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Abstract. The high demand for concrete production generates wastewater 
which causes environmental problems. However, if wastewater is able to 
be recycled as part of engineering construction materials, many benefits 
can be reaped. Unfortunately, the use of wastewater in manufacturing 
concrete is not common. Therefore, this research aims to identify the 
influence of using slurry water and car wash wastewater on concrete 
properties, focusing particularly on its mechanical properties. The basic 
characteristics of wastewater were studied according to USEPA method 
while the properties of concrete with wastewater were compared according 
to ASTM C1602 and BS EN 1008 standards. In this paper, the compressive 
strength, modulus of elasticity and tensile strength were examined in order 
to determine the mechanical properties of concrete. The wastewater was 
replaced in the concrete mix from 0% up to 40%. The results indicated that 
the characteristics of wastewater complied with the BS and ASTM 
standards. In addition, the results also recommended that the concrete 
mixture with 20% of wastewater has given the highest compressive 
strength and modulus of elasticity. 

1 Introduction  
Recently, construction industry development board (CIDB) of Malaysia has indicated that 
the number of projects for building and civil engineering work has been recorded the 
highest numbers compared to electrical and mechanical sectors [1, 2][37]. This growth is 
due to the greatest investment in construction development projects under the 10th 
Malaysia Plan from 2011 to 2015 [3]. In line with that, the water demand in construction 
industries increased dramatically especially Ready Mixed Concrete because it is one of the 
main suppliers in housing areas [4, 5][36]. Subsequently, previous researchers estimated 
that approximately 500 to 1500 litres of tap water is required to clean each concrete mixer 
truck at the end of each day [6-9]. At the same time, slurry water might be produced after 
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washing the mixer truck which might lead to environmental pollution [10][35]. Previous 
studies also mentioned that normally the pH value of slurry water from pH 11 to 12.5 [6-8]. 
In addition, slurry water is also classified as dangerous wastewater as it can cause surface 
bodies of water due to alkaline characteristics [4]. Apart from that, typical slurry water that 
been produced from the ready mixed concrete plants contains dissolved solids such as 
calcium chloride and sulphate from cement as an admixture [5, 6]. Besides, the  
investigation on the concrete manufacturing using slurry water from RMC plants also has 
been conducted [7]. From the studied, it found that the slurry water has a highest content of 
alkaline and total solids which is exceeded the limit as required in  ASTM C94, which may 
cause the concrete to be more porous and contains a weaker matrix [8, 9].  

Reusing alternative car wash wastewater in concrete mixes aims to create a sustainable 
solution in this industry towards green technology in construction materials. Some 
researched has used car wash wastewater to manufacture concrete which is the wastewater 
characteristics include pH value, chloride, alkalinity and sulphate content in wastewater 
was also determined in this study [11]. The results indicated that the wastewater 
characteristics were within the ASTM standard limits. The mechanical tests including 
compressive strength, tensile strength and flexural test were done on day 28. In addition, 
the percentages of car wash wastewater in the concrete mix ranged from 25% to 100% [11]. 

Last but not least, there is a lack in literature on the utilization of wastewater in concrete 
mixing. This research focused mainly on the characteristics of slurry water and car wash 
wastewater and the effect of the wastewater on concrete properties. Meanwhile, the 
mechanical tests for concrete were conducted according to ASTM standards as a guidelines, 
which is also included compressive strength, tensile strength and modulus of elasticity. 

2 Materials and method  
In this research, the percentages of slurry water used in concrete mixes ranged from 10% to 
50% and 10% to 40% for car wash wastewater. The water cement ratio w/c is 0.45 and all 
the concrete specimens were designed to have a target mean strength of 35 MPa with a 
slump value between 30mm to 60mm. The concrete mix was designed according to the 
method set by the Department of Environment (DOE). In addition, the properties of fresh 
concrete such as unit weight, slump test and the mechanical tests including compressive 
strength, tensile strength and modulus of elasticity (MOE) were carried out in this study. 
The concrete specimens tested for compressive strength were cast in moulds with 
dimensions of 150 x 150 X 150 mm while those tested for tensile strength and MOE were 
cast in 300 mm x 150mm diameter moulds. Triplicate concrete samples were made for each 
concrete mechanical testing.  

