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Abstract: Using resins in concrete enhance a series of sttage properties such as high eros
resistance to chemical substs such as acigdsmechanical properties, frost resistanimpervious to
liquids, dampen vibrations, and many other properThis paper discussexperimentallythe effect of
SBR Latex into concretghort ancong-termdeflection of latex modified concrete beams ursustained
long-term service loadeffect of SBR latex on compressive strength, #neddensity of concre. Four
beams were cast and testeith dimensions (150x150x750) n; the experimental parameters incluc
was the replacemematio of SBR adde((0, 5, 10, 15) %, anthe concrete strengths. The test res
showed that the trend of loigem performance of concrete beams was comparall®se without SBI
Latex. Furthermore, the test results showed thtt thie increase of SBR ratio, the compresstrength
and the longerm deflection multiplier were reduc
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1. Introduction

ACI 548.3[1] define the Polymemodified cementitious mixtures (PMC)
hydraulic cement combined at the time of mixing hwirganic polymers that a
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dispersed or redispersed in water, with or witremgdregates. Prediction of deflection of
un-modified reinforced concrete (RC) elementsésmplex problem including a wide
range of material properties, such as the diffeseneingth and deformation properties of
steel and concrete, cracking, tension softeningtansdion stiffening, as well as creep
and shrinkage. It is not surprising that due tohighly complicated behaviour of RC,
different deflection prediction techniques are usedhe design codes of different
countries. At sustained loading, the effects oéXatakes the problem of deformation
analysis even more challenging.

2. Effect of SBR Latex on Concrete Compressive Strength

Many researchers worked on the effect of polymethencompressive strength of
concrete. Mohmedet.al.[2] studied the influence SBR latex and Polyvinylidene
Chloride (PVDC) on mechanical properties of Highrf®enance Concrete (HPC),
Standard cube specimens of 100 mm were cast aed tor 90 days for obtaining the
compressive strength at 7, 28 and 90 days. Aftéaimibg the certain strength for
nominal high performance concrete through trial @sand fixing the dosages of the
polymer proportion, modified high performance caterspecimens were produced by
adding different types and contents of polymers.

The test results of the compressive strength ata®3® indicate that the additions of
1.5% and 3% of the SBR from cement weight resulie@h increase of approximately
16% and 6% in the compressive strength respectivéiife the content of 5% SBR led
to a slight decrease of approximately 1.35%. Addgi of 1.5%, 3% and 5% of the
PVDC to the mixes increased the compressive stnebgt 13.6%, 9% and 11%,
respectively.

Al Numan [3]studied the structural behavior of pubr modified reinforced concrete
(PMC) beams with Styrene Butadiene Rubber (SBRymet including compressive
and flexural strength. Two series of concrete medguwere used; the first was with
moderate compressive strength (level I, with 2 38is, 0 and 5%) and the other with
compressive strength higher than the former (lélveklith 2 SBR ratios, 0 and 3%).
Two reference mixes were made also for compargbweoses. Eight beams are
moulded of (95x200x1600mm) dimensions with differsteel reinforcement ratip)
Load-deflection relationships of beams made of mpely modified concretes and
references concretes, the moment at mid-span wetleaiion, and moment-curvature
relationships were established. The results shotietd PMC beams have a stiffer
response in terms of structural behavior; more ililycand lower cracking deflection
than those observed on reference concretes, andrdéfe to good role of styrene
Butadiene Rubber (SBR) polymer on the propertieskashavior of reinforced concrete
beams.

The results also showed that PMC compressive andirfhl strengths were more
than reference mixes, that's probably because BR Gsed is added to the mixture
without cement replacement and its water was cens@ within the mix water
requirements.
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Melkundi and Halhalli [4]studied the behavior ofneectional M25 Grade concrete,
SBR-latex combined with M25 concrete, steel fibembined with M25 concrete, and
SBR-latex modified steel fiber reinforced concrefbe experimental study made to
obtain strength characteristics of above matrigampressive strength, split tensile and
flexural strength. It is observed that the conciedded with fiber and latex behaved
much better with regards to higher first crack lcaad ultimate load, also lesser
deflection. This is due to compactness achievedtalletex and fiber filling in concrete
matrix. Among the four mixes in this investigatioramely M25, SBR+M25, SF+M25
and SBR+SF+M25, the compressive strength obtaiheét8 alays are 33 MPa, 26.16
MPa, 35 MPa and 32 MPa respectively. In case of -8B modified concrete there is
decrease in compressive strength. This is duewerldensity of latex with regards to
matrix density (mix rheology), while the combinati@of SBR-latex and steel fiber
showed an increase in compressive strength.

