
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  
Volume 2, Issue 4, April 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 4, April 2013 Page 198 
 

 
ABSTRACT 

This paper suggests the need for developing a new class of FRCs which has the strain-hardening property but which can be 
processed with conventional equipment. It is demonstrated that such a material, termed engineered cementitious composites or 
ECCs, can be designed based on micromechanical with strain capacity of about 3 to 5% compared to 0.01% of normal concrete 
.The result is a moderately low fiber volume fraction (<2%) composite which shows extensive strain-hardening. 
KEYWORDS: ECC, PVA FIBERS, Engineered cementitious composite, ECC Concrete  
 

1. INTRODUCTION  
Engineered Cementitious Composites (ECC, also known as “ECC Concrete”), developed in the last decade, may 
contribute to safer, more durable, and sustainable concrete infra-structure that is cost-effective and constructed with 
conventional construction equipment. With two percent by volume of short fibers, ECC has been prepared in ready-mix 
plants and transported to construction sites using conventional ready-mix trucks. The mix can be placed with-out the 
need for vibration due to its self-consolidating characteristics. The moderately low fiber content has also made 
shotcreting ECC viable. Furthermore, the most expensive component of the composite, fibers, is minimized resulting in 
ECC that is more acceptable to the highly cost sensitive construction industry.  
ECC is ductile in nature. Under flexure, normal concrete fractures in a brittle manner. In contrast, very high curvature 
can be achieved for ECC at increasingly higher loads, much like a ductile metal plate yielding. Extensive inelastic 
deformation in ECC is achieved via multiple micro-
a human hair). This inelastic deformation, although different from dislocation movement, is analogous to plastic 
yielding in ductile metals such that the material undergoes distributed damage throughout the yield zone. The tensile 
strain capacity of ECC can reach 3-5%, compared to 0.01% for normal concrete. Structural designers have found the 
damage tolerance and inherent tight crack width control of ECC attractive in recent full-scale structural applications. 
The compressive strength of ECC is similar to that of normal to high strength concrete The aim of research work is to 
study ductile behavior of concrete, crack resistance capacity & concrete should give warning before its failure. Normal 
concrete is brittle in nature while ECC is ductile in nature, due to this property; it has wide applications & wide future 
scope in various fields. The Figure1.Shows the  typical behavior   of ECC- Concrete.                                                         
[1] 
 
 
 
 
 
 
 
 
 

Figure 1. Behavior of ECC 
 

2. SCOPE&BACKGROUND  
More flexible than traditional concrete, ECC acts more like metal than glass. Traditional concrete is considered a 
ceramic, brittle and rigid. It can suffer catastrophic failure when strained in an earthquake or by routine overuse [10]. It 
is studded with specially-coated reinforcing fibers that hold it together. ECC remains intact and safe to use at tensile 
strains up to 5%. Traditional concrete fractures and can’t carry a load at 0.01 % tensile strain.. 
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Today, builders reinforce concrete structures with steel bars to keep cracks as small as possible. But they’re not small 
enough to heal, so water and deicing salts can penetrate to the steel, causing corrosion that further weakens the 
structure. Li’s self-healing concrete needs no steel reinforcement to keep crack width tight, so it eliminates corrosion. 

3. OBJECTIVE 
1. To check the ductile behavior of the concrete. 
2. To check the behavior of ECC-bendable concrete under compression, Split Tensile Test & Flexure. 
3. To investigate the effect of sand, super plasticizer & PVA fibers on the behavior of ECC-Bendable concrete. 
 

