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CHAPTER-1
INTRODUCTION
PROJECT INFORMATION MATRIX:
NATURE OF PROJECT : RESIDENTIAL BUILDING
STRUCTURE : STILT + 5 UPPER FLOORS
PROJECT OWNER : Mis CHAITANYA FOUNDATIONS PVT LTD
PROJECT LOCATION : NUNGAMBAKKAM, CHENNAI
JOB CODE  GT-2651
SCOPE OF WORK:
FIELD WORK:

Conducting three soil investigation bore holes of 150 mm diameter in Soil & Overburden. In
case of rock formation NX Diameter with Core barrel shall be adopted to progress the drilling up
the termination depth,

Conducting Standard Penetration Test (SPT) within the borehole at:

» Every 1.0m depth interval up to 6.0m.

» From 6.0m to 12.0m, SPT is conducted at every 1.5m depth interval

» From 12.0m to 20.0m SPT is conducted at every 2.0m depth interval

» In rock formation, the core recovery is carried out at 1.5m depth Interval

The depth of borehole investigation is 24.0m below the existing ground level

Collection of disturbed soil samples at SPT location and undisturbed samples fram the clayey
strata with SPT-value greater than 2 to less than 15 if met within the investigation depth

Collection of water samples if groundwater table met within the investigation depth

LABORATORY WORK:

MNatural Moisture Content

Afterberg's limits

Grain Size Analysis

Consolidation test on undisturbed samples if applicable

Chernical Analysis test on soil and water samples to give pH, Chiorides and Sulphates

STRUCTURE OF THE REPORT:

Contents

Introduction

Investigation Methodology & Test Results
Sub-Surface Stratification

Foundation System
Recommendation ! |
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2.0

2.1
2141

21.3

CHAPTER-2
INVESTIGATION METHODOLOGY &
TEST RESULTS

PREAMBLE:
Three soil investigation boreholes were put as per the planning of the engineer in-charge and
these locations are shown in Fig.2.0. The equipment used and the methodology adopted to
carry out the fieldwork is described below.
METHODOLOGY OF FIELD WORK:
EQUIPMENT USED AND METHOD OF DRILLING:
All the boreholes were sunk by conventional rotary drilling rigs. For borehole Methodology
followed for boring conformed to |S: 1892 -2000. Boring was progressed by the cutling action of
rotating bit with water circulation and stabilizing the side of the boreholes by using casing
pipesfbentonite slurry up to required depth to prevent collapse of sidewall. Boring was
continued by normal boring process using MS soil cutter in soil. However, Tungsten Carbide
(TC) bit drilling was resorted to drill in highly weathered rock stratum where the normal boring
process became slow. Diamond Core (DC) bit drilling was adopted in moderately weathered

rack formations where penetration using TC bit was became slow.

STANDARD PENETRATION TESTS:

This is a field test to determine "Penetration Resistance of Stratum at the Test Depth”. This has
been conducted in the boreholes generally up to refusal depth using procedures described In
IS: 2131- 2002. In this test, split spoon sampler (50.8 mm OD and 35 mm ID) has replaced
driving bit. Sampler is then driven by dropping 63.5 kg hammer on top of driving collar with free
fall of 75 cm. The length of sampler is 60 cm.

The tests were conducted at the depth intervals indicated in Chapter-1 (Sec.1.1.1).

COLLECTION OF SOIL SAMPLES:

2.1.3.1 DISTURBED 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 tests as per
1.5.1498-1370.

2.1.3.2 UNDISTURBED SAMPLES:

21.4

From the soft to stiff clay layer. representative undisturbed samples were collected. These
samples were used primarily to establish the compressibility parameters to estimate the

settlements of shallow foundation system wherever applicable.

COLLECTION OF GROUND WATER SAMPLES:

One representative water sample from each berehole was collected after 24 hours of
completing the borehole if water table met within the investigated depth.

r. CVENKATA PRASAU
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2.2
2.21

222

223

23

NOTE ON GROUNDWATER TABLE RECORD:

< Groundwater table observation in geotechnical report is predominantly to arrive at
foundation design criteria and shall not be construed as design guidelines for the
design of dewatering systems

<+ The groundwater level indicated in the bore logs is specific to the duration of
investigation and intensity of the monsoon rains during the time of investigation. Hence,
the level shall be taken as guidelines anly to plan the investigation for the dewatering
systemn

“» No foundation excavation or basement excavations If anticipated within the
groundwater table zone shall be carried out without implementing groundwater lowering
schemes

LABORATORY TESTING:

ON COARSE GRAINED SOIL:

On the representative samples, sieve analysis tests were conducted to arrive at grain size

distribution. These tests were conducted as per [.8.2720 (part 4)-1985 and the results are

presented in Tables-2.1 to 2 3. The graphical representation of grainsize distribution curve for

the representative samples in each bore is presented in Fig. 2510 2.7,

ON FINE GRAINED SOIL:

On the SPT sample index property tests were conducted to estimate consistency, These test
results are presented in Tables-2.1 to 2.3. The graphical representation of hydrometer analyses
curve for the representative samples in each bore is presentad in Fig. 2.8 to 2.15.

CHEMICAL ANALYSIS TESTS:

On representative soll and water samples chemical analysis tests were conducted to estimate
pH, Chiloride and Sulphates and these results are presented in Table - 2.4 to 2.6.

SUMMARY:

The locations of the field investigation bareholes are shown in site plan given in Fig.2.0. The
average sub soil profiles encountered at each location along with their classification and
engineering properties are presented in Figs.2.1 1o 2.3.

Further, the cross-sectional variation of the sub surface profile through different bore holes In

