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Abstract
 The aim of this thesis is to implement a new way of discarding the large amount of sludge which produced from 

the wastewater treatment plants in Egypt, since the amount of sludge produced every year in Egypt are about “4 
Million ton “, this amount of sludge is considered a big/dangerous problem which facing Egypt today. Thus, all over the 
world the researchers are trying to explore a new and suitable way to solve the sludge huge amount which produced 
from the WWTPs. One track of these solutions is to use sewage sludge in Construction field” concrete mixtures and 
in manufacturing interlock brick samples’’, evaluated the reuse of sewage sludge from urban wastewater treatment 
plants in a mixture with cement and to develop new construction materials. According to results findings, no significant 
strength loss was observed when using the dry or wet sludge with different percentages from the cement weight, in 
which the strength loss was increased to 63.7% after 7-days and 61.6% after 28-day for dry and for wet 73.4% after 
7-days and 68.5% after 28-days when 20% of wet and dry sludge pellets by cement weight was added to concrete
mixture. The results showed that the wet sludge retarded the strength development and has more adverse effect on
compressive strength than the other dry sludge for the same percentage as the average strength loss after 28-days for 
wet percentages approximate about 13.76% and for dry sludge approximate about 7.73%. Finally the study concluded
that the dry and wet sludge can be used in as an additive to concrete mixtures till 15% form cement weight as one of
the available disposal options for Egypt sludge. The study recommended that more researches are needed to evaluate 
the durability of sludge concrete and the behavior of reinforced sludge concrete.
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Introduction
The treatment and disposal of sewage sludge is an expensive and 

environmentally sensitive problem. It is also a huge problem which 
facing the world-wide from many years, since sludge production 
will continue to increase as new sewage treatment works are built 
and environmental quality standards become more difficult [1]. 
With some traditional disposal ways coming under pressure, and 
others like land disposal having been phased out the challenge facing 
countries is to find cost effective and creative ways while responding 
to environmental, regulatory and public pressures. Recycling and use 
of wastes are the desirable options for sustainable development, rather 
than incineration, land spreading and land filling [2-5]. The Egyptian 
population has tripled during the last 50 years and still grows each year 
by approximately 1.5 million people, the total population increased 
from 22 million in 1950 to 80, millions in 2008, and is likely to increase 
to above 96 million by 2026. With the rapidly growing population and 
industrial development, wastewater generation has been increased and 
is also expected to increase significantly in the future. The Egyptian 
sanitation sector is facing many difficulties to manage this wastewater 
mainly due to financial problems, which require huge investments far 
above the presently available national resources. The Government of 
Egypt has invested more than 24 billion US$ in development of water 
and wastewater services over the last 20 years and plans to invest about 
20 billion US$ in the next 10 years [6-9]. In recent years, sewage sludge 
has become an international topic with numerous conferences and 
this activity reflects the growing realization that while world sludge 
production is on a relentless growth curve, environmental quality 
requirements for sludge are becoming increasingly stringent, disposal 
outlets are decreasing and yet economic pressures still require low-cost 
solutions to sludge disposal problems.  Due to the strict environmental 
laws and the flagrant environmental side effects which caused due to 
the traditional sludge disposal ways, the Government’s urgently try to 
find new ways to get rid form the large quantities of waste water sludge 
without harm the humankind or harm the environment, one of this 
new methods is Using the dry sludge in the construction materials like 
(concrete mix for non-reinforced concrete, in making the bricks, and 

