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Abstract— concrete made from glass fiber and recycled 

coarse aggregate as partial replacement of coarse aggregate 

will be studied for workability, compressive strength, tensile 

strength, and modulus of elasticity. I will use recycled 

coarse aggregate as partial replacement of coarse aggregate 

by different percentage for making concrete of different 

grade from lower to higher like M-20. The percentage 

replacement will be 0%, 10%, 20%, 30%, 40%, 50% and 

60% with natural coarse aggregate. I will prepare cubes, 

cylinders, beams and finally slump test, compressive 

strength test, splitting tensile strength test and flexural 

strength test will be conducted to obtain the necessary 

results. A large no. of trial mixes are required to select the 

desired optimum replacement of coarse aggregate by 

recycled coarse aggregate. 

Key words: modulus of elasticity, compressive strength, 

tensile strength 

I. INTRODUCTION 

It is a strong plastic, textile, or other material containing 

embedded glass filaments for reinforcement. It is chemical 

inorganic fiber, obtained from molten glass of a specific 

composition ,This glass is compound of sand, limestone, 

kaolin, calcium fluoride, boric acid and clay. It is made of 

natural materials, so that its products are ecologically pure 

and not harmful to human health.  

Glass fiber is a recent introduction in making fiber 

concrete.  Glass fiber reinforced concrete (GFRC) consists 

of high strength glass fiber embedded in cementitious 

matrix. In  this  form,  both  fibers  and  matrix  retain  their  

physical  and  chemical  identities,  a combination of 

properties  that  cannot be achieved with either of  the 

components actingalone.  In general,  fibers are  the 

principal  load-carrying members, while  the surrounding 

matrix  keeps  them  in  the  desired  locations  and  

orientation,  acting  as  a  load  transfer medium between 

them, and protects them from environmental damage. In 

fact, the fibers provide  reinforcement  for  the  matrix  and  

other  useful  functions  in  fiber-reinforced composite 

materials. Glass fibers can be incorporated into a matrix 

either in continuous lengths or in discontinuous (chopped) 

lengths. The design of GFRC panels proceeds from a 

knowledge of  its basic properties under tensile, 

compressive, bending and shear forces, coupled  with  

estimates  of  behavior  under  secondary  loading  effects  

such  as  creep, thermal  and  moisture  movement. 

A. Historical Development: 

The original patent of fiber glass was approved in 1946, the 

many uses of this material have increased substantially 

attesting to its versatility under exteme environment 

condition. Underground chemical storage tanks made of 

fiber glass must last over 50 years. Since 1959, Accurate 

Dorwin Co. a leader in the fenestration industry has been in 

the business making the quality and highest energy rated 

windows and door since 1952 from Canada. Since 1983, 

Dorwin industries of winnipeng introduced the first fiber 

glass window to the wand. In Kuwait, the environment 

impact of the production of coarse aggregate led the local 

authorities in 1997 to ban this production from local quarries 

and the supplies to import coarse aggregate at higher cost 

from nearby countries such as the USA. 

B. Need of the Study: 

 It has investigated that glass fiber are found to 

increase the 28 days compressive strength up to 

nearly 40%. 

 Hence, it can be considered that the loss in initial 

28 days strength when recycled aggregate is 

replaced for coarse aggregate can be recovered by 

adding glass fiber. 

 It is required to investigate the strength aspects of 

recycled aggregate based concrete with addition on 

different percentages of glass fiber. 

 Use of locally available cementitious materials as 

adding extra material is glass fiber, reduces the 

demand of cement. 

 Replacement of coarse aggregate with recycled 

aggregate reduces the demand of natural coarse 

aggregate and minimizes the problem of damping 

of demolish concrete. 