vertical and herizontal direction longitudinally or transversely are presented in Figs.2.4.
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go BORE HOLE Na. | BH-01
=
S i SITE INVESTIGATION RECORD —T T
THE S OF ENGIMEERING
150mm _‘/‘
FROIECT NAME PROPOSED CONSTRUCTION OF A RESIDENTIAL SBUILDING 1A OF BORE HOLE e
LOCATION Mungambakkam, Chennal MACHINE Mo, CR-04 Free Fall Enargy (%] L BORE START DATE 07/09%/2023
STRUCTURE Stift + 5 Uppar Floors DRILLING METHOO Rotary N - BORE ENDI DATE 08/09/2023
CO-ORDINATES
DB CODE GT-2651 FLUSHING MEDILIM Bentonite E E TOTAL DRILL DAYS 2
o |[Brilling progress || el nosaile SPT Details Sample Detalls ” Layer Data
o) par meire - E
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- To 5C - = Silty SAND (5M)
= 14 B
= 10 ]
C5 - Cora Sample DS - Tisturberd Sampls LOGGED K.Loganthan PROJECT SITE DETAILS REMARKS
55 - Splt Spoon Semple SC . Sall Cutter DATE 07/09/2023 GROUND LEVEL (m}) .00
UDS- Unifsturbed Sample TCE - Tungsien Cartide Bit CHECKED G.Sharmila WATER TABLE {m} ivn
WS - Wash Bairiple D08 - Diemenn Bit DATE 11/06/2023 CASING DEPTH (m) 0.00
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= I BORE HOLE N, ” BH-01
MARINE SITE INVESTIGATION RECORD — T
THE SPENT OF ENGEIMEERIMG
150mm
PROJECT NAME PROPOSED CONSTRUCTION OF A RESIDENTIAL BUILDING 014 OF BORE HOLE ry
LOCATION Mungambakkam, Chennal PMAACHINE Na. CR-(4 Free Fall Energy (%] &0 BORE START DATE 07/09/2023
STRUCTURE Stilt + 5 Upper Floors DRILLING METHOD Rotary il = BORE END DATE D8/09/2023
£O-0RDINATES
|D8 COOE GT-2651 FLUSHING MEDBIURM Bentonite E = TOTAL DRILL DAYS 2z
- |[Oriing pregress | 2l el il SPT Detalls Sample Details Layer Data
a per meire =
-l T =
e Tima ; 3 =& . Blows/om. SPT Value -
y = o | = | = H £ .
£ 3 % |2 E S e Tl s 2 | Ne | Tyme [BLim) s Z| & Geotechnical Description
E % b | aZ|BE) 2 |Z |5 | 2 |Nsa] N S b @
L = = = = = =
a =
= Grey Brown, WMosL FoolTy Eraaed Fine & |
r Medium Grains Sands.Madium Dense,
o 71105
C 21| 20| a1 | - | 60 [ioso (| 0] ss |08 L Slity BAND (3H)
o |
2 10,85 W
— 11 16 | 14
o To 50 -
- 15 15
— 12 3?4 |3| - | 78200 l 11| 85 |-tzo
B 12,45 \J/
B 15 | 36
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= 3
- o
- o
=145 21 | 22| 24| - | 46 Jraco || 12| S8 |-140
o =
= 3 14.45
C 15 | 58
e 15 To 5 - -
o 16 oo
C L8 | 16.0
=16 15Cm Panel for >400{|16.00 13| S8 | -160
C 53 Blows 16.15
E 6 | 55
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&l 18.45 /
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o &
N R
# o=
— 20 27 | ag ﬂé o >100iz0.00 || 15| S5 |-20.0
C g
- s 2043 %ﬁ
T8 . Come Sampre 25 - Dnsturbes Bample LOGGED K.Loganthan FROJECT SITE DETAILS REMARKS
§ . Spiit Spoen Sample S - Sail Gitter DATE OB/OH2023 GROUND LEVEL (m} | n.00
LUDE Urdistirbed Sample TCB - Tungstan Carbide Bit CHECKED G . Shormita WATER TABLE (m) 370
WS- Wash Sample D& - Digmond Bit DATE 1110972023 c.:smaﬂ.@n {m} || .00
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€S SITE INVESTIGATION RECORD gidip | BHO1
GEOMARINE ver | 3 |oF] 3
THE AT OF FRGINGERING
150mm
PROJECT NAME PROPOSED CONSTRUCTION OF A RESIDENTIAL BUILDING BlA OF BORE HOLE e —
LOCATION Mungambakkam, Channal | MACHINE Na. I CR-04 Fres Fall Energy |%) ” &0l BOAE START DATE a7i08/2023
STRUCTURE Stilt + 5 Upper Floors DRILLING METHGD I Ratary N . BORE END DATE 08/09/2023
CO-DROINATES
JOB CODE GT-2651 FLLISHING MEDILIM Bentonite E - TOTAL DRILL DAYS 2
- |Oriling progress || g core petails SPT Details Sample Details Layer Data
o per metre g
& =
Z o Time = P Blowslom SPT Value
SE|, Erllga] # ] H £
ET|E szles g a la e 2| Mo | Tyom |RL(m) z 2 g Geotechnical Description
B NP re (v 22)ES) 2 |2 |G| 2 N80 N2 3 =
5 = =& = 2
F V
= Brown Grey Maist, Sub Fissile Hard,
5 Fissile Silty CLAY (CH)
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- =1} F X
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= e Rabounderd WS g R
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C 11 | 10 i Grains Struciurs, Highly Fraciurst Partly
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_—— 11 15 el Rock - Grade W4 Rock Farmation
= T S Fractured Hypersthene Granitic Rock
F o L12}23.5
» - - |2350| 77 | &8 |-235 —
b 34
e 25
b 26
C
b 27
— 28
= 29
=a0]| |
05 - Core Sample 05 - Disturbsd Sample LOGGED K.Loganthan PROJECT SITE DETAILS REMARKS
58 - Splin Spoon Sample &G - Sal Cutter DATE 06/09/2023 GROUND LEVEL {m) || 0.00
UDS- Urndisiormed Samole TCE - Tungsren Cartde Bit CHECKED G.Sharmila WATER TABLE {m) 370
WE - Wash Sample 08 - Ciemond Bit DATE 1110912023 CASING DEFTH (m) 0.o0
Borehole terminated at 23.5 m depth below E.G.L_ CATA PRASAD
FIG.2.1 Sub Soil Profile at BH-01 Locatiom, \.J':_.Hk@ . wneer [RGTE
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= BORE HOLE N, BH-02
% G P SITE INVESTIGATION RECORD : .
THE SIMAIT OF SNCINEES o SHEET q 0 |
150mm j
PROJECT MAME PROPOSED CONSTRUCTION OF A RESIDENTIAL BUILDING OiA OF BORE HOLE =
LOCATION Nungambalkam, Chenital MACHINE Na. CR-04 Free Fall Emergy (3] GO BORE START DATE 08/09/2023
STRUCTURE Stilt + 5 Upper Floors DRILLING METHOD Rotary N - BORE END DATE 09/08/2023
CO-ORDINATES
108 CODE GT-2651 FLUSHING MEDILIM Bentonite E - TOTAL DRILL DAYS 2
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= BORE HOLE Ne. BH-02 |
; SITE INVESTIGATION RECORD
Q;EOMARW\E IN wer | 2 o] o
HE SFRIT OF SEINEERING
semm |/
PROJECT NAME PROPDSED CONSTRUCTION OF A RESIDENTIAL BUILDING i OF BORE HOLE e
LoCATION Mungambakkam, Chennai MACHINE Mo, CR-D4 Frae Fall Enevgy (%) B0 BORE START DATE 08/09/2023
STRUCTURE ' Stilt + 5 Upper Floors DRILLING METHOD Rotary M - BORE END DATE 09/09/2023
CO-ORDINATES
o cobE GT-2651 FLUSHING MEDILIN Bentonite E ~ TOTAL DRILL DAYS 2
_;  |[owilling pregrass i [lcore Detsils SPT Details Sample Details Layer Data
(4] per mektre &
| =
3o Time E8Na s Blawsiom |?PT Value
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GRAIN SIZE DISTRIBUTION CURVE
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LABUBEATORY TEST REPURT

