American J. of Engineering and Applied Science®)3277-285, 2010
ISSN 1941-7020
© 2010 Science Publications

Acrylic Rubber Latex in Ferrocement for Strengthening
Reinforced Concrete Beams

D. Raj Kumar and B. Vidivelli
Department of Civil and Structural Engineering,
Annamalai University, Annamalainagar-608 002, Tawuilu, India

Abstract: Problem statement: In India, the early deterioration of reinforced crete structures has
become a big social problem in recent years. Aerdizd research is needed for the development of
effective repair materials and their execution eyst comes to an important issue from the viewpoint
of the longevity of infrastructures at present.réeement laminates are introduced to enhance the
overall performance of Reinforced Concrete (RQ)cstires and these days the use of it is a promising
technology for increasing the flexural strengttdeficient reinforced concrete membekpproach: The
repair system aims to provide quantitative repaihamcement as well as extending the life of
deteriorated concrete members. This research iicplar inspired the initiation of the present work
which aimed to develop a material with unique prips and a very wide range of practical
applications. The mechanical properties of motaough difference in polymer content with Acrilic
Latex by ferrocement among three different volumaetions of mesh reinforcement were studied.
Following the encouraging progress made in the fdation and evaluation of the polymer modified
repair mortar, tests were carried out involving #pplication of the reinforced repair material e t
soffit of the reinforced concrete beams of 3 m tangesults: The levels of damage of the original
beams prior to repair did not affect the ultimatad of the strengthened beams tested. The
performance of the strengthened beams was compartbe control beams with respect to cracking,
deflection and ultimate strength which confirm pné®ent resultsConclusion: This accomplished the
fact that acrylic rubber latex modified ferrocemené doable alternative strengthening component fo
the rehabilitation of reinforced concrete structuréurther developments in these systems will ereat
dramatic improvement into the field of rehabilitatiof old privileged structures.
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INTRODUCTION constructed of hydraulic cement mortar reinforcethw
closely spaced layers of relatively small wire déden
A large number of civil infrastructures around themesh. The mesh may be made of metallic or other
world are in a state of serious deterioration todaysuitable materials. Thinking ferrocement as a niter
Moreover many civil structures are no longerto be applied to thin walled it is necessary tauatihe
considered safe due to increase load specificafions material properties to the construction type anihgc
the design codes or due to overloading or due tteiun forces in the structures, to obtain the properngtie
design of existing structures or due to lack ofligqua stiffness, cracking control, ductility and impact
control. In order to maintain efficient servicedlyil resistance. Water soluble polymers and aqueous
older structures must be repaired or strengtheog¢dag  polymer dispersions are often used to improve the
they meet the same requirements demanded of th@roperties of mortar. Polymer modified mortars are
structures built today and in future. Ferrocemevgro being used as a popular construction material ksecau
the years have gained respect in terms of its guper of their excellent performance. Polymer-modified
performance and versatility and now is being used n mortars are generally superior in the resistance to
only in housing industry but its potentials arergei oxygen diffusion to unmodified mortar. Consequently
continuously explored for its use in retro-fittirmnd  the use of polymer-modified mortars as repairing an
strengthening of damaged structural membersfinishing materials can be recommended in order to
Ferrocement is a type of reinforced concrete conynon inhibit the wet corrosion of reinforcing bars innoete
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structures (Ohama and Demura, 1991). Even powdereasf undamaged control beams. The different levels of
polymer-modified mortars can be used in the samelamage of the original beams prior to repair did no
manner as those of aqueous polymer-modified mortaaffect the ultimate loads of the strengthened beams
for practical application (Afridét al., 1994). The water tested (Paramasivarst al., 1998). Based on these
retention of the powdered and aqueous polymerextensive experimental studies, recommendationg wer
modified mortars increases with a rise in polymer-prepared and given for field applications.

