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ABSTRACT 

The objective of this research study was to investigate sustainable aggregate replacements 

in concrete. Waste plastic and steel slag were added as a coarse-aggregate replacement by 

0%, 15%, 30%, and 45%. This has the potential to reduce material cost while having a 

beneficial impact on the environment. Silica fume and glass fibers were also added to offset 

the changes in mechanical properties of concrete. The study involves 130 concrete 

specimens with various combinations of these materials, which were prepared, cured, and 

tested. The mechanical properties, including compressive strength, tensile strength, and 

modulus of elasticity of concrete were investigated and compared to those of ordinary 

concrete. The results indicated that plastic replacement with an aggregate resulted in 

decreased concrete strength, while remaining useful up to 15% replacement.  The slag 

aggregate improved the mechanical properties of concrete and can potentially replace up 

to 45% of natural coarse aggregate. A combination of plastic and slag aggregate along with 

silica fume and glass fibers can be used to allow replacement of coarse aggregate in 

concrete by 15% with only a slight decrease in concrete strength. 
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priority for the construction industry. Plastic can be used as fine or coarse aggregate in 

concrete.  

Aggregate crushing can lead to failure in concrete structures. Due to the low specific 

gravity of plastic, concrete containing plastic as coarse aggregate is lighter than normal 

concrete. This reduces the dead loads applied to structures. Different experiments have 

shown that the complete replacement of coarse aggregate is infeasible, however, a certain 

percentage of coarse aggregate can potentially be replaced by waste materials[12].  

2.2.1. Selected Results 

Past research has been conducted using different types of plastic and adopting different 

techniques. MB Hossain, P Bhowmik, KM Shaad[13] (2016) investigated waste 

Polyethylene Terephthalate (PET) plastic in concrete. The shredded plastic replaced the 

course aggregate by volume at 5%, 10%, and 20%. Four mixtures were evaluated, which 

includes a control mixture with 0% plastic for comparison and three mixtures with 

increasing plastic content.  The specimens were tested for compressive, tensile, and 

modulus of elasticity (MOE) at 7, 14, and 28 days. A decrease in density of concrete, 

compression strength, tensile strength and modulus of elasticity was indicated with the 

increase in plastic quantity in concrete. The unit weight of concrete, however, could be 

reduced by PET aggregate, which led to reduced structural concrete dead loads. 

Ashwini Manjunath[12] investigated the use of E-plastic waste. E-plastic waste is obtained 

from polyethylene plastic used in electronics. E-plastic replaced conventional mixture 

course aggregate by 0%, 10%, 20%, and 30%. The results indicate that the increase in 

quantity of plastic reduces compressive strength of concrete but increases the tensile 
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strength of concrete up to a certain limit. The results are summarized below in Figure 2.1 

and Figure 2.2 and Tables 2.1 and Tables 2.2. 

Table 2.1 – Compressive strength test result. (Data by Ashwini[12]). 

Mix Specification 
Conventional  

S2 S3  S4 
Mix S1 

Production of  
0% 10% 20% 30% 

E-Plastic Waste 
7 Days 36 33.18 19.9 16.39 
14 Days 44.81 41.25 17.95 19.03 
28 Days 47.18 44.07 24.69 22.15 

 

 
Figure 2.1 – Variation of compressive strength. (Data by Ashwini[12]). 

Based on the experimental results provided, it appears that with the increase of plastic in 

concrete, there is a decrease in compressive strength at replacement rates over 10%.  

Table 2.2 – Tensile strength test results. (Data by Ashwini[12]). 

Mix Specification Conventional  S2 S3  S4 Mix S1 
Replacement rate  0% 10% 20% 30% E-Plastic Waste 

7 Days 4.3 4.3 3.15 2.4 
14 Days 4.66 4.4 5 3.1 
28 Days 4.9 4.8 5.4 3.8 
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Figure 2.2 – Variation of tensile strength (Data by Ashwini[12]). 
 
Based on these results, for up to 20% replacement of aggregate with plastic, an increase is 

shown in tensile strength of concrete. However, further replacement of aggregate with 

plastic causes a decrease in tensile strength. 

