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ABSTRACT

An experimental investigation has been carried out to ascertain
the strength and other characteristics of cement concrete
reinforced with natural san (Crotolaria Juncea) fibre. San Fibre
is a cheaply avallable material obtalned from a plant which is
extensively grown In many parts of Indian Sub-Continent. It is a
bast vegetable fibre and ie commonly used in India and its

neighbd}ing countries for making twines and ropes etc.

Experiments carried out to ascertaln the physical & mechanical
properties of san flbre reveal that it has fairly good tensgile
strength and there ls not much loss of its atrength when treated

in an alkaline medium of pH 11. It is durable In cement

environment.

Reinforcing cement concrete with san fibre of suitable lengths
and in e;oper proportions considerably improves saplit tenslile
8trength, flexural tensile strength, energy absorption capacity,
and impact strength. The experimental results when compared with
corresponding calculated values obtalined from a theoretical model
show 800od agreement. Similar improvement was also found in
respect of load-deflection characteristics of cement concrete
beams reinforced with san fibres of suitable lengths and proper

proportions.



Experiments carried out to ascertain the strength characteristics
of conventionally reinforced concrete beamsa further reinforced
with s8an fibres also showed positive resulta. Similar trend was
also observed In case of concrete beama reinforced with san fibre
twines, and also with 8an fibreas together with twineg.
Compactability and mobility of plain concrete are however
affected adversely by the presence of san fibres in the concrete.
The moet significant advantage of reinforcing cement concrete
with san tibre is in regard to the growth of cracks emanating
from natural flaws in cement concrete. San fibre is found to act
a8 a good inhibitor of crack growth and thus can be expected to

8erve a useful purpose as a reinforcing material
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CHAPTER - 1
INTRODUCTION

1.1 General

Concrete ls presently the most widely used construction material
developed by man. Becauae of ltsa apeclallty of belng cast in any
desirable shape, it has replaced stone and brick masonry. Inspite
of all this it has aome aerious deflciencies which, but for its
remarkable qualitles of flexibllity, reailience, and ablility to

rediatribute atresa, would have prevented lte uae aa a bullding

material.

Flaln conerete Lls Ilnherently weak In tenslon and has limited
ductillity and 1little reaslstance to crackling. Mlcrocrackae are
inherently present in concrete and because of lte low tenslle
strength, the cracke propagate with the application of load,

leading 1o brittle fracture of concrete.

Mlicrocracke in concrete are formed during lte hardening stage. A
discontinuous heterogeneous system exfﬁa even before the
application of any external load. When the load is applled,
microcracks start develeoping along the planes which may
experience relatively low tensile strains, at about 30-40% of the
Ultimate strength in compreasion. Further appllcation of the load
leads to uncontrolled growth of the microcracks. The low

reasjstance to tensile crack propagatlon in turn resultis in a Jlow
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—
fracturc toughness, and limited recigtance to immpact and

explosive lcocading.

The low tensile strength of concrete la being compensated for in
several ways, and this has been achieved by the use ot
relnforcing barg and alsgo by applying vprestressging techniques.
Though theae methods provide tensile strength to concrete, they
do not lncrease the Inherent tenelle strength of concrete ltzelf.
Further, conventionally relnforced concrete is not a two phase
material In true agense. Conventlonally relnforced concrete la a
true two phaame materlal only after cracking when cracked matrix
e held by the reinforcing bare. Exlatence of one phase (l.e.:
steel or concrete) does not improve the baglce astrength
characteriastics of the other phaase and consequently the overall
performance of the tradlitlonal relnforced concrete composlite L
dictated by the Individual performance of the concrete and steel

phaae geparately.

These defliclencies have led researchers to Investligate and
develop & materlal which could perform better in areas where
Conventional concrete haa several 1llimlitatlons. One auch
development haa been two phase composite materiale {.e. fibre
Feinforced concrete, in whilch cement based matrix ia relnforced

With ordered or random diatribution of fibrea.

Fibre |gn the cement bamed matrix aclis aa cracka arresater which

Yeatricta the arowth of flaws In the mateix, preventing thege



from enlarging under load, Into cracks, which eventually causge
fallure. Preventlon of propagation of cracka orlglnating from
internal flawas, can regult In improvements In atatlc and dynamlc

properties of the mateix.

The Idea of wixing more than one materlals to obtain a conmposlte
ie not new. The two phase concept in which two materials are
combined (o produce a composite has been known aince anclient
timea. The wuse of estraw to atrengthen sundried mud bricks and
stabilize thelr dimensional atabllity, predates the wuse of

portland cement.

Mortar and concrete are themgelvea essgentlally two phage
composite aystema in which relatively atlff aggregate particles
are embedded in a 40ft brittle materlx lauparting stiffness and
8tability to the composite. The behaviour of mortar and concrete

indlcates the role of flbre relnforcement of the cement matrlx.

The 1ldea that concrete can be strengthened by the incluslon of
fibrea was firat put forward by Portar 1In 1910, but 1little
Progress was made In the development of this material until 1963
Yhen Romualdi and Bataon published their classic paper on the
8ubject. Since then there has been a wave of Intereat 1In flbre
Teinforced concrete and several intereating experlmenta have been
Carried out. Several kinds of fibrea such as asteel, flibrlillared

Polypropylene, nylon, asbeastoa, coir, jute alsal, kenaf, glass,



carbon have been tried. 4

Varlous typea of flbres as mentloned above have been developed

and they are as follows.

1.2 Plaatlic Fibrea

Plastic fibrea such as nylon and polypropylene have high tensgile
strength, 5610-8670 kg/cmZ2, but their low modulus precludea any
relnforcing effect. However, thelr high elongation (15-25%),
enables the composgite to absorb 10 to 25 times more energy than
unrelnforced mortar and concrete. In appllcations requiring high

energy absorption, plastic fibres have a aspecial advantage.

The moat auccesaful form of polypropylene for wuae aa flbre
reinforcement la the fibrillated film fibres whiech are wused
éxtenaively aas reinforcement In pllea and for non load bearing
elementa. Polypropylene le essentlally a thermoplastic resin or
polymer of the polyoclefin family which asoftens when heated, and
therefore does not poassess a high Lemperature reslatance. It has

the advantage of chemical atabllity In the cement paste and s

not attacked by acldg and alkallsa.

The most extensive uase of polypropylene fibrea la In concrete
Pllea. The asuperlor Impact reslatance propertles of the flbrea
arigesg from purely mechanical bond between the fibre and the

matrix. The fibres are made up from a number of fine fibrils, the

matrix creepa and interacts among fibrils, and because of the

&
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abgence of a physlco-chemical bond, only minimum contact between
fibre and matrix le necessary during wnixing to ensure even
distribution through out the mix. The reinforcing properties of
the flbrea are influenced by lts diameter, the length of the
flbre, the number of twlatas per unit length of twine, Lthe amount
of fibre content and ita condition of mixing. Length shorter than
40 mm are found to shred in the mixer, and become {neffectlve aa
reinforcement. The degree of the mechanlcal bond achleved depends
on the wire, the tightness of twlist, the mixing time 1o glve
adequate dispergion and the abraaive actlon of the agpregate.

In addition to plle ahells, polypropylene flbres ate uged
extenslvely In non load bearing corrosion - proof memberz (under
the trade name caricrete). In many conventional precast concrete
components where ateel reinforcement la Incorporated purely for
Iranaportation and handlling purposes, the use of plastic (ibre
€an reault in thinner, crack realatant sectlons, there by saving
materiala and reducing transportatlon and erection coste. It can
be used in cladding panela, and in flotatlon unlts which are made
by coaling blocks of polystyrene with a layer of carlcrete of 19
mm to 25 mm thicknesa. Fibres have also been guccegasfully used In

“epalring a river wall by guniting, and as a crack inhibitor in

forming artificlal lakes.



1.3 Glasas Fibres

Glagsgs fibrea are produced commercially iIn three basic forms,
namely, ravinga, strands and woven or chopped strand mat. The
individual fllament vary from 10 to 20 micron, and are coaled

with aizing to protect the fibre from surface abraslon as well as

to bind them Into a strand.

There are however, Lwo malin problems In Lhe use of glags fibrec
in portland cement products, namely, the breakage of fibres, and
the w@aurface degradation of the glaesg by the hilgh alkallnlty of
the hydrated cement paaste. There are now aeveral manufactutring
pProcesses that show promiasae of producing glaass fibre relnforced
cement producta without the aevere eshattering of flbres
aassoclated with conventional asbegtos ceument manufacturing from
chemical processes. To prevent the glaaxs filbrea from chemlcal
attack, corroalon realstant coatings, usgually regln based, have
been applied, and after thia, alkall-realistant glaasges have been
Produced that appear to be gsatisfactory for use with portland
cement. Fabrication techniques play an important part in the
8lrength of glasas-fibre reinforced elements. The use of a high

vWater-binder ratlo la essential ao that the alurry can be worked,

the exceas water belng removed by suctlon or presalng techniques.

Uhile the apray suction technique producea a two dimensional
tandom array of filbre reilnforcement, conventlonal mixing with

random dispersion of fibrea can also be wused. In both the
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techniques, glass flbre lengths of 10 to 50 mm can be uged. Both
these methods have been used to produce cladding panels, window
framea, and other bullding and bridge components. There isa
conslderable Improvement In Impact sterength 20-25 X 103J /m?
compared to 3-4% X 103J/m2 for asbestog cement. [t has also good
resiatance to thermal shock, and laproved fire reslstance which
makes' it wusable as cladding or permanent shuttering for
atructural concrete. Long term modulus of rupture and lmpact
#trength test on GRC sauples show that conalderable Iimprovement
in durabllity can be achlieved by the wuse of alkali-reslstant
g8lasa compared with conventlonal E glaza(Boroagillicate). There la
8till a reductlion In strength with time of astorage Iln alr, and a
8till greater fall when atored under water. However, such
reductione in atrength do not lead to total loas of atrength. The
Uae of high alumina cement and pulverized fuel ash in the matrix
can further improve durabllity. The cheaper borosilicate ot
E glass has been extenaively wused with high alumina cement
(Elkalite) and gypasum plaaster wvithout danger of alkall attack on
the fibres.

Propertiea of theae filbrous compozitesx of lntereat and lmportance
Are: flre and chemical reslatance, Impermeability and water
Lightneaa. Several applicationed of high alumlna cement and

E glaaa have been tried auch as grain alles, hollow pontoona for

hOUaeboats and heating unite.



1.4 Steel Fibres

The third type of flbre that has found extenzive cnglneering
application la ateel., Moat of the asteel fibreas avallable tor uge
in concrete are obltalned by cutting drawn wires and fibrea with
different typea of crimps, indentationa. and ahapea to lIncreasge
mechanlecal bond are also being produced (e.g., Duoform). Steel
flbres with lower tensaile gtrength (7141 kg/cmz) are also
produced from low carbon flat rolled ateel colls (e.g. Fibrecon).
[t has been ahown that ateel tenalle atrength has little
influence on the (lrat crack {lexural strenglh, although 1t may
have a significant effect on the ultimate flexural atrength [f
the composite fallure occurs by fibre fallure rather than by
fibre pull out. The efficiency of the flbre distribution
dependa on  the geometry of Lhe fibre, Lhe fibre content, the
mixing and compaction technlquea, the size and ahape of the

Aggregate Inclualons and the mix proportione.

Steel fibre reinforced concrete material have been wused for
Overlaya and overalabbing for .roads, pavements, airfielda,
bridge decks, and industrial and other flooring, particularly
thosge subjected to wear and tear, and chemical attack. Gunitling

haa been succeasfully applled with steel fibres.



1.5 Carbon Flbres

Carbon flbres have high tenslle gstrength and young's modulus, but
also a high specific astrength compared to steel and glass fibres,
Carbon (ibre reinforced composite has linear streass—-gstraln
characterigtics, and appears to possesgs adequate fatigue

regsistance and acceptable creep. lncreasge in flexural gtrength

and atiffnessa are about 214.2 kg/cm?2 and 21420 kg/cme

reapectlvely for the one percent of fibre.

Carbon fibre compositea have shown 20 percent reduction In

8irength over a period of one year, when cured continuously In

vater at 500, With about 4 percent volume fractlon of continuous

unidirectional aligned fibrea, CFC has about 1.5 times the

modulus of elaatlclty of the matrix.

At low fibre fractiona, the fracture toughness of CFC las low and
Not much higher than that of the matrix and ls conalderably lower
than that of GRC. Test results show that a combination of carbon

fibres with other fibrea shows a aubgtantial Iimprovement In

impact reglatance.
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Table 1.1 glves typlcal propertles of plastlic, glasa, atecl and

carbon and other flbres.

Table 1.1

Typlcal Propertles of Flbres

Tensile Young's Ultimate Specltic
Type of fibre strength, modulus elongation gravity

N/mm?2 N/mm2 per cent
Acrylic 209.1-423.3 2112.0 25-45 1.1
Asbeatos 561.0-984.2 81.60-142.8 0.6 3.2

X 103

Cotton 423.3-703.7 51 % 102 3-10 1.5
Glasa 1020.0-4081.0 71.41 X 103 1.5-3.% 2.5
Nylon 765.0~867.0 40.80 X 102  16-20 1.1
Polyater 739.4-882.2 81.60 X 102  11-13 1.4
Polyethylene 708.9 142.8-428.4 10 0.95
Polypropylene 561.08-705.0 35.71 X 102 2% 0.90
Rayon 423.3-632.4 71.41 X 102  10-25 1.5
Steel 280.5-8233.0 204.0 X 103 ©0.5-3.5 7.8

Ll T
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1.6 Natural Flibrea
Various typea of natural flbres such aa Siaal, Coconut, Bamboo,
Jute, Flax, Akwvara, Elephant-grase, Yatereed, Plantaln, Muasamba,

Ma&“e?. Lechuguilla, Kenaf etc. are available.
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The natural fibres are basically of four tLypes.
1. Bast or Stem flbres (e.g. Jute, Flax, Kenaf)
2. Leaf fibres ( e.g. Sisal)

3. Frult halr (e.g. Coir)

4. Uood fibres ( e.g. Bamboo)

A brilef description of various natural vegetable flbres is

presented herce.

Elephant arasass

Elephant grass la found near.by water courges and la coumon 1n
eandy aoil conditiona. Its length 1la between 2 to 3 meter, but
moegl common length belng 2.4 meter. The dlameter at the base la
around 18 to 22 milllmeter. The stem, which la not hollow but
containg a plth made of aoft fibrea, la pale or dark purple. Load
bearing atems of the plant are packed with flbrea arranged
Parallel to each other in a matrix of llgnin. The crust le thin
and fibrous and fibre itaself ia +tough and sharp, &o that

éXtraction by hand la not eaay. It la avallable in Indla.

Vater Reed

It ja commonly found on the banks of lakes and streams. lt grows
in  bushea and its helght is between 2 to 3 meter. Uhen It le
Mature, dlameter of the stem may be as much as 20 mlllimeter. The
| fibrous cruat

S8tem consiats of an empty Interior and a strong

about § gn thick.



Plantain
The trunk of thie plant ia fibrous and fibres can be casily
extracted by hand. Fibrea of the plant are strong and flexible.

It is widely grown in Indla.

Muaamba
This is a hurdwood tree common to savannah landas. Its well known
use ls for making twlnes aa ropea substitute. The bark of the

lree ls flbrous and extractlon of the flbres ls very difflcult.

Akwara ,

Akwara has two shades of colore. The more matured and stronger
end ls dark brown, whifie other end la whitlsh. The flbre geometry
s varlable. The diameter varles from 1 milliweter to 4

Blllimeter and the length of the fibres ils around 1.5 meter.

Maguey and Lechugullla

Both thege flbres are of agave family. Both the flbres look
ldentical. Thelr aurfacea are covered by a natural aubastance like
Vax which if the flbrea are placed in water would digsolve,
Producing a kind of foam similar to the comuercial eaoap. The

length Of flbre varles from 30 to %0 centlmeter.

Sigal

lant
Slsal 1jke other agave plants 1s tropical freshly leaved p

’ rope
cultivated for its flbre. The fibre is used for cordage, . p

e'tc_
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Table 1.2 gives the typical properties of some of the natural

fibrea.
Table 1.2
Typlcal Propertlea of Natural Fibrea
Flbre Speciflec Tensile Flongatlion Uater Modulus
gravity 8trength at break absorp- of elasti-
N/ma? % tion % clty N/mm?
1 - 178.0 3.60 - 4936
2 - 70.0 1.19 - 5193
3 - 92.0 5.90 . 1436
4 - 83.0 y.70 - 941
5 1.24 390.0 0.50 65-70 -
6 1.36 390.0 0.5%0 95-105 22000
7 - 295.0 - - -
8 1.50 227.0 1.30 120
9 1.60 180.0 26.50 110 -
1o 1.50 330-820 3.20 - 26000
1. Elephant Grasa 2. Water Reed 3. Plantiain 4. Musamba
5.

Maguey 6. Lechuguilla 7. Kenaf 8. Jute 9.Coir 1lo. Slaal
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1.7 Need for Present Inveastigatian
In India, wuse of flbrea 1llke ateel, glass, carbon and
Polypropylene are not very uceful because of their hlgh cost of

procurement due to the advantages clalmed by them.

Nature has provided man with fibroua constructlion materialas In
the form of natural fibrea. Natural flbres are produced 1In all
countrlea. Thelr processing as compared tov ateel, glasa flbres
etc. requireg low degree of Induastrialization. The energy
requirements and cost of thelr productlon ls alase very low.
Further random mixing of fibres in cement or c¢ement c¢oncrete
requires semi-askilled personnel in conatruction work. This makesa
locally avallable natural flbrea a very attractive material for
1mprov1ng and reducing the cos1t of cement concrete and related
producta. The relative cheapneas of the natural flbres points the
direction of +thelr wuase and application on large acale ae a
bulldlng material Iin conjunction with concrete for housing and
Many other coat effective conatructlon.

Preasent work envisagea the use of naturally avallable San flbre
88 relnforcement in concrete ae well as to understand the effect
°f San flbre on the propertiea of cement concrete, and reinforced
concrete.

San  fipre 1s extracted {rom the San plant wvhich grove to about
1.0 o to 2.5 m In height and is light green in colour. The
dlameter of the plant varleg from 10 mm to 30 wn. The a#tem of the

Plant g4 fully covered with a thin layer of flbrous akin, which
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can be removed from the gtem In long longitudinal pieces, even at
the green stage but with asome difflculty. To make extraction of
the flbres easy, the uprooted plants are placed under water for a
period of 3 to 4 weeke, after which they are taken out of the
water, the fibrous skin is separated easlly. The flbreg by this

time are found to have acquired a light yellowish colour.

The ean plants can be cultivated easily In moat part of the

country. The troplical c¢limate in moat parta of Indla and the aoll
avallable 1In plainsa a%i very well aulted for cultlvation of this
pPlant. Presently the San flbre ias extensively used In the I[ndlan
Villages for making ropeas and twilnes etc. Pleoture of san flbre is
shown in plate 1.1.

The preaent work was undertaken

1. To find out the phyalcal and mechanlcal propertieas of the san
fibre.

2. To study the effect of aan flbre on the propertles of cement
€oncrete namely compreasalve astrength. modulus of elasticlity,
Indirect tenaile atrength, flexural tenslle atrength, load
deflection characterlatica of €ibre concrete beams.

3. To find out inpact and static strength of the plaln and f{lbre
Concrete aheetsa.

4. 7To inveatigate the f{lexural behaviour of conventlonally
relnforced concrete beama with san flbres.

5. To gtudy the effect of Lwines on the behaviour of concrete

beamg
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SAN FIBRE

PLATE 1.1



CHAPTER = I1

LITERATURE REVIEU

In this chapter research wvork reported by several authors has

been pregented.

Romualdi and Batson! published In 1963 theler classica) paper on
"Mechanlea of c¢rack artest In concrete". They concluded that
application of linear elastic fracture mechanica Le reinforced
concrete indlcates that the relatively low tenslle strength  of
concrete is not Inherent to the material and can be avoilded with
sultable reinforcement atrrangement, At approprlate gpacings,
inciplent flawa are prevented from enlarging and propagating
through out the tensile zone. The result ls a true two phage

Material that exhibits strength properties not reatricted by the

characteristice of each separaie phage.

Romualdi and Batson2 concluded In thelr paper that the first
crack strength of concrete improves by mixing c¢losely sapaced
continuoua @ateel fibrea In it. These asteel wireas act aa crack
Arregtersy preveniing the advancing mlcro c¢racks by applying
Pinching forcea at the crack tips and thug delaying the
Propagation of c¢racks. The exldatence of ¢rack arresi mechanligsm In
clOEEly gpaced wire reinforced concrete also suggesta that such a
Malerial c¢an be expecled 1o offer high fatigue and lupact

Fegistance. They eatabliehed that the increase In atrength of



concrete is inversely proportional to the square root ot the

wire aspacing.

Romualdi and Mandel3 have demonstrated thai continuous steel
vires could be replaced by randomly orlented small pieces of
8teel wilirea uniformly dispersed in the concrete matrix. They have
shown that the spacing concepl is equally applicable in thie case
alao provided a correction factor is applied to account for the

portion of the fibres not properly orlented for effective crack

control.

Grimer and Ali? tried alkall reslstant glases, developed at the

bullding research atation (U.K) , In concrete. They have shoun
that if given a durable glaas tibre, the compoaites will have
Pronounced advantages of lwpact strength and reslstance Lo

cracking.

Shah and Ranjan5 have shown that randonly dlstributed short stee)
fibree Increasea the ductllity of the concrete by lIlncreaging its
teaslatance againat Internal crack growth. They obaerved that the
increase in volume of flibres lncreases the flrst cracking stress
and for apaclng leass than c¢ritical, which ia 2.5 cm for concrete
Made with 10 mm; maxlmum slze aggregate, spaclng has less

Influence on the crack propagation than with apacing largecr than

2.5 cm.
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Rajagopalan et al.¢ carrled out experimental work on the
behaviour of flbre relnforced concrete In direcl tenasion and
flexure. Based on their study they concluded that cloasely apaced
and well bonded asteel flbres Increase the atrength of c¢oncrete
beams both at flrst crack and at fallure. The incluslon of flbres
toe the concrete lmparta enormous ductlllity and large rotatlion
capacity. Significant increase In flexural strength is obtalned
by the inclualon of flbrea in Lthe tenslon 2zone. They have
pPreaented emplrical formula to predict the atrength of fibre

reinforced concreie beams.

Swamy7 has given a systematlc aludy of mechanlca, propertles and

applications of fibre relnforced concrete.

Anon8 reported the advantages of using filbrous conc¢rete. Increasge
in tenalle strength, flexural astrength, flrat crack strength,
impact and abraaslon reaslatance have been reported. Data on
Propertlea like compresgaive ductillitiy, higher fatigue, shear and

toralon strength have also been presented.

Harria? haa shown that the work of fracture Is sasubstantially
increamsed for steel, glasa, and carbon fibree In paste, mortar
8nd conecrete matricea. With ateel fibres the interfaclal bond
Strength Jug related to the aspect ratlio and thie has been shown

to be an influentlial parameter in determining the fracture

toughness of the concrete.
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Swamy and Mangatl® in their paper "A theory of the flexural
strength of steel flbre reinforced concrete” have concluded that
final fallure occurs due to unatable crack propagation when

flbres pull out and the lnterfaclal ehear stress reaches the

ultimate bond strength.

Pokatiprapha et al.ll in their paper, which was publisched in
March 1974, have Investigated Lhe mechanical properties of tLhe
compoaite in flexure, torasion, axial compression and tension
analytically by the application of the laws of mixture. Based on
their atudy they found that the mechanical propertlea of the
compogite can be determined from the laws of the mixture with the
mortar acting as the matrix and the short steel wires as flbre
reinforcement. In bending the composite slab element behave ag a

two layered bilinear element.

