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This review deals with the recent progress of developments in con- 
crete-polymer composites, which are classified into three types: poly- 
mer-modified (or cement) mortar (PMM) and concrete (PMC), 
polymer mortar (PM) and concrete (PC), and polymer-impregnated 
mortar (PIM) and concrete (PIG). A great interest in the concrete- 
polymer composites is currently focused on high-grade redispersible 
polymer powders, repair and durability-improving materials for re- 
inforced concrete structures, mass production systems, automated 
cast-in-place application systems, artificial marble products, ma- 
chine tool structures, and field polymer impregnation systems. En- 
vironment-conscious developments are also conducted in the con- 
crete-polymer composites. ADVANCED CEMENT BASED MATERIALS 
1997, 5, 3140. 0 1997 ELSEVKR SCIENCE LTD. 
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q n recent years, technical innovations in the 
construction industry have progressed consid- 
erably, and the research and development of 

high-performance and multifunctional con&ruction 
materials have been actively pursued to cope with the 
innovations. In particular, this trend is marked in the 
new frontiers of the construction industry, i.e., super- 
high-rise building, very deep underground space, 
ocean, and lunar base developments in advanced coun- 
tries. Current development of construction materials 
should be ecologically safe and energy-saving from the 
viewpoint of global environment protection, apart from 
conventional development. There are concrete-polymer 
composites in construction materials toward which a 
great interest is oriented. A worldwide interest in con- 
crete-polymer composites has become stronger, and 
since 1990 eight international congresses, symposiums, 
and workshops have been held as listed in Table 1. 

Concrete-polymer composites are the materials 
which are made by replacing a part or all of the cement 
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hydrate binder of conventional mortar or concrete with 
polymers, and by strengthening the cement hydrate 
binder with polymers. The concrete-polymer compos- 
ites are generally classified into the following three 
types by the principles of their process technology: 

1. Polymer-modified (or cement) mortar (PMM or 
KM) and concrete (PMC or KC) 

2. Polymer mortar (PM) and concrete (PC) 
3. Polymer-impregnated mortar (EM) and concrete 

VW 

Figure 1 shows the system and classification of the con- 
crete-polymer composites [l]. 

The present review deals with the recent progress in 
the developments of concrete-polymer composites ac- 
tivities and standardization work regarding them in the 
industry. 

Recent Progress in Polymer-Modified 
Mortar and Concrete 
For the past 70 years or more, the active research and 
development of polymer-modified mortar and concrete 
have been performed in various countries. As a result, 
polymer-modified mortar and concrete became the 
dominant materials in the construction industry in the 
198Os, and are currently used as popular construction 
materials. In Japan, polymer-modified mortar is most 
widely used as a construction material for finish and 
repair work, but polymer-modified concrete is seldom 
used because of its poor cost-performance balance. 
However, the polymer-modified concrete is widely 
used for bridge deck overlays and patching work in the 
United States. In particular, it is estimated that each 
year over 1.2 million m2 of bridge decks are overlaid 
with polymer-modified concrete [2]. In recent years, 
about 60,300 m3 of polymer-modified concrete has been 
placed each year on both new and existing deteriorated 
concrete structures in the United States [3]. 
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TABLE 1. Major international congresses, symposiums and workshops on polymers in concrete 

Year 

1990 
1991 
1991 
1992 

Venue 

Shanghai, China 
Bochum, Germany 
San Francisco, U.S.A. 
Johannesburg, 
South Africa 

Congress, Symposium or Workshop Name 

Sixth International Congress on Polymers in Concrete 
International Symposium on Concrete-Polymer Composites 
ACI-ICPIC North American Workshop on Polymers in Concrete 
Second South African Conference on Polymers in Concrete 

1992 Moscow, Russia Seventh International Congress on Polymers in Concrete 
1993 Salvador, Brazil ICPIC/IBRACON Workshop on Polymers in Concrete 
1994 Chuncheon, Korea First East Asia Symposium on Polymers in Concrete 
1995 Oostende, Belgium Eighth International Congress on Polymers in Concrete 

