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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.



Special Report 96-12

US Army Corps
of Engineers

Cold Regions Research &
Engineering Laboratory

PCC Airfield Pavement Response
During Thaw-Weakening Periods
A Field Study

Vincent C. Janoo and Richard L. Berg May 1996

Prepared for

FEDERAL AVIATION ADMINISTRATION

and

OFFICE OF THE CHIEF OF ENGINEERS

Approved for public release; distribution is unlimited.



PREFACE

This report was prepared by Dr. Vincent C. Janoo and Dr. Richard L. Berg, Research Civil
Engineers, Civil and Geotechnical Engineering Research Division, Research and Engineering
Directorate, U.S. Army Cold Regions Research and Engineering Laboratory. Funding was pro-
vided by the Federal Aviation Administration and the Office of the Chief of Engineers. The OCE
portion was funded through DA Project 4A762784 ATid&sign, Construction and Operations
Technology for Cold Regionislission AreaBase SupporWork Unit BS/036)mproved Pave-
ment Design Criteria in Cold Regians

Technical review of the manuscript of this report was provided by Dr. Raymond Rollings
(U.S. Army Engineer Waterways Experiment Station) and Michel Hovan (FAA). The authors
express special thanks to L. Barna and F. Carver for assisting in the data reduction and for their
patience, and to R. Guyer and C. Berini for gathering the data.

The contents of this report are not to be used for advertising or promotional purposes. Citation
of brand names does not constitute an official endorsement or approval of the use of such com-
mercial products.



CONTENTS

PIEIACE ...t ii
INEFOTUCTION .ottt ekt e e st e e e e st et e e s st e e e e e anre e e e e s anrnneeenan 1
Description Of AIMfIEIAS ... 1
Central WISCONSIN AINPOI ......oiiiiiiiiee ettt ettt e e e e e e e e e s s bbb reeeaaaaaeaeaeas 1
Outagamie COUNLY AIFPOIT ...ttt e e e e e e e e e e e e e e e s s e aeeeeeaaaaeas 3
Field instrumentation and teStiNng PrOgram ...........ooaaaiiiiiiiiiiiiee e e e e e e e 4
Environmental data analySiS ........coooiiiiiiiiiiiiei s 5
FWD dAta QNAIYSIS ....eeeeeeiiiiiieeeeie ittt e et e e e e e e e e e e s e et e e e e e e e aaaaaaae s 6
Bearing CapacCity @N@lYSIS ......couiiiiiiiiiiiiiei e 10
Backcalculation of [ayer Moduli ... 14
Load transfer ffiCIENCY ......oooie e 29
Proposed pavement evaluation ProCeAUIE ...ttt 37
1070] 103 013 o] o - SO PP OPPPRPPPRTPRPR 38
LITErAtUIE CITEA ....eeeeieiiiiieeee ettt ettt e e e e e s s e e e e s s e eee s 38
Y 011 =T PP PP OPPPRPPPPPPRRR 39
ILLUSTRATIONS
Figure
1. Location Of @IMfIEIAS .......eveiiiiiieee e 1
2. Pavement structure at Central WiSCONSIN AIMPOIT ..........uuvuuiiiiiiiiiiiiieiaeeae e 2
3. Pavement structure at Outagamie County AIrPOIT ........ccccuvuiiiieiiiiiiieiieeie e 3
4. FWD, temperature and moisture Sensor [0CatioNS.............oooioiiiiiiiiiiiiiiiieeeee e 4
5. Daily minimum and maximum temMPEratures ...........oooviiriiiiiiiiiiiiiiieieeeee e e e 5
6. AIr-fre@ZING INAICES ...ttt e e e e e e e e e e e e e e e aaaaes 6
7. Frost and thaw depths calculated from subsurface temperature measurements ........... 7
8. Location of FWD sensors across joints and corner of a PCC slab .........cccccccc 7
9. Changes in basin area and impulse stiffness modulus during spring thaw at
Outagamie COUNLY AIFPOIT .......oiiiiitiee ettt e e e e e e e e e e e eeee e 10
10. Changes in basin area during spring thaw at Central Wisconsin Airport ..................... 11
11. Changes in impulse stiffness modulus during spring thaw at Central Wisconsin
Y[ 0o 1 SO PP P TP U PP PPPPTR 12
12. Relationship between surface temperature and basin area.............coooeeeeeiiiiiiiiiniiininnns 13
13. Relationship between surface temperature and impulse stiffness modulus .................. 14
14. Idealized PAVEMENT SLIUCIUIES .........uuuiiiiieiiieiie ettt e e e e e eeeeaaaeeas 14
15. Effect of PCC modulus on WESDEF absolute error, Outagamie County Airport ....... 15
16. Effect of PCC modulus on change in subgrade modulus from WESDEF during
spring thaw at Outagamie County AIFPOIT.........coiiiiiiiiiiiiiiiiie e 16
17. Backcalculated base course modulus Ud/ESDEF, Outagamie County Airport ..... 17
18. Change in subgrade modulus during spring thaw ...........cccccciiiiiieeeee 18
19. Change in base course modulus during spring thaw ... 19
20. Relationship between subgrade moduli backcalculat®dB§DEFandILLIBACK . 20
21. Typical backcalculated PCC modulus frAmiIBACK ...........ceviiiiiiiiiiiiiiiiieeieeeeeeennn 20

22. Relationship between measured total basin area and calculated subgrade modulus .... 21
23. Relationship between measured partial basin area and calculated subgrade modulus

at Outagamie COUNLY AITPOIT.......oii ittt e e e e e e e e e e e e naeeeees 21
24. Relationship between measured impulse stiffness modulus and calculated subgrade
MOTUIUS et e e e e e e e e e e e s e e e s e s e e e e e e 22



Figure

25

. Relationship between total basin area and subgrade modulus at Central Wisconsin
Airport and Outagamie COUNLY AIMPOIT ........coiiriiiieeiiiiiee e 22

