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ABSTRACT 

Recent construction boom in Ethiopia has leads to extra concrete 

demands. However, this resulted in scarce of concrete constituent 

materials like sand. Nevertheless, sludge which is abundant and a bye-

product of garment/textile factories in Industry zones here in our country 

Ethiopia has a potential for use to replace sand in non-structural concrete 

production.  

The present research work experimentally investigates use of garment 

/textile sludge as partial replacement of sand in concrete production. 

Experimental program was designed for C-25 concrete with various 

proportions of sludge replacement with sand and fresh concrete test, 

hardened concrete density and mechanical property tests were performed 

to quantify performance gains. 

Experimental results showed as compared to control concrete, 5% 

garment/textile sludge replacement by sand resulted on the 28th -day 

compressive strength is almost same concrete compressive strength. 

Whereas cost benefit analysis revealed a saving of 14.77 birr/m3. Also, 7th 

-day compressive strength test results indicated a 5.4% gain as compared 

to control specimen which is good characteristics for use of sludge 

modified concrete in precast concrete production. Hence, the research 

recommends this C-25 grade of solid concrete for non-structural concrete. 
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1. Introduction of the study 

               1.1 Back ground 

Ethiopia has been transforming the backbone of its economy which is 

industrialization to green manufacturing power house. Among the 

industrialization type textile and garment industry takes the lead here in 

our country Ethiopia. In line with this, there was an avoidable product 

called sludge extracted from the Effluent treatment plant. This product 

needs its own land both for drying and let them to be stored. This makes 

an issue for the country like Ethiopia. To make this potential to the most 

effective, in relation to rapid construction of garment industries in different 

main cities of Ethiopia huge quantity of sludge are damped in protected 

areas with in the treatment plant layout and await suitable disposal 

methods very badly. As the amount of sludge produced by the waste water 

treatment plant increases effective reuse and safe disposal of sludge 

becomes more crucial. 

Many international scholars in different stream have studied how to 

convert sewage sludge from domestic and industrial operation into useful 

product. Using sludge as one of the constructions and building material 

input means not only convert waste into useful products but also it 

contributes it’s some towards the environmental degradation by 

conserving one of the natural resources called sand. While producing the 

construction material like concrete, brick, etc. By doing this the 

construction industry plays paramount role in most economic, social and 

as whole integrated development of country. 

For the case of construction industry here in our country Ethiopia, the 

construction is stretching from small scale standardized residential house 

up to various mega projects. This increased construction directly increase 

the demand for construction material in alarming rate. In relation to this, 

the demand for the constituents of construction material like concrete, 
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bricks, increase accordingly. This makes the cost of each constituent 

construction material increase.  

It is known that; sand is one of the constituents of concrete which has 

great impact towards the behavior of concrete. The natural sand utilized 

for the construction industry is extracted from river, which has a direct 

and indirect impact towards the ecosystem [21]. Hence, to come up with 

against environmental degradation different researches were conduct at 

different country.  

This research tried to contribute its some towards the challenge comes in 

line with the expansion of textile/garment industries here in our country 

Ethiopia and the construction industries. By utilizing textile/garment 

industry sewage sludge as partial replacement of sand in structural 

concrete production is investigated. Optimum blending compositions, 

mechanical characteristics performance gains and costs benefit analysis 

of garment sewage sludge modified concrete is presented as compared to 

control conventional structural concrete. 

1.2 Research statement  

In line with expansion of textile/garment industries in our country of 

different cities, even these industries integrated with the centralized waste 

water treatments, there is an avoidable waste called sludge. Since, the 

sludge discharged from the treatment plant may contain unsafe level of 

heavy metals which is hazardous to all mankind, its proper way of disposal 

method needs to be investigated. The to date experience is let the sludge 

on the dry bed and collect with polypropylene bag then stored with in the 

lay out the treatment plant and waiting for solution. 

 

In addition, acquiring land for the sludge disposal become a challenge, not 

only this, it’s way of disposal may possess a health concern to all living 

creature in the country. Hence, searching some ways that become 

consistent solution for the above-mentioned problem becomes a core. 
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In the other way around, an increase in small- and large-scale 

construction needs abundant amount of construction material demand 

whose concrete constitutes material extraction influences the environment 

significantly. It is well known that the fastest growth of construction 

industry has positive implication to one’s country growth.  

 

Hence, this study focused on solid concrete production as a solution for 

the above-mentioned problems. In line with the expansion of construction 

industry in our country, numerous amounts of sand have been utilized for 

the production of concrete, this leads to environmental degradation. 

Therefore, when bounce from the problem area which mentioned before 

here can gate room to be solution for the problem raise from sand 

degradation. This makes the problem to balanced, moreover, meet 

environmental goal, utilize by product as an asset and construct concrete.  

1.3 Objective 

             1.3.1 General objective 

Towards achieving the environmental and economic benefit of using 

garment/textile sludge, the extent with which the technical feasibility of 

material has also investigated. Then the replacement of 

5%,6%,8%,10%,15% and 20% by weight replacement of sludge dosage 

with sand for the production of C-25 grade of concrete were conducted. By 

doing this one can say that, the byproduct from the Bole-Lemi 

textile/garment industrial waste convert to usable material. In line with 

this, it addresses the problem with its disposal and one of the natural 

resources called sand will be conserved. Beyond the environmental 

contribution it also has economical implication for the cost with related to 

production of concrete. Thus, the general objectives of the study are to 

evaluate the effect of using this material on the mechanical behavior of 

solid concrete having C-25 grade. 



4 | Page 
 

               1.3.2 Specific objective 

         The specific objectives are: - 

a) Perform Suitability of Garment Sewage Sludge as a sand 

b) investigate optimum blending composition of garment sewage 

for sand without compromising standard concrete mechanical 

characteristics  

c) Perform fresh concrete standard tests like slump test and 

compare performance gains with conventional plain concrete  

d) Study garment sewage modified hardened concrete mechanical 

characteristics through standard tests like tensile split, 

compressive and flexural tests 

e) Perform direct cost analysis  

   1.4 Research questions 

a) How much will be the physical property of Garment sewage 

sludge? 

b) What are performance gains of using garment sewage modified 

hardened concrete?  

c) Are mechanical properties of garment sewage modified concrete 

comparable with conventional concrete? 

d) How much sludge partial replacement of sand will result in 

mechanical behavior comparable to conventional concrete? 

e) Do direct and indirect costs of using garment sewage as partial 

replacement of sand justifiable? 

1.5 Hypothesis 

The involvement of sludge for the production of concrete enhance the 

behavior of concrete for compressive and split tensile loading. Therefore, 

this can reduce the amount of sand utilized for the production concrete. 

In addition, it contributes its some for the challenged faced 

textile/garment industry sludge disposal method. Hence, by doing this it 

will make the production of concrete cost effective. In general, this 
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researcher work does its own best in achieving the environmental and 

economic benefit of using this material.  

1.6 Significance of the study 

The main driving force to conduct this research is because of the challenge 

faced with related to disposal site for the sludge generated from the already 

constructed eleven Industrial Parks and the upcoming three industrial 

parks. Even researches have been conducted on hollow block concrete and 

analysis its compressive strength using sludge taken from the same site 

which is Bole-Lemi I industrial parks, it left as further study for the 

investigation of its effect for solid concrete production. This research on 

the mechanical properties of concrete with sludge involvement is a timely 

concern to make a core contribution both to the textile /garment 

industrialization and the construction technology too.  

In addition, while using this by product of textile/garment industries 

waste as a substitute of sand for the production of concrete its 

contribution to environmental conservation. Since, the by product called 

sludge collected from site for free the total cost of concrete production 

decrease. 

1.7 Scope and limitation of the study 

The scope of this research is to investigate the effect of garment/ textile 

sludge for the production of solid concrete having a grade of C-25. While 

doing this the textile/garment sludge characterization, physical analysis 

of each constituents of concrete, production of solid concrete with and 

without the involvement of sludge and mechanical properties of concrete 

(flexural, split tensile and compressive strength) workability and density 

of concrete were analyzed. This study does not include sludge extracted 

from Industrial Parks other than Bole-Lemi I. In addition, since from the 

silicate analysis report for sludge utilized for this research exhibited Iron 

and aluminum, the effect of this chemical element for the already produced 

concrete has to be investigated.  
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2. LITERATURE REVIEW 

The issue of environmental security and sustainability leads to the 

investigation of new materials which is waste generated from Effluent 

treatment plant (ETP) of various industries. Nowadays, industrial wastes 

are being considered as an asset product in supporting other industries, 

this creates joint relationship one each other. For any industry, erection 

of waste management system is a very crucial task that should be carried 

out primarily before the commencement of the industry itself. This stage 

in any industry consumes a significant amount of resource as the built 

system should refuse to the outcome of any negative footprints on the 

environment. For this and other global issues, by-products of industries 

are now being synchronized to a system that can let them to be utilized by 

other industry in such a way that mutually benefiting to one another [8] 

In line with the above-mentioned environmental problems with feasible 

economic construction, it demands for alternative material that can meet 

its function without jeopardizing its serviceability and durability of the 

construction material which produce [12].  

Studies showing that the industrial by product such that stone cutting 

waste with a percentage of 25% of total sand volume obtain successful 

concrete with regard to slump and compressive strength [18]. There was 

also study were conducted that utilize sewage sludge ash (SSA) as a 

combination of both cement (up to replacement of 10%) and sand (up to 

10-25%) replacement that bring higher compressive strength value when 

it compares with control concrete value [32]. There also research 

conducted that utilize Silica fume with the replacement of cement with 

different aggregate size [33]. This and other supporting literatures were 

acknowledged the use of industrial sewage sludge as replacement of fine 

aggregate in concrete production and also in brick production. Section 2.1 

of this study discusses in detail on researches that were conducted on 

garment /textile sludge as replacement of fine aggregate. 
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For the sludge extracted from zero liquid discharge (ZLD) treatment plant 

for the production of clay bricks were investigated for the different property 

of sludge for (10, 20, 30 and 40) % by weight. The result showed that as 

the replacement of sludge increase the compressive strength of brick 

decreases significantly from 30.42 to 2Mpa [3]. 

In other way round, sand mining has negative impact towards the 

environment with regard to ground water, air and even it disrupts the 

landscape of the ecosystem. Once exploitation of sand takes place 

restoring of the environment become expensive, even couldn’t restore the 

environment towards its original condition. With regard to finding the 

qualified specialist and being the environmental restoration, cost become 

expensive and environmental restoration for the developing country 

becomes worse [21]. 

Not only the above-mentioned reasons that drive to make this research. 