4. INGREDIENTS OF ECC CONCRETE 
Engineered cementitious composite is composed of cement, sand, fly ash, water, small amount of admixtures and an 
optimal amount of fibers. In the mix coarse aggregates are deliberately not used because property of ECC Concrete is 
formation of micro cracks with large deflection. Coarse aggregates increases crack width which is contradictory to the 
property of ECC Concrete. 
4.1. CEMENT 
Cement used is Ordinary Portland cement. Numerous organic compounds used for adhering, or fastening materials, are 
called cements, but these are classified as adhesives, and the term cement alone means a construction material. Blast-
furnace slag may also be used in some cements and the cement is called Portland slag cement (PSC). The color of the 
cement is due chiefly to iron oxide. In the absence of impurities, the color would be white, but neither the color nor the 
specific gravity is a test of quality.  Ordinary Portland cement (OPC) – 53 grade (Ultratech Cement) was use. 
4.2. SAND [FINEAGGREGATE] 
Fine aggregate / natural sand is an accumulation of grains of mineral matter derived from the disintegration of rocks. It 
is distinguished from gravel only by the size of the grains or particles, but is distinct from clays which contain organic 
materials. Sands that have been sorted out and separated from the organic material by the action of currents of water or 
by winds across arid lands are generally quite uniform in size of grains. Usually commercial sand is obtained from river 
beds or from sand dunes originally formed by the action of winds. The most useful commercially are silica sands, often 
above 98% pure. Beach sands usually have smooth, spherical to ovoid particles from the abrasive action of waves and 
tides and are free of organic matter. The white beach sands are largely silica but may also be of zircon, monazite, 
garnet, and other minerals, and are used for extracting various elements. Sand is used for making mortar and concrete 
and for polishing and sandblasting. Sands containing a little clay are used for making molds in foundries. Clear sands 
are employed for filtering water. Sand is sold by the cubic yard (0.76 m3) or ton (0.91 metric ton) but is always shipped 
by weight. The weight varies from 1,538 to 1,842 kg/m3, depending on the composition and size of grain.  The fine 
aggregate obtained from river bed of Koel, clear from all sorts of organic impurities was used in this experimental 
program. The fine aggregate was passing through 4.75 mm sieve and had a specific gravity of 2.68. The grading zone 
of fine aggregate was zone III as per Indian Standard speci  
4.3. SUPER PLASTICIZER 
Super plasticizer used is Melamine Formaldehyde Sulphonate. This is used to control rheological properties of fresh 
concrete. Super plasticizers are additives to fresh concrete which help in dispersing the cement uniformly in the mix. 
This is achieved by their deflocculating action on cement agglomerates by which water entrapped in the groups of 
cement grains is released and it is available for workability. Typically super plasticizer increase slump from say 5cm to 
about 18-20cm without addition of water. When used to achieve reduction in mixing water they can reduce water up to 
15-20% and hence decrease W/C ratio by same amount. This results in increase in strength and other properties like 
density, water tightness. Where thin sections are to be cast super plasticizer can increase workability to pump able level 
and almost no compaction is required. This help in avoiding honeycombing. The permeability of concrete is a guide to 
its durability. Gross porosity is usually due to continuous passage in the concrete due to poor compaction or cracks 
which can be minimized by the use of super plasticizer, the incorporation of which provides increased workability 
maintaining low w/c ratio. It is reported that coefficient of permeability of cement paste reduces considerably with the 
reduction in w/c ratio. Thus super plasticizer can be used effectively to improve the properties of concrete and avoid 
defect. Melamine based Super plasticizer are used to assess their effectiveness in improving durability. Melamine based 
super plasticizer are reported to be the best and hence chosen for the research work. 
4.4. FLY ASH 
 Fly ash used was pozzocrete dirk 60.And specifications provided by suppliers are given in Table 1.below. In RCC 
construction use of fly ash has been successful in reducing heat generation without loss of strength, increasing ultimate 
strength beyond 180 days, and providing additional fines for compaction. Replacement levels of primary class fly ash 
have ranged from 30-75% by solid volume of cementitious material. In proportioning mixes for minimum paste 
volumes one principal function of a fly ash is to occupy void space which would otherwise be occupied by cement or 
water. To occupy void space with water would obviously result in reduction in concrete strength. The fact is that even a 
small amount of free lime liberated from cement is sufficient to react with large volume of fly ash. The huge amount of 
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fly ash is produce in the thermal power stations .Class F fly ash is utilized so the acquisition cost is reduced. Only 
transportation cost is estimated. 

