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No. RW/NH-37011/52/2021-BP&SP
Government of India
Ministry of Road Transport &Highways
(BP&SP Cell)
Transport Bhawan, 1, Parliament Street, New Delhi-110001

To, Dated: 15" November, 2021
The Chairman,
National Highways Authority of India,
G-5 & 6, Sector-10, Dwarka,
New Delhi - 110075

[Kind Attention: Shri Ravinder, GM (T)]

Sub: Administrative and Financial Approval for the development of 6-lane access
controlled spur to Haridwar from Delhi-Saharanpur-Dehradun Economic Corridor in the
state of Uttar Pradesh and Uttarakhand on Hybrid Annuity Mode under Bharatmala
Pariyojana - reg.

Sir,

Please refer to the SFC Meeting held on 09.11.2021 under the Chairmanship of
Secretary (RT&H) wherein development of 6-lane access controlled spur to Haridwar from
Delhi-Saharanpur-Dehradun Economic Corridor was recommended.

2. The approval of Competent Authority is hereby conveyed for the implementation of
following project proposal (as recommended by SFC in the meeting held on 09.11.2021) to be
executed on Hybrid Annuity Mode subject to the condition that NHAI would strictly comply
with the conditions/decisions/recommendations stipulated in the minutes of SFC meeting
held on 09.11.2021:

Civil cost :
including Em:tcfd Total cost [including
Utility ) centages, LA, other
Sr. . Length A Cost ’ 3
No Project Name (in km) Shifting Cost excluding pre-construction
i excluding GST (Rs activities etc.] (Rs.
GST (Rs. in e s') in crores)
crores)
Development of 6-lane access
controlled spur to Haridwar
from Delhi-Saharanpur-
Dehradun Economic Corridor
(i) | in the state of Uttar Pradesh 50.700 1195.04 1242.79 2095.21
and Uttarakhand on Hybrid
Annuity Mode under
Bharatmala Pariyojana (From
Ch. 0+000 to Ch. 50+700).

Yours faithfully,

L

\S.
(Shddbham Yadav)

Assistant Executive Engineer (BP&SP)

ﬁ Pagelof1l

w&iT Tife Tg/Pradeep Singh Gusain

qRa\sr Fraee / Project Director
el I e BIEEaN
|1tional Highway Authority of India

d|pairgogo—wg @/ PIU-Roorkee
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Transys Consulting Pvt. Ltd

Geotechnical Investigation work for Proposed
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o - Geotechnical Assessment Report for the proposed Greenfield project
/\ > from Spur to Haridwar.
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M/s Transys Consulting Pvt Ltd has awarded the work of Geo technical
Investigation for the proposed Greenfield project from Spur to Haridwar to
M/s Soil Engineering Consultants, New Delhi.

Geotechnical investigation was conducted to characterize and assess the
subsurface condifions at the locations of various Structures viz. proposed
Major Bridges, Minor Bridges, ROBs, Elevated Viaduct, Vehicular Underpass
(VUP). The overall objectives of the exploration were to study and evaluate
the stratigraphy of the said project corridor and to obtain geotechnical /
geological parameters of the subsurface formations for design and
construction of various foundations.

This report presents the details of Geotechnical investigations carried out
and data obtained from various field and laboratory tests, their
presentation in graphical form, and their compilation for the proposed

Structures.

a) Driling bore holes upto the maximum depth of 30.0 m as per IS code

of practice and as per the direction of the Engineer-in-Charge.

b) Conducting Standard Penetration tests in the bore holes at regular

intervals of 1.50m or wherever possible as per IS Code of Practice.

c) Collecting undisturbed soil samples / core samples from the bore
holes at regular intervals or change of strata or wherever possible as

per IS Code of Practice.

d) Recording of water table level in the bore holes after completion of

borehole.

e) Preparation of report summarizing the details of soil classification,

analysis of test data, type of foundation etc.

Page 1 of 28



Appendix-4.3

o - Geotechnical Assessment Report for the proposed Greenfield project
/\ > from Spur to Haridwar.

g

5 S
O ENGe g consu TN

3.1 Boring
Bore holes of 150 mm dia. were drilled as per IS code of practice (IS 1892-
1979) and as per the directions of the Engineer in charge. The details of
Bore holes drilled, Depth of bore hole and the depth of water table are as

given below:

Table 1 : Detail of the Boreholes.

Chainge BH No. Structure Depth o(fr:)o rehole th?:nT)qble
0+800 BH 1 Flyover 30.00 4.50
1+530 BH 2 MJB 30.00 2.70
6+380 BH 3 VUP 20.00 13.80
8+020 BH 5 Flyover 30.00 14.10
16+690 BH 6 VUP 20.00 13.30
21+810 BH7 MNB 20.00 11.30
22+980 BH 8 VUP 20.00 14.20
25+430 BH 9 VUP 20.00 12.25
29+260 BH 11 MNB 20.00 5.50
32+170 BH 12 Flyover 30.00 13.20
33+420 BH 13 MJB 30.00 2.10
33+490 BH 14 MJB 30.00 3.20
35+860 BH 15 MJB 30.00 5.30
38+010 BH 16 MNB 20.00 8.75
39+510 BH 17 MJB 30.00 4.50
39+690 BH 18 MJB 30.00 4.50
40+940 BH 19 VUP 20.00 11.80
42+550 BH 20 MJB 30.00 3.35
43+910 BH 21 Flyover 30.00 10.25
47+950 BH 22 MJB 30.00 3.80
49+900 BH 23 Flyover 30.00 9.80
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3.2 Standard Penetration Test (SPT)
These tests were conducted at every 1.50m intervals and every change of

strata or wherever possible. The tests were performed by driving into the
soil (bore holes cleaned of any loose material) a standard split spoon
sampler with the help of a standard hammer with a free fall of 75 cms on a
driving head as described in IS: 2131. This head was attached to “A” drill
rod to the other end of which the sampler was fitted. The number of blows
needed to penetrate the first, second and third stages (each of 15 cms)
depth of the sampler length, were noted. The number of blows (N - value)
as given in the bore hole data sheets is the numerical sum of blows

counted during the second & third stage only i.e. for a depth of 30 cms.

3.3 Collection of Samples
Disturbed and Undisturbed soil samples were collected from the boreholes

at regular intervals as per IS Code of practice.

3.4 Recording of water table
Water table was met at varying depth in the boreholes at the time of Soil

investigation which was carried out during the month of April 2021. The
details are given at Table | above. Fluctuations may occur in measured
water levels due to seasonal variation in rainfall and surface evaporation

rates as well as flow of water.

A visual and discrete examination of all the soil samples collected was
carried out for deciding the number and type of tests to be tested from
each bore hole. Based on the strata met at site the following tests were
conducted on samples to classify them and to evaluate their index and

Engineering properties.

4.1 SOIL SAMPLES & BIS CODES
a) Grain size distribution as per IS: 2720(Part V).

b) Hydrometer Analysis as per IS: 2720(Part V).
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c) Specific gravity as per IS: 2720(Part ).

d) Bulk density and dry density as per IS: 2720(Part Il).

e) Moisture content as per IS: 2720(Part Il).

f) Liquid and plastic limits as per IS: 2720(Part V).

g) Unconsolidated undrained shear tests as per IS: 2720(Part Xlll).
h) Direct Shear Tests as per IS: 2720 (Part XIlI).

i) Consolidation test as per IS: 2720 (Part XII).

The present location is in the state of Uttarakhand situated on the northern
Gangetic plains of India. Most of the state of Uttarakhand lies in the
Gangetic Plain. This is a fore-deep, a downwarp of the Himalayan foreland,
of variable depth, converted into flat plains by long-vigorous
sedimentation. This is known as a geosyncline and the Gangetic Plain is the
Indo-Gangetic Geosyncline. This has shown considerable amounts of
flexure and dislocation at the northern end and is bounded on the north
by the Himalayan Frontal Thrust. The floor of the Gangetic frough (if
see without all the sediments) is not an even plain, but shows corrugated
inequalities and buried ridges (shelf faults). Beneath Uttar Pradesh, run the
Delhi-Haridwar Ridge (DHR), trending NNE-SSW along New Delhi to the
Gharwal region. The Delhi-Muzaffarnagar Ridge (DMR), which trends east
to west, running from New Delhi to Kathgodam, in Nepal. The last ridge is
the Faizabad ridge (FR), which runs in a curved manner, first east to west
from Allahabad to Kanpur and then starts to bend towards the north-east
towards Lucknow and carries on in this direction towards the Himalayas in
Nepal. The depression that forms between the DMR and the FR, forms the
West Uttar Pradesh shelf in the west and the Sharda Depression in the east.
The region to the south of the FR, forms the East Uttar Pradesh shelf. There
are several faults in the region, among them the Moradabad Fault which
trends NE-SW and the Bhairwan Fault in the vicinity of Allahabad. Apart

from these there are east-west running tear faults in the region that conftrol
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the courses of the mainrivers. Earthquakes have occurred in mostly all parts
of Uttarakhand. Major earthquakes in the neighbouring states of New Delhi,
Uttaranchal, Bihar and from across the Indo-Nepal border have
also shaken many parts of Uttar Pradesh.However, it must be stated that
proximity to faults does not necessarily translate into a higher hazard as
compared to areas located further away, as damage from earthquakes
depends on numerous factors such as subsurface geology as well as

adherence to the building codes.

6.0 SEISMICITY
The seismic hazard map of India was updated in 2016 by the Bureau of
Indian Standard (BIS). The project site lies in Zone IV. The tectonic
elements of the area are considered capable of generating an
earthquake of intensity MSK 7.0. In Seismic design Zone factor, Z of 0.24 is
recommended.

Seismic Map

MAP OF INDIA

SHOWING
SEISMIC ZONES OF INDIA
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Liguefaction is a process in which a saturated soil loose strength during an
earthquake and acquires a degree of mobility sufficient to permit
significant movements. In general, fine uniform sands are found to be most
susceptible for liquefaction in terms of grain size. It can be stated that soils
containing less than 10% fines, D¢ between 0.20 mm to 1.0mm, uniformity
coefficient between 2 to 5 are most susceptible to liquefaction for given
relative density of soil and intensity of earthquake. Thus, uniformly graded
materials are more susceptible to liquefaction than well graded materials.
Also fine sands are more susceptible than gravelly soils, silty sands, silts or

clays.

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 acceleration likely to occur at the site. In this
method, cyclic shear stress likely to be induced in the foundation strata 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

liguefaction susceptibility of the foundation strata

7.1 Liquefaction Analysis:
Cyclic Stress Ratio under Earth Quake (CSR)

Stress ratio under earth quake (CSR)
= (t / 6o) earthquake = 0.65 (YN O max/ 60 g)A
oo= Effective overburden pressure at depth h
Y = Bulk density of sall
a max= Max. Ground acceleration = 0.24g
Evaluation of Liquefaction Resistance (CRR)
CRR7.50= 1/ {(34-(N1)¢ocs} + (N1)socs / 135 +50/ {10*(N1)¢ocs+ 45}2— 1/ 200
(N1)so = NCsoChn

N= Uncorrected SPT count
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Cn= factor to normalize Nm to a common reference effective overburden
stress = (po / ©0) 05

Ceo= CHrChwCssCriCsD

Chr =Correction for Hammer Energy Ratio

Cgp= Correction factor for the borehole diameter

Cr.= correction factor for rod length

Css= Correction for samples with or without liners

Correction for Fineness content

(N1)eocs = a + B (Ni)so

CRRL = CRR7.50* km

km Correction factor

For earthquake magnitude other than 7.5 = 10224/ (M7.5) 256

Liguefaction occurs if CSR> CRR

Data considered for Liquefaction:

Magnitude of Earth quake = 7.0.

A max/g = 0.24

Water table assumed for Calculation = considered 3.0m rise water table
encounter at the time investigation.

The Liquefaction analysis has been calculated and given at  Annexure |l.

Flyover @ 0+800

At this structure One Borehole namely (BH 1) was drilled upto 30.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Atterberg Limits. From the
classification it is revealed that the strata predominately consists of medium
dense Sandy Silt with Gravel (SM-ML)/ Silty Sand with Gravel (SM) upto the
depth drilled. However from 14.50m to 17.50m depth a layer of Silty Clay of
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Medium Plasticity (Cl) was observed. Attempts were made to collect
Undisturbed soil samples at regular intervals of 3.0m depth. However at
greater depth some of the samples could not be collected due to
presence of very dense/ Hard strata and High water table. The SPT values
has been corrected for Overburden strata and dilatancy in non- plastic
strata. These corrected values have been plotted against depth and are
shown in the respective borelogs. It can be seen from the plot that the SPT
values are generally varying from 5 to 30 upto the depth driled. For
evaluating the shear parameters Direct shear Tests were conducted on the
UDS samples collected. The results are given in the respective borelog.
Liguefaction analysis has been carried out and the details are given at
Annexure ll. It can be seen from the results that the strata is susceptible to
liquefaction.

MJB @ 1+530

At this structure One Borehole namely (BH 2) was drilled upto 30.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Atterberg Limits. From the
classification it is revealed that the strata predominately consists of medium
dense Sandy Silt with Gravel (SM-ML)/ Silty Sand with Gravel (SM) upto the
depth drilled. However from 14.0m to 20.5m depth a layer of Silty Clay of
Low to Medium Plasticity (CL-CI) was observed. Attempts were made to
collect Undisturbed soil samples at regular intervals of 3.0m depth. However
at greater depth some of the samples could not be collected due to
presence of very dense/ Hard strata and High water table. The SPT values
has been corrected for Overburden strata and dilatancy in non- plastic
strata. These corrected values have been plotted against depth and are
shown in the respective borelogs. It can be seen from the plot that the SPT

values are generally varying from é to 30 upto the depth drilled. For
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evaluating the shear parameters Direct shear Tests/Unconsolidated
undrained shear tests were conducted on the UDS samples collected. The
results are given in the respective borelog. Liquefaction analysis has been
carried out and the details are given at Annexure ll. It can be seen from
the results that the strata is susceptible to liquefaction.

VUP @ 6+380

At this structure One Borehole namely (BH 3) was drilled upto 20.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Atterberg Limits. From the
classification it is revealed that the strata predominately consists of medium
dense Sandy Silt with Gravel (SM-ML)/ Silty Sand with Gravel (SM) upto the
depth drilled. Attempts were made to collect Undisturbed soil samples at
regular intervals of 3.0m depth. However at greater depth some of the
samples could not be collected due to presence of very dense/ Hard strata
and High water table. The SPT values has been corrected for Overburden
strata and dilatancy in non- plastic strata. These corrected values have
been plotted against depth and are shown in the respective borelog. It
can be seen from the plot that the SPT values are generally varying from 10
to 26 upto the depth drilled. For evaluating the shear parameters Direct
shear Tests were conducted on the UDS samples collected. The results are
given in the respective borelog. Liquefaction analysis has been carried out
and the details are given at Annexure Il. It can be seen from the results that
the strata is not susceptible to liquefaction.

Flyover @ 8+020

At this structure One Borehole namely (BH 5) was drilled upto 30.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These

representative samples were analysed for soil classification by conducting
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sieve analysis, Hydrometer analysis & Atterberg Limits. From the
classification it is revealed that the strata predominately consists of medium
dense Sandy Silt with Gravel (SM-ML)/ Silty Sand with Gravel (SM) upto the
depth drilled. However from 10.0m to 12.0m depth a layer of Silty Clay of
Medium Plasticity (Cl) was observed. Attempts were made to collect
Undisturbed soil samples at regular intervals of 3.0m depth. However at
greater depth some of the samples could not be collected due to
presence of very dense/ Hard strata and High water table. The SPT values
has been corrected for Overburden strata and dilatancy in non- plastic
strata. These corrected values have been plotted against depth and are
shown in the respective borelogs. It can be seen from the plot that the SPT
values are generally varying from 9 to 14 upto 8.0m depth and below 8m
depth SPT values are varying from 17 to 34 upto the depth driled. For
evaluating the shear parameters Direct shear Tests/ unconsolidated
undrained shear tests were conducted on the UDS samples collected. The
results are given in the respective borelog. Liquefaction analysis has been
carried out and the details are given at Annexure ll. It can be seen from
the results that the strata is not susceptible to liquefaction.

VUP @ 16+690

At this structure One Borehole namely (BH 6) was drilled upto 20.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Atterberg Limits. From the
classification it is revealed that the strata predominately consists of
alternate layers of medium dense Sandy Silt with Gravel (SM-ML)/ Silty Sand
with Gravel (SM) and Silty Clay of Medium Plasticity (Cl) upto the depth
drilled. Attempts were made to collect Undisturbed soil samples at regular
intervals of 3.0m depth. However at greater depth some of the samples

could not be collected due to presence of very dense/ Hard strata and
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High water table. The SPT values has been corrected for Overburden strata
and dilatancy in non- plastic strata. These corrected values have been
plotted against depth and are shown in the respective borelogs. It can be
seen from the plot that the SPT values are generally varying from 11 to 34
upto the depth drilled. For evaluating the shear parameters Direct shear
Tests/ Unconsolidated undrained shear test were conducted on the UDS
samples collected. The results are given in the respective borelog.
Liuefaction analysis has been carried out and the details are given at
Annexure ll. It can be seen from the results that the strata is not susceptible
to liquefaction.

MNB @ 21+810

At this structure One Borehole namely (BH 7) was drilled upto 20.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Atterberg Limits. From the
classification it is revealed that the strata predominately consists of medium
dense Sandy Silt with Gravel (SM-ML)/ Silty Sand with Gravel (SM) upto the
depth drilled. Attempts were made to collect Undisturbed soil samples at
regular intervals of 3.0m depth. However at greater depth some of the
samples could not be collected due to presence of very dense strata and
High water table. The SPT values has been corrected for Overburden strata
and dilatancy in non- plastic strata. These corrected values have been
plotted against depth and are shown in the respective borelogs. It can be
seen from the plot that the SPT values are generally varying from 8 to 29upto
the depth drilled. For evaluating the shear parameters Direct shear Tests
were conducted on the UDS samples collected. The results are given in the
respective borelog. Liuefaction analysis has been carried out and the
details are given at Annexure Il. It can be seen from the results that the

strata is not susceptible to liquefaction.
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VUP @ 22+980

At this structure One Borehole namely (BH 8) was drilled upto 20.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Atterberg Limits. From the
classification itis revealed that the strata predominately consists of Silty clay
of Medium Plasticity (Cl) upto 5.0 m depth followed by medium dense
Sandy Silt with Gravel (SM-ML)/ Silty Sand with Gravel (SM) upto the depth
drilled. Attempts were made to collect Undisturbed soil samples at regular
intervals of 3.0m depth. However at greater depth some of the samples
could not be collected due to presence of very dense strata and High
water table. The SPT values has been corrected for Overburden strata and
dilatancy in non- plastic strata. These corrected values have been plotted
against depth and are shown in the respective borelogs. It can be seen
from the plot that the SPT values are generally varying from 17 to 30 upto
the depth drilled. For evaluating the shear parameters Direct shear Tests/
Unconsolidated undrained shear tests were conducted on the UDS
samples collected. The results are given in the respective borelog.
Liuefaction analysis has been carried out and the details are given at
Annexure ll. It can be seen from the results that the strata is not susceptible
to liquefaction.

VUP @ 25+430

At this structure One Borehole namely (BH 9) was drilled upto 20.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Atterberg Limits. From the
classification it is revealed that the strata predominately consists of

alternate layers of Silty Clay of Medium Plasticity (Cl) and medium dense
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Sandy Silt with Gravel (SM-ML) upto the depth drilled. Attempts were made
to collect Undisturbed soil samples at regular intervals of 3.0m depth.
However at greater depth some of the samples could not be collected due
to presence of very dense/ Hard strata and High water table. The SPT values
has been corrected for Overburden strata and dilatancy in non- plastic
strata. These corrected values have been plotted against depth and are
shown in the respective borelogs. It can be seen from the plot that the SPT
values are generally varying from 6 to 22 upto the depth driled. For
evaluating the shear parameters Direct shear Tests/ Unconsolidated
undrained shear tests were conducted on the UDS samples collected. The
results are given in the respective borelog. Liquefaction analysis has been
carried out and the details are given at Annexure ll. It can be seen from
the results that the strata is not susceptible to liquefaction.

MNB @ 29+260

At this structure One Borehole namely (BH 11) was drilled upto 20.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Atterberg Limits. From the
classification it is revealed that the strata predominately consists of medium
dense Sandy Silt with Gravel (SM-MLupto the depth drilled. However from
0.0m to 2.0m depth and from 15.50m to 17.50m depth a layer of Silty Clay
of High plasticity (CH)/ Silty Clay of Medium Plasticity (Cl) was observed.
Attempts were made to collect Undisturbed soil samples at regular intervals
of 3.0m depth. However at greater depth some of the samples could not
be collected due to presence of very dense/ Hard strata and High water
table. The SPT values has been corrected for Overburden strata and
dilatancy in non- plastic strata. These corrected values have been plotted
against depth and are shown in the respective borelogs. It can be seen

from the plot that the SPT values are generally varying from 6 to 19 upto the
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depth drilled. For evaluating the shear parameters Direct shear Tests were
conducted on the UDS samples collected. The results are given in the
respective borelog. Liuefaction analysis has been carried out and the
details are given at Annexure Il. It can be seen from the results that the
strata is not susceptible to liquefaction.

Flyover @ 32+170

At this structure One Borehole namely (BH 12) was drilled upto 30.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Atterberg Limits. From the
classification it is revealed that the strata predominately consists of
alternate layers of medium dense Sandy Silt with Gravel (SM-ML)/ Silty Sand
with Gravel (SM) and Silty Clay of Medium Plasticity (Cl) upto the depth
drilled. Attempts were made to collect Undisturbed soil samples at regular
intervals of 3.0m depth. However at greater depth some of the samples
could not be collected due to presence of very dense/ Hard strata and
High water table. The SPT values has been corrected for Overburden strata
and dilatancy in non- plastic strata. These corrected values have been
plotted against depth and are shown in the respective borelogs. It can be
seen from the plot that the SPT values are generally varying from 10 to 35
upto the depth drilled. For evaluating the shear parameters Direct shear
Tests/ unconsolidated undrained shear tests were conducted on the UDS
samples collected. The results are given in the respective borelog.
Liuefaction analysis has been carried out and the details are given at
Annexure ll. It can be seen from the results that the strata is not susceptible
to liquefaction.

MJB @ 33+420

At this structure One Borehole namely (BH 13) was drilled upto 30.0m depth.

While advancing the bore holes SPT tests were conducted at regular
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intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Atterberg Limits. From the
classification it is revealed that the strata predominately consists of
alternate layers of medium dense Silty Sand with Gravel (SM) and Silty Clay
of Medium Plasticity (Cl) upto the depth drilled. Attempts were made to
collect Undisturbed soil samples at regular intervals of 3.0m depth. However
at greater depth some of the samples could not be collected due to
presence of very dense/ Hard strata and High water table. The SPT values
has been corrected for Overburden strata and dilatancy in non- plastic
strata. These corrected values have been plotted against depth and are
shown in the respective borelogs. It can be seen from the plot that the SPT
values are generally varying from 2 to 6 upto 12.0m depth and below 12 m
depth SPT values are varying from 15 to 40 upto the depth driled. For
evaluating the shear parameters Direct shear Tests/ unconsolidated
undrained shear tests were conducted on the UDS samples collected. The
results are given in the respective borelog. Liquefaction analysis has been
carried out and the details are given at Annexure ll. It can be seen from
the results that the strata is susceptible to liquefaction.

MJB @ 33+490

At this structure One Borehole namely (BH 14) was drilled upto 30.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Atterberg Limits. From the
classification it is revealed that the strata predominately consists of
alternate layers of medium dense Silty Sand with Gravel (SM) and Silty Clay
of Medium Plasticity (Cl) upto the depth drilled. Attempts were made to
collect Undisturbed soil samples at regular intervals of 3.0m depth. However

at greater depth some of the samples could not be collected due to
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presence of very dense/ Hard strata and High water table. The SPT values
has been corrected for Overburden strata and dilatancy in non- plastic
strata. These corrected values have been plotted against depth and are
shown in the respective borelogs. It can be seen from the plot that the SPT
values are generally varying from 6 to 41 upto the depth drilled. For
evaluating the shear parameters Direct shear Tests/ unconsolidated
undrained shear tests were conducted on the UDS samples collected. The
results are given in the respective borelog. Liquefaction analysis has been
carried out and the details are given at Annexure ll. It can be seen from
the results that the strata is susceptible to liquefaction.

MJB @ 35+860

At this structure One Borehole namely (BH 15) was drilled upto 30.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Afterberg Limits. From the
classification it is revealed that the strata predominately consists of
alternate layers of medium dense Sandy Silt with Gravel (SM-ML)/ Silty Sand
with Gravel (SM) and Silty Clay of Low to Medium Plasticity (CL-ClI) upto the
depth drilled. Attempts were made to collect Undisturbed soil samples at
regular intervals of 3.0m depth. However at greater depth some of the
samples could not be collected due to presence of very dense/ Hard strata
and High water table. The SPT values has been corrected for Overburden
strata and dilatancy in non- plastic strata. These corrected values have
been plotted against depth and are shown in the respective borelogs. It
can be seen from the plot that the SPT values are generally varying from 9
to 29 upto the depth drilled. For evaluating the shear parameters Direct
shear Tests/ unconsolidated undrained shear tests were conducted on the
UDS samples collected. The results are given in the respective borelog.

Liquefaction analysis has been carried out and the details are given at
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Annexure Il. It can be seen from the results that the strata is susceptible to
liguefaction.

MNB @ 38+010

At this structure One Borehole namely (BH 16) was drilled upto 30.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Atterberg Limits. From the
classification it is revealed that the strata predominately consists of medium
dense Sandy Silt with Gravel (SM-ML)/ Silty Sand with Gravel (SM) upto 6m
depth followed by Silty Clay of Low to Medium Plasticity (CL-Cl) upto the
depth drilled. Attempts were made to collect Undisturbed soil samples at
regular intervals of 3.0m depth. However at greater depth some of the
samples could not be collected due to presence of very dense/ Hard strata
and High water table. The SPT values has been corrected for Overburden
stfrata and dilatancy in non- plastic strata. These corrected values have
been plotted against depth and are shown in the respective borelogs. It
can be seen from the plot that the SPT values are generally varying from 4
to 26 upto the depth drilled. For evaluating the shear parameters Direct
shear Tests/ unconsolidated undrained shear tests were conducted on the
UDS samples collected. The results are given in the respective borelog.
Liuefaction analysis has been carried out and the details are given at
Annexure ll. It can be seen from the results that the strata is susceptible to
liguefaction.

MJB @ 39+510

At this structure One Borehole namely (BH 17) was drilled upto 30.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting

sieve analysis, Hydrometer analysis & Atterberg Limits. From the
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classification it is revealed that the strata predominately consists of medium
dense Sandy Silt with Gravel (SM-ML)/ Silty Sand with Gravel (SM) upto 16m
depth followed by Silty Clay of High Plasticity (CH) upto the depth drilled.
Attempts were made to collect Undisturbed soil samples at regular intervals
of 3.0m depth. However at greater depth some of the samples could not
be collected due to presence of very dense/ Hard strata and High water
table. The SPT values has been corrected for Overburden strata and
dilatancy in non- plastic strata. These corrected values have been plotted
against depth and are shown in the respective borelogs. It can be seen
from the plot that the SPT values are generally varying from 6 to 21 upto
22m depth and below 22m depth SPT values are varying from 23 to 35 upto
the depth drilled. For evaluating the shear parameters Direct shear Tests/
unconsolidated undrained shear tests were conducted on the UDS samples
collected. The results are given in the respective borelog. Liquefaction
analysis has been carried out and the details are given at Annexure Il. It
can be seen from the results that the strata is susceptible to liquefaction.
MJB @ 39+690

At this structure One Borehole namely (BH 18) was drilled upto 30.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Atterberg Limits. From the
classification it is revealed that the strata predominately consists of
alternate layers of medium dense Sandy Silt with Gravel (SM-ML)/ Silty Sand
with Gravel (SM) and Silty Clay of Medium Plasticity (Cl) upto the depth
drilled. Attempts were made to collect Undisturbed soil samples at regular
intervals of 3.0m depth. However at greater depth some of the samples
could not be collected due to presence of very dense/ Hard strata and
High water table. The SPT values has been corrected for Overburden strata

and dilatancy in non- plastic strata. These corrected values have been
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plotted against depth and are shown in the respective borelogs. It can be
seen from the plot that the SPT values are generally varying from 6 to 37
upto the depth drilled. For evaluating the shear parameters Direct shear
Tests/ unconsolidated undrained shear tests were conducted on the UDS
samples collected. The results are given in the respective borelog.
Liuefaction analysis has been carried out and the details are given at
Annexure ll. It can be seen from the results that the strata is susceptfible to
liquefaction.

VUP @ 40+940

At this structure One Borehole namely (BH 19) was drilled upto 20.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Atterberg Limits. From the
classification it is revealed that the strata predominately consists of Silty
Clay of Medium Plasticity (Cl) upto 8.0 m depth followed by medium dense
Sandy Silt with Gravel (SM-ML)/ Silty Sand with Gravel (SM) upto 17.50m
depth. Below 17.50m depth the strata is classified as Silty Clay of High
Plasticity (CH) upto the depth drilled. Attempts were made to collect
Undisturbed soil samples at regular intervals of 3.0m depth. However at
greater depth some of the samples could not be collected due to
presence of very dense/ Hard strata and High water table. The SPT values
has been corrected for Overburden strata and dilatancy in non- plastic
strata. These corrected values have been plotted against depth and are
shown in the respective borelogs. It can be seen from the plot that the SPT
values are generally varying from 7 to 11 upto 7.0 m depth and below 7m
depth SPT values are varying from 19 to 35 upto the depth driled. For
evaluating the shear parameters Direct shear Tests/ unconsolidated
undrained shear tests were conducted on the UDS samples collected. The

results are given in the respective borelog. Liuefaction analysis has been
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carried out and the details are given at Annexure ll. It can be seen from
the results that the strata is not susceptible to liquefaction.

MJB @ 42+550

At this structure One Borehole namely (BH 20) was drilled upto 30.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Atterberg Limits. From the
classification it is revealed that the strata predominately consists of medium
dense Sandy Silt with Gravel (SM-ML)/ Silty Sand with Gravel (SM) upto the
depth drilled. However from 17.50m to 20.50m depth a layer of Silty Clay of
Medium Plasticity (Cl) wasw observed. Attempts were made to collect
Undisturbed soil samples at regular intervals of 3.0m depth. However at
greater depth some of the samples could not be collected due to
presence of very dense/ Hard strata and High water table. The SPT values
has been corrected for Overburden strata and dilatancy in non- plastic
strata. These corrected values have been plotted against depth and are
shown in the respective borelogs. It can be seen from the plot that the SPT
values are generally varying from 9 to 28 upto the depth drilled. For
evaluating the shear parameters Direct shear Tests were conducted on the
UDS samples collected. The results are given in the respective borelog.
Liuefaction analysis has been carried out and the details are given at
Annexure ll. It can be seen from the results that the strata is susceptible to
liguefaction.

Flyover @ 43+910

At this structure One Borehole namely (BH 21) was drilled upto 30.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting

sieve analysis, Hydrometer analysis & Atterberg Limits. From the
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classification it is revealed that the strata predominately consists of medium
dense Sandy Silt with Gravel (SM-ML)/ Silty Sand with Gravel (SM) upto the
depth drilled. However from 5.0m to 9.0m depth and from 14.50m to 16.0m
depth alayer of Silty Clay of Medium Plasticity (Cl) was observed. Attempts
were made to collect Undisturbed soil samples at regular intervals of 3.0m
depth. However at greater depth some of the samples could not be
collected due to presence of very dense/ Hard strata and High water
table. The SPT values has been corrected for Overburden strata and
dilatancy in non- plastic strata. These corrected values have been plotted
against depth and are shown in the respective borelogs. It can be seen
from the plot that the SPT values are generally varying from 8 to 28 upto the
depth driled. For evaluating the shear parameters Direct shear Tests/
Unconsolidated undrained shear tets were conducted on the UDS samples
collected. The results are given in the respective borelog. Liquefaction
analysis has been carried out and the details are given at Annexure Il. It
can be seen from the results that the strata is susceptible to liquefaction.
MJB @ 47+950

At this structure One Borehole namely (BH 22) was drilled upto 30.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Atterberg Limits. From the
classification it is revealed that the strata predominately consists of medium
dense Sandy Silt with Gravel (SM-ML)/ Silty Sand with Gravel (SM) upto the
depth drilled. However from 6.0m to 92.0m depth a layer of Silty Clay of
Medium to High Plasticity (CI-CH) was observed. Attempts were made to
collect Undisturbed soil samples at regular intervals of 3.0m depth. However
at greater depth some of the samples could not be collected due to
presence of very dense/ Hard strata and High water table. The SPT values

has been corrected for Overburden strata and dilatancy in non- plastic
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strata. These corrected values have been plotted against depth and are
shown in the respective borelogs. It can be seen from the plot that the SPT
values are generally varying from 10 to 32 upto the depth drilled. For
evaluating the shear parameters Direct shear Tests/ Unconsolidated
undrained shear tets were conducted on the UDS samples collected. The
results are given in the respective borelog. Liquefaction analysis has been
carried out and the details are given at Annexure ll. It can be seen from

the results that the strata is susceptible to liquefaction.

Any foundation is to be safe against possible failure against

a) Excessive Shear failure (the bearing pressure should be within permissible
limits) and

b) Excessive settlement.

The latter depends upon not only on the type of soil in the foundation but

also on the type of foundation, material used for construction and

functionality of the structure.

Design Methodology
Flyover @ 0+800, 8+020, 32+170, 43+910 & 49+900

Bored - Cast - in situ Piles of 1.0m and 1.20m diameter are analyzed.

VUP @ 6+380, 16+690, 22+980, 25+430 & 40+94

Bored - Cast - in situ Piles of 1.0m and 1.20m diameter are analyzed. Scour
levels provided by the client.

MNB @ 21+810 & 29+280

Raft foundation has been analysed at 1.0 m depth below bed level with
an allowable settlements of 75 mm has been considered.

MNB @ 38+010

Bored - Cast - in situ Piles of 1.0m and 1.20m diameter are analyzed. Scour

levels provided by the client.
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MIJB @ 1+530, 33+420,33+90,35+860,39+510,39+690,42+550 & 49+900
Bored - Cast - in situ Piles of 1.0m and 1.20m diameter are analyzed. Scour

levels provided by the client.

9.1.1 Open foundation
The safe bearing pressure from Shear failure criteria can be obtained, using

the Equation given below

Qu=9g(Ng-1)SgDqglg+0.5ByNySyDyly W

where,

B = Width of the footing in m

Dq.Dy = Depth factors

Sa.Sy = Shape factors

lg.ly = Inclination factors

Nqg.Ny = Bearing capacity factor

g = Effective overburden pressure at foundation, in t/sgm

W' = Water table correction factor

y = Bulk unit wt. of foundation soil, in t/cu.m

b) Settlements:

i) Soil profiles are given for each bore hole. The Soil profile which is likely to
cause greater settlements is to be considered for calculations.

i) The imposed load at the foundation level is likely to compress the soil
upto a depth of approximately equal to 1.5 B below the foundations.

i) The settlements can be calculated using I1S-8009 part-I.

When the strata consists of Plastic strata

when the Foundation resting on plastic strata and its influence within the
plastic strata the settlements can be obtained using the equation as per
IS: 8009 (part 1)

St= H*m*AP

Where

H =thickness of layer under consideration (cm).

my= volume of compressibility
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AP = Increase in the effective stress due to external load.

9.1.2 Bored castin-situ concrete pile
The ultimate load carrying capacity (Py) of piles is given by the following

formula:
Pu=Ap (Nc.Cp +% Dy Nr + Pg Ng ) + £ K P fan 8 As+o C.As
Pu= Ppu +Psy
Pou =Ultimate bearing resistance
= Ap (Ne. Cp +% Dy Ny + Py Ng )
Psu= Ultimate shaft resistance
> K Pgitan & As+a C.As

Ap = Cross sectional area of the pile toe m?

D = Stem diameter in mm

Y = Effective unit weight of soil at pile toe in t/m3

P4 = Effective overburden pressure at pile toe in t/m?2

i.e 20 X diameter (as per IRC 78-2014).
Nr & Ng = Bearing capacity factors depending upon the angle of internal
friction g at toe
)y = Summation of n layers in which pile is installed
K = Coefficient of earth pressure
=Taken 1.5 (as per IRC 78- 2014 Appendix 5)
Pai = Effective overburden pressure in t/m2 for the ith layer where i

varies from iton

) = Angle of wall friction between pile and soil (may be taken
equalto )

Asi = Surface area of pile stem in m2 in ith layer where i varies from 1 to
n.

FOS= Factor of Safety considered as 2.5 ( as per IS 2911 part 1 sec 2)

For vertical Capacity of pile, weight of pile has not been considered.
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The Net Safe bearing capacity for the Box foundation, Vertical, Uplift and
lateral carrying capacities of the Bored Cast in Situ Piles of 1.0m and 1.20m

dia are calculated and are given at Annexure |.

Flyover @ 0+800, 8+020, 32+170,43+910 & 49+900

Bored Cast in-situ Pile Foundation of 1.0 m and 1.20m dia are
recommended at cut off level of 2.0m and 2.30m respectively. The Length

of pile and Safe load carrying capacity of the pile can be taken as given

below:
. . Safe Load carrying capacity of
. BH Pile Dia Length of Pile (t
Chainage |\, (cms) Pile (m) lle (1
) Vertical Uplift Lateral
100 29.0 300.0 160.0 10.0
0+800 BH 1
120 29.0 400.0 210.0 18.0
100 20.0 330.0 150.0 20.0
8+020 BH 5
120 20.0 400.0 180.0 40.0
24.0 140.0 100.0 30.0
100 26.0 160.0 110.0 30.0
28.0 170.0 120.0 30.0
32+170 BH 12
24.0 180.0 130.0 50.0
120 26.0 200.0 140.0 50.0
28.0 220.0 150.0 50.0
100 21.0 300.0 150.0 20.0
43+910 BH 21
120 21.0 400.0 180.0 30.0
100 23.0 330.0 150.0 20.0
49+900 BH 23
120 23.0 400.0 190.0 35.0
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from Spur to Haridwar.

VUP @ 6+380, 16+690, 22+980, 25+430 & 40+940

Bored Cast in-situ Pile Foundation of 1.0 m and 1.20m dia are
recommended at cut off level of 2.0m and 2.30m respectively. The Length

of pile and Safe load carrying capacity of the pile can be taken as given

below:
. . Safe Load carrying capacity of
. BH Pile Dia Length of Pile (t
Chainage |\ (cms) Pile (m) lle (1
’ Vertical Uplift Lateral
100 18.0 280.0 120.0 20.0
19.0 300.0 140.0 20.0
6+380 BH 3
190 18.0 370.0 160.0 40.0
19.0 400.0 170.0 40.0
100 18.0 250.0 110.0 20.0
20.0 300.0 140.0 20.0
16+690 BH 6
190 18.0 340.0 140.0 50.0
20.0 400.0 180.0 50.0
100 18.0 300.0 140.0 35.0
22+980 BH 8
120 18.0 400.0 170.0 50.0
100 18.0 250.0 110.0 25.0
19.0 270.0 120.0 25.0
25+430 BH 9
190 18.0 330.0 140.0 40.0
19.0 360.0 160.0 40.0
18.0 160.0 100.0 15.0
100
21.0 180.0 120.0 15.0
40+940 BH 19
190 18.0 200.0 130.0 25.0
21.0 220.0 150.0 25.0
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MNB @ 38+010 & MJB @ 1+530, 33+420, 33+490, 35+860, 39+510, 39+690, &
42+550

Bored Cast in-sitfu Pile Foundation of 1.0 m and 1.20m dia are
recommended at cut off level of 2.0m and 2.30m respectively. The Length

of pile and Safe load carrying capacity of the pile can be taken as given

below:
. . Safe Load carrying capacity of
. BH Pile Dia Length of Pile (t
Chainage No (cms) Pile (m) lle (1
) Vertical Uplift Lateral

100 27.0 300.0 150.0 10.0

1+530 BH 2
120 27.0 400.0 200.0 20.0
100 31.0 280.0 150.0 5.0

33+420 BH 13
120 31.0 400.0 200.0 10.0
100 30.0 300.0 150.0 10.0

33+490 BH 14
120 30.0 400.0 200.0 18.0
100 28.0 300.0 150.0 10.0

35+860 BH 15
120 28.0 400.0 190.0 18.0
100 24.0 70.0 60.0 10.0

38+010 BH 16
120 24.0 95.0 80.0 18.0
100 28.0 110.0 70.0 9.0
30.0 120.0 80.0 9.0

39+510 BH 17
190 28.0 150.0 90.0 15.0
30.0 160.0 110.0 15.0
100 29.0 210.0 150.0 15.0

39+690 BH 18
120 29.0 270.0 190.0 30.0
100 29.0 300.0 160.0 10.0

42+550 BH 20
120 29.0 400.0 200.0 20.0
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MNB @ 21+810 & 29+280

Box foundation is recommended considering Bed protection work. The
Depth of foundation below bed level , Size of foundation and the Net safe

bearing pressure are as given below:

. . Net Safe
Chainage | BH Depth of Foundation Slze. of bearing
below Bed level (m) |foundation (m)
pressure (1/m2)
10.0 X 20.0 10.0
21+810 BH 7 1.0
12.0 X20.0 11.0
10.0 X 20.0 9.0
29+280 | BHI11 1.0
12.0 X20.0 10.0

For Soil Engineering Consultants

(A.V.S. RANGA RAO)
Consultant
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Appendix-4.3

Design of Pile Foundation @
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014 -
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 0+000 Location FLYOVER Based on Bore Hole No BH 1 Pile Cut -off level (m) 20
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m)
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 - 2.5 Scour Level below the cut off level (m) 0.00 Ligefaction depth below Ground level (m 10.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. liquefaction depth below cut-of level(m)
Assuming the strata @ 30 m and below to be same. ’ 8.000
CBGeogg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorlsy Ppu=Ap* (CNc+PoNG+0.5..D.Ny) P sy =(Z(K; Pgtané).Ag+a.c.Aj
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;ZEesg\fl Thickness of \:\g?;lzr Cohesion| Shearing Wall (density | Submerged burden ‘I;/resszre at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) wam| C (t/m?) | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 oy i s T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Aq| P (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
SM-ML /
1 M 4 0.00 0 25 25 1.79 0.92 0 0 10 | 10.9| 0.79 0 0 5.000 0 0 12.6 0 0 0 0 0 4.39 0 4.39 4
SM-ML /
2 M 4 0.00 0 25 25 174 0.88 0 0 10 | 10.9| 0.79 0 0 4.780 0 0 12.6 0 0 0 0 0 8.78 0 8.78 8
3 SMéxL/ 4.5 0.00 0 29 29 174 0.89 4 0 |18.1|19.3| 0.79 0 72.31 8.600 63.51 2 14.1 23.49 0 0 23.49 87 13.72 34.8 20.29 12.5
4 Cl 3 0.00 8 0 0 174 0.90 6.7 9 0 0 079 | 72 0 0.000 56.52 535 9.42 0 0.3 22.6 | 46.09 102.61 17.01 41.04 29.91 15.5
5 SMéxL/ 2 0.00 0 29 29 174 0.89 8.48 0 |18.1|19.3| 0.79 0 153.29 8.600 127.08 7.59 6.28 39.63 0 0 85.72 2128 19.2 85.12 432 17.5
6 SMéxL/ 2 0.00 0 29 29 174 0.89 10.26 0 |18.1|19.3| 0.79 0 185.47 8.600 152.34 9.37 6.28 48.92 0 0 134.6 286.98 21.39 114.79 59.08 19.5
7 SMéxL/ 3 0.00 0 29 29 174 0.89 12.93 0 |18.1|19.3| 0.79 0 233.74 8.600 190.23 11.59 9.42 90.77 0 0 2254 415.64 24.68 166.25 87.79 225
8 SMé'A\;‘\L/ 2 0.00 0 29 29 1.74 0.89 14.71 0 |18.1|19.3| 0.79 0 265.92 8.600 215.49 13.82 6.28 7216 0 0 297.6 513.06 26.87 205.22 110.18 245
9 SMé'A\;‘\L/ 2 0.00 0 30 30 1.74 0.89 16.49 0 |20.9| 2241 0.79 0 |[345.44 9.960 278.98 15.6 6.28 84.84 0 0 382.4 661.39 29.06 264.55 136.13 26.5
10 SMé'A\;‘\L/ 1 0.00 0 30 30 1.74 0.89 17.38 0 |20.9| 2241 0.79 0 |[364.09 9.960 293 16.93 3.14 46.03 0 0 428.4 721.44 30.15 288.57 150.11 27.5
1 SMé'A\;‘\L/ 1.5 0.00 0 30 30 1.74 0.89 17.38 0 |20.9| 2241 0.79 0 |[364.09 9.960 293 17.38 471 70.89 0 0 499.3 792.33 31.79 316.93 171.6 29
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 29.0
d) Vertical Pile Capacity (tonnes) 300.0
e) Uplift pile capacity (Tonnes) 160.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for Flyover @ 0+800 BH 1 Dia 1.0 m xIs
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Design of Pile Foundation @
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014 -
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 0+000 Location FLYOVER Based on Bore Hole No BH 1 Pile Cut -off level (m) 23
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m)
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 - 2.5 Scour Level below the cut off level (m) 0.00 Ligefaction depth below Ground level (m 10.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. liquefaction depth below cut-of level(m)
Assuming the strata @ 30 m and below to be same. ’ 7.700
CBGeogg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorlsy P pU = Ap* (CNo+PgN.+0.5.,.D.N,) P s =(X (K, Pytans) Agta.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;ZEesg\fl Thickness of \:\g?;lzr Cohesion| Shearing Wall (density | Submerged burden ‘I;/resszre at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) wam| C (t/m?) | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 oy i s T
¢ (deg) (deg) t/m Sail (t/m?®) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fformes) | atcgofine | m) | PyTans)A, Factor, |a.cAg| Py (fonnes) p o (Tonnes)
B a s
layer Py (t/m?) 2.5
SM-ML /
1 M 37 0.00 0 25 25 1.79 0.92 0 0 10 [ 10.9] 1.13 0 0 6.000 0 0 13.9 0 0 0 0 0 5.85 0 5.85 3.7
SM-ML /
2 M 4 0.00 0 25 25 174 0.88 0 0 10 [ 10.9] 1.13 0 0 5.740 0 0 15.1 0 0 0 0 0 12.17 0 12.17 7.7
3 SMéxL/ 4.5 0.00 0 29 29 174 0.89 4 0 |18.1]193]1.13 0 72.31 10.320 93.37 2 17 28.18 0 0 28.18 121.55 19.28 48.62 2717 12.2
4 Cl 3 0.00 8 0 0 174 0.90 6.7 9 0 0 113 72 0 0.000 81.36 535 1.3 0 0.3 27.12| 553 136.66 24.02 54.66 39.5 15.2
5 SMéxL/ 2 0.00 0 29 29 174 0.89 8.48 0 |18.1]193]1.13 0 153.29 10.320 184.87 7.59 7.53 47.52 0 0 102.8 287.69 27.18 115.07 55.96 17.2
6 SMéxL/ 2 0.00 0 29 29 174 0.89 10.26 0 |18.1]193]1.13 0 185.47 10.320 221.24 9.37 7.53 58.66 0 0 161.5 382.72 30.34 153.08 75.55 19.2
7 SMéxL/ 2.8 0.00 0 29 29 174 0.89 12.75 0 |18.1]193]1.13 0 230.49 10.320 27211 11.5 10.6 100.87 0 0 262.4 534.46 34.76 213.78 108.21 22
8 SMémL/ 2 0.00 0 29 29 1.74 0.89 14.53 0 |18.1]19.3]1.13 0 262.67 10.320 308.47 13.64 7.53 85.39 0 0 347.7 656.21 37.92 262.48 135.28 24
9 SMémL/ 2 0.00 0 30 30 1.74 0.89 16.31 0 |20.9| 224|113 0 |[341.67 11.960 399.6 15.42 7.53 100.55 0 0 448.3 847.89 41.08 339.15 166.6 26
10 SMémL/ 1 0.00 0 30 30 1.74 0.89 17.2 0 |20.9| 224|113 0 |[360.32 11.960 420 16.75 3.76 54.54 0 0 502.8 922.83 42.66 369.13 183.45 27
1 SMémL/ 2 0.00 0 30 30 1.74 0.89 18.98 0 |20.9| 224|113 0 397.6 11.960 462 18.09 7.53 117.96 0 0 620.8 1082.79 45.82 433.11 219.64 29
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 29.0
d) Vertical Pile Capacity (tonnes) 400.0
e) Uplift pile capacity (Tonnes) 210.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for Flyover @ 0+800 BH 1 Dia 1.20 m xIs
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Annexure-|
Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Lateral Load Capacity of pile

Project no : 2152

[As per IS 2911-2010 Part 1Section-2] Annex-C

Project : Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.
Structure @ Chainage : Flyover @ 0+800
Borehole no : BH 1
Type of pile : Bored cast in situ | Bored cast in situ
Diameter of the pile in "mm" : 1000 1200
Cut off Level of the Pile in"m": 2.000 2.300
Length of the Pile below the cut off level in "m" : 29.0 29.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0
Type of Sail : Granular Granular
<§—»