To produce polymer-modified mortar and concrete, 
mostly polymers in dispersion (latex or emulsion) form 
are added to ordinary cement mortar and concrete dur- 
ing mixing. Polymer-modified mortar and concrete 
have considerable attraction because their process tech- 
nology is very similar to that of ordinary cement mortar 
and concrete. Figure 2 represents the classification of 
polymeric admixtures or modifiers for polymer- 
modified 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 consump- 
tion of the polymer dispersions in Japan has exceeded 
100,000 tons in recent years. In Japan and Europe, the 
epoxy resin is rarely used as a polymeric admixture 
because it is more expensive than latex or emulsion 
polymers. In Europe, Japan, and the United States, re- 
dispersible polymer powders are produced by spray- 
drying polymer dispersions such as ethylene-vinyl ac- 
etate and vinyl acetate-vinyl carboxylate emulsions, 
and often employed for the same purpose as polymer 
dispersions. Various water-soluble polymers such as 
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FIGURE 1. System and classification of concrete-polymer 
composites. 

methyl cellulose (MC), hydroxy ethyl cellulose (HEC), 
polyvinyl alcohol (PVAL), polyacrylamide, and acrylate 
monomer are used as polymeric admixtures for plas- 
tering work or underwater concreting work, and mac- 
rodefect-free (MDF) cements. 

Tables 2 and 3 list recent developments in polymer- 
modified mortar and concrete. Some comments on the 
recent developments in the polymer-modified mortar 
and concrete are given below. 

In recent years, the quality of redispersible polymer 
powders has improved markedly. In particular, film 
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FIGURE 2. Classification of polymeric admixtures (or modi- 
fiers) for polymer-modified mortar and concrete. Note, *At 
present, PVAC is not used because of its poor water resis- 
tance. 
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TABLE 2. Recent developments in polymer-modified mortar and concrete (Part 1) 

Tovic Outline 

1. High-grade redispersible 
polymer powders 

2. Combined use of polymer 
dispersions and chemical 
admixtures 

3. Combined use of polymer 
dispersions and mineral 
admixtures 

4. New epoxy modification 
systems 

5. Unique PMM 

6. Polymeric modification for fiber 
reinforced mortars and 
concretes, and ferrocements 

7. MDF cements 

Marked quality improvement of redispersible polymer powders (EVA, VAVeoVa, 
SAE and PAE) for PMM, and the development of prepackaged-type products 
such as decorative wall coatings, tile adhesives and filling compounds for 
surface preparation, using the redispersible polymer powders [4,5] 

(1) Development of polymeric admixtures consisting of polymer dispersions 
(latexes or emulsions) and chemical admixtures such as alkyl alkoxy silanes 
[6], calcium nitrite as a corrosion inhibitor [7] and amino alcohol derivative [61 
for highly durable concrete 

(2) Combined use of polymer dispersions (latexes or emulsions) and 
superplasticizers [8,9] 

(3) Combined use of polymer dispersions (latexes or emulsions) and an El’ resin 
[lOI 

Combined use of polymer dispersions and fly ash [ll] or silica fume [12] 

Development of PMM and PMC using an EP resin without any hardener at 
polymer-cement ratios of 5 to 20% [13,14] 

(1) UP-modified systems [15,16] 
(2) Vegetable oil-modified mortars [ 171 
(3) Development of precast products manufactured by using superabsorbent 

polymers such as polyacrylates and applying compression or extrusion 
molding process [ 181 

(1) Polymer modification of fiber-reinforced cement mortars and concretes using 
steel, glass, polymer and carbon fibers [19-221 

(2) Polymer modification of ferrocements [23,24] 
(1) Development of new MDF cements using an anhydrous phenol resin 

precursor, which have flexural strengths of 120 to 220 MPa and very high 
water resistance 125,261 

(2) Improvement in water resistance of MDF cements [27,28] 
(3) Fiber reinforcement of MDF cements [29] 

formation characteristics and properties of polymer- 
modified mortars and concretes using redispersible 
polymer powders have become similar to those of poly- 
mer-modified mortars and concretes using polymer dis- 
persions. It is suggested from this fact that polymer 
dispersions will be replaced by redispersible polymer 
powders in the production of polymer-modified mor- 
tars and concretes in the near future. 

When the combined use of polymer dispersions and 
chemical admixtures advances further, new multifunc- 
tional chemical admixtures for cement concrete will 
successfully be developed. 

Polymer-modified mortars and concretes using an 
epoxy resin without any hardener at polymer-cement 
ratios of 5 to 20% are the epoxy-hydraulic cement sys- 
tems of new concept, and will develop the new appli- 
cations of epoxy-modified mortars and concretes. 

