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ABSTRACT

Glass Fibre Reinforced concrete (GFRC) isarecent introduction inthefield
of concrete technology. It has been extensively used in over 100 countries
since its introduction in 1980’s. This product is covered by international
standards and has been practiced all over the world. GFRC has advantage
of being light weight and thereby reducing the overall cost of construction
there by bringing economy in construction. Thiswork isonly an accumula-
tion of information about GFRC from al over the internet and some text
books. GFRC isconcrete that uses glass fibresfor reinforcement instead of
steel. It istypically cast in a thin section of around '4” to %”. Since the
fibres cannot rust like steel, thereisno need for aprotective concrete cover
thickness to prevent rusting. With the thin, hollow construction of GFRC
products, they can weigh a fraction of weight of traditional precast con-
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INTRODUCTION

Concreteisthemost widely used man-made con-
struction materia intheworld, and issecond only to
water asthemost utilized substance ontheplanet. Itis
obtained by mixing cementing materids, water and ag-
gregates, and sometimesadmixtures, in required pro-
portiong¥. Themixturewhen placedinformsand a-
lowed to curehardensinto arock-likemassknown as
concrete. Thestrength, durability and other character-
isticsof concrete depend upon the propertiesof itsin-
gredients, on the proportions of mix, the method of
compaction and other control sduring placing, compac-
tion and curing®. Fiber reinforced concrete (FRC) is
concrete containing fibrousmaterid whichincreasesits
structural integrity!?. Fiber Reinforced Concretecan be

defined asacomposite materid consisting of mixtures
of cement, mortar or concrete and discontinuous, dis-
crete, uniformly dispersed suitablefibers. Fibre-rein-
forced norma concretearemostly used for on-ground
floorsand pavements, but can beconsidered for awide
range of onstruction parts (beams, pliers, foundations
etc) either doneor with hand-tied rebarg¥. Concrete
reinforced with fibres(which areusudly sted, glassor
“plastic” fibres) is less expensive than hand-tied rebar,
whiledtill increasing thetensile strength many times.
Shape, dimension and length of fibreisimportant. A
thin and short fibre, for exampleshort hair-shaped glass
fibre, will only be effectivethefirst hoursafter pouring
the concrete (reduces cracking whilethe concreteis
stiffening) but will not increase the concrete tensile
strength.
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REVIEW OFLITERATURE

Griffithsconducted sudy toinvestigatethe mechani-
cal propertiesof glassfibrereinforced polyester Poly-
mer concrete. Theauthor observed that themodul us of
rupture of polymer concrete containing 20% polyester
resin and about 79% fine silicaaggregateisabout 20
MPa. Theaddition of about 1.5% chopped glassfibres
(by weight) to the materia increasesthe modul us of
rupture by about 20% and the fracture toughness by
about 55%. Glassfibresimprovethe strength of the
material by increasing theforcerequiredfor deforma
tion and improve the toughness by increasing the en-
ergy required for crack propagation. Sorousshian re-
ported theresultsof an experimenta study ontherda
tiveeffectivenessof different typesof sted! fibrein con-
crete. Theauthor observed that theinclusion of fibres
decreasestheworkability of fresh concreteand thisef-
fect ismore pronounced for fibreswith higher aspect
ratios. Theeffectsof fibretype on fresh mix workabil-
ity, asrepresented both subjectively and by theinverted
dump and conetime, seemto beinsgnificant. Crimped
fibresresultin dightly higher dump va ueswhen com-
pared with straight and hooked fibres. Rao studied the
effect of glassfibres onthe mechanical propertiesof
M20 and M 30 grades of concrete. Babu investigated
theaddition of theglassfibresand concluded that there
isincreasein the compressive strength upto 1% by vol-
ume at higher fibre percentages and the strength de-
creaseif thefibre content isincreased significantly.

MATERIALSAND METHODS

Materials
(&) Cement

Pozzolana Portland cement is used in the project
work, asitisreadily availableinloca market. Thece-
ment used inthe project work has been tested for vari-
ous proportionsasper |S: 4031-1988 and found to be
conforming to variousspecificationsof 1S: 1489-199119,
Th(zespecifi cgravity was 3.02 and thefinenesswas 3200
cm/gm.
(b) Coar se aggregate

Crushed angular granite metal from alocal source
was used as coarse aggregate. Thespecific gravity was
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2.71, Hakinessindex of 4.58 % and € ongation index
of 3.96 %. The coarse aggregate used in the project
work are 20 mm down grade.

(c) Fineaggregate

River white sand was used asfineaggregate. The
specific gravity was 2.55 and finenessmoduluswas 2.93
respectively. The fine aggregate used in the project
work is4.75 mm down grade.

