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INTRODUCTION 

 

 The amount of construction and demolition waste in Gaza Strip has been increasing rabidly as a reason of continuous military campaigns that have destroyed 

huge number of concrete buildings. Till now the accumulated amount of C&D wastes about four million tons (MPWH, 2014).Gaza Strip is a narrow strip of a total 

area 365 Km2 Since the available spaces in Gaza Strip couldn’t accommodate this huge quantity, thoughts have been started to reuse C&D waste. One of those 

aspects thoughts is to use RA extracted from concrete rubbles in concrete structures. 

 The C&D wastes in Gaza Strip was generated due to explosives, the produced RA may differs than recycled aggregate concrete extracted using mechanical 

demolishing equipment or natural crisis. . In Gaza Strip, about 100% of C&D wastes exposed to heavy explosives with very high elevated temperatures, this 

explosives and elevated temperature has affected the RA(especially adhered mortar)and consequently the chemical, physical and mechanical properties of RA 

concrete also has been affected .Up to today, many national symposiums and international conferences about the optimum use of R A as an alternative of natural 

aggregate have been conducted   in many countries. RA mainly differs from natural aggregate (NA) as it is composed by two different materials: NA and residue 

old cement mortar attached. Old cement mortar is the origin of the worse properties of RA: lower density, higher absorption, and higher Los Angeles abrasion ( 

Juan .et el. 2009;Debieb F et el. 2010) . RA is also highly heterogeneous and porous, as well as a high content of impurities. The heterogeneity influences the 

characteristics of RA and these aggregate properties have a negative influence on recycled aggregate concrete (RAC) quality such as reduction of the compressive 

strength, tensile strength due to the increased concrete porosity and a weak aggregate–matrix interfacial bond (Tam.et el. 2005;Zaharieva.et el. 2003) (33 fiber 

concrete-PHD2)Mirjana Malešev et al(2010) reported, the way of preparing recycled aggregate for concrete mixtures influences the concrete workability: 

Workability of concrete with natural and recycled aggregate is almost the same if ― water saturated — surface dry recycled aggregate is used. Also, if dried 

recycled aggregate is used and additional water quantity is added during mixing, the same workability can be achieved after a prescribed time. Additional water 

quantity depends on the time for which the same workability has to be achieved. (Mirjana Malešev et al., 2010). 

 Recycled concrete mixes require more water (increase of w/c ratio) than conventional concrete to maintain the same slump without the use of admixtures. 

This affects the quality and strength of the concrete, resulting in lower concrete strength (Sami and A, kmal, 2009). The conclusions showed that even in the case 

of high-performance concrete, the interfacial transition zone (ITZ) is a zone of low resistance, because of the big porosity of adhered mortar. And as more porous 

is the concrete its ITZ will be less resistant (Konin et al, 1998). 

Abstract 
 
Reusing of concrete rubbles extracted from construction and demolition(C&D) wastes in concrete can be described as a 
goodsolution for environmental protection and economical savings. Owing to the very limited space for land reclamation in 
Gaza Strip to dispose million tons of C&D waste and  no any kind of aggregate resources, there is bad need to find another 
resources of aggregate.Using of recycled aggregate (RA) extracted from concrete rubbles in concrete can be useful for 
environmental protection and economical saving terms. This paper reports the results of an experimental study on the 
mechanical properties of recycled aggregate concrete (RAC) as compared to natural aggregate concrete (NAC). The effect of 
Polypropylene (PP) fiber on physical and mechanical properties were also discussed in this paper. The research involved 
experiments to analyze the mechanical behavior of RA concrete after immersing the samples in sea water and to analyse sea 
water effects on recycled aggregate mixed with polyprobelyne (PP) fibers . The (NA) was replaced in concrete mixes by (RA) 
extracted from concrete rubbles with percentages .0, 50.0 and 100.0%. The RA concrete mixes was mixed with (PP) fiber 
with various percentages 0.0,.25 0.1,0.5 ,1.0,1.5% of total volume , 0.1% PP fiber resulted in maximum compressive and 
tensile strength was used in the other concrete mixes. To investigate the intended mechanical properties 94 specimens were 
casted .The workability of concrete was reduced when the NA aggregate was replaced by RA and adding PP fibers to 
concrete mixes increased the reduction of the workability. The compressive, splitting tensile (ST) and flexural tensile (Fr) 
strength for 50.0% RCA mixes was reduced by 12.7, 7.5 and 20.34% respectively, but when 100.0%RCA was used the 
strength was reduced by21.8, 20.5 and 30.83% respectively .Adding PP fibers enhanced the strength of RA concrete 
specially tensile strengths, where 100 % RCA concrete gained 7.2,29.3 and 74.3% for compressive, ST and Fr respectively. It 
was concluded that replacing NA with RA reduced the strength of concrete and modulus of elasticity but adding PP fibers 
enhances the strength of concrete and modulus of elasticity. Immersing plain concrete mixes in sea water for 8 months 
increased the compressive strength for concrete without fibers by 16.5, 15.5 and 7.0% for 50.0 and 100 % RA concrete but 
immersing RA concrete mixed with PP fiber  in seawater reduced the compressive strength by about 4.0% butST and Fr 
increased for RA concrete mixed with fibers 8 months in seawater . 
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 A significant influence was found on the stress–strain curve of different concrete mixes due to the use of different generations of repeated recycled coarse 

