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Introduction 

Concrete is ubiquitous. Annually, more than one ton 
per capita of concrete is cast for infrastructure 
construction worldwide. By many measures, concrete 
is an excellent construction material. However, the 
mechanical properties and functional characteristics 
of concrete will have to be improved, in some ways 
drastically, and these improvements are already 
emerging in limited forms. These advancements are 
needed to address deficiencies in concrete 
infrastructure, currently facing three major challenges 

Engineered Cementitious Composite (ECC) is an 
easily molded mortar-based composite reinforced 
with specially selected short random fibers, usually 
polymer fibers. Unlike regular concrete, ECC has a 
strain capacity in the range of 3–7%, compared to 
0.1% for ordinary Portland cement (OPC). 1ECC 
                                                            
1Corresponding Author’s Email: psk.bvn@gmail.com  

therefore acts more like a ductile metal than a brittle 
glass (as does OPC concrete), leading to a wide 
variety of applications. ECC, unlike common fibre 
material. This means that the mechanical interactions 
between ECC's fiber and matrix are described by a 
micromechanical model, which takes into account 
material properties and helps predict properties and 
guide ECC development. 

Properties of ECC 

ECC has a variety of unique properties, including 
tensile properties superior to other fiber-reinforced 
composites, ease of processing on par with 
conventional cement, the use of only a small volume 
fraction of fibers (~ 2%), tight crack width, and a lack 
of anisotropically weak planes. These properties are 
due largely to the interaction between the fibers and 
cementing matrix, which can be custom-tailored 
through micromechanics design. Essentially, the 
fibers create many microcracks with a very specific 
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width, rather than a few very large cracks (as in 
conventional concrete.) This allows ECC to deform 
without catastrophic failure. This microcracking 
behavior leads to superior corrosion resistance (the 
cracks are so small and numerous that it is difficult 
for aggressive media to penetrate and attack the 
reinforcing steel) as well as to self-healing. In the 
presence of water (during a rainstorm, for instance) 
unreacted cement particles recently exposed due to 
cracking hydrate and form a number of products 
(Calcium Silicate Hydrate, calcite, etc.) that expand 
and fill in the crack. These products appear as a 
white ‘scar’ material filling in the crack. This self-
healing behavior not only seals the crack to prevent 
transport of fluids, but mechanical properties are 
regained. This self-healing has been observed in a 
variety of conventional cement and concretes; 
however, above a certain crack width self healing 
becomes less effective. It is the tightly controlled 
crack widths seen in ECC that ensure all cracks 
thoroughly heal when exposed to the natural 
environment. 

Literature Review 

In order to improve certain properties of concrete, it 
has been an accepted technology to use fly ash and 
various types of fibres in concrete. In this thesis, fly 
ash acts as a major ingredient in ECC and fibres like 
PVA, Polyethylene and Polypropylene are also used 
to improve the tensile characteristics of ECC. Super 
plasticizer is also used to improve the workability 
property of ECC. This chapter deals with the 
collection of various data and results from journals, 
websites, etc. related to the behavioural study of 
various fibres that are used in fibre reinforced 
concrete.  

Based on the literatures, it is observed that ECC has 
major content of fly ash and so the gain of strength 
in initial stages will be minimum. So later strength for 
concrete should be tested for trial mixes. 

Trial mixes for ECC are adopted and specimens are 
cast for testing for 7 days, 28 days and 56 days. And 
then a superior mix is selected, to which Polyvinyl 
alcohol, Polyethylene Polypropylene and Polyester 
fibres are added and are tested for mechanical 
strengths. 

Water cement ratio is varied and the mix is tested for 
compressive strengths. The optimum mix is chosen 
for the above fibres. These fibres on addition are 

tested for compressive, split tensile and flexural 
strengths. 

Experimental Investigation 

The main objective of the thesis is to study the 
behavior of ECC with Polyvinyl Alcohol fibres, Poly 
Propylene fibres, Polyester fibres and polyethylene 
fibres and comparing the results. 

The mechanical parameters such as compressive 
strength, split tensile strength and flexural strengths 
were investigated. Properties of the materials used 
for casting concrete samples are evaluated. 

Materials Used 

Cement: 53 grade OPC is used for all concrete 
sample mixes. The cement used was fresh and 
without any lumps. Testing of cement was done as 
per IS: 8112 – 1989. 

Coarse aggregates: Locally available coarse 
aggregates having the maximum size of 20 mm is 
used in the present work. Testing of coarse 
aggregates is done as per IS: 383 – 1970. 

