



















































































Soil Moisture,--Gypsum soil-moisture blocks (fig. 15) provide a
method for estimating soil moisture by measuring the negative soil
pressures in unsaturated soils. Given sufficient time, the gypsum
block assumes the same moisture level as the soil surrounding it.
Two electrodes in the block measure resistance, which varies with
water content and can be calibrated for each block. Figures 9 and
18 show the location of the soil moisture blocks in each highway
test section.

Because soils have different water pressure-soil moisture
characteristics, each soil must be tested and calibrated in a
laboratory. During the drilling of the holes for the various
sensors, core samples were collected at the bottom of selected
holes by forcing a standard 3-inch diameter metal core sampler
into the subgrade material. The samples were sealed at both ends
of the tube and preserved for laboratory analyses. For the
Alabama, Arkansas, and North Carolina study sites, two samples
were obtained, one each at points 1 and 3 (fig. 9), and for the
remaining sites, one sample was taken at point 3. A series of
laboratory analyses were made of each sample to determine the
relative soil and moisture characteristics at each location. The
soil moisture-water pressure calibrations as measured at each
location, in conjunction with the calibrated so0il moisture blocks,
provided a means of monitoring the soil moisture levels under the
pavements.

Water-Tracer Tests.--Upon completion of the installation of the
sensors, a single l-inch diameter hole was drilled up-gradient,
adjacent to the center longitudinal joint (fig. 9) and into the
subgrade. This hole was not selected at random and did not
necessarily intercept any voids. Approximately 50 mL of Rhodamine
WT (water tracer) dye was poured into each hole and the hole
immediately sealed. Laboratory measurements of dye concentrations
were made on samples from the edgedrain tipping bucket. Project
personnel were instructed to note any sign of the dye at the site
with each visit.

Temperature Measurements Beneath Pavement

A single temperature sensor was placed in hole number 6 to record
temperatures continuously.

Following the placement of all sensors and signal lines, the holes
and slots in the pavement were sealed with epoxy cement (fig. 17).

21



Data Storage and Retrieval

The Campbell CR 10 data logger receives and stores the input from
the other sensors (see fig. 6 and 9). Because continuous operation
of the sensors was impractical due to power consumption and the
limited storage capacity of the data logger, it's program software
was structured to operate in an intensive data collection mode (at
5-minute intervals) during a rain event and gradually reducing in
frequency thereafter. The program was initialized by a tip of
either the rainfall or discharge tipping bucket.

The CR 10 data logger contains an internal data-storage capacity of
5800 data values, which automatically unloads to a separate storage
module with an 88,000 data value capacity. This module is "off-
loaded" or retrieved by the observer periodically. The data were
then transmitted to the USGS office in Tuscaloosa, Alabama, where it
was analyzed and plotted.
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DATA ANALYSIS AND INTERPRETATION

The following sections will address the various aspects of water
movement into, through, and out of the highway pavements,
subgrades, and edgedrains.

Rainfall | Edgedrain Discl

Figures 19 through 28 are plots of the rainfall and edgedrain
discharge and piezometric water level hydrographs for the ten
highway sites as collected in 1989 and 1990. ©Not all data
acquired at these sites are presented; in some instances, rainfall
was erratic and the resulting hydrographs difficult to interpret
or repetitious. Fifty rainfall events have been identified
ranging from 0.05 inches to a maximum of 2.95 inches total volume.
The 50 events are tabulated in table 2 and labeled in figures 19
through 28. The maximum discharge measured was 5.5 gpm from the
edgedrain at the New York site, event 31, and was produced by a
relatively small total rainfall volume of 0.50 inches.

The most striking feature of these data is the almost
instantaneous discharge from the edgedrains with the occurrence of
rainfall. Table 2, column 5 shows in almost all instances that
discharge starts in less than 1 hour from the occurrence of
rainfall.

Not only does this show that the edgedrains begin to immediately
drain water off from under the pavement but also, unfortunately,
the joints leak badly and extensive voids and channels exist to
transmit water to the edgedrains very quickly. It must be
concluded that edgedrains can drain off only the water reaching
them be it via interior longitudinal and transverse joints or the
longitudinal joint between the pavement edge and the shoulder.
The immediacy of runoff to rainfall would not be expected if flow
were through the dense aggregate base; it must be via voids and
channels that have developed.

