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Abstract

This investigation is part of CRRELS on-going characterization of pavement
performance in seasonal frost areas. As part of the research, CRREL conduct-
ed several field studies for the Federal Aviation Administration (FAA) on the
response of airport pavements during thaw-weakening periods at three civil
airports in Wisconsin, where the design freezing index in the area was around
900 to 1100°C-days and frost penetration ranged between 1250 fo 2000
mm. This study focused on the performance of Portland Cement Concrefe
(PCC) pavements during the spring thaw-weakening period. The sites were
instrumented with subsurface thermocouples and Falling Weight Deflectome-
ter (FWD) tests were conducted during the spring thaw period at the center of
the slab and across the joints. An analysis of the FWD dafa and backcalcula-
tion of the layer moduli using ILLIBACK and WESDEF was conducted. Unique
relationships between the FWD deflections and the subgrade modulus and
coefficient of subgrade reaction were obtained. Additional relationships were
developed using the FWD deflections, PCC thickness and the horizontal fen-
sile stress at the botfom of the PCC layer. A relafionship between load transfer
across joints and FWD deflections was also developed. On the basis of the
relationships obtained in this study, a methodology for evaluating PCC pave-
ments during spring thaw was developed. However, this methodology needs
to be verified for other subgrade types and areas with other design freezing
indices.

For conversion of Sl units fo non-SI units of measurement consult Standard
Practice for Use of the Infernational System of Units (SI), ASTM Standard E380-
93, published by the American Society for Testing and Materials, 1916 Race St.,
Philadelphia, Pa. 19103.

This report is printed on paper that contains a minimum of 50% recycled
material.
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PCC Airfield Pavement Response
During Thaw-Weakening Periods
A Field Study

VINCENT C. JANOO AND RICHARD L. BERG

INTRODUCTION pavement temperatures were measured at selected lo-
cations at each airport. This report gives a general de-

h o : scription of the airports and the pavement structures
study for 'the Federal Aviation AdministratioRAA) _and a comprehensive analysis of the FWD measure-
on how airport pavements responded to frost action. o nts

The emphasis was on thaw weakening. The study was

conducted at three regional airports in Wisconsin—

Central Wisconsin Airport (CWA), Outagamie County DESCRIPTION OF AIRFIELDS
Airport (OCA) and Wittman Field. The pavement sur- ) o

faces at CWA and OCA were predominately Portland Central Wisconsin Airport (CWA) o
Cement Concrete (PCC), whereas at Wittman they CWA is located in Mosinee, Wisconsin (Fig. 1).
were mostly Asphalt Concrete (AC). The results of a The sub;urface soils at CWA_gre S|Its,.sandy silts and
study on AC airfield pavement structures during thaw- ¢l2yey silts and can be classified as either SM or ML
weakening periods can be found in a previously pub-USing the Un|.f|ed Soil Classification Sys_te.m, and as
lished report (Janoo and Berg 1991). This report exam+3 and F4 with respect to frost-susceptibility (Stark
ines PCC airport pavements during thaw periods. and Berg 1989). F3 and F4 soils are very susceptible

It is accepted that in the winter the load carrying to frost heave and thaw weakening. Stark and Berg
capacity of pavements increases dramatically becaus€!989) also reported that the subgrade was not uni-
of freezing of the pavement structure. This is more dra-
matic in AC pavements because of the stiffening of tt
asphalt at low temperatures. This increase is also s¢ (
in PCC pavements because of a similar stiffening
the base, subbase and subgrade.

