
Corresponding Author: Uma Maguesvari Muthaiyan	 Received on 29/08/2023	 Accepted on 17/11/2023

DOI: https://doi.org/10.1590/1517-7076-RMAT-2023-0251

Characteristics of pore structure and permeability prediction in binary 
blended pervious concrete

Uma Maguesvari Muthaiyan1

1Rajalakshmi Engineering College, Department of Civil Engineering. 602 105, Chennai, India.
e-mail: umamaguesvari.m@rajalakshmi.edu.in

ABSTRACT
This study primarily focuses on analyzing the pore structure characteristics and predicting permeability in 
binary blended pervious concretes, both with and without fines. The pervious concretes included fly ash, a 
class 'C' material, as a partial cement replacement (10% and 20%). The aggregates consisted of a mix of coarse 
aggregates, with sizes ranging from 19–9.5 mm and 9.5–4.75 mm, and fine aggregates substituted a portion of 
the coarse aggregates at specific levels (5–15%). The area fraction (ϕA) and volumetric methodology (ϕV) were 
used for assessing the porosity of the binary blended pervious concrete mixtures. The properties of the pore size 
were measured through morphological techniques. The Katz-Thompson (K-T) relationship utilized porosity and 
pore size data from image analysis to predict permeability in pervious concretes. Comparing the two porosity 
calculation methods, the porosities obtained through image analysis (area fraction) were slightly higher than 
those obtained through the volumetric technique. The pore characteristics identified through techniques like 
Two-Point Correlation and granulometry were found to be quite similar. Results indicated a strong agreement 
between the experimentally determined and predicted permeability values.
Keywords: Binary blended pervious concrete; Pore feature; Porosity; Granulometric function; Permeability.

1. INTRODUCTION
The pore structure attributes of pervious concrete hold vital significance because these factors directly impact 
the materials’ effectiveness and usability. Pervious concrete comprises of cement, coarse aggregate, minimal 
fine aggregate, additives, and water as its primary components. When these elements come together, they form a 
solid material with interconnected holes varying from 2 to 8 mm in size, allowing water to permeate rapidly. The 
estimated void content in pervious concrete typically falls within the range of 15%–35% [1]. Pervious concrete 
is an essential component of sustainable drainage solutions in urban areas. Through pore structure optimization, 
it efficiently manages storm water on-site, reducing the strain on traditional storm water infrastructure and 
mitigating the negative effects of urbanization on natural hydrological systems. Pervious concrete is purposely 
designed to facilitate water infiltration, allowing groundwater recharge and storm water to pass through it. The 
material’s porosity, influenced by the arrangement of pores, directly determines the rate at which water flows 
across the pavement surface and permeates into the underlying soil. By carefully designing and maintaining the 
pore structure, high permeability can be achieved, significantly reducing surface runoff and preventing flooding 
during heavy rainfall events [2–5].

The way in which pervious concrete samples with varying porosities behave when they fracture is influ-
enced by the interaction between the qualities of their pore structure and the volume fraction of fibers present. 
By employing stereological and morphological techniques, essential properties related to the pore structure 
of pervious concrete were discovered [6]. Two methods were employed to assess the porosity of a pervious 
concrete sample: weighing measurements and X-ray image analysis. Two distinct X-ray imaging setups (2D 
and 3D) were utilized to capture cross-sectional planar visuals of a cylindrical pervious concrete specimen. 
Remarkably, the outcomes obtained from weight measurements and the porosity estimation via the 2D X-ray 
analysis exhibited striking similarities [7]. The unique features of pervious concrete’s pore system, which may 
be evaluated by computing the mean pore size utilizing a specialized linear path function, possess an impact on 
the behavior of the material in terms of compressive strength.

