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Abstract  

Engineered cementitious composite (ECC) as one of the most promising types of strain-hardening 

cementitious composites (SHCC) has received worldwide attention. Polyvinyl alcohol (PVA) fibres have 

been proven as one of the more successful chopped reinforcement to achieve desired properties of ECC. 

Locally, this types of fibre is not available and still uneconomic choice to use. Research in this field, in 

Iraq, is still new although this composite has been under investigation in the last ten years in some 

countries such as the United States. This study points out the use of available discrete carbon fibre to 

reinforce cementitious matrix as an attempt to present ECC with locally available and economical 

components as composites with desirable strain-hardening performance that could help retrofitting and 

repairing existed deteriorating structures. Seven groups with volume fraction of carbon fibres ranging 

from 0% to 3% were considered to produce thin beams tested under bending conditions. The results 

showed an overwhelming performance of carbon fibres to add ductility to the cementitious composites 

with varied efficiency. Specimens with 2% volume fraction of fibres overcame the other groups when 

presented flexural strength 8 times more that of the control specimens and 8 mm mid-span deflection 

(vertical deflection), which represents notable ductility if compared with the control specimens that 

presents about 1mm. These results open up the opportunity to investigate and bring the research interests 

of future studies, locally, on this field. 
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1.INTRODUCTION 

Fibre reinforced polymer (FRP) composites have been widely employed as an essential reinforcing 

material for weak reinforced concrete (RC) elements since 1980. FRP is widely used in many industries 

due to a number of important advantages, including as its high strength-to-weight ratio. As a result, 

handling will be simple, which will result in a quick application rate. As a result, there will be fewer 

construction and potential shutdown periods [1]. However, there are a few drawbacks to the FRP 

strengthening process. These include low performance at temperatures above the polymer's glass 

transition temperature, expensive polymer costs, and inapplicability on wet surfaces or at low 

temperatures [2,3].  

High-performance fiber-reinforced concrete is known as engineered cementitious composites, or ECC 

for short. ECC can develop much better mechanical properties than regular concrete, including ultimate 

strain in uniaxial tension and excellent strain-hardening behaviour [4, 5]. Because of the bridging effect of 

the fibres in ECC, even after multiple cracks have developed, the material can still provide significant 

tension [6-8]. The crack widths in ECC are relatively small before the major crack is fully formed [9, 10]. 
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When ECC is used with 2% fibre volume fraction, the ultimate tensile strain can reach up to 3%, and the 

average crack width under this strain stays at 100 μm [11]. Steel reinforcement and ECC can work

together to maintain tension in the interim [12, 13]. 

Experimental research on the nonlinear performance of ECC cantilever beam structures was conducted 

by Fisher et al. [14]. It is shown that ECC material plays a fundamental role in the improved deflection 

capacity. Using an experimental program, Gencturk et al. [15] assessed the earth quick design parameters 

of ECC made columns under different loading conditions. It was found that all the design requirements 

could be enhanced at various aspects in ECC specimens. A numerical analysis of the column-slab 

performance in regard to cyclic vertical and horizontal load was conducted by Asdam et al. [16]. It is 

demonstrated that the PVA-ECC can greatly increase both mechanical performance and damage 

tolerance. Qin et al. [17] retrofitted reinforced concrete frames with glass fiber-reinforced polymer bars 

and an ECC layer, validating the strengthening scheme's efficacy in enhancing progressive collapse 

resistance. 

One encouraging aspect of ECC is its strain-hardening performance.  Dehghani and Aslani [18] examined 

the strain-hardening behaviour of ECC reinforced with steel and carbon fibres using uniaxial tensile tests. 

The strain-hardening behaviour and ductility of the ECC matrix were significantly improved, according to 

the results, by the addition of steel and carbon fibres. The impact of incorporating carbon fibre  into the 

ECC matrix on its tensile characteristics, such as strain-hardening behaviour, was examined in a study in 

studies such as [19, 20]. According to the results, the tensile strength and strain-hardening performance 

were both enhanced by the addition of carbon nanotubes. 

This research aims at further developing a ECC by using locally available low cost fibre. 