The preaence of steel filbree does not glgniflcantly Influence the
fupture strength of the matrlx in bending. Thla la In agreement
with the reasulta obtalned by Shah and Ranjanld but differa from
thoae reported by Romualdl and Mandel3, However, steel fibres
conelderably Increase the reslatance of the mortar to crack
Propagation. The ultimate strength Iin axial compression of the
CoOmpogite lg lese than the ultimate strength of the mortar.
However, the presence of the fibre Increasea the ductlility of the

Conposite. They further auggested Lhat a atronger wmaterial could
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be obtalned 1f Lhe wirea of smaller diameter and longer length
were used, provided that the problem of bundling la overcome. The
latter can be avoided by trial mixing as suggested by Romualdl

and Mandel3.

Tattersall and Urbanowiczl? conducted teate 1o study the effects
of varlous chemical and physical treatments of the wire asurface
upon the bond between a wire and a cement or mortar matrix. This
was done by means of a simple pul) out test. Galvanlzing produced
some improvementa In bond, but the beat results were obtalned
from & wire with a looped end and an indented wire. In both the
cases, failure occurred outaeide the apecimen at loada

approximating to the ultimate tensile strength of the wire.

Hannantl3 deacribes a technique by whleh short ateel filbres can
be aligned parallel to the directlon of tenasile stresa In mortar
beams to be wsubjected to flexural loading. A combinatlion of
Vibratlon and mechanlical alignment enableg the load carrijed by
the beam to be doubled In compresagion with that achieved by ualng

Vibration table.

Kar and Pa1l4 conducted studies on atecel fibre concrete and have
Buggested certain equatlona for predlceting tensile astrength as &
function of effective apacing. The resultse obtained are in
4greement with the theoretical reaultas reported by Romualdl and

B&tBOnZ_
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Ramey et al.15 nave reported that the fatigue strength of flbre
concrete relnforced with 1/2" long, 0.0058" dlameter undeformed
brass coated steel wires ( 2% by volume of mix) Is of the order
of 95 percent of the statlc strength. Thlas leg conalderably

greater than 55 percent usually associated wilith concrete fatlgue

ltegtn.

Shah and Vijay Ranjanl®é investligated mechanical properties of
concrete and mortar relnforced with randowmly disirlbuted &mooih
steel fibres. Different volumes, lengthsa, orlentations, and types
of fibres were wused. Fibrea were compared with conventional
reinforcement in flexure tension and compreassion. It was observed
that the aignificant relnforcing effect of fibresa Jg derlved
after the cracks are Initlated in the matrix. The post cracking
realgtance of fibres ia consaliderably influenced by thelr lenglhs
orlentation and atress sgtraln relationship. The apacing of
reinforcement appears to have little iInfluence on crack
Propagation below a certain length. The reinforcing action of
fibres waas analytically predicted by wusing the composgite
materials approach baased on the propertiea of individual

componentas .

Chen and Carsonl? have reported that tests conducted by them on
8tandard c¢ylindere in dlrect compresslon and Indirect tension
8howed that mortar exhlbited an optimum tenaile and compreaslive

Strength with 0.75% percent of the 12.7 mm dlameter fibre wire.
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The concrete gave lts begt tensile (60% lnerease) and compt egsive
strength at 2.0 percent of 25.dmm and 12.7 mm fibre wicve and
ductility wag also increased. They f(urther suggest that higher
strengtha and greater ductilities can be obtained by using

different size wire and higher percentages of reinforcement.

Snyder and Lankardl® investigated the effect of stee)l fibre
parameters and concrete mix parameters on ithe {lexural gstrength
Properties of ateel fibroua concrete and wmortar. They have
feported that signlflcant Increage in the flrat crack flexural
8trength (upto three fold) and ultimate flexural strength (upto
fourp fold) of mortar and concrete can be achleved through the use
°of ahort length (6.4 to 63.5 mm) having small dlameter (0.15% to
0.79 M) gteel fibres. There exlats a linear relationehlp between
firat crack flexural strength and ultimate flexural gtrength as a
function of flbre content for (0.2% x 25.4 mm) flbres Iin mortars
Containing 4% fibres by volume.

Anonl?,20 4y, djed the effect of fibre content and the aspect
Patio of fibreg on workabllity of concrete. 1t jig reported that

%8 the fibre content and aspect ratloa are increased, the

UOf‘kabllity decreases rapidly. The problem of balling which

S€flously affecta the workabllity and the unlform diapersion of

fibreg haas been tackled by dlapersing the fibres through & aleve

Shaker on to a conveyer from which they were blowrn into a

Vevar
€rging drum mixer.



AC1%1  has brought out a special publication ( SP 14) to cover
the proceedings of the symposium on tlbre rvelntorced concrete
held in Ottawa. The report covers in detail Lhe propecties and

applications of the fibre relnforced concrele.

Shah, S.p,22 gives a brief idea of different types of
reinforcing materlals. He discusses mineral fibres, organic

fibres, metallic fibres, ferrocement and their comparison.

Johnston and Coleman? have reported a brief review of tLhe

different methods which can be used to compare the properties of

the fibre and plain concrete. They have emphaasized the importance

ot the method adopted, which Influences the apparenl cost

Performance.

A state of the art report on fibre reinforced concrete?? was

Publiahed by ACI Commlttee 544 in November 1973,

GUnasekaran25 conducted testsg to investigate the flexural

)
®lrengih  and load defectlon behaviour of llght weight concrete

beams (150 gm x 150 mm x 900 mm ) made with aintered fly ash

S8&regates and regulated set cement and included ateel fibre

“einforcement. Three dlfferent aspect ratio of about 47, 50 and

¢ It was found thal beams containing

Were used for the fibres.

tibreg with an aspect ratio of 50 had the best flexural strength

- : t
4.5 Kg/em?, but the beams contalning fibres with an agpect ratio

S 62.5 had better ductlility, although lower flexural strength,
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25.3 kg/cmz. In both cases the quantity of fibres used was the
same. Beams made with concrete having the same total quantity of
fibrea aas before, but compriaing 50 percent fibree with an aspect
ratio of 62.5, and 50 percent with an aapect ratlo of SO0,
Possessed considerable ductility with out any reduction in
flexural atrength. Tﬁey have concluded that for equal quantities
of fibre reinforcement, a blend of fibres consisting of botith long
and short filbres results in Qreater astructural benefits iIn
Concrete than identical flbres with a high aspect ratlo, and low
Gapect ratio fibres act as crack arresters In the flnite volume

enclosed by the high aspect ratio fibres, the latter are
Primarily responaible for the enhanced ductility of fibre

felnforced concrete.

Krishna Raju et al.2% have reported the results of a laboratory

lnveSt-{Bation on the compresglve etrenglh and bearing etrength of

Bteel f£ibre reinforced concrete using three different grades of

Goncrete with the fibre content varying from 0 to 3 percent.

The ratio of the bearing area to the punching area was varied Iin

8tepas within the range of 5 to 20. Test results indicated that

the Compreasslive atrength and bearing atrength of concrete

Inercages with the percentage of flbre content. They have

developed empirical formula on the basls of teet resulte for the

. g1 : £
Pvedictjon of the compresalve atreangth and bearlng strength o

f
lbre feinforced concrete.
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Hale, D.K.%7 nas examined the process of( fibre pull out in
Pultiply-cracked aligned digcontinvous {ibre composlte and has
8hown that with fibres of unitorm e¢rogs-geclion, pull out
normally takes place preferentially at a single crack. Ne has

analyzed and defined the conditlons required for multiple pull

out and unlform extenasion of the compogite,

Swamy and Hanaatz8 have reported 1Lhat the composition of the
fatrix and ite strength properties Influence the flbre matrix
1nterfaclal bond atress and alao the relative conlrlbutions of

the matrix and Lhe flbres 1o the compogite {lexural strength.

Swvamy and Hangat29 published a paper on the onset of cracking
and ductility of ateel fibroua concrete. They have trled four
different methods for detecting the Inltiation of cracking. They
have concluded that the most gignificant role of fibre
r\""j-nfol;‘cement lies in increasing the post cracking propertics of

ductlljlY. tenslile straln capability and energy absorption

C&pac{ty_

Krenchel. H.30 atudlied the effect of fibre epacing on 1ihe
behavl°“f of the composite. The average fibre spacing governs the

b v,
haolOQICﬂl properties of the compoalte durlng mlxing and alao to

Home ®Xlent affects the mechanlcal propertles of the finlshed
pfﬁducta The average apacling ia calculated from the number of
flbbe

s Lon of the
® Crosalng a unit area ln any arbltrary crossz-aectlo
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compoasite. Thia number is taken 1o be a function of the Cross -
sectional area of the fibrea and the flbre concentratlion and the

lype of orlentation of the reinforcement .

Swamy and Mangat31l have presented equations wusing a composite
mechanice approach to predict the first c¢rack and ultimate
flexural strength of the <concrete reinforced with short
discontinuous steel fibres randomly oriented and uniforwly

distributed throughout the concrete magss. From these equations,
deeign equatloﬁ\are derived which are gufficiently lower bound to
be usable in practice. The equations are shown to be valid for a
wide range of mix proportione, aggregate size and fibre geowetry

that jg likely to be met in construction practice.

Hugheg and Fattuhi?? have concluded that the workabllity of the
freeh  flibrous concrete mix depends upon the properties and
Propoctiona o the conatituenta, Increaaing the sand content and
gravel conlent, and the volume fraction, aspect ratlo and length
of the fibres, and decreaaling the Ffibre diametar and

Vater /cement ratjo of the mix, decreasgse the workability of the

Compoaite, The maximum size of the aggregate (10 or 19 am) did

POt have a glgniflcant effect upon the workablllty for low coarsae

“88regate content concrete mix teasted. The workabllity measaured

bY  the glump or vebe conelstometer methods ehowed alngle

1""]-‘“icmee:l'xl;:n-. for a particular mix whilch depends only upon ehe

flbre properiieas. Theege relatlionshipes can be useful when f(lbrous



a8
mixes are belng desligned.

Hughes and Fattuhi33 examined the effecte of the additlon of
varioue fibres including fibrillated polypropylene as well as
round straight duoform, crimped and hooked =steel on the
compressive giress gtrain propertlies of concrete matrix. They
concluded that the addition of polypropylene fibres decreased the
denasitly, dynamlc modulus of elagticity and the compresgive
8trength of concrete, bul enhanced lts ductility. The maximum
increase observed In the compressive atrength of the concrete of
nearly 7% was achieved by the addition of 0.25 x 25 mm duo-form
&lee)l flbreg. They have further mentioned that the slrength and
the initial slope of the stress strain curves for all the fibre

hlxea increased elightly with age and are generally aimilar in

Nature.

Frondiatoy34 conducted experlimenta to lLeszt the accuracy with
Vhich the theoretical model of Pakotiprapha et al.ll originally
developed for greel fibres reinforced concrete, can predict an
EXtenuivye publlahed flexural strength data for concrete
fel“fQFQEd with glageg fibres. Jle has concluded that the

Comparigon of theory with experiments ahowa agreement well wlthin

15%

xaaperkiewiaz35 presented a method which makea it poseglble to

“Valuate the f{ibre content or to estimate the distribution of
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[ibrres in steel {ibre reinforeced composite materials from the
analyais of X cay picturea. The basic notion in the method is an
apparent (ibre spacing defined as Lhe average spacing between Lhe
Intergections of individual flbre projectlions upon a certain
Plane and an arbitrary base Jine drawn on that plane. Such
appavent spacing may be catimated analytically, which can also be
Measured divectly on the radio gram. Analytical and experimental

data ahow satisfactory agreement.

Komlog36 conducted tesis to find out uniaxial tensile strength of

concrete reinforced with A- flbres (Slag-basalt fibreg) and glass
fibres at the age of 0, 3 and 6 hours and obtalned relationshipa
betweey

the fibre volume fractions and uniaxial tensgile strengths

°f concrete at different agea. He showed that the kinetlcs of

Blrength  jnerease le to a high degree dependent on the kind of

fibre reinforcement .

Swamy ang Stavrides3’ have reported that the propertice of fibre
Fe¢inforced coumposites are largely determined by the method of
fﬂbflCatlou. With ateel filbre concrete, geometry of the fibre,

Method of casting and cowpaciion and compactabllity of the

flbre concrete mix, all aignificantly Influence the dlapoaltion

°f 1he fibres In the hardened composlte. Teastz on fibre concrete

Mixeagy with adequate flowability characteriatlica showed that apart

f”"Om the

thege factors, the #ize, shape, and surface teXture of

aeeregates, all very much affect not only the flbre oricentation
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but algo the f{ibre digstribution durling the manufacturing procegss,

The degree of compaction as measured by the solldlty of the
compacted concrete lg Influenced both by the method of
compaction, and when vibrated, by the duratlon of vibratlon.

Internal vibration increasecd compresszive gtrength marglnally
Compared to external vibratlion, but the latter increased the
flexural strengith substantlally conmpared to Internal vibratlion.
The effect of vibration was more pronounced with dry mixes,
Increasing the asize and the roughness of the surface texiure of
the aggregatea redduced the flexural atrength by as much as  25%.
Vertical casting reduced not only flexural strength but aleo the
C8pability of the fibres in reelating atreas In the post cracklng

8tagesy. Loadling Iin the "aa cast” direction produced a £mall, but

fioticeable increase In flexural strength but negligible effect
in coupression . Round and &mooth aggregatee encouraged flbre
@8tllement in the bottom half of the "aa cast” gectlon but thia
Vas counteracted by larger aggregate alzeas crueshed aggregatea and
higher fibre volumes. The results ahowed that good mix deaslgn and

e .
Xlernal vibrations are necessary to optimize the performance of

the fibra.

Samarraj and Elvery38 investigated the poagaliblility of

ln°°PPOratlng steel fibres in stee)l relnforced concrete to retard

the development of cracks so that ateel of higher strengths can

be concrete

Used in the concrete. They teated 75 x 75 x 500 mm



prisws in uniaxial tension applied to the protruding ends of the
concentrlcally placed reinforclng baca. The Inclusion of sateel
fibres In the concrete significantly increcased the gtress in the

relnforcement correaponding to the development of the maximum

allowable crack width in concrete.

Hughes and Fattuhi3? proposed bond leste for single fibre or

grouped fibres of various shapes, diamelers and Jengthse.

Schnutgen, B.40 hasg propoaed a theory for evaluation of the
influence of steel fibree on the tenalle strength of stee) flbre
teinforced concrete. The theory is based on the aassumption that
the theory of crack propagation is applicable as In case of
Quaai-brittle material. The expreaalon obtalned numerically shows

800d correlation with the experlmental results.

Naaman and Shah4l have reported that the efficiency of fibre

°tlentation for seteel fibre relnforced concrete can nol be

Predicted from static continuum conslderations. This la because

the fibre contribution in such britt)le matrlces J& signiflicant

°nly after matrix cracking and because the pull out mechanlsm of
Inclineq fibres ls subetantially diffecrent from thal of aligned
from

flbres, They have shown that pullout reasistance calculated

the Pullout test of a eingle fibre does not always correaspond

vell with the fibre contribution in the compoalte where a group

of fibres are simultaneously pulling out from cracked gurfaces,
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For a large number of fibres the (lbre conirlibution depends

saignificantly on the capaclty of the matrix to withstand the
forcea enclosed by the fibres bridging the cracked surfaces. They
observed that apalling and disruptlion of the mortar malrix lead
te a substantial reduction in the pull out resistance. To
increase the ctflclency of the steel flbres In concrelte matrlces

it gcews necessary to Ilncrease both the bond properties of the

fibre and propertles of the matrix.

Uzomaka4? has reported some relevant physlcal characteristics of
akvara and akwara reinforced concrete. Based on the teat results
he concluded that akwara ls dimenaslonally stable In water and
Qppeare durable in cement matrix environment. The atresg-straln
telationahlp {as linear and the apparent Inltilal tangent modulue

s of the order of 2 KN/mmz. Akwara reduces compactability,

Mobllity of freahly mixed concrete and doeas not affect unifaxial

compreeggive sitrength or modulusg of rupture. Akwara enhances the

lmpact resiastance of a mix, a 5% flbre volume content rvesults In

improvement in impact resistance of between 5 and 16 times that

°f the unvelnforced counterpart,

Levwig and nipihagalia43 conducted tests on mortar reinforced

“Ith natural fibree like water reed, elephant grass, plantain and

Huaamba_ Based on the test results they concluded that among the

four  fippea elephant graege showed the greateat promlse as 4

r‘M“f‘fﬂ-‘tring, materlal. Elephant grasa haa a tengile strength of
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180 N/mmé, a modulus of elaaticity of 5 KN/om? and is not

adversely affected by alkaline and rotting environment. Elephant
graga fibres improve the flexural and lapact atrength of cement
sheetls.

Dinesh Mohan and Rehsil? have reported in their published paper

that an attempt is made to improve the strength and setructural
Performance of cellular concrete units and doubly curved
concrete tiles developed by CRRI, Koorkee, by Incorporating
8teel flibres having an aspect ratio of 75 and of 0.5 percent by
Volume of concrete. The resulte show that the steel f{ibre
einforced units developed 20% higher atrength at 28 days as

Compared to the corresponding unveinforced unlts.

Mangat45 has concluded that the standard law of mixture rule can

be 8uccessfully modified to determine the tenslle strength of

€oncrete rainforced with ashort steel fibres of length leas  than
the ceritical one. Experlmental resultg on clreular and
fectangular fibres show good correlatlon with the theory. He

alao concluded that the relation between effective apacing and

Cenai}ea atrength ia non-linear decreaalng with inceeaging

effectlve apacing.
B ducted to
KUkreja, C.B. et al.36 have reported that tests were con

rength
Compare the direct tenslile strength, indlrect tenslle st 8
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and f{lexural tensile strength of the (ibrous concrete wilh that
of plain concrete. They used flbre obtalned by cutting the wires
on a hand operated machine in three lengths 46mm, 36 .8um  and
27.6mm having aspect vatio of 100, 80 and 60 reapectively. They
observed thal the percentage increase in the direct tensile
8trength ia directly proportlonal to fibre concentration for a
constant aspect ratfio. Maximum increase of 16.33 percent was
obtained with flbres of aaspect ratio 80 wilth 1% volume
concentration and the waximum I(ncrease In Indirect tenslle
8trength is 40% for fibres having aspect ratio 80 and volume
percentage of 1.5%. Flexural atrength Increases by 46.15% for

flbrea having aspect ratio 80 and volume percentage 1.5,

They have concluded that indirect tensile cracking stiress is an
inverse function of fibre spacing and fibre reinforcement is more

effective in improving the post cracking strength than the flirat

¢racking strength of the composite. They have further added that

Lhe energy absorption capacity of the fibrous composite In

flexure increases by 14.98 times due to addition of fibres of

88pect ratio 80 and volume concentration 1.5% over plaln concrete

Composite.

Ualkyg et a1.47 studled the c¢racklng behavior gtrength

Propertjeq and deformatljong properties of tensile gpeclmenas of

the addition of cut steel flbres to Lhe concrele increases lts



gtrength but only upto some c¢ritical amount of midro
reinforcement (ie; L.2% to 1.8% by volume). A voluwme of ateol
fibres of about 1.2% seems Lo be the besi. The influence of nicro
reinforcement arrangement on cracking behaviour was analyzed on
the basis of x-ray photography. It was observed that the location

of cracks depends on orlentation and number of fibrea in the

Crosgg ~gecltion.

Castro and Naamani® used natural fibree Lechuguilla and Maguey of
dagave family as reinforcemeni jn cement mortar. Based on their
Ytudy they concluded that natural fibres of Lhe agave famlly have
tenglle strengths upte 552 MPa and elastic modul &b upto 3 x
loépsi. They dld not observe any silignificant difference In elther
Mechanical propertieas or the relnforcing efficlency of Maguey or
Lechuguilla f(ibres. Lengthe of fibresg upto 75 wmm and volume

fractions upto 11 percent can be mixed with portland cement

flovtar matrix. To achleve thlg higher water content and / or the

wae  of guperplaasticlzer are necessary to get auch llmita under

flormal  conditiona. Elagto-plasgtlic behaviour In  flexure and

Multiple matrix cracking were achleved for volume fraction of

fibfﬂs above 7%.

AC) committos 54449 published a report on the measurement of

Properties of fibre reinforced concrete. The report glves a

Tevigy on the exiating teat methods and suggesting new methods

. 1
Wher e necessary. New tesling methods are suggested for (1)
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toughness energy absorption (2) impact strength (3)
workability. The applicability of the existing test methods to
fibre relnforced concrete are reviewed for air content, vyield,
unit weight, compressive strength, aplit tensile agtrength,

shrinkage, creep, modulusg of elasticity, cavitation, corrosion

and abrasion resistance.

Ramakrishnana, V. et al.20 nave presgented a conparative
evaluation of two types of steel fibrea used as reinforcing
materlala in concrete. The flbrea used were 25.4 mo long
8trajight fibres and S5imm long flbres with deformed endg which
Were glued together Into bundles with water asoluble adherlve.
They conducted teasts for (1) flexural fatlgue (2) gratle
flexural atrength including atraln, deflection, modulua of
fupture, load deé%ction curves, determinatlon of firgt crack
load, and determinatlon of poat cracking strength of tweo mlizes of
beama (3) impact atrength to flrsl crack and ultlimaie fallure
(4) compresgive strength and (5) plaastic workabllity lIncluding
Vebe glump and the Ilnverted cone time IJmmediately after nilxing

and after one hour. The complete aetiea of testa was tun tor two

Concentrationa of the collated and hooked fibres and with
POz2z0lan and atralght cement mixea. The workability and handling
°f the plastic hooked flbre mix with 80 lb/yd3 was good, while

the higher flbre content restrleted the workablllity of thie mix.

Based on the experimental Inveatigation they concluded that no
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balling of {ibres occurred in the case of hooked fibres even
though they were dumped Iinlo the mixes all at once along wlth the
aggregate. The compressive egtrength of the filbrouas concrete la
alightly hlgher than the compresslve atrength of plain conerete
mix. The satatic (lexural teet shows tihat an excellent end
anchorage la eatablished baetween the hooked fibre and the matelx,
resuliing in a high ultimate flexural strength, hlgh load
carrylng capaclty and high ductlility of the composlte material.
The hooked {lbre relnforced concrete shows a grea{ef ability 1o

abaorbd impact loading than atralght flbre reinforced concrate.’

For the two hooked fibre concentratlons uaed, no slgnificant

difference was recorded in the ultimate flexural strength, post

Cracking load carrying capaclty and ductility. Jowever, lmpact

teslstance and toughness increased with increased fibre content.

Swamy and Al Taan°! have presented an extensglve experimental data

On the deformation characteriatica and ultimate etrength in

flexure of concrete beama made with 20mm maximum asize of

A8@regatea and reinforced with bar relnforcement. Fibrea were
Provided either over the whole depth of the beams or In the
effective tendglon zone only surrounding the a#teel bare. Jt was
8hown that ultimate atrength la Increasmed only marglnally, the

all

fibres arrest cracks and increase poat cracking stiffnesa al

8Ttagea of loading up to fallure which results In mnarrow c¢rack
Vldihe ang lesa deformation. The teste showed that at fallure the
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compregalve atraing reached valuez of 0.005 1o U.006 and
reintorcing bars attain stresses well in exceas of their yield
trengths,. They further proposed an ultimate strength theory

Which shows good agreement with rhe experimental data.

Barr and Mohamad Noor®2 have propoged an alternative definition
0f toughness index. According to them, toughness index can be
Obtained from the load deflectlon graph and ls given by the ratlo
°f the area under the eraph (at the point of two times the
deflection at first crack) divided by f{our times the area undec
the graph at the point of first «c¢rack. They have presented
toughness 1index reaults which were obtalned from three notchad
test aspecimens geometrles : compacl compregeion, notched beam and
Compact tension test sgpecimens. Based on the atudy, they
¢oncluded that resultas for toughneass were independent of both
8eometry and notch depth and the toughness Index of steel FRC

incrcased by 100 % as the flbre content waas Increascd in the

F&nge o€ 0.03 to 0.9% by volume.

