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1. INTRODUCTION

The Tamil Nadu Slum Clearance Board (TNSCB), Division — IV, T.P. Chatram,
Chennai — 600 010 has proposed to reconstruct dilapidated slum Tenements (S + 6
Floors) at Chindadripet tenemental scheme in Corporation Division 62, zone V of
Greater Chennai Corporation. The officials of TNSCB, Division — IV, T.P. Chatram,
Chennai — 600 010 have approached the Head, Division of Soil Mechanics and
Foundation Engineering, Department of Civil Engineering, College of Engineering,
Guindy (CEG), Anna University, Chennai - 25 to carryout soil investigation in the
proposed site and to recommend the most suitable foundation system for the proposed
reconstruction of dilapidated slum Tenements (S+6 Floors) at Chindadripet tenemental
scheme in Corporation Division 62, zone V of Greater Chennai Corporation. Accordingly,
the work was taken up and field investigation was carried out during 16™ August 2021
to 21 August 2021 by M/s VRR Engineering Consultancy, Chennai under the
supervision of Faculty members of Division of Soil Mechanics and Foundation
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Engineering, Department of Civil Engineering, Anna University, Chennai, Executive
Engineer, Asst. Executive Engineer and Assistant Engineer of TNSCB, Division — IV, T.P.
Chatram, Chennai — 600 010. This report comprises the details of soil investigation,
analysis of field and laboratory test results on soil and recommendation of suitable
foundation system.

2. SITE CONDITION AND EXPERIMENTAL PROGRAMME

The proposed site is located at Chindadripet in Corporation Division 62, zone V of
Greater Chennai Corporation. The site is a plain terrain. The total number of borehole
locations has been decided as ‘3’, as agreed by the Officials of Executive Engineer of
TNSCB, Division — IV, T.P. Chatram, Chennai and the Professor cum Project Co-
ordinator, Division of Soil Mechanics and Foundation Engineering, Department of Civil
Engineering, Anna University, Chennai, such that these locations are coming well within
the proposed construction area. The nature of field tests includes standard penetration
tests, disturbed soil sampling through split spoon sampler, identification of different soil
layers, retrieving of rock core samples, location of ground water table, complete logging
of the borehole etc,. Laboratory investigation consists of classification tests such as
grain size distribution, Atterberg limits, specific gravity and free swell index of soil

samples.

The boreholes were advanced from the existing ground level using rotary boring
technique supplemented by bentonite mud circulation. Mud circulation was used to
stabilize the sides and bottom of the boreholes and then to bring the soil cuts to the
surface. Bentonite slurry would also help to minimize the disturbance of the soil at the
bottom of the borehole while drilling operation is in progress. In general, rotary boring
technique with bentonite mud circulation is found most suitable to make exploratory
boreholes of diameter 150 mm (IS 1892 : 1979). During boring operation, borehole was
always kept full with the drilling mud so as to prevent any disturbance to the soil within

the test zone (Plate 1 of Annexure — 1).

Standard penetration tests were conducted at every 1.0 m interval up to 6.0 m
depth and thereafter 1.5 m interval in all the borehole locations. These SPT tests were
carried out using Winch and Auto-trip free fall device for which the expected energy
level is approximately 60% to 70%. The ‘N’ value resulting from this procedure may be

considered as Ngo. Disturbed soil samples collected through the split spoon sampler
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were preserved and transported to the soil testing laboratory for detailed identification
tests. During the progress of soil investigation at the proposed site, the site was
monitored by the Professor of Division of Soil Mechanics and Foundation Engineering,

Department of Civil Engineering, CEG Campus, Anna University, Chennai — 25.

All field and laboratory tests were conducted as per the Indian Standard Testing
procedure (SP 36 Part I: 1987 & Part II: 1988). All the field test results recorded in the
bore logs are illustrated in figures A-1 to A-3. The field ‘N’ values at different depths
and samples collected at these depths are mentioned in the bore logs. Laboratory test
results (index and engineering properties) of soil samples collected through split spoon
sampler are summarized in table A-1 to table A-3 of this report.

3. REVIEW OF FIELD AND LABORATORY TEST RESULTS OF SOIL PROFILE

Figures 1 show the variation of SPT 'N' value of different soil layers with respect
to depth in BH 1 to BH 3 of the proposed site. It could be seen from figure 1 that the
variations of SPT ‘N’ values are almost uniform in all the three bore holes, indicating the
homogeneity of soil layer (Plate 2 of Annexure — 1).

3.1 Summary of Soil Profile in BH 1 to BH 3 Locations

1. Debris was found in top 1.0 m depth in BH 3 bore-hole location.

2.  Brown Sand / Silty Sand was observed from top 1.0 m to 15.0 m depth in BH 1
location, 1.0 m to 10.5 m depth in BH 2 location, 2.5 m to 10.5 m depth in BH 3
locations with SPT ‘N’ value varying from 9 to >100.

3. In between these Silty Sand layers, Silty Clay was encountered in 13.5 m depth in
BH 1 location, 10.5 m depth in BH 2 location and from 10.5 m to 12.0 m depth in
BH 3 location, 12.0 m depth in BH 4 location and form 10.5 m to 12.0 m depth in
BH 5 location with SPT ‘N’ value varying from 10 to 46.

4. Greyish Brown weathered sediment layer was observed in 19.5 m depth in all
three bore-hole locations SPT 'N’ values of >100.

5.  Brownish Grey Weathered Gneiss Rock layer was found from 19.5 m to 24.0 m in
BH 1 location, from 19.5 m to 22.5 m depth in BH 2 location and from 21.5 m to
22.5 m depth in BH 3 location.

6. The ground water table was observed from 2.2 m to 2.6 m depth at the time of
In-situ Soil Investigation work.

Thus, it is evident that the soil profile is homogeneous with reference to relative
density / consistency in the proposed site as reflected from BH 1 to BH 3 locations

(Figure 1).
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4.0 SHEAR STRENGTH PROPERTIES AND ELASTICITY MODULUS VALUES 'Es’
OF SOIL SAMPLES

The Geotechnical design parameters required to determine the bearing capacity
and settlement of foundation system are arrived by analyzing the Field Bore-Log profile
and Laboratory test results and listed in table A-1 to table A-3. The 'Es’ values are

computed based on Bowles 1997 correlation.

SPT'N' Value
0 25 50 75 100 125 150 175 200
0
BHNo: 1
4 BHNo: 2
BHNo: 3

12

Depth, m

16

20

24

28

Figure (1) Variation of SPT ‘N’ value of different soil layers with respect to
depth in Different Borehole Locations of the Site

5.0 COMPUTATION OF BEARING CAPACITY AND SETTLEMENT

Based on the observation made in the boreholes 1, 2 & 3 an attempt is made to
arrive the safe bearing capacity and allowable settlement of the foundation soil. The
depth of foundation is taken as 3.0 m and size of foundation as 12.26 m x 56.75 m to
compute safe bearing capacity. The SPT 'N' value, Correlated Elastic Modulus 'Es' value
(Bowles 1997) and shear strength parameters and engineering properties of soil layers
which are required to determine bearing capacity and settlement were taken from Table
1 to Table 3. Safe bearing capacity and settlement computations were made for the
three bore-hole data. The least value of safe bearing capacity is recommended for the
proposed site. The Safe Bearing Capacity is computed using Bureau of Indian Standard

IS 6403-1981 equation. The elastic settlement of foundation is arrived based on IS
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8009 (Part I) 1976 Method using the Elastic Modulus values of soil layers for the
proposed site. The ground water table depth is taken as ground surface to compute

safe bearing capacity and settlement of foundation.

5.1 Safe Bearing Capacity

For the determination of Safe Bearing Capacity using IS 6403-1981 equation, the
average ‘N’ value and shear strength parameters below foundation level upto the
influence depth of 1B is considered (Varghese 2005) for a depth of foundation 3.0 m
and size of foundation as 12.26 m x 56.75 m. The safe bearing capacity thus computed
is shown in Table 1. In general, the bearing capacity is a function of size of foundation
for a given in-situ shear strength values. Accordingly, higher the width of foundation
higher would be the bearing capacity. However, it is very important that bearing
capacity should also satisfy the allowable settlement criteria. As seen from table 1, the
safe bearing capacity keeps varying from 306 kN/m? to 1274 kN/m? for BH 1 to BH 3
locations at 3.0 m depth for 12.26 x 56.75 m foundation size.

TABLE 1 Net Safe Bearing Capacity of the proposed Site
(Depth of Foundation is 3.0 m)

Design Shear Strength Net Safe Bearing
Borehole Size of Parameters Capacity (kN/m?)
Locations Foundation '@’ (kN/m2) ®din IS 6403-1981
Degrees Equation
BH 1 0.00 35.80 1274.00
BH 2 12.26 m x 56.75 m 27.90 24.70 438.00
BH 3 16.20 23.90 306.00

5.2 Settlement Calculations for Foundation Soil

One of the important aspects of any foundation systems is to satisfy the
settlement criteria apart from bearing capacity criteria. The total settlement of
foundation is becoming very critical, especially if the foundation is located on clays,
because the clay layer is expected to undergo excessive consolidation settlement over a
period of time under sustained loadings which of-course depends on the state of clay
(initial water content / void ratio), whereas in the case of loose sand layer, elastic or
immediate settlement plays a crucial role. In the proposed site, the soil profile below
foundation depth is predominantly Silty Sand and Silty Clay layer. Hence, elastic

settlement and consolidation settlement were computed for 12.26 m x 56.75 m
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foundation upto the influence depth of “2B” below the foundation depth. The computed

settlements are varying between 26.78 mm to 56.41 mm for 12.26 m x 56.75 m size

foundation (Table 2). The allowable settlement as per IS 1904 Table I 1986 is

limited to 50 mm for individual footing and 100 mm for raft foundation.
TABLE 2 Settlement calculations for the proposed Site

(Depth of Foundation is 3.0 m)

_ _ Elastic Consolidation Total
Borel_lole Size of Foundation Pressu:;e Settlement Settlement of Settlement
Locations (m) (kN/m?) (mm) Clay layer (mm)
(mm)
BH 1 26.78 - 26.78
BH 2 12.26 m x 56.75 m 160 32.32 4.19 36.51
BH 3 46.60 9.81 56.41
6.0 COMPUTATION OF SAFE PILE CARRYING CAPACITY

Attempts are also made to suggest pile foundation for varying pile diameter. For
computing the load carrying capacity of pile, Indian Standard IS 2911 (Part 1/Sec. 2)
2010 method and Meyerhof 1959 formula (Based on SPT ‘N’ Value) are used. The
diameters of piles are assumed as 450 mm, 500 mm, 600 mm, 700 mm and 900 mm
and the length of the pile is taken as 21.0 m to 23.0 m. Safe pile carrying capacity
computations were made for all three-borehole data. The Indian Standard IS 2911
(2010) specifies that the base resistance should not exceed 1000 to 1100 t/m? for

bored cast-in-situ piles and 1500 t/m? for precast driven piles.

For calculating the skin friction along the pile length of 21.0 m to 23.0 m, the
design ‘N’ values and shear strength parameters for the respective depths were used.
The soil layers in top 3 m depth may induce settlement of surrounding soil while pile
driving which in turn may cause negative skin friction. Hence, the safe frictional
resistance is computed by neglecting these layer’s frictional capacity and the negative
skin friction value was suitably deducted in the computation of safe bearing capacity of
piles. The safe end bearing resistance and safe skin frictional resistance are together
added for different pile diameter and the total safe load carrying capacity of pile thus
computed is shown in Table 1. The calculations of pile carrying capacity by static
formula (IS 2911: 2010) and Meyerhof formula (1959) are presented in Annexure 3.
The factor of safety of 2.5 has been used for determining safe end bearing and also

frictional capacity of bored cast-in-situ piles.
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TABLE 3 Safe Load carrying capacity of Bored Cast-In-Situ Pile of
21.0 to 23.0 m Length for varying Diameter

Borehole | Pile capacity for Bored Cast-In-Situ Piles, (kN) IS 2911 Part-I 2010
Location Static Formula
Diameter Based on Shear Strength Based on
of Pile Parameters (‘c¢’ and ‘®’) SPT 'N’ Values
(mm) 450 | 500 | 600 | 700 | 900 | 450 | 500 | 600 | 700 | 900
BH1 1139 | 1344 | 1802 | 2322 | 3551 | 1027 | 1220 | 1652 | 2148 | 3327
BH 2 1152 | 1359 | 1819 | 2342 | 3576 | 1040 | 1235 | 1670 | 2168 | 3353
BH 3 1166 | 1374 | 1838 | 2364 | 3605 | 1043 | 1237 | 1673 | 2172 | 3358

The uplift capacity of a pile is given by sum of the frictional resistance and the
weight of the pile (buoyant or total as relevant) as per Section 6.3.2 of IS 2911 (Part
1/Sec. 2) 2010. As per codal provisions, the recommended factor of safety is 3.0 in the
absence of any pull-out test results and 2.0 with pullout test results. Uplift capacity can
be obtained from static formula by ignoring end-bearing, but adding weight of the pile
(buoyant or total as relevant). The safe uplift capacities of pile for varying diameter are
given in Table 2.

