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1. INTRODUCTION

Parking problems in urban areas are increasing with the growing number of vehicles and rapid
urbanization. Many parking lots are poorly designed, resulting in frequent flooding due to rain, which disrupts
user comfort and causes damage to infrastructure [1], [2]. Furthermore, poor rainwater management can
exacerbate flooding in urban areas. Porous concrete is one of the new innovations currently being developed.
Many researchers have conducted various experiments to develop superior and more effective porous concrete
for use in infrastructure such as parking lots. Due to its widespread use by the public, porous concrete is crucial
for construction. Porous concrete is often used in parking lot applications because it allows water to permeate
through the surface, reducing puddles and improving drainage [3].

This type of concrete uses no sand in the mix, creating cavities between the coarse aggregates that allow
water to penetrate quickly. This effectively reduces pooling and improves water absorption into the soil, which
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also reduces the risk of flooding and optimizes groundwater supply. This research focused on testing the
compressive strength and porosity of porous concrete [4], [S]. Porous concrete is often used on low-intensity
sidewalks, parking lots, road user areas, and park facilities, where water is immediately absorbed into the
ground without pooling for long periods. Referring to ACI 522R-10, the compressive strength of porous
concrete is in the range of 2.8 to 28 MPa. Where the target of the concrete quality is K-225. Currently, SNI has
not set a quality standard for porous concrete. The mix design of porous concrete generally includes cement as
much as 270 to 415 kg, aggregate as much as 1190 to 1480 kg, water cement proportion between 0.27 to 0.34,
and sand and gravel weight ratio that varies from 0 to 1:1 [6].

In recent years, numerous studies have examined the influence of aggregate size on the compressive
strength and permeability of porous concrete. Porous concrete is generally produced using single-sized
aggregates to form its structural framework [7]. Aggregate size plays a crucial role in determining pore
characteristics and cement paste thickness, which in turn significantly affect both compressive strength and
permeability. Zhi et al. (2024) investigated the relationship between porosity and aggregate size with respect
to the hydraulic and mechanical properties of porous concrete through laboratory testing and reported that
aggregate size is a dominant factor governing porosity distribution [8]. Previous studies on pervious concrete
have also demonstrated that variations in aggregate gradation markedly influence mechanical performance; an
increased proportion of larger aggregate particles tends to decrease compressive strength while increasing
porosity. Experimental results using combined aggregate sizes of 12—18 mm and 18-25 mm in varying
proportions indicated that compressive strength decreased as aggregate size increased, although this effect was
also influenced by the aggregate-to-cement ratio and the level of compaction applied during casting [9].
Aggregate gradation, defined as the distribution of particle sizes within an aggregate mix, strongly affects pore
structure [10]. Uniformly sized aggregates produce higher pore volumes, whereas graded aggregates with a
range of particle sizes reduce pore volume as smaller particles fill the voids between larger ones, resulting in a
denser structure. In planting concrete, smaller aggregate particle sizes are associated with lower porosity and a
more compact microstructure, leading to improved compressive strength [11]. Similarly, in porous asphalt
concrete, pore characteristics and connectivity are governed by nominal maximum aggregate size and
gradation, which ultimately influence permeability and durability [12]. Although previous studies have shown
that aggregate size and gradation significantly influence pore structure and compressive strength of porous
concrete, limited research has focused on fine-to-medium aggregate gradation sizes (0.2-2.0 cm) for parking
applications. Therefore, this study aims to analyze the effect of aggregate gradation size on pore characteristics
and compressive strength to identify an optimal balance between porosity and mechanical performance for
porous concrete used in parking pavements.

2. METHOD

The research was conducted systematically, beginning with a literature study to understand the concept
of porous concrete and relevant testing standards. Following this, material and tool preparation was carried out,
including cement, coarse and fine aggregates, water, mixers, moulds, and measuring instruments. Material
testing was conducted to ensure the quality of each component, with coarse aggregates evaluated through sieve
analysis in accordance with ASTM C136, unit weight testing following ASTM C29, and specific gravity and
water absorption tests conducted based on ASTM C127. These preliminary tests ensured that the materials met
the requirements for concrete production.