During thaw periods, the pavement structure belo
the PCC layer thaws and can become saturated w
water from the melting ice lenses and infiltration o
surface water from rain or melting snow. This satur: 0 L o

In the spring of 1986CRREL conducted a field

3

-~

tion of the material reduces the strength of the bas 0% e N Y (
subbase or subgrade, or all three, leading to reduc
bearing capacity of the entire pavement structure.
addition, the large temperature differentials durin
thawing periods can cause curling of the corners a N Appleton
edges of slabs of PCC pavements, thus affecting lo RN OCA
transfer across joints. 4
The objective of the study was to determine an iy
structural changes in PCC airport pavements durii RN
thaw-weakening periods. To evaluate these chang \ _
CRREL conducted Falling Weight Deflectomete )‘ -
(EWD) measurements to quantify the changes in tlic; Mean Air Freezing Index (°C-days)
stiffness of the pavement structure and the load trans-
fer efficiency of the joints. In addition, subsurface Figure 1. Location of airfields.
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Central Wisconsin Airport

Surface Base
305 mm PCC 229 mm Crushed Stone

254 mm PCC 229 mm Crushed Stane
=3 102mmAC 152 mm Crushed Stone, 203 mm GR and 203 mm SA
i 330mmPCC  152mm CR 1, 152 mm CR 2 and 910 mm CR 3

Figure 2. Pavement structure at Central Wisconsin Airport (CWA).

form, having clusters of rocks and boulders incor- was extended by 245 m and the air carrier ramp ex-
porated into the finer grained soils. Bedrock was re- panded. Taxiway B (between the ramp and taxiway C)
ported at uneven depths and at some locations it wasvas constructed in 1975 and was extended to connect
close to the pavement surface. the two runways in 1977. Portions of runway 8/26
The airport pavements consist of two intersecting were reconstructed in 1987. A summary of the con-
runways, five taxiways and three ramps (Fig. 2). The struction history, length, width and types of joints of
original airfield—runway 8/26, taxiway A and an air the different pavement structures at CWA is presented
carrier ramp—was constructed in 1968 and 1969. Be-in Table 1.
tween 1972 and 1973, runway 17/35 and taxiways C, The airfield basically was constructed with PCC.
D and E were constructed. Also in 1973, runway 8/26 The original runway, taxiway and ramp, constructed

Table 1. Pavement structures at Central Wisconsin Airport.

Slab
Date Length Width size Longitudinal Transverse
Pavement constructed (m) (m) (m) joint joint
Runway 8/26
(original) 1968 2042 46 3.86.1 keyed & dummy doweled
Runway 8/26
(extension) 1973 244 46 767.6 keyed doweled
Runway 17/35 1972 1737 46 767.6 keyed doweled
Taxiway A 1969 297 23 386.1 keyed & tied doweled
Taxiway B
(ramp to taxiway C) 1975 139 23  767.6 keyed & tied doweled
3.8x 7.6
Taxiway B
(taxiway C to 17/35) 1977 954 15 387.6 Butt, tied doweled & dummy
Taxiway C 1973 2256 15 7876 keyed & tied doweled
3.8x 7.6
Taxiway D 1973 88 20 7676 keyed & tied doweled
3.8x 7.6
Taxiway E 1973 88 20 3853 keyed & tied doweled




in 1968 and 1969, had 254 mm of PCC over 229 mm was a heavy clay (USC classification—CL; FAA clas-
of crushed stone base over subgrade. Later construcsification—E7) with a design California Bearing Ratio
tion mostly used 305 mm of PCC over 229 mm of (CBR) of 4. They also reported clay migration into the
crushed stone base over subgrade. The structure of thbase course and trapped water under the pavement.
different pavement sections as of spring 1986 is also  The airport pavements consist of two intersecting
shown in Figure 2. runways, five taxiways and three ramps (Fig. 3). Run-
The slabs sizes were primarily 7.6 by 7.6 m; how- way 3/21 was constructed in 1967 and 1968, with 203
ever, in some areas, the slabs were 3.8 by 3.8 m. Othemm of PCC (254 mm in critical areas) over 203 mm of
sizes used are shown in Table 1. Loads are transferreacrushed gravel over subgrade. Runway 11/29, recon-
across the transverse joints by dowels and aggregatestructed in 1988 and 1989, had 178 mm PCC (229 mm
interlocks (Table 1) (CMT 1984). At longitudinal in critical areas) over 203 mm of crushed aggregate
joints, loads are transferred through keyways, aggre-base course over subgrade.
gate interlocks and tiebars (Table 1) (CMT 1984). The  The PCC slabs were mostly 3.8 m wide by 6.1 m
primary types of aircraft using the airport are Convair long; but, in some areas, the slabs were 3.8 m wide by
580 (24,766 kg), MD DC-9 (44,452 kg) and Boeing 5.3 m long. A typical transverse joint used aggregate
757 (115,666 kg) (CMT 1984). interlocks and dowels for load transfekcross longi-