 Raghatate Atul M.[11] utilized polyethylene bags and found that increasing plastic 

quantity reduces concrete compressive strength while increasing tensile strength up to a 

certain limit. The results summarized in Table 2.3 and Figure 2.3 indicate that increasing 

the percentage replacement by volume of aggregate with recycled polyethylene plastic in 

concrete reduces the concrete compressive strength. 

Table 2.3 – Compressive strength test (Data from Atul[11]). 

Table:  Compressive strength test results (N/mm2) 

Plastic % 0 0.2 0.4 0.6 0.8 1 

7 days 16.25 14.28 12.9 11.26 11.25 9.2 

14 days 20.3 18.34 17.58 15.23 13.26 12.65 

28 days 25.92 23.2 22.1 20.26 19.85 20.2 
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Figure 2.3 – Variation of compression strength (Data from Atul[11]). 

The results summarized in Figure 2.4 and Table 2.4 indicate that with increasing plastic 

percentage in concrete the tensile strength of concrete increases until 0.8%, thereafter 

additional plastic causes decreased tensile strength. 

Table 2.4 – Tensile strength of concrete. (Data from Atul[11]).   

Tensile strength test results (N/mm2) 

Plastic % 0 0.2 0.4 0.6 0.8 3.85 

7 days 1.54 1.85 2.35 2.83 3.12 9.2 

14 days 1.82 1.96 2.63 2.98 1.8 3.12 

28 days 4.12 4.38 4.92 5.16 5.57 5.12 
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aluminum, silicon. When metal melts, slag floats to the surface and protects metal from 

oxidation by the atmosphere and keep it clean. The slag can be collected, cooled, and then 

used as course aggregate in concrete and in road construction and pavements.  

Slag is another type of waste material that has been used as a replacement of coarse 

aggregate. Slag is divided into two categories based on the steel being produced: carbon-

steel slag and stainless-steel slag. Depending on the manufacturing process, there are also 

different slag types such as basic oxygen furnace slag (BOFS), electrical arc furnace slag 

(EAFS) and ladle refining slag (LFS). Steel slag density is typically between 3.3 to 3.6 

g/cm3 [17]. Due to the high content of iron, steel slag is hard and wear resistant. Steel slag 

consists of SiO2, CaO, Fe2O3, FeO, Al2O3, MgO, MnO and P2O5 which vary with different 

furnace, pretreatment methods, and steel grades 

2.3.1. Selected Results: 

Research on Energy Optimizing Furnace (EOF) slag was conducted by Y.K. Sabapathy, 

et al [18]. Concrete mixtures with different replacement rates of slag were prepared. 

Concrete aggregate was replaced by slag from 0% to 100%. The results indicate the 

compressive and tensile strength of concrete increases when coarse aggregate was replaced 

by 25% of slag. While replacement of coarse aggregate beyond 25% decreased concrete 

compressive and tensile strength. The experimental results are outlined in Figure 2.5 and 

Figure 2.6 below. 
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Figure 2.5 – Compressive test results. (Figure reprinted from data by Sabapathy [18]). 

 
Figure 2.6 – Tensile test result. (Figure reprinted from data by Sabapathy [18]). 

V. Subathra Devi and B. K. Gnanavel[19] investigated the effect of slag aggregate added 

to concrete at different percentages, on the compressive, tensile, and flexural strength of 

concrete. A total of 71 test samples were prepared with course aggregate replaced by slag 

materials at replacement rates between 0% and 50%. A constant water/cement ratio of 0.55 

was used throughout the investigation. The samples were cured for 28 days and tested. The 
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experimental results are given below. As observed from the results, there is a correlation 

between increasing slag in concrete and increase compressive strength, up to a replacement 

rate of 40%. However, slag had no significant effect on tensile strength of concrete for this 

particular experiment. 

Table 2.5 – Compressive strength results. (Data by Devi [19]). 

