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Abstract 

The purpose of this paper is to analyze the possibility of reuse of waste wash water obtained 
from a ready-mixed concrete plant as mixing water in concrete production. The wash water 
contains suspended particles, for this reason, its density is higher than that of tap water. In the 
concrete production, several densities for mixing water, such as 1.00, 1.02, 1.04, 1.05 1.10, 1.15 
and 1.20 kg/ℓ were used. Since wash water contains solid particles, a reduction is made in 
concrete mixture either from the cement content (those named as cement-reduced mixtures) or 
from the sand content (sand-reduced mixtures) by equal volume. Compressive strength tests 
were performed at the ages of 3, 7 and 28 days. Permeability properties were obtained by using 
capillary water absorption at 28 days of age. Test results showed that concretes prepared with 
wash water were able to meet the performance criteria in terms of compressive strength, work-
ability and sorptivity when the density of the mixing water was chosen as less than 1.05 kg/ℓ. 
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1. INTRODUCTION 
The disposal of excess concrete and rinsing water from ready-mix concrete truck mixers are 

becoming an increasingly greater environmental concern. The rinsing water of truck mixers at 
a ready-mixed concrete plant is called wash water. High demand for ready-mixed concrete, 
increased the amount of concrete to be disposed which returned for any reason. Considerably 
high amount of water is consumed to wash out the remaining concrete in the truck mixers, 
which is classified as hazardous waste due to its high alkalinity. Since the quantities of fresh 
water required to neutralize 1 ℓ of waste water having pH values of 10, 11 and 12, are 10,000, 
100,000 and 1,000,000 ℓ, respectively, recycling of wash water is increasingly becoming a more 
important issue. Hence, waste fresh concrete is discharged in settling basins both for economic 
and environmental reasons. 

An average of 500 litres of water is used to clean a truck mixer after each loading [1] and 
about 1000 litres is added as mixing water in each truck. In other words, around 50 to 100 litres 
of wash water is discharged per cubic meter of ready-mixed concrete [2, 3]. Recycling of wash-
out water as mixing water in concrete, instead of disposing, is both an environmental friendly 
and economical solution. In order to achieve sustainable development, we have to extend utili-
zation of wastes without diminishing quality or varying properties. For this reason we need to 
investigate performance of various combinations of ingredients of recycled wash water and 
understand the interactions between them. 

There is relatively less number of reference in the literature regarding the reuse of rinsing 
water in ready-mixed concrete technology. A group of researchers reported shorter setting times 
and lower workability for the concretes prepared with wash water [4]. In another study increas-
ing solid content suspended in mixing water accelerated the initial setting time of concrete, due 
to the increasing amount of hydrated cement and calcium hydroxide within fresh concrete [5]. 
On the other hand, Sandrolini and Franzoni [6] found reduction of capillary water absorption 
and porosity due to existing of fine particles in sludge water. Similarly, Borger et al. [7] showed 
that ages up to 8 hours wash water can be successfully used in producing fresh concrete with 
the resulting concrete strength equal or higher than that of concrete made with tap water. Some 
researchers added retarders into the wash water to prolong the hydration reaction of cement 
particles suspended in water [2]. Although fresh properties were affected, no impact on me-
chanical properties, rapid chloride permeability and time to corrosion onset, were observed. A 
more recent study demonstrated significant difference between the 28-day compressive strength 
of concrete prepared with wash water and that of concrete made using tap water for two differ-
ent mixture proportions [8]. Across all the test groups, concretes made with wash water had 
higher compressive strength than concrete made with tap water. On the other hand, for the plain 
concretes having similar workability, slight reduction in compressive strength [9] and increase 
in chloride penetration [10] were reported. The reactive solid particles suspended in wash water 
can be substituted with a part of cement or sand [11] and different effect of each case were 
reported. 

