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Abstract: Since the advent of non destructive test (NDT) in civil engineering, one of the main 
disadvantage lies in the processing and interpretation of the data, which is often not trivial. Studies 
had highlighted the inaccuracies of accompanying non destructive test chart to differences in 
aggregate sources, types, test specimens and test conditions. In this study, non-destructive equipment 
charts were developed. Their appropriateness in examining deterioration in compressive strength of 
normal strength concrete subjected to elevated temperature was also investigated. Fifty concrete 
cubes (150 x 150 x 150 mm) of grades 20 to 60 in steps of 10 were prepared and tested using non-
destructive test equipment of Pundit, and a destructive compression machine. The non destructive test 
parameters were related to the destructive compressive strength using statistical regression analysis in 
developing two non-destructive charts. Another set of 111 cubes of grade 30 (Normal Strength 
Concrete) were prepared. They were tested for compressive strength at 27 0C and oven heated to 
temperature ranged 100 to 600 0C in steps of 100 0C for ½, 1, 1½, 2, 2½ and 3 h respectively using the 
non-destructive and destructive test. The percentage deviation in compressive strength values of non-
destructive test was compared with those from destructive test. The Pundit parameters were 3.8, 4.5, 
5.0, 5.5 and 5.9 km/s. The corresponding compressive strengths were 20.0, 30.0, 40.0, 50.0 and 60.0 
N/mm2. Grade 30 concrete gave compressive strength range of between   18.4 and 22.7 N/mm2 and 
19.4 and 25.6 N/mm2 at temperature range of 100 0C to 600 0C for Pundit and destructive tests 
respectively for developed charts while manufacturer chart values ranged from 26.6 to 29.4 N/mm2 

and 19.4 to 25.6 N/mm2. Schmidt test had percentage deviations of  6.9 % from the destructive tests 
this is within acceptable limit of 20.0% (BS 4408), Manufacturer charts with equivalent percentage 
deviation of 26.5 % were outside the acceptable limit. Schmidt hammer test due to the developed 
chart gave a better value. This implied that the developed chart was more suitable for normal strength 
concrete. Developed charts can be utilised in minimising inaccuracy in non-destructive tests within 
the Nigerian environment given their conformity with relevant standard. 
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INTRODUCTION 

 
The Non Destructive Testing (NDT) of concrete has a great technical and useful importance. These 

techniques have  grown in recent years especially in the case of construction quality assessment. The main 
advantage of non-destructive testing method is to monitor deterioration in  concrete damage or the performance 
of building structural components also their usage is simple and quick. (Van Den Abeele K  and  De Visscher,  
2000).  

The Schmidt rebound hammer (SRH) and the ultrasonic pulse velocity (UPV) tests, are useful non-
destructive which are so familiar recently and they are useful when a correlation can be developed 
betweenhammer/ultrasonic pulse velocity readings and the strength of the same concrete.(Van Den Abeele, et 
al,  2000).  

 These methods, therefore attempt to measure some other properties ofconcrete from which an estimate of 
its strength, durability and elastic parameters areobtained indirectly. Such properties are hardness, resistance to 
penetration ofprojectiles, rebound number, resonant frequency and ability to allow ultrasonic pulsevelocity to 
propagate through it. Other properties are the electrical properties of the concrete, its ability toabsorb, scatter 
and transmit X rays and Gamma rays, its response to nuclear activationand its acoustic emission allow us to 
estimate its moisture content, density, thicknessand its cement content. On basis of above parameters, various 
nondestructive methodsare developed. To name few: Surface Hardness Test, Rebound test, Penetration 
orpullout test, Dynamic or vibration test, Radioactive and nuclear methods, Magnetic andelectrical methods, 
Acoustic emission tests, etc. Out of these tests the Pulse velocity  test and the rebound hammer test, are simple 
to use, widely accepted and commonlyused all over the world(Van Den Abeele, et al, 2002) 

Non-destructive testing of hardened concrete has always been a challenging andinteresting problem to the 
construction engineers. During the last fifty years substantialdevelopment has taken place on the NDT 
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equipments and their use for testing ofhardened concrete(Johnson, et al , 2004). It is now considered as a 
powerful method for evaluating thehardened concrete structures with regard to their strength and durability, 
apart from theassessment and control of quality of hardened concrete. Investigation of crack depth,micro cracks, 
and progressive deterioration can also be studied by using the non destructive test equipment.(Zeng, et al, 2003) 
There are many advanced statistical tools that can be used to refine the database andincrease the accuracy of test 
results. Though the non-destructive testing methods are relatively simple to perform, the analysis and the 
interpretation of the test results are not so easy. Therefore special knowledge and experience is required to 
analyze the properties of the hardened concrete. In this case the concrete specimen is not loaded to the failure 
and as suchthe strength inferred or estimated cannot be expected to yield the absolute values of strength.Oneof 
the critical issues in the fire resistance of concrete is the nature of the used aggregate, ascertain aggregates are 
more resistant to spalling and had lower thermal conductivity(Johnson  and  Jia, 2005). 

