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ABSTRACT: Due to the existence of cracks in concrete structures, the conventional strength criteria 
may not be able to predict their failure. It has been shown that the theories of fracture mechanics can 
predict the behavior of these structures appropriately. In this experimental and analytical study, by using 
fracture mechanics theories, fracture parameters of flexural different specimens made of Engineered 
Cementitious Composites (ECC) are investigated. 24 flexural specimens with the notch at their mid-
length were manufactured and tested. Six of these specimens with the dimensions of 350×100×100 mm 
were conducted under Work of Fracture Method (WFM) and other 18 specimens with the dimensions of 
190×70×70 mm, 380×140×70 mm and 760×280×70 mm were studied under Size Effect Method (SEM). 
The materials used for ECC included polypropylene fibers, cement, iron furnace slag, silica fume and 
stone powder. Two ratios of fibers (1% and 2%) were used in different mixtures of ECC. It was observed 
that by increasing fibers from 1% to 2%, the amount of flexural strength, fracture energy and fracture 
toughness (KIC) of the specimens increased. On the other hand, compressive strength, characteristic 
length (Lch) and brittleness number of specimens decreased. The Bažant’s size effect law was also 
discussed for the ECC specimens.
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1- Introduction
The Engineered cementitious composite (ECC) is 

a particular class of high-performance fiber-reinforced 
concrete (HPFRCC) and has an important Characteristic 
of strain hardening [1]. This property causes high energy 
absorption in the ECC [2]. Fracture energy in materials with 
strain hardening behavior can be divided into two parts, an 
off-crack-plane matrix-cracking component that include 
the expanded area of the microcracks, which surrounds the 
crack tip before the crack spreads, and an on-crack-plane 
fiber-bridging component, that is the mechanism of bridging 
the fibers.[4-3]. In this study, due to the lack of adequate 
laboratory studies on ECC fracture parameters, the fracture 
toughness and fracture parameters of ECC were investigated 
by using WFM and SEM from various available methods in 
fracture mechanics [5-9]. 

2- Materials and Methods
Contrary to the initial mixing of ECC provided by Li [10], 

local materials were used to produce ECC. In this study, two 
mix designs ECC 1-10 and ECC 2-10 with 1% and 2% fiber 
content, were produced (Table 1). To evaluate the mechanical 

properties of ECC, compressive strength, tensile strength and 
flexural strength, 100 × 100 mm cubic specimens, 100 × 200 
mm cylindrical specimens and 300×100×50 mm prismatic 
specimens were prepared, respectively. According to ASTM 
1609 [11] and RILEM TC 89 [12], ECC notched beams were 
prepared to study WFM and SEM, respectively (Figure 1). 
The notch depth in beams for WFM was 33 mm. For SEM, 
in three beam sizes, the notch depths were 14, 28 and 56 mm. 
Also, the width of the notch of beams in WFM and SEM was 
equal to 3 mm. The details of the experiment are shown in 
Figure 1. 

3- Experimental Results and Discussion
Increase of the fiber content from 1% to 2% decreased 

the compressive strength and elastic modulus and increased 
the flexural strength of ECC. In WFM, fracture energy 
(GF) and characteristic length (Lch) were calculated based 
on RILEM 50-FMC [13] and the area under the load-
displacement relationship of the notched beam. Xu and Zhu 
[14] state that as the tail of load-displacement relationship 
is flat, the test is usually finished when the displacement of 
the beam center reaches a certain value. In this study, due 
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to the large displacement of ECC notched beams, the area 
of the load-displacement relationship was calculated up to 
the displacement of 11 mm at the beam center. Test results 
show that ECC has a larger GF compared to other concretes 
such as ordinary concrete [15] and self-compacting steel 
fiber reinforced concrete [16]. The values of GF in ECC 1-10 
and ECC 2-10 were 3059 N.m and 3749 N.m, respectively. 
Fracture parameters in SEM were calculated based on 
RILEM TC 89 [12]  and the existing statistical parameters 
were in accordance with the criteria of this standard. The 
results show that by increasing the fibers content, the fracture 
energy (Gf), the length of the fracture process zone (Cf) and 
the fracture toughness (KIC) increased. According to Figure 2, 
it can be seen that the data obtained for ECC are in accordance 
with the Bažant’s size effect curve, which means that the 
specimen size is effective in ECC and is in accordance with 
the nonlinear fracture mechanics (NLFM). In addition, the 
brittleness number (β) of ECC 1-10 and ECC 2-10 indicates 
that these two mixtures follow the principles of nonlinear 
failure mechanics and β of these two mixtures was between 
0.1 and 10.

4- Conclusions
An increase in fiber content from 1% to 2% decreases the 

compressive strength by about 12.5%, increases the tensile 
strength by about 29.4% and increases the flexural strength 
by about 72%.

