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Deleterious Constituents of Indiana Gravels

D. W. LEWIS, Research Engineer, and
EDUARDS VENTERS, Research Assistant,

Joint Highway Research Project, Purdue University

This paper reports resuits of tests on Indiana gravels rangingfrom good to poor
in field performance in portland-cement concrete. The gravels were separated
by liquid flotation into various specific-gravity ranges. Thegravelfractions thus
obtained were tested todetermine absorption, specific gravity, degree of satura-
tion, lithologic composition and durability in air-entrained concrete subjected fo
freezing and thawing.

The results show that the principal deleterious constituents of Indiana gravels
are sandstones and cherts. They are characterized by low specific gravity, high
absorption and degree of saturation, and produce nondurable concrete when used
as the coarse aggregate. The concrete durability can be improved by heavy-
media separation of the aggregate. Greater durability is obtainedas the specific

gravity at which the separation is made is increased.

@ FIELD performance surveys have shown
that the durability of concrete pavements
in Indiana was dependent upon the source
of coarse aggregate used (1). Laboratory
studies to find the cause of the poor con-
crete durability associated with the use of
some aggregates have been underway for
several years. A number of reports of the
results of these studies have been published
@2, 3, 4, 5, 6).

~ Among the more-important results to
date are: (a) freezing and thawing of con-
crete containing highly saturated coarse
aggregates is the major cause of the dis-
integration (4); (b) durability of concrete
made with some poor aggregates can be
improved with air entrainment (2, 3);
(c) fine aggregate haslittle effect on dura-
bility of air-entrained concrete (6); (d) 1ab-
oratory freezing-and-thawing tests on
concrete containing vacuum-saturated
aggregates correlate with the field per-
formance of the materials (4); and (e) non-
durable crushed stones are characterized
by a high proportion of voids smaller than
5 p in diameter and by a high degree of
saturation (percentage of voids filled with
water) under vacuum (4).

The tests for void “size and degree of
saturation cannot be applied to gravels
since they consist of a heterogeneous mix-
ture of many rock types. Some of the
particles are durable, others are not; the
average degree of saturation may be low
even though the material has poor dura-
bility. Tests are needed to identify the
nondurable materials in gravel aggregates
and to determine the permissible limits of
these constituents.

This paper reports the results of tests
run on typical Indiana gravel aggregates to
determine (a) the nature of the deleterious
materials present, (b) their absorptionand
degree of saturation characteristics, and
(c) the durability of concrete mixes in which
they are used. Four gravels, ranging from
good to bad in field performance, were
tested. Initial tests (7) indicated the pos-
sibility of using heavy liquid flotation to
separate the durable from the nondurable
particles. This procedure had previously
been applied to cherts by Wuerpel and Rex-
ford (8) and Sweet (9). After heavy liquid
separation, the gravels were subjected to
absorption and degree of saturation tests,
were separated by rock types, and were
used in concrete subjected to freezing and
thawing.

Two series of tests were conducted.
Thefirst, Series A, wasdesignedprimarily
todetermine the nature and characteristics
of the deleterious materials inthe gravels.
Series B was conducted to find the effect
onthe durability of concrete of heavy media
separation of one of the gravels at various
specific gravity levels. This test series
shows the results that might be obtained by
field treatment of the type used in other
localities (10 , 11).

MATERIALS AND TEST PROCEDURES

The sources and field performance rec-
ords of the gravels used in this study are
shown in Table 1. A fine aggregate from
Source 79-1 was used inall concrete mixes.
It has a good performance record.

Type I portland cement was used, with



TABLE 1
COARSE AGGREGATES
Aggregate Field Geologic Source
Source No Performance
20-1G Good Glacial outwash,
northern Indiana
79-1G Good Glacial terrace,
upper Wabash River
84-1G Poor Glacial terrace,
lower Wabash River
82-1G Bad Dredged river
gravel, Omo River

all mixes in a given test series made with
cement from a single clinker batch. Cement
307 wasused in Test Series A, Cement 310
in Series B. Since no comparisons are made
between thetwo series of tests, the cement
characteristics donot affect the conclusions
and, therefore, are not included here,
Vinsol resin, added atthe mixer, was used
as the air-entraining agent.

