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ABSTRACT

Concrete structures show the signs of deteriordtiomediately after the construction if the qualigd
workmanship is not maintained consistently. Thesoea for deterioration are many like change in iguaf
cement, change in quality of aggregates, use déties of cementitious materials and admixtureglide in the
standard of workmanship and poor quality contrdie demand to study in situ testing of hardened red@do
assess the suspected structure has increased arahdydover the years. But for site engineers immédtions and
methods of in situ tests are unknown and hencdyfieapert's opinion is sought. The site engineemwners, and
expert all should have common understanding inrplenand conducting the experiments. The primagu$
should not be diluted with the limited test dataingerpretation of results, causing delay in thgjget execution and
imposing financial constraints.

Concrete structures constructed below ground indtmpn construction method can be assessed by proper
NDT methods. The cross hole sonic logging in suolncoete structures is very useful to understand the
homogeneity of the structure. In the case of g ilportant structure, by proper planning, theststean be easily
done. L&T Construction research and testing celméelr carried out such NDT test on a cavern stradtuestablish
the homogeneity. The paper illustrates such teghmi

The hardened concrete strength test results shmekt acceptance criteria as specified in variowego
like IS: 456, BS: 5328. In case if the test redokesn’t meets the acceptance criteria or when aloartid compliance
results are unavailable or inappropriate or whesrghs a doubt about their reliability, the struetis deemed
suspicious and partial destructive technique igptth In general, Schmidt hammer test, ultrasonlsepvelocity
test are the most widely used test methods in sisgethe strength and durability of hardened caecrehis paper
illustrates few case studies of core testing and K&3ts adopted in few project sites.

In one of the projects, to establish the strendtthe three decades old bridges, cores were egtizatd
tested. This study clearly indicates that the casgive strength of concrete cores depends on teetidn of core
extraction. The strength of concrete cores extdalot#izontally shows 20 % lower than verticallyrexted cores. It
is also observed that the strength varies duedmthsence of rebar, quantity of rebar, honeycambro cracks
etc., The codes of practice 1S: 516 do not spebi®ycorrection factor for the cores having heightliiameter ratio
less than 1. The paper proposes the correctionr&aédr lower H/D ratio cores of vary grades of cate and the
corresponding relationship.

INTRODUCTION

In the recent past most of the structures shamssiof deterioration due to either poor workmansthiping
construction or poor maintenance of structuresaddition to that, carbonation or increased poltutievel in which
the structures get exposed aggravates the damate tstructure. The reasons for deterioration aamynlike
change in quality of cement, change in quality ggregate, mineral additives and water. These stresteither
during construction or after completion needs t@hecked periodically for functions to meet theqdeey criteria.
There are methods to check and verify acceptanstwiture by destructive and non-destructive negh&oncrete
being a highly complex heterogeneous material, NEIs data provide a very little information. Thesest data
need supplementary data for getting sufficient kieolye on state of concrete.

A variety of Non Destructive Testing (NDT) methdasve been developed or are under development for
investigating and evaluating concrete structurdsesé methods are aimed at estimation of strengthotimer
properties, monitoring and assessing corrosion som@® crack size and cover, assessing grout gudktecting
defects and identifying relatively more vulnerabteas in concrete structures. The equipments wseconly are
rebound hammer, ultrasonic pulse velocity, wingsobe, pull off tester, bond test equipment, maturieter, half-
cell potential meter, cover meter, electrical rigiy meter etc. Recently sophisticated equipmestsh as gamma
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radiography, thermography, in —situ permeabilitgpwstic emission test, pulse echo technique, GRRnigue,
endoscopy technique and cross hole sonic loggie@lao being applied. The standards for variousdestructive
tests are given in 1S:516, 1199,13531BS:188%, EN 12504 and ASTM- C597805,803,876 and D4788.The
destructive tests are conducted to ascertain thegth of concrete structure.

PARTIAL DESTRUCTIVE METHODS

As per IS: 456, in case of doubt regarding the grafdconcrete used either due to poor workmanship o
based on results of cube strength tests, part&tudgive technique is adopted. One such methadris test. The
other alternative method is load test.

CASE STUDY

In one of L&T’s highway expansion project (BOT) thlel major bridges, minor bridges and culvertd)¢o
assessed for its strengtHence about 400 cores were extracted in threkagas by the project team and was
investigated, tested and analyzed by L&T's LTCRT@nftte at Chennai. The investigation includes visual
inspection of core, location of rebar and sizepéudion of presence of crack, testing of core fompressive
strength, correlation of compressive strength daseH/D ratio and rebar position. All the coreseveeighed and
dimensions were measured in as it is conditionefl_tte cores were trimmed to the extent possiblebtain H/D
ratic’ between 1 and 2. The densities measured wereeinatige of 2300 to 2500 kginThe cores were sulphur
capped before testing and few cores extracted wentaining rebars (see fig 1). The cores were stidgeto
compression under uniform load as specified indnditandard by means of auto programmed contitafrigshine.

