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ABSTRACT 

Water is one of the most important sources on the earth. It is important for the 

survival of humans and other creatures. However, the demand of water is 

increasing day after day due to the increasing population growth. So, it is a 

demand that we should find ways to optimize our water using in different areas 

in order to conserve it as much as possible. Construction sector is one of the 

main sectors that use water in enormous quantities. It is used in concrete and 

cast stone as inherent and curing component. Also, it became a wastewater 

after being used in stone industry (in the sawing stage). 

In this research, water resulted from stone industry -Which is called slurry 

wastewater- is going to be used as a replacement of fresh tap water in the 

production of cast stone. In order to study the effect of using this water, samples 

of cast stone with different water to cement ratios and different replacements of 

slurry wastewater with fresh tap water are prepared. The tests adopted are 

compressive strength test, slump test, and absorption. 

Cubic samples with 10x10x10cm dimensions are prepared. 8 samples are 

prepared for each mix. For compressive strength, 4 samples are tested after 7 

days of curing and the other 4 samples are tested after 28 days of curing. Slump 

test is done immediately after preparing the mix. The absorption of 4 samples in 

each mix is measured after 28 days of curing. 

The results showed that using slurry wastewater does not affect slump 

significantly. All Mixes with w/c=0.5 resulted in shear slump. However, mixes with 

w/c=0.7 examined zero slump except those with 20% and 100% replacements 

that examined 48 and 20mm respectively. Mixes with w/c=0.8 are all examined 

zero slump. Results also shows that as slurry wastewater replacement increases, 

absorption increases. For compressive strength, results showed that mixes with 

w/c=0.6 examined decreasing compressive strength after 28 days of curing.  

using w/c=0.7, compressive strength decreases as slurry wastewater 

replacement increases. Also, mixes with w/c=0.8 examined reduction of 

compressive as slurry wastewater replacement increases. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 
Water dominates the surface of Earth and is vital to life on our planet. It is a core 

component of environment and one of the basic necessities of life on the earth. 

It is a renewable resource and at the same time is most essential commodity for 

human consumption. 

Generally, the increasing of population and the improving of living standards 

are the main driving force for the rising global demand for water. Water scarcity 

is the lack of fresh water resources to meet water demand. This depletion of 

water has many negative impacts on the environment, such as adverse effects 

on lakes, rivers, ponds, wetlands and other fresh water resources have become 

more developed sources of freshwater, becoming the main source of clean 

water. 

Water is now facing great challenges against scarcity, so conserving our natural 

resources is important. Since water recycling conserve natural resource and 

offers financial savings, it is important to reuse wastewater for beneficial 

purposes as irrigation, industrial processes, etc. 

Construction industry uses water in enormous quantities. Water is used as one of 

the main components in concrete mixing and curing, it’s also used in cast stone 

industry, natural stone industry, and other uses. In Palestine, Concrete is the main 

construction material. Also, cast stone industry is growing every day due to its 

advantages. 

Saving fresh potable water in construction industry will lead to an increased 

abundance of water. Because of the challenges that faces our country, the 

necessity of saving water is increasing day after day. the population increases 

and so do the water demand. 
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1.2 Stone Industry 
Stone and marble industry sector is one of the main industries in Palestine. 

According to the union of stone and marble industry in Palestine, there are more 

than 1200 stone facility that produce about 16 million square meters of stone, 

marble, plates, tiles, and other productions. stone industry contributes in 5% of 

GPD and 4.5% of GNP. It also offers more than 20,000 of direct job opportunities 

and thousands of indirect job opportunities of sectors related to stone industry. 

The annual revenues of this industry is about 700 million dollars. The main markets 

for this industry are: local market with 20%, Israel and global market with 65%, 

and 15% for direct export.[1] 

Natural stone is produced after several sequent stages. First, stone is extracted 

from quarries using different technologies. Then it’s transported to stone cutting 

industries at which it’s sawed, polished, and dressed. Figure 1.1 through 1.4 

shows the stages of producing natural stone in Palestine. 

 
Figure 1.1: stone quarrying. 
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Figure 1.2: stone Transporting. 

 

 

* 

Figure 1.3: stone sawing and polishing. 
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Figure 1.4: stone dressing. 

 

 
Figure 1.5: ready to use natural stone with different beautiful dressings. 

 

 
Figure 1.6: a beautiful building cladded with natural stone. 
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1.3 Cast Stone Industry 
Cast Stone is defined as “a refined architectural concrete building unit 

manufactured to simulate natural cut stone, used in unit masonry applications 

as per ASTM C1364.” Cast Stone is a masonry product, used as an architectural 

feature, trim, ornament or facing for buildings or other structures. Cast Stone can 

be made from white and/or grey cements, manufactured or natural sands, 

carefully selected crushed stone or well graded natural gravels and mineral 

coloring pigments to achieve the desired color and appearance while 

maintaining durable physical properties which exceed most natural cut building 

stones. Cast Stone is an excellent replacement for natural cut limestone, 

brownstone, sandstone, bluestone, granite, slate, keystone, travertine and other 

natural building stones. 

Today, cast stone is a Portland cement-based architectural precast concrete 

product manufactured using high quality fine and coarse aggregate as its 

primary constituents. The use of a high percentage of fine aggregate creates a 

very smooth, consistent texture for the building elements being cast, resembling 

natural cut stone. Other ingredients such as chemical admixtures, pozzolans, 

and pigments also may be added. 

