0 /Part- tlrl
Daoth:8.00m

Particle Slze Distribution Curve

0.1 1

Pardcle aize in (mm)
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100
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IS Sicve Stze

(mm)
Wt. R€rsiflcd (gm)

PcrcDnlrgc

WL rdsinld
(gm)

Cumulntivt

percent

rttained (o/o)

Prrcent tiotr (%)

4.75 0.00 0,00 0.00 100,00

2,36 0.50 0.18 0.18 99.82

1.18 0.92 0.33 0.51 99.49

0.600 1.00 0.36 0.86 99.14

0.425 14.52 5.17 6.03 93.97

0.300 30.25 10.77 16.80 83.20

0.150 175.63 62.51 79.30 20.74

0.075 20 a1 14.10 93.41 6.59

18.52 6,59 100.00 0.00

280.97

Bil:-a5
GRAUtt SIZE AfltLYSlS. As oar lS: l7l0 {Part- IV}

Deoth:24.00m

Particle Size Disribution Curvo

0.1 1

Partlcle eize ln (mm)
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lS $icvc Sizr
(mml

Wt. Retained (gm)

Perctntage

lVL rctrined

tcr.)

Ctrmuhtlvr
pcrccnl

rctrlncd (o/o)

Pcrceat finer (%)

4.75 0.00 0,00 0.00 100.( I

2.36 0.50 0.17 0.17 99.8i I

1.18 4.74 0.26 0.43 99.5 I

0.600 1.63 0.56 0.99

0.425 25.21 8.73 9.73 90.27

0.300 30.22 10.47 20.20 79.80

0.150 174"52 60.47 80.67 19.31

0.075 35.21 12"20 92.87 7
an Eo
-v. J9 7.13 100.00 0.0r

288.61

BH:45

GRAIII SIZEAilAIYSIS. As parIS: 27?0 fPart- tVl

Deoth:2*Nm

Particle Slzs Oistributlon Curve

0.1 1

Partisle eize ln (mm)
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BH:-08

GRAUV $lZEAitILYSfS. As oerIS; ?7?0 /Par(- tV}

Death:3.oqm

Particla Sizs Distribution Curve

i

I
j
!

I i

0.01 0.1
Par$cle eize in

10't

100

100

99L
o

99E
IL98a

98

97

01

IS Slcvr Sizc

(ntm)
wt Retrined {gm}

Pertcntagc

Wt rutrincd

{sm)

Cumulatir,c

perccnt

rctrincd {o/o)

Psrcent {lxcr (ohl

4.7s 0.00 0.00 0,00 100.00
2.36 0.00 0.00 0.00 100.00
1.18 0.00 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100.00

0.425 0.00 0.00 0.00 100.00

0.300 0.60 0.13 0.13 99.87

0.r50 s.89 1.30 1.44 98.56

0.075 5.23 1.16 2.59 97.41

440.21 s7.41 100.00 0.00
4S1 93

Gravel {%} Sand (%l

t-v
P

rttt

I



BH106

GRAIiI SIZEAflALYSIS. As perl$: 2720 fPaG lVl

Deelh:4"{_Qm

lS Sievc Sizr

tmm)
lVt Rckincd {gm)

Perccrtrgc

lYt rcteincd

Gm)

Cumulrtivc
percent

reteincd (7o)

Ptrcent fintr {Yo)

4.75 0"00 0.00 0.00 100.00

2. 0.00 0.00 0.00 100.00

1.1 0.00 0.00 0.00 100.00

0.800 0.00 0.00 0.00 100.00

0.425 0.00 0.00 0.00 100.00

0.300 0.30 0"07 0.07 ss.93

0.1 50 't.?5 0.28 0.35 99.65

0.075 6.€0 1.49 1.84 98.16

435.36 98. r8 100.00 0.00

443.51

Particle Size Oistribution Curve
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BH:-46
9fi4r.rV-,FlZF-A,VAL YSTS. As oer rS; 2720 lFarr- lVl

Oeoth:8.00m

lS Sleve Siec

{mm}
wt. Rr&ired {Em)

Perccntrgc
t#L rclrincd

km)

Cumulrtive
pcrcrnt

rc(rinrd (96)

Pertent liner (o/r)

4.75 0,00 0.00 0,00
,1

00,00

2.36 CI.00 0.00 0.00 00.00

1.18 0.00 0.00 0.00 r00.00

0.600 0.00 0.00 0.00 ]0.00

0.425 4.12 0.03 0.03 I 19.97

0.300 0.23 0.05 0.08 I )9.92

0.150 4.25 0,97 1.05 i8.95

0.075 6.32 1.45 2.50 r7.50

425.31 97.50 100.00 0.00

436.23

Particle Size 0istribution Curvs
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tS Sieve Sizr

tmm)
trYt. Retainrd {gm)

Pcrccntagc

rfft. rttained

em)

Cumuletivc

perceltt

rctrircd (Yo)

Prrrtnt fiucr {t4)

4.75 0.00 0.00 0.00 100.00

2.36 0.00 0,00 0.00 "t00.00

1.18 0.13 0.05 0"05 s9.95

0.600 0.50 0.19 0.25 99.75

4.425 35.32 13.77 14.02 85.98

0.300 30,25 11.80 25.81 74.19

0.150 160^32 62.51 88.33 11.67

0.075 25"92 10_11 98.43 1.57

4.02 1.57 100,00 0.00

255.45

BH:.48

0.01

9F.AiN SIZE ANALYSIS. As per lS: 272A Part- lYl

Death:21.00m

Particle Size Distribution Curve

0.1 1

Particlssize in (mm,
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lS Sicve Sizt
(mm)

r#L Rctained (gm)

Prrcentage

lYt rctrtrcd
{am}

Cumulcllvt
prrcant

rtlrincd {r/cl

Perccnt ftnct l?al

4.75 0.00 0.00 0.00 100.00

2.36 0"00 0.oCI 0.00 100.00

1.18 0.00 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100.00

0"425 0,20 0.04 0.04 99"96

0.300 0,23 005 0.10 99.90

0.150 6.10 r.36 1.45 98.55

0.075 4.89 1.09 2.54 97.46

437.98 97.46 100.00 0.00

449 40

8Hr07

0.01

ARAN SIZE ANALY$IS, As oar lS:272A Part lVl

D*oth:3,00m

Particle Size Distribution Curve
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lS $irvc Size

(mm)
Wl. Rrtxllled (gm)

Pcrccatrgc

Wt rtlrined
(sn)

Cumulrtivc
pcrrffit

rctaincd (?6)

?crtrnt n$cr (%)

4.75 0.00 0.00 0.00 100.00

2.3E 0.00 0,00 0.00 100.00

1.'t8 0.00 0.00 000 100.00

0.600 0.00 0.00 0.00 100.00

0.4?5 0.10 0.02 0.03 99.98

0.300 0.30 0.07 0.09 99.9'l

0.f50 4.45 0.99 1.08 98.92

0.075 6.21 1.38 2.46 97.54

438.85 97.54 100.00 0.00

449.S1

BH:47

0.01

ORIIil SIZEAIIIAIYSIS. As rerlS; 2I?-0fPart- tVl

Seoth:1.50m

Particle Size Distribution Curvs

0.1 1

Parlicle rize in (mm)
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BH:-07

GRAIN SIZE ANALYSIS, As oer IS: 2720 Fafl- IVI

Deoth:A.00m

Particle Size Oistribution Curve

0.1 1

Parfcle slzs ln (mm)

10r

100

100

99b
eef
98 :e

98

97
0.01 10

IS Shvc Slzc

(mm)
lvr. Rct{ind (gm}

Pcrrcntegc
rrYL rcteintd

{En)

Cumulativc

puerul
retaincd (7c)

Fcrcrnt liner {o1o)

4.75 0.00 0.00 0.00 100.00
2.38 0.00 0.00 0.00 100,00
1.18 0.00 0.00 0.00 100.00

0,600 0.00 0.00 0.00 100.00
0.425 0.15 0.03 0.03 99.97
0.300 0.25 0.ffi 0.09 99.91
0.'150 4.98 1.'tl 1.20 98.80
0.075 6ao 1.31 2.51 97.49

438.55 97.49 100.00 0.00
449.82
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BH:-07

GfiAUV SlZtAffAlYSlS. As pert$; 2730 /Fart- tVl
Death:Z|.00m

Particle Sizo Dlstribution Curve

0.1 1

Particle size in (mrn)

120

100
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40 :t

20

0
0.01 10

IS Sievc $izr

{mm)
Wl. RetrlnBd {tm)

Perrentagr

lVt rttdnd
(gn)

Cumulrtive
pfrccrt

rcuiacd {%)

Pcrcrrt fin*r lYcl

4.75 0.00 0.00 100.00
2.36 0.31 0.11 0.11 99.89
1.18 4.77 0"26 0.37 99.63

0.600 1.75 0.80 0.s6 99.04
0.4?5 23.66 8.05 9.01 90.99
0.300 30.16 10.26 9.27 80.73
0.1 50 180.12 61.27 t0.54 19.46

0.075 37.16 12.U 93.18 6.82
20.06 8.82 100.00 0,00

293.99
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8H:-08

6&lr{vstEEAJtfl rsr$,#,p-p*s,r.r$;#,,7"3.0(fprf-{v}

Oepth$.A0m

IS Slwc Siec

(nm)
\YL Rcrsind (gm)

Pcrrcnttge
lvt rctrtncd

(pm)

Cunulatlve
perttnt

rttrin*d {%}

Pcrc$t fincr (r/o)

4.75 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0.00 100.00

'1.18 000 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100.00

0.425 0.22 0.05 0.05 99.95

0.300 0,18 0.04 0.09 9S.91

0.1s0 6.32 1.43 1.52 98.48

0.075 5.01 1.13 2^65 97.35

430.14 97.35 100.00 0.00

441 87

Particls Size Distribution Curve
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1S $icvt Sizc

(mm)
Wt. Retai$ed tEm)

Pcrcculrgc

1{t, rcteincd

Gr)

Cumuhtivc
psrcent

retrinrd (7n)

Percnt lincr (9t)

0.00 0.00 0.00 100.00

?.i 0.00 0,00 0.00 100.00
't.18 0.00 0.00 0.00 100.00

l0 0.00 0.00 0.00 100.00

0.425 0.12 0.03 0.03 99.97

0.300 0^36 0.08 0.11 99.89

0.1 t0 4.25 0.94 1,05 98.95

0.0:r5 6.69 1.48 2.$2 97.48

441.21 97.48 100.00 0.00

452"63

BH:-08

GRA//N $lZE ANALYSiS. As aet tS:2720 (Parl. M
Depth:4.50m

Particle Size Distribution eurvs

0.1 1

Particle size in (mm)
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9H:-"08

SRAIIC SIZE AtdA[YSIS. As per f$; 2720 (Part- il/l
Deptlt:8.0019

lS $lcvt Sizr
(mm)

IVL Rctaired tgm)

Perccntagc
l#t. reteloed

(gu)

Cumulatlvc

p€rcent

retainrd {ol*)

Percenl lincr (7r)

4.75 0.00 0.00 0.00 00.00

2.36 0.00 0,00 0.00 00.00

1.18 0.00 0.00 0.00

0.600 0.00 0.00 0.00 00.00

0.425 0.19 0.04 0.04 99.96

0.300 0.34 0.08 0.12

0.150 5.01 1.16 r.28 t8.72

0.075 6.01 1"39 2.68 97.32

420.14 97.32 100.00 0.00

431.69

Particle Size Distribution Curve
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BH:48

0.0,|

GRATJII SIZEAI,IAIYSTS. As oflrlS; 2720 fPArt- lVl

Doathi?l.oAm

Particle Size Distribution CunYe

120
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0.1 1

Particle slao in (ilm)
10

IS Sieve Sizt

{mm)
1lt. Retrimd (gm)

P*rcentage

Wt rcteincd

tgm)

Cumuhtivt
pcmcnt

rctehcd (7o)

Pcrcenl fincr (7o)

4.75 0.00 0.00 0.00 100.00

2.36 0.47 0.16 0.16 99.84

1.18 0.89 0.30 0.46 99.54

0.600 't.56 0.53 0"98 99.02

0.425 23.47 7.90 8.89 91.11

0.300 31.02 10.45 19 34 80.66

0.150 181.24 61.04 80.38 19.62

0.075 36.69 12.36 92.73 7.27

21"58 7.27 100.00 0.00

236.92
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Bfl:-0,9. Deoth:3.(Nm

IS Sicvc Sizc

(mm)
lYt Refained {gm)

Pcrcntlgc
Wt rctelncd

(cm)

Cumltatiyc
p€reent

reteincd (o/el
Ptrcent fin*r (e/c)

4.7 ) 0"00 0.00 0.00 100.00
aa 0.00 0.00 0.00 100.00
1 0.00 0.00 0.00 100.00

0.6( 0.00 0.00 0.00 100"00
0.4: r5 0.00 0.00 0.00 100.00
0.3{ t0 0.63 0.14 0.14 99.86
0.150 6.25 't,38 1.52 98.48
0.075 5.69 1.26 2.78 97 "22

M4.28 97.22 100.00 0.00
452 85

Particle Sizo Distribution Curve
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8H:49
GRATN SiZE ANALYSIS. As ner l8: 272A Part- M

Deoth:6.00m

IS $irvr Sizc

(mm)
Wt. Rehincd (gm)

Perccntege
rrYt rehlncd

($tr)

Cumuletive

prrctnt
rctrincd (96)

Persenl finer (oA|

4.75 0.00 0.00 100.00

2.36 0.00 0,00 0.00 100.00

1,18 0.00 0^00 0"00 100.00

0.600 0.00 0.00 0.00 't00.00

0.425 0.00 0.00 0.00 100.00

0.300 0.58 0.13 0.13 99.87

0"150 6.32 1.45 .59 98.41

0.075 7.58 't.74 3.33 s6.87
,1l1 a(

434.73

96"67 0.00

Particle Size Distribution Curve
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lS Sicvc Sizc

(mm)
lvt Rctsined {gm)

Perccntrgc
t#t rdairrd

Gltt]

Cumulrtive

percenl

rctrincd (7c)

Pcrrcnt fincr (o/o)

4.75 0.00 0.00 0.00 100.00

2.36 0.00 0.oCI 0.00 100.00

1.18 0.48 0.20 0.20 93.80

0.600 0.56 0.24 0.{4 99.56

4.425 35"21 14.85 15.29 u.71
0.300 30.14 12.71 28^00 72.44

0.150 14s.21 81.24 89.25 10.75

0.075 29.14 8.49 97.74 2.26

5.36 2.26 100.00 0.00

237 1A

Bft:-09

0"01

QRAIN SIZE ANALYSIS. As oer lS: Z72A (Paft- M
Deoth:Z?.00m

Particls giza Distribution Cuno

0.1 1

Particle ei:e ln (mm)
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IS Sicvc Sizr

{rsu}
Wt Retained (gnr)

Perceutegt

W'L rcinlncd

Gn)

Cumuletive

ptrccnt

retelned {7s}

lbrcerl fintr (Ye)

4.75 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0.00 100.00

1.18 0.25 0.11 0.11 99.89

0.600 0.50 0.21 9.32 99.68

0.425 32.21 13.73 14.05 85.95

0.300 30.51 13^00 27.45 72.98

0.150 140.21 59.76 86.81 13.19

0.075 25.69 10.95 97 76 2.24

5.25 100.002.24 0.00

Btl;{J
GRAffV S,UE AffALrSrS. As orr rS: 220 fPrrt- ,t4

Aenth:21.00m

Particle Sizo Diatribution Curve
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IS $lcvc Sizc

(mm)
WL Retsinnl (gm)

Prctrtagc
rfft. rctaire.d

{cm)

Cumula(lvc

pcrcent

retaincd lTol

Perccnt lincr (7o)

4.75 ).00 0.00 0.00 100.00

2.38 0.00 0.00 0.00 100_00

1.18 0.00 0.00 0.00 100.00

0.600 ).00 0.00 0.00 100.00

0.425 0.00 0.00 100.00

0.300 1.24 0.28 0.28 99.72

0.150 8.52 1.91 2.19 97.81

0,075 1.42 3.61 96.39

430.21 96.39 100.00 0.00

633
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GRATN 5IZ6 ANAI-Y$I$. As aer lS: 2720 Part- lV]

Penth$.$am

Particle Size Distribution Curve

0.1
Partcle alzo ln

o
c
tI
s

101

100

99

98

97

96
0.01 1 10

(
Ip

$')

Gravel (%) Eand (%!

{



l$ Sictt Sie*

(mm)
Wt Rrlolncd {gm}

Perccntegc
1#t" ratriocd

(gm)

Cumuhth'c
pcmrot

rtteintd {'6)
Pcrccnf liner (1/o!

4.75 0.00 0.00 100.00

2.36 0.00 0.00 0.00 100.00

1.18 0.00 0"00 0.00 100.00

0.600 0.00 0.00 0.00 100.00

o.425 0.00 0.00 100.00

0"300 1.0'l 0.22 99.78

0.150 8.58 1.83 2.44 97.96

0"075 9.65 2.06 4.10 95.90

450.21 95.90 00.00 0.00

459.45
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lS Slcvc Sizc

(mm)
\Yl. Reteined (gm)

Prtcntage

WL rcteincd

(gm)

Cumulative

pcrccnt

retalntd (e6)

PBr$nl finer {o/o}

4.75 0.00 0.00 0.00 100.00
2.36 0.00 0.00 0.00 100.00
1"'t8 1.01 0.45 0.45 s9.55

0.600 0.98 0.44 0.90 99.10
0.425 32.21 14.49 15 38 u.82
0.300 25.62 1',t.52 26.91 73.09

0.150 130.47 58.6S 85.60 14.40

0.075 25.69 t 1.5G 97.16 2.84

a32 2.U 100.00 0.00

222.30
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Deoth:2'|.00m
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lS Sieye $irr
(mm)

W3" Retalned (gm)

Pcrcctrtf,ga

lVL retrincd

Gm)

Cumulative

p*rcol
mtaincd (olo)

Prrcent lir*r (1&)

4.75 0.00 0.00 0.00 100.00
2,36 0.00 0.00 0.00 100.00

1.18 0.32 0.14 0.14 99.86

0.600 1.25 0.53 0.67 s9.33
0.425 30.'14 12.80 13.47 88.53

0.300 20.14 8.56 22.03 77.97

0.150 147.58 82.70 84.73 15"27

0 075 29.63 12.59 97.31 2.59

6.32 2.69 100.00 0.00

235.38
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Partlcle Slze Distribution Curve
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l$ Sievc Stzc

(mm)
wt. Rersined {gm)

Perccntlgc

lvt. retrlncd
(sm)

Cumulative

percetrt

rctaincd {o/o}

Pcrcent fintr {7o)

4.75 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0.00 100.00

1.18 0.00 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100.00

0.425 0.00 0.00 0.00 100.00

0.300 1,32 0.29 0,29 99.71

0"150 8.02 r.79 2.08 97.92

0.075 6.6S 1.49 3.57 96.43

432.52 96"43 100,00 0.00

448.55

BH:-l1
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BHy'll
QBA{rv SriEfIvIL)rSrS. Aq,eerrsi,?720 /p, a4t- ,t1l

Depth:13.50m

lS Sievr Sirr
(mu)

Wt Rstaincd ($n)
Perccntagc

Wt rcteined

(gm)

Cumuladvc

pcrc.'nl

rctehcd ('6)
Pcrftnt firer tt/o)

4.75 0.00 0.00 100.00
2.36 0.00 0.00 0.00 100.00

1.18 0.00 0.00 0,00 100.00
0.600 0.00 0.00 0.00 100.00

0"425 0.00 0.00 0.00 r00.00
0.300 1.25 0.27 o.27 99.73
0"150 8.63 1.85 2.12 97.88
0.075 10.21 2.19 4.32 95.68

445.21 95.68 100.00 0.00
465.30
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BH:-11

GRIflU SIZEAIYALYSIS. As perl$; 3720 fPad.It4
Deoth:15.00m

IS Slwc SIzr

(mm)
rlYt. Retained (gm)

Pcrccotrgt

\Yt rdeined

(Ftr)

Cumulative

percent

rctrlnrd (%)
Pcrcenl finee {Yol

4.75 0.00 0.00 0.00 100"00

2.36 0.00 0.00 0.00 100.00

1.18 0.00 0.00 0.00 100.00

0.800 1.25 0.48 0.48 99.52

0.425 30.21 11.66 12.14 87.86

0.300 35.2'l 13.59 25.73 74.27

0.150 128.63 49.63 75.3S 24.U
0.075 24.21 9.34 84.79 15,30

39.65 15.30 100.00 0.00

259.16
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lS Sieve Sizt
(um)

Wt Rcteined (gm)

Perccotege
titl. rdained

(gn)

Cumuletivc

pertcnt

rtttinrd {c/r)

Percent 0ncr {7r)

4.75 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0,00 100.00

1.18 0.32 0.14 0.14 9S,86

0.600 1.21 0.52 0.66 99.34

0.425 30.14 't2.9? <a E'l 88.43

0.300 25.03 10.98 24.56 75.44

0.150 145.21 62.23 86.78 13.22

0.075 25.63 10.98 97.77 2.23

5.21
.r,t",

100.00 0.00

233.35
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Depth:19.54m
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Blttl2
GfiAfftl SIZE At{AlYSlS. As oertS; ?720 (prIt- ,ll,

Deoth:7,50m

Particle Size Distribution Curve

0.1
Parlicle size ln

101

100

90
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IL

al

10.01 10

lS Slc,vc Sizr

(mm)
\lr, Retaind (gm)

Pcrcutrgc
Wt rcteincd

(cm)

Cumulativc

pcrasnt

retriacd (Yol
Pcrccnt tincr (06)