Examination of these discharge hydrographs reveals wide
differences in the length of time water discharges from beneath
the pavements. Column 6 of table 2 shows similar recession
characteristics for certain sites for all rainfall events
regardless of rainfall volumes or intensities. For example, the
Arkansas and Minnesota sites required 1 to 1 1/2 days to drain,
whereas the California, Illinois, and North Carolina sites drain
rather quickly, usually in 6 to 12 hours.
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Of particular interest is how little rainfall is required to
produce edgedrain discharge. The rainfall tipping bucket measures
0.05 inches with each tip. There were 6 events (numbers 2, 12,
15, 21, 33, and 35) with a total rainfall volume of 0.05 inches
and all 6 produced discharge from their edgedrains. Most
noticeable was event number 35 in North Carolina where 0.05 inches
produced discharge of over 0.5 gpm. This at first seems
impossible, but not if the total volume of water produced by 0.05
inches of rainfall on the area of pavement serving this edgedrain
is considered. At the North Carolina site, the distance between
edgedrain outlets is 225 feet and the pavement is 21-feet wide.

If it is assumed that this is the drainage area supplying the
edgedrain, a total volume of water that could reach it is 148
gallons per 0.05 inches of rainfall. This assumes no evaporation
or drainage off the pavement surface except what might enter the
edgedrain via the longitudinal edge joint.

It is not possible to accurately define the area of pavement
draining to each edgedrain; some surface flow may transit from one
highway segment to an adjoining one. Nevertheless, if it is
assumed, as above, that the pavement surface area between
edgedrain outlets is the drainage area for a given outlet, the
total volumes of discharge can be compared with the total rainfall
volumes producing them.

In this case, the total discharge volumes are the areas of the
discharge hydrograph in figures 19 through 28. For some events,
the hydrographs of succeeding events overlapped and had to be
estimated; in particular events (9)-(10), (24)-(25), (30), and
(42)-(43). Also, at the West Virginia site there appears to be a
low sustained flow that cannot be attributed to a particular
rainfall. This flow was separated from the rainfall produced
runoff hydrographs in estimating the individual discharge volumes.

Total edgedrain discharge volume was compared to the total
rainfall volume for the 50 selected events (table 3, column 8).

At over half the sites, ten percent or more of the rain penetrates
the highway surface and joints or drains into the edgedrain at the
pavement-shoulder joint and eventually is discharged via the
edgedrains. For eight events, more than 50 percent of the
rainfall runoff infiltrates to the edgedrains. Rates of rainfall
infiltration were consistently high for sites in California,

New York, and North Carolina. At the California site, additional
rainfall runoff may, in part, be coming from the next up-gradient
pavement section; that is, its effective drainage area is more
than the indicated 4,400 square feet (table 3, column 6).

By contrast, infiltration rates are very low at the Oregon and

West Virginia sites where an asphalt overtopping was applied as
part of the highway rehabilitation process.
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Table 3--Percentage of total rainfall on pavement areas

discharging through edgedrains for selected events
Event | Location Date Total Rainfall| Pavement | Total Edgedrain | Remarks
Year Mo, Day | edgedrain| volume area rainfall runoff
volume (inches) | draining volume on volume as (b)
(gallons) to edge- | pavement percent