26. Relationship between total basin area and coefficient of subgrade reaction calcu-
lated usindLLIBACK at Outagamie County Airport and Central Wisconsin
N[ 0] o SO PSP PPP P PUPRRPP 23
27. Relationship between impulse stiffness modulus and subgrade modulus at
Outagamie County Airport and Central Wisconsin Airport .........cccceeeeeevvnvvnnnnnnnnnn. 24
28. Configuration and location of stress calculations for Boeing 757 and MD-DC9......... 25
29. Amount of damage during spring thaw at Central Wisconsin Airport.........ccccccvvvveeee... 25
30. Effect of pavement thickness on damage at Central Wisconsin Airport....................... 25
31. Amount of damage during spring thaw at Outagamie County Airport............cccceeeee... 27
32. Effect of subgrade modulus on the horizontal tensile stress at the bottom of the PCC
layer at Outagamie County Airport and Central Wisconsin Airport ....................... 27
33. Effect of the coefficient of subgrade reaction on the horizontal tensile stress at the
DOttOM Of the PCC JAYET ...eeiiiiiiiiiiie e 28
34. Effect of PCC modulus on the horizontal tensile stress at the bottom of the PCC
o= OO PPPPRTPPPPN 29
35. Linear relationship between total basin area and maximum horizontal tensile stress
at bottom Of PCC TAYET ... 30
36. Relationship between impulse stiffness modulus and horizontal tensile stress at
DOLOM Of PCC YR .t 30
37. Load transfer efficiency aCroSS @ JOINt........ocuuviiiiiiiiiiiiii e 30
38. Placement of FWD sensors for load transfer efficiency teSt.........occvveveiiiiiiiiiinnns 31
39. Relationship between air temperature and transverse joint transfer efficiency ............ 31
40. Change of transverse joint efficiency with subsurface temperature ............ccccccceeeis 34
41. Effect of subgrade modulus calculated with ILLIBACK on transverse joint
EfICIEINCY e 34
42. Change in transverse joint transfer with time on taxiway B, Central Wisconsin
N[ 0] o SO PSP PPP P PUPRRPP 35
43. Relationship between AREA ahibr a dense liquid foundation ..............ccccceeeernnnnne. 35
44. Interpolated relationships between joint efficiency and load transfer as a function
o) -V PSSR 36
45. Relationship between JTE and LTE for transverse jointS ..........cccovveeeriiiiiieeeee e 36
46. Relationship between total basin area and subgrade modulus .............ccccccoviiiiiinennns 37
47. Relationship between JTE and LTE ... 37
TABLES
Table
1. Pavement structures at Central WiSCONSIN AIrPOIT .......c.vvvieeiiiiiiiiieee e 2
2. Temperature sensor locations under pavement SUMace ..........cccveeeeeiiiiiiieiie e, 4
3. Types of falling weight deflection tests conducted ...........cccceeeeeeiiiiiiiiiccceeee, 8
4. Pavement surface temperatures at time of falling weight deflection test .................... 9
5. Thickness of subgrade at backcalculated falling weight deflection locations .............. 15
6. Backcalculated modulus at Central Wisconsin Airport UBIEBDEF....................... 17
7. Effect of change in PCC modulus on base and subgrade modulus..............ccccceevnnnee 18
8. Gear loading for the MD-DC9 and BoeiNg 757 .......ccueviiiiiiiiiiiieeeeiieee e 24
9. Gear information for computer simulations of the MD-DC9 and Boeing 757 ............. 24
10. Ratio of maximum horizontal tensile stress to flexural strength during spring thaw ... 26
11. Joint transfer efficiencies at Central WISCONSIN AIrPOrt.........cooouviiiieeniniiiiiieeee e, 32
12. Joint transfer efficiencies at Outagamie County AIrPort..........ccccevvviiieeeeeeniiiiiieeeeennne 33



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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b. Change in ISM.
Figure 9. Changes in basin area and impulse stiffness modulus during spring thaw at Outagamie County Airport.
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Figure 10. Changes in basin area during spring thaw at Central Wisconsin Airport.

The ISM, used by the Corps of Engineers for char- whereP is applied FWD load and} is deflection un-
acterizing pavement structures, is analogous to theder the center of the plate.
spring constantkj of a spring mass system. The ISM Typical changes in ISM values and basin areas at

is calculated from the centers of selected slabs are presented in Figures
9-11. The measured surface temperatures at the FWD
ISM = P sites are also plotted in these figures.
0
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Outagamie County Airport gressed were also made at CWA (Fig. 10a,b). At some

At the beginning of spring thaw, the basin areas are locations, we observed that the basin areas are a func-
low, indicating a stiff pavement structure. As expect- tion of the pavement surface temperature during the
ed, we observed that as the pavement structurerecovery period (Fig. 10c). As the temperature
thawed, the basin areas increased. As mentionedchanged, so did the basin area.
above, we have used plots of the deflection basin area A study was made to see if there was any relation-
versus time to identify periods of thaw weakening and ship between surface temperature and ISM or basin
recovery. area. Figures 12a and 13a show that there is no rela-

At FWD locations 3 and 7 (Fig. 9a), the basin areas tionship between either basin area or ISM with sur-
increase somewhat at the beginning of thaw and thenface temperature at OCA. The data aroutd |di-
level off after 5 April. This suggests that the pavement cate some form of relationship. However, we felt that
structure at these locations does not undergo substanthe decrease in basin area or increase in ISM was
tial thaw weakening. However, at other locations, probably attributable to the presence of frozen subsur-
such as FWD sites 22, 23 and 24, the pavement strucface layers.
ture undergoes more substantial
thaw weakening and recovery, as
shown by the shape of the basin
area curves in Figure 9a. If total .
recovery is assumed to occur on 23 800 — —
April, the bearing capacity of the ®
pavement structure at locations 22,
23 and 24 was reduced by 30 to
40%.

The changes in the ISM can
also be used to identify periods of
thaw weakening and recovery. The
changes in ISM with time for the
same FWD locations discussed 200
previously are shown in Figure 9b.

At the beginning of spring thaw, — . —
the value of the ISM is large, indi- | | | |
cating a stiff structure. During 0 10 20 30
thaw, the ISM drops and at loca- Surface Temperature (°C)
tions 3 and 7 it levels off, indicat- a. Outagamie County Airport.
ing no substantial spring thaw 600 | | | | |
weakening (Fig. 9b). As indicated o °
above, no FWD data were obtained O Runway 17-35 o
. .. . | e Runway 8-26 o
during the most critical period .
from 29 March through 5 April. A ¢ e o)
similar trend was seen in the basin 400 o g
area (Fig. 9a). At the other loca-
tions in Figure 9b, some thaw
weakening was observed. If the
pavement structure is considered
to have fully recovered on 23 o 8 o
April, the amount of thaw weaken- 2001— o ® AR . o T
ing shown by the ISM is approxi- o
mately 17 to 25%. This is lower — 8 &
than that predicted by the basin go
area method.
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increase in basin area as thaw pro- Figure 12. Relationship between surface temperature and basin area.
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Figure 13. Relationship between surface temperature and ISM.

conditions. At CWA, bedrock is
close to the surface in some loca-
tions. It is possible that, because
of the shallow bedrock locations,
the frozen and thawed layers have
a greater effect on the basin area,
as reflected by the surface temper-
ature. This does not explain the
change in the basin area in the re-
covery period, where the tempera-
tures were above°G.

Backcalculation of
layer moduli

Layer moduli were backcalculat-
ed usingWESDEFandILLIBACK.
WESDEF was developed by the
Corps of Engineers (Waterways Ex-
periment Station). Although it is
considered to be a five-layer analyt-
ical tool, it can backcalculate a max-
imum of four layers at one time. The
fifth (bottom) layer has been “fixed”
to act as a rigid layer. From our ex-
perience, reasonable results are
obtained if the number of backcal-
culated layers is kept to three. We
attempted to backcalculate the
layer moduli of the PCC pavement
structures at OCA and CWA. The
pavement structure at OCA was
idealized as shown in Figure 14a.
The idealized pavement structure
used at CWA is shown in Figure
14b. The depth of subgrade to bed-
rock at CWA was estimated from
drawings found in a pavement
evaluation report (CMT 1984).

