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ABSTRACT 

The Schmidt hammer test, a widely recognized non-destructive testing method, is a crucial tool for 

estimating the compressive strength of existing concrete. This paper addresses the calibration of the Schmidt 

hammer, emphasizing its importance in ensuring accurate and reliable rebound measurements that 

correlate with concrete strength. The study highlights the multifaceted challenges associated with the 

rebound hammer test, including the influence of environmental conditions, surface characteristics, and 

material composition on test outcomes. Through a systematic approach, we explore the calibration process, 

detailing methodologies that ensure the device's accuracy and consistency. Experimental results from 29 

concrete mix designs demonstrate significant relationships between material proportions and mechanical 

performance indicators. The findings reveal that optimal combinations of cement, fly ash, and water-cement 

ratios can enhance concrete strength while maintaining workability. Furthermore, we compare various 

predictive models for estimating concrete strength based on Schmidt hammer results and jack test 

measurements. The analysis indicates that power and quadratic models outperform linear models in 

prediction accuracy, underscoring the necessity for tailored calibration approaches to account for 

variability in concrete properties. This research not only contributes to refining Schmidt hammer testing 

protocols but also emphasizes the need for ongoing investigations to enhance non-destructive testing 

methods in structural assessments. 
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1. Introduction 

The rebound hammer test, invented by Ernst Heinrich Wilhelm Schmidt, a Swiss engineer [1], is a 

widely used non-destructive testing method for estimating the compressive strength of concrete 

[2]. What is obtained from the Schmidt hammer is the rebound number and what we want is the 

concrete strength. To convert the rebound number to concrete strength, conversion relations (or 

conversion diagrams) are needed. Determining these relations (diagrams) is called calibration. But 

before that, the device also needs to be calibrated, meaning that it gives the correct rebound number. 

Therefore, we are faced with two concepts of calibration in the Schmidt hammer test. The position 

of calibration in the Schmidt hammer is seen in Figure 1. 

 

 
Figure 1. Calibration and calibration of Schmidt hammer test. 

 

Calibration is essential for ensuring that rebound hammer measurements accurately reflect the 

compressive strength of concrete. The original Schmidt curve, established in the 1950s, serves as 

a baseline for calibration. However, Brencich et al. (2020) emphasize that despite numerous 

research efforts, uncertainties surrounding the rebound test remain inadequately quantified. Their 

study indicates that factors such as moisture content, surface finishing, and concrete maturity 

significantly influence test results, leading to variability in estimated concrete strength of up to 

±70% when not properly controlled [3]. 

Brencich et al. (2013) further support these findings by noting that the stress state of concrete 

affects test reliability. They argue that a universal calibration curve applicable to all concrete types 

and conditions does not exist, necessitating context-specific calibrations [4]. Aydin and Saribiyik 

(2010) corroborate this by demonstrating that variations in aggregate composition can lead to 

discrepancies in rebound values, highlighting the importance of tailored calibration approaches for 

different concrete mixes [5]. 

The condition of the concrete surface plays a key role in rebound readings. Rough or contaminated 

surfaces can lead to lower rebound values, as noted by Atoyebi et al. (2019), who found significant 

variations based on surface finish.  Also, Environmental factors such as humidity and temperature 

can alter concrete properties and affect test outcomes [6]. Sanchez and Tarranza (2014) reported 

that samples exposed to different environmental conditions exhibited notable differences in 
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average rebound numbers, underscoring the need for controlled testing environments [7]. The type 

of aggregates used in concrete significantly impacts rebound hammer results. Brozovsky (2014) 

investigated how varying aggregate types influenced rebound values and concluded that aggregate 

characteristics could skew strength estimations [8]. The reliability of rebound hammer tests is often 

compared with destructive testing methods like compressive strength tests. Shariati et al. (2011) 

found that while rebound hammer tests provide quick assessments, they may not always correlate 

accurately with actual compressive strength measurements. Their study indicated that 

discrepancies between non-destructive and destructive tests necessitate a cautious interpretation of 

