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Abstract:

This research includes the study of improving impact resistance of concrete using
styrene butadiene rubber (SBR) with different weight ratios of polymer to cement 3%, 5%
and 10%. Two series of polymer modified concrete (PMC) were produced the first level |
with moderate compressive strength and the other level 11 with higher compressive strength.
Cubes, prisms and panels were made as follows:

Results showed an improvement in impact resistance of polymer modified concrete
(PMC) over reference concrete in low-velocity and high-velocity impact properties. In
conducting low-velocity impact tests, method of repeated falling mass was used: 1300gm
steel ball falling freely from three heights 2400mm, 1200mm and 830mm. In high-velocity
impact tests, shooting of 7.62mm bullets was applied to slab specimens from distance of 15m.
The improvements were significant in low velocity impact resistance. The maximum
increases were (33.33%, 75% and 83.33%) at ultimate failure for falling mass heights
2400mm, 1200mm and 830mm respectively.

In high-velocity impact strength tests, maximum reductions recorded in spalling area
were (18.5% and 27%) for polymer modified concrete (level 1) with moderate compressive
strength and polymer modified concrete (level 1) with higher compressive strength.
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Maximum reductions recorded in scabbing area were (11.42% and 35.6%) for polymer
modified concrete (level 1) with moderate compressive strength and polymer modified
concrete (level 1) with higher compressive strength, respectively.

1. Introduction

The concept of polymer modification for cement mortar and concrete is not so new,
as in 1923 the first patent of the concept had already been issued to Cresson® .This
patent refers to paving materials with natural rubber latexes, and cement was used as a
filler. The first patent with the present concept of polymer modification was published
by Lefebure® in 1924. Since then, considerable research and development of polymer
modification for cement, mortar and concrete have been conducted in various
countries for 70 years or more. As a result, many effective polymer modification
systems for cement mortar and concrete have been developed, and currently are used
in various applications in the construction industry.

1.1.Polymer Portland Cement Concrete (PPCC)

ACl Manual of Concrete Practice Part 5-1990® defines Polymer Portland
Cement Concrete (PPCC) mixtures as normal Portland Cement Concrete to which a
water soluble or emulsified polymer has been added during the mixing process. As the
concrete cures, hardening of polymer also occurs, forming a continuous matrix of
polymer throughout the concrete.

1.2. Polymer M odification for M ortar and Concr ete

The use of polymer modification for cement mortar and concrete is not new. In
1923 using polymers “as an admixture” which consists of polymeric compounds to
improve properties such as strength, modulus of elasticity, water proof, durability of
cement mortar and concrete was a patent issued to “Cresson”™, this patent refers to
paving material with natural rubber latexes and cement was used asfiller.

In Japan, polymer modified mortar is most widely used as a construction
material for finishing and repairing works, but polymer modified concrete (PMC) is
seldom used because of its poor cost — performance balance, however, the PMC is
widely used for bridge deck overlays and patching work in U.S.A; for example 1.2
million m? of bridge decks are overlaid with polymer modified concrete (PMC) @ .

To produce polymer-modified mortar and concrete, mostly polymers in
dispersion (latex or emulsion) form are added to ordinary cement mortar and concrete
during mixing. Polymer-modified mortar and concrete have considerable attraction
because their process technology is very similar to that of ordinary cement mortar and
concrete. The polymer dispersions widely used are styrene-butadiene rubber (SBR)
latex, ethylene-vinyl acetate (EVA), and polyacrylic ester (PAE) emulsion in Japan
and Europe, and the styrene-butadiene rubber latex, polyacrylic ester emulsion, and
epoxy (EP) resin in the United States. Annual consumption of the polymer dispersions
in Japan has exceeded 100,000 tons in recent years. In Japan and Europe, the epoxy
resinisrarely used as a polymeric admixture because it is more expensive than latex or
emulsion polymers. In Europe, Japan, and the United States, redispersible polymer
powders are produced by spray-drying polymer dispersions such as ethylene-vinyl
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acetate and vinyl acetate-vinyl carboxylate emulsions, and often employed for the
same purpose as polymer dispersions.

