GEOTECHNICAL INVESTIGATION REPORT
FOR
DFCCIL PROJECT: NEW KARWANDI TO
GANJKHWAJA OF MEGHALSARAI SECTION OF
INDIAN RAILWAY

B RAIL OVER RAIL BRIDGE

STATE OF BIHAR & UTTAR PRADESH

SUBMITTED TO:

¥/ aarvee associates
LS TCEARIER MY £ N CUNITLUULEN n

M/s AARVEE ASSOCIATES
NEW DELHI

NOVEMBER, 2012

INDIAN GEOTECHNICAL SERVICES
{AN 1SO: 9001-2008 CERTIFIED COMPANY)
C-81, GROUND FLOOR, SHIVALIK,
MALVIYA NAGAR, NEW DELH!
TEL: 011-45509700-708,



1.0
1.9

290
2.1

3.1
3.3
3.4

4.0
4.1
4.2
43
4.4
45
46
47

5.0
5.1
5.2
53
5.4

6.0
6.1

o, INDIAN GEOTECNHICAL SERVICES
)\ (AN 1SO" 9003-2008 CERTIFIED COMPANY)

Geoiechnical Investigation fer DFCCIL Project: New Karwandia
to Ganjkhwaja of Mughalsaral section of Indian Railway

REPORT No. [GS/DFCCIL/IROR

TABLE OF CONTENTS

TN Talb b e3 110, PER——————CL G s

SCOPE OF THIS REPORT .. occorrmmearsasessssmss s st o s o o
PLANNING OF GEOTECHNICAL INVESTIGATION PROGRAMME ...

SCOPE OF WORK ..o TR OO PPPPI PR RS PREPP ST . -
30 GEOLOGICAL INFORMATION OF THE REGION
LS EBTION ose cocsusmnsenrosssnsens s R eesvss s soms amsmposspmans SR m s e s RS
TOPOGRAKY, GEOGRAPHY AND GENERAL GEOLOGY ooarvrreeronnsrmmasms s
SEISMICITY oo eoivreereereameessariemsam e stz ses s s et

BOREHOLES . «. . eveeoarseeeesscsse im0 prrmsseee e
STANDARD PENETRATION TESTS (SPT) oo PN et

CHEMICAL ANALYSIS .......... e es s nen i RS e wn e n e s R e
SUBSURFACE CONDITIONS / PROPOSED DESIGN PARAMETERS......ooieen
GUBSURFACE CONDITIONS ..ooocuusimsnsssssnsimtis oo s T
STANDARD PENETRATION TEST RESISTANCE (FIELD SPT VALUES). oo v
PENETRATION RESISTANCE AND PROPOSED DESIGN PARAMETERS (SOILE - oovimereie

10

Féilowmg detaiis a“r'é' atlét":he'ﬁ .

- Borehole Location Plan
- Consolidated Logs including laboratory iest results
- Standard penetration Test Curves
- Liguefaction assessment sheels
- Grain size analysis curves
- Sample Pile capacity calgulations.
INDIAN GEQTECHNICAL SERVICES SHEET 1 OF 20

C-91. GROUND FLOOR, SHIVALIK, MALVIYA NAGAR, NEW DELH!
Tel: 011-45500700-706



INDIAN GEOTECNHICAL SERVICES
(AN IS0 9001-2008 CERTHFIED GOMPANY;

Geotechnical Investigation for DFCCIL Project: New Karwandia
to Ganjkhwaja of Mughalsarai section of Indian Railway