This unique linear path function has been tested using image analysis and is designed specifically for 
pervious concrete [8]. The pore distribution characteristics in pervious concrete are examined under various 
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proportioning techniques involving different paste content, aggregate size and compacting effects. These fea-
tures of the pore structure are determined through volumetric analysis and image analysis. Subsequently, the 
obtained characteristics are utilized in the Katz-Thompson equation to predict permeability [9–12]. Porosity is 
measured using mathematical morphology and stereology methods to extract distinctive pore features. Inter-
estingly, it has been found that the typical pore diameters obtained through these various approaches show a 
strong correlation. Research has demonstrated that meticulous manipulation of aggregate grading and synthesis 
can enhance the connectivity within the pore structure, effectively boosting the permeability of pervious con-
crete. This improvement occurs through methods that focus on enhancing pore connectivity rather than merely 
increasing pore diameters or overall porosity [13–16].

As several kinds of techniques, both direct and indirect, were utilised to reveal the microstructures, 
permeability assessments were performed up using the Katz-Thompson model, pore connectivity simulation, 
and computational fluid dynamics. Several techniques were utilised for assessing the pore structure’s features. 
However, observed permeability, which is based on pore structures acquired from various methods, reveals 
significant variations with respect to the pore size ranges that have been identified through the experiments [17]. 
Establishing and validating the suitability of the (K-T) model to concrete materials, pore structure parameters 
were analysed using mercury intrusion porosimetry. The Klinkenberg effect corrections were used to evaluate 
the permeability of 48 concrete samples, and gas permeability testing was conducted. The experimental and 
predicted permeabilities were compared in order to calculate constant. The study confirmed that the K-T model 
can be applied to concrete and found a variable K-T constant that strongly correlates with the water/binder ratio 
[18]. A 2-D, 3-parts finite element representation of a microstructure model is used to forecast concrete perme-
ability using actual aggregate morphologies and digital photography. Higher water-to-cement ratios increase 
permeability, according to the Model, which underwent validation using experimental data with a 1.73% rela-
tive error. It demonstrates an inverse link between permeability and aggregate content, with rounder aggregates 
increasing permeability and larger aggregates decreasing it by examining variables such as aggregate content, 
features, position, and ITZ thickness. Segregated concrete is less permeable than uniformly dispersed concrete, 
and higher ITZ thickness is associated with higher permeability. The Model provides a thorough understanding 
of the dynamics of concrete permeability, which is essential for optimizing concrete mixtures for a range of 
applications [19].

As a result of its large pores, pervious concrete—valued for its environmentally beneficial qualities—
has clogging difficulties. This study examined the distributions of pore sizes and permeability reduction in 
pervious concrete. It was discovered that thickness has a minor effect on permeability but a major impact on 
clogging behaviors. The anti-clogging performance was found to be significantly predicted by clogging sand 
sizes and featured pore size [20]. The microstructure of Engineered Cementitious Composite (ECC) paste was 
simulated using the HYMOSTRUC model. The GEM theory was applied to evaluate the permeability. Porosity 
and permeability of the Interfacial Transition Zone were evaluated, as well as other parameters obtained from 
mix proportions. Tests on water permeability confirmed that adding PVA fibres to ECC resulted in a slight 
decrease in its water permeability coefficient. There was a discrepancy in the expected and actual permeability 
values, as evidenced by the significant 27.1% deviation [21]. The experimental study examined how variations 
in mix variables influenced functional performance of pervious concrete. The contributions of each individual 
variable to permeability were determined by statistical analysis. Pore tortuosity was addressed by hydraulic 
conductivity, which was measured and predicted by the Kozney-Carman model using a modified K-C model. 
The focal point was average pore size obtained by ancestral path function [22]. Attempts have made to recre-
ate several numerical models using pore structure data acquired through image analysis, MATLAB code was 
employed [23].

A novel permeability prediction model, named K-T Modified, has been introduced. This Model leverages 
the anticipated the mean cement paste thickness and the average size of aggregates. Through comparative anal-
ysis, it has demonstrated a robust correlation by predicting permeability values [24]. This study aims to examine 
and describe the pore structure of dual-component pervious concrete mixtures with and without fines, utilizing 
cement concentrations of 250 kg/m3 and 300 kg/m3. To achieve this, a partial replacement of cement was carried 
out using 10% and 20% class C-fly ash, respectively. The concrete blends were comprised of a 60:40 proportion 
of coarse particles, spanning from 19 to 9.5 mm and 9.5 to 4.75 mm in size. Moreover, an industrially available 
plasticizer was incorporated into the pervious concrete formulations, while fine aggregates were introduced to 
substitute 5% to 15% of the coarse aggregates. Permeability predictions for the pervious concretes were made 
using image analysis methods and the Katz-Thompson relationship. Permeability predictions for the pervious 
concretes were made using image analysis methods for determining the pore features and used to develop 
Katz-Thompson and Katz-Thompson Modified Model. These predictions were compared with experimental 
results obtained under identical conditions.
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2. MATERIALS

