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PREFACE

The work described in -this report was authorized :-by Headquarters, US

-Army Corps of Enginheers (HQUSACE)., as part of the Concrete and Steel Struc-

tures Problem Area of the Repair,'Evaluation; Maintenance, and Rehabilitation
(REMR)--Research Program. The work was performed at thé US Army Engineer
Waterways Experiment Station. (WES) under Civil Works Research Work Unit 32303,

MApplication of New Technology to: Maintenance and Minor¥ Repair," for which

Mr. James E. McDonald (CEWES-SC-R) was Principal Investigator. Dr. Tony C.
Liu (CECW-EG) was the REMR Technical Monitor for this work. The annotated
bibliography resulting from this study is published in two volumes.

‘Mr. Jesse A. Pfeiffer, Jr. (CERD-C) was the REMR -Coordinator at the
Directorate of Research and‘Developmeng, HQUSACE; -Mr. James E. Crews (CECW-0)
and Dr. Liu -served -as the REMR Overview Committee; Mr. William F. McCleese
(CEWES-SC-A)-, WES, was. the ‘REMR Program Manager. Mr. McDonald was the Prob-
lem Area Leader.

The work was performed at WES under the general supervision of

‘Mr. Bryant Mather, Chief, Structures Laboratory (SL), and Mr. Kenneth L.

Saucier, Chief, Concrete Technology Division (CTD), and under the direct
supervision of Mr. McDonald, Research Civil Engineer, CTD, who along with
Mr. Willie E. McDonald (CEWES-SC-CE), Civil ‘Engineer, CTID, prepared this
report.

Commander and Director of WES was COL Larry B. Fulton, EN.

Dr. Robert W. Whalin was Technical Director.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

(metric) units as follows:

_._Multiply _By
-acre-feet 1233.489
cubic feet 2.831685
cubic yards 0.7645549
Fahrenheit degrees 5/9
feet 0.3048
sallons (US liquid) 3.785412
gallons (US liquid) 0.00006.

per ‘mimite
inches 25.4
miles (US statute) 1.609344
pounds (force) 4.448222

pounds (force) per
square inch

pounds (mass) 0

pounds (mass) per 16.
cubic foot

square feet 0

square yards 0.

tons (2,000 1b mass) 907.

G.006894757

.4535924

01846

.09290304

8361274
1847

To- Obtain

cubic metres

cubic metres

cubic metres

Celsius -degrees or kelvins¥*
metres

cubic metres

cubic metres per second

millimetres
kilometres
newtons

megapascals

kilograms

kilograms per cubic metre

square metres
square metres-

kilograms

% To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,
C = (5/9)(F - 32).

usé the following formula:
ings, use: K = (5/9)(F - 32)

+ 273.15.
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To obtain Kelvin (K) read-




EVALUATION AND REPAIR OF CONCRETE STRUCTURES
ANNOTATED- BIBLIOGRAPHY, 1978 - 1988

-
t

INTRODUCTION.

1. Tae bibliography contained in -two volumes, in:-essence, is a continu-
-ation-of the bibliography* previously prepared as part of the Concrete
Research Program. The earlier-bibliography covered a 5l-year** period and
contained 826 references. The current bibliography covers the ensuing 11
years; however, it contains 2,062 references. This large numﬁer of references
reflects the significant increase in concreté evaluation and repair activities

during recent years.
ORGANIZATION

2. The bibliography is divided into four sections relating to (a) con-
crete durability and causes of deterioration, (b) procedures for evaluating
‘the .condition of existing structures, (¢) maintenance ard repair materials,
and (d) maintenance and repair techniques. Sections a and b .are included in
Volume I, and Sections ¢ and d are in Volume II. A reference: appears only in
the section in which the title is most significantly identified, although the
contents of someé entries may be associated with two or more sections.
Attempts were made to include all references relevant to evaluation and repair
-of concrete; however, -considering the number of references in this broad
field, relevant entries may have been omitted.

3. 'The bibliography contains 461 references in section A on concrete
durability and causes of -deterioration. The references address a variety of

topics including alkali-aggregate reaction, chemical attack, corrosion of

* Liu, T. C., O’Neil, E. F., and McDonald, J. E. 1978 (Sep). Mainteénance
And Preservation of Concrete Structures, Report.l, Annotated Bibliography,

1927 - 1977, Technical Report C-78-4, US Army Engineer Waterways Experiment
Station, Vicksburg, MS, 409 pp.

*% A table of factors for converting non-SI units of measurement to SI
‘(metric) units is presented on page 3.




reinforcement, erosion damage, fire damage, -and freezing and thawing
-durability.

4. Section B cou.ains 396 - references--on procedures for evaluating the
-condition:-of existing structures: Many of these references describe non-
destructive testing techniques to evaluate the condition of structures. Other
‘major topics include condition surveys, core testing, inspection, petrographic
examination, and strength evaluation.

5. Maintenance and repair materials are described in the 495 references
contained in section C. These materials include bonding agents, :coatings and
‘sealers, fiber-reinforced concrete and mortar, polymer concrete and mortar,
polymer-portland cement concrete--and mortar, precast concrete, rapid-hardening
‘materials, shotcrete, -and silica-fume concrete. i

6. Section D contains 710 references -on maintenance and- repair tech-
,ﬁ1QueS—includingrbondihg‘new concrete to old, cathodic protection, concrete
and masonry cleaning, concrete removal, grouting, overlays, patching, polymer
impregnation, polymer injection,‘strengthenihg,'surfgcg-preparation, underwa-
ter concretihg,xand waterproofing. Also, this section includes a number of
case histories on maintenance and repair of -architectural concrete, bridges,
buildings, hydraulic structures, marine structures, pavement, parking struc-
‘tures, and tunnels. References on selection, specification and evaluation of
repalrs are also included.

7. A complete subject index and author index are provided in each vol-

ume as a guide for users of this bibliography.
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MAINTENANCE AND REPAIR MATERIALS
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-and a matching of these needs: to a sealant based upon the appropriate
design concept. Products such as :the semirigid epoxy described in this
article are currently available. The designer or buyer should carefully
evaluate and be wary of materials that -are made to satisfy some other
-concept of the requirements of a sealant for industrial floors.

Calve=t, G. 1978 (Jun). "Iowa Method of Bridge Déck'Resu;facing,"
‘Concrete Construction, Vol 23, No. 6, pp 323-329, Cleveland, OH.

‘Heavy salting of pavements and bridges has resulted in cracking, spall-
ing, and general deterioration of ‘thousands -of the nation’s bridge
-decks.

‘An Iowa research project has developed a practice of using high-
strength, low-slump; air-entrained concrete for resurfacing bridge
decks. The low-slump portland-cement concrete is used with a sand-
-cement bonding grout. The only concrete admixtures used are for air
entrainment and water reduction. -Careful preparation of the old con-
crete surface, use of high-quality low-slump concrete, and overall good
‘workmanship are essential features of che repair program. While some
minor localized failures, have occurred--for example, loss of bond in a
spot where an air compressor leaked oil and the saturated concrete was
not removed--the vast majority of the 455 bridge decks resurfaced to
-date have shown no disintegration or other problems.

Mauritz, W. 1978 (Apr). "Abrasive Wear Problems in Handling and Stor-
age” (in German), Zement-Kalk-Gips, Vol 31, No. 4, pp 180-182,
Wiesbaden; Germany. )

Abrasive wear occurs as a special .case of wear problems. It is char-
acterized by the action of mineral particles which, in performing slid-
ing motions over the surface, tear particles out of the material. The
problem can be solved by suitable choice of material, design precau-
tions, and process engineering precautions.

Process engineering and design precautions for combating wear are not
always practicable. On the other hand, the choice of material remains
possible as a subsequent measure. The training of engineers is directed
mainly %oward the commonly employed metallic materials. Nonmetallic
materials include, for example, mineral and ceramic ones:

- sintered materials such as feldspathic ware, <ilicon carbide, oxide
ceramics;

- cast materials such as cast basalt, cast corundum.

Wear resistance is based on the hardness of various minerals. Abrasive
materials which have to be handled are usually softer than the wear-
resistant materials, i.e., there is a low level of wear action in
respect to the latter. If the material to be handled is harder than the
wear-resistant material, a high level of wear actions develops. If
possible, conditions should be so arranged that wear is at a low level.

11
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Cast nonmetallic materials can be individually shaped. Some examples of
uses. for cast basalt in chutes, bunkers, continuous-flow conveyors,
cyclones, and separators are given, and cost comparisons are made.

Rollings, R. S. 1978 (Jun). "Laboratory Evaluation -of Expedient Pave-
ment -Repair Materials," Report CEEDO-TR-78-44, Civil and Environmental
Engineering Development Office, Detachment 1 (ADTIC).,, Tyndall AFB, FL.

Past work and current technical literature were reviewed to determine
potential capping materials for expedient repair of small craters (less
than 20- by 20-ft repair areas) in airfield pavements. Seven materials
identified in the literature review were tested in the laboratory to
develop information on strength and cure requirements. Accelerated high
alumina cement, -magnesium phosphate cement, three commercial asphalt
products, and unsurfaced, well compacted aggregate were recommended for
field testing as the most promising small crater repair materials.

"Bibliography cn Grouting." 1978 (Jun). Miscellaneous Paper C-78-8, US
Army Engineer Waterways Experiment Station, Technical Information Center
& Concrete Laboratory, Vicksburg, MS.

This bibliography on grouting contains abstracts of various engineering
and scientific publications on both portland-cement and chemical grouts.
The technical data cover subjects such as: dams, bridges, buildings,
machinery foundacg.o;xsr tunnels - sewers - shafts, silos, roadbeds, pave-
ments, soils, rock bolts, and miscellaneous structures.

Blankenhorn, P. R., Baileys, R. T., Kline, D. E., and Cady, P. D.
(Jul). "Effects of Linseed 0il on the Compressive Strength of Con-
crete," Cement and Concrete Research, Vol 8, No. 4, pp 513-515,
Elmsford, NY. o S ’

1978

Boiled linseed oil/mineral spirits mixtures are being applied to bridge
decks as a preventative maintenance procedure by many state highway
agencies. Spraying of these mixtures on concrete helps to reduce scal-
ing, but the shallow penetration (about 3 mm) of concrete using the
linseed oil mixture has little effect in reducing spalling. Spalling is
a major cause of bridge deck deterioration and has been attributed to
corrosion of reinforcing steel by deicing chemicals that have permeated
the concrete. Recently, research was conducted on relatively deep
impregnation of concrete with various linseed oil/mineral spirits mix-
tures to retard -the ingress of deicing salts and water and thereby to
alleviate the spalling problem.

When oxygen can reach linseed oil, it polymerizes and forms a film
through a series -of reactions known as autoxidation. After the deep
impregnation of concrete with linseed oil, molecular oxygen probably
will be readily available only at the concrete surface. Hence, the
linseed oil mixtures in the capillaries will probably remain in the
nonpolymerized state for some time. Under these conditions, there is
some question as to the effect of linseed oil mixtures on the mechanical
properties of the concrete, specifically compressive strength.

12
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Guenter, R. 1978 (Jul). "Steelfiber Shotcrete for Repair oi Pre-
stressed Concrete Structures" (in-German), Strassen- und T1efbau
Vol 32, No. 7, pp 10, 12, Isernhagen, West Germany.

A modern method for concrete bridge repairs by the application of fiber-
reinforced shotcrete is described. Definitions are set out and the
stress behavior of the -composite materials under -strain is outlined.

The composition of steel fiber-reinforced shotcrete and the main points
for using it in repair works is dealt with.

"Shift Toward Concrete Seca in Minnesota Overlay Test.” 1978 (Aug).
Engineering News-Record, Vol 201, No. 7, pp 26-27, New York, NY.

Experiments with bonded concrete overlay are under way in a pilot pro-
ject in Minnesota. Badly spalled pavement and chloride-corroded steel
reinforcement is being scarified to create a bonding surface for the 2-
to 3-in. nonreinforced overlay.

The bonding agent, a stiff cement slurry, will be Land broormed into the
replaned pavement by a crew working less than 100 ft ahead of the paving
train. A variety of dense, low-slump mixes--one with a super water=
reducing admixture--will be applied in six test sections.

While savings through improved concrete milling methods can be trans-
ferred to bituminous overlays. Concrete’s cause has also been aided by
better slipforming techniques and development of new, quick-set concrete
additives.

Test results are still being monitored, but judging from findings, a
sand-cement grout applied to a dry surface has produced the most satis-
factory bond.

Paiilere, A. M., and Rizoulieres, Y. 1978 (Jul-Aug). "Repair of Con-
crete Structures by Injection cf Polymers: Columns Injectability Tests"™

{(inr French), Bulletin de Liaison des Laborat01res des Ponts et
Chaussees, No. 96, pp 17-24, Paris, France.

Research has led to the developrent of a relatively simple test which
makes it possible to assess the behavior of products during injection.
Their differentiation involves the notions of practical duration of
utilization, viscosity, and compatibility in a wet medium. This article
describes -the operational procedure of this test, called the column
injectability test, together with che apparatus employed. The results
obtained with a fairly wide range of products on the market are given.
The test method makes it possible to develop a grout incorporating
cement which can be injected into cracks less than 1 mm wide.
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Fowler, D. W., Paul, D. R., and Yimprasert, P. 1978 (Oct). "Corrosion:
Protection of Reinforcing Provided by Polymer-Impregnated Concrete," ACL
Journal, Proceedings, Vol 75, No. 10, pp 320-525, Detroit, MI.

The protection against corrosion: provided reinforcing bars by -polymer-
impregnated concrete (PIC) was investigated. Partially impregnated
slabs and fully impregnated piling specimens were used in the investiga-
tion. The slabs were sprayed with salt water for 20 months and the

pilings were immersed in seawater for up- to- 28 months.

The bars from the control slabs had about 24 times more surface area
corrosion than bars from the treated slabs. The chloride content in the
treated slabs ranged from 4.6 percent to- 38.2 percent of that in the
control slabs.

The bars from the control piles had corrosion ranging from 10 percent to
39 percent over the surface area while the PIC specimens had corrosion
over 0.7 percent or less of the bar area, The chloride content of the
PIC piles ranged from 3.4 percent to 8.5 percent of the chloride in the
controls. In the concrete adjacent to the reinforcing, the chloride
contents in the impregnated piles were less than the corrosion
threshold.

Houghton, D. L., Borge, 0. E., and Paxton, J. A, 1978 (Dec). "Cavita-
tion Resistance of Some Special Concretes," ACI Journal, Proceedings,
Vol 75, No. 12, pp 664-667, Detroit, MI. 7 o

The performance of conventional, polymerized, and fiber reinforced con-
cretes subjected to high-velocity water flow with induced cavitation
patterns is described, The results, which indicated superior perfor-
mance of the fiber reinforced and polymer impregnated concretes, are
important because of their application to the design :0f concrete to be
used in water passage structures. The materials and techniques tested
in this investigation have been used in the repair of prototype struc-
tures subjected to high:velocity water flows, and initial results have
been promising.

Stebbins, R. J. 1978 (Dec). "Polymer-Impregnated Concrete at Dworshak
Dam,” Journal of the Construntion Division, Vol 104, No. 4, pp 539-548,

P R AL AT TR A 21 AT N5

American Society of Civil Engineers, New York, NY.

Dworshak Dam is the third highest concrete dam in the United States.
After moderate usage, the stilling basin and an outlet suffered serious
cavitation and erosion damage. The use -of -polymer impregnation in the
repair of the damaged concrete is explained. Impregnation was performed

on conventional concrete, fibrous concrete, dry-pack patches, vertical

surfaces, and horjzontal surfaces. This was the first major field
application of polymer-impregnated concrete. The construction proce-
dures -used and the experience gained in the project are presented.

14




C-18 <Clear, K. C., and Chollar, B. H. 1978. "Styrene-Butadiene Latex Modi-
fiers for Bridge Deck Overlay Concrete," Report FHWA-RD-78-35, Federal
Highway Administration, Washington, DC.

Styrene-butadiene (S/B) latex modified concrete overiays are being used
to protect new bridge decks from rapid deicer-borne chloride intrusion
and also in bridge deck rehabilitation efforts. The purposes of this
research were to evaluate several commercially available 'S/B latex modi-
fiers for briuge deck overlay concrete, to develop chemical specifica-
tions for the material, a prequalification program to permit evaluation
of other S/B latex modifiers which become available, and a certification
program to ensure that the user receives a prequalified product.

The chemical and physical properties of the latex emulsions were studied
(percent solids, percent -butadiene, particle size, surface tension,
viscosity, etc.), and the material from each manufacturer was finger--
printed using infrared spectroscopy. The. physical properties of con-
crete made with each material were also determined -(workability,
strength-compressive, flexural and bond, freeze-thaw and scaling resis-
tance, and chloride permeability).

The prequalification procedures given in the report are sug.-sted for
use in evaluating other S/B latex emulsions offered by industry. The
certification procedures are suggested for use to ensure that each pro-
duction bdtch of emulsion. is similar to an emulsion.which was
preqtalified.

C-19 Webster, R. P., Fontana, J. J., and Kukacka, L. E. 1978 (Feb). "Rapid
Patching of Concrete Using Polymer Concrete," -Report CONF-780270-1,

‘Continuously Reinforced Concrete Pavement Workshop, Department -of
Energy, New Orleans, LA, ' I

-‘One of -the major problems confronting the highway industry today is the
need for a rapid repair material for deteriorated concrete structures,
High maintenance costs and traffic delays have created the need for a
long lasting, rapid setting, concrete patching material. The use of )
polymer concrete (PC) -as a repair material is discussed. Materials used
to make PC composites are described, as is the procedure for placing
polymer concrete patches. The placement of polymer concrete patchés in
the field by highway maintenance personnel using conventional concrete
mixing equipment and techniques is also described.

G-20 Manson, J. A., et al. 1978. "Use -of Polymers in Highway Concrete,"
NCHRP Report 190, Transportation Research Board, Washington, DC.

The major research finding described in this report demonstrates the
technical feasibility of field impregnation of structurally sound, salt-
contaminated concrete bridge decks with polymer to a depth of 4 in.
(10-cm). Following preliminary small field trials in two different
locations, using two drying methods and two impregnation methods, the
most promising combination was selected and demonstrated in three larger
trials. The techniques and principles used are applicable to commercial

15
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.application, and, although the equipment used was smaller than that

proposed for commercial applications, it can be scaled up readily. The
specific flndings for the various research areas are detailed:.

Everett, -A. 1978. Materials, ‘Halsted Press, Wiley, New York, NY.

This book deals with the properties of building materials and materials
manufacturing in the factory and on the site. It considers the selec-

‘tion of materials according to performance requirements: economy, dete-

riforation; and maintenance. References to sources of more detailed
information are made throughout. Chapters include information on gen-

-eral properties, timber, boards and slabs, stones, ceramic, bricks and
blocks, limes -and cements, concretes, metals, fiber reinforced compos-

ites, bituminous products, glass, plastics and rubbers, adhesives, mor-

‘tars for jointing, mastics, and gaskets.

Intended for students preparing for professional licensing examinations,
this volume may also bé used as a reférence book for architects, survey-

-ors, builders, and engineers.

Tyson, S. S. 1978, *"Internally Sealed Concrete fox Bridge Deck Protec-

tion," Interim Report I, Virginia Highway and Transporation Research

Councilk, Charlottesville VA.

The study reported herein was performed to examine the use of internally

'sealed concrete to protect bridge deck reinforcing stéel. A laboratory

determination of the properties of thé wax and concreté used and a field
evaluation of a method of heat treatment were made. The experimental
structure was a three-span bridge on which internally sealed -concrete

was applied as an overlay. The concrete mixture had good placement

characteristics and resulted in .good properties for internally sealed

-concrete. It had a water-cement ratio of 0.47, a cement contént of

752 1b/yd® (446 kg/m®), a wax bead content of 114 1b/yd® (68 kg/m®), a
included 4 to 6 percent entrained air. A similar mixture should be used

.on any internally sealed decks to be constructed. The heat treatment

should be modified- tc prevent thermal cracking by heating entire span
lengths -and by heating only when ambient temperatures of 60° F (16° C)
and higher have bséen sustained for L .day. If these recommendations can

‘be implemented, internally sealed concrete should be considered an

acéceptable system for protecting bridgé decks. A decision concerning

the use -of internally sealed concrete should not be made until further
.€valuations can-be made of pattern cracking that has appeared :to varying
degrees .on both the experimental and control spans.

‘Stewart, J. C. 1978. “"Internally Sealed Concrete: Wax Beads," Report

FHWA-RD=0K-79-02-1, Oklahoma Départment of Transportation, Oklahoma

'Qlty ) OK,

This report covers the placement, heating, and testing of two test
sites: a salt shed floor and a bridge deck span. Wax beads were mixed
with fresh concrete and used as a 1.5-in. (38-mm) overlay on the salt

‘house floor slab. In the construction of the bridge span, wax beads

16
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C-25

were- used throughout the full 9.5-in. (240 mm) depth of the deck to
avoid two-stage placing.

Methods of melting the wax are discussed and include: infrared heating,
forced air heating, and-electric blanket heating. While melting the
wax, the maximum allowable surface temperature is 350° F (177° C). A
minimum temperature of 185° F (85° C) is required- at the reinforcing
steel level to melt the wax.

Various tests were run on the slabs. Discussed in this report are:

(1) absorption, (2) penetration, (3) chloride analysis, (4) skid resis-
tance, (5) crack survey, (6) compressive strengths, and (7) half-cell.
A special provision for internally wax sealed concrete bridge floors is
included.

Rieche, G., and Delille, J. 1978, "Investigation of Temporary Corro-
sion Measures for Tendons" (in German), Heft 298, Deutscher Ausschuss
fur Stahlbeton, pp 5-19, Berlin, Germany. )

Temporary corrosion protection measures for tendons are being
increasingly used in posttensioned prestressing construction before
mortar injection. Temporary anticorrosive agents give only temporary
protection, but are normally sufficient for common use in prestressing
construction.

Expériments discussed in this article include: testing of the corrosion
protection facility, stability in alkaline media, influence of pre-
stressing steel on.-stress corrosion behavior, compatibility with mortar,
and bond behavior. In addition, some characteristic physical properties
(viscosity and film thickness) have been determined. These -experiments
analyze 'the test procedure and critical examination of temporary anti-
corrosive agents.

Fowler, D. W., and Paul, D. R., ed. 1978. "Polymers in Concrete:

Second International Congress," University of Texas at -Austin, Austin,

TX.

This is the published procee@ings—volume from the 1978 Second Interna-
tional Congress on Polymers in Concrete, sponsored by the American Con-
crete Institute and the Federal Highway Administration, to provide for

‘the dissemination of information on concrete-polymer materials. The
proceedings include papers from worldwide authors which are beneficial

to researchers, designers, -users, builders, and manufacturers -having -an
interest in the latest developments, existing and potential applica-
tions, safety requirements, and economics for polymers in concrete. The
table of contents includes such topics as: application of polymers to
concrete sea structures, structural use of polymers in concrete, rapid
patching of det.riorated concrete using polymer concrete, polymer con-
crete materials for use in geothermal energy processes, polymer concrete
for high-voltage electrical insulation, petrographic identification of
polymer in surface-treated bridge decks, and investigation into the use
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-of polymer concrete for rapid repair of airfield pavements. Thirty-nine
papers and a discussion section are included in the proceedings.

"Adhesive Materials, Paints, and Corrosion." 1978. Transportation

Research Record- 692, Transportation Research Board, Washington, DC.

This report contains six papers -on adhesive materials, paints, and cor-
rosion. Subject areas include -cement and concrete, general materials,
and maintenance. Paper topics .are: improving thermoplastic stripe

-adhesion on concrete pavements; acceptance sampling of structural

paints; accelerated performance testing of bridge paints for s$eacoast
environments; -measurement of polarized potentials in--concrete bridge
decks; methods of determining corrosion susceptibility of steel in -con-

-crete; and measurement of cement content by using nuclear backscatter-

and-absorption gage.

Cady, P. D., Kline, D. E., and ‘Blankenhorn, P. R. 1978. "Deep Impreg-

nation of Concrete Bridge Decks with Linseed 0il," Transportation
Research: Record 664, Transportation Research Board, Washington, DC,

The overall objective of the research described in this paper was to

-evaluate the fea51b111ty of deep (>5-cm) impregnation of concrete bridge
-decks with boiled linseed oil/diluent mixtures. Impregnation is one of

the technlques that is currently receiving considerable attention as a
means of improving the longevity of bridge decks by reducing or prevent-
ing spalling problems associated with .corrosion of reinforcing steel.

The choice of linseed oil was based on safety (low volatility and high
flash point), cost considerations, and the elimination of ‘the polymer-
ization step required for other polymers. Also, many ‘highway agencies
are already familiar with linseed oil, since it is commonly sprayed on
bridge deck surfaces periodicclly to retard surface scaling. The latter
procedure results in penéetration depths of less than 3 mm and has little
or no effect on preventing spalling. -Deep impregnation requires a dry-
ing step to remove water, followed by sufficient contact with the
impregnant to permit penetration to the desired depth. Following a

period of preliminary laboratory studies, demonstration impregnations:

were carried out on 5.6 m? areas on two bridge decks. One of the
brldges had been subject to three winters of deicer salt application.
The other had received no salt. Examination of cores subsequently
removed from the test areas revealed that penetration depths ranging
from about 5 to 10 cm- were- obtained.

McNerney, M. T. 1978. ™Investigation of the Use of Polymer-Concrete
for Rapid Repair of Airfield Pavements," Report CI 78-112, Air Foxce
Institute of Technology, Wright:Patterson Air Force Base, OH.

An investigation was made to deternine the feasibility of using
polymer-concrete (PC) for rapid repair of airfield pavements. The PC
studied was a mixture of dry aggregate and a methyl methacrylate mono-
mer. Tests were conducted to isolate the variables that affect the
strength .and polymerization time of PC. Laboratory and field tests were
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‘donducted to- test the strength, durabilityp and feasibility of

polymer-concrete repairs.

The maJor variables affecting the pclymerization time of PC were temper-

dature and: chemical composition. Monomer formulatlgns were developed.
that permitted polymér-concrete to be polymerized in less than 1 hr at a

itemperature range of 0 to 100° F.

An investigation into the variables that affect strength resulted in
.sevefal findings. The tests showed that dry aggregate (less than 1, per-
-Gent -moisture) is very important for :strength. The strength of PC
increased with stronger aggregate and smaller .pore volume. The tempera-
ture -of the PC affected the strength to a great extent. The higher the
‘temperature the greater the reduction-of strength. -

Field repairs of interstate highways and a major airport taxiway were
conducted successfully. The field repairs demonstrated the feasibility
and 51mp11c1ty of using PC. PC repairs can be made at a cost of -approx-
1mate1y '$10 -per cub1c foot for the monomer system.

gLabofatofy tests on two modeled slabs, 3-by 6 ft with two differént
thicknesses, showed that PC .can resist high stresses successfully under
repeated loads of simulated trucls and aircraft. The high stresses
successfully sustained by the 1aboratory slabs seems to indicate a
favorable redistribution of stress or plastic behavior compared to con-
vent;gnal concretes

Burstrom, P. -G. 1978. ‘“Durability and Aging of Sealants," Durability
of Building Materials and Components, ASTM STP -691, Ame¥ican Society for
Test;ng and Materials, Philadelphia, PA.

The aim of the project -has been 'to examine -how fundamental factors caus-
ing aging affect mainly the -deformation characteristics:of sealants,

‘The factors which have been -examined are temperature (heat), moisture,
/alkallne ‘water, ultraviolet (UV) light, and ozone. Furthermore, the
effect of natural aging, that is, the effect of natural climate combined

with forced joint width variations, has beéen studied. The ‘effect of ‘the
factops has been studied on two polysulfide-based sealants, two polyure-
‘thane-based, -three acrylic-based, and one oleoresinous-based sealant.

The temperature is the aging influencing factor that has the greatest

effect on the deformation characteristics of the sealants. But it is

impossible to find a general connection -between accelerated aging in

heat and natural aging for different types of :sealants. Where a couple

-of the sealants are concerned there are some connections outlined

‘betweéen accelerated heat aging and natural aging. Ozone had a great

influence only on the polysulfide-based sealants.
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Pihlajavaara, S. E. 1978. "Background and Principles of Long-Term
Performance of Building Materials," Durability of Building Materials and
Components, ASTM STP 691, American Society for Testing and Materials,
Philédelphla PA.

A review is presented of historical background information, service Iife
expectations and the need for research. in the field of the durability of
materials. The necessary procedures- and intervals of the maintenance of
some building materials also are examined. Information on the perfor-
mancé of materisls should be -expressed clearly in ‘terms of service yzars
dependent on degradation factors, of degradation effects during life-
time; -and of maintenance procedures and intervals.

Gutt; W. H., and Everett, L. H. 1978. "“Durability of Some Common
Building Materials," Durability of Building Materials and Components,
ASTM -STP 691, American Society for Testing and Materials,
Philadelphia, PA.

In- this paper the durability of some materials used in building is con-
sidered; in particular, concrete, fibrous composites, surface coatings,
and adhésives. For each of these materials, the processes which cause
change in the physical, mechanical, or chemical properties are discussed
and thée deterioration which occurs on aging is reviewed, identifying,
where appropriate, :the specific -environments producxug unacceptable loss

-of fuiction or appearance. -Careful selection of thé material used in

specific applications is considered to be a prime requirement for con-
tinued good Sexrvice and low maintenance.

Lamberton, B. A. 1978. "Preplaced Aggregate Concre:e," Significance of
Tests and Properties of Concrete and Concrete-Making Materials, ASTM STP
169B, American Society for Testing and Materials, ‘Philadelphia, PA.

This article gives a general review of preplaced aggaegate concrete
technology, Test methods for evaluating the properties of the fresh

grout and coarse aggregate fractions employed in this method are
diascribed.

Schutz, R. J. 1978. '"Organic Materials for Bonding, Patching, and

Seallng of Concrete," Significance of Tests and Properties of Concrete
and Concrete-Making Materials, ASiM STP 169B;, American Soc1ery £for Test-
ing and Materials, Phlladelphla, PA.

Organlc materials which have been used for bonding, patching, and seal-
ing of concrete include epoxy resins, silicones, bitumens, linseed oil,
oil-based paints, acrylics, urethanes, polyv1nyls, and so-called rubber-
based coatings. For these uses the epoxy resin systems have proven to
be the most versatile.
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1979

Tabor, L. J. 1979 (Feb). "Concrete Repairs,” Precast C ncrete, Vol 10,
No. 2, pp 65-68, London, England. ‘

Repaifr of concrete damaged by plastic shrinkage cracking, diying shrink-

-age cracking, thermal contraction cracking, honeyc-3b- or inadequate

compaction, and overloading are discussed. Resir §u..urs, adhesive
bonding of additional steel to existing concretu. ~.» the addition of
reinforced -concrete are analyzed as remedla aciiooe,

Fowler, D. W., and Paul, D. R. 1979 (Mar). "Corcie.e-Polymer Materials
for nghway Appllcatlons," Report CFHR-3-9-71-114-'F, FHWA/TX-79/03-
114-9F, Federal Highway Administration, Austin, TI¥,

The use of concrete-polymer materials for highway sr, 7.catisus has been
studied with the objectives uf providing dursble ms .terials that would
reduce maintenance in highway structures. Several significant develop-

‘ments resulted from this research. Partial-depth polymer impregnation
was. developed for improving durability of bi.dge decks. The process

includes drylng the concrete, cooling ‘the surface, applying a low vis-

-cosity monomer solution to. a sand cover, and permitting it to soak into

the concrete, and applying heat to- polymerize the moncmer in the -con-
crete ‘to a depth of 0.5 in. (143 cm) or more. Posttersioned polymer-
imprégnated beams were made and ‘tested to determine the structural

‘behavior. ‘Beams with- an I:shapéd cross section and a span-of 8 ft

(2.7 m) were fully impreghated with a monomer solution. High strength
wire tendons were posttensioned .and the beams were tasted to determine

‘the flexural and shear behavior. Significant increases in strength and

stiffness were observed. Time-dependent deflections were reduced hy -an

order of magnitude. Polymer concrete was developed for repairing bridge
-decks.

Frey, H., and Wildgruber, J. 1979 (Jul). "Internally Sealed Concrete"

(in German), Beton Herstellung und Werwendung, Vol 29, Ne. 7, pp 243-
245, Dusseldoxf, Germany.

A new techlinique for sealing concrete comes from the United States; small
wax spheres are added to freshly mixed concrete. After setting, the
concret: is heated to about 85° C. This results in the melting of the
small wax spheres which then reliably seal the concrete pores.

Bretz, T. E., Jr. 1979 (Jul). "Properties of 3ulfur Concrete," Report

AFIT-CZ-79-170T, Air Force Institute of Technology, Wright-Patterson -Air
Force Base, OH-

This report summarizes the state of the anrt of sulfur concrete. Sulfur
concrete is created by mixing molten sulfur with aggregate and allowing
the mixture to solidify. Ultimate strength is reached in a short time.
It exhibits favorable fatigue properties and has excellent resistance -to
acids, salts, and many organic compounds. It works well as a rapid
runway repair material. Sulfur concrete also has unfavorable
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properties. it has poor durability when exposed to large temperature

change and to wet curing conditioéns. The material is also brittle. All

of thése properties are -examined in some detail and modifications (dicy-

clopentadiene and sulfurcrete) are proposed to overcc- the unfavorable

properties.

Brown, R. P., and ¥esslér, R. J. 1979 (Aug).. "Evaluation of Penetran:s

and:-Cratings ‘Used on Relnforced Concrete Surfaces," Report RR-207,
FHWA/PL 279-207, Florida State Dept. of ‘Transportation, Gaineeville FL.

This report presents a method by which the performance of protective
coatings for reinforced -coricrete in 2 marine environment can be evalu-
ated. Comparison of properties resulting from. an impressed current test
is used to establian acceptance limits for qua11f1cat10n of protective
coatings to -bé used cn structural concrete in a corrosive environmens .

Sesly, T. 1979 (Aug). "Waterproofing Concrete with Wax," Concrete,

Vol. 13, No. 8, Aug 1979, pp. 26-27 Londoii, Vngltnd

According to- recent American research, a dark brown wax extracted from
brown coal in East Germany can provide a complete solution to steel
reinforcing corrosion in- concrete structures. The wax is highly water
repellent, is easily molded under the influence of heat, and has high
bonding strength and sealing capabilities. It also‘has a high affinity
for coney ete and in its F1uid state can wet and penetrate the very

Alexander, D. 1979 (Aug). "Substrate Steel Protection in Ferrocement,"
New. Zealand Concrete Construction Vol 23, pp 29-31, Porirua,
New -Zealand.

Ferrocement relies on the low permeability of the mortar, the absence of
excessive -crack widths, and the maintenance of a high alkalinity to

Pprotect substrate steel lying with the mortar matrix. The means of

achieving these features include the use of fine grained dense mortar
with a high cement ratio and a low water-cement ratio- in conjunction
with chemical pretestants such as chromium trioxide for the passivation
of :galvanized coatings. Crack widths are controlled by adequate subdi-
vision of the reinfsorcement alone or together with other characteristic

‘bond length deteririnants, and finelly by restricting the working stress

levels to prevent crack opening beyond predetermined .amounts. In
aggressive environments -these devices- may be -augmented by the .applica-
tion of surface protective coatings which may be directly applied to the
reinforcing itself or alternatively to the surface of the ferrocement as
an initial impervious film. The mechanics of protection, including
protection by covers and crack restriction, hydrogen gas evolution fresh
cement pastes, and chemical protection of the steel are presented. A
discussion includes informatiomn -on- the relative effect of pozzolans to
sulfating, crack width, and protective coatings. Crack control compari-

-sons in different forms of ferrocement are also presented.
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C-41 Chokshi, €. K. 1979 (Aug). "Shotcrete and Its Uses In Underground
Construction," Indian Concrete Journal Vol 53, No. 8, pp 207-209, 219,
‘Bombay, India.

Shotcrete, which is: a modified form of gunite with larger size .aggre-
gates, is widely used for repairs and waterproofing of concrete struc-
tures. Uses in mines, tunnels, shafts, and other underground structures
-are .discussed. Application systems, properties, and -advantages are also
presented.

C-42 "To Prevent Corrosion, Stop- It Dead In Its Tracks " 1979 (Sep). Con:
¢rete Construction, Vol 24, No. 9, pp 591-595, Addison, IL.

-Calcium nitrite, a corrosion-inhibiting admixture, can be used in con-
-crete mixes to prevent or -greatly delay chloride corrosion of reinforc-
ing steel. The admixture could improve the performaiice of bridge decks,
parking dec¢ks, roof decks, marine struétures, and other reinforced or
‘prestressed concrete that might be exposed to chlorides. Results of
tests show that mixing 2 percent calcium nitrite into the concrete tc be
used in a bridge deck can increase deck ssrvice 1ife by something in the
range of 15: to 50 years.

C-43 'Master Bond, Inc. 1979 (Sep). "EP4l Solvent-Free, Epoxy-Based Resin
:Coating System-Gives Corrosion Protection Under Severe ‘Exposure Condi-
tions," Plastics Engineering, ‘Brookfield Center, -CT.

It has high build, 100 pércent solids, -and provides air-dry coatings
which resist gasoline, oils, lubricants, organic solvents, acids, bases,
and salts. It cures quickly and .completely at room temperatures. -Sug-
gested applications- include coatings foxr CPI uses, finishes for concrete
styuctures pipe coatings, linings, and marine uses.

C-44 Pacé; C. E. 1979 (Sep). "The Structural and Durability Prope:t:es of
Varionus Concrete Repairs," Miscellaneous Paper .SL-79-20, US irmy Engi-
neexr Katerways Experiment Station, Vicksbu:g, MS. -

‘Many old concrete structures exist and are in rieed of repair. The
structural deterioration will accelerate with advancing age and progres-
sively diminish their service lives. Methods of evaluation and repair
are necessary.

Durable concrete can be produced and placed; therefore, the main prcblem
is to have a durable. interface ‘between the old and the new concrete.

The bornding of epoxy resin, cement mortar, latéx polymer mortar, ;and
latex polymer mortar plus fiberglass fabric was tested in a freezing and
thawing environment subjected to conditions of complete submerabnoe
one-half submergence, and stress conditions. Many surfaces are suk-
jected to abrasion. The latex polymer was. tested to determine if it
helped to increase abrasion resistance.

These tests showed that for early ages of repair water will collect at
the interface of the old and néw concrete and when the water
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concentration is sufficient and freezing occurs, the .overlay will be
debonded. The epo¥y bond exhibited a constant number of specimen: fail-
ures with cycles -of freezing and thawing. The concrete-to-concrete
bonding had more specimens fail at early intervals of freezing and thaw-
ing than in later intervals, indicating that as similar characteristics
develop between the repair and the aged concrete, less water colléected
at the interface. All four bonding types had about the same final per-
cent failures in the freezing-and thawing environment, which in all
probability suggests that the failures due to water collectlng at the
interface for early ages of repair are essentially comparable.

Specimens which were subjected to freezing and thawing plus stress
showed more failures than the unstressed specimens. The specimens which
were one-half submerged showed no failure in the freezing and thawing
environment.

Epoxy bonding should not be used in a freezing and thawing environment
where there is a possibility of water collecting at the interface. The
latex polymer showed a considerable decrease in shear strength with
cycles of freezing and thawing. The concrete-to-concrete bonding to a
dry interface is an acceptable bonding. The fiberglass fabric is a
promising material to-be added in thin overlays to prevent cracking.

The st¥éssing of the specimens -at various intervals- of freezing and
thawing. had an adverse effect on the durability of the shear strength of
the repaired interface.

Any eccentricity of the load causing shear at the repair interface pro-
duces ‘tension on -the interface. Tension was a predominant factor in
shear stress failures.

A concrete overlay should be placed on a surface which is surface -dry.

"Protective Materials’ (Chessington, England) New Repair Material is for
Use on::the Exteriors of Buildings, Jetties and Other Concrete Struc-
tures." 1979 (Oct). Financial Times, London, England.

The natural concrete gray Epoxy Render provides a method for making
permanent repairs to cracked and spalled concrete. After painting on a
coat of the firm’s Epoxy Tack, Render is applied by trowel. It is easy
to use since it should not cling to the tools and consolidates to a
dense void free consistency; it also has low slump features making it
ideal for repairing vertical or under overhanging surfaces. Render will
harden -down- to 0° C, although full strength will not be achieved until
the temperature rises.

