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Abstract— Pervious concrete is an ideal tool of sustainable 

development because of its environmental benefits. It 

composed of cement, course aggregate, water and 

admixtures. In this study, cement kiln dust (CKD) was used 

to replace. Six mixes were prepared by replacing of cement 

with 0%, 10 %, 20 %, 30%, 40%, and 50% of CKD. 0.36 W/C 

ratio and 10-20 mm size aggregate were used in this 

experimental investigation. Super-plasticizer admixture was 

used at constant quantity to ease the placing and handing of 

pervious concrete mixtures. The aim of proposed work was 

to assess the suitability of utilizing cement kiln dust (CKD) 

as partial replacement of cement in the production of pervious 

concrete to be used as paving materials. The effects of cement 

kiln dust (CKD) the properties of pervious concrete were 

investigated by conducting compressive strength test, split 

tensile strength test, permeability test, water absorption test 

and durability (sodium chloride solution) test,. Based on the 

experimental results, it was found that the compressive and 

split tensile strength increase when replacing the cement with 

10% CKD. It was found that replacing the cement with CKD 

beyond 20% showed a gradual reduction in both compressive 

and split tensile strengths. Permeability coefficient also 

showed a gradual reduction in the results with the increment 

of CKD replacement. The water absorption results showed 

that replacing the cement with CKD increases the water 

absorption of pervious concrete. Durability % in terms of 

weight loss showed that % values of durability were increased 

when the cement is replaced with CKD. It was concluded that 

the cement kiln dust can be used to replace the cement up 

50% but the effective replacement of these materials is up 

20% with increased strength with a slight reduction on the 

permeability of pervious concrete. 
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I. INTRODUCTION 

Due to the growing demand of construction most of the places 

are covered with impervious surfaces such as parking lots, 

driveways, sideways, and street, which block the percolation 

of water from rainfall and snow down into the ground [1]. 

This results in the deterioration of the natural ecosystem and 

causes many problems including erosion, floods, ground 

water depletion and pollution of rivers, lakes, and coastal 

waters as rainwater rushing across pavement surfaces picks 

up everything from oil and grease spills to de-icing Salts and 

chemical fertilizers [2, 3]. 

Pervious concrete is also known concrete without 

fine aggregate and open graded concrete or porous concrete. 

Pervious concrete is described as an gap graded and a low 

slump material consisting of Portland cement, course 

aggregate, little or no fine aggregate, admixtures, and water 

[4]. 

Pervious concrete is also known concrete without 

fine aggregate and open graded concrete or porous concrete. 

In normal concrete, the fine aggregates typically fill in the 

voids between coarse aggregates. But in pervious concrete 

fine aggregate is non-existent or present in very small 

amounts. Typically pervious concrete has water to 

cementitious materials ratio (W/C) of 0.28 to 0.40 [5]. 

Comparing to conventional concrete which has a void ratio of 

about 3-5%, pervious concrete possesses void ratio as high as 

15-40% depending on its application. The high percentage of 

void ratio results in low unit weight of about 70% of that of 

conventional concrete [6]. 

II. EXPERIMENTAL MATERIALS 

A. Aggregate 

In this study, a crushed lime stone aggregate with a nominal 

size of 10-20 mm shown in Figure 4.1 was used. The course 

aggregate was sieved to obtain an aggregate passing the 19 

mm sieve and retained in the 16 mm sieve. Specific gravity, 

unit weight and absorption capacity were measured according 

to IS: 383 – 1970 with the results shown in Table 1. 

Sr. No Property Value 

1 Aggregate size (mm) 10-20 

2 Specification IS: 383 – 1970 

3 Source Local Source 

4 Colour Blue 

5 Unit weight (𝑘𝑔/𝑚3) 1450 

6 Specific gravity 2.74 

7 Absorption capacity 1.8 

Table 1: Properties Of Aggregate Used In Pervious 

Concrete. 

B. Cement 

The physical and chemical properties of OPC are shown in 

Table 2 and Table 3 respectively. 

Sr. 

