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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 (G+5
Floors) at Cox Colony in Corporation Division 63, 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 reconstruction of dilapidated Slum Tenements
(G+5 Floors) at Cox Colony in Corporation Division 63, zone V of Greater Chennai
Corporation. Accordingly, the work was taken up and field investigation was carried out
during 24 October 2021 to 2" November 2021 by M/s VRR Engineering Consultancy,
Chennai under the supervision of Faculty members of Division of Soil Mechanics and
Foundation Engineering, Department of Civil Engineering, Anna University, Chennai,
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Executive Engineer, Asst. Executive Engineer and Assistant Engineer of TNSCB, Division
— IV, T.P. Chatram, Chennai — 600 010. This report comprises the details of soll
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 Cox Colony in Corporation Division 63, 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

were preserved and transported to the soil testing laboratory for detailed identification
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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 four bore holes, indicating the

homogeneity of soil layer (Plate 2 of Annexure — 2).

3.1 Summary of Soil Profile in BH 1, BH 2 and BH 3 Locations

1. Brown Silty Sand was found from top 1.0 m depth to 7.5 m depth in all three
bore-hole locations with SPT ‘N’ value varying from 2 to 23.

2. Silty Clay was encountered at 9.0 m depth in BH 2 and BH 3 locations with SPT ‘N’
value varying from 4 to 10.

3.  Greyish Brown Silty / Clayey Sand was observed from 13.5 m to 15.0 m depth in
BH 1 location, from 10.5 m to 16.5 m in BH 2 location and from 12.0 m to 16.5 m
in BH 3 location with SPT ‘N’ value varying from 11 to 35.

4.  Greyish Brown weathered sediment layer was observed at 18.0 m to 23.0 m depth
in BH 1 location with SPT *‘N’ values of >100.

5. Brownish Grey Weathered Gneiss Rock layer was found from 23.0 m to 28.5 m in
BH 1 location, from 21.0 m to 25.5 m depth in BH 2 location and from 19.5 m to
24.0 m depth in BH 3 location.

6. The ground water table was observed from 2.15 m to 2.5 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 — 1 to table - 3. The ‘Es’ values are

computed based on Bowles 1997 correlation.

SPT'N' Value
0 25 50 75 100 125 150 175 200
0
4
8
12
=
s
§ 16
2 BH No: 2 o
—i—BH No: 3

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 SAFE PILE CARRYING CAPACITY

The top 6.0 m to 9.0 m depth layer is loose / Medium Dense Silty sand / Clayey
Sand of SPT ‘N’ values of 3 to 23, especially in BH 2 and BH 3 locations. These layers
are having low shear strength properties (table A-2 and table A-3). Provision of either
footings or Raft foundation may not feasible at shallow depth range of 3.0 m to 4.0 m
depth for the construction of G+5 floors Slum Tenements at Cox Colony. Hence
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attempts are 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 23.0 m to 25.0 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 23.0 m to 25.0 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 2.
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.

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.
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TABLE 1 Safe Load carrying capacity of Bored Cast-In-Situ Pile of
23.0 to 25.0 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

BH 1 1317 | 1542 | 2039 | 2599 | 3907 | 1112 | 1314 | 1766 | 2280 | 3497

BH 2 1219 | 1433 | 1908 | 2446 | 3710 | 1136 | 1340 | 1797 | 2316 | 3544

BH 3 1202 | 1414 | 1885 | 2419 | 3676 | 1106 | 1307 | 1757 | 2269 | 3483

TABLE 2 Safe Uplift Capacity of 23.0 to 25.0 m Length Pile for varying
Diameter (IS 2911 (Part 1/Sec. 2) 2010

. Safe Uplift Capacity (kN)
Borehole Location IS 2911 (Part 1/Sec. 2) 2010
Diameter of Pile (mm) 450 500 600 700 900
BH 1 660 746 925 1113 1520
BH 2 575 650 808 974 1333
BH 3 560 634 787 950 1303

6. CONCLUSIONS AND RECOMMENDATIONS

Based on the discussions made in sections 3, 4, and 5 the following
recommendations are furnished for the reconstruction of dilapidated Slum Tenements
(G+5 Floors) at Cox Colony in Corporation Division 63, zone V of Greater Chennai
Corporation.

1) The recommended type of pile foundation is "Bored Cast-In-Situ Pile"”
2) The recommended safe vertical and lateral pile carrying capacity of the 23.0 m to
25.0 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.

3) The bored cast in-situ pile shall be terminated at 23.0 m to 25.0 m in Brownish

Grey Weathered Gneiss Stratum.

4) 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.

6/8




5) 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 3 Safe Load carrying capacity and Lateral Load Capacity of Bored Cast-
In-Situ Pile for varying diameter and for a length of 23.0 to 25.0 m from
the existing ground level (Borehole level)

Diameter Recomn_1ended Sa_fe Load Recommended _ Depth of fixity
of Pile carrying capa_C|ty qf Lateral Load Capafmty from bore-
(mm) Bored Cast-In-Situ Piles, | for 5 mm deflection, | hole level (m)

(kN) (kN)
450 1000 48.30 4.09
500 1300 57.60 4.44
600 1700 77.00 5.14
700 2100 98.20 5.82
900 3400 147.20 7.11

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

V of Greater Chennai Corporation.

Project : Reconstruction of Dilapidated Slum Tenements (G+5 Floors) at Cox Colony Tenemental Scheme in Corporation Division 63, Zone

BHNO BH 1 DATE OF START 24-10-2021
SITE Cox Colony DATE OF COMPLETION 27-10-2021
DIA OF BORING 100/ 150 mm GROUND WATER LEVEL (m) 225
TYPE OF BORING Rotary - Auto Trip SPT RL with respect to Bed Level (m) -
uc;: % Description / Classification of Soil and Rock / Standard Pengtcr)::l%r:iﬁiens; (SPT)/UDS § g- "g
3 nE Weathering Grade of Rock as per IS 4464 e % §’
£ 3 S25
8 i 15 30 15 N = o
Brown Silty Sand (SM-SP) 3 4 7 11 Medium Dense
Brown Silty Sand (SM-SP) 7 9 9 18 Medium Dense
Brown Silty Sand (SM-SP) 8 10 11 21 Medium Dense
Brown Silty Sand (SM-SP) 7 6 7 13 Medium Dense
Brown Silty Sand (SM-SP) 4 5 3 8 Loose
Greyish Brown Sand (SP) 3 3 4 7 Loose
Greyish Brown Silty Sand (SM-SP) 4 5 6 11 Medium Dense
Greyish Silty / Clayey Sand (SC) 5 4 8 12 Medium Dense
Greyish Silty Sand (SM-SP) 4 5 8 13 Medium Dense
Brownish Grey Silty Sand (SM-SP) 6 4 7 1 Medium Dense
Brownish Grey Silty / Clayey Sand (SC) 5 5 7 12 Medium Dense
Greyish Silty / Clayey Sand (SC) 3 7 9 16 Medium Dense
Greyish Brown Silty Sand (SM-SP) 9 19 25 44 Dense
Brown Weathered Sediments (Grade VI) 559 cm) Rebound >100 | Hard/ Very Weak
Brown Weathered Sediments (Grade VI) 559 cm) Rebound >100 | Hard/ Very Weak
Brown Weathered Sediments (Grade VI) 509 cm) Rebound >100 | Hard/ Very Weak
Brown Weathered Sediments (Grade VI) 509 cm) Rebound >100 | Hard/ Very Weak
Brown Weathered Sediments (Grade VI) 509 cm) Rebound >100 | Hard/ Very Weak
Greyish Brown Weathered Gneiss (Grade V) 2000 R;tggzgi%;l'CR%%; >100 Weak
Greyish Brown Weathered Gneiss (Grade V) oo Reé)gé)njé;; CR=20%: >100 Weak
Greyish Brown Weathered Gneiss (Grade V) oem) Reé)gé)njé;; CR=22%; >100 Weak
Greyish Brown Weathered Gneiss (Grade I1l) oo R;tg;r:g;?;CR%G%; >100 [Moderately Strong

nated at 28.5 m from the existing ground level (EGL). Nx Size Core Barrel with Diamond Cutter was used to drill from 23.0
m to 28.5 m depth Rock Stratum.

