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Abstract - Slurry Infiltrated Fiber Concrete (SIFCON) and 

Engineered Cementitious Composites (ECC) are micro 

engineered composites, fabricated to have enhanced 

ductility, tensile strength, durability etc. SIFCON was 

invented to obtain the fiber volume fraction maximum up 

to 25%, is prepared by infiltrating specially prepared 

slurry through previously prepared steel fiber bed. ECC, 

also known as bending concrete, is having enhanced strain 

hardening characteristics. Comparing application of 

SIFCON and ECC as a layer at the tension zone of 

concrete beam, gives an idea about materials suitable for 

composite beams. Effect of embedment of reinforcement 

bars within ECC and SIFCON layer is also studied. 

Concrete composite beams in four variations and one 

conventional concrete beam are casted and tested for their 

flexural performance under two point loading. Composite 

beams consist of conventional concrete and a layer of 

SIFCON or ECC at the tension zone of the beam. Beams 

having 25 mm and 50 mm ECC and beams having 25 mm 

and 50 mm SIFCON are casted. SIFCON layer was made 

by infiltrating slurry consisting of cement, fly ash, silica 

sand, super plasticizer and water through previously 

placed hooked end steel fiber bed. In case of ECC layers, 

polypropylene fiber was mixed with cement, fly ash, silica 

sand, super plasticizer and water and placed. Comparison 

of concrete composite beams using ECC and SIFCON, 

with conventional concrete beam is done in this work 

considering flexural strength of specimens, maximum 

deflection, cracks developed etc. SIFCON and ECC in 

concrete beams at tension zone increase the flexural 

strength of beams by 26.06% and 18.96% respectively. 

SIFCON beam with embedded reinforcements is having 

the maximum strength and reduced deflections. For 

SIFCON composite beam deflection reduces by 86.39% 

and for ECC beam it is about 52.04%. SIFCON as well as 

ECC in the bottom face reduce crack width and results in 

formation of several micro cracks. 

Keywords: SIFCON, ECC, RCC beam, flexural, composite 

beam 

I. INTRODUCTION 

In conventional reinforced concrete structural design, 
structural strength and more generally structural performance 
is often recognized to be controlled by the strength of 
materials; which means higher material compressive strength 
is expected to lead to the higher structural strength. This 
concept is correct only if the failure mode is truly governed by 
the material strength property. In the last few decades, notable 
research is being conducted worldwide with the aim of 
creating new composites, which will increase shear and 
flexural strength as well as the ductility of the structural 
concrete elements. 

Engineered Cementitious Composites (ECCs) 
featuring high ductility and damage tolerance under 
mechanical loading including tensile and shear loadings. 
Flexibility nature of ECC leads to speedy construction, 
reduced maintenance and a longer life span for the 
structures[6]. ECC can strain harden after first cracking, like a 
ductile metal, and it gives a strain capacity 300 to 500 times 
greater than conventional concrete. ECCs are compatible with 
ordinary concrete in almost all other aspects such as volume 
usage, compressive strength and thermal properties[7]. 

Slurry Infiltrated Concrete is abbreviated as 
“SIFCON”. It is a composite material utilizing short steel 
fibers in a Portland cement based matrix. It differs from the 
conventional Fiber Reinforced Concrete (FRC) in which the 
steel fibers are added directly to a typical concrete mix in the 
ratio of one percent by volume. SIFCON on the other hand, 
starts with a bed of preplaced steel fibers in the range of 4 to 
20 percent by volume (usually 8 to 12 percent by volume). 
The fiber bed is then infiltrated with acementitious slurry with 
low viscosity to pass through the fiber bed. The resulting 
composite material possesses a very high compressive 
strength as well as toughness and ductility[4]. 