The issue of thermal conductivity is particularly important as it is necessary to limit heattransfer to the 
inside of the element. Lin et al reported that concrete partially loses its strength at temperature of 200oC to 
250oC, but cracks start to occur at about 300 oC where the concrete loses about 30% of its compressive strength 
and the loss of strength continues with the increase in temperature. 

It hasexperi been experimentally proved that all concrete types lose strength at elevated temperatures but 
the rate of reduction differs with the type aggregate used. Moreover, mitigating the negative effects of elevated 
temperature on concrete elements is usually a main concern. It is increasingly important to take care of the 
damaged structures by high temperature. (Garbacz et al 2001.) The reinforcedconcrete structure, a generally-
used material, has been rated among the highest in terms ofpracticality, fire-resistance and durability. 
Temperature changes vary the properties of materials.Material properties of fire-damaged concrete depend on 
aggregate types, fireduration, cement type, and moisture contents as well as permeability (Kozlov, 2006). 

This paper deals with the issue of developing a domesticated pundit non destructive test chart and it 
appropriateness in examining reductionin compressive strength of normal strength concrete subjected to 
elevated temperature . 
 

MATERIALS AND METHODS 
 
The cement used in this study was ordinary Portland cement as per IS: 8112-19893, with a specific gravity 

3.15 and fineness of 5%. The fine aggregate used was riverbed sand with fineness modulus of 2.72 and specific 
gravity 2.56. The coarseaggregate used was crushed stone with maximum  nominal size of 20 mm and specific 
gravity 2.60.Concrete mix proportion used British codes (BS5328, 1976).Mixing of fresh concrete was done 
according to BS1881:Part125:1983.The design slump would be limited from 70 to 85 mm .The procedures of 
slump test were according to BS1881:Part102:1983. The aggregates were testedfor sieve analysis, flakiness, 
elongation and average crushing strength test. 

Two sets of test specimens were prepared. The first set of fifty concrete cubes (150 x 150 x 150 mm)  of 
grades 20 to 60 in step of 10 were cast, cure and subjected to non destructive test of PUNDIT, and destructive 
compressive strength test at room temperature (27 0C). Statistical regression method was used to analyse the 
relationship between PUNDIT test pulse velocity with compressive strength in developing a domesticated chart. 
The second set of two hundred and twenty two cubes of grades 30 were cast, cure and exposed to elevated 
temperature for validating the charts. Different sets of three samples were oven heated at 1000C for ½ hr, 1 hr, 
1½ hrs, 2 hrs, 2½ hrs and 3 hrs respectively. The time variation was repeated for other set of samples at 2000C, 
3000C, 4000C, 5000C and 6000C. The increase in the rate of heating was maintained at 50C per minute until the 
required maximum furnace temperature was reached. This step was required to minimize the different in 
temperature between The compressive strength derived from the developed charts was compared with that of 
the destructive testing of each cube and core which were the control for this study using the percentage 
deviation method 
 
Discussion: 

The texture and shape of the material are important factors to consider as a requirement for good bonding. 
For this particular reason, the selected aggregate were subjected to sieve analysis test.The test showed that the 
aggregate is well graded for both fine and coarse aggregate and considered as passing the sieve analysis test and 
complies with the British standard specification.Flakiness and elongation properties also contribute to the 
strength of the concrete. The values of elongation and flakiness index which are 20.5 % and 20 % respectively 
are below 40% which is within the limit of British Standard specification, this confirming that the texture and 
the shape of the aggregate are acceptable. Aggregate Crushing Value test showed the strength of the original 
aggregate in term of percentage for crushed aggregate weight compared to the whole specimen weight. The 
results for the Aggregate Crushing Value test showed values of 28.87% below 40% which is considered 
acceptable. From the test results of this study, it is clearly recognized that aggregates from the sources location 
of Ibadan Lagos expressway can be used in construction. 
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The average ultrasonic pulse velocities from the pundit test were correlated with the compressive strength 
of the same cube samples in order to develop a domesticated Pundit chart/equation. The domesticated equation 
that was derived from the correlation curve was, 

CUPV = 19.034V – 54.026 
Where, CUPV = Compressive Strength (N/mm2) of the Ultrasonic pulse Velocity 
V = Pulse Velocity (km/s) 
 
The standard correlation curve/equation provided by the manufacturer of the equipment is: 
C UPV = 42.3667 V -159.20 
Where, C UPV = compressive strength for ultrasonic pulse velocity, V= pulse velocity (km/s) 
The compressive strength that obtained by using destructive compressive strength  cube test method were 

functioned as reference results to the non destructive Schmidt rebound hammer test. So as to establish reliability 
for  the schmidt hammer test chart. The results are shown in table 4.1 

 

Table 1 Compressive Strength of Cast cubes, Domesticated PUNDIT TEST  and Manafacturer Equation/Chart forNormal Strength Concrete

Fcu Fcu Fcu Fcu Fcu Fcu Fcu Fcu Fcu Fcu Fcu Fcu Fcu Fcu Fcu Fcu Fcu Fcu Fcu Fcu Fcu

(N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2)