Table 1 Specifications of fly ash 
 

1 Fineness-specific surface by 
Blaine’s permeability Method 

320 

2 ROS 45 micron sieve (max) 18 
3 Loss on ignition 2.5 
4 Water requirement 95% 
5 Moisture content (max) 0.5 
6 Soundness by autoclave(max) 0.1% 
7 Compressive strength at 28 

days of plain cement 
mortar(min) 

85% 

8 Lime reactivity (min) 5 
 Chemical Analysis  
1 Sio2+Al2O3+Fe2O3 90min 
2 Sio2 50min 
3 Cao 5max 
4 Mgo 4max 
5 SO3 2max 
6 Na2O 1.5max 

4.5. PVA FIBERS 
PVA fiber has suitable characteristics as reinforcing materials for cementitious composites. High modulus of elasticity, 
durability, tensile strength and bonding strength with concrete matrix are some of its desirable properties. PVA fiber 
has high strength and modulus of elasticity (25 to 40GPa) compared to other general organic fiber which widely used 
for cement reinforcing. Fiber elongation is about 6-10%. The tensile strength of fiber is 880-1600MPa.  below. 
One of the remarkable characteristics of PVA fiber is strong bonding with cement matrix. The layer of Ca(OH)2 called 
ITZ(Interfacial transition zone) round PVA fiber is formed as white part, and in case of PP, this layer is not observed. It 
is known that PVA is easy to make complex cluster with metal hydroxide. It is assumed that Ca+ and OH- ions in 
cement slurry are attracted by PVA and makes Ca(OH)2layer. It seems reasonable to think that Ca(OH)2 layer plays 
important role for bonding strength. Figure 2.shows images of surface for coarse PVA fiber after single fiber pull-out 
test. This image implies that surface of PVA fiber is peeled by Ca(OH)2 layer and this phenomena is related to strong 
bonding between PVA fiber and cement matrix.  [3] 
 
 
 
 
 
 
                                    
 

Figure 2. SEM   image for  surface of PVA fiber after Pull-Out Test. [3] 
 

 
 
 
 
 
 
 
                                                                      Figure 3. PVA Fiber 
4.6. WATER 

 Water fit for drinking is generally considered fit for making concrete. Water should be free from acids, oils, alkalis, 
vegetables or other organic Impurities. Soft waters also produce weaker concrete. Water has two functions in a concrete 
mix. Firstly, it reacts chemically with the cement to form a cement paste in which the inert aggregates are held in 
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suspension until the cement paste has hardened. Secondly, it serves as a vehicle or lubricant in the mixture of fine 
aggregates and cement. 

