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1. INTRODUCTION

On a request from the Executive Engineer, Reconstruction North Division, Tamil
Nadu Slum Clearance Board (TNSCB), Chennai, the Department of GCivil
Engineering, Indian Institute of Technology Madras undertook the consultancy for
geotechnical Investigation to evaluate the soil properties and to recommend suitable
foundations for the construction of multi-storeyed tenement buildings at TS No.1/1,
3/1, Block No: 8, Thiruvottiyurin Corpn. Divn.7, Zone |, GCC ,Chennai.

The field investigation consisting of drilling of boreholes, standard Penetration tests,
collection of soil samples and ground water iable observation. Thecomplete logging
of borehole al the site was carried out from 28"September201710 29'"December
2017by Sarathy Geotech& Engineering Services Pvt Ltd, Chennai under the
guidance of undersigned in the presence of Engineers from Tamil Nadu Slum
Clearance Board. In addition, advanced Multi channel Analysis of Surface Waves
(MASW) tests were carried out by IIT Madras. This report presents the details of the
site characterization based on the field and laboratory investigations, evaluation of
design soil parameters, recommendations on capacity of soil strata and type of

foundations to be adopted for the above buildings.
2. FIELD INVESTIGATIONS
2.1 Drilling of Boreholes and SPT Test

The investigation program comprises of sinking six exploratory boreholes at the
locations shown in the Figure 1. These boreholes were advanced up to a maximum

EXECUTIVE ENGINEER
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depth of about 40 m below the ground level.

MASW

kil
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LAYOUT DETAILS OF PLAN

Figure 1: Site plan showing location of boreholes and MASW stretches

Exploratory boreholes were advanced from the existing ground level using rotary
drilling technique supplemented by bentonite mud circulation. Mud circulation was
used to stabilise the sides and the bottorn of the boreholes, and then to bring the sail
cuts 1o the surface. Use of drilling mud will also help in preventing the disturbance to
the soil at the borehole bottom during drilling operations.

Standard Penetration Tests were conducled at regular depth intervals in the
boreholes and N values were recorded. The samples collected through the SPT
sampler were packed in two' layers of polythene bags to retain the natural maisture
content. These samples were subjecled to natural moisture content determination on
the next day. Different soil layers collected from different levels were identified and

classified.

tJ
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The borelogs of all boreholes are shown in Annexure 1. Field N values at different

depths, the depth and thickness of ditferent soil layers are presented in these bore
logs.

2.2 MASW Test

The advanced Multi channel Analysis of Surface Waves (MASW) tests have been
carried out at the site to establish the continuous soil profile and also to confirm the
soil profile obtained from the borehole data. MASW test was conducted at three
stretches as shown in Figure 1. The arrow mark on the layout shows the test
direction.

MASW test is a non-destructive and non-invasive method of investigation. The
method is based on the generation of surface wave (R-wave) using a near-surface

impulsive energy which propagates through the soil media and is refracted/reflected
along stratigraphic boundaries.

Principle

Seismic metnods make use of the variation in elastic properties of the strata which
affect the velocily of shock/seismic waves travelling through them, thus providing
dynamic elastic moduli determinations in addition to mapping of the subsurface
horizons. The required shock waves are generated within the subsurface materials,
at the ground surface or at a certain depth below it, by striking a plate on the
soil/rock with a hammer by detonating a small charge of explosives in the soil/rock.

A series of receivers, usually geophones, are placed in a linear array. An impulse
energy source, which can be mechanical or explosive, is located at or near the
ground surface at some oftset from the end geophone. The output of all of the
receivers Is recorded when the impulse load is triggered. This shot record is then
processed using a Fast Fourier Transform after which, dispersion curves can be
picked representing the fundamental Rayleigh waves. These dispersion curves are
used in inversion analysis which provides 1D velocity profiles. Multiple 1D velocity

profiles can be used to produce a 2D velocity profile of the survey line. A typical test
setup is shown in Figure 2.
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The common procedure for MASW surveys usually consists of three steps.

1. Data Acquisition: acquiring multichannel field records (commonly called shot
gathers in conventional seismic exploration).

2. Dispersion Analysis: extracting dispersion curves (one from each record).

3. Inversion: back-calculating shear-wave velocity (Vs) variation with depth (called1D
Vs profile) that gives theoretical dispersion curves closest to the exiracted
curves(one 1-D Vs profile from each curve).

The MASW tests at the site were carried out using a 24 channel Geode seismic
recorder (Make: Geometrics, USA) as shown in Figure 3. The data acquisition was
done by Seismodule Controller Software (SCS). The vertical geophones of 4.5 Hz

(24Nos.) are used to receive the wave fields generated by the active source of 10 kg
sledgehammer.