1.3.Principles of Polymer M odification

Although polymer-based admixtures in any form such as polymer latexes,
water-soluble polymers and liquid polymers are used in cementitious composites such
are mortar and concrete. It is very important that both cement hydration and polymer
film formation (coaescence of polymer particles and the polymerization of resins)
proceeds well to yield a monolithic matrix phase with network structure in which the
cement hydrate phase and polymer phase interpenetrate. In polymer-modified mortar
and concrete structures, aggregates are bound by such co-matrix phase, resulting in
superior properties compared with conventional cementitious composite®’.

Polymer latex modification of cement mortar and concrete is governed by both
cement hydration and polymer film formation. The cement hydration process generally
precedes the polymer film formation process by the coalescence of polymer particles
in polymer latexes . In due course both cement hydration and polymer film
formation processes form a co-matrix phase. The co-matrix phase is generally formed
according to the simplified model given by Ohama ?, and integrated model by A.
Beeldens, et a. © |, shown in Fig(1).

Some chemical reactions happen between polymer and cement hydration that
lead to improve the bond between cement hydrates and aggregates®®.

Alaa’ A. Laetif ” studied the effect of adding a polymer, which was an epoxy
resin with hardener on the properties of the concrete. In this research (1/3) scale
specimens consisted of cubes, cylinders, beams prisms and discs were prepared to
investigate epoxy modification for the properties of concrete. It was found that the
epoxy-modified concrete has higher mechanical properties, especialy the splitting
tensile strength. The extensibility of epoxy-modified concrete is largely increased with
increasing polymer content.

The test results exhibit excellent improvement in durability properties of epoxy-
modified concrete. In general, this study results indicate to that, the use of epoxy resin
in concrete as an admixture improves many properties of Portland cement concrete.

Step 1: Downedintely after mming
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(b) Partial deposit of polymer particles, cement hydration, film formation

Step X Mixiure of cerwent zel and tnbydezted cement particles, enveloped
with a close-pecked laver of polymer pasticles and with polymer film,
I'he coment bvdrates gresw partly through the polvmer il
T
fff%/ Mppregates
Ristersy
Urhydrzted comenl parlices
- and comens gel

s

o/ ”ﬂ}“ﬁfjfx’?ﬁ

Palymer partieles, closely pecked
cuklisued inlo 2 flm

Crmbined iworeganic ard crganic prodoct
precipitaed in the bulk phase

Wller, pure solulion

(c) Cement hydration proceeds, polymer film formation starts on specific spots

step 4: ardened struciure, cement hvdrales: enveloped with palvmer 1lm
T

W Ao rmies
Undydeated cement
particles

i Pobymer fillm

Commbiaed inomgan e and arpganie prodoc
- prec ||'||IH.1\:t|n1h ulk phase

Enlrainzd wir

(d) Cement hydration conti nuous the polymer particles coalesce into a
continuous film

Fig.(1): Integrated model of structure formation ®.

1.4.Styrene Butadiene Rubber (SBR) Polymer M odified Concr ete
SBR Polymer is the most widely used in concrete. Fig.(2), shows the chemical
structure of Styrene butadiene Rubber |atexes. Co-polymers of butidine with styrene
(styrene-butadine rubber (SBR)), are a group of large-volume synthetic rubbers®.
High adhesion occurrs between the polymer films that form and cement hydrates.
This action gives less strain compared to ordinary concrete and improves the
properties of concrete such as flexural and compressive strength and gives also a

higher durability @ .
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Fig.(2) Chemical structures of SBR polymer latexes
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1.5.Impact in Polymer Concrete

J.Bhargava and A.Rehnstrom™® studied the dynamic impact of polymer cement
concrete. Cylinders (100X200)mm were cast from plain and polymer cement concrete,
some of the specimens were reinforced by polypropylene fibers also. The Hopkinson
split bar method was used to find impact strength of specimens.