rebound values [9]. Jedidi (2020) further emphasized this point by evaluating concrete structures 

using both methods and finding significant variances in results. The study suggested that while 

rebound tests are useful for preliminary assessments, they should be complemented with more 

rigorous testing methods for accurate strength evaluation [10]. These studies show that while the 

rebound hammer test is a valuable tool for estimating concrete strength due to its non-destructive 

nature and ease of use, its reliability is influenced by various factors including calibration methods, 

environmental conditions, surface characteristics, and material composition. Ongoing research is 

essential to refine calibration techniques and enhance the accuracy of this widely used testing 

method. Based on the concept of tests Arrangements-Consequences matrix (TAC Matrix), the 

Schmidt hammer test is placed in the lower left corner of TAC matrix. Therefore, the test is very 

simple and does not require any special preparations [11]. Putting these advantages and 

disadvantages together, and especially the need for calibration, makes the Schmidt hammer test a 

bit more complicated. In this article, we will take a deeper look at the steps involved in calibrating 

the Schmidt hammer and will explore the calibration steps by performing some experiments. 

 

2. Motivation 

The safety and structural integrity of buildings are fundamentally influenced by the mechanical 

properties of concrete, particularly its compressive strength [12-16]. This strength is critical not 

only under standard load conditions but also becomes increasingly vital during overload scenarios, 

such as those induced by natural disasters (e.g., earthquakes) [17-20] or man-made events (e.g., 

explosions and fires) [21]. To ensure that a building can withstand these stresses, it is essential to 

accurately assess the strength of the concrete within its structure [22-25]. However, determining 

the in-situ strength of concrete presents significant challenges [26-28]. Currently, no universally 

applicable method can provide an exact measure of concrete strength in existing structures. This 

reality underscores the importance of reliable estimation techniques, particularly those based on 

non-destructive testing (NDT) methods. These NDT methods are crucial for evaluating concrete 

strength without causing damage to the structure [29-32], making them especially relevant for 

ongoing assessments throughout a structure's lifespan and after critical events [33-35]. Among the 

various NDT methods available, the Schmidt hammer test stands out for its simplicity and cost-

effectiveness. This method operates by measuring the rebound of a spring-loaded hammer that 

strikes the concrete surface, providing an indirect indication of compressive strength. Despite its 

advantages, a significant concern regarding the Schmidt hammer test is the reliability of its results. 

The high variability in rebound values can lead to inconsistent strength estimates, potentially 

compromising structural evaluations. The dispersion observed in rebound hammer results can be 

attributed to several factors: 

1. Nature of the Test: The rebound hammer test is sensitive to surface conditions, moisture content, 

and the uniformity of the concrete mix. Variations in any of these factors can lead to significant 

discrepancies in rebound values.  
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2. Calibration of the Device: Proper calibration is essential for ensuring that rebound values 

correlate accurately with compressive strength. Inadequate calibration can result in misleading 

estimates and increased uncertainty regarding concrete quality. Motaghed's research emphasizes 

that calibration protocols must be rigorously followed to enhance reliability (Motaghed et al., 

2021). 

3. Testing Procedure: How tests are conducted—such as the angle of impact and the number of 

readings taken—can also affect results. Consistency in testing procedures is vital for obtaining 

reliable data. 

Accurate assessment of concrete strength is not only critical for ensuring structural safety but also 

plays a vital role in various engineering applications: 

- Structural Condition Assessment: Engineers often need to evaluate existing structures to 

determine their load-bearing capacity and overall safety. Non-destructive methods like rebound 

hammer tests allow for quick assessments without compromising structural integrity. 

- Quality Control During Construction: Monitoring concrete strength during construction helps 

ensure that structures meet design specifications and safety standards. This is particularly important 

when low compressive strength readings are obtained from standard tests on concrete samples. 

- Post-Event Evaluations: Following events such as earthquakes or explosions, rapid assessments 

are necessary to determine if a structure remains safe for occupancy or requires repairs. 

