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]

. SBC for lsolated & strip footing in 2.50 metre & 
|
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3.00 metre depth added 
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INTRODUCTION:

This repoft deals with Geo-technical investigation at the site for

construction of varicus OuiiOings in the proposed campus of the All Incjia Institute of

Medical Science (AllMS) a Gorakhpur, Uttar Pradesh. The work of ccnducting the

detailed Geotechnical lnvestigation has been awarded to us wide work order No.

HSCCiD&EiAllMSiGorakhpur/Soif-Surveyl2016108 on dated 21-11-2016 whicn

includes investigation in field, laboratory testing of bulk samples collected irom the

site and submission of the test reporl from the office of M/s. HSCC (lndia) Limiieo,

NCIDA, Uttar Pradesh.

The scope oi work for Geotechnical investigation to be carried

out with the locations has been planned by the client. Purpose of the invesiigation is

to determine the nature and properties of soil strata in the bore holes and

representing them through log sections showing the levels, nature and properties of

various strata to a sufficient depth below the level suitable for foundation, oroneness

of site to aftesian conditions, seismic disturbance and other engineering properties of

soil.

This report includes the detail of Methodology of investigation, collection of

samples, field and laboratory test result including their interpretation/ analysis

recommendations on the propefiies of soils required for design of foundation and

suggesting suitable type of foundation and safe allowable bearing capacity for safe

and strong foundation.

Slanch oilrce: 131 , Patuarganj hrJustrial Area Delhi- r to-h. F6'ffie, nr r - +3sr sogs Pir,relofllzl
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SCOPE OF WoRK:

For the proposed consiruction of buildings, it is required to

determine the safe allowable bearing capacity togeiher with necessary engineering

characteristics of underlying soil strata. Since the safe bearing capaciiy of soils must

be evaluated on ihe considerations covering shear faiiure and permissible settlenrenr

of sub-soil strata as per ls: 6403,1981, lS: 1904-1978 and ts: 8009 (part-t)-1976

hence the scope of work is as follows:

2'1 Boring six numbers of boreholes of '150 mm diameier within the proposed area

of construction.

2'2 Conducting the Standard Penetration Test (SPT) at every .1.S0 
metre interval

or at change of strata in all the boreholes.

2'3 Collecting disturbed soil samples at every '1.50 metre intenval or at chanqe of

sirata from the boreholes.

2.4 Collecting undisturbed soil samples from the boreholes at 3.00 meire interval

or change of strata.

2.5 Collecting water sarnples from the bore holes and testinq them for harmful

-^l+^DClil.J.

2.6 Excavating trial piis and conducting field density tests at varying depth.

2.7 conducting ground water investigation by geophysics equipments

2.8 Collecting Ground water samples from the bore wells in the nearbv area and

testing them for potability.

2.9 Ccnducting Plate Load Test at defined location.

2.10 conducting Dynamic cone Penetration Test at defined locatron

tsranch office: 131 , Patparqani Industrial Area,Delhi- 1 10 092 phone fll- 435190s8 Pagc ? of I I'l
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2.11 conducting siatic cone Penetration Tests at defined location.

2.12 Conducting electrical resistivity test at defined location.

2.13 Transporting all the disturbed and undisturbed soil samples collected during

the field investigation to our soil mechanics laboraiory in Delhi

2J4 Conducting the laboratory tesi on all ihe soil samples collected during field

investigation for determination of their engi neerin g characier-istics.

2.15 Compilation of field and laboratory test resulis, wcrking out r'he safe allowable

bearing capacity and preparing the report including detailed recommendations

and necessary precautions.

GEOLOGICAL INFOR|UATION OF THE REGION:

3.1. Geography:

Gorakhpur city, (260 41' Io 260 50' North latitude and 830 20' to

830 27' East longitude) is situated in the Terai beli of Eastern Uttar pradesh,

India. Due to pleasant climate, it was considered a mini hill station by British.

In term of populaiion growth, it is at present the second largest city, after

Varanasi, in Eastern Utiar Pradesh. Geographically the city is situated on the

left bank of river Rapti atthe confluence of the river Rapti and Rohin. Afterthe

1970s with the establishrnent of various institutions and organization and other

infrastructural developments, major changes have taken place in every

sectors. lt is a major center of socio-economic commercial, cultural and

administrative activities of north eastern U.P. To ihe nofth-east of the city a

large lake named Ramgarh Tal lies and on the east lies a forest tract of

kushmi. city is 815 km. north-west from Kolkata, 272 km nofth-east from

.f itrrrlh nlltne' 131 f6tn31it3nj InqlirrtrirlArrur,Lrr.rlhr 1 1n 0np Phnnn.n H ditillflfltl FuquJul lll
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Allahabad, 232 ki north from Varanasi. 262 km east from Lucknow The

roads radiate from ihe city to Nautanwa and sonauli, Maharajganj and

Thuthibari (both up to Indo- Nepal border) Kasia (Kushinagar), Gopalganj to

Assam in the souih-east, to Deoria siwan- chapra- Kolkaiia; Barnalganj -
Allahabad/Varanasi in the south and Lucknow, Kanpur, Delhi in the west. The

city is well connected by road and railway from the major cities of the country

where as Delhi is connected with air routes. Delhi-Kanpur-Gorakhpur- Barauni-

Guwahati/ Kolkatta main line oi nofihern, nofih east, central north easi, and

norih east frontier railway traverse ihe ciiy from easi to wesi with Domingarh-

Gorakhpur- Gorakhpur cantt. Two branch lines run nofih ward to Nautanwa

and Gonda while other one broad gauge runs north Bihar. The total area of ihe

city is 136.85 km2.

3.2. Climate:

The climate in Gorakhpur is referred to as a local steppe climaie.

There is not much rainfall in Gorakhpur all year long. The temperature here

averages 24.9 "C. Precipitation here averages 396 mm.

3.3. Demographics:

According to the 20'1 1 census, Gorakhpur district has

a population ol 4,436,275, roughly equal to the nation of Croatia or the US

state of Kentucky. This gives it a ranking of 40th in India (out of a total

of 640). The districl has a population density of 1,336 inhabitants per square

kilometre (3,460/sq mi). lts population growth rate over the decade 200.1-

-f 
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2011 was 17.69"/". Gorakhpur has asex ratioof g44 females for every 1000

rnales, and a literacv rate of 85.97%.

3.4. Topography:

fhe topography of the city is targely plain with a marginal

gradient/ slope from north to south. The slope decreases from the middle of

the city to both east and westwards. The heighi of the city ranges 1rom 72

meiers in souih and south west to g5 meiers in North above the mean sea

level. In the norlh newly developed parl of the city has elevation more than 85

metre and decreases toward south. The least elevation is in the southern oaft

of the city which is along the Ramgarh Tal and Hoberi embankment and NH

28. Most of the area of northern parts has the elevation between B0 to 85 mts

There are nurnerous water bodies within the ciiy and ihe biggest Ramgarh tal

is situated in the south eastern part of the city. The elevation is much irregular

and gradients are also very uneven. But there are three norlh-south elongated

Iow lying lands which are deeper having the height less than 80 mts. It seems

that these are the older beds of Rapti in west, Gorghoia Nala in east and other

channel between them. The areas along river Rohin and Gordhoianala have

the height between 75 to B0 mts. The height from eastern bank of Ramgarh

Tal to extreme east, up to city boundary, is continuously increasing. The

southern part of the city has comparatively lesser height which ranges

between 75 to 80 mts. lt is lowest part of the city. The Ramgarh Tal and its

water covered area has the height around 70 mts. Thus, the southern part
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from Ramgarh Tal to west ward is a low-lying area where height increases

from east to west.

Hence according to the height, the city can be divided in iwo

parrs- firsi- norrhern half part of the ciiy which has more than 7g meiers heighi

while second -half southern part has the elevaticn between 74 to 7g mts.,

except higher patches oi area of civil lines and Dharmshal oazer. arouno

railway staiion. The area along Gordhoian nala to Ramgarh Tal and exireme

souihern pari beiween river Raptito Ramgarh Tal has lourest elevation

Seismicity:

In the earthquake zonal map of India the district iies in zone lV

liabie to severe damage by earihquakes. Although no major eafthquake

occurred close to it, the traci being not far from the Greai Himalayan BounCary

fault, experiences the effects of moderaie to great earthquake occurring there.

The seismic intensity may noi exceed Vlll on the Modified Mercalli scale 1931.

The forests are generally founC in the norlhern porticn of the district, though in

the past they extended as far as to the south of Gorakhpur and along the Rapti

in south-eastern part of the district.