2.1. Material and mix proportioning
For proportioning pervious concrete mixes, cement contents of 250 and 300 kg/m3 were considered, both with 
a specific gravity of 3.15. The cement sets in 35 minutes initially and 150 minutes finally, with a standard 
consistency of 33.5%. Its 1 mm soundness indicates a restricted expansion after setting. These cement content 
ranges cover the potential applications of permeable base coarse materials, such as sub-base and base coarse. 
The control mixes of pervious concrete were designed using these cement contents as a basis. The control mixes 
exclusively employed coarse aggregate. Fly ash sourced from a thermal power plant located in Neyveli, Tamil 
Nadu, India, possessing a specific gravity of 2.45, was introduced into each blend. It has a standard consistency 
of 35% and requires 40 minutes to set initially and 250 minutes to set completely. When the soundness is zero 
millimeter, stability is indicated. The fineness is 340. Furthermore, the lime’s reactivity of 7.0 MPa indicates that 
it has the potential to gain strength. The utilized fine aggregate exhibited a specific gravity of 2.62, a fineness 
modulus of 2.86, a water absorption rate of 1% and adhered to the standards of IS:383-1978 zone II.

Each control mix included choices for 10 and 20% (by weight) fly ash replacement of cement. Addition-
ally, 5%, 10%, and 15% (by weight) of the coarse material was replaced with fine aggregate. The coarse aggre-
gates used had a specific gravity of 2.71 with an abrasion value of 19%, water absorption at 0.1%, a crushing 
value of 14%, impact value of 16% and were made up of 60% of the total content in the 19 mm to 9.5 mm size 
range and 40% in the 9.5 mm to 4.75 mm size range. The pervious concrete mixes incorporated the commer-
cially accessible plasticizer CONPLAST-P211, following the approved dosage of 0.8% based on the cement 
weight. In all analyzed mixtures investigated, a consistent water-cement (w/c) ratio of 0.3 was upheld.

As there was no equivalent Indian code available expressly for pervious concrete, the mix designs were 
carried out in accordance with ACI 522 R-10 [1]. Six control mixes without fines comprising two without fly 
ash, two with 10% fly ash substitution, and two with 20% fly ash substitution were proportioned. Additionally, 
12 mix of fly ash-based six for the 10 and 20% substitution levels were created, along with 6 mixes with fine 
aggregate contents varies from 5 to 15%. These mixtures were used to cast specimens, which allowed to exam-
ine their permeability, void, and pore feature characteristics.

3. EXPERIMENTAL PROGRAM

3.1. Permeability
Cylindrical specimens measuring 90 mm in dia and 150 mm in height were fabricated as shown in Figure 1 and 
subsequently subjected to testing following a standard 28-day curing period. Due to the lack of an Indian com-
parable standard, the falling head permeability procedure was conceptualized and documented by Narayanan 
Neithalath and his associates. They developed a dedicated experimental arrangement tailored to measure the 
permeability of pervious concrete specimens through this approach [25]. ACI 522R-10 [1] has also established 
the aforementioned process as standard procedure.