GEOMARINE CONSULTANTS PVT LTD-
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TC-11410

Table 2.5 Result of Chemical Test

ULR NO : TC114102300000168F SAMPLE IDENTIFICATION NUMBER : GMC/0923/741
M/s CHAITANYA
REPORT ISSUED TO ot il A TEST REPORT NUMBER GT-2651
DISCIPLINE/GROUP CHEMICAL - WATER SAMPLE RECEIPT DATE : 09/09/2023
SAMPLE DESCRIPTION GROUND WATER PERIOD OF TESTING 13/09/2023
SAMPLE CONDITION SATISFACTORY REPORT ISSUE DATE 20/09/2023
TEST METHOD BUREAU OF INDIAN STANDARD! NO. OF PAGES : ONE
Water
]
i
E 2 ULPHATE
. SUL
é Z = " S(mgd) CHLORIDES (mg/l)
» s W E P ASPER AS PER AL
= - i -
P o S 3025 (P-X1)-2022 || APHA 23rd Edn.2017- | 'S 3025(P-XXXII) - 1988,
e x RA-2019
= — 4500
m o
Wi
]
10 BH-01 3.70 6.90 41.3 437
2.0 BH-D2 3.50 7.30 2647 102.0
3.0 BH-03 360 7.55 2244 140.8
~ END OF REPORT™
Tarms and Conditions

(1) The t&st results furnished correspends io the sampie receivad

{2) The tested sample will ol be ratained for mare thar 30 days from the date of issue of test report except in the case as requirad by the applicable reguiations
(4} Any correction 0 this reports Invalldates the reports :G
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LABORATARY TEST REFURT T o

E_ﬁ;@_—# GEOMARINE CONSULTANTS PVT LTD- TESTING LABORATORY f"?'“‘*:l
KOTTIVAKKAM, CHENNAJ e )3,
‘%:\_-'."-"_5_: éa"
TC-1141
Table 2.6 Result of Chemical Test
ULR NO . TC114102300000189F SAMPLE IDENTIFICATION NUMBER : GMC/0923/741
REPORT ISSUEDTO  : moone o A FOUNDATIONS  res7 REpoRT NUMBER . GT-2651
DISCIPLINE/GROUP - CHEMICAL - SOIL AND ROCK SAMPLE RECEIPT DATE - 09/09/2023
SAMPLE DESCRIPTIO! : SOIL PERIOD OF TESTING . 13/09/2023
SAMPLE CONDITION : SATISFACTORY REPORT ISSUE DATE . 20/09/2023
TEST METHOD . BUREAU OF INDIAN STANDARDS  NO. OF PAGES . ONE
SOIL (2:1)
s
DEPTH OF SAMPLE pH
" Bore Hole N
Gretiala i (m) AS PER IS 2720 (P-XXVI) - 1987, RA-2021
1.0 BH-01 125 6.03
20 BH-02 3.00 7.27
3.0 BH-03 1.25 7.22
* END OF REPORT"™
"-.J',-"'Jg
Authorised Slgnatory
A. VINOTH
Tarms and Conditions (Technical Manager)

{1} The tast results fumished corresponds o the sample received
{2) The tested sampla will not be retained for mere thar 30 days from e date of i=sus of &5t reporl sxcepl in the case
as required by the applicable reguiations.

(3] Any correction in this reports invalidaies the reports U
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Phone Na.; 044-24480305

LABORATARY TES] REPURT

GEOMARINE CONSULTANTS PVT LTD- TESTING LABORATORY
MO Znd MAIN ROAD, KANNAFPA NAGAR EXTHN,

KOTTIVAKKANM, CHENNAI

Table 2.7 Result of Chemical Test

ATTANYA FOUNDATIONS
REPORT ISSUEDTO : 1o SAMPLE IDENTIFICATION NUMBER :  GMC/0923/741
DISCIPLINE/GROUP : CHEMICAL - SOIL TEST REPORT NUMBER GT-26851
SAMPLE DESCRIPTIC : SOIL SAMFLE RECEIPT DATE 09/09/2022
SAMPLE CONDITION : SATISFACTORY PERIOD OF TESTING 13/09/2023
TEST METHOD + BUREAU OF INDIAN STANDARDS REPORT ISSUE DATE 20/09/2023
NO. OF PAGES ONE
SOIL (2:1)
$
» Bore Hole Number DEPTH OF SAMPLE  |l),) pyaTES (mgikg)|  CH-ORIPES
(m) (mglkg)
1.0 BH-01 1.25 41.38 9.71
2.0 BH-02 3.00 38.05 5.71
30 BH-03 125 37.80 14.57
= END OF REPORT™
s
j-k
Terms and Conditions Authorised Signatory

(1] The test results furnished corresponds 1o the sample received
(2} The tested sample will not be retained for more than 30 days from the date of issug of test report excepl in Ine oase

as required by the appllcable regulations.
(3) Any corrgction In this reperts invalidstes the repors

A, VINOTH
(Technical Manager)
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3.0

3.1

3.2

3.3

CHAPTER-3
GEOLOGY & SUB-SURFACE STRATIFICATION

PREAMBLE:

Geotechnical investigation carried out at a specific site provides location specific sub surface
engineering characteristics. However, in major project sites where the construction activities
spread over a very large area location specific sub surface strata characteristics are studied
together with the geoclogical mapping data.

This is required to incorporate the impact of any documented macro-level geological
characteristics of the region on the foundation design, irrespective of the location specific sub
surface strata character/stics.

In view on the above, though it is beyond the scope of the present study to carry out macro-
level geolagical investigation the regional geology based on the published data is presented
and discussed.

CLIMATE AND RAINFALL:

The study area receives the rain under the influence of both southeast and northeast
monsoons. Predominantly northeast monsoon contributes rainfall and most of the precipitation
occurs in the form of eyclanic storm caused due to the depressions in Bay of Bengal. The north
east monsoon oecurs between October & Dacember. The southwest monsoon rainfall is highly
erratic and summer rains are negligible.

The normal annual rainfall over the study area varies from 1100 mm o 1200mm.
GEOMORPHOLOGY:

Chennal district forms part of coastal plains of northern Tamil Nadu. Major part of the district is
having flat topography with very gentle slope towards east. The altitudes of land surface vary
from 10 m above MSL in the west to sea level in the east.