Figure A-1




FIELD BORE LOG PROFILE

Project : Reconstruction of Dilapidated Slum Tenements (G+5 Floors) at Cox Colony Tenemental Scheme in Corporation Division 63, Zone
V of Greater Chennai Corporation.
BH NO BH 2 DATE OF START 29-10-2021
SITE Cox Colony DATE OF COMPLETION 31-10-2021
DIA OF BORING 100/ 150 mm GROUND WATER LEVEL (m) 2.15
TYPE OF BORING Rotary - Auto Trip SPT RL with respect to Bed Level (m)
£ 53
3 g =3%
2 : » 5 e
uc;: % Description / Classification of Soil and Rock / Standard Pengtcr):(t;%r:iﬁienst (SPT)/UDS/ § >0
) S Weathering Grade of Rock as per IS 4464 g ® S '*E',
K] o > 2 =
£ = e
[ (=] o S A
L n o © (7]
2 15 30 45 N °
Brown Sand (SP) 1 1 1 2 Loose
Brown Sand (SP) 1 1 1 2 Loose
Greyish Brown Silty Sand (SM-SP) 7 7 8 15 Medium Dense
4.00 Brown Silty Sand (SM-SP) 9 10 13 23 Medium Dense
Brown Sand (SP) 7 8 8 16 Medium Dense
Greyish Brown Silty Sand (SM-SP) 2 3 4 7 Loose
Brownish Grey Silty Sand (SM-SP) 6 2 14 16 Medium Dense
Greyish Silty / Clayey Sand (CH) 3 2 2 4 Soft
Brown Silty / Clayey Sand (SC) 7 9 13 22 Medium Dense
Brown Silty Sand (SM-SP) 7 7 5 12 Medium Dense
Brown Silty / Clayey Sand (SC) 5 7 6 13 Medium Dense
Brownish Grey Silty / Clayey Sand (SC) 9 9 17 26 Medium Dense
Whitish Grey Silty / Clayey Sand (SC) 10 14 21 35 Dense
Brown Silty Sand (SM-SP) 5520 cm) Rebound >100 Very Dense
Brown Silty Sand (SM-SP) 595 cmy Rebound >100 Very Dense
209 cm) Rebound; TCR=8.6%;
Greyish Brown Weathered Gneiss (Grade V) (0 cm) eR(é)uS- 0 & >100 Weak
=U/0
20,9 ;m Rebound; TCR=20%;
Greyish Brown Weathered Gneiss (Grade V) (0 cm) eRSLE)n_ 0 & >100 Weak
=U/0
150 cm) Rebound; TCR=23%;
Greyish Brown Weathered Gneiss (Grade V) (0 cm) eRSLE)n_ 0 & >100 Weak
=U/0
150 cm) Rebound; TCR=40%;
Greyish Brown Weathered Gneiss (Grade 1V) (0 cm) Re qu_r; 6.6% & >100 | Moderately Weak
= .07/0
Bore hole has been terminated at 25.50 m from the existing ground level (EGL). Nx Size Core Barrel with Diamond Cutter was used to drill from
19.5 m to 25.5 m depth Rock Stratum.

Figure A-2




FIELD BORE LOG PROFILE

V of Greater Chennai Corporation.

Project : Reconstruction of Dilapidated Slum Tenements (G+5 Floors) at Cox Colony Tenemental Scheme in Corporation Division 63, Zone

BHNO BH3 DATE OF START 01-11-2021
SITE Cox Colony DATE OF COMPLETION 02-11-2021
DIA OF BORING 100/ 150 mm GROUND WATER LEVEL (m) 25
TYPE OF BORING Rotary - Auto Trip SPT RL with respect to Bed Level (m) -
uc;: % Description / Classification of Soil and Rock / Standard Pengtcr)e::l%r:iﬁiens; (SPT)7UDS | § g- "g
3 nE Weathering Grade of Rock as per IS 4464 e é ‘é’
£ 3 Se&
8 i 15 30 15 N = o
1.0 Brown Silty Sand (SM-SP) 1 1 1 2 Loose
2.0 Brown Silty Sand (SM-SP) 2 4 6 10 Loose
3.0 Brown Silty Sand (SM-SP) 6 8 7 15 Medium Dense
4.0 Brown Sand (SP) 4 7 5 12 Medium Dense
5.0 Greyish Silty / Clayey Sand (SC) 1 3 6 9 Loose
6.0 Greyish Silty / Clayey Sand (SC) 2 3 3 6 Loose
7.5 Brownish Grey Silty Sand (SM-SP) 2 6 9 15 Medium Dense
9.0 Greyish Silty / Clayey Sand (CH) 3 5 5 10 Stiff
Greyish Brown Silty Sand (SM-SP) 6 10 13 23 Medium Dense
12.0 Greyish Silty / Clayey Sand (SC) 4 9 15 24 Medium Dense
Brownish Grey Silty / Clayey Sand (SC) 7 9 18 27 Medium Dense
Brownish Grey Silty / Clayey Sand (SC) 6 10 18 28 Medium Dense
Brownish Grey Silty / Clayey Sand (SC) 8 1 19 30 Medium Dense
Brown Silty Sand (SM-SP) 59 cmy Rebound >100 Very Dense
Greyish Brown Weathered Gneiss (Grade V) oo Reé)g%nj(;; CREA2%; >100 Weak
Greyish Brown Weathered Gneiss (Grade V) 2oem Reé)glsnjo;;; CR=0%; >100 Weak
Greyish Brown Weathered Gneiss (Grade V) 2oem Reé)glsnjo;;; CR=A3%; >100 Weak
Brownish Grey Weathered Gneiss (Grade IIl) oo R;?;ZZB;CRzM%; >100 [Moderately Strong

m to 24.0 m depth Rock Stratum.

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 18.0

Figure A-3
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Table A-1

Project : Reconstruction of Dilapidated Slum Tenements (G+5 Floors) at Cox Colony Tenemental Scheme in Corporation Division 63, Zone V of Greater Chennai

Corporation.
BHNo: | 1 | Ground Water Table Depth (m):] 2.25
LABORATORY TEST RESULTS
Direct Shear /
Terzaghi and
Index Properties Grain Size Analysis (%) Peck (1974) -
° 2 Shear Strength
£ | 2 s Parameters
= = | Description / Classification of Soil and Rock / Weathering = O Fi
- = [«}] ° ° © x [} Ines [ =
o s Grade of Rock as per IS 4464 5 | > S| x| 8 = s | © - o 4
a A 23| ~|=Z2|8| £ |8|-|5|8|%2 = 59
” 2Z|EE|EIE|E| 35 |5 |28|2|2|& Se| &2
— 2|a E o ..2‘ = E 7] = ) = > (7] E “6 o
SSlx=[S|s|5| @ Ols|s|E|xa|aS|2>| «F
£9|d |E|8|%| 8 S| |" °|8 | ==&
= o o (18 < -
1.0 11 |Brown Silty Sand (SM-SP) 19 | 172 INP[NP NP NP 1263( 0 | 0 | 26 [ 58 16 0 27
2.0 18 |Brown Silty Sand (SM-SP) 20 | 189 [NP[NP[NP| NP |264| 0 [ 7 | 41 ] 40 12 0 31
3.0 21 |Brown Silty Sand (SM-SP) 17 1 195 |NP{NP [NP|[ NP 1264| 0 [ 0 | 34 | 45 21 0 32
4.0 13 |Brown Silty Sand (SM-SP) 19 | 17.7 INP NP [NP[ NP 1263 0 | 8 | 34 [ 46 12 0 28
5.0 8 |Brown Silty Sand (SM-SP) 18 | 16.1 |[NP[NP [NP[ NP 263 0 | 5| 56 [ 27 12 0 25
6.0 7 |Greyish Brown Sand (SP) 18 | 157 |[NP{NP [NP| NP |264| 0 [ 8 | 52 | 31 9 0 25
7.5 11 |Greyish Brown Silty Sand (SM-SP) 19 | 172 I[NP{NP[NP| NP 1265 0 [ 0 | 49 | #1 10 0 27
9.0 12 |Greyish Silty / Clayey Sand (SC) 28 | 175 |42 [16 (26| 40 |266] 0 [ 0 | 33 | 22 45 18 24
10.5 13 |Greyish Silty Sand (SM-SP) 19 | 177 INP[NP |[NP[ NP 264 0 | 1 | 46 [ 36 17 0 28
12.0 11 |Brownish Grey Silty Sand (SM-SP) 17 | 172 INP{NP [NP|[ NP 1263 0 [ 1 | 62| 25 12 0 27
13.5 12 |Brownish Grey Silty / Clayey Sand (SC) 17 1 175 161 [ 17 |44 [ 100 |265( 0 | 1] 31 [ 30 38 18 24
15.0 16 |Greyish Silty / Clayey Sand (SC) 17 1 185 |51 [ 17 [ 34| 85 1265 0 [ 2 |55 | 21 22 24 27
16.5 44 |Greyish Brown Silty Sand (SM-SP) 13 1 22.0 [NP{NP [NP|[ NP |264| 27 6S 22 L 1f3R - 32 0 40
. 0 trength of Roc
Porosity of Rock (%) UCS, KNIm? I., kKN/m?
18.00 | >100 |Brown Weathered Sediments (Grade VI) - 22.0 - 2.66 - - 0 44
19.00 | >100 |Brown Weathered Sediments (Grade VI) - 22.0 - 2.67 - - 0 44
21.00 | >100 |Brown Weathered Sediments (Grade VI) - 22.0 - 2.66 - - 0 44
22.00 | >100 |Brown Weathered Sediments (Grade VI) - 22.0 - 2.66 - - 0 44
23.00 | >100 |Brown Weathered Sediments (Grade VI) - 22.0 - 2.67 - - 0 44
24.39 | >100 |Greyish Brown Weathered Gneiss (Grade V) 1.69 [ 26.5 2.72 2.68 - 256 0 44
25.89 | >100 |Greyish Brown Weathered Gneiss (Grade V) 1.65 [ 27.9 2.69 2.67 - 1153 0 44
27.30 | >100 [Greyish Brown Weathered Gneiss (Grade V) 1.59 [ 28.0 2.65 2.68 - 1245 0 44
| 28.50 | >100 |Greyish Brown Weathered Gneiss (Grade |ll) 1.48 | 281 2.51 2.68 21215 3382 0 45




