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Abstract The construction industries utilize large
amount of fresh water. Water used in the construction
industry is not for only mixing concrete; it is also used for
equipment cleaning, washing aggregate, and curing
concrete. The social and economic cost of the scarce source
of water in many parts of the world makes it significant to
look for lower quality water to be used in concrete
production. The water must meet certain quality
requirements to be suitable for concrete mixing and curing.
It has been found that certain water that does not meet high
quality can be used in making concrete of acceptable
quality. The short and long effects of using low quality
water on concrete mechanical properties have been
investigated in different parts of the world. Combining the
use of recycled materials and low quality water in concrete
mix could increase the deterioration of mechanical
properties of hardened concrete. In this paper, the effect on
compressive strength of hardened concrete using treated
wastewater (TWW) and dry sludge (DS) produced by
water purification facilities in concrete mixes to substitute
potable water (PW) and fine aggregate. The TWW is used
to substitute PW in ratios between 30 and 100% while DS
is used in ratios of 10 to 30% of fine aggregate. Different
design mixes are prepared and standard concrete samples
are cast and tested to report the changes in compressive
strength due to alteration of the standard concrete mix.
Results show that using TWW only reduced the
compressive strength of concrete by about 11 % while

using DS in combination with TWW reduced the
compressive strength by a percentage reached 26%. The
use of recycled materials will affect the concrete quality
with acceptable values. Utilizing these recycled materials
on concrete mix will save environment and release part of
the pressure on scarce sources such as water in semi-arid
regions.

Keywords Dry Sludge (DS), Treated Wastewater
(TWW), Concrete, Compressive Strength

1. Introduction

The concrete constructions are growing very fast in all
parts of the globe where about 3.0 tons per capita of
concrete are produced by the construction industry every
year. Every 1m® of concrete requires about 150 liters of
water [1]. Water is used in the construction industry for
more than only mixing concrete; it is also used for
equipment cleaning, washing aggregate, and curing
concrete. In order to produce concrete with high strength
and good durability, the quality of the water used for
mixing and curing is crucial [2—5]. The primary issue with
the concrete industry is not just the usage of fresh water; it
also involves air pollution, large-scale natural resource
consumption, high energy needs, demolition waste, water
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consumption, and construction waste production [6,7]. The
use of treated wastewater or recycled water in place of
fresh water can help to keep fresh water in the cycle for
more critical uses. Additionally, using treated effluent can
lessen and manage environmental harm [8].

The water must meet certain requirements to be suitable
for batching with fresh concrete, such as being safe and
devoid of harmful substances. These conditions, however,
cannot be the best standard for judging whether water is
appropriate for use as a mixing medium. It has been
discovered that certain water that does not adhere to these
guidelines can nonetheless produce concrete that is of
acceptable quality [9-15]. The amount of soluble sulfates in
the mixing water is crucial since it will impact how well an
individual is hydrated [16,17].

In the literature, there are several contributions from
researchers in this area. The published research includes a
wide range of topics, including examining how employing
wastewater affects the qualities of cement paste, fresh
concrete, and hardened concrete, particularly strength
[5,9,16-27].

Focus is placed on compressive strength when
discussing the qualities of hardened concrete, according to
ASTM C94 [2,28]. It is recommended that the 7 days
compressive strength of standard mortar cubes made with
treated water should not be less than 90% of that made with
tap water. The specifications do not contain any
requirements for flexural strength [2, 3,6].

Concrete has a variety of mechanical characteristics,
including compressive strength, durability, performance,
and permeability [28,29], each of which has a specific
significance and can be identified as the primary
requirement for using concrete based on the type of work
[30,31]. However, compressive strength is typically
regarded as the most crucial aspect of any concrete [32-34].

The results of studies on the impact of using treated
wastewater on concrete on hardened concrete strength
range from increasing concrete strength as in [18], having
no significant effect as in [19], and diminishing
compressive strength as in [20,21].

The use of recycled materials other than water as a
subsidy for filling aggregates and cement is another area of
research to reduce the environmental impact of the
concrete industry. The effects of building demolition waste
and non-organic industrial waste on the mechanical
properties of hardened concrete have been extensively
studied, as seen in [14,30,31,35].