The dynamic strength of concrete obtained was 40-45% higher than the static
strength. Polymer cement concrete showed 30-35% increase in dynamic strength over
plain concrete. It was observed that for every concrete quality, there was an optimum
stress transmition limit under dynamic loading.. If a specimen was subjected to higher
amplitude pulses, there was no increase in transmitted stress, the excess energy being
dissipated in fracturing.

Green "9 suggested that the impact strength can be represented by the number
of blows that concrete can withstand till there is no “no rebound” of the impacting
device.

Qusai Kheder Hameed Al-Gasani™ worked to improve impact and mechanical
properties of concrete using SBR polymer with different weight ratios of polymer to
cement. In this study stedl fiber was also added to improve the properties of polymer
modified concrete.

In conducting low-velocity impact tests, method of repeated falling mass was
used: 1030gm steel ball falling freely from hight of 2500mm. In high-velocity impact
tests, shooting of 7.62mm bullets was applied on specimens 15m distance.Results of
the study on properties of polymer modified concrete (PMC) show that:

Clear improvement in all properties of polymer modified concrete (PMC) over
reference concrete.

Increase in compressive strength, splitting tensile and flexural strength is (15-
30%), (13-40%) and (14-32%) respectively.

Improvements is significant in low velocity impact resistance and it varies from
300% to 400% at ultimate failure and a mode failure showes a pronounced
ductility.

High-velocity impact strength decreases the projectile penetration depth to about
(5-17%) and the scabbing area to about (15-35%).

Results of the study on properties of polymer modified concrete (PMC)

including 1% by volume steel fibers show that:
additional increasein all properties.
Increase in compressive strength, splitting tensile strength and flexural strength is
(18-38%), (52-85%) and (44-61%) respectively.
Improvements are significant in low velocity impact resistance and it is 4375 % at
ultimate failure and a mode failure show a pronounced ductility.
High-velocity impact strength decreases the projectile penetration depth to about
(28-39%) and the scabbing area to about (64-95%).
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2. Materialsand Test M ethods
2.1. Cement

Sulphate resisting Portland cement from Al-Qa’em factory, conforming to Iraqgi
standard 2, was used throughout the investigation. It was tested at National Center for
Construction Laboratories and Researches.

2.2.Fine Aggregate

Natural sand from Al-Habaniya region in Al-Anbar Governorate was used in
production of concrete specimens used in this study. Results of sieve analysis of this
sand are shown in Table (1). It is shown that the sand confirms to Limits to the
requirements of the Iragi specification (10S) No. 45-999, zone (2).

Specific gravity and absorption of fine sand used were calculated according to
ASTM - Designation: C 128-88"¥ and they were equal to 2.68 and 3% respectively.
The sulfate content was equal to 0.35%.

2.3. Coarse Agaregate

Graded uncrushed coarse aggregate from Al-Jarayishi region in Al-Anbar
Governorate was used for all concrete mixes in this study. The aggregates were
conforming to the requirements of the Iragi specification (10S) No. 45-99%9

As shown in Table (2) which gives the sieve analysis results of that coarse

aggregate. Specific gravity was equal to 2.79 and sulfate content was equal to 0.075%.

2.4. Mixing Water
Ordinary tap water was used in this work for all concrete mixes and curing of
specimens.

2.5. Polymer

Styrene butadiene rubber (SBR) is used as polymer modifier in this study.
Styrene butadiene, an elastomeric polymer, is the copolymerized product of two
monomers, styrene and butadiene. Latex is typically included in concrete in the form
of a colloidal suspension polymer in water. This polymer is usualy a milky-white
fluid. The Gulf International Chemicals Company, Oman, manufactured this polymer
and the typical properties of SBR polymer is shown in Table (3). Other information is
shown in Appendix (A). The polymer (SBR) was used as aratio by weight of cement
of 3%, 5% and 10%.