C. Objectives and Scope of the Study: 

The main objectives of the study is to investigate the 

performance of woven rowing glass fibers based concrete 

with a difference percentages proportion of recycled coarse 

aggregate. To investigate the hardened concrete made with 

partial replacement coarse aggregate with recycled coarse 

aggregate and glass fiber. To investigate the hardened 

properties(compressive strength and tensile strength) of 

concrete for M20 grade of concrete mix. Scope of the study 

is limited to M20 grade of concrete only. At the same time 

the it should be noted that only woven type glass fibers have 

been selected for study.  

D. Types of Glass Fiber: 

 E glass (Polyethylene glass fiber) 

 P glass (Polypropylene glass fiber) 

 glass (Woven roving glass fiber) 

 AR glass (Alkali Resistance glass fiber) 
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Fig. 1: Type of glass fiber 

E. Advantages of Glass Fiber: 

 Low weight                                  

 Low thermal expansion 

 Mechanical strength                     

 Weatherproof 

 High impact strength                 

 Electrically insulating 

 Resiliance                                    

 Thermally insulating                                       

 Formability                                  

 Fire resisting 

 Chemical resistance                       

 Low maintenance 

 Corrosion resistance  

F. Application of Glass Fiber: 

1)   Overlays: 

Roads, Airfields, Runways, Container, Movement and 

Storage Yards, Industrial Floors      and Bridges. 

2)    Pre-Cast Concrete Products: 

Manhole covers and Frames, Pipes, Break-Water Units, 

Building Floor and Walling Components, Vaults  etc.              

3)    Hydraulic and Marine Structures:  

Dams, Spillways, Aprons, Boats and Barges, Sea Protection 

Works.  

4)   Defense and Military Structures: 

Aircrafts Hangers, Missile and Weaponry Storage 

Structures, Blast Resistant Structure 

5)    Shotcreting Applications: 

Linings, Domes, Mine Linings, Rock-Slope Stabilization 

6) Special Structures: 

Machine Foundations, Currency Vaults and Strong Rooms 

G. Uses of Glass Fiber: 

 Uses of regular glass fiber include mats and fabrics 

for thermal insulation, electrical insulation, sound 

insulation, high strength fabrics or heat and 

corrosion resistant fabrics. 

 Glass fiber is extensively used for making FRP 

tanks and vessels. 

 Open weave glass fiber gribs are used to reinforce 

asphant pavement. 

 Use of glass fiber reinforced polymer rebar instead 

of steel rebar shows promise in areas where 

avoidance of steel corrosion is desired. 

 Used of automobile bodies, hockey stricks, boat 

hulls, paper honeycomb pole vault poles. 

H. Limitations of Glass Fiber: 

 The process of adding fiber in to concrete is labour 

intensive and dangerous. 

 Cost of FRC concrete is more than CVC. 

 If fiber content more than 2% the workability 

decrease. 

I. Properties: 

1)   Compressive Strength: 

The presence of fibers may alter the failure mode of 

cylinders, but the fiber effect will be     minor on the 

improvement of compressive strength values (0 to 15 

percent).  

2)   Modulus of Elasticity:  

Modulus of elasticity of FRC increases slightly with an 

increase in the fibers content. It        was found that for each 

1 percent increase in fiber content by volume there is an 

increase of 3 percent in the modulus of elasticity. 

3)   Flexure: 

The flexural strength was reported to be increased by 2.5 

times using 4 percent fibers. 

4)   Toughness: 

For FRC, toughness is about 10 to 40 times that of plain 

concrete. 

5)  Splitting Tensile Strength: 

The presence of 3 percent fiber by volume was reported to 

increase the splitting tensile strength of mortar about 2.5 

times that of the unreinforced one. 

6) Impact Resistance: 

The impact strength for fibrous concrete is generally 5 to 10 

times that of plain concrete depending on the volume of 

fiber used. 