The heavy liquids were prepared by
mixing carbontetrachloride (specific grav-
ity 1. 58) and acetylene tetrabromide (speci-
fic gravity 2.97). The specific gravities
of the mixtures were checked witha hydro-
meter,

Y% to % inch, % to 1 inch and over 1 inch.
After 24 hours immersion in water, each
size of material was surface dried and
separated into the specific gravity ranges
< 2,44, 2. 44-2.55, 2. 55-2, 66, and > 2, 66
by use of heavy liquids. The resulting
gravel fractions were washed and dried.

The absorption, bulk and true specific
gravity, and the degree of saturation were
then determined for each of the size and
specific gravity fractions, using vacuum-
saturation techniques. Samples from each
fraction were also classified by rock type,
basing the separation entirely on mega-
scopic identification.

The difficulty of separating large quanti-
ties of the smaller sizes of the gravels
with heavy liquids led tothe use of a known
durable crushed stone in the size range
No. 4 to ‘% inch for the concrete mixes.
The '/-inch to 1-inch sizes were gravel,
with the individual specific gravity ranges
used where possible. In some cases, lack
of sufficient material made it necessary to
combine two of the ranges for the concrete
mixes. The gravel fractions were vacuum

TABLE 2
CONCRETE MIX DATA FOR TEST SERIES A
Aggregate Flotation Umt Cement W/Cby Awr Skirip
Source Sp. Gr. Weight Content Wt Content
Range
1b, /eu. ft sacks/cu. yd, percent m.
All 144.0 6.35 0.427 4.5 2%
>2.66 145.6 5. 80 0.486 40 3
20-1G 2.55-2.66 138.8 5.65 0. 470 3.7 2
<2 55 138 8 6.10 0.463 4.4 3
All 151.9 6.48 0.480 3.6 2
>2.66 153.7 6.24 0. 465 2.9
79-1G
2.55-2,66 148.7 6.32 0.472 3.1 6
<2.55 139.5 6.12 0.405 8.7 3%
Al 147.2 6.85 0. 540 4.4 3
>2 66 150 2 6.38 0.436 4.4 4
84-1G
2 55-2.66 144.0 6.08 0.520 3.4 4
2.44-2 55 141 0 8.06 0. 503 4.9 3
<2, 4 142.5 6.40 0. 450 4.9 4
All 147.3 6.30 0. 476 4.1 3%
2.55-2 66 148 0 6.30 0.500 4.3 2
82-1G
2.44-2.55 143 0 6.25 0.470 6.9 3%
<2.44 138 6 6.30 0.474 5.7 3

Test Series A

Approximately a ton of gravel (State
Highway Department of Indiana Size 5) was
obtained from each of the four sources.
Each gravel was then sieved into the size
fractions No. 4 to % inch, ¥% to ‘% inch,

saturated before use in the concrete.

All concrete was machine mixed and
cast into 3-by-4-by-16-inch beams, fol-
lowing the same procedures used in pre-
vious studies (2, 3). The beams were cured
by immersionin water for 28 days. Three
specimens from each mix were then frozen



in air at -15 F. to -20 F. and thawed in
running tap water at 55 F. to 60 F. One
cycle per day was obtained, with 16 hours
freezing and 8 hours thawmg. Periodic
determinations of dynamic modulus of elas-
ticity were made to measure the deteriora-
tion of each specimen.

The characteristics of the concrete
mixes in Series A are shown in Table 2.

Test Series B

Only aggregate 84-1G was used in Series
B. Thegeneral procedures for heavy liquid
separation, concrete mixing, curing and
testing were the same asthose for Series A.

Four large samples of each size of the
aggregate were obtained and eachone sep-
arated by heavy liquids at one specific
gravity level. The separations were made
at 2. 30, 2,40, 2,50, and 2. 60. The frac-
tions heavier and lighter thaneach of these
values were vacuum saturated and the ab-
sorption and bulk specific gravity deter-
mined. No degree of saturation tests or
separations by rock type were made on
these samples.

Concrete mixes were made using the
gravel fractions heavier thaneach specific
gravity level. For these mixes in Test
Series B, the separated gravel fractions
were used as the entire coarse aggregate
from No. 4 to 1 inch in size. The aggre-
gate treatment and use, therefore, was
similar tothat obtained by field heavy media
treatment methods.

