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ABSTRACT: Because of the success of a one-point chart for determining maximum density
by the T-99 compaction method, a one-peint chart also has been developed to be used in
conjunction with the Michigan cone fest. The cone test is used in Michigan in lieu of the
T-99 test for testing granular materiais and sands having a minus 200 fraction of less than
10 percent. By use of the one-point method, it is necessary to mzke only one wet density
determination per test. With this value and the ckart, the corresponding maximum dry
density can be determined directly and much more guickly than by using the conventional
method. Extensive field testing of the one-point chart method shows it to be suitable for
normal compaction control procedure.
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DEVELOPMENT OF A ONE~POINT CONE TEST
FOR DETERMINING MAXIMUM DENSITY
OF GRANULAR MATERIALS

Ina previous report (1} the development ofa one-point chart for deter-
mining maximum density by the T-99 compaction method was described.
The value of th_‘is chart to field density inspectors has been recognizedand it
now fprms a permanent an"t of the Department's compaction control equip-
ment. Use of the chart hés allowed a substantial reduction in the number
of samples that normally must be molded and tested during compaction
control operations, thereby releasing density inspectors for other duties
or pgrnﬁtting additional areas to be tested.

In Michigan, however, thé T-99 compaction control method is applicable

to 6n[y those materials whose minus 200 fractions (fiﬁes) exceed 10 per-

7 éént;- For granular igaterials and éands coﬁtaining 10 percent.fines or 1esé,
the Michigan done Test (2) is used to determine maximum design density.
The one-point T-99 chart is not applicable to these fnaterials.

In the hope that work required to conduct the Cone Test could be reduced
in the same manner as the T-99 method, A. E. Matthews i‘equested that
research be inaugurated to investigate the feasibility of .developing a one~

point chart which could be used to determine the maximum, or design, den-
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sity with the Michigan Cone Test. This request was forwarded to the Re- '

search Laboratory witha- memorandum of approval from R. L. Greenman,
dated Janﬁary 27, 1966,

The first phase of this project consisted of a study of available cone
test data on‘ file with the Dgpartment and as currently available from fieid
density inspectors and the Ann Arbor Testing Laboratory. This bulk data

was supplemented by a number of controlled cone tests made by the Soils

and Research Laboratory Sectiong in which different granular mixtures

were compacted in cones over a range of closely spaced differences in
moisture content. With these tests, studies were also made to estéblish
the range of error to be eﬁpected with the cone test and, consequently, how
wella ﬁewiy developed method should check with conventional results. Re-
sults obtained by different operators were compéred aswere duplicate tests
perforined by the same operator. Figure 1 shows the results of one such
series of tests in which ?wo density inspectérs éacil determined the max-
{muin dengity of diffé.;'ent materials and, in addition, performed three rep-
etitive tests on samples of eac}.l.material at essentially the same moisture
content. These tests indicate that the dry weight dénsity of a gample, as
'determined by the cone test, can vary by as much as 2.8 pet when deter-
.mined under controlled conditions by the same operator. .With different
operators, the results varied by as much as 5.1 pef with an average dif-

ference of 3 pef, dry density.
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Under carefully controlled conditions, using well trained density in-
spectors from the Soils Division, the average difference. between inspec—
tors, based on about 100 tests, was approximately 1.5 pef, wi_tha maximuam
of 5.3 pcf. .For' 70 percent of the tests, differences did not exceed 2 péf.
For this reason, it was felt that any new procedures should check thé con—
ventionzal method wi’.nhin 2 pcf, 75 percent of the time.

Study of a lafge pumber of cone test results indicated that the shapes
of the field moisturel—densi‘ty curves fell into two basic patterns, depending
upon the gradation of the material being tested. For graded aggregates, a

peaked curve, as normally associated with compaction tests, was obtained

while the more uniformly graded maﬁerials, such as sands, yielded a flat -

curve with no clearly defined peak. Figure 2 shows typical curves of the ’

two types, plotted for both wet and dry densities.

Aftér gseversal trial models, the one-point chart assumed the form shown
in Figure 3. To .obtain maximum dry density 5y means of this chart, it ié
necessary to deterﬂ;ine the wet density and moisture content of only asingle
sample. Using these values, the chart.is entered, a8 shown, and the mai—
imum dry densitsr read diﬁ'ectly. The values obtainéd are more accurate
when the moisture contentof the test sample is above three percent and does

not exceed values determined by the line MN. The line MN represents

moisture contents beyond which, for a given soil, there is no appreciable

increase in density with anincrease inmoisture content (optimum moisture
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WET DENSITY, POUNDS PER CUBIC FOOT

MICHIGAN DEPARTMENT OF.STATE HIGHWAYS
QFFICE OF YEATING AND RESEARCH
RESEARCH LABORATORY BIvISION
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MICHIGAN CONE TEST

CHART FOR OBTAINING MAXIMUM DENSITY
FROM A ONE POINT MICHIGAN CONE TEST
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Provedure

Compact Meld samplaby the Michigan Cone Mothod and shtain wet den-
alty and moteture vantest of thia slngle sample.