Glass too). For many years, the methods and technologies for sewage 
sludge treatment, which are implemented in Egypt, are very limited 
the main attention was concentrating on the process of sludge drying, 
mainly through natural drying beds without any concern about the 
characteristics or quality of the produced sludge. Recently, there is an 
interest in expanding the use of new techniques and ways for sewage 
sludge treatment. Most of Egypt cities have treated the municipal 
sewage by partially technological treatment methods since 1980’s, 
but today, many small towns and municipalities in Egypt already 
have or plan their own sewage treatment plants. One thing often 
not considered is the amount of sewage sludge produced and to be 
disposed of or reused. There is an annual amount of 12 – 15 kg of solid 
matter in the sewage sludge per inhabitant in Egypt, which corresponds 
to a daily production of 35 – 40 g. The share of solid matter (organic 
and inorganic material produced within the sewage treatment process) 
depends on the pollution of the raw sewage and on the respective 
sewage treatment and sludge drainage system and is usually between 
1% and 3%. Higher amounts of solid matter (4–10%) may be achieved 
by thickeners, which pre-drain the sludge mechanically and partially 
stabilize it. These large quantities of sludge which generated each year 
from the water treatment plants in Egypt are disposed into the Nile 
River, the cities which located far from the Nile River banks dispose 
the sludge in the nearest empty land beside the WWTPs. This sludge 
contains at least 96% water [10], which causes certain environmental 
problems and health hazards in the future. There’s a world trend 
concerning sludge management are talking about converting the 
produced Sludge into useful materials not harmful to the human begin. 
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Sludge treatments facilities are almost not exist. The treatment process 
is ended by disposing the partially treated wastewater to the Sea or 
by flooding agriculture land And dispose dewater sludge in the sand 
areas around plants without any treatment. These disposal methods are 
forbidden in most European countries and United States due to the 
dangerous effects to human health and pollution of marine and costal. 
Consequently, these problems concerning the environmental impact 
of the traditional sludge disposal ways which used in the developing 
countries can be mitigated by searching for a new and easy disposal 
options with low cost other than disposal the sludge on land or 
disposal it into the sea or using it as a fertilizer for agriculture. Thus, 
many researchers worldwide spotlight on reusing sludge, and treated 
wastewater in construction technology. Finally, This work was directed 
toward scrutinize the feasibility of using the dry and wet sludge resulting 
from (WWTPs) with different percentages for non-reinforcement 
concrete mix and how it will affect the main characteristics of the 
concrete mix like (Compressive Strength, Workability…), compared 
with the different percentages of the dry and wet sludge. The successful 
use of sludge will help in reducing the Environmental and health 
problems related to the bad handling of sewage sludge at wastewater 
treatment plants and the scarcity of land area needed for disposal.

Materials and Methods
Materials

Sludge: The sludge was brought from EL-BADRASHEN 
wastewater plant. This plant was chosen due to better management and 
operation system than other plants which suffer from overloading and 
poorly management. Sludge samples were obtained from drying beds 
site. The sludge in this plant is exposed to sun for long period in the 
drying beds. The produced sludge has varying moisture depending on 
weather, temperature and sludge depth.

Dry sludge: The sludge was brought from EL-BADRASHEN 
wastewater plant and after that the sludge is dried on oven with 
temperature 200°C for about one-half hours. Then the sludge grinding 
and sifts out in sieve (4.75 and 2.36 mm) size (Figure 1). 

Wet sludge: The sludge was brought from EL-BADRASHEN 
wastewater plant and after that the sludge is grinding and sifts out in 
sieve (4.75 and 2.36 mm) size (Figure 2). 

Cement: Portland cement type -R with Grade 42.5 was used 
throughout the investigation. The cement was obtained from local 
concrete manufacture and kept in dry location.

Water: Tap water, potable without any salts or chemical was used 
in the study.

Aggregate: In general, aggregates make up 60%-75% of the total 
concrete volume, so their selection is important, because they control 
concrete properties. Two main categories of aggregate were used coarse 
(with dry unit weight 1650 kg/m3) and fine aggregates (with dry unit 
weight 1800 kg/m3). The coarse aggregate in this work was crushed 
limestone. Three size of coarse aggregate were used with maximum 
size greater than (5 mm). The appearance of these aggregate are shown 
in Figure 1. The aggregate are classified into fine and coarse. The sieve 
analysis of aggregate includes the determination of coarse and fine 
aggregate by using a series of sieves (Figure 3).