Data on the concrete mixes in this test
series are shown in Table 3.

3

all sizes of material from No. 4 to 1 inch,
are shown in Table4, The major difference
in the results for the various sizes of gravel
particles was the occurrence of higher per-
centages of low-specific-gravity material
in the smaller sizes. The greatest differ-
ence was found in gravel 20-1G (good field
performance) where the No. 4 to % inch
size contained more than four times as
much materialinthe < 2. 44 specificgrav-
ity group as did the % to 1 inch size. The
least difference was shown by 84-1G (poor
field performance) where only 1.5 times
as much was found in the smallest size.

The average results for all sizes of
particles from No. 4 to 1 inch are shown
graphically in Figure 1. This data shows
that the gravels with good field performance
contained the smallest percentage of light-
weight material. These sources, 20-1G
and 79-1G, had 20 and 18 percent, respec-
tively, of the total material below 2. 55 in
specific gravity. Gravels 84-1G (poorfield
performance) and 82-1G (bad performance)
had 29 and 46 percent inthese ranges. The
percentage of light-weight material in the
gravels is, therefore, correlated with the
field performance; the larger amounts of
low specific gravity particles resulting in
poorer durability.

Absorption values vary greatly with
specific gravity range but cannot be cor-
related with field performance. Materials
in the specific gravity range > 2.66 had
absorptions of one percent or less, regard-
less of the field performance of the gravel
from which they were obtained. These
values varied from 0. 9 to 1, 8 percent for

TABLE 3

CONCRETE MIX DATA FOR TEST SERIES B
Data shown are the average values for two mixes made with gravel
84-1G 1n the flotation specific gravity ranges ndicated.

Epecmc Gravity Umit Cement w/C Awr
e of Aggregate Weight Factor by Wt.| Content | Slump
b /cu. ft sacks/cu. yd percent m
Al 146.0 6.21 0.432 5.1 2%

>2 30 148.1 6.30 0. 452 4.8 2
>2 40 147 4 6 23 0 439 57 3
>2.50 147.5 6.20 0. 445. 60 3
>2 60 148.0 6.20 0 471 6.1 4

TEST RESULTS

Series A

Absorption, Specific Gravity, and De-
gree of Saturation. The results of the ab-
sorption, specific gravity, and degree of
saturation tests on the individual samples
of Series A, and the average results for

the 2. 55 to 2. 66 specific gravity range and
from 2.8to 3.9 percent for the 2,44 to
2. 55 material. Much greater absorptions
were found in the specific gravity range
< 2.44, the test values varying from 6.7
to 8.5 percent.

The degree-of-saturation data vary in
approximately the same manner as the
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Figure 1.

Specific gravity, absorption, and degree of saturation

for Test Series A. All values shown are the averages for the par-
ticle sizes No. 4 to l-inch.

absorptions. Materials inthe higher speci-
fic gravity range had degrees of saturation
of 58 to 66 percent. The values for the
lowest-specific-gravity materials were
93 to 98 percent.

These data show that, regardless of
source or field-performance record of the
aggregate, the absorption and degree of
saturation increased as the specific gravity
of the gravel fraction decreased. Itwill be
noted that the gravel with the poorest record
(82-1G) had the lowest actual absorption
and degree of saturationvalues. Thisgrav-
el appeared to have a concentration of iron
compounds in a thin surface zone of each
particle. In addition to any possible effect
onthe amount of absorption, the true speci-
fic gravity would be increased by such a
condition. This could result in the calcu-
lation of a lower degree of saturation than
actually existed in the interior of the
particles.

Separation by Rock Type. The data on
percentages of the various rock types pres-
ent in each specific gravity range of the
four gravels tested in Series A are shown
in Table 5. The results shown are the
averages for the sizes No. 4 to1l inch. The
predominant materials inthe lower ranges

of specific gravity were sandstones and
cherts with calcareous materials next in
quantity, except in 82-1G which contained
no limestone or dolomite. Igneous, cal-
careous and nonfoliated metamorphics were
the predominant materials in the higher
ranges. It was observed that most of the
material, other than sandstone and chert,
inthe two-lowest ranges of specific gravity
appeared to be badly weathered. The low-
specific-gravity sandstones were much
softer than those inthe high specific gravity
ranges.

