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SECTION I

INTRODUCTION
A. BACKGROUND

The US Air Force needs to construct and maintain Alternate Launch and
Recovery Surfaces (ALRS) in Europe and the Republic of Korea. With the
widespread construction of hardened aircraft shelters which greatly reduces
the vulnerability of aircraft on the ground, the high-quality existing air-
field pavements offer an excellent target for the enemy to effectively
neutralize US air power. To counteract this threat, ALRS can be constructed
in certain areas to effectively reduce the probability that all landing-
takeoff areas would be destroyed. The ALRS must (1) be relatively
inexpensive in comparison to permanent pavements, (2) support the imposed
loads, (3) be easily maintained, and (4) provide an adequate surface for a
limited number of sorties of the design aircraft.

Alternatives for ALRS being studied presently include: (1) stabilized
soil base, (2) crushed stone base, and (3) reinforced soil base, all with
some type of wearing surface. The work reported herein will concentrate on
asphalt-surfaced pavements with consideration of both thin asphaltic concrete
and double bituminous surface treatment over a granular base.

The ALRS surfaces will only be used in contingency situations when the
runways are damaged, but are to be designed for a 20-year life. The pave-
ments are to be located where there are 300-1000 freezing degree-days,

25-30 inches of rainfall, and 14-36 inches of snowfall per year (Reference 1).
These environmental conditions will deteriorate the strength properties of
the pavements through thermal cracking, freeze-thaw, and water infiltration
through cracks.

The ALRS have been proposed for construction at a specific number of air
bases. The subgrades at these bases are predominantly fine-grained materials
with California Bearing Ratios (CBRs) ranging from 2-16. The pavements are to be
designed for 150 passes of an F-4 aircraft. The F-4 has a single~wheel main gear
with a maximum gear load of 27,000 pounds and a 1lll-square inch contact area.

B. PURPOSE

The purpose of this research effort was to: (1) define the minimum
pavement structural design requirements for the ALRS, (2) evaluate long-
term deterioration from environmental factors, (3) develop an asphaltic
concrete mix design to minimize the environmental deterioration of the ALRS,
and (4) demonstrate the performance of the F~4 aircraft on the minimum de-
sign ALRS.

- These objectives were achieved through: (1) a review and modification

R of existing design criteria to provide the minimum design requirements,

A (2) an assessment of existing available information on environmental deteri-
oration of pavements, (3) a field-perfurmance evaluation of environmentally
deteriorated pavements using simulated F-4 traffic (load cart), and (4) actual
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F-4 aircraft demonstrations on selected minimum design pavements. Data from
pavements in Europe and the Republic of Korea that have been subjected to
the particular climatic and aging environments of interest were examined in
terms of surface pavement condition to study the long-term environmental
effects. Typical pavements at military bases in the U. S. were load-tested
to determine long-term deterioration in load-support capacity.

C. APPROACH

The Corps of Engineers has thickness design criteria for low-pass levels
such as those anticipated on the ALRS. These requirements were considered
to be conservative. An evaluation of these criteria for the loading con-
ditions anticipated on the ALRS was made by constructing three test items
of different thicknesses and compositions at the Waterways Experiment Station
(WES) and trafficking these items with the F-4 loading.

Current design criteria for the F-~4 require 3 inches of asphalt surfacing
as a minimum thickness for permanent pavements under continuous use. For
limited use, this requirement could be reduced to a thinner layer and perhaps
a surface treatment would suffice. Tests were conducted to determine the
minimum thickness of asphalt needed to support the F-4 for the ALRS. These
included straight-line traffic, turning movements, and locked-wheel skids.

Material requirements for base and subbase courses have been developed
in the past for use in permanent airfield pavements. From these initial
material requirements it is assumed that minimum strength properties will be
retained over the pavement's life. These strength properties were evaluated
for pavements that were environmentally aged for 10 to 30 years.

Since the ALRS pavements will not be subjected to the traffic except dur-
ing contingency situations, environmental deterioration is of paramount
importance in the design. Temperature and moisture are fundamental variables
in all problems of airport pavement construction, design, behavior, and per-
formance. Climatic parameters important to the pavement design were reviewed.

Specifically, the objectives of this phase of the investigation were to:
(1) review the current state of the art in the design of pavements for envi-
ronmental conditions; (2) identify critical types of distress caused by
environmental conditions important to the design of ALRS, with particular
emphasis on those distress types that would hinder operations of the F-4
aircraft; and (3) identify critical pavement design parameters affected by
environmental conditions and conduct a sensitivity analysis on these param-
eters using available data so that design limits may be established.

Since the ALRS will be located in areas with design freezing indexes of
up to 1000 freezing degree-days, a frost-effects design procedure was devel-
oped to minimize the life-cycle cost over a 20-year period. The minimum base
thickness design and use of geotextiles (membrane-encapsulated soil layers)
were evaluated for cost effectiveness in the ALRS design.

To evaluate the long-term deterioration of nonuse pavements, field tests
using prototype loads were conducted on representative pavements. Some
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pavements at various military airfields receive little or no traffic but have
been subjected to long-term environmental effects. These pavements are found
at the outside portion of runways, taxiways, and aprons. Seven representative
asphalt-surfaced pavements were selected, covering a range of environmental
conditions and falling within the minimum design considerations. Load tests
were conducted on these pavements, using a moving-wheel load cart that sim-
ulates the F-4 aircraft wheel loads. Results from these tests were compared
to the traffic tests on the new minimum design pavements described earlier,
and to the design predictions for the pavements as if they were new construc-
tion.

The field tests consisted of characterization of each test area through
test pit measurements to determine material types, thicknesses, CBR, and
moisture-density. Available records as to original design/construction were
obtained. Environmental data such as temperature, freeze-thaw, and rainfall
were gathered for the l1ife of the pavement. Pavement condition of the entire
area was evaluated in terms of the Pavement Condition Index (PCI).
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SECTION II

REVIEW OF PAST TRAFFIC TESTS

The initial phase of the Alternate Launch and Recovery Surfaces (ALRS)
project was to conduct a literature survey to determine those instances in
which bituminous surface treatments or thin asphaltic concrete (AC) surface
layers had been subjected to traffic by high-pressure tires. The majority
of the information available was related to roads and streets trafficked with
relatively light loads and low tire pressures (cars, trucks, etc.). However,
data were available from tests where large loads with high tire pressures
were applied to surface treatments and thin AC layers. The tire pressures
ranged from a low of 100 psi to a high of 300 psi. The loadings ranged from
a low 8000-pound single-wheel load to a high 150,000-pound dual-wheel load.
The ALRS project is concerned with single-wheel loads of 27,000 pounds and
a tire pressure of 265 psi, so that the available data did bracket the
proposed design loading. A summary of the reports containing applicable data
is presented in the following paragraphs.

Reference 2 presents the results of traffic applied to a flexible pave-
ment test section consisting of a well-graded crushed limestone base course
constructed on a weak clay (CH) subgrade having a 6 CBR. The test section
consisted of three items containing 5 inches, 8 inches, and 11 inches of
base course material surfaced with a bituminous surface treatment. Base
course CBRs varied from 85 in Section I to 153 in Section III at the start
of traffic but were reduced to a 60 CBR prior to the completion of 100 appli-
cations of traffic.

Basic data relative to the test cart used to apply traffic to the test
sections are shown below:

Single-Wheel Inflation Contact Area
Load, lbs. Tire Size Pressure, psi sq. in.
10,000 34-9.9 100 91
25,000 56-16 100 232
50,000 25-28 100 479

In all wheel load tests, the surface treatment cracked significantly as
deformations occurred in the underlying base course. The cracking and
breaking up of the surface treatment indicated that it would not be adequate
for a long-term ALRS surfacing.

Reference 3 presents data to validate thickness and compaction require-
ments for flexible pavements subjected to channelized traffic. A test
section consisting of four test items was constructed for this study. The
various materials, thicknesses and CBR values are tabulated on the next
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Item 1

1 in. Double Bituminous Surface Treatment (DBST)
12 in. Crushed Limestone (CBR-80)

29 in. Sand Gravel (CBR-45)

24 in. Clay (CH) Subgrade (CBR-10)

Item 2

1 in. DBST

12 in. Crushed Limestone (CBR-80)
22 in. Sand Gravel (CBR-45)

24 in. Clay (CH) Subgrade (CBR-10)

Item 3

1 in. DBST

12 in. Crushed Limestone (CBR-80)
15 in. Sand Gravel (CBR-45)

24 in. Clay (CH) Subgrade (CBR-10)

Item 4

1 in. DBST

14 in. Crushed Limestone (CBR-80)
96 in. Sand Subgrade (CBR-25)

9 in. Limestone

Original plans were to apply 30,000 coverages of traffic to the test
section with a 100,000-pound twin-wheel assembly load with tires inflated to
200 psi and a contact area of 267 square inches, thus simulating the chan-
nelized traffic of a fully loaded B-47 aircraft. However, as traffic-testing
progressed, two modifications were made to the test program. The first
modification involved an increase in load to 150,000 pounds; tire pressure
was increased to 300 psi to maintain a constant contact area 267 square
inches; and the second modification involved a reduction of 3 inches in the
test section's total thickness for Items 1, 2, and 3. A brief summary of
the three phases of traffic testing is as follows:

Phase 1 consisted of 9142 coverages with 100,000-pound twin-wheel assembly
load, 200-psi tire pressure; no failures encountered....

Phase 2 increased twin-wheel assembly load to 150,000-pound, 300-psi.
4000 coverages, no visual distress in Items 1 and 2. However, some
cracking developed in Items 3 and 4. Due to frequent tire failures
thought to be caused by protruding aggregate, a 1/2-inch sand-asphalt
layer was placed over the entire test section. Noticeable settlement
occurred in Item 4....
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Phase 3 The sand-asphalt layer and about 3 inches of base were removed
from Items 1, 2, and 3 and a new sand-asphalt surface was applied.

Item 4 was not changed. 7186 coverages were applied. Items 1 and 2
performed satisfactorily; Items 3 and 4 were considered borderline...

These tests demonstrated the ability of surface treatment to resist
damage from high tire pressure and heavy loads when placed on a high-quality
base course.

Reference 4 presents results of tests to det.rmine the strength of base
courses required directly under an asphaltic concrete wearing surface. A
test section was constructed having three traffic lanes and was trafficked
using dual wheels loaded to 60,000 pounds, 91,000 pounds, and 120,000 pounds.
The tire pressures were 100, 170, and 240 psi, respectively. The contact
area for all loadings was maintained as close to 267 square inches on each
tire as possible. The test section contained four different 22-inch-thick base
course materials surfaced with a DBST. The base course materials were a
crushed limestone, clayey gravel, clayey sand, and a lean clay. All test
items performed satisfactorily under 2,000 coverages of the 60,000-pound,

100 psi load, with no failures developing. After application of 2,000 cov-
erages to the test section with the 91,000-pound, 170 psi loading, there was
some shoving of the DBST in the limestone test item. The clay gravel test
item exhibited some distress at 1,800 coverages due to rutting in the base
course. The surface treatment on the clayey sand base was cracking and
breaking up at 800 coverages, due primarily to movement in the top 2 inches
of the base course. The DBST on the lean clay base performed better than all
other tests. At 2,000 coverages, there was no evidence of distress.

The 120,000-pound, 240 psi loading produced failures in all test items.
In the limestone test item, there was some shoving at 2,000 coverages due to
movement in both base course and surface treatment. The clayey gravel
section failed very early (76 coverages) as did the clayey sand section
(52 coverages) due to extensive rutting and shear deformation. The lean clay
section sustained 2,000 coverages with only minor cracking and rutting of the
base course.

The primary purpose of the work described in Reference 5 was to investi-
gate and determine techniques for construction of a waterproof fine-grained
soil base course by encasing the soil layer in a protective membrane envelope
and to determine the effects of aircraft traffic on such a base course.
Traffic was applied by using a single-wheel load of 25,000 pounds. The load -
cart was equipped with a 30 by 11.5, 24-ply rating tire inflated to 250 psi.
The tire had a contact area of 111 square inches.

After a cumulative total of 502 coverages a double bituminous surface
treatment (DBST) was placed on a membrane above a highly compacted lean
clay base (Items 1 and 2). Traffic was continued to 580 coverages. After
completion of traffic, the test items were in excellent condition with no
cracking or breaking up of the DBST. These 78 coverages showed the ability
of a DBST to withstand F-4 traffic (25,000 pounds, 250 psi) applied as
rolling wheel loads. Skid tests were conducted after traffic and the DBST j
could not withstand the effects of these tests as it broke up.
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Reference 6 presents results from traffic tests using an 8,000-pound,
single-wheel load. The high-pressure tire (24 by 5.5 inches) was inflated
to 240 psi and had a contact area of 37 square inches. Two test items noted
were constructed using 9 inches of crushed limestone base course over a sub-
grade having a CBR of 15. The surface was 1 1/2-inch thick AC. Only minor
rutting and cracking of the AC was reported after 1,000 coverages. Although
these two items performed well, they were subjected to a load much less than
that required for the ALRS.

A literature survey was conducted to determine the performance of surface
treatments and/or thin layers of AC when subjected to high-pressure tires.
Several reports were reviewed (References 2~6) and these basically showed
that the surface treatments or thin asphalt surface layers were capable of
sustaining rolling wheel traffic for the number of passes required for the
ALRS. Although failures did occur in most tests, they were due to some cause
or something other than the surface treatment or AC layer itself, and were
generally at a pass level in excess of that required for ALRS. Skid tests
and turning wheels were detrimental to surface treatments and caused quick
failures.
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\'" TRAFFIC TEST SECTION =
‘ )

o~ A. DESIGN

- 1. General
-t: Current design criteria (Reference 7) for the F-4 require 3-4 inches .

) of asphalt surfacing, depending on the base course strength. These criteria v
o are considered conservative for ALRS-type pavements. This report evaluates ¥
:}: the current wearing course design criteria to reduce conservatism and meet f
,{: the requirements to withstand 150 passes of an F-4. -3
~2 [\

” h
e A traffic test section was constructed at the WES. The subgrade of :
‘ the test section was constructed for a 6 CBR + 1. The strength was
tagd selected from typical values for soils at U. S. airbases in the Federal . )
o Republic of Germany given in Reference. 1. Using the flexible pavement design
\§~ procedure (Reference 7), a CBR of 5, gross weight of 60 kips, and 150
=:¢; aircraft passes, yields a required total pavement thickness of 12 inches above
sj- the subgrade. Three wearing surfaces, a double-bituminous surface treatment ’
° (DBST), a l-inch AC surface,and a 2-inch AC surface were evaluated in this ‘.
o test section. Three test items meeting the 12-inch total thickness over
T a 5 CBR subgrade are shown in Figure B-1 and described as follows: !
o Item Number Construction
e 1 2 in. Asphaltic Concrete
( - 10 in. Crushed Stone Base
o 2 1 in. Asphaltic Concrete !
- 11 in. Crushed Stone Base .
s 3 1 in. Double-Bituminous Surface Treatment 4
n{ 11 in. Crushed Stone Base
:;{ 2. Subgrade ‘
_:%: For a subgrade soil to simulate the approximate design strength

= expected for ALRS type pavement, a material was selected that will maintain
L nearly the same properties from construction until after traffic. The mate- -
}ﬁ; rial commonly called '"Vicksburg Buckshot Clay" is classified as a CH soil, S
L according to the Unified Soil Classification System (USCS). Classification X
:3f data for this material are shown in Figure B-2. Laboratory compaction and
O CBR data for the as-molded and soaked conditions are shown in Figures B-3
A and B-4. These data indicate an unsocaked CBR of about 20-25 for a water
!!_ content of about 22 percent and a dry density range of 95 to 105 pounds per
u:ﬁ cubic foot (PCF). A soaked CBR of 5~7 can be obtained with a water content
N of 25-29 and a dry density of 90 to 94 pcf.

LNE )

Akt

v
Su
NG
0.

\':*

s 8 X
’,

\": J
v, s
. :
o:

o
7 s, R e e T AR

AN

R S . '.-‘_.‘ LR
St A NN \\'.'. LA



-

.
PENRRNR)
SRR
s a v S N _ 8 4

»
4

.
"‘!.

. l'".l’l./‘
e

PRI ORI LU

PN

.'ay.l‘

P AT
...I'_'C -‘. .l' ... 'l- L)

0y

.

DARNE ¥

.

-‘-‘-‘
e,

o

- >
L
o,

LY ~"J"-‘

"/..J'l..n et

3. Base Course

The material used for the base course of the ALRS test section was a
crushed limestone. Classification data are shown in Figure B-2. Laboratory
compaction and CBR data for the as-molded and soaked conditions are shown in
Figures B-5 and B-6. These data indicate that if a dry density of above
135 pcf is obtained, the CBR should be above 100.

4. Surface Treatment

A double--bituminous surface treatment (DBST) was selected for the sur-
face treatment design. A CRS-2 emulsified asphalt was selected as the binder
material. Gradations for the two aggregate courses are shown in Figure B-7.

5. Asphaltic Concrete

An AC surface mix was designed in accordance with the Marshall
design method given in MIL-STD-620. The laboratory mix design was obtained
by combining three aggregates and AC-20 asphalt cement to meet the specifi-
cation requirements. Gradation for the aggregates, the approved mix,
specification limits, and results from Marshall stability tests are shown
ir Table A-1. Aggregates selected were a crushed limestone of coarse ard
fine gradations, and a local concrete sand. The AC mix was manufactured by
a local contractor.

The aggregate stockpiles available for use in construction of the
test section at WES could not be blended to precisely meet the specification
requirements and the job mix formula was slightly outside the specified
limits for gradation on the 1/2-inch, 3/8-inch, No. 4, No. 50 and No. 200
sieves. The aggregate gradation did not significantly deviate from the
specifications on critical sieves; therefore, the mix was satisfactory. All
mixture properties for the job mix formula were within the specification
requirements for airfields.

6. Instrumentation

All three items were instrumented with linear variable differential
transformer (LVDT) displacement transducers to measure vertical surface
deflections. The LVDT produced dc output voltages directly proportional to
the movement of the sensing unit. The transducer consisted of a main body,
which housed the sensing coil and its associated electronics, and a movable
core through the center of the sensing coil to transfer the mechanical move-
ment of the core to a change in an electrical signal in the coil. The LVDT
transducers were mounted on reference rods that extended to references flanges
located approximately 6 feet below the bottom of the test bed. The reference
rods were cased with 2 inch PVC pipe attached to the gage housing with flexible
hose (Photo C-1). The gages were placed outside the traffic lane in the center
of each item and 7 feet from the center of Lhe lane for static testing with
the F-4 load cart.
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B. CONSTRUCTION

1. General

Excavation, construction of the structural layers, and final paving
phases of the test section were performed during March, April, and May 1982.
First, excavation to a depth of 32 inches below the existing grade was
accomplished. This excavated area was 20 feet wide and 150 feet long.

2. Subgrade

The material at the base of the excavation on which the subgrade mater-
ial was to be placed was classified as a CL with a CBR of about 30. Prior to
placement, the CH clay was processed to the desired water content. The clay
was then placed and compacted in four 1lifts of 6 inches each over all three
test items. The subgrade was compacted with a 50-kip rubber-~tired roller
(Photo C-2). Compaction and CBR data for all items before and after traffic
are shown in Table A-2.

3. Limestone Base

The limestone base course was placed in two lifts to achieve a 10-inch
thickness in Item 1 and an 1ll-inch thickness in Items 2 and 3. The limestone
was compacted with a vibratory steel-wheeled roller, a 50-ton roller (Photo C-3),
and a rubber-tired roller to achieve the desired density. Compaction and CBR
data for all items before and after traffic was applied are shown in Table A-2.

4. Asphalt Concrete

Prior to placing the DBST and the AC surfaces, the base course was
primed with an EA-1 penetrating asphalt emulsion. This material is an SS-1
emulsion with kerosene added. The AC for the wearing course was mixed by a
local contractor according to the design specifications and hauled to the
test section site. It was placed by a Barber-Greene asphalt finisher in
lo-goot wide lanes along the test section. Placement temperature was about
350"F. Placement was accomplished in one 1ift, with the final thickness being
2 inches on Item 1 and 1 inch on Item 2. Shortly after placement, the mixture
was compacted by breakdown rolling with 1-3 coverages of a vibratory steel-
wheeled roller, 32 coverages of a 50-kip rubber-tired roller, and 4 more
coverages of the vibratory steel-wheeled roller (Photo C-4).

Samples of the aggregate were collected from the hot bins. The
gradation i1s shown in Table A-3. Core samples were taken from the surface
in place. Extractions were made to determine the asphalt content and gradation
of the aggregate. Samples were recompacted and tested for Marshall stability.
Results are shown in Table A-3,

A review of Table A-3 indicates that the gradation of the aggregate in
the mixture produced for the test section was essentially equal to the job
mix formula. The test results did indicate however that the asphalt content

(4 percent) was lower than the optimum asphalt content (5 percent). Part

10




of this difference in test results could have been caused by the variability
of the asphalt extraction test; however, the mix properties do indicate that
the asphalt content was low. The low asphalt content would affect the dura-
bility of the asphalt mixture, but the effect of the performance under
accelerated traffic would be minimum. This difference in asphalt content
from mix design and construction does highlight the need for close quality
control during construction of prototype pavements. In the construction of
small test sections, the small amount of material being placed makes it
impossible to identify problems and make corrections before completion of
construction. However, on a full-scale job, these deficiencies can be iden-
tified and corrected during construction.

Densities were also calculated from the cores taken in Item 1, the
2-inch AC surface and Item 2, the l-inch AC surface. The density in Item 1
was 143.6 pcf or 98 percent of laboratory density (see Table A-1l). Densities
in Item 2 ranged from 90.3 to 93.0 percent of laboratory density. The edges
of the samples cored in Item 2 were ragged. This may have caused the lower
density values.

5. Surface Treatment

Construction of the DBST consisted of placing a CRS-2 asphalt emulsion
on the primed base course at a rate of 0.3 gallons per square yard. The first
course of crushed stone was applied and seated with a 50-kip rubber-tired
roller. Loose material was removed by brooming from the section and the
placement process was repeated.

6. Instrumentation
The LVDT gages were placed in 3-inch core holes which were made in
each item approximately 7 feet from the centerline of the section (Photo C-5).
The LVDT gages, the reference rods, and the flexible casing were placed in the
core holes and epoxyed into place and the surface plate was epoxyed into the
surface of each item (Photo C-6).
C. TRAFFIC

1. General

Traffic tests were performed on the test section from 24 May to

3 June 1982. The test cart, traffic patterns, failure criteria and performance

of the test section during traffic are described in the following paragraphs.
2. Test Cart

The F-4 load cart, shown in Photo C-7, was used to traffic test all
three test items. The cart was loaded to 27,000 pounds and used a
30 x 11.5-14.5, 24-ply rating tire inflated to 265 psi, resulting in a tire
contact area of 111 square inches.
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3. Traffic patterns

Each of the test items was trafficked with both a distributed and a
channelized pattern. The distributed traffic pattern is shown in Figure B-8,
To apply the traffic, the test cart was driven backward and forward along the
same path, then shifted laterally the distance equal to one tire width
(10 inches) and the process repeated. The interior 40 inches received
100 percent of the maximum number of passes in any wheel path and the exterior
portions of the lane received 67 and 33 percent. This pattern corresponds to
the 70-inch wander pattern normally used in the design of taxiways and runway
ends. The channelized traffic pattern consisted of repeated passes in only
one lane. .

In addition to the traffic testing, locked-wheel skid tests were per-
formed. For the skid tests, the load cart wheel was locked and the test cart
towed a minimum of 5 feet. The skid tests were performed in a channelized
traffic pattern.

4. TFailure Criteria

The failure criteria selected for ALRS pavements consist of the
following:

a. Base course aggregate exposure sufficient to
pose a foreign object damage (FOD) potential;

b. AC presents FOD potential;
c. A rut depth in excess of 3 inches;

d. Other conditions, as determined by the project engineer,
that cause the pavement to be nonserviceable.

Whenever one of these failure criteria was reached on a given item under a
given loading, the traffic was discontinued and data were recorded,

D. TEST RESULTS
1. Behavior of Pavement Under Traffic

Behavioral observations of the test items were recorded throughout .
the traffic test period. These observations were supplemented by photographs.
After failure, thorough examinations of the failed areas were made, including
CBR tests, water content determinations, and dry densities of the different
pavement structural layers to determine the effects of the various traffic
patterns on these parameters. The behavior of each item under traffic is
given below.

Item 1 consisted of 2 inches of AC over 10 inches of crushed
limestone base over 24 inches of heavy clay subgrade. Under distributed
traffic, failure occurred at 338 passes with the observance of a 3 3/4-

inch rut depth (Photo C-8). Channelized traffic caused failure after ;
12 \
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:i 54 passes when a 3 3/16-inch rut depth was measured (Photo C-9). The skid '3
:5 test failed Item 1 after four skids in the same location with a rut depths 3
( o exceeding 3 inches (Photo C-10).

t

. The pavement structure in Item 2 consisted of 1 inch AC over 11 inches .
< of crushed limestone base. The distributed traffic pattern caused failure

. after 150 passes with a 3-inch rut depth (Photo C-11) while failure under

. channelized traffic occurred at 41 passes with a 3-inch rut depth (Photo C-12).
50 Two passes of the skid test failed Item 2 with a 3~inch rut depth (Photo C-13).