Rather the challenge that the industrialization increment in alarming rate 

increases here in our country jointly create this an avoidable waste 

utilization method become a headache. Hence, searching a way that this 

by product from garment/textile industry which is sludge has to get its 

own way without being hazardous to all living thing in this universe. Till 

to date, all the sludge generated from the all operational 8 garment/textile 

industries developed by Industrial Parks Development Corporation (IPDC) 

dispose it’s sludge by packing with polyethylene bag and store within the 

containers and room constructed for this purpose and gate staked. This 

makes the aforementioned corporation to search the way out from different 

companies like cement factories and Repi waste-to-energy plant 

companies to make the byproduct used for their cement production and 

power production respectively. Even from this research it is expected that 

some way-out might get. 
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2.1 Garment Industry waste sludge for the construction 

material 

The study has been conducted for the characterization and reuse of textile 

effluent treatment plant waste sludge in clay bricks production. In this 

study, the effect of textile Sewage sludge as partial replacement of clay for 

conventional brick manufacturing process were examined. Also the textile 

sewage sludge affect (up to 30%) on bricks shrinkage, weight loss on 

ignition, water absorption and compressive strength with the factor that 

affect the quality of the bricks sludge composition, firing temperature (200 

°C-800 °C) and firing time (2hr-8hr) duration [27]. 

To make waste management sustainable, utilizing the wat from industries 

as a constitutes of construction material gives a better opportunity both 

towards the economy and environment [24] .Some research’s contribute 

it’s some towards increasing the concrete strength by adding other cheap 

material and material with cement or adhesive material like silica fumes, 

fly ash and steel slag are among the material used [33]. 

There were also studies, that utilized industrial sewage sludge with 

different proportion for the examination of bricks compressive strength, 

water absorption and shearing resistance were investigated. Result 

showed that when the percentage of adding sludge increases, the water 

requirement and water absorption increases. But, decrease the 

compressive strength of bricks. Therefore, adding fly ash and cement as 

an additive makes the property of bricks improved. Also, the shearing 

resistance of the bricks improved by adding 5cm of sisal fiber [17]. 

Study were also conducted on the utilization of textile sludge for the 

production of hollow block. While doing the characterization of the sludge 

there was two hazardous parameters where traced zinc and nickel. As we 

all know while utilizing hollow block for the construction material 

plastering and painting were used for aesthetic value, therefore this makes 

the hazardable effect negligible. There also one parameter traced that 
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makes in common with sand, which is SiO2. After performing the 

characterization, the production of hollow block was carried and the 

compressive strength test were also taking place. The result shows that as 

the replacement of sludge increases the compressive strength decrease. 

Because of the sticky nature of sludge, the mix for class “C” hollow block 

couldn’t meet the expected compressive strength. Therefore, the study 

forced to use enzyme with clay for the production hollow block. Even the 

production meets the expected compressive strength for the block. The 

cost become high from that of the hollow block produced without the 

enzyme [20]. 

The increment of industrialization in alarming rate at Egypt, the utilization 

of dry and wet sludge gave infancies from the government side. Since, the 

environmental law forces to adopt the extraction of sewage sludge has to 

be without having effect for human kind and every creature in the world. 

Egypt tried to make its own contribution for this area. Hence, utilize the 

wet and dry sludge for the production of plain concrete, bricks and glass 

production, the following thesis were conducted for the production of 

concrete. The material used for the thesis were wet sludge, sun dried 

sludge, grade 43 Portland cement, fine aggregate having 1800kg/m3, 

coarse aggregate having 1650kg/m3 and clean water without salt and 

chemical. The carried mix design was 1:2:4 (cement: fine: coarse 

aggregate), having water to cement ratio of 0.5 and the targeted 

compressive strength were 30mpa. For the production purpose 

15*15*15cm cube for compressive strength test were used for the 

production mixed with 5,10,15% replacement of cement weight and 0% 

which is used for control one. For this case 200 Oc oven dried sludge for 

2hrs were used. The tests were carried for the produced concretes are 

density, slump and compressive strength test. In advance from the mix 

design the sieve analysis test was carried for all aggregate types and 

sludges used. For the mix the optimum percentage were used to get the 

expected compressive strength without great effect. The result exhibited 
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from the dry sludge by weight replacement were, when the replacement 

become less than 5% slight change were traced for the workability, when 

this replacement become greater than 5% the workability showed 2.07cm 

drawdown from the control concrete. When the dry sludge replacement 

increases the density and compressive strength decreases. Even this is 

true for drying period, when the dry sludge replacement become 20% it 

takes weeks in order to remove from the mold and to become ready for 

drying. The result exhibited from wet sludge by weight replacement 

become, when the replacement was less than 5% there was slight change 

in the workability. When the replacement become greater than 5% the 

slump test was 2.25cm drawdown from the control. For the case of density 

and compressive strength, as the replacement of wet sludge increase the 

density and compressive strength decreases. Here the reduction of density 

is lower than that of control concrete mix. The effect of wet sludge has also 

implication for the case of drying period, when the replacement become 

20% it needs two weeks for drying. In general, the rate of attaining its 

strength is lower than that of the control concrete [11]. 

Several studies were carried with the fast growth of urbanization and 

industrialization the environmental problem was raised due to the 

improper management of waste product. Therefore, test was conducted for 

the production of M35 grade of concrete by using this industrial known as 

textile mill sludge wastage as the replacement of fine aggregate with the 

percentage of 10%, 20 %and 30%. The test conducted was compressive 

strength, flexural strength and tensile split test for the curing date of 7, 14 

and 28 days. As a result, the replacement of fine aggregate with textile mill 

sludge increase the compressive strength, flexural strength and tensile 

split test were decreased [30]. For the case of Industrial Parks 

Development (IPDC) needs Proper management for the produced sludge 

from each Industrial Parks [7]. For the production of concrete sludge can 

be utilized as a replacement of cement. But, the reduction in compressive 
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strength as the replacement of sludge increases can be reduce with the 

involvement of by-product which is fly ash [14]. 

In line with this, textile industry has great role in the economic 

development of the country, its residual from the treatment plant has 

hazardous impact both to human and environment. Strength gaining of 

concrete with the replacement of textile sludge with cement at the initial 

stage is not uniform like that of control concrete. Up to 10% replacement 

of cement with textile sludge had negligible effect on the strength of 

concrete [13]. 

One of the oldest and largest industry in India is textile industry. For this 

the government allotted specific location for land fill and damping purpose. 

This makes the disposal method expensive. For this the study were 

conducted for the replacement of fine aggregate for the M20 grade of 

concrete. This makes the workability and density of concrete decrease. In 

addition, the strength of concrete gradually reduced as the replacement of 

textile mill sludge increases. Finally, when the replacement reaches 32% 

the strength falls below the desirable value. For this, the fly ash was added 

with the replacement of cement, this makes the concrete strength 

decrement slow. The study indicates that 960million ton of solid waste is 

being generated annually. Simply damping textile mill sludge leads the 

ground water contamination and bring socio-economic impact. To avoid 

the adverse impact of textile mill sludge different study was conducted. As 

the replacement of textile sludge replacement increase the compressive 

strength of concrete decrease. Therefore, the study makes adding of fly ash 

from 5% up to 20% by making the sludge replacement with fine aggregate 

with a constant of 32% replacement. This makes the compressive strength 

of concrete above the required for the code used for the study. And also, 

as the replacement of textile mill sludge increases the workability of 

concrete decreases. For this the study recommended that better to add 

silica fumes (glass industry residual). In addition, the study recommended 
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that igniting the sludge with the temperature of 800 0c for 2 hours makes 

the organic matter with in the sludge disappears and makes the 

compressive strength produced with this sludge better [30]. 

There was research conducted in Bangladesh, that utilize ETP (Effluent 

treatment plant) sludge for construction material with cement/sand. The 

study first analyses the physicochemical property and engineering 

property of the sludge. Then result analyze the mechanical (compressive 

and flexural), physical and morphological (porosity) property of concrete. 

Finally, the result revels that the sludge decrease the mechanical 

(compressive and flexural) property. But, the physical (water absorption) 

and morphological(porosity) property increase as the involvement of 

sludge. At the end the study concluded that the ETP (Effluent treatment 

plant) sludge can be used for the non-structural building where lower 

strength is needed [22]. 

There was also study were conducted for the utilization of Textile Effluent 

sludge for the construction of concrete. While doing this the pretreatment 

process were conducted for the removal of ammonia. Which has great 

impact for the reduction of concrete strength made from sludge and also 

has great contribution for the odor of sludge. The replacement of sludge 

was carried from 0% up to 30% with fine aggregate. At the end the study 

concluded that the concrete with lower textile effluent sludge replacement 

with fine aggregate and lower ammonia concentration had higher 

compressive strength and better volume of stability. This makes the 

leaching concentration not to be a concern [4]. 

The research conducted that in custody of textile sludge for the production 

of solid block. There were two solid blocks produce one with cement and 

sludge, the other was solid block produce with cement, flay ash and 

cement with sludge. From the result the compressive strength of solid 

block produced from cement with fly ash and sludge from textile sludge 
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had 29N/mm2, even the addition of fly ash reduced leaching. The other 

solid blocks produced from cement and sludge had 23.8N/mm2 [28]. 

2.2 Abundance of Garment sewage sludge  

With respect to garment sludge, almost all Industrial Parks complete its 

first phase construction stage, among them half of the Industrial Parks 

has been started its operation with partial and full production capacity. 

Hawassa Industrial Park (HIP), found in southern nation and nationality 

people representative regional state of southern Ethiopia with a total water 

demand capacity of 11,615 m3/day. Mekele Industrial Park (MIP), found 

in Tigray region of Northern Ethiopia, with total water demand capacity of 

6000 m3/day. Adama Industrial park (AIP), found in Oromia Regional sate 

of central Ethiopia, with a total water demand of 11,000m3/day. Bole-lemi 

I(BL-I) and Bole-lemi II(BL-II) Industrial Parks, found in Addis Ababa city 

administration of central Ethiopia, with a total water demand capacity of 

10000m3/day and 26000m3/day respectively. Jimma Industrial Park 

(JIP), found in Oromia Region of South west Ethiopia, with a total water 

demand capacity of 2000m3/day. Kombolcha Industrial Park (KIP), in 

Amhara region of Northern Ethiopia, with a total water capacity of 

5000m3/day.  Bahirdar Industrial Park (BDIP), found in Amhara Regional 

state of Northern Ethiopia, with total water capacity of 2000 m3/day. Dire 

Dawa Industrial Park (DDIP), found in Dire Dawa city administration of 

Eastern Ethiopia, with total water capacity of 9000 m3/day. Debrebirhan 

Industrial Park (DBIP), found in Amhara Regional state of Central 

Ethiopia, with total water capacity of 6000 m3/day. Kilinto Industrial park 

(KIP), found in Addis Ababa city Administration of central Ethiopia, with 

total water capacity of 15000 m3/day, key learning, Unpublished, 2019.  

