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EXECUTIVE SUMMARY

ALRS test sections were designed, constructed, and traffic-tested to failure. The test sections
were designed using the reduced subgrade strength method of conventional airfield pavements, but
Frost Area Soil Support Indexes (FASSI) lower than those normally used were assumed for the lean
clay subgrade during thaw-weakened conditions. This assumption resulted in increased total
thickness of pavement, base course, and subbase course above the subgrade. Results from
simulated aircraft traffic indicate that ALRS pavements designed according to procedures
presently used to design conventional airfield pavements have a high probability of premature
failure if the design traffic is applied during thaw-weakened conditions. One test section, which
was constructed using 3 inches of asphaltic concrete pavement, 10.5 inches of crushed stone base
course, and 10.5 inches of crushed shoulder stone subbase above the subgrade, failed due to
excessive rutting after 166 passes with the F-15 loadcart. A second test section was constructed
using 3 inches of asphaltic concrete pavement, 8 inches of crushed stone base course, and 8 inches
of crushed shoulder stone subbase above the subgrade; it failed after 88 passes with the F-15
loadcart.

A revised design procedure for ALRS pavements in cold regions is recommended. The

revised procedure causes thicker ALRS pavement systems in seasonal frost areas. The designer
can choose a California Bearing Ratio (CBR), depending upon soil type and probabilit\ of
premature failure, to establish the total thickness of the ALRS pavement. The author recommends
that designers use a probability of failure of 5 percent to design ALRS pavements. Total
pavement thickness over a clay subgrade would be 19.5 inches using this criterion, and the total
pavement thickness over a silt subgrade would be 23.0 inches. For a probability of failure of less
than 1 percent the minimum pavement thickness over a clay subgrade would be 24.5 inches and
the minimum thickness over a silt subgrade would be 30.0 inches.
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SECTION 1

INTRODUCTION

A. OBJECTIVE

The object of this research was to construct and evaluate Alternate Launch and Recovery
Surface (ALRS) test sections subjected to subgrade thaw weakening. The evaluation would be
conducted by subjecting the test sections to simulated aircraft traffic during a thaw-weakened
period.

B. BACKGROUND

The U.S. Air Force needs Alternate Launch and Recovery Surfaces (ALRSs) at foreign bases.
Modern fighter dependency on high-quality pavement surfaces has made primary airfield
pavements (runways and taxiways) very attractive targets for enemy air attack. The desirability of
attacking airfield pavements has been further enhanced by the widespread construction of
hardened aircraft shelters that greatly reduce the vulnerability of the aircraft while on the ground.
An enemy may neutralize allied air power by concentrating his initial attack effort on damaging
and/or destroying the runways and taxiways, thus, grounding the aircraft. The time the airfield
must be closed for minimum essential pavement repairs is crucial to the outcome of the early
stages of the conflict.

To counter the threat of unusable runways and taxiways, ALRSs built and in place long
before the conflict begins will provide a greater targeting problem, thereby increasing the
probability that an undamaged minimum operating area will exist after an attack. The ALRSs will
be used to support limited aircraft operations until the primary airfield pavements are read\ to
support sustained aircraft operations.

The ALRSs will be used only in contingency situations when the runways are destroyed, but
they will be designed for a 20-year life. Airbases where ALRSs may be installed are located in
areas where the design air-freezing indexes range from 300 0 F-days to 1000 0 F-days, where the
average annual rainfall is 25-30 inches, and where the average annual snowfall is 14-36 inches
(Reference 1). The ALRSs will be constructed at a specific number of bases and must meet the
following criteria: (1) be relatively inexpensive to construct in comparison with permanent
airfield pavements, (2) be easily maintained, (3) support the imposed loads at any time of the
year, and (4) provide an adequate surface for the design aircraft (Reference I).

A preliminary study to evaluate the design of alternate launch and recovery surfaces for
environmental effects was completed by Bush et al. (Reference I). A recommendation of that
study was:

"A comprehensive field and laboratory study should be conducted to
determine the extent and duration of thaw-weakened conditions.
Results from such a study would provide information about the length
of the severely weakened pavement condition, i.e., a few days or a few

weeks, and provide definitive estimates of the loss of a substantial
strength.

A Development Test and Evaluation of a full-size ALRS (75 by 8000 feet) was to be
conducted at Spangdahlem Air Base, Germany, in FY 1984 and FY 1985. This study was needed
to estimate the freeze-thaw effects on the subgrade at Spangdahlem and to assure that the final
ALRS design was as accurate as possible, to reduce construction cost, to their lowest, vet pro\ ide
an ALRS that would be functional for its design life.

J1



C. SCOPE

The objective was attained by designing, constructing, testing, and evaluating three ALRS test
sections. The test sections were designed and constructed at the U.S. Army Cold Regions
Research and Engineering Laboratory (CRREL), New Hampshire, using methods, procedures, and
materials similar to those expected to be used in the full-size ALRS at Spangdahlem Air Base,
Germany. Subgrade soils from Spangdahlem Air Base were provided by the Air Force
Engineering and Services Center (AFESC), and laboratory frost-susceptibility and hydraulic
property tests were conducted on these soils.
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SECTION 11

SPANGDAHLEM AIR BASE SUBGRADE SOILS

Three typical subgrade materials from Spangdahlem Air Base, Germany, were sent to CRREL

by AFESC for examination. A laboratory frost-susceptibility test was conducted on one of the
samples.

Grain-size distributions and Unified Soil Classification system symbols for the three materials
are shown in Figure 1. Sample 1, which was classified as a low-plasticity clay, CL, was selected
for the laboratory frost-susceptibility test. Results from two laboratory frost-susceptibility tests
are shown in Table 1. The results exhibited an average rate of heave of 0.27 mm/day, resulting
in a frost-susceptibility classification of "negligible."

U.S. Std.
Sieve Size and No Hydrometer

40 200

* I

~60 ISC-1\*
,60., \

40 I

I SC-3

20- S C-. 2

0
J1.0 0.1 0.01 0.001

Grain Size (mm)

Figure 1. Grain-Size Distributions And Classifications of Three
Subgrade Materials from Spangdahlem AFB, Germany.

TABLE 1. LABORATORY FROST-SUSCEPTIBILITY TESTS RESULTS.
Average

water content
Dry Unit before Rate of Frost
weight test heave susceptibility

Material (lb/ft3 ) (, dry wt.) (mm/day) classification
Spangdahlem clay 117.4 13.8 0.19 Negligible
Spangdahlem clay 119.6 13.0 0.36 Negligible
Gonic A clay 119.7 14.0 1.25 Low
Gonic A clay 121.1 13.7 0.83 Very low
Sand subbase 124.5 10.4 0.02 Negligible
Sand subbase 124.4 11.5 0.06 Negligible
Crushed shoulder stone -- 6.3 1.52 Low
Crushed shoulder stone -- 6.5 1.23 Low

3
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SECTION III

TEST SECTIONS

A. DESIGN

Three test sections were designed according to methods and criteria presented by the
Departments of the Navy, Army, and Air Force (References 2, 3, and 4). The reduced subgrade
strength method was used to compute the total thickness of pavement, base, and subbase necessary
above the subgrade. The subgrade Frost Area Soil Support Index (FASSI) from Reference 3 was
used to obtain the minimum required thickness. The test sections were designed to withstand at
leastj50 passes of an F-15 aircraft with a gross load of 68,000 pounds and a tire pressure of 355
lb/in . Two of the test sections used unbound layers of crushed rock as the base course and
subbase course. The third test section used a cement-stabilized sand base course and an unbound
sand subbase above the subgrade. Layer thicknesses for the test section with cement-stabilized
sand were obtained using equivalency factors presented in Reference 2.

An asphalt concrete pavement was placed on the base course of all three test sections. The
pavement served as the wearing surface during the traffic tests. The design criteria (Reference 2)
required at least 3 inches of asphalt surfacing, depending on the strength (CBR) of the base
course. A 3-inch-thick pavement was used in the design of these tests.

To approximate expected seasonal variations in strength of the pavement and to simulate the
performance of the ALRS at Spangdahlem Air Base. a low-plasticity clay, CL, was located and
used as the subgrade soil. A minimum of 34 inches of the clay subgrade was placed over the
natural silt, ML, subgrade in the test area. Gonic A clay was selected after searching for about 2
weeks. The pit containing the Gonic A clay was located approximately 75 miles from CRREL.
The in situ material occurred in natural deposits at an average moisture content slightly above the
optimum value for the CE-12 compactive effort.

The grain-size distribution and Atterberg limits of the Gonic A clay subgrade are showNn in
Figure 2; Figures 3 and 4 contain compaction and CBR data for the material, respectivel\.
Laboratory frost-susceptibility test data are shown in Table 1; the soil was classified as an F3
material using grain-size and Atterberg limit test results. Since the average rate of frost heave
from the standard laboratory frost-susceptibility test was only 1.04 mm/day, the material was
classified to possess a "very low to low" potential for frost heave.

Two subbase materials were used. Grain-size distributions of the two materials are sho\n in
Figure 5 and 6. Figures 7 and 8 contain compaction and laboratory CBR data for the sand, and
Figures 9 and 10 contain similar data for the crushed shoulder stone. The sand was classified as an
SW-SM under the unified Soil Classification System and in Frost Group S2 in the frost design soil
classification system. Results from the laboratory frost-susceptibility tests on the sand (Table I)
indicated an average frost heave rate of 0.04 mm/day, so the sand had a negligible potential for
frost heave. The crushed shoulder stone subbase of crushed granite, was classified as G\V in the
unified soil classification system. The frost design soil classification is SI. The laboratory frost-
susceptibility test (Table I) indicated an average frost heave rate of 1.38 mm;;day. so it had a low
potential for frost heave.

