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EXECUTIVE SUMMARY

Pavement drainage systems have become a common addition to construction and
reconstruction plans. Several types of transverse and longitudinal drains that vary in shape,
size and cost are often included in designs although little is known about their perfformance.

This study describes and evaluates the drainage characteristics and pavement
performance of four drainage systems under jointed portland cement concrete pavement.
Included are the Minnesota Department of Transportation (Mn/DOT) standard dense
graded base, two dense graded base sections incorporating transverse drains placed
under the transverse joints, and permeable asphalt stabilized base, a design which reflects

current Mn/DOT drainable base thinking. All sections contain longitudinal edge drains.

Construction of the test sections was done during 1989. Monitoring of rainfall and
drainage began in 1990 and continued through 1994. Experiment variables include
drainage flows, percent of rainfall drained, time to drain, base and subgrade moisture
content, and pavement and joint durability. Pavement performance evaluations will

continue over the next several years.

The following conclusions appear to be valid as of 1995: .

1. Although all systems seem capable of removing drainable water from the pavement
base, the permeable asphalt stabilized base commonly drained the most water
within two hours after rainfall ended, while providing the driest pavement foundation
with the least early pavement distress.

2. About 40% of the rain gets into the concrete pavement. This agrees roughly with
predictions made by Cedergren years ago.

The open graded and geocomposite systems remove water most rapidly.

Spring thaw flows are roughly equivalent to a major rain event.

Sealing the longitudinal and transverse joints temporarily reduced all rain inflow.
After about two weeks inflow resumed, although the joint sealants appeared to be
intact.



6. In retrospect the decision to reduce panel lengths to eliminate mid-panel cracking

was correct.
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INTRODUCTION

Background
Excess moisture in a pavement structure is recognized as a major factor in premature

pavement failure. Drainage systems, such as permeable aggregate bases and edge
drains, are becoming a frequent addition to construction and reconstruction plans. Their
popularity has opened the market to several types of transverse and longitudinal drains
that vary in shape, size and cost. Although these drains are frequently specified in

construction plans, their performance is relatively unknown.

This study included the implementation of new drainage systems along with moisture
sensors placed in the pavement to determine the effects of the drainage systems. The
project involved the addition of four drainage test sections to S.P. 2680-32, the
reconstruction of 15 km (9.3 miles) of concrete pavement on 1-94 in Otter Tail and Grant
Counties in 1989. This site, approximately 320 km (200 miles) northwest of the Twin Cities,
was selected because it was the only project scheduled to be built at the time with a
permeable asphalt stabilized base layer.

Objective
The primary objective of the study was to evaluate the relative performance of various

drains and their effect on pavement performance. The results of this study will help
determine if transverse drains are an efficient alternative to permeable base layers (current
Mn/DOT drainable base thinking calls for a permeable pavement base and edge drains)
and provide a comparison with the old standard concrete pavement on dense graded base.
Also, technology developed under this project to monitor soil moisture will benefit other

areas of research.

Project description
The four test sections were each 457 m (1500 feet) in length, with a joint spacing of 8.2 m

1



(27 feet). Each section was further divided iﬁto 3 sub-sections measuring 152 m (500 feet)
(Figure 1). These sub-sections were chosen to best reflect equivalent drained sections
and to coordinate with the planned headwall spacing of 152 m (500 feet). The first 152 m
(500 feet) of each test section had pavement joints sealed with neoprene using the same
design as a typical newly constructed concrete pavement. The middle 152 m (500 feet) of
each test section had unsealed 6 mm (1/4 inch) wide pavement joints. These joints were
made by green sawing the pavement as usual, without additional widening or sealing. This
joint system worked well for research purposes and as a short-term means of gathering
moisture data. The last 152 m (500 feet) of each test section also had 6 mm (1/4 inch)
wide joints, but they were sealed with self-leveling silicone. The centerline joint was sawed

and sealed with hot-pour sealant.

