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Abstract— Concrete is the key component that is usually used 

in construction as in the world containing 70-75 percent of 

natural rocks, sand and 10-15 percent of Ordinary Portland 

Cement (OPC). Concerns about global sustainability of 

construction technology and the efficient use of structural 

aggregates in concrete will help minimize construction 

problems. Because of the high cost of cement, construction has 

become more costly and due to CO2 pollution and other harmful 

heavy metals during the cement production process, it becomes 

environmentally dangerous, so we can partly replace the 

portend cement with fly ash created as solid waste by different 

industries and power generation plants. At dumping sites, this 

fly ash is dumped locally, causing air pollution. Because of its 

binding behavior, we use fly ash as a binding constituent. The 

purpose behind this research work was to evaluate the tensile 

and compressive strength of specimens while using different fly 

ashes in favor of environmentally friendly technique and to 

perform the properties of workout strength and the variation 

pattern with mixing in different proportions of different tests 

such as tensile and compressive strength after 7, 14, 21 and 28 

days of healing. Cement was replaced by various types of ashes 

including coal ash, Vachellia nilotica (Kikar) ash, Dalbergia 

sisso (shisham) with different concentration of 10, 20, 30, 40 

and 50 % of each. Results showed that when 10% of coal ash, 

Vachellia nilotica (kikar) ash, Dalbergia sisso (shisham) was 

used, concrete and mortar tensile and compressive strength 

increased with the increase in healing time. While the decrease 

in intensity was observed in samples with proportions of 20, 30, 

40 and 50% with the same healing time. In addition the samples 

with coal, Vachellia nilotica (Kikar) ash, Dalbergia sissoo 

(shisham) ash, a decreasing trend in strength along with weight 

decrease was observed. By using coal ash upto 10% can reduce 

the 13.5% construction cost without losing strength properties 

in concrete. Such building materials can be used in lightweight 

buildings such as farm buildings for poultry and dairy farm 

buildings.  
 

Keywords— Fly Ash, Incubation Time, Tensile Strength, 

Compressive Strength.  

I. INTRODUCTION 

The use of concrete is a construction constituent and one of 
the oldest methods used in a modern world. Concrete is largest 
natural resources consuming, and is durable, strengthen and 
easily available. So the largest number of natural resources is 
being consumed by concrete industry. 10-15% of the cement 
based adhesives and 15% of water is included in the 70-75% 0f 
total concrete, while it is estimated that annual production of 
concrete is 37-41.14 million tons in Pakistan. The production of 
portland concrete is very time consuming and energy consuming 
process [9]. 

‘Calcinations’ is a process in which clay and limestone are 
heated at 1450°C, and cement is a mixture of limestone and clay 
produces after the process of calcinations and is a powdery 
material in nature. Concrete is a mixture of cement, gravel, sand 
and water and cement is the main component of concrete and is 
used as binding agent. Concrete is durable, cheap and easily 
available in market, this is the reason that it is used as 
construction material in worldwide [14].Cement industry 
consumes 10-15% cement based adhesive material, 70-75% 
natural rocks and 15% water, that is why this industry is the 
biggest industry for consuming the natural resources. Cement 
production causes noise pollution by operating machinery, by 
emitting the airborne particles and greenhouse gases, it cause the 
air pollution and many other environmental pollutions at the 
stages of its manufacturing. Cement industry emits 5% 
anthropogenic CO2, among that 40% is emitted during fossil 
fuels use, and during the chemical process 50% is emitted [2].  

During the cement production, many toxic heavy metals like 
thallium, cadmium and mercury are produced, and except this, 
during the production of 1000kg of cement, 900kg of CO2 is 
emitted. As a result of increasing the human population, there is 
a need of more construction for living, ultimately increase the 
environmental pollution and other health hazards [7]. In 
different industries, during the burning process of coal and 
wood, Ash is left as residue. The electricity power generation 

mailto:moeenejaz79@gamil.com1
mailto:412559908@qq2.com
mailto:dr.yaseen@gmail.com3
mailto:anawan@uaf.edu.pk4
mailto:hussain.zawar1292@hotmail.com5
mailto:mudassirhabib62@yahoo.com6


International Journal of Engineering Works                                                                Vol. 6, Issue 12, PP. 543-546, December 2019 

www.ijew.io         

houses in Pakistan, which use coal as a fuel, ash is highly 
obtained from these power houses. In sugar mills, where the 
sugar fibers are burnt for the electricity power generation, 
million tons of the fly ash is produced from these mills. Annually 
Pakistan produced the 6102000 tons of coal ash while 25000 
tons of wood [8]. 

