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We've been asked to look into the ground and identify and quantify everything that maother
niature his put thereand predict how those maoterials will react 1o construction and long-term
performance of a facility - and we may fall short of this lotty goal.

We have made reasonable and prudent conclusions but a cloud of uncertainly inherently
loarms over the project as per the pre and post facilities laid and their elemental behaviour on
the mother soil

Also, the variable nature of soil strata and it's varying charscterstics may make the
recommended foundation system disqualify and hence it's recommended that specinl care
shall be taken by the pwner during and after the construction i complete and during the mun
period of the building.
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CHAPTER-1

‘l INTRODUCTION !I

Preambie

Vinayaggas Infratech Private Limited, Chennai proposed 1o construct a
Residential Apartment (StH+-05) at No: 23 & 26, S1. Mary's Street, Zamin
FPallavaram, Chennai-600043,

For tife purpose of designing the foundations, the responsibility of carrving out
stitable soil mvestigation was entrusted 1o M/, Geo Mines ENGINEERS
Pvi. Lid., Chennai,

This report containg the field and labomtory test results along with Design

computations and recommendations for suitable foundation systems,

Scope of Waork

Sinking Two Standard Soil investigation bore holes of 150mem diameter tp o
a depth below existing ground level where SPT>100 or as directed by the
engineer-in-charge.

Conducting Standard Penetration Test (SPT) at regular depth infervals.
Collection of Split Spoon Samples or Disturbed Soil Samples

Cotlection of water samples from each bore hole,

Conducting relevam lnboratory test results,

Structure of the Report

Contents

Imtroduction

Inveshigation Methodology & Test Resulis
Figures & Tables

Sub-Surface Stratifcation

Foundation Sysiems

Recommendations

Annexure {Design Computations)
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INVESTIGATION METHODOLOGY
& TEST RESULTS

2.0 Field Testing:
2.1 Preamble:
Two standard soil investigation boreholes were pul. The equipment used and

the methodology adopted to carry out the fieldwork is described below.

2.2  Equipment Used and Method of Drilling:
221 Equipment Used

The equipment used for performing the drilling operations was a Calyx Rotary
Dirill Rig with direct mud cireulation technique, The dall mud used was made

out of Sodium Bentonile.

2.2.2  Methodology of drilling
In the soil stratn, the drilling operations were carried out using special drill bits

and cutters coupled with direet mud cireulation,

2.3  In-Situ Strength Tests:
231 Standard Penetration Test:

Standard peneteation tests were conducted at the borehole locations, in
gecordance with 15: 2131, The tests were conducted at every change of sirata
up to the depth of termimation of the borehole as directed by the engineer-in-

charge

24. Collection of Samples:
2.4.1 Disturbed Soil Samples

The SPT-samples collected were used as disturbed soil samples. These
samples were used for visual and physical identification and for conducting

laboratory classification 1ests as per LS. 1493-1971,
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24.2 Ground Water
For conducting suitable chemical tests, the pround water sample was collected
from the respective borehole.

2.5  Summary of Field Work
Ihe locations of the horeholes are shown in site plan given in Fig. 2.0, The

soil profiles obtained at cach location is shown in Figs. 2.1 & 22

2.6 Laboratory Testing:
2.6.1 Coarse Grained Samples:
2.6.1.1 Grain 5ize Analysis Tests:

On the coarse-grained soil samples. grain size distribution lests were
conducted as per 1.5.2720 (Part 4)-1985, 1o know the gradation characteristics

and to classity them. These results are presented in Tables 2.1 & 2.2,

262 Fine Grained Samples:
2.6.2.1 Index Property = Free Swell Tests:

Atterberg Limits were carried oul on fine grained soil samples 1o evalunte the
limits of different consisteney states. Generally Liguid limits, Plastic limits
and Shrinkage Limits rests were conducted as per 15,2720 ( Part-5)- 1985 and
153720 (Part 6)-1972. As no such type of soil érata encountered at the

investigation locations. no such tests could be conducted.

2.6.3  Chemical Analysis Tests:
2.6.3.1 Water Samples:

On representative water samples, chemical analysis tests were conducted to

estimate pll, Chlorides and Sulphates. These results are presented in
Table-2.3.
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Bore Hole Termnated at a depth of 4.00m below the EXFETI 20U
Fig. 2.1 Soil Profile at BH-01 Luocation
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Bore Hole Terminated at a depth of 4. 50m helow the existing ground level
Fig. 2.2 Soil Profile at BH-02 Location




Table 2.1: Laboratory Test Results on the Soil Samples Collected from BH-01
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I. Table 2.3: Chemical Analysis Results conducted on
Water Samples collected from BH-01 & BH-02

Chlorides
()

Vimgragpes Inleatech Private Lindind, Chennal

Sulphates
(prpmm}

21443

L e

B4

143 03
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SUB-SURFACE STRATIFICATION

3.0 Preamble
The sub surface sirstification @ borchole locations. with respect 0
foundation/geotechnical engineering application are derived based on the
visual identification, laboratory classification tests and field in-situ strength
tests. = Further, the strength parameters are estimated based on the m-situ

strength test results as per the following correlation,

#  Fuor Coarse Grained Samples, Ref. Fig.1. 15: 6403 to estimate Angle of
Shearing Resisrance.
* For Fine Grained Samples, Ref. Terzaghi & Peck, 1945, to estimate

Unconfined Compressive Strength.