"Indiana Field-Tests New Corrosion-Fighting Deck." 1979 (Oct). Rural
andrUrhanrRoads Vol 17, No. 10, pp 50, 62, Des Plaines, IL.

Concrete bridge decks, modified with a new reinforcing bar rust fighter
that promises to end deck spalling, are being tested by the Indiana
State Highway Commission under a 5-year research program.
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‘The additive is a compound of calcium nitrite and water that retards (or

-Galler, S. 1979 (Nov). "Polymer Concrete Patching Comes of Age--
Plaines, IL.
patching material is gaining acceptance as a road repair material in the

US. To compile a track record of its performance, tests and demonstra-

‘bearing; high chemical and abrasive resistance; minimal permeability to

’bela Dam," Concrete International: Des1gn & Constructzon Vol 1 No. 11,

The state placed three mew decks. containing the additive on three rural
‘bridges located in "snow-belt" areas and subJect to deicing chemicals.
The use of the additive appeared: to have no adverse effect on che
-concrete.

stops) -the cathodic-generated buildup of rebar rust that spalls decks.
through volumetric expansion.

18 Years Late," Ru?alrand>U:ban—Road§, Vol 17, No. 11, pp 32-33, Des

After more than 18 years of successful use in ‘Europe, polymer concrete

tions are being made. The Federal Highway Administration’s sponsored
reports on the tested-qualities of polymer concrete list these features:
good-bonding to the original concrete; short cure-time to full load

chlorides and water; high physical properties, including higher compres-
sion, flexure, and tensile strength than normal -concrete; can be ultra-
violet ray resistant; can be feather finished; and can be formulated for
minimal shrinkage.

Johnson, H. A., and Chao, P. C. 1979 (Nov). "Rollcrete Usage at Tar-

pp 20-33, Detroit, MI.

Rollcrete, dry lean concrete placed by earthfill methods, wads used as
mass. fill at Tarbela for rapid repairs of the damages in the intake area
of Tunnel 2 and the plunge pool of the Service Spillway. Plant designs
and properties of the rollcrete are described. Mix proportions, mois-
ture control, mixing and handling, field density, and compressive
strength results are presented.

Herod, S. 1979 (Dec). "New Weapon Defeats Corrosion In Concrete,"

‘Modern Concrete, Vol 43, No. 8, pp 30-32, -Cleveland, OH.

A new product, tradenamed Darex Corrosion Inhibitor (DGI), provides a
chemical answer to corrosion problems in reinforced concrete. The inor-

.ganic compound of calcium nitrate and water is the only product on the
-market that uses a "fight chemistry with chemistry" approach. Not only

does calcium nitrite chemically abort the corrosion process, but teésts
demonstrate that the additive, which is added to the concrete in liquid
form at a ready-mikxed concrete plant, also increases compressive
strergth and accelerating time.
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‘Bard, R. J. 1979 (Dec). "Teton Dam -- Foundation Grout Testing Pro-

gram," RECfﬁRC-79-2,iWater and: Power Resources Service, US Department of
Interior, ‘Washington, DC.

After failure of Teton Dam in- Idaho- on 5 June 1976, .a program was initi-

ated to test foundation grouts similar to those used during construction

-of Teton Dam. Grouts were to be: made with the same cement, sand,

bentonite, and calcium chloride as were used during construction; and
‘made ‘using mix proportions representative of grouts used during con-
struction; and mixed and cured as congruently to field conditions as

4possxble, ‘Bleeding characteristics were also analyzed and a -detailed
petrographic examination was performed. All grouts exhibited good

hydration properties and good physical soundness, adequate strengths, no
degradation due to .calcium chloride, and:- low permeability.

Peschke, H-., and Dinitz, A. M. 1979. "Development of Performance Stan-

-dards and Specifications for Polymer Concrete,” Trancportation Research
-Record 713, pp 17-19, Transportation Research Board, Washington, DC.

Eighteen years of experience working with polymers in concrete have
shown that early rehabilitation of concrete roadways with polymer con-
crete will prevent major deterioration problems. Overlays on existing

.concrete roadways and bridge déck rehabilitation with polymer concrete

result in a durable, -highly skid-resistant road surface. The use of
polymer concrete is also cost effective if all factors are taken into
consideration.

Laboratory -and field -tests zan now be performed to ‘determine the true
-suitability of any proposed polymer concrete material to be used for

rehabilitation of concrete roads and bridge decks as well as for the

existing substrate.

Bashore, F. J., and Price, A. W. 1979. r"Effectiveness of Neoprene
Seals In Preventing Concrete Pavement Contraction Joint Deterioration,”
Report FHWA/MI-79/2, Michigan Department of Transportation, Lansing,

‘MI.

Over 200 cores were taken from contraction joints sealed with compress:
ible seals on 17 construction projects over a period of 4 years to
determine the amount and rate of aeterioration of the concrete at the
bottom of the joint. Seal performance was rated, chloride content of
concrete was determined, and drainability of base material was rated.
The study indicates that the neoprene seals are performing well in pre-
venting the entry of incompressibles but permit the entry of liquids
into virtually all joints to some degree. Deterioration of the concrete
at the bottom of joints is occurring, but at a relatively low rate for
most projects. The data include that most of the deterioration occurred
during the first 5 years and shows little significant change for the
following years. Several modifications in design, construction, and
maintenance of concrete contraction joints are suggested.
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Bishara, A. G. 1979. ™Latex Modified Concrete Bridge Deck Overlays--
Field Performance Analysis,™ Report FHWA-OH-79-004, Ohio Department of
Transportation, Columbus, OH.

Data on field performance of 132 bridge decks overlaid by later mortar
or concrete in Ohio, Michigan, Kentucky, and West Virginia, as well as
some data from Minnesota and Vermont, were collected according to a spe-
cially designhed inspection questionnaire. Common durability distress
features and the factors that might influence them were identified.
Statistical analysis was performed to determine the set of variables
that best explain the variation in the surface distress features among
the different latex projects investigated and to quantify the relation-
ship between overlay condition and the pertinent variables through the
formulation of regression models. Further assessment of available per-
formance data was conducted to tie the obtained relationships with the
limited data on effectiveness of latex overlays in providing corrosion
protection to the deck reinforcing bars and to develop hypotheses on the
formation and development of various durability deficiency features of
latex overlays. The results obtained and the conclusions drawn explain,
quantify, and delineate the interrelationship among such factors as
years of service, trafficked versus untrafficked decks during placement,
continuous versus simply supported decks, thickness of overlay and skid
number on the overlay durability and corrosion protection capability.

Naus, D. J. 1979. “Evaluation of the Effectiveness of Selected Corro-
sion Inhibitors for Protection of Prestressing Steels in PCPVs,™ Oak
Ridge National Laboratory, Oak Ridge, 1TN.

The objective of this study was to evaluate the corrosion protection
provided prestressing steel by portland-cement-based grout in the pres-
ence of sulfide, nitrate, and chloride ion environments. Results were
compared to those obtained from selected, commercially available
petroleum-microcrystalline waxes (petrolatums) compounded with organic
corrosion iuhibitors. The investigation as conducted in two phases:
(1) a review of literature to establish the mechanisms of prestressing
steel in hostile environments and the performance of structures that
have utilized nongrouted- or grouted-tendon prestressing systems; and
(2) a laboratoxy study to develop relative performance data for
portland-cement grout and selected commercial petroleum-based greases
and waxes containing inhibitors. Conclusions derived from the investi-
gation indicate that (1) sulfide, nitrate, and chloride salts must be
excluded from prestressing materials; (2) prestressing materials must be
continuously protected from inimical environments; (3) the effectiveness
of the protection provided by both the organic- and cement-based corro-
sion inhibitors is reduced unless the steel is completely covered; and
(4) both cement- and organic-based corrosion inhibitors completely pro-
tect prestressing materials when properly applied.
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Cristman, R., and Lane, K. 1979. "Pavement Recycling--Bituminous Con-

crete -and Conérete Mix Designs," Report FHWA-CT-79-569-1-10, Connecticut

Department of Transportation, Wethersfield, CT.

Trial mixés developed: from both salvaged bituminous concrete and
portland-cement concrete pavement materials were tested in the labora-
tory. Salvaged materials investigated included crushed and cold-milled
bituminous concrete and crushed 40- by Iz-ft concrete pavement slabs

‘with wire mesh reinforcing.

Laboratory results indicated the feasibility of full-scale bituminous
recycling projects using central-plant mixing of salvaged and virgin
aggregate by the heat-transfer method and -both in-place full-depth and
surface recycling. The concrete tests provided good results in terms of
strength properties and demonstrated the potential of concrete recy-
cling. Mesh separation and removal did not present any insurmountable
problems.

Experimental design and specifications for full-scale field projects are
included for both recycled concrete and bituminous concrete, together
with a plan for post-construction evaluation of the various recycled

pavements,

‘Burstrom, P. G. 1979. "Aging and Deformation Properties -of Building

Joint Sealants," Report TVBM:=1002, Lund Institute of Technology, Lund,
Sweden,

A short review of the literature on aging and durability of organic

building materials, including sealants, is described. In the experimen-

tal part of the report, deformation factors affecting sealant properties
are clarified. The effects of thermal, moisture, alkaline water, ultra-
violet radiation, and ozone action are considered.

"Aquatic Structures." 1979 (First Quarter). Construction, Vol 14,
No.l, Adhesive Engineering Gompany, San Carlos, CA.

Several documental case histories in which- CONCRESIVE structural adhe-
sive products and the  SCB injection -process: have permanently repaired

cracked, leaking, and eroded concrete structures are included in this
article.

Freund, H. T. 1979. "Cementitious Coatings: A Low Cost Alternative,"
Paintindia, Vol 29, No. 6, pp 27-32, Bombay, India.

ThHe performance of various types of latex modifiers for cement coatings
are reviewed. In view of the poor hydrolytic stability of vinyl acetate
polymers and the insufficient UV resistance of styrene/butadiene emul-
sions, acrylic latex modifications were found to give best results.

‘Such- systems may be used with advantage in maintenance coatings (exhib-

iting excellent corrosion control, water and salt resistance), textured
coatings, such as waterproof coatings, foam coatings, floor and patio

paints, and for steel bar reinforcement coatings.
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Dekker, T. T., Happe, J., and De Jong, J. 1979. "Organic Protéctive

Coatings for Concrete and Asbestos Cement Pipes and:Structures Exposed

to Sewage Water," Proceedings of the 3rd International Conference on

Internal and External Protectlon of Plpes, London Vol 2, Paper E3,
pp 67-78, England.

Pretreatments and coatings to ensure maximum adhesion to concrete and
asbestos cement substrates are surveyed. For -example, a sand-filled
solvent-free epoxy system on -a blast-cleaned surface, followed by a
glossy solvent-free epoxy coating, is recommended.

1980

Plecnik, J. M., Bresler, B., Cunningham, J. D., and Iding, R. 1980
(Jan). "Temperature Effects -on Epoxy Adhesives," Proceedlngs, ASCE,

Vol 106, STL, pp 23-27, New York, NY.

The strength properties of structural epoxy adhesives at elevated tem-
peratures are experimentally determined. Finite element analysis of
thermal gradients in typical -columns is provided. Both the ASTM E 119
and the SDHI time-temperature fire exposure curves are considered in
evaluating the fire ratings of epoxy repaired concrete components. The
relationship- betwéen strength, duration of fire exposure, and type of
fire exposure is provided in both graphical and tabular form.

Klieger, P. 1980 (Jan).. "Something for Nothing - Almost," Concrete

International: Design & Construction, Vol 2, No. 1, pp 15-23, Detroit,
MI. I (

This article traces the history of air entrainment in concrete, the
development of concepts relative to the characteristics of the air void
system, and how air entrainment enhances the resistance of concrete to
freezing and thawing. Describes the development of test methods to
determine not only the volume of entrained air but also the size and
distribution of the air voids. The field performance of air-entrained
concrete over the past 30 to 40 years and the recent incidence of prorer
performance is discussed. Three broad courses of action are suggested
to resolve the reasons for such recent poorer performance.

"Hi-Performance Patching System Remedies Damaged Concrete." 1980 (Feb).
Railway Track and Structures, Vol 76, No. 2, pp 22-25 rhicago, IL.

A multipurpose acrylic reactive resin polymer concrete material (PCM)
system -employing methyl methacrylate is designed to bond tightly to, to
be stronger than, and to outlive the conventional concrete structures. it
rehabilitates. The polymer concrete mortar system can be applied as a

‘thin, self-leveling overlay or as a matrix for bonding coarse aggregate.

Once cured--only L to 2 hr after placing--it performs in a manner that
not only increases structural strength, but provides durability; imper-
viousness to deicing chemicals; and resistance to wear, chemical action,
and freeze' and thaw stresses. The material has a successful track
record on European railroads. There, the polymer concrete material
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‘strength anchor bolt grouting, and in the repair of structurally deteri-

solved major problems in bridge bearing shimming operations, high-

orated concrete members, ties, and platforms. The solutions to downtime
and scheduling prcblems, mixing variations, and shelf life are

described.

"Cement Composite for Wharf Restoration." 1980 (Feb). Precast Con-
crete, Vol 11, No. 2, London, England. ’

A vharf on the River Thames, London, has been successfully reconstructed
using a new cement composite called AG-RC. AG-RC is a cement composite
reinforced with a combination of alkali-resistant glass fiber and

Du Pont's "Keviar" 49 aramid fiber. Regular portland cement is rein-
forced with 25 mm .chopped glass fiber rovings to provide good shear,
torsion and compressive strength.

‘Burstrom, P. G, 1980 (Mar). "Sealant Between Elements of Aerated Con-

crete," International Journal of Lightweight Concrete, Vol 2, No. 1,

PP 43-47, Harlow, England.

Because of the low tensile strength of aerated concrete, the sealing of
joints between such elements causes special problems.

In this paper somé main characteristics of sealants for use in aerated
concrete joints are discussed. These properties are elongation resis-
tance, -elasticity, and aging. The elongation resistance was examined at
different rates and different temperatures. The elastlcity was deters:

mined by measuring the residual deformation after a certain elongation,
=Stormg in heat (40 or 70° C) was used for accelerating aging.

Of ten. sealants, only four were found to be suitable in aerated concrete
Jjoints. Many of the disqualified sealants showed defective aging prop-
erties or high resistance to elongation, which in some cases caused
cohesive failure within the aerated concrete.

Sharma, P. C. 1980 (Apr). "Use of Ferrocement for Waterproofing,"
Journal of Ferrocement, Vol 10, No. 2, pp 127-141, Bangkok, Thailand.

Waterproofing as a unique application is discussed. Construction notes
on this innovative application were presented based on experiences with
numerous practical applications of the process described. -Economical
and functional comparisons of ferrocement waterproofing with other con-
ventional methods of waterproofing were presented.

Root, C. R., Ismalia, D. A., Locke, C. E. 1980 (Apr). "Polymer Con-
crete Patching. Volume ITI. User’s Manual," Report FHWA/OK-80/003,

Federal Highway Administration, Oklahoma Department of Transportation,
Oklahoma City, OK.

Polymer concrete is a quick setting, high-strength, durable patching

material used to repair reinforced portland-cement concrete. Cure times
of approximately 1 hr can be obtained from 20 to 130° F. The ccmplete
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patching procedure is discussed including the preparation of the patch,
calculation of the amount of materials required, and the mixing and
placing of the polymer concrete. Suppliers of the chemicals used are
listed. Proper storage, disposal, and safety procedures are also. out-
lined. The cost 6f polymer concrete is also calculated for the methyl
methacrylate .(MMA)- system used in- this study. A materials cost (early
1980) of about $16 per cubic foot or $430- per cubic yard is expected.

Chandra, S., Berntsson, L., and Anderberg, Y. 1980 (May). "Some
Effcéts of Polymer Addition on the Fire Resistance of Concrete," Cement
and Concrete Besggrch, Vol 10, No.. 3, pp 367-375, Elmsford, NY.

Some trials have been made under this. work to see the ‘influence of small
amount (1 to 1.5 ‘percent) of polymer addition on the fire resistance of
concrete. Normal concrete plates with and without polymer addition are
compared. Lightweight aggregate concrete plates, slabs, and reinforced
beams- are also tested for fire exposure. Plates of normal and light-
weight aggregate concrete have not shown any spalling effect when
exposed to fire from one side. Normal concrete without polymer addition
resulted in explosive spalling when exposed to fire from: two sides
whereas no spalling is noticed in all types of concrete tested with
polymer addition.. A more open structure created in cement paste by
polymer addition facilitates the steam transport from. the specimens
during heating and thiis prevents creation of high vapor pressure in the
concréte responsible for explosive spalling.

Mills, D. L., and Campbell, W. A. 1980. "Deterioration -of Reinforced
Concrete Structures--An Engineering Crisis," Annual Conference -
Canadian Society for Givil Engineers. Winnipeg, Manitoba. 29-30 May
1980, University of Manitoba, Winnipeg, Canada. o

Mild steél imbedded in alkaline portland-cemeént concrete is normally not
subject to corrosion. However, when concrete is invaded by chlorides,
sulfates, and other chemical ions, electrochemical balance shifts to
form -4n active corrosion cell in which steel will corrode -and: form cor-
rosion products that lead to failure. The paper reviews the failure
mechanism. Considering the methods presently available to prevent early
corrosion of reinforcing steel and premature failure, the most promising
and effective appear ‘to be: epoxy coating of rebar, and.corrosion
inhibitor addition to- the concrete. Each of the :two methods offers
advantages in cost and application. Fusion bonded epoxy powder coatings
have had a successful history in protecting steel against corrosion in
chloride environments. There is every reason to believe ‘that a well-
formulated and prpperly-gpplfed fusion bonded epoxy ¢oating will last as
long as the concrete :structure itself. The méthod removes -application

from -the site with resulting lower construction costs and superior qual-

ity control.
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Van Beemen, J. F. 1980 (May).. "Epoxy Resins for Cbncrete3§ New Zgaland
Concrete Qong;rqc;ipﬁ; Vol 24, pp 4-12, Porirua, New Zealand.

Epoxy resins form a very hard bond with many different materials, have
low shrinkage, and can be used in all branches of industry in such prod-
ucts as skiis, spacecraft, brldges, and offshore oil rigs. In the con-
crete industry, epoxy resin based materials played -an important role in
the development of new construction techniques and repair methods.
Failures due -to mixing, temperature, and impurity problems have been
reported because the specialized technology and performance specifica-
tions .of epoxy materials have been neglected.

Epoxy resins ‘have developed since a German patent was awarded in 1934,
with further improvements coming from the United Kingdom and the United
States. The largest markets are paint and epoxy coatings for concrete
members and pavements in particular. Major specialty companies sell
preformulated. epoxies to customers as well as provide expertise in mix-
ing new compounds for certain applications. Because epoxy resins are
thermosetting polymeéers, they cannot be melted and reused, so the temper-
ature during -the reaction with surrounding materials must be strictly
contrqlled ‘Some formulations are available in summér and winter
grades. The working life of the epoxy (the time between mixing and

‘uselessness) depends on the specific formulation and application.

Dilutants, fillers, flexibilizers, fire retardants, modifiers, accelera-
tors, and reinforcers -are the major types of epoxy resins. The physical
properties of each material, including strength at various temperatures,
creep; shrinkage, thermal expansion, and fire resistance, must be con-
sidered before each is used as a surface coating, mortar, grout, or
adhesive. Various special circumstances in the application, storage,
and properties of epoxy resins are also discussed.

(Deleted)

"DuPont’s Crylon Series 3000 ‘Methacrylate Bonding Agents Provide a

Rapid-Setting Polymer Concrete System for Repairing All Kinds of Port-

land Cement Concreteé Structures." 1980 (Jun). Plastic Engineerlng,
Brookfield Center, CT. ) o '

The DuPont ‘materials react with a fine aggregate powder and other chein-
ical catalysts to produce a fast-setting mortar. Average compressive
strength is 8,200 psi, versus 4,000 for conventional cement.

Fowler, D. W., Paul, D. R., McCullough, B. F., and Meyer, A. H. 1980
(Jun)-, "Methyl Methacrylate Polymer-Concrete for Bomb Damage Repair
Phase I," Report AFESC/ESL-TR-80-28, Air Force Engineering and Services
Center, Engineering and Services Labqratory, Tyndall Air Force Base, FL.

Methyl methacrylate (MMA) polymer concrete appears to be a material

which can be successfully used to rapidly repair bomb damaged runways.
A research program is- underway to develop monomer formulations, deter-
mine engineering design properties, develop repair procedures, conduct
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field tésts, conduct analytical studies, and develop an implementation

‘manual. Research in Phase T has emphasized materials characterization,

development -of preliminary repair procedures, and analytical and ciperi-

mental behavior of repairs. Materials characterization studiés have

determined monomer formulations and polymer-concrete mechanical proper-
ties for a wide range of ambient témperatures. Possible solutions for
reducing adverse effects on strength of polymer-concrete made with wet
aggregate have beén studied. The effect of MMA on bond to asphalt has

‘been determined. The effect of aggregate size on mechanical properties

has been investigated..

Selde, V. 1980 (Aug). "Fiber-Latex Approach to Concrete Facing
Repair--A Project Report," Construction. Speclfler Vol 33, No. 8,

pp 52-55, Alexandria, VA.

Lock walls -are subject to abrasion and spalling caused by boats and
barges- banglng into them. Damage is also caused by freezing and thawing

cycles in the northern latitudes. A practical way to perform essential

repairs on lock walls has been developed by the US Army Corps of En~i-

neers. A glass fiber-latex concréte surface -coating is sprayed on the

walls to prevent further detérioration of the mortar of the concrete,
Lock walls at a site in Washington- state had :to be repaired with a
3-week maximum closure time :(conventional repair methods would require
several years to complete) and the water-saturated walls could not be
dried adequately to use an epoxy -concrete overlay, -making that repair
method impractical. Two groups of three experimental mixes were pre-
pared. One group. of three included air entrainment; the other did not.
In each group, one mix contained fibers and no latéx, one had fibetrs and
Tatex, and one had neither fibers nor latex. Tests cores taken 1 year
after application of tk: mixes showed the fiber-latex, air-entrainment
mixture was the most satisfactory.

Prior to application, the surface was cleaned to remove all léose mate-
rial and contaminants. An onsite mixing plant was used to prepare -the
material, which used latex and continuous strand fibers. Since the
latex material in- the mix cured from the exterior inward, no moist -cur-
ing was required. Quality control and personnel specifications, con-
tracts, and supervision are outlined in detail. Fiber-latex materials
have high tensile strength, impact resistance, and- toughness and will

‘have -applications- in offshore facilities particularly because they pre-

vent intrusion of seawater.

"Fusion-Bonded Epoxy-Coated Rebars." 1980 (Aug). Concrete Construc-
tion, Vol 25, No. 8, pp 587-591, Addison, IL.

This article describes a promising new method for protecting steel rein-

forcing bars in concrete parking decks and bridge decks. Costs of

fusion-bonded epoxy-coated bars are considerably lower than polymer-
impregnated or galvanized reinforcing bars.

The rate of -deterioration of a concrete deck due to corroding steel,
caused by calcium chloride or sodium chloride seepage, increases with
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time. The iron .oxide which forms on the steel increases the volume with

the coricrete, ultimately causing it to ‘break open in cracks and spall.
The loss of large pieces of concrete means greater vulnerability to
further corrosive damage.

In a new parking deck in suburban Minnéapolis, MN, coated reinforcing

‘bars were used at a cost of $860 per ton, compared to $540 per ton for
uncoated bars. In a neighboring project where uncoated bars were used,

a $100,000-repair program had to be undertaken after 15 years: The

parking deck constructed with coated bars is expected to perform more

satisfactorily during the same service life, marking the higher original
costs (about 40 ¢ents more per sq £t) worthwhile in texms of better
performance.

Ray, G. K. 1980 (Sep). "How Joint Seals Affect Pavement Performance,"
‘Rural and Urban:Roads, Vol 18, :No. 9, pp 56, 58, Des Plaines, IL.

Joints in concrete pavements are necessary but can be the source of

problems and pavement distress if improperly designed, constructed, or
-maintained. Joint sealants are: designed to bond to concrete in the

joint and are made to withstand the cycles of tension and compression as
the joint opens and closes. Sealants prevent water from entering the
subbase and must also resist the intrusion of :sand or -gravel into the
joint reservoir under the seal..

Although: there is no -complete -agreement among paving -engineers on the

need for sealing all pavement joints, a report by the 1l6th World Con-
gress of the Permanent International Association of Road Congresses con-

cluded that under certain conditions there is no disadvantage in leaving

narrow transverse joints unsealed. The conditions are when: (1) trat-
fic is light, (2) traffic is heavy but-climate is dry; and (3) traffic

1s- heavy and climate is wet, but the pavement is doweled. The research
noted some improvements- in performance: when joints were kept reasonably
well sealed.

The pumping of soil and- water frqm the subbase. under the pavement slab
is a cause of deteriordtion. Pumping at joints, cracks, and pavement

edges can also cause failure. Corrosion of the steel reinforcement by

deicing salt brine is another form of pavement distress. Properly
installed and maintenance joint seals will prevent several major forms

-of pavement distress. However, overfilling the joints can have a detri-
‘méntal effect of riding quality,

"Stadium Steps Repaired with Zero Slump Mortar." 1980 (Sep). Concrete
International: —-Design.& Construction, Vol 2, No. 9, pp 135-136,
Detroit, MI. ’ o

The Michigan Stadium steps of the University of Michigan, Ann Arbor,
have been repaired and are maintained by an annual program of applying a
masonry topping and sealer. An Ann Arbor contractor first removed all

loose, deteriorating concrete with chipping guns, cleaned the surface

with high-pressure water, applied a coat of inorganic penetrant, then a
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'special mix mortar bond ¢oat, and a final application of a zero-slump
top coat of special mix mortar: Within 10 min of .final trow.ling of the
top coat, a curing compound was applied to thé surface, followed at a

later date with a final cleaning and application of an inorganic seal

-coat.

Glassgold, I. L. 1980 (Sep). "Shotcrete Repair Saves Baltimare

’bridgés," Concrete International: Design & Construction, Vol 2, No. 9,
pp 120-125, Detroit, MI. i -

The dry-mix fine-aggregate shotcrete process is still the most widely
used shotcrete process for the repair of concrete structures and lin-
ings, especially for small patch and thin section repair. Shotcrete
repair is extremely effective for variable depth repairs of bridge
beams, caps, columns, abutments, wingwalls, and underdeck where deterio-

ration has been accelerated by the introduction of continuous beam

design, shallow- depth deck slabs, asphalt surfacing, and the -heavy use

-of deicers. Baltimore, MD, has established an annual preventive main-

tenance shotcrete program to- provide emergency repairs -and upgrade

bridges as the budget allows. The repair program consists of three
‘basic steps: (1) preparation of disintegrated areas; (2) removing bad

reinforcing steel and placing galvanized:-welded wire fabric; and
(3) shotcreting.

Bullock, R. E. 1980°-(Sep). "Factors Influenc1ng Concréte Repair Mate-

rial's," Concrete Internatlonal _Design & Comstruction, Vol 2, No. 9,

Detroit, MI.

Two very important factors influence the selection of a specific mate-
rial for a repair program: relative volume change and preparation of
‘the repair interface. Differential volume changes between the repair
materials and concrete impose stresses at the interface ‘between the
repair and the concrete which may cause cracking in both. the :sound con-

‘crete and the repair material. The most direct method fecommended to

minimize differential initial shrinkage is to minimize the water content
in the replacement concrete, ’

"Hi-Performance Patching System Remédies. Damaged Concrete." 1980 (Sep).

Concrete Internat10na1 Des1gn & Construction, Vol 2, No. 9, Detroit,

A multipurpose polymer concrete material (PCM). can be applied as a thin,
self-leveling -overlay or as a matrix for bonding coarse aggregate.
After a 1- to 2-hr cure, the PCM provides increased structural strength,
durability, and resistance against deicing chemicals, wear, and freeze-
thaw stresses. In Europe the polymer concrete material solved major
problems in bridge bearing shimming operations, high-strength anchor
bolt grouting, and in-the repair of structurally -deteriorated concrete
bridge members, ties, and platforms. The techniques in using this mate-
rial are described.
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Schupack, M. 1980 (0ét). 'Divorces and Ruptured Relations Between

Epoxy and other polymers are very useful in concrete -construction. They

‘been laminated to concrete in thicknesses of 1/4 in. or more, distress

Epoxies and Concrete," Concrete Construction, Vol 25, No. 10,
pp 735-738, Addison, IL. N

are used as coatings, protective armor, bonding agents, for joinery, -and
for many types of repairs to concrete elements and structures. In many
concrete repair jobs, epoxy injection of cracks is the only practical
long-term solution. However, when epoxy or epoxy mortar layers ‘have

sometimes has occurred. Distress is caused by differences in the
shrlnkage, thermal, and mechanical properties of the two materials.
These differencés are much -greater in some combinations than in others.
A single high theérmal shock sometimes can degrade the opposite, as can
any of various cyclic changes over a period of time. Some examples of
distress include failure of - -overlay, failure of end cover, and failure
of end-block cover.

To avoid eventual distress in a layered system of epoxy and concrete, it
is necessary to ensure that ‘the mechanical properties of each material
are such that no excessive stresses will be induced by the environment.
This is also true of any thicker laminates to- concrete ‘such as acrylics,
urethanes, and others that have relatively hlgh moduli of elasticity.

Galler, S. 1980 (Oct). "Bridge Deck Rebar Problem and the Fusion-
Coated Solution," Rural and Urban _Roads, Vol 18, No. 10, pp 18-20, Des
Plaines, IL.

The ‘use of fusion-bonded coating for :the protection of reinforcing steel
in bridge déecks is spreading and is now specified in four states.
Definitive tests have underscored the effec+iveness of the epoxy-coated
reinforcing bar as a corrosion barrier.

After an extensive federally funded study by industry and scientists, it
was found that fusing epoxy powder to suitably heated reinforcing bars
provided the protection of porcelain and assured long-term proteéction
against the destructive action -of roadway deicing salts. As an inter-
face, the coating did not interfere with bonding of the steel to the
surrounding concrete, could be applied with few holidays (holes), had
tolerable creep characteristics, did not blister, and further, the rod
could be bent without rupturing or impairing the coating.

Sims, F. A. 1980 (Nov) "Use of Resins in Bridges and Structural Engi-

mneering in West Yorkshire," International Journal of Cement Composites,

Vol 2, No. 4, pp 193-293, Harlow, Essex, England.

This- paper covers the application of epoxy resins in segmental beam
construction for bridges. The use of epoxy resins in ancillary bridge-
works is discussed, including rock bolting, sarth reinforcing straps,
expansion joints, ahd strengthening and repair work. The need for
national specifications is stressed.
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Hiranmas, 5. 198C (Dec). "Gorrosion of Reinforcing Steel in Sulfur

Impregnated Concrete " Dissertation Abstract, Vol 41, No. 6, University
of Taxas, Arllngton TX.

One of the problems facing reinfozced concrete structures in corrcsive
-envifonments is the corrosion reinforcing steel which subsequently leads
‘to deterioration of the structures. Structures most susceptible to this
problem are marine structures .and highway bridge decks which are fre-
-quently subjected to Cl deicer as..a solution to snow and ice problems.
Concrete normally provides to embedded. steel a high degree of protection
against corrosion. This is because steel in concrete is polarized anod-

ically, and ‘because a thin protective film of gamma iron oxide is formed
on the steel surface. However, this passivating film is disrupted when

‘the pH value -of the moisture in equilibrium with- the concrete is reduced
by carbonation. or when sufficient salt (chloride ions) has penetrated to

the steel surface For this reason, one of the corrosive protection

methods is to prevent the penetration of chloride ions to the embedded
‘steel by reduction of the permeability -of the concrete cover. -Sulfur-

impregnated concrete, which is simply a plain concrete with most of its
voids filled with s;lfur ‘has- been proved to have a very low permeabil-
ity. The quantities. of 1mpregnated sulfur required to completely pre-
vent corrosion of the embedded steel for each concrete mix and the
method to .approximately predict the length of time the corrosion process

‘takes ‘to -Cause distress in concrete cover are established.

‘Chao; P. C. 1980 (Dec). "Tarbela. Dam--Problems Solved by Novel :Con-
cretes," Civil Engineering, Vol 50, No. 12, American Society of civil

Engineers!rfp '58-64, New York, NY.

While constru diug ‘the world”s largest embaukuont dam, Tarbela, in

Pakistan, -the ..:cigners and contractors fac¢ sod unprecedented flow volumes

-and velocit.es causing severe cavitation and erosion. The problems:
-affected ‘the tunnels, one of which collapsed, stilling basins, the flip
‘buckets of both splllways, and the slopes and floor of the two spillway
;plunge pools: The solutions involved application of specinl concretes.
Record volumes: of rollcrete werz used co protect the high rock slopes,
-structures, and foundations, and fiber -concrete was used to- repair
stilling basins and spillways. Epoxy paints or coats were used early on

to achieve a smooth, resistant surface, but .generally failed withiu-
days. They were ultimately replaced by conventional concrete.

Shimizu, Y., Higashi, Y., and Endo, T. 1980. "Experimental Study on
Repaired Reinforced Concrete Wall with Initial Cracks or with Honey-

-comb, " Transactions of the Japan Concrete Institute, Vol 2, pp 415- 422,

Tokyo Japan.

‘The load-deflection behavior of seven epoxy-repaired and nonrepaired

reinforced concrete walls is studied. The nonrepaired walls were origi-
nally weakened by imperfect construction and subjected to combined axial
force, moment, and shear reversals. Observations indicate considerable

increase in- rigidity and ductility of the repaired specimens compared

with the imperfectly constructed weakened specimens.

37




.C-86 Dikeou, J. T. 1980. "Developient and Use of Polymer Concrete -and Poly-

mer Impregnated Concrete,” rogress in Concrete Technology, pp 539-581,
Enezrgy, Mines and ‘Resoufces, Ottawa, Ontario, Canada.

Three categories -of concrete which contain polymers are: polymer-

‘impregnated concrete (PIC), polymer concrete (PC), and polymer-portland-
cement concrete  (PPCC). This paper presents a state-of-the-art review

on development and uvse of PIC and PC in the United States .and Canada,

with a passing reference to PPCC. As compared to--conventional portland-

.cement concrete, PIC and:PC composites can have considérably greater
'strengths (by a factor of about 4) and are generally much more durable.
‘Engineering design information available on the materials is briefly
reViewed. PIC and PC uses in hlghway related work is rapidly increas-
ing. The greatly improved durability of the materials is the primary

‘benefit from such uses. “Polymer impregnation is being used to protect
‘dam structures and to repair deteriorated concrete -on highways and in
“building structures. Other PC applications include- precast wall panels,

flooxr blocks, -and pipe.

C-87 Mathews, -C. W. 1980. "Antifouling Marine Concrete," Report TN-1573,

“Civil Engineerlng Laboratory, Port Hueneme, CA.

Various toxic agénts were investigated for their ability to prevent the

attachment and giowth of marine fouling organisms on concrete. Three
methods of incorporating antifoulants into concrete were also studied.
Porous aggregate was impregnated with creosote and bis-tri-n-butyltin
oxide (TBTO) and -then used in maklng the concrete. Cuprous oxide, tri-
phenyltin hydroxide (TPTH), and 2-2-bis-(p-methoxyphenyl)-1,1,1-trichlo-
roethane (methoxychlor) were used as dry additives. Two proprietary
formulations were applied as coatings on untreated. concrete. Test spec-
imens were exposed at Port ‘Hueneme, CA, and Key Biscayne, FL. Efficacy
of toxicants was determined by periodically weighing the specimens and
the fouling organisms that becaine attached. Concrete prepared with an
aggregate impregnated with a TBTO/creosote mixture demonstrated the best
antifouling performance of those specimens exposed for more than 1 year.
The two proprietary coatings and the concrete containing methoxychlor,
“TPTH, and cuprous oxide as dry additives have exhibited good antifouling
properties but have been exposed for a shorter time. Also; the strength
of concrete prepared using the toxicants was acceptable, and the corro-
sion rate of reinforcing rods did not increase. The concentration of
organotin- compounds was essentially unchanged in a -concrete specimen
exposed 6-1/2 years in seawater.

C-88 Alberts, C., and Stromberg, U. 1980. "Damage to Concrete Balconies--

Follow-up of Previous Repairs" in Swedish, CBI Report 2:80, Swedish

‘Cement and Concrete Research Institute, Stockholm, Sweden.

The project provides source material for recommendations for repairing
concrete balconies. The state of repairs, carried out on a large number
of balconies, has been inspected. The results have been complied in
tabular form. Of the repairs carried out more than 5 years ago, only
those which were done by specialist firms -were in good condition.
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Repairs which can be regarded as more or less cosmetic operations and
which have been made with cement mortar or plastic have shown particu-
larly poor results. There are numerous examples of repairs which have
failed after no more than a couple of years. ’

Particular attention was devoted- to the comparatively new repairs car-
ried out according to accepted practice using conventional -concreting
methods. All of these were intact after 3 years. The question which
now. arises is if this repair standard is satisfactory or if more spe-
cialized methods, which have proved to be durable for decades in highly
exposed positions, should be recommended instead.

Repairs using plastic material have shown widely varying results.
Repair work involving, for example, epoxy mortar with satisfactory pre-
paratory work and otherwise executed in a profe551ona1 manner are still
intact after more than 5 yeatrs.

Dunstan, E: R., Jr. 1980. "Possible Method of Identifying Fly Ashes
that will Improve the Sulfate Resistance of Concretes," Cement,. Con-
crete, .and 5ggregates Vol 2, No. 1, pp 20-30, Philadelphia, PA.

Current methods for determining sulfate resistance of fly ash concrete
often require several years of testing. An: accepted method that can be
used to predict sulfate resistance in a féw days does not exist. A

'hypothe51s is submitted as a possible step toward :development of a com-

prehensive theory. The sulfate reactivity of fly ash is characterized
by its chemical composition. One high calcium fly ash was shown to
react similarly té blast furnace slags. Sulfate resistance of compara-

ble fly ash concretes is shown to correlate with ash composition; there-

fore, based on chemical :composition of fly ash, a sulfate resistance
factor is proposed.

Ohkubo, M., Fukuda, R., and Higashi, Y. 1980. “Application of Shot-
crete for Repalrlng and Strengthening Reinforced Concrete Existing Mem-

bers," Transactions of the Japan Concrete Institute, Vol 2, pp 383-390,
Tokyo Japan.

Two series of tests investigated the effects of shotcrete sprayed on
existing reinforced concrete members for stiffness recovery and improve-
ment of shear capacity. In the tests of -cantilever-type slabs, the
shotcrete sprayed to the bottom of the slab- caused noticeable effects on
the stiffness recovery and the reduction of creep deflection in long-
term tests. In the tests of shear failure type beams, the shotcrete
cprayed to both sides of the beam improved failure mode from brittle
shear to ductile flexure in some beams without stirrups.

The shotcrete method was useful for repairing and strengthening existing
reinforced concrete members. Diagonal tension cracks occurred in some
beams and reduced load capacity, but the improvement in the failure mode
clearly showed the effect of shotcrete strengthening.
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‘Makita, M., Mori, Y., and Katawaki, K. 1980. "Performance of Typical
Protection ‘Methods for Reinforced Concrete in Marine Environment," Per-

fprmance ogAConcrete'ip Marine Environment, SP-65, American Concrete
Institute, Detroit, MI.

This report describes laboratory and field tests on the corrosion pre-
ventive effects of resin coating, galvanizing, cathodic protection,
concrete surface coating, and commercial inhibitors used as a protection
measures for steel in concrete, The following conclusions were drawn
from the test results:

(1) The best in protective performance among the epoxy coatings is -the
powder epoxy. For protective performance, a coating thickness of 150um
or greater is required, but for good bond to concrete, the thickness of
150pum is considered to be optimum. The liquid type tar epoxy coating is
not satisfactory in its protective performance -or for bond to concrete.

(2) Galvanization gives good protective performance but is not always

-satisfactory at the splash zone.

