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ABSTRACT 
 

Concrete structures show the signs of deterioration immediately after the construction if the quality and 
workmanship is not maintained consistently. The reasons for deterioration are many like change in quality of 
cement, change in quality of aggregates, use of varieties of cementitious materials and admixtures, decline in the 
standard of workmanship and poor quality control. The demand to study in situ testing of hardened concrete to 
assess the suspected structure has increased considerably over the years. But for site engineers the limitations and 
methods of in situ tests are unknown and hence finally expert’s opinion is sought. The site engineers, owners, and 
expert all should have common understanding in planning and conducting the experiments.  The primary focus 
should not be diluted with the limited test data, & interpretation of results, causing delay in the project execution and 
imposing financial constraints.   

Concrete structures constructed below ground in top down construction method can be assessed by proper 
NDT methods. The cross hole sonic logging in such concrete structures is very useful to understand the 
homogeneity of the structure.  In the case of a very important structure, by proper planning, these tests can be easily 
done.  L&T Construction research and testing center had carried out such NDT test on a cavern structure to establish 
the homogeneity.  The paper illustrates such technique.   

The hardened concrete strength test results should meet acceptance criteria as specified in various codes 
like IS: 456, BS: 5328. In case if the test result doesn’t meets the acceptance criteria or when control and compliance 
results are unavailable or inappropriate or when there is a doubt about their reliability, the structure is deemed 
suspicious and partial destructive technique is adopted. In general, Schmidt hammer test, ultrasonic pulse velocity 
test are the most widely used test methods in assessing the strength and durability of hardened concrete. This paper 
illustrates few case studies of core testing and NDT tests adopted in few project sites. 

In one of the projects, to establish the strength of the three decades old bridges, cores were extracted and 
tested. This study clearly indicates that the compressive strength of concrete cores depends on the direction of core 
extraction. The strength of concrete cores extracted horizontally shows 20 % lower than vertically extracted cores. It 
is also observed that the strength varies due to the presence of rebar, quantity of rebar, honeycomb, micro cracks 
etc., The codes of practice IS: 516 do not specify the correction factor for the cores having height to diameter ratio 
less than 1. The paper proposes the correction factors for lower H/D ratio cores of vary grades of concrete and the 
corresponding relationship. 

 
INTRODUCTION 
 
  In the recent past most of the structures show signs of deterioration due to either poor workmanship during 
construction or poor maintenance of structures. In addition to that, carbonation or increased pollution level in which 
the structures get exposed aggravates the damage to the structure. The reasons for deterioration are many like 
change in quality of cement, change in quality of aggregate, mineral additives and water. These structures either 
during construction or after completion needs to be checked periodically for functions to meet the adequacy criteria. 
There are methods to check and verify acceptance of structure by destructive and non-destructive methods. Concrete 
being a highly complex heterogeneous material, NDT tests data provide a very little information. Theses test data 
need supplementary data for getting sufficient knowledge on state of concrete. 
 

A variety of Non Destructive Testing (NDT) methods have been developed or are under development for 
investigating and evaluating concrete structures. These methods are aimed at estimation of strength and other 
properties, monitoring and assessing corrosion, measuring crack size and cover, assessing grout quality, detecting 
defects and identifying relatively more vulnerable areas in concrete structures. The equipments used commonly are 
rebound hammer, ultrasonic pulse velocity, windsor probe, pull off tester, bond test equipment, maturity meter, half-
cell potential meter, cover meter, electrical resistivity meter etc. Recently sophisticated equipments such as gamma 
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radiography, thermography, in –situ permeability, acoustic emission test, pulse echo technique, GPR technique, 
endoscopy technique and cross hole sonic logging are also being applied. The standards for various non-destructive 
tests are given in IS:516, 1199,133111, BS:18812, EN 125043 and ASTM- C5974,805,803,876  and D4788.The 
destructive tests are conducted to ascertain the strength of concrete structure. 