aggregate. Similar pattern of the stress –strain curves was found for all the repeated recycled concrete mixes (Sumaiya Binte Huda and M. Shahria Alam, 2014). 

The RCA replacement percentage has a considerable influence on the stress–strain curves of RAC. For all considered cases from r = 0% to 100%, the stress– strain 

curves show a similar behavior. The stress– strain curves of RAC indicate an increase in the peak strain and a significant decrease in the ductility as characterized 

by their descending portion and also added. The peak strain of RAC is higher than that of normal concrete. he modulus of elasticity test indicates a decreasing 

trend of modulus of elasticity value when the percentage of recycled aggregate increased.   (N. Siva Kumar . et al .2014) . 

  A correlation between elastic modulus and compressive strength of recycled-aggregate concrete was found showing that, in general, 16% lower elastic 

modulus is achieved by using 30% coarse recycled aggregates, whatever the recycled aggregate grain size distribution (Valeri a Cori n a ldes I,2011). Several 

researches have studied the influence of RA on concrete properties such a s compressive strength, tensile strength, etc. (Ajdukiewiez and Kliszczewicz, 2002; RA 

is heterogeneous in nature as they contain attached mortar to the aggregates. This property of RA limits its use in concrete, as it decreases the compressive strength 

of RAC. The results also shows that the concrete specimens with more replacement of recycled aggregate will get the lower strength when compared to the 

concrete specimens with less recycled aggregate From the obtained result, it is possible to use 30 to 40% recycled aggregate with the less water cement ratio in the 

high strength concrete mixes. (N.Sivakumar.et al.2014). 

 Vázquez et al. observed that, when replacing 100% of NA with RA, the splitting tensile strength can vary between 6% and 20%, but if the incorporation is 

lower than 50% the difference is practically imperceptible (Vázquez E, et al.,2006). The results of experiments conducted by Zong-ping Chen et al show that the 

flexural strength and cubic compressive strength of the recycled aggregate concrete approximate to those of normal concrete . The flexural strength of recycled 

aggregate concrete (RAC) is obtained experimentally, and the influence of replacement percentage of recycled coarse aggregate on the flexural strength is 

analyzed.  

 After his experimental work in reinforced recycled aggregate concrete and natural reinforced concrete beams which includes the deflection and crack 

spacing, Ippei Maruyama et al concluded the following : (1)Crack widths of reinforced recycled concrete (RRC) beams with wet curing are wider than those of 

conventional reinforced concrete (RC) ,when the stress in reinforced concrete beam is 20 N/mm2, while crack spacing of RRC beams are smaller than those of RC 

beams.(2) Expansive additive contributed to decreasing the crack widths, the magnitude of the effectiveness in reduction is 20-30% in this present study. (3).The 

deflections of RRC beams, when the stress in reinforced beam is 30 N/mm2 , are larger than those of conventional RC beams. This tendency can be predicted by 

