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EVALUATION OF AGGREGATE SOURCES

The original purpose of this investigation as begun in May of 1947
was to correlate, if possible, the quality, composition, and distribution
of Michigan aggregate deposits with their origin and geologic history. It
wag planned to group present known deposits into areas of similar geologic
- influence and performance characteristics so that some foreknowledgé'might
be obtained concerning possible new sources as they are opened,

Previous reports under this research project on specific sources in-
clude our lstter of May 9,.1950 to W, W, McLaughlin on fetoskey limestons
and Research Laboratory Report No, 154 on Marshall Creek aggregates, On
November 12, 1952, laboratory reports and a tabulated summary of results
were also transmitted covering durability tests on all aggregates received.
in 1952 and tested prior %o that date,

The purpose of this report is to summarize the information obtained
on all aggregates received from the beginning of 1952 to the present date,
Laboratory reports have been preparsd giving test results for each sample
of aggregate received since October 31, 1952 and are being transmitied
separately. Included with these laboratory test reports are a few which
are supplementary to revorts of tests on aggregate samvles which were not
complete at the time they were first issued,

Although the aggregates covered by all of these previous reports
were tested for svecific information on individual sources, the data thus
obtained will be used also in conjunction with the results of previous

teste in working toward the initial objective of the project,



Test Procedurcs

The firsb series of tests were performed on aggregates in condrete
beams made with Type I cement and no air-entraining agent, These beams
were also cured only 13 dayé in the fog room and 1 day in wabter prior %o
the freeze~thaw test, The currvent freeze and thaw durability program uti-
lizes both régular and air-entrained concrete specimens;

In addition %o freezing and thawing in concrete, the aggregates were
tested for soundness by magnesium sulfate and 25 cycles of freezing and thaw-
ing in water, A4 lithological count was made and the absorption and specific
gravity of the agegregates determined., All of thess test results, as well
as duradility data from‘freeze and thaw tests have heen recorded and sub-
mitted on separate laboratory repori sheets,

Prevaration of Specimens: All of the coarse aggregates were seived

and recombined into an average PA grading of 100 percent passing i-%finch
seive, 75 percent passing a l-inch, 40 percent passing #-inch, and 0 percent
passing a No, 4, This 64 graded material was used for all tests except the
soundness tests and in these the standard grading as found in Part 4b of
ASTHM C 88 was used,

Prior %o mixing and molding the 2- by 2- ﬁy l2~inch mortar or 3- hy
3- by 15-inch concrete test beams, the aggregates were saturated for 24 hours
under e¢xceds water, The concrete was designed according bte the mortar voids
method using a b/boof O;?ﬂ and & cement content of 5.5 sacks per cubic yard.
Peerless Type I cemsnt from Detroit was used throughout and the fine aggre-
gats was obtained from the Boichot pit, A 2 o J-inch slump wes used and
the air-entrained mixes were designed for approximately 4.5 percent air

using Darex solution,
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The coarse aggregate, fine aggregate, cement, mix waier and Darex
(when needed) were.adﬁed to the mixer in that order, The materials were
mixed for 5 minutes and dumped into & moist pan, After turning with a
‘shovel the slump, unit weight, and air content were measuréd. The beams
were molded in two layers, rodding each layer 56 times with a 3/8—inchAbu1—
let nosed rod, the gides and ends spaded with a trowel, and the top finished
off with a wooden float. The specimens were placed in the fog room immedi-
ately after molding and cured at approximately ?5°F. for 26 days. The |
beams were then satﬁratedrunder water at 75°F. for 48 hours prior to the

initial freeze-thaw cycle,

Fresegzing and Thawing: The length, weight, specific gravity, and dyna-
mic modulus were determined before placing the beams, in groups of three,
under water in rubber containers for lowering into the freezing unit. The
rubber "boots" containing specimens were surrounded by an isopropyl alcohol-
water mixture maintained at -~-15°¥, for the freezing cycle of 16 hours and
by running tap water at 55°F, for the thawihg cycle of B8 hours:

The abaove procedurs was set up originally in 1940 for testing speci~
mens from the Durability Project of the Michigan Test Road on M 115, and has
been followsd in nearly all subsequent accelerated durability tests of con-
crete and aggrsgates in order fto maintain a basis of comparison for differ-
ent materials over a considerable period of time, This procedure represented
the accepfed methods and prevailing thought at the time, However, when the
new aubtomatic freezing and thawlng equipment is put in operation at the
Regearch Laboratory;procedures will be revised to conform with the recently
promulgated ASTM methods, and employ vacuum saturation of aggregates in alr-

entrained concrete for testing aggregate durability.
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Discussion of Results

