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ABSTRACT

This report describes the results obtained from Experimental Ring No. 2,
the first ring of a three-ring test series on treated bases, at the Washington
State University Test Track., This experiment was concerned with studying the
effects of controlled wheel load repetitions on untreated, emulsion, and special
aggregate asphalt-treated bases of four varying thicknesses. Construction,
instrumentation, results, and conclusions are described and drawn.

Benkelman beam, LVDT, strain gages, pressure cells and moisture tensio-
meters were used to measure deflections, strains, stresses and moisture.
Maximum values are tabulated. Temperatures were also recorded.

Testing can be divided into two time periods - fall of 1966 and spring of
1967. Values obtained from instruments show that different conditions existed
during those testing periods, and that deflections, strains and stresses were
two to four times higher in the spring than in the fall. Modes of failure were
also different. |

Equivalencies between the different base materials were established. Other
conclusions were drawn. Since this is a continuing experiment, it should be
emphasized that results and conclusions are subject to change, depending upon

data from the remaining experimental rings.



EXPERIMENTAL PAVEMENT RING #2

INTRODUCTION

Experimental pavement Ring #2, the second ring built under conmtract Y-651,
was the first of these rings of a continuing pavement experiment designed to
test bases coastructed from different materials varying in thicknesses in order
to study their strengths and determine their relative equivalencies.

Each ring consists of 12 sections constructed from three different base
materials which are subdivided into four sections of varying base thickness.
Crushed rock base is used as the standard comtrol for comparison purposes.

The three rings were to be comstructed during the summer and tested under
different environmental conditioms. Ring #2 was constructed the summer of 1966
and tested the fall of 1966 and spring of 1967; Ring #3, built the summer of
1967, was tested the fall of 1967 and spring of 1968. Ring #4 will be construc-
ted the summer of 1968 and tested the fall of 1968 and spring of 1969. There-
fore, the following results from Ring #2 are tentative and subject to modifica-
tion depending upon findings from Rings #3 and #4.

This part of the report is concerned with a description of Ring #2 and the
experimental results. This ring has provided invaluable experience and data for
future rings. The data collected has helped in evaluating the performance of
other rings and has resulted in modification of future experiments.

This project was conceived and initiated by the Highway Research Section,
College of Engineering, Research Division, Washington State University. Finan-
cing is a joint undertaking among the University, the Washington State Highway
Department; the Bureau of Public Roads of the Federal Highway Administration,
Department of Tramsportation, as a HRP federal aid research project; and the
Asphalt Institute, which provided professional guidance in design planning and

in evaluation of results.



EXPERIMENTAL DESIGN

Since the 260-foot centerline circumference of the test track limits the
number of bases that can be tested at any one time, it was decided that 12,
18-foot test sections separated by 3.7-foot transition zomes would provide the
necessary length without causing boundary conditions. This division permits
testing of three base types at four thickness levels in any ome-ring experiment.
The inclusion of several thicknesses of each base type was considered necessary
for proper evaluation of the performance of several base types. The degree of
thickness was chosen to provide estimated pavement lives from several hundred
up to 2 million wheel load applicatioms of 10,000 pounds. The actual load per
set of duals, however, is 10,600 pounds.

The subgrade, surfacing, and other varisbles were kept comstant, while base
types and thickness were varied. A subbase was not used so as to keep the pave-
ment layers at a minimum and to simplify the analysis of the theoretical system.

Although a random distribution of base types of varying thicknesses might
have been preferable (1),* sections of the same base type were grouped to facil-
itate construction with standard comstruction equipment.

The location and dimensions of the pavement sections of Ring #2 are shown
in Fig. 1. Table I lists the base types and thicknesses. The thicknesses of

the sections and transition zones are shown schematically in Fig. 2. The sub-

grade soil, type A-6(10), was common to all sectioms.
Materials

Subgrade
The subgrade scil, a clay-silt A-6(10) known locally as Palouse silt, was

the same type as used in Ring #1 and is described in detail im the first part

* . .o .
Figures in parentheses refer to specific reports in the References.



