Verified ¥ RealEstate”

Your trusted partner for buying, selling, and managing property,

ensuring hassle-free service with 100% transparency.
—_— =

3/350/2 Mettukuppam,
OMR Thoraipakkam,
Chennai, India

hello@verified.realestate
+91 9996 12 9996

Official Property Record

+ e T
EalaN .
g i °
o (@) j_;'/\’\_ __m\_
0

oo m|00[a a0 ao oo

(NN

Aq paiamod - pioday payuiap AneiSia



https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/
https://verified.realestate/

REPORT ON

SOIL INVESTIGATIONFOR THE CONSTRUCTION OF (S+6
FLOORS) SLUM TENEMENTS FOR TNSCB AT MEENAMBAL
SIVARAJ NAGAR PHASE | & Il IN CORPORATION Dn.104,
ZONE 8, EGMORE CONSTITUENCY, CHENNAL.

CLIENT

THE EXECUTIVE ENGINEER,
DIVISION-IV,
TAMILNADU SLUM CLEARANCE BOARD (TNSCB), CHENNAI.

CONSULTANT

Prof. A. Boominathan

GEOTECHNICAL ENGINEERING DIVISION
DEPARTMENT OF CIVIL ENGINEERING
INDIAN INSTITUTE OF TECHNOLOGY MADRAS
CHENNAI - 600 036

February 2020

IRV BT |

Scanned with CamScanner |




Si. No

CONTENTS

Page No.

Introduction

Field Investigations

2.1 Drilling of Bore Holes and SPT Test

2.2 MASW Test

Laboratory Investigations

Site Characterization

4.1 Soil Profiling based on Borelogs

4.2 Soil Profiling based on MASW tests

4.3 Groundwater Table

4.4 Shear Strength

4.5 Liquefaction Susceptibility

Selection of type of foundation and estimation of capacity

5.1 Selection of Type of Foundation

5.2 Bored cast-in-situ piles

5.2.1. Safe compression and Uplift Load Capacity of piles

5.2.2. Lateral Load Capacity of the piles

Summary and Recommendations

Acknowledgement

References

Annexure 1 - Bore logs

Annexure 2 —Laboratory Test Results

| Annexure 3 —Grain size distribution curves

F

rAnnexure 4 —Soil profile cross section

L

re 5 —Uneonﬁned Compressive Strength test

B at

i

pendix A - Axial load carrying capacity

X B - Lateral load carrying capacity

R =

— ———————
est . d Id | _ fﬂ l
A VR R "

Scanned with CamScanner



Geotechnical Engineering Division, IIT Madras

[ FAX | COURIER | SPEEDPOST | POST | HAND DELIVERY_|

GEOTECHNICALENGINEERINGDIVISION

DEPARTMENT OF CIVIL ENGINEERING

| INDIAN INSTITUTE OF TECHNOLOGY, MADRAS

: e A CHENNAI - 600 036 INDIA
. Dr. A. Boominathan

Professor

Report No.:|C1920CE792TSCB002777 dated 11/02/2020

REPORT ON SOIL INVESTIGATIONFOR THE CONSTRUCTION OF (S+6
FLOORS) SLUM TENEMENTS FOR TNSCB AT MEENAMBAL SIVARAJ NAGAR
PHASE | & Il IN CORPORATION Dn.104, ZONE 8, EGMORE CONSTITUENCY,

CHENNAL

1. INTRODUCTION

On a request from the Executive Engineer, Division- 1V, Tamil Nadu Slum Clearance
Board, Chennai, the Department of Civil 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 (S+6
floors) slum tenements at Meenambal Sivaraj Nagar Phase | & Il in corporation

Dn.104, Zone 8, Egmore Constituency, Chennai.

The field investigation consisting of drilling of boreholes, carrying out standard
Penetration tests in the boreholes, collection of soil samples, and ground water table
observation. The complete logging of borehole at the site was carried out from21*
December 2019 to 16" December 2019by M/s. Geotechnical Solutions, 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 at the site on 21%January2020 by IIT Madras
technicians. This report presents the details of the field and laboratory investigations
carried out at the site, evaluation of design soil parameters, recommendations on
capacity of soil strata and type of foundations to be adopted for the proposed
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
1
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depth of about 25 m below the ground level.
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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 bottom of the boreholes, and then to bring the soil
cuts to 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 conducted 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 moisture content. These samples were

subjected to natural moisture content determination on the next day. Different soil
layers collected from different levels were identified and classified.

The bore logs of all boreholes are shown in Annexure 1. Field N values at different
2
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e

depths, the depth and thickness of different 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 in two

stretches as shown in Figure 1.

