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ABSTRACT - The behaviour of steel reinforced concrete beams having glass fibre layers as
additional reinforcement at different heights of the beam tension side was investigated.
Deflections, longitudinal strains, initial cracking loads as well as cracking pattern and
ultimate failure loads for edﬁh beam are presented and discussed. Steel reinforced conerete
beams without glass fibres were also cast and tested for comparison. Preliminary tests were
carried out on plain concrete beams reinforced with glass fibre layers. The contribution of
glass fibre reinforcement lies mainly in increasing the beam flexural rigidity and hence
less deformations and higher initial cracking loads and ultimate strength.

1. INTRODUCTION

Fibre addition to reinforce cement and concrete has been the subjact of many
research during the last three decades (1-9). Fibres investigated included steel, glass,
asbestos, carbon fibres, kevlar, nylen polypropylene, polyethylene, polyester and cellu-
lose. However, steel (carbon and stainless), glass (alkali-resistant) and polypropylene
fibres have shown higher efficiency and adquate resistance to the alkaline cement environ-
ment in comparison with the other types of fibres invesﬁigabad. Research work on glass
fibres reinforced concrete is that limited. Glass fibres are widly used in the Egyptian
market in many applications, However, this research was planned to study the behaviour of
glass flbre reinforced concrete beams to determine the poteniality of such fibres in con-
crete structural applications.

2. EXPERIMENTAL ARRANGEMENT AND TECHNIQUE

Because of the unsufficient knowledge available on the preper technique of
incorperating glass fibres in comcrete structural elements, glass fibres were added at the
first begining to the concrete mix during mixing in the mixture with different amounts. Iy
all cases, conglomeration of the glass fibres was occured and it was very diffecult ta be
uniformaly distributed {n the concrete mix. However, new technique was followed by casting
the fresh concrete with different heights in the forms and the glass fibres were a;:anged
in layers at choosen positions as longitudinal reinforcement and then concrete casting was
continued. Conpnction was carried cut using both a steel rod and mechanical vibration.
Trials were carried out to determine the optimum amount of glass fibres to be used in one
layer of a beam without caualng separation between the surrounding concrete layers,
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The concrete mix used was made from Ordinary Portland cement, sand and gravel
The pominal maximum size of coarse aggregate was 19 mm. The mix proportions by weight were
1 cement : 2 sand : 4 gravel and the water / cement ratio was 0.5 by weight. Four percen-
tages of glass fibres of 0,0.15 %, 0.30 % and 0.45 % by volume of concrete were used with
the four sets of plain concrete beams 5, ,§ ,S3 and S, and the four reinforced concrete
beams B ,82,5 and B,, successively. AlkaEi-resistante glass fibres commercially available
wvere useé in this investigation. The glass fibres used are shown in figure (1) and their
properties are shown in Table (1). Properties of the concrete mix used in this research
are shown in table {2).

2.1. Preliminary Study

In the early stages of the research, preliminary tests were carried out on
plain concrete beams reinforced with glass fibre layers. The tests aimed to find out the
difficulties or defects which might occur during casting, compacting or after hardening
of concrete and during testing of the beams. The preliminary tests were carried cut on
twelve concrete beams each of 100 x 100 x 500 mm dimensions representing four sets each
of rhree beams. The beams were reinforced with different amounts of glass fibres in layers
at different heights of the beam cross section as shown in Table {3). The first set of
beams {5,) was cast with plain concrete for the whole depth as a reference or control set.
The second set of beams (53) was cast with glass fibre layer at a height of 25 mms measur-
ed from the bottom of the beam. The third set of beams (S;) was cast with two layers of
glass fibres at heights of 25 mm and 50 mms, successevely measured from the bottom of the
beam. The forch set of beams (5&) was cast with three layers of glass fibres at heights of
25, 50 and 75 mms respectively measured from the bottom of the beam. The concrete beams
were cured in air in the laboratory atmosphere for 28 days after casting as shown in
Figure (2). The beams were testing under three point bending test. The deflection at a mid
span point of the beam was recorded under loading up till fallure as shown in Figure (3).
Compressive strength test was carried on the half beams obtained from the flexure cest as
shown in Figure (4).