Fang et. al. [5]studied the influence of PolyPreyd (PP) Fiber and SBR Latex on
the Mechanical Properties of Crumb Rubber Mortheytpresented a new kind of
rubber mortar modified by PP fiber and Styrene-Bigiae Rubber latex (SBR latex).
The compressive strength, flexural strength, flaktoughness, and flexural elasticity
modulus of this crumb rubber mortar were invesiadailhe results also showed that the
flexural toughness index of the rubber mortar echdnby about 50-100% with the
addition of PP fiber and SBR polymer latex.

Due to the addition of PP fiber and SBR latex, fteeural elastic modulus of rubber
mortar could further reduce by 4- 27%. Furthermarayas observed from scanning
electron micrograph (SEM) that the interfacial &igion zone between the rubber
particles and cement paste was enhanced by the|&BR and the interleaving of
polymer films and rubber particles strengthen thexilbility and toughness of the
mortar. Compared to the rubber mortar samples withwodifiers, with the addition of
SBR latex and PP fiber into the rubber mortar,fteeural strength appeared a certain
degree of increase by 5-30%, the compressive strefigpecimens faced a significant
reduction by 10—-23%.

3. Effect of SBR Latex on Long-Term Deflection

Information on the creep characteristics of LatewdMed Concrete (LMC) is
limited. A study by Ohama [6] showed that both ¢heep strain and creep coefficient of
LMC are lower than those of unmodified concretes Miork also showed that the
relationship between the time t, after the loadpplied and creep strain fits the same
general hyperbolic equation as that for unmodi@iedcrete.[1]

Ghi & Eun [7] studied experimentally the time-degent behavior of concrete using
unsaturated polyester resin, it's been concludatittie creep strains grow rather fast at
early ages in comparison with ordinary concretegabee creep in polymer concrete
results from molecular movement in the visco-etasBsin binder. The recycled-
polymer concrete shows more than 20% of its lomgrtereep within the first two days,
and about 50% during the first 20 days. Also, theep strain of polymer concrete
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without filler is much higher than that of polymawncrete with filler, because the filler
plays an important role in restricting the defonmaiof polymer concrete.

Al-Kubaisy [8] studied the effect of SBR on the ghand long term deflection of PMC

slabs, (8) slabs were casted, (2) slabs for eaehobrthe four SBR ratios were used
(0%, 3%, 5%, and 7%). All panels are with dimensi@0x800x50 mm tested for
about (6) months. Her work showed that increasiBR &atio will reduce the long term

deflection; also the result showed that increasBR ratio leads to reduce the long
term deflection multiplier by about 13%.

4. Material and Experimental Program
4.1. Cement

During the preparation of the mix, ordinary PortlaBement (OPC) provided by
Tassluja Factory in Sulymaniyah, Iraq was used. Themical composition of the
cement is given in Table 1, and the physical priggeare shown in Table 2.

Table 1. Chemical Compositions and Compounds of Portland Cement

Oxide % by Weight
CaO 62.13
MgO 2.7
Sio2 22.01
SO3 2.4
Fe203 3.3
Al203 5.26
Loss on ignition 1.45
C3S 325
Cc2s 38.7
C3A 8.3
C4AF 10.4

Table 2. Physical Properties of Portland Cement

Physical properties Test result
Specific surface area (Blain) éfg 290
Initial setting (Vicat Method) min. 92
Final setting (Vicat Method) hr. 3:30
Compressive strength (MPa)

3-days 16.5

7-days 25.7
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4.2. SBR Latex

A milky-white fluid locally available by Sika- Synétic Rubber Latex was used as
SBR Latex to produce Latex-Modified Concrete (LMC).

4.3. Fine aggregate (sand)

Natural sand brought from Gorashinregionwas usedutghout this workwith
maximum size of 4.75 mm. The grading of the sand wanformed to the Iraqi
specification No. 45/1984). Table 3 shows the sieve analysis of the fine egape
used.

Table 3. Sieve Analysis of Fine Aggregate

Limits of Iraqi

sieve No. % Pass specification, No 45/1984

Zone 2

4.75 99.9 90-100

2.36 84.8 75 -100
1.18 72.2 55-90
0.6 34.6 35-59
0.3 10.7 8-30
0.15 2.2 0-10
0.075 0.6 <=5%

4.4. Coarse aggregate

Crushed gravel was used in this work. Accordingh® recommendations of ACI
211.4R-93 [10] for mix selection of high performanconcrete, maximum size of 10
mm (3/8 in) was selected. The crushed river gravatse aggregate were washed, then
stored in air to dry the surface, then stored intaoers in a saturated surface dry
condition before using. Table 4 shows the sievéyaisaof the coarse aggregate used.