Fluvial. marine and erosional landforms are noticed in the district. Marine transgression and
regressions and neo-tectonic activity during the recent past have influenced the maorphology
and resulted in various present landforms.

Meandering streams with small sand bars are present along the course of Adyar River. The
pediment and buried pediment in' Guindy area in and around the reserved forest, Is the anly
area where the ecological system Is less disturbed, while the other areas are compleiely
disturbed by built up area with large-scale human interference and pollution.

GEOLOGY OF CHENNAI DISTRICT:

Chennai district is underlain by various geological formations from ancient Archaean to the

Recent Alluvium. The geological formations of the district can be grouped into three units,

namely

i) Archaean crystalline rocks

i) Gondwana (Consolidated Clay/Clayey Silt) and Tertiary sediments and
iii) Recent Alluvium.

The Archaean crystalline rocks of the district comprise chiefly of Charnockite, gneisses and the

associated basic and ultra-basic intrusive dykes. LA
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3.4 GEOLOGICAL ORDER OF THE STUDY AREA:
The stratigraphy of the study area can be classified as recent formation which is underiain by
basement rock of meta-ignecus origin (hypersthene granite/ Charnockite rock)
4 Deposits of Recent Age
e Eparchean Unconformity --————--
Archaean Basement Rock (Chamockite Rock / Hypersthene Granite)
3.5 DESIGN SUB SOIL PROFILE: (WRT Foundation Engineering Application)
The sub soil characteristics obtained at the test location are further processed to arrive at the design
soil parameters required for the design of sub structure using the following shear strength
caorrelations with respect to the Standard Penetration Test Values of different layers.
& For Coarse Grained Material, Ref. |1S: 6403 to estimate Angle of Shearing Resistance
{Reproduced and shown in Fig A1)
2 For Fine Grained Material, Ref. Terzaghi & Peck, 1948, to estimate Unconfined
Compressive Strength (Reproduced and shown in Fig.A2)
Based on the above, the average design soil characteristics are given below:
REFERENCE BORE HOLE BH-01 Ref R.L. of G.L. (m): 0.00
= Shear
. Layer Thk. (m} % 'E 2 Parameters
2 3 = e 5 g E
= 2 3 i Type of Strata Colour ® ?, i - o &
309 0y - AR IR EEEHE
L o 2 0 =
Rl 3 F E: E; © =] *
1.0 || 0.00 | 0.50 | 0.50 Filled up - - - - - - -
Grey Medium i
20 | 050 | 1.25 | 0.75 | Cilayey Silty Sand Brévin 14 Nl 17 - 31.2
3.0 1.25 || 4.00 || 2.75 Silty Clay Brown 11 - Stiff 18 73 -
4.0 4.00 | 500 | 1.00 Silty Sand Brown 6 Locse - 14.5 - 29.2
; Medium
5.0 | 500 || 7.50 || 280 Silty Sand Brown 20 Dense . 18 - 33
6.0 | 7.50 | 9.00 | 1.50 Silty Sand Brown 6 Loose - 14.5 - 29.2
; Gray Medium
7.0 | 9.00 | 10.50 (| 1.50 Silty Sand A 19 Dense - 18 - 32.7
. Very
8.0 | 10.50 || 16.00 | 5.50 Silty Sand Brown 61 Benss B 21 - 425
9.0 | 18.00| 18.00 | 2.00 Silty Sand Brown | >100[ o - 21 | - || 425
' ) ) ] Dense :
10.0 | 18.00 | 21.00 | 3.00 Siity Clay Eé‘:e""’y” 929 - Hard | 22 | 400 :
Completely Grey .
11.0 || 21.00 | 22.00 || 1.00 \Weathered Rock Tl CRR 1% & RQD 0%
Highly Weathered Grey
12.0 | 22.00 | 23.50 | 1.50 Rock Bpesom CRR 18% & RQD 0%
34
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REFERENCE BORE HOLE BH-02 Ref R.L. of G.L. (m): 0.00
Shear
Ly k. () & = < Parameters
. w 2 O ™
2 3. 5 3 5 £
5 o g o Type of Strata Colour @ © 2 <z & o
> @ £ g o = E = i o
= =1 8 3] & = 3 = E =
Q o] = s D o =
b Q = -8 x
o
1.0 0.00 | 050 | 0.50 Filled up - - - - - - -
; Medium
2.0 | 050 || 1.25 | 0.75 Silty Clay Browr 7 - Stiff 16 47 -
3.0 || 1.25 | 2.00 | 0.75 Silty Clay Brown 19 - Very Stiff | 20 | 127 -
40 200 || 3.00 | 1.00 Silty Clay Brown - - - - - -
5.0 3.00 | 6.00 | 3.00 Silty Sand Brown 35 Dense - 18.5 - 37.375
6.0 6.00 | 7.50 || 1.50 Silty Sand Grey 7 Loose - 14.5 - 29.4
: : Browrn Medium
7.0 7.50 (| 10.50 | 3.00 Silty Sand Grey 13 Pencs - 16.5 - 309
8.0 [10.50 | 16.00 | 550 Silty Sand Grey 45 | Dense . 20 | - | 39878
' ’ ) ' Brown '
; ; Grey ery
9.0 | 16.00 | 20.00 | 4.00 Clayey Silty Sand Brown =100 Batae - 21 - 42.5
10.0 | 20.00| 21.00 | 1.00 Silty Clay Bé‘::;’ 98 : Hard 22 | 400 .
Completely R = i
11.0 [ 21.00 || 22.50 | 1.50 Weathared Rock CRR 0% & RQD 0%
Highly Weathered Grey i
12.0 || 2250 | 2400 | 1.50 Rock S CRR 16% & RQD 0%
_ o AN
I« EYyd & A PRASAD
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REFERENCE BORE HOLE BH-03 Ref R.L. of G.L. {(m): 0.00
Shear
Layer Thk. (m) E %- . Pardimoters
o = P E rHE
= ! = 4 z =
B 0] g § Type of Strata Colour [ ?, 2 = Ei 2
ey @ £ E =] 2 c =] = a
- o 5 o & m 9 = 5 =
= g & 2 ] o 2] =
P -
1.0 0.00 || 1.25 | 1.25 Filled up - - - - - - -
20 | 125 | 200 | 0.75 Silty Clay Gy 24 : very it [205] 160 | -
: - 3 ' Brown |~
3.0 || 200 | 5.00 | 3.00 | Clayey Sity Sand Browr 46 Dense - 20 - 401
40 | 500 | 8.00 | 400 | Clayey Silty Sand Grey 6 Loose - 14.5 - 28.2
50 | 9.00 |16.00| 7.00 Silty Sand BG“::;" 40 | Dense = 20| - | 3875
) Very :
6.0 || 16.00 || 20.00 || 4.00 Clayey Silty Sand Brown =100 D - 21 - 42.6
ense
7.0 | 2000 21.00| 1.00 Silty Clay Grey 71 . Hard 22 | 400 -
8.0 |21.00 2250 1.50 Compietey . CRR 0% & RQD 0%
' i ' ’ Weathered Rock
Highly Weathered Grey &
9.0 || 22501 24.00 | 1.50 Rock BraH CRR 20% & RGQD 0%
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CHAPTER-4
FOUNDATION SYSTEM