II. LITERATURE REVIEW 

A. Research Papers: 

1) Yogesh Iyer Murthy et al, (2012). carried out 

study on the compressive strength, flexural  

strength  and  workability  of  concrete  containing  

varying  proportions  of  glass  fiber  as  

replacement  of  fine  aggregate. 25 micrometer in 

diameter and  5cm  long  are  used  for  the  

preparation  of  standard M30 grade concrete by 

replacing fine aggregate by fiber up to 1.5%. The  

increase  in  compressive strength  is  nominal  

while  the  flexural  strength increased significantly 

as expected with  the increase in  percentage  of  

glass fiber. The  reduction  in  slump  with  the  

increase  in  glass  fiber content. The flexural 

strength of beam with 1.5% glass fiber shows 

almost 30%  increase in the  strength compared  to  

the beam with 0% glass  fiber. 

2) P.R. Srinivasa et al, (2010).carried out study on 

strength properties of glass fiber concrete. In  this 

paper  experimental  investigation  the  alkali 

resistance glass fibers has been used to study the 

effect on compressive, split tensile and flexural 

strength on  M20, M30, M40 and M50 grades of 

concrete. The addition  of about 1.5% chopped  

glass fibers  (by weight) to the material increases 

the modulus of rupture by about 20% and the 

fracture toughness by about 55%. Glass fibers 
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improve the strength  of the material by increasing 

the force  required for deformation and improve the 

toughness by  increasing the  energy required for  

crack propagation. 

3) Rama Mohan Rao et al.(2010).studied 

Polyethylene glass fiber in different volume 

fractions with 25% and 40% replacement of cement 

by fly ash has been used to study the effect on 

compressive strength, split tensile strength, flexural 

strength of concrete. For each mix standard sizes of 

cubes, cylinders and prisms as per Indian Standards 

were cast and tested for compressive strength , split 

tensile strength and flexural strength at age of 

7days,28 days and 56 days as per Indian Standards. 

The addition of glass fibers into the fly ash 

concrete mixture improves the compressive 

strength at 28 days. The percentage of fly ash 

increases, the performance of the concrete 

decreases. There is an increase from 8.5% to 16% 

in split tensile strength in 25% cement replace by 

fly ash compared with control mix.  

4) Suresh Babu.R (2013). studied chloride, porosity, 

permeability, voids, glass fiber reinforced concrete. 

the behavior of fiber reinforced concrete with two 

different concrete strength (M25 & M50) and 

different percentages of fiber additions (0.5, 1, 

1.5%) are studied. Permeability test is carried out. 

the permeability index value get reduced due to 

addition of glass fiber, it is about 6.4% by the 

addition of 0.5%, 12.6% by the addition of 1% and 

26.3% by the addition of 1.5% of glass fiber in 

M25 concrete when compared to control concrete. 

Similarly for M50 concrete, the permeability value 

is about 8.7% by addition of 0.5% of glass fiber, 

15% by addition of 1% of glass fiber and 30.1% by 

addition of 1.5%glass fiber. The compressive 

strength increased by about 16.4% by the addition 

of 0.5%, 24.7% by the addition of 1% and 47.3% 

by the addition of 1.5% of glass fiber in M25 

concrete when compared to 0% of glass fiber in 

concrete. Similarly for M50 concrete, the 

compressive strength is about 14.3% by addition of 

0.5% of glass fiber, 22.3% by addition of 1% of 

glass fiber and 43.5% by addition of glass fiber to 

that of 0% glass fiber in concrete. 

5) Khaldoum Rahal (2005).The  experimental study 

on some of the mechanical properties of recycled 

aggregate concrete (RAC) as compared to those of 

the conventional normal aggregate concrete 

(NAC). Studies waste concrete was obtained from 

two building under demolition. Most old 

construction in that howally area took place 20-40 

place. For each mix standard sizes of cubes, 

cylinders and prisms as per IS code. Were cast and 

tested for compressive strength, tensile strength and 

flexural strength at as of 7 days, 28 days and 56 

days as per IS. RAC cube strength was 88.4% of 

that of the conventitual concrete and compressive 

and shear strength of RAC were 92.2% and 87.7%. 