In this study, secondary treated wastewater (TWW)
from wastewater treatment plant and dry sludge (DS) from
water treatment plant are used in Grade M20 concrete mix
that is suitable for ordinary concrete construction where the
7 days and 28 days concrete strength is tested using
different treatments.

2. Materials and Methods

Materials employed in this study include the common
concrete mix, which contains potable water (PW), ordinary
Portland cement (OPC), fine aggregate with a specific
gravity of 2.65 and sizes ranging from 0.5 to 2 mm, and
coarse aggregate with a specific gravity of 2.54 and sizes
ranging from 5 to 15 mm. The concrete compositions don't
contain any admixtures.

Different ratios of secondary treated wastewater (TWW)
are used in place of PW. Regarding the organic matter,
sulfate, and alkalinity, the TWW utilized for concrete
mixes is of acceptable grade [2,36].

Dry sludge (DS) from water treatment plant is used as a
substitute for fine aggregate. The water purification plant
treats water from rainfall floods using coagulation and
flocculation process to remove suspended solids from
water and the resulting waste is the sludge that is dried for
reuse or dumping in waste pits. The specific gravity of the
dry sludge used is about 1.71. The main concern of DS
usage is the organic content, the DS used in this study has
1.8% organic content which is acceptable for concrete
mixes [2].

The chosen concrete mix design, 1:1.5:3, is advised for
M20 concrete [37]. Table 1 gives the weights of the various
mix contents to have roughly 50 kg of fresh concrete,
which is adequate to construct 6 standard cube samples
(150 x 150 x 150 mm) for each treatment. Since there are
no admixtures employed, the w/c ratio of 0.5 is used to
have good workability. The cubes were made and cured in
accordance with JS 1652-2:2004 [38]. The cubes are tested
after 7 and 28 days for 3 cubes each time.

Table 1. Mix design for reference concrete design

Material Weight (kg)
Water 4.2
Cement 8.4
Fine aggregate 12.6
Coarse aggregate 25.2

Potable water (PW), cement, fine aggregate, and coarse
aggregate are used to create a control mix sample
according to Table 1. Three mix groups are prepared using
recycled materials (TWW and DS). In the first, group
(Group-A), TWW is used to substitute the PW at three
ratios: 30, 60 and 100%. The weights for different material
contents in the three replicates are listed in Table 2. In the
second mix group (Group-B), DS is used to substitute the
sand at ratios of 10, 20, and 30% while using PW. The
weights for different material contents in these three
replicates are listed in Table 3. In the final mix group
(Group-C), sand is substituted by 10, 20, and 30% DS,
while water used is split 50/50 between PW and TWW as
listed in Table 4 for the three replicates.
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Table 2. Mix designs using TWW as a substitute of PW

Weights in each treatment (Kg)
Material
A-1 A-2 A-3
PW 2.94 1.68 0
Water
TWW 1.26 2.52 4.2
Cement 8.4 8.4 8.4
Fine Aggregate (sand) 12.6 12.6 12.6
Coarse Aggregate 252 252 25.2
Table 3. Mix designs using DS as a substitute of sand in the fine aggregate
Weights in each treatment (Kg)
Material
B-1 B-2 B-3
Water (PW) 4.20 4.20 4.20
Cement 8.40 8.40 8.40
Sand 11.34 10.08 8.82
Fine Aggregate
DS 1.26 2.52 3.87
Coarse Aggregate 25.2 25.2 25.2

Table 4. Mix designs using DS as a substitute of sand in the fine aggregate in combination of using 50/50 TWW/PW

Weights in each treatment (Kg)
Material
C-1 C-2 C-3
PW 2.1 2.1 2.1
Water
TWW 2.1 2.1 2.1
Cement 8.40 8.40 8.40
Sand 11.34 10.08 8.82
Fine Aggregate

DS 1.26 2.52 3.87
Coarse Aggregate 252 25.2 25.2

3. Results and Discussion

The different concrete mixes are prepared and mixed
then molded in the standard molds using 6 molds for each
treatment. After 24 hours the cubes are taken out of the
molds and cured in PW until the test dates. After 7 days,
three cubes from each treatment are tested using uniaxial
load and the familiar loads are recorded and averaged for
each treatment. The compressive strength was then
calculated for each treatment. The other 3 cubes for each
treatment are left in water until 28 days and tested for
strength in the same way.