Fine aggregates: The sand used for the 
experimental work is locally procured and conformed 
to grading zone II as per IS: 383 – 1970. 

Fly Ash: Fly ash is one of the residues generated in 
combustion, and comprises the fine particles that rise 
with the flue gases. Ash which does not rise is 
termed bottom ash. In an industrial context, fly ash 
usually refers to ash produced during combustion of 
coal. Fly ash is generally captured by electrostatic 
precipitators or other particle filtration equipment 
before the flue gases reach the chimneys of coal-
fired power plants and together with bottom ash 
removed from the bottom of the furnace is in this 
case jointly known as coal ash. 

‘Class F’ Fly ash was obtained from the Mettur 
Thermal Power Plant situated at 40 kilometers from 
the Institution. 

Polypropylene fibre 

There is a sterically regular atomic arrangement in 
the polymer molecule and high crystallinity. Due to 
regular structure, it is known as isotactic 
polypropylene. Chemical inertness makes the fibers 
resistant to most chemicals. Any chemical that will 
not attack the concrete constituents will have no 
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effect on the fiber either. On contact with more 
aggressive chemicals, the concrete will always 
deteriorate first. The hydrophobic surface not being 
wet by cement paste helps to prevent chopped fibers 
from balling effect during mixing like other fibers. 
The water demand is nil for polypropylene fibers. The 
orientation leaves the film weak in the lateral 
direction which facilitates fibrillations. The cement 
matrix can therefore penetrate in the mesh structure 
between the individual fibrils and create a 
mechanical bond between matrix and fiber. 

Polyvinyl Alcohol Fibre 

Polyvinyl alcohol (PVA) fiber was created 50 years 
ago as the first Japanese organic fiber and, it has 
been used for various applications since then. 
Especially, PVA fiber has been used globally in a wide 
range of cement applications since 1980s owing to 
some suitable characteristics as reinforcing materials 
for cementitious composites.  

At the first, PVA fiber has high tenacity and modulus 
of elasticity compare with other general organic 
fiber. Second, bonding strength between fiber and 
cement matrix is strong. Also it is possible to control 
bonding strength by surface treatment. At last, good 
durability has been proved by long terms field test, 
and it has been used as fiber cement slate over 
twenty years because PVA fiber has got wide 
acceptance as a less hazardous and reasonable cost 
alternative. 

In recent years, new type of PVA fiber for high 
performance fiber reinforced cementitious 
composites (HPFRCC) has been developed owing to 
development of theoretical study based on 
micromechanics. This fiber also starts to use widely 
because of its suitable characteristics for reinforcing 
cementitious composites. 

Polyethylene Fibres 

A semi-crystalline, whitish and effectively opaque 
engineering thermoplastic which, chemically, is a 
very high molecular weight (3-6 million) HDPE. As a 
result it has an extremely high melt viscosity and 
normally can only be processed by powder sintering 
methods. It also has outstanding toughness and cut 
and wear resistance and very good chemical 
resistance, somewhat better than that of HDPE. 
Applications include many "wear parts" (eg bottle 
handling machine components), gears, bearings, 

artificial joints and marine quay headings. Fibres of 
very high molecular orientation can also be made 
from polyethylene of very high molecular weight by 
gel spinning and subsequent drawing to give fibres 
which are reported to be up to 85% crystalline and 
with 95% parallel orientation. They are known as 
Ultra High Modulus or High Performance 
Polyethylene fibre (UHMPE or HPPE). Like Kevlar, 
these fibres have very high tensile properties and 
(small) negative CTE's. On a volume basis, their 
tensile properties are broadly similar to Kevlar's but, 
on a weight basis, they are superior thanks to an 
almost 50% density advantage - but they are not up 
to the properties of carbon fibre on either basis. 
Their energy absorption and acoustic velocity 
characteristics are superior to Kevlar's both as fabric 
and composite. Applications are being developed 
particularly in the areas of ballistic protection and 
ropes (in the widest sense). 