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 along stratigraphic
boundaries. The principle and procedure of MASW tests are presented in
Enclosure1. Figure 2 shows the photos taken during the tests.
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Figure 2: MASW test in progress images
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
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standard Casagrande liquid limit apparatus. Casagrande grooving tool is used for
making groove in the soil sample. The water content corresponds to 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
sample. About 15 g of soil sample is taken for plastic limit determination and is mixed
with a sufficient quantity of water which would enable the soil mass to become

plastic enough to be easily shaped into a ball.

Laboratory test results such as determination of natural moisture content, specific
gravity, Atterberg’s limits and grain size analysis are presented in Annexure 2 and

Annexure 3.

4. SITE CHARACTERIZATION
4.1. Soil Profiling based on Borelogs

In general, the soil profile obtained from the bore logs such as the soil stratification
and variation in the layer thickness at the site as follows.

The top layer in the site predominantly consists of filled up layer with stones and
brick pieces up to a depth of about 2 m from the ground level. It is followed by
medium dense sand/stiff clay layer with SPT N in the range of 11 to 350ccurs up to a
depth of about 5m. A soft clay/loose sand stratum with SPT N value in the range of
1-50ccurs between a depth of 5 to 8m.Alayer of very stiff silty clay/ dense to very
dense cemented sand with SPT N value of 23-75occurs up to a depth of 19 m.
Below this layer, a weathered rock layer occurs with SPT N value more than 100 and
a very weak jointed mudstone rock layer is encountered at a depth of 21 m. The
Core Recovery (CR) of this rock layer varies in the range of 20-38% and Rock
Quality Designation (RQD) in the range 0f0-12%.

4.2 Soil Profiling based on MASW tests

The one dimensional and two dimensional shear wave velocity (Vs) profiles obtained
from the MASW test results are illustrated in Figures 2a to 2d. It can be observed
that the shear wave velocity (Vs) varies in the range of 200 to 250 m/s within a depth
of about 5 m. Below this, the Vs value decreases to about 150 m/s within a depth of
5 to 8 m. The low Vs in the layer denote the presence of loose/soft material within
this depth. The Vs is gradually increased to 250-450 m/s up to a depth of about 19 m
which indicates the presence of dense/stiff strata. This can be confirmed from the

4
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boreholes which show the presence of stiff silty clay/dense sand layer at this depth.
Further, the Vs value increases from 450 to 750 m/s which show the presence of

hard strata below 19 m depth.

The MASW test serves as a confirmatory test to ascertain the presence of the
different layers of varying thickness and strength. In the present scenario, the
MASW test confirms the presence of hard layers below 19 m depth and matches

well with the results of the exploratory boreholes.

From the results of both the MASW tests and the exploratory boreholes, it can be
concluded that the present site comprises of loose sand/soft clay layers at shallow
depths up to 8 m followed by medium dense/stiff layer up to a depth of 19 m and
hard stratum at deeper depths below 19 m.

4.3. Groundwater Table

During the period of field investigation, the ground water table was encountered
between 3 m to 3.3 m from ground level for all the bore holes. The ground water
table may be expected to come at shallow depth during the monsoon period.
However, for the foundation analysis, the ground water table level is considered at

the ground level.

4.4. Shear strength

Standard Penetration 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 estimating
the angle of shearing resistance ¢ corresponding to the corrected SPT N value is
adopted. The N values are corrected for overburden and dilatancy as usual before

arriving at the angle of friction.

4.5. Liquefaction Susceptibility

Liquefaction is a phenomenon in which the soil loses its strength and stiffness due to
the shaking which takes place during an earthquake. It can occur in saturated
cohesionless soils if earthquake characteristics and soil conditions are favorable.
The present site falls in zone 3 as per the seismic zonation map provided in IS 1893-
2002. According to that, moderate level earthquake may be expected in the site. The
site predominantly has medium dense sandy/stiff clayey layers at shallow depths.

The loose sand layers encountered at shallow depths also contains clay content and
5
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hence, the site is not vulnerable to liquefaction for the anticipated seismic loading.
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Figure 2a. One dimensional shear wave velocity (Vs) profile for stretch 1
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5.0. SELECTION OF TYPE OFFOUNDATION AND ESTIMATION OF
FOUNDATIONCAPACITY

5.1. Selection of Type of Foundation

The subsoil of the site consists of medium dense sand up to 5 m, followed by a 3 m
thick loose sand/soft clay layers. Therefore, it is not feasible to adopt shallow
foundations because of higher settlement caused by the loose/soft layers present
within the zone of influence. Further, the site consists of predominantly very dense
sand/very stiff clay layers which are present up to a depth of 19 m from the ground
surface followed by weathered rock layer. A jointed mudstone rock layer is
encountered only at deeper depths i.e., below 21 m. Hence considering the
anticipated load intensity induced by the proposed buildings and nature of the soil
strata at the site, it is recommended to use bored cast-in-situ piles to support the
proposed buildings (S+6 floors).

