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Abstract 
 
This study focuses on the properties of bendable concrete, in which the reinforcement 
is micromechanically designed polymer fiber. It also deals with the strain value of the 
member made of bendable concrete. It made with polypropylene fiber and fly ash as 
admixtures. This material exhibits an enhanced flexibility significantly. The fly ash 
added in the ratios of 1.2%, 1.6%, 2.0%, 2.4% and 2.8% while the fiber kept in the 
ratio of 2.0% in all the mixes. A suitable mix proportion selected based on the trail 
mix method. For the study, Mix ratio of 1:1.17:2.13 and water cement ratio of 0.40 are 
used.  
 
Keywords: Polypropylene fiber, Bendable concrete, Compressive strength, Bend 
strength, Deflection. 
 
1 Introduction 

 
      Conventional concrete is generally unbendable, highly brittle and rigid due to their 
low strain capacity such as 0.1%. Due to this lack of bendability, an improvement 
made in concrete such as bendable concrete generally known as engineered 
cementitious composite members abbreviated as ECC. A bendable concrete is 
produced from the normal ingredients as used in conventional concrete and is 
reinforced by micromechanically designed polymer fibers. In addition to this large 
amount of water diminishing agent [5] is used to divulge better workability. The lack 
of structural ductility of concrete in tension which implicates structural rectitude due 
to brittle nature is the pushing factor for inventing ECC.  
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      Many deterioration problems and failures in the infrastructure can be traced 
ascribed to the cracking and brittle nature of concrete. In addition, we tried to monitor 
the strength and ductile behavior of Bendable Composite. The strength and ductile 
behavior has been demonstrated using high volume fraction of fly ash and high 
tenacity polypropylene fibers of bendable composite. Bendable composite has a strain 
capacity in the range of 3-7%, which is very higher than the conventional concrete. 
The high fracture toughness and controlled crack width improve bendable composites 
serviceability and durability of infrastructures. Especially they are replaced instead of 
conventional concrete for constructing pavements [7] and parking areas.  
      Figure.1 represents the flexural behavior of ECC and it can be seen that the beam 
can deform well without direct failure. ECC has provided fifty times more flexibility 
[9] and forty times lighter than conventional concrete which could influence the 
design choice in skyscrapers. In addition to this ECC has been used widely as the 
critical element for the seismic zones based on its excellent energy absorption. 
Investigating Polypropylene fiber’s effect, which used in bendable composite, is the 
focus of this exercise and to assess its Flexural behavior. Also to determine the 
compressive strength, split solidity, bend strength and comparing the results with 
conventional concrete. 
      Micromechanics based model gives the mechanical interaction among the fibers, 
mortar matrix and fiber-matrix interface. ECC has unique properties including tensile 
properties and it is tightly controlled crack widths that ensure all cracks thoroughly 
heal when exposed to the natural environment. Bendable composite has been applied 
[10] to dam repairs, bridge deck overlays, coupling of beams in skyscrapers and other 
structural elements and systems. Moreover, used as seismic resistance applications. 
      In addition, into the Hot Mix Asphalt(HMA), polypropylene fibers were added in 
varying ratios (0, 5, 7.5 and 10 % by weight of binder), then these mixtures were 
preserved in the freeze-thaw cycling cabinet, CaCl2, NaCl and Na2SO4 solutions for 
a certain period. Exposures to freeze-thaw cycles are found to be harmless and 30 
days in Na2SO4 solution was found as harmful, among other environments in this 
investigation. The freeze-thaw cycle provide the highest residual stability. Damaging 
effect of NaCl was more prominent than that of CaCl. The flow values are increased 
due to the sample’s porosity and thereby stability is reduced. The improvement in 
stability of the fiber modified asphalt due to increase adhesion and consistency 
properties of the binder will enhance higher fatigue resistance, reduce thermal stress 
cracking [13], and decrease temperature [8] susceptibility and reduction of rutting 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Response of ECC under Flexure Loading 
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2 Literature Review 
 