The typical section for this construction project consisted of 280 mm (11 inches) Portland
cement concrete (PCC) over 100 mm (4 inches) permeable asphalt stabilized base (PASB)
above 75 mm (3 inches) Class 5 dense graded base, functioning as a filter layer.
Gradations for Class 5 base and the filter aggregate used as backfill around the edge
drains are provided in Table 1. The pavement is 8.2 m (27 feet) wide, with the driving lane
being 4.3 m (14 feet) wide. The joint spacing was 8.2 m (27 feet), and all joints were
constructed with 32 mm (1 1/4 inch) epoxy coated dowels. The concrete panels contain
uncoated welded wire mesh reinforcement. The PASB extends .9 m (3 feet) beyond the
PCC under both shoulders. Cross sections of the various test sections are shown in Figure
2, and detailed drawings of the transverse drains shown in Figure 3. The following is a

short description of each test section:

Section 1 - This section is used as the "control" section. It consists of a 280 mm (11 inch)
concrete pavement, 100 mm (4 inches) of PASB, and 75 mm (3 inches) of Class 5 base.
This area is labeled as a test section although its design is no different than the design for
the non-test sections that made up the rest of the paving project. It reflects current
Mn/DOT thinking regarding pavement subsurface drainage.

2
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1. 1-94 Fergus Falls drainage project.
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Percent passing

Mn/DOT Trench backfill
standard (FA-3 filter
Sieve size Class 5 base aggregate)
25.0 mm (1) 100
19.0 mm (3/4") 90-100
12.5 mm (1/2") 100
9.5 mm (3/8") 50-90 95-100
475 mm (#4) 35-80 0-60
2.0 mm (#10) 20-65
1.15 mm (#16) 0-8
425 um (#40) 10-35
75 um (#200) 3-10

Table 1. Gradation requirements of Class 5 base and trench backfill.

Section 2 - Here the 100 mm (4 inch) layer of PASB was replaced with 100 mm (4 inches)

of Class 5 material, resulting in total base thickness of 180 mm (7 inches) of Class 5 below i 3

the 280 mm (11 inch) thick pavement. Transverse interflow channels, (38 mm diameter .

perforated plastic pipe, 98 perforations per meter) were then placed below each transverse

joint and connected to longitudinal edge drains. The channels were placed after fine

grading was completed, at a uniform depth below each dowel basket. The top of the pipe
was 25 to 50 mm below the top of the dense graded base. The channels were backfilled

with seal coat aggregate.

Section 3 - This section attempted to match a typical older Mn/DOT design using a 180 mm
(7 inch) Class 5 base below the 280 mm (11 inch) thick pavement, with no transverse

}

woiei)

drains or permeable base material. Edge drains were provided.
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Test Section 1
Permeable Asphalt Stabilized Base (control)

Test Section 2
Transverse Pipe Drain over Class 5 Base

PCC Pavement 280 mm
Transverse Pipe Drain {under joints)
________________________ Claas 5 Aogregals Base 100 MM @ @ o eeeeceeeneacnnse.. Edge
Test Section 3 Hrm
Mn/DOT Standard Class 5 Dense Graded Base _
----- - ®
‘.' ~— PCC Pavement 280 mm -
Class 5 Aggregate Base 180 mm J
Test Section 4
Geocomposite Fin Drains over Class 5 Base
|
T

“— PCC Pavement 280 mm
Class 5 Aggregate Base 180 mm
Geocomposite Transverse Drain (under joints)

Figure 2. Pavement and base cross sections.



Transverse Pipe Drain Installation
Dowel basket

280 mm PCC
s S % :e-l-a--. o
e A 2 S '¢
s R R R T asatl et i .
el " * o, s e e,
180 mm Class 5 base
25-50 mm
Nominal trench
widthsomm—_| |
#E FA-3 modified backfill
ﬁ 1 1/2" HDPE with geotextile sock
Geocomposite Drain Installation
Geocomposite
fin drain
280 mm PCC
A R L R R R et e
sttt s s et o
e e T s ' s
ety Tttt et e e .
/ 180 mm Class 5 base \
150 mm 12 mm

Figure 3. Transverse drain installations.
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Section 4 - The last section included a .geucampcsite fin drain placed flat below the
transverse joint. The drain was composed of a 150 mm (6 inch) wide by 13 mm (1/2 inch)
thick inert plastic permeable core encapsulated in a geotextile sleeve, and was fastened
to the top surface of the Class 5 base under the dowel basket. The design included a 280
mm (11 inch) pavement and a 180 mm (7 inch) Class 5 base with edge drains.

Changes to test sections 2, 3 and 4 resulted in apparent construction cost savings. The
costs and savings, taken from the successful bid, are shown in Table 2. The amounts

represent a 457 m (1500 foot), two lane paving section.