Table A-2

Project: Reconstruction of Dilapidated Slum Tenements (G+5 Floors) at Cox Colony Tenemental Scheme in Corporation Division 63, Zone V of Greater Chennai

Corporation.
BHNo:| 2 | Ground Water Table Depth (m):| 2.15
LABORATORY TEST RESULTS
Direct Shear /
Terzaghi and
Index Properties Grain Size Analysis (%) Peck (1974) -
° 2> Shear Strength
= = E Parameters
; : Description / Classification of Soil and Rock / Weathering ° RIRE y % Fines “‘g e
=3 2 Grade of Rock as per IS 4464 5 > Nl x| 8 | £ - | B = =
[ [ — 2= S| e O = o c < S =< o v
(=] o Ll ~ ||| £ o |=| 8| S| - s 9
(72] re) = o "’E e .g e —_ o [ (75] (/2] © > o Q
=gsl&ds|I3|49| = ) (7] 2| o g | » L = o
—— = 2 - = — (2] > ) = > < i
S ESlxxx|B|S|5| » Ols|5|El|lad| = 2 ‘s 2
S 8 > = T o ol 9 i » |l o »n c
B m S| 8| o @ o = @ QL =
= SEE] 5| ¥
o- o <
1.0 2 |Brown Sand (SP) 19 | 123 |NP| NP |NP| NP [263] 0 [11] 55 [ 27 7 0 19
2.0 2 |Brown Sand (SP) 17 | 123 |NP| NP |NP| NP [262]17 | 6 | 35 [ 33 9 0 19
3.0 15 |Greyish Brown Silty Sand (SM-SP) 22 | 182 |NP|NP|NP| NP [261] 0 | 5 | 22 | 55 18 0 29
4.0 23 |Brown Silty Sand (SM-SP) 19 | 198 |NP|NP|NP| NP [263] 0 [ 7 | 35 [ 43 15 0 33
5.0 16 |Brown Sand (SP) 20 | 185 |NP| NP |NP| NP [264] 0 [ 2 | 38 [ 51 9 0 30
6.0 7 |Greyish Brown Silty Sand (SM-SP) 20 | 157 I[NP| NP |NP| NP [262] 0 [10] 43 | 34 13 0 24
7.5 16 |Brownish Grey Silty Sand (SM-SP) 18 | 185 |NP| NP [NP| NP [263] 0 [ 4 | 37 [ 45 14 0 30
9.0 4  |Greyish Silty / Clayey Sand (CH) 41 [ 14117524 [51] 55 [261] 0] 0 ) 35| 12 53 25 0
10.5 22 |Brown Silty / Clayey Sand (SC) 23 | 196 |38 [ 1622 60 [266] 0 [ 1 [38] 23 38 33 30
12.0 12 |Brown Silty Sand (SM-SP) 22 | 175 |NP|NP|NP| NP [264] 0 [ O | 43 [ 43 14 0 27
13.5 13 |Brown Silty / Clayey Sand (SC) 21 [ 177 135[15[20] 25 [263] 0 | 8 | 46 | 20 26 20 25
15.0 26 |Brownish Grey Silty / Clayey Sand (SC) 16 [ 203 [70 (19|51 60 [264] 0 | 0 29 (33 38 39 32
16.5 35 [Whitish Grey Silty / Clayey Sand (SC) 16 [ 215 (48[ 19129 60 [263] 0 | 4 |39 (32 25 53 35
18.0 | >100 |Brown Silty Sand (SM-SP) 18 | 220 |NP| NP |NP| NP [264] 0 [11] 33 [ 26 30 0 42
19.5 | >100 |Brown Silty Sand (SM-SP) 12 | 220 |NP| NP |NP| NP [264]34 | 8 | 19 [ 17 22 0 42
: Strength of Rock
P f Rock (¢
orosity of Rock (%) UCS, kNIm2 | 1., kNIm?
21.0 | >100 |Greyish Brown Weathered Gneiss (Grade V) 169 | 27.6 2.71 2.67 - 185 0 44
22.5 | >100 |Greyish Brown Weathered Gneiss (Grade V) 1.66 | 27.9 2.69 2.68 254 0 44
24.0 | >100 |Greyish Brown Weathered Gneiss (Grade V) 162 | 284 2.67 2.68 - 1295 0 44
25.5 | >100 [Greyish Brown Weathered Gneiss (Grade 1V) 1.59 | 28.5 2.58 2.68 52085 4973 0 45




Table A-3
T TUJCCT . RCTUTTSTIUCTIUTT UT DIIAPTUATCT OTUTIT TCTTCTITCTITS (O TU T TUUTST At GUX GUTUTTY T CTICTITCTTaT UCTTCTITE T CUTPUTATIOTT DTVISTOTT UJ; ZUTIe v UT oTeater orrerar. |

Larnnratinn

BHNo:| 3 Ground Water Table Depth (m): 2.50
LABORATORY TEST RESULTS
Direct Shear /
Terzaghi and
Index Properties Grain Size Analysis (%) Peck (1974) -
o = Shear Strength
E = L o _ _ 5 Parameters
:_E’ : Description / Classification of Soil and Rock / Weathering ° RIRE y % Fines “‘g e
2 z Grade of Rock as per IS 4464 S ol R 3 = - |8 Z < .,
o | & 215 ~E|E|8| £ |8 |g|8| 8|2 | 8¢
? 2E5E|S|S5|E| 3 |&|8|%| |5 s | &g
=2a = 2> = Sl w o | = > c L o
SS5=Z|2|2 |G| & Sls|5|E|5|8| e | 52
5 3|5 = 0| S o °o| o i » |l o 7] c
£°(m | s | » o o = Y 2 =
£ S= 8] & 5|2
o <
1.0 2 |Brown Silty Sand (SM-SP) 23 | 123 |NP|NP|NP| NP [262] 0 [16] 24 | 38 22 0 18
2.0 10 |Brown Silty Sand (SM-SP) 20 | 169 |[NP|NP|NP| NP [263] 0 [ 7 | 20 | 46 27 0 26
3.0 15 |Brown Silty Sand (SM-SP) 19 | 182 |NP| NP |NP| NP [263] 0 [11] 46 [ 33 10 0 29
4.0 12 |Brown Sand (SP) 20 | 175 |NP|NP|NP| NP [264] 0 [ 4 | 42 | 46 8 0 28
5.0 9 |Greyish Silty / Clayey Sand (SC) 24 1 16513113 |18 25 [265] 0 [ 1 | 45 | 24 30 14 22
6.0 6 |Greyish Silty / Clayey Sand (SC) 25 | 153 13216 [16] 30 [265] 0 | 6 | 45 | 28 21 9 20
7.5 15 |Brownish Grey Silty Sand (SM-SP) 19 | 182 |NP| NP |NP| NP [263] 0 [ 2 | 43 [ 40 15 0 29
9.0 10 |Greyish Silty / Clayey Sand (CH) 37 [ 169 52|18 |34 ] 45 [262] 0 | 0 ) 20 | 20 60 63 0
10.5 23 |Greyish Brown Silty Sand (SM-SP) 19 | 198 |NP| NP |NP| NP [264] 0 [ 0 | 38 [ 37 25 0 33
12.0 24 |Greyish Silty / Clayey Sand (SC) 23 120014111625 25 [266] 0 [ 3 | 33 [ 34 30 36 31
13.5 27 |Brownish Grey Silty / Clayey Sand (SC) 18 | 204 148118 |30 70 [265] 0 [ O | 33 [ 28 39 41 32
15.0 28 |Brownish Grey Silty / Clayey Sand (SC) 15 |1 20.6 | 56| 19|37 75 |265) 0 | 8 | 36 [ 28 28 42 33
16.5 30 [Brownish Grey Silty / Clayey Sand (SC) 15 1209 | 34|16 [18] 70 ]265] 0 | 5 [ 31 [ 19 45 45 33
18.0 | >100 |Brown Silty Sand (SM-SP) 13 | 220 |NP| NP |[NP| NP [267]32[11] 21 [ 16 20 0 42
, 0 Strength of Rock
Porosity of Rock (%) UCS, kNIm? L kNI
19.5 | >100 |Greyish Brown Weathered Gneiss (Grade V) 1711 26.6 2.72 2.67 - 192 0 44
21.0 | >100 |Greyish Brown Weathered Gneiss (Grade V) 1.69 | 26.7 2.68 2.68 - 227 0 44
22.5 | >100 |Greyish Brown Weathered Gneiss (Grade V) 165 | 26.9 2.65 2.67 - 1000 0 44
24.0 | >100 [Brownish Grey Weathered Gneiss (Grade Ill) 1.58 | 27.2 2.59 2.68 25197 1254 0 45
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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 View of Soil Samples collected in BH 1 to BH 3 Locations of the
Reconstruction of Dilapidated Slum Tenements at Cox Colony Tenemental Scheme in
Corporation Division 63, Zone V of Greater Chennai Corporation.

