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Abstract- In ND methods of durability monitoring, a wide area of applications is concerned due to its possibility 

of assessment conditions without causing damage to structures. Those methods are also being fine-tuned to create 

the connection of ND results to durability indicators of concrete under challenging environmental conditions 

such as marine exposure where gradients in water and chlorides significantly accelerate the deterioration. The 

non destructive methods such as ultrasonic pulse velocity and rebound hammer tests help in analysing the on-

site behaviour of materials without causing any structural damage. More reliable descriptions of the in-situ 

behavior of in-place materials are available in ND techniques, like those of. Relations between UPV and core 

and cylinder compressive strengths together with rebound hammer results is being studied in this paper. The 

properties are compared to modulus of elasticity, bond strength, and cube compressive strength, which shows 

how rebound hammer tests performs when compared with other measures. An experimental process based on 

combination of ND and DT techniques to evaluate various grades of concretes, including M20 grade has been 

studied. For the slab samples, cores from each were obtained and were tested besides 100x200 mm cylinders and 

150x150x150 mm cubes for testing compressive as well as pull-out strengths. Various methods such as UPV 

and rebound hammer showed good promising results for evaluating durability as well as integrity of a structure. 

The results confirm that the robust integration of ND methods with destructive methods for assessing concrete 

properties have underlined value in preserving the structural heritage and enhancing the long-term monitoring 

of the durability of concrete in adverse environments. 

1. Introduction 

One of the key problems that researchers and engineers around the world are trying to find a solution for now is 

the in situ strength determination of existing structures. Compressive strength in situ is one of the major parameters 

to consider when appraising the safety of a reinforced concrete structure. Study of "ancient" structures reveals all 

the main physical properties of concrete and its state of conservation, along with the technologies and materials 

that were in use at the time of construction [1]. The estimation of the concrete's strength is necessary for seismic 

strengthening design and to determine the seismic capacity of an existing structure. For this estimate compressive 

tests performed on the cylindrical specimens derived from structural elements are quite often used. Besides these 

destructive tests some non-destructive tests could be applied. That enhances the information provided and 

decreases costs for quality assurance [2]. Recent innovative code developments also clearly provide principles for 

static strengthening of already existing structures about their further behavior in service and with respect to safety. 
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The extent of knowledge determines the degree, nature, and intensity of in situ testing that occurs. These are 

mainly three in number: KL1 - limited; KL2 - normal; KL3 - full. By determining the level of knowledge, there 

can also be methods used by the acceptable analytical, partial safety factor values, among others. The Italian code 

suggests that the required specimens are obtained by coring structural elements to get an approximation of the 

mechanical properties of the material. Non-destructive test methods such as SonReb, the Schmidt hammer test 

(Rebound), and the Ultrasonic Pulse Velocity test (UPV) are allowed by European as well as Italian standards, but 

only in combination with a destructive test [3-6]. These methods using non destructive methods can now be 

effectively utilized, it is because a correlation has been established between in-situ compressive strength, either 

calibration curves or results derived from indirect approaches for the specific concrete under evaluation. Hence, 

the in-situ compressive strength of concrete can also be estimated through compression tests performed on cores 

extracted from structural elements [7]. 359 cores were subjected to a battery of destructive laboratory tests to 

establish the average strength of in-situ concrete. A numerical analytical formula was applied to calculate the 

typical in-situ compressive strength of the concrete. The present formulation may provide a reasonable estimate 

of the in-situ characteristic concrete compressive strength when the application results were compared with the 

other equations reported in the technical literature [8]. The important thing that should be addressed to a reinforced 

concrete building's seismic damageability or structural resistance. It is to classify the material used in terms of 

being "ancient" or historical structure as time spans will make the mechanical properties unpredictable [9-10]. 