REPORT Ne. IGS/DFCCIUROR

1.0 INTRODUCTION
The client, Dedicated freight corridor corporation Hd. (DFCCILY, has undertaken the
‘Design and Construction of Dedicated Freight Corridor from New Karwandia to
Ganjkhwaja on Mughaisarai - Sonenagar Section of Eastern Corridor in the state
of Bihar & UP in India”.
DFCCIL Propose to cross the Indian railway tracks through a Rai! fiyever which is a part
of the DFC Eastern Corridor.
The Client appointed, M/s Aarvee Associates Architects Engineers & consultant Pvt.
Ltd., as “Design Consuitant” for the work for preparation of the scheme of arrangement
of crossing of the DFC corridor from the North side of the existing railway line to the
South side before the approaching the Ghanikhwija Yard.
The objective of this Detailed Geo-technical investigation is to interpret the engineering
properties of the sub-surface stratum for the purpose of design of the structuies. M/s
Aarvee Associates Architects Engineers & consultant Pvt. Ltd. have entrusted the work of
Geotechnical Investigation to M/s INDIAN GEOTECHNICAL SERVICES, Delhi. M/s
Indian Geo-technical Services carried out the investigations, field tests, sampling and
laboratory testing under the instructions of Contractor and Consultant.
Fieldwork including Drilling of bore holes and sample collection was carried out, during
October, 2012. Laboratory tests were conducted on selected soil samples fo determine
the design parameters, confirming to relevant IS specifications and the guideiines
received from time to time from Consultant and Chient.
This report includes the details of Methodology of Invesfigation, collection of samples,
field test resuits, and laboratory test results including their interpretation / analysis,
recommendations for the properties essential to the design of foundations and
recommendations about foundations.

1.1 Scope of This Report
This report contains the following information:
= Introduction
* Pianning of geotechnical investigation programme including scope of work
*  Geological Information of the Region
» Methodology of Investigation
*  Subsurface Conditions / Geotechnical Assessment
*  Foundation support
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2.0 PLANNING OF GEOTECHNICAL INVESTIGATION PROGRAMME

On the basis of nature of the project, it was decided to carry out soit exploration in order
to:

(i) obtain soil samples, both representative and undisturbed (wherever necessary and
possible) for ciassification tests and other iaboratory tests for determining engineering
properties;

(i} obtain soundings of penetration resistance by Standard Penetration test in the borehoies;

{iii) collection of water samples to determine the chemical properfies of sub-surface water.

21 Scope of Work

To investigate the subsurface conditions bore holes were carried out. Field in-situ tests,
iike Standard Penetration Test were conducted in the boreholes. Disturbed / undisturbed
soil samples and water sample were collected.

Vicinity map, Test lLocation Plan of borehole locations have been enclosed as
ANNEXURE - I.

2.1.1 The summary of the fieldwork is given below:
Borehole Details

Works Borehole No Borehole Top Elevation | Depth of Borehole
(Description} {CODE) {m}) {m)
RAIL OVER BH-1 75.000 30.00
RAIL BH-2 76.000 30.00
BRIDGE BH-3 75.500 30.00
(ROR) BH-4 77.000 30.00

All locations of boreheles / Ground Elevation were given by M/s JMC.

2.1.2 Conducling Standard Penetration Tests during boring operation.

2.1.3 Collecting disturbed samples / undisturbed soil samples and water sample from the
borehole.

2.1.4 Summary of Laboratory Testing program is given below; Laboratory testing was
planned on selected disturbed / un-disturbed soil samples / water sample.

-2, 38
8 £8 353
rﬁ‘ Particulars of Properties Ref: IS Code 58 2% | BE
’ e = @ ==
Bol £73 »
w0 jom BP0
1. | Siove Analyeie / Mydromatar IS: 27320 (Part (W) v W
Natural Moisture Content / Bulk / Dry .
2. Density IS: 2720 {Part If) v
3. | Specific Gravity 1S: 2720 (Part ill) ¥
4. i Liquid Limit/Plastic Limit/ Piasticity Index i8: 2720 {Part V) v v
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83| 23 |79
wi| 38 !
S. | Shrinkage Limit IS: 2720 (Part VI) v
6. Egle:):t Shear Test (for ncn-cohesive IS: 2720 (Part XHT) N v
7. | Unconfined Compressive Strength Test 15: 2720 (Part X) v
5 ]l:iggtonsohdated Un-drained  Tri-axial IS: 2720 (Part X1) v
Consolidated Un-drained 7 Consolidated :
S Drained Tests {for cohesive samples) 15: 2720 (Part X1 g
10 Free Swell / Sweli Pressure (if swelling 18: 2720 o J
" | Is critical) (Part XL & XLi)
Consolidation Tests (Cohesive sois . ;
. below water tabie) 15: 2720 (Part XV) k
12. | Chemical Analysis on Soil Samples 1. 22‘2?0(&?&““ v v
13 Chemical Analysis on water samples | 1S 3025 (Part 11, J
__|_collected from boreholes 24 & 32) J