No 
Property 

Value 

for 

Cement 

IS: 12269 – 1987 

Recommendations 

1 Specific gravity 3.15 3.1 – 3.15 

2 Consistency (%) 28 % 30 – 35 % 

3 
Initial setting 

time (min) 

35 

minutes 

30 minimum 

minutes 

4 
Final setting 

time (min) 

178 

minutes 

600 maximum 

minutes 

5 

Compressive 

strength at 7 

days (𝑁/𝑚𝑚2) 

38.5 𝑁/
𝑚𝑚2 

43 𝑁/𝑚𝑚2 

6 

Compressive 

strength at 28  

days (𝑁/𝑚𝑚2) 

52.3 𝑁/
𝑚𝑚2) 

53 𝑁/𝑚𝑚2 

Table 2: Physical Properties Of Ordinary Portland Cement 

53 Grade (Opc). 
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Sr. No Particulars Value (%) 

1 Lime 𝐶𝑎𝑂 60 – 67 

2 Silica 𝑆𝑖𝑂2 17 – 25 

3 Alumina 𝐴𝑙2𝑂3 3 – 8 

4 Iron Oxide 𝐹𝑒2𝑂3 0.5 – 0.6 

5 Magnesia 𝑀𝑔𝑂 0.5 – 4 

6 Alkaline 𝐾2𝑂 0.3 – 1.2 

7 Sulphates 𝑆𝑂3 1 – 3 

Table 3: Chemical Properties Of Ordinary Portland Cement 

53 Grades (Opc). 

C. Cement Kiln Dust 

Sr. 

No 
Property Value 

1 Source 
Rambo Cement ltd, 

Rajkot 

2 Specification ASTM D 5050 

3 
Gradation (75% 

passing) 

0.030 mm ( no. 450 

sieve) 

4 Maximum particle size 
0.300 mm (no.50 

sieve) 

5 
Specific surface 

(cm2/g) 
8200 

6 Specific gravity 2.68 

Table 4: Physical Properties Of Ckd. 

Sr. 

No 
Particulars Value (%) 

1 𝑆𝑖𝑂3 18.56 

2 𝐴𝑙2𝑂3 4.34 

3 𝐹𝑒2𝑂3 2.89 

4 𝐶𝑎𝑂 48.97 

5 𝑀𝑔𝑂 1.9 

6 𝑆𝑂3 5.1 

7 𝐾2𝑂 3.32 

8 L.O.I 8.12 

9 Cl- 6.8 

Table 5: Chemical Properties Of Ckd (Yor Lab, Rajkot). 

Cement kiln dust collected from Rambo Cement 

Factory in Rajkot as waste material was used in this study. It 

was passed through a sieve of size (0.15 mm).The physical 

and chemical properties of CKD are reported in Table 4 and 

Table 5 respectively. 

III. MIX PROPORTION  

There is no guide provided relevant to the mix design of 

pervious concrete in India standards or other standards of the 

world. American standards such as ACI 211.3 and ACI522R 

introduce detailed information about pervious concrete. ACI 

211.3 introduce the phase-volume design procedure while 

ACI 522R only deals with the different applications, material 

specifications and strength properties of pervious concrete. 

The following mix design procedure was adapted. 

A. Calculation of weight of pervious concrete materials per 

𝑚3 for M20 grade 

 Course aggregate to cement ratio = 4:1 

 Volume of cement = (1/(1+4) = 0.2 𝑚3 

 Weight of cement = 0.2 x 1700 = 340 Kg/𝑚3 

 Volume of aggregate = 0.2 x 4 = 0.8 𝑚3 

 Weight of aggregate = 0.8 x 1650 = 1320 kg/𝑚3 

 Water to Cement ratio = 0.36  

 Weight of water = 0.36 x 340 = 122.4 Kg/𝑚3 

B. Density of concrete = ( weight of (cement + sand + 

aggregate + water) per meter cube = ( 340 + 1320 + 122.4 ) 

= 1782.4 Kg /𝑚3. 

Mix proportion for making pervious concrete is abstracted in 

Table 6. 
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6 B5 
50% 

CKD 

17

0 
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0.

3

6 
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2

0

7 

Table 6: Mix Proportion For Making Pervious Concrete. 