3.2. Fresh state porosity
The calculation of void content in fresh state pervious blended concretes is carried out in accordance with ASTM 
C 1688/C 1688 M-13 standards. It is used to measure the indirect passing category to pervious concrete. Void 
presents in pervious concrete must be more than 15%. If satisfied in the fresh void, volumetric porosity also lies 
above the same. A cylindrical container of 7-lit capacity is placed onto a level and stable surface that is both 
flat and even. Prior to introducing pervious concrete, the interior of the cylinder is dampened and subsequently 
dried. Any residual moisture within the container is removed. The cylinder is then filled using two layers of 
nearly uniform thickness of pervious concrete. In a repetitive manner, the proctor hammer is dropped vertically 
from a distance of 305 mm a total of twenty times for each layer. In order to ensure consistent and uniform 
compaction across the whole surface area of the pervious concrete, the impacts are evenly distributed. Prior to 
compacting the final layer, the cylinder is filled until it overflows. The upper surface of the concrete is levelled 
off after the consolidation process is completed. Measure the weight of cylinder with and without binary blended 
pervious concrete to evaluate the fresh Voids present in the mixes.

3.3. Volumetric porosity at hardened state
Cylindrical specimens of 90 mm in dia and 150 mm in height, were fabricated and applying the standard 28-day 
curing procedure. Subsequent to the curing phase, the volumetric porosity of the pervious concrete specimens 
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were assessed in accordance with the directives outlined in ASTM C 1754/C 1754M-12. The weight difference 
between a sample that was oven-dried and then immersed in water was used to determine the porosity (ϕv).

3.4. Binary blended pervious concrete two-dimensional image acquiring and processing
Using image analysis methods on two-dimensional images, the pore structure feature of pervious concrete mix-
tures were identified. For image processing, 50 mm thick slices of 90 mm in diameter by 150 mm in length 
cylindrical specimens of pervious concrete were cut into. To provide smooth surfaces suited for image acqui-
sition, the cut surfaces were meticulously ground. Six to eight suitable faces were used for image capture for 
each combo. These faces were scanned with a flatbed scanner over a clear plastic film to create grayscale 
images. ‘Image J’, was used to process the images. The further image processing procedures were carried out: 
The porous and solid phases were successfully separated by cropping the grayscale images into circular images 
with a diameter of 570 pixels before converting them into binary images using a thresholding method. For all of 
the photos utilised in this investigation, the upper limit of the relevant pore phase grey level was set within the 
range of 120 to 130. To get rid of any noise or artefacts, the binary pictures underwent further cleaning. The pore 
structure features were recovered from the processed circular images using 400 × 400 pixels square pictures as 
shown in Figure 2. This process was based on the previously published work [13, 14].

3.5. Permeability prediction equation for pervious concrete
The Katz-Thompson (KT) relationship, extensively acknowledged for cross-property correlations in permea-
bility, is well-documented in references [19, 26, 27]. Originally proposed by KT, the constant (ckt) was rec-
ommended to be 1/226. Over time, the KT relation has demonstrated its efficacy in offering reliable estimates 
for the permeability of sandstones. The assessment of porosity and permeability in sandstone samples was 
conducted through the thin section analysis technique. 

Figure 1: Experimental setup of permeability testing.
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Image analysis yielded results that closely matched those obtained through the traditional core plug 
methods. The range of porosity values varies between 15 to 27% [28]. 

Precision of permeability calculations in pervious concrete, the Katz-Thompson equation incorporates a 
hydraulic connectivity factor. This factor combines three crucial elements influencing permeability: open poros-
ity, pore connectivity and pore size [9, 11, 13]. 

 A novel model (K-T Modified) was introduced by Wang et al. 2020 [24] that relies on the anticipated 
mean thickness of cement paste and the average size of aggregates. The permeability prediction model utilized 
have a strong correlation by comparing the predicted permeability values with assessed previously established 
by Neithalath et al. 

Katz-Thomposon Model and Modified K-T Model have been used to predict the permeability of pervious 
concrete.

 Katz-Thompson [19] utilized percolation theory to establish a correlation between air permeability and 
the critical pore diameter of sedimentary rock. They suggested equation (1) as a result of their research.

	

2
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(1)

Symbols are defined as follows: k represents intrinsic permeability in square meters, dc denotes the criti-
cal pore diameter in meters, σ represents bulk conductivity in (S/m), and σo stands for pore solution conductivity 
in (S/m). The validity of the Katz-Thompson equation has been examined in studies focusing on cementitious 
materials, particularly through water permeability assessments. CHRISTENSEN et al. [29] observed that the 
relationship holds true based on their findings.

