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Determination of Free-Draining Base

Materials Properties

HAIPING ZHOU, LucINDA MOORE, JiMm HUDDLESTON, AND

JEFFREY GOWER

Recently, Oregon designed and constructed two types of perme-
able bases under both flexible and rigid pavements: an asphalt-
treated permeable material (ATPM) and an open-graded ag-
gregate material. Permeability and resilient modulus of both
materials have not been determined. During pavement structural
design using the AASHTO Guide for Design of Pavement Struc-
tures, 1986, layer and drainage coefficients had to be assumed to
establish pavement thickness designs. In addition, construction
with the existing open-graded aggregate revealed that the material
was less stable and would ravel easily under construction traffic.
In 1990, a research project was initiated to determine the desir-
able material properties for the two types of free-draining base
materials and establish a more stable gradation for the open-
graded aggregate base. This project consisted primarily of a lab-
oratory investigation. Pavement cores of the asphalt-treated
permeable base and samples of aggregate materials were tested
in the laboratory for permeability and resilient modulus. The
permeability was determined using both constant and falling head
test procedures. The laboratory study indicated that the current
Oregon ATPM has a sufficient drainage capability, and the re-
silient modulus of this material is typical of the findings of other
states. A modified open-graded aggregate gradation resulted, which
has a higher permeability and higher resilient modulus than the
existing gradation. Recommendations for implementation include
selection of layer and drainage coefficients for pavement struc-
tural design and use of the proposed open-graded aggregate gra-
dation in pavement construction.

Inadequate drainage of pavement structures has been identi-
fied as one of the primary causes of pavement distress (1-3).
For many years, researchers have theorized that improving
pavement drainage might combat many pavement problems
and extend the pavement service life (4). Subsurface drainage
includes the disposal of water that has entered the pavement
structure; therefore, a positive drainage layer in a pavement
structure is critical for subsurface drainage. The subsurface
drainage system can be designed by providing a drainage layer
along with transverse and longitudinal drainage pipes to re-
move the water from the pavement structure.

Recently, Oregon initiated the design and construction of
permeable bases under both flexible and rigid pavements.
Two types of permeable bases used are an asphalt-treated
permeable material (ATPM) and an open-graded aggregate
material with the existing gradation designed by Oregon.
Permeability and resilient modulus of both materials have not
been determined. During pavement structural design, using
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the AASHTO Guide for Design of Pavement Structures (5),
layer and drainage coefficients had to be assumed to establish
pavement thickness designs. In addition, construction with
the existing open-graded aggregate gradation revealed that
the material was less stable and would ravel easily under
construction traffic. Because of this ravelling, compaction was
poor, the grade was difficult to control, and the open-graded
aggregate materials did not provide a suitable surface for
paving.

In 1990, a research project was initiated to better under-
stand the characteristics of these two types of permeable base
materials, develop appropriate layer and drainage coefficients
for use in pavement thickness design, and improve stability
and constructability of the existing open-graded aggregate
material.

This project included (a) obtaining pavement cores of the
ATPM and several gradations of aggregate base materials for
testing permeability and resilient modulus in the laboratory
(for aggregate materials, the effect of fractured faces was also
examined, (b) recommending appropriate layer and drainage
coefficients for use in pavement thickness design on the basis
of laboratory test results, and (c) establishing an optimum
gradation to improve stability and constructability of the open-
graded aggregate material. For comparison, material proper-
ties of a dense-graded aggregate material were also investigated.

LITERATURE REVIEW

A literature review revealed that permeable bases can gen-
erally be grouped into two categories: (a) treated permeable
base, in which aggregate material is typically mixed with 2 to
4 percent asphalt or a certain percentage of portland cement,
(the asphalt treatment is more commonly used) and (b) open-
graded aggregate material that is used directly in pavement
base construction.

Use of Treated Permeable Base

The treated permeable base, especially the asphalt-treated
permeable material (ATPM) base, has been widely used in
the United States. In 1990 the National Asphalt Pavement
Association distributed a questionnaire to the 50 state trans-
portation departments. Of the 30 states indicating use or planned
use of ATPM, 25 place the ATPM directly below the surfacing
for interception of infiltrated surface runoff and 11 place the
ATPM above the subgrade (6).
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The thickness required for drainage can be calculated using
Darcy’s law (7-9). Mathis (9) indicates that 4 in. of ATPM
would provide sufficient capacity, be easily constructed, and
provide for construction variability. Forsyth (6) indicated that
the ATPM thickness ranged from 2 to 6 in., with 4 in. the
most common.