2.1 Materials 

2.1.1 Wastewater (slurry and carwash) 

Slurry water was collected from three different RMC plants in Batu Pahat, Johor, Malaysia 
which are Hanson RMC plant, Chin Keng RMC plant and Renggam RMC plant. Before the 
slurry water was collected, the wash water from concrete mixer truck was discharged into a 
pit at the RMC plant. On the other hand, car wash wastewater was collected from two 
different car wash stations in Batu Pahat, Johor, Malaysia which are MJ car wash and 
Bandar U car wash. Before the wastewater was collected, the washout water from the 
vehicle was discharged into a pond through a drainage system. The chemical properties of 
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wastewater were analyzed according to the USEPA standard method and compared with 
the standard specifications [11]. 

2.1.2 Cement 

A local Ordinary Portland cement type CEM 1 42.5N was used in this study. The cement 
complied with the requirements of MS EN 197-1.  

2.1.3 Aggregates 

A fine aggregate which is natural sand met the ASTM C33 requirements [12, 13]. The 
coarse aggregate consisted of crushed rocks and also complied the ASTM C33 
specifications. The fine aggregate passed through a 5mm sieve (No 4) and were retained at 
75μm (no 200). The coarse aggregate passed through a 20mm sieve and retained at 10mm. 
All the aggregates were air dried at 20+50C to obtain saturated surface dry condition.  

2.2 Mix proportion of concrete 

In this research, all concrete specimens were designed to have a target mean strength of 
35MPa with the curing process of 28 days according to the Department of Environment, 
DOE method. 

2.3 Experimental work 

2.3.1 Wastewater analysis 

The pH value of wastewater was measured by using Hanna HI 8424 digital pH meter. 
According to the United States Environmental Protection Agency (USEPA) method 300.0, 
the content of chloride and sulphate in car wash wastewater were analysed. In addition, all 
the results of wastewater characteristics were compared with ASTM and BS standards. 

2.3.2 Concrete testing 

The manufacturing and curing process of concrete were according to ASTM standards. 
However, the concrete slump tests were performed according to ASTM C 143[14].Besides, 
the tests for unit weight of concrete were conducted according to ASTM C138 [15]. On the 
other hand, the compressive strength and tensile strength of concrete on day 7 and day 28 
were carried out in accordance with ASTM C39 and ASTM C496 respectively [16,17,32]. 
Meanwhile, the modulus of elasticity of concrete on day 28 was tested according to ASTM 
C469 [18]. 

3 Results and discussion 

3.1 Design requirement  

Table 1 and Table 2 show the results of the characteristics of wastewater and tolerance limit 
of water mixed in concrete respectively. Based on Table 1 and Table 2, the slurry water and 
car wash wastewater characteristics completely complied with the standards as well as the 
typical values suggested by previous researchers except for the pH value for car wash 
wastewater. Even though this study obtained higher pH values compared to the previous 
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studies, the range of pH values is still in the range of typical car wash wastewater which 
varies from 6.0 to 9.0. 

Table 1. Characteristic of wastewater. 

Sources/ 
Parameters 

Parameters 

pH Chloride 
CI-,ppm 

Sulphate 
SO4

2-,ppm 
Slurry water 

Hanson 10.0-11.3 7.5-46.9 108.6-454.9 
Chin Keng 11.0-11.9 6.7-28.7 426.0-289.5 
Renggam 11.6-12.1 19.9-33.7 69.4-475.8 

Carwash Wastewater 
MAHAJU (MJ) Car wash 8-8-9.5 19.4-33.0 12.6-115.5 

Bandar U Carwash 9.5-10.6 18.2-25.4 16.1-100.4 
Tap water 

Tap water 7.6-8.1 19.4-19.7 13.3-13.4 

 

Table 2. Tolerance limit of water in mixed concrete. 