4.76 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0,00 100.00

1.18 0.00 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100.00

0.425 0.00 0.00 0.00 100.00

0.300 0.96 o.21 4.21 99.79

0.150 8.32 1.84 2.05 97.95

0.075 7.21 1.59 3.64 96.36

436.69 s6.36 100.00 0.00

453 18

-t-*

Gravel (%) Sand (%)
Silt & CIay

IOAI

0,00 3.64 96.36

('
U

+

I
I r

I



IS Sicvc Siae

(mm)
lYr Rcinintd lgrn)

Pcrcrltrgr
lYL rctaincd

(p)

Curnulative

perccrt

ret*incd (%)
Pcmcnl llner (7o)

4,78 0.00 0.0c 0.00 f 00.00
2.36 0.00 0.00 0.00 100.00
1.18 0.00 0.00 0.00 100.00

0.600 0"00 0.00 0.00 100.00
0.425 0.00 0.00 0.00 100.00
0.300 1.63 0.35 0.35 99.65
0.150 9.32 2.02 2.37 97.63
0.075 10.25 2"22 4.59 95.4,|

444"21 95.41 100.00 0.00
461.41

8H:-12

GRAIN SIZE ANAI.YSIS. As aer I$: 272a Pad. M
Deoth:13.50m

Particle Size Distribution Curve
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tS Slevc Sizc

(nn) Wr Rctnincd (gm)

Perccatrgc
rilt. rctrined

(gm)

Cumulrtivc
prrccnl

rctaloed (e6)

Prrcert llner (Yr)

4.75 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0.00 100.00

1.18 0.00 0.00 0.00 100.00

0.600 1.02 n ro 0.48 99.52

0.425 25.69 12.U 12.51 87.49

0.300 34.21 16.03 28.54 71.48

0,1 50 124.2',1 56.32 84.85 15.15

0.075 ?3.21 10.87 95.73 4.27

9.12 4"27 100.00 0.00

213.46
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GRAlff S/ZE AI*JALYSIS. As rqr IS; ?72O fPart- IV)

Depth:18.AAm

Particle Size DistribuUon Curve
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IS Sicvc Sizc

tmm)
}t't. Relrincd {gm)

Ptrcmtegc
Wt rctrincd

(cm)

Cumuletivc

pcrrcltt

rctaincd {o/o)

Perccnt llner (7o)

4.78 0.00 0,00 0.00 100.00

2.36 0.00 0.00 0.00 100.00

1"18 0.33 0.16 0.16 99.84

0.600 1.19 0.58 4.74 99^26

0.425 25.89 .aa to
14.4

4a ,a 86.87

0.300 24.21 9.90 23.23 76.77

0.1 50 130"21 63.78 87,00 13.00

0.075 20.21 9.90 96.90 3.10

8.32 3.'t0 100.00 0.00

204.16

BH:-12
GRAIN $lZE AN*,LYSIS. As eer lS;_272A {Paft- tW

Deoth:22.50m

Particle Slze Distribution Curve
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lS Sicvc Slzc

(mm)
Wi Rchined (gm)

Pcrccxtlgc

l{L rcteincd

{sm)

Cunrulativc

pcr[erl
rtlained {Yo)

Pcrcent fincr (7o)

4.75 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0.s0 100.00

1.18 0.00 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100.00

0.425 0.00 0.00 0.00 100.00

0.300 't.11 0.25 0.25 99.75

0.150 8.69 1.94 2.19 97.81

0"075 7.*4 1.68 3.87 s.13
430.25

447.59

96.13 100.00 0.00
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GRAIN SIZE ANALY$IS. $s oer lS:2720 (?art- M
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Particle Size Bistribution Curve
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lS Sieve Siizt

(mm)
Wt. Rctalncd (gm)

Prrtrntrge
Wt. rcleined

Gm)

Cumulativc

pcrcent

rctrincd (Yo)

Percent fincr (7o)

4.75 0.00 0.00 0.00 100.00

r.36 0.00 0.00 0.00 100.00

.18 0"00 0.00 0.00 100.00

0"600 0.00 0.00 0.00 100.00

0.425 0,00 0.00 0.00 100.00

0.300 1.25 0.28 0.28 99.72

0.150 10.2'l 2.29 2.s8 97.12

0.075 13.21 2.97 5.54 94.46

420.35 94.46 100.00 0.00

445.02

BH:-il
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IS Slcvr SIzc

(mm)
\+r, Rftsined (gm)

Percent*gt
r#L retainrd

{gm)

Cumulativc

perc{{lt

rctrined (7o)

Pcrccot fincr l'hl

4.75 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0.00 100.00

1.18 0"00 0.00 0.00 100"00

0"000 1.21 0.62 0.62 99.38

0.425 2414 10.25 10.87 89.13

0.300 30.21 15.38 26.24 73.76

0.150 115.69 58.89 85.13 14.87

0,075 20.25 10.31 95.44 4.56

8.96 4.56 100.00 0.00

196.46

BHtl3
pMri, SrZf ArtAtvSrS. As ,€r rsi ?ruoIPar{- ,t{
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IS Siwr Sizc

(mm)
lVt. Rrtain*d {gm}

Percentrgc

1{1. retrlncd
(gn)

Cumulrtive
percent

retaincd {elc)

Prrccnt llner {Yo}

4.7$ 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0.00 100.00

1.18 0.33 0.16 0.16 99.84

0.600 1.21 0.60 0.76 99.24

0.425 24.69 4n rrn 't2.99 8V.O1

0.300 15.21 9.51 22.s0 77.50

0.'150 131,21 64.97 87.46 12.54

0.075 19.63 9"72 97.18 2.82

5.89 2.82 100.00 0.00

201.97

8H:-11
GRAIN SIZE ANALYSIS. As per IS: 2720 (Paft. IVI
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Blt;-l4

GRAlttl.SIIE AiIAIYSIS. As oer ]S: ?7!,0 /Parl- M
Deoth:I0,s0m

lS $icvc Sira

{mm}
\Yt. Re(aincd (gm)

Pcrcenlrgt

lvt. rctsincd
(sml

Cumulative

pcrt€nt

rttrircd (o/.)

Percent lincr (Ye)

4.75 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0.00 100.00

1.18 0.00 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100.00

0.42$ 0.00 0.00 0.00 100.00

0.300 1.24 0.21 a.27 99.73

0.150 9.62 2.13 2.41 97.59

0.075 8.2'l 1.82 4.23 s5.77

432.14 95.77 100.00 0.00

451 21
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8H:.ll
f"fiAIlL$rZS AIIIALYSIS. fs oer lS; 2720 /Part- IYI

Aeoth:'i3.50m

Particle Size Distribution Curve
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IS Siws Sizs

(nm)
1#t. Retrined (gm)

Perceiltlgt
11t. retalned

(gut)

Cumuletivc

pGrccnt

retained (o/o)

Pcrecnt lincr (%l

4.75 0.00 0.00 100.00

2.36 0.00 0.00 0.00 100.00

1.18 0.00 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100.00

0.425 0.0c 0.00 0.00 100.00

0.300 1.02 0.32 0.32 99.68

0,1 50 9.62 3.00 3.32 96.68

0.075 10.21 3.18 6.50 93.50

300.01 93.50 100.00 0.00

320.86
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l$ Si*e $lzr
(mm)

\Yt. Reteln*rl {gm}

Ptrcentlgc

tYt rctrined
(gm)

Cuuruletiye

pgrcEnt

rstiincd {Yr}

ferc*nt linrr (%)

.l 0.00 0.00 0.00 100.00

0.00 0,00 0.00 100.00

0.00 0.00 0.00 100.00

0.98 n tc s.s5 9$.45

I t/[, ) 1S.65 10.65 fi.24 88.80

18,25 10.42 21.62 78.38

0.15( 110.21 62.94 84"5S 15.44
( 1$.52 1'1.1$ 95.7'l 4.29

7.52 4.29 100.00 0.00

175.1 1
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B,$:.f4
GRAtlVSIZEAIJAIYSIS. As oerlS: 3IX0 fParf- lVl

Deoth:22.500m

Particle Size Distribution Curvet---

124

I
I
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0.1 1

Particle size in (mm)

Gravel {%} Sand (?6)
Silt & Glay

(%t

0.00 96.69 3,31
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IS Sieve Size

(mm)
Wt" ftcteined tgm)

P€rcenlngc

Wt. retrincd
(gm)

Cumuletivc

pcrcctrt

rctained (7o)

Prrccut fincr (7ol

4.78 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0.00 100.00

1.18 0.32 0.17 a.fi 99.83

0.600 1.02 0.53 0.70 99.30

0.425 24.69 '12.s? 13.62 88.38

0.300 18.58 9.72 23.35 76.65

0.150 125.63 85.75 89.10 10.90

0.075 14.50 7.59 96.69 3_3t

6.32 3.31 100.00 0.00

191.06
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IS Sicvc Sizc

(mml
r#L Rrtaind {gm)

Percmtage
rrYL rctelned

(em)

Cumulstlve

pcrcrnt

rctrincd (olc)

Prrrent fincr (%)

1.75 0.00 0.00 000 100.00
2.36 non 0.00 0.00 100"00
1.18 0.00 0.00 0.00 100.00

0.600 0"00 0.00 0.00 100.00
0.425 0.00 0.00 0.00 100 00
0.300 1.25 0.29 0.29 99.7'l
0.150 8.69 2.04 2.3,4 97.66
0,075 15.21 3.58 591 94.09

400.?1 94.09 100.00 0.00
425.36

BH:-'l/3

GRAti/ SIZE AAIALY$IS, Is rerts; ?7?0 /parf- IVt
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Particle Size Distribution Curve
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lS Sievc Sirc

(mm)
lYt. R*laind (gm)

Pcrwntage

Wt. rctelntd

Gm)

Cumuletivr
pcrtlnt

retrined (36)

Ptrcent llnr (7o)

,at 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0.00 100.00

1.18 0.00 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100.00

0.425 0.00 0.00 0.00 100.00

0.300 2.21 0.62 0.62 99.38

0.1 50 10.21 286 3.48 96.52

0.075 24.58 6.88 10.36 89.64

320.1 4 89.64 100.00 0.00

357.14
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GRAIIV SIEE Afi|ALYSIS. As oer lS; 27?0 fFart- /Vt

Deoth:13.50m

Particle $ize Distribution Curve
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IS Sh,vc Slze

(mm)
14't ltetehed tgn)

Pcrccntegc
rrVt rctrlncd

(gtrtl

Cumulrtive
pcrcent

rehircd (c/c)

Pcrernt llner {Yc)

4.75 0.00 0.00 0.00 100.00

2.36 0,00 0.00 0.00 100.00

1.18 0.00 0.00 0.00 100,00

0.s00 e-u I 0^99 0.99 99.01

t.425 14,65 7.21 8.20 91.80

38.58 18.00 ?6.20 73.80

( ).150 120.21 59.15 85.34 14.68

0.075 20.14 9.91 95.25 4.73

9.65 4.75 100.00 0.00

243.24
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GRAril SreE Ar'/AtvSrS. A$ oer rS; 2720 /part- ,ta
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I5 Si$c Size

(mm)
lvt. Rrtrincd (gm)

Pcrccntrgc

WL retrlncd

tgm)

Cumule(ive

ptrcefil

r*tained (o/o)

Ptrcent fincr {7c)

4.73 0.00 0.00 0.00 100.00

2.36 0.00 0.00 0.00 100.00

1.18 0.25 0"12 0.12 99.88

0.600 2.21 1.07 1.19 98.81

0.425 25.3S 12.24 13.43 Qe ca

0 300 20.17 9.72 23.15 76.85

0,1 50 130.21 62.77 85.92 14.08

0.075 21.33 10.28 96.21 3.79

7.87 3.79 100.00 0.00

207 43
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GBArrt, STZETM{-ySrS. As oerIS: 3710IP.rt- tV}

Depth:?|.00m

Partlcle Size Distributlon Curve
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IS Sievc Siec

(um)
Wt. Rct*iocd {gm)

rrffcEtsBe
Wt. retained

{sml

(lumulativt

prrcerl

retained (o/o)

Percert tiner (7r)

4.75 0.00 0.00 0.00 100.00

2"36 0.00 0.00 0.00 100"00

1.18 0.00 0.00 0.00 100.00

0.600 0.00 0.00 0.00 100.00

0.425 0.00 0.00 0.00 100.00

0.300 1"21 0.28 0.28 99.72

0.1 50 7.58 1.74 2.02 97.98

0.075 6.32 1.45 3.47 96.53

424.21

435 32

96.53 100.00 0.00

BH:;i6

GRAtfrr slZE .AIuAI YSIS. ,as o*r tS; 2720 fPart- ,y,

Oeath;.I_,f,0,{rr

Particle Sizo Distrlbutlon Curve

0.1
Particla slzo an

o
E
ll.
:s

101

100

99

98

97

96
1010.01

^.

D.*
{

*.

_t

I

I

i

i

Graval{%) Sand (!()
Sllt & Clay

loal

0.00 3.47 96.53

,4



BH:-!g

GRAIN SIZE ANALYSIS. As oer lS: 2720 (Part- lVl

Deoth:13.54m

ParUcle Size Distribution Curve
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(mm)
tYt. Reteined (gm)

Prrcentage

Wt rclrined

G8)

Cumuhdve
pcrccnl

rtteincd (o/e)

Pcrcral fincr {c/o)

4.75 0"00 0.00 0.00 100.00

3,36 0.00 0.00 0.00 100"00

1,18 0.00 0.00 0.00 100.00

0.600 0.00 0,00 0.00 100.00

0.425 0.00 0.00 0.00 100.s0

0,300 1.01 0.30 0.30 99"70

0.150 9.87 2.94 3.24 96.70

0.075 25.63 7.62 10.86 89.14

299,05 89.14 100,00 0,00

336.16
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lS Slcvc Sizr
(mm)

Wl. Rctrined {gm)

Percrntege

lYL relrinert

{cm)

Cumulotivc

psrcent

rctaincd (7u)

Perccnt linqr (e/*)

4,75 0.00 0.00 0.00 100.00
2.36 0.00 0.00 000 100.00
1.18 0.00 0.00 0.00 100.00

0.600 1.47 0.73 0.73 99^27

0.425 5.21 7.56 8.29 91.71

0.300 35.69 17.73 26.02 73.98
0.150 58.80 84.81 15.19

0.075 t1 nE 10.56 95.37 4.63

9"32 4.63 100.00 0.00
201,30
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IS Sievt Size

{mm}
WL Retaind {gm)

Percenltgc

lVt rctelncd

Grn)

Cumulativr
pcrrent

rctaincd (%)
Perccnl liner (7o)

4.75 0.00 0.( 0,00 100.00

2.36 0.00 0.00 100.00

1.18 0.21 ). 0.10 99.90

0.600 2.21 1.G6 1.16 98.84

0.425 25^39 12.14 13.30 86"70

0.300 2't.58 1l t2 23.62 76.38

0.150 132.58 63.41 87.03 12.57

0.075 20.14 9_63 96.66 3.34

6.SS
., nA 100.00 0.00

20sJa
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5HEAfi

Direct Shear fesf resu/f

l Dimension :6cmx6cnr
2 Thickness : 2.5 cm

3 Tast condition : Drained

Sarnple 8H-01 Ocpth =t3.0rn

Shear Parameters determination

Shear test curue
1.40

1.20

LM

0.80

0.60

0.40

0.20

0"m

0.00 0.50 1.00 1.50 2"00

H qrmaj stres.s tk"gJ*-gEm)

c=0.0k/sqcm

O=38'
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Sl No No rmal atross(Kg/gqcm) Shaar stress { Kglsqcm}

1.00 0.50 0.46

?.00 1.00 0.81

3.00 1,50 1.25
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SHEAR

Direct Shear fosl resulf

1Dimension :6crnx6cnt
2 Thiokness : 2.5 crn

3 Test condition: Drained

Sample Btl-01 Deprh =29,0m

$hear Pa rameters determination

Shear test curve
1.40

1.20

1.00

0.80

0.60

0.tt0

0.20

0.m

000 0.50 1.00 1.50 2.00

N ermq"! stJeEs ( h"gis.qg.m)

c=0.0kglsqcm

O=39'
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Sl No Normal stress(Kglsqcm) Shear strees { Kg/sqcm}

1.00 050 0.44

2.00 1.00 0.80

3.00 t.50 1.25
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SHEAR

Direct Sfiear fesf resulf

l Dimension :6crnx6sn
2 Thickness : 2.5 crn

3 Test condition ; Drained

BH-O2 , Oepth =23.fi1m

Shear Parameters determination

Shear test cun e
1,40

1.20

1.00

0.80

0.60

0.40

0.20

0.00

0.00 0.50 1.00 1.50 2.00

l{ q rttt-a! st"r$"es ltrght *m)

c=0.0kglsqcrn

S=35"

fi1\

SI No Norm a I ttress(Kg/sq cml Shear ttrees ( Kgleqcrnl

1.00 0.50 0.50

2.00 1.00 0.83

3.00 1.50 1.24
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SHEAR

Direct Shear test resull

1 Dimension :6 crn x 6 cm

2 Thickness :2.5 cm

3 Test condition : Drained

BH-{I? , Depth =29.00m

Shear Parameters determination

1.40

1.20
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0.60
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Shear test curve
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c=0"0kg/sqcnr

6=38'

Sl No Normal etress(Kgloqcml Shear strsee { Kgfaqcm}

1.00 0.50 0.46

2.00 1.00 0.81

3.00 1.50 1.24
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SHTAR

Direct Shear fesf resuff

l Dimension :5cmx6crn
2 Thicdrness :2.5 cm

3 Test condition : Drained

BH-03 Depth =23.0Om

Shear Parameters determination

c=0.0kg/sqcm

Q=38'

$.

a'

Sl No Normal etrecs(Kglgqcm) Sherr etrsse { Kg/sqcm)

1.00 0.50 0.46

2.00 1.00 0.81

3.00 1.50 1.?4

Shear test curve
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SHEAR

Direct Shear lesf result

l Dimension '6cmx6cm

2 Thickness : 2,5 cm

3 Test condition : Drained

BH-03 Depth =29.00m

Shear Parameters determi nation

c=0.0kglsqcnr

O=39'

lt *,

:{

Sl No Normal strees{Kglsqcm) Shear strees ( Kgjtqcm)

1.00 0.50 0.41

2.00 1.00 0.85

3.00 1.50 1.24

Shear test curve
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SHEAR

Direet Shear fesf resull

l Dimension :6crnxBcrn
2 Thicknms : 2.$ cnr

3 Tsst condition: Drainad

BH-04 Drpth'20.0m

Shear Parameters determination

e=0.Okg/s$m

O =35'

Sl No Normal strBostKglsqcm) Shsarstrase ( Ksreqcml

1.00 0.50 0.47

200 1.00 0.81

3.00 1.50 1.18

Shear test curve
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SHEAR

Direct Shear fesl resu/f

l Dimension :6crnx6crn
2 Thiokness : ?.5 cm

3 Test conditbn : Drained

BH-04 Oepth =23.0rn

S hear Pa rarneters determination

c=0.0kglsqcnr

O =36'

Sl No Normal strese(Kg/sqcm) Shesr stross { Kgleqcm}

1.00 0.50 0.46
ann 1.00 0.82

3.00 1.50 1.I9

Shear test curve
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SHTAR

Direct Shear fesf rcsu/f

l Dimension :6cmxEstt
2 Thickness : 2.5 crn

3 Test condition : Drained

BH-05 Oepth =24,50m

Shear Parameters detennination

1.40
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1.@
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Shear test curve
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SHEAR

Direct Shear fesf resu/f

1 Dimension :6 cm x 6 cm

2 Thickness ; 2.5 cm

3 Test condition ; Drained

BH-05 Depth =29.0m

Shear Parameters determination

c=0.0kg/sqcm

0=38'

Sl No Normal stross{Kglsqcm) Shear gtrose { Xgfsqcm}

1.00 0.50 9.47

2.00 1.00 0.80

3.00 1.50 1.26

Shear test curve
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SHEAR

Direct Shear fesf resu/f

l Dimension :ScmxOern

2 Thickness " 2.5 cm

3 Test conditiron : &ained

BH{6 Depfih =23.(X}m

$hea r Parameters determination

c=0.0kg/sqan

O.38'

fi

o
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SI No Normal strass(Kgleqsm) Shear streas { Kglsqcm)

1.00 0.50 0.46
,, 

^^
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3.00 1.50 1.24

Shear test curue
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SHEAR

Direct Sltear fesf resu/f

l Dimension :6cmx6cnt
2 Thickness : 2.5 cm

3 Test condition : Orained

8H-(E Depth =29.0Om

Shear Parameters determination

c=0.Okg/sqcrn

<D = 39"
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5l No Normal etrees{Kglsqcm} Shaar stroat ( Kglaqcm)

1.00 0.50 0.41
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Shear test curve
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SHEAR

Direct Sfrear fesf resulf

l Dimeneion :6crnxBsn
2 Thrckness : 2.5 cm

3 Test condition : Orained

SH-07 DePth =23.00m

S hean Parameters determination

Shear test culve
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SHEAR

Direct Shear fest resulf

l Dimension :6crnx6crn
2 Thickness r 2.5 cm

3 Test conditnn : Dreined

gH-0? Depth =29.{Xlm

Shear Parameters determination

c=0.Okg/sqcm

O=39'

,,., r

*

Sl No Hormal stress(Kglsqcm) Shaar atresa ( Kglaqcml

1.00 0.50 0"4't

2.00 1.00 0.85

3.00 1.50 1.24
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SHEAR

Direct Shear fesf resulf

l Dimension :6crnx6cnr
2 Thicknass ; 2.5 crn

3 Test condition : Drained

SH{8 Depth =13.{X}m

S hear Parameters determination
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Direct Shear lesl resulf

l Dimension :8cmx6crn
2 Thlckness : 2.5 cm
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SHEAR

Direct Sftear lesf resrlf

1 Dirnension :6crnx6crn
2 Thickn*sa : ?.5 cm

3 Test eondition : Drained

BH-{X} Depth s29.0m

Shear Parameters determination
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SHEAR

Direct Shear fesf resulf

l Dimension :6crnxGcrn
2 Thid<ness :2.5 cm

3 Test condition : Drained

BH-10 Depth =23.0m

Shear Parameters determination
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SHEAR

Direct Shear fest resull

l DimenEion :Bcmx6cm
2 Thickness : 2.5 crn

3 Test condition : Drained
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Shear Parameters determination
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Direct Sfiear fesf resu/f

1 Dimension : 6 cm x6 cm

2 Thickness : 2.5 cm

3 Test conditircn : Drained

BH-l1 Depth =15.50m

Shear Parameters determination
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SHEAR

Direct Sfiear fesf resulf

1Dimension ;EcrnxGcnr
2 Thicknes$ : ?.5 crn

3 Test condition : Drained

BH-11 Oepth =l?(Xlm

Shear Pa rameters determination

c=0.0kg/sqcm
q! 