:;? Item 3 was composed of a DBST over 1l inches of crushed limestone y
o base. Distributed traffic caused failure after 48 passes with a 3-inch rut
- depth (Photo C-14). Channelized traffic failed the item after 29 passes with .

s a 3 5/16-inch rut depth (Photo C-15). One locked-wheel skid test created
K a 3-inch rut in the pavement (Photo C-16).

5 Results of traffic and skid tests on the ALRS test section are pre- ;
o sented in Table A-4. Typical cross sections and profiles are shown in |
v}: Figures B-9 to B-14. From the construction and before~traffic cross-section "
" data, the average layer thicknesses were determined. These values and the
- standard deviations are given in Table A-5. Final thicknesses were less ,
® than the design except for the AC thickness in Item 2. From these data and N
- the CBR data given in Table A-2, the CBR design procedure was used to predict A
o the passes to a l-inch rut depth (see Table A-6). Excellent agreement was
O obtained for all items.

N ‘ t
ﬁ: Skid test results indicate that the DBST would be removed with initial :
{ braking. Failure occurred in the AC surfaced items after four skids and o
neR two skids. Failure was due to rutting of the pavement under the locked wheel

J:- and would not be expected with the use of antiskid devices on the F-4 aircraft.

i Deflection basins were measured in each item for the F-4 loading by

e placing the load cart 4 feet from the LVDT gages, allowing each gage to

- stabilize for 2 minutes and reading the gage. The load cart was then moved

;), to 3 feet from the gage and the procedure repeated. This method was also

Lo used for 2- and l-foot distances. The load cart was not positioned over the

N gage because the gage would overrange. Results of these tests are shown in

o Figure B-15. The AC surface lifted for distances of 3 and 4 feet but the

gt DBST did not. :
L]

E. SUMMARY

Three test pavements, designed for ALRS loading conditions, were con-

structed and tested under accelerated traffic. Using a 3-inch rut depth

failure criteria, both the 1- and 2-inch AC surfaced items met or exceeded the

required 150 passes of distributed traffic. The DBST did not adequately support
!! the required traffic. From these results the minimum thickness requirements
for ALRS design can be reduced from 3 inches to 2 inches for the F-4 aircraft
with a gross aircraft load of 60,000 pounds and a tire pressure of 265 psi.
Since results for the l-inch AC thickness are marginal, a 2-inch AC minimum
thickness is recommended.
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SECTION IV
TRAFFIC TESTS ON ENVIRONMENTALLY AGED PAVEMENTS
A. TEST CONDITIONS AND PROCEDURES
1. General

The design freezing index was used as the basis for selection of test
pavements that had been environmentally aged under conditions similar to those
in Germany and Korea where ALRS pavements are to be built. Sites evaluated
for testing included Fort Devens, Massachusetts; Seneca Army Depot, New York;
Wright-Patterson AFB, Ohio; and Whiteman AFB, Missouri. Wright-Patterson AFB
and Whiteman AFB were selected, based on the design freezing index and
because more pavement areas were available in fewer locations minimizing
transportation costs. The design freezing index for Wright-Patterson
and Whiteman AFBs were 892 and 686 freezing degree-days, respectively.

PR ] SII T ta) YA

The areas selected for traffic tests, at both Wright-Patterson and
Whiteman AFBs, consisted of taxiway shoulder pavement, apron pavement
and a parking pad for fire equipment. All of the traffic test features,
except one, were constructed of AC. One feature, a runway overrun, with
a DBST was also trafficked. A layout of the airfield pavement and the
location of the test features are shown in Figures B-16 and B-17.
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Because of the non-traffic-type pavements selected, it was difficult
to locate detailed information pertaining to construction dates and main-
tenance records. The consensus is that nontraffic pavements are constructed
within the same period as the active pavement feature. A list of pertinent
data including construction and maintenance dates is shown in Table A-7.

The pavements ranged from 9 to 30 years old at the time of testing.

Testing was done at the two airfields mentioned above during July
and August 1982. Traffic was applied to the test features with a single-
wheel load test cart. The test cart, turning and locked-wheel skid tests,
application of traffic and failure criteria are discussed in the following

paragraphs.
2. Test Cart

A specially designed single-wheel test cart, loaded to 27,000 pounds,
was used during the traffic tests to simulate the loading conditions of an -
F-4 aircraft. The cart was equipped with an outrigger wheel to prevent
overturning and was powered by the front half of a four-wheel-drive truck.
The load wheel had a 30.00 by 11.5-14.5, 24-ply tire inflated to 265 psi,
which produced a measured elliptical tire print 10 by 13.5 inches (11l-square
inch contact area) and an average contact pressure of 254 psi. This load
cart is shown in Photo C-7.
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n:}: 3. Turning and Locked-Wheel Skid Tests

¥,

- The turning test of the load cart was made at slow speed and at the
IQ shortest turning radius of the test cart. At least 75 turning repetitions
5 (or until failure) were applied to each feature. .
A% .
Py The locked-wheel skid test was also conducted on each feature. The :
. F-4 load cart wheel was locked and the test vehicle was towed for a minimum

- of 5 feet. Pavement surface condition was monitored and rut depth measure-

¢ ments were recorded during the skid tests. ?

o
o 4. Application of Traffic )

N The test traffic was applied by driving the test cart forward and ]
:ﬁ backward in the same path for the length of the traffic lane, then shifted
x laterally a distance equal to one tire print width (10 inches) and the
S process repeated. .The interior 40 inches received 100 percent of the

. maximum number of passes in any wheel path and the exterior portion of the .
L lane received 67 and 33 percent. This pattern corresponds to a 70-inch ;
R wander which is normally used in -the designs of taxiways and runway ends. .
e It is assumed that 75 percent of the traffic does occur in this 70 inches. i
.‘ Assuming a normal distribution (as shown in Figure B-8), the standard devi- ¢
o ation would be 30.43 inches.

:ﬁ 5. Failure Criteria

-‘\‘

iﬁ The following guidelines were used to determine failure of the test
i pavements:
:;% a. Base course aggregate is exposed sufficiently to pose
Y a foreign object damage (FOD) potential. -
<

o b. Asphalt concrete debris poses a FOD potential.
; { c. Rutting of pavement is in excess of 3 inches. 2
:}j d. Other conditions, as determined by the project engineer, .
:{{ R causes pavement to be nonserviceable. .
‘: B. BEHAVIOR OF PAVEMENT UNDER TRAFFIC

;{ 1. General ‘
ﬁi Visual observations on the behavior of the test pavements were
Tl recorded throughout the trafficking of the seven test features and supple-

"~ mented by photographs. Level readings were taken on the test pavements
'_' before and during traffic to depict any deformation that was occurring.

i! After completion of testing on each feature, a thorough investigation was

\ﬁ conducted. Test trenches were excavated across the traffic lane and profiles

O of the pavement structure were noted. Photo C~17 shows a test trench after

\i the bituminous surface had been removed. Photo C-18 shows a test trench with

I both the surface pavement and the base course material removed. CBRs and
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other pertinent data were obtained at the surface of the base course and at -
the top of the subgrade wherever possible. Samples of the different materials o
from the test trench were taken for laboratory testing. Classification data !
of the soil materials are shown in Figures B-18 and B-19. NC
&
Y
2. WP-1 (Fire Equipment Parking Pad) ﬁ;
A general view of the traffic area before traffic is shown in :&
Photo C-19. As traffic was started, rutting developed rapidly and after . i‘
44 passes the pavement was considered failed (Photo C-20). At one location %
during traffic the test cart became stuck in a 6~inch rut and had to be towed .
from the area. .
Photo C-21 shows a 2-inch rut depth in the pavement after 10 passes :3
during the turning test. However, on the llth pass, the load wheel became b
stuck in the pavement and had to be towed from the test area (Photo C-22). 3,

Because of the very poor condition of the pavement surface and the potential
damage aspect to the load cart, traffic testing, including the planned
locked-wheel skid test, was abandoned.

3. WP-2 (Shoulder Pavement, Taxiway 17)

Photo C-23 shows the test pavement after 48 passes. As traffic was
continued, attention was focused on the condition of the pavement surface.

At the end of 136 passes some longitudinal and alligator cracking was noted.
Photo C-24 shows some slight rutting and cracking after 240 passes. The
general pavement condition after 481 passes is shown in Photo C-25. Traffic
was resumed and continued until failure occurred at 643 passes. Rut depth
measured at the time of failure was in excess of 3 inches. Photos C-26

and C-27 depict the failed condition of the pavement feature. Changes in the
surface condition of the pavement during the F-4 load cart turning-test were

P
e,

-y

closely monitored. The required 75 turns were successfully applied to the F
pavement feature and the recorded rut depth measurements are tabulated below: -
R

No. of Turns Rut Depth-Inches ~

37 1/2 :}

53 1/2 N

75 5/8 >~

After six skid tests on this feature only a 1 1/4-inch rut depth was
measured (Photo C-28). Further skid testing had to be cancelled because of
severe tire damage to the load wheel.

AW

, v

-

4, WP-3 (Parking Apron D)

Photo C-29 shows the overall view of the test area prior to trafficking
the F-4 load cart. Longitudinal cracking and rutting of the pavement surface
were observed after 12 passes. Data was collected after 48 passes of the test
traffic. Straightedge measurements were taken at three locations within the
traffic area, and the average rut depth tecorded was 1 1/4 inches. Traffic

was resumed and after 10 more passes, measurements showed the rut depth had
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increased to 1 3/4 inches. After a total of 90 passes the pavement was con-
sidered failed due to extensive surface cracking and a rut depth in excess
of 3 inches as shown in Photo C-30.

Both the turning and skid tests were applied to the WP-3 test feature.
Failure occurred after 28 and 6 passes, respectively. The following tabula-
tion depicts the numbers of passes versus rut depth-inches for both the turning
and skid tests:

Turn Test Skid Test
Passes Rut Depth, Inches Passes Rut Depth, Inches
11 1 2 1/2
19 2 4 2 1/2
25 25/8 6 10
28 2 7/8

Photos C-31 and C-32 show the failed conditions.

. e re e e

5. WP-4 (Shoulder Pavement, Taxiway 5)

The pavement surface of feature WP-4 was considered very good to
excellent with no distress observed before traffic. After 48 passes of the
F-4 load cart, only a small amount of low severity alligator cracking was
noted. Photo C-33 depicts the very good condition of the overall traffic
area after 48 passes. A condition survey was taken after 119 passes. The
pavement distresses noted during the condition survey were low severity
longitudinal and alligator cracking. The condition survey rating for the h
test area was good. Rut depths recorded after 136 and 143 passes showed rut ’
depths 1 7/8 and 2 1/4 inches, respectively. The pavement feature was con-
sidered as failed after 162 passes with a measured rut depth in excess of
3 inches.

A summary of the turn and skid test results is presented below:

Turn Test Skid Test
Passes Rut Depth, Inches Passes Rut Depth, Inches
37 <1/8 17 3/4
55 3/4 23 11/4
65 7/8 30 2
75 11/4 35 >3

Photo C-34 shows the condition of the pavement surface after completion
of 75 turns. Photos C-35 and C-36 depict the skid test area prior to traffic
and after 35 passes.

6. W-1 (Runway Overrun)

The double bituminous surface treatment (DBST) of this test feature
was the only surface of this type construction tested during the field studies.
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Preliminary data were collected before traffic and the surface of the over-
run was considered in very good condition.

After the first few passes had been applied, some longitudinal
cracking was observed. However, 280 passes had been applied when the feature
was considered as failed due to rutting. During these 280 passes, traffic
was stopped several times to collect data and record rut depth measurements.
Observations revealed that between 75 and 100 passes the DBST was starting
to break up (Photo C-37). Rut depth measurements taken after 100 passes
averaged approximately 1 3/4 inches. After 126 passes, a 2-inch rut depth
was evident for the entire length of the traffic area. The depth of the
ruts continued to increase. A depth of 2 1/2 inches was recorded after 220
passes and after 250 passes the average rut depth measured 2 3/4 inches.
Photo C-38 shows the failed test feature and a rut depth in excess of
3 inches after 280 passes.

During the turning tests some cracking of the pavement along the edge
of the tire print was observed. Both low and medium severity alligator
cracking was noted after 75 turns had been applied to the traffic area. The
turning tests on the DBST feature were considered successful. The area after
the 75 turns is shown in Photo C-39.

The DBST failed after only one skid of the test load cart. Photo C-40
shows the 4 1/2-inch rut depth that was measured.

7. W-2 (Shoulder Pavement, Taxiway 9B)

A condition survey, taken on this feature before the start of traffic,

noted 22 feet of longitudinal and transverse cracking. O:ie hundred and
fifty square feet of medium severity alligator cracking was also recorded.
The results of the survey rated the test feature as poor.

After 50 passes, traffic was halted for observations and measurements
(Photo C-41). Traffic was continued to 100 passes for measurements and photo-
graphs. At this pass level, straightedge measurements indicated an average
rut depth of 2 3/8 inches (Photo C-42). Again the load cart began applying
traffic to the area; after 132 passes, traffic was halted and a rut depth
measurement of 3 3/4 inches was recorded. Photo C-43 shows the failed traffic
area. Photo C-44 is a closeup view of the failed area showing the loose
material that had spalled from the cracks.

Photo C-45 shows a general view of the condition of the pavement
surface before trafficking the turn tests. After 11 turns, traffic was
stopped to examine the pavement and take rut depth measurements. Photo C-46
shows the 1 1/4-inch rut depth after the 1llth pass. Traffic was resumed
but after a total of 27 passes and a rut depth of 3 3/8 inches, traffic was
stopped and the feature was considered as failed (Photo C-47).

The locked-wheel skid test was terminated after three skids due to
tire damage of the load wheel. Rut depth measurements for the three skids
are shown on the next page:
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.}}: No. of Skids Rut Depth, Inches
-
t‘ 1 3/4
;&; 2 15/8
v 3 2 1/2
oK
- Photo C-48 depicts the condition of the pavement surface and the rut depth
{{i after three skids.
NN 8. W-3 (Alert Apron)
L~
0 Photo C-49 is a general view showing part of the Alert Apron from
3q:' which test feature W-3 was selected for trafficking the F-4 load cart.
':?i Traffic was stopped after 50 passes because of the significant amount of
‘ - pavement distresses observed. A condition survey was performed, and the
e following percentages of pavement distresses were recorded: 40 percent of
xij the test area contained low severity alligator cracking; 30 percent showed
t:t. medium severity alligator cracking; 10 percent had high severity rutting;
nﬁn: and 2 percent had high severity longitudinal cracking. A rut depth of
:“:' 2 1/4 inches was measured after 50 passes (Photo C-50). After all data had
Lo been taken, traffic was continued to 86 passes at which time a rut depth of
?v_ 3 1/2 inches caused the feature to be considered as failed (Photo C-51).
ﬁﬂi Turning tests were applied to the test feature and after 27 passes
jxf the traffic area was considered failed. The rut depth measured at failure
:; was 3 1/8 inches. Photo C-52 shows the large cracks that were observed on

both sides of the tire print.

o

N On the fifth pass of the skid test, the load cart rutted the pave-
S ment to a depth of 5 inches. Photos C-53 and C-~54 depict the traffic area
before traffic and after failure.

D .
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C. TEST RESULTS

Field and laboratory test results are discussed in the following
paragraphs.

1. Thickness, CBR, Water Content, and Density Data

After the completion of traffic tests, trenches were excavated across
the traffic lane. After removal of the pavement surface, tests were conducted
on each successive layer including the subgrade. These tests consisted of
CBR, density, and water content. However, on two test features, WP-2 and
W-1, free water was encountered before the depth of the subgrade was reached,
making further testing impossible. Therefore, the test trench was backfilled.
The procedure described above was followed in all the test trenches at both
LT Wright-Patterson AFB and Whiteman AFB.

S A summary of test results obtained from the seven test trenches is
shown in Table A-8. The laboratory CE-55 density values shown in the table
were at maximum density and optimum water content. The laboratory compaction
1" curves and CBR data are depicted in Figures B-20 through B-29.
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2. Laboratory Tests and Analyses on the Bituminous Surface Material

Samples of the bituminous surface material were obtained from each
test feature. A summary of the laboratory test data, including asphalt
content, stability, flow, voids, and density is shown in Tables A-9 and A-10.
These data were obtained from tests following Corps of Engineers test pro-
cedures. Aggregate gradation curves of the asphalt-concrete mixture from
each test feature are shown in Figures B-30, B-31, and B-32.

3. Traffic Tests

During trafficking, several methods were used to monitor the condition {
of the pavement surface. One method was by visual observations. At various -
pass levels, the load cart would be stopped, and measurements of the rut
depths would be taken and recorded. Another method used for recording pavement
conditions was the Pavement Condition Index (PCI) survey (Reference 8). A
PCI rating of the pavement generally was not assigned, other than before
traffic because of the very small area of the test features (300 square feet).

AFR 93-5, (Airfield Pavement Condition Survey Report, Chapter 3)(Reference 8),
states that a pavement feature is first divided into sample units. A sample
unit for AC is an area approximately 5,000 square feet. However, the PCI

did provide another method to evaluate the pavement performance during the
traffic tests. The survey also depicted the progression of the distress types
to the pavement and their severity levels with the increase in the number of
passes.
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The predominant types of pavement distresses and the corresponding
densities for each test feature are summarized in Table A-11.

D. ANALYSIS OF RESULTS

Seven shoulder and overrun pavements located in environmental conditions
similar to where ALRS pavements are to be built were trafficked to failure
with an F-4 load cart. Pertinent structure and traffic test results are
presented in Figures B-33 and B-34.

Pavements varied in age from 9 to 30 years. Maintenance in the form of
seal coats or overlays had been performed on five of the seven pavements from
7 to 18 years after construction. The surface condition of the pavements
ranged from excellent to poor using the PCI procedure.

The performance of the DBST (W-1) would not be acceptable for an ALRS
pavement since foreign object damage (FOD) potential was unacceptable at only
100 passes. Structurally, the aged pavement performed adequately (280 passes
to a 3~inch rut depth) but the surface became granular.

a2 %
3
D

Two procedures were used to compare the structural performance of these
pavements under the F-~4 load cart. Initially, the CBRs of the pavement
layers measured were input to the CBR design procedure. Comparison of
predicted values and traffic results are shown in Figure B-35. Five of the
seven pavements failed (l-inch rut depth) after nearly or equal to those
predicted. In two cases (WP-4 and W-2) the predicted passes to failure were
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greater than the results from traffic tests. The W-2 pavement contained
50 percent alligator cracking before traffic; therefore, the performance
would be expected to be less than predicted. Although variation is noted
between predicted and actual passes, the amount of variation is reasonable
for pavement performance.

The pavement performance was also analyzed from a design viewpoint. The
gradations of the base course materials (Figures B-18 and B-19) were compared
to the specifications for graded-crushed-aggregate base course (Reference 7).
The gradations are slightly outside the required limits. For example, the
percent finer by weight passing the number 200 sieve ranges from 11 to 13
percent for Whiteman AFB pavements (Figure B-19). The specification range is
0-10 percent. A deviation of one to three percent appears reasonable for
pavements 22 to 30 years old. The dry densities measured on the seven pave-
ments ranged from 96 to 102 percent of the maximum density from the CE-55
compaction density. Again, the small deviation from the specification
requirement seems reasonable for pavements from 10 to 30 years old.

Assuming that the base course meets the specified requirements for a 100
or even 80 CBR base course, the comparison to evaluated loads based on in-
place subgrade CBR is given in Figure B-36. In every case, the performance
was less than the estimated design traffic levels. The variation between
predicted and actual passes to failure is unacceptable for design of marginal
pavements such as ALRS.

Noting that the failure criterion for the CBR design procedure is a
l-inch rut depth, whereas failure for ALRS pavements is defined as a 3-inch
rut depth, the variation is still unacceptable.

The reason the strength of the base courses of a majority of these pave-
ments is below the design strength appears to be a high in-place water content.
Water content samples taken at the surface of the base course were generally
less than or equal to the optimum from the CE-55 laboratory compaction curves.
Those at lower depths (see Table A-8 for WP-1, WP-2) were higher than optimum.
Laboratory compaction results indicate for base courses of WP-1, WP-2, WP-3,
W-1, W-2, and W-3 (see Figures B-20, B-21, B-22, B-26, B-27, and B-29) the

CBR will be less than 100 for water contents above optimum. Of these pavements,

an in-place CBR of 100 was measured only on the base course of W-2.

Testing of these pavements was conducted in July and August when the
water contents of the layers would be expected to be lower when compared to
winter or spring. The water contents of the subgrades were also much higher
than optimum, indicating a source of water.

E. CONCLUSIONS

Based on field testing of seven pavements, the following conclusions are
presented.
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1. Pavements WP-2, WP-4, and W-1 exceeded 150 passes of distributed

traffic before producing 3-inch ruts. The properties of these pavements
were as follows:

Surface Layer Base
Item Type Thickness Type CBR Thickness Pavement Age

WP-2 AC 3 in. GP-GC 33 16 in. 24 yr, OL at 12 yr
WP-4 AC 2 in. GW-GM 72 14 in. 11 yr
w-1 DBST 1 in. GW-GM 33 14 in, 22 yr

2. Pavements tested which produced 3-inch ruts in less than 150 passes
generally had a low CBR (less than 13) in the base course or at least
in the lower half of the base course due to high water contents.

3. 01d 2- and 3-inch AC pavements were found to be capable of sustaining
the ALRS mission if the base course under the wearing surface was adequate.

4, A DBST will not be an acceptable surfacing for ALRS because of FOD
potential.

5. For AC surface pavements designed for minimum traffic levels, the
base course is the critical component. Strict requirements for water

susceptibility, gradations, and in-place densities must be established and
followed.
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-j SECTION V
LABORATORY-ACCELERATED AGING OF ASPHALT MIXES
<
v A. INTRODUCTION
L4
i
< In the field of asphalt paving, most pavements harden after the mixes
" . are placed and exposed to the environment. The asphalt cement ages during
( heating, prior to mixing with aggregate, during mixing, and continues to age
- after placement of the asphalt mix. The primary causes of asphalt hardening
. (aging) are generally attributed to loss of volatiles, oxidation by air and
= water, and exposure to light.

This phenomenon of asphalt aging has been of interest to pavement
engineers for many years. Many physical tests have been developed to char-
acterize asphalts and index their behavior; viscosity, ductility, and thin-film

S~
9

4

" oven tests are a few. Among these is the penetration test which has been used tj
) as both a classification test when asphalt cements were classified by pene- e
) tration, and as an indicator of asphalt aging when its unaged penetration was N
- \I-

known. It is within the context of aging that asphalt penetration was used
in this study.

PRSI
&

S 1. Purpose and Scope

The purpose of this study was to develop an accelerated laboratory
aging test for asphalt mixes and evaluate the performance of various mixes
( subjected to the test. The scope of investigation was limited to asphalt
aging or hardening as indicated by penetration test results on asphalt
recovered from aged laboratory mixes.

2. Previous Asphalt-Aging Tests

| References 9 through 14 describe laboratory aging tests performed

' on asphalt mixes during the past 30 years. As . .dicated in Table A-12, most
of the methods are destructive because the aged specimens are destroyed to

. recover the asphalt for penetration testing. An indirect nondestructive

: method of determining aging was discussed in Reference 13.

AR MW )

ks
. A
g Field correlations were made with laboratory tests of References 11 “.‘
3 and 14 They indicated that a laboratory-accelerated aging test performed ~
w at 150°F for one week was roughly equivalent to about 1 year of field -
X exposure in New Mexico. =)
. S
. 3. Asphalt Penetration Changes and Proposed Hardening Indices {:
{ ii

General practice in studies of asphalt mixes is to extract and recover
the asphalt prior to performing penetration and other tests on the binder,
When this is done, further tests can be conducted on the asphalt to determine
its physical properties such as penetration.

Figure B-37 illustrates generalized penetration test results as a
( function of mix age. Also shown are asphalt hardening components due to
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heating, mixing, and aging. If asphalt penetrations can be determined at
the points indicated, assuming the initial penetration is known, indices
can be computed for the components of asphalt hardening. This is shown in
Figure B~38 along with indices proposed to quantify hardening components of
the asphalt mix.

The heating and mixing index quantifies that portion of hardening
which occurs during mix manufacturing processes. This penetration loss
after field mixing has been shown to range from 5 to 46 percent (References .
11 and 14).

The retained penetration index is simply the ratio of the recovered
asphalt penetration to the original asphalt penetration. Immediately after
a mix is produced, this index has its highest value; as the mix ages, the
index decreases.

Age hardening is indicated by the aging index. As shown in Figure B-38,
this index equals one minus the sum of the other two indices. As noted, the
aging index increases with exposure to the environment. Due to this, it is
reasonable to expect the index to directly reflect the degree of asphalt age
hardening.

B. MATERIALS, PREPARATION AND EQUIPMENT

e
Vo e

Materials, specimen preparation, and equipment were generally typical
of hot mix design procedures. Some differences were the use of a gyratory
compaction machine and ovens to age compacted mixes.

R
et

1. Aggregate and Asphalt Cement

Aggregate types used in preparing asphalt mixes were a crushed lime-
stone from Alabama and a locally available crushed chert gravel. Each
aggregate was nonabsorptive with less than 2 1/2 percent water absorption.