The coefficient of permeability (k) of the ATPM can be
affected by a number of factors, such as aggregate gradation
and asphalt content used in the mixture. Although permea-
bility of the ATPM would not be reduced significantly with
the addition of 2 to 3 percent asphalt cement (10), it can vary
from 3,000 to 15,000 ft/day (9), depending on the aggregate
gradation.

Hicks et al. (11) reported ATPM resilient modulus aver-
aging 155,000 to 270,000 psi at 75°F, depending on confining
pressure. Monismith et al. (12) reported an average resilient
modulus of 159,000 psi on samples consisting of partially crushed
gravel.

Layer coefficients are used in the AASHTO guide (5). The
value of layer coefficients used in design varied among the
states that used ATPM. Forsyth (6) reported that of the 30
states that have or plan to use ATPM, 11 give it no structural
value, 10 assign a layer coefficient corresponding to aggregate
base between 0.10 and 0.14, and 6 assign layer coefficients
between 0.20 and 0.30. California Department of Transpor-
tation (Caltrans) conducted a research project in 1981 with
the objective of establishing a gravel factor for ATPM based
on deflection attenuation resulting from the placement of a
3-in. ATPM layer. The results suggested a gravel factor cor-
responding to an AASHTO layer coefficient of approximately
0.20. If a resilient modulus of 140,000 psi is assumed for the
ATPM, the procedure suggested by Rada et al. (13) resuits
in an AASHTO layer coefficient of 0.23 (6).

Use of Untreated Permeable Base

Untreated permeable bases have also been used in a number
of states. To provide sufficient drainage capability, the un-
treated permeable base is typically constructed with open-
graded aggregate materials. In Oregon, this is often referred
to as free draining aggregate material (FDAM).

The FDAM layer thickness required for drainage can be
determined using Darcy’s law (7,8,14). There is not much
information indicating typical thickness used by other states.
Oregon has been using 6 to 15 in. of FDAM in pavement
construction. A minimum 6-in. FDAM appears to be nec-
essary to have a proper compaction and minimum drainage
requirement, although layer thicknesses greater than 12 in.
may be difficult to compact. In 1991, the Oregon State High-
way Division (OSHD) conducted a survey of OSHD project
managers concerning the use of the FDAM with the current
gradation (Table 1). One question was specifically related to
the compaction of the FDAM. The respondents to the ques-
tion indicated that the FDAM was unstable and that good
compaction was difficult to achieve. Therefore, modifications
to the current FDAM gradation should be made to produce
a more workable and stable base material.

Gradation is the primary factor affecting the permeability
of the FDAM. Mathis (9) indicated that the untreated perme-
able base materials generally had a lower coefficient of perme-
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TABLE 1 Current Aggregate Gradation for Oregon’s FDAM

Sieve Passing Percent by Weight
1-1/2" 100
1" 95-100
3/4" 55-80
1/4" 25-50
No. 10 0-15
No. 100 0-3 (Dry Sieve)

ability than the treated permeable base materials. The esti-
mated permeability for the untreated base materials is in the
range of 200 to 3,000 ft/day.

Oregon’s FDAM resilient modulus has not yet been de-
termined. However, a slightly lower modulus than typical
dense-graded aggregate is expected because of the large air
voids. Many studies (15—-21) show that the resilient modulus
of untreated aggregate materials is a function of material types
and stress state occurring in the material. This is also to be
expected for the FDAM.

Mathis (9) reported that test results from New Jersey and
Pennsylvania indicated the untreated permeable material had
similar bearing capacities to dense-graded aggregate bases.
This may imply that the same layer coefficient can be assigned
for both a permeable and dense-graded aggregate base in
pavement design.

LABORATORY STUDY

To accomplish the research objectives, a laboratory study was
conducted. The study included permeability and resilient
modulus tests on both the ATPM and the FDAM used in
Oregon. For permeability tests, both constant and falling head
testing procedures were used. The effect of untreated aggre-
gate fractured faces on permeability and resilient modulus
was also investigated.