TABLE 4 Safe Uplift Capacity of 21.0 to 23.0 m Length Pile for varying
Diameter (IS 2911 (Part 1/Sec. 2) 2010

Borehole Location Safe Uplift Capacity (kN) IS 2911 (Part 1/Sec. 2) 2010

Diameter of Pile (mm) 450 500 600 700 900
BH1 497 563 700 846 1162
BH 2 510 577 718 866 1188
BH 3 530 600 747 903 1242

7. CONCLUSIONS AND RECOMMENDATIONS

Based on the discussions made in sections 3, 4, 5 and 6, the following
recommendations are furnished for the reconstruction of dilapidated slum Tenements
(S+6 Floors) at Chindadripet tenemental scheme in Corporation Division 62, zone V of

Greater Chennai Corporation.

Option — 1 (Shallow Foundation — Raft)

1) Itis recommended to provide RAFT FOUNDATION.
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2)

3)

4)

5)

6)

7)

The recommended depth of Raft Foundation is 3.0 m from the lowest borehole

level of the site.

The recommended safe bearing capacity at 3.0 m from the existing borehole
level of the site is 160 kN/m?. The permissible settlement for Raft Foundation is
100 mm.

The computed Settlement of sub-soil for are varying between 26.78 mm to
56.41 mm for 12.26 m x 56.75 m size foundation. The computed settlement
value at 3.0 depth is lower than the permissible settlement values of 100 mm as
per Table I of IS 1904.

It is recommended to provide suitable supporting system to excavate soil up to

3.0 m depth to avoid collapse of soil mass.

Dewatering shall be adopted if water seepage encountered while excavating 3.0

m depth soil mass.

The TDS and chemical content of ground water may be checked and ensured
that they are not exceeding the permissible limits prior to the use of same for

construction activities.

Option — 2 (Pile Foundation)

1)

2)

3)

4)

If any difficulties are encountered while excavating 3.0 m depth in the sandy soil,
even though dewatering & supporting system are adopted at site, because of
high seepage of water, constrains encountered while excavating huge area at

site, it is recommended to provide pile foundation for the proposed site.
The recommended type of pile foundation is "Bored Cast-In-Situ Pile"

The recommended safe vertical and lateral pile carrying capacity of the 21.0 m to
23.0 m length of 'bored cast in-situ pile' for varying diameter is shown in Table 3.
The required number of piles may be varied with respect to the varying column

loads.

The bored cast in-situ pile shall be terminated at 21.0 m to 23.0 m in Brownish

Grey Weathered Gneiss Stratum.
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5) With regard to execution of bored cast-in-situ pile, procedure outlined in IS 2911

Part 1 Section 2: 2010 may be referred and scrupulously followed.

6) Pile load test shall be conducted to ensure the designed pile carrying capacity.

The minimum grade of concrete for pile foundation shall be M 30 to M 40.

TABLE 5 Safe Load carrying capacity and Lateral Load Capacity of Bored Cast-
In-Situ Pile for varying diameter and for a length of 21.0 to 23.0 m from
the existing ground level (Borehole level)

Diameter Recomn'_lended Sa!fe Load Recommended _ Depth of fixity
of Pile carrying capa_mty (?f Lateral Load Capa!aty from bore-
(mm) Bored Cast-In-Situ Piles, | for 5 mm deflection, | hole level (m)

(kN) (kN)
450 1000 87.20 3.36
500 1100 103.70 3.65
600 1500 138.10 4.23
700 2000 177.30 4.78
900 3000 264.30 5.85

Dr. M. MUTTHARAM
Professor & Head,
Division of Soil Mechanics &
Foundation Engg.,
Department of Civil Engineering,
CEG Campus,

Anna University, Chennai-25

Dr. V. K. STALIN
Professor,

Division of Soil Mechanics &
Foundation Engg.,
Department of Civil Engineering,
CEG Campus,

Anna University, Chennai-25
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FIELD BORE LOG PROFILE

Project : Reconstruction of Dilapidated Slum Tenements (S+6 Floors) at Chindadripet Scheme in Corporation Division 62, Zone V of
Greater Chennai Corporation

BHNO BH 1 DATE OF START 16-08-2021
SITE Chinthadripet DATE OF COMPLETION 17-08-2021
DIA OF BORING 100/ 150 mm GROUND WATER LEVEL (m) 25
TYPE OF BORING Rotary - Autotrip SPT RL with respect to Bed Level (m)
E @ P—
w i [5)
2 % Description / Classification of Soil and Rock / Standard Penzt;:‘t;%r:iﬁie:‘st (SPT)/UDS/ § )
3 o Weathering Grade of Rock as per IS 4464 g o § %,
£ = £E3 8
§ 3 S § »
15 30 45 N
1.0 Brown Sand (SP) 5 7 9 16 Medium Dense
2.0 Brown Sand (SP) 8 9 10 19 Medium Dense
3.0 Brown Sand (SP) 6 5 8 13 Medium Dense
4.0 Brown Sand (SP) 5 8 7 15 Medium Dense
5.0 Brown Sand (SP) 8 11 13 24 Medium Dense
6.0 Brown Sand (SP) 8 12 10 22 Medium Dense
7.5 Brown Sand (SP) 10 13 11 24 Medium Dense
9.0 Greyish Brown Sand (SP) 10 11 14 25 Medium Dense
10.5 Greyish Brown Sand (SP) 12 18 13 31 Dense
12.0 reyish Sand (SP) 14 20 16 36 Dense
13.5 reyish Silty Sand (SM-SP) 13 18 22 40 Dense
15.0 reyish Silty Sand (SM-SP) 14 21 25 46 Dense
16.5 reyish Silty / Clayey Sand With Lime Particles (SC) 6 5 15 20 Medium Dense
18.0 reyish Silty Sand With Lime Particles (SM-SP) 505 ¢m) Rebound >100 Very Dense
19.5 Brown Weathered Sediments (Grade VI) 259 ;m) Rebound >100 | Hard/Very Weak
. . 20,9 cm) Rebound; TCR=10%,;
21.0 reyish Weathered Gneiss (Grade V) RQD=0% >100 Weak
2 R ; TCR=40%,;
225 reyish Weathered Gneiss (Grade V) Ooem) eé)g%n_déo /C 0% >100 Weak
=0/0
P 200 om R : TCR=28.66%;
24.0 // / Greyish Weathered Gneiss (Grade 1V) Oom) Rebound; TCR=28.66%; >100 | Moderately Strong

RQD=13.33%

Bore hole has been terminated at 24.0 m from the existing ground level (EGL). Nx Size Core Barrel with Diamond Cutter was used to drill from 19.5
m to 24.0 m depth Rock Stratum.

Figure A-1




FIELD BORE LOG PROFILE

Project : Reconstruction of Dilapidated Slum Tenements (S+6 Floors) at Chindadripet Scheme in Corporation Division 62, Zone V of
Greater Chennai Corporation

BH NO BH 2 DATE OF START 18-08-2021
SITE Chinthadripet DATE OF COMPLETION 19-08-2021
DIA OF BORING 100/ 150 mm GROUND WATER LEVEL (m) 2.2
TYPE OF BORING Rotary - Autotrip SPT RL with respect to Bed Level (m) -
B 53
= g 283
] = . » 5 X
z % Description / Classification of Soil and Rock / Standard Pengt;?(t;gr:i;ll'ie:lst (SPT)/UDS § % S
S 2 Weathering Grade of Rock as per IS 4464 g o § '*§,
£ = £3 8
B 3 s 55
o (&)
15 30 45 N
1.00 Brown Sand (SP) 4 3 8 11 Medium Dense
2.00 Brown Sand (SP) 23 17 16 33 Dense
3.00 Brown Sand (SP) 7 8 9 17 Medium Dense
4.00 Brown Sand (SP) 6 6 6 12 Medium Dense
5.00 Greyish Brown Sand (SP) 7 9 8 17 Medium Dense
6.00 Greyish Brown Sand (SP) 5 7 9 16 Medium Dense
7.50 Greyish Brown Sand (SP) 4 5 9 14 Medium Dense
9.00 Greyish Brown Sand (SP) 7 10 19 29 Medium Dense
10.50 Greyish Brown Sand (SP) 9 10 22 32 Dense
§
12.00 \ Blackish Grey Silty Clay (CH) 4 5 9 14 Stiff
13.50 Blackish Grey Silty Clay (CH) 6 9 12 21 Very Stiff
15.00 Brownish Grey Silty / Clayey Sand (SC) 8 12 15 27 Medium Dense
16.50 reyish Silty Sand (SM-SP) 13 19 24 43 Dense
18.00 Brown Sand (SP) - Residual Soil 50(6 om) Rebound >100 Very Dense
19.50 Greyish Brown Weathered Sediments (Grade VI) 300 o) Rebound >100 | Hard / Very Weak
2 R ; TCR=17.33%;
21.00 ownish Grey Weathered Gneiss (Grade V) O om) Rebound; TC 33%; >100 Weak
RQD=0%
. = 0/ .
21.50 ownish Grey Weathered Gneiss (Grade V) 2000 Reé);llgn_dé ;- CRE48%; >100 Weak
=U/0
. = 0/ -
22.50 ownish Grey Weathered Gneiss (Grade V) 2000 Reé);llgn_dé ;- CR=36%; >100 Weak
=V /0

Bore hole has been terminated at 22.5 m from the existing ground level (EGL). Nx Size Core Barrel with Diamond Cutter was used to drill from
19.5 m to 22.5 m depth Rock Stratum.

Figure A-2




FIELD BORE LOG PROFILE

Project : Reconstruction of Dilapidated Slum Tenements (S+6 Floors) at Chindadripet Scheme in Corporation Division 62, Zone V of

Greater Chennai Corporation

BH NO BH3 DATE OF START 20-08-2021
SITE Chinthadripet DATE OF COMPLETION 21-08-2021
DIA OF BORING 100/ 150 mm GROUND WATER LEVEL (m) 2.6
TYPE OF BORING Rotary - Autotrip SPT RL with respect to Bed Level (m) -
B 53
= g 28%
] = . » 5 X
z % Description / Classification of Soil and Rock / Standard Pengt;?(t;gr:i;ll'ie:lst (SPT)/UDS § % S
S 2 Weathering Grade of Rock as per IS 4464 g o § '*§,
£ = £3 8
B 3 s 55
o (&)
15 30 45 N
1.5 Debris - - - - -
2.5 Brown Sand (SP) 6 6 8 14 Medium Dense
4.0 Brown Sand (SP) 7 6 9 15 Medium Dense
5.0 Brown Sand (SP) 6 5 5 10 Loose
6.0 Greyish Brown Sand (SP) 6 6 8 14 Medium Dense
7.5 Greyish Brown Sand (SP) 5 6 10 16 Medium Dense
9.0 Brown Sand (SP) 9 16 14 30 Medium Dense
10.5 Greyish Brown Sand (SP) 12 15 18 33 Hard
§
12.0 Blackish Grey Silty Clay (CH) 3 2 4 6 Medium Stiff
13.5 Blackish Grey Silty Clay (CH) 4 4 5 9 Loose
15.0 Blackish Grey Silty / Clayey Sand (SC) 3 4 7 11 Medium Dense
16.5 Greyish Brown Silty / Clayey Sand (SC) 10 11 13 24 Medium Dense
18.0 Brown Sand (SP) 505 cm) Rebound >100 Very Dense
19.5 own Weathered Sediments (Grade VI) 300 o) Rebound >100 | Hard / Very Weak
21.0 own Weathered Sediments (Grade VI) 259 cm) Rebound >100 | Hard/Very Weak
2 R ; TCR=18.66%;
225 ownish Grey Weathered Gneiss (Grade V) Ooem eb;kénglog 8.66%; >100 Hard / Weak
=V’

Bore hole has been terminated at 22.5 m from the existing ground level (EGL). Nx Size Core Barrel with Diamond Cutter was used to drill from

21.0 m to 22.5 m depth Rock Stratum.