considering the difference of Young’s modulus, even in the case of adding the expansive additive. (4) Measured ultimate moments are larger than the calculated 

results using measured yield stress of RB by 10-20%. Many investigators investigated the effect of sea water on RA, Jianxiu Wang, et al established: (1)Marine 

environment did not affect the shape of the stress-strain curve of R A concrete; it was as natural aggregate concrete irrespective of R A percentage but, the RCA 

replacement percentage and corroding time have remarkable influences on the stress strain curve of RC. (2). The compressive strength of RC decreases with the 

replacement percentage, and the suitable replacement percentage should not exceed 30% in marine environment.(3). The compressive strength of RC is time 

dependent as exposed to marine environments where it decreases 2% within 8 months exposure and 4% to 8%   when   corroding time exceeds 8 months . (4)The 

elastic modulus of the RC in marine environment is lower than that of normal concrete, and it decreases with increasing replacement percentage and corroding 

time. The elastic modulus is reduced by about 7.5% when the replacement percentage is 60%, and it dropped by 2% and 9% when the corroding time is within or 

over 8 months, respectively. (5) The failure behavior of compressive test for R A concrete under marine environment is faster than behavior of natural aggregate 

concrete taking inclination angle 65–85∘ between the failure plane and the loading plumb. 

 Umadevi C.V and M. Rame,(2014) Gowda concluded after their investigations on PP fiber R A aggregate the following:(1)The presence of fibers in concrete 

changes the failure mode of plain concrete from spalling behavior to blugging mode behavior in transverse directions.(2)Use of fiber in recycled aggregate 

concrete increases strength characteristics mainly flexural &split tensile strengths of concrete. The structural and mechanical properties of fiber reinforced recycled 

aggregate concretes can go a long way in developing cost effective sustainable concrete structures with numerous applications in pavement and other concrete 

activities (M.L.V. Prasad and P. Rathish Kumar , 2007). VladimiraVytlacilova   proved positive effect of synthetic fibers on tensile mechanical properties of R A 

concrete, splitting and flexural, and also proved ductility of beams and their behavior after load removal .Also Vladimira stated that it is viable to produce concrete 

made with recycled concrete or masonry aggregates as full replacement of natural aggregate suitable for structural concrete. From previous literature, the results 

that was concluded as following:1)The main problem with RA is the old cement paste layer on original aggregate.2) W/C ratio should be increased or using 

plasticizers  to achieve same  workability for RA concrete  as NA concrete. 3) As the percent of RA increases the compressive, tensile, flexural strength decreases. 

4)The modulus of elasticity of RA concrete is reduced by 40% than NA concrete. 5) Marine  effect is faster in RA concrete than NA concrete.5)Treating RA with 

polymers reduce water absorption. The  effect of PP fibers on deflection and crack width of RA concrete weather plain or reinforced wasn’t investigated in 

previous studies but in this research ,this effect was studied. The effect of immersing of RA concrete in sea water was also investigated which wasn’t studied in 

previous researches Any previous study doesn’t study all the mechanical properties ,deflection and crack width of treated RA with SP. The effect of PP fibers and 

SP for the same samples was also studied 

 

1.1. Research aim and objectives: 

1.1.1.Research Aim: 

 In general, this research aims to develop the performance of recycled aggregate (RA)extracted from concrete rubbles .This developed performance, 

concentrates on reusing RA in concrete mixes as reinforced structural elements and subsidiary building, matching the performance of natural aggregates concrete 

.Many studies about RA concrete has been established in Gaza Strip ,but none of this studies has studied PP fibers effect on RA concrete. All the previous studies 

has proved that the compressive strength of concrete decreases as increasing the percent of RA(Zuhud,2008). 

 

1.1.2.Research Objectives: 

 The principal objectives of this research are as following To provide a detailed review of the state-of-the-art in recycled aggregate concrete. 

 To investigate the chemical and physical properties of the recycled aggregate 

 To determine the mechanical properties of recycled aggregate concrete with different percentages of recycled aggregate. 

 To study the effect of polypropylene fibers mixed with R A on the mechanical properties of fiber recycled aggregate concrete(FRAC)with different 

percentages of recycled aggregate. 