Polyester Fibres 

Polyester is a category of polymers which contain the 
ester functional group in their main chain. Although 
there are many types of polyester, the term 
"polyester" as a specific material most commonly 
refers to polyethylene terephthalate (PET). Polyesters 
include naturally occurring chemicals, such as in the 
cutin of plant cuticles, as well as synthetics through 
step-growth polymerization such as polycarbonate 
and polybutyrate. Natural polyesters and a few 
synthetic ones are biodegradable, but most synthetic 
polyesters are not. Depending on the chemical 
structure, polyester can be a thermoplastic or 
thermoset, there are also polyester resins cured by 
hardeners; however, the most common polyesters 
are thermoplastics. Polyester fibers are designed as a 
new version of crack proof materials specially for 
asphalt-based concrete. They are produced by 
unique processes and based on polyester synthetic 
materials as fundamental raw materials. They can 
form structures in three dimensional distributions 
after putting them into asphalt gels by mixing, which 
have function of reinforcement so that effectively 
prevent asphalt-based concrete from cracking. 

Water: Potable water is used for the concrete 
preparation and for the curing of specimens. 

ECC Mix Design 

Since there is no definite procedure for the mix 
design of ECC, trial and error method is adopted by 
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varying the water content and the super plasticizer in 
the mix. And the rich mix is to be selected and casted 
with PVA, PET, PP and PE fibres. 

Table -1: ECC Mix Design 

Mix Cem
ent Sand Fly 

ash 
Wate

r SP Fibre
s 

Mix 1 583 467 1.2 298 19 11.66 

Mix 2 561 449 327 14 14 11.22 

Mix 3 576 460 691 306 17 11.52 

 

Table-2: Compressive test results for ECC specimens. 

Fibres % 7 days 
N/mm2 

28 days 
N/mm2 

56 days 
N/mm2 

PVA 1% 36.83 49.12 57.63 

PVA 1.5% 37.14 50.16 58.56 

PVA 2% 38.93 51.06 58.87 

PVA 2.5% 38.08 50.54 58.62 

PET 1% 35.45 48.96 56.12 

PET 1.5% 35.72 49.23 56.87 

PET 2% 36.29 49.89 57.54 

PET 2.5% 35.86 49.36 56.97 

PP 1% 34.13 48.23 54.34 

PP 1.5% 34.8 48.65 55.12 

PP 2% 35.16 49.12 55.98 

PP 2.5% 34.86 48.79 55.53 

PE 1% 33.87 47.54 54.17 

PE 1.5% 34.14 47.92 55.32 

PE 2% 34.52 48.23 55.88 

PE 2.5% 34.36 47.88 55.64 

 

 

Chart -1: Comparison of Compressive strengths for 
all ECC specimens 

Table -3: Split tensile test results for ECC specimens 

Fibres % 7 days 
N/mm2 

28 days 
N/mm2 

56 days 
N/mm2 

PVA 1% 2.95 4.16 4.85 

PVA 1.5% 3.16 4.86 5.56 

PVA 2% 3.69 5.23 5.84 

PVA 2.5% 3.21 4.73 5.43 

PET 1% 2.91 4.15 4.56 

PET 1.5% 3.15 4.56 4.74 

PET 2% 3.36 4.72 4.96 

PET 2.5% 3.12 4.6 4.82 

PP 1% 2.89 4.12 4.32 

PP 1.5% 2.96 4.25 4.43 

PP 2% 3.16 4.46 4.68 

PP 2.5% 3.02 4.29 4.52 

PE 1% 2.87 4.11 4.26 

PE 1.5% 2.92 4.26 4.39 

PE 2% 3.11 4.42 4.7 

PE 2.5% 2.97 4.31 4.48 
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Chart -2: Comparison of Split tensile strengths for all 
ECC specimens 

 

Table 4: Flexural strength test results for ECC 
specimens 

Fibres % 7 days 
N/mm2 

28 days 
N/mm2 

56 days 
N/mm2 

PVA 1% 3.67 5.16 5.86 

PVA 1.5% 3.79 5.24 6.12 

PVA 2% 4.12 5.66 6.84 

PVA 2.5% 3.84 5.2 6.2 

PET 1% 3.56 5.08 5.6 

PET 1.5% 3.71 5.2 5.89 

PET 2% 3.98 5.51 6.32 

PET 2.5% 3.69 5.18 5.91 

PP 1% 3.44 4.92 5.45 

PP 1.5% 3.58 5.16 5.63 

PP 2% 3.79 5.38 6.02 

PP 2.5% 3.62 5.19 5.8 

PE 1% 3.42 4.88 5.42 

PE 1.5% 3.52 5.08 5.71 

PE 2% 3.69 5.42 5.98 

PE 2.5% 3.59 5.24 5.82 

 

 

Chart -3: Comparison of Flexural strengths for all ECC 
specimens 

 

From the results it can be noted that the 28 days test 
results are not as expected, but when the specimens 
are tested for 56 days it gives satisfying results. Since 
flyash is added the specimens attain its full strength 
at later age. 