drain area of total

{square (cubic rainfall

feet) feet) volume on

(a) pavement,
(1) (2) (3) (4) (5) (6) (7) (8) (9)
1 AL 1989 Feb 21 603 2.20 14400 2640 3 D
2 1989 Feb 21-22 49 0.05 60 11 W
3 1989 Mar 5- 6 468 0.75 900 7 D
4 1989 Mar 29-301} 1313 2.25 2700 7 D
5 1989 May 20-21 560 1.20 1440 5 D
6 AR 1989 May 22-23 389 0.90 6600 495 11 D
7 1989 July 15-16 274 1.10 605 6 D
8 1989 Sept 2- 3 187 1.40 770 3 D
9 CA 1989 Sept 28-29 | 1588 0.75 4400 275 77 D
10 1989 Sept 29 493 0.20 73 90 W
11 1989 Nov 25-26 | 1316 0.90 330 53 D
12 1990 Jan 16 30 0.05 18 22 D
13 1990 Jan 16-17 845 0.35 128 88 W
14 1990 Feb 3- 4 902 0.55 202 60 D
15 1990 Feb 6 145 0.05 18 107 W
16 IL 1989 Apr 28 855 0.90 11500 862 13 D
17 1989 May 8- 9 605 0.45 431 19 D
18 1989 May 25 347 0.20 192 24 D
19 1989 May 25-26] 1108 1.25 1198 12 W
20 1989 July 18-19 468 1.45 1390 5 D
21 1989 July 19 45 0.05 48 12 W
22 1989 July 19-20 904 0.55 527 23 W
23 MN 1989 July 29-30 572 1.57 7700 1007 8 D
24 1989 Aug 19-20 900 0.89 571 21 D
25 1989 Aug 19-20 450 1.32 847 7 W
26 1989 Aug 26-27 148 0.79 507 4 D
27 1989 Sept 7- 8 107 1.13 725 2 W
28 NY 1989 July 4- 6| 3924 2.80 12100 2823 19 D
29 1989 July 20-21 | 1950 1.20 1210 22 W
30 1989 Sept 14-15] 1317 0.70 706 25 D
31 1989 Oct 2- 3 1801 0.50 504 48 D
32 NC 1989 May 15 299 0.40 4950 165 24 D
33 1989 May 15 20 0.05 21 13 W
34 1989 July 19-20 242 0.10 41 79 D
35 1989 July 30-31 116 0.05 21 74 D
36 1989 Sept 22 682 2.95 1217 7 D
37 1989 Sept 25-26 | 1110 1.80 763 19 W
38 OR 1989 Aug 22 8 0.30 12100 302 0 D, A
39 1990 Apr 26 0 0.15 151 0 D, A
40 1990 Apr 27 32 0.60 605 1 W, A
41 1990 June 6- 7 56 0.10 101 7 D, A
42 wv 1989 Aug 23-25 414 1.45 11000 1329 4 D, A
43 1989 Aug 24-26 151 0.25 229 9 W, A
44 1989 Oct 16-20| 574 1.60 1467 5 D, A
45 1989 Nov 15-19 421 1.15 1054 5 W, A
46 WY 1990 May 4 0 1.40 13200 1540 0 D
47 1990 May 20 185 1.90 2090 1 D
48 1990 May 29 981 1.00 1100 12 W
49 1990 May 30-31 216 0.10 110 26 D
50 1990 Jun 1- 2 848 0.70 770 15 D

. Column 4/[7.48 gal./ft3]

(a) Pavement area between edge drain outlets (8) = 100

(b) A - Asphalt topped
W - Wet antecedent condition
D - Dry antecedent condition

Column 7
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Pi tric Wat I 1s B th the P !

Figures 19 through 28 also show plots of the piezometric water
levels at the three locations under the concrete pavement and at
one location under the shoulder; each is identified by different
line plots. Also shown on these figures, are vertical lines
indicating the upper and lower surface of the concrete pavement at
a particular piezometer. The same type of lines used in plotting
piezometric water levels is also used with each of the vertical
lines for identification.

Saturation of Pavement Sections

For at least 21 events, plezometric water levels are momentarily
slightly above the pavement surfaces. This is seen to exist only
briefly for small rainfalls but for nearly a day at certain sites in
response to heavy sustained rainfalls. This occurred at the
Minnesota and North Carolina sites in particular, as seen in column
7 of table 2. These "artesian" heads can exist because water has
entered the subgrade of the pavement through a joint or crack some
distance up-gradient (fig. 4) resulting in water levels potentially
higher than the pavement at the locations of the transducers. This
requires that little or no vertical leakage exist between the
elevated intake joint or crack and the transducer. This condition
is significant in that fines are likely to be washed out ultimately
from under the pavement down-gradient, accelerating the formation of
voids and channels.

For some rainfall events, it is evident that water has filled open
joints near a transducer to a height to cause overflow before
receding with the termination of rain and lateral drainage from
beneath the pavement. For example, for event 4, figure 19, the
piezometric level is even with the top of the pavement at the right
transducer. Piezometric levels are below the pavement surface but
above the bottom in the left and center transducer holes. The
"topping off" of water in the joint near certain transducers is
evident for event 10, center transducer; and events (18), (19),
(20), (22), and (29) in most cases for the right transducers.