2.2. The plass fibres in reinforced concrete beams

The test results of concrete beams reinforced with glass fibres as maln reln-
forcement weye very promissing. However, the research work was extended te study the
potentialities of using glass fibres as additional reinforcement for steel reinforced con-
crete beams.

FPour reinforced concrete beams, each of a cross section 120 x 200 mms, a total
length of 1800 mms and an effective span of 1600 mms were investigated in this work as
shown in Table (4) and Figure (5).

Beam (B,) is a reference or control beam casted of conventional concrete and
reinfoced with traditional reinforcement consists of 2 $13 mm mild steel longitudinal bars,
stirrups # 6 mm with spacing 80 mm and 2 # 10 mm stirrup hangers.

Beams (BZ’BB’ and B,) were typically reinforced with steel bars as beam (B, )
and glass fibre layerS wére provided to them as additional reinforcement. Beam (Bz) provi-
ded with one glass fibre layer at 50 mm from the beam tension side, while beam (B.) was
provided with two glass fibre layers at depths of 50 and 100 mm from the beam tension side
successvely. Beam (B,) was provided with three glass fibre layers at depths of 50, 100 and
150 mm. respectively.

Reinforced concrete beams were cast in concrete forms in which the reinforce-
ment was firstly placed in position. Concrete was casted into layers with certain depth
then glass fibres were layerd along the beam length and then casting was continued and
compaction was carried out using both compaction steel rod and mechanical vibration.

Beams were tested after 28 days from casting. Two day before testing, the
steel Demec points used for measuring beam deformations during carrying out the flexure
test were fixed in position. Pigure (6) shows locations of Demce points for measuring
strains and dial gauges for deflections recording. Beams were tested by the four point
loading method with two equal concentrated loads at quarter points and spaced at 800 mm
apart.
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Loads were applied on successive Ilncrements, After each lead tncrement lon-

"gltudinal strains and deflections were recorded and up till beam failure. Inftial crac-

king load and cracklng pattern were recorded with load increment.

3. RESULTS AND DISCUSSION

3.1 Plain Concrete Beams

Tests carried out on the beams reinforced with a layer of glass fibres indi-
cated a distinct enhancement in their behaviour under loading in compariscn with plain
concrete beams. Flexure rigidity, cracking initiation, carrying capacity and mode of
failure were improved .Theenhancement increased with the increase of the number of layers
of glass fibres at the different heights of the beam cross-section. Compressive strength
of concrete was less affected by the incorporation of glass as shown in Table {5).

Value of maximum deflections recorded at the mid span of the variocus inves-

. tigated beams at the different stages of loading are represented in Figure (7). Less

deflection was recorded for beams casted with glass fibre layer in the beam tension side
than those casted with plain concrete for the whole depth. Lower deflections were recorded
at the same load for beams having higher number of glass fibre layers. Cracks appeared In
beams reinforced with glass fibre layers at loads higher than that of the plain concrere
beams. Deflections of beams of sets Sl’ S, and 5, were 64 %, 50 % and 45 % respectlively of
that recorded for the reference set §) and its cTacking initiation load. Cracking of glass
fibre reinforced concrete set of beams 5,, S, and S, started at loads 120 %, 125 % and

130 % successively of the initial cracking 10ad of the set of reference beams (5.). The
ultimate carrylng capacity of the set of beams §,. S3 and S& are 124 %, 129 % ané 131 % of
that of the reference set of beams S,, respectively.

No sings of longitudins} geparation between the glass fibre layers apnd the
surrounding concrete was observed during testing and up till failure. Cracks in the dire-
ction of loading started at the tenslon side of the beams and increased im width and len-
gth with the increase of the applied load. At failure no complete separation was observed
with beams reinforced with three glass fibre layers which were broken into two parts lin-
ked together with oriented longitudinal fibres in the compression zone as shown in Flgure
(8). Plain concrete beams failed without warrning with complete separation.

