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Timeline of World GDP & Civil Construction Activities
5 GDP i Rl & L Bl TIEE)
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Civil Engineering works in ditferent millenniums had been propartional 1o
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Deep Foundations In Last Millennium

WERT L —TER R R

India and China being one of the affluent countries in last
millennium had very large number of

HETE, BEMREENKYENER, BE
MAERER -

=Temples 7F i

*Castles &

"Forts & 2%

=Reservoirs7K &

=Deep well foundationifH LA

Pile Foundation In Current Scenario

= Bored Piles %t fLik
= Driven Cast-In Situ Piles 47157 & 1 yE 4

= Precast PilesTil|#T

E——

M| : 2018510 517-19 5
MR BRI HE SR (ERTRRRPIIRE 307 2)

Deep Foundation In Ancient India

A B R

“The origin of well foundations credits back to historic Indian engineering
activities past two millinium,

=TT I AR T UG 3980 B RS 0 T 4R 1 TR,

*The use of well foundations in India hits back to two millenniums for providing
deep foundation beneath the water level for monuments, bridges and aqueducts.

=CEENSE, USSR ) (O AT RSB B EI20004R AT, 4F — 26 7 sl #F
BERNPEAEK AL LA F R,

*Well foundation in South Indian Temples and North India Monuments (Taj
Mabhal and Red Fort)

= T 35 4 o T E D P 10 0 S (AR U R 41 4880 o RS R

Pile Foundations In Last Century

A A

= Bored cast-in situ piles and driven cast-in situ pites were used

= FEEG B P LA LRI ey

® Precast piling technology was picking up- very few projects

= FRIE A 08 A PSR ——— B 1A

® Spliced pile lecnology not in use PHEAT IS AR FFHIER

* Designs follow ed by the code of practice based on past experiences wilh conservalive parameters
AL B AR TR, S SUR Y

* The field test results have shown much higher load capacity compared to the theoretical estimated capacity
= B3R URYA N YA R AR L L R 0 &

® Instrumenlal field test were rare which due (o high cost of imparted instcuments

PO S ARA, TIAFHAR A W

* Clients belief that the instrumental test is more an academic exercise and
does not benefit the project,

o WFERGy, WEBRWREGR - IEARES), HASEGR 2.

* As far as construction technology is concered, most of the bored piles,
even for major projects were installed by a conventional tripod with a
chisel and a bailer or with direct circulation (DCM) method.
BEBIBIERA, KEH0E L E R KRR B AL % =
IR B ERDCMIT RN,

*+ The conventional method using a tripod is very slow and less effective.

=R G718 3 BRI,
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Foundation Practices

= H REER S .

= Largely Conservativeid T4
= Slow %1%
» Labour Intensive Methods and Equipment?74))

Reasons/f &

= Construction companies, chcnls, and_consultants  do_nol focus on
foundalion technologics. TR AL AN AR A

= (Cost of Foundations- 1 to 10% of the civil construction cost of a project.
o IR A A AR A 1%3]10%,

= Special Cases- Marine structures md brldr,cs— 50% of the cost of the

c}onil;uacd facility. KFPk 5L I e 7 A3 LR 1Y)
Fe

R : 2018 10 B 17-19H
BlEielc HbpS : BRI E RN (ERHLRRALIRE 307 S )

Choice of Pile type
PERL R

Strata conditions HhJz & f

Availability of equipment's i % [ 7] A 14
Method followed for constructions 1.7 ¥
Loading requirementsay 33Kk

Sri Ranganathaswamy Temple

Height-73.02 m, 1987 C.E, Srirangam , Tamil Nadu
Deep Foundation

Annamalaiyar Temple

Height-66.0 m, 9" Century C.E, Tiruvannamalai, Tamil Nadu, India
Deep Foundation

Murdeshwara Temple

Height-72.40 m, 2008 C.E, Murdeshwara, Kamataka, India
Deep Foundation

Srivilliputhur Andal Temple

Height-59.0 m, C.E, Srivilliputhur, Tamil Nadu, India
Deep Well Foundation
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Konark Sun Temple

Height-59.0 m, C.E, Srivilliputhur, Tamil Nadu, India
Deep Well Foundation

Difficulties In Pile Installation
Precast Driven Piles

TR F 22 0 1
= Difticulty in handling a larger pile cross section & length
= A DA AR K (A IN 4% 1A i
* Inadequate space to establish a casting yard
= ALY 2 I ke ) A T
* Difliculty in prediction of pile length due to strata varialions, resulting in exua pile length
= IO R SO0 ST, 5 5 Kk £
= Difficulty in cutting ol extra pile length if hard stratum is at highet level
ST (R BRAL TR LL 1M e

Difliculty to drive with a follower seetion made up of steel and later grown with in situ
conerete

=4 RAST N Y AGREE AL F

Difficulties In Pile Installation
Cast in Situ Piles
N 2
VEVERER 2R N
= Collapsing of soil during the conereting operalion is a common problem, in spile of bore hole

stabilization with hentonite slurry, loose cahesion less saturaled soil

(R

FOR S ARG MERY L]

Wi I,

= Limiiation of temporary Jines 40 a depth of 2-5 m

=il T MEGRTE L J02-5 K

* Very high cost of permanent slecl liners for large depth
= NN RC AL TR A 7 45

» Limitaiion of cleaning bottom of the bore hote before conereting. results in sof toe and reduces pile
capacily