5
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Figure 4. Laboratory CBR Data for the Clay Subgrade.
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The base course material was crushed granite for two of the test sections and cement-
stabilized sand for the third. The grain-size distribution and classification of the crushed granite
are shown in Figure I1; laboratory compaction and CBR data for the material are shown in Table

Due to the extremely small percentage of particles finer than 0.02 mm, the crushed granite

base course material was classified as non-frost-susceptible (NFS) and laboratory frost-
susceptibility tests were not conducted on the material. The cement-stabilized layer used the same
sand that was used as a subbase material (Figures 5 through 8). Procedures outlined in Reference
4 were used to determine the optimum cement content -- 8 percent by dry weight -- for the
sand. Type I Portland cement was purchased in bags and spread over the surface of the sand by
hand. Several passes of a tractor-mounted rototifler vere used to mix the cement with the sand.
After the tests were completed it was determined that the cement was not mixed to the design
depth using this procedure and equipment.

US Sid S,e~e Size 7iJ No
3 3/4 4 ' 0 200

100 r-r i i Iii

S80 -

- 3 ._ .

I 111 Ll
IC 1 10 01 001

Groain Size (mm)

Gravel Sond
or Cloy

C'rse Fne Crse ,ediu Fne

Figure !1. Grain-Size Distribution and Classification
of the Crushed Granite Base Course.

TABLE 2. LABORATORY COMPACTION AND CBR DATA
FOR CRUSHED GRANITE BASE COURSE.

Dry unit Water
a weighs content

Condition (b/ft ) (% dry wt.) CBR

Dry 122.3 0.1 98
Surface wet 124.8 1.3 67

a All samples were compacted using the

CE-55 effort and procedure.
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The asphalt concrete pavement was placed in a single 3-inch-thick layer using a standard

State of New Hampshire mix for the wearing course of highway pavement. The maximum

aggregate size was 1/2 inch and the asphalt content was approximately 6.1 percent. The bitumen

was classified as an AC-10. The State of New Hampshire's specifications and the gradation,.

furnished by the paving contractor are shown in Table 3. The coarse and fine aggregates were

both crushed granitic rock from the same source as the crushed rock base and subbase courses.

TABLE 3. JOB MIX FOR THE BITUMINOUS CONCRETE WEARING SURFACE.

Percent Passing
U.S. standard Aggregates Specified Job mix
sieve size Course Fine Sand limits formula

3/4 in. 100 - - 100 100
1/2 in. 97 - - 95-1OC 97
3/8 in. 38 100 100 83-97 94
No. 4 5 38 95 58-72 63
No. 10 - 4 84 44-52 48
No. 20 - - 63 28-36 32
No. 40 - - 36 15-23 18
No. 80 - - 15 4-12 9
No. 200 - - 4 1-15 2

Percent to obtain
job mix

10 40 50
Asphalt 5.7-6.5 6.1

Grade of bitumen AC-i

Reference 2 requires that the asphaltic concrete pavement mee additional criteria. ' h,'

requirements and results from core samples obtained from the pavei ent after traffic test, are
;hown in Table 4.

TABLE 4. PROPERI ILS o- ASPHALT CONCRETE PAVEMENT
AND ASPHALT CEMENT.

Test Section
l
a  

2a 3

Specified No No No Original
Test limits Traffic traffic Traffic traffic Traffic traffic asphalt

Marshall stability > 1800 1821 2277 2097 1506 126 941 -

(Ib)

Flow. 0.01 In. • 16 21 Z ,13 22 22 24 -

Percent voids in 3-5 4.7 2 2.7 4.5 6.S S.3
total mix

Percent voids 70-80 76.9 32.3 83.7 75. . ;.3 b2. -

filled
Thickness (in.) 3 3.9 2.8 3.4 3.1 3.! 3.1

Density (lb/ft3 ) .- 156.0 157.9 159.1 156 1 154.6 151.7

Asphalt (S) 5.7-6.5 6.2 5.5 6.1

Penetration, > 70 4) 84 8
0 .1

Viscosity at 140°F. 8c0-12C.) 3.2 . 37; 1411
poise

Viscosity at 275*F, 1t2 4. 3 462 342
centi stokes

Pen-Vis No. -- -1.6 .'

a Asphalt recycled through P.)rta-Pat.hers.

All data shown are an averale of 3 or 4 sa ;les.

%
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Instrumentation in each of the test sections included: (a) four thermocouple psychrometers for
indirectly monitoring changes in moisture con.ent in the subgrade during freezing and thawing.
(b) four tensiometers for monitoring changes in pore pressure as well as indirectly monitoring
changes in moisture content in the subgrade during freezing and thawing; (c) two thermocouple
assemblies, each with sensors placed at 14 locations between the pavement surface and the bottom
of the clay subgrade; (d) two electrical resistivity gages in the subgrade to monitor the position of
the freezing and/or thawing fronts; and,(e) twn sets of seven 2-inch diameter Bison gages to
measure deflections due to frost heave and caused by loading at the surface. Layouts of the test
sections and vertical locations of the instrumentation are shown in Appendix A.
B]. CONSTRUCTION

Remo\al of the previous test surfaces and construction of the three test sections for this stud\
,,ccurred between 19 October 1983 and 17 November 1983. Layer thickness and properties of the
kaaers are shown in Tables 5 through 7. In No\ember and December 1983, two sets of tests were
conducted on Test Sections I and 2 with CRREL's Falling Weight Deflectometer (FWD) (Figure
12). l)eformations obserxed due to the applied loads, approximately 9000 pounds, indicated that
the test sections probably would not sustain the desired number of passes with an F-4 aircraft
loading. This conclusion was based on a relationship between passes to failure and plate
deflection presented in Reference I. Since loads imposed by the F-15 would be more severe than
those of the F-4 aircraft. Fest Sections 1 and 2 were construced.

TABLE 5. MATERIALS AND LAYER THICKNESS
(OCT-NOV 1983 CONSTRUCTION).

Test Test Test
Material Section I Section 2 Section 3

Pavement 3 in. AC 3 in. AC 3 in. AC
Base 6 in. CS 3.5 in. CS 6.4 in. CSB
Subbase 6 in. S 8.5 in. S 4 in. S
Filter - F - F - F
Subgrade 39 in. C 34 in. C 40.6 in. C

AC - Asphalt concrete
CS - Crushed stone (max. size 1-1/2 in.)

CSB - Cement-stabilized base
S - Sand
F - Geotechnical fabric
C - Clay

R,2YI:nItruction began on 19 Januar\ 1984 and was completed on 13 February 1984. Revised
. thicknesses were dexeloped after consulting x\Ih A\ .1I Bush and others at' WES as well aI

%a lues for the materials ae sho, n n I igureI, 5. 6. . a id 10 and Fable 2.

I ho, follwing discussion apllie\ unl\ to the finA three test section,, no further d(,,cfsil o,
the ,,rginal hase and suhIe llet Sectons I and 2 will he presented.

12



TAbLE 6. MATERIALS AND LAYER IIIICKNESS
(AFTER RECONSTRI("I ION).

Test Test
Material Section 1 Section 2a

Pavement 3 in. AC 3 in. AC
Base Course 8 in. CS 10.5 in. CS
Subbase 8 in. SS 10.5 in. S3
Silter - F - F

Subgrade 39 in. C 34 in. C

a Test Section 3 was not reconstructed.

AC - Asphalt concrete

CS - Crushed stone (max. size 3/4 in.)
SS - Crushed shoulder stone
F - Geotechnical fabric
C - Clay

I. Subgrade and Geotechnical Filter

When excavation and removal of the previous test sect nl kkere ,completed, the ill SitU ', It
subgrade was smoothed by hand and a geotechnc~al fabri,: %a, i l:ced u('er it. A 6-1-nch- lhick

layer of 3/4-inch (maximum size) crushed t,loe' \%,I" i)lc''d Z0 Se\t, 3; :1 \ ate r liStri* iht io
medium if it was decided to provide a high wa'1tel talqe dun 'g,; Ire.in/g Of thetet 0 ec i ,
Another layer of geotechnical fabric was placed o er the crushwd stone to keep cl:i\ from heinu,
forced into the voids in the crushed stone (luring complaction and traffic-testing of the test
sections. A layer of clay approximately 8 inches thick %,as placed oi the geoextile. .\ '.inal
bulldozer was used to spread the clay. A 15-ton vibrator\ sfeel-wheeled roller \\as used t,
compact this and each subsequent clay layer to :app!ikim:atelv 6 inches thick. The roller ibratio)n
caused water to move toward the surface of the la\er being compicte(l. so %i!,rations \were
discontinued after two passes on the first la.\ei (,f cla". suhgrade.