The average strength for each treatment is tabulated and
compared to the control mix. Table 5 and Figure 1 show the
results for Group A treatments where TWW is used to
substitute PW in ratios of 30, 60 and 100% in the mixing

water. The results show that the compressive strength in
the mixes that used TWW is lower than the control that
used PW but the difference is about 11% on average. This
reduction is acceptable and compromised by reusing
TWW.

The cubes for treatments in the second group, Group B
are cured and tested in the same way 3 after 7 days and 3
after 28 days. In these treatments, the dry sludge from
water purification facility is used to partially substitute the
sand as fine aggregate at ratios of 10, 20 and 30 %. The
results for these mixes show a significant reduction in
compressive strength as listed in Table 6 and shown in
Figure 2. The reduction varied from 7.3% when using DS
as only 10% of the fine aggregate to 20.4% for higher DS
portion (30%). These results might be because of the nature
of DS which is the result of coagulation and flocculation
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water treatment process that accumulate the suspended
solids in water using a physio-chemical process. The result
of this process is a material that has a relatively low
specific gravity (1.71) and a crispy texture.

In Group C treatments, the water used is 50% PW and
50% TWW while the sand as fine aggregate is substituted
by DS. The results for these mix treatments show a large
reduction in the compressive strength as shown in Table 7
and Figure 3. The reduction in compressive strength is

more than 20%. This is expected when using a combination
of more than one recycled material that has effects on
compressive strength due to the constituents of these
materials. The TWW might have some chemicals such as
organic matters that have a negative effect on cement
hydration and strength. Also, the DS texture and possibly
chemical constituents form a weakness point in the
concrete texture and accelerate the failure of it.

Table 5. Compressive strength results for Group A treatments

Compressive strength (MPa)
Treatment Reduction % in 28 strength
7 days 28 days
Control 16.79 25.09 -
A-1
14.22 22.72 9.4
(30% TWW)
A-2
15.55 2191 12.7
(60% TWW)
A-3
14.81 22.28 11.2
(100% TWW)
Table 6. Compressive strength results for Group B treatments
Compressive strength (MPa)
Treatment Reduction % in 28 strength
7 days 28 days
Control (0% DS) 16.79 25.09 -
B-1
14.74 23.27 7.3
(10% DS)
B-2
13.64 21.27 15.2
(20% DS)
B-3
13.23 19.96 20.4
(30% DS)
Table 7. Compressive strength results for Group C treatments
Compressive strength (MPa) . .
Treatments Reduction % in 28 strength
7 days 28 days
Control
(0% DS) 16.79 25.09 -
(0% TWW)
C-1
(10% DS) 13.84 20.31 19.1
(50% TWW)
C-2
(20% DS) 11.11 18.52 262
(50% TWW)
C-3
(30% DS) 12.68 19.47 224
(50% TWW)
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Figure 1. Compressive strength results for Group A treatments
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4. Conclusions

Using treated wastewater in concrete mixes is a
promising alternative to save precious fresh water in areas
that suffer from the scarcity of fresh water such as Jordan.
Even though using water with lower quality might affect
the mechanical properties of concrete mainly the
compressive strength, it could be used in low grade
concrete mixes where they don’t have a major role in the
structure’s strength. Another area of environmental
sustainability is the use of the byproducts of water
purification such as sludge in concrete. The use of dry
sludge as substitute of sand will have a positive
environmental effect by recycling the sludge and saving
energy to utilize natural materials for concrete mix.

Different components of cement react in different ways
with impurities in water or mixing materials. These
interactions primarily have an impact on the setting time
and compressive strength of concrete, and they can
eventually lead to concrete deterioration. Certain
contaminants react in a way that makes the final product
more durable or with better concrete qualities. Moreover,
the chemical makeup of recycled materials varies based on
the location, the season, the environment, and human
intervention. In light of this, it is challenging to reach a
consensus about the usage of treated wastewater and
recycled materials in concrete mixing.