= 34"

:1

uJ

.+

r0

Sl No Normal stress(Kg/sqcm ) Shear$rere ( Kg/eqcml

1.00 0,50 0.34

2.00 1.00 4.71

3.00 1.50 1"02

Shear test curve
1.20

EI
gr'

cr'
Or

ol
.l1

gli
o:
(tr
L,
*Jl
(r,1

L;
GI
ol

tltr

r"00

0.80

0,50

0.40

0.20

0.00

0.00 0.50 1.00 1.50 2.00

$ orpsl s.t-res$ tk gls.g"c"rp;

i35 +

..t'



SHEAR

Direct Shear fesf resulf

l Dimension :6crnxGcnr
2 Thickness : 2.5 cm

3 Test condition : Drained

BH-12 Oepth;20.0m

Shear Parameters determination
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Direct Sftear fesf resulf

1Dimension :6crnxBcnr
2Thickneag :25cm
3 Test condition : Orained
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Shear Parameters determination
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SHEAR

Direct Shear fesf resulf

l Oimension :6crnxOcrn
2 Thickness : 2.5 crn

3 Test condition ; Drained

SH-13 Depth =20.0m

Shear Parameters determi nation
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SHTAR

Direct Slrear fesf resulf

l Oirnension :6cmx6cnr
2 Thickness : 2.5 cm

3 Test condition : Dmind

AH-13 Depth *23.0rr

Shear Parameters determination
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SHEAR

Direct Shear fesf resulf

l Dimension :8crnx6cm
2 Thickness : 2.5 cm

3 Test conditon : Drained

BH-14 Depth =17.Om

S hear Parameters determination
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SHEAR

Direct Sfiear fesf resu/f

l0imension :ScnrxOcrn
2 Thickness : 2.5 cm

3 Test oondition : Drained

BH-14 Depth =20.0m

S hea r Parameters determination
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SHEAR

D irect Shear lesf rssult

l Oimension :6cmxBcrn
2 Thickness : 2.5 sn
3 Test condition : Drained

BH-15 Depth=17.00m

Shear Parameters determination

1.40

1,?0

1.00

0.80

0.50

0.40

0.20

0.00

Shear test curve

0.00 0.s0 1.00 1.50 2.00

llprmal s;trgsp (kglsgcs)

c=0.Okg/sqcm

O=37'

-, PV

]t.

Sl Ho Itlormel str**s(Kglsqcm) Sherr$rc*r { Kgfrqcm}

1.00 0.50 0.5(

2.00 1.00 0.8t

3.00 1.50 1.26

\-

lH f.

*

+

I



SHEAR

Direct Shear fesf resulf

't Dimension :6cmx6cm
2 Thickness : 2.5 cnr

3 Test conditlon : Drained

BH-15 Depth =20.(hn

Shear Parameters determination
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SHEAR

Direct Shear fesf resulf

l Dirnension .Scmx6crn
2 Thickness . ?.5 crn

3 Test condition : Drained

8H-16 Depth =17.0m

Shear Parameters detennination
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SHEAR

Direct Shear fesl resu/l

l Dimension :6cmx6cm
2 Thickness : 2.5 cm

3 Test condition : Drained

BH-IS Depth =20.0m

Shear Parameters determination

Shear test curve
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:A}IiYEX-VII:

SUMMARY OF TEST RESULTS

S1VELL PRE$SURE AND FREf, SWELL INDEX:

6.20 7.O5BHOl 5.00

7.L4Bt-r0z 5.00 6.50

8.50 6,99BHO3 5.00

7.t5BH04 s.00 6.60

7.19BHO5 5.00 7.20

7.01
5.00 6.10BH06

7.50 7.2LBHOT 5.00

7.556.40BHOE 5.00

7.tL6.90BHO9 5.00

7.t37.80BHlO 5.00

7.L97.2A
5.00BHl 1

7.?37,505.00BH12

7.L56.70BH13 5.00

7.056.50
5.00BH14

7.L26.405.00BH15

7.006.90BH16 5.00

f

BH Location Depth (m) Swell pressure
(xN/mz)

Free swell Index (o/n)



:ANNIX-VITT:

CHfrMICAL EN.&.LYSTS OT-

sort- a W*rflft

t2

l.: r, i ,i

J
1



$9CATION: -BHl

Alarne of Tesf: Chemical Analysis of llltater Sample

Source: Ground water

ffame of fest' Chemlcal Analysls Of Soll Sampte

Depth of sample: 1.0m from existing ground level

1 Chlorjdes (as Cl ) 225 mgflit

2 Sulphates 1as SOr) I87mg/lit

J PH 6.2

I

Sulphate content
0.r 5

')
Chloride content

0.1 37

J
Carbonate

Practically Nil

4
Organic matter

Practically Nil

;

i

'.t

SL NO DNTAII,S OT TNSTS REST"ILT OBTATIYHN

SL NO. DETAILS OS TT]STS
RESULT OBTAINED

(% by Weight)

N



{:H}:[IlC'Al, A;t'aAl,Y$IS _OF qqIL & ]VATER

LOCATIOH:.8H2

l{ame of Test: Chemlcal Analysis of Watar Sample

Source: Ground water

ffame af lest' Chemical Anrlysis Of Soil *mple
Depth of sarnple: 1.Om from existing ground level

I Chlorides (as Cl ) 226 rngllit

2 Sulphates (as SOr) I89mgflit

J PH 6.4

I

Sulphate u$ntcnt
0.r I

2
Chloride content

0.136

-t

Carbouate
Practically Nil

4
Organic matter

Pmctically Nil

lj:

SI, N(} DITATLS OF'TESTS RESULT OBTAINED

ST., NO. DETAILS OF TNSTS
RESIJLT OBTATNED

(% brlYeight)



CHEMICAL AI{ALYSIS OF SOIL & TVATNR

LOCATIOI{; -BH3

Name otTesfr, Chemlca! Analysls of Water Sample

Source: Ground water

ff*nre of lest' Chemlcal Analysls Af Sall Sample

Depth of sample: 1.0m from existing ground level

.4r

223 mg/|ilI Chlorides (as Cl )

Sulphates {as SO*} 183mg/lit2

6.3-t PH

0.14
t

Sulphatr contunt

0.1 342
Chloride content

J

Carbonare
Practically Nil

4

Organic matter
PracticallyNil

7
l}
r

SL:r'1(} N[T"{ILS OF TISTS REST][,T OBTAINOT'

SL NO, I}ETAILS OFTESTS
RE$ULT OBTAINED

(a/aby lYcteht)



cl"IEVleAL ANAL)'SIS OF SOIL & r*ATER

LOCATIOi{: -BH4

Alame of Test: Chemical Analysis of Water Sample

Source: Ground water

IVameof fesl; Chemlcal Analysls Of Sall Sample

Depth of sample: 1.0m from existing ground level

I Chlorides (as CI ) 221mgllit

? Sulphates {as S0r) l84mg/lit

) PFI 6.9

I

Sulphate content
0.t8

2
Chloride content

0.134

3 Practicatly Nil
Carbsnate

4
Organic matter

Practically Nil

?

sL fio NETAILS OF TESTS REST}L'T OBTAINEO

SL NO. I}ETAIIS OF TESTS
RB,SULT OBTAINED

(% by Weight)



CH EIIIICAT, ANALYSIS OT' SOIL,& WATtrR

LOCATION: -Btl4

Name of 7esfi Chemical Analysis of Watcr Sample

Source: Ground water

Name of fest Chemftal Analysls Of Sall Sarnple

Depth of sample: 1.0m from existing ground level

I Chlorides (as CI ) 220 mg/lit

2 Sulphates 1as SOr) lSlmg/lit

PII 6.0

I

Sulphatc cuntcnt
0.16

L

Chloride content
0.139

3

Carbonatc
Practically Nil

4
Organic mat8cr

Practically Nil

,\r

sL t{(} t)r:TAil,s oFTnsTs Rf,STILT OBTAIIYEI)

SL NO. T}ETAILS OFTESTS
RESULT OBTAINED

(% by lTeight)



CHEJ}IICAL ANALYSIS OF SOIL & WATER

to"qarJoNi -B.Hp

lYrme of lesf: Chemical Analysis of Water Sample

Source: Ground water

I$arae af Test; Chemlcal Analysls Af fuil Sample

Depth of sample: 1.0m from existing ground level

I Chlorides tas Cl ) 225 mg/Iil

? Sulphates (as SOe) l88me/lit

J PH 6.7

I

Sulphate content
0.1I

2
Chloride content

0.134

3
Carbonate

Practically Nil

4
Organic matter

Practically Nil

SL NO DETAILS OT TESTS RESI"ILT OBTAINEP

SL NO. DETAILS OT TESTS
RESULT OBTAINED

(% by Weight)

v



\

CHIiITICAL AI{ALYSIS OS'SOIL & WATtrR

LOCATION:.BTI7

Name of Iest: Chemical Analysis of Water Sample

Source: Ground water

lVenre of IEst" Chemlcal {natrysis Of Soil Srmple

Depth of sample: 1.0m from existing ground level

I Chlorides (as CI ) ?2?mgllit

2 Sulphates (as S0r) lSlmg/lit

3 PTI 6.4

I

Sulphate contcnt
0.1r

2
Chloride content

0.13r

3
Carbonate

Practically Nil

4
Organic matter

Practically Nil

t'

-J

,l

sL i\o IIET;IILS CIF TESTS RESI.ILT OBTAINEN

$L NO. DETAILS OT TESTS
&ESULT OBTAINAD

(% by Weight)

P,



CHEilIICAL ANALYSIS OT SOIL & WATER

LOCITION: -QH8

Name of Testt Chemical Analysis of Water Sample

Source: Ground water

Name of les* Chemlcal Analysls Of Sall Sample

Depth of sample: 1.0m from existing ground level

I Chlorides (as Cl ) 228mg/lit

2 Sulphates (as SOr) l80mg/lit

_t PII 6.1

Sulphaur content
0.1I

I

)
Chloride content

0.130

J
Carbonate

Practically Nil

4
Organic matter

Practically Nil

'{'

t-

SL;\TO DI'TAILS OT TESTS I{^ESI]LT OBTAINEN

SL NO. DETAILS OS'TESTS
RfiSULT OBTAII{BD

{% by Wtight}



CHE}'ICAL AI\ALYSIS OT SOIL & 1VATER

LOCATION:.BTI9

lllarne of Testr Chemical Analysis of Water SamBle

Source: Ground water

lYarne of lestl Chemlcal Analysis Of Srril *mpla

Depth of sample: L.0m from existing ground level

I Chlorides (as Cl ) 221mgllit

,)
Sulphates 1as S0r) l85mg/lit

6.63 PH

I

Sulphatc cuntent
0.12

2
Chloride sontent

0.134

J
Carbonate

Practicatly Nil

4
Organic matter

Practically Nil

\'.

j

sL, l\() I}NTAIL. OTTTSTS RASIILT OBTAINII}

SL NO. DETAILS OF TESTS
RESULT OBTAINED

(% by Weisht)

q



cr{EMrcAL ASiALYSTS Or SO|L & WATER

L9cATIorI; -BtlLQ

Name of Tesf: Chemical Analysis of Water Sample

Source: Ground water

Illsrne of lest: Chemlcal Analysls Af Ssrl Semple

Depth of sample: t.Om from exlsting ground level

X

I Chlorides (as Cl ) 226mg/lit

,,
Sulphates (as S0a) l80ms/lit

3 PI"I 5.9

I
Sulphate L.untenl

0.t5

2
Chloride content

0.r3?

3
Carbonate

Practically Nil

4

Organic matter
PracticallyNil

SL T{O DETr\lI-$ tlF TE$iTS IIESTiLT T}BTATI\ED

SL NO. DETAILS OT TSSTS
ITESULT OITTAINAD

(% hy Weight)

{



LacdTtS".N: -Bfltt

Name of Test; Chemical Analysis of Water Sample

Source: Ground water

Naffie of restj Chemlcal Analysls Of Soll Sample

Depth of sample: 1.0m from existing ground level

I Chlorides tas Cl ) 226mg/lit

Sulphates (as SO*) l80mgflit^

6.93 PII

Sulphatr content 0.ts
I

?
Chloride contc'nt

0.132

3
Cartxrnate

I'}ractically Nil

4
Organic mattsr

Practically Nil

C]H}:[IT(:AI". AI\AI,YSIS OF SOIT. & II'AI'ER

11

sl, i\io DNTAILS OT'TNSTS NIISIILT OBTAIJYED

sL tio. DETATLS OT TESTS
RESULT OBTAINSD

(% b,v \Veight)



CIIIIMICAL ANALYSIS OF SOIL & WATER

LOCATIOH: -BHt2

Name of IesH Chemlcal Analysls of Water Sample

Source: Ground urater

ffarno of Test; Chemlcal Analysls Of Soll Sample

Depth of sample: 1.0m from existing ground level

I Chlorides (as Cll ) 231mg/tit

2 Sulphates (as SO+) l.8Zmg/lit

1 P}I 6.3

I

Sulphatc content
0.17

3

Chloride content
0.14

3
Carbonate

Practically Nil

4
Organic matter

PracticallyNil

.Y' +

SL ]VO DETAILS OF TESTS RESTTLT OBTAINED

SL NO. Df,TAILS OF T}:STS
RESULT OBTAINEI}

(% by Weight)



CIIE}IICAL AI\ALYSIS OT SOIL & WATf,R

LOCATION:.4H13

filame of lesf: Chemical Anatysls of Water Sampte

Source: Ground water

Name of lest' Chemlcal AnerFsls Af Soll Sample

Depth of sample: 1.0m from existing ground level

I Chlorides (as Cl ) ?z2mgllit

') Sulphates (as SOr) IS2mgAit

3 PH 6.2

I

Sulphatu conteil
0.17

2
Chloride c$ntent

0.139

)
Carbonate

Practically Nil

4
Organic metter

Practically Nil

*
*

nc) t

SI, NO DUTAII,S OF TESTS RESLILT OBTAINf,D

SL NO. DE:I'AILS OF TESTS
AE$ULT OBTAINED

(% by lveight)



CI{E}IICAL ANALYSIS OT SOIL & WAI'ER

LOCATION:.BTI14

ffame of lest: Chemical Analysis of Water Sample

Source: Ground water

l\larre af Test; Chemical Analysis At Soll Sample

Depth of sample: 1.0m ftom existing ground level

I Chlorides tas Cl ) 2?0 mgllit

) Sulphates las SOr) l80mg/lit

I PH 6.5

I

Sulphate content
0.r9

;,

Chhride content
0.15

3
Cartronate

Practically Nil

4
Orgnnic mattsr

PracticallyNil

SL IYO DETAILS OT TT*qTS RtrSTILT OBTAII{ED

sL:\o. DETAILS OT'I"ES'I'S
RESULT OBTAINED

{% by l#tight)



CIIEH-ICAL ANALYSIS OF SOIL,,$I ll'ATf,R

LOCATION:.8H15

Name of Testt Chemical Analysls of Water Sample

Source: Ground $/ater

l\farne of lest; Chemlcal Anatysis Ot S,all Sample

Depth of sample: 1.0m from existing ground level

I Chlorides (as Cl ) ?30 mg/lit

2 Sulphates (as SOr) lSlmg/lit

3 PH 6.0

I

Sulphate uuntent
0.19

2
Chloride content

0.r40

J
Cartronate

Fractically Nil

4
Organic matter

Practically Nil

t:
(l

+ rL

l'

SL NO NETAIL$i OT TESTS RESI"ILT OBTAINEI)

SL NO. DIi"I'AILS OT TESTS
RfiSUtT OBTAINHD

(% by Wcight)

X



cltt:itlc4,L $NALYSIS OF flOIL & \#ATER

IOCATION: -Bl{16

Name of lesft Chemical Analysis of Water Sample

Source: Ground water

Name of Test: Chemical Analysts Of Soll Sample

Depth of sample: 1.0m from existlng ground level

I Chlorides (as Cl ) 225 mgfht

2 Sulphates 1as SOr) l8Smg/lit

J P}I 6.8

I

Sulphate content
0.19

2
Chloride content

0.139

3
Carbonate

Practically Nil

4
Organic matter

Practically Nil

t-

SL NO DITAIL$ OT TEST$ RtrSUtT OIITAII\TED

SL NO. DETAILS OF TESTS
RESULT OBTAINED

(% bY r#eight)

I
i

i

*



:ANNEX.IX:

PERMEABILITY TEST RESULT

01 2.00 2.22xfi-7

02 2.00 2.21" l0-7

03 2.00 l.3l x I&7

o4 2.00 2.02x$-7

05 2.00 1.30x l0-7

06 2.00 2.30x I0-8

a7 2.00 l.08xl&8

o8 2.00 l.2l x I&9

09 2.00 2-35x l&8

10 2.00 2.04,10-8

11 2.00 l.l lxt0.?

t2 2.00 l.25xlL7

13 2.00 1.96x l&8

L4 2.00 2.42x$-7

15 2.00 2.?3x 1S8

16 2.00 2.56x1&?

F

BH Loration Depth
(m)

Coefficient of permea bility

K(cmlsec)

#



:ANNEX-X:

CO NSO LID^&.TTON TflsT &fl,SUtT
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Gonsolidation test Result
8H.01 D€pth:2.00M

Sl No
Applied Pressure

(knlsqm) Void Ratio

1 't0 0.80
2 20 4.79
3 40 0.78
4 90 0.76
5 160 0.74
6 320 0.70
7 440 0.65
B 1000 0.53

Coneolidation curve (e-log)

0.80

0.70

o

,o
agt
!l
o

0.60

0.50

0"40

10 100

Applled prwsutu (p) tn knhqm

1000

\
I

\

?vT

Cornpression lndex Cc = (0.76-0.53)/tog (1000t90) = 0,2g



Consolidation test Result

BH-2 Depth: 2.Ofut

Sl No
Applied Pressure

(kn/sqm)
Void Ratio

1 10 0"79

2 2A 0.78

3 4A 0.77
4 g0 0.75
5 160 0"72

6 320 0.68

7 tr0 0.64

I 1000 0"60

Consolidatlon curve {e-log)

0.80

0.70

o
o
og,
E'
o

0.60

0.50

0.40
10 100

Applled prcasurr (p) ln knlrqm

1000

t

\

rvI

Campression lndex Ce = (!.75{.60}1109 tlW0l90} = 0.14

ill

lti
ltl



BH-g Dep$t:2.0trl

Consolidation test Result

0.40

.800

Consolidation curvB (eJog)

100

Applted pr*Bluro (p) ln knlrqm

0"70

0.60

0.50

o
o
l!u
t
o

I
10 1000

Sl No
Applied Pressure

(kn/sqm)
Void Ratio

1 10 0.80
2 20 0.79
3 40 0.78
4 90 0.75
5 160 4.72
5 320 0.68

7 640 0.63

I 1000 0.60

r,

\

Compression Index Cc = (0.7$0.60)llo9 (1000190) o 0.15

*l
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Consolidation test Result
BH{5 Depth:2.001t

rFY

Sl No
Applied Pressure

(kn/sqm)
Void Ratio

1 10 0.79

? ?a 0.78
3 40 0.77
4 90 o.74

5 160 o.72

6 320 0.69

7 &40 0.63

B 1000 0.54

Consolidation curve (o-log)

0.80
l

0.70

o
o
$
E,

s
o

0.60

0.50

0.40
10 100

ApptM prsrsuro (p| ln knlrqm

1000

\

\

Compression lndex Cc = (0.7a{.54}log (1000/90} = 0.20

\
*
v-,
e-.

I

I

I

I

I

I

i



Consolidation test Result

BH-06 Depth:2,0OM

t,,,
).'

+

Sl No
Applied Pressure

(knlsqm) Void Ratio

1 10 0.80
2 20 0,79
3 40 0.77
4 90 0.74
5 160 0.72

6 320 0.69

7 640 0.65

I 1000 0.62

Consolldatlon curYe {e-log}

0.80
I

0.70

o
o
(!
g,
!
o

0.60

0.50

0.40
1 0 100

Applied prolsurs (p) ln knbqm

1000

]t.
t

\
*,

Compression lndex Cc = (0.74{.62Mog (1000rSO} = 0.12



BH-7 Depth:z.OM

Consolidation test Result

0.80

0.70

0.40

0.60

o
o
a!a
!'6

Consolidation curve (e-log)

100

Applied pr?aiuri' (p) in kntrgm

0.50

r0 1 000

!f

s
u,'l

Sl No
Applied Pressure

(kn/sqm)
Void Ratio

1 10 0.80
2 20 0.79
3 40 0.78
4 90 0.76
5 160 o_74

6 320 0.70

7 640 0.66

I 1000 0.62 t

I

I

,t- Compression lndex Cc = (0.7&0.62/lo9 (t000rm) = 0"14



Consolidation test Result

BH-B Depth:Z.OOM

,O

Sl No
Applied Pressure

(kn/sqm)
Void Ratio

1 10 0"80

2 20 0.79
J 4A 0.78

4 9CI 0.76

5 160 0.75

6 320 0.72

7 640 0.68

I 1000 0.65

Consolldatlon curve {e-log}

0.80

0.70

o

.e
o
&,
t
6

0.60

0.50

0.40
10 100

Applted pnorcure (pf in knbqm

1000

Ti--'
tt
lt

il
il

ilti

it
il
li

ti

*

Compression lndax Cc = (0.7&O.&5Mog (1000190) = 0.11



Consolidation test Result

BH-g Depth:S.OOM

Sl No
Applied Pressure

(kn/sqm)
Void Ratio

1 10 0.80

2 20 0.79

3 40 o.77

4 90 0.74

5 160 0.72

b 320 0.69

7 640 0.65

8 1000 0.62

Consolidatlon curye (e-log)

0,80

0.70

o
o
(t
0.
!,
o

0.60

0.50

,

0.40
10 100

Appliad pnerauns {p} ln kntqm

1000

\

I

pv
T

Compression lndex Cc = (O.7a4.62)llog (1000190) = 0.12

r'l
!