PLAN VIEW

Control Room
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Gallery ——

FIGURE 1.--PERMANENT STRUCTURES AND PAVEMENT SECTIONS
TEST RING NO. 2

TABLE I: TYPES, SECTIONS AND THICKNESSES OF RING #2

Type of Base Sections Thickness Levels-~-Inches
A B c D

Crushed Surfacing Top Course 1 -4 4.5 7.0 9.5 12.0
Emulsion-Treated Top Course 5 -8 3.0 5.0 7.0 9.0
Special Aggregate

Asphalt-Treated 9 - 12 2,0 3.5 5.0 6.5
Wearing Course-- .

Class "B Asphalt All Sections 3.0

Scale: 1" = 20°

Highway Research Sectiom
Washington State University
June 2, 1966
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FIGURE 3.--DENSITY - MOISTURE CURVES
(Subgrade Soil Characteristics)

115 < Line of
Zero Air Veids
(G =2.73)
o Legend: Subgrade material
8 Test Track Site: -
ha 110 United Paving:
-
E
© Note: Standard Proctor
5 Test used: ASTM -
2 D 698 - 57T A
I 105
£
Ll
t
>
dd
ored
w
g
X 100 4 /
>
: /
95 ] 3 ¥ ¥
10 15 20 25 30
Moisture Content 7
TABLE II: OPTIMUM DENSITY AND MOISTURE
FOR SUBGRADE MATERIAL
+ Max. Optimum
Source Dry Density | Optimum Moisture
Test Track 108.8 18.8
United Paving 107.8 18.8
TABLE XII: SOIL CHARACTERISTICS AND CLASSIFICATION
. Specific | Liquid | Plastic| Plasticity} Highway Res.,| Airfield
Soil Gravity | Limit Limit Index Board Class. Classifi-
S.G. L.L, P. L. P.I. cation
Clay-silt 2.73 34.9 20.2 14.7 A - 6 (10) CL
i

Stabilometer "R" Value = 16
pH Factor = 6.1




of this report. Soil moisture-density curves are shown in Fig. 3 and Table II,

Characteristics and classifications are shown in Table TII. Some of the soil
came from the contractor's local pit and the curve for this soil is also shown
in Fig. 3. The slight difference in density may be attributed to a difference

in the clay contents of the two silts or to testing wvariance.

Crushed Surfacing Top Course
The basaltic aggregate, hauled from United Paving's Geiger Pit in Spokane
and stockpiled at the test track, met Washington State Highway specifications
(2) for crushed surfacing top course. This rock was used for the untreated
bases in sections 1 to 4 as standard control and for the emulsion-treated
base aggregate in sections 5 through 8. Figure 4 shows the gradation curve for
this aggregate. Figure 5 represents the maximum density curve which can be

obtained with this aggregate,

Special Screened Non~Fractured Aggregate

This aggregate was specially blended at the Fort Wright site of Central
Pre-Mix of Spokane under the supervision of Washington State Highway personnel.
The coarse aggregate came from the Fort Wright gravel pit and the fine aggre~
gate from their Mead sand pit, This blended aggregate was trucked to Pullman
and stockpiled at the test track site for use with asphalt cement for the
special asphalt-treated bases in sections 9 through 12 (3).

It is a river-run gravel and contains less than 5% freshly fractured sur~
faces, Figure 6 shows the gradation curve for this aggregate. Fig. 11 (photo)
shows its appearance and size., Although this type of aggregate is uncommon in
Eastern Washington, it is prevalent on the west side of the state. Since good
aggregate is becoming scarce in the populated western areas of the state, the
highway department wants to make use of more readily available glacial gravels--

and therefore has included them for study as base aggregates.
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FIGURE 4.--GRADATION CURVE FOR CRUSHED SURFACING TOP
COURSE~-UNTREATED BASE SECTIONS L - 4
AND EMULSION TREATED SECTIONS 5 - 8
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FIGURE 6.--GRADATION CURVE FOR SPECIAL NON-FRACTURED SCREENED
AGGREGATE - SPECIAL A.T.B. SECTIONS 9 - 12
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FIGURE 7.--COMBINED GRADATION CURVE FOR ASPHALT CONCRETE
CLASS "B" AGGREGATE - ALL SECTIONS
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Asphalt Concrete Class B Aggregate