v M/L

Jod

62-TT Aemuny

Runway 3-21
21

Outagamie County Airport
Surface Base

178 mm PCC 200 mm Gravel
203 mm PCC 203 mm Gravel
229 mm PCC 200 mm Gravel
254 mm PCC 203 mm Gravel

JROE

Figure 3. Pavement structure at Outagamie County Airport (OCA).

Outagamie County Airport (OCA) tudinal joints, keyways, aggregate interlocks and tie-
OCA s located near Appleton, Wisconsin (Fig. 1). bars were used for load transfer (ERES Consultants
The subgrade at the airport consists mostly of a low 1985, Mead and Hunt 1988). Richardson stated that
plasticity clay (CL), some sand (SP) and silty sand on the basis of a pavement evaluation done prior to
(SM). At OCA, bedrock was estimated to be 4.0 m 1986, the gross allowable aircraft weights on runway
deep or more, on the basis of boring logs. ERES con-11/29 were 27,200-kg single, 40,800-kg dual and
sultants (1985) reported the subgrade under runway74,860-kg dual tandem. On runway 3/21, the gross al-
3/21 as a highly frost-susceptible red silty clay. They lowable aircraft weights were 38,570-kg single,
also reported that the subbase material may be frost-81,670-kg dual and 95,280-kg dual tandem.
susceptible because of a high amount of fines passing
the no. 200 sieve (8-10 %). Runway 3/21 has severe
frost heave problems (ERES 1985). Mead and Hunt « personal Communication, with K. Richardson, Wisconsin De-
(1988) reported that the subgrade under runway 11/29partment of Transportation, 1991.



FIELD INSTRUMENTATION Table 2. Temperature sensor locations under pave-
AND TESTING PROGRAM ment surface (cm).

In the summer of 1985, several locations along the Sensor  TC1, TC2 (CWA)
airport runways and taxiways were instrumented with no. TC1,TC2 (OCA) TC3(CWA) TC4 (CWA)

moisture sensors and copper-constantan thermocouples 1 30.5 30.5 30.5
as temperature sensors. At CWA, six locations were in- 2 45.7 45.7 45.7
strumented for temperature measurement (Fig. 4a). At i 81.4 112% 31_4
OCA, there were two temperature measurement sites g 121.9 167.6 121.9
(Fig. 4b). With a few exceptions, thermocouples were 6 152.4 198.1 152.4
placed to depths of approximately 5 m below the pave- 7/ 182.9 228.6 182.9
ment surface. The spacings of the sensors are given in g g}é:g ;gg:é ;ig:g
Table 2. At TC4, the hole could not be held open past 1g 304.8 350.5 259.1
2.5 m from the surface. 11 365.8 4115 137.2

The temperature measurements were made periodi- __12 487.7 4124 106.7

cally by airport personnel during the winter months and

by CRREL personnel during the FWD testing period inwas conducted at selected sites at the two airports.

the spring. The measured temperatures at the two aiffhe FWD test sites covered a large area of the airports

ports are given in Janoo and Berg (1996). and included both AC and PCC pavements. As men-
In the spring of 1986, non-destructive testing using aioned earlier, the analysis presented here is for only

Dynatest 8000 Falling Weight Deflectometer (FWD) the PCC slabs. Deflection measurements were made

29 28

CIOT N e -

N QO R/, N | zeﬂ

® FWD Test Sites
A Thermocouple Assembliy Location

a. Central Wisconsin Airport.