This investigation will therefore aim at developing ECC reinforced with carbon fibre as chopped firbres, 

in the hope that the composite is still capable of achieving stain-hardening whilst flexural strength of 

standard PVA-ECC are maintained and optimizing carbon fiber content with the new composites. 

  

 2.EXPERIMENTAL PROGRAM 

Unlike traditional mortar or concrete. ECC can be described as a very component sensitive composites 

that can be affected negatively when using un-recommended component.   

   2.1.Materials  

For the purpose of this research, standard sand was uses with grades ranging from 75 to 250 µm and 250 

to 425 µm. Fig. 1 shows the sand aggregate that was used for the research project it was treated by sieve 

0.6. This is such a new thing to be used with ECC, river sand is recommended in previous studies. 

Ordinary Portland Cement was used; the characteristic is shown in Table 1. The carbon fibre, shown in 

Fig. 2, used in this study is supplied by special trading company and the characteristics are presented in 

Table 2. 
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Figure 1: Standard Sand   Separated by Sifting 
 

Table 1: The Chemical and Mechanical Properties of the Used Cement. 
Chemical test according to I.Q.S.472:1984 

Oxide (%) limits 

CaO 12.26 ……… 

SiO2 19.40 ……... 

Fe2O3 4.96 ……… 

Al2O3 4.00 ……… 

MgO 3.24 ≤ 5.0 

SO3 2.44  

Free Lime 1.68  

L.O.I 2.24  

I.R 7..0  

C3S 53.09 ……….. 

C2S 15.57 ……….. 

C3A 6.38 ………. 

C4AF 12.17 ………. 

L.S.F 0.94 0.66-1.02 

Physical test according to I.Q.S.5:1984 

Fineness ,Blaine,cm
2
/gm 3760 ≥2300 

Settingtime,Vicat’smethod 

Initial                  min 

Final                   hrs : min 

1: 75 

145 

3:58 

 

≥00:45 

≤10:00 

Compressive strength (MPa 

3 days 

7 days 

 

30 

24 

 

≥15 

≥23 
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Figure 2: Carbon Fiber Used to produce The ECC Specimens. 
 

Table 2: Properties of The ECC Fiber That Is Used for This Research, by OSCRETE 

Construction Products. 
Typical properties Amount 

Fibre diameter (µm) 7 

Fibre density   (kg/m
3
) 1800 

Fibre length mm 6/12 

Metal contamination (g/1000g) Less than 0.1 

Packaging  kg 15 

Tensile strength  (MPa) 4150 

Tensile modulus  (GPa) 230-255 

 

 

 2.2.Specimens Moulding 

Mould size of 20*100*400 mm was used for each sample. A set of three moulds was designed 

and crafted that made out of plywood, as shown in Fig. 3. This size is recommended in previous 

studies to investige the strain-gardening performance that is only possible for thin layer to be 

noticed [21]. 
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Figure 3: Beam Mould (Length 400mm, Width 100mm, Thickness 2cm) 

 
  2.3.Mix Proportions 

 A total of six proportions (volume fraction) of fiber were investigated in this research (0%, 0.5%, 1%, 

1.5%, 2%, 2.5%, to 3%) for optimal ECC design. This resulted in six groups of ECC that contained 

cement, sand and water. In this investigation the fly ash that is always recommended in literature to have 

a significant improvement to the composite was not used as a step to develop ECC with availed 

components to result is economically effective composites. The designed mixes and its proportions and 

number of samples are presented in Table 3. For each mix design, a total of three (3) rectangular cross 

section of 100 mm wide x 20 mm depth x 400 mm long. A total concrete volume of 0.003 m
3
, which 

includes 10% surplus was required in order to create these samples. 

 

Table 3: Mix Proportion for Specimens (kg/0.003 M3). 