I
I

I

\

I

I



BH-10 Depth:5.O0ttl

Consolidation test Result

0"80

0.70

0.60

0.50

0.40

Consolidatlon curve (eJog)

100

Applled prearura {p} ln knleqm

o
o
a!
u
t
o

10 1000

Sl No
Applied Pressure

(kn/sqm)
Void Ratio

1 10 0.80

2 20 0.79

3 40 0.77

4 90 0.74

5 160 0.72

6 320 0.s8

7 640 0.64

I 1000 0.59
q

\

,)"

Comprccsion lndex Cc e (0.74{.59)/log (1000/90) = 0"{S

\
:

I

lt
II
'III
!til
il
il
il
il
il

il



Consolidation test Result
BH-{1 Depth:5.00M

PYr.

*
,ta,

? ilr I

Sl No
Applied PrEssure

(kn/sqm)
Void Ratio

I 10 0.79
2 20 0.78
3 40 o.77
4 90 0.75
5 160 0.73

6 320 0.70

7 640 0.65

8 1000 0.58

Consolidatlon curve (e-log)

0.80

0.70

o
o
|!
u
t
'6

0.60

0.50

0.40
10 100

Applled prcssurc (p) ln kn/egm

1000

!

l

\
\

.

,

:)
,J

Compression lndex Cc = (0.75-0.58)/log (1000/90) = 0^17



Consolidation test Result

AH- n Deptlt; 5.O0M

t {

:f

Sl No
Applied Pressure

(knlsqm;
Void Ratio

1 10 0.80

2 20 0"80

3 40 0,79

4 90 o.78

5 160 0.76

6 320 0.73

7 640 0.70

I 1000 0.68

Consolldation curvo (e-log)

0.80

0.70

o

e
Ct
E
3
o

0.60

0.50

0.40
10 100

Applled pnearurt (p| ln knt*qm

1000

*ll

Compression lndex Cc = (0.78-0.68)/lo9 (1000190) = 0.10



Consolidation test Result
BH-13 Depth:2.OOII{

Sl No
Applied Pressure

(kn/sqm)
Void Ratio

1 10 0.79
2 2A 0.78
3 40 o.77
4 90 0.75
5 160 0.73
6 320 0.70

7 MO 0.65

I 1000 0.57

Consolidation curve (e-log)

0.80

0.70

{,

o
(,
u
!
o

0,60

0.50

0.40
10 100

Appllad prcssure (p) ln kn/oqm

1000

-!

i

tl

\

.l
I

Compresshn lndex Cc = {0.7$0.52)/log (1000/90) = 0.19



BH-l{ Dep,th:5.0oi.{

Consolidation test Result

0"80

0.70

0.60

0.50

0.40

o
o
r!
tr
p
o

Consolidation curve (e-log)

100

Appllad pr*sure (p) ln knlcqm

10 1000

Sl No
Applied Pressure

(kn/sqm)
Void Ratio

1 10 0.79
2 20 0.78
3 40 o.77
4 90 4.75
5 160 0.73
6 320 0.70
7 640 0.65

B 1000 0-56

\
\

+
Compression lndex Cc = {0.7$0.56)flog (1000190} = 0.19

lt

t



BH-.IS Depth:2"O}l

Consolidation test Result

0.50

0.40

0.80

0.70

Gonsolidation curvs (e-log)

100

Applled pno3iurs (p| in knlcqm

0.60

o
a
a!
d.
p
o

r 10 1 000

Sl No
Applied Pressure

(krVsqm)
Void Ralio

1 10 0.80
2 20 0.79
3 40 o.78
4 90 0.76
5 160 o.74

6 320 0.70

7 640 0.66

I 1000 0.62 q

+
Compression lndex Cc = (0.76-0.62)flog (1000re0) = 0.14



BH-16 Depth:2.O0M

Consolidation test Result

0.80

0.70

0.60

0.50
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3
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Consolidation curve (e-log)

100

Appllod pr$sura (p) In knlrqm

PV 1o 1 000

Sl No
Applied Pressure

(kn/sqm)
Void Ratio

1 10 0.79
2 20 0.78
3 40 4.77
4 90 0.75
5 160 0.73
6 320 0.70
7 6.40 0.65
B 1000 0.58

\

Compression lndex Cc = (0.7$O.58)/log (1000/90) = 0.17

r
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LIQUEFACTION ANALYSIS

(AS PER IS 1893 (PARTI) - 2016, SEED & IDRISS,

IDRISS & BOULANGER APPROACH }
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lntrnduction

The tin;t step in cngincering &ascssment of the potential of initiation of soil liquefaction is

the detcrminatinn ol'whc&er rht: soils present at the site are potentially liqueliable or not. It is

generally adopted that leiose. saturated. cohesionless soils are susceptible to liquefaction

while dense cohesion less soils arr considererl to be non liquefiablc, because they tend to

dilate during shearing.Cohesive soils are ttr be consideredsusceptible to liquefaction lvhcn

they fullil all the three critcria listd bclnx, originallystated by Seed and ldriss {198?} nnd

sutrrequently confirmed by Ynud and Gilstnap(19ffi):

o I'he soil must have less than 15 percent of the Fnrticles, bassd on dry weight, that

arefinerthln 0.fi)5 mm {i.r.. percent firrcr at 0.005 mm < l5 percent).

. fhe soil must have a liquid li$it {LL) that is less than 35 (that is, LL < 35).

r The water content w of the soil must be greater than 9(F/o of the liquid limit [i.e.,w >

0-e (1.r.)1.

If the cohesive xril does not tullll all thc three criteria. then it is generally considered to

benot susceptible to liquellxtion. Although the cohesive soil may not lique$, but there could

$tillbe n siggrilic*nt undrained she*r strength loss dr"rs to the seismic shaking.

'flre mo$ common t,vpe ol'analysis for dctenrriningthe liqucfaction potential is the use of

standard penetmtion test (SPIJ {$eed et al. I9S5. Stark and Olson lq95}. The analysis is

based on a method often tenncd ts the simplified procedurepropo$d by Seed and ldriss

(1971). This is thc most commeinly used and the oldest method to evaluate thc liqueftction

potential of a site. The "stqrs are as follor*ri:

l.Appropriate roil type:As disctrssed above, the tirst step is to determine if the soil has the

ability to liquely during nn eaflhquake. ltre soil must met the requircments listed in Sec. 2.1.

2. Groandwater tabteil\e soil must be below the groundwater table. However, the

liquefhction analysis could also te performed if it is anticipted that the grormdwater kble

will rise in the furure. and thus the soil n'ill eyentually be below the groundwat'er table.

3. C.tfr induced by eorthqeea*e:ll' the soil meets the above two requirements, then thE

simplifictl pnxredure can bc p:rl-crmed. 'l'he frrst step in the simplihed procedure is to

).4

i,;ri11t))

delennine rhe cyclic stress ratio {CSR} that *'ill be indued by the earthquake (Sec. 2.2

:



major unknoxn in the calculation of the CSR inducd b}, the earthqrxke is the peak

horizonttl ground acceleration a,o,,, that should be used in the analysi*. A liquefaction

analysis would typically not havc required fbr sites having a peak grountl acceleration c,u*

less than 0.10g nr a lrrcal magnitude Mxle*s than 5.

{. Cff from standard pe*elration IerI;By using thc standard penetration test, the cyclic

resistancs nrtia (CRR) of the in situ soil is then determined {Sec.2.3}. If the CSR induced try

the earthquake is greater than lhe CRR determined fiom the standad penetration test, then

liquefaction rnay occur during the earthquake" and vice vcrsa.

5. Factor at sqfety (fSl.' "fhe final step is to determine the factor of safety against

Iiquefaction, which is delined as

rS -,CRzuCSR

Cyelic Strcss Rsfio Ctused hy the [arthqunke

If it is found by analysis that the soil has the potential to liquefy during an earthquake

and the soil is below or will be below the groundwater table" &en the liquefaction analysis is

prformed. Arper $c*d und klriss (1971), the lirst step in the sirnplified procedure is to

calculate tlre cyclic srress rati*(C.S.R), which is caussd hy the earthquakc.

To dcvelop the equation lbr CSR, it is assumed that there is a level ground surface

and a soil cotumn of unit width and lengtfu antl that the soil column *ill mow horimntally as

a rigid body in resfl)nse to the maxirnum horizontal accelerationrrrmsxertd by the

earthquake nt ground surfaee. Figurc 2.1 shows a diagram of thcse assrxned coudition*. Given

these assumptions, the weight W of thc soil column is equal b y,z, where y, * tolalunit weight

of the soil and z = depth below ground surface. 'lhe horirontal earthquake force, F acting on

the soil colunn (which has a unit width and leneth) is:

F *ma- 
I, 

* (y,z/g){trx,-* ouokd&) G.t)

where,

F =''horizontal carthquake force acting on soil column that has a unit width and length.

KN

f,
l)-t

m : total mass ol'soil column, kg which is equal to l{r/g.



T'

lf = total weight of soil c*hmrn" kN.

: total unit wsightof snil, kN/m3.

; * elepth belo\,r,,ground surface otlsoil eolumn.

a *acccleration" which in this case is the maximum horizonkl acceleration atground

surface caused by the earthquake (a *o*n ), mls2.

aw * maximum horizontal acceleration al ground surfrce that is itduced by the

earthquake,m/s3. The rnaxirnum horirnntal accel*ration is alm commonlyrefemed to ss the

peak ground aeceleration.

ovo =total vertir,nl stress at bottom of sail column" klllm2.

As shown in Fig. 2.1, taking summation of the furces in the horironral direction, the

force Facting on the rigid soil element is equal to the ma:rimum shear ftxre st ths base on the

soil element. Since the snil element is assumed to havc a unit bass \ridth and length, the

maximum shear force I'is equal to the maximum shear s&ess r6a6 or from Lq. (2.1):

rn*-f-d*(a*Jg) (2.2)

Dividing beith sides al'the equation hy the vertital effective stness o'* gives

T,wrl $'ru.' (dr, /o'r){ar.,/g) (2.3)

Sincr the soil wlumn does not act as a rigid body during the carthquake, but rathEr &e soil is

deformable, Ssed nnd ldriss (1971) incorporated a depth rcduction factor rinlo the right side

of Eq. (3-3). or

t# o'* * rs (orn/o',,){a#9,) {2.4)

l'or the simplified method, Seed et al. (1975) conve(ed the typical inegular earthquake

nrcord to an equivalcnt serics ol'unifrrrm stress cyclss by assuming the following:

tro" 0.65 r,** (2.s)

r+'herc, qr. = unilbrm cy'clic shear skess amplirudc of thc earthquake (kNh).



z

-"..-.-+
trx rr. * F - ?,s{t-/B) * s*(e-/tr}

Fig l: Ctmdilions as$umed lbr thc dsrivation ot lhe earthguake cquation.

In e$serce, the crratic earthquake motion was converled to an equivalent ssries of uniform

cycle$ of shear $tres.s, rcferred to as q".. By substituting Eq. (2.5) into Sq. (2.4), the

earthquake-induced eyclic stresr ratio is obtained.

(:fR . T,\\- io',r, " 0.65 r,t (otu in'r,)(a,*lg) (2.6t

where

CSR* cyclic stre$s ratio (dimensionlesr), also commonly refbrred to as seismic stress ratio.

drn,,* * ma:iimum horiz.ontal accelcration nt gnrund sur{bse that is induusd by the

earthquake, mls?, also commanly rcfemcd to as the per* ground acceleration.

g : acceleration of gravity (9.S1 n/r'?).

r* = total vertical slress at a particular depth wlrere the liquefaction analysis is being

perfcrmed. kN/m2. To calculate total vertical stress. total unit weight tpf soil layer {s) must

be known-

o'n+ = vertical effective stress at thaf same depth in soil deposit wherc 616 r,yBS calculatetl,

kN/mz. 'I'o calculate vertical effcctive stress. location of groundwaler table must be known"

14 "'' depth rcduction faclor. also knorvn a; stress rsduction cerefficient (dimcnsionless).

As previously mentioncd, lhe depth reduction factor was introduced to accoturt for the lact

that the soil column shown in l;ig. I does not behave m a rigid body during the earthquake.

r



Fig.2.2 presenls the range in values for the depth ruduction factor r.lversus depth below

ground surfaue. Iloi*t to note that with depth, the depth redr:ction hctor decreases to accaunt

fur the fact that the soil is not a rigid body. bur is rather deformable. As indicated in Fig. 2

Idriss (1999) indicutes that the values of rlepnd on the mngnitude of the earttquake. As a

practical matter. the r,rvalues are usually obtained hom the curve labelled 
o'Average values by

Seed & Idriss {1971['in Fig. 3

Stress Fleduction Coelficient, 16

a.2 0.4 0.6 0"8 1.0

E

o"
(t)

o

't0

15

0.0
0

5

2A

25

s
Fig, 2: Reduction lhctor rrie€rilLs depth trelow level or gently sloping ground surfaces.

Another option is to assume a linear relationship of raversus dspth urd rxe thc following

cquation (Kayen etal. 1992):

ra * I-0.0122 G.7)

where z = depth in meters below the ground surface where the liquefaction analysis is being

performd (i.e., the same depth u-sed to calculate ra, snd r'*).

For fq. (2.6), the vertisal total shess o.,, and vertical effective sress o'* can be readily

calculatd using basic gratechnical principles, Equation (2.1\ or Fig. 2 could be used to

Q
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detemrine the depth rxluction factor r,s Thus all parameters in Eq. (2.fi) ean be readily

calculated, exc€pt fur thc pc"ak ggotmd acceleration ano..

Cyclic Rcsistancc Ratio (CRIf) from the Standard Pcnetration Test

The second step in the simplified procedure is lo detennine the cyclic rcsistance ratio of the

in situ soil. The cyclic resistance ratio represents the liquefaaion resistance of tlr* in silu soil.

The most comnronly uscd method fur determining fie liquefaction rcsistance is to use the

data obtained from the standard penetration test. The advantages of using the standard

penetration test to evaluate the liquefaction potential art as follows:

l. Grounu*antcr tahle: A horing must b* excavated in order to pertbrm the standard

penetration test. The location of the groundwater uble cen be measured in the borehole.

Another opion is to install a piez.ometer in the borehole, whish can then bc used to monitor

the groundwater level over time.

2. Sotl type: ln clean sflnd. the SPT sanrpler may not be able to retain a soil sample. But fbr

most other types of rcil. &e SPI' sampler will be able to retrieve a soil safiIple. The soil

sample retrieved in the SP1- sampler can be used to visually classify the soil and to estimate

the percent fines in the soil. In addition" the soil specimea can be returncd to the laboratory,

and classification tests can bc performed to further assess the liquefaction susccplibility of the

soil.

3, Relationship her".*een N value awl liguefaction ;rutential: [n general, tlre factors that

increase the liquefaction rcsistancc of s soil will also increase the (&)d0 lium the standard

penetration test. For example. a wll-graded dense soil that has been preloadd or aged will

be rcsistant to liquefaction and will have high values of (trrlro. Likewise, a uniformly graded

soil with a loose and segregated soil structure will be morc susceptible to liquefaction and

will have much lower values of tNt)ro.

Based on thc standard penetration test and field perfbrmance data Sced et al. (1985)

concluded that there arer three approximate ptential damage ranges that can be identified:

(Nr)ro 0-20 20-30 >30

Potential

damage

l.tigh lntermediatc No significant

danrage

f'able I: (Nr)6{' values

#



As indicated in above tablc, an (ffr)so value of 20 is the approximate boundary between the

mdium and dtnse states of the sand. Akrve an (ifr)6o of 30" the sand is in cither a dense or a

very dense state. For this condition, initial liquefaction does not producr large defnrmations

because of the dilation tendencl' of the sand upon revcrsal of the cyclic shcu stress. 'l'his is

the reasou that strch soils produce no signifieant damage, as indicated try the above table.

Figure 3 presents a chart that can be uscd to determine the cyclic resisance ratio of the in situ

soil. This figurt was devclope,d fronr investigations of numerous $ite$ that had liqu*fied or

did not liquely during earthquakes, F'or most of tlre data used in Fig. 3, the earthquake

magnitude was close to 7.5 (Seed et al. 1985). "I"he thres lines shorryn in Fig. 3 are for soil that

contains 35, 15, or 5 percent fines. 1hc linss shown in Fig. 3 represent approximatc dividing

lines, wherc data to the left of each individual line indicate field liquefaction. while data to

the right of the line indicate sites that generally did not liqucfy during the carthquake.
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Fig.3: PIot usetl to dctermine the cyclic resistance rario for clean and silty sands for M= 7.5

earthquakes.

Use of Fig. ?.3 to dctermine the cyclic resistancc ratio of the in situ soil is as fallows:
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l. $tandard pcnetrution lesr tY1)6srnlne:b Fig. 2.3 that the horizontel axis rupresents data

from ttn standarrd penetmtion test, which must he expressed in tcrrn-s nf the (lfl)*o valuc. [n

the liquefaction analysis. the standard penetration (est lf6o valuc is correctd for the

overburden pnessure and afler the cr:rrection is applicd to the if66 value to acsount for ths

effect of overburden pressure, this value is referred to as (if1)66.

7. Percentlines:Once the (ffr}n value has been calculated" ttre next step is to determine or

s$timats the percent lines in the soil" For a given (/fr)6o value. soils with mare fines have a

higher liquelaction resistance. Figure 2.3 is applicable for nonplastic silty sands or for plastic

silty sands that meel the criteria for cohesive soils.

3. Cyclic resisl$.nce ratio for m anticipaud magnituf,r 7.5 earthquolc$nce the (Nl)oo

value and the percent fines in the soil have boen determined, then l'ig. 2.3 can be used to

obtain the cyclic resistance ratio of the soil. To use Fig. 2,3, the figure is entered with the

correctd standard penetration test (,Yr)ao vfilue, and thcn by interseeting tlre approprinte fines

content curve. thc cyclic resis:tance ratio is obtaircrJ. As shown in Fip 2.3, fur a magnitude

7.5 eafihquake, clean sand will not liquefy if the (Nrlrovalues exceeds 30. For an (ifr)ro value

of 30, tlre sand is in either a dense or a very dense state. As previously mentioned, denss

sands will not liquefy' because they tend to dilate during shearing"

4. Correetionfor other magnitade crrthquales.'Fig.2.3 is for a pmjected eartfuuake that has

a magnitude of 7.5. lhe final factor that must be included in the analysis is the maguitude of

the earthquakc. Thc higher thc magnitudc of the enrthquake, the longer the duration tf gmund

shaking. A higher magnitude rvill thus result in a higher number of applications of cyclic

shsar strain. which will decrease thc liqucfaction resislance of the soil. Fig.2.3 was developed

for an earthquake magnitude of 7.5; and lbr other differcnt magnitude,s, the CRR values from

Fig. 2.3 would he multiplicd by the magnitude scaling lbctor indicated in Table 2.2. Fig.2.4

pre.ssnts other suggested magnitude scaling factors.

t1



Anticipated earthquake magnitude Magnitude scaling factor
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It cotlld be concluded that the local magnitude Mr the surfaee wave magnitude Mo and

moment magnitude &{*scales are reasonably close to one another below a value of about ?.

Thus for a magnitude of 7 or tlelo*'. any one of these magnitude scales can bc used to

determine the magnitude scaling hctor. At high magnitude vatucs" the momcnt mlgnitude

M*tends to significantly der.iate from the other magnitude scales, and the moment magnitude

M*should be used to determine the magnitude scaling factor from Table 2.2 or Fig.2.4.

Two additional corection factrrrs may need to be included in thc analysis. The lirst correction

factor is for the Iiquefaction of deep soil layers (i.e.. depths where r',..P100 kN/m2, in which

liquefaction has not been verified by the Seed and ldriss simplified procedure). The second

correction far:lor is for sloping ground conditions.

Both the peak ground acceleration drr,", and the lengttr of ground shaking increasc for sites

having soft. thiek. and subrnerged soils. In a sense. the earthqurke magnitude accounts for the

increased shaking at a site; that is, the higher the magnitude, the longer the ground is

subjected to shaking.'Ihus fbr sites having soft, thick, and submerged snilq it may be prudent

to increase both the peak ground aceeleration cmil and the earthquakc magnitude to account

for local site etTects.

Factor of Safrt-r against l,iquefaction

The linal step in the liquefaction analysis is to calculate the factor of safety against

liquefaction. If thc cyclic stress mtio eauscd by thc anticipated earthquakc tEq. (2.6)] is

greater than the cyclic resiskrnce ratio of the in situ soil (Fig. 2.3), then liquefaction could

occur during the earthquake. arxl vice versa. the factor of salbty against liqucfaction (FS) is

defined as follows:

I:\'= CRIi{:"\? (2.8)

The higher the f$ct{rr ol'safe{y, lhe more resistant the soil is to liqucfaction- However, scil

that has a factor of safety slightly greater than l-0 may still liquefy during an earthqtrake. For

example, if a lorver layer liquefies, then the upward IIow of water could induce liquefaction

of the layer thet has a factor of safety sl;ghtly greater than 1.0.

ln the above liquelbctinn analysis, there are many difterent q$ation$ and corrections that are

applied to both the cyclic stress ratio induced by &e anticipatod earthquake and the cyclic

resislance ratio of the in situ soil. Bhr example, there are four dilferent corrections (* ,r:,_

.' i)'

*1



E* Cu C'r. and <r',o ) that are applied to the standard penetration test .ff vulue in ordsr to

calculate the (ifr)r,o value- All these different equations and various correclions may provide

thc engineer with o scnse of high accuracy, when in fact the entire analysis is only a gros$

approximation. J"he analysis should be reated as such" ond engineering experiencs afid

judgment are essential in the {inal detcrmination of whether a site has liquefaction potential.

