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Abstract 

 

This paper reveals the impact behaviour, fresh and hardened properties of self-compacting concrete (SCC) containing Polyethylene 

terephthalate (PET) fibres. SCC is a highly flow able type of concrete that spreads in to the form without the need for mechanical 

vibration. Now a days self-compacting concrete is being widely used in construction over normal concrete due to its high 

workability, economy, less noise pollution, speedy construction etc. Recycling of waste materials is one of the most important 

problems in the future to be solved in all possible ways. PET fiber from waste plastic bottle were added to SCC with an aspect 

raitio of 28. The M35 grade of concrete mix with PET the volume  of ( 0.5%,  1%,  1.5%, and 2%) by cement will be added for 

this work. Experiments showed that inclusion of PET fibers in SCC results in an increase in Compressive, Split tensile, flexural 

strengths and shows the improvement of impact behaviour. This improvement in the behaviour of SCC under impact by inclusion 

of PET may lead to further application of this type of concrete in sustainable structures . The result revealed that the addition of 

PET fibers at 1.5% gives excellent flow and strength property in SCC. 
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I. INTRODUCTION 

Self-compacting concrete has properties that differ considerably from conventional slump concrete. SCC is highly workable 

concrete that can flow through densely reinforced and complex structural elements under its own weight and adequately fill all 

voids without segregation, excessive bleeding, excessive air migration (air-popping), or other separation of materials, and without 

the need for vibration or other mechanical consolidation. Self-compacting concrete produces resistance to segregation by using 

mineral fillers or fines and using special admixtures. Self-compacting concrete is required to flow and fill special forms under its 

own weight, it shall be flowable enough to pass through highly reinforced areas and must be able to avoid aggregate segregation. 

This type of concrete must meet special project requirements in term of placement and flow. The use of fibers has become common 

in different types of concrete to improve ductility toughness and energy absorption capacity. Polyethylene terephthalate (PET) is 

one of the commonly used materials for manufacturing of bottles in bever-age industries. The serious risk behind the disposal of 

PET bottles is their non-biodegradable nature, that is, their decomposition may continue for a few hundred years. In SCC, the 

tendency of PET fibres to reduce workability is similar to that when polypropylene fibres were included. An increase in PET fibres 

content leads to an increase in viscosity of SCC due to the rough surface of PET fibers compared with other types of fibre. The 

objective of this project work is to explore the fresh properties and to investigate mechanical properties of SCC without and with 

PET fibers at different volume fractions and then assess the impact behaviour of SCC with various proportions of PET fibres. 

II. EXPERIMENTAL PROGRAM 

 Materials 

The materials used in this study to produce self compacting concrete are cement, coarse aggregate, fine aggregate, PET fiber, water 

and Master Glenium SKY 8233 as chemical admixture. Natural river sand with specific gravity of 2.64 and maximum size of 5mm 

was used as fine aggregate while the maximum size of coarse aggregate was 10mm and the specific gravity is 2.64. To produce 

self-compacting concrete SCC containing fibers from waste plastic Polyethylene terephthalate (PET), disposable soft drinks bottles 

were cut into fiber pieces and modified for this purpose. Fibers are of length of 30 mm, width 4 mm and thickness of 0.3mm. 
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Table – 1 

Physical Properties of PET Fiber 

S. No Description Value 

1 Length(mm) 35 

2 Width(mm) 4 

3 Thickness(mm) 0.3 

4 Aspect ratio 28 

5 Density kg/m3 1100 

 
Fig. 1: PET Fibers 

 Mixtures 

In SCC mix Design is very important which depends on the amount of ingredients including cement, fine and coarse aggregate as 

well as water reducer and fibre. As per following the guidelines of EFNARC for the preparation of SCC. For SCC containing PET 

fibers 4 mixes were prepared at different ratios (0.5%, 1%, 1.5%, 2%) by volume of concrete. The water to cement ratio selected 

to be 0.41. In this study trial mixes were carried out to attain the desired fresh properties without and with PET fibers. Therefore 

the characteristics of SCC should be evaluated by conducting many test on fresh state to attain suitable mixing procedure. After 

mixing, each batch was cast into three cubes measuring 150mm on each side, three cylindrical molds measuring 300mm in length 

and 150mm in diameter. After 24 h, the specimens were demolded, and kept in a curing tank for 28 days. The temperature of curing 

water of the concrete specimens was 22 °C. 
Table – 2 

Mix proportion of all concrete mixes 

Mix Cement, Kg/m3 Coarse Aggregate, Kg/m3 Fine Aggregate, Kg/m3 Water litres/m3 % of PET fiber 

SCC 532 860 807 188 0 

SCC1 532 860 807 188 0.5 

SCC2 532 860 807 188 1 

SCC3 532 860 807 188 1.5 

SCC4 532 860 807 188 2 

III. TESTING PROCEDURE 

 Fresh Concrete 

The fresh and hardened properties of SCC containing PET fibers were evaluated in this study using slump flow, v-funnel, L-box, 