The porous concrete mix design was developed based on findings from previous journal studies, with
reference to ACI 522R-10 as the primary guideline for pervious concrete and SNI 03-2834-2000 adapted to
determine basic mix proportion parameters. Coarse aggregates with particle sizes of 0.2—0.7 cm, 0.7-1.2 cm,
and 1.0-2.0 cm were proportioned with cement and water to achieve the desired specifications. Test specimens
were cast in cylindrical moulds measuring 15 cm in diameter and 30 cm in height at the Burangkeng Civil
Engineering Laboratory. After demoulding, specimens were cured by immersion in water for 28 days.
Compressive strength testing was conducted using a 2000 kN compression machine, applying axial loads
uniformly along the specimen’s length. Prior to testing, specimens were weighed to determine density, and
porosity testing was performed at 28 days. The results were analyzed and discussed to draw conclusions and
provide recommendations.

3. RESULTS AND DISCUSSION
3.1. Material test results

3.1.1 Coarse Aggregate Graduation Testing
a. Results of coarse aggregate gradation testing 0.2 cm-0.7 cm.
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Based on Table 1 Result of Coarse Aggregate Gradation Testing (0.2—0.7 cm), the gradation analysis
indicates that the coarse aggregate is predominantly retained on the #4 (4.75 mm) and #8 (2.36 mm) sieves.
The highest retained weight occurs on the #8 sieve, with 1163.4 g (77.17% cumulative escape), followed by
339.1 g retained on the #4 sieve, resulting in a cumulative retained percentage of 22.83% at that size. This
distribution shows that the aggregate particles are concentrated within the target size range, with minimal
material passing through the finer sieves (16 to 200), each showing negligible or zero retained weight. The
cumulative retained percentage reaches 99.77% at the #8 sieve and becomes 100% after the pan, indicating
very limited fines content. The calculated Fineness Modulus (FM) of 5.22 reflects a relatively coarse aggregate,
which is consistent with the intended size range of 0.2—0.7 cm. Overall, the gradation results demonstrate a
well-defined and uniform coarse aggregate distribution, suitable for use in concrete mixtures where adequate
strength and good particle interlocking are required, while minimizing the risk of excessive fines that could
adversely affect workability and water demand.

Table 1. Result of coarse aggregate gradation testing 0.2 cm-0.7 cm
Held back

Size Weight Cumulative A Escap °
ccumulation
Inch mm gr gr %
2” 50.0
/12> 37.5
1” 25.0
3/4” 19.0 0.0 0.0 0.0 100.00
1/2” 12.5 0.0 0.0 0.0 100.00
3/8” 9.5 0.0 0.0 0.0 100.00
1/4” 6.3 6.2 6.2 0.41 99.59
#4 4.75 339.1 3453 22.83 77.17
#8 2.36 1163.4 1508.7 99.77 0.23
#16 1.18 0.0 1508.7 99.77 0.23
#30 0.60 0.0 1508.7 99.77 0.23
#50 0.30 0.0 1.508.7 99.77 0.23
#100 0.15 0.0 1.508.7 99.77 0.23
#200 0.075 0.0 1.508.7 99.77 0.23
Pan - 3.5 1.512.2 100.00 0.00
M Cumulative Retained Amount (100%) 529

total retained weight (100%)

b. Results of coarse aggregate gradation testing 0.7 cm-1.2 cm

Table 2. Results of coarse aggregate gradation testing 0.7 cm-1.2 cm

Size : Held back - Escape
Weight Cumulative .
Accumulation

Inch mm gr gr %

2”7 50.0
1/12”° 37.5

1 25.0 0.0 0.0 0.0 100.00
3/4” 19.0 0.0 0.0 0.0 100.00
12 12.5 345.2 345.2 19.50 80.50
3/8” 9.5 681.1 1,026.3 57.96 42.04
1/4" 6.3 720.5 1,746.8 98.65 1.35

#4 4.75 0.0 1,746.8 98.65 1.35

#8 2.36 0.0 1,746.8 98.65 1.35
#16 1.18 0.0 1,746.8 98.65 1.35
#30 0.60 0.0 1,746.8 98.65 1.35
#50 0.30 0.0 1,746.8 98.65 1.35
#100 0.15 0.0 1,746.8 98.65 1.35
#200  0.075 0.0 1,746.8 98.65 1.35
Pan - 23.9 1,770.7 100.00 0.00