Additionally, because significant historical values are often tagged to these structures, possible destructive tests, 

such as cores, may be lessened in number. Generally speaking, non-destructive methods are only justified where 

the compressive strength of cores that have been extracted from the structure is correlated directly with the results 

from NDT tests [11]. The results of several non-destructive tests are provided together with a wealth of 

information gathered from a sizable database of testing done on existing RC structures built in the Tuscan area of 

Italy between 1950 and 1980. According to the report, a comprehensive campaign of on-site testing is necessary 

to achieve the appropriate level of dependability of the compressive concrete strength [12]. It is a common fact 

that a proper strength of the concrete must be ascertained for the estimation of seismic performance of the existing 

buildings [13-14]. It has been demonstrated that formulas found in technical literature produce values that differ 

from the real ones. However, the results obtained with the SonReb method are reasonably close to the real ones 

when calibrated by means of the strength of cylindrical specimens (cores) extracted from different buildings. The 

value of application was typically high for existing RC buildings. Many existing buildings in Tuscany have their 

coefficients of variation calculated by Cristofaro and other researchers [15–17]. Furthermore, the fact that an 

extension of the spread of compressive strength based on adjustment of an ad hoc correlation curve in a single 

building of the SonReb method implies that significant reduction of coefficient of variation does not occur together 

with an increase in the number of data being considered [18]. The benefits and applications of using non-

destructive testing (NDT) measurements to determine the strength of concrete on-site are discussed by Breysse. 

The study was conducted based on a critical analysis of the existing models, along with a review of experimental 

data collected by different authors in both lab and on-site settings [19]. The main determinants of the strength 

estimate's quality were found. Several empirical strength-NDT models were examined, but two NDT methods—

UPV and Rebound—were given particular priority. It was found that the measurement error significantly impacted 

the estimate quality more than the model error did [20]. The number of unknown parameters was significantly 

decreased in the concrete assessment method that the author suggested [21]. On the basis of an earlier double 

power law model that identified a single parameter, a recommendation was made and the main calibration problem 

in the SonReb combined approach was resolved. The author demonstrates that the quality of the evaluation can 

be maintained while drastically lowering the number of calibration cores [22]. 

In this context, the present study introduces a novel integrated experimental methodology that systematically 

correlates rebound hammer and ultrasonic pulse velocity (UPV) measurements with destructive test results-

including cylinder, core, and cube compressive strengths-for M20 grade concrete. While prior research has often 

focused on higher-strength concretes or individual NDT techniques, this work provides a comprehensive 

comparative analysis for a commonly used structural grade, with explicit consideration of mix design parameters 

such as aggregate absorption, specific gravity, and moisture content. By validating the combined application of 

rebound and UPV tests, this study offers a practical and reliable framework for in-situ strength assessment, 

contributing to improved non-destructive evaluation protocols for existing concrete structures, especially in 

durability-critical environments such as marine exposures. 
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2. Methodology  

Cement, fine and coarse aggregates, and water in the proper proportions combine to form concrete. It is a 

commonly used building material because its constituents are affordable and easily accessible. Additionally, 

concrete can be moulded into any desired size or shape while it is still fresh. The most crucial characteristics of 

concrete are its strength and durability, particularly in structural applications. Thus, the compressive strength of 

concrete should be measured before it is subjected to the expected loads. Both destructive and non-destructive 

testing techniques can be used to analyze the compressive strength of hardened concrete. In this research work, 

NDT techniques were used for the assessment of compressive strength of the concrete, and the link of NDT 

techniques to the compressive strength also identified. Due to which the concrete slabs, cylinders, cubes, and cube 

specimens with the bars incorporated into them were cast. Grade 43 OPC cement is used for specimen casting. 

Fine aggregate is made from the readily available river sand in the area. The coarse aggregates used were 20 mm 

and 10 mm, both of which were easily accessible locally. Using IS10262, the concrete mix design for grades M20 

was created. For this experimental work, the mix proportions specified were used. The following are the 

characteristics of the material used: 

Table 1 Material used for this experimental work 

Material Property Value 

Maximum Aggregate Size 

 

20 mm 

Type of Cement 

 

43 Grade OPC 

Cement 

Cement Specific Gravity 

 

3.15 

Fine Aggregate Specific Gravity 

 

2.77 

Coarse aggregate specific gravity 

 

2.8 

Water Absorption by Coarse 

Aggregates 

 

0.5% 

Absorption of Water by Fine 

Aggregate 

 

1.1% 

Free Moisture Content  

i) Coarse Aggregate Nil 

ii) Fine Aggregate 1% 

 

