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Abstract: The effect of inclusion of polymers and /or modified bitumen emulsions on concrete properties

was investigated. The examined properties were: air content, water absorption, compressive strength,

flexural strength, elastic modulus, abrasion, surface hardness, pulse velocity through concrete and corrosion

potential of reinforced concrete. Different polymer and modified bitumen emulsion types namely; acrylic,

modified  polyvinyl  acetate (PVA), acrylic-bitumen, and modified PVA-bitumen emulsions were used.

The emulsion content of 8%, by weight of cement, was applied for each type of emulsions for paste and

concrete mixes. The test results showed that, the inclusion of polymer and /or modified bitumen emulsions

into the conventional concrete mixes has significantly improved their examined properties. The achieved

improvement was found to be dependent on the used emulsion type. The inclusion of any type of the

polymer and /or modified bitumen emulsions ultimately increases the corrosion resistance of the reinforced

concrete. Also, the modified concrete mixes showed better surface hardness and higher pulse velocity

compared to control mix. Scanning electron microscope analysis showed that cement paste samples with

introduced polymer and/or modified bitumen emulsions have greaten numbers of air voids but with

ultimately smaller total voids content compared to control mix.    
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INTRODUCTION

Polymer cement concrete (PCC) and Polymer

concrete (PC) have been investigated in various

countries since the early 1950s . The utilization of[1]

polymer in concrete is done for the purpose of

substantially altering some properties of the fresh or

hardened concrete. Polymer cement concrete (PCC) is

prepared by adding organic materials to fresh concrete

which occur as polymerized dispersions. Polymers can

be used for improving mechanical properties, resistance

to shrinkage cracking, adhesion with substrate, or

waterproof qualities of cement and mortar, particularly

for low-thickness parts. Ohama  and Chndra and[2]

Flodin  are among those who have proposed a[3 ]

microstructure model of Portland cement concrete

modified by polyacrylic polymer additions. His model

consists of two main points are: 

C A polymer network that embeds the cement grain

and thus increases the assembly cohesion, 

C Reactivity between the polymer and the Ca  ions,2+

2the Ca (OH)  crystals, and the surfaces of silicate

phases, in particular the C-S-H gel. On the other

hand, Sinclair and Groves  have shown that the[4]

reaction between polyacrylamide and cement

results in amorphous, calcium-rich, polymeric-

containing phases. Also, Sakai and Sugita  have[5]

suggested that spherical particles of polymer are

localized along the interface between anhydrous

cement grains and hydration products. For the pore

distribution, Ohama  and Fu and Chung  have[2] [6]

found that polymer modified cement contains less

large (>0.2µm) pores than polymer free cement but

more small (<75 nm) pores. 

The aim of this research is to study the effect of

adding polymer and modified bitumen emulsions on

some physical and mechanical properties of concrete

mixes. In order to study the effect of added polymers

and bitumen emulsions on the examined properties, the

microstructure, through Electro scanning microscope, of

polymer free and polymer emulsions modified cement

paste is analyzed. 
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MATERIALS AND METHODS

Materials:

C Cement: Ordinary Portland cement OPC complying

with Egyptian Standard Specification E.S.S

373/1993 was applied. Its physical properties are

illustrated in Table 1. 

C Aggregates: Fine aggregate (natural sand), and

crushed limestone as coarse aggregate complying

with Egyptian Standard Specification E.S.S

1109/1971, were used. Gradations and properties of

the used aggregate are shown in Table 2. 

C Water: Ordinary tap water was used during the

experimental work.

C Superplasticizer: High rang water-reducing

chemical admixture Sikament 163 produced by

Sika Egypt Company was used. It complies with

ASTM C 494 type F and B.S. 5057 part 3 for

Superplasticizer.

C Local asphalt, penetration grade 60/70 produced by

El-Nasser Petroleum Company Suez-Egypt.

C Cationic emulsifier: A cationic slow set emulsifier

(Impact SBT) was used Table 3.

