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Abstract

The main aim of this study is assess the moduludagtticity , shear modulus and Poissons's ratipobfmer
concrete (PC).Polymer concrete is a composite mhtezalized with resin and aggregates.The Unstddra
polyester composite resin was used for bindingatigregates. The silica foam and glass fibers inémeduced
in the composition as filler.Some mechanical préperof polymer concrete have been investigatedndoy
destructive method. The experimental results ohstinic wave at 26 KHz test were correlated witbduus of
elasticity, shear modulus and Poissons's ratio.fiblee percentage and silica foam was constantutisaturated
polyester resin and the Silica sand dosages weatedvBhe results showed that by increase the ptrgerof
sand aggregate (%\Wf all groups the Poissons's ratio,Pulse VelocibdMus of Elasticity and Shear Modulus
are increased.
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1. Introduction

The work in this investigation was planned in ortteobtain further information about the effectaafdition of
Silica sand to the Unsaturated polyester resinhensbome mechanical properties of PC such as modilus
elasticity, shear modulus and Poissons's ratio hBbeen used for decades in engineering constnulitie
machine foundations, in the building industry facdde products and sanitary parts, in electriogineering for
isolation devices and especially in the chemicalustry for all types of ducts due to favorable ies,
especially its corrosion resistance as well astiength and elasticity [Lang G. 2005].PC is a posite material
in which resin is used as binder for aggregateb siscSand or gravel instead of Portland cementt¢@asX,
Estefen S. 2008]. PC is an inert product that eandst in almost any shape [Zou G.P, Taheri F. R@é to its
rapid setting, high strength properties and abtlityvithstand a corrosive environment. It is inGiagly being
used as an alternate to cement concrete in manicafgns, construction and repair of structurdighway
pavements, bridge decks, waste water pipes andata@construction panels[Garas Victor Y, Vipuladan
C.1998]. However, the growing need for durable mal&to replace portland concrete, particularlyhwiegards
to chemical strength properties, has not been latatsinto widespread usage of PC.The most likesons
behind this are a lack of information on the prdigsrof PC, the technology employed in its produtind its
higher cost. The major cost component in these na#geis the resin used in their production [E.B.
Mano,1991].The importance in assessing the modufliedasticity of the PC compositions in this stustgms
from the fact that this property is one of the mimsportant characteristics of these materials. &hae also
polymers with low modulus of elasticity values gddied as thermoplastics) which, if used in PC positions,
can result in low modulus of elasticity values lie ffinal product. However, as the polyester reased in the
production of PC are dissolved in a styrene monprossss-linking occurs during polymerization and a
tridimensional reticulate structure (a thermoseuits. This thermosetting polymer is insolubldusible and
displays improved mechanical properties when coagarith thermoplastics. These characteristics recgiie
use of different technologies in the mode of agtian of these polymers[Jane P. Gorninski, Denisdél
Molin, Claudio S. Kazmierczak. 2004].Typical propes of polymer concrete are given in Table (1-hgThree
compositions in this study used fixed concentr&idhis concentrations are (85,65,55,40,25%) unesedr
polyester resin of all specimens group and (18350,75%) sand as a aggregate in group-1 and $i#fitg
foam as a filler with (11,34,41,56,71%) sand inup<& and (1%) fiber glass with (4%) silica foam and
(10,25,40,55,70%) sand in group-3.This filler i:dibetween aggregate and silica foam and alsofferetit
concentrations to provide a more comprehensivesassmnt of the effect of silica foam on the elastioiodulus
of PC compounds

2.EXPERIMENTAL PORGRAM
2.1. Materials
2.1.1 Resin

Unsaturated polyester resin (UPS) was used am#tex in the preparation of composite materialypeeric
and manufactured by the (Industrial Chemical sfrre Co. LTD) in Saudi Arabia. This resin transfierfrom
liquid to solid state by adding (Hardener) andis thardener is manufactured by the company itsgdfit is a
(Methyl Ethyl Keton Peroxide) coded (MEKP) and ihethe form of a transparent liquid. It is addedthe
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unsaturated polyester resin 1% percent at room deatyre, and in order to increase the speed ofeharg,
catalyzer materials on interaction is used astalys (Catalyst) called accelerators.Cobalt Namale which
are mixed directly with the resin and manufactusgdhe same company.

2.1.2 Aggregate

Aggregate used in PC with gradation of 0-2mm,2¥8and 8-16mmin this research,we used it between 0-
2mm.Silica sand is the main component of the poty@ncrete used in this study. It is brought fraBeeral
Company for Mechanical Industries in Al-Eskandria )

2.1.3 Filler

Silica foam is used as filler in order to achieiemical resistance, impact and erosion streangthto increase
bonding between matrix and reinforcement phaskcaSoam was brought from "Nippon AEROSIL CO. LTD
JAPAN, NFPA, NO.77-1984".

2.1.4 Fibers

In this research glass fibers used from type (&s§l as strengthening phase in the form of chofgsg dibers,
average diameter of filament for this choppy glfilsers is (4—6 um ) and with length is (10-15 mhese
fibers provided by (Mowding LTDUK)English Company.

2.2 Moulds for Plate
The moulds used for casting of the specimens camgrof a square steel frame measureing 50*50*50bym
ASTM C579 — 01 Method —Bsee fig.1).