Among the above-mentioned Industrial Parks seven of them are under 

operation. The sludge extracted from these factories are let on dry bed 

exposed for sun light, then collected with poly propylene plastic bag and 

put on the store prepared for this purpose. Not only the current factories 
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under operational stage but also, the upcoming Industrial Parks enters in 

to operational stage will also operate its sludge in the same manner as the 

pervious Industrial Parks being manage its sludge. 

From the study the total water consumption is expected that 10% of water 

will be wasted, this means 90% of water will be production water. Hence, 

as per the study from 1m3 treatment (from 1.5 -5)kg of sludge will be 

produced .This makes the annual(16hr operational hour per day and 26 

working day per month for 12 months per annuum) tone of production of 

sludge per Industrial Park stipulated under column 4 of the listed table 

2.1 [10]. 

When all Industrial Parks start to operate with their full capacity the 

respective sludge that will be produced by that time will reach up to 45 

million kg per annum.  

Sludge of this amount can considerably contribute to both technical and 

environmental advantage to the construction world and any creature 

found on our glob respectively. 
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Figure 2. 1 IPs (Industrial Parks) developed IPDC (Industrial parks 

Development Corporation) here in our country Ethiopia 

 

Table 2. 1 Daily Water demand capacity and Annual sludge production 

capacity of all Industrial parks when full operation capacity attained 

(Industrial Parks Development, Key Learning, Unpublished,2019) 

IP

.N

o 

Industrial 

Parks 

Water 

Demand 

Capacity 

per 

Day(m3/d

ay) 

Producti

on water 

per 

day(m3/

annum) 

Produce

d 

Sludge 

Per 

day(ton

e/day) 

Water 

Demand 

Capacity per 

annum 

Production 

water per 

annum(m3/

annum) 

Produce

d Sludge 

Per 

annum(t

one/ann

uum) 

1 Hawassa  11,615 10,454 16 3,623,880 3,261,492 4,892.24 

2 Mekele 6,000 5,400 8 1,872,000 1,684,800 2,527.2 

3 Adama 11,000 9,900 15 3,432,000 3,088,800 4,633.2 
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4 Bole-lemi I 15,000 13,500 20 4,680,000 4,212,000 6,318.00 

5 Bole-lemi II 26,000 23,400 35 8,112,000 7,300,800 10,951.2 

6 Jimma  2,000 1,800 3 624,000 561,600 842.4 

7 Kombolcha 5,000 4,500 7 1,560,000 1,404,000 2,106.0 

8 Bahirdar 2,000 1,800 3 624,000 561,000 842.4 

9 Diredawa 9,000 8,100 12 2,808,000 2,527,200 3,790.8 

10 Debrebirha

n 

6,000 5,400 8 1,872,000 1,684,800 2,527.2 

11 Kilinto  15,000 13,500 20 4,680,000 4,212,000 6,318.2 

Total 108,615 97,754 147 33,887,880 30,499,092 45,749 

 

Annual production capacity was taken from the respected department at 

head office. The calculation in the table 2.1 was done using the average 

percentage of the range and an annual operational period of 312 days per 

annum. 

From the table 2.1 it can be seen that around 45,749 tone of sewage sludge 

per year will be disposed from the Industrial Parks. when the intended 

Industrial Parks will start to operate with their full production capacity 

this amount can protect sand mining and it contribute it’s some for the 

problem of disposal method of sewage sludge, if there will be a system and 

mechanism that makes the proper utilization of this material in to 

practice. 

2.3 Impact of sand mining on ecosystem 

Study explicitly showed that each day mining of sand and gravel is 32-50 

billion tone. This extraction has direct and indirect impact in to the eco 

system , it also has infrastructure impact .The direct impact examined on 

the loss of habitat and physical change to the eco system .For the indirect 

impact the water quality changed because of the turbidity caused by sand 

mining and the hydraulic change this is because of the increase in the 

river slope and depression caused by the sand mining . For the case of the 

impact on infrastructure, the incision caused by sand mining made the 

bridge support incapable to support, this leads to bridge failure [21]. 
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Now a day’s sand mining become treat for the worldwide. Since it causes 

change in river channel, physical habitat, flood web, increase velocity of 

flow. In other way, in line with removal of vegetation cover and distribution 

of soil, makes the habitat above and below the ground level destroy and 

decrease faunal population decrease. Sand mining has great impact to the 

environment and socio-economic impact. Sand mining will make to sink 

the water table of the river and it increases the turbidity for the water body. 

Even the sand mined area loses its scenic beauty, because of the beaches 

and back water of coastal area are famous in case of beauty. Because of 

the residual of radioactive minerals Monazite, Zircon. dust pollution, 

during mining large amount of sand enters to the environment, this cause 

respiratory disorder. create noise and vibration, since the sand mining 

process takes place for 24hrs the sound level fluctuates widely. And spoils 

and other infrastructure, this is because of the movement of heavy trucks 

[25]. 

Commercial Mining of sand from stream, flood plain and terrace cause 

heavily damage to the ecosystem structure, affect the cleansing capacity 

of river, lowering the ground water level, damage to the infrastructure, 

destruction of flood plain and removal of riparian zone. Therefore, the 

study recommends to ban sand mining in Tamiraparami river for five years 

since 2012 [5]. 

  

2.4 Solid concrete versus Hollow block concrete 

Concrete by itself it is a composite material constituent of cement, water, 

fine aggregate, coarse aggregate. The property of the concrete depends on 

the property of constituent material predominantly since, the proportion 

of aggregate is from 40-60 % its property has great impact on the concrete 

property. In addition, the property depends on the proportion, mix design, 

placing and curing of concrete. Because of the brittle nature of concrete, 
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it is weak in tension. Therefore, it constitutes steel bar in it to resist the 

tension force, this type of concrete called reinforced concrete [15]. 

The main difference between solid and hollow concrete block starts from 

their cavity that both concrete blocks have. Solid concrete blocks have no 

cavity or according to US standards have no voids more than 25% of the 

gross cross-sectional area. But the hollow concrete blocks having one or 

more holes that are open to both sides. This makes the total void area can 

be up to 50% of the gross cross-sectional area. From their technical 

advantage solid concrete blocks have high compressive strength, 

resistance to weathering, capability of being molded in to components of 

any shape and size, good fire resistance up to about 400oc, rapid 

construction and very good stability. For the case of hollow concrete 

blocks, lighter in weight can make the construction easy and quick, their 

void can be field with steel bars and concrete, achieving high earth quake 

resistance, the air space provides good thermal insulation and the cavities 

can be used for electrical insulation and plumbing [31].  

Generally, the solid concrete has high compressive strength and resistance 

to weathering. But, the cost of construction and the time required to 

produce hollow concrete block is less than production of solid concrete 

block. The figure 2.2 shows solid and hollow concrete block. 

 

Figure 2. 2 (a) Solid concrete block   (b) Hollow concrete block 
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2.5 Solid concrete  

From the name stand when one says solid block, blocks with no cavity or 

according to US standards cavity with not more than 25% of the gross 

cross-sectional area called solid blocks. These blocks have high 

compressive strength and have good weathering resistance. This solid 

block is used for paving work and other type of structures projects where 

holes would be dangerous and inconvenient [31]. 

2.6 Solid concrete in Ethiopia 

This study comes with using alternative material for the production of 

concrete, which is using garment sludge as partial replacement of sand for 

concrete production. For the assurance of the availability of alternate 

replacing material called textile and garment sludge, it is continuously 

available in line with the function of Textile and garment factories. Within 

this area, many researches asses the degree of applicability of this 

alternate material as partial replacement of material for the production of 

hollow concrete [20]. 

In line with the rapid construction of huge building structure it is normal 

to see number of red mix concrete mixer truckers pour the concrete. 

Among the technical advantage of solid concrete block having high 

compressive strength is the one, this makes this solid concrete blocks 

preferable to expedite the rapid construction carried here in our country 

Ethiopia.  

         2.7. Research gaps 

From the reviewed literature so far, different researches were carried in 

different countries for the utilization of garment/textile sludge and its ash 

for the production of different type of solid concrete grade. In addition, for 

the case of Hollow block concrete production with different grade were 

carried. Moreover, this sludge was also used for the brick production. 

When we come to the research carried here in our country the research 

was carried on the sludge extracted from Hawassa Industrial Park (HIP) 
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utilized for the production of bricks [6]. For the case of hollow block 

production [20] were assessed her research on the utilization of 

garment/textile sludge extracted from Bole-lemi Industrial Park (BLIP) for 

the production of hollow block grade C. And the research left as further 

study that, the impact of sludge from the Bole-Lemi Industrial Park IP 

(BLIP) for the production of solid concrete. 

Based on the gap mentioned above and lack of variety of researches carried 

here in our country, makes the Industries Sludge disposal method worse. 

With this respect this thesis was carried to contribute it’s some towards 

this area with cost-effective way.  
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3. REASEARCH METHODOLOGY 

    3.1 Research Approach 

The approach adopted for this research was in such a way that it can 

address both the general and specific objective listed under chapter two of 

this research. Based on the group of tasks that was carried out, the overall 

phase tasks are classified under three stages. 

         3.1.1 Literature survey and collection of required input 

The plain concept of this research was arising from the problem area that 

governmental organization has been facing towards the ways of the textile 

and garment industries product called sludge, which is produced from the 

effluent treatment plant constructed almost all of the Industrial Parks 

constructed at the capital city of Ethiopia. Having this in mind, different 

researches were surveyed towards this problem area. The findings were 

summarized from the literature in such a way that used to set the margin 

to address the problem here in our country Ethiopia. Based on the 

knowledge gap the objectives and defined methodologies that addressed 

the stipulated objectives was prepared. 

Then, all the necessary input that directly dip dive to the research were 

collected.  At this stage all the necessary material, test carried and data’s 

that leads towards the objectives were collected both from Industrial Parks 

Development (IPDC) head office concerned department and project office 

from which the sludge were collected. In addition, at this stage the 

necessary material used for the production of concrete were also carried. 

