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SYNOPSIS

This report gives the results of a study of the use of fly ash
from the St. Clair and Conners Creek stations of the Detroit Edison Company
in nonair-entrained concrete. Previous reports have dealt with the use of
fly ash from these stations in air-entrained. concrete. -

The strengths of comparable mixes made with the St. Clair and with
the Conners Creek fly ashes are very close, indicating that there may be no
appreciable difference in the effect of the two fly ashes on the compressive
strength of nonair-entrained concrete up to 28 days of age. As in the earlier
studies with air-entrained concrete, fly ash in lean mixes improves the
strength over lean, plain cement miXes at early ages, while the fly ash -
in the richer mixes tends to depress the strength somewhat.

The fly ash suppresses the already small amount of air entrained
in this concrete, thus making it more susceptible to frost action if exposéd
to weathering. Data to support this conclusion are not contained herein but
will be reported separately. Mention of this is made here, however, as an
important precaution in the use of nonair-entrained fly-ash concrete.

The strength of Jjob concrete should not be predicted from the data

contained in this report unless suitable safety factors are utilized to com=-
pensate for possible field variations in proportioning, mixing, and curing.
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OBJECTIVE

The purpose of this investigation is to study the properties of
fly ash and concrete containing fly ash. The specific purpose of the phase
of the research covered by this report is to determine the effect of fly ash
from the St. Clair and Conners Creek stations of the Detroit Edison Company
in nonair-entrained concrete, as indicated by workability, compressive strength,
and volume change.

It is anticipated that the results of this investigation will

provide useful information for those interested in the use of fly ash in
portland-cement concrete.
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INTRODUCTION

This report on the use of Detroit Edison Company fly ash covers
the use of such ash from the St. Clair and Conners Creek power plants in
nonair-entrained concrete. The data presented herein were developed in
laboratory studies performed by the Engineering Research Institute of the
University of Michigan, pursuant to a contract between the Institute and
the Detroit Edison Company.

As in the preceding reports on air-entrained concrete contain-
ing fly ash, this report contains only ‘data from compressive-strength
tests up to 28 days of age. Results from compressive=-strength specimens
for testing at 90 days and one year and from volume-change bars will be
given in a later report.

Some matter pertaining to test procedures which was covered
previously will be omitted here to avoid repetition.

This report is concerned with the use of St. Clair and Conners
Creek fly ashes in nonair-entrained concrete exclusively., It is recom=-
mended that this concrete be used only where it will not be exposed to
freezing action in the presence of moisture.

MIX DESIGN

The mix-design procedure was ildentical with that used in the
previous studies of fly ash in concrete. Increased stone contents over
those recommended by the American. Concrete Institute for use in normal
concrete were again employed in the fly-ash mixes to take full advantage
of the plasticity of the mortar constituent provided by the addition of
fly ash.

Concrete with cement contents ranging from 3.0 to 6.5 sacks
per cubic yard of concrete was investigated. Cement contents were se=-
lected so that in most cases, a comparison could be made with the air-
entrained concrete containing fly ash, the results of which were previously
reported. St. Clair fly ash in four ash contents for 3.5=, 4.5-, and
5 5= sack mixes was used. Four ash contents of Conners Creek fly ash
were used in mixes with 4.0, 5.0, and 5.5 sacks of cement per cubic yard.
Mixes containing 6.5 sacks of cement without fly ash were made for com-
parison. In addition, mixes were made with four different amounts of
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St. Clair fly ash and 3.0 sacks of high~early=-strength cement per cubic
yard.

The "Recommended Practice for Selecting Proportions for Concrete"
(ACI 613-54), the standard of the American Concrete Institute, was again
used as the design basis for mixes containing no fly ash and was modified
for use as the design basis for the fly-ash mixes.

MATERTALS

The concrete materials were the same as those used previously,
with the exception of the cement. The series was started using the same
cement as was used in the previous series with St. Clair fly ash in air=-
entrained concrete. This cement was a blend of equal amounts of Huron,
Peerless, and Wyandotte brands. Near the end of the making of the batches
it was necessary to order additional cement. Due to labor troubles and the
high demand for cement during the spring, it was not possible to obtain
Wyandotte cement from suppliers in the Ann Arbor area. Thus, it was de~
cided to substitute Peninsular cement. The results do not indicate that
this substitution caused any noticeable difference in the concrete.