Table 1 offers the required details of the material characteristics, which were used for conducting the concrete 

experiment, in respect to the critical parameters determining mix design, strength, and workability. For the mix, 

maximum aggregate size is 20 mm; the above two parameters are strongly linked and determine the workability 

and ultimate compressive strength. Larger aggregates generally decrease the water demand of the mix but also 

tend to reduce the achievable strength due to less uniform bonding between the cement paste and aggregate. The 

43 Grade OPC used in the mix has a specific gravity of 3.15, indicating its density relative to water. This is an 

important parameter to determine the volume proportions correctly in the mix design. Similarly, the specific 

gravities of the coarse and fine aggregates, measured at 2.77 and 2.8, respectively, are important for determining 

the relative proportion of these materials in the mix. The specific gravity values are essential to obtain the 

appropriate density and mechanical performance of the concrete. Water absorption rates of aggregates also play a 

very critical role in controlling the mix's water content. This coarse aggregate has a 0.5% very low absorption 

rate, but the fine aggregate has been recorded to have a somewhat higher rate of 1.1%. These deviations require 

careful adjustments in terms of water content to have the desired water-to-cement ratio to avoid such 

inconsistencies and prevent over hydration or under hydration of cement paste. The free moisture content of the 

aggregates contributes to the overall mix also. Fine aggregate has a free moisture content of 1%, whereas in coarse 

aggregate, there is zero free moisture content (0%). Such values are important parameters for fine-tuning the mix 

design to work out the balancing act of workability against strength (Fig. 1). Proper accounting for these material 
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properties is important to bring about durable, workable, and strong concrete mixes that will meet structural 

requirements under a variety of environmental exposures. 

 

Fig. 1. Raw materials (43 Grade OPC, fine aggregate, coarse aggregate), mixing process, and freshly cast 

specimens (cubes, cylinders, and core) used in the experimental program 

3. NDT (Non-Destructive Test) Methods 

The research era is fast realizing the benefits of nondestructive testing for both engineering and practical 

applications in a sustainable manner. In recent years, using nondestructive testing (NDT) to assess the condition 

of damaged concrete structures has gained popularity. The term "nondestructive test" refers to an examination that 

is carried out without jeopardizing the structural or mechanical integrity of a part, material, or assembly. The use 

of NDT test will enable testing products, assemblies, and components without a change in functionality. This NDT 

test will determine if the quality and strength of concrete. The strength, porosity, voids, width and depth of cracks, 

inclination, and concrete are measurable by determining the material's ultrasonic pulse velocity. In the case of 

measuring ultrasonic pulse velocity precisely, it will consider that the surface is smooth at the point where the test 

is being carried out. As long as the transducers are pressed against the surface, and the coupling medium is put on 

smoothly, most concrete surfaces should have good acoustical contact (Fig. 2). Before measuring pulse velocity, 

the concrete surface must be smoothed out if it is rough or uneven; otherwise, the measurement will not be 

accurate. The identity and modulus of elasticity of ultrasonic pulse velocity concrete are its main determinants. 

These are the key factors that are influenced by the ingredients and proportions of the mixture and the methods 

used for pouring, compacting, and curing the concrete. 

 

 
Fig. 2. Application of non-destructive testing methods: (A) Rebound hammer test on a concrete cube, and (B) 

Ultrasonic Pulse Velocity (UPV) test on a concrete cylinder. 
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4. Results  

The use of non-destructive (ND) methods for durability monitoring and diagnosis is becoming more and more 

important in the context of structural heritage preservation. A strategy has been developed to assess ND for the 

experimental program to determine the empirical and physical relationships between the ND results and the 

durability indicators of various concretes. The water and chloride gradient study program is, of course, critical to 

this effort in the maritime environment. The research techniques make use of non-destructive test methods for 

studying characteristics and compressive strength in hardened concrete. The mechanical properties of building 

materials were determined using destructive and non-destructive testing. Italian and European codes allow the use 

of some non-destructive test techniques, such as the Schmidt Hammer test, SonReb, and ultrasonic pulse velocity 

test, but always in combination with destructive testing. The in-situ strength of concrete was evaluated by means 

of non-destructive techniques after cylindrical specimens, or cores, were extracted from specific structural zones 

of the museum to obtain a more relevant correlation curve. Names, diameters, heights, and location on the structure 

of extracted cores were recorded. Among others, compressive strength, as well as related names of non-destructive 

tests carried out at structural points (UPV, Rebound) is mentioned. 