 Cast stone frequently is produced with a low water-to-cement ratio mixture with 

a "dry" (or "earth moist") consistency. The mixture is consolidated into a mold 

using an air-driven, or electric, tamping device or vibration under pressure, 

which is much like the formation of natural sedimentary rock. Products 

manufactured in this manner are referred to as vibrant-dry-tamped (VDT) cast 

stone. For cast stone mixtures produced with a slumpable consistency mixture, 

the concrete typically is consolidated using internal or external vibration applied 

to the production mold, or increasingly by the use of self-compacting additives. 

Cast stone is produced by preparing materials (white cement, coarse 

aggregates, fine aggregates, admixtures if used, fragments if used, water), 

mixing them, pouring the mix into molds, vibrating the molds by vibrator 

machine, and storing them about 24 hours (or more) for curing process to take 

place. The figures below show the stages of cast stone production: 



 

15 

 

 

Figure1.7: material mixing. 

 

Figure1.8: delivering the mix to the vibrator. 

 

Figure1.9: molding the mix into special molds shown. 
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Figure1.10: placing fresh casted stone mortar on a vibrator machine 

The following figures show how widely cast stone could be produced: 

 

Figure1.11(a) cast stone could be produced to simulate natural stone 
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Figure1.11(b): some beautiful products made of cast stone 

 

Figure1.11(c): very wide variety of beautiful decorate products could be 

produced from cast stone that cannot or hard to be produced from natural 

stone 
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Table1.1shows the cast stone production rate of some Palestinian cast stone 

industries and the monthly water demand for each one. 

Table 1.1, Information of water using and cast stone production in several cast 

stone facilities in Palestine 

 المحافظة اسم الشركة الرقم
اإلنتاج الشهري 

 )م3(

االستهالك 

 الشهري )م3(
 مصدر المياه

  80 4000 طولكرم شركة أبناء هواش للحجر الصناعي 1

2 
ر الشركة الوطنية لتكنولوجيا الحج

 الصناعي
 بلدية + تنكات 56 2600 نابلس

يعنالصا مصنع القوصيني للحجر 3   15 500 نابلس 

ا ستونمصنع ألف 4 30-35 2000 طولكرم    

تسلفي الدعاس للحجر الصناعي 5  2000-1000  70-50  البلدية 

500-600 نابلس شركة التالوي للحجر الصناعي 6  30  

 آبار خاصة 10 500 نابلس شركة العنبر للحجر الصناعي 7

 بلدية 30 1000 جنين شركة مصانع الفارس 8

ناعيلسطينية للحجر الصة الفشركلا 9 ابلسن   نبعة خاصة 10 3000 

 تنكات 10 - جنين مصنع السيالوي للحجر الصناعي 10

 بلدية 5 600 سلفيت الشاعر للحجر الصناعي 11

 تنكات 15 - نابلس مصنع الريحان للحجر الصناعي 12

1.4 Slurry waste water resulted from stone 

industry 
The stone cutting industry consumes large amounts of fresh water and produces 

even larger amounts of viscous liquid waste known as "Stone Slurry Waste". This 

waste contains water and the chemical constituent of the parent stone. In 

Palestine, Calcium Carbonate (CaCO3) is the main constituent of slurry waste in 

addition to other minerals from parent rock. 

To visualize it, fresh potable water has specific gravity of 1. Slurry waste used in 

this project has 1.5 specific gravity, which is 50% more than potable water. 

Stone cutting factories generate high quantities of sludge, which are expected 

to increase due to the increase in using stone, marble and granite. The 

equipment used in stone cutting processes require the use of large amounts of 

water, for cooling, lubrication and cleaning. Figure 1.12 shows the slurry resulted 

in the process of sawing and polishing natural stone. 
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Figure 1.12(a): Slurry waste resulting from stone cutting process 

 
 

 
Figure 1.12(b): you can see how this water is viscous and white colored due to 

the existence of stone particles. 
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In Palestine, the environmental impact of stone slurry waste resulted from 

quarries and stone processing industry is devastating; affecting air quality, 

surface and ground water, and contaminated agricultural soil. 

Many stone cutting facilities used to collect the stone slurry in holes around the 

plants that exist in the populated areas, thus they cause hazardous objects that 

may kill people, animals, and plants. On the other hand, the slurry generated 

from this industry in many cases is disposed in the municipal sewer system 

causing blockage in these networks and many harms consequences, and when 

it is transported to landfills and open areas, it pollutes the surrounding and 

causes poor soil fertility and penetrates to the ground water. Moreover, when 

slurry becomes dry, the resulted powder flies and deposits on agricultural lands 

and vegetation harshly affecting the environment and the ecosystem. 

Figure1.13 shows the disposal of slurry waste water in open areas. 

The topic of recycling the stone slurry in Palestine has occupied a significant 

promising field in Palestine recently. According to the most updated and 

comprehensive study in stone waste management field that examined the 

quantity of the slurry generated in Palestine, there is 750,000 cubic meters of 

liquid slurry generated annually in the West Bank. 
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Figure 1.13: Disposal of slurry waste water in open areas 

1.5 Objectives  
This aim of this research is to see how using slurry waste water resulted from stone 

cutting industries as a replacement of fresh potable water affect the 

mechanical behavior of cast stone. This is done by testing the mechanical 

properties such as compressive strength, workability, and absorption of various 

mixes samples of cast stone with various ratios of replacements of sludge water. 

samples are prepared, molded in cubic molds, cured in water basins, and 

tested. For compressive strength, samples are tested after 7 and 28 days, 

workability is measured using slump test achieved immediately after mixing, and 

Absorption is measured after 28 days mixing date. 
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CHAPTER 2  

LITERATURE REVIEW 

Because of the increased demand of water around the world day after day, the 

utilization of water using became so important. Water is a limited resource as 

any element on this earth. It, however, is the most important resource for 

humans. Using water in different industries is surely necessary in order to produce 

different products. Concrete is one of these industries that has the highest rate 

of water consumption among all the industries. Stone cutting industries has also 

enormous amount of water consumption. 