The gravels with the poorest field-
performance records contained the highest
percentages of sandstone and chert. In
addition, larger portions of these materials
were inthe lower ranges of specific gravity.
This tendency was especially pronounced
in the case of the cherts, In the gravels
with good field performance, 70 percent of
allchert present hada specific gravity less
than 2. 55. Corresponding figures for the
poor and bad sources were 73 and 86 per-
cent, respectively.

Freezing and Thawing in Concrete. Fig-
ure 2 shows the results obtained in the
freezing-and-thawing tests on concrete
containing the gravel fractions of varying




specific gravity ranges. Similar results
were obtained for each of the gravel sources
tested: the durability of the concretevaried
with the specific gravity range of the aggre-
gate. All concretes made with aggregate
fractions less than 2, 55 inspecific gravity
lost 25 percent of their original E values
inlessthan 15 cycles of freezing and thaw-
ing. Those containing the higher specific
gravity aggregates required at least 60
cycles to cause the same loss, and only the
mixes with the lowest air contents deter-
iorated to that extent in 150 cycles. It is
evident that, inair-entrained concrete, the
use of the gravel fractions < 2, 55 in spe-
cific gravity resulted in poor durability;
use of the heavier aggregate fractions pro-
duced durable concrete.

For each of the gravels tested, the dur-
gbility curve forall specific gravities (un-
separated) occupied an intermediate posi-
tion with respect to the curves for the
individual specific gravity ranges. This
position reflects the effect of their compo-
sition: mixtures of both the durable and

gregate contained the larger amounts of
low-specific-gravity material. The ab-
sorptions decreasedas the specific gravity
increased. Basedupon the average values
for all sizes, the absorption varied from
15. 0 percent for the <2.30 group to 1.1
percent in the >2. 60 fraction.

Despite the great differences in litho-
logic composition of the various specific-
gravity groups, the absorption and BSSD
specific gravity values plotted in Figure
3 form a smooth curve. This would indi-
cate that an aggregate having values of
specific gravity and absorption corres-
ponding to any point on the curve could be
obtained by separating gravel 84-1G at the
proper specific gravity level. Data from
the Series A tests, when plotted, produces
curves nearly identical to that shown in
Figure 3, indicating that all of the gravels
have the same characteristic 1n this re-
spect.

Freezing and Thawing 1n Concrete.
Only the aggregate fractions heavier than
each of the specific gravitylevels at which

TABLE 4
SPECIFIC GRAVITY, ABSORPTION, AND DEGREE OF SATURATION DATA FOR TEST SERIES A

Each va_lue shown for the individual aggregate mzes 18 the average for three tests on_materul m the flotation specific gnv:ty range
Agiregate] No 4to% -1 htolh-wm 1 _Wtok-m __%htol-wm | Average, No 4tol in
8ource Portion | Sp Portion | Sp [Portion| Sp | Sp P Satu
and Sp of Gr |Absorp- Satu- | of Gr |Absorp: Satu- of Gr |[Absorp- Satu-] of Gr |Absorp- Satu-f of Gr [Absorp. ration
_ Gr_Range| Sample {BSSD)| tion | ration|Sample (BSI? tion | ration |Sample [(BSSDY tion S tion raty ( tion
percent [percent percent] percent| percent [perct percent percent percentpercen! percent

20-1G

5768 40 2 80 10 82 42 |280 09 85 50 279 09 60 58 281 08| 43 48 280 09 58
2 55-2 66 31 286 13 72 33 |2865 13| M 32 265 12 | 69 31 265 121 60 32 (265 12 68
2 44-2 55 12 257 32 92 10 |2 56 37 |100 9 255| 38 | 88 [} 254 35{ 03 9 |256 36 93
<2 44 17 2 36 82 87 15 |2 38 82| 97 9 235 93 |98 4 237 78 (100 11 |2 38 84 98
79-1G