In the first attempt at OCA, the
moduli of all three layers during

At CWA, however, it was apparent from Figure the spring thaw period were backcalculated. We found,
12b that the basin area on both runways increasedn most cases, that errors between the calculated and
with increasing surface temperature. The ISM (Fig. measured deflections were large (more &@#b). We
13b) was fairly indifferent to surface temperatures also found that, in many instances, the PCC modulus
greater than 1. The earlier effects could be ex- exceeded the upper limit of 69,000 MPa set in the pro-
plained by the changes in subsurface layers as thawgram (the modulus of PCC is usually in the range of
progressed. 27,000 to 42,000 MPa) and the base course modulus

Initially, we thought that the effect on the basin was near zero (in some cases it was zero). In the subse-
area was attributable to curling of the PCC pavementsquent attempt, the PCC layer modulus was fixed at
with temperature gradients, since the slab area on run27,580, 34,475 or 41,370 MPa. The following obser-
way 17/35 was 7.6 m square and that on runway 8/26vations were made from the results:
was 6.1 by 3.8 m. However, we found that the slab 1. Increasing the PCC stiffness from 27,580 to
dimensions at OCA were also 6.1 by 3.8 m. The big 41,370 MPa reduced the errors to more reasonable
difference between OCA and CWA is the subsurface (AA <20%) differences between the measured and
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Figure 15. Effect of PCC Modulus on WESDEF absolute error (OCA).

calculated the deflections (Fig. 15). The Absolute 17/35) and attempted to backcalculate the layer modu-
Arithmetic (AA) error is the absolute sum of the errors lus during the thaw period. While at OCA bedrock
between measured and calculated deflections for thevas at least 4 m deep, @WA bedrock was close to
seven sensors. the surface at some of ti&VD locations. The sites

2. Changing the PCC modulus within the range did selected represented bedrock at various depttick-
not significantly affect the subgrade modulus (Fig. 16). nesses of the subgrade layers are shown in Table 5. We
We also found that the subgrade modulus obtained

from the first attempt, i.e., when the modulus of the Table 5. Thickness of subgrade at back-
PCC layer was not established at some particular val- calculated FWD locations.
ue, was very similar to that obtained when it was. This Subgrade Subgrade
infers that, as far as the subgrade modulus is con- FWD  thickness FWD  thickness
cerned, large differences between the measured and location _ (mm) location _ (mm)
calculated deflections can be tolerated for PCC pave- 2 2435 16 1829
ment. 6 1092 17 3785

Changing the PCC modulus generally had a signifi- 9 5613 18 3073

15 610 19 2743

cant effect on the base course modulus. Results gener-
ated by increasing the PCC modulus showed a de-
crease in the backcalculated base course moduluslso attempted to backcalculate the base course modu-
However, in general at OCA, the backcalculated mod-lus under FWD location 3. Location 3 was different
uli were quite low, as shown in Figure 17. With the from the other sites because the base course layer was
exception of a few locations, the results were too erratfounded directly on top of the bedrock. The structure
ic to make any meaningful conclusions. at FWD location 3 was 330 mm of PCC over 1220
At CWA, we selected a number of sites (FWD sites mm of base over bedrock. We were unable to get rea-
2, 6 and 9 on runway 8/26 and 15 to 19 on runwaysonable agreement between the calculated and mea-
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Figure 16. Effect of PCC modulus on change in subgrade modulus from
WESDEF during spring thaw at Outagamie County Airport. Comparison
of subgrade modulus from ILLIBACK and WESDEF.
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sured deflections. The AA error was in the vicinity of lack of values in the base modulus, subgrade modulus
and error columns in Table 6 indicate that either it was

Solutions could not be obtained for locations 6, 15 not possible to converge to a solution or that the base
course modulus was extremely low (less than 1 MPa).

450%.
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Figure 17. Backcalculated base course modulus using WESDEF (OCA).

and 16. In many case8YESDEF printed a THIS
MATRIX HAS NO SOLUTION' message. At other

When only the AA error column lacks values, it
times, the backcalculated base course modulus wagneans that we used the backcalculated results from

zero, or very close to zero. It is interesting to note that WESDEF but ignored the controlling layer modulus

at these locations the bedrock was quite close to therange, i.e., the backcalculated modulus was either

surface (less than 2 m). At the other locations, with a above or below the prescribed range.

few exceptional days, the error between the calculated  The effect of changing the PCC modulus is shown
and measured values was acceptable (Table 6). Then Table 7 for FWD locations 9, 17, 18 and 19. As

Table 6. Backcalculated modulus at CWA using WESDEF.

FWD PCC Base Subgrade AA Error FWD PCC Base Subgrade AA Error

Date location (MPa) (MPa) (MPa) (%) Date location (MPa) (MPa) (MPa) (%)
20 Mar 2 27,580 54,148 433 — 10 Apr 17 27,580 1,520 58 8.4
24 Mar 2 27,580 6,807 214 26.7 14 Apr 17 27,580 3,717 133 3.9
27 Mar 2 27,580 5,096 97 12.0 17 Apr 17 27,580 2,416 57 8.7
4 Apr 2 27,580 2,123 70 12.3 21 Apr 17 27,580 3,560 50 8.9
7 Apr 2 27,580 1,832 56 17.1 24 Apr 17 27,580 18,212 18 129.2
10 Apr 2 27,580 2,002 70 16.0 18 Mar 18 27,580 149 595 —
14 Apr 2 27,580 2,791 65 21.4 24 Mar 18 27,580 3,216 367 23.0
17 Apr 2 27,580 2,284 56 16.9 27 Mar 18 27,580 3,645 32 10.8
21 Apr 2 27,580 4,087 56 15.0 4 Apr 18 27,580 4,027 39 9.6
24 Apr 2 27,580 2,402 a7 16.3 7 Apr 18 27,580 3,499 26 4.6
20 Mar 9 27,580 4,965 825 13.3 10 Apr 18 27,580 4,713 29 9.1
24 Mar 9 27,580 1,935 455 17.4 14 Apr 18 27,580 2,611 82 5.2
27 Mar 9 27,580 1,373 162 20.6 17 Apr 18 27,580 2,035 39 7.0
4 Apr 9 27,580 643 139 14.5 21 Apr 18 27,580 — — —
7 Apr 9 27,580 526 62 14.4 24 Apr 18 27,580 2,572 35 8.9
10 Apr 9 27,580 1,050 107 16.9 18 Mar 19 27,580 5,648 272 114
14 Apr 9 27,580 1,495 111 9.5 24 Mar 19 27,580 5,133 316 —
17 Apr 9 27,580 1,200 81 13.8 27 Mar 19 27,580 — — —
21 Apr 9 27,580 1,547 116 16.9 4 Apr 19 27,580 — — —
24 Apr 9 27,580 1,612 99 18.3 7 Apr 19 27,580 2,163 29 8.2
18 Mar 17 27,580 5,956 425 31.6 10 Apr 19 27,580 1,852 32 7.0
24 Mar 17 27,580 4,802 589 12.8 14 Apr 19 27,580 — — —
27 Mar 17 27,580 2,071 157 11.6 17 Apr 19 27,580 1,482 29 9.3
4 Apr 17 27,580 2,821 131 5.9 21 Apr 19 27,580 — — —
7 Apr 17 27,580 1,747 51 10.9 24 Apr 19 27,580 1,891 30 8.8
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Table 7. Effect of change in PCC modulus on base and subgrade modulus.