Lots of researches are adopted to study the effect of using wastewater of 

different types in construction industry in order to save fresh water to be used by 

human. 

 

Kadir et al.[2] Studied the effect of using slurry water in replacement of fresh 

water in concrete mechanical properties. The results show that a 20% 

replacement of slurry water achieved the highest compressive strength and 

modulus of elasticity. Also, the control mix has less compressive strength 

compared to the concrete mixed with slurry water. 

 

Alzboon et al. [3] Investigated the effect of using stone cutting waste on the 

compression strength and slump of concrete. For slurry water, analysis of a 

sample showed that 96% of sludge volume is occupied by water. For 

compressive strength, results showed that the effect of using slurry water in the 

production of concrete is insignificant. Water with 25% of sludge content 

obtained successful concrete samples in compression and slump tests. 
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Al-ghusain et al. [4] Studied the use of treated wastewater for concrete mixing in 

Kuwait. They concluded that Tertiary treated wastewater produced from Kuwait 

wastewater treatment plant is suitable for concrete using with no seriously 

effects. 

 

Mahasneh[5] Studied the effect of using treated water and wastewater in 

concrete production on compressive strength. Using treated water and 

wastewater, for treated water, the strength of cubs and cylinders samples is 

decreased. For cube, the reduction of compressive strength is 7.3%. 

Compressive strength for cylinders is reduced by 9.7%. for wastewater. 

Reduction of compressive strength using cubes is 23.2%, and 23.1% using 

cylinder. 

 

Al-Jabri et al. [6] Studied the effect of using wastewater on properties of high 

strength concrete. they Concluded that using wastewater in concrete gives 

comparable results with concrete prepared using tap water. They also 

concluded that the absorption of concrete after 28 days is not affected using 

wastewater. 

 

Olugbenga [7] Investigated the effect of different types of mixing water on 

concrete compressive strength. Also, they analyzed the impurities effect such as 

salts of sodium, tin, zinc, manganese, lead and copper. on concrete 

compressive strength. Other impurities like suspended solids, silts are studied to 

conclude the effect of these impurities on compressive strength. They 

concluded that the sources of water used in concrete mixing has significant 

impact on compressive strength of resulted concrete. 

 

Tay et al. [8] Studied the feasibility of using reclaimed wastewater for concrete 

mixing. They studied the compressive strength of concrete cubes casted with 

different percentages of reclaimed wastewater in the total mixing water. They 

concluded that the strength at early ages are slightly increased with increasing 
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percentages of reclaimed wastewater compared with samples casted with 

potable water. Also, compressive strengths were similar after three months or 

beyond. The effect of using reclaimed wastewater is not adverse. Using 

reclaimed wastewater showed increases in strength at earlier ages compared 

with concrete cured using potable water. 

 

Olutoge et al. [9] Studied the effect of using sea water on compressive strength 

of concrete. They concluded that specimens mixed and cured using sea water 

have higher compressive strength compared to those that mixed and cured 

using potable water. They also concluded that the compressive strength is 

affected when casting concrete with fresh water and curing it with salt water 

and vie-versa. 

 

Ul-Haque et al. [10] Investigated the using of municipal wastewater in plain 

cement concrete construction. It was found that using municipal wastewater in 

the mixing process after primary treatment will give a strength of 209Kg/cm2.  

 

Al-joulani [11] studied the utilization of 8 types of waste water in concrete 

mixtures and how some properties affected by them. Properties such as 

compressive strength, workability, natural water absorption and splitting tensile 

strength are tested. He has found that using stone cutting industry wastewater 

and other wastewater types in structural concrete and non-structural 

applications has an excellent potential 

 

Sharkawi et al. [12] Investigated the feasibility of recycling washing water that 

obtained from ready mix concrete batch plants. They determined the main 

chemical composition and physical properties of water. They concluded that 

the behavior of mortar specimens with washing water is depended on their 

chemical analysis. They also found that no significant adverse impact on the 

physical and mechanical properties of the mortar if tap water is replaced with 
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batch plant washing water. Also, they concluded that using 25% of washing 

water replacement has increased the compressive strength by 40% 

 

Asadollahfardi et al. [13] Studied the feasibility of producing fresh concrete using 

concrete wash water from ready mix concrete trucks and batching plant. They 

concluded that the settlement time of mortar and compressive strength were 

acceptable. Other characteristics such as workability and penetration depth 

were allowable for all samples. Also, they found that, by using ANOVA 

technique, flexural, tensile and compressive strength of concrete prepared 

using wash water had no significant adverse effect. 

 

Chatveera et al. [14] Studied the sludge water resulted from ready-mixed 

concrete plant. They concluded that the sludge water tested has a high 

alkalinity and total solids content that are not comply with ASTM C94. Also, they 

found that the slump and compressive strength are decreased. They also 

concluded that the temperature and unit weight of concrete using sludge 

water is not affected compared with fresh water using. 

 

Ghrair et al. [15] Investigated reusing domestic wastewater in concrete using 

Bench-Scale Testing and Full-scale Implementation. They found that wastewater 

is suitable to be used for mortar and concrete production according to IS 456-

2000. They also concluded that mortar with STW (secondary treated 

wastewater) achieved no significant negative effect in compressive strength 

after 200 days of curing. However, they concluded that PTW (primary treated 

wastewater) has exceeded the maximum E. coli limits. They also found that 

using PTW, initial setting time is increased by 16.7% and workability is noticeably 

decreased. Also, using PTW as mixing water gave reduction up to 19.6% in 

compressive strength. 