The coefficient of permeability for Mn/DOT PASB is normally about 305-610 m (1000-2000
feet) per day, and for Class 5 dense graded base, about 0.1 m (0.4 feet) per day. The
lower value for PASB was used in calculations for this project. The cross slope of the base
was 1.5%. The longitudinal slope of the roadway was 0.88% for the PASB and transverse
pipe drain sections, and 0.50% for the Mn/DOT standard Class 5 and geocomposite fin

drain sections.

In each section where the joints were unsealed, moisture sensing devices were positioned
directly beneath one joint. Sensors were placed in the top 25 mm (1 inch) of the

permeable base, in the top 25 mm of the Class 5 dense graded base, and in the top 25

mm of the subgrade.

Tipping buckets were connected to the drainage pipe at the headwalls of the unsealed
center 152 m (500 foot) sections. These buckets measured the amount of water flowing
through the drainage system. Although edge drains were installed on both sides of the

roadway, the tipping buckets monitored flows from the driving lane side only.



Modification Quantity Price Total Savings

Test Section 2 delete 100mm PASB 957 Mg $11.61 -$11,109.15
Transverse pipe add 100mm CI. 5 base 467 cu.m 8.37 3,910.40 |
drains in Class 5 add transverse drains 476 m 6.56 3,124.00 $4,074.75
Test Section 3 delete 100mm PASB 957 Mg $11.61  -$11,109.15
Mn/DOT standard add 100mm CI. 5 base 467 cum 8.37 3,910.40 $7,198.75
Class 5 base
Test Section 4 delete 100mm PASB 957 Mg $11.61 -$11,109.15
Geocomposite fin add 100mm CI. 5 base 467 cu.m 8.37 3,910.40
drains in Class 5 add geocomp. drains 476 m 6.56 2,733.50 $4,465.25
1Mg=1.1ton

1 cubic meter = 1.31 cubic yard
1 m = .3 lineal feet

Total dollar amounts are accurate; unit prices are approximate due to metric conversion.

Table 2. Construction cost differentials for test sections.
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EVALUATION

Drainage
Data collection began in the spring of 1990 and continued through 1994. Each year the

tipping buckets were operated continuously from spring thaw to winter freezeup.
Numerous rain events were recorded in whole or part. Some data was lost due to clogging
of the rain gauge, severed wires, or tipping bucket or data logger failures. However, one
of the goals of this project was to evaluate instrumentation, and much was learned from
equipment failures.

Table 3 shows rainfall and drainage data from representative rain events from the years
1990 to 1992. The total amount of rainfall and drainage flow through the respective tipping
buckets are listed, as well as the percentage of rainfall for each test section that was
drained. The rain events are graphically presented in Figures 4 and 5.

The data shows variability in the quantities of drainage and percentage of rainfall drained.
The total drainage seems to be greatest through the geocomposite fin drain section.
Except for the June 1992 rain event, the PASB section appears to drain the next highest,
followed by the Mn/DOT standard Class 5 section and the transverse pipe drain section.

The percentages from the event of June 1992 are considered to be higher than average
because there had been a light rain the previous day and the pavement base layers had
not completely drained. It is interesting to note the highest percentage drained during this
rain event came from the Mn/DOT standard Class 5 test section, with no transverse drains,

but this section also required the longest time to drain..

The percentage of rainfall drained is typically 25-40% on average. This is somewhat less
but in general agreement with Cedergren's predictions (1) and statements in the FHWA

drainage course manual (2). Cedergren suggested using an infiltration rate of .50 to .67

9




Permeable Asphalt Mn/DOT standard Geocomposite

Stabilized Base Transverse pipe drains Class 5 fin drains
Percent of Percent of Percent of Percent of

Rain Drainage rainfall Drainage rainfall Drainage rainfall Drainage rainfall
Date (mm) (liters) drained (liters) drained (liters) drained (liters) drained
July 20.57 3387 25 1812 13 3470 25 4748 35
10-12,
1990
June 12.95 2715 32 1710 20 2231 26 2868 34
30 -
July 1,
1991
June 40.64 11382 43 12256 46 15622 59 12099 46
16-17,
1992

“Percent of rainfall drained” is based upon the amount of precipitation falling on each section of pavement.