(3) Cathodic protection has an excellent protective effect in the tidal
area and in seawater. The voltage to be applied is preferably -1,000 to
1,200 mV. When it is higher than -800 mV, the effect is not satisfac-
‘tory, and when lower than -1,500 mV, ovérprotection may resiult.

(4) TUrethane coating over the concrete surface failed to give a satis-
factory cutoff effect in the tésts and proved to be of no protective
value.

(5) Sodium sulfite series inhibitors had no protective effect.

Ivanov, Y. A., et al. 1980. “Waterproofing Coating for Concrete Sur:
face," Soviet Inventions Illustrated, Vol C, No. 31, Group L, 3, London,
England. = '

Coatings for concrete surfaces are based on epoxy resin, polyethylene/
polyamine, shale tar, and stabilized butadiene/styrene latex.

1981

Reading, T. J. 1981 (Jan). "Durability of Shotcrete," Concrete Inter-
natiopal:_ Design & Construction, Vol 3, No. 1, pp 27-33, Detroit, MI.

The low water-cement ratio of shotcrete enhances its durability for most
types of exposure. However, some concern has been expressed about its
resistance for frost action, even though most service record reports are
good, because air entrainment is not normally used, and the findings of
previous research are inconclusive.
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Samples of shotcrete from several jobs were tested for strength, air
content, air spacing factor, and other properties. Most of the speci-
mens performed poorly in the accelerated freeze-thaw test frequently
used for conventional concrete. Performance in a less accelerated
test--exposure in seawater off the coast of Maine--was much better.

At the present state of the art, it appears that dense shotcrete with a
low water-cement ratio should be durable under ordinary freezing and
thawing. Caution should be exercised, however, where special mixes are
used or the exposure is very severe.

C-94  "Quick-Set Grout/Binder for NEC Bridge.” 198l (Jan). Railway Track
and Structures, Vol 77, No. 1, pp 38, Chicago, IL. '

A railroad bridge in the Northeast Corridor near Newark, DE, was reha-
‘bilitated with polymer concrete used as a selfleveling grout and as a
structural concrete binding agent. The polymer concrete was used to
both fix and shim new precast concrete ballast-deck panels. Total
track outage had to be minimized on the busy Northeast Corridor route,
so the grout had to set up within an hour. The project also required
the use of a simply mixed and installed grout to- save time.

The rail and ties were removed from the bridge, -a wooden walkway was
dismantled, and a front-end loader was used to remove ballast from the
o0ld bridge deck. The old deck was cut away in sections off the steel
girder spans. Once the new precast concrete panels were set in place,
the grout was fed into the void spaces. The polymer concrete grouting
component was easily mixed and the material was sufficiently cured in
45 min. Compressive and flexural strengths met the design
requirements.

G-95 Steinegger, B. 1981 (Jan). “Fibre-Reinforced Mortar in Underground
Structures” (in German), Beton Herstellung Verwendung, Vol 3i, No. 1,
pp 9-10, Dusseldorf, Germany. ) )

By using a new glass fiber reinforced rapid-hardening mortar, it is
possible to carry out tumnnel restoration operations and the temporary
support of freshly driven tunnel sections with unsophisticated machin-
ery. Since this work can be done economically and at a steady pace,
the material presented in this paper makes a valuable contribution to
advanced tunnel repair and lining methods.

C-96 Ruffert, G. 1981 (Jan). "Experience with the Application of the New
German Standard DIN 18 551, ‘*Shotcrete’,™ Concrete International:
Design & Construction, Vol 3, I'>. 1, pp 107-108, Detroit, MI. )

In 1974, the German Concrete Association published the DIN 18 551,
"Spritzbeton” (Shotcrete) applying to all shotcrete jobs, especially
for tunnel lining and maintenance of reinforced concrete constructions.
The use of shotcrete for strengthening and repairing of load-bearing
concrete members was regulated in a special appendix to this norm,
"Recommendations for the Strengthening and Repairing of Reinforced

41




c-97

Concrete Structures -by Shotcrete," published in 1976 by the same com-

-mittee, The application. of this 'standard has brought a net increase in

shotcréte quality as well as in the general use of shotcrete in the
last few years in Germany.

Monahan, A. 1981 (Jan). "Porous Portland Cement Concrete; The State
of the -Art," Miscellaneous Paper SL-81-10, US Army Engineer Waterways
Experiment -Station, Vicksburg, MS. '

This study investigates the current state of the art relating to the
production .and use of those .porous portland cement concretes that may
be suitable for the construction -of porous portland cement friction
courses. Porous concretes produced by gap grading or elimination of
the fine aggregate fraction were found to have been used in both pave-
ment and nonpavement applications with varied degrees of success.
Nonpavement applications  discussed include: porous draintiles and
drains, porous concrete floors in greenhouses, .and a porous concrete
blanket placed on an earth-fill dam.

Pavement applications discussed- include: a no-fines pavement layer,
porous portland cement concrete pavements, and porous pavement edge
drdins or porous hard shoulders.

F.{dence as: to the suitability of porous portland -cement concretes. for
the construction of porous portland cement friction courses is incon-
clusive. The successful use of porous concretes in other pavement
applications does, however, suggeést that porous concretes may be useful
in: the construction of friection courses.

Mander, R. F. 1981 (Feb). "Use of Resins in Road:.and Bridge Construc-

tion and Repair," International Journai of Cement Composites and Light-
weight Concrete; Vol 3, No. 1, pp 27-39, Harlow, Essex, England.

This critical and practical review of the use of Ffesins focuses on
expansion joints, nésings, surfacings, adhesives, and bonded reinforce-
ment, The .author begins by cautioning the proper use of resin systems
§ince they -are expensive  and should be fully exploited if selected.

‘Bonded nosings, installed correctly, -overcome all the difficulties
presentéd by axpansion joints in bridge decks. These difficulties are
described, -and a history of the use of nosings in. several countries is
outlined. The advantages of epoxy resin mortar nosings were originally
seen to be related to the material’s :toughness and high early strength.
Their .disadvantages and the causes of nosing failure are described.
Hollowness and cracking -became a major problem, and a probable mecha-
Nism of warping and curling, involving the exotheim, is outlined.
Polyester-résin mortar and polyurethane-resin mortar nosings are also.
discussed. Concrete nosings, though far cheaper than resin systems,
must be reinforced, preferably with random fibers.

Resin adhesives are commonly used in segmgntai construction; they com-
pare favorably with- concrete joints. Resin adhesives are also
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increasingly used instead of welding in secondary connections in struc-
tural steelwork., They are also used in the bonding of steel to con-

crete to provide additional reinforcement for -existing structures.

It is -emphasized that bonded external reinforcement be used with care
since codes and standards do not yet exist for this method, and the
long-term behavior of strengthened structures is not known.

Iwasaki, W. 1981 (Feb). ™Properties and Usage of Galvanized Steel
Reinforcement" (in Japanese), Concrete Journal Vol 19, No. 2, pp 3-11,
Tokyo, Japan.

‘Hot-dip galvanizing is evaluated as an -effective procedure for prevent-

ing corrosion of reinforcing steel both in experiments and in practice.
If structures with galvanized steeél are designed and constructed in the
same ‘way as those with ordinary steel bars, durability will be remark-

-ably improved.

Chung, ‘H. W. 1981 (Jan-Feb). "Epoxy Repair of Bond in Reinforced
Concrete Members," ACI Journal, Proceedings, Vol 78, No. 1, pp 79-82,
Detroit, MI.

‘Pullout specimens and reinforced -concrete beams were tested to investi-

gate the -effectiveness of epoxy injection in repairing the bond between
steel and concréete in reinforced concrete members. The tests results
indicate that the bond strength can be restored by the repair process,
provided adequate penetration of epoxy resin into the bar-concrete
interface can be achieved.

Rostasy, F. S. Ranisch, H., -and Alda, W. 1981 (Apr). "Strengthening

-of Prestressed ‘Concrete Bridges in the Region of Coupling Joints by

Means of Bonded- Steel Plates" (in German), Bauingenieur, Vol 56, No. 4,
pp 139-145, Berlin, Germany. ; ’

Repair of cracks at the coupling joints of prestréssed concrete bridges
requires- an increase of the usually very low reinforcement ratio. This
may -be realized with epoxy-resin glued steel plates. The report deals
with: research for solving the problems of design, execution, and effi-
cacy of such a strengthening method.

"Concrete ‘Repair." 1981. <(Civil Engineering, Supplement, pp 5-11,

‘London, Ergland.

This article discusses vacuum impregnation, guniting, repair materials,
resins, crack injection methods, organic chemical treatment, epoxy
adhesives, and admixtures.

Wehefritz, K, W. 1981 (Apr). "Repair of Reinforced -Concrete Struc-

‘tures" (in German), Beton Herstellung Verwendung, Vol 31, No. 4,

pp 131-133, Dusseldorf, Germany.
Early and efficacious remedial measures for deteriorations in

43




C-104

C-105

C-106

structures. safeguard against more extensive and costly repairs. This
applies also t6 reinforced concrete structures with insufficient depth
of concrete cover over steel. Good results are achieved with shot-
crete, The article looks at practice-oriented applications.

Bennington, R., and Emmons, P. 1981 (Apr). "Concrete Repairs to a
Water Treatment Plant: Treating Both Cause and Effect," Concrete
International: Design & Construction, Vol 3, No. 4, pp 82-87, Detroit,
MI. ’ o T

“This article describes the methods used to répair a 50-year-old water

plant with. concrete walls suffering severe deterioration due to
freeze-thaw cycling and exposure to corrosive chemicals. The repairs
had to be made while the plant remained in operation. The existing
walls of the chlorination tank were encased with a new concrete wall,
Deteriorated concrete tie beams were replaced with epoxy-coated -steel
beams. Exgerior face wall repairs were made with shrinkage, compensat-
ing cementitious patching. mortar, and interior face wall repairs were
made with a flexible lining system.

Wilder, C. R., and Spears, R. E. 1981 (Apr). "Concrete for Sanitary

‘Engineering Structures," Concrete International: Design & Construc-

tion, Vol 3, No. 4, pp 29-34, Detroit, MI.

This article is based largely on the report by ACI Committee 350, "Con-
crete Sanitary Engineering Structures." It -describes the -desirable
properties -of concrete in general and the specific properties required
of concrete for sanitary engineering structures. It deals primarily
with the making of watertight, chemical resistant concrete, with spe-
cial emphasis on sulfate resistance and how :to attain it.

-Kubanick, J. E. 1981 (May). "Catalog of Decorative Barrier Coatings

for Concrete," Concrete Construction, Vol 26, No. 5, pp 406-412, 417,

-Addison, IL.

This article lists some of the most commonly used paint systems which
have merit for application to concrete. All of the substances are
identified by generic names, and their advantages and disadvantages for
use -on concrete are outlined on the basis of the present state of the
art, However, the rapidly expanding technology of the paint industry
in an atmosphere of increasing governmental and environmental regula-
tions brings continuing -changes. To keep up to date, a knowledge of
current documents is required, supplemented by a working relationship
with reputable, technically capable coatings- suppliers,

Many decorative paints are applied only for appearance. They offer

little in the way of barrier properties and cannot be expected to last
very long when subjected to harsh atmospheres or when asked to help
protect the concrete substrate from chemical attack. Several of these
are included in this "catalog." Coatings listed include latex emul-
sions, water-based portland-cement paints, alkyds, chlorinated rubbers,
phenolics, acrylics, oil-modified urethanes, vinyls, urethane
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prepolymers, catalyzed epoxies, epoxy esters, :two-component urethanes,
and polyesters.

"New Jersey’s Pulaski Skyway Gets a New Latex-Modified Concrete Surfac-
ing."™ 1981 (May). Constructioneer, Vol 35, No. 1T, pp 28-30, Chatham,
NT.

A major resurfacing project on New Jersey's 3-1/2-mile long Pulaski
Skyway has been completed. 1In 1979, an $1l-million contract was
awarded for the repair work. The contract called for removing the
existing deck (1-1/2 in. thick) in a. continuous deck slab. Another was
the use of the first aluminum median barrier curb in the East, along
the entire 3-1/2-mile leéngth of the skyway as a safety update, replac-
ing the old steel H-bar type.

A unique feature of the job included: the installation of a latex-

modified concrete- immediately over the main beams which;hadibeenscut

down to- expose the reinforcing steel. The next stage called for drill-
ing 2- 1/2 -in,-diameter holes, -8 in. deép, down to the beams and remov:
ing moisture from the holes. with a heavy-duty vacuum cleaner. Stud
shear connectors were then: welded to- the ‘beams using a special foot and
chuck adaptor to permit stud welding through the small-diameter holes,
When the repaving operation was completed, the stud shear connectors
welded to the beams served to tie the fresh concrete to -the framework.
Thé steel and concrete combined in a -composite action to increasée the
strength of -the deck.

Fernandez, M., and Soto, M. C. 1981 (May). "Mortars and Concretes
with Wax: An Answer to Durability?" (in ‘Spanish), Revista del LDIEM
Vol 20, No. 1, Pp 9-22, Santiago, Chile.

‘Water absorption is reduced by- impregnation, and, consequently, dura-

bility to attacks from salt solutions and to freezing and thawing
greatly improves, though strength is impaired. But for wax content up
to 25 percent by weight of concrete; the decrease in strength is not
significant..

Reading, T. J. 1981 (May). "Shotcrete for Building Repairs," Concrete
Construction, Vol 26, No. 5, pp 379-383, Addison, IL.

Properly placed shotcrete is a superior product for repairs and thick
overlays because .of its excellent bonding properties.

Yadav, K. S. 1981 (Jul). "Acidproof Lining for Concrete Surfaces in
Chemlcal Plants," Indian Concrete Journal, Vol 55, No. 7, pp 183-186,
Bombay, India.

Concrete is readily attackeéd by acids and other corrosives. Acid-proof
brick Lining is recognized as the best and most economical protective
lining for use under continuous immersion conditions with strong acids
and chemicals at elevated temperatures coupled with moderate abrasive
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.operating conditions. The brick lining consists of a membrane, fol-

Towed by the -actual acid-proof lining.

The types of bricks. used and proper acid-proof cements for bedding and

‘mortar purposes are discussed. Use of a special mastic for Instances

where dry salts are handled is mentioned. Applications of the 1lining
in various circumstances is outlined, and two tables. present the con-

sumption of various materials and the general properties of acid-proof
cements.,

‘Buck, A. D., and Burkes, J. P. 1981 (Jul). “Characterization :and
-React1v1ty of Silica Fume," Miscellaneous Paper SL-81- 13, US Army
Engineer Waterways Experiment Station, Vicksburg, MS.

Silica fume is a fine, siliceous powder that is a by-product of pro-
ducing silicon metal or ferrosilicon in a reducing -environment in an
electric furnace. Recent research work on cementitious materials
includéd characterization of such a silica fume from Alabama by chemi-
cal, physical and petrographic ‘tests. In addition, properties of
mixtures of this fume with water and calcium hydroxide wére studied.

-Compressive strengths were determined at different -ages, .and -the compo-
sition and microstructure of the hydrated material was studied by X-ray
-diffraction and by -scanning electron microscopy.

The results show that the silica fume is characterized by small spheres
of high silica content, by very high surface area, and is almost
totally amorphous Physical tests showed that it is a pozzolan, is
effective in reducing expansion due to alkali-siliéa reaction, and
increases the: sulfdte resistance of mortars. Combination of this mate-
rial with water and calcium hydroxide results in the formation .of
extremely well crystallized Type I calcium silicate hydrate (CSH-I).

Moksnes, J. 1981 (Aug). "Resins in Construction and Repair of North-

Sea 0il Structures," International Journal of Cement Composites and
Lightweight Concrete, Vol 3, No. 3, pp 203-211, Harlow, Essex, :England.

Typical properties of resin systems are described, and the range of
conditions encountered in practice and development -of a wide range of
epoxy systems for a variety of applications -are discussed. Several
applications, such as surface and underwater repairs, used as curing
membranes, and crack and joint sealing are described in detail. Care-
ful selectlon of materials and good workmanship are essential to derive

maximum benefit from epoxy system use. A wide range of properties can
be obtained from epoxies to suit requirements of the designer and

contractor,

Webster, R. P., and Fontana, J. J. 1981 (Aug). "Technology for
Improving the Wear Resistance of Aggregates by Materials Impregnation,"
Report FHWA/RD-81/115, Federal Highway Administration, Washington, DC.

The use of impregnation as a means of improving the wear resistance of
natural aggregates was investigated. A series of tests were conducted
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using 4 aggregates of varying quality, selected from a sampling -of

40 -different aggregates. Tests performed to evaluate the effect of
impregnation on theé physical, mechanical, wear resistant and polish
resistant properties of the aggregates included: petrographic analy-
sis, Los Angeles abrasion loss, sodium sulfate soundness loss, the
British polish wheel, aggregate surface microtexture analysis, and two
circular test track studies. The strength of concrete cast with unim-
pregnated and impregnated aggregate was also tested, as was the affin-
ity of asphalt to bind to impregnated aggregate. Impregnants studied
included: MMA-based and styrene-based monomer systems, water-based
phenol formaldehyde resin, and sodium silicate. In general, the physi-
cal and mechanical properties of natural aggregates can be signifi-
cantly improved by impregnation., Significant improvements in wear
resistance can also be obtained, however, in some instances this
improvement is accompanied by a decrease in polish resistance. The use
of impregnated aggregate can increase the strength of concrete.
Impregnation can also reduce the tendency of some aggregates to- strip.

Hogan, F. J., and Meusel, J. W. 1981. "Evaluation for Durability and
Strength Development of a Ground Granulated Blast Furnace Slag,™

Cement, Concrete, and Aggregates, Vol 3, No. 1, pp 40-52, Philadelphia,
PA, T '

Ground -granulated blast furnace slag was evaluated as a 40 to 65 per-
cent replacement for portland cement in mortars and concrete. The
study showed. that ground slag replacement significantly improved
strengths, sulfate resistance, and alkali aggregate reactivity. But

slag-cement concréte strength development was more adversely influenced

by cold weather conditions than is the strength development of straight
portland-cement concrete.

Palencar, Z. 1981 (Sep). "Concrete Impregnated in Surface Zone" (in
Slovak), tavebnlckx Casopis, Vol 29, No. 9, pp 745-756, Bratislava,
Czechoslovakia.

Research shows the applicability :of impregnants based on pyrolysis oijl
and epoxide resins. Influence of the technological conditions of
impregnation (thinning rate of the agent, time and number of opera-
tions) on the watertightness of concrete was assessed. Frost resis-

tance of impregnated concrete compared with nonimpregnated concrete was

twice improved. -Chemical resistance of the impregnated concreté was
determined by electrochemical method. Impregnating concrete in the
surface zone with agents containing epoxide resins or pyrolysis oil
protects concrete against the corrosive effects of some diluted acids.

"Spray-On Inhibitor Helps Fight ‘Concrete Corrosion’." 1981 (Sep).
Engineers Australia, Vol 53, No. 18, St. Leonards, Australia.

This article briefly describes a method to check anodic and cathodic
corrosion of steel reinforcing rods and protect the surrounding con-
crete. Corrosion is detected by sounding hammers and magnetic detec-
tors, the concrete’s affected area is chipped away, the exposed section
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is blasted with fresh water before heating to 105° C, and this section-
is then sprayed with a bipolar inhibitor.

Air pressure in the hairline cracks is lowered by the heating, reducing

-surface -tension of the inhibitor. After treating the affected section,

a mortar mix that consists of 10 percent inhibitor is: used to repair
‘the concrete structure. The area is then coated with a silicone-modi-
fied acrylic spray.

Stephens, H. S., and Goodes, D. H., ed. 1981, "Proceedings Conference
Papers Presented at the Fourth International Conference on the Internal
and External Protection of Pipes," Noordwijkerhout, the Netherlands,
15-17 Sep 1981, BHRA Fluid Engineers, Cranfield, Bedford, England.

The conference proceedings contains 27 papers. The subjects covered
include thermostat protective coatings, thermoplastic coatings, dura-
bility, quality assurance, cathodic protection, stress effects on pipe:
line coatings materials, internal protection of pipelines, and high
‘temperature applications. Some papers consider thin film coatings,
polyethylene coatings, operations in Saudi Arabia, zinc-based coatings,
submarine pipeline-concrete quality, low water-cement ratio. concrete
mixes, hot coating :systems, potable water transportation, heat resis-
tant coating materials, external protection tapes, and hot buried: flow
Iines in Holland.

Grube, H. 1981 (Oct). "Surface Protection of Reinforced Concrete" (in-
German)-, Beton, Vol 31, No. 10, pp 379-384, Dusseldorf, Germany.

For most applications, concrete gives itself the best surface protec-
tion in terms of durability. However, there are some cases where addi-
tional surface protection is useful. For protection right from the
start and remedial -measures in: the event of damage to- the surface; the
industry offers well-proven products.

Helminger, E., and Ruhl, K. 1981 (Oct). "Temporary Protection Against
-Corrosion of Prestressed Steel Tendons in Prestressed .Concrete Using
Nitrogen" (in German), Bauingenieur, Vol 56, No. 10, pp 395-399,
Berlin, Germany. ’ o

For various prestressed concrete construction methods, especially in
prefabrication of prestressed concrete building elements, prestressing
rods may lie in the nongrouted sheaths for a longer time. During this
period, condensation water can accumulate inside the sheaths and cause
stress corrosion or hydrogen embrittlement of the prestressing rods.
Corrosion and damaging mechanisms can be counteracted -by using nitro-
gen, an application which is technically and economically justifiable.
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Pfeifer, D. W., and Scali, M. J. 1981 (Dec). "Concrete Sealers for
Protection of Bridge Structures," NCHRP Report 244, Transportation

Research -Board, Washington, DC.

Concrete bridges in the US are undergoing -accelerated deterioration
caused by corrosion of embedded reinforcing steel.

The objective of this investigation was to study the effectiveness of
different chemical surface sealers when applied on concrete and cracked
reinforced concrete subjected to different environmental condltlons
Their effectiveness was established by determining if these -chemical

materials could minimize or prevent the intrusion of salt water into

concrete -during four different laboratory test phases, including

24 weeks of accelerated northern and southern climate weathering tests.
The investigation was aimed at all bridge surfaces except the top sur-
face of the bridge deck, subjected to tire abrasion.

Results show that a wide range of generic types of chemicals are being
used to seal concrete bridge surfaces. However, the laboratory perfor-
mance of thesé chemical materials in minimizing the intrusion of salt
water into concrete -was highly variable.

Although significant variations in performance exist, certain chemical
materials exhibit very good to excellent performance. These materials
are able to reduce the intrusion of chloride by 80 to 99 percent when
compared with uncoated concrete. The approximate formulations and
infrared: spectra for these specific materials are identified in the
report. Two test procedures, including limits on chloride intrusion,
are suggested for use by chemical manufacturers, highway agencies, and
testing laboratories to evaluate the performance of sealers.

Guidance is given -on proper application rates for the materials that
provide good to excellent results, and on the proper amount of air
drying time the concrete should be allowed, after curing or rain, prior
to .applying these sealers. All specimens received a very light sand-
blasting to prepare the concrete surface for the sealers.

Although certain sealers can significantly reduce the intrusion of
chloride into concrete, the use of properly consolidated and cured low
water-cement ratio concrete and deep cover over the embedded reinforc-
ing steel is still needed for long-term protection in -severe
environments.

Kaminetzky, D. 1981, "Application of Polymers for Rehabilitation of
High-Rise Concrete Structures," Proceedings of an International Confer-
ence on Rehabilitation of Bulldlnzs and Bridges Including Investiga-
tions, National Science Foundation, Washington, DG.

This papexr describes the rehabilitation of two 7-year old highrise
45-story concrete structures using polymer mortars. Time-dependent
creep and shrinkage imposed high stresses with resulting damage in the
form of shearing and spalling of concrete slabs at a highrise apartment
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complex. Additional damage was caused by corroding reinforcing bars
and "pop-outs" near the exposed concrete surfaces.

In situ stress relief tests using electrical strain gages were per-
formed at various levels and indicated a rather high level of compres-
sion stresses. A .computer model was analyzed for the effects of dead

.and live loads coupled with long time creep and shrinkage. The corre-

lation was sufficiently close to establish the main mechanism of
damage.

A compréhensive repalr program was undertaken. This included the use
of polymer powered -mortars. The no-water mix was very easy to apply,
cured and hardened fast, and resulted in a very hard surface with high
tensile and compressive strengths.

Thewseparation of ‘the cladding by introduction of "soft joints" was
affected so as to reduce the repetition of development of high
stresses.

Ramakrishnan, V. 1981 (Dec)-: ™The Role of Superplasticized Fiber
Reinforced Concrete and Fiber Shotcrete in the Rehabilitation -of
Bridges," Proczedings of an_ International Conference on’Rehabilitation

of Buildings and Bridges Including Investigatlons National Science
Foundation; Washington, DGC.

A significant portion of the nation’s -highway system consists of

portland-cement concrete pavéments. ‘Due to increasing heavy traffie,
use of deicing salts, freeze-thaw cycles, studded tires, and various
other fatigue, surface deterioration and failures are beginnlng to show
up on the pavements. There is a need to determine the most effective

-and the most economically advantageous -means to- rehabilitate the

distressed concrete pavements.

An investigation sponsored by the Department of Transportation, Washin-
gton, DC, has been completed .at the South Dakota School of Mines -and
Technology,. to develop a tough, high-strength, high-density, durable
concrete for bridge deck construction .and a medium-strength flowing
structural concrete through the use of superplasticizers and steel
fibers. The study was made in two phases. The first investigated the

‘basic properties of concrete made with superplasticizers through the

use of experimental mixtures conforming to the requirements dictated by
statistically valid factorial designs, so that analysis of variance can
be used in the evaluation. The second phase extended the £indings into
an evaluation of superplasticized concrete containing steel fibers.

The study has been completed and the significant results are presented
in this paper.

In a corrosive atmosphere, there is extensive &émage and- deterioration
in the beams, piers, columns, and abutments of bridges. The most
effective way to rehabilitate these bridges is through the use of fiber
shotcrete. A suitable mix, using a new type of steel fibers with
deformed ends glued together into bundles with water soluble adhesive,
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has been developed for shotcrete work. This paper presents the evalua-
tion of the performance characteristics of this fiber shotcrete.

Iyer, L. S. 1981 (Dec). "Polymer Concrete and Its Application in

Bridge Maintenance," Proceedings of an International Conference on

Rehabilitation of Bu11d1ngs and Bridges Includlng Investlgatlons
National Science Foundation, Washington, DC.

Polymer concrete is a monolithic material composed of aggregites bound-
together with a polymeric compound. Its chief advantage lies in ‘its
quick setting and fast -development of strength without any special
curing, thereby reducing significantly traffic closure time -on busy
highways and -airport runways.

The paper discusses the development of an optimized polymer mix at
South Dakota School of Mines and Technology and its properties compared
with the commercial mixes available in USA. Simulated patch work in
the laboratory are evaluated for strength properties, finishability,
workability, and thermal compatibility with portland-cement concrete.
Field application of polymer concrete to maintenance of pavements,
runways, and bridge decks are in progress.

Fontana, J. J. 1981. "Recommended Practices for the Use of Polymer
Concrete," Report BNL 29351, Brookhaven National Laboratory, Upton, NY.

Polymer concrete is defined as a composite material in which the aggre-
gate is bound together in a dense matrix with .a polymer binder. Spe-
cial terms used in reference to the discussion of polymer éoncretes are
defined.

Specific instructions for using polymer conc¢rete patching materials and
overlays are given. Factors discussed include material limitations,
surface evaluation, formwork, tool cleaning, and safety. Use of poly-

‘mexr concrete as a -patching material will provide a fast-curing, high--

strength material suitable for repairs for portland-cement concrete
structures. Polymer concrete overlays make a durable and wear resis-
tant surface for portland-cement concrete. These overlays may also be
formulated to provide low water and chloride permeabilities to help
prevent concrete -deterioration after freeze-thaw cycling or concrete
spalling due to reinforcing steel corrosion.

Precast polymer concrete is also discussed. Different applications of
precast polymer concrete are listed and proper formwork, vibration
techniques, mixer selection, and finishing techniques are described.
Appropriate plant design and safety procedures for precast polymer
concrete are mentioned.

"Corrosion Prevention." 198l. Zinc Cadmium Research Digest, Vol 39,
pp 44-50, New York, NY.

Progress in applied research aimed at preventing the corrosion of steel
by galvanizing is described. Results of testing galvanized and
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ungalvanized steel rebar in concrete exposed to air, seawater, -and

chloride -solution under dynamic loading are presented. Fatigue life
was significantly extended for cold worked and hot rolled rebar. Simi-

lar research is reported on an investigation of the use of galvanized

steel reinforcement for -a variety of concrete structures. Projects to

evaluate pretreatments necessary to--ensure adequate adherence -of paint

on galvanized surfaces are discussed.

Ramakrishnan, V. , and Coyle, W. V. 1981. *Superplasticized Concretes

for Rehabilitation of Bridge Decks and Highway Pavements," Report
DOT/RSPA/DPB 50/81/3, South Dakota School of Mines and Technology,
Rapid City, SD.

A two-phase study was initiated to develop guidelines for assuring the
trouble-free placement of tough, high-strength, high-density, durable
concrete for bridge deck construction through ‘the use -of superplasti-
cizers and steel fibers. The first phase investigated the basic prop-
erties of concrete made with superplasticizers through the use of
experimental factorial designs. This phase is described in the report.

Two mixes; one with medium workability and high cement content suitable
‘for bridge deck replacement, and the other with high workability suit-
able for structural and pavement concrete, were selected for intensive
study. Slump, vibration time, flow table spread, air content, and
initial and final setting times are reported for the mixes. The
effects of retempering ave described. The influence of three types of
cements on the propert’. of plastic and hardened concrete is
explained. Results . ‘2:sts on compressive strength, tensile strength,
flexural strength, stz ¢ modulus of .elasticity, dynamic modulus of
elasticity, pulse vel- ity, -and dry unit weight at 1, 3, 28, and

90 days curing are given. The selected concretes showed high durabil-
ity and satisfactory resistance against deicer scaling.

Fontana, J. J., and Reams, W. 1981. "Repairs with Polymer Concrete,"
Report BNL-31146, CONF-811244-1, Department of Energy, Washington, DC.

The practicality of using polymer concrete (PC) to repair portland-
cement concrete (PCC) bridge decks and pavements has been demonstrated.
PC repairs will cure rapidiy over a wide range of temperatures (0° to
38° C), develop high strength in a few hours, and bond well to PCGC.
The use of PC as a thin, permeable, skid-resistant overlay has to date
shown outstanding wear characteristics. The practicality of placement
is not yet conclusive, but the material promises many advantages.

Weyers, R. E., Cady, P. D., Blankenhorn, P. R., and Stover, L. R.
1981. "Evaluacion of the Bond Durability of Low Slump and Latex-
Modified Concrete Overlays on Polymer Impregnated Concrete," Applica-

tions of Polymer Concrete, SP-69, American Concrete Institute, Detroit,
MI.

Polymer impregnated concrete (PIC) was overlaid with a low-slump dense
concrete (LSDC) or a latex modified concrete (IMC). Flexure strength,
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compressive strength, and freeze-thaw -durability data were obtained on
the composite specimens. Flexural data indicated -a strong bond:was
established between LSDC, IMC, and PIC. Compressive strength data
indicated the bond was weaker for the IMC than the LSDC. Freeze-thaw
data showed that -a durable bond was established between the PIC and the
LSDC whereas the bond failed between the PIC and IMC.

Meyer, A. H., McCullough, B. F., and Fowler, D. W. 1981. "Highway

Pavement Repairs by Using Polymer Concrete," Transportation Research
Record 800, Transportation Research Board, Washington, DC.

As traffic, particularly truck traffic, has increased on the primary
highway system, the need for rapid repair methods ‘has increased. Poly-
mer concrete (PC) has been used effectively for rapid repair of
portland-cement concrete pavements, both jointed and continuously
reinforced. Basic formulations for PC are presented and both user-
formulated and prepackaged systems are described. Methodology for the
repair of cracks, joints, spalls, and punchouts is illustrated. The
results of several PC repairs are presented. Deflection measurements
that illustrate the restoration of structural integrity, which means a-
prolonged‘pavement life, are given.

1982

"Rapid Hardening Concrete."” 1982 (Jan). Federal Laboratory
Consortium, Springfield, VA.

This citation summarizes a -one-page announcement of technology avail-
able for utilization. Deteriorating structures in or out of water can
be repaired with rapid hardening concrete that can be formulated on the
spot with very little extra cost. In most cases simple calcium chlo-
ride will sexrve as the hardening accelerator. The Navy’s Civil Engi-
neering Laboratory has developed the formula for fast-setting and
rapid-hardening portland-cement concretes for use in restoring damaged
or deteriorated concrete structures. These structures are situated
either ashore or in harbor waters at depths to 60 ft, in any geographic
region. A data sheet showing the summary of mixtures, proportions, and
conditions for use of accelerators may be obtained by requesting infor-
mation on TECTRA Case W03-10. The data sheet also gives some instruc-
tions on which type of accelerator to use (calcium chloride or calcium
nitrate) depending upon several stated conditions. These conditions
are carefully described.

Schulz, R. J. 1982 (Jan). "On New ASTM Standards--Epoxy Resins,"

Concrete Internat10na1 Design & Constructlon Vol 4, No. 1,
pp 33-37, Detroit, MI.

This article discusses the use of ASTM standard material specification
C 881-78 Epoxy Resin-Based Bonding Systems for Concrete and the ACI
standard specifications for use of these bonding systems: hardened
materials to hardened concrete, ACI 503.1-79; plastic mortar or con-
crete to hardened concrete, ACI 503.2-79; producing skid-resistant
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surfaces on concrete, ACI 503.3-79; and the repair of concrete with
epoxy mortars, ACI 503.4-79.

The advantages and ease of using standard material specifications in-
conjunction with: standard specifications describing the work are dis-
cussed. The technical reasons for the ASTM standard test methods for
epoxy resin bonding systems are also covered.

Hummert, G. 1982 (Jan). "Repairs with Steel Fiber-Reinforced Shot-
crete” (in German), Beton, Vol 32, No. 1, pp 13-14, Dusseldorf,
Germany.

Through the constant impact of a grab bucket, the walls of a central
refuse incinerator plant in Vienna were damaged over the years and had
to ‘be repaired. This was done with steel fiber reinforced shotcrete
which, as -compared with -normal concrete, can absorb: higher impacts and
thus withstand -extreme loads.

‘Kuroda, Y., Imaki, J., Ishibashi, S., and Ko-Bayashi, A. 1982 (Feb).

"Repair and Strengthening of Reinforced Concrete Viaduct Damaged by
Fire" (in Japanese), Concrete Journal, Vol 20, No. 2, pp 27-33, Tokyo,
Japan, )

This article describes the repair of railway viaduct. Also described
are test results on mix proportioning of concrete containing a super-
plasticizer and an expansive admixture and on composite beams- consist-
ing of existing reinforced concrete and shotcrete or newly placed
concrete.

Schwarz, W. E. 1982 (Mar). "Shipyard Piers Undergo Major Restora-

tion," Concrete Ihterna;ional:n—Design & Construction, Vol 4, No. 3,
PP 43-46, Detroit, MI. ' )

While examining concrete deterioration to pier support beams and pile
caps at the Portsmouth Naval Shipyard in New Hampshire, a contractor
found unexpected -damage. What appeared to be minor damage turned into
a major concrete restoration project using polymer-modified concrete on
the piers -exposed to seawater. Details of the repairs are discussed.

,Hugénschmidt, F. 1982 (Apr). "New Experiences with Epoxies for Struc-
tural Applications,” International Journal of Adhesion and Adhesives,

Vol 2, No. 2, pp -84-96, Kyoto, Japan.

The properties and testing of structural adhesives are reviewed in
relation to such applications as segmental concrete bridge construction
and the repair and strengthening of reinforced concrete structures.
Criteria for the selection of epoxy adhesives are discussed with par-
ticular emphasis on creep deformation, heat stability, moisture resis-
tance, on-site conditions, handling, and field testing. Suppoxtive
struétural tests for large-scale applications are also described.
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‘Mays, G. C., and Vardy, A. E. 1982 (Apr). "Adhesive-Bonded Steel/
-Concrete Comp051te Construction," International Journal of Adhesion and

Adhesives, Vol 2, No. 2, pp.103-107, Kyoto, Japan.

The development of a new form of roadway deck for bridges is described.
This consists of a concrete core bonded to a steel soffit plate using
epoxy resin adhesive. The durability of structural joints made with a
number of adhesives and with steel, concrete, and aluminum adherends

‘was investigated.

‘Kordina, K., and Naisacke, J. 1982 (May). "Repair and Protection of
‘Damaged or Unsatisfactorily Executed Concrete Surfaces with Mortars and

Coatings Based on or Containing Synthetic Resins: Part 3" (in English

and German), Betonwerk und Fertigteil-Technik, Vol 48, No. 5, pp 295-
300, Wiesbaden, :Germany.

After inspecting a relatively large number of reinforced concrete stru-

-ctures, which were protected for repairs using artificial resins,

results of these measures are assessed. Special attention is paid to
the physics of these protection or repair materials as well as to their
durability.

Leuchars, J. M. 1982 (May). "Scots College--Strengthening the Main
School Building," New Zealand Concrete Cons. ~tion, Vol 26, pp 12-13,
Porirua, New Zealand.

This article briefly describes the method used for strengthening the

.school building. Some internal brick walls were demolished and

replaced by lightweight construction; remaining brick walls were
sprayed- with up to 150-mm-thick gunite. Steel strapping to assist the
timber diaphragms were added to the underside of the floors. Walls
were detailed according to current practice for walls of low ductility,
and a single layer of reinforcement with diagonal trim bars at all
openings was used. No changes were made to the exterior facade or main

-entrance.

-Howell, R. D. 1982 (May). "Fiber-Reinforced Concrete Proves Worth for

Airport Pavements," Civil Engineering, Vol 52, No. 5, pp 52-55, Ameri-
can Society of Civil Engineers, New York, NY.

This article discusses effectiveness of this concrete as a practical
and economical material for both overlays and slabs on grade.
Basically, two projects are discussed that used a new type of steel
high-strength fiber with deformed ends collated and held in packets of
25 fibers by a water-sensitive glue. Deforming the fiber ends improves

fiber anchorage and permits use of longer fibers of higher-strength
steel.

Fiber-reinforced concrete (FRC) has shown increased flexural strength,
fatigue life, and impact resistance over plain portland-cement con-
crete. Initial construction cost of FRC and conventional heavy-duty
portland-cement concrete pavements is approximately the same, with FRC
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pavément thickness one-half to two-thirds of conventional concrete for
given design criteria. FRC's greater tensile strength allows an
increased joint spacing, expected to reduce long-term maintenance asso-
ciated with cracking and spalling concentrated at .the joints.

Design considerations when using FRC, irncluding aggregate gradation ar?
straight versus deformed collated fibers, are discussed. Specific
concerns of construction using FRC are given. Applications of FRC to
industrial slabs, precast structures, moment-resistiag ductile frames,
shear reinforcing in beams, and impact and blast resistant structures
are nientioned,

Koop, D. E., and Anderson, J. E. 1982 (Jun). "Study of High Density
and: Latex Modified Concréte Bridge Deck -Overlays," Report R82-4(535);
FHWA/NE/R-82/4, Federal Highway Administration, Lincoln, NE,

Portland-cement concrete -overlay surfacings for bridge decks which will

-effectively resist deicing salt solution penetration are a major con-

cern., The report compares the relative effectiveness of latex modified
con¢rete :and high density concrete overlays. This report is divided
into the following chapters; (1) Introductlon, (2) Compressive Strength
and Air Content, 3) Density o6f Hardened Concrete, -(4) Shear Bond
Strength (5) Chlqride Penetration, -(6) Qoughﬁess (7) Skid Resistance,
(8). Cracking, Delaminations, and Corrosion and (9) Conclusions. From
the data it was concluded that the differences in the measurements

‘between the two protective systems -are minimal and that both latex

modified concrete and high-density concrete overlays provide adequate

1br1dge déck protective systems,

Bacei, J. A. 1982 (May-Jun). "Polymer Concrete Tests--A Success," The

‘Military Engineer, Vol 74, No. 480, pp 218-221, Alexandria, VA.

