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Understanding crack behavior in concrete under compression is essential for evaluating 

failure mechanisms and structural performance. This study investigates K‑200 concrete 

cylinders (150 mm × 300 mm) tested at curing ages of 7, 14, and 28 days. A total of 24 

specimens were examined, with compressive strengths ranging from 15.06 MPa at 14 

days to 27.61 MPa at 7 days, and maximum applied forces between 205 kN and 332 kN. 

Crack development was strongly influenced by curing age, aggregate size, and press plate 

geometry. At 7 days, columnar swelling and cone failures were predominant, while 

splitting cracks appeared under flat plate loading. At 14 days, mixed cone–shear and 

cone–split failures emerged, indicating the interaction of compressive and tensile 

stresses. By 28 days, cone cracks became the prevailing mode, with shear cracks 

appearing in selected configurations. These findings underscore that compressive 

strength values alone do not fully describe concrete performance; the evolution of crack 

patterns provides critical insight into structural reliability and failure modes under axial 

loading. 
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1. INTRODUCTION

Cracks in concrete typically initiate at its weakest points, 

such as the interfacial transition zone (ITZ) between the 

aggregate and the cement paste [1, 2]. The inherent 

heterogeneity of concrete contributes to randomness of crack 

initiation and propagation [3, 4]. Under axial compression, 

cracks often originate from the ITZ and coarse aggregates, 

with their distribution and size influenced by the water–

cement ratio [1]. Applied forces may generate diverse crack 

patterns depending on the loading conditions and the material 

properties of the concrete [5, 6]. Fracture mechanics examines 

crack propagation in materials under various loading 

conditions. The three principal fracture modes are Mode I, 

Mode II, and Mode III, each characterized by the application 

of stress and different crack propagation behaviors [7-11]. 

Increased surface roughness reduces the effective contact area 

and raises local pressure, affecting contact mechanics and 

pressure distribution [12-15]. Pressure Fluctuations 

Roughness-induced pressure fluctuations elevate maximum 

stress levels [15-17]. In addition, rough surfaces can increase 

contact temperature and reduce the load-carrying capacity [16, 

18]. 

This article provides variables related to observed crack 

patterns, including test duration (s), maximum compressive 

force (kN), maximum stress (kg/cm²), and compressive 

strength (MPa). Crack patterns are documented across 

concrete age groups of 7, 14, and 28 days.  

Figure 1. Typical compression test data and crack pattern 

model 

The specimens consisted of cylindrical K-200 grade 

concrete with a diameter of 15 cm, designed to withstand loads 
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up to 200 kg/cm² in accordance with SNI 03-2834-2000 [19]. 

The experimental results presented in this study are intended 

to provide as input for numerical simulation models of crack 

behavior under compressive loadings. Figure 1 illustrates a 

representative example of the test results. 

Recent publications have emphasized the importance of 

experimental results for validating numerical models and 

supporting reproducibility in concrete research. For example, 

collections of compressive strength data of concrete have been 

shared to aid predictive modelling and benchmarking [20, 21]. 

 

 

2. LIMITATIONS 

 
The experimental results comprise a limited number of 

concrete compression tests conducted at three curing ages: 7 

days, 14 days, and 28 days. Each age group included four 

specimens, resulting in a total of twelve compressive strength 

evaluations. The testing procedure follows the standards 

outlined in SNI 1974:2011 [22] and ASTM C39/C39M [23], 

which specify methods for determining the compressive 

strength of cylindrical concrete specimens. These standards 

ensured consistency in specimen preparation, loading 

conditions, and data acquisition throughout the testing 

process. 

 

 

3. MATERIALS DESIGN 

 
3.1 Concrete mix 

 

The specimens were prepared using groundwater, Portland 

cement Type I, sand (density 2437–2536 kg/m³), and crushed 

stone (density 2594–2699 kg/m³). This mix composition was 

applied consistently across all cylindrical specimens. 

 

3.2 Pressing material 

 

The press plates were fabricated from mild steel with an 

ultimate tensile strength (UTS) of 350–620 MPa, providing 

sufficient resistance to applied loads during testing. 

