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The wark of sub-sail exploration for the Proposed Housing Complex at Moyzg - Amrala, P8 .
Bishmupe, Block . Bishmupur -2 11 -73, Khattan No 923 RS Dag No. - Par af ¥38 830
&40 844 842 843 At of 546, under | B Dag No, - 1847, 1848 1840 1850 I8S2, Par (1
{1846, P.O - K anvanagar, P Y - Bishnupur. under Chamedi Gran Panchyer, Div - 34 Fgs %)
(PH - 28} (BHS$ 1o BH 12 way Twarded 1o M/S GEQTEST ENGINEERS FVT. LTD of 64,
Milan FPark Kalfkata - 7op 0834 By the eliany SRIAN STap REALTY [1p The sub-sajf
imvestigation purpose for the proposed buildings at the aforesald vite way (o determine the suh.

2. SCOPE OF INVESTIGA Tfony

fn an QHEmp for optimization in the design o ffovindetions for the Proposed buildings ap this » ife,
Beotechnical investigation Programme had been diviged mainly inte fwa parts, ltke, field works
part unfuriing the sub-surfice deposit types and their states W occurrences f-sity arred
laboratory teyes Part which would help i deterntine the relevam Physical and the Seatecimical
Properties of the sub-surface depasiy leadling fe finalization af forndarion Dpe and foundation
design bearing cdpacity with particular reference to the Sub-surface depasic npes and their
Srength parameters gnd Settlement potentials in “¥itn. The seope ix Surimarized as folfows: .

@l Sinking 8 (Eight) numbers, {50 mm dia, exploratory troreholey, 5 (F el with termingrion
depths of abou 2000 m. below EG . each and remdaining 3 ithree) wiik that of abou
10.00 m, below £ G 1. each at prefived location ar the Fite, The borehole numbers, depths
& locations were Sinalized & feed by the Client For location of the exploratory
boreholes please refer Borehale Location Plan af the Anvexipe of thiy repury,

B Collection of representative 100 pym data, wndisturbed soil samples as per the Provisiony
as laid down fn 18- 2137 (1988) a5 well ax FEIrEReniative disturbed sail SCOmes S phre
exploratory borehgles for carrving ow deraited laboratory anafysiv which wouly help
adapiion of strength, sertlement qrd URer relevant parameters of the sub-surtace deposiys
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fe)  Carrving out standard penclration lests as per the provisions laid down in IS: 213]
(1981) in all the borehples and subseguently maintaining penetration chart, depth-wise,
upto the test depih in all the exploratory horeholes at this site.

Surface deposits and subsequenly to finalize Ve and thereafier for design af foundation Jor the
proposed butldings to be co nsfructed ar this site under Investigation.

are_firnished bejow

Rig
The entire Sreldwork was dane by deploving single mmmber af rig.

Boring
Boring through the soil was carried out by Shell & Auger boring technique wpto their
lermination depths below E.G I in all the boreholes by Mechanically FPower-Driven Winch, by

Representative Sampie

Represeniative famples were collecied from auper, SPT fampler and cutting shoe of
undisturbed sampiing assembly. This we done to maintain g continuous record of stratg
ehcountered, The samples were labeled and Placed in girtight Polythene bags ang shifted to the
.raa.':raram:j.- Jor testing and classification,
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.4 Ml fon Test (S.P

This test was conducted at the boring points at suitable intervals, The mumber af blows reguired

for last 30.00 cm penetration aof split spoon sampler out of a total peneiration of 45.00 co driven
. by a 63.50 ke hammer falling freely through a height of 75.00 em was recorded as N values,

The sample from splis fpean were collected after each test and were labeled and piaced in air-

tight polythene bags before sending to the laboratory for identification and testing, The past

procedure was performed to IS: 2131 (1981} (Reaffirmed 1987). The Splir Spoon Sampler was ax

per LS. 9640: 1980 (Reqffirmed 1 987),

3.3 Undisturbed Samples

Undisturbed sampies were collected as per 182132 (1986) by means of a two-tier 100.00 mm
LD apen driven sampling assembly having area rasio of 15%. The sampling assembly (as per
L5 11594: 1985) was driven 1o the required depth manually with the help of jarving link

Samples collected in the lower fube were refained labeled and waxed at both ends before
sending it to the laboratory,

36  Stan arer Levef
Standing water level observation was made during boring in all the boreholes after 24 hours of
completion of bareholes.
During the period of field work from 29.01.2018 ta 06.02.2018, the standing water level were
recorded and have been presented in Tabular form in the next page:
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For proper identification and classification of the sub-surface deposits and Jor deriving adequate

informations regarding irs relevant physical and the geatechnical properties at the site under

iavestigation, most or all of the following laboratary tests pertaining to the actual soil types,
accurring ai this site, were conducred on the representative soil samples, collecred from all the
exploratory boreholes,

fa) Grain size analysis,

(0 Hydrometer analysis for cohesive soil Samples,

(B Liguid limit ard plasiic fimit for cohesive soil samiples,

(e} Specific Gravity,

(d}  Natural moisture content

(e) Natural density and dry density,

(! Unconfined compression tests on undisturbed cohesive soil samples.

(&) Triaxial shear tests in unconsolidated Undrained condition on cohesive soil sampleg for
determination of strength parameter values like, cohesion, C., and angle of infernal
Jriction, g,

(h}  Triavial shear tests in consolidated drained condition on granular soil samples Sor

determination of Strength parameter values like, angle of internal Sriction, @,

(i) Direct shear tests on granular soil samples for determination aof strengih parameter value

like, angle of internal Sricrion, g,

i) Consolidation tests on cohesive soil samples for determination of settlement potentials.

k) Void ratio.

All or most of the abave-mentioned laboratory tests on the representative soil samples were

condueted as per the relevant provistons as laid down in the different sections of IS 2720

The result afier the relevant laboratory tests on the representative soll samples have been

presented in tabwlar form in ‘La horatory Test Resul Sheet ' af the end of this repors.
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5. SUBSOIL ST, ) onN

The sub-soil profile as revealed by all the boreholes is shown in ‘Sub-Sail Profile’ and in “Table
2' On the basis of extensive field and laboratory lests oR disturbed and undisturbed soil
specimens and on visual inspection, the classification of different strata and engineering
properties of soil are discussed below:

Stratim | Reclaimed top fill of seft grey silty elay with traces of prass roots and free

plants.
The extensic this layer in the Bo 5 : -
Measured with Res To E.G.L. (m)
Borehole Mark — s .
BHS *0.00 1.00
_BLHG ®0.0 0.7
BH7Y *0.00 2.70
B.I.& *0.00 1.20
BHY *0.06) 0.50
BH.ID *.00 1.60
BHII *0.00 1.00
BHI2 *0.00 0.70

*During fieldwork, EG.L. was about L.47 ., 1.58 mi, 1.65 oo, 168 m, 1.52 m., 1.72 1., 1.73

. 1.74 m. below D.H. Road level in B.H.5, B.H.6, B.H.7, B.H.§, B.H.9, B.H.I0, B.H.11,
B.H.12 respectively.

This layer consists of reclaimed top fill of very soft / saft grey silty clay with traces of grass roois
and tree plants. Field ‘N’ value of this layer is 03, which indicates its soft state of consistency.

L8 Classification = CH

Stratum Il Soft / firm brownish grey / grey silty elay / clayey silt with fraces of kankars and
rusty brown silf spots. (Absent in B.H.5, B.H.6 & B.H.8 only).
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aA) -
exiensi this la ¢ Borehales are as follows: -
Measured with Respect to E.G.L.
Rorehole Mark sl o
From To
BH7 R ] 2.50
BHY i 50 350
B.HIQ i .80 280
B.I.I 1.0 130
BHI2 @m0 270

This layer contains of soft / firm brownish grey / grey silty clay / clayey silt with traces of
kankars and rusty brown silt spois. Traces of conch shell were observed in B.H.12. Field ‘N
value af this layer is 03, Combining "N value and 'C" values, it is understood that this laver has

saft / firm state of consistency. The relevant engineering properties are mentioned herewith;

Field ‘N value

Bulk Density

Dry Density

Natural Moisture Content
Liguid Limit

Plastic Limit

Undrained Cohesion 'C’

Lindverined Cohexion 'C,"

Undrained angle of shear resistance '@’

specific Gravigy
Imitial void ratio ‘ey’

03

18.22 kNim 1o 18.43 kN
13.60 kEN/mi? to 1393 ENGw®
3225 % 3391 %

64 % to 65 %

23% 1024 %

26.07 kN/m to 28,12 kNinr®
{From U.C.8. Test)

27.89 kN/m®

{From Triaxial 71 Test)
i

(From Triaeial UL Test)
265 to 266

(.834 1o 0.898
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Cirain Size Analysis (Hydrometer Analysis):

Sand = (4 %
Sifr = §52% o 54%
Clay = 42 % fo 44 %

I8 Classification CH-MH

The follawing are the average coefficient of valume compressibility (my) values af this stratum:

Pressure Range in kg/cnt' iy [ m/RN)
0.00— 0,25 e
0.25 - 0.50 0.00044] i
.50~ 1.00 (.000324
1.00— 2.00 0.000220
2.00 - 4.00 0.000147
4.00 = 8.00 0.00097T

Stratum Il Very soft / soft grey silty clay with varying percentage of decomposed wood,
{traces to medium to high percentage).