 To study the behavior of reinforced concrete (RC) beams including strength, deflection and crack widths. 

 To study the effect of sea water on the best mechanical properties mix during 12 months period. 

 

1.2. Test program: 

 The materials used in this program were tested before beginning of any mix. 

 The test program consisted of three main mixes 0.0,50.0 and 100.0% of RA. The mix was mainly designed using 0.0% RA then the NA was replaced by 50.0 

and 100.0% RA. After trial mixes of PP fibers with100.0%RA,it was found that the optimum percent of PP fibers was1% by volume. The RA concrete was mixed 

with0.1% PP fibers without any treatment of RA. The coated RA was used for concrete mixes with 50.0 and 100.0%. The final mix type was mixed using 100.0% 

coated SP RA with 0.1% PP fibers. From every mix type ,18 standardcylinders,6 standard flexural prisms and 3 reinforced beams was casted. All mix types was 

immersed for 8 months in seawater except reinforced beams. All specimens was tested for work ability, compressive strength, splitting strength and flexural 

strength. The modulus of elasticity was investigated for all concrete specimens, the deflection of beams and the crack width was investigated. 

 

1.3. Experimental Studies: 

1.3.1.Materials: 

 All the materials used in this experimental program has satisfied all the specifications required specially the aggregate comply with the ASTM specifications 

and the other materials was used according to the manufacturer directions. 
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Sand Crushed Stone RCA NCA Physical Property 

1.656 1.82 1.3532 1.436 Unit Weight 

0.0316 0.0267 0.01914 0.025 Water content 

2.66 2.7 2.44 2.61 Bulk Gs (SSD) 

2.64 2.65 2.334 2.55 Bulk Gs (DRY) 

2.68 2.81 2.613 2.7175 Bulk Gs (Apparent) 

0.48 2.17 4.62 2.45 Water Absorption % 

 

1.3.1.1. Cement: 

 Type I Ordinary Portland Cement (OPC) was used in this experimental program which has a chemical composition, and also satisfies standard specification 

for Portland cement of ASTM designation C150-92 . 

 

1.3.1.2. Water: 

 Ordinary tap potable water is to be used in the concrete mixes. 

 

1.3.1.3. Aggregates: 

 The used aggregate in this program classified to two types; natural aggregate with both kinds coarse and fine (N A) and recycled coarse aggregate (RA). 

Only coarse RA was used in this experimental program where the fine RA were excluded. The NA used is a mix of crushed lime stone and dolomite, collected 

from stockpiles belongs to the Ministry of General Work and Housing and the RA (extracted from concrete rubbles) is collected from the stockpiles belongs to the 

United nations Development Program(UNDP) crushers in Palestine. Both kinds of aggregate were tested as following: 

 

1.3.1.3.1. Chemical test of aggregate: 

 The all kinds of aggregates were tested for chloride, calcium carbonate and sulfate contents as shown in Table (1).At the same time since RCA has been 

exposed to explosives as mentioned above another chemical test was conducted for heavy metal contents as shown in Table (2). 

 

Table 1: Chemical contents of all kinds of aggregates and sand (IUGaza,2015). 

Crushed stone aggregate NA Sand RA Parameter 

0.0107 0.0064 0.01 0.0799 CI % 

 

98 96.6 9.6 50.05 CaCo3 % 

 

0.003 0.001 0.0012 0.0089 So4 % 

 

 

1.3.1.3.2. Physical properties of aggregate: 

 

Table 2: Heavy metals in RCA(AlAzharU.Gaza, 2015). 

Result / ppm Element No. Result / ppm Element No. 