So, while the Schmidt hammer test offers a practical solution for estimating concrete strength, its 

reliability can be compromised by various factors including test methodology, calibration practices, 

and environmental influences. Addressing these issues through improved calibration methods and 

standardized testing procedures will enhance the accuracy of this non-destructive testing technique. 

Future research should focus on developing robust frameworks to minimize variability and 

uncertainty in rebound hammer results, thereby ensuring safer building practices and more 

effective structural assessments 

 

3. Schmidt hammer calibration 

The Schmidt hammer test, also known as the rebound hammer test, is a widely used non-destructive 

testing method for estimating the compressive strength of concrete. To ensure accurate and reliable 

results, proper calibration of the Schmidt hammer is essential. Below is a detailed methodology for 

calibrating the Schmidt hammer based on insights from relevant literature.  

Environment: Calibration should be performed in a controlled environment, ideally at room 

temperature (between 5°C and 35°C) to minimize the influence of temperature on the rebound 

values.  

Equipment: Use a steel calibration anvil with a hardness of approximately 5000 N/mm², which 

serves as a reference standard for the calibration process. The anvil should be clean and dry before 

use.  

Before calibration, verify the condition of the Schmidt hammer, Check for physical damage or 

signs of wear, and ensure that the device has been recently calibrated; if not, it should undergo 

verification by a certified metrological institution. 

To Conduct the Calibration Test, place the steel anvil on a stable and rigid surface to prevent any 

movement during testing. Ensure that the anvil's surface is dry and free from contaminants. Then, 

Position the rebound hammer perpendicular to the anvil surface, release the hammer to strike the 

anvil measure the rebound value, and record the rebound value after three consecutive impacts to 

obtain an average value. This average should be calculated from stable rebound results. To account 
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for any directional bias in readings, conduct tests in four different orientations (rotate the hammer 

by 90 degrees between each test). The rebound values should ideally fall within a range of 80 ± 2.  

If the average rebound values obtained from the calibration do not meet established standards or 

deviate significantly from expected values, adjustments may need to be made to the instrument. 

This could involve recalibrating or servicing the device according to manufacturer specifications. 

Maintain detailed records of all calibration activities, including dates, results, and any adjustments 

made to the instrument. Regular verification cycles are recommended; typically, recalibration 

should occur every six months or after significant impacts or repairs to ensure ongoing accuracy. 

After calibration, it is advisable to perform a series of test measurements on concrete samples with 

known compressive strengths to validate that the Schmidt hammer provides consistent and reliable 

results.  

Following a systematic approach as outlined above helps mitigate variability in test results and 

enhances confidence in using rebound hammer data for structural evaluations. Regular 

maintenance and adherence to calibration protocols will contribute significantly to reliable 

performance in field applications. 

 

4. Experimental program 

In this section, we provide results of the calibration Schmidt hammer test for a series of concrete. 

The table presents a comprehensive analysis of concrete mix designs correlated with Schmidt 

hammer rebound test results and compressive strength measurements. The data reveals critical 

relationships between material proportions, workability factors, and mechanical performance 

indicators across 29 unique mixes.  

Aggregate proportions show coarse aggregate (CA) ranging from 672–917 kg/m³ and fine 

aggregate (FA) from 478–1055 kg/m³. Total cementitious materials (TCM = cement + fly ash) 

vary significantly (295–552 kg/m³), with fly ash substitutions up to 261 kg/m³. Superplasticizer 

(SP) dosages span 0–10.2 kg/m³, while water content ranges 108–605 kg/m³. Key patterns include:  

1-Higher cement content (Mix 17: 440 kg/m³) correlates with elevated strength (45 kg/cm²). 

2-Fly ash substitutions (e.g., Mix 1: 261 kg/m³ FL) maintain strength while reducing cement 

demand. 

3-Optimal water-cement ratios (0.26–0.35) align with high-performance concrete standards. 

Rebound numbers demonstrate:  

4-Strength correlation: Mixes 17-18 with 440-411 kg/m³ cement achieve RN=41-45, 

corresponding to 43-45 kg/cm² compressive strength. 