All field work, field tests, collection of samples and laboratory Tests were carried oui as per
relevant IS / indian Railways specifications.
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30 GEQOLOGICAL INFORMATION OF THE REGION

3.4  Location ‘
The site is referred 1o as DFCCIL Project -
Section of indian Railway.

New Karwandia to Ganjkhwaja of Mughalsarai

EXISTINGLIKE
DFC LINE [FRRALLELY
XSG SIND

3.2 Climate

The climate of Project Site is warm subtropical climate with cool, dry winters from
December to February and dry, hot summers from April to June. The rainy season is from
mid-June 1o mid-September, gets an average rainfall of 900 - 1000 millimetres from the
south-west monsoon winds, and occasionally frontal rainfali in January. In winter the
maximum temperature Is around 25 °C (77 °F) and the minimum is in the 2 to 3 degrees
Celsius range. Fog is guite common from late December to late January. Summers are
extremely hot with temperatures rising 1o the 4G 10 45 degree Celsius range, the average
highe being in the high 30e.
3.3  Topograhy, Geography and General geology e
The project sile is part of Indo-Gangetic Plain. i is the world's most extensive tract of
uninterrupied alluvium. These deep, river-depoesited sediments give rise to fertile soils.
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Thus Indo-Gangetic plain's soit is the backbone of agricultural and industrial developraent
in Bihar and Uttar Pradesh. The indo-Gangetic ptain in Bihar and Uttar Pradesh consists
of a thick alluvial mantle of drift origin overlying in most part. The siwalik and older tediary
rocks. The soil is mainly young loam rejuvenated every year by constant deposition of silt,
clay and sand brought by different streams but mainly by floods in Bihar and Uttar
Pradesh.

The most common sail in Bihar and Uttar Pradesh is Gangetic alluvium of indo-Gangetic
plain region, Piedmont Swamp Soil which is found in northwesiern part of West
Champaran district and Terai Soil which is found in northern part of Bihar along the
horder of Nepal. Clay soil, sand soil and foamy soil are commen in Bihar and Uttar
Pradesh.

Topographically ihe plain is homogeneous, with only the fioodplain biuffs, changes in
river channels and other related features of river erosion forming natural features.

INDI1IA

Geological Map

- Aluvium

. -Legend

Agcert and Plastoene

Sentvaans & Vindhvani.
: Pre-Cambrian
+ Cuddapah

B 9. f;t X

Sediments of the Indo-Gangetic Plain are part of the foredeep of the Himalaya. The
Cenozoic succession in these deposits begins with the Eocene — Qligocene "Nummulitic’
Dagshal and Kasauli formations and their equivalents. o
e
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3.4 Seismicity

(shelf faults). Western Bihar sits on the sub-surface Faizabad ridge while the eastern
sections sit on the Munger-Saharsa Ridge. The central sections of Bihar fie atop the
Gandak depression and East Uttar Pradesh shelf,

As per I1S: 18493 (Part-1) 2002, the sile falis in seismic zone — !}, Considering the history
of past earthquakes and available seismic data, an earthquake of magnitude 7.0 is
considered in the present analysis.