Modulus of elasticity is 2320 kg/m^3. The 28-day 

cube strength in RAC showed a scatter somewhat 

similar to that in NAC. The coefficient of variation 

ranged from 2.16% to 3.27% with an average of 

2.73% for RAC and between 1.87% and 4.18% 

with an average of 2.60% for NAC. This relatively 

small variation could be due to the limited number 

of sources of the recycled aggregates. 

6) Andrzej M. Brandt (2008). In this paper the main 

fields of application of FRC composites are 

examined and future perspectives discussed. Silica 

fume (SF) is an active pozzolana that leads to an 

increased strength, and it is frequently used to 

replace 5–10% of Portland cement to obtain a high 

performance composite. Fiber volume my reach 8-

12% sometime every higher and 100-200 mm long 

my be used.  Carbon fibre reinforced mortar 

(CFRM) and carbon fibre reinforced concrete 

(CFRC) are attractive composites due to their high 

flexural strength and toughness and low drying 

shrinkage, in addition to its electrical properties 

such as voltage-sensitive effect. SIFCON (slurry 

infiltrated fibre concrete) is a strong composite in 

which a very high volume of steel fibres is used by 

special technology. Fibre volume may reach 8–

12%, sometimes even higher, and fibres 100–200 

mm long may be used. Successful use of various 

high performance materials based on cement 

matrix has a considerable positive influence on 

production of ordinary concretes. Large variety and 

better quality of admixtures, improved precision of 

execution and adequate curing are the bases for 

ordinary concretes that are becoming inexpensive, 

strong and ensured improved durability of 

buildings and civil infrastructure.  

7) Nikhil gupta et al. (2001). Effect of specimen 

aspect ratio on the compressive strength values is 

also studied by testing specimens of three different 

aspect ratios. Scanning electron microscopic 

observations are taken to develop a better 

understanding of the phenomena taking place in the 

material system at microscopic level.  E-glass 

fibers having epoxy compatible coating were taken 

for incorporation as reinforcement in the material 

system. The fibers having diameter of about 10 mm 

were cut into 2.54 cm size. Density of glass fibers 

was Author for correspondence 2.54 g/cc. To Study 

the effect of speciman elsact (height/width ) ratio 

of the compressive strength values; three different 

speciman height is 15,20 and 25 mm. Taken Aspect 

ratio of 1.5, 2.0 and 2.2. The compressive strength 

values are nearly same for aspect ratios of 2.0 and 

2.5. For lower aspect ratio, i.e. 1.5, compressive 

strength is considerably low. With the addition of 

flyash in small volume fraction again it is seen that 

the compressive strength values remained 

minimum for aspect ratio value of 1.5. A maximum 

is seen at the aspect ratio of 2. Effect of aspect ratio 

of the specimen on the compressive strength of the 

material is significant and cannot be neglected. 

Specimen behaviour was found to vary 

considerably with the change in aspect ratio; it also 

affected the values of compressive strength. 
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III. METHODOLOGY 

A. Flow Chart: 

 

B. Work Plan in This Semester: 

Sr. 

No

. 

Task 
Jul

y 

Aug

. 

Sept

. 

Oct

. 

Nov

. 

Dec

. 

1. 
Literatur

e review 
      

2. Site visit       

3. 

Decided 

the topic 

name and 

material 

      

4. 

Testing 

of 

material 

      

5. 

