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To T. A. Coleman
Assistant to Engineer of Soils

From: E. C. Novak, Jr.

Subject, Drainability Analysis of Samples Submitted to the Porous Materials
Specification Committee by District Soils Engineers.
Research Project 66 E~38, Research Report No. R-893.

E]i)m‘ing the second meeting of the Porous Material Specification Commnittee,
held in Ann Arbor on February 6, 1973, it was decided to have each District
Soils Engineer submit to the Cormittee a sample of porous material they
thought represented good drainable subbase, and a sample they thought re-
presented the borderline between materials they would and would not accept
for subbase. A total of 14 samples from 7 Districts were received by the
Testing Laboratory. Each sample was split in half, one half to be tested
by the Testing Laboratory the other by the Research Laboratory. The rea~
son for this was to see how well the permeability results obtained by the
two Laboratories agreed. This report describes the test results obtained
by the Research Laboratory.

The samples as received from the Testing Laboratory were labeled by num-
ber and source but there was no indication as to which sample represented
good drainable material and which re presented borderline material, In
addition, there is some question regarding the source of samples 150-195.
The labels indicate that only one sample, 190, came from Alpena and that
three, 193, 194 and 195, came from Cadillac. This report agsumes that
.the samples were assigned in order so that samples 190~191, 192-193, and
194-195, are pairs respectively submitted from the Alpena, Kalamazoo,
and Cadillac Districts. It is also assumed that the fastest draining sample
of each pair is the same as that selected by the engineer to represent good
drainable subbase material. '

Table 1 summarizes the density and gradation characteristics of each sam-
ple tested. Permeability tests were run on samples compacted to as near
maximum cone density as it was possible to obtain in the permeameter.
Some samples were easy to compact to maximum density while others could
not be compacted to more than 90 percent of maximum density. This un-

" doubtedly influenced results since permeability is directly related to per-
cent compaction., However, the densities at which permeability was deter-
mined are thought to be representative of the density that the material would
have in the field. ‘
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Figures 1 and 2, respectively, show the grain size distribution of samples
 representing good subbase material and borderline material, Generally
speaking, there is little difference in the gradation characteristics except
that borderline samples tended to be better graded and to have a greater
percentage of minus 100 material. Poorly graded materials have better
drainability than do well graded materials of the same minus 100 material - i:
content. Most District Soils Engineers took advantage of this characteris- i
tic by submitting samples that are poorly graded. Only three of the sam- ' :
ples submitted (188, 191, and 192) are well graded.

Drainability data are summarized in Table 2. The method for determining
drainability of pavement base and subbase layers used in this study was
first reported by Casagrande (1) in 1951. Since that time, the Coxps of
Army Engineers (2) have developed the test procedures needed to utilize
Casagrande’s method and these have been used in this study with the excep-
tion that permeability was determined in accordance with ASTM Designation
D 2434-68. The time required for proper drainage of Michigan's typical
pavement cross~sections was calculated for each sample submitted, using
procedures described in Reference (3). ‘

In Reference (1) Casagrande recommended 10 days as the maximum allow-
able drainage fime for base-subbase layers. Since the Corps of Army Engi-
neers still adhere to this drainage time requirement it is apparently a
realistic and satisfactory value. Of the samples submitted by the District
Soils Engineers, only two of the three well graded samples (191 and 192)

as well as sample (143) exceeded the 10 day drainage criferion to any signi-
ficant extent. Tor the other samples, drainage times for Standard Michigan
cross-sections A, B, and C are, respectively, 4, 5, and 6 days for good
drainable samples and 6, 7, and 9 days for borderline samples. These re-
sults are all within Casagrande’s 10 day criterion, indieating that for stan-
dard Michigan pavement cross-sections, and for samples selected on the

" basis of experience and judgement of the majority of District Soils Engi-
neers, Casagrande's 10 day drainage criterion appears to be a reasonable
value for use in Michigan. The extremely poor drainability of three of the
seven borderline samples submitted, indicate the difficulty of identifying
-materials of acceptable borderline drainability, and suggests that some
reliably consistent method of identifying such materials should be made

. available to the engineer. ‘

In comparing gradation and drainability, it is interesting to note that several
. of the samples tested, although not meeting the minus 200 gradation require~
ment for subbase materials, were acceptable on the basis of Casagrande's
drainability criterion {Fig. 3). This illustrates that the addition of a drain~
ability criterion to porous material specifications could enable utilization

of good materialg which, on the basis of present specifications, are rejected.
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Samples 143 and 218 illustrate the difficulty encountered when gradatibn
alone is used to identify materials which have acceptable drainability charac—
teristics. Although having similar gradations the drainage characteristics .
of the two were quite different. Sample 218 was among the most porous of
those tested while sample 143 was one of the most impermeable. The dif-
ference in their suitability for subbase use could not be identified on the
bagis of gradation alone. ' ‘

Well graded materials usually require fewer fines (minus 100 material) to
clog their pore spaces and make them slow draining than do poorly graded
materials. This gradation characteristic is reflected in Casagrande's re-
‘commended criteria for identifying frost free material, Reference (4). It
states that for well graded materials to be considered frost free they must
contain no more than 3 percent material smaller than 0.2 mm in diameter.
For poorly graded materials the limit is no more than 10 percent material
smaller than 0.2 mm. Casagrande's concept of a different fines content
requirement for well graded and poorly graded materials is not, but perhaps
should be, included in our porous material specifications which presently
require the same fines content for well graded and poorly graded materials.
To a limited extent, Figure 3 illustrates that well graded materials are re~
latively slow draining compared to poorly graded materials of the same fines
content. For example, sample 188 has a very low fines content, yet poorly
graded samples 142, 218, and 219, which have greater fines content, are
more drainable. Considering only the minus 100 material content, well
graded samples 191 and 192 would appear to be acceptable porous materials
when, in fact, they are very poorly drained. In addition a previous drain~
ability study (5) shows that well graded materials with as little as 9.5 per-
cent passing the 100 sieve and 7.0 percent or less passing the 200 sieve .
are extremely slow draining and could be considered impermeable for all
practical purposes. These data are inadequate to prove that a change in
porous material gradation specifications is necessary. IHowever, it is re-
commended that a study be conducted for the purpose of determining if pre-
sent porous material specifications would accept a significant quantity of
well graded materials which have poor drainability characteristics and if
so, to recommend appropriate grading limits to correct this situation. .

In summary, the samples submitted indicate that there is good agreement
among the District Soils Engineers as to what constitutes good drainable
and borderline drainable subbase materials and that test results obtained
from their samples agree well with the arbitrary 10 day drainage time

limit for base-subbase layers established by Casagrande. The fest resulls
also emphasize that many materials which have acceptable drainage charac-
teristics are rejected by present gradation specifications, and they indicate
that further consideration be given to the establishment of separate grading
requirements for well graded and poorly graded porous materials. '
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Since the findings of this study verify those of Research Report No. R-805,
Reference (3), it is recommended that Casagrande’s subbase design method
. and 10 day drainage criterion be used for the design of subbase layers and
“to supplement gradation specifications in the selection of subbase materials.
It is also recommended that porous material specifications for subbase use
be modified by defining well graded and poorly graded materials and estab-
lishing appropriate gradation specification limits for each.

TESTING AND RESEARCH DIVISION

{;LT /1 %zﬂ/‘ﬁé /ﬁ .

- Supervisor, Soil Properties Group
Research Iaboratory Section
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ce: J. M. Ritchie - . :
K. A. Allemeier - - :
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