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Abstract. Mechanical property testing is a primary method for ensuring the quality of galvanize steel manufacture 

by continuous galvanizing line (CGL), products used in lightweight construction. This study aims to analyze the 

causes of discrepancies in tensile test results between Manufacturer Laboratory and Independent Testing Labora-

tory, which was conducted at the request by customer. The differences in test results raised concerns that the 

product did not meet the G550 specifications as stated in the Mill Test Certificate (MTC). The investigation was 

carried out by evaluating specimen preparation methods, conducting interlaboratory comparison tests, and ana-

lyzing both mechanical test results and chemical composition. The findings indicate that the differences in Yield 

Strength and Ultimate Tensile Strength values were primarily caused by the use of non-standard specimen shapes 

resulting from manual cutting with hand scissor. This condition led to inaccurate calculations of the effective 

cross-sectional area and caused fractures to occur outside the gauge length, rendering the test results unrepresenta-

tive. After retesting using standard specimens prepared with a punch press, the results were consistent and met 

the requirements for G550 grade steel. This research demonstrates that the quality of specimen preparation is a 

critical factor in ensuring the validity of mechanical test results. 
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1.  INTRODUCTION 

Galvanize steel manufacture by continuous galvanizing line (CGL) is widely used in 

the light steel construction industry due to its high strength, good corrosion resistance, no rust 

reaction with cement or concrete and ease of fabrication (Choi et al., 2023; Simanjuntak et al., 

2024; Yeomans, 2023). One of the most important quality parameters is its mechanical prop-

erties, namely Yield Strength, Ultimate Tensile Strength, and elongation (Hou et al., 2022; Zhu 

et al., 2026). 

Tensile testing is performed according to international standards such as ASTM 

E8/E8M or ISO 6892-1 (Silalahi et al., 2021; ZwickRoell, 2024; 高怡斐 & 梁新帮, n.d.), 

using specimens with specific dimensions to ensure uniform stress distribution during loading. 

Figure 1, we attach the tensile test results written from manufacture MTC document. 

Manufacturer of galvanize steel, issues a Mill Test Certificate (MTC) containing the 

mechanical test results for each production batch (Tomić et al., 2025). The customer filed a 

complaint because the re-test results conducted at independent testing laboratory showed val-

ues that differed from the MTC. 
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Figure 1. MTC Galvanize Iron the Thickness 0.75 mm and 0.45 mm. 

This discrepancy raised the question of whether the cause originated from material 

quality or from the testing methodology. Therefore, an investigation was conducted through an 

interlaboratory comparison test between manufacturer internal laboratory and an independent 

laboratory, paying close attention to the conformity of specimen preparation with testing stand-

ards. 

2.  EXPERIMENTAL PROCEDURE 

Material 

The material used was G550 grade zinc-coated steel produced by manufacturer (Tan et 

al., 2025; Young & Ellobody, 2023), consisting of two coils that were the subject of the com-

plaint: (1) Thickness 0.75 × 1219 mm; (2) Thickness 0.40 × 1219 mm. In addition to these two 

coils, testing was also performed on several other production batches for comparison. 

Subsection 2 

Testing was conducted using a Universal Testing Machine (UTM) in accordance with 

standard procedures for tensile testing of metals (A653/A653M-11, 2011; ZwickRoell, 2024; 

高怡斐 & 梁新帮, n.d.). The parameters evaluated included: (1) Yield Strength (YS); (2) Ul-

timate Tensile Strength (UTS); (3) Elongation (%). 

Initial Testing 

The initial testing was performed by independent laboratory using specimens that had 

been cut manually using scissor. Characteristics of the specimens: 1) Asymmetrical shape; 2) 

Non-uniform specimen width; 3) Plastic deformation at the cut edges; 4) Did not comply with 

ASTM E8 or ISO 6892 standards. 
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Retesting (Round Robin Test) 

To confirm the cause of the discrepancies, retesting was carried out using the following 

procedure: (1) Customer reshipped the material; (2) Manufacturer cut the specimens using a 

standard punch and die machine evident by customer; (3) The specimens were sent back to the 

same independent laboratory again; (4) Tensile testing was conducted again evident by manu-

facturer and customer; (5) Chemical composition analysis was performed using an Optical 

Emission Spectrometer. 

 

Figure 2. Photo sample with a thickness of 0.75 mm conducted in an independent laboratory 

 

Figure 3. Photo sample with a thickness of 0.45 mm conducted in an independent laboratory 

3.  RESULT AND ANALYSIS 

Intial Test Results 

The initial tests revealed a significant difference between the results from manufacturer 

MTC and those from the independent Laboratory as shown figure 2 and figure 3. 

Table 1. Tensile test results with a thickness of 0.75 mm conducted in an independent labora-

tory. 

Test Parameter Test Result 

Thickness (mm) 0.75 

Length (mm) 10.81 

Surface Area (mm2) 8.76 

Tensile Strenth  (N/mm2) 454.34 

Yield Strenth (N/mm2) 407.68 

Initial Length (mm) 50 

Final Length  (mm) 51.2 

Strain (%) 2.4 
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Table 2. Tensile test results with a thickness of 0.45 mm conducted in an independent labora-

tory. 