FWD PCC Base Subgrade AAerror PCC Base Subgrade AA error

Date location (MPa) (MPa) (MPa) (%) (MPa) (MPa) (MPa) (%)
20 Mar 9 27,580 4,965 825 13.3 34,475 3617 828 12.3
24 Mar 9 27,580 1,935 455 17.4 34,475 1045 463 12.8
27 Mar 9 27,580 1,373 162 20.6 34,475 529 165 17.7
4 Apr 9 27,580 643 139 145 34,475 81 155 10.3
7 Apr 9 27,580 526 62 144 34,475 16 81 115
10 Apr 9 27,580 1,050 107 16.9 34,475 255 110 14.3
14 Apr 9 27,580 1,495 11 9.5 34,475 537 113 8.9
17 Apr 9 27,580 1,200 81 13.8 34,475 387 82 11.7
21 Apr 9 27,580 1,547 116 16.9 34,475 685 118 151
24 Apr 9 27,580 1,612 99 18.3 34,475 749 100 16.2
18 Mar 17 27,580 5,956 425 31.6 34,475 4092 429 32.2
24 Mar 17 27,580 4,802 589 12.8 34,475 3038 595 9.7
27 Mar 17 27,580 2,071 157 11.6 34,475  — — —
4 Apr 17 27,580 2,821 131 5.9 34,475 1455 134 5.8
7 Apr 17 27,580 1,747 51 10.9 34,475 639 52 9.4
10 Apr 17 27,580 1,520 58 8.4 34,475 316 59 8.3
14 Apr 17 27,580 3,717 133 3.9 34,475 2282 135 4.2
17 Apr 17 27,580 2,416 57 8.7 34,475 — — —
21 Apr 17 27,580 3,560 50 8.9 34,475 2350 49 7.8
24 Apr 17 27,580 18,212 18 129.2 34475 — — —
18 Mar 18 27,580 149 595 — 34,475 — — —
24 Mar 18 27,580 3,216 367 23.0 34,475 1750 373 19.4
27 Mar 18 27,580 3,645 32 10.8 34,475 2335 33 9.2
4 Apr 18 27,580 4,027 39 9.6 34,475 — — —
7 Apr 18 27,580 3,499 26 4.6 34,475 2241 26 3.5
10 Apr 18 27,580 4,713 29 9.1 34,475 2609 30 21
14 Apr 18 27,580 2,611 82 5.2 34,475 — — —
17 Apr 18 27,580 2,035 39 7.0 34,475 708 40 7.2
21 Apr 18 27,580 — — — 34,475 — — —
24 Apr 18 27,580 2,572 35 8.9 34,475 1473 36 9.7
18 Mar 19 27,580 5,648 272 114 34,475 3839 278 8.6
24 Mar 19 27,580 5,133 316 — 34,475 3195 319 115
27 Mar 19 27,580 — — — 34,475 — — —
4 Apr 19 27,580 — — — 34,475 — — —
7 Apr 19 27,580 2,163 29 8.2 34,475 830 30 8.0
10 Apr 19 27,580 1,852 32 7.0 34,475 551 33 7.4
14 Apr 19 27,580 — — — 34,475 — — —
17 Apr 19 27,580 1,482 29 9.3 34,475 444 30 8.2
21 Apr 19 27,580 — — — 34,475 — — —
24 Apr 19 27,580 1,891 30 8.8 34,475 591 31 8.3
| | I
800 J —
Central Wisconsin Airport
| e 27,580 MPa _
O 34,475 MPa

600

400

Subgrade Modulus (MPa)

200

0
19 Mar 24 29 3 Apr 8 13 18 23 28

Figure 18. Change in subgrade modulus during spring thaw (FWD loca-
tion 9, CWA).
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found at OCA, changing the PCC modulus did not sig- The elastic modulus of concretE.), elastic sub-
nificantly affect the backcalculated subgrade modulugrade modulusE) and the coefficient of subgrade re-
(Fig. 18 for location 9). However, as was also found atction k) can be determined from

OCA, changing the PCC modulus had a significant ef- 12(1_ 2) q

fect on the base course modulus (Fig. 19). Trends in the E. = TR G P2

data indicate that the base was in a weakened state from h3 D
the end of March through about mid-April. The values E = (1— VZ) xS 2P

i _ D; |
reported here for the base course modulus are still con |
sidered too large. By combining the change in the PCC K= d " 2P
modulus with changing the different layer thicknesses, D
singularly or simultaneously, we found that, in some

cases, we were able to reduce the base course moduluBere u = Poisson’s ratio for concrete

to more reasonable values. However, we felt that v = Poisson’s ratio for subgrade

changing the layer thicknesses was introducing another P = applied FWD load

unknown variable into the analysis. Therefore, al- D; = FWD deflection measurement at serisor
though the base course moduli are high, we have opted d; = nondimensional deflection at sensor

to present the results obtained for the reported h = PCC layer thickness.

thicknesses. It is very clear that a small coring program
should be conducted with FWD testing to verify thick- .

nesses. Irwin et al. (1989) reported that a 6-mm chand . :
in layer thickness has a large impact on the backcalc 1989). Barenperg and Ioanmdes_have dgveloped fig-
ures to determinéfrom the deflection basin arelais

lated layer modulusilso note that, although changing ,

the PCC modulus affected the base course modulus, tlﬁréggeﬁzdats :e;ﬁrgérnﬁ.omp?ogizes?rtitﬁ:gerl?dgcv,\fr:t
h duced Il ch in the absolute €[ :

change protuced very smal changes In the absolute WA, the base, subgrade and bedrock were combined

ror (Table 7). int inale |
ILLIBACK was also used to backcalculate the Iayelln 0 a singie fayer. ) , .
Typical changes in the ‘subgrade’ modulus during

duli. Thi d developed by | id . M
mocil. 1S Procequre was aeveopec by oann eSprlng thaw at OCA are shown in Figure 16. The ‘sub-

et al. (1989) as a closed form of backcalculation for 4
rade’ modulus backcalculated froitLIBACK was

a two-layer rigid pavement system using principles of? .
yer figic p y gp P approximately 25% larger than that froNESDEF, as

dimensional analysis. For a given deflection sensor dis -
tribution, they found a unique relationship between th hown in Ff'?#reF\zA(l)[')qu b?CkﬁaICUI.at?:q PCCZT(?I%UIUS
FWD deflection basin area and the radius of relativ z:rrest(;rpr)liiacj reseults an?jl zfelsafsc?vr\:anplrr:esé%ltj;;ve 'of o?t?gr
stiffness of the pavement subgrade syst®mThe . -

b 9 ystemThey sites at OCA. They are also within the range of reported

then developed relationships between the ratios of no ;
dimensional deflections and actual FWD deﬂectionsvalues’ varying between 21,000 to 42,000 MPa. The

and| for a constant FWD loading plate radius (300data also indicate that the PCC modulus increased by

o . : )
mm). These relationships were used with the applie&lbOUt 15% over the duration of the monitored period.

load to calculate the coefficient of subgrade reaction B2S€d 0N the results, relationships between the sub-
(K), PCC modulusH,) and subgrade modulugd grade modulus and the basin area or ISM were devel-
1 C. .