PREAMBLE:
In the design of foundation system, the stress-strain compatibility of the super structure sub
structure and the bearing strata should be satisfied both individually and as a combined
system. In view of this, the following data are needed for the design of faundation system,
defined in terms of the type of sub structure and the bearing strata characteristics.
« The super structure characteristics along with the loading pattern on the sub structure
e The sub soil characteristics that define the required substructure configuration for a
safe transfer of super-structural loads to the bearing strata
Considering the above aspects of the foundation design, the suitable type of foundation
system is presented below.
PROPOSED STRUCTURES:
An understanding of the proposed construction and the order of loads on the foundations is
needed for choosing the appropriate foundation system. In the present case, the proposed
structure is configured with stilt and five upper floors and is meant for residential occupancy.
For this kind of structure, the column loads could vary between 1,500 kN to 2,000 kN.
The above-menlioned loads have no bearing on the design of either sub or super structures
and are mentioned just to provide an insight to choose an appropriate foundation system with
respect to subsoil conditions.
SUB SURFACE STRATIFICATION:

The geological stratification of the project location is:

Stratum-I 0.0m to 2.0m/4.0m Stiff & Very Stiff, Silty Clay

Stratum-! 2.0m{4.0m to 5.0m/7.5m Medium Dense, Clayey Sand/Silty Sand

Stratum-lIl 5.0m/7.0m to 7.6m/9.0m Loose, Silty Sand/Clayey Sand

Stratum-1V 7.5m/9.0m to 18.0mf20.0m Dense & Very Dense, Silty Sand/Clayey
Sand

Stratum-V 18.0m/20.0m to 21.0m Hard, Fissile Silty Clay

Stratum-Vi 21.0m to 22.0m Very Dense, Completely Weathered Rock

Stratum-VI| 22.0m to 23.5mf24.0m Highly to Moderately Weathered Rock

FOUNDATION SYSTEM:
For the kind of proposed construction and the sub soil condition the following two options are
possible to adopt:
1. Option-| Shallow Foundaticn — Strip Raft
2. Option-ll Deep pile foundation
The above two options are discussed in the following sub section:
OPTION-I (SHALLOW FOUNDATION SYSTEM):
The sub soil stratification in the project site is highly heterogeneous in the top 5.0m depth.

Considering the lateral variation within influence zone below the foundation, it is ideal lo adopt
R.C.C Strip Raft. = AL

Lad
|
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Further, in view of the sail volume change characteristics at founding level, it is recommended
to adopt ground improvement technigue within the foundation trench. The ideal ground
improvement is soil replacernent with a nor-swelling & non-shrinking type of sail or coarse
grain material,

Provide strip raft at a depth of 1.05m over a well compacted Sand-Grave! (1:1) Mix or Quarry
Dust or Granular Sub Base (GSB) of 450mm thickness. The 450mm thick layer shall be laid in
a non-compacted layer thickness of 200mm & compacted using plate compactor or hand
rammer. Thus, the overall depth of foundation excavation shall be 1.5m below the existing
ground level.

The schematic arrangement of foundation is presented in Figure 4.1, The R.C.C Strip can be
located at 5 depth 1.05m and shall be designed for a net allowable safe bearing pressure of
175 kPa.

Typical computation is presented in Annexure-|.

1.05m STRIP FOUNDATION

450mm

FIG.4.1 : THE SCHEMATIC ARRANGEMENT OF FOUNDATIONS

4.3.2 OPTION-I (DEEP PILE FOUNDATION):

In case of the allowable bearing pressure of Strip Raft foundation is not feasible to adopt
shallow foundation, altematively pile foundation can be adopted. The piles can be installed by
drilling with direct mud circulation technique (Bored Cast Insitu Piles) and the recommended
safe load carrying capacity of bored cast insitu piles in compression, tension and lateral for
different diameters is worked out as per IS 2911-Part-I-Section-2 and are presented in
Table4.1.

Typical computations are presented in Annexure-|
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TABLE: - 4.1 RECOMMENDED SAFE LOAD CARRYING CAPACITIES OF BORED
CAST-IN SITU PILES
. © SAFE LOAD CARRYING CAPACITY
s | 22|82 | 2% )
gl 26l | T2
2|82 Bu| 3= T3 | DiaofPile | Vertical Lateral
| og £E(26w £ | in(mm Load Pull Out Load
s Es c % Carrying Capacity Carrying
[ £ = @ o . i
o - i & ~ Capacity Capacity
<<
1.0 500 1400 700 55
2.0 550 1600 800 60
30| 2| 225 | 10 | 2150 600 1900 900 70
{wis]
4.0 650 2200 1000 75
5.0 750 2700 1200 85

Dr.G.NE
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CHAPTER-5
RECOMMENDATIONS

RECOMMENDATION FOR SHALLOW FOUNDATION SYSTEM:

& In case of shallow foundation is adopted, the Strip Raft can be located at a depth of
1.05m over a well compacted sand-gravel (1:1) mix or quarry dust of 450mm thickness

# The strip foundation can be designed for an allowable net safe bearing pressure of
175kPa.

RECOMMENDATION FOR DEEP FOUNDATION SYSTEM:

 |n case of shallow foundation is not feasible, pile foundation can be adopted. For the kind
of proposed construction and the project location, Bored Cast in situ piles are
recommended as the suitable foundation system.

% The allowable safe load carrying capacities of different diameters of piles as given in
Table-4.1 can be adopted as provisional design loads, as the load carrying capacity of
piles is not only depends upon the sub soil properties, but also depends on the care and
experience of installation piles.

< The theoretical load carrying estimates of piles shall be confirmed by conducting pile
loads tests as per the guide lines laid down in |1S: 2911-Part-IV.

& The boring shall be carried out using direct mud circulation prepared out of sodium
bentonite.

<+ After reaching the borehole lermination depth, the borehole shall be cleaned using mud

circulation for a minimum period of 30min or till the return mud is relatively clear of soil

particles.

After ensuring the borehole is clean, the tremie pipe shall be lowered and concreting can

be done.

CONSTRUCTION METHOD STATEMENT OF PILE FOUNDATION:

% For the bored cast in situ piles, a guide casing of suitable length can be adopted

-
-

*,
BG

The mud used shall be made oul of sodium bentonite with minimum frees swell index of
more than 300% and liquid limit more than 100%. The silt content in bentonite shall not
more than 5%.

