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Abstract— The production of ordinary Portland cement 

(OPC) is rising with a rate of approximately 3% per year. 

Due to growing environmental concerns of the cement 

industry, alternative cement technologies have become an 

area of increasing interest. It is now believed that new 

binders are indispensable for enhanced environmental and 

durability performance. On the other hand, already huge 

volumes of fly ash are generated around the world, most of 

the fly ash is not effectively used, and a large part of it is 

disposed in landfills which lead to the land pollution in 

various ways (leachate and infertility of soil). As the need 

for power increases, the volume of fly ash would increase. 

Both the above issues are to be addressed. 
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I. INTRODUCTION 

Industrialization leads to the generation and release of 

undesirable pollutants into the environment. In recent years, 

there is an increasing awareness on the quantity and 

diversity of hazardous solid waste generation and its impact 

on human health. 

Problem faced by industries, mostly thermal power 

plants is the effective disposal of its effluent, sludge and by-

products such as large quantities of fly ash that are produced 

during the combustion of coal used for electricity 

generation. It is estimated that by the year 2010, the amount 

of the fly ash produced will be about 780 million tons 

annually. Most of this ash is disposed in landfills at suitable 

sites (Khale and Chaudhary, 2007). 

The demand for the concrete as a material of 

construction will increase as the demand for infrastructure 

development increases, especially in countries such as China 

and India. In order to meet this demand, the production of 

Portland cement must increase. However, the contribution of 

greenhouse gas emission from Portland cement production 

is about 1.35 billion tons annually or about 7% of the total 

Green House Gas (GHG) emissions to the earth‟s 

atmosphere. Furthermore, Portland cement is among the 

most energy-intensive construction materials, after 

aluminum and steel (Hardjito et al. 2005). 

It is also known that the production of each ton of 

Portland cement releases almost one ton of carbon dioxide 

(CO2) into the atmosphere. The production of Portland 

cement is also very energy intensive (Meyer, 2009) 

In order to keep the pace with the rapid 

industrialization there is a necessity to select such process, 

which would cause minimum pollution in to the 

environment. Geopolymer concrete is proven to have 

excellent engineering properties with a reduced carbon 

footprint. It not only reduces the greenhouse gas emissions 

(compared to Portland cement based concrete) but also 

utilizes a large amount of industrial waste materials such as 

fly ash and slag. Due to these positive attributes, it is 

becoming an increasingly popular construction material. 

In reinforced concrete, the second highest source of 

the carbon emission is the steel reinforcement. By 

combining synthetic fiber and reinforcement and 

geopolymer technology, it is possible to remove Portland 

cement and steel reinforcement from structural concrete to 

produce a new generation of structural concrete with 

potential benefits of improved durability and reduced carbon 

content. 

This work investigates the use of sisal fiber (natural 

fiber) as geopolymer concrete reinforcing material. 

A. Indian Scenario of Fly Ash Generation and Utilization 

Coal-based thermal power plants have been a major source 

of power generation in India, where 75% of the total power 

obtained is from coal-based thermal power plants. The coal 

reserve of India is about 200 billion tones and its annual 

production reaches 250 million tones approximately. About 

70% of this is used in the power sector. In India, unlike in 

most of the developed countries, ash content in the coal used 

for power generation is 30–40%. High ash coal means, 

generation of a large amount of fly ash. India ranks 4 th in 

the world in the production of coal ash as by-product waste 

after USA, Russia & China.Geo-Polymer 

At present in India about 140 Coal based thermal 

power plants are producing about 170 million tons of fly ash 

every year. With the increase in demand of power energy 

and coal being the major source of energy, more and more 

thermal power plants are expected to be commissioned in 

near future. As per the estimates, fly ash generation is 

expected to increase to about 225 million tons by 2017. 

Initiatives taken by the government, several non-

governmental and research and development organizations 

for fly ash utilization, the level of fly ash utilization in the 

country was estimated to be less than 10% prior to 1996–97. 

The problem of fly ash disposal has assumed such 

an enormous scale in the country that the Ministry of 

Environment and Forests (MoEF) issued a regulation on 14-

09-1999 specifying normative levels for progressive 

utilization of fly ash. According to the regulation, it is 

mandatory for the existing (old) and new coal based thermal 

power plants to utilize 100% of the fly ash produced in a 

stipulated time horizon. The new coal thermal power plants 

are required to use 100% of the fly ash produced within nine 

years of commencing operation. 