High=-early=-strength cement was used for one group of mixes.
This consisted of a blend of equal amounts of Aetna, Huron, and Peerless
brands. The results of chemical and physical tests of this cement are
shown in the appendix.

The other materials were the same as previously reported, name-
ly, one-inch maximum-size natural-gravel coarse aggregate, natural sand
having a fineness modulus of 3.0, and fly ash from the St. Clair and
Conners Creek stations. The fly ashes were from the same drums as those
used in the study of fly ash in air-entrained concrete, and the analyses
of these ashes have been presented in the reports on their use in air=-
entrained concrete.

FABRICATION OF SPECIMENS AND TEST PROCEDURES

The methods of mixing, molding, curing, and testing remained
the same as in the previous series with St. Clair fly ash in air-entrained
concrete. The paraffined cardboard molds were again removed from the cy-
linders approximately 24 hours after molding, just prior to placing the
cylinders in the moist-fog room for curing.
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DISCUSSION OF TEST RESULTS

The concrete-mix data and compressive=strength results are
shown in detail in the appendix in the tables for the various cement
contents and for the two fly ashes. Important aspects of the data have
been summarized from these tables and are presented in the body of the
report.

1. COARSE-AGGREGATE CONTENT

The greater amounts of coarse aggregate, which were workable in
air-entrained concrete containing fly ash, were found to be equally work-
able in nonair=-entrained concrete with both the St. Clair and Conners Creek
ashes. The coarse-aggregate content was varied according to both the
cement content and the fly-ash content since the increased fines in the
mix from either source will give greater plasticity. Table I gives the
values found satisfactory for one-inch maximum=-size-pebble coarse ag-
gregate and sand with a fineness modulus of 3.0 used in nonair-entrained
mixes with St. Clair and Conners Creek fly ashes. The value used for
mixes with no fly ash is as recommended by the American Concrete Insti-
tute. The value, Vg, is expressed as the dry-rodded volume of coarse
aggregate per unit volume of concrete.

TABLE T

VOLUME, Vg, OF DRY-RODDED COARSE AGGREGATE
PER UNIT VOLUME OF CONCRETE

Fly Ash, Cement Content, sack/cu yd
1b/cu yd 3.0 3.5 4.0 4.5 50 5.5 6.5

0 6l K .64 R Bl .6k 6L
50 - .72 .72 .72
70 .68

100 .72 .72 .5 .75 .5

140 .72

150 .5 15 .78 .78 .78

200 .78 .78 .81 .81 .81

210 .76 '

250 , .81 .81

280 .80
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2. WORKABILITY OF LEAN MIXES

In the low-cement=content mixes without fly ash (3-sack, partic=-
ularly), there was not sufficient fine material for easy finishing. The
fresh concrete had the appearance of a wet sand-gravel mixture. As soon
as the concrete was dumped fronm the mixer, large quantities of water
drained from the mixture. As a result, the concrete caked so that low
slumps were obtained with little reference to the amount of water added
at the mixer.

The addition of at least 70 pounds of fly ash per cubic yard
of concrete to the 3=sack mixes provides the necessary fines to give the
concrete plasticity and workability. The 3.5=-sack concrete also requires
some fly ash for good workability. With the air-entrained concrete, the
addition of fly ash was not necessary for good plasticity in the 3.5-sack
mixes since the entrained air bubbles acted to supplement the fine ma-
terial in the mix.

%. COMPRESSIVE STRENGTH

Average values of compressive strengths up to 28 days of age
are presented in Tables II and III. The results are much the same as
with these fly ashes in air-entrained concrete, in that the fly ash in the
lean mixes improves the compressive strength over the lean, plain cement
mixes at all ages through 28 days, while fly ash in the richer mixes de~-
presses the strength somewhat in nearly every case.

There do not appear to be any great differences 1n the strengths
attained for comparable mixes with the two fly ashes. Variations between
comparable 5.5-sack mixes with St. Clair and Conners Creek fly ashes up to
28 days of age appear to be in the range as might be caused by experimen~-
tal error.

The mixes containing 3 sacks of high-early-strength cement plus
St. Clair fly ash were investigated because there have been reports indi-
cating that such a mixture is presently being used in some operations.
As indicated previously, when fly ash is not used in such a mix, it is
unworkable. The addition of fly ash improves the physical characteristics,
resulting in a strength improvement over the plain cement mix from the
first day. These mixes with high=-early=-strength cement show strength im-
provement over mixes with a higher cement content but made with regular
cement.

