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Abstract – The objective of the present investigation is to study the structural behaviour of deep beams with size effect 

made with hybrid fibre reinforced self-compacting concrete (HYSCC). In this article two different types of fibers namely 
Glass Chopped Fibre Strands (CS) and Polypropylene fibers (PP) were used in combination. The Self compacting 

concrete(SCC) mixes were prepared with Class F fly ash partially replacing of cement by 40% and 0.06% of CS 

(CSSCC) in combination with polypropylene fibre varying from 0.1,0.2,0.3%(CSPSCC)of Volume of Concrete. SCC 

mix design was performed by Nan-Su method and the proportion was fine tuned by EFNARC guidelines. The effects of 

fibers addition on the workability of SCC, CSSCC, and CSPSCCs were studied, at the same time the hardened concrete 
behavior was evaluated by compression, Splitting tension and flexure strength tests. Studies on size effects in two 

different deep beams of depth 300 mm and 500 mm. Twelve Deep beams made with HYSCC were tested under two point 

load test (SCC,CSSCC with CSPSCC)to understand the size effect. The behavior of deep beams including load– 

deflection curves, web strains, Energy Absorption, Toughness and crack width has been investigated. From the study it 

was observed that addition of hybrid fibers to SCC gives economical and Technical benefits. 
 
Index Terms –  SCC, HYSCC, CSSCC, CSPSCC, Deep 

Beam 
 
 
1. INTRODUCTION 

 
In the present decade, Civil Engineers and 

researchers are interested in inventing new materials 
which are durable and strong enough to resist the 

applied loads as well as serve the exact need of any 

structure. Many structures are designed with congested 

reinforcement which leads the placement of concrete is 

tough task, hence there arises the need for self 
compacting concrete(SCC) which was developed in 

Japan [1] in the late 1980’s to be mainly used for highly 

congested reinforced structures. Recently, this Concrete 

has gained wide use in many countries for different 

applications and structural configuration.  
In modern construction industry, the use of deep 

beam has gained popularity and it has become 

necessary due to the space required between columns, 

tall buildings, bridges, transfer girders and foundations. 
The structural behaviour of deep beam is considerably 

different from shallow beams due to arch action after 

diagonal cracking occurred. Deep beams are classified 

as non flexural members in which plane section do not 

remain plane in bending, because of geometry and load 
transfer mechanism. They behave as two dimensional 

elements rather than one dimensional [2, 3]. According 

to the CIRIA guide 2 and IS 456-2000, when the ratio 

of effective span to overall depth ratio is less than 2 for 

simply supported members and 2.5 for continuous 

members. The ACI (318 -99) code explicit that clear 
span / effective depth ratio lesser than 5 is considered as 

a deep beam[4,5,6] where as CEB-FIP 1993 code treats 

 
 
simply supported and continuous beam having span / 
depth ratios less than 2 and 2.5respectively[7].But the 

British code BS8110 strongly states that reference 
should be made to special literature for the design of 

deep beams [8].  
The connection with the above for meeting the 

industrial requirement, the deep beam should be made 

with higher strength Self Compacting Concrete 

(HSSCC)[9]. For making HSSCC, the self-compacting 

fibre reinforced concrete(SCFRC) is an innovative 
concrete which flows under its own weight in fresh 

state and improved performance in hardened state. The 

addition of fibre gives more benefits is in hardened 

state of the concrete[11]. Bountiful research works were 

done in the past and they have revealed the usefulness 
of fibres to improve the structural properties of concrete 

like ductility, post crack resistance, energy absorption 

capacity etc.[12-14]. However, the single type of fiber 

may improve the properties of Fiber reinforced concrete 

to a limited level, the concept of hybridization, adding 
two or more types of fiber in to concrete, can offer 