The old power plants, however, are required to 

achieve 100% fly ash utilization goal within 15 years from 

the date of issue of the regulation. 

A large number of technologies have been 

developed for gainful utilization and safe management of fly 

ash under the concerted efforts of Fly Ash Mission of the 

Government of India since 1994. As a result, the utilization 

of fly ash has increased to over 72.52 milliontons in 2011-
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12. Fly ash was moved from “hazardous industrial waste” to 

“waste material” category during the year 2000 and during 

November 2009, it became a saleable commodity. 

Fly ash has acquired the status of a “useful 

commodity” which opens up plenty of opportunities in 

terms of laying & fine tuning policies, conducting gainful 

businesses and R & D efforts, and addressing the concerns 

of environment at the same time. We achieved the highest 

level of fly ash utilization of 63% in 2009-10. However, it 

would require a lot of efforts to reach the target of 100% ash 

utilization. 

B. Different uses of Fly Ash in India 

Fly Ash is having suitability for variety of applications as 

admixture in cement/concrete/mortar, lime pozzolan mixture 

(bricks/blocks) etc. Cement and concrete Industry accounts 

for major portion of Fly Ash utilization. The other areas of 

application are Low lying area fill, Roads & Embankments, 

Dyke Raising, Brick manufacturing and other new areas for 

safe disposal of fly ash is in paint industry, agriculture etc. 

Besides this Fly ash has great application in the field of 

environment like treatment of waste water & newly 

developed cement free geopolymer concrete. It was in 

cement manufacturing is 47%, in cement substitution is 

about 9%, in road embankments is 9%, in low lying area 

filling is 10%, in ash fund raising is about 7%, in mine fill is 

12%, in brick manufacturing is 5% & in agriculture and 

other area is about 1%. 

C. Geo-Polymer 

In 1978, Joseph Davidovits developed inorganic polymeric 

material and coined the term “Geopolymer” for it in 1990. 

Geo polymer is a novel binding material produced from the 

reaction of fly ash with an alkaline solution. In geopolymer 

Portland cement is not utilized at all. It has the potential to 

replace OPC in concrete manufacturing and produce fly ash 

based geo polymer concrete, low calcium with excellent 

physical and mechanical properties. In order to produce geo 

polymer low calcium fly ash needs to be activated by an 

alkaline solution to produce polymeric Si-O-Al bonds. Geo 

polymer concrete has the potential to reduce greenhouse gas 

emission from the concrete industry by 80% (Hardjito et al. 

2008). 

Geo-polymer is a novel binding material produced 

from the reaction of fly ash with an alkaline solution. In 

geo-polymer Portland cement is not utilized at all. It has the 

potential to replace OPC in concrete manufacturing and 

produce fly ash based geo polymer concrete, low calcium 

with excellent physical and mechanical properties.  

In order to produce geo polymer low calcium fly 

ash needs to be activated by an alkaline solution to produce 

polymeric Si-O-Al bonds. Geo polymer concrete has the 

potential to reduce greenhouse gas emission from the 

concrete industry by 80%  

D. Fibre Reinforced Concrete 

Concrete is weak in tension and has a brittle character. The 

concept of using fibers to improve the characteristics of 

construction materials is very old. Early applications include 

addition of straw to mud bricks, horse hair to reinforce 

plaster and asbestos to reinforce pottery. Use of continuous 

reinforcement in concrete (reinforced concrete) increases 

strength and ductility, but requires careful placement and 

labor skill.  

When concrete cracks, the randomly oriented fibers 

start functioning, arrest crack formation and propagation, 

and thus improve strength and ductility. The failure modes 

of FRC are either bond failure between fiber and matrix or 

material failure. 