Pilot test 

(Trial 

mix) 

      

IV. MIX DESIGN AND EXPERIMENT 

A. Mix Design: 

1) Design Stipulations: 

1) compressive strength required for 28 days = 20 

Mpa 

2) max size of aggregate = 20mm 

3) degree of workability = 0.90 compacting factor 

4) degree of quality control = good 

5) type of exposure = mild 

2) Test Data for Materials: 

1) Sp. gravity of cement = 3.15 

2) Sp. gravity of fine agg. = 2.87 

3) Sp. gravity of coarse agg. = 2.65 

4) water absorption is as per code 

5) Target strength of concrete mean strength  

= fck + 1.65 (s)   = 20 + (1.65*3.5) 

= 25.77 Mpa 

6) Water cement ratio Adopt cement water ratio = 0.5 

3) Water and Content: 

 From table 4 of IS 10262, f or 20mm aggregate, 

sand conforming to grading is 186 kg sand content 

of total aggregate by absolute volume = 35 %  

 Therefore required sand content = 33.0%  

 Required water content = 186+5.58 = 191.6 /m3  

4) Cement Content: 

 Water cement ratio = 0.50  

 Water = 191.6  

 Therefore, 
     

      
 = 0.5 

 cement = 383kg/ m
3
  

5) Coarse Aggregate and Fine Aggregate Contents: 

As per IS code 10262: 1982 clause 3.5.1 on pg 11, fine 

aggregate is obtained from the equation.  

Putting the values in this equation, we have  

V = (W + 
 

  
 + 

 

 
 

  

   
 ) 

 

    
 0.98 = [191 .6+(383/3.15)+ 

(1/0.315)* (fa/2.67)](1/ 1000)  

   Fa = 583.13 kg/m3  

   Similarly  

6) Coarse Aggregate: 

 Ca = ((1-P)/P) * fa * S_ca/S_fa  

Ca = ((1-0.33)/0.33) * 583 * 2.87/2.65 

= 1282 kg/m3  

 Mix proportion becomes  

 Water: cement: fine aggregate: coarse aggregate  

 191.6 : 383 : 583.13 : 1282   

 0.5 : 1 : 1.522 : 3.347  

 Mix proportion is - 0.5 : 1 : 1.522 : 3.347 

B. Experiments: 

1) Fresh Concrete: 

a) Slump Test: 

 
Fig. 2: Slump test apparatus 

Slump is the most commonly used test for measuring 

workability of concrete at site as well as in the laboratory. 

The apparatus for slump test consists of a metallic mould in 

the form of a frustum of a cone with internal dimension as 

follows, Bottom dia. = 20cm, Top dia. = 10cm, Height = 

30cm. Internal surface of mould is thoroughly cleaned and 

kept it on horizontal surface. Filled the concrete in four layer 

and tapper it with 16mm dia. rod. The mould is removed by 

lifting it slowly and carefully in a vertical direction. This 
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allows the concrete is measured. This difference in height in 

mm is taken as slump of concrete. 

2) Hardened Concrete: 

a) Compressive Strength: 

Compressive strength is the most common test conducted on 

hardened concrete. It is very easy and simple to perform and 

partly because many of the desirable properties of concrete 

are qualitatively related to its compressive strength. 

Compression test specimens are used: cubes, cylinder and 

prisms. Take required quantities of material and mixed it by 

hand or by machine mixing. Concrete should be filled in 

mould in three equal layers. Each layer should be compacted 

for 25 times with a 16mm dia. rod. After hardened the 

specimens are taken out and cured in clean, fresh water. 

Curing is done until the required days of testing. The test 

should be carried out immediately upon the removal of 

specimen from water curing and after that finding out the 

compressive strength by compressive machine. 

 
Fig. 3: Compressive testing machine 

b) Flexural Strength: 

The normal tensile stress in concrete, when cracking occurs 

in a flexure test is known as modulus of ruptures, i.e. 

flexural strength. The standard test specimen is a beam of 

size 150mm × 150 mm × 700mm size. The specimen should 

be should be cast and cured in the same manner as for 

casting of cubes. The specimens should be immediately 

tested on removal from the water. The flexural strength can 

be finding out by universal testing machine. The flexural 

strength can be find out by central loading as well as the 

load is applied through two similar rollers mounted at the 

third point of the supporting span. The flexural strength can 

be found out by formula as follows 

Fcr =           

 Where, P = Fracture load for beam 

 L = Span 

 b = Width of the beam 

 d = Depth of the beam 

 
Fig. 4: Universal testing machine 

c) Tensile Strength: 