WL LR P FUT A R

Wl R

® Use of heavy haminer to remove ol this extra concrete can damage the pile conerete below the cul off,

MRS

ot

BIE : 201841089 17-19 5
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Depth of Foundation in a Golden Ratio
ERR E I BB '

Difficulties In Pile Installation
Driven Cast-In Situ Piles
SEFLEEEAL ) SR

= Limitations on size (500-600 mm)/X 5] ER 1 (500-600 mm)

* Limitation on length (35-35 m) even with a jointed casing pile
ST R A, HEICIR) H(35-35 m)

* Water tightness of the joint 157K #

* Uplifting of the casing pile due Lo buoyancy beforc the steel cage is
lowered 76 FUUHTEZ 1, 1632 BT F &5 7

= Difficulties in concreting of pile and withdrawing of the casing so that
outside ground water/s do not force into the soil

SRR L AUR AN, ARSI FARASE A L

Pile Desn n Issues Vertical & Horizontal Loads
LS AP BRAT A TR S

= Pile desipned methods are well established. fEff) B 11774 L4 Ml 5E %,

'afé:lccgllllqocr;‘;)afnli/%yyig;w&rs nar cl el“"h,, r/c]\ Erc ﬁoqﬂfwﬁ}ts d?hesmn factor

= Cost of project considered prohibitive for detailed investigation,
= LRSS l R AR R A
® p-y, g-s and t-z plots are rarely used AR/ {4 Hlp-y, q-s Al t-z 125 P4

= Pile rou[I))s are designed based upon single pile capacity using 2D (if on
rocksjor 3D (soils) spacing.

BV JET bl 4% 2y BERISETI2D G T

=

3D GEM T
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Pile Design Issues
Vertical Compression & Horizontal Loads
i 7 K AR PR AR W I
= Advantage of group efficiency is not utilized. AR )P0 5581 BRI .

= Reduclion due to interaction under horizontal loads is not adequately

considered. B 78454 T8 AKCT-faf 8T BEITAR 0 G BT -
» The consideration for the negative skin friction is not adequately addressed.

=TT BEBEL A ) KL S 4 1R BRI R e

= Pile load test are considered as academic exercise

AT BRI R AR B

; l;llo.'rl. 1 — Ny factor can be taken for general shear failure according to 1S : 6403-
971%.

Nore 2 — Ny factor will depend, apart from nature of soil, on the type of pile and
its method of construction, and the values are given in Fig. ! which are based on
recommendation of Vesic.

Note 3 — The carth pressure coefficient X depends on the nature of soil strala, type
of pile and its method of construction. In locse to medium sands, X valum of 1 to 3
should be used.

Note 4 — The angic of wall friction may be taken equal to angle of shesr resistance
of s0il.

Note § -— In working out pile capacities using static formula for piles Jonger than 15
to 20 times the pile diameter, maximum cffective overburden at the pile tip should
correspond to pile length equal to 15 to 20 times of the diameter.

Load Carrying Capacity-Static Formula
R 8-
IS: 2911 (Part I/ Sec 1) - 1979
A-2. PILES IN COHESIVE SOILS

A-2.1 The ultimate bearing capacity of piles ( @y ) in cohesive soil is given
by the following:

Oy = Ap.No.Cp -+ 2. C. 4,
where N
Ap = cross-sectional area of pile toe in cm®,
N, = bearing capacity factor usually taken as 9,
Cp = average cohesion at pile tip in kgffom®,
« = reduction factor,

C == average cohesion throughout the length of pile in kgfy
cm?, and

Ag = surface area of pile shaft in cm?,

A : 20184 10 §17-19H
iR - ERIH RN (ERTZRRLURE 3075 )

Load Carrying Capacity-Static Formula
R BEAK
IS: 2911 (Part I/ Sec 1) - 1979

A<, PILES IN GRANULAR SOILS

A-LL The ultimatc bearing capacily ( 2q) of piles in granular soils is given
by the following formula:

a
Qo= Ay (§ DY Ny +Po N.1)+,)>I K Pp, tan 84u

where
Ay = croxs-sectional arm of pilo lov in omt;
D = stan dimeter in om;
¥ = offective unlt woighl of soil at pilo 400 in kifem's
Pp = effective overburden pressurc at pile Lo¢ in kgffom®;
My and N = bearing capacity factors depending upon the angle of
Interaal frictlon ¢ at toe;

n
‘2 0 = summalion for  layers in which pile is installed;

K = coefficient of carth pressure;
Poi = effective overburden pressure in Kgffcm® for the i
layer where | vaties from | to n;
8 = sngle of vall riction betwen pile aod toil. in degrees
(may be when equal 1o ¢ ); 8l
An = surface area of pile em In cm™ In the i layer whero
1 vasia from 1 to n

»

]
Bearing Capacity Factors For Driven Piles

BRI AR AR
IS: 2911 (Part I/ Sec 1) - 1979

/
/

3
2

BEANING CERACTITY SACTOR Wy
I
o

/

74

/|

1 25 m 38 “ [
AlALE Bb INVRRKAL Freetion of

s 8 Baames darscery Fuoese ¥ e Daven fuer

"

Note | — The following values of « may be taken depending upon the i y
of the soils:
Consistency N Value Value of &
Soft 1o very soft <4 1
Medium 4t8 07
Stiff 8to1d 04
Stifl to hard >15 03

Note 2 — Static formula may be used as _a guide only for bearing capacity estimates.
Better reliance may be put on load test of piles,

Note 3 — For working out 3afe load 2 minimum factor of salety 2'5 should be used

on the ulti bearing d by static formulae.

m

NoTe 4 — a may be taken to vary from 05 to 03, dep upon the istency
of the soil.  Higher values of up to | may be used for softer soils, provided the soil is
not sensitive.