Table 2 Cylinder Test Result for 28 Days 

Sample No. Rebound Strength 

(Inclination Angle = 

0°) 

UPV 

(N/mm²) 

1 21.9 22.5 

2 23.74 24.6 

3 21.55 21.9 

4 23.74 24.4 

5 22.28 23.2 

6 22.6 23.5 

7 23.1 24.2 

8 21.8 22.3 

9 23.0 23.7 

10 22.9 23.8 

11 22.5 23.0 

12 23.3 24.1 

13 21.7 22.8 

14 23.4 24.3 

15 22.2 23.4 

Avg. 22.68 23.53 

 

Table 2 showing the Cylinder Test Result for 28 Days shows a comparison between Rebound Strength (measured 

at an inclination angle of 0°) and UPV (Ultrasonic Pulse Velocity) values across 15 samples. The average Rebound 

Strength value is 22.68, with a range of 21.7 to 23.74, suggesting a moderate variation among the samples. This 

suggests that the concrete’s surface hardness remains consistent, with small fluctuations within an expected range. 

The UPV values range from 21.9 to 24.6 N/mm², with an average of 23.53. This is a good general quality of 

concrete. More UPV values mean denser and more compact concrete. The results of the Rebound Strength test 

show this. The tests show that although there is a small variation between the individual samples, the concrete 

samples perform consistently in both metrics. Average values of Rebound Strength were 22.68 and UPV, 23.53, 

respectively, suggesting the concrete's general satisfactory strength and density according to expectation for well-

cured 28-day concrete. 

 

Table 3 Core Test Result for 28 Days 

Sample 

No. 

Rebound Strength 

(Inclination Angle 

= 0°) (N/mm²) 

UPV (N/mm²) 

1 20.6 21.7 

2 21.39 22.4 

3 20.34 21.5 

4 21.2 21.8 
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5 20.9 21.7 

6 19.77 21.1 

7 21.98 22.8 

8 23.02 23.7 

9 21.49 21.9 

10 21.18 22.1 

11 21.55 22.3 

12 20.88 21.6 

13 22.1 22.7 

14 21.33 22.2 

15 22.0 22.9 

Avg. 21.20 22.10 

 

Table 3 showing the Core Test Result for 28 Days gives an analysis of how Rebound Strength measured using an 

inclination angle of 0° relates to UPV (Ultrasonic Pulse Velocity) of 15 concrete samples. Average Rebound 

Strength is 21.20 N/mm² with range 19.77 and 23.02 N/mm², which indicates that the surface hardness of samples 

is constant (Fig. 3). UPV ranges from 21.1 to 23.7 N/mm², which averages at 22.10 N/mm²; hence, the concrete 

samples are generally of uniform quality and high density. The trend of results indicates that an increase in surface 

hardness has a tendency to improve internal concrete quality, such as density and strength, with UPV values. An 

average Rebound Strength of 21.20 N/mm² and UPV of 22.10 N/mm² shows that the concrete samples are well-

cured and exhibit good structural integrity, with solid surface and internal strength after 28 days of curing. 

 

Fig. 3. Both non-destructive methods' compressive strengths in a cylindrical test  

The average rebound strength and UPV for a batch of concrete specimens are illustrated in Fig. 4. The average 

UPV is 23.53 N/mm² and average Rebound Strength is 22.68 N/mm². After curing for 28 days, both values indicate 

that the concrete has good internal quality and surface hardness. The rebound strength measures the surface 

hardness, which reveals the overall durability and resistance to wear of the concrete. The higher the rebound 

number, the denser and stronger the surface is likely to be. Similarly, UPV is used to measure the internal 

properties of concrete, including its density and homogeneity, with higher values signifying better concrete quality 

and less porosity. In this case, the relatively close values of UPV and rebound strength suggest a close relationship 

between internal density of the concrete and surface hardness. This correspondence indicates that the concrete is 

not only hard on the surface but also has an uniform interior structure, which gives it the strength and endurance. 

