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Abstract 

 
The overall objective of this study is to find an alternative solution for the large 

volume of sludge produced in the wastewater treatment plants in the Gaza strip. The 

generated quantities of sludge are expected to be 55.74 tons of solid per day by the year 

2025. This large quantity of sludge is related to the scarcely of land area and high 

population density represented the Gaza strip sludge problem. 

 

Many researchers worldwide have been trying to explore new and suitable solutions 

to solve part of sludge problem. One track of these solutions is to use sewage sludge in 

construction field. The current study presents the usage of dry sewage sludge in the 

concrete mixtures and in manufacturing interlock brick samples. 

 

According to results findings, no significant strength loss was observed when low 

organic sludge was used in making concrete cube specimens. The strength loss was 

increased to 17% when 10% of high organic sludge pellets by cement weight was added 

to concrete mixture. The results showed that the dry sludge retarded the strength 

development and has more adverse effect on compressive strength when it has higher 

organic content and its particles became finer. The addition of dry sludge to interlock 

brick paste produced a reduction in compressive strength by only 12%. The presence of 

sludge in interlock samples decreased its density and increased its absorption coefficient. 

The NEN 7345 leaching test results indicated that the concrete matrix could be fixed 

more than 73% of total organic material in the worst case. 

 

Finally the study concluded that the dry sludge can be used in as an additive to 

concrete mixtures and to interlock brick paste as one of the available disposal options for 

Gaza Strip 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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1.1 Background  
 

The Gaza strip has a rapidly increasing population with respect to the limited land 

area [1]. The rapidly increasing population generates a large quantity of waste in the 

society which has an adverse effect to environment and human. One of the waste aspects in 

our society is the wastewater sludge. Wastewater sludge is defined as the residual material 

removed from wastewater treatment facilities. To sustain human health and environment, 

suitable treatment and disposal methods are required [2]. 

 
In the past years, only three wastewater treatment plants (WWTPs) have been 

constructed to serve the normal increasing in Gaza strip population [1]. These treatment 

plants are Beit Lahia (WWTP) in the northern area of Gaza strip, Gaza (WWTP) in the 

middle region and Rafah in the southern area. The Gaza strip (WWTPs) have old 

technology treatment system and suffer from overloading and poor management [1, 3]. 

Sludge treatment facilities are almost absent. The treatment process is ended by disposing 

the partially treated wastewater to the Mediterranean Sea or by flooding agriculture land 

and dispose dewater sludge in the sand dunes around plants without any treatment [1]. 

These disposal methods are banned in most European countries and United States due to 

the bad effect to human health and pollution of marine and costal. These treatment plants, 

in spite of the few numbers and old operation technology, produce large quantities of 

sludge which make disposal process of the sludge a complex problem. Only the sludge 

produced in Gaza wastewater plant can be estimated, due to good management of this 

plant. The other two plants are suffering from overloading and poorly managed. The 

sludge quantity in Gaza plant suggested around 400 m3 per day in addition to 

50000m3/year of sludge remaining in the all three plants ponds [1].  

 
 The limited area of the Gaza strip and high density of population with the existence 

of sludge in the land adjacent to treatment plants cause several problems, among them are: 

• Difficulty in locating new landfill site due to scarcity of reclaimed land and 

disposal cost.  

• Pollution of ground water reservoir, which have adverse effect on human heath and 

environment [4]. 

• Fly particles of sludge contaminate local grown crops by coating crops leaves and 

contaminate soil by increase concentration of nitrate [1]. 

• Spreading of diseases because wastewater and the generated sludge generally 

contain four types of pathogens which are: bacteria, protozoa, viruses and 

helminthes [2]. 
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1.2 Use of sludge worldwide 
 
  Sludge must be treated or stabilized to be safe for use or dispose. Worldwide, 

wastewater sludge is disposed by different methods. The most common methods of 

disposal depend on land application, landfill or incineration. Landfills option can be used 

carefully due to high costs and risk materials in sludge which may contaminate surface and 

ground water. Use of the incineration method to dispose sludge reduces only sludge 

volume. The remaining ash would still needed to be disposed in a land fill. The 

incineration process requires large capital investment and expensive safeguards against 

pollution [2].  

 
 Large quantities of sludge are also used in agriculture field as composts. This option 

faced a problem which makes them unsuitable. This problem came from the existence of 

toxic materials in some sludge types [5]. Therefore, there is an increasing need for 

exploring new fields of sludge disposal. One of these new fields is to use dry sludge as an 

additive material to concrete mixes or using sludge ash that result from incineration 

process as a replacement material to cement. 

 

1.3 Statement of the Problem 
 
 

The Gaza strip wastewater plants produce an increasing volume of sludge. The 

quantities of sludge in all Gaza strip are estimated to be 3716 m3 per day by the year 2025 

[1]. The large quantities of sludge and the scarcity of land area are significantly increasing 

the sludge risk to public health. The growing problem of wastewater sewage sludge 

disposal in the Gaza strip can be alleviated if new disposal options other than landfill can 

be found. New emerging studies worldwide spotlight on reusing sludge, sludge ash and 

treated wastewater in construction technology.  

 

1.4 Aim of research 
 
 This work was directed toward establishing the use of wastewater sludge in concrete 

mixtures and nonstructural elements. 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.  
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1.5 Objective of the research 
 
 The overall objective of the work is to investigate the feasibility of incorporating dry 

wastewater sludge in concrete mixtures. The main aim was achieved through the following 

objectives: 

1. To study the influence of dry wastewater sludge on fresh and hardened concrete 

properties. 

2. To determine the optimum dry sludge to cement ratio which can be used in 

concrete mix  

3. To examine the effect of dry sludge on interlock brick properties as an example of 

nonstructural elements made with sludge concrete. 

4. To asses the environmental safety and the stability of incorporating sludge in 

concrete mixtures.  

 

1.6 Scope of the work 
 
The scope of the current work can be summarized as follow: 

1. The sludge samples used in this work was brought from Gaza wastewater treatment 

plant. Sludge from other treatment should be studied before use. 

2. The sludge was dried at oven at temperature 105oC. Other drying temperature 

should be studied before use. 

3. The sludge concrete in this study was only used to produce non reinforcement 

elements such as interlock brick.  

4. The use of wastewater sludge in several types of concrete mixes was investigated.  

5. Only the leaching of organic material in sludge concrete cube specimens was 

considered. 

 

1.7 Methodology  
 
The following tasks were done to achieve the research objective: 

1. Collecting of the relevant information and documents related to wastewater 

treatment plants in Gaza strip and their quality and quantity. 

2. Undertake a comprehensive literature review on relevant subjects focused on the 

using of sewage sludge in construction field.  

3. Site visit to the Gaza City treatment plant to obtain information and collect 

samples. 

4. Develop a suitable experimental program to study the use of wastewater sludge in 

concrete mixtures. 
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5. Analysis the experimental tests result and draw conclusions. 

 

1.8 Thesis structure  
 

This thesis is consisted of six chapters arranged carefully in the order of step to make 

it clear and understandable. This section presents a brief description of these chapters. 

 

The growing problem of wastewater sludge in Gaza Strip is presented in Chapter (1). 

In this chapter, problem statement, aim of research, the objective of work, scope of the 

study, and the methodology followed in the study are given. 

 

General background about sewage sludge is given in chapter (2). This background 

involves wastewater sludge definition, types, components, treatment, stabilization, disposal 

and recycling options. This chapter illustrates also the existing options to deal with sludge 

worldwide and how to convert sludge into safe and sustainable material. The current 

options of disposing sludge in the world are illustrated in briefly. 

 
Previous researches into the use of wastewater sludge in construction field are 

presented in Chapter (3). This chapter gives a general overview of relevant previous 

research concerning the use of sludge as construction material.  

 
Chapter (4) outlines the type of laboratory test, standards and procedures adopted, 

material properties, curing conditions and schedules of experiments program. 
 

A description of experiments done using dry sewage sludge in concrete mixtures 

related with proposed methodology are given in Chapter (5). Several factors concerning 

sewage sludge have been studied during this chapter. These factors include organic 

material content in sludge, sludge quantities in concrete mixtures, and sludge particles 

shape. The influence of sludge on concrete mechanical and physical properties are 

presented in this chapter. The behavior of interlock brick samples incorporating sludge is 

investigated in this chapter. This chapter examines the environmental quality of concrete 

with sludge. 

 
The conclusions derived from experimental results are presented in Chapter (6). 

Finally the recommendations for further studies on this subject will be provided in this 

chapter. 
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2.1 Background 
 

Sewage sludge is a by-product. It is one of final products of wastewater treatment at 

sewage treatment plants. The wastewater treatment plants (WWTPs) equipments concentrate 

impurities in wastewater into solid form and then separate these solid from liquid. The solid 

remain is known by sludge [6]. 

 

The source of sludge in wastewater treatment plant varies according to plant type and its 

method of operation. The main sources of sludge are primary sedimentation basins and 

secondary clarifiers. A small amount comes from chemical precipitation, screening, grinder 

and filtration device [2, 6]. So, sludge may be classified according to its source, wastewater 

source, to three main groups as following [4]: 

a) Sludge originating from treatment of urban wastewater which involves domestic 
wastewater or the mixture of domestic wastewater with industrial wastewater and/or 
run off rainwater.  

 
b) Sludge originating from treatment of industrial wastewater, such as water used in 

industrial process. 
 

c) Sludge originating from water treatment before its consumption for drinking. The 
generated sludge of this type is lower than the sludge generating from wastewater 
treatment process. 

 

2.2  Sludge types 
 

Treatment of municipal wastewater produces different types and volumes of sludge. The 

sludge sources in wastewater treatment plant are varying according to the plant method of 

operation [2]. Sludge can classify relating to wastewater treatment plant operation into:  

 

1. Pre-treatment (Preliminary treatment) 

 It is the first treatment process consists of various physical and mechanical operations 

allow the removal of large objects. The residues from preliminary treatment are not considered 

to be sludge [2, 4, 6]. 
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A preliminary treatment process aims to remove large objects and grit from wastewater. 

This can be done by several devices involves [6]: 

 

• Screening 

Screening devices is the first operation performed on the wastewater to protect pumps and 

mechanical equipment and to prevent clogging of valves, pipes and other appurtenances in 

WWTP. This protection is done by removing coarse solids from the incoming wastewater. 

 

• Comminuting 

Comminuting is a hammer mill device located across flow path to cut up coarse solids which 

may retune to wastewater flow due to shred of screening devices. 

 

• Grit removal 

A grit removal facility is an enlarged channel area where flow velocity reduced which allow to 

inorganic materials such as pebbles, sand, silt and heavier organic materials to settle out. 

 

2. Primary sludge 

 Primary sludge is a sludge generated from primary treatment. The primary treatment 

process consists of physical or chemical treatments process to remove suspension solids. The 

most common physical treatment is a removal of suspended solids by sedimentation due to 

gravity setting. 

 

 Another physical primary treatment is flotation. Flotation is done by introducing air from 

fine bubbles into wastewater. The suspended solids are then rise to the surface and are 

removed by skimming. The mechanical stage able to remove 50% to 70% of the suspended 

solids and 25% to 40% of the BOD5 [4]. 

 

 A primary treatment can be accelerated by use chemical treatments especially when the 

rate of sedimentation of suspended solid is too slow. A chemical treatments cause a 

coagulation and flocculation of suspended solid which increase settling.  

 

 



Chapter 2                                                                                                                                                                             Sewage sludge handling                          

 2-4 

3. Secondary sludge 

 Secondary or surplus activated sludge is a sludge generated due to break down of the 

remaining organic materials (dissolved organic materials) in wastewater after primary 

treatment by using active agents [4]. The active agents are micro-organisms, in the most are 

bacteria. These types of bacteria need organic material to grow and to still live. The breaking 

down process is followed by a sedimentation process. 

 

 There are primarily three options of secondary treatment, which are activated sludge, 

lagoons and trickling filter.  

• The activated sludge is the most common option. This technique uses the 

microorganisms in the treatment process to break down organic material, and 

then allows solids to settle out. At the end, the cleaner water separated from 

active sludge and bacteria-containing “activated sludge” is continually back to 

the aeration basin to increase the rate of organic decomposition. 

• In the lagoons technique, bacteria are developed in a lagoon which converts 

the sludge organic matter into CO2 and new bacteria called biomass. They 

depend on the interaction of sunlight, algae, microorganisms, and oxygen 

(sometimes aerated). This technique is suitable for treatment plant with large 

site area.  

• A trickling filter is a bed of coarse media. This media containing the 

microorganisms which growing by breaking down organic material in the 

wastewater. Wastewater is sprayed into the air, and then allowed to trickle 

through the media. Trickling filters drain at the bottom; the wastewater is 

collected and then goes through sedimentation process. 

 

4. Mix sludge 

 Mix sludge is a sludge type result by mixing primary and secondary sludge. 

 

5. Tertiary sludge  

 Tertiary sludge is a sludge generated through a tertiary treatment. This type of treatment 

is an additional process to secondary treatment aim to remove the remaining unwanted 

nutrients such as nitrogen and phosphorus. The tertiary treatment is necessary when high level 

of depollution is needed.  
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6. Digested sludge 

The digested sludge generated due to additional treatments applies on the sludge 

generated after water treatment. These treatments apply on sludge in order to reduce its water 

content, stabilizes its organic content, reduce its volume, and reduce its pathogen load. Several 

treatments process can be applied on sludge to achieve the previous purpose. These processes 

will discuss later in the treatment of sludge section [4]. Figure (2.1) illustrates the sludge types 

generation during wastewater treatment process. 

Pretreatment

residues sludge

Primary

Pretreatment

treatments

chemical

Physical and
Primary settlement

treatment

(eventually)

sludge

Digested

sludge

Mixed
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Biological
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Secondary settlement

Removal

P & N

Figure (2.1): Sludge generation and types [4] 

2.3 Sludge components 
 
 The wastewater in sewage plants is a collection of households, industries and 

stormwater. These components treated together, not separated. This means that there are large 

amounts of pollutants in the influent wastewater which will also be in sludge. The sludge has 

two main components, liquid and solid. Liquid part, include water and dissolved substances. 

The dissolved substances contain organic and inorganic substances. The organic dissolved 

substance such as carbohydrates and fatty acid and the inorganic dissolved salts such as 

ammonium. The solid part of sludge contains organic and inorganic solid matter. The organic 

matter involves living organisms and their decomposition product. The inorganic solid matter 

is founded in the form of metals and nutrients. 

The sludge components are not constant and varying according to the local circumstances and 

the applying treatment methods [4]. The sludge components can be analyzed as following: 
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• Water content 

 The sludge water content can be divided into free water, interstitial water, surface water 

and bound water as showing in figure (2.2).  

 

Figure (2.2): Water distribution in sludge [7]. 

 

 The free water includes void water, which can be partially removed by thickening 

process. Interstitial water is the water inside capillaries when sludge cake is formed. The 

interstitial water also may partially removed by dewatering. The surface and capillary water 

can be removed by thermal drying. The bound water is chemically bound to solid particles. 

The bound water can only be removed by incineration [7]. 

 

• Metal 

 The sludge contained inorganic material in the forms of metal [8]. The most important 

metals pollutant in sludge are zinc (Zn), copper (Cu), led (Pb), chromium (Cr), nickel (Ni), 

mercury (Hg), cadmium (Cd), silver (Ag) and tin (Sn). Also there are other metal with low 

toxicity such as iron (Fe) and aluminum (Al).  

 

• Organic substances 

 In general, more than 50% of sludge dry mass components consist of organic materials 

[4]. Most of organic material is soluble components such as amino-acids, lipids, hydrocarbons 

and small proteins. 
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• Nutrients 

 Nutrients in sludge are inorganic material found in the form of phosphorus, nitrogen, 

potassium and sulphur. These nutrients are so important for growing crops. 

 

2.4  Sludge treatment  
 

The resulted sludge from wastewater treatment plants has a large volume. This volume is 

consisting of high water content. Removal of this water from sludge will improve efficiency of 

subsequent treatment process, reduce storage volume and so decrease operation and 

transportation costs. After reduction of sludge water content, another treatment process is 

needed to stabilize the sludge and killing pathogenic organisms. Several treatment processes 

are carried out to reduce sludge water content including conditioning, thickening, dewatering 

and stabilization.  

 
Other treatment process aims to kill organisms by subjecting sludge to high temperatures 

or high pH. This process is a sanitation process of sludge done by number of treatments such 

as anaerobic digestion, pasteurization, and composting and lime stabilization.  

There are different treatments processes can be applied on sewage sludge, depending on the 

following step which will a disposal or recycling  

 

1. Conditioning 

 Conditioning of sludge involves modification of sludge solid structure to facilitate water 

releasing in dewatering process. Conditioning process is necessary to give the economical 

factor to dewatering process. Conditioning process is take place by chemical process by use 

mineral agents such as salts or lime or polymers. Also conditioning may take place by thermal 

process during heating the sludge to 150-200oC for 30-60minutes [4]. 

 

2. Thickening 

 Thickenings of sludge aim to reduce the sludge volume by reduce the water content of 

sludge. There is a different thickening methods varying according to the sludge nature and the 

purpose used to remove some of its free water. A thickening of sludge using a flotation 

technique is suitable for chemical and biological sludge [8]. Another thickening method is a 

thickening by various gravity (sedimentation) techniques. This technique is suitable for 

primary sludge [4]. 
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3. Dewatering 

  Dewatering is a physical unit process following a thickening process used to remove 

much water as possible to produce more concentrated sludge. The raw sludge contains high 

amounts of water. The water content in sludge may reach up to 95% of sludge weight. The 

dewatered process increase the dry solid content of sludge up to 30% [4].The sludge after 

dewatering should behave as a solid [2]. There are many of dewatering techniques used 

worldwide. Many factors control the best choice of these procedures. These factors include 

space availability and the moisture content required for sludge to be disposed. 

 When land is available and sludge quantities are small, natural dewatering system are the best 

[2]. The natural methods involve drying beds and drying lagoons. Other mechanical methods 

are available for large sludge quantities such as vacuum filter, centrifuge, and filter press and 

belt filter. The common types are:  

 

a) Drying beds 

Drying bed is the simplest and oldest techniques for dewatering sewage sludge. This technique 

is carried out by use open air drying bed. The drying bed is suitable when there is sufficient 

inexpensive land and the local climate is suitable for year round operation of the beds. These 

beds allow water in sludge to drain through sand and gravel beds below sludge. The sludge 

after that is atmospherically dried.  

 

b) Centrifuging 

Centrifuging is a mechanical process using centrifugal forces to separate the thickened sludge 

from centrifugation. The commonly types used for centrifuging are basket centrifuging and 

solid bowl [4]. The centrifuging process increases the solid content up to 15%-25%.   

 

c) Filter beds 

In this process, the sludge is mixed with polymer, and then the sludge is pressed between two 

belts. Solids content is increased by 10%-20% in this process. This method is suitable when no 

land is available. 