<+ The mud was prepared using sodium bentonite with a density of 1.10 te 1.15 glcc.
GENERAL RECOMMENDATIONS:

& The chlorides content in ground water & soil-water extract is less than the permissible
limit of 500 mg/! as per IS 456 Table 1.0. Hence no special steel is required.
< Corresponding to the sulphate content in 2:1 Water-Soll extract and ground water use
Table 4.0 of IS 456 Clause 2.0 for minimum cement content and maximum water cement
ratio. Hence ordinary Portland cement shall be adopted.
AUTHORISED SIGNATORY
o

[ e J“
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MANAGING DIRECTOR
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TYPICAL BEARING CAPACITY COMPUTATIONS FOR SHALLOW FOUNDATIONS

1.0 COMPUTATION OF BEARING CAPACITY AS PER IS:6403
BH-01
1.1 Geometrical Data :
Shape of the Foundation Strip
Depth of foundaiton excavation (m) 1.5
Sall replacement within foundation trench (m) 0.45
Depth of foundation below E.G.L "DV (m) 1,05
Breadth of footing "B" (m) 2.5
Length of footing "L" (m) 5.5
B/L: 0.5
Inclination of Vertical Load with the Vertical (a) 0.0
Thickness of Fill {(m) 0.0
1.2 Soil Data :
Type of Effective Bearing Strata : Clay
SPT "M" of the bearing stratum; 12
Type of Shear Failure: General
Undrained Shear Strength (Cu) 80
1.3 Design Parameters:
Bulk Density of Soil above the foundation depth (Yo 18 kN/m”
Water Table Correction Facter (w') : 0.50
Effective Overburden pressura at foundation level including the thickness of fill (g); 12.28 kPa
Bearing Capacity Factors:
M. = 5.14

N
N,

Shape Factors:
S.=1.00
5=~
S_ — ]

Deplh Factors !
D.=1.08
D,=-
D_’ E

Inclination Factar;
l.=1.00

lg=-

1.4 Ultimate Bearing Capacity {Qu) :
Qu=Cu*Nc™Sc*Dc*le: 445.74 kPa

1.5 Safe Bearing Capacity (Qsafe} :
Factor of Safety (F.8.) . 2.50
Qsafe: 178 kPa
Recommended Q,__, 175 kPa

2.0 Computation of Settlement for Maximum Pressure and Size of Footing: (as
per |S:8009-Part-I-Ref. Eq.11) (Elastic Analysis}
The immediate elastic settlement (S.)= gB(1-u)"IE;
g= bearing pressure: 175.00
Poission's Ratio (u): 0.25
Madulus of Elasticity (E.){Ref. Joseph E Bowels,1996 page316,Table5.6, Japanase
design standards)
g Modulus of Ealsticity (Es) 40000.00
-~ N Width of footing (m): 2.50
A ‘;i(&-[’&‘:”f::?fﬂbr } Influence fictc:—r: 1.00
€0t 148103 Rigidity Factor: 0.80
Cepth Factor: 1.00
Elastic Settlement (S.) 8.20 mm

oA
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3.0 Computation of Settlement as per 15:8009-Part |
3.1 Compression Parameters:
Average Compression Index (C.):
Average Inltial Void Ration (e,):

Stress history factor (&)
3.2 Geometrical Data:

Depth to top of compressible layer below E G.L:
Depth to bottom of compressible layer below E.G.L:
Depth to top of compressible layer below the foundation level 21
Depth to bottom of compressible layer below the foundation level Z2:
Thickness of compressible soft clay influenced by stress bulb (AH)
3.3 Siress Computations:
Effective overburden pressue at the middle of the compressible layer (Py):
B/Z1
LfZ1
BiZ2

LZ2
Stress Reduction Factor (g}
Additional stress due to the superstructure construction (Ap)=0.Ta.w!

3.4 Settlement Computations:
Consolidation Settlement (S_=C_"A+AHlog{(P,+Ap}/P}(1+e,y)
Rigidity Factor
Caorrected Setlement(S_)=
Total Setilement:

U .%%ATA PRASAD

sierot Gaotechnical Enmingar (RGTE)

15/03

03

Al

0.13
0.580
0.70

200 m
400 m
0.95
295
2.00

24.00 kPa
2.63
5.74
0.85

1,86
0.86

150,580 kPa

101.989 mm
0.80
81.59 mm
89.80 mm
<100 mm

=l Auther iyt S0AS
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ESTIMATION OF SAFE LOAD CARRYING CAPACITY OF BORED CAST-INSITU PILES

Where

Cuslndramed Shear Strenath of Clay
n=fngle of Snearing Ruslsiance

M. =Bazring Canacily Facior=5

0 {.e] Efaciive Onerburdsn Pressurs S0

Type of Pile Bored . Length of Pile below G.L, tm}i 22 5 || As Per 15:2911-(P-1,5-2}-2010
Diameter of Pila
Reference Bore Hole BH-01 500 |jmm JISurcharge Pressure a || kPa
Layar Thi. (m) a iy} kNJm? Pafahr:::ars Eﬂ;:::gr:e;‘:::en c 3 g =
£ asl 2§ n Friction
2| J § % Els |2 £ | 8 oy Ll R E i é % s :I:l @
B i 5 5 o a & - = = of |oflLayerfld L || & 3
Lol B O = z| % | S = Y I Layer w s
1.0 0.0 || 1.0 1.0 Cut-0ff Level
2.0 1.0 | 40 || 30 Silty Clay 11 180 | 180) 73 - 00 [ 240 120 | 08 - af | = 213.3
3.0] 40 50 10 Silty Sand B[ 145 163 - 29 240 | 285 263 # 1.0 ? 5 2340
40| 54 | 7.5 || 25 Siity Sand 200 18401 18,3 - 33 || 285 | 485 38.8 1.2 |l'gf] 4 1131
500 75 80| 1.5 Silty Sand 45| 16.3 - 20 || 485 || 553 51.9 - 1.0 ||af| s £8.3
6O 20| 105( 1.5 Silty Sand 19| 180 16.3 - 33 || 553 || 873 | 613 11 || gf||l & 105.3
7.0( 10.5) 18.0) 75 Silty Sand 50 205 19.3 - a8 || 67.3 || 146.0|| 10686 || - 15 | gf || 4 14722
80| 18.0) 21.0] 30 Silty Clay 50| 21.0(| 20.8 | 333 - 146 0 || 179.0) 182.5 || 0.3 - gl || = 408.0
g0 210|225 1.5 Weathered Rock [[100f 21.0) 21.0 - 38 || 179.0( 195.5]| 1873 - 1.5 ligfll s 517.1
Summation of Positive Skin Resitance (kN) C= 2920.29
Summation of Negative Skin Resistance (kN) -Qf= 0.00
Computation of End Bearing Resistance
SPT & Cu Ny N, Eff.Hiaf Overburden 8 m
Bearing Stratum Weathered Rack 14 49 5g 8203 - FEffective Overburden Pressure 80.00 kN/m’
End Bearing Resistance (kN) Q.= 966.34
Skin Resistanca n Clay Layer & 7°0°T"C % Ultimata Load Carrying Capacity (G} Q,=Q-Q+Q; (kN) 3BBE.E3
Skl Resiatance in Sand Layer & wd™T g K Tan({! Safe Load Carrying Capacity (Qu.) /2.5 (kN) 1554.65
End Bearing Resistancs in Glay Layaris ed 0N, Allowable Safe Load Carrying Capacity Cacate (KM] 1554 85
Erd Bearng Reslstancs in Sand Leyeris a*d 4N, Allewable Safe Pull out Capacity Qg O3 (kM) 97343