Examination of these piezometric hydrographs also reveals that
water levels were potentially within the concrete pavement section

for several hours for virtually every rainfall event, except the

most minor ones. Examination of table 2, column 8, indicates that
h vemen r ing in " " of w r, for m v s in
X f ven with th xi n £f th rains. It

must be concluded that water still must get to the edgedrain to
prevent "flooding” of the highway section for prolonged periods of
time.
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Response to Rainfall

The plots of piezometric water levels in the pavement subgrade
show, as do the edgedrain discharge hydrographs, almost immediate
response to rainfall. In fact, as might be expected, in most
cases the levels respond more rapidly than the discharge
hydrographs. While it is not practical to examine here in detail
the piezometric hydrographs of each event, it is evident that they
mimic the edgedrain discharge hydrographs. Thus, it must be
assumed that at least part of the water draining to the edgedrains
has its source beneath the pavement and hence has infiltrated
through interior pavement joints and cracks.

Water Movement Through Shoulders

A transducer (number 1) was placed beneath the shoulders at most
sites to ascertain if flow from under the main highway was
transiting through the shoulder as well as via the edgedrain. At
most sites, the piezometric hydrographs in the shoulders mimic the
other transducer and edgedrain discharge hydrographs. At the
Arkansas, California, and West Virginia sites, water levels in the
shoulders are momentarily higher than those under the roadway and
decrease slowly. This suggests that in_some instances, shoulders
1 . ] biliti 1 : to lat ] ] }
W mov nt. The edgedrains are in effect short-circuiting the
shoulders and conveying water through them.

Traffic Loading Effects

Examination of the edgedrain discharge and piezometric hydrographs
of figures 19 through 28 reveal many instances of heavy midday
traffic having a loading effect. While no traffic counters were
in place to verify this conclusion, the timing of the responses on
the hydrographs would seem to suggest traffic loading as being the
cause. This effect was most noticeable at the Arkansas, Illinois,
Minnesota, North Carolina, and West Virginia sites. In numerous
cases, water was actually "squeezed" out of the base or subgrade
material sufficient to not only cause piezometric water levels to
rise but to produce periodic midday or afternoon discharge from
the edgedrains. Noteworthy evidence of this is shown in figure
25D for the September 21 through 27 period of record for the
North Carolina site; note the midday timing of the edgedrain
discharges.
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Hydraulic P . f sul e M 2]

The core samples collected beneath the pavements at the ten sites
were analyzed in the laboratoryf{l) for their physical and hydraulic
properties. This included bulk density (table 4) and soil-size
distribution (tables 5 and 6).

The bulk density is the dry weight of the total soil-sample
mixture of solids and voids divided by its total volume. The
absolute soil density is dependent on the relative volumes of the
solids, their specific gravities, and void space. A well-
compacted aggregate subbase will have minimum void spaces and a
high-bulk density. Bulk-density values under the roadways ranged
from 101 to 127 pounds per cubic feet (table 4). Slightly lower
values were found to exist under the shoulders. Table 5 shows the
percent soil passing a number 10 sieve. Table 6 shows the grain-
size distribution of that which passed the number 10 sieve. Of
particular concern is the percentage of clay and sand, as it may
be expected to affect the soils ability to store and transmit
water. In addition, saturated hydraulic conductivity (table 4)
and water-retention curves (fig. 29) were determined for each
site. It was necessary to develop soil water pressure retention
curves in order to relate soil moisture using the gypsum blocks.
The water-retention data also provide a measure of the ability of
the soils to store as well as drain water.