more attractive engineering properties like better crack 

resistance, ductility and toughness as well as greater 

tensile strength [15-17 ].  
The flyash replacement up to 30% results in 

significant improvement of the rheological properties of 

flowing concretes[18].The use of flyash reduces the 
cracking potential of concrete as it lowers the heat of 

hydration of the cement[19]. Researchers also attempt 

to produce high volume flyash SCCs by replacing up to 
60% of Portland cement with class F flyash, by 

achieving a strength of about 40 Mpa[20]. 
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Nan Su et al (2001) [23] proposed alternative mix 

design method for making SCC, and hence it is referred 
to as Chinese method. In that method, packing all 

aggregates together. Latter the aggregates voids are 

filled by paste. In that investigation, he analyzed the 
advantages and the drawback of Okamura Mix Design 

Method [1] and proposed a novel mix design method 

which is simpler, and requiring a smaller amount of 
binders and lesser cost.  

Mustafa sahmaran et al, (2007) [11] observed that, 

by using high volumes of a coarse and substandard 

Flyash it is possible to increase the workability 

characteristics of SCC Mixtures. The compressive 
strength reduction due to Flyash was partially offset by 

the use of small sized steel fiber. The highly flowable, 

yet cohesive, FR-SCC is capable of speeding into place 

without blockage and can greatly facilitate 

constructability of FRC. Such concrete with 0.37W/C 
and 0.42W/C, high slump flow of 650 mm can develope 

compressive strength and flexural toughness similar to 

those of conventional FRC that is vibrated in to 

place[16]. Rafat Siddique (2011) [21] investigated that 

it is possible to design an SCC mixes incorporating 
flyash content up to 35%. SCC mixes made with 20 % 

flyash reduced the rapid chloride ion penetrability to the 

very low range at the age of 90 days and 365 days. The 

replacement levels of minerals admixture have resulted 

in decrease in strength. So 40 % replacement levels 

could be of optimum consideration for flow ability as 
well mechanical properties [13].  
Mohammed et al (2011) [2] conclude that the stress 

and strain distribution in deep beam is linear. The 

flexural crack in mid –span region was always verti cal 

and within the range of 25-42%of failure load. Shear 
and diagonal cracks appear between 46% and 92% of 

failure load. In all cases of tested beams the load 

corresponding to inclined cracks is in close proximity. 

Appearance of these cracks is independent of tensile bar 

or web bar percentages. It depends on concrete 
compressive strength. Kim et al (2011) [3] state that 

when the shear span –to-depth ratio decreases with 

increased axial load, the deep beam fails due to concrete 

crushing before shear failure is occurred. It is indicated 

that early failure of the beam occurred due to concrete 

crushing when the deep beam is under axial load with 
relatively small shear –to-depth ratio. It is obser ved 

from testing that there is a decrease of diagonal strength 

ranging from 20% to 25% for the beam depth increased 

from 600mm to 1200mm while it ranges between 35% 

and 55% when the depth increased from 300 mm to 
1200mm [22]. 

 

2. RESEARCH SIGNIFICANCE 
 

The main purpose of this study is to determine the 
causes of size effect in deep beam failure related to 

 
 

 
hybrid fibers (glass chopped strands and Polypropylene) 

with percentage variation in self compacting concrete. 
This SCC contains High Modulus Glass strands and low 

modulus polypropylene fibers in combination with 

conventional reinforcement of Deep beam. This work 

also evolves the different S.C.C parameters like flow 

properties, Compressive, Splitting tensile and flexural 

properties by using varying the addition of Hybrid 
fibers. The mix design composed as per Nan Su method 

by replacing the cement partially by fly ash (40 %) will 

reduce the cost of SCC .It has been observed from the 

investigation that the making of SCC more affordable 

for the construction market. 