Condition of Soil with w.r.t Ground water : Submerged Submerged @ Cut of level
No. of Blow (N) 15.00 15.00 : ];ofdio
Moment of Inertia , 1in "cm*": 4.909E+06 1.018E+07 Scourlevel
Modulus of elasticity of the Pile , E (Kg/cm?) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 2.12E+03 2.12E+03 Fixify Line
Stiffness factor for Cohesionless soil (T)inm : 3.67 4.25
Free standing Igngth of pile or.length of the pile belgw cut fo 8.000 7700
level not confributing substantially fo lateral capacities (L) in"m": !
therefore L,/T orL,/R: 2.18 1.81
Embedded Length of the Pile (L) in"m" : 21.00 21.30
Reading from the graph Ly/T or L¢/R 192 194

(As per Appendix C,Clause 5.5.2 Fig 2):
Depth of Fixidity Lgin"m" 7.06 8.26
Depth of Fixity + free standing length (L=Li#L) in "m" 15.06 15.96
Type of Pile Behavviour : Long Flexible Pile | Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :

Permissible Horizontal Deflection pile (Y)"in mm": 10.00 12.00

Horizontal Deflection on the top of the pile (x) "in mm": 22.1 22.8
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 11.25 20.25
Recommended Lateral Capacity of Pile (T) for 1% dia deflection : 10.00 18.00

Equations :
T =(El/ny) "% ; R=(EI/K,)

For Free Head (Y) =[QLxx"]/3El ; For Fixed head (Y)=[QLxx%]/12EI
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 1+530 Location MJB Based on Bore Hole No BH 2 Pile Cut -off level (m) 20
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @ RL(m) 248021
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 . 25 Scour Level below the cut off level (m) 6.42 ligefaction depth below Ground level (m 8.00 RL of the Borehole (m) 256.432
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. Scour level below cut-offlevel(m) :
Assuming the strata @ 30 m and below to be same. ’ 6.420
CBGeogg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorlsy P pU = Ap* (CN+PgN;+0.5.,.D.N,) P s =(X (K, Pytans). Agta.c.A,)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;ZEesg\fl Thickness of \:\g?;lzr Cohesion| Shearing Wall (density | Submerged burden ‘I;/resszre at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py, (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 bu i s ) T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Aq| Ps (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
SM-ML/
1 M 6.42 0.00 0 29 29 1.83 0.93 0 0 |18.1|19.3|0.79 0 0 8.000 0 0 20.2 0 0 0 0 0 7.05 0 7.05 6.42
2 SMéxL/ 4 0.00 0 30 30 1.86 0.95 3.8 0 |20.9| 224 0.79 0 79.6 10.640 70.83 1.9 12.6 20.66 0 0 20.66 91.49 11.44 36.59 17.22 10.42
3 SMéxL/ 1.58 0.00 0 30 30 1.86 0.95 53 0 |20.9| 2241 0.79 0 111.02 10.640 95.5 4.55 4.96 19.54 0 0 40.2 135.7 13.17 54.28 24.42 12
4 CL-CI 3 0.00 1 0 0 1.89 0.97 8.21 9 0 0 079 | 99 0 0.000 77.71 6.75 9.42 0 0.3 31.08(71.28 148.99 16.46 59.59 36.41 15
5 CL-CI 3.5 0.00 1 0 0 1.89 0.97 11.6 9 0 0 079 | 99 0 0.000 77.71 9.9 11 0 0.3 36.26 | 107.5 185.25 20.3 74.1 50.41 18.5
6 SM 1.5 0.00 0 30 30 1.89 0.97 13.05 0 |20.9| 224 0.79 0 273.38 10.860 223.12 12.32 471 50.25 0 0 157.8 380.91 21.94 152.36 66.12 20
7 SM 2.8 0.00 0 30 30 1.89 0.97 15.76 0 |20.9| 224 0.79 0 330.15 10.860 267.69 14.4 8.79 109.61 0 0 267.4 535.09 25.01 214.03 99.88 228
8 SM 2 0.00 0 30 30 1.89 0.97 17.7 0 |20.9| 2241 0.79 0 370.79 10.860 299.59 16.73 6.28 90.98 0 0 358.4 657.97 27.2 263.18 127.54 248
9 SM 1.62 0.00 0 30 30 1.89 0.97 19.27 0 |20.9| 2241 0.79 0 403.68 10.860 325.41 18.48 5.08 81.3 0 0 439.7 765.09 28.98 306.03 152.09 26.42
10 SM 0.58 0.00 0 30 30 1.89 0.97 19.27 0 |20.9| 2241 0.79 0 403.68 10.860 325 19.27 1.82 30.37 0 0 470.1 795.05 29.61 318.02 161.22 27
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 27.0
d) Vertical Pile Capacity (tonnes) 300.0
e) Uplift pile capacity (Tonnes) 150.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MJB @ 1 +530 BH 2 Dia 1.0 m
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 1+530 Location MJB Based on Bore Hole No BH 2 Pile Cut -off level (m) 23
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @ RL(m) 248021
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 . 25 Scour Level below the cut off level (m) 6.12 ligefaction depth below Ground level (m 8.00 RL of the Borehole (m) 256.432
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. Scour level below cut-offlevel(m) :
Assuming the strata @ 30 m and below to be same. ’ 6.120
CBGeogg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorlsy P pU = Ap* (CN+PgN;+0.5.,.D.N,) P s =(X (K, Pytans). Agta.c.A,)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;ZEesg\fl Thickness of \:\g?;lzr Cohesion| Shearing Wall (density | Submerged burden ‘I;/resszre at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) wam| C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py, (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 bu i s ) T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Aq| Ps (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
SM-ML/
1 M 6.12 0.00 0 29 29 1.83 0.93 0 0 |18.1] 193] 1.13 0 0 10.000 0 0 23.1 0 0 0 0 0 9.68 0 9.68 6.12
2 SMéxL/ 4 0.00 0 30 30 1.86 0.95 3.8 0 1209|224 1.3 0 79.6 12.760 104.36 1.9 15.1 2479 0 0 2479 129.15 16 51.66 2294 10.12
3 SMéxL/ 1.58 0.00 0 30 30 1.86 0.95 53 0 |20.9| 224|113 0 111.02 12.760 139.87 4.55 5.95 23.44 0 0 48.23 188.1 18.49 7524 31.99 1.7
4 CL-CI 3 0.00 1 0 0 1.89 0.97 8.21 9 0 0 1131 99 0 0.000 111.87 6.75 1.3 0 0.3 37.29 | 85.52 197.39 23.23 78.95 47.17 14.7
5 CL-CI 3.5 0.00 1 0 0 1.89 0.97 11.6 9 0 0 1131 99 0 0.000 111.87 9.9 13.2 0 0.3 43.49 | 129 240.88 28.76 96.35 64.88 18.2
6 SM 1.5 0.00 0 30 30 1.89 0.97 13.05 0 |20.9| 224|113 0 273.38 13.030 323.64 12.32 5.65 60.28 0 0 189.3 512.93 31.13 205.17 84.13 19.7
7 SM 2.8 0.00 0 30 30 1.89 0.97 15.76 0 1209|224 1.3 0 330.15 13.030 387.79 14.4 10.6 131.56 0 0 320.9 708.64 35.55 283.45 125.38 225
8 SM 2 0.00 0 30 30 1.89 0.97 17.7 0 |20.9| 224|113 0 370.79 13.030 433.71 16.73 7.53 109.09 0 0 429.9 863.65 38.71 345.46 159.09 245
9 SM 2.5 0.00 0 30 30 1.89 0.97 20.12 0 |20.9| 224|113 0 421.49 13.030 491 18.91 9.42 154.26 0 0 584.2 1075.2 42.66 430.08 206.23 27
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 27.0
d) Vertical Pile Capacity (tonnes) 400.0
e) Uplift pile capacity (Tonnes) 200.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MJB @ 1 +530 BH 2 Dia 1.20 m
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Annexure-|

Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Lateral Load Capacity of pile
Project no : 2152
[As per IS 2911-2010 Part 1Section-2] Annex-C
Project : Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.
Structure @ Chainage : MJB @ 1+530
Borehole no : BH 2
Type of pile : Bored cast in situ | Bored cast in situ
Diameter of the pile in "mm" : 1000 1200
Cut off Level of the Pile in "m": 2.000 2.300
Length of the Pile below the cut off level in "m" : 27.0 27.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0 X
@ Cut of level
Type of Sail : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged L cour level /
Liguefiable strata
No. of Blow (N) 18.00 18.00
Moment of Inertia , 1in "cm?*": 4.909E+06 1.018E+07 Fixify Tine
Modulus of elasticity of the Pile , E (Kg/cm?) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 2.55E+03 2.55E+03
Stiffness factor for Cohesionless soil (T)inm : 3.54 4.09
Free standing length of pile or length of the pile below cut off 6.420 6120
level not contributing substantially to lateral capacities (L) in "m" . ’
therefore L;/T or L;/R : 1.81 1.50
Embedded Length of the Pile (L) in"m" : 20.58 20.88
Reading from the graph L/T or L¢/R 194 196
(As per Appendix C,Clause 5.5.2 Fig 2): ’ .
Depth of Fixidity Lgin"m" 6.88 8.02
Depth of Fixity + free standing length (L=Li+L) in "m" 13.30 14.14
Type of Pile Behavviour : Long Flexible Pile | Long Flexible Pile
Considering 1% of dia for Horizontal Deflection :
Permissible Horizontal Deflection pile (Y)"in mm": 10.00 12.00
Horizontal Deflection on the top of the pile (x) "in mm": 19.0 20.0
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 14.07 25.54
Recommended Lateral Capacity of Pile (T) for 1% dia deflection : 10.00 20.00
Equations :
T=(El/ny)""*; R=(EI/K;)"
For Free Head (Y) =[QLxx"]/3El ; For Fixed head (Y)=[QLxx%]/12EI
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014 s
Mg CONALT
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 6+380 Location VUP Based on Bore Hole No BH3 Pile Cut -off level (m) 20
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 1380 water Level considered (m) 0.00 Scourlevel @ RL{m)
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 - 25 Scour Level below the cut off level (m) 0.00 iqefaction depth below Ground level (m| 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. Scour level below cut-off level(m) :
Assuming the strata @ 20 m and below to be same. ' 0.000
CBecmng Ultimate Base Resistance Ultimate Shaft Friction
F‘(’]‘z‘:{fp P pU = Ap* (CN+PgNG+0.5.,.D.N,) P s =(3(K; Patans).Azta.c.A)
Angle of Angle of r Total/ Effective over- Total Ultimate . Total Safe | Total safe "
Laver ;Z;Eesgr\ Thickness of \:gglee’ Cohesion|  Shearing wall (density | Submerged |y 1o pressure at Effecti Capacity, Wﬁgh\;\/m Capacity, P | uplift LePrllleih
No. Layer Layer (m) (W.T) m ,C (t/m?)| Resistance, | Friction of soil) | Unit Weight of pile fip " " (t/m?) A P bu:ﬁ;ﬁeﬁ:uerre A K Adhesion Py=Ppu+ Psy (?onlnesp] (Tonnes) capactiy [meigers)
. 3 i 3 tip ) pu ] s
¢ (deg) §(deg) t/m Soil (t/m?) Ne | Ng | Ny ) c.Nc | PdNg | 0.5.,.D.N, formes)| atcgoftne | (m? | PuTans).As Fucoior, a.cAjl Py (tonnes) _Ps (Tonnes)
layer 'Pgi' (t/m?) 2.5
1 SM-ML 4 0.00 0 29 29 1.82 0.98 3.92 0 181 193] 0.79 0 70.86 9.000 62.69 1.96 12.6 20.46 0 0 0 62.69 4.39 25.07 4.39 4
2 SM 4 0.00 0 30 30 1.85 1.03 8.04 0 [20.9]| 22.4| 0.79 0 |[168.42| 11.530 141.26 5.98 12.6 65.04 0 0 65.04 206.3 8.78 82.52 26.99 8
3 SM 4 0.00 0 30 30 1.85 1.03 12.16 0 [20.9| 224 0.79 0 | 25473 11.530 209.01 10.1 12.6 109.86 0 0 174.9 383.91 13.17 153.56 62.14 12
4 SM 3 0.00 0 30 30 1.87 1.03 15.25 0 [20.9]| 22.4| 0.79 0 |[319.47| 11.530 259.83 13.7 9.42 111.76 0 0 286.7 546.49 16.46 218.59 96.72 15
5 SM 2 0.00 0 30 30 1.87 1.03 17.31 0 [20.9| 224 0.79 0 | 36262 11.530 293.7 16.28 6.28 88.54 0 0 375.2 668.9 18.65 267.56 123.7 17
6 SM 1 0.00 0 30 30 1.87 1.03 18.34 0 [20.9]| 224 0.79 0 384.2 11.530 310.64 17.82 3.14 48.45 0 0 423.7 734.29 19.74 293.71 138.36 18
7 SM 1 0.00 0 30 30 1.87 1.03 19.37 0 209|224 0.79 0 | 405.77 11.530 327.58 18.85 3.14 51.25 0 0 4749 802.48 20.83 320.99 153.8 19
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 18.0 19.0
d) Vertical Pile Capacity ( tonnes) 280.0 300.0
e) Uplift pile capacity (Tonnes) 120.0 140.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for VUP @ 6+380 BH 3 Dia 1.0 m xIs
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014 s
Mg CONALT
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 6+380 Location VUP Based on Bore Hole No BH3 Pile Cut -off level (m) 23
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 1380 water Level considered (m) 0.00 Scourlevel @ RL{m)
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 - 25 Scour Level below the cut off level (m) 0.00 iqefaction depth below Ground level (m| 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. Scour level below cut-off level(m) :
Assuming the strata @ 20 m and below to be same. ' 0.000
CBecmng Ultimate Base Resistance Ultimate Shaft Friction
F‘(’]‘z‘:{fp P pU = Ap* (CN+PgNG+0.5.,.D.N,) P s =(3(K; Patans).Azta.c.A)
Angle of Angle of r Total/ Effective over- Total Ultimate . Total Safe | Total safe "
Laver ;Z;Eesgr\ Thickness of \:gglee’ Cohesion|  Shearing wall (density | Submerged |y 1o pressure at Effecti Capacity, Wﬁgh\;\/m Capacity, P | uplift LePrllleih
No. Layer Layer (m) (W.T) m ,C (t/m?)| Resistance, | Friction of soil) | Unit Weight of pile fip " " (t/m?) A P bu:ﬁ;ﬁeﬁ:uerre A K Adhesion Py=Ppu+ Psy (?onlnesp] (Tonnes) capactiy [meigers)
. 3 i 3 tip o ou ] s
@(deg) | 6ldeg) | tm® | soil (t/m?) No | No | Ny | | eNe| PaNg [ 054DNy |y e | o e | ey | pyTans).A Factor acAy| Py | (tonnes) ot (Tonnes)
layer Py’ (t/m?) so2s
1 SM-ML 3.7 0.00 0 29 29 1.82 0.98 3.62 0 [181[193] 1.13 0 65.44 11.000 86.37 1.81 13.9 20.97 0 0 0 86.37 5.85 34.54 5.85 3.7
2 SM 4 0.00 0 30 30 1.85 1.03 7.74 0 [20.9] 224|113 0 162.14 13.840 198.85 5.68 15.1 7412 0 0 74.12 272.97 12.17 109.18 32.92 7.7
3 SM 4 0.00 0 30 30 1.85 1.03 11.86 0 [20.9| 224 1.13 0 | 248.45 13.840 296.38 9.8 15.1 127.89 0 0 202 498.39 18.49 199.35 75.05 1.7
4 SM 3 0.00 0 30 30 1.87 1.03 14.95 0 (209|224 (113 | 0 |[313.18| 13.840 369.53 13.4 1.3 131.13 0 0 333.1 702.67 23.23 281.06 116.5 14.7
5 SM 23 0.00 0 30 30 1.87 1.03 17.31 0 [20.9| 224 1.13 0 | 36262 13.840 425.39 16.13 8.66 120.97 0 0 454.1 879.5 26.86 351.8 154.01 17
6 SM 1 0.00 0 30 30 1.87 1.03 18.34 0 (209|224 (113 | O 384.2 13.840 449.78 17.82 3.76 58.02 0 0 512.1 961.91 28.44 384.76 171.83 18
7 SM 1 0.00 0 30 30 1.87 1.03 19.37 0 [20.9| 224 1.13 0 | 405.77 13.840 474.15 18.85 3.76 61.38 0 0 573.5 1047.66 30.02 419.06 190.6 19
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 18.0 19.0
d) Vertical Pile Capacity ( tonnes) 370.0 400.0
e) Uplift pile capacity (Tonnes) 160.0 170.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for VUP @ 6+380 BH 3 Dia 1.20 m xIs
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Annexure-|

Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Project no : 2152

Lateral Load Capacity of pile

Qs

| 4
b ~ 4

[As per IS 2911-2010 Part 1Section-2] Annex-C

gy i
L EnGinEEang cons

Project :

Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.

Structure @ Chainage :

VUP @ 6+380

Borehole no :

BH 3

Type of pile : Bored castin situ | Bored cast in situ
Diameter of the pile in "mm": 1000 1200
Cut off Level of the Pile in "m": 2.000 2.300
Length of the Pile below the cut off level in "m" : 18.0 18.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0
Type of Soil : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged
No. of Blow (N) 14.00 14.00
Moment of Inertia , 1in "cm*": 4.909E+06 1.018E+07
Modulus of elasficity of the Pile , E (Kg/ch) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 1.97E+03 1.97E+03
Stiffness factor for Cohesionless soil (T) inm : 3.73 431
Free standing Igngfh of pile or'Ieng’rh of the pile bel_gw cut gff 0.000 0.000
level not confributing substantially to lateral capacities (L;) in "m"™ ’
therefore L,/T or L,/R: 0.00 0.00
Embedded Length of the Pile (L) in"m" : 18.00 18.00
Reading from the graph Ly/T or Ly/R 219 219
(As per Appendix C,Clause 5.5.2 Fig 2):
Depth of Fixidity Lg in "m"™ 8.17 9.44
Depth of Fixity + free standing length (Ly=L;*+Lg) in "m" 8.17 9.44

Type of Pile Behavviour :

Long Flexible Pile

Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :
Permissible Horizontal Deflection pile (Y) "in mm": 10.00 12.00
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 31.96 51.55
'Recommended Lateral Capacity of Pile (T) for 1% dia deflection 20.00 40.00

Equations :
T =(El/n,)"*; R=(EI/K,)"

For Free Head (Y) =[QLxx*]/3El ; For Fixed head (Y)=[QLxx’]/12El

@ Scour level / cut of level

y= 1% oFdia

FXity Line
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 8+020 Location FLYOVER Based on Bore Hole No BHS5 Pile Cut -off level (m) 20
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 14.10 water Level considered (m) 0.00 ScourLevel @ RL(m)
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 - 2.5 Scour Level below the cut off level (m) 0.00 Ligefaction depth below Ground level (m 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. scour level below cut-off level(m)
Assuming the strata @ 30 m and below to be same. ’ 0.000
CBGeogg? Ultimate Base Resistance Ultimate Shaft Friction
Foitorlsy Ppu=Ap* (CNc+PoNG+0.5..D.Ny) P sy =(Z(K; Pgtané). Ag+a.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\gg? Cohesion| Shearing Wall (density | Submerged burden ‘eress:re at Effecti Capacity, ?S WO Capacity, Py uplift LeF:\‘eth
No. Layer Layer (m) wam| C (t/m?)| Resistance, | Friction | of soil) |Unit Weight of ple fip"q 1 (1) N b burzcerl\;?e[s):usrre N K Adhesion P,=Pput Py, (FT)on’nesp) (Tonnes) capactiy [metgers)
) d 5(d 3 i 3 tie P Pu i s T
¢ (deg) (deg) t/m Soil (t/m?) Ne | Ng [ N, () CNc | PdNg [ 0.5.,.D.N, {fonmes)| at c.q of the () | PuTans) A Factor, |a.c.Ay| Py (tonnes) p o (Tonnes)
B a s
layer Py (t/m?) 2.5
1 SMéxL/ 4 0.00 0 29 29 1.8 1.00 4 0 |18.1|19.3| 0.79 0 72.31 9.000 63.82 2 12.6 20.88 0 0 0 63.82 4.39 25.52 4.39 4
2 SMéxL/ 4 0.00 0 30 30 1.8 1.01 8.04 0 |20.9| 224 0.79 0 168.42 11.310 141.08 6.02 12.6 65.48 0 0 65.48 206.56 8.78 82.62 27.11 8
3 Cl 2 0.00 14 0 0 1.83 1.05 10.14 9 0 0 0.79 | 126 0 0.000 98.91 9.09 6.28 0 0.3 26.37 | 91.85 190.76 10.97 763 36.68 10
4 SMéxL/ 3 0.00 0 30 30 1.9 1.00 13.14 0 |20.9| 2241 0.79 0 27526 11.200 224.87 11.64 9.42 9495 0 0 186.8 411.67 14.26 164.66 66.56 13
5 SMéxL/ 2 0.00 0 30 30 1.9 1.00 15.14 0 |20.9| 2241 0.79 0 317.16 11.200 257.76 14.14 6.28 76.9 0 0 263.7 521.46 16.45 208.58 90.28 15
6 SMéxL/ 2 0.00 0 30 30 1.9 1.00 17.14 0 |20.9| 224 0.79 0 359.06 11.200 290.65 16.14 6.28 87.77 0 0 351.5 64212 18.64 256.84 117.05 17
7 SMémL/ 1 0.00 0 30 30 1.9 1.00 18.14 0 |20.9| 224 0.79 0 |[380.01 11.200 307.09 17.64 3.14 47.96 0 0 399.4 706.52 19.73 282.6 131.57 18
8 SMémL/ 2 0.00 0 30 30 1.9 1.00 20.14 0 |20.9| 224 0.79 0 421.91 11.200 339.99 19.14 6.28 104.09 0 0 503.5 843.51 21.92 337.4 162.9 20
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 20.0
d) Vertical Pile Capacity (tonnes) 330.0
e) Uplift pile capacity (Tonnes) 150.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for Flyover @ 8+020 BH 5 Dia 1.0 m xIs
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 8+020 Location FLYOVER Based on Bore Hole No BHS5 Pile Cut -off level (m) 23
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 14.10 water Level considered (m) 0.00 ScourLevel @ RL(m)
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 - 2.5 Scour Level below the cut off level (m) 0.00 Ligefaction depth below Ground level (m 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. scour level below cut-off level(m)
Assuming the strata @ 30 m and below to be same. ’ 0.000
CBGeogg? Ultimate Base Resistance Ultimate Shaft Friction
Foitorlsy Ppu=Ap* (CNc+PoNG+0.5..D.Ny) P sy =(Z(K; Pgtané). Ag+a.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\gg? Cohesion| Shearing Wall (density | Submerged burden ‘eress:re at Effecti Capacity, ?S WO Capacity, Py uplift LeF:\‘eth
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ple fip"q 1 (1) N b burzcerl\;?e[s):usrre N K Adhesion P,=Pput Py, (FT)on’nesp) (Tonnes) capactiy [metgers)
) d 5(d 3 i 3 tie P Pu i s T
¢ (deg) (deg) t/m Soil (t/m?) Ne | Ng [ N, () CNc | PdNg [ 0.5.,.D.N, {fonmes)| at c.q of the () | PuTans) A Factor, |a.c.Ay| Py (tonnes) p o (Tonnes)
B a s
layer Py (t/m?) 2.5
SM-ML /
1 M 37 0.00 0 29 29 1.8 1.00 37 0 |18.1]193]1.13 0 66.88 11.000 88 1.85 13.9 21.44 0 0 0 88 5.85 352 5.85 3.7
2 SMéxL/ 4 0.00 0 30 30 1.8 1.01 7.74 0 |20.9| 224|113 0 162.14 13.570 198.55 572 15.1 74.65 0 0 74.65 2732 12.17 109.28 33.07 7.7
3 Cl 2 0.00 14 0 0 1.83 1.05 9.84 9 0 0 113 ] 126 0 0.000 142.38 8.79 7.53 0 0.3 31.62 | 106.3 248.65 15.33 99.46 45.08 9.7
4 SMéxL/ 3 0.00 0 30 30 1.9 1.00 12.84 0 |20.9| 224|113 0 268.98 13.440 319.13 11.34 1.3 110.97 0 0 217.2 536.37 20.07 214.54 80.89 12.7
5 SMéxL/ 2 0.00 0 30 30 1.9 1.00 14.84 0 |20.9| 224|113 0 310.88 13.440 366.48 13.84 7.53 90.25 0 0 307.5 673.97 23.23 269.58 109.32 14.7
6 SMéxL/ 2 0.00 0 30 30 1.9 1.00 16.84 0 |20.9| 224|113 0 352.77 13.440 413.81 15.84 7.53 103.29 0 0 4108 824.59 26.39 329.83 141.4 16.7
7 SMémL/ 13 0.00 0 30 30 1.9 1.00 18.14 0 |20.9| 224|113 0 |[380.01 13.440 444.59 17.49 4.89 74.06 0 0 484.8 929.43 28.44 371.77 164.19 18
8 SMémL/ 2 0.00 0 30 30 1.9 1.00 20.14 0 |20.9| 224|113 0 421.91 13.440 491.94 19.14 7.53 124.81 0 0 609.7 1101.59 31.6 440.63 202.3 20
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 20.0
d) Vertical Pile Capacity (tonnes) 400.0
e) Uplift pile capacity (Tonnes) 180.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for Flyover @ 8+020 BH 5 Dia 1.20 m xIs
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Annexure-|
Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Lateral Load Capacity of pile

Project no : 2152

[As per IS 2911-2010 Part 1Section-2] Annex-C

Project : Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.
Structure @ Chainage : Flyover @ 8+020
Borehole no : BH S
Type of pile : Bored cast in situ | Bored cast in situ
Diameter of the pile in "mm" : 1000 1200
Cut off Level of the Pile in"m": 2.000 2.300
Length of the Pile below the cut off level in "m" : 20.0 20.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0
Type of Sail : Granular Granular
<§—»

Condition of Soil with w.r.t Ground water : Submerged Submerged @ Cut of level
No. of Blow (N) 12.00 12.00 : ];of dia
Moment of Inertia , 1in "cm*": 4.909E+06 1.018E+07 Scourlevel
Modulus of elasticity of the Pile , E (Kg/cm?) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 1.68E+03 1.68E+03 Fidty Line
Stiffness factor for Cohesionless soil (T)inm : 3.85 4.45
Free standing Igngth of pile or.length of the pile belgw cut fo 0.000 0.000
level not contributing substantially to lateral capacities (L) in "m" :
therefore L,/T orL,/R: 0.00 0.00
Embedded Length of the Pile (L) in"m" : 20.00 20.00
Reading from the graph Ly/T or L¢/R 219 219

(As per Appendix C,Clause 5.5.2 Fig 2):
Depth of Fixidity Lgin"m" 8.43 9.75
Depth of Fixity + free standing length (L=Li#L) in "m" 8.43 9.75
Type of Pile Behavviour : Long Flexible Pile | Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :

Permissible Horizontal Deflection pile (Y)"in mm": 10.00 12.00

Horizontal Deflection on the top of the pile (x) "in mm": 10.0 12.0
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 29.06 46.84
Recommended Lateral Capacity of Pile (T) for 1% dia deflection : 25.00 40.00

Equations :
T =(El/ny) "% ; R=(EI/K,)

For Free Head (Y) =[QLxx"]/3El ; For Fixed head (Y)=[QLxx%]/12EI
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014 A
MM CoR
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 16+690 Location VUP Based on Bore Hole No BH 6 Pile Cut -off level (m) 2.0
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 1380 water Level considered (m) 0.00 ScourLevel @ RL(m)
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 - 25 Scour Level below the cut off level (m) 0.00 igefaction depth below Ground level (m| 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. scour level below cut-off level(m) :
Assuming the strata @ 20 m and below to be same. ' 0.000
Searng Ultimate Base Resistance Ultimate Shaft Friction
F‘;‘;‘;’;‘;‘/ P pU = Ap* [CN+P3Ng+0.5.,.D.N,) P s =(3(K; Pytans).Ag+a.c.A)
Angle of Angle of r Total/ Effecti ~ Total Ultimate ’ Total Safe | Total safe :
Layer ;zgesgr‘ Thickness of \féaeer Cohesion| Shearing Wall (density | Submerged burdzcn |;/rees<zz/”e(; at Effecti Capacity, WﬁthVOf Capacity, Py uplift L:’:Iem
No. Layer Layer (m) (W.T)m | C (t/m?)| Resistance, Friction of soil) | Unit weight of pile fip "q 4" (1/mM?) A, P, burz((;r‘\llf’?ecs):uer; A (K. Adhesion Pu=Pout Py, (?onlnespj (Tonnes) capactiy [mef%rs)
’ de: §(de: 3 i 3 fip ° .5.,.D. Py o ° C.AG Tonnes
¢ (deg) (deg) t/m Soil (t/m°) Ne | Ng | Ny ) c.Nc | PdNg | 0.5.,.D.N, formes)| atcgofine | (m? | PuTons)As Foztor, a.cAy| Py (tonnes) _ s ( )
layer Py (t/m?) s 25
1 Cl 2 0.00 6 0 0 1.84 1.03 2.06 91 0| 0 |079] 54 0 0.000 42.39 1.03 6.28 0 0.3 1.3 0 42.39 2.19 16.95 2.19 2
2 SM-ML 2 0.00 0 30 30 1.86 0.99 4.04 0 [20.9] 22.4| 0.79 0 84.63 11.080 75.13 3.05 6.28 16.58 0 0 16.58 21.71 4.38 36.68 9.02 4
3 SM 4 0.00 0 30 30 1.8 0.99 8 0 |209]224[079| 0 |167.59| 11.080 140.25 6.02 12.6 65.48 0 0 |8206 222.31 8.77 88.92 31.74 8
4 Cl 2 0.00 13 0 0 1.87 0.99 9.98 9 0 0 079 | 117 0 0.000 91.84 8.99 6.28 0 0.3 24.49 | 106.6 198.39 10.96 79.35 40.79 10
5 Cl 2 0.00 13 0 0 1.87 0.99 11.96 91 0| 0 [079] 117 0 0.000 91.84 10.97 6.28 0 0.3 24.49 | 131 222.88 13.15 89.15 49.84 12
6 SM 2 0.00 0 30 30 1.87 0.99 13.94 0 [20.9] 22.4| 0.79 0 |292.02 11.080 237.93 12.95 6.28 70.43 0 0 201.5 439.4 15.34 175.76 71.75 14
7 SM 2 0.00 0 30 30 1.87 0.99 15.92 0 |209[224[079| 0 | 3335| 11.080 | 270.49 14.93 6.28 81.19 0 0 |2827 553.15 17.53 221.26 96.67 16
8 SM 2 0.00 0 30 30 1.87 0.99 17.9 0 |209(224(079| 0 |37498| 11.080 | 303.05 16.91 6.28 91.96 0 0 |3746 677.67 19.72 271.06 124.61 18
9 SM 2 0.00 0 30 30 1.87 0.99 19.88 0 [20.9]| 22.4| 0.79 0 |416.46 11.080 335.61 18.89 6.28 102.73 0 0 477.4 812.96 2191 325.18 155.56 20
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 18.0 20.0
d) Vertical Pile Capacity (tonnes) 250.0 300.0
e) Uplift pile capacity (Tonnes) 110.0 140.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for VUP @ 16+690 BH 6 Dia 1.0 m xIs
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014 A
MM CoR
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 16+690 Location VUP Based on Bore Hole No BH 6 Pile Cut -off level (m) 2.3
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 1380 water Level considered (m) 0.00 ScourLevel @ RL(m)
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 - 25 Scour Level below the cut off level (m) 0.00 igefaction depth below Ground level (m| 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. scour level below cut-off level(m) :
Assuming the strata @ 20 m and below to be same. ' 0.000
Searng Ultimate Base Resistance Ultimate Shaft Friction
F‘;‘;‘;’;‘;‘/ P pU = Ap* [CN+P3Ng+0.5.,.D.N,) P s =(3(K; Pytans).Ag+a.c.A)
Angle of Angle of r Total/ Effecti ~ Total Ultimate ’ Total Safe | Total safe :
Layer ;zgesgr‘ Thickness of \féaeer Cohesion| Shearing Wall (density | Submerged burdzcn |;/rees<zz/”e(; at Effecti Capacity, WﬁthVOf Capacity, Py uplift L:’:Iem
No. Layer Layer (m) (W.T)m | C (t/m?)| Resistance, Friction of soil) | Unit weight of pile fip "q 4" (1/mM?) A, P, burz((;r‘\llf’?ecs):uer; A (K. Adhesion Pu=Pout Py, (?onlnespj (Tonnes) capactiy [mef%rs)
’ de: §(de: 3 i 3 fip ° .5.,.D. Py o ° C.AG Tonnes
¢ (deg) (deg) t/m Soil (t/m°) Ne | Ng | Ny ) c.Nc | PdNg | 0.5.,.D.N, formes)| atcgofine | (m? | PuTons)As Foztor, a.cAy| Py (tonnes) _ s ( )
layer Py’ (t/m?) S 25
1 Cl 1.7 0.00 6 0 0 1.84 1.03 1.75 91 0| 0 |1.13] 54 0 0.000 61.02 0.87 6.4 0 0.3 11.52] 0 61.02 2.68 24.4 2.68 1.7
2 SM-ML 2 0.00 0 30 30 1.86 0.99 3.73 0 209|224 1.13 0 78.13 13.300 103.31 274 7.53 17.86 0 0 17.86 121.17 5.84 48.46 10.84 3.7
3 SM 4 0.00 0 30 30 1.8 0.99 7.69 0 |209]224(1.13| 0 |161.09| 13300 197.06 5.71 15.1 74.52 0 0 |9238 289.44 12.16 11577 38.02 77
4 Cl 2 0.00 13 0 0 1.87 0.99 9.67 9 0 0 113 117 0 0.000 132.21 8.68 7.53 0 0.3 29.36| 121.7 253.95 15.32 101.58 49.4 9.7
5 Cl 2 0.00 13 0 0 1.87 0.99 11.65 91 0| 0 [1a3] 117 0 0.000 132.21 10.66 7.53 0 0.3 29.36 | 151.1 283.31 18.48 113.32 60.78 1.7
6 SM 23 0.00 0 30 30 1.87 0.99 13.92 0 209|224 1.13 0 291.6 13.300 344.53 12.78 8.66 95.84 0 0 246.9 591.47 22.11 236.58 91.25 14
7 SM 2 0.00 0 30 30 1.87 0.99 15.9 0 |209]224(1.13| 0 |333.08| 13300 391.4 14.91 7.53 97.23 0 0 |3442 735.57 25.27 29422 121.63 16
8 SM 2 0.00 0 30 30 1.87 0.99 17.88 0 |209]224(1.13| 0 |37456| 13300 | 43828 16.89 7.53 110.14 0 0 | 4543 892.59 28.43 357.03 155.63 18
9 SM 2 0.00 0 30 30 1.87 0.99 19.86 0 [20.9] 22.4| 113 0 |416.04 13.300 485.15 18.87 7.53 123.05 0 0 577.4 1062.51 31.59 425 193.25 20
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 18.0 20.0
d) Vertical Pile Capacity (tonnes) 340.0 400.0
e) Uplift pile capacity (Tonnes) 140.0 180.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for VUP @ 16+690 BH 6 Dia 1.20 m xls
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Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Project no : 2152

Lateral Load Capacity of pile

Qs

| 4
b ~ 4

[As per IS 2911-2010 Part 1Section-2] Annex-C

gy i
L EnGinEEang cons

Project :

Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.

Structure @ Chainage :

VUP @ 16+690

Borehole no :

BH 6

@ Scour level / cut of level

y= 1% oFdia

Type of pile : Bored castin situ | Bored cast in situ
Diameter of the pile in "mm": 1000 1200
Cut off Level of the Pile in "m": 2.000 2.300
Length of the Pile below the cut off level in "m" : 18.0 18.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0
Type of Soil : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged
No. of Blow (N) 15.00 15.00
Moment of Inertia , 1in "cm*": 4.909E+06 1.018E+07
Modulus of elasficity of the Pile , E (Kg/ch) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 2.12E+03 2.12E+03
Stiffness factor for Cohesionless soil (T) inm : 3.67 4.25
Free standing Igngfh of pile or'Ieng’rh of the pile bel_gw cut gff 0.000 0.000
level not confributing substantially to lateral capacities (L) in"m": ’
therefore L,/T or L,/R: 0.00 0.00
Embedded Length of the Pile (L) in"m" : 18.00 18.00
Reading from the graph Ly/T or Ly/R 219 219
(As per Appendix C,Clause 5.5.2 Fig 2):
Depth of Fixidity Lg in "m"™ 8.04 9.31
Depth of Fixity + free standing length (Ly=L+Lg) in "m" 8.04 9.31

Type of Pile Behavviour :

Long Flexible Pile

Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :
Permissible Horizontal Deflection pile (Y) "in mm": 10.00 12.00
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 33.56 53.77
'Recommended Lateral Capacity of Pile (T) for 1% dia deflection 20.00 40.00

Equations :
T =(El/n,)"*; R=(EI/K,)"

For Free Head (Y) =[QLxx*]/3El ; For Fixed head (Y)=[QLxx’]/12El

FXity Line
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Annexure- |

Bearing capacity analysis for shallow Foundation's

BEARING CAPACITY ANALYSIS FOR SHALLOW FOUNDATIONS

Project no: 2152
as per IS: 6403-1981

e T

Structure @ Chainage : MNB @ 21+810 | MNB @ 21+810
Borehole no: BH7 BH7
Type of Foundation : Raft Raft
Depth of Foundation below Bed level (D) : 1.000 1.000
Width of the foundation (B) in"m™ 10.000 12.000
Length of the foundation (L) in"m": 20.000 20.000
Angle of Internal Friction ,® : 29 29
Cohension , C (T/m?) : 0 0
Density of soil (¥) T/m®: 1.87 1.87
Effective unit weight (Y') T/m>: 0.87 0.87
Depth of water table (W.T) m from G.L : 1.3 1.3
Design water table depth (W.T')m: 0 0
Angle of Inclination factor : 0 0
Depth factors (assumed that backilling is not compacted properly 1.00 1.00
Surcharge at sub-base foundation level g= Y*Dy 0.3 0.3
Sc 1.1 1.12
Shape factors : Sq 1.1 1.12
Sy 0.8 0.76
ic 1.00 1.00
Inclination factors : iq 1.00 1.00
iy 1.00 1.00
dc =1+0.2(Df/B)V(ND) 1.00 1.00
Depth factors : dg= 1+0.1*(Df/B)V(N®) for >10° 1.00 1.00
dy = 1+0.1%(Df/B)V(N®) for >10° 1.00 1.00
Shear failure criteria
o] 29 29
Bearing capacity Ne = (Ng-1)/tang 27.83 27.83
factor's for
General Shear : Ng = Ny/(2+tang)-1 16.43 16.43
Ny = 2[{(expli{rrtang) ] tan2(45+@/2)+1}tang] 19.33 19.33
' 20 20
Bearing capacity N'c 15.15 15.15
factor's for Local
Shear : N'q 6.63 6.63
N'y 5.67 5.67
Correction factor for W.T (W') 0.50 0.50
Factor of safety 2.50 2.50
General shecr Net safe beor_ing pressure (T/m2) : ] 26.78 3028
C*NC*Sc*ic*dc+q(Ng-1)*sg*ig*dg+0.50*B*Y*NY*sy*iy*dy*W'
Local shegr safe bearing prgssure (T/m2) : ] 8.00 9.03
C*NC*Sc*ic*dc+q(Ng-1)*sg*ig*dg+0.50*B*Y*NY*sy*iy* dy*W'
On interpolation Safe Bearing pressure (T/m2) 10.35 11.69

* Considering bed protection work

As per 1S:6403



Appendix-4.3
Annexure- |
Bearing capacity analysis for shallow Foundation's

As per 1S:6403

Settlement criteria as per IS 8009(Part 1).fig 12 :

=
"M e cons

Structure @ Chainage : MNB @21+810 | MNB @ 21+810
Borehole no: BH7 BH7
Depth of Foundation below Bed level (DF) : 1.00 1.00
Width of the foundation (B) in"m": 10.00 12.00
Corrected SPT (N) value = 16 16
settlement under footing with a load of 10 T/m2 in dry cohensioness soil : 21 21
Settlement under footing with a load intensity of 10 T/m2 after water table correction : 42 42
Seﬁlemgnt under footing with load intensity of 10 T/m2 after Depth correction and rigidity 34 34
correction

Net safe bearing pressure for 75 mm of settlements : 22 22
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014 A
MM CoR
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 22+980 Location VUP Based on Bore Hole No BH 8 Pile Cut -off level (m) 2.0
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 1420 water Level considered (m) 0.00 ScourLevel @ RL(m)
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 - .5 Scour Level below the cut off level (m) 0.00 igefaction depth below Ground level (m)| 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. scour level below cut-off level(m) :
Assuming the strata @ 20 m and below to be same. ' 0.000
Searng Ultimate Base Resistance Ultimate Shaft Friction
F‘;‘é‘;’;‘;‘/ P pU = Ap* [CN+P3Ng+0.5.,.D.N,) P s =(3(K; Pytans).Ag+a.c.A)
Angle of Angle of r Total/ Effecti ~ Total Ultimate ’ Total Safe | Total safe :
Layer ;ﬁ@essﬁ Thickness of \féaeer Cohesion| Shearing Wall (density | Submerged burdzcn |;/rees<zz/”e(; at Effecti Capacity, WﬁthVOf Capacity, Py uplift L:’:Iem
No. Layer Layer (m) (W.T)m | C (t/m?)| Resistance, Friction of soil) | Unit weight of pile fip "q 4" (1/mM?) A, P, burz((;r‘\llf’?ecs):uer; A (K. Adhesion Pu=Pout Py, (?onlnesp) (Tonnes) capactiy [mef%rs]
. 3 " 3, tip S ou si s X
¢ (deg) 5(deg) t/m Soll (t/m°) Ne | Na | Ny |8 [ eNe| PANG | 05Dy | | =t Caofthe | me) | PuTan)As Fozfor, acAg Py (fonnes) _ps (Tonnes)
layer Py (t/m?) s 25
1 Cl 3 0.00 10 0 0 1.9 1.07 3.21 9 0 0 [079] %0 0 0.000 70.65 1.6 9.42 0 0.3 28.26 0 70.65 3.29 28.26 3.29 3
2 SM 2 0.00 0 31 31 1.9 1.05 531 0 |23.9( 26 | 0.79 0 127.04 13.640 110.43 4.26 6.28 24.11 0 0 2411 134.54 5.48 53.81 12.23 5
3 SM 4 0.00 0 31 31 18 1.04 9.47 0 [23.9] 26 [ 079 | O [226.57| 13.510 188.46 7.39 12.6 83.65 0 0 107.8 296.22 9.87 118.48 40.04 9
4 SM 2 0.00 0 31 31 1.87 1.04 11.55 0 |23.9( 26 | 0.79 0 | 27633 13.510 227.52 10.51 6.28 59.48 0 0 167.2 394.76 12.06 157.9 58.88 1
5 SM 2 0.00 0 31 31 1.87 1.04 13.63 0 [239] 26 [079| O 326.1 13.510 266.59 12.59 6.28 71.26 0 0 238.5 505.09 14.25 202.03 81.03 13
6 SM 2 0.00 0 31 31 1.87 1.04 15.71 0 |23.9( 26 | 0.79 0 | 37586 13.510 305.65 14.67 6.28 83.03 0 0 321.5 627.18 16.44 250.87 106.46 15
7 SM 1 0.00 0 31 31 1.87 1.04 16.75 0 [239| 26 [0.79| O |[400.75| 13.510 325.19 16.23 3.14 45.93 0 0 367.5 692.65 17.53 277.06 120.41 16
8 SM 2 0.00 0 31 31 1.87 1.04 18.83 0 [23.9] 26 [ 079 | O |[450.51 13.510 364.25 17.79 6.28 100.69 0 0 468.2 832.4 19.72 332.96 150.8 18
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 18.0
d) Vertical Pile Capacity ( tonnes) 300.0
e) Uplift pile capacity (Tonnes) 140.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for VUP @ 22+980 BH 8 Dia 1.0 m xIs
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014 A
MM CoR
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 22+980 Location VUP Based on Bore Hole No BH 8 Pile Cut -off level (m) 2.3
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 1420 water Level considered (m) 0.00 ScourLevel @ RL(m)
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 - .5 Scour Level below the cut off level (m) 0.00 igefaction depth below Ground level (m)| 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. scour level below cut-off level(m) :
Assuming the strata @ 20 m and below to be same. ' 0.000
Searng Ultimate Base Resistance Ultimate Shaft Friction
F‘;‘é‘;’;‘;‘/ P pU = Ap* [CN+P3Ng+0.5.,.D.N,) P s =(3(K; Pytans).Ag+a.c.A)
Angle of Angle of r Total/ Effecti ~ Total Ultimate ’ Total Safe | Total safe :
Layer ;ﬁ@essﬁ Thickness of \féaeer Cohesion| Shearing Wall (density | Submerged burdzcn |;/rees<zz/”e(; at Effecti Capacity, WﬁthVOf Capacity, Py uplift L:’:Iem
No. Layer Layer (m) (W.T)m | C (t/m?)| Resistance, Friction of soil) | Unit weight of pile fip "q 4" (1/mM?) A, P, burz((;r‘\llf’?ecs):uer; A (K. Adhesion Pu=Pout Py, (?onlnesp) (Tonnes) capactiy [mef%rs]
. 3 " 3, tip S ou si s X
¢ (deg) 5(deg) t/m Soll (t/m°) Ne | Na | Ny |8 [ eNe| PANG | 05Dy | | =t Caofthe | me) | PuTan)As Fozfor, acAg Py (fonnes) _ps (Tonnes)
layer Py (t/m?) s 25
1 Cl 2.7 0.00 10 0 0 1.9 1.07 2.88 9 0 0 113 90 0 0.000 101.7 1.44 10.2 0 0.3 30.51 0 101.7 427 40.68 427 2.7
2 SM 2 0.00 0 31 31 1.9 1.05 498 0 [23.9| 26 | 1.13 0 119.14 16.370 153.12 3.93 7.53 26.67 0 0 26.67 179.79 7.43 7191 14.89 47
3 SM 4 0.00 0 31 31 18 1.04 9.14 0 [23.9] 26 [ 113 | 0 |[21867| 16.220 265.42 7.06 15.1 95.89 0 0 122.6 387.98 13.75 155.19 48.06 8.7
4 SM 2 0.00 0 31 31 1.87 1.04 11.22 0 [239| 26 | 1.13 0 | 268.44 16.220 321.66 10.18 7.53 69.08 0 0 191.6 513.3 16.91 205.32 70.56 10.7
5 SM 23 0.00 0 31 31 1.87 1.04 13.61 0 [23.9] 26 [ 113 | 0 |[32562| 16220 386.27 12.41 8.66 96.86 0 0 288.5 674.77 20.54 269.9 101.32 13
6 SM 2 0.00 0 31 31 1.87 1.04 15.69 0 [23.9| 26 | 1.13 0 | 37538 16.220 442.5 14.65 7.53 99.42 0 0 387.9 830.42 237 332.16 132.31 15
7 SM 1 0.00 0 31 31 1.87 1.04 16.73 0 [23.9] 26 [ 1.13| 0O |[400.27| 16.220 470.63 16.21 3.76 54.93 0 0 442.9 913.48 25.28 365.39 149.27 16
8 SM 2 0.00 0 31 31 1.87 1.04 18.81 0 [23.9] 26 [ 1.13| O |[450.03| 16.220 526.86 17.77 7.53 120.6 0 0 563.5 1090.31 28.44 436.12 186.2 18
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 18.0
d) Vertical Pile Capacity ( tonnes) 400.0
e) Uplift pile capacity (Tonnes) 170.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for VUP @ 22+980 BH 8 Dia 1.20 m xls
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Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Project no : 2152

Lateral Load Capacity of pile

Qs

| 4
b ~ 4

[As per IS 2911-2010 Part 1Section-2] Annex-C

gy i
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Project :

Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.