=iz Of Pile
a=Arhessian Factor
T=Thickrass of Layar

K=Cowl Earth Prassurs at Rasl
g=Effeciive Quertiurden Pressura at middleof Laver
N _=Haaring Capacity Factar, Rel. Fig. 1 of 15: Code Referred aboue

il Lp=Effectiva hesghi af ovarburdan X (w10

FA PRASAD
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| ESTIMATION OF SAFE LOAD CARRYING CAPACITY OF BORED CAST-INSITU PILES
Type of Pile Bored | Length of Pile bslow G.L. (m)| 225 ][ As Per 1S:2911-(P4,5-2)-2010
Diamatar of Pile
Reference Bore Hole BH-D2 l 500 ([mm ” Surcharge Pressure 0 kPa
3 Shear Effactive Overburden <
‘ Layer Thk. (m) P {y) kNim P Pressure (kPa) : = g =
o . A
3 = At Tl 3 8 Skin Friction (Q;)
W o
2 E.:! J g - E‘ s |2 i & Mt‘f"’ Bot. |[AtMid. || 2 5| ¢ kN
g : i % ; g 35 =1 a o of |ofLayer|3 & | &
> || & - ° a g | 3 g 3 = || Layer E48
Ale g |lE s 2l =1zl £ | = Layer
io| ae || 1.0 1.0 Cut-Crit Level
201 1.0 3.0 | 20 Siity Clay 190 20.0 || 20.0 || 127 - 00 |[200( 1o | 04 - gf |l = 139.6
30 30| 88 3.0 Silty Sand 3a 125 19.8 - 374 200 || 48.5( 34.3 - 14 |laffl 5 168.3
40 80| 7.5 1.5 Silty Sand 7l 145 17.0 - 29.4| 485 || 553 519 - 1.0 || aff| 58.9
50 7.5 || 10.5] 3.0 Siity Sand 13| 185 (| 15.5 - 30.9]| 563 | 4.8 EB50 . 1.0 [aff s 191.7
6.0110.5| 16.0] 5.5 Silly Sand 451 200 () 18.3 - 38.0) 74.8 (|129.8] 1023 - 1.5 Hafll & 1035.3
T.O0l160| 200) 4.0 Silty Sand B0 205 20.3 - 380 129.8]171.8|| 150.8 - 1.5 faff - 1110.0
gof20o0f21.0] 1.0 Silty Clay 50 21.0)f 208 333 - 171.8|1828( 177.3 || 0.3 - af | & 136.0
8.0 21.04 225 1.5 Weathersd Rock || 100 21.0) 21.0 . 38.0| 182.8( 199.3|| 181.0 - 15 Nlaffl & 527 .4
Summation of Pesitive Skin Resltance (kM) Q= 3378.22
Summation of Negative Skin Resislance (kN) -Of= 0.00
Computation of End Bearing Resistance
SPT &y N, M, Eff. Ht.af Overburden 8 m
Weathered Rock . )
Bearing Stratum 100 38.00 - g203 - Effective Overburden Pressure 8797 kN/m*
End Bearing Resistance (kN) Q.= 1094.68
Skin Resistancs In Clay Layer 5 770°T, "G Litimate Load Carryirg Capacity (Q,) 0,=0-0,+0, (kN) 447290
|5kir Resistznce In Sand Layer s 7°d=T oK Tan() Safe Load Carrying Capacily (.. Q,/2.5 [kN) 178816
End Bearing Rasistancs i Clay Loyer is 270 4°C *N, Allowable Safe Load Carrying Capacity Casare (KN) 178818
End Bearing Resistancs IrSand Layer g ='d QN Allowable Safe Pull out Capacity Qe QN3 (KN)  1126.07
W e
Cu=LUrdrained Shasar Strangth of Clay H=Cos! Earth Prassurs st Rest d=0fa. Cf Pile
i=Andls af Shaaring Resistance g=Ellscive Overburden Pressire at middle of Layer re=hdhession Facter
N =Bearing Capadity Faclor =9 M. =Besring Capacily Faciar, Rel. Fg.1 af IS0 Ceda Refarred above Ti=Thcknass of Layar
k2 (Le) Effecitvs Ouerburden Pressure al plle ln=Effactive holght of overburden X (1=10]

Qhanns
N1 -Jr“_l ;i PRETTAUTharity L MDay
. = nnap ]

A 0 Naginr, ThiIFuwan miyL

Ehonoaid | Meb Mo 4819444095 1 ag
ha s : - wdl | OW
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ESTIMATION OF SAFE LOAD CARRYING CAPACITY OF BORED CAST-INSITU PILES

p=fArge of Shearing Resistarce
N, =FBesring Capaolty Factor = 3

¢ =Eferitve Overburden Sressure sl middle f Layer
N =Bearing Capaaity Faéter. R Fig-1 of 15: Code Referred above

2 () Effecitve Overburden Prassure 3l pite Lp=Elfuctive Peight of pusrtburden X (~+-10]