Following are the main conclusions and
recommendations that can be derived from the results of
this research:

1.  Using TWW in the concrete mix has a limited effect
on concrete strength and can be used in low to
medium grade concrete where the reduction on
concrete strength is limited.

2. Using DS as part of the fine aggregate does not have a
major reduction in the compressive strength of
concrete but caution needs to be considered when
used in high grade concrete mixes since its long-term
effect on concrete is not clear. The physical-chemical
structure of dry sludge could influence its reaction to
cement and response to mechanical forces.

3. It is recommended that the effect of using DS in
cement mortar is studied and also its use in light
weight concrete because of its low specific gravity.

Early strength effects of using recycled materials and
reclaimed water in concrete mixing are thought to be
modest. Yet, the common assumption is that concrete's
long-term strength will decline and its durability will be
low. In the same context, reinforced concrete has a risk of
steel corrosion, which is a significant area of study interest.

Acknowledgements

We are very grateful to the experts for their appropriate
and constructive suggestions to improve this article.

REFERENCES

[1] Boretti, Alberto, and Lorenzo Rosa. "Reassessing the
projections of the world water development report." NPJ
Clean Water, vol. 2, no. 1, pp. 1-6, 2019. DOLI:
10.1038/541545-019-0039-9.

[2] Daniel, D. Gene, and Colin L. Lobo. “User's Guide to
ASTM  Specification C94/C94M on Ready-mixed
Concrete”, ASTM International, 2014.

[3] EN, BS. "1008:2002, Mixing water for
concrete-Specification for sampling, testing and assessing
the suitability of water, including water recovered from
processes in the concrete industry, as mixing water for
concrete." British Standards Institution, London, 2002.

[4] ASTM, “C1602/C1602-M-18: Standard Specification for
Mixing Water Used in the Production of Hydraulic Cement
Concrete.” ASTM international, 2018

[5] Babu, G. Reddy, B. Madhusudana Reddy, and N. Venkata
Ramana. "Quality of mixing water in cement concrete “a
review”." Materials Today: Proceedings 5, no. 1, pp.

1313-1320, 2018. DOI: 10.1016/j.matpr.2017.11.216.

[6] Meyer C. “Concrete and sustainable development.” ACI
Special Publications, ACI 206, 2002, pp. 501-512.

[7] Altwair, Nurdeen M., and Shahid Kabir. "Green concrete
structures by replacing cement with pozzolanic materials to

reduce greenhouse gas emissions for sustainable
environment." 6th International Engineering and
Construction Conference, Cairo, Egypt, June, 2010, pp.

269-279.

[8] Song, Zhengyang, Thomas Frithwirt, and Heinz Konietzky.
"Inhomogeneous mechanical behaviour of concrete
subjected to monotonic and cyclic loading." International
Journal of Fatigue, vol.132, 2020. DOI:
10.1016/j.ijfatigue.2019.105383.

[91 Shahidan, Shahiron, Mohamad Syamir Senin, Aeslina Binti
Abdul Kadir, Lau Hai Yee, and Noorwirdawati Ali.
"Properties of concrete mixes with carwash wastewater."
MATEC Web of Conferences, vol. 87, 2017. DOI:
10.1051/matecconf/20178701018.

[10] Neville, Adam. "Water cinderella ingredient of concrete."

Concrete International, vol. 22, no. 9, pp. 66-71, 2000.

Asadollahfardi, Gholamreza, Mohsen Asadi, Hamidreza
Jafari, Abdolmohammad  Moradi, and  Rashin
Asadollahfardi. "Experimental and statistical studies of
using wash water from ready-mix concrete trucks and a
batching plant in the production of fresh concrete."
Construction and Building Materials, vol. 98, pp. 305-314,
2015. DOI: 10.1016/j.conbuildmat.2015.08.053.