+++=eaa- Source-Receivet (SR) Configuralion -----eaeeen. | ¢
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Figure 2. MASW Test Setup
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Figure 3. Geode Seismic Recorder

Field Survey Procedure

« Vertical geophones of 4.5 Hz were installed in straight line connected to 24channel
seismograph through spread cable. Figure 4 shows the MASW test arrangement.
Geophone spacing of 1.5mwas adopted depending on the length of the survey..
Wave fields are generated by striking a sledge hammer of 10 kg on a base plate
located at some offset from the 1st geophone.

- The data is acquired through seismodule controller software installed in a laptop.

l.eophone interval Seicmograph
distance between Geophore \\
geophones / Syread <5L,ie N a

—=
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Figure 4. MASW Test Arrangement

. After one set of records is obtained from one shot the SR (source

receiver)configuration is moved by a distance of 6d (d is the disiance between

successive geophones) as shown in Figure 4and the test is repeated for the

required length of survey.

N
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The acquired data was processed using the Surfseis software with pickwin Wavekq,
and GeoPlot modules. The analysis involves the sequence of steps as shown in flow

chart (Figure 5) and it is discussed below.

Calculal Create initial Run mversion to
Input data. s Vemadel seck V, model
i dispersion -' ; : -‘ that best fits
edit R ah based on o
3 dispersion curve
of observed data

observed data

Figure 5.Flow Chart of MASW Analysis

Importing multichannel field record collected during data acquisition in Surfseis.

Dispersion Analysis: Exiracting dispersion curves from each record for getting
frequency Vs phase velocity plot. Initial shear wave velocity model is created in this
step.

- Inversion: Back-calculation of shear-wave velocity (Vs) depth (1D Vs profile)which
gives the theoretical dispersion curves closest to the extracted curves.

- A 2-D map is then constructed through an appropriate interpolation scheme by
using each 1-D Vs profile curves.

The photos taken during the tests are presented in Figure 6.

Analysis of Results

The typical 1D and 2D shear wave velocity (Vs) profile of the stretch 1 and stretch 2

are shown in Figures (a) to (e) (Annexure 3).

The adopted geophone interval for all the stretches was 1.5m. The stretch 1 was
carried out with five lines while stretch 2 were carried out with 3 lines. The second
line of stretch 1 was carried out with the shift of 12 geophones while third to fifth
were carried out with the shift of 15 geophones. Meanwhile, the second and third
lines of the stretch 2 were carried out with the shift of 15 geophones. The number
shows on all the 2D profiles are the location of the geophones in that particular

stretch.
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The 1D and 2D profiles from strelch 1 show that the Vs increases with increase in
the depth. The Vs observed from 1D profile varies from 50 10200m/s till 18m which
shows that the soft/loose soil present up to a the depth of 15m. The Vs increased to
300m/s after 18m which shows the presence of dense/stiff soil. It is found that the 1D
profile (Figure b in Annexure 5) matches with the bore log from BH #3. Further the
2D protile from stretch 1 match with the BH log from 6, 5 and 4.

The 1D and 2D profiles from streich 2 show that the Vs decreases at about 5m then
increases with increase in the depth till 25m. The decrease in Vs shows that the very
soft/very loose later present about 5m which is consistent with the bore logs from BH
#1, 4 and 5. After 5m, the Vs gradually increases from 75m/s to 240m/s till 18m. It
shows the presence of soft/loose layer till 15m. Then the Vs increase to 400m/s at
18m which shows that the dense layer present beyond 18m. The MASW results are
consislent with the bore logs from BH #1, 4 and 5.

3. LABORATORY INVESTIGATIONS

Grain size analyses on selected samples were conducted on oven dried samples
since accurate dry weights of test specimen prior to washing through 75 micron
sieve is necessary in this case. The Liquid limit of the soil is determined with the
standard Casagrande liquid limit apparatus. Casagrande grooving tool is used for
making groove in the soil sample. The water content corresponds 1o 25 blows in the
flow curve is taken as the liquid limit of the soil. Air dried sample passing through IS
sieve 425 micron is used for determining the liquid limit and plastic limit of the soil
soil sample is taken for plastic limit determination and is mixed

sample. About 159 of
with a sufficient quantity of water which would enable the soil mass to become

plastic enough to be easily shaped into a ball.

Laboralory test results such as determination of natural moisture content, specific
gravity, Atterberg limits, grain size analysis tests and direct shear test are presented
in Annexure 2.

The chemical analysis was carried out on ground water samples collected from the

boreholes. The results of chemical analysis of water samples are also presented in
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Annexu
re 2. The results show that the chloride and the sulphate content in the
ground water are within the permissible limits.