Geology:

The geology of the district exposes nothing beyond Ordinary River

borne alluvium which is noi old. The mineral products are few and

unimportant. The minerais of commercial value are the nocjular limesione

conglomerate known as kankar, brick and saltpetre. The last occurs principally

Pflqe 6,:l'll,'i

3.6.
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in the south and south-east and is manufaciured in a crude state in

considerable quantities most of it being exported to markets of Bihar. In the

Bansgaon iahsil kankar is most abundant and quarries are seen at many

places' it is also extracted from some places in Mahrajganj tahsil. Lime is

obtained by burning kankar. Brick clay is abundant everywhere and bricks are

made all over the district. The scil in ihe district is light sandy or dense clay of

yellov'iish brovrrn colour. The sand fcund in the rivers is medium to coarse

grained, greyish white to brownish in colour and is suiiable for consiruction

purDoses.

4. FIELD INVESTIGATION:

The field invesiigation work at this site was carried

out from February 201n, 2017 to February 24th, 2afl . The following investigation work

was carried out:

4.1. Six numbers of boreholes of diameter'150 mm were made within the

proposed layout of the building. The boreholes were progressed using power

winch driven percussion drilling machines.

Casing was used to keep the borehole stable. The records of achieved deoth

of bore holes have been given in Para No. 6 (Water Table) and locations of

boreholes have been repofted in ,,BOREHOLES LocATloN pLAN', in

Aooendix A.

4.2. Standard Penetration Tests were conducted

procedure in lS 2131-'jg8j in ali the bcre holes.

et '1 Efl malrn aa nar| ,uv | | tgu u d.J PUI
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bottom of the borehole wai oroperly cleaned and spiit spcon sampler \ /as

properly seated in posiiion in the borehole. The splii spoon sampler resiing on

the botiorn cf borehole was allowed to sink under its ovvn weight; then the

sampler was allowed to penetrate 15 cm with the blows of the hammer 63.50

kg weight falling free through 7Scm, thereafter: the splii spoon sampler was

fufiher dritren by another 15 cm. For ihe 3rd and final drive. the sampler was

fufther aLlorneC tc penetrate 15 cm. The number of blcws required to affeci

each 15 cm of penetration was recorcied. The first 15 cm of drive is

considered to be seatinq drive.

Structure of SPT Sampler

The total blows of penetration for the second and third 15 cm of penetration is

termed the penetration resistance N. The N' values are indicative of the

compactness/ relative density of cohesion less sorls and consistency of

cohesive soils.

In case the blows count of SPT in soil (including the number of blows of

seating) exceeds 1C0, the corresponding penetration was recorded and this

padicular test at that depth stopped. lf the total penetration is more than the

I

6P++?F

I EoSi*
{25 t+Sam}

l+tsSi:r
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seating penetration of 15 cm, then breakup of blows count for 15 cm seating

penetration and for remaining portion of penetraticn is also given.

SPT'N'values are correlated with relative of non-cohesive stratum as per BS:

5930 (1999) - for sandy sirata and with consistency of cohesive stratum.

CORRELATION FOR
CLAY/PLASTIC SII-T

Relative
l-]onciirr ni

sand
Very Soft 0 to 2 Blows Very loose 0 to 4 Blows

Soft 3 to 4 Blows LOOSE 5 to '10 Blows

Medium Stiff 5 to B Blows Medium 11 to 30 Blows

stff 9 to 16 Blows Dense 31 to 50 Blows

Very Stiff 17 Ia 32 Blows Very Dense Above 50

Hard Above 32

In this method, the sampler acts as a probe and the ciriving energy is supplied

by the fall of the drop weight. The values of 'N' depend on the compactness or

relative density of the materiel. In har:d formations, the testing is discontinued

if 'N'value is found to be more than '100. lt is termed as refusal.

'N' value depends upon degree of saturation and over burden pressure of the

formation. silty fine sand and fine sand below the water table develop pore

water pressure depending on the in-situ void ratio which in turn affects the

effective stress. This change in effective stress influences the 'N' value

considerably.
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Terzaghi and peck have recommended a correction fcr 'N'values in case of

saturated siliy and fine sand urhen the 'N' observed in the field is higher than

t3.

Modified value 'N'= 15+ (N-.15)/2.

Soil sample obtained from standard spocn sampler for all above standard

penetration tests were collected in ihe polythene bags of suitable size. These

samples were properiy seal, labelled, record and carefully transpofted to ihe

laboratory for testing. The results have been reported in Table 1 io 6 of

Appendix B under the title "SUMMARY OF TEST RESULTS"

4.3. Disturbed soil samples were tried to be collected at every 1.50 metre

inierval and at significani change of stratum. Soil from cuiting edge of SPT

samplers and reiained in split spoon sampler, used fcr Standard Penetration

Tests was taken as disturbed samples. These samples were placed without

delay in adequately sealed polythene bags. Where the collection of disturbed

soil samples could not be collected from SPT samples, Shelby tubes were

driven and retained soil samples uvere obtained. The laboratory tests were

conducted on the collected soil samples and repofted in Table 1 to 6 of

Aooendix B under the title "SUMMARY OF TEST RESULTS".
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4-4' Undisturbed soil samples were tried to be collected in accordance wiih lS

2132-1986. Undisturbed soil samples (UDS) was obtained at every 3.00

metre interva,.

Undisturbed samples were collecied using 75 mm dia and 450 mm long MS

iubes provided with sampler head with ball check arrangement. Collection of

Undisturbed samples in very hard cohesive scils/ dense granular

scils/gravels/ cobblesi pebbles/ boulders, refusal sirata is praciically not

possible and such collected samples will not truly represent the undisturbed

conditions.

lmmediately afier taking and undisturbed sample in a tube, the adopter head

was removeci along with the disturbed material. The visible ends of ihe

samples shall each be trimmed oIl any wet disturbed soil. The ends will then

be coated alternately with four layers of just molten wax, More molten wax will

then be added to give a total thickness of not less than 25mm. The laboratory

test results have been reported in Table 1 tc 6 of Appendix B under the title

.SUMMARY 
OF TEST RESULTS".

4.5. Ground water samples have been collected from all the bore holes made

during the investigation, the results of which have been listed in table 7

'cHEMlcAL TEST RESULTS oN WATER SAMPLES" of Apoendix B.

4.6. Two numbers of Ground water samples have been collected from the bore

wells existing at site which are being used for agriculture purpose. These
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samples have been reported in tabie 20 "POTATABILITY TEST RESULTS

ON BORE WELL WATER SAMPLES'in appendix B.

4.7. The depth at which ground water is struck during boring uras carefuliy noted

and the depih of water table was ascertained subsequenily in the completeci

borehole by the following method.

4.8. Dynamic Cone Penetration Test were periormed in accordance with lS

4968 (paft 1) -1 976 and the results have been reporied in table 1 0 to iable 14

"DYNAMtC CONE PENETRATION TEST" of Aooendix B

4.9. Static Cone Penetration Test were performed in accordance with lS 4968

(pari lll) -1976 and the results have been repcrted in table 15 to table 19

"STATIC CONE PEr!ETRATION TEST RESULTS" of Appendix B.

4.1A. Plate Load Test was performeci in accordance with lS lBBB-1982 and the

results have been repofied in table I "PLATE LOAD TES-[" of Appendix B.

4.11. Electricai Resisiivity Tests (EHT) has been conCucted as per lS:3043-1987

at one location. The locations have been marked in Appendix-A "Bore hole

location plan". The results have been reporled in Table 9: "ELECTRICAL

RESISTIVITY TEST" of Aooendix B.

4.12. Vertical Electrical sounding tests at four locations has been conducted for

the purpose of finding the quality of water in the underground aquifer and to

estimate the yield of the aquifer. Test locations have been assigned by the

Engineer Incharge of the client. The detailed methodology, Test locations, test

results and conclusion have been given in Appendix G.
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LABORATORY TESTS:

The fcllowing laboratory tests were

conducted to determine the engineering characteristics of sub-soils:

5.1. Field moisture contents were determined by oven drying method as per-ls

2720 (parL ll)-1973. The results have been reported in table '1 to table O

"SUMMARY OF TEST RESULTS'of Aooendix B.

5-2. Field density of soil sirata were obiained using Shelby tubes in acccrdance

with lS 2720 (pari XXIX)-1975. The results have been reported in table 1 to

table 6: "SUMMARY OF TEST RESULTS" of Aooendix B.

5.3. Mechanical sieve analysis test vrrere performed in accordance with lS

2720 (Parl lV) - 1985, for the purpose of identification by graln size analysis,

on coarse paft of the soil samples and the results have been reported in

table 1 to table 6 "SUMMARY OF TEST RESULTS" of appendix B.

