[image: image1.png]TABLE 6-6 TYPICAL COMPOUND COMPOSITION OF VARIOUS TYPES OF PORTLAND

CEMENT AVAILABLE IN THE UNITED STATES

Compound composition range (%)

ASTM type General description CS .S CA C,AF
1 General purpose 45-55 20-30 8-12 6-10
11 General purpose with moderate 40-5 25-35 5-7 6-10
sulfate resistance and moderate
heat of hydration
1 High early strength 50-65 15-25 8-14 6-10
v Sulfate resistant 40-50 25-35 0-4 10-20
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Fig. 1.3 Typical development of hydration of pure compour]djf;f’"‘/f
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l Fig. 1.4 Rate of evolution of heat of Portland cement with a water/cement ratio of 0.4
' The first peak of 3200 J/s kg is off the diagram





[image: image3.jpg]Table 1.2 Usual Composition Limits
of Portland Cement

Oxide Content, per cent

Ca0 60-67
Si0, 17-25
Al,04 3-8

F920‘3 0.5-6.0
MgO 0.5-4.0
Alkalis (as Na,0)  0.3-1.2
S0; 20-35

Table 1.3 Oxide and Compound Compositions of a Typical Portland
Cement of the 1960s’*

Hence, calculated compound
Typical oxide composition composition (using formulae
per cent of p. 9). per cent
Ca0 63 CiA 108
S$i0, - 20 Cs8 54.1
A0, 6 C.S 166
Fe 04 3 C4AF 9.1
MgO 11 Minor compounds —_
S0 2 -
K20 } 4
Na,0
Others 1
Loss on ignition 2

Insoluble residue 3
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Figure 2-5 Scanning
electron micrograph of
typical hexagonal crystals of
monosulfate hydrate and
needlelike crystals of
ettringite formed by mixing
calcium aluminate and
calcium sulfate solutions.
(Courtesy of F. W. Locher,
Research Institute for Cement
Industry, Dusseldorf, Federal
Republic of Germany.)
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Figure 2-14 (a) Scanning
electron micrograph of the
calcium hydroxide crystals in
the transition zone. (b)
Diagrammatic representation
of the transition zone and
bulk cement paste in con-
crete. [Photograph courtesy
of P. Monteiro, diagram
courtesy of C. Normand,
University of California,
Berkeley.]
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[image: image7.jpg]Table 1.7 Hear of Hydration Developed After 72 Hours at Different Temperatures' 30

e
Heat of hydration developed at:

Cement

Type 4.C(40 F) 24°C(75°F) 32°C (90°F) 41°C(105°F)
R —— _— _ _—
Jig callg JIg callg Jig callg Jlg callg
! 154 36.9 285 ' 68.0 309 739 335 80.0
I 221 529 348 832 357 85.3 390 932
v 108 257 195 46.6 192 458 214 51.2

—
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e
Compound Heat of hydration
_—
Jlg callg
e
CsS 502 120
C,S 260 62
CiA 867 207
C4AF 419 100

f Hydration of Pure





[image: image9.jpg]Figure 2-2 Microstructure
of a hydrated cement paste.
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2000 Figure 4-2 Typical stress-
strain behaviors of cement
paste, aggregate, and con-

| J crete. (Based on T. C. Hsu,
& B0 2000 3000 ACI Monograph 6, 1971,

Strain , 107® p. 100.)

 The properties of complex composite materials need not be equal to the sum of the proper-
% Iixvof the components. Thus both hydrated cement paste and aggregates show linear elastic
roperties, whereas concrete does not.
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Figure 4-3 Diagrammatic representation of the stress-strain behavior of concrete under
uniaxial compression. (Based on J. Glucklich, Proc. Int. Conf. on the Structure of Con-
crete, Cement and Concrete Association, Wexham Springs, Slough, U.K., 1968, pp. 176-85.)

The progress of internal microcracking in concrete goes through various stages, which de-
pend on the level of applied stress.
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Figure 4-1 Influence of shrinkage and creep on concrete cracking. (From a presentation
by J. W. Kelly at the Associated General Contractor’s meeting in San Francisco, June 20,
1963.)

Under restraining conditions in concrete, the interplay between the elastic tensile siresses
induced by shrinkage strains and the stress relief due to creep strain is at the heart of defor-
mations and cracking in most structures.