[ —
|
1 1

Table 3. Drainage data for rain events in 1990, 1991 and 1992.
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Drainage (liters)

Dense
Pipe GradedGeocomp
PASB Drain Base Drain

Hours

Figure 4. Rainfall and drainage, June 30 - July 1, 1991.
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Drainage (liters)

800

Dense
Pipe GradedGeocomp
PASB Drain Base Drain

14
121
10

Figure 5. Rainfall and drainage, June 16-17, 1992,
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for portland cement concrete pavements, and states "As more information becomes
available on the actual amounts of water that enter pavements, and particularly if it
becomes possible to improve the watertightness of pavements it may be possible to use
somewhat lower coefficients than those suggested”. It appears that both his estimate and
suggestion for reduction as data becomes available were on target.

Early data collected from the Mn/DOT Mn/ROAD project suggest a higher rate of infiltration
for the passing lane than the driving lane (Schrader, unpublished data). Total drainage
flows have been up to 50% greater on the passing lane side. This may be the result of
higher traffic in the driving lane "blowing away" surface water before it can penetrate the
pavement and enter the drainage system. Again, Cedergren had mentioned this possible

phenomenon.

Table 4 contains time-to-drain data from two rain events. These events were selected
because there was sufficient rainfall to produce significant flows, all the equipment was
working properly and there was a substantial amount of time between the two events (more
than one year). The PASB section and the Class 5 sections with transverse drains typically
drained 70 percent or more of the drainable water within one hour, and nearly all of the
drainable water in two hours. The Mn/DOT standard Class 5 section was slower to drain,
although the total water drained was as much or more than the other sections. For each
rain event shown, the Class 5 sections with transverse drains had similar amounts of post
rainfall drainage. This water is removed relatively quickly by the transverse drains. The
post rainfall drainage from the Mn/DOT standard Class 5 section varied with the amount
and duration of the rainfall. This shows that a longer rainfall allows more water to enter the

Class 5 base, from which it slowly drains.
It was suspected that a significant portion of the water entering the drainage systems was

entering through the logitudinal edge joint between the concrete pavement and the

bituminous shoulder. The joint opening was roughly 6 mm and had not been sealed during

13



Permeable Asphalt Mn/DOT standard Geocomposite
Stabilized Base Transverse pipe drains Class 5 fin drains

June 16- August 14- June 16- August 14- June 16- August 14-  June 16- August 14-
17,1992 15, 1993 17,1992 15, 1993 17,1992 15, 1993 17,1992 15, 1993

Total event 11382 5669 12256 3467 15626 4050 12099 5801
drainage
(liters)

Total post 788 770 286 421 889 525 315 500
rainfall

drainage

(liters)

Percent of 75 72 81 68 48 56 90 68
post rainfall

drainage in

one hour

Percent of 89 87 83 86 62 69 99 84
post rainfall

drainage in

two hours

Table 4. Post rainfall drainage characteristics.
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construction. To determine the effects on the drainage systems, the edge joint was sealed
in August, 1993 using a low modulus hot-pour sealant. Fiafn events were recorded before
and after sealing to observe the changes. The data given in Table 5 and Figure 6 show
that the decrease in drainage flow was similar among the various test sections. It can be
seen that about 15-20% of the rain falling on the pavement had entered the drain system

though this opening.

As mentioned previously, the transverse joints were left unsealed to allow water to enter
the drainage systems for short-term research purposes. In August 1994 these joints were
sealed, again using a low modulus hot pour sealant. Rain events were recorded before
and after joint sealing to observe the changes. There were two rainfalls within two weeks
after the transverse joints were sealed which showed greatly reduced flows or no flow at
all. However, the next significant rain event about three weeks after joint sealing produced
drainage flows similar to those before sealing, although both edge and transverse sealants
appeared to be in good condition. It is probable the sealants are keeping out particles if

not water.

Figure 7 shows “nomalized” drainage from rain events in 1994 before and after the
transverse joints were sealed. Events are treated as though each rainfall was 25 mm, with
tipping bucket flows adjusted accordingly. The purpose is to dramatize the effect of
waterproof joints and to illustrate the short-term effectiveness of sealing these joints.

The spring thaw of 1994 was monitored and is shown in Figure 8. Most of the drainage
occurred in a single day, although the Mn/DOT standard Class 5 base section continued
to drain slowly for several days. The total quantity of drainage for the PASB, Mn/DOT
standard Class 5 base and geocomposite fin drain sections were similar, and were roughly
equivalent to a major rain event. The tipping bucket system for the transverse pipe drain
section was not functioning at this time.

