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An investigation to evaluate "Lakelite" aggregate with re~
spect to possible use as a fill or backfill material has been
conducted by the Field Investigation Subunit of the Seoils Unit,
Testing Laboratory Section. This need arises since the Depart-
ment sometimes encounters conditions where the natural soil can-
not support roadways near ground level ovr fills of normal weight
material and an alternative must be found. In certain cases the
use of a lightweight fi11 material may be the best alternative
either as an embankment material or to replace weak natural soil,
While some industrial by-products have been used for this pur-
pose in their own localities, there is a need for a suitable ma-~
terial having uniform and dependable desirable qualities which
can be made more widely available and which will be available
when needed,

"Lakelite" is the trade name of a porous sintered clay prod-
uct marketed by United States Steel and produced by Construction
Aggregates, Inc. located near Grand Haven, Michigan. It is a
‘mixture of approximately 70 percent native crushed clay. 10 per-
cent coke breeze and 20 percent return fines that is pelletized
and sintered at 1800 to 2200 F (1900 F desired). The plant-run
material is stockpiled before crushing and afterward is screened
into fractions designated:

Coarse - 3/4~inch to No. 4
Mediuym - 3/8-inch to No. 4
Fine ~ passing No. 4.

See Figure 1 for typical gradations of these fractions.

A prior evaluation of this material has been made, primarily
for use in lightweight structural cencrete and concrete products¥®
(ASTM €330 and C331). 1In addition, some test information is
available on a Lakelite sample very closely approximating the
"medium" gradation and submitted to the lLaboratory in September,
1970, as a bituminous sealcoat aggregate. Results for this sam-~
ple, 70A-4780, follow:

Los Angeles C Abraéion 34.3 percent wear

Dry-loose density 49.0 pcf
Michigan cone density @ 125 total

blows, dry 68.0 pcf
AASHO T-85 Absorption 19.09 percent
AASHO T-8b Bulk Specific Gravity

(Dry Basis) 1.51

*An EVa]Qation of Lakelite Aggregate for Use in Concrete and Con-~
creteé Products, by Edwin L. Saxer, Professor of Civil Engineer-
ing, University of Toledo,
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Magnhesium Sulfate Soundness (3/8"
to No. 4) 9,0 percent
Gradation, percent passing basis:

/2" 100
3/8" 99
No. 4 20
No. 8 7.1
Loss by Washing 2.1

In this investigation, emphasis has been placed on determining
those physical characteristics which would affect its perfor-
mance in embankment applications or for supporting highway struc~
tures. These include compaction characteristics and sample de-
gradation under a variety of compaction methods, water effect on
material (swell or particile breakdown), stability and compressi-
bility properties, Two gradations which are suitahle and can be
produced with relative ease have been evaluated. These include

a dense -graded crusher run material (715-518) and an open graded
material approximating a one-to~one combination of the producer's
medium and coarse gradations (715-1778)., Figure 1 shows the gra-
dation bands within which gradation tests on portions of these
materials to be tested fall, Also shown are single recombined
uniform gradations for each material at which most tests in the
later phases of the testing-were run, While materials larger
than 3/4-inch could be used in fill app’hcat“ionsg tests were 1im-
ited to 3/4-inch topsize material due to the size of available
testing equipment,

Compaction Characteristics.-

A variety of compaction methods were used to determine com-
paction characteristics and to learn more of the degradation
characteristics of the aggregate. The Michigan Cone Density,
normally used for granular materials, was run but limited to 25
blows per layer and 125 total blows as is common practice on ma-
terials expected to show significant degradation. Minimum and
maximum vibrated densities were obtained in accordance with the
Standard Method of Test for Relative Density of Cohesionless
Soils, ASTM D2049-69. In addition, Proctor (AASHO T-99, Method
C) densities, not normally run by the MDSH on granular material,
were vrun onh the crusher run (dense graded) material primarily to
investigate the affect of a more severe impact type of compac~
tion, Results of compaction tests are tabulated in the attached
Reports of Tests and are summarized graphicaily in Figures Z2a and
2c.

For the two Proctor test series on the dense graded (crusher
run) material and the first two cone series on each type aggre-
gate sample, portions were quartered from the overall sample. For
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these larger samples, material from each compacted mold was re-
turned (less moisture samples) to the overall sample for subse-
quent compactions. Some deviations in gradation and compaction
characteristics were finevitable. To minimize variation in com-
paction characteristics, a number of individual cones were
pounded for each material, each using a fresh sampie of material
recombined to uniform gradation (see Figure 1). In the cone se-
ries there were marked tendencies to increase in density with
succeeding cones and increasing water content, with one excep~
tion, When individual cones were compacted from fresh material
at uniform gradations, decreasing trends with increasing water
content were shown, For the Proctor compaction series, due to
greater compactive effort, increases in density with each com-
paction and higher water content are much more rapid than in the
cone series, A large part of the series build-ups is due to pro-
gressive breaking down of aggregate particles.

Degradations for each compaction method are shown in Table
1. Differences were obtained by comparing gradations before and
after each test or series of tests and weighting them for number

Table 1
SUMMARY OF AVERAGE COMPACTION DEGRADATION

COMPACTION TEST METHOD
. :SR}(IJSTIQ_RQQ MICHIGAN CONE DENSITY MAXIMUM RELATIVE DENSITY :
|_METHOD C_MOD. . _ i
- DENSE GRADED | DENSE GRADED OPEN GRADED | DENSE GRADED OPEN GRADED
SIEVE 718-518 71S-518 718-1778 715-518 718-1778
SIZE 2 ) ) s .
1 0 0 0 0 0
3/47 .2 1 0 0
1/27 2.0 6 1.0 2 0
3/8" 4.1 1.0 3.3 .4 4
No. 4 6.3 2.1 6.9 .1 .8
‘No. 8 5.7 2.1 3.5 0 .5
No. 16 5,2 1.9 2.4 0 .4 ;
No. 30 4.6 1.9 1.8 .1 .3 i
No. 50 3.8 1.8 1.3 -1 .2
No. 100 2.7 1.4 1.1 -1 1
No. 200 1.6 .7 7 - 1

Note: Average degradations are reduced to one compacted mold basis and are weighted for
sample portion actually compacted.
Note: Number of Comparative Gradations is shown under Laboratory Number.




of molds compacted and portion of sample actually used. Since a
portion of the material was lost through mixing and testing, some
of the results are approximate but they do give a clear compari-
son of the different compaction methods. In the maximum relative
densities (vibrated) on the dense graded material, the slight
apparent negative degradations are believed due to the loss of
small quantities of dust during vibration, This gives some indi-
cation of the Timitations of determination of comparative grada-
tions. Some particle breakdown is to be expected from the siev-
ing operation itself, even though limited to five minutes of
mechanical shaking., As expected, the vibrated density achieved
compaction with much less particle degradation than the other
compaction methods, while the T7-99 method showed much the great-
est breakdown for comparable samples.

For the open graded material dry maximum relative densities
were approximately the same as those run wet and were somewhat
below cone densities. However, for the dense graded materials
wet maximum densities are considerably higher than dry maximums.
This 1s believed to be due to a lubricating effect of the wet
fines under these conditions in the dense graded material.

The maximum dry density to which the material can be com-
pacted without large-scale degradation ranges from about 65 to 77
pcf {(on the order of one cyd per ton) for the dense graded mate-
riat and 50 to 60 pcf (about 1-1/3 cyd per ton) for the open
graded blend. While it can be compacted more, there appears to
be 1Tittle point in so doing.