Because of the pozzolanic behavior of ash, it is used in 
concrete production, for producing the low cost and light weight 
concrete. Ash can also be produced with the help of rubber, 
wood saw, wood, coal burning and brick kilns etc. Fly ash causes 
many health hazards issues by flying in the air, causing the air 
pollution, causing the environmental pollution [4]. For the 
production of concrete, fly ash can be used as cost effective and 
environmental friendly technique. To enhance the binding 
properties for the production of concrete, we can replace the 
cement with fly ash, because ash compounds have the binding 
properties, and also the ash particles are round and very similar 
in size with cement particles. Simply we can save the industrial 
waste, sand and cement by using the fly-ash [5].  

Light weight aggregate concrete offers the environmental 
advantages, because it is versatile and an imperative material, 
and it is expected, this concrete can further help in twisting up 
the over-aching material for coming decades. The light weight 
concrete has various applications in floors, window decoration 
dividers, given way plates, ranges, shell house-tops, in extensive 
variety of precast elements and also in multi-story building 
houses. To reduce the dead weight of structure, light weight 
aggregate concrete is used [13]. The buildings which are being 
destroyed by the earthquakes, which have ultimately negative 
impact on civil engineering structures, this concrete can help to 
reduce the earthquake destroying risks. Higher quality/weight 
extent, better moldable strain limit, lower coefficient of warm 
augmentation and unrivaled warmth and sound partition 
properties because of air voids of the light weight sums are 
central purposes of helper lightweight aggregate bond [1].  So in 
this study we produce low cost and environment friendly mortar 
by adding coal, Vachellia nilotica (kikar) and Dalbergia sissoo 
(shisham) ash. 

II. MATERIAL AND METHODS 

Following materials were used during this research work for 

experimental purpose. 

A. Materials 

Ordinary Portland cement (OPC) was used for experimental 
purpose due to locally available in Pakistan. OPC is commonly 
used in concrete for construction purposes. Cement used for 
experiment purpose was bought from market. Before using in 
experiment sieve analysis of cement was conducted to find out 
the size of cement. Fine aggregate also known as sand which 
usually occurred in river, lake, sea and those areas where flood 
had happened. It is easily available in all countries like Pakistan. 
For manufacturing of concrete standard ratio was used as 1:2:3. 
In which 2 part of total weight sand was used. In concrete 
strength sand play important role to fill the pores in concrete. 
Almost 30% volume of concrete consists on sand [12].  

Gravels also known as coarse aggregate used in concrete and 
play an important role to enhance the strength of concrete for 

construction purpose [10]. For manufacturing of concrete 
standard ratio was used as 1:2:3, in which 4 part of total weight 
of gravel was used.  For experimental purpose different ashes 
were taken from different industries in Faisalabad (Toseef 
Housery, Rasheed Textile Mills Ltd, and some local Sizing 
Mills) which includes coal, Vachellia nilotica (kikar) and 
Dalbergia sissoo (shisham) ash.  

B. Samples prepartaion and Curing 

Multi stage random sampling technique was used for 
sampling. Fly ash was added in the samples with the proportion 
of 10, 20, 30, 40 and 50%. All the samples were cured in a water 
tank for four different time periods including 7, 14, 21 and 28 
days [6].  Different samples of concrete were prepared with ratio 
1: 2: 3 in which 1 part of gravel, 2 parts of cement and 3 parts of 
sand were used. So we prepare the samples according to shape 
and size of die [16]. For preparing sample tiles die was used for 
compressive strength and according the shape and size of 
machine the die was prepared and samples of almost 1000g 
weight were prepared.  

C. Testing 

For measuring tensile strength of the samples Tensile testing 
machine was used and for measuring the compressive strength 
concrete testing machine was used [11]. Before testing all the 
samples were taken out from water tank 3 hours before testing 
procedure and all the testing were done at room temperature. 

III. RESULTS AND DISCUSSION 

A. Tensile Strength 

Total 216 briquettes samples were prepared to measure the 
tensile strength of samples. Briquettes tensile strength was 
measured using a cement testing machine with different 
percentages of Coal Ash, Vachellia nilotica (kikar) ash, 
Dalbergia sissoo (shisham) ash as a partial cement replacement 
are listed below. 

1) Tensile Strength of Briquettes Containing Coal Ash 
Fig.1 defines the average values of briquettes tensile strength 

containing different proportions of coal ash as a partial 
replacement of cement. Total 24 specimens of three replicates 
were tested as a partial substitution of cement for the tensile 
strength test with different proportions of coal ash 0, 10, 20, 30, 
40 and 50%. According to the findings during 7, 14, 21 and 28 
days of curing, the 10% coal ash replacement showed better 
results than all other treatments at 28 days 2.72 MPa. While the 
samples with 20, 30, 40 and 50% coal ash begin to decrease with 
respect to the 28-day curing treatment. Whereas the samples 
amended with coal ash of 20% ratio has strength closest to 10% 
replacement 2.51 MPa , similarly 30, 40  and 50% showed less 
tensile strength than 20% amendment and minimum tensile 
strength (1.98 MPa) as achieved by replacing coal ash up to 50% 
with 28 days curing. As the % of amendment was increased 
above 10 percent, there was significant reduction in tensile 
strength of samples as shown in figure 1. The findings were the 
same as the results of [18]. 
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Fig.1: Tensile strength of briquettes Containing Coal Ash in MPa. 