% Replacement 
Compressive Strength (MPa) 

Fine Aggregate replacement Coarse aggregate 
replacement 

0% 20.67 20.67 
10% 19.56 22.8 
20% 20.1 24.75 
30% 20.78 28.33 
40% 21.67 27.02 
50% 19.32 25.06 

                                             

 
Figure 2.7 – Results from different strength test. (Figure reprinted from data by Devi 
[19]). 

Ivanka Netinger et-al[20] investigated steel slag utilization in concrete mixture. Course 

aggregate was replaced by different slag proportions and 8 concrete mixtures were 

prepared. Concrete specimens were cast and then cured for 2, 28, and 56 days. The 

specimens were tested for compressive strength and modulus of elasticity and then 
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Figure 2.8 – Different types of fibers used in concrete[22] 

 

J.D.Chaitanya kumar et-al[23] investigated glass fibers utilization in concrete at rates of 

0.5%, 1%, 2%, and 3% of cement. Cubes, 15cm x 15cm x 15 cm, were prepared and 

compressive and tensile strength tested after 28 days of curing. An increase in tensile and 

compression strength was observed for mixtures containing 1% addition of glass fibers, as 

indicated in Table 2.6 and Figure 2.9.  

Table 2.6 – Compressive strength results. (Data by Kumar [23]). 

S.No M20+GF Compressive Strength(N/mm2) 
7 Days 28 Days 

1 0.5% 17.7 27.06 
2 1% 20.76 28.46 
3 2% 19.64 26.98 
4 3% 18.4 26.11 
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Figure 2.9 – Compressive test result. (Figure reprinted from data by Kumar [23]). 

 
Table 2.7 – Tensile strength test results. (Data by Kumar [23]). 

S.No M20+GF Compressive Strength(N/mm2) 
7 Days 28 Days 

1 0.5% 1.41 3.4 
2 1% 2.83 3.92 
3 2% 2.62 3.57 
4 3% 2.43 3.42 

 

 
Figure 2.10 – Tensile test result. (Figure reprinted from data by Kumar[23]). 
 

0

5

10

15

20

25

30

0.5% 1% 2% 3%

C
om

pr
es

si
on

 S
tre

ng
th

(N
/m

m
2)

Glass Fiber %

7 Days

28 Days

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0.5% 1% 2% 3%

Te
ns

ile
 S

tre
ng

th
 (N

/m
m

2)

Glass Fiber %

7 Days

28 Days





 

22 
 

Rahul Dogra and Ankit[28] studied the silica fume substitution with cement in concrete 

mixture. Silica fume of 0%, 5%, 7.5%, and 10% was utilized in concrete. Concrete 

specimens were prepared and cured for 7, 14, and 28 days. The compressive and tensile 

strength increases for 5%, 7.5%, and 10% silica fume addition to cement. The highest 

strength increase was shown for 10% silica fume substitution.  
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and was used with a specific gravity of 2.37. The sieve analysis results for the coarse 

aggregate are provided in Table 3.1. The nominal aggregate size was ¾ inch. 

Table 3.1 – Course aggregate sieve analysis. 
Sieve Analysis Course Aggregate 

Sieve 
# 

Weight 
Retained % Retained Cumulative % 

retained 
% 

Passing 
1 ½ 
“ 0 0 0 100 

1” 0.055 1.1 1.1 98.9 
¾” 0.97 19.4 20.5 79.5 

3/8” 3.825 76.5 97 3 
#4 0.143 2.86 99.86 0.14 
     

  Fineness 
modulus 2.18  

A local natural river sand was selected as fine aggregate. The specific gravity of the sand 

used in research was 2.67. The sieve analysis results are provided in Table 3.1. The fineness 

modulus of the sand was found to be 3.9. 