 

Cebeci et al. [16] Studied using of domestic sewage as mixing water in 

concrete. They performed tests such as air content, setting time, compressive 
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strength and specific gravity. They concluded that the specimens prepared 

using untreated domestic sewage has increased in terms of entrains air and 

initial setting time compared with concrete with distilled water. However, 

Strengths of mortar and concrete are decreased. They recommended that 

domestic sewage should not be used in concrete technology. Also, they found 

that for biologically treated domestic wastewater, there is no distinguishable 

difference compared with distilled water when used as mixing water. 
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CHAPTER 3 

EXPERIMENTAL WORK 

3.1 Cast Stone 
Cast Stone:   A concrete masonry form of artificial stone which simulates natural-

cut stone. It is used for architectural purposes. Cast stone mixture can be made 

from aggregates, white or grey cement, water, colored with mineral coloring 

pigments, and some other additives can be added to obtain certain properties. 

These components are mixed with different and suitable ratios in order to get 

mixes with properties such as absorption, strength and density that comply with 

specifications. The mix proportions of cast stone were used according to the 

properties listed in the table below. 

Table 3.1: Mix proportions used for this research (kg/m3) 

W/C REPLACEMENT (%) MIX 
CEMENT 

(KG/M3) 

WATER 

(KG/M3) 

SLUDGE 

WATER 

(KG/M3) 

RIVER 

SAND 

(KG/M3) 

CRUSHED 

LIMESTONE 

ROCK 

(KG/M3) 

SUPER

PLASTI

CIZER 

(L) 

0.6 0 OPC(0.6) 309 185 0 896 956 2 

0.6 20 SW20(0.6) 309 148 37 896 956 2 

0.6 40 SW40(0.6) 309 111 74 910 966 2 

0.6 60 SW60(0.6) 309 74 111 910 966 2 

0.6 80 SW80(0.6) 309 37 148 910 966 2 

0.6 100 SW100(0.6) 309 0 185 910 966 2 

0.7 0 OPC(0.7) 279 195 0 896 956 2 

0.7 20 SW20(0.7) 279 156 39 896 956 2 

0.7 40 SW40(0.7) 279 117 78 910 966 2 

0.7 60 SW60(0.7) 279 78 117 910 966 2 

0.7 80 SW80(0.7) 279 39 156 910 966 2 

0.7 100 SW100(0.7) 279 0 195 910 966 2 

0.8 0 OPC(0.8) 250 200 0 896 956 2 

0.8 20 SW20(0.8) 250 160 40 896 956 2 

0.8 40 SW40(0.8) 250 120 80 910 966 2 

0.8 60 SW60(0.8) 250 80 120 910 966 2 

0.8 80 SW80(0.8) 250 40 160 910 966 2 

0.8 100 SW100(0.8) 250 0 200 910 966 2 
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3.1.1 Components of Cast Stone Mix 
A. Cement 

a powdery substance made by calcining lime and clay, mixed with water to 

form mortar or mixed with sand, gravel, and water. It is a water-based binder 

used to bind other building materials together. It is used in the production of 

mortar and concrete during the construction process. Cement is the most 

widely used material in existence and is only behind water as the planet's most-

consumed resource. 

There are many types of cement such as: Ordinary Portland Cement, Rapid 

Hardening Cement. In this research Portland cement will be used.  

B. Water  

Two types of water will be used in this research as following: 

1.Tab water 

The quality of mixing water in cast stone mixture has important effects on cast 

stone properties, such as strength and durability. 

The appropriate water for mixing is potable water, and the specifications (ASTM 

C97) usually stipulate that the water must be free of chloride, sulphate and salts 

and is free from harmful substances such as oils, grease, organic matter, cork 

and other substances that have a reverse effect on cast stone properties such 

as resistance to weathering conditions and durability also the compressive 

strength. 

2.Stone slurry waste water  

Cutting stone process produce this waste water, it is an economic and 

environment problem, where the stone cutting factories discharge water with 

total suspended solid about 1200mg/l (even more); which lead to high 

maintenance of sewage network. The main problem that it causes, that the 

discharge area of slurry stone waste water in Palestine are locates in the 

recharge areas of principle aquifers used for drinking water supply. 
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Figure 3.1: Stone slurry wastewater 

C. Water Cement Ratio (W/C) 

It is used to calculate the quantity of cement in the mix design, which is the 

weight of the water divided by the weight of the cement. Its value ranges 

between 0.4 and 0.7depending on the properties needed and the results to be 

achieved. Generally, as water increases, the strength of the mix decreases. In 

concrete and cast stone mixes, aggregates are used as an economical 

component. Usually, the volume occupied by aggregates ranges from 60% to 

75% of the Cast stone volume (70% to 85% by mass). 

D. Aggregate 

Aggregates are inert granular materials such as sand, gravel, or crushed stone 

that, along with water and Portland cement. They give volume, stability, 

resistance to wear or erosion, and other desired physical properties to the 

finished product. The most common natural aggregates of mineral origin are 

sand, gravel (fine aggregate) and crushed rock (coarse aggregate). 
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Aggregates are produced from natural sources extracted from quarries and 

gravel pits and in some countries from sea-dredged materials (marine 

aggregates). 

 

1.Coarse aggregate 

They are particles that will not pass through a sieve with 4.75 mm openings (No. 

4). The coarser the aggregate, the more economical the mix. Larger pieces 

offer less surface area of the particles than an equivalent volume of small 

pieces. Use of the largest permissible maximum size of coarse aggregate permits 

a reduction in cement and water requirements. 