This article déscribes tests in Baltimore that demonstrate the possi-

bility of -converting old railroad track on wood ties and rock ballast

(in a tunnel with very limited space) to6 modern high-speed track on

concrete ties bonded to an existing céoncrete invert slab- without keep-

ing ‘the track out of service for more than 12 hr per day.

Concrete ties were bonded to a 100-year-old concrete slab using a thin
layer of polymer concrete. Details of the practical test apparatus
simulating the loads of passenger and freight trains are given. The
mixing p.at was mounted on a railroad car. Other cars making up the

work train were the .crane car, equipment car, and a flatcar bearing an
industrial vacuum cleaner truck.

"Epoxy--Polyamide Coatings for Resistance to Atmospheric Corrosion."
1982 (Jul). Material Performance 21, Vol 7, pp. 51-57, National Asso-
ciation of Corrosion Engineers, Houston, TX.

Data on the performance and limitations of epoxy--polyamide coatings
used to control atmospheric corrosion are presented. Although there
are many epoxy-based ccatings avzilable, this discussion includes only
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the epoxy resins made by reaction of bisphenol-A with epichlorohydrin,
the -type most commonly used in protective coatings. These epoxy coat-
ings. -are -subdivided Further into the following classes: amine-cured
(two-component); epoxy esters; thermoplastic epoxy; and- epoxy--
polyamide (two-component). General data are also given on properties,

forms available, effects of compounding, chemical resistance, proper-

ties of applied coatings, surface preparation, application details, and
experiencé record. Epoxy--polyamide coatings are among the most widely
accepted and universally used industrial maintenance finishes. They
can:be applied by brush, spray, or roller to metal and concrete struc-
tures and are cured at ambient temp. > 50° F to achieve their finadl
properties.

Plecnik, J. M., et-al. 1982 (Aug). "Epoxy-Repaired Concrete Walls
Under Fire Exposure," Proceedings, ASCE, Vol 108, ST8, pp 1894-1908,

New York NY.

Strength properties. and other important parameters regarding the behav-
ior of epcxy-repaired concrete walls during fire exposure were experi-
mentally determined. Both ASTM E 119 and SDHI time-temperature
"pseudo" fire exposures were considered in evaluating the fire ratings
of epoxy-repaired concrete walls. -Conclusions are provided regarding
the interrelationship between firé performance and wall thickness,
crack width, duration and intensity of fire exposure, and type of epoxy
adhésives.

Bennison, P., -and Duggan, M. 1982 (Aug). "Concreting the Derwent-
Wear- Tees Tunnels," Coucrete, Vol 16, No. 8, pp 13-14, London, England.

This article describes construction of the smooth concrete lining (min-
imum thickness 200 mm) of a rough rock tunnel. In Britain's largest
water project to date, the finished tunnel is to transfer some

1,100 million liters of water form the £120 million reservoir. Produc-
tion, transportation, and placing of the concrete are described. A
special concrete with greatly- enhanced performance was required..
Repair of defects with a- polymer-modified cementitious mortar is also
described.

Drennon, C. B. 1982 (Aug). "Latex Improvement of Recycled Asphalt
Pavemert," Report FHWA/OH-82/006, Federal Highway Administration, Ohio.
Departmzut of Transportation, Columbus, OH

The investigation compared the performance of a single unmodified
milled recycled asphalt concrete to milled asphalt concrete modified by
addition of three types of rubber latex. Latex was added at 2, 3, 5,
and 8 percent latex by weight of asphalt in the asphalt concrete.
Latices used were a styrene-butadiene (SBR), a natural rubber (NR), an
acrylonitrile-butadiene (NBR), and four varieties of out-of-
specification SBR latices. Marshall tests, while indecisive, showed a
modest improvement in properties of SBR and NR-added material at 3 and
5 percent latex. Addition of NBR latex caused deterioration in Mar-
shall stability and flow over that of control. Repeated load tests
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were run using the indirect tensile test, analyzed by the VESYS. pro-
gram, which computes life of pavements. Repeated load tests showed
improvement in asphalt concrete life when 3 and 5 percent SBR -was
added. Improvement was also shown by the out-of-specification SBR.
hatural rubber showed no- significant improvement, probably due to mix-
ing difficulties. The addition of rubber in latex form to recycled

‘hot-mix .as a method to improve pavement characteristics shows promise,

but proof of practicality is not yet adequate.

El-Jazairi, B, 1982 (Sep). "Rapid Repair éf Concrete Pavings;" Con-
crete, Vol 16, No. 9, pp 12-15, London, England.

This- article discusses the use of a proprietary magnesia-phosphate
cement (MPC) for repairing concrete pavements. MPC is a. chemical-
setting cement, consisting mainly of magnesia, a mixture of phosphates
‘blended with fine aggregatés, and packed as a ready-to-use mortar., Mix
Pproportioning and fresh mix properties are covered, Properties of the
‘hardened mortar and concrete including mechanical properties and tem:
perature effect, compressive and tensile strength at 20° G, dimensional
'stability, durability, and absence of the need for curing are dis-
cussed. Typical applications -of the patching material are also named.

(Deleted)

Sugama, T., and Kukacka, L. E. 1982 (Sep). "Magnesium-PhoSphate-Class
Cements with -Ceramic-Type Properties," Report PAT-APPL-6-422 510,
Department of Energy, Washington, DC.

Rapid setting magnesium phosphate (Mg glass) cementitious materials
consisting of magnesium phosphate cement paste, polyborax and water-
saturated aggregate, exhibits rapid setting and high early-stréngth
characteristics. The magnesium glass cement is prepared from a cation-
leachable powder and a bivalent metallic ion-accepting liquid such as
-an aqueous solution- of diammonium phosphate and ammonium polyphosphate.
The cation-leachable powder includes a mixture of two different magne-
sium oxide powders processed and sized differently. When mixed with
the bivalent metallic ifon-accepting liquid, the powder provides the
magnesium glass cement, consisting primarily of magnesium ortho phos-
phate tetrahydrate, with magnesium hydroxide and magnesium ammonium
phosphate hexahydrate also present. The polyborax serves as a set-
retarder. The resulting magnesium mono- and polyphosphate ceménts are
particularly suitable for use as a cementing matrix in rapid repair
systems for deteriorated concrete structures as well as construction

materials and surface coatings for fireproof structures. (ERA citation

08:054284)

Broniewski, T., and Macharski, P. 1982. "Aging of Polymers in Con-
crete Impregnated with Polymethyl Methacrylate," (in Polish), No. 37,
Konf No. 7, Wydawnictwo Politechniki Wroclawskiej, pp 18-25, Wroclaw,
Poland.

An analysis of the possibility of Polymethyl Methacrylate (PMMA) ageing
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showed that there is no danger that the properties of concrete impreg-

nated with this polymer may deteriorate since this plastic is one of
the most ageing-resistant materials of this type. Very low reactivity

of PMMA excludes. the p0551b111ty that it can be -degraded in contact
with concrete components despite the largely developed surface -of this
contact., Further more, the concrete matrix cuts off the polymer from
light and other adverse agents such as increased or variable tempera-
ture whereby it is protected from their pernicious effects.

‘Ellyin, F., and Matta, R. A, 1982 (Sep-Oct). ™Bonding and Corrosion

Protection Properties of Twq Coatings for Prestressing Steels," ACIL
Journal, Proceedings, Vol 79 No. 5, pp 417-440, Detroit, MI.

Corrosion resistant and bonding properties of two types of coatings
were investigatad. Cement slurry and coal-tar modified epoxy (resin)
were applied on different types of prestressing steels. Twenty preten-
sioned: and posttensioned beams with uncoated, cement-slurried, and
resin-coated strands were subjected to the attack of calcium chloride
(CaCly) and- sulfur dioxide (SO,) environments.

McDonald, J. E., and-0'Neil, E. F. 1982 (Oct). "Annotated Bibliog-

raphy: Polymers in -Concrete," Technical Report SL-82-9, US ‘Army Engi-
Tfieer Waterways Experiment Station, Vicksburg, MS.

Included in this bibliography are 1,211 annotated references on poly-
mers- in concrete. They cover articles written between 1922 and 1981 on
four major areas of polymers in concrete: polymer concrete, polymer-
impregnated concrete, latéx-modified concrete, and sulfur concrete. A
complete subject index and author index are provided:

Ironman, R. 1982 (Dec). "Polymer Concrete for Swiss Tunnels," Con-

crete Products, Vol 85, No. 12, Chicago, IL.

This article presents a solution to- the problem of concrete spalling in
Swiss railroad tunnels. The spalling was caused by the high gypsum and
marl content of the rock -coupled with heavy rainfall and -air pollution.
The solution had been to drain water off before it could saturate the
concrete and exert pressure to create spalling. In -seeking a more
efficient and less expensive solution, a system of central drainage

-channels with high chemical resistance was proposed. Concrete was said
to-be unsuitable for the system: because of its low surface porosity. A

"lining" channel of polymer concrete set within a conventional precast
reinforced -concrete duct was tested and surpassed all values specified.

Joshi, A. B., Singh, R., and Singh, R. N. P. 1982 (Dec). "Epoxy
Resins as Bondlng Agent for Concrete Repairs Under Water," Indian Con-
crete Journal, Vol 56, No. 12, pp 322-323, Bombay, India.

The spillway stilling basin floor of a high gravity dam suffered exten-
sive -damage due to the abrasive action of the water. Repairs were
unsuccessfully attempted by underwater concreting with anchor road and
reinforcing mat. Experimental investigations on the use .of epoxy
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fesins Were done; the various tests carried out are described. It is
shown that epoxy materials .can develop a good bond between old and new

‘concrete in underwater conditions:

Wieczorek, G., and Gust, J. 1982. "Protection of Reinforcing Steel in
Carbonized Concrete With a Dikszopt Corrosion Inhibitor" (in Polish),

‘Ochr. Przed Koroz. Vol 25, No. 2, pp 30-34, Poland.

Test results of a Dikszopt corrosion inhibitor for reinforcing steel
are discussed. The protective effectiveness of this inhibitor was

-examined by gravimetric, electrochemical, and ellipsometric methods.

The inhibitor effectively inhibits reinforcing-steel corrosion in con-
crete with a carbonized surface (4.5 times lower rate of corrosion).
The effect of the inhibitor in a liquid corrosive environment in con-

-¢rete, the structure and durability of passive layers on iron, and the
‘Permissible degree of anodic polarization at which the inhibitor is
effective were determined. The criteria for selecting the cements in

respect of application technology were also determined.

-Orgtekhstrom, L. 1982. "Decorative/Protective Coating Composition. for

Concrete, etc,," Soviet Inventions Illugtrated, Vol E, No. 14, Group G,
3, London, England, ) ) '

Coatings for concrete, which has been preactivated with phosphoric acid
prior to- application, contain an :alumino-borophosphate binder, titanium
dioxide, silica, kaolin, chromium oxide, and water. Curing is effected
by IR radiation.

1983

—_——

Goldstein, D. 1983 :(Jan). "Epoxy Coating Systems," Plant Engineering,
Vol 37, No. 2, pp- 102-103, Barrington, IL. -

There are two basic types of epoxy resins: 1liquids and solids. Liquid
epoxy resins are formulated from 100 percent solids and contain no
solvents. They flow well and fill gaps. The solid epoxy resins, on

‘the other hand, must be dissolved in solvents, so their use is

restricted to thin coatings. The epoxy group in the basic resin is
stable until it is mixed with other types of reactive resins, such as
amines, polyamides, and amido-polyamines. Epoxy resin and curing
agents are used in flooring applications because of their strength and
durability. Systems -containing epoxy resins range from low-viscosity,
low-solids coatings, to high-solids, high-viscosity bonding agents and
heavily filled troweled-on mortars. Applications discussed include
coatings for protective and decorative use, acid resistance and slip-
proofing, mortars for resurfacing, repairing and grouting masonry, and
agents for bonding new concrete to old damaged concrete.
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‘Hansen,. T. G., and Narud, H. 1983 (Jan). "Strength of Recycled Con-
crete Made from Crushed Concrete Coarse Aggregate,"™ Concrete Interna-
ftional:—ADesigh & Copstyucp@on, Vol 5, No. 1, Detroit, MI.

-Compressive strength of hardened concretes made from recycled concrete

coarse aggregates was studied as a function of compressive strength of
original concretes from which coarse aggregates were derived. -Also
studied were properties of fresh concretes made from recycled aggre-
gates, gradings of crusher products, properties of recycled aggregates,
and the: amount of old mortar which remained attached to various grades
anid size fractions of recycled aggregate.

The compressive strength of recycled concrete is largely controlled by
the water-cement ratio of the original concrete when other factors are
essentially identical. If the water-cement ratio of the .original con-
crete is the same as or lower than that of the recycled concrete, then
the new: strengths will be .as good as or better than the original
strengths and vice versa. )

Tabor, L. J. 1983 (Feb). "Concrete Repair: The Role of Resin
Compositions," Cdnqrgte,'Vol 17, No. 2, pp 19-22, London, England.

This article outlines proper use of resin composition in the mainte-
nance and repalr of concrete structurés. Their complementary role to

cementitious materials is stressed. Specific applications of resins to

construction faults and service faults: are briefly covered.

Robery, P. C. 1983 (Feb). "Structural Repairs," Concrete, Vol 17,
No. 2, pp 23-24, London, England.

This article briefly discusses proper materials and methods for repairs

to -concrete. Often, cementitious materials (concretes, grouts, and
mortars) are preferable to resin-based alternatives due to their struc-
tural -and thermal compatibility with the parent concrete. Methods that
may be used for repair include wet concreting, preplaced aggregate,
polymer-modified concrete, sprayed concrete, and underwater placement.

Kobayaski, K., Itoh, T., and Takewaka, K. 1983 (Feb). "Studies on
Epoxy Coated Reinforcirng Steel” (in Japanese), Concrete Journal,
Vol 21, No. 2, pp 91-106, Tokyo, Japan. )

As a means of protecting steel in concrete from corrosion due to chlo-
rides, increasing the thickness of cover may be first considered. But
in the case where cover thickness is limited for design reasons and
some cracking is unavoidable, it is necessary to adopt a positive cor-
rosion protection method such as providing a barrier layer at the sur-
face of concrete (lining corrosion protection), mixing in a substance
such as a polymer to the concrete to lower permeability, and covering
the reinforcing bar itself with a corrosion protection material (galva-
nized reinforcing steel and epoxy-coated reinforcing steel). This
study deals with the epoxy-coated reinforcing steel.
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Higgins, D. 1983 (Feb). "Repairs to Cracks in Concrete," Concrete,
Vol 17, No. 2, pp 26-28, London, England.

Before repairing cracks in concrete, it is necessary to determine why
the cracking occurred and: if the structural safety, durability, water-
tightness, and/or appearance will be affected. Types of cracks are

distinguished between (dead, live, and growing), and the basic repair

premise suitable to each situation is mentioned. The repair methods of

resin injection, vacuum impregnation, polymer emulsions, cement-based
materials, stitching, movement joints, bandaging, and surface coatings
are outlined.

Kawamura, M., Koizumi, T., and Hasaba, S. 1983 (Mar). "Some Proper-
ties of Slag Cement Concrete Using Polypropylene Polymer Emulsion" (in
Japanese)., Memoirs of the Faculty of Technology, Vol 16, No. 1, pp: 55-
60, Kanazawa, Japan. -

Because of its high resistance against chemical corrosive action, slag
cement is used for concrete structures exposed to seawater. Polymer,
added to .slag cement, improves its physical properties. Polypropylene
polymer emulsion has high water-reducing -effect and improves the -dura-
bility of slag cement concrete.

"Létex-MoQified~Congretg in Resurfaced Overpass." 1983 (Apr). Con-
crate Products, Vol 84, No. 4, Chicago, IL

Concrete modified with synthetic rubber is expected to improve the
bridge surface durability of .a heavily used overpass serving the indus-
trial section of Sarnia, Ontario, Canada. The concrete surface of the
overpass has been deteriorating as a result of the freezing/thawing
cycle and the corrosive effects of road salt during the winter. Latex
mixed in the concrete forms a barrier that slows the rate of penetra-
tion by moisture and road salts and improves the physical properties of
the concrete. The material takes about 4 days to cure.

"Problem-Solving Admixtures Aids Dam Repair Project." 1983 (Apr).

‘Concrete Products, Vol 86, No. 4, pp 28-29, Chicago, IL.

Rehabilitation of the 65-year-old Emsworth Lock and Dam on the Ohio
River, 6 miles west of Pittsburgh, Pa., is .described. A sulfate-
resisting grade -of concrete that will not decompose or -disperse in
river water as it is pumped was used. To maintain pumpability without
compromising the sulfate-resistant aspects of the concrete as well as
its strength, durability, and overall quality, -an admixture was used.

Perenchio, W. F., and Marusin, S. L. 1983 (Apr). "Short-Term Chloride

Penetration into Relatively Impermeable Concretes," Concrete Interna-
tional: Design & Construction, Vol 5, No. 4, pp 37-41, Detroit, MI.

Thin concrete overlays are used extensively in resurfacing concrete
bridge decks and parking structures. Even more important than their
strength and resistance to wear is the ability of such concretes to
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resist the ingress of water-borne chloride ions. If water and chloride
ions -can be largely excluded, embedded reinforcing steel will not be
subject to -galvanic corrosion with subsequent delamination and spalling
of the concrete. This study presents -data which shows the amount of
water and chloride imbibed by 4-in. -(100-mm) concrete cubes. The con-
crete mixtures included a typical structural concrete, an. "lowa method"
low-slump concrete, along with the same low water-cement ratio mixture
to which .a high-range water reducer was added, two -concretes containing
synthetic latexes, and one concrete containing an epoxy admixture. The

.concrete made with the epoxy was the least permeable followed by those

containing the latexes, the "Iowa" concretes, and then the structural
concrete.

Jefferson, J. N. 1983 (May). "Contractor Slashes Bridge Redecking
Time," Constructor, Vol 65, No. 5, pp 24-27, Washington, DC.

Redecking of the Wilson Bridge, Washington, DC, using a strong, dura-
ble, lightweight, epoxy-coated concrete is discussed. The new deck
will consist of 46-ft-wide precast roadways constructed of full lane

- width, transversely posttensioned, lightweight concrete slabs supported
by cast-in-place polymer concrete bearing pads on the exterior girder

and existing continuous stringers. Construction is proceeding at night
to allow passage of rush-hour traffic; specifics of construction are
described. Expected completion is for 4 Jan 1984, 120 days ahead of
schedule.

Mikhail, R. Sh., Mousa, A. M., Abo-El-Enein, S. A.; and Marie, M. S.
1983 (Mar). "Pore Size Restrictions on Polymer Load and Molecular
Weight in Impregnated Cement Pastes," Cement and Concrete .Research,
Vol 13, No. 3, pp 325-334, Elmsford, NY. . ’

Polymer admixtures are used in portland cement where thin layers of

concrete are needed and for patching of cracks since such concrete has

better bond strength and durability than conventional concrete. The
effect of some structure-forming conditions of pastes on polymer load
was investigated, and these conditions include the fineness of the
cement, water-cement ratio, and the age of the paste. The variation of
the polymer load with sample age is explained on structural basis, and

‘the support is gained from SEM studies. Results of the viscosity aver-
age molecular weight of the polymer inside the pore system are also

presented, showing their dependence on pore size.

Alias, J. 1983 (May). ™"Repairing Underground Structures on French
Railways with Gunned Concrete" (in French), Travaux, No. 577, pp 68-
75, Paris, France.

A brief overview of the technology of shotcrete is presented. Tests of
vaults reinforced with shotcrete are -discussed, and examples of some
recent jobsites are included.

Sorokin, I. N., Reikhardt, L. V., Farvazev, R. F., Gur'eva, V. A. 1983
(May-Jun). "Gunited Concrete for Repair of a Blast-Furnace Stack,"
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Refractories, (English translation of Ogneupory), Vol 24, No. 5-6,
pp- 296-299, ‘New York, NY.

Investigations showed that the gunited concrete coating applied to the
circular perimeter of -the shaft wore slightly more rapidly than ShPD-41
chamotte parts. The high-alumina cement is suitable for repair of
local failure of linings of individual chamotte parts.

Ruffert, G. 1983 (Jun). "Maiﬁtenance offMassive Bridges" (in German),
Beton, Vol 33, No. 6, pp 213-214, Dusseldorf, Germany.

As our bridges get older and environmental nuisances increase, the
importance and extent of the problems to be solved in the maintenance
of bridges- are growing. Processes and materials for the protection and
rehabilitation of bridges are presented.

"Ameron’s New High-Build, High-Solids Epoxy Coating Serves as a Primer
and Topcoat." 1983 (Jul). American Paiqg’& Coatings Journal, St.
Louis, MO. ' ) ) ‘

It can be applied by brush, roll, or spray equipment-for general main-
tenance of in-place concrete or steel structures. A 5-mm coat protects
against corrosion. Amerlock 400 is available in a variety of colors.

Shaw, J. D. N. 1983 (Jul). "Use of Polymers in Concrete Repair,"
Civil Engineering, pp 24-25, London, England.

Continued from the June issue, several repair procedures are discussed
including résin bonded external reinforcement, protective coatings, and
penetrating in-surface sealers. The author concludes that successful
repair of concrete will depend upon a num’.er of factors such as correct
diagnosis and -careful preparation of the appropriate materials and
technique. A guide to the selection of materials for concrete repair
is--presented,

Dedic, D. J., and Klaiber, F. W. 1983 (Jul). "High Strength Bolts as
Shear Connectors in Rehabilitation Work," Concrete International;

—Dgsign & Construction, Vol 6, No. 7, Detroit, MI.

In the rehabilitation of composite concrete and steel structures, often
inadequate shear connection between the two materials is found. As
noted in the statement of research significance, established methods of
adding shear connectors by welding are unacceptable since the type of
steel in many old structures is unknown. This article presents two
methods of using high-strength bolts as shear connectors. Two series
of push-out tests involving two different bolt configurations were
done; for comparison, a third series of push-out tests with welded
steel stud connectors was also accomplished.
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Kahm, L. F. 1984 (Jul). "Shotcrete Strengthening of Brick Masonry

Walls," Concrete International Design & Construction, Vol 6, No. 7,
Detroit, MIL.

Fourteen 3- by 3-ft (1: by 1-m) single-width panels were constructed to-
model old, exiting masonry walls. A 1.5:in. (38-mm) or 3.5-in. (89-mm)
thick layer of reinforced shotcrete was applied to 12 panels. Brick
surfaces were either dry, wet, or epoxy coated. The shotcrete greatly
increased the in-plane shear strength of the panels; small amounts of
steel reinforcement developed:- significant ductility in the panels.

The brick surface treatments were about equally effective in developing
the- full composite behavior and ultimate load.

Sasse, H. R., and Fiebrich, M. 1983 (Jul-Aug). "Bonding of Polymer
Materlals to Concrete," Materials and Structures, Research and Testinz,
Vol 16, No. 94, pp 293-301, Paris, France.

An adhesive is defined -as a substance capable of -holding materials
‘together by surface attachment. This paper gives basic information
about this process and its impact on engineering technology. -Resin
adherence -to concrete is also--discussed, with test results for tensile
strength, bending strength, shrinkage, and thermal compatibility.

McBee, W. :C., Sullivan; T. A., and Jong, B. W. 1983 (Aug). "Indus:
trial Evaluation of Sulfur Concrete in Corrosive Environments," Report
BUMINES/RI-8786, US Bureau of Mines, Boulder City, NV.

Over the past several years the Bureau of Mines has developed a sulfur
concrete (SC) technology in which chemically modified sulfur is mixed
with suitable mineral aggregates to produce construction materials that

-are resistant to corrosion by acids and -salts. Modified SC materials

have been tested in actual operating conditions in 50 corrosive process
environments at 40 commercial plants. SC components ranging from small
test coupons to 4-ton acid sump tanks were fabricated and installed at
plant locations where chemical corrosion was destroying conventional
concrete materials. Through cooperative agreements with several com-

panies, floors, retaining walls, and foundations were cast in place

using SC materlals, then monitorxed for resistance to corrosion and
retention of strength properties.

Plecnik, J. M., Plecnik, J., Diba, A., Howard, J., and Hiremagalur, J
1983 (Aug). "Fire Research on Seismically Damaged Concrete Beams
Repaired with Epoxy Adhesives," Report NSF/CEE-83218, North Carolina
State University at Raleigh, NC.

The -behavior of epoxy-repaired concrete beams during fire exposure is
discussed. The shear failures in small beams are examined, and it is
noted that shear failure generally occurs through epoxy-repaired cracks
at temperatures exceeding 150° F. Failure loads decrease with increas-
ing temperature due to presence of shear-type failure mode for epoxied
specimens. When epoxy-repaired beams failed in pure flexure, the
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ultimate strengths were not significantly affected by temperature.
Construction, repair, and experimental testing are described for four
large-scale specimens: two rectsngular and two T-shaped cross
sections.

Dixon, J. F., and Sunley, V. K. 1983 -(Aug). "Use of Bond Coats in
Concrete Repair," Concrete, Vol 17, No. 8, pp 34-35, London, England.

Experimental repairs on a 20-year-old:  building -are described. Two
series of tests were carried out. Split plaques were used, concrete

‘was poured against a wédge without any -bond coat. Thereafter, prism

specimens were produced by casting concrete against wedges which had
received a bond coat containing equal parts of ordinary Portland cement
and an SBR polymer.

Nakano, S., and Kabeya, H. 1983. "Durability Performance of Surface
Coating for the Newly Developed Autoclaved Aerated Concrete Compo-
nents,” Conference on To Build _and Take Care of What We Have Built w1thi
Limited Resourcés, CIB 83, The 9th CIB Congress, Stockholm, Sweden,
15-19- Aug 1983 Vol &, pp 423-434, National Swedish Institute for
Building Research, Gavle, Sweden.

This paper introduces the process of selecting external surface fin-
ishing for the -autoclaved aerated concrete components that has been
newly developed. Hereby the surface finishing -plays a prominent role
in view of the performance over time in the total system. A mainte-

‘nance guideline is also presented which includes the actual measures

for repairing and recoating of wall surfaces.

"Concrete Polymer Composites. 1977-September, 1983 (Citations from the
Rubber and Plastics Research Association Data Base)." 1983. National
Technical Information Service, Springfield, VA.

This bibliography contains citations concerning the development, the
effect on the construction and building industry, and the application
of polymer modifiers in concrete. Polymer concrete highway construc-
tion and chloride penetration, epoxy resins, unsaturated polyesters,
and polystyrene binders for concrete, machinery and equipment used for
polymer concrete manufacture, polymer impregnated concrete comparison
to conventional concretes, and -thermal insulation properties of plastic
aggregates in concrete are among the topics discussed. Mechanical
properties, performance evaluations and applications for polymer con-
crete in such areas as pavement, bridge and runway maintenance are
included. (This updated bibliography contains 275 citations, 44 of
which are new entries to the previous edition.)

"Epoxy Bonding Buttresses Bridge Repair."” 1983 (Sep). Railway Track &
Structures, Vol 79, No. 9, pp 51-52, Chicago, IL.

This article discusses--epoxy bonding repairs done in 1980 to a concrete
pier severed at a disbonded cold joint. The restoration had a higher

level of structural integrity than the original concrete composition.
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Hansen, T. C., and Narud, H. 1983 (Sep). "Recycled Concrete and
Silica Fume Make Calcium Silicate Bricks," Cement and Concrete
Research, Vol 13, No. 5, pp 626-630, Elmsford, NY.

‘When old concrete: is crushed to coarse aggregate for production -of new

.concrete, approximately 20-weight percent of crusher fines are gen-
erated. -Calcium hydroxide from hydrated cement of such fines reacts in
the autoclave with siliceous partiéles in the fines to give calcium
silicate products. Such products are similar in nature to sand-lime
bricks. When silica fume is added, the compressive strengths of the

products are greatly improvea. Crusher fines from recycled concrete do

not qualify as hydraulic cements even when- ground- to cement fineness.

Fattuhi, N. I., and Hughes, B. P. 1983 (Sep). "Effect of Acid Attack
on Concrete with Different Admixtures or Protective Coatings," Cement
and Concrete Research, Vol 13, No. 5, pp-655-665, Elmsford, NY.

Different admixtures and coatings were used in an attempt to improve
the chemical resistance of a standard concrete mix. The .admixtures
included- pulverized fuel ash, styrene butadiene latex, water-reducing,
‘Super plasticizing, retarding, and waterproofing agents. Coatings,
including PMMA and polymer emulsions, were brushed onto hardened con-
crete cubes. Forty 102-mm cubes -containing the different admixtures or
coatings were immersed in a channel with a l-percent solution of con-
tinuously flowing sulfuric acid. Twenty cubes contained centrally
positioned short mild steel bars. The changes in weight -with time for
each cube were determined continuously up to 172 days exposure, and the

-condition of the reinforcement was visually examined at termination.

The effects of admixture additions of the workability and compressive
strength of the ccncrete were also investigated.

‘Holland, T. C. 1983 (Sep). "Abrasion-Erosion Evaluation of Concrete

Mixtures for Stilling Basin Repairs, Kinzua Dam, Pennsylvania," Miscel-
laneous Paper SL-83-16, US Army Engineer Waterways Experiment Station,
Vicksburg, MS.

The resistance to abrasion-erosion of several concretes made with dif-
ferent coarse aggregates, with and without silica fume as a mineral
admixture, was evaluated. Testing was done in accordance with the
Corps of Engineers standard test method,

Initially, concretes made with a limestone coarse aggregate (available
near the project site) and with two gabbros (from New York and Vir-
ginia) were prepared and tested. Although the gabbros were thought to
be harder than the limestone, testing revealed very little difference
in abrasion-erosion resistance among the three aggregates. The two
gabbros did not show a great enough improvement to justify the
increased transportation costs necessary for their use.

A polymer portland-cement concrete (epoxy-modified concrete) was also
prepared using the limestone aggregate. This material showed very
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little improvement in abrasion-erosion resistance--certainly not enough
improvement to justify the high cost of the epoxy product.

‘High-strength concretes (f'; = 7, 500 psi) made using the limestone

aggregate and one of the gabbros and containing silica fume and a high-
range water-reducing admixture showed improved abrasion resistance.
Very high-strength. silica-fume concretes (f’ = 14,000 psi) showed
exXcellent abrasion:erosion resistance.

Cores taken from the fiber-reinforced concrete overlay presently in the
Kinzua stilling basin were also tested. The cores showed very high
abrasion losses, which agrees well with the apparent poor performance
of the material in the prototype.

Recommendations were made that -either a source of coarse aggregate with
better abrasion-erosion resistance be located for use or the use of the
very high-strength silica-fume concrete be evaluated further.

Holland, T. C. 1983 (Sep)-. "Abrasion-Erosion Resistance of Concrete
Made with Two Aggtggates,-ﬁtonewall Jackson Dam, -West Virginia,li Mis-
cellaneous Paper SL-83-15, US Army Engineer Waterways Experiment Sta-
tion, Vicksburg, MS.

The resistance to abrasion-erosion of two -concretes made with different
coarse aggregates was evaluated. The aggregates used were selected as

being representative of those that may be selected for use during con-

struction of Stonewall Jackson Dam.

The ‘two coarse aggregates were limestones from different sources. All
other concrete ingredients were identical for the two mixtures. Both
concretes showed very high abrasion-erosion losses when tested using
the ‘Corps of Engineers standard test method.

A recommendation was made that coarse aggregates with better wear-
resistant properties be selected for use in areas of the structure that
may ‘be subjected to abrasion-erosion.

Aikin, H. B. 1983 (Nov). “Shockey Brothers Play Important Role in
Major Bridge Renovation," Concrete, Vol 47, No. 7, pp 24-27, Chicago,
IL.

This article discusses slab- production and redecking of a bridge with
stone and concrete. Stone sand is a controlled gradation sand produced
from quarried stone that has a sharp, angular particle shape. A 1974
change in ASTM C 33 related to the requirements for fine aggregates has
caused increased production and use of stone sand.

Smith, R. D. 1983 (Nov). "Experimental AC (Asphalt Concrete) Overlays
of PCC Pavement," Report TL-633352, FHWA/CA/TL-83/07, Federal Highway
Administration, Sacramento, CA.

A series of experimental asphalt concrete (AC) overlays were
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constructed:over an existing distressed portland-cement concrete pave-
ment on Interstate 80 near Boca, CA. The experimental overlays
included rubberized dense-graded AC, rubberized open-graded AC, a
rubber flush coat interlayer, dense-graded AC with short polyester
fibers, and Bituthene interlayer strips. The report presents a
description and discussion of AC mix batching, construction observa-
tions, laboratory testing, overlay coring, and initial performance
evaluation.

Jimenez, R. A., and Meier, V. R. 1983. "Laboratory Evaluation of
Anti-Reflection Cracking Materials," Arizona Department of Transpor-
tation, Fhoenix, AZ.

This report is concerned with the evaluation of four mixtures of
asphalt-rubber to serve :as 4 Strain attenuating layer in asphaltic
concrete overlays. The four mixtures consisted of two different blends
of asphalt-rubber, and the strain attenuating layer was made with and
without stone chips. The tests used for the evaluation were developed
to simulate certain pavement loadings, and they were classified as
repeated vertical shear, horizontal shear, repeated horizontal shear,
and flexure fatigue. Calculations were carried out to determine the

-effects of the strain attenuating layer on stress in the laboratory

models and also in flexible layered pavement systems.

Fowler, D. W., Beér, G. P., and Meyer, A. H. 1983. “Survey on the Use
of Rapid-Setting Repair Materials," Transportation Research Record 943,
pp 33-37, Transportation. Research Board, Washington, DC.

This article reviews the current state of the art for rapid-setting

materials used to repair concrete in Texas and other selected states.

Texas districts were surveyed for a listing of rapid-setting materials
that have been used over the past 1U years. Twenty-seven materials
were reported. The districts also provided an evaluation of the mate-
rials based on their use in different types of repairs, cost, use in
different climatic conditions, durability, bond to concrete, and
appearance. Nine states were asked to provide the same information
requested of districts; eight responses were received. Districts and

states were also asked to provide a ranking of material characteristics
and -properties.

McCullough, B. F., Meyer, A. H., and Fowler, D. W. 1983. "Design of
Polymer-Concrete Runway Repairs,” Transportation Research Record 943,
pp 37-42, Transportation Research Board, Washington, DC.

Portland-cement concrete airfield pavements with polymer concrete (PC)
repairs were analytically modeled to develop design criteria for deter-
mining the required repair thickness. A previously developed computer
program for analyzing discontinuous orthotropic plates and pavement
slabs was used to analyze the pavement. Two representative aircraft,
the F-4 and the C-141, were used. Different repair sizes, support
values, and ruaway thicknesses were tested. A sensitivity analysis was
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performed. to determine which variables have the greatest effect on the
stresses,

For the purpose of developing design charts, the critical positions of
the wheel loads for the different size repairs were found. The magni-
tude of the existing runway support outside the repair section had’
little effect on the stresses in the PC repair, although the existing
runway thickness .did have a significant effect. Because of the emer-
‘gency nature -of the repﬁ rs, the repair :support values and thicknesses
may be significantly di‘ferent from those for the existing pavement.
Consequently, these values have a significant impact on the repair
results. The: de51gn charts that were prepared give the flexural stress
-as a: function of repair thickness for three repair sizes, two repair
support values, and two runway -thicknesses. The -allowable stress level
for the polymer concrete has been reduced for the number of loading
repetitions..

C-191 Meyer, A. H., Fowler, D. W., and McCullough, B. F. 1983, "Field Tests
of Rapid: Repai. Methods for Bomb-Damaged Runways," Transportation
Research Record 943, pp 30-33, Transportation Research Board,
Washington, DC.

‘Rapid repair -of bomb-damaged runways is of vital concern to the US Air
Force. The results of field tests .conducted under the direction of the
Air Force Engineering .and Services Center at Tyndall Air Force Base are
presented. These tests were of various rapid repair -techhiques that
use -methyl methacrylate polymer concrete. Both spalls and craters. were
repaired. Full-depth polymer concrete (PC) repairs, at-grade precast
units, and precast units with PC caps are reported. The repairs were
trafficked with both F-4 (27 000-1b single wheel) and C-141 (144, 000- 1b
dual-tandom wheel) load carts. All of the crater repairs. performed
satisfactorily, as did most of the spall repairs, which demonstrated
the feasibility of using PC methods. for the rapid repair of bomb-
damaged runways.

C-192 -Gemert, D. V., and Maesschalck, R. 1983, "Structural Repair of a
Reinforced Concrete Plate by Epoxy Bonded External Reinforcement,"
International Journal .of Cement Com9051tes and nghtwelght.Concrete
Vol 5, No. &, pp 247-255, Harlow, Essex, England.

This article:deals with the repair -of a severely -damaged reinforced
concrete plate with epoxy bondéa steel strips. The method .consists of
gluing steel -elements. to the concrete with epoxy glue. Structural
damage and the procedure followed in handling the repair are described.
‘Results of laboratory experiments related to the actual repair are
given. Other possible applications for the repair technique are
indicated.




C-193

-6~194

-C-195

McBee, W. C., Sullivan, T. A., and Jong, B. W. 1983. "Corrosion-
Resistant Sulfur Concretes," Report of Investigations 8758, US Bureau
of Mines, Boulder, City, NV

‘Sulfur concretes have been developed as construction materials with
physical and mechanical properties that suit them for use in -acid -and

salt-corrosive environments where conventional concretes fail. Mix
design methods are -established. for sulfur concretes using different

types of aggregates and recently developed sulfur cements. Bench-scale

testing of the sulfur coricretes has shown their potential value: cor-
rosion resistance, strength, and durability of sulfur concrete are
superior to- those of -conVentional materials.

Sprinkel, M. M. 1983, "Thermal Compatibility of Thin Polymer-Concrete

Overlays," Transportation Research Record 899, pp 64-73, Transportation

Research Board, Washington, DC.

Thin polymer-concrete overlays that provide low permeability and high
skid resistance can be installed on bridge decks. with minimal disrup-

(tion to- traffic and at about one-half the cost of alternative service-

Tife-extending measures such. as portland-cément concrete overlays.
Laboratory tests have indicated that the temperature changes to which
bridge decks are typically subjected are sufficient to cause -deteriora-

tion and eventual failure of the ovérlays. The deterioration is caused
by the..development of stress in the bord bétween .the céncrete and over-

Tay that results from dlfferences in ‘the measures of elasticity and the
coefficients. of thermal -expansion of the two materials. Thermally
induced cracks- have been: noted in the overlay, ‘the base concrete, and
the bond interface-a majority of them in the medium least able to with-

-stand the stress. Cracks in the overlay increase its permeability, and
cracks in the base concrete or the bond interface lezad to delamination
-of ‘the overlay. It is estimated that a properly installed overlay
prepared with either of the two polyester resins tested to date will
‘have a useful service life of -at least 5 years. A longer service life
'should be possible if more flexible resins- are developed.

"Special Steels and Systems for Corrosion Prevention in Reinforced-Con:

crete." 1983, Concrete Society Proceedings, The Concrete Society,

London, England.

This publication includes six .papers presented at a symposium which

give an authoritative guide to the available reinforcing materials and
;systems for avoiding corrosion in reinforced concrete. There is a full

record: of the- discussions together with additional material and illus-

trations presented by the speakers.

Moskvin, V. M. 1983, "Water-Repelling Treatment as a Means to

Increase Concrete Stability"” (in Russian), Beton-i Zhelezobeton, No. 8,
1983, pp 7-9, Moscow, Russia.

This article discusses methods and results of treatment of concrete

with water-repellent silicon. The possible volume and surface water
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repelling treatment is. shown as well as- the limit for .an effective
similar treatment of concrete to- increase its stability and lifetime.
Some experiments- are also described.

Gaertig, H. J. 1983, - "Silicone Resin/Bitumen Anticorrosive Paints and

-Coatings- for Concrete" -(in German), Plaste und Kautschuk, Vol 30,

No. 1, pp 46-49, Leipzig, East Gérmany.

The paints or coatings are made from a fast-curing silicone resin and

bitumen. Adhesion, mechanical and gas and water permeability proper-
‘ties have been studied.

1984

Winters, J., ed. 1984, "Internationai Symposium on Mechanical Prop-
-erties of Special Concrete," Transportation Research Record 1003,

Transportation Research Board, Washlngton, DC.