5.4. Particle size analysis test by hydrometer method were performed in

accordance with ls 2720 (Part lv) - 1965 on the part of soil samples

obtained after the sieve analysis. The results have been reported in table 1

to table 6 .SUMMARY OF TEST RESULTS'of appendix B.

5.5. Atterbergs' limits tests were performed in accordance wiih ls 2720 (par1

v)-1985 and results have been reported in table 1 to table 6 "suMMARy

OF TEST RESULTS" of Apoendix B.
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5.6. Specific gravity tests were performed in accordance wiih lS 2720 (pari lil-

sec. 1) -1980 and the results have been repofted in tabte 1 to table 6

"SUMMARY OF TEST RESULTS" of Appendix B.

Direct shear tests were performed as per lS 272C (part Xl)-l97i, on the

undisturbed soil samples obtained during the field investigation. Some of

the tests were conducted on remoulded samples as undisturbed samples

could not be collected. The results and ihe densiiy of samples have been

reported in table I to table 6 "SUMMARY OF TEST RESULTS" of Appendix

a

Chemical Tests on water samples cof lected from ihe bore holes, has been

conducted in accordance with lS'.2720 (pari XVI)-1997 for the purpose oi

determining the contenis of salis harmful to ihe sub and super struciure of

the buiidings. The results have been reported in Tabte 7 "CHEMICAL TEST

RESULTS ON WATER SAMPLES" of Appendix B.

Potability tests on water samples collected from the bore wells has been

conducted in accordance with lS: 1 0500-1991 for the purpose of

determining the suitability forthe purpose of drinking. The results have been

reported in Table 20 "POTABILITY TESTS RESULTS ON WATER

SAMPLES" of Aooendix B.

5.7.

5.8.

5.9.

{

{

i

t.

t.

t

(.

(,

I

(_

(

t

6. WATER TABLE:
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operation

elevations

The depth of water table, encountered during the boring

and the coordinates of the bore hcles and other tests locations with the

from Mean Sea Level (MSL) have been listed in the table below:

r\^ ^.,.1i^^+^vu:ulurf rd.Ltt .' .Depth of :

Watei table:,, (m) , '..,,

: :::_ l

Nofth ng
(m)

Elevation
(m)

BH-1 -445.545 153.376 82.98 20.00 4.90

BH-2 .491.004 51 .693 83.72 20.00 5.10

BH-3 -180.444 107.003 83.48 20.00 4.80

BH_4 96.707 136.077 15.00 4.80

BH-5 101.821 -4.287 82.77 20.00 4.00

BH-6 -51.233 142.647 83.1 I 20.00 5.10

u|Jrt-l -425.378 -10.961 83.92

DCPT-2 -231.807 13.1 .151 83.36

DCPT_3 -3.917 4.778 83.66

DCPT-4 200.052 123.952 oz.o I

DCPT-s 166.208 218.628 83.48

ru- I -469.853 106.768 83.49

FD-2 -413.634 26.048 83.1 4

FD-3 -155.853 40.637 83.53

FD-4 88.217 -253.603 B1 .05

FD-5 83.830 39.1 97 83.57

-nT {Ent-l tto.Jto 138.717 83.54

PLT-1 110.443 19.351 83.56

Branchoffice: 131. Patoaroani Industrial Area.Delhi-110092Phcne: 01 1-43519093 Page 15 of I 14
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Bcre Hole

Co-ordinaie flonih nf

UUI EIIUI5
Lruptii ui

Water iable
(m)

Nofihing
,(m) ,

Elevation
(m)

SCPT-1 -494.785 134.485 82.87

SCPT-2 185.318 -69.578 83.63

SCPT-3 36.000 -246.103 89.78

SCPT_4 149.962 -65.948 81.27

SCPT_5 57.252 178.542 83.62

BM-1 0.000 0.000 84.12

DETAILS OF SOIL STHATA:

The classification of soil strata have been done

with the help of soil characterisiics obtained in laboratory tests as per lS 1498-1 978.

The detailed nature of the soii sirata have been reported in table 1 to table 6:

"SUMMARY OF TEST RESULTS" of Appendix B.

In general the soils found at this

site consist of inorganic silty clays of low to lntermediate plasticity upto the depth of

3.00 meters. After this depth of 3.00 meter soil strata consists of inorganic silty sands

o{ low to none plasticity till the depth of investigation except one bore hole (BH-3)

where Stity clays of low plasticity found after the depth of 18.00 meter.

The entire soil stratum exhibits no

expansive propefty and contalns no harmful salts

7.

{{trad u{ d

Branch office: i 31 Paioarganj Indusirial Area.Delhi- 1 10 092 Phone: 01 1- 43519098 Page 16 ol I lti



rE- {EIT' q!!F {!; {i!E r

I

i

(

T

(

I

i

(

(

i

I

("

I

(.

(

(

t..

(

t

a

I

t,.

{

t

(

(

!

I,

TecHpno ENGINEERS PIIT" LTD,
(AN tSO 9001 : 2008 Cer-tified Company)

flepo( No

I Geoiechnical Invesiigation for Ccnstruction of nevrr AIIMS ai Kuraghai, Gcrakhpur, Utiar i' praciesh. '-'*v"*" 
ill

8. CALCULATIONS AND R=SULTS:

The safe allowable bearing capacity of the

fcundation for the proposed building strucrure has been calculated on the shear

failure criteria suggested as per lS 6403=1981, iS: 1904-198g ancj seitlement criieria

as per lS: 8009 (part-l)-1976.

Looking at the site condition, sub scil straiification and type of proposed

structure, calcuiationo havo boon donc for Raft foundation, isolateci and str,ip footirrg.

9.1 SHEAR FAILURE CHITERIA:

Based on C-q values:

iype of shear failure

Factor of safety (F.S.)

Depth of criiical water table

Nei allowable bearing

Qn^ = (1 / F.S.) [0.667c N. S.

_ Mixed (lnterpolation in beiween
General and Local shear {ailure)

- )Rn

= 2.00 meter

= Qna (i<N/m2)

dc + Q (Nq - 1) Sq dq + 0.5 B y N^, S^, drW'l

Where,
B = Width of foundation (metre)

D = Depth of foundation (metre)

d = Angle of shearing resistance (degree)

c = Cohesion intercept (kN/m2)

y = Bulk density of soil above the base of footing (ktrl/m3)

q = tr = Effective overburden (kN/m2)

Nc, Nq, Nr = Bearing capacity coefficient based on initial void ratio es

Branch cffice: 131. Patoarganj Industrial Area,Delhi- 110 092 Phone: Oi1- 435i9098 Page t7 ot' I lul
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d6, dq, dr = depth factors

W' = Water iable correction factor

9.1.1 Raft Foundation
Shape Faciors:

S" = 1'00

Sq = 1'00

S'r = 1 '00

Substituting the values, the value of qn, can be calculated as per table

below

Branch office: 131, Patoarganj Industrial Area,Delhi- 110 092 Phone: 01 
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TECHPRo ENGTNEERS pvr,Lro. 
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Geotechnical Investigation fcr Construction of Setting up of nerru AIIMS at Kuraqhat.
Gorakhour, Uttar pradesh
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9.2 SETTLEMENTCRITERIA:

soil strata at this site mainly consists of silts cf low piasticity, silty sands

and poorly graded sands, hence the Setilement of the soir iayers belovrr

the base of footing has been calculated on the basis of spr values

obtained during the field Investigation.