Figure 6: Test in progress images (a) stretch 1 and (b) stretch 2

4. SITE CHARACTERIZATION
4.1. Site Topography and Soil Profile

Bore Hole 1
In BH# 1 the top layer of 3m thick is found to be medium dense sand with SPT N of

about 12 is observed. It is followed by a very soft clay layer with SPT N of about 2 up
{o a depth of 10.5m. Below clayey layer, a sand layer is extended up to 21m with the
density varying from loose to medium dense. After that, a clay layer is observed up
to 25.5m with stiff to firm consistency. It is followed by medium to dense sandy layer

up to the depth of 36m.

EXECUTIVE
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Bore Hole 2

Loose sand layer up to 3m from ground level is observed in BH# 2 with SPT N of
about 7. It is followed by a clay layer of very solt to firm consistency with SPT N 2 to
6 up to a depth of about 15m.Thenabout 7.5m thick sandy layer with loose to
medium density occurs up to a depth of 22.5m.It is followed by a clay layer with sliff
to firm consistency up to 27m. Then sandy layer with SPT N value in the range of 25

to 84 occurs up to a depth of 37.5m below the ground level.

Bore Hole 3

The clayey layer with soft to firm consistency is encountered up to 6m from the
ground level. It is followed by loose sand layer with SPT less than 10 up to 15m. is
extended up to the terminalion of bore hole i.e., 35m with SPT refusal. Medium
dense to dense sand layer occurs between 15m to 31.5m.Then it is followed by very

dense sandy layer with the SPT refusal occurs up to the deplh of bore hole

termination i.e., 35m.

Bore Hole 4
In BH# 4, 4.5m thick organic soil with soft consistency occurs from the ground level.

Then a very loose sand layer 1.5m thick extended up to 6m. It is followed by a thick
clayey layer up to a depth of 21m.The clay is found to be soft consistency is up lo a
depth of 15m with SPT N of about 4 and stiff to firm consistency up to 21m. Within in
the clayey layer a medium dense sandy layer occurs between 10.5 to 13.5m. Then
medium dense to very dense sandy layer occurs up to a depth of 34.5m.The bore

hole is terminated at a depth of 36m where SPT refusal occurs.

Bore Hole 5
In BH# 5, very soft clay and very loose sandy layers occurs up to a depth of 15m

from ground. Then there is a medium dense sandy layers encountered up to a depth
of 36m with SPT N value ranging from 10 to 32. It is followed by a weathered rock p

lo a depth of borehole termination i.e., 40m.

Bore Hole 6
In BH# 6, the top surface layer up to a depth of 3m consists of soft clay. Then ii s



Geotechnical Engineering Division, HT Madras

followed by a loose to medium dense sandy layer up to a depth of 7.5m. Then 6m
thick stiff to firm clayey layer encountered up to a depth of 13.5m. Then there is a
medium dense to dense sandy layer is found to occur up lo a depth of 33m with 50T
N value ranging from 12 to 49. It is followed by a weathered rock up to a depth of

bore hole termination i.e.. 35m.

In general, the soil layer at the site up to a depth of aboul 15m is found fo be very
soft to soft clay and very loose to loose sandy layer. The weathered rock straturm
encountered at a depth of 33 to 36m in BH# 6 and BH# 5. In the remaining bore

holes, dense lo very dense sand layer occurs at the bore hole termination depth (33

to 36m).
4.2. Groundwater Table

The ground water lable was observed to be at the ground level. Hence, for the

foundation analysis, the ground water table level is considered at the ground level.

4.3. Shear strength

Standard Penelration Test blow counts N is measured at different levels in the
borehole. Shear strength parameters for cohesionless soils were selected based on
SPT results and grain size distribution analyses.

Conventional method of astimaling the angle of shearing resistance ¢ corresponding
to the corrected SPT N value reported. The N values are corrected for overburden
and dilatancy as usual before arriving at the angle of friction. The friction angle of ¢ in

the range of 28° 1o 362 is considered for loose to dense layers.

The shear strength of wealhered rock is estimated as per Cole and Stroud

recommendations. The shear strength of weathered rock is considered as 800 kPa.
The undrained cohesion values for lhe clay layers encountered were found using the
field SPT value.

10
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5.0. BEARING CAPACITY ESTIMATION

5.1. Type of foundation

It is proposed to construct multi-storyed buildings without basement at the site. In
general, the soil layer at the site up to a depth of about 15m is found to be very soft
to soft clay and very loose to loose sandy layer. Hence, it is not recommended to
adopt shallow foundations such as isolated or raft fooling. In addition, the depth of
hard strata or SPT refusals varies for every bore holes. In the present situation,
ground improvement techniques such as stone column treatment may not be
effective considering the requirement of deeper depth of improvement. In view of that
and also considering the factor that the dense sand/weathered rock stratum occurs
at the depth of about 36m, the pile foundations are recommended for the proposed
buildings. In view of the heterogeneity of the soil profiles found at the site the pile

capacities are calculated for each bore holes.