Figure 4. FWD, temperature and moisture sensor locations.

® FWD Test Sites
A Tnermocouple Assembly Locafion

b. Outagamie County Airport.



at the center of the slab, at transverse joints, longitudi-CWA were obtained from the nearest weather station,
nal joints and at a corner. The FWD test program con-which was located approximately 24 km north of the
sisted of one drop at each of four height levels produc-airport at Wausau, since there was no meteorological
ing loads of 600, 900, 1100 and 1600 kN, respectively,station at CWA. These air temperatures were used to
on the pavement surface. The deflection sensors werdetermine air-freezing indices (Fig. 6). The air-freez-
located at 0, 300, 600, 900, 1200, 1500 and 1800 mning index was calculated in Celsius degree-days using
from the center of the loading plate. The FWD loading

plate used was 300 mm in diameter. The location of the 181

. L + Ty
FWD tests at the two airports are shown in Figure 4. Air-freezingindex = 3 —Ma M0 > oo
n=1

whereTmax = daily maximum temperaturéQ)
Tmin = daily minimum temperaturéC)
The environmental data used in this analysis were  (n=1) = 1 October 1985
the air temperature and subsurface temperatures. The n =181 = 30 April 1986.
daily maximum and minimum air temperature at the
airports between 1 October 1985 and 30 April 1986 areThe air-freezing index range was 1100 and°@20
presented in Figure 5. The air temperature data used atays at CWA and OCA respectively. The design freez-

ENVIRONMENTAL DATA ANALYSIS
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Figure 5. Daily maximum and minimum temperatures.
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Figure 6. Air-freezing indices.

ing index published in Army TM 5-818-2 for these around 2000 mm and at OCA around 1300 mm. The
areas ranges between 830 and iCl@ays, which measured subsurface temperatures indicate that thaw
means that the air-freezing index in the winter of pegan at CWA around 29 March. The ground was
1985-1986 was close to that. The air-freezing seasoncompletely thawed by the second week of April. At
as indicated in the above two figures, ended around 240CA, when subsurface temperature measurements
March 1986 at OCA and 29 March 1986 at CWA. were made in the spring, thaw had already started. The
Using the temperature measurements gatheredground was completely thawed by the first week of
from the various thermocouple locations, we deter- April.
mined frost and thaw depth, which we assumed to be
where the temperature wa8Q Frost depths at the
beginning of the winter were calculated for some of FWD DATAANALYSIS
the locations and are also presented in Janoo and Berg Falling weight deflection measurements were con-
(1966). A summary of the frost and thaw penetration ducted at four locations on a slab. These were at 1) the
depths at CWA and OCA s presented in Figure 7. The middle, 2) across the transverse joint, 3) across the
maximum measured frost penetration at CWA ranged longitudinal joint and 4) across the diagonal on one
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Figure 7. Frost and thaw depths calculated from subsurface temperature measurements.

Corner Joint
Dy D, Transverse Joint
Do Dy
Direction
D,| D, of Travel
Longitudinal

Joint

Figure 8. Location of FWD sensors across joints and

corner of a PCC slab.

corner of the slab. The placement of the sensors across
the joints and corner is illustrated in Figure 8. The
FWD measurements were alternated between the two
airports. At CWA, FWD deflection measurements be-
gan on 18 March and continued to 24 April 1986 (Table
3a). At OCA, FWD testing started on 15 March and
continued to 26 April 1986 (Table 3b). The FWD de-
flection measurements taken at both airports are pre-
sented in Janoo and Berg (1966).

The pavement surface temperatures at the time of
FWD testing for both airports are presented in Table 4.
Surface temperatures were measured with a thermo-
couple attached to a wooden dowel. The thermocouple
was placed against the pavement by the FWD operator.
At the time of FWD testing, the pavement surface at
CWA was dry except on 18 March and 14 April. At
OCA, the pavement surface was dry except on 5 April.
Subsurface temperature measurements indicated that
the pavement structures at CWA were frozen at the be-
ginning of FWD testing and completely thawed by the



Table 3. Types of FWD tests conducted.

a. Central Wisconsin Airport.