J-ring, compression, split tensile and flexure tests. In parallel investigations of impact behaviour of SCC containing PET fibers 

were carried out. For fresh properties, the recommendations of EFNARC were followed. slump flow test is measured with required 

time using slump cone. However, the ability of SCC mixes to flow without segregation were also measured using V-funnel, L-Box 

and J-Ring test. V-funnel test was carried out using V-shaped funnel by measuring the time required for passing 12 litres of SCC 

flow through the funnel completely. The L-Box is very important to measure the flow ability of SCC and blocking ratio. The J-

Ring test is carried out to determine the passing ability of SCC. The test procedures used in this study comply with EFNARC 

guidelines. 
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(a)  Slump Cone                                                                            (b) L-Box 

 
(c)    J-Ring                                                                              (d) V-Funnel 

Fig. 2: Testing of Fresh Concrete 

 Hardened Concrete 

The compressive strength test was carried out using cubes of 28 days curing. The value of compressive stress calculated as the 

average of measured load of three cubes divided by face area of each cube. The split tensile strength was calculated from cylinders 

of length 300mm and diameter of 150mm Flexural strength test was conducted in loading frame with the capacity of 50ton. All 

beams were simply supported and tested under four point static loads. The mid span deflection of the tested beam was measured 

using dial gauge having an accuracy of 0.01mm.The load was applied in increments of 5KN then reading of the dial gauges are 

noted. Cracks propagations are marked. A Linear Variable Differential Transformers (LVDT) was placed under the specimen at 

the center to measure the deflection versus load. Load was applied by a Hydraulic Power pack system attached with jacks. An 

Automatic Data Acquisition system with PC interface is used to collect the data from load cell and LVDT during test..The flexural 

strength of specimen was calculated using three point bending test.concrete disc of dimension 150mm diameter and 60mm height 

were prapared for impact test purpose. 

 
(a) Compresive Strength Test                (b) Split Tensile Strength 
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(c) Flexure Test                                                               (d) Impact test 

Fig. 3: Testing of Hardened concrete 

IV. RESULTS AND DISCUSSIONS 

 Fresh Concrete Properties 

Workability is the main characterstic of SCC. Therefore the effect of inclusion PET fiber on the fresh properties of SCC were 

investigated. 
Table – 3 

Fresh Concrete Properties 

Mix Slump Diameter L-Box H2/H1 Ratio V-Funnel Flow in (sec) J-Ring Average Length (mm) 

SCC 782 0.92 8.3 9.5 

SCC 1 763 0.89 8.9 9.0 

SCC 2 734 0.86 9.1 8.6 

SCC 3 715 0.83 9.6 8.0 

SCC 4 680 0.81 10.2 7.5 

It is evident that inclusion of PET fibers cause reduction in diameter diffusion of SCC. The reduction in Slump flow diameter 

compared to reference mix are illustrated. High volume of PET fiber with measured diameter of SCC diffusion within the limitation 

of EFNARC giudelines. Therefore, SCC with high volume of PET fibers may be suitable for constructions when cast from the top 

which require flexibility of delivery points. The results of the V-funnel test in which an increase in the measured time was observed 

with the inclusion of PET fibers. The time increased from 8.3 s to 10.2 s at 2% PET fibers volume. The ratio of H2/H1 in the L-

box test can be considered an indicator for the passing ability of SCC mixes. According to EFNARC specifications this ratio must 

not be less than 0.8 to ensure adequate passing ability of SCC. The inclusion of PET fibers caused a reduction in the H2/H1 

measured in this study. ixes with PET fibers of 1.5% and beyond showed severe reduction in passing ability. The rates of reduction 

in H2/H1 increased with an increase in the PET fibers volume or content as shown in Fig.5. The J Ring can be used in conjunction 

with the Slump flow. These combinations test the flowing ability and (the contribution of the J Ring) the passing ability of the 

concrete. The slump flow spread are measured as usual to assess flow characteristics. The average length decreases from 9.5mm 

to 7.5mm shown in Fig. 7. 

      
Fig. 4: Effect of PET Fibers on Slump diameter                                        Fig. 5: Effect of PET Fiber on  L-Box 
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Fig. 6: Effect of PET fibres on V-Funnel                                              Fig. 7: Effect of PET fibres  J-Ring 

 Hardened Concrete Properties 

 Compressive Strength 

Fig. 7 shows the effect of PET fibers on compressive strength of self compacting concrete. Table 4 presents the compressive 

strength test results. It is evident that the inclusion of PET fibers in different volumetric proportions has a positive effect on 

compressive strength of all SCC mixes. Enhancements in the compressive strengths are illustrated the compressive strength at 28 

days can be attributed to the distribution of PET fibers . This condition leads to an increase in the homogeneity and a decrease in 

the voids inside the hardened concrete, thereby making it highly cohesive. Maximum compressive strength was attained at 1.5% 

PET fiber volume. Beyond this ratio, a decrease in compressive strength was observed, however, the compressive strength value 

of concretes containing PET fibers remained higher than that of the reference mix. The decrease in the enhancement of compressive 

strength arises from the increase in the volume of fibers, which are irregularly distributed into the mixture. Thus, the adhesion 

between cement and the fiber surface is altered. 