Fanella and Naaman®3 have reported a conprehensgive experimental

And  analytical evaluation of the stress strain properiieas of

Eibre reinforced mortarp (concrete) In compreasion. They used

three fipre materials (stee), glase, polypropylene ) , three

Volume contenta and for ateel fibres three aapect ratloa In
compreggive

cOmblnation with three mortar matrlcesa of lncreaaing

Strengtp, They analyzed the influence of theae parameters on the
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pcak atress and strain, the gshape of giresgs strain curve and Lhe

toughness of the composite.

Rawakrishnan et al.2% Hhave pregsented a review of all the
Jmportant analytical models publliehed till June 1987. They have
discussed the meritas and limitationa of all the modela In thelr

applicatlion to flbre concrete compogites.

Shah®5 in hie paper has examined the in-elastic resgponge of tLhe

fibre reinforced composites using a micro mechanical wodel, a

linear elagtic fracture mechanics model for the pullout fracture

and a nonlinear fracture mechanics model for predlciing the post

Peak reagponae.

Khan T, A.H. ot al.3%¢ made a behavioural study of steel fibre

reinforced concrete under compresslion, indirect tenslon and

c°mpreaaion, indirect tenalon and pure flexure. Variables adopled
In the experiments were fibre length, dlameter and fibre volume.
Some of the teat data were examined in the light of the compoalte

Material lheory and spacing Lheory. The spacing varled through

the volume fractlion of the fibres waa found to have an effect

OVer tpe tenslle atrength of SFRC while the spacing varled
througn fibre dlameter waas seen to have little effect. Teat data

Vere algo analyzed In view of domne catabliahed relatlonaships

Betueen different atrengths of SFRC like the cube atrength,

8plit ¢ylinder atrengith and modulus of rupture.
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Paramasivam et al.57 have presented an idealized sgtress girain
curves for asteel fibre reinforced concrete and reinforcing ateel
and suggested simplified analytical expressiona for moment
Curvature and load deflection behaviour of sinply saupporiled
reinforced atcel fibre concrete beams in flexure. Analytically
Predicted moment-curvature and load-deflection curves for tlest
beams were found to agree well with the experimental data. The
reinforced steel fibre concrete beams showed higher fJexural
8trength and curvature ductility at ultimate load when compared
Yo aimilarly relnforced plalin concrete beama., They concluded that
the approach suggested ls a useful tool in the analytical satudy

and design of reinforced steel fibre concrete.

Nagarkar ot a1.58 conducted tests on concrete relnforced with
“teel and nylon fibrea. They concluded that in general the
compregalive atrength s increasged by 5 to 57% with the addition
of flbresg. However, thlag increase lsg more prominent Iln c¢age of
8teel filbrea than nylon flbrea. The split tensile and flexure

8trengtha are Increased by 15 to 45% and 20 to 60% reapectively.

C°PPadini ot al.5? have discussed in their paper the statistical

®Valuation of the effects of cemeni content, Water/cement ratio

8nd  fippe content on 28 days compreaslve eatrength, tenalle

Strength, gecant modulus of elasticlty, flret crack moment and

fallupe bending moment of a ateel flbre reinforced concrete. The
Slatiatical approach was adopted both to design the tests and to
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interproet the results obtained. The work has been per{ormed on
the basis ot a tactorial experiment progtamme. Tenacity index and
the ratio ot the tibrous concrete strain work to Lhe matrix

8train work were determined.

Achyutha and Sabapathi60 have opresgented resul ty ot at)
“Xper fental investigatlon on the effeclys of inclusion ot steel
tibr es ity conventionally relntorced concrete beams on  thels
“tacking charactlteristics, I'hey conceluded that load at firet

Viswable LPAdk Lnor sas ey by S0 to 128% due o incluslon ot steel
(lbr ey ovey the whole gectlon of a velnforced concrete bLeam. But
the 1neremuse ie of the ovrder ot 30% only In the beams with fibres
@Tound the tenslion stee) only , compared 10 beams wlithout (ibres
and beame with extra reinforcement equlvalent to the yquantity ol
tibre around tengion steel. The presence of tibresgs reduces the
ke helght by 25% There i3 a reduction ot 50 to %20% it the
Maxinun  crack width at workling load depending wupon the fibre
Qépeact ratlo., The etfect of filbreg on maxlmum or aean crack
fPacing hasa been found to be Inslgnificant irregpective of the
trend s

£l i .
bre fapect ratlo and volume percentage. The general

Tthat ; T T
‘8L an increase In the (ibre content and agpect ratic enhanded

the ., s 1
he Percentage Increasge In load abt a gpeclfled crack width.

Ramakpiﬁhnan and Josifok®l have presented the results of an

o . : : .
xperxmental investigation to determine flexural fatigue strength

of and melt

€Oncrete reinforced with deformed (corrugated)
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¢xtract ateel (ibres. They conducted tests on flexural fatigue
and endurance limit static flexural strength including load:
deflection curve, determination of firat crack load, toughness
index, compressive strength, atatic modulus, pulse velocity and
unit weight, and workability of fresh concrete. They concluded
that there was no balling or tangling of the fibres during mixing
and placing. Fibre reinforced concretes had better finighabilitly
and were eagy to work wlth even at higher fibre concentration.

Due 1o the addition of fibre » the ductility and the posi crack

énergy absorptlon capacity were greatly increased. There was a
tremendous increase in the static {lexural strengtith and a very
significant Increaase In the flexural fatigue astrength. There waa
& ~considerable jmprovement in the endurance limit over plain

ConcCrete.

Kukre ja et al,%2 have reported that two way reinforced fibre
Concrete slabhs have been tested for varlous volume percentages of
fibrea and with an optimum aapect ratio of 80. They concluded
that the firat cracking strength and ultlmate sgirength of
einforced fibre concrete slaba increases with the Increaase In
fibre content. 7The maximum Increase In flrat cracking and in

Ultimate strength s 35% and 80.92% regpectlively. The deflections

at #erviceablllity llmlti state in relnforced fibre concrete salabe

Afe  apboyut 21% leaser wlth flbres having aapect ratlo 80, and

volumetplc percentage of 1.5, whereas the deflectliona at fallure

loads In reinforced filbre concrete slaba are nearly 2 times that
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of deflections in slabs without fibres. Crack widths at limit

state of cracking in reinforced fibre concrete alabs get reduced

by 36%.

Srinivas ot al.%3 have presenied the basic principles of

ultrahigh atrength ( 1650-2000 N/mm2 ) ateel flbres and thelr

8uitability for concrete reinforcement.

Dwarakanath and Nagaraj®? studied the effect of presence of steel
fibres |n conventionally relnforced concrete beamas and observed
that the partial Inclualon of the fibres over half the depth In

case of under reinforced beams, ls usually as beneficlal as the

full depth inclusion.

Halvorsen and Kesler%5 have reported that the fallure of «teel
fibre reinforced concrete beam ig typlically characterized by

“facking of the matrix followed by pull out of the individual

flbres. To compare the behavior of concrete reinforced with

Plain and deformed ateel fibrea, moment curvature relatlon-ahlips

Vere determined experimentally for flexural specimens 100 x 150 x

1625 fm. Two fibre contents with each of glx fibre geometriesa

Yere ugeq. The reault Indicate that poat cracking realatance may

°°n31devably depending on the fibre ductlility and fallure

Mode of individua) fibrea, as wvell as fibre content.
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ACI Committes 54466 have publighed a guide for specifying,
wixlng, placing and finlahing steel {lbre relnforced concrete
Thia guide describes the current technology in apeclifying,
Wixing, placing and finlsghing of gteel fibre reinforced concrete
(SFRC). The enphasis in this guide s on the differences between
Conventlonal concrate and SFRC and on how to deal with tliem.

Guldance ia provided In mixing technigques to achleve uniform

ijtures, placement technlques 1o asgsume adequate compactlon, and
finishing Lechnology to assume satiafactory asurface texture.
Nagaraja 2nd Swamy67 performed tegts on specimens (reinforced

¥ith non metallic fibreg) to determine the compressive strength,

%plit tengjle strength, flexural strength, energy absorption and

Modulug of elagticity. The regults show that additlion of non-

Metallic fibrea do not contribute to the Improvement of

Compresslve strength compared to plain concrete. The tensile load

“8'rying  capacity of FRC is fairly lncreased over that of plaln

Concrete. Non-metallic fibres also contribute towards lncreasged

o~
“S8lstance to impact and blast.

xntrOduCLHS varlous percentages and length of different types oOf

“hopped {lbres of Jjute and coconut into concrete and thelr

ulte
Sifects on compreasive and tenasile strength of concrete. e

hoveq that the additlon of Jute and coconut flbres 1o the

cohcr”‘e decreases the compresalve sbrength but slightly increase,
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the tensile strength.

Kukreja and Chawla$? publlahed their paper on "flexural
characteriaticas of steel fibre relntforced concrete”. They uszed
three ghapea of fibrea, viz. stralght, bent and crimped with
varying volume percentages, viz. 0.5, 1.0 and 1.5, agpect ratlo
being the same aa 80 in all the cases. Baaed on their atudy they
concluded that the flexural strength alone does not adequately
deacripe the behavlior of filbrousa concrete. Depending upon ateel

fibre ¢onlent, itg type and orlentatlon, behavior c¢an range from
brittle 1o very ductlle, all for the same range of flexural
“trenglh. Flexural atiffness of the flbrous concrete Jja  hilgher
than that o¢ ordinary concrete, emphazizing the ablllty of the

flbres to arreat cracks due to the brildging actlion of fibres.

Pomeroy, C.D.70 nas preasented the principal effecis of fibres of

Varloue typee and of polymers upon the properties of portland

Cement Pastes, mortars and concretes. He has concluded that

feinforceq and prestreased structiural concretes are unlikely 1to

b
¢ Feplaced by fibre or polymer concretes.

Sabapathi and Achyutha’l have presented a flexural theory for the

Analyeiq of atesl flbre relnforced concrete beams In poat

“racking range based on the load slip curvea obtalned £rom the

Pul) moment

Ut tLests of fibres. Moduluas of rupture or ultlmate

Yalueg ©f SFRC beams, based on the proposed theory are found TO
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good agreement with Lthe pregent experimental and sowe of

the earlijer invegtigatlions,

Colin and Johnston’? examined the performance of gteel fibre
Pelnforeed concrete under flexural tatigue loading in  terms of
fibre content (0.5 to 1.5 percent by volume), fibre agpect tratio
(47 10 100), and fibre type (four tlypes). They conducted 194

tat : :
lgue resta and 135 complementary statlc loading testa.

GQPilaratnam et al.’d carried out work in Lhe firat phase of a
$ix university study. First phase included specimen size, fibre
Volume content, fibre type, and effect of a notch as the prinary
Parameters of Inveatigatlon They pregented results including

Loughneas
#hness and other parameters like atress 4t first crack,

ult S
imate strength, and elastic modulusg.

Ezadj
in  and Steven’d have precsented an experimental programn

deaigye :
hied 1o agtudy the wmechanlcal propecties of rcapld sel

WAL gp
lala reinforced with ateel fibrea. The prlmary varlables

Ugead .
In the gludy were a) rapld aset cementling materlals b)

fibpa
Three commevcially avallable

type and ¢) fibre content.
“aplg g,
&l materiala and four flbre Lypes made of low carbon steel

\Je!\e l
Ncorporated in the atudy. Out of the four fibre types two

Weap e t
'00ked at the endas, one was crimped at the ends and one wasg

Cr “n
Ped throughout the length. Steel flbres were added in

experlimental

Quany
ltlee of 50, 75, 199 lb/yd.? Baaed on the

3Llea[10n they concluded that steel flbred cat be
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guccesasfully mixed with rapld setl materlals up Lo a quantity of

75 lb/yd.3 They reported Increase In the compresslve strength,

first crack strength and flexural strength.

Kosa et al.75 have reported the comparisgon of the durabllity of
four Lypea of fibre reinforced cement cumpoecites. Four composites
Weére conventional steel, polypropylene, glass fibre relnforced
hortar, and slurry Infjltrated fibre concrete (SI1FCON). They
concluded that polypropylene flbre reinforced mortar has the best
Overall durablility, while glass fibre reinforced mortar shows
the pooreast overall performance. Steel fibre reinforced mortar
showed noticeable reduction in flexural sitrength and a dramatic

increase in toughneas. For SIFCON, the reductions in both

8trtength and toughneass were moderate. They also presgented a

Prediction model for the long term deterioration of steel fibre

relnforced mortar. The analyels Indicated that corrosion can be

Very ¢ritical for thin panel atructures of the order of 12.5 nm

in depth but diminlshes substantially for structures with depth

8bout 100 mm or larger.

Han“at and Motamedi’® have reported the results of an

e .
xpe"lmental invegtigation to determine the Influence of ateel

flbve of cement matelces under

relnforcement on the creep
o
CiPresaiop Creep tests were carrled out at a number of applled

a - - =l ad
tr&aa‘ﬂtrenath ratlos ranglng between 0.3 to 0.9. HMelt extract

snd hooked ateel fibres were used al volume fractione ranging
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belween 0 and 3% by volume of a mix. Three Lypes of cement

mAtriceas were used namely cement-mask, motrlar and two mlx

proportiong of concrete. They concluded that aileel fibres

restrain the creep of cement matevlces ar all streas-atrength

ratiag, the restrain being greater at lower stresseg and at
higher fibre wontents. Steel fibres are effective In regtralning
only the flow component of creep of cement matirices, the delayed

elastic component belnyg unaffected.

Girzybowski and Shah’7 have proposed an analytical model which
inCOrporatea many parametere and enablee progressive cracking
deVelopment to be predicted {n fibre reinforced concrete
8ubjected to relnforced shrinkage. They have concluded that the
addition of 0.25% fibres reduces the average crack width to a

Value yhich ig one third that of speclmens without fibres. The

ting test proved to be an approprlate Leat to measure the

1ﬂf1uence of fibrea on cracking of concrete enclosed by

Peatrajined shrinkage.

ﬂawgnya78 reviewed the research work carried so far in the fleld

of gloal fibre reinforced conneraete. He rreviewed the

chaPﬂCteflatlca of slaal as a relnforcing fibre, manufacture of
loadsa

SFRC. behaviour of SFRC members under tenslle and flexural

and dur&bllity of SFRC. Based on the review, he haa concluded

"Mat eiaal  fipres have algnlflcant mechanical properties that

Make them eljgible as reinforcement for concrete. The alisal
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{ibres impart tensile sgtrength, ductility and toughnesgs 1o
concrete matrix. There is little improvement in the wultimate
tengile slrength when short fibres (15-75 mn) are used, but the
fibres inhibit early cracking and improve ductility. Uhen
continuous fibres are used, there ia very pronounced

8trengthening effect.

Fageipri?

geiri’? carrjed oul an experimental investjigation on the
o8 .
P ijjllly 0f uasing kenaf f{ibreeg Lo reinforce rich cement- sand

more
&t  to produce corrugated sheets. He concluded that the

ten .

gile properiies of kenaf flbres are comparable to those of
Som

¢ natural flprea (sigal) and synthetle fibres(polypropylene)

that
4re uamed 10 relnforce a low tensile gtrength matrix. He also

°°ncl
Uded that the addition of these fibrea (1.6% by welght) to

rlep
cortugated

Ceent-gand mortar (1.5% by welght) to produce

Sheetg
upon the bending moment

hasg 8ubstantially improved

c&pa. .
¢ty  ang inpact reslstance of alumilar corrugated plain rich

Cement.
ft-sand sheetsg, but haa allghtly I{ncreased thelr water

Ption capaclity. There la little effect on the denaity of

Dlain
8heatg becausge of fibres.

Saly:
u
J& ot al, 80 carrled out atudy of the compressive strength of

e¥ on the experimental

flore reinforced concrete. Baaed

?e&u
lta' rational method to predict

they have auggested a

Pre o
S8ive 8lrength of the asteel flbre reinforced concrete
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Siddi
ique and Venkataramana8l conducted some preliminary tests to

flnd out the suitabllity of asan flbre.

Pan 82 .
arese, UW.C. predented a general dlgcusslon on varlous types
(s} f 3y 1
flbrea Jike synthetic flbres, plass fibres and sateel (lbres

ete,

Siddij
dique and Venkataramana83 have reported the effect of =san
fibre .
on the static and Impact strength of plain concreie sheets.
The
Y concluded that the presence of san fibre enhances Lhe static

and -
lmpact slrength of concrete sheets.

Nwamil 84 :
a hae proposed the jdea of reinforcing concrete beane

wit .
h the twvines made of slsal fibres.

RObert
' C. et a1.85 have discuseed the Increagsed ductility

af fopde
d by conventlionally reinforced concrete cgections through

the (p
clusion of deformed ateel flbres. Experimental results have

bGEn
based on moment

Coupared with the theoretlcal approach

cut‘\rat
ure relationship. Based on thelr Investigation they

COnclud
€d  that the uge of fibres helps to Improve the ductility

o
£ the section.

Dwar‘
ak
Anath and Nagara j8% atudied experimentally the

defOP
m
“tlonal benaviour of conventionally reinforced ateel (f{jbre

C.'an,
Cata . .
beams {n pyre bending. They conducted the experiments

U[th
lw

° €roups of the beams. One group of beama has steel flbres
aecond has

Pepg,
"4 In  the entire volume of Tthe beam and the
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flbres dispersed over half the depth of the beam on the tension
alde. Based on thelr atudy they have concluded that the halt¢
depth fibre inclusion requirlng only half the quaniity of (ibres
of full depth Iincluslon ias found to be equally effective in

improving the deformational behaviour of the beams.
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CHAPTER - III

DETAILS OF EXPERIMENTAL UWORK

3.1 Test Programme

In this chapter, experimental programme (i) to investlgate the
various properties of the natural San fibre (ii) its effect oOn
the properties of concrete, and (iii) its effect on
relnforced concrete have been presented.

The programme was designed in two stages. In the first stage,
variouas phyalcal and mechanical properties of the San fibre were
determined. In the second stage, the effect of San fibre on

various properties of concrete, when used as reinforcement were

investlgated.

3.1.1 Test Programme - Stage 1

The following physical and mechanicel properties of the San

fibre, and their experimental determination are dlgcussed in

detail and the values found are pregented In chapter 4.

(a) Diameter of the fibre

(b) Uater absorption capacity of the fibre

(¢) Specific gravity of the fibre

ve) n natural dry state as waell as

Tensile strength of the fibre i

In the alkallne medium Of NaoH

(%) Dimensicsal stabllity of the flbre



3.1.2 Test Programme - Stage 2

In the second stage the following test Programme waa planned.

(a) Tesating plaln concrete and fibre concrete to compare their

Compressive atrength, and modulus of elasticity.

(b) Teating for tensile strength in order to compare the indirect
tengile strength (split cylinder) and flexural tensile strength

(modulus of rupture) of plain and fibre concrete.

U
(¢) To investigate the flexural behavief of simply supported

fibre reinforced concrete beams.

(d) To investigate the strength of plain and fibre reinforced

Concrete sheets under static and impact loading.

(e) To Investigate the flexural behaviour of aimply supported
beams reinforced conventionally with steel as well different

Percentagea of fibres.

(f£) To 8tudy the behaviour of plain concrete beams reinforced

with twines, and with fibres as well as twines.

3.2 Materials

Cement, fine aggregate, coarse aggregate, san fibre, water,
twineg made of san fibrea, and conventional steel used throughout

the investigation, had the following properties.
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(1) Cement
Ordinary portland cement was used. It was tested for its physical

properties the test data are listed in the table 3.1.

All the tests were carried out in accordance with the procedure

lald down in IS: 269 - 1967(%6).

(11) Fine Aggregate

Locally available sand was used as fine aggregatea. The particle
8ize distribution and other properties are given in table 3.2.
Other forelgn matter present In the sand were separated before

use.

(111) Coaree Aggregate
Loca]ly avallable crushed stone aggregate of maximum size 20 mm
Yas wused. The properties are listed in table 3.3. Coarse

4ggregate was sieved through IS 150 micron sieve to remove dirt

and other foreign material.

(iv) Uater
Uater free of harmful amounts of deleterious materials was used

for both mixing and curing. Potable water, ls generally

Considered satisfactory for mixing and curing concrete.
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{v) Fibres

Natural San fibres were used. Various physical properties of the
san fibre have been described and presented in chapter 4. The
fibres were cut manually by scissors to an accuracy of ¢ 2mm.
Fibreas of five different lengths viz. 15am, 20om, 25mm, 30mm and
35mm were used, Six different proportions of fibres (0.25 to 1.5%

with an increment of 0.25%) of each length were ugsed.

{vi) Twines

San fibre twines of various diameters ware tested for their

tenaile strength. But only 2.95 mm diameter twines were used in

the experiments becauase twines of this diameter are commercially

avalilable. Strength properties of twines are presented in chapter

9.

(vil) Reinforcing Steel

Deformed (ribbed tor) steel pars of 12mm and 8nm nominal dlameter

vere wused as main tensile reinforcement and 6 mm diameter for

Shear atirrups. The sallent properties are listed in table 3.4.

(viii) Concrete Mix

Concrete mix having a cube strength of 15 N/mm? at 28 days vas

proportions for the

deslgned as per 151 Specification. The

COncrete, as determined wers 1:1:8:3:6 with & wvater cement ratio

o
€ 0.58 by weight.



3.3 Specimen types and their designation

For the strength teata viz., compressive strength, indicrect
tensjile strength, and modulus of elagticity, the standard 150
150 x 150 mm cast iron cube moulds and 150 mm diameter and 300 mm
long cast iron cylindrical moulds were used. Steel beam moulds
102.6 % 10%.& wm in cross-section and 508 mm long were used far

flexural tensile strength tests.

F : 2 ;
“F sheets, a wooden mould with inner dimension 300 mm x 300 mm

X 30 mm was uyaed.

The Specimens were clasalfied as A, Bl to BS5 . . . GlI to G5

feries. The firat wserlea i.e. "A" was vwlth out fibres and the

Ce - ; ; !
Maining thirty sgeries were for six volume fractions of the

£
ibrea, each having five fibre lengths. Each sgeries was the

a
Veérage of three specimens.

Ea
¢h serijeg represents a particular type of specimen e.g. " Bl1",

vh
leh  represents FRC-15-0.25, etands for specimen cast with

fin
6 concrete containing fibres having fibre length 15mm and

v
Olume Percentage 0.25%.

In
“83e of conventionally reinforced beama the series were

cl
“sified as AU, B3U, C3U, D3U for under reinforced beams and

Each gseries was

AQ
* B30, €30 and D30 for over-reinforced beams.

]
t [ ] "

L dvVerage of the two apecimens. Serlea "AU” and "AO" represent

beams

Und
o and over - relnforced

~TFeinforced beams



beams with san fibres.

The geri
es for sheets were SA, SB3, SC3, and SD3. Each series was
the avy
erage of three specimena. Series "SA" was for plain cement

COn . - .

Series AT
1, ATZ and AT3 represent: concrete beams reinforced with

tvines g
Of three different percentages ( 0.7512%, 0.5467%, 0.4100%

of th ;
€ <Crogs-gectional area of the beam ),and D3T1 D3T2 and

D3T3 at
: a
nd for the concrete beams reinforced with twines of three
differe
nt percentages and fibres (lengths 25 mm & 0.75% by volume

°f concrete).