Figure 2: Illustrates the steps involved in acquiring the pore structure features.
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Additionally, the formation factor (σo/σ) was determined from the pore parameters using Equation (2) 
[30]. In this equation, demax is calculated as 0.34 times the critical pore diameter (dc). The critical pore diame-
ter (dc) is a parameter in the formula, while η represents the total porosity expressed as a percentage. S(demax) 
corresponds to the fractional volume of pores larger than demax.

The conversion from ‘intrinsic’ permeability (k, in m2) to conventional permeability (K, in m/s) is 
achieved by employing the formula proposed by CHRISTENSEN et al. [29] in 1996. This enables a comparison 
between the predicted permeability values and the actual experimental values. This transformation allows for a 
direct comparison between the two permeability measurements.

Wang et al. [24] in 2020 introduced a novel model (K-T Modified) for the permeability prediction deter-
mination as given in equation 3. 
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K = permeability, Pt = total porosity, t = Mean thickness of the cement paste and da = average size of 
aggregate.

3.6. Area fraction of pores (ϕA)
The image analysis technique is used to estimate the proportion of pore area. This process involves utilizing 
specific analytical tools within the image processing software to distinguish individual pores in the threshold 
image. The pore area proportion is subsequently computed by summing and dividing the combined area of all 
these individual pores by the total area of the entire image.

3.7. Pore size
Pervious concrete contains a well-defined pore structure, and the assessment of pore diameters is conducted 
using both stereological and mathematical morphological methods. Stereology involves numerically describing 
the geometrical and statistical characteristics of pore distribution. On the other hand, mathematical morphology 
focuses on analyzing how images change under specific transformations [31, 32].

In this study, two specific morphological measures, namely the two-point correlation (TPC) function 
(dTPC) and granulometry (d crit), are employed to characterize the pore sizes in pervious cement and fly 
ash concretes. These morphology-based approaches enable precise measurement and analysis of the pore 
sizes within the materials under investigation. The Two-Point Correlation (TPC) function, a morphological 
approach, is employed for the analysis of a distinct phase within a two-phase material. This method provides 
valuable insights into parameters such as the pore area fraction, featured pore diameters, and a defined pore 
surface area.

Pore diameter (dTPC) is given in Equation 4.

	 1
TPC

TPC
A

ld =
−∅ 	

(4)

Pore diameter of a mix for Pervious blended pervious concrete is shown in Figure 3 using Two-point 
Correlation Method.

The arrangement of different sizes of features within a 2-D image is elucidated through the granu-
lometric distribution function, which relies on a morphological opening-based distribution approach. This 
involves plotting the pore area fraction against the size of the structuring element following an opening 
operation. Circular structuring elements are utilized to compute the granulometric density functions G(k). 
The Critical pore size (d crit) represents the perimeter of the circular structuring element that aligns with the 
peak in G(k). Pore Size of a mix for Pervious blended pervious concrete is shown in Figure 4 using granu-
lometric function.
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4. RESULTS AND DISCUSSION

4.1. Voids present in fresh blended pervious concrete
Variation of fresh void as shown in Figures 5 and 6 in pervious binary blended cement concrete, both with and 
without the inclusion of fine and fly ash substitutes at levels of 10% and 20% in relation to the cement content. 
The fresh voids percentage spans from 19.17% to 24.87% in the absence of fine additives for mixes involving 
both binary blended pervious concrete and regular mixes. When fly ash is not replaced, the inclusion of fines 
results in percentages ranging from 17.45% to 22.04%. However, in cases where fly ash is substituted in binary 
blended pervious concrete, the range narrows to 14.41% to 19.86%. With an augmentation in binder content, 

Figure 3: Pore size Vs area fraction of pores.

Figure 4: Granulometric density function of a blended pervious concrete.
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there is a gradual reduction in the proportion of overall voids during the fresh state, and this trend persists with 
the increase in fine content.