Liquefaction

Liquefaction is the sudden loss of shear strength of the loose fine-grained sands due to
earthquake-induced vibration under saturated conditions.

Assessment of liquefaction potential of foundation strata is made by simplified approach
proposed by Seed & Idriss (1983 -- 1985) from the SPT data and peak ground
accelerafion likely to occur at the site. In this method, cyclic shear stress likely to be
induced in the foundation strata by Design Basis Earthquake (DBE) is first evaluated,
Next threshold cyclic shear stress, which is good enough to cause liquefaction is
determined from SPT data and the empirical relations. Finally, comparison of these two
stresses is used in the estimation of liquefaction susceptibility of the foundation strata,
Cyclic Stress Ratio { CSR )

The equivaient average of shear stress 1,,, likely to be induced in the foundation materia
due to an earthquake is calculated by using the eguation

T = 0685*y*h “{Bmax £ Q ¥ 1y

Ty = equivalent average of shear stress likely 1o be induced by DBE
Y = Unit weight of foundation material
= depth at which cyclic shear stress is calculated
8max = maximum surface acceleration
I = Stress reduetion factor

1.0-0.00765* h ifth<915m :
1.174 ~0.0267 * h fh=915mto23m
0.744-0008 * h fh=230m to300m
0.50 ifh>300m
if the equivalent average of shear stress +.. is normalized with the initial effective
. overburden pressure (o,), the ferm is called seismic demand of soil layer or cyclic stress
ratio (CSR ).

CSR = 065 * (o, / o' )* (Brex /G ) 1y

Gyclic Resistance Ratio {(CRR)

it expresses Capacity of soil to resist liguefaction. CRR is determined using correlation
between corrected blow count (Ny)ep and CRR for earthquake of magnitude 7.5, (N¢)so is

o ou
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the SPT biow Sount comected g }
an effective overburden pressure of 100 kpa an
: il 0
hammer energy efficiency of 50 %. The corrected blow count {NiJeo is deteﬁninedd :_;(s

follows,

{(N1)so = NmCx Ce Cg Ca Cs

Where,

N = uncorrected SPT blow clount

Ce = correction factor for hammer energy ratio

Cg = Correction factor for boreholedia =105 for 150 mm dia borehole
Cr = Correction factor for rod length = 0.75%0r3.0mic4.0m

= 0.85for4.0mto6.0m
= 0.95for 6.0 mfo 10.0 m
= 1.0for 10.0 mto 30.0 m
Cs = correction factor for standard sampler = 1.0
Correstion factor for effective overburden pressure (Cn) is given by the following relation.
Cv  =Sart(P,/o.) '
Where P, = Atmospheric pressure

The value of SPT blow count for soil with fines content (FC) can be adjusted to the
equivalent clean sand value of (N1Jsocs as follows:

(Na)eocs o+ B (Nydeo
where o and B can be determined as follows.
a =00 and 8=00 for FC <= 50 %

o = exp [(1.76 - {190/FC?)] for 5.0 % < FC < 35.0 %
B =[0.99+ (FC'*1000))

o =50 and B=1.20 for FC>=350%
CRRu =75 is given by the following equation.
1 {N1)socs 50 1
CRRu=75 = + + -
34 — (NiJsocs 135 [10*(N1)eocs + 457 200
Hence the CRR for a particular earthquake magnitude is detemined as
CRR = CRR .75 *MSF * K,

The MSF value is 1.44 for earthquake of magnitude 6 5. K, is taken as 1.
The factor of safety against liquefaction, FS,, is given as
FS, = CRR/CSR

The vaiue of GSR and CRR are compuied at different depth and depth susceptibie to
liquefaction is determined. Liquefaction is probable when FS; is less than 1.0,

Andrews and Martin (2000) have re-evaluated the liguefaction field case historias_ from
the database of Seed et al. (1984, 1985), and have transposed the "Modified -Chinese
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Criteria" to U.8. Sonventions (with clay sizes defined as those |ess than abouyt 0.002mm).
Their findings are largely summarized in table below:

Liguid Limit > 32
Further studies required
Naot susceptible

_Liguid Limit'<32
Susceptible
Further studies required

Llay comtent” <10%
Clay content? > 109,

Note: 1. Liquid Limit determined by Casagrande type percussion apparatus.
2. Clay defined as grains finer than 0. 002mm.

e
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4.0

4.1

4.2

METHODOLOGY OF INVESTIGATION

The investigation was planned to obtain the subsurface stratification in {he proposed
project _5|te and collect soil samples for laboratory testing to determine the engineering
properties such as shear strength, along with basic engineering classification of the
subsurface sfratum (o arrive at the foundation design parameters.

Boreholes

The Boreholes in soif were progressed by shell & auger boring method as per IS: 1892
1979_ and approved methodology. Boring was advanced at selected / specified borehote
locations. The following steps were adopted during boring operations:

1) Boring rig with power winch was assembled at site and was shifted and erected at
the borehole iocation.

2} Taking out the top soil up to approximately 500 mm.
3) The auger was joined at the end of hollow drill rod, which is rotated manually.

4}  After reaching the drill rods attached with the auger attained its full depth another
piece (extension rod) was attached and continued the driling up to the level of
water tabie.

J3) Below the water table shell was used instead of auger, casing pipe was lowered as
per requirement.

6) Casing was used as per the prevailing soil conditions, to stabilize the borehole.
7)  Required field tests i. e, Standard Penetration Tests and collection of undisturbed /

disturbed samples was conducted as per requirements at specified depths / levels,
the same has been discussed in detail in this document.

8) This process was continued tilf the achievement of full depth of bore hole as per
requirement.

Standard Penetration Tests (SPT)

Standard Penetration Tests were conducted at 1.5 m interval as per the procedure in IS:
2131 - 1981,

For conducting the test, the bottom of the borehole was properly cleaned and split spoon
sampler was properly seated in position in the borehole. The spiit spoon sampler resting
on the bottom of borehole was allowed to sink under its own weight; then the sampler
was seated 15 cm with the blows of the hammer of 63.5 Kg weight falling through 75 cm.
Thereafier, the split spoon sampler was further driven by 30 cm. The number of blows
required fo affect each 13 am of penetration was recorded. The first 15 cm of drive is
considered to be seating drive.

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 soils and consistency of cohesive soils.

In case the blow count of SPT in soil (including the number of blows for seating) exceeds
100, the corresponding penetration was recorded and this parficular fest at that depth
stopped. If the total penetration is more than the seating penetration of 15 cm, then
breakup of blow count for 15 cm seating penetration and for remaining portion of
penetration is also be given.

INDIAN GEOTECHNICAL SERVICES SHEET 10 OF 20
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SPT ‘N’ values are correlated with refative density of non-cohesive stratum as per BS:
5930 (1999) - for sandy Strata and with consistency of cohesive stratum.

[ CORRELATION FOR CLAY/PLASTIC SHLT CORRELATION FOR SAND/NON-PLASTIC SILT
Consistency Penctration Value | Relative Density FPenetration Value
Very Soft 0 to 2 Blows Very loose 0o 4 Blows
Soft 3 to 4 Blows Loose 5 to 10 Blows
Medium Stiff 5 1o 8 Blows Medium 11 to 30 Blows
Stiff 9 o 16 Blows Dense 31 to 50 Blows
Very Stiff 17 e 32 Blows Very Dense Above 50
Hard Above 32

4.3  Disturbed Sampling {Soil) in boreholes

In all boreholes, disturbed soil samples was taken at every 1.5 m interval and at
significant change of stratum (or as per specified). Soil from cutting edge of undisturbed
samplers and from split spoon sampier used for standard penetration tests was taken as
disturbed samples. These samples were placed without delay in adequately sealed

polythene bags.