- : p
M Cumulative Retained Amount (100%) 599

total retained weight (100%)
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The gradation characteristics of the coarse aggregate with a particle size range of 0.7—1.2 cm in table 2,
were evaluated through sieve analysis to assess its suitability for use in porous concrete mixtures. The results
indicate that the aggregate distribution is dominated by particles retained on the 1/2-inch (12.5 mm) and 3/8-
inch (9.5 mm) sieves, with cumulative retained percentages increasing significantly at these sieve sizes. This
distribution reflects a relatively uniform coarse aggregate structure with limited fine material content. The
cumulative retained percentage reached approximately 98.65% at the 1/4-inch (6.3 mm) sieve, while the
percentage passing was approximately 1.35%, indicating minimal fine aggregate presence. Such a gradation is
desirable for porous concrete applications, as it promotes interconnected voids that enhance permeability while
maintaining sufficient structural integrity. The fineness modulus (FM) obtained from the test was 5.92, which
confirms that the aggregate falls within the coarse aggregate classification. A high fineness modulus value is
indicative of a coarser particle distribution, which is consistent with the intended aggregate size range of 0.7—
1.2 cm. This gradation supports the formation of a stable skeletal structure in porous concrete, allowing
effective load transfer while preserving void spaces essential for drainage performance. Overall, the gradation
results demonstrate that the coarse aggregate meets the requirements for porous concrete and is suitable for use
in subsequent mixture proportioning and mechanical performance testing.

c. Results of coarse aggregate gradation testing 1 cm —2 cm

Table 3. Results of coarse aggregate gradation testing 1-2 cm

Held back

Size Weight Cumulative Escape .

Tnch o or or % Accumulation

2 50.0
/12> 37.5

17 25.0 0.0 0.0 0.0 100.00
3/4> 19.0 1,425.7 1,425.7 40.73 59.27
1/2> 12.5 1,701.6 3,127.3 89.35 10.65
3/8” 9.5 246.9 3,374.2 96.41 3.59
1/4" 6.3 25.6 3,399.8 97.14 2.86

#4 4.75 4.8 3,404.6 97.27 2.73

#8 2.36 3.9 3,408.5 97.39 2.61
#16 1.18 2.7 3,411.2 97.46 2.54
#30 0.60 1.8 3,413.0 97.51 2.49
#50 0.30 0.0 3,413.0 97.51 2.49
#100 0.15 0.0 3,413.0 97.51 2.49
#200 0.075 0.0 3,413.0 97.51 2.49
Pan - 87.0 3,500.0 100.00 0.00

Cumulative Retained Amount (100%)
M 5.85

total retained weight (100%)

The gradation of coarse aggregate with particle sizes ranging from 1.0 cm to 2.0 cm was evaluated through
sieve analysis in table 3 to determine its suitability for porous concrete applications. The test results show that
a significant proportion of the aggregate was retained on the 3/4-inch (19.0 mm) and 1/2-inch (12.5 mm) sieves,
indicating a predominantly coarse particle distribution consistent with the intended size range. The cumulative
retained percentage reached 89.35% at the 1/2-inch sieve and increased to 97.14% at the 1/4-inch (6.3 mm)
sieve. Only approximately 2.49% of the aggregates passed the #30 sieve and finer, indicating a very low fine
content. This limited presence of fine particles is advantageous for porous concrete, as it contributes to the
formation of interconnected voids and enhances permeability. The fineness modulus (FM) obtained from the
gradation test was 5.85, confirming that the aggregate is classified as coarse aggregate. This relatively high FM
value reflects a coarse gradation, which supports the development of a stable aggregate skeleton within the
porous concrete matrix. Such a structure is essential for maintaining mechanical strength while preserving
adequate pore connectivity. Overall, the results of the gradation test demonstrate that the coarse aggregate with
a size range of 1.0-2.0 cm exhibits an appropriate particle size distribution for use in porous concrete mixtures
and meets the requirements for subsequent mix design and performance evaluation.