Table 3.2 – Fine aggregate sieve analysis. 
Sieve Analysis Fine Aggregate 

Sieve # Weight 
Retained % Retained Cumulative % 

retained % Passing 

4 0.015 0.75 0.75 99.25 
8 0.28 14 14.75 85.25 
16 0.285 14.25 29 71 
30 0.525 26.25 55.25 44.75 
50 0.665 33.25 88.5 11.5 
100 0.19 9.5 98 2 
200 0.025 1.25 99.25 0.75 

          
    Finess modulus 3.9   

Tap water at room temperature was used for all concrete mixtures.  The shredded plastic 

coarse aggregate was obtained from Phoenix Recycling Inc. based in Columbus, Ohio. The 
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Table 3.4 – Summary of mixture proportions for plastic aggregates. 
Material P15 

(lbs.) 
P30 

(lbs.) 
P45 

(lbs.) 
P15-SF7.5 

(lbs.) 
P15-G1 

(lbs.) 
P15-SF7.5-G1 

(lbs.) 

Cement 680 680 680 629 673.20 629 

Sand 1020 1020 1020 1001 1020 995 

Coarse 
aggregate 

1734 1428 1122 1734 1734 1734 

Water 306 306 306 306 306 306 

Plastic 104.8 209.6 314.4 104.8 104.8 104.8 

Silica 
Fume 

- - - 51 - 51 

Glass 
Fibers 

- - - - 6.8 6.8 

 
Table 3.5 – Summary of mixture proportions for slag aggregates. 

Material S15 
(lbs.) 

S30 
(lbs.) 

S45 
(lbs.) 

S15-SF7.5 
(lbs.) 

S15-G1 
(lbs.) 

S15-SF7.5-G1 
(lbs.) 

Cement 680.00 680.00 680.00 629 673.20 629 

Sand 1019.88 1019.88 1019.88 1002 1019.88 958 

Coarse 
aggregate 

1734 1427.96 1122 1734 1734 1734 

Water 306 306 306 306 306 306 

Slag 252.19 582.85 874.28 252.19 252.19 252.19 

Silica 
Fume 

- - - 51 - 51 

Glass 
Fibers 

- - - - 6.8 6.8 
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recently calibrated and found to be accurate within 1%. The loads results were recorded 

and the concrete compressive strength calculated by dividing the maximum load at failure 

by the average cross-sectional area of the cylinder. Finally, the data was collected for 

analysis. A picture of a cylinder compressive strength test is provided in Figure 3.5 below. 

  

Figure 3. 5 - Cylinder under Compressive strength test in UTM 

3.8.2. Split Tensile Strength Tests: 

This test consisted of applying a diametric compressive force along the length of a 

cylindrical specimen as per ASTM C496 Standard Test Method for Splitting Tensile 

Strength of Cylindrical Concrete Specimens. The test was performed using the 120k UTM. 

Procedure: The Split Tensile strength test procedure was conducted as follows: First, 

diametric lines were drawn on each end of the specimen so that they are in the same axial 

plane. Next, the cylinders were placed on thin, flat wooden strips and aligned so the line 
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marked on the ends are centered over strip. A second wooden strip and loading bar was 

placed lengthwise on the cylinder. The load was applied continuously at a constant rate 

until failure occured. Finally, the maximum load at failure given by UTM was recorded.  

Equation 3.1 was used to calculate the splitting tensile strength. 

Fst = 2P/πLD   Equation 3.1 

Where: 

P = maximum load in pound 

L = length of the specimen in inches and 

D = diameter of the specimen in inches 

The data for all tested specimens was collected and analyzed. Pictures of a typical split 

tensile test are provided in Figure 3.6 below. 

 

Figure 3. 6 - Cylinder under Split Tensile Strength tests in UTM. 

3.8.3. Modulus of Elasticity Tests: 

This Modulus of Elasticity test was conducted as per ASTM C469 Standard Test Method 

for Static Modulus of Elasticity and Poisson's Ratio of Concrete in Compression. The test 
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was performed by using a 120k Universal testing machine, compressometer/extensometer 

collar, axial transducer, and transverse transducer.  

Procedure: ASTM C469 requires three steps. First, determine the compressive strength of 

the specimen by following ASTM C139 to apply on axial  compressive load until failure. 