Methods
Concrete mix design: Concrete without sewage sludge was used as 

the control concrete, in which it prepared to investigate the influence 
of dry and wet sludge on concrete main properties. Mix was designed 

with a targeted compressive strength 250-300 kg/cm2. No mineral or 
chemical admixtures were added to mix. The mix operation of concrete 
control mixes and concrete with sludge mixes were taken place in a 
conventional blade-type mixer. Table 1 summarized the mix operation 
procedure which followed for all control and sludge concrete mixes 

Figure 1: Particle size distribution of used dry sludge.

Figure 2: Particle size distribution of used wet sludge.

Figure 3: Particle size distribution of used aggregates.

Step Number Description

1 Prior to start mix, add coarse aggregate, some of mixing water 
which may contain admixture if required

2 Start mixer

3 Add fine aggregate contained sludge, cement, and remaining 
water with mixer running

4 With all ingredients in the mixer, mix for 3 minutes
5 Stop mixing for 3 minutes
6 Mix for 2 minutes

Table 1: Mixing procedure according to ASTM.
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without any change. The sludge amount was mixed with sand to 
achieve homogeneous mixture. The process of determining required 
and specifiable characteristics of a concrete mixture is called mix 
design. Mixture proportioning refers to the process of determining 
the quantities of concrete ingredients, using local materials, to achieve 
the specified characteristics of the concrete. The design of concrete 
mixtures in this work involves the selection of proportions of available 
materials to produce concrete of required properties, with the greatest 
economy.

1. The required concrete strength is fcylinder=300 kg/cm2 at 28 day.

2. Water cement ratio (w/c) is determined. For non-entrained 
concrete and compressive strength 300 kg/cm2≈30 Mpa, water to 
cement ratio (w/c)=0.5 (Figure 2 and Table 2).

3. Concrete mix consist of cement, coarse aggregate, and fine 
aggregate According to the weight Percentages: Cement: 1 fine 
aggregate: 2 coarse aggregate: 4 in which W/C=0.5

Testing program

The testing program comprises obtaining fresh properties by 
applying the slump test and the compressive Strength of all samples 
at 7, 28 days. The 15*15*15 cm mould cubes were used to obtain the 
samples for Compression testing and at least 3-cubes were considered 
for each test result. When utilizing dry and wet sludge as an additive, 
concrete mix having 0,5,10,15 and 20% of cement weight, the effect 
of the dry and wet sludge on concrete properties was examined like 
(workability, compressive strength and densities) was studied.

The following tasks will be adopted to achieve the research 
objective:

1. Site visit to the El-BADRASHEN WWTP to get the sludge 
sample from drying beds.

2. Collecting the relevant information and data from (El-
BADRASHEN WWTP) related to sludge

treatment process, their quality, quantity, percentage of main 
components.

3. Dry the sludge from El-BADRASHEN WWTP stage in the oven 
at 200°C about 2-hours.

4. Mixed with different ratios (0, 5, 10 and 20%) of cement weight.

5. Making Sieving analysis for dry and wet sludge after grinding 
the sludge.

6. Doing BOD test for Wet and Dry sludge.

7. Doing TSS test for Wet and Dry sludge.

8. Making specimen cubes (15*15*15 cm) for each mix to do 
concrete strength test after (7-28) days.

9. Doing the Slump Test for test workability of concrete mix.

10. Calculate density for each concrete mix with the different 
Percentages (0, 5,10 and 20%).

Analysis the experimental tests results and draw conclusions 
(Charts) that present the following:

1.	 The effect of sludge type (Wet and Dry) produced from 
drying beds at El-BADRASHEN WWTP on the concrete strength after 
7-days.