270C 270C 270C 1/2 hr 1/2 hr 1/2 hr 1 hr 1 hr 1 hr 11/2 hrs 11/2 hrs 11/2 hrs 2 hrs 2 hrs 2 hrs 21/2 hrs 21/2 hrs 21/2 hrs 3 hrs 3 hrs 3 hrs

Grade 30 Cubes Domesticated manufacturer Cubes Domesticated manufacturer Cubes Domesticated manufacturer Cubes Domesticated manufacturer Cubes Domesticated manufacturer Cubes Domesticated manufacturer Cubes Domesticated manufacturer

1000C 32.29 31.63 31.45 29.27 25.93 18.74 29.00 24.97 16.62 27.11 24.01 14.45 25.73 22.11 10.27 21.29 19.45 4.34 21.00 19.83 5.18

2000C 32.29 31.63 31.45 27.99 24.97 16.62 27.49 24.02 14.45 25.30 22.12 10.27 23.30 20.21 6.02 20.50 19.26 3.91 20.50 19.07 3.49

3000C 32.29 31.63 31.45 27.03 24.01 14.45 25.1 22.11 10.27 23 20.21 6.03 22.2 19.45 4.34 20 18.87 3.06 19.3 18.68 2.64

4000C 32.29 31.63 31.45 24.3 22.12 10.27 24.1 21.17 8.15 22.4 19.26 3.91 20.7 18.87 3.06 19.5 18.49 2.22 18.5 18.3 1.79

5000C 32.29 31.63 31.45 22 19.26 3.91 21.9 19.07 3.49 21.12 18.87 3.06 19.2 18.68 2.64 19 18.3 1.79 18.2 18.11 0.95

6000C 32.29 31.63 31.45 21.80 18.87 3.06 20.68 18.68 2.64 18.70 18.49 2.22 18.60 18.3 1.79 18.45 18.11 0.95 18.00 17.92 0.95 
 
The percentage difference was negligible for the domesticatedequation/chart for temperature ranging 

between 100 and 600OC with normal strength concrete having 8.53% deviation, these values are within 
acceptable standard percentage by other researchers and equipment manufacturers. The percentage variation of 
compressive strength gotten from manufacturer’s equatons/charts is 26.48this is a wide deviation for the  
acceptable limit of between 20% and 25%.In both domesticated and manufacturer charts/equation,  

From the results, the compressive strength obtained from domesticated charts was more accurate than the 
results that was obtained from the manufacturer’s chart. The average percentage deviation of compressive 
strength values of developed chart from the cast cube at temperature of 100, 200, 300, 400, 500, and 600, are 
10.84, 10.64, 9.4, 8.87, 7.25, 4.19 and 8.53  while equivalent values for  manufacturer chart was 16.25, 19.74, 
24.05, 27.96, 33.04, 37.84 and Figure 2, 3 and 4 showed the relationship between ultrasonic pulse velocity and 
compressive strength values at room temperature, for the developed chart and the manufacturer charts.  

 

 
Fig.  1:  Correlation Curve For Compressive Strength And Ultrasonic Pulse Velocity 
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Fig. 2: Compressive Strength VS Ultrasonic Pulse Velocity (Grade 30 Cast Cube) 
 

 
 
Fig. 3: Compressive Strength VS Ultrasonic Pulse Velocity (Grade 30 Cube, Devel Oped Chart) 
 

The appearance characteristics of specimens were observed after being exposed to an elevated temperature. 
Specimen subjected to temperature of between 300 and 600 0C show noticeable colour changes of dark grey 
compared to other specimens irrespective of grade of concrete. 

When hardened concrete is heated gradually, the loss of weight appears to take place in two stages. In the 
first stage, called drying stage, evaporation of water from large capillaries and voids will take place. At the 
dehydration stage, loss of non evaporation water from the gel pores and small capillary pores take place. This 
stage is accompanied with substantial shrinkage of the concrete 

After 1/2hr to 3hrs hours of heating process, the specimens allowed to cool down in room temperature for 
24 hours.  
Data plotted in Figures 5 showed the mass loss in the concrete cubes to heating duration/degree of heating. The 
average weight of the specimen at room temperature was 8.30 kg for grade 30 concrete and after heating to a 
temperature of 100, 200, 300, 400, 500 and 600 0C, an average weight lost of 0.39, 0.5, 0.59, 0.70, 0.73 and 
0.86g respectively were recorded. 
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Fig. 4: Compressive Strength VS Ultrasonic Pulse Velocity (Grade 30 Cube, Manufacturer Chart) 

 

 
Fig. 5: Mass Loss VS Temperature G30 Cubes  
 
Conclusions: 

It can be concluded that: 
 The correlation equations that are provided by equipment manufacturer are not appropriate to be used 

directly. it is obvious that the domesticated chart/equation presented more accurate and better results than 
manufacturer chart/equations for ultrasonic pulse velocity test. 

 Results from this study are useful for assessing post fire properties of concrete structure.  
 Concrete spalls for  the normal concrete at 6000C. 
 Elevated temperatures cause deterioration in compressive strength of concrete and may eventually lead 

to concrete losing its structural carrying capacity 
 Mass loss in high strength concrete is lower than normal strength concrete due to its denser 

microstructure 
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