Additives:

1a. Acrylic emulsion P : Acrylic emulsion produced by

on of the polymer's factories at 10  of Ramadanth

City; Egypt. The physical properties are given in

Table 4. 

b. Polyvinyl acetate emulsion P.V.A: Polyvinyl

acetate emulsion produced by Hochest Orient

Company. The density 1.19 g/ml. water absorption

2 %, tensile strength 5000 psi.

c. Phenol formaldehyde alcoholic solution: Phenol

formaldehyde alcoholic solution produced by

Mansoura for resins Company, Egypt. Solid

content 60 % and viscosity 0.5 poise.

C Reinforcement steel bars: Steel bars of 12 mm

diameter, supplied from local factory, Ezz. Com.

Alex. The mechanical properties of the steel bars

as given from the supplier with tensile strength, 35

kg/mm ,yield strength 24 kg/mm ; and elongation:2 2

26%.  

The active materials of all used emulsions are

50%, by weight. 

Methods of Preparation: 

2C Preparation of the modified P.V.A emulsion P :

Polyvinyl acetate 50 % active material was mixed

with 10 % of Phenol formaldehyde alcoholic

solution (50 % active material) for 30 minutes

using a slow speed mechanical stirrer 450 rpm. 

C Preparation of bitumen emulsion (50 % active

material): water was wormed up to 90 C the°

emulsifier (3% by weight) was added while

stirring. Diluted hydrochloric acid was added to the

aqua's phase to adjust the pH value at 4.5 followed

by hot bitumen (135 C). Stirring was continued°

u n t i l  th e  e m u ls io n  b e c a m e  c o m p le te ly

homogeneous. Its physical properties are

summarized in Table 5.     

3 C Preparation of modified bitumen emulsion P and

4 1P : The emulsified polymers acrylic P  or modified

2 P.V.A P (50 % active material) were added to the

emulsified bitumen emulsion (50 % active

material) just after the emulsification of bitumen to

3 4 produce P and P respectively. Taking into

consideration that, the bitumen polymer ratio was

1:1. Stirring was completed, i.e. until the emulsion

became completely homogeneous.

C Paste mixes preparation: Six paste mixes were

prepared. The mixes were classified as control mix

and five mixes with polymer and bitumen

emulsions namely; acrylic modified PVA, bitumen,

acrylic-bitumen and modified PVA- bitumen.

Emulsion content of 8%, by weight of cement, was

applied for each type of emulsion. The

water/cement ratio was 0.5. A dose of 0.9%

superplasticizer, by weight of cement, was added.

Water content in the polymer and bitumen

emulsions was subtracted from the free water

content. The paste mixes were prepared according

to ASTM C 305-99. The emulsion was added and

mixed with the fresh cement paste and then the

superplasticizer was added with continuous mixing

until achieving a homogeneous matrix. The

scanning electron microscopy (SEM) was carried

out for hardened cement paste specimens cured in

water for 28 days using (JEOL model JSM-5300).

C Concrete mixes preparation: Four different types of

polymer and modified bitumen emulsions were

used namely; acrylic, modified PVA, acrylic-

bitumen and modified PVA- bitumen. The control

mix was prepared by dry mixing of cement (380

 1kg/m ), sand (665 kg/m ), aggregate size  (4703 3

2kg/m ) and aggregate size  (705 kg/m ), until3 3

homogenous distribution of the materials. In a

quantity achieving total water content of 180 l/m3

was then addend to the dry mix with continues

mixing for 30 second. Water content in the

polymer and bitumen emulsions was subtracted

from the free water content.  Superplasticizer type

F, was added to the fresh concrete during mixing

to achieve a uniform mix with about 180 mm

slump. For polymer and modified bitumen 
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Table 1: Physical properties of OPC cement.*

Setting time (hr: min)** Finesse (m²/kg)**

Cement Type --------------------------------------------------------------------------------------------------- ---------------------------------------

Initial Lim it (m in) Final Lim it (hr) Result Lim it

(OPC) 2:25 $45 3:35 #  10 343 $  280

*  Tests performed according to E.S.S. 2421/93

** Limits are according to E.S.S. 373/91

Table 2: Gradations and properties of the used aggregate. 

