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Abstract 

The knowledge of material properties is a key factor in designing structures which withstand the 

challenges of their lifetime. Small Punch (SP) test is a material testing method which has the advantage 

of lean material usage. In this study, an overview is presented on the SP testing method. The aim of this 

paper is to help researchers by collecting articles about different research fields of SP testing. With the 

experiences from previous research a promising theme is proposed for future analysis in connection 

with SP testing. 
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1. Introduction 

Material properties are key factors in designing an engineering structure. The precise knowledge of these 

information makes the difference between failure and success. For this purpose, dozens of comparable 

and accurate destructive material testing methods were developed in the past century. The tensile test, 

creep test, fatigue test, and bend testing are all commonly used and standardised procedures. On the 

other hand, material properties, acquired from these methods are reliable and precise. Therefore, the 

replacement of these tests does not seem simple. The drawback of these inspections is the tremendous 

amount of material used to acquire testing data. This problem induced growing interest in non-

destructive inspections. Nowadays there is an expectation of lean material usage in the field of material 

testing, hence, modern testing methods must be precise in determining multiple properties using low 

amount of material. 

Small punch (SP) testing is a material characterisation method. The most important advantage of the 

method is the low amount of material used, which makes the procedure considered as non-destructive 

(Torres et al., 2021). This inspection is favourable in industries where parts need to be tested during 

operation for degradation monitoring (nuclear industry, petrochemical industry), or very low amount of 

material is available (for example developmental aero-engine components, turbine case body) (Čížek et 

al., 2018; Lancaster et al., 2014; Bulloch, 2004). There are various fields of research where this method 

can be applied. The prediction of material behaviour during plastic deformation, determination of 

damage model coefficients, artificial intelligence development are just a few examples of the scientific 
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areas which can benefit from the research of SP tests. The purpose of this paper is to bring together the 

different studies on SP tests by other researchers. 

2. Small punch testing 

The research of the consequences of radiation became popular with the growing number of nuclear 

reactors in the middle of the 20th century. The result of this scientific work showed that the monitoring 

of material properties in nuclear power plants can prevent serious accidents. SP testing was developed 

for this purpose in the ’80-s to answer the problem of wear due to radiation (Manahan, 1982). 

The test setup includes the specimen which has either 3 mm or 8 mm diameter, a lower and an upper 

die, and a punch. During the test the punch is pushed to the thin circular specimen clamped between the 

two dies (EN 10371, 2021). The basic measurement setup is shown in Figure 1. The punch can be moved 

in two modes: constant displacement or constant force. The results are usually illustrated as a function 

of displacement. The displacement can be measured by a crack opening displacement gauge (COD) or 

by the movement of the head of the testing machine relative to the base of the machine. 

 

Figure 1. Configuration of SP test 

Depending on the punch movement, the results of the tests are different. The constant force method 

provides displacement-time curve for creep behaviour, and the application of constant displacement 

provides force-displacement curve for elastic and plastic properties (Lotfolahpour et al., 2018). The 

force-displacement curve can be divided into five sections: (I) elastic bending, (II) plastic bending, (III) 

membrane stretching and (IV) plastic instability (Simonovski et al., 2017). The failure of the specimen 

occurs in the fifth section (V). These parts are well displayed in Figure 2. which shows a typical force-

displacement curve. 

The boundaries are often marked by inflection points on the curve. With the help of these sections, 

multiple material properties can be acquired. In the first section, the angle of the curve can be used to 
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determine the Young modulus, similar to the tensile test force-displacement curve. From the curve, the 

force connected to yield stress (Fi) and tensile strength (Fm), or strain energy (U) can also be acquired. 

There are multiple definitions of yield stress interpretation, but the method of Mao and Takahashi is the 

most used (Mao et al., 1987). This method places the yield point at the intersection of the tangent lines 

of the I section and the II section of the force-displacement curve. This approach is also used by the 

standard EN 10371 (EN 10371, 2021). 

 

Figure 2. Force-displacement curve of SP test 

3. EN 10371 – Standard of the SP test 

Material testing methods must be comparable and therefore uniformly executed in the different regions 

of the world. In this aspect, SP testing is not an exception. The EN 10371 is the first European standard 

on the SP testing method. The first version of the standard was published in 2021. Therefore, some 

points of the standard are being discussed for further clarification. It goes through the process of the SP 

test from the sample manufacturing, the testing equipment, the measurement rules, and the 

environmental requirements to the evaluation of the results. This paper highlights only the main rules of 

preparation and execution. 