Structure @ Chainage :

VUP @ 22+980

Borehole no :

BH 8

@ Scour level / cut of level

y= 1% oFdia

Type of pile : Bored castin situ | Bored cast in situ
Diameter of the pile in "mm": 1000 1200
Cut off Level of the Pile in "m": 2.000 2.300
Length of the Pile below the cut off level in "m" : 18.0 18.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0
Type of Soil : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged
No. of Blow (N) 20.00 20.00
Moment of Inertia , 1in "cm*": 4.909E+06 1.018E+07
Modulus of elasficity of the Pile , E (Kg/ch) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 2.84E+03 2.84E+03
Stiffness factor for Cohesionless soil (T) inm : 3.46 4,01
Free standing Igngfh of pile or'Ieng’rh of the pile bel_gw cut gff 0.000 0.000
level not confributing substantially to lateral capacities (L;) in "m"™ ’
therefore L,/T or L,/R: 0.00 0.00
Embedded Length of the Pile (L) in"m" : 18.00 18.00
Reading from the graph Ly/T or Ly/R 219 219
(As per Appendix C,Clause 5.5.2 Fig 2):
Depth of Fixidity Lg in "m"™ 7.58 8.78
Depth of Fixity + free standing length (Ly=L+Lg) in "m" 7.58 8.78

Type of Pile Behavviour :

Long Flexible Pile

Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :
Permissible Horizontal Deflection pile (Y) "in mm": 10.00 12.00
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 40.04 64.01
'Recommended Lateral Capacity of Pile (T) for 1% dia deflection 35.00 50.00

Equations :
T =(El/n,)"*; R=(EI/K,)"

For Free Head (Y) =[QLxx*]/3El ; For Fixed head (Y)=[QLxx’]/12El

FXity Line
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014 A
MM CoR
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 25+430 Location VUP Based on Bore Hole No BH ¢ Pile Cut -off level (m) 2.0
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 1225 water Level considered (m) 0.00 ScourLevel @ RL(m)
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 - .5 Scour Level below the cut off level (m) 0.00 igefaction depth below Ground level (m)| 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. scour level below cut-off level(m) :
Assuming the strata @ 20 m and below to be same. ' 0.000
Searng Ultimate Base Resistance Ultimate Shaft Friction
F‘;‘é‘;’;‘;‘/ P pU = Ap* [CN+P3Ng+0.5.,.D.N,) P s =(3(K; Pytans).Ag+a.c.A)
Angle of Angle of r Total/ Effecti ~ Total Ultimate ’ Total Safe | Total safe :
Layer ;ﬁ@essﬁ Thickness of \féaeer Cohesion| Shearing Wall (density | Submerged burdzcn |;/rees<zz/”e(; at Effecti Capacity, WﬁthVOf Capacity, Py uplift L:’:Iem
No. Layer Layer (m) (W.T)m | C (t/m?)| Resistance, Friction of soil) | Unit weight of pile fip "q 4" (1/mM?) A, P, burz((;r‘\llf’?ecs):uer; A (K. Adhesion Pu=Pout Py, (?onlnesp) (Tonnes) capactiy [mef%rs]
. 3 " 3, tip S ou si s X
¢ (deg) 5(deg) t/m Soll (t/m°) Ne | Na | Ny |8 [ eNe| PANG | 05Dy | | =t Caofthe | me) | PuTan)As Fozfor, acAg Py (fonnes) _ps (Tonnes)
layer 'Py (t/m?) s 25
1 Cl 3 0.00 5 0 0 1.82 1.01 3.03 9 0 0 [079]| 45 0 0.000 35.32 1.51 9.42 0 0.3 14.13 0 35.32 3.29 14.12 3.29 3
2 SM-ML 2 0.00 0 30 30 1.84 0.99 5.01 0 209|224 0.79 0 104.95 11.080 73.8 4.02 6.28 21.86 0 0 21.86 95.66 5.48 38.26 11.6 5
3 SM-ML 3 0.00 0 30 30 1.84 0.99 7.98 0 [20.9| 224|079 O |[167.17| 11.080 73.58 6.49 9.42 52.94 0 0 748 148.38 8.77 59.35 29.71 8
4 SM-ML 2 0.00 0 30 30 1.82 0.95 9.88 0 [20.9| 224 0.79 0 | 206.97 10.640 57 8.93 6.28 48.56 0 0 123.4 180.36 10.96 72.14 45.5 10
5 CL 2.5 0.00 8 0 0 1.82 0.97 12.3 9 0 0 [079] 72 0 0.000 56.52 11.09 7.85 0 0.3 18.84 | 142.2 198.72 13.7 79.48 53.51 12.5
6 SM 25 0.00 0 30 30 1.82 0.95 14.67 0 209|224 0.79 0 |307.32 10.640 249.59 13.48 7.85 91.64 0 0 233.8 483.43 16.44 193.37 81.91 15
7 SM 3 0.00 0 30 30 1.82 0.95 17.52 0 (209|224 079 | 0O |[367.02| 10.640 296.46 16.09 9.42 131.26 0 0 365.1 661.56 19.73 264.62 121.95 18
8 SM 1 0.00 0 30 30 1.82 0.95 18.47 0 209|224 079 | O |[386.92| 10.640 312.08 17.99 3.14 48.92 0 0 414 726.1 20.82 290.44 136.74 19
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 18.0 19.0
d) Vertical Pile Capacity ( tonnes) 250.0 270.0
e) Uplift pile capacity (Tonnes) 110.0 120.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for VUP @ 25+430 BH 9 Dia 1.0 m xIs
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014 A
MM CoR
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 25+430 Location VUP Based on Bore Hole No BH ¢ Pile Cut -off level (m) 2.3
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 1225 water Level considered (m) 0.00 ScourLevel @ RL(m)
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 - .5 Scour Level below the cut off level (m) 0.00 igefaction depth below Ground level (m)| 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. scour level below cut-off level(m) :
Assuming the strata @ 20 m and below to be same. ' 0.000
Searng Ultimate Base Resistance Ultimate Shaft Friction
F‘;‘é‘;’;‘;‘/ P pU = Ap* [CN+P3Ng+0.5.,.D.N,) P s =(3(K; Pytans).Ag+a.c.A)
Angle of Angle of r Total/ Effecti ~ Total Ultimate ’ Total Safe | Total safe :
Layer ;ﬁ@essﬁ Thickness of \féaeer Cohesion| Shearing Wall (density | Submerged burdzcn |;/rees<zz/”e(; at Effecti Capacity, WﬁthVOf Capacity, Py uplift L:’:Iem
No. Layer Layer (m) (W.T)m | C (t/m?)| Resistance, Friction of soil) | Unit weight of pile fip "q 4" (1/mM?) A, P, burz((;r‘\llf’?ecs):uer; A (K. Adhesion Pu=Pout Py, (?onlnesp) (Tonnes) capactiy [mef%rs]
. 3 " 3, tip S ou si s X
¢ (deg) 5(deg) t/m Soll (t/m°) Ne | Na | Ny |8 [ eNe| PANG | 05Dy | | =t Caofthe | me) | PuTan)As Fozfor, acAg Py (fonnes) _ps (Tonnes)
layer 'Py (t/m?) s 25
1 Cl 2.7 0.00 5 0 0 1.82 1.01 272 9 0 0 113 | 45 0 0.000 50.85 1.36 10.2 0 0.3 15.25 0 50.85 427 20.34 427 2.7
2 SM-ML 2 0.00 0 30 30 1.84 0.99 4.7 0 [20.9| 224 1.13 0 98.45 13.300 100.07 3.71 7.53 24.19 0 0 24.19 124.26 7.43 49.7 14.2 47
3 SM-ML 3 0.00 0 30 30 1.84 0.99 7.67 0 (209|224 (113 | 0 |[160.67| 13.300 100.56 6.18 1.3 60.47 0 0 84.66 185.22 12.17 74.08 35.87 7.7
4 SM-ML 2 0.00 0 30 30 1.82 0.95 9.57 0 [20.9| 224 1.13 0 | 200.48 12.760 81.36 8.62 7.53 56.21 0 0 140.9 222.23 15.33 88.89 5477 9.7
5 CL 2.5 0.00 8 0 0 1.82 0.97 11.99 9 0 0 113 72 0 0.000 81.36 10.78 9.42 0 0.3 22.6 | 163.5 244.83 19.28 97.93 65.05 12.2
6 SM 28 0.00 0 30 30 1.82 0.95 14.65 0 [20.9| 224 1.13 0 306.9 12.760 361.21 13.32 10.6 121.69 0 0 285.2 646.37 237 258.54 103.54 15
7 SM 3 0.00 0 30 30 1.82 0.95 17.5 0 (209|224 (113 | O 366.6 12.760 428.67 16.07 1.3 157.26 0 0 442.4 871.09 28.44 348.43 152.31 18
8 SM 1 0.00 0 30 30 1.82 0.95 18.45 0 (209|224 (113 | 0O 386.5 12.760 451.16 17.97 3.76 58.51 0 0 500.9 952.09 30.02 380.83 170.28 19
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 18.0 19.0
d) Vertical Pile Capacity ( tonnes) 330.0 360.0
e) Uplift pile capacity (Tonnes) 140.0 160.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for VUP @ 25+430 BH 9 Dia 1.20 m xls
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Annexure-|

Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Project no : 2152

Lateral Load Capacity of pile

Qs

| 4
b ~ 4

[As per IS 2911-2010 Part 1Section-2] Annex-C

gy i
L EnGinEEang cons

Project :

Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.

Structure @ Chainage :

VUP @ 25+430

Borehole no :

BH 9

@ Scour level / cut of level

y= 1% oFdia

Type of pile : Bored castin situ | Bored cast in situ
Diameter of the pile in "mm": 1000 1200
Cut off Level of the Pile in "m": 2.000 2.300
Length of the Pile below the cut off level in "m" : 18.0 18.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0
Type of Soil : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged
No. of Blow (N) 14.00 14.00
Moment of Inertia , 1in "cm*": 4.909E+06 1.018E+07
Modulus of elasficity of the Pile , E (Kg/ch) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 1.97E+03 1.97E+03
Stiffness factor for Cohesionless soil (T) inm : 3.73 431
Free standing Igngfh of pile or'Ieng’rh of the pile bel_gw cut gff 0.000 0.000
level not confributing substantially to lateral capacities (L;) in "m"™ ’
therefore L,/T or L,/R: 0.00 0.00
Embedded Length of the Pile (L) in"m" : 18.00 18.00
Reading from the graph Ly/T or Ly/R 219 219
(As per Appendix C,Clause 5.5.2 Fig 2):
Depth of Fixidity Lg in "m"™ 8.17 9.44
Depth of Fixity + free standing length (Ly=L;*+Lg) in "m" 8.17 9.44

Type of Pile Behavviour :

Long Flexible Pile

Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :
Permissible Horizontal Deflection pile (Y) "in mm": 10.00 12.00
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 31.96 51.55
'Recommended Lateral Capacity of Pile (T) for 1% dia deflection 25.00 40.00

Equations :
T =(El/n,)"*; R=(EI/K,)"

For Free Head (Y) =[QLxx*]/3El ; For Fixed head (Y)=[QLxx’]/12El

FXity Line
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Bearing capacity analysis for shallow Foundation's
As per 15:6403

BEARING CAPACITY ANALYSIS FOR SHALLOW FOUNDATIONS

Project no: 2152 é

as per IS: 6403-1981 B~ el
Structure @ Chainage : MNB @ 29+260 | MNB @ 29+260
Borehole no: BH 11 BH 11
Type of Foundation : Raft Raft
Depth of Foundation below Grond level (Dg) : 1.000 1.000
Width of the foundation (B) in"m™": 10.000 12.000
Length of the foundation (L) in"m": 20.000 20.000
Angle of Internal Friction @ : 28 28
Cohension , C (T/m?) : 0 0
Density of soil (Y) T/m®: 1.8 1.8
Effective unit weight (') T/m?: 0.8 0.8
Depth of water table (W.T) m from G.L: 5.5 5.5
Design water table depth (W.T')m : 0 0
Angle of Inclination factor : 0 0
Depth factors (assumed that backilling is not compacted properly 1.00 1.00
Surcharge at sub-base foundation level g= Y*Dy 1.5 1.5
Sc 1.1 1.12
Shape factors : Sq 1.1 1.12
Sy 0.8 0.76
[ 1.00 1.00
Inclinoﬁo.n factors i 1.00 1.00
iy 1.00 1.00
dc =1+0.2(Df/B)V(N®) 1.00 1.00
Depth factors : dg= 1+0.1*(Df/B)V(N®) for >10° 1.00 1.00
dy = 1+0.1*(Df/B)V(N®) for >10° 1.00 1.00
Shear failure criteria
0] 28 28
Bearing capacity N = (Ng-1)/tang 25.78 25.78
factor's for
General Shear : Ng = Ny/(2xtang)-1 14.71 14.71
Ny = 2[{(expltang)+] tan2(45+@/2)+1}tang] 16.71 16.71
o) 20 20
Bearing capacity N'c 14.42 14.42
factor's for Local
Shear: N'q 6.14 6.14
N'y 5.09 5.09
Correction factor for W.T (W') 0.50 0.50
Factor of safety 2.50 2.50
safe bectr_ing pressure (T/m2) : ) 991 10.88
C*NC*Sc*ic*dc+q(Ng-1)*sg*ig*dg+0.50*B* Y*NY*sy*iv*dy*W'

* Considering Bed protection work
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Bearing capacity analysis for shallow Foundation's
As per 15:6403

Settlement criteria as per IS 8009(Part 1).fig 12 :

som 5
NG can T

Structure @ Chainage : MNB @ 29+260 | MNB @ 29+260
Borehole no: BH 11 BH 11
Depth of Foundation below Grond level (DF) : 1.00 1.00
Width of the foundation (B) in"m": 10.00 12.00
Corrected SPT (N) value = 1 1
settlement under footing with a load of 10 T/m2 in dry cohensioness soil : 33 33
Settlement under footing with a load intensity of 10 T/m2 after water table correction : 66 66
Seﬂlemgn’r under footing with load intensity of 10 T/m2 after Depth correction and rigidity 53 53
correction

Net safe bearing pressure for 75 mm of settlements : 14 14
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 32+170 Location FLYOVER Based on Bore Hole No BH 12 Pile Cut -off level (m) 20
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundafion Concrete Pile (deg) ° Factor of Safety for base Resitance 25 Actual Water table (m) 13.20 water Level considered (m) 0.00 ScourLevel @RL(m)
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 - 2.5 Scour Level below the cut off level (m) 0.00 Ligefaction depth below Ground level (m 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. scour level below cut-off level(m)
Assuming the strata @ 30 m and below to be same. ’ 0.000
cheOgg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorsy P pU = Ap* [CN+PNG+0.5..D.N,) P sy =(3(K, Pgtans).Ai+a.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate . Total Safe | Total safe "
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion|  Shearing Wall (density | Submerged burden ‘I;/ress:re aof Efecti Capacity, ?E} WO Capacity, P, uplift LeF:‘\em
No. Layer Layer (m) wam| C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 oy i s T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Aq| Pu (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
1 SMgkAAL / 1.7 0.00 0 29 29 1.82 1.01 1.71 0 |18.1|19.3| 0.79 0 30.91 9.000 31.32 0.85 5.33 3.76 0 0 0 31.32 1.86 12.52 1.86 17
2 Cl 3 0.00 8 0 0 1.85 1.01 474 9 0 0 079 | 72 0 0.000 56.52 3.22 9.42 0 0 0 0 56.52 5.15 22.6 5.15 4.7
3 Cl 2 0.00 14 0 0 1.88 1.02 6.78 9 0 0 0.79 | 126 0 0.000 98.91 576 6.28 0 0.3 26.37 | 26.37 125.28 7.34 50.11 14.72 6.7
4 Cl 2 0.00 14 0 0 1.88 1.02 8.82 9 0 0 0.79 | 126 0 0.000 98.91 7.8 6.28 0 0.3 26.37 | 52.74 151.65 9.53 60.66 24.29 8.7
5 SM&&" / 2 0.00 0 30 30 1.88 0.96 10.74 0 |20.9| 224 0.79 0 224.99 10.750 185.05 9.78 6.28 53.18 0 0 105.9 290.97 11.72 116.38 41.37 10.7
6 SM&&" / 2 0.00 0 30 30 1.88 0.95 12.64 0 |20.9| 224 0.79 0 264.79 10.640 216.21 11.69 6.28 63.57 0 0 169.5 385.7 13.91 154.28 61.36 12.7
7 CH 2 0.00 14 0 0 1.88 0.97 14.58 9 0 0 0.79 | 126 0 0.000 98.91 13.61 6.28 0 0.3 2637 | 195.9 294.77 16.1 117.9 70.94 14.7
8 CH 2 0.00 14 0 0 1.88 0.97 16.52 9 0 0 0.79 | 126 0 0.000 98.91 15.55 6.28 0 0.3 26.37 | 222.2 321.14 18.29 128.45 80.51 16.7
9 CH 2.3 0.00 1 0 0 1.88 0.97 18.75 9 0 0 0.79| 99 0 0.000 77.71 17.63 7.22 0 0.3 23.82 | 246.1 323.76 20.81 129.5 89.7 19
10 CH 1 0.00 1 0 0 1.88 0.97 19.72 9 0 0 0.79| 99 0 0.000 77 19.23 3.14 0 0.3 10.36 | 256.4 333.41 219 133.36 93.69 20
1 CH 2 0.00 1 0 0 1.88 0.97 19.72 9 0 0 0.79| 99 0 0.000 77 19.72 6.28 0 0.3 20.72 | 2771 354.13 24.09 141.65 101.68 22
12 CH 2 0.00 1 0 0 1.88 0.97 19.72 9 0 0 0.79| 99 0 0.000 77 19.72 6.28 0 0.3 20.72 | 297.9 374.85 2628 149.94 109.67 24
13 CH 2 0.00 15 0 0 1.88 0.97 19.72 9 0 0 0.79| 135 0 0.000 105 19.72 6.28 0 0.3 28.26 | 326.1 431.11 28.47 172.44 119.78 26
14 CH 2 0.00 15 0 0 1.88 0.97 19.72 9 0 0 0.79| 135 0 0.000 105 19.72 6.28 0 0.3 28.26 | 354.4 459.37 30.66 183.74 129.88 28
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 24.0 26.0 28.0
d) Vertical Pile Capacity (tonnes) 140.0 160.0 170.0
e) Uplift pile capacity (Tonnes) 100.0 110.0 120.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for Flyover @ 32+170 BH 12 Dia 1.0 m xIs
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 32+170 Location FLYOVER Based on Bore Hole No BH 12 Pile Cut -off level (m) 23
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundafion Concrete Pile (deg) ° Factor of Safety for base Resitance 25 Actual Water table (m) 13.20 water Level considered (m) 0.00 ScourLevel @RL(m)
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 - 2.5 Scour Level below the cut off level (m) 0.00 Ligefaction depth below Ground level (m 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. scour level below cut-off level(m)
Assuming the strata @ 30 m and below to be same. ’ 0.000
cheOgg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorsy P pU = Ap* [CN+PNG+0.5..D.N,) P sy =(3(K, Pgtans).Ai+a.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate . Total Safe | Total safe "
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion|  Shearing Wall (density | Submerged burden ‘I;/ress:re aof Efecti Capacity, ?E} WO Capacity, P, uplift LeF:‘\em
No. Layer Layer (m) wam| C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 oy i s T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Aq| Pu (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
1 SMgkAAL / 1.7 0.00 0 29 29 1.82 1.01 1.71 0 |18.1]193]1.13 0 30.91 11.000 47.35 0.85 6.4 4.52 0 0 0 47.35 2.68 18.94 2.68 17
2 Cl 3 0.00 8 0 0 1.85 1.01 474 9 0 0 113 72 0 0.000 81.36 3.22 1.3 0 0 0 0 81.36 7.42 32.54 7.42 4.7
3 Cl 2 0.00 14 0 0 1.88 1.02 6.78 9 0 0 113 ] 126 0 0.000 142.38 576 7.53 0 0.3 31.62 | 31.62 174 10.58 69.6 19.43 6.7
4 Cl 2 0.00 14 0 0 1.88 1.02 8.82 9 0 0 113 ] 126 0 0.000 142.38 7.8 7.53 0 0.3 31.62 | 63.24 205.62 13.74 82.24 31.44 8.7
5 SM&&" / 2 0.00 0 30 30 1.88 0.96 10.74 0 |20.9| 224|113 0 224.99 12.900 268.81 9.78 7.53 63.77 0 0 127 395.82 16.9 158.32 52.46 10.7
6 SM&&" / 2 0.00 0 30 30 1.88 0.95 12.64 0 1209|224 1.3 0 264.79 12.760 313.63 11.69 7.53 76.23 0 0 203.2 516.87 20.06 206.74 76.96 12.7
7 CH 2 0.00 14 0 0 1.88 0.97 14.58 9 0 0 113 ] 126 0 0.000 142.38 13.61 7.53 0 0.3 31.62 | 234.9 377.24 23.22 150.89 88.98 14.7
8 CH 2 0.00 14 0 0 1.88 0.97 16.52 9 0 0 113 ] 126 0 0.000 142.38 15.55 7.53 0 0.3 31.62 | 266.5 408.86 26.38 163.54 100.99 16.7
9 CH 2.3 0.00 1 0 0 1.88 0.97 18.75 9 0 0 1.13| 99 0 0.000 111.87 17.63 8.66 0 0.3 28.57 | 295.1 406.92 30.01 162.76 112.62 19
10 CH 1 0.00 1 0 0 1.88 0.97 19.72 9 0 0 1.13| 99 0 0.000 1m 19.23 3.76 0 0.3 12.4 | 307.5 418.45 31.59 167.38 117.67 20
1 CH 2 0.00 1 0 0 1.88 0.97 21.66 9 0 0 1.13| 99 0 0.000 1m 20.69 7.53 0 0.3 2484|3323 443.29 34.75 177.31 127.79 22
12 CH 2 0.00 1 0 0 1.88 0.97 23.6 9 0 0 1.13| 99 0 0.000 1m 22.63 7.53 0 0.3 2484 | 357.1 468.13 37.91 187.25 137.9 24
13 CH 2 0.00 15 0 0 1.88 0.97 23.6 9 0 0 1.13| 135 0 0.000 152 23.6 7.53 0 0.3 33.88 | 391 543.01 41.07 217.2 150.55 26
14 CH 2 0.00 15 0 0 1.88 0.97 23.6 9 0 0 1.13| 135 0 0.000 152 23.6 7.53 0 0.3 33.88 | 424.9 576.89 44.23 230.75 163.19 28
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 24.0 26.0 28.0
d) Vertical Pile Capacity (tonnes) 180.0 200.0 220.0
e) Uplift pile capacity (Tonnes) 130.0 140.0 150.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for Flyover @ 32+170 BH 12 Dia 1.20 m xIs
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Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Lateral Load Capacity of pile

Qs

| 4
E ~ 4

Project no : 2152

[As per IS 2911-2010 Part 1Section-2] Annex-C

gy i
L EnGinEEang cons

@ Scourlevel / cut of level

y=1% of dia

FXity Line

Project : Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.

Structure @ Chainage : Flyover @ 32+170

Borehole no : BH 12

Type of pile : Bored castin situ | Bored cast in situ

Diameter of the pile in "mm": 1000 1200

Cut off Level of the Pile in "m": 2.000 2.300

Length of the Pile below the cut off level in "'m" : 24.0 240

Type of Pile Head : fixed fixed

Crossection of the Pile : Circle Circle

Gade of the concrete (M): 35.0 35.0

Type of Soil : Granular Granular

Condition of Soil with w.r.t Ground water : Submerged Submerged

No. of Blow (N) 21.00 21.00

Moment of Inertia , 1in "cm*": 4.909E+06 1.018E+07

Modulus of elasficity of the Pile , E (Kg/cmz) : 2.96E+05 2.96E+05

Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 2.98E+03 2.98E+03

Stiffness factor for Cohesionless soil (T) inm : 3.43 3.97

Free standing Igngfh of pile or'Ieng’rh of the pile bel_gw cut gff 0.000 0.000

level not confributing substantially to lateral capacities (L) in"m": ’

therefore L;/T or L,/R: 0.00 0.00

Embedded Length of the Pile (L) in"m" : 24.00 24.00

Reading from the graph Ly/T or Ly/R 219 219

(As per Appendix C,Clause 5.5.2 Fig 2):

Depth of Fixidity Lg in"m"™ 7.51 8.69

Depth of Fixity + free standing length (Ly=L+Lg) in "m" 7.51 8.69

Type of Pile Behavviour : Long Flexible Pile | Long Flexible Pile
Considering 1% of dia for Horizontal Deflection :

Permissible Horizontal Deflection pile (Y) "in mm": 10.00 12.00

Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 41.10 65.97

'Recommended Lateral Capacity of Pile (T) for 1% dia deflection 3000 50.00

Equations :
T =(El/n,)""%; R=(EI/K,)""*

For Free Head (Y) =[QLxx"]/3El ; For Fixed head (Y)=[QLxx%|/12El




Appendix-4.3

Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 33+420 Location MJB Based on Bore Hole No BH 13 Pile Cut -off level (m) 20
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m) 252798
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 . 25 Scour Level below the cut off level (m) 4.06 ligefaction depth below Ground level (m 15.00 RL of the Borehole (m) 258.852
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. . "
. Liquefaction depth below cut-off level(m) : 13.000
Assuming the strata @ 30 m and below fo be same. -
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorlsy P pU = Ap* (CNo+PgN,+0.5.,.D.N,) P s =(X (K, Pytans). Agta.c.A,)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 bu i s ) T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Aq| Ps (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
SM-ML /
1 M 1 0.00 0 26 26 1.73 0.87 0 0 |11.6| 125 0.79 0 0 5.000 0 0 3.14 0 0 0 0 0 1.09 0 1.09 1
2 CI-CH 5 0.00 1 0 0 174 0.90 0 9 0 0 0.79 9 0 0.000 0 0 15.7 0 0.4 628 | 6.28 0 6.58 0 8.33 6
SM-ML /
3 M 3 0.00 0 26 26 174 0.89 0 0 |11.6| 125 0.79 0 0 5.570 0 0 9.42 0 0 0 0 0 9.87 0 9.87 9
SM-ML /
4 M 4 0.00 0 26 26 174 0.90 0 0 |11.6| 125/ 0.79 0 0 5.640 0 0 12.6 0 0 0 0 0 14.26 0 14.26 13
5 CL-CH 3.5 0.00 18 0 0 174 0.91 3.18 9 0 0 0.79 | 162 0 0.000 12717 1.59 11 0 0.3 59.34 | 59.34 186.51 18.1 74.6 34.71 16.5
6 CL-CH 1.5 0.00 18 0 0 174 0.91 4.54 9 0 0 0.79 | 162 0 0.000 12717 3.86 471 0 0.3 25.43 | 84.77 211.94 19.74 84.77 43.47 18
7 CL-CH 2 0.00 18 0 0 174 0.91 6.36 9 0 0 0.79 | 162 0 0.000 12717 5.45 6.28 0 0.3 3391|1187 245.85 21.93 98.34 55.16 20
8 SM 2 0.00 0 30 30 174 0.90 8.16 0 |20.9| 224 0.79 0 170.94 10.080 1421 7.26 6.28 39.48 0 0 158.2 300.26 2412 120.1 68.4 22
9 SM 2.5 0.00 0 30 30 174 0.90 10.41 0 |20.9| 224 0.79 0 218.07 10.080 179.09 9.28 7.85 63.08 0 0 2212 400.33 26.86 160.13 88.8 245
10 SM 2 0.00 0 30 30 174 0.90 12.21 0 |20.9| 224 0.79 0 255.78 10.080 208 11.31 6.28 61.51 0 0 2828 490.75 29.05 196.3 108.22 26.5
1 SM 2 0.00 0 30 30 1.74 0.90 14.01 0 |20.9| 224 0.79 0 293.49 10.080 238 13.11 6.28 713 0 0 354.1 592.05 31.24 236.82 130.37 28.5
12 SM 2.5 0.00 0 30 30 1.74 0.90 16.26 0 |20.9| 224 0.79 0 |[340.62 10.080 275 15.13 7.85 102.85 0 0 456.9 731.9 33.98 29276 161.91 31
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 31.0
d) Vertical Pile Capacity (tonnes) 280.0
e) Uplift pile capacity (Tonnes) 150.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MJB @ 33+420 BH 13 Dia 1.0 m



Appendix-4.3

Design of Pile Foundation @
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014 i o
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 33+420 Location MJB Based on Bore Hole No BH 13 Pile Cut -off level (m) 2.3
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m) 252798
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 . 25 Scour Level below the cut off level (m) 3.76 ligefaction depth below Ground level (m 15.00 RL of the Borehole (m) 258.852
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. . "
. Liquefaction depth below cut-off level(m) : 12.700
Assuming the strata @ 30 m and below fo be same. .
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Factors P pu = Ap* (CN+PaNg*+0.5..D.Ny) P sy =(X(K; Pgfan6) Asta.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py, (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 bu i s ) T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Aq| Ps (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 25
SM-ML /
1 M 07 0.00 0 26 26 1.73 0.87 0 0 |11.6] 125|113 0 0 6.000 0 0 2.63 0 0 0 0 0 1.1 0 1.1 0.7
2 CI-CH 5 0.00 1 0 0 174 0.90 0 9 0 0 113 9 0 0.000 0 0 18.8 0 0.4 7.53 | 7.53 0 9.01 0 1.n 57
SM-ML /
3 M 3 0.00 0 26 26 174 0.89 0 0 |11.6] 125|113 0 0 6.690 0 0 1.3 0 0 0 0 0 13.75 0 13.75 8.7
SM-ML /
4 M 4 0.00 0 26 26 174 0.90 0 0 |11.6] 125|113 0 0 6.770 0 0 15.1 0 0 0 0 0 20.07 0 20.07 12.7
5 CL-CH 3.5 0.00 18 0 0 174 0.91 3.18 9 0 0 113 ] 162 0 0.000 183.06 1.59 13.2 0 0.3 717|717 254.23 25.6 101.69 45.52 16.2
6 CL-CH 1.5 0.00 18 0 0 174 0.91 4.54 9 0 0 113 ] 162 0 0.000 183.06 3.86 5.65 0 0.3 30.51 | 101.7 284.74 27.97 113.89 56.44 17.7
7 CL-CH 2 0.00 18 0 0 174 0.91 6.36 9 0 0 113 ] 162 0 0.000 183.06 5.45 7.53 0 0.3 40.66 | 142.3 325.4 31.13 130.16 70.98 19.7
8 SM 2 0.00 0 30 30 174 0.90 8.16 0 |20.9| 224|113 0 170.94 12.090 206.82 7.26 7.53 47.34 0 0 189.7 396.5 34.29 158.6 87.4 217
9 SM 2.5 0.00 0 30 30 174 0.90 10.41 0 |20.9| 224|113 0 [218.07 12.090 260.08 9.28 9.42 757 0 0 265.4 525.46 38.24 210.18 112.54 242
10 SM 2 0.00 0 30 30 174 0.90 12.21 0 |20.9| 224|113 0 |[255.78 12.090 302 11.31 7.53 73.75 0 0 339.1 641.13 41.4 256.45 136.35 262
1 SM 2 0.00 0 30 30 174 0.90 14.01 0 |20.9| 224|113 0 |[293.49 12.090 345 13.11 7.53 85.49 0 0 424.6 769.62 44.56 307.84 163.45 282
12 SM 1.8 0.00 0 30 30 1.74 0.90 15.63 0 |20.9| 224|113 0 |[327.43 12.090 383 14.82 6.78 87.01 0 0 511.6 894.63 47 4 357.85 190.65 30
13 SM 1 0.00 0 30 30 1.74 0.90 16.53 0 |20.9| 224|113 0 |[346.28 12.090 404 16.08 3.76 52.36 0 0 564 967.99 48.98 387.19 206.89 31
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 31.0
d) Vertical Pile Capacity (tonnes) 400.0
e) Uplift pile capacity (Tonnes) 200.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MJB @ 33+420 BH 13 Dia 1.20 m



Appendix-4.3

Annexure-|
Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Lateral Load Capacity of pile

Project no : 2152

[As per IS 2911-2010 Part 1Section-2] Annex-C

Project :

Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.

Structure @ Chainage : MJB @ 33+420
Borehole no : BH 13
Type of pile : Bored cast in situ | Bored cast in situ
Diameter of the pile in "mm" : 1000 1200
Cut off Level of the Pile in "m": 2.000 2.300
Length of the Pile below the cut off level in "m" : 31.0 31.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0 X
@ Cut of level
Type of Sail : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged cour level /
Liguefiable strata

No. of Blow (N) 18.00 18.00
Moment of Inertia , 1in "cm?*": 4.909E+06 1.018E+07 Fixify Tine
Modulus of elasticity of the Pile , E (Kg/cm?) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 2.55E+03 2.55E+03
Stiffness factor for Cohesionless soil (T) inm : 3.54 4.09
Free standing length of pile or length of the pile below cut off 13.000 12.700
level not contributing substantially to lateral capacities (L) in "m" ’ :
therefore L;/T or L;/R : 3.67 3.11
Embedded Length of the Pile (L) in"m" : 18.00 18.30
Reading from the graph L/T or L¢/R 186 188

(As per Appendix C,Clause 5.5.2 Fig 2): ’ ’
Depth of Fixidity Lgin"m" 6.60 7.71
Depth of Fixity + free standing length (L=Li+L) in "m" 19.60 20.41
Type of Pile Behavviour : Long Flexible Pile | Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :

Permissible Horizontal Deflection pile (Y)"in mm": 10.00 12.00

Horizontal Deflection on the top of the pile (x) "in mm": 37.9 37.5
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 8.77 15.94
Recommended Lateral Capacity of Pile (T) for 1% dia deflection : 5.00 10.00

Equations :
T =(El/ny)"/% ; R=(EI/K,)

For Free Head (Y) =[QLxx"]/3El ; For Fixed head (Y)=[QLxx%]/12EI




Appendix-4.3

Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 33+490 Location MJB Based on Bore Hole No BH 14 Pile Cut -off level (m) 2.0
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m) 247233
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 . 25 Scour Level below the cut off level (m) 9.51 ligefaction depth below Ground level (m 9.00 RL of the Borehole (m) 258.740
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile.
R.L's and scour level provided by the client.Assuming the strata @ 30 m and below fo be Scour level below cut-off level(m) : 9.510
same.
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorlsy P pU = Ap* (CNo+PgN,+0.5.,.D.N,) P s =(X (K, Pytans). Agta.c.A,)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 bu i s ) T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Aq| Ps (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
SM-ML /
1 M 2 0.00 0 27 27 1.75 0.92 0 0 | 13.5| 145 0.79 0 0 6.000 0 0 6.28 0 0 0 0 0 2.19 0 219 2
2 CH 4 0.00 7 0 0 1.84 0.96 0 9 0 0 079 | 63 0 0.000 0 0 12.6 0 0.4 35.16 | 35.16 0 6.58 0 16.42 6
3 CH 2 0.00 8 0 0 1.86 0.97 0 9 0 0 079 | 72 0 0.000 0 0 6.28 0 0.4 20.09 0 0 8.77 0 8.77 8
4 SM 1.51 0.00 0 29 29 1.86 0.95 0 0 |18.1|19.3| 0.79 0 0 9.180 0 0 4.74 0 0 0 0 0 10.42 0 10.42 9.51
5 SM 3 0.00 0 29 29 1.86 0.95 2.85 0 |18.1|19.3| 0.79 0 51.52 9.180 47.64 1.42 9.42 11.12 0 0 11.12 58.76 13.71 23.5 16.82 12.51
6 SM 3 0.00 0 30 30 1.86 0.95 57 0 |20.9| 224 0.79 0 119.4 10.640 102.08 427 9.42 34.83 0 0 4595 148.03 17 59.21 29.86 15.51
7 Cl 3.49 0.00 14 0 0 1.86 0.97 9.08 9 0 0 0.79 | 126 0 0.000 98.91 7.39 11 0 0.3 45.99 | 91.94 190.85 20.83 76.34 46.57 19
8 Cl 3 0.00 14 30 0 1.86 0.97 11.99 9 120.9| 224 0.79 | 126 | 251.17 10.860 304.6 10.53 9.42 0 0.3 39.56 | 131.5 436.1 2412 174.44 60.94 22
9 SM 2.5 0.00 0 30 30 1.86 0.95 14.36 0 |20.9| 224 0.79 0 |[300.82 10.640 244.49 13.17 7.85 89.53 0 0 221 465.52 26.86 186.2 88.74 245
10 SM 2 0.00 0 30 30 1.86 0.95 16.26 0 |20.9| 224 0.79 0 |[340.62 10.640 275 15.31 6.28 83.26 0 0 304.3 579.29 29.05 231.71 114.25 26.5
1 SM 3.01 0.00 0 30 30 1.86 0.95 19.11 0 |20.9| 224 0.79 0 400.33 10.640 322 17.68 9.45 144.69 0 0 449 770.98 32.35 308.39 158.06 29.51
12 SM 0.49 0.00 0 30 30 1.86 0.95 19.11 0 |20.9| 224 0.79 0 400.33 10.640 322 19.11 1.53 25.32 0 0 4743 796.3 32.88 318.52 165.68 30
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 30.0
d) Vertical Pile Capacity (tonnes) 300.0
e) Uplift pile capacity (Tonnes) 150.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MJB @ 33+490 BH14 Dia 1.0 m



Appendix-4.3

Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 33+490 Location MJB Based on Bore Hole No BH 14 Pile Cut -off level (m) 23
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m) 247233
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 . 25 Scour Level below the cut off level (m) 9.21 ligefaction depth below Ground level (m 9.00 RL of the Borehole (m) 258.740
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile.
R.L's and scour level provided by the client.Assuming the strata @ 30 m and below fo be Scour level below cut-off level(m) : 9.210
same.
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorlsy P pU = Ap* (CNo+PgN,+0.5.,.D.N,) P s =(X (K, Pytans). Agta.c.A,)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 bu i s ) T
¢ (deg) (deg) t/m Sail (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, ffonmes)| atcgofthe | (m? | PuTans).A, Factor, fa.c.Ay Py (tonnes) p s (Tonnes)
B a s
layer Py (t/m?) 2.5
SM-ML /
1 M 1.7 0.00 0 27 27 1.75 0.92 0 0 |135| 145|113 0 0 7.000 0 0 6.4 0 0 0 0 0 2.68 0 2.68 17
2 CH 4 0.00 7 0 0 1.84 0.96 0 9 0 0 1.13] 63 0 0.000 0 0 15.1 0 0.4 42.19 | 4219 0 9 0 20.81 57
3 CH 2 0.00 8 0 0 1.86 0.97 0 9 0 0 113 72 0 0.000 0 0 7.53 0 0.4 24.09 0 0 12.16 0 12.16 77
4 SM 1.51 0.00 0 29 29 1.86 0.95 0 0 |18.1]193]1.13 0 0 11.020 0 0 5.68 0 0 0 0 0 14.54 0 14.54 9.21
5 SM 3 0.00 0 29 29 1.86 0.95 2.85 0 |18.1]193]1.13 0 51.52 11.020 70.67 1.42 1.3 13.34 0 0 13.34 84.01 19.28 33.6 23.01 12.21
6 SM 3 0.00 0 30 30 1.86 0.95 57 0 |20.9| 224|113 0 119.4 12.760 149.34 427 1.3 41.78 0 0 55.12 204.46 24.02 81.78 39.45 15.21
7 Cl 3.49 0.00 14 0 0 1.86 0.97 9.08 9 0 0 113 ] 126 0 0.000 142.38 7.39 13.2 0 0.3 5523 (110.4 252.73 29.54 101.09 60.43 18.7
8 Cl 3 0.00 14 30 0 1.86 0.97 11.99 9 1209|224 | 1.13| 126 | 251.17 13.030 440.92 10.53 1.3 0 0.3 47.46 | 157.8 598.73 34.28 239.49 78.46 217
9 SM 2.5 0.00 0 30 30 1.86 0.95 14.36 0 |20.9| 224|113 0 |[300.82 12.760 354.34 13.17 9.42 107 .44 0 0 2653 619.59 38.23 247.83 112.5 242
10 SM 2 0.00 0 30 30 1.86 0.95 16.26 0 |20.9| 224|113 0 |[340.62 12.760 399 15.31 7.53 99.83 0 0 365.1 764.08 41.39 305.63 143.61 262
1 SM 2 0.00 0 30 30 1.86 0.95 18.16 0 |20.9| 224|113 0 |[380.43 12.760 444 17.21 7.53 112.22 0 0 477.3 921.3 44.55 368.52 178.19 282
12 SM 1.8 0.00 0 30 30 1.86 0.95 19.87 0 |20.9| 224|113 0 416.25 12.760 484 19.01 6.78 111.62 0 0 588.9 1072.92 47.39 429.16 21228 30
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 30.0
d) Vertical Pile Capacity (tonnes) 400.0
e) Uplift pile capacity (Tonnes) 200.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MJB @ 33+490 BH14 Dia 1.20 m
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Annexure-|
Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Lateral Load Capacity of pile

Project no : 2152

[As per IS 2911-2010 Part 1Section-2] Annex-C

Project : Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.
Structure @ Chainage : MJB @ 33+490
Borehole no : BH 14
Type of pile : Bored cast in situ | Bored cast in situ
Diameter of the pile in "mm" : 1000 1200
Cut off Level of the Pile in"m": 2.000 2.300
Length of the Pile below the cut off level in "m" : 30.0 30.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0 X
@ Cut of level
Type of Sail : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged cour level /
Liquefiable strata

No. of Blow (N) 20.00 20.00
Moment of Inertia , 1in "cm?*": 4.909E+06 1.018E+07 — Fry One
Modulus of elasticity of the Pile , E (Kg/cm?) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 2.84E+03 2.84E+03
Stiffness factor for Cohesionless soil (T)inm : 3.46 4.01
Free standing Igngth of pile or.length of the pile belgw cut fo 9510 9210
level not contributing substantially to lateral capacities (L) in "m" :
therefore L,/T orL,/R: 2.75 2.30
Embedded Length of the Pile (L) in"m" : 20.49 20.79
Reading from the graph Ly/T or L¢/R 190 1.92

(As per Appendix C,Clause 5.5.2 Fig 2):
Depth of Fixidity Lgin"m" 6.57 7.69
Depth of Fixity + free standing length (L=Li#L) in "m" 16.08 16.90
Type of Pile Behavviour : Long Flexible Pile | Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :

Permissible Horizontal Deflection pile (Y)"in mm": 10.00 12.00

Horizontal Deflection on the top of the pile (x) "in mm": 27.5 27.7
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 11.51 20.75
Recommended Lateral Capacity of Pile (T) for 1% dia deflection : 10.00 18.00

Equations :
T =(El/ny) "% ; R=(EI/K,)

For Free Head (Y) =[QLxx"]/3El ; For Fixed head (Y)=[QLxx%]/12EI
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 35+860 Location MJB Based on Bore Hole No BH 15 Pile Cut -off level (m) 20
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m) 255860
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 .- .5 Scour Level below the cut off level (m) 2.56 Ligefaction depth below Ground level (m 9.00 RL of the Borehole (m) | 260.414
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile.
R.L's and scour level provided by the client.Assuming the strata @ 30 m and below fo be Liquefaction depth below cut-off level(m) : 7.000
same.
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Foitorlsy Ppu=Ap* (CNc+PNG+0.5..D.Ny) P sy =(X (K Pgtans).Ag+a.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) waym| C (t/m?) | Resistance, | Friction | of soil) |Unit Weight of ole fip " 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 bu i s T
¢ (deg) (deg) t/m Sail (t/m?®) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fformes) | atcgofine | m) | PyTans)A, Factor, |a.cAg| Py (fonnes) p s (Tonnes)
B a s
layer Py (t/m?) 2.5
SM-ML /
1 M 4 0.00 0 29 29 1.83 0.97 0 0 |18.1| 193] 0.79 0 0 9.000 0 0 12.6 0 0 0 0 0 4.39 0 4.39 4
2 SM 1 0.00 0 30 30 1.85 1.14 0 0 |20.9| 224 0.79 0 0 12.760 0 0 3.14 0 0 0 0 0 5.48 0 5.48 5
3 CI-CH 2 0.00 7 0 0 1.86 0.98 0 9 0 0 0.79 | 63 0 0.000 0 0 6.28 0 0.3 13.18 0 0 7.67 0 7.67 7
4 CI-CH 4 0.00 7 0 0 1.86 0.98 3.92 9 0 0 0.79| 63 0 0.000 49.45 1.96 12.6 0 0.3 26.37 | 26.37 75.82 12.06 30.32 19.44 1
5 SiAMI\//\L 2 0.00 0 29 29 1.86 0.96 5.84 0 |18.1|19.3| 0.79 0 105.57 9.280 64 4.88 6.28 25.48 0 0 51.85 115.85 14.25 46.34 28.76 13
6 CL-CI 3 0.00 9 0 0 1.86 0.98 8.78 9 0 0 0.79| 81 0 0.000 63.58 7.31 9.42 0 0.3 25.43|77.28 140.86 17.54 56.34 39.17 16
7 CL-CI 2 0.00 9 0 0 1.86 0.98 10.74 9 0 0 0.79| 81 0 0.000 63.58 9.76 6.28 0 0.3 16.95| 94.23 157.81 19.73 63.12 46.11 18
8 CL-CI 2 0.00 9 0 0 1.86 0.98 12.7 9 0 0 0.79| 81 0 0.000 63.58 11.72 6.28 0 0.3 1695 111.2 17476 21.92 69.9 53.05 20
9 SM 2 0.00 0 29 29 1.86 0.96 14.62 0 |18.1|19.3| 0.79 0 264.29 9.280 21475 13.66 6.28 71.32 0 0 182.5 397.25 24.11 158.9 7521 22
10 SM 2 0.00 0 29 29 1.86 0.96 16.54 0 |18.1|19.3| 0.79 0 299 9.280 241 15.58 6.28 81.35 0 0 263.9 504.85 263 201.94 100.17 24
1 SM 3 0.00 0 30 30 1.86 0.96 19.42 0 |20.9| 224 0.79 0 406.82 10.750 327 17.98 9.42 146.68 0 0 410.5 737.53 29.59 295.01 144.53 27
12 SM 1 0.00 0 30 30 1.86 0.96 19.42 0 |20.9| 224 0.79 0 406.82 10.750 327 19.42 3.14 52.8 0 0 463.3 790.33 30.68 316.13 160.41 28
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 28.0
d) Vertical Pile Capacity (tonnes) 300.0
e) Uplift pile capacity (Tonnes) 150.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MJB @ 35+860 BH15 Dia 1.0 mxls



Appendix-4.3

Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 35+860 Location MJB Based on Bore Hole No BH 15 Pile Cut -off level (m) 2.3
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m) 255860
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 .- .5 Scour Level below the cut off level (m) 226 Ligefaction depth below Ground level (m 9.00 RL of the Borehole (m) | 260.414
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile.
R.L's and scour level provided by the client.Assuming the strata @ 30 m and below fo be Liquefaction depth below cut-off level(m) : 6.700
same.
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Foitorlsy Ppu=Ap* (CNc+PNG+0.5..D.Ny) P sy =(X (K Pgtans).Ag+a.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) waym| C (t/m?) | Resistance, | Friction | of soil) |Unit Weight of ole fip " 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 bu i s T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Aq| Py (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
SM-ML /
1 M 37 0.00 0 29 29 1.83 0.97 0 0 |18.1]193]1.13 0 0 11.000 0 0 13.9 0 0 0 0 0 5.85 0 5.85 3.7
2 SM 1 0.00 0 30 30 1.85 1.14 0 0 |20.9| 224|113 0 0 15.320 0 0 3.76 0 0 0 0 0 7.43 0 7.43 4.7
3 CI-CH 2 0.00 7 0 0 1.86 0.98 0 9 0 0 1.13] 63 0 0.000 0 0 7.53 0 0.3 15.81 0 0 10.59 0 10.59 6.7
4 CI-CH 4 0.00 7 0 0 1.86 0.98 3.92 9 0 0 1.13] 63 0 0.000 71.19 1.96 15.1 0 0.3 31.64 | 31.64 102.83 1691 41.13 25.76 10.7
5 SiAMI\//\L 2 0.00 0 29 29 1.86 0.96 5.84 0 |18.1]193]1.13 0 105.57 11.130 92 4.88 7.53 30.55 0 0 62.19 154.19 20.07 61.67 37.48 12.7
6 CL-CI 3 0.00 9 0 0 1.86 0.98 8.78 9 0 0 113 81 0 0.000 91.53 7.31 1.3 0 0.3 30.51 | 92.7 184.23 24.81 73.69 50.76 15.7
7 CL-CI 2 0.00 9 0 0 1.86 0.98 10.74 9 0 0 113 81 0 0.000 91.53 9.76 7.53 0 0.3 2033 113 204.56 27.97 81.82 59.61 17.7
8 CL-CI 2 0.00 9 0 0 1.86 0.98 12.7 9 0 0 1.13| 81 0 0.000 91.53 11.72 7.53 0 0.3 20.33 | 133.4 224.89 31.13 89.95 68.47 19.7
9 SM 2 0.00 0 29 29 1.86 0.96 14.62 0 |18.1]19.3]1.13 0 264.29 11.130 311.22 13.66 7.53 85.52 0 0 218.9 530.1 34.29 212.04 95.57 217
10 SM 2 0.00 0 29 29 1.86 0.96 16.54 0 |18.1]19.3]1.13 0 299 11.130 350 15.58 7.53 97.54 0 0 316.4 666.42 37.45 266.56 126.04 237
1 SM 2 0.00 0 30 30 1.86 0.96 18.46 0 |20.9| 224|113 0 |[386.71 12.900 451 17.5 7.53 11412 0 0 430.5 881.54 40.61 352.61 161.16 257
12 SM 2.3 0.00 0 30 30 1.86 0.96 20.66 0 |20.9| 224|113 0 432.8 12.900 503 19.56 8.66 146.69 0 0 577.2 1080.23 4424 432.09 205.86 28
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 28.0
d) Vertical Pile Capacity (tonnes) 400.0
e) Uplift pile capacity (Tonnes) 190.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MJB @ 35+860 BH15 Dia 1.20 mxls



Appendix-4.3

Annexure-|
Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Lateral Load Capacity of pile

Project no : 2152

[As per IS 2911-2010 Part 1Section-2] Annex-C

Project : Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.
Structure @ Chainage : MJB @ 35+860
Borehole no : BH 15
Type of pile : Bored cast in situ | Bored cast in situ
Diameter of the pile in "mm" : 1000 1200
Cut off Level of the Pile in"m": 2.000 2.300
Length of the Pile below the cut off level in "m" : 28.0 28.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0 X
@ Cut of level
Type of Sail : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged cour level /
Liquefiable strata

No. of Blow (N) 15.00 15.00
Moment of Inertia , 1in "cm?*": 4.909E+06 1.018E+07 — Fry One
Modulus of elasticity of the Pile , E (Kg/cm?) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 2.12E+03 2.12E+03
Stiffness factor for Cohesionless soil (T)inm : 3.67 4.25
Free standing Igngth of pile or.length of the pile belgw cut fo 7000 6.700
level not contributing substantially to lateral capacities (L) in "m" :
therefore L,/T orL,/R: 1.91 1.58
Embedded Length of the Pile (L) in"m" : 21.00 21.30
Reading from the graph Ly/T or L¢/R 194 196

