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Foreword 
The First International Conference on Building Materials and Com­

ponents was held in Ottawa, Ontario, Canada, 21-23 August 1978. The 
symposium was sponsored by Committee E-6 on Performance of Building 
Constructions and Committee G-3 on Durability of Nonmetallic Materials 
of the American Society for Testing and Materials, National Research 
Council of Canada, National Bureau of Standards, and Reunion Inter­
national des Laboratories d'Essais et de Recherches sur les Materiaux et 
les Constructions. P. J. Sereda and G. G. Litvan, National Research 
Council of Canada, presided as chairmen of the symposium and editors 
of this publication. 
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Preface 

Durability is today at once a vital but singularly complex feature in mod­
ern building. The ability to predict the service life—the durability—of a nevf 
building material is being ardently sought after in many parts of the world. 
Widespread efforts are correspondingly being made to increase the durability 
of materials already in wide use. All this work will be increasingly necessary 
as the factors tending to diminish durability steadily become more serious in 
intensity and distribution. Any estimate of the economic losses resulting from 
failures in durability lead inevitably to dollar figures so astronomically large 
that they are usually regarded with incredulity. 

This volume of papers is, therefore, a singularly valuable document and a 
worthy addition to the publications of the American Society for Testing and 
Materials. It is fitting that the volume should be published by ASTM since 
much of the work of this Society throughout its more than eighty years has 
been devoted to the durability of materials and to the development of useful 
testing methods. Problems of durability affect the use of almost all materials 
used in engineering so that the relevant interest within ASTM is society-wide. 
The problems of durability in building, and with all types of building mate­
rial, are especially serious. It is, therefore, natural that ASTM Committee 
E06 should have been one of the sponsors of the Conference of which this 
volume constitutes the Proceedings. The joint sponsors serve to emphasize 
the international interest in durability (RILEM) and the concerns of active 
research organizations (National Research Council Canada and National 
Bureau of Standards). 

This is believed to be the first international collection of papers on dura­
bility yet to be published, the contributions from twenty countries making it 
a truly impressive survey of current work and thinking. Earlier meetings with 
more restrictive coverage have naturally been held, such is the long-standing 
interest in durability. One may be mentioned, a symposium held in Boston, 
Mass., 20 years ago, under the auspices of the same ASTM Committee 
Xthen known as E6). The few papers then presented were published by the 
Society as Special Technical Publication No. 236 (1958). Comparison of that 
slim volume of 67 pages with this book will demonstrate vividly the advances 
made in the intervening years. 

The history of man's concern with durability and his desire to "do some­
thing about it" is, in itself, a fascinating story. It was significant that in two 
of the more general talks at the Ottawa Conference, statements on durability 
made two thousand years ago by Vitruvius were cited, typical of references in 
the records of the masterbuilders down through the ages. One hundred years 
ago, in 1880, Dr. A. Geikie presented a paper to the Royal Society of Edin­
burgh on "Rock Weathering as Illustrated in Edinburgh Churchyards," on 



tombstones! Dr. Geikie was concerned, in his day, with atmospheric in­
fluences. What would he have thought of the "smog" which fouls some cities 
of today? The blight of air pollution provides a background for many of the 
papers in this volume, as it did also in the formal and informal discussions at 
the Ottawa meeting. This is, therefore, not only a useful record of a good 
conference but a continuing challenge to all its users to do what they can in 
reducing this threat to the environment. 

12 March 1980 R. F. Legget 



Contents 

Preface—R. F. LEGGET vii 

Introduction 1 

GENERAL ASPECTS OF DURABILITY 

Background and Principles of Long-Term Performance of Building 
Materials—s. E. PIHLAJAVAARA 5 

The Meaning of Durability and Durability Prediction— 

GEOFFREY FROHNSDORFF AND L. W. MASTERS 17 

Design Determines Durability—G. K. GARDEN 31 

Durability of Materials and Construction—j. H. KEYSER 38 

Influence of Durability on Material Consumption and Strategy 
of Building Industry—p. c. F. BEKKER 56 

The Owner/Tenants Interest in Unifying Durability Data— 
D. P. VAN COURT 71 

Belgian Requirements About Buildings Service Life—CHAOUL AMMAR 

AND MARIUS LONGUET 77 

Methodologies for Assessing Durability of New Materials and 

Components in Building—E. FARHI 91 

The Performance with Time of Components—j. F. S. CARRUTHERS 98 

Appraisal of Durability of Organic Materials and Components— 
The Australian View—K. G. MARTIN 106 

Examination of Durability Test Methods for Building Materials 
Based on Performance Evaluation—T. NIREKI 119 

Durability of Some Common Building Materials—w. H. GUTT AND 
L. H. EVERETT 131 

Weather and the Deterioration of Building Materials—D. W. BOYD 145 



Theoretical Air Pollution and Climate Effects on Materials 
Confirmed by Zinc Corrosion Data—F. H. HAYNIE 157 