A natural sand was also used in some of the mixes. Aggregate had been

previously separated by sieve size and were blended to produce gradations

shown in Figure B-39 and Table A-13. Gradations A, B, and E are quite similar
. . and approximate the median of the 3/4-inch maximum surface course gradation
: required for high contact pressures (Reference 15). Gradation C approximates
the lower limit of the 3/4-inch maximum size gradation for surface courses
with high contact pressures. Gradation D represents the upper limit of the
3/4-inch maximum surface course gradation for high contact pressures.
Gradations A, B, and E were referred to as "medium," Gradation C was '"coarse,"
and Gradation D was "fine."

S
....I ‘
Q{3 The Fineness Modulus (FM) which was used to quantify gradation
DN (Reference 16) is shown in Table A-13. FM is a term that is used to charac-
,!__ terize concrete aggregates.
G
;”ﬁ: Properties of the three asphalt binders used in this study are given
S in Table A-14. These asphalt binders consisted of two AC 20 grade asphalts
ﬁ}:: and an AC 5 grade. The AC 5 and one of the AC 20 grades were produced by
L
.
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e Southland 0il Company of Yazoo City, Mississippi. The other AC 20 was
e produced by Texaco in Virginia.

t

Mixes are identified by aggregate type, gradation, and asphalt producer
and type. Typical identification includes the following:

= Equipment used in this study consisted of typical laboratory equip-
‘ ment used in the design and analysis of bituminous paving mixtures.
(RN Reference 18 lists some of the apparatus required. However, since the asphalt

-\ ~\

-_:.‘

- Aggregate

KN . LS - Alabama Limestone

U Gravel - Chert Gravel

-Sﬂ Gradation

iu- Coarse -~ Gradation C

S Medium ~ Gradations A, B, and E
L Fine - Gradation D

OSAN

.};} Asphalt

= S - Southland

... T - Texaco

L

N 2. Specimen Preparation

AN

N Aggregate was glended into approximately 1200 gram batches, dried So
:fjt constant weight at 300 F and mixed with asphalt binder heated to about 270°F.
"l This produced sufficient mix to form 4-inch diameter by 2 1/2-inch high
( Marshall specimens.

N

:}}: A compactive effort comparable to the 75-blow hand hammer was applied
T~ to the specimens with a gyratory compactor (Reference 17). A vertical pressure
;}E of 200 psi was applied while specimens were gyrated through a l-degree angle
fﬂ? for 30orevolutions. This compaction effort was applied at a mix temperature
. )' of 250°F.

f:f: Stabilities, flows, and mix properties were determined in accordance
DY with Methods 100 through 102 of Reference 18, and ASTM D 1556 of Reference 19,
:?;: 3. Equipment

o

* »

:}: binder was recovered and tested after aging, additional equipment and proce-
[-.7-. dures, as indicated in Reference 20, were required.

_._. For the development of an aging test, three mechanical convection

}j}' ovegs were used. Each was capable of temperatureg ranging from 95 to above

i;f 600 F. 1In the temperature range used (140 to 275°F), the interior oven

e temperature was uniform to + 2°F.

o,
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C. GENERAL AGING TESTS

The first series of tests was run on limestone aggregate mixes with )
5.4 percent Southland AC 20 and an "A" gradation (medium). Approximate
properties of the mix were:

Unit Weight, pcf 151.6
. Stability, pounds 2070
. Flow, .0l inch 12 ¢
A Air Voids, percent 3.5
y Voids Filled, percent 78 .

Marshall specimens were prepared and aged for varying periods at one of P
. three temperatures. Each oven maintained a constant temperature, either
¥, 140, 225, or 275°F. Specimens were aged in this accelerated mode for 1, 3, .
‘_ 7, 14, and 28 days. Asphalt penetration tests were performed on the asphalt
- obtained from unaged specimens and from aged specimens. A temperature-
L controlled and mechanically stirred kettle was used to heat the asphalts to g
mixing temperature. Table A-15 summarizes penetration test results. g

Figure B-40 shows retained penetration index and age relationships for
the three test temperatures. The plotted data in conjunction with Table A-15
' data indicates a heating and mixing index from 27 to 56 percent which is quite .
O high (and within limits given in References 12 and 14). Personnel conducting -
4%: the tests indicated that the asphalt had been reheated several times before K
. this testing began. However, data of Table A-15 was suitable for purposes of t
- indicating the general effect of temperature and exposure on asphalt pene-
tration.

- 1. Specific Aging Tests

The laboratory aging test was developed to artificially age asphalt
’ concrete mixes over a short period of time to produce asphalt binder prop-
) erties similar to that experienced in the field after aging for 10-15 years.
. Most asphalt technologists agree that an asphalt concrete usually requires

. some type of maintenance or rehabilitation after the asphalt binder has

< decreased to a penetration value of 20, Three oven temperatures, 140 F,

o 225° F, and 275°F were evaluated for aging the asphalt concrete samples.

a; Sample mixes were prepared, aged for various times, and testing to determine ;
r ) the asphalt penetgation The test results presented in Table A-15 indicated

- that aging at 225°F would reduce the penetration of an AC 20 asphalt cement
i\ to approximately 20 after 7 days. Aging at 140°F would not produce the
desired results after 30 days and therefore was considered unacceptable due :

)

;: to the long aging time required. Aging the asphalt concrete mixes at 275°F
TN produced the desired asphalt cement properties after one day; however, at
'; this high temperature, distortion of the samples was observed. Heating the

mixes in an oven at 225°F for seven days was the most satisfactory procedure :
for accelerated aging. . .

A review of test results obtained from samples of asphalt concrete
at Whiteman AFB and Wright-Patterson AFB indicates that the selection of N
asphalt penetration of 20 for laboratory aging is reasonable and representative -
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s of an aged pavement requiring maintenance. The asphalt cement recovered from

:ﬁ: samples taken from Wright-Patterson was approximately 20 penetration for all i
- four pavement features, whereas the penetration of the asphalt cement recovered

N from the asphalt concrete samples taken from Whiteman AFB was significantly
;}: below 20 for both features. The low asphalt penetration at Whiteman could
s be explained by several factors which include: low initial asphalt pene-
:3: tration, use of asphalt cement with poor aging characteristics, and/or
Lo exposure to a climate that facilitates rapid aging. The test properties '
ot . of samples from Whiteman and Wright-Patterson clearly indicate that the

A asphalt concrete in each of the features was representative of aged asphalt
o concrete mixtures.

e For the remaining tests of this study, care was taken to insure
- that the asphalt cement was not reheated more than one time prior to mixing d
with the aggregate.

A O

- For this part of the study, six different mixes were produced. Each
O mix consisted of a specified aggregate type, aggregate gradation, asphalt
j\j type and asphalt source. Each mix was produced at three asphalt contents
;{} by weight (see Table A-16). Five specimens were made at each asphalt content;
oo two were subjected to accelerated aging and three were not aged.
L
o Table A-16 gives density, voids in the total mix, voids filled with
N asphalt, stability, and flow summary of aged and unaged mixes. As shown,
. flow values of the aged specimens were generally higher than those of the
- unaged specimens. This was probably caused by plastic movement, slight
N changes in the shape of the specimens during exposure to the aging environ-
{ ment. Initial loading of the aged specimens in the Marshall machine probably
& reshaped any out-of-roundness, thus giving higher flow values. Higher
" stabilities are expected in aged pavements.
s
}f Asphalt cement was recovered from the mixes (a destructive process) !
;ﬁ and penetration tests conducted on the asphalt. This penetration data was }
) used to compute asphalt indices for each of the six mixtures and the results
NG are shown in Table A-17.
\':' .
2: 2. Heating and Mixing Index !
< The heating and mixing index was measured for each of the mixtures.
° It was believed that the heating and mixing index was dependent on aggregate
v type, aggregate gradation, asphalt type, asphalt source, and many other
n\f : properties.
I
;'3 Figure B-41 shows heating and mixing index data for mixes that were .
uQ: not aged. Since more data were obtained on limestone and Southland AC 20 K
’if mixes, these were used to show the general trend in the data. The figure
indicates that a medium gradation with a fineness modulus in the range 3.95
‘ﬁ}j to 3.97 minimized heating and mixing asphalt hardening.
N
.
h ::\
NN 27 X
~ta
\:,'.
Q:
st AT N T T T A e AT AT NN T . e 2 S




';c .‘ . S A [4

VA
L A R A A

¢ &Y ‘

l‘l ".

/2

O
’. 1)

@,

A AR

Ranking of mixes in terms of increasing asphalt hardening during
heating and mixing is shown in Table A-17 and listed below:

a.
b.

Limestone and Texaco AC 20
Gravel and Southland AC 20

c. Limestone and Southland AC 5
d. Limestone and Southland AC 20

Gravel mixes required higher asphalt contents to produce the same
aging index as limestone mixes with the same type asphalt. A possible
explanation is that the gravel aggregate is tougher to compact, thus pro-
ducing more voids in the mineral aggregate in the compacted mixture than
those produced in limestone mixtures.

3. Aging Index

Individual aging indices were analyzed with respect to variables
such as gradation, aggregate type, asphalt type, and mix properties such as
air voids, asphalt content, etc. Linear regression analysis was used to aid
in the analysis. Asphalt content by volume was found to provide the highest
and best correlation with aging index.

For the series of mixes made with limestone and the Southland AC 20,
Figure B-42 illustrates that asphalt content by volume has a great effect on
the aging index of the asphalt mixtures. ‘

Figure B-43 shows aging indices for all mixes studied. The effects
of aggregate and asphalt types are easily seen. The limestone and both
AC 20 asphalt cements produced mixes that minimized the aging component of
hardening at lower asphalt contents.

4, Retained Penetration Index

Retained penetration indices, the ratios of recovered asphalt pene-
tration to original penetration, are shown in Figure B-44, Mixes produced
with limestone aggregate and Texaco AC asphalt cement were generally most
resistant to the effects of asphalt hardening. Limestone mixes produced
with Southland asphalts of differing grades showed almost identical
behavior; this is probably due to similarity of petroleum base and refining
processes and techniques.

Asphalt content by volume again showed the best correlation with
overall asphalt hardening as indicated by the retained penetration index.

D. PRELIMINARY CRITERIA FOR MINIMIZING ASPHALT HARDENING

Analysis of data on the aged and unaged mixes indicated that criteria
for the selection of an optimum asphalt content for an age-resistant mix
would be different than those criteria currently in use (Reference 15).
Aged and unared stability and flow data, aging indices, and retained pene-
tration indices were examined to set preliminary criteria based on the 7-day
accelerated aging test at 225°F.
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Based on test data, the following laboratory criteria are presented:

Void requirement of 2-4 percent

Unaged flow less than or equal 16

Minimize aging index

Retained penetration index of at least 0.50

Current practice for bituminous mix design is based on regular frequency
of pavement use while an alternate launch and recovery surface is assumed to
be used irregularly and to stand idle most of the time. The voids require-
ments were reduced to improve durability. The second criterion is the same
as current practice. This requirement will assure that the surface will not
have a great tendency to displace under loads.

Minimizing the aging index, based on the accelerated aging test, should
minimize the effect of asphalt hardening and decrease long-term brittleness.
At this pcint in the use of aging indices, there were not enough data to quan-
tify or place a number on a minimum aging index.

The retained penetration index of 0.5 can be used to check adequacy of
the mix at a design asphalt content. This value was determined by application
of the first three criteria to the data of this study and noting the minimum
retained penetration index. .
A review of the data in Tables A-16 and A-17 indicated that of the mixes
tested, several met the criteria. The acceptable mixes are listed below:

Medium-graded limestone and Southland AC 20 asphalt at 5.5 percent
by weight (13.0 percent by volume).

Fine-graded limestone and Southland AC 20 asphalt at 6.5 percent by
weight (15.2 percent by volume).

Medium-graded limestone and Texaco AC 20 asphalt at 5.0 and 5.5 per-
cent by weight (11.8 and 13.0 percent by volume).

Medium-graded gravel and Southland AC 20 asphalt at 8.0 percent by
weight (17.8 percent by volume).

Coarse-graded limestone and Southland AC 20, 5.5 percent by weight
(13.0 percent by volume).

liedium-graded limestone and Texaco AC 5, 5.5 percent by weight
(13.0 percent by volume).

Instances will occur when either there will not be a choice between
asphalt types or producers, or aggregate type, or when facilities are not
available to perform accelerated aging tests. In either case, current
guide specifications, such as "Guide Specifications for Military Construction -
Bituminous Intermediate and Surface Courses for Airfields, Heliports, and
Tank Roads (Central - Plant Hot-Mix)," will have to be modified.
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New sections and/or notes, discussing mix composition and construction
to minimize asphalt age-hardening, should be made an optional part of the
guide specifications. They should present previously discussed preliminary
mix criteria or any future revisions to the criteria, and provide general
guidance on field construction of this type of asphaltic concrete. Field
construction comments should address the need for determining basic physical
property data, such as voids and density, that could be readily used as an \
indirect indicator of relative mix-hardening potential.

In those instances where aging tests have not been performed on an asphalt .
mix prior to construction, a maximum air void limit on the field-compacted .
mix of 6 percent should retard the rate of asphalt hardening.

E. SUMMARY 3

1. An accelerated aging test was developed and performed on several X

. o
mixes. 1Its 225 F temperature exposure for 7 days should represent the )
equivalent of several years of natural exposure. Data indicated the pro- X
cedure to be equivalent to 8-15 years exposure at Wright-Patterson AFB.

2. Asphalt-hardening indices were developed and used as indicators of -
asphalt aging or hardening. Penetration test results were used to indicate
asphalt hardening. Heating and mixing index indicates asphalt hardening due 4
to combined effects of heating asphalt cement prior to mixing (with aggregate)
and the mixing operation. The aging index represents environmental hardening
due to exposure., Finally, the retained penetration index represents the
general relationship of asphalt hardening ratio between an aged asphalt in
a mix and the virgin asphalt. Asphalt was recovered from mixes after the
mixing process and after accelerated aging and penetration test results
were evaluated with respect to initial penetration values.

3. Based on mix properties of both aged and unaged specimens, preliminary
criteria for mix design of age-resistant pavements were presented.

F. CONCLUSIONS AND RECOMMENDATIONS

The following conclusions are made: .

1. Aging index or degree of asphalt hardening caused by aging was found
to be inversely related to asphalt content by volume. In other words, the
amount of aging decreases as the asphalt content increases. -

2. The use of higher penetration asphalt cements results in mixes with
high penetrations after aging.

3. The source of asphalt cement does affect the performance of asphalt
mixtures when subjected to the oven-aging test. X

4. A change in aggregate gradation does not directly affect the oven— .
aging performance; however, a change in gradation usually requires a change ’
in asphalt content which does affect aging performance. A gradation should y
be selected (within limits) which requires the maximum asphalt content to be ‘
added to the mixture.
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5. The air voids in a mixture does affect the aging performance. The
air voids should be minimized (within limits) by use of more asphalt cement
or improved compaction of mixture.

%
4

s )
:{: The following recommendations are made:
~ 9
Fg 1. The present requirements for airfield mixtures which require 3-5
3 percent voids in the total mixture should be changed to require 2-4 percent.
* The voids filled with asphalt requirements which now require 70-80 percent g
should be changed to 75-85 percent. These requirements are for mixes made 3
R with nonabsorptive aggregates.

2. The present gradation requirements should be adopted for the ALRS
asphalt mixtures. The requirement for the amount of material passing the
number 200 sieve is 3-6 percent. It is desirable to maintain the amount of
material passing the number 200 sieve on the low side of these requirements.

C -

3. 1If two or more sources of asphalt cement are available, these asphalt
cements should be tested in the laboratory to determine their aging charac-
teristics before selecting the final source.

4. The amount of voids in the in-place (field-compacted) AC should not
exceed 6 percent.

5. Additional accelerated aging tests, based on the method and indices
developed in this study, should be conducted on a broader range of aggregate
types and asphalts, including absorptive aggregates.

Loa i 2 g v T ol S EA LKL S CEB

6. Field correlations should be made based on laboratory aging test

2 results. Test sections should be designed and constructed based on laboratory
0 work. Later, periodic testing of field mixes can be done to correlate field
- aging with laboratory aging.
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SECTION VI ' ‘
FROST DESIGN PROCEDURE FOR THE ALRS PAVEMENTS 4

A. INTRODUCTION I

In many areas where ALRS are necessary, the pavement system and subgrade
soils will experience seasonal freezing. The upper layers of the pavement "
system may also experience several freeze-thaw cycles during the winter.
Therefore, the pavement system must be designed to preclude excessive
roughness due to frost heave. It must also be capable of sustaining the
design traffic loads and number of coverages during periods of reduced sub-
grade strength due to thaw weakening.

This section contains information and data on three primary subjects:
1. Design and mean air freezing indexes for selected locations;

2. Results from laboratory frost-heave tests on soils from Air Force
bases where the traffic tests discussed in Section IV were conducted; and

3. Thickness requirements for several typical pavement cross sections
which may be used for ALRS.

B. FREEZING INDEX

The air freezing index is a measure of the severity and duration of sub-
freezing temperatures observed during a freezing season. A numerically
larger freezing index generally results in a greater depth of frost pene-
tration and potentially greater frost heave.

If a significant thickness of the subgrade soil becomes frozen, the
depth of frost penetration may not be extremely important when the soil loses
its strz.:th upon thawing. On the other hand the prior frost depth may be
import#iz during thawing because a frozen layer beneath the thawed soil will
restrict, or eliminate, downward vertical drainage. As a result the thawed
soil may remain in a weakened condition until the previously frozen soil is
entirely thawed. .

The first phase of this study was to develop design air-freezing index
values for 13 locations in the United States, Germany, and Korea. The
design air-freezing index is the average of the three coldest winters in -
the last 30 years using the computational method in Reference 21. If 30
years of record are unavailable, the maximum air-freezing index for the
latest 10-year period may be used or the design freezing index may be based
. on an intermediate period of record longer than 10 years but less than 30
® years. The latter alternative was used in this study, as described below.

s A

The 13 locations where air-freezing indices were determined are shown
in Table A-18. The sites in Germany and Korea are candidates for ALRS and
the US bases provide environmental conditions, i.e. design freezing indices
approximately equal to those observed at the foreign bases. Field studies
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discussed in Section IV were conducted at two of the US bases where air-
freezing indices were computed. Data in the table also indicate the period
of the temperature record at each location, the mean air-freezing index and
the largest, second largest, and third largest air-freezing index at each
location. The last column in the table illustrates the design freezing index
recommended for each site. Wright-Patterson Air Force Base, Ft. Devens,
Bitburg Air Base and Kusan Air Base are the only locations where at least
30 years of air temperature records are available. At these four locations
the average of the three coldest winters was used to compute the design
freezing index. At all of the other sites, the average of the two coldest
winters was used to obtain the design air freezing index. Design air-
freezing indices in Table A-18 are larger than those listed in Reference 1
for many of the same sites. Since data in Table A-18 were obtained from
air temperature measurements made at the base or from a nearby site where
air temperatures were measured, we are confident that these data represent
conditions at the site. We do not know how the German Ministry of Defense
developed the design indices presented by Barker, et al (Reference 1), and
therefore cannot explain the exact causes of the differences. Some possible
reasons for the differences are: a different method of determining design
air freezing indices, use of data from locations not representative of the
air bases, and use of data from a different time period.

The six sites in Germany and the two sites in Korea are also discussed
in Reference 1. The sites in the United States were chosen by the U. S.
Army Engineer Waterways Experiment Station and Air Force personnel to
provide test areas having environmental conditions similar to those in
Germany and Korea.

The smallest design air-freezing index of the locations studied is at
Zweibrucken Air Base, Germany. The largest design air-freezing index is at
the Seneca Army Depot in New York. The freezing index at Whiteman Air
Force Base, Missouri, is approximately equal to indices at Hahn Air Base,
Ramstein Air Base and Sembach Air Base in Germany.

Wright-Patterson Air Force Base, Ohio, has a design air-freezing index
similar to that of Osan Air Base, Korea. None of the bases in the United
States which were included in this study experiences the mild design winters
exhibited at Bitburg Air Base and Zweibrucken Air Base in Germany or Kunsan
Air Base in Korea.

C. FROST-SUSCEPTIBILITY TESTS

The standard frost-susceptibility test used by the U. S. Army Corps of
Engineers consists of a single cycle of frost penetration into the 6-inch
diameter by 6-inch long sample (Reference 22). Duplicate samples of each
material are frozen and then the samples are normally cut or fractured
longitudinally after freezing. One part is retained to observe, measure,
and photograph ice distribution and the other is normally cut or broken into
horizontal layers approximately l-inch thick to quantify the water distri-
bution after freezing. For this study, the procedure described above was
followed for one sample and the second sample was allowed to thaw and drain
at a temperature of about 70°F for 12 to 24 hours; at that time a laboratory
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California Bearing Ratio (CBR) test was conducted on the sample. After the
CBR test, the second sample was divided into l-inch-thick layers and the
moisture content of each layer was obtained.

The grain-size distribution curves for the soil material, taken from the
test features at Wright-Patterson AFB are shown in Figure B-18. The materials
labeled WP-1 (a base course material) and WP-3 (subgrade) were used to con-
duct the standard frost-susceptibility tests.

Figure B-19 contains the grain-size-distribution curves for the soil
material obtained from the test locations at Whiteman AFB. Standard frost-
susceptibility tests were conducted on the subgrade soils labeled W~2 and
W-3. Duplicate samples of each material were also frozen and then sectioned
to obtain moisture content distribution.

Table A-19 contains results from all of the laboratory frost-heave tests,
and Table A-20 shows CBR results after thawing. Since all of the soils
tested contain a significant amount of clay, results from the laboratory
frost-heave and thawed CBR tests would probably have been different if the
samples were subjected to two or three freeze-thaw cycles. The additional
freeze-thaw cycles would have probably caused higher heave rates and lower
CBR values after thawing.

None of the materials from Wright-Patterson AFB heaved significantly.
The frost-susceptibility classification ranged from low to negligible.

The soils from the subgrade samples from Whiteman AFB also heaved very
little. Frost-susceptibility classification of the four samples ranged from
negligible to very low.

D. THICKNESS REQUIREMENTS

Frost heave may occur during the inter resulting in deformed pavements.
During freeze-thaw cycles and especially during spring thaws, the supporting
capacity of pavements may be severely weakened. Therefore, in seasonal
frost areas the thickness design process for pavements must consider two
effects of frost action. Two methods are used to determine the thickness of
pavements which will provide adequate resistance to distortion by frost
heave, and cracking and distortion under traffic loads caused by seasonal
reduction of supporting capacity. The two methods are the limited subgrade
penetration method used primarily to control pavement roughness; and the
reduced subgrade strength method which provides adequate strength in the
pavement, base, and subbase to carry the design traffic when the subgrade is
severely weakened durlng spring thaws. When the design air-freezing index
exceeds about 300 to 400° F-days, the reduced subgrade strength procedure
will generally provide the least expensive design for loads corresponding
to the F-4 and F-15 aircraft.
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Based on recommendations outlined in this report the following two
requirements for ALRS pavements have been established: (1) minimum thickness
of asphalt concrete surface is 2 inches, and (2) the upper 6-inch layer of
base course will have a minimum 100 CBR. !

Yol 1. Base Course and Subgrade Preparation

Base course and subgrade preparation requirements in Reference 21
' must be met also. These requirements are summarized below:

a. At least 4 inches of free-draining material shall be placed N
e directly beneath the lower layer of bound base or the paved surface.

Material in the 4-inch layer must meet base course requirements and contain

no more than 2 percent by weight passing the number 200 sieve.

‘ ] b. The top 50 percent of the total thickness of granular unbound
~ base must be non-frost—susceptible (NFS) material containing not more than .
e 5 percent by weight passing the number 200 sieve. §

- c¢c. The lower 50 percent of the total thickness of unbound base may
A be either NFS material or S1 or S2 material.

t:f d. If subgrade freezing occurs, the lower 4-inch layer of base

. course or subbase which is in contact with the subgrade must meet the require-
- ments for a filter over the subgrade. Alternatively, a geotechnical fabric
T may be used as a filter.

( e. The depth of subgrade preparation is governed by the design
freezing index and the thickness of pavement, base course, and subbase. The
depth of preparation, i.e. mixing and blending, is the lesser of 24 inches
or, for ALRS pavements, two-~thirds of the pavement, base course, and subbase
thickness required to prevent the subgrade from freezing.

f. Stabilized layers may be used but they must meet durability tests
requlred in Reference 21. 1In addition, when Portland cement, lime or lime- ‘
cement-fly ash stabilizers are used, they must be placed sufficiently early
in the construction season to allow adequate strength development before
subfreezing temperatures occur.
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g. Thermal insulating layers may be used to protect the subgrade
from freezing or to limit the penetration of frost into the subgrade.

?
o %,
Cod

e h. Membrane-encapsulated soil layers (MESL) may be used to limit
. or prevent frost action in the subgrade.

.' 2. Limited Subgrade Frost Penetration Method

: This design procedure is used to control pavement roughness due to
ot frost heave by limiting the depth of frost penetration into the frost-

N susceptible subgrade. When unusually high standards of surface smoothness
Az are required, or when thermal insulation is used, prevention of frost

.r penetration into the subgrade may be desirable, thus allowing complete
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:: protection of the subgrade from freezing. If thermal insulation is used,

s complete protection may be economical; otherwise, the extra cost of providing

complete protection will not be appropriate for ALRS pavements.