The extensions of this layer in the Boreholes a ollows: -

Borehole Mark Measured with Respect to E.G.L. (m)
From To
e 2.60 12.20
B.H.6 770 TR
i =t 14.70
B.HGB T30 —
i 3.50 10,03
BH.10 — —
BHII 31.30 TOEE
B.H.I2 270 550

»s=Termination depths of the boreholes.
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This laver contains of very soft / soft grey silty clay with varying percentage af decomposed
wood Traces fo medium to high percentage of decomposed wood were observed in BHS BHG
B.H 9 Traces to medim percentage of decomposed wood were observed in BH.T, BH.ID,
B.H. 11, B.H 12 High percentage of peat was also observed at 200 m. & 2.50 m. in BHJ3 &
B.H 12 respectively. Medium percentage of decomposed wood was observed only at 15.30 m. in
B.HE Field 'N' value of this laver ranges from 02 to (13, indicating its very soft / soft state of

congistency. The relevant engineering praperties are mentioned herewith:

Field ‘N value = (2003
Bulk Density = ]5.22 kNim? 1o 18.01 kN/m’
Dry Density = 9.04 kKN/mt' to 13.52 kNim
Natural Moisture Conteni - 3321 %1039.25%/

wo5d 46 9% to "*193.54

Ligutc Lirmit = 3 % to 87 25./**03 2510 **103 %
Pilastic Limit = 21 %10 29 %/ **34 % 1o **36 %

Unidrained Cohesion 'C’ = [4.28 kNrm’ to 27.81 kNim’

(From ULC.S. Tesi)

Undrained Cohesion 'Cy’ = 16.24 kN/n? to 26.44 kN/nt®

iFrom Triaxial UF L Test)

Undrained angle of shear resistance '§ -
{(From Triaxial UL Test)
Specific Gravity = 24810 2.60

Imitial void ratio 'en” (1858 to 1.320

(Grain Size Analysis (Hyvdrometer Analysis):

Sand = 0 %o 03 %

Sile = J0%53%

Clay = 443484
L8 Classification = CH-0OH

“*High values due to presence of high percentage of decomposed wood in soil sample.
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The following are the average cogfficient of volume compressibility (my) values of this stratum.

Pressure Range in kgicm’ I m, { mEN)
0.00-0.23 0. 000663
0.25 - 0.50 + 0.00061 9
0,56 — 1.00 l 0.000435
[0 — 2.00 0.000299
2.00—4.00 {(.000203
4.00— 8.00 TER

Stratum [V Stiff 7 very stiff bluisk grey / grey silty clay with fraces of rusty brown silt spots &
kankars. {absent in B.H.10).

The nsions layer in & heles as follows: -
i oL
Borehole Mark Measured with Respect o £ ()
From To
BH3 12.00 17.00
BHT 1471 1850
BHS& 6.0 1820
BHI2 13 60 168.30

This layer contains stiff / very stiff bluish grey / grey silty clay with traces of rusty brown silt
spots & kankars, Field 'N' value of this layer ranges from U9 fo 19, indicating iis stiff / very siiff

state of consistency. The relevant engineering properties are mentionad herewith.

Field 'N* value = (Wt l¥

Bulk Density - 1843 kN/m to 19.56 kN/m’
Dry Dengity = 13.38 kN/m to 15.61 KN/
Narural Moisture Content = 2374 %10 3286 %
Liguid Limit = 2% lo 68 %

Plastic Limit = M) % to24d %

[ndrained Cohesion ‘C" = 4236 kN'm’ to 73,10 kN/m®

(From U.C.8. Test)
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Undrained Cohesion ‘Cy' _ 3560 KN/ to 96,11 kNim®
(From Tricxial UU. Test)

Undrained angle of shear resistance “da' -
{From Triaxial U.U. Test)
Specific Gravity = 26510 d72
= 0.645 10 0870

Tnirlal void ratio “en
Grain Size Analysis (Hydromeier Analysis):

Gravel =03 % to 06 %
Sand = 05% 1o 19 %
Sils = 34 %053 %
Clay = 40 %o 44%
1.8 Classification = CH
The following are the average coefficient af volume compressibility (my) values of this stratum:
Pressure Range in kg/cnt’ I -m._ﬁn":-ﬂ‘h';'
0.00 - 0.25 | 0. 000433
0.25 - 0.30 0.000363
0.50 - 1.00 f0.000263
1.00-2.00 0000184
2.00- 4.0 0.0001 20
.00 = 800 0000079

Stratum [VA  Stiff / very stifft mottled brown silty sandy clay with traces of mica. (Present in
B.H.5 & B.H.10).

The extensions of this layer in the Boreholes are as follows: -

Borehole Mark Measured with Respect to E.G.L. (m)
me To

B.H3 17.20 20.00
BHIG 14.60 19.50
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This laver contains stiff / very stiff mottled brawn stlry sandy clay with traces of mica. It is a c-0
spil layer, Field 'N' value of this layer ranges from 14 1o 19, indicating its stiff/ very stiff state of
congistency, The relevant grglneering propertics are mernitioned herewith.

Field ‘N” value = [dital¥
Bulk Density = 19,32 kN/m’ 10 19,82 kN/nr
Dry Density - 1532 kNm' to 16.1207 kNim®
Netrural Moisture Content - 2331 %10 2603 %
Liguid Limit = 5] %1054 %
Plastic Limit = ]9 % to 20 %
Undrained Cohesion 'Cu' = 7344 KN/n to 90.04 kN/m
(From Triaxial U/LL Test}
Lindrained angle of shear resistance '&' = 1t
(From Triacial U.U. Test)
Specific Gravity - 271ied72
Inittal void ratia ‘ea” = (.634 1o 0.703
Grain Size Analysis (Hyvdrometer Analysis):
Sand - 38 %10 30 %
Silt = J9% 1022 %
Clay = 40 % to 42 %
I8, Classification - SC
The following are the average coefficient of volume compressibility (my) values of this stratum.
" Pressure Range in hg/end® m. {’:Hze"h"'ﬂ
0.00 - 0.25 00419
0.25 - 0.30 0.000335
050 - 1.00 (L000259
1.00 - 2.00 0000177
2.00 - 2.00 (0.0004 18
4.00 - 8.00 000079
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Stratum V. Medium compact brown silty clayey sand /silty fine sand with traces of mica &
clay as binder.

Tie exiensio this layer in the Boreholes a s

Measured with Respect to EG.L. (m)
Borehole Mark

From To
BH3 20,06 w2045
BHT 1830 *20.05
B.HSE 18.20 w2045
B.HIU 19.50 **20.95
BHI2 i8 30 2005

*“Termination depths of the boreholes,

This layer contains medium compact broven silty clayey sand /silty fine sand with races of mica
d& clay as binder. Field ‘N value of this layer ranges from 18 to 27, indicating its very medium
degree of compactness. The relevant engineering properties are mentioned herewith, which may

not fotally representative of the entire stratum:

Fiefd "N value = &t 27
Bulk Densiny = 1845 kNim'
Diry Density - 1447 KN/m'
Narwral Moisture Corntent = X749 %
Ligenid Limit = MF
FPlastic Limit = NP
Crrain Size Analvsis (Hvdrometer Analysis);
Sernd = B35 %
il = 09 %
Clay = 26 %
I8 Classification = 8 -8M
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AVERAGE SUB-SOIL PROFILE
Range of 15
Average
Siratum Descripiion Field 'N' | Classification
Thickness
velue
Reclaimed top fill of soft grey silty clay with
J fraces of grass roots and tree planis. 053 m. & CH
Saft / firm brownish grey / grey silty elay /
clayey silt with traces of kankars and rusiy
i 1.33 m. 03 CH- MH
brown silf spots. (dbsent in BH.3, BH 6 &
B.H.8 anly).
11.86 m. d more
) than $.75 m., 6.55
Very saft / soft grey silty clay with varying
i f dde d wood, { mrRm i w0s | cu-on
percentage of decomposed wood, firaces to io -
" pei ) BHS BHY
FAEETL I aSrCe R
i e BHIT
respectively.
Stiff / very stiff bluish grey / grey silty clay
IV | with fraces of rusty brown silt spors & 530 m. 09 to |9 CH
kankars. fahsent in 8. H 10)
S S very siiff mottled brown silty sandy
VA | clay with truces of mica. {(Present in B.H. 5, 1.38 m, i410 19 SC
& B.H 100