California Bearing Ratio (CBR) Tests.~

California Bearing Ratio Tests based on AASHO T-193-63 were
run on both the dense graded and open graded materials. For each
type, quartered samples were first used in a group of three
soaked tests at differing blow counts and a group of three un-
soaked tests at varying moisture contents and a constant blow
count believed sufficient for good compaction. Following the
initial soaked tests at 10, 30 and 75 blows per layer on the open
graded material, it was felt that 30 blows would not provide suf-
ficient compaction and the constant blow count tests were run at
the 56 blows per layer common to the 6-inch Proctor compaction
methods. Gradations were not run on each quartered CBR test sam-
ple but these should fall within or very close to the respective
bands shown in Figure 1. However, somewhat erratic compaction
results are noted, such as the slightly higher density at 30 than
at 75 blows per layer for the soaked dense graded material, and
subsequent CBR tests were run with material recombined to uniform
gradations. These included unsocaked groups of three with a
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s1light excess of water and the same blow counts used in the ini-
tial soaked groups as well as soaked and unsoaked tests at maxi-
mum vibrated densities for each material type.
and 2(d) for a summary of the compactions achieved for these

tests,

A summary of CBR test results is presented in Table 2.

See Figures 2(b}

As

can be seen, a wide range of values is obtained for the dense
graded material, depending on compaction amount and compaction

. Low to moderate CBR values resulted from impact compac-
tion with higher moisture contents giving greater compaction but

method

slightly lower CBR values than the dry test.

It is noted that

somewhat higher results were obtained from the soaked than the

Table 2
SUMMARY OF CBRE RESULTS

COMPACTION DRY MOISTURE SWELL
SOAKED EFFORT DENSITY CONTENT | PERCENT OF CBR CER
SAMPLE OR BLOWS PER | AS MOLDED, | AS MOLDED,| ORIGINAL { AT 0.1 IN | AT 0.2 IN.
I.D. UNSOAKED LAYER pef % dry wt LENGTH {PENETRATION|PENETRATION
SOAKED 10 64.0 19.5 0.00 8.5 11.1
(Quartered 30 73.0 19.4 j0.04 21.3 30.2
Samples) 75 71,8 19.1 0.00 30.0 40.5
SOAKED Max imum
(Uniform Vibrated| 69-2 0 -0.07 57.7 75.3
71S- 518 Gradatlon? -
DENSE ;g 66,0 18.5 - 7.0 19.7
GRADED 68.6 18.9 - 13.9 8.7
(Crusher| UNSONKED 75 72.8. 18.2 - 21.7 28.9
Run’ (Uniform Ma x imum
ur) Gradation) Vibrated 71.8 0 - 71.0 87.1
Yopimum 1 67.0 0 - 57.0 72.2
UNSOAKED 30 65.3 4] - 25.7 32.7
{(Quartered 30 70.0 8.1 - 21.6 27.6
Samples) 30 73.3 16. 4 - 21.6 27.5
SOAKED 10 47.5 i6.5 0.00 6.8 8.9
(Quartered 36 50.7 17.2 -0.04 8.5 10.1
Samples) 75 54.5 17.5 -0.20 9.8 12.9
4 : SéAKED Maximum
7171778 { (Uniform Vibrated 50.5 0 -0,07 6.8 a.1
opgy | Gradation) _ : :
(:RADED UNSOAKED 10 53.1 13.9 - 5.5 7.0
{Uniform 30 57.1 13.0 - 8.3 10.1
Gradation 75 59.5 14.9 - 13.2 15.4
poximum | o511 0 - 8.3 10.3
UNSOAKED 56 52.9 0 - 13.2 17.5
{(Quartered 56 59.8 7.5 - 18,2 21.9
.Samples) 56 54.8 14.5 - 14.0 18.0




corresponding unsoaked tests for this material. Remarkably high
CBR values were obtaijned from the vibrated dense graded material
with densities on the order of those obtained by impact compac-

tion. For this gradation, vibratory compaction appears to pro-

vide better particle interlock with much less degradation.

For the open graded material CBR results are lower and vary
over a much smaller range than for the dense graded material.
Vibrating does not provide better CBR results. With good com~
paction, CBR results indicate this material should be adequate
for a subgrade type application requiring better load distribu-
tion than the dense graded material.

_ Shrinkages (negative swells) as shown by the soaked CBR
procedure should be negligible for both gradation types,

Compressibility Tests.-

Eight one-dimensional compressibility tests were run on
this material to learn something . of its compressibility charac-
teristics, For five of these tests, the material was compacted
into a 6-in. diameter by 4.59-in, high cylindrical stainless
steel mold in three Tayers using a 5.5-1b Proctor hammer and 12-
in. drop. For the other three, compaction was to maximum vi-
brated density,. The specimen was free to drain at the bottom
and top of sample., Incremental loads were applied through a CBR
spacer plate and compression-time records were kept for each
load increment until movement became negligible. Both the dense
graded and open graded blends (recombined uniform gradations)
were run dry, at the maximum moistures they would retain, and
also submerged, Compaction at 30 biows per layer resulted in
densities slightly greater than maximum cone densities, probably
primarily due to greater particle degradation in the compaction
process. In addition, one test was run on the wet crusher-run
material compacted at 75 blows per layer. This achieved only
slightly higher compaction and lower compressibility than the
corresponding 30 blows per layer sample. Not enough gain is
made to warrant the additional compactive effort with its atten-
dant particle breakdown.

The vibrated samples were vibrated dry and achieved good
compaction. The two compressed dry showed considerably improved
compressibilities over their wet counterparts while the dense
graded samplie compressed submerged was somewhat worse from 2000
psf down but better above.

Densities as tested are shown graphically in Figures 2(b)
and 2(d) as they compare with other Lakelite compactions. Test
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values are shownh in the reports of tests and are shown graphical-
ly in Figure 3,

For the 30 blow per Tayer samples, maximum compressions on
the order of one percent were recorded, at 8000 psf for the
crusher-run and 4000 psf for the open graded. The submerged sam-
ples did show stlightly greater compressibilities than the corre-
sponding wet samples.

The 4000 psf Toad was maintained for twenty days on the sub-
merged open graded (30 blow per layer) material, During this
time straih increased from 1,06 to 1.13 percent with movement
during the last six-day period too small for meaningful measure-
ment, Since this was the most compressible of the samples tested,
likelihood of sighificant or damaging progressive settlement is
small,

The compression of this material is limited in amount and
for the most part occurs rapidly, so should not be a problem in
lightweight fill applicatians.

An additional test was run in which a sample of the open
graded material was vibrated in a CBR mold and set up to soak for
three weeks under approximately 200 pcf surcharge. At the end of
three weeks, particle degradation was negligible, as shown:

Gradation, % Passing Basis

Sieve Before After
3/4" 100 100

1/2" 89.8 90.3
3/8" 73.8 74.2
No. 4 9.4 10.3
No. 8 3.3 3.5
No. 16 2.5 2.6
No. 30 2,1 2.2
No, 50 1.7 1.7
No. 100 1.3 1.2
No. 200 .9 0.7

This is on the order of degradation that might be expected from
the vibratory compaction and sieving.