Permeability Tests

The purpose of the tests was to determine the coefficient of
permeability (k) for the materials to be used. The apparatuses
for the permeability tests were developed by the Pavements
Unit of OSHD.

The constant head permeability test procedure determines
the permeability of a material by maintaining a constant head
(h) on the sample surface and measuring the time needed for
collecting a known amount of water. The permeability can
then be calculated using the equation

oL
= 1
k. n * 7200 1
where

k. = coefficient of permeability (ft/day), from constant head
test;
Q = flow quantity (in.%/sec);
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L = flow path length or sample height (in.);
A = flow path area or sample area (in.?); and
h = constant water head (in.).

1

The falling head permeability test determines the perme-
ability of a material by measuring the time required for the
water head to drop from a high level (k,) to a low level (h,).
The permeability is then calculated using the equation

L h
k= Tln n 7200 2)
where

k; = coefficient of permeability (ft/day), from falling

head test;
L = flow path length or sample height (in.);
T = time required for water head dropping from 4, to
h, (sec); and
h,, h, = water levels (in.).

Resilient Modulus Tests

The resilient modulus is a measure of the stiffness and a
dynamic test response defined as the ratio of the repeated
axial deviator stress to the recoverable axial strain. For this
study, resilient modulus tests were performed to develope
layer coefficients of the asphalt-treated permeable base and
untreated aggregate base materials and to determine a relative
stability for the untreated materials.

ATPM Test Results
Sample Preparation

Asphalt-treated base core samples were obtained from two
projects, both constructed in 1990. The Fir Grove Lane-
Towers Road project (22) has a 4-in. ATPM, and the Rose
Lodge~Polk County Line project (23) has a 3-in. ATPM.
Core samples obtained from the project sites were cut and
trimmed in the laboratory for permeability and resilient mod-
ulus testing. The prepared core samples were typically 1.8 to
2.5 in. thick. The diameter of the core samples was 4 in. One
additional 6-in. core was also taken from each project. The
6-in. core was used in extraction tests to determine actual
asphalt content and aggregate gradation. For the Fir Grove
Lane-Towers Road project, 2.9 percent of PBA-2 (Perform-
ance Based Asphalt) was used. For the Rose Lodge—Polk
County Line project, 2.4 percent of AC-15 asphalt was used.
The aggregate gradations are in general within the specifi-
cation limits, as given in Table 2.

Permeability

Permeability tests were performed following the procedures
previously described. The test results (Table 3) show that for
each test procedure the permeability varied substantially. For
instance, the permeability for the Fir Grove Lane~Towers
Road project ranges from 494 to 3,568 ft/day with the constant

TRANSPORTATION RESEARCH RECORD 1425

TABLE 2 Extraction Test Results

Aggregate Percent Passing Specification
Sieve Size Fir Grove Road | Rose Lodge Road Limit
1" 100 100 99 - 100
3/4" 94 98) 85-95
12" (68.6) 66 35 - 68
1/4" 19 19 5-20
#10 6.1) 5 0-5
#40 4.1 3 -
#200 2.7 1.9 0-2
Asphalt Content 2.9 2.4 2-3

Note: Values in parenthesis exceeded specification range.

head test procedure and from 1,032 to 4,130 ft/day with the
falling head test procedure. The variation in permeability on
the same project may be due to the nonuniformity of the core
material, although the variation of the permeability from two
testing procedures may be due to the difference in the way
water is introduced to the sample during the testing. It was
difficult to maintain a constant water flow using the constant
head testing procedure.

Resilient Modulus

The resilient modulus test on ATPM was conducted in ac-
cordance with ASTM D4123 standard procedure (24). Table
4 gives a summary of the test results. The resilient moduli
from both projects are generally similar, with an average of
approximately 100 ksi. The resilient modulus tests were per-
formed at room temperature, approximately 77°F.

Bulk specific gravity test results are also given in Table 4.
The average bulk specific gravity -of the Fir Grove Lane-—
Towers Road project is about 10 percent lower than that of
the Rose Lodge—Polk County Line project. The estimated
air voids for the ATPM material are in the range of 20 to 25
percent.