2018410 A | October , 2018
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Load Carrying Capacity-Static Formula
R

HSAX

IS: 2911 (Part I/ Sec 1) - 1979

A-3. PILES IN NON-COHESIVE SOILS

A-3.1 When (ull static penetration data are available for the entire denth,
the following correlations may be used s a guide for the determination of
shaft resistance of a pilo.

Tupe of Sofl

Clays and peats where g, < 10

Clays

Silty clays and ailly sands

Bands

Coarse sands and gravels

where

Local Side Fricrion

fo Ga
<A<
f§ <n< &
90 o
g <h< g
S g
i <A< 1o
Go

< 55

e ™ static point revistance, and
o = local side friction,

Clays

Sandy gravels and gravel

Soil Type

Silts, sandy silts and slightly cohesive silt sand mixtures
Clean fine to medium sands and slightly silty sands
Coarse sands and sands with little gravel

Practices for Dynamic Pile Formula

HESHH

ERTFIRIAR

1S: 2911 (Part I/ Sec 1) - 1979

Whete W it keas Lhan P, aid the pile in driven inlo psnctrable ground

#
Rajio of P{W
4
1
i
2
£
3
L]
q

5
6
i)
L]

e

e=05

oTs
08
035
050
045
e
(1]
036
ol

027
024
o2

Waps _(1—?. )-
WP Wi P

" The following are the valuer of a in relation to ¢ and to the ratio of

¢ =04 em=032 em025 e=0
on o s 067
05 055 053 56
050 047 044 040
044 040 037 an
L) 036 () 028
036 ()] L) 025
3 030 027 o2

o3 028 025 a2
027 024 021 16
024 021 019 o4
01l 019 oIT ol

020 ol7 015 ol

Correlation Between SPT Value N and SCPT Point Resistance Qc |
for Shaft Resistance and Skin Friction of Piles
VB A By BRI 1 BORRAE BRI PN F 4 TR
HERBUIQeZ MK F
1S: 2911 (Part I/ Sec 1) - 1979

qo/N
20
2:00
34
5.6
8-10

A

B : 20184 10 §17-198
A BROGLHGHESNPD (ERHRERRSUZRE 307 2)

For non-homogeneous solls the ultimate point bearing capacity may
| be calculated using the following relationships:

deo -I;qu + deq

Gu == 2

where
gu = ultimate point bearing capacity,

Qeq == average static cone resistance over a depth of 2 d below
the base level of the pile,

gy = minimum static cone resistance over the same 2 d below
the pile tip,

geg = average of the minimum cone resistance values in the
diagram over a height of 8 d above the base level of the
pile, and
d = diameter of the pile base or the equivalent diameter for
a non-circular cross section,

S

e
Practices for Dynamic Pile Formula

HEBIHBAEA TR AR
IS: 2911 (Part 1/ Sec 1) - 1979

), ARl

A1 Thire mor Sannd pu (22 2es prrommng 5 dram imanst of pane

R peoy = ey
Tettuann o by prsed b e presiin o Be p

ety
i Toer ity ot e i el et
it s

R R i 7t s o e
pin Cie e o e wed o et 1 1 1] Feren:
B3 T s ey s
ey
=y
e

0]
Wiers W it provter thax 2 1ad D= pik (1 deiven Jusm peascabla
omd,

L rant
EERE

P

Practices for Dynamic Pile Formula
SRR FRIAR
IS: 2911 (Part 1/ Sec 1) - 1979

P is the mass of the pile, anvil, helmet, and follower ( if any ) in tonnes.

Where the pile finde refusal in rock, 0:5 P should be substituted for P
in the above expressions for n.
e is the coefficient of restitution of the malerials under impact as
tabulated below:
a) For steel ram of double-acting hammer striking on steel anvil
and driving reinforced concrele pile, ¢ = 05,
b) For cast iron ram of single-acting or drop hammer striking on
the head of reinforced cancrete pile, e = 04,
©) Single-acting or drop hammer striking a well-condilioned driving
cap and helmet with hard wood dolly in driving reinforced concrete
plles or direatly on the head of timber pile, e = 0:25,
d) For a deteriorated condition of the head of pile or of dolly, e = Q.

iI% - 8= | Nanjing - Jiangsu
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Determination of Depth of Fixity of Piles
iidi

RAGRBE R E
IS: 2911 (Part I/ Sec 1) - 1979

For dctermining Lhe depth of Aalty for caloulating the bend momeni
Induced by Borizontal load, tha following proceduro may be followed,

Estimala tho valuo of 1o constant of modulus of harizontal mbgrade
gemctan i, O the Moduls of Gbgrad rectlon K of e from Tebl | ox

Detesmino from sppropcale pivon In 3 and 4 Lhe value
of L, thh equi t L of lel":;v, giving l'i:l"um. deflestion mt
wound levd ot tho actual plle.