 

Figure 3.2: Coarse aggregate 

2.Fine Aggregate 

The other type of aggregates are those particles passing the 9.5 mm (3/8 in.) 

sieve, almost entirely passing the 4.75 mm (No. 4) sieve, and predominantly 

retained on the 75 µm (No. 200) sieve are called fine aggregate. For 

increased workability and for economy as reflected by use of less cement, the 

fine aggregate should have a rounded shape. The purpose of the fine 

aggregate is to fill the voids in the coarse aggregate and to act as a workability 

agent. 

https://www.aboutcivil.org/concrete-workability-factors.html


 

31 

 

 

Figure3.3: Fine aggregate 

3. Sand 

Sand is a granular material composed of finely 

divided rock and mineral particles. Its size being finer than gravel and coarser 

than silt. The ability of the sand type used in this research is virtually non-existent 

and it does not affect the amount of water used in the mix. 

Sand is used in the mix in order to fill the gaps between the particles, and this will 

increase the strength of the mix. 

In this research two types of sand were used, red and white one. 

 

Figure3.4: White sand 

https://en.wikipedia.org/wiki/Granular
https://en.wikipedia.org/wiki/Rock_(geology)
https://en.wikipedia.org/wiki/Mineral
https://en.wikipedia.org/wiki/Gravel
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Figure 3.5: Red sand 

3.2 Preparing of Cast Stone Mix 

3.2.1 Material Proportions 

The mixes proportions of cast stone are adopted. The difference in these 

proportions is the reason of getting different results. Mixes ratios including the 

quantity of the components that cast stone is made of which are cement, 

water, coarse aggregates and fine aggregates. Superplasticizer is also used to 

increase the workability of the mix.  

3.2.2 Material Mixing 

In this part, both manual and electrical mixing are used to mix the components 

of cast stone mixes. The procedure for each type of mixing is shown: 

3.2.2.1 Mechanical Mixing 
Mixes with water to cement ratio of 0.5 and 0.7 are done by Mechanical mixer. 

In using mechanical mixer, a mixing procedure is followed in order to make the 

mixing process standardized, highly efficient. 
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Figure 3.6: The mixer used in this research 

 

 

1-First, make sure the mixer is clean and dry and well operated. 

 

2-Turn the mixer on. Add the following into it: 

One half the mass of coarse aggregates + two thirds mass of water. 

 

3-After four minutes of mixing, add the following: 

All cement + one half the mass of fine aggregates. 

 

4-After four minutes of mixing, add the following: 

The rest of components left (one half the mass of coarse aggregates + 

one half the mass of fine aggregates + one third the mass of water.) 

 

5-After four minutes of mixing, turn off the mixer.  
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Figure 3.7:  Using mechanical mixer to prepare different mixes  

 

3.2.2.2 Manual Mixing 
Manual mixing was used to prepare cast stone mixes with water to cement ratio 

of 0.8. The procedure that was followed is shown below: 

1. First, make sure the used platform is clean and dry. 

2. Spread out the measured quantity of sand uniformly on the mixing 

platform. Dump the cement on the sand and distribute it uniformly. Mix 

the sand and cement, turning the mixture over and over again until it is 

uniform in color. 
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Figure 3.8: Sand-Cement mixture 

3. Spread out the sand-cement mixture once again uniformly on the mixing 

platform. On top of this, spread the measured quantity of coarse 

aggregate. Don’t dump at one place; otherwise the bigger particles will 

tend to roll out. Mix again at least three times by shoveling from the center 

to side, and then back to the center and again to the side. 

 

Figure 3.9: Sand-Cement and course mixture 

4. Make a depression in the middle of the mixed pile and pour slowly into 

half to three-quarters of the total quantity of water required. While the 

material is turned in towards the center with shovels, add the remainder of 

the water slowly, turning the mixture over and again until the color and 

consistency are uniform throughout the pile. 
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Figure 3.10: Adding water to the mixture 

 

 

Figure 3.11: Different fresh mixes of cast stone after mixing process 

3.3 Cast Stone Mix Sampling and Curing 

After the mix was prepared, it is poured in the mold and tempered properly so 

as not to have any voids. After 24 hours these molds are removed and test 

specimens are put in water for curing. The top surface of these specimen should 

be made even and smooth. This is done by putting cement paste and 

spreading smoothly on whole area of specimen. Sampling of cubes procedure is 

shown: 

1. Clean the molds and apply oil. 



 

37 

 

 

Figure 3.12: The molds used in this research 

2. Fill the concrete in the molds in layers approximately 5 cm thick. 

 

Figure 3.13: filling molds with the cast stone mix 

3. Compact each layer (2 layers) with 25 strokes per layer using a tamping 

rod (steel bar 15mm diameter and 60cm long, bullet pointed at lower 

end). 

 

Figure 3.14: Compacting cast stone layers 
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4. Level the top surface and smooth it with a trowel. 

 

Figure 3.15: Smoothed surface cast stone sample 

After curing and preparing samples, label them. Then, let these samples 

hardening well by leaving them in the molds for 24 hours and after this period 

the specimens are marked and removed from the molds and kept submerged 

in clear fresh water until taken out prior to test. 

 

Figure 3.16: Labeling the samples before curing 

For each mix, 8 cubic samples are adopted in order to increase the adequacy 

and reliability of theresults. 
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Figure 3.17:  Samples prepared in the laboratory 

 

Figure 3.18:  Water bath used for curing in this research 
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3.4 Testing 

3.4.1 Compressive strength test 
Compressive strength is one of the most important mechanical properties of 

cast stone. It is directly proportional to cast stone’s other positive qualities. 