(d) Glassfibre

Theglassfibresused are of Cem-Fil Anti-Crak HD
withmodulusof eadticity 72 Gpa, filament diameter 14
microns, specificgravity 2.68, length 12 mm and hav-
ing the aspect ratio of 857.1". Thenumbers of fibres
per Kgis212 millionfibred®4.

METHODS

Wor kability

Theworkability testswere performed using stan-
dard sizes of Slump Mouldsasper IS: 1199 -1999
and Compaction Factor apparatus which was de-
velopedin UK andisdescribedinIS: 1199 -199919,

Compressivestrength

The Steel mould of size 150 x 150 x 150 mmis
well tighten and oiled thoroughly. They were allowed
for curingin acuring tank for 28 days and they were
tested in 200-tonnes el ectro hydraulic closed loop
machine. Thetest procedures were used as per |IS:
516-1979010,

Flexural strength

The Steel mould of size500x 100 x 100 mmis
wdll tighten and oiled thoroughly. They were allowed
for curingin acuring tank for 28 days and they were
tested in universal testing machine. Thetest oiled
thoroughly. They were allowed for curingin apro-
cedures were used as per IS 516-1979101,

Split tensile strength

The specimensshall be cylinder with 150 mmin
diameter and 300 mm long and iswell tighten and
oiledthoroughly. They werealowed for curinginacur-
ing tank for 28 days and they weretested in univer-
sal testing machine. Thetest procedure were used
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as per |S 5816-199914,
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TABLE 1: Quantitiesof materialsrequired per 1 cum of ordinary concrete and glassfibre concr ete mixeg'2®

Grade of Cement Fineaggregate  Coarseaggregate  Water W/p Glass fibres
concr ete (kg) (kg) (kg) (Itr) ratio
M 20 338.18 722.41 1132.42 186 055  0.03% by concrete
M 30 413.33 661.90 1131.33 186 045  Volume
M 40 465.00 628.54 1121.86 186 0.40

RESULTSAND DISCUSSIONS

Effect of glassfibreson thewor kability of GFRC
() Slump test

The Slump test was conducted as per |1S: 1199-
1999. Theresultsof Slumptest M-20, M-30 and M-
40 gradesof concrete without and with Glass Fibres
were 30 mmand 10 mm respectively. From the experi-
mental resultsit was observed that on the addition of
0.03% of GlassFibresto concretethere was substan-
tia amount of lossin thedump. Hence, theworkability
decreaseswith theincreasein volumeof fibres.

(b) Compaction factor

The Compaction Factor test was conducted as per
IS: 1199-1999. Theresults of Compaction Factor test
aretabul ated below,

TABLE 2: Valuesof compaction factor for different concrete
mixes

CONCRETE COMPACTION FACTOR

MIX WITHOUT GF WITH GF
M-20 0.945 0.930
M-30 0.930 0.915
M-40 0.905 0.880

0.96

0.94 O

0.9 == WITHOUT GF

0.88 \l ——WITH GF

0.86

0.84

M20 M30 M40
Figurel: Variation of compaction factor without and with
glass fibres

From the above values, it is observed that the
workability of concrete decreaseswith the addition of
Glass Fibres. Hencethisdifficulty can be overcome

by using chemical admixtureslike plasticizersor su-
per-plasticizers.

Compressive strength of ordinary concrete and
glassfibrerenforced concrete mixes

From thedatatabulated inthe TABLE 3, it isob-
served that the Compressive strength of M-20, M-30
and M-40 grade concrete without and with GlassFi-
bresat 3, 7 and 28 days, theval uesare observed tobe
ariedfrom “12 00 N/mm’to 20 66 N/mm’for 3 days”,
“24. 14 N/mm_t025.20 N/mm for 7 days” and “30. 37
N/mm to 38. 89 N/mm’for 28 days”, ““16. 74 N/mm’
to 27. 48 N/mm’for 3 days”, “28.30 N/mm to 30. 45
N/mm’for 7 days’ and “40.30 N/mm t049.04 N/mm
for 28 days” and “22. 15 N/mm"to 30 70 N/mm’for 3
days”, “32.30 N/mm t040.67 N/mm for 7 days”’ and
“49.60 N/mmto 61.2 N/mm’for 28 days”, respec-
tively.

Flexural strength of ordinary concreteand Glass
fibrereinforced concrete mixes

Thedataobtained from the Flexurd strengthtestis
tabulated inthe TABLE 3, inwhichitisobserved that
thevauesof Flexural strength of M-20, M-30 and M-
40 grade concretewithout and with GlassFibresat 3,
7 and 28 days, thezs valuesare observed to bevaried
from “6 17 N/mm to 10 83 N/mm’for 3 days”, “8. 58
N/mm’to 14.17 N/mm for 7days’and “14. 323 N/mm’
to 18. 75 N/mm’for 28 days”, 8, 92 N/mm to 12 33
N/mm’ for 3days”, “10. 20 N/mm’to 13. 83 N/mm’for
7days’and “15. 58 N/mm’ t0 20. 08 N/mm’ for 28 days’
and “10 67 N/mm"to 13 83 N/mm’for 3days”, “14. 672
N/mm’to 16. 83 N/mm’ for 7days’ and “16.67 N/mm
t021.57 N/mm for 28 days” respectively.