Results and Discussions 

Observations 

All fibre types have the potential to “ball up” in 
concrete. This phenomenon is usually caused by 
addition of fibres into concrete mixes that are too 
dry or into mixtures that do not have enough fine 
particles to coat the fibre particles, which in turn 
“paste starves” the system and again causes the 
slump to decrease to zero. Loose fibres in an empty 
drum may clump together and fibre types that are 
too long or have varying geometries may also cause 
problems. A test trial should be performed to ensure 
that the mixture will support the fibre type and 
dosage and that the batching sequence will not 
cause any problems. If necessary, the use of a water 
reducing admixture may be warranted to maintain 
the desired slump for placement. 

Balling effects were observed in the initial trial mix. 
These were eliminated in further mixes by 
distributing the fibres evenly in the mix while the 
mixing drum is operated and water is added after 
mixing the dry mix for 5 minutes. The mix after 
addition of fibres is less workable. Therefore 
superplasticizer is added to retain the workability. 
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Figure 1: Balling or Clumping 

Fibre Selection and Orientation 

Microfibres uniformly distributes multi-dimensionally 
throughout the concrete mixture. The extremely high 
number of fibres in the fresh concrete matrix 
protects the concrete when its tensile strength is 
lowest, reducing the formation of plastic shrinkage 
cracking. This cracking and other internal stresses 
would otherwise permanently weaken the resulting 
concrete. The concrete permeability is decreased, 
while surface characteristics, impact and toughness 
properties are improved. 

The aspect ratio of a fibre is the length of a single 
fibre divided by its equivalent diameter (L/d). This 
term is generally only used with larger fibres such as 
steel and macro-synthetics and while a specific value 
is not important, aspect ratios of greater than 100 
can sometimes cause placement and finishing 
difficulties. Ideally the aspect ratio should be as low 
as possible to minimize the loss of workability and as 
high as possible to maximize the resistance of fibres 
to pull out from the matrix. 

During crack opening, the bridging stress increases 
as fibre/matrix interfaces debond and the debonded 
segments of fibres stretch. When the bridging stress 
increases to the magnitude of the applied load, the 
crack flanks flatten to maintain the constant applied 
stress level. This load level is termed the steady state 
cracking stress. This explains why microfibres are 
used. Because any fibres will have frictional and 
chemical bonds with the interface and with polymer 
fibres the bond is more dominant and when the 
crack develops this bond strength and reduced 
length restricts the specimen to fail. 

Conclusion 

From the results, it is noted that PVA fibre content 
gives better results, followed by Polyethylene, 
Polyester and Polypropylene. Polyester and 
Polypropylene shows similar results.  

Table 4: Percentage increase on addition to fibres 
when compared to control specimen 

Fibres % 7 days 
N/mm2 

28 days 
N/mm2 

56 days 
N/mm2 

PVA 1% 2.95 4.16 4.85 

PVA 1.5% 3.16 4.86 5.56 

PVA 2% 3.69 5.23 5.84 

PVA 2.5% 3.21 4.73 5.43 

PET 1% 2.91 4.15 4.56 

PET 1.5% 3.15 4.56 4.74 

PET 2% 3.36 4.72 4.96 

PET 2.5% 3.12 4.6 4.82 

PP 1% 2.89 4.12 4.32 

PP 1.5% 2.96 4.25 4.43 

PP 2% 3.16 4.46 4.68 

PP 2.5% 3.02 4.29 4.52 

PE 1% 2.87 4.11 4.26 

PE 1.5% 2.92 4.26 4.39 

PE 2% 3.11 4.42 4.7 

PE 2.5% 2.97 4.31 4.48 

 

Also when the results are compared for Percentage 
addition of fibres, it is clear that the results first 
increases when the fibre content is increased, but 
later when the fibre content increases from 2% to 
2.5% some workability issues were found and also 
the strength decreases. Therefore the PVA 2% gives 
maximum compressive, split tensile and flexural 
strengths. Percentage increases of the results are 
shown in table. 

The results show that PVA 2% gives higher test 
results, i.e ECC – PVA 2% gives 7.25% higher 
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compressive strength and 38.05% higher tensile 
strength and 68.05% higher flexural strength than 
that of conventional concrete specimen. 

Also the specimen doesn’t fail suddenly; it gives fair 
amount of warning before failure. A visible deflection 
can be seen in the beam before failure. Numerous 
microcracks form and then a crack develop and 
failure occurs.  
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