Figure A-3




Table A-1

Project : Reconstruction of Dilapidated Slum Tenements (S+6 Floors) at Chindadripet Scheme in Corporation Division 62, Zone V of Greater Chennai Corporation

BHNo: | 1 Ground Water Table Depth (m): 2.5
LABORATORY TEST RESULTS
Direct Shear /
Terzaghi and
Index Properties Grain Size Analysis (%) Peck (1974) -
o > Shear Strength
3 2 B Parameters
E : Description / Classification of Soil and Rock / Weathering o «:E‘ e 5 <§ Fines e S
2 z Grade of Rock as per IS 4464 5 S ||| | & = s | © = p
a '~ B X || 2|2 c S cl S| =T = o 3
—— - =) — — 30} [ - pr=1
® ocg|l z|E|El=s| = |&|S|2|2|S S | 8¢
=gl B |22 || g Nl zs|lel E|R - 2 Sl
TS5l s |2l2|3| & co|lE|2|8|E|8| &§ | 50
S8 &8 |2|8|=| e ol ||| O B =
5 x [S|a|s8| 2 ©|= £ | ®
=z = oz L o c
@ o <
1.0 16 |Brown Sand (SP) 20 | 185 |NP| NP [NP|[ NP |264] 0 | 2 | 59 | 33 6 0 31
2.0 19 |Brown Sand (SP) 18 | 19.1 [NP[NP |[NP| NP [263] 0 [ O | 44 | 48 8 0 32
3.0 13 |Brown Sand (SP) 19 | 17.7 [NP[NP [NP| NP [264] 0 [ 6 | 51 | 37 6 0 29
4.0 15 |Brown Sand (SP) 17 | 182 |[NP[NP |[NP| NP [263] 0 [ 4 | 59 | 33 4 0 30
5.0 24 |Brown Sand (SP) 18 | 220 |[NP[NP|[NP| NP [264] 0 [ O | 71 | 27 2 0 35
6.0 22 |Brown Sand (SP) 18 | 196 |NP[NP|[NP| NP [263] 0 [ 1 | 65| 31 3 0 34
75 24 |Brown Sand (SP) 17 |1 20.0 [NP[NP |[NP| NP [263] 0 [ 8 | 58 | 30 4 0 35
9.0 25 |Greyish Brown Sand (SP) 17 1 20.1 |[NP[NP|[NP| NP [264] 0 [ 5] 61| 29 5 0 35
10.5 31 |Greyish Brown Sand (SP) 20 | 210 |[NP| NP [NP| NP |264] 0 | O | 55 | 36 9 0 38
12.0 36 [Greyish Sand (SP) 20 | 216 |NP| NP [NP|[ NP ]263] 0 | 0 | 30 | 62 8 0 40
13.5 40 [Greyish Silty Sand (SM-SP) 16 | 220 |[NP[NP|[NP| NP [266] 0 [ 5 | 57 | 23 15 0 41
15.0 46 [Greyish Silty Sand (SM-SP) 13 | 220 |[NP[NP|[NP| NP [266] 0 [ 4 | 57 | 21 18 0 42
16.5 20 |Greyish Silty / Clayey Sand With Lime Particles (SC) 17 1 220 [ 34|18 [16 ] 50 |265] 0 | 5[ 26 ] 32 37 30 29
18.0 | >100 |Greyish Silty Sand With Lime Particles (SM-SP) 11 | 220 |[NP[NP|[NP| NP [266] 0 [12] 41 | 26 21 0 42
. Strength of Rock
P f Rock (¢
orosity of Rock (%) UCS, kKNIm® | I, KNI’
19.5 | >100 |Brown Weathered Sediments (Grade VI) - 22.0 - 2.67 - - 0 44
21.0 | >100 |Greyish Weathered Gneiss (Grade V) 154 | 24.1 2.62 2.68 - 1120 0 45
22.5 | >100 |Greyish Weathered Gneiss (Grade V) 152 | 24.2 2.52 2.68 24350 1420 0 45
24.0 | >100 |Greyish Weathered Gneiss (Grade V) 142 | 24.2 247 2.68 28410 1515 0 45




Table A-2

Project : Reconstruction of Dilapidated Slum Tenements (S+6 Floors) at Chindadripet Scheme in Corporation Division 62, Zone V of Greater Chennai Corporation

BHNo: | 2 Ground Water Table Depth (m): 2.2
LABORATORY TEST RESULTS
Direct Shear /
Terzaghi and
Index Properties Grain Size Analysis (%) Peck (1974) -
o > Shear Strength
T 2 > Parameters
:_E’ : Description / Classification of Soil and Rock / Weathering o «:g e 5 ?j Fines e e
=3 : Grade of Rock as per IS 4464 5 S [ ] ] & | £ s | T = p
@ - =2 2| < sl | 8] o c| £ | o < ° 9
o o » ° = |=E=|E|c = O | —| ®| c - = 9
» cEl z|E|E|=s| = |&|S|2|2| S S| 8¢
=gl B |2|2|=| g s|2| E|% | | £8&
w © s |B|L|35 o ol|l=s| 2| 2l=E|= S “ QO
S3| 8|38 @ S|8|E|®?|o| 3| S=
= S| s | » 1] o | = ) Q =
2 | 3|72 |&| = s |2
@ o o <
1.0 11 |Brown Sand (SP) 15 | 17.2 [NP[NP |NP| NP ([263) 0 [ 3 | 40 [ 50 7 0 28
2.0 33 [Brown Sand (SP) 17 | 212 [NP[NP |NP| NP ([263) 0 [12]| 27 [ 52 9 0 39
3.0 17 |Brown Sand (SP) 17 | 18.7 [NP[NP |NP| NP (264 0 [ 14| 42 [ 38 6 0 31
4.0 12 |Brown Sand (SP) 19 | 175 [NP[NP|NP| NP [264] 0 [ 1 | 44 [ 50 5 0 28
5.0 17 [Greyish Brown Sand (SP) 20 | 220 |NP| NP [NP| NP |263] 0 | O | 51 | 44 5 0 31
6.0 16  [Greyish Brown Sand (SP) 17 | 185 | NP[NP |NP| NP [264] 0 [ 3 | 60 [ 34 3 0 31
75 14 [Greyish Brown Sand (SP) 20 | 180 |NP| NP [NP| NP |264] 0 | O | 70 | 27 3 0 30
9.0 29 |Greyish Brown Sand (SP) 16 | 20.7 [NP[NP|NP| NP [263] 0 [ 6 | 56 [ 33 5 0 37
10.5 32 |Greyish Brown Sand (SP) 20 | 211 |NP| NP [NP| NP |263] 0 | 2 | 65 | 27 6 0 38
12.0 14  [Blackish Grey Silty Clay (CH) 55 | 180 |65 28 [ 37| 70 |259] 0 | O | 11 ] 10 79 88 0
13.5 21 |Blackish Grey Silty Clay (CH) 46 | 19516127 [34] 70 |[260] O [ O | 15| 13 72 131 0
15.0 27 |Brownish Grey Silty / Clayey Sand (SC) 14 | 220 | 49|17 132] 65 [265] 0 [ O | 44 [ 31 25 50 32
16.5 43 |Greyish Silty Sand (SM-SP) 13 | 22.0 [NP| NP |NP| NP [263] 0 | 3 | 40| 37 20 0 40
18.0 | >100 |Brown Sand (SP) 14 | 22.0 [NP| NP |NP| NP [264| 0 | 4 [T74 | 2A 1 0 42
. Strength of Rock
P f Rock (¢
orosity of Rock (%) UCS, kNim® |1, KNIm?
19.50 [ >100 [Greyish Brown Weathered Sediments (Grade VI) - 22.0 - 2.67 - - 0 44
21.00 | >100 |Brownish Grey Weathered Gneiss (Grade V) 164 | 23.8 2.65 2.68 - 1055 0 45
21.50 | >100 |Brownish Grey Weathered Gneiss (Grade V) 1.58 | 24.1 2.62 2.68 - 1170 0 45
22.50 | >100 |Brownish Grey Weathered Gneiss (Grade V) 1.55 | 24.1 2.58 2.68 - 1290 0 45




Table A-3

Project : Reconstruction of Dilapidated Slum Tenements (S+6 Floors) at Chindadripet Scheme in Corporation Division 62, Zone V of Greater Chennai Corporation

BHNo: [ 3 Ground Water Table Depth (m): 2.6
LABORATORY TEST RESULTS
Direct Shear /
Terzaghi and
Index Properties Grain Size Analysis (%) Peck (1974) -
© > Shear Strength
T 2 > Parameters
:_E’ : Description / Classification of Soil and Rock / Weathering o «:g e 5 ?j Fines e 8
2 < Grade of Rock as per IS 4464 = S ||| | & | = - | = c
8 | & B 2 |=2|Z|8| E|8|-|5|8|%2 ~ | 28
7] SEl 2 |E|E|ls|l = |&|C|e|?| = = 89
=zl B |32 | =] 2 s|g| E|® - = o 9
w © c ||| = o ol|l=s|l 2| 2l=E|= S “ QO
5 0 [ S| 5|8 S| 8| || O = o -
29| 2 (S| =|® s S|2 "™ 3 2 =
2 | 2 |[F|&|8| & s | 2
@ o o <
2.5 14 |Brown Sand (SP) 20 [ 180 |NP|NP |NP[ NP [264] 0 | 0 | 30 | 63 7 0 30
4.0 15 |Brown Sand (SP) 18 | 182 [NP| NP |NP| NP 264]| 0 | 5 | 46 | 45 4 0 30
5.0 10 |Brown Sand (SP) 19 | 16.9 [NP[NP|NP| NP [263] 0 [ 1 | 50 | 44 5 0 27
6.0 14 |Greyish Brown Sand (SP) 18 | 22.0 [NP| NP |NP| NP [263] 0 | 3 | 55 | 37 5 0 30
7.5 16 |Greyish Brown Sand (SP) 16 [ 185 |[NP| NP [NP| NP |264| 0 | 3 | 68 | 25 4 0 31
9.0 30 [Brown Sand (SP) 17 | 20.9 [NP| NP |NP| NP [263] 0 | 2 | 66 | 30 2 0 37
10.5 33 [Greyish Brown Sand (SP) 17 | 212 [NP| NP |NP| NP [263] 0 | 2 [ 66 | 30 2 0 39
12.0 6 |Blackish Grey Silty Clay (CH) 61 [ 153 |1 84|33 |51 [ 129 [260] 0 | 1| 8 | 5 86 38 0
13.5 9 |Blackish Grey Silty Clay (CH) 70 | 165 |99 [ 41 [ 58| 124 |261[ 0 [ O | 1 1 98 56 0
15.0 11 [Blackish Grey Silty / Clayey Sand (SC) 35 [ 172 154124130 75 [265] 0 | 3 | 37| 20 40 30 25
16.5 24 |Greyish Brown Silty / Clayey Sand (SC) 18 | 22.0 [ 4618 | 28| 70 |265] 0 | O | 46 | 28 26 50 32
18.0 | >100 |Brown Sand (SP) 9 | 220 [NP[NP|NP| NP [263] 12|18 | 58 | 12 0 0 42
. Strength of Rock
P f Rock (¢
orosity of Rock (%) UCS, kNIm? |1, kNIm?
19.5 | >100 |Brown Weathered Sediments (Grade VI) - 22.0 2.67 - - 0 44
21.0 | >100 |Brown Weathered Sediments (Grade VI) - 22.0 - 2.67 - 0 44
22.5 | >100 |Brownish Grey Weathered Gneiss (Grade V) 1.64 | 23.4 2.65 2.68 1240 0 45




% Finer

100

90

80

70

60

50

40

30

20

10

—&—BH1-1m / e
II » z
.
——BH1-2m II y.d /.
y
—8—BH1-3 Zz
m / 47
%—=BH1-4m I17]
3 {1-4 11 7
171 | 7/, /
. —%—BH1-5m 1 kl
. BI1'6III
y A AN
ol s oo ya AN
D I'=7.9M10 II I
/
[ e=@=BH1-9m y 4 [I / A
II III /
“===BH1-105 y 4 | /
[/
y /
—o—bBH1-12m V4 [/
o [/ 7 7/#)
m— I/ 7/ /
= BH1-135 w /
/ /
=e==BH1-15m 7 ?’
=== BH 1 -16.5 u /
/ /
/ /
~BH1-18m . = y 4
T J //
//
//
//
e
|
0.01 0.1 1

Particle Size, mm

10

Figure C- 1 Grain Size Distribution of Soil Samples collected in BH 1 Location
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Figure C-2 Grain Size Distribution of Soil Samples collected in BH 2 Location
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Annexure—1
Site Photographs

Plate 1 SPT test is in progress at the Reconstruction of Dilapidated Slum Tenements (S+6
Floors) at Chindadripet Scheme in Corporation Division 62, Zone V of Greater Chennai
Corporation.

29 z s B T i e
0 b e S L . T e e S RS
R — = .w., = e e R e

Plate 2 View of Soil / Rock Samples collected in 3 borehole locations
of the proposed site




Plate 3 Professor of Division of Soil Mechanics and Foundation Engineering, College of
Engineering Guindy, Anna University, Chennai — 600 025 and Official of TNSCB, T.P.
Chatram, Chennai — 600 010, inspected the Soil Investigation work at the Reconstruction
of Dilapidated Slum Tenements (S+6 Floors) at Chindadripet Scheme in Corporation
Division 62, Zone V of Greater Chennai Corporation.