Figures B-45, B-46, and B-47 may be used to determine the pavement
thickness when applying the Limited Subgrade Frost Penetration method.
Figure B-45 or B-46 is used to compute the depth of pavement, base course,
and subbase required to completely protect the subgrade from freezing. This
depth is then used with Figure B-47 to determine the thickness of pavement,
base course, and subbase which will acceptably limit frost penetration into
the subgrade,

Data from Figure B-45 indicate that if the design air freezing index -
is 3000F—days, the average dry density of the base and subbase is 135 pounds
per cubic foot and the average water content of the base and subbase is
7 percent, the thickness of pavement, base, and subbase required to prevent
freezing into the subgrade is 26 inches. Since the pavement thickness is
2 inches, the thickness of base and subbase to prevent freezing into the sub-
grade is 24 inches. This thickness is then used in Figure B-47 with the
ratio of subgrade moisture content to the moisture content of tHe base and
subbase (r-value) to obtain a design base thickness. If the average.water con-~
tent of the subgrade is 14 percent, the r-value is 14/7 = 2, Thus the necessary
combined thickness of base and subbase is 16 inches. Frost penetration into
the subgrade would be 4 inches in the design winter. If other reasonable
combinations of bhase and subbase densities and moisture contents and subgrade
moisture contents are used, the design combined base and subbase thickness
will be about 14-16 inches for a design air-freezing index of 300°F-days.
Greater design air~freezing indices will result in greater required combined
thicknesses of base course and subbase.

Figures B-48 through B-53 were prepared primarily to estimate the
depths of frost penetration which could be anticipated beneath various types
and thicknesses of pavements designed for the ALRS. Figures B-48 and B~49
relate the surface freezing index and frost penetration for other thicknesses
and densities of base course. For asphalt concrete pavements without insu-
lating layers, the modified Berggren equation (Reference 23) was used to
compute the frost depths in the figures. For asphalt concrete pavements
without insulating layers, air-freezing indices were multiplied by 0.75 to -
obtain surface freezing indices. A 3-inch thick pavement was assumed for the
calculations. Although the current ALRS design requires a 2-inch thick pave-
ment, the difference in maximum seasonal frost penetration beneath 2-inch
and 3-inch thick pavements is insignificant. Data in Figures B-48 and B-49 -
are not to be used for design purposes, but are presented to illustrate the
maximum depths of frost penetration beneath pavements having different base
course properties and tticknesses. For a given freezing index the total
frost penetration depths are greater for thicker base courses. The frost
depths are also greater for the high density, low-moisture content material
in Figure B-48 than the lower density, higher-moisture content gravel in
Figure B-49.
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Figure B-50 illustrates frost penetration depths beneath asphalt
concrete pavements placed directly on membrane-encapsulated soil layers
(MESL) of different thicknesses. Since the thermal energy required to
freeze the water in 1 cubic foot of MESL is only slightly less than the
thermal energy required to freeze the water in 1 cubic foot of the subgrade
soil, the thickness of MESL having thermal properties used in this example
has little effect on the total depth of frost penetration.

Figures B-51, B-52, and B-53 illustrate the effects of different
thicknesses of extruded polystyrene insulation and gravel on the depth of
frost penetration. Note that for insulated pavements the surface-freezing
index is 90 percent of the air-freezing index, compared to 75 percent for
uninsulated pavements. Frost penetration depths in Figure B-49 and Figures
B-51 through B-53 can be compared to evaluate the effect of using an insu-
lating layer beneath a layer of gravel. The ameliorating effect of insulating
layers on frgst penetration depths is evident for freezing indices greater
than 100-300 F-days, depending on the thickness of gravel above the insulation.

3. Reduced Subgrade Strength Method

This design procedure was developed to assure that pavements in
seasonal frost areas would contain a sufficient thickness of pavement and
base course to sustain the design traffic during thaw weakened periods.

This design procedure for flexible pavements is the same as the CBR
design procedure used in pavements not affected by frost action with one
important difference. In seasonal frost areas each soil type is assigned
to one of four frost-susceptibility classification groups. Each of these
groups is assigned a frost-area soil support index (FASSI) (Table A-21)
which is used like a CBR in designing flexible pavements.

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 experienced 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 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 were only
2.0 after thawing, pavements designed with the FASSI may fail due to inadequate
thickness. The pavement thickness for a frost-area soil support index of 3.5
is 14.5 inches (Figure B-54) when the aircraft gross weight is 60,000 pounds
and the design traffic is 150 passes. For the same aircraft and amount of
traffic, a pavement thickness of 18.5 inches is required over a subgrade
having a CBR of 2.0.

A question which may be raised is that if ALRS pavements are 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

37

[ R PP

i d

| A TSI SRV "l PRt Su W

ek b A

g
-
N
»




- -...\_..-.‘-._.-J‘..._:,V.V:.-'-\\ "ﬂ.v AR ‘v.-‘.‘ L ‘.- aw v :-1. AR ﬁ*wwf Iy V'T""‘F"'a' 1, -._. T T TR ,’,.-_,.' Rt A AR R _‘}

------

T -

)
L L

WA

o o)

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. 1In the
example given on the previous page, the gross load of the aircraft would have
to be reduced to about 38,000 pounds 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 pounds, before failure of
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the 14.5-inch-thick pavement is about 50. g
=

Chamberlain (Reference 24) stated that the thaw period for in-service ‘ !.

highway pavements studied by Schrivner (Reference 25) ranged from a few days }:
to 2 weeks but the time for the pavement to reach a deflection which was N
only 20 percent greater than the fall deflection was 35 to 60 days. Unfor- )
tunately, no data are available to estimate the period of time when the CBR ;1
of the subgrade may be less than the FASSI. Also, no extensive correlation =

between laboratory and field CBR values after freezing and thawing has been
conducted. The period of recovery from a thaw-weakened condition is influ-
enced by the hydraulic properties of the soil. For example, a sandy silt
will probably drain excess water and recover its strength more rapidly than
a highly plastic clay because the clay has a lower permeability. When roads
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.

Recently Chamberlain (Reference 26) has developed a laboratory frost-
susceptibility test which includes a CBR test made subsequent to two freeze-thaw
cycles and a CBR test. Behr (Reference 27) has advocated a similar test and
the roads and highways in West Germany are now designed, using a laboratory
test which includes freeze-thaw cycles and a CBR test. The laboratory frost-
susceptibility test developed by Chamberlain is conducted in a severe
environment for the soil. The soil specimen is 6 inches long and a water
supply is maintained at the base of the sample. The CBR obtained in this
test may be lower than the minimum CBR exhibited by the same soil in the
field unless the water table is near the top of the subgrade. On the other
hand, repeated freeze-thaw cycles on actual pavement systems may, under .
particularly adverse conditions, result in CBR values similar to those
measured in the laboratory test. The probability that the ALRS pavements
will receive essentially no traffic to recompact the subgrade from year to
year represents one such adverse condition.
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Although the preceding argument would support a contrary position,

<. the U. S. Army Cold Regions Research and Engineering Laboratory (CRREL)

. recommends that the tentative design of the ALRS pavements in seasonal frost
areas be based on the recommended FASSI values listed in Table A-21. Reasons

W0 R OEROAA

ou for their recommendations are: the FASSI values were developed using results

:}: from field test sections incorporating lower quality base course materials

ORK than currently specified; the low probability that the time of use will be :q

:2 coincident with a winter equal to or greater than the design freezing index; N
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{;: the low probability that the time of design traffic will be coincident with h
e the period when the subgrade is in its weakest condition; and the overall {
L~ conservatism of the CBR design method. b
Y 1
oy Large-scale studies wherein traffic will be applied while the subgrade ’
}:ﬁ is in its weakest condition, during the thawing period, are planned. Results y
i~ from these tests will indicate whether this tentative design is adequate. E
,:| The planned tests include only one cohesive subgrade soil and three pavement 3
~O cross sections. However, additional tests to determine the extent and i
* duration of thaw-weakened conditions beneath in-service runways and taxiways 5
=7 are recommended. These tests should include a comprehensive combined field i
A and laboratory study. Hydraulic and strength properties of the soils should "
ij- be evaluated in the laboratory and on in-service pavements. Observations ‘]
e should include locations of frozen and thawed zones with time and pore water K
p.- pressures (suctions) with time and depth. Field-strength tests on the pave- -]
‘ ments should be made with a falling weight deflectometer and testing should '
-~ be conducted for at least 2 to 6 weeks while the soil is thawing and ?
;\3 recovering in the spring. Perhaps a study of the performance of shoulder 3
o pavements during thawing periods would be of most benefit to the design of K
‘itf ALRS pavements. This additional information will reinforce any decision J.
- which may be made to reduce the FASSI values now recommended for ALRS pave- 3
'.' ments subjected to seasonal freezing and thawing. v
i:j Figure B-54 should be used for tentative design of ALRS pavements in
::; seasonal frost areas. The required thicknesses of flexible pavements are R
fﬁ: listed in Table A-22. The thicknesses are based on FASSI values listed in

Table A-21, and a gross aircraft weight of 6,900 pounds for 150 passes as
{ shown in Figure B-54,

.}; Subgrade preparation may also be necessary in some situations.

~ Processing of the subgrade will include scarifying, excavating, blending,
’ and compacting. As required by TM 5-818-2 (Reference 21), the required
]

.4 depth of subgrade preparation will be the lesser of either 24 inches or
vy two-thirds of the frost penetration depth given by curves in Figures B-45
= or B-46 minus the actual combined thickness of pavement, base course, and
- subbase. The depth of subgrade preparation is measured downward from the
top of the subgrade.

.
[ RAPPIAYF

- For example, assume that the design air-freezing index at a hypo-
e thetical Air Force base is 600°F—days, the average density and moisture content
%! of the base and subbase are 135 pounds per cubic food and 7 percent, respec-
~ tively, and the subgrade is a lean clay, F4. Frost would penetrate to a
e depth of 40 inches in a gravel embankment in this environment (Figure B-45).
- Two-thirds of this amount is 26.4 inches and the required thickness of
- flexible pavement, base, and subbase from Figure B-54 or Table A-22 is 14.5
= inches. Therefore, the subgrade would be scarified and blended to achieve
'._ a more uniform condition for a depth of (26.4 inches - 14.5 inches) 11.9
inches.
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E. CONCLUSIONS

Of the 13 Army and Air Force bases examined in this section, only
Zweibrucken Alr Base, Germany, is exposed to a design glr freezing index
less than 400°F- -days; its design freezing index is 231 F-days.

The CBR of the subgrade soil (CL) from Wright Patterson AFB after one
laboratory freeze-thaw cycle was 4.8. The in situ CBR measured during the
summer traffic testing ranged from 10.5 to 13.8. The laboratory CBR of '
this same material at optimum density and moisture content was 48.

The limited subgrade frost penetration design procedure may provide
the most economical ALRS pavements at Zweibrucken Air Base, whereas at the
other bases the reduced subgrade strength design procedure will provide the
most economical pavement designs.

The minimum thicknesses of ALRS pavements and bases over subgrades
including Frost Groups F1 and S1 is 8.5 inches; over F2 and S2 subgrades the
minimum thickness is 10.5 inches; and over F3 and F4 subgrade soils the
minimum thickness is 14.5 inches. If the normal period CBR is less than the
FASSI for a particular subgrade soil, the normal period CBR will be used for
design and will result in pavement thicknesses greater than these.
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SECTION VII
ANALYSIS AND DISCUSSION OF RESULTS
A. GENERAL

In the design of airfield pavements, the two environmental factors of
concern are temperature and moisture. Temperature and moisture are the
primary variables that affect the material properties of pavement systems.
Some of the distresses in AC surfaced pavements (Reference 28) related to
temperature and moisture either singularly or in combination are:

Potholes

Loss of cover aggregates
Raveling

Weathering

Alligator cracking
Reflective cracking
Shrinkage cracking
Shoving

Frost heave

With the exception of potholes, shouving, and frost heave, these distresses
were observed in the pavements tested at Wright-Patterson AFB and Whiteman AFB.
An actual ALRS pavement in Germany was surveyed for distresses. Results

are presented below.

.' .l 'I .' % ‘. ..
GO A AN

B. HAHN ALRS CONDITION SURVEY

During April 1982, a condition survey was conducted on an existing ALRS
pavement at Hahn AB, Germany, for determination of type, amount, and
severity of distresses. The pavement facility at Hahn is 5,200 feet long
by 50 feet wide and was constructed during late Fall 1978. Construction
weather conditions were very poor. The structure of the pavement (Figure B-55)
consisted of 3 inches of AC over 15 inches of aggregate base. Material
specifications are shown in Table A-23. The AC was placed in two layers.
Samples taken during the survey indicated two layers of 1 1/2 inches in
thickness which agrees with the material specifications but not the con-
struction drawings (see Figure B-55).

The Pavement Condition Index (PCI) procedure (Reference 8) was used to
evaluate the pavement. The average PCI for the feature was 86 or excellent.
The predominant distresses located were block cracking (1.3 percent of area),
and raveling or weathering (1.l percent of area). Severity levels for dis-
tresses were low or medium. Other distresses in small amounts consisted of
depressions and longitudinal and transverse cracking. Although a french
drain was indicated on the construction drawing, there was standing water
along the sides of this runway (Photo C-55). A structural evaluation was
not made but the base was probably saturated and this would contribute to an
early failure.
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Samples of the AC surface along the edge of the pavement were collected
and tested in the laboratory. Results are presented in Table A-24. The
test results indicated that the recovered asphalt cement penetration was 64
in the surface and 104 in the binder course. The difference in the pene-
trations for the two layers is reasonable, since the surface course is
exposed to the atmosphere and therefore ages faster. These penetration
values are higher than normally expected for asphalt concrete that is 4
years old but this is probably a result of high initial AC penetration
(approximately 200 penetration). These high-penetration values are desired
for these climatic conditions to prevent pavement damage such as cracking
caused by the environment.

Additional laboratory testing of the mixture indicates that the mix
properties are generally satisfactory. The flow is higher than the maximum
specified for airfield pavements which may be caused by excessive asphalt
content or, possibly, the high amount of material passing the number 200 sieve.
Properties such as stability, voids in the total mixture, and voids filled
with asphalt are all within the suggested range for airfields. The asphalt
mixture should provide good performance from environmental effects; however,
a large volume of traffic may result in rutting due to the soft asphalt and
high asphalt content.

The ALRS pavement at Hahn AB is in excellent condition. Distresses such
as raveling were noted and indicate the need for a seal coat probably within

the next 2 years, Surface drainage is a problem and should be corrected
by ditching.

C. BASE COURSE EVALUATTIONS

Since failure occurred in pavements tested at Wright-Patterson and
Whiteman AFBs earlier than expected because the base course had not main-
tained the design strengths, a review was made of pavement evaluation reports
for airfields in the Federal Republic of Germany (References 29-31) and the
Republic of Korea (References 32-38). Only flexible pavements were considered.
Data extracted from these reports are presented in Table A-25.

Most pavements found in the German evaluation reports contained a portland
concrete cement layer. Those base course properties shown in Table A-25 are
for sands (SP, SP-SM, SM, SC, and SM-SC) therefore would not be classified
as a high-quality base course material. The inplace densities, where avail-
able for comparison, were all higher than the CE-55 densities, but for those
with CBRs less than 80, the water content was higher than optimum frum CE-55
compaction tests. Since the German materials are not classified as high-
quality bases, it cannot be concluded that the base course CBR would be
lower than 80. However, examples are shown where CBRs exist under 3-5-inch
thick AC surfaces in the range of 20 to 50. Water contents in some cases
are 1.2 to 4.6 percent above CE-55 optimum.

The Korean pavements are not as old as the German pavements and the bases
have properties of a high-quality material. Water contents are lower than
CE-55 optimum as well as inpldce densities in some cases. Seven of the 11
base course strengths were less than 80 CBR. Of these seven base courses,
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the densities of five were less than 100 percent of the CE-55 compaction test.
The densities after construction are unavailable; therefore, it cannot be
determined whether these low strengths are from construction or from the
environment. These data do indicate a high probability that the inplace base
course strengths will be less than 80 CBR, Furthermore, the importance of

construgtion quglity control, pertaining to grain size distribution and
compaction requirements, is emphasized by these results,

Since ALRS pavements are not to be trafficked, no indication of loss of
base course strength will be seen. In permanent airfield pavements surface
distresses, such as alligator cracking or slight rutting, will indicate a
structural problem which can be corrected with maintenance. In ALRS pave-
ments, a structural evaluation must be conducted periodically to determine
if loss in strength has occurred. Nondestructive testing offers a rapid,
inexpensive means to structurally evaluate ALRS pavements. NDT data have
been collected on ALRS type pavements and are presented below.

D. NONDESTRUCTIVE TESTING OF TRAFFIC TEST ITEMS

A falling weight deflectometer (FWD) was used to determine the pavement
deflections before, during, and after traffic tests on the traffic test
section and the pavements that were environmentally aged.

The FWD, which was used in this study, is a Model 8000 manufactured by
Dynatest Consulting. A dynamic force is applied to the pavement surface by
dropping a 440-pound weight onto a set of rubber cushions which results in
an impulse loading. The applied force and pavement deflections are measured
with load cells and velocity transducers. The drop weight can be varied
from O to 15.7 inches to produce a force from 0 to 15,000 pounds. The load
is transmitted to the pavement through an 11.8-inch diameter plate. The
data acquisition equipment displays the resulting pressure in kilopascals
and the maximum peak displacement in micrometers. As many as three
displacement sensors may be recorded at one time.

FWD data collected were deflection basin measurements. Displacements
were measured on the load plate and at distances of 12, 24, 36, and 48
inches from the center of the load plate. Be‘ause this particular model
has only three transducers for deflection basin measurements, the five
deflection points were obtained by dropping the weight twice and shifting
the transducers to the additional spacings.

Data collected during testing of the three items of the test section are
shown in Table A-26. Data from Wright-Patterson and Whiteman pavements are
shown in Table A-27. Although detailed analysis of all the FWD data is not
within the scope of this study, it should be recognized that the FWD was
used to select the pavements tested at Wright-Patterson and Whiteman AFBs.
The deflection measured at the center of the plate was correlated to passes
to failure. Figure B-56 illustrates two relationships between passes to
failure (3-inch rut depth) and plate deflection before trafficking. The
reason for the two relationships is due to asphalt being stiffer in the aged
pavements therefore giving less deflection. These relationships are simple
indicators of pavement performance without the use of detailed analysis.
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More detailed analytical methods can be employed for analysis of the
pavement layers using NDT data. ’

One method is to model the pavement as a layered elastic system. FWD
deflections can be used with a multilayered elastic program such as the
Chevron program (Reference 39) to predict the modulus values. With the values
and the known loading conditions for the F-4 aircraft, the strain at the top
of the subgrade can be calculated and the total repetitions to failure can
be estimated. Limiting strain criteria have been developed for airfield ¢
pavements (Reference 40) but do not include the low traffic passes that ALRS
pavements are designed for., Using back-calculated modulus values in the
limiting subgrade strain was calculated for all traffic test items. These
are illustrated in Figure B-57. The single line extending through the points
was extrapolated from the multiple lines reported in Reference 40. The
greatest deviation from that line is the DBST pavements.

NE N N ol PR GERRNESY Mgl A A

In summary, the FWD is an excellent device to predict the structural
performance of ALRS pavements. Whether simple correlations or detailed
analyses are used, a'go'or'no-go''can be determined for aircraft operations.

E. COST COMPARISONS

The cost of constructing a 50-foot by 5000-foot runway in Germany and
Korea is compared for three pass levels and for condition of nonfrost and

frost design. Unit in~place costs for construction in Korea are given in
Table A-28, A conversion of 700 Korean won to 1 US dollar was selected.

Unit in-place costs for construction in Germany are given in Table A-28., A
conversion of 2,46 Deutsche marks to US dollar was used,

Cost comparisons for pavements for pass levels of 150; 50,000; and
300,000 for Germany and Korea are furnished in Table A-30. Air Force Manual
88-6, Chapter 1, ''General Provisions for Airfield Design," specifies 300,000
passes of the specified lightweight aircraft (in this case the ¥-4) for
conventional light load airfield pavements. It specifies 50,000 passes of
the specified medium weight aircraft (for example, a C-141) for conventional
medium load airfield pavements. Past AFESC cost comparisons, which indicated
that the cost of the basic pavement structure of an ALRS were approximately
one-third the cost of a "conventional" airfield pavement, used a portland
cement concrete medium load airfield pavement in the comparison. This type
of pavement is typical of those at air bases in USAFE (for example, Hahn AB).
In the frost design procedure, the design for reduced subgrade strength .
controlled for the 150-pass level design. For the 50,000- and 300,000-pass
level designs, the limited subgrade frost penetration design controlled.

Maintenance requirements for both permanent and ALRS pavements would be
similar. An exception would be that the ALRS would require rolling with a
multiwheel roller at least once a year after the spring thaw. Seal coats
should be applied to the ALRS at 5 to 7 year intervals but probably are
also needed on the permanent pavement. Permanent pavement maintenance
would include painting, rubber removal, major rehabilitation (overlays, etc.)
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and crack sealing (possibly in lieu of a seal coat). These requirements are
related more to mission requirements (or change in mission requirements) and
do not seem to apply .in comparing life cycle costs. Therefore, the initial
cost appears to be the controlling factor in a comparison of permanent to ALRS
pavements.
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SECTION VIII

CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS
The following conclusions are presented:

1. Previous testing of thin asphaltic concrete (AC) surface treatment
pavements had been conducted with tires with greater than 200-square inch
contact areas or loads much less than expected for ALRS pavements. Results
showed that the surface treatments or thin AC surface layers were capable
of sustaining rolling wheel traffic but that skidding and turning were .
detrimental to surface treatments.

2. The minimum AC surface thickness requirements for an F-4 aircraft
for 150 passes can be reduced from 3 inches to 2 inches.

3. A surface treatment will not support an F-4 when the pavement
structure is designed for 150 passes.

s »
Satela .
rere

2" 4

4. A surface treatment subjected to environmental aging will break up
under F-4 traffic and cause a foreign object damage potential for the air-
craft engines.

5. For AC-surfaced pavements designed for minimum traffic levels, the
base course is the critical component.

6. Aging index or degree of asphalt hardening due to aging was found
to be inversely related to asphalt content by volume. In other words, the
amount of aging decreases as the asphalt content increases.

7. The use of higher-penetration asphalt cement results in asphalt
cement having a higher penetration after aging.

8. A change in aggregate gradation does not directly affect the
laboratory-aging performance; however, a change in gradation usually requires
a change in asphalt content which does affect the performance. A gradation -
should be selected (within limits) which requires the maximum asphalt con-
tent to be added to the mixture.

@
-
5aS 9. The reduced subgrade strength design procedure will provide the most -
f:f. economical design for the majority of ALRS pavements in Germany and Korea.
-0 ]
f:d 10. The base course strength of ALRS pavement will probably be less than
i?L 80 to 100 CBR after environmentally aging for 5-15 years.
-5«
:fx 11. Nondestructive pavement testing offers a rapid economical means of
§§E periodically determining a 'go" or '"no-go" for aircraft operations.
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12. The cost of constructing AC-surfaced ALRS pavements designed for 150
passes of the F-4 aircraft will be approximately 60 percent of the cost of
constructing permanent pavements designed for 300,000 passes of the F-4.
This cost comparison is based upon costs for the basic pavement structure
alone, assuming a level site. Not included are earthwork, drainage, utility
relocation, NAVAID relocation, and other associated costs. When these costs
are included, the percent difference in cost between ALRS and conventional
pavements will be something less than 40 percent.

B. RECOMMENDATIONS

The following recommendations are presented for design, construction,
and maintenance of ALRS pavements for 150 passes of an F-4 aircraft with a
gross load of 60,000 pounds.

1. Design

The design procedures outlined in Department of the Navy, the Army
and the Air Force, 'Flexible Pavement Design for Airfields,”" (AFM 88-6,
Chapter 2) (Reference 7) and Department of the Army and the Air Force,
"Pavement Design for Seasonal Frost Conditions,'" (Draft AFM 88-6, Chapter 4)
Q . (Reference 21) should be followed. Exceptions and special requirements
recommended are:

e
l\ ..l l‘

4

a. The minimum asphalt surface thicknesses be reduced to 2 inches.

b. The present requirements for airfield mixtures which require
3-5 percent voids in the total mixture should be changed to require
2-4 percent. The voids filled with asphalt requirements which now require
70-80 percent should be changed to 75-85 percent.

c¢. The present gradation requirements should be adopted for the ALRS
asphalt mixtures. The requirement for the amount of material passing the
number 200 sieve is 3-6 percent. It is desirable to maintain the amount of
material passing the number 200 sieve on the low side of these requirements.

.
.“'/'l

e lale ]
.

d. If two or more sources of asphalt cement are available, these
asphalt cements should be tested in the laboratory to determine their aging
characteristics prior to selecting source of asphalt cement.

TS
L" " L
[P AP A R

e. The amount of voids in the in-place AC should not exceed 6 percent.

. .
A .
Ca

f. The upper 6-inch layer of base course should have a minimum 100
CBR and meet base course requirements specified in AFM 88-6, Chapter 2. The
upper 4-inch layer must meet base course requirements and contain no more
than.2 percent by weight passing the number 200 sieve for frost protection.

g. Adequate surface drainage be provided so as not to allow standing
water near the ALRS pavement,
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2. Construction

Strict quality control must be maintained throughout construction
with particular emphasis on:

a. quality of the base course aggregate;

b. compliance with the 100 percent of CE-55 density requirements
for the base course; .

c. properties of the asphalt cement;
d. properties of the asphalt mix;
e. layer thicknesses.
3. Maintenance
Maintenance of the ALRS should be planned to include:

a. rolling the AC surface a minimum of once per year after the spring
thaw with a 35-ton multiwheel roller or equivalent;

b. sealing the asphalt surface with a fog-seal coat every 5 to 7 years.