Type of 

Specimens 

Number of 

Specimens 

Cement 

kg/0.003 

m3 

Sand 

kg/0.003 

m3 

Water 

kg/0.003 

m3 

Nano-Carbon 

Fiber percentage 

% 

Nano-

Carbon 

Fiber 

kg/0.003 

m3 

C-0.0 3 2.475 0.900 0.675 0 --- 

C-0.5 3 2.475 0.900 0.675 0.5 0.027 

C-1.0 3 2.475 0.900 0.675 1 0.054 

C-1.5 3 2.438 0.880 0.665 1.5 0.081 

C-2.0 3 2.425 0.880 0.660 2 0.108 

C-2.5 3 2.409 0.875 0.657 2.5 0.135 

C-3.0 3 2.392 0.870 0.650 3 0.162 
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.4.Mix procedure 

Using standard sand and cement, according to the sizes mentioned the dry components were 

mixed for about two minutes, as shown in Fig. 4. Gradually, water was added to the mixture until 

it becomes well homogeneous and in the required quantity. Carbon fiber was added gradually 

according to the ratios 0.5%, 1%, 1.5%, 2%, 2.5%, 3% . The mixing continued for about three 

minutes and until the mix became homogenous. The moulds were oiled before pouring the 

mixture to facilitate the process of removing samples from the moulds. The moulds were hit 

using a rubber hummer to compact the specimens and release air bubbles, the procedure was 

used in [20,21]. The moulds were left for 24 hours, and then demolded and left in curing basin 

until the test day (28 days), as shown in Fig. 5. 
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  2.5.Testing setup  

The flexural modulus or flexural strength of casted material is often ascertained by ureure tests. 

A flexure test yields slightly different results and is less expensive than a tensile test. A force is 

applied to the top of the material through one or two points of contact (upper loading span) until 

the sample fails. The material is laid horizontally over two points of contact (lower support 

span), as shown in Fig. 6. The maximum force recorded is the sample's flexural strength. The test 

was conducted in accordance with ASTM, C1609 [22]. 
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3- RESULTS AND DISCUSSION 

Table 4 displays the impact of carbon fibre usage on ECC flexural strength, maximum load, and 

mid-span deflection for each tested composition. The ensuing sections go into additional detail 

about the findings. 

Table 4: Experimental Results 

 

Mixture 

coed 

Max L (kN) Mid span* 

Deflection(mm) 

Flexural strength 

(Ϭ) (N/   ) 

C-0.0 0.200 0.93 2.000 

C-0.5 1.070 3.312 10.70 

C-1.0 1.074 1.826 10.74 

C-1.5 1.170 3.086 11.70 

C-2.0 1.700 8.020 17.00 

C-2.5 1.420 4.260 14.20 

C-3.0 1.450 3.152 14.50 

*deflection was measured by LVDT 

 

 

  3.1.Bending Strength  

Flexural strength, which can also be referred to as bend toughness or modulus of rupture, is a 

property of materials that is defined as the stress in a material immediately prior to its cracking in 

a flexure test. The most common application of this bending test is to evaluate a beam's 

resistance to the moment of bending. A specimen with a rectangular cross-section that is bent 

until it fractures or yields can be investigated by applying a load through one or two places on 

the surface layer. The maximum stress that a material experiences at the point of yielding is 

represented by its flexural strength. 

Table 4 and Fig. 7 report the bending strength of the beams tested under four-point bending. The 

bending strength of the ECC samples varies from 10.5 MPa to 14.5 MPa for groups with carbon 

fibres, while the control samples only exhibit 2 MPa. Out of all the mixes examined, the C-2 

mixture produced the maximum flexural strength, according to the data. The flexural strength 

values are less affected by utilising a volume percentage of carbon fibre that is greater than or 

equal to 2% than with C-2. Strength gains differed throughout carbon fiber-based mixtures; for 

instance, group C-0.5's bending strength increased by roughly 5 times compared to C-0, whereas 

group C-0.8's increased by roughly 8 times.  

