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the working loads, it should

file and structural integrity of bored piles are functions of
placement, construction method and workmanship.

ABSTRACT : Low-strain pile Inrr:grity T
estimate pile lengths ol, bored ancrJriven
the engineer on the quatity of priles instz
illustrates field results of low striin integri

On frut+rack infrastructure projects, ti
achieve the target, arrd success is meas

proJects.

r. TNTRODU(:TrQN

For a pile to perform successfully under

o have adequale soii resistance,
. be structurally sound

The available soil n:si51unr. is usual
stratigraphy and soil characteristics. Sta
pile capacity based on the geotechnical
total number of piles (usually 0.5 to l%
soil resistance is mobilized.

dete- nined by a geotechnical investigation to evaluate the
Jard static analysis or other methods are used to compute thelata,. on most piling projects, a very small percentage of the
in rare cases, up to 2%) is load testld to verify that idequate

sohedules are often very tight. The emphasis on site is to
I in terms of how many pires have been installed within aspecified time period. The constructed

subsurface conditions, concrete quality

As a result,
problems

Accelerometer serve as a q
a higher

Testing is
hammer ,an

Performing
cleaned and
fixed to the
repeated

quality and supervision often takes a back-seat, leading to
I evdn failure. [n such a scenario, pile integrity tests (plr)-can
ality,assurance measure by quickly and inexpensiveiy testing
entagb of piles (Rauche et. al. IgSS).

fbrmed by impacting the pile top
moasuring the response with an

with a small hand-hreld
accelerometer. Fig. I

Defect

presents a ematic of the test.

test requires little preparation. The pile head needs to be
a smooth surface should be prepared. The accelerometer is
op qf the pile using a special wax. signal enhancement by
rmeri blows on the pile head helps to minimize effects of

noise or oth disturbances (P/I Collector (Jser's Manual, 2005).

Figure I Schematic of PIT The impact auses a low-strain compression wave to travel down the pile.
ions are created by changes in pile,,impedqnce,, (related to
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Fig. 3 presents a pholograph of the test in progress.

cross-sectional area" material elastic modulus and density), pile toe and soiVrock resistance effects, asshown on Fig' 2' where high soil friction for.., ur. pr.r.ntl the pile top velocity is displayed as afunction of time with an Jxponentnlly increasilt 
llg"itu{e, such that the pile toe reflection isenhanced. Several records wiih consistent ,ignuirt'ould be avpraged.

lTLO('ITT'

ir

;, il;";;;l ;;,,**0,..,,,pfesented as the nile tnn rreln..i+,, rrrl. i^L. i-^r-.r^^ rr- - : . I
rr.Ll ts [yplcipresented as the pile top velocity which includes the incident irfpact and resulting wave reflections.

The response is analyzed to assess the pile concrete quality, fresence of muck / soft material at thepile toe, necking or lrulging of pile, discontinuities in irr. pil.,l.t..-irr. analysis is based on the waveequation principle. As a stress wave propagates through tt e pif e .oncrete, it is reflected back from aninterface that has a different modului of .lasticity. Thus, in u fooJ fil., u strong reflection would beobtained from the pile toe. If a pile has a defect, a reflection f"outd be obtained from such a defect.Reductions in impedance (i.e. defects) cause reflected tensioh waves and bulges produce reflectedcompression waves. 'fypical plr results are illustrated on Fig. {.
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Figure 2 Wave propagation
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Theme-l : Testing & Monitorins

3. CASE STUI)IES

Two case studies dt:monstrating the use of PIT method to assess the pile quality are presentedherewith' The PIT tlata has beln eualuated to assess the quality of pile concrete and the likelypresence of any disccrntinuities. Results have also been correlated to pile load test data.
3' I case study I ; pires for proposed Mail in Noida, (J.p.

P{qiect Background: plT was performed on800 mm diameter bored casfin_situ piles installedat a"Mall project coming up in Noida, u.p. Initil(cyclic) pire road tests were performed at the site,300 35r :1'^.^1.. 
,i*'::.^0. 

-1n u|imate pii;-;"rpressive
capacity of 270.MT. Subsequenfly, pIT *ur-uiroperformed on site as u qrutity control / qualityassurance measure.

Site StratigraphU The soils encountered at the siteare alluvial in nature and consists predominantt/ offine-grained soils to about 2.0 m depth, underlain
by a silty sand stratum to the maximurn .*pto..Adepth of 25-45 ffi, &S depicted on Fig. 6. Th;;il;
to groundwater level has been reported to bebetween 8.3 to 8.7 m below original ground surface
elevation at the time of the field-investigations.

At the time of pile load tests and plT testing
excavation had already been carried out to abou't
7 m depth below OGL. The pile cut_off-level
(COL) was at the excavation level.