 
4. Drying  

 The drying process is a thermal treatment result in elimination of the interstitial water 

and so reduces the sludge volume. The drying process is take place at different temperature. 

The level of dry mass can reached 90% of total volume. In general, to reduce the cost required 

for drying, the drying process takes place after dewatering. The heat is transferred directly or 

indirectly to the sludge. At direct transferred, a hot gas with an intensive contact with sludge is 
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used. In the indirect transferred type, the sludge is heated by using heat conduction through a 

heat transfer surface. The reduction of water content by heating inhabits the re-growth of 

pathogens which allows stabilization.  

 

2.5  Stabilization process of sludge 
 
Raw sludge is an active biologically material, because one of its content is a biodegradable 

compound [8]. Stabilization process is necessary to convert sludge to inoffensive forms by 

decrease the organic content [2]. The stabilize sludge is a stable material which not change 

with time [7]. Stabilization process is important to reduce odors and prohibit re-growth of 

pathogens. The major stabilization processes are anaerobic digestion, aerobic digestion, and 

chemical stabilization [4]. These processes can be described as following: 

 
a) Anaerobic digestion 

 
Anaerobic digestion is a stabilization method aim to reduce sludge volume, stabilize its 

content and disinfect its content in partially rate. The anaerobic digestion consists of confining 

the sludge in vessel at certain temperature and time. This process has three main stages are: 

 

1. Break down of macromolecules such as carbohydrates, fats and proteins to 

smaller compounds. 

2. The smaller compounds result from previous stage convert to acidic compound. 

3. The acidic compound converts into dioxide and methane gas. 

 

 

b) Aerobic digestion 
 

The sludge in this method is placed in aerated vessel. The temperature can reach more than 

70oC by decomposition process of organic matter using aerobic micro-organisms bacteria. The 

high temperature generated will destroy the most harmful organisms. The energy cost of 

aerobic digestion is 5 to 10 times higher than for anaerobic digestion. 

 

c) Chemical treatment 
 

 Chemical stabilization of sludge is not aimed to reduce the biodegradable organic content, but 

to create conditions inhibit microorganisms which retard the degradation of organic matter and 
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prevent odors. The most common chemical stabilization is done by raise the pH of sludge. The 

most common chemical stabilization methods are: 

 

• Lime stabilization 

 
The aim of addition lime to sludge is to raise the pH more than 12 to terminate the biological 

activity of micro-organisms. This condition will destroy the bacteria cause the degradation of 

organic material. The lime is added by rate 30% of the dry solid content to ensure no 

fermentation takes place [8]. When dewatered sludge is used, a reaction of lime with water 

causes heating which destroy pathogens and evaporate water.  

 

• Composting 

 
The sludge in this method is mixed with co-products such as sawdust during an aerobic 

process. This process produces excess heat. The composting process raises the dry mass 

content over 60% which make sludge handling easier. Composting of sludge causes 

stabilization of its content, reduction of its weight, and creation of humus with high agriculture 

value [8].  

 
• Nitrite treatment 

 
It is an efficient stabilization process for small wastewater treatment plants. The sludge is 

maintained in an acid environment with pH 2 or 3 according to level of disinfection [4]. The 

nitrate treatment permit to store sludge without generate odor for several months. 

 

2.6   Sludge disposal and recycling methods  
 
 Sewage sludge production is a continuous process needs a suitable disposal method. The 

options for ultimate use of municipal wastewater sludge is called sludge disposal. These 

options should be economically and environmentally acceptable [2]. Figure (2.3) shows the 

final sludge handling in the 12 member states of the European Union. The figure shows the 

significant reduction in using disposal of sludge and the increasing of recycling and 

incinerating options [7]. 
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Figure (2.3): Sludge production and final sludge handling in the 12 EU Member States 1984-
2005 [7] 
 
 

The predominate disposal options of sludge are shown in figure (2.4), which illustrates 

the different options of sludge handling, starting from sludge generation and ending by its 

disposal. The following options are the famous disposal methods of sludge worldwide: 
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Figure (2.4): Sludge handling options [7] 
 

• Deposition  

 
This type of disposal is carried out by transporting the treated sludge to landfill to be 

deposited. The sludge after that is covered by landmass. The landfill should be designed to 

minimize leakage from its edges to prevent spreading of pathogens and pollutants. Deposition 

may be used as a temporary storage of sludge until finding a suitable method to handle [8]. 

 

• Incineration 

 
Incineration is classified as a principal disposal method. This method is gained much 

interest as a method for final handling of sewage sludge. The sludge need to incinerate must 

be treated and dewatered before [2]. The incinerating process has several advantages some of 

them are the serious reducing of sludge mass, and the using of this process to produce heat 

energy. Although the previous illustrated advantages, this process has disadvantages. The 

disadvantages involve the high cost of investment and operation, air pollution constraints and 

the need of disposal of resulted ash. One of the serious problems is a pollution of environment 

by discharging pollutants from flue gases which contains fly ash, nitrogen oxides, carbon 

Sludge from mechanical, biological and chemical 

Sludge disposal (agriculture, landfill, land building) 

Stabilization (composting, lime addition, 
heat drying, incineration) 

Dewatering (centrifugation, filter and belt presses) 

Stabilization (anaerobic or aerobic) 

Thickening (gravity, flotation) 
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dioxide and heavy metal bound to particles or in gaseous form [2]. Also the ash remained need 

to take care with handling because it contains different metal and so it classified as toxic 

material. 

 

• In agriculture 

 

 Sludge can be used as a fertilizer to land after dewatering or stabilized or sanitized. The 

usage of sludge in agriculture field enables to utilize its nutrients content. The most common 

types of nutrients involve potassium, calcium, phosphate and nitrogen. Also this method have 

disadvantage such as the probability of spreading pathogens, organic pollutants and heavy 

metal. [5, 8] 

 

• Sludge as building materials 

 

 The use of sludge in construction material would solve part of sludge disposal problem. 

This method will be safe for environment and human health due to restriction of pollutants. 

The sludge may concern as a new source of raw material. The dewatered treated sludge have 

been used successfully for producing building materials such as concrete, bituminous mixes 

and road subsoil additive utilizing from chemical fixation [9]. This fixation involves the 

combination of sludge with stabilizing agents such as cement, lime, sodium silicate and 

pozzolan. Also sludge has used in cement manufacturing. Sludge enriched with heavy metal 

has been used in production of biobrick. The biobrick will make a restriction of this toxic 

material from releasing to environment. The usage of sludge in construction material field 

have also disadvantage such as the nutrients in sludge not recycle in farmland [8]. Sludge as 

building materials will discuss with more details in the next chapter. 
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3.1 Introduction  
 

The amount of generated wastewater sludge has been rapidly increased due to 

development of urbanization and industrialization. Today, most of sludge is disposed by 

landfilling and spreading on agriculture land. The large volume of wastewater sludge 

generated, increasing of environmental concerns and the scarcity of landfill site made 

landfilling and agriculturally uses of sludge are limited. So, new alternative applications have 

to be considered for the disposal of wastewater sludge diverted away from the landfills and 

agriculture. One of these alternatives is the use of wastewater sludge in construction materials 

field. The possible use of sludge and sludge ash as construction and building materials would 

provide a new option of alleviating the sludge in significant quantity. Also this option has an 

economic and energy saving advantages.  

 

Investigations of this field have been studied by researchers worldwide to examine the 

possibility of using wastewater sludge and sludge ash as construction materials. This chapter 

presents a summary of relevant studies carried out in the area of conversion wastewater sludge 

into construction material. 
 
3.2 Sludge as construction materials 
 
 The following sections give a general overview of relevant previous research and 

information concerning the use of wastewater sludge in production of construction material. 

 
3.2.1 Sludge in bricks production 
 

Tay [10-12] indicated that dry wastewater sludge could be mixed with clay to produce 

building bricks. Several samples of bricks were made with various percent of sewage sludge. 

The mixture of dried sludge and clay was grounded and crushed into fine pieces. The resulted 

mixture was extruded into brick samples. The bricks dried and fired in a kiln. The results 

indicated that dry sludge could be mixed with clay at percent ranges between 0 to 40% of 

bricks weight. The burnt off organic content of sludge during the firing process caused some 

problems such as uneven texture surface and high porosity. The specific gravity and 

compressive strength of bricks are decreased as the sludge content increased, [10-12].  

 

Another type of brick is produced by mixing sludge with clay and shale. This type of 

brick called a biobrick. Alleman and Berman [13] reported that conventional clay and shale 
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ingredients could be partially supplemented with wastewater sludge has solid content 15-25% 

to produce biobricks. The biobrick had the look, feel and smell of regular bricks, [13]. 

 

Tay [10, 12] solved the problem of uneven texture surface of bricks by replacing dry 

sludge by sludge ash which has zero organic content. The maximum percent of sludge ash 

could be mixed with clay to produce good bonding bricks was 50%. The results showed that 

the bricks containing pulverized sludge ash had a higher strength than bricks containing 

sewage sludge. Bricks containing 10% of sludge ash have strength as high as normal clay 

bricks, [10, 12]. 

 

Dry pulverized sludge was used as additive material in the preparation of prefabricated 

concrete bricks. Yague et al. [14] added 2% of dry sludge by cement weight to prefabricated 

brick paste without any change in manufacturing process. Reference samples without sludge 

and samples containing 2% sludge were prepared and their properties were investigated. The 

results showed that the presence of dry sludge in prefabricated bricks decreased the bricks 

porosity and absorption and increased the compressive strength after one year comparing with 

reference bricks. The presence of 2% additive dry sludge in prefabricated bricks expected to 

give bricks greater durability [14].    

 
3.2.2 Sludge as artificial aggregate 
 

Sewage sludge forms a new resource to building material by developing an artificial 

aggregate with regular weight. Tay and Show [10, 12], reported that industrial sludge with low 

organic content and clay were dried and pulverized separately to fine size before mixing with 

water to form a paste. The generated paste could be formed to any aggregate shape need, and 

then the aggregate was sintered at high temperature. The performance of artificial aggregate 

was evaluated by determining compressive strength of concrete samples containing these 

aggregate and other made with granite aggregate. The 28-day compressive strengths of 

concrete samples with artificial aggregate ranged between 31-38.5 N/mm2. The compressive 

strength achieved 38.5 N/mm2 when the clay content in the aggregate was zero. The concrete 

made by normal granite aggregate has a compressive strength 38N/mm2 However, the 

artificial sludge clay aggregates has much higher porosity and lower density than normal 

granite aggregates [10, 12]. 

 

The idea of producing light weight aggregates from sludge to be used in concrete mix 

was investigated by a number of researchers, [10, 12]. Incinerated sludge was used in the 
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production of lightweight fine and coarse aggregates. The concrete made from sludge ash 

lightweight aggregate has low conductivity and high fire resistance than the ordinary dense 

concrete. This type of aggregate was used to produce moderate strength concrete. Another 

method to produce synthetic aggregates was done by sintering of sewage sludge and sewage 

sludge ash individually or mixed. Chiou et al. [15] indicated that both sewage sludge and 

sludge ash could be sintered to produce synthetic aggregate. The mixture of sewage sludge ash 

and clay was better to produce normal weight aggregate, but mixture with 20-30% of sewage 

sludge was more adequate to produce lightweight aggregate. 

 

Sewage sludge ash was used as a portion of the fine aggregate in hot mix asphalt paving. 

The results indicated that there was no visible difference between the pavement containing 

sludge ash at percent varying between 2 to 5% of aggregate weight and conventional materials 

[16].  

 

3.2.3 Sludge as cement-like material: 
 

The potential of utilizing dewatered sludge to produce cementitious materials is one 

aspect of using sludge as new material resource. Tay and Show [10-12] concluded that 

digested and dewatered sludge could be used to produce cement like material. In preparing 

cement specimens, the sludge was dried and mixed with limestone powder. The resulted 

mixture was ground and incinerated. The sludge cement was found to have high water demand 

and quick setting compared with ordinary cement. Evaluation of mortar cube strength showed 

that it was possible to produce masonry binder made of cement sludge that would satisfy the 

strength requirements of the ASTM standard for masonry cement. Further studies were needed 

to evaluate long term properties such as durability prior to acceptance as a suitable masonry 

binder, [10-12].  

 

Sewage sludge pellets (SSP) is used as substituting material in raw mix formulation in 

manufacturing process of Portland cement. Monzo et al. [17] replaced 11% of cement clinker 

dry weight by (SSP) without any problem or larger differences comparing to cement made 

with normal clinker contents. 

 

Goh et al. [18] used pulverized sludge ash blended with cement in concrete mix. The 

sewage sludge treated at 550C to remove organic materials for using as filler in concrete. The 

presented ash was collected and pulverized to finer than 150µm, then incorporated into the 

cement. The results indicated that concrete workability was improved as sludge ash content 
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increased. The 28-day compressive strength of concrete cubes with 10% sludge ash in cement 

was about the same of ordinary concrete, but when sludge ash increase up to 40%, the strength 

drops by 50% [18]. 

 

Sewage sludge ash (SSA) was used as replacement of cement at 15% and 30% by weight 

in mortar. According to Monzo et al. [17], the mortar containing 15% of (SSA) as replacement 

of cement has a compressive strength similar to reference mortar. When (SSA) content 

increased up to 30%, a significant decrease was observed [17]. 

 

Goncalves et al. [19] tried to use sewage sludge treated at different temperature as 

replacement material of cement in mortar preparation. A dry sludge at 105 0C was used as 

replacement of cement by 20% of dry weight. The result showed that there was no setting 

occurred. Another trial was done but by using treated sludge at 4500C, 7000C, 850C as 

replacement of 5% and 10% of cement weight. The results indicated that the presence of any 

kind of previous treated sludge caused decreasing in mortar compressive strength [19]. 

 
3.2.4 Sludge in concrete mixtures 
 

The possibility of using dry sludge as additive materials to concrete has been 

investigated by Valls et al. [5]. The sewage sludge was passed through a drying process to 

reduce its humidity to a certain limit and killing microorganisms; this allowed adding dry 

sludge to concrete mix without large change in mix. Dry sludge was added to concrete mix as 

fine sand at percent various from 0-10%. The use of sludge in concrete was beneficial in that 

when sludge reacts with cement and comes to form of binding matrix, the sludge components 

were stabilized and quantity of laechable heavy ions was reduced compared to free dry sludge. 

The results obtained by Valls et al., showed that the compressive strength of concrete 

decreased as the sludge content increased. Sludge content of 10% or more can not be used 

because the setting time was delayed and the concrete mechanical properties were reduced 

significantly [5]. 

 

A durability test was carried out on samples with sludge as additive to concrete to 

evaluate long term performance. A sample was subjected to accelerated attack. These attacks 

involved a combined wet-dry cycles using fresh and sea water, accelerated aging in an 

autoclave and accelerated carbonation. The results indicated by Valls and Yaque [20, 21] 

showed that sludge concrete has durability similar to reference concrete. 
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Sewage sludge was also used in manufacturing of concrete for pavement but as 

replacement of sand. A replacement of 6.1% of mixed sand by sewage sludge pellets (SSP) 

was examined by Monzo et al. [17]. The presence of (SSP) produced a significant decrease of 

concrete flexural strength during curing time. The reduction was reached 24.1% at 7 days and 

11.8% at 90 days comparing with reference concrete. The reduction in flexural strength was 

referred to soluble organic material. The compressive strength was also affected by organic 

material and the reduction of compressive strength varies from 10.1% at 7days and less than 

that at 90days [17]. 

 

3.2.5 Sludge water in concrete mixtures 
 

As there are attempts to use sewage sludge in construction field, also there are attempts 

to utilize sludge water. Chatveera et al. [22] replace the tap water by sludge water in concrete 

production. The results showed that the sludge water can be used as replacement of tap water 

at percent varying from 0% to 100%. The compressive strength of concrete mixed with sludge 

water is in the range of 85%-94% of concrete with normal water, but sludge water has an 

adverse affect on drying shrinkage and resistance to acid attack of concrete [22]. 

 

Another evaluation of using treated wastewater in concrete mixtures is studied by 

Ghusain and Terro [23]. Concrete cube specimens are prepared using different water type. The 

water used in this study is tap water (TW), preliminary treated waste water (PTWW), 

secondary treated wastewater (STWW) and tertiary treated wastewater (TTWW). The results 

showed that mix water type do not affect on concrete slump and density. The specimens made 

with (PTWW) and (STWW) are found to have lower strength, slower strength development, 

higher setting time, and higher corrosion potential than specimens made with (TW) and 

(TTWW). The concrete specimens made with (TTWW) presented higher strength than other 

specimens mad with (TW) [23]. 

 

3.2.6 Sludge in ceramic and glass production 
 

Ceramic industry is a high consumer of silicate which consider as the basic raw material 

of ceramic. The main components of sludge ash are silicate (SiO2), this make sludge ash 

applicable to use as raw material in ceramic production. Suzuki et al. [24] produce ceramic 

samples by adding limestone to sewage sludge incinerated ash. The sludge ash is presented as 

fine dust, so it can be directly mixed with other ceramic paste components. Ceramic samples 

containing 50% sludge ash showed strength, acid resistance, and absorption coefficient within 
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the normal range for ceramic. According to Ferriera et al. [25] the leaching test results of 

ceramic containing sludge ash showed minimum diffusion values of heavy metals.  

 

In other application, sludge ash is converted into glasslike material. A melting of sludge 

ash components converted ash into glass. The melting process is known by verification 

process has a temperature above 1300 oC [25]. 

 

3.2.7 Conclusion  
 

As illustrated previously, the use of sewage sludge in construction field was restricted by 

the ash form by subjecting the sludge to high temperature beyond 550 oC to incinerate organic 

compounds. The use of dry sludge in construction field especially concrete mixes is limited 

and need more research to study the effect of sludge on concrete properties and to evaluate the 

stability of sludge components in concrete matrix. 

 

 

 
 



Chapter (4)                                                                                                                                                      Materials and Experimental Program 

 4 -1 

Chapter (4) 
 

Materials and Experimental Program 
 
 

Index                                                                                                                                      Page 
 
4.1 Introduction………………………………………………………...…………………….4-2 

4.2 Materials………………………………………………………………………………….4-2 

4.3 Mix preparation………………………………………………………………………....4-19 

4.4 Test program………………………………………………………..…………..……….4-21 

      4.4.1 Low organic sewage sludge in concrete mixes……………..………………...…..4-22 

      4.4.2 High organic sewage sludge in concrete mixes………..………………………….4-23 

      4.4.3 High organic sewage sludge in interlock brick samples…………...……...………4-25 

      4.4.4 Organic material stability in concrete matrix……………………………………..4-25 

4.5 Experiment and test procedure………………………………..………………………...4-27  

      4.5.1 Compressive strength………………………………………………………..……4-27   

      4.5.2 Density…………………………………………………………………………….4-29 

      4.5.3 Interlock brick absorption………………………………...……………………….4-29   

      4.5.4 Workability………………………………………………………………………..4-30 

     4.5.5 Leaching test, NEN 7375 test………………………………………...……………4-31  

     4.5.6 Biochemical oxygen demand test……………………………..……...……………4-32 

4.6 Drying process………………………………………………………………………..…4-33 

4.7 Curing conditions………………………………………………………………………..4.33 

 
 
 
 
 
 
 
 
 



Chapter (4)                                                                                                                                                      Materials and Experimental Program 

 4 -2 

4.1 Introduction 
 

This chapter presents the experimental program which designed to evaluate the 

feasibility of using sewage sludge in concrete mixes. Several properties of sewage sludge are 

presented in this chapter such as organic content, moisture content and grain size distribution. 