2.6. Plain Concrete Sab Specimensfor Impact Resistance
For low and high velocity impact strength, square slabs of (500X500X50) mm were
used. The moulds used for casting the slab specimens are shown in Plate(1).

2.7. Preparation of Concrete Specimens

A mechanical mixer of the capacity (0.07) m® operated by electrical power was
used .First of all aggregates and cement were added before adding polymer and dry
mixing were continued until the dry mix became homogenuous, then the polymer was
added until al particles are fully coated with polymer and finally water were added

6
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and mixing continues until uniform mix is obtained. This procedure is similar to the
method used by Ohama™.

2.8. Mix Proportions
Two groups of mixes were used in this research. Table (4) shows the mix
proportions of materials used in this work.

2.9. Casting, Compacting and Curing

The moulds were lightly coated with mineral oil before use, according to
ASTM C192-88"| concrete casting was carried out in three layers. Each layer was
compacted by using a vibrating table until no air bubbles emerged from the surface of
concrete and the concrete is levelled off smoothly to the top of moulds. Then the
specimens were kept in the laboratory for about (24) hrs. After that the specimens
remoulded carefully and for two days immersed in water for polymer concrete
specimens, whereas the control specimensimmersed in water for (14) days. For  the
beam specimens the vibrating was done internally using immersing vibrator.

2.10. Compressive Strength Test

Compressive strength was determined using (100X100X100) mm cubes
according to B.S.1881 part 116 ® .ELE machine with a capacity of (1000) kN was
used for that test. The average compressive strength of three cubes was recorded.

2.11. Flexural Strength Test

(100X 100X 500)mm Concrete Prisms were prepared according to ASTM C192-
88", Two point load test was carried out according to ASTM C78-94%" using ELE
(50)kN capacity machine. Average modulus of rupture of two prisms was obtained.

2.12. Impact Tests

2.12.1. Low Veocity Impact Test

Twenty four, 91-day age (500X500X50) mm slab specimens were tested under
low velocity impact load. The impact was conducted using 1300gm steel ball dropping
freely from heights 2.4m, 1.2m and 0.83m. The test rig used for low velocity impact
test is shown in Plate(2). Specimens were placed in their position in the testing frame
with the finished face up. The guiding pipe is then place in a position .The mass was
then dropped repeatedly and the number of blows required to cause first crack was
recorded. The number of blows required for failure (no rebound) was also recorded.

2.12.2. High Veocity Impact Test

Slabs with the same dimensions of low velocity impact specimens were used in
this test. Eight slab specimens were tested at 91 days of age. The slabs were fixed in
vertical position carefully to avoid movement. Centres of the slabs were indicated by
soft pen. Slabs were tested under high velocity impact using 7.62mm bullets. The
specifications of armor piercing bullet are given in Table(5).
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Table (1): Sieve Analysis Results of the Sand Used.
Accumulated percentage

. Limits of Iraqgi Specifications No. 45:1999
passng ¥7Zone 2

4.75mm 100 90-100

2.36mm 96.3 75-100

1.18mm 77.6 55-90
600micron 50 35-59
300micron 32 8-30
150micron 12.5 0-10

Table (2): Sieve Analysis Results of the Gravel Used.

Sieve Size Accumulated percentage of Limits of Iragi Specifications
passing % No. 45:1999 ¥
14.0 100 100
10.0 94.75 85-100
5.0 9.25 0-25
2.36 0 )

Table (3): Typical Properties of Styrene Butadiene Rubber(SBR) Polymer.

[[o][ Propertis  J|  Desoription |

1 Appear ance White emulsion

2 Specific Gravity 1.03 + 0.02@ 25°c

3 PH Value O+2

4 Freeze/Thaw Resistance Excellent

5 Chloride Content Nil

6 Flammability Non-flammable

7 Compatibility Can be used with all types of portland cement

*Properties are obtained from the product catalogue ™

Table (4): Mix Proportions of Materials Used in thisWork for Making One Cubic M eter
of Concrete.

a-Concrete Level | with M oderate Compr essive Strength.