(11]

[12] Asadollahfardi, Gholamreza, Gholamreza Tahmasabi,
Saviz Mohammad Nabi, Homa Pouresfandyani, and Seyed
Ali Asghar Hossieni. "Effects of using concrete wash water
on a few characteristics of new concrete." Environmental
Engineering & Management Journal (EEMJ), vol.16, no. 7,

pp. 1569-1575,2017. DOI: 10.30638/eem;j.2017.170.

[13] de Matos, Paulo Ricardo, Luiz Roberto Prudencio Jr,



[14]

[15]

[16]

(18]

(20]

(21]

Civil Engineering and Architecture 11(4): 2123-2130, 2023

Ronaldo Pilar, Philippe Jean Paul Gleize, and Fernando
Pelisser. "Use of recycled water from mixer truck wash in
concrete: Effect on the hydration, fresh and hardened
properties." Construction and Building Materials, vol. 230,
2020. DOTI: 10.1016/j.conbuildmat.2019.116981.

Esmaeili, Negar, and Nima Heidarzadeh. "A feasibility
study on production of concrete blocks using treated
municipal solid waste leachate." Environmental Science
and Pollution Research, vol. 29, no. 25, pp. 37399-37410,
2022. DOI: 10.1007/s11356-021-17403-8.

Chatveera, Burachat, and Pusit Lertwattanaruk. "Use of
ready-mixed concrete plant sludge water in concrete
containing an additive or admixture." Journal of
Environmental Management, vol. 90, no. 5, pp. 1901-1908,
2009. DOTI: 10.1016/j.jenvman.2009.01.008.

Tang, Fulvio J., and Ellis M. Gartner. "Influence of sulphate
source on Portland cement hydration." Advances in Cement
Research, vol. 1, no. 2, pp. 67-74, 1988. DOI:
10.1680/adcr.1988.1.2.67.

Neto, José da Silva Andrade, G. Angeles, and Ana Paula
Kirchheim. "Effects of sulfates on the hydration of Portland
cement—A review." Construction and Building Materials,
vol. 279, 2021). DOI: 10.1016/j.conbuildmat.2021.122428.

Shekarchi, Mohammad, Mahdi Yazdian, and Naser
Mehrdadi. "Use of biologically treated domestic waste
water in concrete." Kuwait Journal of Science and
Engineering, vol. 39, no. 2B, pp. 97-11, 2012.

Ghrair, Ayoup M., and Othman Al-Mashaqgbeh. "Domestic
wastewater reuse in concrete using bench-scale testing and
full-scale implementation." Water, vol.8, no. 9, 2016. DOI:
10.3390/w8090366.

Swami, Devendra, Kaustav Sarkar, and Bishwajit
Bhattacharjee. "Use of treated domestic effluent as mixing
water for concrete: effect on strength and water penetration
at 28 days." Indian Concrete Journal, vol. 89, no. 12, pp.
23-30, 2015.

Al-Jabri, K. S., A. H. Al-Saidy, Rb Taha, and A. J.
Al-Kemyani. "Effect of using wastewater on the properties
of high strength concrete." Procedia Engineering, vol. 14,
pp. 370-376, 2011. DOI: 10.1016/j.proeng.2011.07.046.

Al-Ghusain, Ibrahim, and M. Terro. "Use of treated
wastewater for concrete mixing in Kuwait." Kuwait journal
of science and Engineering, vol. 30, no. 1, pp. 213-228,
2003.

Ramkar, A., and U. Ansari. "Effect of treated waste water
on strength of concrete." Journal of Mechanical and Civil
Engineering, vol. 13, no. 6, pp. 41-45, 2016.

Kulkarni, Vinut, and Suresh G. Patil. "Study on
compressive strength of concrete by using treated domestic
waste water as mixing and curing of concrete."
International Journal of Research in Engineering and
Technology, vol. 3, no. 12, pp. 152-156, 2014. DOI:
10.15623/ijret.2014.0312021.

Kanwal, Humaira, Sabahat Arif, Muhammad Afzal Jawaid,
Amir Farooq, and Muhammad Arif Khan. "Effect on
compressive strength of concrete using treated waste water
for mixing and curing of concrete." Mehran University

Research Journal of Engineering & Technology, vol. 37, no.