5-Consistency: Multiple measurements per mix show low standard deviations (e.g., Mix 7: RN 

33-38, mean=36) 

6- Sensitivity: Surface-dependent variations (Mix 15: RN 19-22 vs Mix 25: RN 37-42) highlight 

test limitations in heterogeneous materials 
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Table 1. Mix designs and test results 

 Mix Designs 
St 

Schmidt hammer 

 CA FA F C FL TCM SP w 1 2 3 4 5 6 7 8 9 10 m 

1 837 478 0 250 261 511 2.6 281 153 28 27 25 28 29 33 29 29 32 28 29 

2 837 742 0 250 160 410 2.1 225 190 27 26 29 27 29 30 28 27 27 27 28 

3 837 709 0 290 100 390 0.8 253 226 34 31 31 35 32 33 34 33 34 35 33 

4 837 742 0 250 160 410 2.1 225 190 29 28 31 28 28 30 29 29 28 27 29 

5 837 742 0 250 160 410 2.1 225 190 29 32 31 31 29 29 30 27 28 30 30 

6 837 742 0 250 160 410 2.1 225 190 30 31 30 32 27 30 31 31 28 31 30 

7 837 594 0 317 160 477 2.4 262 260 37 33 37 36 35 37 38 35 36 38 36 

8 837 562 0 210 220 430 0.9 279 108 26 25 27 26 25 28 26 25 27 28 26 

9 837 742 0 250 160 410 2.1 225 190 29 29 27 32 29 28 27 31 28 31 29 

10 837 746 0 250 160 410 4.1 225 191 32 32 27 31 30 31 30 27 31 30 30 

11 837 566 0 250 160 410 2.1 295 145 27 29 28 30 32 29 30 29 29 32 30 

12 846 845 0 247 165 412 0 186 223 31 31 29 29 28 28 27 26 30 30 29 

13 844 844 0 238 159 397 0 159 241 25 28 25 28 27 28 30 30 29 25 28 

14 847 846 0 232 155 387 0 136 266 28 24 27 26 29 26 25 24 25 28 26 

15 851 851 0 163 245 408 0 164 110 19 21 22 22 21 19 20 19 21 20 21 

16 864 866 0 161 241 402 0 141 125 24 19 20 23 21 21 24 20 23 24 22 

17 917 750 205 440 0 440 10.2 154 605 45 42 45 47 47 44 46 47 43 46 45 

18 917 750 205 411 0 411 8 165 493 45 41 44 42 45 45 45 41 45 43 43 

19 917 750 205 386 0 386 7 174 587 40 39 39 40 41 38 40 42 40 42 40 

20 917 750 205 365 0 365 5 182 498 39 38 35 39 37 35 40 37 36 37 37 

21 917 750 205 345 0 345 3.6 190 426 34 34 39 36 35 36 36 34 38 38 36 

22 917 750 205 326 0 326 3.2 196 369 33 32 34 32 32 36 36 35 33 35 34 

23 917 750 205 309 0 309 2.9 202 323 35 32 31 32 31 31 31 31 34 32 32 

24 917 750 205 295 0 295 2.5 207 286 31 33 33 33 32 33 34 31 32 34 32 

25 800 978 95 379.1 0 379.1 6.5 178 552 40 37 37 38 39 37 40 42 40 37 39 

26 757 925 190 379.1 0 379.1 7 178 553 37 41 39 38 41 38 41 40 42 37 39 

27 714 874 284 379.1 0 379.1 8 178 555 40 38 41 38 41 40 38 38 42 37 39 

28 672 829 379 379.1 0 379.1 8.7 178 556 42 41 40 38 38 42 37 41 40 37 40 

29 865 1055 70 278.6 0 278.6 2.2 167 315 29 29 28 32 28 27 28 31 28 27 29 

CA: coarse aggregate (kg); FA: Fine aggregate (kg); F: filler (kg); C: cement (kg); FL: fly ash; TCM: total cementitous 

materials (kg); SP: superplasticizer (kg); w: water (kg); St: strength (kg/cm2); m: mean 
 

Based on the results of Table 1, four functions have been established on the data of the relationship 

between compressive strength (St) and the average Schmidt hammer (m), the results of which can 

be seen in Figure 1. 
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Figure1: Schmidt hammer and compressive jack tests relationships. 