Property Coarse aggregate (crushed limestone) Fine aggregate (natural sand)

-------------------------------------------------------------------------------------------------------- ---------------------------------------

kind Size2 Size 1 Pass* Lim it % *

----------------------------------------------- -------------------------------------------

Pass% Limit %* Pass% Limit %*

         Sieve size (mm)

25 100 100  -  -  -  -

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

19 92.5 85-100 100 100  -  -

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

12.5 31.3 0-70 100 90-100  -  -

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

9.5 3.74 0-25 89.6 85-100  -  -

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4.75 0.7 0-5 8.3 0-10 100 95-100

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2.36 - - 1.1  - 97 80-100

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1.18 - - -  - 97.5 50-85

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.6 - - -  - 48 25-60

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.3 - - -  - 27.1 10-30

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.15 - - -  - 2.7 0-10

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SSD. Specific 2668* - 2691*  - 2646   -

weight; (Kg/m3)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Water absorption % 1.8 #2.5* 2 #2.5* 0.3 #2.5**

* According to ASTM  C33.

**According to E.S.S. 1101/71.

Table 3: Properties of the used emulsifier.

Property Value

Trade name Impact SPT

Chemical component- Lignin/tall oil amine

Physical form  at 20 C Brown liquido

- Viscosity, cps, 25 C 1000 o

- Sold content % 60

Table 4: Physical properties of Acrylic emulsion. 

Property Values

- Physical appearance. M ilk white

- Total solid weight percentage.     50 

- pH.     9

- Viscosity, 3o C by Brookfield     8°

RVT, Sp.   320 rpm  (poise).

- Particle size of solid material (µ).   0.58

emulsions concrete mixes, emulsion materials (8%

by weight) were added to the fresh concrete with

continues mixing just before the addition of the

superplasticizer. The air content of the fresh

concrete was measured according to ASTM C 231.

The compressive strength, flexural strength, elastic

modulus, abrasion, surface hardness, pulse velocity

through concrete and water absorption at age of 28

days in standard water curing were carried out

according to BS 1881, ASTM C 293-2000, ASTM

C 469 – 94, ASTM C 779, ASTM C 805, ASTM

C 597 and C 127-2001, respectively. The 90 and

360 days compressive strength of concrete cubes

left in air after the 28 days of water curing was

determined. The corrosion potential of reinforced

concrete beams was measured according to ASTM

C 876-99. The reinforced concrete beams were

subjected to 60 cycles of exposure. Each cycle

consisted of 3 days immersion in 3 % sodium

chloride solution and 4 days in atmospheric air at

room temperature. 

Experimental Program: The experimental program

was designed to cover the study of the effect of

introducing polymer and/or modified bitumen emulsion

in paste and concrete mixes. Therefore, the

experimental program is divided into three main stages:

The  first  stage  was  designed to study the physical
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Table 5: Physical properties of asphalt emulsion according to ASTM 244. 

Lim its

Property -------------- Values

M in : M ax

- Viscosity, Saybolt Furol at 25 C, seconds. 20 : 100 46°

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- Storage stability, wt % (24 hour). <   1 0.9

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- Settlement, wt % (5 days). 3 3

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- Cem ent mixing, % <   2 1.4

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- Sieve test, on sieve No. 20 (%). < 0.1 0.06

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- Coating test. good good

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- Miscibility with water. fair fair

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- Particle charge. + Ve. + Ve.