Plate — 1 Soil Sample Collected by conducting SPT in BH-01 Location
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Plate — 2 Soil Sample Collected by conducting SPT in BH-02 Location
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Annexure — 2

Site Photographs

Plate 1 SPT test is in progress at the Reconstruction of Dilapidated Slum Tenements at Cox
Colony Tenemental Scheme in Corporation Division 63, Zone V of Greater Chennai
Corporation.

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



Plate 3 View of Rock Samplestested for Point Load Strength Index and Unconfined
Compression Strength



GEOTECHNICAL DESIGN PARAMETERS OF DIFFERENT LAYERS BELOW GROUND LEVEL

APPENDIX - A

PROJECT: Reconstruction of Dilapidated Slum Tenements (G+5 Floors) at Cox Colony Tenemental Scheme in Corporation Division 63, Zone V of Greater Chennai Corporation.

BH No: 1 GWT (m):| 2.25 Variation of SPT 'N' Value with respect to Depth
E De;?:ns?: ar SPT 'N' Value
< g 0 50 100 150 200
— o o - Parameters ‘
(S = o £ o 0
= o 3 = — c
] > s
© z S| 2| 2 |3 =
S f Description / Classification of Soil and Rock / > %‘ L 3 e 4
2 e Weathering Grade of Rock as per IS 4464 c | g 8 £ . S o
(=] -
< E S - s =S| 28
= = @ = 5} = r
g8 | 2 S ZE| 2 |2=| 358 ’
3 |8 2
(=2
2 |» = 12
£
1.00 11 |Brown Silty Sand (SM-SP) 11 | 17.2| 13000 0 27 <
200 | 18 |Brown Silty Sand (SM-SP) 18 [ 189 16500 | 0 31 g 16
3.00 21 |Brown Silty Sand (SM-SP) 21 [ 19.5] 18000 0 32
400 | 13 [Brown Silty Sand (SM-SP) 13 [17.7] 14000 | 0 28 20
5.00 8  [Brown Silty Sand (SM-SP) 16.1 | 11500 0 25
6.00 Greyish Brown Sand (SP) 15.7 | 11000 0 25 24
7.50 11 |Greyish Brown Silty Sand (SM-SP) 11 | 17.2( 13000 0 27
9.00 | 12 |Greyish Silty/Clayey Sand (SC) 12 [175] 8640 18 24 28
10.50 13 |Greyish Silty Sand (SM-SP) 13 | 17.7 | 14000 0 28
12.00 11 |Brownish Grey Silty Sand (SM-SP) 11 | 17.2| 13000 27
13.50 12 |Brownish Grey Silty / Clayey Sand (SC) 12 | 175 8640 18 24
15.00 16  |Greyish Silty / Clayey Sand (SC) 16 | 185 9920 24 27
16.50 44  |Greyish Brown Silty Sand (SM-SP) 44 | 22.0| 29500 0 40
18.00 | >100 |Brown Weathered Sediments (Grade VI) 100 | 22.0 [ 145000 0 44
19.00 | >100 |Brown Weathered Sediments (Grade VI) 100 | 22.0 | 145000 0 44
21.00 | >100 ([Brown Weathered Sediments (Grade VI) 100 | 22.0 [ 145000 0 44
22.00 | >100 |Brown Weathered Sediments (Grade VI) 100 | 22.0 | 145000 0 44
23.00 | >100 (Brown Weathered Sediments (Grade VI) 100 | 22.0 | 145000 0 44
24.39 | >100 |Greyish Brown Weathered Gneiss (Grade V) 150 | 26.5 | 197500 0 45
25.89 | >100 [Greyish Brown Weathered Gneiss (Grade V) 150 | 27.9( 197500 0 45
27.30 | >100 |Greyish Brown Weathered Gneiss (Grade V) 150 | 28.0 | 197500 0 45
28.50 | >100 |Greyish Brown Weathered Gneiss (Grade Ill) 200 | 28.1| 250000 0 45




GEOTECHNICAL DESIGN PARAMETERS OF DIFFERENT LAYERS BELOW GROUND LEVEL

APPENDIX - A

PROJECT: Reconstruction of Dilapidated Slum Tenements (G+5 Floors) at Cox Colony Tenemental Scheme in Corporation Division 63, Zone V of Greater Chennai Corporation.

BH No: 2 GWT (m):| 215 Variation of SPT 'N' Value with respect to Depth
e Design Shear .
= Strength SPT 'N' Value
= o o = Parameters 0 50 100 150 200
E 2 o | E uf 0 ‘
- § = = — =
o z S| = = - =
S f Description / Classification of Soil and Rock / > %‘ L K3 e
2 e Weathering Grade of Rock as per IS 4464 c | g 8 £ . S o 4
r= > % Q -..u:' 5 g § o
= = [ = ) s Z e
3| £ S| g |2=|358& 5
E 3 o
2|5 |z
100 | 2 |BrownSand (SP) 2 [123] 800 | o 9 | "
2.00 2 Brown Sand (SP) 2 1123 8500 0 19 §
300 | 15 |GreyishBrown Sity Sand (SM-SP) 15 [182] 15000 | © 29 10
4.00 23 |Brown Silty Sand (SM-SP) 23 | 19.8| 19000 0 33
5.00 16 |Brown Sand (SP) 16 | 185 | 15500 0 30 20
6.00 7 |Greyish Brown Silty Sand (SM-SP) 7 157 11000 0 24
7.50 16 |Brownish Grey Silty Sand (SM-SP) 16 | 185 | 15500 0 30 2
9.00 4  |Greyish Silty / Clayey Sand (CH) 4 11441 6080 25 0
10.50 22  |Brown Silty / Clayey Sand (SC) 22 | 196 11840 33 30
12.00 12 |Brown Silty Sand (SM-SP) 12 [ 175 13500 0 27
13.50 13 |Brown Silty / Clayey Sand (SC) 13 [17.7| 8960 20 25
15.00 26 |Brownish Grey Silty / Clayey Sand (SC) 26 | 203 | 13120 39 32
16.50 35  |Whitish Grey Silty / Clayey Sand (SC) 35 | 21.5| 16000 53 35
18.00 | >100 |Brown Silty Sand (SM-SP) 80 | 220| 47500 0 42
19.50 | >100 |Brown Silty Sand (SM-SP) 80 | 220| 47500 0 42
21.00 | >100 [Greyish Brown Weathered Gneiss (Grade V) 150 | 27.6 | 197500 0 44
2250 | >100 |Greyish Brown Weathered Gneiss (Grade V) 150 | 27.9 | 197500 0 44
24.00 | >100 |Greyish Brown Weathered Gneiss (Grade V) 150 | 28.4 | 197500 0 44
2550 | >100 |Greyish Brown Weathered Gneiss (Grade V) 200 | 285 | 250000 0 44




GEOTECHNICAL DESIGN PARAMETERS OF DIFFERENT LAYERS BELOW GROUND LEVEL

APPENDIX - A

PROJECT: Reconstruction of Dilapidated Slum Tenements (G+5 Floors) at Cox Colony Tenemental Scheme in Corporation Division 63, Zone V of Greater Chennai Corporation.