Concrete with high compressive strength is occupied, hard, water resistant, and 

resistant to other outside effects. By determining concrete’s compressive 

strength, a general evaluation about cast stone quality can be reached. 

Compressive strength is the capacity of material or structure to resist or 

withstand under compression. The Compressive strength of a material is 

determined by the ability of the material to resist failure in the form cracks and 

fissure. 

In this test, the push force applied on the both faces of concrete specimen and 

the maximum compression that concrete bears without failure is noted. 

This test is done by compression testing machine after 7 days and 28 days 

curing. 

 

Figure 3.19: Compression test machine 
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Table3.2: the approximate strength of cast stone with days 

STRENGTH % DAY 

40 3 

60 7 

75 14 

100 28 

 

3.4.2 Slump test 
The slump test measures the consistency of fresh cast stone before it sets. It is 

performed to check the workability of freshly made cast stone, and therefore 

the ease with which cast stone flows.  

The consistency, indicates how much water has been used in the mix. The 

stiffness of the cast stone mix should be matched to the requirements for the 

finished product quality. The slump test is used to ensure uniformity for different 

loads of concrete under field conditions. The slump test is perhaps the most 

widely used because of the simplicity of the apparatus required and the test 

procedure. The slump test indicates the behavior of a compacted cast stone 

cone under the action of gravitational forces. The slump test is a practical 

means of measuring the workability.  

Changes in the value of slump obtained during a job may indicate changes in 

materials, in the water content or in the proportions of the mix, so it is useful in 

controlling the quality of the cast stone produced. 

3.4.2.1 Apparatus 
 Slump cone with 12-in (300 mm) height, 8-in (200 mm) diameter and a 4-in 

(100 mm) diameter 

 Tamping rod with 24-in (600mm) high, 5/8-in (15mm) diameter and 

hemispherical tip at both ends 

 Base plate 

 Scope 

 Steel ruler 
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 Brush 

Figure 3.19 shows the slump test equipment. 

 

Figure 3.20: Slump test equipment 

 

3.4.2.2 Procedure 
 Clean the internal surface of the mold and apply oil. 

 Place the mold on a smooth horizontal non- porous base plate. 

 Fill the mold with the prepared concrete mix in 3 approximately equal 

layers. 

 Tamp each layer with 25 strokes of the rounded end of the tamping rod in 

a uniform manner over the cross section of the mold.  

 Remove the excess concrete and level the surface with a trowel. 

 Clean away the mortar or water leaked out between the mold and the 

base plate. 

 Raise the mold from the concrete immediately and slowly in vertical 

direction. 

 Measure the slump as the difference between the height of the mold and 

that of height point of the specimen being tested. 

3.4.2.3 Results  
When slump test is carried out, there are four types of slump that can be 

observed as shown in figure 3.20 
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Figure 3.21: Slump types 

1. True slump: In a true slump concrete just subsides shortly and more or less 

maintain the mold shape. This type of slump is most desirable. 

2. Shear slump: If one-half of the cone slides down in an inclined plane, it is 

called a shear slump. Shear slump indicates lack of cohesion in the 

concrete mix.  

3. Collapse slump: In this case, fresh concrete collapses completely. 

4. Zero Slump: If concrete maintains the actual shape of the mold, it is called 

zero slump which represents stiff, consistent and almost no workability. 

 

  

Figure 3.22: slump test 
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3.4.3 Absorption 
Cast stone Water absorption plays critical role to the quality and durability and 

therefore theServiceability of cast stone. High permeability allows chemical 

molecules introduction into thatcould react with cast stone components. It also 

leads to degeneration of cast stone unit due tofreezing and thawing cycles. 

Low permeability increases cast stone resistance to the introductionof harmful 

substances which causes chemical attack. There are several factors affect 

theabsorption of cast stone. Initial curing has the main effect of cast stone 

absorption. Usingvibrators while producing cast stone is important to eliminate 

air voids and get high-qualityresults. Also, absorption varies with W/C ratio. Cast 

stone with high W/C ratio will contain morevoids.  

3.4.3.1 Procedure 
Absorption will be measured after 28 days of curing by the following procedure: 

 After preparing cubic cast stone samples, these sample are immersed in a 

water basin. 

 After 28 days. Weigh the samples. This weight is the saturated weight. 

Note: make sure 

 to dry the surface of samples using a cloth piece. 

 Put the samples in the oven with 110.0C temperature. 

 After 24 hours. Weigh the samples. This is the dry weight. 

 Calculate the absorption by the following equation: 

Absorption (%) = ((saturated weight − dry weight)/ dry weight) ∗ 100 
 

 

3.4.4  Sieve analysis 
Sieve analysis is the test used to assess the gradation of the aggregate’s size 

distribution. It’s important that the gradation of the aggregates is suitable for it’s 

use. Generally, well graded aggregates distribution is an indication of a good 

quality concrete and cast stone.  

The figure and table below show the sieve analysis for the aggregates used in 

this project: 
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Figure 3.23: sieve analysis results for this project 

 

 

Table 3.3: sieve analysis results 

Sieve size (mm) 
Weight 

retained 
% retained 

Acc. 

retained 
Acc. % passing 

19 21 0.15 0.15 99.85 

12.5 1922 13.8 13.95 86.05 

9.5 1745 12.5 26.45 73.55 

4.75 3021 21.6 48.05 51.95 

2.36 2695 19.3 67.35 32.65 

1.18 1814 13.0 80.35 19.65 

0.6 2235 16.0 96.35 3.65 

0.3 370 2.7 99.05 0.95 

0.15 85 0.6 99.65 0.35 

0.075 21 0.15 99.8 0.2 

Pan 27 0.2 100 0 
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CHAPTER 4 

RESULTS 

3.5 Test Results 

4.1.1 Slump Test 
In this research, slump test is achieved for all the mixes. The results showed that 

the slump in all water to cement ratio of (0.5) and (0.8) mixes equal zero. It 

should be noted that 0.5 (W/C) mix examined shear slump. 