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- Freezing test. pass pass

                                                                  Tests on residue from distillation:

- Residue by distillation >  57 63

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- Penetration at 25 C 100 g, 5 sec., 0.1 mm 40 : 90 69°

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- Solubility in trichloroethylene, % . 97.5 97.5

proparties of the prepared bitumen emulsion according

to ASTMD 244-98. The second stage was designed to

study the effect of introducing four different types of

polymer and modified bitumen emulsions namely,

1 2[acrylic emulsion (P ), modified P.V.A emulsion (P ),

3acrylic emulsion + bitumen emulsion (P ), and modified

4P.V.A emulsion + bitumen emulsion (P ) at 8% by

weight of cement on the fresh and hardened concrete

performance. The third stage was designed to study the

effect of polymer emulsion and modified bitumen

emulsion types on the microstructures of cement paste.

RESULTS AND DISCUSSION

Results:  The  results of air content are given in

Figure 1. It can be seen that the air content of the

polymer fresh concrete is higher than that of control

mix.  The  percentage of increase ranges between

36.25 % and 87.5 %.

Results of water absorption are summarized in

figure 2. It can be seen that the inclusion of modified

bitumen and/or polymer emulsions significantly reduces

the water absorption. The reduction ranges, between

33% and 50% for PVAc and acrylic-bitumen

emulsions, respectively, compared to control mix.

Mixes with modified bitumen emulsions and acrylic or

PVAc emulsions have lower water absorption compared

with the corresponding without bitumen emulsion. 

Generally, the inclusion of polymer and/or

modified bitumen emulsions improves the compressive

strength as shown in Table 6. At age of 28 days,

acrylic and acrylic-bitumen emulsions concrete mixes

have higher compressive strength values compared to

the corresponding values of PVAc or PVAc-bitumen

emulsion concrete mixes. The increase in compressive

strength ranges from 25% to 48.5% for PVAc-bitumen

and acrylic emulsions, respectively, compared to

control mix. The compressive strength results of air

cured concrete mixes after the age of 28 days water

curing suggest that polymer emulsion concrete mixes

gain higher compressive strength compared to the

control mix. The percentage increase in compressive

strength at age of 360 days of air curing ranges from

34% to 61% for PVAc-bitumen and acrylic emulsions,

respectively, compared to control mix. The results also

show that the compressive strength of acrylic-bitumen

and PVAc-bitumen concrete mixes are lower than the

corresponding values of acrylic and PVAc concrete

mixes, respectively. The values of percentage reduction

in compressive strength are 10% and 6%, respectively.

The flexural strength of all types of polymer and/or

modified  bitumen  emulsions  concrete mixes is

higher than that of control mix, figure 3. The

maximum increase in flexural strength is 52% for

acrylic emulsion compared to control mix. The

corresponding percentage increase in flexural strength

for PVAc-bitumen, PVAc and acrylic-bitumen

emulsions, are 9.7%, 20% and 44%, respectively,

compared to control mix.

Figure 4, shows that the elastic modulus of all

types of polymer and/or modified bitumen emulsions

concrete mixes is lower than that of control mix; the

maximum decrease in elastic modulus is 8.65% for

PVA-bitumen  emulsion  compared  to  control  mix.
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Fig. 1: The effect of emulsion types on air content.

Fig. 2: The effect of emulsion types on the concrete water absorption

The corresponding percentage decrease in elastic

modulus for acrylic emulsion, PVA and acrylic-bitumen

emulsions are 3%, 4.3% and 6.5%, respectively,

compared to control mix.   

The  abrasion  resistance  is  summarized  in

figure 5, the abrasion resistance of the hardened

concrete mixes increases with all introduced polymer

and/or modified bitumen emulsion types compared to

that of control mix. The highest increase in the

abrasion is 24 % and 28 % with modified P.V.A

emulsion and acrylic emulsion, respectively, compared

to control mix. 

The pulse velocity of all types of polymer and/or

modified bitumen emulsions concrete is higher than

that of control mix, figure 6. The increases in pulse

velocity ranges from 48.2 % to 36 % with acrylic

emulsion and modified P.V.A emulsion, respectively,

compared to control mix. Inclusion of bitumen

emulsion to the acrylic emulsion or modified P.V.A

emulsion has insignificant effect on the pulse velocity.
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Table 6: Effect of emulsion types on the concrete compressive strength.

