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Abstract 

Concrete buildings generally perform well during fire due to the low thermal diffusivity of concrete which 
slows the increase in temperatures. Concrete exposed to high temperature results decrease in strength and 
stiffness. Knowledge of the residual strength of the concrete members is very much required to decide whether 
the building affected by fire should be demolished or repaired. Aim of the research is to investigate the residual 
compressive strength of concrete specimens exposed to elevated temperatures using Non Destructive Testing 
(NDT) techniques. M20 concrete specimens were used for the investigation. An electrical bogie hearthy furnace 
is used to simulate the ISO 834 standard fire curve. Concrete specimens were exposed to high temperatures of 
718̊ C, 821˚C, 873˚C, 925˚C and 1029˚C for the duration of 15min, 30min, 45min, 60min and 120min 
respectively as per ISO rate of heating. Compressive strengths of concrete specimens before and after exposure 
to high temperature were comprehensively investigated. Ultrasonic Pulse Velocity (UPV), Rebound Hammer 
Number (RHN) was found for unheated and heated specimens to examine the residual strength. The results 
indicated that the compressive strength of concrete specimens decreased with the increase of temperature. Non 
destructive testing is found to be reliable for quick assessment of strength on fire affected concrete. 
Keyword: NDT, UPV, Rebound hammer, Elevated Temperature. 

1. Introduction 
The purpose of using NDT is to determine the quality and integrity of materials, 

components or assemblies without affecting the ability to perform their intended functions. 
This paper deals with the change in properties of a fire affected concrete. Concrete is known 
to exhibit a good behavior at high temperature, and the concrete is incombustible in nature. 
Generally concrete having low thermal conductivity, which guarantee a slow propagation of 
thermal transients within the structural members. It was confirmed from the literatures that the 
physical and mechanical properties of concrete affected due to elevated temperature. A 
significant reduction in mechanical properties such as compressive strength, tensile strength 
and young’s modulus has been found in the fire affected concrete. Physical properties such as 
density, porosity, colour and morphological properties were also remarkably affected. Hence 
there is a need of using NDT techniques to evaluate the properties of fire affected concrete.  

Kirchhof et al [1] performed a series of tests to evaluate the compressive strength and 
Ultrasonic Pulse Velocity (UPV) of concrete subjected to high temperatures. Also established 
a relationship between residual compressive strength and UPV. The result shows that there 
was a reduction in compressive strength and UPV results of concrete samples. It may be due 
to an increase in porosity or permeability of the fire-damaged concrete. Also a relationship 
between the residual compressive strength and UPV ratios were established from the research. 
Colombo et al [2] presented three innovative non destructive test series for the assessment of 
the fire damaged reinforced concrete structures. As a result, three investigation techniques 
have been proposed to assess the profile of fire affected concrete. Author confirmed that 
indirect UPV method is the quite sensitive as compared to other testing method. 
Gopalkrishnan et al [3] conducted a study on the concrete structures to determine the 
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variations in compressive strength, concrete quality and in-situ properties using NDT 
specimens subjected to a continuous fire of 48-72 hours. It was found from UPV and Core 
cutter test that the quality of concrete is medium. Results of Rebound hammer test showed 
that the compressive strength of the concrete was slightly reduced. Sanish et al [4] 
investigated the strength of concrete with different mixes using UPV method. However, 
results from the study indicate that velocity need not be the best indicator of strength 
development. The analysis of the entire ultrasonic signal, rather than just the time of flight, 
can give useful details that can help in characterizing strength development of concrete. 
Brozovsky et al [5] studied the influence of surface preparation on the concrete specimen for 
conducting rebound hammer test. The results indicated that the rebound number obtained on 
the specimens that were cleaned using a grinding machine shows a difference of 3-4MPa in 
the compressive strength values. Wiggenhauser et al [6] studied the use of ultrasonic 
techniques for the imaging of structures and to monitor the changes inside the concrete 
structures. They concluded that a set of sensors are available for practical application that will 
help to assess the aging of concrete structures. Mahmoudipour et al [7] evaluated the results 
of core test carried out to examine the compressive strength obtained from Cement Factory 
and compared those with the models developed in laboratory by using NDT. It was found that 
by using ultrasonic test the actual compressive strength can be predicted more precisely than 
Schmidt hammer test. Goel et al [8] studied the various non-destructive evaluation methods 
that are used in the field testing of reinforced cement concrete bridge members. It was 
concluded that for determining the in-situ compressive strength the Rebound Hammer method 
was the appropriate method. Ultrasonic pulse velocity was found to be the best suited method 
for the quality assessment of concrete due its relative simplicity in operation, requirement of 
lower resources and higher versatility and accuracy. Nucera et al [9] investigated the 
combined use of destructive and non-destructive tests for determining the in-situ compressive 
strength of reinforced concrete structures. It was concluded that the use of the combined 
methods increased the accuracy of in-situ compressive strength of concrete. Verma et al [10] 
discussed various NDT methods based on different principles along with their merits and 
limits. It has been recognized that NDT plays an important role in assessing the condition of 
existing structures and there has been an urgent need to increase its standards and 
interpretation of results. The advantage of using NDT in in-situ test has been highlighted. It 
was concluded that great expertise is required to interpret the NDT results.  