Triaxjal Tests.-

Triaxial tests were performed on 4-in, diameter by 10-in.
length samples of both the open and dense graded materfals. These
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samples were vrecombined to uniform gradation after the overall
sample had been separated on the various sieves. The samples
were tested dry and at initial densities approximating maximum
relative densities as shown graphically in Figures 2(b) and 2(d).
A summary of the test results is shown in Figure 4, The angle
of internal friction was 419 for the open graded material and
450 for the crusher run or dense graded material. These values
indicate a high degree of internal stability for both gradations
as might be expected from a material having the irregular shape
and great interlocking effect that Lakelite has. Even higher
angles of internal friction should be expected at greater densi-
ties. '

Specific Gravities and Absorption.-

This material 1is characterized by many voids incorporated
throughout its structure, As particles are broken down, more of
‘these voids will be exposed on the surface where they can be
filled with water when 1in.a submerged condition.

Specific gravities have been run by the MDSH method (small
gravity bott]eg on the material passing the No. 4 sieve and by
AASHO T-85 and also a large gravity bottle method on the material
retained on the No, 4 sieve, Gravities on the coarser material
vary greatly depending on the method of determination, defini~
tion, and on the method of saturating the sample, T-85 in which
the sample 1is saturated by submerging for 24 hours yielded the
Towest specific gravities (1.49 and 1.50 bulk, dry basis). The
gravity bottle methods, in which vacuum is appiied to the sam=-
ples, gave much higher results. The highest value, 2.56, came
from the coarse aggregate after being subjected to 30 in. (gage)
of mercury vacuum for one hour and then submerged in water for

24 hours. This value suggests that the mineral matter of which
the Lakelite is comprised has a specific gravity close to that
expected from common stone materials and that density reductions
depend almost entirely on the irregular porous structure, In a
dry or Timited water situation this weight savings can be vepy
great, In very wet situations less weight savings can be ex-
pected,

The coarser particles, retained on No. 4 sieve, are extreme-~
1y porous and will absorb widely varying amounts of water depend-
ing on length of exposure and pressures involved. This is appa~
rent from the deviations of specific gravities obtained by dif-
ferent methods for this material., It also makes it difficult to
estimate the extent to which voids would be filled in a submerged
or wet field application,
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samples were recombined to uniform gradation after the overall
sample had been separated on the various sieves. The samples
were tested dry and at initial densities approximating maximum
relative densities as shown graphically in Figures 2(b) and 2(d).
A summary of the test results is shown in Figure 4., The angle
of internal frigtion was 41° for the open graded material and
459 for the c¢rusher run or dense graded materfial. These values
indicate a high degree of internal stability for both gradations
as might be expected from a material having the irregular shape
and great interlocking effect that Lakelite has. Even higher
angles of internal friction should be expected at greater densi-
ties.

Specific Gravities and Absorption.-

_ This material is characterized by many voids incorporated
throughout its structure, As particles are broken down, more of
‘these voids will be exposed on the surface where they can be
filled with water when in .a submerged condition.

Specific gravities have been run by the MDSH method (small
gravity bottleg on the material passing the No. 4 sieve and by
AASHO T-85 and also a large gravity bottle method on the material
retained on the No, 4 sieve. Gravities on the coarser material
vary greatly depending on the method of determination, defini-.
tion, and on the method of saturating the sample. T-85 in which
the sample is saturated by submerging for 24 hours yielded the
Jowest specific gravities (1.49 and 1,50 bulk, dry basis). The
gravity bottle methods, in which vacuum is applied to the sam-
ples, gave much higher results. The highest value, 2.56, came
from the coarse aggregate after being subjected to 30 in. (gage)
of mercury vacuum for one hour and then submerged in water for

24 hours, This value suggests that the mineral matter of which
the Lakelite is comprised has a specific gravity close to that
expected from common stone materials and that density reductions
depend almost entirely on the irregular porous structure. In a
dry or limited water situation this weight savings can be very
great, In very wet situations Tess weight savings can be ex-
pected.

The coarser particles, retained on No. 4 sieve, are extreme-
1y porous and will absorb widely varying amounts of water depend-
ing on length of exposure and pressures involved. This 1is appa~
rent from the deviations of specific gravities obtained by dif-
ferent methods for this material, It also makes it difficult to
estimate the extent to which voids would be filled in a submerged
or wet field application.
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The open graded material can retain up to about 17 percent
water and the crusher run gradation can retain approximately 21
percent after mixing and brief draining.

In a submerged situation, more of the aggregate voids will

be filled as water head increases but the porous skeletal struc-
ture will still provide significant weight savings.

Capillary Rise.-

Texturally, the dense graded material would fall in a “sandy
gravel” category and the open graded material would be a "gravel."
Either gradation can be expected to be readily drainable, Capil-
lTary rise was checked for the crusher run material (recombined
uniform gradation) in a 2-in, diameter open-glass tube at approx-
1mate1¥ 90 percent of maximum dry vibrated density. This was
equivalent to 50 percent Relative Density or about 85 percent
Michigan Cone Density. This test showed a low rise as shown be-
low only stightly greater than might be expected in a medium sand.

Elapsed Time Capillary Rise

(hrs) (in.)
6 4.1
A8 6.0

240 6.0

720 11.4

While this rise would probably have been higher had we been able
to achjeve greater compaction in the tube, capillarity is not
expected to be a problem.

* Kk K

Other miscellaneous test results run prior to this study
{Los Angelec C Abrasion, Magnesium Sulphate Soundness) show
nothing that should prevent the use of Lakelite as a lightweight
fi11, Our loss on ignition results were higher than those re-
ported by Saxer, but indicate no probiems. .-~~~ -~ o " |

Limited experience to date shows that gradations have been
quite consistent and as represented by the producer, He would
have the capability of providing the material in either of the
gradations tested or with a larger top size if desired for the
quantities of material that might be utilized in an embankment
appiication, Available approximate prices are $6.25 per ton for
the fine and medium gradations and §7.25 per ton for the coarse
gradation at the plant, Shipping is available by truck, rail,
or self-unloading boat.
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Conclusjons and Recommendations.~

1.

2‘!

Triaxial test values indicate a high degree of internal sta-
hility for this material in both gradations,

California Bearing Ratios,with concentrated loading, are
satisfactory for well compacted material but indicate the
heed for a well distributed load, especially for the open
graded material, Vibrated dense graded material achieved
good results in this test, CBR shrinkages were negligible.

Compressibility is satisfactorily low for both gradations
and occurs rapidly, It is on the order of twice as great
in the open graded as in the dense graded material and for
each is somewhat greater submerged.

Indicated specific gravities vary widely depending on defi-
nition and the extent voids are filled with water. Vacuum

saturated values suggest that "Lakelite" weight savings de-
"pend almost entirely-on its porous structure,

The two tested gradations of this material can be compacted
to rather wide ranges of densities with varying particle
degradation depending on the compaction method and effort,
For good compaction with minimum degradation relatively
light vibratery equipment and 9-in. layers 1is recommended,

A minimum density of 80 percent relative density is recom-
mended if field vibratory compaction can be used. This
will avoid unnecessarily breaking down material for which
sufficient compaction has been attained. Maximum densities
can be approximated from cone densities for field control
if necessary.

Particle breakdown as shown under long-term soaking is neg-
lTigible,

Cap11]ary r1se for the dense-graded mater1a1 is 1ow and
should not present a problem.

Results of other miscellaneous tests, while worse than for
a sound natural aggregate, should be satisfactory for
11ghtWeight fill use.