But for W/C=0.7, the slump was zero for all mixes except shown on the table 

below. 

Table 4.1: Slump test results for W/C=0.7 

W/C 

Percentage 

of 

Replacement 

Slump(mm) 

0.7 20% 48 

0.7 100% 20 

 

 

Figure 4.1: some of slump test results. 



 

47 

 

4.1.2 Absorption 
Table 4.2 shows the results of the absorption test on samples made with w/c=0.7 

and w/c=0.8 for different replacements after 28 days of casting. 

Table 4.2: absorption results: 

W/C 
REPLACEMENT (%) 

0 20 40 60 80 100 

0.6 --- --- --- --- --- --- 

0.7 6.18 6.61 --- --- --- --- 

0.8 --- --- 7.46 7.55 7.61 --- 

 

Table shows the specification used for absorption (ASTM C 1195, Standard Test 

Method for Absorption of Architectural Cast Stone) and the results compression. 

Table 4.3: Cast stone absorption specifications. (ASTM C 1195) 

CLASS SPECIFICATION 

A 

For any specimen: 4.6% (max) Average: 

4% (max) 

 

B 
For any specimen: 6% (max) Average: 

5.6% (max) 

 

Comparing results in table (4.2) with absorption specifications in table (4.3) 

shows that cast stone with w/c=0.7 (0 and 20% replacement) and w/c=0.8 (40% 

and 60% replacement) water does not comply with specifications. 

Generally, table (4.2) above illustrate that there is an increase in the absorption 

as the percentage of replacement increases. 

After 28 days of casting, the test results show that the sample of w/c=0.7 with 

zero sludge water replacement exceeds the specification requirements for class 

A with a percentage of 54.4%. For the same w/c of 0.7 but with replacement of 

20% of fresh water, the absorption was increased by 65.3%. however, absorption 

for mixes with 20% replacement has increased 7% compared with 0% 

replacement mixes. Mixes with w/c = 0.7 didn’t satisfy specification class A nor B 

It should be noticed that there was only a slight increase of absorption values for 

w/c= 0.8 mix as slurry replacement increases. only a percentage of increase by 
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1.2% between 40% and 60% replacement. Moreover, between 60% and 80 % 

replacement of fresh water for this w/c, the increase was only 0.79 %. However, 

mixes with w/c = 0.8 didn’t satisfy specification class A nor B 

Generally, it’s noticed that for any w/c, absorption increases as slurry waste 

water replacement increases. 

4.1.3 Compressive Strength 
Compressive strengths are calculated by taking the average compressive 

strength of four tested samples for each mix. The results of strength tests for all of 

the cast stone mixes are presented in Table 4.4. 

Table 4.4: the results of compressive strength for different mixes of cast stone. 

W/C DAYS 
REPLACEMENT (%) 

0 20 40 60 80 100 

0.6 
7 26.95 30.7 28.4 28.3 28.2 27.63 

28 25.2 39.33 30.1 29.2 28.3 25.73 

0.7 
7 22.9 20 17.1 18 20.6` 25.3 

28 29.5 25.8 15.5 23.2 26.6 24.5 

0.8 
7 21.5 19.9 18.8 15.4 15.5 13.3 

28 33 30.2 28.1 23.2 22.5 19 

 

The variation of compressive strengths with different percentage of slurry water 

replacement for water of cement ratios of 0.6, 0.7 and 0.8 are shown in figure 

(4.2), figure (4.3) and figure (4.4) respectively. 
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Figure 4.2: The 7- and 28-days average compressive strengths of 0.6 W/C 

specimens 

The results presented in Figure (4.2) indicate that the cube compressive strength 

values for mixtures with 20%, 40%, 60%, 80% and 100% slurry wastewater 

substitution are slightly decreasing at 7 and 28 days of curing, which is logical.  

However, the mixture with 0% slurry wastewater substitution (tap water) get lower 

value than expected which may be a result of poor preparing of the mix. 

By comparing the values of relative strength at 7-day and 28-day age for each 

sludge percent, a reduction in compressive strength development was 
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observed at curing period 90 day. This reduction is referred to the poor curing 

and not pure curing water. 

 

Figure 4.3: The 7- and 28-days average compressive strengths of 0.7 W/C 

specimens 

From figure (4.3) we notice that the compressive strength of concrete showed a 

gradual decrease as slurry percentage increased up to a substitution 

percentage of 40 %, and then gradual increase was noticed. 

As shown in table (4.4), the compressive strength of cast stone containing slurry 

replacement at 7-day age didn’t get the expected strength since it was 
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approximately 70% of compressive strength at 28-day age for 0%, 20%, 60% and 

100% replacement. But for 40% and 80% the 28-day compressive strength is less 

than 7-day compressive strength which is nonrealistic. This reduction in 

compressive strength after 28 day curing period maybe a result of poor curing. 

When we compare the results of slurry wastewater specimens with tap water 

specimen after 28 days of curing, we notice that 20% replacement get a 

relative compressive strength of 0.87, the 40% replacement get 0.5, 

60%replacementget 0.78, while 80%replacement get 0.9 which is very good. 

And the last one which is 100% replacement get 0.83, and this result is good. 

 

Figure 4.4: The 7- and 28-days average compressive strengths of 0.8 W/C 

specimens 
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For 0.8 w/c, we get reasonable results.  