The compression test reults indicated a negligible increase in the glass fibre
reinforced concrete compressive strength in comparison with plaln concrete as shown in
Table (5).

3.2. Reinforced Concrete Beams

3.2.1. peflections

The flexure rigidity of steel reinforced concrete beams was greatly increased
with the addition of glass fibre layers at different hieghts of the beam tensfon side.
Measured deflections and corresponding deflection lines at the different stages of loading
and wp till failure are plotted in Figure (9). For all beams, the deflection curves recor-
ded before cracking are smooth and symetrical about the beams centre. Values of maximum
deflection recorded at the critical section of the various investigated beams at the diff-
erent stages of loading are represented in Figure (9). For the same load, and up-till ref-
erence beams B, failure, the central deflection of beams provided with glass fibre layers
is less than tﬁe corresponding value of deflection for the reference beam B). The decrease
in deflection value increase of glass fibre layers. A summary in terms of a comparison be-
tween deflections at three definite stages of loading is as shown in Table (6).

The increase in the beams stiffness with the addition of glass fibres beside
the considerable increase in the value of beam initial cracking load stimulate the tangible
increase in beam resiliance measured by the area under load~deflection diagram up~till
beam initial cracking load Figure (10).
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3.2.2. Longitudinal Strains

The comparsions of tensile and compressive strains results showed the poten-
tialitles of glass fibres in increasing resistance of concrete to tensile and compressive
strains. Longitudinal strains distribution over beams central sections at different stages
of loading are represented in Figure (l1). The strain distribution for all investigated
beams across thelr central section was nearly linear. Some deviations from linearity were
to be expected because of in accuraties in strain measurement, and moreover such deviations
appeared to be inconsistent but within the limits of the experimental error.

In general, beams having glass fibre layers (32* By and B,) recorded consid-
erably less longitudinal strains than the reference beam Bj. Comparison between extrem
fibre tensile strains for various test beams and also for extreme fibre compression strains
at different stages of loading are shown in Figure (12) and Figure (13) respectively. For
the initial stages of loading the maximum tensile strain values recorded for beams Bj, Bjy
and B4 are about 77 %, 58 7 and 35 % successivelly the value recorded for the reference
beam Bj just before its cracking initiation. However, at the same load, the maximum comp-
ressive strain values recorded for beams Bs, B3 and B, are about 75 %, 45 % and 35 % res-
pectively the value recorded for the reference beam B]. The maximum tensile strain values
recorded for beams By, B3 and B, are about 75 %, 62 % and 44 % successively the value re-
corded at the ultimate load of the reference beam Bj. However, the maximum compressive
strain values recorded for beams Bj, By and B, are about 70 %, 51 % and 42 % respectively
the value recorded at the ultimate load of beam Bj.

3.2.3. Cracking and Strength

Crack initiation 1s tangibly retarted by the presence of glass fibre layers
in the tension side of the beam. Crack retardation increased with the increase of the
number of glass fibre layers in the reinforced concrete beams as shown in figure (14}.
Initial crack loads recorded for beams By, B, and B, are 160 %, 180 % and 188 % respectiv-
ely of the initial crack load recorded for the reference beam B;. However, it is clear that
the improvement in beams behaviour is sligtly affected by the addition of glass fibres la-
yers in the compression zone.

Figure (15) represents the crack pattern recorded at the ultimate load of each
of the reinforced concrete beams investigated in this work. In general, cracks were consen-
trated in the mid span area under the Constant bending moment zone. Crack appeared in glass
fibre relnforced concrete beams in finer widths than those appeared in the reference beam
By. Failure was occured in all beams in the mid span area. However failure of beam Bj oc-
cured at the support because of some defects appeared in this area after casting. However,
beams cracking pattern is generally modified as a result of the use of glass fibre as
additional reinforcement for concrete beams.

4. CONCLUSIONS

1. To avoid conglomeration, glass fibres were arranged in layers during concrete casting in
the forms insted of adding to the concrete mix during mixing.