This symposium proceedings contains 10  papers. The topics covered

include: plastic and steel fiber-reinforced concretes; bridge and

pavenient rehabllltatlon, flber reinforced superplasticized .concretes;

epoxy-bonded cementitious overlays; polymeg concrete curing; evaluation

-0f rapid-setting concretes; shear transfer in composite systems; pre-
-cast polymér concrete- form applications; and composite concreéete
" pavements-.

.Choudhary, M. M., et al. 1984 (Jan). "Epoxy Grouting of Cracks in
‘Concrete," Ind}gp Cohggete:{ogrnal, Vol 58, No. 1, pp 4-10, Bombay,

India.

‘Epoxy résins have often beén uséd for :grouting cracks in concrete.
‘Because of their low modulus of .elasticity as compared to concrete, it

was thought that the -grouted cracks might reopen on application of
addifional load. Laboratory studies conducted at 29 * 3° C showed that

there is no- adverse effect -on the load-carrying capacity and deflection
-of concrete structures treated with epoxy resins having a modulus of

elasticity as low as one-fifteenth of that of concrete. This proves

:the -utility of normal epoxy resins. for grouting cracks in concrete to

restore strength with no fear of the low modulus of elasticity.

Smith, I. 1984 (Feb). "Combating the Effect of Spalling in Concrete
‘Structures;" Anti- Corros1onrMethods and Materlals Vol 31, No. 2,
Pp 11-12, London, England.

A variety of reasons for concrete deterioration are outlined including
corrosion O0f any reinforcements; -calcium chloride; restrained movement;

-chemical -attack; and internal corrosion reactions. Resin based, poly-

mer modified cement-based and- cement-based repair materials are con-
sidered. It is shown that for an effective repair to be undertaken, it
is necessary for the repair material to have characteristics as close
as possible to the base concrete, so that the properties of the old and

new work are compatible, so preventing unnecessary strains being placed
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at the interface which would diminish the changes of a good bonding
being achieved.

Perkins, P. H. 1984 (Mar), "Use of SBR/Cement Slurry for Bonding
Coats," Concrete, Vol 18, No. 3, pp 18-19, London, England.

There are a number of bonding aids on the market, but this article will

-deal -only with styrené-butadiene dispersion/portland-cement slurry.

This known as SBR/cement slurry. SBR/cement slurries and mixes have
established themselves over the past 15 to 20 years in this country and
-abroad by consistently good site results. While it is not possible to
list all the circumstances where this bond is important, the main loca-
tions in construction are listed below: concrete toppings and mortar
screed laid on concrete floor and roof slabs; mortar rendering to

‘brickwork, blockwork, and- in situ concrete; clay bricks and tiles to

concrete; mortar/fine concrete for the repair of concrete members, and
daywork joints. in in situ .concrete construction (also known as
“‘monolithic’ type joints).

Paillere, ‘A. M., and Guinez, R. 1984 (Mar-Apr). "Seeking a Formula-
tion .of Grouts Incorporating Hydraulic Binders for Injecting Fine

-Cracks and Cavities" (in French), Bulletln de Liaison des Laboratoires
des Ponts et Chaussees, No. 130, pp '51-58; Paris, France,

In many cases cement grouts are used for the repair of concrete or

.masonry structures. The sand column test developed by the LPC network

ensures that epoky resins -can be injected and can be used to test
hydraulic cement grouts. Half-scale experiments confirm -the indica-
tions of this test. This study proves. the importance of :the- fineness
of the cemént. The tests as a whole show that it is possible to obtain
a perfectly injectable cement grout formula provided that the inter-
stices to-be injected are 1.5 to 2.3 times as large as the coarsest
partlcles -of cement.

Osen, M., P, 1984 (May). ‘"Degradation and the Use of SBR Polymers,"
Concrete, Vol 18, No. 5, pp 18-19, London, England.

‘Concrete has been used as a basic building material for many hundreds

of years and will continue to be used because there is no cheaper
alternative. It is a stable product but its ability to withstand con-

‘tinued stress depends on physical and chemical changes. Concrete dete-

riorates either because the quality of thé solid components is poor,
the degree of compaction is below standard, curing techniques -are bad,
or the component is stressed beyond limits. There are other causes of
degradation, such as carbonation (the effect of carbon dioxide in the
air on portland cement), sulfate attack (a process normally associated
with below ground structures and sulfate bearing soil); permeabiltiy
which may result from lower than usual cement content); poor compac-
tion; "bleeding" or segregation; anu mechanical damage (which is more
serious and might lead to reconsideration of the original design unless
it can be shown that the stress calculations were correct).
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Several types: of repair mediums are available. The medium should match

‘the quality of the -original concrete but with: greater adhesive strength
.and with lower permeability to water. The expansion. coefficient and E-

value should ideally be the same as the concrete, epoxy, or polyester
mortars, and: SBR modified mixes. SBR modified mixes are highly- recom-

mended, and it is- anticipated that advances will be made to increase

durability beyond the already well-accepted level.

Kobayashi, K., and Takewaka, K. 1984 (May). "Experimental Studies on-
Epoxy Coated Reinforcing Steel for Corrosion Protection," International
Journal of Cement Composites and Lightweight Concrete, Vol 6, No. 2,

Pp 99-116, Harlow, Essex, England.

In a severely corrosive environment such as a marine splash zone, it is

‘necessary for thickness of cover to be made- fairly large to protect

steel in concrete from corrosion. It is also necessary for the -crack
width to be limited to a fairly small size. However, in addition to

.adequate cover, the most practical corrosion protection method is that

of covering the reinforcing bar itself by a material of a corrosion-
inhibiting nature. This paper present§ the results- of tests on -epoxy-
coated reinforcing steel with comparative data on untreatéed and -galva-
nized steel.

_Hill, T. B. 1984 (May). ‘"Underwater Repair and Protection of Offshore

Structures," Concrete, Vol 18, No. 5, pp 16-17, London, England.

Structures in the North Sea are subject to weathering, corrosion, and
other structural damage. To maintain these structures and their opera-
tional 1ife, it is important that practical means are available for
their repair and protection. A "package" of -epoxy resin and cementiti-
ous materials, together with the appropriate application equipment, has-

‘been developed for carrying out all types of repair’ to concrete

structures.

Two-part epoxy resins consisting of a base and hardener are particu-
larly suitable for underwater repairs, as they are compatible with wet
surfaces. These resins also have a high impact resistance, together
with a high flexibility, which allows structural straining without
failure of the material of bond. However, there aré two restrictions
on the use of the resins: (a) the difference in thé modulus of elas-
ticity between the cured resin and the concrete makes them unsuitable
for repairs where the latter’s structural design properties are impor-
tant, -and (b) poor adhesion to the substrate can occur if the surface
area-volume ratio of the repair is not high enough to allow the heat
generated during curing to be dissipated- quickly to the surrounding
seawater. The resin developed for the package has a high compressive
strength, low permeability, good adhesion, and gives low exothermic
peak and smooth temperature gradient. This material may be used for a
variety of repairs as it overcomes some of the problems normally asso-
ciated with resins.
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‘Carnahan, J. C. 1984 (May). "Repair-Don't Replace-Cracked Sewer

Pipe," Civil Engineering, Vol 54, ¥o. 5, pp 56-58, American Society of
Civil Engineers, New York, NY.

Circumferential hairline cracks in joints at the ‘bells -of concrete
sewer pipes required extensive repair. While corrective action in
accordance with contract -documents called: for removal -and replacement,
its .cost would have been tremendous. The contractor requested permis-
sion: to repair the pipe in place instead. A urethane polymer grout was
injected between the bell -and spigot of each bad joint. The grout is
injected as -a liquid but reacts with water to create a foaming action;
expanding approximately 10- times the original volume. The grout then
sets to form an elastomeric seal, which is resistant to deterioration
from expected sewage components. The grout appeared as resistant to
deterioration as O-ring gaskets, -and it seemed more resistant to hydro-
carbons, such as petroleum products, than to synthetic rubber.

Pfeifer, D. W., and Perenchio, W. F. 1984 (May). "Sealers or Over-
lays? Concrete Construction, Vol 29, No. 5, pp 503, 505, 507, -Addison,
1L, . N

The studies began as an investigation of sealers, mostly proprietary,

that are being used to protect new and old highway bridges, parking

garages, marine structures, and industrial, commercial, and residential

‘buildings. The authors selected -a number of generically different

materials that are promoted and used for this purpose, including boiled
linseed oil, silane, chlorinated rubber, styrene-butadiene, epoxies,
urethanes, methyl methacrylates, sodium silicate, .and others. The
results of these extensive laboratory studies showed considerable dif-
ferences among the sealers tested and led to recommendations for the
most effective,

Bennison, P. 1984 (Jun). "Repair and Protection of Reinforced Con-
crete," Corrosion Prevention & Control, Vol 31, No. 3, pp 5-10, Bucks,
England. ) ) )

Mechanisms are discussed, by which reinforced concrete can deteriorate.

It is shown that a very high percentage of all reinforced concrete
structures suffers some form of continuous distress during their life.
Modern repair materials, either modified cementitious or resin based
can now offer an excellent solution for most repair and maintenance
problems. It is, though, considerably more economic to protect a
structure by regular inspection and maintenance -by qualified personmnel,
than to await advanced costly deterioration before taking any action.

Ovens, A. 1984 (Jun). "Repair and Protection of Reinforced Concrete
in High Rise Buildings (Part II)," Concrete, Vol 18, No. 6, pp 44-45,
London, England. ' ’

This article outlines the prerequisites and criteria used for selecting
the most appropriate protective coating when repairing or refurbishing
steel reinforced concrete. Prior to protective coating, the surface to
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‘be coated should be completely free of surface defects. All dirt,
-grease, organic growth, or other contaminants must be removed. It is

also advisable to avoid: .coating over areas of high cement laitance.
Blastcleaning is probably the best method of preparing concrete sur-
faces for coating.

Criteria for selecting the most suitable coating include appearance,

resistance to water-moisture ingress, resistance to aggressive

atmospheric gases, resistance to water vapor, resistance to ultraviolet
light, resistance to abrasion, and ease -of maintenance. From these

prerequisites and criteria, the performance characteristics of a coat-

ing can be listed for -each individual project. The most suitabie coat-
ing -can then be selected, with a specific product being chosen for a
specific purpose.

Drennon, C. B. 1984 (Jun). "Use of SBR/(Styrene-Butadiene Rubber)
Latex for Improvement of Recycled Asphalt Pavement," Report FHWA/OH-84/
008, Federal Highway Administration, Columbus, OH.

Styrene-butadiene rubber (SBR) latex was added to cold-milled, recycled

‘hot-mix asphalt concrete to improve the fatigue .properties of the mix.

Samples were tested by repeated load indirect tensile tests and ana-
lyzed by the VESYS Structural Subsystem computer model. Four different
pavement materials and two different latices were tested. The basis
for comparison is VESYS ‘life’, a predicted time to reduce predicted

‘present serviceability index to.2.5. Since the major improvement area

is reduction of -the rutting component of damage, excessive stiffness of

the treated recycled mix may remain a problem, but full-scale testing
is justified.

Kostyk, B. W., and Parnell, J. E. 1984 (Jun). “Effective Repair for

Leaking ‘Waterstops,” Concrete Construction, Vol 29, No. 6, pp 594-596,
Addison, IL. “ ’

Waterstops in joints in concrete structures perform important functions
in protecting the structure, its contents, and its environment from
various aggressive effects of water, such as corrosion of steel, mil-
dewing or rotting of organic materials, or eroding the surrounding
soil. In water-containing structures, waterstops protect against loss
of water. But if for any reason they do not function properly or if
they fail, they are usually difficult to repair effectively. Pres-
ently, an jnjection method that uses a specially formulated grout with
proven effectiveness makes repair fast and easy. The grout is a liquid
resin of relatively low viscosity (300 to 600 centipoise) at ambient
conditions. After it is injected into a joint containing water, the
resin reacts with the water, begins to foam, and expands in place.
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-Cady, P. D., Weyers, R. E., and Wilson, D. T. 1984 (Jun). ™"Durability

and -Compatibility of Overlays and Bridge Deck .Substrate Treatments,"
Concrete International: Design-& Construction, Vol 6, No. 6,
pp 36-44, Detroit, MI. B )

Freezing and thawing tests were -carried out to- evaluate the durability

and compatibility of composite specimens consisting of treated concrete
substrates in combination with three types of -concrete overlays. The
various substrate treatment-overlay combinations are potential candi-
dates for bridge deck rehabilitation. Substrate treatment consisted of
impregnating concrete with corrosion inhibitors, hydrophobic agent,
pore sealants, or a water-displacing penetrant. The overlay materials
used were 1atex modified concrete, low-slump dense concrete, and poly-
mer concrete. Suitable performance relative to both -durability and:
compatibility was obtained only for methyl methacrylate impregnation
treatment -of the substrate. When used in conjunction with this treat-
ment, all -three overlays. provided superior performance.

Holm, T. A., Dremner, T. W., and Newman, J. B. 1984 (Jun). "Concrete
Bridge Decks: Lightweight Aggregate Concrete Subject to Severe

Weathering," Concrete International: De51gn & Construction, Vol 6,
No. 6, pp 49-54, Detroit; MI.

The influence of the internal structure of lightweight aggregate on the
physical and durability characteristics of concretes used in severe
weathering applications is examined. Scanning electron microscopy:
studies on cores from weathered surfaces of mature structures are
reported and compared with field experience. Crackirg response and
other mechanical properties are related. to the characteristics of the
lightweight aggregate.

"Sealing Plays Vital Role in Concrete Performance." 1984 (Jul). Roads
(formerly Rural & Urban -Roads), Vol 22, No. 7, pp 48, Des Plaines, IL.

The benefits of promptly sealing concrete pavement are explained.
Sealants are used to prevent intrusion of incompressibles and water
into joints. Authorities claim that sealing and resealing can be the
most effective means of concrete maintenance available. The three
types of sealants, low modulus- silicone, liquid joint, and neoprene
compression are discussed. Recommendations are given for various
application techniques as well as maintenance regularity.

Stoll, F., and Grein, A. 1984 (Jul). "Possibilities of Surface Pro-
tection of Tanks and Structures in Wastewater Treatment Plants" (in

Gexrman),. eltschrlft fuer Werkstofftechnik/Materials Technologx and
Testing, Vol 15, No. 7, pp 223-229, Weinheim, West Germany.

The composition of wastewater from chemical plants often requires a
suitable suxrface protection for the steel or concrete substrates of

‘structures in wastewater tceatment plants. The use of a suitable pro-

tection system will be instrumental in economizing and will enhance the
availability of the plant. To study the resistance to chemical
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wastewater, extensive tests with different corrosion protection systems
were carried out under sérvice-life conditions. The most suitable
system was- a solventless .epoxy-polyamine coating. Some examples and
experience in service with this protective coating are discussed.

"New Precast Material Gets Tunnel ‘Wear Test’.” 1984 (Jul). Roads
(formerly -Rural -& Urban Roads), Vol 22, No. 7, pp 16-18, Des Plaines,
IL.

A new precast material, quazite, was tested in a tunnel rehabilitation
project. -Composed of selectively graded aggregate, polymers, and mono-
mer in a patented:-mixing and curing process, the quazite was used to
repair sidewall deterioration and accident damage. The new material is
unaffected by water, salts, deicing chemical, and expansion-contraction
resulting from cycles of freezing and thawing. It resists virtually
all corrosive acids, chemicals, -0oils, and is graffiti-proof. The mate-
rial was precast into lightweight bench panels and reinforced with
fiberglass for greater impact resistance. The bench panels were not
modified in the field because erection time was so limited. Holes
could be predrilled in sidewalks- to receive anchors cast into the bot-
tom of the panels. This is the ‘thixrd repair project for the tunnel.

Previous repairs were made using concrete panels and ceramic tile

facing.

Meinheit, D. F., -and Monson, J. F. 1984 (Jul). "Parking Garage
Repaired Using Thin Polymer Concrete Overlay," Concrete International;
Design & Construction, Vol 6, No. 7, pp. 7-13, Detroit, MI. )

Corrosion of deformed bar reinforcement and posttensioned, unbonded
tendons. of -an eight-story parking structure caused concern for the

integrity of the slab system of the garage. A condition survey was
conducted to locate areas within the garage with the most advanced

deterioration. Priority was placed on repairing these areas.

Several alternative repair schemes were considered; clear height limi-
tations within the garage made the use of thin overlay materials
desirable.

Pickard, S. S. 1984 (Jul). "Solving Corrosion Problems with Sulfur
Concrete," The Construction Specifier, Vol 37, No. 7, pp 36-42,
Alexandria, VA,

A major sulfur concrete project was recéntly completed in Louisiana.
Acid-resistant, high-strength sulfur concrete was used to repair dete-
rioration in a large portland-cement concrete basement containment and
sump area. An overlay of 29,000 ft? of portland-cement concrete floor
with 3-1/2 in. of unreinforced sulfur concrete and a lining encapsulat-
ing over 5,700 ft? of walls and piers with 4 in. of unreinforced sulfur
concrete was placed. A history of sulfur concrete as well as a table
illustrating the strength differences between sulfur and portland-
cement concretes are given.
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Performance criteria were set for the project. Strength; durability,
chemical resistance, and shrinkage conditions were met. Preparation,
mixing procedures, forming techniques joint design, and placing and
finishing are detailed. The sulfur content level and the results from
being too high or too low are also- explained. i

"New- Paving Technologies Get Full-Scale Try-Outs." 1984 (Jul). Roads
(formerly Rural & Urban Recads), Vol 22, No. 7, pp 53-56, Des Plaines,
IL.

In a 6-month -construction project on Wisconsin’s Interstate 90/94,
epoxy-coated reinforcing steel is being used in a continuously rein-
forced concréete pavement. The 5,000 miles of epoxy-coated reinforcing
bars containing 1/4 percent minimum copper content are being used
because of the high chloride content in the old pavement. The recon-
struction also makes use of a bonded concrete overlay on a 4-mile sec-
tion. Billed as one of the largest concrete pavement recycling
projects to -use recycled concrete -in the form of coarse aggregate, all
construction is to be completed without a detour:. Other specifics of
the -construction include no more than 1/8-in. deflection in each 10 ft
of pavement and a concrete strength measured by a 3,500-1b cylinder
break test.

"Performance of Latex Modified and Low Slump Concrete Overlays on

Bridge Decks." 1984 (Aug). Report MCHRP-83-1, Federal Highway Admin-

istration, Washington, DC.

A field investigation was conducted in 1982-1983 to determine the per-
formance of 60 Low Siump Concrete, 7 Latex Mortar, and 24 Latex Con-

crete overlays. The overlays- were constructed between 1973 and 1983

with. the majority from 1979 to 1981. The investigation included the
extent and type of surface cracking, area: of debonding and/or delami-
nating, and area of surface patching. On a limited number of selected
bridge structures, voltage potential measurements, chloride ion
content, and extent of crack penetration were also included. Data
indicated concrete overlays exhibited cracking, debonding, and/ox
delaminations. Continued use of latex modified and low slump concrete
overlays appeared warranted.

Scarpinato, E. J. 1984 (Aug). "Thin Polymer Concrete Bridge Deck

Overlays," Concrete Construction, Vol 29, No. 8, pp 711-715, Addison,

IL.

Past failures of bridge deck overlays can be attributed to one or more
of the following factors: inadequate surface preparation; far advanced
concrete deterioration; dissimilar physical properties of the overlay
material and underlying concrete; chemical incompatibility of polymers
and concrete; improper proportioning, mixing, or application proce-
dures; and use of less technologically advanced materials. Testing and
evaluation programs have identified several properties that bridge deck
overlays must possess. They include a modulus of elasticity between
90,000 and 150,000 psi, tensile elongation of at least 30 percent,
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minimum tensile strength of 2,500 psi, compressive strength between
5,000 and 8,000 psi, long-term flexibility or resistance to age harden-
ing, and aggregates sufficiently tough to withstand impact loads with-
.out fracturing, good: skid resistance without polishing, and good bond
to the polymer used.

Although no single system has yet been proven suitable for all types of
‘bridge deck overlays; development of thin polymer concrete overlays is
progressing well. The broom-and-seed and slurry methods, which have
been used to apply thin polymer -concrete overlays, are briefly
described. Polymer concrete- is made with an organic polymer binder
rather than a hydraulic cement; the overlays are 1/4 to 5/8 in. thick.

Initial cost of the .overlays is high, -but they are often cost effective
in the long term. )

Cc-222 Fontana, J. J., and Webster, R. P. 1984 (Aug). ™"Electrically Conduc-
tive Polymer Concrete Overlays," Report BNL-35669, CONF-850115-5,
Department of Energy, Washington, DC.

The use of -cathodic protection to -prevent the corrosion of reinforcing
‘steel in concrete structures- has been well established. Application of
a -durable, skid-resistant electrically conductive polymer concrete
overlay would advance the use .of cathodic protection for the highway
industry. Laboratory studies indicate that electrically conductive
ppolymer concrete overlays using conductive fillers, such as calcined
coke breeze, in conjunction with polyester or vinyl ester resins have
resistivities of 1 to 10 ohm-cm. Both multiple-<layer and premixed
mortar-type overlays -have been made. Shear bond strengths of the con-
ductive overlays to concrete substrates vary from 600 to 1,300 psi,
with the premixed overlays having bond strengths 50 to 100 percent
higher than the multiple-layer overlays.

C-223 Bhaskara Rao, M. V., and Satija, P. D. 1984 (Aug). "Use of Galvanised
High-Tensile Steel in -Prestressed Concrete Construction,” Indian High-
ways, Vol 12, No. 8, pp 21-24, New Delhi, India.

At present, the corrosion of steel in concrete highway bridges and
other structures is receiving the attention of both maintenance engi-
neers and researchers. The objective of the paper is to reexamine the
usage of galvanized high tensile wires and to suggest a means to apply
zinc silicate coating on nongalvanized steel during manufacture. Zinc
silicate paints can be used in place of organic paints as coatings on
the reinforcements prior to construction. The techniques is a better
alternative to the hot-dip galvanizing method for the protection of
reinforcements.

C-224 Schorn, H., and Koehne, D. 1984 (Aug). "Resin-Modified Concretes as
Part of a Refurbishment Concept for Structures," Betonwerk Fertigteil
Tech, Vol 50, No. 8, pp 571-576, Weisbaden, Germany.

Against the background to the bewildering multitude of commercially
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-available materials and systems, varying greatly in performance, and

intended for the refurbishment of reinforced concrete structures, the

notion of ‘refurbishment’ is -given a neutral definition, and a proposal

for a ‘refurbishment concept’ is- elaborated. For -this purpose, the-
deteribrative damage affecting structures- is divided into a number of
‘assessment -stages’ according to the degree of impairment of bond

behavior and the time-dependent progress -of the damage. A refurbish-
ment method: is described which has -been developed more particularly for
the treatment of most of the kinds of damage currently affecting rein-
forced concrete structures. It is based-on the use of a resin-modified
sprayed concrete and on special features of its application. Certain

properties of both the fresh and the hardened concrete are so changed

to satisfy the requirements of concrete spraying in terms of material

Properties and of process technique.

Haynes, J. M. 1984 (Aug). "Stainless Steel Reinforcement," Civil
Engineering, pp 23-28, London, England.

The failure of reinforced concrete ‘to meet design life is a major con-
cern. This paper suggests that the worst such:maintenance problem is

‘the cracking and spalling of concrete due to corroding reinforcement.

The use -of stainless steel reinforcement is advocated, especially where

‘corrosion presents serious problems of shortened life, high maintenance

costs, or unacceptable safety risks.

"Oklahoma's I-40 Recycling Project is a Major First." 1984 (Sep).

Roads, Vol 22, No. 9, pp 22-23, Des Plaines, IL.

In 1982, Oklahoma -accepted bids on a 7.7-mile highway project. The
existlng 21- -year-old plain concrete pavement needed repairs due -to
D-cracking and deterioration.

A bid for am asphaltic-concrete overlay lost to an alternate, less
-costly design necessitating removal of 220,382 yd? of the old concrete.

New plain concrete replaces the old, which is crushed and used as
coarse aggregate in the new pavement. A new asphaltic concrete surface
was planned for the old soil-cement shoulder base.

‘Coleman, S. E., and Diamond, S. 1984 (Sep). "Studies of Low-Porosity
Concretes Designed for Brldge Deck Applications (Part I)," Cement and

Concrete Research, Vol 14, No. 5, pp 670-678, Elmsford, NY.

A major concrete problem in recent years has been premature deterio-
ration of concrete bridge decks due to corrosion of reinforcing steel.
The research reported explores the possibility of eliminating the prob-
lem by the use of low-porosity concrete. A brief review of low-

porosity cement systems is provided and mix proportioning consider-

ations for these concretes are explored. The results of laboratory
trials on rheclogical and other features of fresh low-porosity con-
cretes are reported, and compressive strength data are provided for
several different low-porosity concrete systems.
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Fontana, J. J. 1984 (Oct). "Development of Concrete Polymer :Materi-
als," Report BNL- 35496, CONF- 850497 1, Brookhaven National Laborato-

ries, Upton, NY.

The properties of PC make it suitable for the repair of concrete struc-
tures and for the placement of impermeable, skid-resistant overlays.

‘PC patching can be cast in place and will cure rapidly over a wide
range of -temperatures (20° F to 100° F), develop high strengths in a

few hours, and bond well to portland-cement concrete. Two methods of
application and several monomer systems have been used with success for

‘the installation of PC overlays. To date, the feasibility of -using PC

liners for steel pipe, vessels, or tanks to extend their service life
in geothermal environments has been confirmed. Aggressive corrosive
fluids do not cause deterioration in specially designed PC at tempera-

‘tures close to 250° C. GCommercial methods for the application of such

liners have been developed and shown to be cost effective. The insula-

tion of LNG impounding dike installations with IPC composites has been

feasible. The safety benefits accrued from such installations will
reduce the hazards of explosive mixtures in the event of an accidental

ING spill. The use of IPC as a dike insulation will be implemented as

early as spring 1985.

"Latex-Modified Concrete and Mortar for Repair." 1984 (Oct). Concrete

=Conscruct10n Vol 29, No. 10, pp 889-892, Addison, IL.

Used primarily for bridge decks, parking ramps, and other large
expanses of concrete exposed to extreme weather, latex-modified con-

crete is resistant to- freeze-thaw damage and the effects of deicing

salts. When synthetic latexes are added to portland-cement concretes,
the resulting mixture develops higher strengths, bonds better to exist-
ing concrete, has a higher resistance to chloride penetration, and is
more resistant to chemical attack than plain concrete. Re--mmendations
are given for dosage and mix proportions, batching and mixing, and
curing procedures.

"Properties and Specifications for Epoxies Used in Concrete Repair.”
1984 (Oct). Concrete Construction, Vol 29, No. 10, pp 873-878,
Addison, IL.

This article presents a general discussion of the chemical and physical
characteristics of epoxies, and describes specifications and tests for
determining performance properties and end uses. ASTM C 881-78, the
standard specification for epoxy performance, is described.

"Acrylic Concrete for Fast -Repair." 1984 (Oct). Concrete Construc-
tion, Vol 29, No. 10, pp 881-886, Addison, IL. ’ S

This article describes repair applications of acrylic concrete (con-
cretes made with methyl methacrylate or a high molecular weight methac-
rylate and which contain nasither water nor portland cement). Though
costly, the ability of acrylic concretes to develop compressive
strengths of 5,000 to 10,000 psi in 1 to 2 hr makes them ideal for
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repairing pavements, bridge and parking decks, and warehouse and fac-
tory floors that cannot be closed to traffic for longer periods of
time. The density and impermeability- of acrylic concretes make them
highly resistant to water, chlorides, and strong acids, allowing them
to be used successfully as protective overlays on portland-cement
concretes.

"Nonshrink Hydraulic Cement Mortars and Grouts." 1984 (Oct). Concrete
Construction, Vol 29, No. 10, pp 893-898, Addison, IL.

‘Describes properties -and applications of nonshrink cementitious repair
products. Three categories of nonshrink hydraulic cements are dis-

cussed: patching mortars and- concretes; grouts and- anchoring cements;
and fibrous patching mortars -and concretes. Tables displaying charac-
teristics of hydraulic cement-based products are included.

Warner, J. 1984 (Oct). "Selecting Repair Materials," Concrete Con-
struction, Vol 29, No. 10, pp 865-871, Addison, IL.

This article presents an overview of the material properties (dimen-
sional stability, coefficient of thermal expansion, modulus of elastic-
ity, and permeability) that must be considered when selecting concrete
repair materials. A checklist of questions to aid in the appraisal of
application and repair conditions is included.

"Acrylic Concrete for Fact Repair." 1984 (Oct). Cpncrete_gonstruc-
tion, Vol 29, No. 10, pp 881, 883, 885-886, Addison, IL.

Unlike normal portland--zement concrete, acrylic concrete contains no

water and no portlana cement. Aggregate is held together instead by an

acrylic polymer. Monomer, aggregate, initiator, and promoter may be
mixed together in mixers, wheelbarrows, or bags and then placed, or
monomexr may be poured over a patch area filled with preplaced aggre-
gate. Workers should wear splash-proof goggles and rubberized gloves,
boots, and aprons or overalls. They should have respirators they can
use for their own comfort, even if concentrations -stay within the lev-
els safe for good h2alth. First aid equipment and approved fire extin-
guishexs should be kept on hand, and emergency telephone numbers should
be readily availat Smoking is absolutely prohibited in any areas
where MMA is stored or used.

Epps, J. A., and Button, J. W. 1984 (Nov). "Fabrics in Asphalt
Overlays--Design, Construction and Specifications,” Report TTI-2-9-
79-261-3F, FHWA/TX-84/59+261-3F, Texas Transportation Institute, Col-
lege Station, TX.

Recommendations are given to improve design and construction of asphalt
concrete overlays containing a fabric interlayer installed to reduce
the severity or to delay the occurrence of re.licction cracking.
Improvements in specifications for fabrics and overxlays and construc-
tion procedures are given. Methods of determining life cycle gosts and
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selecting the appropriate pavement rehabilitation alternative are
discussed.

Templé, M. A., Meyer, A. H., and Fowler, D. W. 1984 (Nov). "Evalua-
tion of Fiber Reinforced Rapid-Setting Materials for Highway Repair,"

‘Report CIR- 3-9-82-311-5, FHWA/TX-85/311-5, Center for Transportation-

Reseaich, University of Texas, Austin, TX.

Using fiber reinforcement with rapid-setting materials {- a cost effec-
tive and simple way to improve some of the properties o. the materials.

Whereas the properties -of portland-cement concrete with fiber rein-

forcement and the properties -of rapid-setting materials without fiber
reinforcement are fairly well known, the effect of fibers on rapid-
setting materials has not been fully investigated. The report provides

.an evaluation of the pérformance of three different types: of rapid-

setting materials reinforced with three different types of fibers.

‘Materials tested include gypsum modified portland-cement concrete,

magnesium phosphate concrete, and modified portland cement c-ncrete.

Fibers used: in the tests were hookeéd and half-round, crimpes, steel

fibers and polypropylene latfice bundles, The results of laboratory
tests with varied coarse aggregate content and fiber application rates

-are .given. Field repairs made in Paris, TX, with f;ber-reinforged
materials are described.

Shanklin, D. W. 1984, "Repair of -Concrete Water Resourceé Structures.

by Epoxy Materials," Paper 34-2643, American Society of Agricultural
Engineers, St. Joseph, MO.

Three concrete spillway systems experiencing problems weré repaired
satisfactorily by various epoxy materials. Repairs involved underwater
examination; .cleaning; -and use of epoxy mortars, replacement mixes, and
injection resin. The projects are located in. Arkansas and Oklahoma.
All repairs were modest in cost and, to date, they have performed

-successfulily.

Kapkin, I. A., et al, 1984. "Frost-Resistance of Concrete Impregnated

with Polymer," Beton i Zhelezobeton, No. 6, 1984, pp 11-12, Moscow,

USSR,

This article discusses requirements of concretes with high strength,
corrosion and frost resistance, and low adhesion to- ice for use in-
seawater development works in the northern USSR. The results are pre-

:sented for tests on concrete surfaces impregnated with methyl

methacrylate.

Ruffert, G. 1984, "Polymer Resins. for Concrete Repair" (in German),
‘Kunstst _Bau, Vol 19, No. 3, pp 117-119, Germany.

Repair of cracks in load-bearing components and machine foundations

using EP reésins necessitates - depending on the causes and type -of

cracking ascertained beforehand - different high or low pressure injec-
tion methods.
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Sprinkel, M. M. 1984. “Thin Polymer Concrete Overlays for Bridge Deck

Protection," Second Bridge Engineering Conference, Transportation
‘Research Record 950, Vol 1, Transportation Research Board, Washington,
‘DC.

The installation of thin polym2r concrete overlays on portland-cement

-concrete bridge decks during the past 3 years has demonstrated that

overlays of low permeability and high skid resistance can be success-
fully installed with a minimum of disruption. to traffic. The initial

condition of the overlays has been excellent from the standpoint -of
permeability, skid resistance, and bond, although some overlays have
‘been better than others,

The potential of thin polymer concrete overlays for extending the ser-
vice life of bridge decks is discussed. The bond achieved between the

-overlay and the deck concrete, the protaction provided by the overlay,

and the tensile properties of the resins and how they affect the per-
formance of the overlays- are described. The cost of a polymer concrete
gverlay is compared with- that of a more conventional latex-modified
concrete overlay, and insight is provided about when to- specify a poly-
mer concrete overlay based on.considerations of service life, traffic
volume, discount rate, and the value of driving time.

Apostolos, J. A. 1984, "Cathodic Protection of Reinforced Concrete Lty
Using Metalllzed ‘Coatings and Conducive Paints, "Transportation
Research Record 962, Transportation Research Board, pp 22-29,
Washington, DC.

Corrosion-caused distress to reinforced concrete structures is a seri-

ous and continuing problem. A practical measure for mitigation is

cathodic protection of the embedded reinforcing steel. The results of
an ongoing laboratory and field study that tests proprietary conductive
paints and flame-spray metallizing as protective coatings and/or anodes
are described, and their physical characteristics, behavior, and eco-

nomics as part of cathodic protection systems are also discussed.

Results to date indicate that several of the paints and most of the

metals tested provide adequate conductivity and bond to the concrete,

but differ significantly in ease of application, toxicity, aesthetics,

and economics. Of the materials tested, zinc metallizing appears to
provide the most viable combination of physical characteristics and
economics for cathodic protection of concrete reinforcement.

Munger, C. G. 1984. (Corrosion Prevention by Protection Coatings,
NACE, Houston, TX. o -

?his book is intended to supply corrosion engineers and othliers needing
to select -or apply coatings with the fundamental reasons and -philosophy

‘behind selection, application, and use for maximum effectiveness of
‘high performance coatings. Chapters cover corrosion, coating charac-

teristics, types of corrosion-resistant coatings, substrates and sur-
face preparation, application methods, repair and maintenance, coatings
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for concrete, failures, cathodic protection and: coatings, specifica-
tions, inspection and testing., In all, it is a comprehensive treatise
combining basic ‘and even theoretical information with- practical
details,

Pannwalt -Corp. 1984. "Adherent, Acid-Cured Resin Protective Coatings
for Concrete and Steel," United States Patent US4435472, 0ff1c1a1
Gazette 1984, Vol 1040 No. 1.

An acid-soluble substrate such as concrete or steel is primed with
acid-stable resin selected from styrene/butadiene (block) or isopréne
copolymers, chlorosulphonated polyethylene and chloroprene. This is
thickly overcoated with an-acid-curable furan -or phenolic resin.

Chemiewerk, N. V. 1984, "Polysiloxane Mixtures Compatible with Organ-
ic Coating Solutions,™ Soviet Inventions Illustrated, Vol 83, No. 51,
Group A, 1, London, England,

Silicone resins, compatible with acrylic, polyester and amino resins,
or nitrocellulose for :use in protective coatings for -concrete are pre-
pared by phenylating the distillation residues from methylchlorosilane
production and hydrolyzing the product.

French, E. L., :and Robery, P. C, 1984, "Coatings for Concrete,” Con-

ference on Coat;ngs for Marine Env1ronments, ITI Consultancy Services/
Steel Structures Painting Council, London, England,

The deterioration of reinforced concrete marine structures. occurs.
mostly in the tidal and splash zones. The protection and repair of
chloride- contaminated ‘concrete structures is divided into five distinct

levels according to the extent of -damage. The use of high-performance
coatings is mentioned.

Barnaby, D., and Dikeou, J. T. 1984, "Applications of Permanent Pre-
cast Polymer Concrete Forms for Concrete Rehabilitation," International
Symposium_on Mechan1ca1 Properties -of Sgecial Concrete, Transportation
Research ‘Record 1003, Transportation Research Board National Research

Council,. Washington, DC.

Two case 'studies are presented- on :the use of precast polymer concrete
stay-in-place forms for rehabilitation of transportation structures.
The first study is on precast median barrier shells used by the Penn-
sylvania Turnpike Commission. The- new barrier replaced an obsolete,
deteriorated 4-ft-wide concrete island. The shells are 1-in.-thick and
come in 20-ft-long sections. They are placed on the roadway, aligned,
anchored with anchor bolts, then filled with conventional concrete
through holes at the top of each section. The system: is easily and
rapidly installed, and provides a more impact-resistant and durable
barrier than conventxonal concrete barriers. The second study is -on
precast bench panels that replaced deteriorated bench walls in Boston's
Sumner Tunnel. Polymer concrete panels were selected because of their
high strength and high modulus, good impact resistance, and their
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outstanding resistance to deicing salts, chemicals, -and freeze-thaw.
The work, performed during the night, consisted of placing and anchor-
ing panels, sealing off vent openings to prevent backfill concrete from
-coming out, then placing concrete behind the -panels. In addition to
improved performance properties, rapid construction time was a major
-benefit,

‘Stebbins, R. J., Josifek, C. W., and Jeniec, J. D. 1984. "Epoxy-
Bonded, Steel Fiber-Reintorced Thin Cementitious Overlay at Orlando
International Jetport, Florida," International Symposium on-Mechanical
Properties of Special -Concrete, Transportation Research Record 1003,
TranspbrtationiResearéh Board National Research Council, Washington,
DC.

‘The reasons for selecting an epoxy-bonded, steel fiber-reinforced,

-cement/fly ash, superplasticized thin overlay are discussed. Each
project field application procedure from existing concrete preparation
‘through project completion is also discussed. A total of 40,000 ft?
was applied from 1.5 to 3 in. thick with no signs of delamination or
visible cracking evident after testing at maturity of 90 days. To
-date, this is the largest project of its type in the state of Florida.
Ramakrishnan, V. 1984. "Superplasticized Fiber-Reinforced Concretes
for the Rehabilitation of Bridges and: Pavements," International Sympo-
sium on Mechanical Properties of Special Céncrete, Transportation
Research Record 1003, Transportation Research Board National Research
‘Council;, Washington, DC.

The most critical problem facing the  highway industry is the rehabili-
‘tation of its distressed structures, particularly concrete bridge décks
-and pavements. Various forms of distress have occurred in some of the
surfaces and different rehabilitation procedures can be very costly.
There is a need to determine the most effective and the most economi-
.cally advantageous means to rehabilitate the damaged concrete bridge
-decks and pavements. An investigation sponsored by the US Department
of Transportation has been completed -at the South Dakota School of
Mines and Technology to develop a tough, high-strength, high-density,
‘durable concrete for bridge deck construction; and a medium-strength,
flowing, structural concrete through the use of superplasticizers and
steel fibers. The study was conducted in two phases. The first phase
investigated the basic properties of -concrete made with superplasticiz-
ers through the use of experimental mixtures conforming to the require-
ments dictated by statistically valid factorial designs, so that analy-
sis of variance can be used in the evaluation. The second phase
extended the findings into an evaluation of superplasticized concrete
ccontaining steel fibers. The study has been completed and the signifi-
-cant results are presented in this paper. The addition of the special
type of steel fibers (with deformed ends and glued together into bun-
-dles with a quick water soluble adhesive) to -superplasticized concrete
greatly increased its ductility, toughness, impact resistance, ultimate
flexural strength, post-crack load-carrying capacity, and shock resis-
tance. The fiber-reinforced superplasticized concrete also had higher
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freeze-thaw dutability .and lower permeability. These improvements were
‘achieved without a reduction of workability or the usual balling of
steel fibers in the plastic concrete. Therefore, the fiber-reinforced
superplasticized concrete is an almost ideal material for the rehabili-
tation of bridge decks and hlghway pavéments and for construction of
other concrete structures:

Chynoweth, G. L. 1984. "Properties:of Latex-Modified Shotcrete Bene-
ficial to Concrete Repairs," International Symposium on Mechanical
Propérties of Special Goncrete, Transportation Research Record 1003,
Transportation Reséarch Board National Research Council, Washington,
DC.