5.2. Bored cast-in-situ piles

The load of the structure can be transferred to deeper depths bypassing the weaker
upper layers using a pile foundation. In view of presence of weathered rock layer
below 19 m, it is desirable to penetrate the piles into the weathered rock layer and
terminate at the jointed mudstone rock layer at a depth of 21 from the ground level.

5.2.1. Safe compression and Uplift Load Capacity of piles

The end bearing capacity of the bored cast in-situ pile is calculated by the formula
given in IS: 2911(Part I/ Sec 2) -2010.

Qo= Ap (0.5DyNy + PoNy)

Where,
D = Stem diameter in m.
A, = Cross sectional area of pile toe in m?
Y = Effective unit weight of soil at pile toe in kN/m?
Nyand N,  =Bearing capacity factors depends on the angle of internal friction
at toe
Po =Effective overburden pressure at pile toe in kN/m?

The frictional resistance of the pile in cohesionless soil is calculated using the
formula given below,
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n
Q1 = Z KPptand Ay
|

Where,

K = Coefficient of earth pressure,

Poi = Effective overburden pressure in kN/m? for the i layer where i
varies from 1 to n

o} = Angle of wall friction between pile and soil

Asi = 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,

Q2 = aCAs
Where,
a = Reduction factor
C = Average cohesion throughout the length of pile in kN/m?
As = Surface area of pile stem in m?

Negative skin friction is considered wherever loose sand/soft clay deposits are
present. The parameters used to estimate the bearing capacity 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.

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 BH3
and the details are presented in Appendix A. The bearing stratum for the piles is
considered as the weathered rock layer. The calculated safe compression and uplift
capacities of piles BH3 is given in Table 1.

Table 1: Safe compression and uplift capacity of piles

Pile diameter (mm) 500 600 750

Safe bearing capacity, KN 770 935 1340

Safe Uplift capacity, KN 400 450 590
9
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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 at the cut-off level
embedded in soil as 5Smm. The equivalent cantilever procedure suggested in IS 2911

(Latest revision) is used for estimating the safe lateral capacity 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/ sec 2):2010).

" 3EI '

H —y*m fOT Free headplle
12EI :

for Fixed head pile

H=y+——
Y e+2)
Where, H = Lateral capacity in kN

E = Young's Modulus of the pile material in kN/m?

| = Moment of Inertia of the pile cross section in m*

y = Permissible deflection in m
Zs = Depth to point of fixity in m
e = Cantilever length above ground to the point of load application

Typical estimation of safe lateral capacities corresponding to Smm allowable
deflection at the pile head is presented in Appendix B. The lateral load capacity of

the pile is calculated and is summarized in Table 2.

Table 2: Lateral load capacity of the Pile

Pile diameter in mm 500 600 750

Safe lateral capacity (Fixed head) in kN 44 58 83

Depth to point of fixity in m (Fixed head) 4.7 55 6.5

Safe lateral capacity (Free head) in kN 17 22 32

Depth to point of fixity in m (Free head) 4.1 4.7 5.6
10
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6. SUMMARY AND RECOMMENDATIONS

It is proposed to construct (S+6 floors) slum tenements at Meenambal Sivaraj Nagar
Phase | & Il in corporation Dn.104, Zone 8, Egmore Constituency, Chennai. A
detailed subsoil investigation using six exploratory boreholes was carried out to
access the subsoil profile. The soll profile obtained from the bore holes matches with
the soil profile obtained from geophysical investigation carried out at the site using

advanced MASW apparatus.

The subsoil of the site consists of medium dense sand up to 5 m, followed by a 3 m
thick loose sand/soft clay layers. A very dense sand/very sliff clay layer occurs up to
a depth of 19 m. A very weathered rock layer occurs below 19 m depth which is
followed by a jointed mudstone rock layer that occurs at a depth of about 21 m. In
the view of presence of loose/soft layers at shallow depths and hard layers at about
19 m and considering the anticipated load intensity, it is recommended to adopt
bored cast-in-situ concrete piles to support the proposed (S+6 floors) buildings.

a) The following type of foundation is recommended to support the proposed

buildings:

« Type of foundation — Bored cast in-situ pile
o Pile termination depth —21m below the existing ground level

o Pile cut off level — 2 m bellow the exiting ground level

« Type of soil at pile termination —Jointed mudstone rock layer

o Recommended pile capacities

Pile diameter (mm) 500 600 750
Safe Bearing capacity, KN 770 935 1340
Safe Uplift capacity, KN 400 450 590
Safe lateral capacity (Fixed head) in KN 44 58 83

‘ Depth to point of fixity in m (Fixed head) 4.7 55 6.5

E Safe |ateral capacity (Free head) in KN 17 22 32

| Depth to point of fixity in m (Free head) 4.1 4.7 5.6

’ b) Pile capacities are calculated by using the static formula as per IS 2911-Part
1/Sec 2 (2010).
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FIELD BORE LOG ANNEXURE 1

SHEET 1 OF 2
J GEOTECHNICAL Solutions*' PROJECT No:| TNSCB/MSNGR/G-1308
BORE HOLE NO: | BH/1
Project : Construction of Tenements for TNSCB Date of start 3 4-Jan-2020
Site MS Nagar, Chetpet, Chennai Date of finish © 4-Jan-2020
Location : As shown in Figure 1 GWL from GL % 3.00m
Dia and type of boring : 150mm Rotary boring with drilling mud circulation Ground level RL ! 99.80m
§_ |2 Depth of SPT/VST
cE e e samples Test RD /
£ % Field Description i de:!;h Blow Counts Consistency
g P UDS| DS | m [15] 30 45 60| N**
Greyish dirty sand with stones and sandy clay lumps 0.50 | Fill
o (fill) + 100mm PCC
10 :Q: Greenish grey and brown sandy silty clay with black 075 075l 4 | 51 8 | 10| 11 Stiff
rafNlpatches [
20 /ﬁ-ﬁ Brownish grey silty clay with black patches 1.50| 1.50) 5 | 9 | 1417 23 | verystif
2241
0 225 225| 9 |10(10 14| 20
3. |
|
3.00{ 3.00{ 10 | 11|12 16| 23 P
. Greyish b i i dense to
40 reyish brown dirty fine to medium sand 375 375l 9 [11/14 18 25 e
5.0 450] 450(10|16| 19 21 35
6.0 550 5:50102 L 21| 2| 3 4 _ _
. Greyish sandy silty clay with clayey sand pockets Medium stiff
7.0 650 6501 1|0 | 1|2 1
8.0 7500 7501 2 | 1| 1| 2 2
Greyish clayey fine to medium sand with shells Loose
9.0 850 850 2 | 2| 3| 2 5
10.0
10.00| 1000 7 |10 11|15 21
11.0
- | Greenish grey sandy silty clay 11.50{ 11.50{ 6 11| 12| 14| 23 [ S¥Tiovey
13.0
13.00113.00f 6 | 12|20|23| 32
14.0
50 Greenish grey silty fine sand with clay and 14.50| 14.50] 10| 13| 23| 25| 38 T—
. ;-] weathered stones
16.0 15.7 3 'J-"-
! . ! : 16.00| 16.00| 14 | 18 | 25 43
Yellowish brown and greenish grey clayey sandy silt Hard
17.50| 17.50|50/12cm >100
Greenish grey and yellowish brown dirty fine to ‘
medium sand Verydeqse
19.00|Rebound RB
m 2 TC core drilling
e Greenish grey weathered fractured rock 1 lii0 80l Retound RB | Veryweak
Continued in the next sheet Borehole terminated at 21.80m