2. Good bond was occured between concrete and glass fibre layers and no separation was ob-
served after casting or during testing up till beams failure.

3. Introducing of glass fibrea as longitudinal layers in concrete beams tension zone during
casting increase their flexure rigidity, initial cracking load and ultimate strength.
The enhancement increases slightly with the increase of number of layers.

4. The gain in beam crack load is more pronounced than its gain in ultimate strength due to
the incorporation of glass fibre layers as additional reinforcement for concrete beams.

5. The improvement in beams behaviour is mainly affected by casting the glass fibres layers
in the beam tension side. However the effect of the additions glass fibre layers in the
beam compression zone has a slight effect on its behaviour.

6. Glass fibres as non corroded material could find wide applications in concrete structu-
ral and semi-structural elements exposed tc hostile environments.
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Table (1) ¢ Structure and Properties of Glass Fibre

Fllament length  (em.)
Specific gravity (g/em®)
Breaking elongatlon (I}
Elastic recovery (k4]
Average toughnees
Effect of moistuce
Effect of sunlight
Cross-section

Surface roughness

3.9
.54
4.8
100
0,37
MNone
‘Hane
t':iﬁqlu
. Smooth

Effect of aclds and alkalis: Resist most acide and alkalls,

Table (2) : Concrete Properties

Mix Cenent Cube Compressive  Elexural Modulus of
. . 7 Elasticity
Proportions Content Strength(8/mn? } f:‘;:}l;h (x Bram )
Crs:4 Kgfm 28 days age 28 days age 28 days age
H 4
tre 350 2 6.2 15
wiC = 0.5

Table {3} : Test program for the investipated plain concrete boams

Sct|  Number Type of Dimensions Tested Beam
of
#o.| specimens | concrete speciment property crass-section
Plain 4l
! 3 concrete - Defloction :
Glass 100 x 100 | = Flexure Q
2 3 .
) fibre x strength &
=3 ' - compresslve
3 3 reinforced | 500 mm \ F E
; . strength | Wl
m.
e =
— gfL
T T e R e = o F Ry — ; TR
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Table (4] Teat Program [or the Envestipated Steel Reinlorcod Conercte

Loncrele Rroma

Ecam| Bresdth Depth | Biesl Z Stirrups Crogs Sectiom L4
R, - Glaan
Mo, | om. am, L. Ag""j D".““J Spacing | Conflguration | Elbren
- " [
by vel,
“ 1|1 20 ﬂ:}l;) Lz [ a0 a.0
mm
PR (EUIE T A IR T A I [ .13
g L GEL
m
1 |1z 200 ,:,';) 1.3 s B 0.3
PEETECINE O A A [ I & 0.43
m
. Steal bars
— Clang flbces layer { GFL)
L] Total span of the beam = 1800 mm
* Eftective span = 1600 mm

I
Table (5}  Flexure and compression pest results of the daveatipated
glass Clbre relaforced concrare beans
Set Mo Flexure Test Compressive
Cracking XH.om. lrimate 5t PN
momnt moment KN, o rength K/
-
5 - 105 32
s, 120 1% 32
" 13%
83 125 ¥
5‘ 1M 1M
R R T T FoC T e T oy SR e eSS e ) e L
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Table {6) | Comparlpon Betwoen Beasm Deflection at Different

Stages of Loading
; a1 -

Stage of Central defl.for beam/central defl. for LI
Loading l:'“‘ I I‘j 'l‘
Cracking load

b2 [} 57
of beam I|
Gacking load

.1 18 66
of each beam
AL load Just

%2 Bo o7

before failurs
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Figure (1) : Glass fibres used

Figure (2) : Cuving of beams in laboratory atmosphere,
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Fipure (3} Threr point hendinp test

Figure {4} Compression test
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Figure (3} Typical Reinforcement for Investigited Reinforced

Concrate Heams.
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concrete beams
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Figure (11) Strain distribution on the cemtral section of

reinforced concrete beams.
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Figure (15):

Crack pattern of steel fibre
rinforced concrete beams with

glass fibre, layers as additional

Reinforcement .