3.
Mixing, Compactlon and curing

(a) "lxlng

Unl fo
# ;
m dispergsion of fibres throughout the mix has to be ensured

dupj
n .
€ the mixing process. In order to obtain it, the following

Pro
€edure was adopted.
Afta
ap
all the constituent materiale were mixed in the mixer, in

about 1/5th of the

the
for plain concrete,

8ame manner as

Small quantities of fibreg

Peguj

r

®d  water was added to the mix.
fibres

r
°leased manually and gradually taking care that the

. .
ot fed in bunches. After addlng about 1/3rd of the quantity

of
fj .
ibres, gome more water (about 1/3rd of the Pemaliniie
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Qquantity) wvas added to the mixer, and the remaining quantity of

fibrea wae added agaln glowly and in asmall quantities. Finally,

the remaining water was added and the mlxer wae run tilll good
homogeneous mix, as wvisually observed, was obtalned. If any
lumping o balling wvas found at any stage, It was taken out,

loosened and again added manually.

(b) Compaction

For compacting fibre relnforced concrete usual methods of

fechanical wvibration such as obtained In a needle or table

vibrﬁtOr. can be uged. Needle vibration however, ja not preferred

Yith higher volume content of fibrea, as the holes left by the

Nleedle iay remain unfilled due to interlocking effect of the

fibrea. Table vibrator 1a the moat auitable as it glves the

advantage of fibrea acquiring a tendency to align themaselves In

% Plane pPerpendicular to the directlion of vibration. Thia results

in fandom planner orlentation. A flbre mix generally requlres

#0mewhat greater vibratlion to move the mix and conasolldate It

into the moulds. The compaction of the gpecimens waas done on A

platfopm Vlbt‘&tlng table with a apeed range of 12000 $t400 rpm and

a
N amplityude of 0.055 nm.

(c) Cur‘lng

fter 1.0
Identlfication marks were etched into the specluena a

et In the moulda for

hﬁut\ of Caatlng and they were allowed tTO &8



24 hours after which they were laken out of the moulds and

immeraed in freah water for curlng for & speclfled perlod of time.

The specimens were then removed from water and gtored In a roomn

til)l thelr time of teating.

3.5 Instrumentation

(a) Deformator
Surface atralns in the concrete beams Were meagured by a

demountable mechanical etrain gauge (Uhittemore Deformator) with

a gauge length of 152.4mm and least count of 0.00254mm. The

readinga were taken on the deformator by lnserting the gauge

points in the punch marks on the swmall brass satuda (gauge polnte)

fixed on the beam aurface.

(b) Gauge Pointa

The gauge points consisted of brases studs, 9.0nm diameter with

punch marka In the centre and fixed to the beam @urface with

araldite. The apacing of the gauge points(braas atuds) was kept

25.4 mm In the tranaverae dlrectlon(Vertlcally). The locatlon of

the gauge pointa ls shown in the fig.-3.2.

(e) Steel Studs

long with guitable fine

studs of 15mm dlameter and 18ma

‘ t r
drilled holes(for ingserting the gauge pointse of the Uhittemore
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Deformator) vesre welded to one of the reinforecing bare as ahown

in €fig.3.3(a) and fig.3.3(d).

The strains of the sateel bars while under loading could thus be

tecorded by measuring the deformatlons between the gauge points

of the ateel studs. The free ends of these atecel stude just

touched the inslde surface of the stecl moulda.

(d) Dial gauges

Dial gaugee with magnetic base were used to measure the

deflectiona. The leaat count of theae gauges was 0.002mm.
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3.6 Teating Procedure

3.6.1 Compreasive Strength

Compression tests were made in accordance with IS] specifications
with a loading rate of 340 kg/cmé/ninute on 250 ton compression
testing machine. Plate 3.1 and 3.2 show the cube of plain

Concrete and flbre concrete under test for compressive strength.

The cubes of 150 mm X 150 mm X 150 om were teated in direct
Compreselon un a compresslon testing machlne. The apecimens wvere
Placed 1in the machine asuch that the load ia appllied on any palr
of facea other than the one having the marking. Then the load wae
8radually applied on the apecimen till the apecimen developed a
crack. Thias was automatically exhibited by the machlne. The

Ultimate load divided by the area of c¢rosa-asection of the

8Pecimen givea the compresaive atrength.

3.6.2  Modulua of Elastlelty

«

Theae teets were carried out in accordance with ISl

SPecificationa. Threa 150 mm cubea and three 150 mm X 300 mm

®Ylindera were tested from each serles. Plate 3.3 schows flbre

Goncrete cylinder under teat for moduluas of elaaticity.

The testing wae done at the age of 26 dayas. The tests were

The secant

Performag on a 250 ton compression teasting machine.

10du) yg was calculated at 33% of the maximum cube strength and is

t
he Average of 3 samples.
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L]
3.6.3 Indirect Tensile Strength

These tests were carried out on cylindrical aspecimens of 150 mm X
300 mm eize. To determine the tenelle atrength, the apeclnene
vere placed between two platens of the compresalon Leating
machine. The loading edge was kept parallel to the Jongitudinal
axls of the cylinder. Plate 3.4 and 3.5 show plain concrete and

flbre concrete cylinders under test for split tenslle strength.

The compreaslve load was gradually applied on the apeclimen till
the epeclmen falled along the vertical diaweter. The ultjwmate
load at which failure occurced was automatically indlcated by the
fachine. Thus wultimate load at which the aspeclmen falled, wasa

Noted. The aplit tenasile atrength was calculated by uaing

following expreaaion

Uhere
P jia load in Newton at fallure
D ia dlameter of the aspecimen in am

I. ie length of the gpecimen in mm
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3.6.4 Flexural Tenseslle Strength

The flexural tenaile strength properties were atudied using
apecimens 101.6 X 101.6 X 508.0 mm. Each teat result waa the
Average of three apeclmenas. Speclwmena were teated on a S50 ton

unlversal Testing Machine. Plate 3.6 showe fibre concrete beam

under teat for flexural tenalle strength.

The 1loads and corresponding deflections were obasecrved for every
1000 N interval for increasing loads until fallure. It waa
obaerved that, while the load was incrcasing _the deflection

8radually increased. The diatl gauge recorded a agudden increase

Within a fraction of a gecond of fallure.

The flexural tenalle atrength (modulug of rupture) of the

8pecimena expressed aeg modulus of rupture, was calculated by

Uaing following formula

PI.

bhé
Uhera
P is load in Newton at failure
L is length of the beam In mm
b ls width of the beaw in mu

h is depth of the beam in mm
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3.6.5 Sheet Testing

Two typee of teste were carried out on the plain and fibrae

reinforced concrete sheetg.

(a) Static Test

(b) Impact Teat

In both the teelys , the sheets were supported on two parallel

edges with other two edges remalning free.

For aratie teet, plaln and fibere reinforced cement concrete

8heetg were subjected to static loading in a universatl testing

Machine, The load was applled at the centre with an lncrement of

200 N and the central deflection was observed

lnpact 8trength teet was carrjed out by a falling welght method,

VYhich yagu used to determine the i{mpact resistance of the plain

&nd fibre relnforced cement concrete gheets. In this teet a

fetallle Piece of weight 69 N was allowed to fall freely on the

Sheete o0 that the lwpact ls at the centre of the sheets. The

lepacy 8lrength waa taken Lo be proportional to the height from

Vhicn the welght has to be allowed to fall to fracture the

Sheets, Impact strength set up has been shown in fig.3.1.
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Under-r
einfo
rced and over-reinforced concrete beams weraoe caust
with s2arn fit
bre z
ree  of  optimun Jength, 25mw and with three

perc :
éntages of fibrea by volume ie; 0.25%, 0.50% and D.75%

£ were ; c) lh,e
1.ested on a -D tOn unlvefﬂ&l t(‘:allng Inachlnf_‘-

effective
gpan of the beams between the supports was kept at

1080mg ;
. FThe injtlal readings of the dial gauges surface

8tuda(bra 3
88 Studa) and steel atude were recorded at the agtart of

the eXDoe
e nt .
periment. The load was applied at a uniform rate. The load

vag hel
d constant during each set of readings for atralns in

fonc
Tete and ateel and, deflections.

The
cont
rol cubee of the correasponding beam were also tested on

"lc o
ame
day. The average values of coupregslve gtrengths are

lldte
9 In column 6 of the tables 3.5 and 3.6.

3. S 5

To
made of only one

8tud
Y the effect of the twlnea (twines

-
€lap "
le; 2.95 imm was usgsed because it is commercially

avajj
ab]
€) made of msan flbrea, a total of 6§ serlea of congrete

eI
Onm  x 100mm x 500mm) were caat. Out of these, 3 gserics
twineas (0.7512%,

\JQPQ
C
48t with three dlfferent percentagea of

0.5
34674
and 0.4100% of the cross-sectjonal area of the beam) and
cast with three

the
o
®WMaining 3 aeriea of the beama Wwere



bercentages of twines along with the optimum percentage of the

fibres i.e. 0.75%.

The anchoragement for the twines vae provided vith the help  of

8mall wooden blocks of aslze 10mm x 10mm x 90mm. Clrcular holes of

3.0 g dismeter were tade o that Lwines may paxeg through then

and  then can be tied. The arrangement of placling the twinea of

all  the three percentages are ahown In flag. 3.4, All the beams

Vere teeted on a4 50 toen universal testing machine. The

deflectlons were recorded for every 1000 N Interval o

increuelng loade untll ulcimate fallure.



Table 3.1

Propertiea of Cement

3. No . Characteristics Value Obtained Value
Experimentally apecified DYy
[6:269-1967(%6)

Finences - determined by
sieving the cement through 0.5% > 10%
standard 15-90 mlcron gelne

Normal consistency, welght Of
water percent weight of cement 20%

Setting time in wiputes

(1) Ilnltla) 40 ¢ 30
(1i) Final 300 $ 600
Compresasive gtrength in

in N/mm2 of 3 : 3 cement

sand mortar

(i) at 3 daye 17.8 4 16.0
(11) at 7 daye 24 .2 { 22.0

Specific gravity 3.1256 -



Table 3.2

Sieve Analysls and Physical Properties of Fine Aggregate

Cumulative

s
15 Sieve wt. retalned v retalned
in gms per % retained

hundred gns
of mample

4.75 mm 4 0.4 0.4
2.36 1w 98 9.8 10.2
1.18 m 119 13.9 24.1
600 micron 207 20 4 44.8
300 micro 259 25.9 70.7
150 micro 291 29.1 99.8

Flneness modulus = 2.50
Speeclfic gravity = 2.61
Denalty (looae) N/a” = 15310

Density (compacted) N/md = 15950



b3

Table 3.3

Sieve Analyela and Phyaical Propertiea of Coarse Aggregate

IS Sieve wt. retained % retained Cumulative
in gms per % retained

hundred gmns
of gsample

80 mm -

40 1m e
20 mm 2.130 2.130 2.13
JU mm 81.500 81.500 83.63

1.75 gnm 10.750 10.750 9438

2.36 wm 3.000 3.000 97.38

1.18 ap 0.900 0.900 98.28

600 nlcron 0.600 0.600 98.88

300 micron 0.400 0.400 99 .28

{?5 nlcropn 0.200 0.200 _‘_‘?2‘f? _______

Finencees modulue = 6.73

Specific gravity = 2.69

Denaity (l1ooame) N/m3 = 15370

De“alty (compacted) N/m? = 16320



Table 3.4

Phyasical Propertlea of Flexural and Shear Steel

S.N. Diameter Yield Ultimate Yicld % Young's
of bar Streas Strength Straln Elongation Modulua
in mm N/ mm? N/ mm? N /mm®

(1) (2) (3) (1) (5) (6) (7)

1 Deformed

bar 12mm 671.6 723.0 0.00231 17.24 2.32x10°

2 Beformed .

bar 8nmm 490.0 561.0 0.B0212 18.39 2.29x10°

3 Plaln )

2.69x10°

bar émm 409 .3 561.1 0.00265 23.60
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Table 3.5

Phyaeical Data of Under—Reinforced Beama

Uldth of the beam = 101.6 md
Depth of the beam = 152 . dsm

Effective depth of the beam = 131.4om

Arca of steel = 100.6 mm® (2 Number, gmm dia deformed bars)

¥ of ateel reinforcement = 0.7422% ot cross-eectlonnl aArea

of the beam

Yield Stresa of amteel relnforcement = 490.0 N/mm2

Ultimate Stress of sterl ceinforcemant = 561.0 N/wm?

o .
Shear Stee) = Two legged vertlical atliprrups, 6 am dia plaln steel

at 80 mm c/c (Only in shear span)

-‘---,-----——---_.-. —....-—--.,-—.—.-

S.N. Bean Beam Fibre Length of Average Control
Series Type Volume Fipres 1In Cube Strength
Y of mm in N/mmz
K2 LA Concrele .
o o S e acm— -
E_)_ (2 (3) (4) (5) (6)
1 ______________________ T ___-_,-__-_ - e A P - i e - -
AU Relnforced 15.212
2
B3U RFC-25-0.75 0.75 25 14.916
3 .
3y RFC-25-0.50 0.50 25 15.476
4
_ D3U RFC-25-0.2> 0.25 25 15.165
RF
C atandas for reinforced fibre concrete



Table 3.6

Physlcal pata of Over-Relnforcad peamé

101.6 mm

Ulath of the bead

Depth of the beam = 152 . 4mn

Effective depth of the peam * 131 . 4mm

Arei g ;
ea of steel © 226 .2 o2 (2 Nuwsbel. 172 mm dla dqeformed bars)

E3 ’
of steel reinforcement L 1.6943% of cross sectlonal aroed

of ithe beam

b g .
ald Streas of ateel rclnforcement a 471 .6 N/mm‘

Ult
imate Stress of ateel rnln(nrcement s 723 .0 N/mmz

Ehe 2
ar Steel = Two 1egged vertlcal stircups. ¢ mm dia plasn astec!

ar
80 mm c/c (OnlY in sheaft apan)

S.N
?eam Bean Fibre Length of Averag® control
Seriea Type Vvolume Fibres in Cube ctrengt
t of mm in N/mm
_______ concret®
S T BN R = =TT R v
______ (2) (3) (4) (%) (6)
1 __________________________ ____-_‘_‘d = - - R A g e S - -
A0  Relnforced - 15. 212
2
630 REC-25-0.73 p.75 25 15.916
3
¢30 REC-25-0.50 .50 25 15.476
4
D30 REC-25-0.23 g.25 2% 15.1865

.._".-..

-__-_----_-'-

REC
a
tanda for celnforced fibre concrete
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FIG.31 IMPACT STRENGTH TEST SET UP
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i
[ /]
950 /]
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[

(b)
AREA OF THE BEAM.
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10 mm
g 4l ntm / 15.50 mm cle
L | —
90 | %
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F

i}
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-
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(). TWINES, 0.4100°%
AREA OF THE BEAM.

470 mm

Lo
I

FIG 34 PLAN SHOWING ARRANGEMENT FOR
ol ACEMENT OF TWINES.

OF THE CROSS- SECTIONAL



PLATE 3.1

PLAIN CONCRETE CUBE UNDER TEST
FOR COMPRESSIVE STRENGTH.

~]

~J



RCED CONCRETE CUBE

PLATE 3.2 SAlN FIBRE REINFO
ESSIVE STRENGTH.

UNDER TEST FOR COMPR

~1

o



PLATE 3,3

SAN FIBRE REINFORCED CONCRETE CYLINDER
UNDER TEST FOR MODULUS OF ELASTICITY.
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PLATE 3., PLAIN CONCRETE CYLINDER UNDER TEST
FOR SPLIT TENSILE STRENGTEH.



PLATE 3.5 SAN FIBRE REINFORCED CONCRETE CYLINDER
UNDER TEST FOR SPLIT TENSILE STRENGTH.

§1



PLATE 3.6 SAN FIBRE REINFORCED CONCRETE BE AM
UNDER TEST IOR FLEYXURAL TENSILE

STRENGTH.



CHAPTER - 1V
NO

p N
HYSICAL AND MECHANICAL PROPERTIES OF SAN FIBREL

In  this “1
chapte: aome physical and mechanlcal propertles ) ¢

lllJlUl'ul 8 el 'h .1-" “‘,"ix
an f : & (" L9
i L

gpeclt]c
aravity, tenslle satrength characteristics, and its

dime ¢
figlonal utablllity have been preoented

4.
1 Deecription of the Fibre

@
“an  fipre
re is exiracted from the San plant which grows to about

1.0 va 2
.5 m in helght and la light green in colour. The diameter

ot the
¢ plant varies from 10 to 30 mm. The stem of the plant L1s

ful)
Y covered with a thin layer of fibrous skin, which c¢an be

Penoy
ed from the astem in Jlongitudinal pleceg of good length, even

at th
¢ green stage but with diffliculty. To make extractlon of the

{i1bpre
€ eagy, the uprooted planteg are placed under water for a

of the

Perj
od of 3 to 4 weeka, after which they are taken out

The (lbreg by

U&L& 3
 and the flbrous akin iz zeparated eaelly.

thig .
time are found to have acqulred light yellowlah colour.

4.2
Diameter of the Fibre
the smallest

1t
le Very difficult to ldentify a single fibre ot

dlag
leter op rdEEcE e st Lon. B apparently viaible single fibre can

be
y mlnute flbreg of amaller diameter oOrF

fyp
Urther gplit into man
88-8ection. Aas asuch sufflcient care must be taken to ensure



8/
b ¢
that the samplc sgelected {or measurcment of the dianmeter wase

that of a alngle flbre. In the present work, diameter of the San

fibre wae measured by an oculumeter. OUbservations for ilhe cro#a

section of the fibres were made at three different locations

Glong the length for each tibre of coveral samples. Measurements

Were taken at both the ends and at the centre of the sampl e .

Table 4.1 shows typical values of the diameter of San fibre.
Diameter of the other natural fibresa reported by other authors

are glven in the table 4.2.

As it ie c¢)ecar from the tables 4.1 and 1.2, the diameter of san

tibre 1la more or leaa same as the dlameter ot alsal and jute

fibre but le gmaller in alze than that of all other natural

tibrea

4.3 Uater Abaorption Capacity of the Fibre

Vater absorption capacity la an important property, which ; ia

n&cegeﬂfy to determine for all natural flbrea of Intoerest.

Resultg reported In the literature on the water absorption

“HPacCity of wome natural flbrea are glven In the table 4.3,

To find out the water absorption capaclty of San fibre, several

Samplea of dried fibres were cut in lengths of 60 to 75 mm. Thesc

Plecea yepa weighed and placed in water for & specified period of

tne, Uater absorption of San flbre at different tlme - intervals



are tabulated in table 4.4.

Jt la ¢)ear from the table that the rate ot water

rapid during first 5 minutes and the fibre almost getis

ln one day. It can be geen that a §{ilbre absorbs velght

equal to its own weight.

The {nhepent capacity of natural fibres to absorb water

to a vreduction in the cffective water—-cement ratio of a

mix containing natural fibres. Yor example, an addition

abeorprion

Ly o
o

la

gsaturated

Of water

may lead
concrete

of 0.

of San flbre by volume in freah concrete mix, with a moisture
absorption of 96% f(or this fibre, & normal water-cement ratio of
0.580 reduces to 0.558.
To overcome this difficulty extra amount of water equal to 1is
8bsorption capaclty ja to be added TO the concrete miX while
4.4 Specific Gravity of the Flbre

d
Specific gravity of flbrea like Akuaraaz, l.echugullla an
Haauey48 Jute and Colr68' and Siea178 reported in the literature

a
e presented In Table 4.5.

Specif|e of San flbre was determined DY the

aravity

8avity pbottle method, using the folloving formula

Sp. .. ks T e

BT . =

specific
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Uhere
Wy = Welght of the flasak
W, = UWeight of flask + water
Wy = Welght of flagk ' Dry flbrves

Wy = Weight of f1aak + {ibree + Uater

Several aamples of San fibre were taken for specifiec gravily

Measurements.

One set of measuremenis glven below ae a sample, yielde

Uy 450.5¢
Uy = 980.68

Wy

i

47).28

Uyq

981 .%2g

8 value of 1.02% for the gpeclflc gravity of SBan flbre. The

value is comparable with those for jute, akvara ete.

4.% Tensile Strength of the Fibre

Many roeaearchera have reported the tenalle atrength oOf the
Various npatural fibres. Table 4.6 ahows the tenslle strength, %

8
¢longation at break, and modulua of elasticlity of varlcu# type

o wa the atresa—atrain relatlonship

natural filbres. Flg.4.1 &h©

Of .
So0ma natural flbres.

state and
Varioyg samples of San fibre were teated in natural dry

H value
!n an alkaline medium of aodium nhydroxide aolution of P

1.
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Representative samplces of San fibre were taken out and were cut

into lengths of about 100 wm to 120 mm. These were held

Individually bvetween the jaws of the machlne, as shown in plate

4.1. The tenslle load was applled gradually untll tajilure.

$.5.1 Tensile Strength In Natural Dry State

40-15 gamplea of San fibre were teated for their tenslle strength

In thelir natural dry state. Results of 10 representative sampleeg

4re preaented In table 4.7

The average 1enalle strength of the San {ibres in natural dry

found to be 222.00 N/mmz- The percent elongatlon 1isa

&tat& wvaa
1.25 o 1.34 and initlal tangent modulus ls 2.2 ¥ 104 N/mmz-

pi&-ﬂ-Z showa the tenelle atresgsg sirain curve ot gan flbre In

BH8tural dry atate.

1.5.2 Tensile Strength In Alkaline Medlum

determined In alkaline

Tenaile atrength of the san flbres waa
7, 14 and 28

Pedium of Sodium Hydroxide solution of pll 11 after

daye; Fibreas taken out of the broken concrete speclmena werc¢ also

t
8led f(op thelr 1eneglle strength.

v ‘o ®
alues of the ultimate breaking astrength, expreased in N/mm%, and

in its natural dry state as

v
ith the diameter of the fibre taken
and the variation

t 3
ne Teference dliameter, are given in table 4.8,
of tengjije strength of san fibre with time of immersion In



alkalj '
aline medium has been plotted in fig.4.3. The clongations at

break ;
aking point wvere also calculated and these regulta are

t nled i 3 . .
Plesented in the table 4.9. It js seen that San fibre shows lossg

of
Strength of the order of 14.65%, 20.64% and 30.11% after being

ke ;
Pt in alkallne medium tor 7, 14 and 28 days reepectively.

Fi
g.1.1 shows the stress-gstrain curvee of san fibre in alkaline

fedium,

The :
“ flbres embedded in concrete specimen (which has been alr

c
Ured after 28 days of wusual curing) for over 3-4 months show

that
18T there jeg almostl 1o loee of strength. Thila could be expected

would not be a fluid

81
fce, concrete, which, though alkaline,

hence the reduction in strength while in roncrete

indicated for sodium

“edium  ang

ah
uld not be any worae than the order

hYdroxide liquid medium. In fact, it would be nmuch smaller.
The s -
he &longatlon resulta indicate that asan fibre fias low valuea Of

the order of 1.30%) when tegted In

el

Ohgatjop at fallure (of
n

Stura) dry gtate and the elongatlion decrcases as the perlod for
This can

Vhie
ten The fibres are kept In alkallne medium Increages.

be
“fen from the figurea In table 4.9.



4.6 Dimensional Stability of the Flbre 59

Dimensional stabllity of natural tlibres has been inveatigated by

many researcherg. 14,43 Uzomakal? investigated this by simple

{amerelon drying c¢ycele teste for petlode upto 240 hours .

Lewvig.c.13 carricd out tests for dimensional stability of the

tibres when exposed to molasture

In the present work, dimensional stability of the $an fibres were

lnvestigated in the same manner an done by Lewia.43

Various samples of flbrea were taken and were dried at 100°C for

Meagurements for diameters of the

6 hours to constant wejght.

fibreg werc made, and are shown in column 2 of table 4.10.