2.	 The effect of sludge type (Wet and Dry) produced from 
drying beds at El-BADRASHEN WWTP on the concrete strength after 
28-days.

3.	 The effect of sludge type (Wet and Dry) produced from 
drying beds at El-BADRASHEN WWTP on the concrete workability 
(Slump Test).

4.	 Sieve analysis results for wet and dry sludge after grinding 
and for fine and coarse aggregate.

5.	 The optimum dry and wet sludge percentage to cement ratio 
which can be used in concrete mix without great effect on concrete 
strength or workability.

6.	 Variance% after 7-days and 28-days for wet and dry sludge’s 
with the different percentages (0, 5, 10, and 20%).

Results and Discussion
Type I dry sludge

Type I dry sludge was added to concrete mix with different 
percentages (5, 10, 15 and 20%) of total cement content. The influence 
of these sludge percentages on the slump value, concrete density and 
compressive strength.

Slump value

When dry sludge content in concrete is 5% or less, slight change 
in slump test observed when applying dry sludge as an replacement 
material from concrete weight, However for the mixes more than 5% 
decreased the workability of the mix around 2.7 cm difference than 
control mix and subsequently caused a reduction in the slump value 
obtain are explained in Table 3. These findings are contradicted with 
the results obtained by Valls et al. in which the slump test increases 
with increasing the% of sludge in concert mix, although these findings 
are generally agreed with the results obtained by Jamshidi et al. [11] 
also Mattar et al. [12], as using higher sludge percentages more than 
5% decrease the workability of the mix and subsequently causes a 
reduction in slump.

Density

The density of the tested concrete mixes slightly to moderately 
decreased as sludge content increased, which agrees that the reduction 
in density of sludge was higher when dry sludge was used than 
counterpart percentages for wet sludge are explained in Table 4. These 
findings are agreed with the results obtained by M. Mattar et al. [12], 
the density of the concrete decreased in all cases with increasing sludge 
content.

Compressive strength

The results of compression testing of cubes showed that the 
compressive strength reduces as the sludge content increases. Dry 
sludge less than 15% can be used as an additive to concrete mix without 
causing a marked reduction in compressive strength. 5% dry sludge by 
cement weight can be added to concrete mix with introducing slightly 
change around 1.3% after 28-days in mix preparation difference. The 
results showed that 20% of cement weight for dry sludge led to a 

Mix Cement Course aggregate Fine Aggregate
High compressive strength 1 2 1
Medium compressive strength 1 4 2
Low compressive strength 1 5 3

Table 2: Mix different Types.
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significant decline in compressive are explained in Table 4 and Figure 
3 [13].

Compressive strength Summery results for mix with dry 
sludge

These findings contradict in general with those obtained by 
Jamshidi, Jamshidi and Mehrdadi et al. [11] as concrete containing 
20% dry sludge showed acceptable results in which, by increasing the 
dry sludge content in concrete by 20% in concrete sample a decrease 
about 20% showed in compressive strength [14-16].

Influencing of dry sludge in drying period

For dry sludge different percentages, the required drying period 
after pouring it in the mould increased with increasing the dry sludge 
percentages, Moreover for 20% dry sludge from cement weight it take 
about 2-weeks to be dried in order to remove it from the mould and 
prepare it for curing (Tables 3 and 4, Figure 3).

Type II wet sludge

Type I wet sludge was added to concrete mix with different 
percentages (5,10,15 and 20%) of total cement content. The influence 
of these sludge percentages on the slump value, concrete density and 
compressive strength [17-19].

Slump value

When wet sludge content in concrete is 5% or less, slight change 
in slump test observed when applying wet sludge as an replacement 
material from concrete weight, However for the mixes more than 5% 
decreased the workability of the mix around 2.25 cm difference than 
control mix and subsequently caused a reduction in the slump value 
obtain are explained in Table 5.