" Yo
Disturbed Soil Sample from SPT
SHEET L1 OF 20
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Undisturbed Sampling (Soil) in Bareholes

Undisturbed sampling was done in accordance with 1S 2132 - 1986 Undisturbed soil

samples (UDS) was obtained at eve 3.0 m intervai g
Sablis Sohe ry S per approved methodology and

Undi_sturbed samples were collected using 100mm dia. and 450mm long MS tubes
provided ‘with sampler head with ball check arrangement. Collection of undisturbed
samples in very hard cohesive soils / dense granular soils / gravels / cobbles / pebbles /
boulders, refusal strata is practically not possible and such collected samples will not truly
fepresent the undisturbed conditions,

!mmedigtefy afte.r taking an undisturbed sampie in a’tube, the adopter head was removed
along with the disturbed material. The visible ends of the sample shall each be trimmed
off any wet disturbed soil. The ends will j

25mm.

B

Ground Water Tahle

The depth at which groundwater is struck during boring was carefully noted and the depth
of water table was ascertained subsequently in the completed berehole by one of the
following methods using electrical dip meter:

The water table in the borehole was allowed to stabilize after depressing the water level
adequately by bailing. Stability of the borehole sides and bottom was be ensured at all
times.

The borehole was filled with water and then bailed out to various depths. Observations
were made at each depth to see if the water level is rising or falling. The depth at which
neither a fall nor rise is observed, was considered as the water table depth. This was
established by three successive readings of water levels taken at intervals of 2 hour in
non-cohesive soifs and for 24 hrs in cohesive soils.

Laboratory testing

Laboratory tests were carried out as directed by client, consuliant in accordance with the
procedures described in the relevant indian Standard Codes (IS: 2720) of practiced.

The laboratory testing was done on collected material as per relevant IS codes. The
laboratory-testing program consisted of testing the soif index and strength properties, as
well as the consolidation characteristics. The index tests were performed to determine the
soil moisture content, unit weight, specific gravity, gradation characteristics (gravel, sand
and fines content — the silt & clay fractions) and consistency limit. The strength tests were
performed to determine the shear parameters (cohesion, friction angle) of soil; the
consolidation tests were performed to find out the consolidation properties. The index
tests were performed on disturbed split-spoon soil samples or undisturbed samples,
except the natural moisture content and dry density tests, which were performed only on
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the undisturbed soil samples. The strength tests consis
tri-axial uncensolidated -undrained (LU} test,
citaracteristics tests were preformed on a one-
and consolidation tests we

FEW

ted of the direct shear box and the .
CU and CD tests. The consolidation
dimensionai consolidometer. The strength
re performed on undisturbed soil samples.

PICTURES SHOWING LABORATORY TESTING IN PROGRESS

. a s g .
ATTERBRAGS LMITTEST (E08L3 I PROGRESS

BIEVE ANAL VSIS 1N PROGHESS

THRI-AXUAL TEST (SOIL IN PROGRESS
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4.7 Chemical Analyais
During Investigation, sail / ground water samples were collected fo

r chemical analysis to

determing their pH and contents of Sulphates and chiorides in them. Any precautions for

brotecting conerets and reinfarcemeant could be decided based on this data

Concentration of Sulphates
Expressed as S0,

Soil

Total SO, 80, *

Percent g/L
1 Less Than 0.20 Less Than 1.0
0 T o 0.50 1.0 fo 1.0

More Than 200

*
g

1 2:1 water: soijl extract

5.0

Ground Water

Less Than
0300120

ore Than 5.00

In

0.30

2.50 to 5.00

.]].‘- 0.50t0 1.00 1.90163.10
v et as | 31010500 | 35y
More Than 5.00 M

:
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SUBEURFACE CONDITIONS / PROPOSED DESIGN PARAMETERS

51 Subsurface Conditions

Based on the borin
foltows,

Stratum 1 Sandy Silty Grave! {G\}
Stratum 2

g information, the generalized subsurface conditions at the site are ag

Clayey Silt / Clayey Silt/ Silty Clay of low to medium plasticity {CL/Cl)