The aggregate properties needed to prepare concrete mixes are discussed. The control mixes 

preparation, properties and constituents are given.  

 

The procedure of using dry sewage sludge as one component of concrete mixes and 

interlock brick samples is summarized in this chapter. Several parameters were considered in 

the test program such as the way of using dry sludge, the sludge particles shape, the organic 

content and the sludge content in concrete mixes. This chapter presents the concrete and 

interlock brick properties which studied to evaluate the sludge effect. Also the environmental 

quality of using sludge concrete was studied. The test procedure, details and equipments used 

to assess concrete properties are illustrated. 

 
4.2 Materials  
 

The materials used to develop concrete mixes in this study were dry sewage sludge, 

coarse aggregate, fine aggregate and admixture.  

 

1) Dry sludge  
 
 The sludge was brought from Gaza city 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 dumping site and secondary ponds. 

No industrial drying process takes place in the plant. The sludge in this plant is exposed to sun 

for long period and then transferred to dumping sites. The produced sludge has varying 

moisture depending on weather and temperature. The sewage sludge samples which used in 

concrete mixtures were divided into two main categories as following:  

 
A. Sludge with low organic material and high sand content 
 

 The current sewage sludge produced in Gaza wastewater plant is exposed to the sun for a 

long period of time and then accumulated and transferred to dumping sites. The dumping sites 

are sandy dunes near plants. Figure (4.1) illustrates a sample of this type of sludge which 

distributed on sand dunes around plant. The long period which the sludge stayed in an aerobic 

condition reduces the organic content because these conditions facilitate the decomposition of 
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organic material. The absence of preliminary treatment especially grit removal equipments and 

the accumulation of this type around sand dunes increase the sand content in sludge [1]. 

 

 
Figure (4.1): Sewage sludge distributed in dumping sites 

 

Because of the high sand content, this type of sludge was used after drying and grinding in 

concrete mixes in two methods:   

 

o As additive to concrete mixtures. 

o As replacement of sand. 

 

Figure (4.2) illustrates a sample of this type after drying in oven at temperature 105 oC ± 

5 oC. The drying process facilitates sludge handling and gives them a granulometry [4, 17]. 
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Figure (4.2): Low organic sewage sludge shape. 

 

The organic material content (weight loss at 550oC) varied between 11%-13%. The 

moisture content of sludge (weight loss at 105 oC) varied between 20%-25%. The grain size 

distribution of sludge was determined in same way of aggregate. The granulometry of this 

type after drying and manual grinding is shown in table (4.1) and figure (4.3). 

 

Table (4.1): Sieve analysis of low organic sludge 
 

Sieve 
size 

Sieve 
 # Sample 

(mm)  
% 

Passing 
76 3" 100 
50 2" 100 

37.5 11/2'' 100.0 

25 1'' 100.0 

19 3/4'' 100.0 

12.5 1/2'' 100.0 
9.5 3/8'' 100.0 

4.75 #4 90.6 

2.36 # 10 79.2 
1.18 #16 68.7 

0.600 #25 59.5 

0.300 #40 31.9 
0.150 #100 5.5 

0.075 #200 2.2 
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Figure (4.3): Grain size distribution of low organic sludge. 

 
B. Sludge with high organic material and very low sand content. 
 

 This type of sludge has a high organic content and low sand content. The sludge samples 

of this type were taken from secondary ponds surface. The sand pellets settled to the pond 

bottom because it has higher density than other sewage contents. This type of sludge will be 

the future product of the plant if the following measures are taken:  

 

� A preliminary treatment is applied, which will minimize the sand and inorganic 

materials content to the lower level. 

� A good management of sludge treatment and stabilization process is applied. The 

sludge will not remain for long period in ponds. A continuous operation for removing 

sludge from primary and secondary ponds will take place at a certain time. After that, 

the removing sludge will be ready to use or to convert into dumping sites.  

 

The solid content of this type was 25%-30% and the organic content varied between 

51%-53%. The density of sludge particles was around 1g/cm3. This type of sludge was used in 

concrete mixes only as an additive. Two forms of sludge particles were used according to 

sludge particles size which are: 

 
a) Sludge pellets with size larger than Gaza strip natural sand. The Gaza natural sand 

has a maximum size of 600µm and passing sieve 850µm. Figure (4.4) illustrates a 

sample of sewage sludge pellets shape. The pellets size was varied between 

1.18mm and 850 µm.  
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Figure (4.4): High organic sewage sludge pellets appearance 

 

b) Fine sludge with maximum size similar to the Gaza strip natural sand, passing 

sieve 850 µm. The appearance of this type is shown in figure (4.5). The grain size 

distribution is illustrated in table (4.2) and figure (4.6). 

 
Figure (4.5): High organic fine sewage sludge shape 
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Table (4.2): Sieve analysis of high organic sludge passing sieve 850µm 
 

Sieve 
size 

Sieve 
 # Sample 

(mm)  
% 

Passing 
76 3" 100.0 
50 2" 100.0 

37.5 11/2'' 100.0 

25 1'' 100.0 

19 3/4'' 100.0 

12.5 1/2'' 100.0 
9.5 3/8'' 100.0 

4.75 #4 100.0 

2.36 # 10 100.0 
1.18 #16 100.0 

0.600 #25 82.5 

0.300 #40 46.4 

0.150 #100 6.0 

0.075 #200 1.1 
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Figure (4.6): Grain size distribution of high organic sludge passing sieve 850µm 

 
The sludge with high organic content was more used in this work than the low organic sludge. 

This type of sludge is expected to be produced in Gaza wastewater plant in the future.  

 
 
 
 
 



Chapter (4)                                                                                                                                                      Materials and Experimental Program 

 4 -8 

2) Aggregate  
 

In general, aggregates make up 60%-75% of the total concrete volume, so their selection 

is important, because they control concrete properties [26]. Two main categories of aggregate 

were used, coarse and fine aggregates. The classification of aggregate into fine and coarse is 

referred to ASTM C33 [27]. The coarse aggregate in this work was crushed limestone. Three 

size of  coarse aggregate were used with maximum nominal size (25mm). These aggregate are 

the commonly types used in Gaza concrete manufactures and locally known by Foliya, 

Adasiya, and Simsymia. Dune  sand was used as fine aggregate. The appearance of these 

aggregate are shown in figure (4.7). 

              
                                    (a)        (b) 

              
                            (c)      (d) 

Figure (4.7): Aggregate used in mixtures preparation: (a) Aggregate with maximum size 25 

mm (Foliya). (b) Aggregate with maximum size 19 mm (Adasiya) (c) Aggregate with 

maximum size 9.5mm (Simsimiya) (d) Gaza natural sand with maximum size 600µm 
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Several aggregate properties should be known to prepare one cubic meter of concrete. 

The most important aggregate properties which needed to prepare concrete mixes are: 

 

• Specific gravity: 
 
The aggregate specific gravity is a dimensionless value used to determine the volume of 

aggregate in concrete mixes. Table (4.3) illustrates the specific gravity value for all aggregate 

which used in the preparation of concrete mixes. The determination of specific gravity of 

coarse and fine aggregate was done according to ASTM C 127 and ASTM C128 respectively, 

[28, 29]. The specific gravity was calculated at two different conditions which are dry 

condition and saturated surface dry condition. Only the dry specific gravity was used in 

preparation of the concrete mixes because all samples were oven dry. 

 
 Table (4.3): Aggregate specific gravity  

Aggregate type Gs (dry) Gs (SSD) 
(25mm) 2.68 2.71 
(19mm) 2.59 2.65 
(9.5mm) 2.52 2.63 

Sand 2.66 2.66 
 

• Moisture content: 
 
The aggregate moisture content is the percentage of water present in a sample of 

aggregate either inside pores or in the surface. Moisture content of coarse and fine aggregate 

was done according to ASTM C 566 [30], but the final moisture content was zero because the 

coarse and the fine aggregate were dried in an oven at temperature (110 oC ± 5). The aggregate 

were used in oven dry case to neglect any effect of the variation in aggregate moisture content 

on the concrete properties. 

 
• Unit weight  
 
The unit weight or bulk density of aggregate is the weight of aggregate per unit volume. 

The bulk density value is necessary to select concrete mixtures proportions. ASTM C 29 

procedure was used to determine aggregate bulk density [31]. Table (4.4) illustrates the 

aggregate unit weight values. 
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Table (4.4): Aggregate Dry unit weight 

Aggregate type Dry unit weight γ dry 
(kg/m3) 

SSD unit weight γ SSD 
(kg/m3) 

(25mm) 1435 1451 
(19mm) 1505 1541 
(9.5mm) 1485 1530 

 
 
• Aggregate absorption  
 
Absorption of aggregate is the weight of water present in aggregate pores expressed as 

percentage of aggregate dry weight. ASTM C127 was used to determine coarse aggregate 

absorption and ASTM C128 for fine aggregate. Table (4.5) illustrates the absorption 

percentage of all aggregates. 

 
Table (4.5): Aggregate absorption 

Aggregate type Absorption 
(%) 

(25mm) 1.12 
(19mm) 2.42 
(9.5mm) 3 

Sand 0.5 
 
 

• Grain size distribution  
 
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. ASTM 

C136 procedure was used to determine the sieve analysis of coarse and fine aggregate [32]. 

The particles size distributions of coarse aggregate are shown in tables (4.6), (4.7), (4.8) and 

figures (4.8), (4.9), (4.10). The distribution of fine aggregate which includes natural sand and 

fine part of aggregate with maximum size 9.5mm, Simsimiya, are shown in table (4.9), (4.10) 

and figure (4.10), (4.11). 
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Table (4.6): Sieve analysis of aggregate with maximum size 25mm, Foliya 

Sieve 
size 

Sieve 
 # Sample 

(mm)  
% 

Passing 
76 3" 100 
50 2" 100 

37.5 11/2'' 100.0 

25 1'' 98.2 

19 3/4'' 46.7 

12.5 1/2'' 3.3 

9.5 3/8'' 1.4 

4.75 #4 1.1 

2.36 # 10 1.1 
1.18 #16 1.1 

0.600 #25 1.0 

0.300 #40 1.0 

0.150 #100 0.9 

0.075 #200 0.7 
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Figure (4.8): Sieve analysis of coarse aggregate with maximum size 25 mm, Foliya 
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Table (4.7): Sieve analysis of aggregate with maximum size 19mm, Adasiya 

Sieve 
size 

Sieve 
 # Sample 

(mm)  
% 

Passing 
76 3" 100 
50 2" 100 

37.5 11/2'' 100.0 

25 1'' 100.0 

19 3/4'' 99.2 

12.5 1/2'' 56.3 

9.5 3/8'' 13.2 

4.75 #4 3.4 

2.36 # 8 2.0 

1.18 # 16 1.5 

0.600 #30 1.4 

0.300 #50 1.2 

0.150 #100 0.8 

0.075 #200 0.6 
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Figure (4.9): Sieve analysis of coarse aggregate with maximum size 19 mm, Adasiya 
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Table (4.8): Sieve analysis of aggregate with maximum size 9.5mm, Simsimiya 

Sieve 
size 

Sieve 
 # Sample 

(mm)  
% 

Passing 
76 3" 100 

50 2" 100 

37.5 11/2'' 100.0 

25 1'' 100.0 

19 3/4'' 100.0 

12.5 1/2'' 100.0 

9.5 3/8'' 94.3 

4.75 #4 25.2 

2.36 # 8 6.6 

1.18 # 16 3.8 

0.600 #30 3.0 

0.300 #50 2.6 

0.150 #100 2.4 

0.075 #200 2.3 
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Figure (4.10): Sieve analysis of aggregate with maximum size 9.5 mm, Simsimiya 
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Table (4.9): Sieve analysis of Gaza natural sand 

Sieve 
size 

Sieve 
 # Sample 

(mm)  
% 

Passing 
76 3" 100 
50 2" 100 

37.5 11/2'' 100.0 
25 1'' 100.0 

19 3/4'' 100.0 

12.5 1/2'' 100.0 
9.5 3/8'' 100.0 

4.75 #4 100.0 

2.36 # 10 100.0 
1.18 #16 100.0 

0.600 #25 99.6 

0.300 #40 47.8 

0.150 #100 2.0 

0.075 #200 0.3 
 

 

0

10

20

30

40

50

60

70

80

90

100

0.01 0.1 1 10 100

Sieve size (mm)

%
p

as
si

n
g

 
Figure (4.11): Sieve analysis of Gaza natural sand 

 

• Total aggregate grading  
 

According to ASTM C33, the aggregate grading separated into two main parts. These 

parts are the grading of coarse and fine aggregate limits. The grading of coarse aggregate 

which used in this study satisfied the ASTM C33 gradation limits. However the fine aggregate 

combination was not restricted by ASTM C33 limits for several reasons as follows: 

� The materials to make concrete mix should be available and suitable to the Gaza strip 

concrete manufacturing companies and natural materials availability. No change in the 
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normal industrial process or material types should be occurred to keep the economical 

factor. 

� The combination of well graded fine aggregate and well–graded coarse aggregate are 

considered separately according to ASTM C33 and does not necessarily result in well 

graded aggregate combination [34]. The combination of aggregate complying with 

ASTM C33 could give mix with poor size distribution which sometimes leads to gap 

grading or at least to an excess of one size and usually there is lacking in mid-size 

aggregate [34]. 

� Today, sand are much finer, and coarse sand may not be available from local supplies 

and then there is a necessary to use manufactured sand which increase concrete cost, 

[35]. Also the production of manufacturing sand usually results in high amounts of 

material passing sieve 75µm varied 10%-20%. The high amount of material passing 

sieve75µm has an adverse effect to mix workability and other concrete properties. The 

Gaza natural sand with maximum size 600µm has lower material passing sieve75µm,  

rounder and smoother than manufactured sand, so natural sand required less water than 

manufactured sand.  

� Perfect or ideal gradation does not exist in the field, but there are trials to approach it. 

Some of theses approaches depend on the availability of materials and construction 

operation to dictate the proportion of fine and coarse aggregate. One of these trials is 

done by Shilstone (1990) [33]. He avoided the problems related to ASTM C33 and 

suggested that aggregate gradation may control mix slump without adjusting water to 

cement ratio (w/c), and so there is an optimum aggregate combination gives lowest 

water cement ratio and required consistency.  Therefore, the Shilistone charts were 

used in this study to obtain aggregate gradation suitable to Gaza strip manufactures and 

natural material availability. The following variables were determined [33-35]. 

 

• Coarseness Factor (CF) which is the proportion of plus 9.5mm coarse particles (Q) 

related to the total coarse particles (Q+I). The coarseness factor is expressed as 

percent as shown in next equation. 

100(%) ×








+

=

IQ

Q
CF  

100
seive (#8) mm 2.36 above retained % Combined

seive in) (3/8 mm 9.5 above retained % Combined
(%) ×








=CF  

The value of (CF) is related with workability by coarseness factor chart. This chart is a 

function of (CF) value and combined percent passing sieve No.8 (2.36mm) which known 
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by workability factors. Figure (4.12) illustrates the Shilstone coarseness factor chart. The 

Shilstone zones description are illustrated in table (4.10). 

 

 
Figure (4.12): Shilstone coarseness factor chart [35] 

 
 

Table (4.10): Zone description in coarseness factor chart [35] 
Zone Description 

Zone I Coarse gap - graded 
Zone II 1 Well graded, excellent but caution 
Zone II 2 Well graded, excellent for paving and slip form 
Zone II 3 Well graded, high quality slab 
Zone II 4 Well graded, good in general 
Zone II 5 Well graded, varies to material and construction needs 
Zone III Pea gravel mix 
Zone IV Over sanded mix “sticky” 
Zone V Rocky mix, suitable for concrete mass 

 
As shown in appendix (A), for aggregate combination in table A-2, the individual retained 

percent of aggregate combination is shown in table (4.11) and figure (4.13). 
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Table (4.11): Individual retained percent for aggregate combination 
Sieve size (mm) Individual retained (%) 

37.5 0.0 
25 0.6 
19 16.0 

12.5 19.3 
9.5 7.7 
4.75 15.8 
2.36 4.1 
1.18 0.4 
0.6 0.6 
0.3 18.0 
0.15 15.9 

0.075 0.7 
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Figure (4.13): Individual Retained chart 

 
6.437.73.19166.0 =+++=Q  
5.631.48.156.43 =++=+ IQ  

=×





= 100

5.63

6.43
(%)CF 68.7 

 
Workability factor = Combined % passing No. 8 (2.36mm) sieve = 36.6 

From figure (4.12), the aggregate combination lies in zone (II 5), so the mix have well graded. 

 

• 0.45 Power curve: Shilstone suggests plotting the combined gradation related to 

maximum density line. The maximum density line is the line drawn from the origin to 

the intersection of the 100 percent passing line with maximum aggregate size. Figure 

(4.14) illustrates 0.45 power curve for one type of aggregate combination. In this 

chart the horizontal axis scale is obtained by raising the sieve size to the 0.45 power. 
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The good mixing according to 0.45 power curve is the mixture closer to straight line, 

[33-35].  
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Figure (4.14): 0.45 power aggregate curve 

 
According to Shilistone, the amount retained on single sieve is not important as the 

amount which retained in two adjacent sieves. He grouped the sieves into clusters of two. For 

aggregate with maximum size 25mm, these clusters are: (25mm, 19mm), (4.75mm,2.36mm), 

(1.18mm,0.6mm), and (0.3mm, 0.15mm). He suggested to have good grading, each cluster 

should have at least peak value on one sieve and deficiency in other sieve is acceptable, [33]. 

As shown in table (4.11), all clusters have a peak value except cluster (1.18mm, 0.6mm).   

 

3) Cement  
Portland cement type I was used throughout the investigation. The cement was obtained 

from local concrete manufacture and kept in dry location. The cement source is Silo Nisher. 

 

4) Water 
Tap water, potable without any salts or chemical was used in the study. The water source 

in was the soil and material lab in IUG. 