1‘ibr‘e&s were placed again in water for 6 hours, dried and thelr
table

diameteprg were meaaured. Values are listed in column 3 of

1.10. Cojumn 4 Of table 4.10 showe the percentage variation In

tvo meagurements. The percentage varlatlion ig below 10%, which

indicates that there Is no - appreciable change in the diameter of

the fibres in wet and dry conditlons.
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Table 4.1

Typical Values of Diameters of San Fibre Sauples

Sample No. Diameter at Diameter at Diameter at
Or}e End Centre Other End
In mm in mm in jam
] U.05 0.06 0.06
2 0.08 0.08 n.07
3 0.04 0.05 0.05
1 0.06 0.07 0.06
5 0.07 0.06 0.08
6 0.08 0.08 0.08
/ 0.06 0.06 0.05
8 0.06 0.08 0.07
9 0.03 0.014 0.05
10 0.08 0.07 0.08
Average 0.0610 0.0660D N.0650
0.0140 0.0126

Sfandard Deviation 0.0172

—- -



Table 4.2 91

Typical Valuea of the Diameteras of Natural Fibres

Fibres Diameter in mm
fechwnniile &T;& -------------
Maguey .35
Water reed 1.10
Elephant grass 0.45
Plantain 0.43
Musamba .82
Jute 0D.10
Akwara 1.0 to 4.0
Slaal .02 to D.08
Coir 0.20

Table 4.3

Uater Absorption Capaclty of Natural Fibres

Absorption, percent
weight of dry fibres

Lechuguilla 90-105
Maguey 65-70
Colr 110
Jute 120
145-160

Bamboo [ ——



Table 4.4

Uater Absorption Propertieas of San Flbre

Wetting Uelght of wvelght of welght of water Absorption,

time dry fibres wet fibreas absorbed percent
in min in grams in grama in grams weight of
L dry fibras
5 10.6 18.8 8.2 77 .35
10 9.6 18.1 8.5 88.54
30 10.4 20.0 9.6 92.30
60 9.9 19.3 2.4 v4.44
180 10.2 19.8 9.6 24.11
1440 10.8 21.2 10.4 96.29
(1 Day)
Table 4.5

Specific Gravity of Natural Fibres

— o A s Em R e e A A s e e e e WA G v S

Fibres  opeclilc graviiy
lLechuguilla 1.36
Maguey 1.24
Akwara 0.99
Jute 1.02 to 1.04¢

: 15
Colr 1.12 to 1



Table 4.6

Strength Properties of Natural Fibres

Fibres Tensi) e Elongation Modulusa ot
Strength at break Elastlclty
N/mm¢ : N/mmz
Elephant 178.0 3.1 1936
grass
Uater reed 70.0 L 3-8 5493
Plantain 2.0 .90 143%
Musanba 83.0 .70 741
Maguey 390.0 D.50 =
Lechgullla 390.0 Uu.5%0 =
Kenat 295.0 = 22000
Jute 227.0 138 30000
Coir 180.0 26.50 -
Slaal 330.0 .20 46000



Table 4.7

Tenaile Strength of San Fibre in Natural Dry State

Sanple Diameter Breaking Tensile Strength
No. of fibre load in N In N/omé
ity mm

1 B 18 1.26 210.0
Z 0.13 3,10 230.0
3 0.14 3.45 225.0
4 0.1% 3.4% 195.0
> 0.11 2.30 240.0
6 012 2.65 233.0
7 0.13 3.00 224 .0
8 0.12 2.4% 217.0
9 0.18 3.8Y 190.0
10 0. 10 1.90 245.0

o

YR
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Table 4.8

Tenalle Strength of San Fibre in Alkallne Medium

State in which Tenagile Strength % Reduction
Teated N/mm? In atrength
1 Dry State 221.96 -
2 1 daye lmnmerslos 189 .44 14.65
in alkaline medium
3 14 days immersion 176.54 20.64
in alkaline medium
1 28 days lmmeraion 158.32 30.11
in alkaline medium
5 Fibre taken out of 219.59 1.02

broken concrete
Speclmen



Table 4.9

Tensile Elongation of San Flbre 1in Alkalilne Medlum

State jn which Elongation % Elongation %X reduction in
teated mo elongation

1. Natural dry astate 0.481 1.30 -

2. lmmersed in alkaline 0.450 | 0.09%
medium for 7 days

3. lumersed in alkaline 0.430 1.16 0.14
medium for 14 days

4. lwmmersed In alkalline 0.3%0 1.05 0.25
medlum for 28 days

5. Flbree taken out of 0.479 1.29 0.01

broken concrete
gapecimens



Table 4.10

Dimensional Stabillty of San Fibre

Sauple LDiameter of the
No. fibreg dried at
1009 for 6
hours, mni
ST
1 0.0%0
2 0.060
3 0.070
4 0.080
' 0.050
6 0.065
7 0.037
8 0.060
9 U.050

Dliaweter of the Percentage
fibres after variation
keeping in water
and agalin drying

min
3

0.048 4.0
D.063 * 550
0.066 L
.080

0.046 - 8.0
0.070 + 7.6
0.040 + B.1
0.060 -
0.045 10.0



TENSILE STRENGTH N/mm2

480 |- o—o AKWARA
c—0 ELEPHANT GRASS
&—4 LECHUGUILLA
4201 w*+—*% SiSal
360 |-
300
240
180
120
60
|
0 ] |
0 3.0 6.0 9.0

STRAIN (PERCENT)

FIG 41 STRESS-STRANN CURVE OF SOME
NATURAL FIBRES

12.0



TENSILE STRENGTH N/mm2

93

260}

200}

160 |

120

o0
o
i

CURVE IS AVERAGE OF
10 TYPICAL SAMPLES

o
o
1

I

0 0.20 0.60 1,00
STRAIN ( PERCENT )

FIG.4 2 STRESS-STRAIN CURVE OF SAN FIBRE IN
NATURAL DRY STATE

1.40



TENSILE STRENGTH N/mm?

240

200

160

180

80

40

16

| | [

14 21 28

TIME (days)

FIG.43 VARIATION OF TENSILE STRENGTH OFKS:;\—N
| FIBRE WITH TIME OF IMMERSION IN AL
LINE MEDIUM (NaOH SOLUTION )



TENSILE STRENGTH N/mm2

10}

320 -

280 -

240

200 |-

160

120 |-

80 |

40 |

o0—0 7 days immersion in alkaline medium
&—o0 14 days iImmersion in alkaline medium

B—a 78 days immersion in alkaline medium
A—4 Fibres taken out of broken concrete specimens

| | '

0

Fig. 44 STRESS-STRAIN CURV

l | |
0.20 040 0.60 0.80 1.00 120

STRAIN (PERCENT)

ES OF SAN FIBRE IN
ALKALINE MEDIUM

1.40



102

PLATE L1

TEST SBT
STRENGTH

DETERMINING TENSILE

Up FOR
OF SAU FIBRE.



CHAPTER V

MECHANICS AND PROPERTIES OF FIBRE REINFORCED CONCRETE

5.1 HMechanics
Uhen the fibre reinforced concrete specimens are loaded in

flexure, two stages of behaviour in the load deformation curve

have been generally observed as shown in Fig.5.1%1. The 1load

deformatlion curve can be considered more or leaa linear up to

Point A, Beyond point A the curve is significantly nonlinear and

reaches a maximum at point B. The load or the Streas

COffesponding to the polnt A hag been called first crack strength

Or elastic limit or proportional limit. The stress Corresponding

Lo  the roint B has been termed ag the ultimate strength. For o

Biven mix, the flbre content, fibre geometry and the distribution

O fibrea are important to the properties of fibre relnforced

Concrete, However, the wvariables that are important for

Strength durabillty and workablllity also have a sgignificant

The variables that influence the

infll.lence on the properties.

bo"d. algo affect the strength properties of fibre reinforced

COncrete

ck

9 fibre reinforced
trength or the ppoportional limit of the

tional limit to the

concPete. One mechanism relates the propor

while the other

V'Dlume, Orlentatlon and length of the fibres



1 | s
relates the fi ﬁj
i
rst crack gtrength to the gpacin
g of fibre

S n t r

law of
mixtures of co i
mpogite material
8 has been consgi
sidered for

theoretical analysgis.

5.2
Composite Materlial Approach

Uhen ;
a plain mortar or i
plain concrete s
peclimen is subj
jected to

increasi
ng load
ad, cracking of the tensile zone immediately leads

te faijl
ure of the sgpecimen. However, it should be noted h
that

g -’-

results in

measuF
ementas have revealed that a major crack which

failyp
e
of a specimen ls preceded by slow micro crack growth

F0p
fib
re reinforced concrete the proportional limit ia defined

g tl‘a in es
t
1 load belOU Uhlch a aterlal iS 8&“1:.{.311? lirleaf'ly

€lagty
c. Below thlis limit the influence of matrix cracking can
be
Ne
RBlected. The load deformation curve is more or less linear
both the

Upto
the proportional limit. It may be assumed that

Plajp
Concrete and fibrea behave elastically upto this load.

In
a ¢
ompoaite materlal consiating of a matrix relinforced with
erm] 3
Y distributed wunidirectional continuocus flbres, it s
the fibres are

Elgeu
Med

that, when the material ls stressed,
the

fip
mly p
onded so that no sllppinag occurs at the Interface of

flbpe;g
The load acting on a composlite gection

&nd the matrix.
expressed

Dur
uUni i i
A drea cavei ad by the matrix and the fibres 18



as

Sc = Sm Am + Sf A€ ... ... ... .. (5.1)

Equation 5.1 may again be expregsed in terms of the volume

fractions of the constituent materials In the following form

Sc¢ = Sm Vm + Sf VE L. (5.1 A)

In uwhich Se¢, Sm and Sf denote the average gtresses in the

COmposite section, the matrix and fibres regpectively. Am and Af

are the area fractions of the matrix and fibres reapectively and

Vm  and VE are the volume fractions of the matrix and fibres.
Fespectively

Eq”atIOD 5.1 ig atrictly valid for composites with continuous

fibres, elagtic behaviour of the components and no aslippage

between fibres and the matrix. Since fibres are finite in length

there may be some micro cracking before the proportional limit

bECauge debonding may occur with fibres. As a result, this

®Quatiogp is only an upper bound solution for fibre reinforced
6

: 1
Concrete. Some experimental results support this conclusion

" the cage of unidirectional discontinuous flbre, a correctlion

d
factop n, which ias called length efficliency factor, ia Introduce

i f the
to Account for the stress distribution at the end portion 0

£ .
‘breg of finite length. It is given by

.......
.......
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Uhere 1 is the length of the fibres and lc is the critical length

of the San fibres, which was found out ags follows.

Critical Fibre Length (1lc¢)
Critical fibre length is defined as twice the "pullout” length

(the wminimum embedment length at which fibres are ruptured

instead of pulled out under tensile forces).

In the present work, San fibres were embedded in Cement blocks.

Embedded 1length varied from 5 mm to 15 mm with an: increment of

1.0 mm. Fibres were pulled out after 28 days. The minimum

¢mbedded length at which flbres fractured instead of being pulled
Out came out to be 9 mm.

So the critical length of San fibre can be taken as 18 mm. This

Value jg ugsed for theoretical calculations. Length efficiency

factor n for various fibre lengths has been presented in table

S|

For 4 composite reinforced with randomly oriented and wuniformly

diatrlbuted fibres of short lengths, the strength can de

"XPresged by introducing a constant f, called fibre orientation

factop

Then €quation (5.1 A) can be modified as

..........
......

SC = Sm Vm + n f Sf Vf
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Unhere f is fibre orientation factor given by the equation

3
£ &  moeimr = ( 128 + 8 Sin 20 4+ SindB) ....... (5.4)
2568
h
5 F T P O ——— 5.5)
Uhere Sin B — < 12 .l os ARSI (
1

fibre
For different values of 8, table 5.2 shows values of

crientation factor.

ion and
Equation 5.3 c¢an be written separately for compress

tension as follows

See = Sme Vam + o £ Sf VE  oooenmmemmms

and

Sct Smt Vm + n f sf Vf

It

Uhere

e
essive and tenaslle strength of th

Sce and Sct are the compr

Compogite.

i ength of the
Smc and Smt are the compressive and tensile streng

. f the
fraction ©
St and V{ are the tensile gtrength and volume
flbrea.
s i equal to
x strain is
Un iy ing that the mia L
‘%@ Hooke's law and notil that

d 5.7
tion 5.6 an
e Straj f th mposite, 1f follous BaUS
n o e CO :

Bowos: . o EsaelEe meeie o
" T Emt v + n f Ef V£



gimilarly for compression, equation 5.7 cam

Eee = Eme Mh % 6 £ B VE  chswmomos sssone gl

Ece and Ect are the modulug of elasticity

compreagsion and tensjion, and Emc and Emt

elagticity of the matrix in compression and

of the composite

are the modulus

tensgion.

in

of
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Table 5.1

Valuea of Length Efficiency Factor(n) for Varlous Fibre Lengtha

S.No. Fibr? length(l) Length efficiency
) in mm factor (n)
R 0.a6
2 20 @.5%
3 25 0.64
q 30 0.70
B 5 35 .74
Table 5.2

Values of fibre orientation factor(f) for various valuea of 8

Fibre orientation

S.No. Angle B in degree
== factor(f)

LT o0 0.1006
. 60 0.2084

% 45 0.259%99

. 30 D.3150

. 10 0.3674

2 ; 0.3731
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It is im : i
pertant to realise that the natural fibres are not stiff
like gtee i
1 fibres, and they tend to align themselves in the
directj i
on, which is almost perpendicular to the plane of loading

Thia . i fi
as verified from the inspection of the tested FRC

Specim i i i i
ens. Vigual inspection indicates that the angle of

incl i
1hation that the fibres make with the sgurface of the

s -
Pécimens varies from 10° to 30° and seldom exceedsg {590

I n t . . .
he present investigation the value of angle 8 is taken as 30°

for ;
the purpose of theoretical calculations for determination of

COomposite gtrength.

5
‘3 Ultimate Strength

In
flg 5.1 the load deflection curve is non linear beyond point A

and 3 .
feacheg a maximum at point B j.e. the wultimate strength.

Unj
i , 2
Ke conventionally reinforced concrete the maximum load is

eo
‘Mtrolled primarily by fibers gradually pulling out, and the
is subsequently less

Stl"eag . ¥
the fibre at the ultimate load

in
After the maximum load, the

tt'.“ _
" the yield stress of the fibre.

dec:r
“88e in load with increasing deformations is much less for
Asd a

f1g
}r‘e .
concrete than that for plain concrete.

reinforced
a

r'ﬂau .
'* the total energy absorbed before complete separation of

bg

am 5 - -
‘e at leagst an order of magnitude higher for fibre
concrete than for plain concrete. The energy is
The relative

Abg,
“hey in debonding and gtretching of fibres.
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magnitude of each effect depends upon the stress-strain curve of

the fibres themselves.

The ultimate strength for concrete reinforced with fibres depends

Upon the volume percentage of fibres and the fibre length.

Al maximum load in flexure, part of the c¢ross section of the

Matrix is cracked and some of the fibres may get partly debonded.

The two important factors which influence the maximum Jload are

Volume percentage of fibres and their lengths. It has been shown

that ¢ segregation of fibres is avoided, the increase in volume

peFCentage of fibrea causes a more or legs linear increase in the

Strength of the composite. For steel fibres, however, it  has

been observed that upto an aspect ratio of 150, the maximum load

increaaed linearly with an increase in aapect ratiolé

Based on thia obaervation, the ultimate strength of the composite

le 8lven by

S¢c = A Sm (1-Vf) + B Vf 1

Where A and B are constants which can be determined by a plot of

“OMpogite strength against Vf 1/d.

“here 1 and d are the length and dliameter of the fibres. It

Ehould be noted that the firet term on the right hand aide of the

tion of the matrix at the

e . .
Wation 5 16 represents the contribu
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maximum load. The maximum value of the constant 'A’ is  unity,
Constant 'B’ depends on the bond strength between the fibres and
the matrix and on the randomness of the fibreg. Higher the bond
8trength and better aligned the fibres are in the direction of
the load, the higher ls the value of constant ‘B The equation

applies only when failure occurs by debonding of the fibresgs.

5.4 Fracture toughneas

Toughnegs ig defined as the total energy absorbed prior ro

Complete separation of the gpecimen. This energy can be measured

by taking the whole area under the complete tension or

Sompression stress atrain curve or by the area under the load

deflection curve in flexure (fig 5.2). Energy absorbed can also

be Meagured by an impact test. It is apparent that the toughness

Y11l depend on the type and ratc of loading.

Touehnesa in plain concrete is related to crack growth. Concrete

has &reater toughnegss than cement paste alone because of more

€Xtengive microcrack growth In concrete due to the presence of

b 4@Rregates. UWhen the fibres are present, the cracks can not

"Xteng without stretching and debonding the fibres. As a result

addltional energy is necessary before complete fracture of the

£1
bre Feinforced apecimens.



113

“everal investigators have shown that the toughness of the fibre

reinforced concrete ig at leagt an order of magnitude higher than

that ot plain concrete. Thus, increase 1in toughness is g4

significant improvement resulting from the addition of fibreg.

The orientation of the fibres, their 1lengths and volume

Percentage influence the toughness of fibre reinforced concrete.

In addition the stress-strain characteristics of fibre itaself

influence the total energy absorbed.

5.5 Factors Affecting Properties of Flbre Reinforced

Concrete.

Fibre reinforced concrete as already stated can be dzfined as a

COmposite material consisting of cement based matrix containing

% ordered or random distribution of fibres. The fibaes act as

Crack arregsteras that resist the growth of the flaws in the

M8trix, restraining them from enlarging under stress into cracks
Which eventually cause failure. By inhibiting the propagation of
and

“Facks orjginating from internal flaws, improvement in static

dyna“ic properties can be obtained, and thus fibres impart to the

ductility and

“Ompogite qualities of crack control, toughness,

im
Pact reasistance.

. . trix 18
The Use of continuous aligned fibres in a cement ma
reinforced or

fUndamentally not different from conventional

s : in bars or
prestPESSed concrete whare the large diameter reinforcing
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the gmaller diameter prestressing wireg behave analogously to the
continuous aligned fibres. The phenomenon of multiple cracking
and of composite action in sauch materials have been wel]
egtablished (fig 5.3). Cbviously the highest Strength

characteristics are obtained when the fibres are aligned to

resist the critical stresses, but then material becomes markedly

anisotropic.

A more exciting challenging arrangement which has found a wider

application is the use of short discontinuous fibres that are

uniformly distributed in the matrix. It is true that with random

Oorientation, not all the fibres are equally effective in crack

control or in their strengthening and stiffening roles,

Neverthelegs 1f sufficient strength and crack control jimprovement

could otherwise be obtained, the other practical advantages of

wlll outweigh the strength advantages of

discontinuous fibres
Continuous aligned fibres.

of the matrix and the efficient

The effective reinforcement

transfer of stress between the matrix and the fibre depends upon

- . . . d
Many factors, JBome of which are intimately interdependent an

of
fXercige g4 profound but complex influence on the properties
gidered hthe

g These factors can be effectively con

Compogite.

f
°110wlng three categories



(a) Relative fibre matrix stiffnegs

(b) Fibre-matrix interfacial bond

(¢) Strain compatibility between the fibres and the mateix

< | Relative Stiffness

For efficient stress transfer to the fibre, the elastic modulus
of the wmatrix must be lower than that of the fibre. Low modulus
fibres, such ;, natural fibres, nylon and polypropylene, are not

likely to give much atrength improvement; high modulua fibres

Such ag metallic fibres (e.g. steel), glass, or c¢rystalline
inorganic fibres (e.g. asbestos) normally lead to strong
Compogites. High gstrength high modulus fibres impart

Characteriasticas of strength and atiffness to the composlite,

Vhereas Jow modulus high elongation fibres are capable of large

Cnergy absorption characteristice, and impart a greater degree of

toughnesas and resistance to impact and explosive loading. The

formep also contribute to these dynamic¢ properties but to a

leﬂﬂer extent.

5.5.2 Fibre-Matrix Interfacial Bond

The 1nterfacia1 bond betrween the matrix and the fibre determines

matrix to the

the effectivenesas of satress transfer from the

fibre- Uith randomly oriented, short, discrete fibrea the

lnte*‘facial bond that develops between the fibre and the matrix
optimum

" ot continuous, and becomes critical in defining the
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tibre length-diameter ratio (the aspect ratio), and indeed the
volume content of the fibres for maximum improvement in tengile

reslatance. But a poorer interfacial bonding would show greater

improvement of fracture toughness and impact resigtance through

energy digssipation and damping at the interfacial

digcontinuities. Fibre length and fibre diameter are thus

¢ritical in influencing static and dynamic properties.

If the interfacial bond is such that the composite failure occurs

then the matrix becomes the principal tensile

by fibre pull-out,

load carrying element, and then only modest increase? in tensile

8trength can be obtained. To achieve a truly two-phase composite

action, the matrix must be so designed as to transfer load to the

tibres so that they contribute fully to the composite strength.

For short discontinuous fibres there ia the additlonal criterion

that the interfacial bond must be such that the anchorage length

pull-out.

ON  any one side of the crack does not result in fibre

5.5.3 Fibre-Matrix Straln Compatibility

ASEOCiated with the relative fibre-matrix stiffness and the

interfacial bond is the need for straln compatibility between the

tibre and the matrix. UWith cement-based matrices, the cracking

8nd often the ultimate strain ls of the order of 250 to 500 x 10
q ibility, bond

M/m, and since most fibres have far greater extens
of fibre

and hinders the efficient use

fallure occurs early,
of the cement matrix also

?einf0rcement. The low cracking atraln



117
i
implies that reinforcement of the matrix can be achieved at

fairly low volume fractions of the fibre.

5:5: 4 Other Factors
Other factors such ag the volume fraction of fibres and the

orientation of fibres alao influence the behaviour of fibre

feinforced cementitious composites. The minimum or c¢critical
volume fraction below which increasey in tensile strength cannot
be éxpected, is with respect to static strength only. Even with

lowv fibre volume fractions, the impact strength and recistance to

€rack propagation are considerably improved. The efficiency of

the fibres depends on their orientation in space. Uith

Completely random orientation only about 41 per cent of the

fibreg are effective in reilnforcing.

A Major difficulty in fibre-reinforced cementitious systems is in

1nCOFporating quantities of fibre sgufficient to achieve
IMprovements in gtrength and at the game time making it
Uith conventional mixing techniques, the

Conomically wviable.

Maximum volume of fibre that can be introduced is limited to 2 to

] S th properties
2 Peércent by volume, which in turn limita the streng p

i i such
€an then be achieved. New techniques of fibre incorporation
m ix modifying
*2 8praying the fibres aimultaneously with the matrix, y
mj ; i i t, using
ixing techniques weing fibre-dispensing equipmen

ffer considerable improvements.

g .
Pecial admixtures etc. wmay ©

-1
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Iraditional concrete mixes cannot be used with fibres. The size,
3hape, surface geometry, and volume fraction of the c¢oarse
aggregate all very much influence not only the rheological

properties of the fibrous concrete but also its propertieg in the

hardened state. Fibres in effect act as aggregates, and although

they have a simple geometry their influence on the propertiea of

the freah concrete is complex. The inter-particle friction

between fibree, and between fibres and aggregates would control

the orientation and distribution of fibres, and consequently, the

Properties of the hardened material. Friction-reducing

admixtures, and admixtures that improve the cohesivenegs of the

Matrix, can significantly reduce the conglomeration of fibres and

ensure the effectiveness and distribution of fibres.
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LOAD

DEFLECTION

FIG.51 LOAD-DEFLECTION CURVE FOR FIBRE
REINFORCED CONCRETE



TOUGHNESS & STRENGTH IN RELATION TO PLAIN CONCRETE
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|

(a) NO FIBRES (PLAIN CONCRETE )

{b) PLAIN CONCRETE WITH SHORT DISCRETE
FIBRES

(c) REINFORCING BARS OR PRESTRESSING
WIRE FIBRES OR CONVENTIONAL CONTI-
NUOQUS REINFORCED WITH SHORT FIBRES

FI6.53 FLEXURAL FAILURE IN AN UNREINFORCED
BEAMS AND IN BEAMS WITH FIBRES



CHAPTER - VI

COMPRESSIVE STRENGTH AND MODULUS OF ELASTICITY

In  this chapter the effect of addition of san fibre to concrete
o 1T8 compressive strength and modulusg of elasticity has been
discussed. At the beginning of this chapter, effect of san fibre

°R the workability of plain concrete has also been pregented.