ST 68 29 27 11 48 56 | 278 11 51 59 27 10 | M4 52 2 81 09 79 49 12178 10 83
2 55-2 66 44 268 16 80 26 | 265 18 62 27 2651 18 |93 36 2 688 18 87 33 366 18 78
2 44-2 55 18 2 60 a9 82 10 |2 58 40 | 94 9 268 43 |97 8 2 56 45 90 11 1257 39 93
<2 4 1 241 786 28 8 |240 79 85 5 241)| 86 (100 4 239 81 94 7 |240 83 97
84-1G

5788 34 280 11 82 42 (28 11 66 42 28] 09 64 44 2 82 09 63 40 (281 10 66
2 55-2 66 34 2 65 18 92 30 |264 15 | 66 28 268 13 83 31 2 67 14 84 31 [268 14 81
2 44.2 55 14 2 54 34 96 13 |252 37| 983 15 258 31 98 13 2 56 32 80 14 |255 34 (2}
<2 44 18 2 38 81 99 15 |2 36 89 (100 15 237 83 91 12 237 88| 98 15 |2 368 L] 97
82-1G

5T58 10 2 83 01 60 1 {2178 07 | 40 10 28) 06 |63 11 276 [ X] 83 1 |27 08 62
2 55-2 68 36 263 [N ] 68 45 |2 66 08 | 50 48 264 10 |70 45 262 10| 58 43 {264 (X} 82
2 44-2 55 27 25 21 84 24 1253 28 | 87 23 253) 33 83 27 2 52 31 9 25 [2 54 28 83
<2 44 27 2 42 57 a 20 |239 71 5 19 23| 73 83 17 2 40 68 29 21 (240 6T 83

nondurable fractions. The durabilities of
the unseparated gravels correspond to
their field- performance records, with
20-1G and 79-1G the best, 84-1G inter-
mediate and 82-1G the poorest.

Series B

Absorption and Specific Gravity. The
specific gravity and absorption values for
the various flotation-specific-gravity frac-
tions of gravel 84-1G tested in Series B
are shown in Table 6. As in the previous
test series, the smaller sizes of the ag-

separations were made were used in con-
crete mixes. The results of the freezing-
and-thawing tests on these concretes are
shown in Figure 4.

The poorest durability is shown by all
specific-gravity ranges (unseparated grav-
el). Use of the material >2, 30 1n specific
gravity increased the durability only
shightly, raising the separation level to
2. 40 resulted in considerable improvement.
Both of the heaviest fractions, >2. 50 and
> 2. 60, had excellent durability. The in-
crease from 2.40 to 2.50 provided the
greatest improvement of any single in-
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Firgure 2.

Freezing-and-thawing test for Series A.

Figures onthe

curves 1ndicate the specific-gravity range of the aggregate and
the air content of the concrete mixes.

TABLE 5
CLASSIFICATION OF GRAVEL PARTICLES BY ROCK TYPE FOR TEST SERIES A
Aggregate Rock Type, Percent of Total in Specific Gravity Range
Source and |Igneous Sedimentary Metamorphic
Flotation } _Calcareous | Sihceous | Folhated | Non-foliated
Sp.Gr Range L1 t & | Sandst Chert (Quartzite)
Dolomite
20-1G
<2.44 - 18 44 38 - -
2.44-2.55 4 30 23 35 - ki
2.55-2.66 18 35 10 [} 3 28
>2.66 21 56 9 1 8 5
All 17 43 14 10 4 12
79-1G
<2.44? - 29 26 41 - 1
2.44-2.55 1 43 11 41 - 4
2.55-2.66 14 52 4 8 2 20
>2.66 21 80 9 - 2 7
All 14 54 9 10 2 11
84-1G
<2.44 - 14 54 29 - 2
2.44-2 55 2 24 17 48 - 9
2 55-2 66 15 43 8 11 2 20
>2 66 22 62 5 1 3 7
All 14 44 14 15 2 11
82-1G
<2.44 - - 24 73 - 2
2 44-2.55 - - 30 66 - 4
2.55-2 66 8 - 34 12 2 44
>2.66 20 - 18 1 4 57
All 5 - 29 37 1 27
aContamed nearly 3 percent shale

Note Failure of some of the separations to total 100 percent 18 due to reporting
results to the nearest one percent and to the presence of small amounts of
other materials, chiefly shale