Settlement for applied pressure (Sr) = (q, x S, x Drr/ (W'x100)

Where, Sl is in mm

q. = permissible pressure (kN/m2)

S, = Settlement for unit pressure of 1.00 kglcmz

W'=Water table correction factor

N = Corrected average SpT value

B = Base width

D = Depth of footing

Dr = depth factor

The settlement of isolated fociing ai different depih and base width can
be calculated as per the following table: Keeping in mind that actual
width of the footing may be more than used in shear fairure
consideration, settlement calculations have been made for doubre width
of the footing

9.2.1 Rafi Foundation

B D N su It df Sr

BH-1 25.00 2.00 12.51 30.0 0.50 158.53 0.98 75

BH-1 25.0A 2.50 |L.3| 30.0 0.50 161.08 0.97 75

BH-1 25.00 3.00 ta.o/ 30.0 0.50 162.76 0.96 75

BH-2 25.00 2.00 13.22 29.0 0.50 i64.94 0.98 75

Branchoffice: l3l.Patparganj Industrial Ar.ea.Delhi_ll0092phone: 0.11-43519098 paee23of lt4
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TECHPRO ENGINEERS PVT.LTD,
(AN ISO 9001: 2008 Certified Company)

Geotechnical Invesiigatron fcr Constructicn oi Seiting up of ne\^/ AIIMS at Kuraghat,

Gorakhpur, LJttar Pradesh

BORE
L1r'\ D D al

IY
-sl

W 9s df S5

BH.2 25 00 2.50 13.22 25.0 0.50 166.64 097 75

sH-2 25.00 3.C0 12.85 29.0 0.50 168.37 0.96 75

BH.3 25.00 2.00 io 1J 21.4 0.50 123-62 0.98 A1

BH-3 25.00 2.50 16.23 21.0 050 230.12 0.97 75

BH.3 25.00 3.00 15.74 21.0 0.50 232.51 0.96 75

BH-4 25.00 2.04 16.40 21.0 0.50 219.89 0.98 72

ou / 25.00 2.50 i 6.40 21.0 0.50 230.12 097 75

ou / 25.00 3.00 16.34 21.0 0.50 232.5i 0.96 75

BH-5 25.00 2.00 19.63 18.0 0.50 265.73 0.98 75

BH.5 25.00 2.50 tv oJ 18 0 0.50 268.47 0.97 75

BH.5 25.00 3.00 ZV.JJ 18.0 0.50 271.27 0.96 AR

BH_6 25.00 2.00 18.14 19.0 0.50 251.75 0.98 75

BH-6 25.00 2.50 1a 1A 19.0 0.50 254.34 0.97 7q

BH-6 25.00 3.00 18.23 tv.u 0.50 256.99 0.96 75

The settlement is within the allowable limit of 75 mm.

9.2.2lsolated Footing

tv Sr

BH-1 4.00 2.50 12.09 30 0.50 '101.63 0.82 50

BH-1 4.00 3.00 12.09 30 0.50 108.23 077 50

BH.2 4.00 2.50 12.71 0.50 112.92 0.82 50

BH-2 4.00 3-00 12.71 27 0.50 120.25 0.77 50

BH.3 4.00 2.50 15.49 zl 0.50 I 45.1 I 0.82 50

BH-3 4.00 3.00 15,49 al 0.50 154.61 0.77 50

BH-4 4.00 250 15.71 20 050 152.44 0_82 50

BH-4 4.00 3-00 15.71 20 0.50 162.34 0.77 50

BH.5 4.00 2.50 i5-l0 zl 0.50 145.18 0.82 50

BH.5 4.00 300 15 10 a1 0-50 tc+.o I 0.77 50

BH-6 400 2.50 17 26 17 0.50 177.40 0.82 49

{

t

(

(

(

(

i

(

I

I

{

I

I

(

I
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(AN ISO 9001: 2008 Certified Ccmpany)

Repori No 1666
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The settlement is within the

9.2.3 Strip Footing

allowable limit of 50 mm

The settlement is within the allowable limit of 60 mm

Geotech nical Investigation for Construction of Setting up of new AIIMS at Kuraghat,
Gorakhpur, Uitar pradesh.

EORE
!\'\J.

n
.51

BH-.1 200 2.50 12.18 25 0.50 I cz.5 / 0.70 53
DU i 2.00 300 12.18 25 0.50 | / o,oc 0.66 5B

BH-2 2.0c 2.50 1 3.98 za 0.50 145-92 0_70 45

BH-2 2-00 3.00 13 -98 22 0.50 177.71 0.66 cz

BH.3 2.00 2.50 15 78 1B 0.50 155.52 070 39

E11-J 2.00 3.00 15-78 18 0.50 180 61 0.66 43
DUA 2.00 2.50 19.2i IJ 0.50 157.16 0.70 33

BH-4 2.00 3.00 19.21 tc 0-50 191 .40 0.66 38

BH-5 2.00 2.50 15.44 19 0.50 172.80 0.70 46

BH-5 2.00 3-00 15-44 19 0.50 210.30 0.66 53

Dn-o 2.00 2.50 tz.6/ 24 0.50 155.31 0.70 52

BH-6 2.00 3.00 12-87 24 0.50 189.06 u. oo 60

Branchoffice: 131 Patparganj Industrial Area,Delhi-1l0092phone: 0.1 1-43519098 paee25of-il4
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TECHPRO ENCIiI=ENS PVT"LTD'
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Repcri No i666

Rev No : R1

Geoiechnicat Investigaticn for Ccnstruction of Setting up of new AIIMS at Kuraghat,

Gorakhpur, Uttar Pradesh.

1O HECOMMENDATIONS:

Keeping in mind, ihe field test results, laboratory iest results and lS codes

of practice the folfowing recommendaticns are hereby made:

10.1 Ratt Foundation:

Ralt foundation shall be provided for building structures to be constructed

on RCC framed columns. The depth and corresponding safe allowable

bearing capacity shall be as follows:

200 125.00

250 160.C0

300 162.0C

10.2 lsolated Column footings:

lsolated footings may be provided for building structures to be constructed

on RCC framed columns. The depth and corresponding safe allowable

bearing capacity shall be as follcws:

{

{

t

(

(

I

(

(

(

(

(

I

I

Depth of foundation'
(m)

.Safe bearing capacity
(kNim2)

2.50 100.00

300 1 10.00

*Srreug<lw.

Branch office: 131, Patparganj Industrial Area, Delhi- 1 10 092 Phone: 01i 43519098 Paee 26 of I I4



TicHpRo ENGINEERs PTTT.LTD"
(AN ISO 9001: 2008 Certified Company)

F.epon No. 1666

{

I

I

I

I

t'

{

{

I

I

I

I

I

{

{

(

I

(

t 
,,

t

f

t.

t

Geotechnical lnvestigation for Construction of Setting up cf new AIiMS at Kuraghat,
GorakhpLrr, t_lttar Pradesh,

10.3 Strip footings:

Aliernative strip footing may also be provided for building structures to be

constructed on RCC framed columns. The depth and corresponding safe

allowable bearing capacity shall be as follows:

2.50 145.00

3.00 175.00

10'4 lf any loose pockeU strata are found during the excavation, the foundation

shall be laid onty after ensuring that the same has been cteared and

appropriate remedial measures have been adopted

B.Tech (Civil), M.Tech.
Principal Consultant &

Managing Director

Branch office: 131. Patparganj Incjustriar Area. Derhi- 1i0 092 phone: 011 43519098 Pflee 27 oi'I t4
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TEcupno ENGINEERS PVT.LTD"
(AN ISO 9001 : 2008 Certified Company)

Rev. No.: Rl

Geotechnical lnvestigation for Construction J Setting up of new AIIMS at Kuraghat,
Gorakhpur, Uttar Pradesh.

APPENDIX.B
TABLE-7 : CHEMICAL TEST FESULTS ON WATER SAMPLE

Bore
No.

Depih of
Sampie

(m)

H

Y
Chlorides

BH.1 490 7.40 11U zou

BH-2 510 7.50 230 27A

BH-3 4.80 7.40 220 260

BH-4 4.80 7.50 230 270

BH.5 4.00 7.54 220 270

BH.6 5.10 7.50 235 ZOU

Branch office: 131 , Patparganl Industrial Area,Delhi- I 10 092 phone: 01 1- 435 j 909g P:rge 4l of I I.l
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TECHPRO EiVCIN TRS PVT.LTD.
(AN ISO 9$C1 : 2008 Cerliiied Company)

Repo( No. 1566

a^,,

Geotechnical Invesiigaiion ior Consiruction of Seiting up of new AIIMS at Kuraghar.,
Gorakhpur', Uttar Pradesh.