Record the load at which failure occurs. Second, strain-measuring equipment 

(compressometer-extensometers) is attached to the specimen. Next, the specimen should 

be capped and placed on the UTM lower platen. The axis of the specimen should be aligned 

with the thrust center of the spherically seated bearing block and the load applied on the 

specimen at a constant rate within the standard specified range. The load is applied until it 

reaches 40% of the ultimate load. Third, at least two subsequent loadings are recommended 

by ASTM C469 to ensure repeatability. If repeatable, take the average of the results. Apply 

the load until it reaches 40% of the ultimate load. Record the load applied, the longitudinal 

and transverse strain at 50 millionths, and when the applied load is equal to 40% of the 

ultimate compressive strength. Humidity and temperature should be maintained constant 

throughout the test. 

 

Figure 3. 7 - MOE tests in UTM. 
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For 15%, 30%, and 45% aggregate replacement, the strength reduction from reference 

concrete was 24%, 46% and 59% respectively. The P30 and P45 mix exhibited strength 

reductions that were likely too large for consideration in structural applications. Therefore, 

only P15 was further investigated with silica fume and glass fibers as a potentially useful 

mixture in structural applications. The individual test results are summarized in Table 4.1, 

while the results and statistical significance are compared in Figures 4.1 below. 

Table 4. 1 - Summary of plastic replacement results. 

  Load Applied (Lbs.) 
Average 

load 
Comp Strength 

(Psi) 
  A1 A2 A3     

NC 89050 90463 92372 90628 7220 
P15  68890 71746 66289 68975 5490 
P30 47147 51600 46129 48292 3840 
P45 36728 36558 40347/34848 37120 2960 

P15-SF7.5   68648 67745 69130 68508 5450 
P15-G1 67773 62670 71520 67321 5360 

P15-SF7.5-G1 68282 72990 70883 70718 5630 
*Four specimens were tested for Mixture P45 

 
Figure 4. 1 - Compression test results of plastic replacement in course aggregate. 
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As observed from Figure 4.1, the compressive strength decreases relative to the reference 

material, when silica fume and glass fibers were added individually to P15 mix.  The 

relative decrease in average compressive strength was 24.5% and 25.76% respectively. In 

comparison, the combined addition of 7.5% silica fume and 1% glass fiber to P15, resulted 

in a strength reduction from the reference concrete of 22%. 

Slag replacement: Concrete course aggregate was replaced by slag aggregates at 15%, 

30% and 45% (S15, S30, and S45) by mass and the resulting concrete strength tested. With 

comparison to reference materials, the results in Table 4.2 shows statistically significant 

increase in compressive strength for S15 and minor decrease for S30 and S45. Showing 

increase in strength, S15 was further investigated for silica fume, glass fibers, and 

combined silica fume and glass fibers. 

In comparison to S15, addition of Silica fume (7.5%) indicated an increase in compressive 

strength. Similarly, adding glass fiber (1%) to S15 mix, resulted in a marginal increase in 

compressive strength as shown. The combined addition of silica fume and glass fibers 

resulted in the highest compression strength.  Therefore, any of the mixtures containing 

slag aggregate would be applicable for use as structural concrete. 

Table 4. 2 - Summary of slag replacement results. 

  Load Applied (Lbs.) 
Average 

load 
Comp Strength 

(Psi) 
  A1 A2 A3     

NC 89050 90463 92372 90628 7220 
S15  97574 95242 97852 96889 7710 
S30 91920 90449 89742/90110 90555 7210 
S45 91100 90407 87735/88103 89336 7110 

S15-SF7.5   97928 94577 93885 95463 7600 
S15-G1 90314 91566 91538 91139 7260 

S15-SF7.5-
G1 99836 92952 98182 96990 7720 

*Four specimens were tested for Mixture S30 and S45    
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a decrease in tensile strength was shown when silica fume and glass fibers are added to 

P15, individually and combined. Individually, the percent strength decrease was 27.65% 

for the P15-SF7.5 mix and 18.43% for P15-GF1 mix when compared to the NC mixture. 

The combined mix P15-SF7.5-GF1 had a decrease in strength of 29.07% relative to NC.  

Table 4. 4 - Summary of Plastic replacement results. 

