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Abstract: Concrete structures may be subjected to dynamic loading during their service life. 

Understanding the dynamic properties of concrete structures is becoming critical because of 

the increased concern about the dynamic loading of both civilian and military structures.  

Fiber reinforced concrete (FRC) is known to exhibit superior performance in its post-peak 

energy absorption capacity, (i.e., toughness) under flexural and tensile loading. However, the 

behavior of fiber reinforced concrete under compressive impact has not previously been 

investigated. In the present research, the response of fiber reinforced concrete was 

investigated over the full strain rate regime, from static loading to high strain rate loading, 

and finally to impact loading. In the present study the role of using polymer cement concrete 

is used to increase the flexural strength and compressive strength of concrete. It acts as a 

bridge over the crack and there by arresting those cracks from widening. It increases the 

strength without increasing the density of concrete. 
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1. INTRODUCTION

Polymer cement concrete (PCC) is a composite material in which the binder consists of a

synthetic organic polymer. It is also called as synthetic resin concrete, plastic resin concrete

or simply resin concrete. Because the use of a polymer instead of Portland cement represents

a substantial increase in cost, polymers should be used in applications in which the higher

cost can justified by superior properties, low labor cost or low energy requirements during

processing and handling.  It is therefore important that architects and engineers have some

knowledge of the capabilities and limitations of PC materials in order to select the most

appropriate and economic product for a specific application [1]. A previous digest dealt with

polymer modified concrete composites such as polymer impregnated concrete and polymer

and applications of the most popular PC materials.  Concrete is the widely used man made

construction materials in the world. It is inherently weak in tension and comparatively

processes little resistance and limited ductility to cracking. These cracks propagate on

application of load, which lead to the brittle fracture of the concrete.

The following techniques are adopted to improve the strength of concrete[1][2]. 

i. Introduction of steel reinforcement.

ii. Introduction pre-compression by the pre-stressing techniques.

iii. The addition both long and short fiber.
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iv. Introduction of several layers of wire mesh.

v. Addition of chemical and resins.

To improve the tensile strength of conventional flexural steel and pre-stressing have been 

used. However these methods do not increase tensile strength of concrete.  It has been 

recognized that the addition of small fibers to the concrete matrix improves its basic 

properties. The fiber in hits cracks, formation thus acting as cracks arresters. 

1.1 Fresh Concrete 

One of the important composite properties of the fresh concrete is its workability.  We can 

define the workability as the property of freshly mixed concrete or mortar which determines 

the ease and homogeneity with which it can be mixed and placed.  Compacted and sections 

with minimum reinforcement may not be equally workable for pointing into heavy reinforced 

thin sections.  A concrete may not be workable compacted by hand but may be satisfactory 

when vibration is used.  Sometimes the terms consistency and plasticity are used to denote 

the workability of a concrete mix.  The consistency of the mix really means the wetness of 

the mix and a wetter mix need not have all the above desired properties [2][3].  On the other 

hand, an extremely wet mix cause segregation and may be difficult to place I moulds.   

Plasticity is cohesiveness of mix to hold the individual grains together by the cement matrix.  

The workability is usually assessed by slump test in the laboratory. 

1.2 Hardened Concrete 

The principle properties of concrete which are of practical importance are those concerning 

its strength, stress-strain characteristics, shrinkage and creep deformations, response to 

temperature variations, permeability and durability.   Among all these properties the strength 

of the concrete assumes a greater significance because of the quality of concrete [4][5]. 

Abrams water cement law in this connection is more correct to relate the strength of concrete 

to the solid products and the power gel/ space ratio versus strength is more relevant in this 

studies. The vacuums present in the concrete have been found to influence greatly the 

strength of the concrete. The strength of concrete is usually assessed by compressive strength 

test, tensile strength test and flexural strength test in the laboratory [6]. 