5.2. Deep Foundation-Bored cast in-situ piles

The soil stratification shows that the dense/firm clay layers occurs below 16m and
extends up to a bore hole termination depth of about 36m. Hence, the load of the
structure can be transferred to deeper depths bypassing the upper layers using a

pile foundation. Also, for present site condition, bored cast in situ piles are

recommended.

5.2.1. Compression and uplift capacity of the piles
The end bearing capacity of the bored cast insitu pile is calculated by the formula

given in IS: 2911(Part I/ Sec 2) - 2010.

Qu= Ap (0.5DyNy + PoNo)

Where,
D = Stern diameter in m.
Ap - Cross sectional area of pile toe in m*

v - Etfective unit weight of soil at pile toe in kN/m?,
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NyandN, =Bearing capacity factors depending upon the angle of internal friction at
toe

Po =Effective overburden pressure at pile toe in kN/m?

The frictional resistance of the cohesionless soil is calculated using the formula given

below,
Qu= Z{' K PytandA,
Where,
K = Coeflicient of earth pressure,
Poi = Effective overburden pressure in kN/m“ior the i layer where i varies
from 1 ton.
0 = Angle of wall friction between pile and solil,

A.= Surface area of pile stem in m? in the i layer where i varies from 1 to n.

The frictional resistance of the cohesive soil is calculated using,

Q[;g: acC Ag

Where,

a = Reduction factor

C = Average cohesion throughout the length of pile in KN/m?

A.= Surface area of pile stem in m?

Negative skin friction is considered whenever very soft clay and very loose sand
deposits are present. The paramelers used lo estimate the bearing capacily of pile
were considered based on the corrected SPT N values. Factor of safety of 2.5 is
used in the estimation of safe bearing capacity of the piles. However, factor of safety

is not used against the negative skin friction for the estimation of safe load carrying

capacity of the pile.
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The uplift capacity of the pile is calculated with a factor of safety of 4against the
positive skin friction. For compression capacity of pile is also considered from only
positive side friction. The safe compression and uplift capacity is estimated for entire

borenoles and the details are presented in Appendix A.

The bearing stratum for the piles is considered as dense layer or weathered rock.
The pile capacity is calculated assuming the pile penetrales into the dense layer or
weathered rocklayer. The calculaled safe compression and uplift capacities of piles
for the buildings near the BH# 1 to 8are given in Tables 1 and 6.

5.2.2. Lateral Load Capacity of the piles

The safe lateral capacity of piles is governed by the shear strength and modulus of
the soil below the pile cut-off level. Generally, soil for a depth of five to seven times
the pile diameter influences the resistance to lateral loading. Thus, the safe lateral
capacity of piles will depend on the soil present at shallow depth. The safe lateral
capacity of pile is estimated restricting the pile head deflection al the cut-off level
embedded in soil as 5mm. The equivalent cantilever procedure suggested in IS 2911
(Latest revision) is used for estimating the safe lateral capacily corresponding to

5mm deflection at the pile head.
The safe Lateral Load carrying capacity of piles is calculated using the formula given

below (IS 2911 (part I/ sec2):2010).

3EIY ;
= —f-i——ror free nead pile

(Ly+Lg e

Q = —2for fixed head pile

(Ly+Lp)?

Where,



Q s the Lateral load Capacity in kg

E = Young's Modulus of the pile matenal.

I = Moment of Inertia of the pile cross section.

Geotechnical Engineering Division, 11T M

Y = Permissible Deflection.

Li = Length of fixity.

adras

Typical estimation of safe laleral capacities corresponding 1o 5mim allowable

ot

deflection al the pile head is presented in Appendix B. The lateral load capacity of

the pile is calculated and is summarized in Table 1 to 6.

Table 1: Safe compression and uplift capacity of piles (BH# 1)

Pile capacity

Pile Diameter {(mm) 506 : “600 -5J
Safe compression capabéiy, kN 1190 1536 2 m’:’é‘m
éSa?e uplift capacity, kN m1;§o_ 1510 {g:}:
gaie ie;leral capacity (?xeo_i;saggkl\l) 1384 18.&31 ’“ h
Deptr_l.g?féxﬂy for fixed head piles (m) 6.97 8_4,5 1" 3
Saie ialera-ir a:apacuy; €fr;;.'r:ead) (kN.) wtl.g? : " 5_7;-.{« :
B S e S S 618 . -

Depth of fixity for iree head piles (M)
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Table 2: Safe compression and uplift capacity of piles (BH# 2)

= Pile capacity

Pile Diameter (mm) o R
”Safe compression cabgcity, kN 1000 | 1290 7 _271_7? =
TSafe uplift cépacil?,d VRN 1070 1290 —765_6_
Safe lateral capacity (t:xed headj"(nkN) 2044 54.13 ?7.36M—