Continued...
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TABLE - 2
AVERAGE SUB-SOIL PROFILE
Range of 5
Average . i . )
Stratum rescripiion _ Field "N Classificarion
Thickness
v e
More than
B4im., 1.55
m., 1.25m, 145
Medium compact brown silty cloey sand B .
. : I m, 1.75 m. in 181027 SC - SM
I Astley fine sand with traces of mica & clay as BALS BHT
e BHS BHID
B2
respectively
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(i G CAPACITY OF SHALLOW, FT EP DATIONS
6.1.1 j net bear. j shallow fo
Far computation of nel safe bearing capacity values for design of shallow foundations, nltimate
net bearing capacity formula as per "Code of Practice for Determination aof Bearing Capacity
of Shallow Foundations (First Revision}”, IS: 6403 (1981) will be used,
As per the clause 5.1.2 of IS 6403 (1981), the ultimate net bearing capacily af shallow
foundations in case of general shear failure,
ga = CuNoSetlcde + g(Ng = 1)Sydgiq + (L5ByNdy Siipw”
and the same in case of local shear failure,
gu = YBCN-Sedede + Ny — 1)Sedgly + 0.5ByNy dp Syipw”
where, No Ng Ny and N, Ng'\ Ny*  are the bearing capacity factors in case of general shear
and local shear faiture conditions respectively.
Se Sy and Sy are the shape factors.
d., dyand dy  are the depth factors.

ie ipand iy are the inclination factors.

B is the least dimension of the foundation in meire.

q is the effective surcharge ai the base level of “foundation in kN,
¥ is the bulk wnit weight of foundation soil in RN,

w' is the correction factor for location of warer lable.

in case of foundations resting on cohesive soils, as the rate of gradual building up of load
intensity at the foundation level will be more than the rate of dissipation of excess pore wafer
pressure from the cohesive soil due to low to very low range of co-efficient of permeability
values of the same, the computation of net safe bearing capacity values for foundations resting
on cohesive foundation medium will be governed by undrained analysis, i.e. $=0° analysis will
prevail.

Computation of nef safe bearing capacity values for shallow foundations resting on cohesive
stratum, at 1.30 m. depth below Avg EG.L (During the period of field work Avg. EG.L was
1.62 m. below D. H Road Level)(Based on data from BHS BH6 BH7 BHS BHSY
B H.11 & B.H.12) the following formula will be used,

fus = g/ F.OLS. = CulSeddcl / F.O.5.
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6.1.2 Foundation Settlement
predil til the By ¢ foll or
Immediate Settlement (S) = qu B (1 - ) Iy /E
Where, s - Net foundation pressure.
R = Width of footing.
H = Poisson's Ratio of soil.
E =  Modulus of Elasticity.
Iy = Influence Factor.
Corrected immediate settlement, S =5 C;
Where, C: = Demth correction factor as per FOX.
Consolidation 5 gil;

Assuming the influgnce zone for 20% stress comfour, uplo fwice the width of footing, the total
consolidation settlement is given by
S.=Emy APH  as per IS: 8009 (Part [)

Where, My = Coeffictent of volume change.
AP = Pressure increment af cenire of the layer.
H = Thickness of the siratum,

Corrected consolidation settlement, Se = 5:CeCe
Where, Ch = Pore Pressure corvection factor,

Ce = Depth correction facior as per FOX.
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FOUNDATION DESIGN MODEL

FOR SHALLOW FOUNDATION
DEPTH OF FOUNDATION = 1 50 M. BELOW AVG. EG.L.
D Idweork EG.L. w ut 1.62 m. below D.H. Road Level)
(Based on data from B.H.5, BHE, BHI, BHA BHY BHI1 &BHI2)
(DRAWING NOT TO SCALE)
O.H. Road Level A N
NN, . 3 SR
5 RO
J STRATUM II
= Cavg= 27.10 kN /m’
@ M= 0.000447 m?/ kN
< {(From pressure range - '/, to '/; kglem )

11.88 m,

STRATUM Il
Cavg= 20.70 kN Im*
m, ;= 0.000534 m?/ kN
(From pressure range - '/, to ‘flﬁ 1,10 1 ‘r:ginm’]
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B rone B.HL5, B.H. & B.H.9 & B.H.12

In this case, majar portion of bearing capacity failure surface lies in siratum IT & 11, Hence the
weighted avg, value of Co = [{{C) x di) + (C2x d3)} / (dy + dy)] = [{(27.10 x 0.83) + 2070 x
1.978)3 / {0.85 + |.978)] = 22.62 kN’ considering the weighted avg. value of Cu af stratum [
(Cy = 27.10 kN/nr'} & upper reaches value of Cu of stratum i1l (C:= 20.70 kN/m’), have been
wsed in bearing capacity equation,

Co= 22.62 kN/p® (Considering the weighted avg. value of Cy of stratum II & upper reaches
value of Cy of siratum Hi)

¢ = " (considering worst condition of G.W. Table during Monsoons)

E = 600 Cy= 600 x 22.62 =13572 kNvwr® (using the weighted avg. value af Cu of stratum Il &
upper reaches value of Cu of stratum I11)

g = 0.50 (for clay)

my) = 0.000447 m &N (for relevant pressure range —% to ¥ kg/em’)

mys = 0000534 n /AN (for relevant pressure range - % to % & Y% 1o | kgiem’)

Pore Pressure Correction Factor = 0.80 considered for N.C, Clay.

Depth correction factor, depending on Dy /B and p

The bearing capacity and probable settlement values of shallow footings are tabulared in
Table 374).

6. 1.4

D, H. Read Levell(Based on m B.H.5, .7, B.H, 9 BH.II

& B.H.12)
Considering the weighied avg. value of Cy = 22.62 kN/m® where major portion of bearing
capacity failure surface lies in stratum 1l & [II
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Exa r2.00mx re footing af I, h below Avg, E.G.L. (During the
period of field work Ave. E.G.L was 1.62 m. below D. H. Road Level)(Based on duta from
B.H.5, B. .7, B.H. 9 B.IL11
Praperties of founding stratum:

C - 2262 kN fusing the weighted avg value of Cu of stratum I & upper

reaches value of Cu of stratum )

N: = 5.14 (for ¢ =1F)

Se - 1.30 (for square footing)

e > I 13 ffor 2.00 m wide square fooring)

i = 1.06) (for vertical load)

Net ultimate bearing capacity, ga=22.62x 5.14 x 1.30x .15 x 1.00= 173.8] kNiw'
Tuking a factor of safery = 2.30,
Net safe bearing capacity, gu=173.81 / 2.50 = 69.52 kN’ = 69.50 kNimt'

Sertlement
fm Jerment (S) = gue B (T - p7) I JE

rr - ['.i?_j{]' k.lilllr.l'h:
i = 2.00m

i = .50 (jor clay)
{r = I.12 {for square footing)
2 13572 kNim®

Ko, S = {69.50x 200 x (I = 0.50°) x .12 x 10°} / 13572 = B.60 mm.

After applving Depth correction factor of 0.773 and Rigidity correction factor being not applied for
Nlexible footings,
5 eovrected = 8.60x 0.773 = 6.65 mm.

Consolidation setdement (Sg) = TmAPH
0. (00447 mi/kN (for relevant pressure range)

My}

AP, 47.27 kNdm® fassuming 2 © | dispersion)
Hi = .85 m.
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ma = 0. (MM 334 pr/RN (for relevant pressure range)
APy = 14,19 kNAn® fassuming 2 ; | dispersion)
H> = J.15m,

So, S = {(0.000447x47.27 x 0.85) + (0.000534x 14.19x 3.15)} x 1P
= 4[.82 mm.

Applying a pore pressure correction factor of 0.80 and depth correction factor of (.73,
8. corrected = 41 .82 x .80 x .773 = 25.86 mm.