(1)a11 laboratory analysis were performed in the soils laboratory
at Auburn University, Auburn, Alabama, by Dr. Jacob H. Dane and
followed standard procedures as outlined by Klute (1986).
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Table 4--Bulk density, saturated hydraulic conductivity, and
permeability of soil samples taken beneath the pavements
at the ten test sites

Hydraulic
Sample —Bulk density conductivity  Permeability
g/cm3  1lbs/ft3 m/day ft/day gal/day
ft?
1) (2) (3) (4) (5)
Alabama (pavement) 1.77 110 2.122 6.96 5.20
(shoulder) 1.55 97 1.537 5.04 3.76
Arkansas (pavement) 1.70 106 0.102 0.34 0.25
(shoulder) 1.67 104 0.324 1.06 0.79
California 2.03 126 1.98 6.50 4,85
Illinois 1.81 113 0.00 0.00 0.00
Minnesota 1.76 110 1.77 5.81 4.34
New York 2.00 125 0.001 0.003 0.005
North Carolina (pavement) 1.62 101 0.001 0.003 0.005
{(shoulder) 1.41 88 0.111 0.36 0.27
Oregon 2.03 127 0.026 0.085 0.063
West Virginia 1.81 113 0.00 0.00 0.00
Wyoming 1.74 108 0.00 0.00 0.00
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Table 5--Percent of so0il passing the no.

10 sieve for samples

taken beneath the pavement at the ten test sites

[p,

pavement;

s,

shoulder]

Sample

Percent Passing

Alabama (p)
(s)
Arkansas (p)
(s)
California
Illinois
Minnesota
New York

North Carolina (p)
(s)

Oregon
West Virginia
Wyoming

97.8
98.4
41.1
55.8
51.3
98.0
58.2
44.6
98.0
93.8
71.5
77.4
82.0

Table 6--Grain-size distribution of soil passing the no.
for samples taken beneath the pavements

10

sieve

[p, pavement; s, shoulder; mm, millimeter]

Particle~size distribution Sand-size distribution in percent

Sand Silt Clay 2-1 1-.5 .5~.25 .25-.1 .1-.05

mm mm mm mm

(1) (2) (3) (4) (5) (6) (7) (8)
Alabama (p) 81.20 5.12 13.68 9.61 36.58 33.13 14.66 6.03
(s) 83.45 1.59 14.95 0.12 0.36 51.94 46.25 1.33
Arkansas (p) 30.44 40.33 29,23 51.19 25.42 8.14 5.08 10.17
(s) 19.54 43.67 36.79 30.89 17.28 8.38 9.95 33.51
California 83.15 10.62 6.23 19.57 6.52 50.12 17.39 6.40
Illinois 4.00 41.63 54.36 12.82 15.38 25.64 28.21 17.95
Minnesota 81.12 13.08 5.80 23.95 31.27 29,78 11.79 3,23
New York 49.14 34.79 16.06 40.25 25.26 14.78 10.88 8.83
N. Carolina (p) 28.98 36.71 34.32 12.50 17.14 22.50 27.50 20.36
(s) 25.69 24.29 50.02 41.20 23.20 14.80 11.20 9.60
Oregon 58,08 29.19 12.73 22.16 18.32 22.34 23.73 13,44
West Virginia 11.66 52.72 35.62 13.27 15.93 15.93 20.35 34,51
Wyoming 63.47 18.14 18.39 1.91 9.87 20.86 38.38 28.98
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Soil Moisture

The laboratory-determined soil-water retention curves for the soil
samples taken beneath the pavement at the ten highway sites are
shown in figure 29. The volumetric water content of the sample was
determined and paired with known pressure values between 0 and

-350 cm of water. The data shows the water content of the samples
at zero pressure and complete saturation and the water content at
incremental steps of increased negative pressure (-350 cm of water).
For all ten soil samples, any significant water content changes
occur primarily between 0 and -40 cm of water pressure. The samples
from the Illinois, North Carolina, Oregon, and West Virginia sites
retained at least 90 percent of the initial water content. Under
the same conditions, the samples from the Alabama, California, and
Minnesota sites retained less than 46 percent.

The water-retention curves show the drainage and storage
characteristics of the subgrade materials at the ten highway sites.
The subgrade materials at the West Virginia, Illinois, and

North Carolina sites retain relatively high and nearly constant
moisture levels, which indicates poor drainage. Conversely, the
curves for California, Alabama, and Minnesota show that better
drainage probably exists.