E. Fiber Reinforced Geo-polymer Concrete 

Use of concrete in construction contributes over 7% of 

worldwide carbon dioxide emissions. If emission targets are 

to be met some radical changes need to be made to reduce 

this value. The use of geopolymer binder and synthetic 

fibers in place of Portland cement and steel reinforcement to 

produce fiber reinforced geopolymer concrete (FRGC) 

provides a lower carbon alternative to conventional concrete 

by combining synthetic fiber reinforcement and geopolymer 

technology, it is possible to remove Portland cement and 

steel reinforcement from structural concrete to produce a 

new generation of structural concrete with potential benefits 

of improved durability and reduced embodied carbon 

content. 

Geopolymer concrete reinforced with randomly 

distributed discrete fibers resembles the fiber reinforcement 

concrete in many of its properties. Generally the discrete 

fibers are simply added and mixed with the fly ash, much 

the same as cement, lime or any other additives. Fiber 

reinforced geopolymer concrete was found to outperform 

the control mix with regard to flexural strength, durability 

and shrinkage whilst reducing carbon emissions by 

approximately 70%. 

One of the main advantages of randomly 

distributed fibers, is the maintenance of strength 

(compressive and flexural both) and absence of potential 

failure plane that can develop parallel to the oriented 

reinforcement (Chakra borty, 1996). In fiber reinforced 

geopolymer concrete the compressive strength is increasing 

at the very slowly at marginal rate but flexural strength 

shows the better results and increasing rapidly. 

In reinforced concrete, the second highest source of 

carbon emissions is the steel reinforcement. Recent 

developments in the production and use of synthetic fibers 

position these materials as an alternative to steel reinforcing 

bar and steel fibers, with benefits of lower carbon emissions 

as well as the possibility of enhanced durability. 

F. Natural Fiber as Geo-polymer Reinforcing Material 

Natural fibers, as reinforcement, have recently attracted the 

attention of researchers because of their advantages over 

other established materials. They are environmentally 

friendly, fully biodegradable, abundantly available, 

renewable, and cheap and have low density. Plant fibers are 

light compared to glass, carbon and aramid fibers. The 

biodegradability of plant fibers can contribute to a healthy 

ecosystem while their low cost and high performance fulfills 

the economic interest of industry. When natural fiber-

reinforced plastics are subjected, at the end of their life 

cycle, to combustion process or landfill, the released amount 

of CO2 of the fibers is neutral with respect to the assimilated 

amount during their growth. 
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Natural fibers are prospective reinforcing materials 

and their use until now has been more traditional than 

technical. They have long served many useful purposes but 

the application of materials technology for the utilization of 

natural fibers as the reinforcement in concrete has only 

taken place in comparatively recent years. The distinctive 

properties of natural fiber reinforced concretes are improved 

tensile and bending strength, greater ductility, and greater 

resistance to cracking and hence improved impact strength 

and toughness. 

Besides its ability to sustain loads, natural fiber 

reinforced concrete is also required to be durable. Durability 

relates to its resistance to deterioration resulting from 

external causes as well as internal causes (Aziz et al 1984). 

The natural fibers have been tried in the field of geopolymer 

concrete reinforcement due to their affordable cost, strength, 

environmental friendly nature and bulk availability, besides 

the above advantages it has some practical drawbacks also 

such as lower durability, lack of lesser strength and 

weakening of fibers by the combination of alkali attack and 

mineralization through the migration of hydrogen products 

to lumens and spaces. 

These problems can be effectively overcome by 

applying chemical coatings on fibers using polymer 

compounds; this is a proven solution for lower durability 

and lesser strength of natural fibers. Though there are plenty 

of natural materials available for being used as geopolymer 

reinforcement material such as Jute, Coir, Sisal, Bamboo, 

Camel hair, Wool, Flax, and Hemp etc. To improve certain 

engineering properties of geopolymer concrete research 

workers are concentrating on limited varieties of materials 

like bamboo, jute and coir and the other materials are 

presently not being considered in the field of geopolymer 

concrete reinforcement. Out of these materials sisal fiber has 

got an attractive prospect of being used as a natural material 

for geopolymer concrete reinforcement. 

G. Natural Fiber Sisal as Reinforced Material 

In recent time plant fibers have been receiving considerable 

attention as substitutes for synthetic fiber reinforcements. 