Since the dense graded or crusher run material is unscreened,

greatest uniformity would be achieved by stockpiling in lay~
ers and removing full depth.

- 14 -



Results. of the testing program show no reasons why this ma-
terial in either gradation should not be suitable for Tightweight
fi11., The open graded material, going to a higher top size if
desired, would minimize weight of fill at some sacrifice of com~
pressibility and stability and would require better load distri-
bution, The c¢rusher run or dense graded material will provide
greatest stability and least compressibility with some increase
in unit weight and is preferred where the additional weight can
he accepted. .

- 15 -




Form 1801 (Rev. 5/70)

. (General)
STATE OF MICHIGAN T
) : ) ntrol Section
DEPARTMENT OF STATE HIGHWAYS ldentification ]
: _ _ General
TESTING AND RESEARCH DIVISION — '
TESTING LABORATORY SECTION -Job No.
UNIVERSITY OF MlCHIGA& ‘ ;
" ANN ARBOR Laberatory No. 718-518
Date ' ! P
Sheet 1 of 5 REPORT OF TEST June 14, 1972
Report on sample of__SLNIERED - CLAY AGGREGATE (Lakelite, Dense Graded)
Date sampled___.. . May 7, 1971 . Date received: Mey 10, 1971
Source of material_‘Construction Aggregates Inc., Grand Haven, Michlgan
Sampled from Belt Between Crusher and Screens Quantify Represented .
Submitted by As P, Chritz, Testing laboratory Section
Intended use Laboratory investigation Specification 1970 3td Bpecs
TEST RESULTS
C " PERCENT PASSING
. SIEVE SIZES
Test Wh - o o No. No. No. No No. No | No
Test |  Method Tes ted 100 [ 47| Vg7 1 3 4 8 16 30 | ‘s0 100 | 200
Original | 106.0] 99.0} 93.1 | 84.2| 54.7{37.9 | 26.5{18.2 | 12.4| 8.5| 5.8
A .99 Before |100.0| 99.5| 91.9 | 80.3| 50.4 [32.6 | 21.2 |13 .2 8.1| 4.6 24
: After | 100.0/100.0] 7.7 | 90.9{ 64.6 |45.9 | 33.2|23.2 | 16.1| 9.8| 5.0
. B .99 Before | 100.0| 99.7| 95.8 | 88.4| 61.7 |42.9 | 28.8|18.5 | 11.5| 6.3 | 3.1
) After 100.0{100.07 99.6 | 97.8! 78.4{57.6 | 42.3 30,9 | 22.1]14.6 | 8.3
A ' Cone Before | 100.0| 99.2| 95,0 | 87.6| 58.0(39.8 | 27.2|17.0 | 10.2| 5.9| 2.9
e
© After | 100.0] 99.4| 05.7 | 88.5| 60.4 |41.4 | 27.9]17.5 | 10.7| 6.2 3.0
B Cone Before | 100.0| 99.9| 96.5 | 90.3| 64.1 | 45.1 |.30.6|19.4 | 11.8| 6.7] 3.2
Aftet - | 100.0/100.0 98.1 | 92.8| 69.1 |51.1 | 36.8|25.7 | 17.8| 10.6 | 5.5
A | Relative | Before |100.0| 99.2| 90.6 | 80.4| 49.0 | 31.9 | 21.5 13.9| 8.6| 5.0| 2.5
Density After | 100.0| 99.6| 91.4 | 81.0| 48.8|30.9 | 21.2|13.4| 8.0| 4.3| 1.9
« | Relative | Before | 100.0/100.0| 93.0| 84.0[ 55.0|37.0 | 25.0|17.0 | 10.0| 6.0 3.0
Density After | 100.0l100.0} 93.8| 84.4) 55.4|37.1 { 24.9}16.9] 10.0] 6.0| 2.8
p | Relative | Before | 100.0/100.0[ 93.0 | 84.0( 55.037.0 | 25.0|17.0 | 10.0/ 6.0| 3.0
Density | After 100.0{100.0| 94.0 | 85.2| 55.6|37.2 | 24.8 | 16.6 97 57| 2.6
g | Belative| Before | 100.0/100.0| 93.0| 84.0/ 55.0|37.0 | 25.0|17.0 | 10.0| 60| 3 0
Derisity | After 100.0100.0} 03,5t 84.9) s55.1137.58 | 25,6 17.1 % 10.2) 6.11 2.9 :
CBR | Before | 100.0/ 98.9} 95.2 | 87.7| 61.7|42.6. | 28.9|17.7 | 10.5; 59| 3 8 ;
*¥Recombindd Uniform
Gradation 100.0] 100.0| 93.01{ 84.0| 55.0|37.0 | 25.0|17.0{ 10 0| 6.0| 3.0 ;
REMARKS : *This gradetion used for tesbs where noted.
cC:
File _
Joils Analysis ‘
b,D, Sullivan s 7
MC : . ' ﬂ\&’%ﬂ m * @}21 E};:k'-‘:'= wwww
| . | Signed-. 7

Engineer of Testing and Research



Form 1801 (Rev. 5’/702

S o : . (General
STATE OF MICHIGAN “Co—h:ro! Sectio
. . 5 - N ) n
- DEPARTMENT OF STATE HIGHWAYS identification -
. T T General
TESTING AND RESEARCH DIVISION N
TESTING LABORATORY SECTION Job No.
UNIVERSITY OF Mzcmem ' :
© ANMN ARBOR Laboratory No. 713-518
. . Date ‘ 4 i P rC)
REPORY OF TESY June 14, Y

Sheet 2 of 5

Report on sample of SLNTERED CLAY AGGREGATE (Iakelite, Dense Graded)

Date sampled.. — — Date recaeived
" Source of material ___
: SOmpied_ From . E— Cwantify Represented
. Submitted by -
intended use e e . - Specification

. TEST RESULTS

B . :.::' AASHO Tﬁ85(Ret&1nEd No. k)

Absorption - _ . 5%
“Bulk Specific Gravity, dry basis 1.50

Apparent Specific Gravity 1.92

Gravity Bottle Meéthod (Recombined Uniform Gradation, Retained Ne. 4)

Submerged 15 min with 35 em Hg Vacuum 2,03
Vacuum Saturated (30" + Hg Vacuum one hour before water introe
duced ) 256
MDSH Gravity (Passing No. U) 207
Loss on Ienition, percent by weight, passing No. b 6.6
x passing No. 40O Lo 8,1 & H.1

AASHO T-99, Method "C" Mod

Test A (Series)- Quartered Sample Test B (Beries) - Quartered Jample

Water, % Dry Density, : Water, % Dry Density,
Dry Soil pef Dry Soil Cpef

10.9 71.1 7.9 76.1

13.6 73.6 9.9 77 b

15.7 76.8 12.9 80.5

17.5 78.6 14.8 82,4

18.2 80.5

Tree water in bottom of
mold last frame

Signed
Enginser of Testing dand Research




“Form 1801 (Rev. 5!79;

(General
STATE OF MICHIGAN P e
DEPARTMENT OF STATE HIGHWAYS Identification -
' General
TESTING AND RESEARCH DIVISION
TESTING LABORATORY SECTION Job No.
UNIVERSITY OF MICHIGAN . -
ARN ARBOR . Laboratory No. 718-518
Date . 3 .
: June 1%, 1972
Sheet 3 of 5 REPORT OF TEST _ )

Report on sample of SINTERED CIAY AGGREGATE (Lakelite, Dense Graded)