- Total corrected seitfement, 5= (6.65 + 25.86) mm = 32.51 mm, say 33.00 maL

Similarly, the bearing capacity-probable settlement values of other sizes and types of shallow
foundations, at 1.50 m. depth below Avg. EG.L (During the period of field work Avg. EG.L
was 1.62 m, below D. H Road Level)(Based on data from B.H.5, BH6 BH7, BHE BHY,
B.H 11 & B.H 12 are calewlated and provided in Table 3(A) for foundation design purpose
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Table
Shallow Foundation: Bearing Capacity & Probable Setilement Values
Depth of foundation = 1.50 m. below Avg, E.G.L.
D ilre period wirk Ave. 1.62 m, below D. i, Road Level
o ol B.H. H.7. B.H. BEHI1I & 2
Eactor of Safety in shear = 2.50
Ner allowable
g bearing pressure fo
‘::; fi’f: Total restrict settlement
Type of footing | Size of footing |  capacity in expected | within *75.00 rmm
sertlement (Le. safe both in
fim x m) shear d
(kN/int’) (rrrm) shear an
setilerrent)
(ki)
1.530x .30 726l 24,01 T2.60
200 x 2.0 69 50 33.00 69,50
i 2.50x 2.50 67.70 42.00 67.70
100x 300 66,50 51.00 &6.50
3150x 350 3. 6 5800 f5.60
£.00 x 4.00 65,00 6500 6300
f.50x 3.00 G140 28.00 61.40
20N x 4.00 JE.810 38,00 F5.80
. 250 x 500 57.30 4800 57.30
RECTAN
GULAR S o060 56.30 58,00 56,30
350x7.00 3550 &, 00 5550
4.08 x 800 35.00 75.00 55.00
.06 m wide a0 50 23.00 60 50**
5 ﬁfg{ﬁ_;‘?i} = 1.50 m wide 3580 34,00 35.80%*
®
CONTINUOUS 200 m. m:a'e 53.50 45.00 5350
STRIP 230 m, 'H-'Jﬂ'i‘ j;..;ﬂ FT00 52 fﬂ.'
1,06 m, wide 51.20 68, 00 31.20%*
1.50 m wide S0.50 Je 47 90%*

% As per Table — I of 15,1904 (1986) for isolated foundation for Mulisioried Buildings in plastic ciay, like in present case.

% Bathways inferconnecting strip fooung, If used, should not be designed with theze values af bearing capacify.
“If earth fliling is dene fo raive the E.G.L. to be at par with D.H, Road Lewel, an exirg surcharge pressure intensity
- RO AN x 1,20 m = 2160 KN (eonsidering unif weight of earth fill to be 1800 kNew' and height of fill o
b 1,20 m) would act extra on the foundation, which is to be considered in foundation design, either by adding with
the super structiral load or snbtrocting 21.60 kN’ from ihe bearing capacity af Tabie 374) during foundaton
diexign,

o Shmilarly, if fIy ash filling is dowe fo raise the E.G.L. to be af par with D.H. Read Level, an extra surcharge pressire
intensiey = 14,00 KNdm'x 1,20 m = 16,80 kNiw' (considering aunit welght of compact [y ash fill to be 14.00 KNAw'
and height of fill o be 1.20 m) wonld ool exira on the foundation, which is to be comsidered in foundation dexign,
cither by adding with the super structural load or subtracting [6.80 kN/m® from the bearing capacity of Table J{A)

during foundation design.
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FOUNDATION DESIGN MODEL

For Shallow Foundation resting on1 00 m thick Cohesionless
Gompact Engineering Sand fill Layer (with positive confinement)
DEPTH OF FOUNDATION = 1,50 M. BELOW AVG. EG L.

{During tha fleldwork E.G.L was about 1.82 m, below D.H. Road Leval)
(Based on data from B.H5, B.HE BH7, BHE B.HO BH.114BH1Z)
[DRAWING NOT TO SCALE)

[ D.H. Raad Level

SR Avg. EG.L
; ; TR

"'I-..-“-l'," B

P NN
- ; Positive Confinement in the
1] L,‘:-l‘. ;'-:LL.‘.‘ ‘1.'...,.-.".4 hﬂﬂﬂTb{iﬂkﬁm_:?
=% .7+, . Compact Eng. Sandfill o A
A B T O MR
STRATUM Il

G ™ 2781 kN im®
m,,= 0.000442 m?*/ kN

(From pressure range - 112 to 1 I':q.'cmil

11.73m,
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& E_'-Eﬂ af !wg =[50 m Below "'E Ei
Dhiiri i o il
Factor of Safety in shear = 250
(Based on data from BHS BH6 BH7 BHS BHI BHIIEBHII
Net alfowable
hﬂiﬂ? flg=t [
Met safe voa "1 resiiete fm p f:ﬂmmkﬂ
. Size of bearitf | expected | within *60.00mm | | o lsicaol
Type of footing Sfoating ﬂﬂ;ﬁ "\ settement (Le. safe bath in ME e i
frt x ) (kNne) from) :::; -;:I-'ﬂ fkm
(RN}
1.50x 1.50 &), 41) 1400 - 90, 40 85.00
200x 2.00 50.80 20.00 8080 80,00
ISOLATED 750 % 250 76.40 26.00 76.40 7500
SQUARE 3.00x 3.00 74.10 3300 74.10 74,00
330x 350 7260 3906 726l 720D
4.0 x 4.00 7170 46.00 - o 0.0
1.50x 300 7820 18048 7020 2500
2.00 x 4.00 72,10 26.00 72.10 70 00
RECTANGULAR 250x 500 68 70 3500 68, 70 LER L]
300 x 6.00 67.00 44.00 67,00 a7 00
350 7.00 #3590 5200 6590 6.5, 00
4.00 x .00 63.20 g, () 6520 64. 00
1. m. wide &1.50 FERLY gl S0 X700 00
68 [0 23.00 a8 10 0500
SINGLE I.50 m wide
DIRECTION 2.00 m. wide 63.30 3300 **G53.30 **6.3,00
fﬂﬁggﬂfﬂﬂﬁ 2 50 m, wide 6110 44.00 LT 240 ()
3.00 m. wide J9.90 54.00 w* 50 00 5800
350 m. wide 5920 .5, 0 254060 **54.00

* As per Tuble - 1 af LE.1904 (1986) for isolated foundadon for Mulisioried Bulldings in sand or hard clay, like in present case.

** Bothwayx interconneciing sirp fooring, If uted, thould nof be designed with these values of bearing capaciiy.

EIf earth filling v done fo ratse the E,G.L. i be af por wick D.H. Road Level, sn oxiva surcharge prevewre intensity = PLAD kNG 2 120 o
& 21,60 KN foomsidering st weighs of earth fIll 1o be 18,00 KNcwr® mnd height of fill to be 1.20 m) would act extra on the foundation,
sliich it be considered fn fornndaton desipn, efther by adiding with the smper siructenal lood or subfraciing 2060 b8 from the
Mﬂt‘wﬂ'}'qffn”:_?fdj drering fonndaton deslpa

*Fimmilurly, if fly avh fiiling Is done b0 rafse the E0GL o be ot par with D.H. Road Level, an exira surcharge pressure infensify = [4.00
ENmex 120 m o 16,80 ANnr' (considering wnil weight of compact [y ash fill o be 14,00 kN and height of /T to be 1,20 m) would aor
extra on the fonndadon, which iv to be considerad in foundotion dexign, either by adding with the super structural lood or subtraciing
V& 5D ENwe? fram the boaring capacity of Table 374} during fomndation design.

Nate ;= Af any cost, siiver sand should nor be used



REPORT SHEET ~n~eotest

ENGINEERS PVT. LTD.

{An I1SO 9001 : 2008 Certified Company)

Soff Investigators & Land Sunveyors
Bh ' ©91-33-2430 3484 / 8102

1137t
FOUNDATION DESIGN MODEL
FOR SHALLOW FOUNDATION AS RIGID RAFT
DEF = 1,50 M. BELOW AVG EG L
{During ihs fieddwork E G.L. was aboul 182 m. below D.H.Read Lavel)
ta from B M5, B.HE, B.H7 BHEE 18 AHI
[CRAWNG NOT TO SCALF)
D.H.Road Level
o e
FPRNE M
.
A B, kE o dk E o BE, o A "
=] : & Y R N [
| STRATUM II
E € omg® 27,18 KN "
™ 9000447 mti kN
{From pressure range - '/, to ";kglem’)
STRATUM I
Gavp = 20.11 kM im’
B m,g= 0.000442 m/ kN
§ {From pressure rangs s to 1 kglem’)
STRATUM IV
Cavg® 71.31 kN im’
m,y= 0000184 m?/ kN
(From pressure range 1 fo 2 kglom')
= T3.44 kN im*
STRATUMIVA mc-::ﬂ.mﬂ il kN
e [From pressureranga- 1 to 2 & 2 to 4 kglem’)
STRATUM Y
e N" =17
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shallow footings for Dy = 1,50 . _below Avg. E.G.L.(During the peripgd of field work Avg.