 

5) Admixture  
In some concrete mixes, a workability admixture was used to study some variables. The 

aim of using admixture was only to enhance workability by increasing slump value without 

changing the water-cement ratio. The type of admixture was super-admixture type Fluimix 

871-Draco.  
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4.3 Mix preparation  
 
 Concrete without sewage sludge was used as the control concrete. Three control mixes 

designs A0, B0, C0 were prepared to investigate the influence of dry sludge on concrete 

properties. Mix A0 was designed with a targeted compressive strength 300kg/cm2 and mixes 

B0, C0 were designed with a targeted compressive strength 250kg/cm2. No mineral or 

chemical admixtures were added to mix A0 and B0. Super-plasticizer admixture was added to 

mix C0 to increase the slump value without changing the water-cement ratio. Mix A0 was 

used to evaluate the effect of all sludge types in different amount and shape on concrete 

properties. Mix B0 and C0 were used to verify the results obtained from mix A0 and in 

studying other variables. . As shown in appendix (A), the mixes constituents were calculated 

according to ACI 211.1 by determining the absolute volume which each component occupied 

in one cubic concrete volume [26, 36]. The design steps of these mixtures are shown in 

appendix (A). 

 

 The mix operation of concrete control mixes and concrete with sludge mixes were taken 

place in a conventional blade-type mixer according to ASTM C192, [37]. Table (4.12) 

summarized the mix operation procedure which followed for all  control and sludge concrete 

mixes without any change. The sludge amount was mixed with sand to achieve homogeneous 

mixture. 

 

Table (4.12): Mixing procedure according to ASTM C 192 [37]. 

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 

 

The proportions used in preparing concrete for one cubic meter for mixes (A0), (B0) and (C0) 

are shown in tables (4.13), (4.14) and (4.15) respectively.  
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Table (4.13): Mix proportion of the control mix A0 
Material 

Description 
Size/Type Condition Weight 

kg/m3 
Volume 

(m3) 
Material Source 

Cement Type I Dry 310 0.0984 Nisher Type I, Silos 
Coarse Aggregate 25mm Dry 580 0.2164 Crushed Limestone 
Coarse Aggregate 19mm Dry 260 0.1004 Crushed Limestone 
Coarse Aggregate 10mm Dry 390 0.1548 Crushed Limestone 

Fine sand 0.6mm Dry 650 0.2444 Gaza Dune sand 
Free water Tap Liquid 167 0.167 University lab water 
Additives - - - - - 

Air content Air Air  0.0186  
Total 2357 1.00 

 
 
Table (4.14): Mix proportion of the control mix B0 

Material 
Description 

Size/Type Condition Weight 
kg/m3 

Volume 
(m3) 

Material Source 

Cement Type I Dry 260 0.08254 Nisher Type I, Silos 
Coarse Aggregate 25mm Dry 580 0.2164 Crushed Limestone 
Coarse Aggregate 19mm Dry 300 0.11583 Crushed Limestone 
Coarse Aggregate 10mm Dry 395 0.15674 Crushed Limestone 

Fine sand 0.6mm Dry 665 0.25 Gaza Dune sand 
Free water Tap liquid 159 0.159 University lab water 
Additives - - - - - 

Air content Air Air  0.0195  
Total 2359 1.00 

 
 
Table (4.15): Mix proportion of the control mix C0 

Material 
Description 

Size/Type Condition Weight 
kg/m3 

Volume 
(m3) 

Material Source 

Cement Type I Dry 260 0.08254 Nisher Type I, Silos 
Coarse Aggregate 25mm Dry 580 0.2164 Crushed Limestone 
Coarse Aggregate 19mm Dry 300 0.11583 Crushed Limestone 
Coarse Aggregate 10mm Dry 395 0.15674 Crushed Limestone 

Fine sand 0.6mm Dry 665 0.25 Gaza Dune sand 
Free water Tap Liquid 159 0.159 University lab water  
Additives Super-

admixture 
Liquid 2.1 0.0018 Fluimix 871-DRACO 

Air content Air Air  0.0177  
Total 2361 1.00 
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4.4 Test program 
 

The present study concentrated on developing the most straightforward mix design and 

preparation techniques to produce concrete containing sewage sludge with acceptable 

properties in fresh and hardened states. The influence of sludge on concrete properties was 

studied by preparing several concrete mixes involving different type, amount, and shape of 

sludge. In this work, two main type of sludge were used in concrete mixes. These two types 

included sludge with high organic content and sludge with low organic content. High organic 

sludge was studied comprehensively in this study because it will be the future production of 

Gaza city plant and it has more adverse effect on concrete properties than low organic type. 

All sludge types were mainly used as an additive to concrete mixes. The use of low organic 

sludge as a sand replacement was carried out. The use of sludge types on concrete mixes can 

summarized as follow: 

 

1.Low organic sludge with high sand content 

 

a) Prepare concrete cube specimens containing 0%, 2.5%, 5% and 10% of dry 

sludge by cement weight as an additive. 

b) Prepare concrete cube specimens containing 0%, 2.5%, 5%, 10%, and 20% of 

dry sludge as sand replacement. 

 

2.High organic sludge with low sand content 

 

a) Prepare concrete cube specimens containing 0%, 2.5%, 5% and 10% of dry sludge 

by cement weight as an additive. 

b) Study other parameters concerning of dry sludge to show their influence on 

concrete properties.  

 

The influences of sludge on concrete properties were evaluated by studying the concrete 

properties in fresh and hardened states. In fresh state, the mix workability was evaluated by 

using slump test and in the hardened states the compressive strength and density were tested. 

 

A practical application of using dry sludge in the production of nonstructural element 

was done. A dry high organic sludge was used as an additive to interlock brick samples. The 

effect of sludge on brick samples properties was studied and compared with control samples 

properties. The studied properties involved compressive strength, density and absorption. 
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The environmental quality of concrete containing sludge was established by applying 

leaching test. NEN 7375 leaching test was used to study the stability of sludge components in 

concrete matrix. Only the organic material was considered in leaching test because the heavy 

metals content in Gaza sludge is limited and the organic material form more than 50% of 

sludge weight. 

 

The following section summaries the experiments carried out in this work to study the 

sludge effect on concrete properties, interlock brick properties and the stability of sludge 

organic content in concrete matrix. The test program steps are summarized in the chart shown 

in figure (4.15). 

 
4.4.1 Low organic sludge in concrete mixes 
 

Low organic content sewage sludge was used as additive to control mix A0 and as sand 

replacement of mix A0. Table (4.16 a, 4.16 b) summarize the experimental program of low 

organic sludge. The additive amount of sludge is expressed by sludge to cement ratio, (s/c) 

and the sand replaced by sludge is expressed by sand replacement ratio, (sr). 

 

1) Sludge as additive to mix A0 

 
Table (4.16 a): Low organic sludge as additive to mix A0 

Batch name Sludge content by weight (kg) in 1m3 

A0 Zero sludge content (Control mix), s/c=0 
A-A2.5 2.5% of cement content of mix A0 as additive sludge. 

(s/c) = 2.5%, s= 7.75kg/m3 

A-A5 5% of cement content of mix A0 as additive sludge. 
(s/c) = 5%, s= 15.5kg/m3 

A-A10 10% of cement content of mix A0 as additive sludge. 
(s/c) = 10%, s= 31kg/m3 

 
 

2) Sludge as sand replacement of mix (A0) 

 

Table (4.16 b): Low organic sludge as sand replacement of mix A0  
Batch name Sludge content by weight (kg) in 1m3 

A0 Zero sand replacement (Control mix) 
A-R2.5 2.5% of sand content of mix A0 replaced by sludge. 

(sr) = 2.5%, s= 16.25kg/m3 

A-R5 5% of sand content of mix A0 replaced by sludge. 
(sr) = 5%, s= 32.5kg/m3 

A-R10 10% of sand content of mix A0 replaced by sludge. 
(sr) = 10%, s= 65kg/m3 

A-R20 20% of sand content of mix A0 replaced by sludge. 
(sr) = 20%, s= 130kg/m3 

Administrator
Cross-Out
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4.4.2 High organic sludge in concrete mixes  
 

Due to high organic content, this type of sludge was used only as additive to control 

mixes. The three control mixes, A0, B0, C0, were used to investigate the influence of this type 

on concrete properties. Several relations were examined including he effect of particle size on 

concrete properties and the relation between the sludge to additive water ratio at constant 

sludge content. Table (4.17) summarizes the experiments program of using this type of sludge 

in concrete mixes. 

 

1) Sludge pellets as additive to mix A0 

 

Table (4.17 a): High organic sludge pellets as additive to mix A0  
Batch name Sludge content by weight (kg) in 1m3 

A0 Zero sludge content (Control mix) 
B-A2.5 2.5% of cement content of mix A0 as additive sludge pellets. 

(s/c) = 2.5%, s= 7.75kg/m3 

B-A5 5% of cement content of mix A0 as additive sludge pellets. 
(s/c) = 5%, s= 15.5kg/m3 

B-A10 10% of cement content of mix A0 as additive sludge pellets. 
(s/c) = 2.5%, s= 30 kg/m3 

 
 

2) Sludge pellets as additive to mix B0 

 
Table (4.17 b): High organic sludge pellets as additive to mix B0  

Batch name Sludge content by weight (kg) in 1m3 
B0 Zero sludge content  (Control mix) 

C-A2.5 2.5% of cement content of mix B0 as additive sludge pellets. 
(s/c) = 2.5%, s= 6.5kg/m3 

C-A5 5% of cement content of mix B0 as additive sludge pellets. 
(s/c) = 5%, s= 13kg/m3 

 
 

3) Sludge pellets as additive to mix C0 

 
Table (4.17 c): High organic sludge pellets as additive to mix C 0 

Batch name Sludge content by weight (kg) in 1m3 
C0 Zero sludge content  (Control mix) 

D-A2.5 2.5% of cement content of mix C0 as additive sludge pellets. 
(s/c) = 2.5%, s= 6.5kg/m3 

D-A5 5% of cement content of mix C0 as additive sludge pellets. 
(s/c) = 5%, s= 13kg/m3 
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4) Fine sludge as additive to mix A0 

 

To study the effect of sludge particle shape on concrete properties, the sludge was used as 

additive to mix (A0) in fine shape passing sieve 850µm.  

 

Table (4.17 d): Fine sludge as additive to mix A 0 
Batch name Sludge content by weight (kg) in 1m3 

A0 Zero sludge content  (Control mix) 
E-A5 5% of cement content of mix A0 as additive fine sludge. 

(s/c) = 5%, s= 7.75kg/m3 

 
 

5) Mix modification  

 

To compensate the reduction of mix workability and to study the effect of additive water 
on concrete properties at constant sludge content, additive amounts of water were used. 
 

a) Additive water contents used to compensate the workability of mix A0 at sludge 
pellets content 10%. 

 
Table (4.17 e): Additive water to mix A0 at sludge pellets content 10%  

Batch name Additive water content  
A0 Zero sludge content (Control mix) 

A-A10 0% of sludge weight at 10% sludge content in mix A0, additive water was used. 
F-W15 15% of sludge weight at 10% sludge content in mix A0, additive water was used. 
F-W20 20% of sludge weight at 10% sludge content in mix A0, additive water was used. 
F-W25 25% of sludge weight at 10% sludge content in mix A0, addition water was used. 
F-W50 50% of sludge weight at 10% sludge content in mix A0, additive water was used. 
F-W100 100% of sludge weight at 10% sludge content in mix A0, additive water was used. 

 
 

b) Additive water content used to compensate the workability of mix A0 at fine sludge 
content 5%. 

 
Table (4.17 f): Additive water to mix A0 at fine sludge content 5%  

Batch name Additive water content 
A0 Mixture (A0) with zero addition percent (Control mixture) 

E-A5 0% of sludge weight at 5% sludge content in mix (A0), additive water was used. 
G-W25 25% of sludge weight at 5 % fine sludge content in mix (A0), additive water used. 
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4.4.3 High organic sludge in interlock brick samples 
 

High organic sewage sludge in the fine form was used as additive to interlock brick 

paste. The sludge was only added to bottom layer which makes up the body of brick and the 

thin surface which gives the finish of brick was mixed without sludge. Table (4.18) shows the 

program test of using sludge in interlock production. 
 

Table (4.18): High organic fine sludge as additive to interlock brick  
Batch name Sludge content by weight (kg) in 1m2 

H0 Control brick samples with zero sludge content. 
H-A5 5% of interlock main layer cement  as additive fine sludge  

(s/c) = 5%, s= 0.7kg/m2 

 
 
4.4.4 Organic material stability 
 

NEN 7375 leaching test was carried out on concrete cube specimens containing dry 

sludge to asses the environmental quality of sludge concrete. NEN 7375 is Dutch test and 

known by Netherlands Tank Leaching Test (NTLT). Two cubes were tested, each one 

contained 5% of cement content by weight as additive of high organic sludge. One of the cube 

containing the sludge in pellets form and another in fine form. The details of this test are 

discussed in section 4.5.5. 
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Figure (4.15): Experimental program chart 
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4.5 Equipment and testing procedure 
 
4.5.1 Compressive strength 

 
I.Concrete specimens compressive strength 

 
All batches discussed before in the experimental program were prepared, cured, and their 

compressive strength was determined after 7, 28 and 90 day. Standard 100mm cubes were 

prepared for compressive strength. The cubes were filled with fresh concrete in two layers and 

each layer was tamped 25 times with a tamping rod. Immediately after prepared cubes, the 

specimens were covered to prevent water evaporation.  

 

As shown in figure (4.16), for each test period, three identical specimens were crushed at 

the specified age. The compressive strength was calculated by dividing the failure load by 

average cross sectional area. The average value of the three specimens was considered as the 

compressive strength of the experiment. 

      
Figure (4.16): Compressive strength evaluation chart of concrete cube specimens 

 

   The 90 day curing period was used as indication for long period behavior and 

development rate of concrete compressive strength for specimens containing sludge. In 

general, concrete becomes stronger with time as long as there is moisture and favorable 

temperature available. The compressive strength of concrete is estimated to be 75% of 28 day 

strength and the 90 day strength is more than the 28 day strength by 10% to 15%. This is 

shown in figure (4.17), which illustrated the development of compressive strength related with 

curing period [26, 36]. 
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Figure (4.17): Concrete compressive strength development related with curing period, [26, 36] 
 
 

The compressive strength machine in Soil and Material Lab at the IUG was used for 

determining the maximum compressive loads carried by concrete cubes. The machine was 

detected, adjusted and compared its results to another machine in the Association of 

Engineering Lab to ensure its accuracy. The compressive strength test machine which used in 

all test is shown in figure (4.18).  

 

 
Figure (4.18): Compressive strength test machine 
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II.Interlock brick compressive strength  
 
The same machine shown in figure (4.18) was used to crush interlock brick samples. As 

shown in figure (4.19), only two curing test periods were used to examine the interlock brick 

compressive strength. These periods were 28 day, 90 days. Five samples were crushed at the 

specified age. The average value of the five samples was taken as the compressive strength of 

the batch. 

 

                 
 

Figure (4.19): Compressive strength evaluation chart for interlock brick samples. 

  
4.5.2 Density 

 
I.Concrete specimens density 
 

In this research, the density of concrete cube specimens is the theoretical density. The 

density is calculated by dividing the weight of each cube on the cube volume. The same cube 

specimens which used to determine compressive strength were used to determine the density 

in the same procedure illustrated in figure (4.16). 

 
II.Interlock brick samples density 
 

The same principle of concrete specimen’s density was applied on interlock brick 

samples and figure (4.19) is applicable for density calculation. 

 
 
4.5.3 Interlock bricks absorption 

 
The absorption of interlock brick sample was calculated in the same procedure of the 

absorption of concrete specimens. ASTM C 642 was used to determine the interlock 

absorption, [38]. Interlock absorption percent is the water weight existing in interlock sample 

at saturated surface dry condition (SSD) expressed as percentage of the dry weight. As shown 

in figure (4.20), three samples were tested at the specified age and the average value was 

expressed the final absorption value for that age. 
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Figure (4.20): Interlock absorption evaluation chart. 

  
 
4.5.4 Workability 
 

Slump test was conducted to asses the workability of fresh control concrete and concrete 

containing sludge. The slump test was carried out according to ASTM C143, [39]. For each 

mix in the experiment program, a sample of freshly mixed concrete is placed and compacted 

by rod in a frustum of cone mold. As shown in figure (4.21), the slump value is equal to 

vertical distance between the original and displaced position of the center of the top surface of 

the concrete after raising a mold. 

 

 
Figure (4.21): Slump value determination 
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4.5.5 Leaching test, (NEN 7375) test  
 
  Dutch tank leach test (NEN 7375) is an immersion test used to determine the leaching 

ability of inorganic constituents from building materials under aerobic condition, [40]. Less 

data concerned of organic materials leaching, but it is likely to apply the same principles of 

inorganic materials, [41]. 

 

The (NEN 7375) test was applied on concrete cube samples (100x100x100mm) containing 

additive amount of sludge, to evaluate the leaching of organic material.  

 
General test requirement: 
 

1) At least one test piece is to be used. 

2) The smallest dimension of test piece is 4 cm. 

3) The tank or bucket of plastic used for test has volume between 2 to 5 volume tested 

materials. 

4) The tested material should be surrounded by water in all faces, as shown in figure 

(4.22). 

 

 
Figure (4.22): (NEN-7375) tank test preview 

 

5) Geometric surface area of tested specimens should be at least 75cm2. 

6) The water used in this test is neutral water. 

7) The test is carried out in 8 stages at temperature 18-22oC, these stages are shown in 

table (4.19). The neutral water is renewed after each interval. 
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Table (4.19): (NEN 7375) test intervals [40]. 
Period (n) Times (days) 

1 0.25±10% 
2 1±10% 
3 2.25±10% 
4 4±10% 
5 9±10% 
6 16±1 
7 36±1 
8 64±1 

 
As shown in table (4.20), concrete cube with dimension (10x10x10 cm) immersed in 5 liter 

water was compatible with NEN-7375 test requirements. 

    
Table (4.20): Element dimension used in NEN 7375 test 

Smallest dimension  10cm > 4cm  
Volume of cube (100x100x100mm) 1 Liter = volume of tested specimen 
Volume of water used  5 Liter = 5 time volume of specimen 
Surface area of cube (10x10x10cm) 600 cm2 >75cm2 

Cement weight in one cube 310 g 
5% sludge content in one cube 15.5 g 

 
4.5.6 Biochemical Oxygen Demand Test 

 
The BOD measure is the amount of oxygen consumed by organic matter and associated 

microorganisms in the water over a five-day period, [6]. A biochemical oxygen demand test 

was applied on the water samples taken during  leaching test intervals. One bottle was filled 

with water at the end of the NEN 7375 test periods. The bottles placed in the incubator at 20°C 

and incubate for five days as shown in figure (4.25). After five days, the NEN 7375 water 

samples were tested to determine BOD value in the Environmental lab at IUG. 

 

 
Figure (4.23): Biochemical oxygen test apparatus. 
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4.6 Drying process  
 
  All sewage sludge types were used in concrete mixtures after passing in a drying process 

in oven at temperature 110 ± 5 oC for a period of time long enough to reach a constant weight, 

which at least 1 day. The drying process is one of the stabilization methods of sludge. The 

drying process facilitates sludge handling, reduces its volume up to 80% prevent fermentation 

and kill microorganisms. The drying process was taken place in soil and material lab oven in 

IUG which shown in figure (4.24).  