6.1 Uorkability

Uorkabxlity of concrete can be measured by two methods.
Compaction factor test

Slump test

COmpactxon factor test is adopted to determine the workability of

“Oficrete, where nominal size of aggregate does not exceed 40 rmm.

: workability 18 that

& I8 hased upon the definition, that

propef‘y of the concrete which determines the amount of work

T€quireq to produce full compaction. The test consists

eesentlally of applying a standard amount of work to standard

QUant‘ty 0f concrete and measuring the resulting compaction. The

; s 5 - to
b '8 carried out as per specifications of IS5: 1199-1956

prepared concrete.

¢
vnd out the workability of freshly

. - e
Uorkability gives an idea of the capability of being worked, i

i . : mix to
idagy 0 conterol Fha quantity of water in cement concrete

et :
YNiforp strength.



Fresh -
unsupported concrete flows to the sides and a sinki
lng along
thea heigh i
aht takes place. This vertical settlement is Kknown
as
slump i i
and in thig test fresh concrete is filled into a mould £
O

Specifi i i 1S
1ed shape and dimensions and the settlement or slump i

PEd i 1 re e A |
when supportlng mo i 15 a 5%
uld =] rmoved i
mMeasuy . ump 2 measure

indicati i
ng the congistency or workability of cement concrete

Also i i
the slump gives an idea of water/cement ratio needed £
or

concr 1
ete to be used for different work. Concrete is said to be

workab i i {
le if 1t can be easily mixed, placed, compacted and

finish
ed. A workable concrete gshould not show any segregation or

blendji
i ” ) .
ng. Segregation 18 said to occur when course aggregate

tr‘ies
to separate out from the finer material and we get

Concen i
tration of course aggregate at one place, This results in

lar :
€e voidsg, less durability and less gtrength. Bleeding of

n H
O Cret {
e 18 gaid to occur when excessg water comes up at the

Sut\fa 2
ce of the concrete. This causes emall pores in the mass of

the
concrete and is undesirable.

6.1 >
-1 Discussion of Test Results

The
W s ;
orkability of various types of fibre concrete wag measured

By s
o) Tt
mpaction factor test and by slump test as per 1§ 1199-195%.
The
t s
WO test results are given tables 6.1 and 6.2
fibre content increases, the

It
is the

observed that asg
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workability of the mix decreases. The introduction of natural

San fibre results in an apparent increase in the stiffness of the

mix.

As, it is evident from table 6.1, for a constant volume
Percentage of fibres the compaction factor of the fibre concrete
decreases with increase in the fibre length. Also compaction

factor is lower for higher fibre concentrations with the game

fibre length.

No measurable slump was noticeable for fibre concentration of 1.0

bPercent or more. It is evident from table 6.2 that for a

Constant volume percentage of fibres the slump decreases with

increase jin fibre length:. Slump was also found to be lower for

increased fibre concentrations with fibres of same length. It

WYas obgerved that slump was practically 2zero for all fibre

lengths beyond fibre concentrations of 1.25%.

concrete to

Exc&saive balling of the fibres and failure of the

Penetrate the clumps of the fibres was observed. This difficulty

Yas  faced with practically all the lengths of fibres with fibre

c°n‘39ntration of 1.25 and above. With lower volume Egrcentages

{ i fibre
‘.e. from 0.25 to 1.0, the bplling was not apprec1ab1ekany

lengthg



6.2 Compressive Strength 1‘20

Compresgive strength of the san fibre reinforced concrete was

determined experimentally wusing 150 mm cube specimens, tested

after 28 days of continuous curing in water.

Besults of the compresslon tests have been summarised in column 4

©f the ‘tables 6.3 to 6.8. Each one of these table presents

Compreassive strength of the {ibre concrete for a particular

Pércentage of fibre concentration for all the five fibre lengths.

Each value representa the average of results from 3 specimens.

6.2.1 Dilacusasion of Test Results

(a) Effect of Volume Percentage of Flbres

Tableg 6.3 to 6.8 clearly show that for any fibre length,there is

Increage p strength as the percentage of filbres (s increased

75% compressive gtrength decreases

YpPto 0,75 but beyond 0.

sharply ag la clearly shown from fig 6.1.

(b) Effect of Fibre Length

Fos all the ag8ix volume percentages of fibres, compregsgive
gtrength increases ag the fibre length increases from 15 amam to
i ) ¢
“9 am, beyond which the strength starts decreasing. Plots o
6.2.

compfessive strength versus fibre lengths are shown in fig

£ .
e Various volume fractions of fibres.
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As ig c¢clear from fig 6.2, for each fibre percentage, the
“Ompressive astrength is maximum when the fibre length is 25 mm .

It is clear from tables 6.3 to 6.8 and fig 6.2 that presence of

8an  fibre in plain concrete does not gignificantly affect the

C M 4
Ompreasive gtrength of plain concrete upto fibre <c¢oncentration

Ot 0.75%, but beyond this percentage, strength decreases sharply.

i
™M

s ; . . .

Haximum increage in compregsive atrength of fibre concrete. over

Plain concrete occurdg with fibre content of 0.75% and fibre

length of 25 mm. Increase is of the order of only 5.67%.

“ .
AX1mum decrease in flbre concrete compresgsive atrength over

Plain concrete is 24.79% which is for 35 mm fibre length and 1.5%

°f fibre concentration. Plate 6.1 shows fibre concrete cube after

failure.

6.2.2 Comparison with Theory

strength of fibre

e values of the compresgssive

€Xperimental

“Oncrete can be compared with the valuea determined theoretically

b
Y the lav of mixture.

Scc = SHE Um + n £ &F VE  ceocsisuwssanan

Uhepe Scc and Smc are the compregsive strength of the composite

ang :
@ Mateix regpectively.

Vm

i ibres
And  Vf are the volume fraction of the matrix and fi



legspectively

S5f igs the tensgsile strength of the fibres.
n ia length efficiency factor

f is fibre orientation factor.
Values of n and f are given in table 5.1 and §.2 respectively.

The values of the compressive strength of the fibre concrete asg

determined by equation 5.6 are shown in column 6 of table 6.3 to

6.8,

A study of the column 4 and column 6 of the tables 6.3 to 6.8

Indicategs that experimental results and compresgsive strength

Values obtained from equation 5.6 seem. in good agreement upto

fibre content of 0.75%. But beyond 0.75% fibre concentration,

€Xperimental and theoretical regultg are not in good agreement.

Thig happens because as per equation 5.6 strength should increase

48 percentage of fibres increases, but in reallty gtrength

decreases due to lumping problem which occurs significantly

beyond 0.75% of the fibre content.
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O

6.3 Modulus of Elasticity
lhe modulus of elasticity of concrete and its corresponding

Compressive strength are required in the design calculations of

concrete gtructures. Modulus of elasticity can be determined by

feasuring the compressive strain, when a gample is subjected to a

Compressive load.

fhe modulus of elasticity which is also called secant modulus, is

taken as the slope of the chord from the origin to some arbitrary

Point on the stregs strain curve.

The secant modulus calculated in this study is for 33 percent of

the maximum stress and is the average of the calculated values

from 3 samples. Some times the modulus of elasticity is taken as

the slope of the tangent at the origin or the slope of the

tangent to the stresg-atrain curve drawn at gsome arbitrarily

The modulus so calculated is called

Chosen point on the curve.

tfangent modulus. The tangent at the origin is, however difficult

Lo draw accurately.

Baseq on the resgults of the compressive strength of fibra

b

Concrete, only 3 fibre percentages viz. 0.25%, 0.50% and 0.75%,

been
and  only 3 fibre lengths 20 mm, 25 mm and 30 mm have o

of

icit
COnsidered for the determination of the modulus of elasticity

the Composite.

ompresaive saliress veraska compressive
&) :

.
v Curvea of unlaxial
e and fibrous concrete having difterent

a8 . z
train for plain concret
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volume percentages and fibre lengths have been plotted and shown

in fig 6.3 to 6.5. The values of the secant modulus for various

combinations are shown in table 6.9.

6.3.1 Discusaion of Teast Results
The value of modulus of elagticity for plain concrete ranges from

1.4 x 104 N/mm2 for low density concrete at early ages to 4.5 x

104N/mm2 for high quality concrete at later ages. 1t increasesg

With age and with reduction in water- cement ratio as does the

is also affected appreciably by mix proportions.

Strength. It

The aggregate has a higher elastic modulus than the cement paate

and therefore, a leaner mix will give a higher value of the
The

Dodulug than a richer mix with same water- cement ratio.

type and elastic modulus of aggregates also affect the elastic

modulus of concrete.

Table .9 ghows that the modulus of elasticity of fibre

that of

Teinforced concrete is not appreciably different from

Plain concrete. The maximum difference of 2.2983% was obtained

for  fibres having length of 30 mm and volume fraction equal to

0.25%.

The maximum decrease was of the order of 2.7% for fibres of

by volume,

length 25 mm and a fibre concentration of 0.75%



6.3.2 Comparison with Theory
The experimental values of the modulus of elasticity can be

compared with the wvalues based on the theoretical equation

folloving the law of mixture

Orientation factor and length efficiency factor.

Ecc = Emc Vm + n £ Bf  VE o, (5.8)

Uhere Ecc and Emc are the modulus of elagticity of the c¢omposgite

and matrix respectively

1
vm and Vf are the volume fraction of the matrix and fibreg

Pespectively

St is the tensile strength of the fibres
N is length efficiency factor

Y Is fibre orientation factor

Valueg of n and f are glven in tables 5.1 and 5.2 reapectively

The values of the modulus of elasticity of the fibre reinforced

Concrete composite as obtained from equation 5.8 are shown in

two values i.e.

€olumn 8§ of table 6.9 and comparison of the

®Xperimental and theoretical is shown in column 9. It is clear
from column 9 of the table 6.% that maximum deviation from

®XPerimental values ls 2.55% for fibre length of 30 am and fibre

Dercentage of 0.75%.
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Table 6.1

Workability of San Fibre Reinforced Concrete by Compaction
Factor Method.

S.N. Test Series Specimen Types Compaction factor
1 A Flaln esnevsrs 0.026
2; B1 FRC-15-0.25 0.912
3. B2 FRC-20-0.25 0.903
q, B3 FRC-25-0.25 0.906
5. B4 FRC-30-0.25% 0.885
6. BS FRC-35-0.25 0.896
7. €1 FRC~15-0.50 0.865
8. ¢2 FRC-20-0.50 0.854
2 C3 FRC-25-0.50 0.856

10. C4 FRC-30-0.50 0.849

Lt . €5 FRC-35-0.50 0.823

12. D1 FRC-15-0.75 0.842

13. D2 FRC-20-0.75 0.843

14, D3 FRC-25-0.75 6.825

LS. D4 FRC-30-0.75 0.806

16. D5 FRC-35-0.75 0.792

17. E1 FRC-15-1.00 0.813

L8 E2 FRC-20-1.00 0.804

L8, E3 FRC-25-1.00 0.796

0. E4 FRC-30-1.00 0.785

21. ES FRC-35-1.00 0; 767

0.808

22, F1 FRC-15-1.25



-N.

Test Serieg

Table 6.1 (Continued)

26 .

27 ;

2.8

29

30,

31,

F4q
F5
G1
G2
G3
G4

G5

FRC—ZO"I.éS
ERC~25%1 .25
FRE~30~-1.25
FRE=35#%71..258
ERE- 151 50
FRC-20-1.50
FRC=-25=1 .50
FRC~-30-1.50

FRC-35-1.50

.

0.

0.

. 785

7

768

766

767
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Table 6.2
Uorkability of San Fibre Reinforced Concrete by Slump Test Method

S.N. Test Series Specimen Types Slump (mm)
1. A Plain‘conc;eé;h—--h — -_55.0 -
Z. B1 FRC-15-0, 25 14.0
de B2 FRC~20-0.25 13.0
4. B3 FRC~25~0.25 13 .8
5. B4 FRC-30-0.25 11.0
5. B5 FRC-35-0.25 9.5
7. C1 FRC-15-0.50 11.5
8. C2 FRC-20-0.50 11.0
9. €3 FRC-25-0.50 9.5

10. Cq FRC-30-0.50 8.0

11. cs FRC-35-0.50 7.0

12. D1 FRC-15-0.75 10.0

13, D2 FRC-20-0.75 8.0

lq. D3 FRC-25-0.75 6.5

15. D4 FRC-30-0.75 5.0

le. D5 FRC-35-0.75 1.0

17. E1 FRC-15-1.00 9.0

18. E2 FRC-20-1.00 7.5

L E3 FRC-25-1.00 5.5

“0. E4 FRC-30-1.00 4.0

sy E5 FRC-35-1.00 o e i

‘ i or
of fibre concentration slump was Zzero f

: Beyond 1.00%
Pfactically all the fibre lengths
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Table 6.3 153

Compressive Strength of San Fibre Reinforced Concrete (Flbre 0.25%)

S.N. Tesat Type of speci Cube Cube Cube Cube

Series mens strength strength strength strength
N/mm2 ratio as per TEST

equation - -
5.6 THEORY
N/mm2

1 2 3 5 6 7

1. A Plain concrete 15.330 1.0000 1 6 B30 1.0000

Z. B1 FRC-15-0.25 14.544 0.9480 15,340 0.9981

3. B2 ERC-20-0.25 15.050 0.9810 15.370 0.9791

4. B3 FRC 25-0.25 1%.300 0.9980 15.380 0.9947

5. B4 FRC-30-0.25 {5.000 0.9780 15 392  0.9745

Sz BS FRC-35-0.25 44.350 0.9360 15 398  0.9319
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Table 6.4

Compreassive Strength of San Fibre Reinforced Concrete (Fibre 0.50%)

S.N. Test Type of speci- Cube Cube Cube Cube
Seriea mens strength strength strength strength
N/mm= ratio ag per TEST
equation ------
5.6 THEORY
N/mm*
l 2 3 4 5 6 7
1. A Plain concrete 15.330 1.0000 15.330 1.0000
<. C1 FRC~15-0.50 14 .850 0.9680 15.368 0.9662
3. g3 FRC-20-0.50 15.250 0.9940 15.411 0.9895
4. C3 FRC=25-0.50 15.600 1.0176 15.437 1.0105
5. o FRC-30-0.50 15.200 D.9915 15.454 0.9835

9580 15.466 0.9504

9. 5 FRC-~35-0.50 t4.700 0.
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Table 6.5

Compressive Strength of San Fibre Reinforced Concrete (Fibre 0.75%

Cube Cube

Cube

S5.N. Test Type of speci- Cube
S5eries mens strength strength strength strength
N/mm* ratio ag per TEST
equation -
5.6 THEORY
N/mmz
1 2 3 4 5 6 7
L A Plain concrete 15.330 1.0000 15.330 1.0000
2. D1 FRC-15~0.75 15.500 1.0110 15.388 1. 0072
= D2 FRC-20-0.75 15.900 1.0371 15.452 1.0289
4. D3 FRC-25-0.75 16.200 1.0567 15.490 1.0458
3. D4 FRC~30-0.75 15.750 1.0270 15.517 1.0150
0.9915 15.536 0.9783

6. D5 FRC-35-0.75 14.200
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Table 6.6

COmDreasxve Strength of San Fibre Reinforced Concrete (Fibre 1.00%)

S.N. Test Type of apeci- Cube Cube Cube Cube
Series mens strength strength strength strength
N/mm* ratio as per TEST
equation -~-----
; 5.6 THEORY
N/mmz
1 2 3 4 5 6 7
l. A Plain concrete 15.330 1.0000 15.330 1.0000
Z. Et FRC-15-1.00 13.800 0.9001 15.406 0.8957
3, 2 FRC~20-1.00 14.25 0.9290 15.492 0.9198
q. E3 FRC-25-1.00 14.50 0.945 15.544  0.9328
3. E4 PROC=30%1 .00 14.05 0.9165 15.579  0.9018
6. ES FRC-35~-1.00 13.40 0.8741 15.603 0.8588
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Table 6.7

Compressive Strength of San Fibre Reinforced Concrete (Fibre 1.25%)

S.N Test Type ot gpeci Cube Cube Cube Cube
Series mens strength strength strength strength
N/mm* ratio as per TEST
equation
5.6 THEORY
N/rnm2
1 2 3 4 5 6 7
1. A Plain concrete 15.330  1.0000 15.330  1.0000
2, Fl FRC=15=1.25 12.850 0.8382 15.426 $.8330
3. 2 ERE=20-4 .25 13.250 0.8643 15.534 0.8529

% F3 ERC 251,225 13.440 0.8761 15,599 0.8615

3. Fq FRC-30-1.25 13.020
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Table 6.8

Compressive Strength of San Fibre Reinforced Concrete (Fibre 1.50%)

S.N. Test Type of speci- Cube Cube Cube Cube
Series mens strength strength strength strength
N/mm* ratio as per TEST
equation
5.6 THEORY
N/mmi
1 2 3 q 5 6
i, A Plain concrete 15.330 1.0000 15.330 1.0000
<. Gi FRC-15-1.50 11.850 0.7729 15.446 0.7671
3. G2 FRC-20-1.50 12.240 0.7984 15.575 D.7858
1. G3 FRC-25-1.50 12.510 D.8160 15.653 0.7972
5. G4 FRC-30-1.50 12.050 0.7860 15,908  0.70672
0.7521 15042 0.7324

6. G5 FRC-35-1.50 11.530
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Table 6.9

Hodulus of Elasticity of San Fibre Reinforced Concrete

Test Type of specimnen .Cyiindrical 33% of Maximum
Series gtrength compregsive
N/mm2 gstrength N/mm2
2 3 q - — --é

A Pladn conerete 1z.26  s.058
B2 FRC-20-0.25 11.55 1.%66
C2 FRC 20 0.50 12.50 5.032
D2 FRC-20-0.75 12.56 5.247
B3 FRC~25-0.25 12,23 5.049
€3 FRC 25-0.50 13.02 5.148
D3 FRC-25-0.75 13.13 5.346
B4 FRC-30-0,25 12.30 4.950
C4 FRC-30-0.50 11,85 5.016
12.28 5.197

D4 FRC-30-0.75 .



Strain at 33%
O maximum

Streggyg

(Percent )

0248
U248
U256
0272
0256
0261
-0278
-025¢
0252

-Q270

x 104

Table 6.9 (Continued)

Secant modulus
at 33% maximum
stresgss N/mm2

7
1.9750
2.0602
1.9656
1.9290
1.9722
1.92500
1.9230
2.0204
1.9900

1.9240

Modulus of
elasticity as
per equation
5.8 N/mmleﬂﬂ

8
1.975
1.970
1.9663
1.9625
1.9709
1.966%
1.9629
1.971t5
1.9671

1.9631
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ETeat

E'l‘heory

. 0000
.0162
.909¢6
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28 DAYS COMPRESSIVE STRENGTH N/ mmZ

°l« OF FIBRES
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A—4  050°%

o—o 0.25%

—= 1.00°.

L—4A 1.259%

0—0o 1.50%
17.0F
16.0 I
15.0 B
14.0 - //\
1.0k A/A/O\
12.0 - /\]
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FI6.6 2 EFFECT OF LENGTH OF FIBRES ON CUBE COMP

SSIVE STRENGTH
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-
e&—® PLAIN CONCRETE
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FAILURE.
PLATE 6.1 PLAIN CONCRETE CUBES AFTER
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PLATE 6.2 SAN FIBRE REINFORCED CONCRETE CUBES
AFTER FAILURE.
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CHAPTER VII
TENSILE STRENGTH

Io this chapter, split tensile strength, flexuratl tensile

Strength, deflection in flexural tension and energy absorption

Capacity of san fibre reinforced concrete have been presented.

e, 1 Split Tensile Strength (Indirect Tensile Strength)

Split tensile strength of the San reinforced concrete were

determined, Regults were obtained on cylindrical specimens (150

Mm  dia and 300 mm long), tested after 28 days of continuous

Curing in water.

Resultsg of the split tensile test have been presented in column 4
“Y the table 7.1 to 7.6. Each of these table represents split

the fibre concrete for a particular

tensile strength of

pepcentage of fibre concentration for all the five fibre lengths.

Each results represents the average of 3 specimens.

?:1.13 Diacuagsion of Test Results

(a) Effect of Volume Percentage of Fibres

is an increase in

T
&bl Fai] to 7.6 clearly show that there
“trength, as the percentage of fibres is increased upto 0.75% for

but beyond 0.75% of the fibre content,

ali
the fibre lengths,
also clearly

Spl; .
et tengile strength starts decreasing as 1t 18

ey |
dent from Fig. 7.1.



150
(b) Effect of Fibre Length
For all i
the gix volume percentages of fibres split tensit
[R] €
Stren ! i
@th increases for fibre length of 15 to 25 mm but for fibre

lengt : :
Bth of 30 to 3% mm, strength startg decreasing.

An ia ¢l . y 4
ear from Fig. 7.2, tor the fibre of all lengths, maximum

split i
tensile strength occurs only at 0.75% of fibre content The

Maxim [ [ i
um increage in split tensile strength is 19.03% at 0.75% of

the ¢ip ;

e content and 25 mm fibre length. The maximum decrease in
8plit ¢ : :

ensile astrength is 17.33% at 1.5% fibre content and 35 mm

fib[‘e length,

(c
) Mode of Fallure and Crack Pattern

The :
lncrease in the percentage of fibres affected the type of
fai) ;
Ure in the material. The plain concrete specimensg falled in
the
mode in the senae that crack was nearly

typical planer

Cent
ral and almost vertical joining top and bottom of the
The

8pecj ;
imen, jndicating characteristics of a brittle material.

!ail
ur : .
€ pattern of the fibre concrete specimen was not same as

crack was not as

that
gpecimens and the

°f plain concrete
Véoa,
¢ : . . .
al ag in casgse of plain concrete specimens. Fhe fractured
aur.t-
a
€& of the cylinder showa that the fallure of the fibrous

8pec
imens was due to fibre pull out in general. Plate 2.1 & Pae

reinforced concrete

shoy
the crack patterns in plain and fibre

Cylg
Nderg reapectively.
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7.1.2 Comparison with Theory
The experi
perimental values of the split tensile strength of fib
ibre

concrete can
be compared with the values obtained from the
ory

based on law of mixture.

Th i
e following equation can be used here

o
Sct = Smt Vm + n f Sf VI ..

Sct and
Smt as defined earlier are the tensile strength of the

composit
e . .
and matriX respectively in indirect tenasion

Vi
and
VE are the volume fraction of the matrix and fibres

respectively.

Sf i
iz the tensile strength of the fibres.

n .
is length efficlency factor
H
is fibre orientation factor

gented In table 5.1 and 5.2

Val
ues of n and f have been pre

Tespectively.

The
values of the split tensile strength of the fibre composite

ag .
(=814 .
ven by equation 5.7 are shown in column 6 of tables 7.1 to

7.6

7.6 jndicates that

A
Stud

Y of the column 7 of tables 7.1 to
ength values, obtained

®Xper;
im
ental results and split tenaslile 8tr

t upto fibre content of

from
. equation 5.7 are in good agreemen
.75%

] But beyond 0.75% of the fibre content, experimental and
th

&quf in accordance with

the
Ora
tical values do not 38ree pecause
) L]
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€quation 5.7 split tensile strength should increasgse ag percentage

3 . ;
t fibres increases, it in fact decreagses due to lumping ir

concrete, which 18 more prominent after 0.75% of the fibre

content.