 

To measure the accuracy of predicting concrete strength based on the results of the Schmidt 

hammer test, 7 series of tests were considered for concretes whose strength was determined in the 

jack test (Figure 2). Table 2 shows the results. 
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Figure 2: Schmidt hammer and jack tests 

 

Table 2 presents a comparison between measured strength values and predicted strength values 

using three different prediction models: Linear, Power, and Quadratic. It also includes the strength 

prediction errors for each model. Measured Strength lists the actual measured values of strength 

(in kg/cm²). There are four different strength prediction methods based on Linear, Power, 

Quadratic, and exponential models. Strength Prediction Error compares the predicted strengths 

against the measured strengths, showing the error for each model. The errors are calculated as the 

difference between the predicted and measured strengths. 

 

 
Table 2. Prediction error in Schmidt hammer test 

measured Predicted Strength (kg/cm2) Strength Prediction error 

Schmidt Linear Power Quadratic Exponential measured Linear Power Quadratic Exponential 

51.0 766.9 867.5 903.8 1192.2 522 32 40 42 56 

45.5 632.8 651.4 689.1 771.2 531 16 18 23 31 

37.4 435.2 398.2 426.3 406.0 492 13 24 15 21 

44.5 608.4 616.1 653.2 712.5 501 18 19 23 30 

27.7 197.9 186.9 194.7 187.8 224 13 20 15 19 

23.5 96.3 124.1 123.6 135.0 150 56 21 21 11 

29.7 246.7 222.7 234.8 220.1 214 13 4 9 3 
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The prediction errors vary significantly across models. For instance, the Linear model has higher 

errors compared to the Power and Quadratic models in most cases. The average prediction errors 

are 376.29 kg/cm², 23.00 kg/cm², 20.86 kg/cm², and 24.47 for Linear, Power, Quadratic, and 

Exponential models, respectively. This indicates that both Power and Quadratic models provide 

better predictions than the Linear and exponential models. The standard deviations of the prediction 

errors suggest that while all models have some variability in their predictions, the Linear model 

has a much higher standard deviation (170.71), indicating less consistency in its predictions 

compared to the Power (16.04) and Quadratic (10.59) models. With a measured strength of 51.0 

kg/cm², the Linear prediction is significantly higher (766.86 kg/cm²) compared to its actual value, 

leading to a large error of 522 kg/cm². In contrast, at a measured strength of 23.5 kg/cm², the Power 

model predicts a value of 124.06 kg/cm² with an error of only 21 kg/cm². The analysis indicates 

that both Power and Quadratic models outperform the Linear and Exponential models in predicting 

strength values with lower average errors and less variability in their predictions. This suggests that 

for applications requiring accurate strength predictions, using either Power or Quadratic models 

would be more effective than using linear and exponential approaches. finally, the results show 

that the extrapolation of results has a very large error, but the interpolation error is less. 

 

5. Schmidt hammer variation 

The Schmidt hammer test, a widely used non-destructive testing (NDT) method, is employed to 

estimate the compressive strength of concrete by measuring the rebound of a spring-loaded hammer 

after it strikes the concrete surface. While convenient and cost-effective, the reliability of rebound 

hammer readings can be significantly influenced by various factors. This review synthesizes 

findings from multiple studies to elucidate the extent of variability in Schmidt hammer test results 

and the key factors contributing to this variability.  

The variation in Schmidt hammer test results can be substantial, often leading to discrepancies in 

estimated compressive strengths. Brencich et al. (2013) highlighted that rebound values can vary 

significantly due to inherent differences in concrete properties and testing conditions [4]. Key 

Factors Influencing Variability are as:  

1-Concrete Surface Condition: The condition of the concrete surface has a profound impact on 

rebound values. Rough or uneven surfaces, as well as contamination from dust or moisture, can 

lead to lower rebound numbers. Hannachi and Guetteche (2014) stressed the importance of 

ensuring that surfaces are clean and adequately prepared before testing [36].  