 Split Tensile Strength 

The inclusion of PET fiber in SCC led to improvement of Split tensile strength for all mixtures compared to reference SCC mixture 

as shown in Fig. 8. The rates of increase at different volumes of PET fibers were presented in Table 4. The rates of increase in the 

split tensile strength with the inclusion of PET fiber are not consistent. The reason behind this reduction in improvement rates may 

be similar to that regarding compressive strength. 

 Flexure Strength 

The flexural behaviour of PET SCC was also investigated, and the results are presented in Fig. 11, which presents the deflection 

with respect to the PET fiber ratio. The capability of PET fibers to bridge cracks during the application of flexural loading is clear. 

An enhancement in this property led to an increase in the flexural strength of SCC with the increase in PET fibers volume. Flexural 

strength enhancement was expected due to the increase in homogeneity and decrease in voids in SCC by the incorporation of PET 

fibers. Furthermore, the bond strength between the concrete itself and PET fibers improved, in addition to the ability of PET fibers 

to bridge the cracks generated during the occurrence of tensile stresses. An optimal increase in flexural strength was achieved at 

1.5% volume fraction of PET fiber. After this ratio, an irregular distribution of PET fibers led to a decrease in flexural strength but 

the results were still higher than those of the reference SCC. 

 Impact Strength 

The impact test was carried concrete disc of dimensions 150 mm diameter and 60 mm. The potential impact energy selected to be 

approximately 94.1 N.m. The potential impact energy was reduced assuming that a 5% reduction in their values because of the 

friction between the guided tube and the steel ball and other test setup energy losses. The impact energy at first crack and final 

failure was calculated. 

U=0.95 Nx m x g x h. U –Impact energy (KN m), N- Number of blows, m- mass of ball (kg) 
Table – 4 

Hardened Properties of Concrete 

Mix 
Compressive Strength  

28th Day (N/mm2) 

Split tensile Strength  

28th Day (N/mm2) 

Impact Percentage in  

resistant to FCR to UR 

SCC 34 3.39 26.6 

SCC 1 36 3.62 29.4 

SCC 2 37.5 3.81 31.5 

SCC 3 39 4.1 35 

SCC 4 36.2 3.72 26.3 
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Fig. 7: Effect of PET on Compressive Strength of  SCC                            Fig. 8: Effect of PET on Split Tensile Strength of SCC 

     
Fig. 9: Effect of PET Fiber on Impact Resistance of SCC                                  Fig. 10: Percentage of increase in impact energy in SCC 

 
Fig. 11: Effect of PET fiber on Flexure strength of concrete 

V. CONCLUSION 

The following conclusion are obtained in this study, 

1) SCC containing PET fibers can be produced in the laboratory despite the reduction in its fresh properties. The inclusion of 

PET fibers in SCC reduced the measured slump flow values. The lowest slump flow values at 2% PET content were 680mm. 

An increase in the V-funnel time was also observed at all mixes containing PET fibers. In general, a decrease in the workability 

and followability of SCC was noticed after the addition of PET fibers. 

2) The addition of PET fibers at different volumes to SCC led to an enhancement in compressive strength at all ratios. However, 

the maximum increase was obtained at 1.5% PET fibers volume. Similar trends were reported for the split tensile strength and 

flexural strength. The maximum increase in flexural strength for SCC was more than 70% at 1.5% PET content. Beyond this 

content, the mechanical properties (compressive, modulus of elasticity and flexural strength) declined, but their values were 

still higher than those of the reference SCC mix (without PET fibers). 
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3) The impact resistance of SCC increased significantly due to the addition of PET fibers which improved the energy absorption 

capacity of SCC. The energy absorbed at first crack represented the energy calculated soon after the initiation of the first crack 

which was determined by visual observation. The impact energy at ultimate failure showed a considerable increase relative to 

the impact resistance at first crack. For ultimate failure, however, maximum improvement was attained at 1.5% PET content. 

Beyond 1.5% volume of PET, a decline was noted in the number of blows, impact energy, maximum deflection and time 

measured at maximum deflection due to reduced strength of SCC. 

4) The mode of failure of SCC under low-velocity impact transformed from brittle to ductile through the addition of PET fibers. 

This modification occurred because of the bridging action of PET fibers between the broken parts of the concrete disc.  Further 

resistance to scabbing damage was attained with the increase in PET fibers content in the SCC 

5) According to the results obtained in this study, the optimum PET fibers content in SCC may be 1.5%. Nevertheless, the 

addition of PET fibers at moderate to high content (1% to 1.5%) may be acceptable to avoid further decrease in workability 

and to enhance SCC properties. 
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