Date 1 2 3 4 5 6 7 8 9 10
18 Mar 86 — — — — — — — — — 1,2,3,4
20 Mar 86 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 —
24 Mar 86 1,2,3,4 1,2,3,4 12,34 12,34 1,2,34 12,34 1,2,34 1,2,34 1,2,3,4 1,2,3,4
27 Mar 86 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2
4 Apr 86 1,2,34 1,2,34 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4
7 Apr 86 1,2,3,4 1,2,3,4 1,2,3,4 12,34 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4
10 Apr 86 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2
14 Apr 86 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2,3,4
17 Apr 86 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2
21 Apr 86 12,34 1,2,3,4 1,2,3,4 1,2,34 1,2,34 1,2,34 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4
24 Apr 86 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2
Date 1 12 13 14 15 16 17 18 19 20
18 Mar 86 1,2,3,4 1,2 1,2,3,4 — 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,34 1,2,34
20 Mar 86 — — — — — — — — — —
24 Mar 86 1,2 1,2 1,2,3,4 — 1,234 1234 1234 1,2,3,4 1,234 123
27 Mar 86 1,2 1,2 1,2 — 1,2 1,2 1,2 1,2 1,2 1,2,3,4
4 Apr 86 1,2 1,2 1,2,3,4 — 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4
7 Apr 86 1,2 1,2 1,2,3,4 — 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 12,34
10 Apr 86 1,2 1,2 1,2 — 1,2 1,2 1,2 1,2 1,2 1,2
14 Apr 86 1,2 1,2 1,2,3 — 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,34 1,2,34
17 Apr 86 1,2 1,2 1,2 — 1,2 1,2 1,2 1,2 1,2 1,2
21 Apr 86 1,2 1,2 1,2,3 — 1,2 1,2 1,2 1,2 1,2 1,2
24 Apr 86 1,2 1,2 1,2 — 1,2 1,2 1,2 1,2 1,2 1,2
Date 21 22 23 24 25 26 27
18 Mar 86 1,2,3,4 1,2,3,4 1,2,3,4 12,34 12,34 12,34 1,2
20 Mar 86 — — — — — — —
24 Mar 86 — — — — — — —
27 Mar 86 1,2,3,4 1,2,3,4 1,2,34 1,2,34 1,2,34 1,2,34 1,2
4 Apr 86 1,2,3,4 1,2,34 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2
7 Apr 86 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2
10 Apr 86 1,2 1,2 1,2 1,2 1,2 1,2 1,2
14 Apr 86 12,34 12,34 12,34 1,2,3,4 1,2,3,4 12,34 1,2
17 Apr 86 1,2 1,2 1,2 1,2 1,2 1,2 1,2
21 Apr 86 1,2 1,2 1,2,3,4 1,2,34 12,34 1,2,3,4 1,2
24 Apr 86 1,2 1,2 1,2 1,2 1,2 1,2 1,2
b. Outagamie County Airport.

Date 1 2 3 4 5 6 7 8 9 10 1
15Mar86 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4
26 Mar 86 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2
29 Mar86 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,34 1,2,34 1,2,3,4 1,2,3,4 1,2,3,4
5 Apr 86 1,2,3,4 12,34 1,2,3,4 1,2,34 12,34 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 12,34
9 Apr 86 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2
12Apr86 1,2,34 12,34 12,34 12,34 1,2,3,4 12,34 12,34 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4
16 Apr 86 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2
23 Apr 86 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2
26 Apr86 1,2,34 1,2,34 1,2,34 1,2,34 1,2,34 1,2,3 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 12,34