BH No: 3 GWT (m):| 2.50 Variation of SPT 'N' Value with respect to Depth
e Design Shear -
£ Strength SPT 'N' Value
= o o = Parameters 0 50 100 150 200
E 2 o | E uf 0 ‘
- = 2| 2 = =
o : S | = 2 |3 =
S f Description / Classification of Soil and Rock / => %‘ L K2 e
2 > Weathering Grade of Rock as per IS 4464 = S 8 £ . S ® 4
r= > % Q -..u:' 5 g § o
g | £ SIE|l g |8%| %58
3 g e 8
2|5 |z
100 | 2  |BrownSity Sand (SM-SP) 2 | 123| 8500 0 18 En
2.00 10  |Brown Silty Sand (SM-SP) 10 [ 169 12500 0 26 §
3.00 15 |Brown Silty Sand (SM-SP) 15 [ 182 15000 0 29 16
4.00 12 |Brown Sand (SP) 12 [ 17.5] 13500 0 28
5.00 9  [Greyish Silty / Clayey Sand (SC) 9 |16.5| 7680 14 22 20
6.00 6  |Greyish Silty / Clayey Sand (SC) 6 |[153| 6720 9 20
7.50 15 |Brownish Grey Silty Sand (SM-SP) 15 | 18.2 15000 0 29 24
9.00 10 |Greyish Silty / Clayey Sand (CH) 10 | 16.9| 8000 63 0
10.50 23 |Greyish Brown Silty Sand (SM-SP) 23 | 19.8| 19000 0 33
12.00 24 |Greyish Silty / Clayey Sand (SC) 24 |1 20.0| 12480 36 31
13.50 27  |Brownish Grey Silty / Clayey Sand (SC) 27 | 204 | 13440 41 32
15.00 28  |Brownish Grey Silty / Clayey Sand (SC) 28 | 206 | 13760 42 33
16.50 30 |Brownish Grey Silty / Clayey Sand (SC) 30 [209| 14400 45 33
18.00 | >100 |Brown Silty Sand (SM-SP) 80 | 220| 47500 0 42
19.50 | >100 |Greyish Brown Weathered Gneiss (Grade V) 150 | 26.6 | 197500 0 44
21.00 | >100 [Greyish Brown Weathered Gneiss (Grade V) 150 | 26.7 | 197500 0 44
2250 | >100 |Greyish Brown Weathered Gneiss (Grade V) 150 | 26.9 [ 197500 0 44
24.00 [ >100 |Brownish Grey Weathered Gneiss (Grade Il 200 | 27.2| 250000 0 44




Annexure - 2 (DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911:2010)

LOAD-CARRYING CAPACITY OF PILES — STATIC ANALYSIS - 18 2911 : 2010

PILES IN GRANULAR SOILS

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

Q,=4,(2DYN, +F,N_)+3%_ KB, tanS .4,

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 = Dbearing capacity factors depending upon

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

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

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

positive skin friction:

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

P

Di

A_. = surface area of pile shaft in the 7ith layer,

layer, in kKN/m?;

ey
I

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 wvalues 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 ¢ < 30°
and increasing to 20 times for ¢ = 407

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

angle of wall friction between pile and
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Annexure - 2 (DETERMINATION OF PILE CARRYING CAPACITY AS PER IS 2911:2010)

PILES IN COHESIVE SOILS

The ultimate load capacity (Qu} of piles, in kN, in
cohesive soils is given by the following formula:

Qu = ‘4}1 Nccp + E::laiCiAsi
The first term gives the end-bearing resistance and
the second term gives the skin friction resistance.

where

A

si

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.

= cross-sectional area of pile tip, in m?;
= bearing capacity factor, may be taken

as 9;
average cohesion at pile tip, in kN/m?;

= summation for layers 1 to n in which the

pile is installed and which contribute to
positive skin friction:

adhesion factor for the ith layer
depending on the consistency of soil,
(see Note);

average cohesion for the ith layer, in
kN/m?; and

surface area of pile shaft in the ith layer.
in m?.

Table 1 Side Friction for Different Types of Soil

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:

deo 4 +q,
g, = 2
2
where
q., = average static cone resistance over a depth
of 2D below the pile tip, in kKN/m?;
g., = minimum static cone resistance over the
same 2D below the pile tip, in kN/m?;
q., = average of the envelope of minimum static

cone resistance values over the length of
pile of 8D above the pile tip, in kN/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

sl Type of Soeil Local Side Friction, f]
No. kN/m?*

(1) (2) 3)

i) g, less than 1 000 kN/m’ g/30 < f <g/10
11) Clay q/25 < f <2q/25
i11)  Silty clay and silty sand qLIIOUé j; < qLIZS
iv) Sand g /100< f < q/50
v) Coarse sand and gravel g/100< f < g/150

g. = cone resistance, in kKN/m’.

= | 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
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Annexure - 2 (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 (cNc + PpNg + 0.5yDN,) + FAsi(aici + KPpitan®) A - Surface Area of Pile at respective soil layers, m?
Where, fof - Adhesion factor
Qu - Ultimate Pile Capacity, kN c - Cohesion value of soil at respective soil layers, kN/m?2
Ap - Cross Sectional Area of Pile, m2 Ki - Co-efficient of earth pressure at respective soll layers
Ci - Cohesion value of soil at pile base, kN/m? Poi - Effective overburden pressure at respective soil layers, kN/m?
P - Effective overburden pressure at pile base , kN/m?2 ¢ - Friction angle, degrees
Yy - Unit weight of soil, kN/m3 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:
5~ a:78 NS
0O = N, .F+ Ol Cpyo- F_ = factor of safety usually taken as 3:
E : s
s s o = 0.9 (recommended value):
where ¢, = average shear strength of rock in the
c,, = shear strength of rock below the base of .-sr_l)cket-ed length of pile. in kN/m* (see
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 . 2 L = socket length of pile. in m.
Resistance (t/m?)
Sand 6 Limiting End Bearing Resistance
Silt 6
t/m?) as per IS 2911
Clay 7 (Um) as p

Bored Piles Driven Piles
1000 - 1100 1500




Annexure - 2 (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 (Y,), kN/m?
Ground Water Table Depth (GWT), m
Bearing Capacity Factor (N)

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 (q,), kN/m? using 'c' and '¢'
End Bearing Resisrtnce of Pile (q,), kN/m? using 'N' values
Limiting End Bearing Resisrtnce of Pile (qp), kN/m?
Ultimate End Bearing Capacity of Pile (Qp), kN using 'c' and '¢' values
Ultimate End Bearing Capacity of Pile (Q,

Safe End Bearing Capacity of Pile (Q,), kN using 'c' and '¢' values
Safe End Bearing Capacity of Pile (Q,)
Ultimate Frictional Capacity of Pile (Q,)
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,y), kN using 'N' values

Safe Frictional Capacity of Pile (Q,), kN using 'c' and '¢' values
Safe Frictional Capacity of Pile (Q,), kN using 'N' values

Self Weight of Pile (W), kN

Safe Pile Carrying Capacity of Pile (Qgz), kN ('c" and '¢")

Safe Pile Carrying Capacity of Pile (Qguze), KN ('N' values )
Recommended Safe Pile Carrying Capacity of Pile (Qs.), kN
Safe Uplift Capacity of Pile (Q,,), kN using 'c' and '¢' values

), kN using 'N' values

, kN using 'N' values
, kN using 'c' and '¢' values

25.00 m
44.00
0.00 kN/m?
17.90 kN/m?
0.00 m
9.00
300.00
224,63
2.50
450 500
9 10
6798  79.38
21297.22  24817.74
60000.00  60000.00
10000.00  10000.00
1590.43  1963.50
1590.43  1963.50
636.17  785.40
636.17  785.40
180212 2002.36
148440  1649.34
3974 4415
117.81  130.90
68111  756.79
47595  528.83
9940 12272
1317 1542
1112 1314
1215 1428
660 746

From Existing Borehole Level

Submerged Condition

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

600
12

90.55
28371.29
60000.00
10000.00

2827.43
2827.43
1130.97
1130.97
2402.83
1979.20
52.99
157.08
908.15
634.60
176.71

2039

1766

1902

925

700
14

101.58
31879.83
60000.00
10000.00

3848.45
3848.45
1539.38
1539.38
2803.30
2309.07
61.82
183.26
1059.50
740.37
240.53
2599
2280
2439
1113

900
18
143.95
44994 43
60000.00
10000.00
6361.73
6361.73
254469
254469
3604.25
2968.81
79.48
235.62
1362.22
951.90
397.61
3907
3497
3702
1520
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Annexure - 2 (Determination of Pile Carrying Capacity as Per IS 2911:2010)