Conclusion;

From liquclaction anerlysis it is found that soil is tbund to be non-liqucfiablc.

*'
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Anal is of liquefaction Potential as per lS 1893 Pa rt1 2016, Seed & ldriss, ldriss & Boulanger ap roach

B.H

No.

Dept

h

Observed

N value
(N1)60cs

c.5.R.

(M=7.s)

c.R.R.

(M=7.

s)

F.O.S.

(M=7

.s)

oV

(kPa) (kPa) Ctrr Cr* c,, Cnt C* CN
FC

(%l rd

Bulk

density

ton/m3

Bulk

density

KN/m3

submerged

densty

Liquid Limit

( tL) in%
Remark

1

1.5 11.09 0.57 o.72 0.21 24.70 10.00 1 0.98 1.1 o.7 5 1.0s L.7 100 0.99 1.68 16.464 6.664 39.65 NL,Lb35

3.0 19 26.22 47.77 0.64 0.60 0.94 55.57 19.99 1 0.98 1.1 o.75 1.05 7.7 100 0.98 2.1 t 0.78 39.20

4.5 39.10 59.74 0.54 0.60 1.10 47.71 36.16 7 0.98 1.1 0.85 1.05 7.7 100 o.97 2.t5 21.07 I 1.27 38.56 NL

6.0 31 39.15 59.81 0.50 0.60 L.20 53.07 1 0.98 1.7 0.85 1.05 7.37 100 2.76 2t.168 t 1.368

33 40.52 67.73 o.47 U.bU 150.97 70.72 1 0.98 1.1 0.95 1.05 1.19 100 0.94 2.78 21 .364 I 1.564 37.66 NL

9.0 39 42.88 65.03 0.46 1.31 183.16 a7.47 1 0.98 1.1 0.95 7.O7 100 0.93 2.19 2 t .462 36.79 NL

10.5 43 45.43 68.60 0.43 7.40 215.65 1 0.98 1.1 7 0.98 100 0.89 2.21, 2 t .6s8 36.67 NL

72.O 47 45.92 69.29 0.40 0.50 !.49 722.75 I 0.98 1.1 1.05 oq 100 0.85 2.22 I 1.956 36.12 NL

13. s 51. 46.54 10.1,6 0.38 0.60 1.58 281.06 1 0.98 1.1 0.84 100 0.81 12.054 3 5.8

15.0 59 s0.68 7 5.96 0.36 0.60 1.68 313.99 158.76 1 0.98 1.05 0.79 100 o.77 2.24 2 t .952 12.152

CBD : Borehole diameter =15Omm

CHw:Weightof hammer =63.5Kg, Heightof fall =75omm

[: [iquifiable

NL:Non Liquifiable

*\ft
*)

\

(N 1)60

4.35

20.58 NL,LL>35

118.92 0.9s i7.75 NL

7.26

0.60 1.05 I 1.662

0.60 104.96 1.05 I 1.858

248.2a 1 21.756

140.68 1 1.05 21.854 NL

1.1 1 35.3 NL



Analysis of li uefaction Potential as er lS 1893 (Pa - 201.6, Seed & ldriss, ldriss & Boula fa roach

B. H.

No.

Dept

h
(N 1)60 (N1)60cs

c.s. R.

(M=7.s)

c.R.R.

(M=7.

s)

F,O.S.

(M=7

.s)

OV

(kPa) (kPa)
C,, Cr,* C., C* CN

FC

t%l
rd

Bulk

density

ton/m3

Bulk

density

KN/m3

Submerged

densty

liquid Limit

{ LL) in%
Remark

1.5 3 4.35 11.09 0.50 o.72 o.24 27.20 12.50 1 0.98 1.1 o.7 5 1.05 7.7 100 0.99 1.85 18.13 6_).5 39.24 NL,Lb35

3.0 10 13.80 24.32 0.51 0.22 0.43 24.99 1 1.1 0.75 1.05 1.7 100 0.98 1.96 19.208 9.408 38.87 NL, LL>35

4.5 27.90 35.66 0.49 0_38 o.1a 84.67 0.98 1.7 0.85 7.7 100 1.95 19.1 I 9.3 I 3 8.37 NL,Lb35

6.0 77 27.47 35.06 o.49 0.36 o.74 115.40 53.07 1 0.98 1.1 0.85 1.05 1 ?7 100 0.95 2.O9 20.482 t0 682 37.8 NL,LL>35

1.5 24 29.69 46.57 o.47 0.60 1.28 69.09 1 0.98 1.1 0.95 1.05 7.2 0.94 2.15 21.07 I 1.27 37.3 9 NL

9.0 26 28.83 45.36 0.45 0.60 r.32 778.7 5 86.00 1 0.98 1.1 0.95 1.05 1.08 100 2.76 21 .168 I 1.368 36.72 NL

10.5 29 30.92 48.29 0.43 0.60 1.40 210.50 103.0s 1 0.98 1.1 1 1.05 0.99 100 0.89 2.76 21.168 I L368 36.55 NL

12.0 31 30.62 47.87 0.40 0.60 242.a4 120.10 1 0.98 1.1 7 1.05 0.91 100 0.85 2.20 21 .56 I 1.76 NL

13.5 34 31.36 48_90 0.60 1.58 275.33 737 .7 4 1 0.98 1.1 1 1.U5 0.85 100 0.81 2.27 21.658 I I .858 NL

2

15.0 37 32.t| 49.96 0.36 0.60 7.67 307.97 155.53 1 1.1 1 0,8 100 0.77 2.22 21.756 35.26

CBD : Borehole diameter =15Omm

CHw: Weight of hammer =63.5Kg, Heightoffall =75omm

L: Liquifiable

NL: Non Liquifiable

Observed

N value c..

56.01 0.98

74 39.10 1 1.05 o.97

747.00 100

0.93

1,.49 36.t5

0.38
3 5.88

0.98 1.05 I t.956 NL



Analysis of liquefaction Potential as per 15 1893 (Part1) - 2016, seed & ldriss ldriss & Boula a ch

CN
FC

(%)
rd

Bulk

density

ton/m3

Bulk

den5ity

KN/m3

submerged

densty

tiquid Limit

{ tL) in%

Remark

B.H.

No.

Dept

h

observed

N value
(N1)60cs

c.s.R.

(M=7.s)

c.R.R.

(M=7.

s)

F.O.S.

(M=7

.s)

OV

(kPa) (kPa)
C,, Cr* c.. C^, Cro

NL,LD350.98 1.1 0.75 1.05 1.1 100 0.99 1.88 I8.424 8.624 39.797 10.14 19.20 0.49 0.19 0.38 27.64 72.94

9.8 38.5 3 NL,LD353.0 1,2 0.50 57.O4 25.a7 7 0.98 1.1 o.75 1.05 !.7 100 0.98 2.OO 19.628.19 0.50

1.05 1,.7 100 0.97 2.08 20.3 84 10.5 84 37.25 NL4.5 16 25.03 40.o4 0.60 7.23 81.67 40.57 1 0.98 7.7 0.85

NL6.0 1.1 0.85 1.33 100 0.95 2.77 20.678 10.878 37.1120 24.49 39.29 o.47 0.60 1.28 118.63 56.45 1

21.266 I t.466 3 6.74 NL)', 32.55 50.57 0.46 0.60 1.31 150.53 72.77 1 0.98 1.1 0.95 1.05 L.77 100 0.94 2.71

0.95 1.05 1.05 100 0.93 2.79 21.462 I I .662 36.51 NL9.0 30 32.52 50.53 0.44 0.60 1.36 t82.72 89.96 1 0.98

36.33 NL10.5 0.98 1.1 7 1.05 0.96 100 0.89 2.21 21.658 I t.85832 51.78 o.42 0.60 7.43 275.2L 707.46

36.19 NL72.O 725.24 1 0.98 1.1 1 1.05 0.89 100 0.85 2.22 21.756 I 1.95636 34.82 53.75 0.40 0.60 1.52 247.44

1 1.05 0.84 100 0.81 2.25 2 2.05 12.25 36.1 NL13.5 33 46.79 0.37 0.60 1.61 280.92 143.18 L 0.98 1.1

NL15.0 7.70 1 1.1 7 1.05 o.79 100 o.77 2.26 22.148 12.34832 27.25 43.15 0.35 0.60 314.14

CBD : Borehole diameter =15Omm

CHw : Weight of hammer =63.5Kg, Height of fall =750mm

L: Liquifiable

NL: Non Liquifiable

\

\SF

(N1)60

1.5 1

16.56 0.2 5

0.49

0.98 1.05

7.5

1.1

33.41 1

29.85

3 5.480.98161.55



Ana ofl uefaction Potential as r lS 1893 (Part1 - 20l.6,seed & ldri ldriss & Boulan era roach

B.H

No

Dept

h

Observed

N value
{N 1)60

c.s.R.

(M=7.s)

c.R.R.

(M=7.

s)
(kPa)

o'V

(kPa)
C,, C"* c,, C^, Cro CN

FC

(%\
rd

Bulk

density

ton/m3

Bulk

density

KN/m3

Submerged

densty

Liquid Limit

( tL) in%

Remark

1.5 4.35 11.09 o.57 o.t2 o.2l 24.84 10.14 1 1.1 0.7 5 1.05 7.7 100 0.99 1.69 16.562 38.25 NL,LL>35

4 5.52 72.73 0.57 0.14 o.24 20.29 '), 0.98 1.1 1.05 !.1 100 0.98 1,.76 I 7.248 3 7.69 NL,LL>35

4.5 9 14.08 24.71. o.5? o.24 o.42 79.23 31.45 1.1 0.85 1.05 7.7 100 o.97 7.94 19.012 9.2t2 36.21 N L,LL>35

6.0 1,2 16.47 27.91 0.54 o.26 0.49 108.53 45.28 1 1.1 0.85 1.05 7.49 2.00 t 9.6 9.8 36.t5 NL,Lb35

7.5 16 27.24 34.74 0.51 0.42 0.82 139.3 6 59.98 1 0.98 7.t 0.9s 1.05 7.29 100 o.94 2.O9 20.4 82 t0.682 36.08 NL,LD35

9.0 20 23.59 38.03 0.49 0.60 7.23 770.37 76.OO 0.98 1.1 0.95 1.05 100 0.93 2.77 20.678 t 0.878 36.01 NL

10.s 24 27.O4 42.85 0.46 0.60 1.31 201.98 92.32 1 0.98 1.1 1 1.05 1.04 100 2.t5 21.07 3 5.86 NI

72.O 2A 29.00 45.60 0.43 0.60 1.40 234.O2 709.22 1 0.98 1.1 1 1.05 0.85 2.74 I 1.564 3 5.8 NL

13.5 31 29.83 46.76 0.40 0.60 1.50 266.36 726.57 1 0.98 7.7 1 0.89 100 0.81 2.20 21.56 I 1.76 NL

4

15.0 33 29.74 46.64 0.38 0.60 299.1S 744.27 1 0.98 7 1.05 0.83 100 0.77 2.23 2 t.8s4 i 5.2 NL

CBD : Borehole diameter =15Omm

CHw : Weight of hammer =63.5Kg, Height of falt =75Omm

L: Liquifiable

NL: Non Liquifiable

(N1)60cs

F.O.S.

(M=7

.s)

0.98 6.762

50.72 o.7 5 7.4 48

1 0.98

0.98 100 0.95

1 1.15

0.89

0.96 100 21.364

1.05 35.74

1.60 1.1 t 2.054

+



Ana is of liquefaction Potential as r ls 1893 Pa rt1 - 2016,Seed & ldriss, ldriss & Boulan era roach

B. H.

No.

Dept

h

Observed

N value
(N 1)60

c.s.R.

(M=7.s)

c.R.R.

(M=7.

s)

F.O.S.

(M=7

.s)

OV

(kPa) (kPa)
Cr. Cr* c,, C*, Cro CN

FC

l%)

Eulk

density

ton/m3

Bulk

density

KN/m3

Submerged

densty

tiquid Limit

( LL) in%
Remark

1.5 4 5.80 13.11 0.54 0.14 0.26 25.47 77.77 1 0.98 1.1 1.05 7.7 0.99 r.76 t 7.248 7.44I 38.63 N L,LL>35

3.0 9 12.42 22.39 0.56 o.22 0.40 54.39 22.34 1 0.98 1.1 0.75 1.05 1.1 100 1.94 I 9.01 2 9.2t2 3 7.70 NL,LL>35

4.5 19 46.60 0.53 0.60 \.12 85.41 36.16 t 0.98 1.1 1.05 1.7 100 o.97 2.t7 20.678 3 7.50 NL

6.0 26 51.23 0.50 0.60 7.20 117.16 52.48 1 0.98 1.1 1.05 1.38 0.95 2.16 2t.168 I t .368 36.8 NL

7.5 29 35.76 55,07 0.60 7.27 149.21 69.s3 1 0.98 1.1 0.95 1.05 1.2 100 0.94 2.18 I 1.564 36.41 NL

9.0 57 .57 0.45 0.60 181.40 86.88 1 1.1 0.95 1.05 7.O7 100 0.93 2.L9 2 t.462 I I .662 36.21 NL

10.5 35 56.92 0.60 1.40 213.7 4 1,O4.37 L 0.98 1.1 7 1.0s 0.98 0.89 2.20 21 .56 I 1.76 3 6.04 NL

12.o 37 36.26 5 5.76 0.40 0.60 7.49 246.23 ]22.O1 1.1 7 1.05 0.91 100 0.85 2.27 21 .6 58 1t.858 35.91 NL

36.62 56.27 0.38 0.60 1.58 139.80 0.98 1.1 1 1.05 0.85 100 0.81 2.22 3 5.6 NL

15.0 44 37.92 58,09 0.36 0.60 1.68 3LL.79 757.73 1 0.98 1.1 1 1.05 0.8 o.77 2.24 2 t .952 I 2.1 52 3s.t3 NL

CBD : Borehole diameter =15Omm

CHw:Weight of hammer =63.5Kg, Heightoffall =75omm

L: Liquifiable

NL: Non Liquifiable

(N1)60cs rd

o.75 100

0.98

29.72 0.85 10.878

33.02 0,85 100

o.47 21.i64

34 37 .57 r.32 0.98

37.08 0.43 100

1 0.98

13.5 40 278.86 1 21.756 I 1.956

100



Analysis of I uefaction Potential as er ls 1893 Pa rt1 - 2016, Seed & ldriss, ldriss & Boulan era ch

B.H.

No.

Remark

Dept

h

Observed

N value
(N 1)60 (N1)60cs

c.s.R.

(M=7.s)

C.R.R

(M=7

s)

F.O.S.

(M=7

.s)

OV

(kPa) (kPa )
C", Cr* c,, Cr,, C"o CN

FC

lv.)
rd

Bulk

density

ton/m3

Bulk

density

KN/m3

Submerged

densty

tiquid Limit

(LL)in%

1.5 0.99 2.05 20.09 10.29 37.05 NL,LL>3514 20.29 33.40 o.45 0.40 0.89 30.14 15.44 1 0.98 1.1 o.75 1.05 7.7

77 0.98 1.1 o.7 5 1.05 100 0.98 2.09 2 0.4 82 10.682 36.80 NL0.45 0.60 1.33 60.86 30.87 I

4.5 10.78 NL22 34.47 53.77 o.44 0.60 1.36 91.73 46.89 1 0.98 1.1 0.85 1.05 t.? 100 o.97 2.70 2 0.58

6.0 100 2.76 36.2 3 NL30.12 47.77 o.44 0.60 1.37 t23.44 63.06 1 0.98 1.1 0.85 1.05 1.26

7.5 0.95 1.05 t.L2 100 o.94 2.20 21.56 11.76 3 6.07 NL35.61 54.86 0.43 0.60 7.40 155.82 80.12 7

21 .266 I 1.466 37.28 NL21 28.08 44.37 o.42 1.43 787.72 1 0.98 1.1 0.95 1.05 1.01 100 0.93 2.77

10.5 1 1.05 0.93 100 0.89 2.t9 21 .462 I 1.662 36.21 NL30 41 .40 0.40 0.60 1.50 219.91 114.95 1 0.98 1.1

72.O o.87 100 0.85 2.27 21 .658 I 1.858 36.29 NL33 31.04 48.4S 0.3 8 0.50 1.58 252.40 132.45 7 0.98 1.1 1 1.05

13.5 3 5.34 NL31 27.38 43.33 0.36 0.60 1.66 285_18 150.23 1 0.98 1.1 1 1.05 0.82 100 0.81 2,23 21.854 12.054

6

15.0 1 1.05 o.77 100 o.77 2.24 2t.952 t2.t52 i s.09 NL34 28.37 44.7L 0.34 0.60 7.75 318.11 168.32 1 0.98 1.1

CBD : Borehole diameter =15Omm

CHw : Weight of hammer =63.5Kg, Height of fall =75omm

L: Liquifiable

NL: Non Liquifiable

100

3.0 23.46 37.85

36.44

0.95 2t.t68 I 1.368

l1 1.10.98

9.0 0.60 97.76

30.29



Anal is of li uefaction Potential as per lS 1893 Pa rt1 - 2016,seed & ldriss, ldriss & Boula a roach

B.H

No
(N 1)60 (N1)60cs

c.s.R.

(M=7.s)

c.R.R.

(M=7.

s)

F.O.S.

(M=7

.s)

OV

(kPa) (kPa)
C,, C"* c,, C.,- Cro CN rd

Bulk

density

ton/m3

Bulk

density
(N/m3

submerged

densty

Liquid Limit

( tt) in%

Remark

1.5 1 70.t4 0.20 0.43 29.25 14.55 1 0.98 1.1 0.75 1.0 5 1,.7 0.99 1.99 19.502 9.7 02 38.52 NL,LL>35

13 30.12 0.45 0.28 0.60 58.95 29.11 1 0.98 1.1 o.75 1.05 7.7 100 0.98 2.O2 19.796 9.996 37.7 5 NL,LL>35

4.5 17 26.59 42.22 o.47 0.60 7.24 97.29 44.1O 0.98 1.05 7.7 100 0.97 2.20 21.56 11.76

6.0 20 23.42 37.79 o.44 0.60 1.36 122.30 6t.7 4 1 1.1 1.05 7.27 100 0.95 2.77 20.678 t0.878 37.14 NL

7.5 22 25.67 40.85 0.43 1.38 753.62 78.06 1 0.98 1.1 0.95 1.05 1.13 100 0.94 2.L3 20.874 36.55 NL

9.0 24 40.51 0.43 0.60 7.47 185.07 1 1.1 1.03 100 0.93 2.14 20.972 1t 172 36.3

10.5 29 29.74 46.63 0.60 \.47 277.L2 7Lr.43 1 0.98 1.1 1 1.05 0.95 100 0.89 2.18 21.364 11.564

72.0 31 29.57 46.40 0.39 0.60 1.55 249.31, 1,28.77 1 1.1 1 0.88 100 0.85 2.r9 21.462 I t.662

34 30.43 47.60 0.3 7 r.64 746.27 1 0.98 t.7 1 1.05 0.83 100 0.81 2.20 21 .56 t 1.76

7

15.0 36 30.44 0.60 7.73 374.43 163.91 1 0.98 1.1 1 1.05 o.7a 100 o.77 2.23 21.854 12.054 35.1

CBD : Borehole diameter =15omm

CHw : Weight of hammer =53.5Kg, Height of fall =75omm

---t-.Y

L: Liquifiable

NL: Non Liquifiable

Dept

h

Observed

N value

FC

(%\

19.20 0.46 100

3.0 77 .94

1 1.1 0.85 szJi INL

0.98 0.85

0.60 I L074

25.36 94.67 0.98 0.95 1.05 l*t
0.41 3605 INL

0.98 1.05 ss.zz lNt
13.5 0.60 281.65 .is. I z lr'rL

47.67 0.3 5 l*,.



ofl on Potential as 15 1s93 (Part1) - 20!6, Seed & ldri ldriss & Boulan era ach

Analysis uefacti

Remark

Liquid Limit

{ LL) in%

Submerged

denstY

Bulk

d€nsitY

KN/m3

Bulk

densitY

ton/m3

FC

(%l
CNC.oC*,c..Cr*C"t

o'v
(kPa)(kPa)

F.O.S.

(M=7

.s)

c.R.R.

(M=7.

s)

c.s. R.

(M=7.s)

NL,LL>35

(N1)60cs

39.13

(N1)60Observed

N value

9.408

Dept

h

19.208

B.H.

No.