Compressive strength (Kg/cm2)

-----------------------------------------------------------------------------------------------------------------------------------

Water curing (day) Air curing (day) 

Emulsion type Emulsion % ---------------------------------------------------------------------------- -------------------------------------

1 3 7 28 90 360

Control 0 90 210 270 350 370 380

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Acrylic 8 130 285 390 520 565 610

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PVAc 8 115 270 370 500 550 590

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bitumen/acrylic 8 125 275 350 460 500 535

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bitumen/PVAc 8 110 260 335 438 475 510

Fig. 3: The effect of emulsion types on the concrete flexural strength.

Fig. 4: The effect of emulsion types on the concrete elastic modulus
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Table 7: Effect of emulsion types on corrosion potential.

Emulsion type Corrosion potential (- mv)

--------------------------------------------------------------------------------------------------------------------------------------------------------------

After 0 Cycles After 10 Cycles After 20 Cycles After 30 Cycles After 40 Cycles After 50 Cycles After 60 Cycles

Control 218 235 278 323 385 451 522

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Acrylic 187 190 193 201 208 216 228

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PVAc 183 187 191 199 205 212 224

Bitumen/acrylic 198 203 210 217 223 226 230

(1:1)

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bitumen/PVAc 195 199 207 213 219 222 225

(1:1)

Fig. 5: The effect of emulsion types on the concrete abrasion resistance.

Fig. 6: The effect of emulsion types on the concrete pulse velocity.
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Fig. 7: The effect of emulsion types on the concrete surface hardness.

Inclusion of polymer and/or modified bitumen

emulsions to concrete mixes increases the surface

hardness as evaluated through the measured rebound

number figure 7. The increases in surface hardness

ranges from 27.8 % to 8.3 % with acrylic emulsion

and modified P.V.A emulsion, respectively, compared

to control mix. The polymer and/or modified bitumen

emulsions type showed a significant effect on the

concrete surface hardness. Addition of bitumen

emulsion to the acrylic emulsion or modified P.V.A

emulsion showed insignificant effect on the surface

hardness.

The measured half cell corrosion potential of

concrete mixes, with and without polymer and /or

modified  bitumen emulsion is presented in Table 7.

The corrosion resistance of concrete is significantly

improved by addition of polymer or modified bitumen

emulsions. At age of 28 days in water, all tested

specimens almost show probability of corrosion less

than 5%. Up to 30 cycles of exposure, the control

specimens show a corrosion probability of about 50 %.

At 60 cycles of exposure the corrosion potential of

control specimens reached a 95% corrosion probability.

The corrosion potential increases with increasing the

number of exposure cycles. On the other hand up to

the 60 cycles of exposure the corrosion probability of

the polymer and /or modified bitumen emulsion

concrete specimens is less than 5%. Also, the rate of

increase in the measured corrosion potential is very

low in polymer and /or modified bitumen emulsion

concrete compared to the corresponding rate of the

control specimens.  

Photos 1 to 6 present the Scanning microscope

analysis of hardened cement paste samples. it can be

observed that the control mix, photo 1, has lower

number of air voids compared to the polymer and /or

modified bitumen emulsions modified paste mixes

photos 2 to 6, however, the volume of the monitored

air voids is grater than these found in the modified

paste mixes. Considering the number of air voids of

control  paste  is 100%, the corresponding number of

air  voids in acrylic emulsion, modified P.V.A

emulsion, bitumen emulsion, acrylic emulsion +

bitumen emulsion, and modified P.V.A emulsion +

bitumen emulsion are 180, 150, 280, 180 and 180

respectively. It can be seen that the emulsion type

shows a significant effect on the number and volume

of air voids. Although, acrylic emulsion, acrylic

emulsion + bitumen emulsion, and modified P.V.A

emulsion + bitumen emulsion have similar percent air

voids, the modified P.V.A emulsion has lower number

of air voids. Inclusion of bitumen emulsion

significantly increase the number of air voids. Also,

mixing of bitumen emulsion with modified P.V.A

emulsion improves its effect in increasing the number

of air voids.