     Amsa M, Ariyannan P, [1] reports that using 0.5% polypropylene fiber increases 
split tensile, and flexural strength. Silica fume is replaced at 8% weight of cement. At 
the 28 days compressive strength test silica fume increases the strength up to 23% and 
30% for non-fibrous and fibrous mixes. The split tensile strength is increased up to 
20% for 0.5% of polypropylene fiber addition. The load carrying capacity of the 
polypropylene fiber beam is also higher. On the other hand, compressive strength is 
decreased with the increase of fiber beyond 0.2%. 
      Nanda Kumar T, Johnpaul V and Dr. Balasundaram N, [2] examined the 
properties of fresh and hardened concrete incorporates polypropylene fiber. Slump 
cone, Compaction Factor and Vee-bee Consistometer test measure workability of 
concrete mixture. By using compressive test, split tensile test and flexural test, 
hardened concrete properties are measured. The results shown that the workability, 
compressive strength, split tensile strength and flexural strength at the 2% addition of 
polypropylene. 
      Salahaldein Alsadey [3] carried out experimental study to investigate the effects of 
the polypropylene fiber on the workability of concrete using slump cone test. The 
slump values indicates that if the fiber content increases the respective slump values 
are decreases. In the compressive strength test, the 28 days compressive strength were 
found out. From the obtained results the 2% addition of polypropylene fiber is 
satisfactory. While increasing the percentage of polypropylene fiber, problems like 
reduction in the slump, air cavities are experienced.  
      Divya S Dharan, Aswathy Lal, [4] carried out the experimental studies of the 
characteristic effects of blended polypropylene fiber in the making of concrete. The 
content of 1.5% of blended concrete gives the effective results in compressive 
strength, modulus of elasticity and flexural rigidity over the conventional concrete. 
      Sagar Gadhiya, Patel T N and Dinesh Shah, [5] carried out a review on the 
bendable concrete using polypropylene fiber. Also high range water reducing agent is 
used to impart workability of concrete. It incorporates polyvinyl alcohol fibers 
covered with a very thin slick coating and very fine silica sand. The test results prove 
that the flexural strength, first cracking load and peaking load are directly proportional 
to the compressive strength, and deflection, fraction energy and toughness index are 
inversely proportional to the compressive strength of polypropylene fiber reinforced 
concrete. 
      Amit Rai, Dr. Y.P.Joshi [6] conducted the experimental studies and application of 
fibers reinforced concrete. The study focuses on the different types of fibers and their 
application. The improvement in concrete properties by polypropylene fibers, 
particularly they analysed that compressive strength which is increased about 16%. 
The flexural strength of polypropylene fibers is improved about 30%. Fiber addition 
improves ductility of concrete. The uniform distribution of the fibers in the concrete, 
their interaction with the cement matrix and the ability of the concrete to be 
successfully cast decides the efficiency of this fiber reinforced concrete. 
      Panda S, Ray N.H.S, [7] established an experiment on design procedure and 
operations of polymer fiber reinforced concrete and compared them with conventional 
concrete in pavements. Polymeric fibers are attaining popularity for properties like 
zero risk of oxidization and cost effectiveness. They analyzed of various forms of 
recycled fibers like plastic wastes, disposed tyres, carpet wastes and wastes from 
textile industry can also use as a fiber reinforcement. PPFRC is a suitable material as 
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it has extra strength in flexural fatigue and impact etc., using in pavements instead of 
concrete pavements which may be weak in tension and against impact loads. The 
polymer fibers increases the compressive strength 12 to 16% and the flexural strength 
also increases 7 to 14% over the normal concrete. 
      Tahir Kemal Erdem [8] carried out experimental work to study the effective size 
of the specimens which experiencing high temperatures up to 800°C. The different 
sizes of cylindrical specimens of standard ECC mixture were produced. Changes in 
residual compressive strength, pore structure andstress–strain curves were determined 
due to high temperatures after air cooling. Experimental results indicate that despite 
the increase of specimen size, no explosive spalling occurred in any of the specimens 
during the high temperature exposure. Increasing the specimen size and exposure 
temperature decreased the compressive strength and stiffness. Percent reduction in 
compressive strength and stiffness due to high temperature was similar for all 
specimen sizes. 
      Yu Zhu et al. [9] carried out experimental study to investigate the mechanical 
properties of ECC produced by high volume mineral admixtures which are fly ash, 
slag and silica fume. The toughness behavior and compressive strength of 12 different 
ECC mixtures are firstly measured by four point bending test and compressive 
strength test, respectively. The results indicate that the compressive strength has an 
inverse relationship with deflection, toughness index and fracture energy, 
respectively; but the compressive strength have an direct proportional relation with 
flexural strength, first cracking load, and peaking load, respectively. For the ternary 
system of binder materials with replacement 70% of cement, the combination of fly 
ash and slag can keep not only the excellent ductility of ECC, but also enough 
stronger matrix strength. Meanwhile, the combination of fly ash and silica fume only 
increase the compressive strength, but weaken the toughness of ECC. 
      Jun Zhang et al. [10] carried out an experimental study on the potential 
applications of the fiber reinforced engineered cementitious composite for the purpose 
of eliminating joints with characteristic of low drying shrinkage (LSECC) in concrete 
pavements. The crucial problem that interfacial failure in composite slab was 
prevented by using reinforcing bars across the interfaces. Due to the strain-hardening 
and high strain capacity of the LSECC, the overall strain capacity and the integrity of 
the composite slab can be significantly improved. The length ratio decides the 
temperature and shrinkage deformations of LSECC strip and concrete slab. 
      Kolli. Ramujee [11] conducted the experimental studies on the strength properties 
of polypropylene fiber reinforced concrete. A combination of high strength, stiffness 
and thermal resistance polypropylene fibers are preferred for the fiber reinforced 
concrete. The compressive strength, splitting tensile strength of concrete samples 
made with different fibers amounts of percentage varies from 0%, 0.5%, 1%, 1.5% 
and 2.0% were studied. The samples with added Polypropylene fibers of 1.5 % 
showed better results in comparison with the other fiber percentage. 
      Mustafa Sahmaran et al. [12] carried out experimental work for 36 different ECC 
mixtures to evaluate the combined effects of the following factors on workability and 
rheological properties: water-binder (w/b), sand-binder (s/b), super plasticizer-binder 
(SP/b) ratios and maximum aggregate size (Dmax). Experimental results indicate that 
w/b, s/b and SP/b parameters affect the properties of rheological and workability. On 
the other hand, for the range of studied aggregate sizes, Dmax is found to be 
statistically insignificant on the same properties of ECC, also in addition to that the 
mid-span beam deflection capacities, which reflect material ductility, of ECC 
mixtures varied noticeably with the change of s/b and Dmax design parameters. Both 
of these two parameters negatively affect the deflection capacity of the ECC mixtures. 
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The other parameters have almost no effect on the mid-span beam deflection 
capacities of ECC mixtures. 
       Yu Zhu et al. [13] carried out an experimental study to develop a kind of green 
ECC with high tensile ductility and strong enough matrix strength, especially at early 
age. The experimental results show that the strain hardening behavior, tensile capacity 
of ECC with mineral admixtures can be more than 2.5% at 90 days. In the intervening 
time, compared to ECC only with fly ash, slag and fly ash can effectively increase 
compressive strength of ECC, especially at early age. Incorporating SL into matrix 
can slightly increase drying shrinkage of ECC. Conversely, among four ECC 
mixtures, ECC with 30% SL and 40% FA presents the lowest drying shrinkage at later 
ages. 
  