(As per Appendix C,Clause 5.5.2 Fig 2):
Depth of Fixidity Lgin"m" 7.12 8.32
Depth of Fixity + free standing length (L=Li#L) in "m" 14.12 15.02
Type of Pile Behavviour : Long Flexible Pile | Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :

Permissible Horizontal Deflection pile (Y)"in mm": 10.00 12.00

Horizontal Deflection on the top of the pile (x) "in mm": 19.7 20.7
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 12.22 22.05
Recommended Lateral Capacity of Pile (T) for 1% dia deflection : 10.00 18.00

Equations :
T =(El/ny) "% ; R=(EI/K,)

For Free Head (Y) =[QLxx"]/3El ; For Fixed head (Y)=[QLxx%]/12EI




Appendix-4.3

Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 38+010 Location MNB Based on Bore Hole No BH 16 Pile Cut -off level (m) 20
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @ RL(m) 262707
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 - 2.5 Scour Level below the cut off level (m) 0.00 Ligefaction depth below Ground level (m 9.00 RL of the Borehole (m) | 263.430
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile.
R.L's and scour level provided by the client.Assuming the strata @ 20 m and below fo be Liquefaction depth below cut-off level(m) : 7.000
same.
CBGeogg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorlsy Ppu=Ap* (CNc+PNG+0.5..D.Ny) P sy =(X (K Pgtans).Ag+a.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;ZEesg\fl Thickness of \:\g?;lzr Cohesion| Shearing Wall (density | Submerged burden ‘I;/resszre at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 bu i s T
¢ (deg) (deg) t/m Sail (t/m?) Ne | No | Ny () CNc| PdNg | 0.5.,.D.N, (formes)| atcgofthe | (m?) | PyTans).As Factor, |a.c.Ag| Py (tonnes) bt (Tonnes)
B a s
layer Py (t/m?) 2.5
SM-ML /
1 M 2 0.00 0 26 26 1.75 0.93 0 0 |11.6| 125/ 0.79 0 0 5.000 0 0 6.28 0 0 0 0 0 2.19 0 219 2
2 SM 2 0.00 0 28 28 177 0.93 0 0 | 156|167 0.79 0 0 7.770 0 0 6.28 0 0 0 0 0 4.38 0 4.38 4
3 CI-CH 3 0.00 2 0 0 1.8 0.93 0 9 0 0 079 | 18 0 0.000 0 0 9.42 0 0.3 5.65 0 0 7.67 0 7.67 7
4 CI-CH 4 0.00 7 0 0 1.86 0.93 3.72 9 0 0 0.79| 63 0 0.000 49.45 1.86 12.6 0 0.3 26.37 | 26.37 75.82 12.06 30.32 19.44 1
5 CI-CH 2 0.00 7 0 0 1.86 0.93 5.58 9 0 0 0.79| 63 0 0.000 49.45 4.65 6.28 0 0.3 13.18 | 39.55 89 14.25 35.6 25.32 13
6 CI-CH 3 0.00 9 0 0 1.86 0.93 8.37 9 0 0 0.79| 81 0 0.000 63.58 6.97 9.42 0 0.3 25.43 | 64.98 128.56 17.54 51.42 35.73 16
7 CI-CH 2 0.00 9 0 0 1.86 0.93 10.23 9 0 0 0.79| 81 0 0.000 63.58 9.3 6.28 0 0.3 16.95| 81.93 145.51 19.73 58.2 42.67 18
8 CI-CH 2 0.00 9 0 0 1.86 0.93 12.09 9 0 0 0.79| 81 0 0.000 63.58 11.16 6.28 0 0.3 16.95| 98.88 162.46 21.92 64.98 49.6 20
9 CI-CH 2 0.00 9 0 0 1.86 0.93 13.95 9 0 0 0.79| 81 0 0.000 63.58 13.02 6.28 0 0.3 1695|1158 179.41 24.11 71.76 56.54 22
10 CI-CH 2 0.00 9 0 0 1.86 0.93 15.81 9 0 0 0.79| 81 0 0.000 63 14.88 6.28 0 0.3 16.95|132.8 195.78 263 78.31 63.47 24
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 24.0
d) Vertical Pile Capacity (tonnes) 70.0
e) Uplift pile capacity (Tonnes) 60.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MNB @ 38+010 BH16 Dia 1.0 m.xIs



Appendix-4.3

Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 38+010 Location MNB Based on Bore Hole No BH 16 Pile Cut -off level (m) 23
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @ RL(m) 262707
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 - 2.5 Scour Level below the cut off level (m) 0.00 Ligefaction depth below Ground level (m 9.00 RL of the Borehole (m) | 263.430
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile.
R.L's and scour level provided by the client.Assuming the strata @ 20 m and below fo be Liquefaction depth below cut-off level(m) : 6.700
same.
CBGeogg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorlsy P pU = Ap* (CNo+PgN.+0.5.,.D.N,) P sy =(X (K, Pytans). Agta.c.A,)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;ZEesg\fl Thickness of \:\g?;lzr Cohesion| Shearing Wall (density | Submerged burden ‘I;/resszre at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 bu i s T
¢ (deg) (deg) t/m Sail (t/m?®) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Ay| Py (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
SM-ML /
1 M 1.7 0.00 0 26 26 1.75 0.93 0 0 |11.6| 125|113 0 0 6.000 0 0 6.4 0 0 0 0 0 2.68 0 2.68 17
2 SM 2 0.00 0 28 28 177 0.93 0 0 |15.6]| 167|113 0 0 9.320 0 0 7.53 0 0 0 0 0 5.84 0 5.84 3.7
3 CI-CH 3 0.00 2 0 0 1.8 0.93 0 9 0 0 113 18 0 0.000 0 0 1.3 0 0.3 6.78 0 0 10.58 0 10.58 6.7
4 CI-CH 4 0.00 7 0 0 1.86 0.93 3.72 9 0 0 1.13] 63 0 0.000 71.19 1.86 15.1 0 0.3 31.64 | 31.64 102.83 16.9 41.13 25.75 10.7
5 CI-CH 2 0.00 7 0 0 1.86 0.93 5.58 9 0 0 1.13] 63 0 0.000 71.19 4.65 7.53 0 0.3 15.81 | 47.45 118.64 20.06 47 .45 33.34 12.7
6 CI-CH 3 0.00 9 0 0 1.86 0.93 8.37 9 0 0 113 81 0 0.000 91.53 6.97 1.3 0 0.3 30.51 | 77.96 169.49 248 67.79 46.62 15.7
7 CI-CH 2 0.00 9 0 0 1.86 0.93 10.23 9 0 0 1.13| 81 0 0.000 91.53 9.3 7.53 0 0.3 20.33 | 98.29 189.82 27.96 75.92 55.48 17.7
8 CI-CH 2.3 0.00 9 0 0 1.86 0.93 12.36 9 0 0 1.13| 81 0 0.000 91.53 11.29 8.66 0 0.3 2338 121.7 2132 31.59 85.28 65.65 20
9 CI-CH 2 0.00 9 0 0 1.86 0.93 14.22 9 0 0 1.13| 81 0 0.000 91.53 13.29 7.53 0 0.3 20.33 | 142 233.53 34.75 93.41 74.51 22
10 CI-CH 2 0.00 9 0 0 1.86 0.93 16.08 9 0 0 1.13| 81 0 0.000 21 15.15 7.53 0 0.3 20.33 | 162.3 253.33 37.91 101.33 83.36 24
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 24.0
d) Vertical Pile Capacity (tonnes) 95.0
e) Uplift pile capacity (Tonnes) 80.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MNB @ 38+010 BH16 Dia 1.20 m.xIs



Appendix-4.3

Annexure-|
Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Lateral Load Capacity of pile

Project no : 2152

[As per IS 2911-2010 Part 1Section-2] Annex-C

Project : Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.
Structure @ Chainage : MNB @ 38+010
Borehole no : BH 16
Type of pile : Bored cast in situ | Bored cast in situ
Diameter of the pile in "mm" : 1000 1200
Cut off Level of the Pile in"m": 2.000 2.300
Length of the Pile below the cut off level in "m" : 24.0 24.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0 X
@ Cut of level
Type of Sail : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged cour level /
Liquefiable strata

No. of Blow (N) 16.00 16.00
Moment of Inertia , 1in "cm?*": 4.909E+06 1.018E+07 — Fry One
Modulus of elasticity of the Pile , E (Kg/cm?) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 2.26E+03 2.26E+03
Stiffness factor for Cohesionless soil (T)inm : 3.62 4.19
Free standing Igngth of pile or.length of the pile belgw cut fo 7000 6.700
level not contributing substantially to lateral capacities (L) in "m" :
therefore L,/T orL,/R: 1.93 1.60
Embedded Length of the Pile (L) in"m" : 17.00 17.30
Reading from the graph Ly/T or L¢/R 194 1.96

(As per Appendix C,Clause 5.5.2 Fig 2):
Depth of Fixidity Lgin"m" 7.02 8.19
Depth of Fixity + free standing length (L=Li#L) in "m" 14.02 14.89
Type of Pile Behavviour : Long Flexible Pile | Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :

Permissible Horizontal Deflection pile (Y)"in mm": 10.00 12.00

Horizontal Deflection on the top of the pile (x) "in mm": 20.0 20.9
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 12.62 22.83
Recommended Lateral Capacity of Pile (T) for 1% dia deflection : 10.00 18.00

Equations :
T =(El/ny) "% ; R=(EI/K,)

For Free Head (Y) =[QLxx"]/3El ; For Fixed head (Y)=[QLxx%]/12EI




Appendix-4.3

Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 39+510 Location MJB Based on Bore Hole No BH 17 Pile Cut -off level (m) 20
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m)
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 - 2.5 Scour Level below the cut off level (m) 0.00 Ligefaction depth below Ground level (m 12.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile.
R.L's and scour level provided by the client.Assuming the strata @ 30 m and below to be Liquefaction depth below cut-off level(m) : 10.000
same.
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorlsy P pU = Ap* (CNo+PgN,+0.5.,.D.N,) P sy =(X (K, Pytans). Agta.c.A,)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 oy i s T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Aq| Pu (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
SM-ML /
1 M 2 0.00 0 28 28 1.75 0.93 0 0 | 156|167 0.79 0 0 7.000 0 0 6.28 0 0 0 0 0 2.19 0 219 2
SM-ML /
2 M 3 0.00 0 28 28 1.75 0.93 0 0 | 156|167 0.79 0 0 7.770 0 0 9.42 0 0 0 0 0 5.48 0 5.48 5
SM-ML /
3 M 3 0.00 0 28 28 176 0.89 0 0 | 156|167 0.79 0 0 7.430 0 0 9.42 0 0 0 0 0 8.77 0 8.77 8
SM-ML /
4 M 2 0.00 0 29 29 176 0.89 0 0 |18.1|19.3| 0.79 0 0 8.600 0 0 6.28 0 0 0 0 0 10.96 0 10.96 10
5 SMémL/ 2 0.00 0 29 29 176 0.90 1.8 0 |18.1|19.3| 0.79 0 32.54 8.700 32.37 0.9 6.28 4.69 0 0 4.69 37.06 13.15 14.82 14.46 12
6 SMémL/ 2 0.00 0 29 29 176 0.90 3.6 0 |18.1|19.3| 0.79 0 65.08 8.700 57.91 2.7 6.28 14.09 0 0 18.78 76.69 15.34 30.67 20.59 14
7 CH 2 0.00 8 0 0 1.8 0.91 5.42 9 0 0 079 | 72 0 0.000 56.52 4.51 6.28 0 0.3 15.07 | 33.85 90.37 17.53 36.14 27 16
8 CH 2 0.00 8 0 0 1.8 0.91 7.24 9 0 0 079 | 72 0 0.000 56.52 6.33 6.28 0 0.3 15.07 | 48.92 105.44 19.72 42.17 33.41 18
9 CH 2 0.00 12 0 0 1.8 091 9.06 9 0 0 0.79 | 108 0 0.000 84.78 8.15 6.28 0 0.3 22,6 | 71.52 156.3 21.91 62.52 41.93 20
10 CH 2 0.00 12 0 0 1.8 091 10.88 9 0 0 0.79 | 108 0 0.000 84 9.97 6.28 0 0.3 22,6 | 94.12 178.12 241 71.24 50.45 22
1 CH 2 0.00 12 0 0 1.86 091 12.7 9 0 0 0.79 | 108 0 0.000 84 11.79 6.28 0 0.3 226 | 1167 200.72 26.29 80.28 58.97 24
12 CH 2 0.00 12 0 0 1.86 091 14.52 9 0 0 0.79 | 108 0 0.000 84 13.61 6.28 0 0.3 22,6 | 1393 223.32 28.48 89.32 67.48 26
13 CH 2 0.00 17 0 0 1.86 091 16.34 9 0 0 0.79| 153 0 0.000 120 15.43 6.28 0 0.3 3202|1713 291.34 30.67 116.53 78.64 28
14 CH 2 0.00 17 0 0 1.86 091 18.16 9 0 0 0.79| 153 0 0.000 120 17.25 6.28 0 0.3 32.02 | 203.4 323.36 32.86 129.34 89.8 30
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 28.0 30.0
d) Vertical Pile Capacity (tonnes) 110.0 120.0
e) Uplift pile capacity (Tonnes) 70.0 80.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MJB @ 39+510 BH 17 Dia 1.0 m.xls



Appendix-4.3

Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 39+510 Location MJB Based on Bore Hole No BH 17 Pile Cut -off level (m) 23
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m)
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 - 2.5 Scour Level below the cut off level (m) 0.00 Ligefaction depth below Ground level (m 12.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile.
R.L's and scour level provided by the client.Assuming the strata @ 30 m and below to be Liquefaction depth below cut-off level(m) : 9.700
same.
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorlsy P pU = Ap* (CNo+PgN,+0.5.,.D.N,) P sy =(X (K, Pytans). Agta.c.A,)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 oy i s T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Aq| Pu (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
SM-ML /
1 M 1.7 0.00 0 28 28 1.75 0.93 0 0 |15.6]| 167|113 0 0 9.000 0 0 6.4 0 0 0 0 0 2.68 0 2.68 17
SM-ML /
2 M 3 0.00 0 28 28 1.75 0.93 0 0 |156]| 167|113 0 0 9.320 0 0 1.3 0 0 0 0 0 7.42 0 7.42 4.7
SM-ML /
3 M 3 0.00 0 28 28 176 0.89 0 0 |15.6]| 167|113 0 0 8.920 0 0 1.3 0 0 0 0 0 12.16 0 12.16 7.7
SM-ML /
4 M 2 0.00 0 29 29 176 0.89 0 0 |18.1]193]1.13 0 0 10.320 0 0 7.53 0 0 0 0 0 15.32 0 15.32 9.7
5 SMémL/ 2 0.00 0 29 29 176 0.90 1.8 0 |18.1]193]1.13 0 32.54 10.440 48.56 0.9 7.53 5.63 0 0 5.63 54.19 18.48 21.67 20.05 1.7
6 SMémL/ 2 0.00 0 29 29 176 0.90 3.6 0 |18.1]193]1.13 0 65.08 10.440 85.33 2.7 7.53 16.9 0 0 22.53 107.86 21.64 43.14 27.94 13.7
7 CH 2 0.00 8 0 0 1.8 0.91 5.42 9 0 0 113 72 0 0.000 81.36 4.51 7.53 0 0.3 18.07 | 40.6 121.96 248 48.78 36.16 15.7
8 CH 2.3 0.00 8 0 0 1.8 0.91 7.51 9 0 0 113 72 0 0.000 81.36 6.46 8.66 0 0.3 20.78 | 61.38 142.74 28.43 57.09 45.61 18
9 CH 2 0.00 12 0 0 1.8 091 9.33 9 0 0 1.13| 108 0 0.000 122.04 8.42 7.53 0 0.3 27.1 | 88.48 210.52 31.59 84.2 56.36 20
10 CH 2 0.00 12 0 0 1.8 091 11.15 9 0 0 1.13| 108 0 0.000 122 10.24 7.53 0 0.3 27.1 | 115.6 237.58 34.75 95.03 67.11 22
1 CH 2 0.00 12 0 0 1.86 091 12.97 9 0 0 1.13| 108 0 0.000 122 12.06 7.53 0 0.3 27.1 | 1427 264.68 37.91 105.87 77.86 24
12 CH 2 0.00 12 0 0 1.86 091 14.79 9 0 0 1.13| 108 0 0.000 122 13.88 7.53 0 0.3 27.1 | 1698 291.78 41.07 116.71 88.6 26
13 CH 2 0.00 17 0 0 1.86 091 16.61 9 0 0 1.13| 153 0 0.000 172 15.7 7.53 0 0.3 38.4 | 208.2 380.18 44.23 152.07 102.52 28
14 CH 2 0.00 17 0 0 1.86 091 18.43 9 0 0 1.13| 153 0 0.000 172 17.52 7.53 0 0.3 38.4 | 246.6 418.58 47.39 167.43 116.43 30
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 28.0 30.0
d) Vertical Pile Capacity (tonnes) 150.0 160.0
e) Uplift pile capacity (Tonnes) 110.0 110.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MJB @ 39+510 BH 17 Dia 1.20 m.xIs
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Annexure-|
Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Lateral Load Capacity of pile

Project no : 2152

[As per IS 2911-2010 Part 1Section-2] Annex-C

Project :

Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.

Structure @ Chainage : MJB @ 39+690
Borehole no : BH 18
Type of pile : Bored cast in situ | Bored cast in situ
Diameter of the pile in "mm" : 1000 1200
Cut off Level of the Pile in "m": 2.000 2.300
Length of the Pile below the cut off level in "m" : 29.0 29.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0 X
@ Cut of level
Type of Sail : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged cour level /
Liguefiable strata

No. of Blow (N) 16.00 16.00
Moment of Inertia , 1in "cm?*": 4.909E+06 1.018E+07 Fixify Tine
Modulus of elasticity of the Pile , E (Kg/cm?) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 2.26E+03 2.26E+03
Stiffness factor for Cohesionless soil (T) inm : 3.62 4.19
Free standing length of pile or length of the pile below cut off 4000 3.700
level not contributing substantially to lateral capacities (L) in "m" . ’
therefore L;/T or L;/R : 1.10 0.88
Embedded Length of the Pile (L) in"m" : 25.00 25.30
Reading from the graph L/T or L¢/R 199 20]

(As per Appendix C,Clause 5.5.2 Fig 2): ’ ’
Depth of Fixidity Lgin"m" 7.20 8.43
Depth of Fixity + free standing length (L=Li+L) in "m" 11.20 12.13
Type of Pile Behavviour : Long Flexible Pile | Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :

Permissible Horizontal Deflection pile (Y)"in mm": 10.00 12.00

Horizontal Deflection on the top of the pile (x) "in mm": 14.1 15.4
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 17.48 31.19
Recommended Lateral Capacity of Pile (T) for 1% dia deflection : 15.00 30.00

Equations :
T =(El/ny)"/% ; R=(EI/K,)

For Free Head (Y) =[QLxx"]/3El ; For Fixed head (Y)=[QLxx%]/12EI
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Annexure-|
Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Lateral Load Capacity of pile

Project no : 2152

[As per IS 2911-2010 Part 1Section-2] Annex-C

Project : Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.
Structure @ Chainage : MJB @ 39+510
Borehole no : BH 17
Type of pile : Bored cast in situ | Bored cast in situ
Diameter of the pile in "mm" : 1000 1200
Cut off Level of the Pile in"m": 2.000 2.300
Length of the Pile below the cut off level in "m" : 28.0 28.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0 X
@ Cut of level
Type of Sail : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged cour level /
Liquefiable strata

No. of Blow (N) 16.00 16.00
Moment of Inertia , 1in "cm?*": 4.909E+06 1.018E+07 — Fry One
Modulus of elasticity of the Pile , E (Kg/cm?) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 2.26E+03 2.26E+03
Stiffness factor for Cohesionless soil (T)inm : 3.62 4.19
Free standing Igngth of pile or.length of the pile belgw cut fo 10.000 9.700
level not contributing substantially to lateral capacities (L) in "m"
therefore L,/T orL,/R: 2.76 2.32
Embedded Length of the Pile (L) in"m" : 18.00 18.30
Reading from the graph Ly/T or L¢/R 190 1.92

(As per Appendix C,Clause 5.5.2 Fig 2):
Depth of Fixidity Lgin"m" 6.87 8.04
Depth of Fixity + free standing length (L=Li#L) in "m" 16.87 17.74
Type of Pile Behavviour : Long Flexible Pile | Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :

Permissible Horizontal Deflection pile (Y)"in mm": 10.00 12.00

Horizontal Deflection on the top of the pile (x) "in mm": 27.6 27.9
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 10.01 18.07
Recommended Lateral Capacity of Pile (T) for 1% dia deflection : 9.00 15.00

Equations :
T =(El/ny) "% ; R=(EI/K,)

For Free Head (Y) =[QLxx"]/3El ; For Fixed head (Y)=[QLxx%]/12EI




Appendix-4.3

Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 39+690 Location MJB Based on Bore Hole No BH 18 Pile Cut -off level (m) 20
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m)
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 - 2.5 Scour Level below the cut off level (m) 0.00 Ligefaction depth below Ground level (m 6.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile.
R.L's and scour level provided by the client.Assuming the strata @ 30 m and below fo be Liquefaction depth below cut-off level(m) : 4.000
same.
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Foitorlsy Ppu=Ap* [CNc+PNG+0.5..D.Ny) P sy =(X (K Pgtans).Ag+a.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 oy i s T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Aq| Pu (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
1 Cl 3 0.00 2 0 0 1.79 0.93 0 9 0 0 079 | 18 0 0.000 0 0 9.42 0 0.45 8.47 0 0 3.29 0 3.29 3
SM-ML /
2 M 1 0.00 0 30 30 1.84 0.93 0 0 |20.9| 224 0.79 0 0 10.410 0 0 3.14 0 0 0 0 0 4.38 0 4.38 4
3 SMéxL / 3 0.00 0 30 30 1.86 0.89 2.67 0 |20.9| 224 0.79 0 55.93 9.960 51.72 1.33 9.42 10.85 0 0 10.85 62.57 7.67 25.02 10.7 7
4 SMéxL / 2 0.00 0 30 30 1.86 0.89 4.45 0 |20.9| 2241 0.79 0 93.22 9.960 80.33 3.56 6.28 19.36 0 0 30.21 110.54 9.86 4421 18.31 9
5 SMéxL / 2 0.00 0 30 30 1.86 0.90 6.25 0 |20.9| 224 0.79 0 130.93 10.080 97.49 5.35 6.28 29.09 0 0 593 156.79 12.05 62.71 28.65 1
6 SMéxL / 2 0.00 0 30 30 1.86 0.90 8.05 0 |20.9| 224 0.79 0 168.63 10.080 102.74 7.15 6.28 38.88 0 0 98.18 200.92 14.24 80.36 41.73 13
7 SMéxL / 2 0.00 0 30 30 1.86 0.91 9.87 0 |20.9| 224 0.79 0 206.76 10.190 96.22 8.96 6.28 48.73 0 0 146.9 243.13 16.43 97.25 57.56 15
8 SMéxL / 2 0.00 0 30 0 1.86 0.91 11.69 0 |20.9| 224 0.79 0 244.89 10.190 77.71 10.78 6.28 0 0 0 146.9 224.62 18.62 89.84 59.75 17
9 Cl 2 0.00 1 0 0 1.86 091 13.51 9 0 0 0.79| 99 0 0.000 77.71 12.6 6.28 0 0.3 20.72 | 167.6 24534 20.81 98.13 67.74 19
10 Cl 2.5 0.00 1 0 0 1.86 091 15.78 9 0 0 0.79| 99 0 0.000 77 14.64 7.85 0 0.3 259 | 193.5 270.53 23.55 108.21 77.73 215
1 SM-ML 2.5 0.00 0 29 29 1.86 091 18.05 0 |18.1|19.3| 0.79 0 326.3 8.790 136.6 16.91 7.85 110.37 0 0 303.9 440.5 26.29 176.2 111.38 24
12 SM-ML 2 0.00 0 29 29 1.86 091 18.05 0 |18.1|19.3| 0.79 0 326.3 8.790 105 18.05 6.28 94.24 0 0 398.1 503.14 28.48 201.25 139.95 26
13 Cl 2 0.00 15 0 0 1.86 091 18.05 9 0 0 0.79| 135 0 0.000 105 18.05 6.28 0 0.3 28.26 | 426.4 531.4 30.67 212.56 150.06 28
14 Cl 1 0.00 15 0 0 1.86 091 18.05 9 0 0 0.79| 135 0 0.000 105 18.05 3.14 0 0.3 14.13 | 440.5 545.53 31.76 21821 155.1 29
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 29.0
d) Vertical Pile Capacity (tonnes) 210.0
e) Uplift pile capacity (Tonnes) 150.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MJB @ 39+690 BH 18 Dia 1.0 m.xls



Appendix-4.3

Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 39+690 Location MJB Based on Bore Hole No BH 18 Pile Cut -off level (m) 2.3
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m)
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 - 2.5 Scour Level below the cut off level (m) 0.00 Ligefaction depth below Ground level (m 6.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile.
R.L's and scour level provided by the client.Assuming the strata @ 30 m and below fo be Liquefaction depth below cut-off level(m) : 3.700
same.
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Foitorlsy Ppu=Ap* [CNc+PNG+0.5..D.Ny) P sy =(X (K Pgtans).Ag+a.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 oy i s T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Aq| Pu (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
1 Cl 2.7 0.00 2 0 0 1.79 0.93 0 9 0 0 113 18 0 0.000 0 0 10.2 0 0.45 9.15 0 0 427 0 427 27
SM-ML /
2 M 1 0.00 0 30 30 1.84 0.93 0 0 |20.9| 224|113 0 0 12.500 0 0 3.76 0 0 0 0 0 5.85 0 5.85 3.7
3 SMémL/ 3 0.00 0 30 30 1.86 0.89 2.67 0 |20.9| 224|113 0 55.93 11.960 76.71 1.33 1.3 13.01 0 0 13.01 89.72 10.59 35.88 14.23 6.7
4 SMémL/ 2 0.00 0 30 30 1.86 0.89 4.45 0 |20.9| 224|113 0 93.22 11.960 116.52 3.56 7.53 2321 0 0 36.22 152.74 13.75 61.09 23.89 8.7
5 SMéxL / 2 0.00 0 30 30 1.86 0.90 6.25 0 |20.9| 224|113 0 130.93 12.090 136.74 5.35 7.53 34.88 0 0 71.1 207.84 1691 83.13 36.81 10.7
6 SMéxL / 2 0.00 0 30 30 1.86 0.90 8.05 0 1209|224 1.3 0 168.63 12.090 142.65 7.15 7.53 46.62 0 0 117.7 260.37 20.07 104.14 53.03 12.7
7 SMéxL / 2 0.00 0 30 30 1.86 0.91 9.87 0 |20.9| 224|113 0 206.76 12.230 134.46 8.96 7.53 58.42 0 0 176.1 310.6 23.23 124.24 72.54 14.7
8 SMémL/ 2 0.00 0 30 0 1.86 0.91 11.69 0 1209|224 1.3 0 244.89 12.230 111.87 10.78 7.53 0 0 0 176.1 288.01 26.39 115.2 757 16.7
9 Cl 2 0.00 1 0 0 1.86 091 13.51 9 0 0 1.13| 99 0 0.000 111.87 12.6 7.53 0 0.3 2484 201 312.85 29.55 125.14 85.82 18.7
10 Cl 2.5 0.00 1 0 0 1.86 091 15.78 9 0 0 1.13| 99 0 0.000 1m 14.64 9.42 0 0.3 31.08 | 232.1 343.06 33.5 137.22 98.47 212
1 SM-ML 2 0.00 0 29 29 1.86 091 17.6 0 |18.1]19.3]1.13 0 [318.16 10.550 197.71 16.69 7.53 104.49 0 0 336.6 534.26 36.66 2137 130.89 232
12 SM-ML 2.5 0.00 0 29 29 1.86 091 19.87 0 |18.1]19.3]1.13 0 359.2 10.550 152 18.73 9.42 146.7 0 0 483.3 635.25 40.61 254.1 175.92 257
13 Cl 2 0.00 15 0 0 1.86 091 21.69 9 0 0 1.13| 135 0 0.000 152 20.78 7.53 0 0.3 33.88 | 517.1 669.13 43.77 267.65 188.56 27.7
14 Cl 13 0.00 15 0 0 1.86 091 21.69 9 0 0 1.13| 135 0 0.000 152 21.69 4.89 0 0.3 22 | 539.1 691.13 45.82 276.45 196.77 29
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 29.0
d) Vertical Pile Capacity (tonnes) 270.0
e) Uplift pile capacity (Tonnes) 190.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MJB @ 39+690 BH 18 Dia 1.20 m.xIs
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Annexure-|
Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Lateral Load Capacity of pile

Project no : 2152

[As per IS 2911-2010 Part 1Section-2] Annex-C

Project :

Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.

Structure @ Chainage : MJB @ 39+690
Borehole no : BH 18
Type of pile : Bored cast in situ | Bored cast in situ
Diameter of the pile in "mm" : 1000 1200
Cut off Level of the Pile in "m": 2.000 2.300
Length of the Pile below the cut off level in "m" : 29.0 29.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0 X
@ Cut of level
Type of Sail : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged cour level /
Liguefiable strata

No. of Blow (N) 16.00 16.00
Moment of Inertia , 1in "cm?*": 4.909E+06 1.018E+07 Fixify Tine
Modulus of elasticity of the Pile , E (Kg/cm?) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 2.26E+03 2.26E+03
Stiffness factor for Cohesionless soil (T) inm : 3.62 4.19
Free standing length of pile or length of the pile below cut off 4000 3.700
level not contributing substantially to lateral capacities (L) in "m" . ’
therefore L;/T or L;/R : 1.10 0.88
Embedded Length of the Pile (L) in"m" : 25.00 25.30
Reading from the graph L/T or L¢/R 199 20]

(As per Appendix C,Clause 5.5.2 Fig 2): ’ ’
Depth of Fixidity Lgin"m" 7.20 8.43
Depth of Fixity + free standing length (L=Li+L) in "m" 11.20 12.13
Type of Pile Behavviour : Long Flexible Pile | Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :

Permissible Horizontal Deflection pile (Y)"in mm": 10.00 12.00

Horizontal Deflection on the top of the pile (x) "in mm": 14.1 15.4
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 17.48 31.19
Recommended Lateral Capacity of Pile (T) for 1% dia deflection : 15.00 30.00

Equations :
T =(El/ny)"/% ; R=(EI/K,)

For Free Head (Y) =[QLxx"]/3El ; For Fixed head (Y)=[QLxx%]/12EI
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014 A
MM CoR
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 40+940 Location VUP Based on Bore Hole No BH 19 Pile Cut -off level (m) 2.0
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 11.80 water Level considered (m) 0.00 ScourLevel @ RL(m)
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 - 25 Scour Level below the cut off level (m) 0.00 igefaction depth below Ground level (m| 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. scour level below cut-off level(m) :
Assuming the strata @ 20 m and below to be same. ' 0.000
Seanng Ultimate Base Resistance Ultimate Shaft Friction
F‘;‘é‘;’;‘;‘/ P pU = Ap* [CN+P3Ng+0.5.,.D.N,) P s =(3(K; Pytans).Ag+a.c.A)
Angle of Angle of r Total/ Effecti ~ Total Ultimate ! Total Safe | Total safe :
Layer ;ﬁ@essﬁ Thickness of \féaeer Cohesion| Shearing Wall (density | Submerged burdzcn |;/rees<zz/”e(; at Effecti Capacity, WﬁthVOf Capacity, Py uplift L:’:Iem
No. Layer Layer (m) (W.T)m | C (t/m?)| Resistance, Friction of soil) | Unit weight of pile fip "q 4" (1/mM?) A, P, burz((;r‘\llf’?ecs):uer; A (K. Adhesion Pu=Pout Py, (?onlnesp) (Tonnes) capactiy [mef%rs]
. 3 . 3 fip o bu i s »
¢ (deg) 6(deg) t/m Soil (t/m7) Ne | Ng | Ny ) c.Nc | PdNg | 0.5.,.D.N, (fonnes)| atc.gofthe | (m2)| PyTans).Ag Foztor, a.C.A Py (tonnes) _ps (Tonnes)
layer Py (t/m?) s 25
1 Cl 3 0.00 4 0 0 1.78 1.02 3.06 91 0| 0 |079] 36 0 0.000 28.26 1.53 9.42 0 0.3 1.3 0 28.26 3.29 1.3 3.29 3
2 Cl 3 0.00 5 0 0 1.82 1.03 6.15 9 0 0 079 | 45 0 0.000 45.92 4.6 9.42 0 0.3 1413 | 14.13 60.05 6.58 24.02 10.53 6
3 SN;;\'AV‘L/ 3 0.00 0 31 31 1.91 1.02 9.21 0 |239] 26 [079| 0 |22035| 13.250 82.27 7.68 9.42 65.2 0 0 |79.33 161.6 9.87 64.64 32.08 9
4 SNS\-A;AL/ 2 0.00 0 31 31 1.91 1.02 11.25 0 |23.9] 26 | 0.79 0 |269.16 13.250 57 10.23 6.28 57.9 0 0 137.2 194.23 12.06 77.69 50.48 1
5 SN;;\'AV‘L/ 2.5 0.00 0 31 31 1.91 1.02 13.8 0 |239] 26 [079| 0 |330.17| 13.250 | 269.58 12.52 7.85 88.58 0 0 |2258 495.39 14.8 198.15 78.02 13.5
6 SNS\-A;AL/ 2 0.00 0 31 31 1.91 1.02 15.84 0 |23.9] 26 | 0.79 0 |378.97 13.250 307.89 14.82 6.28 83.88 0 0 309.7 617.58 16.99 247.03 103.7 15.5
7 CH 2.5 0.00 13 0 0 1.91 1.05 18.46 91 0| 0 [079] 117 0 0.000 91.84 17.15 7.85 0 0.3 30.61 | 340.3 432.14 19.73 172.85 115.01 18
8 CH 2 0.00 13 0 0 1.91 1.05 20.56 91 0| 0 [079] 117 0 0.000 91.84 19.51 6.28 0 0.3 24.49 | 364.8 456.63 21.92 182.65 124.06 20
9 CH 1 0.00 13 0 0 1.91 1.04 20.56 9 0 0 079 | 117 0 0.000 91.84 20.56 3.14 0 0.3 12.24| 377 468.87 23.01 187.54 128.57 21
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 18.0 21.0
d) Vertical Pile Capacity ( tonnes) 160.0 180.0
e) Uplift pile capacity (Tonnes) 100.0 120.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for VUP @ 40+940 BH 19 Dia 1.0 m Xxls



Appendix-4.3

Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014 A
MM CoR
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 40+940 Location VUP Based on Bore Hole No BH 19 Pile Cut -off level (m) 2.3
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 11.80 water Level considered (m) 0.00 ScourLevel @ RL(m)
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 - 25 Scour Level below the cut off level (m) 0.00 igefaction depth below Ground level (m| 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. scour level below cut-off level(m) :
Assuming the strata @ 20 m and below to be same. ' 0.000
Seanng Ultimate Base Resistance Ultimate Shaft Friction
F‘;‘é‘;’;‘;‘/ P pU = Ap* [CN+P3Ng+0.5.,.D.N,) P s =(3(K; Pytans).Ag+a.c.A)
Angle of Angle of r Total/ Effecti ~ Total Ultimate ! Total Safe | Total safe :
Layer ;ﬁ@essﬁ Thickness of \féaeer Cohesion| Shearing Wall (density | Submerged burdzcn |;/rees<zz/”e(; at Effecti Capacity, WﬁthVOf Capacity, Py uplift L:’:Iem
No. Layer Layer (m) (W.T)m | C (t/m?)| Resistance, Friction of soil) | Unit weight of pile fip "q 4" (1/mM?) A, P, burz((;r‘\llf’?ecs):uer; A (K. Adhesion Pu=Pout Py, (?onlnesp) (Tonnes) capactiy [mef%rs]
. 3 . 3 fip o bu i s »
¢ (deg) 6(deg) t/m Soil (t/m7) Ne | Ng | Ny ) c.Nc | PdNg | 0.5.,.D.N, (fonnes)| atc.gofthe | (m2)| PyTans).Ag Foztor, a.C.A Py (tonnes) _ps (Tonnes)
layer 'Py (t/m?) s 25
1 Cl 2.7 0.00 4 0 0 1.78 1.02 2.75 91 0| 0 |1.13] 36 0 0.000 40.68 1.37 10.2 0 0.3 12.2 0 40.68 4.27 16.27 4.27 2.7
2 Cl 3 0.00 5 0 0 1.82 1.03 5.84 9 0 0 1.13 | 45 0 0.000 54.15 429 1.3 0 0.3 16.95| 16.95 71.1 92.01 28.44 13.75 57
SM-ML/
3 SM 3 0.00 0 31 31 1.91 1.02 8.9 0 |239] 26 [1.13| 0 |21293| 15900 90.59 7.37 1.3 75.06 0 0 |9201 182.6 13.75 73.04 39.51 8.7
4 SNS\-A;AL/ 2 0.00 0 31 31 1.91 1.02 10.94 0 |23.9] 26 | 1.13 0 |261.74 15.900 57 9.92 7.53 67.32 0 0 159.3 216.33 16.91 86.53 61.52 10.7
5 SN;;\'AV‘L/ 2.5 0.00 0 31 31 1.91 1.02 13.49 0 |239] 26 [1.13| 0 |32275| 15900 | 382.67 12.21 9.42 103.66 0 0 263 645.66 20.86 258.26 94.49 13.2
6 SNS\-A;AL/ 2 0.00 0 31 31 1.91 1.02 15.53 0 |23.9] 26 | 1.13 0 |371.56 15.900 437.82 14.51 7.53 98.47 0 0 361.5 799.28 24.02 319.71 125.22 15.2
7 CH 2.8 0.00 13 0 0 1.91 1.05 18.47 91 0| 0 [1a3] 117 0 0.000 132.21 17 10.6 0 0.3 41.14 | 402.6 534.81 28.44 213.92 141.16 18
8 CH 1 0.00 13 0 0 1.91 1.05 19.52 91 0| 0 [1a3] 117 0 0.000 132.21 18.99 376 0 0.3 14.66 | 417.3 549.47 30.02 219.78 146.85 19
9 CH 2 0.00 13 0 0 1.91 1.04 21.6 9 0 0 113 117 0 0.000 132.21 20.56 7.53 0 0.3 29.36 | 446.6 578.83 33.18 231.53 158.23 21
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 18.0 21.0
d) Vertical Pile Capacity ( tonnes) 200.0 220.0
e) Uplift pile capacity (Tonnes) 130.0 150.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for VUP @ 40+940 BH 19 Dia 1.20 m Xxls



Appendix-4.3

Annexure-|

Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Project no : 2152

Lateral Load Capacity of pile

Qs

| 4
b ~ 4

[As per IS 2911-2010 Part 1Section-2] Annex-C

gy i
L EnGinEEang cons

Project :

Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.

Structure @ Chainage :

VUP @40+940

Borehole no :

BH 19

@ Scour level / cut of level

y= 1% oFdia

Type of pile : Bored castin situ | Bored cast in situ
Diameter of the pile in "mm": 1000 1200
Cut off Level of the Pile in "m": 2.000 2.300
Length of the Pile below the cut off level in "m" : 18.0 18.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0
Type of Soil : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged
No. of Blow (N) 8.00 8.00
Moment of Inertia , 1in "cm*": 4.909E+06 1.018E+07
Modulus of elasficity of the Pile , E (Kg/ch) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 1.00E+03 1.00E+03
Stiffness factor for Cohesion soil (T) inm : 4.27 4.94
Free standing Igngfh of pile or'Ieng’rh of the pile bel_gw cut gff 0.000 0.000
level not confributing substantially to lateral capacities (L) in"m": ’
therefore L,/T or L,/R: 0.00 0.00
Embedded Length of the Pile (L) in"m" : 18.00 18.00
Reading from the graph Ly/T or Ly/R 219 219
(As per Appendix C,Clause 5.5.2 Fig 2):
Depth of Fixidity Lg in "m"™ 9.35 10.82
Depth of Fixity + free standing length (Ly=L;*+Lg) in "m" 9.35 10.82

Type of Pile Behavviour :

Long Flexible Pile

Rigid &Elastic pile

Considering 1% of dia for Horizontal Deflection :
Permissible Horizontal Deflection pile (Y) "in mm": 10.00 12.00
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 21.30 34.24
'Recommended Lateral Capacity of Pile (T) for 1% dia deflection 15.00 2500

Equations :
T =(El/n,)"*; R=(EI/K,)"

For Free Head (Y) =[QLxx*]/3El ; For Fixed head (Y)=[QLxx’]/12El

FXity Line




Appendix-4.3

Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 42+550 Location MJB Based on Bore Hole No BH 20 Pile Cut -off level (m) 20
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m) 251181
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 - 2.5 Scour Level below the cut off level (m) 3.73 Ligefaction depth below Ground level (m 10.00 RL of the Borehole (m) | 256.912
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile.
R.L's and scour level provided by the client.Assuming the strata @ 30 m and below to be Liquefaction depth below cut-off level(m) : 8.000
same.
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorlsy P pU = Ap* (CNo+PgN.+0.5.,.D.N,) P s =(X (K, Pytans). Agta.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip " 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 bu i s T
¢ (deg) (deg) t/m Sail (t/m?®) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fformes) | atcgofine | m) | PyTans)A, Factor, |a.cAg| Py (fonnes) p s (Tonnes)
B a s
layer Py (t/m?) 2.5
1 SM 2.7 0.00 0 29 29 1.81 0.95 0 0 |18.1| 193] 0.79 0 0 9.000 0 0 8.47 0 0.45 0 0 0 296 0 296 27
SM-ML /
2 M 2 0.00 0 30 30 1.84 0.93 0 0 |20.9| 224 0.79 0 0 10.410 0 0 6.28 0 0 0 0 0 5.15 0 5.15 4.7
SM-ML /
3 M 3 0.00 0 30 30 1.84 0.93 0 0 |20.9| 2241 0.79 0 0 10.410 36.6 0 9.42 0 0 0 0 0 8.44 0 8.44 7.7
4 SMémL/ 2 0.00 0 30 30 1.86 0.94 1.88 0 |20.9| 224 0.79 0 39.38 10.520 80.58 0.94 6.28 5.11 0 0 511 85.69 10.63 34.27 12.06 9.7
5 SMémL/ 2 0.00 0 30 30 1.86 0.94 3.76 0 |20.9| 224 0.79 0 78.76 10.520 106.42 2.82 6.28 15.33 0 0 20.44 126.86 12.82 50.74 18.54 1.7
6 SMémL/ 3 0.00 0 30 30 1.86 0.94 6.58 0 |20.9| 2241 0.79 0 137.84 10.520 122.04 5.17 9.42 42.17 0 0 62.61 184.65 16.11 73.86 33.64 14.7
7 Cl 3 0.00 12 0 0 1.86 0.96 9.46 9 0 0 0.79 | 108 0 0.000 84.78 8.02 9.42 0 0.3 33.91 | 96.52 181.3 19.4 72.52 46.42 17.7
8 SM-ML 2 0.00 0 30 0 1.86 0.94 11.34 0 |20.9| 2241 0.79 0 |[237.56 10.520 194.74 10.4 6.28 0 0 0 96.52 291.26 21.59 116.5 48.61 19.7
9 SM-ML 2 0.00 0 30 30 1.86 0.94 13.22 0 |20.9| 224 0.79 0 [276.94 10.520 225.65 12.28 6.28 66.78 0 0 163.3 388.95 23.78 155.58 69.5 217
10 SM-ML 2.5 0.00 0 30 30 1.86 0.94 15.57 0 |20.9| 224 0.79 0 [32617 10.520 264 14.39 7.85 97.82 0 0 261.1 525.12 26.52 210.04 99.63 242
1 SM-ML 3.8 0.00 0 30 30 1.86 0.94 19.14 0 |20.9| 224 0.79 0 | 400.96 10.520 323 17.35 1.9 179.25 0 0 440.4 763.37 30.69 305.34 153.99 28
12 SM-ML 1 0.00 0 30 30 1.86 0.94 19.14 0 |20.9| 224 0.79 0 [ 400.96 10.520 323 19.14 3.14 52.04 0 0 492.4 815.41 31.78 326.16 169.65 29
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 29.0
d) Vertical Pile Capacity (tonnes) 310.0
e) Uplift pile capacity (Tonnes) 160.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MJB @ 42+550 BH 20 Dia 1.0 m.xls



Appendix-4.3

Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 42+550 Location MJB Based on Bore Hole No BH 20 Pile Cut -off level (m) 2.3
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m) 251181
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 .- .5 Scour Level below the cut off level (m) 3.43 Ligefaction depth below Ground level (m 10.00 RL of the Borehole (m) | 256.912
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile.
R.L's and scour level provided by the client.Assuming the strata @ 30 m and below to be Liquefaction depth below cut-off level(m) : 7.700
same.
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorlsy P pU = Ap* (CNo+PgN.+0.5.,.D.N,) P s =(X (K, Pytans). Agta.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip " 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 bu i s T
¢ (deg) (deg) t/m Sail (t/m?®) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fformes) | atcgofine | m) | PyTans)A, Factor, |a.cAg| Py (fonnes) p s (Tonnes)
B a s
layer Py (t/m?) 2.5
1 SM 2.7 0.00 0 29 29 1.81 0.95 0 0 |18.1]193]1.13 0 0 11.000 0 0 10.2 0 0.45 0 0 0 427 0 427 27
SM-ML /
2 M 2 0.00 0 30 30 1.84 0.93 0 0 |20.9| 224|113 0 0 12.500 0 0 7.53 0 0 0 0 0 7.43 0 7.43 4.7
SM-ML /
3 M 3 0.00 0 30 30 1.84 0.93 0 0 |20.9| 224|113 0 0 12.500 50.83 0 1.3 0 0 0 0 0 12.17 0 12.17 7.7
4 SMémL/ 2 0.00 0 30 30 1.86 0.94 1.88 0 |20.9| 224|113 0 39.38 12.630 95.65 0.94 7.53 6.12 0 0 6.12 101.77 15.33 40.7 17.04 9.7
5 SMémL/ 2 0.00 0 30 30 1.86 0.94 3.76 0 1209|224 1.3 0 78.76 12.630 117.31 2.82 7.53 18.38 0 0 245 141.81 18.49 56.72 25.35 1.7
6 SMémL/ 3 0.00 0 30 30 1.86 0.94 6.58 0 |20.9| 224|113 0 137.84 12.630 122.04 5.17 1.3 50.59 0 0 75.09 197.13 23.23 78.85 4425 14.7
7 Cl 3 0.00 12 0 0 1.86 0.96 9.46 9 0 0 1.13 | 108 0 0.000 122.04 8.02 1.3 0 0.3 40.68 | 115.8 237.81 27.97 95.12 60.38 17.7
8 SM-ML 2 0.00 0 30 0 1.86 0.94 11.34 0 |20.9| 224|113 0 |[237.56 12.630 282.71 10.4 7.53 0 0 0 115.8 398.48 31.13 159.39 63.54 19.7
9 SM-ML 2 0.00 0 30 30 1.86 0.94 13.22 0 |20.9| 224|113 0 [276.94 12.630 327.21 12.28 7.53 80.07 0 0 195.8 523.05 34.29 209.22 89.12 217
10 SM-ML 2.5 0.00 0 30 30 1.86 0.94 15.57 0 |20.9| 224|113 0 [32617 12.630 382 14.39 9.42 117.39 0 0 313.2 695.23 38.24 278.09 125.94 242
1 SM-ML 2 0.00 0 30 30 1.86 0.94 17.45 0 |20.9| 224|113 0 |[365.55 12.630 427 16.51 7.53 107.66 0 0 420.9 847.89 41.4 339.15 159.24 262
12 SM-ML 2.8 0.00 0 30 30 1.86 0.94 20.08 0 |20.9| 224|113 0 | 420.65 12.630 489 18.76 10.6 171.4 0 0 5923 1081.29 45.82 432.51 211.66 29
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 29.0
d) Vertical Pile Capacity (tonnes) 400.0
e) Uplift pile capacity (Tonnes) 200.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MJB @ 42+550 BH 20 Dia 1.20 m.xIs
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Annexure-|
Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Lateral Load Capacity of pile

Project no : 2152

[As per IS 2911-2010 Part 1Section-2] Annex-C

Project : Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.
Structure @ Chainage : MJB @ 42+550
Borehole no : BH 20
Type of pile : Bored cast in situ | Bored cast in situ
Diameter of the pile in "mm" : 1000 1200
Cut off Level of the Pile in"m": 2.000 2.300
Length of the Pile below the cut off level in "m" : 29.0 29.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0 X
@ Cut of level
Type of Sail : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged cour level /
Liquefiable strata

No. of Blow (N) 18.00 18.00
Moment of Inertia , 1in "cm?*": 4.909E+06 1.018E+07 — Fry One
Modulus of elasticity of the Pile , E (Kg/cm?) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 2.55E+03 2.55E+03
Stiffness factor for Cohesionless soil (T)inm : 3.54 4.09
Free standing Igngth of pile or.length of the pile belgw cut fo 8.000 7700
level not contributing substantially to lateral capacities (L) in "m" !
therefore L,/T orL,/R: 2.26 1.88
Embedded Length of the Pile (L) in"m" : 21.00 21.30
Reading from the graph Ly/T or L¢/R 192 194