52.8 Chromium (Cr) 9 338.6 Copper (Cu) 1 

386.3 Strontium (Sr) 10 24372.2 Iron (Fe) 2 

10.8 Lithium (Li) 11 101.5 Nickel (Ni) 3 

887.6 Sodium 

( Na) 

12 18022.2 Lead(Pb) 4 

440 Calcium (Ca) 13 10136.6 Zinc(Zn) 5 

1500 Chloride (CI) 14 20487.7 Aluminum ( AL) 6 

291.2 Magnesium (Mg) 15 14.6 Cadmium (Cd) 7 

339 Nitrate 

( No3) 

16 10.6 Cobalt (Co) 8 

 

1.3.1.3.3. Sieve analysis: 

 Sieve analysis of aggregate was arranged according to ASTM designation C136- 92 to fit the requirements for mix design according to ACI code. It should 

be noted that the crushed stone and sand was mixed with 3:2 ratio with a fine modulus 2.4. The following figures shows the sieve grading for all the kinds of 

aggregates used in this experimental program. 
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Fig.  1:: Sieve grading of natural aggregates. 

 

 
 

Fig. 2: Sieve grading of RCA. 

 

 
 

Fig. 3: Sieve grading of fine aggregates. 

 

1.3.1.4. Polypropylene(PP) Fibers: 

 The fiber that used in this experimental program is polypropylene (PP) fiber .PP fiber is chemically non-active. Figure (4) is a photo of PP fibers that was 

used and Table (3) shows properties of PP according to Sika manufacturer (Sika Egypt, 2007).  

The optimum percent of fibers by volume was achieved after trials of different percentages of PP fibers mixed with 100.0% RCA. percentage of 0.1% of PP fibers 

gave the maximum compressive and ST strength rather than 0.25,0.5,1.0,1.5%.  

 

1.3.1.5. Reinforcement Steel: 

 The main reinforcement used for beam rebar (Ø8.0mm) is a hot mild steel ,fy=495.0Mpa and fu=520.0Mpa .The steel was used for stirrups is mild steel with 

fy=240Mpa. 
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Fig. 4: Photograph showing the discrete PP fibers. 

 

Table 3: Index and parameters of PP fibers (Sika Egypt,2007). 

Values Behavior parameters No Values Behavior parameters No 

None 

 

Water absorption2 9 Natural Color 1 

160° C Softening point 10 .91 

g/cm3 

Specific gravity 2 

365° C Ignition point 11 12 Fiber length 3 

High 

 

Acid resistance 12 18 micron Fiber diameter 4 

100% 

 

Alkali resistance 13 330-440 Mpa Tensile strength 5 

Low Electrical and Thermal 

Conductivity 

14 6000-9000 N/mm2 Modulus of  elasticity 6 

 

1.4. Concrete mixtures: 

 In this study; the mix proportions were prepared according to ACI 211.1 as shown in Table (4). One targeted group of samples was chosen in this study with 

a compressive strength, fc=25.0Mpa. 

 It has to be known that the design of mix was for N with 0.0% RCA and in the other mixes only the percent of RCA has been changed. The control mix for 

all batches is natural aggregate mix (0.0% RCA). After many trials of R(100.0%RCA) mixes with 0.1,0.25,0.5,1.0,1.5% of PP fibers .the optimum percent was 

0.1%by weight.0.1% percent of fibers was added to NR (50.0% RCA) samples which denoted by NRF and for R samples which denoted by RF. 

 

Table 4: Mix proportions quantities. 

Mix 
Water 

(Kg) 

Cement 

(Kg) 

NCA 

(Kg) 

RCA 

(Kg) 

Fine Aggregate 

Crushed stone 

(Kg) 

Sand 

(Kg) 

N(0.0%of RCA) 200 327.9 971 0.0 522.6 348.4 

NR(50.0%RCA) 200 327.9 485.5 485.5 522.6 348.4 

R(100%RCA) 200 327.9 0.0 971 522.6 348.4 

 

1.5. Tests: 

1.5.1.Workability: 

 Slump test was conducted to assess the workability of fresh control concrete and concrete containing recycled aggregate. The slump test was carried out 

according to ASTM C143,for each mix in the testprogram, sample of freshly mixed concrete is placed and compacted by rod in a frustum of cone mold. The slump 

value is equal to vertical distance between the original and displaced position of the centerof the top surface of the concrete after raising a mold. 

 

1.5.2.Compressive and splitting tensile strength: 

 Molding cylindrical samples(Cylinders150X300 mm)was carried out according to ASTM designation C470-92forcompressive and splitting tensile strength. 