SIFCON and ECC has ductile behavior and composite 
action of these with concrete has not yet compared with each 
other to find the most efficient material in improving flexural 
behavior by providing a layer of these materials at the tension 
face of concrete beam. This aspect is studied to find better 
composite beam composition with SIFCON and ECC 
considering the action of embedded reinforcements within the 
layer of improved materials. 
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II. REVIEW OF LITERATURES 

Ali S. Shanour et al. (2018)[1] experimentally 
investigated the performance of ECC concrete beams 
reinforced with conventional reinforcement bars. Optimizing 
the usage of PVA material trails to put it in the lower layer of 
the section at point of maximum tension with variable 
thicknesses. S. Balaji and G. S. Thirugnanam (2017) [5] 
showed that usage of SIFCON in conventional reinforced 
concrete beams have enhanced the cracking behavior. 
Considerable increase in the first crack load and in the 
formation of larger number of finer cracks was reported. The 
ultimate load carrying capacity, stiffness, ductility and energy 
absorption capacity are improved for composite beams 
compared with that of conventional reinforced concrete 
beams. Dipti Ranjan Sahoo et al. (2014)[2] studied Influence 
of steel and polypropylene fibers on flexural behavior of RC 
beams. Steel and polypropylene fibers of 0.5% and 1.0% 
volume fraction are used in the fiber-reinforced concrete beam 
specimens. An increase of both steel  and  polypropylene 
fibers in excess of 0.5% volume fraction does not improve the 
ultimate flexural resistance of beams due to the uneven 
distribution of similar sizes of fibers in the presence of 
reinforcing steel bars. 

 
 

III. EXPERIMENTAL PROGRAMME 

Five RC beams were prepared. The RC beams were 
reinforced with two 8 mm diameter bars at top and bottom and 
6 mm diameter stirrups spaced at 120 mm center to center[7] 
as shown in Fig. 1. M30 mix concrete is used for casting. 

 
 

Fig. 1 geometry and details of concrete beam specimens (all 
dimensions in cm) 

 
 

A. Material Properties 

53 Grade Ordinary Portland Cement can provide 
high strength and durability to structures. It is because of its 
optimum particle size distribution and superior crystallized 
structure[9]. Fine aggregate used is manufactured sand 
produced from crushing of hard granites. Machine crushed 
granite of nominal size 20 mm procured from a local quarry 
was used as coarse aggregate. Aggregates were tested to 
determine specific gravity and gradation[10][11]. Concrete is 
designed of grade M30[8] and steel reinforcements are Fe 500 
grade. Hooked end steel fiber is used for casting SIFCON is 
50 mm long with a diameter of 1 mm is shown in Fig. 2. For 
ECC, 12 mm long and 22 µm diameter polypropylene fibers 
are used and it is shown in Fig.2a.Superplasticizer used in this 

project was MasterRheobuild 924KL, a product of BASF 
India Ltd., a ready to use high range water reducing, set 
retarding superplasticiser with relative density 1.22 at 250C, 
composed of synthetic polymers[12]. Silica sand and Fly ash 
is used for matrix preparation of SIFCON and ECC. 

 

  
  Fig. 2 Hooked end steel fiber    Fig. 2a Polypropylene fiber

   

 
TABLE 1 MIX PROPORTIONS 

 

Component M30 concrete ECC SIFCON 

Cement 1 1 1 

Fine aggregate 1.57 - - 

Coarse aggregate 2.72 - - 

Silica sand - 0.60 0.60 

Fly ash - 0.40 0.40 

Poly propylene fiber 
(volume fraction) 

 
- 

 
2% 

 
- 

Hooked end steel fiber 
(volume fraction) 

 
- 

 
- 

 
5% 

Water/cement Ratio 0.45 0.60 0.50 

Superplasticizer 

(% by weight of 
cement) 

 

- 

 

0.805 

 