Depth Yeup'
Soil Description Hi(m) | '¢'kN/m?| "¢ | "Y' kN/m® Ppi (kN/m?)| ‘o 'K | N'Value
(m) kN/m’®
1.00 |Brown Silty Sand (SM-SP) 1.00 0 27 17.20 7.20 7.20 0.00 1.00 1
2.00 |Brown Silty Sand (SM-SP) 1.00 0 31 18.90 8.90 15.25 0.00 1.00 18
3.00 |Brown Silty Sand (SM-SP) 1.00 0 32 19.50 9.50 24.45 0.00 1.00 21
4.00 |Brown Silty Sand (SM-SP) 1.00 0 28 17.70 7.70 33.05 0.00 1.00 13
5.00 |Brown Silty Sand (SM-SP) 1.00 0 25 16.10 6.10 39.95 0.00 1.00 8
6.00 |Greyish Brown Sand (SP) 1.50 0 25 15.70 5.70 47.28 0.00 1.00 7
7.50 |Greyish Brown Silty Sand (SM-SP) 1.50 0 27 17.20 7.20 56.95 0.00 1.00 1
9.00 |Greyish Silty / Clayey Sand (SC) 1.50 18 24 17.50 7.50 67.98 0.30 1.00 12
10.50 |Greyish Silty Sand (SM-SP) 1.50 0 28 17.70 7.70 79.38 0.00 1.00 13
12.00 [Brownish Grey Silty Sand (SM-SP) 1.50 0 27 17.20 7.20 90.55 0.00 1.00 1
13.50 [Brownish Grey Silty / Clayey Sand (SC) 1.50 18 24 17.50 7.50 101.58 0.30 1.00 12
15.00 |Greyish Silty / Clayey Sand (SC) 1.50 24 27 18.50 8.50 113.58 0.30 1.00 16
16.50 |Greyish Brown Silty Sand (SM-SP) 1.50 0 40 22.00 12.00 128.95 0.00 1.00 44
18.00 |Brown Weathered Sediments (Grade VI) 1.00 0 44 22.00 12.00 143.95 0.00 1.00 100
19.00 |Brown Weathered Sediments (Grade VI) 2.00 0 44 22.00 12.00 161.95 0.00 1.00 100
21.00 [Brown Weathered Sediments (Grade VI) 1.00 0 44 22.00 12.00 179.95 0.00 1.00 100
22.00 (Brown Weathered Sediments (Grade VI) 1.00 0 44 22.00 12.00 191.95 0.00 1.00 100
23.00 [Brown Weathered Sediments (Grade VI) 1.39 0 44 22.00 12.00 206.29 0.00 1.00 100
24.39 [Greyish Brown Weathered Gneiss (Grade V) 1.50 0 45 26.50 16.50 227.01 0.00 1.00 150
25.89 [Greyish Brown Weathered Gneiss (Grade V) 1.41 0 45 27.90 17.90 252.00 0.00 1.00 150
27.30 [Greyish Brown Weathered Gneiss (Grade V) 1.20 0 45 28.01 18.01 27543 0.00 1.00 150
28.50 |Greyish Brown Weathered Gneiss (Grade IlI) 1.50 0 45 28.13 18.13 228.23 0.00 1.00 200

A-2-BH 1



Annexure - 2 (Determination of Pile Carrying Capacity as Per IS 2911:2010)

Ultimate Frictional Capacity, kN using 'c' and '’ values Ultimate Frictional Capacity, kN using 'N' values
D:::h Soil Description gs (kN/m?) | 450 mm | 500 mm | 600 mm | 700 mm | 900 mm (qu/:nz) 450 mm | 500 mm | 600 mm | 700 mm | 900 mm
1.00  |Brown Silty Sand (SM-SP) 3.67 5.19 5.76 6.92 8.07 10.37 18.33 | 2592 | 28.80 | 3456 | 40.32 51.84
2.00 [Brown Silty Sand (SM-SP) 9.16 12.95 14.39 1727 | 20.15 2591 30.00 | 42.41 4712 | 56.55 | 65.97 84.82
3.00 [Brown Silty Sand (SM-SP) 15.28 2160 | 24.00 | 2880 | 33.60 43.20 35.00 | 4948 | 5498 | 6597 | 76.97 98.96
4.00 (Brown Silty Sand (SM-SP) 17.57 2484 | 2760 | 3312 | 3865 49.69 2167 | 30.63 | 34.03 | 40.84 | 47.65 61.26
5.00 [Brown Silty Sand (SM-SP) 18.63 26.34 | 29.26 | 35.11 40.97 52.67 13.33 1885 | 2094 | 2513 | 29.32 37.70
6.00 [Greyish Brown Sand (SP) 22.04 46.75 | 51.94 | 6233 | 7272 93.49 1167 | 2474 | 2749 | 3299 | 3848 49.48
7.50 |Greyish Brown Silty Sand (SM-SP) 29.02 6153 | 68.37 | 82.04 | 9572 123.07 18.33 | 38.88 | 43.20 | 51.84 | 6048 77.75
9.00 [Greyish Silty / Clayey Sand (SC) 35.66 75.63 | 84.03 | 100.84 | 117.65 | 151.26 | 20.00 | 42.41 4712 | 56.55 | 65.97 84.82
10.50 |Greyish Silty Sand (SM-SP) 42.20 89.50 | 9944 | 119.33 | 139.22 [ 179.00 | 2167 | 4595 | 51.05 | 6126 | 7147 91.89
12.00 |Brownish Grey Silty Sand (SM-SP) 46.14 97.84 | 108.71 | 13045 | 15219 | 195.68 18.33 | 38.88 | 43.20 | 51.84 | 6048 77.75
13.50  [Brownish Grey Silty / Clayey Sand (SC) 50.62 107.35 | 119.28 | 143.14 | 166.99 | 21470 | 20.00 | 42.41 4712 | 56.55 | 65.97 84.82
15.00 |Greyish Silty / Clayey Sand (SC) 65.07 12723 | 141.37 | 169.65 | 197.92 | 25447 | 2667 | 5655 | 62.83 | 7540 | 87.96 113.10
16.50 |Greyish Brown Silty Sand (SM-SP) 108.20 | 127.23 | 141.37 | 169.65 | 197.92 | 25447 73.33 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47
18.00 |Brown Weathered Sediments (Grade V1) 139.01 84.82 | 9425 | 113.10 | 131.95 | 169.65 | 166.67 | 84.82 9425 | 113.10 | 131.95 169.65
19.00 [Brown Weathered Sediments (Grade VI) 156.39 | 169.65 | 188.50 | 226.19 | 263.89 | 339.29 | 166.67 | 169.65 | 188.50 | 226.19 | 263.89 | 339.29
21.00 |Brown Weathered Sediments (Grade Vi) 173.78 84.82 | 9425 | 113.10 | 131.95 | 169.65 | 166.67 | 84.82 9425 | 113.10 | 131.95 169.65
22.00 |Brown Weathered Sediments (Grade V) 185.36 84.82 | 9425 | 11310 | 13195 | 169.65 | 166.67 | 84.82 9425 | 113.10 | 131.95 169.65
23.00 |Brown Weathered Sediments (Grade Vi) 199.21 | 117.90 | 131.00 | 157.21 | 183.41 | 23581 | 166.67 | 117.90 | 131.00 | 157.21 | 183.41 235.81
24.39 |Greyish Brown Weathered Gneiss (Grade V) 227.01 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 250.00 | 127.23 | 141.37 | 169.65 | 197.92 | 25447
25.89 |Greyish Brown Weathered Gneiss (Grade V) 252.00 | 119.60 | 132.89 | 159.47 | 186.05 | 239.20 | 250.00 | 119.60 | 132.89 | 159.47 | 186.05 | 239.20
27.30 |Greyish Brown Weathered Gneiss (Grade V) 27543 | 101.79 | 113.10 | 13572 | 158.34 | 203.58 | 250.00 | 101.79 | 113.10 | 135.72 | 158.34 | 203.58
28.50 |Greyish Brown Weathered Gneiss (Grade Ill) 228.23 | 127.23 | 141.37 | 169.65 | 197.92 | 25447 | 333.33 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47
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Annexure - 2 (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 (Y,), kN/m?

Ground Water Table Depth (GWT), m

Bearing Capacity Factor (N)

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 (q,), kN/m? using 'c' and '¢'

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

Ultimate End Bearing Capacity of Pile (Q,), kN using 'c' and '¢' values
), kN using 'N' values
Safe End Bearing Capacity of Pile (Q,), kN using 'c' and '¢' values
Safe End Bearing Capacity of Pile (Qj), kN using 'N' values
Ultimate Frictional Capacity of Pile (Qj), 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,y), kN using 'N' values

Safe Frictional Capacity of Pile (Q,), kN using 'c' and '¢' values
Safe Frictional Capacity of Pile (Q,), kN using 'N' values

Self Weight of Pile (W), kN

Safe Pile Carrying Capacity of Pile (Qgz), kN ('c" and '¢")

Safe Pile Carrying Capacity of Pile (Qguze), KN ('N' values )
Recommended Safe Pile Carrying Capacity of Pile (Qs.), kN
Safe Uplift Capacity of Pile (Q,,), kN using 'c' and '¢' values

Qp
Ultimate End Bearing Capacity of Pile (Q,

23.00 m
44.00
0.00 kN/m?
17.90 kN/m?
0.00 m
9.00
300.00
224,63
2.50
450 500
9 10
5663  66.90
17892.22  21075.24
60000.00  60000.00
10000.00  10000.00
1590.43  1963.50
1590.43  1963.50
636.17  785.40
636.17  785.40
148456 1649.51
1360.70  1511.89
11.08 12.31
4477  49.74
58275 64750
49951 55501
9145  112.90
1219 1433
1136 1340
1177 1387
575 650