Figure 12. (Ri I I I ;dllin,' g it I)etle ,t Ine r I \ "
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Table 7 contains the CBR \alues. water contents, and densities of the clay subgrade during -
construction. The optimum moisture content. optimum density,,and CBR at optimum conditions
for the CE-12 compaction effort were 16.8 percent. 112.5 lb ft , and 10 percent (Figures 3 and
4), respectively. A geotechnical fabric was placed at the top of the clay subgrade to act as a
filter. The fabric was used instead of a sand filter, which could also have been used. A fabric or
,;and filter is required to prevent contamination of the subbase course by the subgrade (Reference
3). \s required by the reference. no structural advantage was allowed for the geotechnical fabric.

TABLE 7. SUMMARY OF TESTS TAKEN ON THE CLAY SUBGRADE
AND SAND SUBBASE DURING CONSTRUCTION.

Approx. depth
below pavement Moisture Dry

surface CBRa content densitxb
Material (in.) Layer (t) dry wt.) (lb/ft )

Test Section I

Clay 51 1 6.9 16.5 106.3
subgrade 43 2 6.0 16.8 107.8 '.

35 3 4.1 19.4 -

27 4 9.4 - 103.5
19 5 6.3 -

19 5 7.3 15.6 101.9
19 5 7.2 - -

Averdge 6.7 17.1 104.9

Test Section 2

Clay 52 1 10.0 15.8 105.5
subgrade 45 2 8.6 17.2 108.5

38 3 6.8 18.3 105.7
31 4 4.6 18.5 106.0
31 4 4.4 - -
24 5 4.8 - -
24 5 4.5 17.0 102.6
24 5 4.5 - -

Averaqe 6.0 17.4 105.7

Test Section 3

Clay 46 i 4.8 17.1 98.7
subqrad 2 I.6 20.1 99.5

30 3 3. L 18.2 101.3
22 4 5.7 18.9 102.5
22 4 6.
14 5 2.6
14 5 6.6 16.6 105.2
14 5 7.0 - -

Average 7.1 18.2 101.4

Sand 2 - 6.3 123.7
subbase

a Average of 2 to 5 samples in each layer.

b Sand cone procedure used.

AA



2. Subbase and Base Courses

Properties of the sand subbase placed in Test Section 3 are shown in Figures 5 and 7 1,
was classified as an SW-SM under the Unified Soil Classification System (USCS) and as an .
material under the Frost Design Soil Classification System. The as-placed average moisture
content and density of the material were 6.3 percent and 123.7 lb/ft3 (Table 7), respectivek. No
field CBRs were conducted on the sand during construction. The sand was placed and compacted
with the same equipment that had been used to place the subgrade. The vibrator on the roller
was off during compaction so that water would not be drawn from the subgrode.

The subbase material placed in Test Sections l and 2 was crushed shoulder stone classified
as GW-GM, using the USCS, and as an SI, using the Frost Design Classification System; it was
manufactured by crushing blasted granite. Results from laboratory frost-susceptibility test> are
shown in Table i, and the average grain-size distribution curve is sho\n in Figure 6. Labor:t,.)u\
compaction test results and results from laboratory CBR tests are shown in Figure 9 and 10. Ill.'
shoulder stone subbase was placed and compacted in two layers, each about one-half the thicknes,
of the final course thickness. A hand-operated, dual-drum vibratory roller (Figure 13) was used
to compact each layer. The roller consisted of two steel drums with a water reservoir for each. It
was self-propelled and weighed about 2000 pounds with the water tanks full. This roller wa\
much lighter than a roller that would be used on an actual construction project; hossever, because
relatively thin layers (6 inches or less) were placed, compaction approximated what would hawe
been attained with larger equipment.

Figure 13. Dual-Drum Vibratory Roller Used to Compact Base
and Subbase During Reconstruction.
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Test Section 3. containinp the ceniont-sijbilized NAnd layer. "~as designed to withstand the
iiAw' xolumne of tratic as the Grighnal lest Section I CIaI'lo 5) [qUi%3Ialncy factors of 1.15 for an
mstahilized hase course anti 2.30 for the unstabili/ed sand Nubbase were used with the thickness

dJc-ign procedure outlined for stailized soil la'.ers in Retference 2. The optimum cement contentP
wja deternulned using procedures outlined by the Portland Cement Association (Reference 5).
-Ahich is ASla to the Department of the Army procedure (Reference 4). The optimum cement .

cmntnt ws determined to be 8 percent by dry, %%eight of soil. Thle optimum water content (8.8
pe!,cent) and maximum dr, density (130.4 lbft-) of the cemient -sand -water mixture are shown in

is;e 14. Results fromi laboratory freoze-thaw lurability tests are shown in Table 8 as are
st.' frii i unconfined compressive strgth tests zonducted on samples removed after the traffic

:W Some of the laboratory durability tests "ore conducted on specimens containing much
1q rthan optimum cemnent contents. Tests usitie these high cemnent contents were conducted
c e the cemnent-stabilized layer was fond to he onos about one-half of the design thickness%

* :n the test pit was installed after the traffc tests. The total amiount of cement used, howeverA
'A: suf;'cient to have stabilized the design thickness.

A\ tractor- mnountled rototi11cr was used to inlix the cemnent into the sand. Bags of cement
(,~ penec1 by hand antd raked onto the suirface of' the sand: the rototiller then made Se\er l

p to blend the cemnent into the sand. .\tler the cemient was miixed with the sand. the 15-ton
It "Aas used to comipact the wmure.

The base course in Test Sections I and 2 was 3 4-inch max irnum Wie crushed rock. The
.ii-siie distribution of the miateri is show n in [ igure II K and [able 2 con'.aim' the laboratory

*!Vi.t ' d CBR data for the materiatl. it wkas pliced and comipacteJi in tw\o layers. each layer
:ci;'e p rpr''\iniately one-half' the final thickness l' the basin' c-urse.

The 2000-pound dul - diurn roller w% i aed to~ cm act eacti layer Of the base course
ivthe miaterial colt tned \ erj te\k lute inl 'AiN \ '. coarse, replresentative ('HR tests oi

do.t ma~ reenr 'Ait h th be lh sadc i d 11) he I o ' ta ined.

7 1 1
j, . . . . . . . .



TABLE 8. RESULTS OF TESTS ON THE CEMENT-STABII.ZED SAND.

Freeze-Thaw Durability Tests - 12 cycles

Dry unit Moisture Cement Soil-cement
weight content content loss
(Ib/ft') M% W% M%

129.2 6.1 7.0 25.8
130.3 6.2 11.0 3.2
128.9 5.5 15.0 3.8

14-Day Flexural and Compressive Strengths

Moisture Cement Flexural Compressive
content content strength strength
() (%) (lb/in.2 ) (lb/in.2 )

3-1/2 in. x 4-3/4 in. x 16 in. beams:

7.9 7.0 14.8 301
277

6.9 11.0 15.3 258
239

6.8 15.0 29.7 375
385

14-Day Compressive Strengths

3 in. diam. x 6 in. high cylinders:

6.9 11.0 -- 190
236

6.8 15.0 -- 93
94

3. Pavement

The central 12-foot-wide portion of the initiai asphalt concrete pavement was placed xIth

a paver. The outside 3 feet on each side of the mat was placed b\ hand. Compaction w.s
obtained by rolling with an 8-ton steel-wheeled roller. This pa\ement remained in place on let
Section 3. When Test Sections I and 2 were reconstructed, all of the local plants manufacturiMw
asphalt concrete were closed for the winter, so the original pavement was recycled through a
Porta-Patcher®(Figure 15) manufactured by Brown Equipment ('o. Inc.. which was de\eloped for
recycling asphaltic concrete to patch potholes in pavements. According to the manufactu!Ir'r
literature, the recycling capacity of the unit is 300 lb min (9 tn hr). However, the average raite ,il
recycling on this job was about 80 lbimin or about 2.5 tn/hr. The recycled pavement on le,,;
Sections I and 2 was dumped from wheelbarrows and spread by hand. The recycled mix e\lte I
from the Porta-Patcher®at a temperature of from 275°F to 290 0 F. The temperature outside of

the building was about -12 0 F and the heat inside the building was from the Porta-Patcher :Ind
the cooling asphalt concrete mat. The inside temperature was generalk clightl. abo'e freezing
The recycled mix was compacted using a hand-operated \ibratury plate compactor x' ith a ;l11
size of 21 by 24 inches and an overall weight of about 1-0 pounds. Data in 1-able 4 indicate tHi.
the Marshall stability tests on the recycled material exceeded the minimun allowable ' alu' 1n
areas covered by traffic. Densities of the rcycled materials 'ere ak high. indicating th.it Ht,
material was high-quality pavement.
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Figure 15. Porta-Patcher Used to Recycle Asphalt (ioncrece
Pavement During Reconstruction of Test Sections.

Table 4 contains pi pct6ics of IIhe haplnl coc Im ai Ihe Vtin' n-l deltr rined from core
and] chunk samples obtained after the Iraffic te,;t, were comnpleted. Properties of' the recvcled
asphalt cement inl Test Sections I aind I dlid not \:rt apiti-i Irom thle lritecxcled material in
lest Section 3. indicating that t le leeC iJurP, p wcv~ caused .(I littl (Flnrr, to the asphl itgreater than those of lie tin rec xcled imateri a1 Ilii lce t Section r.