2-Type of Concrete: Different concrete mixtures exhibit varying relationships between rebound 

number and compressive strength. For instance, Brencich et al. (2020) found that high-strength 

concrete may yield different rebound values compared to normal-strength concrete due to 

differences in mix proportions and aggregate types. The use of lightweight aggregates also requires 

special calibration to ensure accuracy [4].  

3-Moisture Content: High moisture levels at the surface can significantly reduce the measured 

rebound values, as excess water may decrease surface hardness. Sanchez and Tarranza (2014) 

indicated that controlling moisture content is crucial for obtaining reliable results from rebound 

hammer tests [7].  

4-Curing Conditions: The curing process directly influences the development of concrete strength. 

Inadequate curing can lead to lower compressive strengths and subsequently lower rebound values. 

Aydin and Saribiyik (2010) noted that variations in curing time could impact test outcomes, with 

younger concrete typically exhibiting lower rebound numbers than well-cured specimens [5].  
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5-Calibration of the Hammer: Regular calibration of the Schmidt hammer is essential for ensuring 

accurate measurements. Breysse and Martínez-Fernández (2014) emphasized that improper 

calibration could introduce significant errors in strength estimation, leading to unreliable results 

[11].  

6-Environmental Conditions: External factors such as temperature and humidity can affect both 

the properties of concrete and the performance of the Schmidt hammer itself. Kovler et al. (2018) 

reported that extreme temperatures could alter the elasticity of the hammer, impacting rebound 

readings [37].  

7-Concrete Heterogeneity: Concrete is rarely homogeneous; variations in aggregate size, type, and 

distribution can lead to different rebound values across a single structure. Atoyebi et al. (2019) 

highlighted that local variations in strength could result in inconsistent readings from different 

areas of the same concrete element [6].  

The Schmidt hammer test serves as a valuable tool for estimating concrete strength; however, its 

reliability is influenced by numerous factors ranging from surface conditions to environmental 

influences and calibration practices [38-42]. Understanding these variables is crucial for 

interpreting rebound values accurately and making informed decisions regarding structural 

integrity. Future research should focus on developing standardized procedures for mitigating 

variability in Schmidt hammer test results, including improved calibration methods tailored to 

specific concrete types and conditions. By addressing these challenges, engineers can enhance the 

reliability of this widely used non-destructive testing technique. 

 

 

6. Conclusion 

the calibration of the Schmidt hammer is paramount for ensuring accurate and reliable assessments 

of concrete strength through non-destructive testing methods. This study has highlighted the dual 

aspects of calibration: the initial calibration of the Schmidt hammer device itself and the subsequent 

calibration of rebound values to correlate with concrete compressive strength. The findings 

underscore that without proper calibration, rebound measurements can yield misleading results, 

significantly affecting structural evaluations. Variability in test outcomes can arise from numerous 

factors, including surface conditions, environmental influences, and material composition. The 

evidence presented demonstrates that a universal calibration curve is insufficient; instead, tailored 

calibration approaches must be adopted to accommodate the unique properties of different concrete 

mixes. Moreover, the analysis of various predictive models for estimating compressive strength 

based on Schmidt hammer results reveals that both Power and Quadratic models outperform 

traditional Linear models in accuracy and consistency. This emphasizes the need for continuous 

refinement of calibration techniques and predictive methodologies to enhance the reliability of 

Schmidt hammer tests. Future research should focus on developing standardized protocols for 

calibration that account for environmental variations and material characteristics. Such 

advancements will not only improve the accuracy of rebound hammer assessments but also 

contribute to safer construction practices and more effective structural integrity evaluations. By 

addressing these critical aspects of calibration, we can ensure that the Schmidt hammer remains a 

valuable tool in the field of civil engineering and construction. 
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