Borehole Stratum -1 Stratum -2~

No. Stratum depihTfrom (m) —to (m))

< 0.00 - 30.00

Structure

RAIL OVER

ngLE 0.00-30.00
{RO}% 1.00 - 30.00
0.00 - 30.00

5.2 Standard Penetration Test Resistance {Fieid SPT values)

Borehole 1

Depth (m) i B2 Shi Br
150 8 10 14 13
3.00 11 12 16 21
4.50 15 14 20 A1
6.00 23 15 23 =
750 28 18 24 42
9.00 33 20 £ 22
10.50 35 24 o1 =
12.00 43 33 20 ' o0
13.50 46 40 50 2
15.00 52 46 52 2
16,50 56 53 o 2
18.00 62 59 20 22
1950 67 G4 o4 >
21.00 74 il = 2
2250 77 66 L 2
2400 82 4 73 o
2550 85 L L =
27.00 89 85 o i
2850 81 /5 - =
30.00 ° ot 24 22 =

TNDIAR GEDTECHNICAL SERVICES SHEET 150F20

C-81, GROUND FLOOR, SHIVALIK, MALVIYA NAGAR, NEW DELHI :‘_.:__ g
Tel: 011-45508700-706 ;



INDIAN GEOTECNHICAL SERV)
(AN ISO: 9001 2008 CERTIFIED COMPANY}C =8

Gectechnica tnvestigation for DECCIL Prai
_ _ roject: New Warwandia
te Ganjknwaja of Mughalsaral section of Ingiar Railway

REPORT Ng. IGS/DFCCH/ROR

5.3 Penetration Resistance and Froposed Design Parameters (Soil}
in design calculations, the following soit parameters are proposed;

———

D‘H
DEPTH (m) _— hE‘SIGN PARAMETERS
SOILTYPE | ‘N'VALUE | Youkrsat | Yeuomergea | CU, |
_ (Tfmaymzm’z | ¥
Location — BH - 1 at Chainage Km 113+300 ‘
0.00-2.00 Gl ’ 8 1.70 0.80 - -
2.00-5.00 Cl 13 190 | o080 | 7o 0
5.00-8.00 Ci 25 - 1.95 0.95 85 | 0 |
8.00-15.00 Ci 35 2.00 1.00 13.5 0
15.00 — 20.00 c 50 2.00 1.00 20.0 0
20.00 - 30.00 ol >80 2.00 1.00 225 0
Location ~ BH - 2 at Chainage Km 114+150
0.00 - 2.00 GL 10 1.70 0.80 - -
2.00-5.00 Ci 13 1.95 0.85 58 0
5.00-8.00 Ct 16 1.96 0.98 7.6 0
8.00 — 12.00 ct 22 2.00 1.00 9.5 0
12.00 - 15.00 Cl 35 2.00 1.00 14.0 0
15.00 — 21.00 Ct 50 2.00 1.00 20.0 0
21.00 - 30.00 Cl >60 2.00 1.00 225 0
Location — BH — 3 at Chainage Km 114+250
0.00 — 1.00 GM - 1.80 0.80 " i
1.00 - 4.00 Cl 15 1.95 0.95 7.0 0
4.00 - 8.00 Ci 21 2.00 1.00 9.8 0
8.00—12.00 ct 30 2.00 1.00 12.0 0
12.00 ~ 15.00 Cl 40 2.00 1.00 16.0 0
15.00 — 22.00 Cl 50 2.00 1.00 20.0 0
22.00 — 30.00 Cl >80 2.00 1.00 225 0
Location ~ BH — 4 at Chainage Km 114+800
0.00 — 2.00 ol 13 1.90 0.90 iy &
- 2.00-5.00 cl 20 1.97 0.97 82 0
500 -~ 7.50 Cl 30 2.00 1.00 10.5 0
7.50 - 10.00 Cl 40 2.00 1.00 14.0 0
10.00 — 16.00 Cl 50 2.00 1.00 200 | ©
16.00 — 30.00 Cl =80 2.00 1.00 225 ¢