¢c. conducting nondestructive structural evaluations at 3-5 year
intervals tc ensure the pavement structural capacity has not deteriorated
below the level for safe aircraft operations.

4, Additional Research

Conclusions and recommendations from this study are based on the
design for a specific loading condition. If this loading is increased, or
the contact pressure is increased, many of these recommendations will not
apply. Therefore, additional research would be recommended for larger loads
and higher tire pressures.

Additional accelerated aging tests based on the method described in
Section V should be conducted on a broader range of aggregate types and
asphalts. Field correlations should be made on laboratory test results.
Test sections should be designed and constructed, based on laboratory work.
Later, periodic testing of field mixes can be done to correlate field aging
with laboratory aging.

Base course failure criteria should be established since high-quality
materials are not available in all construction locations. Provisions should
be developed to accommodate lesser quality base course materials.

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
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weakened pavement condition, i.e. a few days or a few weeks, and provide
definitive estimates of the loss of a substantial strength. Results could
provide a substantial reduction in thickness of ALRS pavements. The study
could be conducted on in~service shoulder pavements.
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TABLE A-1.

LABORATORY JOB

MIX FOR ASPHALTIC CONCRETE

US Standard Sieve Size

Percent Passing

Specified
Limits

Job Mix
Formula

Aggregate

No.

No.

No.

No. 30
No. 50
No. 100
No. 200

Percent Bitumen
Grade Bitumen

Stability (Marshall), 1bs

Flow, 0.01 inches
Percent Voids Total Mix
Percent Voids Filled
Density - pcf
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e e e e e e, e
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1800 min
16 max
3-5
70-80
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TABLE A-3. BITUMINOUS MIX ANALYSIS

Percent Passing

Specified From From
US Standard Sieve Size Limits Extraction Hot Bins
1 inch - - -
[ ]
3/4 inch 100 100 100
1/2 inch 82-96 95.7 97.8
3/8 inch 75-89 88.5 89.8
No. 4 59-73 71.7 71.9
No. 8 46-60 51.0 54.2
No. 16 34-48 35.5 39.1
No. 30 24-38 28.4 26.2
No. 50 15-27 10.0 7.9
No. 100 8-18 6.1 4.6
No. 200 3-6 4.3 3.7
Percent Bitumen 4.0
Grade Bitumen AC-20
Stability (Marshall), 1lbs 1800 min 1694
Flow, 0.01 inches 16 max 6
Percent Voids Total Mix 3-5 4.9
Percent Voids Filled 70-80 65.0
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o TABLE A-4. TRAFFIC DATA FOR ALRS TEST SECTION

N

M Passes

2008 Distributed Traffic Channelized

Q¢:, Total Passes Max. No. in One Path Traffic Skids
Efa' Item Surface 1-in. 3-in. 1-1in. 3-in, l1-in. 3~in. to
T Number Type rut rut rut rut rut rut Failure

1 2 in. AC 150 338 20 44 20 52 4

¢ o
' L
..

.

o 2 1in. AC 120 150 14 20 2% 4 2
o 3 DBST 12 48 2 6 9 29 1
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-.‘r TABLE A-5. AS-BUILT LAYER THICKNESSES B
4 ;
*
$ Average Standard
NS Thickness Deviation b
'{:: Item Number Layer Inch Inch :
\" K
g 1 Asphalt 1.7 0.6
x

3
1 Base 8.2 0.6 '

g~ {
AN 2 Asphalt 1.4 0.3 .
\J .
N\ - n
.;::" 2 Base 9.0 0.4 K
3 |
' 3 DBST 0.5 0.2
';:: 3 Base 9.4 0.5 iy
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l-inch Rut Depth
150
120

Actual Passes To

113*
144%

\
a

l-inch Rut Depth

LA
Predicted Passes To

PREDICTED TRAFFIC RESULTS

AC

RS AR GOtk
AC

TABLE A-6.

Surface
2 in.
in.

L2

Item
Number

12

O**

DBST
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Sohy TABLE A-9. BITUMINOUS MIX ANALYSIS FOR WRIGHT-PATTERSON AFB, OHIO 3
:.J“

i

t Feature No. |
NN WP-1 WP-2 Wp-2 WP-3 WP-3 WP—4 3
{j\ (Top) (Bottom) (Top) (Bottom)

N
-:";: US Standard Sieve Size
NS L inch — -— — — -— ——— ,

3/4 inch 100.0 100.0 100.0 — — 100.0 .
e 1/2 inch 99.8 99.0 93.2 100.0 100.0 82.1

il 3/8 inch 96.2 92.2 84.2 94.6 93.5 70.1 ]
e No. 4 60.4 63.6 57.8 55.0 57.4 60.8 .
vl 8 43.3 51.2 40.2 39.0 41.6 47.9 !
wy 16 31.8 39.4 30.7 29.2 30.7 35.0 ;
( 30 20.8 27.8 23.2 20.0 21.0 25.9
WA 50 9.4 16.6 15.2 9.1 10.2 17.5
o 100 4.8 11.0 10.2 4.2 5.2 11.6
NN 200 3.4 8.0 6.7 2.8 3.6 8.7

\ .
T Percent Bitumen 5.0 6.6 4.0 5.2 5.3 4.4

-3 Stability (Marshall) lbs.* 3235 3029 6087 2671 2698 3959 q
RS . [
=3
0% Flow - 0.0l inches# 12 22 12 12 13 13 ;

Y
LS :

o % Voids - Total Mix* 5.7 1.0 6.5 3.7 3.8 4.8

% Voids -~ Filled 66.3 94.0 58.2 76.7 76.5 68.0
Density - lbs/cu ft#* 148.3 152.1 150.0 149.9 150.1 151.7
Field Den. - 7% of Lab. Den. 95.1 94.9 98.1 95.9 93.0 100.0
Field Core Thickness - in. 2.0 1.0 2.0 1.5 1.5 2.0

el Agg. - Sp Gr 2.72 2.73 2.73 2.70 2.71 2.73
N Agg. - % Water Absorption 1.0 0.8 0.8 0.9 0.9 0.9
:': Tests Performed on Recovered Asphalt
oo Penetration 19 24 8 18 19 20
W
~0 .

o Viscosity-140°F-Poises 43201 16565 329220 31562 28469 24662
o Viscosity-225°F-CST 10982 5694 51179 8337 8611 6282
;ﬁ; Viscosity-275 F-CST 1148 880 3727 1230 1251 1102
N NOTE: Gyratory recompaction of field samples at 200 psi, 1 angle & 30 revolutionms.

- * Recompacted data.
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TABLE A-10. BITUMINOUS MIX ANALYSIS FOR WHITEMAN AFB, MISSOURI

\

Feature No.

-t w-1 W-2 Ww-3
by (DBST)
A
o :
o S Standard Sieve Size
- 1 inch 100.0 - -
3/4 inch 96.0 100.0 100.0
1/2 inch 82.0 93.0 99.0
3/8 inch 62.0 84.0 91.0
No. 4 39.0 62.0 64.0
8 29.0 48.0 50.0
16 22.0 39.0 43.0
30 18.0 34.0 34.0
50 15.0 29.0 24.0
100 12.0 13.0 11.0
200 9.8 6.4 6.2
Percent Bitumen 5.6 4.8 4.6
Stability (Marshall) 1lbs.* - 6136 3298
Flow ~ 0.01 inches* - 12 12
% Voids - Total Mix* ——— 6.9 3.1
% Voids - Filled* — 60.6 77.9
Density - lbs/cu ft* - 143.8 149.,6
Field Den. - % of Lab. Den, ——- 97.8 97.1
Field Core Thickness - in. -— 2.0 2.5
Agg. - Sp Gr - 2.66 2.66
Agg. - 7% Water Absorption -— 0.9 0.6
ol Tests Performed on Recovered Asphalt
:if Penetration 9 2 5
- Viscosity-140°F-Poises 45291 513785 100809
-'f\-
"o Viscosity-225°F-CST 8092 35671 9530
ViscosiQy-275 F-CST 1060 3385 1170

NOTE: Gyratory recompaction of field samples at 200 psi, 1

and 30 revolutions.
* Recompacted data.
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::32; TABLE A-13.  AGGREGATE GRADATIONS AND FINENESS MODULUS VALUES
>

14

- Gradation, Percent Finer

A Sieve A B C D E
-

- 3/4 inch 100 100 100 100 100
1/2 inch 89 89.4 79 100 91.4
.‘,-

N 3/8 inch 82 82.5 70 93 80.3

o No. 4 65 65.4 52 80 65.4

No. 8 53 53.1 38 68 53.9

.

® A I\f..t".

No. 16 40 40.5 29 53.5 40.3
No. 30 31 30.8 20 43.7 31.2

No. 50 21 21.3 13 32.0 20.8

(2

b AR

No. 100 11 11.1 8.2 16.5 12.0

v
L

No. 200 4.4 5. 2.8 8.2 5.5

1,'1:)
b
o)}

[
P

o~

Fineness Modulus Values

+ ¥
* .ﬁ

3.97 3.95 4.70 3.13 3.96
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TABLE A-15. GENERAL AGING TEST RESULTS

Asphalt Penetration after Aging

Asphalt Penetration Age at Temperatuv~
After Mixing Days 140°F 225°F 2759F
43 0 - - -
1 43 31 21
3 40 20 3
7 39 16 -
14 37 12 —
28 25 - -
49 0 - - -
1 44 32 21
3 41 25 12
7 36 16 -
14 35 9 -
28 28 6 -
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TABLE A-17.

ASPHALT MIX INDICES FOR 7-DAY AGING AT 225°F

Asphalt Indices

PRI,

| WS N

Heating and
Mixing (Avg)

Asphalt
Content,
Mix Percent Volume
LS 13.9
Fine (D) 15.2
S AC 20 16.4
LS 10.6
Coarse (C) 11.8
S AC 20 13.0
LS 10.5
Medium (B) 11.8
S AC 20 13.0
LS 10.5
Medium (B) 11.8
T AC 20 13.0
LS 10.5
Medium (B) 11.8
S AC 5 13.1
Gravel 15.4
Medium (E) 16.6
S AC 20 17.8

0.295
0.295
0.295

0.167
0.167
0.167

0.141
0.141
0.141

0.026
0.026
0.026

0.128
0.128
0.128

0.103

0.103
0.103

72
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Aging

0.205
0.103
-0~

0.397
0.346
0.321

0.410
0.436
0.359

0.513
0.474
0.224

0.465
0.428
0.358

0.385
0.141
0.038

Retained

Penetration

0.500
0.602
0.705

0.436
0.487
0.512

0.449
0.423
0.500

0.461
0.500
0.750

0.407
0.444
0.514

0.512
0.756
0.859
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TABLE A-18. AIR FREEZING INDICES FOR SELECTED LOCATIONS

j' Period of
v Location Record Meant Coldestt 2nd Coldestt 3rd Coldest* Design® :
‘ Whiteman AFB 1955-1980 289 724 649 428 6861 -
3 (Missouri) ('77-'78)  ('76-'77) ('61-'62) ~
L)
L Pease AFB 1957-1978 590 817 794 776 8061 ,.
. (New Hampshire) ('76-'77) ('67-'68) ('60-'61) e
[
;: Wright-Patterson AFB 1947-1979 335 1058 886 733 892 .-,:
' (ohio) ('77-178)  ('76-'77) ('62-163) ;a.
L
. b
- Senuca Army Depot 1958-1981 858 1327 1271 1210 1299t W
‘ (New York)* ('62~'63) ('77-178) ('76-'77)
*
L4 Ft. Devens 1949-1978 605 1277 1021 918 1072
ﬁ (Massachusettsg)** ('77~178) ('76-'77) ('62-163)
'!- Haha AFB 1953-1981 233 815 570 529 692t
3 (Germany) ('62~'63) ('55~-'56) ('69-'70)
,_! Pamstein AB 1952~1980 176 856 539 354 698t
- (Gernany) ('62~'63) ('55-'56) ('63-'64)
T Spangdahlem AB 1953-1979 159 725 476 284 600t
: (Germany) ('62-'63) ('55-'56) ('53-'54)
- Zwelbrucken AB 1966-1981 108 239 223 144 231t
( {Germany) ('78-'79) ('70-'71) ('72-'73)
~ Sembach AB 1953-1968 235 853 519 362 6861
-, (Germany) ('62-'63) ('55="'56) ('63-'64)
b Bitberg AB 1952-1981 159 678 473 310 487
” (Germany) ('62-'63) ('55-'56) ('78-'79)
Kusan AB 1951-1981 160 545 410 300 418
"' (Korea) ('76-'77) ('62-'63) ('80-'81)
"
:-: Osan AB 1953-1981 491 916 899 758 908t
- (Korea) ('80-'31) (*67-'68) (*76~'77)
"
q *Used air temperafture data from Autora Research Farm which is located approximately 10
< miles east of Seneca Army Depot.
A **Jsed air temperature data from Fitchburg, ass., which is located approximately 9 ailes
Al northwest of Ft, Devens,
- +°F-days
': t3ased on average of two coldest years, other sites are based on the average of the three
q coldest years. »
<
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TABLE A-19. RESULTS FROM LABORATORY FROST-HEAVE TESTS

Average 3-Day Max.
Dry Unit Rate of Rate of
Sample Weight Saturation Heave Heave Frost
Material No. (pcf) Percent (mm/day) (mm/day) Classification

Wright-Patterson AFB, Ohio

WP-1 99
(Base) 98

WP-3 97
(Subgrade) 97

W-2 88 Very low
(Subgrade) 94 . . Negligible

w-3 92 Negligible
(Subgrade) 2 86 . Negligible

e
N

fs

:,,':. A .'. )

2,
I 2 oL s o

l' ‘. ‘1 "

..,..‘-‘l,‘l“.l,"‘:'l . .

4

NOTE: The standard frost heave test consists of a single cycle frost
penetration. Multicycles would produce higher heave rates on
the second and third cycles.
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TABLE A-20.

FIELD AND LABORATORY CALIFORNIA BEARING RATIO VALUES

Material

California Bearing Ratio, CBR

Laboratory Laboratory After
Field Tests* Unfrozen* Freeze-Thaw
11-12 244%% 45.0
10.5-15.0 48%* 4.8
3.5-5.0 53%* -
1.8-6.8 50%% -==

* Tests conducted by USAEWES.
** At optimum water content and density.
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TABLE A-21. FROST-AREA SOIL SUPPORT INDICES FOR SUBGRADE
SOILS FOR FLEXIBLE PAVEMENT DESIGN
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Frost Group of the Fl and S1 F2 and S2 F3 and F4
Subgrade Soil
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Frost Area Soil 9.0 6.5 3.5
Support Index
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A TABLE A-22. REQUIRED THICKNESSES OF FLEXIBLE ALRS e
SN PAVEMENTS IN SEASONAL FROST AREAS :
-y []
.{:_ .
Y Frost Group of the F1 or si F2 or S2 F3 or F4 j
8 Subgrade Soil .
o :
O - Design Thickness, 8.5 10.5 14.5 p
~f inches i
o :
-
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NOTE: If the normal period CBR for the subgrade is less than
the FASSI value listed in Table A-21, the normal period
CBR value should be used in designing the pavement. In
these instances, thicknesses would exceed those presented
in Table A-22,
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TABLE A-23. CONSTRUCTION MATERIAL SPECIFICATION FOR HAHN AB, ALRS

Y
e

Binder Course 0/16 mm 1 1/2~inch (3.81-cm) thick .
Aggregate size over 2 mm = 45-657% by weight :
Aggregate size under 0.09 mm = 6-12% by weight .
Bitumen B 200 = 5.4-6.7% by weight .
Surface Course 0/8 mm 1 1/2~inch (3.81-cm) thick :
Aggregate size over 2 mm = 40-60% ' :
Aggregate size under 0.09 mm = 7-9% b
Bitumen B 200 = 6.4-7.7% !
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.:.': TABLE A-24. LABORATORY TEST RESULTS FOR HAHN AB, ALRS
’
> .
t
:::‘-: US Standard Sieve Size Surface Course Binder Course
Fad)
S
P 3/4 inch 100 100
S 1/2 inch 99.7 97.4
N - 3/8 inch 98.5 85.4
< No. 4 67.7 59.6
A No. 8 51.8 45.2
:A::: No. 16 38.4 32.1
N No. 30 28.1 22.8
i No. 50 18.4 16.3
’ No. 100 12.4 13.1
L No. 200 9.8 10.7
-'\'J
.'..-f
.
".:',-: Percent Bitumen 6.6 5.1
Stability (Marshall) 1bs * 2640 3633
> Flow - 0.0l inches * 23 20
% Voids - Total Mix * 4.3 3.9
22 % Voids - Filled * 78.2 77.4
o> Density - 1lbs/cu ft * 151.8 165.3
-7 Natural Sand, % 15.5 11.2
- Agg. - Sp Gr 2.830 3.025
-" Agg. - % Water Absorption 1.5 1.5
.‘ Tests Performed on Recovered Asphalt
)
& : Penetration 64 104
" Asphalt - Sp Gr0 1.040 1.0425
-_::‘.‘ Viscosity - 140°F - Poisies 9010 2074
Q% Viscosity - 2250F - CST 5080 1812
e Viscosity - 275°F - CST 830 387
®
o
o
::::-
::.::: NOTE: Gyratory recompaction of field samples at 200 psi, 1 angle & 30
L revolutions.
;‘ * Recompacted data.
.:::._
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;o TABLE A-26. FALLINC~WEIGHT DEFLECTOMETER DEFLECTION BASIN DATA

"~ Deflections
-.I
o Station Force AO—in. A12—in. A24—in. A36-in. A48—in.
No. lbs. mils mils mils mils mils
. ITEM 1 (0 passes)
0+10 8,628 39.8 17.6 8.1 3.8 3.1
14,099 65.0 31.4 14.3 6.5 5.2
0+20 8,546 43.5 20.7 9.8 4.6 3.4
13,952 72.6 36.5 17.3 7.7 5.6
0+30 8,517 37.8 18.3 8.8 4.3 3.2
13,999 62.2 31.5 18.5 7.4 5.9
0+40 8,466 42.7 21.6 10.2 4.5 3.5
13,840 70.1 37.9 8.1
ITEM 1 (48 passes)
0+10 8,358 53.5 23.6 8.9 3.9 3.0
13,546 * 44.1 14.6 6.5 5.1
0+20 8,271 61.5 29.3 10.2 4.6 3.4
13,305 * 45,1 17.7 7.3 5.6
0+30 8,239 56.2 25.6 9.8 4.6 3.5
13,435 * 45.3 17.1 7.9 5.8
0+40 8,144 66.9 29.5 10.6 4.5 3.3
13,197 * 51.0 18.9 7.8 5.7
ITEM 1 (150 passes)
0+10 8,326 55.5 31.1 10.4 4.7 3.2
13,479 * 45.5 18.1 7.5 5.4
& 0+20 8,188 58.6 30.3 12.4 5.3 3.6
e 13,273 * 51.4 21.9 8.8 6.1
% 0+30 8,136 62.5 30.3 11.8 5.2 3.7
. 13,217 * 50.6 21.7 9.0 6.5
:fj 0+40 8,093 62.4 33.7 12.8 4.8 3.5
’ 13,141 * 56.9 22.8 8.7 5.8
o
'
P * Deflection exceeded range of velocity transducer. (Sheet 1 of 3)
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TABLE A-26,

LR Y

%N

.......

FALLING-WEIGHT DEFLECTOMETER DEFLECTION BASIN DATA

(CONTINUED)
Deflections
Station Force AO-in. A12-in. A24-in. A36-in. A48-in.
No. 1lbs. mils mils mils mils mils
ITEM 1 (338 passes)
0+10 8,180 54.5 24,2 11.1 5.4 3.9
13,344 % 42.5 20.5 9.7 7.0
0+20 8,040 66.1 37.4 15.4 5.6 3.5
13,077 * 74.6 26.6 11.6 5.8
0+30 8,112 54.5 34.3 12.2 5.8 3.9
13,260 * 62.2 20.9 10.6 6.5
0+40 8,021 67.0 40.4 11.8 6.0 3.6
13,046 * 63.2 22.0 10.0 6.2
ITEM 2 (0 passes)
0+65 8,342 56.1 28.0 10.6 5.5 3.9
13,543 * 54,3 18.5 9.6 6.1
0+75 8,323 53.0 27.6 10.0 6.0 3.8
13,575 % 51.0 19.3 10.4 6.7
0+85 8,252 55.6 31.5 10.6 5.8 3.6
13,464 * 58.7 20.5 9.8 6.4
0+95 8,339 45,7 26.4 10.0 5.6 3.7
13,734 75.9 45.9 18.3 9.5 6.2
ITEM 2 (48 passes)
0+65 8,048 * 30.1 10.4 4.8 3.6
12,887 * 53.5 17.9 7.8 6.0
0+75 8,056 * 33.1 11.6 5.3 3.7
12,915 * 55.3 19.7 8.7 6.2
0+85 8,053 * 33.5 11.8 5.3 3.9
12,966 * 56.7 20.7 9.0 6.5
0+95 8,109 66.5 31.3 12.0 5.8 4.1
13,213 * 53.3 22.8 9.8 7.0
(Sheet 2 of 3)
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TABLE A-26. FALLING-WEIGHT DEFLECTOMETER DEFLECTION BASIN DATA

(CONCLUDED)
_ Deflections
Station Force 80-1n. 12 1n. A24-1n. 836-1n.  S48-1n.
No. 1bs. mils mils mils mils mils

ITEM 2 (150 passes)

0+65 8,017 73.8 32.3 13.0 5.6 4.1
12,958 * 55.9 22.6 9.5 6.7
0+75 8,085 66.9 32.7 12.4 5.9 4.1
13,058 * 53.5 22.2 10.0 7.0
0+85 8,088 60.6 34.4 13.0 6.4 4.1
13,146 * 54.1 24.4 10.4 7.2
0495 : 8,077 60.8 30.4 13.0 6.3 4.2
13,213 * 53.1 23.6 10.7 7.3
ITEM 3 (0 passes)
1420 8,167 65.7 30.3 13.0 6.7 4.1
13,241 * 56.1 20.5 11.8 6.5
1+30 8,180 64.3 35.4 13.4 7.3 4.6 -
13,340 * 51.8 23.2 11.8 7.7 Ny
s
1440 8.164 57.7 27.2 12.2 6.3 4.3 N
13,472 * 52,2 21.2 11.9 7.0 N
1+50 8,204 56.3 23.2 10.2 5.7 3.9 !
13,638 * 45.2 18.1 10.4 6.3 -
-
N
ITEM 3 (48 passes) =~
Y
>
1420 7,902 * 29.1 13.8 5.5 3.8 P
12,431 * 53.9 22.8 9.1 6.2 &
1+30 7,842 * 23.6 13.2 5.4 4.2 "
12,224 * 41.3 19.1 8.0 6.3 52
1+40 6,141 * 22.0 11.4 5.4 3.8 ;‘
9,610 * 37.8 20.1 8.5 6.1 =
1+50 8,005 * 23.4 11.0 5.6 4.1 :
12,756 * 43.1 19.9 9.0 6.3

(Sheet 3 of 3)
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TABLE A-27.