Cement [ Gravel | Sand Water W/C | (P+tW)/C
ko) ko Jko) |rLite JMixture pliquid g0 foo |
= | L
RM* 340 1385 515 183.92 - 054 |- 70
PM3 332.8 1355.8 | 504.2 169 10 3.32 6.67 0.50 |0.54 80
PM5 330.8 1347.6 | 501.16 | 162 16.54 5.52 11.02 0.49 §0.54 100
PM 10 326 1327.6 | 493.76 | 1434 | 32.6 10.8 21.6 0.44 §0.54 125
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b-Concrete Level |1 with Higher Compressive Strength.

Polymer(llter)
Symbol Cement || Gravel || Sand || Water W/C (P+ W)/C Slump
(kg) (kg) (kg) Liter M |xture PL ||qU|d Water (mm)
oymer
oI mer 33% 66 67%)

RH* 656.8 | 214.5 - - 0.39

PH3 538 963.6 642.6 § 191.39 |} 16.15 6.12 11.124 0.36 0.39 95
PHS5 525.1 |940.67 §627.2 |1785 26.26 9.57 17.5 0.34 0.39 142
PH10 512.2 |917.32 §611.72 | 148.56 ] 51.22 18.9 34.14 0.29 0.39 155

*Water curing (14)days, whereas all the other mixes were (2) days water curing.
For symbolsthe letters which wer e used mean as below:

R: Reference
M: Moder ate compressive strength
P: Polymer

Number (like 3): Polymer content as a per centage by weight of cement content
H: Higher compressive strength

Table (5); Specifications of Armor Piercing Bullets™.

Bullets Dia MuzzleVeIocnv Pr&sure Mass
mm m/sec k cm2 m

714-756 2800 71.47-7.87

3. Results and Discussion:

3.1. Behavior of Concrete Sabs under L ow Velocity mpact:

Low velocity tests results are performed in terms of the number of blows
required to cause ultimate failure. These tests were applied to square slabs of
dimensions (500X500X50)mm subjected to repeated impact blows by falling mass
(steel ball) of 1300 gm dropped from three heights (2.4)m, (1.2)m and (0.83)m at
(91)day age.The effect of (P:C) ratio on the impact resistance of concrete slabs are
showed in Table (6).

From Table (6), Fig.(3), Fig.(4) and Fig.(5) it can be seen that the addition of
polymer leads to increase in the impact resistance when compared with the references
mixes. This may be attributed to the role of polymer itself in increasing impact
resistance *** and consequently the impact energy absorption capacity.

The comparisons among impact resistances in different heights for polymer
modified concretes with moderate compressive strength and polymer modified
concretes with higher compressive strength are shown in Figs.(5) and (6). From Fig.(3)
and Fig.(5) it can be seen that, polymer modified concrete level | with moderate
compressive strength has a maximum impact resistance equa to (5 blows to ultimate
failure) for concrete mix with (P.C) ratio equal to (5%) at (2.4m) height of falling
mass, (7 blows to ultimate failure) for concrete mix with (P.C) ratio equal to (5%) at
(2.2m) height of falling mass and (11 blows to ultimate failure) for concrete mix with
(P:C) ratio equal to (5%) at (0.83m) height of falling mass.

From Figs.(4) and (6) it can be seen that, polymer modified concrete level 11
with higher compressive strength has a maximum impact resistance equal to (5 blows

9
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to ultimate failure) for both concrete mixes with (P:C) ratio equal to (3%) and (5%) at
(2.4m) height of falling mass, (9 blows to ultimate failure) for concrete mix with (P:C)
ratio equal to (10%) at (1.2m) height of falling mass and (13 blows to ultimate failure)
for concrete mix with (P.C) ratio equal to (5%) at (0.83m) height of falling mass.