APPENDIX'B'
TABLE 0B: PLATE LOAD TEST (pLT-1)

FIELD INVESTTGATTON METHOD:

A iest plate 75 cm x 75 cm square was used

as a model for ihe prototype foundation. The plate was placed ai 1.50 metre below

natural ground level and subjected to incremenial ioading. Setilenrent at each

increment of loaci was measured and load-settlemeni curves ploited. The bearing

capacity and ihe setilement of the foundation were determined with the helo of the

load-settlement curves for the test plaie. The test was ccnducted as per IS: 1888-

1982

Load (T) Average Settlement
(mmJ

Cumulative
Settlement (mm)

3.00 r.00 1.00
6.00 0.63 1.63
9.00 2.90 4.)i
12.00 2.51 1.10
15.00 6.49 r 3.59
r7.00 t2.21 25.80

Calculations:

From Load Settlement curve:

Ultimate Load: 17.00 T

Ultimate Bearin_r Capacity : I7 .00 / (0.75x0.75) = 30.22 T I m2

Factor of Safet,v = 2.5

Safe bearing capacity: 30.?2t2.5 = 12 08 T/m"

Branch office: 13i , Patparganj Industrial Area,Delhi- 110 0gZ phone: C1 1 4_e5i 9O9g Page J2 rrl i l-J
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Geotechnical Investigaiion for Construction of Setting up of new AIIMS at Kuraqhat.
Gorakhpur, Uttar Pradesh.
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TTcHpno ENGINEERS PVT. LTD,
(AN ISO 9001 : 20C8 Certified Company)

Rev. No : R.l

Geoiechnical Investigation for Constructicn of Seiting up of new AIIMS at Kui'aghat,
Gorakhpur, Uttar Pradesh

APPENDIX-B
TABLE 9: ELECTRICAL RESISTIVITY TEST

The term "earth resistivity" expressed in ohm-meters (abbreviated ohm-m) is one basic

variable aifecting resistance to earth cf an electrcde system. But the actual value of earih

resistivity need not be measured to check the electrode earth resistance. Consider oiher

fields lvhere the value cf resistivity is measured; also some of the faciors affectinq ii thai

are of interest in earth testino.

Eafth resistivity rneasurements can be used convenieniiy

for geophysical prospecting to locate ore bodies, clays, and water-bearing gravel beneath

the eadh's surface. The measurement can also be used to determine ciepth to bed rock

and thickness of glacial drift. Measurements of earih resistirrity are usefui also for finding

the best location and depth for low resistance electrodes.

Such studies are made, for

example, when a new electrical unit is being constructed; a generating station, substation,

transmission tower, or telephone central office. Finally, earth resistivity may be useci to

indicate the degree of corrosion to be expected in underground pipelines for water, oil,

gas, gasoline, etc. ln general, spots where the resistivity values are low tend to increase

corrosion. This same kind of information is a good guide for installing cathodic protection

Clav and saturated silt 0-'10

Sandy clay and wet silty sand 10-25

Clayey sand and saturated sand

Sand

25-50

50-'150

FsX. X,td..

4351 9098

ft,{r'nr

Repori No ;666 
|

Page 1.I oiBranch office Patparganj Industrial Area,Delhi- 1 10 092 Phone: 01 1-

Tn''}li+,l1
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Geotechnical lnvestigation for Consiruction of Setting up of new Atltvls at Kuraghat,
Gorakhpur, Uttar Pradesh.

Gravel 150-500

Weathered rock 1 00-200

Sound rock 1 50-4000

Branch office: 131, Patparganj Industrial Area,Delhi- 110 092 phone:011- 4S519098 Paee 45 of I 14
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Geotechnical Investigaiion for Consiruction of Setting up o{
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APPENDIX-B
PLOT.1 -ERT RESISTIVITY TEST (ERT-1 )

FerTedrp* E

Electrode'
Spacing,

M

Rocicte nno

Ohm.
(Norih/South) (Easi,A/Vesi)

Resistance,
Chm.

(Averaqe)

0.50 6.14 ] .LJ ( o/ 78.64

1.00 3.43 251 291 18 65

2.00 1'tb 191 t54 1,9.28

3.00 1.05 108 107 20 06

5.00 0.73 0.65 0.59 21,.61

7.00 0.56 0.57 0.57 24 84

10.00 0.33 0.34 034 21,.04

15.00 0.17 a2l 0.22 20 72

20.00 0.1,4 021 018 71.98

100.00

tr
I

E

q 0.005
:>
=.9
o
c)
tf

1.00

10 15 20
Electrode Spacing, rn

Branch oifice: 131, Patpargani industrial Area,Delhi- 110 092 Phone: 011- 4351 9098 Page 46 of I 14
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APPENDIX'B'
TABLE-10: DYNAMIC CONE PENEiRATION TEST (DCPT.O1

LltF
o

Depth (meter) Nos. of blows for each l0O mr-n
peneiraiio n Total Nos. of blows

(Nl +N2+N3)FROTI T' N1 N2 NI3

I

I
I

I

I

I
I

I

I

I

I

i

I

I

i

I
I

I

l\

5
s
C!

,i
c!

I

I

I

I

0,00 0.30 4 3 10

0.30 0.60 J 2 1 6

0.60 0.90 1 1 2 A

0.90 1.20 I z 5

1.20 .1.50
L 2 a 6

1.50 1.80 1 z 2 5

1.80 2.10 J 2 2 7

2.10 2.40 I

2.40 2.70 A A '11

2.70 3.00 A 4 tz

3.00 Qan A A A tz

3.30 3.60 4 12

3.60 3.90 A 4 A tz

3,90 4.20 q
6 6 17

4.20 4.50 5 6 tl

4.50 4.80 5 q 7 17

Branch office: 13i Pai'oargani Industrial Area,Dethi- 1 10 09?ffi!
"1. .T"i{" Pa-se al7 oi i I'+
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Tecr+pRo Eilctrul=ns Pvr " LTD "
(Ai\l iSO 9C0.1 : 2003 Cedified Company)

i

lcnnrl i\ln l AAA i

Rev. Nc

Geoiechnical Invesiigation ior Construciion of Seiiing up of new AIIMS ai Kuraghai,
Gcrakhour. Uttar Pradesh.

I,.&n.sr*r ?nrhiii;:1

'|

(

I

i-

f

(

t

LIJ

F
o

Flanih /motor\ Nos of blows for each 100 mm
peneiraiion Total Nos. of blor,'rs

(N1+ltJ2+N3)
FROM TO N1 N2 N3

4.80 510 5 c 6 17

510 5.40 6 6 o

I

I

I

I

I

I

I

I

I

I

I

l|.-i-
l+
IN
IY
tc{

5.40 5.70 5 5 o to

5.70 6.00 b o 7

6.00 6.30 o 7 7 20

6.30 6.60 7 al

o.ou 6.90 7 d 23

690 7.20 7 10 26

7.20 10 1.1 28

7.50 7.80 J 12 14 35

7.80 8.10 9 11 to 36

8.10 8.40 11 IY

8.40 8.70 1ata 18 23

8.70 9.00 17 25 55

9.00 oen 15 zz 25 oz

9.30 9.60 17 a^ /z

Y.bU 9.90 18 zo 75

Fc.r Tr:irrr Iu{rE*,fr*. r*9,

+v^-^

Branch office: i 31 Patparganj Inciuslrial Area.Delhi- 1 10 092 Phone: 01 1- 4351909E Page 48 oi I i4



Geoiechnical lnvesiigation for Construction of Setting up cf
Gorakhpur, Uttar pradesh.

APPENDIX'B'
TABLE-11: DYNAMTC CONE PENETRATTON TEST

i ECHPRO EruCIiIr=NS PVT.LTD.
(AN ISO 900.'t : 2C08 Certified Company)

Rev. No : Rj

neyr AlliVS ai Kuraghat,

drun"f-r office: i 31

Diameier oi Cone: 65 mrn
Weight of Hammer: 65 Kg

Testing No. 02

L]J
F
o

Depih (meier) Nos oi biorrrrs icr each 100 mm
peneirafion

Total Nos of blorirrs
(N1+N2+N3)FROM TO N1 N2

0.00 0.30 1 I

030 0.60 A A 3 11

0.60 0.90 3 3 I

0.90 1.20 3 a 8

i.20 1.50 a 2 aI E)

150 1.80 1 2 o

1.80 2,10 2 oo A I
N

N
C\

@
N

1. tv 2.40 4 '10

2.40 2.70 A 3 A
11

2.70 3.00 3 A
ta

300 3.30 q /'l A

3.30 3.60 5 5

3.60 3.90 i 5 5 14

?on 4.20 o 7 7 20

4.20 450 7 7 7 al

450 4.80 4 14

I'f "r r ;ci T,:r :t,i irLlX

Patparganj Indusrrial Area.Delhi- i j0 092 phT€f q.bi:i,,fa



TrcrrpRo EllctNrERs Ptlt. LTD 
"

(AN ISO 9001: 2008 Certified Company)

I Repori Nc 1 666 
|

i

I n*v No., R1 |

rntFE Ratm

Geciechnical Investigaiion for Consiruction of Setting up of new AIIMS at Kuraghat,
Gorakhour. Uttar Pradesh

fr;r Teih;t* E

Lt-l

F
o

Depth (meier)
Nos. of biorus for each lC0 mm

peneiraiion Ioial Nos. of bloi,rrs

(N1+N2+N3)
FROM TO N1 N2 N3

4.80 J IU A A 6 to

5.10 544 5 5 b to

tr
O
cv
c!