1.3 Necessity 

Plain cement concrete with compressive strength higher than 50MPa is being used in the 

construction of buildings, and other reinforced and pre-stressed concrete structures.  One 

major drawback on plain cement concrete is that it is brittle.  The failure will be sudden and 

disastrous, particularly in structure, which subjected to earthquake blast or suddenly applied 

loads. An ideal solution to overcome the serious disadvantage of plain cement concrete is to 

convert it into a ductile material and avoid sudden failure [7][8]. 
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2. LITERATURE REVIEW

In [9] Victor Y.Garas and C. Vipulanandan have studied the Polymer Concrete (PC) 

composites posses a unique combination of properties that depend upon the formulation. This 

study reviewed the variations in polyester polymer concrete mixture components that affected 

the properties. The effect of resin content, aggregates, fibers and coupling agents were 

critically reviewed. It was found that the optimum polymer content varied from 12% to 14% 

(w/w). Using fibers and coupling agents showed further enhancement of the mechanical 

properties of PC. Also, a new database was designed to document different properties of PC. 

In [10] Grosskurth, K. P. has presented the research on Morphology and long term 

behavior of polymer cement concrete. Polymer-modified cement concrete represents a 

heterogeneous material whose properties are influenced more by the properties of the 

polymers than by the properties of the cement component. Typical of polymeric materials are 

their temperature dependent behavior. This temperature dependence can be related to the 

glass transition temperature of the polymer. In cases where the temperature is higher than the 

glass transition temperature, strength decreases while deformability simultaneously increases. 

Polymeric films are formed in the dispersed polymer systems as a result of reactions 

occurring at the glass transition temperature. A styrene/acrylic modified concrete was studied 

at different polymer loadings. The tensile and compressive strengths of this system were 

studied as a function of temperature. Increasing deformability temperatures principally at 

higher polymer loadings near the glass transition temperature and decreasing strength 

occurred. 

In [11] Rashid et al. have studied the Polymer cement mortar (PCM).  PCM is a widely 

used cementations repairing material due to its considerable adhesive property with concrete. 

However, the polymers are sensitive to elevated temperatures. The behaviors of polymers and 

PCM at elevated temperatures (e.g., 60 °C) for short, moderate duration and cyclic conditions 

remain unknown and need to be explored. This work was aimed at studying the mechanical 

performance of PCM and PCM-concrete composites under the aforementioned exposure 

conditions. The bond strength in tension was evaluated by interfacial split tensile and flexural 

strength tests. A reduction in the mechanical strength of PCM was observed when exposed 

and tested at 60 °C, and the strength recovery was also observed after cooling the specimen. 

The cyclic temperature condition has the most detrimental influence on the mechanical 

behavior of PCM and PCM-concrete interface compared to other exposure conditions. To 

reveal the damage mechanism, the polymers were extracted from the PCM, and the glass 

transition (Tg) and melting point temperatures were obtained by differential scanning 

calorimetry (DSC) analysis. Corresponding to the mechanical reduction of the PCM and 

interface, the reduction in the Tg value was also observed after elevated temperature and 

cyclic temperature exposure except the case exposed to moist condition. The maximum 

strength recovery was observed when the testing temperature was less than Tg. Besides, the 

molecular weight of the extracted polymers was analyzed by gel permeation 

chromatography (GPC). The ratio of the area regarding the amount of oligomers to the area 

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 22, Issue 9, September - 2020 Page - 116

https://www.sciencedirect.com/topics/materials-science/mortar
https://www.sciencedirect.com/topics/materials-science/adhesive-property
https://www.sciencedirect.com/topics/engineering/elevated-temperature
https://www.sciencedirect.com/topics/engineering/mechanical-performance
https://www.sciencedirect.com/topics/engineering/mechanical-performance
https://www.sciencedirect.com/topics/engineering/exposure-condition
https://www.sciencedirect.com/topics/engineering/exposure-condition
https://www.sciencedirect.com/topics/engineering/bond-strength
https://www.sciencedirect.com/topics/engineering/tensiles
https://www.sciencedirect.com/topics/materials-science/bending-strength
https://www.sciencedirect.com/topics/materials-science/bending-strength
https://www.sciencedirect.com/topics/engineering/reduction
https://www.sciencedirect.com/topics/engineering/recovery
https://www.sciencedirect.com/topics/engineering/temperature-condition
https://www.sciencedirect.com/topics/engineering/damage-mechanism
https://www.sciencedirect.com/topics/materials-science/glass-transition
https://www.sciencedirect.com/topics/materials-science/glass-transition
https://www.sciencedirect.com/topics/engineering/melting-point
https://www.sciencedirect.com/topics/materials-science/differential-scanning-calorimetry
https://www.sciencedirect.com/topics/materials-science/differential-scanning-calorimetry
https://www.sciencedirect.com/topics/engineering/temperature
https://www.sciencedirect.com/topics/engineering/testing-temperature
https://www.sciencedirect.com/topics/materials-science/gel-permeation-chromatography
https://www.sciencedirect.com/topics/materials-science/gel-permeation-chromatography