Type of Pile Bored Length of Pile below G.L. (m)|| 225 || AsPerIS:2911-(P-,5-2)-2010
Diameter of Pile
Refarence Bore Hole BH-03 500 [jmm J' Surcharge Pressure 0 kPa
; - Shear Effective Overburdan e
hayar Thik. (m) @ {y) &N/m Paramaters Pressure (kPa) E 5 ; =
o 2=l GE
1 _ £ £ At at| 85 Skin Friction (@)
|24 8 = El s 18 | & | o %] eon [acmic |[E5) =8 kN
5 = K u @l 20 2 | &],% | of |orLayer| 3L £ 8
2 a o B o i i g 2| = = | Laver yer| <« =
3lelld £ z 2|l s lz5(¢ )2 e we
1.0 0.0 || 1.0 (| 1.0 Cul-Off Level
20[ 1.0 2014 1.0 Silty Clay 24 (| 20.5 | 205 || 160 - 0.0 10.5 53 0.3 - gffl =z 754
300 20 || 50 || 3.0 Silty Sand 46| 2000 || 20.3 - 3B.0[| 105 || 40.5 | 25.9 - 1.5 |l gfll 2 140.8
40501 9.0 4.0 Clayey Sand 6 || 14510 17.3 - 29.2|| 405 || 58.5 (| 49.5 1.0 ||af|l « 1738
501 9.0 || 16.0f 7.0 Silty Sand 42 | 2001 173 - 38.0)| 58.5 [|128.5| 93.5 - 1.5 | afll s 11774
6.0 18.0| 20.0| 4.0 Siity Sand 50 20.5( 20.3 3B.0(| 12851 170.5| 1495 - 1B [ofll s 1100.8
702000 21.0( 1.0 Sty Clay s0f 2100 2081 333 - |[170.5]181.5]| 1760 || 0.3 - af | + 136.0
sof 210225 1.5 Weathered Rock || 100f 21.0( 21.0 - | 28.0| 181.6] 18580| 1888 || - 1.5 | affl e 524.0
Summation of Fositive Skin Resitance (kN) Q= 332823
Summation of Negalive Skin Resistance (kN) -Qf= 0.00
Computation of End Bearing Resistance
EPT By My M, Eif. Ht.of Overburden 8 rm
Bearing Stratum Vieatheres Rack 100 3800 - 82.0% - Effective Querburden Prassure 72.05 kN/m*
End Bearing Resistance (kM) Q.=  1180.47
Sk Resistanas i Slay Layer 5 20T °C %o Ultimate Load Carrying Capacity (Quy) Q.“':Gr'qt"‘qp (N} 44BE.69
Skin Resistancs in Sanc Layeris 7°d* T g)'K Tan{g) Safe Load Carrying Capacity (Qa..) Q2.5 (kN) 179548
Erd Bearing Resistance in Clay Layer s 7701456 N, Allowable Safe Load Carrying Capacity Qpcare (KN} 179548
Fric Beadng Resistance i Sand Layer s 2702 0N, Allowable Safe Pull out Capaeity Qupu: AF3 (KN} 110341
[ esre
Cu=Urdrained Shear Strength af Clay M=Coef Earih Pressure at Rest d=Oho. CF File

a=fdnessicr Facion
T=Thickness of L.ayer
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LATERAL LOAD CARRYING CAPACITY OF BORED CAST- SITU PILES

1.0 Geometrical Data
Type cf Pile Head Considered
Diameter of Pile (d)
Free standing Length of Pile (e)
Length of Pile below E.G.L (Le)
Cut-Off Level From E.G.L
Length of Pile below Cut-Off Level (Le)

Grade of Concrete (M)

Young's Modulus of Concrete (E) :

Momemnt of Inertia (1)

2.0 Determination of Depth of Fixity
Type of Soil Strata
Ground Water Condition
Design SPT "N" Value
K=((k1/1.5)*(0.3/B))
(n can be read as h in the above and below equation in case of Sand)

Depth of Fixity below Cut off (z;)

3.0 Determincation of Lateral Load and Moment Carrying
Capacity for 0.005 m Lateral Deflection:

Allowable Lateral Deflection (Y) :
Lateral Load Carrying Capacity (H)= Y*12El/(e+zf)"3 :
Recommended Design Lateral Load carrying Capacity :

Fixed End Moment Meg=H(e+z,)/2

Reduction Factor (L/T) :

Actual Moment (Fixed End Moment/Reduction Factor),Mg

B

Fixed
$.7D m
m
1225 m
: 1.0
1 2156 m
- 25 MN/m®
25000000 kN/m?*
: 0.015532 m*
: Clay
. Submerged
:

- 27000 kN/m?
- 7200 kN/m*

: 2.91 m

- 0.00

- 2.20

:6.41 m
0.005 m
88.61 kN
89 kN
284
0.67 m
190 kN-m
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V Loose Loose

i | ,-'{ Meadnun

Denze

Angle of Tnternal Friction (Deg)y
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e

44

e r3 A —1

44 ,—T’ Very Denze
16 - | | —

100 96 80 70 e0 30 40 30 20 10 0

Standard Peietrarion Resistance (0-Value)

FIG. A1 Relation Ship between Angle of Internal Friction &
N-value (Reproduced from 1S:6403-1981)

& M
2'1

.- !

0 2 3 4
Uncanfined Compressive Strength of Saturated Clay (qu), kg/sg.cm.

Standard Penetration Resistance - N-Blows/30cms
—
A =

FIG. A2 : Relationship between UCC & SPT-Value (N) of
Saturated Clay (AfterTerzhagi & Peck, 1948)
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v/ our services doesn't just end there
,,/7'4—

Buying & Selling Services

“ Property Buying Assistance, Property Selling Support, Market
Price Analysis, Owner Outreach and Negotiation.

Legal & Documentation Services

“ Certified EC, Patta, legal opinions, property verification, due
diligence, litigation solutions, and legal heir certificates.

Property Development & Approvals

V Building plan approvals, construction, layout and sub-division
approvals, zone conversion, and occupancy certification.

NRI & Investment Services

\/ Escrow Services, Rentals, Litigation Solutions, Property
Valuation and Property Management

Compliance & Special Services

V Demolition, Vaasthu checks, regularization of unauthorized
buildings, and office space solutions.
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v/, empowering your real estate decisions
with smc:rt/t/o/g,l__'_s,

Property Valuation & Cost Estimation

“ Guideline Value, Apartment Composite Value, Stamp Duty & Registration Fees
Calculator, Building Value Calculator, Capital Gains Calculator, Area Unit
Converter, Length Unit Converter

Ownership, Compliance & Legal Verification

V Encumbrance Certificate (EC) Search, Find Your SRO, Temple Property
Check, WAQF Property Check, View Patta/Chitta, View FMB, Patta
Analyzer, EC Analyzer

Zoning & Land Use Analysis

V Land Use Zone Finder, CRZ Zone Check, Aquifer Zone Check, CBA Check,
EWS Check, Road Width Check, Proposed Road Widening Check, FSI
Calculator

Property Documentation & Workflow Tools

\/ Forms & Templates, Document Generator, Document
Translation, Dictionary

Vastu & Property Management Tools

V Home Vastu Shastra, Plot Vastu Shastra, Property
Management
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Verified ¢/ RealEstate”

We’re honored to be part of your
real estate journey

3/350/2 Mettukuppam, hello@verified.realestate
OMR Thoraipakkam, +91 9996 12 9996
Chennai, India www.verified.realestate
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