E.G.L was 1.62 m. below D, H. Road Level){Based on duta from B.H.3, B.H.6 B.H7 B.HBS
B.H.9 B.HII & I2
Given Data:

Size of foundation = 16,00 m x 21.00 m (tertative}

Depih of foundation = 1.50 m below Avg. EG.L. (During the period af field work Avg. EG.L
was |63 m. below D. H. Road Level)(Based on data from B.H.5, BH6 BH? BHSE BHY,
BHII & BHI12)

Depth of water table = 0.00 m (assuming the worst condition of G. W, Table during Monsoons)

Shear Criteria:
Properties of founding siratum:
Crveighety=  [{{Crx di) + (Czx dg)} £ fdr + d2)f = [{(37. 10x 0.85) + (20.11 x 10.462)} /
.85 + 10.462)] = 20.63 kNyim® = 21.00 kN/mr’
[Considering the avg. weighted value of Cu of siratum 11 (C1 = 27,10 kNAr')
& stratum I (Cy= 20,11 kN/n'), di = 0.85 m. & da = 10.462]
N: = 514 (for ¢ =07
8 = [+02{B/L) =115 (for 16 mwide and 21 m long rectangular footing)
el; - 1 +0.2(Df/B) = 1.02 (for rigid rafi)
e = [.00 (for vertical load)

Net ultimate bearing copacity, ga=21.00 5.14x 113 x 1.02 x 1.00 = 126,61 kN/m
Taking a factor of safety = 3.00,
Net safe bearing capacity, gn= 126,61 /3.00= 42.20 kN/nr'.

Settlerment Criteria:
[mmediate settlement (S = g B (1 - 1) J/E
s = 42,20 kN/ni?
B - 16.00 m fwidth of rigid raft)
u = .50 (for clay)
Iy - 1,53 (for rectangular footing!
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E weighst = {(16260 x 0.83) + (10035 x 11.88) + (53482.50 x 3.27) / (0.85 + 11.88 + 3.27)}
= 19260.13 kNVm® say 1926000 kN/m*

[Where, di=085m., dy=1188m & ds= 327 m. ard

E; = 600 Cy (for clay) = 600 x 27.10 kN/m’ = 16260 kN (From F.N.S.
Murthy, Chapter — Shallow Foundation; Sub-Chapter — Foundation Setilement;
Clause-18.20) (using average value of Co of stratum Il = 27.10 kNint’).

s = 500 Cy (for clay) = 500 x 20.11 kNAm® = 10055 kNém® (From V.N.8
Murthy, Chapter — Shatlow Foundation; Sub-Chapter — Foundation Settlement;
Clause-18.20) (using average value of Cy of stratum [l = 20.11 kN )

Ey= 750 Cy (for clay) = 750 x 71.3] kN = 53482 50 kNdmr (From VNS
Murthy, Chapter — Shallow Foundation; Sub-Chapter — Foundation Settlement;
Clause-18.20) (using average walne af Cy of srratuwm IV = 71.31 KA me),

So, S, ={42.20x 16.00x (1 - 0.50°) x 1,33 x 107} / 19260 = 40.23 mm,

After applying Rigidity corvection factor of 0.80 and Depth Correction Factor of (L.458
5 corrected = 40.23 x 0.80 x 0.858 = 28.38 mm.

Consolidation Seitfemeni (5.):

Consolidation settiement, Se= Emy AP H

Where,

me = 0000447 ne/kN (for relevant pressure range)
APr = 40,33 kN/m’ {assuming 2: 1 dispersion)

H =08m

na = 0.000442 '/ kN (for relevani pressure range)
APy = 22.40 kN/m? {assuming 2: 1 dispersion)
H: =1188m
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pg = 0.000184 n'/kN (for relevant pressure range)
APy = 12.88 kNinr® (assuming 2. [ dispersion)
H: =413m

e = 0.000142 nt' &N (for relevant pressure range)
AP, = 1L17 kNim' (asswming 2 [ dispersion)
Hy =0.75m

S = {{0.000447 x 40.33 x 0.85) + (0.000442 & 2240 x 11.88) + {0.000184 x 1288 4.13) +
(0.000142 x 11.17x0.75)) x I0F

- J43.91 mm.
Consolidation Settlement of Sand Laver (V):

To determine the value of phi, following ‘N’ Values have been considered: -

| B.H. Ne. Depth (m) N-Value | N'- Value | N”- Value
7 19,60 - 20.05 18,00 15.30 515 |
5. 20.00 - 20.45 25.00 21.25 18.13
12. 19.60— 20.05 27.00 7295 18.98

Avg. of corrected value of N, N = 17.42 ad7.00

Carrected (due to overburden pressure and dilatancy) average ‘W' of stratum V= 17.00
- The settlement for 100.00 kN/w' loading intensity = 13.00 mm

(Corresponding 10 Neas. = 17.00 and 8 = 16.00 m from fig. 9 af IS: 8009, Part 1)

- The setilement for 42.60 kN/m’ loading intensity = (13.00 J 100.00) x 42.20 = 5.49 mm

Water table correction = 0.50

(for d/B = 0, considering the worst condition, ie. water table at E.G.L)

Applying water table correction, the seitlement works out to be 5.49 / 0.50 = 10.98 mm says
[ 1.0 e,
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AP af the top portion of the stratum V = gq, BxL / {{B+Z){L+Z)}
= (42,20 x 16.00 x 21.00) / {¢16.00 + I7.61) x (21.00 + 17,61}
= 10.93 kN/m®

AP a1 the bottom portion of stratum V' = guBx L/ {{B+Z)({L+Z)}
= (220 x 16.00 x 21.00) / {{16.00 + 19.36) x (21.00 + 19.36)}
= 9.94 kN/m’

Settlement in 19.36 m. length of cohesionless soil is computed by interpolation.
Thus settlement at top of stratum V (Le. at I7.61 m. depth from founding level)
= (11.00x [.75x 10.93) / (19.36 x 42.20) = 0.26 mm.

and settlement at bottom of stratum V {i.e. at 19 36 m. depih from founding level)
={l1.00x 1.75x994) /(1936 x 42200 = (.23 mm.

.t Settlement in 1.75 m. thick cohesionless soil, 82 = (0.26 - 0.23) = 0.03 mm.

.. Total consolidation settlement, 8. = (8.4 + 82
= (143,91 + 0.03) mm. = 143.94 mm.

Applying a Rigidity correction factor of (.80, Depth Correction Factor of 0.888 and pore pressure
correction factor of .80,
S correcied = [43.94 x 0.80 x 0.588 x 0.80 = 81,80 mm.

.+ Corrected rotal settlement, 8 = (28.58 + 81.80) = 110.38 mm, say [10.00 mm.
- Allowahle bearing capacity for 125 mm allowable settlement = 47 95 kN/m® say 48.00 kNdm?

Tahle 3(C) gives the nei allowable bearing pressure at 1.50 m. below Avg. EG.L (During the
period of field work Avg. EG.L was 162 m. below D. M. Road Level) (Based on data from
BH35 BIMG6 BH7 BHS BHS BHII & BHI2)(with a factor of safety of 3.00) of the
shallow rigid raft of tentative size 16,00 m x 21.00 m, for fosmdation designing,
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TABLE - 3(C)

Shallow Rigid Raft Foundation / both waps continuous sirip footing (Virtual rafi) :
i fe Set af Value

D= 1,50 m. below Avg. EG.L.

During the peri ¥ way I.62 m. below D, H. R
‘Based on
Fuaclor of 5a in shear = 3.00
Design Nei
Estimated Net Allowable
Total Allowable bearing
:rﬂ ﬂ’f 5 Setilement bearing | pressure (Teast
Tentative o ME;IE corresponding | pressure | among shear
Tope of Footing | Size | < M | toNetSafe | foratotal |and settlement
i'm x m) s bearing setflement | criferia Le.,
KNone? pressure from | of *125.00 | safe both in
( ) shear crilerion mm shear and
{rrem) (kN/m’) settlement)
(kN/em’)
RICGTY RAFTY
BOTH WAYS 16.00
CONTINUOUS » 42.20 [0 48.00 42,20
STRIP FOOTING)  21.00
WVIRTUAL RAFT) |

*4s per Table — | of L.5.1904 (1986} for Raff foundation for Multistoried Buildings in Plastic
Clay, like in present caxe.