 

3.3 Testing machine 

 

A locally manufactured compression testing machine (MBT 

brand) with a maximum capacity of 100,000 kN was used to 

conduct the compressive strength tests. 

 

3.4 Capping material 

 

Sulfur powder was used as the capping material, melted at 

a temperature of approximately 129 ℃ and applied in 

accordance with SNI 6369:2008 [24].  

 

 

4. EXPERIMENTAL DESIGN AND METHODS  

 

4.1 Materials and mix design 

 

The concrete specimens were prepared in accordance with 

the SNI 03‑2834‑2000 standard [19]. The mix composition for 

each cylindrical specimen (150 mm diameter × 300 mm 

height) consisted of: water = 1.14 L, cement = 1.87 kg, sand = 

3.87 kg, and crushed stone = 5.49 kg. This standardized mix 

ensured consistency across all test specimens.  

 

4.2 Loading configuration 

 

To vary the force distribution during compressive testing, 

two press models were fabricated from 15 mm thick steel 

plates with a diameter of 150 mm. One press plate contained a 

central hole, while the other was solid without a hole, as 

illustrated in Figure 2. These configurations were designed to 

investigate the influence of press geometry on crack initiation 

and propagation. 

 

4.3 Specimen conditioning 

 

Prior to testing, the concrete specimens were conditioned 

through wet curing by soaking, in accordance with SNI 

2847:2013 [25] and SNI 2493:2011 [26]. Specimens tested at 

7 days were soaked for 3 days, those tested at 14 days for 7 

days, and those tested at 28 days also for 7 days. This curing 

procedure ensured proper hydration and strength development 

before testing.  

The flow of the experimental procedure and data acquisition 

method is described in Figure 3. 

Figure 3 illustrates the integrated system and workflow used 

for concrete compression testing and data acquisition. The 

testing procedure adheres to the standards outlined in SNI 

1974:2011 [22] and ASTM C39/C39M [23], which specify the 

method for evaluating the compressive strength of cylindrical 

concrete specimens. The compressive force was applied 

through a hydraulic system, and the resulting output is 

measured by a transducer. This analog signal is amplified and 

converted into a digital format, then transmitted to a computer 

for real-time processing and visualization. The interface 

displayed both numerical data and graphical outputs, including 

compressive force curves and strength values. 

The compression tests were conducted under load-

controlled conditions to ensure a stable and gradual increase 

in compressive stress. The loading rate was controlled at 

approximately 0.20-0.30 MPa/s, allowing sufficient time for 

crack initiation and propagation to occur during the loading 

process [22, 23]. This controlled loading condition enabled 

clearer observation of crack patterns and failure modes in the 

concrete cylinders. 

The results generated from this system includes duration (in 

seconds), maximum compressive force (in kN), and 

compressive strength values (in MPa), all recorded in 

accordance with the block diagram shown in Figure 3. These 

figures are visible on the computer screen and can be printed 

directly from the compression testing machine. In addition to 

numerical data, visual documentation of the testing process 

was captured using a 1.2-megapixel resolution camera, 

providing supplementary photo and video records of specimen 

behavior during loading. This integrated approach ensures 

traceability, enhances data reliability, and supports both 

quantitative and qualitative analysis of concrete performance 

under compressive stress. 
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Figure 2. Pressing materials used in compressive testing, consisting of steel plates: flange with hole (FH) and flat flange (FF) 

configurations 

 

 
 

Figure 3. Schematic flow of testing and data acquisition system for concrete compression experiments 

 

 

5. DATA DESCRIPTION 

 

The test results were organized into three groups based on 

concrete age: 7, 14, and 28 days. They include both numerical 

and graphical outputs derived from compression testing. 

Results were systematically tabulated by age group and 

specimen weight (kg), loading duration (s), maximum 

compressive force (kN), and compressive strength expressed 

in MPa and kg/cm². 