cement ratio, however the magnitude of the impraamm

depends upon the_ types of cement modifiers used, MATERIALS AND METHODS
polymer-cement ratio or both (Afrigt al., 1995). When
the cement mixtures are mixed with polymer, a large ) , L ,
volume of air voids often forms. Kim and Robertson  EXPeérimental investigations ~consist of the
(1997) established a technique involves pre-wetireg preparation of Acrylic Rubber latex based modified

cement and sand with plain water before adding th&rrocement elements with different volume fracsiari
polymer solution or dispersion. Another area ogiat steel mesh reinforcements. Mixes were prepared with

for possible future research would be to determindocally available coarse aggregates of 20 mm mamimu
whether differences noted with the additives usiitl s Size, fine aggregates’ passing through 4.75 mnieles
apply to mortars mixed to higher flows and whaeeff and ordinary portland cement conforming to ISl
saturating specimens, initially dry cured has oe th SPecification. The fineness modulus of the coars# a
tensile bond strength. Wet cured polymer mortardine aggregates was 6.73 and 2.5 respectively \sisere
appear to have lower bond strengths than dry cure8Pecific gravities of coarse and fine aggregatesewe
polymer mortars, indicating that the curing metiass ~ 2.69 and 2.61 respectively. The mechanical progerti
much to do with the strength gain of polymer-maatifi Of ferrocement were detected by attachment of mesh
mortars (Colvilleet al., 1999). During the hardening of reinforcement with volume fraction 3.55, 5 and 63
cement, polymer can fill into the micro cracks, gor With influence of polymer modification on the
and cracks (Gaet al., 2002). Also it has been noticed properties of cement mortar. Different parameteesew
that with increase in the addition of polymer thatev ~ taken into account regards to the polymer cemdit ra
absorption decreases remarkably when polymer cemeand volume fraction of reinforcement. The latex eam
ratio is small. But when polymer cement ratio extsse composites were prepared containing each of the
10% the change may become unnoticeable @&\Val.,  following four percentages of latex in cement 5, 18
2002). Ferrocement laminates with skeletal bartake  and 20. At percentages higher than 7.5 the latewst
significant role in strengthening reinforced cortere a tendency to coagulate. The w/c ratio for all the
beams. For flexural strengthening, polymer modifiedcomposites was maintained at 0.3. The amount aérwat
ferrocement laminates were cast and bonded onto thealculated included the water present in the lafde
soffits (tension face) of the beams without anyngfea  compressive, split tension, flexure and tensiohwese

in width of the beams. As this technology emergfes, carried out as per the standard IS procedures.
structural behavior of RC elements strengthenedh wit Ultimately to understand the real characteristids o
polymer modified ferrocement laminates needs to bgolymer ferrocement composites eight beams werke cas
fully characterized. A strengthening method hasnbeeand tested under static condition wittwo
also developed by Lamanre al. (2004) where the points loading. Typical test set up is showifig. 1.
strengthening strip is entirely mechanically atttho
the concrete surface using multiple small, disteou

power-actuated fasteners without any bonding and _ = Loadm:jﬁame
showed a greater ductility than the beam strengtthen (2 ) ke (e Provingrmg

with a bonded strip. Besides the studies to meet th = [ Slender beam
requirements of the applications, attention is paithe | — /\/Demecpellers
mechanism and means of polymer modification. ~ S L Beam

. . . . X
Recently, extensive work has been carried out at g ..q Co ’
Department of Civil and Structural Engineering, support— = | - Support
Annamalai University on repair and retrofitting of ,Jj ,Jj

structural members. RC beam specimens subjected tt LVDT1 LVDT2 LVDT3 Loadine frame
different degrees of distress were retrofitted Ising -

polymer modified ferrocement laminates and their
structural behavior was studied in comparison Wit  Fig. 1: Typical test set up
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Out of eight beams two control beams were tested tdable: 1 Properties of reinforcing mesh : :
attain the ultimate load. The remaining six beanasew Wire  Wire

. . i Fabrication Gauge spacing dia.
retrgfltted Wlth polymer modified ferrocementkTyloe Shape mode designation (mm)  (mm)
laminates with the same volume fraction of meshg o qeqHexagonal Twisted % No.22 1254 0.72
reinforcement as adopted during the preliminargdgtu  steel Square Woven 1% No. 20 423 088

meshes Square Welded % No. 15 15.00 1.20
Details of test beam:Eight full-scale rectangular RC
beams 125 mm wide and 250 mm deep with a tota[able 2: Water absorption test on AR modified morta

length measures 3.2 m (3 m effective) span were caggzmr Percentage of water absorption

and tested. The beams were reinforced with 2 @s. (o) 30 min 60 min 90 min 120 min 24h
12 mm ¢ at tension and 2 nos. of 8 mm at 7 1.89 2.26 2.73 4.42 7.41
compression side with 22 nos. of 6 mmstirrups 5 1.04 132 1.59 1.82 2.93
spaced 150 mmc/c. The yield strength of the ig 8'?2 é%i é'gg iﬂ i'gg
reinforcing bars measures 415 N MmM20 grade 2g 0.52 0.68 0.87 105 176