For the purpose of improving the workability, drying 
shrinkage, and durability of fiber-reinforced cements 
and concretes, or increasing the flexural strength, 
toughness, and impact resistance of polymer-modified 
mortars and concretes, fiber-reinforced polymer- 
modified cements and concretes are produced using 
steel, glass, polymer, and carbon fibers. In particular, 
polymer modification of glass fiber-reinforced cements 

is very effective in improving durability. Recently, a 
strong interest has been oriented toward polymer modi- 
fication of carbon fiber-reinforced cements. 

There are no commercially available MDF cement 
products in the world at present because of their very 
poor water resistance. MDF cements using an anhy- 
drous phenol resin precursor, which were newly devel- 
oped by Maeda et al. [25], have similar high flexural 
strength and very high water resistance compared to 
conventional MDF cement. Such superior water resis- 
tance may lead to the development of commercially 
available MDF cement products. 

Anti-washout underwater concretes are produced by 
the addition of polymeric anti-washout admixtures 
such as cellulose- or polyacrylamide-based water- 
soluble polymers at polymer-cement ratios of 0.2 to 
2.0% during the mixing of ordinary cement concrete to 
chiefly improve its anti-washout ability. In recent years, 
as concrete structures in harbor, bridge, or marine con- 
struction have become larger in scale, the need for anti- 
washout underwater concretes assuring effective un- 
derwater placement has increased. 

Because the rapid deterioration of reinforced concrete 
structures has become a serious problem in Japan, an 
intense interest is focused on polymer-modified mor- 
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TABLE 3. Recent developments in polymer-modified mortar and concrete (Part 2) 

Topic Outline 

8. Antiwashout underwater 
concretes 

9. Very rapid-hardening PMM 
and PMC 

10. Durability of PCM 

11. Repairing systems using PMM 
for reinforced concrete 
structures [37] 

12. PMM waterproofing systems 

13. Artificial wood 
14. Reuse and recycling 

(2) Development of siliceous coatings with EVA and PAE emulaions [42] 
Development of calcium silicate-SBR latex-glass fibers mixtures [43] 
PMM and PMC using FRP (fiber-reinforced plastics) powders manufactured from 

waste FRP products [44] 
15. Waste encapsulation Encapsulation of radioactive waste by EP-modified pastes [45] 

Development of underwater concreting systems using cellulose- or 
polyacrylamide-based water-soluble polymers [30] 

(1) Development of shotcreting systems using magnesium acrylate, having a 
setting time of 1 second or less [31] 

(2) Development of SBR-modified ultrarapid-hardening PMM and PMC using 
ultrarapid-hardening cement for repair materials and overlays [32] 

(1) Examination on carbonation [33], chloride ions (Cl-) or oxygen (0,) [35] 
diffusion behavior of KM 

(2) Weatherability of PMM or PMC through long-term outdoor exposure [36] 
(1) Development of repairing systems using PMM and corrosion inhibitors [38] 
(2) Development of repairing systems using PMM and alkalinity-imparting agents 
(3) Development of PMM permanent forms using PAE emulsion with 

polyethylene nets or SAE emulsion with alkali-resistant glass fiber nets [39] 
(1) Development of PMM for liquid-applied membrane waterproofing systems 

140,411 

tars and pastes as repair materials, and there is a grow- 
ing demand for them. As mentioned above, this trend is 
similar to that in other advanced countries. In connec- 
tion to such a trend, the carbonation, chloride ion pen- 
etration, and oxygen diffusion of polymer-modified 
mortars and concretes have been investigated in vari- 
ous countries. As a result, it is found that they have a 
marked resistance to carbonation, chloride ion penetra- 
tion, or oxygen diffusion. They can be recommended as 
low-cost, promising repair materials for reinforced 
concrete structures. 