Additional information on this method can be found
loannides et al. (1989) and Barenberg and loannides
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Figure 20. Relationship between subgrade moduli backcalculated by
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Figure 21. Typical backcalculated PCC modulus fibiiBACK (OCA).

oped. Basin area results frobtIBACK andWESDEF  calculate the partial basin areas and found that none sig-
are shown for both OCA and CWA in Figures 22 andnificantly increased the correlation with the calculated
23. In Figure 22, the total basin area was calculated usubgrade modulus.
ing all seven deflections. In Figure 23, the basin area A similar relationship between ISM and subgrade
was calculated using the third to seventh deflections. modulus is shown in Figure 24. A second-order polyno-
Previously, we had determined that the thaw depttmial function provides the best fit to the data. Again, a
under AC pavements could be related to the partial babetter correlation is obtained using the results fiom
sin area calculated using the third to seventh deflecLIBACK.
tions (Janoo and Berg 1990). The current data indicate The results from OCA and CWA are combined in
that this partial basin areAd.7) may be related to the Figures 25 and 26. In Figure 25a presents a relationship
subgrade modulus. The figures show that as the totaleveloped between the measured total basin area and
basin area or partial basin area increased, the subgraggbgrade modulus calculated frébhIBACK for both
modulus decreased. A power relationship was found tsites. An excellent correlation between total basin area
best fit the total basin area or partial basin area and th@nd subgrade modulus is found. In Figure 25b, the rela-
subgrade modulus. We also found that a better correldionship developed between the total basin area and
tion existed with the subgrade modulus obtained fromsubgrade modulus calculated froMESDEF for both
ILLIBACK. The use of the partial basin are&gz(7) sites is presented. There are two distinct trends. This is
(Fig. 23) did not significantly increase the correlation probably attributable to the separation of the base and
at OCA. We used other combinations of deflections tosubgrade iIWWESDEF. Again, a power curve seems to
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Figure 26. Relationship between total basin area and coefficient of subgrade
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best fit the data, so for estimation, a single power
trend was applied to the data as shown in Figure 25c.modulus for both OCA and CWA is shown. Again, a
Figure 26 shows the relationship between the meas-single power curve can be fitted to the data.

ured total basin area and the coefficient of subgrade

reaction k) computed fromLLIBACK for both sites
The following equations have been developed from of the PCC layer is equal to or greater than the flexural
thelLLIBACK results and can be used to estimate the strength of the slab. The flexural strength reported at
subgrade modulus and the coefficient of subgrade re-OCA and CWA was 4.5 MPa. The two types of aircraft

action )

where SM = subgrade modulus (MPa)

SM = 240,185A71-248

k = 741, 480 A7 0062

(R2 = 0.91)

(R2 = 0.86)

Ar = total basin area (mfh

k = coefficient of subgrade reaction

(MN/m3).

2000 gybgrade modulus at OCA and CWA.

In Figure 27, the relationship of ISM and subgrade

Current criteria for PCC pavements state that failure
occurs when the horizontal tensile stress at the bottom

used for these simulations were the MD-DC9 and the
Boeing 757. The gear loads, tire spacings and radii
were obtained from the FAALEA computer program
and are presented in Tables 8 and 9.

Several FWD locations were selected from each air-
port for computing the tensile stress at the bottom of the
PCC layer on different days during the monitoring peri-
od. The damage)) reported here is defined as the ratio
of maximum horizontal (tensile) stress to the flexural

Table 8. Gear loading for the MD-DC9 and Boeing 757.

Aircraft  Designload % of design load Load on main gear
type (MN) on each main gear (MN)
MD-DC9 480 47.5 228.2
Boeing 757 1112 47.5 528.2

Table 9. Gear information for computer simulations of the
MD-DC9 and Boeing 757.

Contact Contact Load on
Aircraft Tire Radius area pressure tire X-cord Y-cord
type no. (mm) () (kPa) (KN) (mm) (mm)
MD-DC9 1 181.4 0.103 1103 114.1 -330.2 0
2 1814 0.103 1103 114.1 330.2 0
Boeing 757 1 189.5 0.113 1172 132.1 -431.8 0
2 1895 0.113 1172 132.1 431.8 0
3 189.5 0.113 1172 132.1 -431.8 1143
4 189.5 0.113 1172 132.1 431.8 1143
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Figure 28. Configuration and location of stress calculations for Boeing 757 and MD-DC9.
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as those used iRAALEA. The results are 20—
tabulated in Table 10 and damage is shown
for CWA in Figure 29. As thaw progresses,
the amount of damage increases until thaw- 1% var 6 % 2 3'Apr 5 23 8 % 28
ing is complete; then it levels off with time.
The results also indicate that the damage isfagure 29. Amount of damage during spring thaw at Central Wis-
function of pavement thickness, a linear relaconsin Airport.
tionship being found in the 24 April data
from CWA (Fig. 30). 1.0
The thinner pavements (178 to 203 mm)
at OCA showed potential near-failure condi-
tions during the spring thaw (Fig. 31). Some
pavements recovered somewhat, as typified — =
by location 9 (Fig. 31). The thicker section  ¢g| R —
(location 23, 254 mm) had a similar amount
of damage as those sections of similar thick-
ness at CWA; however, the OCA sections did
not exhibit the loss during the thawing peri- — o T
od observed at CWA. 02— —
The horizontal stresses are plotted as
functions of the subgrade modulus, coeffi- o | | | | | |
cient of subgrade reaction and the PCC mod- 200 220 240 260 280 300 320 340
ulus in Figures 32—34. With respect to the PCC Thickness (mm)
PCC modulus, no trends were seen (Fig. 34), Figure 30. Effect of pavement thickness on damage at Central
and nonlinear trends were observed for all of Wisconsin Airport.
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Table 10. Ratio of maximum horizontal tensile stress to flexural strength during
spring thaw.