(As per Appendix C,Clause 5.5.2 Fig 2):
Depth of Fixidity Lgin"m" 6.80 7.94
Depth of Fixity + free standing length (L=Li#L) in "m" 14.80 15.64
Type of Pile Behavviour : Long Flexible Pile | Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :

Permissible Horizontal Deflection pile (Y)"in mm": 10.00 12.00

Horizontal Deflection on the top of the pile (x) "in mm": 22.8 23.5
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 12.24 22.16
Recommended Lateral Capacity of Pile (T) for 1% dia deflection : 10.00 20.00

Equations :
T =(El/ny) "% ; R=(EI/K,)

For Free Head (Y) =[QLxx"]/3El ; For Fixed head (Y)=[QLxx%]/12EI
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 43+910 Location FLYOVER Based on Bore Hole No BH 21 Pile Cut -off level (m) 20
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 1025 water Level considered (m) 0.00 ScourLevel @RL(m)
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 . 2.5 Scour Level below the cut off level (m) 0.00 tigefaction depth below Ground level (m 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile.
. Scour level below cut-off level(m) : 0.000
Assuming the strata @ 30 m and below to be same. -
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Factors P pu = Ap® (Nc+PyNG+0.5..D.N,) P sy =(X(K; Pafant) Asta.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re aof Efecti Capacity, ?E} WO Capacity, P, uplift LeF:‘\em
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 fip. 0 oy i s ) T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Ay| Pu (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
1 SM;[’:AAL / 3 0.00 0 27 27 1.81 1.00 3 0 | 13.5| 145 0.79 0 40.38 7.000 37.19 1.5 9.42 10.79 0 0 0 37.19 3.29 14.87 3.29 3
2 Cl 2 0.00 3.9 0 0 1.83 1.02 5.04 9 0 0 0.79 ] 35.1 0 0.000 27.55 4.02 6.28 0 03 7.34 | 7.34 34.89 5.48 13.95 7.53 5
3 Cl 2 0.00 5 0 0 1.83 0.99 7.02 9 0 0 0.79 | 45 0 0.000 35.32 6.03 6.28 0 0.3 9.42 | 1676 52.08 7.67 20.83 12.36 7
4 SMémL / 1.5 0.00 0 30 30 1.86 0.95 8.44 0 |20.9| 2241 0.79 0 176.8 10.640 147.14 773 471 31.53 0 0 48.29 195.43 9.31 7817 22.83 8.5
5 SMémL / 2 0.00 0 30 30 1.86 0.95 10.34 0 |20.9| 224 0.79 0 216.61 10.640 178.39 9.39 6.28 51.06 0 0 99.35 277.74 11.5 111.09 39.31 10.5
6 SMémL / 2 0.00 0 30 30 1.86 0.95 12.24 0 |20.9| 224 0.79 0 256.41 10.640 209.63 11.29 6.28 61.4 0 0 160.8 370.38 13.69 148.15 58.7 12.5
7 CH 1.5 0.00 10 0 0 1.86 0.97 13.69 9 0 0 0.79| 90 0 0.000 70.65 12.96 471 0 0.3 1413 | 174.9 245.53 15.33 98.21 64.29 14
8 SM 2 0.00 0 30 30 1.86 0.95 15.59 0 |20.9| 224 0.79 0 |[326.59 10.640 264.72 14.64 6.28 79.62 0 0 254.5 519.22 17.52 207.68 88.78 16
9 SM 2 0.00 0 30 30 1.86 0.95 17.49 0 |20.9| 2241 0.79 0 |[366.39 10.640 295.96 16.54 6.28 89.95 0 0 344.5 640.41 19.71 256.16 116.15 18
10 SM 2 0.00 0 30 30 1.86 0.95 19.39 0 |20.9| 2241 0.79 0 406.19 10.640 327 18.44 6.28 100.28 0 0 4447 771.73 219 308.69 146.42 20
1 SM 1 0.00 0 30 30 1.86 0.95 19.39 0 |20.9| 2241 0.79 0 406.19 10.640 327 19.39 3.14 52.72 0 0 497.5 824.45 22.99 329.78 162.27 21
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 21.0
d) Vertical Pile Capacity (tonnes) 300.0
e) Uplift pile capacity (Tonnes) 150.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for Flyover @ 43+910 BH 21 Dia 1.0 m



Appendix-4.3

Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 43+910 Location FLYOVER Based on Bore Hole No BH 21 Pile Cut -off level (m) 23
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 1025 water Level considered (m) 0.00 ScourLevel @RL(m)
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 . 2.5 Scour Level below the cut off level (m) 0.00 tigefaction depth below Ground level (m 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile.
. Scour level below cut-off level(m) : 0.000
Assuming the strata @ 30 m and below to be same. -
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Factors P pu = Ap® (Nc+PyNG+0.5..D.N,) P sy =(X(K; Pafant) Asta.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re aof Efecti Capacity, ?E} WO Capacity, P, uplift LeF:‘\em
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 fip. 0 oy i s ) T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Ay| Pu (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
1 SM;[’:AAL / 2.7 0.00 0 27 27 1.81 1.00 27 0 |135| 145|113 0 36.34 8.000 50.1 1.35 10.2 10.49 0 0 0 50.1 427 20.04 427 27
2 Cl 2 0.00 3.9 0 0 1.83 1.02 474 9 0 0 1.13 | 35.1 0 0.000 39.66 3.72 7.53 0 03 8.81 | 8.81 48.47 7.43 19.38 9.89 47
3 Cl 2 0.00 5 0 0 1.83 0.99 6.72 9 0 0 1.13| 45 0 0.000 50.85 573 7.53 0 0.3 11.29 | 20.1 70.95 10.59 28.38 16.21 6.7
4 SMémL / 1.5 0.00 0 30 30 1.86 0.95 8.14 0 |20.9| 224|113 0 170.52 12.760 207.1 7.43 5.65 36.35 0 0 56.45 263.55 12.96 105.42 28.76 8.2
5 SMémL / 2 0.00 0 30 30 1.86 0.95 10.04 0 1209|224 1.3 0 210.32 12.760 252.08 9.09 7.53 59.27 0 0 115.7 367.8 16.12 147.12 48.52 10.2
6 SMémL / 2 0.00 0 30 30 1.86 0.95 11.94 0 |20.9| 224|113 0 250.12 12.760 297.05 10.99 7.53 71.66 0 0 187.4 484.43 19.28 193.77 71.74 12.2
7 CH 1.5 0.00 10 0 0 1.86 0.97 13.39 9 0 0 1.13| 90 0 0.000 101.7 12.66 5.65 0 0.3 16.95| 204.3 306.03 21.65 122.41 78.86 13.7
8 SM 2 0.00 0 30 30 1.86 0.95 15.29 0 |20.9| 224|113 0 320.3 12.760 376.35 14.34 7.53 93.51 0 0 297.8 67419 24.81 269.67 108.2 15.7
9 SM 23 0.00 0 30 30 1.86 0.95 17.47 0 |20.9| 224|113 0 |[365.97 12.760 427.96 16.38 8.66 122.84 0 0 420.7 848.64 28.44 339.45 146.23 18
10 SM 1 0.00 0 30 30 1.86 0.95 18.42 0 |20.9| 224|113 0 |[385.87 12.760 450 17.94 3.76 58.41 0 0 479.1 929.09 30.02 371.63 164.16 19
1 SM 2 0.00 0 30 30 1.86 0.95 20.32 0 |20.9| 224|113 0 425.68 12.760 495 19.37 7.53 126.31 0 0 605.4 1100.4 33.18 440.16 202.69 21
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 21.0
d) Vertical Pile Capacity (tonnes) 400.0
e) Uplift pile capacity (Tonnes) 180.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for Flyover @ 43+910 BH 21 Dia 1.20 m
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Annexure-|

Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Lateral Load Capacity of pile

Project no : 2152

[As per IS 2911-2010 Part 1Section-2] Annex-C

Project : Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.

Structure @ Chainage : Flyover @ 43+910

Borehole no : BH 21

Type of pile : Bored cast in situ | Bored cast in situ

Diameter of the pile in "mm" : 1000 1200

Cut off Level of the Pile in "'m" : 2.000 2.300

Length of the Pile below the cut off level in "m" : 21.0 21.0

Type of Pile Head : fixed fixed

Crossection of the Pile : Circle Circle

Gade of the concrete (M): 35.0 35.0

Type of Soil : Granular Granular

Condition of Soil with w.r.t Ground water : Submerged Submerged

No. of Blow (N) 9.00 9.00

Moment of Inertia , 1in "cm*": 4.909E+06 1.018E+07

Modulus of elasticity of the Pile , E (Kg/cm?) : 2.96E+05 2.96E+05

Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 1.20E+03 1.20E+03

Stiffness factor for Cohesionless soil (T) inm : 4.11 4.76

Free standing Igngfh of pile or.IengTh of the pile bel.o.w cut qff 0.000 0.000

level not contributing substantially to lateral capacities (L;) in"m": .

therefore L,/T or /R : 0.00 0.00

Embedded Length of the Pile (Lg) in"m" : 21.00 21.00

Reading from the graph Ly/T or Li/R 219 219

(As per Appendix C,Clause 5.5.2 Fig 2):

Depth of Fixidity Lg in"m™ 9.00 10.42

Depth of Fixity + free standing length (L=Li*L;) in "m" 9.00 10.42

Type of Pile Behavviour : Long Flexible Pile | Long Flexible Pile
Considering 1% of dia for Horizontal Deflection :

Permissible Horizontal Deflection pile (Y) "in mm": 10.00 12.00

Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 23.89 38.27

Recommended Lateral Capacity of Pile (T) for 1% dia deflection : 20.00 30.00

Equations :
T =(El/ny)"*; R=(EI/K;)"

For Free Head (Y) =[QLxx%|/3El ; For Fixed head (Y)=[QLxx%]/12EI

@ Scourlevel / cut of level
o>

4
t v= 1% gFfdia

CIXITY [ne




Appendix-4.3

Design of Pile Foundation @
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014 o
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 47+950 Location MJB Based on Bore Hole No BH 22 Pile Cut -off level (m) 20
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m)
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 - 2.5 Scour Level below the cut off level (m) 0.00 Ligefaction depth below Ground level (m 15.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. liquefaction depth below cut-of level(m)
Considering No Scour.Assuming the strata @ 20 m and below to be same. ’ 13.000
cheOgg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorsy P pU = Ap* (CN+PoN+0.5.,.D.N,) P sy =(X(K; Patané) Ag+a.c.A,)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) wam| C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py, (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 bu i s T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Faztor, acAy| Py (tonnes) ps (Tonnes)
layer Py (t/m?) 2.5
SM-ML /
1 M 3 0.00 0 30 30 1.86 0.98 0 0 |20.9| 224 0.79 0 0 10.000 0 0 9.42 0 0 0 0 0 3.29 0 3.29 3
2 SM 1 0.00 0 29 29 1.85 0.94 0 0 |18.1|19.3| 0.79 0 0 9.080 0 0 3.14 0 0 0 0 0 4.38 0 4.38 4
3 CI-CH 3 0.00 8 0 0 1.87 0.99 0 9 0 0 079 | 72 0 0.000 0 0 9.42 0 0.3 226 0 0 7.67 0 7.67 7
SM-ML /
4 M 4 0.00 0 29 29 1.87 0.97 0 0 |18.1|19.3| 0.79 0 0 9.370 0 0 12.6 0 0 0 0 0 12.06 0 12.06 1
SM-ML /
5 M 2 0.00 0 29 29 1.87 0.97 0 0 |18.1| 193] 0.79 0 0 9.370 0 0 6.28 0 0 0 0 0 14.25 0 14.25 13
6 SMémL / 3 0.00 0 30 30 1.87 0.97 291 0 |20.9| 224 0.79 0 60.96 10.860 56.37 1.45 9.42 11.82 0 0 11.82 68.19 17.54 27.27 20.84 16
7 SMémL / 2 0.00 0 30 30 1.87 0.97 4.85 0 |20.9| 2241 0.79 0 101.6 10.860 88.28 3.88 6.28 21.1 0 0 32.92 121.2 19.73 48.48 28.94 18
8 SMémL / 2 0.00 0 30 0 1.87 0.97 6.79 0 |20.9| 224 0.79 0 142.24 10.860 120.18 5.82 6.28 0 0 0 32.92 153.1 21.92 61.24 31.13 20
9 SMémL / 2 0.00 0 30 30 1.87 0.97 8.73 0 |20.9| 224 0.79 0 182.88 10.860 152.08 7.76 6.28 422 0 0 7512 227.2 24.11 90.88 45.14 22
10 SMémL / 2 0.00 0 30 30 1.87 0.97 10.67 0 |20.9| 2241 0.79 0 223.52 10.860 183 9.7 6.28 52.75 0 0 127.9 310.87 263 124.34 62.1 24
1 SMémL / 2 0.00 0 30 30 1.87 0.97 12.61 0 |20.9| 2241 0.79 0 264.16 10.860 215 11.64 6.28 63.3 0 0 191.2 406.17 28.49 162.46 82.01 26
12 SMémL / 2 0.00 0 30 30 1.87 0.97 14.55 0 |20.9| 2241 0.79 0 304.8 10.860 247 13.58 6.28 73.85 0 0 265 512.02 30.68 204.8 104.88 28
13 SMémL / 2 0.00 0 30 30 1.87 0.97 16.49 0 |20.9| 224 0.79 0 |[345.44 10.860 279 15.52 6.28 84.4 0 0 349.4 628.42 32.87 251.36 130.7 30
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 30.0
d) Vertical Pile Capacity (tonnes) 240.0
e) Uplift pile capacity (Tonnes) 120.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MJB @ 47+950 BH22 Dia 1.0 m.xls



Appendix-4.3

Design of Pile Foundation @
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014 o
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 47+950 Location MJB Based on Bore Hole No BH 22 Pile Cut -off level (m) 23
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m)
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 - 2.5 Scour Level below the cut off level (m) 0.00 Ligefaction depth below Ground level (m 15.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. liquefaction depth below cut-of level(m)
Considering No Scour.Assuming the strata @ 20 m and below to be same. ’ 12.700
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorlsy P pU = Ap* (CNo+PgN,+0.5.,.D.N,) P s =(X (K, Pytans) Agta.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) wam| C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py, (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 tip 0 bu i s T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Faztor, acAy| Py (tonnes) ps (Tonnes)
layer Py (t/m?) 2.5
SM-ML /
1 M 2.7 0.00 0 30 30 1.86 0.98 0 0 |20.9| 224|113 0 0 13.000 0 0 10.2 0 0 0 0 0 427 0 427 27
2 SM 1 0.00 0 29 29 1.85 0.94 0 0 |18.1]193]1.13 0 0 10.900 0 0 3.76 0 0 0 0 0 5.85 0 5.85 3.7
3 CI-CH 3 0.00 8 0 0 1.87 0.99 0 9 0 0 113 72 0 0.000 0 0 1.3 0 0.3 27.12 0 0 10.59 0 10.59 6.7
SM-ML /
4 M 4 0.00 0 29 29 1.87 0.97 0 0 |18.1]193]1.13 0 0 11.250 0 0 15.1 0 0 0 0 0 1691 0 1691 10.7
SM-ML /
5 M 2 0.00 0 29 29 1.87 0.97 0 0 |18.1]193]1.13 0 0 11.250 0 0 7.53 0 0 0 0 0 20.07 0 20.07 12.7
6 SMéxL / 3 0.00 0 30 30 1.87 0.97 291 0 |20.9| 224|113 0 60.96 13.030 83.6 1.45 1.3 14.18 0 0 14.18 97.78 24.81 39.11 28.78 15.7
7 SMéxL / 2 0.00 0 30 30 1.87 0.97 4.85 0 |20.9| 224|113 0 101.6 13.030 129.53 3.88 7.53 253 0 0 39.48 169.01 27.97 67.6 39.02 17.7
8 SMéxL / 2.3 0.00 0 30 0 1.87 0.97 7.08 0 |20.9| 224|113 0 148.31 13.030 182.31 5.96 8.66 0 0 0 39.48 221.79 31.6 88.71 42.65 20
9 SMémL / 2 0.00 0 30 30 1.87 0.97 9.02 0 |20.9| 224|113 0 188.95 13.030 228.23 8.05 7.53 52.49 0 0 91.97 320.2 34.76 128.08 60.51 22
10 SMémL / 2 0.00 0 30 30 1.87 0.97 10.96 0 |20.9| 224|113 0 229.59 13.030 274 9.99 7.53 65.14 0 0 157.1 431.11 37.92 172.44 81.91 24
1 SMémL / 2 0.00 0 30 30 1.87 0.97 12.9 0 |20.9| 224|113 0 270.24 13.030 320 11.93 7.53 77.79 0 0 234.9 554.9 41.08 221.96 106.85 26
12 SMémL / 2 0.00 0 30 30 1.87 0.97 14.84 0 |20.9| 224|113 0 [310.88 13.030 366 13.87 7.53 90.44 0 0 3253 691.34 4424 276.53 135.33 28
13 SMémL / 2 0.00 0 30 30 1.87 0.97 16.78 0 |20.9| 224|113 0 [351.52 13.030 411 15.81 7.53 103.09 0 0 428.4 839.43 47 4 335.77 167.36 30
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 30.0
d) Vertical Pile Capacity (tonnes) 320.0
e) Uplift pile capacity (Tonnes) 160.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for MJB @ 47+950 BH22 Dia 1.20 m.xIs
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Annexure-|
Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Lateral Load Capacity of pile

Project no : 2152

[As per IS 2911-2010 Part 1Section-2] Annex-C

Project : Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.
Structure @ Chainage : MJB @ 47+950
Borehole no : BH 22
Type of pile : Bored cast in situ | Bored cast in situ
Diameter of the pile in "mm" : 1000 1200
Cut off Level of the Pile in"m": 2.000 2.300
Length of the Pile below the cut off level in "m" : 30.0 30.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0 X
@ Cut of level
Type of Sail : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged cour level /
Liquefiable strata

No. of Blow (N) 24.00 24.00
Moment of Inertia , 1in "cm?*": 4.909E+06 1.018E+07 — Fry One
Modulus of elasticity of the Pile , E (Kg/cm?) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 3.41E+03 3.41E+03
Stiffness factor for Cohesionless soil (T)inm : 3.34 3.86
Free standing Igngth of pile or.length of the pile belgw cut fo 13.000 12.700
level not contributing substantially to lateral capacities (L) in "m"
therefore L,/T orL,/R: 3.89 3.29
Embedded Length of the Pile (L) in"m" : 17.00 17.30
Reading from the graph Ly/T or L¢/R 186 188

(As per Appendix C,Clause 5.5.2 Fig 2):
Depth of Fixidity Lgin"m" 6.20 7.25
Depth of Fixity + free standing length (L=Li#L) in "m" 19.20 19.95
Type of Pile Behavviour : Long Flexible Pile | Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :

Permissible Horizontal Deflection pile (Y)"in mm": 10.00 12.00

Horizontal Deflection on the top of the pile (x) "in mm": 40.7 40.0
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 10.02 18.21
Recommended Lateral Capacity of Pile (T) for 1% dia deflection : 9.00 17.00

Equations :
T =(El/ny) "% ; R=(EI/K,)

For Free Head (Y) =[QLxx"]/3El ; For Fixed head (Y)=[QLxx%]/12EI




Appendix-4.3

Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 49+900 Location FLYOVER Based on Bore Hole No BH 23 Pile Cut -off level (m) 20
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 1025 water Level considered (m) 0.00 ScourLevel @RL(m)
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 . 2.5 Scour Level below the cut off level (m) 0.00 tigefaction depth below Ground level (m 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile.
. Scour level below cut-off level(m) : 0.000
Assuming the strata @ 30 m and below to be same. -
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Factors P pu = Ap® (Nc+PyNG+0.5..D.N,) P sy =(X(K; Pafant) Asta.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re aof Efecti Capacity, ?E} WO Capacity, P, uplift LeF:‘\em
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 fip. 0 oy i s ) T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Ay| Pu (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
SM-ML /
1 M 1 0.00 0 29 29 1.81 0.99 0.99 0 |18.1|19.3|0.79 0 17.89 9.000 21.1 0.49 3.14 1.27 0 0 0 211 1.09 8.44 1.09 1
2 Cl 3 0.00 6 0 0 1.84 1.01 4.02 9 0 0 079 | 54 0 0.000 42.39 2.5 9.42 0 03 16.95| 16.95 59.34 4.38 2373 9.12 4
3 SM 2 0.00 0 29 29 1.87 0.99 6 0 |18.1|19.3| 0.79 0 108.46 9.570 92.65 5.01 6.28 26.16 0 0 43.11 135.76 6.57 54.3 18.64 6
4 SM 1.5 0.00 0 29 29 1.87 0.99 7.48 0 |18.1|19.3| 0.79 0 135.22 9.570 113.66 6.74 471 26.39 0 0 69.5 183.16 8.21 73.26 27.67 7.5
5 SM 2 0.00 0 29 29 1.87 0.99 9.46 0 |18.1|19.3| 0.79 0 171.01 9.570 141.75 8.47 6.28 4422 0 0 113.7 255.47 10.4 102.18 4224 9.5
6 SM 2 0.00 0 29 29 1.87 0.99 11.44 0 |18.1|19.3| 0.79 0 206.81 9.570 169.85 10.45 6.28 54.56 0 0 168.3 338.13 12.59 135.25 59.7 11.5
7 SM 1.5 0.00 0 29 29 1.87 0.99 12.92 0 |18.1|19.3| 0.79 0 233.56 9.570 190.85 12.18 471 47.69 0 0 216 406.82 14.23 162.72 747 13
8 SM 2 0.00 0 29 29 1.87 0.99 14.9 0 |18.1|19.3| 0.79 0 269.35 9.570 218.95 13.91 6.28 72.63 0 0 288.6 507.55 16.42 203.02 97.22 15
9 SM 2 0.00 0 30 30 1.87 0.99 16.88 0 |20.9| 2241 0.79 0 |[353.61 11.080 286.28 15.89 6.28 86.41 0 0 375 661.29 18.61 264.51 123.61 17
10 SM 1 0.00 0 30 30 1.87 0.99 17.87 0 |20.9| 2241 0.79 0 |[374.35 11.080 302 17.37 3.14 47.23 0 0 4222 724.24 19.7 289.69 137.92 18
1 SM 2 0.00 0 30 30 1.87 0.99 19.85 0 |20.9| 2241 0.79 0 415.83 11.080 335 18.86 6.28 102.57 0 0 5248 859.81 21.89 343.92 168.83 20
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 20.0
d) Vertical Pile Capacity (tonnes) 330.0
e) Uplift pile capacity (Tonnes) 150.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for Flyover @ 49+900 BH 23 Dia 1.0 m
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 49+900 Location FLYOVER Based on Bore Hole No BH 23 Pile Cut -off level (m) 23
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 1025 water Level considered (m) 0.00 ScourLevel @RL(m)
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 . 2.5 Scour Level below the cut off level (m) 0.00 tigefaction depth below Ground level (m 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile.
. Scour level below cut-off level(m) : 0.000
Assuming the strata @ 30 m and below to be same. -
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Factors P pu = Ap® (Nc+PyNG+0.5..D.N,) P sy =(X(K; Pafant) Asta.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer ;Ziesgﬁ Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re aof Efecti Capacity, ?E} WO Capacity, P, uplift LeF:‘\em
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 fip. 0 oy i s ) T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Ay| Pu (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
SM-ML /
1 M 07 0.00 0 29 29 1.81 0.99 0.69 0 |18.1] 193] 1.13 0 12.47 11.000 26.52 0.34 2.63 0.74 0 0 0 26.52 1.1 10.6 1.1 0.7
2 Cl 3 0.00 6 0 0 1.84 1.01 3.72 9 0 0 1.13| 54 0 0.000 61.02 22 1.3 0 03 20.34 | 20.34 81.36 5.84 32.54 11.53 37
3 SM 2 0.00 0 29 29 1.87 0.99 57 0 |18.1]193]1.13 0 103.04 11.480 129.4 471 7.53 29.48 0 0 49.82 179.22 9 71.68 2294 57
4 SM 1.5 0.00 0 29 29 1.87 0.99 718 0 |18.1]193]1.13 0 129.79 11.480 159.63 6.44 5.65 30.25 0 0 80.07 239.7 11.37 95.88 33.78 7.2
5 SM 2 0.00 0 29 29 1.87 0.99 9.16 0 |18.1]193]1.13 0 165.59 11.480 200.08 8.17 7.53 51.15 0 0 131.2 331.3 14.53 132.52 51.27 9.2
6 SM 2 0.00 0 29 29 1.87 0.99 11.14 0 |18.1]193]1.13 0 201.38 11.480 240.53 10.15 7.53 63.54 0 0 194.8 435.29 17.69 17411 7222 1.2
7 SM 1.5 0.00 0 29 29 1.87 0.99 12.62 0 |18.1]193]1.13 0 228.14 11.480 270.77 11.88 5.65 55.8 0 0 250.6 521.33 20.06 208.53 90.21 12.7
8 SM 2 0.00 0 29 29 1.87 0.99 14.6 0 |18.1]193]1.13 0 263.93 11.480 311.21 13.61 7.53 85.21 0 0 335.8 646.98 23.22 258.79 117.23 14.7
9 SM 23 0.00 0 30 30 1.87 0.99 16.87 0 |20.9| 224|113 0 353.4 13.300 41437 15.73 8.66 117.97 0 0 453.7 868.11 26.85 347.24 153.89 17
10 SM 1 0.00 0 30 30 1.87 0.99 17.86 0 |20.9| 224|113 0 |[374.14 13.300 437 17.36 3.76 56.52 0 0 510.3 947.26 28.43 378.9 171.3 18
1 SM 2 0.00 0 30 30 1.87 0.99 19.84 0 |20.9| 224|113 0 415.62 13.300 484 18.85 7.53 122.92 0 0 633.2 1117.18 31.59 446.87 208.88 20
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 20.0
d) Vertical Pile Capacity (tonnes) 400.0
e) Uplift pile capacity (Tonnes) 190.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for Flyover @ 49+900 BH 23 Dia 1.20 m
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Annexure-|

Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Lateral Load Capacity of pile

Project no : 2152

[As per IS 2911-2010 Part 1Section-2] Annex-C

Project :

Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.

Structure @ Chainage :

Flyover @ 49+900

Borehole no : BH 23

Type of pile : Bored cast in situ | Bored cast in situ
Diameter of the pile in "mm" : 1000 1200
Cut off Level of the Pile in "'m" : 2.000 2.300
Length of the Pile below the cut off level in "m" : 20.0 20.0
Type of Pile Head : fixed fixed
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0
Type of Soil : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged
No. of Blow (N) 12.00 12.00
Moment of Inertia , 1in "cm*": 4.909E+06 1.018E+07
Modulus of elasticity of the Pile , E (Kg/cm?) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 1.68E+03 1.68E+03
Stiffness factor for Cohesionless soil (T) inm : 3.85 4.45
Free standing Igngfh of pile or.IengTh of the pile bel.o.w cut qff 0.000 0.000
level not confributing substantially to lateral capacities (L;) in "m™:

therefore L,/T or /R : 0.00 0.00
Embedded Length of the Pile (Lg) in"m" : 20.00 20.00
Reading from the graph Ly/T or Li/R 219 219
(As per Appendix C,Clause 5.5.2 Fig 2):

Depth of Fixidity Lg in"m™ 8.43 9.75
Depth of Fixity + free standing length (L=Li*L;) in "m" 8.43 9.75

Type of Pile Behavviour :

Long Flexible Pile

Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :
Permissible Horizontal Deflection pile (Y) "in mm": 10.00 12.00
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 29.06 46.84
Recommended Lateral Capacity of Pile (T) for 1% dia deflection : 20.00 35.00

Equations :
T =(El/ny)"*; R=(EI/K;)"

For Free Head (Y) =[QLxx%|/3El ; For Fixed head (Y)=[QLxx%]/12EI

@ Scourlevel / cut of level
o>

£ .
v= 1% gFfdia

CIXITY [ne
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Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet

a5
O Encveemme cons I

Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7.0 Efficiency in SPT Boring (for C¢ factor) "%" : 60
Structure @ Chainage Flyover @ 0+800 Design PGA 024 g Borehole diameter (mm) 150
Borehole no : BH 1 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth (m) 4.50
Water Table Depth considered (m) 0.00
) = (4] 5 - “ o
E £l @ ~| g 2 £ e | O
— o o F S R ° g c ¢ = =
[0} - o = 3 ~ o o~ O~ T 2 o ° @ c
%=z ¥ EF |3 S_ | s&£| 35 3% % 3 § | x
2 2 g @ | 2E |2 53 82| 82 §% 0z 3 & £ o e zZ : % 8 2
[] = o Z o i FR o > 5 ] - = o (S} e g
< 2 T 3 oZ O E 2~ 32 o3 = o = 3] o
< o I = 5 o | B G °= ¢ 3 @ i v v
a = i 5 £ g | ¢ 3 2 £ 5 &
c = o o
a X 2 =g 5 T Y 9
a a k4 % 9 & 0
3 = b7l
1.8 | SM-ML | 10 17.90 7.90 94 0.99 32.22 32.22 14.22 0.35 | 1.70| 1.06 | 18.02 | 5.00| 1.20 26.62 0.33 0.39 1.12 Non Liquefiable
33 | SM-ML| 5 17.90 7.90 43 0.97 59.07 59.07 26.07 0.34 | 1.30| 1.06 | 690 |5.00]| 1.20 13.28 0.14 0.17 0.50 Liquefiable
48 | SM-ML| 8 17.90 7.90 32 0.96 85.92 82.92 37.92 0.34 | 1.10| 1.06 | 9.31 483 | 1.17 15.73 0.17 0.20 0.59 Liquefiable
6.3 | SM-ML | 11 17.40 7.40 37 0.95 112.02 94.02 49.02 0.34 | 1.03| 1.06 | 12.03 | 5.00| 1.20 19.43 0.21 0.25 0.73 Liquefiable
7.80 SM 13 17.40 7.40 29 0.94 138.12 105.12 60.12 0.34 | 0.98| 1.06 | 13.44 | 464 | 1.15 20.04 0.22 0.26 0.76 Liquefiable
9.30 SM 17 | 17.40 7.40 24 0.93 164.22 116.22 71.22 0.33 | 0.93| 1.06 | 1672 | 418 | 1.11 22.69 0.25 0.30 0.90 Liquefiable
10.80| SM 21 17.40 7.40 30 0.89 190.32 127.32 82.32 032 | 0.89 | 1.06| 19.73 | 471 ] 1.15 27.48 0.35 0.42 1.32 Non Liquefiable
1230 SM 23 | 17.40 7.40 27 0.85 | 216.42 138.42 93.42 0.31 | 0.85| 1.06| 20.72 | 448 | 1.13 27.90 0.37 0.44 1.43 Non Liquefiable
13.80| SM 28 17.40 7.40 19 0.81 242.52 149.52 104.52 | 0.29 | 0.82 | 1.06 | 2427 | 3.43| 1.07 29.47 0.43 0.52 1.78 Non Liquefiable
15.30 ClI 17 | 17.40 7.40 89 0.77 | 268.62 160.62 115.62 | 028 | 0.79 | 1.06 | 1422 | 500 | 1.20 22.06 0.24 0.29 1.04 Non Liquefiable
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Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet

-
-

S

50¢ g3y S
* ENGiez G CONSUT

Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7.00 Efficiency in SPT Boring (for Cg factor) "9 60
Structure @ Chainage MJB @ 1+530 Design PGA 024 g Borehole diameter (mm) 150
Borehole no : BH 2 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth (m) 2.70
Water Table Depth considered (m) 0.00
"’ = 2 5 & “ o
E £ 2 o> | 8 a e g 4]
- o k) F S R S g ) 0 = =
Q 5 2 < 3 - | o G ke T 2 o o . c
S| £ z | £ | EX | B¢ sE | 3+ 3% % = g B B
8 2 g @ 2E 21853/ 82 5§ %% 02 3 3 £ | o e z 3 z 8 2
[0 tn o Z o it > . > Z P o — —~ z (6] bl 2
sl g = 2 92 03 $5 | % 032 | & 5 » o S
- A T S T A ” N
K] X S i a 5 i 6 g 5]
2| 3 § |3 £ £ 9
) -
1.8 SM 5 17.40 7.40 29 0.99 31.32 31.32 13.32 0.36 | 1.70 | 1.06 | 9.01 4,64 1.15 14.96 0.16 0.19 0.53 Liquefiable
3.3 SM ) 17.40 7.40 33 0.97 57.42 51.42 24.42 0.36 | 1.39 | 1.06| 887 | 488 | 1.18 15.34 0.16 0.20 0.55 Liquefiable
48 | SM-ML| 10 | 17.40 7.40 69 0.96 83.52 62.52 35.52 035 | 1.26 | 1.06 | 13.41 | 500| 1.20 21.09 0.23 0.27 0.77 Liquefiable
6.3 SM 13 | 18.30 8.30 33 0.95 110.97 74.97 47.97 0.34 | 1.15| 1.06 | 1591 | 488 | 1.18 23.65 0.27 0.32 0.93 Liquefiable
7.80 SM 15 | 18.30 8.30 46 0.94 138.42 87.42 60.42 0.34 | 1.07 | 1.06 | 17.01 | 500| 1.20 25.41 0.30 0.36 1.07 Non Liquefiable
9.30 SM 23 | 18.60 8.60 31 0.93 166.32 100.32 73.32 0.33 | 1.00 | 1.06 | 24.34 | 477 | 1.16 33.07 NA NA >1 Non Liquefiable
10.80| SM 33 | 18.60 8.60 39 0.89 194.22 113.22 86.22 0.31 | 0.94|1.06| 3287 |500| 1.20 44.45 NA NA >1 Non Liquefiable
1230 SM 27 | 18.60 8.60 36 0.85 | 22212 126.12 99.12 0.30 | 0.89 | 1.06 | 25.48 | 5.00| 1.20 35.58 NA NA >1 Non Liquefiable
13.80| SM 17 | 18.90 8.90 98 0.81 250.47 139.47 11247 | 0.28 | 0.85| 1.06 | 1526 | 5.00| 1.20 23.31 0.26 0.31 1.12 Non Liquefiable
15.30| CL-CI | 21 18.90 8.90 99 0.77 | 278.82 152.82 12582 | 0.26 | 0.81 | 1.06 | 18.01 | 5.00| 1.20 26.61 0.33 0.39 1.48 Non Liquefiable
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Liquefaction Potential Evaluation as per IRC SP 114-2018

. - =
Computation Sheet O
Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7.00 Efficiency in SPT Boring (for C¢ factor) "9 60
Structure @ chainage VUP @ 6+380 DesignPGA 0.24 g Borehole diameter (mm) 150
Borehole no : BH 3 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth (m) 13.80
Water Table Depth considered (m) 9.00
~ - H e - = -
"’ = 2 5 53 “@ o
g é 2 o -g a ‘E c NE 8
I~ o T 4 [ R ‘0 (4 o [T ~
Q 5 2 < 3 - | o G ke T 2 o o . c
S 2 |z £ | §Ef 5 ¢ sE | 3. 3¥ % =2 g 2 s
2 2 g 2| 2E £/83 82 $£ 8%z 6l Z o a | Z : % 8 2
[0 tn o Z o it S . > Z F o — —~ z O bl 2
a 2 T 2 o< | O | 3 2% o ¥ ° 5 E & & O S
£ & 2 %3 | g |g ¢ = ¢ 2 9 ’ ” °
g = | § £ . ° £ TS %
a = > a <] 1) @ >
a (] g ° & & O
& = w
1.8 | SM-ML | 12 18.20 8.20 95 0.99 32.76 32.76 32.76 0.15 | 1.70| 1.06 | 21.62 | 5.00| 1.20 30.95 NA NA >] Non Liquefiable
33 | SM-ML| 9 18.20 8.20 86 0.97 60.06 60.06 60.06 0.15 | 1.29 | 1.06 | 1231 | 5.00| 1.20 19.77 0.21 0.25 1.67 Non Liquefiable
4.8 | SM-ML | 27 18.20 8.20 92 0.96 87.36 87.36 87.36 0.15 | 1.07 | 1.06 | 30.62 | 5.00| 1.20 41.74 NA NA >1 Non Liquefiable
6.3 SM 13 18.50 8.50 14 0.95 115.11 115.11 115.11 0.15 | 0.93 | 1.06 | 12.84 | 220 | 1.04 15.59 0.17 0.20 1.33 Non Liquefiable
7.8 SM 15 18.50 8.50 29 0.94 142.86 142.86 142.86 | 0.15 | 0.84 | 1.06 | 13.30 | 4.64| 1.15 19.88 0.21 0.26 1.74 Non Liquefiable
9.3 SM 19 18.70 8.70 29 0.93 170.91 170.91 167.67 | 0.15 | 0.76 | 1.06 | 1541 | 4.64| 1.15 22.29 0.25 0.29 2.00 Non Liquefiable
10.8 SM 24 18.70 8.70 22 0.89 198.96 198.96 180.72 | 0.15 | 0.71 | 1.06 | 18.04 | 3.93| 1.09 23.64 0.27 0.32 2.10 Non Liquefiable
12.3 SM 31 18.70 8.70 28 0.85 | 227.01 227.01 193.77 | 0.15 | 0.63 | 1.06 | 20.83 | 4.56| 1.14 28.27 0.38 0.45 2.93 Non Liquefiable
13.8 SM 27 18.70 8.70 28 0.81 255.06 255.06 206.82 | 0.15 | 0.59 | 1.06 | 16.79 | 456 | 1.14 23.67 0.27 0.32 2.06 Non Liquefiable
15.3 SM 35 18.70 8.70 42 0.77 | 283.11 268.11 21987 | 0.15 | 0.57 | 1.06 | 21.03 | 5.00| 1.20 30.24 NA NA >1 Non Liquefiable
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Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet

<

S
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Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7 Efficiency in SPT Boring (for C¢ factor) "9 60
Structure @ Chainage : FLYOVER @ 8+020  Design PGA 024 g Borehole diameter (mm) 150
Borehole no : BH 5 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth (m) 14.10
Water Table Depth considered (m) 10.00
e 5 ~ | T 2 £ &« &
£ o | 2 3 x| 8 $ s cE | &
) 5 ] =3 H - 3 S« 5 o Z o ° o c
S 2 2z £ E¢ % ¢ s€ | 3. Y% 2 g R 2
2 2 g 2| 2E 2183 82 $£ 23|z Gl Z o a | Z : % 8 2
7] tn o 2 o o 2 . > Z [ [J] - = z v = <
Q [ T s o2 (¥] > 2 o 3T = o = 5] 3]
< S ° = 5 @ o [ o ‘G “ i 2 o
= 2 o o 19 > > [ v
a 2 _g £ = o £ 2 o S5
X i a S S o
° 2 3 6 3 £ o 9
& = w i
1.8 | SM-ML | 7 18.00 8.00 65 0.99 32.80 32.80 32.80 0.15 | 1.70 | 1.06 | 12.61 | 500 | 1.20 20.14 0.22 0.26 1.68 Non Liquefiable
3.3 | SM-ML| 10 | 18.00 8.00 71 0.97 59.80 59.80 59.80 0.15 | 1.29 | 1.06 | 13.71 | 5.00| 1.20 21.45 0.23 0.28 1.84 Non Liquefiable
48 | SM-ML | 12 | 18.00 8.00 74 0.96 86.80 86.80 86.80 0.15 | 1.07 | 1.06 | 13.65 | 500 | 1.20 21.38 0.23 0.28 1.85 Non Liquefiable
6.3 SM 13 | 18.30 8.30 64 0.95 114.25 114.25 11425 | 0.15 | 0.94 | 1.06 | 1289 | 500| 1.20 20.47 0.22 0.26 1.78 Non Liquefiable
7.80 SM 16 | 18.30 8.30 26 0.94 141.70 141.70 141.70 | 0.15 | 0.84 | 1.06 | 1425 | 439| 1.12 20.38 0.22 0.26 1.79 Non Liquefiable
9.30 Cl 42 | 19.00 9.00 21 0.93 170.20 170.20 17020 | 0.14 | 0.77 | 1.06 | 34.13 | 5.00| 1.20 45.95 NA NA >1 Non Liquefiable
10.80 Cl 32 | 19.00 9.00 88 0.89 198.70 198.70 190.70 | 0.14 | 0.71 | 1.06 | 24.06 | 5.00| 1.20 33.88 NA NA >1 Non Liquefiable
1230 | SM-ML | 24 | 19.00 9.00 95 0.85 | 227.20 227.20 20420 | 0.15 | 0.63 | 1.06 | 16.12 | 5.00| 1.20 24.34 0.28 0.33 2.27 Non Liquefiable
13.80 | SM-ML | 47 | 19.00 9.00 25 0.81 255.70 255.70 217.70 | 0.15 | 0.59 | 1.06 | 29.17 | 429 | 1.12 36.82 NA NA >1 Non Liquefiable
15.30 | SM-ML | 57 | 19.00 9.00 38 0.77 | 284.20 272.20 23120 | 0.15 | 0.56 | 1.06 | 33.89 | 5.00| 1.20 45.67 NA NA >1 Non Liquefiable
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Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet

Soy S
" EGiiegag consTR T

Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7 Efficiency in SPT Boring (for Cg factor) "%" : 60
Structure @ Chainage : VUP @ 16+690 Design PGA 024 g Borehole diameter (mm) 150
Borehole no : BH 6 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth  (m) 13.30
Water Table Depth considered (m) 9.00
E 5 ~ | B 2 < Do &
£ . 2 | ® R | g o 5 £ | £
(V) B K] I~ 3 ~ 8 O~ o o Z [o] ° @ c
S| & |z £ | E£ £ ¢ sE€ | 3. R = g 2 2
22 |5 2| 2E 2 53|22 $E 33|z 3 3 2 o a z 5 & a 2
7] n [G @ b4 o ‘6 ~ 2 . > Z (3 B [ o - = : o v g
Q2 o T 3 o< (8} > 2 o X 2 o = o = [3) o
£ oS o = 5 w | D T v ° 3 @ v & 3]
a = S 5 £ g | ¢ 3 2 25 RS
~ S i @ = o = o
® 2 | 2 ¢ 8 2 8% 3
& = o b
1.8 Cl 11 18.40 8.40 86 0.99 33.12 33.12 33.12 0.15 | 1.70| 1.06 | 19.82 | 5.00| 1.20 28.79 0.40 0.48 3.10 Non Liquefiable
3.3 Cl 19 18.40 8.40 93 0.97 60.72 60.72 60.72 0.15 | 1.28 | 1.06 | 2585 | 500 | 1.20 36.02 NA NA >1 Non Liquefiable
4.8 Cl 15 | 18.40 8.40 95 0.96 88.32 88.32 88.32 0.15 | 1.06 | 1.06 | 16.92 | 5.00| 1.20 25.30 0.30 0.36 2.37 Non Liquefiable
6.3 | SM-ML | 24 | 18.60 8.60 32 0.95 116.22 116.22 116.22 | 0.15 | 0.93| 1.06 | 23.60 | 4.83| 1.17 32.46 NA NA >1 Non Liquefiable
7.80 SM 15 | 18.60 8.60 31 0.94 | 14412 144.12 14412 | 0.15 | 0.83 | 1.06 | 1324 | 477 | 1.16 20.17 0.22 0.26 1.77 Non Liquefiable
9.30 SM 25 | 18.60 8.60 35 0.93 172.02 172.02 169.02 | 0.15 | 0.76 | 1.06 | 20.20 | 5.00| 1.20 29.25 0.42 0.50 3.43 Non Liquefiable
10.80 Cl 29 | 18.60 8.60 97 0.89 199.92 199.92 181.92 | 0.15 | 0.71 | 1.06 | 21.74 | 5.00| 1.20 31.09 NA NA >1 Non Liquefiable
12.30 Cl 32 | 18.60 8.60 97 0.85 | 227.82 227.82 19482 | 0.15 | 0.63| 1.06 | 21.45 | 500| 1.20 30.75 NA NA >1 Non Liquefiable
13.80 Cl 34 | 18.60 8.60 96 0.81 255.72 250.72 207.72 | 0.15 | 0.59 | 1.06 | 21.39 | 5.00| 1.20 30.67 NA NA >1 Non Liquefiable
1530 SM 38 | 18.60 8.60 20 0.77 | 283.62 263.62 220.62 | 0.15 | 0.57 | 1.06 | 23.10 | 3.61| 1.08 28.55 0.39 0.47 3.03 Non Liquefiable
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Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet

a5
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Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7.0 Efficiency in SPT Boring (for C¢ factor) "%" : 60
Structure @ Chainage MNB @ 21+810 Design PGA 024 g Borehole diameter (mm) 150
Borehole no : BH 7 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth (m) 11.30
Water Table Depth considered (m) 7.00
) = (4] 5 - “ o
E £l @ ~| g 2 £ e | O
i o k] 4 [ R k7 (4 c [T =
[0} - cl 5 2 ~ o O «~ [T T Z o ° @ c
S 2 |z £ | §Ef 5 ¢ csE| TE | 3% | % =2 g 2 s
22 g 2@ 2f£ 2 83 %82 282 8% szl & 2 |o e Z 2 % 3 E
© % S Z 5 5~ 3 [ 25 o - g = 0 = <
Q g k] 2 o< o > 2 2 2 °3 s o o ) o
£ > [ T 1] P g2 @ ¢ 2 < « v Y
o = i 5 £ 2 o 3 ¢ Z S L
c = o o
a X 2 =g 5 T Y 9
a a k4 % 9 & 0
3 = b7l
1.8 | SM-ML| 6 17.90 7.90 82 0.99 32.22 32.22 32.22 0.15 | 1.70| 1.06 | 10.81 | 5.00| 1.20 17.97 0.19 0.23 1.48 Non Liquefiable
33 | SM-ML| 10 | 17.90 7.90 70 0.97 59.07 59.07 59.07 0.15 | 1.30 | 1.06 | 13.79 | 5.00| 1.20 21.55 0.24 0.28 1.85 Non Liquefiable
48 | SM-ML | 28 17.90 7.90 64 0.96 85.92 85.92 85.92 0.15 | 1.08 | 1.06 | 32.02 | 5.00| 1.20 43.42 NA NA >1 Non Liquefiable
6.3 | SM-ML | 31 18.70 8.70 58 0.95 113.97 113.97 113.97 | 0.15 | 0.94 | 1.06 | 30.78 | 5.00| 1.20 41.94 NA NA >1 Non Liquefiable
7.80 SM 18 18.70 8.70 48 0.94 142.02 142.02 134.02 | 0.16 | 0.84| 1.06 | 16.01 | 5.00| 1.20 24.21 0.28 0.33 2.13 Non Liquefiable
9.30 | SM-ML | 13 | 18.70 8.70 87 0.93 170.07 170.07 147.07 | 0.17 | 0.77 | 1.06 | 10.57 | 5.00| 1.20 17.68 0.19 0.22 1.34 Non Liquefiable
10.80 | SM-ML | 11 18.20 8.20 83 0.89 197.37 197.37 159.37 | 0.17 | 0.71 | 1.06 | 830 | 5.00| 1.20 14.96 0.16 0.19 1.1 Non Liquefiable
1230 | SM-ML | 18 | 18.20 8.20 21 0.85 | 224.67 214.67 171.67 | 0.17 | 0.66 | 1.06 | 1254 | 500 | 1.20 20.05 0.22 0.26 1.49 Non Liquefiable
13.80 | SM-ML | 19 18.20 8.20 98 0.81 251.97 226.97 183.97 | 0.17 | 0.63 | 1.06 | 1277 | 5.00| 1.20 20.32 0.22 0.26 1.52 Non Liquefiable
1530 SM-ML | 24 | 18.20 8.20 82 0.77 | 279.27 239.27 196.27 | 0.17 | 0.61 | 1.06 | 1558 | 5.00| 1.20 23.69 0.27 0.32 1.88 Non Liquefiable
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Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet
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Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7.00 Efficiency in SPT Boring (for Cg factor) "9 60
Structure @ Chainage VUP @ 22+890 Design PGA 024 g Borehole diameter (mm) 150
Borehole no : BH 8 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth (m) 14.20
Water Table Depth considered (m) 10.00
~— — .;:: o - -2 —~
E | 5 ~ | ® 2 < L, &
£ . 0z | T R | £ o 5 st 8
Q 3 2 < 3 = | 8 So 3 T2 o o s c
S| £ z | £ | EX | B¢ sE | 3+ 3% % = g B B
s 2 g 2| 3 £ 82128 %5 8% | 0z ¢ 3 E o o | Z 3 - 8 2
5 5 T 3 H £ 5% ¢ = > & o — = & o = c
sl g = 2 92 03 $5 | % 032 | & 5 » o S
- A T S T A ” N
8 | s £z |3 2 g8 | ¢
2 a 8 5 £ 5 0
) -
1.8 Cl 18 | 19.00 9.00 84 0.99 34.20 34.20 34.20 0.15 | 1.70 | 1.06 | 32.44 | 500 | 1.20 43.92 NA NA >1 Non Liquefiable
3.3 Cl 27 | 19.00 9.00 89 0.97 62.70 62.70 62.70 0.15 | 1.26 | 1.06 | 36.14 | 5.00| 1.20 48.37 NA NA >1 Non Liquefiable
4.8 Cl 19 19.00 9.00 93 0.96 91.20 91.20 91.20 0.15 | 1.05] 1.06 | 21.09 | 500| 1.20 30.31 NA NA > Non Liquefiable
6.3 SM 32 | 19.00 9.00 30 0.95 119.70 119.70 119.70 | 0.15 | 0.91 | 1.06 | 31.00 | 471 | 1.15 40.49 NA NA >1 Non Liquefiable
7.80 SM 30 | 19.00 9.00 20 0.94 148.20 148.20 148.20 | 0.15 | 0.82| 1.06 | 26.12 | 3.61| 1.08 31.81 NA NA >1 Non Liquefiable
9.30 SM 28 | 18.80 8.80 27 0.93 176.40 176.40 176.40 | 0.14 | 0.75| 1.06 | 2235 | 448 | 1.13 29.74 0.45 0.54 3.72 Non Liquefiable
10.80| SM 29 18.80 8.80 30 0.89 | 204.60 204.60 196.60 | 0.14 | 0.68 | 1.06 | 20.83 | 471 | 1.15 28.76 0.40 0.48 3.31 Non Liquefiable
1230 SM 32 | 18.80 8.80 20 0.85 | 232.80 232.80 209.80 | 0.15 | 0.62 | 1.06 | 21.15 | 3.61| 1.08 26.45 0.32 0.39 2.64 Non Liquefiable
13.80| SM 34 | 18.80 8.80 27 0.81 261.00 261.00 223.00 | 0.15 | 0.58 | 1.06 | 20.81 | 448 | 1.13 28.00 0.37 0.44 3.00 Non Liquefiable
1530 SM 51 18.80 8.80 26 0.77 | 289.20 278.20 236.20 | 0.15 | 0.55| 1.06 | 29.87 | 439 | 1.12 37.92 NA NA >1 Non Liquefiable
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Liquefaction Potential Evaluation as per IRC SP 114-2018
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Computation Sheet O
Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7.00 Efficiency in SPT Boring (for C¢ factor) "9 60
Structure @ chainage VUP @ 25+430 DesignPGA 0.24 g Borehole diameter (mm) 150
Borehole no : BH 9 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth (m) 12.25
Water Table Depth considered (m) 8.00
"’ = 2 5 53 “@ o
g é 2 o -g a ‘E c NE 8
I~ o T 4 [ R ‘0 (4 o [T ~
Q 5 2 < 3 - | o G ke T 2 o o . c
S| £ z | £ | EX | B¢ sE | 3+ 3% % = g B B
e 2 g 2| ;f £ 83|28 %5 8% 0z ¢ 3 E o e« | Z 3 % 8 2
5 5 T 3 H £ 5 X ¢ = > & o — = & o = c
sl g = 2 92 03 $5 | % 032 | & 5 » o S
- A T S T ” N
K] X S i a 5 i 6 9 5]
2 3 o 3 £ £ o
& = w
1.8 Cl 8 18.50 8.50 95 0.99 33.30 33.30 33.30 0.15 | 1.70 | 1.06 | 14.42 | 500 | 1.20 22.30 0.25 0.29 1.91 Non Liquefiable
3.3 Cl 17 18.50 8.50 99 0.97 61.05 61.05 61.05 0.15 | 1.28 | 1.06 | 23.06 | 5.00| 1.20 32.68 NA NA >1 Non Liquefiable
4.8 Cl 11 18.50 8.50 97 0.96 88.80 88.80 88.80 0.15 | 1.06 | 1.06 | 12.37 | 5.00| 1.20 19.85 0.21 0.25 1.69 Non Liquefiable
6.3 | SM-ML | 21 18.60 8.60 87 0.95 116.70 116.70 116.70 | 0.15 | 0.93 | 1.06 | 20.61 | 500 | 1.20 29.73 0.45 0.54 3.61 Non Liquefiable
7.8 | SM-ML | 25 18.60 8.60 89 0.94 144.60 144.60 14460 | 0.15 | 0.83 | 1.06 | 22.04 | 5.00| 1.20 31.44 NA NA >1 Non Liquefiable
93 | SM-ML| 8 18.60 8.60 75 0.93 172.50 172.50 159.50 | 0.16 | 0.76 | 1.06 646 | 500]| 1.20 12.75 0.14 0.16 1.06 Non Liquefiable
10.8 | SM-ML | 12 18.60 8.60 96 0.89 200.40 200.40 17240 | 0.16 | 0.69 | 1.06 | 8.73 | 5.00| 1.20 15.48 0.16 0.20 1.22 Non Liquefiable
12.3 CL 18 18.60 8.60 87 0.85 | 228.30 227.80 185.30 | 0.16 | 0.63 | 1.06 | 1207 | 5.00| 1.20 19.48 0.21 0.25 1.53 Non Liquefiable
13.8 CL 19 19.40 9.40 98 0.81 257.40 241.90 199.40 | 0.16 | 0.61 | 1.06 | 1224 | 5.00| 1.20 19.69 0.21 0.25 1.56 Non Liquefiable
153 | SM-ML | 22 19.40 9.40 96 0.77 | 286.50 256.00 213.50 | 0.16 | 0.59 | 1.06 | 13.64 | 5.00| 1.20 21.37 0.23 0.28 >1 Non Liquefiable
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Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet
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Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7 Efficiency in SPT Boring (for C¢ factor) "9 60
Structure @ Chainage : MNB @ 29+260 Design PGA 024 g Borehole diameter (mm) 150
Borehole no : BH 11 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth (m) 5.50
Water Table Depth considered (m) 3.00
o = 5 s - 3 =
E £ ® S 2 g T £g 4
iy o o z Q R ‘© o o c < ~
(U] - cl = 3 ~ o O« o (T2 (] ° m c
o 2 z £ £ | E |0 c E 5« - = g 2 9
2 %2 £ @ 2E 2 83 22| $E 2% 2 G5 8| 2 o a z z x 8 3
7] tn o 2 o o 2 . > Z [ [J] - = z v = <
2 2 R 3 o | O | 3 Q- o ¥ 3 T E & £ 3] o
< g ° = 5 @ o [ ) ‘G “ i 2 o
o = i 5 € 2 o 3 2 ¢ < L
o > 5 £ « > S £ 8 S
° 2 | 3 ¢ | 3 2 k: 9
b = w iS
1.8 CH ) 18.00 8.00 80 0.99 32.80 32.80 32.80 0.15 | 1.70| 1.06 | 10.81 | 500 | 1.20 17.97 0.19 0.23 1.48 Non Liquefiable
33 | SM-ML| 9 18.00 8.00 86 0.97 59.80 59.80 56.80 0.16 | 1.29 | 1.06 | 12.34 | 5.00| 1.20 19.80 0.21 0.25 1.59 Non Liquefiable
48 | SM-ML | 11 18.00 8.00 77 0.96 86.80 86.80 68.80 0.19 | 1.07 | 1.06 | 1252 | 500 | 1.20 20.02 0.22 0.26 1.36 Non Liquefiable
6.3 | SM-ML | 13 | 18.30 8.30 84 0.95 114.25 106.04 81.25 0.21 | 0.97 | 1.06| 13.38 | 5.00| 1.20 21.06 0.23 0.27 1.31 Non Liquefiable
7.80 | SM-ML | 18 | 18.30 8.30 83 0.94 141.70 118.49 93.70 022 | 0.92]1.06| 1753 |500| 1.20 26.03 0.31 0.37 1.69 Non Liquefiable
9.30 | SM-ML | 12 | 18.20 8.20 72 0.93 169.00 130.79 106.00 | 0.23 | 0.87|1.06| 11.12 | 500| 1.20 18.35 0.20 0.23 1.01 Non Liquefiable
10.80 | SM-ML | 13 | 18.20 8.20 93 0.89 196.30 143.09 11830 | 0.23 | 0.84|1.06| 11.52 | 5.00| 1.20 18.82 0.20 0.24 1.05 Non Liquefiable
1230 | SM-ML | 14 | 18.20 8.20 93 0.85 | 223.60 155.39 130.60 | 0.23 | 0.80| 1.06 | 11.90 | 5.00| 1.20 19.29 0.21 0.25 1.09 Non Liquefiable
13.80 | SM-ML | 17 | 18.20 8.20 94 0.81 250.90 167.69 142,90 | 0.22 | 0.77 | 1.06 | 13.92 | 5.00| 1.20 21.70 0.24 0.28 1.29 Non Liquefiable
1530 SM-ML | 13 | 18.20 8.20 97 0.77 | 278.20 179.99 15520 | 0.21 | 0.75]1.06| 1027 | 500| 1.20 17.33 0.18 0.22 1.03 Non Liquefiable
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Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet
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Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7 Efficiency in SPT Boring (for Cg factor) "%" : 60
Structure @ Chainage : FLYOVER @ 32+170 Design PGA 024 g Borehole diameter (mm) 150
Borehole no : BH 12 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth  (m) 13.20
Water Table Depth considered (m) 9.00
E 5 ~ | B 2 < Do &
£ N ® | E o g £ | &
(V] B ° I~ 3 ~ 8 O «~ o Q Z o ° @ c
S| & |z £ | E£ £ ¢ sE€ | 3. R = g 2 2
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Q2 o T 3 o< (8} > 2 o X C>) o = o = [3) o
< 2 T = 5 o | D o - 0 P » i v o
% - i > £ d:) o s :; > g g
X e} ic ? - %} = 0 3]
a z | 2 & | 3 2 $ 9
& = w hj
1.8 | SM-ML | 18 | 18.20 8.20 76 0.99 32.76 32.76 32.76 0.15 | 1.70| 1.06 | 32.44 | 5.00| 1.20 43.92 NA NA >1 Non Liquefiable
3.3 SM 9 18.20 8.20 27 0.97 60.06 60.06 60.06 0.15 | 1.29 [ 1.06 | 1231 | 448 | 1.3 18.39 0.20 0.23 1.54 Non Liquefiable
4.8 Cl 19 18.20 8.20 64 0.96 87.36 87.36 87.36 0.15 | 1.07 | 1.06 | 21.55 | 5.00| 1.20 30.86 NA NA >1 Non Liquefiable
6.3 Cl 23 18.50 8.50 98 0.95 115.11 115.11 115.11 | 0.15 | 0.93| 1.06 | 22.72 | 500| 1.20 32.27 NA NA >1 Non Liquefiable
7.80 Cl 28 | 18.50 8.50 96 0.94 142.86 142.86 142.86 | 0.15 | 0.84 | 1.06 | 2483 | 5.00| 1.20 34.80 NA NA >1 Non Liquefiable
9.30 Cl 29 18.80 8.80 98 0.93 171.06 171.06 167.70 | 0.15 | 0.76 | 1.06 | 23.50 | 5.00| 1.20 33.20 NA NA >1 Non Liquefiable
10.80 Cl 22 | 18.80 8.80 81 0.89 199.26 199.26 180.90 | 0.15 | 0.71 | 1.06 | 16.52 | 5.00| 1.20 24.82 0.29 0.34 2.26 Non Liquefiable
1230 SM 25 18.80 8.80 44 0.85 | 227.46 227.46 19410 | 0.15 | 0.63 | 1.06 | 16.78 | 5.00| 1.20 25.13 NA NA >1 Non Liquefiable
13.80| SM 30 | 18.80 8.80 34 0.81 255.66 249.66 207.30 | 0.15 | 0.60 | 1.06 | 18.93 | 4.93| 1.19 27.42 0.35 0.42 2.70 Non Liquefiable
1530 CH 29 18.80 8.80 89 0.77 | 283.86 262.86 220.50 | 0.15 | 0.57 | 1.06 | 17.66 | 5.00| 1.20 26.20 0.32 0.38 2.47 Non Liquefiable
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Appendix-4.3

Liquefaction Potential Evaluation as per IRC SP 114-2018
Computation Sheet 0
Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7.0 Efficiency in SPT Boring (for C¢ factor) "%" : 60
Structure @ Chainage MJB @ 33+420 Design PGA 024 g Borehole diameter (mm) 150
Borehole no : BH 13 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth (m) 2.10
Water Table Depth considered (m) 0.00
) = 2 5 - “ o
E £l @ ~| g 2 £ e | O
— o o F S R ° g c ¢ = =
[0} - o = 3 ~ o o~ O~ T 2 o ° @ c
“ ¥z : zf %3 8 | sE $E X% 3§ 2 § | @
22 g 2@ 2f£ 2 83 %82 282 8% szl & 2 |o e Z 2 % 3 E
] = o Z o i FR o > 5 ] - = e (S} e g
< 2 T 3 oZ O E 2~ 32 o3 = o = 3] o
< o I = 5 o | B G °= ¢ 3 @ i v v
. = i 5 £ o o 3 ¢ 2 € L
[ £ = 5 © =
< Q 3 -_— = 7]
a 3 > w n <] [} o v >
@ (] g ° L & O
3 = b7l
1.8 SM 2 17.30 7.30 3 0.99 31.14 31.14 13.14 0.36 | 1.70 | 1.06 | 3.60 | 0.00| 1.00 3.60 0.06 0.07 0.20 Liquefiable
3.3 | CI-CH 3 17.30 7.30 21 0.97 57.09 45.09 24.09 0.36 | 1.49 | 1.06 | 474 |500| 1.20 10.68 0.12 0.14 0.39 Liquefiable
48 | CI-CH 4 17.30 7.30 93 0.96 83.04 56.04 35.04 036 | 1.341.06 | 5.66 |500]| 1.20 11.80 0.13 0.15 0.43 Liquefiable
6.3 | CI-CH 2 17.40 7.40 90 0.95 109.14 67.14 46.14 0.35 | 1.22| 1.06| 259 |500]| 1.20 8.10 0.10 0.12 0.33 Liquefiable
7.80 | CI-CH 2 17.40 7.40 95 0.94 135.24 78.24 57.24 0.35 | 1.13 ] 1.06 | 240 |500]| 1.20 7.88 0.09 0.11 0.33 Liquefiable
9.30 SM 3 17.40 7.40 16 0.93 161.34 89.34 68.34 0.34 | 1.06 | 1.06 | 336 |277| 1.05 6.31 0.08 0.10 0.29 Liquefiable
10.80| SM 5 17.40 7.40 9 0.89 187.44 100.44 79.44 0.33 | 1.00 | 1.06 | 529 |056]| 1.02 5.94 0.08 0.09 0.29 Liquefiable
1230 SM 7 17.40 7.40 7 0.85 | 213.54 111.54 90.54 0.31 | 0.95]1.06| 7.03 |0.12| 1.01 7.21 0.09 0.11 0.34 Liquefiable
13.80| SM 18 17.40 7.40 17 0.81 239.64 122.64 101.64 | 0.30 | 0.90 | 1.06 | 17.23 | 3.01 | 1.06 21.28 0.23 0.28 0.93 Liquefiable
1530 CL-CI | 34 | 17.40 7.40 83 0.77 | 265.74 133.74 112.74 | 0.28 | 0.86 | 1.06 | 31.16 | 5.00| 1.20 42.40 NA NA >1 Non Liquefiable
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Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet
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Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7.00 Efficiency in SPT Boring (for Cg factor) "9 60
Structure @ Chainage MJB @ 33+490 Design PGA 024 g Borehole diameter (mm) 150
Borehole no : BH 14 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth (m) 3.20
Water Table Depth considered (m) 0.00
~— — .;:: o - -2 —~
E 5 ~ | T 2 £ N &
5 . 3 % x| & | @ s e &
Q 3 : < 3 = | 8 G ke T 2 o o . c
S| £ z | £ | EX | B¢ sE | 3+ 3% % = g B B
8 2 g @ 2E 21853/ 82 5§ %% 02 3 3 £ | o e z 3 z 8 2
5 5 T 3 H £ 5% ¢ = > & o — = & o = c
2 g e} E o< O > 2 o X g hel E s & o o
5| & | & 5 g 8| % e & Z2E | v “ ©
] X S T | a i~ 9 6 g 9
2 a g 5 £ E o
) -
1.8 SM 5 17.50 7.50 26 0.99 31.50 31.50 13.50 0.36 | 1.70 | 1.06 | 9.01 439 1.2 14.50 0.16 0.18 0.52 Liquefiable
3.3 SM 8 17.50 7.50 15 0.97 57.75 56.75 24.75 0.35 | 1.33 | 1.06 11.26 | 2.50| 1.05 14.30 0.15 0.18 0.51 Liquefiable
4.8 CH 11 17.50 7.50 98 0.96 84.00 68.00 36.00 035 | 1.21 | 1.06 | 1414 | 500 | 1.20 21.97 0.24 0.29 0.82 Liquefiable
6.3 CH 18 | 18.40 8.40 96 0.95 111.60 80.40 48.60 0.34 | 1.11 | 1.06 | 21.25 | 500| 1.20 30.50 NA NA >1 Non Liquefiable
7.80 CH 13 | 18.40 8.40 96 0.94 139.20 93.20 61.20 0.33 | 1.04| 1.06 | 1427 |500| 1.20 22.13 0.24 0.29 0.87 Liquefiable
9.30 CH 17 | 18.60 8.60 98 0.93 167.10 106.10 74.10 0.33 | 0.97 | 1.06 | 17.49 | 5.00| 1.20 25.99 0.31 0.37 1.15 Non Liquefiable
10.80| SM 22 | 18.60 8.60 11 0.89 195.00 119.00 87.00 0.31 | 0.92]1.06| 21.38 | 1.21| 1.03 23.15 0.26 0.31 1.00 Non Liquefiable
1230 SM 27 | 18.60 8.60 20 0.85 | 222.90 131.90 99.90 0.29 | 0.87 | 1.06 | 24.92 | 3.61| 1.08 30.51 NA NA >1 Non Liquefiable
13.80| SM 24 | 18.60 8.60 18 0.81 250.80 144.80 112.80 | 0.28 | 0.83 | 1.06 | 21.14 | 3.23| 1.07 25.78 0.31 0.37 1.32 Non Liquefiable
1530 SM 38 | 18.60 8.60 12 0.77 | 278.70 157.70 125.70 | 0.26 | 0.80| 1.06 | 3208 | 1.55| 1.03 34.64 NA NA >1 Non Liquefiable
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Liquefaction Potential Evaluation as per IRC SP 114-2018
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Computation Sheet O
Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7.00 Efficiency in SPT Boring (for C¢ factor) "9 60
Structure @ chainage MJB @ 35+860 DesignPGA 0.24 g Borehole diameter (mm) 150
Borehole no : BH 15 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth (m) 5.30
Water Table Depth considered (m) 1.00
"’ = 2 5 53 “@ o
g é 2 o -g a ‘E c NE 8
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1.8 SM 7 18.30 8.30 21 0.99 32.94 32.94 24.94 0.20 | 1.70| 1.06 | 12.61 | 3.78 | 1.09 17.48 0.19 0.22 1.09 Non Liquefiable
3.3 SM 9 18.30 8.30 12 0.97 60.39 60.39 37.39 0.25 | 1.29 | 1.06 | 1228 | 1.55| 1.03 14.22 0.15 0.18 0.74 Liquefiable
4.8 SM 19 18.30 8.30 15 0.96 87.84 87.84 49.84 0.26 | 1.07 | 1.06 | 21.49 | 250 | 1.05 25.02 0.29 0.35 1.32 Non Liquefiable
6.3 SM 22 18.50 8.50 99 0.95 115.59 105.49 62.59 0.27 | 0.97 | 1.06 | 22.71 | 5.00| 1.20 32.25 NA NA >1 Non Liquefiable
78 | CI-CH | 12 18.50 8.50 98 0.94 143.34 118.24 75.34 0.28 | 0.92| 1.06 | 11.70 | 5.00| 1.20 19.04 0.20 0.24 0.87 Liquefiable
93 | CI-CH | 29 18.60 8.60 94 0.93 171.24 131.14 88.24 0.28 | 0.87 | 1.06 | 26.84 | 500 | 1.20 37.21 NA NA >1 Non Liquefiable
10.8 | CI-CH | 16 18.60 8.60 98 0.89 199.14 144.04 101.14 | 0.27 | 0.83 | 1.06 | 1413 | 5.00| 1.20 21.96 0.24 0.29 1.06 Non Liquefiable
123 | CI-CH | 21 18.60 8.60 98 0.85 | 227.04 156.94 114.04 | 0.26 | 0.80| 1.06 | 17.77 | 5.00| 1.20 26.32 0.32 0.38 1.46 Non Liquefiable
13.8 SM 29 18.60 8.60 4] 0.81 254.94 169.84 126.94 | 0.25 | 0.77 | 1.06 | 23.59 | 5.00| 1.20 33.31 NA NA >1 Non Liquefiable
153 | SM-ML | 16 18.60 8.60 86 0.77 | 282.84 182.74 139.84 | 024 | 0.74| 1.06 | 1255 | 5.00| 1.20 20.06 0.22 0.26 >1 Non Liquefiable
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Appendix-4.3

Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet
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Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7 Efficiency in SPT Boring (for C¢ factor) "9 60
Structure @ Chainage MNB @ 38+010 Design PGA 0.24 g Borehole diameter (mm) 150
Borehole no : BH 16 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth  (m) 8.75
Water Table Depth considered (m) 4.00
£ 3 ) ~ | © 2 5 B &
i o 2 v R | g o = -E | £
) 8 s 3 2 - S G G« G = o ° a c
o 2z | =z Eo | E| O sE | TE 2 | % 2 g R 2
2 2 5 ® 3t | £ 53 82| 32 233 | sl 3 2 o] e | Zz : P 2 g
- 5 (] v 2 5 =S 5 o 5 o o — = & o = 2
a g o 3 5Z | 0 | 3 2~ 2 9 28 = & = 3] S
i = P " [T 5 =
8 &5 & 5| ¢ 8% 3 ¢ ¢2 | g ©
[ X o i v = = = 3]
° 2 | 2 g |3 8 8° 5
1.8 | SM-ML | 10 18.30 8.30 50 0.99 32.94 32.94 32.94 0.15 | 1.70 | 1.06 | 18.02 | 5.00| 1.20 26.62 0.33 0.39 2.55 Non Liquefiable
33 | SM-ML| 4 18.30 8.30 60 0.97 60.39 60.39 60.39 0.15 | 1.29 | 1.06 | 546 | 5.00]| 1.20 11.55 0.13 0.15 1.00 Liquefiable
48 | SM-ML | 8 18.30 8.30 81 0.96 87.84 87.84 79.84 0.17 | 1.07 | 1.06 | 9.05 | 500 1.20 15.86 0.17 0.20 1.22 Non Liquefiable
63 | SM-ML| 4 18.30 8.30 91 0.95 115.29 100.29 92.29 0.19 | 1.00 | 1.06 | 423 |5.00]| 1.20 10.08 0.11 0.14 0.73 Liquefiable
7.80 | CI-CH 7 18.30 8.30 96 0.94 142.74 112.74 104.74 | 0.20 | 0.94| 1.06 6.99 | 5.00| 1.20 13.39 0.14 0.17 0.86 Liguefiable
930 | CI-CH | 13 18.60 8.60 97 0.93 170.64 164.53 117.64 | 0.21 | 0.78 | 1.06 | 10.74 | 5.00| 1.20 17.89 0.19 0.23 1.09 Non Liquefiable
10.80| CI-CH | 18 18.60 8.60 98 0.89 198.54 177.43 130.54 | 0.21 | 0.75| 1.06 | 14.32 | 5.00| 1.20 22.19 0.24 0.29 1.39 Non Liquefiable
1230 CI-CH | 15 18.60 8.60 98 0.85 | 226.44 190.33 143.44 | 021 | 072 1.06| 11.53 | 5.00| 1.20 18.83 0.20 0.24 1.15 Non Liquefiable
13.80| CI-CH | 14 | 18.60 8.60 96 0.81 254.34 203.23 156.34 | 0.20 | 0.68 | 1.06 | 10.10 | 5.00| 1.20 17.12 0.18 0.22 1.06 Non Liquefiable
1530 CI-CH | 17 19.80 9.80 98 0.77 | 284.04 217.93 171.04 | 020 | 0.65| 1.06| 11.73 | 5.00| 1.20 19.08 0.20 0.24 1.23 Non Liquefiable
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Appendix-4.3

Liquefaction Potential Evaluation as per IRC SP 114-2018 (g)
Computation Sheet S0
Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7 Efficiency in SPT Boring (for C¢ factor) "9 60
Structure @ Chainage : MJB @ 39+510 Design PGA 024 g Borehole diameter (mm) 150
Borehole no : BH 17 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth (m) 4.50
Water Table Depth considered (m) 0.00
e 5 ~ | T 2 s &« &
£ o | 2 3 x| 8 $ s cE | &
) 5 ] =3 H - 3 S« 5 o Z o ° o c
S 2=z £ | E¢ 3 ¢_|sE 3+ | TE G 2 : : 2
2 2 g 2| 2E 2183 82 $£ 23|z Gl Z o a | Z : % 8 2
7] tn o 2 o o 2 . > Z [ [J] - = z v = <
Q 9 kel 2 o< o > 2 o x 33T E & & 3} o
< a ° = 5 @ o [ o ‘G “ i 2 o
& ~ i 5 £ g | ¢ 3 2 25 L
o x K iL a = v s 0 Y
° 2 3 6 3 £ o 9
b = w iS
1.8 | SM-ML| 5 17.50 7.50 99 0.99 32.30 32.30 14.30 0.35 | 1.70 | 1.06 | 9.01 500 | 1.20 15.81 0.17 0.20 0.58 Liquefiable
3.3 | SM-ML 9 17.50 7.50 99 0.97 58.55 58.55 25.55 0.35 | 1.31 | 1.06 12.47 | 5.00| 1.20 19.96 0.21 0.26 0.74 Liquefiable
48 | SM-ML | 7 17.50 7.50 90 0.96 84.80 81.80 36.80 035 | 1.11 [ 1.06| 820 |500| 1.20 14.84 0.16 0.19 0.55 Liquefiable
63 | SM-ML| 9 17.50 7.50 96 095 | 111.05 93.05 48.05 0.34 | 1.04|1.06| 9.89 |500]| 1.20 16.87 0.18 0.21 0.62 Liquefiable
7.80 | SM-ML | 11 17.50 7.50 99 0.94 | 137.30 104.30 59.30 0.34 | 098] 1.06| 11.42 | 500| 1.20 18.70 0.20 0.24 0.70 Liquefiable
9.30 | SM-ML | 10 | 17.60 7.60 98 0.93 | 163.70 115.70 70.70 0.33 | 093] 1.06| 985 |500]| 1.20 16.83 0.18 0.21 0.64 Liquefiable
10.80 | SM-ML | 14 | 17.60 7.60 95 0.89 190.10 127.10 82.10 0.32 | 0.89 | 1.06 | 13.16 | 500| 1.20 20.80 0.23 0.27 0.84 Liquefiable
12.30 | SM-ML | 17 | 17.60 7.60 95 0.85 | 216.50 138.50 93.50 0.31 | 0.85]1.06| 1531 |500| 1.20 23.37 0.26 0.31 1.03 Non Liquefiable
13.80| SM 29 | 17.60 7.60 38 0.81 242.90 149.90 104.90 | 0.29 | 0.82| 1.06 | 25.11 | 500| 1.20 35.13 NA NA > Non Liquefiable
1530 SM 33 | 17.60 7.60 46 0.77 | 269.30 161.30 116.30 | 0.28 | 0.79 | 1.06 | 27.54 | 5.00| 1.20 38.05 NA NA >1 Non Liquefiable
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Appendix-4.3

Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet
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Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7 Efficiency in SPT Boring (for Cg factor) "%" : 60
Structure @ Chainage : MJB @ 39+690 Design PGA 024 g Borehole diameter (mm) 150
Borehole no : BH 18 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth  (m) 4.50
Water Table Depth considered (m) 0.00
E 5 ~ | B 2 < Do &
£ o z T R | E o £ cE &
(V] B ° I~ 3 ~ 8 O «~ o Q Z o ° @ c
w 2 = = Eo € o 5 £ 5« 'g ~ 5 = 2 2 2
22 |5 2| 2E 2 53|22 $E 33|z 3 3 2 o a z 5 % 8 2
7] n [G @ b4 o ‘6 ~ 2 . > Z (3 B [ o - = : o v g
Q2 o T 3 o< (8} > 2 o X 2 o = o = [3) o
s &3 2 8% 5% 3% ¢ 53 2 & 5 8
& s = 3 E g ¢ 3 £ 25 =
= i a B o v
e H 2 ¢ 5 & 2 )
& = w hj
1.8 Cl 6 18.20 8.20 93 0.99 32.76 32.76 14.76 0.34 | 1.70| 1.06 | 10.81 | 5.00| 1.20 17.97 0.19 0.23 0.67 Liquefiable
3.3 Cl 10 18.20 8.20 97 0.97 60.06 60.06 27.06 0.34 | 1.29 | 1.06 | 13.68 | 500| 1.20 21.41 0.23 0.28 0.83 Liquefiable
4.8 Cl 13 | 18.20 8.20 92 0.96 87.36 84.36 39.36 0.33 | 1.09 | 1.06 | 15.00 | 5.00| 1.20 23.00 0.26 0.31 0.92 Liquefiable
6.3 | SM-ML | 15 18.20 8.20 75 0.95 114.66 96.66 51.66 0.33 | 1.02 | 1.06 | 1617 | 500| 1.20 24.41 0.28 0.33 1.02 Non Liquefiable
7.80 | SM-ML | 23 | 18.20 8.20 72 0.94 141.96 108.96 63.96 0.33 | 0.96| 1.06 | 23.36 | 5.00| 1.20 33.03 NA NA >1 Non Liquefiable
9.30 SM 27 18.30 8.30 46 0.93 169.41 121.41 76.41 0.32 | 0.91 | 1.06 | 2597 |5.00| 1.20 36.17 NA NA >1 Non Liquefiable
10.80| SM 24 | 18.30 8.30 31 0.89 196.86 133.86 88.86 0.31 | 0.86| 1.06 | 21.99 | 477 | 1.16 30.33 NA NA >1 Non Liquefiable
1230 SM 31 18.30 8.30 26 0.85 | 224.31 146.31 101.31 | 0.29 | 0.83| 1.06 | 27.17 | 439 | 1.12 34.88 NA NA >1 Non Liquefiable
13.80| SM 24 | 20.30 10.30 26 0.81 254.76 161.76 116.76 | 0.27 | 0.79 | 1.06 | 20.00 | 4.39| 1.12 26.84 0.33 0.40 1.45 Non Liquefiable
15.30 | SM-ML | 17 | 20.30 10.30 55 0.77 | 285.21 177.21 13221 | 0.26 | 0.75| 1.06 | 13.54 | 5.00| 1.20 21.24 0.23 0.28 1.07 Non Liquefiable
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Appendix-4.3

Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet
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Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7.0 Efficiency in SPT Boring (for C¢ factor) "%" : 60
Structure @ Chainage VUP @ 40+940 Design PGA 0.24 g Borehole diameter (mm) 150
Borehole no : BH 19 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth (m) 11.80
Water Table Depth considered (m) 7.00
) = 2 5 - “ o
E £l @ ~| g 2 £ e | O
— o o F3 o R S (4 c o = =
[0} - o = 3 ~ o o~ O~ T 2 o ° @ c
%=z ¥ EF |3 S_ | s&£| 35 3% % 3 § | x
22 g 2@ 2f£ 2 83 %82 282 8% szl & 2 |o e Z 2 % 3 E
© % S Z 5 5~ 3 [ 25 o - g = 0 = <
Q g T s o< ) S 2~ 2 9 ° 3 E o = 5} S
< g © = 5 @ k-] [ H ¢ 3 “ i 2 o
o = i 5 £ 2 o 3 ¢ Z S L
c = o o
a X 2 =g 5 T Y 9
a a k4 % 9 & 0
3 = b7l
1.8 Cl 7 17.80 7.80 86 0.99 32.04 32.04 32.04 0.15 | 1.70| 1.06 | 12.61 | 5.00| 1.20 20.14 0.22 0.26 1.68 Non Liquefiable
3.3 Cl 7 17.80 7.80 21 0.97 58.74 58.74 58.74 0.15 | 1.30| 1.06 | 9.68 | 5.00| 1.20 16.62 0.18 0.21 1.39 Non Liquefiable
4.8 Cl 9 17.80 7.80 89 0.96 85.44 85.44 85.44 0.15 | 1.08 | 1.06 | 10.32 | 5.00| 1.20 17.39 0.19 0.22 1.47 Non Liquefiable
6.3 Cl 11 18.20 8.20 92 0.95 112.74 112.74 112.74 | 0.15 | 0.94 | 1.06 | 1098 | 500 | 1.20 18.18 0.19 0.23 1.56 Non Liquefiable
7.80 Cl 24 | 18.20 8.20 89 0.94 140.04 140.04 132.04 | 0.16 | 0.85| 1.06 | 21.50 | 5.00| 1.20 30.80 NA NA >1 Non Liquefiable
9.30 | SM-ML | 40 | 19.10 9.10 60 0.93 168.69 168.69 145.69 | 0.17 | 0.77 | 1.06 | 32.65 | 5.00| 1.20 44.17 NA NA >1 Non Liquefiable
10.80| SM 37 19.10 9.10 42 0.89 197.34 197.34 159.34 | 0.17 | 0.71 | 1.06 | 27.92 | 5.00| 1.20 38.50 NA NA >1 Non Liquefiable
1230 SM 31 19.10 9.10 36 0.85 | 22599 220.99 17299 | 0.17 | 0.65| 1.06 | 21.20 | 5.00| 1.20 30.44 NA NA >1 Non Liquefiable
13.80| SM 35 19.10 9.10 18 0.81 254.64 234.64 186.64 | 0.17 | 0.62 | 1.06 | 23.01 | 3.23| 1.07 27.78 0.36 0.43 2.52 Non Liquefiable
1530 SM 36 | 19.10 9.10 35 0.77 | 283.29 248.29 200.29 | 0.17 | 0.60 | 1.06 | 22.80 | 5.00| 1.20 32.35 NA NA >1 Non Liquefiable
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Appendix-4.3

Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet
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Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7.00 Efficiency in SPT Boring (for Cg factor) "9 60
Structure @ Chainage MJB @ 42+550 Design PGA 024 g Borehole diameter (mm) 150
Borehole no : BH 20 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth (m) 3.35
Water Table Depth considered (m) 0.00
"’ = 2 5 5 “ o
g é 2 o -g a ; c NE 8
I~ o T 4 [ R ‘0 (4 o [T ~
Q 5 2 < 3 - | o G ke T 2 o o . c
S| £ z | £ | EX | B¢ sE | 3+ 3% % = g B B
s 2 g 2| 3 £ 82128 %5 8% | 0z ¢ 3 E o o | Z 3 - 8 2
5 5 T 3 H £ 5% ¢ = > & o — = & o = c
a 2 T 2 o< | O | 3 2% o ¥ ° 5 E & & O S
£ S22 3 r 8 % 3% ¢ ER ” ” °
4 x| g £ g = T TS| %
2 | 3 $ 5 £ £ 3
) -
1.8 SM 7 18.10 8.10 17 0.99 32.58 32.58 14.58 0.34 | 1.70 | 1.06 | 12.61 | 3.01 | 1.06 16.38 0.17 0.21 0.60 Liquefiable
3.3 SM 10 | 18.10 8.10 24 0.97 59.73 59.73 26.73 0.34 | 1.29 | 1.06 | 13.72 | 418 | 1.11 19.37 0.21 0.25 0.73 Liquefiable
4.8 SM 12 | 18.10 8.10 12 0.96 86.88 72.38 38.88 0.34 | 1.18 ] 1.06 | 1495 | 1.55| 1.03 16.98 0.18 0.22 0.64 Liquefiable
6.3 | SM-ML | 12 | 18.40 8.40 92 0.95 114.48 84.98 51.48 0.33 | 1.08 | 1.06 | 13.80 | 5.00| 1.20 21.56 0.24 0.28 0.85 Liquefiable
7.80 | SM-ML | 14 | 18.40 8.40 87 0.94 142.08 97.58 64.08 0.33 | 1.01 | 1.06 | 1502 | 500| 1.20 23.03 0.26 0.31 0.94 Liquefiable
9.30 | SM-ML | 23 | 18.40 8.40 66 0.93 169.68 110.18 76.68 0.32 | 0.95| 1.06 | 23.23 |500| 1.20 32.87 NA NA >1 Non Liquefiable
10.80 | SM-ML | 21 18.60 8.60 78 0.89 197.58 123.08 89.58 0.30 | 0.90 | 1.06 | 20.06 | 500 | 1.20 29.08 0.41 0.49 1.62 Non Liquefiable
1230 SM 27 | 18.60 8.60 32 0.85 | 22548 135.98 102.48 | 0.29 | 0.86| 1.06 | 24.54 | 483 | 1.17 33.57 NA NA >1 Non Liquefiable
13.80| SM 25 | 18.60 8.60 27 0.81 253.38 148.88 11538 | 0.28 | 0.82| 1.06 | 21.72 | 448| 1.13 29.03 0.41 0.49 1.78 Non Liquefiable
1530 SM 32 | 18.60 8.60 16 0.77 | 281.28 161.78 128.28 | 0.26 | 0.79 | 1.06 | 26.67 | 2.77 | 1.05 30.88 NA NA >1 Non Liquefiable
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Appendix-4.3

Liquefaction Potential Evaluation as per IRC SP 114-2018

. - =
Computation Sheet O
Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7.00 Efficiency in SPT Boring (for C¢ factor) "9 60
Structure @ chainage FLYOVER @ 43+910 DesignPGA 0.24 g Borehole diameter (mm) 150
Borehole no : BH 21 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth (m) 10.25
Water Table Depth considered (m) 6.00
~— — .;:: o - - —~
E | 5 ~ | ® 2 < L, &
_EF T E .g) I :o"% § 5 QC) g g
Q 3 : < 3 = | 8 G ke T 2 o o . c
S| £ z | £ | EX | B¢ sE | 3+ 3% % = g B B
e 2 g 2| ;f £ 83|28 %5 8% 0z ¢ 3 E o e« | Z 3 % 8 2
[0 tn o Z o it S . > Z F o — —~ z O bl 2
sl g = 2 92 03 $5 | % 032 | & 5 » o S
- A T S T ” N
8 x| 3 | €3 |3 g §S 2
a a g 3 £ g 0
& = w
1.8 | SM-ML| 6 18.10 8.10 82 0.99 32.58 32.58 32.58 0.15 | 1.70| 1.06 | 10.81 | 5.00| 1.20 17.97 0.19 0.23 1.48 Non Liquefiable
33 | SM-ML| 7 18.10 8.10 84 0.97 59.73 59.73 59.73 0.15 | 1.29 | 1.06 | 9.60 | 5.00| 1.20 16.52 0.18 0.21 1.38 Non Liquefiable
48 | SM-ML | 7 18.10 8.10 96 0.96 86.88 86.88 86.88 0.15 | 1.07 | 1.06 796 |5.00] 1.20 14.55 0.16 0.19 1.24 Non Liquefiable
6.3 Cl 10 18.30 8.30 95 0.95 114.33 114.33 111.09 | 0.15 | 0.94 | 1.06 | 9.91 5.00| 1.20 16.90 0.18 0.21 1.40 Non Liquefiable
7.8 Cl 11 18.30 8.30 93 0.94 141.78 141.78 123.54 | 0.17 | 0.84|1.06| 9.79 | 500| 1.20 16.75 0.18 0.21 1.26 Non Liquefiable
9.3 | SM-ML| 21 18.30 8.30 21 0.93 169.23 169.23 13599 | 0.18 | 0.77 | 1.06 | 17.11 | 500 | 1.20 25.53 0.30 0.36 2.01 Non Liquefiable
10.8 SM 20 18.60 8.60 45 0.89 197.13 191.35 148.89 | 0.18 | 0.72 | 1.06 | 1533 | 5.00| 1.20 23.39 0.26 0.31 1.72 Non Liquefiable
12.3 SM 29 18.60 8.60 33 0.85 | 225.03 204.25 161.79 | 0.18 | 0.68 | 1.06 | 20.86 | 4.88 | 1.18 29.48 0.44 0.52 2.83 Non Liquefiable
13.8 | SM-ML | 25 18.60 8.60 51 0.81 252.93 217.15 174.69 | 0.18 | 0.65| 1.06 | 1729 | 5.00| 1.20 25.75 0.31 0.37 2.02 Non Liquefiable
15.3 Cl 20 18.60 8.60 84 0.77 | 280.83 230.05 187.59 | 0.18 | 0.63 | 1.06 | 13.32 | 5.00| 1.20 20.99 0.23 0.27 >1 Non Liquefiable
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Appendix-4.3

Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet
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Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7 Efficiency in SPT Boring (for C¢ factor) "9 60
Structure @ Chainage MJB @ 47+950 Design PGA 0.24 g Borehole diameter (mm) 150
Borehole no : BH 22 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth  (m) 3.80
Water Table Depth considered (m) 0.00
£ E | 5 ~ | 3 2 2 2 08
— o o z [ R S o c c E <
o 2 °© X 3 - b Y 0 « o =z o ° a c
o 2z | =z Eo | E| O sE | TE 2 | % 2 g R 2
2| 2 & ® | cE | 53 22 32 | 33 2.3 & £ ol a| Z : & 8 3
° ) & ] T2 5 B 5 © o = o O (§) < oz 3] 2 ]
8| g = 2 | 9 o 8 |83 zd | 3§ | £ 5 5 S 8
£ F & % r 3 8 ¥% ¢ eE i Ny
3 £ | g £ oz B 5 50 ¢
> 2 o = o o o)
@ ©v :":, ° £ E
1.8 | SM-ML | 15 18.30 8.30 65 0.99 32.94 32.94 14.94 0.34 | 1.70 | 1.06 | 27.03 | 5.00 | 1.20 37.44 NA NA >1 Non Liquefiable
3.3 SM 24 18.30 8.30 20 0.97 60.39 60.39 27.39 0.34 | 1.29 | 1.06 | 32.74 | 3.61| 1.08 38.95 NA NA >] Non Liquefiable
48 | SM-ML | 10 18.30 8.30 84 0.96 87.84 87.84 39.84 0.33 | 1.07 | 1.06 | 11.31 | 5.00| 1.20 18.57 0.20 0.24 0.71 Liguefiable
63 | CI-CH | 13 18.30 8.30 97 0.95 115.29 115.29 52.29 0.33 | 0.93| 1.06 | 12.83 | 5.00| 1.20 20.40 0.22 0.26 0.80 Liquefiable
780 | CI-CH | 16 18.30 8.30 92 0.94 142.74 142.74 64.74 0.32 | 0.84| 1.06| 1420 | 5.00| 1.20 22.03 0.24 0.29 0.89 Liguefiable
9.30 | SM-ML | 20 18.60 8.60 93 0.93 170.64 170.64 77.64 0.32 | 0.77 | 1.06 | 1623 | 5.00| 1.20 24.47 0.28 0.34 1.06 Non Liquefiable
10.80 | SM-ML | 19 18.60 8.60 95 0.89 198.54 183.54 90.54 0.30 | 0.74 | 1.06 | 1487 | 5.00| 1.20 22.84 0.25 0.30 1.00 Non Liquefiable
1230 | SM-ML | 16 18.60 8.60 96 0.85 | 226.44 196.44 103.44 | 0.29 | 0.71 | 1.06 | 12.10 | 5.00| 1.20 19.52 0.21 0.25 0.87 Liquefiable
13.80 | SM-ML | 18 18.60 8.60 98 0.81 254.34 209.34 11634 | 027 | 0.67 | 1.06| 12.75 | 500 | 1.20 20.29 0.22 0.26 0.95 Liquefiable
15.30 | SM-ML | 27 19.80 9.80 95 0.77 | 284.04 224.04 131.04 | 0.26 | 0.64| 1.06| 1830 | 5.00| 1.20 26.96 0.34 0.40 1.55 Non Liquefiable
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Appendix-4.3

Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet
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Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7 Efficiency in SPT Boring (for C¢ factor) "9 60
Structure @ Chainage : FLYOVER @ 49+900 Design PGA 024 g Borehole diameter (mm) 150
Borehole no : BH 23 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth (m) 9.80
Water Table Depth considered (m) 5.00
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= o | 2 ? e | E $ s cE | &
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1.8 | SM-ML | 11 17.50 7.50 99 0.99 32.30 32.30 32.30 0.15 | 1.70| 1.06 | 19.82 | 500 | 1.20 28.79 0.40 0.48 3.10 Non Liquefiable
3.3 Cl ) 17.50 7.50 99 0.97 58.55 58.55 58.55 0.15 | 1.31 | 1.06 | 8.31 5.00| 1.20 14.97 0.16 0.19 1.25 Non Liquefiable
4.8 Cl 10 17.50 7.50 90 0.96 84.80 84.80 84.80 0.15 | 1.09 | 1.06 | 11.51 | 500| 1.20 18.81 0.20 0.24 1.60 Non Liquefiable
6.3 SM 12 | 17.50 7.50 96 0.95 111.05 111.05 98.05 0.17 | 0.95| 1.06 | 12.07 | 5.00| 1.20 19.48 0.21 0.25 1.48 Non Liquefiable
7.80 SM 18 17.50 7.50 99 0.94 137.30 137.30 109.30 | 0.18 | 0.85| 1.06 | 16.28 | 5.00| 1.20 24.54 0.28 0.34 1.83 Non Liquefiable
9.30 SM 21 17.60 7.60 98 0.93 163.70 163.70 120.70 | 0.20 | 0.78 | 1.06 | 17.40 | 5.00| 1.20 25.88 0.31 0.37 1.89 Non Liquefiable
10.80| SM 20 17.60 7.60 95 0.89 190.10 180.10 132.10 | 0.20 | 0.75| 1.06 | 1580 | 5.00| 1.20 23.96 0.27 0.33 1.64 Non Liquefiable
1230 SM 31 17.60 7.60 95 0.85 | 216.50 191.50 143.50 | 0.20 | 0.72| 1.06 | 23.75 | 5.00| 1.20 33.49 NA NA >1 Non Liquefiable
13.80| SM 28 17.60 7.60 38 0.81 242.90 202.90 15490 | 0.20 | 0.68 | 1.06 | 20.22 | 5.00| 1.20 29.27 0.42 0.51 2.56 Non Liquefiable
1530 SM 32 | 17.60 7.60 46 0.77 | 269.30 214.30 166.30 | 0.19 | 0.66 | 1.06 | 2232 | 5.00| 1.20 31.79 NA NA >1 Non Liquefiable

Annexure-Il
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Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet

as
O Ehggrang coNSITH

Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7 Efficiency in SPT Boring (for Cg factor) "%" : 60
Structure @ Chainage : MJB @ 39+690 Design PGA 024 g Borehole diameter (mm) 150
Borehole no : BH 18 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth  (m) 4.50
Water Table Depth considered (m) 0.00
E 5 ~ | B 2 < Do &
£ o z T R | E o £ cE &
(V] B ° I~ 3 ~ 8 O «~ o Q Z o ° @ c
w 2 = = Eo € o 5 £ 5« 'g ~ 5 = 2 2 2
22 |5 2| 2E 2 53|22 $E 33|z 3 3 2 o a z 5 % 8 2
7] n [G @ b4 o ‘6 ~ 2 . > Z (3 B [ o - = : o v g
Q2 o T 3 o< (8} > 2 o X 2 o = o = [3) o
s &3 2 8% 5% 3% ¢ 53 2 & 5 8
& s = 3 E g ¢ 3 £ 25 =
= i a B o v
e H 2 ¢ 5 & 2 )
& = w hj
1.8 Cl 6 18.20 8.20 93 0.99 32.76 32.76 14.76 0.34 | 1.70| 1.06 | 10.81 | 5.00| 1.20 17.97 0.19 0.23 0.67 Liquefiable
3.3 Cl 10 18.20 8.20 97 0.97 60.06 60.06 27.06 0.34 | 1.29 | 1.06 | 13.68 | 500| 1.20 21.41 0.23 0.28 0.83 Liquefiable
4.8 Cl 13 | 18.20 8.20 92 0.96 87.36 84.36 39.36 0.33 | 1.09 | 1.06 | 15.00 | 5.00| 1.20 23.00 0.26 0.31 0.92 Liquefiable
6.3 | SM-ML | 15 18.20 8.20 75 0.95 114.66 96.66 51.66 0.33 | 1.02 | 1.06 | 1617 | 500| 1.20 24.41 0.28 0.33 1.02 Non Liquefiable
7.80 | SM-ML | 23 | 18.20 8.20 72 0.94 141.96 108.96 63.96 0.33 | 0.96| 1.06 | 23.36 | 5.00| 1.20 33.03 NA NA >1 Non Liquefiable
9.30 SM 27 18.30 8.30 46 0.93 169.41 121.41 76.41 0.32 | 0.91 | 1.06 | 2597 |5.00| 1.20 36.17 NA NA >1 Non Liquefiable
10.80| SM 24 | 18.30 8.30 31 0.89 196.86 133.86 88.86 0.31 | 0.86| 1.06 | 21.99 | 477 | 1.16 30.33 NA NA >1 Non Liquefiable
1230 SM 31 18.30 8.30 26 0.85 | 224.31 146.31 101.31 | 0.29 | 0.83| 1.06 | 27.17 | 439 | 1.12 34.88 NA NA >1 Non Liquefiable
13.80| SM 24 | 20.30 10.30 26 0.81 254.76 161.76 116.76 | 0.27 | 0.79 | 1.06 | 20.00 | 4.39| 1.12 26.84 0.33 0.40 1.45 Non Liquefiable
15.30 | SM-ML | 17 | 20.30 10.30 55 0.77 | 285.21 177.21 13221 | 0.26 | 0.75| 1.06 | 13.54 | 5.00| 1.20 21.24 0.23 0.28 1.07 Non Liquefiable