FALLING-WEIGHT DEFLECTOMETER DEFLECTION BASIN DATA

Deflections
Station Force 0-1n. 42-1n. 824-in. 836-1n. 848-1n.
No. lbs. mils mils mils mils mils
TRAEFIC TESTS v
WP-1 (0 passes)
0+05 8,803 62.8 18.9 3.9 1.3 2.3 *
13,205 * 29.9 2.4 1.4 2.8
0+15 8,819 43.7 17.7 3.2 1.6 1.2
13,236 60.4 28.0 5.0 1.7 2.4
0+25 8,851 47.4 23.5 3.5 1.9 1.1
13,352 66.3 34,8 5.3 3.0 1.7
WP-2 (0 passes) ;
0+05 8,994 20.9 9.4 3.2 1.5 1.5 :
13,538 27.8 13.5 4.3 2.3 1.8 )
0+15 8,898 24.2 12.2 3.4 1.9 1.5
13,538 31.3 17.6 4.7 2.7 2.1
0+25 8,867 23.2 11.3 3.5 2.1 1.5
13,522 31.5 16.1 4.8 3.0 2.3
WP-2 (337 passes)
0+05 8,612 * 42.9 10.6 1.5 1.7
0+15 8,596 * 62.6 9.1 1.0 1.8
13,093 * 65.7 10.6 1.5 2.7 -
0+25 8,724 * 51.2 5.9 1.5 1.6
13,363 * 50.4 7.9 2.2 2.5 .
WP-2 (481 passes)
0+05 9,375 * 49,2 12,6 3.6 2.2
13,888 * 52.4 14.6 3.5 2.5
0+15 9,296 * 58.7 11.4 2.4 2.0
13,761 * 63.4 12.6 3.0 2.9
0+25 9,200 * 41.7 5.5 2.2 3.4
13,650 * 46.9 7.1 3.2 3.3

* Deflection exceeded ranpe of velocity transducer.
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TABLE A-27. FALLING-WEIGHT DEFLECTOMETER DEFLECTION BASIN DATA
(CONTINUED)
Deflections
Station Force AO-in. AlZ-—in. A24—in. A36—in. A48-in.
No. 1bs. mils mils mils mils mils
T TRAFFIC TESTS (CONTINUED)
WP-2 (643 passes)
0+05 8,787 67.7 35.4 9.8 2.4 1.6
13,379 * 42.1 11.0 2.8 2.8
0+15 8,771 * 46.9 6.3 1.2 1.6
13,284 * 49.2 8.7 2.0 2.4
0+25 8,708 * 31.1 4.7 1.6 2.8
13,205 * 38.2 5.1 3.5 2.8
WP-3 (0 passes)
0+05 9,200 45.7 23.6 6.3 2.5 2.4
13,618 66.3 36.2 8.3 3.1 2.7
0+15 9,200 44.5 21.6 4.9 2.2 2.0
13,665 63.3 33.9 7.7 2.7 2.5
0+25 9,184 55.7 28.0 4.3 2.6 2.6
13,602 77.2 40.6 6.7 3.3 2.7
WP-3 (90 passes)
“T- 0+05 8,464 * 62.6 16.1 2.4 1.6
AN 12,172 * 97.6 24.8 2.3 1.0
%
Y 0+15 8,168 * 77.2 21.7 4.4 2.4
e 11,854 * * 31.5 5.6 3.0
A
A 0+25 7,786 * * 21.7 7.0 2.6
e 11,314 * * 31.5 12.2 3.0
s
g
P d
W
»-..
A
Y
L.
o~
‘_-».
Lan
o (Sheet 2 of 8)
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TABLE A-27. FALLING-WEIGHT DEFLECTOMETER DEFLECTION BASIN DATA
(CONTINUED)
Deflections
Station Force AO-in. A12—in. A24-in. A36—in. A48-in.
No. 1bs. mils mils mils mils mils
TRAFFIC TESTS (CONTINUED)
WP-4 (0 passes)
0+05 9,137 37.2 19.3 5.4 1.9 1.2
13,427 52.4 28.8 8.5 2.6 1.8
0+15 9,121 32.1 14.3 3.9 1.5 1.3
13,570 44.3 22.5 6.2 2.1 2.2
0+25 9,057 32.3 14.3 3.7 1.5 1.4
13,475 44.5 22.6 5.9 2.0 1.3
WP-4 (162 passes)
0+05 8,295 * * 13.0 2.6 1.7
11,965 * * 20.0 4.5 2.8
0+15 8,692 * 58.0 7.9 3.1 1.3
12,648 * * 13.4 4.1 3.4
0+25 8,279 * * 7.5 2.3 1.3
11,886 * * 11.0 4.8 2.3
TURNING TESTS (0 passes)
WP-1
- 4,052 27.0 13.8 3.1 0.6 0.6
9,200 60.2 31.4 6.8 1.0 1.3
13,634 * 39.3 9.1 0.8 2.0
Wp-2 ‘ 3
— 3,893 11.8 5.2 1.4 0.8 0.6 4
9,184 22.5 10.6 3.2 1.9 1.4 j
13,793 30.7 14.7 4.8 2.9 2.1
ﬂ
B
3
i
(Sheet 3 of 8) -
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e TABLE A-27. FALLING-WEIGHT DEFLECTOMETER DEFLECTION BASIN DATA
- (CONTINUED)
([«
:‘E\ Deflections
NN Station  Force 80-in.  “12-in.  “24-in.  %36-in.  %48-in.
N0 No. 1bs. mils mils _mils mils mils
N TURNING TESTS (0 passes) CONTINUED
o WP-3
o —- 4,004 16.9 8.8 2.8 1.2 0.8
( 9,200 38.8 21.2 7.2 2.8 1.9
- 13,602 56.3 31.9 10.7 4.2 2.8
o WE-4
s
- - 4,243 14.9 7.2 2.3 0.7 0.7
'if 9,296 32.7 17.7 5.4 1.7 1.5
- 13,808 46.5 27.0 7.9 2.4 1.7
o TRAFFIC TESTS .
‘.s
AN W-1 (0 passes)
{ 0+05 9,081 36.5 8.5 5.1 3.7 2.9
= 14,063 53.4 11.6 7.8 5.5 4.3
o 0+15 9,049 43.1 9.9 4.9 3.7 2.9
- 13,955 59.7 15.6 7.5 5.6 4.3
2 0+25 9,033 35.8 7.1 5.2 3.8 2.8
s 14,019 51.3 11.5 7.8 5.9 4.4
-::.: W-1 (50 passes)
~
- 0+05 9,101 48.9 22.1 8.8 5.0 3.6
13,982 69.5 32.6 13.5 7.5 5.4
0+15 8,930 62.1 25.2 8.2 5.4 3.5
13,781 * 37.8 13.0 7.7 5.4
0+25 8,890 60.3 23.6 8.1 5.1 3.6
13,721 % 35.2 13.0 8.1 5.4
(Sheet 4 of 8)
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TABLE A-27. FALLING-WEIGHT DEFLECTOMETER DEFLECTION BASIN DATA
(CONTINUED)
Deflections
Station Force AO—in. A12—in. A24-in. A36-in. A48—in.
No. 1bs. mils mils mils mils mils
TRAFFIC TESTS (CONTINUED)

W-1 (100 passes)
0+05 8,941 76.5 33,4 11.5 6.7 3.6
13,693 * 49,2 19.0 9.0 5.6
0+15 8,771 * 44.9 5.9 5.6 3.8
13,518 * 55.3 9.5 9.1 6.0
0+25 8,815 * 36.4 11.5 5.9 3.8
13,448 * 52.0 18.5 9.5 6.1

W-1 (150 passes)
0+05 8,644 67.1 33.4 11.4 5.3 3.7
13,371 * 49.4 19.7 8.8 5.7
0+15 6,491 * 33.5 11.6 5.7 3.2
10,333 * 53.0 18.9 9.1 5.3
0+25 8,263 * 36.2 15.0 7.1 3.9
13,066 * 56.3 20.2 11.7 6.3

W-1 (200 passes)
0+05 9,200 * 48.2 17.9 6.5 3.7
13,999 * 68.5 26.0 9.4 5.9
0+15 8,871 * 60.6 17.9 7.3 3.7
13,594 % * 26.8 9.7 5.7
0+25 8,673 * 70.1 28.4 11.8 4.1
13,400 * * 42.3 18.4 5.9

(Sheet 5 of 8)
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~' TABLE A-27. FALLING-WEIGHT DEFLECTOMETER DEFLECTION BASIN DATA :}
o (CONTINUED) -
t

i:: Deflections

;:' Station Force b0-1n. A12—in. A24-in. A36-in. A48-in.

- No. lbs. mils mils mils mils mils

TRAFFIC TESTS (CONTINUED)

fﬂf W~-1 (280 passes)

3

) 0+05 4,151 71.3 26.4 8.3 2.8 2.2
N 9,176 * 50.6 16.6 6.9 5.0

0+15 3,432 * 37.1 8.7

e
~J
-
(o]
N
=~
*
o
o ]
Ut
.—l
O
[e o]
NN
~ N
w =
O »n

.;:.‘
5 0+25 4,020 * 38.3 11.3 4.8 3.0
<% 8,673 * * 26.3 11.2 6.0

e
e @

P

= 0+05 9,160 48.2 28.4 11.0 5.9 4.6
N 14,173 67.0 41.9 17.2 9.7 7.3

0+15 9,137 44.5 27.5 11.3
14,106 62.8 41.3 17.5

o O
~ e~
N

O Wn

g P

N 0+25 9,149 45.0 25.9 9.7 5.3 3.8
- 14,118 62.8 39.2 15.7 8.7 6.4
- W-2 (50 passes)

o 0+05 4,080 61.2 35.4 10.4 4.4
L 8,390 x 76.4 20.9 9.9

NN
N oo

0+15 4,028 52.7 31.9 9.3 5
8,446 * 72.6 19.1 10.

w N [o a0 N ]
~ W =

o 0+25 4,000 54.8 32.5 8.6 . . 5
8,390 x 70.3 33.5

@),
. LI

4

2

. a‘e 0"
' I NN ]
s .

D A )
. .
]

e
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TABLE A-27. FALLING-WEIGHT DEFLECTOMETER DEFLECTION BASIN DATA

(CONTINUED)
Deflections
Station Force AO—in. A12-in. A24-in. A36--in. A48-in.
No. 1bs. mils mils mils mils mils
TRAFFIC TESTS (CONTINUED)
W-2 (100 passes)
0+05 3,583 * 58.7 12.3 4.6 3.3
0+15 3,899 68.0 30.5 11.6 5.1 3.0
0+25 3,822 60.3 32.9 9.7 4.2 2.4
W-3 (0 passes)
0+05 8,827 46.1 17.0 7.8 4.2 3.2
13,844 68.9 27.2 12.2 6.5 4.9
0+15 8,934 41.8 20.1 7.9 4.4 3.0
13,884 60.9 30.9 12,2 6.8 4.9
0+25 8,875 42.2 18.4 7.1 4.1 2.8
13,848 61.4 28.6 10.9 6.4 4.7
W-3 (50 passes)
0+05 4,044 * 41.9 10.0 3.3 2.2
0+15 4,020 66.0 41.9 10.9 3.6 2.2
8,267 * * 24.2 6.4 4.2
0+25 3,958 * 51.2 10.7 3.0 1.8 )
8,064 * * 20.0 4.5 2.2
W-3 (86 passes) ,
0+05 (Unable to use Station 0+05)
0+15 4,004 * 47.2 10.1 2.6 2.0
0+25 2,300 * 45.1 8.2 2.3 2.2

(Sheet 7 of 8)
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TABLE A-27. FALLING-WEIGHT DEFLECTOMETER DEFLECTION BASIN DATA

(CONCLUDED)
Deflections
Station Force AO—in. AlZ-in. A24-in. A36--in. A48-in.
No. 1bs. mils mils mils mils mils

TURNING TESTS (O passes)

w-1
-— 4,481 24.9 7.0 3.9 2.4 2.0
9,864 49.4 16.7 8.8 5.5 3.7
14,305 62.5 23.7 12.4 8.1 5.3
w-2
-— 4,319 23.4 13.9 7.0 3.7 3.1
9,057 46,2 29.7 15.0 7.7 5.9
W-3
-— 4,390 21.6 9.4 3.3 2.1 1.5
9,121 42.4 21.5 7.1 4.3 3.1
14,055 65.9 35.6 11.4 6.6 4.9
; (Sheet 8 of 8)
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TABLE A-28. COST ANALYSIS DATA (KOREA)

Costs (1982)

Korean us
Won Dollar

Subgrade Preparation, (sq. yd.) 240 0.34
Base Course Material, (cu. yd.)* 8,500 12.14 - i
Subbase Course Material, (cu. yd.)* 6,800 9.71 4
Placement of Base or Subbase, (cu. yd.) 2,600 3.71
Rough Grading, (sq. yd.) 320 0.46
Fine Grading, (saq. yd.) 150 0.21
Tack Coat, (sq. yd.) 440 0.63
Prime Coat, (sq. yd. ) 510 0.73
Asphaltic Concrete, (ton)** 29,800 42.57
Placing Asphaltic Concrete, (ton) 5,800 8.29

* Includes hauling.
**Does not include hauling.
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RS TABLE A-29. COST ANALYSIS DATA (GERMANY)

LN
\..\A
( , Costs (1981)
o Deutsch s
D Mark Dollar
% _: Subgrade Preparation, (mz)

A Finish grading and compaction 1.80 0.73

/ Compaction only 1.25 0.51
“':::::: Subbase and Base Course, (m3)
SRS Nonfrost susceptible subbase 35.00 14.23
RN Graded (0-32 mm) NFS subbase 50.00 20.33
- Hydraulically bound gravel base 55.00 22.38
& 4 Hydraulically bound crushed rock 65.00 26.42
e Graded (0-32 mm) gravel base 55.00 22.38
SO Graded (0-32 mm) crushed rock 55.00 22.38
:»..:: Bituminous base 225.00 91.46
P .

o Asphaltic Concrete, (m3)

® Surface course 300.00 121.95
,5::_'; Binder (intermediate) course 250.00 101.63
,o

N Surface Treatments, (m2)

-_}.:: Single surface treatment 4.00 1.63
( ) Lime and Cement Stabilized Soils, (mz)

Lime treatment, 3%, 20 cm depth 5.00 2.03
‘' Cement treatment, 6%, 15 cm depth 5.00 2.03
::: NOTE: The hydraulically bound base courses are plant mixed,
' J) using either cement or lime. The stabilized soils
S are mixed in place. All the above amounts are for
e the cost in place.
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TABLE A-30. ALRS COST COMPARISONS
Pass Pavement 1981
Level Structure Cost - § Location Remarks
NONFROST DESIGN
150 2-inch AC/8-inch base 266,367 Germany Seal coat after ‘
50,000 3-inch AC/6-inch base/ 412,664 Germany 5-7 years;
12-inch subbase approx. cost-
300,000 2-inch AC/10-inch base/ 448,627 Germany $20,278. .
10-inch subbase
150 2-inch AC/6-inch base 280,696 Korea
50,000 3-inch AC/9.5-inch base 400,023 Korea
300,000 3-inch AC/12-inch base 430,626 Korea
FROST DESIGN
150 2-inch AC/6-inch base/ 290,354 Germany Seal coat after
6-inch subbase 5-7 years;
50,000 3-inch AC/6-inch base/ 496,618 Germany approx. cost-
19-inch subbase $20,278.
300,000 3-inch AC/6-inch base/ 496,618 Germany
19-inch subbase
150 2-inch AC/6-inch base/ 355,649 Korea
6-inch subbase ;
50,000 3-inch AC/6-inch base/ 579,636 Korea \
19-inch subbase
300,000 3-inch AC/6-inch base/ 579,636 Korea
19-inch subbase
NOTE: F-4 aircraft
Design Load = 60 kips -
Design CBR = 7 (Germany); CBR = 15 (Korea)
Runway Size = 50 feet x 5,000 feet
-I ..i ’
.;Z'f-j
-
o {
:::':. [
B i
N !
94
N
y b » . U R At T LIPS -.' “, LSy .'..\ N ..‘..A'_ ‘s’ -, .
,\’:’\’\*\’ ROANAN ?': }':':; f?::?'“‘ninfi'{ﬁfgifJ"ﬂi?J"‘ RN S
A R R DR < d




-

[ l‘. l.. l&,h:' l‘

'.. LA A A A

LAY
OV K

-+
3

. Y
DR N )

‘l

.
.
»

a2 s »

. ..'.‘v RN

2GR DO

APPENDIX B

FIGURES

95

" '-.' » 2 iy
*&ﬁkh\ﬂs.ia.a".

o v e, -
o A

-

PP |

el " X

N




LA RA RS

. wr
a® . ~'> “-
i

UOT3IDag 3831 oF3jRIL JO Inofe] pue maytp uerq

VWP

*I-9 @an3tg

-
LY

3aQvy¥OENS -HD e
‘ “.‘... «“N\‘“ * P
«0! *oes” 3INOLS Q3IHSNYD 200 my 0 0 s
- * O ow
!j ) - - X - |
1saq-* ov,2—~ ov | — 1590 —~
>
NOILISNVYL ,§
.02 ,08 ,06 ,06 02
' t t—te it ]
.+| N Y i ) NNY
\A.VM ¥INO DV NI-2 DV NI-I isaa ¥INO

1-W3dl 2-N3li €-N3l1l

X .

- . . A - - . . e e, S ren
R, 1 e et : , . . y | AR TN AAORAL ISR AN
. )h LS M . - . Lo .



Terialel apeadqns pue asano) aseg 10J suojlepeas °z-g aandyg

) . . €9 Avw |
B2 -00L — 40 E984  DD1400 PNILMHDe ANDBRUEIADY § N ‘ s & —-N— 93 fam N“ON S g
uvo SIANND NOUYAVED
ON ONINOS
gy
aN 3INOLSINIT QIHSNHD Z
8y 81 99 (HO) AV1J AAV3IH !
NOILO3S 1531 SHTv  ©¥Xom O] 0] n [xmiw NOUVIASSVD 143 80 ATY “ON Fuwvs
— AVD %0 1¥§ % Lo ﬂoza:ae: | zavo> * 2 gw.o mvo> | sMod 1_
SHEWNIW 3115 NIVED
1000 $000 100 $00 10 $0 s o1 05 004 00
001 T[] py T 0
1 T S
H -
06 ot
NN .ﬂ/f
™~ 4
08 S ~ 4
y
- N [ Y
3 % ™ 3 n ot ™~
3 N 2
m / [a]
Z 09— or m
m N A ' m
m os // os m
2 £ JONIYIF3Y A8 - \ .
* o = a3id103ds SLIWIT ! / . M
» 09
i \
- ot /V— 0L
oz N\ \\ 08
1
ot 06
A/
0 Ilﬁ’F - 11 1 1 001
8«9_3.2398822... 9 * € %% % LRE EV 9
¥31IWONAAH SEIOWNN 3AI1S GUVANYILS 'S'N SIHONI NI ONINSIO FAS GUVANVIS ‘SN
»
q \q.q...\-... R \} o LN L I I AL e ¢ - a.- WY Tatetet et T v T - LN ., T et

2 LR A R ’ ] AL PRSI A
o AR .~.... 4, .a-.-....‘ ) TSNS

y ...~...-..- -\_-..... ... . ....:.-..-. '@ ....... ST . .. .. Ht.vf\- .I\Jnn. ..q




B fadl Al St

(payeosun) apeadqns H) 103 syg) pue uoTlizoedwo) LiojeioqeT]

*g-g 2an31y

TrevrrgreTy

ey

a Dkl

L

6 313 $S [} .
92 32 92 ]
21 39 21 v
140333 ¥IAV)/SMO18 108WaS
NOI1IV4NOD 10 ON
({'EGER]
H8D SA INILNOD H3LVYM 483 SA ALISN3Q 48D ANV ALISNIQ SA INILINOD H31VYM ONIGION
INDIIM AMG IN3DHId NI INTINOD H3I1VM ONIQION 140D ¥3d S8 N1 ALISNIG A¥G GITION LHOIIM ANQ INIDH3d NI INIINOD H3IIVM .
7] z2 12 0¢ 61 81 [ stt 011 501 001 13 06 58 08 €€ 0 (2 (X3 12 81 3 21
] Q TT 58
11
o1 ol o€
6
564 6z 02 $6
L61 H
! kRS s
66 : i d4d0a Z
» 0 : } | v o oot
%1e
1
or A or 501
[T %561 -
S m H4 05 2 o1t
=4 H T z
m o
2 HH %81 E
9 © 09 © 0
o (2}
] ™
o n
z z »
0L - [\ T st
m m
Ed -
o (2]
z 2
1 )

08

3

06

06

£14

o
°

Si

ALISNIQ AMO GIQIOW S) JAEND I01SIE8 NN

INISNOD HILYM ONIQIOW SI JANND 301SIA J8NOY

IS EEREEESNENUNNAAEDEREREEREEEE

I NSNS AONNANENEAENACAEENEEEA N

14 N2 ¥3d S8 NI ALISNIQ aNQ

98

INIDHId NI 89D G34037480)



T

o~

)

T

-

T

-~

e Y

A

3
Y,
Y
=
2

(pa3eos) apeadqng gy 103 syg) pue uorioedwo)y Lio3jeioqe]

¥8D SA INIINOD HILIVM

INO1IM ANO INII8Id NE INILINDD HILVA ONIGION

480 SA ALISNIQ

14 ND 434 S8 NI ALISNIO AYO QIQTON

Catae ey ' y P A .
..-vf\...-ﬁ..ﬁ \: .ﬁh!&\.\h.\.\;ﬂ.- it ..... :

s fute ta

*9-g 2an31y

$§ 312 [ 4]
9z 39 92 o
21 32 21 v
180443 NIAVI/SMOTE  I08WAS
NOILIVAWO)D 30 ON
[{IERER]

480 ANV ALISNIQ SA INILINOD ¥31YM ONIGTOW

1HDIIM AMA INIDHId NI INTINOD HIIVA

5 v 11 2z 12 0z 61 S11 o1t 501 001 $6 06 58 131 0f L2 121 1z 81 S1 21
0 S8
1 26
H 56
H
=
£ 001
%9°81
H V6 -+ alm
Y %861
H- o v sot
96 b
186 12
o2 R as
a H g s o ot
[ 001 » 2
g 2
] -
© 9 © 1
> %2 @
] x
z z
o t - 4
- -
» o -
(2] [x]
™ -
z 4
> s h— £
3
S
9
¢
] ALISNIQ AHO 03G10N SI JANND 301SI8 JUNDN$ INTINOD HILVM DNICIOW SI JA¥ND 30IS38 3NOI4 s
I T T I T XTI T T TITITITIY NN RSN AN EEENSEEERSERANASEASE s
’ L
.. L, R .. Y AR ., ...~.‘ ...-.-.-—...- c...-»-f.-f’ 4.-.-..-;.-’-»...{ .‘-...-.-..‘

14 0D ¥3d S8BT NI ALISNIQ AdQ

iNIJ¥Is N 88D Q31)31¥H0D

99




(payeosun) 2sIno) aseqg 103 Sy¥g) pue uofldedwo) Arojeioqe] ‘G-g 2an31j

480 SA IN3INOD ¥31vMm
1RO 1M AHO 1N IDHId NI INTINU) ¥I1vM ONQTON
3 v i

480 SA ALISN3Q

141D 834 S8 NV ALISNTJ AN Q100N

$5 12 56 ]
92 313 92 o]
2t 3 21 v
1894143 HIAVYI/SMOTE 1HNAS
NO'1JY4WO0)D 30 ON
aN39I1

48O ONV ALISN3G SA INILINOD ¥ILVM ONIGTIONW

IHDIIM 480 INTOHId NI INTINDD Hilwm

3 vl ort (1% 0f | 5 ] £ Z
o 0 utt
0§ 0s A
b
001! 001l ure
9€ 1
171
H-LE 1 051 051 el
1T
44 |4
8¢ [ (TT %S v .
6¢ 1 002 %y %S € 002 g1
%6 Z
05z 3 05 3
b1 o
£l ‘w
at 2
2 -
-
< p=4
a -
@ ©
E o
z z
2 2 °
Ed “
a =
z z
G5
4 ot
| 4
0s1
s
—+ ok
444 L + 14§14 B [ ]
L 44 L4 —+4
BERANEERE] K888 L Suaes ++
APNE Nt TTHITHT ] saadet T - T4
4 or
“ B oaA) AT ' SIH IMNTy 1 INJIND S Mvw TN W TR ISR NN 1 M M
T TT I T T YT T T I T T T R CT T LTI TT IERONSEEEAGEEESNDEA ARG ANEEaEN| I ! ) )

ALISNID AHQ

18N 81d SEY N

ENLEERLIEL IR NSRE L 10

100

%

»l

N
N

~
an

~

N
et

ALY
A Y.

-

St

oy g™
)

't

.

L

-

-V...\.
WS




YT TTTTTY
[Sf W Ny P ATAP R A A ALY

(pajeoS) @sano) aseg 103 syd) pue uoridedwo) Axojeroqe] °g-g aandTjg

§6 12 £11 (]
92 12 9 a
213D [} v
1490443 YIAVI/SMOIE  T08NAS
NOILIOVdNOD J0 ON
aN39I
H8D SA INILNOD ¥3LvMm 489 SA ALISN3IQ H8D NV ALISN3IQ SA LINILNOD ¥3L1VM ONIQTOW
EHOIIM A0 INIDYId NI INTINOD ¥ILVM INIGION 14 NI 834 SBT NI ALISNIO A¥O Q3010 LHO1IM A¥Q INIDHId Nt INFLNOD BiVM
S v 0¥ S € 0€ srl orl Sel 0g1 [ v £ Z
0 0 1 ol
T

<
- =
1 2
sgiAsEe oot oot 2
H 9€1 z
(e = 2
o -
[T 8¢€1 ost (11} sv1 Z
a -
1 ™1 ®
%€ 2
00z 002 051 ®
[1%S € o
! %v -
%S’V . s —
0z o sz ot
4 > -
bl m
~
n 2
2
2 -
00E © 00€ © 0
ra) (2l
@™ @™
o k-]
z z
bl ° 2
hd -
n n
(2] 0
- -
z z
- - 001

081t

INIJ¥3d NI 88D G31031880)

] ALISN3Q A4Q GIQTON S JA¥ND 30IS38 33N9H4 [} INIINOD ¥ILYM ONIGION S) JAMND 301538 38ND14
IS NS EENEANAENENEESADERERNS ENSESRENEENNSEESENEREDEAESaARE!