The source of the garment and textile industry sludge were collected from 

the Bole-Lemi I Industrial parks located here in Addis Ababa city 

administration and the other ingredient of concrete (cement, fine and 

coarse aggregate) were purchased from local market. Moreover, all the 

necessary guidelines, specification and codes were collected for the 

material preparation and mix design. previous studies related to this topic 

were also used as a review. 
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         3.1.2 Conducting experiment 

This stage is further classified into two sub categories: - 

i) Standard test on concrete ingredient: -  

Under this stage the constituents of material for the production of solid 

concrete were tested and prepares for concrete making.  The property of 

Fine aggregate and sludge was assessed in laboratory. This involved sieve 

analysis, specific gravity and absorption capacity, moisture content and 

silt content. Moreover, the property of coarse aggregate like sieve analysis, 

moisture content, specific gravity and water absorption and unit weight 

was also conducted with the material that satisfies the required standards 

and specifications. 

ii) Mix design and main experiment: -  

This stage involves the proportioning of solid concrete ingredients for a 

grade of C-25. The mix design stage mainly defines the amount of 

ingredients (kg) that should be used to attain a specified grade of concrete. 

At this stage the mix design calculation is carried with full sand (without 

the replacement of sludge). After the mix design stage is over, sand was 

replaced by various percentage of textile and garment sludge (replacement 

was by weight). Then the compressive, Flexural and Tensile split test were 

conducted at 7 and 28 days of curing time. Moreover, the workability test 

which is slump test for the fresh concrete and its hardened density of 

concrete were conducted.  

3.1.3 Analysis and evaluation 

During this stage, the result obtained from the above laboratory 

experiment was summarized and discussed. The optimum percentage of 

sludge replacement with sand was selected based on the result obtained 

with in the replacement and the reference solid concrete (0% replacement). 

Finally, conclusion was drawn and the optimum point were recommended 
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based on the result obtained from the lab experiment and the test result 

carried.         
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Figure 3. 1 The general methodology layout used in 

conducting this research 
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    3.2 Physio chemical characteristics 

Prior to the start of the main experiment, the material used in this research 

were prepared and the respective properties were investigated. Majority of 

the material physical properties were conducted in laboratories found 

Addis Ababa Since and Technology Laboratories of Construction Material 

laboratory. Garment and Textile sludge chemical properties which is 

complete silicate analysis test was conducted in laboratories found in 

Geological survey of Ethiopia under geochemical laboratories. 

         3.2.1 Aggregate 

From the constituents of concrete aggregate take more than three-fourth 

of the total volume of concrete. Therefore, the selection this aggregate 

material which is fine and coarse aggregate significantly influence the 

properties of both fresh and hardened concrete. Hence, careful 

consideration has to be carried for the selection of fine and coarse 

aggregate means should comply with requirement needed. While doing this 

both visual and laboratory-based inspection must be conducted. 

Aggregate with impurities can simply notice with visual inspection. 

Therefore, should be washed thoroughly until it gets free from impurities. 

But if one can’t remove the impurities, the aggregate should totally be 

rejected. Moreover, aggregate from single source is advices to utilize. This 

will prohibit the variability of aggregate property. Even this directly affect 

the mix design and finally it’s strength. Hence, by considering the 

aforementioned factor in to consideration the aggregate which satisfy the 

necessary requirement is selected and the whole experiment is conducted 

as per the required procedure and standards. 

i) Fine aggregate 

The fine aggregate used for this research was river sand which was 

purchased from the local market which the sand was mobilized from 

“Alage” [8]. 
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A) Particle Size Distribution 

Using sieve size analysis, the particle size distribution of fine aggregate 

and fineness modulus (FM) is determined as per the requirement set [8]. 

Based on this specification manual the grading and the grading limits are 

expressed in terms of percentage of material passing through each sieve. 

During this analysis three representative samples of sand sieve analyses 

was conducted and the mean value of the three samples was taken as a 

particle distribution of sand. The summarized grading requirement with 

the mean percentage passing obtained is presented on table 3.1 as follows. 

Table 3. 1 Grain size distribution of fine aggregate 

Sieve size 

(mm) 

Sieve No Percentage passing 

by mass 

Dinku 

Permissible range 

9.5 #3/8 100.00 100 

4.75 #4 98.00      95-100 

2.36 #8 91.33 80-100 

1.18 #16 76.67 50-85 

0.600 #30 42.67 25-60 

0.300 #50 13.33 10-30 

0.150 #100 2.00 2-10 

Passing Pan 0.00  

Tg55H 
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Figure 3. 2 Graph for grain size distribution of fine aggregate along with 

the limit of specification 

From the sieve analysis data, the average fineness modulus from the 

three samples also calculate and determined as follows. 

FM= (∑ Cumulative Percentage Retained)/100……………. Eq 3.1 

= ∑ ((100-98) +(100-91.33) + (100-76.67) +(100-42.67) +(100-13.33) 

+(100-2))/100=2.76 

As per AASHTO M 6 (building material limit), the FM for fine aggregate 

shall not be less than 2.3 nor more than 3.1. By this the FM of the above 

tested fine aggregate fall in to the permissible range. 

B) Specific gravity and absorption capacity 

Both specific gravity and absorption capacity of sand need to be identified 

prior to the mix design. Because it has great involvement for the 

calculation of mix design. This specific gravity or relative density of sand 

will help to know its physical property and its amount of sand which will 

be used to in a given concrete mix. Absorption capacity is the 

measurement of water that is in the concrete pores. When the pores are 

fully filled and there is no surface moisture, the sand will be in saturated 
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surface dry condition. By this, the absorption capacity of sand will affect 

the amount of water will be used in concrete mix. This test was conducted 

for three representative samples and the mean result obtained is 

summarized as follows: - 

Bulk specific gravity = 2.38 

Apparent specific gravity =2.53 

Absorption capacity = 2.51 %  

C) Moisture content 

The water cement content of both fine and coarse aggregate affect both the 

workability and the strength of concrete. When the aggregates become dry 

it will take water from the concrete mix, when it is wet it will give water 

during the concrete mix. Therefore, to avoid these two effects the conduct 

the moisture content of the aggregates will give solution. 

Hence, the test procedure was conducted for three representative sample 

and take the mean value of the moisture content of sand is obtained as 

0.95%. 

D) Silt content 

Sand is a product of natural or artificial disintegration of rocks and 

minerals. This makes different silt or clayey particles found in sand by 

which it prevents the bond between cement and aggregate this will leads 

to the decrement of the concrete strength. Therefore, it is necessary that 

one has to conduct the silt content test for sand and check whether the 

result is within the permissible range of Ethiopian standard which is 6% 

[8]. The sand used for this experiment showed a silt content of 12.52% 

before it was washed. Since this value exceed the permissible range, the 

sand was washed and the three representative silt carried samples were 

conducted. The mean value of the silt content of sand decreased to the silt 
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content to 5%. The summary for the physical property of fine aggregate 

summarized under table 3.2. 

Table 3. 2 Summary of physical properties of fine aggregate used in the 

experiment 

Item No Description Result 

 

1 

Bulk Specific gravity 2.38 

Apparent Specific 

gravity 

2.53 

Absorption capacity 

(%) 

2.51 

2 Moisture content (%) 0.95 

3 Silt content (%) 5 

 

i)  Coarse Aggregate 

The coarse aggregate used for this research is crushed rock that was 

purchased from local market. Through the naked eye the material was free 

from any deleterious material. Therefore, directly engaged to the physical 

properties’ investigation. All testes conducted for the assessment of 

physical properties of fine aggregate also conducted on the coarse 

aggregate. 

Hence, the physical property of the coarse aggregate used in this research 

is summarized and tabulated on table 3.3 as follows: - 

Table 3. 3 Summary of physical property of coarse aggregate used in the 

experiment 

Item No  Description Result 

1 Nominal Size (mm) 25 

 

2 

Bulk Specific gravity 2.87 

Bulk Specific gravity (SSD 

state) 

2.90 
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Apparent specific gravity 2.96 

Absorption capacity (%) 1.06 

3 Unit weight (gm/cm3) 1.59 

4 Moisture content (%) 0.67 

 

All the tests from the table 3.3 are conducted with similar procedure by 

having three representative samples like used for fine aggregate testing 

but, with specification used particularly for coarse aggregate. 

Table 3. 4 Grain size distribution of coarse aggregate 

Sieve size 

(mm) 
Sieve No 

Percentage 

passing by 

mass 

Dinku Permissible 

range 

37.50 #1.5 100.00 100 

25.00 #1 92.17 90-100 

19.00 #3/4 53.00 40-85 

12.50 #1/2 19.83 10-40 

9.50 #3/8 8.17 0-15 

4.75 #4 0.00 0-5 

Passing Pan 0.00  

               

                    



30 | Page 
 

 

Figure 3. 3 Graph for grain size distribution of coarse aggregate along 

with the limit specification 

        3.2.2 Cement   

For this research the type of cement used was Ordinary Portland Cement 

(OPC) of grade 42.5 which was purchased from Dangote brand.  

For this cement type the consistency, initial setting time and final setting 

time were assessed with a representative sample of three for each and the 

mean result for the above-mentioned results were summarized and 

presented under table 3.5. 

Table 3. 5 Summary for physical property of cement 

Item 

No  

Description Result 

1 Consistency (%) 27 

2 Initial setting time (min) 185 

3 Final setting time (min) 420 

  

 



31 | Page 
 

        3.2.3 Sludge 

The sludge used for partial replacement of sand is collected from Bole-

Lemi I Industrial Parks. It directly collected from the drying bed and also 

from the store which already packed with poly propylene plastic bag after 

one month laid on the drying bed. Enough amount of sludge was collected 

and transported to Addis Abba science and technology university with 

packed large poly propylene plastic bag. Before the start of any physical 

and chemical investigation, the sludge was further laid for sun light for 

further drying. Then the material is transported to geological lab for 

grinding and chemical analysis test. 

It is well known that, the targeted of this paper is to evaluate the degree of 

applicability of the sludge with the partial replacement of sand. Hence, the 

sludge goes through the physical test that the sand was conducted. The 

picture below shows the sludge before and after grinding passing sieve 

analysis. 

            

Figure 3. 4 sludge before grinding and sieving(left) and after sieving and 

grinding(right) 

The particle size distribution of sludge was sieved with the same sieve size 

that were used for the particle size distribution of fine aggregate. Hence, 

the particle size distribution sludge stipulates under the following table 

3.6 and graph 3.5. 
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Table 3. 6 particle size distribution of Sludge 

Sieve size 

(mm) 
Sieve No 

Percentage 

passing by 

mass 

Dinku Permissible 

range 

9.5 #3/8 100.00 100 

4.75 #4 100.00 95-100 

2.36 #8 86.24 80-100 

1.18 #16 65.33 50-85 

0.600 #30 28.66 25-60 

0.300 #50 16.52 10-30 

0.150 #100 3.74 2-10 

Passing Pan 0.00  

              

 

Figure 3. 5 Graph for grain size distribution of sludge along with the 

limit specification 

All the tests from table 3.2 are conducted with similar procedure by having 

three representative samples like used for fine aggregate testing. Moreover, 

the other physical property of sludge used in this research is summarized 

and tabulated as follows: -  
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Table 3. 7 Summary of physical property of sludge used in the 

experiment 

Item No  Description Result 

 

1 

Bulk Specific gravity 1.80 

Apparent specific gravity 2.03 

Absorption capacity (%) 6.51 

2 Moisture content (%) 11.63 

3 Silt content (%) 5 

 

The garment/textile sludge were analyzed via scanning electron 

microscopy (SEM) for normal surface characterization. Hence the 

microstructure of the sludge under the with high-magnification of (5000+ 

and 16000+) image under the following picture revealed that the 

microstructure consists of cotton-like features and well combined 

particles. 