Test Parameter Test Result 

Thickness (mm) 0.45 

Length (mm) 13.72 

Surface Area (mm2) 8.76 

Tensile Strenth  (N/mm2) 464.58 

Yield Strenth (N/mm2) 279.7 

Initial Length (mm) 50 

Final Length  (mm) 51.28 

Strain (%) 2.56 

Furthermore, several anomalies were observed: (1) Lower Yield Strength values; (2) 

Lower Ultimate Tensile Strength values; (3) Elongation values also decreased. Theoretically, 

this condition is unusual because if the Yield Strength decreases, plastic deformation typically 

increases, so elongation should ideally rise as show table 1 and table 2. This phenomenon in-

dicated an error in the testing methodology. 

 

(a)                 (b) 

Figure 4. Photo sample with a thickness of 0.45 mm (a) and 0.75 mm conducted in an inde-

pendent laboratory, show broken at outside gauge length (b). 

Evaluation of Specimen Shape 

Observations at figure 4 showed that the samples 0.45mm and 0.75 mm break location 

is outside the gauge length. Because samples were cut manually and therefore did not meet 

standard requirements. Consequently: (1) The actual cross-sectional area could not be precisely 

determined; (2) Stress distribution became non-uniform; (3) Stress concentration occurred at 

certain points; (4) Fracture occurred outside the gauge length. A fracture outside the gauge 

length technically categorizes the test as an invalid test or a broken sample, meaning the data 

obtained cannot be used as a representation of the materials mechanical properties. 

Interlaboratory Comparison Test Results 

Figure 5 describes Standard tensile test sample follow international standards such 

ASTM E8/E8M or ISO 6892-1, the samples sent to an independent laboratory for re- testing 

as shown at figure 6 and figure 7. To ensure certainty, samples are retested in the presence of 

the manufacturer and customer. 
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Figure 5. Standard tensile test sample shape. Cut using a punch machine with special dies. 

  

(a)              (b) 

Figure 6. Tensile test sample with a thickness 0.45 mm conducted in manufacturer laboratory 

(a) and an independent laboratory, show broken at outside gauge length (b). 

 

(a)            (b) 

Figure 7. Tensile test sample with a thickness 0.75 mm conducted in manufacturer laboratory 

(a) and an independent laboratory, show broken at outside gauge length (b). 

Table 3. Tensile test results with a thickness of 0.45 mm conducted in an independent labora-

tory. 

Test Parameter Test Result at Manufacturer Test Result at Independent Lab 

Thickness (mm) 0.45 0.45 

Length (mm) 25.03 25.03 

Surface Area (mm2) 11.01 11.01 

Tensile Strenth  (N/mm2) 658.51 664.27 

Yield Strenth (N/mm2) 658.31 653.31 

Initial Length (mm) 50.00 50.00 

Final Length  (mm) 51.71 52.08 

Strain (%) 3.42 4.16 

Table 4. Tensile test results with a thickness of 0.45 mm conducted in an independent labora-

tory. 

Test Parameter Test Result at Manufacturer Test Result at Independent Lab 

Thickness (mm) 0.75 0.75 

Length (mm) 25.01 25.01 

Surface Area (mm2) 19.51 19.26 

Tensile Strenth  (N/mm2) 684.68 673.9 

Yield Strenth (N/mm2) 658.28 655.61 

Initial Length (mm) 50.00 50.00 

Final Length  (mm) 53.59 55.00 

Strain (%) 7.18 10.00 
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After the specimens were cut using a punch press to standard dimensions, the retest 

results showed at table 3 and table 4: (1) Yield Strength met G550 specifications; (2) Ultimate 

Tensile Strength met G550 specifications; (3) The fracture location was within the gauge 

length; (4) The test results were consistent with manufacturer MTC. Thus, it can be concluded 

that the material produced by manufacturer still meets the required quality specifications. 

Chemical Analysis Results 

Chemical composition testing on several batches showed that the content of elements: 

(1) Carbon (C) 0.04%; (2) Silicon (Si) 0.014%; (3) Manganese (Mn) 0.01%; (4) Phosphorus 

(P) 0.0012%; (5) Sulfur (S) 0.0011%. Were within the specification range for high-grade G550 

steel. Minor variations between batches were still within production process tolerances and 

therefore did not significantly affect the material's mechanical properties. 

Discussion 

Tensile testing is a method highly sensitive to specimen geometry. Stress values are 

calculated using the equation 1 (Abedini et al., 2022; Mihalache et al., 2025; Silalahi et al., 

2024):  

𝜎 =
𝐹

𝐴
  ........................................... (1) 

Where: 

𝜎 = stress (MPa) 

F = maximum force 

A = initial cross-sectional area (mm²) 

If specimens are cut manually, the actual cross-sectional area becomes non-uniform, 

leading to deviations in the calculated Yield Strength and Ultimate Tensile Strength values 

(Committee, 1990). 