From the Figures mentioned above it can be seen that the impact resistance
represented by number of blows until failure decreases with the increasing in falling
mass height. That might be due to an increase in strike force with an increase in the
falling mass height, and that means an increase in the absorbed energy by concrete
slab body in each strike, and that leads to distribution of the total impact energy on the
fewer number of blows until failure.

From Table (6) and Fig.(7), it can be seen that the increase in (P:C) ratio leads
to an increase in impact resistance. For polymer modified concrete level 11 with higher
compressive strength the maximum percentages of increase in impact resistance over
reference mix are equal to (44.44%) , (50%) and (25)% for mixes PH5 , PH10 and
(both PH3 and PH5) for falling mass heights (0.83m), (1.2m) and (2.4m) respectively.

For polymer modified concrete level | with moderate compressive strength the
maximum percentages of increasing in impact resistance over reference mix are equal
to (83.33%) for mixes (PM3 and PM5) at (0.83m) falling mass height, (75%) for
(PM5) mix at falling mass equal to (1.2)m in high and (33.33)% for (PM5) mix at
falling mass height equal to (2.4)m. This means that the role of polymer in impact
resistance is more pronounced at moderate strength.

3.2. Rdationship between Impact Resistance and Compressive

Strength:
Figs.(8) and (9) show the relationships between Impact resistance and

compressive strength for polymer modified mixes used in this research. It can be seen
from these figs. that, the increase in compressive strength leads to an increase in
impact resistance and this increase depends on the (P:C) ratio.

From best fitting of curves in GRAPHER software several empirical formula
are suggested for relationships between impact resistance and compressive strength at
(91)day age for polymer modified concrete.

For (2.4)m height of falling mass the empirical formulais:

. R =0.211008 X fq wovvvvvnnnnnnn Q)

Coefficient of determination (R%)=0.98

For (1.2)m height of falling mass the empirical formulais:

. R =0.172788 X foy oo (2

Coefficient of determination (R%)=0.97

For (0.83)m height of falling mass the empirical formulais:
. R =0.239654 x fo,  oiiiiiinin ©)]
Coefficient of determination (R%)=0.97

where :
| . R =Impact resistance (Number of Blows)

f w = Compressive strength at (91) day age in (Mpa)

10
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3.3. Relationship between I mpact Resistance and Flexural Strength:

The relationships between impact resistance and flexural strength for polymer
modified concrete are shown in Fig.(9). From this Figure it can be seen that the
increase in flexural strength leads to an increase in impact resistance. From best fitting
of curves in GRAPHER Software several empirical formula are suggested for
relationships to connect impact resistance at (91)day age and flexura strength at
(28)day age for polymer modified concrete as given below:

For (2.4)m height of falling mass the empirical formulais:

. R =1.06402 x f, .............. 4)
Coefficient of determination (R%)=0.98

For (1.2)m height of falling mass the empirical formulais:
l.R =1.67902 x f, .............. (5)
Coefficient of determination (R?)=0.98

For (0.83)m height of falling mass the empirical formulais:
. R =2.30234 x f, .............. (6)
Coefficient of determination (R?)=0.96

where:
| . R =Impact resistance at (91) day age (Number of Blows).
f,  =Flexura strength at (28) day age in (Mpa).

Relationships above lead to the fact that, the increase in strength properties due
to the addition of SBR polymer leads to an increase in impact resistance. An increase
in strength properties is due to modification of concrete by SBR polymer and that
leads to building strong microstructure due to continuous three-dimensiona network
of polymer molecules throughout concrete which increases the binder system due to
good characteristics of SBR polymer as mentioned before in the preceding chapters.

3.4. Mode of Failure under L ow Velocity Impact:

Plates (2),(3) and (5) show the failure of top face of slabs specimens for three
heights of falling mass, which were tested in this research. From these plates it can be
seen that, for all slabs used in low velocity impact tests, the crack starts from the point
of contact between the slab and the falling mass (center of slab) and propagates in
length across of specimens dimensions until fractured into separate pieces (ultimate
failure).