FDAM Test Results
Gradations

Aggregate materials from a local source were obtained. Six
different gradations were used to determine their permeability
and resilient modulus. These gradations are existing open-
graded aggregate, existing dense-graded aggregate, New Jer-
sey open-graded aggregate, and proposed open-graded ag-
gregate at the low end, center, and high end of the broadband
limit. Table 5 gives the gradation for each aggregate. For the
proposed open-graded aggregate, the samples prepared with
88 percent fractured faces aggregate were fabricated at both
upper- and lower-bound specification limits, and the samples
prepared with 100 percent fractured faces aggregate were fab-
ricated at the center of the specification limit. The gradation
difference is given in Figure 1. The proposed open-graded
aggregate gradation is very similar to that of New Jersey (25).




TABLE 3 Permeability Test Results on ATPM Cores

Permeability (ft/day)
Project Name Sample 1.D. Constant Head Falling Head
Fir Grove Lane - 1 1520 1959
Towers Road 2 1618 1926
3 2640 1920
4 494 1032
5 970 1299
6 719 1086
7 1693 2671
8 1200 2517
9 3568 4130
10 628 1513
Average 1505 2005
Standard Deviation 965 929
Range 494 - 3568 1032 - 4130
Rose Lodge - Polk 1 Broken
County Line 2 3379 2273
3 2506 1849
4 3147 2273
S 1518 1761
6 1960 1678
7 2360 2012
8 2499 2326
9 2348 2153
10 Broken
Average ] 2465 2041
Standard Deviation 595 253
Range 1518 - 3379 1678 - 2326

TABLE 4 Summary of ATPM Resilient Modulus Test Results

Resilient Modulus (ksi)"

Bulk Specific

Sample 1.D. Gravity

Project: Fir Grove Lane - Towers Road

1 99 2.29

3 137 2.26

4 176 2.22

6 38 2.24

8 153 2.27

10 119 2.25

Average 120 2.26

Standard Deviation 48 0.02
Project: Rose Lodge - Polk County Line

2 103 2.51

4 64 2.54

5 90 2.53

6 76 2.51

7 94 2.55

9 74 2.57

Average 84 2.54

Standard Deviation 15 0.02

"Measured at room temperature, about 77°F.
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TABLE 5 FDAM Gradation

Aggregate with 88% fractured faces

Aggregate Existing New Proposed Proposed Existing
Sieve open Jersey! Upper Bound | Lower Bound Dense
Size Graded' (A) ®) ©) (D) Graded' (H)
1-1/72" 100 100 100 100 97.5
I 97.5 97.5 100 100 80
3/4" 67.5 86 98 80 64
1/2" 56.5 70 85 60 54
1/4” 375 54 60 45 4?2
#10 7.5 12.5 20 5 23
#40 4 3 0 12
#200 1 1.5 5 0 5
e ————— ——— ————  ————————————|

Aggregate with 100% fractured faces

Aggregate Sieve New Jersey' (E) Proposed Open Existing Dense
Size Graded' (F) Graded! (G)
1-1/2" 100 100 97.5
. 97.5 100 80
3/4" 86 89 64
172" 70 68 54
1/4" 54 53 42
#10 12.5 13 23
#40 3 3 12
#200 1.5 2.5 5

Note: All values are percent passing by weight

! Center value of the specification limit.

To evaluate the effect of fractured faces of aggregates on
permeability and resilient modulus, aggregates with 88 and
100 percent fractured faces were tested. The percentage of
fractured faces was determined following the OSHD TM-213
test procedure (26). The OSHD TM-213 is a visual inspection
procedure for determining the percent, by weight, of the rock
retained on the %4-in. sieve having at least two fractured faces.
For comparison, both open- and dense-graded aggregates were
evaluated.
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FIGURE 1 Aggregate gradations.

Sample Preparation

Ten samples at each gradation were made. Five were tested
for permeability and five for resilient modulus. Eighty samples
were prepared for the laboratory study. All samples were to
be made on the basis of their water-density relationships,
which were determined before sample preparation. The max-
imum dry density and the optimum moisture content for each
gradation is shown in Table 6.