The test pieces are usually circular disks, but other shapes can be used which meet the thickness and 

surface finish requirements (EN 10371, 2021). An important requirement is that the active area of the 

specimen has to be flat cylindrical shape, and the clamped area must be equal or larger than the same 

area of the standardized one. There are two standard sizes of specimens, which are listed in Table 1. 
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Table 1. The accepted sizes of SP specimens 

 

 

The specimens are machined either by a mechanical or electric discharge machining (EDM) 

extraction method. The specimen should contain at least 5 grains in thickness cross-section, but some 

exceptions can be accepted for coarse-grain, directionally solidified or single crystal materials. At first 

the specimen should be machined to the required thickness plus 0,1mm, then with a set of defined 

roughness abrasive paper the specimens should be ground to the correct thickness. Then the specimen 

between the two dies is deformed by the punch until fracture. The failure of the specimen is marked by 

a sudden drop of force if the test was conducted using constant displacement of the crosshead. In the 

case of small punch creep testing the rapid rise of deflection/displacement marks the failure of the 

specimen. The important dimensions of the specimen holder are given in the standard as well. For 

example, the chamfer geometry of the receiving hole is crucial concerning the result of the test noted by 

M. Abendroth (Abendroth, 2014). Testing in elevated or lowered temperatures is also admitted if the 

requirements of heating/cooling and measuring are fulfilled. The thermocouple measuring the test 

temperature is recommended to be in contact with the specimen from the receiving hole side. The 

standard also defines the rules of SP creep test. The difference between regular SP test and creep SP 

tests is the movement of the crosshead on the testing machine as explained in the second paragraph. 

It has to be noted that the standard is still lacking in some aspects, which includes the effect of the 

specimen size, missing empirical factors for the standardized specimen (miniaturized version), etc. 

4. Previous research 

New methods, especially in engineering terms always need proper research to be reliable. It is also 

important for understanding the processes of testing equipment and behaviour of the specimen. 

Therefore, an extensive number of studies are published on the topic of SP test. There are a high variety 

of research fields on this testing method. In this chapter, multiple groups of articles are presented to 

gather valuable information about SP test. Some of the material properties that are obtainable from SP 

tests are shown on the left side of Figure 3. Material properties connected to this testing method that are 

not mentioned in this paper are in the “other” group. The right side of the figure presents the computer 

technologies which can support SP tests. 

 

Figure 3. Research fields and supplementary computer technologies of SP tests 
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4.1. Determination of material properties from SP test results 

The main goal of the SP test is to give reliable material properties for the new and used structural 

materials. However, the determination of these parameters must be unambiguous, so the results can be 

compared. For this reason, multiple studies made attempts to obtain material properties from the SP test 

result curves. 

The identification of the reaction force connected to yield of the material is one of the most researched 

areas of the topic. Finding correlations with traditional uniaxial material tests can help to promote the 

uptake and use of SP testing worldwide. Therefore, multiple approaches have been studied. The 

connection between tensile test and SP test in terms of yield strength and tensile strength has been 

researched extensively (Leclerc et al., 2021; Song et al., 2012). García et al. claimed, that the ultimate 

tensile strength is obtained by normalising the maximum load of the SP test result by the thickness of 

specimen and the displacement at maximum load (García et al., 2014). On the other hand, a study by 

Altstadt et al. indicated that the correlations of the ultimate tensile test are dependent on material 

properties (Altstadt et al., 2018). 

Obtaining fracture properties are also important for the safe operation of structural materials. A 

procedure is proposed for the estimation of fracture toughness from miniature SP tests (Mao et al., 1987). 

Guan et al. and Mao et al. suggested that there is a linear relationship between fracture toughness and 

biaxial equivalent fracture strain (Guan et al., 2011; Mao et al., 1992). A study by Wang et al. shows 

that the increment in specimen thickness, the fracture strain and fracture toughness also increase (Wang 

et al., 2008). 