 



 
JOURNAL`S UNIVERSITY OF BABYLON FOR 

ENGINEERING SCIENCES (JUBES) 

امعة بـــــــــابــل للعلــــــــوم الهندسيةـــــــمــــــجلــة ج  

 

Vol. 32, No. 2. \ 2024  ISSN: 2616 - 9916 

 

037 
 

 
 

  3.2.Mid-Span Deflection 

 Average deflection for each group is presented in Table 3. Fig. 8 shows the results as a bar chart 

to compare the mixtures. This parameter is so important that it can reflect the ability of the 

beams to deform under bending and therefore the efficiency of the fibres to overcoming the 

brittleness of cementitious material.  The capacity differed from one mixture to another due to 

the varied content of carbon fiber. The results showed that all tested samples presented a 

noticeable increment in their ability to deform compared to the control group. Specimens with 

2% of fibre content produced the most developed deflection ability of about 8 mm that means 

eight times more than that of control specimens. Such a recognizable development can be caused 

by the ideal volume fraction of fibre. This content of fibre was also proven to be the most suited 

content in previous studies such as [23,24] when PVA fibre was used. Moreover, the other 

groups showed increase in the displacement ranging from 2 to 3 times compared to specimens of 

group C-0. 
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  3.3.load Deflection behavior 

The behavior of the specimens regarding load-deflection relationships is presented for the all 

groups in Fig. 9 and 10.  
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Two prominent phases are discernible in each curve, as illustrated in Figs. 9 and 10. The first 

stage began when the load was applied in a linear relationship and was succeeded by a nonlinear 

trend up to failure.  

Despite variations in load carrying capability among mixtures resulting from variations in carbon 

fibre concentration, strain-hardening performance was demonstrated by all examined specimens. 

When a material induces peak stress that is greater than the initial crack stress, strain-hardening 

behaviour becomes apparent. In contrast to combinations containing fibres, control specimens 

performed poorly when it came to bearing weight following the initial stage of cracking. 

It can be seen for Fig. 9 that the specimens of fibre based mortar presented smooth ascending 

trends after the first crack points that is more likely to be a non-liner until the ultimate stage. 

Then, the failure trend takes place is a smooth descending behavior. This behavior presents what 

is needed from the existing of such chopped fibres that can be a very successful outcome of the 

investigation when compared to the control specimens that showed a very sharp dropping with 

liner trends.     

To closely zoom in the performance of each performance in comparison with the control 

specimens, Fig. 13 presented such defenses and the developed performance.  From this point of 

view, there is a recognizable stage transitions and smooth cords of the relationships for 

specimens with 2% fibres as shown in Fig. 10 D. The first crack point is more noticeable 

indication the end of the linear stage after which the bridging effect of the fibre is activated 

indicating the non-linear stage of the curve. At this stage the specimens are still able to resist 
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load resulting in an ascending non-linear trends until the ultimate load. After that the specimens 

presented gradual dropping trends indicating smooth failure.    
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  3.4.Failure modes 

In this investigation, two distinct failure modes were observed. Specimens that were reinforced 

with discrete fibers displayed multi-cracks that were uniformly distributed across the tension 

surface of the specimens, as illustrated in Fig. 11. Those cracks were formed as a result of the 

increase in tensile load, which was facilitated by the bridging effect of carbon fiber. As the 

specimens approached their maximum tensile strength, the carbon fibers progressively failed by 

being pulled out at multiple points. Despite the occurrence of multi-cracks, the specimens did not 

separate into segments, indicating the effectiveness of chopped fibers in evenly sustaining the 

tensile load. Specimens belonging to group C-2, which consisted of 2% of fibers with ECC 

mortar, exhibited a higher level of confinement efficiency due to the optimized volume fraction 

of fibers. That resulted in a much more comprehensive failure mode, characterized by the 

occurrence of numerous small cracks instead of a single major crack. As a consequence, the 

tensile applied load was uniformly distributed along the circumference of the specimen. 

The second type of the failure was observed in the control specimens. The samples presented a 

typical brittle failure started with a major crack that progressed to widen and grow until the 

specimen reach its peak.  
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  4.CONCLUSION AND RECOMMENDATIONS 

The performance of carbon reinforced ECC was investigated in this study that target to use 

locally available carbon fibre with ECC. Some key conclusions and recommendations are 

highlighted and presented in the following section.  

- Notable increase in flexural strength were observed for specimens with carbon fibres ranging 

from 5 to 8 times higher than those of the control specimens. 

- Carbon fibre is successfully and easily distributed within the mixture without need for more 

superplasticizer that could lead to more economic ECC.  