 

3. MATERIALS AND METHODS 
 

Ordinary Portland cement (53 grades- similar to 
ASTM Type I) was used. Its physical properties are 

given in Table 1.Fly ash from Tuticorin Thermal Power 

Station, Tamil Nadu, India is used as partial cement 
replacement (40%) material. The properties of fly ash is 

confirming to IS 1727 – 1967 and ASTM C 618.The 

specific gravity is 2.05.The percentage of finess of fly 
ash is 0.5.Crushed angular granite metal of 8 to 12.5  
mm size from a local source is used as coarse 

aggregate. River sand of 2.36 mm size sieve passed is 
used as fine aggregate in this investigation. Physical 

properties are given in Table 2.  
The High range water reducer (HRWR), the 

Modified Polycarboxylated Ether based Super 

Plasticizer complying with IS 9103:1999 and ASTM 

C494-type F is used in this experimental work. It is 
light brown in Color and is a free flowing liquid. A 

Viscosity modified admixture (VMA) also used for 

complying with EFNARC VMA guidelines 2006.Table 
3 gives properties of Chemical admixture.  

Chopped Strands (6 mm length) are chopped from 
continuous glass fibres. The chopped strands are free 
flowing, water dispersion and are designed to resist the 
rigors of compounding whilst allowing the finished 
moulding to develop satisfactory mechanical properties. 
The bulk density (without compaction) of Chopped 
Strands is 635 kg/m

3
.The 12mm length polypropylene 

fiber prevents the micro shrinkage cracks developed 
during hydration, making the structure component 
inherently stronger. The bulk density of polypropylene 
is 175 kg /m

3
 (without compaction). 
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Table 1: Physical and chemical properties of Cement 

and flyash  
 

Physical Properties  
 Cemen Class F - IS Code 

 t Fly ash Specification 

Specific gravity 3.152 2.05 
IS 4031(11) 

– 1988     

Percentage of 
   IS 12269- 

0.2 0.5 1987 (Max 

finess (%)    

10)     

    IS 4031(2) – 
Specific Surface 

270 

  1999 

m
2
/kg 365 IS 4031(11) 

    - 1988 

Initial setting 35Min 

  IS 12269- 

- 1987 (30 

time utes   

Minutes)     

Final Testing 
480   IS 12269- 

Minut - 1987 (600 

Time 
es 

  
Minutes)    

Chemical Composition  

     

Silica (Sio2) 19.03  55.42  

Alumina(Al203) 4.85  19.44  

Ferric 
6.68 

 

8.19 

 

Oxide(Fe2O3) 

  

    

Calcium 
61.71 

 
2.96 

 

oxide(CaO) 

 

Cement    

Magnesium 
0.86 

 

0.81 
(IS 4032 – 

oxide (MgO)  1985) 

   

Sodium Oxide 
0.39 

 

0.06 
Class F -Fly 

(Na2O) 

 

ash    

Potassium 
0.40 

 

0.09 
(IS 1727- 

oxide(K2O) 

 

1967)    

Sulphuric 
3.20 

 

0.37 

 

anhydride (SO3) 

  

    

Loss on ignition 2.60  8.62  

     

Total Chlorides 

0.10 

 

0.05 

 

Cl
- 

  
 

 

 

 

Table2: Physical properties of Fine and Coarse 

Aggregate (as per IS 383 -1970 &IS 2386 part III) 

 

 
 

Properties Fine Coarse 

  aggregates aggregates 

Bulk density 1560 1450 

(loose) (kg/m
3
)   

Bulk density 1650 1560 
(compacted)   

(kg/m
3
)    

Specific gravity 2.64 2.77 
    

Water absorption 0.36 0.3 
(%)    

Fineness modulus 3.38 3.7 
    

 

Table 3:Properties of chemical admixture 

 

 
 

Chemical Specific 

pH 

Dosage Chloride 

admixture gravity used Content  

SP 1.08 5.7 1.2% < 0.2% 

VMA 1.01 5.8 0.1% < 0.2% 

 

Table 4:Properties of fibers 

 

 
 
 Glass Poly- 

Properties chopped Propelynefibe 

 strands r 

Length (mm) 6 12 

Density(Kg/m3) 617 175 

Aspect ratio 200 316 

Modulus of 
72 3.5 

elasticity(GPa)   

Tensile 
1700 400 

strength(MPa)   

Elongation at 
3.6 >100 

break (%)   

 

4. MIX COMPOSITION 
 

Five concrete mixes are made, having total 
powder content to 506 kg/m

3
 (cement + fly ash). 