Annexure — 2 View of Soil Samples collected in BH 1 to BH 3 Locations of the Proposed
Reconstruction of Dilapidated Slum Tenements (S+6 Floors) at Chindadripet Scheme in
Corporation Division 62, Zone V of Greater Chennai Corporation

Plate — 1 Soil Sample Collected by conducting SPT in BH-01 Location
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Appendix - A
GEOTECHNICAL DESIGN PARAMETERS



GEOTECHNICAL DESIGN PARAMETERS OF DIFFERENT LAYERS BELOW GROUND LEVEL

PROJECT: Reconstruction of Dilapidated Slum Tenements (S+6 Floors) at Chindadripet Scheme in Corporation Division 62, Zone V of Greater Chennai Corporation

APPENDIX - A

BH No: 1 GWT (m);| 25 Variation of SPT 'N' Value with respect to Depth
~ Design Shear SPTN' Val
= e
= Strength alue
_ o . =] Parameters 50 100 150 200
E | s | 5| & 0
a3 | s| 2| =z |« | =
H = Description / Classification of Soil and Rock / > | & s 3 e
3 o Weathering Grade of Rock as per IS 4464 c| 2 & £ S« 4
> ~ = Q
< = B (= L-E s E e
B = 1) x o =
g | 2 512 g |83 58
3 b 2 8
2 5 |2
1.00 16 [Brown Sand (SP) 16 | 18.5| 46400 0 31 E 12
s
2.00 19  |Brown Sand (SP) 19 [19.1] 55100 0 32 a
3.00 13 [Brown Sand (SP) 13 | 17.7| 37700 0 29 16
4.00 15  |Brown Sand (SP) 15 | 18.2| 43500 0 30
5.00 24 |Brown Sand (SP) 24 | 220 69600 0 35 20
6.00 22  [Brown Sand (SP) 22 | 19.6 | 63800 0 34
750 | 24 |Brown Sand (SP) 24 | 200| 69600 0 35 2
9.00 25  |Greyish Brown Sand (SP) 25 | 20.1| 72500 0 35
10.50 31  |Greyish Brown Sand (SP) 31 1210 89900 0 38
12.00 36 |Greyish Sand (SP) 36 | 21.6 | 104400 0 40
13.50 40  |Greyish Silty Sand (SM-SP) 40 |22.0| 116000 0 4
15.00 46  |Greyish Silty Sand (SM-SP) 46 | 22.0| 133400 0 42
16.50 20 |Greyish Silty / Clayey Sand With Lime Particles (SC) 20 | 22.0( 58000 30 29
18.00 | >100 |Greyish Silty Sand With Lime Particles (SM-SP) 80 |22.0( 232000 0 42
19.50 >100 [Brown Weathered Sediments (Grade VI) 150 | 22.0 | 435000 0 44
21.00 >100 |Greyish Weathered Gneiss (Grade V) 200 | 24.1| 1412538 0 45
22.50 >100 |Greyish Weathered Gneiss (Grade V) 200 | 24.2| 2511886 0 45
24.00 >100 |Greyish Weathered Gneiss (Grade IV) 200 | 24.2| 2511886 0 45




GEOTECHNICAL DESIGN PARAMETERS OF DIFFERENT LAYERS BELOW GROUND LEVEL

PROJECT: Reconstruction of Dilapidated Slum Tenements (S+6 Floors) at Chindadripet Scheme in Corporation Division 62, Zone V of Greater Chennai Corporation

APPENDIX - A

BH No: 2 GWT (m);| 22 Variation of SPT 'N' Value with respect to Depth
~ Design Shear SPT ' Val
£ alue
2 Strength 0 50 100 150 200
A [ - = Parameters 0
E 2 g | E o
3 | 2 s12| 2 |< | =
2 f Description / Classification of Soil and Rock / s | = S s e
3 o Weathering Grade of Rock as per IS 4464 c| 2 & £ S« 4
R=d ] “ = 3
£ | 2 z|S| & |EE|zg
g | 2 S1E| 2 |2% 58 .
I 3 o
o S =
= w c
< £
£ 12
1.00 11 [Brown Sand (SP) 11 [ 172 31900 0 28 2
[=]
2.00 33  [Brown Sand (SP) 33 [ 212 95700 0 39 1
3.00 17  [Brown Sand (SP) 17 [ 18.7| 49300 0 31
4.00 12 |Brown Sand (SP) 12 [ 17.5] 34800 0 28 20
5.00 17 |Greyish Brown Sand (SP) 17 1220 49300 0 31
6.00 16 |Greyish Brown Sand (SP) 16 | 185 | 46400 0 31 24
7.50 14  |Greyish Brown Sand (SP) 14 | 18.0 | 40600 0 30
9.00 29  |Greyish Brown Sand (SP) 29 |20.7| 84100 0 37
10.50 32  |Greyish Brown Sand (SP) 32 | 211 92800 0 38
12.00 14 |Blackish Grey Silty Clay (CH) 14 [ 18.0| 44000 88 0
13.50 21  |Blackish Grey Silty Clay (CH) 21 | 19.5( 65500 131 0
15.00 27  |Brownish Grey Silty / Clayey Sand (SC) 27 | 22.0 | 78300 50 32
16.50 43 |Greyish Silty Sand (SM-SP) 43 | 22.0| 124700 0 40
18.00 | >100 |Brown Sand (SP) 80 | 22.0 | 232000 0 42
1950 | >100 |Greyish Brown Weathered Sediments (Grade VI) 150 | 22.0 | 435000 0 44
21.00 >100 |Brownish Grey Weathered Gneiss (Grade V) 200 | 23.8 | 1412538 0 45
21.50 >100 |Brownish Grey Weathered Gneiss (Grade V) 200 | 24.1| 1412538 0 45
2250 >100 |Brownish Grey Weathered Gneiss (Grade V) 200 | 24.1| 1412538 0 45




GEOTECHNICAL DESIGN PARAMETERS OF DIFFERENT LAYERS BELOW GROUND LEVEL

PROJECT: Reconstruction of Dilapidated Slum Tenements (S+6 Floors) at Chindadripet Scheme in Corporation Division 62, Zone V of Greater Chennai Corporation

APPENDIX - A

BH No: 3 GWT (m):;| 2.6 Variation of SPT 'N' Value with respect to Depth
~ Design Shear SPTN' Val
£ alue
Z Strength 0 50 100 150 200
= [ - . Parameters
E % @ £ o 0
a3 | S S|12| 7 |= |=
z = Description / Classification of Soil and Rock / > | & s 3 e
3 o Weathering Grade of Rock as per IS 4464 c| 2 & £ S« 4
> ~ =
< 3 ® | 2 w S E| 8@
- = [} = S - D
g | 2 518 5 |22 %8 .
S g [}
2 |5 2
= <
E 1
2.50 14  [Brown Sand (SP) 14 [ 18.0| 40600 0 30 £
D
[=]
4.00 15 [Brown Sand (SP) 15 | 18.2| 43500 0 30 16
5.00 10  [Brown Sand (SP) 10 [ 16.9| 29000 0 27
6.00 14 |Greyish Brown Sand (SP) 14 [ 22.0| 40600 0 30 20
7.50 16 |Greyish Brown Sand (SP) 16 | 18.5| 46400 0 31
9.00 30 [Brown Sand (SP) 30 [ 209 87000 0 37 24
10.50 33  |Greyish Brown Sand (SP) 33 | 21.2 95700 0 39
12.00 6  |Blackish Grey Silty Clay (CH) 6 | 153 19000 38 0
13.50 9 Blackish Grey Silty Clay (CH) 9 |[165]| 28000 56 0
15.00 11 |Blackish Grey Silty / Clayey Sand (SC) 11 [17.2] 31900 30 25
16.50 24 |Greyish Brown Silty / Clayey Sand (SC) 24 | 220 69600 50 32
18.00 | >100 |Brown Sand (SP) 80 |22.0( 232000 0 42
19.50 >100 [Brown Weathered Sediments (Grade VI) 150 | 22.0 | 435000 0 44
21.00 >100 |Brown Weathered Sediments (Grade VI) 150 | 22.0 | 435000 0 44
2250 >100 |Brownish Grey Weathered Gneiss (Grade V) 200 | 23.4 | 1412538 0 45




Appendix - B
SBC AND SETTLEMENT CALCULATIONS



APPENDIX - B - SBC and Settlement Calculations

DETERMINATION OF BEARING CAPACITY USING IS 6403 — 1981 EQUATION

Qu=c¢Ncscdcic + qoNgsqdgig+ 0.5 B y1 Nysydy iy W'
Where,
qu - Ultimate Bearing Capacity, kN/m2
B - Width of foundation, m
¢ - Undraind cohesion value below foundation, kN/m?2
qo- Effective overburden pressure at foundation level (yo D), kN/m?
yo - Effective unit weight of scil above foundation level
y1 - Effective unit weight of soil below foundation level
Ne. Ng Ny - Bearing Capacity Factors
Sc, Sq. Sy - Shape factors
dc, dg, dy - Depth factors
ic, ig Iy - Inclination factors
W' - Water table correction factor
Computation of Average Shear Strength Parameters 1 B below Foundation Level

Cav = (C1H1 + coHz + caHa + c4Ha)/ (H1+ Hz + Ha + Hg)
tan @av = (tan @1H1 + tan @2H2 + tan @sHa + tan @4H4)/ (H1+ H2 + H3 + Ha)
Elastic / Inmediate Settiement computation as per IS 3009 (Part 1)

9.2.3.2 The immediate settlement beneath the centre or corner of
a flexible loaded area is given by:

1 — .2
S;=pB A=r, e (1Y
E
where
== Poisson’s ratio — 05 for clay, and

! = Influence factor [depends on length (L) to breadth (B)
ratio of the footing].

Values of E shall be determined from the stress strain curve obtained
from triaxial consolidated undrained test. The consolidation pressure
adopted in triaxial consolidation test should be equal to the effective
pressure at the depth from which the sample has been taken. The values
of I may be determined from Fig. 11 for clay layers with various Hy/B
ratio and from Table 2 for clay layers of semi-infinite extent.

TABLE 2 VALUES OF / FOR CLAY LAYERS OF SEMI-INFINITE EXTENT

SHAPE InFLueNceE Facror ()
‘ Centre Corner Average )
(b (2} (3 (4)
Circle 1-00r 64 (edge) -85
Square 112 0-56 095
Rectangle:
Lig = 1-5 1-36 0-68 120
Z 1-53 037 1-31
5 210 1-05 1-83
i} 2-52 1-26 2-25

HI0 3-38 1-69 2-96




APPENDIX - B - SBC and Settlement Calculations

Bowles, J. (1997). Foundation Analysis and Design. 5th Ed., The McGraw-Hill Companies, Inc., New York, 308.

TABLE 5-6
Equations for stress-strain modulus E; by several test methods

E; in kPa for SPT and units of g, for CPT; divide kPa by 50 to obtain ksf. The N values should be
estimated as Nss and not Ny. Refer also to Tables 2-7 and 2-8,

Seil SPT CPT
Sand (normally E, = S500(N + 15) E, = (2 to 4)qu
consolidated) — 7000 ﬁ = 8000 /g,
= 6000N _——
— E. = 1.2(3D? + 2)q.
tE;, = (15000 to 22000) - In N *E, = (1 + D*)q.
Sand (saturated) E, = 250(N + 15) E;, = Fq.

e =10 F =35
e =06 F=70

Sands, all (norm. £, = (2600 w 2900)NV

consol.}

Sand (overconsolidated) TE; = 40000 + 1050N E; = (6 to 30)q.
Egocry = Esnc +OCR

Gravelly sand E, = 1200(N + 6)

600(N + 6) N=15
= 600(N + 6) + 2000 N>15

Clayey sand E;, = 320(N + 15) E;, = (3 to 6)g.
Silts, sandy silt, or E; = 300(N + 6) E; = (1 to 2)g.
clayey silt
If g, < 2500 kPa use SE; = 2.5q,
2500 < g. < 5000 use E! = 4q. + 5000
where
. ) _ _EQ-m  _ 1
E, = constrained modulus = OF o =2 ~ m.
Soft clay or clayey silt E; = (3 to 8B)q.

*Vesi¢ (1970).

tAuthor’s equation from plot of D" Appolonia et al, (1970).
USSR (may not be standard blow count V).

Wapanese Design Standards (lower value for structures).
$Senneset et al. (1988)

General sources: First European Conference on Standard Penetration Testing (1974), vol. 2.1, pp. 150-151; CGJ, November 1983, pp. 726-737;
Use of In Situ Tests in Geotechnical Engineering, ASCE (1986), p. 1173: Mitcheil and Gardner (1975); Penetration Testing (Second European
Conference) (1982), vol. 1, p. 160; 11th ICSMFE (1985), vol. 2, pp. 462, 765; vol. 4, p. 2185; International Symposium on Penetration Testing
(1988}, 2 vols.

TABLE 5-6
Equations for stress-strain modulus E; by several test methods (continued)

E; in kPa for SPT and units of ¢. for CPT; divide kPa by 50 to obtain ksf. The N values should be estimated as Nss and
not Ny. Refer also to Tables 2-7 and 2-8.

Seil

Use the undrained shear strength Su in units of s,
Clay and silt Ip > 30 or organic E, = (100 to 500)s,
Silty or sandy clay Ip < 30 or stiff E; = (500 10 1500)s,,

Again, E;ocr = E;u /OCR
Use smaller s,-coefficient for highly plastic clay.

Of general application in clays is
E; = Ks, (units of s5,) (a)
where K is defined as
K = 4200 — 142.541p + 1731} — 0.007 11} b)

and Ip = plasticity index in percent. Use 20% = Jp = 100% and round K to the nearest multiple
of 10.
Another equation of general application is

E, = 9400 — 8900/, + 11 6001, — 88005 (kPa)
Ip, I.,§ = previously defined above and/or in Chap. 2

()




Appendix - B (1) - SBC Calculations

SBC at 3.0 m Depth in Different Borehole Locations

Borehole Location

Length of foundation (L), m

Width of foundation (B), m

Depth of foundation (D), m

Angle of Internal Friction (¢) in Degrees

Undraind cohesion value below foundation (c), kN/m?
Ground Water Table Depth (GWT), m

Effective unit weight of soil above foundation level (y,), kN/m’
Effective overburden pressure at foundation level (qo), (Yo X D), kN/m®
Effective unit weight of soil below foundation level (y4), kN/m®
Bearing Capacity Factor (N)

Bearing Capacity Factor (N,)

Bearing Capacity Factor (N,)

Shape factor (s,)

Shape factor (s,)

Shape factor (s,)

Depth factor (d)

Depth factor (d,)

Depth factor (d,)

Inclination factor (i)

Inclination factor (i,)

Inclination factor (i,)

Water table correction factor (W')

Net Ulitmate Bearing Capacity (q,,), kN/m?