 
PARTIAL DESTRUCTIVE METHODS 

As per IS: 456, in case of doubt regarding the grade of concrete used either due to poor workmanship or 
based on results of cube strength tests, partial destructive technique is adopted. One such method is core test. The 
other alternative method is load test.  
 
CASE STUDY 

In one of L&T’s highway expansion project (BOT) the old major bridges, minor bridges and culverts, to be 
assessed for its strength5. Hence about 400 cores were extracted in three packages by the project team and was 
investigated, tested and analyzed by L&T’s LTCRTC Centre at Chennai. The investigation includes visual 
inspection of core, location of rebar and size, inspection of presence of crack, testing of core for compressive 
strength, correlation of  compressive strength based on H/D ratio and rebar position. All the cores were weighed and 
dimensions were measured in as it is condition. Later the cores were trimmed to the extent possible to obtain H/D 
ratio2 between 1 and 2. The densities measured were in the range of 2300 to 2500 kg/m3. The cores were sulphur 
capped before testing and few cores extracted were containing rebars (see fig 1). The cores were subjected to 
compression under uniform load as specified in Indian standard by means of auto programmed control test machine. 

 
Analysis of Test Results 

The measured compressive strength of cores is converted to equivalent compressive strength of cylindrical 
specimens by applying H/D ratio (Height to diameter) correction factor as given in IS:516. In order to find the 
equivalent cube compressive strength, the above strength results were multiplied by 1.2 as per IS:4566. The cores 
extracted vertically were evaluated as per IS: 516. But IS:516 doesn’t specify the corrections for the presence of 
rebar and the direction of the core extraction. Hence the cores extracted in horizontal and vertical directions 
containing rebars were evaluated for rebar correction factor as per the equation given in concrete society report7. For 
cores extracted in vertical direction the corrected cube strength is obtained by multiplying the equivalent cube 
strength with rebar correction factor. For cores extracted in horizontal direction, first the estimated actual strength 
was determined. These results are termed as minimum value. Guidelines to estimate potential cube strength were 
followed as per concrete society report. These results are termed as the maximum value. The mean of these two 
values multiplied by rebar correction factor gives the corrected cube strength. The ratio between equivalent cube 
strength and corrected cube strength is termed as strength ratio. A typical test result of cores of Package I is given in 
table 1 as an example. The test results are analyzed and shown in fig 2 &3. Figure 2 indicates that, the rebar 
correction factor is not much significant for varied strength of core samples extracted in horizontal direction. 
Whereas in case of cores extracted in vertical direction do exhibit significant variation of strength with rebar 
correction factor as seen in fig 3. If the rebar correction factor is unity, then the strength ratio is also unity. When the 
rebar correction factor is increased by 30%, the strength ratio also decreases to the same extent. 

This study clearly indicates that the compressive strength of concrete cores depends on the direction of core 
extraction. The strength of concrete cores extracted horizontally shows 20 % lower than vertically extracted cores. It 
is also observed that the strength varies due to the presence of rebar, quantity of rebar, honeycomb, micro cracks 
etc., The codes of practice IS: 516 do not specify the correction factor for the cores having height to diameter 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 cores from package 1 