TABLE &
ABSORPTION AND SPECIFIC GRAVITY DATA FOR TEST SERIES B

Values shown for individual aggregate sizes are the averages for three tests on gravel 84-1G
separated into the flotation specific gravity ranges shown

| Mo 4 l(_)_%_m_ mze %htokhm size %to%n mze ‘%E 1l size | Average, No 4tolin
Specific| Portion | Sp Gr | Absorp- | Portion | Sp Gr | Absorp- | Portion [Sp Gr |Absorp-|Portion | 8p Gr | Absorp- | Portion | Sp Gr |Absorp~
Gravity of (BSSD) | tion of (BSSD) { tion of {BSSD) | tion of {BSSD) tion of (BSSD){ tion
Range samlﬂe_ b Sample ] } Sample____ sampze_ | : §amplt_e___
percent| percent | percent percent | percent percent | percent percent |percent percent
>2 30 93 2 65 22 94 2 66 23 96 2 67 21 a7 267 20 95 2 66 22
<2 30 7 224 13 6 [] 2 22 150 4 222 (148 3 219 |16 8 5 222 |[150
>2 40 88 2 87 19 89 2 68 18 90 2 69 18 90 288 117 89 2 68 18
<2 40 12 2 34 896 11 233 100 10 232 (104 10 232 |111 11 233|103
>2 50 4 27 14 ki) 2172 14 81 2172 14 81 27 16 78 272 14
<2 50 26 2 4 65 24 2 42 70 19 2 42 T4 19 238 82 22 2 42 78
>2 80 58 2 74 11 63 2175 11 66 274 12 10 215 11 64 274 11
<2 60 42 2 48 52 37 2 48 52 34 247 62 30 2 47 59 36 248 56
All 100 2 63 28 100 2 65 286 100 2 66 25 100 2 86 25 100 2865 26
- weathered calcareous, igneous and meta-
28 morphic rocks.
2. These nondurable particles are
a characterized by low specific gravity,
ﬁ >230 high absorption and degree of saturation
- 26 and poor durability i1n concrete subjected
[ \ to freezing and thawing.
a 3. They can be separated from the
& <260 durable particles by heavy media separa-
o . <2 50 tion techniques.
H 24 \ 4, The durability, both 1in the field and
w <2 40 in the laboratory, of concrete made with
w the gravels from various sources is de-
pendent upon the quantities of low-specific-
22, - = <230 3 gravity material contained in the aggre-

ABSORPTION, PERCENT

Figure 3. Relationship of absorption and

specific gravity for Series B. The flo-

tation specific gravity range of the ag-

gregate 1s shown for each point on the
curve.

crease in separation level.

Similar improvement in actual construc-
tion should be possible by the use of field
heavy-media-separation processes. Sep-
aration at 2. 40 specific gravity would 1m-
prove the durability considerably, at 2. 50
aggregate with good durability would be
obtained. Separation at 2.40 and 2.50
would necessitate the discarding of 11 and
22 percent, respectively, of the total

aggregate.

CONCLUSIONS

Based upon the test results reported
and discussed above, the following general
conclusions are drawn:

1. The deleterious constituents of the
gravels consist principally of sandstones
and cherts with lesser amounts of badly

gate.

5. Heavy-media separationcan be used
to improve the durability of concrete made
with these gravels.

6. The durability of concrete made with
the separated gravel fractions increases as
the specific gravity of the gravel is in-
creased.
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Discussion

F. E. LEGG, JR., Assistant Supervisor,
Michigan State Highway Department Testing
Laboratory — Using laboratory flotation
techniques similar to those reportedin this
paper, theMichigan State Highway Depart-
ment Testing Laboratory recently made an
exploratory study of the improvement of
produced gravel from several pits well
distributed over Michigan. Locations of the
pits are shown in Figure A. Sincethe basis
of judgment of beneficiation by heavy-media
separation is different from that reported in
the present paper, the data is briefly pre-
sented here as a supplement to the authors'
findings.