Split tensile strength of ordinary concrete and
Glassfibrerenforced concretemixes

From the experimental resultsobtained, thevalues
arenotedinthe TABLE 3, itisobserved that theval ues
of Split tensile strength of M-20, M-30 and M- 40
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grade concrete without and with Glass Fibres at 3,7
and 28 days, 2theval uesare observed tobevaried from
“1.54 N/mm to 1.94N/mm’for 3 days”, “2. 09 N/mm”
to 2. 78 N/mm’for 7 days’ and “3 16 N/mm’ to 4.10
N/mm’for 28 days’,“2.19 N/mm’t02.64 N/mm’for 3

days”, “3.21 N/mm to 3. 80 N/mm’for 7 days” and
“4.10 N/mm t05.18 N/mm for 28 days” and “2, 64
N/mm’ to 3 45 N/mm ' for 3 days”, “3. 77 N/mm’ to
5. 02 N/mm for 7 days’ and ““4.34 N/mm’ t05.65 N/
mm’ for 28 days’, respectively.

TABLE 3: Compressive, flexural and split tensilestrength for different gradesof concretemixes

Grade of Daysof Compressive Strength  Flexural Strength  Split tensile Strength
concr ete curing (N/mm2) (N/mm2) (N/mm2)
Without GF With GF  Without GF  With GF  Without GF  With GF
M-20 03 12.00 20.66 6.17 10.83 154 1.94
07 24.14 25.22 8.58 14.17 2.09 2.78
28 30.07 38.89 14.33 18.75 3.16 4.10
M-30 03 16.74 27.48 8.92 12.33 2.19 2.64
07 28.30 30.45 10.20 13.83 321 3.80
28 40.30 49.04 15.58 20.08 4.10 5.18
03 22.15 30.70 10.67 13.33 2.64 3.45
M-40 07 32.30 40.67 14.67 16.83 3.77 5.02
28 49.60 61.20 16.67 21.57 4.34 5.65
TABLE 4: Percentageincreaseof compressive, flexuraland 25
split tensile strength of glassfibre reinforced concretein )
comparison with ordinary concrete mixes - ‘,f“;j
Gro?de D;ys Compressive glre;gt?]] Split tensile —4—M-20 without GF
concrete curing strength (%) (%) strength(%) 15 - R B
03 72.16 75.53 25.97 —A—M-30 without GF
M-20 07 4.48 65.15 33.01 10 ==M-30 with GF
28 29.33 30.84 29.75 =He=N)-A0 ol GF
03 64.16 38.23 20.55 5 R el
M-30 07 7.60 35.60 18.40
28 21.70 28.90 26.34 0
03 38.60 24.93 30.68 3 7 28
07 26.00 14.72 33.16 Figure3: Variation of flexural strength of ordinary con-
M-40 28 23.40 29.40 30.18 creteand glassfibrereinfor ced concretewith age
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Figure 2 : Variation of compressive strength of ordinary
concreteand glassfibrereinfor ced concretewith age
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Figure 4 : Variation of split tensile strength of ordinary
concreteand glassfibrereinfor ced concretewith age
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Variation of compressivestrength, flexural strength
and Split tendlegrength of glassfibrerenfor ced con-
cretemixescompar ed with ordinary concr eiemixes

TABLE 4 givestheincreasein Compressive, Hex-
urd and Splittenglestrength of variousgradesof Glass
fibrereinforced concrete mixeswere compared with
ordinary concrete mixes of M-20, M-30 and M-40.
Thevariationinstrength of Glassfibrereinforced con-
creteisrepresented in termsof graphical representa-
tioninthebelow figures.

COCLUSON

1. It hasbeen observed that theworkability of con-
cretedecreaseswith the addition of GlassFibres.
But thisdifficulty can beovercomeby using plas-
ticizersor super-plasticizers.

2. Theincreasein Compression strength, Flexural
strength, Split tensilestrength for M-20, M-30and
M-40 grade of concrete at 3, 7 and 28 days are
observed to be 20% to 30%, 25% to 30% and
25% to 30% respectively when compared with
28 days strength of Plain Concrete.

3. Ithasbeenaso observedthat thereisgradual in-
creaseinearly strength for Compressionand Hex-
ura strength of Glass Fibre Reinforced Concrete
ascompared to Plain Concrete, and thereis sud-
denincreasein ultimatestrength for Split tensile
strength of GlassFibre Reinforced Concrete as
compared to Plain Concrete.
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