FWD Damage ratio FWD Damage ratio
Date location Boeing757 MD DC9 Date location Boeing757 MD DC9

a. Central Wisconsin Airport 4 Apr 17 0.34 0.37
20 Mar 2 0.29 0.32 7 Apr 17 0.46 0.45
24 Mar 2 0.34 0.38 10 Apr 17 0.42 0.42
27 Mar 2 0.46 0.50 14 Apr 17 0.34 0.36
4 Apr 2 0.56 0.58 17 Apr 17 0.46 0.45
7 Apr 2 0.62 0.62 21 Apr 17 0.46 0.45
10 Apr 2 0.60 0.61 24 Apr 17 0.48 0.46
14 Apr 2 0.64 0.63 24 Mar 19 0.24 0.26
17 Apr 2 0.62 0.62 27 Mar 19 0.36 0.38
21 Apr 2 0.62 0.62 4 Apr 19 0.42 0.42
24 Apr 2 0.63 0.63 7 Apr 19 0.48 0.46
20 Mar 3 0.25 0.27 10 Apr 19 0.45 0.44
24 Mar 3 0.26 0.28 14 Apr 19 0.39 0.40
27 Mar 3 0.27 0.29 17 Apr 19 0.49 0.47
4 Apr 3 0.35 0.35 21 Apr 19 0.44 0.43
7 Apr 3 0.45 0.42 24 Apr 19 0.47 0.45
10 Apr 3 0.30 0.32

14 Apr 3 0.25 0.27 b. Outagamie County Airport

17 Apr 3 0.33 0.34 15 Mar 1 0.52 0.55
21 Apr 3 0.20 0.22 26 Mar 1 0.59 0.60
24 Apr 3 0.25 0.27 29 Mar 1 0.56 0.57
20 Mar 6 0.25 0.26 5 Apr 1 0.00 0.61
24 Mar 6 0.32 0.35 9 Apr 1 0.64 0.63
27 Mar 6 0.49 0.52 12 Apr 1 0.58 0.59
4 Apr 6 0.50 0.53 16 Apr 1 0.63 0.63
7 Apr 6 0.60 0.60 23 Apr 1 0.48 0.51
10 Apr 6 0.58 0.59 26 Apr 1 0.61 0.61
14 Apr 6 0.63 0.62 15 Mar 4 0.55 0.60
17 Apr 6 0.66 0.65 26 Mar 4 0.78 0.83
21 Apr 6 0.61 0.61 29 Mar 4 0.92 0.94
24 Apr 6 0.58 0.59 5 Apr 4 — 1.00
20 Mar 9 0.25 0.27 9 Apr 4 0.99 0.98
24 Mar 9 0.38 0.41 12 Apr 4 0.97 0.97
27 Mar 9 0.55 0.57 16 Apr 4 1.00 0.99
4 Apr 9 0.53 0.55 23 Apr 4 0.97 0.97
7 Apr 9 0.67 0.65 26 Apr 4 0.94 —
10 Apr 9 0.61 0.61 15 Mar 9 0.64 0.70
14 Apr 9 0.55 0.57 26-Mar 9 0.81 0.86
17 Apr 9 0.63 0.63 29 Mar 9 0.97 0.97
21 Apr 9 0.62 0.62 5 Apr 9 0.95 0.95
24 Apr 9 0.61 0.61 9 Apr 9 0.85 0.88
18 Mar 16 0.22 0.24 12 Apr 9 0.78 0.83
24 Mar 16 0.24 0.26 16 Apr 9 0.84 0.87
27 Mar 16 0.48 0.46 23 Apr 9 0.84 0.87
4 Apr 16 0.37 0.39 26 Apr 9 0.85 0.88
7 Apr 16 0.46 0.45 15 Mar 23 0.79 0.87
10 Apr 16 0.51 0.48 26 Mar 23 0.80 0.88
14 Apr 16 0.46 0.45 29 Mar 23 0.91 0.99
17 Apr 16 0.41 0.42 4 Apr 23 0.96 1.04
21 Apr 16 0.39 0.40 9 Apr 23 0.99 1.06
24 Apr 16 0.39 0.40 12 Apr 23 1.00 1.07
18 Mar 17 0.23 0.26 16 Apr 23 0.97 1.04
24 Mar 17 0.20 0.22 23 Apr 23 0.90 0.97
27 Mar 17 0.30 0.33 26 Apr 23 0.96 1.03
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Figure 31. Amount of damage during spring thaw at Outagamie
County Airport.
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Figure 32. Effect of subgrade modulus on the horizontal tensile
stress at the bottom of the PCC layer (OCA and CWA).
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Figure 33. Effect of the coefficient of subgrade reactigon the horizontal
tensile stress at the bottom of the PCC layer.

the other relationships. Small differences were obtainegince we found damage to be a function of thickrass,
for the Boeing 757 and theD-DC9. was developed as a function B&f or k and the coeffi-

The following equation could be used to estimate theient of thickness. We found that the correlations in-
horizontal stressy, as a function of the subgrade modu-creased when thickness was taken into consideration.
lus Eg (MPa) during the spring thaw

Oop= 7360 — 1.55— 1%
Op, = 41,732 ES0549,
or

We observed a similar trend between the horizontal
strain and the coefficient of subgrade reaction. The fol- o= 7389 — 13.0R— 17.5
lowing equation could be used to estimate the horizontal
stress ¢y) as a function of the coefficient of subgradewheret is PCC thickness (mm).

reactionk (MN/m3) during the spring thaw The relationship between the total basin area and the
horizontal stressesy) at the bottom of the PCC layer is
oy, =12,436k0411, shown in Figure 35. A linear trend was applied to the
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Figure 34. Effect of PCC modulus on the horizontal tensile stress at the
bottom of the PCC layer.

results. We used partial basin areas, but found no betLOAD TRANSFER EFFICIENCY (LTE)
ter correlation. The following equation can be used to

. : Joints are generally weak points in jointed concrete
determineoy, from the total basin area

pavements. Although the load transfer across joints has
a great effect on the stress at the bottom of the slab, and
therefore on the performance of the pavement, it is
] largely ignored in most evaluation schemes because of
The ISM can also be used to estimaeas shown  he difficulty of measuring these stresses (Foxworthy
in Figure 36. A power relationship was found to best 1985). The load transfer can be inferred from the

op = 7.35% AT R2=0.7.

describe the relationship between ISM aag) ( amount of deflection on both sides of the joint when a
load is applied on one side of the joint. The FWD, sim-
oh = 357,068« ISM0-8165  R2=0.81. ulating a wheel load on one side of a joint, can be used
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Figure 35. Linear relationship between total basin area and maxi-
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Figure 37. Load transfer efficiency across a joint.
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either side of the joint from an applied load. Load (or
stress) transfer is the ratio of amount of stress that is

300 mm transferred across the joint. For a perfect transfer,
Defiection Sensors 50% of the stress is transferred across the joint.
Loadino O O O O 0o O From his study, Foxworthy (1985) reported the fol-
ae D1 D2 D3 D4 D5 D6 lowing:

1. JTE increased with increasing temperature and
the relationship between JTE and temperature was the
same whether he used air or pavement temperatures.