Topics 12, 13, 14 and 15 in Table 3 are mainly con- 
cerned with environmentally-conscious developments 
in the field of polymer-modified mortar and concrete. 
In comparison with conventional membrane water- 
proofing systems such as asphalt membrane water- 
proofing systems and liquid-applied membrane water- 
proofing systems with organic solvents, liquid-applied 
membrane waterproofing systems using polymer- 
modified mortars or slurries are free from poisonous 
organic solvents or gases with disagreeable odors, and 
do not pollute the atmosphere. In Japan, it is very dif- 
ficult to execute hot-applied asphalt membrane water- 
proofing systems in built-up or urban areas at present, 
while the polymer-modified mortar liquid-applied 
membrane waterproofing systems are promising for 
deck roof waterproofing. The developments of artificial 
wood and permanent forms as replacements for ply- 
wood forms are most important from the viewpoint of 
the preservation of forest resources, especially tropical 
rain forests. The effective reuse and recycling of large 
quantities of waste Fiber Reinforced Plastics (FRP) 
products from various industrial applications and the 

encapsulation of hazardous radioactive wastes should 
be sufficiently examined from the viewpoints of envi- 
ronmental protection and resources exploitation. 

Recent Progress in Polymer Mortar 
and Concrete 
For the 40 years or more, the development of polymer 
mortar and concrete has been conducted in various 
countries. As a result, polymer mortar and concrete be- 
came the dominant materials in the construction indus- 
try in the 1970s in Japan and Europe, and in the 1980s in 
the United States. Today, the polymer mortar and con- 
crete are competitively employed as popular construc- 
tion materials. In general, the polymer mortar is used 
for finishing work in cast-in-place applications, and the 
polymer concrete for precast products. 

Commercially available liquid resins for polymer 
mortar and concrete include various thermosetting res- 
ins, tar-modified resins, and methacrylate monomers. 
Figure 3 illustrates the classification of liquid resins for 
polymer mortar and concrete. In Japan, the liquid resins 
for polymer mortar are chiefly epoxy resin, unsaturated 
polyester (UP) resin (i.e., polyester-styrene system), vi- 
nyl ester (VE) resin and methyl methacrylate (MMA) 
monomer, and the most common liquid resin for poly- 
mer concrete is unsaturated polyester resin. The most 
common types of the liquid resins in the United States 
and Western Europe are methyl methacrylate mono- 
mer, unsaturated polyester and epoxy resins, and MMA 
monomer and unsaturated polyester resin, which have 
the lowest cost. Furan resin (mainly furfural-acetone 
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Urethane Methaaylate 

FIGURE 3. Classification of liquid resins for polymer mortar 
and concrete. 

resin) is widely used for the same purpose in Russia 
and Eastern Europe. The use of the MMA monomer is 
limited because of its higher flammability and disagree- 
able odor. However, it has received much attention on 
account of the good workability and low-temperature 
curability of the polymer mortar and concrete made 

TABLE 4. Recent developments in polymer mortar and concrete (Part 1) 

from it. In recent years, some trials on the application of 
recycled monomers or polymers to the liquid resins 
were done. 

Tables 4 and 5 summarize recent developments in 
polymer mortar and concrete of the past several years. 
Some commentaries on the recent developments in the 
polymer mortar and concrete are described below. 

In the structural applications of polymer mortars and 
concretes, mild steel bars (for conventional cement con- 
crete), high-strength steel bars (for prestressed concrete) 
and FW (fiber reinforced plastics) rods with carbon or 
glass fibers are used to reinforce the members with 
polymer mortars and concretes, and steel fibers, glass 
fibers, etc. are employed to reinforce polymer mortars 
and concretes themselves. It is most important to select 
the effective reinforcements corresponding to the 
strength of polymer mortars and concretes. 

The low-temperature curability of polymethacrylate 
mortars and concretes is an exotic, interesting property 
compared to ordinary cement concrete, and enables re- 
pair work for refrigeration warehouses and construc- 
tion work in the winter season or cold districts. 

In general, polymer mortars and concretes are mixed 
using forced mixing-type batch mixers, and cast into 
forms or molds in a manner similar to that for conven- 

Topic Outline 

1. New liquid resins for PM and 
PC binders 

2. Mix design systems for PM and 
PC [50] 

3. Structural design considerations 
for PM and PC 

4. Reinforcement of PC and PM 

5. PM and PC materials modeling 

6. Low-temperature curability of 
PM and PC 

7. Long-term durability of PM 
and PC 

(1) Development of high-molecular weight methacrylate, low-odor acrylic 
monomer and urethane methacrylate for binders [46,47] 

(2) Development of low styrene emission UP resins (LSE) and low 
styrene-containing UP resins (LSC), i.e., high-solids resins for binders. In LSE, 
the styrene is completely or partially replaced with toluene or p-methyl 
styrene [48] 

(3) Development of composite or combined liquid resins for binders, consisting of 
UP resins and vinyl monomers [49] 