(o
c{

5.40 5.70 5 6 7 to

5.70 6.00 c 7 7 20

6.00 630 6 7 al

6.30 6.60 b I 23

o.ou 6.90 7 I a+

6.90 720 7 Y 11

720 7.50 7 10 1ata 29

7.50 7.80 I 11 'tA JJ

7.80 8.10 10 t.f to 39

8.1 0 840 10 14 tii Aa+1

8.40 8.70 v IJ IY 43

8.70 9.00 1't 22 50

9.00 9.30 41
al 29 63

oan 960 16 27 JJ 76

Branch of,rice: 131 . Patparganj Indusirial Area,Delhi- 110 092 Phone: 011 43519098 Page 50 oi l lul



I ECHPRO ENGINEERS PVT 
" LTD.

(AN tSO 9001: 2008 Certified Company)

Repori No i666

Rev. Nc.; R1

Geoiechnical Invesiigation for Consiruciion cf Seiting up of nelv Alll/ls at Kuraghai,
Gorakhpur, Uttar pradesh.

rABLE-1 2: DyNAMrc .ffiH#or,o* IEST (DCPT-03

Dianneier of Cone: 65 ;-nm

Testing No.

I

t

r
I

I

{

(

I

I

(

(

(,
I

{.

(..

(

(.

(

{

d

(

(

I

{

{

LU

o

Depth (meter-) Nos. of blows for each 100 mm
peneiraiion Total Nos of blows

(N1+N2+NS)FROM TO N1 N2

t.-

N
N
O
tr)
N

0.00

0.30

0.30 8 5 ^ 17

0.60 3 3 I

0.60 0.90 z Z 7

0.90 1.20 J 3 J 9

1.20 1.50 I .l 10

r.50 1.80 a 3 J 8

1.80 2.10 3 3 J

2.10 2.40 e I

2.40 2.70 4 10

2.70 3.00 .1 q 4 13

s.00 JJU q
^

A
IJ

3.30 3.60 4 A A tl

3.60 3.90 A+ A tz

3.90 4.20 A A 11

4.?0

4.50

4.50 4 14

4.80 /_ 6 iSir is i:r* ftifrcryg ?;t,Lid.

iJranch oifice: .131 
, Patparganj Industrial nrea.Oetnr_ 110 oe2 Phone: 01fis5-6itg Page 51 of I 14
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TECHPRO Ei\CtNf fRS Pill, LTD, I Report No 1666 
|

(AN ISO 9001: 20CB Certitied Company)

Rev- No.. R.l
(

i

Geoiechnical investigation for Construciion of Seiting up of new AIIMS at Kuraghat,
Gorakhour. Uttar Pradesh.

FrrT;eh;;o ?t'r"T-id"

(

t'

(

t

I

(

(

I

(

{

f-

(.

{

(

I

t_

F
o

Depth (meter) Nos. of blows for each 100 mm
peneiraiion Ioial Nos oi blows

(N1+N2+NJ3)
FROM TO N1 N2 N3

4.80 5.1 0 5 A 5 14

c. tu 5.40 A 5 4

5.40 5.70 6 6 q 17

5.70 6.00 o b to

6.00 6.30 o o 7 IJ

6.30 6.60 7 7 7 ll

6.60 6.90 7 8 10 25

t- 6.90 7.20 10 10 28

AI
c!o

7.2A /.3U 10 11 tz 33

U)
C\J

7.50 7.80 11
fa
IJ 39

7.80 8.10 12 16 17

8.10 8.40 14 18 to 50

8.40 8.70 1A 18 17 49

8.70 9.00 to zl 25 oz

9.00 9.30 IJ zo 30 75

Branch office: 131 Patparganj lndustrial Area,Delhi- i.1 0 092 Phone: 011- 43519098 Pr{e 52 t)i'I l4



J-ECHPRo ENGINEEPS PVT. LID,
(AN ISO 9001: 2C08 Certified Company)

Repori iilo 1656

Geotechnical

Qarr hl- .Dr i,rev,rYv.rtll

lnvestigaiion for construciion of Setring up oi new Allivls at Kur.aghai,
Gorakhpur-, Uttar pradesh.

APPENDIX'B'
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PT-04

Diameter of Cone: 65 mm

.Weight of Hammer: 65 Kg

04

L!
F
o

Depih (meter) Nos of blows for each IO0 mm
peneiraf ioil Total itjos. of blovrrs

(N1+N2+N3)
FROM TO N1 N2 Nt3

0.00 0.30 11 '13 3 37

I

I
I

I

I

I

I

N
5
c{
ct

rb
C!

I

I

I

I

I

I

I

I

I

I

i
I

I

I

0.30 0.60 1'1 X 7 26

0.60 0.90 6 4 A 1/1

0.90 i an
3 3

1.20 1.50 a L 2 A

r.cu rdu 2 1 t

1.80 2.10 2 Z t o

1, tu 2.40 z I
2,40 2.70 z 3

2.70 3.00 I

3.00 3.30 z R

330 3.60 e a e d

J.OU 3.90 A 5 4 IJ

aon 4.20 A q 5 1A

4.20 4.50 5 5

450 4.8C 6 6 Fr:fficlt :r Inreip f"t" ttC"

tul To;!.*tsd
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Depih (meier)
Ncs. of blcws for each 1OO mm

peneiraiion Toial Nos oi blows
(N1 +N2+N3)

FROM TO N1 N2 N3

4.80 5.10 7 6 IJ

5.10 5.40 tr 7 o

I t\-
t^
rT
,c!t?I rJ)icv
I

I

I

i

I

I

I

I

I

I

I

I

tr. An 5.70 5 5 6 to

5.70 6.00 5 q 6 to

6.00 O.JU A I I 22

6.30 6.60 o 10 27

o.ou ovu 10 10 10 30

6.90 7.20 9 1l 32

7.20 7.50 11 1aIL t1 35

7.50 7.80 tata t.l to 41

7.80 8.1 0 17 17 to 50

8.1 0 8.40 17 IJ 17 53

8.40 8.70 <1 18 t8 53

8.70 9.00 IJ 13 JY

9.00 9.30 14 14 t.l 41

9.30 9.60 LD zz 23 ol

9.60 9.90 ZJ 25 28 76

F:tr T" ^r.uo-,.i alAA:i,-i!
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Diameier of Cone: 65 mm
WeiEht of Hammer: 65 Kg

Testing No. 05

LU
F
o

Depth (meier) Nos. oi blcws for each I0O mm
peneiraiton

Total Nos. of blows
(N1+N2+N3)FROM TO N1 N2 i\3

N

(\I
c\J

N
c!

0.00 0.30 A r', 2 ta

0.30 0.60 2 2 a
6

0.60 0.90 a 3 3 B

0.90 1.20 4 4 5

1.20 1.50 A 3 4 1't

1.80 A 4 3 11

1.80 2.10 A 3 A
11

2.10 24n 3 A 10

2.40 5 A A

2.70 3.0c + 7 4 15

3.00 J-JU A 5 IJ

3.30 3.60 5 A 13

3.60 3.90 4 3 3 10

3.90 4.20 A
5 q

14

4.20 4.50 A 6 6 1A

4.50 4.80 4 A A

ta
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i^lonlh /mator\ Ncs of blcws fcr each 
.l 
0C mm

pen-^iraiion Toial Nos of bior,vs
(N1+N2+N3)

FRCM TO N1 N2 N3

4.80 5.1 0 A 5 1ata

5.10 5.40 5 6 6 17

f.-

N
c\j
O
l--
c{

5.40 5.70 6 6 7

5.70 6.00 I 6 cA

600 O.JU 7 o 7 20

630 6.60 7 7 6 20

6.60 6.90 7 8 7 22

6.90 7.20 7 8 6 ZI

7.20 7.50 I B I IJ

7.50 7.80 R I 26

7.80 8.1 0 8 7 B 23

8.10 8.40 B 8 8 z+

8.40 8.70 7 8 1J

8.70 9.00 7 7 d zz

9.00 9.30 I 10 al

9.30 960 10 t1 IJ 35

9.60 9.90 15 tc I3

9.90 10.20 16 IJ to 47
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Result Awaited

TABLE-1S: srArc "offi%roN rESr (scpr-or)

Report No. 1 666
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APPENDIX'B'
TABLE-16: STATIC CONE PENETRATION TEST (SCPT-O2)

Result Awaited
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GRAP H-1: SPT CORR T FOR BORE No.01
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UEULII UI
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density
(vm1. ..
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Pressure
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12.oo 19 1.708 20.500 t.oo o.76 L2.95
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APPENDIX _F
GRAP H-3: SPT CORRECTION & PLOT FOR BORE No.03

SPT
afier
diiaianc

1.50 10 1.895 2.843 10.00 1,.42 14.22

300 18 I.828 5.483 18.00 1,20 11. b)

4.50 fl 1.828 8.225 1_3.00 t.07 13.87

5.00 fo 1.830 10.983 15.50 0.91 15.04

7.50 14 1.830 13.729 14.00 0.90 L2.54

900 24 1.830 16.414 19.50 0.83 L6.28

10.50 29 1.830 19.224 22.00 o.l8 1- 23

L2.04 17 1.83C 21,.966 16.00 o.14 11,.82

13.50 35 1.830 24.7LI 25.00 0.70 17.48

15.00 AO 1.830 21 .457 32.00 0.55 21,.25

t6-50 59 l-.830 30.203 37.00 0.63 23.39

18.00 1^ 1.830 32.949 19.50 0.60 II.lt)

20-00 29 1.830 36.610 22.00 0.57 11 AO

c.)