4.2. Pore area and volumetric porosity in hardened binary blended pervious concrete
Processed image for cement content and fly ash replacement for various fine aggregates are shown in Figures 7 
and 8. Figures 9 and 10 depict the variation between the volumetric porosities of binary blended pervious con-
cretes and the pore area fractions derived from image analysis of planar sections. By considering the cement 
content 250 kg/m3 and its fly ash replacements without fines, A decrease in volumetric porosity is observed and 
the same trend is followed in the area fraction of pores, which is slightly higher than volumetric porosity. Addi-
tionally, the area fraction of pores has shown that the overall void content (volumetric porosity) decreased as a 
result of the addition of fines (5% to 15%) and the replacement of fly ash for cement. The above behaviour is 
similar in case of cement content 300 kg/m3 and its replacements of fly ash with and without fines. The volumet-
ric porosity is almost equal to the pore area faction found from 2-D image. Pervious cement concrete exhibits 
a volumetric porosity ranging from 18.68% to 27.37%, regardless of the presence of fines. The corresponding 
pore area fraction, as determined through image analysis, simultaneously varies between 20.91% and 27.7%. In 
the case of fly ash pervious concrete 10 and 20%, the volumetric porosity varies from 18.19% to 26.47% and 
16.82% to 23.55%, whether or not fines are included. For fly ash contents of 10% and 20%, respectively, the cor-
responding pore area fraction determined by image analysis ranges from 19.6% to 26.6% and 17.2% to 24.1%. 
Notably, there exists a mere 6% disparity between the volumetric porosity and pore area fraction. According to 

Figure 6: Fresh voids of Binary blended pervious concrete and different fines percentage.

Figure 5: Fresh voids of pervious concrete with fines percentage.
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ACI 522-R10 guidelines, the void content values, spanning from 16.82% to 26.47%, accounting for the incor-
poration of fly ash and the introduction of fine aggregate, align with the established void content range standards 
observed across all the mixtures.

Figure 7: Image analysis of pervious cement concrete 250 kg/m3 pore characteristics for different fines contents.

Figure 8: Image analysis of binary blended pervious concrete (20% fly ash) -pore characteristics for different fines contents.

Figure 9: Percentage of void vs percentage of fine aggregate and fly ash replacement for Binder content 250 kg/m3.
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Figure 10: Percentage of void vs percentage of fine aggregate and fly ash replacement for Binder content 300 kg/m3.

Figure 11: Relation between Fresh voids and volumetric porosity for pervious concretes.

4.3. Relation between fresh void and volumetric porosity
Variation of Fresh voids and volumetric porosity for pervious concrete and binary blended pervious concrete 
illustrated in Figure 11. Pervious concrete should have more than 15% voids; for measuring indirect character-
istics, fresh void is measured. The correlation between fresh voids and volumetric porosity in pervious concrete 
and binary blended pervious concrete is characterized by regression coefficients of 0.97 and 0.91, signifying a 
robust fit in both cases.

4.4. Pore size from two-point correlation (dTPC)
The variation in pore size based on TPC is depicted for a binder content of 250 kg/m3, and partial replacement 
levels of fly ash at 10% and 20%, both with and without fines as illustrated in Figure 12. Pore size of pervious 
cement concretes without fines is 5.177 mm, which gets reduced for various fly ash replacements levels. It is 
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Figure 12: Pore size (dTPC) with fine aggregate percentage for various fly ash replacement for the Binder content 250 kg/m3.

Figure 13: Pore size (dTPC with fine aggregate percentage for various fly ash replacement for the Binder content 300 kg/m3.

seen that due to addition of fines (5% to 15% and fly ash replacements with fine aggregates, in pervious con-
crete it has decreased the in-pore size. The range of pore size varies between 5.177 to 3.480 mm. Considering 
every conceivable combination of mixtures, the trend remains consistent for pervious concretes with binder 
contents of 300 kg/m3, varying degrees of fly ash replacement, and both with and without fines. This pattern 
mirrors that observed in pervious concretes with binder contents of 250 kg/m3, as depicted in Figure 13. The 
pore size varies from 4.501 to 3.351 mm.