Factor of Safety
Net Safe Bearing Capacity (0, sate), kN/m?

IS 6403 - 1981 Equation

BH1| BH2| BH3
56.75| 56.75| 56.75
12.26] 12.26] 1226
3000  3.00]  3.00
3580 24.70]  23.90
000 27.90] 16.20
0.00] 000] 000
850 720  8.00
2550] 2160  24.00
1040  940| 850
4965 2028 19.18
3681 1033] 950
5454] 1042 931
104] 104 104
104] 104 104
0.91 0.91 0.91
110 108 108
105 104 104
105 104 104
100 100  1.00
100 100  1.00
100 100  1.00
050]  050] 050
3821 1313 918
3.00] 3.00 3.0
1274 438 306

A-1(a)-8



APPENDIX - B 2 - Settlement Calculations

Settlement Analysis of Foundation for 12.26 m x 56.75 m Foundation at 3.0 m Depth in BH 1 Location

Length of foundation (L), m = 56.75
Width of foundation (B), m = 12.26
Depth of foundation (D), m = 3.00
L/B Ratio = 4.63
Avergae Influence Factor as per Table 2 of 8009 (Part-l) = 1.766
Stress at the Level of Foundation, (q), kN/m* = 160.00
Depth correction factor as per Fig. 12 of 8009 (Part-I) = 0.97
Rigidity factor as per Sec.9.5.2 of 8009 (Part-I) = 0.80
>qxBx ((1-p2) | E¢) x I at corner of footing in 'm’ = 0.00488492
Average Settlement of Foundation (mm) = 26.78
Depth I (Fig. 11
Depth . 'Es' Value| Below IS 8009- |qxBx ((1-1)
W . H H/B
m) Soil / Rock Type W' Value (kN/m?) | Footing ; (m) ! Part ) at 1E) Xy
'Z' (m) Corner
1.00 (Brown Sand (SP) 0.35000 | 46400 - - - -
2.00 |Brown Sand (SP) 0.35000 [ 55100 - - - -
3.00 |Brown Sand (SP) 0.35000 [ 37700 0.50 1.00 | 0.07837 | 0.01200 | 0.00057024
4.00 |Brown Sand (SP) 0.35000 | 43500 1.50 1.00 | 0.07267 | 0.01100 | 0.00048853
5.00 |Brown Sand (SP) 0.35000 [ 69600 2.50 1.00 | 0.06775 | 0.01000 | 0.00029774
6.00 |Brown Sand (SP) 0.35000 [ 63800 3.75 1.50 | 0.09369 | 0.01400 | 0.00049325
7.50 |Brown Sand (SP) 0.35000 [ 69600 5.25 1.50 | 0.08567 | 0.01300 | 0.00045918
9.00 |Greyish Brown Sand (SP) 0.35000 [ 72500 6.75 1.50 | 0.07891 0.01200 | 0.00044177
10.50 |Greyish Brown Sand (SP) 0.35000 [ 89900 8.25 1.50 | 0.07314 | 0.01100 | 0.00035234
12.00 |Greyish Sand (SP) 0.35000 | 104400 9.75 1.50 | 0.06815 [ 0.01000 | 0.00029600
13.50 |Greyish Silty Sand (SM-SP) 0.35000 [ 116000 | 11.25 | 1.50 [ 0.06380 | 0.01000 [ 0.00028455
15.00 |Greyish Silty Sand (SM-SP) 0.35000 | 133400 | 12.75 | 1.50 [ 0.05998 | 0.00900 ([ 0.00023690
16.50 |Greyish Silty / Clayey Sand With Lime Particles (SC) 0.35000 [ 58000 1425 | 1.50 [ 0.05658 | 0.00800 [ 0.00051338
18.00 |Greyish Silty Sand With Lime Particles (SM-SP) 0.35000 | 232000 | 17.25 | 4.50 [ 0.15249 | 0.02300 ([ 0.00041075
22.50 |Greyish Weathered Gneiss (Grade V) 0.40000 | 2511886 | 20.25 | 1.50 | 0.04614 | 0.00700 ([ 0.00001218
24.00 |Greyish Weathered Gneiss (Grade IV) 0.40000 | 2511886 | 22.76 | 3.52 | 0.10051 | 0.01500 | 0.00002811
Total (2B)=| 24.52 0.00488492




APPENDIX - B 2 - Settlement Calculations

Settlement Analysis of Foundation for 12.26 m x 56.75 m Foundation at 3.0 m Depth in BH 2 Location

Length of foundation (L), m = 56.75

Width of foundation (B), m = 12.26

Depth of foundation (D), m = 3.00

L/B Ratio = 4.63

Avergae Influence Factor as per Table 2 of 8009 (Part-l) = 1.766

Stress at the Level of Foundation, (q), kN/m* = 160.00

Depth correction factor as per Fig. 12 of 8009 (Part-I) = 0.97

Rigidity factor as per Sec.9.5.2 of 8009 (Part-I) = 0.80

>qxBx ((1-p2) | E¢) x I at corner of footing in 'm’ = 0.00589553

Average Settlement of Foundation (mm) = 32.32

Depth I (Fig. 11
Depth . 'Es' Value| Below IS 8009- |qxBx ((1-1)
W . H H/B
m) Soil / Rock Type W' Value (kN/m?) | Footing ; (m) ! Part ) at 1E) Xy
'z' (m) Corner
1.00 (Brown Sand (SP) 0.35000 [ 31900 - - - -
2.00 |Brown Sand (SP) 0.35000 [ 95700 - - - -
3.00 |Brown Sand (SP) 0.35000 | 49300 0.50 1.00 | 0.07837 | 0.01200 | 0.00043607
4.00 |Brown Sand (SP) 0.35000 | 34800 1.50 1.00 | 0.07267 | 0.01100 | 0.00061066
5.00 |Greyish Brown Sand (SP) 0.35000 | 49300 2.50 1.00 | 0.06775 | 0.01000 | 0.00042035
6.00 |Greyish Brown Sand (SP) 0.35000 | 46400 3.75 1.50 | 0.09369 | 0.01400 | 0.00067822
7.50 |Greyish Brown Sand (SP) 0.35000 | 40600 5.25 1.50 | 0.08567 | 0.01300 | 0.00078717
9.00 |Greyish Brown Sand (SP) 0.35000 | 84100 6.75 1.50 | 0.07891 0.01200 | 0.00038083
10.50 |Greyish Brown Sand (SP) 0.35000 [ 92800 8.25 150 | 0.07314 [ 0.01100 | 0.00034133
12.00 |Blackish Grey Silty Clay (CH) 0.30000 | 44000 9.75 1.50 | 0.06815 [ 0.01000 | 0.00072833
13.50 |Blackish Grey Silty Clay (CH) 0.30000 [ 65500 11.25 | 1.50 | 0.06380 [ 0.01000 ([ 0.00052260
15.00 |Brownish Grey Silty / Clayey Sand (SC) 0.35000 [ 78300 12.75 | 1.50 | 0.05998 | 0.00900 | 0.00040361
16.50 |Greyish Silty Sand (SM-SP) 0.35000 | 124700 | 14.25 | 1.50 | 0.05658 | 0.00800 | 0.00023878
18.00 |Brown Sand (SP) 0.35000 | 232000 | 15.75 | 1.50 [ 0.05355 | 0.00800 | 0.00013561
19.50 |Greyish Brown Weathered Sediments (Grade VI) 0.40000 | 435000 | 18.00 | 3.00 [ 0.09914 | 0.01500 ([ 0.00014024
22.50 (Brownish Grey Weathered Gneiss (Grade V) 0.40000 | 1412538 | 22.01 5.02 | 0.14648 | 0.02200 | 0.00007174
Total (2B)=| 24.52 0.00589553




Consolidation Settlement Analysis of 12.26 m x 56.75 m Foundation at 3.0 m Depth for BH 2 Location

Raft Size (m)= 12.26 x 56.75 Depth of Footing (m) = 3.0
Pressure at Bottom of Footing = 160.00 kN/m?

Depth () Soil Type TN | s vale | pepnasiow || Changen | oSG 0 k| | Setement. .
(kPa) (mm)
1.0 Brown Sand (SP) 11 31900 - - - - - -
2.0 Brown Sand (SP) 33 95700 - - - - - -
3.0 Brown Sand (SP) 17 49300 0.5 730.51 152.39 0.000020 1.00 -
4.0 Brown Sand (SP) 12 34800 1.50 801.5200 138.89 0.000029 1.00 -
5.0 Greyish Brown Sand (SP) 17 49300 2.50 874.5300 127.29 0.000020 1.00 -
6.0 Greyish Brown Sand (SP) 16 46400 3.75 968.605 114.93 0.000022 1.50 -
7.5 Greyish Brown Sand (SP) 14 40600 5.25 1085.62 102.54 0.000025 1.50 -
9.0 Greyish Brown Sand (SP) 29 84100 6.75 1207.135 92.22 0.000012 1.50 -
10.5 Greyish Brown Sand (SP) 32 92800 8.25 1333.15 83.50 0.000011 1.50 -
12.0 Blackish Grey Silty Clay (CH) 14 44000 9.75 1463.665 76.06 0.000023 1.50 2.6239
135 Blackish Grey Silty Clay (CH) 21 65500 11.25 1598.68 69.63 0.000015 1.50 1.5667
15.0  |Brownish Grey Silty / Clayey Sand (SC) 27 78300 12.75 1738.195 64.04 0.000013 1.50 -
16.5 Greyish Silty Sand (SM-SP) 43 124700 14.25 1882.21 59.14 0.000008 1.50 -
18.0 Brown Sand (SP) 80 232000 15.75 2030.725 54.82 0.000004 1.50 -
19.5 Greyish Brown Weathered Sediments (Grade VI) 150 435000 18.00 2261.935 49.21 0.000002 3.00 -
225 Brownish Grey Weathered Gneiss (Grade V) 200 1412538 22.01 2699.1052 41.24 0.000001 5.02 -
Total (2B)= 24.52 4.19

Total Settlement of Footing (Elatic + Consolidation) as per IS 8009 Part | 1976 Method is 36.51 mm which is lower than allowable settlemet
of 100 mm for Raft Foundation as per IS 1904 - 1986

App-B(2)- (BH2)-11



APPENDIX - B 2 - Settlement Calculations

Settlement Analysis of Foundation for 12.26 m x 56.75 m Foundation at 3.0 m Depth in BH 3 Location

Length of foundation (L), m = 56.75

Width of foundation (B), m = 12.26

Depth of foundation (D), m = 3.00

L/B Ratio = 4.63

Avergae Influence Factor as per Table 2 of 8009 (Part-l) = 1.766

Stress at the Level of Foundation, (q), kN/m* = 160.00

Depth correction factor as per Fig. 12 of 8009 (Part-I) = 0.97

Rigidity factor as per Sec.9.5.2 of 8009 (Part-I) = 0.80

>qxBx ((1-p2) | E¢) x I at corner of footing in 'm’ = 0.00850189

Average Settlement of Foundation (mm) = 46.60

Depth I (Fig. 11
Depth . 'Es' Value| Below IS 8009- |qxBx ((1-1)
W . H H/B
(m) Soil/Rock Type W Valuel ) | Footing | ™| BB 1 oot | 1E)x1
'z' (m) Corner
2.50 |Brown Sand (SP) 0.35000 [ 40600 1.00 1.00 | 0.07541 0.01100 | 0.00050440
4.00 |Brown Sand (SP) 0.35000 | 43500 1.50 1.00 | 0.07267 | 0.01100 | 0.00048853
5.00 |Brown Sand (SP) 0.35000 [ 29000 2.50 1.00 | 0.06775 | 0.01000 | 0.00071459
6.00 |Greyish Brown Sand (SP) 0.35000 | 40600 3.75 1.50 | 0.09369 | 0.01400 ([ 0.00077510
7.50 |Greyish Brown Sand (SP) 0.35000 | 46400 5.25 1.50 | 0.08567 | 0.01300 | 0.00068878
9.00 |Brown Sand (SP) 0.35000 [ 87000 6.75 1.50 | 0.07891 0.01200 | 0.00036814
10.50 |Greyish Brown Sand (SP) 0.35000 [ 95700 8.25 150 | 0.07314 [ 0.01100 | 0.00033099
12.00 |Blackish Grey Silty Clay (CH) 0.30000 [ 19000 9.75 1.50 | 0.06815 [ 0.01000 | 0.00168666
13.50 |Blackish Grey Silty Clay (CH) 0.35000 [ 28000 11.25 | 1.50 | 0.06380 [ 0.01000 | 0.00117886
15.00 |Blackish Grey Silty / Clayey Sand (SC) 0.35000 [ 31900 12.75 | 1.50 | 0.05998 [ 0.00900 | 0.00099068
16.50 |Greyish Brown Silty / Clayey Sand (SC) 0.35000 [ 69600 1425 | 1.50 | 0.05658 [ 0.00800 | 0.00042782
18.00 |Brown Sand (SP) 0.35000 | 232000 | 15.75 | 1.50 [ 0.05355 | 0.00800 | 0.00013561
19.50 |Brown Weathered Sediments (Grade VI) 0.40000 | 435000 | 17.25 | 1.50 [ 0.05083 | 0.00800 ([ 0.00007294
21.00 (Brown Weathered Sediments (Grade VI) 0.40000 | 435000 | 18.75 | 1.50 [ 0.04837 | 0.00700 ([ 0.00006707
22.50 |Brownish Grey Weathered Gneiss (Grade V) 0.40000 | 1412538 | 22.01 | 5.02 | 0.14648 | 0.02200 | 0.00007174
Total (2B)=| 24.52 0.00850189