From Existing Borehole Level

Submerged Condition

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

600
12

79.73
25123.79
60000.00
10000.00

2827.43
2827.43
1130.97
1130.97
1979.42
1814.27
14.77
59.69
777.00
666.02

162.58

1908

1797

1852

808

700
14

91.13
28744.83
60000.00
10000.00

3848.45
3848.45
1539.38
1539.38
2309.32
2116.65
17.23
69.64
906.50
777.02
221.29

2446

2316

2381

974

900
18
138.60
43389.43
60000.00
10000.00
6361.73
6361.73
254469
254469
2969.13
2721.40
22.16
89.54
1165.49
999.03
365.80
3710
3544
3627
1333
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Annexure - 2 (Determination of Pile Carrying Capacity as Per IS 2911:2010)

Depth Yo
Soil Description Hi(m) | '¢'kN/m?| "¢ | "Y' kN/m® Ppi (kN/m?)| ‘o 'K | N'Value
(m) kN/m®
1.00 [Brown Sand (SP) 1.00 0 19 12.30 2.30 2.30 0.00 1.00 2
2.00 |Brown Sand (SP) 1.00 0 19 12.30 2.30 4.60 0.00 1.00 2
3.00 |Greyish Brown Silty Sand (SM-SP) 1.00 0 29 18.20 8.20 9.85 0.00 1.00 15
4.00 |Brown Silty Sand (SM-SP) 1.00 0 33 19.80 9.80 18.85 0.00 1.00 23
5.00 |Brown Sand (SP) 1.00 0 30 18.50 8.50 28.00 0.00 1.00 16
6.00 |Greyish Brown Silty Sand (SM-SP) 1.50 0 24 15.70 5.70 36.53 0.00 1.00 7
7.50 |Brownish Grey Silty Sand (SM-SP) 1.50 0 30 18.50 8.50 47.18 0.00 1.00 16
9.00 |Greyish Silty / Clayey Sand (CH) 1.50 25 0 14.10 410 56.63 0.80 1.00 4
10.50 [Brown Silty / Clayey Sand (SC) 1.50 33 30 19.60 9.60 66.90 0.30 1.00 22
12.00 [Brown Silty Sand (SM-SP) 1.50 0 27 17.50 7.50 79.73 0.00 1.00 12
13.50 [Brown Silty / Clayey Sand (SC) 1.50 20 25 17.70 7.70 91.13 0.30 1.00 13
15.00 [Brownish Grey Silty / Clayey Sand (SC) 1.50 39 32 20.30 10.30 104.63 0.30 1.00 26
16.50 |Whitish Grey Silty / Clayey Sand (SC) 1.50 53 35 21.50 11.50 120.98 0.30 1.00 35
18.00 [Brown Silty Sand (SM-SP) 1.50 0 42 22.00 12.00 138.60 0.00 1.00 80
19.50 [Brown Silty Sand (SM-SP) 1.50 0 42 22.00 12.00 156.60 0.00 1.00 80
21.00 [Greyish Brown Weathered Gneiss (Grade V) 1.50 0 44 27.60 17.60 178.80 0.00 1.00 150
22.50 [Greyish Brown Weathered Gneiss (Grade V) 1.50 0 44 27.90 17.90 205.43 0.00 1.00 150
24.00 |Greyish Brown Weathered Gneiss (Grade V) 1.50 0 44 28.40 18.40 232.65 0.00 1.00 150
25.50 [Greyish Brown Weathered Gneiss (Grade V) 1.50 0 44 28.51 18.51 232.73 0.00 1.00 200
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Annexure - 2 (Determination of Pile Carrying Capacity as Per IS 2911:2010)

Ultimate Frictional Capacity, kN using 'c' and '’ values Ultimate Frictional Capacity, kN using 'N' values
Depth Soil Description qs (kN/m?) | 450 mm | 500 mm | 600 mm | 700 mm | 900 mm d 5 | 450 mm | 500 mm | 600 mm | 700 mm | 900 mm
(m) (kN/m?®)
1.00  |Brown Sand (SP) 0.79 1.12 1.24 1.49 1.74 224 3.33 4.71 5.24 6.28 7.33 9.42
2.00 [Brown Sand (SP) 1.58 224 249 2.99 3.48 4.48 3.33 4.71 5.24 6.28 7.33 9.42
3.00 |Greyish Brown Silty Sand (SM-SP) 5.46 7.72 8.58 10.29 12.01 15.44 2500 | 3534 | 39.27 | 4712 | 54.98 70.69
4.00 (Brown Silty Sand (SM-SP) 12.24 17.31 19.23 | 23.07 | 26.92 34.61 38.33 | 54.19 | 60.21 7226 | 84.30 108.38
5.00 |Brown Sand (SP) 16.17 2285 | 2539 | 3047 | 3555 45.71 2667 | 37.70 | 4189 | 5027 | 58.64 75.40
6.00 |Greyish Brown Silty Sand (SM-SP) 16.26 3448 | 3832 | 4598 | 53.64 68.97 1167 | 2474 | 2749 | 3299 | 3848 49.48
7.50  |Brownish Grey Silty Sand (SM-SP) 27.24 57.76 | 64.17 | 77.01 89.84 115.51 26.67 | 56.55 | 6283 | 7540 | 87.96 113.10
9.00 |[Greyish Silty / Clayey Sand (CH) 20.00 42.41 4712 56.55 | 65.97 84.82 20.00 | 42.41 4712 | 56.55 | 65.97 84.82
10.50 [Brown Silty / Clayey Sand (SC) 48.52 102.90 | 114.33 | 137.20 | 160.07 | 205.80 36.67 | 77.75 | 86.39 | 103.67 | 120.95 155.51
12.00 |Brown Silty Sand (SM-SP) 40.62 86.14 | 95.71 | 114.86 | 134.00 | 172.28 | 20.00 | 42.41 4712 | 56.55 | 65.97 84.82
13.50  [Brown Silty / Clayey Sand (SC) 48.49 102.83 | 114.26 | 137.11 | 159.96 | 20566 | 2167 | 4595 | 51.05 | 6126 | 7147 91.89
15.00 |Brownish Grey Silty / Clayey Sand (SC) 77.08 12723 | 141.37 | 169.65 | 197.92 | 25447 | 4333 | 9189 | 10210 | 12252 | 142.94 183.78
16.50 [Whitish Grey Silty / Clayey Sand (SC) 100.61 | 127.23 | 141.37 | 169.65 | 197.92 | 25447 58.33 | 123.70 | 137.44 | 164.93 | 19242 | 24740
18.00 (Brown Silty Sand (SM-SP) 12480 | 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 Silty Sand (SM-SP) 141.00 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 133.33 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47
21.00 |Greyish Brown Weathered Gneiss (Grade V) 172.67 | 12723 | 141.37 | 169.65 | 197.92 | 254.47 | 250.00 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47
2250 |Greyish Brown Weathered Gneiss (Grade V) 198.38 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 250.00 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47
24.00 |Greyish Brown Weathered Gneiss (Grade V) 22467 | 127.23 | 141.37 | 169.65 | 197.92 | 25447 | 250.00 | 127.23 | 141.37 | 169.65 | 197.92 | 25447
25.50 |Greyish Brown Weathered Gneiss (Grade V) 22475 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 333.33 | 127.23 | 141.37 | 169.65 | 197.92 | 25447
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Annexure - 2 (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 (Y,), kN/m?
Ground Water Table Depth (GWT), m
Bearing Capacity Factor (N)

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 (q,), kN/m? using 'c' and '¢'

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

Limiting End Bearing Resisrtnce of Pile (qp), 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 (Q,), kN using 'c' and '¢' values
Safe End Bearing Capacity of Pile (Q,)
Ultimate Frictional Capacity of Pile (Q,)
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,y), kN using 'N' values

Safe Frictional Capacity of Pile (Q,), kN using 'c' and '¢' values
Safe Frictional Capacity of Pile (Q,), kN using 'N' values

Self Weight of Pile (W), kN

Safe Pile Carrying Capacity of Pile (Qgz), kN ('c" and '¢")

Safe Pile Carrying Capacity of Pile (Qguze), KN ('N' values )
Recommended Safe Pile Carrying Capacity of Pile (Qs.), kN
Safe Uplift Capacity of Pile (Q,,), kN using 'c' and '¢' values

Q
Q

, kN using 'N' values
, kN using 'c' and '¢' values

23.00 m
44.00
0.00 kN/m?
16.90 kN/m?
0.00 m
9.00
300.00
224,63
2.50
450 500
9 10
5798 7050
18246.67 22099.08
60000.00  60000.00
10000.00  10000.00
1590.43  1963.50
1590.43  1963.50
636.17  785.40
636.17  785.40
1457.22  1619.14
133243 1480.48
17.14 19.04
6362  70.69
56575  628.61
469.35 52150
9145  112.90
1202 1414
1106 1307
1154 1360
560 634