        

Figure 3. 6 sludge under SEM magnification (5000+) (left) and sludge 

under SEM magnification (16000+) (right) 

In addition to the physical investigation of sludge the chemical investigation also 

conducted at Geological Survey of Ethiopia.  
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Table 3. 8 Chemical composition of Sludge 

Investigated 

constituents 

Chemical composition 

of Sludge (%) 

SiO2 19.52 

Al2O3 10.71 

Fe2O3 1.32 

CaO 21.16 

MgO 0.64 

Na2O <0.01 

K2O <0.01 

MnO 0.04 

P2O5 0.93 

TiO2 <0.01 

H2O 8.40 

LOI (Loose on Ignition) 36.22 

 

       3.2.4 Water 

The water used for material preparation, casting and curing purpose is 

clean tap water from Addis Ababa Since and technology university.    

    3.3 Experimental program 

The aim of this study is to investigate the use of textile/garment sludge as 

a replacement of fine aggregate which is sand for concrete production. The 

aim arises from the problem area which because of the industrialization 

in textile/garment industries expansion after the effluent generated from 

the treatment plant which is called sludge. Hence, by using this by product 

for the production of building material which is concrete, one can 

contribute its some for the sludge disposal method. 

The overall layout of the experimental program involves the physical 

property assessment of each concrete constitutes material and also assess 

the strength of concrete (compressive, flexural and tensile strength) with 

(5, 6, 8, 10, 15 and 20) % by weight and without the replacement of sludge. 

Before the start of the above-mentioned experiments, mix design was 
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conducted for grade of concrete of 25Mpa using full fine aggregate (without 

the involvement of sludge). 

          3.3.1 Mix Design  

Under the mix design the proportion and quantity of concrete constituents 

that will able to satisfy the expected grade of concrete was decided. For 

this study the mix design was conducted for the characteristic’s 

compressive strength of 25Mpa using [1]. The design was prepared using 

fine aggregate and without the replacement of sludge. 

Using [1] for this study chosen slump range of 3in-4in (75mm -100mm) 

used for the trial mix design. For this study an aggregate with 25mm 

nominal size with non-air entrained concrete the corresponding water 

content selected from [1] table A.2 was 193 kg/m3. 

The 28-days compressive strength value of 25Mpa the water cement ratio 

read from [1] table A.3.it is 0.61. from this it is possible to determine the 

cement content as follows: -  

W/C=0.61, water content=193kg/m3, cement content=193/.61  

                                                                                  316.39kg/m3  

The coarse aggregate content was determined using [1] on table A.5. Using 

the fineness modulus of fine aggregate and nominal size of coarse 

aggregate, which is 2.76 and 25mm respectively. With this, the 

corresponding volume of oven-dry rodded coarse aggregate per unit 

volume of concrete was obtained 0.66 (interpolation). 

The first estimate weight of fresh concrete for 25mm nominal coarse 

aggregate and non-air entrained concrete is 2379 kg/m3 

The proportioning of fine and coarse aggregate per cubic meter of concrete 

made with full of fine aggregate was calculated as follows: - 
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Coarse aggregate = Dry rodded density of coarse aggregate * volume of oven 

-dry-rodded coarse aggregate per unit volume of concrete= 1599.28*0.66 

= 1055.52 kg/m3 

Fine aggregate = Fresh concrete weight -Cement content – water content – 

coarse aggregate content  

                         = 2379-316.39-193-1055.52 = 814.09 kg/m3 

Concrete constituents needed for this research with one-meter cube of 

concrete was summarized under table 3.9: - 

Table 3. 9 Summary of ingredient for 1m3 of concrete 

Percentage 

of 

replacemen

t 

Cement 

content 

(Kg/m3) 

Fine 

Aggregate 

(Kg/m3) 

Coarse 

Aggregate 

(Kg/m3) 

Water 

(Kg/m3

) 

Sludge 

(Kg/m3) 

0 316.39 814.09 1055.52 193 0.00 

5 316.39 773.39 1055.52 193 40.70 

6 316.39 765.25 1055.52 193 48.84 

8 316.39 748.96 1055.52 193 65.13 

10 316.39 732.68 1055.52 193 81.41 

15 316.39 691.98 1055.52 193 122.11 

20 316.39 651.29 1055.52 193 162.82 

Ratio 1.00 2.57 3.33 0.61  

 

The effect of partial replacement of sludge was conducted by weight 

replacement. This replacement ensures a constant water to cement weight 

ratio. 
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          3.3.2 Compressive, Flexural and Tensile split strength 

i)  Compressive strength 

The compressive strength of concrete using standard ASTM C39 

compressive strength of the equipment and procedures of concrete cast. 

The compressive strength of concrete is taken as the maximum load 

applied on the unit area. This strength used to determine the quality of 

the its constituent material like the type of cement used, quality of its 

aggregates and water used also used to determine the mix proportion and 

methods of compactions. Finally used for the indication of other strength 

of concrete. Hence, in this study the strength development of concrete was 

determined without replacement of sludge (reference concrete) and 

replacement of fine aggregate with (5,6,8,10,15,20) % of textile /garment 

sludge, for the curing days of both 7 and 28 days using 

(15cm*15cm*15cm) cube size. 

ii) Flexural strength  

The flexural strength of concrete is expressed as modulus of rupture (MR) 

in Mpa and is determined by standard test method ASTM C78 (third-point 

loading). This Flexural strength is about 10 to 20 percent of the 

compressive strength depending on the type, size and volume of coarse 

aggregate used. Hence, for this research the flexural strength of concrete 

was determined without replacement of textile/garment sludge and with 

replacement (5,6,8,10,15, and 20) % of textile/garment sludge for curing 

days of 7 and 28 days having (10 cm*50cm) of beam size. 

iii) Split tensile strength 

The tensile split strength of concrete is used to relate its tension strength 

using ASTM C496 indirect tensile strength of concrete testing methods 

and instrument. This strength for concrete specimen is defined as the 

tensile stress developed due to the application of compressive load at 

which the concrete specimen may crack. Therefore, for this research the 
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tensile split strength of concrete was determined without replacement of 

textile/garment sludge (reference concrete) and with replacement of 

(5,6,8,10,15 and 20) % of textile/garment sludge with concrete for curing 

days of 7 and 28 days having(15cm*30cm) of cylinder size.  

3.3.3 Hardened concrete density and Slump test/ Workability  

i) Hardened concrete Density test 

The sludge extracted from garment/textile industry is light in weight. 

Therefore, the addition of this material for the concrete production affect 

the mass of concrete, this will have direct effect to the density of concrete. 

Hence, simply checked by weighting the casted cubic specimen after the 

sated curing period, then calculate their density. Finally, the hardened 

concrete density for the reference concrete (without the replacement of 

sludge) and concrete produced with the involvement of sludge were 

calculated as follows: - 

𝜌 =
𝑀

⋁
 

Where, 

M= Weight of specimens Kg 

V= Volume of the cubic specimen, m3 

𝜌 = Density of specimen, Kg/m3 

ii) Slump test/Workability 

Workability is a property of raw or fresh concrete mixture. In addition, it 

means the ease of placement and workable concrete means the concrete 

which can be placed and can be compacted easily without segregation) too 

much stiffness, however, makes it too difficult or impossible to work the 

concrete into the forms and around, too fluid a mixture is also detrimental. 

This research conducts the slump test as per ASTM C143/C143M, with 

standard slump cone of 300mm height,200mm top diameter and 100mm 
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bottom diameter. Then the test conducted by filling the cone in 

approximately equal three layers of compaction. Then each three layers 

was poked 25 times by tampering rod to avoid air bubbles. Then the top 

of the molds was stuck off with the rod and then the outside of the molds 

was cleaned. After that the mold was strip off carefully, then the value of 

slump was taken as the distance from the underside of the rod to the 

highest point of concrete to the nearest 5mm. The pattern of slump is 

shown in the following picture. 

 

Figure 3. 7 pattern of slump (Dinku,2002) 
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4. RESULT AND DISCUSSION 

This stage clearly deals with the test result and discussion of fresh and 

hardened behavior of C-25 grade of concrete. The results were stipulate in 

tabular form. In line with this the discussion evidently presented in 

graphical way next to that of result. With regard to the code designation of 

specimens CC, CF and CSP designate for control specimen (which a 

concrete without the involvement of Garment/textile sludge) for 

compressive strength, flexural strength and split tensile test respectively. 

For the specimen with the involvement of Garment/textile sludge with 

percentage by weight of fine aggregate was set (5%, 6%, 8%,10%, 15% and 

20%) CSLC, CSLF and CSLSP were designate for compressive strength, 

flexural strength and split tensile test respectively. Since, three 

representative samples were casted for each concrete mechanical property 

test and each garment/textile sludge involvement the suffices number 

01,02,03 were involved on the already mentioned codes.    

The results and discussions are presented as shown below: - 

4.1 Results and discussions on flexural, split tensile and compressive 

strength test 

4.1.1 Results and discussion on the flexural strength test 

The flexural strength test was carried for a specimen beam having 

100*100*500mm dimension. As illustrated under materials and 

methodology section of the previous chapter this test was carried as per 

the standard set on ASTM C78/C78 (2010). For measurement of flexural 

strength, a third point loading machine was used for concrete beam. The 

picture below shows the machine used for flexural test and the beam 

which is under flexural test. 
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Figure 4. 1  the machine used for flexural strength test (left) and the 

concrete beam under flexural strength test (right) 

For this strength test a total of 42 beams were casted; from these 21 

specimen beams were tested for 7-day curing and the rest 21 specimen 

beams were tested for 28-day curing. For each percentage of replacement 

by weight of concrete which is 0%, 5%, 6%, 8%, 10%, 15%, 20% 

representative sample of three specimens were casted for both 7-day and 

28-day of curing. The table 4.1 shows the mean flexural strength value 

obtained for each percentage replacement at each day of curing. The detail 

test results were attached on the appendix section of this study.  