 

 The same oven was used to dry all aggregate which used in preparation concrete mixes. 

The aggregate was passed through a drying process at temperature 110 ± 5 oC for 24 hours to 

reach zero moisture content. 

 
Figure (4.24): Oven used to dry sludge and aggregate samples 

 

4.7 Curing conditions 
 

All concrete and interlock brick samples were placed in curing basin after 24 hours from 

casting. The samples were remained in curing basin until tested at the specified age. The 

curing condition of soil and material lab basin followed the ASTM C192 standard [37]. The 

curing water temperature is around 25 oC. Figure (4.25) illustrates the appearance of curing 

basin which used in this study. 
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Figure (4.25): Test curing basin 
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5.1 Introduction: 
 
 This chapter describes the results of the test program designed to study the properties of 

the various sludge concrete mixes detailed in the preceding chapter. The slump test of fresh 

concrete, compressive strength and density of concrete specimens were performed to 

investigate the sludge effect on concrete properties.  

 

 Having known the sludge effects on concrete mixes in fresh and hardened states, the 

optimum sludge/cement ratio was used to make interlock samples, as example of non 

reinforced element. The influence of sludge on interlock brick compressive strength, density 

and absorption were studied and compared with those of the control interlock bricks. 

 

 A study of sludge components stability in concrete matrix was performed. The 

Netherlands NEN 7375 leaching test was performed to asses the stability of sludge organic 

content in concrete matrix.  

 

5.2 Control mixes properties 
 
  As illustrated before in chapter (4), three control mixes (A0, B0, C0) were prepared to 

investigate the effect of dry sewage sludge on concrete properties. Table (5.1) summarized the 

properties of these mixes in fresh and hardened states, which will be discussed in the 

following section. 

  

Table (5.1): Control mixes properties 

Parameter Mix (A0)/ B300 Mix (B0)/B250 Mix (C0)/B250 

Target compressive 

strength (28 day) 

300 250 250 

Water/ cement ratio 0.54 0.61 0.61 

28 day compressive 

strength result (kg/cm2) 

Prismatic = 396 

Cylinder = 317 

Prismatic = 310 

Cylinder = 248 

Prismatic = 313 

Cylinder = 250 

90 day compressive 

strength result (kg/cm2) 

Prismatic = 484 Prismatic = 381 Prismatic = 351 

28 day density result 

(kg/m3) 

2454 2413 2362 

90 day density result 

(kg/m3) 

2420 2391 2357 

Superplasticizer No No Yes 

Slump result (cm) 4 4 10.5 
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5.2.1 Compressive strength result 
 
 The 7, 28, and 90 day-age results of control mix A0 are shown in tables (5.2), (5.3), and 

(5.4) respectively. The whole results of mixes B0 and C0 are presented in appendix (B). Only 

the average values are discussed in this chapter and the whole results are shown in appendix 

(B). The average values of compressive strength of each control mixes at various curing age 

are presented in table (5.5) and plotted in figure (5.1). 

 

Table (5.2): 7 day-age results of mix A0 
Dimension (mm) Sample 

Number L W H 
Weight 

(g) 
Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2465 2465 290 296 
2 100 101 100 2500 2475 292 295 
3 100 101 101 2460 2412 293 296 
     Average 

Density 
 Average 

Stress 
     2451  296 

 
Table (5.3): 28 day-age results of mix A0 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 102 100 100 2520 2471 397 397 
2 101 101 101 2515 2441 381 381 
3 101 100 100 2475 2450 407 411 
     Average 

Density 
 Average 

Stress 
     2454  396 

 
Table (5.4): 90 day-age results of mix A0  

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 101 100 2465 2416 473 473 
2 101 102 101 2495 2398 486 481 
3 102 100 101 2520 2446 499 499 
     Average 

Density 
 Average 

Stress 
     2420  484 

 

Table (5.5): Average compressive strength of control mixes (sludge free), (kg/cm2) 
Curing Age Mix A0 Mix B0               Mix C0 

7 296 243 228 
28 396 310 313 
90 484 381 351 
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Figure (5.1): Average compressive strength development of control mixes.  
 
 The results shown in tables (5.5) and figure (5.1), show that the compressive strength of 

control mixes was increased with time and the concrete became stronger. The behavior of the 

compressive strength of the control mixes is almost similar to relation shown in figure (4.19). 

The compressive strength after 7-day moist curing reached 75% of 28-day compressive 

strength for mix A0, 78% for mix B0 and 73% for mix C0. The compressive strength after 90-

day moist curing was higher than that at 28 day by 22% for mix A0, 23% for mix (B0) and 

12% for mix C0. 

 

5.2.2 Density results  
 
 The average density values of control mixes at different curing ages are summarized in 

table (5.6) and presented in figure (5.2). 

 
Table (5.6): Average density of control mixes (kg/m3) 

Curing period Mix A0 Mix B0              Mix C0 
7 2451 2409 2354 

28 2454 2413 2362 

90 2420 2391 2357 
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Figure (5.2): Average density of control mixes varied with curing ages. 
  
 As shown in table (5.6) and figure (5.2), the density of concrete did not change 

appreciably with cuing age. The specimens’ density was increased slightly with time in the 

curing age 7 to 28-day, beyond which the density decreased slightly at age of 28 to 90- day. 

The density results, shown in figure (5.2), of all mixes had the same behavior and the same 

trend curves.  

 

5.3 Effect of Low organic sludge on concrete properties 
 

This type of sludge has a high sand content and low organic content. The grain size 

distribution of this type is illustrated in table (4.1) and figure (4.3). Due to high sand content, 

this type was used in concrete mixes in two different methods. It was used as an additive and 

as a sand replacement to the mix A0. In case of using it as an additive, four different additive 

percentages of mix A0 were applied. These percentage as shown in table (4.16a) were 0%, 

2.5%, 5%, and 10% of total cement weight of the mix A0. While in case of using this type of 

sludge as a sand replacement of mix A0, five different replacement percentages were chosen. 

These replacement percentages, as illustrated before in table (4.16b), were 0%, 2.5%, 5%, 

10%, 20%. The mixing operation of mixtures containing sludge, as an additive or as a 

replacement, was similar to that of the control mixture shown in table (4.12). The sludge 

amount was mixed with sand to have a homogenous mixture. The following section presents 

the discussion of the obtained results. 
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5.3.1 Compressive strength 
 
 The compressive strength of mix A0 with various percentage of dry low organic sludge 

as additive and as sand replacement are presented in table (5.7) and (5.8) respectively. The 

results of the compressive strength of concrete mixes are also presented in figure (5.3) and 

(5.4). 

 
Table (5.7): Compressive strength (kg/cm2) of mix A0 with sludge as additive 

Mixes with different sludge content 
Curing Age A0 A-A2.5 A-A5 A-A10 

7 296 292 297 327 

28 396 421 399 419 

90 484 479 450 475 
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Figure (5.3): Relation between compressive strength and curing age for concrete with additive 
sludge content (0%, 2.5%, 5%, 10%).  
 

Table (5.8): Compressive strength (kg/cm2) of mix A0 with sludge as sand replacement 
Mixes with different sludge content Curing Age 

 A0 A-R2.5 A-R5 A-R10 A-R20 
7 296 279 289 256 266 

28 396 351 383 388 340 

90 484 433 449 439 358 
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Figure (5.4): Relation between compressive strength and curing age for concrete with different 
replacement sludge contents (0%, 2.5%, 5%, 10%, 20%). 
 

 As shown in table (5.7) and figure (5.3), the compressive strength of concrete cube 

specimens containing additive sludge were similar to control specimens. To study sludge 

effect on concrete compressive strength, the compressive strength is expressed by relative 

strength ratio. The relative strength ratio is defined as the ratio of the strength of sludge 

concrete to the strength of the control mix. Relative strength is used to quantify the change in 

concrete compressive strength in comparison to control concrete. Table (5.9) illustrates the 

relative strength ratio of mix (A0) containing additive sludge at curing age of 28 and 90-day. 

 

Table (5.9): Relative strength of mix A0 contained additive sludge 
Additive sludge (%) Relative strength (28 day) Relative strength (90 day) 

0 1 1 

2.5 1.06 0.99 

5 1 0.93 

10 1.06 0.98 

 

 As shown in table (5.9) the compressive strength values of sludge concrete in most cases 

are similar to control mix. By comparing the values of relative strength at 28-day and 90-day 

age for each sludge percent, a reduction in compressive strength development was observed at 

curing period 90 day. This reduction is referred to the presence of organic material in sludge 

which retards the development of compressive strength [26]. 
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  Table (5.8) and figure (5.4) indicated that when this type of sludge was used as 

replacement of sand, the compressive strength was reduced as sludge content increased. As 

shown in table (5.10), the reduction in compressive strength of concrete containing sludge as 

sand replacement at 90-day age was higher than that at 28-day age.  The reduction in 

compressive strength after 90 day curing period reached about 10% for replacement percent 

2.5%, 5% and 10%. The compressive strength decreased to reach 26% at replacement percent 

20%. The reduction in compressive strength when this type of sludge was used as a 

replacement of sand could be explained by organic content of sludge and due to weaker 

particles of dry sludge compared to sand particles.   

 

Table (5.10): Relative strength of mix (A0) contained sludge as sand replacement 
Replacement sludge (%) Relative strength (28 day) Relative strength (90 day) 

0 1 1 

2.5 0.89 0.89 

5 0.97 0.93 

10 0.98 0.91 

20 0.86 0.74 

 

 According to the compressive strength test results, the existence of this type of sludge in 

concrete mixes as additive or as replacement has limited adverse effect on compressive 

concrete strength due to low organic content.  

 

5.3.2 Density results  
 

  The density of concrete cube specimens decreased as sludge content increased. The 

sample with constant volume decreased as the additive or replacement sludge content 

increased. This finding is shown in table (5.11), (5.12) and figures (5.5), (5.6). 

 
Table (5.11): Average density (kg/m3) of mix A0 contained additive sludge. 

Mixes with different sludge content 
Curing period A0 A-A2.5 A-A5 A-A10 

7 2451 2395 2399 2378 
28 2454 2414 2413 2410 
90 2420 2405 2388 2367 
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Figure (5.5): Relation between density and curing age for different additive sludge content 
(0%, 2.5%, 5%, 10%). 
 

Table (5.12): Average density (kg/m3) of mix A0 contained sludge as sand replacement 
Mixes with different sludge content Curing period 

 A0 A-R2.5 A-R5 A-R10 A-R20 
7 2451 2402 2360 2357 2331 

28 2454 2396 2382 2375 2343 

90 2420 2392 2359 2350 2347 
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Figure (5.6): Relation between density and curing age for different replacement sludge 
contents, (0%, 2.5%, 5%, 10%, 20%). 



Chapter (5):                                                                                                                                                                       Test Results and Analysis 

 5-11 
 

  The reduction of concrete density can be explained by the fact that the sludge particles 

density are less than that of the dry aggregates, therefore the mix containing sludge expected 

to have lower density than mixes without sludge.  

 
5.3.3 Slump value  

 
The slump value was used as indication of mix workability. The slump value for control 

mix A0 was 4 cm, as shown in table (5.1). The slump value of mix A0 containing dry sludge 

as additive and as replacement are presented in table (5.13) and (5.14) respectively. 

 

Table (5.13): Average slump value of mix A0 with low organic sludge as additive 
Mix Slump value (cm) 
A0 4 cm 

A-A2.5 4.5 cm 
A-A5 4.5 cm 

A-A10 2 cm 

 
Table (5.14): Average slump value of mix A0 with low organic sludge as sand replacement. 

Mix Slump value (cm) 
A0 4 cm 

A-R2.5 5 cm 
A-R5 4 cm 
A-R10 3.5 cm 
A-R20 0 

 

As shown in table (5.13) and (5.14), no change in slump value was observed when the 

additive or replacement sludge content was less than 5%. The workability was slightly 

enhanced when the additive or replacement content was 2.5%. As the additive amount 

increased to 10% the slump value reduced to 2.0cm. A reduction in slump value was also 

observed when the replacement percents were more than 5%. The slump value reached zero at 

replacement amount of 20%. The reduction in slump value as sludge content increased may be 

explained by the spongy surface of sludge particles with high absorption ability. The sludge 

particles absorbed the mix water in similar way to the absorption of water by clay particles. 

 

The slump value results indicated that low organic sludge can be used as an additive with 

content 5% and as a sand replacement with content 5% without needing to change in mix 

preparation. When the sludge content beyond that, the workability was adversely affected and 

the mix preparation had to be altered.   

 

 

 



Chapter (5):                                                                                                                                                                       Test Results and Analysis 

 5-12 
 

5.3.4 Summary  
 
  The dry sludge with low organic material has no adverse effect on concrete properties 

when it was used as an additive or as a sand replacement with sludge content not higher than 

5%. In all mixes, no setting problem was faced and sludge concrete exhibit a typical failure 

mode of control concrete. The reduction in compressive strength and retarding of strength 

development was limited because the organic content of this type of sludge is less than 13%. 

The mix workability was not changed at this percent, so the mix did not need any change in its 

preparation and components. In conclusion, the 5% sludge content as an additive or as sand 

replacement was chosen as the optimum ratio without introducing any change in mix 

constituents.  

 

5.4  High organic sludge effect on concrete properties 
 

 In general, sewage sludge of domestic wastewater is rich with organic material. This 

type of sludge will be the future product of Gaza city plant, and therefore it was studied deeply 

in this research. This sludge was used only as an additive material to the concrete mixes. This 

type was mainly added to the concrete mixes in the pellets form of size 1.18mm to 0.85mm. 

The three control mixes were utilized to evaluate the effects of adding sludge on concrete 

properties. Several relations and parameters concerning high organic sludge were studied such 

as the effect of sludge particle shape and the effect of additive water at constant sludge content 

on concrete properties. 

 
5.4.1 High organic sludge pellets as additive to mix A0 
 
  As shown in table (4.17a), sludge pellets were added to mix A0 in four different 

percentages, 0%. 2.5%, 5%, 10%. Mix B-A2.5, B-A5, and B-A10 had the same components of 

mix A0, as illustrated in table (4.13), but with different sludge content. Tables (5.15), (5.16), 

and (5.17) summarize the average results which obtained in the lab. These results are 

illustrated graphically in figures (5.7) and (5.8). The mix operation was similar to reference 

mix preparation process. The sludge pellets were mixed with sand to achieve homogeneity.  

 
5.4.1.1 Compressive strength results 
 
 The data concerning the relation between compressive strength of mix A0 with different 

sludge content are given in table (5.15) and figure (5.7). The compressive strength results in 

table (5.15) are expressed in relative strength ratio in table (5.16). 
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Table (5.15): Compressive strength (kg/cm2) of mix A0 contained high organic sludge pellets. 
Mixes with different sludge content Curing Age 

 A0 B-A2.5 B-A5 B-A10 
7 296 322 282        267 
28 396 451 381 348 

90 484 494 420 403 

 
 

Table (5.16): Relative strength of mix A0 with high organic sludge pellets 
Additive sludge (%) Relative strength (28 day) Relative strength (90 day) 

0 1 1 
2.5 1.14 1.02 
5 0.96 0.87 
10 0.88 0.83 
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Figure (5.7): Relation between compressive strength and curing age for mix A0 with different 
content of additive high organic sludge pellets, (0%, 2.5%, 5%, 10%). 
 

  Based on the results shown in table (5.15) and figure (5.7), the compressive strength 

decreased as the percent of sludge pellets increased. Table (5.16) shows that when the sludge 

content was 2.5%, the compressive strength was slightly higher than that of the control sample 

at curing age 7,28, and 90-day. This may be referred to reduction of water cement ratio (w/c). 

The reduction in (w/c) ratio could be explained by the fact that the sludge particles absorbed 

part of mix water without changing the mix workability. The reduction in (w/c) ratio increases 

the compressive strength. The organic material of the 2.5% of sludge was small enough to 

develop any adverse effect and only a slight reduction in compressive strength development 

was observed at the age from 28 day to 90-day age. The compressive strength at 90-day age 
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was higher than the 28-day compressive strength by 22% for control mix A0 and by 10% for 

mix B-A2.5. This gives an indication that sludge delayed the compressive strength 

development compared with the reference specimens. Also this fact is observed at other sludge 

content (5% and 10%). As shown in table (5.16) the reduction in compressive strength at 90-

day curing age was higher than that at 28-day age. Figure (5.7) shows that the development in 

compressive strength is less sharp for specimens with sludge than the reference specimens 

which are sludge free, especially in curing age of 28 to 90-day. 

 

 Table (5.16) indicated that after 90 days curing period, the specimens containing 2.5% 

sludge reached the control specimens strength, and those containing 5% sludge reached 87% 

of reference specimens compressive strength, and those containing 10% sludge reached 83% 

of reference specimens compressive strength.  

 

  The reduction in the compressive strength when high organic sludge pellets were used as 

additive material to mix A0 was larger than that when low organic sludge was used. This 

finding is illustrated clearly in figure (5.8).  
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Figure (5.8): Relation between the 90-day curing age compressive strength of mix A0 and 
sludge content as additive for low organic and high organic sludge. 

 
 It is evident from figure (5.8) that adding high organic sludge into control concrete has 

more adverse effect on concrete compressive strength than low organic sludge. The 

compressive strength of concrete with 10% sludge decreased by 2% when low organic sludge 

was used, and by 17% for high organic sludge. The reason for the higher reduction in 
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compressive strength can be explained by the organic content of sludge. The sludge with 

higher organic content has more adverse effect on concrete strength. The organic material in 

sludge has a negative effect on cement hydration which reduces the strength gain. Also the 

organic material increased the air content which weakens the bond between the cement paste 

and aggregate.  

 
5.4.1.2 Density result 

 
  Table (5.17) and figure (5.9), illustrate the variation in concrete cube specimen’s density 

with the added sludge content and curing age.  

 

Table (5.17): Average density (kg/m3) of mix A0 with additive high organic sludge pellets 
Mixes with different sludge content Curing Age 

 A0 B-A2.5 B-A5 B-A10 
7 2451 2383 2372 2344 

28 2454 2389 2378 2357 

90 2420 2385 2371 2342 
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Figure (5.9): Relation between density and curing age for mix A0 with different content of 
additive high organic sludge pellets, (0%, 2.5%, 5%, 10%). 
 
  As shown in figure (5.9), the density of sludge concrete did not significantly affected by 

age similar to control concrete. The relation between concrete density with different sludge 

contents and curing age was linear. As was to be expected, the density decreased as sludge 

content increased .The lines are almost parallel, therefore the density decreased approximately 
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in the same proportion as the sludge content increased. The density decreased because the 

weight of specific was decreased as sludge content increase. The reduction weight is referred 

to dry sludge particles which have density of around 1g/cm3. The sludge particles density is 

less than the dry aggregates required for a concrete mix. The sludge particles occupied part of 

the cube volume, so the cube with sludge expected to have lower weight than cube without 

sludge. This is similar to the results obtained when sludge of high sand content was added to 

mix A0. From the results mentioned previously in table (511) and (5.17), it observed that the 

reduction in concrete density with high organic sludge was higher than the reduction of 

concrete with low organic sludge. This finding is shown in figure (5.10). 
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Figure (5.10): Relation between the 90-day curing age density of mix A0 and sludge content 
as additive for low organic and high organic sludge. 
 
