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  الملخص
الخرسانة وبالتالي فان  عملیة تغلغل المواد الضارة داخلاللدن تسرع من نكماش تشققات الإ

الخرسانیة المسلحة في ھذه الحالة یكون قصیر. أحد الطرق الفعالة للتقلیل  للمنشآتالعمر الخدمي 
ھذه الدراسة المعملیة ھو الھدف الرئیسي من من التشققات في الخرسانة ھو التسلیح بالألیاف. 

على ) من حجم الخرسانة % 0.1، 0.025 ،0.01، 0(لیاف البولي بروبلین أإضافة للتحقق من تأثیر 
المساحة حیث تم دراسة  خرسانة.النكماش اللدن خلال الساعات الاولي من خلط سلوك تشققات الإ

لیاف البولي أعلى للخرسانة المحتویة  نكماش اللدنقصى عرض والطول الكلي لتشققات الإأالكلیة و
 لى ذلك تمإبالإضافة . (غیر محتویة على ألیاف) مرجعیةخرسانة بروبلین ومقارنة النتائج مع 

 للخرسانة. نشطاريمقاومة الشد الإ، ضغطالمقاومة ، الماء نضح، الكثافة الرطبة ،الھبوطدراسة 
عرض والطول الكلي  نخفاض ملحوظ في المساحة الكلیة وأقصىا ىلإختبارات شارت نتائج الإأ

لیاف % من الأ0.1 لیاف البولي بروبلین. محتوى أ ىلتشققات الانكماش اللدن للخرسانة المحتویة عل
المساحة الكلیة واقصى عرض لتشققات  ،الطول الكلي % في91، 94، 90بمقدار انخفاض  نتج عنھ

ً  وضحت لیاف.محتویھ على الأالعلى التوالي مقارنة بالخرسانة غیر الانكماش اللدن   النتائج ایضا
تأثیره ولكن  الضغطمقاومة  یاف البولي بروبلین الى الخرسانة یؤدي الى زیادة قلیلة فيإضافة الان 

  مقاومة الشد الانشطاري للخرسانة.ین تحس ملحوظ فيیكون 

ABSTRACT 
Plastic shrinkage cracks rapid the ingress of harmful materials into the concrete 

interior and hence reduce the service life of concrete structures. One of the effective 
methods to reduce cracks in concrete is by using fiber reinforcement. The main 
objective of this experimental study was to investigate the effect of polypropylene fiber 
(0, 0.01, 0.025, and 0.1% by volume of concrete) on the behaviour of plastic shrinkage 
cracks during the first few hours after mixing of concrete. Total plastic shrinkage crack 
length, total plastic shrinkage crack area and maximum plastic shrinkage crack width of 
polypropylene fiber reinforced concrete (PFRC) mixes were investigated and compared 
with control concrete (without fiber). Properties such as, slump, wet density, water 
bleeding, compressive strength and split tensile strength were also investigated for fresh 
and hardened concrete. The test results indicated that the total plastic shrinkage crack 
length, total plastic shrinkage crack area and maximum plastic shrinkage crack width 
are significantly reduced with the addition of polypropylene fibers. Fiber content of 
0.1% resulted in a 91, 94 and 90% reduction in total crack length, total crack area and 
maximum crack width, respectively compared to concrete without fiber. The results also 
showed that the addition of polypropylene fibers leads to a slight increase in 
compressive strength. However, it causes a considerable improvement in split tensile 
strength of concrete.  

KEYWORDS: Concrete; Plastic Shrinkage Cracks; Polypropylene Fibers; 
Compression; Strength; Split Tensile Strength. 
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INTRODUCTION 
Fiber reinforced concrete is defined as “concrete made with hydraulic cement, 

containing fine or fine and coarse aggregate and discontinuous discrete fibers that may 
also contain pozzolans and additives” [1]. The introduction of polypropylene fibers into 
concrete mix has no clear effect on compressive strength. Studies by Ramezanianpour et 
al. [2], Aire et al. [3], Islam and Gupta [4] and Sryh [5] showed reduction in 
compressive strength with addition of fibers, whereas slight improvement in concrete 
compressive strength were observed by Li et al.[6], Ede and Ige [7], Elzaroug et al.[8] 
and Elzaroug and Ebrahim [9]. On the other hand, it has proved to greatly enhance the 
tensile and flexural strengths of concrete [6-9]. The variation in concrete strengths were 
reported [10,11] to depend mainly on the percentage of polypropylene fiber included in 
concrete mix. Study by Archana et al. [10] showed that concrete strength increases with 
increasing the percentage of polypropylene fiber from 0 to 0.8, while the strength 
started to decrease when fiber exceeded 0.8%. According to Mashrei et al.[11], 
reduction in concrete strength was observed when fiber percentage approached to 0.3. 

Concrete shrinks when it is subjected to a drying environment. If concrete is 
constrained from shrinkage, tensile stresses develop and concrete may crack. Shrinkage 
cracking is one of the most common causes of cracking in concrete walls, slabs, and 
pavements. Plastic shrinkage cracks facilitate the ingress of harmful agents into the 
concrete and hence reduce the service life of concrete structures [12]. Fibers have been 
proved to inhibit crack propagation and reduce crack widths [13-14].  

Many investigations have been carried out to document the influence of 
polypropylene fibers on plastic shrinkage cracking [3,15-21]. Soroushian et al. [15] 
investigated the effects of collated fibrillated polypropylene fibers on the plastic 
shrinkage cracking using concrete slabs. The authors concluded that at fiber volume of 
0.1%, the total plastic shrinkage crack area and maximum crack width were reduced. It 
was also concluded that the total plastic shrinkage crack areas were less than those with 
13 mm fibers only at 0.1 and 0.2% fiber volume, but not at 0.05% fiber volume. Fibers 
with 19 mm were found to have 13, 57, and 55% less crack areas than 13 mm fibers at 
0.05, 0.1, and 0.2% fiber volume, respectively. The maximum crack widths with 19 mm 
fibers were 47, 33, and 36% less than those for 0.05, 0.1, and 0.2% fiber volume, 
respectively. 