Date sampled _ _Daqte received

Source of material. _ '
Sampled from ___ — ) ‘ Quantity Represenied
Submitted by '

Intended use. : : — _ . Specification

TEST RESULYS

| MDSH Cone Density =

Test A (Series) = Quartered Sample Test B (Series) - Quartered Sample
Water, % Dry Density, Water, 9% Dry Density,
. Dry Soil pef Dry 8Soil pef
0.1 7.2 0.2 76.8
. 5.6 76.9 k.0 79-9
i 10.6 75.6 9.4 80.5
16,k 75.2 13.6 83.6
20.3 76 .8 16.9 86.1

Test ¢ (Individual Tests) - Recombined wniform gradation

Water, % Try Density,

Dry Soil , pef

0.2 73.0
7.8 72k :
14.3 69.9 ;
20.3 67.8

RELATIVE DENSITY OF COHESIONLESS SOILS - ASTM D 2049-69 |
: Tabulation of Dry Densities, pef :

QUARTERED SAMPLES 'RECOMBINED UNIFORM GRADATION o

TEST A TEST B - TEST ¢ | TESTD | TEST E |
Minimum 54.3 - 58.4 53.0 57 8
Max imum, Pry Method 65.4 66.6 73.1 64.9 71 6
Maximum, Wet Method 73.4 77.9 74.7 70.9 74 i

X |/
fﬁ}jaaﬁi’?fm}- (EéiféﬁiMﬂﬁm

Signed -
Engineer of Testing ond Research




SJAIE UI' MIVAIGARN C " IS fior B
. L - . onirgl O

DEPARTMENT OF STATE HIGHWAYS ldantifearon

o Genersl

TESTING AND RESEABCH DIVISION — :
TESTING LABORATORY SECTION Job No,

‘ UNIVERSITY OF MICHIGAN - — y

ANN ARBOR. Laborafory No. 718-518

Date
Sheet 4 of 5 REPORT OF TEST June 1k, 1972

Report on sample of SINIERED CIAY AGGREGATE (Lakelite, Dense Graded)

Dale sampled

Date recelved

Source of materlal

Sampled from -

Submitted by.

Quantify Représenled

intended use

- Spaecification

TEST RESULTS

. CALLFORNIA BEARING RATIO.
Run at 64 psf Surcharge

COMPACTION DRY MOISTURE SWELL, CBR CBR
EFFORT DENSITY CONTENT PERCENT OF AT 0.1 IN. AT 0.2 IN
BLOWS PER AS MOLDED AS MOLDED, ORIGINAL PENETRATION PENETRATION
‘ LAYER pef % drywgt LENGTH
Soaked, Quartered Samples
10 - 64.0 19.5 0.00 8.5 11.1 )
30 73.0 19.4 -0.04 21.3 30.2
75 71.8 19.1 0.00 30.0 40.5
- Soaked; Reécombined Uniform Gradation
’ Maximum Vibrated 69.2 0 -0.07 57.7 75.3
' Utisoaked, Quartered Samples
30% 65.3 0 - 25.7 32.7
30 70.0 8.1 - 21.8 27.6
30 73.3 16.4 - 21.6 27.5
Unsoaked, Recombined Uniform Gradation _
10 66.0 18.5 - 7.0 9.7
30 68.6 18.9 - ) 13.9 18.7
75 72.8 18.2 - 21.7 28.9
Maximum Vibrated 71.8 0 - 71.0 87.1
- Maximum Vibrated 67.0 0 B - . 587.0 72.2
#Gradation tabulated on first page of this report.
ONE DIMENSIONAL COMPRESSIBILITY - Recdombined Uniform Gradations
Note: Cylindrical stesl mold, 6.00° diameter by 4.597 high.
Drainage permitted at bottom and top.
. . ‘ Press.ur.e‘, ‘p.s.f
DRY MOISTURE —_
CoM- MOISTURE .
BENSITY | AS COM- : 0 250 500 1000 2000 4000 8000
?5CT10§ pef PAGTED % AS RUN .
; 21.6 A5 COM-:
30% '?71.5 (Bxcess) PACTED 0 .02 .08 .16 /28 .50 .89
20.9 SUB- ‘
. 30* 69.3 (Excess) MERGED 1] .02 .07 .12 .27 .58 113
: VIBRATED | 67,4 0 DRY 0 .02 .08 .10 .19 .33 65
VIBRATED |- ., . suUB--
waxrugy | 76:1 | ° | wikem | © <03 .08 .18 .32 .56 106
Pressure, psf: ] 0 1370 3150 4940 6720 8500 10280
75« | v2.8 | 20.0 | AS COM- 0 } ) ) ]
. 28 (Bxcess)| PACTED | 17 35 52. 68 .83 98
*Blows per layer, 3 lavers, 5.53-1b Proctor hawmer 127 drop.
7 §
ootk § 4
Signed 5.%&""?‘4*’. m s b s

Engineer nf ‘l"esi’_iﬂéE and Recea-rh



STATE OF MICHIGAN

DEPARTMENT OF STATE HIGHWAYS

TESTING AND RESEARCH DIVISION: -
TESTING LABORATORY SECTION Job No.

UNIVERSITY OF MICHIGAN
ANN ARBOR

Sheet 5 of 5 REPORY OF TEST

Form 1801 QRov.5/7
om (aienem 2

Confrol Sechon
Identification:
General

Laboratory Ne. 3 715“518 . o
bore _ June 1k, 1972

]

Report on sample o

¢ SINTERED CIAY AGCREGATE (Takelite, Dense Graded)

Date received

Date sampled

Source of material

Sampled from

Quantify Represented

Submitted by.

tn!endec_! use

Specification

TEST RESULTS

TRIAXTIAL COMPRESSION TEST ~ DRY - Recombined Uniform Gradetion (approx)

DEVIATOR | AXIAL “INITIAL
. CONFINING STRESS STRAIN DENSITY
PRESSURE . (AT FAILURE) (AT FAILURE) (APPROX)
psi psi _ _perc.ent | pcf
5 28.6 4.4 65
10 44 .3 4.4 56
20 100.6 8.5 67

Angle of Internal Frietion, ¢ = b5s°,

CAPTLIARY RISE ~ Recombined Uniform Gradation
Notes: 2" diameter glass tube

Approximate dry density, 62.3 pof.

flapsed Time, Capillary Rise,

hours inches
6 ) ‘
L8 6.0 ;
2ho 9.0 i
720 b !