concrete with mix 1: 1.59: 3.12 towards water cetmen
ratio 0.50 is adopted for all beams. Out of theheig Water absorption: Table 2 shows the water absorption
beams, two beams (BP1 and BP2) were considered &sst results. The addition of 15 and 20% of AR Xate
perfect beams. The remaining six beams BOR1 talecreases the 24 h water absorption of mortar gnds
BORG6 were damaged by subjecting the beams to a pr@6%. Addition of 5 and 10% AR latex reduces then24
loading corresponding to 70% of the ultimate loadwater absorption nearly by 60 and 66% respectively.
capacity of the perfect beams and were rehabilithie  But addition of 5% AR reduces the 90 min water
three different volume fractions of mesh reinforestn ~ absorption of mortar by 42%. There is a decrea®®in
together with addition of 15% AR in the polymer min water absorption by 50, 66 and 68% upon additio
modified ferrocement laminates, two beams for eactPf AR at 10, 15 and 20% respectively. Polymer
category of rehabilitation. Before rehabilitationet Mmodified mortar have a structure in which the large
original beam was turned upside down to expose t8ores can be filled with polymer or sealed with
soffit. Prior to bonding with polymer ferrocement continuous polymer fims. In general, the effect of
laminates, the soffit of the beams and bonding faice Polymer filling or sealing increases with a rise in
laminates were sandblasted to expose the aggregal glymer content or _polymer cement ratio. These
and roughen the soffits of the beams so that thtanke eatures are r_e_flected in the reduced water abisarpf
between the peak and rough of the chipped surfeas, polymer modified mortar.

approximately 1 mm. The surface was then thoroughl
cleaned of debris under an air jet. After surfac
preparation, the cracks are filled with a low vigso
resin named corogrout EPLV. COROCRETIN IHL-18
is applied to the surfaces using trowel
ferrocement laminate was assembled.

%ompressive, split tensile and flexural strength of
®AR modified mortar: The compressive and split
tensile strength of mortar was found by testing &G0

size cubes as well as DO mm cylinders
and  th&espectively. Its flexural strength is obtainedtesting
600x100x25 mm flexure beams and tensile strength
. . . with 100<200x25 mm tensile specimens among mesh
Reinforcing mesh: The principal type of meshes used (qintorcement through volume fraction of 3.55, &an
in the laminate related to their properties is ShAW g 4304 in a standard manner. To determine the stress
Table 1. Arrangement of mesh reinforcement withgirain pehavior beam specimens with strain gauges
volume fraction (Vr) of 3.55 percent contributesh  gtiached to it were kept vertically under UTM. The
2 layers of welded mesh 1.51% Vr, 1 layer ofve  strains were measured at regular loading internal a
mesh 1.44% Vr and 4 layers of twisted mesh 0.60%esults were tabulated. The 28th day strength ptede
Vr. Mesh reinforcement for volume fraction of 5pemt  in Fig. 2-5 are mostly the average of the resuithiee
contributes with 2 layers of welded mesh 1.51% Mt  specimens.

layers of woven mesh 2.88% Vr and 4 layers ofteds

mesh 0.60% Vr. Mesh reinforcement for volumeYoung’'s modulus for ferrocement under
fraction 6.43 percent contributes with 2 layers ofcompression:Cylinder specimens were used to find the
welded mesh 1.51% Vr, 3layers of woven mesh 4.32%alues of Young’s modulus under compression as
Vr and 4 layers of twisted mesh 0.60% Vr . shown in Table 3. The deformation of cylinder
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specimen’s was measured with electrical strain gaug Results obtained from the tension test on steelhmes
and deflectometers. According to IS 456-2000, yeaing reinforcement with different volume fraction areosm

modulus is given as E 5000, In this mode, unlike
tension, the matrix contributes directly the femoent
strength in proportion to its cross sectional arBlae

in Table 4. The size of ferrocement specimen aadita
setup is designed as in accordance with ACI coraemitt
549. The test conducted for various volume fractibn

strength and amount of reinforcement are mosteinforcement for meshes and polymer ferrocement
appropriately defined in terms of stress and volumePecimens with load-strain profile is shown in Fig.

fraction of reinforcements.