The inclusion of a latex into a shotcrete mix imparts a new set of
mechanical properties to- shotcrete and: enhances the benefits of shot-
créte when used- for the repair of concrete. The effects of the polymer
binder on the shotcrete matrix are discussed and then related to the
mechanical properties of latex-modified shotcrete. The mechanical
properties of latex-modified shotcrete are presented along with a dis-
cussion of -how -they benefit ‘the repair of concrete structures: that have
experienced corrosion or freeze-thaw damage, particularly in environ-
‘ments subject to chloride exposure. The application of latex-modified.
shotcrete is discussed and: guldelines are provided for preparing the
mix. proportions and specifications

»Morgan,:D. R. 1984, "Steel Fiber Shotcrete for Réhabilitation. of
Concrete Structures," International Symposium on Mechanical Properties
of Special Concrete, Transportation Research Record- 1003, Transporta-
tion Research Board National Reésearch :Council, Washington, .DC.

Steel fiber-reinforced shotcrete (SFRS) was first introduced :into North

America in the early 1970's. Since that time, it has been used in
numerous -applications, mainly in new construction or lining rock slopes
and -underground -openings in mines and tunnels. Therz has been rela-
tively little use of this innovative material for rehabilitation of
concrete structures, Somé of the mix design, batching, mixing, and
placing procedures that have been successfully used in numerous SFRS-
projects in British Columbia aré reviewed. Physical properties of SFRS
that make it particularly attractive as a rehabilitation material
include its good .bond characteristics, flexural strength, toughness,
impact strength, fatigue resistance, -and durability. These character-
istics of SFRS are reviewed. Existing SFRS rehabilitation projects are
briefly reviewed and suggestions are made for applications where SFRS
could provide a wviable alternative to conventional rehabilitation
procedures.

"Chlorinated Polyvinyl Chloride-Based Varnishes and ‘Enamels." 1984,
Russian Patent SU1043266, 4 pp, Soviet Inventions Illustrated, Vol 84,
No. 23, Group G; 2, London, England.

Use of the coatings for comncrete, wood, or metal building foundations
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and:.constructions is claimed to provide improved résistance to- corro-
sion and frost,

Macadam, D., Smith, K., Fowler, D. W., and Meyer, A. H. 1984. "Evalu-
ation of Rapid-Setting Concretes," International Symposium on Mechani-
cal Properties of Special Concrete, Transportation Research Record ’
1003, Transportation Record Board National Research -Council,
Washington, DC.

Rapid-setting materials are becoming widely available. Transportation
agencies have a strong need for materials that will set rapidly yet
provide a durable repair especially in urban areas. There are eight
categories of rapid-setting concretes, and these possess a wide range
of characteristics and properties. A survey of state transportation

-departments indicated that there are several preferred properties and

characteristics of rapid-setting materials. A test program-was con-
ducted to evaluate test procedures for these materials and to determine
the properties of a range of rapid-setting concretes. The results of
this test program are summarized in this paper.

MacDonald, -C. N. 1984. "Plastic and Steel Fiber-Réinforced Concrete

Appiicatibns3ﬁ International Symposium on Mechanical Properties of
Special Concretes, Transportation Research Record 1003, Transportation
Research Board National Research- Council, Washington, DC.

The designed properties of concrete for the use of steel or plastic
fiber reinforcement are discussed. The reasons for using fiber rein-
forcement are cited from experience and case histories at chemical
plants in various locations in the United States. The implementation
techniques and applications are about repairs and original work with
fiber-reinforced slabs, grade beams, and equipment and tower founda-
tions. The benefits of using fiber reinforcement were realized in
scheduling, economy, ease of placement, volume constraints, fire resis-
tance, modulus of rupture, fatigue strength, skid resistance, durabil-
ity, repairability, joint spacing, and deflection control. Histories
have shown savings of 10 percent or more on projects bid against altex-
nate designs with conventional reinforcement. Superplasticizer was
vital in most cases to ease placement of the steel fiber-reinforced
concrete. Field changes in some cases allowed no design changes to the
concrete, and the performance has been better than expected with no
adverse effects. These applications have high-lighted the successful
uses of plastic and steel fiber-reinforced concrete. However, -there
are risks from the lack of material design information that challenge
the normal concrete codes and practices for design.

1985

"Joint Sealants Prolong Pavement Life." 1985 (Jan). Better Roads,
Vol 55, No. 1, pp- 20-22, Park Ridge, IL.

Expansion and contraction joints in concrete pavement are designed to
extend pavement life by reducing random cracking. However, if joints
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reinforcement for concrete. Due ‘to an inherent resistance to corro-

perforating heavy-duty polymer sheet and stretching the perforated

properties.

by Shotcreting Using Ultra Rapid Hardening Cement with Steel Fibers”

are improperly sealed, the rate .of pavement deterioration: can be accel-
erated by the penetration of air, water, and debris. Joint preparation
and sealant installation are ‘the two most important factors affecting
sealant performance. A discussion covers the three-step process of
sealant -application: 1) joint preparation, 2) installation of a backer
rod, and 3) sealant -application.

"Joint Treatment with Glass Fiber Stops Reflective Cracks." 1985
(Jan). >pads & Bridges, Vol 23, No. 1, pp 19-20, Des Plalnes, IL.

This article briefly discusses an experimental system that combined
high-strength woven glass fiber mat reinforcement with a chemically
modified asphalt polymer to seal and waterproof surface defects in a
6.4-mile-long expanse of Texas highway. Repair procedures used on
cracked pavements and methods for the repair of severely spalled joints
and midslab cracks are described.

Barfoot, J. 1985 (Féb). "Polymer Grids-The -Breakthrough Into Con-
crete," Concrete, Vol 19, No. 2, pp 29-30, London, England.

After 3=1/2 years of research, polymer grids have been introduced as
sion, the grids found immediate application. The grids are produced by

sheet to produce an -alignment of the long-rhain polymer molecules,
hence, a dramatic increase in tensile strength.

Used in -concrete applications, the grids require a second .process in
which the uniaxially stretched sheet is gripped between two sets of
heavy chains .and stretched in the transverse direction to produce a
biaxially-oriented product.

In addition to contributing to more economic .and durable construction,
the polymer-reinforced concrete exhibits freedom from corrosion, high
energy absorption, shrinkage restraint, and good crack control

Asano, A., Nishioka, T., and Minematsu, T. 1985 (Feb). "Repair Works
(in Japanese), Concréete Journal, Vol 23, No. 2, pp 28-35, Tokyo, Japan.

An elevated railroad in service was repaired by shotcreting using
ultrarapid hardening cement with steel fibers. Results show this to be
an excellent repair method. The process used and other matters per-
taining to the quality of shotcrete are discussed.

Furumura, M. 1985 (Mar). "Polymer-Impregnated Concrete Interlocking
Blocks: Resistance to Wear, and Applicaticns to City Roads" (in Japa-
nese), Roads and Concrete, No. 67, pp 33-40, Tokyo, Japan.

The author, using methyl methacrylate (MMA). as monomer, developed

polymer-impregnated (PIC) interlocking blocks to be used for city roads
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‘Based on the analysis of over 1,600 core samples, the results show that
‘the experimental waterproofing systems outperformed Vermont's standard
treatment of tar emulsion.

C-262 ™Silane Treatments Fight Bridge Corrosion." 1985 (May). Better Roads,
- Vol 55, No. 5, Park Ridge, IL.

This article discusses silane treatment of bridges, which prevents
‘bridge deck deterioration caused by concrete corrosion. The potential
‘use of silane treatment is great because almost 45 percent of the
United States’ 564,499 highway bridges are structurally deficient or
:functiqnaliy obsolete. The silane compound prevents corrosion of the
reinforcing bar by penetrating the concrete and producing a chemical
reaction with it; rather than just coating the concrete. This forms a
protective layer, which renders the concrete salt resistant. Core
-samples taken from treated bridge decks have shown that the treatment
is effective in. preventing corrosion for both old and new bridges.
Test results from the core samples are discussed, and the application
of the silane treatment on concrete surfaces is described.

C-263 Webster, R. P., Fontana, J. J., and Reams, W. 1985 (May). "Electri-
cally -Conductive Polymer Concrete Overlays," Report BNL-35036, FHWA/
RD-84/033, Federal Highway Administration, McLean, VA,

The development -of a built-up, electrically conductive polymer concrete
overlay and a premixed, electrically conductive polymer concrete mortar
for use on bridge decks and other concrete members, in conjunction with
-cathodic protection systems, is reported. The research program was
divided into two phases. The emphasis of the work performed in Phase
One was .directed .toward the evaluation of the 18 commercially available
resin systems and the 16 conductive filler systems selected for consid-
eration. Basic studies also evaluated various parameters affecting the
-electrical resistivity properties of both the built-up overlay and
premixed mortar systems. In Phase Two, extensive evaluation of the
physical and mechanical properties of the most promising overlay and
premixed mortar systems were performed. In addition, the performance
characteristics of the selected overlay systems, when incorporated into
active cathodic protection systems, were evaluated.

C-264 Zolotukhin, V. A., and Azimov, F. I. 1985 (May). *“Maintenance of
Building Structures by Guniting of Concrete Mixes" (in Russian), Beton
i Zhelezobeton, No. 5 pp 37-38, Moscow, Russia.

‘Maintenance and repair of concrete building elements are described.
Efficiency of shotcreting of damaged parts with the application of dif-
ferent concrete mixes is analyzed.

C-265 Sudakov, V. B., Ginzburg, TS. G., Morozova, G. V, Bel’, A. A,, and
Miklashevich, N. V. 1985 (Jun). "Use of Combined Surfactant Additives
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1n Concrete -of Hydraulic Structures," Hydrotech Construction, Vol 19,
6, pp 316-320, New York, NY.

The use of surfactant additives is one of the most effective methods of
regulating the structure and properties of concretes. Surfactant addi-

‘tives have (since the 1950's) found wide use in hydrotechnical con-

struction practice. The most common of them are sulfide-yeast waste
liquor (SYL), sulfide waste liquor (SWL), -and neutralized air-
entraining resin (NAR) which have made it possibtle to save hundreds of

thousands of tons of -cement and to considerably increase the durability
of hydraulic structures.

Investigations and long-term experience have
revealed, along with the great favorable effect, shortcomings of using
individual surfactant additives. Individual additives do not make it
possible to act on the entire complex of properties of cement systems
in the necessary direction.

Ramakrishnan, V. 1985. "Steel Fiba. Reinforced Shotcrete: A State-
of-the-Art Report," pp 7-24, Swedisi. Zement & Concrete Research Insti-
tute, Stockholm, Sweden.

Steel fiber reinforced shotcrete (SFRS) was first experimerted in the
USA in 1971, and the first majotr field application was in 1973. Since
that time there has been extensive use -of this new promising material
in all advanced countries of the world. This report traces the history
of development of SFRS and -describes the laboratory research and suc-
cessful field applications. SFRS has found its largest application in
mining operations for forming linings in various railway, road, and
water -tunnels. Other applications include rock slope stabilization
work, brick bridge arch strengthening, dome structures, canal linings,
and repair and rehabilitation of water front structures and other dete-
riorated concrete structures. The most successful applications are
when it has been used in lieu of mesh reinforced shotcrete. Materials,
steel fibers, additives, admixtures, mixing and placing techniques are
described. Factors affecting rebound are discussed. Physical and

-elastic properties, particularly the improvements achieved in shotcrete

performance due to the addition of steel fibers are described.

Nojiri, Y., Tazawa, Y., and Nobuta, Y. 1985. "Durability of Light-
weight Concrete for Arctic Concrete Structures," QOcean Space Utiliza-
tion '85, Proceedings.of the International Symposium, Vol 2, pp 431~
438, Springer-Verlag, Tokyo, Japan and New York, NY.

The experimental results regarding characteristics of lightweight con-
crete incorporating condensed silica fume are discussed. Many factors
such as type and moisture content of lightweight aggregates, dosage of
condensed silica fume, air content, water to cement ratio are selected
as experimental factors. It was concluded that high-strength and
durable-lightweight concrete satisfying requirements for arctic con-
crete structures could be obtained by using lightweight aggregate with
low moisture content and utilizing condensed silica fume as a mineral
admixture.
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‘Haug, W., Ditter, K., and Geiseler, W. D. 1985. "Two Examples for the

Reégeneration of Cement Concrete and Asphaltic Concrete Linings of Water
Storage Reservoirs by Means of Asphaltic Concrete,” Fifteenth Interna-
tional Congress on Large Dams, 24-28 Jun 1985, Lausanne-Suisse, Paris,
France. ’

After 25 years of use, the cement concrete lining of the Reisach-
Rabenleite pumped storage reservoir (Bavarian Forest, Southern Germany)
showed first signs of -deterioration, repair of which exceeded normal
maintenance works. After having taken the decision that asphaltic con-
crete would be the most suitable material for regenerating the lining,
STRABAG BAU-AG carried out a large-scale trial; testing various con-
struction methods and design variations. The works were executed with
great success and therewith the owner had reached two aims. The most

-endangered part of the lining was repaired, and, in case that somewhere

larger areas or the entire lining have to be regenerated, a perfect
method, tested and proven, is available.

A second example deals with regeneration of an asphaltic concrete lin-
ing by means of asphaltic concrete. The aims were the same as previ-
ously mentioned, repair .of the most deteriorated part of the original
lining and finding the most suitable method for Zarger regenerating
later on. In contrary to- Reisach-Rabenleite, whe *he concrete slabs
were left in place, at Geesthacht the impervious asphaltic concrete
layers were milled off with specially developed machines to a depth
where sound and nonaged material was found. On top of the milled sur-
face, a fresh asphaltic .concrete layer of 7-cm. thickness was placed and
partly covered with mastic asphalt. Method, material, and machinery
were tested and found suitable.

Fattuhi, N. I., and Hughes, B. P. 1985 (Jul). "Testing Repair Materi-
als for Concrete Cracks," Durability of Building Materials, Vol 3,

No. 1, pp 59-64, Amsterdam, The Netherlands.

This article describes a simple testing technique for evaluating the
effectiveness of a repair material in sealing cracks and transmitting
tensile stresses across cracks, and also for comparing different repair
materials when used under varying conditions. For crack simulation
purposes, grooves were formed in concrete beams during casting and
filled with different repair materials. The bears were tested in flex-
ure; and the results indicated the relative effectiveness of the repair
materials in transmitting the tensile stresses with reasonable
accuracy.

Aitcin, P. C., and Regourd, M. 1985 (Jul). *Use of Condensed Silica
Fume to Control Alkali Silica Reaction-A Field Cast Study," Cement and
Concrete Research, Vol 15, No. 4, pp 711-719, Elmsford, NY.

In 1980 a sidewalk was built in Becancour, Quebec, with condensed
silica-fume concretes containing highly reactive aggregates. Eleven
concrete mixes were used with cement quantities from 150 to 405 kg of
cement per m® and condensed silica-fume substitutions varying from 10
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to 40 percent. 1In spite of the great reactivity of the aggregates, the
alkali-aggregate reaction is still under control. Microstructural
studies of four particular concretes were made after the first and
third winters. No silicate gel was observed in the two leaner mixes,
but some has been found in a few locations encircling coarse aggregate
particles in the two richer mixes. The severe scaling problem observed
in one of the concretes is characterized at the microstructural level
by frequent unbonding of coarse aggregates and presence of -converging:
cracks around the aggregates.

Neal, B. F., and Kratss, P. D. 1985 (Jul). "Experimental Overlays
Utilizing Magnesium Phosphate, Methyl Methacrylate and Polyester-
Styrene Concretes," Report TL-633352, FHWA/CA/TL-85/19, California
State Deparment of Transportation, Sacramento, CA..

Details are listed for pavement overlays less than 1 in. thick. Three
different materials were used: magnesium phosphate, methyl methacryl-
ate, and polyester-styrene concretes. Each section is 24 ft wide and
from approximately 1,100 to 1,300 ft in length. Construction problems
were encountered and are discussed. The polyester-styrene concrete
overlay performed best with no -delamination. The magnesium phosphate
concrete and the methyl methacrylate concrete overlays failed due to

-debonding. Surface preparation for thin bonded overlays was found to

be a significant factor.

Husbands, T. B. 1985 (Aug). "Repairing Concrete with Polymers," Mili-
tary Engineer, Vol 77, No. 502, pp 426-427, Alexarndria, VA. o

This article describes two Army facilities selected to demonstrate
current technology using polymeric systems to repair concrete. At Fort
Bragg, NC, a water tower with spalled concrete footings was repaired by
injecting an epoxy resin under pressure into cracks and areas of delam-
ination. Unsound concrete in a severely spalled footing was removed
and restored to its original shape with fresh portland-cement concrete
(PCC) bonded to the existing hardened PCC with an epoxy resin. A sec-
ond Fort Bragg project repaired a multistory concrete building with
corrvded reinforcing steel, and spalled and cracked concrete. Cracks
were routed and sealed with a single-compound polyurethane joint seal-
ant. Reinforcing steel was exposed, sandblasted or wire brushed, and
coated with an epoxy resin before patching with latex-modified mortar.

At Fort Oxrd, CA, the concrete roof decks of two water-storage tanks
showed spalling from reinforcement steel corrosion and numerous hair-
line cracks. Unsound concrete was removed to expose the reinforcement,
the roof deck and exposed steel were sandblasted, all spalled areas
were patched with a polyester mortar, and the roof deck was given a
3/4-in. coating of polyester resin after sealing with a neat polyester
resin,
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Schroder, M. 1985 (Aug). "Fibrous Mortar for Repair Work" (in Ger-
man), Beton, Vol 35, No. 8, pp 301-302, Dusseldorf, Germany.

This article describes a concrete repair system- hased on cement mortar
reinforced with fibers and modified with synthetic resin for good work-
ability. It will repair large, deeply ruptured surfaces without
cracking. The same cement is also used to prevent reinforcement coxrro-
sion and as a bonding layer.

Puech, M. 1985 (Sep). "Protection of Structural Steels, Concrete
Reinforcing Bars, and Prestressed Tendons by Hot Galvanization,"

Annales, Institut Techqigue du Batiment et des Trayaux Publics,
No. 437, pp 106-124, Paris, France. )

Preventing corrosion is a very important problem in view of the exten-
sive damage caused each year by rust, whether it be on steel or rein-
forced concrete structures. Possibilities of protection by hot

galvanization are presented for structural steel, reinforcement for

concrete, -and. prestressing tendons. Comments on the possibilities of
arc-welding of galvanized components, the future of assembly by high-
streng .: bolts, and the necessity for homogenexrty in the degree of gal-
vanizat®on of -components such as girders and bolts in any one construc-
tion are given.

Mansur, M. A., and Ong, K. C. G. 1985 (Oct). "Epoxy-Repaired Beams,"
Concrete International: Design & Construction, Vol 7, No. 10, pp 46-
50, Detroit, MI.

Six reinforced. concrete beams, each with a large rectangular opening,
were -severely damaged during = test program. These beams were
repaired by removing loose concrete and replacing it with epoxy mortar
and filling the cracks by epoxy injection. The repaired beams were
then tested in the same manner as the original beams. A comparison
made between the two sets of test data shows the effectiveness of the
repair technique.

Krauss, P. D. 1985 (Oct). "New Materials and Techniques for the Reha-
bilitation of Portland Cement Concrete,” Report TL-633291, FHWA/CA/
TL-85/16, California State Department of Transportation, Sacramento,
CA.

Details of test installations of overlays less than 1 in. thick are
given. Various types of concrete repair materials are discusszd along
with test procedures developed to evaluate the products. New develop-
ments in repair techniques are also described. Specifications for
rapid set patching materials and organic polymer concrete overlays are
included in the appendices of the final report. Test results of numer-
ous portland-cement-concrete (PCC) patching materials are listed.
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Haston, J. S. ed. 1985. *Developments in New and Existing
Materials,™ Proceedings of a Session in Conjunction with the ASCE

Convention, American Society of Civil Engineers, New York, HY.

This session proceedings contains four paper:. The topics covered
include: bridge dc<.k polymer impregnation tesis; silty clay stabiliza-
‘tion using type C fly ashes; cement stabilized soil engineering proper-
ties; cemént concrete and asphaltic concrete pavement overlays

Schroeder, M. C. 1985 (Oct). "Corrosion and Protective Coatings in

‘the Pulp and Paper Industry," Journal of Protective Coatings & Linings,
Vol 2, No. 10, pp 22-28, Pittsburgh, PA. ) B

The pulp znd paper industry, where process and exposure conditions are
-extremely corrosive and where steel structures are often aged and com-
plex, is the ultimate challenge for coating system protection and per-
formance. Successful resistance to the debilitating effects of expo-
-sure and operation. requires a concerted effort on the part of design
and maintenance engineers in solving the problems of corrosion and
designing high: performance coating systems for both stcel and concrete
substrates. This paper is -an overview of the industry’s problems with
corrosion and with. selecting protective coatings systems.

Stamatello-Gorska, M. 1985 (Oct). ™Investigation of Impregnated and
Unimpregnated Ferrocement in Aggressive Environment,”™ Journal of Fer-
rocement, Vol 15, No. &4, pp 349-357, Bangkok, Thailand.

The aims of the study were to investigate and compare the properties -of
cencrete, plain ferrocement and MMA-impregnated ferrocement specimens
exposed to aggressive environment for 1 year. The testing cf the spec-
imens counsisted -of determining changes in teasile strength, absorbabil-
ity and appearance after 3, 6 and 12 months of exposing the specimens
in natural sewage environment. Test results showed that the MMa-
impregnated ferrocement specimens in comparison with unimpregnated ones
are characterized by a higher tensile strength and four times lower
absorbability. The increase in tensile strength with time of impreg-
nated ferrocement and the accompanying absorbability decrease is
remarkable.

Romualdi; J. P. 1985 (Oct). "Pool Relining with Ferrocement,™ Con-
crete International: Design & Construction, Vol 7, No. i0, Detroit,
MI. T ' o

The use of ferrocement in the rehabilitation of water containment
structures such as tanks and swimming pools is described. Application
to the relining of tunnels, culverts, and chimreys is alss discussed.
The problem of using multiple layers of conventional mesh to form the
reinforcement for the relatively thin ferrocement liner is avoided by
the use of one layer of a special three-dimensional mesh originally
developed in New Zsaland. The advantages and construction sequence for
the installation of an unbonded liner using one layer of the new mesh
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type is described. Examplés of successful installations are also
provided.

Turgeon, R., and Ishman, K. D. 1985 (Nov). "Evaluation of Continu-
ously Reinforced Concrete Overlay and Repairs on Interstate Route 90,
Erie:County,‘§ennsy1vania;" Report FHWA/PA-85/007, Pennsylvania Depart-
ment -of Transportation, Harrisburg, PA.

The report covers the construction and maintenance of a CRC pavement
over a RCC pavement in- Erie County. Various investigation. techniques,
studies of maintenance materials, and performance of these materials
are reported. Failures of the overlay are investigated and patching
techniques are tested and evaluated: Deflection -equipment performance,
crack evolution, and decision processes are discussed and evaluated.
Maintenance contracts and repair costs are presented with reference to
previous construction activities and decisions.

Kuhlmann, L. A. 1985 (Nov). "Latex Modified Concrete for the Repair
and Rehabilitation of Bridges," International Journal of Cement Compos-

ites and nghtwelght Concrete, Vol 7, No. 4, pp 241-247, Harlow, Essex,
England. ~

Portland cement modified with styrene butadiene latex has been in use
for over 25 years. This paper presents data on the physical properties.
of latex modified concrete and case -histories are cited to show its
application. and usefulfess. Latex modified cement systems are: applica-
ble wherever adhesion, durability, and compatibility with the base
concrete are required.

McLean, B. W., and Bridges, A. J. R. 1985, "Fusion Bonded Epoxy Coat-
ing for Corrosion Protection of Re-Bars," Vol 2, pp 11-17, Institute of

‘Corrosion- Science & Technology, Birmingham, -England.

Although much has been reported in the USA on the use of fusion bonded
epoxy resin powder coatings for protection of reinforcing bars in con-
crete, the United Kingdom construction 1ndustry has until now not felt
the need to introduce this system except in special cases such as the
Middle East. The éscalating costs of repair for bridge decks and
marine environment structures points to the need for such protection.
This state-of-the-art review confirms the availability of necessary
technology.

Sims, F. A. 1985 (Nov). "Applications of Resins in Bridge and Struc-
tural Engineering,” International Journal of Cement Composites and
Lightweight Concrete, Vol 7, No. 4, pp 225-232, Harlow, Essex, England.

This paper covers some of the uses of epoxy resins in bridge and struc-
tural engineering over the last 2 decades, including segmental con-
struction. Uses of resin in ancillary bridge works are considered,
along with deck strengthening, earth reinforcement, and rock bolting.
Resin application for the maintenance and repair of bridges and struc-
tures is referred to.
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"Cost-Effective Patching." 1985 (Nov). -Roads & Bridges, Vol 23,
No. 11, pp 27-31, Des Plaines, IL. '

Though patching is not a permanent measure, it is an economical way to-
maintain a reasonably smooth roadway surface. There are four basic
options for bridge-deck maintenance: temporary patching, -permanent
patching, overlaying, and redecking. A rule of thumb is to continue
patching until 20 percent of the deck has been repaired, overlay with a
modern compound, and continue patching until 20 percent of the overlaid
deck has been,repaired. After all these measures have been.exhausted,
redecking should be considered.

The range of patching materials discussed includes -blacktop, standard
concrete with accelerator, cementitious materials, gypsum-cemént
blends, magnesium phosphates, and latex-modified and polymer concretes.

Maslow, P. H. 1985 (Dec). "Sealants, Joints, and Membranes for Con-
crete," Construction Specifier, Vol 38, No. 12, pp 60-69, Alexandria,
VA. i ) ) )

Properly specifying sealants, joints, and membranes can increase the-
life and functionality of .concrete. The four basic types of joints
used in concrete discussion defined are expansion, -control or contrac:
tion, construction, and isolation joints. Low-, medium-, and high-
movement capability sealants and caulks are discussed in light of their
functioning under joint conditions. Joint materials generally used
together with liquid-applied séalants include premolded joint fillers,
rubberized asphalt sealing strips, compression seals, waterstops, and
parking-deck expansion joints, Overviewed also- are waterproofing mem-
branes and the uses and misuses of sealants.

Pépovics, S. 1985. "Modification of Portland Cement Concrete with
Epoxy as Admixture," SP-89, pp 207-229, American Concrete Institute,
Detroit, MI.

The work presented is a portion of a larger investigation concerning
thé improvement of durability of concrete structures in seawater.
Therefore, as an introduction, the deterioration of reinforced concrete
in corrosive environment is- discussed followed by a description of two
types of polymer modification of concrete. This latter means the addi-
tion of a liquid polymer of polymerizable system to the fresh concrete.

The major portion of the paper presents a new investigation concerning
the effects -of epoxy modification on the properties of concrete, pri-
marily strength. It is. demonstrated that the addition of a suitable
epoxy to the fresh concrete can increase the concrete strength signifi-
cantly. This strength improvement can be further increased by the
simultaneous use of a compatible superplasticizer, or an accelerator,
or both,

99




C-288

C-289

C‘:290

G-291

Mendis, P. 1985. "Commercial Applications and Property Requirements
for Epoxies in Construction," SP-89, pp 127-140, American Concrete
Institute, Detroit, MI.

Almost every structure where -concrete or steel is used is vulnerable to

the corrosive effects of chemical and environmental attack, as well as
‘mechanical abuse due to stress and vehicular traffic. Severe deterio-

ration of such structures can. result in the commercial, industrial, and

transportation areas. Epoxy resin based polymer products are used for

the rehabilitation, repair, and protection of both existing ot newly
constructed structures.

Ohama, Y., Notoya, :K., and Miyake, M. 1985, ™Chloride- Permeability of
Polymer-Modified Concretes," Transactions, Japan Concrete Institute,

Vol 7, pp 165-172, Japan Concrete Institute, Tokyo, Japan.

‘Recently the rapid deterioration of various reinforced concrete struc-
‘tures has been a widely recognized problem in Japan. The chloride=

induced -cotrrosion of reinforcing steel is the major cause of the
deterioration. This paper deals with -the chloridé ion permeability of
polymer-modified conéretes which are promising materials for preventing

the chloride-induced corrosion. The polymer-modified cohcretes using

commercial polymer dispersions are prepared with--different polymer-

* cement ratios and tested for chloride ion permeability under immersion
ifv substitute -ocean water and saturated sodium chloride solution. It

is concluded from thée test results that the chloride impermeability- of
the polymer-modified concretés is superior to -that of unmodified con-

crete and is markedly improved with an increase in the polymer-cement

ratio.

Spynova, L. G:, and: Ivashkevich, I. A. 1985. "Bactericidal Concrete"
(in Russian), Beton i Zhelezo@g;on, No. 8, pp 29-30, Moscow, Russia.

It was shown that concrete and metal corrosion processes are speeded up
by the biochemical actions of :micro-organisms. To eliminate this draw-
back without reducing concrete physicomechanical properties, an alkyl-
pyridine-bromide additive was introduced into concrete, improving pre-
ventive maintenance, and increasing concrete lifé. This additive can
also be used in plaster and paint composition.

Stiirayama, K., Hiraga, T., Yano, M., Itatani, T. 1985. "Metal Cover-
ing for Improving Durability of Reinforced Concréte Structures," Trans-
actions, Japan Concrete Institute, Vol 7, pp 195-202, Japan Concrete
Institute, Tokyo, Japan.

In Japan, recently, some reinforced concrete (RC) structures have shown
remarkable -deterioration, and the durability of them has become one of
the most serious problems to be solved. The authors have been trying
to improve durability of RC structures by use of several kinds of non-
corrosive metal finish on concrete surface. This paper describes test
results of .the metals themselves, the method of overlaying metals on:
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concrete, and the effect of metal coverings- on the durability of RC

members.
(Deleted)-

Kujala, P. 1985. "Polymer Concrete in Facade Repairs" (in Finnish),
@etonituogg, Vol 55, No. 1, pp 57-59, Helsinki, Finland.

Polymer concrete, with its superior resistance to weather and chemicals
and its high mechanical strength, is a good alternative for many uses.

Facade panels made of polymer concrete are :presented and their assembly

is discussed. The material is briefly described.

Dinitz, A. M., and Ferri, R. 1985, "Polymer Concrete (MMA) for Bridge
Rehabilitation Applications," SP-89, pp 141L-159, American Concrete
Institute, Detroit, MI.

PC (MMA) systems have been in use for over 20 years- and have become one

of the most promising materials for the rapid repair of concrete, espe-
cially bridge deck repairs. The major bridge applications include

Jjoint and spall repairs, thin bonded overlays, and deck impregnation.

The latest design- concept utilizing MMA 1is- for modular bridge deck

replacement using the MMA for bearing pads, for joining individual
Ppanels, and for contraction joint pours. Prepackaged systems -consist

of two components; a premixed powder that contains fine aggregates

-coated with polymers, initiators and pigments and a. liquid monomer

component (methyl methacrylate).

Ramey, G. E., Moore, R, K., Parker, F., Jr., and Strickland, A. M.

1985, “Laboratory Evaluation of Four Rapid-Setting Concrete Patching

‘Materials," Transp Research Record 1041, PP 47-52, Transportation
‘Research Board, Washington, DC.

Compressive strength, tensile strength, direct shear, and energy
absorption tests- were used to evaluate polymer concrete, magnesium-
phosphate cement; roadpatch with steel fibers, and epoxy-bonded PCC.
The split-cylinder tensile bond strengths of the patching materials
were comparable to those 6f the base concrete. Thé shear bond
strengths and energy absorption tests indicated that polymer concrete

‘has good cured properties as -a composite patch but may be susceptible

to- weathe¥ing or thermal deterioration. Roadpatch -also- had satisfac-

‘tory cured strength properties but had better resistance to -decreases

in direct shear bond strength and tensile strength when exposed to
simulated weathering. Roadpatch appeared to exhibit a good overall

combination of characteristics that indicate satisfactory shot-term and

long-term durability.

Tjugum, 0. M. 1985. "Latex-Modified Concrete" (in Swedish), Nordisk
Betong, Vol 29, No. 2, pp 15-17, Stockholm, Sweden.

Latex-modified concrete overlays have been iu service for over 20 years
in the United States. Latex as an admixture is now in use in Norway.
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The physical and chemical properties of latex modified concretes and
their use in practice are discussed.

C-297 Sakuta, M., Yoshioka, Y., and Kaya, T. 1985. "Use of Acryl-Type Poly-
mer as Admixture for Underwater Concrete," SP-89, pp 261-278, American.
:Concrete Institute, Detroit, MI.

The quality deterioration of underwater concretes may be caused mainly.
by the washout of the cement from the concrete. The addition of -an
-acryl-type polymer to concrete was found to-be effective to prevent
such deterioration. With the increase of the polymer content, the
resistance of the- concrete to be separated in water improved. This
polymer did not affect the hydration of the cement. A dialdehyde-type
auxiliary agent was effective to improve the function of the polymer at
.a dosage of only 1 percent of the polymer when it was added to the
concrete -after the addition of the polymer. Due to the high viscosity
:0f the concrete containing the polymer, the cleaning .operation of
-equipment such as concrete pumps and mixers tends to:be time-consuming,

C-298 Engelfried, R. 1985, "Preventive Protection by Low-Permeability Coat-
ings," Proceedings Conference on ‘'Permeability of Concrete & Its
-Control’, .pp 107-117, London, England.

The carbonation reaction is.-described in detail, and :the effect of
environmental pollution and of the deterioration of concrete are dis-
cussed. ‘Studies have shown that ‘the neutralization of concrete by
‘carbon dioxide is much: more significant than by sulphur dioxide. The
role of coatings in retarding carbonation is considered, and the
required -properties are given as a completely continuous coating, of
good uniformity and adhesion to the surface. In view -of the .possible
‘diffusion of water vapour,; the coating must show good weather resis-
‘tance to -ensure that the diffusion resistance does not decrease due to
chalking:

€-299 Richardson, F. B. 1985, ‘“Formulating Water-Based Epoxide Paints,"
Pigment and Resin;Tgchnologv, Vol 14, No. 4, London, England.

The use of a proprietary range of polyamide curing agents for apoxy
resins, particularly suitable for water-borne coatings for concrete, is
-described. Pigmentation and other féormulation aspects are discussed.

C-300 Bare, F. 1985. "Paints and Coatings for Concrete" (in German), Farbe
und Lack, Vol 91, No. 3, pp 195-199, Hannover, West Germany.

Following a review of basic degradation processes (e.g. in- the presence
-of water), -pai- 1, .ransparent coatings, and impregnants are consid-
ered. These ° «.ude silicate, acrylic (optionally combined with silox-
anes), epoxy, «i+» -inated-rubber and polyurethane systems and, for
moisture protect 3u ‘uly, various impregnants based on silicones,
silanes, or siloxanes. Criteria for selection and application are
briefly indicated.
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Read, R. T: L1985 "Coatings for Concrete," Polymer Paint Colour Jour-
nal, Vol 175, No. 4143, pp 343-344, Redhill, ‘England.

A summary of papers given at the paint R.A. Symposium on Coatings for

Concrete, Mar 1985, is presented. Subjects ranged from protective and
decorative systéms for masonry surfaces to preventive and repair coat-
ings for steel reinforcements.

Jotischky, H. 1985. "Coatings for Concrete: The Market Framework,"
Polymer Paint Colour Journal, Vol 175, No. 4153, pp 740-742, Redhill,

:England.

‘Economic and technical :parameters affecting the repair market for

reinforced concrete and the market for reinforcement and masonry coat-
ings a~g surveyed. Major constraints and opportunities likely to
affect Jhese sectors include the level of building activity and the
changing; asage pattern -of building materials- relating to concrete,
brick, and usteel. Statistics are presented on the 6utput of various
types of cemeatitious building materials as well as estimates on the
scale of repair work,

Qill, N. W. 1985, "Protective Urethane Coatings for Concrete Floors,™
Corrosion Abstracts, Vol 24, No. 3, Houston, TX.

Different coating systems for protecting commercial concrete floors

against deterioration caused by traffic and' soiling are discussed;.
polyurethane coatings are considered to be superiorx:

Kokubu, K. 1985. "Fundamental Study on Freeze-Thaw Durability of
Expansive Concrete," Transactions of the Japan Society of Civil Engi-
neers, Vol 15, pp 502-503, Japan Society of Civil Engineers, Tokyo,
Japan.

This paper presents the results of laborarory tests. on the freeze-thaw
durability of expansive concrete affected by -micropores. Because of
the characteristic microstructure of expansive concrete, the freeze-

thaw durability of the .expansive concrete is moxe inferior to normal

concrete fundamentally. But the defect of the expansive concrete -can

be improved substantially by the use of appropriate air-entraining

agents and the curing restraint.

Opoczky, L., and Szekely, I. 1985. *"Investigations to Produce Cements
with High Sulfate Resistance” ‘(in Hungarian), Epiteanyag, No. 10,
pPp 292-297, Budapest, Hungary.

Title cements were made using the silica fume formed during the manu-
facture -cf ferrosilicon as a by-product. Silica fume has a high sur-
face area {12 m?®/g), contains 85-93 pexcent active Si0,, and has a high
hydraulic activicy. It can be added to cemént up to 25 percent. It
improves corrosion (especially sulfate) resistance to a high degree.
The simultaneous addition of plasticizers is beneficial. The effi-
ciency of silica fume can be explained in two ways: the Ca(OH), formed

103




C-306 .

‘C-308

‘during the hydration of clinker minerals is absorbed by the activity of
-silica fume, while its high fineness densifies the structure of the
cement aggne

~Fontana, J. J., and Reams, W. 1985. "The Effect of Moisture on the
Physical and Durablllty Properties of Methyl Methacrylate Polymer Con-
crete,” SP-89, American Concrete Institute, Detroit, MI.

Dr. D. Fowler et al. rerort -that the presence of water in a polymer
-concreté mix containing merhyl methacrylate monomer reduces the mechan-

ical strength of thé composite. With coarse aggregate containing
3 weight percent moisture of higher, the compressive strength of a

:polymer :concrete composite is' reduced by 50 percent or more.

This study was ‘undertaken to determine the influence of moisture in the
coarse aggregate on the stremngth and durablllty of polymer concrete

made with a prepackaged two-component methyl methacrylate system: devel-
-oped at Brookhaven National Laboratory for the Federal Highway

Administration

The data generated indicates that the compressive strength of "Fabucr-
ete" polymer concrete composites do decay when water saturated coarse
aggregates are used. In addition, some silane coupling agents in the
polymer concrete composite in this study obtained somewhat higher com-

Ppressive strongths when water saturated Coarse aggregates were used.

1986

C-307 -Ruffert, G. 1986 (Feb). "Shotcrete for Repairing and Reinforcing

Bearing Cuncrete Structures™ (in German), Beton, Vol 36, No. 2,

pp 53-55, Dusseldorf, Germany.

More than 60 years of experience with the application of shotcrete for
reinforcing and repairing reinforéed concrete structures and the ex-

isting technical regulations based on these experiences and on a great
number of fundamental tests gllow consideration -of the shotcrete method

-as perfected according to the technical standards. When this special

méthod is applied for repalring bearing structures, it is not suffi-
cient to know the technical regulations, but it also demands especially
trained personnel to guarantee the same quality standard for repairing

.and reinforéing works with shotcrete that is required for new
"buildings. - '

Toyofuku, T., Nishida; I., and Tsurukubo, H. 1986 (Feb): ™Crack .of

"“eel Brldge neck Slabs and that Control by Using Expansive Concrete-
Follow-Up Stiidy of Nagasaki Expressway'’s Tarami Bridge" (in Japanese),
Concrete Jourral, Vol 24, No. 2, pp 18-19, Tokyu, Japan.