Unlike the traditional synthetic fibers like glass and carbon 

these lignocellulosic fibers are able to impart certain 

benefits to the composites such as low density, high 

stiffness, low cost, renewability, biodegradability and high 

degree of flexibility during processing. Cellulosic fibers like 

sisal, coconut (coir) and bamboo in their natural form as 

well as several waste cellulosic products such as shell flour, 

wood flour and pulp have been used as reinforcing agents of 

different thermosetting and thermoplastic composites. 

Yan Li., et al reported the chemical composition, 

properties of sisal fibers and their composites by 

incorporating the fiber in different matrices before and after 

treatment by different methods, along with this they present 

a summary of recent developments of sisal fiber and its 

composites. 

Sisal Fiber is one of the most widely used natural 

fiber and is very easily cultivated. It is obtain from sisal 

plant. (The plant known formally as Agave Sisalana) These 

plants produce rosettes of sword-shaped leaves which start 

out toothed, and gradually lose their teeth with maturity. 

Each leaf contains a number of long, straight fibers which 

can be removed in a process known as decortication. During 

decortication, the leaves are beaten to remove the pulp and 

plant material, leaving the tough fibers behind. The fibers 

can be spun into thread for twine and textile production, or 

pulped to make paper products. 

Sisal fiber is fully biodegradable, green composites 

were fabricated with soy protein resin modified with gelatin. 

Sisal fiber, modified soy protein resins, and composites 

were characterized for their mechanical and thermal 

properties. It is highly renewable resource of energy. Sisal 

fiber is exceptionally durable and a low maintenance with 

minimal wear and tear. Its fiber is too tough for textiles and 

fabrics. It is not suitable for a smooth wall finish and also 

not recommended for wet areas. The fine texture of Sisal 

takes dyes easily and offers the largest range of dyed colors 

of all natural fibers. Zero pesticides or chemical fertilizers 

used in sisal agriculture. It is a stiff fiber traditionally used 

in making twine, rope and also dartboards Sisal fiber is 

manufactured from the vascular tissue from the sisal plant 

(Agavesisalana). It is used in automotive friction parts 

(brakes, clutches), where it imparts green strength to 

performs, and for enhancing texture in coatings application 

II. LITERATURE REVIEW 

The production of ordinary Portland cement (OPC) is rising 

with a rate of approximately 3% per year. Due to growing 

environmental concerns of the cement industry, alternative 

cement technologies have become an area of increasing 

interest. It is now believed that new binders are 

indispensable for enhanced environmental and durability 

performance. 

On the other hand, already huge volumes of fly ash 

are generated around the world, most of the fly ash is not 

effectively used, and a large part of it is disposed in landfills 

which lead to the land pollution in various ways (leachate 

and infertility of soil). As the need for power increases, the 

volume of fly ash would increase. Both the above issues are 

to be addressed. 

An effort in this regard is the development of 

geopolymer concrete, synthesized from the materials of 

geological origin or by product materials such as fly ash, 

which are rich in silicon and aluminium. Gourley (2003) 

estimated that production of a tone of geopolymer would 

release 164 kg of Carbon Dioxide, which is approximately 

one-sixth of conventional concrete emission. Due to absence 

of cement in geopolymer mixture, many researchers believe 

that the geopolymer concrete will be the future concrete. 

Several by-products have been tested to produce 

geopolymer binders with high performances and finally, fly 

ash was introduced as the choice material for this purpose 

due to its high availability and its low cost. 

The concept of using fibers to improve the 

characteristics of construction materials is very old. The 

randomly oriented fibers in concrete arrest micro-cracking 

mechanism of cracks and limit crack propagation, thus 

improving strength and ductility. Fibers increaseselastic 

modulus, decreases brittleness, controls crack initiation, and 

its subsequent growth and propagation. Addition of fibers to 

concrete makes it a more homogeneous and isotropic and 

transforms it from a brittle to a more ductile material. Other 



Review Paper on Natural Fiber Reinforced Fly-Ash based Geo-Polymer 

 (IJSRD/Vol. 5/Issue 11/2018/168) 

 

 All rights reserved by www.ijsrd.com 681 

advantages of these fibers lies is low density, high 

toughness, comparable specific strength, reduction in tool 

wear, ease of separation, and low energy of fabrication. 