Density

The density of the tested concrete mixes slightly to moderately 
decreased as sludge content increased, which agrees that the reduction 
in density of sludge was lower when wet sludge was used than 
counterpart percentages for dry sludge are explained in Table 3.

Compressive strength

The results of compression testing of cubes showed that the 
compressive strength reduces as the sludge content increases. Wet 
sludge less than 15% can be used as an additive to concrete mix without 
causing a marked reduction in compressive strength. 5% wet sludge 

by cement weight can be added to concrete mix with introducing 
moderate change around 5.7% after 28-days in mix preparation 
difference [20-23]. The results showed that 20% of cement weight for 
wet sludge led to a significant decline in compressive are explained in 
Table 6 and Figure 4.

Influencing of dry sludge in drying period

For dry sludge different percentages, the required drying period 
after pouring it in the mould increased with increasing the dry sludge 
percentages, Moreover for 20% dry sludge from cement weight it take 
about 2-weeks to be dried in order to remove it from the mould and 
prepare it for curing (Tables 5 and 6, Figure 4). In general, the rate 
of strength and density developed for all sludge concrete were lower 
compared to control mix without sludge. The results indicated that due 
the reduced workability of concrete mix with sludge content more than 
10% could adversely affected the preparation of concrete (Figure 5). 
These findings agree in general with those obtained by Mattar et al. [12], 
who showed that the presence of sludge reduces mechanical strengths 
of the concrete and this reductions increases as the sludge content 
increases [24-26]. Although this study showed a lower reduction in 
compressive strength. It indicates that the 10% sludge concrete mixes 
showed the worst results, which agree with Valls, However in this study 
the 20% of concrete mix for the wet and dry sludge showed the worst 
results (Figures 5-7).

Conclusion
The aim of the current study is to obtain the influence of dry 

and wet municipal waste water sludge on the physical mechanical 
properties of concrete mixes. In which the investigation properties 
involved workability, density, compressive strength. Accordingly based 
on the experimental investigation reported in the work, the usage of 
sewage sludge in concrete mixes as an alternative solution for disposal 
for Egypt WWTPs, the conclusions, which can be drawn, based on the 
experimental results are: 

1.	 The results show that the dry sludge different percentages 
(5,10,15 and 20%) are higher than the Counterpart percentages for the 
wet sludge.

2.	 Dry sludge less than 15% can be used as an additive to 
concrete mix without causing a marked reduction in compressive 
strength. 5% dry sludge by cement weight can be added to concrete 
mix with introducing slightly change around 1.3% after 28-days in mix 
preparation difference.

3.	 However, increasing the percentages of added dry sludge 
more than 5% decreased the workability of the mix around 2.7 cm 
difference than control mix and subsequently caused a reduction in the 
slump value obtained.

4.	 The results showed that 20% of cement weight for dry sludge 
led to a significant decline in compressive strength about 61.6% of 
control strength after 28-day age curing.

Concrete Mix Slump Test (cm)
5% dry sludge 7
10% dry sludge 6
15% dry sludge 5
20% dry sludge 3.5

Table 3: Slump test analysis results for Type I.

Table 4: Compressive strength and density analysis results.

Mix Type After 7-days After 28-days
Failure Load (Ton) Stress 

(Kg/cm2)
Average Density

(Kg/m3)
Failure Load (Ton) Stress 

(Kg/cm2)
Average Density 

(Kg/m3)
5% dry sludge 56.3 256 2347 58.4 260.0 2294
10% dry sludge 52.3 239 2260 53.8 241.7 2254
15% dry sludge 45.14 201 2252 50.5 226.7 2237
20% dry sludge 21.23 94 2131 22.6 101.0 2231
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5.	 For dry sludge different percentages, the required drying 
period after pouring it in the mould increased with increasing the dry 
sludge percentages, Moreover for 20% dry sludge from cement weight 
it take about 2-weeks to be dried in order to remove it from the mould 
and prepare it for curing.