Annexure-Il
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PROJECT: Geotechnical Investigation work for the proposed Greenfield project

from Spur to Haridwar

Project No. 2152

Flyover @ CH 0+800
BH :1
Depth : 30.00m

Depth of Water table : 4.50 m

Date of start

Date of finish : 22/03/2021 o

: 20/03/2021

Appendix-4.3

%’“ﬂmm coﬂs"‘“‘f

E . = S.P.T Plot Grainsize (%) | PENSIY | WIC | Limits (%) Shear Parameters
s | E| E (gm/ce)
- c .
5 = 2 Soil Observed | Corrected| _ > . | B = £ Cc
S & S Classification —e —e— T 2| 5 2 s /g 252 s &
3 [a 3 @ 3 L S| = S . . | S 3 2
L > 0 20 40 60 8010 20 40 60 80 100 6 w = g 2 s o % =3 = =
- = O T I < = 3 ~ | & | &
Sandy Silt with
1.80 spt | Gravel (SM-ML) 1 5 94 Non Plastic
2.50 ubDS 1.79 | 1.50| 18.94 DST | 0.14 25
3.30 SPT 0 57 43 Non |Plastic
4.80 SPT 0 68 32 Non|Plastic
5.50 uDS 1.74 | 1.43| 21.32 2.65| DST 25
6.30 SPT 0 63 37 Non|Plastic
Silty Sand with .
7.80 SPT Gravel (SM) 0 71 29 Non|Plastic
9.30 SPT 0 76 24 Non|Plastic
10.80 SPT 1 69 30 Non Plastic
12.30 SPT 0 73 27 Non |Plastic
13.80 SPT 0 81 19 Non |Plastic
15.30 SPT Silty Clay of 1 10 89
Medium
16.80 SPT Plasticity (CI) 0 5 95 41 23
18.30 SPT Sandy Silt with 0 2 98 Non |Plastic
Gravel (SM-ML) )
19.80 SPT 2 7 91 Non Plastic
21.30 SPT Silty Sand with 1 78 21 Non |Plastic
Gravel (SM)
22.80 SPT 1 60 39 Non |Plastic
Sandy Silt with .
24.30 SPT | Gravel (SM-ML) 0 46 54 Non Plastic
25.80 SPT 0 51 49 Non|Plastic
27.30 SPT Silty Sand with 0 79 21 Non Plastic
Gravel (SM)
28.80 SPT 1 87 12 Non |Plastic
30.30 SPT 0 86 14 Non|Plastic




PROJECT: Geotechnical Investigation work for the proposed Greenfield project

from Spur to Haridwar

Project No. 2152

MJB @ CH 1+530

BH:2

Depth : 30.00m

Depth of Water table : 2.70 m

Date of start

Date of finish : 23/03/2021

: 21/03/2021

Appendix-4.3

o
%""ﬂﬂws const® il

T | = S.P.T Plot Grainsize (%) | PENSIY | WIC | Limits (%) Shear Parameters
s | E| E (gmvcc)
~ © .
5 = 2 Soil Observed | Corrected| _ > . | B = £ Cc
S é‘ S Classification —e —— S 25 € 3 T 2 4|6 £ 3 &
g o o < = = | 5 S | = Py 2 s
L > 0 20 40 60 80100 20 40 60 8010D (D w = | | T, =3 = =
- = O T I < = 3 ~ | & | &
1.80 SPT Silty Sand with 6 0 71 29 Non |Plastic
2.50 uDS Gravel (SM) 2.50 | 2.09 | 19.86 DST 28
3.30 SPT 7 0 67 33 Non|Plastic
4.80 sPT | Sandy Silt with 11 0 40 60 Non |Plastic
5.50 UDsS | Gravel (SM-ML) 5.50 | 4.56 | 20.58 2.62| DST | 0.12 | 29
6.30 SPT 14 0 67 33 Non |Plastic
7.80 SPT 15 0 54 46 Non |Plastic
8.50 uDS 8.50 | 7.10 | 19.79 DST 30
9.30 SPT Silty Sand with 18 0 69 31 Non |Plastic
Gravel (SM)
10.80 SPT 23 0 61 39 Non|Plastic
12.30 SPT 20 0 64 36 Non |Plastic
13.80 SPT 14 0 2 98 Non |Plastic
14.50 uDSs 14.50(12.16| 19.25 271 UU | 1.18 4
15.30 SPT i 21 0 1 99
Silty Clay of
16.80 SPT | Low to Medium 24 2 7 91 38| 21
Plasticity (CL-CI)
18.30 SPT 22 0 1 99
19.80 SPT 27 0 5 95 44 27
21.30 SPT 20 1 82 17 Non |Plastic
22.80 SPT 21 1 68 31 Non Plastic
24.30 SPT Silty Sand with 23 1 74 25 Non |Plastic
25.80 spr | Cravel (SM) 26 1 | 68 31 Non|Plastic
27.30 SPT 24 1 75 24 Non |Plastic
28.80 SPT 27 1 80 19 Non|Plastic
30.30 SPT 29 0 69 31 Non IPlastic
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PROJECT: Geotechnical Investigation work for the proposed Greenfield project VUP @ CH 6+380 Date of start : 24/03/2021
from Spur to Haridwar BH :3
Depth :20.00m b
_ Depth of Water table : 13.80 m Date of finish : 25/03/2021 Ao o
Project No. 2152
£ — = S.P.T Plot Grain size (%) Density | W/C |Limits (%) Shear Parameters
g S IS (gm/cc)
Rl = 3 Soil Observed | Corrected > = — —
7} = Y= e - - © 8 1S B
é § gg_ Classification —e 2 % g g = S :: . (‘5 g 5 4 Cc
< > 0 20 40 60 80100 20 40 60 80 10D (3 w = g 2 s a | & =3 2 =
o - wn =
= oo | L1 L1 1| I | 1 1| @ = 3 - | S | &
1.00 —|
1.80 SPT Sandy Silt 200 | 16 0 5 95 Non|Plastic
2.50 ubDsS with Gravel 182|167 9.19 DST | 0.14 29
3.00 —|
330 | SPT (SM-ML) 10 0 | 14 86 Non Plastic
4.00 —|
4.80 SPT 500 —| 13 0 8 92 Non|Plastic
5.50 ubsS 1.85|1.68| 10.34 2.61| DST | 0.14 30
6.00 —|
6.30 SPT 14 0 86 14 Non Plastic
7.00 —|
7.80 SPT 8.00 | 16 0 71 29 Non|Plastic
8.50 ubDsS 1.87 | 166 12.86 2.65| DST 32
9.00 —|
9.30 SPT 19 0 71 29 Non Plastic
10.00 —
10.80 SPT 11.00 —| 24 1 77 22 Non|Plastic
Silty Sand with | 12.00 — .
12.30 SPT Gravel (SM) 19 0 72 28 Non|Plastic
13.00 —
13.80 SPT 1400 —| 24 0 72 28 Non Plastic
15.00 — )
15.30 SPT 25 1 57 42 Non|Plastic
16.00 —
16.80 SPT 17.00 — 23 0 72 28 Non Plastic
18.00 — .
18.30 SPT 26 0 69 31 Non Plastic
19.00 —
20.00 —| )
20.30 SPT 26 0 75 25 Non|Plastic
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PROJECT: Geotechnical Investigation work for the proposed Greenfield project Flyover @ CH 8+020 Date of start : 26/03/2021
from Spur to Haridwar BH :5
Depth : 30.00m A
_ Depth of Water table : 14.10 m Date of finish : 28/03/2021 K A
Project No. 2152 ]
— [«5) .
T _ = S.P.T Plot Grainsize (%) | DENSY | WIC | Limits (%) Shear Parameters
s | E| E (gm/cc)
~ < .
5 = k2 Soil Observed | Corrected| _ > o | B = £ Cc
S é‘ S Classification —e —— S 25 € 3 T 2 4|6 £ 3 &
° o o © =1 = S S _i . o - < =
L > 0 20 40 60 80100 20 40 60 8010D (D w = | | T, =3 = =
- = O T I < = 3 ~ | & | &
1.80 SPT 9 4 31 65 Non|Plastic
2.50 ubDS . 180 | 1.64| 9.89 2.61| DST | 0.15 29
3.30 SPT Sandy Silt 11 2 27 71 Non |Plastic
with Gravel
4.80 SPT (SM-ML) 12 2 24 74 Non|Plastic
5.50 ubDS 1.83|1.64| 11.45 DST | 0.15 30
. S - - i
6.30 PT Silty Sand with 12 0 36 64 Non |Plastic
780 | spr | Cravel (SM) 14 1 |73 26 Non|Plastic
8.50 UDS | sandy Silt with 1.90 | 1.68 | 13.22 _ DST | 0.15 | 32
9.30 SPT Gravel (SM-ML) 34 4 5 91 Non Plastic
10.80 spT Silty Clay of Medium 32 1| 11 88 40| 22
11.50 uDs |Plasticity (CI) 1.90 | 1.63 | 16.56 271 VU | 143 | 9
12.30 SPT Sandy Silt with 17 1 4 95 Non |Plastic
Gravel (SM-ML)
13.80 SPT 32 0 75 25 Non |Plastic
15.30 SPT 26 0 62 38 Non |Plastic
16.80 SPT 25 0 75 25 Non|Plastic
18.30 SPT 29 0 61 39 Non Plastic
Silty Sand with
19.80 SPT | Gravel (SM) 28 0 62 38 Non Plastic
21.30 SPT 29 0 75 25 Non|Plastic
22.80 SPT 25 1 77 22 Non Plastic
24.30 SPT 26 0 79 21 Non |Plastic
25.80 SPT 28 0 67 33 Non |Plastic
27.30 SPT 25 0 65 35 Non|Plastic
28.80 SPT 28 0 59 41 Non|Plastic
30.30 SPT 29 1 64 35 Non Plastic
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PROJECT: Geotechnical Investigation work for the proposed Greenfield project VUP @ CH 16+690 Date of start : 28/03/2021
from Spur to Haridwar BH :6
Depth :20.00m A
_ Depth of Water table : 13.30 m Date of finish : 30/03/2021 N 5
Project No. 2152
— [«5) .
T _ = S.P.T Plot Grainsize (%) | DENSY | WIC | Limits (%) Shear Parameters
s | E | E (gm/cc)
~ < .
5 = 2 Soil Observed | Corrected| _ > . | B = £ Cc
S & S Classification —e —e— s 2 Sl s ela a5l g 3 8
g | O g s | 8| S| 2|5 S |53 - 518 | g 2
L > 0 20 40 60 80100 20 40 60 8010D (D n = = = = T, S = =
- = O T I < = 3 ~ | & | &
. 1.00 —
Silty Clay of
1.80 SPT Medium 200 —| 11 0 14 86 47 23
2.50 UDS Plasticity (CI) 1.84 | 1.63| 12.86 274] VU | 061 | 9
3.00 —
3.30 SPT 19 0 7 93
4,00 —
Sandy Silt )
4.80 SPT with Gravel 500 | 15 0 5 95 Non|Plastic
5.50 uDS (SM-ML) 1.86 | 1.62 | 14.51 2.61| DST | 0.14 | 30
6.00 —
6.30 SPT 23 0 68 32 Non |Plastic
7.00 —
780 | spT | SitySandwith | = 13 0 | 69 31 Non Plastic
Gravel (SM) :
9.00 — .
9.30 SPT 20 0 65 35 Non|Plastic
10.00 —|
10. .
0.80 SPT Silty Clay of 11,00 — 29 0 3 97 43 22
Medium
i 12.00 —|
12.30 SPT Plasticity (CI) 32 0 3 97
13.00 —|
13.80 SPT 14.00 —| 34 0 4 96 44 23
15.00 —| )
15.30 SPT 20 1 79 20 Non Plastic
16.00 —|
Silty Sand with .
16.80 SPT Gravel (SM) 17.00 —| 22 1 75 24 Non |Plastic
18.00 —| .
18.30 SPT 22 0 74 26 Non|Plastic
19.00 —|
20.00 — .
20.30 SPT 20 0 72 28 Non Plastic




PROJECT: Geotechnical Investigation work for the proposed Greenfield project

from Spur to Haridwar

Project No. 2152

MNB @ CH 21+810
BH 7
Depth :20.00m

Depth of Water table : 11.30 m

Date of start

: 31/03/2021

Date of finish : 01/04/2021

Appendix-4.3

o
%""ﬂﬂws const® il

T | = S.P.T Plot Grainsize (%) | PENSIY | WIC | Limits (%) Shear Parameters
s | E| E (gm/cc)
~ < .
5 = 2 Soil Observed | Corrected| _ > . | B = £ Cc
S & S Classification —e —e— S T | 5 2= o= |4 4 2 | s &
2| & o g | 5| 8] ¢ 2 131 21215 | g | 2
L > 0 20 40 60 8010 20 40 60 80 100 6 w = g 2 s o % =3 E: =
- = 60 I < = 3 ~ | & | &
1.80 SPT 8 1 17 82 Non Plastic
2.50 ubS 1.79 | 158 | 13.21 DST | 0.14 28
Sandy Silt .
3.30 SPT with Gravel 11 0 30 70 Non |Plastic
(SM-ML)
4.80 SPT 29 0 36 64 Non|Plastic
5.50 ubS 1.87 | 1.63| 14.78 2.62| DST | 0.12 31
6.30 SPT 29 0 42 58 Non Plastic
Silty Sand with
7.80 SPT Gravel (SM) 15 0 52 48 Non|Plastic
8.50 ubS 1.82 | 156 | 16.82 DST | 0.12 29
9.30 SPT 10 2 11 87 Non |Plastic
10.80 SPT 8 9 8 83 Non|Plastic
12.30 SPT 13 2 7 91 Non|Plastic
Sandy Silt
with Gravel
13.80 SPT (SM-ML) 13 0 2 98 Non Plastic
15.30 SPT 16 0 18 82 Non|Plastic
16.80 SPT 16 0 5 95 Non |Plastic
18.30 SPT 18 0 5 95 Non|Plastic
20.30 SPT 25 0 4 96 Non Plastic




PROJECT: Geotechnical Investigation work for the proposed Greenfield project

from Spur to Haridwar

Project No. 2152

VUP @ CH 22+980

BH :8

Depth :20.00m

Depth of Water table : 14.20 m

Date of start

: 31/03/2021

Date of finish : 01/04/2021

Appendix-4.3

oy
%’“ﬂﬂws const™ -

Reduced Level

. = S.P.T Plot Grainsize %) | DENSIY | WIC | Limits (%) Shear Parameters
£ £ (gmicc)
~ © .
< 2 Soil Observed | Corrected| __ > _ 7 = = ce
é— § Classification —e— % 'cg; g g = ;\3 :: 4o £ = %
> 0 20406080100 20 40 60 80100 (5 | P = g 2 s o & 8 2 =
= O T I < = 3 ~ | & | &
1.00 —
180 | SPT '\Sﬂ“tg_c'ay of |, 18 1 | 15 84 40| 25
eaium .
250 | UDS Plasticity (CI) 1.90 | 1.71] 11.42 271 UU | 109 | 9
3.00 —
3.30 SPT 27 0 11 89
4.00 —
480 | SPT 500 19 0 7 93 36| 24
5.50 uDS 1.90 | 1.69 | 12.33 2.65| DST 31
6.00 —
6.30 SPT 30 0 70 30 Non |Plastic
7.00 —
7.80 SPT 8.00 —| 26 0 80 20 Non |Plastic
8.50 ubDS 1.88 | 1.62 | 15.86 DST 31
9.00 —
9.30 SPT 23 0 73 27 Non |Plastic
10.00 —
10.80 SPT 22 0 70 30 Non|Plastic
Silty Sand 11.00 = *
with Gravel 1200 |
12.30 SPT (SM) ' % 23 0o |80 20 Non Plastic
13.00 —
13.80 SPT 14.00 — X 23 0 73 27 Non |Plastic
.00 —
1530 | SPT ' ¥ 24 1|73 26 Non|Plastic
16.00 —
16.80 SPT 1700 —| 23 0 79 21 Non |Plastic
18.00 — .
18.30 SPT 19 0 67 33 Non |Plastic
19.00 —
20.00 — .
20.30 SPT 17 1 75 24 Non|Plastic




PROJECT: Geotechnical Investigation work for the proposed Greenfield project

from Spur to Haridwar

Project No. 2152

VUP @ CH 25+430

BH :9
Depth :20.00m

Depth of Water table : 12.25 m

Date of start

: 02/04/2021

Date of finish : 03/04/2021
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o
%""ﬂﬂws const® il

Reduced Level

. = S.P.T Plot Grainsize %) | DENSIY | WIC | Limits (%) Shear Parameters
£ S (gm/cc)
~ 15 .
5 2 Soil Observed | Corrected| __ > _ | B = = Ce
& S Classification —e —e— T 2| 5 2 s /g 252 s &
a 8 s 5 2 £ 5 & I3 /32 % g B
> 0 20 40 60 80100 20 40 60 8010D (D w = | | s o % =3 = =
= O T I < = 3 ~ | & | &
1.00 —
180 | SPT Sity Clay of | | 8 0 5 95 46| 22
Medium :
2.50 uDS Plasticity (CI) | | 1.82 | 1.61| 12.89 271 UU | 053 | 11
3.30 SPT ' 17 0 1 99
4.00 —
4.80 SPT 500 —| 11 0 3 97 2 2
5.50 uDS 1.84 | 1.61| 14.55 2.62| DST | 0.14 | 30
6.00 —
6.30 SPT 20 5 8 87 Non |Plastic
. 7.00 —
Sandy Silt
7.80 SPT with Gravel 800 —| 22 1 |10 89 Non|Plastic
8.50 uDS (SM-ML) 1.82 | 155 | 17.43 DST | 0.14 | 30
9.00 —
9.30 SPT 6 0 25 75 Non |Plastic
10.00 —
10.80 SPT 11.00 —| 9 0 4 96 Non |Plastic
12.00 —
12.30 SPT 18 0 13 87 33 18
Silty Clay of 13.00 —|
Low ’
13.80 SPT Plasticity (CL) | 1,00 19 0 2 98
15.00 — X
15.30 SPT 15 0 4 96 Non |Plastic
16.00 —
16.80 SPT Sandy Silt 17.00 —| 15 2 8 90 Non |Plastic
with Gravel 1800
18.30 SPT (SM-ML) ‘ 18 1 | 46 53 Non|Plastic
19.00 —
20.00 — .
20.30 SPT 24 0 49 51 Non|Plastic




PROJECT: Geotechnical Investigation work for the proposed Greenfield project

from Spur to Haridwar

Project No. 2152

MNB @ CH 29+260

BH: 11
Depth :20.00m

Depth of Water table : 5.50 m

Date of start

: 04/04/2021

Date of finish : 05/04/2021
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o
%""ﬂﬂws const® il

E . = S.P.T Plot Grainsize (%) | PENSIY | WIC | Limits (%) Shear Parameters
s | E| E (gm/cc)
— < .
5 = 2 Soil Observed | Corrected| _ > . | B = £ Cc
S & S Classification —e —e— T 2| 5 2 s /g 252 s &
3 [a 3 @ 3 L S| = S . . | S 3 2
L > 0 20 40 60 80100) 20 40 60 80100 (%) n — s 2 = o =3 S 2 =
o = ooo | L L L LI || © G = 1215 | &
Silty Clay of
High
Plasticity (CH
180 | SPT asticity (CH) 6 > | 18 80 54| 36
2.50 ubDSs 1.80 | 1.55| 15.93 2.61| DST | 0.14 28
3.30 SPT 10 0 14 86 Non|Plastic
4.80 SPT 11 1 22 77 Non|Plastic
5.50 ubDsS 1.83 | 151 | 21.55 DST | 0.1 29
6.30 SPT 12 2 14 84 Non |Plastic
7.80 SPT 16 1 16 83 Non Plastic
8.50 uUDS 1.82 | 152 | 19.76 DST | 0.1 29
9.30 SPT 1 0 28 72 Non |Plastic
Sandy Silt
10.80 SPT with Gravel 11 0 7 93 Non|Plastic
(SM-ML)
12.30 SPT 13 1 6 93 Non |Plastic
13.80 SPT 14 0 6 94 Non|Plastic
15.30 SPT 10 0 3 97 Non |Plastic
Silty Clay of
Medium
16.80 SPT Plasticity (CI) 17 0 1 99 42 23
18.30 SPT 15 0 7 93 Non|Plastic
Sandy Silt with
Gravel (SM-ML)
20.30 SPT 19 0 7 93 Non|Plastic
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PROJECT: Geotechnical Investigation work for the proposed Greenfield project Flyover @ CH 32+170 Date of start : 06/04/2021
from Spur to Haridwar BH: 12
Depth : 30.00m A
_ Depth of Water table : 13.20 m Date of finish : 07/04/2021 K A
Project No. 2152
S — = S.P.T Plot Grain size (%) Density | W/C | Limits (%) Shear Parameters
9 S S (gm/cc)
~ 15 .
5 = 2 Soil Observed | Corrected| _ > . | B = £ Cc
S & S Classification —e —e— s 2 Sl s ela a5l g 3 8
= 8 s 5| L ¢/ 2 &3 1Y% 85 2|2
L > 0 2040 60 80100 20 40 60 80 10D 6 n = = RS = o % S = =
- = O A T O I @ = = ~ | © =
Sandy Silt with 100 —|
1.80 spr | Cravel M) | I x1g 24 0 | 24 76 Non Plastic
2.50 UDS | Silty Sand with 182|164 | 10.32 2.65 | DST 29
3.30 SPT | Gravel (SM) 30—1% g 10 0 73 27 Non |Plastic
4.00 —
4.80 SPT 500—| X 19 19 4 32 64 32| 19
5.50 UDS _ 1.85/ 1.65| 11.45 Uu | 081 |9
6.30 SPT Silty Clay of 8001 X o3 23 0 2 98
Medium 7.00 —
7.80 SPT Plasticity (CI) — | ¥28 28 0 4 96 44| 20
8.50 uDS 500 1.88| 1.63| 14.76 271 yy | 143 |9
9.30 SPT S0 %99 29 0 2 08
10.00 —
10.80 SPT 1100 | X22 22 2 17 81 39 21
12.00 — .
12.30 SPT Silty Sand with | 1500 | 25 18 0 56 44 Non|Plastic
Gravel (SM) :
13.80 SPT ] 18 0 66 34 Non Plastic
1450 | UDS 1400 30 1.88 |1.55 |20.91 265 | DST 30
15.30 SPT 15001 % o9 29 0 11 89
16.00 —
16.80 SPT 17.00 — 26 26 0 1 99
18.30 SPT 18001 % >7 27 0 2 98 76| 33
19.00 —
19.80 SPT 20.00 — 30 30 0 3 97
21.30 SPT 2100 — 28 0 2 98
: Silty Clay of moo| |28
High '
22.80 SPT Plasticity (CH) | 2300 — 22 22 0 1 99
24.30 SPT 2400y oy 24 0 1 99 63| 32
25.00 —
25.80 SPT 26,00 — X 25 25 1 3 96
27.30 SPT 20— a1 31 0 2 98
28.00 —
28.80 SPT 29.00 —| 34 34 1 17 82 53| 28
30.30 SPT 00— X35 35 1 110 89




PROJECT: Geotechnical Investigation work for the proposed Greenfield project

from Spur to Haridwar

Project No. 2152

MJB @ CH 33+420
BH : 13
Depth : 30.00m

Depth of Water table : 2.10m

Date of start

Date of finish : 08/04/2021

: 06/04/2021

Appendix-4.3

o
Moy RiNG cons il

T | = S.P.T Plot Grainsize (%) | PENSIY | WIC | Limits (%) Shear Parameters
9 S S (gm/cc)
~ © .
5 = 2 Soil Observed | Corrected| _ > . | B = £ Cc
S & S Classification —e —e— T 2| 5 2 s /g 252 s 8
3 a L © S % S| = S - 4 S g 2
) = 0 20406080100 20 40 60 80100 (5 | P = £ 2 s o 1 F & |2 =
- = ooo L L1 L L] 11| @ = = ~ | © =
Silty Sand with 1.00
1.80 SPT Gravel (SM) 200 2 2 0 97 3 Non Plastic
2.50 uDS 1.73 | 1.42 | 21.55 DST | 01 | 26
3.30 SPT 30—% 4 3 0 9 01 39| 21
. 4.00
5.50 ups | pec C|-QCH 1.74 | 1.44 | 20.88 Uu | 018 | 2
6.30 spt | Plasticity (CI-CH) | 6o0—4 , 2 2 8 90 48| 23
7.00
7.80 SPT 800 X2 2 1 4 95
8.50 uDS 1.74 | 1.46 | 19.32 DST 26
9.30 SPT 0% 1 3 3 81 16 Non Plastic
Silty Sand with 10.00
10.80 SPT Gravel (SM) 11.00 5 4 0 91 9 Non |Plastic
12.30 SPT 12.00 7 6 0 93 7 Non |Plastic
13.00 —
13.80 SPT 14.00 — 0 83 17 Non |Plastic
15.30 SPT 1500 ¥ a4 34 0 17 83
16.00 —
16.80 SPT 1700— %36 36 0 2 98 47| 22
Silty Clay of 18.00 —
18.30 SPT Low to Medium ' 41 41 0 1 99
Plasticity (CL-CI) |19.00 —
19.80 SPT 2000 —| 37 37 0 2 98 39| 20
21.30 SPT 2100 40 40 0 1 99
22.00 —
22.80 SPT 200—| X35 20 1 54 45 Non Plastic
24.30 SPT 2400 — 38 21 0 79 21 Non |Plastic
25.00 —
25.80 SPT _ 22 0 | 94 6 Non |Plastic
Silty Sand with | 6% 42
27.30 SPT Gravel (SM) | 27.00— 47 24 0 | 84 16 Non Plastic
28.00 —
28.80 SPT 29.00 —| 56 26 0 83 17 Non |Plastic
30.30 SPT 3000 52 25 0 83 17 Non Plastic




PROJECT: Geotechnical Investigation work for the proposed Greenfield project

from Spur to Haridwar

Project No. 2152

MJB @ CH 33+490

BH: 14
Depth : 30.00m

Depth of Water table : 3.20 m

Date of start

Date of finish : 10/04/2021

: 09/04/2021

Appendix-4.3

o
Moy RiNG cons il

T | = S.P.T Plot Grainsize (%) | PENSIY | WIC | Limits (%) Shear Parameters
9 S S (gm/cc)
~ © .
5 = 2 Soil Observed | Corrected| _ > . | B = £ Cc
S é‘ S Classification = = S 2 0 B B @2 26 &2 &
o o o 353 = = k=] < _ ) o @ = =
L > 0 20 40 60 80100 20 40 60 8010D (D n = = = T, =% = =
- = O A T O I @ = = ~ | © =
1.80 SPT Silty Sand with 0 74 26 Non |Plastic
2.50 uDS Gravel (SM) 1.75|1.49| 1751 DST 27
3.30 SPT 0 85 15 Non |Plastic
4.80 SPT 0 2 98 58 27
5.50 ubDS . 1.84 | 1.53 | 20.36 uu | 0.74 2
6.30 spT | oMy Clay of 1 3 96
High
7.80 spr | Plastiity (CH) 0 4 96 54| 25
8.50 uDs 1.86 | 1.55| 20.09 Uu | 0.86 3
9.30 SPT 0 2 98
10.80 SPT 1 88 11 Non|Plastic
12.30 SPT 0 80 20 Non |Plastic
Silty Sand with .
13.80 SPT Gravel (SM) 0 82 18 Non |Plastic
15.30 SPT 0 88 12 Non |Plastic
16.80 SPT 0 90 10 Non |Plastic
18.30 SPT 0 2 98
19.80 SPT f'i_ltxé Clay of 1 5 94 55| 23
19
21.30 SPT Plasticity (CI) 0 4 96
22.80 SPT 1 2 97 51 22
24.30 SPT 0 83 17 Non |Plastic
25.80 SPT ) ) 0 86 14 Non |Plastic
Silty Sand with
27.30 SPT Gravel (SM) 0 79 21 Non |Plastic
28.80 SPT 0 84 16 Non |Plastic
30.30 SPT 0 75 25 Non IPlastic




PROJECT: Geotechnical Investigation work for the proposed Greenfield project

from Spur to Haridwar

Project No. 2152

MJB @ CH 35+860

BH : 15
Depth : 30.00m

Depth of Water table : 5.30 m

Date of start

Date of finish : 10/04/2021

: 09/04/2021
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o
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E . = S.P.T Plot Grainsize (%) | PENSIY | WIC | Limits (%) Shear Parameters
s | E | E (gm/ce)
—= < .
5 = 2 Soil Observed | Corrected| _ > . | B = £ Cc
S & S Classification —e —e— T 2| 5 2 s /g 252 s &
= 8 s 5| L ¢/ 2 &3 1Y% 85 2|2
L > 0 20 40 60 8010 20 40 60 80 100 6 w = g 2 s o % =3 E: =
- = O T I < = 3 ~ | & | &
1.80 SPT 0 79 21 Non|Plastic
2.50 uDS Silty Sand with 1.83 | 1.58 | 15.86 DST 29
3.30 SPT Gravel (SM) 0 88 12 Non|Plastic
4.80 SPT 0 85 15 Non|Plastic
5.50 uDS 1.85|1.53| 20.93 DST 30
6.30 SPT 0 1 99 Non|Plastic
7.80 SPT ) 0 2 98 52 24
8.50 ups | Silty Clay of 1.86 | 1.56 | 19.45 uu | 071 4
9.30 SPT Medium to High 1 5 94
Plasticity (CI-CH)
10.80 SPT 0 2 98 60 27
12.30 SPT 0 2 98
Silty Sand with .
13.80 SPT Gravel (SM) 1 58 41 Non Plastic
Sandy Silt with .
15.30 SPT Gravel (SM-ML) 0 14 86 Non|Plastic
16.80 SPT 0 4 96
Silty Clay of
18.30 SPT Low to Medium 1 3 96 61| 26
19.80 SPT Plasticity (CL-CI) 1 3 96
21.30 SPT 1 4 95
22.80 SPT 3 10 87 Non Plastic
24.30 SPT Sandy Silt with 3 13 84 Non|Plastic
Gravel (SM-ML)
25.80 SPT 5 12 83 Non|Plastic
27.30 SPT 0 6 94 Non|Plastic
Silty Sand with
28.80 SPT Gravel (SM) 1 63 36 Non|Plastic
Sandy Silt with
30.30 SPT Gravel (SM-ML) 5 10 85 Non/Plastic




PROJECT: Geotechnical Investigation work for the proposed Greenfield project

from Spur to Haridwar

Project No. 2152

MNB @ CH 38+010

BH : 16
Depth :20.00m

Depth of Water table : 8.75 m

Date of start

: 12/04/2021

Date of finish : 13/04/2021

Appendix-4.3

o
Moy RiNG cons il

Reduced Level

. = S.P.T Plot Grainsize %) | DENSIY | WIC | Limits (%) Shear Parameters
S S (gm/cc)
~ [19] .
5 2 Soil Observed | Corrected| __ > LB = = Ce
& S Classification —e —e— T 2| 5 2 s /g 252 s 8
a 8 s 5 2 £ 5 & I3 /32 % g B
> 0 2040 60 8010® 20 40 60 80100 n —_ e X~ = o =3 S 2 g’
= - AR i il (2 M = M= =S =1
1.80 SPT Sandy Sil 0 | 50 50 Non|Plastic
2.50 ubS with Gravel 1.75|151| 15.86 DST | 0.13 26
330 | SPT (SM-ML) 1 | 39 60 Non Plastic
4.80 SPT Silty Sand with 1 18 81 Non Plastic
5.50 UDS | Gravel (SM) 1.77 | 151 17.21 DST 28
6.30 SPT 1 8 91 52 23
7.80 SPT 0 4 96
8.50 ubS 1.80|1.48| 21.64 Uu | 0.23 4
9.30 SPT 0 3 97 66 28
10.80 SPT 0 2 98
Silty Clay of
Plasticity (CI-CH)
13.80 SPT 1 3 96
15.30 SPT 0 2 98 55| 25
16.80 SPT 0 4 96
18.30 SPT 0 6 94
20.30 SPT 0 2 98 54| 25




Appendix-4.3

PROJECT: Geotechnical Investigation work for the proposed Greenfield project MJB @ CH 39+510 Date of start : 12/04/2021
from Spur to Haridwar BH: 17
Depth : 30.00m A
_ Depth of Water table : 4.50 m Date of finish : 13/04/2021 K A
Project No. 2152
T . = S.P.T Plot Grainsize (%) | PENSIY | WIC | Limits (%) Shear Parameters
3 S S (gm/cc)
—= < .
5 = 2 Soil Observed | Corrected| _ > . | B = £ Cc
S & S Classification —e —e— s 2 Sl s ela a5l g 3 8
= 8 s 5 8¢ 2 & 3 = 5 | g | 2
) = 0 20406080100 20 40 60 80100 (5 | P = £ 2 s o 1 F & |2 =
- = S A O @ = = = | © =
1.80 SPT 0 1 99 Non|Plastic
2.50 UbS 1.75|151| 15.68 DST | 0.13 28
3.30 SPT 0 1 99 Non|Plastic
4.80 SPT 0 10 90 Non|Plastic
5.50 ubDs Sandy Silt 1.75|1.45| 21.04 2.61| DST | 0.1 28
6.30 SPT with Gravel 0 4 96 Non|Plastic
(SM-ML)
7.80 SPT 0 1 99 Non|Plastic
8.50 ubs 1.76 | 1.46 | 20.59 DST | 0.1 29
9.30 SPT 0 2 98 Non Plastic
10.80 SPT 0 5 95 Non|Plastic
12.30 SPT 0 5 95 Non|Plastic
13.80 spT | Silty Sand with 0 62 38 Non|Plastic
Gravel (SM)
15.30 SPT 0 54 46 Non|Plastic
16.80 SPT 0 2 98 57 27
18.30 SPT 0 1 99
19.80 SPT 0 2 98 57| 28
Silty Clay of
21.30 SPT High 0 1 99
Plasticity (CH)
22.80 SPT 2 7 91
24.30 SPT 1 3 96 64 31
25.80 SPT 1 6 93
27.30 SPT 2 2 96
28.80 SPT 1 5 94 54 27
30.30 SPT 4 15 81




Appendix-4.3

PROJECT: Geotechnical Investigation work for the proposed Greenfield project MJB @ CH 39+690 Date of start : 14/04/2021
from Spur to Haridwar BH: 18
Depth : 30.00m A
_ Depth of Water table : 4.50 m Date of finish : 16/04/2021 N 5
Project No. 2152
E . = S.P.T Plot Grainsize (%) | PENSIY | WIC | Limits (%) Shear Parameters
s | E | E (gm/ce)
~ < .
5 = 2 Soil Observed | Corrected| _ > . | B = £ Cc
S & S Classification —e —e— S T | 5 2= o= |4 4 & | 5 8
3 a o @ S g 2| £ S - 1 O 5 bl >
) = 0 20406080100 20 40 60 80100 (5 | P = £ 2 s o | 3 8 = =
- = O T I < = 3 ~ | & | &
1.80 SPT Silty Clay of 0 7 93 50| 23
2.50 uDsS Medium 1.79 | 1.53| 16.89 UuU | 0.28 8
3.30 SPT Plasticity (Cl) 0 3 97
4.80 SPT 0 8 92 51 24
5.50 uDS 1.84 | 152 | 21.32 DST | 0.1 30
6.30 SPT Sandy Silt 0 25 75 Non|Plastic
with Gravel
7.80 SPT (SM-ML) 0 28 72 Non|Plastic
8.50 ubS 1.86 | 1.54 | 20.53 DST | 0.1 30
9.30 SPT 0 54 46 Non|Plastic
10.80 SPT Silty Sand with 0 69 31 Non Plastic
1230 | spr | Cravel (SM) 1 |73 26 Non|Plastic
13.80 SPT 0 74 26 Non |Plastic
15.30 SPT 0 45 55 Non|Plastic
16.80 SPT | Sandy Silt with 0 3 97 Non|Plastic
Gravel (SM-ML)
18.30 SPT 0 2 98 Non|Plastic
19.80 SPT ) 0 3 97 53 25
Silty Clay of
21.30 SPT Medium 1 4 95
Plasticity (CI)
22.80 SPT 0 12 88 51 23
24.30 SPT ) 1 40 59 Non |Plastic
Sandy Silt
25.80 SPT with Gravel 0 44 56 Non Plastic
(SM-ML)
27.30 SPT 0 49 51 Non|Plastic
28.80 | SPT Silty Clay of 0 2 98 65 27
Medium
3030 | SPT Plasticity (CI) 15 9 76




PROJECT: Geotechnical Investigation work for the proposed Greenfield project

from Spur to Haridwar

Project No. 2152

VUP @ CH 40+940

BH: 19
Depth :20.00m

Depth of Water table : 11.80 m

Date of start

: 14/04/2021

Date of finish : 15/04/2021

Appendix-4.3

o
%""ﬂﬂws const® il

Reduced Level

. = S.P.T Plot Grainsize %) | DENSIY | WIC | Limits (%) Shear Parameters
£ S (gm/cc)
A S .
< 2 Soil Observed | Corrected| __ > _ 7 = = ce
& S Classification —e —e— T 2| 5 2 s /g 252 s &
A g s &5 225 & 3 T s g | 8
= 0 20 40 60 80100 20 40 60 8010D (n | ¢ = | T s o 1 F & |2 =
= ooo | L L L L 1] | || < = 3 ~ | & | &
1.00 —|
180 | SPT 200K 7 0 | 14 86 39| 21
2.50 ubDS 1.78 | 1.61| 10.45 2.75| UU | 041 9
3.00 —
3.30 SPT 7 0 9 91
Silty Clay of 4.00 —
Medium
4.80 SPT Plasticity (CI) 500 | 9 0 11 89 44 23
5.50 ubDsS 182|162 | 12.68 2.75| UU | 0.55 11
6.00 —
6.30 SPT 11 11 0 8 92
7.00 —|
780 | SPT o0 X24 24 0o |1 89 45| 21
8.50 ubDS Sandy Silt 1.91|1.66| 15.36 2.61| DST | 0.13 31
i 9.00 —
930 | SPT ‘("gt,\r,‘l_fﬂrf‘)"e' 40 33 0 | 40 60 Non Plastic
10.00 —
10.80 SPT 11.00 —| 37 28 0 58 42 Non |Plastic
12.00 — ,
12.30 SPT 31 19 0 64 36 Non|Plastic
Silty Sand with 13.00 —|
Gravel (SM) )
13.80 SPT 14.00 —| 35 20 0 82 18 Non Plastic
15.00 —| _
15.30 SPT 36 20 0 65 35 Non Plastic
16.00 —
16.80 SPT 17.00 —| 42 22 0 75 25 Non |Plastic
18.00 —|
18.30 SPT Silty Clay of 35 35 0 3 97 62| 27
High 19.00 —
Plasticity (CH)
20.00 —
20.30 SPT 31 31 0 3 97




PROJECT: Geotechnical Investigation work for the proposed Greenfield project

from Spur to Haridwar

Project No. 2152

MJB @ CH 42+550

BH : 20
Depth : 30.00m

Depth of Water table : 3.35 m

Date of start

:17/04/2021

Date of finish : 18/04/2021
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o
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E . = S.P.T Plot Grainsize (%) | PENSIY | WIC | Limits (%) Shear Parameters
s | E | E (gm/cc)
- c .
5 = 2 Soil Observed | Corrected| _ > . | B = £ Cc
S & S Classification —e —e— S T | 5 2= o= |4 4 2 | s &
3 a o @ S g 2| £ S - 1 O 5 bl >
L > 0 20 40 60 8010 20 40 60 80 100 6 w = g 2 s o % =3 E: =
- = oo | L L L L L] [ | | || < = 3 ~ | & | &
1.80 SPT Silty Sand with 9 1 82 17 Non Plastic
2.50 UDS | Gravel (SM) 1.81 | 1.55| 16.59 DST 29
3.30 SPT 11 0 76 24 Non |Plastic
4.80 SPT 12 4 84 12 Non |Plastic
5.50 uUDS 184|151 21.84 2.61| DST | 0.1 30
6.30 SPT 12 0 8 92 Non |Plastic
780 | sPT stﬁﬂdé'ri\','gl 13 0o | 13 87 Non|Plastic
8.50 ubDsS (SM-ML) 1.86 | 1.54 | 20.98 DST | 0.1 30
9.30 SPT 18 0 34 66 Non |Plastic
10.80 SPT 17 7 15 78 Non |Plastic
12.30 SPT 19 4 64 32 Non |Plastic
13.80 SPT Silty Sand with 18 1 72 27 Non |Plastic
Gravel (SM)
15.30 SPT 20 1 83 16 Non |Plastic
16.80 SPT 19 0 81 19 Non |Plastic
18.30 SPT Silty Clay of 24 0 4 96 47 21
Medium
19.80 SPT Plasticity (Cl) 28 1 5 94
21.30 SPT 18 6 9 85 Non|Plastic
22.80 SPT 18 0 8 92 Non |Plastic
24.30 SPT Sandy Silt 19 0 5 95 Non |Plastic
with Gravel
25.80 SPT (SM-ML) 21 1 4 95 Non |Plastic
27.30 SPT 22 0 22 78 Non|Plastic
28.80 SPT 23 1 23 76 Non |Plastic
30.30 SPT 24 1 50 49 NonPlastic




PROJECT: Geotechnical Investigation work for the proposed Greenfield project

from Spur to Haridwar

Project No. 2152

Flyover @ CH 43+910

BH:21

Depth : 30.00m

Depth of Water table : 10.25 m

Date of start

Date of finish : 17/04/2021

: 16/04/2021

Appendix-4.3

o
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T | = S.P.T Plot Grainsize (%) | PENSIY | WIC | Limits (%) Shear Parameters
s | E | E (gm/cc)
o] = 8 Soil Observed | Corrected > = — =
D = Y= e ) — ] B 1 a3
S é— S Classification —e S 2 5| BB T /=2 - 1) £l £ Cc
32 o S &8 =2 2| 5 S |4 sl 2 | & g
L > 0 2040 60 80100 20 40 60 80 10D n = = = o =N 2 =
o = A G = 1215 | &
180 | SPT Sf“‘ﬂdy Silt | 8 1 17 82 Non Plastic
2.50 UDS with Grave DST
330 | SPT (SM-ML) 8 1 | 15 84 Non Plastic
4.80 SPT 7 0 4 96 Non |Plastic
5.50 ubS Silty Clay of DST
6.30 SPT Medium 10 0 5 95 46| 22
Plasticity (CI)
7.80 SPT 11 1 6 93
8.50 ubDS Sandv Silt with DST
9.30 SPT andy sitwi 0 9 91 Non |Plastic
Gravel (SM-ML) 7 I
1230 | spr | cravel M) 18 o | 67 33 Non|Plastic
Sandy Silt with .
13.80 SPT Gravel (SM-ML) 16 0 49 51 Non|Plastic
Silty Clay of Medium
15.30 SPT . 5 11 84 46 23
Plasticity (CI) 20
16.80 SPT 19 3 75 22
18.30 SPT 17 0 61 39 Non|Plastic
19.80 SPT 18 3 72 25 Non |Plastic
21.30 SPT 18 2 58 40 Non Plastic
22.80 SPT . . 20 1 73 26 Non |Plastic
Silty Sand with
24.30 SPT Gravel (SM) 20 0 69 31 Non Plastic
25.80 SPT 24 0 84 16 Non |Plastic
27.30 SPT 23 1 86 13 Non|Plastic
28.80 SPT 26 3 79 18 Non |Plastic
30.30 SPT 28 1 82 17 NonPlastic




PROJECT: Geotechnical Investigation work for the proposed Greenfield project

from Spur to Haridwar

Project No. 2152

MJB @ CH 47+950

BH : 22
Depth : 30.00m

Depth of Water table : 3.80 m

Date of start

Date of finish : 20/04/2021

: 19/04/2021

Appendix-4.3
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T | = S.P.T Plot Grainsize (%) | PENSIY | WIC | Limits (%) Shear Parameters
s | E| E (gm/cc)
— < .
5 = 2 Soil Observed | Corrected| _ > . | B = £ Cc
S & S Classification —e —e— T 2| 5 2 s /g 252 s &
= 8 s 5| L ¢/ 2 &3 1Y% 85 2|2
L > 0 20 40 60 80100) 20 40 60 80100 (%) n — s 2 = o =3 S 2 =
- = ooo | L L LI 1| | || © 5| = %] = M= =S =1
Sandy Silt
ith G I
180 SPT | gumy) 20 o |3 | 65 Non|Plastic
2.50 ubDS 1.86 | 1.60 | 16.41 DST | 0.13 30
3.30 SPT Silty Sand with 28 0 80 20 Non|Plastic
Gravel (SM)
4.80 SPT Sandy Silt with 10 0 16 84 Non |Plastic
5.50 UDS | Gravel (SM-ML) 1.85 | 1.53 | 20.59 DST | 01 | 29
6.30 SPT ] 13 0 3 97 56 27
Silty Clay of
7.80 SPT Medium to High 15 0 8 92
8.50 UDS | Plasticity (CI-CH) 1.87 | 1.58 | 18.45 UuU | 0.81 3
9.30 SPT 17 0 7 93 Non |Plastic
10.80 SPT Sandy Silt 16 1 4 95 Non |Plastic
with Gravel .
12.30 SPT (SM-ML) 14 0 4 96 Non |Plastic
13.80 SPT 15 0 2 98 Non |Plastic
15.30 SPT 18 0 5 95 Non |Plastic
16.80 SPT 23 1 67 32 Non|Plastic
18.30 SPT 24 0 69 31 Non|Plastic
19.80 SPT 26 1 84 15 Non |Plastic
21.30 SPT Silty Sand with 23 1 85 14 Non Plastic
Gravel (SM)
22.80 SPT 27 1 81 18 Non |Plastic
24.30 SPT 30 0 78 22 Non|Plastic
25.80 SPT 26 0 74 26 Non |Plastic
27.30 SPT 28 1 80 19 Non|Plastic
28.80 SPT 32 1 88 11 Non |Plastic
30.30 SPT 32 2 88 10 NonPlastic




Appendix-4.3

PROJECT: Geotechnical Investigation work for the proposed Greenfield project Flyover @ CH 49+900 Date of start : 20/04/2021
from Spur to Haridwar BH: 23
Depth :30.00m b
_ Depth of Water table : 9.80 m Date of finish : 21/04/2021 N
Project No. 2152
J— [«5) .
c . = S.P.T Plot Grainsize %) | PENSY | WIC | Limits (%) Shear Parameters
s | E | £ (gm/cc)
= 3 Soil Observed | Corrected >
o} = g = — —
= Y= e . — © B IS 8
g oy ° Classification - 2|z ol g = S |al ol E = & Ce
2 | A& L s 5| Ll¢e 2 &3 18 8 |2 |8
<5 = wn = Nl E = o o b = =
& '3 0 20 40 60 80100 20 40 60 a‘o 1(‘>o G) 5 = = = %) g % =
Sandy Silt with
1.80 SPT Gravel (SM-ML) 0 33 67 Non|Plastic
2.50 ubDS DST
3.30 SPT Silty Clay of 0 2 98 48 24
480 | spr | Medium 0 2 98
550 UDS Plasticity (CI) DST
6.30 SPT 0 65 35 Non|Plastic
7.80 SPT 0 56 44 Non|Plastic
8.50 uDS DST
9.30 SPT 0 79 21 Non|Plastic
10.80 SPT 0 76 24 Non|Plastic
12.30 SPT 0 80 20 Non|Plastic
13.80 SPT 1 83 16 Non|Plastic
15.30 SPT Silty Sand with 18 74 8 Non|Plastic
16.80 | spr | Cravel (SM) 1 | 78 21 Non|Plastic
18.30 SPT 6 88 6 Non|Plastic
19.80 SPT 1 83 16 Non|Plastic
21.30 SPT 1 81 18 Non|Plastic
22.80 SPT 0 81 19 Non|Plastic
24.30 SPT 0 93 7 Non|Plastic
25.80 SPT 2 86 12 Non|Plastic
27.30 SPT 0 72 28 Non|Plastic
28.80 SPT 0 89 11 Non|Plastic
30.30 SPT 1 87 12 Non!Plastic




Appendix-4.3

Soil Engineering Consltants Job. 2152
- BH 1
1.0 10 DEPTH = 2.50 m.
0.9 —
Normal stress 08 —
[ ) 0.25 kg/sq.cm
T < .50 kg/sg.cm
E &= Z.7Zk2jsz.cm . 0.7 —
- =
& Q
3 06 —
5 5 ®
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7 w05 —
[%2]
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= »
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0.1 —
0.0
0.0 | | | | | | | | | |
0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080 0.00 0.50 1.00

Shear strain _
(Shear stress - shear strain relationship)

Normal stress (kg/sg.cm)

(Shear stress - Normal stress relationship)

PROJECT: Geotechnical Investigation work for the proposed Greenfield project
from Spur to Haridwar

FIG-DS 1-1
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Soil Engineering Consltants Job. 2152
BH 1
10 — 1.0 — DEPTH = 5.50 m.
0.9 —
Normal stress 0.8 —
@®  025kg/sq.cm
T 4  050kg/sg.cm
% + 0.75 kg/sq.cm . 0.7 —
- e
o S
NG g 06—
(@) (@)
-~ <
s w 05—
8 § .///
> > 04
%) = A4
. 3 o
3 P o3 -
e
% .
02 — o ¢ =25°
0.1 —
0.0
0.0 | | | | | | | | | |
0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080 0.00 0.50 1.00

Shear strain _
(Shear stress - shear strain relationship)

Normal stress (kg/sg.cm)

(Shear stress - Normal stress relationship)

PROJECT: Geotechnical Investigation work for the proposed Greenfield project
from Spur to Haridwar

FIG- DS 1-2
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Soil Engineering Consltants Job. 2152
BH 2
1.0 — 1.0 — DEPTH =250 m
0.9 —
Normal stress 0.8 —
[ ] 0.25 kg/sq.cm
T <* 0.50 kg/sq.cm
E 4 0.75 kg/sg.cm — 07 -
0 e
o S
Z g 06—
g E;
o 2 05—
’ g
= 17
on E 0.4 —
]
- e o
o ? 03— $=28
-
V) o
0.2 —
0.1 —
0.0 — 1 T T T T T 1 ° | | | |
0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080 0.00 0.25 0.50 0.75 1.00
Normal stress (kg/sg.cm)
Shear strain _ . :
(Shear stress - shear strain relationship) (Shear stress - Normal stress  relationship)
PROJECT: Geotechnical Investigation work for the proposed Greenfield project FIG- DS 2-1

from Spur to Haridwar
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Soil Engineering Consltants

Job. 2152

Normal stress

@ 05kgisq.cm
<* 1.0 kg/sq.cm
<= 1.5kg/sq.cm

Shear stress(kg/sqg.cm)
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M/s Transys Consulting Pvt Ltd has awarded the work of Geo technical
Investigation for the proposed Greenfield project from Spur to Haridwar to
M/s Soil Engineering Consultants, New Delhi.