Depth of fixty for fixed head piles (m) |  4.87 |  5.64 e
‘Safe lateral capacity (free head) (kN) 14.52 | 1943 W*Z}—;?m—
:%Depth of fixity for free head piles (m) 4.32 5.00 5.97 ]

Table 3: Safe compression and uplift capacity of piles (BH# 3)

Pile capacity
Bl e e 500 750 |
Sate compression capacily, kN—W - 1610 2220 | 3460
S = 1600 2030
Soto atoral capacity (fxed head) (kN) [ "ja8d | 1861 | 2076 2
Depth of fixity for fixed head piles (m) | 6.97 8.36 10.45 !
Safe lateral cﬂg;;zﬁﬁrge];éa)—(km—m 4.97 5.96 745 |
D-épi-ﬁ of nxit—g} f—orf_réé}iééd pn_e;n(m_)w_?ﬁ % 18. _E Gy R R
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Table 4: Safe compression and uplift capacity of piles (BH# 4)

Pile capacity

Pile Diameter (mm) = e
Safe compression capacity, kN 1420 1880 2750
Safe uplift capacity, kN 1040 o 1610%”
Safe lateral capacity (fixed head) (kN) 13.84 16.61 2l 257}5 o
,Depth of fixity for fixed head piles (m) 6.97 8.36 (0.45
Safe lateral capacity (free head) (kN) 4.97 596 7 45
Depth of fixity for free head piles (m) 6.18 = 41 927

Table 5: Safe compression and uplift capacity of piles (BH# 5)

Pile capacity ;
Pile Diameter (mm) 500 600 750
Safe compression capacity, kN 1410 1810 2530
Safe uplift capacity, kN 960 1170 1490
Safe lateral capacity (fixed head) (kN) 40.44 5413 7?.36‘.” .
Depth of fixity for fixed head piles (m) 487 5.64 6.74
ey (e head ) | wse s | ey
Bepth of fixity for free head piles (m) 4.32 5.00 5.9-% -
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Table 6: Safe compression and uplift capacity of piles (BH# 6)

i Pile capacily

:__ e (mm) 500 e b o
 Sale compression capacity, kN | 2300 | 2970 4200
| Saleupiftcapachy,kN | 1360 | 1650 | 2090
;Eléafe laloralioapacity TXea hoad) ()| aodd | 2ei8 || 775 |
IDepth of fixity for fixed head piles (m) | 4.87 5.64 6.74
%Sa[e Iat_éral capacily (free head) (kN) 14.52 19.43 2777
iDepth of fixity for free head piles (m) 4.32 5.00 5.97 i

5.2.4. Pile termination Depth

It is found that at about 30 to 36m dense sand or weathered rock layer is
encountered for BH# 1 1o 6. Hence, it is recommended to terminate the pile at 30 to
36m below the existing ground level. However, the pile should be terminated only

when the hard/dense layer with SPT refusal is encountered.

5.2.5. Boring of soil

DMC boring is preferred here as a significant component of friction capacity is
considered in the estimation. It is essential to maintain the density and shear
strength of the soil along the borehole sides. A continuous mud circulation using
good quality bentonite can only ensure the stability of sides and preserve the in-situ
shear strength. Rolary boring can be adopled only with proper arrangement for
continuous mud circulation.

The soil just above the pile tip is very dense sand and chisel penetration rate within
this layer shall not be used for deciding the pile termination levels. There can be a
false recording of hard resistance to chiselling when the sand excavated by the
chisel is not effectively removed as and when it is cut by the chisel. Pcor quality of

drilling mud will have very small capacity to carry the soil cuts along with the mud

17
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leaving the soil cuts in place resulting false resistance to chiselling. Good quality
drilling mud prepared in polable water and using good quality sodium based
bentonite shall be used for boring purposes.

If the borehole is advanced with DMC chiselling procedure, the chisel energy within
the bearing stratum is expecied to be more than 200 t-m/m®/cm when a star shaped
chisel with sharp edges is used. If rotary drilling using rotary cutling procedure and
direct mud circulation is adopted, the termination depth shall be judged by the
penetration into very dense stratum and also the rate of penetration. It is possible io
take up the piles very close to the borehole locations so that the rate of penetration
and type of stratum can be correlated. Such correlation can be adopted for piles in
other locations.

It is difficult to confirm the bearing stratum when hydraulically operated auger boring
is adopted for advancing the borehole. The rock augers usually fail o penetrate
more than 200mm into the weathered rock stratum with SPT refusal. The conical
cutting edge in the case of rock auger reduces the effective cross seclion of the pile
within the weathered rock formation. Few trials with conventional DMC chisel boring
procedure side by side with the hydraulically operated machine may be helpful in

deciding the termination levels.

6. SUMMARY AND RECOMMENDATIONS

It is proposed to construct multi-storeyed tenementsat Kargil Nagar land,
Thiruvottiyur, Chennai. Hence, heavy loads on the columns are anlicipated. A
detailed subsoil investigation using six exploratory boreholes was carried out to
access the subsoil profile. Dense sand with SPT refusal or weathered rock is found

to occur at the depth of about 30m to 36m.