Corrected Cube 

comp.stg, N/mm2

vertical Min Max

1
Abutment 1

2761
178 94

2.235 1.898 21.1 3.05
0.990

3.015 3.77 1.101 - 4.14 5.38

2 A2 SAMPLE 1 2769 185 93 2.199 1.987 17.5 2.57 1.000 2.57 3.21 1.000 - 3.20 4.17

3 A2, SAMPLE 2 2706 180 93 2.194 1.932 21.8 3.18 0.990 3.15 3.94 1.000 - 3.95 5.13

4  Pier 1, SAMPLE 1 3091 190 94 2.346 2.016 49.6 7.14 1.000 7.14 8.92 1.000 - 8.94 11.62

5
 P2 SAMPLE 2

1736
109 93

2.328
1.173 173.2 25.37 0.915 23.22

29.02 1.000 - 26.97 35.05

6 P3 SAMPLE 1 3004 188 93 2.333 2.013 30.0 4.38 1.000 4.38 5.47 1.230 - 6.74 8.76

7  P3 SAMPLE 2 2440 155 93 2.306 1.662 32.1 4.70 0.965 4.53 5.67 1.000 - 5.59 7.27

8 Slab 1 (A1-P1) Sample 1 2710 174 93 2.277 1.859 101.5 14.80 0.985 14.57 18.22 1.000 18.22 - -

9 Slab1 (A1-P1) Sample 2 1731 104 94 2.402 1.107 176.4 25.44 0.905 23.02 28.78 1.289 37.08 - -

10 Slab 3 (P2-P3) Sample 1 2745 177 94 2.234 1.888 163.9 23.64 0.985 23.28 29.10 1.191 34.65 - -

11 Slab 3 (P2-P3) Sample 2 1925 123 94 2.259 1.309 143.2 20.65 0.925 19.10 23.88 1.000 23.88 - -

12 Slab 4 (P3-A2) Sample 1 3052 189 94 2.327 2.015 144.0 20.77 1.000 20.77 25.96 1.079 28.01 - -

13 P1 SAMPLE 1 1809 120 93 2.234 1.300 75.3 11.18 0.925 10.34 12.92 1.000 - 12.31 16.01

14 P1 SAMPLE 2 2539 163 93 2.300 1.760 50.4 7.45 0.970 7.23 9.04 1.000 - 9.01 11.71

15 P2 SAMPLE 1 2724 188 93 2.141 2.025 24.7 3.65 1.000 3.65 4.56 1.119 - 5.11 6.65

16
P2 SAMPLE 2

2349
161 93

2.164
1.732 33.6 4.97 0.970 4.82

6.02 1.246 - 7.45 9.68

17 P5 SAMPLE 1 1648 104 93 2.341 1.120 23.2 3.42 0.905 3.10 3.87 1.566 - 5.60 7.28

18  P5 SAMPLE 2 3009 190 93 2.340 2.046 49.6 7.32 1.000 7.32 9.15 1.000 - 9.20 11.96

19  A2 SAMPLE 1 1756 119 93 2.194 1.280 31.4 4.65 0.920 4.28 5.35 1.277 - 6.51 8.46

20
 A2 SAMPLE 2

2742
173 93

2.341
1.868 55.6 8.22 0.985 8.10 10.12

1.157 - 11.68 15.19

21  Span 1 SAMPLE 2 3009 190 93 2.342 2.042 133.9 19.75 1.000 19.75 24.69 1.000 24.69 - -

22  Span 2 SAMPLE 1 2238 139 93 2.366 1.487 159.6 23.37 0.945 22.09 27.61 1.173 32.39 - -

23 Span 2 SAMPLE 2 1814 111 93 2.405 1.193 173.2 25.47 0.905 23.05 28.81 1.000 28.81 - -

24
 Span 3 SAMPLE 1

2269
139 93

2.397
1.487 114.0 16.69 0.935 15.60

19.50 1.000 19.50 - -

25  Span 3 SAMPLE 2 1860 115 93 2.367 1.233 95.7 13.99 0.915 12.80 16.00 1.000 16.00 - -

26 Span 4 SAMPLE 1 3036 190 93 2.348 2.035 116.8 17.11 1.000 17.11 21.39 1.115 23.85 - -

27  Span 4 SAMPLE 2 1653 106 93 2.285 1.142 129.6 19.03 0.910 17.32 21.65 1 21.65 - -

28
 Span 5 SAMPLE 1

2015
120 93

2.453
1.290 179.5 26.27 0.925 24.30 30.37

1.175 35.68 - -

29 Span 5 SAMPLE 2 2478 151 93 2.407 1.620 142.5 20.88 0.960 20.04 25.06 1.230 30.82 - -

30  Span 6 SAMPLE 2 2418 151 93 2.345 1.613 136.0 19.85 0.960 19.06 23.82 1.000 23.82 - -

31 A1 SAMPLE 1 2332 152 94 2.207 1.621 52.6 7.58 0.960 7.27 9.09 1.000 - 8.95 11.63

32
 A1 SAMPLE 2

2120
141 94

2.165
1.494 32.8 4.71 0.945 4.45

5.56 1.000 - 5.43 7.05

33  A1 SAMPLE 3 2670 172 94 2.224 1.829 48.0 6.88 0.980 6.75 8.43 1.200 - 10.09 13.12

34 , P1 SAMPLE 1 3047 189 94 2.312 2.010 53.2 7.63 1.000 7.63 9.54 1.243 - 11.88 15.44
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Fig 2. Influence of rebar correction factor over strength in cores extracted in horizontal direction 
 

 
 

Fig 3. Influence of rebar correction factor over strength in cores extracted in vertical direction 
 