0.805 

 
B. Specimen Casting 

A beam of size 1500 mm x 200 mm x150 mm is 
casted as the control beam with M30 concrete and 
reinforcements as mentioned. First specimen is having a 25 
mm ECC layer at the bottom, below the reinforcement bars. 
ECC was prepared with a matrix of silica sand, fly ash, 
cement, water and superplasticiser and the polypropylene 
fibers dispersed in the matrix by hand mixing. Casting was 
done by placing the flowable ECC and leveling to the 25 mm 
depth above which reinforcement is placed and then the M30 
mix above the ECC and leveled. Second specimen was having 
a 50 mm ECC layer at the bottom, covering the reinforcement 
bars from top and bottom. Reinforcement is placed within 
ECC and then the M30 mix above the ECC layer. Third 
specimen was having a 25 mm SIFCON layer at the bottom, 
below the reinforcement bars. SIFCON was prepared with a 
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matrix of silica sand, fly ash, cement, water and 
superplasticizer and hooked end steel fibers of length 50 mm. 
Slurry was prepared to have flowing consistency which will 
enable it to flow through the voids in the steel fiber bed. 
Casting was done as: layering slurry at the bottom at a 
thickness 1 cm prior to spreading steel fibers evenly. After 
distributing the 5% volume fraction steel fibers evenly over 
the slurry, remaining slurry is filled in the mould up to 25 mm 
depth, above which reinforcement is placed and M30 concrete 
is laid with proper compaction. Fourth specimen was having a 
50 mm SIFCON layer at the bottom, embedding the 
reinforcement bars within it. Casting was done as: layering 
slurry at the bottom at a thickness approximately 1 cm prior to 
spreading steel fibers evenly. After distributing the half of the 
steel fibers evenly over the slurry, slurry is poured over it and 
reinforcement is placed. The remaining steel fibers are 
distributed such that it covers the bottom reinforcement bars. 
Then remaining slurry is filled up to 50 mm depth, above that 
M30 concrete is laid. 

TABLE 2 DETAILS OF BEAM CASTED 

C. Testing Procedures 

All specimens were water cured for 28 days and then 
tested in loading frame applying two point load at L/3 sections 
of the beam span as shown in Fig 3. Supports are provided at 
10 cm distance from both edges of beam. 

 

 
Fig. 3 Test setup line diagram for testing of beam with two 

point loading 
 
 

IV. RESULTS AND DISCUSSIONS 

Figures 4,5,6,7 and 8 shows crack patterns formed in 
beams after two point flexure testing. For CB all cracks  
appear to be wider than other specimens. Usage of ECC and 
SIFCON in bottom portion of beams resists widening of 
cracks by fiber bridging and as a result number of micro 
cracks forms instead of less numbered, wider cracks. In both 
SIFCON beams, cracks are more located in compression zone 
of beam, which means the crushing of concrete. It is more like 
the failure of overly reinforced concrete beam. The beam fails 
before yielding of reinforcements. Here, the SIFCON 
composite beams failed due to compression crushing of 
concrete and steel fiber pull out due to lack of bonding with 
SIFCON matrix[3]. SIFCON beam with embedded 
reinforcements offers more bond strength compared to the 
other as steel fibers are covering the reinforcement gives a 
slightly more bond strength. 

 

 
Fig. 4 Control beam after testing –crack patterns at the side 

opposite to control panel 
 
 

Fig. 5 ECC 25 beam after testing – crack patterns 

 
No. Designation 

of beam 
Cross section of 

beam 

 
Description 

 
 

1 

 
 

CB 

 

 

 
 

Control beam 

 
 
 

2 

 
 
 

ECC 25 

 

 

 
 

ECC placed at 
bottom 25 mm 
depth 

 
 
 

3 

 
 
 

ECC 50 

 

 

 
 

ECC placed at 
bottom 50 mm 
depth 

 
 
 

4 

 
 
 

SIF 25 

 

 

 
 

SIFCON placed 
at bottom 25 
mm depth 

 
 
 

5 

 
 
 

SIF 50 

 

 

 
 

SIFCON placed 
at bottom 50 
mm depth 

 

http://www.ripublication.com/


International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 12, 2019 (Special Issue) 
© Research India Publications. http://www.ripublication.com 

Page 37 of 39 

 

 

 

 
Fig. 6 ECC 50 beam after testing 

respectively for composite beam with embedded 
reinforcement and without embedded reinforcement. 

Maximum deflection corresponding to ultimate load 
is compared in Fig. 11. Percentage decrease in deflection for 
SIF 50 beam when compared with control beam is about 
86.39%. The same variation is of a margin of 42.75% for SIF 
25 beam. ECC beams also show a decrease in maximum 
deflection. For ECC 50 beam, deflection is 52.04% less than 
control beam, where as for the ECC 25 beam it is about 40.8% 
of control beam. 