3.1  Sub Surface Stratification:
301 Soil Profile a1t BH-A Location

(At BH-01 Location, as presented in Site plan)

* Layer-1 (from E.G.L to 1.2{lm depth)
Type of Strata Filled Up Sol
Colour .
Thickness of Layer 1 20

*  Layer-2 (from 1.20m to 2.00m depth)
I'ype of Strata Silty Clavey Sandy

Ciravels

Colour Brownish
Thickness of Laver i1.80m
SPT of the layer 41
Relative Density Dense
Angle of Shearing Resistance, ¢ 18975

*  Layer-3 (from 2.00m to 2.80m depth)
Type of Strata Soft Disintegrated Rock
Calour =
Thickness of Layver 0. 80m
SPT of the laver -
Relative Density Very Dense
Angle of Shearing Resistance, ¢ -

&

Layer-4 (from 2.80m to 4.00m depth)
Twpe of Strata

Colour

Thickmess of Layer

Wenthersd Rock

| 20m
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SPT of the layer
Redative Density
Angle of Shearing Resistance, ¢

Ground Water

Vimsyugims lufraieeh PFrivane imaved, C e

=100
Very Dense
42,50"

Ground water table was encountered at a depth of 1.00m below the existing

ground level during the first week of August 2023

Soil Profile at BH-02 Location

(At BH-02 Location, as presented in Site plan}

Laver-1 (from E.G.L to LMm depth)
Type of Strata

Calour

Thickness of Layer

Layer-2 (from 1.30m to 2.50m depth)
Type of Strata

Colour

Thickness of Layer

SPT of the layer

Relative Denstiy
Angle of Shearing Resistance. ¢
Layer-3 (from 2.50m to 3.00m depth)
Tvpe of Strata

Colour

Thickness of Layer

SPT of the layer

Relative Density

Angle of Shearing Resistance, ¢
Layer-4 (from 3.00m to 4.50m depth)
Type of Strata

Colour

Thickness of Layer

SET of the laver

Relmtive Density

Angle of Shearing Resistance, ¢

Ground Water

Filled Up Soil
1.30m

Silty Clavey Sandy
Gravels

Brownish

| 260m

12

Diepse,

658"

Soft Disintegrated Rock

{J.5(hm

Very Dense

Weathered Rock

1.50m

=] (1]

Yery Dente
42 50"

Ground water tohle was encountered at a depth of 1.00m below the existing

ground level during the first week of August 2023

8]
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4.0

4.1

[ CHAPTER
FOUNDATION SYSTEM |

Preamble
The foundation sysiem design is an interface between super structure and th
sub soil bearing strata characteristics, A sound foundation sysiem shou
safe sgainst bearing strata shear response under the super structure losg
intepsity. Similarly, the stability of the foundation system is governed by he
bearing strata deformation response under the super structure |oad int sity.
In addition. as a combined system of super structure and foundation, th '
overall stability is also governed by the super structure grrangenent. .
Considering the above aspects of foundation design, the suitable type. of
foundation svstem with respect to the sub soil conditions encountered ol the:

horehole locations is presented in the subsequent sections.

Bearing Strata Characteristics

From field investigations, it can be observed that the sub-soil strata
encounterad at shallow depths Le. below | 30m thick filled up soil strata are:
coarse-grained type and good from both shear strength characteristics and
deformation considerations to act as bearing strata [or proposed impending
loads from structure.

If coarse-grained soil strata encountered below 1.30m thick filled up soil layer
from existing ground level are considered as bearing strata, the safe bearing
capacily of open foundation system will be a function of least dimension of
footing and effective surcharge over the bearing siruta.

Further, the Weathered Rock soil strata encountered below 3.00m depths from
present existing ground level (Refl BH-02) can also be considered as poid end
bearing strata for proposed impending loads from structure.

Considering the above, suitable loundation systems ane presented below,

Foundation System
Open Foundation System (BH-02)

Considering the bearing strata characteristics of sub-soil strata encountered al

shallow depths, open foundation system of isolated column footing type
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located af @ least depth of 2.50m below existing ground tevel (F.GLL) can he
adopted.