Consolidation Settlement Analysis of 12.26 m x 56.75 m Foundation at 3.0 m Depth for BH 3 Location

Raft Size (m)= 12.26 x 56.75 Depth of Footing (m) = 3.0
Pressure at Bottom of Footing = 160.00 kN/m?
Depth () Soil Type TN | s vale | pepnasiow || Changen | oSG 0 k| | Setement. .
(kPa) (mm)
25 Brown Sand (SP) 14 40600 0.5 730.51 152.39 0.000025 1.00 -
4.0 Brown Sand (SP) 15 43500 1.50 801.52 138.89 0.000023 1.00 -
5.0 Brown Sand (SP) 10 29000 2.50 874.5300 127.29 0.000034 1.00 -
6.0 Greyish Brown Sand (SP) 14 40600 3.75 968.6050 114.93 0.000025 1.50 -
7.5 Greyish Brown Sand (SP) 16 46400 5.25 1085.6200 102.54 0.000022 1.50 -
9.0 Brown Sand (SP) 30 87000 6.75 1207.135 92.22 0.000011 1.50 -
10.5 Greyish Brown Sand (SP) 33 95700 8.25 1333.15 83.50 0.000010 1.50 -
12.0 Blackish Grey Silty Clay (CH) 6 19000 9.75 1463.665 76.06 0.000053 1.50 6.0465
135 Blackish Grey Silty Clay (CH) 9 28000 11.25 1598.68 69.63 0.000036 1.50 3.7602
15.0 |Blackish Grey Silty / Clayey Sand (SC) 11 31900 12.75 1738.195 64.04 0.000031 1.50 -
16.5 |Greyish Brown Silty / Clayey Sand (SC) 24 69600 14.25 1882.21 59.14 0.000014 1.50 -
18.0 Brown Sand (SP) 80 232000 15.75 2030.725 54.82 0.000004 1.50 -
195 Brown Weathered Sediments (Grade VI) 150 435000 17.25 2183.74 50.98 0.000002 1.50 -
21.0 Brown Weathered Sediments (Grade VI) 150 435000 18.75 2341.255 47.55 0.000002 1.50 -
22.5 Brownish Grey Weathered Gneiss (Grade V) 200 1412538 22.01 2699.1052 41.24 0.000001 5.02 -
Total (2B)= 24.52 9.81

Total Settlement of Footing (Elatic + Consolidation) as per IS 8009 Part | 1976 Method is 56.41 mm which is lower than allowable settlemet
of 100 mm for Raft Foundation as per IS 1904 - 1986

A-B(2)-(BH3)-13



Appendix - C (DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911:2010)

LOAD-CARRYING CAPACITY OF PILES — STATIC ANALYSIS -1S 2911 : 2010

PILES IN GRANULAR SOILS

The ultimate load capacity (Q ) of piles, in kN, in
granular soils is given by the following formula:

O, = 4,(ADY Ny + BN )+ 3 KBy tan 8. A,

The first term gives end-bearing resistance and the
second term gives skin friction resistance.

where
AP = cross-sectional area of pile tip, in m?;
D = diameter of pile shaft, in m:
v = effective unit weight of the soil at pile
tip. in kKN/m?;
Ny = bearing capacity factors depending upon

and N, the angle of internal friction. ¢ at pile tip:

P, = effective overburden pressure at pile tip,
in kKN/m? (see Note 5);

3", = summation for layers 1 to » in which pile
is installed and which contribute to

positive skin friction;

K = coefficient of earth pressure applicable
for the ith layer (see Note 3);

layer, in kN/m?;

& = angle of wall friction between pile and

soil for the ith layer; and

in m>.
NOTES

1 Ny factor can be taken for general shear failure
according to IS 6403.

2 N, factor will depend on the nature of soil, type
of pile, the L/B ratio and its method of construction.
The walues applicable for bored piles are given in
Fig. 1of 1S2911:2010Part|

3 K, the earth pressure coefficient depends on the
nature of soil strata, type of pile, spacing of pile and
its method of construction. For driven piles in loose
to dense sand with ¢ varying between 30° and 40°, K|
values in the range of 1 to 1.5 may be used.

4 &_ the angle of wall friction may be taken equal to
the friction angle of the soil around the pile stem.

5 In working out pile capacity by static formula, the
maximum effective overburden at the pile tip should
correspond to the critical depth, which may be taken
as 15 times the diameter of the pile shaft for ¢ < 307
and increasing to 20 times for ¢ = 40"

6 For piles passing through cohesive strata and
terminating in a granular stratum, a penetration of at
least twice the diameter of the pile shaft should be
given into the granular stratum.

= effective overburden pressure for the ith

= surface area of pile shaft in the ith layer,

App-C



Appendix - C (DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911:2010)

PILES IN COHESIVE SOILS
The ultimate load capacity (Q,;) of piles, in kN, in
cohesive soils is given by the following formula:
Q,=4,Nc, + S0c A
The first term gives the end-bearing resistance and
the second term gives the skin friction resistance.

where
AP = cross-sectional area of pile tip, in m?;
N, = bearing capacity factor, may be taken
as 9;
c, = average cohesion at pile tip, in kN/m?;
3 = summation for layers 1 to » in which the
pile is installed and which contribute to
positive skin friction;
o, = adhesion factor for the ith layer
depending on the consistency of soil,
(see Note):
c = average cohesion for the 7ith layer, in
kN/m?; and
A, = surface area of pile shaft in the ith layer.
in m2.

B-3.3 Ultimate skin friction resistance can be
approximated to local side friction (f), in kN/m?
obtained from static cone resistance as given in Table 1.

Table 1 Side Friction for Different Types of Soil

Sl Type of Soil Local Side Friction, f,
No. kN/m?*

(1) (2) (3)

1) g, less than 1 000 kN/m’ g/30 < f <gql/10
11) Clay q./25 < f < 2qJ/25
111)  Silty clay and silty sand g/l100< f < gq/25
1v) Sand g /100< f < q/50
v) Coarse sand and gravel g /100< f < g /150

g_ = cone resistance, in kN/m’.

USE OF STATIC CONE PENETRATION
DATA

When full static cone penetration data are
available for the entire depth, the following
correlation may be used as a guide for the

0.6 determination of ultimate load capacity of a pile.

Ultimate end bearing resistance (g_), in KN/m?,
may be obtained as:

9eo * a1 4
qﬂ = 2
2
where

q.,, = average static cone resistance over a depth
of 2D below the pile tip. in kN/m?;

g, = minimum static cone resistance over the
same 2D below the pile tip, in kKN/m?;

q_, = average of the envelope of minimum static
cone resistance values over the length of
pile of 8D above the pile tip, in kKN/m?; and

D = diameter of pile shaft.

NOTE — The value of adhesion factor, o, depends
on the undrained shear strength of the clay and may
be obtained from Fig. 2.of 1S2911: 2010 Part|

Table 2 Co-relation Between N and g _for
Different Types of Soil

i | Type of Soil q /N

No.

(1) (2) (3)

1) Clay 150-200

11)  Silts, sandy silts and slightly 200-250
cohesive silt-sand mixtures

111) Clean fine to medium sand 300-400
and slightly silty sand

1v) Coarse sand and sands with 500-600
little gravel

v) Sandy gravel and gravel 800-1 000

App-C



Appendix - C (DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911:2010)

PILE CARRYING CAPACITY BASED ON SHEAR STRENGTH PARAMETERS ('c' and '®') (IS 2911: 2010)

Qu = Ap (cN¢ + PpNg + 0.5yDN,) + ZAsi(aici + KPpitan®)  As - Surface Area of Pile at respective soil layers, m?
Where, q - Adhesion factor
Qu - Ultimate Pile Capacity, kN c - Cohesion value of soil at respective soil layers, kN/m?
Ap - Cross Sectional Area of Pile, m? Ki - Co-efficient of earth pressure at respective soil layers
Gi - Cohesion value of soil at pile base, kN/m? Poi - Effective overburden pressure at respective soil layers, kN/m2
Po - Effective overburden pressure at pile base , kN/m? ¢ - Friction angle, degrees
v - Unit weight of soil, kN/m?3 Ne, - Bearing capacity factors based on IS 2911: 2010 and
D - Diameter of pile, m Ng. Ny IS 6403 -1981

PILE CARRYING CAPACITY OF SOCKETED PILES BY COLE AND STROUD APPROACH (1977) - 1S 2911 : 2010

5 N_ = bearing capacity factor taken as 9:
nB- nBL .
O = V. .F—l— oL Cyoe F F_ = factor of safety usually taken as 3:
L ; 2 s
§ § o = 0.9 (recommended value);
where ¢, = average shear strength of rock in the
. : ; N 2 (oo
¢ . = shear strength of rock below the base of socketed length of pile. in kN/m* (see

ul

the pile. in kN/m? (see Fig. 3): Fig 3):
B = minimum width of pile shaft (diameter in
Limiting Frictional case of circular piles). in m: and
Type of Soil Resistance (t/m?) L = socket length of pile, in m.
Sand 6 Limiting End Bearing Resistance
Silt 6
Clay . (tm?) as per IS 2911
Bored Piles Driven Piles
1000 - 1100 1500

App-C



Appendix - C (DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911:2010)

DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911 : 2010

Borehole Location BH1

Length of Pile (L), m
Angle of Internal Friction (¢) in Degrees
Undraind cohesion value at PileTip (c,), kN/m’

Submerged Unit Weight at PileTip (Yy), kN/m?

Ground Water Table Depth (GWT), m
Bearing Capacity Factor (

No)
Bearing Capacity Factor (N)
Bearing Capacity Factor (N,)

Factor of Safety (FS)

Diameter of Pile (D), mm

Critical Depth of Pile (20 x D), m

Effective overburden pressure at Pile Tip (Pp), kN/m?

End Bearing Resisrtnce of Pile (qy), kN/m? using 'c' and '¢'

End Bearing Resisrtnce of Pile (qy), kN/m? using 'N' values

Limiting End Bearing Resisrtnce of Pile (q,), kN/m?

Ultimate End Bearing Capacity of Pile (Q,.,), kN using 'c' and '¢' values
Ultimate End Bearing Capacity of Pile (Q,.,,), kN using 'N' values
Safe End Bearing Capacity of Pile (Qp.), KN using 'c' and '¢' values
Safe End Bearing Capacity of Pile (Qp.), kN using 'N' values
Ultimate Frictional Capacity of Pile (Qy.,), kN using 'c' and ‘¢ values
Ultimate Frictional Capacity of Pile (Q.), kN using 'N' values
Negetive Skin Fricton of Pile (Q), kN using 'c' and '¢' values
Negetive Skin Friction of Pile (Q), kN using 'N' values

Safe Frictional Capacity of Pile (Qy.se), kKN using 'c' and '¢' values
Safe Frictional Capacity of Pile (Q.s), kN using 'N' values

Self Weight of Pile (W), kN

Safe Pile Carrying Capacity of Pile (Qqy), KN ('c' and '¢')

Safe Pile Carrying Capacity of Pile (Qgye), KN (N' values )
Recommended Safe Pile Carrying Capacity of Pile (Qq,z), kN
Safe Uplift Capacity of Pile (Q,,), kN using 'c' and "¢’ values

21.00 m
45.00
0.00 kN/m?
14.10 kN/m"*
0.00 m
9.00
350.00
271.75
2.50
450 500
9 10
77.68 93.50
28048.37 33682.91
80000.00 80000.00
10000.00 10000.00
159043  1963.50
159043  1963.50
636.17 785.40
636.17 785.40
1337.22  1485.80
1260.56  1400.63
31.95 35.50
113.10 125.66
502.94 558.82
391.13 434.59
83.50 103.08
1139 1344
1027 1220
1083 1282
497 563

From Existing Borehole Level

Submerged Condition

Taken from Figure 1 of IS 2911:2010 Part 1 Sec.2

600
12

110.45
39806.99
80000.00
10000.00

2827.43
2827.43
1130.97
1130.97
1782.97
1680.75

42.60

150.80

670.59

521.50

148.44

1802
1652
1727
700

700
14

128.15
46193.57
80000.00
10000.00

3848.45
3848.45
1539.38
1539.38
2080.13
1960.88

49.70

175.93

782.35

608.42

202.04

2322
2148
2235
846

900
18
182.15

65476.74
80000.00
10000.00
6361.73
6361.73
2544.69
2544.69
2674.45
2521.13
63.89
226.19
1005.88
782.26
333.99
3551
3327
3439
1162