COMPOSITE SYSTEMS 

Durability of Composite Materials as Influenced by Different 
Coefficients of Thermal Expansion of Components— 
S. D. VENECANIN 179 

Concrete Overlays for the Protection of Reinforced Concrete Against 
Corrosion—D. G. MANNING AND B. CHOINACKI 193 

Durability of Post-Tensioned Concrete Beams Exposed to Severe 
Natural Weathering—E. F. O'NEIL 206 

Evaluation of Terra Cotta on In-Service Structures— 
J. G. STOCKBRIDGE 218 

High-Humidity Buildings in Cold Climates—A Case History— 
R. G. BRAND 231 

NBS Solar Collector Durability/Reliability Program— 
E. R. STREED AND DAVID WAKSMAN 2 3 9 

CEMENTITIOUS MATERIALS—CHEMICAL ATTACK 

Microstructure of Concrete in Aggressive Environments— 

M. REGOURD, H. HORNAIN, AND B. MORTUREUX 253 

Durability of Cement Mortars and Concretes—UDO LUDWIG 269 

Durability Studies at the Portland Cement Association— 
PAUL K L I E G E R 282 

Possibilities for More Precise Evaluation of the Resistance of 
Concrete to an Aggressive Medium—IAROMIR JAMBOR 301 

New Accelerated Methods for Predicting Durability of Cementitious 
Materials—R. F. FELDMAN AND V. S. RAMACHANDRAN 313 

Effect of Mineral Fillers on Sulfate Resistance of Portland Cement 
Mortars—i. SOROKA AND N. SETTER 327 

Performance Tests for Sulfate Resistance and Alkali-Silica Reactivity 
of Hydraulic Cements—p. K. MEHTA 33( 



Durability of Bauxite-Waste Pozzolana Cement Concrete— 
A. A. HAMMOND 346 

Depth of the Corroded Zone in Concrete Exposed to Carbonic 
Acid—HELMUTH FRIEDE 355 

Influence of Blast-Furnace Slag on the Durability of Cement 
Mortar by Carbonic Acid Attack—Problems Connected 
with Tests on Corroded Specimens—YAKUT EFES 364 

Estimation of Ground Water Corrosion of Concrete Sewer Pipes 
in the Hutt Valley, New Zealand—D. A. ST. IOHN AND 
H. R. PENHALE 3 7 7 

Deterioration of Concrete in Fertilizer Factories—DINESH MOHAN 

AND MOHAN RAI 388 

Concrete Corrosion in a Nitrogen Fertilizer Plant— 
VELIMIR UKRAINCIK, DUBRAVKA BJEGOVIC, AND 

ANDRIJA DJUREKOVIC 397 

Effect of Air on the Hydraulic Conductivity of Concrete— 
O. E. GJORV AND K. E. LOLAND 410 

Discussion 419 

CEMENTITIOUS MATERIALS—FREEZE-THAW DURABILITY 

Ice Formation in Hardened Cement Paste—I. Mature Water 
Saturated Pastes—CARL LE SAGE DE FONTENAY AND 
E. J. SELLEVOLD 425 

Ice Formation in Hardened Cement Paste—II. Steam Cured Pastes 
with Variable Moisture Contents—D. H. EAGER AND 

E. J. SELLEVOLD 439 

Freeze-Thaw Durability of Porous Building Materials—G. G. LITVAN 455 

Improving the Durability of Concrete to Freezing and Deicing 
Salts—ALFRED ROSLI AND A. B. HARNIK 464 

Combined Influence of Freezing and Deicing Salt on Concrete— 
Physical Aspects—A. B. HARNIK, ULRICH MEIER, AND 

ALFRED ROSLI 474 

Discussion 484 



The Effects of a Deicing Agent on the Absorption and Penneability 
of Various Concrates—CAMERON MACINNIS AND 
Y. R. NATHAWAD 485 

Durability of Carbonate Rocks as Function of Their Thermal 
Expansion, Water Sorption, and Mineralogy—p. p. HUDEC 497 

Freeze-Thaw Durability of Nonair-Entrained High Strength 
Concretes Containing Superplasticizers—s. M. KHALIL, 

M. A. WARD, AND D. R. MORGAN 509 

Application of One-Cycle Freeze Tests for the Evaluation of 
Frost Resistance of Concrete—JAN RIGAN 520 

Frost Action in Mortar of Blended Cement with Silica Oust— 
AUD TRAETTEBERG 536 

Durability Studies of Sulfur Concrete—i. E. GILLOTT, I. I. JORDAAN, 
R. E. LOOV, AND N. G. SHRIVE 549 

Cooperative Test Program for Precast Concrete Paving 
Elements—G. G. LITVAN, CAMERON MACINNIS, AND 

p. E. GRATTAN-BELLEW 560 

CEMENTITIOUS MATERIALS—MECHANICAL EFFECTS 

Influence of Changes in Temperature on Properties of Cellular 
Concretes—F. KRUML 577 

An Approach to Link Shrinkage and Creep of Hardened Cement 
Paste by a New Evaluation Method—M. J. SETZER 584 