In addition, Natural fiber is available in large 

amounts, renewable and biodegradable. Other desirable 

properties include low cost and low density. The 

characteristics of fiber reinforced concrete depend upon 

many factors such as size, type, elastic properties, aspect 

ratio and volume fraction of fibers and each type of fiber can 

be effective in some specific function. The effect of addition 

of fibers on the strength characteristics of geopolymer 

concrete is limited. 

A. Hazards in Coal Fly Ash and its Fate in Indian Scenario 

Pandey et al. (2011) presented the study of Fly Ash (FA) 

generated from different thermal power plants in the 

country. From the experimental results it was concluded that 

this waste produced globally has started gaining as a 

potentially significant anthropogenic source of arsenic (As). 

It is also discussed that coal contains many toxic 

metals; arsenic is one of those, which is significantly toxic 

for aquatic and terrestrial life including human being. 

Generated FA is being disposed to open ash pond in thin 

slurry form. Dumping of FA in open ash pond causes 

serious adverse environmental impacts owing to its elevated 

trace element contents, in particular the arsenic, which 

causes ecological problems. There is scarcely report on as 

hazards in coal FA and its fate in Indian scenario. Leaching 

studies of 18 elements have been made from Indian coal FA 

by Praharaj et al. (2002). He found that a few trace elements 

leachfrom the ashes in excess of world health organization‟s 

(WHO) limit values (As, Mn and Mo) or the USEPA limit 

values (As, Mn, Fe). 

Arsenic contaminates the aquatic and terrestrial 

environments through leaching and erosion of FA pond. 

Arsenic amount more than permissible limits have been 

reported in the soil, tube-well and surface water near 

thermal power plants. 

B. From Ancient Concrete to Geopolymer 

Davidovits (1993) presented the study of development of 

geo-plymeric material in ancient period by using the 

archaeology as a data bank & explained the mystery behind 

the resistance of ancient Egyptian & Roman mortars. This 

paper provides an answer to the question that how the 

structures made of Egyptian & Roman mortars like Great 

Pyramid Blocks and Saint Sofia Church of Constantinople 

are still standing even after thousands of years since their 

construction. He explained that reactive ingredients combine 

with lime, leaving the excess lime as inert. The makeup of 

the mortars varies according to the archaeological site that is 

according to its geological environment. A mortar will be 

good if components are selected from an appropriate site. 

He was able to demonstrate that geo-polymer have the same 

strength than natural rock by showing the granular structure 

of OPC and GPC mortar. 

C. Fly-Ash Based Geo-Polymer Concrete: Engineering 

Properties 

Hardjito et al. (2005) presented the study of parameters 

which cover certain aspects of manufacture of fly ash-based 

geopolymer concrete. In this paper it is described that after 

casting, some specimens were left at room temperature until 

the start of curing. On the other hand, some specimens were 

placed in an oven during the rest period. The oven 

temperature on the first day of rest period was 32ºC; on 

other days of the rest period, the temperature was 40ºC. This 

variation in temperature simulated the ambient variations 

during the rest period. 

From the experimental results findings described 

below as a, b & c were concluded. 

 Longer mixing time yielded lower slump of fresh 

concrete, and higher compressive strength and higher 

density of hardened concrete. This suggests that the 

extended mixing time resulted in better polymerization 

process, and hence enhanced properties of hardened 

concrete 

 The term „rest period‟ is used to indicate the time taken 

from the end of casting to start of curing at an elevated 

temperature. The compressive strength of specimens 

increased with a rest period of one day or more after 

casting. The extent of strength gain is significant, in the 

range of 20 to 50 % compared to the compressive 

strength of specimens with no rest period. 

 The measured stress-strain relations of fly ash-based 

geopolymer concrete, both the ascending and the 

descending parts, agree well with the predictions of 

equation developed originally for Portland cement 

concrete. 

D. Long-Term Properties of Low-Calcium Fly Ash-Based 

Geopolymer Concrete 

Wallah and Rangan (2006) reported the study of long-term 

properties of geopolymer concrete. Based on the test results, 

the following conclusions were drawn:- 

1) There is no substantial gain in the compressive strength 

of heat-cured fly ash based geopolymer concrete with 

age. Fig.1 presents the change in compressive strength 

of specimens cured in oven (dry curing) for 24 hours at 

60ºC. 