A compression machine with a loading capacity 3000KNwasused in the experiment. The loading rates were applied first to the compressive strength test with 

loading rate  10.6 KN/s, The tensile splitting strength testwas carried out at loading rate 1.6 KN/s. 

 

1.5.3.Flexural test: 

 Standard beam specimens (500X100X100 mm) were used for flexural test according to ASTM designation C31. 

 

1.5.4.Moment strength of reinforced concrete beam: 

 A beammold was fabricated using plywood with smooth surface with dimensions of100X150X1200 mm to suit the size and the ability of the machine 

especially designed for this test. The concrete was reinforced with 2Ø8.0 mm bars as main bottom reinforcement and 2Ø6.0 mm as secondary top steel with 

stirrups of Ø5.0mm at 7.5 cm to ensure flexural failure behavior. 

 

1.6. Sampling of test specimens and curing: 

 Table (5) shows the number of samples used for every test for every type of concrete mix: 
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Table 5: Sampling of mix types and curing. 

Mix type 
After 28 day curing in fresh water After 8 months immersing in seawater 

Com. str. Split. str. Flex.str. Renf. str. Com.str. Split. str. Flex.str. 

N 3 3 3 3 3 3 3 

NR 3 3 3 3 3 3 3 

R 3 3 3 3 3 3 3 

NRF 3 3 3 3 3 3 3 

RF 3 3 3 3 3 3 3 

 

RESULTS AND DISCUSSION 

 

1.6.1.Workability: 

 As shown in Figure(5),as the percent of RA increased the workability of concrete mixes decreased, where it was decreased by 55% for 100% RA concrete 

mixes. Adding PP fibersto NR and R decreased the workability of concrete with 43 and48% respectively. 

 

 
 

Fig. 5: The Slump of all mix types. 

 

1.6.2.Compressive strength: 

 From Table(6)and Figure(6), when the percent of replacing RCA instead of NCA increased the compressive strength of concrete reduced, A 50.0% RCA 

reduced the strength by 12.75% and100%RCA reduced the strength by 21.8%. Adding PP fiber to NR increased its compressive strength by 6.9% and increase 

compressive strength of R by7.2%. Adding PP fiber to RS increased the strength of RFS by 5.3%.From Table (7) and Figure (7) immersing N, NR and R in sea 

water increased the compressive strength by 16.5%,15.7% and 7.0% respectively, but immersing mixes with PP fiber reduces the strength of NRF and RF by 3.7% 

and 5.8% respectively.  

 

Table 6:The compressive strength of all mix types after natural curing and immersing in seawater. 

Mix type 
Compressive stress (Mpa) 

natural SEA 

N 31.73 36.98 

NR 27.70 32.06 

R 24.82 26.56 

NRF 29.62 28.52 

RF 26.62 25.07 

 

1.6.3.Stress –strain(SS) curves and modulus of elasticity (Ec): 

 From Table (7) and Figure(7) the Ec of concrete and the ductility reduced as the percent of RCA is increased but adding PP fibers has increased Ec and 

ductility of NRF and RF where the ductility of NRF and RF was better than that of N. Ecof NR and R decreased by 19.96% and 33.8%, but PP fibers enhanced Ec 

by 29.5% and 19.3% respectively. 
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Fig. 6: The compressive strength of all mix types after natural curing and immersing in seawater. 

 

Table 7::Mc of concrete mixes after 28 day curing in fresh water. 

Type of Mix Actual Ec(Mpa) From SSC curve 
Comp. 

Strength 
Calculated EC according to ACI(Mpa)4700√fc 

N 25960 31.73 26474.81 

NR 20775 27.70 24736.47 

R 17183 24.82 23415.25 

NRF 26910 29.62 25577.24 

RF 20500 26.62 24249.45 

 

 
 

Fig.  7: SSC of concrete mixes after 28 day curing in fresh water. 