NON DESTRUCTIVE METHODS 
 

NDT tests are used to obtain estimation of the properties of concrete in the structure. The most widely used 
NDT tests are Schmidt hammer test to establish the strength of the concrete and ultrasonic pulse velocity test to 
ascertain the homogeneity of concrete as well as indirect method of determination of compressive strength of 
concrete. These two basic tests are to be carried out as per IS: 13311. NDT tests provide alternatives to core tests for 
estimating the strength or can supplement the data obtained from core results. Besides these basic tests, few 
specialized NDT tests are engaged in the verification and analysis of the quality of structure. To assess the integrity 
of concrete foundations which are not accessible for direct or indirect probing specific tests such as Cross hole sonic 
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logging (CSL), Cross hole sonic logging tomography (CSLT) and single hole sonic logging (SSL). In this paper 
Crosshole sonic logging (CSL) method to evaluate the integrity of Diaphragm walls of an underground storage 
facility is discussed. In one of the L&T’s underground cavern structure, to establish the homogeneity of concrete this 
technique was followed. 
 
CROSS HOLE SONIC LOGGING TECHNIQUE 

Overview of CSL 
CSL is the integrity testing method for drilled or cast in place foundations and diaphragm walls. This test 

method is covered by ASTM standard D 6760 – 028. In this method a piezoelectric transducer is used to generate a 
signal that propagates as a sound (compression) wave within the concrete, while another transducer is used to detect 
the signal. Each transducer is placed into a vertical PVC or steel tube that has been attached to the reinforcement 
cage prior to the concrete placement. The tubes are filled with water before conducting the test, and it acts as a 
coupling medium between the transducer and the tube. The velocity of the wave depends upon the density of the 
medium it passes through and it could be related to the quality of the concrete9.  
 
Analysis and Interpretations 

The analysis of the test results to assess the integrity of the concrete involves, (1) measurement of wave 
travel time between the source and receiver probe  (2) calculation of corresponding wave velocities, knowing the 
separation distance between the tube pair and (3) measuring receiver response energies. Consistent pulse arrival 
times and the corresponding compression wave velocities that are reasonable for concrete will indicate the 
acceptable quality of the concrete. The anomalies such as soil intrusions, contaminated or weak concrete will result 
in delayed arrivals time i.e. slower velocity. In case of severe defects the signal will be completely absorbed and no 
arrivals of signal at the receiver probe. The CSL method thus tests the quality of the concrete lying between a tested 
pair of tubes.  
The CSL First Arrival Time (FAT)  is analyzed and the interpretation is made according to the following guidelines 
of “Rating Criteria of the concrete quality” as shown in Table 2. 

 

Table 2. Concrete condition rating criteria 

Rating & Symbol 
Velocity 

Reduction (% 
Loss) 

Indicative Results 

Good (G) 0 to 10 Acceptable concrete 

Questionable (Q) 10 to 25 
Minor concrete contamination or intrusion. Questionable 
quality concrete. 