The increase of fiber content by 1% increased GF by 
22.5% and Gf by 69.6%. Also, Lch decreased by about 36%. 
The other fracture parameters such as Cf and KIC increased by 
21.4% and 21.3%, respectively.

The GF / Gf ratio for notched beams made with ECC 1-10 
and ECC 2-10 were 171.9 and 124.1, respectively. According 
to previous studies, this ratio for ordinary concrete was 
approximately 2.5. The large values of GF / Gf in the case of 
ECC are due to the large displacement of ECC specimens. 

By Considering the test results of ECC notched beams in 
SEM, it can conclude that the size of specimen is effective in 
ECC and the principle of nonlinear fracture mechanics should 
be used to analyze the fracture in ECC.
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Fig. 2. Size effect of ECC specimens with various Fi-

bers content

Table 1. Mix proportions

 

Mix proportions of ECC mixes (kg/m3) 
Mix 

Superplasticizer Water Fibers 
(%) 

Blast furnace 
slag 

Limestone 
powder Silica fume Cement 

21 452 1 132 596 264 496 ECC 1-10 
25 452 2 132 596 264 496 ECC 2-10 



S. M. Amirfakhrian and M. R. Esfahani, Amirkabir J. Civil. Eng., 54(8) (2022) 585-588, DOI: 10.22060/ceej.2022.19326.7140

587

References
[1] 	J. Zhang, C.K. Leung, Y.N. Cheung, Flexural performance 

of layered ECC-concrete composite beam, Composites 
science and technology, 66(11-12) (2006) 1501-1512.

[2] V.C. Li, Integrated structures and materials design, 
Materials and Structures, 40(4) (2007) 387-396.

[3] W. Liu, S. Xu, Q. Li, Experimental study on fracture 
performance of ultra-high toughness cementitious 
composites with J-integral, Engineering Fracture 
Mechanics, 96 (2012) 656-666.

[4] V.C. Li, Large volume, high‐performance applications of 
fibers in civil engineering, Journal of Applied Polymer 
Science, 83(3) (2002) 660-686.

[5] A. Hillerborg, M. Modéer, P.-E. Petersson, Analysis of 
crack formation and crack growth in concrete by means 
of fracture mechanics and finite elements, Cement and 
concrete research, 6(6) (1976) 773-781.

[6] Z.P. Bažant, B.H. Oh, Crack band theory for fracture of 
concrete, Material and construction, 16(3) (1983) 155-
177.

[7] Z. Bažant, M. Kazemi, Determination of fracture energy, 
process zone longth and brittleness number from size 
effect, with application to rock and conerete, International 
Journal of fracture, 44(2) (1990) 111-131.

[8] Y. Jenq, S. Shah, A fracture toughness criterion for 
concrete, Engineering Fracture Mechanics, 21(5) (1985) 
1055-1069.

[9] Y. Jenq, S.P. Shah, Two parameter fracture model for 
concrete, Journal of engineering mechanics, 111(10) 
(1985) 1227-1241.

[10] V.C. Li, Engineered cementitious composites (ECC) 
material, structural, and durability performance, in, 2008.

[11] ASTM C 1609/C 1609M -07. Standard Test Method 
for Flexural Performance of Fiber Reinforced Concrete 
(Using Beam with Third-Point Loading), in, ASTM 
International, West Conshohoken, PA, (2008).

[12] RILEM Technical Committee 89-FMT, Size-Effect 
Method for Determining Fracture Energy and Process 
Zone Size of Concrete, Materials and Structures, 23(6) 
(1990) 461-465.

[13] RILEM 50-FMC, Determination of the fracture energy 
of mortar and concrete by means of three-point bend 
tests on notched beams, Materials and structures, 18(106) 
(1985) 285-290.

[14] S. Xu, Y. Zhu, Experimental determination of fracture 
parameters for crack propagation in hardening cement 
paste and mortar, International Journal of Fracture, 
157(1-2) (2009) 33-43.

[15] J. Roesler, G. Paulino, C. Gaedicke, A. Bordelon, K. 
Park, Fracture behavior of functionally graded concrete 
materials for rigid pavements, Transportation Research 
Record, 2037(1) (2007) 40-49.

[16] M. Ghasemi, M.R. Ghasemi, S.R. Mousavi, 
Investigating the effects of maximum aggregate size on 
self-compacting steel fiber reinforced concrete fracture 
parameters, Construction and Building Materials, 162 
(2018) 674-682.

HOW TO CITE THIS ARTICLE
S. M. Amirfakhrian, M. R. Esfahani, An Experimental Investigation on Fracture Parameters 
of Concrete Beams Made of Engineered Cementitious Composites (ECC), Amirkabir J. Civil 
Eng., 54(8) (2022) 585-588.

DOI: 10.22060/ceej.2022.19326.7140



This
 pa

ge
 in

ten
tio

na
lly

 le
ft b

lan
k


	Blank Page - EN.pdf
	_GoBack