IV. LABORATORY TESTING 

The laboratory tests to be carried out in this experimental 

investigation are compressive strength test, split tensile test, 

permeability test and durability test using sodium chloride 

solution. 

A. Compressive Strength Test [Is: 516-1959]: 

 A cube of 150 mm x 150 mm x 150 mm was tested for 

compressive strength after 7 and 28 days of curing.  

 The compressive strength calculated in 𝑁/𝑚𝑚2 from the 

maximum load sustained by the cube before failure.  

 Compressive Strength= 𝑷/𝑨 (𝑁/𝑚𝑚2)     (1) 

Where, 𝑃 = Failure Load (N) 𝐴 = Cross Sectional Area 

(𝑚𝑚2). 

 An average of three values was taken for determining 

compressive strength of concrete. 
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Fig. 1: Compression Testing of Pervious Concrete Cube. 

B. Spilt Tensile Strength Test (Cylinder) [Is: 5816-1999] 

 A cylinder of 150 mm diameter and 300 mm height was 

tested for split tensile strength after 7 and 28 days of 

curing. 

 The split tensile strength calculated in 𝑁/𝑚𝑚2from the 

maximum load sustained by the cylinder before failure.  

 Split Tensile Strength = 𝟐𝑷 / 𝜫 𝑫 𝑳 𝑁/𝑚𝑚2 (2) 

Where,   P = Failure load (N)     D = Diameter of cylinder 

(mm)     L = Length of cylinder (mm) 

 An average of three values was taken for determining 

compressive strength of concrete. 

 
Fig. 2: Split Tensile Testing of Pervious concrete Cylinder. 

C. Permeability Test [Astm D 5084] 

The permeability of pervious concrete was conducted on a 

cylinder specimen of 100 mm dia and 200 mm height using a 

modified falling head permeability test was developed by Na 

Jin, B. E. at The Ohio State University in 2010. A basic 

parameter system is illustrated in Figure 5.6 was developed 

for measuring the hydraulic conductivity of pervious 

concrete. The specimen as shown in Figure 5.6 was tightly 

covered by two layers of side sealed plastic sheet to prohibit 

the water from flowing through the side voids. Layers of 

rubber membranes were placed and fixed inside the PVC pipe 

at the top and bottom of the specimen to enclose the space 

between the specimen and PVC pipe. The specimens were 

ideally inserted in the pipe at some location between the joints 

of PVC pipe. The plastic sheet was used to ensure that the 

specimen is not influenced by the change of cross section of 

PVC Joints. The rubber membranes and plastic sheets 

effectively ensured the water flowed vertically through the 

specimen. The falling head Equation 3 was used in the 

calculation of coefficient of permeability [53]. 

𝑘 = (
𝑎𝐿

𝐴𝑡
) ∗ 𝐼𝑛 (

∆ℎ0

∆ℎ1
)                          (3) 

Where: 

K = permeability coefficient, 𝑚𝑚/𝑠𝑒𝑐. 

a = cross sectional area of sand pipe, 𝑚𝑚2. 

L = length of sample, 𝑚𝑚. 

A = Cross sectional area of specimen, 𝑚𝑚2. 

t = Time in Seconds from ∆ℎ0 to ∆ℎ1. 

∆ℎ0 = Initial water level, mm. 

∆ℎ1 = Final water level, mm. 

 
Fig. 3: Falling Head Permeability apparatus for Pervious 

Concrete Specimen. 

 
Fig. 4: Pervious Concrete Specimen for Permeability Test. 

V. TESTING RESULTS AND ANALYSIS 

A. Compressive Strength 

The 7 and 28 days compressive strength test results of 

pervious concrete containing a CKD replacement of 0% to 

50% are depicted in Figure 5.  
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Fig. 5: Average Compressive Strength of Pervious Concrete 

Containing (CKD) Testing Results at 7 and 28 Days Curing 

Period. 

It was observed that pervious concrete mix with 

10% replacement of CKD achieved the highest compressive 

strength of 10.44 MPa and 16.22MPa at age of 7 and 28 days 

respectively. The 7 and 28 days compressive strength of the 

control mix were 8.89 MPa and 14.64 MPa respectively. 