2, pp. 445-452,2018. DOI: 10.22581/muet1982.1802.20.

[26]

(28]

[31]

[32]

[33]

2129

Alenezi, N. A. S. E. R. "Evaluation and Assessment of
Concrete Produced by Utilizing of Treated Wastewater."
Concrete Sustainability Conference, Kuwait Institute of
Scientific Research. Kuwait, Dec. 2010.

Ghrair, Ayoup M., Othman A. Al-Mashaqbeh, Mohmd K.
Sarireh, Nedal Al-Kouz, Mahmoud Farfoura, and Sharon B.
Megdal. "Influence of grey water on physical and
mechanical properties of mortar and concrete mixes." Ain
Shams Engineering Journal, vol. 9, no. 4, pp. 1519-1525,
2018). DOI: 10.1016/j.as¢j.2016.11.005.

Zhang, Junfei, Guowei Ma, Yimiao Huang, Farhad Aslani,
and Brett Nener. "Modelling uniaxial compressive strength
of lightweight self-compacting concrete using random
forest regression." Construction and Building Materials, vol.
210, pp. 713-719, 2019. DOI:10.1016/j.conbuildmat.2019.
03.189.

Mehta, P. Kumar, and Paulo JM Monteiro. Concrete:
microstructure, properties, and materials. McGraw-Hill
Education, 2014.

Zhou, Jie, Menglan Zeng, Yuliang Chen, and Mengwu
Zhong. "Evaluation of cement stabilized recycled concrete
aggregates treated with waste oil and asphalt emulsion."
Construction and Building Materials, vol. 199, pp. 143-153,
2019. DOI: 10.1016/j.conbuildmat.2018.12.028.

Mohammadinia, Alireza, Yat Choy Wong, Arul Arulrajah,
and Suksun Horpibulsuk. "Strength evaluation of utilizing
recycled plastic waste and recycled crushed glass in
concrete footpaths." Construction and Building Materials,
vol. 197, pp- 489-496, 2019. DOI:
10.1016/j.conbuildmat.2018.11.192.

Arulrajah, Arul, Mahdi M. Disfani, Hamed Haghighi,
Alireza Mohammadinia, and Suksun Horpibulsuk.
"Modulus of rupture evaluation of cement stabilized
recycled glass/recycled concrete aggregate blends."
Construction and Building Materials, vol. 84, pp. 146-155,
2015. DOI: 10.1016/j.conbuildmat.2015.03.048.

Wong, Yat Choy, Sahan Perera, Zipeng Zhang, Arul
Arulrajah, and Alireza Mohammadinia. "Field study on
concrete footpath with recycled plastic and crushed glass as
filler materials." Construction and Building materials, vol.
243, no. 118277, 2020.
DOI:10.1016/j.conbuildmat.2020.118277.

Pavlu, Tereza. "The Utilization of Recycled Materials for
Concrete and Cement Production-A Review." IOP
Conference Series: Materials Science and Engineering, vol.
442, no. 1, pp. 012014. IOP Publishing, 2018. DOI:
10.1088/1757-899X/442/1/012014.

Fisonga, Marsheal, Fei Wang, and Victor Mutambo.
"Sustainable utilization of copper tailings and tyre-derived
aggregates in highway concrete traffic barriers."
Construction and Building Materials, vol. 216, pp. 29-39,
2019. DOI: 10.1016/j.conbuildmat.2019.05.008.

US EPA. “Guidelines for water reuse Technical Issues in
Planning Water Reuse Systems; EPA/625/R-04/108.”
Washington, DC, USA, 2004.

Standard, Indian. "Plain and reinforced concrete-code of
practice." New Delhi: Bureau of Indian Standards, 2000.

Jordan Institution for Standards and Metrology.
Concrete—Testing Hardened Concrete, Part 2: Making and



2130 Effect of Using Dry Sludge (DS) of Water Purification in Combination
with Treated Wastewater (TWW) on Concrete Strength

Curing Specimens for Strength Tests; JS 1652-1; Jordan 2004.
Institution for Standards and Metrology: Amman, Jordan,