Water table was encountered between 1.50m to 1.65m depth below the existing ground
level. The ground water table is expected to fluctuate depending upon the climatic factor,
drainage conditions and other factors. VWater table is considered at greund tevel for all

design purposes.
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%4 Assessment of Liquefaction
Considerations for checking Ligquefaction:
Probability of liquefaction has been checked at every borehole location.

Water table Depth = at ground Leve|
Seismic Zone = Hi
Zone Factor = 0.16

Maximum earthquake magnityde

7.0

Subsurface strata below ground leval Susceptible 10 liquefaction in earthquake event are
tabulated (Filled-up soils are considered as liquefiable);

. ]
Location Down to Depth Below Ground leve! {m} I

Non Susceptible

Non Susceptible

5.5  Chemicaij Analysis Test Resuits
Soif sampies and groundwater sampies collected from boreholes were analyzed
chemicaily in the laboratory. Following results are reported.
SOIL SAMPLE WATER SAMPLE |
BH NO. Em Sulphate | pH | Ghioride | Suiphate
Results of chemical analysis indicate that the sub-soils and water fa| in class-1
classification that means the soll / ground water is not aggressive to concrete and naot
corrosive to reinforcement steel. Hence, ordinary Portland cement with specified
minimum cement content and maximum wic fatic can be used with clear cover to
reinforcement for the concrete as per IS: 456. We also suggest checking the Sulphate
contents in water sample from nearby tube-well / well at time of construction.
Concrete expert may be referred for advice,
Yy
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Gectechnical investigation for DFCCH Project: New Karwandia
to Ganjkhwaja of Mughalsarai section of Indian Railway

6.0

6.1

FOUNDATION SUPPORT

Considering the nature of soil, type of proposed structures, expecled heavy loads on
foundations of DFCG Corridor, sub-surface strata may undergo excessive setidement due
1o presence of consolidating clayey layer met down to the final explored depth of 30m.
So, open foundation is not a feasible foundation scheme, hence pile foundation is

recommended.

Pile Foundation

We propose the use of RCC bored cast-in-situ piles as foundation system to supporit the
heavy loads on foundations of dedicated freight corridor. Based on soil design
parameters and calculations attached in Annexure - I, recommendations are presented
below for 1000 mm and 1200 mm diameter bored piles. The cut-off level has been
considered as 2.0 m and 2.3m depth below the existing ground level.

Design Consideration:

SL

No. Parameter

Value

1. | K{Coefficient of earth pressure)

1.00

Overburden pressure to caicuiate
2. tthe shaft resistance and end
bearing resistance of pile

Maximum overburden pressure at bottom
of pile for calculation of shaft resistance
and bearing resistance is limited to
overburden pressure at depth equal to 15
times diameter of pile considered from
existing ground level.

3. | Depth of water table

Ground water is considered at ground
level.

Maximum deflection at Pile cutoff
levet or at bottom of free length for

4 calculating the Iateral load capacity
of pite in Normai Condition
While calculating the pile load capacity in
5 Vertical Capacity in Seismic | seismic condifion, over burden pressure /
* | Condition friction due to liquefiable strata have been

ignored B

6. | Other parameters

As per I3:2911 {partt/Sec2?) or as per
Latest version of IRC; 78
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ANNEXURE -1 . -

' Fol[owing détai!s arc attached......

- Borehole Location Plan

- Consolidated Logs including laboratory test resuits
- Standard penetration Test Curves

- Liguefaction assessment sheets

- Grain size analysis cuives

- Sample Pile capacity calculations.