Recommendations
The load of structure can be transferred to much deeper depths by bypassing the top

soil layers using bored casl-in-situ piles. All the piles shall be penetrated into the

bearing stratum i.e., dense sandy layer with SPT refusal.

The safe compression, lateral and uplift capacities of piles with 500 to 700mm

diameiers are estimated.
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The following recommendations can be suggested:

1. Recommended Type of Foundation Bored Cast In-Situ Pile

2. Pile cutoff level 1.0 to 1.5m below the existing GL

3. Type of soil at founding depth Very dense sandy layer with the
SPT refusal.

4. Recommended pile capacities by bore hole wise:

BH# 1

éPile Diameter (mm) 500 S00. - | 950
Safe compression capacity, kN 1190 | 1530 2150
Safe uplift capacity, kN 1250 1510 1910
Safe lateral capacity (fixed head) (kN) 13.84 16.61 20.76 A
Safe lateral capacity (free head) (kN 4.97 596 7.45 =
Pile termination depth (m) 351036

o BH# 2
e L 500 600 750
rEEE e T 120 [ 2170
i L ) 10 ) aen o 1650
Sata lateral capacity (fixed head) (kN) | BTTTER iR
Sa?érafgréi capaﬂcat—y ‘m(ﬂf;eeg'f;—edé;iﬁ) (&5— B _1.;1“52—.7 19.43 27.77
e Ao denti :_ﬁ "~ 351036
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;Plle 1errnmahon depth (m)
|

BH# 3

Pde”lD_lN;meter {mm) 500 600 750
iSa!e compress%on ca;:ﬁacity, kN 1610 299() 1460
jé_a?é uplift capacity, kN . 1320 | 1600 2030
:Safemlqatrérral capacity (Ti;(ed héhd) (kN) i384 16.61 20.')6
%[Safe lateral capacity (free head)ZkN) B ”4'.9? 5.96 7.45

iPite termination depth (rh.). i 32 lo 33

BHEA .

‘Piie Diameter (mm) 500 i 600 i 756
Safe cd;npressioh ﬁdapdc“ity. kN e 1420 1880 | 2750
Safe uplift capacity, kN S e 0 TB10)
Safe lateral capacity (fixed headj (kN) 13.84 16.61 o 20.76
éé;;é’;egl ;;pacny (free head) ;ﬁ), Z j97_'m | 596 7'45t
Pile termina!ion depth {m) ‘ 32 o 33
D S S et SR —974;5 .

EEme e R e B R
oA 1810 2530
S T haNe, o D 170 | 1490
Safe gteral capacﬂy ('f—l;neanhg;j)“(;&) 4044 54_13 i
E;gmle;ékle; capacity (free hg;c’i) W) 1452 {943 [ or7r
f epth (m) EeEEEe T
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BH# 6
T llﬁlfrlrérrljirém.éter (m“m) : 500 600 E 750
| Safe cdﬁwpressiag-g'za'ba.city, kN 2300 2970 4200
Safe upiift‘capa.éity, kN 1360 1650 2090
Safe lateral capacity (fixed head) (kN) |  40.44 | 54.13 77.36
Safe lateral capacily (free head) (kN) | 14.52 | 19.43 | 27.77
i S

'Pile termination depth (m) o g

5. The above recommended safe load carrying capacities of the piles shall be

confirmed by carrying out load test on plies as per IS 2911-Part 4 (1985).

6. It is recommended to carry out pile integrity tests on working piles minimum 25

percent of the total number of piles in each block.

7. The site is located in low lying areas and hence it is highly recommended to raise
the existing ground level by 1.5 to 2m and also to adopt the appropriate drainage

systems to prevent the flooding of the site from rain water inundation.

8. It is recommended 1o provide at least a two or more piles per pile group using
suitable pile diameter instead of single pile — single column by selecting appropriate
pile diameter to provide better resistance to bending forces from the column loads.
All the pile caps must be rigidly inter-connected with each other in both the

directions.

9. Good quality of bentonite with a liquid limit of approx. 350 is recommended to be
used as the drilling mud in boring operations. Proper cleaning of borehole bottom
after lowering the reinforcement cage shall be strictly employed as quality control

measures.
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10. The results of chemical analysis carried out on the ground water samples show
that the chloride and the sulphate content in the ground water are within the
permissible limits as per IS 456:2000. Hence, the ground water present at the site

can be used for construction purposes.