Standards 
Tolerance limit, ppm 

pH Chloride 
CI-,ppm 

Sulphate 
SO4

2-,ppm 
ASTM C1602 - <500 <3000 
ASTM C685 - <500 <3000 
BS EN 1008 >4 <500 <2000 

BS 3148 - <5007 <1000 
Previous Researchers (slurry water) 

[5-9] 8.1-13.5 20.8-355.0 12.7-1152 
Previous Researchers (car wash wastewater) 

[13-14][19][31] 6.5-8.75 9-74.2 21.3-188.0 
 
In addition, the higher pH value in car wash wastewater may be due to chemicals used in 
pre-soak stages during the car wash process as supported by previous studies by Zaneti et 
al., [15]. Furthermore, according to BS EN 1008 mentioned that the typical pH value of 
water for mixing concrete was at least more than four (>4). Based on that, wastewater has a 
higher potential to be used as replacement in concrete mixes due to its reasonable 
characteristics. 

3.2 Properties of fresh concrete 

 3.2.1 Slump test 

In this study, the concrete slump test was analysed according to ASTM C143 standards and 
the results were listed in Table 3. From Table 3, the slump values for both types of 
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wastewater were comparable to the control mix. As mentioned in sub topic 2, the target 
mean slump value varies from 30 mm to 60 mm. These findings definitely proved that the 
slump value of concrete containing wastewater were in the designated range. In addition, 
the results show that a higher replacement percentage of wastewater in concrete mix results 
in greater slump value. 

Table 3. Slump Test. 

Waste-
water 
Type 

CM SW10
% 

SW20
% 

SW30
% 

SW40
% 

SW50
% 

CW10
% 

CW20
% 

CW30
% 

CW40
% 

Slump 
value 
(mm) 

32 43 39 40 42 48 42 38 43 45 

3.3 Mechanical properties of concrete 

 3.3.1 Compressive strength 

Fig. 1 showed the comparison of compressive strength between slurry water and car wash 
wastewater mix against the control mix. 

  
(a) (b) 

Fig. 1. Comparison of compressive strength between; (a) slurry water and (b) Car Wash. 

 
 According to Fig. 1, all types of slurry water shows the higher strength than the 

minimum limit of 90% specified in the standards except for concrete specimen with contain 
10% of slurry water (SW10%) at only 80.95%. However, on day 28, the concrete specimen 
that contains 10% to 40% of slurry water has exceeded the limit of the compressive 
strength, meanwhile by 50% replacement of slurry water in concrete mix was below the 
minimum limit. This is because the proportion of water for concrete (SW50%) consisted of 
50% of slurry water and 50% of tap water, which would cause the pH value to become 
higher than others. This can be seen from Table 1, where the pH value for slurry water is 
between 10 to 12.1 compared to tap water which is 7.6 to 8.1. According to the previous 
studied, the researchers mentioned that the typical range of pH value for water used in 
concrete manufacturing is between 6.0 to 9.0 [20, 21, 22, 30].  
 On the other hand, the compressive strength of car wash wastewater concrete was in 
the range of 88% to 104% of normal concrete. This range was beyond the minimum limit 
of 90% that was specified in ASTM C1602 except for the 10% car wash wastewater 
replacement. However, on day 28 all the specimens of concrete mixed with car wash 
wastewater not only went above the limits of the standard, but also indicated a slight 
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improvement especially for the concrete with 20% and 30% car wash wastewater 
replacement. This finding may be due to the fine solid particles present in the car wash 
wastewater could fill the pores or voids between fine aggregates and coarse aggregates so 
that the strength of concrete could be improved but that would depend on suitable 
replacement percentages of car wash wastewater in concrete mixes as mentioned and 
supported by these researchers [23, 24, 29]. 
 In addition, the highest compressive strength for concrete with car wash wastewater 
was approximately 52.7 MPa compared to concrete with slurry water which is 52.3 MPa. 
This may be due to the lower sulphate content in car wash wastewater which is 12.6 ppm to 
115.5 ppm compared to slurry water with a range between 42.6 ppm to 475.8 ppm. This is 
because the presence of sulphate content in wastewater may be generated from ash or 
residue. Thus, the higher sulphate content in wastewater may result in a lot of waste such as 
ash and residues which may decrease concrete permeability and reduce the strength of the 
concrete [19]. 