  As illustrated in figure (5.10), the reduction in density in case of high organic sludge was 

higher than that of the low organic sludge. The high organic sludge has a density 1g/cm3 and 

nearly free from sand particles. The sand particles have density higher than sludge particles, so 

the sludge with higher sand content is expected to have higher density. 

 
5.4.1.3 Slump value 
 
  Slump test was conducted to asses the workability of fresh concrete containing additive 

sludge pellets. Table (5.18) illustrates the slump values of mix A0 contained additive sludge 

pellets. 
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Table (5.18): Average slump value of mix A0 with additive high organic sludge pellets  
Mix Slump value (cm) 
A0 4 cm 

B-A2.5 4.5 cm 
B-A5 4 cm 
B-A10 2.3 cm 

 

 According to the results shown in table (5.18), the mix workability at sludge content 

2.5% was slightly improved. The workability was similar to control mix when the additive 

sludge 5%. When the sludge content increased to 10%, the slump value and so the workability 

decreased significantly. The variation in slump value can be explained by the fact that sludge 

improve and keep workability only when additive sludge content was not more than 5% of 

cement weight, but when the sludge content was more than 5%, the workability decreased 

because it seems that the sludge particles absorbed mix water. A modification of mix 

proportion and preparation is needed when the sludge content is more than 5% of cement 

weight inorder to compensate the reduction of slump value. 

 

5.4.1.4 Summary  
 
  In general, concrete compressive strength and mix workability reduced as the content of 

high organic sludge pellets was increased. The sludge concrete exhibit a typical failure mode 

of control concrete and no setting problem was faced. No differences in preparation or in 

appearance were perceived between the control mix and mix that containing 5% additive 

sludge pellets. Therefore, the sludge pellets could be added by an amount not more than 5% of 

cement weight to concrete mixes without any change on their preparation or constituents. 

When more than 5% of sludge pellets are added to concrete mix an adjustment to the mix 

preparation is needed. It can concluded that 5% of dry sludge pellets by cement weight can be 

used as an additive to concrete mixes to obtain reasonable concrete properties without altering 

mix preparation.  

 

5.4.2 High organic sludge pellets as an additive to mix B0 and C0 
 

 As shown in table (4.14) and (4.15), mix B0 and mix C0 have the same mix components, 

but differ only by using superplasticizer admixture (workability admixture) in mix C0. The 

purpose of using these mixes was to verify the results obtained from mix A0 and to study the 

slump value effects on concrete properties when the sludge was used as an additive. Only high 

organic sludge pellets was used for this purpose. Two percent of sludge pellets content were 

examined using mix B0 and C0, as shown in table (4.17b) and (4.17c) respectively. The 10% 

additive amount was not used in mix B0 and C0 due to the modifications needed for the 
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control mix components, as mentioned previously in table (5.15) results. These modifications 

will be discussed in details later in section 5.4.4. 

 
5.4.2.1 Compressive strength results 
 
 The 2.5% and 5% of dry sludge pellets by cement weight were added to mix (B0) and 

(C0). The compressive strength of mix B0 and C0 are shown respectively in table (5.19) and 

(5.20). The compressive strength development related to curing age of mix B0 and C0 are 

presented in figure (5.8) and (5.9), respectively. 

 

Table (5.19): Compressive strength (kg/cm2) of mix B0 contained high organic sludge pellets. 
Mixes with different sludge content Curing Age 

 B0 C-A2.5 C-A5 
7 243 244 224 

28 310 328 280 

90 381 361 347 
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Figure (5.11): Relation between compressive strength and curing age for mix B0 with different 
content of additive high organic sludge pellets, (0%, 2.5%, 5%). 
 
 
Table (5.20): Compressive strength (kg/cm2) of mix C0 contained high organic sludge pellets. 

Mixes with different sludge content Curing Age 
 C0 D-A2.5 D-A5 

7 228 228 197 

28 313 279 253 

90 351 314 300 
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Figure (5.12): Relation between compressive strength and curing age for mix B0 with different 
content of additive high organic sludge pellets, (0%, 2.5%, 5%). 
 
 
  The results illustrated in tables (5.19) and (5.20) indicated that the presence of sludge 

pellets as additive to mix B0 and C0 reduced the compressive strength. As shown in figure 

(5.11) and (5.12), the development of compressive strength during curing age was less than 

that for reference samples. The compressive strength of mix B0 and C0 with additive sludge is 

expressed in relative strength ratio in table (5.21).  

 

Table (5.21): Relative strength of mix B0 and C0 with high organic sludge pellets 
Additive sludge 

(%) 

Relative strength 

of Mix (B0) 28 day 

Relative strength 
of Mix (C0) 28 day 

Relative strength 
of Mix (B0) 90 day 

Relative strength 
of Mix (C0) 90 day 

0 1 1 1 1 

2.5 1.06 0.89 0.95 0.89 

5 0.9 0.81 0.91 0.85 

 

   As shown in table (5.21), the compressive strength after 90-days curing age for mixes C-

A2.5, C-A5 specimens reached 95% and 91% respectively of reference compressive strength 

of mix (B0) specimens. The compressive strength of Mix D-A2.5 and D-A5 after 90-day 

curing age reached 89% and 85% respectively of control compressive strength.  

 

 As shown in table (5.21) the reduction in compressive strength due presence of sewage 

sludge increased as the slump value increased. The organic content of sludge increased the air 

content and voids in concrete which decreased the compressive strength. The concrete mix 
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containing superplasticizer admixture has larger air content than mixes free from it, [26]. 

According to Kosmatka et al. [26], air content increase with slump up to about 150mm and 

decrease when the slump beyond 150mm.Thus mixes C0, D-A2.5, and D-A5 expected to have 

higher air voids and so lower compressive strength than mix B0, C-A2.5, C-A5. Figure (5.13) 

illustrates the effect of workability admixture on compressive strength of control and sludge 

concrete. 
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Figure (5.13): Relation between the 90-day curing age compressive strength of mix B0 and C0 
with different content of additive high organic sludge pellets, (0%, 2.5%, 5%). 
 

5.4.2.2 Density results 
 

  The density of concrete with additive sludge of mix B0 and C0 are illustrated in table 

(5.22) and (5.23) respectively and plotted in figure (5.14) and (5.15). 

 

Table (5.22): Average density (kg/m3) of mix B0 with additive high organic sludge pellets 
Mixes with different sludge content Curing period 

 B0 C-A2.5 C-A5 
7 2409 2368 2353 

28 2413 2388 2368 

90 2391 2381 2355 
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Figure (5.14): Relation between density and curing age for mix B0 with different content of 
additive high organic sludge pellets, (0%, 2.5%, 5%). 
 
 
Table (5.23): Average density (kg/m3) of mix C0 with additive high organic sludge pellets 

Mixes with different sludge content Curing period 
 C0 D-A2.5 D-A5 
7 2354 2342 2319 

28 2362 2358 2339 

90 2358 2351 2337 
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Figure (5.15): Relation between density and curing age for mix C0 with different content of 
additive high organic sludge pellets, (0%, 2.5%, 5%). 
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 As expected the mix density was decreased as the sludge content increased. This fact is 

shown in tables (5.22), (5.23) and figures (5.14) and (5.15). This is the same fact observed 

previously when sludge was added to mix A0. The presence of super-plasticizer admixture in 

control mix C0 reduced the density of concrete cube specimens compared with the density of 

specimens made with control mix B0. The reduction in density may be referred as mentioned 

previously to higher air content of mix C0 due to presence of workability admixture than mix 

(B0). So, for the same reason, mix D-A2.5, D-A5 which made by control mix C0 have lower 

density than mix C-A2.5 and C-A5 which made by control mix B0. 

  

5.4.2.3 Slump value 
 

  The slump values of mix B0 and C0 with different content of additive high organic 

sludge pellets are illustrated in tables (5.24) and (5.25) respectively.  

 
Table (5.24): Average slump values for mix (B0), contained additive sludge pellets  

Mix Slump distance (cm) 
B0 4 cm 

C-A2.5 4.5 cm 
C-A5 4 cm 

 
 
Table (5.25): Average slump values for mix (C0), contained additive sludge pellets  

Mix Slump distance (cm) 
C0 10.5 cm 

D-A2.5 12 cm 
D-A5 10.5 cm 

 
  As shown in table (5.24) and (5.25), the slump value of mix B0 and C0 increased 

slightly when the added sludge content is 2.5% and has the same control mix slump value 

when the added sludge is 5%. This finding is similar to results obtained from mix A0 

containing additive sludge pellets as illustrated before in table (5.18). It can be concluded that 

mix B0 and C0 is needed to modify its preparation when more than 5% of sludge is added. 

 

5.4.2.4 Summary  
 
 The results obtained from mix B0 and C0 are similar to that which obtained from mix 

A0. Therefore, the high organic sludge pellets could be used as an additive to concrete mix by 

5% of cement weight without any change on its preparation or components. No differences in 

preparation or in appearance were perceived between control mix and mix that containing 

additive sludge pellets. The sludge concrete exhibit a typical failure mode of control concrete. 

No delay in concrete setting time was observed when sludge pellets added to mix B0 and C0. 
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The results indicated that the adverse effect of sludge particles on concrete compressive 

strength increased as slump value increased.  

 
5.4.3 Sludge as fine aggregate 
 
  The Gaza strip natural sand has maximum particle size 0.6mm and passing sieve 850 

µm. High organic dry sludge was grinded to small particle to pass sieve 850 µm in order to 

study shape effect factor on concrete properties. As shown in table (4.17 d), only one amount 

of sludge content was examined to show the sludge particles shape effect on concrete mixture 

properties. 

 
5.4.3.1 Compressive strength results 

 
  The concrete cube specimens were made using mix A0, in a similar way to specimens 

with sludge pellets. The Relation between compressive strength and sludge particles size is 

summarized in tables (5.26) and illustrated in figure (5.16).  

 

Table (5.26): Compressive strength of mix A0 with different sludge particles shape at constant 
content 5%. 

Mixes with different sludge content Curing Age 
 A0 B-A5 E-A5  
7 296 282 226 

28 396 381 320 

90 484 420 377 
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Figure (5.16): Relation between compressive strength and curing age for mix A0 with 
different with sludge particle shape at a constant additive content 5% 
. 
 
  The results indicated that as the sludge particles became finer, the reduction in 

compressive strength became higher. Table (5.27) illustrates the relative strength ratio of mix 

B-A5 (5% additive sludge pellets) and mix E-A5 (5% additive fine sludge). 

 

Table (5.27): Relative strength of mix A0 with 5% additive sludge in pellets and fine shape 
Curing period Relative strength 

of mix (B-A5) 

Relative strength 

of mix (E-A5) 

28 day 0.96 0.81 

90 day 0.87 0.78 

 

  Regards to table (5.27), at constant sludge content 5% of cement weight and after 90-

days curing age, the concrete with sludge pellets reached 87% of the control compressive 

strength, and concrete with fine sludge reached 78% of mix A0 compressive strength. The 

reduction in compressive strength may be explained by increasing the surface area of organic 

material, thus the organic material became more distributed in concrete matrix and the 

entrained air content increased. All these factors would certainly weaken the bond between 

cement paste and aggregate and produce a reduction in concrete compressive. 
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5.4.3.2 Density results 
 

  Table (5.28) and figure (5.17) illustrate the relation between concrete cube specimens 

density and sludge particles size.  

 

Table (5.28): Average density (kg/m3) of mix A0 with different sludge particle shape at 
content 5% 

Mixes with different sludge content Curing Age 
 A0 B-A5 E-A5  
7 2451 2372 2324 

28 2454 2378 2344 

90 2420 2371 2337 
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Figure (5.17): Relation between density and curing age for mix A0 with different sludge 
particle shape at a constant additive content 5% 
 
 The results illustrated in table (5.28) and figure (5.17) show that the density of concrete 

with fine sludge was smaller than that of the specimens with sludge pellets. As discussed 

previously, the specimens made with fine sludge has higher air content than specimens made 

with sludge pellets and so expected to have lower density. 

 

5.4.3.3 Slump value   
 

When 5% of fine sludge was used as additive to mix A0 instead of sludge pellets, the 

slump value decreased from 4 cm for mix B-A5 to 3 cm for mix E-A5. The reduction in slump 

may be explained by the fact that fine sludge particles have larger surface area than sludge 
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pellets and therefore have higher absorption ability. The slump results indicated that as the 

sludge particles become finer, the absorbed water increased. A modification of concrete mix 

components is needed when 5% of fine sludge is added to mix A0. 

 
5.4.3.4 Summary  
 
   The previous results indicated that fine sludge has a higher adverse effect to concrete 

compressive strength and workability than sludge pellets.  

 
5.4.4 Sludge concrete modification 
 
  As shown before in table (5.18), the slump of mix B-A10 decreased from 4cm to 2.3cm. 

This indicates that part of the mixing water was absorbed by sludge. Several experiments were 

done, according to test program shown in table (4.17e), to determine the relation between 

slump value of sludge concrete with additional amount of water and its compressive strength. 

Amounts of water were added as a percent of sludge weight content to mix B-A10 in order to 

have a slump similar to the control mix A0. Table (5.29) and figure (5.18) show the relation 

between added water and slump value of samples at constant sludge content of 10% of cement 

weight.  

 

Table (5.29): Average slump values related with additive water at sludge content 10%. 
Mixtures Slump distance (cm) 

A0 2.3 
F-W25 4.5  
F-W50 7  

F-W100 10.5 
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Figure (5.18): Relation between slump value and sludge pellets to additional water/sludge 
ratio, (w/s) 
 
  Figure (5.18) proves that the relation between additional water/sludge ratio, (w/s) ratio, 

and the mix slump value is almost linear. The (w/s) ratio corresponding to 4 cm which is 

similar to control mix slump was nearly 20%. Two experiments were done to more exactly 

determine the additive water amount needed have the reference slump value, 4cm. The first 

one was at (w/s) ratio 15% (F-W15) and showed a slump of 3.5cm. The second experiment 

was at (w/s) 20% (F-W20%) showed that the slump increased to 4 cm. Table (5.30) illustrates 

the compressive strength corresponding to each additive water amount.  

 

Table (5.30): Average compressive strength of mix B-A10 related with added water 

Mixes with different added water Curing period 
 B-A10 F-W15 F-W20 F-W25 F-W50 F-W100 
7 267 269 256 248 222 193 

28 348 337 321 315 313 251 

90 403 383 364 351 356 298 

   

 The results shown in table (5.30), illustrated that the added water amounts to mix B-A10 

which were used to compensate slump value were reduced the compressive strength. The 

reduction of strength was noticed inspite of the fact that part of mix water was absorbed by 

sludge pellets. The reduction in compressive strength confirms that additive water increased 

the water/ cement ratio. The (w/c) do not remain constant and the additive water not use to 

compensate absorbed water. 

   

Administrator
Cross-Out
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  The same result was obtained when the added amount of water was used to compensate 

the slump reduction when 5% fine sludge was used as additive to mix A0 instead of sludge 

pellets, as discussed before section 5.4.3. As shown in table (4.17f), 25% of sludge weight, 

added water used to have a reference mix slump, 4 cm. Table (5.31) shows the added water 

and sludge amounts per a cubic meter of mix G-W25.  Table (5.32) and figure (5.19) illustrate 

the effect of additive water in concrete compressive strength. 

 

Table (5.31): Additive water and fine sludge amounts of mix G-W25. 

Cement per cubic meter 310 kg 
Free water per cubic meter 167 kg 
5% additive fine sludge per cubic meter 15.5 kg 
25% of sludge weight additive water 3.875 kg 
Added water to mix water ratio 2.32% 

 
 
Table (5.32): Relation between concrete compressive strength and (w/s) ratio for fine sludge  

Mixes with different added water 
Curing Age E-A5 G-W25 

7 226 212 

28 320 280 

90 377 352 
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Figure (5.19): Relation between compressive strength and curing age for mix A0 with 5% fine 
sludge and added water 
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  As shown in table (5.32) and figure (5.19), the additive amount of water used to 

compensate slump value is reduced the concrete compressive strength. The compressive 

strength after 90 day curing period of mix G-W25 is less than that of mix E-A5 by 7%. 

 
5.5 Interlock bricks of sludge concrete  

 
  Dry sludge was used to prepare interlock brick. Control samples not containing sludge 

and samples containing 5% of dry sludge by cement weight were prepared. The fine type of 

sludge which has high organic material and low sand content was used to produce interlock 

bricks of sludge concrete. Fine sludge was utilized since it expected to have the same 

influence of sludge pellets due to high compaction pressure which the sample subjected during 

its preparation and low water content with no slump requirement. Dry consistency of the brick 

paste and the intense compacting pressure allowed adding sludge without introducing any 

change in manufacturing process. The sludge was added together with the natural sand similar 

to preparation sludge concrete specimens. 

 

  The interlock brick body composed of two layers. These layers are a main layer which 

makes up the body of brick and a thin surface layer which gives the finish of brick. According 

to table (4.18), 5% of the dry sludge by cement weight was added to main layer and the top 

thin layer was made without sludge. The interlock brick samples were made in Gaza interlock 

factory, “Abu Diaa and salman factory”. 180 samples of bricks were produced, 90 of them 

with sludge and 90 were applied as control samples No difference in preparation or in 

appearance were noticed between the sludge brick mix and the reference brick mix. The 

compressive strength, density and absorption of bricks were tested at curing age 28 and 90-day 

as illustrated before in figures (4.16) and (4.19). 

 

5.5.1 Compressive strength of bricks 
 

  Table (5.33) illustrated the lab compressive strength results of bricks with 5% sludge (H-

A5). The remaining lab results are shown in appendix (B) and summarized as average value in 

table (5.34).  
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Table (5.33): H-A5 interlock brick lab results after 28 day 
Sample 
number 

Area 
(mm2) 

Height 
(mm) 

Volume 
(mm3) 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load 
(KN) 

Stress 
(Kg/cm2) 

1 27500 80 22x105 5390 2450 1543 561 
2 27500 81 2227500 5420 2433 1600 582 
3 27500 80 22x105 5430 2468 1550 564 
4 27500 81 2227500 5420 2433 1540 560 
5 27500 82 2255000 5465 2424 1507 548 
     Average 

density 
 Average 

stress 
     2442  563 

 
 
Table (5.34): Compressive strength of bricks with and without sludge, (kg/cm2) 

Curing Age Control brick (H0) Sludge brick (H-A5) 
28 615 563 

90 680 596 

 

  The results shown in table (5.34) indicated that the interlock brick compressive strength 

was reduced when the dry sludge was added. The reduction of H-A5 samples compressive 

strength was decreased by 8% at 28-day curing age and by 12% at 90-day comparing with 

control samples (H0).   