Geotechnical investigation was conducted to characterize and assess the
subsurface conditions at the locations of various Structures viz. proposed
ROB’s. The overall objectives of the exploration were to study and evaluate
the stratigraphy of the said project corridor and to obtain geotechnical /
geological parameters of the subsurface formations for design and
construction of various foundations.

This report presents the details of Geotechnical investigations carried out
and data obtained from various field and laboratory tests, their
presentation in graphical form, and their compilation for the proposed

Structures.

a) Diriling bore holes upto the maximum depth of 30.0 m as per IS code

of practice and as per the direction of the Engineer-in-Charge.

b) Conducting Standard Penetration tests in the bore holes at regular

intervals of 1.50m or wherever possible as per IS Code of Practice.

c) Collecting undisturbed soil samples / core samples from the bore
holes at regular intervals or change of strata or wherever possible as

per IS Code of Practice.

d) Recording of water table level in the bore holes after completion of

borehole.

e) Preparation of report summarizing the details of soil classification,

analysis of test data, type of foundation etc.
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3.1 Boring

Bore holes of 150 mm dia. were drilled as per IS code of practice (IS 1892-
1979) and as per the directions of the Engineer in charge. The details of
Bore holes drilled, Depth of bore hole and the depth of water table are as

given below:

Table 1 : Detail of the Boreholes.

Chainge BH No. Structure Depth of Borehole | Water Table
(m) (m)
7+530 BH 7 ROB 30.00 15.30
27+120 BH 11 ROB 30.00 15.70

3.2 Standard Penetration Test (SPT)
These tests were conducted at every 1.50m intervals and every change of

strata or wherever possible. The tests were performed by driving into the
soil (bore holes cleaned of any loose material) a standard split spoon
sampler with the help of a standard hammer with a free fall of 75 cms on a
driving head as described in IS: 2131. This head was attached to “A” drill
rod to the other end of which the sampler was fitted. The number of blows
needed to penetrate the first, second and third stages (each of 15 cms)
depth of the sampler length, were noted. The number of blows (N - value)
as given in the bore hole data sheets is the numerical sum of blows

counted during the second & third stage only i.e. for a depth of 30 cms.

3.3 Collection of Samples
Disturbed and Undisturbed soil samples were collected from the boreholes

at regular intervals as per IS Code of practice.

3.4 Recording of water table
Water table was met at varying depth in the boreholes at the time of Soil

investigation which was carried out during the month of April 2021. The

details are given at Table | above. Fluctuations may occur in measured
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water levels due to seasonal variation in rainfall and surface evaporation

rates as well as flow of water.

A visual and discrete examination of all the soil samples collected was
carried out for deciding the number and type of tests to be tested from
each bore hole. Based on the strata met at site the following tests were
conducted on samples to classify them and to evaluate their index and

Engineering properties.

4.1 SOIL SAMPLES & BIS CODES
a) Grain size distribution as per IS: 2720(Part V).

b) Hydrometer Analysis as per IS: 2720(Part 1V).

c) Specific gravity as per IS: 2720(Part Ill).

d) Bulk density and dry density as per IS: 2720(Part l).
e) Moisture content as per IS: 2720(Part II).

f) Liquid and plastic limits as per IS: 2720(Part V).
g)Direct Shear Tests as per IS: 2720 (Part XIlI).

The present location is in the state of Uttarakhand situated on the northern
Gangetic plains of India. Most of the state of Uttarakhand lies in the
Gangetic Plain. This is a fore-deep, a downwarp of the Himalayan foreland,
of variable depth, converted into flat plains by long-vigorous
sedimentation. This is known as a geosyncline and the Gangetic Plain is the
Indo-Gangetic Geosyncline. This has shown considerable amounts of
flexure and dislocation at the northern end and is bounded on the north
by the Himalayan Frontal Thrust. The floor of the Gangetic trough (if
see without all the sediments) is not an even plain, but shows corrugated
inequalities and buried ridges (shelf faults). Beneath Uttar Pradesh, run the
Delhi-Haridwar Ridge (DHR), trending NNE-SSW along New Delhi to the
Gharwal region. The Delhi-Muzaffarnagar Ridge (DMR), which trends east
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to west, running from New Delhi to Kathgodam, in Nepal. The last ridge is
the Faizabad ridge (FR), which runs in a curved manner, first east to west
from Allahabad to Kanpur and then starts to bend towards the north-east
towards Lucknow and carries on in this direction towards the Himalayas in
Nepal. The depression that forms between the DMR and the FR, forms the
West Uttar Pradesh shelf in the west and the Sharda Depression in the east.
The region to the south of the FR, forms the East Uttar Pradesh shelf. There
are several faults in the region, among them the Moradabad Fault which
trends NE-SW and the Bhairwan Fault in the vicinity of Allahabad. Apart
from these there are east-west running tear faults in the region that control
the courses of the mainrivers. Earthquakes have occurred in mostly all parts
of Uttarakhand. Major earthquakes in the neighbouring states of New Delhi,
Uttaranchal, Bihar and from across the Indo-Nepal border have
also shaken many parts of Uttar Pradesh.However, it must be stated that
proximity to faults does not necessarily translate into a higher hazard as
compared to areas located further away, as damage from earthquakes
depends on numerous factors such as subsurface geology as well as

adherence to the building codes.

The seismic hazard map of India was updated in 2016 by the Bureau of
Indian Standard (BIS). The project site lies in Zone IV. The tectonic
elements of the area are considered capable of generating an
earthquake of intensity MSK 7.0. In Seismic design Zone factor, Z of 0.24 is

recommended.

Seismic Map
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7.0 LIQUEFACTION
Liquefaction is a process in which a saturated soil loose strength during an
earthquake and acquires a degree of mobility sufficient to permit
significant movements. In general, fine uniform sands are found to be most
susceptible for liquefaction in terms of grain size. It can be stated that soils
containing less than 10% fines, D¢o between 0.20 mm to 1.0mm, uniformity
coefficient between 2 to 5 are most susceptible to liquefaction for given
relative density of soil and intensity of earthquake. Thus, uniformly graded
materials are more susceptible to liquefaction than well graded materials.
Also fine sands are more susceptible than gravelly soils, silty sands, silts or

clays.

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 acceleration likely to occur at the site. In this

method, cyclic shear stress likely to be induced in the foundation strata is
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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

liguefaction susceptibility of the foundation strata

7.1 Liquefaction Analysis:
Cyclic Stress Ratio under Earth Quake (CSR)

Stress ratio under earth quake (CSR)
= (t / 60) earthquake = 0.65 (YN O max/ 6o Q)M
oo= Effective overburden pressure at depth h
Y = Bulk density of soil
a max= Max. Ground acceleration = 0.24g
Evaluation of Liquefaction Resistance (CRR)
CRR7.50= 1/ {(34-(N1)socs} + (N1)socs / 135 +50/ {10*(N1)eocs+ 45}2— 1/ 200
(N1)eo = NCsoCn
N= Uncorrected SPT count
Cn= factor to normalize N, to a common reference effective overburden
stress = (po / o) 0°
Ceo= CHrChwCssCriCsD
Chr =Correction for Hammer Energy Ratio
Csgp= Correction factor for the borehole diameter
Cr.= correction factor for rod length
Css= Correction for samples with or without liners
Correction for Fineness content
(N1)socs = a+ B (N1)eo
CRRL = CRR7.50™ km
km Correction factor
For earthquake magnitude other than 7.5 = 10224/ (M7.5) 2:5¢
Liguefaction occurs if CSRi> CRR
Data considered for Liquefaction:

Magnitude of Earth quake = 7.0.
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a mox/g = 024
Water table assumed for Calculation = considered 3.0m rise water table
encounter at the time investigation.

The Liquefaction analysis has been calculated and given at  Annexure |l.

ROB @ 7+ 530

At this structure One Borehole namely (BH 4) was drilled upto 30.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Afterberg Limits. From the
classification it is revealed that the strata predominately consists of medium
dense Sandy Silt with Gravel (SM-ML)/ Silty Sand with Gravel (SM) upto the
depth drilled. However from 22.0m to 22.50m depth a layer of Silty Clay of
Medium Plasticity (Cl) was observed. Attempts were made to collect
Undisturbed soil samples at regular intervals of 3.0m depth. However, at
greater depth some of the samples could not be collected due to
presence of very dense/ Hard strata and High water table. The SPT values
has been corrected for Overburden strata and dilatancy in non- plastic
strata. These corrected values have been plotted against depth and are
shown in the respective borelogs. It can be seen from the plot that the SPT
values are generally varying from 9 to 40 upto the depth drilled. For
evaluating the shear parameters Direct shear Tests were conducted on the
UDS samples collected. The results are given in the respective borelog.
Liguefaction analysis has been carried out and the details are given at
Annexure ll. It can be seen from the results that the strata is not susceptible

to liquefaction.
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ROB @ 27+120

At this structure One Borehole namely (BH 11) was drilled upto 30.0m depth.
While advancing the bore holes SPT tests were conducted at regular
intervals of 1.5m and representative samples were collected. These
representative samples were analysed for soil classification by conducting
sieve analysis, Hydrometer analysis & Atfterberg Limits. From the
classification it is revealed that the strata predominately consists of medium
dense Sandy Silt with Gravel (SM-ML)/ Silty Sand with Gravel (SM) upto the
depth drilled. However from 23.0m to 26.5m depth a layer of Silty Clay of
High Plasticity (CH) was observed. Attempts were made to collect
Undisturbed soil samples at regular intervals of 3.0m depth. However, at
greater depth some of the samples could not be collected due to
presence of very dense/ Hard strata and water table. The SPT values has
been corrected for Overburden strata and dilatancy in non- plastic strata.
These corrected values have been plotted against depth and are shown
in the respective borelogs. It can be seen from the plot that the SPT values
are generally varying from 9 to 40 upto the depth driled. However at
greater depths SPT values above 40 were observed this might be due to
the presence of Hard/Very dense strata. For evaluating the shear
parameters Direct shear Tests/Unconsolidated undrained shear tests were
conducted on the UDS samples collected. The results are given in the
respective borelog. Liquefaction analysis has been carried out and the
details are given at Annexure Il. It can be seen from the results that the

strata is not susceptible to liquefaction.

Any foundation is to be safe against possible failure against
a) Excessive Shear failure (the bearing pressure should be within permissible
limits) and

b) Excessive settlement.

Page 8 of 10



“/("
Q@

Soi.

9.1

Appendix-4.3

D T Geotechnical Assessment Report for the proposed ROB @ 7+530 &
> 27+120 Greenfield project from Spur to Haridwar.

|

S
ENGINEEpG CoNSVTH

The latter depends upon not only on the type of soil in the foundation but
also on the type of foundation, material used for construction and

functionality of the structure.

Design Methodology
ROB @ 7+530 & 27+120

Bored - Cast - in situ Piles of 1.0m and 1.20m diameter are analyzed.

9.1.1 Bored castin-situ concrete pile

The ultimate load carrying capacity (Py) of piles is given by the following
formula:
Pu=Ap (Nc.Cp +2 Dy N; + P4 Ng ) + X KPgitan 8§ As+a C.As
Pu= Ppu +Psu
Ppu =Ultimate bearing resistance

=Ap (Nc. Cpo+%2 Dy Nr + P Ng )
Psu= Ultimate shaft resistance

2. K Pgitan & Asi+a C.As

Ap = Cross sectional area of the pile toe m?

D = Stem diameter in mm

Y = Effective unit weight of soil at pile toe in t/m3

P4 = Effective overburden pressure at pile toe in t/m?

i.e 20 X diameter (as per IRC 78-2014).

Nr & Nqg = Bearing capacity factors depending upon the angle of internal
friction J at toe
> = Summation of n layers in which pile is installed
K = Coefficient of earth pressure

=Taken 1.5 (as per IRC 78- 2014 Appendix 5)
Pai = Effective overburden pressure in t/m2 for the ith layer where i
varies from iton
S = Angle of wall friction between pile and soil (may be taken

equalto @)
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Asi =

n.

Appendix-4.3

Geotechnical Assessment Report for the proposed ROB @ 7+530 &
27+120 Greenfield project from Spur to Haridwar.

Surface area of pile stem in m2in ith layer where i varies from 1 to

FOS= Factor of Safety considered as 2.5 ( as per IS 2911 part 1 sec 2)

For vertical Capacity of pile, weight of pile has not been considered.

The Vertical, Uplift and lateral carrying capacities of the Bored Cast in Situ

Piles of 1.0m and 1.20m dia are calculated and are given at Annexure |.

ROB @ 7+530 & 27+120

Bored Cast

in-situ Pile Foundation of

1.0 m and

1.20m dia are

recommended at cut off level of 2.0m and 2.30m respectively. The Length

of pile and Safe load carrying capacity of the pile can be taken as given

below:
. . Safe Load carrying capacity of
. BH Pile Dia Length of Pile (t
Chainage |\, (cms) Pile (m) lle (1
) Vertical Uplift Lateral
100 25.0 340.0 180.0 30.0
7+530 BH7
120 25.0 450.0 200.0 50.0
100 25.0 400.0 210.0 30.0
27+120 | BH 10
120 25.0 500.0 270.0 50.0

For Soil Engineering Consultants

(A.V.S. RANGA RAO)
Consultant
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 7+530 Location ROB Based on Bore Hole No BH 4 Pile Cut -off level (m) 20
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m)
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 . 2.5 Scour Level below the cut off level (m) 0.00 tigefaction depth below Ground level (m 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. Scour level below cut-offlevel(m) :
Assuming the strata @ 30 m and below to be same. ’ 0.000
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Factors P pu = Ap® (Nc+PoNG+0.5..D.N,) P sy =(X(K; Pgfan6) Asta.c.A)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer gzpbesg\fl Thickness of \:\g?;leer Cohesion|  Shearing Wall (density | Submerged burden ‘I;/ress:re aof Efecti Capacity, ?E} WO Capacity, P, uplift LeF:‘\em
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 fip. 0 bu i s ) T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Aq| Ps (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
1 SM;[’:AAL / 2 0.00 0 29 29 1.82 1.03 2.06 0 |18.1|19.3| 0.79 0 37.24 9.000 36.29 1.03 6.28 5.37 0 0 0 36.29 2.19 14.51 219 2
2 SMgkAAL / 2 0.00 0 31 31 1.86 1.01 4.08 0 |23.9| 26 | 0.79 0 97.61 13.120 86.92 3.07 6.28 17.37 0 0 17.37 104.29 4.38 41.71 9.24 4
3 SMémL / 3 0.00 0 32 32 1.9 0.99 7.05 0 |28.9|30.2| 0.79 0 203.6 14.950 171.56 5.56 9.42 49.09 0 0 66.46 238.02 7.67 952 26.27 7
4 SMémL/ 4 0.00 0 32 32 1.9 0.99 11.01 0 |28.9|30.2|0.79 0 [317.96 14.950 261.33 9.03 12.6 106.3 0 0 172.8 434.09 12.06 173.63 60.43 1
5 SMémL / 2 0.00 0 30 30 1.9 0.99 12.99 0 |20.9| 224 0.79 0 27212 11.080 191.64 12 6.28 65.26 0 0 238 429.66 14.25 171.86 80.89 13
6 SMémL / 3 0.00 0 29 29 1.9 0.99 15.96 0 |18.1|19.3| 0.79 0 288.52 9.570 165.66 14.47 9.42 113.33 0 0 351.4 517.01 17.54 206.8 11591 16
7 SMémL / 2 0.00 0 29 29 1.9 0.99 17.94 0 |18.1|19.3| 0.79 0 |[324.31 9.570 148.49 16.95 6.28 88.5 0 0 439.9 588.34 19.73 235.33 142.88 18
8 SMémL / 2 0.00 0 29 0 1.9 0.99 19.92 0 |18.1|19.3| 0.79 0 360.1 9.570 120.1 18.93 6.28 0 0 0 439.9 559.95 21.92 223.98 145.07 20
9 Cl 1 0.00 17 0 0 1.9 1.02 19.92 9 0 0 0.79| 153 0 0.000 120.1 19.92 3.14 0 0.3 16.01 | 455.9 575.96 23.01 230.38 150.65 21
10 Cl 2 0.00 17 0 0 1.9 1.02 19.92 9 0 0 0.79| 153 0 0.000 120 19.92 6.28 0 0.3 32.02 | 487.9 607.88 252 243.15 161.8 23
1 SM-ML 2 0.00 0 29 29 1.9 0.99 19.92 0 |18.1|19.3| 0.79 0 360.1 9.570 290 19.92 6.28 104.01 0 0 591.9 881.89 27.39 352.75 193.11 25
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 25.0
d) Vertical Pile Capacity (tonnes) 340.0
e) Uplift pile capacity (Tonnes) 180.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for ROB @ 7+530 BH 4 Dia 1.0 m
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Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014
Name of Project Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar. Structure @ Chainage 7+530 Location ROB Based on Bore Hole No BH 4 Pile Cut -off level (m) 23
" . Bored Cast-in-situ | Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 270 water Level considered (m) 0.00 ScourLevel @RL(m)
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 . 2.5 Scour Level below the cut off level (m) 0.00 tigefaction depth below Ground level (m 0.00 RL of the Borehole (m)
Factor of Safety for Shaft Friction
Maximum effective overburden pressure= 20*Diameter of pile. Scour level below cut-offlevel(m) :
Assuming the strata @ 30 m and below to be same. ’ 0.000
CBGeOgg? Ultimate Base Resistance Ultimate Shaft Friction
Foztorlsy P pU = Ap* (CNo+PgN,+0.5.,.D.N,) P sy =(X (K, Pytans). Agta.c.A,)
Angle of Angle of r Total/ Effective over. Total Ultimate : Total Safe | Total safe .
y y - . Weight of B "
Layer gzpbesg\fl Thickness of \:\g?;leer Cohesion| Shearing Wall (density | Submerged burden ‘I;/ress:re at Effecti Capacity, ?S WO Capacity, Py uplift LeF;I\‘eth
No. Layer Layer (m) W) m . C (t/m? | Resistance, | Friction | of soil) |Unit Weight of ole fip"q 1 (1) A b burzcerl\;?ei;/uer; A K Adhesion P,=Pput Py (FT)on’ne:) (Tonnes) capactiy [metgers)
B d 8(d 3 . 3 fip. 0 bu i s ) T
¢ (deg) (deg) /m Soil (t/m?) Ne | Ng | Ny ) cNc| PdN, | 0.5.,.D.N, fonmes) | atcgofthe | e | PyTang) A, Factor, |a.c.Aq| Ps (tonnes) pors (Tonnes)
B a s
layer Py (t/m?) 2.5
1 SM;[’:AAL / 1.7 0.00 0 29 29 1.82 1.03 1.75 0 |18.1] 193|113 0 31.63 11.000 48.17 0.87 6.4 4.62 0 0 0 48.17 2.68 19.26 2.68 17
2 SMgkAAL / 2 0.00 0 31 31 1.86 1.01 3.77 0 |239| 26 | 1.13 0 90.19 15.750 119.71 276 7.53 18.73 0 0 18.73 138.44 5.84 55.37 11.08 37
3 SMémL / 3 0.00 0 32 32 1.9 0.99 6.74 0 |28.9|30.2|1.13 0 194.64 17.940 240.21 525 1.3 55.6 0 0 74.33 314.54 10.58 125.81 31.39 6.7
4 SMémL / 4 0.00 0 32 32 1.9 0.99 10.7 0 |28.9|30.2|1.13 0 [309.01 17.940 369.45 8.72 15.1 123.17 0 0 197.5 566.95 16.9 226.78 722 10.7
5 SMémL / 2 0.00 0 30 30 1.9 0.99 12.68 0 |20.9| 224|113 0 265.63 13.300 255.89 11.69 7.53 76.23 0 0 2737 529.62 20.06 211.84 96.7 12.7
6 SMémL/ 3 0.00 0 29 29 1.9 0.99 15.65 0 |18.1]193]1.13 0 282.91 11.480 226.14 14.16 1.3 133.04 0 0 406.8 632.91 248 253.16 138.69 15.7
7 SMémL/ 2 0.00 0 29 29 1.9 0.99 17.63 0 |18.1]193]1.13 0 [318.71 11.480 206.26 16.64 7.53 104.18 0 0 511 717.21 27.96 286.88 171.02 17.7
8 SMémL/ 2 0.00 0 29 0 1.9 0.99 19.61 0 |18.1]193]1.13 0 354.5 11.480 172.89 18.62 7.53 0 0 0 511 683.84 31.12 273.53 17418 19.7
9 Cl 2 0.00 17 0 0 1.9 1.02 21.65 9 0 0 113 ] 153 0 0.000 172.89 20.63 7.53 0 0.3 38.4 | 549.4 722.24 34.28 288.89 188.09 217
10 Cl 1 0.00 17 0 0 1.9 1.02 22.67 9 0 0 1.13| 153 0 0.000 172 22.16 3.76 0 0.3 19.17 | 568.5 740.52 35.86 296.2 195.04 227
1 SM-ML 23 0.00 0 29 29 1.9 0.99 22.67 0 |18.1]19.3]1.13 0 409.82 11.480 476 22.67 8.66 163.23 0 0 731.8 1207.75 39.49 483.1 24438 25
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 25.0
d) Vertical Pile Capacity (tonnes) 450.0
e) Uplift pile capacity (Tonnes) 200.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for ROB @ 7+530 BH 4 Dia 1.20 m



Appendix-4.3

Annexure-|

Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Lateral Load Capacity of pile

Project no : 2152

[As per IS 2911-2010 Part 1Section-2] Annex-C

Project :

Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.

Structure @ Chainage : ROB @ 7+530
Borehole no : BH 4
Type of pile : Bored cast in situ | Bored cast in situ
Diameter of the pile in "mm" : 1000 1200
Cut off Level of the Pile in "m" : 2.000 2.300
Length of the Pile below the cut off level in "m" : 25.0 25.0
Type of Pile Head : fixed fixed @ S:::ourlevel / cut of level
v= 1% oF dia
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0 L
Type of Soil : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged
A\
Fixity Line
No. of Blow (N) 21.00 21.00
Moment of Inertia , 1in "cm*": 4.909E+06 1.018E+07
Modulus of elasticity of the Pile , E (Kg/cm?) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 2.98E+03 2.98E+03
Stiffness factor for Cohesionless soil (T) inm : 3.43 3.97
Free standing length of pile or length of the pile below cut off 0.000 0.000
level not contributing substantially to lateral capacities (L;) in"m": . :
therefore L,/T or /R : 0.00 0.00
Embedded Length of the Pile (Lg) in"m" : 25.00 25.00
Reading from the graph Ly/T or Li/R 219 219
(As per Appendix C,Clause 5.5.2 Fig 2): ' '
Depth of Fixidity Lg in"m™ 7.51 8.69
Depth of Fixity + free standing length (L=Li+L;) in "'m" 7.51 8.69

Type of Pile Behavviour :

Long Flexible Pile

Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :
Permissible Horizontal Deflection pile (Y) "in mm": 10.00 12.00
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 41.10 65.97
Recommended Lateral Capacity of Pile (T) for 1% dia deflection : 35.00 50.00

Equations :
T =(El/ny)"*; R=(EI/K;)"

For Free Head (Y) =[QLxx%|/3El ; For Fixed head (Y)=[QLxx%]/12EI
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Appendix-4.3: Geotechnical Investigation Data

Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014 o
GINgERING CONSITM
Name of Project Geotechnical In tion Work for the Proposed G field Project from Spur to Haridwar. Structure @ Chainage 27+120 Location ROB Based on Bore Hole No BH10 Pile Cut -off level (m) 20
1
" . Bored Cast-in-situ Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 1570 water Level considered (m) 000 Scour Level @RL(m)
Pile Diameter (mm) 1000 Earth Presure Coefficient Ks 1.5 Factor of Safely for Shaft Friction 2.5 Scour Level below the cut off level (m) 0.00 Ligefaction depth below Ground level (m) 0.00 RL of the Borehole (m)
Maximum effective overburden pressure= 20*Diameter of pile.
B Scour level below cut-off level(m) :
Assuming the strata @ 30 m and below to be same.
cBeo””? Ultimate Base Resistance Ultimate Shaft Friction
Factors. Ppu=Ap” [CNctPgNq+0.5, DN,) P sy =(E(K: Pgtans) Ag+a.c.A)
Angle of r Total/ . Total Ultimate . Total Safe Total safe "
. y Effecti -burd
Layer Type O.f Thickness of Water Cohesion,| Shearing Anglg (.)f (density | Submerged eciive over. U.r ”en " Capacity, ngghtof Capacity, Ps uplift Pile
Sub Soil table 5 y Wall Friction " ! ! Pressure at pile tip "g Effective over Adhesi - pile, W, . Length
No. Layer Layer (m) (WT) m C (t/m?) |Resistance, ¢ 5(deg) of sail) | Unit Weight of N (T/m2] Ao Pou burder Pressure at| Ag esion Py=Pyu+ Py (Tonnes) (Tonnes) capactiy (meters)
X (deg) t/m? Soil (t/m?) tip Ne | Ng [ Ny (™) CNc | PdNg | 0.5.,.D.N, (tonnes) | c.g of the layer | (m?) (Ks PgiTans).Ag Focqior, a.cAg| Py (tonnes) b (Tonnes)
o (1) P
SM-ML/
1 SM 2 0.00 0 30 30 1.84 1.03 2.06 0 |20.9]| 224|079 0 43.15 11.000 425 1.03 6.28 5.6 0 0 0 42.5 219 17 219 2
2 SM;\V\AL/ 2 0.00 0 30 30 1.83 1.01 4.08 0 |20.9]| 224|079 0 85.47 11.310 7597 3.07 6.28 16.69 0 0 16.69 92.66 4.38 37.06 9.05 4
3 SM;\V\AL/ 3 0.00 0 30 30 1.83 0.99 7.05 0 |20.9]| 224|079 0 147.68 11.080 124.62 5.56 9.42 4535 0 0 62.04 186.66 7.67 74.66 25.04 7
4 SM;\V\AL/ 4 0.00 0 30 30 1.93 0.99 11.01 0 |20.9]| 224|079 0 230.64 11.080 194.52 9.03 12.6 98.22 0 0 160.3 354.78 12.06 141.91 56.93 1"
5 SM;\V\AL/ 3 0.00 0 30 30 19 0.99 13.98 0 |20.9]| 224|079 0 292.86 11.080 226.09 12.49 9.42 101.89 0 0 2622 488.24 15.35 195.29 88.75 14
6 SM;\V\AL/ 3 0.00 0 30 30 19 0.99 16.95 0 |20.9]| 224|079 0 355.08 11.080 228.36 15.46 9.42 126.12 0 0 388.3 616.63 18.64 246.65 127.35 17
7 SM;;‘AL/ 2 0.00 0 30 30 19 0.99 18.93 0 |20.9]| 224|079 0 396.56 11.080 213.6 17.94 6.28 97.56 0 0 485.8 699.43 20.83 279.77 156.86 19
8 CH 1 0.00 21 0 0 19 0.99 19.92 9 0 0 079 | 189 0 0.000 148.36 19.42 3.14 0 03 19.78 | 505.6 653.97 21.92 261.58 163.49 20
9 CH 25 0.00 21 0 0 19 1.02 19.92 9 0 0 079 | 189 0 0.000 148.36 19.92 7.85 0 03 49.45 | 555.1 703.42 24.66 281.36 180.07 225
10 SM;;‘AL/ 25 0.00 0 30 30 19 1.02 19.92 0 |20.9]| 224|079 0 417.3 11.420 336 19.92 7.85 135.42 0 0 690.5 1026.48 27 .4 410.59 220.73 25
Recommendation :
a) Pile Diameter (mm) 1000
b) Pile cut off level (m) 2.0
c) Pile Shaft Length from Cut off Level (m) 25.0
d) Vertical Pile Capacity ( tonnes) 400.0
e) Uplift pile capacity (Tonnes) 210.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for ROB @ 27+120 BH 10 Dia 1.0 m.xls
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Appendix-4.3: Geotechnical Investigation Data

Design of Pile Foundation
Estimation of Safe Vertical Load carrying Capacity of "Bored Cast in situ Concrete Pile"as per IRC 78-2014 o
GINgERING CONSITM
Name of Project Geotechnical In tion Work for the Proposed G field Project from Spur to Haridwar. Structure @ Chainage 27+120 Location ROB Based on Bore Hole No BH10 Pile Cut -off level (m) 23
1
" . Bored Cast-in-situ Inclination of pile with Vertical Axis
Type of Pile Foundation Concrete Pile (deg) 0 Factor of Safety for base Resitance 25 Actual Water table (m) 1570 water Level considered (m) 000 Scour Level @RL(m)
Pile Diameter (mm) 1200 Earth Presure Coefficient Ks 1.5 Factor of Safely for Shaft Friction 2.5 Scour Level below the cut off level (m) 0.00 Ligefaction depth below Ground level (m) 0.00 RL of the Borehole (m)
Maximum effective overburden pressure= 20*Diameter of pile.
B Scour level below cut-off level(m) :
Assuming the strata @ 30 m and below to be same.
cBeo””? Ultimate Base Resistance Ultimate Shaft Friction
F‘j]‘i‘fg Sy P pU = Ap* (CNe+PyNg+0.5.,.D.N,) P sy =((K: Pytans) Ag+a.c.Aj)
Angle of r Total/ . Total Ultimate . Total Safe Total safe "
. y Effecti -burd
Layer Type O.f Thickness of Water Cohesion,| Shearing Anglg (.)f (density | Submerged eciive over. U.r ”en " Capacity, ngght of Capacity, Ps uplift Pile
Sub Soil table P . Wall Friction . s 3 Pressure at pile fip "q Effective over . - pile, Wy, . Length
No. Laver Layer (m) (WI)m C (t/m?) |Resistance, @ 5(deg) of soil) | Unit Weight of " (b A P burder Pressure at|  Ag Adhesion Py=Pou+ Py (Tonnes) (Tonnes) capactiy (mefers)
. . ; u s
\ (deg) 9 H/m? Soll (t/md) tip Ne | Ng | Ny (m‘;) cNc | PdNg | 0.5,D.N, (Ton‘;]esj cgofthelayer | (e |KsPaTans)Aq Fot;ior, acAg| Py (tonnes) s (Tonnes)
o (1) P
SM-ML/
1 SM 1.7 0.00 0 30 30 1.84 1.03 1.75 0 |209]| 224|113 0 36.66 13.000 56.11 0.87 6.4 4.82 0 0 0 56.11 2.68 22.44 2.68 1.7
2 SMémL/ 2 0.00 0 30 30 1.83 1.01 3.77 0 |209]| 224|113 0 78.97 13.570 104.57 276 7.53 17.99 0 0 17.99 122.56 5.84 49.02 10.87 37
3 SMémL/ 3 0.00 0 30 30 1.83 0.99 6.74 0 |209]| 224|113 0 141.19 13.300 174.57 525 1.3 51.37 0 0 69.36 243.93 10.58 97.57 30 6.7
4 SMémL/ 4 0.00 0 30 30 1.93 0.99 10.7 0 |209]| 224|113 0 22415 13.300 250.07 8.72 15.1 113.8 0 0 183.2 433.23 16.9 173.29 68.18 10.7
5 SMémL/ 3 0.00 0 30 30 19 0.99 13.67 0 |209]| 224|113 0 286.37 13.300 265.69 12.18 1.3 119.19 0 0 302.4 568.04 21.64 227.21 106.29 13.7
6 SMémL/ 3 0.00 0 30 30 19 0.99 16.64 0 |209]| 224|113 0 348.58 13.300 246.15 15.15 1.3 148.25 0 0 450.6 696.75 26.38 278.7 152.54 16.7
SM-ML/
7 M 2 0.00 0 30 30 19 0.99 18.62 0 |209]| 224|113 0 390.06 13.300 213.6 17.63 7.53 11496 0 0 565.6 77916 29.54 311.66 187.89 18.7
8 CH 2 0.00 21 0 0 19 0.99 20.6 9 0 0 1.13 | 189 0 0.000 213.57 19.61 7.53 0 03 47.43 | 613 826.56 32.7 330.62 204.33 20.7
9 CH 1.5 0.00 21 0 0 19 1.02 2213 9 0 0 1.13 | 189 0 0.000 213.57 21.36 5.65 0 03 35.59 | 648.6 862.15 35.07 344.86 216.67 222
10 SM;:AAL/ 28 0.00 0 30 30 19 1.02 2213 0 |209]224 113 0 463.59 13.710 539 2213 10.6 202.19 0 0 850.8 1389.77 39.49 555.9 277.7 25
Recommendation :
a) Pile Diameter (mm) 1200
b) Pile cut off level (m) 23
c) Pile Shaft Length from Cut off Level (m) 25.0
d) Vertical Pile Capacity ( tonnes) 500.0
e) Uplift pile capacity (Tonnes) 270.0
* For vertical Capacity of Pile weight of the pile has not been considered.
Annexure-|

pile cal. as per IRC 78-2014 for ROB @ 27+120 BH 10 Dia 1.20 m.xls
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Lateral Capacities as per IS : 2911 (Part 1/Sec-2: 2010)

Lateral Load Capacity of pile

Project no :2152

[As per IS 2911-2010 Part 1Section-2] Annex-C

«
" ENGiNEERING ConSUTAY

Project :

Geotechnical Investigation Work for the Proposed Greenfield Project from Spur to Haridwar.

Structure @ Chainage :

ROB @ 27+120

Borehole no :

BH 10

Type of pile : Bored cast in situ | Bored cast in situ
Diameter of the pile in "mm": 1000 1200
Cut off Level of the Pile in "'m": 2.000 2.300
Length of the Pile below the cut off level in "'m" : 25.0 25.0
Type of Pile Head : fixed fixed @ Scour level / cut of level
3 7 y= 1% of dia
Crossection of the Pile : Circle Circle
Gade of the concrete (M): 35.0 35.0 L
Type of Sail : Granular Granular
Condition of Soil with w.r.t Ground water : Submerged Submerged
v
Fixity Line
No. of Blow (N) 15.00 15.00
Moment of Inertia , Tin "cm*": 4.909E+06 1.018E+07
Modulus of elasticity of the Pile , E (Kg/cm?) : 2.96E+05 2.96E+05
Modulus of subgrade reaction for granular soil (K1) in Kn/m3 : 2.12E+03 2.12E+03
Stiffness factor for Cohesionless soil (T) inm : 3.67 4.25
Free standing length of pile or length of the pile below cut off level 0.000 0.000
not contributing substantially to lateral capacities (Li) in "m'™: ! !
therefore Li/T or Li/R : 0.00 0.00
Embedded Length of the Pile (L) in "m" : 25.00 25.00
Reading from the graph Ly/T or L/R 219 219
(As per Appendix C,Clause 5.5.2 Fig 2): . :
Depth of Fixidity Lg in "m" 8.04 9.31
Depth of Fixity + free standing length (Lw=Li+L) in "'m" 8.04 9.31

Type of Pile Behavviour :

Long Flexible Pile

Long Flexible Pile

Considering 1% of dia for Horizontal Deflection :

Permissible Horizontal Deflection pile (Y) "in mm": 10.00 12.00
Lateral capcity of pile ,Q (Tonnes) for 1% dia. deflection : 33.56 53.77
Recommended Lateral Capacity of Pile (T) for 1% dia deflection : 30.00 50.00

Equations :
T =(El/nn)'"® ; R=(EI/K1)"

For Free Head (Y) =[QLxx"]/3El ; For Fixed head (Y)=[QLxx’]/12EI
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Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet

¢ s
O ENGinERInG consI T

Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7.0 Efficiency in SPT Boring (for Ce factor) "%" : 60
Structure @ Chainage MNB @ 21+810 Design PGA 0.24 g Borehole diameter (mm) 150
Borehole no : BH 7 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth (m) 11.30
Water Table Depth considered (m) 7.00
= - ;E, g 5 - =
£ 3 ) ~ | B 2 @ <. &
o - o= ° &= ©n - c € 8
o ] 3 z s % & o § « g > o . . c
o 2 z = Eo | E| O s £ T E 3¥ | % = S 2
2 % g 2 E 28z 82 22 8%  z & & £ | o a | Z : £ 8 3
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Q 0 o 3 o 0 S 2~ 29 o9 = & 5 5 5
< & < ..E_ 3 - 3 [T 8 = g = n v n O
3 = = 5 £ 2 g 3 > £ § L
9 x o i a = = o 9 O
[a] = ) 3 -E 8 g >
Sl & 2 £ = ©
1.8 | SM-ML 6 17.90 7.90 82 0.99 32.22 32.22 32.22 0.15 | 1.70 | 1.06 10.81 5.00 | 1.20 17.97 0.19 0.23 1.48 Non Liquefiable
3.3 | SM-ML | 10 17.90 7.90 70 0.97 59.07 59.07 59.07 0.15 | 1.30 | 1.06 13.79 | 5.00 | 1.20 21.55 0.24 0.28 1.85 Non Liquefiable
4.8 | SM-ML | 28 17.90 7.90 64 0.96 85.92 85.92 85.92 0.15 | 1.08 | 1.06 | 32.02 | 5.00 | 1.20 43.42 NA NA >1 Non Liquefiable
63 | SM-ML | 31 18.70 8.70 58 0.95 113.97 113.97 113.97 0.15 | 094 | 1.06 | 30.78 | 5.00 | 1.20 41.94 NA NA >1 Non Liquefiable
7.80 SM 18 18.70 8.70 48 0.94 142.02 142.02 134.02 0.16 | 0.84 | 1.06 16.01 5.00 | 1.20 24.21 0.28 0.33 2.13 Non Liquefiable
9.30 | SM-ML | 13 18.70 8.70 87 0.93 170.07 170.07 147.07 0.17 | 0.77 | 1.06 10.57 | 5.00 | 1.20 17.68 0.19 0.22 1.34 Non Liquefiable
10.80 | SM-ML | 11 18.20 8.20 83 0.89 197.37 197.37 159.37 0.17 | 0.71 | 1.06 8.30 5.00 | 1.20 14.96 0.16 0.19 1.11 Non Liquefiable
12.30 | SM-ML | 18 18.20 8.20 91 0.85 224.67 214.67 171.67 0.17 | 0.66 | 1.06 12.54 | 5.00 | 1.20 20.05 0.22 0.26 1.49 Non Liquefiable
13.80 | SM-ML | 19 18.20 8.20 98 0.81 251.97 226.97 183.97 0.17 | 0.63 | 1.06 12.77 | 5.00 | 1.20 20.32 0.22 0.26 1.52 Non Liquefiable
15.30 | SM-ML | 24 18.20 8.20 82 0.77 279.27 239.27 196.27 0.17 | 0.61 | 1.06 15.58 | 5.00 | 1.20 23.69 0.27 0.32 1.88 Non Liquefiable

Annexure-Il
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Liquefaction Potential Evaluation as per IRC SP 114-2018

Computation Sheet

)

Soy — (>
" ENGiNEgG coNSUTH

Project : Geotechnical Investigation Work for Proposed Greenfield project from Spur to Haridwar.
Borehole Details Seimsmic Parameters Parameters from SPT Boring
Location Magnitude of Earthquake 7 Efficiency in SPT Boring (for C¢ factor) "%" 60
Structure @ Chainage ROB @ 27+120 Design PGA 0.24 9 Borehole diameter (mm) 150
Borehole no : BH 10 Importance Factor of the Structure 1 Was liner used in SPT boring No
Water Table Depth  (m) 15.70
Water Table Depth considered (m) 11.00
= - E g 5 5 =
e - EEPE 2 5 3 | B
= - o— ° E v ~— ~— E 8
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3 S| = 5 £ g ¢ 3 2 25 | ¢
2 2 | f 3 |3 5 $° &
@ © ﬁ o & £ (6]
1.8 | SM-ML | 14 18.30 8.30 71 0.99 32.94 32.94 32.94 0.15 | 1.70 | 1.06 | 2523 | 5.00 | 1.20 35.27 NA NA >1 Non Liquefiable
3.3 | SM-ML | 15 18.30 8.30 70 0.97 60.39 60.39 60.39 0.15 | 1.29 | 1.06 | 20.46 | 5.00 | 1.20 29.55 0.44 0.52 3.44 Non Liquefiable
4.8 | SM-ML | 18 18.30 8.30 74 0.96 87.84 87.84 87.84 0.15 | 1.07 | 1.06 | 20.36 | 5.00 | 1.20 29.43 0.43 0.52 3.43 Non Liquefiable
63 | SM-ML | 10 18.30 8.30 86 0.95 115.29 115.29 115.29 0.15 | 0.93 | 1.06 9.87 5.00 | 1.20 16.85 0.18 0.21 1.44 Non Liquefiable
7.80 | SM-ML | 13 18.30 8.30 87 0.94 142.74 142.74 142.74 0.15 | 0.84 | 1.06 11.53 | 5.00 | 1.20 18.84 0.20 0.24 1.64 Non Liquefiable
9.30 | SM-ML | 26 18.60 8.60 90 0.93 170.64 170.64 170.64 0.14 | 0.77 | 1.06 | 21.10 | 5.00 | 1.20 30.32 NA NA >1 Non Liquefiable
10.80 | SM-ML | 30 18.60 8.60 89 0.89 198.54 198.54 198.54 0.14 | 0.71 | 1.06 | 22.57 | 5.00 | 1.20 32.08 NA NA >1 Non Liquefiable
12.30 | SM-ML | 29 18.60 8.60 96 0.85 226.44 211.44 213.44 0.14 | 0.66 | 1.06 | 20.40 | 5.00 | 1.20 29.49 0.44 0.52 3.71 Non Liquefiable
13.80 | SM-ML | 26 18.60 8.60 76 0.81 254.34 224.34 226.34 0.14 | 0.64 | 1.06 17.61 5.00 | 1.20 26.13 0.32 0.38 2.67 Non Liquefiable
15.30 | SM-ML | 27 19.80 9.80 92 0.77 284.04 239.04 241.04 0.14 | 0.61 | 1.06 17.54 | 500 | 1.20 26.04 0.31 0.37 2.66 Non Liquefiable

Annexure-Il
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Appendix-4.3

PROJECT: Geotechnical Investigation work for the proposed Greenfield project ROB @ CH 7+530 Date of start : 24/03/2021
from Spur to Haridwar BH :4
Depth : 30.00m A
_ Depth of Water table : 15.30 m Date of finish : 26/03/2021 N 5
Project No. 2152 ]
— [«5) .
T _ = S.P.T Plot Grainsize (%) | DENSY | WIC | Limits (%) Shear Parameters
s | E | E (gm/ce)
—= < .
5 = k2 Soil Observed | Corrected| _ > o | B = £ Cc
S & S Classification —e —e— S T | 5 2= o= |4 4 & | 5 8
= a o g | 5| 8] ¢ 2 S T - 10| s | =7 =
L > 0 20 40 60 8010 20 40 60 80 100 6 w = g 2 s o % =3 E: =
- = O T I < = 3 ~ | & | &
1.80 SPT 2 13 85 Non |Plastic
2.50 ubS 1.82|1.63| 11.58 DST | 0.14 29
3.30 SPT 12 6 82 Non|Plastic
4.80 SPT : 2 34 64 Non|Plastic
550 | UDS Sandy St 1.86 | 1.64 | 13.41 2.61| DST | 014 | 31
6.30 SPT (SM-ML) 5 21 74 Non|Plastic
7.80 SPT 0 12 88 Non|Plastic
8.50 ubsS 1.90|1.63| 16.79 DST | 0.1 32
9.30 SPT 0 5 95 Non Plastic
10.80 SPT 0 35 65 Non|Plastic
12.30 SPT 0 85 15 Non|Plastic
13.80 SPT 0 82 18 Non|Plastic
15.30 SPT ) ) 0 84 16 Non Plastic
Silty Sand with
16.80 SPT Gravel (SM) 1|77 22 Non|Plastic *
29
18.30 SPT 0 68 32 Non Plastic
19.80 SPT 0 70 30 Non|Plastic
21.30 SPT 0 5 95 Non Plastic
22.80 SPT Silty Clay of 0 5 95 40| 22
Medium *
24.30 SPT Plasticity (CI) 10 | 11 79 1.70
25.80 SPT 0 26 74 Non|Plastic
27.30 SPT Sandy Silt with 2 30 68 Non|Plastic
Gravel (SM-ML *
28.80 SPT ( ) 2 7 91 Non|Plastic 29
30.30 SPT 0 6 94 Non Plastic o

" Based on SPT values



PROJECT: Geotechnical Investigation work for the proposed Greenfield project

from Spur to Haridwar

Project No. 2152

ROB @ CH 27+120

BH : 10
Depth : 30.00m

Depth of Water table : 15.70 m

Date of start

: 03/04/2021

Date of finish : 05/04/2021

Appendix-4.3

o
%""ﬂﬂws const® il

T | = S.P.T Plot Grainsize (%) | PENSIY | WIC | Limits (%) Shear Parameters
s | E | E (gm/ce)
~ < .
5 = 2 Soil Observed | Corrected| _ > . | B = £ Cc
S & S Classification —e —e— T 2| 5 2 s /g 252 s &
e~ a) 8 8| 3 Ll gl £ S - . | S g 2
L > 0 20 40 60 8010 20 40 60 80 100 6 w = g 2 s o % =3 E: =
- = O T I < = 3 ~ | & | &
1.80 SPT 0 29 71 Non|Plastic
2.50 ubDS 1.84 | 1.67| 10.45 DST | 0.14 30
3.30 SPT 0 30 70 Non Plastic
4.80 SPT 0 26 74 Non |Plastic
5.50 uDS 1.83|1.64| 11.57 2.61| DST | 0.14 31
6.30 SPT 4 10 86 Non |Plastic
7.80 SPT Sandy Silt 2 11 87 Non|Plastic
8.50 ubS with Gravel 1.83|1.62| 12.65 DST | 0.12 30
9.30 SPT (SM-ML) 0 10 90 Non|Plastic
10.80 SPT 1 10 89 Non Plastic
11.50 uDS 1.85|1.62| 14.44 DST | 0.12 30
12.30 SPT 0 4 96 Non |Plastic
13.80 SPT 0 24 76 Non |Plastic 30
15.30 SPT 0 8 92 Non |Plastic
16.80 SPT 0 7 93 Non|Plastic
18.30 SPT 0 48 52 Non|Plastic
19.80 SPT 0 72 28 Non Plastic
Silty Sand with 30 *
21.30 SPT Gravel (SM) 0 82 18 Non |Plastic
22.80 SPT 0 44 56 Non Plastic
Silty Clay of
24.30 SPT High 0 2 98 55 28
- *
25 .80 SPT Plasticity (CH) 1 4 95 210
27.30 SPT Sandy Silt with 4 7 89 Non|Plastic
Gravel (SM-ML) *
28.80 SPT : : 0 6 94 Non Plastic 30
Silty Sand with
30.30 SPT Gravel (SM) 1 78 21 Non|Plastic

*
Based on SPT values
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Soil Engineering Consltants

Job. 2152
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PROJECT: Geotechnical Investigation work for the proposed Greenfield project
from Spur to Haridwar

FIG- DS 4-1
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Soil Engineering Consltants

Job. 2152

Normal stress
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PROJECT: Geotechnical Investigation work for the proposed Greenfield project
from Spur to Haridwar

FIG- 4-2
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Soil Engineering Consltants Job. 2152

2.0 —

19 7 BH 4
18 — DEPTH = 8.50 m.
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PROJECT: Geotechnical Investigation work for the proposed Greenfield project FIG- DS 4-3
from Spur to Haridwar
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Soil Engineering Consltants

Job. 2152

Normal stress
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PROJECT: Geotechnical Investigation work for the proposed Greenfield project
from Spur to Haridwar

FIG- DS 10-1
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Soil Engineering Consltants Job. 2152
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PROJECT: Geotechnical Investigation work for the proposed Greenfield project
from Spur to Haridwar

FIG- DS 10-2
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Soil Engineering Consultants

Job No 2152
GRAIN SIZE DRISTRIBUTION CURVE
Clay SILT SAND GRAVEL
100
,ﬁ \
/ BH 10 ‘
80 e / ¥ 1.80m Depth
// / @  480mDepth
pe | 7.80m Depth
/f L/ / ¢  10.80m Depth
~ 60 )( " 9  13.80m Depth
f\i )/ /A 16.80m Depth
g [ / A 19.80m Depth
E )/ / LA / 22.80m Depth
.% 40 */X ( *  25.80m Depth
z all ,/ /
E:) e 4
o 7{#*’“’ //ﬂ
- |
20 ;// . x
A — A
T —
= ‘ TF‘:‘
— \
0 | | |
0.00100 2 34 566%91000 2 34 566.8190000 2 34 56&%90000 2 34 56]7&80000

GRAIN SIZE (mm)
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Appendix-4.3

Geotechnical Assessment Report for the proposed ROB @ 7+530 &
27+120 Greenfield project from Spur to Haridwar.

s
Bay ENGNEERING co%‘“”x‘

Delhi HARIDWAR
Ch-7+530
BH-4(rob)

ROB @ CH 27+120 BH 10
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