(1) Mix design systems for UP mortar and concrete 
(2) Mix design systems for polymethyl methacrylate mortar and concrete 
(3) Development of ready-mixed UP concrete 
(1) Recommended design equations for shear and flexural strengths of reinforced 

PM and PC [51] 
(2) Proposal performance criteria of reinforced PM and PC [52] 
(3) Strength prediction of UP concrete by applying maturity [53] 
(1) Fiber reinforcement of PC and PM by steel fibers or glass cloths [54] 
(2) Reinforcement of EP concrete by steel bars [55] 
(3) Development of reinforced or prestressed UP concrete with FRP rods using 

carbon or glass fibers [56] 
(4) Reinforcement of reinforced cement concrete by FRP, glass fiber-reinforced UP 

mortar, polymethyl methacrylate-impregnated ferrocement and highly 
reinforced ferrocement [57] 

(1) Materials modeling in optimization of PC [58] 
(2) Microstructure characterization of PC [59] 
(3) Creep law for PC [60] 
Low-temperature curability of polymethacrylate mortars and concretes using 

methyl methacrylate, urethane methyl methacrylate and glycerol methyl 
methacrylate-styrene at 0-25°C [61,62] 

(1) Long-term durability of UP or polymethyl methacrylate mortars and concretes 
[631 

(2) 30-year experience using EP concrete in hydraulic structures [64] 
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TABLE 5. Recent developments in polymer mortar and concrete (Part 2) 

Touic Outline 

8. Automated application systems 
of PM and PC 

9. PM and PC for underwater 
construction work 

10. Repairing systems using PM 
and PC for reinforced concrete 
structures 

11. Precast PM and PC products 

12. Artificial marble tiles and 
panels 

13. PM and PC for machine tool 
structures 

14. Reuse and recycling 

15. Waste encapsulation 

(1) Development of small-diameter shield tunneling system using a quick-setting 
UP mortar 1651 

(2) Shotcreting systems using PM and PC 1671 
(3) Development of automated mixing and continuous paving trains for PC 

overlays 1681 
Development of polymethyl methacrylate mortar and concrete placed and bonded 

underwater [69,70] 
(1) Development of permanent forms using UP or VE concrete [71] 
(2) Development of repairing systems using PM and PC [72,73] 

(1) Development of mass production systems using PM and PC [67] 
(2) Development of centrifugally cast high-strength pipes using UP mortar 1741 
(3) Development of projectile impact ballistic panels using UP or VE concrete [75] 
(4) Development of electric insulators using PC [76] 
(5) Development of ecologic filter pipes using PC [77] 
Development of artificial tiles and panels made with polymer pastes with 

flame-retarding fillers such as aluminum hydroxide and magnesium hydroxide 
[781 

(1) Development of EP concrete for machine tool structures [79,80] 
(2) Development of polymethyl methacrylate concrete for machine tool structures 

Ml 
(3) Development of machine tool structures made by covering PMC or cement 

concrete with furan-epoxy concrete [82] 
(1) PM and PC using recycled polyester resins produced from PET bottles [83] 
(2) PM and PC using FRP powders manufactured from waste FRP products [84] 
(1) Encapsulation of geothermal waste with heavy metals by UP concrete [85] 
(2) Development of UP concrete products with crushed waste glass as aggregate 

r861 

tional cement mortar and concrete. Refined continuous 
mixers are also available. It is most important that the 
developments of mass production systems for precast 
polymer mortars and concretes and of automated ap- 
plication systems for cast-in-place polymer mortars and 
concretes cause a cost reduction and good cost- 
performance balance. 

In recent years, the demand of artificial marble prod- 
ucts has been growing. The three largest markets of 
artificial marble products are systematized kitchen, 
washstand, and systematized bath fields. In the near 
future, if the weather resistance of artificial marble is 
improved greatly, the artificial marble products 
will widely be used as exterior finish materials for 
buildings. Furthermore, if a success in the cost reduc- 
tion of artificial marble products is brought down, the 
share of natural marble will considerably be replaced 
by the artificial marble. This may save a natural re- 
source. 