Coarse aggregate content is fixed at 31% by volume 
(700kg/m

3
) of concrete and fine aggregate content at 

40% by volume of concrete (872kg/m
3
). The W/P 

ratio is kept at 0.4 by weight with air content being 
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assumed to be 2%. (Nan Su, 2001).The various SCC 
mixes including fly ash with Chopped fibre strands 
as 0.06% with Polypropylene0.1%,0.2%,0.3% by 
Volume of concrete are developed, and their mix 
propositions are shown in Table 5. The dosage of 
super plasticiser is fixedat1.4% of weight of powder 
and dosage of VMA is fixed at 0.2% of weight of 
powder. The Packing factor of all mix is 1.1 which 
meets the rank R1 requirements specified by the 
Japanese mix design [24]. 

 

REQUIREMENTS OF SCC 
 

The concrete mix can only be classified as Self 
Compacting Concrete if the following three 
characteristics are fulfilled as per EFNARC-
2002[30]. filling ability , passing ability, resistance 
to segregation. These characteristics are determined 
by Slump flow, T50 Slump, V-Funnel, V funnel at 
T5, L-box and U-box test. Table 6 shows the test 
results against EFNARC Standards. 

 

CHARACTERISTICS OF SCC, CSSCC AND 

CSPSCC MIXES IN FRESH STATE 
 

The filling ability, passing ability and segregation 

resistance values of CSSCC and CSPSCC mixes are 

compared to SCC mixes which indicate the presence of 

Chopped fibre strands and polypropylene and do not 

show any pronounced effect up to CSPSCC. This may 

be due to low dosage of fibre addition and high 

dispersing nature of the hybrid fibers. 
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Table 5: Mix Proposition of SCC,CSSCC and CSPSCCs 

 

SCC Cement Flyash 

Fine Coarse 

W/P CS 

Poly 

SP VMA 

Aggregate Aggregat Propylene  3 3     

Mixes kg/m kg/m kg/m
3 

e kg/m
3 

% % % % % 

SCC 306 200 872 700 0.4 0 0 1.2 0.1% 

          

CS SCC 306 200 872 700 0.4 0.06 0 1.2% 0.1% 

          

CSPSCC 1 306 200 872 700 0.4 0.06 0.1 1.2% 0.1% 

          

CSP SCC 2 306 200 872 700 0.4 0.06 0.2 1.2% 0.1% 

          

CSP SCC 3 306 200 872 700 0.4 0.06 0.3 1.2% 0.1% 

          

 

Table 6: Fresh Properties of Self Compacting Mixes 
 

SCC Slump T50cm V-  funnel V- funnel U  –   box L-box J-ring 

Mixes flow (mm) Slump (sec) at T5min (mm) (mm) (mm) 
  Flow (sec)  (sec)     

SCC 700 3 8  11 13 0.95 4 

         

CSSCC 680 3 9  9 12 0.91 4 

         

CSPSCC 1 670 4 9  8 8 0.92 5 

         

CSPSCC 2 665 4 10  11 14 0.90 5 

         

CSPSCC 3 660 4 10  12 16 0.88 8 

         
 

Table7: Tests on Hardened Concrete 
 

 Compressive strength Splitting Tensile Strength Flexural Strength 

Specimens  (N/mm²)   (N/ mm²)   (N/ mm²)  

 28 days 56 days 90days 28days 56 days 90days 28 days 56 days 90days 

SCC 31.53 34.44 35.88 2.15 2.22 2.78 4.75 5.6 6.13 

          