3.1.2 Unit Weight Test
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a. The unit weight test in the 0.2 cm — 0.7 cm

Table 4. Results of coarse aggregate unit weight testing 0.2 cm — 0.7 cm

Remarks Unit Test 1
Tube weight A gr 1,659.0
Tube weight + sample B er 5,860.0
Sampel weight C=B-A gr 4,641.0
Tube volume D cc 3,017.5
Weight of contents E Gr/cc 1,538.0

The results of the coarse aggregate unit weight test for the 0.2—0.7 cm size range, as presented in Table
4, show that the aggregate has a unit weight of 1.538 g/cm?®. This value was determined from the ratio of the
aggregate mass to the volume of the measuring container. The obtained unit weight reflects the physical
characteristics of the aggregate and indicates that the material is appropriate for use in porous concrete

mixtures, as it supports the development of a stable aggregate structure while maintaining adequate void
content.

b. Results of coarse aggregate density testing 0.7 cm — 1.2 cm

Table 5. Results of coarse aggregate density testing 0.7 cm — 1.2 cm

Remarks Unit Test 1
Tube weight A ar 6,144.4
Tube weight + sample B er 13,780.0
Sampel weight C=B-A er 7,635.6
Tube volume D cc 4,941.0
Weight of contents E=C/D gr/cc 1,545

The results presented in Table 5 indicate that the coarse aggregate in the 0.7-1.2 cm size range has a
density of 1.545 g/cm?. This value was obtained from the ratio of the sample mass to the measured volume,
following standard density testing procedures. The observed density reflects the physical characteristics of the
coarse aggregate and suggests that the material is suitable for use in porous concrete mixtures, as it provides
sufficient mass while still allowing the formation of interconnected voids essential for permeability.

c. Results of testing the unit weight of coarse aggregate 1 cm —2 cm

Table 6. Results of testing the unit weight of coarse aggregate 1 cm —2 cm

Remarks Unit Test 1 Test 2 Average
Tube weight A ar 6,144.4 6,144.4 6,144.4
Tube weight + sample B gr 13,480.0 14,080.0 13,780.0
Sampel weight C=B-A ar 7,335.6 7,935.6 7,635.6
Tube volume D cc 4,941.0 4.941.0 4,941.0
Weight of contents E=C/D gr/cc 1,485 1.606 1,545

The results indicate that the coarse aggregate exhibits a relatively high and consistent unit weight, with
only a moderate difference between Test 1 and Test 2. The variation in unit weight values (1.485 g/cc and
1.606 g/cc) can be attributed to differences in particle packing during sample placement, which is a common
phenomenon in bulk density testing of coarse aggregates. Slight variations in compaction level, particle
orientation, and void distribution may influence the measured weight of contents. The average unit weight of
1.545 g/cc suggests that the coarse aggregate has a dense structure with relatively low void content, which is
favorable for concrete production. Aggregates with higher unit weight generally contribute to improved
mechanical interlocking and can enhance the strength and stability of concrete mixtures. A lower void content
also allows for more efficient paste distribution, potentially reducing cement demand while maintaining
adequate workability. Additionally, the consistent tube volume and stable tube weight confirm that the testing
procedure was performed under controlled and repeatable conditions, thereby increasing the reliability of the
obtained results. The observed consistency between tests indicates that the aggregate exhibits uniform physical
characteristics and minimal segregation during handling.

Overall, the obtained unit weight falls within the typical range for crushed coarse aggregates used in
structural concrete applications. This indicates that the tested aggregate is suitable for use as a coarse aggregate
component, particularly in mixes requiring good strength characteristics, dimensional stability, and reliable
material performance. Furthermore, the favorable unit weight characteristics suggest that aggregate can support
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the development of dense and durable concrete, especially when combined with appropriate design and quality
control practices.

3.1.3 Specific Gravity and Water Absorption Testing

a. The specific gravity and water absorption of coarse aggregates 0.2-0.7 cm

Table 7. Results of specific gravity and water absorption tests of coarse aggregate 0.2 cm — 0.7 cm

Description Unit Test 1 Test 2 Average
Weight of airborne dry sample A gr 1461.2 1441.9 1451.5
Weight of the base SSD B er 1500.9 1501.0 1500.9
Saturated runoff weight in water C gr 889.7 882.7 886.2
A
Dry specific gravity Bistc gr/cc 2.391 2.332 2.346
5
Specific gravity of SSD Brstc gr/cc 2.456 2.428 2.435
A
Pseudo-specific gravity BrAicC gr/cc 2.557 2.579 2.576
S5—4
Absorbs (%) TXIUU % 2.717 4.099 3.811