Behavior of ferrocement under tension:Ferrocement
is a highly ductile material and its behavior ingi®n is
contributed by mortar and also by mesh reirgorent.

Table 4:Tension test on steel mesh reinforcement

Table 3: Young’s Modulus for ferrocement specimensder
compression
E. (N mm?)

Specimen Theoretical Experimental
3.55% Vr 28228 27729

3.55% Vr + AR 29013 28136

5% Vr 31556 31356

5% Vr + AR 32215 31154

6.43% Vr 31328 30435

6.43% Vr + AR 30963 30460

—a— Comp. strength-cube B Comp. strength-cylinder
—a— Split tensile strength-cube g aplit tensile strength-cylinder
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Fig. 3: Volume fraction of mesh versus strengthA&
ferrocement specimens
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Yield stress Ultimate stress Youngs modulus
VE(%) (o) (Nmm?)  (on) (N mmi?) (E) (N mni?
3.55 352 683.42 1.840
5.00 366 698.80 2.600°
6.43 354 689.42 1.940°
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Fig. 4: Polymer content versus flexural strengthA&

mortar specimens
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Three stages of behavior were observed when thgable 5: Youngs Modulus for ferrocement specimerteu tension

ferrocement elements have been subjected to tensile B (N mm?)
loads: Specimen Theoretical Experimental
3.55% Vr 32194 28829
+ Elastic stage 3.55% Vr + AR 31618 29013
itin| K 5% Vr 34198 30556
* Multiple cracking stage 5% Vr + AR 33627 31215
* Ultimate stage 6.43% Vr 35928 32435
6.43% Vr + AR 35363 32460

In the elastic stage, moduli of ElaS“C'tyCXES Table 6: Crack spacing and crack width for ferroertrspecimens

expressed as: Crack spacing (mm) Crack width
No. d
_ Specimen Theo. Exp. Theo. Exp. cracks
= -V.)+
Ec = En (1-V)+E V, 3.55% Vr 1497 1620 009 011 5
355% Vr+AR 1312 1374  0.09 0.09 3
Where: 5% Vr 922 1020  0.07 0.08 3
_ ; - 5% Vr + AR 8.87 9.75  0.06 0.07 2
Ew = Moduli of elasticity of mortar 6.43% Vr 1314 1432 008 009 4
E, = Moduli of elasticity of reinforcement 6.43% Vr+ AR  13.48  13.45 0.08 0.08 3
V, = Volume fraction of reinforcement

By use of the above expressions the theoretical
Naaman and Shah (1971) proposed an empiricaf@lues for three stages under tension for threfereit
formula to predict the first crack stress, of Volume fractions of mesh reinforcement for
ferrocement as: ferrocement specimens were arrived. Further the
experimental results checked for precise with the
6er = Gy 25 S (N mini?) theoretical values as shown in Table 5.

Crack spacing and crack width of ferrocement

Where: specimens:Cracking behavior is mainly dependent on
omy = Ultimate strength of mortar the volume fraction and distribution of reinforcerhe
S = Specific surface (mfrmmi®) in the direction of In tensile behavior the crack width is a functioh o
loading specific surface of the reinforcement, where ashin
flexural behavior, the crack width depends on the
At this stage, strain: tensile strain in the extreme layer. Based on
observations, the average crack spacing and craftk w
&er = 6ol Ee is calculated using equations as provided in Britis

Standard Institution (BS 8110: Part 2) (1985):
During the multiple cracking stages the

contribution of mortar to the stiffness of compesit (A) =£9/n) 1S
decreases progressively. At this stage the youngs Winax = 3500/
modulus of composite is: for (5,<345 S)
< .
Ey=EV, Wmax =20/ E [175+3.696,-345 S)]

Cracking behavior is mainly depending on thefor (6:>3459)
volume and dispersion of reinforcement: ' '

: Here:
Ocy =0y XV A, = Refers to crack spacing
S, = The specific surface in the loading directian i

Ecy = {(ch'ﬁcr)/ Ecy}+ Ecr mmt

At ultimate stage the load is carried by the mesHVmax = The maximum crack width in mm

reinforcement in the direction of loading. The miite  r = The steel stress under service load in N'im
strength can be found as: 0 = A factor relating average crack spacing to

maximum crack spacing

The ratio of bond strength to matrix tensile
strength (for wire meshed9/m was found
empirically approximate to unity)