The purpose of this study is to investigate the recycling of the significant amount of waste 
wash water that is released from a ready-mixed concrete plant. The fine particles exist in wash 
water were used as either cement or sand substitution in the concretes prepared with wash water. 
The effect of wash water on the compressive and sorptivity properties of concretes were inves-
tigated. 
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2. EXPERIMENTAL 

2.1 Materials 
An ordinary Portland cement, CEM I PC 42.5 (in accordance with EN 197-1) was used. 

Natural and crushed stone sand were utilized as fine aggregates with specific gravities of 2.65 
and 2.72, respectively. Crushed limestone with a maximum size of 22 mm and a specific gravity 
of 2.74 was used as coarse aggregate. A high-range water-reducing (HRWR) admixture (based 
on polycarboxylate) was employed with a constant dosage of 1.3% (as weight percentage of 
cement) in all concrete mixtures except those which have equal workability with the control 
mix by increasing admixture content. The wash water was obtained from the basin of a ready-
mixed concrete plant after agitating the slurry mixture and the specific gravity of solid particles 
was measured as 2.12 g/cm3, after drying the wash water samples in an oven. The chemical 
composition and physical properties of wash water are given in Table 1 together with the limits 
(EPA and EN standards). 

2.2 Methodology 
Mainly two series of concretes were prepared in this study, such as cement-reduced and 

sand-reduced. Solid particles exist in the wash water were used as a partial replacement of either 
cement or sand for each series, respectively. In other words, cement content of the mixture was 
reduced for considering the solid particles as cementitious material, and in the second case nat-
ural sand content was reduced in considering these particles as filler material.  Apart from the 
control mix, prepared with tap water, wash water in five different specific gravities (1.02, 1.04, 
1.10, 1.15 and 1.20 kg/ℓ) were used. Since the amount of solid particles can be calculated by 
the specific gravity of the water, it is replaced with cement in the 4 of 8 batches and with natural 
sand in the remaining 4 batches, by volume. An equal volume of water to solid particles was 
added in order to keep constant amount of water in each mixture. The first six mixes were 
prepared with HRWR ratio of 1.3% and in the last two mixes (1.15MC and 1.15MS), HRWR 
dosage was increased to obtain workability similar to the control mix.  

 
Table 1: Results of wash water analysis 

Component  Result Limit Value Related  standard 
SO4

2- 31 ppm 2000 ppm EPA 9038 
Cl- 29 ppm Prestressed concrete 500 ppm EN 196-2 
Na2O 90 ppm - EN 196-2 
K2O 107 ppm - EN 196-2 
Total alkali 160 ppm 1500 ppm EN 196-2 
pH 12.6 ≥ 4 EN 1008 

Odour no No smell, except the odour allowed for 
potable water EN 1008 

Colour transparent Pale yellow or paler EN 1008 

Suspended matter  0.115 kg/ ℓ 
d=1.056 Maximum 4 ml. sediment EN 1008 

Organic matter Light yellow Yellowish brown or paler in NaOH  
solution EN 1008 

Pb2+ < 10 ppm 100 ppm EN 1008 
P2O5 < 10 ppm 100 ppm EN 1008 
Zn2+

 < 10 ppm 100 ppm EN 1008 
Nitrat (NO3-) < 10 ppm 500 ppm EPA 9038 
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In the coding of the mixtures, the starting numbers of the designations indicate the specific 
gravity of wash water and the last letter denotes the replaced component of the concrete (C: 
cement, S: natural sand) while M designates the modification of workability by increasing 
HRWR content. 

Particularly for cement reduced concretes water to cement ratios were slightly increased be-
cause of the difference between the densities of solid particles in wash water and cement. Since 
the replacement was made by volume but the W/C ratio was by mass, the mixture proportions 
were changed to a degree. 
All the concrete mixtures were prepared in a pan mixer with 0.04 m3 volume and 150 x 150 x 
150 mm cubes were used to test compressive strength on the 3rd, 7th and 28th days. For the 
sorptivity measurements, 70 x 70 x 280 mm prisms were tested on the 28-day of age. 