 

   As mentioned previously, the reduction of compressive strength was higher at 90-day 

curing age than 28-day. This could be referred to organic content of sludge which retards the 

development in compressive strength. The reduction in the compressive strength of interlock 

samples with fine sludge was less than that of concrete samples with fine sludge. As shown in 

table (5.27), the reduction in concrete compressive strength after 90-day curing age was 

decreased by 22% for sample with 5% fine sludge (E-A5) and 13% for samples with 5% 

sludge pellets (B-A5). The high compaction which the brick samples subjected to reduced the 

development of air voids entrained by organic material of sludge and therefore the sludge 

pellets expected to have the same influence of fine sludge in brick compressive strength 

 

5.5.2 Density of bricks 
 

 The data concerning the interlock brick density is shown in table (5.35). According to 

figure (4.19), five samples were tested for density at each curing age.  
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Table (5.35): Density of bricks with and without sludge, (kg/m3). 
Curing Age Control brick (H0) Sludge brick (H-A5) 

28 2447 2442 

90 2414 2402 

 
 The results illustrate in table (5.35) indicated that the density of bricks with sludge did 

not change appreciably compared to control brick. Only slight reduction was observed of 

sludge brick density compared with control brick. This is similar to the finding observed 

previously when the sludge was added to concrete mixes. The rate of density reduction of 

brick samples was less than that for concrete samples. This could be explained by the high 

compaction stress which the bricks subjected to during their preparation process. This 

compaction stress compressed the sludge particles and therefore limited their effect on the 

density.  

 
5.5.3 Absorption of brick 

 
 The relation between the brick absorption and curing age is shown in table (5.36). 

According to figure (4.20), three samples were tested at curing age 28 and 90-day. 

 

Table (5.36): Absorption of bricks with and without sludge, (%) 
Curing Age Control brick (H0) Sludge brick (H-A5) 

28 3.03 3.43 

90 3.51 4.11 

 
 The results indicated that the presence of additive sludge increased the brick absorption. 

Brick with higher absorption expected to have higher permeability and lower water tightness. 

Therefore the control brick samples (H0) expected to have more durability than interlock 

samples contained sludge (HA-5). 

 

5.5.4 Summary  
 

 Dry sludge could be added to interlock brick mix without changing the normal industrial 

process. No differences on the appearance were perceived between the control and sludge 

bricks during the mix and after hardening. The addition of sludge produced a decrease in 

compressive strength and increase of porosity. The compressive strength of bricks with 5% 

additive sludge reached 88% of control brick strength at 90 day-curing age. 
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5.6 Stability of sludge in concrete matrix 
 
  The analysis of Gaza sludge indicates that its heavy metals contents are less than the 

standards of neighboring countries [3]. The Gaza sludge may assume to be free from heavy 

metals [1]. While, the sources of wastewater in the Gaza strip are in general domestic and the 

industries sources are limited, therefore it is potentially to regard Gaza sludge as organic 

material. The studying of inorganic material leaching, especially metals leaching from 

concrete with sludge was not considered in this research due to low concentration. Therefore, 

leaching test was believed to be efficient to study the stability of organic materials in concrete 

matrix. The importance of studying organic material stability is to ensure that no 

microorganisms will be spread to environment when concrete with sludge is produced. 

 
  The Dutch Legislation leaching test (NEN-7375) was applied to concrete with dry 

sewage sludge to examine the organic material stability. Two cubes with dimension of 

100x100x100 mm were tested. As shown in table (4.20), each cube had 5% additive high 

organic sludge of cement weight. The first cube contained sludge pellets and the second was 

with fine sludge. The two form of sludge were used to study the influence of sludge particle 

size on organic material leaching from concrete matrix. 

 

  The test results are summarized in table (5.37) according to test intervals period 

illustrated in table (4.19). The leaching of organic materials is expressed in the form of 

biochemical oxygen demand (BOD) which used as an indication of biodegradable organics. 

The biochemical oxygen demand is defined as the amount of oxygen consumed during 

microorganisms’ utilization of organics [6]. The BOD value is an indicator of microorganisms 

existing and so is an indicator to organic material leaching from concrete matrix. 

 

Table (5.37): Diffusion of organic materials related with test intervals age. 
Concrete cube with sludge pellets Concrete cube with fine sludge 

Interval Age, day BOD, mg/L Interval Age, day BOD, mg/L 
0.25 70 0.25 23 

1 0 1 10 
2 20 2 8 
4 70 4 30 
9 12 9 12 

16 70 16 90 
36 60 36 70 
64 100 64 100 
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  The same amount of sludge presented in each cube (15.5 g) was dissolved in the same 

volume of leaching water (5 liter). The result shows that the biochemical oxygen demand for 

total sample was 550mg/L.  

 

  Regards of results shown in table (5.37), all dissolved part of organic materials expected 

to be diffused to surrounding water. Figures (5.20) and (5.21) illustrate the cumulative BOD of 

organic material leaching from concrete cube during leaching test intervals. These figures 

indicate that there is no significant difference between sludge pellets and fine sludge in terms 

of rate of organic material leaching. 
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Figure (5.20): Organic material leaching of cube with sludge pellets  
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Figure (5.21): Organic material leaching of cube with fine sludge. 

 

   The organic material is classified into biodegradable and non biodegradable. Only 

biodegradable material is tested and expressed by a biochemical oxygen demand. The results 

indicated that all dissolving material in sewage sludge expected to be leached from concrete 

matrix. 

 

  To assess the dissolved part of sludge, a sample of sludge (10 g) was dissolved in one 

liter of water. The sample was remained in the water for one week under stirring. The result 

showed that about 27% of sludge sample is classified as dissolved material. Part of this 

percent is biodegradable materials expressed in BOD and the other part is non biodegradable 

material expressed in the form of chemical oxygen demand COD. 

 

  The leaching of heavy metals of concrete with sludge was assessed inspite of low 

concentration by measuring the pH value of leaching water at the start and the end of each 

interval. The change in pH value gives an indication of material stability [40]. Table (5.38) 

illustrates the variation of pH values at the start and the end of each interval of NEN 7375 test.  
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Table (5.38): The variation of pH value during the start and the end of NEN 7375 test intervals 
Concrete cube with sludge pellets Concrete cube with fine sludge 

Interval Age, 
day 

pH of leaching 
water 

pH at the end of 
interval 

Interval Age, 
day 

pH of leaching 
water 

pH at the end of 
interval 

0.25 7.48 8.77 0.25 7.48 8.70 
1 7.60 8.89 1 7.60 8.62 
2 7.50 8.38 2 7.50 8.23 
4 7.45 8.13 4 7.45 8.02 
9 7.50 8.34 9 7.50 8.24 
16 7.50 8.14 16 7.50 8.12 
36 7.50 8.20 36 7.50 8.12 
64 7.50 8.11 64 7.50 8.04 

 

 

 As shown in table (5.38), the difference in pH values between the start and the end of 

each test intervals was very small and the pH values were approximately equal at the end of 

each period. The small variation of pH value of leaching water indicated that the materials are 

being in equilibrium [40]. The stability of heavy metals of sludge in concrete matrix could 

explain by high pH which may reach up to 13 during hydration process of Portland cement, 

which converted metals into insoluble salts by precipitation of metal hydroxides, and so 

stabilized and fixed them in concrete matrix, [14, 17]. 

 

  The previously illustrated results showed that concrete matrix was suitable to stabilize 

sludge components. The high pH environment of concrete able to stabilize the mineral content 

of sludge by converted them into insoluble salts. Regard of NEN 7375 test, the concrete 

matrix was suitable to stabilize the organic content of sludge which forms more than 50% of 

sludge weight inspite the problem related to soluble part of organic material which can not be 

stabilized in concrete matrix and may go out to environment. So, it may be concluded that 

concrete matrix capable to stabilize more than 73% of organic material in the worst-case 

scenario. 
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6.1 Introduction 
 

The overall objective of the work was to investigate the feasibility of incorporating 

wastewater sludge as an additive material to concrete mix. This study included the preparation 

of concrete mixes containing dry sludge and the evaluation of sludge concrete properties in 

fresh and hardened states. The studying properties involved mix workability, compressive 

strength and density. According to experimental results, the usage of sewage sludge in 

concrete mixes as an alternative of disposal for Gaza sewage sludge is possible. The current 

type of sludge accumulated in dumping sites and the expected future type were used in making 

concrete mixes. The influence of both types on concrete properties was studied. In all cases 

there was an optimum quantity of sludge which can be used without introducing any change in 

mix preparation and acceptable properties were still be produced. 

 

The study showed that the dry sludge can be used in interlock brick production without 

changing the normal industrial process. The results indicated that there were no differences in 

the preparation and the appearance were perceived between the control brick samples and 

sludge brick samples. 

 

The stability of sludge in concrete matrix was studied by examining the stability of 

organic material. The Dutch NEN 7375 standard test was applied on concrete cube with 

sludge. The results indicated that concrete matrix is suitable to stabilize the sludge components 

inspite of some problem related with organic material. 

 

The following section presents the main conclusion which can be drawn based on the 

experimental results. 

 

    
6.2 Main conclusions of the study 

 

Based on the experimental investigation reported in the work, the following conclusions 

are drawn: 

 

• Low organic sludge with organic content less than 13% 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 without introducing any change 

in mix preparation. However, increasing the percentage of added sludge more than 5% 
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decreased the workability of the mix and subsequently caused a reduction in the slump 

value obtained.  

 

• Low organic sludge can also be used as a sand replacement of concrete mix due to high 

sand content of this type. The results showed that 5% of mix sand can be replaced by 

this type of sludge without changing the mix preparation and with compressive 

strength reached about 93% of control strength after 90-day age curing. 

 

• High organic sludge with organic content more than 50% of sludge weight was used as 

an additive to concrete mixes. It is evident from test results that adding of this type into 

control concrete mix has a marked effect on concrete compressive strength and mix 

workability. 5% dry sludge pellets by cement weight can be added to concrete mix 

without needing to adjust mix components. The reduction in compressive strength 

reached 13% at 90-day curing age with sludge content 5%. However, increasing the 

sludge percentage and decreasing the sludge particles size decreased the compressive 

strength and mix workability. Concrete mix with 10% sludge pellets decreased the 

compressive strength by 17% at 90-day curing age and significantly reduced the mix 

workability. 

 

• The use of high organic sludge in concrete mix in pellets shape produced lower 

strength reduction than sludge in fine shape. The compressive strength decreased by 

13% when 5% sludge pellets was added and by 22% when 5% fine sludge was added.  

 

• The adverse effect of high organic sludge on concrete compressive strength increased 

as the slump value increased. The compressive strength of concrete mix contained 5% 

sludge pellets decreased by 9% when the mix slump was 4 cm and 15% when the mix 

slump was 10.5cm. 

 

• The results indicated that due the reduced workability of concrete mix with sludge 

content more than 5% could adversely affected the preparation of concrete.  

 

• In general, the rate of strength developed for all sludge concrete were lower compared 

to control mix without sludge. 

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

The reduction in density of sludge was higher when high organic sludge was used than 

low organic sludge. 
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• 5% dry sludge by cement weight was added to interlock brick without changing the 

manufacturing process. The results showed that sludge in interlock reduced the 

interlock compressive strength by 8% at 28-day and by 12% at 90-day curing age. The 

absorption coefficient of interlock with sludge increased slightly.  

 
• In the view of the leaching test results, it may be concluded that concrete matrix was 

capable to stabilize wastewater sludge. According to NEN 7375 test results, in the 

worst cases, at least 73% of organic material of sludge was fixed. The concentration of 

heavy metals in Gaza sludge is limited and the high pH environment of cement 

converted the metals into insoluble salts. , 

 

6.3 Recommendation for further research  
 

The following recommendations are proposed for further research and study in order to 

form a complete picture of using sewage sludge in concrete mixes: 

 

• The durability  of sludge concrete need comprehensive researches.  

 

• Further research is needed to determine sewage sludge effects on reinforcement if 

sludge concrete is used in reinforcement elements. 

 

• The effect of drying temperature of sewage sludge on concrete properties needs further 

research. 

 

• Other studies are encouraged to obtain the effect of using different percent of sludge 

with interlock bricks  

 

• Leaching test should be carried out on nonstructural elements containing sludge to 

study the stability of sludge components on its environment. 

 

• Field study is needed to show the social acceptance of using concrete containing 

sewage sludge. 
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Design of Concrete Mixtures 
 

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. As discussed before, there were three different control mixtures prepared in this 

study which are (A0), (B0), and (C0). 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. The following points summarized the design steps of mixture (A0): 

 

1- The required concrete strength is 2/300 cmkgf cylinder = at 28 day. This strength is 

suitable for concrete pavement as example of non structural use of concrete. 

 

2- Water cement ratio (w/c) is determined from figure (A 1). For non-entrained concrete 

and compressive strength Mpacmkg 30/300 2
≈  , water to cement ratio (w/c) = 0.54. 

 

 
Figure (A 1): Approximate relationship between compressive strength and w/c ratio for 
concrete using 19-mm to 25-mm (3/4 in. to 1 in.) nominal maximum size coarse aggregate. 
Strength is based on cylinders moist-cured 28 days [26, 36].  
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3- Aggregate  
As shown in table (A1) and table (A2), the fineness modulus (FM) = 3, and the maximum 

aggregate size is 25mm. Table (A1) and (A2) illustrated the aggregate combination used in 

preparation mixture (A0). From figure (A 2), coarse aggregate content is 0.65 of total volume. 

 

 

Table (A 1): Sieve analysis of total fine aggregate mix 

  368 kg 650 kg   

SIEVE OPENING 36.1% 63.9% Passing Retained 
NO mm 9.5mm Sand % % 
3/8" 9.5 100 100 100.0 0.0 

#4 4.75 23.76 100 72.4 27.6 
#8 2.36 6.22 100 66.1 33.9 
#16 1.18 3.58 100 65.1 34.9 
#30 0.6 3 99.6 64.7 35.3 
#50 0.3 2.83 47.8 31.5 68.5 

#100 0.15 2.26 2.04 2.1 97.9 

#200 0.075 2.17 0.34 1.0 99.0 

    F.M 298.0 
 

 
Table (A 2): Sieve analysis of total fine and coarse aggregate mix 

Mix % of total aggregate  
Sieve  Opening MIX.  30.9% 13.8% 20.7% 34.6% 
NO mm %PASSING  25mm 19mm 9.5mm Sand 

1 1/2" 37.5 100.0 100 100 100 100 
1" 25 99.4 98.2 100 100 100 

3/4" 19 83.5 46.74 99.15 100 100 
 1/2" 12.5 64.1 3.33 56.3 100 100 
3/8" 9.5 56.4 1.42 13.22 94.3 100 
#4 4.75 40.6 1.06 3.41 25.24 100 
#8 2.36 36.6 1.06 2.03 6.63 100 
#16 1.18 36.1 1.03 1.715 4.825 100 
#30 0.6 35.6 1 1.4 3.02 99.6 
#50 0.3 17.5 1 1.2 2.56 47.8 

#100 0.15 1.6 0.9 0.75 2.4 2.04 
#200 0.075 0.9 0.71 0.64 2.3 0.34 
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Figure (A 2) Bulk volume of coarse aggregate per unit volume of concrete [26, 36]. 
 
 

4- Air content 
For non-air entrained concrete, the target air content is obtained from figure (A 3). Air content 

equal to 1.7% of total volume. 

 
Figure (A 3): Target total air content requirements for concretes using different sizes of 
aggregate [26, 36].  
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5- Cement content  

To obtain economy, proportioning should minimize the amount of cement required. So, water 

content should be low to reduce the cement requirement. The minimum cementing material 

content is 310 kg/m3, for nominal maximum aggregate size 25 mm [26]. 

 

6- Water content 

• Free water content = (w/c)×cement content 3/16731054.0 mkg=×=  

 
• Water absorbed or added  

 
Corrections are needed to compensate for moisture in and on the aggregates. As illustrated 

before in chapter (4), only the absorbed water is to be calculated because all aggregates used 

in mix are oven dry, and have zero moisture content. The absorbed water is summarized in 

table (A 3). 

 
Table (A 3): Total aggregate mix absorption 

Type of aggregate Absorbed water quantity 
25 mm 580*1.12%=6.5 
19mm 260*2.42%=6.3 
9.5mm 390*3%=11.7 
sand 650*0.5%=3.3 

Total absorbed water 28kg/m3 

 
So, total water required for mix is 167+28 =195kg/m3. 
 
Table (A-4) scheduled the one cubic meter components of mixtures (A0). The mixture 
components and the volume which occupied and other information about mixture (A0) are 
shown in table (4-13) 
 

Table (A 4): One cubic meter components for mixture (A0) 

Components Weight (kg)/ 1m3 

Aggregate (25mm) 580 
Aggregate (19mm) 260 
Aggregate (9.5mm) 390 

Sand 650 
Cement 310 

Total water 195 
 
 
Mixture B0 and C0 are designed in similar way to mixture (A0). The aggregate combination 

of these mixtures is similar to mixture (A0) with slight difference. The compressive strength is 
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taken to be 250 kg/cm2. From Figure A-1, for compressive strength 250 kg/cm2, (w/c) ratio is 

equal 0.61. Assuming the cement content 260 kg, so the free water required is 159 kg. Table 

(A-5) illustrated the aggregate combination which used in mixture (B0), (C0). 

 
Table (A-5): Mixture (B0) & (C0) aggregate combination. 

Aggregate maximum size (mm) Weight (kg)/ 1m3 

25 580 
19 300 
9.5 395 

Natural sand 665 
 
Then, the volume of aggregate combination, cement, free water, and cement are: 
  

53.980
1

159

15.3

260

66.2

665

52.2

395

59.2

300

68.2

580
=+++++  

Air voids= ok→=− 0195.0
1000

53.980
1  

 
The absorbed water amounts are: 
 

kg295.0665339542.230012.1580 =×+×+×+×  
Total water required to be 159 kg free water is kg18829159 =+=  
 
Table (A-6) scheduled the one cubic meter components of mixtures (B0). Mixture (C0) has the 

same components but differ by using workability admixture. The mixtures components and 

the volume which occupied and other information mixtures (B0) & (C0) are shown in table (4-

14) and (4-15) respectively. 