Tensile stress is likely to develop in concrete due to drying, 

shrinkage, corrosion of steel reinforcement or due to 

temperature gradients. The determination of flexural tensile 

strength is essential to estimate the load at which the 

concrete members may cracks. It is of a great importance 

while designing liquid retaining structures and prestressed 

concrete structures. The cylinder is placed with its axis 

horizontal between the platens of a testing machine, and the 

load is increased until failure by splitting along the vertical 

diameter takes place. Narrow packing of plywood strip or 

rubber is used to reduce the magnitude of high compressive 

stress immediately below load. If such strips are not 

provided then the observed stress will be reduced for up to 

8%. 

Horizontal Tensile Stress = 2P/πLD 

 Where, P = Compressive load on the                                              

cylinder 

 L = Length of cylinder 

 D = Diameter of cylinder 

V. TESTING OF MATERIAL 

A. Cement: 

 Material: OPC 53 Grade Cement 

 Reference Code: I.S.4031, I.S.12269-1987 

TEST Aggregate 

Sp. Gravity 2.87% 

Impact value 14.6% 

Combined Flakiness and Elongation 23.1% 

Water Absorption 0.95% 

Table 1: Test result for cement 

B. Coarse Aggregate: 

 Material: 20mm Coarse Aggregate 

 Reference Code: I.S.2386, I.S.383 & I.S.2430 

Sieve 

size 

(mm

) 

Weigh

t 

retain 

(gms) 

Cumulativ

e weight 

retain 

(gms) 

Cumulativ

e 

percentage 

weight 

retain (%) 

Cumulativ

e 

percentage 

weight 

passing 

40 0.00 0.00 0.00 100 

20 410 410 8.2 91.8 

10 4360 4770 95.4 4.6 

4.75 165 4935 98.7 1.3 

Table 2: Sieve analysis of coarse aggregate (20mm) 

Initial setting time 125 min 

Final setting time 235 min 

Compressive strength 

3 days 32.3 N/mm
2
 

7 days 41.9 N/mm
2
 

28 days 59.5 N/mm
2
 

Soundness 1.9 mm 

Fineness (90 um sieve) 1.7 % 

Standard consistency 31 % 

Table 3: Test value of coarse aggregate 

C. Sand: 

 Material: Fine Aggregate Sample 

 Method of Test: As per I.S.2386, I.S.383 
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Sieve 

size 

(mm) 

Wt. 

retain 

(gms) 

Cumulative 

wt. retain 

(gms) 

Cumulative 

% wt. 

retain 

Cumulative 

% wt. 

passing 

10 0 0 0 100 

4.75 94 94 4.7 95.3 

2.36 192 286 14.3 85.7 

1.18 216 502 25.1 74.9 

600 

micr 
426 928 46.4 53.6 

300 

micr 
810 1738 86.9 13.1 

150 

micr 
226 1964 98.2 1.8 

Table 4: Sieve analysis of sand 

Water Absorption 1.27% 

Specific Gravity 2.65 

Silt Contain 0.95% 

Zone II 

Fineness Modulus 2.76 

Table 5: Test value for fine aggregate 

D. Chemical Test for Glass Fiber: 

Sr. 

No. 
Test 

SAMPLE: 

Glass Fiber 
Unit 

1 
SiO2 (Sodium 

Silicate) 
63.21 

% By 

wt. 

2 
CaO (Calcium 

Oxide) 
24.47 

% By 

wt. 

3 
Al2O3(Aluminium 

Oxide) 
7.53 

% By 

wt. 

Table 6: Chemical test for Glass Fiber 

VI. TRIAL MIX RESULTS 

A. Trial Mix: 

Tr

ial 

Mi

x 

No

. 