P
c)
E

--FSPT Recorded

-€*SPT Ccrrected
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flanih nf I ype
of Soil

1.50 7 0,000 0.000 700 1.50 10.50

3.00 1,4 1.830 5.489 14.00 1,20 15.83

450 2I 1.830 8-234 21.00 t.o7 22.40

600 23 1,.902 1,1,.4r1 19.00 0.96 t8.20

7.50 29 L.902 L4.264 22.00 088 10 Aa

9C0 12 1.902 17.777 12 00 4.82 9.85

10.50 18 1.902 19 969 16 50 o.77 L2.71

12.OO L4 1.745 20.935 14.00 0.75 10.57

13.50 52 L.745 33.50 0.72 23.96

15.00 I.J4) 25.17r 20.00 068 13.50
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APPENDIX _F
GRAPH-S: SPT CORRE BORE No.05

Dec'h oi r,'raier labi-o 4 00 m

150 7 1,.725 2.588 700 L.45 10.18

3.00 10 1.856 5.567 10.00 1.20 11.98

450 AD 1.856 8.350 15.50 1.05

6.00 2A 1.867 17.205 T7.50 0.96 16.87

7.50 22 7.867 14.006 1_8.50 0.89 L6.45

9.00 19 1,.867 16.807 17.00 0-83 14.08

10.50 23 1 857 19.609 19.00 u.l6 L4.76

L2.OO 63 1_.861 22.410 39.00 o.73 28.55

L3.50 A'l 1.857 25.21,1 28.00 0.59 19.39

15.00 55 7 861 28.012 35.00 0.66 73 0i
15.50 b5 1,.861 30.814 40 00 0.53 25.O2

18.00 77 r.867 33.615 46.00 0.50 27.43

20.00 62 r.861 37.350 38.50 0.56 21.60
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APPENDIX -F
GRAP H-6 RECTION & PLOT FOR BORE No. 06
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densiiy
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18.00 35 1.890 34.023 25 00 059 14.81
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ANilIEXURE.G
ELECTRICAL RESISTIVITY SU RVEY

INTRODUCTION

1.1 Introduction to Resistivity Surveys:

Geophysical resistivity techniques are

based on the response of the earth to the flow of electrical current. With an

electrical current passed through the ground and two potential electrodes to

record the resultant potential difference between ihem, we can obtain a direct

measure of the electrical impedance of the subsurface material. The resistivity

of the subsurface, a material constant, is then a function of the magnitude of

the current, the recorded potential difference, and the geometry of ihe electrode

array. Depenoing upon the survey geometry. the data are plotted as 1-D

sounding or profiling curves or in 2-D cross-section in order to look for

anomalous regions. ln the shallow subsurface, the presence oJ water controls

much of the conductivity variation. Measurement of resistivity is, in general, a

measure of water saturation and connectivity of pore space. Resistivity

measurements are associated with varying depths relative to the distance

between the current and potential electrodes in the survey, and can be

interpreted qualitatively and quantitativety in terms of a lithologic and/or

geohydrologic model of the subsurface.

The ultimate objective of a VES at a locality is

to obtain a true resistivity log similar to, for example, the induction log of a well

at the locality, without actually drilling the well. However, because of inherent

ffi'""h oifice: 131, Patoarganl Industnal Area
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limitations (which urill be discussed briefly), the resolution of the VES methods

is not as high as that of the inducticn log. Nonetheless, the VES methods

remain as the mcst inexpensive methods o{ subsurface exploration. On the

other hand, its resistivity varies according to small changes in water salinity.

This propefty together with the low cost makes the VES methods very suitable

fcr groundwater exploraiion.

Electrical Properties of Earth Materials1.2
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Table 1: Typical Range ofResistivities ofEarth Materials

The electrical resistivity of rock is a property which depends on lithology

andfluid content. The resistivity of coarse-grained, well-consolidated sands to

nesaturated vrrith fresh water is higher than that of unconsolidated silt of

lhesame norosiiv saturated with the same water. Also. the resistivitiesHvr vv,rf ,
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ofidentical porous rcck samples vary considerably according to the salinity

ofthe saturating water. The higher the salinity of the water, the lower

theresistivity of the rock. Thus, it is quite possible for two different types ofrock,

such as shale and sandstone, to be of essentially the same resistivitywhen the

sandstone is saturated with saline watei' and the shale with freshwater. For ihis

reason, the number and thicknesses of the geoelectric units asdetermined from

Vertjcal Electrical Sounding (VES) measurements at a locality may not

necessarily be the same as the geological ones.

Flesistivity Surveys: Application and Limitation

Resistivity (Geo-electrical)

surveying is one of the most versatile and successful geophysical prospecting

methods for mineral prospecting, ground resistance measurements, geological

and geo-technical mapping, bedrock studies, certain civil engineering

applications and also for ground water prospecting.

The greatest limitation of the resistivity sounding method is that it does not take

into account lateral changes in the layer resistivity. Independent gecphysical

and geological information are necessary for a valid interpretation of resistivity

A^+^

ELECTRICAL RESISTIVITY METHOD

2-1 A brief description

Electrical resistivity methocj consists of transmitting

electrical current into the earth through a pair of grounded metal electrodes,

and measirring the resttltin6 polential generaled across the second pair of

Eranch office: 131 . Patpargani Indusirial Area,Delhi- 1 10 092 Phone: 011- 43519098

J:.{:rre

Pagc 95 ol- I l:l



(

2.2

i.

{

t

I'

{

{

('

t

1

i

I

I

i

t

I.

(

{.

I

i

(

{

t

Trcupno ENcirur=ns Pvr. LTD.
(AN ISC 9001: 2C0B Certified Company)

Geotechnical lnvestigation for Construciicn of Setting up of
Gorakhpur, Uttar Pradesh.

Report No.1666

Rev. Nc.: Ri

new AIIMS at Kuraghat,

grounded metal electrodes. There are a variety of electrode arrangements

(arrays) that can be used.

The electric resistivity of a rcck formation limits the

amount of current passing through the formation when an electric potential is

applied. lt may be defined as the resistance in ohms between opposite faces of

a unii cube of the material. lf a material of resistance R has a cross-sectional

area A and a tength L, then its resistivity can be expressed as

r=RA/L

Units of resistivity (r) are ohm-rn.

Resistivity of rock formations vary over a wide range,

depending on the material, density, porosity, pore size and shape, water

content and quali'iy, and temperature. There are no fixed iimits for resistivities of

various rocks. In relatively porous iormations, the resistivity is controlled more

by water content and quality within the formation than by the rock resistivity. For

aquifers composed of unconsolidated materials, the resistivity decreases with

the degree of saturation and the salinity of groundwater. Clay minerals conduct

electric current through their matrix, therefore clayey formations tend to display

lower resistivities then do permeable alluvial aquifers. The representative

resistivity values of common earth materials are disptayed in Table-1 for

reference.

Instrument used

Geoelectric data acquisiiion was carried out by using the Resistivity Meter

Aquameter CRMAUTO C. The instrument is equippecl with microprocessor

lechnology which employs ingenious methods for extractin0 suhsrrrf ace
I'or Tell6 

"m liry:m*r4,fl .i,t" Lkl,
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Therefore the heavy down pour during a limiied period creates the havoc of

water logging and flood and most of the water use tc flow without economic use

except some water which is collected in the r,vater bcdies and the depressions

spread in the ciiy.