6.	 The adverse effect of dry sludge on concrete compressive 
strength increased as the slump value decreased. The compressive 
strength of concrete mix contained 5% sludge decreased by 1.3% after 
28-days when the mix slump was 7 cm and 20% sludge decreased by 
61.6% after 28-days when the mix slump was 3.5 cm.

7.	 Wet sludge less than 15% can be used as an additive to 
concrete mix without causing a marked reduction in compressive 
strength. 5% wet sludge by cement weight can be added to concrete 
mix with introducing slightly change around 5.7% after 28-days in mix 
preparation difference.

Figure 5: Slump test analysis results for Type I.

Figure 4: Approximate relationship between compressive strength and w/c ratio for concrete.

Concrete Mix Slump Test (cm)
5% wet sludge 7
10% wet sludge 5.5
15% wet sludge 4.5
20% wet sludge 4

Table 5: Slump test analysis for wet sludge results.

Mix Type After 7-days After 28-days
Failure 
Load 
(Ton)

Stress(Kg/
cm2)

Average 
Density 
(Kg/m3 )

Failure 
Load 
(Ton)

Stress 
(Kg/
cm2)

Average 
Density 
(Kg/m3)

5% wet sludge 54 242 2358 56.3 248.3 2334
10% wet sludge 46 225 2295 52.093 230.7 2259
15% wet sludge 44 196.7 2272 45.22 202.3 2242
20% wet sludge 15.2 69 2149 18.453 83 2236

Table 6: Compressive strength analysis for wet sludge results.
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8.	 However, increasing the percentage of added wet sludge 
more than 5% decreased the workability of the mix around 2.25 cm 
difference than control mix and subsequently caused a reduction in the 
slump value obtained.

9.	 The results showed that 20% of cement weight for wet sludge 
led to a significant decline in compressive strength about 68.5% of 
control strength after 28-day age curing.

10.	 For wet sludge different percentages, the required drying 
period after pouring it in the mould increased with increasing the dry 
sludge percentages, Moreover for 20% wet sludge from cement weight 
it take about 10-days to be dried in order to remove it from the mould 
and prepare it for curing.

11.	 The adverse effect of wet sludge on concrete compressive 
strength increased as the slump value decreased. The compressive 
strength of concrete mix contained 5% sludge decreased by 5.7% after 
28- days when the mix slump was 7 cm and 20% sludge decreased by 
68.5% after 28-days when the mix slump was 4 cm.

12.	 The density of the concrete decreased in all cases with an 
increasing sludge content.

13.	 The reduction in density of sludge was higher when dry 
sludge was used than counterpart percentages for wet sludge.

14.	 In general, the rate of strength developed for all sludge 
concrete were lower compared to control mix without sludge.

15.	 The results indicated that due the reduced workability of 

Figure 6: Slump test analysis for wet sludge results.

Figure 7: Density difference for different % for wet and dry sludge.
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Concrete Mix Compressive Strength after 
curing 7-days 

Variance % after 
7-Days CompressiveStrength after Variance% after 28-

Days Slump Test (cm) Slump Test Variance (cm)  

Normal mix 259 0 263.3 0 8 0

5% dry sludge 256 -1.2% 260 -1.3% 7 -1
10% dry sludge 239 -7.7% 242 -8.1% 6 -2
15% dry sludge 201 -22.4% 227 -13.8% 5 -3
20% dry sludge 94 -63.7% 101 -61.6% 3.5 -4.5
5% wet sludge 242 -6.6% 248.3 -5.7% 7 -1
10% wet sludge 225 -13.1% 230.7 -12.4% 5.5 -2.5
15% wet sludge 196.7 -24.1% 202.3 -23.2% 4.5 -3.5
20% wet sludge 69 -73.4% 83 -68.5% 4 -4

Table 7: Results Summary.

concrete mix with sludge content more than 10% could adversely 
affected the preparation of concrete Table 7.
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