TABLE 1 TYFIOAL VALUBA OF m

e T o gt

Dy ey
Lacse tand o2 o6
Merdhem saad o "N
Drme mad e 128
Wiy bme s sy prmaied londing ~ oul|

TANLE ¥ FTFICAL VALUNE OF & POR FRELOABES E1AYS

Uncoyemd Ooicasmeon Ramgor Vasopi o X Pasdums Vaumor X
oo gt et
0214 LXK m

Tm2 ST 68
1me Pty o
4 L "

Determination of Depth of Fixity of Piles
R

RANGRBEHBhSE
1S: 2911 (Part I/ Sec 1) - 1979

T
I~ REE HEAD

2 FINED HEA[
- |

Lo ﬁ_IIF‘BTm 700

K(kpfem')
= Equivalent leagth of cantilever giving the same deflection at ground level as the
actua! pile,
d = Dinmeter of the pile.

Fio. 4 L{d Veasws & rox Eguivawsnt Cantiieves Lawarn

R I [
Determination of Depth of Fixity, Lateral Deflection and |
Maximum Moment of Laterally Loaded Piles

KT EFHRBRARE ., KPS AR RSE
IS: 2911 (Part I/ Sec 1) - 1979

B ———FREE HEAD PILE g a
~~=~FIXED HEAD PHE | ¥
b b
i
v 3
- .
e ' T
FOR PILES IN SANDS

AND NORMALLY LOADED
CLAYS

LefR OR /T

]fﬁ FIES
o PRELOADED CLAYS
H 3 [ L] i}

L/R OR L1

K@ : 2018410 817-19H
HAT . BEIBRESWPD (ERMXRRPILFRE 3075 )

Determination of Depth of Fixity of Piles

BN R E
1S: 2011 (Part I Sec 1) - 1979

18 : 2911 ( Prt IfSec 1)-1979

L
FREE HEAD:
W = B
o e N
E =T
FIKED HEAD
H
“hingfem’)

L = Equivalent length of eapillerer giving he same deflection st ground level a1 the
actual plle.
d = Diamater of ihe pile

Fia. 3 Ljd VERSUS mn ror EQUIVALENT GANTILEVER LENGTH

!
Determination of Depth of F ixity, Lateral Deflection and
Maximum Moment of Laterally Loaded Piles

B P R AIRNRE . KPABBATIE
1S: 2911 (Part I/ Sec 1) - 1979

B-1. DETERMINATION OF LATERAL DEFLECTION AT THE PILE
HEAD AND DEPTH OF FIXITY

B-1.1 The long flexible pile, fully or partially embedded, is trestedas a
cantilever ﬂxvg at some depth below the ground level { see Fig. 2 ).

B-1.2 Determine the depth of fixity and hence the equivelent length of
the cantilever using the plots given {a Fig. 2.

where

T= s,/ﬁ—l’man-«aj%’(x. and K are constants given in

Tables 2 and 3 below, £ In the Young's modulus of tho
pile matarinl fn :E“am' and /|8 the moment of inertla of
1he pile cross la cm* ).

Determination of Constant K1 and K2
HHKIMK2H#E

TABLE2 VALUES OF CONSTANT X, ( k/cm! )
(Clowse B-12)

T e S, Varue
Dry Submerged
Laose eand 0260 0146
Mwdhum ea0d 0773 528
Dense sand 2015 1243
Ve looss taad under - 0040

TABLE3 VALUES OF CONSTANT X, { hg/en’ )
( Clamse B-1.2)

Unoonman Cormsrvs Varm
SmoiaTa ™ kyfem®
021004 7T
lio2 a0
2104 97178
Mors Lban 4 19330
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Developments In Foundation Engineering
EMTRENRR
= Foundation Technologies #£ Al A
* Equipmenti% &
= Materials#7 #}

= Construction MethodsJifi T. /5 3

Foundation Equipment3&aii% &

Difficulties in Executing and Implementing 3447 32 i 7 T 1) B

* Clients and consultants leave this important aspect of selecting and implementing
technologies and importing equipment to the general contractors and general contractors
in turn expect the subcontractors to invest their time and money on them.

o[ A g 41 (R R 12X el e AR R &, Rl 3k
R e ot
* There bs u general liesitation among the construction companies to invest in foundation

equipment and twehnologics, training of their staff, etc., and instead get their foundation
wirks carricd out by “finmifution sub-contractors.”

3 E W PR SR BERE R K HORFOB 5 U4, TERATALA 1 B T
AR RIE RGO b SRR AT, TR T 5 4

* The reason being forwarded is that such a heavy investment in foundation equipment is
tlisproportionate to the overall share of foundaiion works in a project and continuous
usiye of such capital intensive equipments is doubtfut,

< I TR BT 8 g8 K B0 T Y e SR TR MR RN R R LA, T LI
i.‘_?.j;l"ﬁ J&ﬁ%%ﬁé{ﬁ %"J A o bi 10} 2L 345 ) i, i ELgFh

Foundation Equipment3&hlii &
Continued,. ¥ L.,

“It willl b too expensive to our country to leave this important aspect to an agent or to a
subcontractor as they may not feel the urgency or have the financial muscle required to invest in a
large fleet of foundation equipment that the country needs for Its overall development at a faster

pace,

RPRAIRGCRIE, R4 RN TERS - MO AR RN %R, BRI
AL AL AT R A DA G, ELARTRN) R S Wb b 0 P T A 2 %
plioss ®

= Investments by subcontractors are expectedly market and demand driven and not necessarily

according to our country’s overall needs in the foreseeable future

SATLAEUL, SRR R BB iR E R EE), TR SRR RN RS AR,

M : 2018410 817-19 8
A BRCIHEASNRD (ERHXRR IR 307 2)

Foundation EquipmentZ&Aliif %

Introductionf®j 4}

= Equipment plays a crucial role in any special foundation construction.

