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PREFACE

Today, more than ever before, the civil engineer is required to give
thought and time to the problems of concrete making and utilization.
The results accomplished in the field by the construction engineer and the
concrete inspector depend upon their knowledge of concrete and of the
materials from which it is made. Satisfactory designs of structures are
dependent to a considerable extent upon the familiarity of the design
engineer with the desirable and the undesirable characteristics of concrete.

The beginner may feel somewhat perturbed on undertaking his study
of concrete because seemingly indefinite factors in the manufacturing
process apparently tend to yield a product of somewhat indefinite
properties. Be it said, however, that improved methods of testing and
inspection are resulting in the control of the qualities of concrete within
more and more well-defined limits.

Although the rapid advance during the last three decades in the use
and knowledge of concrete has made a detailed study of this material
quite extensive, there are certain simple principles which have been
developed and which can be set down for the guidance of the beginner.

This text and manual is designed as a guide to the student in a compre-
hensive course in the study of plain concrete. Part I is a descriptive
text in which sufficient information is provided so that he can intelligently
understand the many factors having a bearing on the proportioning,
production, testing, and control of plain concrete. Much of this informa-
tion has appeared in publications of various technical societies and associ-
ations but has been selected and condensed here to make it more useful
to the student. It may well serve as a guide to the practicing engineer
in selecting and using the cement, fine aggregate, coarse aggregate, and
admixtures for a given structure. It covers the proportioning and mix-
ing of these materials, as well as the placing and curing of the concrete,
to produce & finished product of suitable and predictable quality and
economy.

Several chapters are devoted to the properties of concrete, their
significance, and how they are affected by the many steps involved in the
fabrication of the product. Attention is given not only to ordinary
concrete as used in building and bighways made of ordinpry-aggregates
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iv PREFACE

but also to the problems involved in mass concrete, lightweight and
heavyweight concrete, and other special concretes.

Competent inspection is essential for the attainment of the best results.
Hence the problems of the inspector and information on the usual records
that he must keep are included.

Part II comprises instructions for tests that have been selected to
illustrate as efficiently as possible the most important facts and prmclples
connected with the use of cement, aggregate, and concrete.

It is intended that by his laboratory work the student will become
familiar with the nature and properties of concrete as well as with the
methods of testing cement, aggregate, mortar, and concrete. By follow-
ing the instructions given herein and by referring to published standards,
he should gain familiarity with current specifications for cement and
concrete. Through a study of his test results, supplemented by a study
of data given in the text, he should come to recognize the properties of
these materials and to distinguish between satisfactory and defective
samples. It is hoped that by the combination of these exercises he will
acquire a thorough understanding of the factors which contribute to the
production and control of quality concrete. By summarizing his work
in written form, the student will obtain practice in the formulation of
engineering reports.

Appendix I is & list of references, classified by subject. Brief comments
indicating the scope and content of a work are given under some of the
items. Throughout the text, references to sources of data or suggestions
as to material for further study are made by use of numbers in brackets,
which numbers refer to the corresponding bibliographical item listed in
Appendix I. Reference to ASTM specifications and methods of testing
are made by indication of the ASTM Serial Designation in brackets.

This work includes information from many sources, and the authors
have endeavored to give credit where it is due. Special acknowledgment
is given to the Portland Cement Association, the American Concrete Insti-
tute, the American Society for Testing Materials, and the U.S. Bureau of
Reclamation for permission to use material from their publications.

GEORGE EARL TROXELL
HarMER E. Davis
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CHAPTER 1

THE NATURE OF THE PROBLEM

1.1. Composition of Concrete. Concrete is a composite material which
consists essentially of a binding medium within which are embedded parti-
cles or fragments of a relatively inert mineral filler. In portland-cement
concrete the binder or matrix, either in the plastic or in the hardened
state, is a combination of portland cement and water. The filler mate-
rial, called ““aggregate,” is generally graded in size from a fine sand to
pebbles or fragments of stone which, in some concretes, may be several
inches in diameter.

In practical concrete mixtures, the over-all proportions of these princi-
pal components, the binder and the aggregate, are controlled by the

L PORES -> 50L10S
AIR AND CEMENT AGGREGATE
FREE HYDRATED CEMENT
WATER COMBINED WATER FINE COARSE
L-VARIABLE, DEPENDING tARBlTRARY DIVISION BETWEEN FINE AND
UPON DEGREE OF COARSE AGGREGATE; ABOUT 3/16-INCH
REACTION BETWEEN DIAMETER.

CEMENT AND WATER,
AND UPON EXPOSURE.

L———‘ CEMENT PASTE BINDER L INERT MINERAL FILLER ———-————'—*l

Fia. 1.1. Composition of concrete.

requirements that, (1) when freshly mixed, the mass be workable or
placeable, (2) when the mass has hardened, it possess strength and dura-
bility adequate to the purpose for which it is intended, and (3) cost of
the final product be a minimum consistent with acceptable quality. A
diagrammatic representation of the composition of concrete of the pro-
portions used in construction is gshown in Fig. 1.1

The aggregate occupies roughly three-quarters of the space within a
given mass. For convenience, particles smaller than about 3{¢ in. in
diameter are designated as fine aggregate or sand. Natural coarse aggre-
gates may consist of gravel or crushed stone. Qther materials employed

3



4 COMPOSITION AND PROPERTIES OF CONCRETE

as aggregates include slag, cinders, and artificial lightweight aggregates
made of burned clay or shale. :

The space not occupied by aggregate, roughly one-quarter of the entire
volume of an average concrete, is filled with cement, water, and air voids.
After concrete has been placed, even though it has been compacted with
considerable thoroughness, some entrapped air remains within the mass.
In a freshly made and compacted concrete of suitable proportions, the
volume of unavoidably entrapped air is comparatively small, usually not
over 1 or 2 per cent. For particular purposes, however, there has devel-
oped in recent years the practice of incorporating in the mixture special
air-entraining agents, with the result that small air voids, amounting
sometimes to several per cent of the volume of the mass, are distributed
throughout the paste.

The solid portion of hardened concrete is composed of the mineral
aggregate, some of the original cement, and a new product formed by
combination of the remainder of the cement with some of the water.
After any period, the amount of free water left depends upon the extent
of combination of cement and water, and upon possible loss of water
from the mass due to evaporation under drying conditions.

1.2. Functions of the Paste and Aggregate. The binder material, the
cement-water paste, is the active component of concrete and has two
main functions: (1) to fill the voids between the particles of the inert
aggregates, providing lubrication of the fresh, plastic mass and water
tightness in the hardened product, and (2) to give strength to the con-
crete in its hardened state. The properties of the hardened paste depend
upon (1) the characteristics of the cement, (2) the relative proportions of
cement and water, and (3) the completeness of chemical combination
between the cement and water. This chemical process is often referred
to as ‘“hydration,” although other processes are undoubtedly involved.
Hydration of the cement requires time, favorable temperatures, and the
presence of moisture. The period during which concrete is definitely
subjected to favorable temperature and moisture conditions is known as
the “curing’’ period. Curing periods varying from 3 to 14 days are
commonly used on construction work. In the laboratory, a common
curing period is 28 days. Adequate curing is essential for the production
of quality concrete.

The aggregate has three principal functions: (1) to provide a relatively
cheap filler for the cementing material; (2) to provide a mass of particles
which are suitable for resisting the action of applied loads, abrasion, the
percolation of moisture, and the action of weather; and (3) to reduce the
volume changes resulting from the setting and hardening process and
from moisture ehanges in the cement-water paste. The properties of
concretes resulting from the use of particulat aggregates depend upon