Damage to Plain Concrete Under Cyclic Compressive Loading— 
H. WEIGLER AND D. KLAUSEN 593 

AGGREGATES 

Effect of Microstructure and Composition of Limestone, Marble, 
Basalt, and Quartzite Aggregate on Concrete Durability 
in Presence of Solutions of Calcium Chloride and Magnesium 
Sulfate—J. E. GILLOTT 605 

Influence of Basalt Aggregate on Concrete Durability—w. F. COLE 
AND F. D. BERESFORD 617 



Effect of Deicing Salts on Deterioration and Dimensional 
Changes of Carbonate Rocks—p. p. HUDEC 629 

SEALANTS 

Durability and Aging of Sealants—p. G. BURSTROM 643 

New Testing Methods for Sealants—K. K. KARPATI 658 

Comparison of National Specifications for Silicon Sealants— 
J. M. KLOSOWSKI 670 

Fatigue and Movement Capabilities of Field-Molded Sealants— 
YOICHI MATSUMOTO, TADASHI ONO, AND TOSHIO MARIUCHI 678 

PAINTS 

Performance Characterization of Exterior Metal Paints— 
RAYMOND TOOKE, JR. 689 

Alteration in Properties of Organic Coatings for Buildings Due 
to the Leaching Process—D. Y. PERERA AND 

D. VANDEN E Y N D E 698 

Emulsion-Based Paint Systems for Wood—o. c. VORSTER 711 

Selection of Paints and Coatings Used in Civil Engineering and 
for Road Safety—A. M. SERRES 721 

Durability of Colorants for Plastic Building Products—T. B. REEVE 731 

ROOFING MATERIALS 

Durability of Bituminous Built-Up Roofing Membranes— 
C. G. CASH 741 

Limitations of Present Test Methods for Roofing Materials— 
H. O. LAALY AND P. J. SEREDA 755 

Durability of Stabilized Roofing Asphalt—An Investigation of 
Weather-Ometer Versus Outdoor Exposure—D. A. DAVIS 

AND E. I . BASTIAN, JR. 767 

Quantitative Freezing and Thawing Parameters for Composite 
Roof Decks—B. j . DEMPSEY 779 



A Theory for Blistering and Alligatoring in Asphalt Bitumen 
Built-Up Roofs—A. C. MACNAUGHTON 792 

Developments in Test Methods for Rubberized Asphalts— 
R. E. MELLEY 801 

PLASTICS 

Some Aspects of the Durability of Plastics in Building— 

J. R. CROWDER 811 

Discussion 825 

Deterioration Mechanisms in Weathering of Plastic Materials— 
A. BLAGA 827 

Durability Studies on Polymer Materials Used Externally in 
Building—p. EURIN, R. COPE, I. C. MARECHAL, AND G. ROUX 838 

Effects of Titanium Dioxide on the Weatherability of Thermoplastic 
Polymers—GETHER IRICK, JR., I. S. ZANNUCCI, I. C. OWNBY, 

AND R. H. S. WANG 853 

Development of Testing Techniques for Aging of Plastics in 
Buildings Due to Natural and Artificial Weathering— 
HERMANN PFEIFER 863 

Accelerated Weathering Test for Glass-Fiber Reinforced Polyester 
(GRP) Sheets—R. S. YAMASAKI AND A. BLAGA 874 

An Assessment of the Degradation Effects of South African Weather 
Conditions on Organic Building Materials—R. E. CROMARTY, 

H. W. AHRENS, G. S. VAN EEDEN, AND B. ZAHRADNIK 890 

Exponential Aging of Certain Plastics—F. R. LANDI 904 

WOOD 

Precision of Rate-Process Method for Predicting Durability of 
Adhesive Bonds—M. A. MILLETT, R. H. GILLESPIE, AND 

A. J. BAKER 913 

Effect of Accelerated Aging on Tensile Perpendicular-to-Glueline 
Strength of Glued-Laminated Beams—M. D. SANDOE, 

F. J. KEENAN, F . C. BEALL, AND S. P . FOX 924 

Discussion 934 



Durability of Structural Particleboard Evaluated by Repetitive 
Loading Tests—MOTOAKI OKUMA, TSANN-HUIE LIN, AND 

SHIGEKI ONUKI 935 

Prelaid Particleboard Flooring in New Zealand—j. i. FRY AND 
R. S. WHITNEY 946 

Effects of a Cold-Dip Treatment on Natural Durability of Wood-
Base Building Materials Against Decay and Dimensional 
Change—POO CHOW AND J. W. GERDEMANN 959 

The Resistance of 85 Ghanaian Hardwood Timbers to Damage by 
Subterranean Termites—J. K. OCLOO AND M. B. USHER 972 

Corrosion of Metal in Wood Products—A. j . BAKER 981 

CORROSION OF METALS—ORGANIZATION 

Corrosion of Metals—State of Organization in the Field— 
H. P. GODARD 997 

SUMMARY 

Summary 1015 

Index 1025 