The results presented in Table 7 indicate that the coarse aggregates with a particle size range of 0.2—0.7
cm exhibit relatively consistent physical properties, as reflected by the measured specific gravity and water
absorption values obtained from two test repetitions. The dry specific gravity values of 2.391 (Test 1) and
2.332 (Test 2), with an average of 2.346, suggest that the aggregates possess a typical density characteristic of
natural or crushed stone aggregates commonly used in construction materials. The specific gravity under
saturated surface-dry (SSD) conditions shows slightly higher values, with an average of 2.435, which is
expected due to the presence of water filling the permeable pores of the aggregate particles. Similarly, the
pseudo-specific gravity demonstrates the highest average value (2.576), indicating the density of the solid
portion of the aggregate excluding permeable pores. The progressive increase from dry specific gravity to SSD
and pseudo-specific gravity confirms the presence of internal porosity while still maintaining acceptable
aggregate quality. Water absorption values ranged from 2.717% to 4.099%, resulting in an average absorption
of 3.811%. The relatively higher absorption in Test 2 suggests variability in pore structure or surface texture,
which may be influenced by the partial substitution of finer aggregate fractions with rock dust. Higher
absorption values are typically associated with increased porosity, which can affect water demand and
workability in mixture design. However, the average absorption value remains within acceptable limits for
many structural and pavement applications, provided that appropriate moisture corrections are applied during
mix proportioning. Overall, the specific gravity and water absorption characteristics indicate that the 0.2—0.7
cm coarse aggregate is suitable for use in construction mixtures. The observed variations between tests are
considered reasonable and reflect normal material heterogeneity rather than deficiencies in aggregate quality.
These properties should be considered in mixture design to ensure consistent performance, particularly in
controlling effective water content and achieving the desired mechanical properties.

b. Specific Gravity and Water Absorption Characteristics of Coarse Aggregate (0.7—1.2 cm)

Table 8. specific gravity and water absorption tests 0.7 cm — 1.2 cm

Description Unit Test 1
Weight of airborne dry sample S gr 500
Oven dry weight A gr 483.3
Picometer weight + water B gr 665.6
Picometer weight + water + sample C ar 972.8
A
Dry specific gravity Bisic gr/cc 2.507
5
Specific gravity of SSD Bis+tc gr/cc 2.593
A
Pseudo-specific gravity Biaic gr/ce 2.744
5-4
Absorbs (%) — Yo % 3.455
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The results presented in Table 8 show that the coarse aggregate with a particle size range of 0.7—1.2 cm
exhibits favorable physical characteristics in terms of specific gravity and water absorption. The measured dry
specific gravity value of 2.507 indicates that the aggregate has a relatively dense structure, which is
characteristic of good-quality coarse aggregates commonly used in concrete and pavement applications. The
specific gravity under saturated surface-dry (SSD) conditions was slightly higher, at 2.593, reflecting the
presence of water occupying the permeable pores within the aggregate particles. This increase is consistent
with expected aggregate behavior and confirms the existence of internal porosity without compromising
material integrity. Furthermore, the pseudo-specific gravity reached 2.744, representing the density of the solid
mineral content excluding permeable voids. This value suggests a strong and compact aggregate matrix. The
water absorption value obtained was 3.455%, indicating a moderate level of porosity. While higher absorption
values generally imply increased water demand in mixture design, the observed absorption remains within
acceptable ranges for many construction applications when appropriate moisture adjustments are applied.
Aggregates with moderate absorption can still perform satisfactorily if water content is carefully controlled to
maintain workability and strength.

Overall, the specific gravity and water absorption results demonstrate that the 0.7—1.2 cm coarse aggregate
is suitable for use as a construction material. The combination of relatively high specific gravity and moderate
absorption suggests that the aggregate can contribute positively to the mechanical performance and durability
of mixtures. These properties should be considered during mix proportioning to ensure consistent quality and
optimal performance of the final product.

c. Specific Gravity and Water Absorption Characteristics of Coarse Aggregate (1-2 cm)