CS SCC 37.20 38.37 39.93 2.57 2.57 2.80 5.6 6.9 8.55 

          

CSPSCC 1 38.37 40.11 41.42 2.64 2.64 3.10 6.55 7.05 8.63 

          

CSP SCC 2 33.57 34.44 35.00 2.36 2.78 2.92 7.9 8.2 8.45 
          

CSP SCC 3 30.21 30.77 31.78 2.36 2.80 2.89 7.15 7.7 7.95 
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Table 8: Energy Absorption, Ductility Factor, Stiffness 
 

Beam Energy Absorption Toughness Index I Stiffness Ductility 

Designations (kN mm) 5 ASTM C1018 (kN/ mm) Factor 

SCC-300 51.213 18.53 161.32 3.06 

     

CSSCC -300 157.2 - 248.40 2.5 

     

 
 

 

CSP SCC2- 300 192.4 6.29 490.30 6.4 
     

SCC  -500 239.3 6.52 333 2.99 

     

CSSCC -500 852.65 5.56 500 4.93 

     

CSPSCC 2-500 1265.1 4.77 575 6.12 

     

 

 

PREPARATION AND CASTING OF TEST 

SPECIMENS 
 

After testing the SCC, CSSCC and the CSPSCC in 
fresh state,the concrete is poured in moulds of cubes  
(150mm x150mm x150mm),cylinders(150mmX 
300mm), prisms (100mm x 100mm x 500mm). After 24 

hours of casting, the specimens are de-moulded and 

placed in water for curing. After 28, 56 and 90 days of 
curing the specimens are taken out from water and are 

allowed for surface drying. For each SCC, CSSCC and 

the CPSSCC mixes, cubes, cylinders, prisms are casted. 

 

CHARACTERISTICS OF SCC MIXES IN 

HARDENED STATE 
 

Compressive and Splitting tensile strength tests are 
carried out, as per IS 5816:1959 by using a compression 

testing machine of 2000 KN capacity. Flexural strength 

tests are carried out on prisms as per IS 516:1959on 
flexure testing machine of capacity 100 kN. Table 7 

gives the test results on hardened concrete. 

 

COMPRESSIVE STRENGTH 
 

The compressive strength values are obtained by 

testing standard cubes which are made with SCC 

,CSSCC and different CSPSCC mixes. All the mixes 
have strength above 30MPa, which is the required 

strength. The mix, without fibres and CSPSCC3 has 

shown lower compressive strength when compared to 
other mixes. The mix with CS SCC and CSPSCC 1 has 

shown an improvement in compressive strength by 11% 

and 16% respectively. 

 

TENSILE STRENGTH AND FLEXURAL 

STRENGTH 

 

5. DESIGN OF DEEP BEAMS  
Concerning the above mechanical properties of all 

the mixes, the mix CSSCC and CSPSCC 2 show the 
better improvement when compared to SCC and hence 

concluded that the mix CSSCC and CSPSCC2 are 
optimum dosage level of fiber.  

Twelve deep beams are casted in two different depth 

in wooden moulds. Six small deep beam size 100 X 

300X 700mm (SCC 300,CSSCC 300,CSPSCC 300) and 

six Medium Deep beam size 100X500X1000 mm(SCC 

500,CSSCC 500,CSPSCC 500) are casted with Three 

levels of optimum dosage level of fibers. The mix of 

SCC Control, CSSCC and CSPSCC 2 are casted for 

both 300 mm and 500 mm depth of deep beams. The 

design of deep beams is done as per IS 456:2000. The 

shear span is 267 mm and 167 mm for 500 mm and 

300mm depth of the beam respectively. Figs 1,2,3,4 are 

showing the test set up and reinforcement details of 

deep beams. 