App-C



Appendix - C (DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911:2010)

Depth Ysub'
Soil Description Hi(m) | '¢' kN/m? ‘o' "Y' kN/m® Ppi (kN/mz) ‘o’ 'K N' Value

(m) kN/m®

1.00 [Brown Sand (SP) 1.00 0 31 18.50 8.50 4.25 0.00 1.00 16
2.00 |Brown Sand (SP) 1.00 0 32 19.10 9.10 13.05 0.00 1.00 19
3.00 |Brown Sand (SP) 1.00 0 29 17.70 7.70 2145 0.00 1.00 13
4.00 [Brown Sand (SP) 1.00 0 30 18.20 8.20 29.40 0.00 1.00 15
5.00 |Brown Sand (SP) 1.00 0 35 22.00 12.00 39.50 0.00 1.00 24
6.00 |Brown Sand (SP) 1.00 0 34 19.60 9.60 50.30 0.00 1.00 22
7.50 |Brown Sand (SP) 1.50 0 35 20.00 10.00 62.60 0.00 1.00 24
9.00 |Greyish Brown Sand (SP) 1.50 0 35 20.10 10.10 77.68 0.00 1.00 25
10.50 |Greyish Brown Sand (SP) 1.50 0 38 21.00 11.00 93.50 0.00 1.00 31
12.00 |Greyish Sand (SP) 1.50 0 40 21.60 11.60 110.45 0.00 1.00 36
13.50 |Greyish Silty Sand (SM-SP) 1.50 0 41 22.00 12.00 128.15 0.00 1.00 40
15.00 |Greyish Silty Sand (SM-SP) 1.50 0 42 22.00 12.00 146.15 0.00 1.00 46
16.50 |Greyish Silty / Clayey Sand With Lime Particles (SC) 1.50 30 29 22.00 12.00 164.15 0.30 1.00 20
18.00 |Greyish Silty Sand With Lime Particles (SM-SP) 1.50 0 42 22.00 12.00 182.15 0.00 1.00 80
19.50 |Brown Weathered Sediments (Grade VI) 1.50 0 44 22.00 12.00 200.15 0.00 1.00 150
21.00 |Greyish Weathered Gneiss (Grade V) 1.50 0 45 24.10 14.10 219.73 0.00 1.00 200
22.50 |Greyish Weathered Gneiss (Grade V) 1.50 0 45 24.20 14.20 240.95 0.00 1.00 200
24.00 |Greyish Weathered Gneiss (Grade IV) 1.50 0 45 24.20 14.20 262.25 0.00 1.00 200

App-C



Appendix - C (DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911:2010)

Ultimate Frictional Capacity, kN usin

'c' and '@’ values

Ultimate Frictional Capacity, kN using 'N' values

Depth

( p) Soil Description qs (kN/m?)| 450 mm | 500 mm | 600 mm | 700 mm | 900 mm (qu/s 2 450 mm | 500 mm | 600 mm | 700 mm | 900 mm

m m

1.00 |Brown Sand (SP) 2.55 3.61 4.01 4.81 5.62 7.22 26.67 | 37.70 | 4189 | 50.27 | 58.64 75.40
2.00 [Brown Sand (SP) 8.15 11.53 | 12.81 [ 1537 | 17.93 23.06 3167 | 4477 | 49.74 | 59.69 | 69.64 89.54
3.00 [Brown Sand (SP) 11.89 16.81 | 18.68 | 2241 | 26.15 33.62 21.67 | 30.63 | 34.03 | 40.84 | 47.65 61.26
4.00 |Brown Sand (SP) 16.97 24.00 | 26.66 | 32.00 | 37.33 47.99 25.00 | 3534 | 39.27 | 4712 | 54.98 70.69
5.00 [Brown Sand (SP) 27.66 39.10 | 4345 | 5213 [ 60.82 78.20 40.00 | 56.55 | 62.83 | 7540 | 87.96 113.10
6.00 [Brown Sand (SP) 33.93 47.96 | 53.29 | 63.95 | 7461 95.93 3667 | 5184 | 5760 [ 69.12 | 80.63 103.67
7.50 [Brown Sand (SP) 43.83 92.95 | 103.28 | 123.93 | 144.59 | 18590 | 40.00 | 84.82 | 94.25 | 113.10 | 131.95 | 169.65
9.00 [Greyish Brown Sand (SP) 54.39 | 115.34 | 128.15 | 153.78 | 179.41 | 230.67 | 41.67 | 88.36 | 98.17 | 117.81 | 13744 | 176.71
10.50 |Greyish Brown Sand (SP) 73.05 | 127.23 | 141.37 | 169.65 | 197.92 | 25447 | 51.67 | 109.56 | 121.74 | 146.08 | 17043 | 219.13
12.00 |Greyish Sand (SP) 92.68 | 127.23 | 141.37 | 169.65 | 197.92 [ 25447 | 60.00 [ 127.23 | 141.37 | 169.65 | 197.92 | 254.47
13.50 |Greyish Silty Sand (SM-SP) 111.40 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 66.67 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47
15.00 |Greyish Silty Sand (SM-SP) 13159 | 127.23 | 141.37 | 169.65 | 197.92 | 25447 | 76.67 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47
16.50 [(SC) 99.99 | 127.23 | 141.37 | 169.65 | 197.92 | 25447 | 33.33 | 70.69 | 78.54 | 9425 | 109.96 | 141.37
18.00 |Greyish Silty Sand With Lime Particles (SM-SP) 164.01 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 133.33 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47
19.50 [Brown Weathered Sediments (Grade VI) 193.28 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 250.00 | 127.23 | 141.37 [ 169.65 [ 197.92 | 254.47
21.00 |Greyish Weathered Gneiss (Grade V) 219.73 | 127.23 | 141.37 [ 169.65 | 197.92 | 254.47 | 333.33 | 127.23 | 141.37 | 169.65 | 197.92 | 25447
22.50 |Greyish Weathered Gneiss (Grade V) 240.95 | 127.23 | 14137 | 169.65 | 197.92 | 254.47 | 333.33 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47
24.00 |Greyish Weathered Gneiss (Grade V) 262.25 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 333.33 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47

App-C



Appendix - C (DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911:2010)

DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911 : 2010

Borehole Location BH 2

Length of Pile (L), m
Angle of Internal Friction (¢) in Degrees
Undraind cohesion value at PileTip (c,), kN/m’

Submerged Unit Weight at PileTip (Yy), kN/m?

Ground Water Table Depth (GWT), m
Bearing Capacity Factor (

No)
Bearing Capacity Factor (N)
Bearing Capacity Factor (N,)

Factor of Safety (FS)

Diameter of Pile (D), mm

Critical Depth of Pile (20 x D), m

Effective overburden pressure at Pile Tip (Pp), kN/m?

End Bearing Resisrtnce of Pile (qy), kN/m? using 'c' and '¢'

End Bearing Resisrtnce of Pile (qy), kN/m? using 'N' values

Limiting End Bearing Resisrtnce of Pile (q,), kN/m?

Ultimate End Bearing Capacity of Pile (Q,.,), kN using 'c' and '¢' values
Ultimate End Bearing Capacity of Pile (Q,.,,), kN using 'N' values
Safe End Bearing Capacity of Pile (Qp.), KN using 'c' and '¢' values
Safe End Bearing Capacity of Pile (Qp.), kN using 'N' values
Ultimate Frictional Capacity of Pile (Qy.,), kN using 'c' and ‘¢ values
Ultimate Frictional Capacity of Pile (Q.), kN using 'N' values
Negetive Skin Fricton of Pile (Q), kN using 'c' and '¢' values
Negetive Skin Friction of Pile (Q), kN using 'N' values

Safe Frictional Capacity of Pile (Qy.se), kKN using 'c' and '¢' values
Safe Frictional Capacity of Pile (Q.s), kN using 'N' values

Self Weight of Pile (W), kN

Safe Pile Carrying Capacity of Pile (Qqy), KN ('c' and '¢')

Safe Pile Carrying Capacity of Pile (Qgye), KN (N' values )
Recommended Safe Pile Carrying Capacity of Pile (Qq,z), kN
Safe Uplift Capacity of Pile (Q,,), kN using 'c' and "¢’ values

21.00 m
45.00
0.00 kN/m?
14.10 kN/m"*
0.00 m
9.00
350.00
271.75
2.50
450 500
9 10
7513 91.48
27155.87 32974.16
80000.00 80000.00
10000.00 10000.00
159043  1963.50
159043  1963.50
636.17 785.40
636.17 785.40
1332.93  1481.03
1269.99  1411.10
17.36 19.29
103.67 115.19
515.81 573.12
404.32 449.25
83.50 103.08
1152 1359
1040 1235
1096 1297
510 577

From Existing Borehole Level

Submerged Condition

Taken from Figure 1 of IS 2911:2010 Part 1 Sec.2

600
12

105.80
38179.49
80000.00
10000.00

2827.43
2827.43
1130.97
1130.97
1777.23
1693.32

2315

138.23

687.75

539.10

148.44

1819
1670
1744
718

700
14

118.93
42964.82
80000.00
10000.00

3848.45
3848.45
1539.38
1539.38
2073.44
1975.54

27.00

161.27

802.37

628.95

202.04

2342
2168
2255
866

900
18
171.05

61591.74
80000.00
10000.00
6361.73
6361.73
2544.69
2544.69
2665.85
2539.98
34.72
207.35
1031.62
808.65
333.99
3576
3353
3465
1188
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Appendix - C (DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911:2010)

Depth Youw'
Soil Description Hi(m) | '¢' kN/m? ‘o' "Y' kN/m® Ppi (kN/mz) ‘o’ 'K N' Value
(m) kN/m®

1.00 |Brown Sand (SP) 1.00 0 28 17.20 7.20 3.60 0.00 1.00 11
2.00 |Brown Sand (SP) 1.00 0 39 21.20 11.20 12.80 0.00 1.00 33
3.00 |Brown Sand (SP) 1.00 0 31 18.70 8.70 22.75 0.00 1.00 17
4.00 |Brown Sand (SP) 1.00 0 28 17.50 7.50 30.85 0.00 1.00 12
5.00 |Greyish Brown Sand (SP) 1.00 0 31 22.00 12.00 40.60 0.00 1.00 17
6.00 |Greyish Brown Sand (SP) 1.00 0 31 18.50 8.50 50.85 0.00 1.00 16
7.50 |Greyish Brown Sand (SP) 1.50 0 30 18.00 8.00 61.10 0.00 1.00 14
9.00 |Greyish Brown Sand (SP) 1.50 0 37 20.70 10.70 75.13 0.00 1.00 29
10.50 |Greyish Brown Sand (SP) 1.50 0 38 21.10 11.10 91.48 0.00 1.00 32
12.00 |[Blackish Grey Silty Clay (CH) 1.50 88 0 18.00 8.00 105.80 0.80 1.00 14
13.50 |Blackish Grey Silty Clay (CH) 1.50 131 0 19.50 9.50 118.93 0.65 1.00 21
15.00 |Brownish Grey Silty / Clayey Sand (SC) 1.50 50 32 22.00 12.00 135.05 0.30 1.00 27
16.50 |Greyish Silty Sand (SM-SP) 1.50 0 40 22.00 12.00 153.05 0.00 1.00 43
18.00 |Brown Sand (SP) 1.50 0 42 22.00 12.00 171.05 0.00 1.00 80
19.50 |Greyish Brown Weathered Sediments (Grade VI) 1.50 0 44 22.00 12.00 189.05 0.00 1.00 150
21.00 [Brownish Grey Weathered Gneiss (Grade V) 1.50 0 45 23.80 13.80 208.40 0.00 1.00 200
21.50 (Brownish Grey Weathered Gneiss (Grade V) 0.50 0 45 24.10 14.10 222.28 0.00 1.00 200
22.50 (Brownish Grey Weathered Gneiss (Grade V) 1.00 0 45 24.10 14.10 232.85 0.00 1.00 200

App-C



Appendix - C (DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911:2010)