5.  ECC MIX DESIGN 
The mix design for ECC Concrete is basically based on Micromechanics design basis. Micromechanics are a branch of 
mechanics applied at the material constituent level that captures the mechanical interactions among the fiber, mortar 
matrix, and fiber–matrix interface. Typically, fibers are of the order of millimeters in length and tens of microns in 
diameter, and they may have a surface coating on the nanometer scale. Matrix heterogeneities in ECC, including 
defects, sand particles, cement grains, and mineral admixture particles, have size ranges from nano to millimimeter 
scale. However the micromechanics based mix design requires pull test to be carried on the PVA fibers, which is not 
possible in the laboratory. Hence the ideal mix proportion given in the literature of ECC-ECC Concrete was used as the 
guidelines to determine the proportion of various constituents in the concrete. The ideal Mix proportion which was 
taken as reference is given below: 
5.1. PROPORTIONING OF CONCRETE 
The initial mix proportion was 1:0.8004:1.1996, PVA fiber 1% and super plasticizer dose was 1040.47 ml/bag and 
water to cementitious material ratio was 0.274. But by using this proportion workability was not achieved. Hence for 
second trial, the mix proportion was changed to 1 : 0.9 : 1.1 and PVA fiber percentage increased to 1.2% by keeping 
same dose of super plasticizer and increasing water to cementitious material ratio to 0.3048. Third trial mix proportion 
was 1:1:1 and PVA fiber 1.2%, super plasticizer dosage was reduced to 600ml/bag and water to cementitious material 
ratio was 0.33. Forth trial mix proportion was 1:0.9:1.1, PVA fiber percentage 1.2%, super plasticizer dosage 
600ml/bag along with water to cementitious material ratio was 0.3118. To achieve workability various trials were 
taken. In fourth proportion super plasticizer dose was reduced to obtain workability. 
For each trial mix, 3 cubes were casted and cured using the accelerated curing tank & were tested to obtain desired 
strength requirement. After testing cubes for each trial, the trail mix no. 3 was considered as most suitable & hence the 
final mix proportion. However in order to increase the workability of concrete the water to cementitious ratio was 
increased to 0.35. 
5.2. CASTING PROCEDURE OF ECC- CONCRETE 
The performance of the ECC Concrete was influenced by the mixing. This means that a proper & good practice of 
mixing can lead to better performance & quality of the ECC Concrete. The quality of the concrete is also influenced by 
the homogeneity of the mix material Flexural Test on Slab during the mixing & after the placement of fresh concrete. 
A proper mix of concrete is encouraged to the strength of concrete & better bonding of cement with the PVA fibers. 
Once the concrete mix design was finalized, the mixing was carried out. The mixing of ECC Concrete was carried out 
by using hand mixing. The procedure of hand mixing was as follows:- 
Add sand, cement, 50% of fly ash & 50% water &super plasticizer.Add slowly remaining quantity of fly ash, water 
&super plasticizer. Once the homogenous mixture is formed, add the PVA fibers slowly. Mix all the constituents till the 
fibers are homogenously mixed in the matrix. 
5.3. PLACING, COMPACTION & CASTING OF CONCRETE SPECIMENS. 
Before placing of concrete, the concrete mould must be oiled for the ease of concrete specimens stripping. The oil used 
is a mixture of diesel & kerosene. Special care was taken during the oiling of the moulds, so that there are no concrete 
stains left on the moulds. Once the workability test of ECC Concrete was done, the fresh concrete must be placed into 
the concrete moulds for hardened properties tests. During the placing of fresh concrete into the moulds, tamping was 
done using Tamping rod in order to reduce the honeycombing. After placing the concrete into the moulds, vibrations 
were done using a table vibrator. The vibration of concrete allows full compaction of the fresh concrete to release any 
entrained air voids contained in the concrete. If the concrete were not compacted to a proper manner, the maximum 
strength of the concrete cannot be achieved.  After vibration operation, the leveling of concrete was done on the surface 
of the concrete. Leveling is the initial operation carried out after the concrete has been placed & compacted. After the 
leveling of the fresh concrete was done, the concrete in the mould was left overnight to allow the fresh concrete to set. 
5.4. CURING OF CONCRETE SPECIMEN. 
After leaving the fresh concrete in the moulds to set overnight, the concrete specimens in the moulds were stripping. 
The identification of concrete specimens was done. After 24 hours, all the concrete specimens were placed into the 
curing tank with a controlled temperature of 25 0C in further for 28 days for the hardened properties test of concrete. 
Some of the cubes were cured in the Accelerated Curing Tank due to time limit. Curing is an important process to 
prevent the concrete specimens from losing of moisture while it is gaining its required strength. Lack of curing will 
lead to improper gain in the strength. After 28 days of curing, the concrete specimens were removed from the curing 
tank to conduct hardened properties test of ECC Concrete. 

6. TESTING OF CONCRETE 
This deals with Tests and testing procedure for fresh & hardened concrete specimen. Investigations are carried out by 
testing cubes, beams, slabs and cylinders for 7, 21, 28 days. Cubes and cylinders were tested on Compression Testing 
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Machine (CTM) and beams and slabs were tested on Universal Testing Machine (UTM). 
6.1. WORKABILITY TEST OF FRESH CONCRETE 
Sabaa & Ravindrarajah (1999) had mentioned that workability is a very important property of concrete which will 
affect the rate of placement & the degree of compaction of concrete. Cement Association of Canada (2003) stated that 
the workability is the ease of placing, combining & finishing freshly concrete mixed & the degree to which it resists 
segregation. 
6.2. SLUMP TEST. 
Slump test is used to determine the workability of fresh concrete. The test is simple and cheap. It is suitable to use in 
the laboratory and also at site. Although   the test is simple, but the testing has to be done carefully. Due to a huge 
slump may obtain if there is any disturbance in the process. Logic sphere mentioned that the slump test will give a 
reasonable indication of how easily a mix can be places although it does not directly measure the work needed to 
compact the concrete. It also mentioned that a slump less than 25mm will indicate a very stiff concrete and a slump that 
more than 125mm will indicates a very runny concrete. The apparatus & equipment used for the slump test & the 
procedure of the test according to IS 7320-1974. 