1.960.991001.71-050.7s1.10.98114.110.300.14o.47 NL,LD3511.09 38.634.353 9.9961.5 ],9.7962.O20.981001.11.05o.750.98r2A.2258.510.590.28 NL,LD3530.12\7 .94 9.0163.0 1.920.971.050.851.10.98143.2286.730.510.230.45 NL,tD3522.52 37.7312.51 9.4088 19.2081.960.951001.331.050.851.10.98156.74115.540.48o.220.45 NL,Lb3522.rO 37.3812.7110 10.296.0 20.092.050.941001.191.050.950.981145.680.550.25 NL37.2377 .10147.5 20.582.LO0.931001.081.050.951.10.98186.291/O.5)1.!20.500.45 Nl-34.45 36.5519 I 1.5649.0 21.3642.780.891000.9911.10.981102.46208.591.410.600.43 NL40.9325.66z4 I 1.5641U.) 21.3642.180.851000.911.0511.10.981119.81240.641.500.600.40 NL45.15 3 5.728.5829 11.7621.562.200.811001.0511.10.981737.L5212.941.580.600.38 NL45.11 35.1228.65 12.1523113.5 21.9s22.24o.171000.8l_u51.1 10.981154.79305.911.680.6052.5033.933915.0

8

CBD : Borehole diameter =150mm

CHw ; Weight of hammer =63'5Kg' Height offall =750mm

L : Liquifiable

NL: Non Liquifiable

rd

28.81

1.1
o.47 i8.2313 18.816100L.7

4.5

1.170.850.452a.94 10.78

2L.O3
1.05

36.31

12.0 0.85

0.36

It-\



of li uefa ction Potential as Per ls 1893 (Part1 - 2076, Seed & ldris ldriss & Boula ra ch

Ana

CBD : Borehole diameter =150mm

CHw : Weight of hammer =63'5Kg, Height of fall =750mm

L: Liquifiable

NL: Non Liquifiable

?
:

Remark

Liquid Limit

( Lt) in%

Submerged

denstY

Bulk

density

KN/m3

Bulk

densitY

ton/m3
rd

FC

l%l
CNCtoC^.-c,,

(kPa)

oV

(kPa)

F.O.S.

(M=7

.s)

C.R.R

(M=7

s)
NL,LD35

(N1)50cs

38.39

Dept

h

Observed

N value

B.H.

No.

6.76216.5621.690.99100r.71.050.751.10.98110.1424.840.230.130.5711.09 NL,LL>354.35 37.8631.5 8.2 3218.0321.841001.05o.7 51.151.89o.270.160.5815.59 NL,LL>358.28 37.203.0 6 9.311.95o.911001.11.050.851.10.98132.6380.560.43o.240.56 NL,LD3524.7114.0894.5 9.01618.8161.920,951001.050.851.10.981108.780.380.200.5220.1010.78 37.128 10.38820.1882.060.94100t.291-U50.950.98160.12139.060.3 50.51 NL19.897.5 15 10.87820.6782.1r0.9 31.151.050.951.10.9817 5.71170.08r.230.60 NL38.0923.64 36.52209.0 11.17220.9722.140.891001.0410.98192.O2201.540.600.46 NL41.3325.95 i6.3 32310.5 21.562.200.851000.961.0511.10.98L108.781.400.60o.43 NL50.0432.\7 3 5.33112.0 12.252.251000.891.0511.10.981t26.42266.951.490.60 NL33.69 i5.173513.5 12.44622.2462.27o.771000.8311.10.9810.600.3853.3715.0

9

-h

Ct*C,,c.5.R.

(M=7.s)(N1)60

0.98
0.98120.29

19.11

37.15
1.46

46.60
NL,LD356.0

1.1
0.6932.85 36.71

100
0.49

1.051.1
1.31

11.76

233.88
2 2.0s0.81

0.4052.r7
1.05

144.80300.321.603s.9840



Ana ofl uefaction Potential as er 15 1893 Partl) - 2016, Seed & ldriss, ldriss & Boulan era ch

Remark

Liquid Limit

( LL) in%
Submerged

denstY

Bulk

densitY

KN/m3

Bulk

density

ton/m3
rd

FC

(%l
CNCroc.,Cr*Crt

o'V

(kPa)

oV

(kPa)

F.O.S.

(M=7

.s)

C.R.R

(M=7

s)
NL,LL>35

c.5.R.

(M=7.s)

39.7

(N1)60cs

J.88

(N1)60

15.68

observed

N value

1.60

B.H.

No.

0.991001.7o.751.10.988.8223.570.15 NL,LL>350.62 38.467.03 6.0761.45 15.8761 1.621.5 0.981.71.05o.7 51.10.981L7 .6441 .330.10 N L,LL>350.61 37.988.86 7.842.16 t7.6423.0 1.80o.97100t.71.050.85-t. -L0.98126.7573.790.14 NL,LD35o.62 37.4513.76 8.2326.264 1.840.951001.610.85t.1138.51100.84o.27 NL,LL>350.58 9.2 128.90 19.01266.0 7.940.941001.41.050.951.10.98150.86129.360.39o.22 NL,LD350.56 J/.IJ23.77 9.3112.989 1.957.5 0.93100r.241.050.95164.68158.030.45 NL,Lb350.5 3 8.5 2614.06 18.32611 1.870.891001. r511.10.9810.530.26 NL,LL>3536.670.4928.92 8.62417.09 1.8810.5 0.851001.051.0511.1191.43zt3.L50.54o.25 NL36.5 5o.4728.77 8.8216.9815 1.9012.0 0.811000.981.0510.9811o4.37241.081.O2 NL0.450.44 35.i634.67 I 1.7621.5620 2.2013.5 0.770o.921.0511.10.98I273.421.430.60o.4244.9244.924515.0

10

L: Liquifiable

NL: Non Liquifiable

-.-\t2

CBD : Borehole diameter =150mm

CHw : weight of hammer =63'5Kg' Height of fall =750mm

I

C...
Dept

h

1.05
1

0.09
100

0.16

0.22
18.0324.5 1.050.98

0.16 37.2317 .45

19.11
1.10.98

o.24 36.8324.699.0 1.05
78.65185.51

18.424L4
0.98

18.62
1.1

2!.!9
117.60



Seed & ldri ldriss & Boulan era ch

Ana is of liq uefaction Potential as

CBD : Borehole diameter =150mm

CHw : Weight of hammer =63'5Kg, HeiSht of fall =750mm

L: Liquifiable

NL: Non Liquifiable

ls 1893 (Part1 - 2016

Remark

Liquid Limit

( LL) in%

submerged

densty

Bulk

density

KN/m3

Bulk

density

ton/m3
rdc.,C"wC,,

(kPa)(kPa )

F.O.S.

(M=7

.s)

C.R.R

(M=7

s)

c.s.R.

(M=7.s)
(N 1)6ocs(N1)60

Observed

N value

B,H

No

Dept

h

NL,LD3538.3 6_r.8815.681.600.991.05o.7 51.118.8223.520.100.629.062.901.5 2 NL,LL>3537.497.41817.248!.760.98100r.11.051.10.98117 .6449.390.200.130.6412.735.523.0 4 NL,LL>3536.698.2 3218.0321.840.971001.71.050.851.10.98128.817 6.440.300.180.6018.149.3 8 NL,LL>3536.449.2 1219.0 t 21.940.9s100l. )o1.050.8 51.10.9 8141.16104.96o.2l0.s723.O7]-2.916.0 9 NL,LL>3536.29.60419.4041.980.941001.3 51.1 0.950.98154,98134.060.460.2526.3615.257.5 11 NL,LL>3510.38820.1882.060.93100t.21.050.951.10.98169.38164.350.5230.92159.0 NL3 5.7410.7820.582.100.891.081.05L.l 10.98184.97L95.221.040.500.4836.1422.3110,5 19 NL35.5 3I 1.07420.8742.130.851000.991.0511.10.981101.14226.531.340.600.4523.6822 35.19t I .4662.770.81100o.921_U>11.10.981258.43t.440.60o.4z26.9327 10.58420.3842.08150.861.051.1 10.981134.95289.001.550.600.3937.3728.8831

11

EE
@E

4.5 6

0.54

0.16

o.37

0.98

C^,

0.75

Cto

1.05

CN

1.7

FC

l%l

100

18.52

38.15

42.7L

0.28 0.54

717 .7 5

100

o.77

36.03

0

*-

INL
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Anal isofl uefaction Potenti al as per 15 1893 Partl) - 2016 seed & ldriss, ldriss & Boula ra roach

Remark

Liquid Limit

( LL) in%
submerged

denstY

Bulk

densitY

KN/m3

Bulk

densitY

ton/m3

FC

l%\
CNC"oC"*Cn,

(kPa )(kPa)

F.O.S.

(M=7

.s)
NL,LL>35

C,R.R

(M=7

s)
38.69

c.s.R.

(M=7.s)

J.88

(N1)60cs(N1)60

15.68

observed

N value

1.60

Oept

h

B. H.

No.

0.991.11.05o.7 51,.L18.8223.52o.270.13a.6711.09 7.4484.35 17.2483 t.161.5 0.9 8100r.11.050.7 51.10.98117 .640.30 NL,LL>350.19 36.210.6420.46 r 8.0i211.048 1.843.0 1001.11.050.85t.r0.9 8128.8176.44o.62 NL,LL>350.37 36.1 50.6033.4720.3 3 t 9.01213 1.944.5 0.9 51001.561.050.851.10.9 841.16104.96 NL,LL>350.2 3 36.1I2 5.08 9.604t 9.40410 1.980.941001.351.051.10.98154.98134.060.5 2 NL,LD3536.020.54 ],0.38820.18818.03 2.06137.5 0.93100t.20.951.10.98169.38 NL0.40 35.9210.7834.3820.99r7 2.109.0 0.891001.081.0511.10.98184.97195.22 NL7.250.60 35.810.48 I 1.07439.52 20.8742.r32\ 0.8510.5 1000.991.0511.1I?26.53t.34 NL0.60 35.7 311.46645.68 21.2662.1712.O 0.811001.0s1,1.10.981117.7525a.43 NL1.440.60 35.39o.42 10.58446.8979.92 2.083013.5 0.771000.861.051.11134.95289.001.550.6048.0530.7533

72

CBD : Borehole diameter =150mm

CHw : Weight of hammer =63'5Kg' Height of fall =750mm

L: Liquifiable

NL: Non Liquifiable

\
t

+-

rdC*,c,,

100
0.98

NL,LL>3537.60

49.39
8.2 32

0.97

9.212
1

0.400.5714.346.0
0.95

0.2 830.24
1.05

164.350.780.5 2 20.58

24.66
0.98101.140.4529.05

0.92

20.384
10.98

0.39
15.0



er lS 1893 (Part1 - 20L6, Seed & ldri riss & Boulan roach
td a

Ana sofli efacti on Potential as

CBD : Borehole diameter =150mm

L: Liquifiable

NL: Non Liquifiable

5

Remark

Liquid Limit

( LL) in%
Submerged

densty

Bulk

density

KN/m3
rd

FC

(%l
CNCtoC^,-c.,C"wC"-

o'V

(kPa)

N L,LL>35

F.O.S.

(M=7

.s)

C.R.R

(M=7

s)

c.s.R.

(M=7.s)

7,\+

(N1)60cs

17.61

(N 1)60

1.80

observed

N value

0.99

Dept

h

100

B.H.

No.

1.0s0.7 sL.r0.98126.46 N L, LL>3 50.290.15 37.200.52 8.23215.14 18.0321 .25 1.841.5 0.9 8100L.71.050.7 s1.1123.525 3.51 NL,LL>350.16 i9.320.52 6 76216. s9 16.5628.28 1.69o.913.0 1001.11.050.851.10.98135.877a35 NL,LL>35o.24o.12 39.1 47.44811.51 17.2484.69 L.7634.5 100t.471.051.10.981to4.220.28 NL,LD3538.50,5112.60 t 7.8365.43 1.8246.0 0.94100L.320.951.10.98157.18130.9 8 NL,LL>350.300.15 37.160.51 9.814.52 19.66.80 2.0057.5 1001.051.10.98169.24160.38 NL0.50 36.530.5025.76 20.5814.83 2.70t2 0.899.0 1001.091.0511.10.98183.94191.25 NL!.to0.60 36.3 30.48 1t t77
36.43 20.9722.1419 0.8510.s 10011.0511.10.981100.11222.71 NL1.3 50.60 35.710.44 I 1.56441.3 5 21.36425.96 2.1824 0.8172.O 1000.931.051.10.981116.87254.15 NL1.450.600.41 I 1.85845.65 21.65829.O4 2.2129 o.7713.5 1000.861.0511.10.981734.212A7.241.550.600.3946.a629.903215.0

13

Ali

CHw : Weight of hammer =63'SKg' Height of fall =750mm

Bulk

densitY

ton/m3
ov

(kPa)

11.7 6

0.9 8
0.31

6

0.49
0.95

0.85
46.010.14 8.036

1.05

0.93t.20.9 5
0.25 I0.78

22.45

I
35.69



Ana of li uefaction Potential as er ls 1893 Partl) - 2016, Seed & ldriss, ld riss & Boulan a ch

p

RemarkLiquid Limit

( LL) in%
Submerged

denstY

Bulk

density

ton/m3
rd

l%\
CNCuoC^,c,,Crw

(kPa)

oV

(kPa)

NL,LL>35

F.o.s.

(M=7

.s)

C.R.R

(M=7

s)
39.58

c.s.R.

(M=7.s)

6.8 6

(N1)60cs

16.66

(N1)60

1.70

observed

N value

0.99

Dept

h

B.H

No

1001,.71.05o.7 51.10.98110.2924.99 NL,LD35o.230.13 38.970.56 I ) 1-)11.09 18.03 24.3 5 1.840.9 81.5 100L.11.050.7 51.10.98152.O40.280. L60.58 7.64416.59 17.4 4 41.786 0.973.0 1001.71.050.851.10.9 8132.937A.20 NL,LL>350.14 i7.710.54 7.8413.7 6 t 7.646.26 1.804 1001.51.051.10.98I44.39104.66 NL,LL>350.15 37.160.53 9.01674.67 t 8.8166.90 7.925 0.946.0 1001.3 30.9 57.L0.981132.89 NL,LL>350.34 5/.t9.40820.37 19.20810.98 1.968 0.931.5 100r.21.050.951.169.68t61.70 NL,LD35o.420.21 36.660.51 10.19222.25 19.99212.32 2.O410 0.899.0 1001.091.0511.10.98183.7 9191.69 NL,LL>350.54 I 1.17220.97228.1416.55 2.1414 0.8510.5 10011.0511.1199.08223.r5 NL0.40 i6.220.45 I I .1723 3.93 20.97220.66 z.l40.811000.931.051.10.981115.84 NL!.430.60 0o.42 10.5843a.79 20.3842.0824 o.7713.5 00.871.0510.981732.59285.181.540.6029.1429.1431

14

CBD : Borehole diameter =150mm

CHw : Weight of hammer =53'5Kg' HeiSht of fall =750mm

L: Liquifiable

NL: Non Liquifiable

gulk

density

KN/M3C".

3

20.58 NL,LL>3538.68
8.28

o.26
0.954.5 0.85

0.28
1.05

56.150.180.5 2

0.981

0.26 36.310.48

0.98
0.89

19!2.O 1
254.60

24.14
1.1

0.39
15.0

-+-
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Potential as ts 1893 Partl - 2016 seed & ldris driss & Boulan roacha

Analysis ofl uefaction

Remark

Liquid Limit

(LL)in%
Submerged

denstY

Bulk

densitY

KN/m3

Bulk

densitY

ton/m3
rd

FC

l%l
CNCuoC^,c..Cn*C",

(kPa)

OV

(kPa)

F.O.S.

(M=7

.s)
NL,LL>35

C,R,R.

(M=7.

s)
38.69

c.s.R.

(M=7.s)

7.938

(N1)60
Observed

N value
1.81

Dept

h

0.99

B.H,

No.

1001.71.050.7 s1.10.9 8111.9126.610.29 NL,LD350.15 37.620.5 2 9.99615.14 19.7961 .25 2.O251.5 0.981001.70.7 s1.10.98123.8156.300.5 2 NL0.28 37.600.54 10.68230.1211 .94 20.4822.O93.0 0.971001.11.050.851.10.9 813 8.8187 .O21.18 NL,LL>350.60 37.230.5142.22 9.01 618.8161.92114.S 0.9 51001,3 51.050.851.10.98154.83115.250.38 NL,LD350.18 36.48o.47 10.19218.9 2 I9.9929.94 2.O46.0 0.94100L.271.050.951.10.9868.36145.240.58 NLa.21 36.3o.47 10.7829.38 20.5 8l4 2.107.5 0.931001.091.050.9 50.98183.64776.111.05 NL0.48 35.7 60.46 10.97634.91 20.7 7 621.36 2.L219 0.891001L.U)i1.199.81207 .211.38 NL0.60 .i5.50.43 t I )7
3 6.8522.75 21.072.t52l 0.8510.5 1000.931,0511.10.981L16.28 NLt.460.60 35.170.41 11.56440.1325.09 21.3642.180.8112.O 0.871.0511.10.981133.18270.921. )) NL0.60 00.39 I 1.17243.0827 .20 20.9722.142913.5 0.77n0.821.0511.10.981150.53302.381.650.600.3632.6432.643115.0

16

CBD : Borehole diameter =150mm

Cxw : Weight of hammer =63'51'g' Height of fall=750mm

L: Liquifiable

NL: Non Liquifiable

-t\

(N1)6ocs

17.7 38

1.05

13

26.59

I
1

11 .41
1.1

9.0
0.981

238.88
25 100
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Modulus of Subgrade Reaction

This is very important and versatile test which is used for design ofairfields, pavements and raft

foundations. This test is also called as K-value test. The methodology ofthis test is more or less

similar to normal plate load test expect that this (K-value test) test is generally performed upto a

maximum plate settlement of 3mm. Modulus of subgrade reaction (K) can be defined as the

intensity ofpressure on horizontal surface ofa soil mass required to cause a unit settlement

surface. It is thus a measure ofthe resistance ofsoils to deformation under load. The unit used

for K is kg/cm2lcm. It is determined as the slope ofthe secant drawn between the point of
l.25mm settlement ofa load v/s deflection curve obtained from a plate load test on a strata using

75cm diameter mild steel plate.

Therefore.

14: --!- 11ng"-27".
0.125 -

Where,

K: Modulus of Subgrade Reaction.

P= lnad intensity (kgicm':) corresponding to 1.25 lrun settlement of plate of 30 cm diameter.

Correction for smaller plate: If a plate smaller than the standard 0.798m(0.75m) diameter

plate used, a correction is made assuming the behavior of soil elastic. IfK is the value ofthe

subgrade modulus with a plate of smaller diameter d/, K with the standard plate of diameter d is

is read from Fig 3 ofIS 9214

Load corresponding to I .25mm settlement : I .55 ton/sqm : 0. 155 Kg/sqcm

K = 0.155 Kg/sqcr/ 0.125 = 1.24 Kg/sqcm/cm (Against 30cm dia plate)

Correction of 'k' for 75cm dia plate ((,")

K,- K x 200oh = 1.24 x 200% = 2.48 Kg/sqcm/cm

Modulus of Subgrede resction = 2.48 Kg/sqcrn/cm

oI.t'i
.).



Siz€ of Plit€ = 30cD diamet€.

Plrte no.: I
Dste of testiDg= 22-02-2024

Settlemetrt (mm)
Drtc

Tlme
(Hr)

Lord ApDlled

(Ton)

Lord IrteDsity
('l'on/SqIn)

B c D

Mern
(mm)

22.02.2024 1.20 PM 0.00 0.00 0.00 0.00 0.00 0_00 000

1.30 AM 0.32 4.5',1 4.40 5.40 5.00 5.55 5.09

1.00 MIN 0.32 4.51 4.62 5.51 5.10 5.60 5.21

2.25 MIN o.32 4.57 5.7 t 5.69 5.29 5.74 5.61

4.00 MIN 0.32 4.51 5.',tg 5.77 5.36 5.78 5.68

6.25 MIN 0.i2 4.57 5.85 5.80 s.44 5.83 5.73

5.88 5.?89.00 MIN 4.5 7 5.85

16.00 MIN 0.32 4.5'7 5.92 5.87 5.52 5.90 5.80

25.00 MIN 0.31 4.5 7 5.94 5.90 5.54 5.91 5.84

60.00 t\{lN 4.51 5.98 5.96 5.60 5.91 5.88

2.30 PM 0.64 9.14 10.76 11.30 9.90 10.47

1.00 MIN 0.64 9.14 t0.05 r0.90 I1.38 10.00 r0.58

2.25 0.64 9.14 r0.09 10.96 i.42
4.00 MIN 0.64 9.t4 10.11 10.98 I r.46 10.06 10.66

10.1 I 10.706.25 MIN 9.t4 10.17 11.00

9.00 MIN 0.64 9.14 10.20 I1.04 11.56 10.13 10.71

MIN 0.64 r 1.10 1t.60 10.20 t0.7916.00 9.14 10.21

MIN 0.64 9.14 t0.13 .l4 r 1.64 10.84

60.00 MTN 0.64 9.14 t0.37 I l.2l I l.7l 10.33 l0 9l

3.30 PM 0.95 t3.5',7 20.30 2 t.15 23.t0 22.80 2t.u
1.00 MIN 0.95 I3.57 20.35 21.18 23.15 22.87 2t.89

2.25 MIN 0.95 t3.57 20.44 21.21 23.18 22.91 21.95

4.00 MIN 095 21.33 23.22 22.94 22.O013.57 20.50

6.25 MIN 0.95 13.s7 20.54 21.36 23.2',7 22.9a 22.t)4

9.00 MIN 0.95 13.51 20.57 21.38 23.30 21.00 22.06

16.00 MTN 0.95 20.60 21.41 23.34 23.02 22.09

25.00 MIN 0.95 t3.57 20.65 2t.46 23.39 23.06 22.14

60.00 MIN 0.95 13.57 20.6t{ 2t.49 23.44 23.tO 22.18

4.30 PM L27 I8.t4 25.80 26.58 28.00 28.44 27.2t

III-EIIII

III
I

r

k

PLATE LOAD TEST

Observrtions :

0.32 5.89 5.49

0.32

9.92

MtN 10.03 t0.63

0.64 I1.50

25.00 r0.21

t3.57



Load intensity Vs settlement acurve
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INTRODUCTION:

Resistance ofan earth elecfode is heavily influenced by the resistivity ofthe soil in which it is driven and as such, soil
resistivity measurements are an important parameter whe-n designing earthing installations.

One ofthe main objectives of earthling electrical systems is to establish a common reference potential for the power
supply system, building structure, plant steelwork, electrical conduits, cable ladders & trays and the instrurnentation
system. To achieve this objective, a suitable low resistance connection to earth is desirable. However, this is often
diflicult to achieve and depends on a number of factors:

. Soil resistivity

. Stratification

. Size and type of electrode used

. Depth to which the electrode is buried

. Moisture and chemical content ofthe soil

The resistivity test was conducted during dry weather.