From Existing Borehole Level

Submerged Condition

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

600
12

85.35
26743.90
60000.00
10000.00

2827.43
2827.43
1130.97
1130.97
1942.96
1776.57
22.85
84.82
754.33
625.81
162.58

1885

1757

1821

787

700
14

100.65
31523.71
60000.00
10000.00

3848.45
3848.45
1539.38
1539.38
2266.79
2072.67

26.66

98.96

880.06

730.11

221.29

2419
2269
2344
950

900
18
149.70
46618.35
60000.00
10000.00
6361.73
6361.73
254469
254469
2914.44
2664.86
34.28
127.23
1131.50
938.71
365.80
3676
3483
3580
1303
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Annexure - 2 (Determination of Pile Carrying Capacity as Per IS 2911:2010)

Depth Yo
Soil Description Hi(m) | '¢'kN/m?| "¢ | "Y' kN/m® Ppi (kN/m?)| ‘o 'K | N'Value
(m) kN/m®
1.00 |Brown Silty Sand (SM-SP) 1.00 0 18 12.30 2.30 2.30 0.00 1.00 2
2.00 |Brown Silty Sand (SM-SP) 1.00 0 26 16.90 6.90 6.90 0.00 1.00 10
3.00 |Brown Silty Sand (SM-SP) 1.00 0 29 18.20 8.20 14.45 0.00 1.00 15
4.00 |Brown Sand (SP) 1.00 0 28 17.50 7.50 22.30 0.00 1.00 12
5.00 |Greyish Silty / Clayey Sand (SC) 1.00 14 22 16.50 6.50 29.30 0.30 1.00 9
6.00 |Greyish Silty / Clayey Sand (SC) 1.50 9 20 15.30 5.30 36.53 0.30 1.00 6
7.50 |Brownish Grey Silty Sand (SM-SP) 1.50 0 29 18.20 8.20 46.65 0.00 1.00 15
9.00 |Greyish Silty / Clayey Sand (CH) 1.50 63 0 16.90 6.90 57.98 0.65 1.00 10
10.50 [Greyish Brown Silty Sand (SM-SP) 1.50 0 33 19.80 9.80 70.50 0.00 1.00 23
12.00 |Greyish Silty / Clayey Sand (SC) 1.50 36 31 20.00 10.00 85.35 0.30 1.00 24
13.50 [Brownish Grey Silty / Clayey Sand (SC) 1.50 41 32 20.40 10.40 100.65 0.30 1.00 27
15.00 [Brownish Grey Silty / Clayey Sand (SC) 1.50 42 33 20.60 10.60 116.40 0.30 1.00 28
16.50 |Brownish Grey Silty / Clayey Sand (SC) 1.50 45 33 20.90 10.90 132.53 0.30 1.00 30
18.00 [Brown Silty Sand (SM-SP) 1.50 0 42 22.00 12.00 149.70 0.00 1.00 80
19.50 |Greyish Brown Weathered Gneiss (Grade V) 1.50 0 44 26.60 16.60 171.15 0.00 1.00 150
21.00 [Greyish Brown Weathered Gneiss (Grade V) 1.50 0 44 26.70 16.70 196.13 0.00 1.00 150
22.50 [Greyish Brown Weathered Gneiss (Grade V) 1.50 0 44 26.90 16.90 221.33 0.00 1.00 150
24.00 |Brownish Grey Weathered Gneiss (Grade IIl) 1.50 0 44 27.16 17.16 196.47 0.00 1.00 200
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Annexure - 2 (Determination of Pile Carrying Capacity as Per IS 2911:2010)

Ultimate Frictional Capacity, kN using 'c' and '’ values Ultimate Frictional Capacity, kN using 'N' values
D:::h Soil Description gs (kN/m?) | 450 mm | 500 mm | 600 mm | 700 mm | 900 mm (qu/:nz) 450 mm | 500 mm | 600 mm | 700 mm | 900 mm
1.00  |Brown Silty Sand (SM-SP) 0.75 1.06 1.17 1.41 1.64 2.11 3.33 4.71 5.24 6.28 7.33 9.42
2.00 [Brown Silty Sand (SM-SP) 3.37 4.76 5.29 6.34 7.40 9.52 16.67 | 2356 | 26.18 | 3142 | 36.65 47.12
3.00 [Brown Silty Sand (SM-SP) 8.01 11.32 12.58 15.10 17.61 22.65 2500 | 3534 | 39.27 | 4712 | 54.98 70.69
4.00 |Brown Sand (SP) 11.86 16.76 1863 | 2235 | 26.08 33.53 20.00 | 28.27 | 3142 | 3770 | 43.98 56.55
5.00 |Greyish Silty / Clayey Sand (SC) 16.04 2267 | 2519 | 3023 | 3527 45.35 15.00 | 21.21 2356 | 28.27 | 3299 42.41
6.00 [Greyish Silty / Clayey Sand (SC) 15.99 33.92 | 3769 | 4522 | 5276 67.83 10.00 | 21.21 2356 | 28.27 | 3299 42.41
7.50  |Brownish Grey Silty Sand (SM-SP) 25.86 5483 | 6093 | 73.11 85.30 109.67 | 25.00 | 53.01 58.90 | 70.69 | 8247 106.03
9.00 |[Greyish Silty / Clayey Sand (CH) 40.95 86.84 | 9649 | 115.78 | 135.08 | 173.68 50.00 | 106.03 | 117.81 | 141.37 | 164.93 | 212.06
10.50 |Greyish Brown Silty Sand (SM-SP) 45.78 97.09 | 107.87 | 129.45 | 151.02 | 194.17 38.33 | 8129 | 90.32 | 108.38 | 126.45 162.58
12.00 |Greyish Silty / Clayey Sand (SC) 62.08 12723 | 141.37 | 169.65 | 197.92 | 25447 | 40.00 | 84.82 9425 | 113.10 | 131.95 169.65
13.50  [Brownish Grey Silty / Clayey Sand (SC) 75.19 127.23 | 141.37 | 169.65 | 197.92 | 25447 | 4500 | 9543 | 106.03 | 127.23 | 148.44 190.85
15.00 |Brownish Grey Silty / Clayey Sand (SC) 88.19 12723 | 141.37 | 169.65 | 197.92 | 25447 | 46.67 | 98.96 | 109.96 | 131.95 | 153.94 197.92
16.50  [Brownish Grey Silty / Clayey Sand (SC) 99.56 127.23 | 141.37 | 169.65 | 197.92 | 25447 50.00 | 106.03 | 117.81 | 141.37 | 164.93 | 212.06
18.00 (Brown Silty Sand (SM-SP) 134.79 | 12723 | 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 Gneiss (Grade V) 165.28 | 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 Brown Weathered Gneiss (Grade V) 189.40 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 250.00 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47
2250 |Greyish Brown Weathered Gneiss (Grade V) 213.73 | 127.23 | 141.37 | 169.65 | 197.92 | 25447 | 250.00 | 127.23 | 141.37 | 169.65 | 197.92 | 25447
24.00 |Brownish Grey Weathered Gneiss (Grade Ill) 189.73 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47 | 333.33 | 127.23 | 141.37 | 169.65 | 197.92 | 254.47

A-2-BH 1



Annexure - 2 (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
Type of Fixity
Cantilever Length above Ground Level (e), m

Allowable Deflection as per IS 2911 Part 4 : 1985, Page No. 10 in mm

Modulus of Subgrade Reaction of Soil (n,)
Grade of Concrete

Young's Modulus of Pile Materia (E), kN/m?
Diametr of Pile (D), mm

Moment of Inertia of Pile Section (1), m*

Stiffness Factor, (T)
Criteria for Behaviour of Pile as per Table 5 of IS 2911 Part | Sec. 2

(e/R)

(24T) from Fig.4 of IS 2911 Part 1 Sec.2

Depth of Fixity (Z¢), m

Allowable Deflection as per IS 2911 Part 4 : 1985, Page No. 10 in mm
Lateral Load Capacity of Pile (H), kN

24.00 m

Fixed Head by Pile Cap

0.00 m

5.00 mm '
1200.00 kN/m’

30.00 N/mm?
27386127.88 kN/m?

450
0.00201
215
Long Pile
0.00
1.90

4.09
5.00
48.30

500
0.00307
2.34
Long Pile
0.00
1.90

4.44
5.00
57.60

From Existing Borehole Level

Point of appilcation of Lateral Load (Assumed)

From Table 3 of IS 2911 Part 1 Sec. 2

M 30

600
0.00636
2.71
Long Pile
0.00
1.90

5.14
5.00
77.00

700
0.01179
3.06
Long Pile
0.00
1.90

5.82
5.00
98.20

900
0.03221
3.74
Long Pile
0.00
1.90

71
5.00
147.20
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