7. TESTING ON HARDENED CONCRETE SPECIMENS 
Concrete is combination of Portland cement, water and aggregate that consists of rocks and sand. Normally, concrete is 
strong in compression but weak in tension. There are many ways that we can used to indicate the strength of concrete.
 The testing for the strength if concrete is very important in the civil works. This chapter consists of two types of 
hardened concrete testing. They are compression test and split tensile test. All the procedure used was according to the 
Indian Standard Code.  
7.1. CRUSHING TEST- [TEST ON CUBES] 
According to cement association of India (2003), compressive strength of concrete can be defined as the measured 
maximum resistance of concrete to axial loading. Compression test is the most common test used to test the hardened 
concrete specimens because the testing is easy to make. The specimens used in compression test were the cube of 
150×150×150 mm.  
Apparatus and test Procedure of compression test the apparatus and equipment’s used in compression test were 
according to IS: 509-1959 and is shown in figure testing machine: Aimin compression testing machine. The test 
procedure was according to IS: 509 -1959. The procedure is as below: The testing for the specimens should be carried 
out as soon as possible after taking out from the curing rank i.e. Saturated Surface Dry condition (SSD).The specimen 
need to get measurement before testing.       The length and height of specimen is measured and recorded. Clean the 
uncapped surface of the specimen and place specimen in the testing machine .The axis of specimen is aligned with the 
centre of thrust of the seated plate. Plate is lowered until the uniform bearing is obtained. The force is applied and 
increased continuously at a rate equivalent to 20 MPa compressive stresses per minute until the specimen failed. Record 
the maximum force from the testing machine.    

 
 
 
 
 
 
                                                  

Figure 4. Compression Test 
 

7.2FLEXURE TEST- [TEST ON BEAMS] 
Concrete is quite strong in compression and weak in tension. Hence in most of the design of concrete structures its 
tensile strength is ignored. However at certain situations like water retaining and pre stressed concrete structures the 
tensile strength of concrete is essential requirement. A direct application of pure tensile stress is difficult. An indirect 
way is adopted by measuring the flexure strength of beam.  
Three specimens shall be tested each at the end of three and seven days. The dimension of each specimen should be 
noted before the testing.. The specimen shall then be placed in a machine in such a manner that the load shall be 
applied to the uppermost surface as cast in the mould. The specimen shall be supported on 38 mm diameter roller with 
600 mm span for 150 mm size specimen and 400 mm span for 100 mm size specimen.7. The load shall be applied 
through two similar rollers mounted at the third points of the supporting span that is spaced at 200 mm or 133 mm c/c. 
The spacing of the two load application points at top of specimen is 200 mm for a specimen size of 150 mm x150 mm x 
700 mm and or 130 mm for 100 mm x 100 mm x 500 mm. The loading arrangement employed for the test. The axis of 
the specimen shall be carefully aligned with the axis of loading device.8. The load is applied without shock at a rate of 
4 KN/minute for 150 mm specimen and 1.8 KN/minute for 100 mm specimen. The load shall be increased until the 
specimen fails and the maximum load applied to the specimen during the test shall be recorded.9. If the line of rupture 
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occurs in the middle third, the modulus of rupture is given by equation. 

 
In case line of rupture lies outside the middle third at a distance ‘a’ from the support up then modulus of rupture is 
given by 

 

 
The Graph1Show the behavior of ECC Concrete in flexure. The graph is flexural strength vs. age. 

 
 
 
 
 
 
 
 
                                                                
 

Graph 1.  Flexural Strength vs. Age 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.  Flexural test on Beam 
 
7.3. SPLIT TENSILE TEST [TEST ON CYLINDERS] 
Normally concrete is very strong in compression but weak in tension. Indirect tensile test is used to indicate the brittle 
nature of specimens. Apparatus and Test Procedure of Indirect Tensile Test The following apparatus and equipments 
used in the indirect tensile test are according to IS : 5861-1970. 
Testing machine Testing Supplementary Bearing barer Plate Bearing strips Ruler Verniercaliper Test Procedure 
According to the IS: 5861- 1970..Measure the diameter and length of the specimen. Record the measurements. Place 
the specimen on testing. Bearing strips are aligned on the top and bottom of the specimen and place the bearing plate 
outside the bearing strips. Apply a small initial force and the side constrain is removed.Apply the force without shock 
and increase continuously at a constant rate of 15 MPa. 
The no. of cylinders casted for conventional as well as ECC Concrete is 9.The 6 cylinders were tested for Split tensile 
test and 3 cylinders were tested for Young’s Modulus of concrete. 