THEORY OF SOIt RESISTIVITY:

Resistance is that property ofa conductor which opposes electric current flow when a voltage is applied across the two
ends. Its unit of measure is the Ohm (Q) and the commonly used symbol is R. Resistance is the ratio ofthe applied
voltage 0/) to the resulfing current flow (I) as defined by the well-known linear equation from Ohm's Law:

V=IxR

Where:

V - Potential Difference across the conductor (Volts)

I - current flowing through the conductor in (Amperes)

R - Resistance of the conductor in (Ohm)

I, tIO

x

"Good conductors" are those with a low resistance. "Bad conductors" are those with a high resistance. 'Yery bad

conductors" are usually called insulators.

The Resistance of a conductor depends on the atomic structure of the material or its Resistivity (measured in Ohm-m
or O-m), which is that property of a material that measures its ability to conduct electricity. A material with a low
resistivity will behave as a "good conductot'' and one with a high resistivity will behave as a "bad conductor". The

commonly used symbol for resistivity is p (Greek synbol rho).

The resistance (R) ofa conductor can be derived ftom the resistivity as:

p =pxUA

Where p: Resistivity (O-m) of the conductor material

L: Length ofthe conductor (m)

A: Cross sectional Area (m2)

L-Length of the conductor (m), A{ross Sectional Area (m2), here p-Resisivity (O-m) of the conductor material

between the opposite faces ofa cube of material with a side dimension of I meter.

.t
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PURPOSE AND PROCEDURE OF !NVESTIGATION:

This test shall be conducted to determine the Electrical resistivity of soil required for designing safe grounding system

for the entire station area. The specifications for the equipment and other accessories required for performing electrical

resistivity test, the test procedure, and reporting of field observations shall confirm to IS: 3043. The test shall be

conducted using Wagner's four electrode method as specified in IS: 1892, Appendix-B2. Unless otherwise specified at

each test location, the test shall be conducted along two perpendicular lines parallel to the coordinate axis. On each

line a minimum of 8 to l0 readings shall be taken by changing the spacing of the electrodes fiom an initial small value

of 0.5 m up to a distance of 4.0 m.

When the earth resistivity readings for different electrode spacing in a direction are within 2ooh lo 30%, the soil is

considered to be uniform. When the spacing is increased gradually fiom low values, at a stage, it may be found that

the resistivity readings are more or less constant irrespective of the increase in the electrode spacing. The resistivity

for this spacing is noted and taken as the resistivity for that direction. In a similar way, resistivity for atleast one

equally spaced direction from the center of the site is measured. This resistiviry for is plotted in a $aph sheets joining

all the resistivity points plotted to get the poler resistivity curve. The area inside the polar resistivity curve is measured

and equivalent circle of the same area is found out. The radius ofthis equivalent circle is the average resistivity ofthe

site under considerations. The average resistivity thus obtained may be used for the design of the earthing gdd al that

particular depth.

NOTE: FOR EARTH MAT DESIGN:

Following criteria are to be considered -

l. Average of all the resistivity values should be considered, if difference between all the average resistivity

values is minimum.

2. Ifall the average resistivity values differ by a large margin, then highest of all average resistivity values is to

be considered to be on the safer side.

Test result: Resistivity test were conducted at three locations. At each location it is calculated upto thirteen directions

with electrode spacing as 0.5, I .0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, i0.0, I 1.0 & 12.0 M .

LOCATION Date of test Depth of test level ResistiYity

(Ohm-m)

HOSPITAL

BUILDING
22-02-2024 Ground level 207.37

RESEARCH &
DEVELOPMENT
ACADEMIC
BUILDING

22-02-2024 Ground level 342.08

STAFF QUARTER
AREA

22-02-2024 Ground level 299.77

COMPUTATION OF EARTH RESISTIVITY:

F

I



Name ofthe Project: SOIL RESISTIVW TEST FOR I]T.

Location: HOSPITAI. BUIlOING.

Date of Testing: 2210212024

RESUTT

DrRICnON NORril (11 I{oRTH.EAST (21 EASr (3) souTH-EAST (4) sorrrH (5) sot lB,wEsI (61 wEsT (71 f{oRTr}wEsT (8)

PROSC OISTANCE

"s" lM)

MEGGER

READIN

G "R"
(o)

RESISTIVIW

{o-M)
p=2x3.14xSR

MEGGER

REAOING

"R" (o)

REStSTtVfi

(o-M)

P=2x3.14xSR

MEGG€R

R€ADING

"R" (o)

RESTSTtvtW

(n-Ml

p=2x3.14xSR

MEGGER

READING

"R" (o)

RESISNVTT'

(o-M)

p =2r 3.14 rS R

M€GGER

REAOING

"R" (o)

RESlsnvnr

(o-M)

p=2x3-14xSR

MEGGER

READING

"R" (o)

RESISTIVITY

(o-Ml

P=2r3.14xSR

MEGGTR

READING

"R" (o)

fiESISIVITY

(o-M)

P=2t3.14xSR

M€GGER

REAOING

"R" lo)

RESISIIVITY

(o-M)

P=2r3.14xSR

0.5 51.90 t94.31 74.60 744.24 61.30 192.4a 8s.20 267.s3 76.80 241.15 79.40 249,32 88.50 277.89 69.90 219.49

1.0 41.40 259.99 52.20 327.42 34.50 216.66 46.70 293.28 57.70 362.36 52.10 x27.19 45.40 28S.11 44.30 2?8.20

2.0 25.10 327.82 2s.30 3t7.77 24.90 312.74 2s.80 324.O5 21.70 u7.97 24.L4 303.20 26.10 327.82 26.@ 334.10

3.0 14.33 269.98 16.11 303.51 15.'14 290.89 16.67 314.06 !4.18 274.46 14.82 279.2t 17.61 3X7.77 1s.03 2A!L7

4.0 9.34 234.62 10.61 266.52 10.52 264.25 12.82 322.U 13.50 339-12 10.78 270.79 11.1a 280.E4 lL.24 282.35

5.0 7.09 222.63 4.47 25S.96 8.33 261.56 7.94 249.37 9.43 296,10 8.17 256.51 9.58 300.81 7.6 2/r0.52

6.0 5,20 195.94 5.56 209.50 5.88 221.56 4.89 184.26 4.39 t6s.12 5.03 189.53 5.87 227.L4 5.41 203.85

1.O 3.92 177.32 4.19 184.19 4.79 2ro.s7 4.O2 776.72 3.70 162.65 4.67 205.29 3.31 145.51 4.15 182.43

8.0 3.30 765.?9 3.G) 155.24 3.07 754.24 3.33 167.30 3.33 167.30 1.24 L62.78 3.32 166.t0 3.08 Lv.74

9.0 2.57 745.26 2.91 164.47 3.04 777.52 2.86 161.65 2.80 158.26 2.7r 153.17 2.U 160.52 2.49 !40.73

10.0 2.07 130.00 2.U 128.11 7.4r 151.35 2.29 143.81 2.44 L55.71 2.55 160.14 2.11 132.51

11.0 1.81 125.03 L.79 123.65 1.98 135.78 2.03 1,t0.23 2.32 160.27 2.49 772.OL 1.94 134.02

12.0 1.68 126.@ 1.18 88.92 t.49 112.29 2.03 152.98 2.08 155.75 1.94 145.20 1.74 131.13

197.72 242,92 202.88 220.0s 227.% 220.75 22A.97 2W.O2

DIRECNON AVERAGE REStSTtVtrY (O.

MI

NoRrH (1) t97.72

NORrH-EAST (2) 242.92

EASr (3) 202.88

souTH-EAST (4) 220.05

souTH (s) 227.36

souTH-wEsT (6)

wEsr (7) 228.97

NORTH,WEST (8) 209.O2

AveraSe Resistivity =VAREA UNDER RESISTIVITY GRAPH /3.14
!{735025.45/3.14

=207.37 ohm-m

300
N(1)

RESISTIVITY(Ohm-m)

NE(2)NW(8)
1qq-
-0

w(7)

- 

RESISTIVITY
E(3)

--\,/
SW(6) ----__--.-SE(4)

s(s)
Average Resistivity= 2O7.37 Ohm-m

RESISTIVITY GRAPH

220.75



Name of th€ Project: SOIT RESISTIVTY TEST FOR I1T.

Location:

Oate of Testing: 2210212024

RESUTT

DIRICTION NoRTH (1) NORT}I-EAST (2} EASI (3) sol,,Ilr-EAsr({) sourH (5) sounr.wEsr (6) wEsr (7) NORI}}WEST (8)
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p=2r3.14xSR
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MTGGER

READING

"R" (O)

RESISIVIIY

(o-M)

p=2r3.14tSR

MEGGER

RE,ADING

"R" (o)

REStSnVnY

(o-M)

p=2x3.1,txsR

0.5 111,50 350.11 119.70 470.06 117.60 369.26 156.40 491.10 133.60 419.50 138.10 433,63 188.40 591.58 L42.10 ,r48.08

1.0 68.60 430.81 84.20 528.78 6a.60 430.81 16.70 481.64 125.10 78s.63 89.10 559.55 93.m 584.04 76.40 479.79

2.0 50.30 6!7-77 38.60 484.82 31.30 393.13 41.70 521.'r5 28.90 362.98 52.'rc 558.14 46.30 581.53 39.90 501.14

3.0 31.40 591.58 26.10 49r.72 18.30 u4.77 21.90 412.60 24.!O 457.41 29.10 548.24 15.41 290.32 20.4 384.34

4.0 10.20 256.22 12.80 321.54 72,22 306.97 10.54 2U.76 17.50 zl39.60 13.17 330.83 9.50 21s.64 L2.20 306.46

s.0 13,20 414.48 8.49 256.59 6.95 218.23 7.79 244.6! L7.24 384.34 8.45 265.U 8.61 270.35 9.78 307.09
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7.O 15.77 693.25 6.24 274.3L 5.46 240.O2 5.11 224.U 7.73 339.81 6.97 101.76 5.26 2tr.23 6.28 276.07

8.0 7.55 384.34 4.80 241.15 5.42 292.40 6.72 307,47 3.95 198.45 5.04 25X.ZL

9.0 4.81 27L.46 4.O7 230.04 5.11 288.82 1.29 242.47 3.14 717.47 4./l8 253.21

10.0 3.60 226.08 3.40 213"52 4.68 293.90 2.98 187.L4 2.6 779.61 3.36 211.01

11.0 3.r.1 274.U 1.17 218.98 2.10 145.07

L2.O 2.60 19S.94 2.il 198.95 t.97 t48.45

413.76 390.62 779.7A 359.73 359. 14 375.42 301-20 335.30

DIRECTION
AVEMGE RES|STTVfi (O

MI
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sourH-EAST (4) 359.73

souTH (s) 359.14

sourH-wEsr (6) 375.42

wEsr (7) 301.20

NORTH-WEST (8) 335.30

Average Resistivity =VAREA UNDER RESISTIVITY GRAPH /3.14

=t1367M3.4L13.L4

=342.08 ohm-m
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Name of the Project: lso[ nrssrvrv TEST FoR tlT

lsrlrr euanren suu.orNc.Location:

Date ofTestint: lZzloZlzoz+

RESUTT

DIRECNON M)irH (11 NORTIT-EAST (2) EAsr (3) sourH-EAsr (4) sourH (r) souril.wEsr(5) wEsT (7) NOIT}}WEST (E)

PROBE tTSTAilCE

'5.(Ml

MEGGER

READIN

6 "R"
(o)

RESISTIVTTY

(o-M)

p=2x3.14xSR

MEGGER

READIN6

"R" {o)

RESISIVTTY

(o-M)

p=2x3.14rSR

MEGGER

READING

"R" (o)

RESISTIVITY

((l'M}

p=2x3.14xSR

MTGGER

REAOING

"R" (O)

RESSTMTY

(GM)

p=2x3.!lxSR

MEGGER

READING

"R' (o)

RESISTVirY

(OJvl)

p=2x3.14xSR

MEGGER

READING

"R" (o)

RESr$ryril
(o-M)

p-2x3.14xSR

MEGGER

READING

"R" (n)

RESISIVITV

(o-M)

p= 2 r3.14xS R

MEGGER

READING

"R" {O)

RESISTIVITY

(o-M)

p=2r3.14xSR

0.5 192.m 602.88 175.4{) s53.90 171.m s36.94 190.10 s96.91 183.30 575.56 1&1.70 576.A7 180.'10 566.it6 174.& 547.62

1.0 74.80 469.74 81.20 509.94 91.i10 573.99 77.@ 487.33 80.40 504.91 78.,tO 492.35 83.70 525.54 80.10 503.03

2.0 27.30 u2.a9 29.70 373.03 32.80 477.97 26.30 330.33 25.90 325.30 24.@ 308.98 31.90 400.65 2s.50 320.24

3.0 14.70 276_95 13.93 262.44 16.20 30s.21 14.62 275,44 13.58 25s.85 15.14 285.24 14.70 275.95 L4.43 211.86

4.0 L2.20 306.46 t2.L4 304.96 9.10 228.59 11.68 293.rU) 10.81 271.55 10.73 269.54 11.23 282.10 12.07 303.20

5.0 9.16 247.62 9.11 286.05 6.39 200.65 4.72 273.81 8.42 264.39 8.94 29o.72 8.47 265.96 9.04 283.86

6.0 7.30 275.06 6.71 253.95 s.30 199.70 5.29 199.33 6.05 227.96 s.72 215.53 5.10 192.L7 7.24 272.80

7.O 9.60 422-O2 5.11 224.& 4.97 218.'a s.o7 222,88 5.18 227.71 4,69 206.L7 4.88 2L4.52 5.24 230.35

8.0 13.20 663.17 4.8,r 243.16 4.42 222.06 4.59 230.60 3.35 168.30 4.16 209.m 4.16 209.00 3.91 196.44

9.0 6.24 352.68 3.99 225.51 3.M 194.43 4.18 236.25 2.M 137.91 3.67 207.4t 3.39 191.50 3.47 196.12

10.0 4.80 301.44 2.L5 135.6s 2.67 167-58 2.78 174.58 1.23 n.24 3.09 194.05 2.54 159.51 2.81 776.47

11.0 3.47 239.71 2.O4 1i10.92 1,86 128.49 1.19 82.2r 2.41 166.48

t2.o 2.30 173-33 1.17 88.17 L.27 95.71 1.15 86.66

362.61 306.66 268.37 272.70 246.S 29s.O7 247 59 3m.18

DIRfCIION AVERAGE REStSTtVnY ((}

Ml
NORTH (1) 362.61

NORTH-EAST (2) 306.66

EASr (3) 26437

souTH-EAST (4) 272.70

souTH (s) 246.58

sourH-wEsT (6) 295.O7

wEsr (7) 247 _59

NORTH-WEST (81 300.18

t4

Average Resistivity =VAREA UNDER RESISTIV|TY GRAPH /3.t4
!{282160.63/3.L4

=299.77 ohm-m

N(l) RESISTIVIW(Ohm-m)

NE(2)

-E(3) 

-RES;ST;VIW
sE(4)

Average Resistivity= 299.77 Ohm-m

NW(8)
2y^--

w(7) -

sw(6)
s(5)

J5+

RESISTIVITY GRAPH+



:ihNlNf,X-XV[:

Sruffil[g O&OSS HOtfr gU&VflY

.f {

+



SEISMIC CROSS HOLE SURVEY AT GTIWAHATI

I.O GENERAL

1.I INTRODUCTION

Geophysical seismic cross hole survey were carried out at one location at Guwahati

(Assam) by M/s. Parsan Overseas Pvt. Ltd, New Delhi to determine the soil

parameters ofthe proposed area.

This report presents the findings of seismic cross hole test.

1.2 SCOPE OFWORK

The ctoss hole seismic survey was conducted at one location down to a depth of30

meters.

One source hole and two receiver holes were used.

I.3 PURPOSE OF INVtrSTIGATIONS

The aim ofthe investigation was to determine the soil parameters.

The cross hole test was conducted to determine dynamic soil properties.

Seismic Cross Hole Survey at Guwahati
February, 2024
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2.0 CROSS HOLE SEISMIC SURVEY

2.I SURVEYING OF LOCATION

One number ofcross hole test was conducted.

The holes were drilled down to a depth of30 meters at all the bore hole locations.

One source hole and two receiver hole geometry was used.

3.1.T EQUIPMENTS AND ACCESSORIES

Following equipments and accessories were used:

l. Seismograph : Model Ambrogeo

Signal Enhancement type fully digital 24 Channel

Engineering Seismogaph,

2. Sensors : Orthogonal Downhole Sensors-O2

3. Cable : Geophone Spread Cables, lOm spacing, Water

Proofjoints, made in Germany

4. Software : SeisOpt@2D V6.0, WinGeo

5. Energy Source: Shear Wave Hammer

6. Bore Hole Deviation Probe: Model Ambrogeo

Seismic Cross Hole Sutuey at Guwahati
February, 2024
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3.2.I ENERGY SOT]RCE:

Shear wave hammer was used for generating waves in the source borehole. The

hammer generates waves in both the directions i.e. up and down, resulting in polarized

energy.

Seismic Cross Hole Survey at Guwahati
February,2024
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3.2.2 DOWI\I HOLE SENSORS:

Orthogonal downhole sensors were used to receive the waves in the two receiver

holes. The sensors have two horizontal component and one vertical component geophones,

encased in a steel tube and having water tight arrangement. The sensors were lowered at

the same depth as the source, and the regulating screws attached to them were used so as to

make them in contact with the borehole wall.

Sersmlc Cross Hole Survey at Guwahati
February,2024 ft-
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3.2.3 SEISMOGRAPH:

Ambrogeo 24 channel engineering seismograph was used to record field data. The

seismograph has the sipal enhancement or stacking capability. The seismograph records

the arrival of seismic waves through 24 channels. Only 6 channels were used for recording

cross hole data. Data was recorded with various sampling frequency rates. The seismic

waves detected by each geophone are displayed simultaneously on the screen.

Seismic Cross Hole Survey at Guwahatt
February, 2024
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3.3 CROSS HOLE SEISMIC TEST

The cross hole seismic tesl consists of generation of horizontally kaveling P and S

waves at a particular level in one borehole (source hole) and recording their arrivals at

same level in two nearby boreholes (receiver holes).

Geometry of source and receiver holes used were as under:

aoo
Source Rec-l Rec-2

Here, source to receiver-l(Bl) : 5.0m

Source to receiver-2(B2) : 10.0m

Receiver-l(B1) to receiver-2 (BZ; = 5.0.

Detailed theory of cross hole test has been presented in appendix

3.4 CROSS HOLE SEISMIC SURVEY DATA INTERPRETATION

3.4.1 Data Processing

The data is stored in the hard disk of the Seismograph at the time of data

acquisition. The data is transferred to the computer for further processing.

The processing involves picking the first arrivals. In case of noisy data there are

intermediate steps of data processing using filtering, amplitude corrections etc.

Seismlc Ctoss Hole SuNey at Guwahati
February, 2024 f



3.4.2 Picking of First Arrivals

The picking was done manually to see arrival of P and S waves on the respective

geophones. The time of travel from source to receiver hole was used to determine the

velocity of seismic waves, as the distances between the boreholes were known.

The time at receiver- I is subtracted from that of receiver-2 to arrive at the time

taken by the wave to travel from receiver-l to receiver-2.

3.4.3 Velocity Calculation

Velocity calculation was done using the time derives as above and the distance

between the two receiver holes.

3.5 CALCULATION OF SOIL PARAMETERS:

The dynamic soil parameters are calculated from seismic wave and the bulk density

ofthe corresponding ofthe subsurface strata.

The calculations are based on IS Code 13372 (Part-2).

Poisson's Ratio o is determined directly from the compressional (P) wave and

shear (S) wave data. It is expressed by the ratio of transverse strain to longitudinal strain.

Its dynamic determination is expressed as:

o = (m2-2)/[2*(m2-t;; where m= Vpl V"

Young's Modulus E is the uni-axial stress-strain ratio. Its dynamis y6lus ig

expressed by the following equation:

p = p vrz (1+oX1_2o)(1_o)

Seismic Cross Hole Survey at Guwahati
February, 2024

f+



Shear Modulus G is the stress-strain ratio for simple shear. Its dynamic value is

obtained by the following:

G=E/2(r+o)=pVJ

Bulk Modulus K is calculated using the following equation:

K=E/(3-6o)

Where p is mass density in Kg/m3 is, o is Poisson's ratio and Vp is P-wave

velocity in m/sec, V. is S-wave velocity in m/sec, E & G are in N/m2.

The parameters as derived from cross hole data have been presented on the

following pages.

Seismic Ctoss Hole SuNey at cuwahatl
February, 2024
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s-R1 s-R2

depth (m) spacing (m) spacing (m) spacing (m)

0 5 10 5

1 4.961935117 9.937412055 4.975476938

2 4.956898233 9.934505948 4.977607715

4.957239233 9.93785093

4 9.907573578

5 4.9295737 9.470L44672 4.940574972

6 4.92333695 9.a77447a93 4.954110943

7 4.93733635 9.876L9t735 4.938855385

8 4.922605583 9.90526889 4.982663307

9 4.9L75LO55 9.898950713 4.94t440163

10 4.910940333 4.990286932

4.91383683 3 9.900457217 4.986620383

4.913836833 9.9004572t7 4.986620383

13 4.905550617 9.895368965 4.990818348

t4 4.950898367 9.90355048 4.952652773

4.959409017 9.895021182 4.93561215s

16 4.94056745 4.957717173

17 9.902083588 4.963093688

18 4.9390S4233 9.923760703 4.98470647

t9 4.929716667 9.9L2402558 4.982685892

20 4.913372233 9.897904055 4.984537822

21 9.889177893 4.98136916

22 4.9040s2683 9.885493677

23 4.90t6725 9.87 49L767s 4s73239175

24 9.874917675 4.970394892

25 4.904516783 9.873756015 4.969239232

26 4.907888677 9.87603752L 4.96814890s

27 4.909420683 9.874048525 4.964627842

4.91s8201 9.872059529 4.956239429

29 4.9158201 9.870070533 4.9s4250433

30 4.90770677 9.868081537 4.966375367

Deviation Results

rl

R1.R2

4.980611697

4.92396505 4.983608528

9.90t221265

11

72

9.898278623

4.9389899

4.907808733

4.981440993

4.904516783
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Cross Holc Test

Values na c

Depth
(m)

BGL

Vp
(m/s)

Vg

(m/s)

Denslty

(Kg/m3)

Poiason's
Ratio

Young'g

Modulus

(N/m'?)

