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The prime component of pile
foundation technology is theconstruction
of a pile true to design with maximum
speed and minimum expenditure.
Structures, however, some times do end
up with piles of questionable integrity
with defects and irregularities in the
form of voids, soilinclusions. separations.
squeezing of sections, necking and
honevcombing along the pile shaft,
defective toes in cast-in-situ concrete
piles and cracks in precastconcrete piles
11.2.3 &4). This is why a need has been
emphasised from time to time to have a
definitive and economical non-destructive
procedure toevaluate structural integrity
of piles shortly after their construction.

coring, drilling, television survey
vibration testing and load tests for
detecting defects and irregularities in
piles have, however, only resulted in
varying degree of success. During the
recent years, a low strain sonic integrity
testing method, basedononedimensional
stress wave analysis applicable to piles
has been used successfully in various
parts of the world (5,6,7). It is a low
strain, non-destructive testing method
useful for both cast-in-situ and precast
concrete piles. The method basically
involves recording of pile head
acceleration caused by blow of a hand
‘held hammer on pile top. In India the
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Pile Infegrity Test In Progress.

work on integrity testing of piles has
been started very recently using one of
the latest portable computerised stress
wave measuring equipment-Foundation
Pile Diagnostic system (FPDS). The
experience gathered through the tests
ondifferent type of piles will be discussed
(8,9,10,11,12) highlighting testing
raethodology, principle and some of the
results of the tests.

Principle Of Integrity Testing
The principle of integrity testing
method is time-domain reflectometry of
stress wave propagation through pile
material acting as a one dimensional
medium. The wave is generated by a
short hammer blow impact on pile head
which travels down the length of pile in
axial direction with the speed of sound.
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The particle velocity. V resulted due to this at any level is
dependent on force. I and impedance of pile, Z at that level (V
= [7Z). The impedance is directly proportional to the area of
cross-section of pile, A (Z=EA/C, C= stress wave velocity,
E=Young'smodulus)andanychangeinitdue toirregularities
or defects present in the pile stem, causes variation in the
particle velocity. As a resull of these changes. a part of the
compression wave is reflected from the location of variations
immimpedanceofpileshaft. Ifthereisnovarationinimpedance
throughout the length of pile. the compression wave will
reflect from pile toe only. Monitoring and analysis of these
retlections form the basisof integrity testing. Fig. 1(a)through
Mg 1 ter represent the velocity time reflectograms for a
continuous pile with necking and for a pile with increase in
cross-section respectively. Difference in the type of reflections
in a pile with necking (I"ig.1b) and a pile with increased cross-
section +Fig.1 (¢)) helps in distinguishing the shape of pile in
two cases.

Method Of Integrity Testing

The diagnosis of a pile is based on two equally important
aspectstarmonitoring of'stress wave using either analogue or
digital data processing technique, an (b) analysis and
interpretation of velocity reflectogram. The Foundation Pile
Diagnostic System incorporates the digital data processing
techmque for monitoring of stress wave which provides more
accurate results in comparison to analogue technique. The set
up for integrity test by the FPDS is shown in Fig.2. The test
is conducted by striking pile head by a small hand held
hammer, struck in such a wayv that a blow with a short rise
time is achieved. The reflections are picked up by an
accelerometer pressed on pile top close to the location of
hammer blow. Theobserved signalisamplified by the computer
controlled amplifier. 1t 1s then numerically integrated to
convertaccelerationsintovelocity through signal conditioning

sub-systen, fitting 1o the back of FPDS computer
pass filtering is also done to improve the signal o i
The whole process i controlled by the computer
processing of sitmals. the vesults are displaved on
screen in the form of particle velocity versus le
providing the information about defects. it an
approximate pile length. The results are also swore
hard disk of FPDS computer for subsequent ana
generated compression wave experiences damping el
to soil friction acting along pile shaft. However, e
gain with time compensates for signal loss due o
and toobtain aclear toe reflex, the signal canbe aw
desired Jevel by selecting a suitable gain value. The
concept of integrity testing procedure alongwith &
record obtained for structurally sound boree cast
concrete pile is depicted in Fig.2.
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after construction to avoid
failure at later stage. The pile

dee type of signal ai a v l \ \ | | | i | R length can also be estimated to
decrease in cross-section w 11.9 e : a fairly reasonable degree of
in case of change from soft soil — M | | I | | | accuracy if the pile is not too
. gom
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of signal is same to that of high. However. the minor
increased section. However, the | |pite 1 C:i 600 m/s  Exp: 20 deficiencies like local loss of
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e case ol vanatxpns In pile v L small inclusions and also the
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variation in signal is due to §2 cmys on the inteeritv test results
discrepancy in pileshaftordue R L A B inffarior mesh pile can be
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For a qualitative estimate of Analysis of velocity
ctll'le exact r1<;l<.:atlor'1s and . T C reflectograms offer both
t;lmlensmnso iscontinuities, ( rom qualitative and quantitative
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TNOWAVE program. 76 cm/s interpretation of integrity test

The test can be performed 0 4 6 8 10 12 14 16 18 20 m reflectograms, a knowledge of
Oﬂprl‘OCliUCtIOn pllgswnhoutany ite 1 C:3000 m/s Exp:10 sub soil conditions,
splema hpre?jrztx)tlon. The top of constructiontechniqueand the
in.e S ;E K le aTlcesab;e, v ST m T sequence followed in the pile
rimmed back, levelled as far M ' ‘ ‘ ‘ ‘ e casting along with the quality
aspracticable,cleanand water ; of concrete used. is very
free. Incaseofcast-in-situ piles, P— | ‘ ‘ ‘ ‘ ‘ ‘ ) essential. Qualified personnel
the test can be performed aﬂ:gr 0 1 4 6 8 10 12 14 16 18 20 m who have knowledge of the pile
about 15 days of their e L G000 mys  Exp: o , soil interaction and piling

installation depending on the

site conditions. At a site few

construction techniques are

piles are tested initially and a
characteristic or reference
signal is generated for that particular
site to compare the observed signals for
subsequent piles.

Examples Of Field Tests

Integrity tests were conducted on:
(i)especially cast bored concrete defective

Fig.4. Integnty Test Results Of Especially Cast Bored Piles, Vivek Vihar

piles

driven cast-in-situ
production piles, and
precast concrete production piles,
at various sites covering different
type of soil deposits. Some of the
typical results for especially cast

(1i1) concrete

(iv)

required both for conducting
testsin thefieldandtointerpret
the test results.
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