W/

C 

rat

io 

Glass 

Fiber

(vol. 

of 

conc.) 

cem

ent 

Fine 

aggre

gate 

Coars

e 

aggre

gate 

Recy

cled 

Coar

se 

agg. 

Wa

ter 

1. 0.5 0.00% 383 583 1282 
0.00(

0%) 

191

.6 

2. 0.5 0.05% 383 583 1282 
0.00(

0%) 

191

.6 

3. 0.5 0.05% 383 583 641 
641(5

0%) 

191

.6 

4. 0.5 0.25% 383 583 1282 
0.00(

0%) 

191

.6 

5. 0.5 0.25% 383 583 641 
641(5

0%) 

191

.6 

6. 0.4 0.00% 479 556 1224 
0.00(

0%) 

191

.6 

7. 0.4 0.05% 479 556 1224 
0.00(

0%) 

191

.6 

8. 0.4 0.05% 479 556 612 
612(5

0%) 

191

.6 

9. 0.4 0.25% 479 556 1224 
0.00(

0%) 

191

.6 

10. 0.4 0.25% 479 556 612 
612(5

0%) 

191

.6 

Table 7: Trial mix 

B. Result of Trial Mix (Compressive Strength Test); 

Trial Mix 

No. 

7 day 

(N/mm
2
) 

14 day 

(N/mm
2
) 

28 day 

(N/mm
2
) 

1. 14.68 18.00 25.62 

2. 15.10 20.00 21.55 

3. 12.00 13.71 15.11 

4. 23.61 24.80 26.00 

5. 16.81 17.07 21.77 

6. 17.00 21.28 28.64 

7. 15.98 20.38 22.56 

8. 13.50 15.50 17.00 

9. 24.62 26.68 28.09 

10. 17.45 19.36 22.98 

Table 8: Result of trial mix 

VII. PROPOSED WORK PLAN 

A. Work Plan: 

Sr. 

No. 
Task Jan Feb Mar Apr May Jun 

1. 

Casting, 

curing , 

testing of 

specimen 

having w/c 

ratio 0.5 

with glass 

fiber and 

recycled 

coarse 

aggregate 

as 

admixture 

      

2. 

Casting, 

curing , 

testing of 

specimen 

having w/c 

ratio 0.4 

with glass 

fiber and 

recycled 

coarse 

aggregate 

as 

admixture 

      

3. 
Thesis 

Writting 
      

B. Experiment Program: 

1) Concrete Grade M20: 

W/

C 

Recycle

d 

coarse 

agg. 

Glass 

Fiber(

%) 

Coarse 

aggrega

te 

Cub

e 

Cylind

er 

Bea

m 

0.5 0% 0.025 100% 9 9 9 
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0.5 10% 0.025 90% 9 9 9 

0.5 20% 0.025 80% 9 9 9 

0.5 30% 0.025 70% 9 9 9 

0.5 40% 0.025 60% 9 9 9 

0.5 50% 0.025 50% 9 9 9 

0.5 60% 0.025 40% 9 9 9 

 Total Specimen = 189 

Table 9: Concrete Grade M20 

2) Concrete Grade M20: 

M

ix 

N

o. 

W/

C 

Recyc

led 

coars

e agg. 

Glass 

fiber(

%) 

Coars

e 

aggre

gate 

Cu

be 

Cylin

der 

Bea

m 

1. 
0.4

5 
0% 0.025 100% 9 9 9 

2. 
0.4

5 
10% 0.025 90% 9 9 9 

3. 
0.4

5 
20% 0.025 80% 9 9 9 

4. 
0.4

5 
30% 0.025 70% 9 9 9 

5. 
0.4

5 
40% 0.025 60% 9 9 9 

6. 
0.4

5 
50% 0.025 50% 9 9 9 

7. 
0.4

5 
60% 0.025 40% 9 9 9 

 Total Specimen = 189 

Table 10: Concrete Grade M20 
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