4.5. Pore size from granulometric distribution (d crit)
The variation in pore size based on granulometry is depicted for a binder content of 250 kg/m3, and partial 
replacement levels of fly ash at 10% and 20%, both with and without fines as illustrated in Figure 14. Pore size 
of pervious cement concretes has been reduced for various fly ash replacement levels. It is seen that due to addi-
tion of fines (5% to 15% and fly ash replacements, with fine aggregates, in pervious concretes have decreased 
the pore size. The range of pore size varies between 5.611 to 3.922 mm. Considering all combination of mixes 
considered. Both with and without fines, pervious concretes featuring a binder content of 300 kg/m3 and various 
degrees of fly ash replacement display a pattern identical to that observed in pervious concretes with a binder 
content of 250 kg/m3, as illustrated in Figure 15. However, the pore size varies between 4.964 to 3.572 mm. It is 
seen that d crit (granulometry) values are slightly higher than dTPC obtained from two-point correlation method, 
by the same image. The percolation threshold in the mixture is associated to the pore size.
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Figure 14: Pore size (granulometry) vs fine aggregate percentage for fly ash replacements for the binder content 250 kg/m3.

Figure 15: Pore size (granulometry) vs fine aggregate percentage for fly ash replacements for the binder content 300 kg/
m3.

4.6. Permeability
The permeability of fines-free pervious cement concretes decreases as the cement content increases, varying 
from 1.149 to 0.889 cm/s. Across all levels of fly ash replacement in pervious fly ash-cement concretes, 
exhibit-ing a permeability range of 1.093 to 0.751 cm/s, a consistent trend is observed. The permeability varies 
between 0.931 and 0.354 cm/s when accounting for various degrees of fine aggregate replacement. 
Overall, there is an average reduction of about 13.28% in permeability, considering both the presence and 
absence of fines (Figure 16).

4.7. Permeability prediction using pore structure features
The pore feature are determined using image analysis. Further, it is used to determine (σ/σo) which is 
presented in Equation (2). Sample calculation of (σ/σo) for cement content 250kg/m3 with zero fines, 
corresponding values of demax = 0.34dc, dc = critical pore diameter, η = 27.7(%), S(demax) = 0.98 and (σ/σo) 
is calculated as 0.092. The values of (σ/σo) for all the mixes are presented in Table 1. Pore size and (σ/σo) are 
used to obtain the perme-ability prediction for all the cement fly-ash pervious concrete using Equation (1).

The experimentally measured permeability using falling head method and the predicted permeability 
determined using Katz-Thompson (K-T) relationship, using the measured pore size from TPC and 
granulometry are shown in Figures 17 and 18.
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Table 1: (σ/σo) for pervious cement – fly ash mixes.

CEMENT CONTENT PERCENTAGE OF FINE REPLACEMENT OF FLY ASH
0 10 20

250

0 0.092 0.089 0.080
5 0.089 0.072 0.072
10 0.073 0.069 0.069
15 0.069 0.067 0.068

300

0 0.088 0.086 0.077
5 0.087 0.075 0.071
10 0.083 0.071 0.062
15 0.074 0.066 0.057

Figure 16: Permeability for different binary blended pervious concrete.

Figure 17: Comparison of permeability (predicated vs experimental) for binary blended pervious concrete for binder content 
of 250 kg/m3.
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Figure 18: Comparison of permeability (predicated vs experimental) for binary blended pervious concrete for binder content 
of 300 kg/m3.

The permeability of pervious cement concretes without fines decreases with the replacement of fly ash. 
A similar trend is observed in pervious cement concretes with fines for all the considerable degree of fly ash 
substitution. However, the permeability of binary blended pervious concretes is generally lower than that of 
pervious cement concretes. This pattern is also evident in the predicted permeability using pore sizes obtained 
from both the TPC and granulometry methods. Both including and excluding fines, the permeability of binary 
blended pervious concrete spans from 1.149 to 0.354 cm/s. TPC approach produced predicted permeability 
values for pervious concrete with an average of 0.92. This shows a mean inaccuracy of about 8%, within the 
commonly accepted bounds of less than 10%. On the other hand, the average projected value by the granulom-
etry approach was 1.09. The granulometry approach’s higher anticipated values align with predictions, and the 
average permeability prediction error is about 9%, which is within acceptable bounds and similar to the TPC 
method. The TPC-predicted permeability values with an average of 0.83, for binary blended pervious concrete. 
Considering both replacement levels, the average error is 12.5%, marginally higher. On the other hand, the 
granulometry technique predicted values with a mean of 1.05 for binary blended pervious concretes. Consid-
ering both replacement levels, the granulometric method’s average inaccuracy in anticipated values is 5.5%. In 
general, the granulometric approach regularly performs better than the TPC approach. 