  Load Applied (lbs.) Average load 
Tensile Strength 

(psi) 
  A1 A2 A3     

NC 36459 32798 36930 35396 705 
P15  27300 30420 26926 28215 560 
P30 22655 20770 22880/21700 22001 440 
P45 18808 18724 17720/18528 18445 365 

P15-SF7.5   25632 25156 25988 25592 510 

P15-G1 28892 31429 29893/25813 29006 575 
P15-SF7.5-

G1 26532 25291 23734 25186 500 
*Four specimens were tested for Mixture P30, P45 and P15-G1 

  
Figure 4. 4 - Tensile test results of Plastic replacement in course aggregate. 

Slag replacement: For tensile strength test, slag aggregate replacement rates were again 

15%, 30% and 45% (S15, S30, and S45). With comparison to reference materials, the test 
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results in Table 4.5 indicate a decrease in tensile strength for S15, S30, and S45 of 4.96%, 

4.96%, and 12.76%, respectively. S15, being the strongest, was further investigated with 

silica fume and glass fibers individually and combined. 

In comparison to reference materials, the addition of silica fume (7.5%) to S15 (S15-SF7.5) 

indicates 12.06% decrease in tensile strength. Similarly, adding glass fiber (1%) to S15 

mix (S15-G1) resulted in a 9.22% decrease in tensile strength as shown. The combined 

addition of silica fume and glass fibers (S15-SF7.5-G1) resulted in an 11.35% decrease in 

tensile strength.  The tensile strength decreased by a statistically significant amount in all 

cases.  This limits the applicability of the mixtures in structural and pavement application. 

Table 4. 5 - Summary of Slag replacement results. 

  Load Applied (lbs.) 
Average 

load 
Tensile Strength 

(psi) 
  A1 A2 A3     

NC 36459 32798 36930 35396 705 
S15  33595 34108 33116 33606 670 
S30 34057 33530 33088 33558 670 
S45 31068 30316 31310 30898 615 

S15-SF7.5   31263 31083 31101 31149 620 
S15-G1 32641 31647 29053/35182 32130 640 

S15-SF7.5-
G1 30980 31388 31952 31440 625 

*Four specimens were tested for Mixture S15-G1 
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Figure 4. 5 - Tensile test results of slag replacement in course aggregate. 

Combined mix: The mixture with plastic and slag aggregate replacement along with silica 

fume and glass fibers was also tested for split tensile strength. In the combined mix 

concrete, course aggregate was replaced by plastic and slag with addition of silica fume 

and glass fibers. After comparing with reference mix (NC), decrease in tensile strength for 

C15, C30 and C45 was 14.18%, 24.82%, and 27.65% respectively shown in Table 4.6 and 

Figure 4.6. 

Table 4. 6 - Summary of Combined (Plastic, Slag) replacement results. 
  Load Applied (lbs.) Average load Tensile Strength (psi) 
  A1 A2 A3     

NC 36459 32798 36930 35396 705 
C15 31609 29856 29980 30482 605 
C30 27975 26565 25138 26559 530 
C45 24082 27718 25007 25602 510 
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For P15, P30, P45, P15-SF7.5, P15-G1, P15-SF7.5-G1, the percent decrease in MOE of 

concrete in comparison to reference materials are 23.8%, 39.05%, 53.3%, 14.28%, 20.95%, 

and 25.71%, respectively.   

Table 4. 7 - Summary of plastic replacement results. 
    Average  
  C1 C2 (ksi) 

NC 5078 5467 5334 5209 5447 4844 5250 
P15  4113 4349 4335 3738 3833 3707 4000 
P30 2738 2848 2887 3591 3625 3660 3200 
P45 2413 2486 2532 2427 2436 2422 2450 

P15-SF7.5   4053 3967 4063 4936 4992 4930 4500 
P15-G1 3899 4113 4154 4115 4345 4378 4150 

P15-SF7.5-G1 3773 3829 3802 3916 4079 4051 3900 

 
Figure 4. 7 - MOE test results of plastic replacement in course aggregate. 