 
Table (A-6): One cubic meter components for mixture (B0) and (D0) 

Components Weight (kg)/ 1m3 

Aggregate (25mm) 580 
Aggregate (19mm) 300 
Aggregate (9.5mm) 395 

Sand 665 
Cement 260 

Total water 188 
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Appendix (B)                                                                                                                                                                    Total experiments Results 

 B-2 

Mixture (A0) 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2465 2465 290 296 
2 100 101 100 2500 2475 292 295 
3 100 101 101 2460 2412 293 296 
     Average 

Density 
 Average 

Stress 
     2451  296 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 102 100 100 2520 2471 397 397 
2 101 101 101 2515 2441 381 381 
3 101 100 100 2475 2450 407 411 
     Average 

Density 
 Average 

Stress 
     2454  396 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 101 100 2465 2416 473 473 
2 101 102 101 2495 2398 486 481 
3 102 100 101 2520 2446 499 499 
     Average 

Density 
 Average 

Stress 
     2420  484 
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 B-3 

Mixture A-A2.5 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 101 101 2465 2416 292 295 
2 102 100 101 2500 2393 295 295 
3 102 100 101 2460 2398 287 287 
     Average 

Density 
 Average 

Stress 
     2395  292 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 101 100 2440 2416 416 420 
2 101 101 100 2470 2421 414 414 
3 101 100 100 2430 2406 425 429 
     Average 

Density 
 Average 

Stress 
     2414  421 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 101 100 2435 2411 482 487 
2 100 102 100 2450 2402 480 480 
3 101 101 100 2450 2402 470 470 
     Average 

Density 
 Average 

Stress 
     2405  479 
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 B-4 

Mixture A-A5 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 102 100 2430 2382 281 281 
2 100 100 100 2395 2395 302 308 
3 100 99 100 2395 2419 294 303 
     Average 

Density 
 Average 

Stress 
     2399  297 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2410 2410 412 420 
2 100 100 100 2400 2400 388 396 
3 100 100 100 2430 2430 373 380 
     Average 

Density 
 Average 

Stress 
     2413  399 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 101 100 2410 2386 442 446 
2 101 101 100 2440 2392 449 449 
3 100 101 101 2435 2387 450 454 
     Average 

Density 
 Average 

Stress 
     2388  450 
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 B-5 

Mixture A-A10 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2390 2390 329 336 
2 100 100 100 2365 2365 309 315 
3 100 100 100 2380 2380 323 329 
     Average 

Density 
 Average 

Stress 
     2378  327 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2415 2415 410 418 
2 100 100 100 2405 2405 393 401 
3 100 100 100 2410 2410 429 438 
     Average 

Density 
 Average 

Stress 
     2410  419 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 101 100 2420 2372 479 479 
2 101 100 100 2390 2366 476 481 
3 101 101 100 2410 2363 465 465 
     Average 

Density 
 Average 

Stress 
     2367  475 
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 B-6 

Mixture A-R2.5 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2410 2410 260 265 
2 100 100 100 2405 2405 276 282 
3 100 101 100 2415 2391 288 291 
     Average 

Density 
 Average 

Stress 
     2402  279 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 101 2430 2382 380 384 
2 100 100 100 2425 2425 325 332 
3 101 101 100 2430 2382 338 338 
     Average 

Density 
 Average 

Stress 
     2396  351 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 100 2415 2391 420 424 
2 100 101 100 2410 2386 441 445 
3 100 100 100 2400 2400 422 430 
     Average 

Density 
 Average 

Stress 
     2392  433 
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 B-7 

Mixture A-R5 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 101 100 2380 2356 294 297 
2 100 101 100 2385 2361 267 270 
3 100 101 100 2385 2361 297 300 
     Average 

Density 
 Average 

Stress 
     2360  289 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 100 2400 2376 397 401 
2 101 100 100 2405 2381 366 370 
3 100 100 100 2390 2390 371 378 
     Average 

Density 
 Average 

Stress 
     2382  383 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 102 100 2425 2354 450 446 
2 101 101 101 2430 2359 460 460 
3 101 102 100 2435 2364 445 441 
     Average 

Density 
 Average 

Stress 
     2359  449 
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 B-8 

Mixture A-R10 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 101 100 2375 2351 238 240 
2 100 101 100 2380 2356 273 276 
3 100 102 100 2410 2363 252 252 
     Average 

Density 
 Average 

Stress 
     2357  256 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 100 2400 2376 384 388 
2 101 100 101 2415 2367 382 386 
3 101 100 100 2405 2381 388 392 
     Average 

Density 
 Average 

Stress 
     2375  388 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 102 100 2400 2330 438 434 
2 102 101 100 2420 2349 442 438 
3 100 100 101 2395 2371 438 447 
     Average 

Density 
 Average 

Stress 
     2350  439 
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 B-9 

Mixture A-R20 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2335 2335 268 273 
2 100 101 100 2365 2342 259 262 
3 100 101 100 2340 2317 260 263 
     Average 

Density 
 Average 

Stress 
     2331  266 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 100 2375 2351 341 344 
2 100 100 100 2330 2330 338 345 
3 101 100 100 2370 2347 329 332 
     Average 

Density 
 Average 

Stress 
     2343  340 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2350 2350 340 347 
2 100 100 100 2345 2345 346 353 
3 100 101 100 2370 2347 370 374 
     Average 

Density 
 Average 

Stress 
     2347  358 
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 B-10 

Mixture B-A2.5 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 102 101 100 2440 2368 332 329 
2 100 100 101 2420 2396 298 304 
3 100 100 100 2385 2385 327 334 
     Average 

Density 
 Average 

Stress 
     2383  322 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2385 2385 444 453 
2 101 100 100 2410 2386 435 439 
3 101 101 100 2445 2397 461 461 
     Average 

Density 
 Average 

Stress 
     2389  451 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 101 2430 2382 494 499 
2 100 100 100 2415 2415 474 483 
3 102 100 101 2430 2359 500 500 
     Average 

Density 
 Average 

Stress 
     2385  494 
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 B-11 

Mixture B-A5 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2360 2360 278 284 
2 100 100 100 2375 2375 272 277 
3 100 100 100 2380 2380 280 286 
     Average 

Density 
 Average 

Stress 
     2372  282 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 100 2400 2376 375 379 
2 101 101 100 2410 2363 379 379 
3 101 100 100 2420 2396 382 386 
     Average 

Density 
 Average 

Stress 
     2378  381 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 100 2390 2366 410 414 
2 100 100 100 2380 2380 413 421 
3 101 100 100 2390 2366 420 424 
     Average 

Density 
 Average 

Stress 
     2371  420 
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 B-12 

Mixture B-A10 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 100 2360 2337 269 272 
2 101 100 100 2360 2337 270 273 
3 100 100 100 2360 2360 253 258 
     Average 

Density 
 Average 

Stress 
     2344  267 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2355 2355 346 353 
2 100 101 100 2385 2361 328 331 
3 100 100 100 2355 2355 353 360 
     Average 

Density 
 Average 

Stress 
     2357  348 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 101 100 2400 2353 401 401 
2 102 101 100 2400 2330 402 398 
3 101 100 101 2390 2343 405 409 
     Average 

Density 
 Average 

Stress 
     2342  403 
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 B-13 

Mixture (B0) 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2405 2405 240 245 
2 101 100 100 2435 2411 244 246 
3 100 100 100 2410 2410 232 237 
     Average 

Density 
 Average 

Stress 
     2409  243 

 
 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 99 99 2360 2408 293 302 
2 100 100 100 2410 2410 310 316 
3 100 100 100 2420 2420 307 313 
     Average 

Density 
 Average 

Stress 
     2413  310 

 
 

90 day result 
Dimension (mm) Sample 

Number L W H 
Weight 

(g) 
Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 101 100 2435 2387 386 386 
2 100 100 100 2400 2400 370 377 
3 101 101 100 2435 2387 381 381 
     Average 

Density 
 Average 

Stress 
     2391  381 
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 B-14 

Mixture C-A2.5 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 101 2395 2371 238 243 
2 100 99 100 2355 2379 232 239 
3 101 101 100 2400 2353 249 249 
     Average 

Density 
 Average 

Stress 
     2368  244 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 99 100 100 2360 2384 325 335 
2 99 100 100 2380 2404 324 334 
3 100 100 101 2400 2376 310 316 
     Average 

Density 
 Average 

Stress 
     2388  327 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 99 100 100 2370 2394 354 365 
2 101 101 100 2410 2363 359 359 
3 101 100 100 2410 2386 356 360 
     Average 

Density 
 Average 

Stress 
     2381  361 
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 B-15 

Mixture C-A5 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2370 2370 219 223 
2 101 100 101 2385 2338 225 227 
3 100 100 101 2375 2351 216 220 
     Average 

Density 
 Average 

Stress 
     2353  224 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 101 101 2410 2363 276 279 
2 100 100 101 2380 2356 286 292 
3 99 100 100 2360 2384 262 270 
     Average 

Density 
 Average 

Stress 
     2368  280 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 101 100 2400 2353 343 343 
2 101 100 100 2380 2356 349 352 
3 101 100 100 2380 2356 341 344 
     Average 

Density 
 Average 

Stress 
     2355  347 
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 B-16 

Mixture C0 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2360 2360 235 240 
2 101 100 100 2370 2347 224 226 
3 100 100 100 2355 2355 214 218 
     Average 

Density 
 Average 

Stress 
     2354  228 

 
 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2355 2355 305 311 
2 99 100 100 2340 2364 306 315 
3 99 100 100 2345 2369 302 311 
     Average 

Density 
 Average 

Stress 
     2362  313 

 
 

90 day result 
Dimension (mm) Sample 

Number L W H 
Weight 

(g) 
Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 102 100 100 2400 2353 355 355 
2 102 100 100 2400 2353 335 335 
3 101 100 100 2390 2366 360 364 
     Average 

Density 
 Average 

Stress 
     2357  351 
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 B-17 

Mixture D-A2.5 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2330 2330 238 243 
2 100 100 100 2340 2340 219 223 
3 100 101 100 2380 2356 216 218 
     Average 

Density 
 Average 

Stress 
     2342  228 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2360 2360 267 272 
2 100 99 100 2320 2343 273 281 
3 100 100 100 2370 2370 277 283 
     Average 

Density 
 Average 

Stress 
     2358  279 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 100 2365 2342 296 299 
2 101 100 100 2375 2351 318 321 
3 100 100 100 2360 2360 317 323 
     Average 

Density 
 Average 

Stress 
     2351  317 
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 B-18 

Mixture D-A5 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2320 2320 203 207 
2 100 100 100 2325 2325 194 198 
3 99 100 100 2290 2313 181 186 
     Average 

Density 
 Average 

Stress 
     2319  197 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 99 100 100 2315 2338 250 258 
2 100 100 100 2340 2340 248 253 
3 99 100 100 2315 2338 241 248 
     Average 

Density 
 Average 

Stress 
     2339  253 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 101 100 2360 2337 298 301 
2 100 100 100 2345 2345 296 302 
3 100 100 100 2330 2330 290 296 
     Average 

Density 
 Average 

Stress 
     2337  300 
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 B-19 

Mixture E-A2.5 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 101 2355 2309 228 230 
2 101 100 100 2350 2327 222 224 
3 100 100 101 2360 2337 220 224 
     Average 

Density 
 Average 

Stress 
     2324  226 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2360 2360 323 329 
2 100 101 100 2360 2337 315 318 
3 100 101 100 2360 2337 309 312 
     Average 

Density 
 Average 

Stress 
     2344  320 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 101 2375 2328 390 394 
2 101 100 101 2390 2343 363 367 
3 102 100 101 2410 2339 371 371 
     Average 

Density 
 Average 

Stress 
     2337  377 
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 B-20 

Mixture F-W15 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2325 2325 254 259 
2 99 100 100 2320 2343 271 279 
3 100 100 100 2325 2325 262 267 
     Average 

Density 
 Average 

Stress 
     2331  269 

 
 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 99 100 100 2320 2343 322 332 
2 100 100 101 2370 2347 330 337 
3 100 100 100 2360 2360 337 344 
     Average 

Density 
 Average 

Stress 
     2350  338 

 
 

90 day result 
Dimension (mm) Sample 

Number L W H 
Weight 

(g) 
Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 101 2380 2333 379 383 
2 101 100 101 2390 2343 373 377 
3 100 100 100 2370 2370 381 389 
     Average 

Density 
 Average 

Stress 
     2349  383 
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 B-21 

Mixture F-W20 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2330 2330 246 251 
2 99 100 100 2290 2313 256 264 
3 100 100 100 2325 2325 249 254 
     Average 

Density 
 Average 

Stress 
     2323  256 

 
 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 100 2355 2332 315 318 
2 100 101 100 2340 2317 310 313 
3 99 100 100 2310 2333 321 331 
     Average 

Density 
 Average 

Stress 
     2327  321 

 
 

90 day result 
Dimension (mm) Sample 

Number L W H 
Weight 

(g) 
Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 101 100 2345 2299 351 351 
2 100 100 100 2335 2335 360 367 
3 100 100 100 2340 2340 367 374 
     Average 

Density 
 Average 

Stress 
     2325  364 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 



Appendix (B)                                                                                                                                                                    Total experiments Results 

 B-22 

Mixture F-W25 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 100 2370 2347 240 242 
2 101 101 100 2390 2343 244 244 
3 100 100 100 2345 2345 253 258 
     Average 

Density 
 Average 

Stress 
     2345  248 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 100 2365 2342 309 312 
2 101 101 100 2415 2367 316 316 
3 101 100 100 2370 2347 314 317 
     Average 

Density 
 Average 

Stress 
     2352  315 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 102 101 100 2400 2330 355 351 
2 101 100 100 2360 2337 334 337 
3 100 100 100 2360 2360 357 364 
     Average 

Density 
 Average 

Stress 
     2342  351 
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 B-23 

Mixture F-W50 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 100 2350 2327 221 223 
2 101 101 100 2370 2323 220 220 
3 100 99 100 2325 2348 215 222 
     Average 

Density 
 Average 

Stress 
     2333  220 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2335 2335 304 310 
2 101 100 100 2360 2337 306 309 
3 101 101 100 2395 2348 319 319 
     Average 

Density 
 Average 

Stress 
     2340  313 

 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 100 100 2355 2332 351 354 
2 102 100 100 2375 2328 348 348 
3 100 100 100 2350 2350 357 364 
     Average 

Density 
 Average 

Stress 
     2337  356 
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 B-24 

Mixture F-W100 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2340 2340 186 190 
2 100 100 100 2340 2340 184 188 
3 100 100 100 2340 2340 197 201 
     Average 

Density 
 Average 

Stress 
     2340  193 

 
 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 100 100 2350 2350 238 243 
2 101 100 100 2380 2356 256 259 
3 100 100 100 2340 2340 247 252 
     Average 

Density 
 Average 

Stress 
     2349  251 

 
 
90 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 102 101 100 2410 2339 299 296 
2 99 100 100 2330 2354 298 307 
3 100 100 100 2350 2350 285 291 
     Average 

Density 
 Average 

Stress 
     2348  298 
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 B-25 

Mixture G-W25 
 
7 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 99 100 2315 2338 202 208 
2 100 100 100 2315 2315 207 211 
3 100 100 100 2315 2315 212 216 
     Average 

Density 
 Average 

Stress 
     2323  212 

 
28 day result 

Dimension (mm) Sample 
Number L W H 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 100 101 100 2350 2327 265 268 
2 100 100 100 2345 2345 292 298 
3 100 100 100 2345 2345 269 274 
     Average 

Density 
 Average 

Stress 
     2339  280 

 
 

90 day result 
Dimension (mm) Sample 

Number L W H 
Weight 

(g) 
Density 
(Kg/m3) 

Failure 
Load (KN) 

Stress 
(Kg/cm2) 

1 101 101 100 2370 2323 345 345 
2 101 101 100 2365 2318 349 349 
3 100 100 100 2345 2345 354 361 
     Average 

Density 
 Average 

Stress 
     2329  352 
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 B-26 

Interlock Brick samples 
 

Mixture H0 
Compressive strength results 
 
28 day results 

Sample 
number 

Area 
(mm2) 

Height 
(mm) 

Volume 
(mm3) 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load 
(KN) 

Stress 
(Kg/cm2) 

1 27500 78 2145000 5275 2459 1790 651 
2 27500 79 2173000 5290 2435 1660 604 
3 27500 78 2145000 5270 2457 1650 600 
4 27500 79 2173000 5290 2435 1737 632 
5 27500 79 2173000 5320 2449 1620 589 
     Average 

density 
 Average 

stress 
     2447  615 

 
90 day results 

Sample 
number 

Area 
(mm2) 

Height 
(mm) 

Volume 
(mm3) 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load 
(KN) 

Stress 
(Kg/cm2) 

1 27500 79 2173000 5215 2400 1892 688 
2 27500 80 2200000 5320 2418 1840 669 
3 27500 80 2200000 5340 2427 1900 691 
4 27500 79 2173000 5265 2423 1800 655 
5 27500 79 2173000 5220 2403 1920 698 
     Average 

density 
 Average 

stress 
     2414  680 

 
Absorption results 
 
28 day results 
Sample number SSD Weight 

(g) 
Dry Weight 

(g) 
Difference in 

weight 
Absorption % 

1 5320 5150 170 3.3 
2 5320 5160 160 3.1 
3 5335 5195 140 2.7 
    Average 

Absorption % 
    3.03 

 
90 day results 
Sample number SSD Weight 

(g) 
Dry Weight 

(g) 
Difference in 

weight 
Absorption % 

1 5385 5220 165 3.2 
2 5340 5160 180 3.5 
3 5235 5040 195 3.9 
    Average 

Absorption % 
    3.51 
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 B-27 

Interlock Brick samples 
Mixture H-A5 

 
Compressive strength results 
 
28 day results 

Sample 
number 

Area 
(mm2) 

Height 
(mm) 

Volume 
(mm3) 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load 
(KN) 

Stress 
(Kg/cm2) 

1 27500 80 2200000 5390 2450 1543 561 
2 27500 81 2227500 5420 2433 1600 582 
3 27500 80 2200000 5430 2468 1550 564 
4 27500 81 2227500 5420 2433 1540 560 
5 27500 82 2255000 5465 2424 1507 548 
     Average 

density 
 Average 

stress 
     2442  563 

 
90 day results 

Sample 
number 

Area 
(mm2) 

Height 
(mm) 

Volume 
(mm3) 

Weight 
(g) 

Density 
(Kg/m3) 

Failure 
Load 
(KN) 

Stress 
(Kg/cm2) 

1 27500 80 2200000 5280 2400 1565 569 
2 27500 80 2200000 5285 2402 1700 618 
3 27500 81.5 2241250 5385 2403 1566 569 
4 27500 80.5 2213750 5325 2405 1653 601 
5 27500 83 2282500 5475 2399 1715 624 
     Average 

density 
 Average 

stress 
     2402  596 

 
Absorption results 
 
28 day results 
Sample number SSD Weight 

(g) 
Dry Weight 

(g) 
Difference in 

weight 
Absorption % 

1 5465 5285 180 3.41 
2 5385 5175 210 4.06 
3 5620 5465 155 2.84 
    Average 

Absorption % 
    3.43 

 
90 day results 
Sample number SSD Weight 

(g) 
Dry Weight 

(g) 
Difference in 

weight 
Absorption % 

1 5585 5380 205 3.81 
2 5425 5220 205 3.93 
3 5345 5110 235 4.60 
    Average 

Absorption % 
    4.11 