The main objective of the research work is to assess the residual compressive strength of 
fire affected concrete by Destructive and Non destructive test. 

2. Experimental Investigation 

2.1 Materials: 
Ordinary Portland Cement (53 grade) conforming to IS 12269 was used for casting all the 

concrete mixes. Locally available coarse and fine aggregates were used for casting the 
specimens. Specific gravity of the fine aggregate and coarse aggregate is 2.68 and 2.62 
respectively. The size of the coarse aggregate used for casting the specimen is 20mm. 

2.2 Mix proportions: 
The research work has been carried out using M20 grade concrete specimens. The details 

of the mix proportion are given in Table1. 
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Table 1: Mix Proportions 

Materials Unit Quantity  

Ordinary Portland Cement kg/m3 325 
Fine Aggregate kg/m3 853.23 

Coarse Aggregate kg/m3 1039.4 
Water lit/m3 192 

Water Cement Ratio 0.59 

2.3 Sample preparation and Test details: 
In order to determine the effect of ISO rate of heating on the compressive strength of 

concrete, 60 cube specimens (150 mm x 150 mm x 150 mm) were cast. The specimens cast 
were cured for 28 days. Before the fire tests, the specimens were dried in room 
temperature.The concrete specimens were subjected to elevated temperatures and cooled by 
air and water. 

An electric furnace lined with electrical heating coils embedded in refractory bricks is used 
to heat the specimens. The maximum operating temperature of the furnace is 1200°C. The 
concrete specimens were exposed to elevated temperature in accordance with ISO standard 
time temperature curve. Figure 1 shows the ISO Time temperature graph used for heating the 
specimens. The samples were placed in an electric furnace and heated up to 15min, 30min, 
45min, 1hour and 2hour. 

 
                   

 
 
 
 
 
 
 
 
 

Figure 1: ISO Standard Time – Temperature Fire Curve 

After exposing the specimens to desired temperature and duration, the furnace was 
switched off and the specimens were taken out of the furnace. The specimens were naturally 
allowed to reach the room temperature in the case of air cooling and water has been sprayed 
in the case of water cooling. The view of the furnace used for heating and the specimens are 
shown in Figure 2. 

            

Figure 2: View of the Furnace and Sample Specimen Heated 
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2.4 Experimental Methodology: 

The details of the experimental investigation are shown in Figure 3 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Methodology 

3.  Results and Discussion 

Specimens exposed to elevated temperature tested to determine the compressive strength. 
Before the load test UPV and Rebound hammer test has been carried out in the specimens.  

3.1 Compressive strength: 

Compressive strength of the reference and heated specimens were found using digital 
compression testing machine of capacity 1000kN. The rate of loading applied on the 
specimens was 14N/mm2/min as per IS 516-1959. Table 2 and Table 3 show the Compressive 
Strength of Concrete cooled by air and water respectively. 

Table 2: Compressive Strength of Concrete Exposed to Elevated Temperature (Air Cooling) 

Duration of 
Heating 

Compressive Strength 
(MPa) 

Residual Compressive 
strength (%) 

Loss in Compressive 
Strength (%) 

Reference 29.99 100 0 
15 min 26.67 88.92 11.08 
30 min 28.67 95.59 4.41 
45min 25.76 85.90 14.10 
60 min 23.66 78.88 21.12 
120 min 7.79 25.97 74.03 
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Table 3: Compressive Strength of Concrete Exposed to Elevated Temperature (Water 

Cooling) 

Duration of 
Heating 

Compressive Strength 
(MPa) 

Residual Compressive 
strength (%) 

Loss in Compressive 
Strength (%) 

Reference 29.99 100 0 
15 min 22.22 74.09 25.91 
30 min 26.86 89.56 10.44 
45min 24.87 82.62 17.38 
60 min 23.10 77.02 22.98 
120 min 7.30 25.34 75.66 

 

 

Figure 4: Relationship between Temperature and Compressive Strength 

The compressive strength of M20 concrete specimens are shown in Fig. 4. Residual 
compressive strength of water cooled and air cooled concrete specimens exhibited a reduction 
in compressive strength. This is due to the evaporation of water at 15min exposure duration. 
Similar observation was identified by Rashad [11] and Xiao [12] that, at temperature ranges 
from 100°C to 300°C, reduction in concrete compressive strength has been found due to the 
evaporation of water. At 30min exposure duration concrete specimen showed a gain in 
compressive strength because of the evaporation of free water and rehydration of unreacted 
cement particles. This was confirmed by the investigation carried out by Metin Husem [13] at 
400-450°C. After 30min exposure duration, compressive strength of concrete reduced 
drastically up to 2hour. The reduction in strength is due to the decomposition of CSH gel and 
conversion of calcium hydroxide to calcium oxide. Strength reduction is found to be higher 
for the specimens heated up to 2 hour duration. It was observed from the investigation that the 
loss in compressive strength was higher for water cooled specimens as compared to air cooled 
specimens. When concrete specimens exposed to elevated temperature, most of the CaOH get 
converted into CaO due to the loss of water; this causes shrinkage in cement paste. When the 
heated specimen subjected to water cooling, CaO will combine with water and form CaOH 
which cause expansion in cement paste. A sudden thermal shock and volume change in 
concrete due to water cooling makes the concrete to crack. 
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3.2 Ultrasonic Pulse Velocity (UPV) Test: 

It is the popular method used to identify the flaws and porosity of the material based on the 
propagation of the velocity through the material. This technique is useful to check the 
homogeneity of the material. It also determines the quality, uniformity, deterioration, internal 
flaws and voids, etc. This method is used to assess the quality of concrete structures. Table 4 
shows the UPV values of fire affected concrete specimens.  