REMARKS : Tasted for informabion.
LIBRARY
michigan department of
state highways Goned m‘;&“‘iwm CL ﬁw_

Engineer of Tesnng and Reseurch

LANSING




R o ' , Form 1801 (Rev. 5/702
: . : enoral

STATE OF MICHIGAN oo
. g . n 8 CHCN
DEPARTMENT OF STATE HIGHWAYS Identification
: - , General
TESTING AND RESEARCH DIVISION T
TESTING LABORATORY SECTION Job No.
UNIVERSITY OF MICHIGAﬁ
ANN ARBOR Laboratory Ne. 718-518
Date ' TR
Sheet 1 of 5 REPORT OF TEST | June L, 1972

Report on sample of_ SINIERED CIAY AGGREGATE (Lakelite, Dense Graded)

Date sampled ... May Ty 1971 __Dale recaived May 10, 1971
Source of material Congbruction Aggregates Inc., Grand Haven, Michigan
Sampled from BEL1t Between Crusher and Sereens  quanity Represented

Submitied by A, P, Chritz, Testing Laboratory Sechion
Laboratory 1nvest:1.gat:1,on

TG '111‘{-—; (28 e = oy
intended use Specification 97 shd ’“’3;} e

TEST RESULTS

PERCENT PASSING ]
SIEVE SIZES
Test Wh ,, - . No. No. No. No No No No
Test | Mothod Tested 1 | 3Ty 3 4 8 16 30 50 100 | 200
Original | 100.0| 99.0| 93.1 | 84.2! 54.7{37.9 | 26.5)/18.2 | 12.4| 8.5| 5.8
A T.99 Before | 100.0| 99.5| 91.9 | 80.3| 50.4{32.6 | 21.2]13.2 8.1 46! 2.4
T After 100.0/100.0| 97.7 | 90.9| 64.6 [ 45.9 | 33.2123.2 ) 16.1% 9.8 5.0
Before |100.0| 99.7) 95.8 | 88.4| 61.7|42.9 | 28,8 18.5 ; 11.5| 6.3 | 3.1
- B T-99
After 100.0/100.0] 99.6 | 97.8| 78.4 | 57.6 | 42.3(30.9 | 22.1| 14.6 | 8.3
A c Before | 100.0| 99.2| 95.0 | 87.6| 58.0139.8 | 27.2|17.0 | 10.2] 5.9 | 2.9
_Oe . .
ene After 100.0| 99.4| 95.7 | 88.5| 60.4 :141.4 | 27.9(17.5 | 10.7] 6.2 | 3.0
B Cone Before | 100.0¢ 99.9| 96.5 | 90.3{ 64.1|45.1 |.30.6|19.4 | 11.8| 6.7 ] 3.2
After 100.0/100.0| 98.1 { 92.8| 69,1 |51.1 | 36.8}25.7 | 17.8| 10.6 | 5.5
A Relative Before | 100.0| 99.2}| 90.6 | 80.4] 49.0|31.9 | 21.5|13.9{ 8.6{ 5.0| 2.5
Density Aftet 100.0{ 29.5] 91.4 | 81.0{ 48.830.9 | 21.2|13.4 8.0 4.3| 1.9
c Relatiég Before | 100.0/100.0| 93.0 | 84.0] 55.0(37.0 | 25.0|17.0 | 10.0| 6.0| 3.0
Density After 100,0l100.0| 93.8 | 84.4| 55.4137.1 | 24. 0| 16.9 | 10.0} 6.0| 2.8
D Relative Before | 100.0{100.0| 93.0| 84.0| 55.0137.0 | 25.0{17.0 ¢ 10.0| 6.0] 3.0
Density After 100.0/100.0| 94.0 | 85.2| 55.6}37.2 | 24.8 | 16.6 9.7 57| 26
E Relative Before | 100.0{100.0( 93.0 | 84.0| 55.0|37.0 | 25.0]17.0| 10.0{ 6.0| 3 0
Deénsity After 100.0/100.0| 93.5 | 84.9f s5.1l37.5 {1 25.6|d7.1 | 10.2} 61| 2.9
CBR | Before | 100.0| 98.9| 95.2 ¢ 87.7| 61.7;42.6 | 28.9(17.7 | 10.5| 56| 38
*Recombingd Uniform
Gradation 100.0[ 100.0! 93.0 | 84.0] 55.0| 37.0 | 25.017.0| 10.0| 6.G| 3.0
REMARKS : *This gradation used for tests where noted.
cC:
File

Soils Analysis
P.D. Sullivan g
W - Meage VY, A

Signed

Engineer of Testing and Research



Form 1801 (Rev, 5/70)

- L eneral)
: .- STATE OF _M_ICHIGAN rCo—ntrol Section
' DEPARTMENT OF STATE HIGHWAYS - - |dentification
e o S N General
TESTING AND RESEARCH DIVISION ;
TESTING LABORATORY SECTION Job No.
UNIVERSITY OF MICHIGAN e -
© ANN ARBOR Laboratory No. 718518
| bate  June 1%, 197
Sheet 2 of 5 REPORT OF TEST : , L L f-
quﬂonmmNBOFSINTERED CLAY AGGREGATE (Lakelite, Dense Graded)
* _DG|9 sampled — ) . - Dqte received
‘Source of _muferiql : '
:Sampled.fmm — —— — Quantify Represented
Submitted by
. infend_ed__QS_e - — e : . Specification
B TEST RESULTS
| *.' ﬁp Td8 (Retalned No, 4)
AbSor@tlon ' 14,59
S Bulk 8pecific GraV1ty, dry ‘basis 1.50
Apparent Specific Gravity 1.92
Gravity Bottle Method (Recombined Uniform Gradation, Retained No. Wy
Submerged 15 min with 35 cm Hg Vacuum 2,03
Vacuum Saturated (30" + Hg Vacuum one hour before waber intro-
duced) 2,56
MDSH Gravity (Passing No. 4) 2,47
Loss on Ignition, percent by weight, passing No. b 6.6
R passing No. 40 _ 0.1 & 8.1

AASHO T=99, Method "G" Mod

Test A (Series)- Quartered Sample Test B (Series) - Quartered Semple

Water, % Dry Density, Water, % Dry Density,
Dry Soil pef ' Dry Soil ~ pef

10.9 71l.1 7.9 76,1

13.6 73.6 \ 9.9 77k

15.7 76.8 12.9 80.5

17.5 78.6 14.8 8ok

18.2 80.5

Free waber in bottom of
mold last frame

mﬁg% m ® @igf éf/{(ﬂm,ﬂ

Signed
Engineer of Testing ond Ressarch




Form 1801 (Rev. 5/70)

enerd)
STATE OF MICHIGAN C;#;J Section
DEPARTMENT OF STATE HIGHWAYS [dentification
7 . General
TESTING AND RESEARCH DIVISION -
TESTING LABORATORY SECTION Job No.
UNIVERSITY OF MICHIGAN ;
ANN ARBOR Laboratory No. 715-518 .
Date
' June 14, 1972
Sheet 3 of 5 REPORT OF TEST ‘
Report on sample of SLNLERED CLAY AGORECATE (Lakelitie, Dense Graded)
Date sampled Date raceived
Source of material
Sampled from Quantify Represented
Submitted by
fntended use.. Specification .
TEST RESULTS
MDSH Cone ‘Density
Test A (Series) - Quartered Sample Tegt B (Series) - Quariered Sample
Water, % Dry Density, Water, % Dry Density.
Dry Seil “pef Dry goil pet
0.1 T7.2 0.2 76.8
5.6 76.9 4.0 79.9
10.6. 75.6 9.4 80.5
16.k4 75 .2 13.6 83.6
20.3. 76.8 16.9 86.1
Test ¢ (Individual Tests) - Recombined uniform gradation
Water, % Dry Density,
Dry Soil pef
0.2 - 73.0
7.8 72,4
4.3 69.9
20.3 67.8
RELATIVE DENSITY OF COHESIONLESS SOILS - ASTM D 2049-69
’ Tabulation of Dry Densities, pef
QUARTERED SAMPLES RECOMBINED UNIFORM GRADATION
TEST A 'TEST B TEST C TEST D TEST E
Minimum 54.3 58.4 53.0 57 8§
Meximum, Dry Method 65.4 66.6 73.1 64.9 718
Maximum, Wet Method 73.4 77.9 74.7 70.9 74 1
fﬁ}ﬁ\ew e, M«? A
Signed ¥ m : QE’“‘E‘?’ o,

Engineer of Testing and Research
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' DEPARTMENT OF STATE HIGHWAYS Idanfearion :

' Gerieral ;

TESTING AND RESEARCH DIVISION — - -

TESTING LABORATORY SECTION Job Ne. 1
UNIVERSITY OF MICHIGAN - - -
" ANN ARBOR Laboratory No. -~ 713“518
Date © June 14, 1972
Sheet l of 5 REPORT OF TEST _dune 14, 197

Report on sampla of szNTERED CLAY AGGBEGATE (Lakelite, Dense CGraded)

Date sampled . . S N .. Dgté received

Source of material

Sampled from - - — . Quantify Reprasentad
Submitied by. _

Intended use . . — Specification

TEST RESULTS

LIFORNIA BEARING RATIO
Run at 64 psf Surcharge .