C. FREEZING 1I! )Yb*

Our initial proposal i nclurded free7inrg the t(,, 'zeCltinSl inrdlixid rua li n- r perilod of about 6
months. This concept wo-nuId haxv et- al'(.id s f' tn 5 ton refrigera t ion unlit a' aiilable at the test
site. The major d ra wbac ks to this concept were t K' thle leadca rt won d need to he transported
back and forth hot\\xeen (R R VI . and A\FS( three times, arid 'RRP 1:1 aind AFESC project
personnel and equipim-it would Ihe inf olved forl aI ln tinif-

I tltimatelv ('RRFI. purchasqed additional fi e/ngpaels tsinp C ollie of' Tngierfns

Funds from this project wvere rinsed to rent a lar ger -caipacity ref-rigerationl unit. All of the .
equipment wvas delivered and assrerulled in eartly April lOX 1. 'The firs;t f'reeiri cycle started on 10 1
April 1984 and \\as; completed oin 15 N~ax l09-1. ( )ur poals xxene to cause 18 inches of frost%
penetration into the sir herade beneoath Iieach of the( tesqt seIctionq aId to freezie tie su hgiade at the
rate of 2 in./day. table o shIows thle total frost renetantilonl depthl b~eneath thle zlfaice of thle test
sections arid the aniount fot f'rost penettio into the mnhpinado 'i each toest zection. The fros;t
depthms inl lest Sections I a11d 2 xx,'re sl;Mslitlo"-,' thin fill) 111M, I lie prmna eason1 f'or greater
Ffrmst rbnetratiin inito If ct Secif1 I 11~ xMiitr1'jnr1nt' cntml o' tile x ~ilme of1 Chilled 5'oola11it
throuigh the refrigorinn~ pniek I In' ax eraee rat' fil- rlost ptefieteifl finto tire Sillrade \\as4 0.83 1C
in. 'day for all thref, test ;vctm-n, I v-t So,.tinq 11-1i the! hilileqt r W.o il. day.\ and( Iest
.Section I had the Inxet at. (0 '11 Iii
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TABLE 9. MAXIMUM FROST PENETRATION INTO THE TEST SECTIONS.

First Freeze Cycle Second Freeze Cycle

Total Depth into Total Depth into
Test depth subgrade depth subgrade
section (in.) (in.) (in.) (in.)

1 34 15 28 9
2 39 15 39 15
3 45 31 43 29

To simulate the desired rate of frost penetration into the subgrade more closely and to provide
more uniform frost penetration beneath the three test sections. the rented refrigeration unit waY
used to freeze Test Sections 1 and 2 on the second freezing cycle and the small CRREL unit wa
used to freeze Test Section 3. Rates of frost penetration into the clay did increase slightly, but
the rented refrigeration unit was damaged during a thunderstorm and the system was off for about
I week (7-14 June) while parts were being obtained and installed. During this I-week period the
circulating fluid temperature on Test Section 3 was warmed to reduce the rate of frost penetration.
Cooling of the deeper soils continued in Test Section 3, although the surface temperature was
warmed. Therefore, when the temperatures were again lowered after the refrigeration unit was
repaired, frost penetrated into Test Section 3 (Figure 18) more rapidly, and the total frost
penetration when the refrigeration units were turned off on I July 1984 was again significantly
deeper than our target depth. Frost penetrations beneath Test Sections I and 2 during the second
freezing cycle were slightly less than the target depths (Figures 16 and 17).

Frost penetration rates and maximum frost penetration depths slightly different from the
target conditions did not significantly impact the results from these tests. Natural frost
penetration rates in actual field conditions generally range from 0.25 to 1.0 in.'day. The faster
rate was expected to reduce the amount of time for conducting the test. The maximum frost
penetration into the subgrade was chosen primarily to allow time to conduct tests as thawing
progressed after the freeze cycle. Whether the maximum frost penetration into the clay waes a few
inches less than the target or several inches more would have no major bearing on the results from
these tests.

+k2 0 --T - -

40

Figure 16. F-rost and "lha%% I1,n tration with I m in I"t 1ect , 1 I
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Figure 17. Frost and Thaw Penetration with Time in Test Section 2.
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Figure 18. Frost and Thaw Penetration with lime in Test Section 3.

Elevations of the pavement surface of each section were measured before and after the first

freeze cycle. The average amount of frost heave in each of the test sections was:

Test Section 1 0.03 feet - 0.36 inches

lest Section 2 0.01 feet =0.12 inches

'rest Section 3 0.06 feet = 0.72 inches

Surface elevations were not measured immediately after the second freeze cycle but, on visual
examination, fost heave did not appear to be significantly greater than after the first cycle.
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I'he subgrade of these test sections was a low -plasticit. a\l . So \ CI\ littile tlo:I. \ , V. ,.,I
expected due to the small amount of heave exhibited in the laboratory frot -suceptibilit\ t't ii,

the low unsaturated hydraulic conductivity of the clay. While clays are freeting.. v,,atel ,
only short distances and frost heave caused by the formation of an ice lens in one loctin n mat, I-
offset, or nearly so, by consolidation due to desiccation when the water moved to the ice lc.se*
formed in the clay. Figure 19 shows a core of the subgrade removed from the untratficked area
of Test Section 2 during the test pit operation. The horizontal voids were created b\ the
formation of ice lenses during freezing.

Figure 19. A Core of the Clay Subgrade from the
Untrafficked Area of Test Section 2.

1). TRAFFIC TESTS

Traffic was applied to the test se4tions using an I-I15 hltdck t (liui 70). 1 00 lifi.11'n01
pressure on the test tire was 355 lb, in.-. The total weight of tile loadcart ar , lead ,c0in., ,i d -
41,000 pounds with approximately 32,500 pounds of the load applied flu ,tUh the t,,1 :11 ,
normal channelized traffic distribution for the IF-I5 aircraft l, a ucd 11r1 1" he ,, t, -
rhe traffic pattern is shown in Figure 21.

To fulfill the objectives of this stud\. it wasl neces ary t, :a ppl attic% . h t he p.
was near or at its weakest condition, because tile .,\I. RS ha'\ 1,e needed .)t an,\ time 4 the ca.
Our experience with laboratory tests on low plastic itv cla\ ilV i m ia:0.t hat t\\. .' i ,e
,ycles of the material would alter it; load--carr\ing capawit\ sin i1iicant .a;d additinal f'ee/e
thaw cycles would not reduce the capacit\ igni'ficantl. more. \\o c-1inia11t1e th:1 the :Jt(,
ieduction in load-carrying capacit if the ub-grade \Would occl t~l the tim Mhen 11),-t (I the,
previously frozen layer was thawed. To estabi kh the u)pti inn i me tu ap11):11' tie l., td-, e - I nr.
conducted using a falling-weight detlectonieter (I D',I)l during th: flirt 1h, i\61 In'0

'a

Ii
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Figiire N). F- 15 Loadeart used to 11111Y o\in I nads to thle
Tet ectinls.

I ipilrc 1 1 1 raftI I )11 Jit i oll~r i'tlt'r i lltOT ti I I I (wlflr~t.

I fie ifliti-Il t FCV7itlQ C\Cle \% 'Iq Col11fflet'1 (III 15 \la 1: 1 nd tHI fIC07ingP an1els \\VIC
I (n11(\ ed froim tile 11,N rltent oil tha:t di:iv\. Stlir-ace MeC\ atioll ''. ere obtrined ol thit (life ind (,q,,''

(,if Cr OrItiictod w ith the( I \\ 1). S"tir f*'r--e 'nIld mIustir fact tf'fft t itre', \%C('w Itlitjoret datfv thu1 IM,

Ii' r j( a I' til irneasr"tf ieI I''tll" , t''cii' I'iitic Ow I h is" wj 1t'\ 111t t;fe1 c:ctI tf\ \

Illiv(' t(''t 5t'CflttlSz list tit' tii rllpiI\ a'. 1l1'1%% Jill, rr g ''' I ll(Ie \%'t (" 1 f r itt \\:k ait 11)

tinl, v he l il(, ,11 it I~(' t. -J) ~ ij I"' flv \ d Ilw l f I- Ill w i I i to t][1'1
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Figure 22. Resilient Stiffness with Time for Each of the Test Sections.

The second freeze cycle was started on I June 1984 and the test sections were frozen to the
desired depths on 27 June. The freezing panels again were removed and daily measurements with
the FWD were made, daily subsurface temperature measurements were also conducted.

The loadcart and weights had arrived from Tyndall AFB on 8 May 1984. On 5 July 1984 it
was estimated that the desired thawing would occur on 7 or 8 July 1984. A group of CRREL
engineers and technicians was contacted to be available on those dates. Major \\'alrond of the Air
Force Engineering and Services Center was present during the testing; he brought a high-pressure
tire gage to check the tire pressure on the loadcart.

Traffic testing commenced on the morning of Saturday, 7 July 1984. While the lead weights
were being placed on the loadcart, FWD tests were conducted on the test sections.

Tables 10 and I I contain resilient stiffnesses of the test sections ba ed on measurements with
the FWI). The resilient stiffness and plate deflections were used along with the equation
de~eluped by Bush (Reference I) to estimate the traffic capacity of the test sections without the
effects of freezing and thawing. The equation developed by WES for the F-4 loadcart is:

Passes = 1250 - 20.7 (deflection in mils)

Using this equation and data obtained on 7 July (Table Ii), before starting traffic, estimates were
made of passes-to-failure of each test section if the F-4 loadcart had been used and if the test
sections were unaffected by freeze-thaw cycles. The estimates were: rest Section I. 525 passes,
Test Section 2, 650 passes, and Test Section 3, 380 passes. Since thle loading of the F-15 simulated
in these tests was greater than that of the F-4. we expected that the test sections would not sustain
the amount of traffic estimated from the equation. The equation had been de~eloped for the test
sections that did not include cement-stabilized base courses, therefore, it \sould not accurately
reflect the capacity of Test Section 3. which contained a cement-stabilied snd base course.