Expansive contrete was applied to prevent further crack damage in the
highway bridge reinforced concrete deck slabs on the Tarami bridge
along the Nagasaki expressway. Strain, drying sarinkage, and condition

of crack production of the concrete deck slabs were investigated over
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2-1/2 years. Results are summarized. Consequentially, it was con-
firmed that expansive concrete deck slabs crack less than those of
normal concrete and that the important causes of cracking were the

restraint -of main girder against the ~=2ck slabs warping originating
from the temperature change and the :drying shrinkage.

Plecnik, J. M., et al. 1986 (Feb). ~"Epoxy Penetration,” Concrete

International: Design & Construction, Vol 8, No. 2, -pp 46-50, Detroit,
MI. o N -

Epoxy adhesives are widely used in the repair and rehabilitation of
-concrete structures. The effectiveness of these adhesives is largely

dependent -on their ability to penetrate cracks. Test results show that
epoxy adhesives with a long pot life and low viscosity provide the
optimum results for crack penetration and rebonding of reinforcing

steel.

"Fast-Acting Patches Cure Spalls, Scaling." 1986 (Mar). Roads &
Bridges, Vol 24, No. 3, pp -49-53, Des Plaines, IL.

Spalling, scaling, and potholes in portland-cement concrete pavements
¢an be repaired with a host of high-tech patching materials that offer
a spectrum of solutions varying in -utility, durability, and speed of
set. Cement-gypsum blends will set in less than 2 hr and expand on
setting to create a good bond with existlng concrete.. Fast-setting
magnesium phosphate patching materials offer high early strengths that
can permit traffic flow 45 min after placing, are nonshrinking, and
provide good freeze-thaw durability. Such proprietary products as
polymer concretes and latex-modified--concretes have proven effective
for patch;ng, spalls, and overlays.

Bruce, S. M. 1986 (Mar). "A Survey of Some Materials and Methods of
Crack Injection for the Structural Repair of Concrete Central Laborato-=
ries Report 4-86/1," Ministry of Works and Development, Lower Hutt, New
Zealand.

Injection repairs are often required to restore the load-carrving
capacity of cracked concrete. Achieving a successful repair relies on
the use of an adequate repair material in conjunction with a suitable
injection system and repair technique. Details are presented on com-
mercially available epoxy resins suitable for injection and specialists
involved in injection repair. Bond strength was determined for three
cement grouts with differing water-cement ratios and two epoxy resins.

"Quick Set Patch Means Quick Fix for Penn DOT." 1986 (Apr). Roads &
Bridges, Vol 24, No. 4, pp 32-33, Des Plaines, IL.

This article describes the Pennsylvania Department of Transportation’s
use of a one-component, fast-setting material for concrete patching and
pavement restoration. Two projects are described, one of which was
carried out in deep winter.
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"Fire-Testing Epoxies,”

Plecnik, J. M., Plecnik, J., Parra, V., and Diba; A. 1986 (Apr)-.
) Concre;g—Inter‘gcioﬁ'I‘JADesi n:-& Constfgction
Vol 8, No. 4, pp 29-33, Detroit, MI. )

With the increasing use: of epoxy adhesives im thé repair and

strengthening of concrete structures, the risk for elevited temperature

or fire exposure on epoxy-repaired concrete elements is .also increased.

ThHe authors have investigated the effects of fire exposure on epoxy-

repaired concrete beams, -determined the -effectiveness of a plaster

coating applied to epoxy-repaired beams, and evaluated deflections and
strength. )

—Ralstoﬁ, M. 1986 (Apr). "Thin Polymer Road Overlay Tested," Engineer-

ing News-Record, Vol 216, No. 16, New York, NY.

Polyester styrene polymer will be installed as an overlay along

3.6 miles of highway in California’s Sierra Nevada mountdins, on Inter-
state 80. The California Department 6f Transportation hopes that the
thin, hard, 3/4-in. overlay will restore the’ surface and protect exist-
ing concrete from further deterioration. The pavement environment in
the high Sierras is rough, and ih wintef -the concrete can go through
several freeze-thaw cycles .a day. It is also subjected to heavy truck
traffic, chain wear, and ice-melting -salt.

The job requires replacing some -badly deteriorated concrete. Special
equipment was- developed to mix -the material, which consists of the
polymer, a catalyst, sand, and aggregate smaller than 1/2 in. Prepara-
tion of the existing concrete surface is-criticdl. It must be ¢om-
pletely free of contaminants. Caltrans is now testing 'a number of
rehabilitation methods for I-80 pavement, as much as 26 years old.

Roesli, A., Haechler, A., and Peter, G. 1986 (Apr). "Polymeric Coat-
ings for Concrete " Arab1an Journal of Science and Engineering, Vol 11,

‘No. 2, .pp 193-200, Dhahran, Saudia Arabia.

Polymeric coatings can protect concrete against environméntal influ-
ences, However, -a prediction of their performance in practice, based
upon laboratory tests, is difficult. Thus, field studjes were under-
taken to investigate their long-term behavior .and capability in bridg-
ing cracks. It is necessary to try to classify the available polymeric
coatings in respect to the problem at hand. In this way, the relations
between material type, laboratory results, and reliability in practice
may be better established.

"Record-Setting Whitetopping Project in Utah'" . 1986 (Apr). Concrete
Products, Vol 89, No. 4, Chicago; IL. ’

Possibly the largest concrete overlay project ever constructed in the
United States has been completed on an asphalt parking lot at Valley

Fair Shopping Mall in Salt Lake City with a slip form paver. The

1,800,000 ft? parking lot was resurfaced with white concrete.
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A 4-in.-thick -overlay, or whitetopping, was slipformed onto the lot.
The drive areas were excavated, and 7 in. of concrete was slipformed: in

those areas. The job was completed in about one-half the usual time

through this method. Details of the repair project are given.

(Deletedy

‘Ruffert, G. 1986 (Apr). "Repair of Refuse Storage Containers," Beton,

Vol 36, No. 4, pp 151-152, Dusseldoxrf, Germany.

Today, a high efficient waste disposal system is essential to cope with
the ever increasing volume of rubbish. Rubbish incineration plants

-coupled to thermoelectric power stations have proved to be an ideal

solution, particularly in densely populated areas. However, to operate

most economically, these plants need to incinerate refuse continually,

which can -only be achieved by having a large supply of refuse in stor-
age. The wall surfaces of the steel reinforced concrete silos used for
this purpose are subjected to extreme mechanical, chemical, and thermal
wear and -tear. .Over the years, shotcreting has proved to be ideal for
repairing these surfaces. It enables regular maintenance work, which
is absolutely mnecessary for long-term plant usage, to be carried out;
and involves relatively little and very flexible site work with little
interference in the running of the plant.

Radjy, F. F., et al. 1986. "A Reviéw of Experiences with :Condensed:
Silica-Fume Concretes and ‘Products," Fly Ash, Silica Fume, Slag, and

‘Natural Pozzolans_in Concrete, SP-91, pp 1L35-1153, American- Concrete

Institute, Detroit, MI.

Extensive technical work has establiched that high:performance concrete

and cementitious materials can be proportioned practically and economi-
cally by -using condensed silica fume additives. These hybrid chemical/
mineral admixtures can be used for applications ranging from bridge
overlays, concrete roof tiles, and fiber reinforced cements ‘to struc-
tural uses, both on land and offshore.

The first significant applications. began some 10 years ago in Norway,
with cement replacement as the main benefit. While cement replacement

'still continues as the main-end use in the Scandinavian markets, per-

fbrmance enhancement of cementitious and concrete applications is the
dominant attraction for users outside of Scandinavia.

After a brief consideration of the history, a range of durability and
high-strength applications are reviewed. This range ‘of varied applica-

‘tions is .generally driven by particular features of performance
-enhancement.

Downey, E. 1986 (May). "Overcladding," Construction Repairs & Mainte-
nance, Vol 2, No. 3, pp 12-14, London, England.

Housing authorities throughout England are discovering serious defects
in the thermal walls of high-rise blocks. The owners of commercial and
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industrial buildings have also encountered problems, and buildings that
were expected to last at least 70 years without significant maintenance
to the concrete or brick finishes now require urgent attention. Many
repairs may be treated locally by removal and replacement of defective
concrete, reinforcement, bricks, etc. An attractive alternative is to
overclad the entire building after repair of the worst defects in such
a way that problems associated with water penetration and deterioration
of surfaces may be dealt with in one operation. Overcladding materials
include color-coated steel or aluminum, glass-reinforced cement or
concrete, and external grade nonmetallic boards.

LaFraugh, R. W., and Zinserling, M. H. 1986 (May). "Concrete Overlays
for Bridges," Report WA-RD-93.1, Washington State Transportation Cen-
ter, Seattle, WA.

An extensive state-of-the-art review of construction methods and
results for latex modified concrete (IMC) and low slump, dense con-
crete -(LSDC) overlays is presented in the report, Recommendations are
made for improvements in construction procedures, inspection, and spec-
ifications. An analysis and preventative measures for plastic shrink-
age cracks in IMC are presented. Other alternate bridge deck protec-
tive systems were examined.

MacInnis; C., and Racic, D. 1986 (May). "Effect of Superplasticizers
on the Entrained Air-Void System in -Concrete,” Cement and Concrete
Research, Vol 16, No. 3, pp 345-352, Elmsford, NY:

This article deals with the effect of two different superplasticizers
on the -air-void parameter systems produced by two different air-
entraining agents when the superplasticizer is added 40 -min after the
concrete -has been batched and mixed: A significant drop in air content
was observed with corresponding reductions in total air-void surface
areas and increases in air-void spacing factors.

Neisecke, J. 1986 (Jun). "Corrosion Protection of Reinforcement Steel
Near the Surface in Concrete Surface Repairs" (in German),
Niedersaechsisches Ministerium fuer Wissenschaft und Kunst, Hannover,
Germany. . ’

This research project is intended to. enquire into the questions of
possible corrosion protection effect of coatings for reinforcement
steel in concrete repairs and the causes and effects of corrosion along
reinforcement steel due to a step change of pH value. The question of
the possible corrosion protection effect of coatings was intensively
pursued and which coatings are used for corrosion protection of free
reinforcement steels. The questions. of the cause, effect, and possible
avoidance of corrosion -along reinforcement steels due to step changes
in pH value (for example at the boundaries of old -concrete/repair mor-
tar) could only be briefly considered. It was found that coatings on
an epoxy resin basis or based on mineral-filled dispersions could give
a great deal of protection. The systems on the market are not all of
the same value. 1In both variants (epoxy resin, dispersion) there were
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materials with quite insufficient protective effect. Failure occurred
first on the fins of the reinforcement steel in the form of rusting
through. The brief investigations on. differently carbonated mortar
with built in steel electrodes showed the possibility of corrosion

‘being formed by voltage peaks of up ‘to 50 mV.

‘Ohama, Y., Kobayashi, T., Takeuch, K., and Nawata, K. 1986 (May) .

"Chemical Resistance of Polymethyl Methacrylate Concrete,"
International Journal of Cement Composites and Lightweight Concrete;
Vol 8 No. 2, pp- 87-91, Harlow, Essex, England. -

Polymethyl methacrylate concrete was prepared -using a binder -consisting
of methyle methacrylate (MMA), polymethacrylate as thickening agent,
trimethylopropam trimethacrylate (TMPIMA) as a cross-linking agent,
dicyclohexyl phthalate powder of benzoyl peroxide (BPO) as an initia-
ter, and N. N. Gimethleaniline (DMA) and N. N-dimethylp tolacidine
(DMT) as promotor. This binder was mixed with fine size CaCO; filler,
fine aggregate, and coarse aggregate in proportion 1:1:5:3.

The cured concrete specimens. of size 75 by 150 mm were tested for their
chemical resistance in 20 percent hydrochloric acid, 20 percent sul-
phuric acid, 20 percent acetic acid, 45 percent sodium hydroxide, satu-
rated sodium sulphate, saturated sodium chloride, kerosene rapseed oil,
toulene, acetone, and tap water. The resistance was measured in terms
of weight loss and compression strength at 28. days of immersion in
different chemicals.

Balaguru, P. N,, and Ramakrishnan, V. 1986 (Hay-Jun); *Freeze-Thaw
Durability of Fiber-Reinforced Concrete," ACI Jjournal, Proceedings,
Vol 83, No. 3, pp 374-382, Detroit, MI. :

Results of an experimental investigation on the freeze:thaw durability
of fiber-reinforced concrete are presented. The primary objective of
the research program was to determine whether air content is the most
-significant parameter for the freeze-thaw resistance of fiber rein-
forced concrete, as is the case with normal concrete. Accordingly, air
content in the mixtures was varied from 1.2 peércent to 10.8 percent.
Based on results that indicate that air content is the most significant
factor, it is recommended that at least 8.0 percent air content be
specified for concrete structures exposed to severe freeze-thaw
loading.

Comparison of fiber-reinforced concrete specimens with plain concrete

-specimens indicates that their behavior under freeze-thaw. loading is

essentially similar. For the same air content, freeze-thaw durability
is the same for both plain and fiber-reinforced concrete. An increase
of cement content and a reduction of water-cement ratio improves the
durability. Results also indicate that the toughness index of fiber-
reinforced concrete does not change appreciably with freezing and thaw-
ing, provided the mixture is designed to prevent deterioration by
incorporating sufficient air.
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Diulus, D, 198§ (Jun). "Parking Lot Gets White Top," Civil

|
Engineering, Vol 56, No. 6, pp 65- 67, American Society of Civil Engi-
neets, New York, NY,. |

A concrete ove.lay was chosen to repave an asphalt shopping mall park-
ing Inot in Utah. Although concrete was somewhat higher in first cost,
it was considered a better investment because it would last longer and
require- less maintenance. Whitetopping was- chosen because it would
require less construction time since the old pavement would not have to
be ripped up and because ncise and dust would be minimized. A slipform
paving train cast unreinforced slabs -4-in. thick in nontruck areas and
7-in. thick where trucks operate. A slab 25-ft wide was cast, then.a
25-ft gap was left, and the next slab cast. Three days later, when the
existing slabs had cured enough for the paver and trucks to. run on
them; -the alternating strips were cast.

Apostolos, J. A., Carello, R. A., and Howell, K, M. 1986 (Jun).
"Caltrans Studles Spray Metal Cathodic Protection," Roads ‘& Bridges,
Vol 24, No. 6, pp 57-64, Des Plaines, NY.

Cathodic protection on reinforced concrete is a relatively new appli-
cation of an cld and established technology. A new technique, coating
concrete with zinc metal, has been applied to a pier of a major bridge
in San Francisco Bay, California. Description of this type of metal-
lized cathodic protection is- described.

Knight, N. E., and Turgeon, R. 1986 (Jun). "Polymer Concrete Over-
lays. Construction Report (L.R. 5 and 439, T. R. 11 and 502,
Lackawanna County)," Report FHWA/PA-85/048+83-29, Pennsylvania Depart-
ment of Tranépoytatidn, Harrisburg, PA,

The objective of the study is to evaluate the performance of a poly-

ester polymer concrete, CVI Industries, CVI Perma Deck II, as a thin

overlay for concrete decks. The purpose of using a polymer concrete 1is
to obtain a fast cure and to waterproof the deck. The VCI Perma Deck
IT was placed -on two decks after deteriorated and delaminated areas
were repaired. Two aggregate gradations were used and problems were
encountered with each gradation. Replacement or repairs -of beth deck
surfaces will be required during the summer of 1986.

"Focus: Bekaplast Lining Systems Offered in US by Atlas." 1986 (Jul).
Consultin Engineer, Chicago, IL.

Atlas Minerals and Chemicals (Mertztown, PA) is commercially marketing
Bekaplast lining systems to. industries ranging from chemicals and metal
producing to electric utilities. Bekaplast lining -systems use thermo-
plastic sheets of either polyethylene, polypropylene, or polyvinyl
chloride and a proven anchor .and connecting system to protect concrete
structures. Applications include trenches, sumps, and storage and
make-up tanks in an electrolytic galvanizing process, the walls and
floors- of an acid containment pit in a shipbuilding and repair facility
and waste treatment sumps in pharmaceutical plants.
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‘Bean, D, L., and-Husbands, T. B. 1986 (Jul). "Latex Admixtures for
‘Portland Cement -Concrete- and Mortar," Technical Report REMR-CS-3,
US Army ‘Engineer Waterways Experiment Station, Vicksburg, MS.

A latex -used as an admixture in portland -cement concrete -or mortar is a
water-emulsion organic polymer. This polymer emulsion will coalesce to
form a continuous film within the matrix of the paste and around the
aggregate, thus producing greatnr tensile and flexural strength and a
more durable material (because it acts as a moisture barrier to the
-entry of liquid water but allows water vapor to migrate out). A liter-
-ature search was conducted to collect information about latex admix-
tures and some minor laboratory testing was performed to corroborate
some of the literature findings.

Pashina, B. J. 1986 (Aug). "Crack Repair of Precast Concrete Panels,"

Concrete International: Design & Construction, Vol 8, No. 8, pp 22-26,
Detroit; MI. ’ ’ -

Cracking in nonstructural panels -due to .shrinkage, temperature changes,
and handling stresses can be successfully repaired with fiber rein-
forced mortar, Esthetics, cost, -ease of repair, and retention of
flexural strength were repair considerations in choosing fiber rein-
‘forced mortar.

Trout, J. F., and Santangelo, S. 1986 (Aug). "Epoxy Injects New Life

into Bridge Pier," Concrete International; Design Q—Coq;tructioﬁ,
Vol 8, No. 8, pp 39-43, Detroit, MI. ’ ’

Full-depth repairs were made on a bridge pier for a highway linking
Wisconsin and Minnesota. Fine cracks in ‘the pier were injected with a
Yow-viscosity epoxy using socket mounting for the nylon injection noz-
zles. Injection began at the widest, rather than at the lowest, crack.
Careful materials handling and equipment maintenance were shown to be
keys to ‘success.

‘McDonald, J. E., and Logsdon, D. L. 1986 (Aug). "Epoxy Injection of a

Gate Pier," Concrete International: Design & Construction, Vol 8,
No. 8, pp 34-38, Detroit, MI.

Cracking in the top pier stem supporting the service bridge at Dam

‘No. 29 on the Mississippi River allowed precipitation ponding to infil-
trate the mass concrete. Subsequent cycles of freezing and thawing
resulted in progressive deterioration of nonair-entrained concrete. As
an alternative to conventional repair methods that involve removing
unsound concrete and replacing it with air-entrained concrete, a proto-
type test was conducted to- evaluate the potential of epoxy injection
for in situ repair of the deteriorated concrete. Materials and tech-
niques for in situ repair in hydraulic structures are being evaluated
‘by the US Army Corps of Engineers.

Ozaka, Y., et al., 1986 (Aug). "Bond Failure of Reinforced Concrete
Members and Effectiveness of Repairs by Epoxy Resin Injection" (in
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Japanese), Proceedings, Japan—SocietxfoffCiviI;Engineefs, No. 372,
pp 121-130, Tokyo, Japan. ‘

The objective -of this study was to experimentally investigate the
effectiveness -of repairs by injecting epoxy resin into reinforced con-

erete -(RC) members that have failed due to loss of bond between rein-

forcement and concrete.

For this purpose, loads were first applied to-RC beams having lap
splices and RC beams with cutoff of one-half of main tension reinforc-
ing bars, Bond failures were then induced. Subsequently, epoxy resin
was injected into the cracks formed using low pressure and as much time
as necessary.

Results indicated that, although the behavior modes of members after
repairs may be altered, the capacities, deformation, and energy absorp-
tions are not less than those with beams in their original conditions.
Accordingly, it may be stated that epoxy resin injection is an

extremely effective method of repairing RC members in which bond fail-

ure has- occurred.

Castro, E. D. 1986 (Jul-Aug). “Some investigations on the Efficiency
and Durability of Two Treatments Applied to a Limestone" (in French),
Materials and Structures, Research gndtTesting, Vol 19, No. 112,

pp 279-283, Paris, France.

A laboratory study is presented on the efficiency and durability of two
products for stone treatment: a surface hydrofuge (based on silicone
resin) and a surface protection product against atmospheric agents and
pollutants (based on an acrylic polymer, a solvént, and a synthetic.
resin). The stone studied was the Anca limestone, which is widely used
in the central part of this country and that poses serious problems as
far as the conversation of historical monuments is concerned.

The test methods used in the characterizaticn of the 1limestone were

those recommended by RILEM 25 PEM (Proiection and Erosion of Monuments)
Committee.

To evaluate the efficiency and durability of acrylic, treated and non-
treated samples were submitted to the following tests for comparison
purposes: light action, water and light action due to -exposure in a

carbon-arc weathering apparatus, action of sulphur dioxide, and crys-
tallization test,

The same tests were carried out on the samples treated with the sili-
cone hydrofuge, except for crystallization and sulfur dioxide action
tests. Weathering caused by these tests was assessed by periodic vis-
ual observation and by -determination of contact angle, drop absorption,
48-hour water absorption, water absorption coefficient (capillarity),
and water absorption by hygroscopicity. Results obtained are

presented.
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Oberholster, R. E., and Davies, G. 1986 (Aug). "Effect of Mineral
Admixtures on the Alkali-Silica Expansion of Concrete under Outdoor
-Exposure Conditions,"™ Report R/BOU-1404, Paper presented at the Inter-
mnational Conference on Alkali-Aggregate Reaction (7th), -Ottawa, Canada,
August 18-22, 1986, National Building Research Institute, Pretoria,
South Africa. A

The results of experiments to establish the effects of different min-
eral admixtures on the expansion of concretes, made with alkali-reac-
tive greywacke/hornfels aggregate and high-alkali cement, are dis-
cussed. The concrete specimens were exposed outdoors, and the results
should be applicable to concrete structures in practice.

Ionescu, I., and Ispas, T. 1986 (Jul-Sep). "Research and Practical
Results in the Field of Concrete Monolith and Precast Members Repair"

-(in Romanian), Materiale de Constructii, Vol 16, No. 3, pp 155-158,
‘Bucharest, Hungary. B ’

This article briefly discusses the following aspects: laboratory
research results concerning the adherence of different concrete classes
to polymers, the concrete-polymer concrete adherence, and results
obtained in the work performed in view of repairing different mono-
lithi¢ and precast concrete members.

Observations on- the behavior -of repaired monolithic and precast con-
crete members -within exploitation, over a period of 10 to 25 years, are
made., ‘Conclusions are made for future attempts.

Shindou, T., Naitou, T., and Tsuruta, K. 1986 (Sep). "Study on Dura-
bility -of Polymer-Impregnated Concrete (PIC) in the Marine Environ-

‘ment," Concrete Society, pp 293-298, London, England.

This report deals with the durability (resistance to salt water and
corrosion) of concrete structures using precast polymer-impregnated

concrete boards for the protection of the exterior shell. The method

is referred to as the PIC Board Construction Method which intends to
improve the strength of the structure by reinforcing the exterior
shell, Two types of tests were performed to evaluate durability:

(1) drying and wetting test; (2) permeability test (in salt saturated
water). Three types of specimens, PIC board, mortar board, and origi-
nal concrete, all containing reinforcing steel were used. The results
of the tests are given in this report.

Carlson, G. 1986 (Sep). '"Prestressed Units Solve Case of - ‘the
Bridge to Nowhere'’," Concrete Products, Vol 89, No. 9, pp 32-33,
Chicago, IL.

Reports on Oregon’s new Hubbard Greek Bridge, the first in the state to
use prestressed girders with epoxy-coated strand. During WWII, the
bridge was called - "the bridge to nowhere," because the road leading
to it was not bullt yet. The road was built after the war was over.
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‘No. 9, pp 338-340, Dusseldorf, Germany.

The steel in the bridge had rusted, and the expansion..and contraction
caused by the corrosion had blown the concrete off in big chunks. The
replacement construction project is described.

-Helmdach, V., and Adler, J. 1986 (Sep). "Solvent-Resistant Epoxy

Resin Coatings for Preserving Structures,"*anststofﬁé German Plastics,

Vol 76, No. 9, Munich, West Germany.

Newly developed epoxy resin formulations based on surface-treated sili-
cates make it possible to -coat concrete surfaces with reaction resins
which are resistant to solvents, and in particular to- chlorinated

‘hydrocarbons, such- as ethylene dichloride, methylene dichloride, and

similar. Results. obtained to date show that this new type of solvent-
resistant reaction resin system is suited to: a broad field of
application.

Hahlhege; R., and Krahling, H. 1986 (Sep). "Repair of Hydraulic Zngi-
neering Construction Using Steel Fiber Gunned -Concrete," Beton, Vol 36,

‘Steel fiber concrete or steel fiber gunned concrete is- rarely -used for

construction work in hydraulic engineering. A report on the repair of

large sewage works shows, however, that this construction material has

the advantage over conventional methods when special material qualities
‘(crack minimization) are required.

Knight, N. E, 1986 (Sep). "Polymet Concrete Overlays - Flexolith.
Construction Report (L.R. 35064, Lackawanna County)," Report
FHWA/PA-86/0054+83-29, Pennsylvania Department of Transportation,
Harrisburg, PA.

The objective of this study is to evaluate the application of Flexo-
lith, a modified epoxy resin, to a concrete filled steel grid deck to
impart skid resistance and- to obtain a smooth wearing surface. The
-application was made by the broom and seed method, in three applica-
tions, for a total thickness of 3/8 in. The Flexolith was easy to
apply and required  only -a mixer, squeegee, and roller for equipment.
.An excellent skid resistant surface was obtained by the use of basalt
for the cover aggregate.

Wilson, G. E. B. 1986. "Repair of the Concrete Piles of An 0il :Refin-
-ery Jetty in New Zealand," Concrete Society, pp 349-360, London,
‘England. )

The paper describes repairs to the collars of 174 of the piles which
form a jetty built in 1963. Offers were received for construction of
collars by shotcrete, cast in situ concrete, and prepacked aggregate

-concrete. The latter method was the cheapest and was accepted. Piles

which did not have cracks were coated with a waterproof coating of
Vandex X74 Marine or an epoxy. The tests done on the Vandex coating
are described and sections viewed by electron microscope are included.
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Cardon, A. H., and Hiel, C. C. 1986 (Sep). "Durability Analysis: of
Adhesive Joints," Adhesion between Polymers and Concrete, Bonding Pro-
tection and Repair: Proceedings of an International Symposium, RILEM
Technical Committee 52--Resin Adherence to Concrete and Laboratoire
Central des-Ponts .et :Chaussees, Paris, France.

The analysis of the ‘adhesion quality of an epoxy material to concrete,
or other materials, may be defined by the properties and thickness of a
transition zone between the bulk adhesive and the pure adherend.

Direct measurements ‘of those properties and dimensions are very dif-
ficult without a strong interaction between the measurement technique
and. the obtained results. Mixed numerical experimental methods seem
appropriate to obtain valuable information on the transition zone. A
defined quality of adhesxon ‘on a test specimen can be compared with
real adhesion by dynamic test methods.

The influence of environmental factors on the-quality of the adhesion
are also measured on a test specimen and are the basis of a durability
analysis of an adhesive joint taking into account classical dimensional
analysis.

Gunter, M., and Hilsdorf, H. K. 1986 (Sep). "Stresses Due to Physical
and Chemical -‘Actions in Polymer Coatings on a Concrete Substrate,™
Adhesion between Polymers and- Concrete, Bonding, Protection and Repair;
Proceedings of an International Symposium, RILEM Technical Commit-

tee 52--Resin Adherence to Concrete and Laboratoire Central des Ponts
et Chaussees, Paris, France.

Polymer coatings on-concrete surfaces repeatedly exhibit blisters,
cracks, or delaminations. Various processes had beer proposed to
explain the causes of such damage. However, the magnitude of stresses
acting on the interface between coating and substrate is relatively
unknown. This is particularly true for stresses caused by chemical and
physical actions. In a theoretical and experimental research program,
an attempt is made -to quantify such stresses. Two processes causing
stresses_are described, osmotic pressure and capillary pressure. Two
test set- -ups wer: developed to- determine the magnitude of such
stresses. The results so far show that osmotic processes and capillary
suction can result in pressures up to-45 and 2 bars, respectively, act-
ing on the interface between concrete and coating. But also smaller
pressures may cause blisters or delaminations due to stress concentra-
tions at local defeéts.

Bundies, F. J. 1986 (Sep). "Adhesion of Modern Barrier GCoats on Con-
crete Motorway Bridges and Troughs Under Tarmac," Adhesion between

Polymers and Concrete, Bonding, Protection, and Regair;,Procéedings of

an_International Symposium, RILEM Technical Committee 52--Resin Adher-
ence to Concrete and Laboratoire Central des Ponts et Chaussees, Paris,
France.

Concrete slabs of bridges and motorway troughs under tarmac traffic
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layers are protected against the effects of water .and thawing agents by
various sealing systems. The results to date have not been suffi-
ciently satisfactory. Modern systems with ‘crack-bridging properties
have been formulated paying particular attention to the adhesion

bétween barrier coat and concrete. Adhesion is greatly influenced by

water and moisture in the substrate. Rough estimates give an idea of
the .quantity of water present at the concrete/barrier coat interface.
This.-has to be taken into account when formulating and applying ‘modern
ngnbituminogs systems.

Czarnecki, L., and:Grabowski, L. 1986 (Sep). "Criterion of Cracking
Re51stance of Glass. Fiber Relnforced Resins: A Comparative Study,"
Adhecsion between Polymers and Concrete, Bonding, Protection, and

Repair; Proceedings of an International Symposium, RILEM Technical Com-

mittee 52--Resin Adherence to Concrete and Laboratoire Central des
Ponts et Chaussees, Paris, France.

The paper presents the analyses of the state of knowledge on the prob-
lem of cracking resistance of anticorrosion coatings made of glass
fiber-reinforced synthetic resins (mainly polyester and epoxy). This
kind-of coatings are most often used to protect the concrete substrate
in the chemically active environment. The theoretical bases of rela-
tion between the coating and concrete substrate properties have been
studied. Different models of the relation have -been taken. into
account. The influence of some coating properties. (such as thickness,
the tensile strength, the modulus of elasticity) on the value of the
limit crack width of the concrete substrate have been analyzed. The
basic features of the coating which determine its cracking resistance
have been found. A review 6f numerous papers has -been presented..

Xian-Neng, L. 1986 (Sep). "Study on the Use of Crack Resistant Poly-
ester Mortar as Anticorrosion Coating for Outdoor Concreté," Adhesion

between Polyme*s and Conc*cte, Bonding, Protection,. and Repa*r, Pro-

ceedings of -an International Sxm2051um RILEM Technical Commit-
tee 52--Resin Adherence to Concrete and Laboratoire Central des Ponts
et -Chaussees, Paris, France.

The papér presents preparation of z low shrinkage polyester mortar
coating, its physico-mechanical properties and corrcsion resistsiice in
various acid media. The codting is made of polyester resin as binder
and ‘hollow micropellets in fly ash as powder material. It features
extraordinary low shrinkage approaching zero, and low tensile modulus
of elasticity. Applied on the surface of portland-cement conerete, it
forms a resin mortar coating that is highly adhesive, impermeable,
waterproof as well as abrasion-, impact-, weathering- and chemical-
resistant, It has been used successfully in southern China under
intense heat of summer when temperature on the ground is as high as
70-80° C as well as temperature of sevaral degrees below zero. It has

been -used with success as a isolation coating for large-siced waste
acid reservoirs,

Y
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Fukushima, T., Tomosawa, F., Fukushi, I., and Tanaka, H. 19886 (Sep).

'"Protectlon Effects of Polymerlc FlniQhes on the Carbonation of Con-
crete and Corrosion of ‘Reinforcement," Adhesion: between.Polymeis and
-Concreté, Bonding, Protection, Repair: Proceedings of an International
Symposium, RILEM Technical Committee 52--Resin Adherence to Concrete
and Laboratoire Central .des Ponts et -Chaussees, Paris, France.

Protection effects of polymeric finishes on tl.e carbonation of concie:

and corrosion of reinforcement were experimentally examined by -usirg
accelerated carbonation testing (30° G, 60 percent RM., CO,; 5 parsen:

for 8 months) and aczelérated corrosion testing (50° G, 95 perceii L%

for 16 months) for test specimens of reinforced concrete with many
kinds of polymeric finishes. To--evaluate the effectiveness of poly-

meric finishes as repalring materials for partly deteriorated rein-

forced .concrete and algo -to- obtain basic data for improvement of the
durability of reinforced concrete by polymeric finishes, experiment:i
data weére systematically analyzed by the least-square method using

,parabollo law (Jt law) involving a constant term, which was theoreti-
¢ally derived for the progress of deterioration of reinforced concrete

based upcs: unsteady state dynamic analysis. Polymeric finishe. play
the important roles in the retardation of carbonation -6f conérete and
the suppression -of corrosion of reinforcement in neutralized concrete
with no--chloride ions included under ordinary atmospheric environmental
conditions.

Berra, M., and Venesia, S. 1986 (Sep). "Experiments -on the Use of

Gunite with Resfns in the Maintenance of Dam Facings," -Adhesion between
Polymers and Ponﬂrete, Bondlng, Protecticn, and Repair; Proceedings af
an InternatlcnaL Symposium, RILEM Technical Committee 52--Resin
Adherence to Concrete and Laboratoire Ceniral des Ponts et Chaussees,
Paris, France,.

The replacement and repair of deteriorated surfaces with gunite is one
of the most common operations of facing maintenance for hydrauliz works
(dams, canals, etc.). However, a certain number of cracking and dete-
riorated phenomena occurred during these last years, mainly due to
temperature and shrinkage problems, to & poor adhesion to the base and,

-generally, to an objective difficulty of quality control, have lead the

Research Center on Hydraulics and Structures (CRIS) of the Italian
Electricity Board (ENEL) o study any possible improvement for gunite.
For this purpose, the possibility cf adding acrylic resins in water
dispersion to the gunite during spraying was considered, and its effec-
tiveness was tested through a series of experimental investigations.
Besides a small experimental application on a dam facing, a set of
specimens of gunite, with and without resins, was prepared on site,

‘under normal operating conditions. Laboratory tests concerned the

following properties: compression and bending strength, adhesion,
water absorption, porosity, and water permeability. The results
obtained do not seem to indicate, however, in the specimens with res-
ins, improvements in the physical-mechanical characteristics such as
expected,
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C-351 Chorinsky, E. GF. 1986 (Sev). "Repair of Concrete Floors with Polymer
Modified Cement Mortars," Adhésion between Polywers and Concrete, Bond-
ing, Protection, and Repair: Proceedings of an Tnternatiopal Symposium,
RILEM Technical -Committee 52--Resin. Adherenceé to Concrete and Labora-
toire Central des Ponts et Chaussees, Paris, France.

The long-term experience with the formulation of repair mortars for
concrete, which are exyp/ised to weather and traffic loads, has shown
that the adhesion of mouifled cement mortars can be: explained as
follows:

Adhesion of cement mortars, which contain oligomeric additives cnly, is
‘based on cristalline bending of the cement paste to the old conc.ete.
This bonding cannot be broken by the wxposure to water.

Adhecion of polymer crment mortars, formulated with thermoplastic poly-
mer Jispersions is besed on pnysical interaction, the chemical adhesion
is prohibited by the polymer cover on the cenient particles.

Adhesioh of epoxy-modified cement mortars on old concrete is based also
on physical interaction: But in-contrary to the thermovplastic polymer
dispersions, the resistance of the epoxy-resin to Saponification .can be
so-high that the bonding to -the old concrete -can be water resistant
over a long period of time.

C-352" "Qualification Tects on: PCC Systems for the Repair -of Concrete Road
Bridges." 1986 (Sép). Adhesion between Polymers and Concrete, ‘Bond-
ing, Protection, and Repair; Proceedings of an International Symposium;
RILEM Technical Committee 52--Resin Adherence to Goncrete and Labora-
toire Gentral des Ponts et Chaussees, Paris, France.

New buililing materials for repair of concrete structures have to be
investigated by qualification tests to estimate their long-term behav-
iour., This report deals with -such tests for polymer cement con-
crete (PCC) composite repair systems hardenlng under dynamic loading
followed by thermal cycling tests on the cured composite specimems.
Test results showed that shrinkage of PCC and/or thermal stressing of
the composite system especially in the bonding interface are decisive
for durability of PGC layers on conciete, whereas dynamic loading of
the- fresh composite system seems to he of minor concequence.

C-353 Steiger, R. W. 1986 (Sep). "Unity Temple: The Cube That Made -Con-
crete History," Concrete Construction, Vol 31, No. 9, pp 8G7-813,
Addison, IL.

Unity Temple was designed by Frank Lloyd Wright and constructed in
1905. As time passed, settlement, weathering, and pollution took their
toll. The porous concrete, having voids between the particles of pea
gravel, allowed the elements to penetrate. Reinforcing bars, too close

to ‘the surface, produced rust stains. Cracking and spalling were the
inevitable ey ult
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Repair: Proceedings of an International Symposium, -RILEM Tgchnvcal

Attempts to repair this deterioration in 1961 were moderately success-
ful, but the resulting surface looked much like stucco. and did not
match the original finish. Subsequent attempts to patch cracks that
kept opening -only detracted more and more from the aesthetics -of the

building. Finally in 1970 it was evident that this piecemeal -approach

to repair was having -a very negative effect on the structure and wasn't
really solving the problem. It was decided that shotcreting the entire
building would be the best way to restore the integrity and appearance
of the original surface.

Pea gravel from the Fox River Valley, similar to that in the origiral
mix, was used with Type I portland cement and number 2 torpedo sand.

To complete the mix, 1/8-inch to 1/4-inch flint glacial deposit was
added. This mixture closely resembles the original exposed aggregate
texture and has covered over the patchwork of previous repair. Finally
the surface was sealed with a protective coating of linseed oil, chosen

‘because of its penetrating -quality and lack of sheen.

Judge, A. I., Cheriton, L. W., and Lambe, R. W. 1986 <(Sep). "Bonding
Systems for Concretée Repair - An Assessment of Commonly Used Materi-
als," Adhesion between Polymers and Concrete, Bonding, Protecton, 4nzd

Committee 52--Resin--Adherence to Concrete and Laboratoire Cent.al -des
Ponts et Chaussees, -Paris, France.

Commercially -available aqueous polymer :dispersions of various -types are
compared with respect to their bonding propertiés when used to adhere
repair mortars to cementitious substrates. Polymer dispersions tested
include a number of acrylates and styrene-acrylates, a styrene buta-
diene, a vinyl acetate, an.acrylate versatate, and a vinyl acetate
acrylate versatate. A composite bonding aid, an epoxy bonding system,
and the use of cement and poly.er/cement slurries are also examined.
Three -different test methods are used to measure bond, -and a simple
comparative test has beemn -developed to monitor ‘grab’. The merits of
these tests are discussed. The best all-round performance including
tolerance to site use has been- found to be given by an acrylate
wisnersion.

Letsch, R. H. 1986 (Sep). "Resin Injection of Cracks with Changing
Width," Adhesion between- Polymers and Concrete, Bonding, Protection,
and Repair: Proc eedlngs of_an Lnternatlonal Symposium, RILEM Technical
Committee 52--Resin Adherence to Concrete and Laboratoire Central des
Ponts et Chaussees, Paris, France.

Cracks in concrete usually have to be closed to make the structure
watertight again or to prote.t the reinforcement again.. cecrrosion.
Since as many cracks are not stable in their width, a repair is only
successful when the injected material can change its volume according
to the volume-change of the crack. The volume -¢f gases can be changed
to a great amoint by applying small external forces. To achieve volume
compressibility «f an injecting resin combined with watertightness,
plastic microballoons or microspheres (average diameter 0.04 mm) are
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inserted into the resin. Using a rubberlike epoxy resin, volume defor-
mations of ‘more than 50 percent are possible. If the epoxy resin is
stiff (modulus of elasticity about 2,000 M/mm?), forces can be
transmitted still allowing a volume change of 10 to 20 percent. The
applied deformations are fully reversible.

C-356 Angi, L., and Ruiyu, C. 1986 (Sep). "Study of 3200 Vinyl Ester Resin
Mortar and Its Applications," Adhesion between Polymers and Concrete,
Bonding, Prot ectlonl and Repair, Proceedings of an Internatlonal Symp -
sium, RILEM Technical Committee 52--Resin Adherence to Concrete and
Laboratoire Central des Ponts et Chaussees, Paris, France.