4.8. Permeability predictions using cement paste thickness
The experimentally measured permeability using falling head method and the predicted permeability determined 
using Katz-Thompson modified (K-T-M relationship, using the estimated cement paste thickness using image 
analysis illustrated in Figure 19. The permeability of binary blended pervious concretes is generally lower than 
that of pervious cement concretes. The same pattern is also evident in the predicted permeability using average 
aggregate thickness and cement paste thickness obtained from Image analysis method.

4.9. Permeability prediction models for pervious concrete
Remarkably, the predictions align quite closely with the experimental data employed in this work. Figure 20 
depicts the correlation between permeability obtained from the experiment vs predicted permeability by the 
Katz-Thompson Model and the Katz-Thompson modified Model. Correlation for cement pervious concrete and 
fly ash cement pervious concrete for both Katz-Thompson using Granulometry method by Image analysis given 
as K-T(G), Katz-Thompson using two-point correlation method by Image analysis given as K-T(TTP) and Mod-
ified Katz-Thompson model using paste thickness by image analysis K-T-M was determined. Katz Thomson 
modified Model showing a strong agreement with the regression coefficient of 0.97 and 0.96. Cement pervious 
concrete represents higher regression coefficient for all the models, whereas binary blended pervious concrete 
shows slightly lower regression coefficient than cement pervious concrete.

4.10. Application based on permeability
The Federal Highway Administration (FHA) in the United States propose a minimum permeability of 300 
meters per day (equivalent to 1000 feet per day or 0.347 cm/s). Furthermore, the selection of materials is 
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Figure 19: Comparison of permeability (predicated vs experimental) K-T-M for pervious concrete.

Figure 20: Comparison of experimental and predicted permeability for various models.
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recommended to be guided by regional expertise. The American Concrete Pavement Association (ACPA) sug-
gests that a drainage layer beneath concrete pavements should possess a permeability of approximately 107 m/
day, equivalent to 1.24 mm/s. Similarly, the aforementioned IRC guideline suggests a lowest level permeability 
of 300 m/day or higher (0.124 cm/s). It’s evident that the advice provided aligns with widely accepted global 
standards. Furthermore, all the binary blended pervious concrete mixtures met the requirements for void content 
specified in ACI 522R-10, making them suitable for use as a permeable layer in typical pavement applications in 
addition to that Residential Driveways, Walkways, Drainage Swales, Road Infrastructure, Bio retention Basins.

5. CONCLUSION
This study deals with the pore structure characteristics of fly ash – cement pervious concrete using image 
analysis techniques on planar images. The porosity, pore size and its permeability prediction for various fly 
ash- cement pervious concrete was analyzed. The porosities of pervious concrete obtained from volumetric 
method and image analysis (area fraction) of planar section is slightly higher than volumetric porosity, which 
is marginal. The pore size characteristics obtained from two-point correlation and granulometry method were 
relatively close to each other. Pore size d crit (granulometry) values are slightly higher than dTPC (two-point 
correlation) method by the same image. Enhancing cement content, incorporating fly ash, and adding sand have 
the impact of decreasing porosity and pore size in pervious concretes. Permeability of binary blended pervious 
concrete with and without fines ranges between 1.149 cm/s to 0.354 cm/s. The predicted permeability of the 
pervious concrete mixtures determined using Katz-Thomson equation and the experimental values of permea-
bility were found to match well. Influence of porosity and pore size on the predicted permeability were found to 
correlate well. The void contents of all mixes are within the range of void content for pervious concrete specified 
in ACI 522- R10. Thus, pervious cement fly- ash pervious concrete has the potential for use as permeable lower 
layers, in a typical pavement.
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