It is obvious from these plates that, the lines of failure at lowest height of falling
mass which is equal to (0.83) m are not straight in direction, whereas the lines of
failure for slabs subjected to falling mass from heights equal to (1.2 and 2.4) m are
straight.

For impact test in which the height of falling mass equals (2.4) m, most of the
slabs reach the ultimate failure without the occurrence of the first crack, except PM5
and PH3 mixes. For low velocity impact tests with falling mass failure of unmodified
concrete was more brittle than that latex of modified concrete slabs. The slabs made of

11
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references mixes reach the first crack and ultimate failure at number of blows less than
that of the slabs made of polymer modified concrete.

3.5. Behaviour _of Concrete Siabs under High Velocity Impact:

High velocity impact test was done on (500X500X50)mm slabs by shooting
bullets of (7.62)mm caliber having a striking velocity of (720 m/sec) from a (15)m
distance. Table(7) shows the results obtained from that test. Figs (12), (13) and (14)
illustrate the relationship between (P.C) ratio for slabs made of polymer modified
concrete with moderate compressive concrete and higher compressive strength and
spalling and scabbing. From the Table and Figs. mentioned above, it can be seen that,
polymer modified concrete level Il with higher compressive strength slabs in general
give reduction in spalling area compared with reference mix, whereas for polymer
modified concrete level | with moderate compressive strength slabs the reduction was
recorded only in specimens with highest (P:C) ratio (10%). From the same Table and
Figures it can be seen also that, the addition of polymer leads to decreasing the
scabbing area when compared with reference mixes for both polymer modified
concrete level |1 with moderate compressive strength and polymer modified concrete
level 11 with higher compressive strength.

In general, areas of spalling of polymer modified concrete level | with moderate
compressive strength slabs are less than those of polymer modified concrete level 11
with higher compressive strength, whereas the area of scabbing of polymer modified
concrete level | with moderate compressive strength slabs is greater than that of
polymer modified concrete level 11 with higher compressive strength.Generally, the
gpalling area at front face is less than the scabbing area at back face for all concrete
slabs, this behaviour is attributed to the reflection of compressive wave from the front
face to tensile wave in the back face of concrete specimens. It can be seen also that,
the area of scabbing decreases with the an increase in damping for concrete specimens
containing polymer and also due to the increase in bond strength and tensile strength
of concrete slabs with an increase in (P:C) ratio™?.

From Plate (6), it can be seen that the number of cracks, and the length of
cracks decrease with the increase in (P.C) ratio. This behaviour might be due to an
increase in strength and bond action of the polymer structure within at the distance
from the center of contact zone when the intensity of energy decreases.For polymer
modified concrete level | with moderate compressive strength slabs there are cracks on
the back face for all slabs, whereas there are cracks on the front space for slabs made
of RM and PM3 mixes only. For polymer modified concrete level Il with higher
compressive strength only reference mix (RH) has a crack on the both sides, whereas
the concrete slabs modified by the addition of polymer do not have any crack on any
side.

All dabs were perforated in this test.

12
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Table(6):Number of Blows that Caused First Crack and Ultimate Failure and the

Percentages Increase about References Mixes.

June-2008

Mix RM PM3 |PM5 |PM10 | RH |PH3 |PH5 |PHI10
No. of blows at first crack for 3 4 4 4 4 5 4 4
(2.4m) falling mass height

No. of blows at (2.4m) falling 3 4 5 4 4 5 5 4
mass height

(%)Increasing in No.of blows 0 3333 | 66.67 | 3333 | O 25 25 0
over References mix.

No. of blows at first crack for 3 5 5 5 6 6 6 8
(1.2m) falling mass height

No. of blows at (1.2m) falling 4 6 7 6 6 8 7 9
mass height

(%)Increasing in No.of blows 0 50 75 50 0 | 3333 | 16.67 50
over References mix.