11. Proximity of the site to the coastal region requires considerations for reinforced
concrete design for saline environments. 1S 456:2000 suggests the nominal cover
for reinforcement as per the exposure conditions given in clause 8.2.2.45mm is
suggested for structures immersed in sea water or exposed to coastal environment
(Clause 26.4.2). It is also recommended to use a corrosion resistant steel (CRS) or
regular steel with anticorrosive epoxy coat or Cement Polymer Composite Coating,
and slag or pozzolana cement instead of OPC, and other recommendations

specified in Clause 8.2.8 of IS 456:2000 for the construction of substructures up to

plinth level.

12. Portland Pozzolona cement or super slag cement shall be preferred in the
construction of piles.

13. The recommended safe capacities of piles can be ensured only by adopting a

quality construction procedure with good quality control.
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ANNEXURE 3

10-LAYER VELOCITY MODEL(Record = 63)
(Mid-Station = 69.5)

Depth (metar)
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2504 ; - : S b e o
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Figure (a): 1D Shear Wave Velocity Profile for stretch |

19-LAYER VELOCITY MODEL(Record = 41)
{Mid-Seation = 38.5)
Dapth (meter)
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Figure (b): 1D Shear Wave Velocity Profile for stretch |
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Figure (¢): 2D wave velocity profile for stretch |

10-LAYER VELOCITY MODEL(Record = 110)
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Figure (d): 1D Shear Wave Velocity Profile for stretch 2
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Figure (e} 2D wave velocity profile for stretch 2



Bea

£ Capacity of prle cakulaton

Skin friction Calcuiatio

Thickness

“ i Relative Eflective
| Sub. denuity Density Con | Over burden

silency plessure

Ui s Bu

Reference BH 01

Ultimate unit,

& I R ¢
xea) skin Frigtion

_Loose

Sang P
1,5 20 1019 | "1 Donse
L5 16 1019 W Dense r
15 11 1019 1 Donse i
2 1.5 i 7 ! B 19 Frm f 1 5
Glay 225 24 e T 519 5 M ! “ww m i
z4 _n 255 =5 17, 8.9 13 13 0.40
255 { 22 1.5 14 1 1018 M Dense 10 i 10 14 3¢
27 285 15 10 12.19 M-Oense 7 7 18 230
R 5 137 DS i Dereo g 9 75 T
30 &S 18 10.19 4 Dense 12 12 i {
S3 315 1.5 22 | 10.19 14 14
1 33 1 345 15 i 51 i 11.18 Dense 32 | 24
345 35 2.5 28 1 11.19 A Dense 1.7 | 16
a5 i a6 1 i 28 11.19 M Dense 17 | 16
36 ] a7.5 15 45 | 1119 Dense 27 | 21 ] | |
{ 1 1 i g
35 mm Pile ]
Pie D-ameter (m| i 05 06 | 075
/5 Area {3z m) i 010 044
TNy from 1S 2403 | 24 324
Nz foow 152811 fer 4 = 3] ! 22 22
2d for 20D {iN/sg mi 11190 167 85
P M.m mrm n.. .E._..m" uiw auW "w....\nc i 1 1 Hmu Mu__m.._“ Note. Pile capaciies are estimatad based on the procedure suggested sn 15 2811 {Partl/Sec 1)-1979 Effective owerburder
M e inz baan .n iun.,:.; o .,.Jm oile (KN} waoo_w e pressure 4t pile (oe i havted Lo depth equal 1o 20 mes pie diameter
.l.uun“ = .4. :,....n ‘uw:..”,.. i n.qnw e T the ¢ vahie is restricted Lo 36 degree in the case of bored piles as per Fx
iPgsitve seen faction with FOS (KN i 1896 1845
Safe Bearing Capacity of 1he pre (KN} | 1185 2153
Safe Bearing Capacity of the pile (T} 119 215
s ol pe (KNI 60 136
#+ Capacity =f pile {€N) f 1246 1914
‘Uphift Capacity of pie (T} 125 { 191
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Lateral Load Carrying capacity of the pile

Loading Type = Normal

Type of pile = bored cast-in-situ piles
Length of pile =36 m

Grade of Concrete = M25

fck = 25 N/fmm?2

Elastic modulus of concrete, Ec = 5000 vick Mpa
Soil below Pile cutoff level is Wathered rock / Weak rock

Coefficient of modulus variation = 7.75 kg/cm2

(15 2911)

Ground water table is assumed at or abgve pile cutoff level

Pile cut off level = 1m below ground level
Length of pile below cutoff level = 34.5 m
Allowable deflection at pile head = 5 mm

Appendix B
BH#1,3,&4

Fixed head |Free head

Diameter of the pile (cm) 75 75

Characteristic strength of concrete (Mpa) 25 25

Characteristic strength of concrete {kg/sq.cm) 255 255

E (Mpa) 25000 25000

E (kg/sg.cm) 255000 255000

I {em™) 1552368.2| 1552368.2

nh (kg/cmn2) * 7.75 7.75

R cm) 475.40| 47540

L1 0.00 0.00

Le/R ** 2.20 1.95

Lt (cm) 1045.88 927.03

Y (permissible deflection) ¢cm 0.50 0.50

Q {ke) 2076.08]  745.33

Qin KN 2076 745

Q in tonnes 2.08 0.75

Pile Dia Lateral Load Capacity of the piles (KN) Lateral Load Capacity of the piles (tons)