Initial verticai
(cyclic) pile load test was .u.ri"d out at the site on
Pile No. TP-I. The test was carried out to a vertical
pile deflection of 5.64 mm at 259 MT load. When
the next load increment i.e. to 296 MT was applied,
the deflectometer started moving at constanf ipeea
continuously and the pressur" guug. did not show
any increase in pressure. The test was thus stopped
at this stage as the pile failed by plunging und **
not offering any resistance (Fig. 5). fhus analyzing
the test results, the test pile Tp-t is considered sari
for an axial compressive load of 135 MT,
considering that the pile failed by punching at a
static load of 270 MT.

pIT was performed on
fourteen (test and routine) piles at the iite, including
TP-1, to assess the pile quality at the site.
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Figure 5 Pile Load Test Results
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On the other hand, the
pile cut-off-level. Th is
location.

A.pictorial represent:rtion of the site stratigraphy in the viciwith the corresponding prr result. The prr record has been
ity of TP-l is illustrated on Fig. 6, along
placed alongside the borehol. lroht. fo,

I4J (,,EEcomparison pu{pose. The prr record obtainea arip-r sug ts good pile shaft integrity. A clear pile
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at the site that showed potential defects

Pile Toe Level

Figure
Results

Site Stratigraphy and pIT
TP-l (Good Pite)

response was obtained at 27 m depth, which corresponds to design pile length.

Some of the PIT resurts from testing of routine pires instailed
are illustrated on Figr;. 7 and g.

The PIT record illuslrated on Fig.7 indicates possible variati
This was probably the result of borehore enrargement at somr
or large variation in soil stiffnesses with depth.

ns in the pile cross-section with depth.
depths, either due to borehole cave_ins
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PIT records illustrated on Fig. g sho a clear reflection at
indicates a possible major defect at

l6-18 m below
be short at this
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Figuie 8 Major defect at
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3.2 Case Study 2 ; pites 
for Rail idge (ROB) in Malout, punjab

Proje0t Background: At this bridge site Iwere installed. Sampfe pIT results"are Drer f*,::ff,:|, 11 I 
tong Rcc bored casr_in_siru pitesbelow (Figs. 9 and t0).

PIT Results: While the soundness of m
response was observed in one of the pilel
concrete at the pile toe may not be sound
response may also be a result of high fricti
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The folrowing are the rimitations of the pire Integrity T Method (Rausche et al, 2000\:
The length of pile.interpreted from pIT depenruniformity, actual diameLr 

""0 
f."grh, as well as

on assumed wave speed, soil strength, pileuipment noise, filters and resolution.Highly non-unilbrm piles are difficult to interpret.

IT*:::, y-lu:, l?v bg renected or blocked emechani cal join rs. Therefore. ;;"ilr"il;1ff::;or joints. Small defects rn"V UL fr".O to find. Some
PIT records showing potentiar defects do not ne
lX.-:i : :TuJ d b:_ lejr.t"o.- ir,"- i eci si on o n w

PIT can be successfully used during foundation constrquqi,y. control/quality asSu*..- nr.ds. The method

The successful application of the technology, howe,limitations, as weli as the op"ruior;, familiarity of the sys

The authors are of.trre opinion that pIT testing shourdfoundations' in conjunction *it''rtundard geotechnicalto ensure that the project quarity r.quii...itr-"r. ,"rirn

Rausche, F., Likins, G. E., Hussein, M.H. (Mal
Strain Impacts,', Third International Conference o

locations of severe cracks or manufactured: retrieved from locations U.fo*-ru.h cracksresults may be inconclusive.

:*:: 
comparins prr"rec";;r ;i r#;'il:::l

plles. project site and load testi"g q"."ionable

lllr 
u:.:Otabiliry of pile integrity as determined bthe safe load that the pile .un Iury. This should be

the PIT does not have any corelation withrnfirmed by pile load tests

Piles: Ottawiu Canada; 44_55.

PIT Collector User,s Manual, October 2005.

Rausche, F., Likins (2000), .,Recent 
Advance anr

testing", Application of Stress_Wave Theory to pi

ily mean that the pile quality is poor or that
:,111 

to accept ilre pire ;h";iil. taken

tion to assist engineers and contractors withffers several adiantages over other testing; rapid deployment, *obitity, ,p*CI and low

requires a clear understanding of its
and experience with pile foundaiions.

1988), "P.ile Integrity By Low And High
the Application of Stress-Wave Theory to

proper use of pDI low strain pile integrity
's: Balkem4 Rotterd am 2l I _Zl g.

methods, including oth., noo_dlst.uctive m.tfroOs, lll icost' It is capable of quickly producing information on tbreaks, discontinuities or inrrurio*; and provides resson
I possible presence of defects such as voids,ble estimates on pile length.