3 Experimental Program 
 
3.1 Materials Used And Properties 

 
3.1.1 Cement 
 
      Cement used is ordinary Portland Cement 53 grade. Blast furnace slag may also be 
used in some cements and is termed as Portland slag cement (PSC). The color of 
cement is chiefly due to iron oxide. 
 
3.1.2 Fine Aggregate 

      Aggregates are inert granular materials such as sand, gravel, or crushed stone 
along with water and Portland cement, which are an essential for a good concrete mix. 
Aggregate needs to be clean, hard, strong and free from chemicals or coatings of clay 
that could cause deterioration of concrete. In this investigation, natural sand derived 
from the disintegration of rocks used the fine aggregate, which is passing through 4.75 
mm sieve & specific gravity of 2.65. The grading [12] zone of fine aggregate was 
zone III as per Indian Standard of Specification. 
 
3.1.3 Polypropylene Fiber 

      Polypropylene Fiber has suitable characteristics as reinforced for cementitious 
composite such as high modulus of elasticity (25 to 40 GPa), tensile strength (880 to 
1600 MPa) and bonding strength with concrete matrix.Properties of polypropylene 
fiber are given below in Table 1. 

Table 1 Polypropylene Fiber properties 
  

Description Values 

Tensile Strength (gf/den)  3.5 to 5.5  

Elongation (%)  40 to 100  

Abrasion Resistance  Good  

Moisture Absorption (%)  0 to 0.05  

Softening Point(0ºC)  140  

Melting Point (0ºC)  165  

Chemical Resistance  Generally Resistance  

Relative Density  0.91  

Thermal Conductivity   (with air as 1.0)  
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Figure 2 Polypropylene fiber 

 
3.1.4 Fly Ash 
 
      In this study, the fly ash’s usage as pozzocrete 60 was a good heat reducer without 
strength loss and ultimate strength increase. Properties of fly ash are given below in 
Table 2.  
 
3.1.5 Water 
 
      Potable water, a commonly  used entity  for concrete making, which must be free 
from acids, oils, alkalies, vegetables or other organic impurities. It chemically reacts 
with the cement to form cement paste, and served as lubricant in the mixture of fine 
aggregate and cement. 