Percentage increase of 7 and 28 days compressive strength of 

10% CKD replacement was found to be 17.43 % and 10.8% 

higher than that of the control mix. This is due the slight 

improvement of cement paste. However, further replacement 

of cement by cement kiln dust was found to gradually 

decrease the compressive strength of pervious concrete 

specimens. It was clear that the substitution of cement with 

higher amounts of CKD produced a lower the compressive 

strength. The 7 days compressive strengths of mixes 

containing 20%, 30%, 40%, and 50% of CKD replacement 

were 7.42 MPa, 6.1 MPa, 4.09 MPa, and 3.59 MPa with 

percentage reduction of 16.5%, 31.4%, 54% and 59.6% 

respectively compared to the control mix. The 28 days 

compressive strengths of mixes containing 20%, 30%, 40%, 

and 50% of CKD replacement were 12.19 MPa, 7.86 MPa, 

6.4 MPa, and 5.47 MPa with percentage reduction of 16.7%, 

46.3%, 56.3% and 62.6% respectively compared to the 

control mix. The reduction in compressive strength is mainly 

attributed to the insufficient silicate hydroxide to control the 

calcium silicate hydration (C-S-H). The lower compressive 

strength is also due to the excessive calcium and sulphate in 

the form of gypsum known to effect the compressive strength 

development at early age. Moreover, the reduction in 

compressive strength caused by the large amount of chloride 

presents in CKD which cause a sort of crystallization of 

hydration products resulting in disrupting the bond between 

the aggregate and cement paste. The presence of significant 

amount of alkalis and the low free lime contents in CKD was 

found to decrease the compressive strength with increase of 

CKD in the OPC blends. The decrease  in the compressive 

strength was mainly due to the change in the strength of the 

hardened cement paste and in the strength of aggregate-

cement bond caused by the presence of high chloride, high 

alkalis and less free lime in the CKD. 

B. Split Tensile Strength 

The results of the split tensile strength for all pervious 

concrete mixes are also depicted in Figure 6. 

 
Fig. 6: Average Split Tensile Strength of Pervious Concrete 

Containing (CKD) Testing Results at 7 and 28 days curing 

period. 

It is clear that the split tensile strength was found to 

have a similar trend as the compressive strength. It was found 

that the split tensile strength of the all concrete mixes 

gradually decreased with increase of CKD replacement 

percentage. As in compressive strength, the mix with 10% 

CKD replacement achieved the highest split tensile strength 

of about 2.14 MPa and 1.73 MPa at 7 and 28 days age with a 

percentage increase of 13.2% and 16.1% respectively. 

The lowest 7 days split tensile strength (0.74 MPa) 

was observed when the cement was replaced with 50% of 

CKD. 0%, 20%, 30% and 40% CKD replacement achieved a 

split tensile strength of 1.49 MPa, 1.28 MPa, 1.08 MPa, and 

0.81 MPa. The percentages reduction in 7 days split tensile 

strength for 20%, 30%, 40%, and 50% CKD replacement 

were 14.1%, 27.5%, 45.6%, and  50.3% respectively. 

Similarly, the lowest 28 days split tensile strength (1.06 MPa) 

was observed when the cement was replaced with 50% of 

CKD. 0%, 20%, 30% and 40% CKD replacement achieved a 

split tensile strength of 1.89 MPa, 1.62 MPa, 1.28 MPa, and 

1.14 MPa. The percentages reduction in 28 days split tensile 

strength for 20%, 30%, 40%, and 50% CKD replacement 

were 14.3%, 32.3%, 39.7%, and 43.9% respectively. The 

reduction in split tensile strength was attributed to the poor 

bond between the aggregate and cement-mortar. Similar to 

compressive strength, the reduction was due to the presence 

of larger amounts of chloride and alkalis. 

C. Permeability 

The permeability of pervious concrete of control mix and 

mixes containing a cement replacement of CKD with 10%, 

20%, 30%, 40%, and 50% are represented in Figure 7.  
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Fig. 7: 28 Days Average Permeability Coefficient of 

Pervious Concrete Containing (CKD) Testing Results. 