 
Fig. 1: Change in Compressive Strength of Heat Cured GP 

Concrete with Age 

2) Fly ash-based geopolymer concrete cured in the 

laboratory ambient conditions gains compressive 

strength with age. The 7th day compressive strength of 

ambient-cured specimens depends on the average 

ambient temperature during the first week after casting; 

higher the average ambient temperature higher is the 

compressive strength. It is also illustrated in fig.2 
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Fig. 2: Compressive Strength of GP Concrete Cured in 

Ambient Condition 

3) Heat-cured fly ash-based geopolymer concrete 

undergoes low creep. The specific creep, defined as the 

creep strain per unit stress, after one year ranged from 

15 to 29x10 -6 MPa for the corresponding compressive 

strength of 67 MPa to 40 MPa. 

4) The creep coefficient, defined as the ratio of creep 

strain-to-instantaneous strain, after one year for heat-

cured geopolymer concrete with compressive strength 

of 40, 47 and 57 MPa is around 0.6 to 0.7; for 

geopolymer concrete with compressive strength of 67 

MPa this value is around 0.4 to 0.5. These values are 

about 50% of those experienced by Portland cement 

concrete. 

5) The heat-cured fly ash-based geopolymer concrete 

undergoes very little drying shrinkage in the order of 

about 100 micro strains after one year. This value is 

significantly smaller than the range of values of 500 to 

800 micro strains Portland cement concrete. 

6) The drying shrinkage strain of ambient-cured specimens 

is in the order of 1500 Micro strains after three months. 

This value is many folds larger than that of heat cured 

specimens, and the most part of that occurs during the 

first few weeks. 

7) The test results demonstrate that heat-cured fly ash-

based geopolymer concrete has an excellent resistance 

to sulfate attack. There is no damage to the surface of 

testspecimens after exposure to sodium sulfate solution 

up to one year. There are no significant changes in the 

mass and the compressive strength of test specimens 

after various periods of exposure up to one year. These 

test observations indicate that there is no mechanism to 

form gypsum or ettringite from the main products of 

polymerization in heat-cured low-calcium fly ash-based 

geopolymer concrete. 

8) Exposure to sulfuric acid solution damages the surface 

of heat-cured geopolymer concrete test specimens and 

causes a mass loss of about 3% after one year of 

exposure. The severity of the damage depends on the 

acid concentration. 

9) The sulfuric acid attack also causes degradation in the 

compressive strength of heatcured geopolymer 

concrete. The extent of degradation depends on the 

concentration of the acid solution and the period of 

exposure. However, the sulfuric acid resistance of heat 

cured geopolymer concrete is significantly better than 

that of Portland cement concrete. 

10) The tests on heat-cured geopolymer mortar specimens 

indicate that the degradation in the compressive 

strength due to sulfuric acid attack is mainly due to the 

degradation in the geopolymer matrix rather than the 

aggregates. The degradation in compressive strength of 

mortar specimens is larger than that of concrete 

specimens due to the larger geopolymer matrix content 

by mass of mortar specimens 

E. Recent Research Geopolymer Concrete 

Chanh et al. (2008) presented the study of materials, mixture 

composite, microstructure of Fly ash based geopolymer, and 

parameters affecting properties of geopolymer concrete. 

During experimental procedure, specimens were 

prepared by mixing of Fly ash, alkaline liquid, sand & 

coarse aggregate. The ratio of total aggregate (sand+coarse 

aggregate) o Fly ash was varied in the range of 3, 3.5, 4, 4.5 

& 5. In first phase the curing duration was kept constant at 

48 hours & curing temperature were varied in six ranges i.e., 

40, 50, 60, 70, 80 & 90ºC. In second face the curing 

temperature was kept constant at 90ºC & curing duration 

were varied in eight ranges i.e. 6, 12, 24, 36, 48, 60, 72, 84 

hours. In both cases specimens were tested for compressive 

strength. 

From the experimental results it was concluded that 

as the curing temperature in the range of 60ºC to 90ºC 

increases, the compressive strength of geopolymer concrete 

also increases. Longer curing time, in the range of 24 to 72 

hours (4 days), produces higher compressive strength. 

However, the increase in strength beyond 48 hours is not 

significant. 