Date 12 13 14 15 16 19 20 21 22 23 24
15Mar 86 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4
26 Mar 86 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2
29 Mar86 1,2,3,4 1,2,3,4 12,34 1,2,34 1,2,34 1,2,34 1,2,34 1,2,34 1,2,34 1,2,3,4 1,2,3,4
5 Apr 86 1,2,3,4 1,2,3,4 1,2,3,4 12,34 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4
9 Apr 86 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2
12Apr86 1,2,34 1,2,3,4 12,34 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4
16 Apr 86 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2
23 Apr 86 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2

1-Center of slab; 2—-Transverse joint; 3—Longitudinal joint; 4—Corner.



Table 4. Pavement surface temperaturesC) at times of FWD tests.

a. Central Wisconsin Airport.

Date 1 2 3 4 5 6 7 8 9 10
18 Mar 86 — — — — — — — — — 2.2
20 Mar 86 -1.1 -1.7 -2.8 -2.8 -2.8 -2.8 -2.8 -2.8 -2.8 —
24 Mar 86 11 17 1.7 2.2 11 2.8 2.2 2.2 3.3 2.8
27 Mar 86 8.9 8.9 6.7 5.6 7.2 5.6 6.1 6.1 5.0 6.7
4 Apr 86 11.1 12.2 11.7 4.4 11.7 4.4 4.4 4.4 4.4 11.7
7 Apr 86 20.0 20.0 15.6 15.6 15.6 15.6 15.6 18.9 18.9 18.9
10 Apr 86 11.1 8.3 8.3 8.3 8.3 7.2 7.2 7.2 7.2 8.9
14 Apr 86 2.8 2.8 2.2 2.8 2.8 2.8 2.8 2.8 2.8 4.4
17 Apr 86 12.2 11.1 13.3 12.8 13.3 13.3 13.9 14.4 14.4 16.1
21 Apr 86 0.6 0.6 0.6 0.6 0.6 0.6 2.2 2.2 17 17
24 Apr 86 16.1 16.1 16.1 16.7 16.1 16.7 17.2 18.3 18.3 18.9

Date 11 12 13 14 15 16 17 18 19 20
18 Mar 86 2.2 2.2 2.2 —_ 6.1 6.1 3.3 2.2 1.7 1.7
20 Mar 86 — — — — — — — — — —
24 Mar 86 2.2 3.3 3.9 — 5.6 5.0 4.4 4.4 5.0 2.2
27 Mar 86 7.8 8.3 9.4 — 10.0 10.0 12.8 11.7 12.8 13.3
4 Apr 86 12.2 11.7 11.7 — 10.0 8.9 8.9 10.0 9.4 9.4
7 Apr 86 18.9 18.9 18.9 — 19.4 18.9 19.4 18.9 18.9 18.9
10 Apr 86 111 11.1 12.2 — 17.2 17.2 16.1 16.1 15.6 16.7
14 Apr 86 5.0 4.4 3.9 — 8.3 6.1 5.6 5.0 5.0 5.6
17 Apr 86 17.8 17.8 17.8 — 18.9 18.9 18.3 18.3 18.3 18.3
21 Apr 86 3.9 3.3 4.4 — 8.9 8.9 8.9 9.4 8.9 8.3
24 Apr 86 19.4 20.0 20.6 — 25.0 25.0 23.3 23.9 25.6 26.7

Date 21 22 23 24 25 26 27 28 29 30
18 Mar 86 1.7 17 1.7 17 1.7 17 2.2 3.3 3.3 3.3
20 Mar 86 — — — — — — — — — —
24 Mar 86 — — — — — — — 6.1 4.4 4.4
27 Mar 86 13.3 11.7 11.7 12.8 13.3 12.8 10.0 14.4 14.4 12.2
4 Apr 86 9.4 9.4 11.7 11.7 12.2 13.3 13.3 12.8 12.8 12.2
7 Apr 86 18.3 19.4 18.9 20.0 21.7 19.4 22.8 21.7 21.7 21.7
10 Apr 86 16.1 15.6 15.6 16.1 16.7 16.7 16.1 16.1 20.6 20.6
14 Apr 86 6.7 5.6 5.6 5.6 5.6 5.6 5.0 4.4
17 Apr 86 18.3 18.3 18.3 18.9 19.4 19.4 19.4 22.2 21.7 21.7
21 Apr 86 8.9 9.4 7.8 7.8 7.8 8.9 8.9 11.1 11.7 11.7
24 Apr 86 27.2 25.6 20.6 20.6 20.0 21.1 20.6 26.1 26.1 26.1