This aggregate came from United Paving's Geiger Pit in Spokane and was
blended to meet Washington State Highway specifications (2). It is a basalt
rock similar to the crushed surfacing top course., The combined gradation curve

is shown in Fig. 7 and in Table VI,

Construction

Pre-Conditioning

United Paving, Inc. of Pullman, Washington, the only bidder on the project,
began construction on August 9, 1966. The existing pavements, treated bases,
and crushed rock were removed in one and one-half days. The top 12 inches of
the subgrade was reconditioned and recompacted with a 5-ton Huber steel roller,
A weak arvrea, fouﬁd in Section 5, was dug out to a depth of 3 feet, filled with
dry silt, then recompacted in layers with a 10-ton, 9-tired pneumatic Galiomn
roller. Densities and moisture contents were taken in each section by a Nuclear-

Chicago density and moisture gage and checked with sand-cone tests.

Subgrade

The subgrade was brought up in 4~inch 1ifts loose depth, watered, and
compacted with a steel roller, Each 1ift was checked for density and
moisture. The subgrade was brought up to rough final grade, blue tops placed,
then each section cut and filled to final grade (as shown in Fig. 8). This
was a departure from specifications which required bringing the subgrade tc
a common elevation and then cutting it down to the desired elevation. The
reason for this was that the contractor found it was easier to fill than to
cut a good grade in the Palouse silt, which has a tendency to break up and cut

into chunks and lumps, The moisture contents were kept low as possible since



FIGURE 8.~-LEVELING OF THE SUBGRADE BY MAINTAINER,

FIGURE 9.--HANDSCREEDING THE SUBGRADE TC FINAL GRADE,



TABLE IV

DENSITIES OF SILT SUBGRADE AT FINAL GRADE

B g oo ey o o
. Dry Moisture Per Cent of Per Cent
Section Density Content Maximum of Optimum

ibs/cu. ft. % Density * Moisture Content *

1 109.2 11.6 102.0 61.0

2 105.5 17.1 98.6 90.0

3 104.5 12.4 97.7 65.3

4 104.0 13.5 97.2 71.0

5 106.5 11.9 99.5 62.6

6 110.5 12.7 103.3 66.8

7 107.0 12.9 100.0 67.9

8 111.53 13.7 104.2 72.1

9 108.5 12.0 101.4 63,2

10 106.5 12.2 99.5 64.2

i1 107.0 12.6 100.0 66.3

12 102.7 14.4 96.0 75.8

Average 107.0 13.1 100.0 69.0

Maximum Density = 107 Llbs/cu. ft. Optimum Moisture Content = 19%

* Standard Proctor Test used: ASTM - D698-57TA
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a slight increase in moisture made the Palouse silt unworkable. Table IV shows
the dry densities and moisture contents obtained in each section.

Fine-grading began August 18 and was completed by noon, August 24, Although
a Huber blade was used for cutting and spreading silt, much hand work had to be
done., The Pdlouse silt, which tends to agglomerate, had to be broken up
extensively and spread to bring the subgrade to final elevation. Each section
was checked repeatedly for grade and elevation by straight-edge to a rigid
+4" tolerance (as shown in Fig, 9), and by rod and level to insure proper
base thickness., Densities and moisture contents were checked periodically for
proper compaction levels (see Table IV). A weak area was located in section 4
similar to that in section 5., Since it occurred mainly outside the pavement
centerline and outside the wheel paths, nothing except more rolling was done
to correct it, but the location was noted for future reference, Instrumentation

of the subgrade began August 25,

Crushed Surfacing Top Course Base--Untreated (Secticns 1-4)

Leving of the crushed top course in sections 1 to 4 began September 1. The
aggregate was processed and laid in three 1lifts with a Blaw-Knox paver (as shown
in Fig. 10). Each lift was compacted with a 5-ton Huber steel roller--with com-
paction being controlled by nuclear density methods. On the last 1ift, both a
steel and pneumatic tired roller were used for compaction. The base was found
to contain 9.47 moisture, making it too wet to work, so it was allowed to cure.
The final density obtained is shown in Table V. It was later checked for grade

and elevation and cut and filled where necessary.

Special Asphalt-Treated Base (Sections 9-12)
These sections were laid the aftermoon of September 1 and the morning of
September 2. Figure 6 shows the gradation for this special non-fractured aggre-

gate; Fig. 11 (photo) shows its appearance; and Table VI shows the mix design




FIGURE 10.-~-THE PLACING OF THE CRUSHED SURFACE TOP
COURSE IN SECTION 4 WITH A BLAW KNOX PAVER.