-

CSF



KRRNAY

Gl

m. 93889183y jusmjeax] 9ovJaNg SnouruNIFg-oTqnog 103J suoriIepels °/-g 9indij
3
. . . . €0 AVW |
SR04 — 40 $961  BI1440 BUILMIBS LNINNGIADD S N UNOSIO 51 HOMM ‘2961 43S 'LYEL ‘ON WHOS Sam SOV N“ON wWe041 ON3
1 uvs SAAIND NOLVAVED
w.. ON ONIOS

§

. 1880 HOd S31vO3ILOOVY 3SHNOD AONODJ3AS 14
. ISHNOI LSHid t
, NOILI3S 1831 SHIY LNOw e w n %M IVN NOUYNSASSYD WG ¥O AIY "ON TeWvS
_\ AV ¥0 1S “ e Fo; I [W L] ﬁ>_<xo 2 q_ Sheed _
B SULLIWITUW 3ZIS NIVIO
1000 $000 100 §0°0 10 $°0 3 0l oS 001 00S
J 001 _ u 0
06 /)/ l ot
[1]] o \ ot
o~
=
0L 0¢
3 .
] D »
0
Z 09 oy M
8 2
4 oS os y 4
% 2 14 2
o =
o« |
w or oo £
2 2
= 0ot 174
oz / o8
" ! .
0 11 T phiil a1y AW 1 001
00Z OYLOOLOL OS OF OC OZ QLPI Ol 9 * € % % % & %L T € v @

YIUIWONAAH SUIGWNN 3FAFIS GIVANVIS S'R SIHONI NI ONINIO 3ANS RIVONYLS SN




i Ty v T
B L -JL-‘-lr

-

$3S9] OTJJeal $-4 10J uIalIed UOTINGTIISTIQ OFFJeil ‘g-g =2in31g

.
3 2z v v 9

AR SR A A S

v

9 9 9 14 v T 14

.
.

T

$3SSvd 40 'ON
«0C1

oy
.
ta

[
J
Cy

PR

e

HLaIM L
mc-h =°F

et

HY3ANVYM ..0L HOA
£Y0E =0 0=7
41510 TVWUON

%EE \ %EE

—
Oliia™t

.'_*.“v"‘ 'ﬁI -
-03

A

%19 %19

T

] e\o°° F

. 0T 0 «0P 0T T .02

1

+

Qn.

4 LI

\.

, ’

, ’

X e

.

. v
» [] . vl

: . v

R e ] e, - IR N DR R R A LA e e IS ST RUN P e ‘e + v s . -

..\.\ B ,‘ BRI RO - AN ,.f.. KA -....-_. e .;.-.-J. — At .-.. f f-.- . ss.-. ..- \. Ve i ) SRR AR ! ..-..\..\.-.. .\.\-ﬂ.-.tqu“-.fnf (NN ,.:- \.r



T wWo3T JO UOTIVAS Ss01) °*g-4 2andyg
14 “33Nv1SIA

12 81 ST 21 6 g £ 2
U o KL £

m
-
S3SSVd 8gE * | 3 .
S3ssvd oSt ™ o) > =
53SSVd B * —
Isve + _ =)
30vH9ENSs v = &
ON3937
Z
O
T
m
192

3 o144vHL

R

L

L .
SN
)

<, L 4
2

N

e

NI I R\ o AT
[ -.-\ﬂ\\ g AR R R ] .
N " Y l-- . I.)'.l. AL A AN . n. n-.c.-.




e = = i  m— — ETECTE T T

Pl gy
" . -

Ty

oo
-

7 Wa3l] JO UOTIVAS Ss01) *QI~d 2an3Tg

i

) 14 *3INVISIO
12 81 ST 21 B e € 2

p

3 T‘//‘/‘r«l‘l’l‘lnll\l m

|

: |

-.. “le

3 i

L ;

. — m

£ ,, —

- M M

-6 > “
b . ; — o
g S3SSVd BST ® m = S
S3ssvd 8 ¢ | ‘

g isve + _T &

r wn<mum:mo v“. 5 w —_
5 3937 “TNﬁ m
B

- “ I
I \/I\\\T\T\Lll’f‘[v}*\*\j n
. . j

e

- e
oW

3 o144vYL

e w-®"

81

LR

. ?&19
T

--. LIS -.n-----n-‘ninnn.
0@ e




e

¥
13

¢ W23 JO uorIdag sso1) “T1-4 3Ind1g

DA AR S O

14 °33NvisIa

: 12 81 Gl 21 6 9 € 2

w_ L 1 1 i 1 ] 1 Le

” —-9

m . i
: ) m i
. S3sSvd 8y * NS i
. S355vd 8 * g A

.. va * 5 ; g
. 3qvaoens v s g ..x.
. eN3931 - 5
“ e

N
C
g
) J_-.__.x'

S3HINI

o~

\(‘}\
et
s

3 o144vHL

ey -y ee P
||||| . . . N OO
. PR




N Al S8 do ik - S R P e POV Ol g,

v,
»
-.
.
y
'.
I
»
;-
..
y
¥,
b,
‘.
wo
'v

.

s 1A e

P

1 W83] JO 3]TJOoag SUITIIIUI) °ZT-g 2an3Tg

G ARCR

14 “3ONvISIOA

2 Se ac St 21 S 2
( 1 1 1 L 1 1 1 1 1

S3SSVd B8EE ¢
s3sSVd @ST +
53sSvd 8 7 e

ON3931

S A e SRR B e 8 e 20 tn A R
[
n
n
<
a
<
n
m

107

T
‘NOILVYA3T3

S3HINI

3 or144vH L

. .s)- .._.... .;. . . ... ..\.\.:ﬂ__,,,
O 7, * A, .o;:vmz.:aio\.
e L4 o o e o

ot
Vs




-
Cd

-
p T R R R T T Ty T e e T T R T W TN \m‘u;

b°, «
! ) '
k. X
1 v
"
'l . lb. I\Il
ﬁ-. Q\n h-l-
J LR . ]
{ -. a - --h-
3 .o
. R
: S0
'.. .n I--
.
b " ».m
. A
3 . qau-.
-
* ¢

Ll g

Z WSIT JO dTFFoid SUFTIa3ud) °gy-g 2andyyg

§ 14 “3INvVISIQ
. as Sy ay se 2 g2 @2 st g1 S 2
1

.v.. i i | _i e 4

w—.u. S | )| ~L 1 - 1 v

.

x f =

. m

vw.. r-C1 M [eo]

g - . 2 .

3 -2 :

, : RN

y. - .W--..w}!w“

A R X

2 S3SSVd @ST + m O

1 3 otm&tb~ s3ssyd 2~ B @ ....”_.

% aN3931 R

4 L /1 !

p T d

', !

- R

b ]

4 M

¥ ..L

o
e

- AWy
et

.- .l-..
Ci ,,.q',j'

N

T Y
M
IO

-t n" L%

N
N
N

LA
Lo
»
v,

o e o ¢ 8 ¢

AT

r{".
B
W
"0 Y
N
-.. h‘
P
&
b
P,
Tt
{¢]
r‘._*'.
"L
=
‘..
L':‘::,




MOCMNENDER ) QLM PN OLAFLR AR PN A AN PN LA <

N € W33 JO ITTJOIqd SUITIBIU3) °‘H~-g oandTg e

‘ 14 “3aNvVisIa .

; as Sy " 14 GE e Se e St a1
. b ] | 1 .

T
‘NOILYAI3
109

S3IHINI

| —-g1
3 utms.le_ S3SSvd 8¢ + g
S3ssvd @ ~

ON3937

I R @



-

¥, Vg y w7 Ll ]
-5.\ NI N -ﬂ-.-

BN PR OODORONOE PR AT

.

SIAA'T YITM Paansesy 3Ie) peo] H-J WOIJ Surseqg UOTIdaTIeq °SI-g4 2Ind1g

. NI ‘39Y9 WOHJ 3IINVLISIQ
oS ov o€ 0z ol 0 0§ ov oe oz 01 0 os ov ot 02 ol 0
-+ttt v00 ——+—1+—+——+r—+vo0o ——F+——+—T—+F+—Tt+— 7} v00
+ €00 +£00 1 €00
o
™
-
_ +200 —_— 4200 —_— +z00 m
1s8a oV, ov,2 a
4
o
<100 4 100 1100 2z
: S
z —
+ 000 4000 {000
L 00 L1100 Lioo
!
€-N3LI Z-N3ll T-Wali .m
. o
A
v
NA N
l¥VD av0l v -3 WOMJ NISYE NOILDIT43Q A
..-
b
o
o
oy
.”.Nl A
-- ls
Vo
volrd
A
B -
'....,.s
7 4, %
L A
-“-w\.- J
pX
~..~..~.
.'l'~
LY
v
.-.-q.- - \.--.\-\.\.\.\. ....ﬂ......h-...- ‘.. '-I...tln.-l ..--.\-\.. 2 K o -w-nﬁhq-c(. q..-i.-.--v-u..\ ..,v.-.......-.-.f..p... -,..-v,l-. . .....'\.\ .-.\.\....\,L‘ v-in .
o h S AN ._...n.l\\n..a DEOENRRR . . " N P d PN \ o' e . (s



11|14,1<
et T PR a

APAPAENINENER P (ot atap gt iy (g \ Nkt D7 EEEL R s 2 3350

H?

X
e
1 \-{\KI -

N\

o,
A

_—)..
_- S9In3eag 3S3L 9yl JO SUOTITV0T BuynoYyS JusweAeg PTOTIATV 3O Inoke] °g1-g 2In81g

OIHO ‘84V NOSHILLVJ-LHOIHUM
SNOILY201 34NLV3ad

[ Sy &

‘b

h"s i
) g N

N

A A IR AR A S AN

[}

) '
"

f
!

K
Al

e

AR

111
Ul n\‘!-
\'!\

A

‘ NOILYIOT 3HNLYIL 1-dm
aN3937 L
\/

. -
- ~-I‘..I‘
S N,
T Ny

n':‘

Pl
-

U
N
g
\
g

N
_-.\‘}!\.

I\

. ‘_..'-.‘.s.‘
L)
A .'\ BN

.
o

A

3.ty

L . .
¢ * 3 e

y . - . P
g 2 \c..... ..,....2 L -u-..~\-\-.w-\... e v e v w_ e - A, e o . . - N .n- v....
T d\*&f * ! e . u. vt AL e o-\h K] ..- .~. .... .\ .\ ... -.». ..u.}-. ......‘ .-...-‘..-. ..-.. >rv>z..lf.-l.- ) -.. .w-...wu“.. ,.\. v,



P s
...»--f

'

Al ale a3

-

AN

V.

ol e el 2N,

DACRCACAINING PR I TR

1] A »

saanjeag 1S9 9yl JO SuoTIELd0T Surmoys JuswaAeg PIOFIITY Jo InokeT °/T-g 2andTd

IHNOSSIN ‘94V NVYWILIHM
SNOILVYI07 3HNLV3Id

NOILVIOT 3HNLVY3Y LM
aN3937

112

"

LS

-

@V ANNANNY
’—--.- AR A




> TeTI93el g4V u0S1al3Ied-1Yy38TIM I03 S2AIN) uolIBpeln Q-4 2indTg

“. BR800 =40 (904 121440 PRHiNIES LNINBEBOY § A § s g .N“— as .—‘N- gs m SDvuI NQON &ﬁ
. uvo $IANND NOUVOVEO
r owomce] 2 T (WD-MD) 13AVYD ALTIS 35V VM
3 i [ St_| e (05 ONVS ASAVID AT13AVHD | 3avEDEns CdaM
3 OIHO "84V NOSUILLVA - LHOIUM vaw [— e | u NMOUE (d9) 13AVED | 35V8 £dM
r S30V4HNS AHIAODIN 9 vl 0z NMOUS (D9-d9) TIAVHO AIAVID asve [
,_..A, RFONAVY SLVNB3LTY owom -0 1 voua Mol 1aAvHD | 3%V L%
‘
‘. ~\ JRo— -_ g _oz(u!..a! { ulcou% 2] §w-o V0D J_ 710002 |~
ﬁﬁ. 1000 $000 100 $00 10 n.o._.—.i IS Va9 3 [+ 0s 001 00S
N [+ 1] _ h — ]
w'\ T
2 ]" )
2 o0 SE o
. NN TS ]
08 ‘ / RN 0z
..m: N //r A _ ™
5 N —
4 5 o rdM N o -
r » N\ 4] =
8 N N =
L. Z oo AN\ o 8
L. 5 N A ——N—(ISVG) E-dM zZ

! ~N N X 2
L B os / 1] os &
ﬁ.- b4 N X L-dM =
-. %o (3aVH98NS) £dM zam A\ N\ | o &
z N - b1 JONFYIFTY AG | m
- 8 @3131934S
.ﬁ Z o STLINT 4o,
w \\
' or : N 09
] N 3
,ﬁ \
b ot 06
2

. b . 1 ]
% ° 307 OFTOG 02 05 0 O6 0L P O e v 7t N T e oot
Iy BUIWOWOAH SUIOWNN JANS GEVONYIS ‘SN §z§§§5 N

SEI rv'\‘—

>

’-i

N

.:.-.-u [N RS .A.-J. ety 1--<-q-n~-<.~- ‘\\\\‘..-....t\ "
N ......\.-\..\... ...‘... o .-- . .-..J 0 . .. - -.-n- I\J&-ﬁ ~ J ’ v, A p- N

<




i

~

\UW

Noa,t .

LD

{\

TeTI93eK g4V UPWOITYM I0J SIAIN) UOTILPRIH °GT-€ 2and1jg

.

oreteeso et 3ousm sersmrs surmmtaaen 38 AN00 3 108 2961 @8 ‘Tt onmcimmsovun /80T :‘ﬂ”ﬂ.

uva SIANND NOUVAYND
ppvy I L ]| er (19) AV10 | 3aveoens tM
—; 3 a4 [ e {HO) AV1D AGNVS ATI3AVHD | _3avuoans M
OW 84V NVWILIHM v [ v | w (D) 13AVHD AJAVTO AGNVS 3Isva M
$30VIHNS AHIA0D3N 6 v | e {09) 13AVHD AJAVIO AGNVS 3sve M
8 5L | €2 {39) 13AVHD AIAVIO AONVS 3sve M
i ] I g | mwvod | [ B V0D 1
AVD ¥0 1N I ONVS T BAVEO 1 2 L
: ) : . SEEWITTW 327 VIS
1000 $000 100 $00 10 $0 c o1 0s 00t

8

0L S ot .

m Iy \ 3 -
m 09 / A’ / or m ',
S 111 NLX \ 3 .
9 TEM ZM I-M] 3SVE L\ 2 :
m os [ '
e Z5ON3UIITT AG n m »
F Jd 03141934 SLINIT o 2 :
g \ §

= ot —’ 0L

3av498NS) €-M - s
0 i A 44 laalaa . Al i 001
00T OriOOIOLOS OV OC OL 91PL 018 9 7 € % & % L %1 T € » o
WIUIWONAAN SUHIIWNN ANS UVANYLS SN STHONI NIl ONINIO IANS GUVONVIS 'S'N

. . --o-.-J J--v.qdl Iq uﬂ R
SORA AT S




NN NEREEREEEEEE
TT I T T T T T T T T T Tl
|
WP-1,
300 1. Base course ‘
E |
z
S ,
. g 250 N |
o X
Z N
« A
o 200
Y]
S /
o \
9 150 \
o«
4
o
(9]
100
iSiEEeE
50 | !
s
|
0 1
'—
(1
-
v}
T 142
a
0
S
z 140 4
>
i i
9 2 =
e Z 138 1
P o 4 )
":". E I
A o ‘
136
o
»-.—
e 134
A 2 3 4 5 6 7 8 9
\'.-:.- WATER CONTENT IN PERCENT DRY WEIGHT
...-.‘.: MOLDING WATER CONTENT VS DENSITY AND CBR
'“" Figure B-20. Laboratory Compaction and Unsoaked CBRs for WP-1 Base Course
::::Q: 115
.
Nl
Y
| I

’
«*ete vl
]

"-.'f-.' N

L4




N |
& S
10
2 &
o ~A
v ,.\L
u g
1 g o K m ‘s
”ﬁ ) — e N '
[ @ / o O
.- 1T / »d 9 &
(e} 1T1e
= i
1 © /| d ~ 4 « o
s 11 o o>
T o - s 5
T~ = i AT 35 &
T . = ] x5 °
o
9 ) Q
- - k
1 & zN a9
— w > 2
1 N g £
N W o2 0%
// Z - m —
N -
\ N zZ0 o
i
) e &
FX @
X\ Sw 3
1
- g
\ x g 2
55 S
N < >
30 &
N ] T Zz o
I o I
s 2
o
I ‘ 1 s 3
o [} o [ [ o (] o ~I o~ () [s o] O 3
~r o [aa] [aa]
2 & & =& =& g = 3 3§ ¥ 3 =3 =& E
o~
LN3D¥3d NI Y82 @31D3¥Y¥0D L4ND ¥3d S8 NI ALISN3Q A¥Q &
[ ]
-
3
[ ]
o
=
........ SRR o a0 T3 e 20 1 L I AT ) AR AN .y TR N o - - .-I.(
St .I.P L. YR XY -.-..---.\-\--- _-\ n.-- . ..- FaA \‘-\\‘vl- Y \f.f [N .. - ..- .-..nf .r-.n-. v, -.\\\ AR
o 9 RN PO . RAATSNNE ~ DRSNS 0,.\ AN .\ VAN I .x:\.....L Y




«

Y 13 et

B -
.
PP l‘\

o~

]
L YL

a0 AR At 4

GG

Pl d @Al

~ s
(4

1@ e

¢

e I

»

300

250

’—

4

Ww

&

€ 200

a

z

< 150

(O]

(o]

w

.

O 100

o

[+ 4

(o]

(9]
50
0
141

L 140

W

o}

(9]

139

a

73]

[1e]

@

z 138

>

.—

2

Z 137

[a)

>

[V d

(a)
136
135

Figure B-22.

RE RN
IREN!
WP-3. Base Course
Fim
7
\
4
\
7
e /,
. !
:r YYI
R 1 |
i |
I
| !
{' )
S
?
|
f
[
Tt
!l l
!J
b
-
[ ]
1 2 3 4 5 6 7 8