15



Permeable Asphalt Transverse pipe Mn/DOT standard Geocomposite

Stabilized Base drains Class 5 fin drains
Percent Percent Percent Percent
Rain Drainage ofrainfall Drainage ofrainfall Drainage ofrainfall Drainage of rainfall

Date (mm) (liters) drained (liters) drained (liters) drained (liters) drained
August 21.08 5669 41 3467 25 4050 30 5801 42
14-15,
1993
(before
sealant)
Sept. 12.95 3109 24 1078 8 1940 15 3050 24
13-14,
1993
(after
sealant)

Table 5. Drainage from before and after sealing of pavement edge joint.
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Before edge sealing After edge sealing
August 14, 1953 September 13, 1993
Percent of rainfall drained Percent of rainfall drained

—

50
Wpermeable “ Pipe = Dense ® Geocomp
Asphalt Drain Graded Drain
Stabilized Base
Base

Figure 6. Percent drained, pre- and post pavement edge joint sealing.
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Drainage (liters)

00 [P i R R g
' Transverse joints sealed

5,000

4,000

3,000

2,000

1,000

0
7/13 TI8 TM5 721 Ti27 8/2 B/ 8/M4 8/20 8/26 91 97T 913 9/19 9/25 101
Date
PASB

Mormalized to 256 mm rainfall

Figure 7. Normalized drainage, before and after transverse joints sealed.
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Drainage (liters)

1,200

1,000

800

600

400

200

1 4 7 10 13 16 19 22 25
March 19-20, 1094 Hours

Dense
FPipe Graded Geocomp
PASB Drain  Base Drain

L)

Figure 8. 1994 spring thaw drainage.
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Base and subgrade moisture
Base and subgrade moisture were measured using time domain reflectometers, or TDRs.

The sensors measure the moisture content by volume of a soil or base layer. TDRs
consist of a pair of 6 mm (1/4 inch) diameter, 150 mm (6 inch) long stainless steel pins
mounted 50 mm (2 inches) apart in a non-conductive plastic frame. Two sets of sensors
were installed in the driving lane under these joints, .3 m (1 foot) from the centerline and
.3 m (1 foot) from the shoulder. The TDRs were read using a Tektronix Metallic TDR Cable

Tester.

Readings were collected immediately following installation and following three rain events
during 1993. The data are presented in Table 6. This was Mn/DOT's initial installation of
these devices (1989) and as they were uncalibrated, the data must be considered only

semi-gquantitative.

The readings from the permeable asphalt layer showed the lowest moisture contents. The
readings from the TDR at the centerline were constant at a volumetric moisture content of
4.2%. This is considered to be a "dry" reading, and was confirmed by laboratory analysis.
There is generally a much higher moisture content in the Class 5 base and subgrade
although there is not a significant difference in moisture contents between these various
test sections. The data show the Class 5 dense graded base and subgrade tend to be
somewhat drier at centerline in the sections with transverse drains. It is possible these
drains pull some of the water away before it can penetrate the base and subgrade layers.
The Class 5 base under the PASB tends to be a little wetter, possibly due to more uniform
saturation below the joints.

Although the permeable asphalt stabilized base layer does not appear to have much
influence on the moisture content of the Class 5 base below it, it does provide a dry
foundation for the concrete pavement. The data from the Class 5 dense graded base and
the subgrade show that these layers remain close to saturation after drainage has ended.

20




PASB
layer

Class 5
base
layer

Subgrade

8/19/89

Test TDR !
Section Location (Initial) 4/29/93  8/2/93 9/15/93
PASB centerline 6.5% 4.2 42 4.2
shoulder 8.5 10.3 - 9.0
PASB centerline 8.5% 25.7 30.3 31.1
shoulder 11.1 10.3 14.9 13.1
Pipe drain  centerline 8.5 23.3 26.9 24 4
shoulder 7.8 - - 45.1
Mn/DOT centerline 7.2 28.0 35.8 -
standard shoulder 8.5 25.7 35.8 376
Class 5
Geocomp. centerline 47 26.9 20.9 29.7
shoulder 9.8 209 315 41.0
PASB centerline 27.2 37.8 44 9 44 2
shoulder 242 - - 21.0
Pipe drain  centerline 18.3 - - -
shoulder 25.0 37.8 47.2 276
Mn/DOT centerline 27.2 44 1 52.2 46.5
standard shoulder 27.2 43.3 449 43.2
Class 5
Geocomp. centerline 27.2 28.2 69.1 37.6
shoulder 19.8 40.7 48.6 47.0