This paper describes briefly a new type of high molecular material--
vinylester 3200 resin mortar, including the characteristics of its
formulation, the varieties of performance, and its applications in the
field. Experiments show that the vinylester 3200 resin mortar has
excellent resistance to cavitation-erosion, abrasion-erosion, chemical-
corrosion and freeze-thaw cycling, with long-term durability to weath-
ering and soaking in wateér, good deformability, and strong adhesion to
the surface of concrete and steel as well as low permeability. It has
been. proven 3200 resin mortar is a new type of abrasion-erosion-
resistant material for hydraulic structures and chemical-corrosion
resistant material for construction after practical applicationms.

C-357 Fowler, D. W. 1986 (Sep). "Use of High Molecular Weight Methacrylate
for Repairing Cracks in Concrete;" Adhesion between Polymers and Con:
crete, Bondlng, Protection, and Repair, ‘Proceedings of. an International

ymposi ‘RILEM Technicdl Committee 52--Resin Adherence to Concrete
and’ Laboratoire Central des Ponts et Chaussees, Paris, France.

High molecular weight methacrylate (HMWM) is a relatively new monomer
that has many of the advantages of methyl methacrylate (MMA), namely
low viscosity, potential for curing over a wide range of temperatures,
and. good wetting characteristics. However, the HMWM has low odor and a
high flash point which are significant improvements over MMA.

HMWM has been used to produce polymer concrete for overlays .and other
specialty applications. It has very good mechanical and durability
properties, and bonds very well to portland-cement concrete.

One- of its most important uses, however, is to .seal cracks and restore
structural integrity of portland-cement concrete. Due to its excellent
wetting characteristics, it penetrates even very fine cracks. It has
been used for a wide range of crack repair applications in the United
States, p«:“icularly for bridges.

C-358 Mikami, N., Arai, T., Shirakawa, K., and Koyama, S. 1986 (Oct).
"Epoxy -Goated Bars for Concrete Construction" (in Japanese), Journal of
the Iror and ‘Steel Institute of Japan, Vol 72, No. 14, pp 1889-1896,
Tokyo, Japan.

Epoxy-coated bars have been developed to prevent the deterioration of
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concrete structures. due to reinforcement corrosion. The properties of
corrosion resistance, bendability without serious damage of coating,

bond strength to concrete, and resistivity to percussion and abrasion

are required for the bars. To. examine the bars, exposure tests in

‘marine environments, bend tests, pullout from concrete and trial exe-

cutions were carried out. (1) Epoxy-coated bars did not corrode in
crack-induced concrete specimens which were exposed to marine environ-
ments for 3 years. (2) Epoxy-coated bars could be bent 180 deg with
the radius. of twice: the diameter of ‘the bars under the ordinary condi-
tions of execution. (3) The reduction of the bond strength of -epoxy-

-coated bars to concrete required 20 percent increase of lap joint

lengths. (4) The bars embedded in concrete beams which were subjected
to repeated bending stress up to 38 kgf/mm? showed no degradation of
coatings. (5) Caring for coating protection did not reduce the work

efficiency of bending and construction of the bars in practice.

Mailvaganam, N. P. 1986 (Oct). "Elastomeric Parking Deck Membranes,"

Concrete International: Design & Constructlon, Vol 8, No. 10,
pp 51-58, Detroit, MI.

To avoid corrosion of the reinforcing steel in concrete slabs in park-
ing garages, the ingress of -water and particularly chloride ions has to

‘be avoided. Waterproofing membranes based on thin elastomeric adhesive

coatings have been applied .effectively in both bridge and parking decks
to reduce ‘the rate of deterioration. caused by corrosion. This article
reviews available information on elastomeric coatings to assist in
sélection, installation, and maintenance of waterproofing membranes for
parking garages. 7 :

Fairweather, V. 1986 (Oct). "Filling the Cracks," Civil Engineering,
Vol 56, No. 10, pp 38-41, American Society of Civil Engineers, New
York, NY,.

Polymer concrete overlays are major contenders- for the enormous highway

bridge rehab market. The material, although costly, is very strong and
is quickly and easily applied. It also contributes little dead weight
‘to a bridge, since it can be as thin as 3/8 in. Several projects using

polymer concrete overlays are described.

Skupin, L. 1986 (Oct). "Use of Plastics for the Restoration of
Ancient and Historic Monuments in Czechoslovakla" (in French), Annales,
Institut Technlque -du Batiment et des Travaux Publics, No. 448, pp 70-
81, Paris, France.

The cost of repairs and restoration for historic monuments leads all
countries concerned to show proof of imagination and innovation in this

field, with a restoration philosophy -specific to each country. Devel-

opments in the use of plastics were particularly encouraged in Czecho-
slovakia. Injections of organosilicates combined with epoxy resins
have been successfully undertaken especially in the repair of masonry
in gothic churches deteriorated by excessive overloading.
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Resin concrete has also been applied -to copy gothic sculptured ele-

ments, replacing the original -statues, which are then kept protected in-

museums. The results of theoretical studies and laboratory tests focus
on the- durability of sandy limestone and sandstone -and contribute
extensively to the solution of problems linked with impregnation of
stone.

Yuzuqullu, 0. 1986 (Oct). "Durability of Suifgf Impregnated Precast
Ferrocement Elements,™ Journal of Ferrocement, Vol 16, No. &, pp 429-
435, Bangkok, Thailand. )

This is a study on the effect of sulfur impregnation on: the durability
characteristics of ferrocement -and companion-plain concrete specimens.
Altogether 16 specimens, 150 n2 10 or 15 mm thick, were prepared and
subjected to permeability and sulfuric acid attack tests. Of the

16 specimens, '8 were impregnated with elemental sulfur. Sulfur-
impregnated specimens were observed to be practically impermeable with
a noticeable increase in strength together wich an improved resistance
against acid attack. Immersion of oven-dried units in molten -sulfur
appears- to be most suitable for sulfur impregnation in precast ferroce-
ment elements.

Munn, W. D. 1986 (Oct). "Polymer Concrete Pavements are Coming,"

Heavy Constructlon Vol 129, No. 10, pp 39-41, Toronto, Ontario,
Canada.

Borrowing on its growiﬁg_acceptéﬁce as a resurfacing material for
bridge decks, polymer concrete is now beginning to appear on the open
highway. A full scale ’‘demonstration’ project completed earlier this
year along eastbound I-80 near Donner Pass in California may be paving
the way for other such projects: Polymer concretes, which are virtu-
ally impervious to water and chloride intrusion, cost $45 to $50 per
square yard in place on 10,000-sq ft bridge deck projects in Califor-
nia. The much thicker, 70,000-sq yd pavement resurfacing along I-80
cost about $40 per square yard.

‘Kuenning, W. 1986 (Nov). "Chemicals for Removing Stains-Part 5,"

Concrecg'Construcpion, Vol 31, ‘No. 11, pp 960-965, Addison, IL.

This- last article in a series has a table with chemical names, other
common -names, potential hazards, and possible sources for chemicals
used in cleaning concrete. Cautions in using the chemicals are listed,
and additional safety precautions relating to previous articles <in. the
series are given.

Fattuhi, N. I., and Hughes, B. P. 1986 (Nov). "Resistance to Acid

Attack of Concrete with Different Admixtures or Coatings," Interna-
tional Journal of Cement Composites and Lightweight Concraste, Vol 8,
No. 4, pp 223-230, Harlow, Essex, England. )

Admixtures and coatings were used in an attempt to improve the chemical
resistance of a standard concrete mix. The admixtures included
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styrene-butadiene latex, silica fume, and naphthalene-formaldehyde-
based superplasticizer. Coatings were produced by brushing or soaking
100-mm cubes in styrene butadiene latex or hydroxypropylmethyl
cellulose solution. The number of coating layers, method of curing,
and soaking period were varied. Two separate test series were carried
out, and a total of 56 cubes were immersed in a continuously flowing
solution of approximately 2-percent sulfuric acid. The changes in
weight with time for each cube were determined. The results indicated
styrene butadiene coatings can provide good. protection to concrete, but
only for a limited period of time before maintenance would- be
necessary.

Ahlrich, R. C. 1986 (Nov). ™Evaluation of Asphalt Rubber and Engi-
neering Fabrics as Pavement Interlayers," Miscellaneous Paper GL-86-34,
US Army Engineer Waterways Experiment Station, Vicksburg, MS.

Asphalt-rubber and engineering fabric interlayers have been used to
retard reflective cracks in asphalt concrete overlays. These materials
have generally performed satisfactorily in warm climates; however, per-
formance in cold climates has been less than desirable. The asphalt-
rubber .and engineering fabric rehabilitation technigues have been:-used
‘to retard the reflection of cracks in existing asphalt -concrete and
portland-cement concrete pavements through asphalt concrete overlays.
These xehabilitation. techniques also decrease the 'size of cracks that

reflect through, thus retarding the amount -of water penetrating into
‘the base course and underlying subgrade. Guidance is provided for

using asphalt rubber -and engineering fabrics to maximize performance in
reducing reflective cracking. This study should result in improved
performance of overlays and, subsequently, substantial monetary savings
to the taxpayers.

van Eijnsbergen, J. F. H. 1986. "Galvanizing in the Offshore Indus-

tries;" Galvanizing Into the _Next Centurg-—Flrst Internatlonal Confer-
ence on Galvanizin i -

1986, Council for Scientific and Industrial Research, Pretoria, South
Afrlca

Corrosion protection for an ever increasing number of structures
requires sophisticated coating systems because of the extreme condi-
tions in the sea, the splash zone as well as the adjoining atmospheric
zone above sea level, and also because of the duration of use of oil
and gas platforms now being estimated at 30. years. Galvanizing and
especially duplex systems have been used successfully Some examples
from practice are given. When ungalvanizable parts have to be coated,
arc-spraying of Al, followed by an epoxy-based paint system, offers
maximum corrosion protection. Galvanized rebars have been used in
various concrete structures, permanently in contact with seawater, to
prevent rust and, thus, flaking of the concrete cover.
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Rossi-Doria, P. R. 1986 (Nov-Dec). "Mortars for Restoration: Basic
Requlrements and Quality Control," Materials and Structures: -Research
and Testing, Vol 19, No. 114, pp 445-448, Paris, France. ’

The major problems. concerning mortars, grouts, -and plasters, as used in
the ficld of conservation of works of art, are discussed. The funda-
mental requirements. of a mortar for restoration are a low content of
soluble salts and mechanical, thermal, and structural characteristics
as similar as possible to ‘those of the ancient masonries, which are
usually composed of natural stones and bricks. In particular, the need
for standard methods of analysis and quality control procedures is
stressed, and some ‘future developments in this field are defined.

Kwasny, R., Roosen, A. and Maultzsch, M. 1986 (Dec). "Comparative

Investigations on Repair Mortars (PCG)," Betonwerk und Fertlgteil-
Iechnik; Vol 52, No. 12, pp 797- 803, Wiesbaden, Germany.

Polymer-modified cement mortars and concretes - also known as PCC,
short for polymer cement concrete - are used increasingly for building
rehabllltatlon jobs, as industrial floors, road and airport pavements,
and in foundations supporting strongly vibrating machinery units, in
recognition of the fact that their bending tensile and bond strength,
their abrasion resistance, elasticity, and chemical resistance are, in
general, superior to- those -of normal concrete. Increasing use of
repair mortars of this type necessitates -establishment .of specifica-
tions and standard procedures for testing to enable long-term .and reli-
able application of PCC. The results of a partial program published
here provide a survey of some of the properties the repair mortars
offered by the German building materials trade possess. The character-
ization of the starting systems, that of fresh mortar and ready-mixed
mortars are presented.

Sasse, H. R, (Ed.). 1986. "Adhesion Between Polymers and Concrete:
Bonding, Protection; -and Repair," -Chapman and Hall, London and New
York, NY.

This volumé includes proceedings of an international symposium orga-
nized by RILEM Technical Committee 52-Resin Adherence to Concrete and
Laboratoire Central des Ponts et Chausseés in Paris. Selected individ-
ual papers .are also referenced herein,

Architects and civil engineers know little about adhesion, but it is
necessary to ensure success and durability. Purpose of the symposium
was to exchange information on a scientific, technical, and practical
level among international experts and to document the work of RILEM
Technical Committee 52-RAC. Cooperation among experts for information
on adhesion phenomena and practical applications is the aim of the
work.

Areas covered include science of adhesion, surface properties of sub-
strate, properties of bonding materials, coating and painting, repair
of concrete surfaces, bonding of fresh to old concrete, crack
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injection, gluing of precast elements, gluing of steel to -concrete, and
adhesion test procedures. .

Sheppard, W. L., Jr. (Ed.). 1986. "Corrosion and Chemical Resistant
Masonry Materials Handbook," Noyes Publications, Park Ridge, NJ.

This volume is directed to those engineers and architects who are
charged with -designing buildings and equipment that may require chemi-
cal resistant masonry materials. It contains the information necessary
to select the most appropriate materials, write the specifications and
instructions, -and draw the -details covering them and necessary for
their proper installation.

‘Emery, H., and Johnston, T. 1986. "Unshrinkable Fill for Utility Cut

Restorations," Concrete in Transportation, SP-93, pp 187-212, American
Concrete Institute, Detroit, MI.

Utility cut restoration problems (settlements, voids, cracks, and pro-
tracted maintenance)- have a significant negative impact -on pavement
serviceability. A recent metropolitan Toronto study quantified this
impact and identified unshrinkable fill (very weak concrete) as the
preferred solution. In addition to 1epair costs, road user costs, and
nuisance effects, substandard utility cut restorations increase the

‘metro maintenance surfacing costs by some $3 million annually.

-Pavement impairment was a function of the large number of utility cuts

(about 4,000 per year) and significant noncompliance with specifica-
tions covering granular backfill quality and compaction. While tightet
granular specifications enforcement was considered, the characteristics
of controlled density backfill were assessed to provide a materials

approach to improved restorations. The desired controlléd density

backfill characteristics were: reasonable cost, flowability, pavement
structural support, excavatability, wide availability, standard materi-
als- without need for inspection, satisfactory long-term performance,
and demonstrated use. '

Based on long-term Winnipeg experience and utility comments, unshrink-

able fill (25 kg cement per m®, conventional concrete aggregates, 160-
to 200-mm slump, usually air entrained, maximum 23 days strength of 0.4

MPa)- was subjected to extensive field trials and cost analyses. It was

found that unshrinkable backfill meets the technical requirements and
is generally cost effective compared to properly compacted and-
inspected granular backfill. Unshrinkable fill from qualified suppli-
ers is now required for all metro utility cut restorations.

Scholer, C. E. 1786. "Thin Mortar Overlay for Restoring Friction on

Concrete Pavements," Concrete in Transportation, SP-93, pp 159-168,
American Concrete Institute, Detroit, MI.

Vehicle tire friction with pavements is an essential element of highway
safety. On concrete pavements this friction depends on the macrotext-
ure of the pavement surface and the composition and texture of the fine
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aggregate. Some concrete pavéments lose enough of their tire friction
capacity to cause -concern for safety before the pavement's structural
life is- expended.

This paper describes a technique to apply a thin mortar overlay for
friction (TMOFF) to the -surface of an existing pavement. Portland
cement, especially selected fine aggregate, and a styrene-butadiene

-emulsion admixture produced a mortar having excellent properties for

friction and for adherence to -the underlying pavement. Indiana evalua-
tions have shown both blast furnace slag and expanded shale (structural
lightweight). aggregate to provide exceptional friction properties -even
after traffic has. severely worn the macrotexture of the pavement.

Recommendations include cleaning pavements with shotblast equipment,
then applying a very thin mortar layer having a nominal thickness of
3/16 in. (4.8 mm). A flowable mortar must be brushed into the concrete
surface. An asphalt siurry spreader was adapted successfully to both

brush .and "squeegee" the final surface.

Light traffic could move -on the surface within 8: hr but 24 hr were
required for heavy, stopping traffic. Cost of materials varies with
the cost of the aggregate but is usually between $1 and $1.75 (US) per
yd? ($1.22 and $2.13 per m?). Excellent skid numbers were obtained and
remain satisfactory after more than 5 years service.

Marusin, S. L. 1986. ‘"Laboratory Investigation of Conventional and
Polymer-Modified Concretes and Their Use for Repairs," Transportation
Research Record 1062, pp 76-81, Transportation Research Board,

‘Washington, .DC,

Cubes of 4-in. (10-cm) concrete were cast by using conventional
portland-cement concretes with a water-to-cement ratio of 0,35, 0.:44,

and 0,54 and polymer-modified -concretes with latex-modified shotcrete

repairs in the field, All cubes were immersed for 21 .days in a
15-percent NaCl solution and then stored in a controlled-climate room
in accordance with test procedures described in NCHRP Report 244,

During. 21 days of soaking and 21 days of final air drying, weight gains

and losses were determined at 3, 7, 14, and 21 days during each period.
Following air drying, powder samples were removed by drilling at sev-

-eral intervals of depth from the center of each face to the center of

the cube. Then one-half of each cube was crushed to powder and the
acid-soluble chloride ion contents of all samples were measured by a

potentiometric titration procedure. At a depth of 1-1/2 to 2 in. (37
to 50-mm), the latex- modified concretes had the least amount of

chloride.

Laboratory tests of the influence of high temperature and wind on hand-
placed- and on- form=cast large vertical repairs using the modified -con-

cretes showed that, under arid conditions, the hand-placed repairs
always .cracked. Accelerated-wearing tests on small repairs made with
the polymer-modified concretes left the repairs intact. On the basis
of these test results, the acrylic, latex-modified, cast, in situ
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concrete was successfully -used to repair columns, spandrels, and bal-
cony slabs of a high-rise housing complex, and modified, shotcrete,
acrylic latex was -used to repair underground -garages. Both types- of
repairs were in excellent condition after 5 years service.

"Ameron." 1986. Patents & Copyrights, Annual Report, Monterey Park,
CA.

Protective Coatings and Linings Products Ameron markets proprietary
protective coatings, product finishes, and surfacing systems under the
tradenames. Amercoat, Amerlock, Amershield, Amerthane, Dimetcote,
Nu-Klad, -and Tideguard. These products are used as: protective and
decorative coatings for steel and concrete structures, industrial
equipment, and manufactured goods. In addition to developing, manufac-
turing, and marketing these products throughout the world, the company
also offers annual maintenance services, providing coatings and appli-
cation management -services for major facilities,

For high-performance protective coatings systems and maintenance -coat-
ings, the company’s principal markets are wastewater treatment, chem-
ical processing, power, petroleum, bridges, pulp, and papet, railroads,
mining, metal processing, marine and offshore, government, military,
and institutions.

In recent years the company has dedicated its research -and development
to new, easy-to-use, single-coat epoxy, urethane and .elastomeric poly-
urethane coatings. The newest -of these to be commercialized is Amer-
shield, the world’s first single-coat, high-solids urethane coating.
This innovative product combines decorative attractiveness with a level
of corrosion and abrasion resigtance hitherto unattainable in urethane
coatings. With its high-solids formulation, Amershield more than meets
Environmental Protection Agency requirements for solvent emissions,
thus giving it a market advantage over numerous competitive products
which are not Environmental Protection Agency compliant. ‘And because
of its low solvent content, Amershield can be applied in a single coat-
ing to a thickness twice that of conventional urethanes for longer
service life and reduced application costs,

Janssen, D, J., and Dempsey, B. J. 1986. "Effect of AC Overlays on
D-Cracking in PCC Pavements," Transportation: Research Record 1062,
pp 70-75, Transportation Research Board, Washington, DC.

Durability cracking (D-cracking) is the progressive deterioration of
portland-cement concrete (PCC) and is usually caused by winter freeze-
thaw cycling. The PCC coarse aggregate source has been identified as
causing well-designed mixes to develop D-cracking. A common rehabili-
tation procedure for D-cracked PCC pavements 1is to overlay the PCC with
asphalt concrete (AC). This renews the surface, but little is known
about the long-term effect of AC overlays on D-cracked pavements.

The primary climatic factors responsible for D-cracking are moisture
and temperature. Finite-difference transient flow -computer moisture
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movement ‘modelifig as well as field instrumentation and laboratory mea-
surements indicate that AC overlays have a negligible effect on the PCC
pavement moisture regime. The effect of AC overlays on the PCC temper-
ature regime was evaluated by finite-difference heat transfer computer
modeling. AC overlays decreased the number of freeze-thaw cycles and
the rate of cooling in: PCC pavéments. Laboratory freeze-thaw durabil-
ity tests duplicating field conditions for Interstate 70 mear Vandalia,
IL, were conducted on PCC samples with AG overlays O to 6 in. thick.
All the PCC samples cycled to- the equivalent of 5 years of winter
exposure showed-.strength loss as determined by split tensile teésts.

The samples with 4-in, overlays showed the most strength loss.

It was concluded that AC overlays do not prevent the progression of
D-cracking in PCC; instead some overlay thicknessés accelerate it.
When AC overlays are designed for D-cracked PCC .pavements, the effect
of decreasing strength of the deterioration PCC should be considered.

Holland, T. C., et al. 1986 (May). "Use of Silica-Fume Conirete to

Repair Abrasion-Erosion Damage in the Kinzua Dam Stilling Basin," Fly

Ash, Silica Fume, Slggr,and Natural Pozzolans in Concrete, SP-91,
pp. 841-864, American Concrete Institute, Detroit, MI,

Thé stilling basin of Kinzua Dam on the Allegheny River in western
Pennsylvania has experienced severe abrasion-erosion damage since the
structure was put into operation in 1967. The basin was repaired in
1973-74 using a steel fiber-reinforced concrete overlay. Deterioration
continued to the extent that repairs. were again necessary in 1983,

A laboratory program was undertaken to evaluate the abrasion-erosion
resistance of several concrete mixtures proposed for the 1983 repairs.
This program showed that high:strength concrete made with silica-fume
and. limestone aggregates available néar ‘the project site would provide
suitable .abrasion-erosion resistance at a reasonable price. The Corps

-of Engineers, -owner of the structure; required potential suppliers of

silica fume to conduct full-sized placements to demonstrate that this
concrete could be made .and pldaced outside the laboratory,

Based upon these demonstrations and the laboratory program, the repair
concrete was specified with a compressive strength of 86 MPa

(12,500 psi) at 28 days as a means of obtaining the required abrasion-
erosion resistance. Approximately 1,500 m® (2,000 yd®)- of 250-mm
(9-3/4-in.) slump- concrete were placed using silica fume delivered as a
slurry that included water-reducing admixtures.

The average 28-day compressive strength was over 90 MPa (13,000 psi).
Diver inspection of the concrete after 1 year in service, including a
period with a very large volume of debris in the stilling basin, has

indicated that the silica-fume concrete is performing as intended.

Jain, R. K., and Asthana, K. K. 1986 (May). "Development of Low Cost
Polymeric Systems for Anti-Corrosive Treatment of Building Materials,"

128




=T

G-379

G-380

C-381

G-~382

C-383

Workshop on throsioﬁ of Building ‘Materials in Fertilizer and Chemical
Industry; CBRI Roorkee; 6 May 1986, pp 7-11, Uttar Pradesh, India.

A survey -of a few fertilizer plants indicated that there is collosal
loss of building materials due to deterioration of concrete and rein-
forcement because of improper choice of materials and faulty workman-
ship in the absence of standard codes on the aspects of protective
coats. CBRI tried to formulate a.protective material prepared as a
blend of epoxy resin and phenol formaldehyde.

"Coating Concrete Floor." 1986. Japanese Patents Gazette, Vol 86,
No. 32, Group G, pp 25- 26 London, England.

Oil-resistant antistatic coatings for concrete comprise a moisture--
curable polyurethane resin (I), a coloured, intermediate, inorganic
coating containing aggregate, and a- topcoat of I.

Bagda, E. 1986. "Coatings for Reinforced Concrete" (in German), Farbe
Lack, Vol 92, No. 2, pp 97- 100, Hannover, West Germany.

Cagbpnation of concrete requires a relative air moisture content of
under 60 percent and an iron content of over 90 .percent for corrosion.
Coatings for reinforced concrete are considered with respect to carbon
dioxide permeabllity, moisture, adhesion, efflorecscence, and bridging
of -cracks. Hydrophobic treatments .are also mentioned.

Richardson, F. B. 1986. "Water-Borne Epoxy Coatings," Paint & Resin,
Vol 56, No- 5, 15, Rlckmanworth England.

Formulation, drying, and applications of water-borne coatings based on
epoxy resins ate outlined. Coatings for concrete, sealer/primers for
tar or asphalt surfaces, and' specialist applications in nuclear power
stations, hospitals, breweries, etc. are some areas of use. The
absence of intercoat adhesion problems make them good maintenance
coatings.

"Coating for Repair of Ferroconcrete." 1986. Japanese Patents
Gazette, Vol 86, No. 29, Group G, pp 28-29, London, England.

The composition, which may be used as a topcoat -or intermediate coat,

is prepared by mixing glass flake into a liquid silicone rubber com-

prising an organopolysiloxane, a cross-linking agent, filler, pigment
and solvent. Hard adhesive coatings with reduced gas permeation and

good temperature resistance are obtained.

"Preventing Corrosion of Rebars in Concrete." 1986. Japanese Patents
Gazette, Vol 86, No. 1, Group G, p 26, London, England.

Reinforced concrete is coated and impregnated with an aqueous solution

of an anticorrosive inorganic salt, e.g. a nitrile, and with an aqueous
solution of lithium silicate, followed by coating with a cement compo-

sition containing a styrene/butadiene polymer dispersion.
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Zamaitis, Z., Sniuksta, A., and Kudzys, A. 1986. “Anticorrosive Coat-
ings- for Reinfotrced Concrete Structures" (in French), Proceedlngs
International. Symp051um ‘Adhesion between Polymers. & Concrete

Aix-en- Provence pp 177-182, France.

Results are presented- of studies on -coatings based on a commercial
system comprising coumarone/indene, polyester acrylate, and styrene.
Properties of the resin system, formulation in coatings, mastics and
resin-bound plasters, durability of the coatings obtained, and uses
(e.g. on industrial floors and roofs, building facades, agricultural
installations, etc.) are discussed.

Sokalska, A. 1986. "Usefulness of a New Bituminous Epoxy Paintrﬁqr
Protection of Concrete” (in Polish), Materiélyqudgwlane,—No. 11/12,
p 18, Warsaw, Poland.

The advantages of bituminous epoxy paint for concrete are discussed,
i.e. ease of production, long period of utilizationm, simplicity -of
application, and good: covering power on wet and dry concrete surfaces.

"Waterproofing in the Wet." 1986. ICI News for Industry, Vol 1,
No. -4, 5, ICI Speciality Chemicals, New Delhi, India.

A series of cement-based coatings for concrete and masonry, which may
be applied even in wet conditions, are briefly -described: They include
a waterproof coating, a flexible high-build acrylic emulsion, and a
nonshrink, nonslumping coating for repairing beams, etc.

"Cathodic Protection Coating -Composition." 1986. -Cfficial Gazette,
Vol 1073, No. 5, Washington, DC. ’

Cathodic protection systems for reinforced concrete structures comprise
a moisture-permeable -electrically conductive coating layer having a
predetermined resistivity and a source of DC energy -connected between
the reinforcing steel and the coating layer.

Clifton, J. R., and Godette, M. 1986. "Performance Tests for Graffiti
Removers," Cleaning Stone and Masonry, ASTM.-STP 935, pp 1l4-24,

American Society for Testing and Materials, Philadelphia, PA,

The defacing of the surfaces of masonry buildings with graffiti has
increased substantially -during the past decade, with removal cost
exceeding several hundred million dollars annually. An assortment of
materials have been used to remove graffiti with varying success. This
report discusses performance tests developed to- form a technical basis
for selecting -effective graffiti removers. Important considerations in
developing the tests and criteria for graffiti removers were effective-
ness in removing marks and effects on the appearance of masonry
substrates.

In developing performance criteria, "standard graffiti" were produced

by applying aerosol paints, crayons, lipstick, and felt-tip pens and

130




C-389

-C-390

G-391

Choudhary, M. M., et al. 1987 (Jan). "Epoxy Grouting Technique,"

markers to- the surfaces of brick, sandstone, limestone, and aluminum
specimens. The effectiveness of removers and their compatibility with

‘masonry substrates was determined by :comparing the color changes of

unmarked, -marked, and remover-treated masonry surfaces. Test methods
were also -developed to determine the ability of remcvers to migrate
into masonry.

1987

Indian_Concrete Jdgrnal, Vol 61, No. 1, pp 9-17, 22, Bombay, India.

Epoxy resins are often required for grouting cracks in concrete, open

joints in‘:masonry, and construction gaps in structures for strength-
ening. These synthetic adhesive materials require a special technique
for grouting. Thorough knowledge of site conditions and proper experi-
mentation are essential when selecting an epoxy system suitable for a

specific job. The detailed procedure of epoxy groutiug, special equip-

ment used, methods for determining efficacy of grouting, and typical
applicathns are described.

’Popov1cs, S., Ragendran, N. .and Penko, M. 1987 (Jan- Feb) "Rapid

Hardening Cements for Repalr of Concrete," ACI Mater1a1 Journal,
Vol 84, No. 1, pp 64-73, Detroit, MI.

This paper presents the results of an investigation on very rapidly
hardening -cements. Rapid hardening cements are those that can -develop
several thousand pounds per square inch compressive strength within a

few hours: Since these cements were developed just recently, very

little laboratory and even less practical experience have been obtained
with them. Therefore, this paper presents the results of a laboratory
investigation on four such cements. These cements are: 1. magnesium
phosphate cement for cold and regular weather use (MPC); 2. magnesium
phosphate cement for hot weather use- (MPH); 3. aluminum phosphate
cement (MAP); and 4. regulated set cement (RS). The presented investi-
gation concentrates on the strength development at early ages.

Ozyildirim, C. 1987 (Jan-Feb). "Laboratory Investigation of Concrete
Containing Silica Fume for Use in Overlays," ACL Materials Journal,

Vol 84, No. 1, Detroit, MI.

Hydraulic cement concretes containing silica fume were batched and
tested in the laboratory to assess their suitability for use in over-
lays having a minimum thickness of 1-1/4 in. (32 mm). Tests were made
for strength, permeability, and freeze-thaw resistance, and the charac-
teristics of air voids in the hardened concrete were determined by
petrographic examination. Concretes made with silica fume from two
sources at a cement replacement rate of 5 percent by weight and with a
water-cement ratio of 0.40 or lower yielded the properties desired for
thin overlays. It is thus expected that concretes made with silica

fume can provide a cost-effective protective -system for bridge decks
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when placed in overlays having a minimum- thickness of 1-1/4 in.
(32 mm).

Maslehuddin,; M., Saricimen, H., and Al-Mana, A. I. 1987 (Jan-Feb).
"Effect of Fly Ash Addition on the Corrosion Resisting Characteristics
of Concrete," ACI Materials Journal, Vol 84, No. 1, Detroit, MI.

Reports results of experiments evaluating the corrosion resistance of
plain and fly-ash concrete mixes. Variables were fly-ash additions of
0 to 20 percent as cement replacement and four -cement contents. Data
were developed both for constant -water-cement ratio and ¢onstant-work-
ability concrete mixes. The corrosion resistance of concrete samples
in which fly ash replaced an equal quantity of sand was also investi-
gated. Samples were immersed in a 5-percent sodium chloride solution
for more than 1,000 days, and corrosion resistance was evaluated by
monitoring the half cell potentials and measuring the corrosion rate of
embedded steel using electrochemical techniques.

Results show that additions of fly ash are effective in inhibiting cor-
rosion of reinforécing bars. The corrosion resistance of concrete sam-
ples in which fly ash was used as an sdmixture seems to be better than
those in which it was used to replace cement. The superior performance
of fly-ash éoncreté samples in inhibiting corrosion of reinforcing
steel is attributable to the densification of the cement-paste matrix
due to pozzolanic action in the fly-ash concrete mixes,

Noble, R. A. D. 1987 (Feb). "Digging Up the Past to Stop Problems in
the Future," Concrete, Vol 21, No. 2, pp 11-12, London, England.

This article discusses the use of bentonite to waterproof basements and
other concrete structures below ground level. Natural sodium bentonite
is expansive and swells up to 15 times its dry volume; forming. gel
that adheres tenaciously even to wet surfaces. Because the gel clings
naturally to- concrete, it is an ideal material for,prov1d;ng concrete
with its own waterproof skin.

Gustafson, D. P. 1987 (Feb). "Inspection and Acceptance of Epoxy-
Coated Reinforcing Bars," Concrete Construction, Vol 23, No. 2,

pp 197-201, Addison, IL.

‘Use of epoxy-coated reinforcing bars has become widespread in recent
years. A properly applied epoxy coating will provide protection for
reinforcing bars in bridge decks, pavements, parking garages, and other
structures exposed to chlorides. If the .coating is damaged, however,.
protection will be less effective. The article explains how to inspect
for damage, how to prevent damage at the jobsite, and how to repair the
damaged coating. ‘
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Holland, T. G.qrand Gutschow, R, A, 1987 (Mar). "Erosion Resistance
with Silica-Fume Concrete," Concrete International: Design & Construc-
tion, Vol 9, No. 3, p 32-40, Detroit, MI. -

The stilling basin of the Kinzua Dam-on the -Alleghcny River ir western
Pennsylvania and the low flow channel of the Los Angeles River in
southern California are two--concrete structures that have experienced
severe abrasion-erosion damage. Laboratory studies were performed to
evaluate several concrete mixtures that were being considered for
repairs on these structures.

These investigations showed that high-strength concrete, made with-
silica fume and local aggregates, would provide the greatest abrasion-
erosion resistance for the structures at a cost-effective price. Based
on these results, silica-funie concrete was used for the repairs on both
structures. inspect;on of the Kinzua Dam stilling basin has. indicated
that the concrete is performing as intended. Because of the nature of
the abrasion-erosion-causing mechanism, performance evaluation of -the
concrete placed in the Los Angeles- River low flow channel -will require
a longer time.

Vacha, A. 1987 (Mar). "Geomembranés Defeat Moisture in Pavements;"

‘Roads & Bridges, Vol 25, No. 3, pp 48-49, Des Plaines, IL.

Transportation agencies have studied extensively the possibility of
prolonging pavement life with the -use of geomembranes. Geomembranes
are impermeable membrane liners and barriers used for geotechnical
projects, usually made from- synthetic polymers, extruded to form a
film. Geomembranes minimizes .wisture content in underpavement soil and
are being used in Texas, Penns vania, and other states. Substantial
research on physical properties, pfocédures, and specifications has
been done by manufacturers anc "ndependent industry experts. Article
presents discussion of some experimental sites.

"Elastomeric Sealants Fill Gap in Southwest." 1987 (Mar). Roads &
Bridges, Vol 25, No. 3, pp 74-75, Des Plaines, JL. '

New advances in sealants and their application equipment have led to
renewed emphasis on crack sealing by street maintenance officials, a
practice once dismissed as unﬂecessary or ineffective. As a result,
street and highway surfaces once in need of reconstruction are gaining
new life. The key to the change is -the availability of elastomeric
sealants that claim to provide solid bonding to pavement surfaces while
expanding and contracting with climatic conditions. By eliminating the
need for frequent retreatment, the process allows street crews to keep
up with repairs to the point where major problems can be nearly
eliminated.

Bradbury, H. W. 1987 (Mar). ™Grouts and Grouting," Civil Engineering,
PP 39-40, 42, London, England. ’

An introduction to grouts, injection of appropriate materials into
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soils, rocks, or man-made structures to impart strength and stability,
to reduce permeability, and to fill voids, is presented. Advantages to
using grouts are -outlined. The different types and classes of grouts
are explained as are the divisions of the cementitious grouts. The
article emphasizes the importance of accurately selecting the best
grout for .each application.

Yogéndran, V., Langan, B, W., Haque, M. N., and Ward, M. A. 1987 (Mar-
Apr). "Silica Fume in High-Strength Concrete," ‘ACI Materials Journal,
Vol 84, No. 2, Detroit, MI.

The efficiency of silica fume in influencing the strength of high-
strength concrete was studied at different water-cementitious ratios
-and- dosages of silica fume. The results suggest that the optimum
replacement of cement by silica fume in high-strength concrete, 50 to
70- MPa (7,500 to 10,500 psi) at 28 days, is 15 percent. Furthermore,
the effect .of silica fume -decreases with increasing cement content and
decreasing water-cementitious ratios. At a cement content of 500 kg/m®
(840 1b/yd®) and a water-cementitious ratio of 0.28, it was not possi-
ble to increase the strength of concrete using silica fume to replace
cement. In addition, normal levels of air entrainment were required
even: in the highest strength mix to ensure adequate performance in
rapid freeze-thaw testing.

"Silica Fume in Concrete,™ 1987 (Mar-Apr). ACI Committee 226, ACI
Materials Journal, Vol 84, No. 2, Detroit, MI.

Silica fume is a by-product resulting from the reduction of high-purity
quartz with: coal in electric arc furnaces in the manufacture of silicon
and ferrosilicon alloys. This report briefly describes the physical,
chemical, and pozzolanic properties of silica fume. Methods of using
silica fume in concrete are mentioned, and the properties of fresh and
hardened concrete incorporating it are described. The durability -of
silica-fume concrete is- discussed, and the limitations of its use in
coficrete are outlined. The report is concluded by listing research
needs.

Marschall, J., and Milstein, F. 1987 (Mar-Apr). "Therﬁal,Degrgdationf‘
of Polymer Concrete," Construction_and Building Materials, Vol 1,
No. 1, pp 14-18, Surrey, England. ’ _

Polymer concrete (in which polymers, rather than cements, are used as
‘binders of aggregate materials) are being used in an increasingly wide
variety of applications. A relatively simple experimental procedure
for evaluating the thermal degradation of polymer concrete is
described, and the results of testing two distinct polymer concretes
(one based on methyl methacrylate and the other on a polyester) are
presented. Thermal degradation was determined by measuring the weight
loss. experienced by samples exposed to various temperatures for -differ-
ent times. In addition, each sample was given a subjective structural
integrity rating on a scale 6£ A to D (where A and D, respectively,
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indicate no observed loss of structural integrity and complete loss of
cohesion).

C-402° "Sharp Chemical Develops Polysulfide-Based Paint with High Solid Con-
tent."™ 1987 ‘(Apr), Comline :Chemicals and Materials, Tokyo, Japan.

Sharp- Chemical Industry Co., Ltd., a sealing material manufacturer, has
developed and begun .sample shipment of "Thiocoat," apparently the first
polysulfide-based paint to be developed to date. The product is a
single-component paint with a high solid content of 80 percent. -Con-
taining no plasticizers, it has excellent weatherability, excellent
chemical resistance, and a predicted durability of 10-15- years.

The company plans to develop the paint for use in corrosion resistant
coatings for concrete structures, utilizing the flexibility of the sub-
stance to effectively seal cracks occurring in concrete. The paint is
easy :to work with as it has & low solvent content of 20 percent and is
a single-component type. The price is 1,000 yen per kilogram.

C-403 Higgins, R. J. 1987 (Apr). "Fusion Bonded Epoxy Powder Coating Chosen
for Rebar Protection in Prestigious New Development in Dubai," Anti-
Corrosion Methods and Materials, Vol 34, No. pp 14-15, London, England.

Fusion bonded: epoxy (FBE) powder coated rebar has at last come of age
in the Gulf region. The prestigious new Diwan complex has specified
FBE coated rebar. FBE powder coating offers the design engineer the
concept of ’total protection’ of the rebar against corrosive elements
which. may penetrate concrete -exposed to hostile conditions. The trend,
in reinforced concréte design and construction practices, -toward
greater recognition of the potential problems- 6f rebar corrosion, and a
commitment to preventative measures, all undoubtedly give a permanent
place to FBE coating technology in the field of design for maintenance-
free concrete structures for the future, even in the most hostile of
environments.

C-404 "Andek Chemical Introduces Néw Urethane Adhesive for Industrial and
Construction Applications." 1987 (May), Andek Chemical Corp.

Andek Chemical Corporation, a «division of 3 E Group, has introduced
‘Andek 950, a high solids, moisture curing, urethane adhesive for indus-
trial and construction applications. Laminating applications require
that -‘Andek 950 is applied to one surface only and placed under pressure
for only 45 minutes before stacking. During the curing stage, Andek
950- swells