=B A AALATRE IR S AL R RS S BB MRS

= Itis not possible (o implement new foundation technologies without these equipments
SEATIE % RN T ESCEUAT IR AR o

Difficulties in Procuring JRa A 3

*Mosl of them are manufactured in Europe and other developed countries.

PR AR5 B AE BRI AL A [ 3 4

“Transportation and customs duty add on to their already high capital cost inhibiting
procurement of required numbers in to our country. JZ4fy. JeBIRILA A L & B AR
0T BRATT R F R L

, —

Foundation EquipmentI&afi &
Continued.. 8 L1...

= This project-to-project z@roach may be the sole reason why general contractors do not
develop their foundation execution capabilities,

» RANPTP 5 i ) fif b A R A JEOTT R B Ao — TR )

*Many times there is a conflict of interest between main conlractor and his
subcontractor.

= IR I A% AR AL A 1Y) 43 4.0 2 IR A7 E A 2 e .

= While the main contractor would like to get his foundation works completed according

to specifications in a very economical and time bound manner the subcontractor may
have a tendency to finish his part in the least possible time leading to possible quality
issues.

=R AT BT LLALAR S0 DA — A W R BRI 5 1A 7 R BT R, 4%
LT it 2 AL SR A2 (IR T P S B BB AT S0 5 IR0 R

Foundation EquipmentZ:Ali ¥ &

Significant Change and Progress B XSt B AL B

“[E1Tutls by National Highways Authority (NHAI) of lr;ﬁa, Delhi Metro Raﬁ:orporation
(DMEC) and other client organizalions have made it mandatory to employ high
productive equipment in their projects,

SRR 2 1 A (NHAD | $BELHEE A E] (DMRC) FUHCA % /A S0 il
SR

=Over the last 10 to 12 years period the number of hydraulic rotary pilings in our country
has risen from nearly zero lo around 500 numbers.

TR R 0B 124 1, FATE R MHUE ST AL RIROR T2 NI T 10 K F50040 .
*This number needs to be at least three to four times if all clients and consultants impose
hydraulic piling rigs for bored piling works in their projects.

=SSR ML Y 0 43 70 90 B (YR F b D TLAT B R B IR ) AL
o R AR D4 DU

iL% - 8% | Nanjing - Jiangsu
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Conventional Rigsf& 44511

= Both types of these driven piles are installed using drop hammers mounted on

A-Frames ot stecl lattice towers held in position by guy wires,

KA A0 PR B S e AR ATSAE AL 0 W R i 43 R [ AR I
it AR

= These are moved on skids or pipe rollers which are laborious and time

consuming, ‘EAIFERNER R LB, A=) HAEN .

= Driving energy is imparted by drop hammers lifted and dropped with the aid of
diesel engines. i BT Sl KB BLILFI IR BEIK)TE AR M) LA ORE) et -

A : 201845 10 §17-19H
fhA : BRI B E SR (ERbKERUIRE 307 8)

Integrated Driven Pilin ég{g z% with Hydraullc Hammer

Mechanical Pile Splices for Precast Piles

HLARERE

= Precast piles are normally driven in segme_ms of suitable lengths to take care of
the handling stresses.

© THUBIARI A 42 A KB I FE 43 Bl K R TR ) R

= These sections are joined by cither field welding of embedded steel end plates or
mechanical splices to either end of the two pile segments to be joined at the pile
location,

b 353208 3485 A AR BT 28 Sk 1 B35 e 3 P B BRI AT — 3
* Field welding and cooling of joints takes time. Bz Hef14E I v &) o5 LER (] o
= Possibility of quality issues arising from ficld welding 33z I HE T fBj™ A= i
i

Limitaﬁons of E?éli ment's
#HR

]

= Slow MobilityHLE) 1 25 -
= Difficult Maneuverability 2 PRI Ak

» Large Number of Labour¥5 & /i sk it K

FIR

= Inefficient Energy Transfer to Pile Head fif e #8 BUAM: Sk 117 A8 AC
» Instability, etc, ANE2 5 M, 4F5%

= Limited Hammer Capacityi% 4 )fi fic

Drawbacki#t /<

= Pile installation speed and capacity to drive decp are quite low

oMYA HE N BT AR IR B

R e S R

b

Applications/S.

* KGDS6 (Krishna Godavari Dhirubhai 6) Onshore Gas Terminal Project in
Kakinada, India

v ENEREMAKGDS (Krishna Godavari Dhirubhai 6)M: b RIS &0
W .

+ Precast concrete piles- 1.0 million meters- depth 48 to 50 m-dense sand.

o O B HE-10075 K- IR BE48- 50K -5 7D,

+ Productivities increased by 2 to 3 times that of conventional rigs.

+ EFEARBEESRENANEE.

»  Number of workers required per rig dropped rom 12 or 13 in the case of
conventional rigs to 5 or 6 for integrated rigs.

< E ML IR ST T AR T 28034, MERHFT AR
//|‘ T 5564

» Unit driving cost (-10%).

o BATAIIRER (-10%).

.

ApplicationsP.