Ultimate Frictional Capacity, kN usin

'c' and '@’ values

Ultimate Frictional Capacity, kN using 'N' values

Depth

( p) Soil Description qs (kN/m?)| 450 mm | 500 mm | 600 mm | 700 mm | 900 mm (qu/s 2 450 mm | 500 mm | 600 mm | 700 mm | 900 mm

m m

1.00 |Brown Sand (SP) 1.91 2.71 3.01 3.61 4.21 541 18.33 | 25.92 | 28.80 | 3456 | 40.32 51.84
2.00 [Brown Sand (SP) 10.37 1465 | 16.28 | 19.54 | 22.79 29.31 55.00 | 77.75 | 86.39 [ 103.67 [ 120.95 | 155.51
3.00 [Brown Sand (SP) 13.67 19.32 | 2147 | 2577 | 30.06 38.65 28.33 | 40.06 | 4451 | 5341 | 62.31 80.11
4.00 |Brown Sand (SP) 16.40 2319 | 25.77 | 30.92 | 36.07 46.38 20.00 | 28.27 | 3142 | 37.70 | 43.98 56.55
5.00 |Greyish Brown Sand (SP) 24.39 3449 | 3832 | 4598 [ 53.65 68.98 28.33 | 40.06 | 4451 | 5341 | 62.31 80.11
6.00 [Greyish Brown Sand (SP) 30.55 4319 | 4799 | 5759 | 67.19 86.39 26.67 | 37.70 | 41.89 | 50.27 | 58.64 75.40
7.50 |Greyish Brown Sand (SP) 35.28 7481 | 8312 | 99.74 [ 116.36 | 149.61 | 2333 | 4948 | 54.98 [ 6597 [ 76.97 98.96
9.00 [Greyish Brown Sand (SP) 56.61 120.05 [ 133.39 | 160.06 | 186.74 | 240.09 | 48.33 [ 10249 | 113.88 | 136.66 | 159.44 | 204.99
10.50 |Greyish Brown Sand (SP) 7147 | 127.23 | 141.37 | 169.65 | 197.92 | 25447 | 53.33 | 113.10 | 125.66 | 150.80 | 175.93 | 226.19
12.00 |Blackish Grey Silty Clay (CH) 70.40 | 127.23 | 141.37 | 169.65 | 197.92 [ 25447 | 70.00 [ 127.23 | 141.37 | 169.65 | 197.92 | 254.47
13.50 [Blackish Grey Silty Clay (CH) 85.15 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 105.00 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47
15.00 |Brownish Grey Silty / Clayey Sand (SC) 99.39 | 127.23 | 141.37 | 169.65 | 197.92 | 25447 | 45.00 | 9543 | 106.03 | 127.23 | 148.44 | 190.85
16.50 |Greyish Silty Sand (SM-SP) 128.42 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 71.67 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47
18.00 [Brown Sand (SP) 154.01 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 133.33 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47
19.50 [Greyish Brown Weathered Sediments (Grade VI) | 182.56 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 250.00 | 127.23 | 141.37 [ 169.65 | 197.92 | 254.47
21.00 |Brownish Grey Weathered Gneiss (Grade V) 208.40 | 127.23 | 141.37 [ 169.65 | 197.92 | 254.47 | 333.33 | 127.23 | 141.37 | 169.65 | 197.92 | 25447
21.50 |Brownish Grey Weathered Gneiss (Grade V) 22228 | 4241 | 4712 | 56.55 | 65.97 84.82 | 333.33 | 4241 | 4712 | 56.55 | 65.97 84.82
22.50 |Brownish Grey Weathered Gneiss (Grade V) 23285 | 8482 | 9425 [ 11310 | 131.95 | 169.65 | 333.33 | 84.82 | 94.25 | 113.10 | 131.95 | 169.65
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Appendix - C (DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911:2010)

DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911 : 2010

Borehole Location BH3

Length of Pile (L), m
Angle of Internal Friction (¢) in Degrees
Undraind cohesion value at PileTip (c,), kN/m’

Submerged Unit Weight at PileTip (Yy), kN/m?

Ground Water Table Depth (GWT), m
Bearing Capacity Factor (

No)
Bearing Capacity Factor (N)
Bearing Capacity Factor (N,)

Factor of Safety (FS)

Diameter of Pile (D), mm

Critical Depth of Pile (20 x D), m

Effective overburden pressure at Pile Tip (Pp), kN/m?

End Bearing Resisrtnce of Pile (qy), kN/m? using 'c' and '¢'

End Bearing Resisrtnce of Pile (qy), kN/m? using 'N' values

Limiting End Bearing Resisrtnce of Pile (q,), kN/m?

Ultimate End Bearing Capacity of Pile (Q,.,), kN using 'c' and '¢' values
Ultimate End Bearing Capacity of Pile (Q,.,,), kN using 'N' values
Safe End Bearing Capacity of Pile (Qp.), KN using 'c' and '¢' values
Safe End Bearing Capacity of Pile (Qp.), kN using 'N' values
Ultimate Frictional Capacity of Pile (Qy.,), kN using 'c' and ‘¢ values
Ultimate Frictional Capacity of Pile (Q.), kN using 'N' values
Negetive Skin Fricton of Pile (Q), kN using 'c' and '¢' values
Negetive Skin Friction of Pile (Q), kN using 'N' values

Safe Frictional Capacity of Pile (Qy.se), kKN using 'c' and '¢' values
Safe Frictional Capacity of Pile (Q.s), kN using 'N' values

Self Weight of Pile (W), kN

Safe Pile Carrying Capacity of Pile (Qqy), KN ('c' and '¢')

Safe Pile Carrying Capacity of Pile (Qgye), KN (N' values )
Recommended Safe Pile Carrying Capacity of Pile (Qq,z), kN
Safe Uplift Capacity of Pile (Q,,), kN using 'c' and "¢’ values

23.00 m
45.00
0.00 kN/m?
13.40 kN/m"*
0.00 m
9.00
350.00
271.75
2.50
450 500
9 10
101.08 109.93
36195.57 39384.10
80000.00 80000.00
10000.00 10000.00
1590.43  1963.50
1590.43  1963.50
636.17 785.40
636.17 785.40
1375.79  1528.66
1222.86  1358.74
20.41 22.67
82.47 91.63
529.91 588.79
406.68 451.87
91.45 112.90
1166 1374
1043 1237
1104 1306
530 600

From Existing Borehole Level

Submerged Condition

Taken from Figure 1 of IS 2911:2010 Part 1 Sec.2

600
12

120.20
43162.43
80000.00
10000.00

2827.43
2827.43
1130.97
1130.97
1834.39
1630.49

271.21

109.96

706.55

542.24

162.58

1838
1673
1755
747

700
14

134.60
48384.50
80000.00
10000.00

3848.45
3848.45
1539.38
1539.38
2140.12
1902.23

31.74

128.28

824.31

632.61

221.29

2364
2172
2268
903

900
18
188.60
67648.64
80000.00
10000.00
6361.73
6361.73
2544.69
2544.69
2751.59
2445.73
40.81
164.93
1059.82
813.36
365.80
3605
3358
3481
1242

App-C



Appendix - C (DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911:2010)

Depth Youw'
Soil Description Hi(m) | '¢' kN/m? ‘o' "Y' kN/m® Ppi (kN/mz) ‘o’ 'K N' Value

(m) kN/m®

2.50 |Brown Sand (SP) 2.50 0 30 18.00 8.00 10.00 0.00 1.00 14
4.00 [Brown Sand (SP) 1.50 0 30 18.20 8.20 26.15 0.00 1.00 15
5.00 |Brown Sand (SP) 1.00 0 27 16.90 6.90 35.75 0.00 1.00 10
6.00 |Greyish Brown Sand (SP) 1.00 0 30 22.00 12.00 45.20 0.00 1.00 14
7.50 |Greyish Brown Sand (SP) 1.50 0 31 18.50 8.50 57.58 0.00 1.00 16
9.00 |Brown Sand (SP) 1.50 0 37 20.90 10.90 7213 0.00 1.00 30
10.50 |Greyish Brown Sand (SP) 1.50 0 39 21.20 11.20 88.70 0.00 1.00 33
12.00 |Blackish Grey Silty Clay (CH) 1.50 38 0 15.30 5.30 101.08 0.80 1.00 6
13.50 |Blackish Grey Silty Clay (CH) 1.50 56 0 16.50 6.50 109.93 0.80 1.00 9
15.00 [Blackish Grey Silty / Clayey Sand (SC) 1.50 30 25 17.20 7.20 120.20 0.30 1.00 11
16.50 |Greyish Brown Silty / Clayey Sand (SC) 1.50 50 32 22.00 12.00 134.60 0.30 1.00 24
18.00 |Brown Sand (SP) 1.50 0 42 22.00 12.00 152.60 0.00 1.00 80
19.50 |Brown Weathered Sediments (Grade VI) 1.50 0 44 22.00 12.00 170.60 0.00 1.00 150
21.00 (Brown Weathered Sediments (Grade VI) 1.50 0 44 22.00 12.00 188.60 0.00 1.00 150
22.50 |Brownish Grey Weathered Gneiss (Grade V) 2.00 0 45 23.40 13.40 211.00 0.00 1.00 200

App-C



Appendix - C (DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911:2010)

Ultimate Frictional Capacity, kN usin

'c' and '@’ values

Ultimate Frictional Capacity, kN using 'N' values

Depth

( p) Soil Description qs (kN/m?)| 450 mm | 500 mm | 600 mm | 700 mm | 900 mm (k;ls 2 450 mm | 500 mm | 600 mm | 700 mm | 900 mm

m m

2.50 [Brown Sand (SP) 5.77 2041 | 2267 | 2721 | 31.74 40.81 23.33 | 8247 | 91.63 | 109.96 | 128.28 | 164.93
4.00 |Brown Sand (SP) 15.10 32.02 | 3557 | 4269 | 49.80 64.03 25.00 | 53.01 | 5890 | 70.69 | 8247 106.03
5.00 [Brown Sand (SP) 18.22 25.75 | 2861 | 34.34 | 40.06 51.50 16.67 | 2356 | 26.18 | 3142 | 36.65 47.12
6.00 [Greyish Brown Sand (SP) 26.10 36.89 | 40.99 | 49.19 | 57.39 73.79 23.33 | 3299 | 36.65 | 4398 | 51.31 65.97
7.50 |Greyish Brown Sand (SP) 34.59 73.36 | 8151 | 97.81 | 11412 | 146.72 | 26.67 | 56.55 | 6283 | 7540 | 87.96 113.10
9.00 [Brown Sand (SP) 54.35 | 115.25 | 128.06 | 153.67 | 179.28 | 230.51 | 50.00 | 106.03 | 117.81 | 141.37 | 164.93 | 212.06
10.50 |Greyish Brown Sand (SP) 71.83 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 55.00 | 116.63 | 129.59 | 155.51 | 181.43 | 233.26
12.00 |Blackish Grey Silty Clay (CH) 30.40 6447 | 7163 | 8595 | 100.28 [ 128.93 | 30.00 | 63.62 | 7069 | 84.82 | 98.96 127.23
13.50 [Blackish Grey Silty Clay (CH) 44.80 95.00 | 105.56 | 126.67 | 147.78 | 190.00 | 45.00 | 9543 | 106.03 | 127.23 | 148.44 | 190.85
15.00 |Blackish Grey Silty / Clayey Sand (SC) 65.05 | 127.23 | 141.37 | 169.65 | 197.92 | 25447 | 18.33 | 38.88 | 43.20 | 51.84 [ 6048 77.75
16.50 |Greyish Brown Silty / Clayey Sand (SC) 99.11 127.23 | 141.37 | 169.65 | 197.92 | 25447 | 40.00 | 84.82 | 9425 | 11310 | 131.95 | 169.65
18.00 [Brown Sand (SP) 137.40 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 133.33 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47
19.50 [Brown Weathered Sediments (Grade VI) 164.75 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 250.00 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47
21.00 |Brown Weathered Sediments (Grade V) 18213 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 250.00 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47
22.50 |Brownish Grey Weathered Gneiss (Grade V) 211.00 [ 169.65 | 188.50 | 226.19 | 263.89 | 339.29 [ 333.33 | 169.65 | 188.50 | 226.19 | 263.89 | 339.29
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Appendix - C (DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911:2010)

DETERMINATION OF LATERAL PILE CARRYING CAPACITY AS PER IS 2911 : 2010

Length of Pile (L), m = 23.00 m From Existing Borehole Level

Type of Fixity =  Fixed Head by Pile Cap

Cantilever Length above Ground Level (e), m = 0.00 m Point of appilcation of Lateral Load (Assumed)
Allowable Deflection as per IS 2911 Part 4 : 1985, Page No. 10 in mm = 5.00 mm

Modulus of Subgrade Reaction of Soil (n;) = 3200.00 kN/m’ From Table 3 of IS 2911 Part 1 Sec. 2

30.00 N/mm? M 30
27386127.88 kN/m?

Grade of Concrete
Young's Modulus of Pile Materia (E), kN/m?

Diametr of Pile (D), mm = 450 500 600 700 900
Moment of Inertia of Pile Section (1), m* = 0.00201 0.00307 0.00636 0.01179 0.03221
Stiffness Factor, (T) = 1.77 1.92 2.22 2.52 3.08
Criteria for Behaviour of Pile as per Table 5 of IS 2911 Part | Sec. 2 = Long Pile Long Pile Long Pile Long Pile Long Pile
(e/R) = 0.00 0.00 0.00 0.00 0.00
(Z4/T) from Fig.4 of IS 2911 Part 1 Sec.2 = 1.90 1.90 1.90 1.90 1.90
Depth of Fixity (Z5), m = 3.36 3.65 4.23 4.78 5.85
Allowable Deflection as per IS 2911 Part 4 : 1985, Page No. 10 in mm = 5.00 5.00 5.00 5.00 5.00
Lateral Load Capacity of Pile (H), kN = 87.20 103.70 138.10 177.30 264.30

App-C
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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.

Verified ¢ RealEstate”


https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/services?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks
https://verified.realestate/?utm_source=project_proposal_pdf&utm_medium=pdf&utm_campaign=proposal_clicks

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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