regarding the molecular weight of the GPC curve increased with the temperature duration, 

which was consistent with the tensile strength reduction of PCM. 

In [12] Baričević et al., present an experimental study of recycled tire polymer 

fibers (RTPF) used as a replacement for polypropylene fibers, evaluating the contribution of 

the cleaning procedure and defines the benefits for RTPF application in concrete. The 

density, air content, workability, heat of hydration, early age deformations, development 

of compressive strength, modulus of elasticity and freeze-thaw resistance of hardened 

concrete were tested. It was found that both, mixed and cleaned RTPF can be used 

in concrete production independently of its rubber contamination level. Up to 10 kg/m
3
 of

mixed RTPF and up to 2 kg/m
3
 of cleaned RTPF did not negatively influence the mechanical

properties of concrete. It was concluded that RTPF enhanced concrete behavior during the 

early age and when exposed to the aggressive environments. 

3. METHODOLOGY

In this study we have used M20 grade ordinary Portland Pozzolana Cement 53 epoxy and 

polyester resin.  Additions of epoxy by 0.1% to 0.5% the volume of cement content were 

added.  Similarly polyester resin also added as an admixture.  For all the mix proportions, the 

following specimens were casted. 

1. Cube [150x150x150mm]

2. Cylinder [150mm dia and 300mm height]

After 28 days, the compressive strength of concrete, and split tensile strength tests were 

conducted. 

3.1 Experimental Program for Control Concrete 

The experimental program for control concrete is shown in figure 1. 

Figure 1. Experimental program for control concrete 

Concrete Mix 

Control Mix 

Slump Test 

Fresh Concrete Hardened Concrete 

Compressive 

Strength 
Split Tensile 

Strength 
Flexural 

Strength 
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The Experimental Program for the Epoxy And Polyester Resin  is given in figure 2. 

 

Figure 2. Experimental Program for the Epoxy And Polyester Resin 

We have adapted the American Concrete Institute (ACI) Method for the design mix for 

M20 grade of concrete.  In this method we have to consider several parameters which are 

given in the following tables.  Table I gives the dry bulk of coarse aggregate unit volume of 

concrete as by ACI 211.1-91;  Table II gives the relation between water/cement ratio and 

average compressive strength of concrete, according to ACI 211.1-91; Table III shows us the 

requirements of ACI 318-89 for w/c ratio and strength for special exposure conditions; Table 

IV requirements of ACI 318-89 for w/c ratio and strength for special exposure conditions and 

from Table V we get the first estimate of density (unit weight) of fresh concrete as given by 

ACI 211.1-91 

Table I Dry bulk of coarse aggregate unit volume of concrete as by ACI 211.1-91 

Maximum size 

of aggregates 

Bulk volume of dry rotted coarse aggregate unit 

volume of concrete for fineness modulus sand 

F.M 2.40 2.60 2.80 3.00 

10 0.50 0.48 0.46 0.44 

12.5 0.59 0.57 0.55 0.53 

20 0.66 0.64 0.62 0.60 

25 0.71 0.69 0.67 0.65 

40 0.75 0.73 0.71 0.69 

50 0.78 0.76 0.74 0.72 

70 0.82 0.80 0.78 0.76 

150 0.87 0.85 0.83 0.81 

Concrete Mix 

Adjusted Mix 
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0.1 

% 
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Table II Relation between water/cement ratio and average compressive strength 

of concrete, according to aci211.1-91 

Average compressive 

strength at 28 days MPa 

Effective water/cement ratio (by mass) 