The averages of 22.68 for rebound strength and 23.53 for UPV imply that the concrete is highly cured, and both 

external and internal characteristics meet standard requirements for long-term service. 
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Fig. 4. Compressive strength in the core test using both non-destructive methods  

The Core Test Results indicate the average values of rebound strength and ultrasonic pulse velocity (UPV) for the 

concrete samples. The average Rebound Strength is 21.20 N/mm², and the average UPV is 22.10 N/mm2. These 

results compare the surface hardness of the concrete with its internal quality. The rebound strength value of 21.20 

N/mm2 shows that the surface of the concrete has a moderate level of strength and wear resistance, which is in 

accordance with its surface hardness. This is an important factor for durability because a higher rebound strength 

usually indicates a tougher surface layer. Meanwhile, the UPV at 22.10 N/mm² gives an internal condition of the 

concrete, as it shows relatively good density and uniformity within material. UPV measures a property of 

ultrasonic waves on traveling through the concrete. Higher the UPV value, then lower is the porosity and better 

quality in total. The fact that the Rebound Strength and UPV are closely aligned suggests the good correlation of 

the properties of the surface and internal qualities of the concrete. It shows a resilient surface but also gives a solid 

internal structure, though the results indicate possibilities to further optimize the mix for both surface and internal 

qualities, thus improving the final performance of the concrete in future tests. 

 

5. Discussion 

 

The results of this study underscore the significant influence of concrete mix design parameters - particularly 

aggregate absorption, specific gravity, and moisture content - on the correlation between non-destructive test 

(NDT) results and actual compressive strength. As observed, the close alignment between rebound hammer and 

ultrasonic pulse velocity (UPV) values for M20 grade concrete indicates a consistent internal structure and surface 

hardness, which is attributable to the controlled mix proportions and curing regime. This consistency supports the 

findings of Breysse [19], who emphasized that measurement quality in NDT-based strength estimation is highly 

dependent on material homogeneity and proper calibration. However, the slight but measurable variations in NDT 

responses across samples highlight the sensitivity of methods like rebound hammer and UPV to local material 

properties, a point also noted by Ali-Benyahia et al. [7] in their analysis of in-situ assessment accuracy. The 

integration of these two NDT methods provides a more robust in-situ evaluation framework, reducing reliance on 

extensive destructive testing while improving reliability, an approach aligned with the SonReb method validated 

by Pascale et al. [17] and Nobile [18]. For practical applications, especially in durability-critical environments 

such as marine exposures, these findings suggest that mix-specific calibration curves should be developed to 

account for aggregate characteristics and moisture conditions. This tailored approach can enhance the long-term 

monitoring and preservation of structural heritage, as emphasized by Balayssac and Garnier [12]. 

6. Conclusions 

Evaluation of existing structures forms a major topic on which engineers and researchers are currently working. 

The on-site compressive strength of a reinforced concrete structure is essential for determining how safe it is. The 

importance of this study is that the it focuses on water and chloride gradients. These gradients are very vital in 

marine environments. This study assesses the properties and compressive strength of hardened concrete by using 

the test methods that are non-destructive. The present study investigates core compressive strength, cylinder 

compressive strength, rebound hammer, and ultrasonic pulse velocity of hardened concrete. Average Rebound 

Strength: 21.20 N/mm², reflecting moderate strength and wear resistance. Average Ultrasonic Pulse Velocity 

(UPV): 22.10 N/mm² in core compressive test indicating good density and uniformity.  
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• Average Rebound Strength: 22.68 N/mm², is indicating a denser, stronger surface. Average Ultrasonic Pulse 

Velocity (UPV): 23.53 N/mm² in cylindrical compressive strength, indicates better internal quality and less 

porosity Rebound Strength and UPV closely align, indicating well-correlated surface and internal properties. 

• Results suggest potential for further optimization of mix for both surface and internal quality to improve 

concrete performance. 

• Both values suggest a strong correlation between surface hardness and internal density, indicating a consistent 

internal structure. The concrete is well-cured, meeting expected standards for long-term performance. 
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