7.2 Flexural Tensile Strength (Modulus of Rupture)

As  seen earlier, results of the aplit tensile strength of the

tibre concrete increagses upto 0.75% of fibre content and beyond

this the strength starts reducing. Also suitable lengths of

fibres are gseem to be 20 mm, 25 mm and 30 mm.

So, for investigating the effect of fibre on flexural strength of

percentages

the composite, specimensg were cast wlith three fibre

viz., 0.25% 6. 50% and 0.75% and each with three fibre lengths

only viz. 20 mm, 25 mm, and 30 mm.

The experimental results of the flexural strength of the plain

Concrete and fibre concrete are presented in Table 7.7.

7.2.1 Digscuession of Test Results

firat cracking strength,

Table 7.7 shows load at firat crack,

load at Complete failure, and ultimate failure Stx‘ength.



(a) Influence of Fibre Reinforcement on the on-get of
Flexural Cracking
The influence of fibres on the on set of flexural cracking and on
the wultimate strength is shown in the fig 7.3 which contains

plots of first crack strength ratio and ultimate strength ratio

(first «crack / ultimate strength of fibre concrete to that of

pPlain concrete) against volume percentage of fibres. These

Curveg show that addition of natural san fibre increasgsesg the

Strength marginally at the on-set of flexural cracking of the

Concrete matrix.

For a composite containing 0.25% fibres, the increase in (first

Cracking atrength is 2.12%, 5.11% and 4.55% for fibre lengths of

20 mm, 25 mm and 30 mm respectively.

In Case of composite having 0.50% of fibres, there {18 an
| % % and 6.96%,
improvement in first cracking strength of 5.00%, 8.62% an

'or fibre lengths of 20 mm, 25 mm, and 30 mm respectively.

. ; of

Similarly for a composite with 0.75% fibreg, an increase
” : d
8.565% 10.71% and 7.75% in the first cracking strength is foun

3

Yith fipre lengthe of 20 mm, 25 mm and 30 mm regpectively.
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(b) Influence of Fibres on Ultimate Flexural Strength

The effect of aan fibre on Gltimate flexural strength is shown in

Fig. 7.3,

For a composite of 0.25% fibre content increage in ultimate
Strength ia 5.90%, 7.33% and 7.01% for fibre lengths of 20 mm 25

mm and 30 sm respectively. For 0.50% fibre content the

corresponding increase of 9.25%, 10.18% and 8.00%, and for 0.75%

fibre content 11.79%, 12.78% and 8.60%. respectively.

(€) Relation Between Flrat Crack and Ultimate
Flexural Strengtha

of fibres on the ratio of the ultimate to flrst

The influence

¢track modulus of rupture for plain and fibre reinforced concrete

is shown in Column 10 of table 7.7. UWith the addition of fibres,

the ultimate to first crack flexural strength

the ratio of
i“Cl‘eases marginally for all fibre lengths. The maximum value of

thig being 1.0404 at fibre volume percentage of 0.50 and fibre

length of 20 mm.

(d)  Mode of Fallure and Crack Pattern

inatantaneously indicating

T ;
fe Plain concrete aspecimens fajiled

The fibre concrete specimens

t .

he brittleness of the material.
failed with ample warning indicating the ductility of the
material’ The fibre reinforced gpecimens showed sguffictent



resi X ; . .
esistance to complete failure indicating thereby sufficient

flexural stiffneas.

The width of flexural crack in case of fibrous gpecimensg was much

smaller as compared to plain specimens at maximum load. Almost
all the beams developed one major crack near the centre of the
wag observed that the cracks did not travel

Specimens. It

exactly vertically but vith slight change in direction. Plate 7.3

shows the crack patterno of plain concrete beam where as plates 7.4

to 7.6 show the game for fibre reinforced concrete.

7.2.2. Comparison with Theory

Experimental values oOf the flexural tensile strength of the fibre

ueg based on law of mixture.

conerete can be compared with the val

The following equation can be used

Ser = Gmt Ym & 6 £ BF VE  s.a,orgaiasonens

As indicated earlier, et and Smt are the flexural tengile

Strength of the composite and matriX respectively.
Vm and Vf are the volume fraction of the matrix and fibres

Cespectively.

& .
©f ig the tensile atrength of the fibres.
Lency factor and fibre orientation

N and f are the length effic

factor respectively.
lues of D and f respectively.

lables 5.1 and 5.2 gives the va
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I'he valuea o1 the flexural tensile strength of the fibre
composite as obtained from equation 5.7 are shown in column 1l of
table ¢ Column 12 of table 7.7 indicates that experimental

values and values given by equation 5.7 are in good agreement.

The maximum deviation is 4.98% for flbre concentration of 0.75%

and fibre length 20 mm.

7.3 Deflection in Flexural Tenslon

Deflections were measured at every 1000 N increment until the

Ultimate failure occurred. Ultimate crack deflections are ligted

in column 4 of Table 7.8. Each value is the average of three

S8pecimens.

The deflectlon Ilncreases more or lesas linearly as the percentage

of fibres varies from 0.25 to 0.75 percent for each of the three

fibre lengths viz. 20 mm, 25 mm, and 30 mm. The maximum value of
obtained

the deflection corregponding to the ultimate load, was

length 30 mm and volume

for the composite having fibres

Percentage 0.75%. The load deflection curve for plain and flbre

Concrete are plotted in figures 7.4 to 7i: 6



7.4 Energy Absorptlion Capacity (Fracture Toughnesas)

The area under the load deflection curve of a flexural specimen
189 a measure of energy absorption capacity of the gpecimen, This
drea may also be considered to give a measure of ductility and

indirectly the fracture toughness of the material.

The energy absorption capacity as obtained from the area under

the load deflection curve for all flexural specimens is listed in

column 5 of table 7.8. and column 6 gives the ratio of the energy

absorption capacity of the fibre reinforced concrete to that of

Plain concrete.

Fig 7.7 ghows the variation of fracture toughness ratio with

Volume percentage of the fibrea. It can be aseen that the minimum

eénergy absorption capacity of 400.00 N-mm occurs for plain

Concrete mix and it increases linearly with fibre volume. The
highegt energy absorption capacity of 1235.30 N mm occurred with

8 fibre volume percentage of 0.75 and fibre length of 30 mm.
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Table 7.1

Tensile Strength of San Fibre Reinforced Concrete (Fibre

IesF Type of speci- Split Split Split Strength
Deéeries mens tenaile tensile tensgile TEST
strength strength strength pmameny
N/mm? ratio as per THEORY
Equation
5.7
N/mm2
2 3 4 5 6 7
A Plain concrete 1.6970 1.0000 1.6970 1.0000
B1 FRC-15-0.25 1.7500 1.0312 1.7500 1.0000
B2 FRC-20-0.25 1.8200 1.0724 1.846¢6 0.9855
B3 FRC-25-0.25 1.8800 1.1078 1.7840 1.0538
B4 FRC-30-0.25 1.8250 1.0754 1.7934 1.0176
7550 1.0341 1.7992 0.9755

B5 FRC-35-0.25 1. ;
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Table 7.2

Split Tensile Strength of San Fibre Reinforced Concrete (Fibre

0.50%)
S.N. Test Type of speci- Split Split Split Strength
Seriea mens tengile tengile tensgile TEST
strength strength gstrength -~----
N/mm2 ratio as per THEORY
Equation
5.7
l\J/mm‘a
l 2 3 1 5 6 7
L. A Plain concrete 1.6970 1.0000 1.6970 1.0000
2. &1 FRC-15-0.50 1.8250 1.0754 1.8030 110422
3, €2 FRC-20-0.50 1.9000 1.1196 1.8466 1.0289
q. ¢3 FRC-25-0.50 1.9500 1.1490 1.8720 1.0416
5. o FRC-30-0.50 1.8800 1.1078 1.8890 0.9952
6 C5 FRC-35-0.50 1.8000 1.0606 1.9020 0.9463



Table 7.3
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Split Tensile Strength of San Fibre Reinforced Concrete (Fibre

0.75%)

St Ne Test

Type of speci -

Series mens

l 2
! Yy
2. D1
3. D2
4. D3
5 D4

Piain concrete
ERC=15»0. ¥5
FRC- 20-0.75
FRC=25-0.15
FRC--30-0.75
FRC=35~0; 75

Split
tensile
strength
N/mm2

Split Split Strength
tengile tensile TEST
strength astrength

ratio as per THEORY

Equation

5.7

N/mrn2

5 é 7

.0000 1.6970 1.8000
.124°9 1.8560 1.0285
L1667 1.9218 1.0302
.1903 1.9607 1.0302
. 1490 1.98460 0.9818
.0930 2.0000 0.9275



Split Tensile Strength of

1.00%)

S.N. Test

Table 7.4

Type of speci -

Series mens

1 2
I A
2. El
3. E2
i E3
3 Eq
8 ES

3
S ——
FRC~15-1.00 1.
FRC-20-1.00 L.
FRC~25-1.00 L.
FRC~30-1.00 1.

San Fibre Reinforced Concre

161

te

(Fibre

Split Sptlit Split
tensile tensile tensile
strength strength strength

N/mm2 ratio ag per
Cguation
5.7
N/mm?
4 5 6
.6970 1.0000 1.6970
7240 1.0159 1.9100
7800 1.0489 1.9970
8150 1.0695 2.0490
7550 1.0341 2.0830
6800 0.9890 2.1080

S

1.

0.

trength
TEST

THEORY

2
G000
9026

.8913
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1.25%)

(5}
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Table 7.5

Tensile Strength of San Fibre Reinforced Concrete (Fibre

Test Type of speci Split Split Split Strength
Serieg mens tengile tensgile tensile TEST
strength strength strength =
N/mm?2 ratio as per THEORY
Equation
LI
N/mm2
2 3 4 5 6 7
A Plain concrete 1.6970 1.0000 1.6970 1.0000
F1 FRC-15-1.25 1.6290 0.9599 1.%630 G.8290
F2 FRC-20-1.25 1.7030 1.0030 2.0710 0.8223
F3 FRC-25-1.25 1.7440 1.0276 2.1360 0.8164
F4 FRC-30-1.25 1.6670 0.9821 2.1790 0.7650
F5 FRC-35-1.25 1.5800 0.9310 2.2090 0.7152



Table 7.6

Split Tensile Strength of San Fibre Reinforced Concrete (Fibre

S.N. Test

Series mens

i -
2. G1
3, G2
g G3
5 G4

Type of speci~ Split Split Split Strengt
tensile tenaile tensile TEST
strength atrength strength -----
N/mm2 ratio as per THEORY

Equation
5.7
N/mm2
3 | 5 6 7

Plain concrete 1.69%970 1.00060 1.6970 1.00600

FRC-15-1.50 1.440G0 0.8485 2.0170 0.7139%

FRC-20-1.50 1.5250 0.8980 2.1460 D.7106

FRC-25-1.50 1.5760 0.9286 2.2240 0.708¢

FRC-30-1.50 1.5050 0.38¢68 2.2760 0.6617%

FRC-35-1.50 1.4030 0.8267 2.3130 0.6065



Table 7.7

Flexural Tensile Strength (Modulus of rupture) of San Fibre

Reinforced Concrete

S.N. Test Type~of gpeci Loa;m" First Firat Ultimate
Series mens at first crack crack failure
crack strength strength Load
N N/mm2 Ratio N
: é. B ; - m_-._“M_H_M_Nﬁ"“_B_h__ﬁ_"__;__n____ 7
z % Tieds comeesis  @0%5.30 89930 50080 €21 40
2 B2 FRC-20-0.25 8400.00 3.3600 1.0212 8712.67
3 B3 FRC-25-0.25 8661.75 3.4647 1.0511 8835.36
4 B4 [FRC-30-0.25 8600.00 3.4400 1.0455 8810.25
5 C2 FRC-20-0.50 8636.78 3.4547 1.0500  8994.00
6 C3 FRC-25-0.50 8934.66 3.5738 1.0862 9070.50
/ C4 FRC-30-0.50 8793.09 3.5182 1.0696  8887.25
8 D2 TFREC-20-0:75 8934.13 3.5719 1.0856  9203.96
? D3 FRC-25-0.75 9069.79 3.6279 1.1071  9288.00
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Table 7.7 (Continued)

Ultimate Ultimate Ultimate Ultimate

Ultimate
Cracking Cracking Crack St Cracking %trength
Strength Strength = ---~---~-- Strength Test
N/mm? Ratio First crack as per = ~—-----
St Equation Theory
(8/5) 5.7 N/mm? (8/11)

s 9 10 11 12
3.2930 1.0000 1.0000 3.2930 1.0000
3.4844 1.0590 1.0370 3.3641 1.01357
3.5341 1.0733 1.0211 3.3770 1.0465
3.5241 1.0701 1.0235 3.3857 1.0408
3.597¢ 1.0925 1.0404 3.4352 1.0472
3.6282 1.1018 1.0133 3.4611 1.0482
3.5565 1.0800 1.0097 3.4784 1.0224
3.6812 1.1179 1.0297 3.5063 1.0498
3

7152 1.1278 1.0186 3.5452 1.0479
5763

e e



Table 7.8

Energy Absorption Capacity of San Fibre Reinforced Concrete

S.N. Test Type of specimens Deflection Energy Ratio of

Series mm Absorption Energy
Capacity Absorption
N om Capacity
: . o 3 —— ._4_""_~___,ng_____~____ ;-_"".
i - A Plain concrete oluaiz_ | éoﬁ.oov‘ | 1:0000
z B2 FRC-20-0.25 0.1550 637.40 1.5935
3 B3 FRC-25-0.25 0.1365 736.37 1.8409
4 B4 FRC-30-0.25 6.1300 650.78 1.6250
5 C2 FRC-20-0.50 0.1575 833.00 2.0825
8 3 FRC~25-0.50 0.1625 956 .00 2.3900
. of FRC-30-0.50 0.1725 900.00 2.2500
8 D2 FRC-20-0.75 0.1750 950.00 2.3750
? D3 FRC-25-0.75 0.2000 1200.0 3.0000

H D4 FRC-30-0.75 0.2150 1235.3 3.0882
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C—20 15mm
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EIRST CRACK STRENGTH RATIO
FIBRES LENGTH
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o &——4  25mm
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®e—® PLAIN CONCRETE

bA—4 FRC-20-0.25
11000 o—o0 FRC-20-050

=—=8 FRC-20-0.75

9000} >

7000¢

5000}

3000}

1000 | 4

0 ! :

0.1 0.2
DEFLECTION IN mm

F16.74 LOAD-DEFLECTION CURVES FOR BEAMS |N
FLEXURAL TENSION
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—8 PLAIN CONCRETE
c—O FRC~-25-0.25
11000} A—4 FRC-25-0.50
=—= FRC-25-0.75
S000F 5
()
7000}
[
L]
S000}
]
3000 |
1000 &/
| u
0 | |
0.1 0.2

DEFLECTION IN mm

MG.75 LOAD-DEFLECTION CURVES FOR BEAMS IN FLEXURAL
TENSION
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Cc——o0 PLAIN CONCRETE
&—o FRC - 30-0.25
11000+ A&—3& FRC - 30-0.50
=—=a& FRC - 30-0.75
900C |-
L4
7000 |- e
5000} (0
( )
3000} ®
/
1000} 4
0 | I ! .
0 0.1 0.2

DEFECTION IN mm

"16.76  LOAD-DEFLECTION CURVES FOR BEAMS IN FLEXURAL
TENSION
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FIBRES LENGTH
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A—4 25 mm
e—o 30 mm
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3 T
4.0 |- <
S
DEFLECTION—
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e —400 mm
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15k
1.0 ' ' 0.75
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VOLUM
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FIG
77 FRACTURE TOUGHILTL |/ re NsION
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PLATE 7.1

CRACK PATTERN OF PLAIN CONCRETB
CYLINDER AFTER SPLIT TENSION.

~~



PLATE 7.2 CRACK PATTERN OF SAN FIBRE RAINFORCED
CONCRETE CYLINDERS AFTER SPLIT TENSION.
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PLATE 7.3 CRACK PATTERN OF PLAIN CONCRETE BEAH
AFTER FLEXURAL TENSION.



17

AN FIB
BRE 0.25% ) AFTER

pLATE 7.4 CRACK pATTERN OF S
CONCRETE peaM ( FI

FLEYURAL TENSION

-

RE REINFOR CED



178

FIBRE REINFORCED
50% ) AFTER

PATTERN OF SAN
CONCRETE BEAM ( FIBRE O.

FLEXURAL TENSION .

PLATE 7.5 CRACK
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PLATE 7.6 CRACK PATTERN OF SAN FIBRE REINFORCED
CONCRETE BEAM ( FIBRE 0.75% ) AFTER

FLEXURAL TENS ION.
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CHAPTER VIII

STRENGTH OF FIBRE REINFORCED CONCRETE SHEETS
In Chapter 6 and Chapter 7, the effect of san fibre on various

strength properties of concrete have been presgented. In  this

chapter, similar effecte in regard to cement concrete sheetsg

under static and impact loading have been presented & discussed.

8.1 Static Strength Test

Plain and fibre reinforced cement concrete sheets of size 300 mm
X 300 mm x 30 mm were used for the test. The sheets were
This

Subjected to atatic loading in a Universal testing machine.

teat was performed on plain concrete sheets and sheets reinforced

25 mm and optimum

Wwith fibres of optimum length viz.

0.75%. by volume. Load deflection

Percentage of fibre viz.

values are shown in table 8.1. Each value is the average of the
values obtained from three gpecimens.
8.1.1 Discuasion of Test Reasulta

values

The 1load deflection curve (which is based on an average
sheets with

from three specimens) of the fibre cement concrete
0.75% fibre content is presented in Figure &.1. The load
deflection curve shows two distinct slopes, linear up to a load
and upto failure. Thisg can

of 2.8 KN and non-linear beyond this,
n of cracks and slippage of fibres.

be attributed to the formatio
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lt ma I}e t
y [‘Oted hat |
r‘elﬂfol’" d
(&d

concrete
sheetg i
improved by 15% to 20% over plain
concrete

sheetg .

I‘laln CcCO h
nNcrete s e i W a Wa |
t 's] v rn ng

I.dut' to {
.

Introd i
uction i
of i
fibres in the concrete increases ductility

PoOsition
: crack forms along the center line parallel to the

SUpportin
g edges. A close examination of the fractured FRC

is more at the center of the

Sheeg
ts show that the cracks width

there by indicating

Sheeat 4
8 and it decreases towardg the edges,

bong failure.

8,
- Impact Strength Test
the Falling Ueight

Impact dtrength teats were carried out by
Method, which was wused to determine the comparative i1mpact
Fesistance of the plain and fibre reinforced c¢ement concrete
eight 67.0 N (test set

She
ete. In thig test a métallic piece of W
so that the

up
shown in fig. 3.1) was allowed to fall freely
The height through

impa
¢t occurred at the center of the sheets.

weight fell when the sheet got fractured noted.

wasg

Uhich
the
o be proportional to the height from

In
Pa
€t gtrength was taken t

to be dropped on

the sheets to cauge

the weight had
sheets and

d for plain concrete

u ;
re. This test was performe
25 mm

ehe ;
ety Bl nforwed i ih San fibres of optimum length viz.
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mixed with cement concrete in there different proportions VZ .

0.25%, 0.50%, and 0.75%. Table 8.2 presents the i1mpact strength
Fesults. Plate 8.1 shows the crack pattern of plain concrete
Sheet, and plates 8.2 to 8.4 show crack pattern of san fibresg

'einforced concrete sheets.

8.2.1 Discussion of Teat Results
lmpact gtrength results of plain and fibre reinforced concrete
Sheetg have been presented in table 8.2. Fig 8.2 shows the plot

betwean impact strength ratio and percentage of fibreg. [t 1is

¢lear that presence of San fibres increases the impact gtrength

of

the plain cement concrete sheets by 11.5%, 18.44% and 26.34%
Feg ;
*apectlvely for 0.25%, 0.50% and 0.75% fibres in cement concrete

by Volume .

fhe important obgervation, which was made during the impact
atrength test was in regard to the mode of failure. In case of
Plain “ement concrete sheeta failed suddenly where as in casge of
Fpe

e Sheets failure was not sudden, because of fibres being
B

ulled Out of posltion with little tensile force caused by the
“Dact Hovaver. the fracture occurred along the center line in

b
°th Casag
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vith San Fibre of Length 25mm an

Load in KN

0.20

0.40
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1.40
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1.80

2.40
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2.80
3.00
3.20

3.40
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Table 8.2

Impact Strength of San Fibre Reinforced Concrete Sheets

2. N. Teust
Series

1 SAa

2 SDB3

3 5C3

Types of

apecimens

Plain Concrete

FRC-25-0.25

FRC-25-0.50

FRC-25-0.75%5

Average Impact
Height Strength
of Fall in KN-m
in meter
0.3166 0.02184
0.3533 0.0z24237
0.3750 0.02558
0.4000 0.27600

21lmprovement
Over plain
Concrete

1. 59

18.44

26,34
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!
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|
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O LENGTH OF THE FIBRES = 25mm
S 13}
e
&
O
—
<
x 1.2}
5 &
‘,—
O
=
Lad
o
o
™ 1.1 F
< CURVE IS AVERAGE OF
= THREE SPECIMENS
| | |
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VOLUME OF FIBRES ( PERCENT)

IMPACT STRENGTH RATIO Vs VOLUME

FIG.8.2
PERCENTAGE OF FIBRES.




PLATE 8.1

CRAGCK PATTERN OF PLAIN CONCRERE SHEET
AFTER IMPACT FAILURE.
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gAN FIBRE REINFORCED

FIBRE 0.25% )

pATTERN OF
g SHEBET (

TMPACT FAILURE.

PLATE 8.2 CRACK
CONCRE
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IBRE REINFORCED

RN OF SaN F
ET ( FIBRE 0.50% ) AFTER

PLATE 8.3 CRACK PATTE
CONCRETE SHE
IMPACT FAILURE.
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CHAPTER 1%

FLEXURAL BEHAVIOUR OF REINFORCED CONCRETE BEAMS

In this chapter behaviour of conventionally reinforced concrete

beams further reinforced with fibres, and plain concrete heams

reinforced with twines (made of fibres) have been presented.

9.1 Flexural Behaviour of Conventlonally Reinforced Fibre

Concrete Beams

The test regults in respect of the conventionally reinforced

fibre concrete beams have been presented in tables 2.1 to 9.8 and

tigures 9.1 to 2.14.

2.1.1 Strain in Tension Steel

The gtrain in the conventional tensile reinforcement wWas measgured

a mechanical gauge (whittmore gauge) with the help o©f gteel

The length or

by

studs welded to the bars at the central section.

the studs was kept equal to the thickneass of side cover to the

tengile reinforcement s$o that after casting the beam, the gauge

points appeared on the surface. The measured values of the

straina for under relnforced and over reinforced beams are listed

in the column 4 of table 9.1 and 9.5 respectively.
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9.1.2 Strain in Concrete

The strains in the concrete were measured at the central sgectjon

the depth of the beams. The maximum strains developed ipn

er of the beams are listed in column 14

along
the extreme compression lay

of the tables 9.4 and 9.8.