3.3.2 Modulus of elasticity (MOE) 

Consequently, Fig. 2 presented the comparison of modulus of elasticity between slurry 
water and car wash wastewater mix against control mix. 
  

(a) (b) 

Fig. 2. MOE of ; (a) Slurry water and (b) Car Wash. 

 
 As stated in BS EN 1992, usually the range of modulus of elasticity of concrete (Ecm) 
for grade 35 is 32 + 6 GPa [25]. Based on Table 7, the results completely achieved the 
required range of MOE for concrete with a mean strength of 35MPa. In addition, ACI 318-
02 and Neville, (1995) also mentioned that the typical MOE value for concrete with a 
compressive strength of 35 was 30 GPa [26][34]. Therefore, by comparing the data in Table 
7 with previous studies, it is clear that the MOE value of slurry water and car wash 
wastewater complied with the suggested ranges.  
 On the other hand, the concrete with 20% car wash wastewater replacement 
demonstrated the highest MOE value at 33.6 GPa compared to slurry water as well as 
control mix with only 31.9 GPa and 29.3781 GPa respectively. These findings may 
correlate to the existence of fine solid particles in wastewater which could fill the porosity 
and voids in between the fine and coarse aggregates in concrete structures. According to 
previous researchers, the factors affecting the MOE were concrete strength and concrete 
density [27, 28]. The concrete strength was related to the concrete compressive strength 
while the concrete density was related to the porosity of concrete. Based on the results in 
Table 1, the sulphate content in car wash wastewater was between 12.6 ppm to 115.5 ppm 
compared to tap water which was between 13.3 ppm to 13.4 ppm. Previous researchers 
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revealed that higher sulphate concentration may result in lower concrete impermeability. 
Thus, it can be summarized that the lower content of sulphate in wastewater may lead to 
higher MOE of concrete. 

3.3.3 Relationship between compressive strength and MOE 

According to Fig. 1 and Fig. 2, the modulus of elasticity increased when the concrete 
compressive strength was increased. In addition, the relationship that can be seen has 
shown that the concrete mixed with 20% wastewater has achieved the highest compressive 
strength and modulus of elasticity. Therefore, it can be concluded that the optimum 
percentage of slurry water and car wash wastewater as a fresh water replacement in 
concrete mixes is 20%. 

4 Conclusion 
Based on the results from the experimental work, the following conclusions for the use of 
car wash wastewater in concrete mixes can be drawn: (a) The pH value for slurry water 
from ready mixed concrete plants was in the range of 10 to 12 while the pH value for car 
wash wastewater was approximately 8.8 to 10.6. Both types of wastewater had pH values 
slightly higher than tap water. However, the content of chloride and sulphate in wastewater 
were within the ASTM and BS standards requirement; (b) With an increase in the 
percentage replacement of wastewater in concrete mix has lead to the decrease of 
compressive strength, and modulus of elasticity of concrete. Generally, the compressive 
strength of concrete mixed with slurry water is in the range of 81% to 98% for the control 
mix and 88% to 104% for concrete mixed with car wash wastewater; (c) According to the 
results for compressive strength and modulus of elasticity, the optimum percentage of car 
wash wastewater as a fresh water replacement in concrete mixes is 20%. 
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