{m) Fixed Head Free Head Fixed Head Free Head
0.5 13.84 497 1.38 0.50
0.6 16.61 5.96 1.66 060
0.75 20.76 7.45 2.08 075

*¢/R, ratio between depth of fixity and T read from IS 2911 corresponding to the ratio L1/R, L1 being

the free standing length

*nh , modulus of subgrade reaction , in a loose / very soft soil is recommended as 7.75 kg/cm?2 as per IS
2911

NOTE: The total depth of fixity below the pile head is sum of cantilevel length L1 and Lt



Lateral Load Carrying capacity of the pile

Loading Type = Normal

Type of pile = bored cast-in-situ piles
Length of pile=36m

Grade of Concrete = M25

fck = 25 N/mm?2

Elastic modulus of concrete, Ec = 5000 Vick Mpa
Soil below Pile cutoff level is Wathered rock / Weak rock

Coefficient of modulus variation = 7.75 kg/cm2

Appendix B

(15 2911) BH#1,3, &4

Ground water table is assumed at or above piie cutoff level

pile cut off level = 1m below ground |evel
Length of pile below cutoff level = 34.5m
Allowable deflection at pile head = 5 mm

Fixed head |Free head

Diameter of the pile (cm) 75 75

Characteristic strength of concrete (Mpa) 25 25

Characteristic strength of concrete (kg/sq.cm) 255 255

E (Mpa) 25000 25000

£ (kg/sq.cm) 255000] 255000

| {cm”4) 1552368.2| 1552368.2

nh (kg/cm*2) * 7.75 7.75

R {cm) 475.40 475.40

L1 0.00 0.00

Le/R ** 2.20 1.95

Lt (em) 104588  927.03

¥ (permissible deflection) cm 0.50 0.50

Q (kg) 2076.08 745.33

Qin KN 20.76 7.45

E in tonnes 208 075

pile Dia | Lateral Load Capacity of the piles {KN) Lateral Load Capacity of the piles (tons)
{m) Fixed Head Free Head Fixed Head Free Head
0.5 13.84 4.97 138 0.50
0.6 16.61 5.96 166 060

o | 0Tt g 1A 2.08 075

**|¢/R, ratio between depth of fixity and T read from 15 2911 corresponding to the ratio L1/R, L1 being

the free standing length

*nh , modulus of subgrad

2911

NOTE: The total depth of fixity below

e reaction , in a loose / very soft soil is recommended as 7.75 kp/cm2 as per I5
)

the pile head 15 sum of cantilevel length Lt and Li




Lateral Load Carrying capacity of the pile

Loading Type = Normal

Type of pile = bored cast-in-situ piles

Lengthof pile=36m
Grade of Concrete = M25
fck = 25 N/fmm?2

Elastic modulus of concrete, Ec = 5000 vick Mpa

Soil below Pile cutoff level is Wathered rock / Weak rock

Coefficient of modulus variation = 1.46 MN/m3
Ground water table is assumed at or above pile cutoff level
Pile cut off level = 1m below ground level
Length of pile below cutoff level =34.5m
Allowable deflection at pile head =5 mm

{1S 2911)

Appendix B
BH#2,5,6

Fixed head |Free head
IDiameter of the pile {cm) 75 75
Characteristic strength of concrete (Mpa) 25 25
Characteristic strength of concrete {kg/sq.cm) 255 255
E (Mpa) 25000 25000
E (kg/sqg.cm) 255000 255000
| {cm*4) 1552368.2| 1552368.2
nh (kg/cmA3) * 0.146 0.146
T (em) 306.65 306.65
L1 0.00 0.00
Le/T ** 2.20 1.95
Ut (cm) 674.62|  597.96
¥ (permissible deflection) cm 0.50 050
Q (ke) 7735.87 2777.24
Qin KN 77.36 2777
Q in tonnes 7.74 278
T Lateral Load Capacity of the piles (KN) Lateral Load Capacity of the piles (tons)
{m) Fixed Head Free Head Fixed Head Free Head
0.5 40.44 14.52 4.04 1.45
0.6 54.13 19.43 5.41 194
|05 77.36 27.77 7.74 2.78

=+ /T, ratic between depth of

the free standing length

*nr , medulus of subgrade reaction , in a lao

2911

NOTE: The total depth of fixity below the pile head is sum of cantilevel length L1 and L

fixity and T read from IS 2911 corresponding to the ratio Li/T, L1 being

se / very soft soil is recommended as 1.46 MN/m3 as per IS
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