“Sure Lock” mechanical splices (USA) “Swe Lock™ HLERAHE (915
= HMCPCL piling site in Haldia (West Bengal) HMCPCL 4, ORI R0 i )

« RILKGD6 projeet at Kakinada (Andlira Pradesh) RIL KGD6 TR F - BENIA (e 4l

= Dharma port site in coconut island (Orissa). {51 &t HEHE(EL L IR)

Advantagesfii %

«  The mechanical splicing would take hardly 5§ minules, welded joint (akes about 120 (o 180 minutes

P
i

= U

ESoped, PRk BL120F180/0 40
* High quality and high strength. &5 HA SRR

« Savine in labour cost 158 95 ) J A<
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BERADETRH (i)
BIFIEID

Sure Lock Mechanical Pile Splice for Precast Pile Segment

TR B BB UL 2K

A : 201845 108 17-198
e EE-IBHSINRD (ERTRERPUIRE 307 9)

Integrated Multi-Purpose Piling Rigs
AT

=]

Application

« High capacily integrated multipurpase hydraulic piling rigs witli hydraulic hammers- First time- lmhan il

Cormporanon Lid. project sile in Panipat, India

LSt ARy

EATELUL- S5 PR TI-E10E f0 3l 23 305 ASEI b SE I A Bl

* Anestensive training was carried out [0 (he enliie team al site lo ensure that the speed of fast driving equipment

is matched by timely supply of pile reinforcemeni cage and concrete

= (FRUSRERE A TINGET AR U, VBRI P2 E R LA & LAY A4 YE R

fERS

IRIETNECY S & e VS
Advantages {3

= 1010 35 piles prr day per rig G IR XTI H a5 BT

Precast Piling Project- RIL KGD6 project Benefits
THMIHE THE- RIL KGD6 “LF

LR AT HE T F 4

= Economical pile foundation system

= Reduction in uncertainties of pile driving k2> T B BIAS T 512 8 %

= Improved confidence in the pile behavior under Toad ¥ fif fit /) it
= Enabled smooth and trouble free piling operations in such a mammoth piling
job of more than 1.0 million meters?E i 10073 1% 08 A1 A1 LA o AT s
AR T R AT AEE

= Selection of appropriate and safe driving mechanism T HEMLHH 438 E1 22 4>

Panipat Refinery, Indian Oil Corporation, India Panipat
HRih, EDEERM A E], ENAE

FllllIIIIIIIIIIIIIIIIIIIIIIIW

Hydl‘aglic Pile Head Breakers
AR

> Once congrete piles are installed to the required depths the top portion has to be cut-ofl’
up to the required level below ground level to enable pile embedment in to the pile cap.

it &F: aﬁflm 0, HETGRAY 00 2T M DET LA S TIHIE 1 M6 A

= The method employed in our country is manual labour with hammer and chisel or jack
hammers.

LR LA D NI E PRl N Wi o o RN R A 4 T

= With projects size and corresponding pile numbers i |ncrmsm;
icals the abave methods were found Lo be time consuming. i
il

RERREECR F R, L7y AR R FE .
Applications
= RIL KGD6 (Krishna Godasari Dhirubhai 6}, Kakinada, India
= [OCL Panipat, India

mgnl{'cantly in recenl

TR, BERE 0 E AR

Advantagestii %}
*  Where the reinforcement is not very congested these hydraulic breakers are
found to be very effective in cutting down on labour as well as time.
« ERHAEARBIMGFR S, REBERYLE N L3730 Fl T a s
AR FH

m iI7 - = | Nanjing - Jiangsu
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BFADEIEH (1)
=]

Hydraulic Rotary Piling# R et

» Several of our steel industties have been dumping the blast fumace slag and other industrial
by-products in open areas around the existing plants {or several decades resulting in large
areas of lill with thicknesses ranging from a few melers o as high as 20 meters.

A R (R e S k™ s X

SR

= With the current large scale e %)ansmn of steel |nduslr¥f fresh units ure being sel up in these

filled up areas, BRI W R UMD 8, HoBIHERUMABLA G RN -

» Because of heavy loads and sensitivity (o dilferential seltlements the plant structures and
equipment are generally supported on bored cast-in-situ piles.

-mL{.. kL)\#UXJ/I\YJ/]uLLII‘FFJ’J’UﬁM LS5 R R AT 8 OB Rl AL

= Conventional tripod-winch-chisel/bailer type of boring has been in use for scveral years

A{EHEM AL - 23 - T/ AL E R R B4R,

Sail, Bumnpur

Use of Side (Jr%Wbro -Cum Impact Hammer
Arh A

= Sheet piling is not very common in India and this is posing major
problems in both availability of right type of sheet piles as well as sheet
pile driving equipment. MHLEEEIE IEAT W, TR AR 438 1 A B0 b
ARG A AT & T 3K A

= Drop hammer, impact hammers and modern hydraulic or electrical type
Vibro hammers are being employed.

SR Pl AT s UR B E T R

= It suffers some setback leading to difficulties in driving to required depths
and at times leads to collapse of the walls ol excavation.

T BB B - B L £ G B0k AR R £R SR T H AT & 8l
TLEERHE .