2.3. Samples Design

By rule of mixture, design of mixtures for allogips are showed in the following manner:-
GROUP-1: Samples for studying the effect of silica sandiplas volume fraction with particle size rang (@0
>p.s>74um).
GROUP-2: The effect of particle size and volume fraction &ilica sand particles on UPS matrix with added
4% silica foam (0.02-0.5 um) for all samples.
GROUP-3: Samples with different volume fractions of silisand and adding percent of silica foam is 4% at
(0.02-0.5 um) and fiber glass 1%. Samples thesgpgrare designed as shown in table (1-2).
2.3 Method
The test of static modulus of elasticity, shear ulogl and Poissons's ratio was performed usingsoltia pulse
velocity test ( U.P.V) to find longitudinal andatrsverse velocity (V, V1) respectively.To find the values of
static modulus of elasticity, shear modulus and$twis's ratio we used equations (1,2,3):

Poissons's Ratior] v =120V 1 (2-2(VIVDD) .. (1)

Static Modulus of Elasticity E=V2p (1+v) (1-2v)/ (1-V) ......... (2)
(KN/mm?)

Shear Modulus (KN/mf) G V2Pt ©)

3.Results and discussion

The results obtained in the ultrasonic wavedestpresented and discussed in this section.

3.1 Non-Destructive Test( Ultrasonic Pulse Velocittest ( U.P.V)

The cubes samples were tested using non-destruntiethiods namely ultrasonic pulse velocity test. The
Ultrasonic pulse velocity was measured by an winasconcrete tester ( CSl ), type cc — 4 at 26 RHe test
method is prescribed by BS. 1881 : part 203 : 1g&&ifications (see Fig 2).

Fig.3 shows effect of Fillers on Pulse velocity &k concentrations.The results summarized in Fgipdw that
high pulse velocity values were obtained in groupe2ause adding silica foam as filler which leadshemical
bond between sand and binder. As a result, inergasi pulse velocity.When adding fiber glass (gr@pve
showed slightly low in values because the fibesglainders formation of chemical bond.

3.2 Poissons's ratio

Fig.4 shows variation of Poissons's ratio with Bulelocity for all concentrations.The results surrizeal in
Fig.4 show thaPoissons's ratio values increase with increasingepeelocity for all groups.In this figure, The
maximum value Poissons's ratio is 0.2 nearly o§alps.This value decrease to reach -0.2 in gliQup-55 in
group-2 and -1 in group-3.This decline of valuedidates that the decreasing of adhesion propdrgéseen
strengthening and matrix phases.
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3.3 Modulus of Elasticity

Fig.5 shows variation of Modulus of Elasticity witfercentage of fillers for all concentrations. Tiaesults
summarized in Fig.5 show that Modulus of Elastici#§yues increase with increasing percentage efrilfor all
groups.In this figure,the maximum values of ModubisElasticity are (0.0023, 0.0025 (KN/mjhnearly of
group-2 and group-3 respectively while the valuéviafdulus of Elasticity is (0.0015 (KN/nfy) of group-1.In
general,increasing percentage of fillers leadsntweiase of Modulus of Elasticity because load itistion on
the fillers particles and matrix.

3.4 Shear Modulus

Fig.6 shows variation of Shear Modulus with peraggtof fillers for all concentrations.The resulisnsnarized

in Fig.6 show that Shear Modulus values increagé wicreasing percentage of fillers for all groupghis
figure,the maximum value Shear Modulus is (0.11*1BN/mn")) nearly of group-2 while the value of Shear
Modulus is (0.3*10,0.62*10° (KN/mm?)) of group-1and group-3 respectively.In generatgasing fillers leads
to increase of Shear Modulus because transformafitire stress from matrix to particales.

5. Conclusion

There was an increase in Pulse Velocity as corettanis of percentage of fillers increased andraneiase in
Poissons's ratio as pulse velocity increased.Themuen value of Poissons's ratio is 0.2 and therradesing
values to -1 and -0.55 in group-2 and group-1 rethpaly.High modulus of elasticity values were ab&al and
the peak value was 0.0025 (KN/MiThese values are approach to those observedoimpgt.High shear
modulus values were obtained and the peak value QuEE*10°(KN/mm?) and then decreasing values to
(0.3*10°,0.62*10° (KN/mm)) in group-1 and group-3 respectively.
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Fig.(2): Ultrasonic Pulse Velocity device.
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Figure 3: Effect of Fillers on Pulse velocity fdf groups.
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Figure 4: Variation of Poissons's ratio with Pulséocity for all groups.
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Fig 9: Variation of Shear Modulus with Fillers falt groups.
Table 1-1: Physical Properties of some of Polymemaget&"a"e" O Oyawa. 2003]
Fill material Fill material Young's modulus Poisson’s Ultmate strength Shortening strain at Bulk-K and
cscription label Egy (KN/mm?) ratio v (N/mm?) peak strength (%) shear-G moduli
(KN/mm?)
K r
Latex mortar LCM 15.2 0.222 211 0.7272 9.11 6.22
Polymer concrete-| EIA 129 0.316 520 0.7208 11.7 4.90
Polymer concrete-2 E2A 3.0 0.480 19.0 4845 25.0 1.01
Normal concrete CN 29.6 0.171 26.0 0.4035 15.0 12,6
Table (1-2):Samples design.
Material Group-1 Group-2 Group-3
UPS Silica sand+4% Silica Silica sand+4% Silica
(%W) Silica sand foam foam+1%fiber glass
NO (%W) (%W) (%W)
1 85 15 11 10
2 65 30 26 25
3 55 45 41 40
4 40 60 56 55
5 25 75 71 70
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