Table 4. Sieve Analysis of Coarse Aggregate

Limits of Iraqi
Sieve No. % Pass specification, No
45/1984 Zone 2

125 100 35-70
9.5 96.5

4.75 151 10-40
2.36 0.5

4.5. Mixing water
Tap water was used for casting and curing all gezisnens.
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4.6. Steel Reinforcing Bars

Two sizes of steel bars were used, 10mm diam. fnrbars, and 8 mm diam. for
shear stirrups. Yield strength of the bars wasrdeted by tensile test. Results of test
showed that the yield strength of the bars equdRtbMPa.

4.7. Specimen preparation

Constant concrete mix ratios were used in the éxjgetal programme, which are
[(W+SBR)/CM] of ratio of 0.3, and P/CM ratios of %) 5%, 10%, and 15%) and
Sand/CM ratio of 1.2, Gravel/CM ratio of 1.8 aswhdn Table 5. First, water quantity
calculated by subtracting SBR quantity from thedseevolume. The SBR latex was
added to the water and mixed well before usingoAthe quantity of cement needed
prepared by subtraction the total cementitious ristaeeded (500 kg/th from the
SBR quantity.

The beams’ moulds and cubes of dimension 100mm \pegpared, oiled, and
casted. The specimens were demoulded after 24 laodrsured for 28 days immersed
in room temperature water. Three cubes were céstezhch beam specimen.

Table 5. Identification and Mix Ratios of the Tested Beams

ID C P/IC  (W+SBR)CM S/ICM GICM
NCB-4 1 0 0.3 1.2 1.8

PCB-3 0.95 0.05 0.3 1.2 1.8
PCB-2 0.9 0.1 0.3 1.2 1.8
PCB-1 0.85 0.15 0.3 1.2 1.8

Notes;

C = Cement, P = Polymer, W = Water, S = Sand, Gav8,CM = C+SBR,
Cementitious Content (CM) for all mixes was 500rky/

All ratios are per weight.

5. Test Specimens
5.1. Beams Specifications

A total of 4 RC beams were tested in flexure. Adhims were 150 mm in width and
150 mm in depth. The overall length of the beams W& mm, with a clear span of 680
mm as shown in Figure 1. The tensile reinforcenvemsisted of two bars of 10 mm
diameter, and the compression reinforcement catsst two bars of 10 mm diameter
also. The shear-span was reinforced with steelpsr(8mm diam @ 150mm spaces).
The effective depth of the beams was 115 mm.

The identification and the geometric propertiedhs tested beams are summarized in
Table 6.
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Table 6. Identification and geometric properties of the tested beams

ID SBR Dimensions Reinforcement
%

b=h d L As=As'" p=p
mm mm mm mm?
NCB-4 0 150 115 680 2¢10 =157 0.009

PCB-3 5 150 115 680 2¢10 =157 0.009
PCB-2 10 150 115 680 2910 =157 0.009
PCB-1 15 150 115 680 2910 =157 0.009

Main Top Steel steel stirrups
/ / §8@150mm
[ 2010 mm 750 N
| / / |
C 4 M M M ,n' n S
/
s Rigid Steel
i I I/ Angle
C I ] | ‘\ | | 4
A AT
////// 7 4 0 Main Bott. Steel _ J/// ////
L AConarte Womn L4l

Beam Width, b = 150 mm
Effective Depth; d = 115 mm
d'= 35mm

Figure 1. Dimensions and details of the experimental beams

5.2. Curing

All beams and cubes are kept in a curing water fank8 days. After that, both
were taken out of water, the cubes tested afterhonie, and the beams installed on its
place and loaded after 24 hours.

5.3. Test set-up

The simply supported beams were subjected to amwmifdistributed load of 2.3
kN/m including the weight of beam, as shown in FeyR.

The experimental program consisted of measuringdéfkection immediately after
the load applied, after the short-term reads, tistasned loads kept for a period of 370
days. The sustained load, s\WW was selected to obtain instantaneous concrete
compressive stresses of (0.1 fc’) at the top arttbbofibers of the mid-span section.
For beam identification, PCB-1 to PCB-3 correspotaldeams tested with polymer
ratios of 15%, 10%, and 5% respectively, while NCBs used for the unmodified
concrete reference beam (i.e. without polymer attihte

For each beam, one dial gauge (of 0.01 mm accunaeg) used to measure the
deflection at mid-span.
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Figure 2. lllustration of beams during testing

6. Results and Discussion

A. Unit Weight (Density)

Unit weight (or density) of the hardened concreterbmeasured at 28 days. The test
results of the density for the HPC with differerdlymers at 28 days are shown in
Figure 3. For the SBR modified concrete, the dgraightly increased with increasing
the SBR contents, such that, the density increa&% 3vhen the SBR ratio increased
from zero to 15%, with an average density of 246k for reference concrete, and
2480 kg/n for polymer concrete.