Michigan specifications set permissible
limits on three classes of deleterious ma-
terials whichhave been found to be suscep-
tible to heavy media separation: (1) soft
particles, (2) chert, and (3) hard absorbent
particles. The specifications provide that
in no case, for concrete aggregates, is a
limit of 3 percent of soft particles per-
mitted tobe exceeded and the maximum sum
of the three typesis variable between 8 and
10 percent, depending upon the nominal
maximum size of the aggregate. An im-
portant exception to the above occurs in the

DISTRICT |

~—

DISTRICT 4

DISTRICT 8

Figure A. Location of Michigan gravel
pits on which laboratory heavy-media sep-
arations have been made.

case of aggregate to be used in exposed
concrete where avoidance of unsightly pop-
outs is paramount, such as on bridge or
grade-separation superstructures. In this



TABLE A

SEPARATION OF AGGREGATES BY FLOTATION-EFFECT ON PERCENTAGE OF DELETERIOUS MATERIAL OF
PROCESSING GRAVEL AT ANY ONE OF THREE SPECIFIC GRAVITIES

2.10 2.50 2,50
Dstrict | Pit Total Delsterious Satisfactory Deleterious |Deleterious Satisfactory Deleterious | Deleterious Satisfactary Deleterious
Deletarious Removed Vasted Remaining Removed Wasted ining Removed wasted
A 3.7 0.6 0.6 31 1.5 L 2,2 3.2 19.1 0.5
I B 8.2 545 2.4 2,7 6.l 5.9 1.8 7.0 13.5 1.2
B 5.9 k.S 343 1.4 Sels Tel 0.5 Sa9 15.9 0.0
I A 7.8 1.7 1.6 6.1 3.8 5.6 4.0 6.8 16.0 1.0
A 7.0 2.9 1.k L 5.4 k.o 1.6 6.9 17.3 0.1
bas 8 3.9 1.3 0.6 2.6 2.7 L6 1.2 3.9 12,5 0.0
[ 16.2 8.7 2.6 7.5 13.6 7.3 2.6 15.4 20.8 0.8
A S5 1.5 1.6 Lo 2.8 2.8 2,7 bo 10.0 1.5
v B 10.6 3.8 14 6.8 7.7 5.0 2.9 10.1 16,1 0.5
c 6.1 2.5 0.5 3.6 k.6 2.0 1.5 5.9 12.5 0.2
A 1.1 2.6 0.2 4.5 L.7 0.9 2.4 6.5 8.1 0.6
vI B 10.4 2.7 0.0 1.7 6.1 0.7 k3 10.2 10.8 0.2
B 7.0 2.5 1.3 ks L.8 3.3 2.2 7.0 10.7 0.0
i A 9. 5.8 1.1 3.6 7.2 Lk 2 7.5 13.4 L.9
B 10,9 4.5 2.7 6.4 7455 5.9 3.35 10.2 16.8 0.7
A 7.5 1.8 0.2 5.7 4.6 .7 2.9 7.1 T4 0.4
B 9.0 4.0 0.5 5.0 746 1.2 1.4 9.0 5.8 0.0
B 5.7 1.7 [ B k.0 2.9 2.5 2.8 5.5 12.9 0.2
D 8.5 3.1 0.0 S 3.9 0.3 b.6 Te7 Te2 0.8
vIII E 6.8 3.0 0.9 3.8 k.8 3.9 2,0 6.6 15.8 0.2
F 1.2 3.6 1.6 6.6 6.6 3.0 3.6 10,0 10.7 0.2
L} 12,6 6.9 0.7 5.7 9.6 [ ] 3.0 12.1 16,0 0.5
[ 1.7 3.7 1.7 Lo 5.6 2,2 2.1 (54 17.3 0.0
H 10.9 6.0 2.3 % 8.l 3.8 2.5 10,9 9.1 0.0
I L.0 2.2 0.6 1.8 3. 1.8 0.6 Lo 1.3 0.1
Averape 8.1 3.5 1.2 L6 [554 3.3 2.4 146 13.1 0.5

case, the total deleterious 1s limited to 3
percent and soft-particle content may not
exceed 1 percent. Softparticlesare defined
by the specifications as "shale, soft sand-
stone, ochre, coal, iron bearing clay,
weathered schist, shells, floaters, par-
tially disintegrated particles, cemented
gravel and any other particles which are
structurally weak or which fail to meet the
soundness test." The specificationsdo not
define chert, butacceptedlithological clas-
sification isused. Hardabsorbent particles
are less-easily defined but cover, in gen-
eral, an mtermediate class of particles,
less objectionable than the soft particles,
which experience over the years have
proven deleterious. Exclusive use of air-
entrained concrete in all exposed concrete
in recent years, particularly that exposed
to deicing salts, has not removed the
necessity for such deleterious-particle
requirements in the specifications.