*If earth filling is done to raise the E.G.L to be at par with D.H, Road Level, an extra surcharge

pressure intensity = 18,00 kN/m™ x 1.20 m =21.60 kN’ (considering unit weight of earth fill to
fee 1 B0 kN/m' aned height af fill to be 1.20 m) would act exira on the foundation, which is to be
considered in foundation design, either by adding with the super structural load or subtracting
2168 kN’ from the bearing capacity of Table 3(C) during foundation desigh.

Similarly, if My ash filling is done to raise the E.G.L. io be af par with D.H. Road Level, an extra
surcharge pressure intensity = 14.00 kN/m'x 120 m = 16,80 kN/ni’ (considering unit weight of
compact fTy ash fill to be 14,00 kNAw® and height of fill to be 1.20 m) would acr exira on the
Soundation, which is to be considered in foundation design, either by adding with the super
struciural load or subtracting 16.80 kN/m? from the bearing capacity of Table 3{C) during
foundation design.
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FOUNDATION DESIGN MODEL
For Shallow Foundation as Rigid Rafi resting oni,50 m thick Cehasioniess
Compact Enginearing Sand fill Layer (with positive confinament)
DEPTH OF FOUNDATION = 1.50 M. BELOW AYG EOL,

fOwing e Aeldwork E.G.L was aboei 1 #52 ry pglow 0.H Rosd Leved)
H data frsm B H.5 B.H 7 OHABHOBHITER

|DF|l.mHﬁ MOT TO SLALE)

D.H. Road Level
=AW, EGL.

L]

T — L — —r
]

=

Dp=1.50 m

.I' 1 i
L_ ! - F Fod P ot Bricioke.

'_:-:.":‘-_ T T e N T o 0 g AL _/"7
e STRATUMIL e
s Compact Eng. Sandfil -
i mym 00000 m RN

160m,

STRATUM lII

Cra® 2781 kN im*
il = 0.000442 m?/ kN
{From pressure range '3 to 1 kglem')

11,68 m.

STRATUM IV
Cwrge= 71.31 kN Im’

= @.000184 m*! kM
{From préssire rangs 1 to 2 Iuginm’]-

413 m

E TLIN | Cavg® T344 kN fm"
STRATUM VA m..': 0.000142 m*1 kN

{From pressura rangs - 1 1o 24 1 1o 4 kglom®)

STRATUM ¥
N® =17
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TABLE - 3{1}

w5 EOREMNGNS ST
on 1.

Dy=1.50 wAve. EG.L

| Design Net
Estimated et Allowable
Net Safe Total A.I'MH-EIH.E bearing
Saditni Sertlement bearing | pressure {least
Tentative capacity corresponding | préssure among shear
Type of Footing |  Sk¢ from shear io Net Safe | fora toral md‘se:{.!mut
(e x #r) vl bearing setilerment | criferia Le_..
(kN/m) pressure from | of *125.00 | safe both in
shear criterion i shear and
fimmm) (kN/nr') settlement)
(kN/nt')
RIGID RAFTY |
AT f.
(Efﬁ;{ﬁﬁifrg F Im 55.20 [18.00 5850 55.20
STRIP FOOTING 21.00
L(V:RTUAL RAFT) _ y

*4s per Table -1 af 1.5, 1904 (1986) for Raft foundation for Multistoried Buildings in Plastic
Clay, like in present case.

“If earth filling is done to raise the E.G.L. to be at par with [.H. Road Level, an exira surcharge
pressure intensify = 18,00 kN/m? x 1,20 m = 21.60 kN (considering unit weight of earth fill to
be 18.00 KN/ and height of fill o be 1,20 m) would act extra on the foundation, which is to be
considered in foundation design, either by adding with the super structural lpad or subtracting
2160 kNt from the bearing capacity of Table 3(D) during foundation design.

with D.H. Road Level, an extra
(considering unit weight af
m) would act extra on the
adding with the super
of Table 3(D) during

Similarly, if fly ash filling is done to raise the E.G.L. to be at par
surcharge pressure intensity = 14.00 KN/t 1,20 m = 16.80 kN/ni®
compact fly ash fill te be 14.00 kN/me® and height of fill to be 1.20
foundation, which is to be considered in foundation design, either by
structural load or subtracting 16.80 kN/n® from the bearing capacily
foundarion design.

Note : - A any cost, silver sand should not be wsed,
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Deep Foundations: B.C. Bored Pife

The load carrying capacities of R.C. Bored Piles, for various dia., are calculated on the basis of
I8, Code of Pracrice of design and construction of pile foundations, IS: 2911 (Part 1 / Sec 2) -
2014,

Ulsing the static formula,
For piles in grunular soils
O = A (172 DyNp+ PaNg + TK Patan 54,
Where, Agp - Cross-sectional area of pile toe.
D = Stem diameter.
¥ = Effective unit weight of soif ai pile ioe,
Pa 5 Effective overburden pressure af pile oe.
As o Surface area of pile shafi.
Ny Ny = Bearing capacity factors depending on g
For piles in colesive soils
Cu = Ap N Cp+ L aC A,
Where, A, = Cross-sectional area of pile toe.
Ne - Bearing capacity factor = 9.0,
Cr = Average cohesion at pile toe.
i) = Reduction factor.
C - Average cohesion throughout the lengith of pile.

As = Surface area of pile shafi.
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FOUNDATION DESIGN MODEL FOR R.C. BORED CAST IN-SITU PILE
 Termination Depth = 16 m. & 20 m. mnm-E_E,L

i fipldwork E.G.L. was about 1. H Leve
{Enmdundgg@mﬁﬂﬁ,ﬁ,u,ﬂ BHT, BHB BHSE BHA1 & BHAZ

Guf - off Level = 1.60 m. balow Avg. EG.L.

Ta
f-.w:a. EGL Va C:H. Road L

rELﬂ-:ﬂ’l.ml
"j |
oesm|  sTrRATUMY o Camg = ?l?ﬁ:]n kidm*
- L4 § =
) )
-:-:'.f- i
e
Selel
Sk
'E_.‘.' glo STRATLIM Nl
s e Caw.= 20.11 kNm?
g e 2 a =100
<188
— Lo [} fru)
= :r'lr.:= o
Lilz|=
Rk
S =18
T E b
ORI+
RNl
i
.-":.'- s é
-:*:I-E_;
r:.i‘_r.. g
" [ ] STRATUM IV
£ P Cg = 51.05 kNim?
Z =03 a =082
m o SEE (Far 16 m. Termination Depth)
o L
e gl
f =] I;_"
L= o _'-_L.
v
3 STRATUM VA |- Coa= Eaff khim?
=RA I :':: EI;:” 4= 31" 3= 30" wfeci
= = e ] rraspanding, = 30 {dhen o loosening }
g"‘ B ﬁm[.ﬁ (For 20 m. Termination Depth)
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6.3.1 Calculations

ring the L owas 162 m bel Leve,
Rased an dat 7 8 B.H.9 B.H.II
Termination depth of pile = 20.00 m below Avg, E.G.L.(During the period of field work Avg,
EG.L was 1.62 m. below D. H. Road Level)
Assumed cut-off level = .50 m befow Avg. E.G.L {During the period of field work Avg. EG.L
way about 1.62 m. below D H. Road Level)

Effective length of pile = (20.00 - 1.50) = 18.50 m

For Skin Friction in coliesionless Strafu presidering LA = 15,00

[18: 2911 (Part I/ Sec 2) — 2010, Annex — B: clause 6.3.1.1 and 6.3.2]

y = 17.00 kNt is the bulk wnit weight of Stratum 1 foundation soil in kN,
fassumed for dexign purpose)

= 1833 kNimd® is the bulk unit weight of Stratum II foundation soil in kN,

= 1675 kN/nt® is the bulk unit weight of Stratum I foundation soil in kN’

(¥-10) = 7.00 kN/m? (unit welght of Strarum [ in submerged condition)

= {y-10) = 833 kN/m’ funit weight of Stratum [T in submerged condition}

= (r-10) = 6.75 kN‘m® (unit weight of Stratum Il in submerged condition)

T T T T
i

Depth of water table = 0.00 m (assuming the worst condition of G. W, Table during Monsoons)
Py =[(7.00x1.50) + (833 x 0.85) + {6.75 x 5.90)] = 57.40 kN'm® (for 450 ¢

= [(7.00x 1.50) + (8.33 x 0.85) + (6.75 x 6.65)] = 62.46 kN/m® (for 500 ¢

= [(7.00x 1.50) + (833 x 0.85) + (6,75 x 8.15)] = 72.59 kN/m’ (for 600 ¢

For Skin Friction of Stratum V, (Considering L/D = 15.00)
To derermine the value of phi, following ‘N' Values have been considered. -