WATER CONTENT IN PERCENT DRY WEIGHT
MOLDING WATER CONTENT VS DENSITY AND CBR

Laboratory Compaction and Unsoaked CBRs for WP-3 Base Course

117

'.-"

~~~~~

\-\gh‘$“\vvv“““‘ iﬁﬁ\ﬂ\“
A D e R I SRR OO



']
o
<
L)
[-1V]
3
O N

— (14
T L 2
(@] |
@ ns o &
o T Z =
o “E< 9

0 o >
11 2 - wb g
] - -1 3Hp =
- .- Z o
E npms z N25 -
- ) oNn (]
: (o] A 1 -~
—— = - m 7)) [:\]
- et w > 2

(9}
2 & 5
- £ -]
z O o
wQ b
s °
Y o ouw a.
[+ 4

J..u w < o
=2 »
20 §
~ Z .m
S 5

-
o
~ o 82 2 .

o uy o wny o uwy o [ Q e ~r S <
2 S g 0~ 2 & 8§ 8§ 8 % oz r
o~
LN3ID¥3d NI ¥48D 43103YY0D 13 ND ¥3d $977 NI ALISN3Q AYCQ _..r
(]
1ol
=
ob
bal
P
.‘: ... .-- .-....-.. ’, .-....-.--. R ...‘., A g .. \... -..-..\ -s._ e n .. A - ~....... VA . R AR R A A ...~.....-_-.--N _\.-1.- .-q\u-. ...- R} _.. n- ‘o .-. Y, )
... I-...........\..\........ t..n--\..\-f -.-.\.... \.-\.-................... e -.....-..-v-\ \.. 5 - : ..-....- su. .v. \\..- .J .-M--c.- -.\f\f\”c\-. » ..-..~.- f . -.v-w-. e i . ._. -.-\



I"_- T TR T TR T T TN T DRI Sl dat At oiie- o8 MCACUEMEMERR EA S DL ey s b 4 2 g ™ AN
9.
P
A
P
SRR
270
VI TTTTTd H
INERRERRNEE)
260 WP-4. Base Course
}_
z
3]
a 250
(Y]
a
Z
T 240
o |
o r
g 1
S 9 230
A o
N «
= S
S 220
.l-‘. 1 1
. T L : ]7!
-, A ] ]
LU T T
i 210 2 A EmEmmssmmLESES
‘ 0 = ! J'
- e
i i
T
BEEE
l t
7 ]
+~ 143 R AR
" o
=)
O HET )
! z { 3.
5 142 EeaumaERE
; T
@ T
¥ - o :
z 141 ~ N
0 T !
" T
2 N Baan
: 5 140 - ——
.. o T R B S
L > K T
A [ 4 P
o o T
::\‘ 139
N
<
o 138
N 0 iR ConTeNe e pene o S 6T
E:;t{ WATER CONTENT IN PERCENT DRY WEIGHT
Cd -
AN, MOLDING WATER CONTENT VS DENSITY AND CBR
)
:,-'_C.-: Figure B-24. Laboratory Compaction and Unsoaked CBRs for WP-4 Base Course
NN
;.-';.-; 119
o~
AN
e
] B
t‘f""
P
.':‘:;":-"i"'- O A I AR AR RN AP L RN I T )
P AR g .. .‘ N ‘ .'.. - -.'“r:". .'. X R ...'\ -.:'\-'-‘."‘ '... S :.\:. :. »")
A P I R SN RN R T R et T S G SRS




ASESAAC COCACLELAREY (O SRR AN Sy GO Sl A AN N St St S AANAS A NA TGN R AL ASI ) A RACA A NN I S A M M N A

300

250

200 <

150 i A\

100

CORRECTED CBR IN PERCENT

50

o
-

i RS &
-

S J S I B
- .

140

138

136 N

-4
et .

X
134 y 7}\]
1

DRY DENSITY IN LBS PER CU FT

132

130

3 4 5 b 10
WATER CONTENT IN PERCENT DRY WEIGHT
MOLDING WATER CONTENT VS DENSITY AND CBR

1'

Figure B-25. Laboratory Compaction and Unsoaked CBRs for W-1 Base Course

..
na

NANA

120

Nan

’

Y

O

d AN (U
DAY,

T T P
N :'"..'(?.-'.'.'_' - MO -‘:~'




T g W W - i
A aVe T . _.‘".'ji. P e AN L T S i Aa S A AR At A A A a Sah AR bl A ek o Bl & S I Bl sav ks sas ca K8 nd aid VVW
- e ’ : - N N . . et ‘ oot A ta e tat et e AL A A A LA LN 2 g ot

.A"—‘
~T
S
>N
LS
o 300
A
N\
250 W-2. Base Course
F—
-4
o
« 200
W
- [+ N O
z -
& 150 H+ N
%)
o
o
Y
Y 100
g &
o N
A
50 AN
LN —+
i = 1‘ |
I ! O
0 T 1
T ¢ : LI T
=
[}
-
— 138 i
(e =0 T
o
U it 1
@ :
w136 ST
" S NERE
a G HE N
> g N
z 134 i" -
. IRBERN
s : T
- A
>
«
o
130
2
1 82.5 3.5 4.5 5. . .D 8. .5

WATER CONTENT IN PERCENT DRY WEIGHT
MOLDING WATER CONTENT VS DENSITY AND CBR

Figure B-26. Laboratory Compaction and Unsoaked CBRs for W-2 Base Course

~
Xk

-
-’

St
.

Y

121

t:' ..f%-
'-

1
@

rota %

e e TN B N e P S TN
Cla) 1- » > .

BN RN AP AT LN
AR CHARAY SR L LA OO -.‘.-.‘_\jx':i
& ANy P L.N.-g'\ l&




s ® > ,
-.‘ ‘.'-‘:: .‘vf‘:;ﬂ'-l ‘ ' "- ‘e

»
-

150

125 W-2. Subgrade
. .
4
W
& 100 L
W
o
z N
€ 175
O N
(o]

(Y]
[
9 50
[+ 4
5 .
.
© 25 AN
\\

120 : N

118 \

116 4

114

DRY DENSITY IN LBS PER CUFT

112

110, 6 8 10 12 14 16 ) )

WATER CONTENT IN PERCENT DRY WEIGHT
MOLDING WATER CONTENT VS DENSITY AND CBR

Figure B-27. Laboratory Compaction and Unsoaked CBRs for W-2 Subgrade

122

s e T T

e

e e T e e T N T
™, -"_': ", e .',-" S, IS 'f.v,,-‘ 4 o ('.'- feat ..‘. LR 0 . \‘-" N '\.’.‘ N -.C'\J .'-.“'-“.- - -
 ACN ACTE N PN A A S R s s I S AT AP A AV AU AL AR LR R RGO L CIL S I VA




N e 5 M Al A Al A A (P Y I S 4
PN NS A A A N AT e

9
<

- o

RN udl ;

P
o .o

.
B

300

sy

W-3. Base Course

250

200

150 e

100

CORRECTED CBR IN PERCENT
1

>
LRl VPSR

K
¥

50

4

[

3

]
>y ¥

o
»

140

138 f o

136 \

134

DRY DENSITY IN LBS PER CUFT

132

-6

&;Z:.' B33 73 55 6 S E5 3.5
i"\ WATER CONTENT IN PERCENT DRY WEIGHT

o MOLDING WATER CONTENT VS DENSITY AND CBR

Figure B-28. Laboratory Compaction and Unsoaked CBRs for W-3 Base Course

|
A
a2 1]
L il

123

e e T B . N R S R R R

\.A)A}':I'.’A\..A‘:A\.A\_.":A\:A'F:.\:.‘!‘.



150

125

=
o
o

75

50

CORRECTED CBR IN PERCENT

25

114

113

112

111

110

DRY DENSITY IN LBS PER CUFT

109

108
8

10 12 14 16 18 20 22
WATER CONTENT IN PERCENT DRY WEIGHT

MOLDING WATER CONTENT VS DENSITY AND CBR

Figure B~29. Laboratory Compaction and Unsoaked CBRs for W-3 Subgrade

(3

124

I oy
e i

-
. PR
- V. " .

LS L S L L S S TG Tt O WO N T VO )
OUESRC, G AT :f‘.-_-.

- - - . h R .'. v » .4.,‘.' R . o " a - et > ~ « f.‘.-'.
% W e R 0 T T T\ m At AT AT N A . LSS RLNES 4~
O N ORI It O A (it G A R A R L U, SN SV YO S g STt R Ty TN



:

Y

TN S IV LY

SRR AR

L RO A

S2INIXTW 3ITeYdsy gjv uos1aljed-3yS8TiM 103j SUOTIEpEIH

*0g-9 2and1g

$$ ASNONY
989 WHO4 SIM

OTYQ ‘oSeg 92104 ATV UOSIaIIBI-IYSTIN

NOILVYDISIANIQt ANdNVYS

A8 031107d|

QUQSDZ N334DS

002 00! 0% oS Oov o€ o2 JI) r v/ g/€ 2/ v/€ | L 2 42 .o
0
I/ -1
-] R
o] . o1
N
e
r/ N
0z} ~ES ¢ 02
— — ~ R
b—-———— m
ST - 3 b}
o€ o€ O
- ~ m
[~ N b4
-
ov — — — — o o
PSS S — m
—— - v
os oS 2
- " &
-
b————————— - - -
ARREUSENNRRIS S SE——
«9 AN - 09
SNSRI S SRNN AN ¢
- —— — - AV
[ T ] D AR N AW ZidM
oL QL
— - I=d AN
= +—— o
o] A o¢
A\
I 1o N
06 ST 06
\ N
A AN
S
OOQ.Na 600 ( : {110 §910 220 ..nlo 8900 L@LO LEED L9} 2 e os’ [3 [+]] [ o2 ¢Z ot
SIHONI NI ONINIJO NIIJYWOS
»
. -\ F-Q-. 4‘ - \ x’lﬂfxﬂ\l‘.)-

.'. .----

PRI

o RN @ .

ey

125

RALAE ..\'.'-'J
e -_" ._' [
AHL SN |

- % '. A
"»‘fh:\.ﬂ!

-".
.
a1

AL

-
L BN

»

-,
. - Ls t o, - .
\M:.'Aiﬁlni

L
'

s
L ¥

Wiy

“~
M




saInIXTH 3ITeydsy g4V uosialled-i1ySTiM 103j suorieperd “I¢-d an3rg s 1snonY
988 WHO4 SIM

OTYQ ‘Sseg adiod ATV UOSIdIIed-IYSTipM

NOILVYODIZIANIO! 31DNYS A8 0311074

HIBGNNN Zuuxum
oo2 00! 0% 0¢ oy (o] 02 9l [o]] 1 4 v/ g/€ /% v/€ 1 %1

N
.
N

— — —-

o€ i v S . o€

ov ~+ 4-- — ~ ov
A RS SaSUA SRS SRS U SRR G, —_—
ity o SASSERR: Sl Ghupap ilsi Siniu S qul

os S — 0s
Sl S S WO Sl S SN S

126

A
!
|
!
N
i
k
|
7
A
A .
gl
0.
ONISSVd LN 3D043d

p— ——— -3 Ww..lﬂgﬂ EIURRS QU S ‘“Wn...ml%k U NN
b — — A - - 4 -4 ¥ o e — b
09 2 - S 09
[T 1 SRR SRR SRS I R SRS GH S ~—
S - s N
[ T LTMP DUSRIRR GARRG ty Sl SR S x‘DDUHHO“m ) //

T I!.-Alli-illl -.- , -
P S A D SRS SN | N[ U-d
- B - AW AN
- - AN AN

2]

- —_——d —- _—d -

06

4 -
°Oo~8 [] 100 [ 910" €20 170 83p0° L9L0 LEBD L9 (T2 WE os’ $i 01 St 02 ¢¢2 of

SIHONI NI ONIN3dO N3J¥DS

LYVHD ONIGVYHO 31LVO3IHOOV

<..-.-q \-\a .)II-J... _..-..

I AP R AR ..... .....,\\.. . ey Ny
) ¢ ¢ ‘ \. . Fn?ﬁ- .....\-q-\-..\-. t.-.\..\q.ﬂ\.\-.\

.. LA ) . . P
- ..-J.-\--\\:.'.. (\\- ~.\\.! (&-/.--. (A .




RO I

v " LA e e g g "
R P PL A PRt SR Ll N

S9aNIXT ITeydsy giv uewalTyM 10J SUOTIBDRIDH

*z€-g 2an3ry

S ASNONV
988 WHOJ CIM

TINOSST)] °‘9Seg 22104 ATY UBWIITYM
NOILVDIAILN3QI 3TdNVS

AB 031104

HIGWNN N334OS
ooe 00t 09 (29 oy 0€ 0eZ 91

oL e [ 4 v/L 8/€ 2/} v/€

NN ~ — — D S
- D=0 - v
[ 121 N O ~__ | 1 m
o] -lyﬁl O [ S S e S ]
£ — T — <X ot n
_—_ —_—— - .AT = s — - i n.i.. RS |“ /1 m
ov R T T T T V// T P—— or o
AR S S B SR NN v m
R S o RS GRRSANS SN DU SRS SR . € R b
oS : RO A SRS S S = os z
] ) U G NS AN o
T ] N AN
p-— — - -t - -+ - /”/ - /A
09 09
T 3 R S E
PR SIS S S [N SRS S S N
= — N
oL t.. S ) A AW QL
a YA
[ \
- 1 /// /A
. —_ -\ AN
B AN AN
06 T 06
AN N A\
AN BN
~
6200 6200 (00 L0 SHQ LCE20 1€E0 690 L9LO (E60 [ [T4 e [:13 (13 o1 (4] 02 ¢2 o¢
SIHONI NI ONINIJO NIJHDS
. s
.-. ..q... ..1.\“-qon..“-. - .. -0 ... ,..-.... .a-f .W -f\f\un.-f\.v.\.--. ’\\J“.-...b-“\.“.-...\p“-hd. . ..1...{\.-\.---‘.-\-.-\ .......-..\—.\..q- -4-.-. .._. ..--..-....-....--..-.- .J ..._.---\-I---_\-..-.- -. _..-... .....-.,-.. -.. .....-.1 r-... --.1.--

rr LA

S A
w i

NG
IR

~
M

\- .ﬂ_

127

L e

Y e



gy

s

e
vl

()

.
N

-

MR

R 2

NS

e Py
Y
.

RN IRRVA

A 1

ety

(i}
. .
[}

—_~c

AP

‘i’\‘i‘l".n'

.-l. A .v‘\. R

55

SR ’
. & » L)
A IR

(s
e
[ Y]

AL YO MY Y

COR )

-“® . P R S R R T I PR

WRIGHT - PATTERSON AFB, OHIO

WP-1

DEPTH DEPTH
IN CBR IN

WP-2 WP-3 WP-4

3.0 ~p— 12 30-
o5 )
GW
T 16.0 =
9.0 Lz dz?d_ ;5
-,
440 - A .
50.0 =LA

39

44

11

* NO FAILURE

400

643

DEPTH DEPTH
CBR IN CBR IN CBR
AC AC
2.0 -3  20-p¢ 72
.. Yo
. 4
' J GW-
< - > GM >
GP 1
:" , o
-9 v
1490 -2l 7 14,0 -Lt2d_ o

PASSES TO 1-IN RUT
60 100

PASSES TO 3-IN RUT

90 162

SKIDS TO FAILURE

6 35

TURNS TO FAILURE

75*

28 75*

Figure B-33. Structure and Traffic Test Results of Wright-Patterson AFB Pavements

128

e c v e .o ce e
R ., .f..:." .
. - - -
R '.':- RN NN
DS S P
e et e e B e .
O PR LN e e w o s

S T

il %

AR od

o

] :I.i,'

g lﬂ;‘

)

AL AW

.

T oo
PSR



ARG |

v
'R
4 1)
w.. ®
L 3
! [=]
g
W. o
b, .v._
w.. (Y
,. N B
b g s g
¢ © <
w\. N g
, [+2] a
. \ Q [&] ™
; W_ < o (& ” 8 5 m
1 el a ~
. N
! ‘ T 0 o g
o o~ [
2 - [
.--, s
g a
hu. N T T R
.r.. nMu o o] w M
) m_ ] ~ T @ < =3 2
o . o J
N (03) e M 2 2 ] ) ]
re, u - -~ - A [ [
v~ A ~ . -— ™ g vy ~
.r.. } _ . [e) % (@] o~ w (] ~ .u L
§ z = N4 = =] 2 o m o~ -
b, < T R o * = hel
v b ] v i w w » » o
e T 7 fal 4
, w £ 0 e ] a o o [
¥ = I 2 g £ 1 I .
. T o [~ 9
ﬁ = ]
N @
te’ -
[ 3
L w o
e
V. = -
v, <« brd
w--V A V' w
B - Voory o . 2 .
: oy 8 ; s & - kI g
g I :
i’ T vV 1 1 m
.. - (=] o (7]
m. I s S N
4 ° @
b H
b,
.v..
]
‘-n
f,
;
I,
WAI
-.- . .
. T.” - Te” . » . . - . . - . £ o o v s - = . - . . . . e e .
S . A e " : : 2y ) (..-J.. ' Yy r v v r ;n-s\-\.--nl VY .
..... -anq\..-...--. PR T I 7 ¢




Al

B

)

Ly
.

IR e ey

T
- .

e RACH

Y
.

o

-

S DAY

.

.
S

VUL

.

y
~

A

VSRR g

 Bhaaietad ot

D

.

A SO

e TN .

FE T

sqTnsay OTIjeal

03 s¥gD PoInSes| DB[J-UJ WO1J IANTFeI O3 SISSeJ PO3IOIPaid jJo uostaedmo)y -¢g-g 2InStg

S-M

T-M

Y-dm

c-dMm T-dMm \-dMm

sé¢

SOl

€Le

S.,d4ed> aIayunsvawn
o4 Sassvd dasdiazmwd

LnY Ni-1 00 S3SSVYd

- 00|

-00€

- 00t

FUNTvd oL sSISSVd

136




. c-N T-M 1-M Y-dm

€-dMm

PP AP I AP BN B o i N

S3TnsSay O°1jJea] ol aanyej o3 sasseq uldysaqg jo uosyaedwo)y °*9g-g 2anBTg -

1-dM

o
>

Sz ,
. e Gol 00|

[>{-3-

09

6¢

N

(o]
o
<

: L9L
. —oocot B
., (14
g
. m
. v
\ —
. 1 u U
, 8ist
. |
: »
F
o
y —~4oooz M
) 2861 ¢
e, NDIS3IC NO Qasye A
S3SSVd G31D1a3™d
6€9C
: % /
. I¥aUvA 01 S3sSvd \ A /|
H X ] / / ~L000¢t
. O1Xe< o\Xl<
J
, . .
s
..\.-\..\.. .‘ -. Ay \.v\... g .J P ... ... .-.. . .\ ... ...J ... ......... .-.q \ \-V..\..\. \. .- ‘ _...... o) ........ﬁ....” — A ‘....-.\ e, _‘...... D . \.\..\..\J.. .- N . .. ... ... .-- .\ .a. .\ .‘. T-. A .\-\.-., 4 ...\ N 2L S

-
[3

\Is._..'

-
-

.v
N,

- ‘-':h.," .

«, v ez
* -

(¢

9

. -
e .
[

L
o)
-

sy’ ™

S{fA_

N A
VPRI,

MO
NS

Mo WA XN W

LY

AROZha
2 LIRS .
BRSOy

oy
X

>IN
v '0."!

-

“

)
L
L}

YK
S,

W
I'-,

e
Y
h h

-

.t Te" q"
"‘:‘F?J‘}.',, -~
NGRS Oy

7,
v




EACAEAS AL CRFL SIS AR UL (o r A PR SRR A AT S A Tl a2 et

chedes b

) 4 -
ORIG /f/
HARDENING DURING HEATING AND MIXING=P

P

0
Yt A

jC AR -

R > > X - J— ORIG  'MIX
2 j .
Ko~ c
T, x ¥
EF HARDENING DURING AGING= P ~P ‘
2 L ov MIX AGE
%Y 5 - -
- * 3 3
- - E .
z -
o z
e v p
- < AGE
s

MiX AGE / EXPOSURE

L4
|
Y
——————

2t
. N "
LV KA

o Figure B-37. Asphalt Hardening as a Result of Age

,'-»

OV
A

Ay

Ay

il a
’.,-‘.":

JVRA
““'
RN

[

A
(Y

-

o te
.
'

.
‘4
v

132

L Y A
A A
NN A




I3

HEATING € MIXING INDEX =

PORIG

RETAINED
PENETRATION

INDEX = AGE

PORIG

RETAINED PENETRATION

Foric~ Amix =|- PMix
PorIG forle

P _P
AGING INDEX = MIX AGE

MIX AGE / EXPOSURE

133

AR

e A A AN TN
Gy [ -'\1'- o, \-’-“$.’-\ e

Figure B-38. Asphalt—=Hardening Indices Based on Penetration

| TG PR SR PR LY |

L a2 At 'l WSS AT A




i1
v ¢ v [ ey
.Mu.....n
i -um
7z
A
R
Pty
. v
suoriepeas 23e89a88y -gg-g 2an8TJg LA, .m
2
UNOSIO 51 Howm ‘2961 435 "zt onwici msovun /B80T £oAvw | r-\w
B -804 — 40 (96} 31440 DHHINIBG LNINNERAOD $ N !‘9 gw “.
o SIANND NOWVAVEO Z
S Lt
S m
vawv ETP] o \....A
ISHVOD ) U....MA
SNIDV SHIV Swose ANIa3n afv -\.u}-‘
S1S3LONI " t N % NOUVIHISSY 143 30 AI ON Tlwvs s ..1
o
1 N 1 WNOIW | swod | N T v T v A
_ AV1D 30 WS I SNve I A5 — S3M0> . L) 5
SBLIWITIW 3ZIS NIVEO Y
o%o.o §000 100 $00 10 $0 S oi 05 001 Sw. ’. .M.n
r
111 | i
« --' QQA
06 NN o1 ot w
| / T .\- 5 e
/ ! .\.r..i
08 J oz L
N, » ~ \.... [
X [« 74 0t
= AN I 2
o N N ' :
Z 09 — or m
a 1‘.70 Z
2 3 L 2
2 0% 0 m
g NdA 2
T NERNE p:
or 09 &
g 34 3
mnm g0 a- Z
= ot 0L
vo A
]
ot / [+ 1]
\J
ol W 06
N W\
0 TU0 I O Ld_aa ] _/ 1 1 001
00T OYIOOLOZLO0S OV OE OZ 9171018 ¢ P € % % % | %1 T € v ¢
¥ILIWOUAAH SUIIWNN 3AS GIVONVIS 'S'N SIHONI NI ONINIJO 3A3IS GUVANYLS '$'N

I I S S ATt et N
LA (YO A AN A\ 4 n.$ b e B LN g N ey
R IR S A IR A TN Y LA A AR/

Y et El.mb.k » P L2 Lt fhfhfbrtf.\fhfh



RIS g 4

saanjeradwa] 921yl 103 s3Tnsay 1S3l Surdy Teisuss °Qh-g 2In3Td

SAVd ‘3o0v

o€ s2 oz Sl ol S o}

L | 1 1 _ 1 i

| T T 1 T T 0°0

(-]
*
a
m
-4
>
4
m
o
)
m
]
m
-]
r ]
>
-4
o
P4
z
[+
m
x
-1 g0
-~ v N
= ODRoX \_«....a.x.. RS B YRR AL I




N T TR T T N T T T e T WY YRy -
) T e e SRC AR ARARALS LA AR P A Sl RS Bacy a a2 e Py YT T NVIVITIY VLS K

W

N

\ L]

"I

ot

*~
.'*-3
3z
=~
._‘_-‘.
LEGEND Qj
Sl
® LIMESTONE € S AC 20 !
X GRAVEL § S AC 20 o
+ LIMESTONE & TAC 20 j
O LIMESTONE ¢ SACS ‘b
A
8
0.4 -(
HEATING § MIXING CURVE
0.3 1 . FOR LIMESTONE € S AC 20
x
wl
Q
4
9
z
X 02 +
s
W~
[
z
- *
x .
T o_l e o
X
x O ‘
+
+
+
0.0 + 4 —
3.0} f4.o 1 5.0

AGGREGATE FINENESS MODULUS

0

iYTT
sl s
FINE
MEDIUM
COARSE

s
o

Figure B-41l. Heating and Mixing Relationship

CELY

TR

7@

v
PR

s

136

AN AR

r=
!

et ",
NENLAEN
.

~ P
'w."' COCAC A '.x \'(\'f\ \'\"\‘\"\ -J'-,

N R R

N4

.

e
2
..

. ~




g
PR
PRI
'
.

%

J"I 'r
'. .

ARN]

- A A « B
RN ad TR

.
)

AGGREGATE FINENESS MODULUS
e - 3.3

0.5 +— X - 3.95
0- 470

g

04 +

0.3 +

NN

~
]

a
Felt,

ST
INDE X

‘y

v

AGING

g

0.2 +

P
. .
. ‘g8

AN, ul ¥

.
Py

I 4

0.1 +

v

0.0 —— + . —o—
8 10 12 14 N) 18

e

ASPHALT CONTENT, PERCENT VOLUME

Figure B-42, Aging Relationship for Mixes of Limestone and S AC 20 Asphalt
(225°F, 7 Days)

A YA

1]

S
[




W T TR WY Lac o W

Y
g
N

L
\ g
S
-
> .
-‘,\.‘ \’.

-
S 1 I
AL
u

e
'.:_\__
LY

LA

X (sfeq [ *3,6ZT) SIXTW TTV 103 sdiysuorjersy 3urdy -gy-g oan3ry

(¥
™
W
<

. ANNTOA LNIDYAd ‘LNILINOD 1IVHLSY .5%&
g ) 91 vl . { ol ol
. 1 . X4
: F T 1 T } T T T 00 NG
" [ X
-. a3, h‘
£ \-

a

LSO
<

MY

~

T
o
20

"
-

)

-

) —+ 20
: 020V s 3 T3Avie 02 5v § # INOLSINIT >
.ﬂh / w 8
. Zz a8
. |z o
z
o
! m
. x
/ th.o

; s oV m»uzoh,wu_z_._l\V//
: 025V 1 # INOLSINIT \\v/ .

2 N\

4 oo

¢ o v e .
LS
- q\-u\nc ‘0 %y l!‘.h. ‘,

e P A ALACA TN d LTttt T N NN Y
X AR RN ARG .......\.L At
e I L SRR . @ s.....«f.n# XL JRAAAAAR RN



1 St B i P e o B i e e e e o L MMM ey S e i o o S Aty A e § | P = o v e o S Dt

b

t

:

N

".

F. .

m (skeq ¢ 4,522) sdrysuorjeray aunyop £q Jualuo) 3Teydsy ~ xapul uor3eijaUa4] paurelay ‘4y-g aanlyj

y

h ANNTOA LNIJHId ‘LNIFLNOD LIVHISY

3 ¢! 91 vi 21 oI

r-. r LJ L) T T T T T Nno

b

b

>

sovs 3 3

3 uzo.rnu:_} . T *° m

e

3 === 5

¥ o -~ 3

X 4

3 . 02ovs ¥ \I/ -3 M
o INOLSINIT - ozovi $ 190 3 %
q INOLSINIT 2 o ..?.%
X 0zZovs 3 ~ 5 . A
S TIAVHO z ok

: vy

p: o % AR
A z LIy
X + 90 © LA
] n f....u...a
. %
wﬁ... o

02ov S $uo o—=O
§IO¥S $S$1 0---—-
02oV13$S§7 X —%
02oYS$s1o—e

dN3937

Al eh T At Tt et e Jiit s gl A
o

| E—

L)

°
NI L N Rl B Y IR ) - »
S I T N,
T e S

-
-
R

v

@ S YE

. . )

VAT N AR

?,%" .-4- »
-u-vldn-- - -- "

-.-..-.~.--......~.; AL AL SR L e
SR g TP g ..»W...w......n...i..‘..f.....ﬁ AR




e

e e

LA

Ve

P A NS

g g y A
AR AN A AT

MO PN
N )
L s "

N O (o,
ARARRNH !

4
" ..l

Py
PR

el D

l.;l.

.l. .'u' s, .a. .l. .0'

SR

-

280 o T I L Illllxlllllll T (N
1. [Frost penstrastion depths are based ou modifled Berggrea formula..
TM-852-6 /AFM 88-19, Chap. 6.
2. Frost pescetratioa depths are messured from pavement surfacs. Depths
shovu are computed for 12-inch PCC pavesments kept free of snow sad
fce, aod are good spproximations for bitualoous pavemeats ovet 6 to
9 loches of high quality base. Computations also sssuae all sotl
beneath paveseots withia depths of froet peaetration is granular and
soa-frost-susceptible vith iandicated dry uanit weight and moilsture
200 content.
3. It vas sssumed {3 computations that all sotl moistute freezes vheeo
sofl s cooled belowv J2°7,
4. Dry unit weight and molsture coatent (io perceat) given oa figures.
2%,150 pcf
S. Por pavement Jdesign, use design f{reaziog fodex (paca. 1-2,5{5) sad

-
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2%, 135 pcf
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Air Freezing Index (°F-doys)

Frost Penetration Beneath Pavements for Base
Materials Having Densities of 150 and 135 pcf
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s, Subgrade Frost Penetration with Design Base (in)
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- ¢, Base Thickness for Zero Frost Penetration into Subgrade (in)

NOTES

S & = Combined thicknase of psvement and non-frost-susceptible base
for zero froet penetration Lato subgrade.
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Figure B-54.

Flexible Pavement Design Curves for ALRS Pavements
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Failure of DBST (Item 3) After One Locked-Wheel Skid Tost
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WRIGHT-PATTERSON AIR FORCE BASE, OHIO
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WRIGHT-PATTERSON AIR FORCE BASE, OHIO
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PHOTO C-21. View Showing 2-inch Rut Depth After 10
Passes of the Turning Test
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View Showing Good Condit

After 48 Passes

LN

ASEA R MM A
WRIGHT~PATTERSON AIR FORCE BASE, OHIO

iy

PHOTO C-24

PHOTO C-23,

~.:~.'. S v

AT

-

b\l

-~

- h‘

NUN

.
-

S LS e vy




LATACOEATOLSAC AL SO CRCA CAK SR L OL S b byl b hOpA o pa et it KRR aes Jui A Bes s AP A Aenv s sur Sl A e

WRIGHT-PATTERSON AIR FORCE BASE, OHIO

PHOTO C-25. View Showing Alligator Cracking After
481 Passes

PHOTO C-26. Failure of Test Features WP-2, Rut Depth
in Excess of 3 Inches
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Closeup View of Failed Condition, WP~2

PHOTO C-28.

Straightedge Measurement (1/4 Inch) After
6 Skid Tests
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General View of Test Area WP-3 Prior to
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PHOTO C-31. Deformation Measurements After 28 Passes
of Turning Test
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the Rut Depth Measured 10 Inches




WRIGHT-PATTERSON AIR FORCE BASE, OHIO
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General View of Turning Test Area After

75 Passes
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.-.. -. .-n-o. -....l . .A .Y .... B -.--n--J - . .-.-....l.c-,- .
N e e f e




e
'—.s
)
1\-

a

L,

p

€

e,

)

3

‘.

Z

3

. .

\h

y

‘.

- o0

w. n

\ o

p* H

)

> ;

- T

o m :

o, ] M.u.

g

> e :

p " - e

o, g 7
%]

.r.A < &

. B M e
m o]
o t u
(o} : 1..

< = : .1

3 T Vnm

3 m m r

| N ; e

.. N g &
2
b, nw : |
g ] ;

. 3] j a
. =~ _bWu e
—~ T r
', < _ | |
p A : |
v, ! : e |
b = : m
. o : a
. O Q L 0% 2 .
b ~ : b
b = s .
r.. = . So.3 » :
[ A ENv :
5 : - p_v

; ~ % &
ﬂ. (&) " :
. m. m
3 ; |
: a,
3 P
r._
b
W-
g
....
f-
74
h

.
>
r.

,

4
f'-.-.-|- ’ 4.

0 « g
TR va

P MONTAOA
'-tnd YT
!- - v f-) »
P @U@ N A @
Y .--- L \ ’ \‘o\“\'“‘\ﬂu




a 8 a a8 A 0Ts»

Rut

13
»

1 Feature

Breaking Up of DBST After 100 Passes on
1

Failed Condition of the W~
Depth in Excess of 3 Inches

Test Feature W-

L)
~
—
o
w
w
=
5

-~
23
2]
<
=21
3
&)
S
=
4
-t
<
2
3
=
£

37

PHOTO C-
PHOTO C-38.

J---.- -..~< ....... . . ..Q: -4 nlc
-. .\-\-\f\ - \ -.\.,.. -- - J , --\ \._... .. XA p... . ..’ .-f\ ‘.-...I.qomt -\I\\ .




s
.t

‘w
1@

A
L
-

-. ’ ) ‘2 ‘ ' "

Masns Diubne n-.lu-l‘
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PHOTO C-40. 4 1/2-inch Rut Depth Measured After One
Skid of the Load Cart
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View of Traffic Area,
View After 100 Passes Showing Cracking in

Pavement Surface and a Rut Depth of 2 3/8
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PHOTO C-43. Failed Condition After 132 Passes of the
Load Cart
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