COMPACTION DRY MOISTURE " SWELL, CBR CBR
EFFORT DENSITY CONTENT PERCENT OF AT 0.1 IN. AT 0.2 IN
BLOWS PER AS MOLDED A8 MOLDED, ORIGINAL PENETRATION PENETRATION
LAYER : pcf . l%dry wet LENGTH
Soaked Quartered Samples
10 - 64.0 19.5 0.00 8.5 11.1 .
30 73.0 19.4 -0.04 21.3 30.2
75 71.8 191 0.00 30.0 40.5
» Soaled, Recombined Uniform Gradation
Maximum Vibrated 69.2 0 -0.07 57.7 75.3
i Unsoaked, Qudartered Samples
30% 65.3 0 - 25.7 32.7
30 70.0 8.1 - 21.6 27.6
h 30 73.3 16.4 - 21.6 27.5
Unsoaked, Recombined Uniform Graddtion
10 66.0 18.5 - 7.0 9.7
30 68:6 18.9 13.9 18.7
75 72.8 18.2 - 21.7 28.9
Maxjimum Vibrated 71.8 0 - 71.0 87.1
Maximum Vibrated 67.0 0 - 57.0 72,2
%Gradation tabulated on first page of this report.
ONE DIMENSIONAL COMPRESSIBILITY - Recombined Uniform Gradations
Note: Cylindrical steel mold, 6.00' diameter by 4.59° high.
-Drainage permitted at bottom and top.
. Pressure ,k psf
DRY MOISTURE 5 :
GOM- i MOISTURE
DENSITY | -AS COM- 0 250 500 1000 2000 4000 8000
PACIION | pef | pActEp u) 8 *UN - | |
21.6 AS COMy . ‘ ]
30# 71.5 . (Excess) PACTED 0 .02 .08 .16 .2$ .50 .89
' 20.9 SUB= . |
30#* 69.3 (Excess) MERGED 0 .02 .07 .12 .27 .58 113
VIBRATED ‘
MAXTMUM 67.4 ] DRY 0 .02 .05 W10 .19 .33 .65
‘m%n 76.1 0 mé‘égéb 0 .03 .08 18 | .32 .56 1.06
. Pressure, psf: ‘ _ 0 1370 3150 4940 6720 8500 10289
7s¢ | 72.8 20.0 | AS COM- 0 1 Y ) ]
(Excess)| PACTED ! 8% _52 08 . 83 o8

*HTows per layer. 3 layers 5.5-1b Proctor hammer . 12”.dr0p.




Form 1801 (Rav. 5'17?}

— {Generc
STATE OF MICHIGAN Control Seclion
DEPARTMENT OF STATE HIGHWAYS ldentifcation -
_ General
TESTING AND RESEARCH DIVISION *
TESTING LABORATORY SECTION Job No.
UNIVERSITY OF MICHIGAN — e —
ANN ARBOR Laboratory No. 718518 .
D ' )
- June 1k, 1972

Sheet, 5 o 5 REPORT OF TEST

Roport on sanple of_STNTEEED CTAY AGGREGATE (Lakelite, Dense Graded)

Date sampled Date received

Source of material - ‘ . » L

Sampled from Quantity Repretented AR I
Submitted by.

intended use

Specification

TEST RESULYS

TRIAXIAL COMPRESSION TEST ~ DRY - Recombined Uniform Gradation (approx)

DEVIATOR AXIAL INTTIAL
- CONFINING STRESS ~ STRAIN DENSITY
PRESSURE. (AT FAILURE) (AT FAILURE) { APPROX)
psi psi _ pereent ~ pef
5 28.6 4.4 65
10 44.3 4.4 66
20 100.6 8.5 67

Angle of Internal Friction, ¢ = 45°,

CAPILLARY RISE - Recombined Uniform Gradation

Notes: 2" diameter glass tiube
Approximate dry density, 62.3 pef.
Elapsed Time, Capillary Rise,

hours inches
6 b1

2ho 9.0 ;

720 11k

REMARKS : Tested for information.

£

é{%@s’fw Eﬁ » Qé?{,r ’f"lfi.w..

Siunnri

Ehgina'er of Tésfing dnd Research



Form 1801 (Rav. 5[703
(General

STATE OF MICHIGAN | o
DEPARTMENT OF STATE HlGHWAYS Identification Genersl
TESTING AND RESEARCH DIVISION
TESTING LABORATORY SECTION lJob No.
UNIVER::: ::BA;LCHiGAN Laboratory Ne.. 7_15”17?8
Date  June b, 1972

Sheet 1 of s REPORT OF TEST

 of SINTERED CLAY AGGREGATE (Takelite, Open Graded)

Date sampled . September 8, 1971 __Date received____SePbember 8, 197
Source of material__oonstruction Aggregates Inc., Grand Haven, Michigan
Stockpiles at plant

Report on sampl

Sampled from — Qudntiy Represented

Submitted bY : Pg_. Hn Marttila, TeS‘bing La.boratory S@Qtion )
intended use _Iaboratory inveatigation Specification _ 1970 2td 3pecs
TEST RESULTS
B ' PERCENT PASSING
STEVE SIZES
Tesgt When Yoy ' I No. No. No No. N No. Ne.
Test | Methad Tested | ¥4 | Vo' | 34 4 8 16 30 50 100 | 200
A | cone | Before [ 100,01} 92.5 | 78.0 | 13.7 6.0 4.9 | 4.2 3.5 2.4 1.3
‘ After 100.0| 95.0 | 84.7 | 25.9 | 12.2 9.0 7.3 6.0 4.4 2.5
B Cone Before |100,0} 95.7 | 82.6 | 13.1 5.3 4.1 3.5 3.3 2.1 1.1
After |100.0( 96.6 | 86.7 | 23.1 | 10.4 | 7.7 | 6.2 | 50 | 3.7 | 2.1 :
= A Relative Before 1100.0| 89.0 | 69.3 4.5 0.8 0.7 0.7 0.5 0.5 0.4 '
Density After i00.0 | 88.2 | 68.3 6.5 i.7 1.5 1.3 1.1 0.9 0.6
B ‘Relative Before [100.0 | 92.0 | 74.4 7.9 2.1 1.5 1.4 1.2 1.0 0.6
Density After 100.0 92.0 75.8 9.4 3.1 2.3 2.0 1.7 i.2 0.7
c Relative Before |100.0 | 86.4 | 64.6 5.8 2.6 2.2 1.9 1.6 1.1 0.6
Density After 100.0 | 86.5 | 65.4 8.1 3.4 2.8 2.3 1.9 1.3 0.7
b Relative Before 100.0 80.8 | 73.8 9.4 3.2 2.4 2.0 1.6 1.3 0.9
Density After 100.0 90.9 75.5 101 4.3 3.4 2.8 2.2 i.5 0.9
Portion of Original .
Sample 100.0 | 92.2 ] 78.4 | 14.9 6.7 5.6 4.9 4.2 3.2 1.8
*Recombine :l_ Uniform
Gradation 100.0 | 90.0 | 75.0 | 10.0 4.0 3.0 2.5 2.0 1.5 1.0
REMARKS ¢ *This gradation is uged for teshs where nobed.
[oX o B '
. File
Solls Analyais
- y - Mege Y. CO_ 1.
P oD . S'LLlll'V&Il S A ) o 2:?' gt
. igned. .
MC Engineer of Testing and Research
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STATE OF MICHIGAN e
DEPARTMENT OF STATE HIGHWAYS ' | Identification- General
YESTING AND RESEARCH DIVISION .
TESTING LABORATORY SECTION | Jeb N
UNIVERSITY OF MICHtGAN - -
ANM ARBOR Laboratory No. Ti8-1778
DO'e . - I‘ L
Sheet 2 of 4 ‘REPORT OF Test June 1, 1972