Topics 14 and 15 in Table 5 are chiefly related to 
environment-conscious developments in the field of 
polymer mortar and concrete. The effective reuse and 
recycling of large quantities of PET bottles and waste 
FRP products and the encapsulation of geothermal 
waste or crushed waste glass should also be examined 
from the viewpoints of environmental protection and 
resources exploitation. The development of permanent 

forms as replacements for plywood forms should be 
considered from the viewpoint of the preservation of 
forest resources as stated above. To prevent the pollu- 
tion of the atmosphere due to styrene emission from UP 
resins, LSE and LSC are developed at present. Further- 
more, some problems in the polymer mortars and con- 
cretes are the toxicity, explosibility, fire hazard, and un- 
comfortable odors of liquid resins, initiators and pro- 
moters for their binders, and the ecologically safe 
disposal of cleaning solvents for the mixers and tools 
used in their applications. 

Recent Progress in 
Polymer-Impregnated Mortar 
and Concrete 
Currently, polymer-impregnated mortar and concrete 
are rarely used as construction materials because of a 
poor balance between their performance and their high 
processing cost and awkwardness in applying despite 
their excellent performance. The precast products are 
manufactured filling an order at Ozawa Concrete In- 
dustries in Japan, which is the only manufacturer in the 
world. The main products of this company are perma- 
nent forms for improving the durability of reinforced 
concrete structures. The last application of polymer- 
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TABLE 6. Recent developments in polymer-impregnated mortar and concrete 

Topic Outline 

1. Durability improvement of 
reinforced concrete structures 
by field polymer precast PIC 
products 

2. Polymer impregnation of 
natural stone 

(1) Development of field polymer impregnation techniques using alkyl alkoxy 
silanes or linseed oils for the purpose of preventing mainly chloride-induced 
corrosion [88-901 

(2) Development of highly durable PIC permanent forms using methyl 
methacrylate [91] 

(1) Development of field polymer impregnation systems using epoxy resins, 
polyurethanes, acrylic resins, silanes, perfluoropolyethers, etc. for the 
conservation of natural stone in cultural and historical assets [92,93] 

(2) Quality improvement of soft stones such as tuff, sand stone and andesite by 
polymer impregnation using MMA [94] 

impregnated concrete in the United States was the field 
polymer impregnation of the roadway of the Grand 
Coulee Dam at a cost of US $ 51/m’ in 1982 [87]. A 
recent interest has been oriented toward the improve- 
ment in durability of reinforced concrete structures by 
field polymer impregnation techniques using alkyl alk- 
oxy silanes. The similar field polymer impregnation 
techniques are often applied to natural stone for the 
conservation of cultural and historical assets. Table 6 
lists recent developments in polymer-impregnated 
mortar and concrete. 

Industry Activities and 
Standardization Work 
Of many international congresses, symposiums, and 
workshops on polymers in concrete or concrete- 
polymer composites, the International Congresses on 
Polymers in Concrete have been held eight times since 
1975. At the Third Congress in Koriyama, Japan in 1981, 
the formal international organization, the International 
Congress on Polymers in Concrete (ICPIC) was 
founded to hold periodic congresses and disseminate 
information on concrete-polymer composites or poly- 
mers in concrete. 

In Europe, the Technical Committee (TC)-105-CPC 
(Concrete-Polymer Composites) of the International 
Union of Testing and Research Laboratories for Mate- 
rials and Structures (RILEM) was active in preparing a 
state-of-the-art report and terminology of concrete- 
polymer composites. RILEM TC-113-CPT (Test Meth- 
ods for Concrete-Polymer Composites) prepared 31 test 
methods for concrete-polymer composites, mainly 
polymer-modified mortar and concrete, and polymer 
mortar and concrete. The Federal Lander Technical 
Committee, Bridge and Structural Engineering of the 
Federal Ministry for Transport in West Germany issued 
four technical regulations for polymer-modified mortar 
and concrete, and polymer mortar and concrete as 
listed below. 