RIS : 2018 £ 10 B 17-19H
MR : BR-ILB RSN (EREEERIRE 307 5)

Application.FH

= SAIL, Bumpur, India

= 35000 bored piles of $50 mm diameters and around 20 m length were insialled with both
rolary piling rigs and conventional (ripod rigs

N ek BT RSN 5 = IR REANL I T

= While the boring progress with tripods is around 10 m/day of 2 shills through the slag rolary
piling rigs are able to drill around 60m/pu day of 2 shifts which is cquivalent (0 3
p|lcs/day/|1g AN FLE RS KR 10 m/ 26 BE, T EREEE TR LI R Gom/ F1 /2
FYE HIMT3 R E A B,

= Temporary casings are being used to stabilize the walls of the pile bore.
mlf I B )RR LA
Advantagesfi 3%

= Increased productivity £ &4/

35000 1.4#:550mm K20mi45 L ik

Use of Specml Pol mers'to Stabilize Walls of Pile Bore
HRE YR sEtEFLEE

= Temporary or permanent sleel liners are being used to stabilize the walls of the slag fill in the stecl

industry. $#48k57 0 JHIGIC BRAK A RO JE R R s HE AU R BT
= This method slows down the boring rate. IR i gk te 7 #iTLERE .

= Through several trials by a team from L&T and the manufacturer of the special polymers from
USA a polymer mix was developed and is being used lly al TISCO Jamshedpur site

» 3N L& T ~ AN R E SR S MRG0 2, — MR SR EDEHR
eI IR I PIEE JamshedpurI TISCO L #2 P R o

Advantages{fi$t

= Improved piling productivity from 10 w/day (2 shifts) with conventional tripod rigs to 75 m/day
for 550 mm diameter piles and from 3 m/day (o 75 m/day for 1000 mm diameter piles

« BRI, MEL T AEHLE 10 wH 2 AEDHBEFITS ovE (550 mmE A4 , 3
m/HIRZ T 75 /[ (1000 mm B4 ©

Application B

= Side grip Vibro hammer together with reveisible type impact hammer was

imported from Finland. AAZF 2232k 11 (R 098 U sl L i) 300 2l 4 o

= The equipment mounted on excavator is found to improve handling ease and
installation speed. At L&T’s Dhamra Port project Arselor AU20 sheet piles of
12 m lengths were installed for the wagon tippler location at a rate of 100 sq-
w/day of one 12 hour shift.

GRS B S T AP AR )Y . F L&Ts Dhamra #5 /9 90 H
Aurselor AU205 1 2mK AR Y 223553008 9 1L00°F 47K/ L Q2N $63E)

[ e
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Trench Cutter?’él@ﬂlﬁﬂﬂ_

= Dam cut-off walls are being installed in India with the help of Reverse Circulation Rigs of old

designs, FIEEAL ] & sOZ BRGNS HINLAIUBTIS 1
= National Hydro-Electric Power Corporation (NHPC)- Hy dromill/Trench Cutter equipment.
Application FZfF]

= At NIPC Parbali Hydro-Electric project sile a 45 meter deep dam cut-ofl wall in plastic conerete
SKHUL L 2
FL45mi

was constructed 5 months ahead of schedule using Trench Cutter technology. {3
1 Parbati R W5 < AT DRI BARARATS A ) 43 T -5 S iR
SRR SR .

Advantagesft
= ‘T hese cquipments bring speed and qualily (o the cut-off wall construction

T B issE T

Vibro-Com ﬁEpactlon for Structures

= Various man made obslmuctions, slug skulls etc. were being encountered in a slag fill making

pile boring very difficult and (ime consuming, at one of the steel plant sites. 7£- 434/~ T

:;g ljg‘)ﬁf‘&iiﬁibd: IBENFFNEREM A MG, A, XL AT ll ekt
.

= Vibro compaction trials were carried out in the heterogeneous slag fill
*IRE Rk U A A B 1 S ) R T

= From various field density tests, laboratory shear box tests and field footing load tcsts (13mx
1.3 1 size) it is observed that slag fill can be well i d by Vibro p i

resulling in high allowable bearing pressures. M%ﬂ'?}uiﬁ?EMu\ YL H Y

SR GRS (13 mx 13 m ) o, EREIESEA, ATLURIHBIESH . M

IEEE N REERE S o

® These trials if accepted by client and consultant would pave the way to minimize or altogether
climinate the ‘necessily to support structures on piles. IS A B IR S, A kit
AMUERSE A RS R HE L SR H 00 T PR YR R

Suggested Foun(_iation Technologies
DR

Precast Piling willy 1.
equipped with e
e M T

Diiven cast-in Situ Piling wilh integrated piling 1igs equipped with energy efticient mpact
ng extraclion systems and data logging and monitoring systemsft# 5 17w
RS AN SR ) 7 4 B 25 A5 4 VAL

o oile piles, mechanical pile splices sl ntegiated piling ||g>
wetikers and data fopaing and monitorig systems T
GELTE RO ) 22 B BB i ] B

Sheet Piling ff:

Deep Soil Mixingif 5 it H:

Jet Giouting™t 4%

Rapid Impact Compaction{fi o il [ 9):

Mass Slabilization with automatic dosing, mixing and moniloring systems |9 Z0i§i4H. Bt

WO 7 55

B : 2018410 817-19 8
1R : RS IR M SN R ( BRI RBIRAIIERE 307 € )

Automation for Data Logging and Pile Instaliation Monitoring Systems

BB BIRER A R R R 4

= Data logging and pile installation monitoring system was introduced on Multipurpose
Integrated driven piling rigs to eliminate manual recording and reporting and to improve

the installation process of diiven cast-in-situ pJ]es W}ffm,!‘dﬂﬁsc G R

= Manual data recording crrois are eliminated and it is also possible to send the data from
the piling rig to any desired place through internet 5% A T ic S0y 1828, o fdiil
I TLABKFGHE phy THEATL A 1) B0 e i S A IS B0 3 T R T i