Poor (P/D) > 25 
Defects exist, possible water slurry contamination, soil 
intrusion, and/or poor quality concrete.  

No signal (NS) 
No signal 
received 

Soil intrusion or other severe defect absorbed the signal, tube 
de-bonding, water loss in pipes 

 
 
CASE STUDY 
 
CSL Test of Diaphragm Wall Panels of Deep Shaft 

The application of CSL technique was demonstrated at the diaphragm wall panels of an underground shaft10. The 
typical plan of the shaft is shown in figure 4. As shown in Figure 4 the diaphragm wall comprised of eight panels 
and was 12-15 m deep below the ground level. Six steel pipes of internal diameter 100 mm were provided in each 
panel to perform CSL. The arrangement is shown in fig 5. These pipes were fixed on the inner side of reinforcement 
gage while casting the in-situ wall panel. Figure 6 shows the fixation of steel pipe. Tremie concrete M30 grade 
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was used.  In this project, one source and two receiver probes were used. Considering the tube pair combination, the 
maximum logging depth was fixed. The source probe was inserted in to the pipe no.5 and the receiver probe into 
pipes 1 and 3 respectively. Care was taken to align all the three sensors in such a way that they are in same plane. 
Then the cables were locked in position over the pulley in tripod, to which the depth wheel was attached. The probes 
are moved up in the tube by pulling the cables back simultaneously at a constant speed. The source was triggered 
automatically at every 2.18 inch (~ 55 mm) as the cables are pulled. The source sends the signal and was picked up 
in the receivers. These pulses are recorded simultaneously with the depth measurement from the depth wheel and are 
recorded using the computer based CSL software. The plots of Depth Vs Arrival time are generated online while 
conducting the test. These data could be saved and used for further processing. Likewise for all the tube pair 
combination logging was done.   
 
Analysis 
An example of the arrival time plot is shown in figure 7. The consistent arrival of signal marks the quality of 
concrete. If some major deviation in the arrival time was noticed, then it should be analyzed for percentage loss of 
signal. Knowing the arrival time and the distance between the tubes, velocity of the pulse was estimated. 
 

 

 

 

 

 

 

 

 

 

 

 

Fig 4. Plan and numeration of the Shaft panels Fig 5. Arrangement of CSL pipe within each panel 

 

Figure 7.  A view of the signal arrival time at the receiver 
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Figure 6. Fixation of Steel pipes in progress  
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  Figure 8 Typical output from the CSL test   Shift in arrival time 

 

Fig 8. Typical output from CSL test 

This was related to the quality of concrete as given in table 2. The typical CSL output was shown in figure 8. In the 
plot shown, at some locations there is a delay in arrival time, they indicates the zone of anomalies. As shown in 
figure 8, there is a complete loss of signal and no signal was received by the receiver from the depth of 0 to 4 meter. 
The observation revealed that there was a water loss in the source pipe and hence it was accounted to that, rather 
than major anomalies. It was also observed that, a kink at the depth of 8m, which shows a possibility of defect. 
These depths were scrutinized for the percentage loss of signal and were found to be within 10 percent and hence it 
was accepted as good quality concrete area. There was a loss of signal or delayed arrival time below the depth of 
13.2, which represents a soft bottom. 

 

SUMMARY 

• In partial destructive techniques, cores are extracted and necessary conversion and rebar corrections to be 
made to relate its strength with cube strength of element. Correction factors for cores with L/D ratio less 
than one is to be studied. 

• In general Schmidt hammer test and UPV tests are the basic tests used to evaluate the strength of concrete 
element. However for specific structures few special NDT tests are recommended. 

• CSL technique provides a basis of Non-Destructive Testing of deep foundation and diaphragm walls.  
Quality of the concrete could be ensured for structures in top down construction schemes. 
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