Non-air entrained concrete Air-entrained concrete 

45 0.38 - 

40 0.43 - 

35 0.48 0.40 

30 0.55 0.46 

25 0.62 0.53 

20 0.70 0.61 

15 0.80 0.71 

Table III Requirements of ACI 318-89 for w/c ratio and strength for 

special exposure conditions 

SI.NO Exposure condition 

Maximum water cement 

ratio, normal density 

aggregate concrete 

Minimum design 

strength, low density 

aggregate concrete MPa 

1 

Concrete intended to be watertight 

a. exposed to fresh water

b. exposed to brackish or sea

water

0.5 

0.45 

25 

30 

2 

Concrete exposed to freezing and 

thawing in a moist condition 

a. kerbs, gutters, guard rails or

thin sections

b. other elements

c. in presence of de-icing

chemicals

0.45 

0.50 

0.45 

30 

25 

30 

3 

For corrosion protection of 

reinforced concrete exposed to de-

icing salts, brackish water, sea 

water or spray from these sources. 
0.40 33 

Table IV Requirements of ACI 318-89 for w/c ratio and strength for special 

exposure conditions 

Workability Or 

Air content 

Water content, Kg/m of concrete for indicated maximum 

Aggregate size in mm 

10 12.5 20 25 40 50 70 150 

Non – air entrained concrete 

Slump 

30 – 50mm 205 200 185 180 160 155 145 125 

80 –100mm 225 215 200 195 175 170 160 140 

150-180mm 240 230 210 205 185 180 170 - 
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Approximate 

entrapped air 

content percent 
3 2.5 2 1.5 1 0.5 0.3 0.2 

Air entrained concrete 

Slump 

30 – 50mm 180 175 165 160 145 140 135 12 

80 –100mm 200 190 180 175 160 155 150 0 

150-180mm 215 205 190 185 170 165 160 13 

Recommended 

average total air 

content percent 
4.5 5.5 3.5 3.0 2.5 2.0 1.5 - 

mild exposure 6.0 7.0 5.0 4.5 4.5 4.0 3.5 - 

Table V First estimate of density (unit weight) of fresh concrete 

as given by ACI 211.1-91 

Maximum size of 

aggregate[mm] 

First estimate of density (unit weight) of 

fresh concrete [kg/m] 

Non – air entrained Air entrained 

10 2285 2190 

12.5 2315 2235 

20 2355 2280 

25 2375 2315 

40 2420 2355 

50 2445 2375 

70 2465 2400 

150 2505 2435 

4. EXPERIMENTAL RESULTS

   Figure 3 Casting and cubes and cylinders           Figure 4 Compressive Strength 
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     Figure 5 Split Tensile Strength Figure 6 Compressive Test for Polymer 

Resin Concrete 

Figure 9 Split Tensile Test for Epoxy Resin Concrete 

Figure 7. Split Tensile test for Polymer 

Resin Concrete 

Figure 8 Compressive Test for Epoxy 

Resin Concrete 
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4.1 Test result for M20 grade concrete (control concrete) 

Mix 

Identification

Compressive 

strength n/mm
2

Split tensile strength n/mm
2
 

M20 Grade Concrete 26.09 1.96 

EPOXY CONCRETE 

Mix Identification Compressive Strength 

N/Mm
2

Split Tensile Strength 

N/Mm
2
 

0.1% 55.20 8.12 

0.2% 52.70 7.54 

0.3% 48.20 7.35 

0.4% 45.20 7.00 

0.5% 41.75 6.82 

POLYESTER RESIN CONCRETE 

Mix Identification Compressive Strength 

N/Mm
2

Split Tensile Strength 

N/Mm
2
 

0.1% 36.25 5.32 

0.2% 33.05 5.12 

0.3% 31.99 4.55 

0.4% 29.32 4.11 

0.5% 27.82 3.83 

5. CONCLUSION

Based on the results and observation of the experimental investigations Presented in this 

research reading the polymer cement concrete The maximum compressive strength of 

concrete using was increased.  At the end of 28 days it was found that epoxy concrete 

increases double the times of the normal concrete.  At the end of 28 days it was found that 

split tensile strength increases double the times of the normal concrete. Advantages of using 

Portland pozzolana cement are as follow 

1. good durability

2. compressive strength

3. split tensile strength

4. flexural strength
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