 

2) Tensile Strength of Briquettes Containing Vachellia 

nilotica (Kikar) Ash 
Fig.2 represent the mean values of briquettes tensile strength 

containing different percentages of Vachellia nilotica (Kikar) 
ash as a partial cement substitute. Total 24 samples of three 
concrete replicates were tested as a partial substitution of cement 
for the tensile strength with different proportions of vachellia 
nilotica (Kikar) ash 0, 10, 20, 30, 40, and 50% cured for 7, 14, 
21 and 28 days, according to the results the amendment of 10 % 
cured for 28 days showed the significant results of 2.49 MPa. 
When using the vachellia nilotica (kikar) ash the tensile strength 
of the 20, 30, 40, and 50% ratio begins to decrease with respect 
to the 28 days curing. While the 20% ash showed (2.03 MPa) 
tensile strength which was lesser than of 10% amendment 
similarly  30% showed a lower tensile strength than the 20% and 
50% replacement showed the minimum tensile strength of (1.88 
MPa). The results we obtained were identical to findings of [3].  

Fig. 2: Tensile Strength of Briquettes Containing Vachellia nilotica (Kikar) 

Ash 

3) Tensile Strength of Briquettes Containing Dalbergia 

sissoo (shisham) Ash 
Fig.3 defines the mean values of briquettes tensile strength 

containing the different percentage of dalbergia sissoo (shisham) 
ash as a partially replaced by ordinary Portland cement. Total 24 
samples with three replications were analyzed as a partially 
replaced of cement for the tensile strength test with different 
proportions of Dalbergia sissoo (shisham) ash 0, 10, 20, 30, 40 
and 50% with different curing of 7, 14, 21 and 28 days. 

Amendments showed better results than the controlled treatment 
and according to the results samples partially replaced by 10% 
Dalbergia sissoo (shisham) ash has the significant result of 2.12 
MPa cured for 28 days. When dalbergia sissoo (shisham) ash 
concentration was increased to 20, 30, 40 and 50% the tensile 
strength of briquettes started decreasing with regard to 28 days 
curing time. 30% showed the lower tensile strength than the 20% 
ratio, this indicate that as the percentage of dalbergia sissoo 
(shisham) ash increases above 10%, the tensile strength of the 
briquettes decreases and the lower tensile strength and it was 
found by 50% replacement of dalbergia sissoo (shisham) ash the 
minimum tensile strength (1.58 MPa) was obtained which was 
the least value as compared to all other treatments. The results 
we obtained were similar to the finding of [15] 

Fig.3 Tensile Strength of Briquettes Containing Dalbergia sissoo (shisham) 

Ash 

B. Compressive Strength 

Taking into account the above findings of the tensile strength 
of Coal, vachellia nilotica (Kikar) and dalbergia sissoo 
(Shisham) ash, we obtain the significant tensile strength by using 
coal ash, so to proceed further we partially substitute the cement 
only with coal ash for evaluating the compressive strength of 
concrete.  

Fig.4 describes the mean values of compressive strength of 
tiles containing the different percentages of coal ash as a partial 
replacement of (OPC) cement. Total 24 specimens of three 
replicates were tested as a partial substitution of cement for the 
compressive strength with different proportions of amendment 
0, 10, 20, 30, 40 and 50. According to the results the control 
procedure showed the best results in 7, 14, 21 and 28 days of 
curing compared to all other amendments (38.75 MPa). The 
samples having 10% coal ash showed the best performance of 
(40.83 MPa) compressive strength cured for 28 days. While the 
results of 20% coal ash replacement was close to the control 
treatment (35.37 MPa). 30% amendment showed a lower 
compressive strength than 20%, likewise 40% and 50% both 
showed a lower tensile strength than 30% and the least 
compressive strength (22.59 MPa) was noticed when the amount 
of amendment was increased to 50% cured for 28 days . As the 
percentage age of coal ash rises above 10%, it indicates that the 
compressive strength of the tiles begins to decline. The similar 
results were obtained in the study by [17]. 
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Fig.4 Compressive Strength of Tiles Containing Coal Ash 

CONCUSLION  

Based on the results of tensile and compressive strength of 
this experimental study, it was concluded that Fly ash could be 
used for the production of light weight concrete and the use of 
fly ash in concrete can reduce the environmental pollution. The 
coal ash can make the concrete of (40.83 MPa) strength which 
is light weight strengthened. Finally this technique is an 
environmental friendly and it can reduce the risk of earth quick 
damage in the locality.    
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