The compressive strength of heat-cured fly ash-

based geopolymer concrete does not depend on age. It was 

also observed that the setting time of geopolymer concrete 

also depends on curing temperature. As the curing 

temperature increases, the setting time decreases. The effect 

of curing temperature on initial setting and final setting time 

is similar 

F. Development of Geopolymer Concrete with Different 

Curing Conditions 

Nuruddin et al. (2011) presented the study of development 

of geopolymer concrete with different curing conditions. 

During experiments three different curing regimes, namely 

hot gunny curing, ambient curing and external exposure 

curing were applied to obtain suitable method that was 

suitable with cast in situ application. Geopolymer concrete 

samples were tested on their compressive strength and 

microstructure properties. From the experimental results it 

was concluded that external exposure curing had the highest 

compressive strength compared to other two curing 

methods. Scanning electron microscopy analysis also 

showed better improvement in interfacial transition zone for 

concrete sample with external exposure curing. 

Fly Ash & Rice husk ash were used in this research 

as a source material for preparation of geopolymer concrete. 

Mixture proportion was designed with different amount of 

blended source material to investigate their effect to 

geopolymer concrete properties. 

The results obtained from compressive strength test 

illustrate polymeric process in geopolymer concrete with 
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various curing treatment. In hot gunny curing, compressive 

strength did not develop rapidly. The presence of high 

moisture content from hot wet gunny decreased the concrete 

strength significantly because the heat resulted from hot 

gunny could not be maintained for a long duration 

However, during drying period (after 48 hours), 

water will evaporate from hardened concrete and leaved 

micro pores inside the concrete. The presence of these pores 

will lead to a premature failure of concrete sample. 

In ambient curing, heat generated from the 

environment was absorbed by the polymeric material to 

initiate the reaction. In this regime, compressive strength 

development also performed similar trend with hot gunny 

curing. However, the difference of heat amount in first week 

of maturing period has affected the performance of these 

two methods. Concrete sample in ambient curing did not 

have excess water in their environment from first day; hence 

polymeric reaction could take place faster than those in hot 

gunny curing. 

Meanwhile different characteristic was performed 

by external exposure curing. Sufficient amount of heat 

during daylight has accelerated the polymeric reaction inside 

concrete samples. In average, concrete sample in external 

exposure curing has compressive strength 162% higher if 

compared to hot gunny curing sample, and 102% higher 

compared to ambient curing sample. 

It was also observed that the critical period for 

geopolymer concrete is within the first week from mixing-

casting process. Lack of polymeric reaction within this 

period will result in lower performance of geopolymer 

concrete. Alike conventional OPC concrete, strength 

development in geopolymer concrete was also started to 

stable after 28 days. 

G. Reason for using Natural Fiber as Reinforcing Material 

Natural fibers form an interesting alternative for the most 

widely applied fiber in the construction technology, the 

fibers like flax, hemp, jute or sisal have the advantages of 

low density, high toughness, comparable specific strength, 

reduction in tool wear, ease of separation, and low energy of 

fabrication. They have high specific properties such as 

stiffness, impact resistance and flexibility. In addition, they 

are available in large amounts, renewable and 

biodegradable. Other desirable properties include low cost 

and low density, knowing that natural fibers are cheap and 

have a better stiffness per weight than glass, which results in 

lighter components, the grown interest in natural fibers is 

clear. The environmental impact is that the natural fiber can 

be thermally recycled and fibers come from a renewable 

resource. These fibers satisfy both economic and ecological 

interests. It is well understood now that both the strength 

and stiffness of fiber composites depend on fiber 

concentration, fiber aspect ratios, fiber–matrix adhesion, as 

well as fiber orientation and dispersion in powdered 

particles. 

 Low specific weight, resulting in a higher specific 

strength and stiffness than glass fiber. 

 It is a renewable source, the production requires little 

energy, and CO2 is used while oxygen is given back to 

the environment. 

 Producible with low investment at low cost, which 

makes the material an interesting product for low wage 

countries. Reduced wear of tooling, healthier working 

condition, and no skin irritation. 

 Thermal recycling is possible while glass causes 

problem in combustion furnaces. 

 Good thermal and acoustic insulating properties 
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