Additionally, the edges resulting from manual cutting can create stress concentrations 

that may cause premature cracking before the material reaches its maximum capacity (Diouf 

et al., 2026; Gdoutos & Konsta-Gdoutos, 2024). The investigation clearly demonstrates that 

the discrepancies in the tensile test results were not a reflection of material quality but a direct 

consequence of non-standard specimen preparation (Kardak et al., 2017; Mahaputra et al., 

2022). The initial tests performed by the independent laboratory, using manually cut speci-

mens, produced Yield Strength (YS) and Ultimate Tensile Strength (UTS) values significantly 

below the G550 specification and the manufacturer's Mill Test Certificate (MTC) (Gao et al., 
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2024). In contrast, the results from the subsequent round-robin tests, which used specimens 

prepared with a punch press according to standard dimensions, were consistent and met all 

requirements. This points to specimen geometry and preparation as the primary variables af-

fecting the test outcome. 

The root cause of the initial failure can be explained by several interconnected factors. 

Firstly, manual cutting with hand scissors introduces significant geometric irregularities. The 

stress (σ) in a tensile test is calculated by dividing the applied force (F) by the initial cross-

sectional area (A) [σ = F/A]. If the specimen width is non-uniform, the effective cross-sectional 

area cannot be accurately determined, leading to an incorrect calculation of stress. International 

standards like ISO 6892-1 and ASTM E8/E8M explicitly require that specimen preparation 

does not influence the material properties, which is impossible to guarantee with manual meth-

ods that create asymmetric and non-uniform shapes (BalduzziGiuseppe et al., 2021). 

Secondly, the cutting process itself is a source of defects. The edges of specimens cut 

with scissors are prone to plastic deformation, burrs, and even microscopic cracks. These im-

perfections act as "stress raisers" or points of stress concentration (BalduzziGiuseppe et al., 

2021; Budiyanto et al., 2024). The stress at these discontinuities can be significantly higher 

than the nominal stress calculated for the bulk of the specimen. During tensile loading, a crack 

can initiate at these stress raisers, leading to premature failure before the material reaches its 

actual yield or tensile strength. The magnitude of this effect is well-documented; studies have 

shown that the geometry of the specimen, particularly the fillet radius in the transition region, 

directly influences the stress concentration factor and, consequently, the measured failure 

strength (Osamura et al., 2014). Even a small variation in geometry can lead to substantial 

differences in stress distribution and premature failure . This is the most likely explanation for 

the anomalously low values observed in the independent laboratory's initial tests. 

The consequence of this premature failure is often a fracture occurring outside the 

gauge length (the section of the specimen where strain is measured). This was a critical anom-

aly observed in the initial tests. As noted in the analysis, a fracture outside the gauge length 

renders the test invalid because the deformation and strain measured are not representative of 

the material's behavior over the intended section. Standards state unequivocally that the result 

is valid only if the fracture and necking occur within the extensometer gauge length . When 

fracture occurs outside this zone, the calculated elongation is often lower than the true value. 

This directly explains the unusual and contradictory data where both the strength and elonga-

tion values were depressed (Osamura et al., 2010). The problem of specimens breaking outside 
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the gauge section is a recognized challenge in materials testing, leading to high rates of invalid 

tests and increased costs. 

The consistency achieved in the retests confirms that the material itself is sound. The 

interlaboratory comparison (or round-robin test) is a well-established method for verifying test-

ing accuracy. By having multiple laboratories test specimens from the same sample, variations 

in methodology can be identified and isolated, and the major source of scattering in measured 

values can be attributed to inter-laboratory differences . In this case, the round-robin test was 

essential in proving that the material met specifications once the correct preparation method 

was used. The fact that chemical composition analysis showed the material to be within speci-

fication further reinforces that the performance issue was isolated to the testing procedure, not 

the material quality. 

Therefore, the investigation serves as a powerful case study on the critical importance 

of strict adherence to testing standards. The quality of the final data is only as good as the 

quality of the specimen preparation. This is particularly true for thin, light-gauge steel, where 

the material is sensitive to any deformation or damage introduced during preparation. The find-

ings from this study underscore the necessity of using standardized methods, such as precision 

punch presses, to ensure that test results are valid, repeatable, and truly represent the material's 

mechanical properties. 

4.  CONCLUSIONS 

Based on the investigation, it can be concluded that: (1) The discrepancies in tensile 

test results between manufacturer and the independent laboratory were not caused by material 

quality, but rather by the specimen preparation method. (2) Specimens produced by manual 

cutting did not meet tensile testing standards, resulting in unrepresentative values for Yield 

Strength, Ultimate Tensile Strength, and elongation. (3) Retesting using standard specimens 

prepared with a punch press produced data consistent with manufacturer Mill Test Certificate. 

(4) All tested materials still met the specifications for high-grade G550 steel. (5) All tested 

materials still met the specifications for high-grade G550 steel. To ensure the validity of me-

chanical test results, specimen preparation must adhere to ASTM E8/E8M or ISO 6892-1 

standards. 
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