5.1 Compressive strength test results 

 

5.1.1 Test results of concrete at ages 7 days 

The compressive testing results for 7‑day‑old concrete 

specimens were grouped by aggregate size: ≤ 1.5 cm and > 1.5 

cm. The recorded values, including maximum compressive 

force (kN) and corresponding compressive strength (MPa) are 

summarized in Table 1. 
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Table 1. Compressive strength of concrete at 7 days 

 

Code Sample Specimen Mass (kg) Duration (s) Max Force (KN) 
Concrete Qty 

kg/cm2 MPa 

1.5-FH1-01 11.62 173 205 219.44 17.86 

1.5-FH2-02 11.665 178 225 241.2 19.62 

1.5+FH1-03 12.035 122 248 265.47 21.6 

1.5+FH2-04 12.035 183 292 312.56 25.43 

1.5-FF1-05 11.91 138 213 228 18.55 

1.5-FF2-06 11.66 110 258 276.17 22.47 

1.5+FF1-07 12.045 201 317 339.32 27.61 

1.5+FF2-08 12.095 142 239 255.83 20.82 

 

Table 2. Compressive strength of concrete at 14 days 

 

Code Sample Specimen Mass (kg) Duration (s) Max Force (KN) 
Concrete Qty 

kg/cm2 MPa 

1.5-FH1-09 11.705 93 234 185.01 15.06 

1.5-FH2-10 11.505 127 262 207.15 16.86 

1.5+FH1-11 11.67 142 256 202.41 16.47 

1.5+FH2-12 11.89 112 292 230.87 18.79 

1.5-FF1-13 11.725 129 319 252.22 20.52 

1.5-FF2-14 11.375 102 271 214.79 17.48 

1.5+FF1-15 11.76 129 303 239.57 19.49 

1.5+FF2-16 11.725 121 285 224.28 18.25 

 

Table 3. Compressive strength of concrete at 28 days 

 

Code Sample Specimen Mass (kg) Duration (s) 
Max Force 

(KN) 

Concrete Qty 

kg/cm2 MPa 

1.5-FH1-17 11.6 118 329 228.91 18.63 

1.5-FH2-18 11.59 106 292 203.17 16.53 

1.5+FH1-19 12.03 97 329 228.91 18.63 

1.5+FH2-20 12.028 81 332 231 18.8 

1.5-FF1-21 11.6 118 329 228.91 18.63 

1.5-FF2-22 11.59 106 292 203.17 16.53 

1.5+FF1-23 12.035 113 309 215 17.49 

1.5+FF2-24 12.032 82 317 220.56 17.95 

 

Representative results for each aggregate group are shown 

in Figures 4 and 5. 

 

 
 

Figure 4. Maximum compressive force (kN) in 7‑day‑old 

concrete specimens: flange with hole (FH) and flat flange 

(FF) suppressor 

 

 
 

Figure 5. Compressive strength values (MPa) of 7‑day‑old 

concrete specimens: flange with hole (FH) and flat flange 

(FF) suppressor 

5.1.2 Test results of concrete at ages 14 days 

The summary of test data for 14-day-old concrete is in Table 

2. Figures 6 and 7 present the compressive testing results of 

14‑day‑old concrete specimens under two different suppressor 

conditions: flange with hole (FH) and flat flange (FF). 

Figure 6 illustrates the maximum compressive force (kN) 

recorded during testing, while Figure 7 shows the 

corresponding compressive strength values (MPa). Together, 

these figures provide a comparative view of the mechanical 

performance of concrete at 14 days of age, highlighting the 

influence of suppressor type on both the applied force and the 

resulting strength.  

The combined graphical outputs complement the tabulated 

test results by linking numerical values with visual 

representation, thereby facilitating analysis of specimen 

behavior under compressive loading. 