Naaman et al.[19] studied the plastic shrinkage cracking by using prismatic 
concrete specimens. Volume fractions ranged from 0.05 to 0.4% of different types of 
fiber (polypropylene, polyethylene, carbon and polyvinyl acetate) was used. The study 
showed that the volume fraction and fiber diameter were most effective in controlling 
plastic shrinkage cracking. The study also showed that at fiber volume of 0.2%, most 
fibers with less than 0.04 mm diameter reduced plastic shrinkage of concrete by 10% 
compared to concrete without fiber.  

Banthia and Gupta [20] investigated the effect of polypropylene fiber diameter, 
fiber length and geometry on the plastic shrinkage in concrete. Three types of 
monofilament and one type of fibrillated polypropylene fibers were used. Different fiber 
volume fractions of 0.1, 0.2, and 0.3% were used. It was concluded that the longer fiber 
is more effective in reducing crack area, maximum crack width and number of cracks. 
Finer fibers were more effective than coarser ones, as they have larger surface area. 

Eren and Marar [22] investigated the effect of fiber volume and aspect ratio of 
hooked steel fibers on plastic shrinkage cracking. Two different compressive strength 
levels namely 56 and 73MPa were studied. Three different volumes (0.5, 1.0 and 1.5%) 
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of three different aspect ratios (L/D = 0.55, 0.65 and 0.80) were used. The lengths (L) 
and diameters (D) of used fibers were 30, 60, 60 mm and 0.55, 0.9, 0.75 mm, 
respectively. The study showed that steel fibers can significantly reduce plastic 
shrinkage cracking behavior of concretes. The study also showed that there is a critical 
fiber volume content of fibers to reduce the total crack length for both concrete series 
and there is a linear relationship between total plastic shrinkage crack area and volume 
percentage of steel fibers. 

In this study, concrete plates having dimensions of 50x450x450 mm were used for 
assessing plastic shrinkage cracking. Maximum crack width, total crack area and total 
crack length were investigated. Fresh and hardened properties of polypropylene fiber 
reinforced concrete, such as splitting tension strength, compression strength, slump, wet 
density and water bleeding were also studied. Three different volume percentages (0.01, 
0.025, and 0.1% by volume of concrete) of polypropylene fibers were used. 

EXPERIMENTAL PROGRAM 
Materials properties 

In this study, polypropylene fiber reinforced concrete mixes were made of 
Ordinary Portland cement obtained from Alfataih Factory (Darna-LIBYA), complying 
with BS 12: 1996. Physical properties and chemical analysis of the cement used are 
given in Table (1). 

Crushed limestone coarse aggregates with maximum size of 20 mm were used for 
production of concrete mixes. Some of the physical and mechanical properties of the 
aggregates used in this investigation are given in Table (2). Aggregate properties were 
measured in accordance with BS 812: Part 2: 1995, BS 812: Part 110: 1990 and BS 812: 
Part 112: 1990.  

Natural sand with an apparent specific gravity of 2.69 and absorption of 0.42% 
was used. The sieve analysis results of the sand and coarse aggregates used in the 
concrete mixtures are given in Table (3).	

Polypropylene fibers Figure (1) having 18 mm length were used in this study. 
Three different fiber percentages were added to concrete mixtures at 0.01, 0.025, and 
0.1% by volume of concrete (i.e. 0.091, 0.227 and 0.910 kg/m3). 

Table 1: Physical and chemical properties of cement 
Chemical Composition (%)       Physical properties 
SiO2                              20.9 Fineness-Blaine (cm2/gr)  3093 
CaO                              63.2 Setting Time (minute) ; 
Fe2O3                            3.03 Initial                          129 
Al2O3                            5.39 Final                          164 
MgO                            1.35 Specific weight           3.07 
SO3                              2.4 Compressive strength (MPa);  
Loss of ignition           2.6 3days                          24.1 
Alkalies                       0.88 28days                       44.8 

 
Table 2: Physical and mechanical properties of coarse aggregate 

Property   
Apparent specific gravity 2.66 

Absorption (%) 1.53 
Impact value (% Fines) 16 

Crushing value (% Fines) 31 
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CONCLUSIONS 

The following findings can be drawn from the obtained results: 
 The slump of concrete mixture decreases with the addition of polypropylene 

fiber. 
 The compressive strength of concrete is slightly increased with the addition of 

polypropylene fiber. On the other hand, significant enhancement in splitting 
tensile strength is gained with the addition of polypropylene fiber. A 46% 
increase in split tensile strength was obtained when 0.1 fiber volume was 
added to concrete compared to control concrete (without fiber). This can be 
attributed to arresting cracks by fiber addition. 

 The maximum crack width, total crack area and total crack length of concrete 
slab is significantly reduced with the addition of polypropylene fiber. The 
addition of 0.1% fiber led to a 90 %, % 94 and 91% reduction in maximum 
crack width, total crack area and total crack length, respectively compared to 
control concrete. This reduction is possibly related to the decrease in 
workability as fiber added to concrete mixture. 

RECOMMENDATIONS   
 In this study, concrete produced with high cement content was studied. Concrete 

mixtures with different cement contents should be investigated. 
 In this investigation, concrete with 54 MPa compressive strength was studied. 

Different strength levels should be studied.  
 Other fiber types could be used in this study. 
 In this study, fiber volume fraction of 0.01, 0.025 and 0.1 % were studied. 

Different volume percentage of polypropylene fibers should be tested. 
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