Table 2: Mixture proportions of the concretes prepared in the first step 

Concrete  
designations 

 Materials  (kg/m3)  Slump 
(cm) Cement  Water  Solid content of mix 

water 
Natural 

sand 
Control  330 

190 

- 274 16 
1.02C 320 7.58 274 13 
1.02S 330 7.58 265 15 
1.04C 310 13.6 274 15 
1.04S 330 13.6 257 16 
1.10C  276 33.9 274 15 
1.10S 330 33.9 231 16 
1.15C 249 51.7 274 6 
1.15S 330 51.7 208 5 
1.20C 223 69.4 274 4 
1.20S 330 69.4 185 3 
1.15MC 249 51.7 274 15 
1.15MS 330 51.7 208 15 

3. TEST RESULTS AND DISCUSSION 

3.1 Compressive strength 
The normalized results of compressive strength tests conducted on the concretes are also 

illustrated in Figures 1, 2 and 3 for 3, 7 and 28 days of age, respectively. The filled points and 
the solid line represent the sand reduced mixtures while the unfilled points and dotted line stand 
for cement reduced mixtures.  
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Figure 1: Normalized compressive strength at the age of 3 days (Triangle points correspond to 

concretes with modified workability) 

 
Figure 2: Normalized compressive strength at the age of 7 days 

 
Figure 3: Normalized compressive strength at the age of 28 days 
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Figure 1 shows that in case of sand reduction from the mix, increasing specific gravity of 
the mixing water increased the early age (3-day) strength at all replacement levels since the 
solid particles in wash water were partially hydrated cementitious materials, for this reason, 
accelerated the hydration reaction. The relative reduction of the 3-day compressive strength 
after a certain level of specific gravity of mixing water can be attributed to the insufficient 
compaction of concrete due to loss of workability. The triangle points in Figures 1-3, indicating 
the compressive strength of workability modified concretes (1.15MC and 1.15MS), show that 
sufficient compaction reduced the negative effect of wash water density on the compressive 
strength of concrete.  

As defined above, replacing the solid particles in wash water with cement by volume in-
creased the W/C. Nevertheless, particularly 3-day compressive strengths were not influenced 
by the raise of W/C because of acceleration of hydration if the compaction is sufficient. The 
unfilled triangle in Figure 1 displays the contribution of increasing amount of solid particles in 
mixing water even though W/C increases. 

The effect of W/C elevation on the compressive strength was noticeable for 7 and 28-day 
age strengths. The significant continuous decline of compressive strength with the increasing 
specific gravity of mixing water for cement reduced mixtures can be seen in Figures 2 and 3. 
Modification of the workability with additional HRWR admixture did not change this trend. 
Compressive strength of the sand reduced mixtures were not affected remarkably and remained 
almost stable.  

3.2 Sorptivity 
Figure 4 shows the sorptivities of all the concretes prepared in this study. The solid and 

dotted curves represent the sorptivity of cement- and natural sand-reduced concretes, respec-
tively. Sorptivities of cement-reduced concrete mixtures prepared with recycled washout water 
were higher than that of control mixture at all density levels. This can also be ascribed to the 
increasing W/C because of replacing solid particles in wash water for cement by volume. 

Sand reduced concretes prepared with diluted wash water having specific gravities of 1.02 
and 1.04 kg/L exhibited dramatic fall of sorptivity values. This may be due to the particle pack-
ing of fines. Increasing specific gravity of mixing water dissipated this tendency and sorptivities 
of concretes prepared with wash water having specific gravity more than 1.10 kg/ℓ showed 
equal or higher sorptivities. 
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Figure 4: Normalized sorptivity of concretes at the age of 28 days 

4. CONCLUSIONS 
The following conclusions can be drawn from the test results:  
 
− Employment of solid particles in the wash water in the place of a part of cement caused 

reduction of compressive strength at all ages due to the increase in the water/cement ratio. 
− Usage of solid particles in wash water in the place of a part of natural sand increased the 

early strength (3-day) and did not decrease the compressive strength significantly at 7 and 
28-day age. Besides recycling waste wash water, rinsing water of truck mixers can be 
utilized for high early strength required conditions. 

− Sand-reduced mixtures showed lower sorptivities than the control mix, up to 1.10 kg/ℓ 
specific gravity, indicating the positive effect of fine material in the mixture.  

− Partially hydrated cement particles exist in the wash water cannot take the place of binder 
but can supersede natural sand, with respect to compressive strength and sorptivity. 

− Owing to the decreasing stock of natural sand for the demand of concrete industry, recy-
cling washout water will ensure sustainable development in construction technology. 
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