(a) Under-Reinforced Beams

lues in the extreme compression

The average flexural stran va
layer indicate that the average penultimate atrain in
conventionally reinforced concrete beams Was equal to 0.3200
Percent. The strains ip the reinforced fibre concrete beams
EXceeded the straind in the conventionajly reinforced concrete
wvithout fibres DPY 39.06% to 66.56% depending on the wvolume
the fibres: The maximum increase of 66.56% was
volume percentage of 0.75.

pPercentage Of

obtained in beams ha

depth at central

reinforced fibre

i | along the

Profil { stralin distrxbutxon
es o

d concrcte beams and

reinforce
ges are shown in figures 9.3

Section of the
ata

tion alons fhe depth ‘i's lil’lear tor
u

t0 9.4. The astral

almogt all the sté@

ed Beams
1timate flexural compressive

(b) Over-Relnforc

d penu
agufe
The average values of me or of the over reinforced
pesalVe La¥
comp : : .
Strains 6 extreme The gtraing in the reinforced
cent-

Y
Concrete beamg wWas 0
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{i < 9 o
bre cancrete beamsg Lncreages ¢rom 75.9%94% to 13
= . 4-32
percent

the volume percentage ol fibres Th
E e maximu
m

depending upon

percentage of 0.75

e
atraar i i i
, distribution at central section of the reinforced
ced concr
ete

re concrete beams at various load
ading

b :
eamg and reinforced £ib
stageg are shown in flguréé 9.7 to 9.10.

.
9.1.3 Cracklng And Ultimate Load

nforced Beams

(a) Under-Rel
B dot»rmined by Vv

isual inspection Fot

at crack wa

The load at fiIr
first cracking load
was

all the beams marglnal increasé in the
max imum increasé of 9.60% vas obtained for bea
ms

obgerved. The
The firsgst cracking load
s

re |jated In columns 4 and & of vable Fid.

and their ratlios @
Similarly, the yltimat® fallure joada and their ratios are given
?
in the columns ¢ and 7 of theé table 9.2. The maximum increase of
r beam3 Wwith fibre volume percentage of

11.56% was Obtﬁi“ed to

0.75.
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(b) Over-Reinforced Beams

All 3
the r61nforced flb[e Concf‘ete beams shoued Onl'!f'
mar gi[lahl

tncreas i i i v ce
e in first cracking load over reinfor d conc T
rete be
amyg .,

was for beamg wlth fibre wvol
ume

hhe max imum increase of 3.84%

per Celltage C)f 0 75 Ttle f' ra lCiII ca | >
Iat:os a
e

nd 5 of the table 9.6. Ultimate fail
llure

ligted in c¢olumng 4 &
loads and their ratiod are given in columns 6 and 7 of th
e table

9.6. The maximum increase of 5.14% was for beams with
fibre

volume percentage of D.75

rete beams have higher increase
at

Under-reinforced (ibre coORC
t of over-reinforced fibre concret
rece

load than tha

firgt cracking
with ultimate failu

beans, Simiyar i@ The case BiEs SR

9.1.4 Cracking And yltimate Moment

(a) Under—Reln(orced Reams
The momentsd AL (Lrat'CFaCking and their catio are listed in the
¢ the +able 9.3. The maximum increase of 9.6%
o ” 6%

¢columns 4 and 5

pre volumeé

Was obtalned fOF £l
1£sted in columns 6 and 7

elr ratios ars

g and th
{.56% was for beams with

Ultimate moment
of table 9.3
firat crack and wultimate

centag®
pres have been plotted in

fibre volume perl
fi

moment ratio VS«VOIume

fig. 9.1 and 9-2-



(b) Over-Relnforced Beams

Ultimate moment and their ratlos are given in columns 4 and 5 of

table 9.7. Maximum increase of 5.14% was for flbre volume

percentage of 0.75. The first crack and ultimate moment ratio Vg

volume percentage of fibre has been plotted shown in fig 9.1. and

Pl

9.1.5% C(Curvature

(a) Under-Relnforced Beams
The uyltimate curvatures and their ratlos are listed in columns 6
> sature increasea? vith increase in s
and 7 of table 9.4. Curvat
; i ecase in curvat .

i The max imum incr —_— o
Percentage of fibres.
oncrete peams L8 77.68% over Sebnforeel
c O -

reinforced fibre

Concrete beams.

8
(b) Over-Relnf°fc°d Beas :
4 their ratios are pregsented in the

an
The yltimate Cvaa‘ures
+able 9 8

columns 6 and 7 ©F
in reinforced fibre contrete

The maximum inct

beamg js 129.55%
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1§

. TN Moment Curvature Relationaships

(a) Under-Reintorced Beams
presented ln

ots have been

-

e L .
eXper imental moment curvature pl

figure 9 11,

It 19 clear from the fig 9.11 that even though the difference in
the maximum moment carried by the.reinforced concrete beams and
(ibre concrete beams differed little,

that by the reinforced

rete beams exhibited considerably higher

Ceinforced fibre conc
This could be

“Urvatures compared to reinforced concrete beams.
in order to mobilize the same amount of

due to the fact that
the maximum =strain of the

Compreggive force in the concrete,

e would be higher because of the greater ductility

£
tbre concret

©f this material.

(b) Over-Reinforced Beams

t-curvature plot presented in

a have been

The experimental momen

nforced fibre concrete beams

nome"t‘curvatuco relationshxps of ret
°Ver reinforced concrete peamsg shows @& marked difference. Such a
in the curvaturd wil]l only be possible 1f the
ains are large., which la possible

material. The large

large difference

{ibre str

“Xtreme compression

i ure of

bECause of the high dugtlle nat

Cu i the oVer,reinforced flbre concrete beams
rvature changesg 1D
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lead to the conclusion that addition of natural fibreg will

advantageous.

9.1.7 Deflections

(a) Under-Reinforced Beams

Load - deflection plots for reinforced concrete beamgs and

reinforced fibre concrete beams have been shown in fig. 9,13

Upto first crack load, the plots are linear for all the beams

firat crack 1t takes the gshape of a curve It o

After the
Obgerved that though the deflections at last loading GRS

not very large, the beams continued to deflect thus 8iving ample

wWarning before collapse.

(b) Over-Reinforced Beams
Load - deflection plots of reinforced concrete beams and reinforced
~defle

9. ;
fibre concrete beama have been shown In fig 14

k the plots are linear and after-wards take the
crac

Upto fist
continyed

g

Shape f a curve The reinforced flbre concrete beam
(@] =

The deflections at wultimate

deflect before complete failure.

to
rced beams as compared to under

info
failure are smaller in over rein

Teinforced beams.
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9.1.8 (Cracking Characteristics

(a) Under-Reinforced Beams

Reinforced fibre concrete beams showed smaller c¢rack widtl
1S

compared to reinforced concrete beams. [t waa also observed that

there was marginal decrease in crack width as the percentage of

fibres was increased. The number of cracks in almost all the

reinforced fibre concrete beams increagsed as compared i

reinforced concrete beams without fibres.

Number of cracks in the reinforced concrete beams with out fibres

varjied between 11-13. The average spacing between the cracks

varied from 60 to 70 mm.

Number Of cr‘aCkS in the ,-.”‘“"Q[‘Ccd f.‘.bre concrete beaﬂ]s variad
ing between the c¢racks vasiad

average spac

between 11-16. The
from 55 to 67 mm.
(b) OVOF-Reln{orced Beams
Al) 4 fibre concrete pbeams had more number of cracks
the reinforce
with o ]
% ;intorced concrete beams Wt fibBraa.
8 compared t© re )
A ing i0 all the rexntorced fibre concrete beams
Verage crack spacifi |
[ ¢orced concrete peams without fibres.
ors
at ot roln

Vas gmaller to th
te beamd wilth out fibreg

ed coOncre

the
g in between the cracks

Number of crack

Varjed between 13-16-
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m - 3 re1in
Var &(1 m )t) |() ‘Jz: m Numbe[ OE CIaCkS in the

concrete b
eams VArl
ried between 15-19. The aver
age gspaci
ng betw
een

th “pac
e cracks varied from 42 to 54 mm

9.2 F1
exur
al Behavlour of Concrete Beams reinforced
ed with Twi
nes

9.2.1 Tensile Propertles of Twines
Iwines of several diamelers vere made from natural S

These twines were tested first for their tensile st o

rength. Th

teat regultse in reagpect of twines of various diameters hgt o

ave
The stress-strain curves for the tw?een
ines

presented in tableé 9.9

a
re shown in figure 9.15.

einforced with Twines

rete Beamsg R
was decided to use twin
es of

9
.2.2 Conc
1nVestigat10“- it

Fo
r the pregent
his diameter are commerciall
b

cwines of T

2.
95 mm diameterl pecause

avajlable.
wlth three different

Three serles Of conc

Percentage of twines (0 7512 % 0.5467% and 0.4100%) of the

cross-sectional 3r¢% of the peamm, and another three seriea of

Concrete beams WEFE cagt with the three atfferent percentags of

the twines aloné with p.75% of fLRers of length 43 BB On an
cimens was tested and the results sr=’ the

ay
érage three ape

ay
erage of 3 specimens‘
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N . (1 ag menti el -
he S1X serries Of h& b&a 8 ar deSlQnB-te Orled b (6]
[ t m e W

Tagt Sepd ea Typea of Concrete Beams

% of Twines = of Fibres
- 0.7512
- 0.5467
e 0.4100
D3T1 0.7els o
D3Tz ke e
D3T3 oA o

All the beams wWere tested on & g ton universal testing machine.
ctiona were observed at

ponding defle

and the corres
loads until failure.

The Jloads
every 1000 N interval for increasing

cves for «opcrete beams relnforced with
cu

The load-deflectiol
,in{orced with twines and fibreg are

« beam$s L2

8 9.17 reapoctively_

twines and concretl
[ i
Presented in fig 2,16 aoisls %
the pccurrence gf Ubracks A8 U=dElly

8

For the loaded specimen .
Sith vrwvines only. Before the

jnforced

d-deflection curve |la

th& beaﬂ'ls re
leca

Sudden for
4 the
t cral.ko
occurrence of thE o '
ly ateep glope correaponding to the high
1 . tive
inear with & rela uncfacked alpmetit. Ahe apReabopes
{ the
(E1) ©

flexural stiffness®
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of t Lrss i
he tirst wide c¢rack greatly reduces the average f1
eXurat

atiff :
tfneass. Ag the crack grows further, the average fle
rxural

gty . e ‘ i
iffness reduces further. The twineg in the open c¢rack and tt
-hoge

In closge vicinity of it gain strength through increased 1 1
oca

strains. Then the load-deflection curves start rising agali
4 ain

though gradually.

A point is reached at which the registance offered by the twi
ines

at the critical section exceeds that offered in &a potential
1a

gsecond crack region and thus a gecond crack occurs followed b
Y

another drop in the load-deflection curve.

The strength capacity of the beam ig governed by those o f t1
L. e

[t therefore, varies depending on which sta
Qe

critical sections.
of the load-deflection curve of the beam has
been reached. Right

rack, the strength capacity is governed

from the incipience of a ¢
by the critical gsection and gection of potential crack It ha
g 3

strength capacity before occurrence of

been obgerved that the

first crack is slightly higher than that of corresponding plai
n

concrete gpecimens (Fig 9-16) The increase in strength capacit
Y

the occurrence of the first crack to failure isg b
about

betweern

1% to 25% of the maximum precracked strength.

Similacly, in case of beamg reinforced twines and fibres tt
i 1e

increase in gtrength capacity between the occurrence of i
irst

crack and failure is about 18% to 32% of the maximum precr ked
rackec

gtrength.



Table 9.1
STRAIN
Beam Beam
Series Type
2 3
Al Reinforced Concrete
B3U RFC-25-0.25
c3u RFC-25-0.50
RFC-25-0.75

D3U

CRACKING AND FAILURE

Ream
Series

AU

Reinforced

Table 9.2

Beam Type

First Load at
crack firgt
KN crack
5

12.5060 1.0000

Concrete

B30 KRFC-25-0.25
REC-25-0.50 13.2000 1.08560

C3Uu

D3U RFC-25-0.75

12.9500 1.0360

13.7000 1.0960

Load at Ratio of L

202

IN FLEXURAL STEEL (UNDER REINFORCED BEAMS)

Strain at Central
Section measured
by mechanical
strain gauge x10 ©
q
2002.7900
1260.0000
1940.3400

1890.5600

LOAD (UNDER REINFORCED BEAMS)

ad at Ratio of
ultimate load at
failure wultimate
KN Failure

32.0000 1.0000

33.4000 1.0437
34.8000 1.0875

35.7000 1.1156



Table 9.3

el

MOMENT AT FIRST CRACK AND AT FAILURE(UNDER REINFORCED BEAMS)

» . N Eea@ Beam Type Moment Ratio of Moment Ratio of
Series at First Moment at fai- moment at
crack at first lure failure
KN -m crack KN-m
l n - i e o = e -
2 3 a S 6 7
1 AU geinfoiced 2.2500 1.0000 5.7600 1.0066_V
oncrete
Z . B3U KFC--25-0.25 2::3310 1.0360 6.0120 1.0437
3. 3y RFC-25-0.50 2.3760 1.0560 6.2640 1.0875
75
4q. D3y RFC—25—O.75 2.4660 1.0960 $§.4260 1.1156
Table 9.4
STRAINS AND CURVATURE AT CENTRAL SECTION
(UNDER REINFDRCED BEAMS)
: m— sérain gtrain Curva- Curvature
S.N. Beam Beam Type S arcent) Ratio ture Ratio
Series ( x 107
2 e 5 6 7
1 2 3 “1 = - e T
' e 5. syg0 L0000 6.5615 1.000
1 AU Reinforced ’
Concret®
5 1450 1.3906 8.9386 1.3622
2. B3U RFC-25-0.23 :
1690 1.4656 10.0350 1.529%93
3, 3y REC-25-0-50 B
) pEbé 106387 1.7768
0.5330 :

q. D3U

REC-25-0.75
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STRAIN IN FLEXURAL STEEL (OVER

Beam
Series

AO

B30

C30

D3O

CRACKING AN

Table 9.5

Beam
Type

3

20 %

REINFORCED BEAMS)

Strain at Central
Section measured
by mechanical
gtrain gauge x1i0-6

Reinforced Concrete
RFC~25—D.25
REC-25 0.50

RFC~25*U.75

Table 9.6

D FAILURE LOAD

- t patio ©
T e Load &
Bea@ Beam yp ey Load .
Ceres crack firat
KN crack
Z E 4 ?—4 |
. o - 1.0000
AO Reinforced 26.0000
Concreté :
.015'
B30 RFC~25"0-25 26.4000 1
1.0269
€30 ppc-25-0-50 26.7000
84
5--0 75 27.0000 1.03

D30 RFC-2

(OVER REINF

ORCED BEAMS)

Load at Eatio of

gltimate load at

failure wultimate
KN Failure
6 7
70.0000 1.0000

6000 1.0228
000 1.0400

. 60D00 1.0514
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Table 9.7

MOMENT AT FIRST CRACK AND AT FAILURE (OVER REINFORCED BEAMS
)

D30 REC-25-0.75

Ratio of

S.N. Bea@ Beam Type Moment Moment Ratio of
Series at First Moment at fai- moment at
crack at first lure Ea i Twpen
KN--m c¢rack KN-m
2 3 1 5 6 o
AO Reinforced 4.6800 1.0000 12.6000 I.OObb—"-
Concrete
B30 RFC-25-0.25 4.7620 1.0153 12.8800 1.0228
C30 RFC—ZS-D.BO 4.8060 1.0267 13.1040 1.0400
D30 RFC—25ﬂ0.75 4.8600 1.0384 13.2480 1.0514
Table 9.8
STRAINS AND CURVATURE AT CENTRAL SECTION
(OVER REINFORCED BEANS)
- i gtrain Curva Curvature
-N. Beam Beam Type€ SEpa Ratio ture Ratio
Series (Percent) b6 10°°
é 7
............. e y 4.0497 1.00090
0 1 0000
AO Reinforced 0.393
Concrete
cos BT 7.1255 1.7595
B30 RFC-25-0.2° .
g.4071 2.0759%
0 3200 2 0759
c30 RFC-25-0.50 » _— I —
gahe6 2 3432 ? 3



Table 2.9

205

STRENGTH PROPERTIES OF TUINES

Ultimate Tengile

Diameter of Twines >
Strength N/mm#

mm
2 ' 3 -
" ' 220.00
(Single fibre)

1.00 142.69
1.90 120. 32
2% 95 101.89

89.65

3.65

Ultimate Straln
percent

4
.29 1.4
2.02 2.12
266 ~ 2,82
3.34 3:::5:2
3o T2 3

.83



.2} UNDER-REINFORCED BEAMS
Lf
o——->0 25 mm

®)
E OVER-REINFORCED BEAMS
= Lf
! O—-—-0 25 mm
>
: "36OT360T350,
R o
o 11
)
b
W
x
LL -------O
|
- | 0.75
R 0.25
VOLUME OF FIBRES ( PERCENT)

FIBRES ON FIRST CRACK

TAGE OF
FI6.9 1 EFFECT OF VOLUME PESSEST;ONALLY REINFORCED CONCRETE

MOMENT RATIO oF C
BEAMS



ULTIMATE MOMENT RATI(O

205

UNDER-REINFORCED BEAMS
12 (f

C o) 25 mm

OVER-REINFORCED BEAMS

L f
O— — =0 25 mm

«360 360 360 e
mm

1.1
ﬂ———» 1080 mm ‘_,f

1'00 0.25 050 0.75

VOLUME OF FIBRES ( PERCENT)

F1G.9.2 EFFECT OF VOLUME PERCENTAGE ON ULTIMATE MOMENT RATIO
OF CONVENTIONALLY REINFORCED CONCRETE BEAMS
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CONCLUSIONS

The following conclusions can be drawn from the pregent Y—

1. San fibre has fairly good tensile strength of the order of

222.0 N/mm? in natural dry state, and its percentage elongation

and initial tangent modulus are 1.25% to 1.34% and 2.2 x 1p%

N/mm2 reaspectively.

2. San fibre absorbswater almost equal to its own weight at

saturation. It is9 dimensionally stable and is durable in cement

environment.

3. San fibres show adequate strength even under adverse alkaline
like cement mortar and solution of NaOH of pH Valuye 11

medlum
embedded fibres showa no loas of strength

The tensile gtrength of
t th d of 3-14 months, thus indicating clearly that there will

a e en

rength once the fibres are embedded in

be no loss of fibre st
: ificant decrease In the
. also no slgns < e
concrete. There 18
f the fibres when treated in a alkaline medium,.
elongation ©

n fibres reduces the workability of the plain
a

4. Addition of 8
{ibre reduces the compaction factor

n of 1.5% of

concrete. Additio
gy . Slump Of plain concrete also gets reduced after the
by Tz.to 1 ;'fibres. - practically zero for all the five
:TZ:ZLTZDQ:hs peyond 1.00% of the fibre content.
fibre in concrete does mnot affect fen

an
5.  Presgencé of 9



compresgive strength significantly for all fibre lengths and
n upto

flbre content of 0.75%, bul; beyond this percentage of £ib
< ibre

content, the gtrength decreases sharply because of "balling”
and

of the fibres in concrete.

“lumping”

6. Split and flexural tensile atrength of concrete & &1
SC

increased with the addition of san fibres. Both the tensil
£

atrengths increage upto 0.75% of the fibre content, but, beyond
this poth the gtrengths atart decreasgsing. The maximum increase

rength i8 19.03% which occurs wvith 0.75% fibr
* e

in aplit tensile st

of 25 om |ength iP concretée, and the maximum decrease in the

strength ia 17.33./- with 1.5% of fibre content and fibre length
the maximuf inerease (12.78%) in  flexural

s i . Sxmilarly

{a with 0.75% of fibre content and 25 mm fibre

mental cosults of compressive strength, modulus of

7. The experi
h and flexural tensile strength

1it tensile atrengt

elaaticity., ap
obtalned from the

ood agreement with the values
g

are in
on the jaw of mixture. Thisg is

thsorat e W
+he flbre content. The

0.75% of

snly Up®e
alues obtained from theoretical

and the V

however, 80

°Xperimental regull?®
ree peyond 0.75% of the fibre cont it THOGEE &8

do not 88
uld increase asg the

gead nodel gtrength sho
tica ,

model
the

per the theore |
@ {ncreaaed: in reality the stprenth e
fibre percentaa " -

o "bélliﬂB" and "lumpiné problems that arise
decreasing pecausds®



while mixing and compaction.

8. Stress-strain curves of san fibre reinforced concret
€ show

that the ultimate strains at failure are much higher than th
. at of

plain concrete. It is concluded that the ductility of
the

increase in fibre content

concrete increases with the

9. The fracture tcughness of concrete increases with
the

Increase An fibre content. The maximum increase of 208
*  dn

of concrete 1s obtained with the fib
i1ore

fracture toughness

percentage of 0.75 and fibre length 30 mm.

10. The presence of san fibre improves the impact strength f
9]

canerete as FPolfd fron the tests performed on cement concret
e
The maximum increase of 26.34% In the Strength j
S

-3{leets -

cbserved with 0.75%
Howevaear gince in this work, impact strength tests werse el
centages of fibres viz. 0.25, 0.50 —

out only with three per
fibre length (optimum) viz. 25 mm, some more

and only one
t with greater volume bpercentages

an be carrled ou

c
gimilarly some tests can also be performed

experiments

and lengths of fibrea.
ced with fibre megh.

infor
GLEE cenent concrete aheeta reé n
nforced concrete g
e rel £ heets |Ig also

of aan fibf

11. The strength
red to plain concrete shests when

~ ) IB a
found to have improved a8 cony
; Test results indicate ¢
. loading- hat the
tested under 8tatic
 onpoves DY 15 to 20%. Addition of san fibres also
strength imp



enhances the ductility of plain concret asheex 3

12 The addition of gsan fibres
in sonventional
ly reinfo
rced

(Under—reinforced and over -reinforced ) concrete bea
ms has th
e

following effecta on their pecformance

{a) The compregsgive atrain in under.reinforced concrete b
e eams |
18

(¢

increaged by 39.06% to 56 .56%, where as Y
’ Y] e of over-rei
nforced

increases by 75% t 134.32% depending up
on the

concrete beams it

of the fibres. The maximum increas
& N
in

velume percentage
compreaslve atralna in both types of beams ls observed
with

0.75% of fibre py volume.

(b) There is marginal increane In the load carrying capacit
y of

orced concrete beams at flrst crack (3.6% to 9.6%)
+ 0% and

under-reint
11.56%) - Similarly iIn case of ov
er—~

at fallure (4.372 to

reinforced concrete® peams, the increase is 1.53% to 3.84% at
and 2.28% to 5.14% at failure. Under-reinforced

first crack,
higher increase 1

n first crack load and

d conc re‘ g

ultimate 1o@

beams .
with the increase |in FEY ik

(c) The curvature
-r.inforced and over—reinforced

percentag® of flbres in
increase in curvature is 77.68%

he maxlmu® . .
concrete peams - T

~rete beans, and 129% in ¢

[orced cont o
under-roin

case of
a.
concret° peat

These inereases In curvatureg

ovcrfrulniofced
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could be due to the fact that in order to mobilize the
Same

amount of compregsive force , the maximum atrain of the fib
ibre

concrete would be higher because of greater ductility of th
e

material.

(d) The average crack spacing and crack widths get reduced in

both under—reinfOfCed and svaer-reinforced concrete beams SRR

further re;ﬁfgpced with flbres because fibres act as crack

arrester.

in respect of conventionally reinforced

Since the results
concrete beams further reinferced with fibres are based on the
experiments conducted vith only three percentages of fibrea viz.
ibre length i.e. 25 mm. SR

0.25 0.50, g.75 and srily one §
atill repains 8 deflnite acope for some more investigatlona with
ha and percentages.

various8 fibre lengt

: ¢ concrete beams reinforced ~
ts 1n rcnpact o .
13. The regul
e couraging trend, But the :
' n fibres) show &0 L
twines (made of 8a&
( gcop® for regeareh to be carried T
st ikl 190% @
f twines perCQnt;ges of twines, and by adepblng
diameter @ '
placina and anchoring twines

different arran
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