Table 2 Fly Ash properties 
 

 Description  Value obtained  Value Permissible as per 
is 3812-1981  

Physical Properties 

Fineness 340  Shall not be less than 320  

Chemical  Composition  
Silica 52.94%  Min 35.0%  

Alumina  20.43%  -  

Calcium Oxide  13.84%  Min 10.0%  

Magnesium Oxide  2.82%  Min 5.0%  

Iron  2.62%  -  

Phosphorous  0.30%  -  

Sulphur  0.65%  Max.2.75%  

Magnesium  1.82  -  

Loss of ignition  1.88%  Max 12.0%  

 
3.2 Mix Proportion 

      The Bendable Concrete’s (BC) mix design is based on the design of 
micromechanics process. Therefore, normal mix design methods such as IS method 
and other methods of mix design for BC are not applicable and trial and error method 
is best for ECC. Hence, the ideal mix proportion given in the previous studies was set 
as the guidelines to determine the proportion of various ingredients in the concrete. 
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The mix proportion for this study was 1:1.17:2.13 and water cement ratio is 0.40 and 
refer the Table 3 [2, 3, 4] for the results. 

 
Table 3 Mix proportions for Bendable Concrete 

 

Mixes Water/Cement 
Ratio 

Cement Sand Fly 
Ash 

PVA 
Fiber 

SMF 

BC 1 0.40 1.0 0.8 1.2 2% 1.2% 

BC 2 0.40 1.0 0.8 1.6 2% 1.2% 

BC 3 0.40 1.0 0.8 2.0 2% 1.2% 

BC 4 0.40 1.0 0.8 2.4 2% 1.2% 

BC 5 0.40 1.0 0.8 2.8 2% 1.2% 

 
      In this study, fiber and Sulphonate Melamine Formaldehyde (SMF) ratio kept as 
constant and to improve flexibility of ECC with replacement of Fly ash of 1.2%, 
1.6%, 2.0%, 2.4% and 2.8% by weight of cement.The specimens were cast into 
150mm cube mould, 150mm dia and 300mm height standard cylinders and size of 
600mm×250mm×50mm beams. The concrete mixes [2] and casts were prepared with 
reference to IS 516:1959 and tested for compressiveness, split solidity and bend 
strength. 
 

4 Results and Discussion 

4.1 Compressiveness Test 

      Compressiveness is a qualitative measure of hardened concrete’s key properties 
like strength, impermeability, durability, shrinkage [13], elasticity, creep, thermal 
properties and fire resistance. Cubes were cast using steel moulds, demoulded after 
24hrs cured by completely immersing in water. The average compressiveness of all 
the three cubes of various mixes for 7 days and 28 days are given in Figure 3. The 
optimum compressiveness of ECC was achieved by adding 1.6% [11] of Fly ash. 
However, the compressiveness was decreased [1] by increase the Fly ash content 
beyond 1.6%. 
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Figure 3  Compressiveness Test 
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4.2 Split solidity Test 

      Split solidity test is directly related to shear, bond strength between aggregate, 
cement paste, and crack resistance. Figure 4 shows the variations of strength at 28 
days of various mix proportion along with conventional concrete. The 28-day splitting 
tensile strength of BC is in the range of 4.43N/mm2 to 5.2 N/mm2. Due to the usage of 
polypropylene fiber, tensile strength increase of the BC can observed while comparing 
the conventional concrete. 
 
4.3 Bend strength Test 

      Bend strength test gives the measure of resistance to deformation of concrete. 
ECC has the better bend strength than conventional concrete. 28-day bend strength of 
various mix proportion along with conventional concrete could be seen in Figure 5. 
The 28-day splitting tensile strength of BC ranges from 4.27N/mm2 to 5.24 N/mm2. It 
could be observed that BC has higher bend strength [6] than conventional concrete 
based on the results shown in figure 5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4 Split solidity 

 
 
 
 
 
 
 
 
 

Figure 5 Bend strength 
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5 Conclusion 

      Following conclusions have been drawn from the experimental results of this 
study: 

1) The mix of Bendable Concrete (FA/Cement = 1.6) is effective [11] to use in 
field for their higher compressiveness, tensile strength and bend strength 
characteristics. 

2) The unreinforced BC mix showed a maximum vertical displacement and 
ductile behavior was justified by achieving high curvature before failure. 

3) The slab have experienced a moderate degree of bending and failure, but the 
fiber did not rupture at the crack location. 

4) The effects of Fly ash, Polypropylene fiber, SMF are helps to improve the 
strength [6] of BC. 

5) The compressiveness of BC is 46N/mm2 for 28 days, which is satisfactory. 
6) The splitting tensile strength of BC is 5.2 N/mm2 at an age of 28 days, which 

is much higher than the conventional concrete, which is 4N/mm2. 
7) The bend strength of BC is 5.24 N/mm2 at an age of 28 days [6], which is 

much greater than 4.1 N/mm2 of the conventional concrete specimen. 
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