Table 9. specific gravity and water absorption tests 1 cm — 2 cm

Description Unit Test 1

Weight of airborne dry sample A gr 1461.2

Weight of the base SSD B ar 1500.9

Saturated runoff weight in water C ar 889.7
A

Dry specific gravity Bisic gr/cc 2.391
s

Specific gravity of SSD Bistic gr/cc 2.456
A

Pseudo-specific gravity BrA+cC gr/cc 2.557

absorbs (%) —; ¥1oo % 2.717

The results presented in Table 9 describe the physical properties of coarse aggregate with a particle size
range of 1-2 cm, as evaluated through specific gravity and water absorption tests. The dry specific gravity
value of 2.391 indicates that the aggregate possesses a relatively dense mineral composition, which is
characteristic of quality coarse aggregates used in concrete production. This density suggests good load-bearing
capability and contributes positively to the mechanical performance of concrete mixtures. The specific gravity
under saturated surface-dry (SSD) conditions was recorded at 2.456, which is higher than the dry specific
gravity due to the presence of water filling the permeable pores of the aggregate. This behavior is expected and
confirms the existence of internal porosity within the aggregate particles. Furthermore, the pseudo-specific
gravity value of 2.557, representing the density of the solid portion excluding permeable voids, reflects a
compact aggregate structure with limited internal defects. The water absorption value obtained for the 1-2 cm
coarse aggregate was 2.717%, indicating a moderate level of porosity. This absorption level suggests that the
aggregate can absorb a limited amount of water, which should be considered during mixture proportioning to
ensure accurate control of effective water content. Compared to finer aggregate fractions, the absorption value
for this size range is relatively lower, which can be attributed to a reduced surface area and fewer interconnected
pores.

Overall, the combination of relatively high specific gravity values and moderate water absorption
demonstrates that the 1-2 cm coarse aggregate is suitable for structural concrete applications. These
characteristics support the production of dense, strong, and durable concrete when proper moisture corrections
and mix design adjustments are applied. Consequently, the tested aggregate can be considered appropriate for
use as a coarse aggregate component in concrete mixtures requiring reliable performance and structural
integrity.

Analysis of the Effect of Aggregate Gradation Size ... (Dilla N Amelia)
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3.2 Results of concrete Mix design

The porous concrete mix design was developed at the Burangkeng Civil Laboratory by following the
guidelines of ACI 522R-10 and SNI 03-2934-2000, which provide standards for proportioning materials in
pervious concrete. The purpose of this design approach is to establish the appropriate composition of cement,
aggregate, and water to achieve the desired balance between strength and permeability.

Table 10. Concrete Mix Composition

Porous Concrete Porous Concrete Porous Concrete

0,2cm—0,7 cm 0,7cm—1,2cm lcm—2cm
Cement (Kg) 15.68 15.68 15.68
Crude Aggregate (Kg) 69.86 73.39 67.28
water (Liters) 3.32 4.65 4.69

Table 10 presents a comparison of porous concrete mixes using different aggregate size ranges namely
0.2-0.7 cm, 0.7-1.2 cm, and 1-2 cm, while maintaining a constant cement quantity of 15.68 kg. Notably, the
mix with 0.7-1.2 cm aggregates use the highest amount of crude aggregate (73.39 kg), suggesting optimal
packing efficiency, whereas the 1-2 cm mix uses the least (67.28 kg), possibly due to increased void space and
reduced particle interlock. Water content also rises with aggregate size, from 3.32 liters in the smallest
aggregate mix to 4.69 liters in the largest, likely to maintain workability as particle size increases and surface
area decreases. These variations imply a trade-off between strength and permeability: smaller aggregates may
enhance strength through tighter packing, more contact points, and better cement bonding, while larger
aggregates improve drainage and porosity, making them suitable for applications like pavements, parking lots,
or stormwater management systems. The consistent cement content across all mixes highlights a standardized
binder approach, with aggregate and water adjustments tailored to balance mechanical strength, durability, and
hydraulic performance. In practice, engineers must select the appropriate aggregate size depending on whether
the priority is structural integrity or water infiltration capacity, demonstrating how mix design directly
influences the functional role of porous concrete in construction.

3.3 Result of concrete compressive strength testing

The test results in table 11 indicate that variation in coarse aggregate size influences the compressive
strength of K-150 concrete. Three aggregate gradations were tested, namely 0.2—0.7 cm, 0.7—-1.2 cm, and 1-2
cm. The average compressive strengths obtained were 90.19 kg/cm?, 85.06 kg/cm? and 80.01 kg/cm?
respectively. These results show a general trend that compressive strength decreases as the aggregate size
increases. For the aggregate size of 0.2—0.7 cm, the compressive strength values ranged from approximately
83.63 to 102.25 kg/cm?, producing the highest average compressive strength among all mixtures. This indicates
that smaller aggregate sizes provide better bonding with the cement paste, resulting in higher density and
improved mechanical interlocking. Concrete using aggregates sized 0.7 —1.2 cm produced a slightly lower
average compressive strength of 85.06 kg/cm?. The results show more uniform distribution, but slightly lower
strength compared to the smallest aggregate group. This may be associated with reduced surface area, which
limits the bond interface between aggregate and paste even though workability generally improves. The lowest
compressive strength was 80.01 kg/cm?, was obtained from aggregate sizes of 1-2 ¢cm. The compressive
strength values recorded ranged from 78.6 to 81.46 kg/cm?. Larger aggregates tend to lead to higher void
content and weaker transition zones between aggregate particles and the cement matrix, which may contribute
to reduced compressive strength.