Samples for the permeability test were 4 in. in diameter
and 6 in. high. For the resilient modulus test, samples were
6 in. in diameter and 12 in. high. All samples were to be
prepared at the optimum moisture contents.

Permeability

The permeability test results (Table 7 and Figure 2) indicate
that for open-graded aggregates, the percent of fractured faces
have a substantial influence on the permeability. For the same
gradation, as shown by Gradations E and B, the aggregate
with 100 percent fractured faces is more permeable than ag-
gregate with 88 percent fractured faces. The bound limit also
influences the permeability significantly. As can be seen for
the proposed aggregate gradation, the lower-bound Grada-
tion D has a much higher permeability than the upper-bound
Gradation C. This is to be expected because Gradation D is
much coarser than Gradation C. Gradation F is the centerline
of the proposed gradation band. With 100 percent fractured
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TABLE 6 Maximum Dry Density for Each Gradation
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Gradation Maximum Dry Density (pcf) Optimum Water Content (%)
A 115.5 ) 6.5
"B 112.2 4.0
C 108.6 8.0
D 105.0 6.0
H 120.3 5.3
E 117.6 3.5
F 115.9 3.2
G 123.6 33

TABLE 7 Summary of Permeability Test Results for Untreated Base Materials

Constant Head (ft/day) Falling Head (ft/day)
Sz;fr;);{le Average Standard Deviation Average Standard Deviation
A 971 322 1031 223
B 770 138 723 145
C 226 42 316 71
D 3018 370 3694 143
H 140 64 76 30
E 2376 338 1962 181
F 2489 309 1876 169
G 475 150 153 31

faces, Gradation F is expected to have a higher permeability
than with 88 percent fractured faces, as shown by Gradations
E and B. The results also show that the permeability of Gra-
dation F is closer to that of Gradation D, which is the lower
bound of the proposed gradation limit. This appears to in-
dicate that as the percentage of aggregate fractured faces
increases, the permeability of the aggregate material would
also increase. For dense-graded aggregate, the difference in
permeability due to fractured faces is not substantial.

The permeability test results from both constant and falling
head test procedures appear in general to be similar for each
type of aggregate gradation. The permeability results from
the falling head test appear to have a smaller standard de-
viation than those from the constant head test.

5000 ¢
Constant Head X = Mean
. © S = Standasd Deviation
t Falling Head
4,000 f-—r—- SRS - -
=
-} -
) i X+§
Eamof - —— x4 N
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!
Q
o
1,000 HI; e — -
F 2
1 Bl =1 =
3 -
0 =3 n P
A B c D E F G H
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' FIGURE 2 Comparison of permeability from different
gradations.

Resilient Modulus

The resilient modulus test on untreated aggregate base ma-
terials was conducted in general accordance with AASHTO
T-274 procedure (27), which was the standard testing method
available for unbound materials. The test results are given in
Table 8. The resilient modulus results are

My = k, 6= 3
where
My = resilient modulus (psi),
k., k, = regression coefficients of material, and
6 = bulk stresses (psi).

This expression shows that the resilient modulus of untreated
aggregate is a function of both bulk stress and material
properties.

The resilient modulus test results indicate that for open-
graded aggregates the percent of fractured faces has a signif-
icant influence on the resilient modulus. For the same type
of gradation, the aggregates with 100 percent fractured faces
have a much higher resilient modulus than aggregates with
88 percent fractured faces, as shown in Figure 3 (fop). For
dense-graded aggregate, the difference in resilient modulus
due to fractured faces is not obvious, as shown in Figure 3
(bottom).

Figure 4 (top) shows the test results for the proposed ag-
gregate gradation versus the existing aggregate gradation. The
figure clearly shows that the proposed FDAM Gradation F
had a higher resilient modulus than the existing FDAM Gra-
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TABLE 8 Summary of Resilient Modulus Test Results for Untreated Aggregate

Materials v
) X Acn}al Ca Actual
Gradation Modulus = k,8"? R? | Dry Density (pef) | Water Content (%)3
A 2,557¢°%* 0.92 107.6 3.4
B 1,9434061% 0.96 104.1 39
C 1,7866%415 0.87 102.6 5.8
D 3,2406°568 0.94 105.4 3.4
H 4,1444%5%5 0.95 120.2 4.5
E 4,0544%5™ 0.74 119.1 2.9
F 3,4756%%% 0.81 116.3 2.6
G 4,355¢%1 0.94 124.1 2.9

4 Average of test results from five samples for each gradation,

dation A. For éomparison, resilient moduli for each gradation
are plotted in Figure 4 (bottom).