Table A indicates the results, based
upon laboratory separation, which would be
obtained by processing gravels from these
pits through a flotation plant at any one of
three specific gravities. Deleterious-
particle determinations on these samples
were independently made by twoexperienced
operators. For the sake of brevity, only
the total deleterious is shown without break-
down into the three classes. In only 7 of

25 cases would more than 50 percent of the
deleterious material be removed by flota-
tion at 2.40 gravityand in only three cases
would the deleterious content be reduced
below 3 percent. However, if the flotation
were run at 2.50 specific gravity, more
than 50 percent of the deleterious material
would be removed 1in all but three cases.
In only five cases would there remain more
than 3 percent of deleterious material. A
comparison of the results at 2.50 and at
2. 60 specific gravity indicates that a high-
quality aggregate containing less than 1
percent of deleterious material could be
produced in most cases by using a specific
gravity somewhere between 2. 50 and 2. 60.
Moreover, wastage of good material ap-
parently need not be excessive by careful
choice of specific gravity.

To the extent that commercial heavy-
media-separation equipment can economi-
cally approach the results shown in these
laboratory studies, it would seem that con-
crete, highly resistant to severe frost ex-
posure, may be provided using suitably
processed local aggregates in areas where
the designer has been hampered heretofore
because of the necessity of importing satis-
factory aggregates.

D. W. LEWIS, and EDUARDS VENTERS,
Closure — Legg's discussion illustrates
another case in which heavy-media sep-
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aration has considerable promise in im-
proving the quality of concrete aggregates.
Data now available indicate that considera-
tion should be given the possible use of
commercial plants for aggregate improve-

ment in a number of areas. The cost of
such treatment would have to be carefully
weighed against the benefits derived, of
course, to determine the economic feasi-
bility of its use in each case.
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HE NATIONAL ACADEMY OF SCIENCES—NATIONAL RESEARCH COUN-

CIL is a private, nonprofit organization of scientists, dedicated to the

furtherance of science and to its use for the general welfare. The
ACADEMY itself was established in 1863 under a congressional charter
signed by President Lincoln. Empowered to provide for all activities ap-
propriate to academies of science, it was also required by its charter to
act as an adviser to the federal government in scientific matters. This
provision accounts for the close ties that have always existed between the
ACADEMY and the government, although the ACADEMY is not a govern-
mental agency.

The NATIONAL RESEARCH COUNCIL was established by the ACADEMY
in 1916, at the request of President Wilson, to enable scientists generally
to associate their efforts with those of the limited membership of the
ACADEMY in service to the nation, to society, and to science at home and
abroad. Members of the NATIONAL RESEARCH COUNCIL receive their
appointments from the president of the ACADEMY. They include representa-
tives nominated by the major scientific and technical societies, repre-
sentatives of the federal government designated by the President of the
United States, and a number of members at large. In addition, several
thousand scientists and engineers take part in the activities of the re-
search council through membership on its various boards and committees.

Receiving funds from both public and private sources, by contribution,
grant, or contract, the ACADEMY and its RESEARCH COUNCIL thus work
to stimulate research and its applications, to survey the broad possibilities
of science, to promote effective utilization of the scientific and technical
resources of the country, to serve the government, and to further the
general interests of science.

The HIGHWAY RESEARCH BOARD was organized November 11, 1920,
as an agency of the Division of Engineering and Industrial Research, one
of the eight functional divisions of the NATIONAL RESEARCH COUNCIL.
The BOARD is a cooperative organization of the highway technologists of
America operating under the auspices of the ACADEMY-COUNCIL and with
the support of the several highway departments, the Bureau of Public
Roads, and many other organizations interested in the development of
highway transportation. The purposes of the BOARD are to encourage
research and to provide a national clearinghouse and correlation service
for research activities and information on highway administration and
technology.