=
1

Geu =0y XV,

where,c,, is yield stress of reinforcement.
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Table 6 shows the theoretical crack width andDeflection calculation: Experimental load-deflection

spacing compared with the experimental results. curve of the ferrocement elements show that they ca
be represented approximately by a tri-linear refati

Ultimate ~ strength: ACI Committee 549 on Accordingly the shprt term deflectiords of the
ferrocement recommends that theory of conventionalérrocement elementis:
reinforced concrete analysis can be used for utéma
strength calculations of ferrocement. The principfe &,
equilibrium and compatibility can be used. Sinced
reinforcement is distributed evenly across the <rosé
section, the analysis is quiet tedious becausheofrtal
and error me_thod. A simplified approach was p_rodoseWhere:
by Paramasivanet al. (1998) to compute ultimate = The applied moment

(23/216 ) B/@,,
KML?/(E; 1g), If M<M ¢
KM, LY(E; 19+K(M-M )L 0 E¢ Iy, If M>M

moment by plastic analysis: L = The effective span

Il = The moment of inertia of the gross transformed
C =ogbx section or gross section
T =oph(h-x) I = The moment of inertia of the cracked section

ow = Asfy/b h K = A constant depending on loading and boundary
T = Cthen Mu =5 b (h-x) h/2 conditions,a is a constant
E. = The modulus of elasticity of mortar i.e., 5669
Using the above analysis, the theoretical moment-
curvature relations for three different volume fraic Using this formula, theoretical deflections are
of ferrocement specimens was calculated as shown icalculated for different loading levels and are paned
Fig. 7a-c. with the experimental values as shown in Fig. 8a-c.
—— 5% Vr-ferro laminate
—— 3.55% Vr-ferro laminate N
&— 3.55% Vr-poly ferro laminate —#—3.55% Vr-theoretical 05— 2o Vr-poly Lerro latminate B 5% Vr-theoretical
0.25 0.45
— —  4q
g 02 £ 035
=
% 01 & 03
= 2 025
g 014 £ 02
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S 005 2 013
O T T T T T T T 005
0 0000100002 00003 0.0004 0000500006 0.0007 0.0008 G T T T T T T
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Curvature x 1078

(a) (b)

Curvature x 1078

—+— £.43% Vr-ferro laminate
—+— 6.43% Vr-poly ferro laminate —8-¢ 43%; Vr-theoretical
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0.45 L—a«=.v——*‘/.——° —
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©
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Fig. 7a-c: Moment curvature relation for AR ferrownt specimens
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—4— 3.55% Vr-ferro laminate —— 5% Vr-ferro laminate
—4— 3.55% Vr-poly ferro laminate —®— 3.55% Vr-theoretical —a— 5% Vr-poly ferro laminate —8- 5% Vr-theoretical
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35
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3 & —

e
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i
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Fig. 8a-c: Load deflection performances

RESULTS AND DISCUSSION

Behavior of precracked and rehabilitated beamsAll
beams were tested under two point loading and also
instrumented for the measurement of mid-span
deflections and concrete strains for differencetjors

at the middle of the span. Figure 9 shows the bedim
typical cracks after overloading and Fig. 10 shaws
strengthened beam to be kept tested for failuree Th
reading of the deflections was recorded by portdata
logger. Cracks spacing along the beam soffits were
manually scaled and the average values were retdorde
Widths of the cracks were measured with the ai@ of
hand-held microscope of magnification. Cracks
propagation was visually traced and marked with the
aid of powerful lamp and magnifying glass and the  of the perfect beams tested the maximumicrac
corresponding loads were recorded on the surfatieeof spacing was found to bel18 mm. The maximum
test beam. The load and deflection due to sta#id for  crack width at the yield stage varied from 0.208-
beams up to failure were recorded and the cumelativo.246 mm. For the rehabilitated beams the maximum
load deflection curves for rehabilitated beamsgieto  crack width during the yielding stage varied from
precracking of 70% of ultimate load along with getf 0.143-0.286 mm with spacing ranged from 67-
beams are shown in Fig. 11. 98 mm at the zone of constant bending mdmen
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Fig. 9: Beam showing the typical cracks after
overloading
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Table 7: Effectiveness factor for rehabilitatedrhea