2. The type of joint construction affected the rate at
which LTE changed with temperature.

3. The JTE was not affected by the FWD load used
during the test.

4. The JTE was the same across transverse joints
to determine the amount of deflection on either side ofwhen measured from the approach or leave slab on
the joint as illustrated in Figure 37. airfield pavements (see Fig. 37). However, across lon-

The Corps of Engineers’ method (TM 5-826-5, U.S. gitudinal joints, the LTE values were higher when
Army, no date) for calculating the Joint Transfer Effi- measured from the leave slab.
ciency (JTE) using the deflections obtained with the  Foxworthy (1985) developed relationships for pre-

Ap
LTE (%) = 7= x 100

Figure 38. Placement of FWD sensors for load trans-
fer efficiency test.

FWD is dicting the LTE. He found that, in general, &nype
5 curve could be used to fit his results concerning load
JJE=-1 transfer efficiency and temperature (Fig. 39). The
5o JTE-temperature relationships obtained by Foxwor-
where JTE = joint transfer efficiency thy were from tests conducted at different times of the
Og = center plate deflection day where the only changes that were occurring were
01 = deflection measured across joint. in the PCC layer. Since the base and subgrade

strengths were changing very little with time, these
With the FWD, the center sensor was placed on onaesults may not be applicable to pavements during
side of the joint and the second sensor, located 300 mrthaw-weakening periods. So, we used the limited data
away from the center of the loading plate, was placedcollected at OCA and CWA to study the effects of
across the joint. This is illustrated in Figure 38. The changing subbase—subgrade stiffness during spring
JTE values across the transverse, longitudinal and corthaw on JTE.
ner joints, as calculated from the equation above for Loads were transferred across transverse joints
both CWA and OCA, are presented in Tables 11 andwith dowels or aggregate interlocks and across longi-
12. The JTE values presented in the tables are the avetudinal joints by the use of keyways, aggregate inter-
age from the four drop heights (joint and load transferlocks or tiebars. Typical changes at CWA are shown in
have been used interchangeably in the literature). InFigures 40 and 41. We found two basic trends at CWA
this report, a distinction is made between joint (JTE) and only the first at OCA:
and load transfer efficiency (LTE). Joint transfer effi- 1. In general, the transverse JTE increased with in-
ciency as shown above is the ratio of the deflections orcreasing temperature, similar to that reported by Fox-

100

[e5}
o

[o2}
o

N
o

o Slab No. 1 ]
. 2

o 3
- 4

N
(=}

Joint Load Transfer Efficiency (%)

4.4 26.7 48.9
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o

Figure 39. Relationship between air temperature and transverse joint
transfer efficiency (after Foxworthy 1985).
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Table 12. Joint transfer efficiencies at OCA (%).

a. Across transverse joints.

Date 1 2 3 4 5 6 7 8 9 10 11
15Mar86 381 224 571 303 274 195 396 69.7 579 36.8 483
26 Mar86 58.3 16.2 64.7 — 281 116 376 96.8 76.1 36.3 5838
29Mar86 71.7 258 629 840 885 253 482 983 948 915 936
5 Apr 86 644 229 633 708 738 213 423 445 66.6 40.1  81.0
9 Apr 86 544 150 57.8 205 394 126 421 123 33.0 22.7 618
12Apr86 753 138 620 31.0 510 133 457 129 512 50.2 825
16 Apr86 639 20.0 56.7 423 43.0 491 377 21.8 472 58.0 77.2
23Apr86 77.2 27.7 635 933 857 279 428 341 891 90.2 972
26 Apr86 943 412 778 947 947 763 542 76.2 92.6 93.7 100.6

Date 12 13 14 15 16 19 20 21 22 23 24
15Mar86 414 241 422 71 658 772 544 510 305 52.3 34.0
26 Mar86 66.5 21.3 656 188 80.7 922 59.1 553 40.2 61.0 50.0
29Mar86 87.6 694 90.7 29.6 923 948 87.1 620 679 924 755
5 Apr 86 746 370 486 140 789 914 654 546 76.6 30.2 755
9 Apr 86 774 197 285 169 76.3 909 61.2 542 526 765 334
12 Apr86 822 189 369 — 786 922 636 541 557 15.7 116.2
16 Apr86 756 36.6 414 294 633 894 669 56.8 504 283 210
23Apr86 91.3 204 353 180 76.8 912 737 56.9 49.7 18.0 15.0
26 Apr86 928 67.6 940 89.7 899 — — — 582 458 817

b. Across longitudinal joints.

Date 1 2 3 4 5 6 7 8 9 10 11
15Mar86 249 612 67.7 348 17.7 201 80.7 459 506 11.0 274
29Mar86 16.6 735 86.1 833 170 275 989 723 875 158 464
5 Apr 86 158 80.1 89.0 596 187 196 928 778 747 23.3 17.9
12 Apr86 11.7 821 831 89.8 172 145 995 84.0 49.1 17.2 183
26 Apr86 80.1 1064 86.3 88.1 25.0 494 929 843 916 39.5 825

Date 12 13 14 15 16 19 20 21 22 23 24
15Mar86 144 146 111 147 703 703 648 20.7 452 327 744
29Mar86 16.8 498 13.0 215 873 897 76.1 768 935 90.0 994
5 Apr 86 317 323 264 272 539 818 627 68.0 80.7 88.6 99.4
12Apr86 16.1 324 248 205 990 837 374 89.1 209 759 89.6
26 Apr86 28.1 350 273 640 818 — — — 524 934 978

c. Across corner joints.

Date 1 2 3 4 5 6 7 8 9 10 11
15Mar86 336 27.2 50.7 849 175 16.6 413 293 138 156  20.9
29Mar86 527 76.3 53.1 905 323 134 637 874 425 75.6  52.6
5 Apr 86 56.0 418 59.2 855 253 102 574 66.1 31.0 32.6 103.6
12 Apr86 475 26.3 493 36.0 137 6.6 420 177 474 334 406
26 Apr86 469 958 66.7 924 553 — 682 917 90.1 854 70.1

Date 12 13 14 15 16 19 20 21 22 23 24
15 Mar 86 27.4 52 87.0 44 527 846 311 275 224 13.2 293
29Mar86 735 851 937 119 728 90.0 717 299 61.1 21.3  69.2
5 Apr 86 66.3 17.8 69.8 42 79.2 946 655 1131 23.2 417 69.2
12 Apr86 821 29.7 474 51 872 965 669 533 805 224 182
26 Apr86 904 784 96.7 314 844 — — — 90.0 919 720

33



100

[ I
| ® 24 April |
80 [— 14 épril @4 April ® 7 April |
< i 10 April
g 21 April ® o 17 Apil
= ]
Q
c
[}
S 60— -
i
E ®20 March ® 27 March -
o
S
@ 40 - —
5]
7 | ® 24 March |
&
= ) s
20 - Central Wisconsin Airport —
Thaw Period 29 March to 10 April
B Location 2 ]
0 | | | | |
-5 0 5 10 15 20 25
Surface Temperature (°C)
a. FWD location 2.
100
| [ | |
B . ® 24 April —|
® 7 April
. 80— ® 17 April =
g
> @14 April @21 April —
S @ 10 April
S 60 @ 4 April P _
E @ 18 March ® 27 March
E =
S ® 24 March
® 40 — _
9]
>
[%2} - —
j
<
= ) .
20 [~ Central Wisconsin Airport —
Thaw Period 29 March to 10 April
— Location 19 1
| | | | |
0 5 10 15 20 25 30

Surface Temperature (°C)

b. FWD location 19.
Figure 40. Change of transverse joint efficiency with surface temperature.