**Note: SPT Conducted using winch cat-head device, N values reported are close to Ngg
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GRAIN SIZE DISTRIBUTION CURVES
PROJECT: C
onstruction of Tenements for TNSCBMS
Nagar, Chetpet, Chennai
SILT o
100.0 :-L-A: o Lweoee 1o e MEDIUM | coanse ] FINE COARSE _i
: a |
) Q5] e I I T = e | S ST
D= EnESES AR E e
01 =3 =
- i -
a u.o — T
W 4001 | : / :
<, 13
wof - o/
| — 11.50m o i
”ﬂo e b b
0.0kt
0.0 + ; " :
0.001 0.01 01 1 10
PARTICLE SIZE MM
‘ Fine Cuam{Modtum Fine Classif
[nno DEPTH PERCENTAGE FINER (Sieve size in mm) Gravel | Sand | Sand | Sand Silt Clay Dmsr: (w (w
W M| 800 | 20.0 | 4.75 | 2.00 |0.425] 0.075] 0.002| G CSs | MS FS Si C_|CLASS| ) :
[[BAA_[ 11.50m 100.0|100.0| 96.4 | 64.6 | 24.4 00 | 36 | 318 | 402 244 SCSP | 0.250 | 4.685 | 0.819
BHA | 13.00m 100.0| 98.5 | 93.9 | 80.9 | 30.8 15 46 | 130 | 50.1 30.8 SC-SM| 0127 | 3210 | 0.698
SILT
CLAY FNE | MEDIUM___| _ COARSE FINE MEDIUM | coarse | FiNE COARSE
100.0 : — ,
T e LM s +15 it e | e - = -3 14, —— —
90.0 { { !
(] 1 | =)
80.0 4| = = Nt
e [l ] |
70.0 i = JEN|IH S
o F———————== =
y 1 i
| N n = ==
! 50.0 e == ==
W et e (o s v P
40.0 T U' e — A
e e T N 3
305 e [t e (e
20.0 s = o sy
19’0'\. Y:I’r ,"T ——— e
: -*_"-"‘“”E——-T§u.’ e
o OM‘ [ :
N I ' i
3 =, e Classifi D50 ou cc
M{M* PERCEN JAOEE' ! cation | | (sand) | (sand)
00 ] 200 [ a7 [ 260 % 0159 | 3601 | 0.700 |
[ [100.0] 943 [ 898 | 'sC-sP | 0.187 | 3308 | 0795
1| |100.0f 983 | .
75| [ il S ‘
. ‘. 3 | i ! — —
e 3 Sies
T - —
ails
‘o L
o
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GRAIN SIZE DISTRIBUTION CURVES "
ROJECT' c
' onstruction of Tene
ments for TNSCBMS
Nagar, Chetpet, Chennai
SILT = 7]
CLAY FINE [ meoium | coarse FNE
100.0 L | l 2oy ‘ COARSE _ |"Fing COARSE
g i e ma e —— it | |
g
ChESE= e /<= S [N M1
| i | —_—
] —t———— I S
o 700 | Ji } b R[5 [ e
f ot ——— LSRR
| RS g e
e —
|
g 2.0kt i Ll IR netd i
200 1—— | k| TR
|
10.0 : |
|
0.0 ' i . I
0.001 0.01 1 10
PARTICLE SIZE MM
oo DEPTH|  PERCENTAGE FINER (Sieve size in mm) | Came [\aduen ere | si | ciy [©2f pso | @ | e
M| 800 ] 200 | 475 | 200 [0425]0075]0002] G [ cS | ™S | Fs | & [ ¢ [ciass| "™ | (2 | (sand)
[TBF2 | 9.00m 100.0/100.0| 984 | 718 [ 17.8 00 | 16 | 266 | 540 178 SC-SP | 0232 | 3380 | 0833
BH/2 | 10.00m 100.0| 99.7 | 97.7 | 66.1 | 16.9 03 20 316 49.2 16.9 SC-SP| 0.266 | 3658 | 0.850
SIT GRAVEL
A FNE | MEDIUM | COARSE FINE mepwm | coarse ] FINE___ COARSE
200+——— = — = y— ==
o=l SR e e .
0001 0.01 ,
Wty - PARTICLE SIZE MM
- = ',._.,.— — CM D50 cu cc
. - W —T Medium| Fine sit | Clay
: = — sl [ HEneT Coarse cation m | (sand) | (sand)
[DEPTH| _PERCENTAGE FINGR (Seve szn ) _| Grave | Send 1 Sed 1 5515 ¢ Touss| T
. 200 [ 475 [ 200 [oazs[oors o o1 [ 162 [ 502 B |scsm| 015 | 35% [ 0700
0] 96.1 | 91.0| 758 | 256 | 30 | 58 | 145 | 506 -
X . Wi
. - =
T
o = __\ 1
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Enclosure 1
Multi-channel Analysis of Spectral Waves

Principle

Seismic methods make use of the variation in elastic properties of the strata which
affect the velocity 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 offset 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 4.1.

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 extracted 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 4.2. The data acquisition was
done by Seismodule Controller Software (SCS). The vertical geophones of 4.5 Hz
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(24Nos.) are used to receive the wave fields generated by the active source of 10 kg
sledgehammer.

Field Survey Procedure

Vertical geophones of 4.5 Hz were installed in straight line connected to 24
channel seismograph through spread cable. Figure 4.3 shows the MASW test

arrangement. Geophone spacing of 1 to 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.

After one set of records is obtained from one shot the SR (source receiver)
configuration is moved by a distance of nd (d is the distance between successive
geophones) as shown in Figure 4.4 and the test is repeated for the required
length of survey.

S Source-Receiver (SR) Configuration == «=-====sxen,
'{. Spacing 3 Mui-channel Cortrober
] Source Offset (x;) o ) Seismograph  (Portadle Computer)
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Figure 4.1. MASW Test Setup
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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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