Beam designation ,RkN) P, (kN) Sy (mm) 8y (mm) As(mn?) Pe1(KN) Pe2(KN) F F

BP1 42.00 52.50 39.45 92.90 3019.20 80.13 98.90 010 1.00
BP2 43.50 54.00 40.20 93.80 2096.10 81.85 101.50 00 1. 1.00
BOR1 62.00 67.50 33.50 66.35 2314.12 92.55 122.80 141 1.22
BOR2 63.50 69.50 34.65 63.50 2298.76 91.79 116.37 131 1.16
BOR3 66.00 73.50 31.55 88.70 3742.30 125.13 18555 1.54 1.85
BOR4 66.50 74.50 31.00 90.20 3691.54 125.85 19349 1.55 1.93
BOR5 63.00 69.50 35.25 77.50 3212.13 107.15 13851 1.32 1.38
BOR6 61.50 71.40 34.85 75.30 3149.18 105.42 132.88 1.30 1.31

Py: Load on perfect beam at yield stagg;®ad on perfect beam at ultimate stagjeDeflection of perfect beam at yield stagg;Deflection of
perfect beam at ultimate stage;: EEquivalent elastic force using energy approach; Ejuivalent elastic force using deflection apptoak.:
Equivalent area; [ Effectiveness factor using energy approachEfectiveness factor using deflection approach

(3.55% Vr) in the ferrocement laminate reduced the
flexural strength correspondingly.

Evaluation of overall performance: The overall
performance of the rehabilitated beams has been
evaluated by considering the equivalent elasticesr
using energy and deflection approaches. The
effectiveness factors were evaluated using engfgy (

and deflection (B approach for the beams as shown in
Table 7.

The equivalent elastic forces,;Pand R, are

computed as:

Pe1 = V[2AP)/5,
Fig. 10: Strengthened beam tested for failure Pez = By[5,/0y]
Fl = l:)el (rehabilitateJPeZ (conventional)
—+—EP1 =—-EBF2 +—BOR1 —®—BORZ F, = Pe (rehabilitateJPeZ (conventional)
50 —#%—BOR3 —e—BOR4 ——BORS —=—BOES

Load (kM)

0 20 40 &0 20
Deflection (mm)

100

Fig. 11: Load deflection behaviors of perfect and
rehabilitated beams

The results show that the flexural strength oflibams
improved after strengthening by about 14-25%, the
upper bound correspond to beams with sustained
composite action, (BOR3 and BOR4) while the lower
values were reported for beams, with early loss of
composite action (BOR1 and BOR2). The low level of
damage caused to beam prior to repair does not geem
affect its ultimate strength after strengthening. Ae
reduction in the volume fraction of reinforcement
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The effectiveness factor; fFor rehabilitated beams

varies between 1.13 and 1.55 and F2 varies between
1.16 and 1.93.I1t was found that polymer ferrocement
with 5% volume fraction exhibits superior performan
than the other laminates.

CONCLUSION

Based on the above results and analysis of these

results, the following conclusions can be drawn:

The flexural and compressive strength of polymer
modified mortars are improved over unmodified
mortar by adding 15% of Acrylic Rubber Latex
through 5% volume fraction of mesh reinforcement
in the polymer ferrocement specimens. While
noticing the tensile strength establishes the tfzait

all the chosen volume fractions of mesh
reinforcement hold best results. From this it &acl
that, the strength properties are based on the
provision of percentage of polymer, volume
fraction and the arrangement of reinforcement
Youngs modulus under tension is greater than the
value of Youngs modulus under compression.
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Polymer modified ferrocement with 5% volume Afridi, M.U.K., Y. Ohama, M.Z. Igbal and K. Demura,
fraction of reinforcement was higher in its Youngs 1995. Water retention and adhesion of powdered
modulus under compression and 6.43% volume and aqueous polymer-modified mortars. Cem.
fraction of reinforcement being higher under Conc. Compos., 17: 113-118. DOI: 10.1016/0958-
tension. Hence mortar contributes in it's towards  9465(95)00007-Y

the cracking stage and the steel towards thdritish Standard Institution (BS 8110: Part 2), 398
multiple cracking and ultimate stage Structural use of concrete. Code of practice for
Based on the other properties of ferrocement it has  special circumstances (AMD 5914) (AMD 12061)
been concluded that it is a low cost and good (AMD 16017) (Obsolescent but remains current).
material to restoring the load carrying capacity of  http://products.ihs.com/cis/Doc.aspx?AuthCode=&
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