After the weights were placed on the loadcmrt, it was backed ,nt , I ct S.cc'lion 3 :1nd parked
while guide arms were installed. As thi, work %,,s being done, the ho.:ded heel b ean to settle
into the pa,ement. The loadcart could not be mo\ed b\ the vehicle it-.1.f n, it Ii the assistanc.,
of a large front-end loader, so the weights were remosed and the %kilcai I towed from the
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TABLE 10. STRENGTHS OF TEST SECTIONS AS DETERMINED FROM
MEASUREMENTS WITH THE FWD BEFORE AND AFTER
THE FIRST FREEZING CYCLE.

Before Freezing After First Freeze
a b a b

Test Sr a Sr

point Date (k/in.2) (mils) Date (k/in.2 ) (mils)

1H max. 20 Mar 174.0 52.0 15 May 9896.0 1.0

1H min. 26 May 232.0 39.0

2E max. 20 Mar 293.0 31.0 15 May 8678.0 1.0

2E min. 23 May 272.0 32 C,

3B max. 20 Mar 226.0 38.0 15 May 5002.0 2.0

3B min. 31 May 198.0 45.0

a Resilient stiffness determined by dividing the actually applied load by

the plate deflection.

b Plate deflection for a 9COO-pound load. Determined by dividing 3 kips

by the resilient stiffness.

TABLE I1. STRENGTHS OF TEST SECTIONS AS DETERMINED FROM
MEASUREMENTS WITH THE FWD BEFORE AND AFTER
THE SECOND FREEZING CYCLE.
After Second Freeze During Load Applications

a b a b
Sr  Sr  '.

Test
point (k/in.2) (mils) Date (k/in.2) (mils) passes

1H max. 1065.0 8.0 27 June

1H min. c258.0  c35.0  7 July 73.0 123.0 44

2E max. 1277.0 7.0 27 June

2E min. c310.0  c29.0  7 July 142.0 63.0 44

3B max. 5042.0 2.0 27 June

38 min. c216 .0  c 42 .0  7 July 98.0 92.0 5

a Resilient stiffness determined by dividing the actually applied load by

the plate deflection.

b Plate deflection for a 9000-pound load. Determined by dividing 9 kips
by the resilient stiffness.

c Data obtained prior to applying traffic with the loadcart.

depression. We estimiate thai the loadcairt settled into the pavement about 6 inhe, ,1 I1,.
minute, after it was patk.d. Irom the tiie the loadcart was parked until it \\:Is renmscl. iII

hour later, the depth of' the iLt had reached about 12 inches. Fortunatel\, the Ioadcari \k, , n.t
darmaged and traffi: Iteting wA., Co) mpleted after the cart as reloaded. \\e did not pj.0 ih ,
Ioadcart on any of the test sct hons after this experience.
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The number of passes to failure of each of the test sections is listed in Table 12. Only Test
Section 2 exceeded the minimum number of passes (150) extablished by the Air Force for these
facilities. Figures 23 through 25 illustrate rut development in each of the Test Sections. Figure
23, at Station 0+10, is Test Section 1; Figure 24, at Station 0+40, is for Test Section 2: and Figure
25, at Station 0+75, is for Test Section 3.

Test Sections 1 and 2 failed due to the development of a rut more than 3 inches deep, and
Test Section 3 failed because of excessive resilient deformation.

TABLE 12. NUMBER OF PASSES TO FAILURE OF EACH TEST SECTION.

Test Passes to Failure
section failure mode

1 88 3 in. rut

2 168 3 in. rut

3 5 Excessive
resilient
deflectiona

a Additional traffic was not applied to pre-
clude the loadcart being stuck or damaged.

Traffhc Lanes

i 2 3 4 5 6 7 8 9 to
991 -V { - -- 'VT- '

39 Oh  i ---

~9 Or .- ,~*' Her 44 Passes

~989K_C 0e
YO L OO 1ngt

0 I After 132 z

9 8
7-"

Sto 0.10

3 6 2 5

Dlstanc e (fl)

Figure 23. Rut l)c.elpnint it ,tatimin 0+10 in Iet Sc t, ni' 1.
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Traffic Lanes

I 2 3 4 5 6 7 8 9 to

99 I -T1 l T

990 4k fte

989- to Loading 
. -

G988-

987-

t Sto 0+40 "k j

986_- I L
3 6 9 12 15

Distance (f?)

Figure 24. Rut Development at Station 0+40 in Test Section 2.

Traffic Lones

i 2 3 4 5 6 7 8 9 10

98 8-

98 7

wj 98 6- Prior
to Loading

After 10 Passes

* 985-

Sto 0-75
98 4 - -- - ... . I. - _-, - - . I- - -j

3 6 9 12 15
D~svonce (ft)

Figure 25. Rut Development at Station 0+75 in 'est Section 3.

, E. TEST PITS

\\ hen the traffic tests ".ere completed. test pits vere exc1\ated in ec 1 Of" the tt ,ctn
I he test pits were located so that a set of test , vas conducted in the tralficked 3ret and nr
set in the untrafficked are:i of e:ich test section. Ihe result, :ne' ,h(,\n fl n ' A'I :I ld 11

Figure A-" mnd labes A-- I through \-3 in \ppendi\ \ h tile 1'icn , Ow t -1
well as the locatwon, (it the instru, mentation.
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TABLE 13. SUMMARY OF TESTS ON THE CLAY SUBGRA()I AFTER
TRAFFIC TESTS.

Depth Depth
into below pavt. Moisture

Test clay surface CBR content Dry densityb

section (in.) (in.) W.) (Z dry wt.) (lb/ft')

1 0 19 a5.5 a z.9
6.5 14.6 119.1

2 0 24 a6.9  a14.7  a115.
8.0 14.7 118.7

3 0 14 2.5 16.6 104.6
2.4 17.9 108.6
2.0 18.9

1 6 24 a2.5  a14 .9  a109.0
4.9 16.7 113.1

2 6 30 a5 .4  a 15.7 a108.3

5.6 16.2 108.9

3 6 20 2.0 19.2 101.8
1.4 "9.3 106.2
1.1 19.8

1 12 30 7.8 15.2 111.4
a2.5 a15.4 a114.2

2 12 36 a5 .4  a16.1  alll.8
3.9 16.7 114.0

3 12 26 2.0 20.3 101.9
1.3 20.4 108.7
1.9 21.2

1 18 36 4.3 15.9 108.3
a5.5 d16.1 a110.2

2 18 42 5.2 a16 .6  a107.4

a4 .7  16.8 112.7

3 18 32 4.8 18.4 91.5
2.3 19.1 105.0
1.4 21.7

1 24 42 -- 15.8 109.8

2 24 48 -- 16.7 114.3

3 24 38 -- 18.8 102.3

1 30 48 -- 15.0 111.2

2 30 54 -- 18.1 106.5

3 30 44 -- 20.4 103.1

1 36 54 -- 20.4 10?. 7

2 36 60 -- 20.2 105.6

3 36 50 -- 20.9 94.4

a Measurements in trafficked areas.

b Uslng sand cone procedure.
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TABLE 14. DENSITIES, MOISTURE CONTENTS, AND CBRs OF BASE
AND SUBBASE COURSES AFTER TRAFFIC TESTS.

Depth
below pavt. Moisture
surface Test CBR content Dry density

Material (in.) section 0%) (Z dry wt.) (1b/ft 3)

Cement- 0-3 3 19.9
stabilized
sand 3 25.9 6.9 114.8

3 30.9

West 3 13.8
Hartford
sand 3-12 3 10.0 6.85 112.3

3 8.7

Crushed 3-6 2 8.8 0.50 111.3
stone 2 8.6
base a
course 2 24.3 0.97 124.1

2 23.6

1 19.0 0.76 107.5
1 14.8

Shoulder 12-15 2 30.7 3.40 122.C
stone 2 51.3
subbase
course 9-12 1 69.0 3.61 146.3

1 81.3

1 10.0 4.62 109.2
1 26.8

a Due to the open-graded nature of the crushed stone base course, the CBR

values and dry densities shown for that material are not representative of
the actual values. Due to the test methods, both values are substantially
lower than the true values.

As indicated in Fable 5, the design thickness of the cement-stabilized sand kkas 0 -4 in.e-i
-the test pit placed in this section after the traffic tests indicated that the cement-stahili/ed I.l'.e.

a\eraged only 2.6 inches thick. ('BR tests were performed on the cement-stabilized <ind after the
traffic tests- the results are shown in Table 7 along with results from measurement, i,f the in sjtu
moisture content and density. Although the CR of the cement-stabili7ed ,and 2a< 2.5 times
greater than that of the unstabilized sand, the value was less than 50 percent t' that re(uired t,,r
the top of a granular base course. The in situ density was also only lightl\ greater than that (,t'
the u nstabilized sand and onl. about 88 percent of the optimum dr\ dens it\ tI',ed .n the
lalhiratorv test resuits (Figure 14). ihe low densit\ of the cement-stabilized sand. c(,upled ss th it-
indequate thickne-s, caused the pa\ement on this test section to fail after onls :I less p:i-.e, %,ii
the l,adcart.