Analysis of Test Results

The measured compressive strength of cores is dmavi® equivalent compressive strength of cylicalri
specimens by applying H/D ratio (Height to diampeteorrection factor as given in 1S:518. order to find the
equivalent cube compressive strength, the aboeagttn results were multiplied by 1.2 as per 1S°49®e cores
extracted vertically were evaluated as per I1S: Bf. I1S:516 doesn’t specify the corrections for gresence of
rebar and the direction of the core extraction. ddéethe cores extracted in horizontal and vertigeéctions
containing rebars were evaluated for rebar cowadtctor as per the equation given in concreteespreport. For
cores extracted in vertical direction the correctedbe strength is obtained by multiplying the eqlémt cube
strength with rebar correction factor. For coregaeted in horizontal direction, first the estinthi@ctual strength
was determined. These results are termed as minivalme. Guidelines to estimate potential cube giitenvere
followed as per concrete society report. Theseltesue termed as the maximum value. The mean esfettiwo
values multiplied by rebar correction factor gitee corrected cube strength. The ratio betweenvebprit cube
strength and corrected cube strength is termettesgsh ratio. A typical test result of cores otRage | is given in
table 1 as an example. The test results are amblgmd shown in fig 2 &3Figure 2 indicates that, the rebar
correction factor is not much significant for vatistrength of core samples extracted in horizodtegction.
Whereas in case of cores extracted in verticalcdoe do exhibit significant variation of strengthith rebar
correction factor as seen in fig 3. If the rebarection factor is unity, then the strength rai@iso unity. When the
rebar correction factor is increased by 30%, thength ratio also decreases to the same extent.

This study clearly indicates that the compressikength of concrete cores depends on the directi@ore
extraction. The strength of concrete cores extdabot#izontally shows 20 % lower than verticallyrexted cores. It
is also observed that the strength varies dued@thsence of rebar, quantity of rebar, honeycambro cracks
etc., The codes of practice I1S: 516 do not spehiycorrection factor for the cores having heightiameter ratio
less than 1 and rebar correction.

Fig 1. Capped core samples and cores with rebar
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Table 1. Typical Test results of concrete coremfpackage 1

i - o Max Measured . Corecfomlp,stg eqéivzlent Rebar Corrected Cube Horiontal
S.No sample ID wei;yht er:i dia,mm | density o failure strce(:lrgih, fastr:r sp:cicnren, comup.:tg, correction | COMP-stg, N/mm2
laod, KN Mpa NJrma NJmm factor . "

vertical n Max
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20 A2 SAMPLE 2 2742 173 93 2381 1.868| 55.6 822 [0.985 8.10 10.12 1157 R 1168 15.19
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Fig 2. Influence of rebar correction factor oveesgth in cores extracted in horizontal direction
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Fig 3. Influence of rebar correction factor oveesgth in cores extracted in vertical direction

NON DESTRUCTIVE METHODS

NDT tests are used to obtain estimation of the @niigs of concrete in the structure. The most widesled
NDT tests are Schmidt hammer test to establishsttength of the concrete and ultrasonic pulse gidest to
ascertain the homogeneity of concrete as well dgdat method of determination of compressive gtierof
concrete. These two basic tests are to be cartiedsoper IS: 13311. NDT tests provide alternatieesore tests for
estimating the strength or can supplement the dbtained from core results. Besides these basts, tésw
specialized NDT tests are engaged in the verifioatind analysis of the quality of structure. Taeasghe integrity
of concrete foundations which are not accessibl@ifect or indirect probing specific tests suchCasss hole sonic
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logging (CSL), Cross hole sonic logging tomogragfsLT) and single hole sonic logging (SSL). In thiper
Crosshole sonic logging (CSL) method to evaluate ititegrity of Diaphragm walls of an undergroundrage
facility is discussed. In one of the L&T’s undergnal cavern structure, to establish the homogewéitpncrete this
technique was followed.