2500

2475 _74

2450

2425 /

2400 .( T
%0 %5 %10 %15

SBR Ratio (%)
Figure 3. Densities with different contents of polymers at 28 days

Density, kg/cu.m

B. Compressive strength

In general, PMC has lower compressive strengths tihmamodified concretes with
similar cement, aggregate, and water contentsJdhes of size 100 mm was used, the
compressive strength of SBR latex-modified consretéh a different P/C ratio were
recorded. It shows that the compressive strengthedses with the increasing of P/C
ratio; such that the decrease was about 30% whtax lilacreased from 0% to 15% as
shown in Figure 4.

The decrease in the compressive strength with asarg polymer content is due to
lower density of latex with regards to matrix déysimix rheology) [4] and also
explained by the constant W/CM ratio considereth@experimental programme leads
to reducing cement content with the increasing 8RSratio to keep the same
cementitious (CM) amount for all beams
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Figure 4. Compressive Strength with SBR Content Relationship

C. Short Term Deflection

The deflections of beams recorded immediately dfterbeams are loaded in place
on their supports. Table 7 summarizes the testegnbge giving actual compressive
strength of concrete, and measured short-termalefies. The instantaneous deflections

are measured for all beams at an age of 28 day$2[8,The age of concrete beams
when loaded was 1 day after curing finish for aihins.

Table 7. Measured Short-Term Deflection

, Measured
oo SR o
NCB-4 0 64.93 55.19 5.6
PCB-3 5% 48.51 41.24 6.6
PCB-2 10% 47.83 40.65 7.6
NCB-1 15% 43.65 37.10 9.1

Plots of the measured mid-span short deflectiosusge6BR ratio for four beams are
shown in Figure 5, it can be seen that the increa&BR ratio increase the short-term
deflections because the concrete strength decreaskeldence modulus of elasticity.

10.C
9.0 /4—
8.0

E /

6.0 P

5.0

4.0 T T T

%0 %5 %10 %15
SBR Ratio

Deflection, x10E-2

Figure 5. Measured mid-span short deflection

E. Long Term Deflection

Ohama (1995) [6] stated that there are conflictata exist on the creep behavior of
latex-modified concrete. The creep characteristicSBR-modified concretes which
reported by himself'? is like ordinary cement concrete, the relationshiyetween
loading time (t) and creep strain or creep coedfiti(i.e., creep strain/elastic strain
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ratio) of the latex-modified concretes are consbtbr lower than those of unmodified
concrete. The latex-modified mortars and concreeserally exhibit small creep in

spite of the inclusion of flexible polymers withwoglass transition temperatures. This
may be related to the lower polymer content of al®wol%, the strengthening of

binder with polymers, and the long-term strengthredtgpment with improved water

retention.

By contrast Solomatov [15]found that the creep deformationléxdre of poly(vinyl
acetate-dibutyl maleate)-modified mortar was sdvdmaes larger than that of
unmodified concrete at 2@, and its catastrophic deformation occurred &C58ince
the polymer developed a high plasticity above ligsg transition temperature.

In this work, beams were loaded for a long periocevaluate the time-dependent
deflection behaviour. Deflection measurements eken over a 370 days period under
the predetermined level of sustained load to pesssessment of this effect.

Plots of the measured mid-span deflection versue for the four beams are shown
in Figure 6, it can be seen that the deflectiomaases with time due to the effects of
creep and shrinkage. However, the rate of increbdeflection decreases with time.

A large increase in deflection is noticed during flrst three months after the load is
applied. After that, the rate of increase becamallemas time progressed, i.e., in all
beams there is a substantial increase of defledolowed by a period where the
deflection increases are minimal. Table 8 summaridee measured long-term
deflections multiplier for each loaded beam. It ¢enseen that the rate of increase in
LMC beams’ long time deflection is less than thiailemodified concrete beams.

The ratio of deflection increments between the a8gsdand more than 1-year periods
for LMC beams was less than the unmodified condoetam by 20% in average. Tests
also showed that when 15% SBR added, minimum leng-tdeflection multiplier is
recorded, but when the ratio decreased, the lamg-teeflection multiplier increased
because both creep strain and creep coefficienisMf concretes are considerably
lower than those of unmodified concrete [6].