B.H. No. Depth (m} N - Value N’ - Value | N"- Value
7. 19.60 - 20.05 1800 1330 15.15
{3, 19.60 - 2005 27K} 22.95 18 98 |
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After conducting the (hverburden and Dilatancy correchion,

Corrected value of N. N* = 17.06 = 17,00 {at pile hase level)
Corresponding ¢ = 33° from Fig. 1 of IS: 6403

8= ¢ - 3" (for bored piles) = 33° - 3" = 30° (due to lovsening effect)

.+ Ultimate skin friction = T & Cuy As + T K, Patand Ag {cansidering L/D = 15.00 and K, =
1.00 for stratum V)

(e (Reduction factor), used in caleulation of pile capacity as per Fig - 2, Annex B, clauses
G.30.1& 6.3.2 of 1S: 2911 (Part I/ sec- 2)-2010]

= 2D {(1.00x 27.10 x 0.85) + (1005 20.11 x 11.88) + .60 x 71.31 x 4.13) + (0.58x 7344 x
0.75) + {1.00 x 5740 x tan 30°x 0.89)} = 137107 D (for 450 ¢

= 2D [{1.00x 27.10 x 0.83) + (1.00x 20.11 x 11.88) + (0.60 2 71.31 x 4.13) + (0.38x 73.944 %
0.75) + {1,00 x 62.46 x tan 30" x 0.89)} = 1579.24 D (for 300 ¢

= aD f{1.00 x 27.]0 x 0.85) + (L.00x 20.11 x 11.88) + (0.60x 7131 x 4.13) + (0.58 x 7344 x
0.75) + (1.00x 72.59 x tan 30" x 0.89)} = 1595.59 D (for 600 §

End bearing will not mobilize within say uplo serilement of about 5% pile dia. In present case,
load test will be conducted upto 1.50 times the estimated safe load, upto a maximum of 12 mm.

of pile settlement, in case of routine load test.

Even if initial load test Is done, as per clause 7.1.5 of 18, 201 I{Part 4): 2013, it Is seen ihat
point no, 9) 1) of the above clause yields the lesser value, where also, for 12.00 mm. settlement,

no end bearing will mobilise,

Hence end bearing is not considered in pile load capacity calculations. A factor of safety of
150 m is used in skin friction since we apply 1.30 rimes the estimated safe load for 12 mm.

settiemani.
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This has been done to obtain a practical value of pile load capacity. On the contrary §ff we
consider skin friction & end bearing both & use a factor of safety of 2,30, pile capacity will be
available on a conservative side, which may have to be ratified after obtaining Load Test

Results,

.2 Ultimate pile capacity = Ultimate skin friction, since End Bearing will nor mobilize within
low sirain levels
= [371.07 D {for 450 g)
= 137924 D (for 300 ¢
= 159539 D (for 600 @)

-+ Safe load carrying capacity

fa factor of safety of 1.50 has been used)= Ultimate pile capacity / 1.50

= 137107 D/ 1.50 = 471,32 kN, says 471.00 kN = 400.08 kN Recommended (for 450¢)
= 137024 D/ 1.50 = 526.41 kN, savs 526.00 kN = 450.00 kN Recommended (for 5004

= 138339 D/ 1,50 = 638.23 kN, says 638.00 kN = 540.00 kN Recommended (for 600¢

Thus, ihe load carrving capacities of piles with 20.00 m. below Avg. EG L {During the period
af field work Avg. EG.L was 1.62 m. below D. H Road Level) (Based on data from B.J.5,
BH6 BHT BHS BHY BHI1l & BH 12) with a cui off of 1,530 m below Avg. E.G.L using
a facter of safety of 1.50 are presented in Table 3(C), for foundation design purposes.

Similarly, the load carvying capaciiies of piles with 16.00 m. below Avg. EG.L.(During the
period of field work Avg. EG.L was 1.62 m. below D. H Road Level){Based on data from
B.HS BHG6 BH7 BHE BHY BHII & BHI2 with a cut off of 1.50 m below Avg
EG.L. wsing a factor of safety of 1.50 are presenred in Table 3(C), for foundation design

[RLIFENSES.
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6.3.2 Lateral Capacity of Pile
Design Considerations
Considering the avg. *C" of stratum I = 2710 kN/m?
Therefore UC.S. = 5420 kN/w'’
.+ From Table 4 of Annexure C (Clause 6.5.2) of 1.8, 29011 (Part 1 Sec 2): 2010,
ki = 990 x 1P kN/m?
. From clause ¢ - 2.2,
K = (k/1.5) x (0.30 / B)
= 0.44 x ki (for 450 )
= (.40 x k;y {For 300 g
= (L3J x &y (for 600 ¢

K =436 x NP BN (for 450 @)
- 3.96 x 1P kNi'm? (for 500 &
=327 x 1P kN/nt’ (for 600 @)
Pile is considered to be fixed head and considering Grade of Concrete to be M235.

Soil ile Data

El for 450 ¢ = 5.03 x 10F kN - nr’
El for 500 ¢ = 7.67 x 17 kN —nr*
El for 600 ¢ = 15.90 x 107 kN - m’

Now, R = *VEIKB

c Rfor 450 ¢ = W3.03x 10Y) /(.36 x 1P x 0.45) = 2.25 m.
R for 500 ¢ =767 10% /(396 x 1P x 0.50) = 249 m.
G Rfor 600 ¢ =I5 90 x 1P /327 x 10° x 0.60) = 3.00 m.
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tidl:
Depth of fxity
Fram Fig. 4 of IS: 2911 {Part 1/ Sec 2):2010, for fizxed Head Piles in clay,
Li/R=0 L/ R =220
S L (for 450 @ = 4.9 m,
{for 500 gl =35.48m.
(for 60 g = 6.6( m.

Lateral Pile Capacity

From clause C = 4.2 of IS201] (Part [/8ec 2): 2010

Deflection ¥ = [{H (e + Zg 3} / 12EI] x 11 for fixed Head Pile

Now for deflection ¥ = 5.00 mmand Ly = 0

H=(Yx[2Elx lr') /(L) + Lg- for fixed Head Piles.

e=L and Zr=Ls

Hifor 450 @) =(500x{2x503x 10'x 10- %)/ (4.951 = 2488 kN says 2490 kN,
H(for 500 @) = (5.00x 12x 7.67x 10¢x 10-) /7 (5.48)" = 27.96 kN says 28.00 kN,

H (for 600 ¢ = (5.00x 12x 15.90x 100 % 10-3) / (6,601 = 33.18 kN says 33.20 kN.
The lateral capacities af piles are presented in Tabie 37C).
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TABLE 3(E)
Load Car R.C, Bored Piles of Straiehit Sha,

Assumed Cut — off level = 1.50 m. below Avg. E.G.L

EICl,

uring the period o i work Ave, E. L was 1.62 m. below :
(Based on data from B.H.5, B.H.6. B.H.7, B.H.8 B.H9 BHIl & B.H.12)
Cut-aff Recommended || Safe vertical | Depth of
Termingtion | Lengih warking Load Pull-out Lxi !
L [ s | Dia of ne Sixity Safe
Depth of Below IS e on single pile capacity Below Larveral
e
pile below Avg, :'T y in Axial with cut aff | Capacity®*
m ()
Avg. EGL | EGL v Compression | F.O8 =3.00 | Level {&N)
fmj (m) {kN) {ikN) (1)
I 400 ¢ 240.00 154.00 434 22.40
16.00 I.50 I14.50 | 450 ¢ 270.00 174.00 493 24 90
500 ¢ 300,00 196.00 5.48 28.00
450 ¢ 400.00 256.00 4.93 24.90
20,00 1.50 18,50 | 500 ¢ 45000 280 00 348 28,00
G0 ¢ J40.00 156,00 6,60 1320

N.B. : These are the capacities of pile derived from sub-soil praoperties, not the structural caopacities.
* Corresponding to 5.00 mm deflection of pile head at pile cap base level under fixed head
condition, as per clause 8.4, of 1.8.291 1 {Part4):2013.