A complete tabulation of all aggregates tested, including four fine
ageregates, with thgir freeze and thaw performence, is pressnted in Table I,
Included in the summary are the aggregates reported by letter of NWovember 12,
1952, Of all of the aggregate samples received for test, only a very few
remain in the freecze and thaw test,

In three instances it was necessary to obtain additional samples either
du¢ to the firet sample not passing specifications or because there waé not
sufficient material to make alr-entrained specimens; In all three cases,
the second sample was a better quality material,

The curves in Figures 1, 2, and 3 present graphically the relative rate
of decrease in dynamic modulus of the various test beaﬁs with cycles of
freezing and thawing. In Figure 3 it is possidle to separate the curves into
three groups which have been tentatively identified as coarse aggregates of
good performance, bordérline performance, and poor performance., Table II is
a summary of pe¥tinent physical characteristics of each coarse aggregate
source groupsd according to its performancs as shown in Pigure 3, -

The four aggregate sources comprising the poor group contained two
gravel types. The Van Flest and Price materials were guite high in chert
and hard, absorbent siliceous limestons, . The Bennett and Xing materials were
high in soft stone, chert, or encrusted particles., The effect of the high
deleterious count of the Bennett stone is shown in Figures & and 5,

In group two, comprising the so-called bérderline material, the rather
high percentage of aggregate encrustation in some cases may account for their
relatively low durabilﬁty under freezing and thawing. Also the average per-

cent of deleterious stone in this group was comparatively high, Test beams
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made with the L, A, Davidson gravel exhibited the worst breakdown of sur-
faces as can be seen in Figures 6 and 7.

The coarse sggregates falling in the good performance group had no
gncrustation, were generally low-in bad rock types, and the material was
practically 100 percent crushed. Two of the materials, North Baltimore and
Waterville Ohio were 100 percent crushed limestone aggregates, lIt is of
interest to note that the North Baltimore ﬁaterial has a good durability
record in this test in spite of the fact that it had s high percentage of
marine shale,

The results of the freeze-thaw tests on five sands, one of which was
used a8 the control, are shown in Figure 1, Although the number of samples
ig small, the curves again fall into three groups of good, Intermediate, and
poor performance, The one "poor! sand came From the Harbor Beach pit, This

sand had a rather high absorption and did not pass the sulfate soundness test,
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TABLE 11

RELATIVE DURABILITY OF COARSE AGGREGATES DETERMINED BY AIR ENTRAINED BEAM PERFORMANCE

Gross air _ Physical Characteristics of the Coarge Agsregate
Lab, Fo. Source Content of Absorption S,.H.D. Chert H,A, Sun of Bncr, Sul fate
Corcrete 1 2 3 1,.2,&3 1/3 + Soundness
Group 1. Poor Per{ormance
53 4B-1,8 Van Fleet pit 63-49 L.2 1.39 .3.30 5.58 5.18 14,06 - 1,84
52 AR-—6 Price pit 15-15 4,6 1.76 1.8¢ 2,70 4.2 8.7 8.9 4,38
52 AR-7 Bennett pit 39-42 L.,9 1.38 4,40 8.85 2,92 16,17 0.9 4,54
52 AR-9 Eing pit 46-28 L,9 1,39 2,71 1.66 0.37 b, 7 10.0 6.14
iverage L,65 1.48 3.05 4,70 3.17 10,92 L.23
Group 2. Borderline Performance
52 AR-3 Stevick pit 356-23 5.2 1.21 1.87 1,78 2,81 L6 1,10 1.87
52 AR-5 Kuhl pis 81-8 4.3 1.54 2.20 1.30 1.10 26.0 2,19
52 AR-12,14 Davidson pit 30-35 5,2 2.4 L L3 3.89 3.37 8,19 9,93
52 4R-17 Kuhl pit 818 4,9 1.54 3.05 L 92 3.33 6.6 -
52 AR-23 King pit 46-28 5.3 1.24 2.55 2,60 1.60 0.3 3.71
average 4,98 1.59 2,82 2,90 2.32 4,43
Group 3. Good Performance
52 AR-11 o, Baltimors, Ohio 7 5.1% 1.39 13, 0% 0.0 0.0 F¥one 5.61
52 4R-20 Big Cut pit, 71-13 5 5.7% 1,44 0.0 0.0 0.0 Fons 0,71
52 AR-21 Waterville, Ohio 4  5.6% 1,02 0,0 0.0 0.0 Homne 1,92
52 AR-22 Hayward pi%, 55-21 6 . 5.4% 1.43 2.5 0.5 2.4 Fone 1,40
dverage 05 5.45% 1.32 3.9 .13 0.6 - - 2,41

*iir Content corrected to that of a comparable mix with rounded coarse agsregste particles,
**¥arine Shale, '
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