Table 4. 1 Summary of mean flexural strength test values 

TEST RESULT FOR FLEXURAL STREGTH 

Percentage 
of 

replaceme
nt  

Specime

n Code 

 I 

(cm3) 

Test Day 

7 days 28 days 

Ult 

Loa
d 

(KN) 

M 
Stress 

(Mpa) 

Ult 

Load 

(KN) 

M 
Stress 

(Mpa) 

0% CF-00 833.33 7.50 1.13 6.75 10.12 1.52 9.11 

5% CSLF-05 833.33 5.60 0.84 5.04 7.87 1.18 7.08 

6% CSLF-06 833.33 5.57 0.84 5.01 7.45 1.12 6.70 

8% CSLF-08 833.33 5.13 0.77 4.61 7.27 1.09 6.54 

10% CSLF-10 833.33 4.83 0.73 4.35 7.03 1.05 6.33 

15% CSLF-15 833.33 4.65 0.70 4.19 6.12 0.92 5.51 

20% CSLF-20 833.33 4.44 0.67 4.00 5.76 0.86 5.19 
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From the mean flexural strength test summary on table 4.1 one can clearly 

be seen that as the replacement of garment/textile sludge increases the 

flexural strength value decreases as compare to the control concrete. 

 

Figure 4. 2 Chart for Flexural strength Test Result 

From the chart above, the decrement in flexural strength value for 7 day 

curing period of each replacement of garment/textile sludge which is 5%, 

6%, 8%, 10%, 15% and 20% , the percentage of decrement was 25.33%, 

25.78%, 31.64%, 35.56%, 38%, and 40.76% respectively. In addition, for 

a curing period of 28 day the decrement for each replacement of 

garment/textile sludge is 5%, 6%, 8%, 10%, 15% and 20%, the percentage 

of decrement was 22.22%, 26.42%, 28.16%, 30.53%, 39.56% and 43.05%. 

4.1.2. Results and discussion on the split tensile strength test 

Split tensile strength of concrete was carried as per ASTM C496 on 

cylindrical specimen having size of 150mm diameter and 300mm height. 

Measurement of concrete strength and durability. Hence, test was carried 

as per ASTM C31 standard.  
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Figure 4. 3 A concrete cylinder under split tensile strength test 

For this strength test a total of 42 cylindrical specimens were casted; from 

these 21 cylindrical specimens were tested for 7-day curing and the rest 

21 cylindrical specimens were tested for 28-day of curing. For each 

percentage of replacement by weight of concrete which is 0%, 5%, 6%, 8%, 

10%, 15%, 20% representative sample of three specimens were casted for 

both 7-day and 28-day of curing. On table 4.2 shows that the mean split 

tensile strength value obtained for each percentage replacement at each 

day of curing. the detail test results were attached on the appendix section 

of this study. 

Table 4. 2 Summary of mean Split tensile strength test values 

TEST RESULT FOR SPLIT TENSILE STREGTH 

Percenta
ge of 

replacem
ent  

Specimen 

Code 

Length 

of 

Specime
n (mm) 

Diamete

r of 

Specime
n (mm) 

Test Day 

7 days 28 days 

Ult 
Load 

(KN) 

Stress 
(Mpa) 

Ult 
Load 

(N) 

Stres
s 

(Mpa) 

0% CSP-00 300 150 104.70 1.48 175.00 2.47 

5% CSLSP-05 300 150 131.82 1.86 170.52 2.41 

6% CSLSP-06 300 150 131.23 1.85 166.52 2.36 

8% CSLSP-08 300 150 124.03 1.76 146.98 2.08 

10% CSLSP-10 300 150 123.17 1.74 139.57 1.98 

15% CSLSP-15 300 150 116.97 1.65 120.50 1.71 

20% CSLSP-20 300 150 98.23 1.39 113.87 1.61 
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From the split tensile strength test summary on table 4.2 one can clearly 

be seen that the split tensile strength value for the 28-day curing the split 

tensile strength value of concrete with 5% garment/textile sludge 

replacement were showing a strength decrement by 2.43%. For the 7-days 

curing the split tensile strength value of concrete with 5%, 6%, 8%, 10% 

and15% garment/textile replacement were showing a strength 

enhancement of 25.67%, 25%, 18.91%, 17.56% and 11.48% respectively. 

For the case of 20% sludge replacement the decrement of split tensile 

strength value become 6%.  

 

Figure 4. 4 Chart for Split tensile strength test result 

Interestingly, from the above chart the noticeable increase in split tensile 

strength enhancment were showed on 7th  day curing 5%,6%,8% and 15% 

replacement of garment/textile sludge replacement and for 28th day curing 

day the decrement in tensile strength were exhibited even for 5% sludge 

replacement. Therefore, an optimum percentage of replacement of 5% was 

found to be promising from the aspect of split tensile strength. In addition, 

one can say that from the notable increase in strength at early age of 

concrete is crucial for minimizing the early age thermal cracking of 

concrete. For the case of decrement in strength at 28th days of curing is 

because of sludge being lighter than sand. 
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4.1.3. Results and discussion on the compressive strength test 

Compressive strength of concrete is a common measurement of concrete 

strength and durability. Hence, test was carried as per ASTM C31 

standard. The cubical specimen used for this test was having a dimension 

of 150*150*150mm.  

 

Figure 4. 5 A concrete cube under compressive strength test 

For this strength test a total of 42 cubes were casted; from these 21 cubical 

specimens were tested for 7th -day curing and the rest 21 cubical specimen 

were tested for 28th -day of curing. For each percentage of replacement by 

weight of concrete which is 0%, 5%, 6%, 8%, 10%, 15%, 20% 

representative sample of three specimens were casted for both 7th -day and 

28th -day of curing. The table 4.3 shows the mean compressive strength 

value obtained for each percentage replacement at each day of curing. The 

detail test results were attached on the appendix section of this study. In 

addition, one can say that from the notable increase in strength at early 

age of concrete is crucial for minimizing the early age thermal cracking of 

concrete. 
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Table 4. 3 Summary of mean compressive strength test values 

TEST RESULT FOR COMPRESSIVE STREGTH 

Percentage 

of 
replaceme

nt  

Specimen 

Code 

Area 

(mm2) 

Test Day 

7 days 28 days 

Ult Load 

(N) 

Stress 

(Mpa) 

Ult Load 

(N) 

Stress 

(Mpa) 

0% CC-00 22500 430504 19.13 588067 26.14 

5% CSLC-05 22500 453673 20.16 574380 25.53 

6% CSLC-06 22500 446200 19.83 522217 23.21 

8% CSLC-08 22500 358950 15.95 463723 20.61 

10% CSLC-10 22500 329347 14.63 420953 18.70 

15% CSLC-15 22500 250190 11.12 354593 15.76 

20% CSLC-20 22500 182060 8.09 277677 12.34 

 

From the above compressive strength test summary table 4.3 one can 

clearly be seen that for 5% garment/textile sludge replacement with 7th -

day curing day was showing a relatively high strength value than control 

concrete. For 28th -day curing the 5% garment/textile sludge replacement 

the compressive strength improves to 25.53 MPa, which was safer limit 

according to ACI 319-05. 

 

Figure 4. 6 Chart for Compressive strength test result 

The compressive strength for the 5% and 6% sludge replacement is within 

a safer limit according to ACI 318-05. When compare the result with 
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control concrete strength for 28th -day curing it had showed 2.3% 

decrement in compressive strength value. However, as a replacement 

increases up to 20% the compressive strength value tends to decreases 

gradually from the control concrete. For the case of 7th -day curing the 

compressive strength value for 5% and 6% of garment/textile sludge 

replacement had shown an improvement in compressive strength with a 

percentage of 5.4% and 3.67% respectively from the control compressive 

strength. This makes such kind of concrete with sludge replacement may 

use for precast concrete which early strength attainment is needed. For 

28th day curing the percentage decrement by 2.33%, 11.21%, 21.17%, 

28.45%, 39.72% and 52.79% for percentage replacement of 5%, 6%, 8%, 

10%, 15% and 20%.  

Hence, from the aspect of strength the 5% garment/textile sludge 

replacement is optimum percentage of replacement. 

4.1.4. Results and discussion on hardened concrete density test 

The hardened concrete test was performed as per the Euro code (BS EN 

12390-7) standard on cube specimens having 150*150*150mm. The 

procedure was performed by weights of cubical specimen which was ready 

for tests of compressive strength test and divide its weight by its volume 

of specimens.  

 

Figure 4. 7  hardened concrete weight measurement 
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From the total of 42 specimens which were casted for compressive strength 

test 21 specimens were taken after 7th -day of curing and the remaining 

21 were taken out from curing and weighted after 28th -day of curing. Each 

percentage replacement i.e. 0%, 5%, 6%, 8%, 10%, 15% and 20% by weight 

has three representatives’ samples. 

Table 4. 4 Result of the Hardened Concrete Density Test 

TEST RESULT FOR HARDENED DENSITY CONCRETE 

Percentage 

of 

replacemen

t  

Specimen 

Code 

Volume of 

Specimen 

(m3) 

Test Day 

7 days 28 days 

Mass 
(Kg) 

Density 
(Kg/m3) 

Mass 
(Kg) 

Density 
(Kg/m3) 

0% CC-00 0.003375 8.010 2373.333 8.232 2439.012 

5% CSLC-05 0.003375 7.977 2363.457 8.183 2424.691 

6% CSLC-06 0.003375 7.853 2345.185 8.100 2400.000 

8% CSLC-08 0.003375 7.837 2326.914 8.002 2370.864 

10% CSLC-10 0.003375 7.915 2321.975 7.963 2359.506 

15% CSLC-15 0.003375 7.643 2264.691 7.870 2331.852 

20% CSLC-20 0.003375 7.343 2175.802 7.670 2272.593 

 

From the replacement it can be seen that both for 7th and 28th days of 

curing the hardened concrete density decreases as the replacement of 

sludge by weight of concrete increases.  

The 28th day hardened concrete density decrement for percentage of 

replacement for 5%, 6%, 8%, 10%, 15%, 20% was 0.6%, 1.6%, 2.8%, 

3.26%, 4.40%, 6.82% respectively. This effect is because of the sludge has 

less unit weight. The 28th day mean hardened concrete density for 

reference concrete and for each replacement illustrated under figure 4.8. 
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Figure 4. 8 Chart for the Hardened Concrete Density test result 

4.1.5. Results and discussion on Slump test 

For this research the slump test was conducted on fresh concrete mix for 

the measure of its workability. The slump value was determined as per 

ASTEM C143/C143M. Here under the picture show while taking slump 

measurement. 