Table 4: UPV Values of Concrete Exposed to Elevated Temperature. 

Duration of 
Heating 
(min) 

Ultrasonic Pulse 
Velocity (km/s) – 

Air cooled 

Quality of 
concrete 

Ultrasonic Pulse 
Velocity (km/s) – 

Water cooled 

Quality of 
concrete 

Reference 5 Excellent 5 Excellent 
15 4.63 Excellent 4.45 Good 
30 4.22 Good 3.96 Good 
45 3.97 Good 3.75 Good 
60 3.82 Good 3.5 Medium 
120 1.58 Doubtful 1.02 Doubtful 

The quality of concrete given in Table 4 has been identified following IS 13311 part 1 

 

Figure 5: Relationship between Temperature and Average Values of Pulse Velocity 

The UPV values of M20 concrete specimens are shown in Fig. 5. The UPV values of 
concrete specimens decreased continually with increase in temperature. The UPV values of 
specimens heated up to duration of 15min, 30min, 45min, 60min and 120min after cooled by 
natural air is found to be 4.63 km/s, 4.22 km/s, 3.97 km/s, 3.82 km/s and 1.58 km/s 
respectively. The result of which indicates that the deterioration of concrete can be evaluated 
by using UPV test. There was an acceleration observed in the temperature range of 200–
800°C. The decrease of UPV values with the increase of temperature is due to the damaged 
microstructure. The UPV of water cooled specimens exhibited lower value than concrete 
specimens subjected to air cooling. At room temperature, the increase of local porosity will 
cause the decrease of UPV propagation in cube specimens. At elevated temperatures, the 
UPV value decreases due to the complete evaporation of water content and decomposition of 
concrete ingredients. The reduction in UPV value up to 30min was due to the porosity that 
developed during evaporation of water from the concrete. After 45min of heating, the 
reduction in UPV value is mainly because of the disintegration of CSH gel in concrete. 
During this stage pores left due to the evaporation of water gets coarsened, that produces 
internal cracks thus lead to reduction in UPV values. 
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 3.3 Rebound Hammer Number (RHN): 

Table 5: RHN Values of Concrete Exposed to Elevated Temperature 

Duration of 
Heating (min) 

Rebound Hammer Number 
Value – Air cooled 

Rebound Hammer Number 
Value – Water cooled 

Reference 32 32 
15 23 21.5 
30 22.6 20.6 
45 20 17.2 
60 17 15.3 
120 13.4 10 

 

 

Figure 6: Relationship between Temperature and Average Values of Rebound  
Hammer Number 

Table 5 shows the RHN values of fire affected concrete specimens. Relationship between 
temperature and average values of rebound hammer number is shown in Figure 6.  At higher 
temperature concrete specimens exhibits higher reduction in RHN. The increase in 
temperature causes a reduction in RHN due to the higher porosity of the paste and this was 
not clearly observed from the results obtained. The results of the residual RHN indicate the 
worsening deterioration effect of concrete, it mainly because of the chemical decomposition 
and cracking of the surface layer of concrete caused by the thermal exposure. It was clearly 
observed from the investigation that the surface hardness is directly related with the strength 
of the cementitious matrix.  

The relevant variability of the test results does not allow the RHN as an quantitative 
indicator for post-fire compressive strength investigation. When concrete exposed to fire, 
normally surface layer subjected to decarbonation. This will reduce the rebound number and 
the result will underestimate the strength of concrete. However, the surface hardness is a 
useful non-destructive and expeditious test for the detection of heterogeneities in concrete 
elements ex-posed to high temperatures. 

4. Conclusion 

Experimental investigation has been carried out to examine the residual compressive 
strength of fire affected concrete specimens by destructive and non destructive testing 
methods. M20 concrete specimens were used for the investigation. The specimens were 
exposed to elevated temperature for different duration of heating. NDT techniques were used 
to estimate the residual compressive strength of concrete. The loss in compressive strength 
was found to be 74% for the specimen subjected to 2 hour duration of heating. It was 
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observed from the investigations that UPV test is reliable to examine the quality of fire 
affected concrete. Quality of concrete exposed to elevated temperature more than 45min was 
found to be bad.  However RHN is not reliable to evaluate the residual compressive strength 
of concrete. The results may be reliable for concrete exposed to elevated temperature with less 
duration, but for higher exposure the results were not comparable with destructive test results. 
It may be due to change occurs in the surface hardness of fire affected concrete specimens.  
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