The output from the gypsum soil-moisture blocks provides a measure
of negative soil pressure or suction. The soil-moisture blocks can,
therefore, be used to estimate soil-water content, 1f soil-water
retention curves are available for the soil in question. Figure 30
shows the soil moisture indicated by the gypsum block and expressed
in feet of water as well as in percent water content for the three
soil-moisture blocks placed beneath the pavement and shoulder of the
Alabama site. At 0600 hours on February 21, 1989, event number 1
(fig. 19A) the soill moisture under the shoulder is about 13.6
percent and under the pavement about 13.7 percent. This assumes the
soll-moisture retention curve under the shoulder is the same as
under the pavement as shown in figure 29. These numbers, and the
water-content scale on the right, show the lack of sensitivity of
the gypsum blocks. At this time, water levels in the adjacent
transducer holes under the pavement were at or above the bottom of
the pavement slab (fig. 19A) and discharge from the edgedrain was
approximately 1.3 gpm. More important, figure 30, shows little or
no response after at least 36 hours following the 2.2 inches of rain
which comprise event number 1.

Figure 31 shows the soil moisture in feet of water and percent
water content for the gypsum blocks under the shoulder (number 5)
and pavement (number 6) at 2400 hours for the period of record
January through December 1989, at the Alabama site. Also shown
are the time of events, 1 through 5. These data show the soil
moisture variation in the subgrade under the shoulder and pavement
to be about 13 to 13.5 percent in the winter months, increasing to
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about 14.2 percent in the summer months. Except that the absolute
magnitude of the moisture contents varied, most sites showed only
minor seasonal change, as with the Alabama site. These very
limited long-term seasonal changes in soil moisture suggests that
the subgrade materials are very tight and do not experience
significant water movement in either the unsaturated or saturated
state unless via voids and channels beneath the pavements.

Obviously, some of the holes in which the soil-moisture blocks
were placed became filled with water, as did the transducer holes,
and short-term saturated conditions existed. Apparently, the
gypsum blocks failed to indicate sudden changes in moisture
because of their inherently slow response. Furthermore, the
placement of the blocks back in the walls of the hole and just
beneath the bottom of the pavement may have shielded them from
direct water contact for any significant length of time. This
limitation of gypsum blocks has also been reported by Wisler and
Brater (1959). For these reasons, the soil-moisture data for all
50 events is not presented.

Hydraulic Conductivity

The hydraulic conductivity or permeability is a measure of the
soil's ability to transmit water. Hydraulic conductivity and
permeability are the same and are used interchangeably, but
usually with different units as shown in table 4, columns 3, 4,
and 5. Table 4 shows saturated hydraulic conductivity, Kg, and
permeability for all the samples as measured in the laboratory.
Laboratory values of Ks are usually in meters per day; column 4
shows it in feet per day to give a better comprehension of the
transmitting capability (or lack thereof) of the different subbase
materials.

These Kg values are also shown in figure 29 on their respective
soil-water retention curves. Note that the retention curves
showing the storage and retention of the least water, California,
Alabama, and Minnesota have the highest Kg values. By contrast,
West Virginia, Illinois, and North Carolina have Kg values of zero
and retained 34 to 43 percent of their saturated water content and
hence do not drain readily. Under the same conditions, the
samples for Alabama, California, and Minnesota retained on the
order of 15 percent for negative pressures above 100-cm of water.
Only the samples from these sites demonstrate much drainage
capacity.
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According to Klute (1986), the water-retention function of a soil
is primarily dependent upon its texture or particle size. The
grain-size distribution analysis (table 5) was performed primarily
to show the percents of sand and clay. A high percentage of sand
and low percentage of clay would be expected to yield higher
hydraulic conductivity values and vice versa. Comparison of these
data reveals this to be the case and furthermore, it is reflected
in the soil- moisture retention curves of figure 29. As seen in
figure 29, those samples having a high-sand content and low-clay
content correspond to those having the higher Kg values and greater
drainage potential. By contrast, the samples for West Virginia,
Illinois, and North Carolina, where zero Kg values were determined,
have high percentages of clay which inhibits drainage and increases
water retention.

W r—-Tr

Results from the dye-tracer tests were inconclusive. No dye was
detected in any of the edgedrain discharges, except at the
North Carolina site. Here, dye was observed, minutes after
placement, as there was edgedrain discharge at the time.