21
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Pavement performance
A visual examination of the pavement has found the appearance of mid-panel transverse

cracks. This is considered premature deterioration for a PCC pavement less than six years
old. The mid-panel cracking is far more prevalent in the PCC built on the dense graded
Class 5 sections than on the PASB. The Class 5 base is normally considered to provide
a stronger paving platform than PASB. The number of mid-panel cracks per 457 m (1500
foot) section were: PASB (2), Class 5 base with transverse pipe drain (10), Class 5 base
with no transverse drains (10), and Class 5 base with geocomposite fin drains (8). There

are approximately 55 panels in each 457 m section.

Similar mid-panel cracking was noted in the first Mn/DOT project comparing PASB with
Mn/DOT standard Class 5 base (Engstrom, unpublished data). That project was built in
1983 on TH 15 near Fairmont in southern Minnesota, and was examined in 1994. Two
mid-panel cracks were seen in the PASB section, both over concrete culverts. For

comparison, about 95% of the panels in the Class 5 section were cracked.

Mid-panel cracking is not unusual in panels of the length used at Fergus Falls (8.2 m, 27
feet). Reinforcing steel mesh is used to keep the cracks tight. The lower number of cracks
in PASB sections may be due to superior support provided by a dry PASB layer compared
to a nearly saturated granular base (3). Current Mn/DOT designs call for 4.6 m (15 feet)
effective joint spacing designed to eliminate mid-panel cracking.

Falling weight deflectometer (FWD) testing was done in June 1995 to calculate joint
efficiencies, concrete strength and subgrade strength. Concrete and subgrade strength
were determined to be good in all four sections. The absolute deflection values were low
at the doweled joints. Joint efficiencies however seemed to be poor in the PASB and pipe
drain in Class 5 sections, and marginally better in the Mn/DOT standard Class 5 section.
The joint efficiencies may have been down because the pavement was cool at the time of

testing (54 - 62 degrees F). The reasons for low values on a six year old pavement are not
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known, and will be the subject of future invéstigatinn.

Despite the widened PCC section, some settling of the shoulder on the driving side has
been observed, extending about .3 m (1 foot) into the shoulder, with considerable
longitudinal cracking of the bituminous shoulder. It is not as noticeable on the narrow
shoulder on the inside lane side. Adjacent to the PCC the shoulder is down 12-18 mm (1/2
- 3/4 inch), and about 25 mm (1 inch) down near the transverse joints. It is generally less
in the PASB sections and worse in the three Class 5 sections. The settling may be caused
by consolidation of the trench backfill and/or the granular cap material. This will be

investigated in the future by digging a series of test pits.

No signs of pumping, such as staining on the pavement or shoulder, have been noted.
Inspections of the pavement within one day of the end of a rainfall have failed to see water
or evidence of fines on the pavement or shoulder. Drainage from the Mn/DOT standard

Class 5 section was still occurring during these inspections.
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CONCLUSIONS

Although all systems seem capable of removing drainable water from the pavement
base, the permeable asphalt stabilized base commonly drained the most water
within two hours after rainfall ended, while providing the driest pavement foundation
with the least early pavement distress.

About 40% of the rain gets into the concrete pavement. This agrees roughly with
predictions made by Cedergren years ago.

The open graded and geocomposite systems remove water most rapidly.

Spring thaw flows are roughly equivalent to a major rain event.

Sealing the longitudinal and transverse joints temporarily reduced all rain inflow.
After about two weeks inflow resumed, although the joint sealants appeared to be
intact.

In retrospect the decision to reduce panel lengths to eliminate mid-panel cracking

was correct.

RECOMMENDATIONS

Given the inflow due to rain and thaw melt water, all concrete pavements need
some type of positive subsurface drainage system.

These pavement sections should be continued to be monitored by the Mn/DOT
Pavement Management Unit to determine differences in long term pavement
performance parameters. Additional FWD testing will be done to investigate the low

joint efficiencies.
It is recommended that test pits be dug to examine the shoulder settling, and cores

be taken at selected transverse joints.
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