Entur chatt with thase vatues and estebilshpalnt (B iSteps Land 91,

Promprint [E  proceed upwavd botween redinl Iinen Lo lntorsoction
wilh Ihe outer baundary curve ol point (] 15tep 3). Thia point glvea (he
moxklmum dey densizy (116, 4 pel I8 thls exampla),

Shautd the malnture cantent of he compacted sample be bigh anaugh
for polat [A] 1o faft between Iine M-IV ard the onter boundury [ins (ma 3t
point (&) 1, one of twopr depanding tpan the lype
of material belag teated:

1. For mand, procesd exsctly as In Step 3. lgnoring Une M-, and
esiabillsh the maximum density point () onthe baundary line (171, ¥ paf
in Whs oxmmplal.

2, Fozregnd-gravel or graded aggregale where molsture-daneity plol
¥lelde u peaked curvel follow beclwvard from polnt batween dotted
curves to ihterdselion with lina M-N, From It point proceed between
adlal linew right, to intesection with houndsry ourvead maximum denalty
point {Gy 523.5 pef In thin sxample),

ROTE; Hesl rosulls ere ehlulned from thia cherl when molslure content
of compacted exmpla 1n auch that point wiil fail below line
M=H gl @ molalure poatenl phovs 3 paraent,
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MOISTURE CONTENT, FERCENT OF DRY WEIGHT
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Figure 3.

One-point cone test chart.
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content for gréded materials but less clearly defined with sands).

No_pa;?ticular problems were encountered in blending both the peaked
and flat sil.aped curves into a single chart. However, in the case of the
peaked curvesl, a, special procedure should be followed if the moisture coﬁ-
tent of thg test sample expeeds'tl}e optimum, (falls to the right of the line
MN). If the'exlcess mo'is‘tux‘e does not exceed one percent, the appropriate
dotted curve should be followed backward to its intersection with line MN
before projection tothe dry aensity line. If the moisture exceeds optimum
by more than one percent, the sample should be dried back to optimum or
less and retested. With sands, the higher moisture contents present no
problexﬂs in the use of thé chart. In certain borderline cases (usually in
the 120 to 125 ;‘)cf dengity range) the type material being tested may I;Ot
readily be apparent. In this case, the judgment of the inspector should
determine the appropriate test method to use when the moisture content
falls beyond the MN_?lline. I in doubt, the sample should be retested at a
lower moisture content

At the lower range of moisture éontents, it was found desirable to con-
duct tests 6n1y on samples above 3 percent moisture. Below this value, the
full 1ubrication mechanism of the soil and water is not mobilized so that
moisture-density relationships do not lend themselves to significant pro-
jection as do the values at higher moisture content. Best overall results

with the one-point chartare obtained when the moisture content of the sam-
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ples is at, or'near, optimum moisture.
The chart was tested over a 60-day trial period by density inspectors
of the Soils Division in order to determine ifs suitability for field use.

During this evaluation period, maximum densities were determined both by

conventional and by ‘one-point cone methods. - Correlation results for 304

such tgsts are Shown' in ‘Fi'gure 4. The regression line for these tests is
practically parallel to a 45-degree line of equal value, with the one-point
values being, in general, about one-half pound higher (on the conservative
side) than are thosé éf the conventional method. This is due, primarily,
to the fact that conventional tests are not normally made at moisture con-
tents épproaching saturation where highest densii.:ies are often obtained.
The maximum values obtained from the one-point chart represent the hi‘gh—
est value of dengity obtainable throughout a moisture range between zero
pﬁjrc'ent and saturation. The conventional method does not cover such a
wide range of moisture contents.

Based on the data shownin Figure 4, the one-point method should check
the conventional method within + 2 pcf 95 percent of the time throughout the
entire rénge of densities. However, it can be seenthat density valuesabove
approximately léO pef (where graded aggregates predominate) did not cor-
relate quite so well as did those of lower densities. When .computed sep-
arately, the correlation at the 95-percent confidence limit, was + 3.1 pef

for dengities above 130 pef andi 1.4 pcf for those below this value. The
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highgr ﬁralue is well within tolerable limits,. however, so‘ that no adjustment
{o the .chart is required at this time. The correlation coefficient for all of
the data is 0.99, an exceptionally fine correlation.

Becguse of the satisfactory field results obtained with the one—pcﬁnt
chart, this method has been apprbved f;)r use by the Department and by the
Bureau éf Public Roads. Aé in the case with the '-I‘-99 one-pointl chart, the
one-point cone data, as obtained from the field, will continue to be studied
and the chart modified if future chditions warrant, In its presenf form,
holwever, the method appears to yield reliable results and its use certainly
permitsa subst.antial saving of time and effort in the determination of design
dens-ity for grénular materials, especially in those areas where there isa

considerable variation of these materials.
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