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Non-Destructive Integrity Testing Of Piles 
Chundra Prahusir, A,K, ShanJl Cl alld P .C. Rastogi, C('l1tra[ Building [?c.~l'((r('h lllst/lllle, !?()(),.I;.,( , 

The prilllC component of pile 
i<lUnda tiontcchllo logy is the construction 
of a pilc true to design with maximum 
speed and minimum expenditure. 
Slruclurcs , hO\\"t'vE'r, some times do end 
up with piles of questiolluble integrity 
with defecLs and irregularities in the 
iorm ofl'oids, soil inclusions, separations. 
':quL'c7. in g 0(' sections, necking and 
hOlll'."colllbing along the pile s haft. 
ddl'ct.il·c toe,; in casL-in-situ concrete 
piles <lnd cracks in precas t concrete piles 
(1.~,3 &4). This is why a need has been 
emphasised from time to time to have a 
deiiniti\'e :md economical non-destructive 
procedure to evaluate s tructura l integri ty 
of piles shortly after their construction , 
The commonly employed methods 01' 
co ring , drilling, television survey 
I'ibration tes ting and load tests for 
detecting defects and irregularities in 
piles have, however, only resulted ill 
v,lrying degree of success, During till' 

recenLyears , a low strain sonic integriLy 
testing method, based on one dimensional work on integrity testing of piles has Principle Of Integrity Testing
stress wave analysis applicable to piles been started very recently using one of The principle of integrity testing
has been used success fully in various the latest portable computerised stress method is time-domain reflectometry of 
parts of the world (5,6,7). It is a low wave measuring equipment-Foundation stress wave propagation through pile
:;train, non-destructive testing method Pile Diagnostic system (FPDS). The materia l acting as a one dimensional 
useful for both cast- in-situ a nd precast experience gathered through the tests medium , The wave is generated by a 
concrete piles, The method basically on different type of piles will be discussed short hammer blow impact on pile head 
involves recording of pile head (8,9,10,11,12) highlighting testing which travels down the length of pile in 
acceleration caused by blow of a hand methodology, principle and some of the axial direction with the speed of sound,
held hammer on pile top, In India the results of the tests. 
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pass ~ILerin f' is ,d ~() done to improve th e si gnal I,) II',i 
T he whole- prr>C('f~ i." controlled hy th l' "IIIl 'l"II '" '11l1i 

proccs!; ing of :j i~"l;lb. the res ults a rc cli ~p l;I."('rI "n ""1111 
scre e> 1I in (he ( 11'm of p;nticle velocit.y ver"u ' h ' lI ~l h r 
prov idin g the infor mation nboul defec ts. 
approximate pik length. The res u lts ;1ro nls" 
hard di sk (J C' I,' !'DS comput.er fM su hscqul.>II( 
generated c()mprc~s io[l wave experien ccsd ampllli{'n 
to soil friction [\c ting a long pile s ha ft. HO\\'t:\'N . iller " 
gain with time C'o rnpcnsntes for s ignal luss dul' I" -IIi! fll 
an d to Obl<l ina cl ee! r toe reflex, the s igna lean hc' nlllJ1lf1i 
desired Jeve l b\ ' oe lect in g a s uitnbl e !l:l in vCl lll~ . Th" 

i concept or intc\',' rirl' tes t ing procedure a l (iIl~li l h 3 t ,~ 

record obt. a ined for s tructur~tlly so und l)IInee Cd I·in 
concrete pile is dE'picted in Fig.2.

I T he re nec ln g- ra rns obt a i ned for e <lch pi IL' I ('''[ I,d '1 
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Fig 2 Svslem Concepi Of Inlegnfv Tesl 

The pa rti cle ve loci ty. \' res ulted due to thi s at any level is 
dqJ l' llel e ll t 0 11 [olce. F <.l nel impedanceofpile, Z at that leve l (V 
= F'Z) Th" il1lpedancp is direct ly proportional to the area of 
cros~- ~ect ion of pil e , A rZ= EAlC, C= s tres s wave velocity, 
C=Youn g's Ill od u Ius) and any change i n it due to irregu larities 
or defects p\'C~ " e nt il\ t.he pile stem , ca uses varia tion il\ th e 
J.l<.lILiclc velocity. ,..\" a res ulL of these ch<.mges, a part of the 
COrll pres sion wa ve is refl ected from th e loca tion of varia tions 
in 1m pedal1ce of pile s haft. I fthere is no va ria ti on in im pedance 
th roughout th e length of pile. the comprf':-: .-: ion wave wi.ll 
reflec t Crom pile toe only. Monitoring and ana lysi s of these 
reflectio ns fonn the basis oCintq.,'Tity testing. F ig. 1(a) through 
Fig.l I C I rep resent the velocity time ref1 c<.:tog-rams for a 
conti nuous pile with necking a nd for a pile with increase in 
cross -section respecti ve ly . Difference in the ty pe of re flection s 
in 0. pile with l1ecking(F'ig.lb) and a pile with increased cross ­
section I Fig.Irc)) helps in di stingui shing the shape of pile in 
two cases . 