In the United States, Committee 548 Polymers in Con- 
crete of the American Concrete Institute (ACI) has held 
a symposium every two or three years, publishing the 
respective volumes of the proceedings. The committee 
has also issued a state-of-the-art report and a user’s 
guide. In 1986, the Society of the Plastics Industries 
(SPI) organized the Polymer Concrete Committee, and 
prepared 12 test methods for polymer concrete. The 
American Society for Testing and Materials (ASTM), 
under Committee C 09 Concrete and Concrete Aggre- 
gates, has established Subcommittee C 09.03.19 Poly- 

TABLE 7. National standards and governmental regulations for concrete-polymer composites in advanced countries 

Type of Standard or Regulation 
Type of Concrete- 

Polymer Composite Designation 

National 
Standard 

PS 

ASTM 

Govermental 
Regulation 

BS PMC&PC 
DIN PC 
GOST PC 
Federal Ministry for Transport PMC 
Technical Regulation (Germany) PC 
CIS Guide (Russia) PC 

PMC 
PC 

PC 

JIS A 1171 - 1174,6203, 6909,6916 
JIS A 1181 - 1186,535O 
ASTM C 267,307,308, 321, 395,399, 413, 

531,579,580,658,881,882,884,905 
ASTM D 3262, 3517,384O 
BS 6319 Part 1 - 12 
DIN 51290 
GOST 25246-82,25991-83 
TP BE-WC, TL BE-XC 
TP BE-PC, TL BE-PC 
VSN-12-84, SN-525-80 
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TABLE 8. Main institutional standards, standard specification and guides for concrete-polymer composites in advanced coun- 
tries 

Institution or Type of Concrete- 
Organization Polymer Composite 

JCI Uapan) PMC 

SPI (U.S.A.) PC 
AC1 (U.S.A.) PMC 

JSMS (Japan) PC 

AIJ (Japan) PMC, PC & PIG 
AC1 (U.S.A.) PMC, PC & PIG 

PC 

Designation or Title 

JCI Standards for Test Methods for Polymer-Modified 
Mortars (l)-(17) 

SPI Standards: 
SPI Polymer Concrete Test Methods (l.O)-(7.0), (9.0)-(ll.O), (13.0)-(14.0) 
AC1 548.4 Standard Specification for Latex-Modified Concrete (LMC) Overlays 
Recommendation for Design of Polyester Resin Concrete 

Structures 
Guide for Mix Design of Polyester Resin Concrete 
Guide for the Use (or Execution) of Concrete-Polymer Composites 
AC1 548.1 R Guide for the Use of Polymers in Concrete 
AC1 548.5 R Guide for Polymer Concrete Overlays 

mer Modified Concrete, and has already published 
many standards on polymer mortar as described later. 

In Japan, the Synthetic-Resins-for-Concrete (or Poly- 
mers-in-concrete) Committee of the Society of Materi- 
als Science, Japan (JSMS) and the Polymers-in-Concrete 
Committee of the Japan Technology Transfer Associa- 
tion (JTTAS) are currently playing the leading role in 
the field of the concrete-polymer composites. The Plas- 
tics Concrete Committee of the Architectural Institute of 
Japan (AIJ) which h a contributed to the field of the d 
concrete-polymer composites for many years published 
a user’s guide and a state-of-the-art report, and was 
discharged in 1987. The Japan Concrete Institute (JCI) 
issued 17 standards for test methods for polymer- 
modified mortars in 1987 as stated later. The Society of 
Materials Science, Japan (JSMS) also published a design 
recommendation for polyester concrete structures in 
1985 and a mix design guide in 1992. 

Among the countries using concrete-polymer com- 
posites, standardization work on their test methods and 
quality requirements has been in progress in the United 
States, Japan, the United Kingdom, the Soviet Union 
(Russia) and Germany. Table 7 lists national standards 
and governmental regulations for the concrete-polymer 
composites, which have been published up to the pre- 
sent time. Table 8 shows main institutional standards, 
standard specification, and guides for the concrete- 
polymer composites in advanced countries. 

Conclusions 
To cope with the technical innovations in the construc- 
tion industry in recent years, useful polymer-modified 
mortar and concrete, and polymer mortar and concrete 
as high-performance or multifunctional construction 
materials have been actively developed, particularly in 
advanced countries. A great interest is currently fo- 
cused on high-grade redispersible polymer powders, 
repair and durability-improving materials for rein- 

forced concrete structures, mass production systems, 
automated cast-in-place application systems, artificial 
marble products, and machine tool structures. Field 
polymer impregnation techniques using silanes are 
widely used for durability improvement of reinforced 
concrete structures. Similar techniques are also applied 
to natural stone for the conservation of cultural and 
historical assets. Permanent forms using polymer- 
impregnated concrete are produced at a Japanese 
manufacturer. Concrete-polymer composites can be 
used for reuse, recycling, or encapsulation of waste ma- 
terials from other industries, and to produce ecologi- 
cally safe and energy-saving materials. 
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