 

 

Figure 4. 9 slump measurement 

For each beached conducted three slump cones was done then the mean 

values of the three was taken as slump of the mix. The following table 4.5 

gives the mean values of the slump. The detail test result was attached 

under the appendix part. 
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Table 4. 5 Result of Slump test 

TEST RESULT FOR WORKABILITY 

Percentage 

of 
replacement  

Specimen 
Code 

Mean 
Slump(mm) 

Approximate 

to Nearest 
5mm 

0% CC-00 52.67 55.00 

5% CSLC-05 41.67 45.00 

6% CSLC-06 38.33 40.00 

8% CSLC-08 32.33 35.00 

10% CSLC-10 30.00 30.00 

15% CSLC-15 24.00 25.00 

20% CSLC-20 19.00 20.00 

 

From the result it can clearly see that as the sludge replacement by weight 

of concrete increases the workability of concrete decreases. The slump 

height reduces as the percentage replacement of sludge increases by 

18.18%, 27.27%, 36.36%, 45.45%, 54.54%. and 63.63% for the sludge 

replacement of 5%, 6%, 8%, 10%,15% and 20% respectively. This is from 

the physical property of sludge, one can showed that it has high water 

absorption value than sand. Even during the mix as the replacement of 

sludge increases the mix became drier. This has direct implication to the 

slump became drier as the replacement of sludge increase. The slump test 

result comparison between the reference and sludge replacement by 
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weight of concrete is shown in the following concrete. 

 

Figure 4. 10 Chart for slump test result 

 

4.1.5. Cost Analysis 

For determine the cost of concrete it means that all constitutes of concrete 

ingredient (cement, fine aggregate, coarse aggregate and water) with 

respective quantity. Hence, the total cost of concrete means the cost of 

material, equipment and labor cost of each constitutes of concrete. Among 

the concrete constitutes of material the most expensive cost is cement cost. 

This relates with the production cost of cement needs intensive energy and 

the proximity to avail the raw material for the production of cement. The 

constitutes of concrete ingredient cost also depends on the distance that 

the material travel from the extraction point. For this case the effect of 

sand extraction becomes different since, it has direct negative implication 

to our environment which one can’t reinstate to its original place. Hence, 

replacing this irreplaceable material with the unwanted industrial waste 

has to give infancies for the implementation. Therefore, analyzing the cost 

reduction for the production of concrete due to the utilization of 

garment/textile sludge as a partial replacement of sand can be determined 
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with simple cost analysis calculation base on the following assumption. 

the assumptions are as follows: - 

• The production cost for garment/textile sludge considered as 

negligible, since for a time being the sludge extracted from the Bole-

lemi industrial park is unwanted unavoidable waste.it gets for free. 

• The grinding cost for the garment/textile sludge is also assumed to 

be negligible since, the grinding process were takes place by the 

crusher found near by the industrial parks for free. Hence, for other 

time also the industrial parks if it has construction industry which 

utilize the extracted sludge for the production of construction 

material, need to think about to deliver the sludge after grinding. 

Hence, the cost of all concrete ingredient of concrete without the 

involvement of garment/textile sludge is presented under the following 

table 4.6 

Table 4. 6 Cost of concrete without sludge involvement 

Item 
No 

Descriptio

n of work 
item 

Unit 

Material cost + Transportation cost 

Type of 

material 

Uni

t 
QUTY Rate 

Cost per 

unit 

1.1 

C-25 Solid 

concrete 
block 

Birr/m
3 

Cement m3 0.21 5278 1108.38 

Sand  m3 0.573 530 303.69 

Aggregate m3 0.664 500 332 

Water m3 0.193 200 38.6 

Total (Birr/m3) 1782.67 

 

For the calculation of cost for the case of concrete production with the 

involvement of garment/textile sludge is presented under the following 

table 4.7.  
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Table 4. 7 Cost of concrete with sludge involvement 

Item 
No 

Descripti

on of 
work 
item 

Unit 

Material cost + Transportation cost 

Type of 

material 
Unit 

Quan

tity 
Rate 

Cost per 

unit 

1.1 

C-25 Solid 

concrete 
block with 

5% sludge 
involveme

nt 

Birr/m
3 

Cement m3 0.21 5278 1108.38 

Sand  m3 0.545 530 288.85 

Aggregate m3 0.664 500 332 

Sludge 
(only 

transport 
& 

unloading 

cost) 

m3 0.022 3 0.066 

Water m3 0.193 200 38.6 

Total (Birr/m3) 1767.90 

 

By taking table 4.7 in to consideration and the optimum level of sludge 

involvement which is 5% the cost reduction for the production of C-25 

concrete was 14 Birr/M3  .In general , it is possible to achieve the expected 

compressive strength of concrete mix with a lower cost of production ,by 

replacing the proportion of sand (naturally scarce )material with the waste 

produced from the garment/textile industries. By doing this the natural 

resource material will conserve, this protect the environmental 

degradation happed because of sand degradation and also contribute to 

one of the unavoidable byproducts generated from the industrial parks 

developed almost on each of capital city of Ethiopia, will get give solution 

for the construction industries. 
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5. CONCLUSION AND RECCOMENDATION 

Under this study the use of garment/textile sludge as sand replacement 

for the production of C-25 grade of concrete was carried. From the study 

the use of substituting this garment/textile sludge has showed technical 

and financial advantage and as per the finding of this research, this 

material can bring the expected compressive strength for sand substitute 

up to 5% (by weight). This finding was obtained using the garment/textile 

sludge which didn’t pass through any treatment or modification. Instead, 

the sludge passed through the physical property analysis like to that of 

sand were conducted and chemical investigation which is analyzed 

through silicate analysis method. The sludge used under this research 

investigated under the research was found to be rich in lime and silica 

material which possess no or little cementitious value which may reduce 

the early age of strength, the result we obtain from the laboratory were 

showing strength enhancement achieved on 7th day of curing than the 

reference concrete and this found to be very contributory in reducing early 

age stress induce in the concrete due to thermal effect that will be 

generated from the hydration reaction and the external environment .For 

the 28th day curing even the compressive strength become almost the same 

with reference concrete, it’s strength is with the permissible limit as per 

ACI 318-05. For the case of financial advantage, the involvement of the 

sludge for 5% replacement with sand has a cost of reduction with 14.77 

Birr/m3 of concrete.  

5.1 CONCLUSSION 

1. The garment sludge used under this research investigated under the 

research was found to be rich in lime and silica material which 

possess no or little cementitious value which may reduce the early 

age of strength, the result we obtain from the laboratory were 

showing strength enhancement achieved on 7th day of curing than 

the reference concrete . 
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2. From the 28th-day mean compressive strength test showed that the 

5% sludge replacement showed a decrement compressive strength 

by 2.33% from the control compressive strength it is with in the safer 

limit of C-25 grade of concrete. Hence, the optimum value for this 

research is 5% sludge replacement. For the rest sludge replacement, 

the compressive strength of concrete decreases by 11.2%, 21.168%, 

28.45%, 39.72% and 52.79% for sludge replacement 6%, 8%, 10%, 

15% and 20% respectively. But, for the case of 7th -day curing the 

compressive strength value for 5% and 6% of garment/textile sludge 

replacement had shown an improvement in compressive strength 

with a percentage of 5.4% and 3.67% respectively from the reference 

compressive strength. This makes such kind of concrete with sludge 

replacement may use for precast non-structural concrete which 

early strength attainment is needed.  

 

3. From the 28th-day mean flexural strength test result showed that as 

the percentage addition of garment/textile sludge increases the 

mean flexural strength decreases. The decrement for each 

replacement by 22.23%, 26.42%, 28.16%, 30.53%, 39.55%, and 

43.05% for sludge replacement of 5%, 6%, 8%, 10%, 15% and 20% 

respectively from the reference concrete.  

 

4. From the 28th- day mean split tensile strength test showed that while 

the percentage addition of garment/textile sludge increases the 

mean split tensile strength decrease by 2.43%, 4.45%, 15.79%, 

19.83%, 30.77% and 34.82% for sludge replacement of 5%, 6%, 8%, 

10%, 15% and 20% respectively. But, for the case of 7th-day mean 

split tensile strength as the replacement of sludge increase the mean 

split tensile strength increases from the reference concrete, except 

for the replacement of 20%. The increment is by 25.67%, 25%, 
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18.92%, 17.57% and 11.48% from the reference concrete for the 

sludge replacement of 5%, 6%, 8%, 10% and 15% respectively. 

 

5. As the percentage of sludge increases the hardened concrete density 

reduced. 

 

6. For the workability of fresh concrete, the slump height reduces as 

the percentage replacement of sludge increases by 18.18%, 27.27%, 

36.36%, 45.45%, 54.54%. and 63.63% for the sludge replacement 

of 5%, 6%, 8%, 10%,15% and 20% respectively. 

 

7. Based on the optimum value which is 5% garment/textile sludge 

replacement with sand involvement for the production of C-25 

concrete can get 14.77birr/m3 reduction.  
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5.2 RECOMMENDATION 

1. The sludge involved C-25 grade of concrete better used for non-

structural concrete.  

2. Sine the produced C-25 grade of concrete with the involvement of 

sludge has strength reduction in Flexure and has workability 

reduction as replacement increases, it is better to check the cost 

implication.  

3. Check the presence of heavy metal in the sludge and better to check 

its implication on the produced concrete. 

4. Check the effect of oven dried sludge for the same grade of 

concrete production. 