Slag replacement: The modulus of elasticity of concrete for reference mix, S15 and 

S45 remains the same while an increase was shown for S30 which is 9.5%. After 

adding silica fume to S15 (S15-SF7.5), there was a 1.90% decrease in MOE. The 

addition of 1% glass fibers (S15-G1) resulted in an increased MOE of 2.85% as 
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compared to the reference mix. The combined effect of silica fume and glass fibers 

(S15-SF7.5-G1) on MOE of concrete was a 5.7% decrease in MOE as compared to the 

reference mix (NC). 

Table 4. 8 - Summary of slag replacement results. 
    Average  
  C1 C2 ksi 

NC 5078 5467 5334 5209 5447 4844 5250 
S15  5375 5340 4948 5156 5247 5396 5250 
S30 5585 5730 5918 5645 5869 5861 5750 
S45 5234 5356 5395 5122 5200 5220 5250 

S15-SF7.5   4923 5102 4980 5199 5422 5355 5150 
S15-G1 5353 5455 5391 5479 5395 5384 5400 

S15-SF7.5-G1 4928 4938 4885 5017 5029 5031 4950 

  
Figure 4. 8 - MOE test results of slag replacement in course aggregate. 

Combined mix: The mixtures containing both plastic and slag aggregate indicated the 

modulus of elasticity decreased as the replacement rate of aggregate increased, regardless 

of the presence of silica fume or glass fibers.  Concrete course aggregate was replaced by 

a combined plastic and slag aggregate rate of 15% (7.5% plastic and 7.5% slag), 30%, and 
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mixture, the slump decreases for plastic aggregate and slag aggregate mixtures. However, 

for combine mixture C15 slump remained similar to normal concrete, however, decreased 

for C30 and C45. 

Table 4. 10 - Summary of slump test results 

Mix # 

% 
Replacement 

W/C Ratio Slump (in) Aggregate 
NC 0 

0.45 

2 
P15 15 1 
P30 30 0.5 
P45 45 0.5 

P15-SF7.5 15 0.5 
P15-G1 15 0.5 

P15-SF7.5-G1 15 1 
S15 15 1 
S30 30 1.5 
S45 45 1.5 

S15-SF7.5 15 1 
S15-G1 15 1.5 

S15-SF7.5-G1 15 1.5 
C15 15 2 
C30 30 1.5 
C45 45 1.5 

 

 
Figure 4. 10 – Summary of slump test results. 
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C30 to P15-SF7.5-GF1 in Figure 4.11 indicates a 1.95% and 9.24% decrease of 

compressive strength from P15-SF7.5-GF1 (5630 psi). Comparing C15 and  C30 to S15-

SF7.5-GF1 in Figure 4.12 indicates 28.5% and 33.80% decrease of compressive strength.  

Although the C30 mixture indicated a decrease in compressive strength when compared to 

the NC mixture, the compressive strength remains greater than 5000 psi and may be 

applicable in structural or other applications. 

For Tensile strength, after comparing with NC the strength decreases significantly when 

quantity of plastic increases in P15, P30, and P45 which was also indicated by Manhal A 

Jibrael and Farah Peter [14]. However, tensile strength decreases for S15, S30, and S45 was 

less when slag quantity increases in concrete accordingly which was also shown by V. 

Subathra Devi, B. K. Gnanavel [19].  

Comparing Figures 4.14 and 4.15, the tensile strength reduction in mixtures P15 and S15 

was 20.56% and 4.96% respectively. After adding SF and GF to both plastic and slag 

mixtures, strength decreased for P15-SF7.5, P15-GF1, and P15-SF7.5-GF1 by 27.65%, 

18.43%, and 29.07% respectively. Similarly, for S15-SF7.5, S15-GF1, and S15-SF7.5-

GF1, the compressive strength increased by 12.06%, 9.22%, and 11.35%, respectively. 
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were obtained from experimental results. Tensile strength (fctACI 19.2.4.3) and MOE (EACI 

19.2.2.1.a) of concrete was calculated using ACI 318-14 formulas. For plastic aggregate the 

percent difference between theoretical and actual MOE was ±9 %. For tensile strength the 

measured value was higher than the theoretical value and the difference was up to 15%.  

