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Abstract - Hybrid fibre is the addition of two fibres whictaries in properties. A single fibre added concrete
specimen possess high flexural strength, betteatdlity properties than normal concrete specimeris paper
attempts to study the behavior of hybrid fiber feined concrete beams in terms of flexural streraytd
ductility factor in comparison to a nominal conerenix of grade M40. In addition to the usage oéfgother
supplementary cementitious materials are replasedeément such as micro silica, GGBS and fly asictyuire
high strength concrete. These materials are reglégeats optimum level to the weight of cement . The
fibres used are steel and polypropylene which dded in the concrete mix at a volume basis. Theufld
strength of the reinforced concrete beams are mé&ted by subjecting to four point static loadingtgyn. The
results obtained have shown that GGBS replacedretmspecimens show increased strength capacitalaad
by using fibers in concrete its ductility has inped and the crack widths are reduced and contratibdly.

Index terms - Hybrid fibres, flexural strength, Static load.

1. INTRODUCTION loading condition which are compared to that of a
Concrete is a composite material made from cemenfjominal mix specimen.

fine aggregate, coarse aggregate and water. Apart

from cement various other pozzolonic materials can 2. MATERIALS

be used in the production of concrete. These

pozzolonic materials though not cementitious by2.1. Cement

themselves, contain reactive silica and alumina in Ordinary Portland cement is used in this experialent
finely divided form which are capable of combining work and its properties were tested as per Indian
with lime at ordinary temperatures in the presesice standards IS 4031. Table 1 shows the properties of
water to form stable insoluble compounds possessin@PC.

cementing properties and are called as supplenyentar

cementitious materials. Some of which are micro Table 1. Properties of ordinary Portland cement
silica, GGBS and flyash which are used in this pape

These materials help in improving the strength of Property Value
concrete. Apart from the basic concrete producing Specific gravity 3.14
materials fibers can also be used in concrete which

S . . ; Normal consistency 30%
helps in improving the integrity of the structure. _ _ i
These are short and discrete fibres which are Initial setting time 50 mins
uniformly or randomly oriented. These fibres does Final setting time 320 mins

not help in improving the ductile capacity of coeter

specimens by controlling and reducing the cracks an2.2. Aggregates

crack width. The fibres used in this paper arelsteeFine aggregate (FA) and coarse aggregates (CA) were
and polypropylene to check the ductile capacity ofused and two different sizes of coarse aggregates
specimens under loads. The supplementary2.5mm and 20mm were used. The test conducted to
cementitious materials micro silica, GGBS and flyas analyse the properties were according to IS 2386:
are replaced for about 7.5%, 40%, and 30%1963. Table 2 shows the properties of aggregates.
respectively to weight of cement while the fibréses

and polypropylene are added in volume fraction of

about 75% and 25% respectively. In this study, 3

different concrete mixtures are used to deterntiee t

high strength concrete by subjecting the reinforced

concrete beams to flexure test under four poirticsta
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Table 2. Properties of fine aggregates and coarse 2.6. Fibres

aggregates
Steel fibres are basically a cheaper and easiasdo
Property CA CA FA form of rebar reinforced concrete. This imparts the
(20mm) | (12.5mm) concrete with greater structural strength, reduces
Specific 2.72 2.7 2.52 cracking and helps protect against extreme cokklSt
gravity fibre is often used in conjunction with rebar oeaf
Fineness 6.2 4.6 2.85 the other fiber types. Polypropylene fibres has low
modulus specific gravity hence yields the greatest volurhe o
Water 0.4 % 0.6 % 1.5 % fiber for a given weight. This high yield meansttha
absorption polypropylene fibre provides good bulk and cover,
Bulk 1628 1533 1666 while being lighter in weight. Polypropylene is the
density kg/m? kg/m? kg/m? lightest of all fibres and is lighter than watet.ig
34% lighter than polyester and 20% lighter than
2.3 Silica fume nylon. It provides more bulk and warmth for less
weight.

Silica fume, also known as microsilica, is
an amorphous (non-crystalline) polymorph of silicon
dioxide and silica. It is an ultrafine powder calied

as a by-product of the silicon and ferrosilicorowll
production and consists of spherical particles aith
average particle diameter of 150 nm. The main fielc
of application is as pozzolanic material for high
performance concrete.

A

2.4. Ground granulated blast furnace slag ) ’
Fig. 1. Steel and P

olypropylene fibres

Ground granulated blast furnace slag is one of the

greenest of construction materials. It is a nonaftiet ~ 2.7. Super plasticizers

product consisting essential silicates and aluramat

of calcium and other bases. Its only raw matesa i Super plasticizers are highly distinctive in theature
very specific slag that is a by-product from thaspl and they make possible the production of concrete
furnaces manufacturing iron. GGBS essentiallywhich in its fresh or hardened stage is substaytial

consists of silico and alumino silicates and otherdifferent from concrete made using water reducing
bases that are developed in molten condition@dmixtures. CONPLAST SP430 manufactured by

simultaneously in iron furnace. The chemical FOSROC Chemicals is used in this project. The main

composition of oxides in GGBS is similar to that of objective of using this super plasticizer is tore@se
Portland cement but the proportions vary. GGBSthe workability of concrete so that there is dditbr
cement is routinely specified in concrete to previd no vibration is required during placing. It has bee

tection both sulphat d chloride attack specially _formulated to give hi_gh water reductiqm_ u
protection both sphate and chioride atiac to 25% without loss of workability or to produceghi