5. The effect of garment/textile sludge from anther Industrial Park 

for the production of concrete has to be checked 

6. To increase the optimum value of sludge replacement better to 

add silica fumes (from glass industry residual) has to be added 
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7.APPENDIX  

APPENDIX A  

Table A. 1 Recorded strength values during compressive strength test 

TEST RESULT FOR COMPRESSIVE STREGTH 

Percentage 
of 

replacemen
t  

Specimen 
Code 

Area 
(mm2) 

Test Day 

7 days 28 days 

Ult Load 
(N) 

Stress 
(Mpa) 

Ult Load 
(N) 

Stress 
(Mpa) 

0% 

CC-01 22500 428110 19.02 580000 25.78 

CC-02 22500 430201 19.12 586100 26.05 

CC-03 22500 433200 19.25 598100 26.58 

Mean 430504 19.13 588067 26.14 

5% 

CSLC-01 22500 442120 19.65 582630 25.89 

CSLC-02 22500 452500 20.11 557001 25.08 

CSLC-03 22500 466400 20.73 583510 25.62 

Mean 453673 20.16 574380 25.53 

6% 

CSLC-01 22500 440250 19.57 520320 23.13 

CSLC-02 22500 451230 20.06 522210 23.21 

CSLC-03 22500 447120 19.87 524120 23.29 

Mean 446200 19.83 522217 23.21 

8% 

CSLC-01 22500 358120 15.91 465300 20.68 

CSLC-02 22500 356790 15.85 456360 20.28 

CSLC-03 22500 361940 16.08 469508 20.86 

Mean 358950 15.95 463723 20.61 

10% 

CSLC-01 22500 334700 14.87 412540 18.33 

CSLC-02 22500 328650 14.60 424520 18.86 

CSLC-03 22500 324690 14.43 425800 18.92 

Mean 329347 14.63 420953 18.70 

15% 

CSLC-01 22500 254780 11.32 353300 15.70 

CSLC-02 22500 246210 10.94 348250 15.48 

CSLC-03 22500 249580 11.09 362230 16.09 

Mean 250190 11.12 354593 15.76 

20% 

CSLC-01 22500 185800 8.26 280850.000 12.48 

CSLC-02 22500 
178250 7.92 278060.000 12.36 

CSLC-03 22500 182130 8.09 274120.000 12.18 

Mean 182060 8.09 277677 12.34 
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Table A. 2 Recorded strength values during flexural strength test 

TEST RESULT FOR FLEXURAL STREGTH 

Percenta
ge of 

replace
ment  

Specimen 
Code 

 I 
(cm3) 

Test Day 

7 days 28 days 

Ult Load 
(KN) 

M 
Stres

s 
(Mpa) 

Ult 
Load 
(KN) 

M 
Stress 
(Mpa) 

0% 

CSLF-01 833.33 7.31 1.10 6.58 10.01 1.50 9.01 

CSLF-02 833.33 7.69 1.15 6.92 10.30 1.54 9.27 

CSLF-03 833.33 7.5 1.13 6.75 10.05 1.50 9.05 

Mean 7.50 1.13 
6.75 

10.1
2 1.52 

9.11 

5% 

CSLF-01 833.33 5.72 0.86 5.15 7.79 1.17 7.01 

CSLF-02 833.33 5.23 0.78 4.71 7.94 1.19 7.15 

CSLF-03 833.33 5.84 0.88 5.26 7.88 1.18 7.09 

Mean 5.60 0.84 5.04 7.87 1.18 7.08 

6% 

CSLF-01 833.33 5.11 0.77 4.60 7.22 1.08 6.50 

CSLF-02 833.33 5.83 0.87 5.25 7.68 1.15 6.91 

CSLF-03 833.33 5.77 0.87 5.19 7.44 1.12 6.70 

Mean 5.57 0.84 5.01 7.45 1.12 6.70 

8% 

CSLF-01 833.33 5.03 0.75 4.53 7.05 1.06 6.35 

CSLF-02 833.33 5.23 0.78 4.71 7.50 1.13 6.75 

CSLF-03 833.33 5.12 0.77 4.61 7.26 1.09 6.53 

Mean 5.13 0.77 4.61 7.27 1.09 6.54 

10% 

CSLF-01 833.33 4.87 0.73 4.38 7.32 1.09 6.59 

CSLF-02 833.33 4.79 0.72 4.31 6.63 0.99 5.97 

CSLF-03 833.33 4.84 0.73 4.36 7.14 1.07 6.43 

Mean 4.83 0.73 4.35 7.03 1.05 6.33 

15% 

CSLF-01 833.33 4.22 0.63 3.80 6.05 0.91 5.45 

CSLF-02 833.33 5.08 0.76 4.57 6.19 0.93 5.57 

CSLF-03 833.33 4.65 0.70 4.19 6.11 0.92 5.50 

Mean 4.65 0.70 4.19 6.12 0.92 5.51 

20% 

CSLF-01 833.33 5.24 0.79 4.72 6.40 0.96 5.76 

CSLF-02 833.33 4.75 0.71 4.28 5.11 0.77 4.60 

CSLF-03 833.33 3.34 0.50 3.01 5.78 0.87 5.20 

Mean 4.44 0.67 4.00 5.76 0.86 5.19 
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Table A. 3 Recorded strength values during Split Tensile strength test 

TEST RESULT FOR SPLIT TENSILE STREGTH 

Percenta
ge of 

replace
ment  

Specimen 
Code 

Lengt
h of 

Speci
men 
(mm) 

Diameter 
of 

Specimen 
(mm) 

Test Day 

7 days 28 days 

Ult 
Load 
(KN) 

Stress 
(Mpa) 

Ult 
Load 
(N) 

Stres
s 

(Mpa
) 

0% 

CC-01 300 150 101.73 1.44 155.20 2.19 

CC-02 300 150 96 1.35 163.21 2.31 

CC-03 300 150 116.38 1.65 206.00 2.91 

Mean   104.70 1.48 175 2.47 

5% 

CSLC-01 300 150 129.78 1.83 187.6 2.65 

CSLC-02 300 150 138.98 1.96 165.7 2.34 

CSLC-03 300 150 126.7 1.79 158.25 2.24 

Mean   131.82 1.86 170.52 2.41 

6% 

CSLC-01 300 150 123.9 1.75 168.23 2.38 

CSLC-02 300 150 131.4 1.859 166.21 2.35 

CSLC-03 300 150 138.4 1.95 165.12 2.34 

Mean   131.23 1.85 166.52 2.36 

8% 

CSLC-01 300 150 117.80 1.67 154.60 2.19 

CSLC-02 300 150 126.90 1.80 144.81 2.05 

CSLC-03 300 150 127.40 1.80 141.54 2.00 

Mean   124.03 1.76 146.98 2.08 

10% 

CSLC-01 300 150 117.30 1.66 136.23 1.93 

CSLC-02 300 150 130.20 1.84 140.36 1.99 

CSLC-03 300 150 122.00 1.72 142.12 2.01 

Mean   123.17 1.74 139.57 1.98 

15% 

CSLC-01 300 150 115.00 1.63 118.40 1.68 

CSLC-02 300 150 119.70 1.69 112.50 1.59 

CSLC-03 300 150 
116.20 1.64 

130.6
0 1.85 

Mean   116.97 1.65 120.50 1.71 

20% 

CSLC-01 300 150 105.60 1.49 115.4 1.63 

CSLC-02 300 150 83.80 1.19 115.7 1.64 

CSLC-03 300 150 105.30 1.49 110.5 1.56 

Mean   98.23 1.39 113.87 1.61 
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APPENDIX B 

Table B. 1 Recorded strength values for Hardened Concrete Density 

TEST RESULT FOR HARDENED CONCRETE DENSITY 

Percentage 
of 

replacement  

Specimen 
Code 

Volume of 
Specimen 

(m3) 

Test Day 

7 days 28 days 

Mass 
(Kg) 

Density 
(Kg/m3) 

Mass 
(Kg) 

Density 
(Kg/m3) 

0% 

CC-01 0.003375 7.870 2331.852 7.990 2367.407 

CC-02 0.003375 8.150 2414.815 8.455 2505.185 

CC-03 0.003375 8.010 2373.333 8.250 2444.444 

Mean 8.010 2373.333 8.232 2439.012 

5% 

CSLC-01 0.003375 7.750 2296.296 7.850 2325.926 

CSLC-02 0.003375 7.980 2364.444 8.250 2444.444 

CSLC-03 0.003375 8.200 2429.630 8.450 2503.704 

Mean 7.977 2363.457 8.183 2424.691 

6% 

CSLC-01 0.003375 7.870 2354.074 7.960 2358.519 

CSLC-02 0.003375 7.870 2299.259 8.220 2435.556 

CSLC-03 0.003375 7.820 2382.222 8.120 2405.926 

Mean 7.853 2345.185 8.100 2400.000 

8% 

CSLC-01 0.003375 7.695 2331.852 7.895 2339.259 

CSLC-02 0.003375 7.925 2331.852 8.180 2423.704 

CSLC-03 0.003375 7.890 2317.037 7.930 2349.630 

Mean 7.837 2326.914 8.002 2370.864 

10% 

CSLC-01 0.003375 7.945 2280.000 8.100 2400.000 

CSLC-02 0.003375 7.760 2348.148 7.930 2349.630 

CSLC-03 0.003375 8.040 2337.778 7.860 2328.889 

Mean 7.915 2321.975 7.963 2359.506 

15% 

CSLC-01 0.003375 7.980 2364.444 7.820 2317.037 

CSLC-02 0.003375 7.040 2085.926 7.980 2364.444 

CSLC-03 0.003375 7.910 2343.704 7.810 2314.074 

Mean 7.643 2264.691 7.870 2331.852 

20% 

CSLC-01 0.003375 7.540 2234.074 7.770 2302.222 

CSLC-02 0.003375 7.060 2091.852 7.670 2272.593 

CSLC-03 0.003375 7.430 2201.481 7.570 2242.963 

Mean 7.343 2175.802 7.670 2272.593 
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 Table B. 2 Recorded Workability 

TEST RESULT FOR WORKABILITY 

Percentage 
of 

replacement  
Specimen Code Slump(mm) 

0% 
CC-01 53 

CC-02 53 

  CC-03 52 

Mean Slump(mm) 52.67 

Approximate to Nearest 5mm 55.00 

5% 
CSLC-01 42 

CSLC-02 41 

  CSLC-03 42 

Mean Slump(mm) 41.67 

Approximate to Nearest 5mm 45.00 

6% 
CSLC-01 38 

CSLC-02 39 

  CSLC-03 38 

Mean Slump(mm) 38.33 

Approximate to Nearest 5mm 40.00 

8% 
CSLC-01 34 

CSLC-02 31 

  CSLC-03 32 

Mean Slump(mm) 32.33 

Approximate to Nearest 5mm 35.00 

10% 
CSLC-01 31 

CSLC-02 29 

  CSLC-03 30 

Mean Slump(mm) 30.00 

Approximate to Nearest 5mm 30.00 

15% 
CSLC-01 25 

CSLC-02 23 

  CSLC-03 24 

Mean Slump(mm) 24.00 

Approximate to Nearest 5mm 25.00 

20% 
CSLC-01 20 

CSLC-02 18 

  CSLC-03 19 

Mean Slump(mm) 19.00 

Approximate to Nearest 5mm 20.00 
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APPENDIX C  

 

 

Figure C. 1 Chemical analysis of Garment/Textile Sludge 
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APPENDIX D 

 

Figure D. 1 PICTURES DURING PHYSICAL PROPETIY ANALYSIS 
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Figure D. 2 PICTURES DURING MIXDESIGN 
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Figure D. 3 PICTURES DURING MATERIAL MOBILIZATION 

       

 

             

 

 