Wr—r—71 71 717 1T 17 T 1 T T T T |1
A
B ﬁ Central Wisconsin Airport
80— Py Transverse Joints
- @ Location 2
°\: | O Location 5 ol
% A\ A A Location 9
% 80— O, A A Location 17 ]
e — [ 2
5 fo 3 o
S
% 40— A
9] A A
2 L ° A _
©
'_
20 — —
I T I I A M A M N
0 200 400 600 800 1000 1200 1400

Subgrade Modulus (MPa)
Figure 41. Effect of subgrade modulus calculated with ILLIBACK on transverse joint efficiency.

34



l00|||I||||I|||II||I‘||||I|II|||I||I|I||||I||I|
® o o ® o

B . A A A b e B}

b A
L A A ]
80 é
S e}
S ° o 3 _
oy o) O
5 © o o©
g o0 . A A 4 A A 4 7
L L a _
c
5
qé 40— Central Wisconsin Airport |
o Transverse Joints
% — @® Location 27 -
~ 20 O Location 26
A Location 24
L A Location 23 —
ol b b pr b b b b b
15 20 25 30 5 10 15 20 25
Mar Apr

Figure 42. Change in transverse joint transfer with time on taxiway B.

worthy (1985) (Fig. 40). In addition, we determined 3. With a few exceptions, as shown in Tables 11b
that increases in temperature did not cause increases and 12b, the JTE was low across the longitudinal
JTE during the early thaw period; the JTE in most casjoints at CWA and OCA. The data infer that, in gener-
es decreased. As thaw progressed, the JTE recovereal, the longitudinal joints were weak with respect to
In the late thaw period, the JTE was basically a linealdoad transfer.
function of temperature (Fig. 40b). The most signifi- The LTE was determined for the transverse joints
cant effect of thawing was related to the base—subgradeoth at CWA and OCA using the procedure outlined
modulus (Fig. 41). in Hammons and Pittman (1993). The LTE across a
2. At the CWA FWD locations where the base jointis estimated as a function of the radius of relative
course was 1.2 m thick, the effect of temperature on thetiffness [) and the JTE. The JTE is determined from
transverse joint efficiency was negligible (Fig. 42). It FWD deflection data as discussed above. The radius
should also be noted that the thickness of the PCC layenf relative stiffnessl} is determined from the normal-
is 330 mm compared to the other sites, where it rangeded basin areaAREA from a unique relationship de-
from 254 to 305 mm. This increase in thickness mayveloped by loannides (1989). This relationship for a
also contribute to the negligible effect of surface tem-dense liquid foundation is reproduced in Figure 43. A
perature on the JTE. This was not observed at OCA. sixth-order polynomial equation was developed for

W71 7T 17 1T 1 T T [ T T T [ T T 11
I Dense Liquid Foundation —
a =5.9055 °
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£
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Figure 43. Relationship betwe&REA and| for a dense liquid foun-
dation,a = 5.90655 in. (after Hammon and Pittman 1993).
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e | BrEi (%)

Joirk Effciery

Figure 44. Interpolated relationships between joint efficiency and load
transfer as a function @/l (after Hammon and Pittman 1993).

this relationship and is in the form of

| =0.5- (1.24AREA) +1.21AREAZ — 0.1803AREA3

+0.011098AREA?* - 0.0003075AREA®

+ 0.000003198 AREA®
and
0 05,0 05,0 0500
AREA=6 2 2
" 2B, B %Fs, B B, FE

wherel = radius of relative stiffness (inches)
0= FWD deflections (inches)
AREA= normalized deflection basin area
i = deflection sensor number.

Transverse Joint Efficiency (%)

With the ratio of radius of the FWD loading pla& {0

the radius of relative stiffness/() and the joint effi-
ciency, Figure 44 was used to calculate the load transfer
efficiency. Figure 44 was developed by Tabatabaie et
al. (1979) and modified by Hammons and Pittman
(1993). The results of the load transfer across trans-
verse joints were determined at both CWA and OCA
and are presented in Figure 45. We found that the rela-
tionship below can be used to estimate the LTE of trans-
verse joints using FWD JTE data.

LTE (%) = 1.9128-1150T5
whereJTE is joint transfer efficiency (decimal).

We did not attempt to develop similar relationships
for the longitudinal joint because of the low JTE values

50 1 | 1 1
| Central Wisconsin Airport |
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Joint Transfer Efficiency (%)

Figure 45. Relationship between JTE and LTE for transverse joints.
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and also because of the small database. However, ber, with respect to total basin area, an estimate could be
cause of the unique relationship betwd&g andLTE made using
shown in Figure 45, it may be possible to apply the
same relationship to longitudinal joints.

To meet the criterion that the LTE of the joint be not whereoiensjle= horizontal tensile stress at the bottom

Otensile™ 7-3AT

less than 25%, the JTE should exceed 80%. If this is the of thePCClayer (kPa)

case, a review of Tables 11a and 12a indicates that k = coefficient of subgrade reaction
many of the joints afWA andOCA were below capac- (MN/md)

ity during the thawing period. At the end of thaw, nearly t = PCC layer thickness (mm).

all of them met the 25% criterion. The results indicate thafThe LTE across transverse joints can be estimated from
most of the damage to transverse joints probably occurthe JTE from Figure 47 or from the following equation

during the winter and spring thawing period. LTE (%) = 1.9128-1150T5)

PROPOSED PAVEMENT whereJTE is the joint transfer efficiency (decimal)

EVALUATION PROCEDURE ITE = dy

A methodology is proposed for evaluating pave- i
ment performance during the thaw-weakening periodsandd, is FWD deflection on an unloaded slab ant
using FWD deflection data. From this study, we found FWD deflection on a loaded slab.

2000 [— —

1500 — —

1000 — —

Subgrade Modulus (MPa)

500 — —

| | | |
0 200 400 600
Total Basin Area (mm?)

Figure 46. Relationship between total basin area and subgrade modulus.

that, for PCC pavement, the composite subgrade mod- Rl L B B B B
ulus (base and subgrade) can be estimated from the de- |~ 7
flection basin area and Figure 46 or from the following _ 40 |-
equation

Eeup = 154,31@1.1708 ol

whereEg,, is the subgrade modulus (MPa), ahds
deflection basin area (nm#n The horizontal tensile
stress at the bottom of the PCC layer was found to be
function of pavement thickness aBg,, or the coeffi-
cient of subgrade reactiok) from the following equa-
tions for either a Boeing 757 or for a MD-DC9.

Otensile= 7360 — 1.&gyp— 17

20 -

Transvetde Joint Efficiency (%)

10 -

0 20 40 60 80 100
Otensile= 7380 -3.0R-17.5 Joint Transfer Efficiency (%)

Figure 47. Relationship between JTE and LTE.
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