 

 Immersing concrete samples in seawater for 8 months increased the rigidity where Ec increases but the ductility decreases as shown in Table(8) and 

Figure(8) respectively, where Ec increased by 22.2, 24.4, 6.5, 25.6, 26.51 % for N, NR and  R respectively. It has to be noted that immersing PP fibers concrete 

reduced Ec for NRF and RF by 15.33 and 14.5 % respectively. In spite off of decreased value of Ec of PP fibered concrete after immersing in sea water, ductility 

has not been affected . 

 From Tables(8-9) ,the Ec of concrete samples calculated according to ACI code 4700√fc is more than Ec calculated from SSC curves. 

 

1.6.4.Splitting tensile strength(STS) of concrete and correlation with compressive strength: 

 From Table(9) and Figure(9) the STSis affected adversely by increasing the quantity of RCA in concrete mixes, where it was reduced by 7.5 and 20.5% for 

NR and R respectively, but STS for NR and R increased by 18.8 and 29.3%   respectively when PP fibers was added. Immersing concrete samples in seawater 

enhances STS for all types of concrete mixes. It is worth saying that, adding PP fibers enhances STS about three times more than its effect on compressive 

strength. Salmon page 44says the correlation between compressive strength and splitting tensile strength ranges between 0.498√fc to.66√fc.All the correlations that 

are shown in Table (10) ranges between 0.498√fc to 0.66√fc. 

 

1.6.5.Flexural tensile strength(Fr) of concrete and correlation with compressive strength: 

 From Table (10) and Figure (10)Fr is affected inversely by increasing the quantity of RCA in concrete mixes, where it was reduced by 20.34 and 30.83% for 

NR and R respectively, but Fr for NR and R increased by 62.6 and 74.3%   respectively when PP fibers was added, this means PP fibers enhance Fr for NR and R 
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to be larger than N  .Immersing concrete samples in seawater enhances STS for all types of concrete mixes. It is worth saying that, adding PP fibers enhances STS 

about six times more than its effect on compressive strength. The correlation between compressive strength and Fris about0.623√fc according to ACI code, but 

according to Salmon ranges between 0.664√fc to 0.99√fc.All the correlations that are shown in Table (10), ranges between 0.664√fc to 0.99√fc but when PP fibers 

isused, the correlation exceeds 0.99√fc and so when concrete samples are immersed in seawater. 

 

Table 8: Ec of concrete mixes after immersing of 8 months in seawater. 

Type of Mix Actual Ec(Mpa) From SSC curve Compressive strength 
Calculated EC according to 

ACI(Mpa)4700√fc 

N 33282 36.98 28581.26 

NR 27480 32.06 26610.88 

R 18387 26.56 24222.11 

NRF 23334 28.52 25099.94 

RF 17907.14 25.07 23531.94 

 

 
 

Fig. 8: SSC of concrete mixes after immersing of 8 months in seawater. 

 

 
 

Fig. 9: Splitting tensile strength. 

 

1.6.6.Deflection and crack width of reinforced concrete: 

 From Figure (11) the behavior of all concrete beams almost the same, but the deflection and load corresponds to first crack and that correspond to failure are 

different according to concrete type. As the percent of RCA increased the first crack load and ultimate load reduced and the deflection increases where the first 

crack moment is 22.4,17.2 and 14.3 KNfor N,NR and R with accompanying deflection 2.1,2.4, and 1.8mm respectively. At the same time the ultimate moment is 

32.4, 27.8 and 23.2 KN with a deflection 4.8,4.95, and 6.4 mm for N,NR and R respectively. Adding PP fibers enhances the moment capacity and ductility of NR 

and R where crack load increased to be 19.2 and 17.5 KN with deflection 2.1 and 2.18 mm respectively .Ultimate momentload of NRF and RF increased with 

5.0% and 14.2% with deflection 7.2 mm and 6.35 mm. 

 Adding PP fibers of concrete enhanced the ductility and reduced the crack width ,where the number of cracks is increased but its width obviously decreased 

as shown in Figure(12). The comparison between N and NRF shows at the same load the crack width of N is larger that of NRF by increment of about 13.3%, 

which means adding PP fibers enhance the crack width to be smaller than any type of concrete of the same constituents. Adding RCA to concrete mixes increased 

the crack width according to increment percentage such that the crack width of NR and R is wider than N crack by average14.3 and 31.2% respectively. 
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Table 9: Splitting tensile strength(STS). 