Table IV shows the strength of the fly-ash mixes at each age
expressed as a percent of the strength of the plain cement mixes of the
same cement content.
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TABLE IV

COMPRESSIVE STRENGTH OF FLY-ASH MIXES EXPRESSED AS PERCENT OF STRENGTH
OF PLAIN CEMENT MIXES OF THE SAME CEMENT CONTENT.

Cement , Fly Ash

sack/cu yd  Source 1b/cu yd 1 day 7 days 28 days

3.0 70 113 120 128

(High-Early- St. Clair 140 121 118 131

Strength 210 131 126 151

Cement ) 280 118 115 141

100 125 126 142

3.5 St. Clair 150 121 122 145

200 127 119 146

250 142 127 137

100 136 127 129

4.0 Conners 150 130 122 141

Creek 200 151 128 142

250 145 116 132

50 148 129 127

4.5 St. Clair 100 143 130 115

150 123 109 111

200 131 118 125

50 117 117 119

5.0 Conners 100 108 110 115

Creek 150 100 100 109

200 107 100 114

50 99 110 105

5.5 St. Clair 100 ol 99 101

150 89 95 97

200 85 ol 101

50 88 103 111

5.5 Conners 100 96 99 98

Creek 150 92 96 97

200 79 95 102
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The average strengths for each of the cement and fly«ash contents
have been plotted against the age in Figures 1 to 7. Strength gain is
generally orderly, as in the case of the fly ashes used in air=-entrained
concrete.

L. AIR CONTENT OF CONCRETE

This study was designed and conducted as an investigation of
fly ash in nonair-entrained concrete. However, all cement entrains a
small amount of air to give the concrete some degree of durability in
weathering. The air content of the mixes with both St. Clair and Conners
Creek fly ashes was considerably below that of the plaln cement mixes.
The air contents for the fly-ash mixes range from 0.8 to 1.1 percent with
an average of 0.97 percent. The air contents of the plain cement mixes
range from 1.2 to 1.9 percent with an average of 1.70 percent entrained
air.

While the air content in both cases is too small to prevent de=
terioration of concrete exposed to weathering in the presence of moisture,
the fly=-ash concrete, because of its lower air content, will be more sus=
ceptible to frost action than the plain cement concrete. Thus, it be=
comes increasingly necessary to use proper air entraimment in all fly-
ash concrete which may be exposed to the weather in northern climates,
particularly where moisture is supplied to the concrete, such as in the
case of sidewalks, pavement slabs, or retaining walls with poorly drained
backfills,

Data to support the above observations on the weather resistance
of fly-ash concrete are now being acquired and will be separately reported.
For view of its importance, however, salient features are here presented.
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TABLE I-A

PROPERTIES OF HIGH-EARLY-STRENGTH CEMENT

Physical Properties

Normal consistency, percent

Time of set, Gillmore
Initial
Final

Autoclave expansion, percent

Air in mortar, percent

Tensile strength, psi
1 day
3 days
7 days
28 days

Compressive strength, psi
1 day
35 days
T days
28 days

Chemical Properties

Ultimate analysis
Percent by weight

Silicon dioxide S:'LO2 20.
Aluminum oxide A1205 5
Ferric oxide Fe205 3
Calcium oxide Cal 63.
Magnesium oxide  MgO 2
Sulfur trioxide SO3 2
Loss on ignition 2
Sodium oxide Nan0 0.
Potassium oxide KéO 0.

D HOW O O O\

o\

550120

Loss
Tric
Dica
Tric
Tetr

Calc

Magnesia

26.4

3 hr, 50 min
5 hr, 50 min

0.07

9.9

278
ho2
hop
L3

1750
3933
4292
5650

Proximate analysis
Percent by weight

on ignition
alcium silicate

2.0

30a0.5i0p  50.0

lecium silicate 2Ca0.510, 22.0

alcium aluminate BCaO.A1205 10.0
acalcium 4Ca0.A1503.

aluminoferrite Fe203 9.0

ium sulphate Ca30y, 5.0

MgO 2.0

Total alkali expressed as Nao0 0.65

17
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