Table 4.11 – Experimental MOE and tensile strength plastic aggregate. 

  Wc λ 
fc' 

(psi) 
Ec 

(ksi) 
EACI 

19.2.2.1.a %diff fct 
fctACI 

19.2.4.3 %diff 
NC 149.8 1.00 7220 5250 5144 2.0 705 569 19.2 
P15 142.4 1.00 5490 4000 4155 -3.9 560 496 11.4 
P30 134.9 1.00 3840 3200 3206 -0.2 440 415 5.6 
P45 127.5 1.00 2960 2450 2585 -5.5 365 365 0.1 
P15-
SF7.5 141.7 1.00 5450 4500 4109 8.7 510 495 3.0 

P15-G1 142.4 1.00 5360 4150 4105 1.1 575 491 14.7 
P15-

SF7.5-G1 141.7 1.00 5630 3900 4178 -7.1 500 503 -0.5 

For slag aggregates in Table 4.12, MOE of experimental data was 12% more than 

theoretical except for S15-SF7.5-G1 which was 5% less than theoretical value. For tensile 

strength the measured value was higher than the theoretical value and the difference was 

up to 15%. 

Table 4.12 - Experimental MOE and tensile strength slag aggregate. 

  Wc λ 
fc' 

(psi) 
Ec 

(ksi) 
EACI 

19.2.2.1.a %diff fct 
fctACI 

19.2.4.3 %diff 
S15  147.9 1.00 7710 5250 5210 0.8 670 588 12.2 
S30 148.8 1.00 7210 5750 5085 11.6 670 569 15.1 
S45 148.2 1.00 7110 5250 5022 4.3 615 565 8.1 

S15-SF7.5   147.2 1.00 7600 5150 5136 0.3 620 584 5.8 
S15-G1 147.8 1.00 7260 5400 5054 6.4 640 571 10.8 

S15-SF7.5-
G1 147.4 1.00 7720 4950 5191 -4.9 625 589 5.8 

For combined aggregate mix in Table 4.13, the experimental MOE and tensile strength 

values were more than theoretical up to 9% and 18% respectively.  
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Table 4.13 - Experimental and theoretical comparison of combined aggregate MOE and 
Tensile strength 

  Wc λ 
fc' 

(psi) 
Ec 

(ksi) 
EACI 

19.2.2.1.a %diff fct 
fctACI 

19.2.4.3 %diff 
C15 144.4 1.00 5520 4350 4255 2.2 605 498 17.7 
C30 139.7 1.00 5110 4050 3895 3.8 530 479 9.6 
C45 135.0 1.00 4510 3800 3475 8.6 510 450 11.8 

  







 

58 
 

increases of 6.05 %.  

 For P15-SF7.5-GF1, the compressive strength reduction was 22% while the 

compressive strength of S15-SF7.5-GF1 increased 6.93%. 

 For the combined mixture C15, the compressive strength reduction was 23.55%, 

which was slightly more than P15-SF7.5-GF1 and significantly more than S15-

SF7.5-GF1. 

 The results indicate that the compressive strength of concrete was unsatisfactory 

effected by increasing quantity of plastic. However, slag quantity had a positive 

impact on compressive strength.   

 

Tensile strength: Comparing to NC, an increased percentage in concrete of plastic and 

slag reduced the tensile strength of concrete. The same result was shown when 7.5% silica 

fume and 1% glass fibers were added to plastic and slag individually and altogether.  

In comparison to NC, a decrease in tensile strength of the mixtures were as follows: 

 For 15% aggregate replaced by plastic P15, a significant reduction of tensile 

strength up to 20.5% was observed. For 15% slag replacement S15, the tensile 

strength reduction was 4.93%.  

 Similarly, strength reduction for P15-SF7.5-GF1 was 29.07%, as compared to 

11.35% for S15-SF7.5-GF1. 

 For the combine mixture C15 and C30, the strength was reduced by 14.18%, and 

24.82%, respectively. 

 The results indicate that the quantity of plastic negatively impacts tensile strength 

of concrete. However, slag quantity effects tensile strength to a lesser degree.   
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