26
24
22
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14 %, = :;o" - 3= %15
12 ’70’ B %10

— - %5

%0

Deflection, mmx1
=
o
; 0%
|

O N A O @

0 30 60 90 120 150 180 210 240 270 300 330 360 390
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Figure 6. Measured mid-span deflection versus time for all beams
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Table 8. Ratios of Long-Term over Short-Term Deflections (AL/AS) for all Beams

SBR| 0% 5% 10% 15%
Ratio
Time
days
28 1 1 1 1
40 1.10 1.12 1.11 1.13
60 1.29 1.36 1.29 1.31
80 1.41 1.57 1.46 1.45
100 1.60 1.73 1.63 1.58
120 1.77 1.86 1.78 1.71
140 1.92 1.98 1.92 1.86

160 2.14 2.15 2.09 2.01
180 2.40 2.35 2.27 2.14
200 2.72 2.56 2.44 2.26
220 2.93 2.72 2.55 2.34
240 3.07 2.84 2.62 2.40
260 3.20 2.95 2.70 2.45
280 3.27 3.00 2.75 2.48
300 3.33 3.06 2.79 251
320 3.38 3.10 2.83 2.53
340 3.39 3.11 2.84 2.55
360 3.40 3.13 2.85 2.57
370 3.41 3.13 2.86 2.58

Table 9 shows the short-term deflection and theeexgental long-term deflection
increment, and Figure 7 shows the long-term dafieanultiplier, at the end of test.

Table 9. Test Results of Sustained Loading

shortterm  Exp Def.

Beam P/C deflection in(_:reme_nt
No. As (x10 Ai (x10
’mm) ’mm)
NCB-4 0% 5.6 13.56
PCB-3 5% 6.6 14.16
PCB-2 10% 7.6 14.18
PCB-1 15% 9.1 14.40

3.50 \
3.25 \
3.00

275 \
T~

2.50

Long-Term Defl. Multiplier

2.25

2.00 T T T

%0 %5 %10 %15
SBR Ratio

Figure 7. Measured long-term deflection multiplier for all beams
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7. Conclusions

In the following, conclusions are drawn regarding work;

1. Density of concrete increased about 3% with theemsing of SBR ratio from zero
to 15%,due to the reduction in W/C ratio, the iase in compaction, and reduce
concrete porosity. The polymer latex addition ifresh concrete causes the effect
almost typical to that of admixtures like supergkiger which leads to better
workability results that are known as ball-bearimfluence of surface active
substance inpolymer latex.[16]

2. Compared to the unmodified concrete, with the aoldiof SBR latex into the mix,
the compressive strength of specimens faced admmadile reduction by 25-32%
when SBR Latex ratio increased from 5 to 15%.

3. The tests showed that adding SBR to the concrelieewhance the long term
behaviour.

4. The overall trend of deflection-time curves areiEm The LMC beams showed
little more value at *tweek and clearly more values at later days.

5. The 370-days centre beam deflection for controhbeas (0.192) mm, while it was
(0.208, 0.218, and 0.235) mm for LMC beams for SB#os (5%, 10%, and 15%)
respectively. Ratio oA yc / Acontrorare (1.08, 1.14, and 1.22).

6. Although the long-term deflection of LMC is moreaththe unmodified concrete, but
the multiplier was less than the unmodified onesjicating an overall better
performance of LMC concrete beams in long-termesiibn.

7. The 370-days ratio of long term to short-term dgften (A /As) for control panel
was (3.41), the corresponding ratios for LMC parsets (3.13, 2.86 and 2.58) for
SBR ratios (5%, 10%, and 15%) respectively. Thauemlof ACI ratio (2.0) for
beams seems doesn't fit. A value of 2.5 as sugddsteBranson [17] sound more
suitable for HS LMC concrete beams.

8. About 75% increase in deflection was noticed dutimg first six months after the
load is applied. At the last three months, the chteicrease became smaller as time
progressed and it was about 7% from total deflaahcrement.

9. The rate of increase in deflection of unmodifiesh@ete was about 10% more than
LMC in first 6 months.

Abbreviations

HSC  : High Strength Concrete

NSC : Normal Strength Concrete

w/C : Water / Cement Ratio

CM : CementitiousMaterials (C+SBR)

feu : Cube Concrete Compressive Strength
fc’ : Cylinder Concrete Compressive Strength
As : Short Term Deflection

AL : Long Term Deflection

Aj : Long Term Deflection Increment

HPC  : High Performance Concrete
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SBR . Styrene-Butadiene-Rubber

PAE : PohrawlicFster, Thermoplastic Latexes
PMC : Polymer-Modified Concrete

OPC : Ordinary Portland Cement

LMC : Latex-Modified Concrete
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