Table 8 also gives actual dry density and water content data
measured immediately after the resilient modulus test. Some
of the actual dry densities measured during resilient modulus
test are slightly higher than the maximum dry densities de-
termined during the development of water-density relation-
ship for the aggregate materials, and the actual moisture con-
tent of the samples is slightly lower than optimum water content.
The exact cause of inconsistency in dry densities is not known.
It may have been caused by variation in sample fabrication,
which was conducted by two different laboratories. The slightly
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FIGURE 3 Effect of fractured faces on resilient modulus: top,
open-graded aggregate; bottom, dense-graded aggregate.

lower actual water content of the samples may have been
caused by water loss during the modulus testing process.

USE OF RESEARCH RESULTS

The laboratory test results have been analyzed for the de-
velopment of design inputs and specification for use in Ore-
gon. The design inputs include resilient modulus and layer
coefficients. The specification includes recommendation for
modification of the current FDAM gradation of OSHD.
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FIGURE 4 Comparison of resilient moduli: top, proposed
gradation versus existing gradation; bottom, all aggregate
gradations investigated.
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ATPM Resilient Modulus and Layer Coefficient

For the Fir Grove Lane—Towers Road project, the average
resilient modulus measured in the laboratory is 102 ksi with
a standard deviation of 48 ksi. For the Rose Lodge-Polk
County Line project, the average resilient modulus is 84 ksi
with a standard deviation of 15 ksi. The resilient modulus of
the ATPM was measured at 77°F without confinement, and
the stiffness of ATPM would vary with the change of tem-
perature. Although a modulus-temperature relationship for
Oregon’s ATPM is not known, it is expected that the modulus
will increase when temperature decreases. In Oregon the ATPM
base layer may experience a much lower temperature than
77°F because of its position in the pavement structure. There-
fore, the actual modulus may be .much higher than those
measured in the laboratory.

Considering the temperature effect on the resilient modulus
and using a modulus-layer coefficient conversion chart rec-
ommended by- AASHTO (5), a corresponding layer coeffi-
cient can be determined. For Oregon’s ATPM, the average
resilient moduli are adjusted to 68°F using a procedure in the
AASHTO guide (5). The temperature-adjusted resilient mod-
uli are then used to determine the layer coefficient. This would
result in a layer coefficient between 0.14 and 0.19.

The drainage coefficient should be included in the pave-
ment structural design. For pavements to provide a positive
drainage, a minimum permeability of 1,000 ft/day should be
achieved (2,28). Oregon’s current ATPM appears to have a
sufficient drainage capability, as can be seen from the labo-
ratory test results in Table 3. With this drainage capability,
a drainage coefficient between 1.15 to 1.25 is recommended
for use in Oregon. This recommendation is based on an as-
sumption that the pavements would have a good quality of
drainage and 1 to 5 percent of the time during the year the
pavement structure would be exposed to moisture levels ap-
proaching saturation (5).

FDAM Resilient Modulus and Layer Coefficient

The layer coefficient for the FDAM may be determined know-
ing the resilient modulus, which can be calculated from Equa-
tion 3. For a specific aggregate material, a corresponding

TABLE 9 Proposed Gradation Specification
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equation or relationship should be used to calculate the mod-
ulus. The resilient modulus for untreated aggregate is a func-
tion of stress state in a pavement structure; therefore, an
anticipated stress level should be used to determine the re- -
silient modulus. Guidelines for determining stress state may
be found in the AASHTO guide (5). For pavement design in
Oregon, a layer coefficient between 0.08 to 0.14 is recom-
mended for both base and subbase layers. These correspond
to a resilient modulus between 16 to 30 ksi for the base and
11 to 20 ksi for the subbase materials.