Table (4.4) and figure (4.5) indicated that when this water of cement ratio was 

used, the compressive strength was linearly reduced as slurry wastewater 

increased.  

As shown in table (4.4), the compressive strength of cast stone containing slurry 

replacement at 7-day age was approximately 0.6 to 0.7 of compressive strength 

at 28-day age.  

When we compare the results of slurry wastewater specimens with tap water 

specimen after 28 days of curing, we notice that 20% replacement get a 

relative compressive strength of 0.9, the 40% replacement get 0.85, 60% 

replacement get 0.7. also 80%replacement get 0.68 and the last one which is 

100% replacement get 0.57 of control mix. The table below summarizes the 

results for w/c=0.8: 

Table 4.5: the percentage increase or decrease of compressive strength related 

to the control mix. 

W/C 
REPLACEMENT 

(%) 
DAYS 

RESULTS 

(MPA) 

CONTROL 

MIX (MPA) 
(%) 

0.8 0 28 33 33 0 

0.8 20 28 30.2 33 -8.4 

0.8 40 28 28.1 33 -14.8 

0.8 60 28 23.2 33 -29.6 

0.8 80 28 22.5 33 -31.8 

0.8 100 28 19 33 -42.4 

 

The data concerning the relation between compressive strength of different 

water to cement ratios with different sludge content are plotted in figure (4.6). 
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Figure 4.5: Variation of compressive strength with stone slurry wastewater at 0.6, 

0.7 and 0.8 W/C with different replacement ratios after 28 days curing 

We can notice from the figure that, for 7 days, mixes with w/c = 0.6 decreases as 

slurry water replacement increases, increases for w/c = 0.7 (which is not reliable 

compared with 28 days results), and decreases for w/c = 0.8. 

For 28 days compressive strength, w/c of 0.7 and 0.8 seemed to decrease as 

slurry water replacement increases (noticing the rate of reduction, we can see 

that w/c of 0.8 examined higher rate than 0.7). and for w/c = 0.6 compressive 

strength was approximately constant as slurry water replacement increased 
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The table below summarize the results: 

Table 4.6: results of linear regression for different w/c ratios. 

W/C Days 
Linear regression 

result 

0.6 7 Decreases 

0.6 28 Constant 

0.7 7 Increases 

0.7 28 Decreases 

0.8 7 Decreases 

0.8 28 Decreases 
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CHAPTER 5 DISCUSSION 

OF RESULTS AND 

CONCLUSION 

5.1 Introduction 
Many results are achieved in this research. Some of them are reasonable, some 

are not. The expected reasons of why some results are not reasonable are: 

- Some of the mixes are mixed mechanically, some of them manually. 

- The mechanical mixer is old. And water of our mixes might be absorbed 

by the old dry mixes stuck inside. 

- The source of sand for some mixes was different from the source we 

adopted for the most mixes. 

- Curing water in water basin was sometimes very low-quality water with 

high turbidity and pollutants because of the other low-quality mixes for 

other persons prepared in the laboratory. 

- Bad mixes preparing. 

- Bad mixes curing 

However, some of the results was reliable and reasonable. These results could be 

relied on. 

In this research we can conclude the following: 

5.2 Absorption 
- For w/c = 0.7, as slurry wastewater increases, the absorption increases. 

- For w/c = 0.8, as slurry wastewater increases, the absorption increases. 

- Mixes with w/c of 0.7 has less absorption than mixes with w/c of 0.8 by 1% 

- It’s recommended to use less w/c to get acceptable absorption results. 

- It’s recommended to use low slurry wastewater replacement to get 

acceptable absorption results. 
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Generally, we can conclude that as w/c increases, absorption increases. Also, 

as slurry wastewater replacement increases for specific w/c, absorption 

increases. 

5.3 Slump 
Most of our results examined zero slump value. This might be resulted from 

cement: sand: coarse aggregates ratios used in this research. However we can 

conclude the following: 

- For w/c = 0.5, 0.6, and 0.8 replacing slurry wastewater with different ratios 

didn’t affect slump. 

- For w/c = 0.7, 20% replacement achieved 48mm slump, which is less than 

100% replacement that achieved 20mm slump. So, we recommend to use 

less slurry wastewater replacement in order to get better workability. 

5.4 Compressive strength 
Generally, we can conclude that using slurry wastewater as a replacement of 

tap water did affect the compressive strength in different ways: 

- For w/c = 0.6, we can conclude that replacing tap water with slurry waste 

did not affect the compressive strength after 28 days. However, after 7 

days, compressive strength decreases. 

- For w/c = 0.7, we conclude that as we increase sludge water 

replacement up to 40%, the compressive strength decreases. More 

replacement of slurry water results in increasing compressive strength. 

- For w/c = 0.8, we conclude that for 7 and 28 days, compressive strength 

decreases as slurry wastewater replacement increases.  

5.5 Recommendations 
- It’s not recommended to replace tap water with slurry wastewater if w/c = 

0.8 since It will reduce compressive strength. 

- In mixes with w/c =0.6, replacement could be adopted with any 

replacement ratio, however, tests must be achieved in order to observe 

changes. 

- For mixes with w/c = 0.7, it’s not recommended to replace tap water with 

slurry wastewater. 
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Finally, we recommend to make more tests related to the quality of cast stone in 

order to get a broader view and more adequate conclusions of how using slurry 

wastewater will affect different properties of cast stone. Also, it’s recommended 

to make more mixes with different w/c ratios and more replacements 

percentages to get more accurate results and to get to the optimum 

percentage of replacement that could be used safely without changing the 

physical and chemical properties of cast stone. 
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