SP tests conducted in elevated temperatures enable the study of creep properties. In comparison with 

the standard creep test, a similar creep character could be obtained from deflection-time curve of the SP 

test. A study by Yang et al. stated that the SP creep test can potentially replace the traditional uniaxial 

creep test (Yang et al., 2017). Wu et al. used an inverse method for extracting creep properties from 

displacement-time curve (Wu et al., 2019). The study showed that the computing time of the inverse 

method can be reduced with a pre-defined time step. Dawson et al. claimed that the effect of testing 

environment (for example testing in argon gas) has an impact on the SP creep behaviour (Dawson et al., 

2018). In their research testing in argon increased the time to failure and deflection at failure. 

4.2. Computer analysis and SP test 

With the widespread use of computers and development in calculation capacities, researchers now have 

the ability to develop models for the prediction of test results. These models always rely on proper 

testing data. It was similar in the field of SP tests: a growing number of computer programs and 

computing methods are used to improve the reliability and consistency of SP tests. Therefore, many 

publications include programming, finite element method (FEM) models or other numerical 

calculations. 

The largest group of computer-aided research contains FEM modelling. According to a study by M. 

Abendroth, a two-dimensional axisymmetric model can be a perfect choice for building a simple 

geometry that preserves important details (Abendroth, 2014). Simonovski et al. claimed, that if the 

material properties are rate independent, the results are not affected by the loading rate of the punch 

(Simonovski et al., 2017). Calaf Chica et al. declared that measuring the displacement at the upper point 

of the specimen is easier, and more precise, than measuring at the bottom (Calaf Chica et al., 2018). The 

same group of researchers made another study with FEM analysis on the elastic modulus prediction 
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from SP tests (Calaf Chica et al., 2017). The paper acquired correlation factors for a specific geometry 

and mentioned, that with the standardization process of SP tests, further geometries can be observed. 

SP tests and programming are a promising combination of research fields. With the algorithms of the 

computers, many predictions can be made concerning the material properties extracted from SP test 

results. The three main computer-aiding methods of SP tests are plain programming, genetic algorithms 

(GA) and neural networks (NN). The following articles represent studies from these main groups. First, 

a research by A. Lotfolahpour et al. stated that the dies of the test setup are not completely rigid, which 

may cause errors in the FEM simulations (Lotfolahpour et al., 2018). The study used connected GA and 

NN methods. On the other hand, a study written by M. Abendroth et al. claimed that the two dies and 

the punch can be modelled as rigid bodies (Abendroth et al., 2006). V. D. Vijayanand et al. suggested 

that both tensile properties and Gurson-Tvergaard-Needleman (GTN) damage model parameters are 

important for the accurate simulation of the SP test result curve (Vijayanand et al., 2021). 

4.3. Determination of GTN parameters 

The GTN damage model is a mathematical description of microstructural behaviour of materials during 

plastic deformation. The model is relying on the nucleation, growth, and coalescence of micro voids of 

the base material. Therefore, including the GTN model in simulations containing plastic deformation is 

essential for accurate results. The damage model consists of multiple calculation parameters which 

varies by material. Computer-aided simulations of SP tests enable the researchers to find the perfect 

GTN model parameters for each material by an optimisation process. In a study by K. Li et al. the GTN 

parameters of 316L stainless steel are successfully obtained by an inverse FEM procedure (Li et al., 

2018). H. S. Lai et al. acquired the fracture toughness of P91 material using FEM which included GTN 

parameters (Lai et al., 2023). D. Chen et al. developed an efficient computing model for obtaining GTN 

parameters with the combination of NN and GA processes (Chen et al., 2021). They claimed that the 

use of unreasonably large ranges of input parameters may lead to the wrong results. 

5. Conclusion 

Based on the previously introduced articles the SP testing method is an important topic of research in 

the past decades. Similar to this paper there were overviews of SP test and summary of research results 

in the past (Torres et al., 2021). Nowadays the SP test areas of application are extending, bringing new 

horizons to the researchers (Lai et al., 2023; Sithole et al., 2023; Álvarez et al., 2023). This study aimed 

to present articles from multiple research fields, to be a starting point of a research work on this topic. 

Based on this literature overview, the size effect of the allowed specimen sizes is not considered. 

However, since even the standard allows the use of two different sample sizes, and there are other non-

standardized specimens, our future goal is to investigate the deviations between the results of different 

specimen sizes. These results could help to improve the current SP standard in the future. 
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