5.0 GEOPHYSICAL INVESTIGATION

5.1 Field Methodology of VES

The most popular Schlumberger aray was used for

the delineation of vertical variaiion of resistivity in the sub-sunace. In ihis

configuration current electrodes are moved ouiward in sieps while potential

electrodes remain fixed and moved occasionally. f n present VES investigations,

the spread length oi 400 m has been selected for ihe ground water prospect in

the sub-surface. The cenier point of the spread was selectednearby the

proposed location (due to existing wheat crops their and ground clearance of

400 m long straight profile). A metal electrode, made of stainless steel, was

driven into the soil at each end of the spread (A & B, Figure 2). Both electrodes

were then connected to the current port of the instrument with the cables,

located at the center of spread. The electrodes M and N (Figure 2) were also

driven into the soil and connected to the respective voltage terminal.

rcR lLz - a2)

Fig 2: Schematic diagram ofVES layout

whe re ,

Branch office: 131. Paioaroani Inoustrial Area.Delhi- 110 092 Phone: 01 'l- 435 19098
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A, B = Current Electrodes

M, N = Poieniial Electrodes

a = Separation between poteniial electrodes

L = Separation between cui'rent electrodes

pu= Apparent Resistivity

5.3 FIELD DATA ACQUISITION

The Vertical Electrical Sounding (VES) investigations were concjucted in the

proposed area on 2nd March 2017. The veriical e{ecirical sounding (VES) were

carried out at 4 proposed points as displayed in Fig 3.
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5.4 Field Data Processing

Upon completion of

value is calculated that represents the

earlh that the current flows through.

a field resistivity data acquisition, a

apparent resistivity of the volume of

TTR lLz - clzl
Pa=

Where,

pa= Apparent Resistivity

a = Separation between potential electrodes

L = Separation between current electrodes

computed apparent resistivity data vs electrode separation is plotted on log-tog

scale. The electrode separation is plotted on X-axls and apparent resistivity

values on Y-axis. The plotted apparent resistivity values are shown as circles

and black line.

VES Data Interpretation

The interpretation of each sounding curve was carried

out by the use of curve maiching technique and by an automatic interpretation

prcgram and curve is matched and modified by trial and error until a very close

match (with the standard curve set, shown in red lines) was attained between

the calculated and standard resistiviiy curves. The differences between the

observed and calculated blocks were minimized to obtain an acceptable

agreement of the fittinq process (Loke & Barker, 1996), A measrrre of this

(1)
An.ILL
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difference is given by the root-mean-square erroi' (RMS%), However, the

lourest RMS error may show large and unrealistic variations in the modei

resistivlty values ancj might nct be the best from a geological ccncept.

Noiwithstanding this, reasonable values of RMS (3.12-7.81) were maintained

for all the profiles.

While the resistivity method is used to measure the

resisiivity of earth materials, it is the inierpreter who, based on knowledge oi

local geofogic conditions and oiher data. must interpret resistivity data and

arrive at a reasonable geologic and hydrologrc inierpretation.

In geophysical inversion, one seek to find a modei that

gives a response that is similar to the actual measured values. The model is an

idealized mathematical representation of a section of the earth. The model has

a set of model parameters thal are the physical quantities we want to estimate

from the cbserved data. The model response is the synthetic data that can be

calculated from the mathematical relationships defining the model for a given

set of model parameters. All inversion methods essentially try to determine a

model for the subsurface lvhose response agrees with the measured data

subject to cedain restrictions and within acceptable limits.

VES Interpretation Result

The pi'oposed project area was covered with 4 VES

points in order to delrneate sub-surface lttholcgrcal unrts and occurrence oi

ground water and its quality. The area is covered by unconsolidated alluvial

5.6
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deposits comprising of medium to fine grained sand, clay and kankar. Ground

water occurrence in the project area is primarily in the unconfined aquifer.

fhe interpreted result of all 4 VES is enclosed in Annexure-A from Fio 4

to Fig 7.

6.0 QHSE

We care for utmost safety of man and machinery ciuring field operaiions.

Provisions have been made as per industry standard to acquire highest quality of data.

As a concern to the environment, the crew desisted from any littering in the surrounding.

7.0 OPERATIONAL STANDARD

We aCopt ASTM (American Scciety for Testing and

Materials) standard guidelines D6431 equipment, field procedures, and interpretation

methods for the assessment oJ the electrica! properties cf subsurface materials and their

pore fluids, using the direct current (DC) resistivity method.

8.0 LIMITATION

A fundamental limitation of all geophysical methods lies in the fact that a

given set of data cannot be associated with a unique set of subsurface conditions. In

most situations, surface geophysical measurements alone cannot resolve all ambiguities,

and some additional information, such as borehole data, is required. Because of this

inherent limitation in geophysical methods, a resistivity survey alone is never considered

a complete assessment of subsurface conditions. Properly integrated with other

information, resistivity surveying is an eflective method of obtaining subsurf ace

information. All surface geophysical methods are inherently limited by decreasing

resolution with depth.
ftrs Ta 1l!f:;lp i;: Tir.: : xe
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A comrnon feature o{ all electrical methods is that the r-nodels derived

from the electric profiiing are not unique. That is, depending cn the subsurface geo-

electric structure, there may be many models that will produce esseniially the same

apparent resistivities. This is known as the principal of equivalence. To overcome this

limitation, computer software programs include rcutines for evaluating the equivalence of

a given model relative to the observed resistivity values, resulting in a rnodel that

provides the closest fit to the observed data. ln brief, the limitations of electrical resistivity

technioue can be summarized as:

lnterpretations are ambiguous; consequently, independent geophysical and geological

controls are necessary to discriminate between valid alternative interpretations of the

resistivity data (Principles of Suppression & Equivalence)

lnterpretation is limited to simple structural configurations.

Topography and the effects of near surface resistivity variations can mask the effects

of deeper variations.

The depth of penetratlon of the method is Iimited by the maximum electrical power

that can be introduced into the ground and by the practical difficulties of laying out

Iong length of cable. The practical depth limit of most surveys is about 1 Km.

Accuracy of depth determination is substantially lower than with seismic methods or

with drilling.

g) Presence of hightension v''rire, fences or elongated buried conductor rnay affect the

resistivity measurements.

rir,","i Ell:{ ! ld,.-,6u.r I t, +ia44

9.0 DATA COLLECTION FROM EXISTING BOHEWELLS
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Sub-surface litho units,

bore diameter, ground water discharge and its quality has been selected as parameter to

obtain general information about the ground water availability and yield in the proposed

area. The gathered inforrnation is tabulated below:

S. No. Location
Bore
Dia Qty

Installed
Pump

CauaciW

Approx.
Discharge

L

Srr sarc:np
Research Station

7.5" 1 15 HP Z4OLPM
L 6 2 15 HP 24OLPM
3 A.l 7.5 HP 1OO LPM
+ Aa I rTh

JflT 60 LPM

Table 3: Data From existing borewell ai sugarcane research station

1O.O DHILL!NG RECOMfuIENDATIOIV
Basecj on the interpreted result it is observeci that

the saturation exists in the Cepth range of 12 m to 145 m within the aquifer formed of

mainly fine-medium-coarse grained sand. In terms of lithological variation and

occurrence of ground water in the sub-surface, all the surveyed points are almost

sirnilar in nature. However, eastern end of surveyed area are comparatively better for

borewell drilling for ground water exploration and preferences are tabulated hereunder

on the basis of observed resistivity values and aquifer thickness

Preference
Order

VES

Location
Approx,

Discharge

7 VES-03 350 LPlvl

2 vEs-04 350 LPM

J VES-01 3OO LPM

+ VES-02 250 LPM

Table 4: Preference order lor borewell drilline
The above estimated ground water yield are qualitative only based on the information

from existing borewells in the surroundings
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11.0 CONCLUSION
From this study, several conclusions can be made. Perhaps the most

important conclusion is that vertical electrical resistivity sounciing (VES) do provide

adequate and inexpensive means of studying the sub-surface for the ground water

exoloration purposes; and, notwithstanding inhereni inaccuracies caused by lateral

inhomogeneiiies and anisoiropism, inierpreiation of VES daia ieads to ihe knowiedge

of the maximum depih below which it could be unlikely for groundwater aquifer io

UVUUI .

The geophysical investigation revealeci that the subsurjace consists of

layered siructure composed mainly of fine io course grained sand and silt.ln general,

the upper 10 m layer formation of sand with silt comes under dry to moisture

accumulation and is having resistivity values in the range 68 - 211 O-m. Saturation

occurs below this depth extending till 140 m depth in the unconfined condition. Ground

water quality in this zone is mostly potable to brackish.

I*r?*,lllra
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