 

 
 

Figure 6. Maximum compressive force (kN) in 14-day-old 

concrete: flange with hole (FH) and flat flange (FF) 

suppressor 
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Figure 7. Compressive strength value (MPa) for concrete 

in 14-day-old: flange with hole (FH) and flat flange (FF) 

suppressor 

 

 
 

Figure 8. Maximum compressive force (kN) at 28-day-old 

concrete: flange with hole (FH) and with flat flange (FF) 

suppressor 

 

 
 

Figure 9. Compressive strength value (MPa) for concrete 

aged 28 days: flange with hole (FH) and flat flange (FF) 

suppressor 

 

5.1.3 Compressive strength of concrete at 28 days 

The summary of test data for 28-day-old concrete is in Table 

3. Figures 8 and 9 present the compressive testing results of 

28‑day‑old concrete specimens under two suppressor 

conditions: FH and FF. 

Figure 8 shows the maximum compressive force (kN) 

recorded during testing, while Figure 9 presents the 

corresponding compressive strength values (MPa). Together, 

these figures compare the mechanical performance of 28 days 

concrete, highlighting the influence of suppressor type on 

applied force and resulting strength. The graphical outputs 

complement the tabulated data by linking numerical values 

with visual documentation, enabling deeper analysis of 

specimen behavior under compressive loading. 

 

5.2 Crack patterns 

 

5.2.1 Crack patterns of concrete at 7 days 

Figures 10 and 11 show the crack patterns observed in 

7‑day‑old concrete specimens subjected to compressive 

testing under two different loading conditions. Figure 10 

presents the crack formation in specimens tested using an FH, 

while Figure 11 presents the crack pattern in specimens tested 

with a punch without holes (FF). These visual records 

complement the numerical data by documenting the fracture 

behavior of the concrete at an early age. Together, the figures 

provide qualitative evidence of how different press 

configurations influence crack initiation and propagation, 

offering a visual counterpart to the mechanical performance 

data reported in the preceding tables and figures. The 

classification of crack patterns in 7-day-old concrete 

specimens is summarized in Table 4. 

 

 
 

Figure 10. Crack pattern in 7-day-old concrete tested with 

flange with hole (FH) suppressor 

 

Table 4. Classification of crack models in 7-day-old concrete 

 
Code Sample Crack Type Crack Shape Main Cause 

1.5-FH1-01 Columnar Swelling without obvious cracks 
High friction between the test machine plate and the 

specimen 

1.5-FH2-02 Cone and shear Combination of cone and diagonal Normal failure mode 

1.5+FH1-03 Columnar Swelling without obvious cracks 
High friction between the test machine plate and the 

specimen 

1.5+FH2-04 Columnar Swelling without obvious cracks 
High friction between the test machine plate and the 

specimen 

1.5-FF1-05 Columnar Swelling without obvious cracks 
High friction between the test machine plate and the 

specimen 

1.5-FF2-06 Columnar Swelling without obvious cracks 
High friction between the test machine plate and the 

specimen 

1.5+FF1-07 Cone Cone at the tip Compression and shear stress 

1.5+FF2-08 Splitting Vertical crack Lateral tensile stress 
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Figure 11. Crack pattern in 7-day-old concrete tested with 

flat flange (FF) suppressor 

 

 
 

Figure 12. Crack pattern in 14-day-old concrete tested with 

flange with hole (FH) suppressor 

 

 
 

Figure 13. Crack pattern in 14-day-old concrete tested with 

flat flange (FF) suppressor 

 

5.2.2 Crack patterns of concrete at ages 14 days 

Figures 12 and 13 show the crack patterns observed in 

14‑day‑old concrete specimens subjected to compressive 

testing under two different loading conditions. Figure 12 

presents the crack formation in specimens tested using a hole 

press (FH), while Figure 13 presents the crack pattern in 

specimens tested with a punch without holes (FF). These 

visual records complement the mechanical data by 

documenting fracture behavior at the intermediate curing 

stage, providing qualitative evidence of crack initiation and 

propagation under different press configurations. The 

classification of crack patterns in 14-day-old concrete tests is 

summarized in Table 5. 

 

5.2.3 Crack patterns of concrete at ages 28 days 

Figures 14 and 15 show the crack patterns observed in 

28‑day‑old concrete specimens under compressive loading. 