Ih , , t pt i tt Ii't St'ci \\',n 3 es.-a :ated 18-20 lijl\ t,. In It't q , t,,n it . I,.,

e\c..i tihi took plk c i1 '-1- 20 Jul\ 1984, and est Section I k sas a \':l\.ted (1i1 i (1 .Iuls 111, ti,'h "
\tLptLIA 198-4 (FIR te, ts %kere conducted to a depth of about I inches into the ,uhrvde in ili Ihl-
h' , \lutu l ' ,.iitet : ttii dr e its \ ai-ll '  s,,ere o taIin ed I t tlh'. ,,t .ii-lIt 1 ' ,.
liltu) the "L h r;v lci ll :fll thre' tet .-itihAin
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A comparison of pre- and posttraffic soil properties was made by comparing average test
values in the upper 18 inches of subgrade in each test section. Data from various depths are
shown in Table 7 (pretraffic) and Table 13 (posttraffic). The average pretraffic CBR in Test
Section 1 was 6.9; after traffic the average CBR was 4.0 in the traffic lane and 5.9 outside ot the
lane. In Test Section 2 the average pretraffic CBR was 4.9, and after traffic the CBR values were
5.6 in the trafficked area and 5.7 outside of the traffic lane. In Test Section 3, the pretraffic
CBR was 6.1, but it was only 2.1 when the test pit was excavated. The moisture content and dry
density conditions before and after the test sections were subjected to traffic are summarized in
Table 15.

TABLE 15. MOISTURE CONTENT AND DRY DENSITY BEFORE AND AFTER TRAFFIC.

Test Section Test Section Test Section
1 2 3

Moisture Content (% dry wt.)

Before traffic 17.5 17.9 17.9
Untrafficked area 15.6 16.1 19.4
Trafficked area 15.0 15.8 --

Dry Density (lb/ft3 )

Before traffic 102.7 104.8 103.0
Untrafficked area 113.0 113.6 104.3
Trafficked area 111.6 110.6 --

In Test Sections I and 2, the subgrade dry density increased after traffic was applied, but
Test Section 3, which received essentially no traffic, did not show this increase. The a'erage
;ubgrade moisture contents in Test Sections I and 2 decreased after they were subjected to traffic.
whereas the moisture content in Test Section 3 increased after the freeze-thaw cycles and after
essentially no traffic.

F. DISCUSSION OF RESULTS

Equipment used to construct the test sections was that normally used in roadway or airfield
construction. Although a small roller was used to compact the crushed stone base and crushed
Ahoulder stone subbase, properties of these materials obtained after the traffic tests indicate that
the strengths of these materials did not contribute significantly to the failures of Test Sections I
'and '

Recycling of the pav ement (on lest Sections I ald 2 did not cause a significant change in the
rn!icipated beha'ior of the test sections. The rec\cied pavement had higher-than-required

\lirshaill stabilities and contained approximatel\ the specified amount of asphalt. Somewhat
urprisinglo. the rec ycled asphalt cement properties did not differ significantl\ from the
atl',:.Jl material (Itable 4) No tubstantial cracking occurred in the recycled pa\ement until
rge ,trrm tin, (C,:urred. indicating thait it was not excessivel\ Irittle due to the recycling

IPe-ult" ts 11 'l lest St'Cl,,n "r , kh i ,. ,nt:ihntd the cement-st "iiized ,alnd I i e course, certainly
,id sut'L,1tanti'ite the lAct thit :i thiJk A[ RS pl\enient will he required over a \set. thaw-weakened
uhl',r:i lo Results tim l,1 t.i h,,n I al.( indicate, that hea ' lo.idvd Ciaft could become

tw an jn-1erdL-1g1W(J pis mnrt )\er ai ,e~orvl% thawv-weakented ~ur it' i thes musl't s;top
•.,,n ir rel ,.els Th,,l pr l, .t t e .e 5 . linuttt" ,I- le"s.
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Results from these test sections indicate ALRS paxements designed according to procedures
outlined by the Departments of the Arm% and Air Force (Reference 3) have a high probability of
premature failure if the design traffic is applied during the most se'erely thav-weakened period.
If the ALRS pavements must be designed for full capacity at any time of the year, a rekised
design procedure must be de\eloped. That procedure is contained in the following section.

.
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SECTION IV

REVISED FROST DESIGN PROCEDURE

Figure 26 illustrates vertical deflections at the surface of a pavement when it is subjected to
wheel loadings at different times of the year. The data are idealized, but illustrate several
important points: (a) deflections are small during the winter when the paxement, base, and upper
portions of the subgrade are frozen; (b) the frozen soil thaws from the bottom and from the top;
(c) deflections begin to increase as the pavement system begins to thaw from the surface; (d)
pavement deflections increase as thaw penetration increases and additional water is released from
previously frozen soil; (e) the maximum deflection occurs at the time the soil is just completek
thawed; and,(f) deflections decrcase rapidly for a period of time after thawing is completed and
then the rate of decrease is significantly reduced.

Although no comprehensive study of the behavior of airfield pavements during freezing and
thawing has been conducted in the last 30 years, a few studies have been conducted on roadway
pavements in seasonal frost areas. One of the early studies of highway pavements used results of
plate-bearing tests during the winter, spring, and summer to monitor pavement behavior during
the frost melting period, i.e., spring breakup or spring thaw. Figure 27 illustrates the behavior of
a good road and a poor road in Iowa. The results in Figure 27 are presented relative to the
strength obtained from the plate bearing test prior to freezing. The good road retained 30 to 60
percent of its strength during the frost melting-period, but the poor road retained only 15 to 25
percent of its prefrozen strength.

WunIer Spring Summer

Frost A'

Figure 26. Deflection of a Pavement Surface due to an Applied
Wheel Load at Different Seasons of the Year.
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Figure 27. Reduction of Bearing Capacity of Roadway
Pavements near Grand Junction, Iowa. .

When the AASHO Road Test was conducted in 1959-1961, the Present Sericeabilit Indexati
was used to evaluate the condition of the pavements tested. Te Present Serviceability Index is
determined from an empirical equation:

-bW t
Pt = Po e

where

P Pesent Serviceability Index at time t

Pa i the same index at start of traffic (t = )

b n dterequation b te deterioration rate o te a m , d n n

Wo millions of accumulated load applsicatsions to time t.

The Present Serviceability Index as initially a qualitative ealuation of the pavements made I", a
team of judges who considered longitudinal and transverse roughness and the extent of crackn
and patching in their evaluation. Referring to the beiaior of flexible pavements Painter
(Reference 8) states:

"in the equation, b is the deterioration rate of the pavement, dependent
on thickness and strength of surface, base and subbase. subgrade soil
strength, and the load applied to the pavement. Anal~sis of' the Ro d
Test data shows that, for a given pavemnent, b is constant throughot't
the year, except for the spring thaw periods. During these times, the
deterioration rite increases to some higher \alue and then returns

gradually to its original, nonspring thaw, value. This increase of the
deterioration rate is the result of a loss of strength in the pa\ement
structure. most likely in the subgrade soil and the granular layers."
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Figure 28 illustrates the change in Present Serviceability Index of 1-xo test items at the
AASHO Road Test; note the two periods during which the Present SerNiceability Index decreased
abruptly on each test item. These two intervals corresponded to the frost melting periods in 1959
and 1960. The elapsed time between each determination of the Present Serviceability Index was
about 2 weeks at the AASHO Road Test. Therefore, the duration of the intervals when the
pavements deteriorated most rapidly was about 6 weeks. Although only a small percentage of the
total traffic occurred during the frost-melting periods, most of the reduction in Present
Serviceability Index took place during these times.

I Apr

Jan'5'9 iJul lOct Jon'60 IApr IJul I Oct I Jon 61

00 a

-

004 8 .2

W IIO
6. Millions of Applications

Figure 28. Performance of Typical Asphalt Concrete
Pavements at the AASHIO Road Test.

During the last 20 years nondestructixe testing devices. i.e., the lRenkleman beam, the
Dynaflect, and the falling weight deflectometer (FWD), have been used more frequently to
evaluate and predict the performance of paxements. Figure 29 illustrates the idealized variation in
resilient modulus (defined as the deviator stress divided by the recoverable strain) of a typical silt
subgrade soil through a year in a seasonal frost area. Computer simulations are used to obtain the
resilient modulus. \When modulus values are determined several times per y'ear, a relationship
similar to that shown in Figure 29 can be prepared. If freezing and thawing depths are measured
during the winter and spring, relationships bet~'een reduction of the resilient modulus and thawx
penetration can also be prepared.

Reference 9 dix ided the annual strength \atiation of tfle\ible pax enents subject to "deep"
seasonal freezing into segments. Areas of deep seasonal freezing were defined as locations where
the freezing index was approximately 500°F-dav\ o r more. Dynaflect wvas used to apply loads and
measure surf'ace deflections on the pavements te' ted. Iv xent>-four palvenients located between

central Illinois (mean freezing index of about I 00°1 -das s) and northern Ni nnesota (mean freezing
index of about 21000°F-days ) were used in the stud,, and ranged in thickness from 8 to 24 inches.
1-he ,"nbgrade soils f or all hut one of the test sites are ,.la,,sttfed as 1- 3 or I".1 nviterials according to
the Dprensof the .Arm,. and Air [urce' fro.i claw,.ifKcatiun ,\s sem (Rcference 3).
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Figure 29. Seasonal Variation of Resilient Modulus of a Typical Silt Subgrade Soil.