Discussion: The testing results reveal that the inclusion

of polymer and /or modified bitumen emulsions

improves  the  properties  of  the  concrete  mixes.

The achieved improvement in the polymer and /or

modified  bitumen emulsion modified concrete mixes

is explained by the key function of polymer or

modified bitumen emulsions on modifying the hydraulic
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Photo 1-6: Scanning electron microscope analysis of hardened modified and unmodified cement paste.

cement matrix . Polymer and /or modified bitumen[7]

modification of cementations mixtures is governed by

two processes namely: cement hydration and polymer

and /or modified bitumen coalescence. As the cement

particles hydrate and mixture sets and hardens the

polymer or modified bitumen particles become

concentrated in the voids spaces. With continuous

water removal by cement hydration, evaporation, or

both, the polymer or modified bitumen particles

coalesce into a polymer film that is interwoven in the

hydrated cement resulting in a mixture that coats the

aggregate particles and fills the interstitial voids

resulting in better pore structure system . As explained8

by the analysis of the Scanning microscope results.

This structure system improves the water absorption

and hardening properties of polymer modified concrete

mixes. Also, the amount of moisture retained by the

polymer or modified bitumen  particles in the interior

of the mixture is considered to be a component of

curing . This  explains  the attained increase in the[9]



J. Appl. Sci. Res., 4(11): 1305-1314, 2008

1314

rate of gain of strength of air stored, after the period

of water curing of, polymer or modified bitumen

emulsion  concrete mixes compared to the

corresponding conventional control mix. In addition,

when micro-cracks form, the occurred polymer films

bridge  the  cracks  and restrict their propagation

which result increased tensile resistance and hence

flexural strength . [10]

The better improvement in the measured properties

of concrete when mixing bitumen emulsion with other

polymer emulsions can be attributed to the surface

active properties of the emulsifier content of the

bitumen emulsion beside the hydrophobic effect and

adhesion property of the bitumen itself . This results[11]

in better distribution of the cement particles and hence

good flow ability of the fresh matrix and also better

pores distribution in the hardened concrete.      

Conclusions: The inclusion of polymer emulsion and/or

modified bitumen emulsion into conventional concrete

mixes significantly improved the examined properties.

Emulsion type plays an important role in the achieved

improvement of concrete. The outcome of this study

can be summarized as follows: 

C The percentage of increase in air content ranges

between 36.25 % and 87.5 %. 

C A percentage reduction in water absorption reaches

50% with acrylic-bitumen polymer emulsion.

C The maximum attained percentage increase in 28

days compressive strength, standard water curing,

is 49%, with acrylic polymer emulsion. The

corresponding percentage increase in 360 days air

cured compressive strength is 61%.

C The maximum increase in flexural strength, 52%,

is attained with acrylic polymer emulsion.

C The maximum decrease in elastic modulus is

8.65% for PVA with bitumen emulsion.

C The highest increase in the abrasion value is 28 %

for acrylic emulsion.

C The  increases  in surface hardness ranges from

8.3 % to 27.8 % for acrylic emulsion and

modified P.V.A emulsion, respectively based on

rebound number.

C The increases in pulse velocity range from 48.2 %

to 36 % with acrylic emulsion and modified P.V.A

emulsion, respectively.

C The half cell potential in terms of values and rate

as an indication of corrosion probability are

significantly improved with all applied types of

polymer emulsion.

C Polymer or modified bitumen modified cement

paste reduce volume of air voids and increases the

number of air voids.

C Mixing bitumen emulsion with acrylic as well as

PVA polymer emulsions produces concrete with

similar performance as acrylic or PVAc polymer

emulsion concrete. The mix of bitumen emulsion

with other polymer emulsions could have a

positive impact on reducing the cost of polymer

modified mortar and concrete.      
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