Pile is considered to be fixed head and considering Grade of Concrete to be M25.
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ECO =NDATH

From the informarion, as supplied by the client, it is known thal, there ix a proposal for the
construction of @ Housing Complex comprising of 7 nos. (G+4) storied buildings ai the sire.
However, whatever be the type, height and nature of the buildings, their Joundarion design
should satisfy two basic criteria, They are as follows:

fa)  There must be adequare factor of safety against shear failure.
(b}  The seitlement of footings must be within permissible limits as defined in IS: 1904
{1986,

Considering the above mentioned criteria and sub-soil condition in situ, if is suggested o iry (o
use shallow foundations in the form of isolated and or combined and or single direction
comtinuous strip footings or a fudicious combination of some or all of them depending on
column position and spacing, to be designed with the bearing capacity values as given in Table

3(A) of the previous chapter, for foundation design purposes.

Hawever, if it is not possible o do the foundation designing operation with the bearing
capacities as given in Table 3(A), by proviging adequate footing area within available space,
without over lapping, it is suggested 1o try to use shallow foundation in the form af a rigid raft
foundation / both ways continuous strip footing (V) irtual raft), to be designed with the bearing
capacity and probable seitlement value as given in Table 3(C), of the previous chapter, for
Sfoundation design purposes.

But, if it s not possible to do the foundation designing operation with the bearing capacities as
given in Table 3(C), it is suggested lo iry io resori (o shallow foundartons only afier doing the
Grownd Improvement work by 1.00 m. thick 'Compact Engg. Sandfilling. The bearing capacity
of shallow foundarions resting on ‘Compact Engg. Sandfilling’ are provided in Extreme Right
Hand Side Column of Table 3(B) of previous chapter for foundation design purpose.

In this case, for Ground Improvement by ‘Compact Engg. Sandfilling’ to be done, it is
suggested to excavate the existing soil upto 2.50 m. below Avg. E. G.L.{During the period of
ficld work Avg. E.G.L was about 1.31 m. below Digmond Harbour Road Level) and filling is
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rrdd:
io be done with medium sand [having uniformly co — efficient greater than 4. Sand to be
wsed should conform to Grading Zone I or 11 as per Table 4 af 1.8, 383-1970 (Reaffirmed
2002)] upto 1.50 m. below Avg. E.G.L(During the period of field work Avg. E.G.L wus
about 1.32 m. below Diamond Harbour Road Level)with positive Confinement in the form
af brick — work, so that thickness of sand fill layer i 1.00 m. Sand to be used showld be well
graded with litle or no fines, classified as SW as per 1.8, 1498(1970).

The compaction of sand pad having total thickness of 100 m, is to be done in two layers of
0.50 m thickness each and Is to be compacted by plate vibrator.

Field *N* value of Compact Engineering Sand fill should be minimum 20, which has to be
verified at site after sand filling & Compaction.

At any cost, silver sand should not be used. Also, the SBC is to be verified by conducting
sufficient number of Plate load tests, before foundation construction.

Normal conventional shallow footings, if used, should be properly connected in all directions
by suitable tie beams to arrest / check differential settlement.

But, if it is not possible to do the foundation designing operation with the bearing capacities as
given in Table 3(B), it is suggested to try rigid raft foundation’ both ways confinuous sirip
footing (Vietwal raft) to be placed at a foundation depth of 1.30 m below Avg. EG.L. (with
underlying 1.50 m. thick Compact Engg Sandfill layer) to be designed with bearing capacily
and probable settlement values as presented in Table 3(D) for foundation design purposes.

In this case, for Ground Improvement by ‘Compact Engg. Sandfilling’ to be done, it is
suggested to excavate the existing soil upto A.00 m. below Ave. E.G.L(During the period of
field work Avg. E.G.L was abowt 1.32 m. below Diamond Harbour Road Level) and filling ix
to be done with medium sand [having uniformly co - efficient greater than 4. Sand to be
used should conform to Grading Zone I or I ax per Table 4 of LS. 383-1970 (Reaffirmed
2002)] upto 1.50 m. below Avg. E.G.L.(During the period of field work Avg. E.G.L was
about 1.32 m. below Diamond Harbour Road Level)with positive Confinement in the form
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of brick — work, so that thickness of sand fill layer is 1.50 m. Sand to be used should be well
graded with little or no fines, classified as SW as per 1.5, 1498(1970).

The compaction of sand pad kaving rotal thickness of 1.50 m, is to be done in three fayers of
0,50 m thickness each and is to be compacted by plate vibrator.

Field ‘N* value of Compact Engineering Sand fill should be minimum 20, which has to be
verified at site after sand filling & Compaction.

At any cost, silver sand should not be used. Also, the SBC is to be verified by conducting
sufficient number of Plate load tests, before foundation construction.

If fly ask filling is done to raise the existing ground level, an extra surcharge pressure
intensity = 14.00 kN/n' x 1.20 m = 16,80 kN/m® (considering unit weight of compact fly ash
[fill to be 14.00 kN and height of fill to be 1.20 m) would act extra on the foundation,
which is to be considered in foundation design, either by adding with the superstructural load
or subtracting 16.80 kN/m’ from the bearing capacity of Table 3(A), 3(B), 3(C) & 3

during fourndation design.

Similarly, if earth filling ix done fo raise the existing ground level, an exira surcharge
pressure intensity = 18,00 kN’ x 1.20 m = 21.60 kN/m? (considering unit weight of earth
[fill to be 18.00 kN/m® and height of fill to be 1.20 m) would act extra on the foundation,
which is to be considered in foundation design, either by adding with the superstructural load
or subtracting 21.60 kNm® from the bearing capacity of Table 3(A), 3(B), 3(C) & 3(D) during
Soundation design.

Bur finally, if it is por possible to do the foundation designing operation with the hearing
capacities as given in Table 3(4), 3(B), 3(C) & 3(D) or if the designer wanis f¢ avoid the
serilement of rafi, then deep foundation is suggested to be used in the form of R.C. Bored Pile,
the load capacities of which are given in Table 3(E) of previous chapter, for foundation design

[T POSES.

For R.C Bored Piles, the entire job is fo be done as per relevant provisions of I8: 2911 (Fary |
fSee 2, N0,
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For pile having termination depth of 16.00 m. below D. H. Road Level, if done, the entire
piling job can be done by Hand Auger piling method, although DMC piles would produce
better quality pile.

But if piles having termination depth of 20,00 m. below D. H. Road Level is used, D.M.C,
method of piling is strongly suggested.

Ii is strongly recommended that the design load carrying capacities should be tallied as
per load test on test / working pile done as per IS: 2911 (Part 4):2013, if R.C. Bored Piles

are mused.

For R.C. bored piles, if provided, while considering the seismic effect, the skin friction
component the pile load capacities, as given in Table 3(E) may be increased by 25 % as per
Table 1 (clouse 6.4.2.1) of IS: 1893 (Part I): 2016. However, no percentage increase in SBC
given in Table 3(A), Table 3(B), Table 3(C) & Table 3(D), are allowed under seisnic
condition for shallow foundations, in present fype of sub soil condition, as per (clause
6.4.2.1) of IS: 1893 (Part ): 2016

Now-a-days, to ensure and assess quality control in R.C. piling job, foad test as per IS: 2911
(Part 4) is noi solitarily enough. It is suggested that load tests should be supplemented by low-
strain non-destructive integrity tesis on piles, in early, intermediate and last stage of piling job,
if pile foundation is used

Standing water level during the period of fieldwork was ohserved at an average depth of aboul
071 m. below Avg. E.G.L (During the period of fieid work, Avg. E.G.L was 1.62 m. below D.
H Road Level). Since the fleldwork was done in the months of January & February, it can be
considered as moderate water table location, which can be normally expected to go down in
dry season. So it is envisaged thar, constant pumping will be necessary lo keep the excavation
water free, due to the position of water table above the founding depth In case of shallow
foundation & above the cut off level in case of concrere piles.

No local information regarding highest position of ground water table during Monsoon was
available from the site. However, for design purposes, it is advisable to consider the worst
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possible candition of standing water level to merge with E.G.L., which has been done in present
case. Hence owr vesuits of bearing capacity of conventional shallow foundation, rigid raft
foundation & deep foundation, as given in Table 3(A), 3{B), 3(C), 3(D) & 3(E) respectively,
will not be affected by fluctuation of Grownd Water Table position, since those were determined

under worst condifion

Back filling of foundarion pits should be done by good quality earth and by proper compaction

However if is to be noted thai, in the location of B.H.10, even if conventional shallow
foundations are provided in the form of isolated square, rectangular, one way confinuous
sirip footings or rigid raft / both ways interconiecting strip footings, with 1.50 m. founding
depth, then also, a nominal sand cushion of 0.30 m. thickness, is suggested fo be provided
below the footings.

Last but not the least, due considerations should be given to open excavation of any sort. All
soris of precautionary measures like earth retainment by any suitable method are to be

adopted to aveid excessive ground settlement and damage to adfeining structures.
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