Figure 30 illustrates the typical behavior; the annual cycle has been divided into four fairly

well-defined periods (Reference 9), as follows:

Designation Description

A Period of deep frost
B Period of rapid strength loss
C Period of rapid strength recovery
D Period of slow strength recovery

Period of Period of
Deep Frost Slow Strength Recovery

A ,C D

Period of
Pr oapid Strength Recovery

~Period of

Rapid Strength LOSS

2 -

0-

Dec Jan F' r May Jun Jul Aug bep Mr

Figure 30. lvpical Seasonal Variations in Depth of the Deflection Basin.
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Period A begins with the first appearance of deep (subgrade) frost penetration in the late fall
or winter. Period B begins with the abrupt upturn of the deflection curve coinciding with the
beginning of thawing from the pavement surface in the spring. Period C begins at the peak of
the deflection curve. Period D begins at the point where the deflection curve levels off following
the spring peak.

The total interval encompassing Periods B and C is referred to as the "critical period."
Duration of the critical period ranged from 37 to 53 days and averaged nearly 43 days.

Although data in Figure 27 do not clearly exhibit the period of rapid strength recovery, data
in Figures 28 and 29 do. The periods of rapid pavement deterioration at the AASHO Road Test
lasted about 42 days and the data in Figure 29 indicate that the period of rapid change is about 35
days. The combined data from these three sources indicate that the critical period may be about
42 days (6 weeks). However, data in Figures 29 and 30 also indicate that the duration of the most
severely weakened period is only about 7 days.

The current design procedure used for ALRS is given in Reference I. Either the reduced
subgrade strength method or the limited subgrade frost penetration method may be used to design
ALRS pavements, but the reduced subgrade strength method was suggested as probably providing
the most economical pavements in most areas. The reduced subgrade strength method was used to
design the ALRS pavements tested at CRREL in 1984. After the test sections were constructed,
data from tests with the FWD on the pavement surface indicated that they would all fail before
experiencing the design traffic. Therefore, two of the three test sections were reconstructed using
estimates of the minimum subgrade CBR that would be experienced during thawing periods. The
design CBR values used were 2.0 for Test Section I and 1.2 for Test Section 2. Tables 6 and 9
contain layer thickness and depths of frost penetration experienced by each test section during the
CRREL studies. Table 12 gives the number of passes to failure and the mode of failure in each
test section.

Results from the 1984 CRREL tests indicate that ALRS pavements designed using the reduced
subgrade strength method will fail if the loads are applied when the subgrade is in a thaw-
weakened condition. These results were not unexpected, because Reference I states:

"It is extremely important to note, however, that the FASSIs are
effective weighed values averaged over the entire life of a pavement.
The FASSIs are generally not the minimum CBR values esperienced
during frost-melting periods. Since all the traffic on an ALRS could
occur over a time span of only a few hours or a few days, the frost
area soil support indices may not provide pavement thicknesses
sufficient to sustain the design traffic if it should occur during periods
of subgrade thawing in the winter and spring. For example, a lean clay
subgrade classified as an F4 soil under the frost classification system
may exhibit a normal-period CBR of 6. The frost area soil support
index for this material is 3.5, but if its CBR weie only 2.0 after
thawing, pavements designed with the FASSI may fail due to
inadequate thickness [if all of the traffic occurred during frost-melting
periods]. The pavement thickness for a frost area soil support index of
3.5 is 14.5 in. when the aircraft gioss weight is 60,000 lbs and the
design traffic is 150 passes. For the same aircraft and amount of
traffic, a pavement thickness of 18.5 in. is required oxci a subgrade
having a CBR of 2.0."

"A question which ma\ be raised is that if AI.R S p:ivements are
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designed using the Frost Area Soil Support Index for a particular soil
and the CBR of the soil during application of the design traffic is less
than the FASSI, what is the risk of pavement failure prior to sustaining
the desired amount of traffic? The answer is that the probability of
premature failure of the pavement is high unless the gross weight of
the aircraft is reduced. In the example given on the previous page, the
gross load of the aircraft would have to be reduced to about 38,000 lbs
if the CBR of the subgrade were 2.0 rather than the 3.5 for which the
pavement was designed. The number of passes of the F-4 aircraft,
having a gross weight of 60,000 lbs, before failure of the 14.5 in.-thick
pavement is about 50."

"Chamberlain (Ref. [6]) stated that the thaw period for in-service
highway pavements studied by Scrivner (Ref. [9]) ranged from a few
days to two weeks but the time for the pavement to reach a deflection
which was only 20% greater than the fall deflection was 35 to 60 days.
Unfortunately, no data are available to estimate the period of time
when the CBR of the subgrade may be less than the FASSI. Also, no
extensive correlations between laboratory and field CBR values after
freezing and thawing have been conducted. The period of recovery
from a thaw weakened condition is influenced by the hydraulic
properties of the soil. For example, a sandy silt will probably drain
excess water and recover its modulus values are determined several
times per strength more rapidly than a highly plastic clay because the
clay has a lower permeability. When road or airfield pavements are
underdesigned, the road and airport managers must restrict traffic loads
or, in extreme cases, close facilities to traffic for a period of a few
days to several weeks in the spring. Typically, these periods are 2 to 6
weeks long. It seems highly unlikely that a design premise of closure
or restriction of traffic on the ALRS pavements during such periods
could be acceptable to the Air Force."

Figure 31 illustrates the possible behavior of a subgrade soil subjected to freezing and thawing.
The soil illustrated is classified as an F4 material according to the frost classification system. Four
periods similar to those described in Reference 9 are shown on the figures. as are the "nonfrost"
CBR value, the FASSI value that would be used for reduced subgrade strength designs, and the
minimum CBR that may be experienced by this soil during the thawing period. For the ensuing
discussion, the end of the critical period is shown in Figure 31 as the time when the CBR of the
subgrade recovers to the FASSI value. This could logically be the time shown in Figure 28 when
the rate of pavement deterioration decreases dramatically after the spring thaw. Stated in
different words, when the subgrade strength is less than the design value, pavement deterioration
will occur much more rapidly than when the subgrade strength is at or greater than the design
value.

The only pavement design that would support all of the design traffic on any day of its life
would be based on the minimum CBR value shown in Figure 31. However, pavements designed
using the CBR would be overdesigned for about 51 weeks (98 percent) of the year. If we assume
that the critical period is 42 days (6 weeks) in length and if we further assume that the subgrade
CBR is less than the FASSI during this entire period, then ALRS pavements with thickness
designs based on the FASSI would be underdesigned for approximately 12 percent of the year.
(The assumption that the subgrade CBR is less than the FASSI during this entire 42-day period is
reasonable because most pavement deterioration occurs during this interval, as shown in Figures
28, 29, and 30.)
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Figure 31. Change in CBR of an F4 Subgrade SoIlI that Freezes in Winter.

The question of the reliability of the design or the probability of failure must be addressed.
Is a design that will be adequate 100 percent of the year necessary? Is a design that will fail if
the traffic occurs during a period equal to about 12 percent of the design year adequate?

Data from the AASHO road test (References 6, 8, 9, and 11) indicate that a thaw-weakened
period of about 42 days is reasonable. Data in these reports suggest that the thaw-weakened
period, i.e., the period when the subgrade CBR is less than or equal to the FASSI, can be
approximated as follows:

1. The subgrade CBR becomes less than the FASSI about 2 days before reaching the
minimum subgrade CBR;,

2. The mimimum subgrade CBR occurs for a period of 7 days, and

3. The subgrade recovers rapidly to a CBR equal to the FASSI after 33 additional days.

This approximation divides the periods of rapid strength loss and rapid strength gain inFigures 29 and 30 into three segments rather than only two, as shown in the figures.

To complete this approach, it is necessary to establish reasonable estimates of the minimumCBR values experienced by each type of subgrade soil. The low-plasticity clay soil used in this
stud) exhibited a CBR of approximately c2 during traffic testing. This value will be used for

clay soils.

Since silt soils generally exhibit greater frost heave than clay soils, a loer minimum CBR
Dalue will be used for silty soils. Johnson et al. (Reference 10) indicated that the silt soil in their

study lost nearly all of its strength upon thawing. Laboratory frost su, ceptibility tests on silt soilsfrequently caused large volumes of excess ice, which result in positive pore pressures upon
thawing. Therefore, a CBR of 0.5 is the iniraum value recommended or silty soils. An analysis
of data from tests conducted in the early 1950s (Reference 12) suggested minimum CBR values of
6.0 for FI soils and 4.3 for F2 subgrade soils. Reference 3 recommends niasuring the CBR )n SI
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and S2 soils, after conducting a laboratory frost-susceptibility test, and using that value f(.r
pavement design. The same procedure is also suggested for SI and S2 subgrade soils for -\I.Rs
pavements.

Figure 32 illustrates approximate CBR values throughout the thaw-weakened period for
different subgrade soils with frost classifications F] through F4. Data in Figure 32 should be used
with the reduced subgrade strength procedure to design ALRS pavements for seasonal frost areas.
It is probable that soils within the same frost classification type will behave differently \%hen
subjected to the effects of frost action. It is also probable that the same pavement will behalf
differently after nearly every winter, However, very limited laboratory or field test data are
currently available to verify these concepts.