25. Fly Ash quality concrete of reduced permeability.

Fly ash, also known as "pulverized fuel ash" is ohe
the residues generated by coal combustion, and
composed of the fine particles that are driven afut The concrete mixes for the present study compesed

;Zeurtgle;nvgﬂ:n;izﬂg eofg?ﬁssgogf%i?%n%ulﬁﬁgg t,ngortland cement concrete and three blended concrete

: mixes with constant steel and polypropylene fitugrs
;(s)hmpo?necrltfj gsf ﬂysisbr;t;?]%lcon;:ggﬁigy’ bcl:]f gﬂ cg)n75% and 25% by volume fraction. Grade 40 concrete
dioxide aluminium oxide and calcium oxide . the V@S aimed for the design. The other cementitious

. ; : : materials used in this project are GGBS, silicadum
main mineral compounds in coal-bearing rock strata, . . o T
It is often used as partial replacement for Potlan and fly ash. The design mix ratio is 1:2.03:3.58.Fo

cement in concrete production. Pozzolanas ensereteaCh of concrete mixes, cube of size

setting of concrete and plaster and provide COBUeQJ_.OOxlOOxlOO)mm for compression test, cylinder of

; . s size (100x200)mm for tensile strength test, prefm
\évr:tmi::n;rgttar():rli)tectlon from wet conditions - and size (500x100x100)mm and beam of size

I%. EXPERIMENTAL WORK
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(850x100x150)mm to investigate the flexural | (N/mn) | | | ]
behavior of the mix.

Compressive strength

60
2 50
S 40 mCM
,A £ 30 uCs
ol Tal | Z” 20 cG
Fig. 2. Addition of fibres in concrete mix. 2
Z 10 CF
The following tests are to be done on concrete 0
specimens 28th
« Compression strength, day

»  Split tensile strength,

*  Flexural strength. Fig. 4. Compressive strength of mix types.

Table 3. Proposed mix types and designations.

Composition Mix 3.2. Tensile strength
. designation Split tensile test was done in cylindrical specisief
Control mix CM (100x200) mm size so as to determine the tensile
Cement + Silica Cs capacity of the concrete and the results df gay
fume+ Fibres testing are tabulated in table 5 and figure 6 shihas
Cement + GGBS + CG graphical representation of tensile capacity of
Silica fume + cylinders of each mix.
Fibres
Cement + Fly ash CF
+ Silica fume +
Fibres

3.1. Compressive strength

100mm cubes are used for determining the
compressive strength of concrete and the results of
the strength of each mix under'28ay are tabulated

in table 4 and figure 4 shows the comparison cbfart
strength of cubes.

Fig. 5.‘ Testing of cylinder specimen.

Table 5. Split tensile capacity

Mix CM | CS | CG| CF

: Strength| 3.58 | 4.33| 4.69 4.13
Fig. 3. Testing of cube specimen. (N/mm?)

Table 4. Compressive strength results

Mix CM | CS | CG| CF

Strength| 41| 48.3 513 5D
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Tensile strength Flexural strength of plain beam
5 10.2
T 4 2 10
5 3 mCM > 98 mCM
- = CS = 96 mCS
E B 94
3 =CG 5 " CG
= CF 7z 92 CF
0 9
28th 28th
day day
Fig. 6. Split tensile capacity of mix types. Fig. 8. Flexural strength capacity of plain beams.
3.3. Flexural strength 3.3.2.Flexural strength of Reinforced Beams

The most common purpose of a flexure test is tcThe following table 7 shows the results of RC beams
measure flexural strength. Flexural strength isneef ~ Of (850x100x150) mm in size subjected to flexural
as the maximum stress at the outermost fiber oitest. Figure 11 is a graphical representation of
either the compression or tension side of thecomparison of the flexural strength capacities &f R
specimen. beam.

3.3.1.Flexural strength of plain Beams

The following table 6 shows the results of plain
beams of (500x100x100) mm in size subjected tdg
flexural test. Figure 8 is a graphical represeatatf
comparison of the flexural strength capacitieslafrp
beam.

Fig. 7. Test setup of plain beam.

Table 6. Flexural strength of plain beams

Mix cmlcsT cc | CF Fig. 10. Flexural failure of fiber-reinforced beam

Strength| 9.5 | 9.55| 10.1§ 9.7% Table 7. Flexural strength of reinforced beams

(N/mn) MIX CM | CS | cG | CF
STRENGTH| 35.13| 35.93 37.40 36.27
(N/mn)
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9l

strength in N/mm

Fig.

Flexural strength of RC beam
38

37.5
36.5 CM
36
355 cs
35 CG
34.5
34 CF
33.5
28th
day

11. Flexural strength capacity of RC beams.

4. CONCLUSION

The

silica, GGBS and flyash used in this experiment has

supplementary cementitious materials micro

exhibited excellent pozzolonic characteristics and

have improved the strength of the concrete and the

fibres improved the ductile nature of concrete. The
following conclusions can be drawn:
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