These results are perhaps not surprising as the dye was placed in
a l-inch hole into the subgrade away from any transverse joints.
No obvious voids or channels were intercepted, especially when
only a l-inch diameter hole was drilled. Unless a void or channel
was intercepted, as in the North Carolina case, the tightness of
the subgrade soils, as clearly indicated by the laboratory tests
on the core samples, precludes rapid movement. Voids and channels
are more apt to develop under the pavement along transverse
joints, rather than along longitudinal joints (fig. 4) which is
near to where the dye was injected. The failure to detect tracer
in the edgedrain discharges perhaps further confirms the tightness
and lack of permeability of the subgrade materials.
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CONCLUSIONS

Concept of Flow Beneath Highway Pavement
Where Edgedrains are Employed

The data collected in this study to measure the edgedrain
discharge hydrographs and piezometric water level hydrographs that
occurred 1in response to 50 rainfall events reveals to some extent
the nature of flow from beneath the pavements to the edgedrains.
The soil-moisture data, to a limited extent, and the laboratory
tests on the subgrade soil samples, supplements and confirms
conclusions as to the nature of flow.

Figure 32 is a conceptual diagram of flow under the pavement. It
is apparent from both the piezometric water level data and the
soil-test data that the subgrade materials have poor drainage
characteristics. Furthermore, all pavements will ultimately
suffer joint damage and infiltration into the subgrade. Because
of the initial tightness of the subgrade, water will flow into up-
gradient joints and discharge down-gradient at the other joints
eroding fines from the subbase. Ultimately, voids and channels
form to drain off excess infiltrated water. At times, sections of
pavement may be literally sitting in a shallow basin of water.
This is why, in many instances, the smallest amount of rain
produced immediate piezometric water level increases and discharge
from the edgedrains.

In many instances, the outside shoulders of the highway form a
restraining dam to transverse subgrade drainage. Retrofitting an
edgedrain along the pavement edges with outlet pipes through the
shoulders serves to short-circuit the shoulders. A major
component of the edgedrain discharge is the surface flow off the
pavement which enters the longitudinal edgedrain directly. The
edgedrain in this case is analogous to a gutter on a house roof.

Pressured conduit flow exists when piezometric water levels are
above the pavement surface and until they recede to below the
bottom of the pavement (fig. 32, locations 1 and 2). For a brief
period, depending on the extent of the volds and channels, and the
duration of the rain, free surface-water flow exists toward the
edgedrain. When piezometric water levels drop below the
elevations of the channels, flow to the edgedrains must be through
the porous media making up the subgrade. If the permeability of
the subgrade material is very low, the discharge to the edgedrain
will terminate quickly (fig. 32, location 3). If some
permeability exists, there will be some continuous slow drainage
to the edgedrain (fig. 32, location 4). Comparison of the
drainage durations for the different events, table 2, column 6,
with the hydraulic conductivity data in table 4, column 3, tends
to confirm this last concept.
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Effect] ¢ Edgedrai

Retrofitting longitudinal edgedrains to an existing highway
provides a sink to collect water draining laterally off the
pavement surface as well as water reaching the edgedrain through
subgrade voids and channels; the edgedrain outlets then serve to
short-circuit the water through the highway shoulders. It is
nevertheless true that the lateral drainage must be able to reach
the edgedrains. Tight, low permeability subgrade material
precludes ready, lateral drainage with or without edgedrains. The
data obtained indicates that most of the lateral subgrade water
movement 1is via voids and channels that develop under the
pavements. In a sense, "the horse is already out of the barn" if
the deterioration of the highway has reached this state. If
highway restoration as well as new construction includes providing
a permeable subgrade as well as edgedrains, the two together
should prove the most efficient in restoring the highway. Of note
too is the effectiveness of an asphalt topping, such as that
applied at the Oregon and West Virginia sites

SUGGESTIONS FOR FURTHER STUDY

One if the difficulties in defining the efficiency of longitudinal
edgedrains is the lack of comparison of the same or like highway
element before and after the addition of edgedrains. It is
suggested that data, similar to those collected in this study, be
collected at one or more highway sites for at least one year
before the addition of edgedrains, and that data be collected for
about a year after their addition. Analysis of the results of
this study indicate that the collection of soil-moisture data and
water-tracer tests could be omitted. Laboratory analysis of
subgrade core samples for physical and hydraulic properties might
need to be amplified compared to that performed in this study.
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