(%)Increasing in No.of blows | 33.33 50 40 50 50 60 40 125
over (2.4m)

No. of blows at first crack for 5 6 9 5 8 9 12 9
(0.83m) falling mass height

No. of blows at (0.83m) 6 7 11 7 9 10 13 10
falling mass height

(%)Increasing in No.of blows 0 1667 | 8333 | 1667 | O | 11.11 | 4444 | 11.11
over References mix.

(%)Increasing in No.of blows | 100 75 120 75 125 | 100 160 150
over (2.4m)

Table (7): Results of High-Velocity Impact Resistance of Tested Siabs at Age of (91)

Days
Mix. (P.C)% | Condition of the Front Face Condition of the Back Face
RM 0 Spalling area (113.1)cm” + 3 long hair | Scabbing area (56.74)cm” + 2 long hair
cracks. cracks + one short hair crack .
PM3 3 Spalling area (110)cm®+ 3 long hair cracks. | Scabbing area (79.1)cm” + 3 long hair
cracks.
PM5 5 Spalling area (92.2)cm? + no hair cracks. Scabbing area (61.3)cm® + 2 long hair
cracks.
PM10 | 10 Spalling area (112.6)cm? + no hair cracks. | Scabbing area (50.3)cm” + 2 long hair
cracks.
RH 0 Spalling area (106.9)cm” + 2 long hair | Scabbing area (74.7)cm” + 2 long hair
cracks. cracks + one short hair crack .
PH3 3 Spalling area (95)cm? + no hair cracks. Scabbing area (70.9)cm? + no hair cracks.
PH5 5 Spalling area (91)cm? + no hair cracks. Scabbing area (66.5)cm? + no hair cracks.
PH10 | 10 Spalling area (78)cm? + no hair cracks. Scabbing area (48.1)cm? + no hair cracks.

13
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Behavior of Polymer M odified Concrete Slabs under Impact

Low velocity impact resistance of polymer modified concrete slabs with
moderate compressive strength is greater than that of reference mix concrete slabs and
the maximum increase in that resistance is:

-33.33% for PM3 and PM 10 at 2.4 m falling mass height.
-75% for PM5 at 1.2 m falling mass height.
-83.33% for PM5 at 0.83 m falling mass height.

Low velocity impact resistance of polymer modified concrete slabs with
moderate compressive strength is greater than that of reference mix concrete slabs and
the maximum increasing in that resistance were:

-25% for PH3 and PH5 at 2.4 m falling mass height.
-50% for PH10 at 1.2 m falling mass height.
-44.44% for PH5 at 0.83 m falling mass height.

For the different heights of falling mass the low-velocity impact resistance of
the lowest height (0.83m) is greater than that of the other heights.

The addition of SBR polymer leads to decreasing in area of spalling. The

maximum reductions in spalling area are equal to (18.5%) for polymer modified
concrete level | with moderate compressive strength and equal to (26.4%) for polymer
modified concrete level |1 with higher compressive strength, compared to respective
reference concretes.
In general, the addition of SBR polymer leads to decreasing in area of scabbing. The
maximum reduction in scabbing area is equa to (35.6%) for polymer modified
concrete level | with moderate compressive strength and equal to (11.42%) for
polymer modified concrete level Il with higher compressive strength, compared to
respective reference concretes.
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Plate(1):a-Test rig Used for Low Velocity Impact Test
b-Frame Used for Supporting I mpact Slabs
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June-2008

PM3
PH3

PH10

Plate(?2): The Mode of Ultimate Failure at Top Face of Slabs under (2.4)m Falling Mass

Low Veocity Impact Test.

PM5
PH5
PM3

RM
PH3

PH10

Plate(3): The Mode of Ultimate Failure at Top Face of Slabs under (1.2)m Falling Mass

Low Veocity Impact Test.
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