The safc bearing capacity of open foundation at least recommended depth of
2 50m below E.G.L is computed and presented below which can be adopted

for foundation design purposes. .
5. | TypeofOpen | Depthof | Observed Depth | Type Safe Elastic
Foundation Isolated | Thickness of of Bearing | Settlements
System Column " ol Fill Isolated Bearing Capacity =5mm
Footing (m) Column Strata , Ij]'h'lT.l'mI]l - (mm)
below Footing
Existing below
Ground Natural
Level Ground
{m) Level
l (e}
Isolated Column 2.50 1.30 i3 1 Sen | 30 13
Footing Disintegrated
| | i

The computations for above are annexed (o this report.

4.2.2 Deep Foundation System- (Ref. BH-02)
In case, the impending foundation stresses are more than the recommended

safe bearing capacity of the recommended soil bearing sirata 48 presented in
Clause 4.2.1 (above), deep foundation system consisting of 4.50m long bored
cast-in-situ Friction cum End Bearing Piles can also be adopted.

Piles shall be drilled theough DMC (direct mud cireulation) technique,

For four different diameters, the safe load carrying capacities of 4.50m long
hoted cast-in-situ. Friction cum End Bearing Piles are computed and presented
helow which can be adopted lor foundation design purposes.

13
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S, | Typeof | Typeof | Length | Diameter Safe Safe Pull

No | Installati Pile of Pile of Pile Laoad Out
on of Head helow (mm) | Carrving | Capacity

Pile Group | Existing Capacity (MT)

Ground (MT) :
Level
. (m}
1 44K a0 | 537
il 430 4f) ' 543
|| Cast-in- Fixed 4 .50 |

3 f S1H) ' Al H.50

| Siw :

3 | ‘_ 330 60 725

x l
The computations of safe load carrying caprcity for 400mm diameter and
4.50m long bored cast-in-situ Frietion cum End Bearing pile are annexed o

this report. .
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CONCLUSIONS &

RECOMMENDATIONS

Foundation systems presented in Clause £.2.1 & 422, Chapter-1V can be
adopted for foundation design purpeses.

OPEN FOUNDATION SYSTEM

Safe bearing capacity of open foundation sysiem is computed considering any
rise in the ground water table up to o ahove the level of footing.

Care <hall he tken so that the ultimme bearing sirata ure nome other than
recommended =Soft Disintegrated Rock™ 1ype

Excavited coarse-grained soil encountered below | 30m thick filled up soil
sirata can only be used for back-filling purposes.

Open Foundation Depths & Foundations Restrictions (if anv)

Depth of open excavations below present existing ground level shall be 2 30m.
Ohserved Thickness of filled up soil (@ Site is 1.3Um.

Depth of Isolated Column Footing below natural ground level will be | 20m.
Other Recommendations

It is recommended 1o connect the grade beams so that the structure ¢an acl a8 a
single unit mpainst any differential seitlements in between the individunl
{ootings

Special provisions 1o contain any lateral collapse of soil from the walls
axvpavated foundation pits are required up 1o the recommended depths of apen
foundation systen.

In case, ground water table 18 encauntered within the recommended depths of
foundation system, the same shall be hailed out continuously 1o keep the sub-

grade well eonsalidated.
Foundation Svstem

e yhall be taken so that the ultimaie encd hearing soil strata are nome other

shan recommended  Weathered Rock™ type, The same shall be veaffiveed by
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out Creorechnical Engineer during foundetion leving works are  tnder
Progress.

12, Suitable pile load wsts {as per 1.5: 2911, part-IV) shall be performed to
confirm the presented theoretieal safe load carrving capacities and*shall be
used as allowable/design load capacities on the pile under considerations.
(Mandatory),

13. Pile cap can be located over 0.30m thick well compacted existing ground
surface.

14, Piles Bhall be drilled using DMC (direct mud circulation) technigue only,

| 5. Piles shall be grouped according to the column design load requirements,

16. Safe load carryving capacities of piles shall be limited o their strictural
capacities.

General

I7. As the chlorides and sulphates present in the collected water samples are

within the permissible limits. no special steel or cement is recommended 1o be

used for foundation construction purposes.