Report on sample of uINTERED CLAY AGGREGATE (Lakellte, Open Graded)

: Date sampled _ . : Date received
. Source of mcﬂeria[ .

Scmpled from : . ‘ Quantify Represanted
- Submitted by : 7 _ _ '

|%1!_a_nd'ed_ u_s_é e et — __Specification

- -rEs_'r _R_E_SUI.'I‘S

'37§  AASEQ T 83 (Recomb1n€d Uﬂlform,gradaﬁlOnl Peﬁalned No. 1)

ﬁbnorptlcn - ' 12.5%
_.Bulh fpecific Graviby, dry basis - : 149
- Apparent Specific Gravity ' 1.84

Gravity Botble Mebhod (Recombined uniform gradation, rebained No. 43

' Submerged 15 min with 35 om Heg Vacuum 2,09

MDSH Cone Dengity

Test A (Series) - Quartered Sample Tegt B (Series) - Quartered Sample
Water, % Dry Density, Water, % Dry Density
Dy Boil _ pof Dry Soll pef
0.0 56,2 0.0 54,9
5.9 59.3 4.9 58,7
11.0 59.9 10.9 61.2
13.1 64.9 1.2 6L.2

Test C (Individual Tests) - Recombined miform gradation

Water, % Dry Density
Dry Soil ~ pef
0.1 55.7
77 53.8
1.3 54,9
16,2 52,2

Pras
Signed i

. Engineer of Testing and Research
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enera
STATE OF MICHIGAN "c ol Socti
" ; ontrol Section
DEPARTMENT OF STATE HIGHWAYS Identification
: General
TESTING AND RESEARCH DIVISION -
TESTING LABORATORY SECTION Job No.
UNIVERSITY OF MICHIGAN : — - "
" ANN ARBOR Laboratory No. 718~1778
Date
- June 1k, 1972
Sheeb 3 of U4 REPORT OF TESY , 8
' Report on sample of SINIERED CTAY AGGREGATE (Lakelite; Open Graded)
Date sampled Dgle received
Souree of material
Sampled from Quantity Represented
Submitted by.
intended use Specification
TEST RESULTS
" RELATIVE DENSITY OF COHESIONLESS SOILS - ASTM D204G-69
Tabulation of Dry Densities, pef
TEST A TEST B TEST C TEST D
QUARTERED QUARTERED QUARTERED UNIFORM
SAMPLE SAMPLE SAMPLE GRADATION
(Approx;
Minimum 43.7 44.6 43.4 44.5 ;
Maxinum, Dry Method 48.1 49.6 48.8 52 .0
Maximum, Wet Method 48.7 50.2 - ;
CALIFORNIA BEARING RATIO
Run at 64 psf Surcharge o
COMPACTION DRY MOISTURE SWELL, CBR CBR
EFFORT DENSITY CONTENT PERCENT OF AT 0.1 1IN. AT $.2 IN.
BLOWS PER AS MOLDED, AS MOLDED, ORIGINAL PENETRATION PENETRATION
LAYER pof % dry wgt LENGTH
Spaked, Quartered Sémples
10 47.5 16.5 0.0 6.8 &.9
30 50.7 17.2 0.04 8.5 101
75 54.5 17.5 0.20 9.8 12
Unsodked, Quartered Samples :
56 52.9 0 . 13.2 17 8
56. 59.8 . 7.5 - 18.2 1.9
56 54.8 14,5 14.0 i8 ¢
Unisoaked, Recombiried Unifotm Gradation
10 53.1 13.9 - 55 7.0
30 57.1 13.0 - 8.3 10 1
75 59.5 14.9 13.2 i5 4
Max imum
Vibrated 51.1 0 - = 8.3 103
Soaked, Recombined Uniform Gradatiof
Max imum
Vibrated 50.5 0 -0.07 6.8 g1

Mese v, @52_,5? A

Signed. i
Engineer of Testing and Research
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. eneral)
STATE OF MICHIGAN 'E-o“ntroi Section
DEPARTMENT OF STATE HIGHWAYS identification -
’ . General
TESTING AND RESEARCH DIVISION -
TESTING LABORATORY SECTION Job Ne.
UNEVERSITY OF MICHIGAN ' ~
ANN ARBOR Laberatory No. 718-1778
Date - - i
Sheet 4 of L REPORT OF TEST June Lh, 1972
“ Report on sample of __5 LINIERED CLAY AGGREGATE (Lakelite, Opean Graded)
Date sampled i : Date received
Source of materiat
Sampled from : Quantity Represented
-Submitted by. ‘
Intended use : i Spacification
TEST RESULTS
ONE DIMENSIONAL COMPRESSIBILITY - Recombired Uniform Gradabions
Note: Cylindrical steel mold, 6.00" diameter by 4.59" high.
Drainage permitted at bottom and top.
i Tabulationh of Strains, percent
Pressure, psf
N DRY | MOISTURE|yriram '
COn- MOISTURE
- DENSITY | AS COM- - 0 250 500 1000 2000 4000 8000
PACTION | ™™ ¢ | pacreD % AS BWN .
. 16.8 AS COM- .
. ) , .0 .22 .44 .91
30w >3.6 (Excess) | PACTED 0 02 9
30% 54.7 17.6 | SUB- 0 05 14 .32 .60 1,06%*
] (Excess) | MERGED
VIBRATED 0 02 05 12 .26 .58 1.56
MAXIMUM 52.7 ‘0 0 _ ’ -

¥Blows per layer, 3 layers, 5.5~1b Proctor hammer, 12" drop.
**Increased to 1.13 after 20 days at load. Movenment not determinable for last 6
days.

TRTIAXTAL COMPRESSION TEST - DRY « Recombined Uniform Gradation (approx)

DEVIATOR AXIAL INITIAL
CONFINING STRESS STRAIN DENSITY
PRESSURE. (AT FAILURE) (AT FAILURE) { APPROX)
psi ] psi _ percent ' pcf
5 32.5 : 5.3 52
10 48.8 5.7 53
4 20 88.0 8.0 53

Angle of Internal Friction, ¢ = 41°,

REMARKS: Tegted for information.

Mo M. 0, o

Engineer of Testing and Research

Sighed