The pervious concrete control mix achieved the 

highest water permeability coefficient of about 13.96 mm/s. 

The permeability coefficient of mixture containing 10% CKD 

was reduced to 10.1 mm/s. Meanwhile the permeability 

coefficient significantly reduced with the increase of CKD 

replacement. The permeability coefficient was decreased to 7 

mm/s, 4.4 mm/s, 3.7 mm/s, and 2.3 mm/s for CKD 

replacement of 20%, 30%, 40%, and 50% respectively. The 

reduction of permeability coefficient was possibly due to the 

finer particles of CKD which causes the permeability to be 

reduced. It is also attributed to the formation of crystals which 

leads to leaching of CKD crystals filling the void space 

between the aggregates.  

D. Water Absorption 

The water absorption test of pervious concrete of control mix 

and mixes containing a cement replacement of CKD with 

10%, 20%, 30%, 40%, and 50% are represented in Figure 8.  

 
Fig. 8: 28 Days Water Absorption of Pervious Concrete 

Containing (CKD) Testing Results in %. 

From these results, it is clear that the increase of 

CKD replacement leads to increase the water absorption of 

the pervious concrete with a replacement amount of CKD 

(10-50) %. The water absorption percentage of control mixes 

was 0.76%. The pervious concrete mix containing a CKD 

replacement of 50% achieved the highest water absorption of 

1.88%.  Pervious concrete mixes containing 10, 20%, 30%, 

and 40%CKD replacement obtained water absorption 

percentages of 0.86%, 1.14%, 1.33%, and 1.72% 

respectively. 

Based on the results, it is clear that the water 

absorption increased with the increase in the amount of CKD 

replacement in pervious concrete. The increase in water 

absorption was attributed to the increase in chloride 

concentration contributed by CKD. It was also due to high 

alkalis amounts, availability of volatile salts and the calcium 

sulphate contribution of CKD which behaves as gypsum 

absorbing more water. 

E. Durability Test (Sodium Chloride Solution) 

The average % value for durability (Sodium Chloride 

Solution) Test for pervious concrete control mix and mix 

containing a replacement percentage of CKD are depicted in 

Figure 9. Control mix showed the lowest loss in weight of 

0.36%. It was found that the percentage loss in weight 

increases with increasing of the CKD replacement. The 

highest loss in weight of 1.06% was observed for 50% 

replacement of cement. It is evident that using of CKD as 

partial replacement of cement contributes to decrease the loss 

in weight of the specimen and hence enhancing the durability 

aspects of pervious concrete.  

 
Fig. 6.5: The Average % Value for Durability (Sodium 

Chloride Solution) Test for Pervious Concrete Containing 

CKD as Partial Replacement of Cement after 28 Days. 

VI. CONCLUSION  

Based on the experimental results presented the following 

conclusions are withdrawn: 

 The compressive strength of pervious concrete was 

increased with the increase of Cement Kiln dust 

replacement up to 10%. Substitution of cement with 

cement kiln dust (CKD) beyond 10% has resulted in a 

gradual decrease of compressive strength and the 

reduction magnitude increased with the increase of CKD 

replacement.  

 The split tensile strength of pervious concrete showed a 

similar trend as the compressive strength and it was 

found that the Cement kiln dust can be safely replaced up 

to 10%.   

 The permeability coefficient was reduced as the amount 

of CKD replacement increased.  

 The water absorption was found to be increased with the 

increase of CKD replacement. 
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 Durability of pervious concrete was lowered with the 

increase of CKD replacement of cement. 

 It was concluded that the CKD can be replaced safely up 

to 10% in the production of pervious concrete and it can 

be also used up to 50% replacement for the construction 

of low bearing capacity structures. 

VII. RECOMMENDATION FOR FUTURE WORK 

 The use of cement kiln dust in the production of pervious 

concrete should be carried out with different W/C ratio. 

 In case of high strength is required, smaller aggregate 

size should be used. 

 It is recommended to use other mineral admixture with 

CKD in the production of pervious concrete. 
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