100/% 95 90 88

Tho*-eokened Period

CBR r
1%) F2

4 F3and4

Clay'.--

- t

-10 0 t0 20 30 40 50

Time (days)

Figure 32. Estimated CBR Values of Subgrade Soils
During Thaw-Weakened Periods.

As stated above, the minimum value for any soil can be chosen to provide a design adecluate
to carry the loads during any time of the year. If the FASSI is chosen for design, *\l.RS
pavements are very likely to fail if the design traffic is applied during that 12 percent of the \ear
when the subgrade CBR is less than the FASSI. If a subgrade CBR is chosen that will be-
adequate for 95 percent of the year, ALRS pavements would be very likely to fail if they were
subject to traffic during the critical 5 percent of the year, an 18-day period at the end of the
winter. A 90-percent design would give a period of approximately 37 days when ALRS
pavements were likely to fail. The combined thicknesses of pavement and base for each of these
conditions are shown in Table 16. It is suggested that the 95 percent protection level shown in
Table 16 be used to design ALRS pavements where the subgrade is subject to seasonal freezing.

A question arises about designing pavements in areas with low-design freezing indices sio that
the combined thicknesses for the limited subgrade frost penetration method design would be le-
than those required in Table 16. Allowing no frost penetration into the subgrade (full protection
from frost effects) would be overly conservative, but applying the limited subgrade fr .,t
penetration method used to design conventional pavements could be unsafe for pavements thai
may be subjected to all traffic during the frost-melting period. A modified limited subgrade fro t
penetration design method is recommended as an alternative procedure for ALRS pa'ements In
areas with low-design freezing indices.
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TABLE 16. COMBINED THICKNESS OF PAVEMENT AND BASE FOR REDUCED
SUBGRADE STRENGTH DESIGNS FOR ALRS PAVEMENTS,)

Soi I Type
F3 and F4

F1 F2 Silts Clays
Protection bb

level CBR D CBR D CBR Db CBR 0b

FASSI (88%) 9.0 8.5 6.5 10.5 3.5 14.5 3.5 14.5

90% 8.5 9.0 6.2 11.0 3.0 15.0 3.2 15.0

95% 6.9 10.0 5.0 12.0 1.4 23.0 1.9 19.5

100% 6.0 11.0 4.3 13.0 0.5 30.0 1.2 24.5

a These thicknesses are adequate for 150 passes of the F-15

aircraft loaded to 32,500 lb on each main gear and with tire
pressures of 355 lb/in. .

b Minimum combined thickness of pavement and base required

above subgrade (inches).

With this alternative procedure, design thicknesses must be checked for adequate bearing
capacity based on normal-period CBR values. The modified procedure allows about one-half of
the amount of frost penetration into subgrade soils that is allowed for conventional pavements.
For fine-grained subgrade soils, i.e., Frost Classes F3 and F4, the required base course thickness is
85 percent of the base course thickness necessary to prevent subgrade frost penetration (full
protection). For Fl and F2 subgrades, a value of 75 percent is recommended. Figure 33 may be
used to determine the design base course thickness in areas that have low freezing indices.
Caution is required when using the "modified" limited subgrade frost penetration design method.
It was not evaluated during this study, and the results from this method have not been subjected
to ALRS-type traffic loads and repetitions in the thaw-weakened condition. The modified limited
subgrade frost penetration method should only be used when it requires less pavement and base
thickness than are required by the reduced subgrade strength method for ALRS pavements, but
thicknesses less than those required by the normal-period CBR values should never be used.

40 I 1

-F 3 and F4
S30

C

I-

*20
o Fand F2

C

10

0 1') 20 30 40 50

c. BO se Th.cqnes$ for no Subgrode Penefroton (in

Figure 33. Design "lhickncs of' Non- Frost-Susceptible l C 'ourse Using the
I.miited Sub.erade Frost P'enetration Method \o I.1RS Panements.
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Figure 34 shows the combined thicknesses of asphalt pavements and base courses required to
prevent subgrade freezing. The maximum air freezing index show in the figure is 500 0F-da\s.
In general, design freezing indices less than 400°F-days will require thinner pavements by the
modified limited subgrade frost penetration method than by the reduced subgrade strength
method for ALRS pavements.

I55 b/ft 5%)

125 (8)

115 (12)

0 200 400 600

Air Freezing Index ("F-days)

Figure 34. Thickness of Asphalt Pavement (3 in.) and Non-Frost-
Susceptible Base Course to Prevent Subgrade Freezing.

Figure 35 is a summary and flowchart for determining the recommended thicknesq of
pavement and base course for ALRS pavements in cold regions.
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SEC:TION V

CONCLULSIONS

Results from the test sections constructed and subjected to simulated aircraft traffic indicated
the ALRS pavements designed according to procedures outlined in Reference 6 posses a high
probability of premature failure if the design traffic is applied during severely thaw-weakened
periods of the year.

The revised frost-design procedure developed in Section IV of this report should be used to
design flexible pavements for ALRS in areas exposed to seasonal freezing.

No guidance is provided in this report for the design of rigid ALRS pavements in seasonal
frost areas. Construction and testing of full-scale test sections will be required to prepare reliable
and economical design methods for rigid ALRS pavements.
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SECTION VI

RECOMMENDATIONS FOR FUTURE RESEARCH

Some concepts may be considered that reduce the initial cost or increase the useful life of
ALRSs in seasonal fr, . areas. The first concept is to review winter and spring conditions
regionally in areas where ALRSs will be installed. Mean and design frost penetration depths
should be estimated as well as the onset of thawing in the spring. If bases in a region can be
chosen so that aircraft could be moved from one base to another during thawing, pavements of
reduced thickness may be used. When pavements are severely weakened at the first base to thaw,
aircraft would be based where thawing had not started. The aircraft could be moved to a
sequence of bases; when thawing commenced at the last one, they would be moved back to the
first. The pavement strength at that base would have increased from its weakest condition.
Probabilistic methods should be used to establish the dates of initial thawing and the possible
xariations from year to year and location to location.

The second concept would not reduce the initial cost, but would allow for greater use of the
facility than the 150 passes for the ALRS. For example, the pavements could be designed for
5000 passes over a period of 20 years. Thicknesses would be determined by using frost design
procedures for conventional pavements. This procedure would allow pavements to be used for
training and other missions rather than for only a one-time ALRS application.

Traffic testing of pavements designed using the "conventional" and "modified" limited subgrade
frost penetration method may allow reduced thickness of pavements for ALRS (and for
conventional) pavements.

A desk, laboratory, and field study should be conducted to determine the minimum CBR
experienced by subgrade soils. The study would also determine the length of the weakest period
and develop a method of estimating the minimum CBR using a laboratory test. Perhaps a CBR
test immediately after thawing a laboratory frost-susceptibility test specimen would be useful.
The field study could be conducted over a period of several years by collecting data from several
different Air Force bases or over a shorter period by using test sections in the Frost Effects
Research Facility recently completed at CRREL.
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APPENDIX A

LAYOUT OF TEST SECTIONS AND INSTRUMENTATION
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TABLE A-I. INSTRUMENTATION LOCATIONS IN TEST SECTION I.

Thermocouple Resistivity Psychro- Tensio-
assembly gages Bison gages meter meter

Station 0+10 0+14 0+06 0+12 0+12 0+14 0+10 0+05
Offset 5-N 2'N 2'N 5'N 2'N 5'N 2'N E'N

Sensor Depth below pavement surface (in.)

1 0 19 11 25 25
2 3 21 15 3. 31
3 6 23 19 43 37
4 9 25 23 43
5 12 27 27 55
6 15 29 31
7 18 31 35
8 21 33
9 24 35

10 27 37
11 33 39
12 39 41
13 45 43
14 51 45

15 47
16 49
17 51
18 53
19 55

TABLE A-2. INSTRUMENTATION LOCATIONS IN TEST SECTION 2.

Thermocouple Resistivity Psychro- Tensio-
assembly gages Bison gages meter meter

Station 0+35 0+39 0+31 0+37 0+37 0+39 0+35 0+31
Offset 5'N 2'N 2'N SN 2'N 5'N 2'N 5'N

Sensor Depth below pavement surface (in.)

1 0 24 12 30 30
2 3 26 16 36 36
3 7.5 28 20 48 42
4 11.5 30 24 48
5 15.5 32 28 63
6 20 34 32
7 24 36 36
8 27 38
9 30 40

10 33 42
11 36 44
12 39 46
13 45 48
14 51 50
15 52
16 54
17 56
18 58
19 ;o
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TABLE A-3. INSTRUMENTATION LOCATIONS IN TEST SECTION 3.

Thermocouple Resistivity Psychro- Tenslo-
assembly gages Bison gages meter meter

Station G+10 0+14 0+06 0+12 0+12 0+14 0+10 0+05
Offset S'N 2-N 2'N 5'N 2'N 5'N 2'N 5'N

Sensor Depth below pavement surface (in.)

1 0 19 11 25 25
2 3 21 15 31 31
3 6 23 19 43 37
4 9 25 23 43
5 12 27 27 55
6 15 29 31
7 18 31 35
8 21 33
9 24 35

10 27 37
11 33 39
12 39 41
13 45 43
14 51 45
15 47
16 49
17 51
18 53
19 55
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