Young's

Modulus

(MPa)

Shoar

Modulus

(N/m2)

Sh6ar
Modulug

(MPa)

Bulk Modulus

(N/m'.)

Bulk Modulus

(irPa)

573.6 2',t9.2 1690 2.6168 0.4145 229720145 81202201 .6 81.20 447769060 447.77

3.0 1401.6 226.3 1760 6.1935 0.4866 267985184 267.99 90't32s74.4 90.13 3337312540 3337.31

4.5 1407.4 232.4 1950 6.0559 0.4860 313004865 313.00 105319032 105.32 3722085406 3722.09

6.0 '1422.6 238.7 2000 5.9598 0.4855 338564904 338.56 113955380 1 '13.96 3895641013 3895.64

1436.1 247.5 2090 5.8024 0.4u7 380157713 380.16 128025562.5 128.03 4139680159 4139.68

9.0 1455.6 255.6 2110 5.6948 o.48/,1 40916'1759 409.16 137849169.6 137.85 4286808677 4286.81

10.5 1463.4 259.3 2150 5.6437 0.4838 428989641 428.99 144558453.5 144.56 4411565M9 4411 .57

12.O 1506.3 268.3 2180 5.6142 0.4836 465639346 465.44 156927060.2 156.93 4737052444 4737.O5

13.5 1U7.8 278.2 2200 5.5636 0.4833 505124199 170269528 170.27 504348061 1 5043.48

1 5.0 1555.7 286.8 2210 5.4243 o.4a24 538950119 538.95 181 781870.4 181.78 5106271676 5106.27
1588.8 296.1 2120 5.3658 0.4820 550926225 550.93 185871445.2 185.87 5103656539 5103.66

18.0 1613.5 2150 5.3909 o.4422 570930840 570.93 192598053.5 192.60 5340474433 5340.47
19.5 1623.1 303.9 2210 5.3606 o.4820 604956331 604.96 204105014.1 204.11 5593126631 5593.13
21.0 1647.8 309.6 2220 5.3224 0.4817 630588637 630.59 212791795.2 212.79 5744121151 57M.12
22.5 1671.4 31't.2 2230 5.3708 0.4420 640140216 640.'t4 21596533'1.2 215.97 5941725076 5941 .73
24.0 1687.2 336.9 2250 5.0080 o.4792 755530534 755.53 255378622.5 255.38 6064443810 6064.,t4
25.5 't711.3 u7.4 2270 4.9260 0.4785 81010'1602 810.10 273958945.2 273. 6282524663 6282.52
27.O 1742.8 354.7 2280 4.9134 o.4784 848'159400 848.16 286851565.2 286.85 6542693442 6542.69
28.5 1793,6 359.1 2290 4.9947 o.4791 873574386 873.57 295301934.9 295.30 6973'196285 6973.20
30.0 1827.5 361.4 2310 5.0567 o.4797 892847682 892.85 301709007.6 301.71 7312558261 7312.s6

Eg. - Due to the shallower water table, an incremenl in compressional wave velocity observed and accordingly VpA/s ratio varied. But
propagalion ol shear wave velocity is not affected by the presence of water table. Henc6, variation in dynamic parameters observed.

(D

m=Vp/Vg
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Cross Hole Test. Velocity Chart
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G Value with Depth
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CHT-Modulus Chart
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Appendix A: Theory of Cross Hole Seismic Survey

Introduction

The primary purpose of obtaining Cross Hole data is to obtain the most detailed in

situ Seismic wave velocity profile for site-specific investigations and material

Characterization. Cross Hole velocity data are valuable for assessing man-made materials,

soil deposits, or rock formations.

The Seismic technique determines the Compressional (P-) and/ or Shear (S-) wave

velocity of materials at depths of engineering and environmental concern where the data

can be used in problems related to soil mechanics, rock mechanics, foundation studies, and

earthquake engineering. Cross Hole Geophysical testing is generally conducted in the near

surface (upper hundred meters) for site-specific engineering applications (Sirles and

Viksne, 1990). All of the dynamic elastic moduli of a material can be determined from

knowledge of the in situ density, P-, and S-wave velocity. Therefore, since procedures to

determine material densities are standardized, acquiring detailed Seismic data yields the

required information to analytically assess a site. Low-strain material damping and

inelastic attenuation values can also be obtained from Cross Hole surveys. However, the

most robust application of Cross Hole testing is the ability to define in situ Shear-wave

velocity profiles for engineering investigations associated with earthquake engineering

(Mooney, 1984).

The objective ofacquiring Cross Hole data can be multipurpose; that is, the Seismic

velocity results obtained may be used for evaluation of lateral and vertical material

continuity, liquefaction analyses, deformation studies, or investigations concerning

amplification or attenuation of strong ground motion. Typically, Cross Hole surveys axe a

Geophysical tool for performing explorations during what are considered phase two field

investigations (where phase one field investigations include surface Geophysical suweys,

follow-up drilling, trenching, and sampling of the in situ materials). During phase two

field exploration, the information gathered is more critical to the anallical site-specific

Characterization. Although both phase one and phase two results are important, the two

independent sets ofdata must be integrated into the final analysis.

Cross Hole techniques are most useful when phase one site explorations indicate

horizontal and particularly vertical variability of material properties. When layers of
altemating density or stiffness are either known to exist or are encountered during phase

one field investigations, Cross Hole Seismic tests are recommended to define the in situ

velocities within each layer. Acquiring Cross Hole Seismic data resolves hidden layer

velocity anomalies that cannot be detected with conventional surface methods, allows both

'/

(
fr-

I
*/.
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final interpretation of other surface Geophysical data (Seismic or Electrical), and permits

both empirical and theoretical correlation with other Geotechnical material parameters.

In order to have quantitative and quality assured results, Cross Hole tests performed

for either engineering or environmental problems should be conducted in accordance with

procedures established by the American Society for Testing and Materials (ASTM). Cross

Hole Seismic test procedures arc outlined in ASTM lest desigration D4428 M-84 (1984).

The ASTM procedures provide specific guidelines for borehole preparation, data

acquisition, and data reduction/ interpretation. Based on l0 years of experience, since the

inception of the ASTM standard in 1984, Cross Hole Geophysical surveys have become

more widely used and accepted for engineering as well as environmental applications.

Coupling detailed site information obtained from the Cross Hole tests with the overall

acceptance of the validity of the velocity data, these standards use both empirical

conelations for liquefaction and specific input parameters for deformation or ground

motion analyses (U.S. Bureau of Reclamation, 1989).

Theory

Cross Hole testing takes advantage of generating and recording (Seismic) body

waves, both the P- and S-waves, at selected depth intervals where the Source and

Receiver(s) are maintained at equal elevations for each measurement. Figure I illustrates a

general field setup for the Cross Hole Seismic test method. Using Source-Receiver

systems with preferential orientations in tandem (i.e., axial orientations, which complement

the generated and received wave type/signal) allows maximum effrciency for measurement

of in situ P- or S-wave velocity depending on the axial orientation. Due to the different

particle motions along the Seismic ray path, it is crucial to use optimal Source-Receiver

systems in order to best record Cross Hole P- or S-waves (Hoar, 1982). Because only body

waves are generated in the Source borehole during Cross Hole tests, Surface waves (ground

roll) are not generated and do not interfere with the recorded Body-wave Seismic signals.

Seismic Cross Hole SuNey at Guwahati
February, 2024

Stokoe (1980) demonstrated that particle motions generated with different Seismic

source types used during Cross Hole testing are three-directional. Therefore, three-

component Geophones with orthogonal orientations leld optimal results when acquiring

Cross Hole P- and/or S-wave Seismic signals. With threeromponent Geophones, there is

one vertically oriented Geophone and two horizontal Geophones. For Cross Hole tests, one

horizontal Geophone remains oriented parallel to the axis between the boreholes (radial

orientation), and the other one remains oriented perpendicular to the borehole axis

(transverse orientation). ln this case, the two horizontal axis Geophones must remain

oriented, radially and transversely, throughout the survey. This is accomplished with
loading poles or with Geophones that can be electronically oriented.

f(



P-waves are generated with a shear wave hammer such that along the assumed

straight-ray propagation path the Seismic impulse compresses and rarefies the materials

radially toward the Receiver borehole(s). Experience has proven that for optimal

measurement of the P-wave signal, a Hydrophone has the greatest pressure-pulse

sensitivity for Compressional-wave energy. Also, Hydrophones do not need to be clamped

against the borehole wall; however, water must be present in the Receiver borehole in order

to couple the Hydrophone to the casing/ forrnation.

For either Surface or Cross Hole Seismic testing in unconsolidated materials, P-

wave velocity measurements are greatly affected by the moisture content or percent

saturation (Allen, Rit, and Woods, 1980). In Cross Hole testing, the Seismic measurements

encroach closer to the water surface with each successive depth interval. As the vadose

zone and water surface are encountered, P-wave velocities become dependent upon the

percent saturation, and the Poisson's ratio is no longer a valid representation of the

formation characteristics.
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Figure L Schematic of Cross Hole method.

(e.g., Poisson's ratio increases to 0.48-0.49 in 100% saturated soils). Hence, below the

water surface, the P-wave is commonly termed the fluid wave, because its propagation

velocity is govemed by the pore fluid(s), not the formation density. Fluid-wave velocities

in fresh water range &om 1,400 to 1,700 r/s, depending upon water temperature and salt

content.

S-waves generated in Cross Hole testing may be split into two wave types, each

with different particle motions-SV- and SH-waves, vertical or horizontal particle motions,

Seismic Ctoss Hole Sun/ey at cuwahati
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respectively. Shear waves have the unique capability of polarization, which means that

impacting the material to be tested in two directions (up or down, left or right) lelds S-

wave signals that are 180' out ofphase. A Seismic source with reversible impact directions

is the key factor for quality Cross Hole S-wave data acquisition and interpretation. Figure

2 shows a series of Cross Hole SV-waves with reversed polarity (note the low amplitude of
the P-wave energy compared to the S-wave energy) received at both Receiver boreholes.

Typically, the S-wave generated in most Cross Hole testing is the SV-wave, which

is a vertically polarized horizontally propagating Shear wave. That is, the ray path is

horizontal but the (Shear) particle motion along the ray path is in the vertical plane. These

SV-waves are easiest to generate because of commercially available borehole impact

hammers that have reversible impact directions (up or down), and they are also the easiest

to record because only one vertically oriented Geophone is required in each Receiver

borehole. Altematively, SH-waves can be generated and recorded in Cross Hole testing.

SH-waves also propagate horizontally, but their (Shear) particle motion is in the horizontal

plane (i.e., horizontally polarized horizontally propagating S-waves). Therefore, in order to

generate and record SH-wave signals, horizontal impacts and Geophones are required; also,

the orientation of the Source and Receiver must be parallel while their respective

orientation remains perpendicular to the axis of the boreholes (transverse orientation).

Theoretically, there is no difference in the Body wave velocity for SV- and SH-

waves, which justifies use of the uncomplicated vertical source for generation of SV-

waves, and vertically oriented Geophones for sigral detection. There are studies, however,

which indicate sigrificant velocity dependence of the SV- and SH-waves due to anisotropic

states of stress in either the horizontal or vertical stress field (particularly in soil deposits;

(Redpath, et al., 1982) or fractured rock formations (White, 1983).

The requirement for multiple drill holes in Cross Hole testing means that care must

be taken when completing each borehole with casing and grout. ASTM procedures call for

PVC casing and a grout mix that closely matches the formation density. Basically,

borehole preparation and completion procedures are the success or fai'lure of Cross Hole

Seismic testing. Poor coupling between the casing and the formation yields delayed arrival

times and atknuated signal amplitudes, particularly for (higher frequency) P-waves.

Matching the formation density with a grout mix is not too difficult, but in open coarse-

grained soils, problems arise during grout completion with losses into the formation. Even

small grout takes begin to affect the velocity measured between two closely spaced drill
holes. Several techniques to plug the porosity of the surrounding formation are

commercially available (e.g., cotton-seed hulls, crushed walnut shells, or increased

bentonite concentration in the gout mix). It should be recognized that increasing the ratio
of bentonite/cement within the grout mix does aflect density, but so long as the mix sets

Seismic Cross Hole Survey at Guwahati
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and hardens between the casing and in situ formation, quality Cross Hole Seismic signals

will be obtained..

Another critical element of Cross Hole testing, which is often ignored, is the

requirement for borehole directional surveys. There are several very good directional

survey tools available that leld detailed deviation logs of each borehole used at a Cross

Hole site. Borehole verticality and direction (azimuth) measurements should be performed

at every depth interval that Seismic data are acquired. With the deviation logs, conected

Cross Hole distances between each borehole may be computed and used in the velocity

analysis. Since Seismic wave travel times should be measured to the nearest tenth of a

millisecond, relative borehole positions should be known to within a tenth of a foot.

Assuming that the boreholes are vertical and plumb leads to computational inaccuracies

and ultimately to data that cannot be quality assured.

Data Acquisition

Recording instruments used in Cross Hole testing vary considerably, but there are

no standard requirements other than exact synchronization of the source pulse and

instrument Figger for each recording. Cross Hole measurements rely considerably on the

premise that the trigger time is precisely known as well as recorded. The recorded trigger

signal from zero-time Geophones or accelerometers mounted on the Do*,nhole impact

hammer allows accurate timing for the first arrival at each drill hole. This becomes

uniquely critical when only two drill holes are used (i.e., Source and one Receiver) because

there is no capability of using interval travel times; in this case, the velocity is simply

determined through distance raveled divided by direct favel time. Utilizing digital

recording equipment affords the operator the ability to store the data on magnetic media for

analysis at a later date; but more importantly, digital data can be filtered, smoothed, and

time-shifted during analysis. Also, digital signal processing may be directly performed for

coherence, frequency-dependent attenuation, and spectral analysis.

Numerous studies have shown that the effects on Cross Hole measurements by the

choice of Geophone are not critical to the results (e.g., Hoar, 1982). There are only two

requirements for the Receivers: the Receiver (velocity transducer) must have a flat or

uniform ouput response over the frequency range ofCross Hole Seismic waves (25 to 300

Hz); and, a clamping device must force the Receiver against the borehole wall such that it
is not free-hanging. The clamping device should not affect the mechanical response of the

Geophone (i.e., resonance), nor should the uphole signal wire. If an SH-wave source is

selected, then horizontal Geophones must be used and oriented as previously described to

detect the SH-wave arrivals. It is paramount that the polarity ofeach Geophone be known

prior to data acquisition because the direct arrivals of S-waves with reversed polarity can

h
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be easily misinterpreted. Hoar (1982) provides an excellent description of picking P- and

S-wave arrivals off recorded Cross Hole signals. Hoar's dissertation shows that with

proper borehole completion, digital recording equipment, and a preferential Source-

Receiver system, clean reversed polarized and interpretable S-wave signals are relatively

easy to acquire.

Field Photographs

Seismic Cross Hole Suruey at Guwahati
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Disclaimer: All projections and sections are subject to the inherent limitations of the technique employed and

there could be vaiattons as the underground conditions are not always amenable to physical interpretqtions.
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Modified Proctor Test Result ( As Per lS:2726Vlll)

1 Size of mould

2 Capacity ot mould

3 Rammer

4 No of layer

5 Blows per layer

10 cm dia x 12.73 cm height

1000

4.9 Kg x 450mm

5

25

=1.70 gm/cc

= 't 5.89%

a delermination

Moi sture content dete m i nation

Maximum dry density (MDD)

Optimum moistura content (OMC )

b

,\0Ns

o {r \s:'

{

4Test No 2 3

3750 3890 38'10(sm) 360'tMass of mould + soil1

1921 1921 1921(sm) 1921Mass of empty mould2

1889(qm) 1680 1829 1969Mass of compacted soil3

1.89(gm/cc) 1.68 1.83 1 .974 Bulk density
1.6,4 1.70 1.57( gm/cc) 1.56q Ory density

I

R- 16R-27 R-13 R-12Conlainer No1

70.44qm 64.31 79.34 75.91Mass ofcont + wet soil (S2

67 .42 61.00qm 60.74 73.25Mass of cont + dry soil3
9.44qm 3.57 609 8.49Mass of water present4

14.65 2Q.44 14.00 14.00gm5 Mass of empty container
46.09 52.81 53.42 47gm6 Mass of dry soil

11.53 15.89 20.09Yo 7.75

Compaclion curve

1.70

E

a
o

165

160

1.55

s.00 10.00 15.00

Moisturo contort (%)

\

1.6 I

1 6
1 57

20.00 25.00

L,,

1

7 lMoisture content



Modified Proctor Test Result ( As Per ls:2720-Vill)

1 Size of mould

2 Capacity of mould

3 Rammer

4 No of layer

5 Blows per layer

10 cm dia x 12.73 cm height
'1000 cc
4.9 Kg x 450mm

5

25

=1.70gmrcc

= 15.8s%

determination

Mo ist u re conte nt d ete rm i n ation

Compaclion curve

E

1.75

1.73

1.71

1.69

'1.67

r.65

't.63

't.61

t.59

1.57

1.55

I {.7 0

I

,/,
I

1.6

'6

e'
o

5.00 10.00 15.00 20.00

Moislure content

Maximum dry density (MDD)

Optimum moisture content (Ollrc )

2 4Test No 1 3

(qm) 3716 3850 3978 39061 Mass of mould + soil
(sm) 2006 2006 2006 2006.,'

Mass of empty mould
(qm) 1710 1844 1972 1900J Mass of compacted soil

(qm/cc) 1 .71 1.84 1.97 1.904 Bulk density
( om/cc) 1.59 1 .65 'l .70 1.60Dry density

I

1 Container No R-27 R-10 R-3 R-1

2 Mass of cont + wet soil gm 67 .46 72.13 68M 76.88

3 Mass of cont + dry soil 0m 63.75 66.04 60.55 66 82

4 Mass of water present gm 3.71 6.09 7 .49 10 06

Mass of empty container qm 14.58 13.63 13.28 13.41

6 Mass of dry soil gm 49.'17 52.41 47 .27 53.41

7 Moisture content % 7.55 11.62 15.85 18.84

k



Modilied Proctor Test Result ( As Per ls:2720-Vlll)

I Size of mould

2 Capacity of mould

3 Rammer

4 No of layer

5 Blows per layer

10 cm dia x 12.73 cm height

1000

4.9 K9 x 450mm

5

25

=1.699m/cc

= 15.01%

a detetmination

b Moi st u re conte nt dete rm in ation

Compac{on curve

8
E

e
o

1.70

1.68

1.66

1.64

1.62

t.60

r.58

1.56

5.00 10.00 15.00

Moisture content (Yo)

20.00 25.00

AO

l

I

6

I'

4

1

I

I I

rr
',

4Test No 1 2 J

(qm) 302I 3744 3867 3855Mass of mould + soil1

(qm) 1921 1921 1921 1921Mass of empty mould2
't934(qm) 1706 1823 1946Mass of compacted soil3

1.95 1.93(qm/cc) 1.71 1.82Bulk density4
1.69 't.62( qm/cc) 1.58 1 .64Dry density

I

R-2 R-26 R-27R-231 Container No

65.52 81.78 71.37gm 68.952 Mass of cont + wet soil
60.18 73.y 62.14qm 65.'163 Mass of conl + dry soil

3.79 5.34 8.?4 9.23gm4 Mass of water present

13.39 18.64 '14.63gm 16.485 Mass of empty container
46 79 54.9 47 .51qm 48 686 Mass of dry soil

11 .41 15.0'1 19.43Yo 7.797 Moisture contenl

Maximum dry density (MDD)

Optimum moisture content (OMC )

-- 1_--f



Modified Prcctor Test Result ( As Per lS:272a-Wil)

1 Size of mould

2 Capacity of mould

3 Rammer

4 No of layer

5 Blows per layer

determination

Mo istu re conte nt dete rm in at ion

Maximum dry density (MOD)

Optimum molsture content (OMC l

10 cm dia x 12.73 cm height
1000

=1.70gmrcc

= 15.92%

4.9 Kg x 450mm

5

25

a

b

J
tvT. (

tytl

,,:'

Test No
,|

2 4
1 Mass of mould + soil (qm) 3613 J/JJ 3890 3823
2 Mass of empty mould (qm) 1921 1921 1921 1921
3 Mass of compacted soil (sm) 1692 1812 1969 1902
4 Bulk density (qm/cc) 1 .69 1.81 1.97 1.90

Dry density ( gm/cc) 't.56 1.62 1.70 1.60

I

1 Container No R-22 R-15 R-2 t

2 Mass of cont + wet soil gm 75.30 67.85 53.26 67.30
3 Mass of cont + dry soil gm 70.63 62.18 47 .47 58.78

4 Mass of water present gm 4.67 5.67 5.79 8.52

Mass of empty containel gm 14.22 13.99 1'1.'t0 13.95

6 Mass of dry soil QM 56.41 48.19 36.37 44.83

Moisture content % 8.28 11 .77 15.92 19.01

Compachon curve
1.72

t.70

t.68

'r.65

6gr64
E
aD

;t.62

5 1.60
!

E,.sa

1.56

1.54

5.00 10.00 15.00

Moisture content (0/6)

20.00

l

I

I

c
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