A drainage coefficient between 1.00 to 1.15 is recom-
mended for use in Oregon. This recommendation is based on
an assumption that the pavements would have a good quality
of drainage, and 5 to 25 percent of the time during the year
pavement structure would be exposed to moisture levels ap-
proaching saturation. The percent of time FDAM moisture
levels approach saturation is higher than that of the ATPM;
this is because of concerns about contamination of the FDAM.
Also, most FDAM designs have not provided longitudinal
edge drains. Consequently, water is outlet on the shoulder;
therefore, the shoulders may become contaminated over time.
If edge drains are provided, a higher drainage coefficient may
be appropriate.

Gradation Specification Changes

One objective of this paper is to evaluate the existing FDAM
gradation and its performance during construction. The OSHD
project manager questionnaire survey indicated that the ex-
isting gradation was unstable and difficult to compact during
construction. An appropriate modification of this gradation
has been made in using as much of the existing aggregate stock-
pile as possible. This modification (newly proposed) is repre-
sented by Gradation F with 100 percent fractured faces. The
broadband of the proposed gradation is shown in Table 9.
Laboratory tests on Gradation F showed a substantial in-
crease in resilient modulus as well as in density, compared
with the existing gradation. This improvement in material
property, due to gradation changes and increased fractured
faces percentage, may also improve its constructability and
stability. Another major improvement due to gradation change
is a considerable increase in permeability. Compared with the

Sieve Size Percent Passing % Broadband Limit
(Centerline)
1-1/2" 100 100
1" 100 100
3/4" 89 80-98
172" 68 60-85
1/4" 53 45-60
#10 13 5-20
#40 3 0-6
#200 25 0-5
Measured permeability (ft/day) Constant Head Falling Head
Average 2,489 1,876
Standard deviation 309 169
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existing gradation, the permeability of the modified gradation
is almost double.

CONCLUSIONS

1. Many states are paying great attention to subsurface
drainage. The design and construction of a positive drainage
system in pavement structures is becoming more common.

2. Typical ATPM layer thickness ranges from 3 to 4 in. The
typical asphalt content used in ATPM is 2 to 3 percent. Within
this range, the amount of asphalt appears to have a minor
influence on permeability.

3. The current ATPM of OSHD has sufficient drainage
capability. The resilient modulus of this material is typical of
the findings of other states.

4. The proposed gradation for open-graded aggregate with
100 percent fractured faces has a considerably higher perme-
ability than the existing gradation. The aggregate with the
proposed gradation also has a higher resilient modulus.

5. The percent of fractured faces has a substantial influence
on the permeability of open-graded aggregate. For the same
type of gradation, the aggregate with 100 percent fractured
faces is more permeable than the aggregate with 88 percent
fractured faces. For dense-graded aggregate, the difference
in permeability due to fractured faces is not significant.

6. The percent of fractured faces has a significant influence
on the resilient modulus of open-graded aggregate. For the
same type of gradation, the aggregates with 100 percent frac-
tured faces have a much higher resilient modulus than aggre-
gates with 88 percent fractured faces. For dense-graded ag-
gregates, the difference in the resilient modulus due to fractured
faces is not obvious.

RECOMMENDATIONS

1. For pavement structural design with ATPM, a layer coef-
ficient of 0.14 to 0.19 is recommended. A drainage coefficient
of 1.15 to 1.25 is recommended.

2. The proposed gradation for FDAM is recommended for
use. To ensure sufficient drainage and strength, 100 percent
of the material retained above the Ys-in. sieve should be frac-
tured on at least two faces. In locations in which this is not
obtainable, 90 percent fracture on at least two faces should
be specified. Where 100 percent fracture can be specified, a
layer coefficient between 0.11 and 0.14 is recommended. Where
90 percent fracture is specified, a layer coefficient between
0.08 and 0.11 is recommended. The specific value may be
determined knowing the anticipated stress in the aggregate.

3. A drainage coefficient of 1.05 to 1.15 is recommended
for the FDAM with 100 percent of the material retained above
the Ys-in. sieve fractured on two faces and 1.00 to 1.05 for 90
percent fractured on at least two faces.

4. A prime coat may be used on top of FDAM. This will
make the FDAM material easier to run construction equip-
ment on and more stable. However, it may reduce the perme-
ability of FDAM. To reduce aggregate segregation, plant mix
is recommended.
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