- Specimens with 2% of fibre content produced the most developed load carrying capacity and 

deflection ability of about 17 MPa and 8 mm respectively, that means eight times more than that 

of control specimens.  

- Strain-hardening performance was observed. where the composite induces peak stress higher 

that the first crack stress. This open up the hope of having such performance not necessarily 

when using PVA.  

- Specimens reinforce with discrete fibres exhibited several cracks evenly spaced across the 

specimen rather than one major crack that was detected in control specimens. 

- The volume fraction of fibre is optimized through the range of the contents used in the study. 

The content of 2% fibres presented the most suitable properties and needed hardening 

performance. 

- This study opens up the door to further investigate locally available fibres and materials to 

reach needed features of ECC such as organic fibres. 

- More contents are needed to be investigated. 

- Combinations of carbon fibres with other types need to be investigated to study the hybrid 

effect of fibres. 

- Universal tensile strength need to be investigated in the next stage of the research. 

- Large scale specimens are recommended to investigate to understand the performance under 

real conditions. 
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 مركبة مدلحه بالياف كاربونيه هندسيه لمواد سمنتيه نفعالتطوير سلوك ال 

 اسعد الحيو         علي ناصر حديننور 
 

 كمية اليشجسو/ جامعة بابل/ بابل/العخاق                           بؼ/استخالياز كمية اليشجسو/ جامعة كخفث/ بخ 
 

 الخلاصه
كؽاحج مؼ أكثخ الأنؽاع الؽاعجة مؼ السخكبات الأسسشتية السترمبة باىتسام (  (ECC                             السخكب الأسسشتي السرسػ ىشجسي ا حعي

ل  السخغؽبةاليشجسيو  لتحقيق الخرائص  الياف التدميح عالسي.  لقج ثبت أن ألياف كحؽل البؽلي فيشيل ىي واحجة مؼ أنجح 
ECC .  ىحا الشؽع مؼ الألياف غيخ متؽفخ ولا يدال خيار ا غيخ اقترادي للاستخجام.  ولا تدال الأبحاث في ىحا السجال في                                                                                                    

ق فيو في الدشؽات العذخ الأخيخة في بعض الجول مثل الؽلايات غػ مؼ أن ىحا السخكب قج تػ التحقالعخاق ججيجة عمى الخ 
 ECCالأسسشتية كسحاولة لتقجيػ  السخكباتا دميحالستؽفخة لت الذعخيوألياف الكخبؽن إلى استخجام  ييجف ىحا البحثالستحجة. 

.  الخخسانيو الستزخرهيسكؼ أن يداعج في إصلاح اليياكل  انفعالي مطؽر                                               بسكؽنات اقترادية متاحة محمي ا كسخكبات ذات أداء 
رقيقة تػ  نساذج مزمعو% لإنتاج 3إلى % 0سبع مجسؽعات ذات ندبة حجسية مؼ ألياف الكخبؽن تتخاوح مؼ  سادتػ اعت

إلى  فيسا يخص تطؽيخ تحسل الانفعالاتلألياف الكخبؽن  واعجا                              الانحشاء.  أظيخت الشتائج أداء   تحت تاثيخ قؽى اختبارىا في 
% مؼ الألياف عمى السجسؽعات 2تغمبت العيشات التي تحتؽي عمى جدء حجسي بشدبة  .متبايشوالسخكبات الأسسشتية بكفاءة 

مػ  8بسقجار  الخاليو مؼ الالياف واضيخت متؽسط انحشاءعيشات القؽة انثشاء أكبخ بثسانية أضعاف مؼ  حيث اضيخت الأخخى 
 اضيختالتي و  الخاليو مؼ الالياف عيشات الإذا ما قؽرنت ب في قابمية السخكب عمى الانحشاء ممحؽظة تطؽروىؽ ما يسثل .

 .وتفتح ىحه الشتائج السجال أمام التقري واستقطاب الاىتسامات البحثية لمجراسات السدتقبمية محميا في ىحا السجال. مػ 1حؽالي 
 
 : كاربؽن, اقترادي, اتفعالاتغ, فايبخ,مخكباتلكلمات الدالها

 

 