Far Geo Mines Enpmeer Pul Lid

e Dr. R. Verikata Krishnaiah us ma.
Mqr .I_I . ] T -|- ,:I. 1. *
44h Sireni |"|JI|J'H|]|-u|; G |:-:_ A4y
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DESIGN OF OPEN FOUNDATION SYSTEM (Ref. BH-02)

| COMPUTATION OF BEARING CAPACITY AS PER 15:6403

1.1 Geametrical Data
Type of Foundation Svstem Izolated Col, Footing

R L of the top of Borehole {m) (.00 m
. Depth of Foundation below existing ground level (D 250 m
Oserved Thickness of fill at site | 30 m
Effective Depth of Foundaton below natural ground Jevel (D 1.20 m
Dresien Width of Foundaton (B}, |00 m
Thickness of Foundation (T) © U.25 m
1.2 Soil Datn :
Twpe of Bearing Strata | Soft Disintegrated Rock
Diesign SPT-value of the Beanng Struta - &0
{considered based upon the densiry of the strata)
Type of Shear Failure: General
Angle of Shearing Resistance - Limited to a Maximum of: 42.50 Deg.
1.3 Design Parameters:
Bulk Density of Sail above the foundation depth () 20.00 kN/m’
Effective Overburden pressure al foundation level (q) 18.50 kPa

Water Table Correction Factor (w') 0.30

Beanng Capacity Factors:

N, = N/A

N, = 0054

N, = 19059
Shape Factors:

8, = NiA

5,= |92

8, =060
Depth Factors

D_= N/A

D, = 1.00

-
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[ Q0

Inclination Factor
.= N4

1.4 Ulitmate Bearing Capacity (Qu) !
O = Cu*Ne*Sc" DL (Ng- 1 )*Sq"Dia*lg - | SFB* Ny Sy DTl w

8 A1 &6 KPa
1.5 Safe Bearing Capacity {Qsafe) :
Factor of Safety (F.5.) 250
{Jsnfa 1540 26 kPa
R eoommendad Safe Bearing Capacty 100,00 kPa

1.6 Setibements

Smnce, the beanny strafa are coorsg-graned (vpe, ing settiements under the allownble safe bearng
pressure 300kPa wall be of immediate plashc namre The elastic setflements corresponding 1o & sate
bearing pressure of 300kPa and average SPT of &0 considenny extent of pressure bulb below

bottom level of footing are computed to be in the order of |Smm which 15 within the permissible

s of S0mm for isolated column footimg &5 per LS 1904
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DESIGN OF PILE FOUNDATION (Ref. BH-01)
Refer; 15:291 1(Part L/Sec 2)-1979, Realh rmed 1997

1.0 Type of Installation of Pile Bored Cast in Situ
1.1 Geometrical Data
Assumed Diameter of pile(D): AL mm
Assumed B of il 0,000 m
Length of pile below | KLl : 4.500 m
L. of Bot, of Pile -4 30 m

1.2 Desiegn of Pile for Vertical Compression
1.2.1 Computation of Skin Resistance:

Li1.1 Laver-l1
Pype of Strata: Silty Clayey Sandy Gravels

Avernge SPT of the strala N 3.2

Bulk Density of the stratay: 19 kN/m’
Angle of Shearing Resistunce.d: 3033 Dheg
AL of wp of Strat: -1.30 m
R.L of bottom of Strata: -2.50 m
\wernze Thickness of Strata ]! 1.20 m
:
Fffective overburden pressure over the top of strata: G.AH KN/
I fliective overburden pressure over the bottom oF SIRLGy ., 10.50 kN/m
Effective overburden pressure ot the middle of the strata. gy -4 KNm’

Coelt, O Earth Pressure. k: 2.0
Skin Resistance of the piley,: 12.07 kM

(g, o k*and* pif ) d* )

1.2.1.2 Laver-1V
['vpe of Stratn; Weathered Hock
Average NPT of the sirata.N: ol

Bulk Density of the stratay: 240 kNim
Angle of Shearing Resistance gz 4.2.3 Deg.
R.L of top of Strats: -2.50 m
R.1. of bottom of Strata; —.50 [
Average Thickness of Stratal.: 2.00 m
Effective overburden préssure over the top of strata,o,,0 | 0.8U KN’
Effective overburden pressure over the hotton of stratn, ey 208 kN
-
EfTective overburden pressure at the middle of the strato, . 20050 KIN/m
Coeff, Of Earth Pressure, k; 250

Skin Resistance of the pileg.: 119.76 kN
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g o k= mnd*pil ¥ d"lc)
Ultimate Skin Resistance,q,: 131.83 kN

1.2.2 Computation of End Bearing Resistance:
I'vpe of Bearing Strata Weathered Rock |
Cross-Sectional Area of pile.Ap: 0.1.26 m°
R.L of bottom of pile: -4.50

Minimum SPT-value of the Bearnng Strna 6

"Angle of Shear Resistance, ¢ 42,50 [ew.
Eitective Overburden Pressure, i 2740 Pa

Bearing Capacity Factor{Ngh 220.00
Ultimate End Bearing Resistance (Qp) 740.4 kN
(Op=An*g® Mg

1.3.0 Ultimate Load Carrying Capacity (Qu=0Qs+0) 878.3 kN
Safe Load Carrying Capacity (Qsafe =0u/2.50) 351.3 kM
However, limit Q.. to the structural capacity of pile: E1ITI N kN
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