Table 11. Concrete compressive strength test

. Average
. Confzrete Load Compressive Compressive
Test Specimen Code Weight Strength
(Kg) (KN) (ke/em?) Strengtzh
(kg/cm?)
1 8,55 147,13 102,25
K-150 Aggregate 0,2 cm—0,7cm 2 8,82 120,24 83,63 90,19
3 8,6 121,77 84,7
1 9,6 110,16 76,62
K-150 Aggregate 0,7cm—12cm 2 9,86 150,2 104,48 85,06
3 9,56 106,54 74,1
1 9,76 113,01 78,6
K-150 Aggregate 1 cm —2 cm 2 9,06 117,11 81,46 80,01
3 9,4 114,96 79,96
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Overall, the data indicates that concrete using smaller aggregate sizes tends to achieve higher compressive
strength compared to mixes with larger aggregates. This supports the theory that smaller aggregates enhance
bond strength and compactness. However, other influencing factors such as water—cement ratio, curing quality,
and compaction method should also be considered, as they may contribute to the observed variability among
samples.

3.4 Porosity test result

Table 12. Porosity test

Test Specimen Code Porosity Value
porous concrete 0,2 cm - 0,7 cm 24,29%
porous concrete 0,7 cm - 1,2 cm 28,70%
porous concrete 1,2 cm - 2 cm 30,50%

The porosity test results presented indicate that the porosity of porous concrete increases along with the
increase in aggregate size. Specimens with aggregate sizes 0of 0.2—0.7 cm, 0.7-1.2 cm, and 1.2-2.0 cm produced
porosity values of 24.29%, 28.70%, and 30.50%, respectively. This trend shows a clear relationship between
aggregate gradation and void content within the concrete matrix. The lowest porosity value (24.29%) was
obtained in the specimen with the smallest aggregate size range of 0.2—0.7 cm. Aggregates with smaller particle
size tend to pack more densely, filling void spaces more effectively and reducing interconnected pores. As a
result, less void volume is available for water or air, leading to lower porosity. Conversely, the highest porosity
value (30.50%) occurred in the specimen with the largest aggregate size range of 1.2-2.0 cm. Aggregates with
larger particle size generally produce larger and more interconnected voids because the paste cannot completely
fill the spaces between coarse particles, thus increasing total porosity. The gradual increase in porosity across
the three specimens suggests that aggregate size distribution plays a dominant role in governing pore structure
in porous concrete. Higher porosity is typically associated with improved permeability and drainage capacity,
which is desirable for applications such as pervious pavements and stormwater management systems. However,
increasing porosity may also result in a reduction in mechanical strength due to decreased solid volume and
weaker paste—aggregate contact. Therefore, an optimal balance between porosity and strength is necessary
depending on functional requirements. Overall, the results confirm the expected behaviour of porous concrete,
where coarser aggregate gradations generate greater void content and, consequently, higher porosity values.

4. CONCLUSION

This study demonstrates that coarse aggregate size is a critical determinant of the performance of porous
concrete, establishing an inverse relationship between compressive strength and porosity. The highest average
compressive strength of 90.19 kg/cm? was achieved using the smallest aggregate gradation (0.2 cm — 0.7 cm),
a value that satisfies the Class B qualification for parking areas under SNI 03-0691-2022. However, as
aggregate dimensions increased to the 1 cm — 2 c¢m range, compressive strength declined by 12.72% to a
minimum of 80.01 kg/cm?, while porosity reached a peak value of 30.5%. This indicates that while larger
aggregates optimize void volume and permeability within the concrete matrix, they compromise structural
integrity. Ultimately, although the compressive strength of the finer aggregate mix adheres to national
standards for parking lots, the lack of a specific porosity threshold in current regulations suggests a need for
further standardization to balance durability with hydrological performance.
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