b. Outagamie County Airport.

Date 1 2 3 4 5 6 7 8 9 10 11
15 Mar 86 2.8 4.4 3.3 6.1 3.3 7.2 4.4 4.4 4.4 44 6.7
26 Mar 86 11.1 111 11.1 12.2 11.7 13.9 15.6 16.1 16.1 16.1 16.7
29 Mar 86 21.1 21.7 23.3 23.9 23.9 25.6 25.6 23.9 23.9 25,0 25.0
5 Apr 86 10.0 10.0 9.4 9.4 10.0 10.0 10.6 10.6 111 111 122
9 Apr 86 7.8 9.4 10.0 9.4 10.0 10.0 10.6 10.6 10.6 106 11.1
12 Apr 86 6.7 7.2 7.2 7.2 7.2 7.2 8.9 8.3 7.8 78 7.8
16 Apr 86 7.8 7.8 8.3 8.3 8.3 8.9 8.9 8.9 8.9 8.9 10.0
23 Apr 86 16.7 16.7 16.1 17.2 17.2 17.2 17.8 17.8 17.8 17.8 19.4
26 Apr 86 23.3 23.3 23.3 23.3 23.9 23.9 24.4 24.4 24.4 244 244

Date 12 13 14 15 16 19 20 21 22 23 24
15 Mar 86 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 3.9 56 5.6
26 Mar 86 16.7 12.2 10.6 12.8 13.3 13.3 12.2 10.6 15.6 111 111
29 Mar 86 25.0 22.2 23.3 23.3 23.3 26.7 27.2 27.2 27.2 256 25.6
5 Apr 86 11.7 10.6 10.0 10.0 8.9 10.0 10.0 10.0 10.6 10.0 10.0
9 Apr 86 10.6 8.9 8.3 9.4 10.0 8.3 8.9 10.0 10.6 89 94
12 Apr 86 8.3 6.1 6.1 7.2 6.7 10.0 9.4 9.4 9.4 6.7 6.7
16 Apr 86 111 8.3 8.3 11.1 11.1 111 11.1 10.6 6.7 83 83
23 Apr 86 18.9 13.3 13.9 15.0 15.0 18.9 18.9 194 17.8 14.4 144
26 Apr 86 25.0 27.8 26.1 27.8 27.8 — — — 26.7 26.7 26.7




end. At OCA the subsurface temperature measure-area concept and the Impulse Stiffness Modulus
ments indicated that the pavement structures were(ISM) to characterize the changes in pavement perfor-
partially thawed at the beginning of FWD testing and mance. The basin area method was a good indicator of
completely thawed prior to the end. It should be noted AC pavement response during thaw periods under
that no FWD data were obtained during the 6-day pe- controlled conditions (Janoo and Berg 1990, 1991).
riod from 29 March through 4 April, which was un- The deflection basin obtained from the seven-deflec-
doubtedly the critical thaw-weakening period. This tion sensor system is used to calculate the basin area
was unfortunate; however, we will work with the data by the following equation
that we have. L6
== .+ 0 . -

Bearing capacity analysis Basin Area 2 go[(é' 6,+1)(r,+1 i )]

Any change in the structural capacity of the pave-
ment during the thaw-weakening period was inferred whereg; is deflection at sensor){andr; is sensorif
from the FWD data. We used both the deflection basin distance from the center of the loading plate.
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