 
 
 
 
 
 
 
 
                                                                      
 
 

Figure  6. Split Tensile Test 
Young’s Modulus of Concrete. 
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Concrete is not elastic material. The stress strain behavior of concrete is straight line up to 10-15% if it’s ultimate 
strength. As stress strain behavior of concrete is not straight line, its evaluation should be satisfactory for use in design. 
The term modulus of elasticity means the secant modulus. 
Concrete cylinders are prepared and cured in the similar manner as concrete cubes. Immediately on removing the 
cylinder from the water and while it is still in a wet condition, the extensometer shall be attached at the end, or on 
opposite sides of the specimen and parallel to its axis, in such a way, that the gauge points are symmetrical about the 
center of the specimen and in no case are nearer to either end of the specimen than a distance equal to half the diameter 
of the specimen. The specimen shall be immediately placed in the testing machine (CTM and UTM) and accurately 
centered. The load shall be applied continuously and without shock at a rate of 14 N/sq. mm/min until an average stress 
of (C+0.5) N/ mm2 is reached, where C is one third of the average compressive strength of the cubes calculated to the 
nearest 0.5 N/mm2.The load shall be maintained at this stress for at least one minute and shall then be reduced 
gradually to an average stress of 0.15 N/mm2 when extensometer readings shall be taken. The load shall be applied a 
second time at the same rate until an average stress of (C+0.15)N/mm2  is reached. The load shall be maintained at this 
figure while extensometer readings are taken.The load shall again be reduced gradually and readings again taken at 
0.15N/mm2. The load shall again be reduced gradually and readings taken at ten, approximately equal increments of 
stress up to average stress of (C+0.15) N/mm2. The readings shall be taken at each stage of loading with as little delay 
as possible. If the overall strains observed on the second and third readings differ by more than 5%.The loading cycle 
shall be repeated until the difference in strains between consecutive readings at (C+0.15) N/mm2 does not exceeds 5 
percent. 
The Graph2.shows the young’s modulus of ECC Concrete. The graph is Stress vs. Strain.  
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Graph 2. Young’s Modulus of ECC-Bendable. 

 
ACHIEVEMENT OF OBJECTIVES 
The research work achievements are as follows: 

1. The ductile behavior was justified by achieving high curvature before failure. 
2. The behavior of ECC- Concrete under compression, Split Tensile Test & Flexure observed. 
3. The effect of sand, super plasticizer& PVA fibers on the behavior of ECC-ECC Concrete is recorded. 
4. All the test results were recorded appropriately & analyzed in detail.  

 
8. CONCLUSION 

This research work suggests the need for developing a new class of FRCs which has the strain-hardening property but 
which can be processed with conventional equipment. It is demonstrated that such a material, termed engineered 
cementitious composites or ECCs, can be designed based on micromechanical principles. The result is a moderately 
low fiber volume fraction (<2%) composite which shows extensive strain-hardening, with strain capacity of about 3 to 
5% compared to 0.01% of normal concrete. 
According to test results, the beam is withstanding high load and a large deformation without succumbing to the brittle 
fracture typical of normal concrete, even without the use of steel reinforcement. The significant properties of ECC- 
Concrete are ductility, durability, compressive strength, and self-consolidation.  
The cost of ECC is currently about three times that of normal concrete per cubic yard. However initial construction cost 
saving can be achieved through smaller structural member size, reduced or eliminated reinforcement elimination of 
other structural protective systems, and/or faster construction offered by the unique fresh and hardened properties of 
ECC.  When long term cost and environmental impacts are accounted for, as suggested by the life cycle cost/impact 
analyses for the ECC bridge deck highlighted above, the advantages offered by ECC over conventional concrete become 
even more compelling. 
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9. SCOPE FOR FUTURE WORK 
Further testing and studies on ECC Concrete are recommended to indicate the further properties of ECC Concrete for 
its applications. Below are some of the recommendations for further studies.  

 Although by decreasing water/cementitious material ratio, ECC Concrete can achieve high strength concrete. 
But the workability will be very low. Therefore it is recommended that the casting should be done with the 
help of pan mixer so that workability can be improved. 

 More investigations and laboratory work to be done to find out Poisson’s ratio. It is recommended that testing 
can be done on cylinders of concrete. 

 More investigations and studies required to find out shear resistance of concrete so that the application of 
concrete in earthquake resistant structures can be tested. 

 More laboratory work to be done to find out the corrosion resistance capacity of concrete. Therefore it is 
recommended that the testing can be done by casting ECC Concrete beams with steel reinforcing bars. 
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