Constmiction Industry in India is poised for a major coniribution Lo the rapid development of various

sectors of India’s cconomy. FIHE ()40 SOUNS Fy EVSE L8 ) % S H0T )90 SR o LKk AT

= There—isan-urgent needforthe curent daii hinologies-and praclices o-ensurethat they.do not

apply breaks to the overall giowth process, RT3 Al ARSI RO OIHERN, ARSI S
TR g

=The latest technologies and processes are listed and the most relevant to India are recommended 911 T

BHOEARMLE, S T 5 AR AR L

=The advantages of a leam work imvolving the client, consultant and the contmclor to execute a major
piling project that enabled speed, quality and economy thiough a process approach are highlighted 4157
EF PR AR AR BT - - AT (IR O U, 500l i A5 O P L R AR
S

=Steps required o speed up the imy ollatest i ch

=R BCISIRUREE B SR A 1 6 )

Hydraulic Pile Head Breakersifi 545 Sk il 7 4%
Screw Piles/Helical pilesti g4

Self Compacting Concrete

12 Ground Iimprovement with Vibro-Compactio;Vihro—Rep[acement%}'ﬁi‘;bj
[ - HE T LR AL TR 3

13 Diaphragm walls with Kelly/Mechanical/[ydraulic grabs/Trench Cutter or
equivalent, with Slurry Handling/Separation Systems, Concrete Batching
Plant [/ /TR DY D BT Sk AT, 449 9 e st/
ARG, REELBEE

|4 Modern Testing Systems for integrity and load carrying capacity of Piles,
ex,, Pile Integrity (PIT), Cross-Hole, Pile Driving Analyzer (PDA),
Embedded load cell systems, etc. S AU ) B (A /R ER S 17 100 2 45
n: BEGEREVE (PITY . BHAL. MEBEEIAHTAL (PDA) . BRARINEY
RS
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R} : 2018 £ 10 9 17-19 1
A B IHESNRL (EREXERTIIRE 307 8)

Client- CCE (R & D) DELH1

AT SSPL Complex Timarpur , Delhi

Type- Cast In Situ Concrete Piles

'
: o .
)l I:nj'_i I?% : Ejig
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Enlarged View-Part Plan of General
Arrangement Plan

DELHI TECHNOLOGICAL UNIVERSITY, DELHI, INIDA 70
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General Arrangement of Pile Cap

'DELHI TECHNOLOGICAL UHIVERSITY. DELHI, INIDA L

. '%ﬁ’ﬂ T—"— = ff il

Section 1-1 Pile Cap

DELHI TECHNOLOGICAL UNIVERSITY, DELHI, (HIDA n
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Section 2-2 Pile Cap
T TRTIES I ETRSITY, T, PR 72

Client- Delhi Metro Rail Corporation

Project- Okhla Phase III
Line 8
Janakpuri West to Botanical Garden

Type-Cast In Situ Concrete Piles

e
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N ERACETEN (1F)
BIBEE

Pile Foundation Layout

DELHI TECHNOLOGKAL UNIVERSITY, DELHI (NIDA

Wnﬁ*w

,.-
=

RIS : 2018 10 8 17-19H
A ESRTHRHSW AL (ERHERRAURE 307 §)

fre ;Lgf% e

Pile Cap Arrangement
No. of Piles -03

T
biis] 1

DELHI TECHNOLOGICAL UNIVERSITY, CELHI INIDA 75
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Pile Cap Arrangement
No. of Piles-08
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Pile Cap Arrangement
No. of Piles-12
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\ | BRFEAOFELIEH (1) B : 2018 £ 10 B 17-19H

BUEElT HBAS : MERT T MR (ERHARRFIIRE 307 8)
e [P L T
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Pile Cap Arl:angement Pile Foundation Layout
No. of Piles-16 No. of Piles-07
D(IIIIIIXIWW('\! IIIIU[IIII'\j.MIHI iy L1l — DILHI TECHNOLOGHCAL UNIVERSITY, DELH, INIOA 81
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Sectional Elevation Enlarged View
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Client- Lucknow Development Authority
Project- Master Planning of Chak Gangeria
AT Lucknow
Type- Cast In Situ Concrete Piles
SECJ?'NE14 SECJ‘:O!L 22
Rl e —
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| BREADZEIREH (1) B4 : 201810 A 17-19 R

Bl AR : BT II AR (EEmXRKH IR 307 S)

Pile Layout Plan- Water Tank

T e

Client- Uttar Pradesh Rajkiya Nirman Nigam

Project- High Level Cancer Institute at Lucknow

Type- Cast In Situ Concrete Piles

“ |

s Under Torsional Loads

Pile Grou
L Y B B

* Notawell investigated arca world wide /4 WEYEAEASRE A4 AR UF A RIF FEILE G bk
The pile foundation gioups (Jarge steuetures) HEHE IS ARCRRIE: F)
= Machine foundation on pile group 8 e bt 1 R B 6
= Offshoe platformsity [T {3
= Wind turbines)< ) it + L
= Biidgeshfi

= Railway embankmentEk 2 % b

= Traflic and signal pole stiuctures “E3ANE 54T 454

= Iligh-rise buildings (% )4 (!5

SECTION X-X

| L
CETALEEE RS Water Tank- Details
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Pile Group Under Torsional Load
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