 
 

30 
Fig. 7 SIF 25 beam – Crack patterns after testing 

25 
 

20 
 

15 
 

10 
Fig. 8 SIF 50 beam – Crack patterns after testing 

5 
Load Vs. Deflection (L/2) 

First Crack Load (kN) 
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30 
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0 
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Deflection (mm) 
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Fig. 10 First Crack Loads of specimens 

 
Maximum Deflection (At L/2) 

40 

35 

30 

25 

20 

15 

10 
Fig. 9 Load Vs. Deflection graphs of specimens at L/2 

 
 

From Load Vs. Deflection graph depicted in Fig. 9, 
both SIFCON beams follows the similar pattern of loading up 
to ultimate load. The ECC beam with embedded 
reinforcement has more strength and reduced deflections 
compared to the other ECC beam and Control beam. 

First crack load depicts the image of tensile strength 
of specimens. It gives upto which the tension reinforcements 
are allowed to take load. From Fig. 10, first crack load of SIF 
50 is observed to be higher than the first crack load of control 
beam by 57.06%. For SIF 25 beam the difference is about 
48.82%. For the ECC beams, it is 20.58% and 8.23% 

5 

0 
CB ECC 25 ECC 50 SIF 25 SIF 50 

Specimen 

Fig. 11 Maximum Deflection of specimens 
 
 

Ultimate load is compared in Fig. 12. Control beam 
has the lowest ultimate load and SIFCON beam with 50 mm 
SIFCON at bottom. ECC 50 beam also have much better load 
carrying capacity than control beam. Considering the ultimate 
loads of each beam, SIF 50 beam have 26.06% more load 
carrying capacity than the control beam. ECC 50 beam takes 
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18.96% more load than the control beam. Ultimate load of SIF 
25 beam is 15.51% more than the control beam. Out of the 
four composite beam specimens ECC 25 beam shows the least 
increase in ultimate load value, about 9.11%. 

 
Ultimate Load (kN) 

60 

50 

40 

30 

20 

10 

0 
CB ECC 25   ECC 50 SIF 25 SIF 50 

Specimens 

Fig. 12 Comparison of Ultimate Loads of specimens 
 
 

A. Flexural Strength 

Compared to beams with 25 mm ECC and SIFCON, 
beams with 50 mm ECC and SIFCON have higher flexural 
strength. In case of ECC it is about 9.033% and for SIFCON it 
is about 9.59%. Comparing ECC 50 and SIF 50 increment in 
strength is about 6.411%. Increase in flexural strength of 
composite beams can be coined with the higher flexural 
strength of ECC and SIFCON. 

TABLE 3 FLEXURAL STRENGTH OF SPECIMENS 
 

Specimen Flexural Strength (MPa) 

CB 8.796 

ECC25 9.598 

ECC 50 10.465 

SIF 25 10.161 

SIF 50 11.136 

 
V. CONCLUSIONS 

1. ECC composite beams exhibit ductile flexural failure 
having a maximum increment of 18.96% in flexural 
strength compared to the normal beam. 

2. SIFCON composite beams failed due to brittle flexure  
failure, with maximum flexural strength among the 
specimens. 

3. From the point of view of flexural strength, SIFCON 
composite beam with SIFCON at 50 mm depth in tension 
zone gives best results. ECC composite beam with 50 mm 

ECC at tension zone also gives flexural strength 6.411% 
less than the SIF 50. 

4. Deflection in beams due to loading is maximum for 
control beam and minimum for SIFCON composite 
beams. Drastic decrease in deflection for SIF 50 beam is 
about 86.39% compared to Control beam, because of 
higher tensile strength of SIFCON. ECC specimens 
deflects 52.04% less than control beams 

5. Instead of wider cracks, several micro cracks were 
developed in composite beams. Fiber bridging reduces 
crack widening in composite beams. 

6. Compared to beams with ECC and SIFCON just below 
the reinforcement bars, beams with ECC and SIFCON 
with ECC having embedded reinforcements have more 
strength. Percentage increase in load is 5.19% and 6.41% 
for ECC and SIFCON composite beams respectively. In 
SFICON beams, embedment of reinforcement provides 
more bonding for the steel fibers. 

7. SIFCON composite beam with embedded reinforcements 
achieves the best results in terms of strength and 
deflection. Even though it cannot be suggested as the best 
model as the steel fibers used in the beams are not 
optimally used before beam failure. Also the SIFCON 
beam failure is by compression failure of concrete in 
compression flange. Considering this aspect, ECC 
composite beam with embedded reinforcement can be 
suggested as efficient composite beam, as it fails in 
ductile manner, producing micro cracks and having 
comparable flexural strength. 
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