Figure 14 presents cracks in specimens tested with a hole press 

(FH), whereas Figure 15 shows cracks in specimens tested 

with a punch without holes (FF). Together, these figures 

provide visual documentation of fracture behavior in mature 

concrete, linking crack propagation to the mechanical 

performance data reported for this age group. The 

classification of crack patterns in 28-day-old specimens is 

summarized in Table 6. 

 

 
 

Figure 14. Crack pattern in 28-day-old concrete tested with 

flange with hole (FH) suppressor 

 

 
 

Figure 15. Crack pattern in 28-day-old concrete tested with 

flat flange (FF) suppressor 

 

 

Table 5. Classification of crack models in 14-day-old concrete 

 
Code Sample Crack Type Crack Shape Main Cause 

1.5-FH1-09 Cone and shear Combination of cone and diagonal Normal failure mode 

1.5-FH2-10 Cone and split 
combination of vertical crack and 

conical at the tip 

Combination of compressive, shear, and 

lateral tensile stress 

1.5+FH1-11 Cone Cone at the tip Compression and shear stress 

1.5+FH2-12 Cone and split 
combination of vertical crack and 

conical at the tip 

Combination of compressive, shear, and 

lateral tensile stress 
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1.5-FF1-13 Shear Diagonal crack Shear stress 

1.5-FF2-14 Cone and split 
combination of vertical crack and 

conical at the tip 

Combination of compressive, shear, and 

lateral tensile stress 

1.5+FF1-15 Columnar Swelling without obvious cracks 
High friction between the test machine plate 

and the specimen 

1.5+FF2-16 Cone and Split 
combination of vertical crack and 

conical at the tip 

Combination of compressive, shear, and 

lateral tensile stress 

 

Table 6. Classification of crack models in 28-day-old concrete 
 

Code Sample Crack Type Crack Shape Main Cause 

1.5-FH1-17 Columnar Swelling without obvious cracks 
High friction between the test machine plate and 

the specimen 

1.5-FH2-18 Columnar Swelling without obvious cracks 
High friction between the test machine plate and 

the specimen 

1.5+FH1-19 Cone Cone at the tip Compression and shear stress 

1.5+FH2-20 Shear Diagonal crack Shear stress 

1.5-FF1-21 Cone Cone at the tip Compression and shear stress 

1.5-FF2-22 Cone Cone at the tip Compression and shear stress 

1.5+FF1-23 Cone Cone at the tip Compression and shear stress 

1.5+FF2-24 Cone Cone at the tip Compression and shear stress 

 

 

6. CONCLUSIONS 
 

This study systematically investigated the compressive 

strength and crack patterns of K‑200 concrete cylinders at 

curing ages of 7, 14, and 28 days, under varying aggregate 

sizes and press plate geometries. The results demonstrate that 

compressive strength alone does not fully capture the 

mechanical performance of concrete; the evolution of crack 

patterns provides critical insight into failure mechanisms and 

structural reliability. 

Crack development is strongly influenced by curing age, 

aggregate size, and press plate configuration. Early‑age 

specimens (7 days) exhibited columnar swelling and cone 

failures, while intermediate specimens (14 days) showed 

mixed cone–shear and cone–split modes. Mature specimens 

(28 days) were dominated by cone cracks, with shear cracks 

appearing in selected configurations. 

Comparative analysis across aggregate groups revealed 

measurable variations in maximum compressive force and 

strength values, confirming the role of material heterogeneity 

in fracture behavior. 

The experimental results, obtained through standardized 

procedures (SNI and ASTM), provide a reliable dataset for 

both experimental and numerical research. These findings can 

serve as validated input for simulation models of crack 

behavior under compressive loads, supporting more accurate 

benchmarking and predictive modeling. The integration of 

numerical data with visual documentation further enhances 

reproducibility and facilitates comparative studies across 

diverse research contexts. 

Overall, this study contributes to a deeper understanding of 

concrete fracture mechanics, with practical relevance for 

structural engineering, construction quality assessment, and 

the development of analytical methods for modeling crack 

behavior under compression 
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Experimental Data publicly available in Figshare Archive. 
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