Method Of Integrity Testing 
T he diagnosis of a pile is based on two eq ually important 

aspects I a j monitoringot"stress wave using either a na logue or 
digital da t0. processing technique, an (b) a nalys is a nd 
interpretat ion of ve locity reflectogram . The Foundation Pile 
Di <'lgnost ic System incorporates the digital data processing 
tec hm4Lle for monitoring of s tress wa ve whic h provides more 
accurate resu lts in comparison to analogue technique. The set 
up for in le.<:;ri ty test by the FPDS is show n in Fig.2 . The test 
is conducted by s triking pile head by a small hand held 
hammer, s truck in such a way t.h a t a blow with a short ri se 
t ime is achi eved. The reflections are picked up by an 
accelerometer pressed on pile top close to the location of 
hammer blow. Theobserved signal is ampli fied by the computer 
control.led amplilier. It is then num erically integrated to 
con ve rl acce lerations into ve locity through signa l conditioning 
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Fig.3. Inlegrity TeSI Resul/s Of Especially Casl Bored Piles. CBRI. 
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cva IU <ILl' thL: slructural dcl'coctive pil(Os and production 
illli'g'I'itv of' piles Since cach r---1 [liles are gi\cn ill fig.3 to fig_6. 
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l'X<llllpic, changes ill cross, Concluding Remarks;'1 M L " .'el ion, cr~lcks, joints in pilc, 
1'5l­ Low strain integri ty tes tingI, .~oil inclus iOlls. pile toe, change methodology based on one1m I 

III so il s Lif'f'ness and 
____ J7 ., ______ dimen s ional stress wave1----)75 _______reinforcement overlapping in approach as employed by FPDS'I-- mm _f'\ I-- _ I I-- mm -I' J-­_II)mcase ofheavily reinforced piles, is s imple, quick and requires

i Soil ....provides un iq ue type 0 f Cc:mcnl + minimal interference with site~ Concrete +­~rclfections, the first hand 
I.m activity enabling testing ofOr.jhnt) muJinrnnn alion abou t the type of il (J) In yc:rII dozen of piles in a single day.51--1disconlinuities and their The major defects such asSm<lpproximate locations cun be So;'~ cracks, necking. soil inclusions

ItlClu..,ioIl '\had directly by rcOectograms. and changes in cross-section, 
GmThe effect of sudden variation produce their own unique~ in so i Is ti Ifness on the observed signal in velocit\- ref1ectograms 

signu l C,lll be ascertai n cd usi ng 7m-l~ll and piles can be checked soon
sub-soi l data. A change from after construction to avoidl::sfX-'Ci.:llly cos t bored piles at Vivck Vil\llrstiff layer to a soft one yields failure at later slage. The pile 
same type of signal as a v L length can also be estimated to 

7· 0 rndecrea se in cross ' section while a fairly reason3.ble degree of
in case of change from soft l oil rITk1c IIIIII 
 accuracy if the pile is not too& ' Ocm / ~layer to a stiffer one, the trend 

0 1 I. 6 8 10 11 11. 16 18 10 long or s k.in friction is not too
of signa l is same to that of 

high. Howe\-er. the minor
increased section . However, the Pile r C: )600 mlS Exp : 20 deficiencies like local loss of 
ref1ections are not so sharp as 

cover to pile reinforcement or
in case of variations in pile 

small inclusions and also the
cross-section. This helps in type of debris present at pile
identifying whether the 

base are not discovered_ Based
variation in signal is due to on the integTIt\- tes t results,
discrepa ncy in pi Ie shaft or due the inferior-mo's t pile can be 
to change in grou nd condi tions_ selected for rourine load test.
For a qualitative estimate of 

Analysis of \ elocity
the exact locations and 

renectogram s offer both
dimensions of discontinuities 

qualitative and quantitati ve 
they are processed using the information. for proper
TNOWAVE program_ 

in terpretation of integri ty tes t 
The test can be performed ref1ectograms, a kno\dedge of 

on production piles withoutany sub so il conditions, 
special preparation. The top of construction technique and the
pile should be accessible, sequence follo\\-ed in the pile
trimmed back, leve lled as far casting along \\ith the quality 
as practicable, clean and water 

of concrete used. is very
free. Incaseofcast,in,situ piles, 

essen tiaL Qualified personnel
the test can be performed after who have knowledge of the pile
about 15 days of their soil interaction and piling
installation depending on the L
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construction techniques are
site conditions_ At a s ite few L __________________---::-:_---:--::-~-:-:::----

required both for conducting
piles are tested initi a lly and a Fig.4. Integnty Test Results Of Especially Casr Bored Plies. Vlvek Vlhar 

tests in the field and to interpret
characteristic Or reference the test results_
signal is generated for that particular piles 
site to compare the observed signa ls for (i ii) driven cast-in,situ concrete Acknowledgementsubsequent piles. production piles, and The work reported herein torms the normal

(iv) precast concrete production piles, re search. det'elo pment and cansultancy
Examples Of Field Tests at various sites cove ring different programme ot the Central Bll ilding Research 

Integrity tests were conducted on: type of soil deposits_ Some of the Institute. Roor/;ce (UP) and ,r.e paper is being 
typical results for espec ially cast published with the permission otthe Director.(i)espec ially cast bored concrete defective 
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