Mix type 

After 28 day curing in fresh water After immersing in seawater for 8 months 

Splitting 

(Mpa) 
Correlation with fc Splitting(Mpa) Correlation with fc 

N 2.71 0 .48*fc0.5 2.85 0.47* fc0.5 

NR 2.50 0.47*  fc0.5 2.59 0.46* fc0.5 

R 2.15 0.43* fc0.5 2.51 0.43* fc0.5 

NRF 2.97 0 .55*  fc0.5 3.15 0.48* fc0.5 

RF 2.78 0.54* fc0.5 2.98 0.44*fc0.5 

 

Table 10: Flexural tensile strength(Fr). 

Mix type 
After 28 day curing in fresh water After immersing in seawater for 8 months 

Splitting(Mpa). Correlation with fc Splitting(Mpa). Correlation with fc 

N 4.67 0 .83* f`c
0.5 6.86 1.12* f`c

0.5 

NR 3.72 0.70* f`c
0.5 6.04 1.07*  f`c

0.5 

R 3.23 0.65* f`c
0.5 5.40 1.04* f`c

0.5 

NRF 6.05 1.11* f`c
0.5 8.02 1.5* f`c

0.5 

RF 5.63 1.09*  f`c
0.5 6.58 1.31* f`c

0.5 

 

 
 

Fig. 10: Flexural tensile strength(Fr). 

 

 
 

Fig. 11: Load deflection curve of reinforced Concert Beam (Age 28 day ) without immersing in seawater. 

 

1.6.7.Load deflection curve of plain concrete: 

 From Figures (13-14) all types of concrete mixed with PP fibers wither after natural curing or immersing in seawater exhibit ductile behavior and have the 

highest value of Fr. From Figure (9) the behavior of N exhibits more ductility than NR and R where its failure occurred at a deflection of about 1.0mm . The 

failure of NR and R occurred at a deflection 0.72 and 0.6mm respectively but the failure of NRF and RF occurred at a deflection of 4.3 and3.1 mm respectively 

.As shown from Figure (10) ,the behavior of  all mix types were less ductile than mix types not immersed in seawater where the deflection at failure  was 

0.6,0.5,0.47,3.15 and 2.1mm for N,NR,R,NRF and RF. 
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Fig. 12: Load crack width of reinforced concrete beam. 

 

 
 

Fig. 14: Load deflection curve of plain concrete beams after immersing8 months in seawater. 

 

 
 

Fig. 13: Load deflection curve of plain concrete beams after 28 day curing in fresh water. 

 

1.7. Conclusion: 

 In this study, the effects of RA with and without PP fibers on mechanical properties of concrete are presented. The relations between the mechanical and 

physical properties of RCA concretes are also analyzed. Adding PP fibers enhanced the mechanical properties of concrete. Based on the above results, the 

following conclusions can be drawn: 

1) The workability of concrete mixes was affected adversely when the percent of RA was increased. Adding PP fibers to concrete mixes decreased the 

workability of concrete. 

2) RA (Recycled coarse aggregate): As the percentage of RCA increases the mechanical properties were  adversely affected, where the compressive strength is 

reduced by 12.7 and 21.8% for 50.0%RCA(NR)and100.0%RCA(R).Splitting tensile strength is reduced by 7.5 and 20.5% for NR and R, also Fr is reduced by 

20.34 and 30.83% for NR and R respectively. 

3) PP fibers (Polypropylene fiber):  Adding PP fibers enhance all the mechanical properties of RAC and RC where the compressive strength was slightly  
increased by 6.9% and 7.2% but splitting and flexural tensile strength was increased with considerable proportion where splitting tensile strength increased by 18.8 

and 29.3% and Flexural strength by 62.6 and 74.3% respectively. The ductility of concrete enhanced as shown in stress-strain curves and load deflection curves 

also the width of cracks in concrete beams decreased when RCA mixed with PP fibers. 

4) Immersing in seawater: immersing all concrete types enhanced their all mechanical properties except those types mixed with PP fibers the compressive 

strength only was reduced about 3.0% in average. 
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