 

6. TEST SET UP AND INSTRUMENTS 
 

The test set up arrangements is given in figure 1 and  
3. The deep beams are tested byusing 100 Tonne 
capacity UTM under two point loads to get the  
structuralcharacteristics. Specimens are simply 

supported in condition. The deflection is measured at 

mid span and loading point. Strains in concrete were 
measured at compression zone, web zone and tension 

zone. The Strain in steel is measured at tension zone. 

All the strains are measured by using mechanical strain 

gauges. The loads are gradually increased till failure. 
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BEHAVIOUR OF DEEP BEAM 

 
The Tensile strength of mixes is obtained (i) by 

conducting split tensile test on standard cylindrical 

specimens as per IS 5816 and also by (ii) by conducting 
two point bend test on standard prisms. The results 

indicated that the incorporation of Hybrid Fibre into the 

SCC mixes increased the split tensile strength and 
flexural strengths by 28% and 27% respectively with 

the mixes of CSPSCC 1 and CSPSCC 2. The increase is 

significant and it may be due to high tensile strength of 
Hybrid Fibers. 

An experimental investigation is taken to study the 

effect of Chopped fibrestrands and Polypropylene fiber 

on the deflection, ultimate load, strain in both concrete 

and steel 

 

 

 

 

 

 

 
 

 

 

 

 

 
Figure 1. Details of tested 500 mm deep beam and 

testing arrangement 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Figure 2. RC Detailing of 500mm Deep Beam 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Details of tested 300mm deep beam and  

testing arrangement 

 

 

 

 

 

 

 

 

 

 

 

 

 

LOAD - DEFLECTION RELATIONSHIP 
 
Figure 5 Shows the typical load –deflection plots o f 

SCC, CSSCC and CSPSCC2 specimens tested under 

two point load. For comparison and better 

representation all the specimens plotted in a single 

graph is shown in figure. Arresting the micro cracks as 

well as macro cracks are due to the ability of hybrid 

fibers. The polypropylene fibers arrest the micro cracks 

and control the formation of macro cracks 

 

 

 

SCC GF+ PP 

0.2% - 
 

300 

SCC 
CONTROL - 500 
 

SCC GF 0.06% - 500 
 

 
Figure 5. Envelope of  Load – Deflection curve 
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The Glass strands restrict the widening of macro 

cracks and increase the energy absorption capacity of 
the beam [Ganesan et al 2006].  

The ultimate load and corresponding deformation of 
specimen were increased as the hybrid fibre content 

increases. In 500 mm deep beam the CSSCC, CSPSCC 
2gives increased ultimate load by 1.7 times and 1.95 

times than SCC control specimen respectively. In 300  
mm depth of deep beam the CSSCC, CSPSCC 2gives 
increased ultimate load by 1.8times and 1.7 times than 

SCC control specimen respectively .The increase is 

significant and it may be due to high tensile strength of 
Glass fiber and polypropylene fibers. 

 

STRAIN MEASUREMENTS 
 

The Strains are measured in Compression zone and 

web zone of concrete surface and Strains are measured 
in steel at tension zone of deep beam specimens for 300  
mm and 500mm are plotted in groups for better 

clarification and are shown in figure7,8 and 9. In deep 
beams the stress and strain distribution is non-linear. As 

per IS 456:2000, the Maximum strain in concrete at  
outermost compression zone is taken as 0.0035 and the 

maximum strain in the tension reinforcement in the 

section at failure shall not be less than 0.002 + 

(Characteristics strength of steel / 1.15Modulus of 

Elasticity). 