CROSSHOLE SONIC LOGGING TECHNIQUE

Overview of CSL

CSL is the integrity testing method for drilled @cast in place foundations and diaphragm walls. Tdgs
method is covered by ASTM standard D 6760 £ 02this method a piezoelectric transducer is usegenerate a
signal that propagates as a sound (compressiorg wikin the concrete, while another transduceisisd to detect
the signal. Each transducer is placed into a \@rf®8/C or steel tube that has been attached toeihéorcement
cage prior to the concrete placement. The tubedilare with water before conducting the test, dhdcts as a
coupling medium between the transducer and the {libe velocity of the wave depends upon the dertitithe
medium it passes through and it could be relatédaauality of the concrete

Analysisand Interpretations

The analysis of the test results to assess therityt@f the concrete involves, (1) measuremenvate
travel time between the source and receiver pi@ealculation of corresponding wave velocitiesoWwing the
separation distance between the tube pair and é8pumning receiver response energies. Consistesg pufival
times and the corresponding compression wave \@sdhat are reasonable for concrete will indichee
acceptable quality of the concrete. The anomalieb ss soil intrusions, contaminated or weak cdaaasdl result
in delayed arrivals time i.e. slower velocity. lase of severe defects the signal will be completbiorbed and no
arrivals of signal at the receiver probe. The CSithnd thus tests the quality of the concrete IYiatyveen a tested
pair of tubes.
The CSL First Arrival Time (FAT) is analyzed arfetinterpretation is made according to the follaywuidelines

of “Rating Criteria of the concrete quality” as sfroin Table 2.

Table 2. Concrete condition rating criteria

Velocity
Rating & Symbol Reduction (% Indicative Results
Loss)
Good (G) 0to 10 Acceptable concrete

Minor concrete contamination or intrusion. Questiole

Questionable (Q) 10 to 25 quality concrete.

Defects exist, possible water slurry contaminatgmwil,

Poor (P/D) =225 intrusion, and/or poor quality concrete.

No signal Soil intrusion or other severe defect absorbedsitpeal, tube

No signal (NS) received de-bonding, water loss in pipes

CASE STUDY

CSL Test of Diaphragm Wall Panels of Deep Shaft

The application of CSL technique was demonstratetieadiaphragm wall panels of an underground $hathe
typical plan of the shaft is shown in figure 4. #tsown in Figure 4 the diaphragm wall comprisedighepanels
and was 12-15 m deep below the ground level. ®gl gtipes of internal diameter 100 mm were provigledach
panel to perform CSL. The arrangement is showigis f These pipes were fixed on the inner sideefforcement
gage while casting the in-situ wall parfeigure 6 shows the fixation of steel pipe. Tremiaarete M30 grade
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Fig 4. Plan and numeration of the Shaft panels Fig 5. Arrangement of CSL pipe within each panel

was used. In this project, one source and twavecerobes were used. Considering the tube panbawoation, the
maximum logging depth was fixed. The source prolas mserted in to the pipe no.5 and the receivebginto

pipes 1 and 3 respectively. Care was taken to aligthe three sensors in such a way that theyrasame plane.
Then the cables were locked in position over tHeepun tripod, to which the depth wheel was ateed¢hThe probes
are moved up in the tube by pulling the cables tsclultaneously at a constant speed. The sourcengagred

automatically at every 2.18 inch (~ 55 mm) as thkeles are pulled. The source sends the signal asdoigked up
in the receivers. These pulses are recorded sinedtssly with the depth measurement from the depieland are
recorded using the computer based CSL software.pldte of Depth Vs Arrival time are generated oaliwhile

conducting the test. These data could be saveduaed for further processing. Likewise for all théoe pair

combination logging was done.

Analysis

An example of the arrival time plot is shown inuig 7. The consistent arrival of signal marks thelity of
concrete. If some major deviation in the arrivaiéiwas noticed, then it should be analyzed forgreeage loss of
signal. Knowing the arrival time and the distaneéa®en the tubes, velocity of the pulse was estéthat

Amplitude [Valt)
T O I
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Tirne: (Mirrn S eenndl

Figure 6.Fixation of Steel pipes in progress Figure7. A view of the signal arrival time at treceive
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Fig 8. Typical output from CSL test

This was related to the quality of concrete asmivetable 2. The typical CSL output was shownigufe 8. In the
plot shown, at some locations there is a delayriival time, they indicates the zone of anomaliés.shown in
figure 8, there is a complete loss of signal andigaal was received by the receiver from the depthto 4 meter.
The observation revealed that there was a watsritothe source pipe and hence it was accountdidato rather
than major anomalies. It was also observed th&ink at the depth of 8m, which shows a possibitifydefect.
These depths were scrutinized for the percentaggedbsignal and were found to be within 10 pereert hence it
was accepted as good quality concrete area. Thaseawoss of signal or delayed arrival time belbw depth of
13.2, which represents a soft bottom.

SUMMARY

* In partial destructive techniques, cores are etéthand necessary conversion and rebar corrediobe
made to relate its strength with cube strengthlefent. Correction factors for cores with L/D rak&ss
than one is to be studied.

* In general Schmidt hammer test and UPV tests ardakic tests used to evaluate the strength ofreenc
element. However for specific structures few sgegaT tests are recommended.

» CSL technique provides a basis of Non-Destructiestig of deep foundation and diaphragm walls.
Quality of the concrete could be ensured for stngs in top down construction schemes.
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