All 6 deep beams show very low strain value that is less 

than 0.0035 in steel at tension and concrete at 

compression, web zones due to inclusion of Hybrid 

fibre except CSP SCC 2 – 300. The strain also has 

t he decrement when depth increases from 300 mm to 

500 mm deep 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
Figure 6 crack patterns for 0.06% CS SCC deep beam 
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Figure 7.  Strain in Concrete at Compression zone 
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Figure 8.  Strain in Steel at Tension zone 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.  Strain in concrete at web zone 
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7. STRUCTURAL PARAMETERS 
 

The Table 8 for Structural response parameters like 

Energy Absorption, Ductility Factor, and Stiffness were 

determined by plotted tangent line in the load versus 
deflection curve. The Figure 10 shows a schematic 

diagram of Yield and Ultimate load and Deflection.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 10. Load –Deflection for determining structu ral 
Parameters 

 

Energy Absorption, Ductility Factor, Stiffness 
 

The area under load -deflection curve indicates the 

energy absorption. The energy absorption capacity of 
300mm deep beam shows an increment of 3 times in 

CSSCC 300 and 1.2 times in CSPSCC2- 300 than 
control SCC 300.The energy absorption capacity of 500  
mm deep beam shows an increment of 3.5 times in 
CSSCC 500 and 1.4 times in CSPSCC2- 500 than 

control SCC 500.  
Deflection Ductility of structures is , the ability of 

the structure which undergo deflection beyond the 

initial yield deflection without losing its strength. The 

ductility of a structure is defined as the ratio of ultimate 
deflection to yield deflection. The ductility factor is 

calculated and presented in Table 8. The Energy 

Absorption, Ductility factor are increased in both size of 

the beam especially in CSSCC and CSPSCC due to 
addition of strands & Polypropylene fibre matrix. But 

the level of increment in ductility is also based on the 

depth of the beam. Ductility factor increases about 3.5 
to 2.8 times when depth increases from 300 mm to 500  
mm deep. Toughness is also defined (ASTM C 1018) as 
the energy absorption capacity. Toughness indices are 

found to increase with the increasing fibre content, and 

the behaviour indicates the ability of fibers in arresting 
cracks at both micro –macro –levels. In CSPSCC 2 -5 

00 shows reduction in toughness due to balling effect of 

polypropylene fibers. The stiffness also has the 
decrement about 5 to 6 times when depth increases 

from 300 mm to 500 mm deep. 

 

8. CONCLUSIONS 
 

1. All the SCC, CSSCC and the CSPSCCs mixes are 

developed and satisfy the requirements of self 
compacting concrete which are specified by 

EFNARC 2002.  
2. The results indicates that the use of hybrid 

fibers(glass strands and polypropelyne) which 

improves the mechanical properties of concrete.  
3. It is found out that the results obtained in 

mechanical properties of(GF 0.06% + PF 0.1 % ) is 

16% and 11 % more in compressive strength and 

split tensile strength respectively at 90 days when 
compared to the results obtained for other mixes. 

CSPSCC 2 (GF 0.06% + PF 0.2 %) is slightly more 

for flexural strength when compared to the results 
obtained for other mixes.  

4. The inclusion of fibre in SCC mixes, improves the 

ultimate load by 1.7 to 1.95 times in CSSCC, 
CSPSCC 2 respectively when compared with SCC 

and no major effect found in 300mm and 500mm 

deep beam. 
5. Ductility factor increases about 3.5 to 2.8 times 

when depth increases from 300 mm to 500 mm 
deep.  

6. The energy absorption capacity of 300mm and 500 

mm deep beam shows an increment of 3-3.5 times 

in CSSCC and1.2-1.4 times in CSPSCC2than 
control SCC. The stiffness also has the decrement 

of about 5 to 6 times when depth increases from 

300 mm to 500 mm deep. The above results 

indicate that the possibilities are available to reduce 

the congestion of steel reinforcement in deep beams 
by using this high ductile hybrid material and also 

reduce the construction difficulties.  
7. Therefore concluded that CS 0.06% + PP  

0.2% is optimum dosage level in SCC for improved 

performance. The above effects point out that the 

possibilities are accessible to decrease the 
congestion of steel reinforcement in deep beams by 

employing this high ductile hybrid material and as 

well decrease the construction difficulties. 
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