FIGURE 11.--THE APPEARANCE OF THE SPECIAL SCREENED NON-
FRACTURED AGGREGATE AT THE TEST TRACK STOCKPILE.



FIGURE 12.--COMPACTING THE SPECIAL ASPHALI-TREATED
BASE SECTIONS 10-11., NOTE THE FLATTENED EDGES.

FIGURE 13.--APPEARANCE OF THE SPECIAL ASPHALT-TREATED
BASE AFTER ROLLING WITH STEEL ROLLER.



15

TABLE V

AVERAGE FIELD DENSITIES OF BASES AT FINAL GRADE

Per Céﬁt

Average Standard
Type of Dry Laboratory of
Base Sections Density (a) Density Standard
1bs/cu. fr. 1bs/cu.

€.5.T.C.P i- 4 137.7 137.0 100. 5%
E.T.B,C 5-8 139.0 140.4 99.0f
Spec. A.T.B.9¢ 9 - 12 141.8 148.5 95, 5h
ci. "B" A.C.© 1-12 148.4 152.0 97.6"

28y nuclear density methods
berushed surface top course--untreated.
CEmulsion-treated base {C.8.7T.C.)

dSpecial asphalt-treated base.

e ;
Class "B' asphalt concrete wearing course.

fSpecifications call for 95% of standard density.

hSpecifications call for 93% of standard density.
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required and obtained. This aggregate was hot mixed with 3%, 60/70 penetration

asphalt at the United Paving plant in 3,000-pound batches and laid in four 1ifts
with a Blaw-Knox paver. Each 1ift was rolled with a steel and pneumatic-tired
roller {as shown in Fig. 12} and the densities measured by nuclear density
methods,

Some difficulty was experienced in obtaining the correct grade with the
paver and a fifth 1ift was necessary to correct grade deficiencies. Since no
berms were used to hold the sides, the edges moved transversely when the base
was rolled, causing an overrun. 8Small surface transverse cracks appeared as the
base was rolled with the steel roller. These cfécks were caused by the contin-
uwous turning of the roller, which induced temsion and separation of the surface

of the asphalt base (Fig. 13). Table V shows the final average density measured

and is compared with the required or laboratory demsity.

Emulsion-Treated Base (Sections 5-8)

The first 1ift was laid with a Blaw-Knox paver on the Morning of September 2.
The aggregate was the same as that used for the untreated bases., The gradation
and density curves are shown in Figs. & and 5, and the design mix requirements
are tabulated in Table VI. The asphalt emulsion SS-Kh was diluted with water on
a 50-50 basis, instead of adding water tc the mix. The aggregate, which was not
predried, and 5% of the diluted emulsion were cold-mixed in 3,000-pound batches.
The loose thickness of this first 1ift was 4% inches in section 8 (9.0 inches of
ETB) and 2-3/4 inches in section 7 (7.0 inches of ETB). After a three~hour curing
period, the sections were rolled with a 5-ton Huber steel rcller. As water was
still pumping 6ut of section 8, compacting operations were halted and the emulsion
base was allowed to cure overnight., This condition is shown in Fig. 14.

The next morning inspection and more rolling revealed that section 8 was

still wet and spongy while section 7 had cured fairly well, A second lift was



FIGURE L4, --ATTEMPTING TO ROLL THE EMULSION-TREATED BASE
AFTER A 3-HOUR CURING PERIOD. NOTE THE PICK-UP OF THE
MATERIAL AND THE WET AREAS.

FIGURE 15.~--THE FIRST TWO LIFTS OF EMULSION-TREATED

BASE IN SECTION 8 BEING CURED BY VISQUEEN PLASTIC

COVERING, NOTE THE CONDENSED MOISTURE ON THE BOTTOM
OF THE PLASTIC.
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TABLE VII

EMULSION-TREATED BASE--MOISTURE CONTENTS

% Moisture from Time lst Lift Was Laid

Loose
Lift Thickness Section Time in Days
Inches ist 2nd 3th i2th 15th
1 4172 8 13.7 - 6.8 4.7 -
2-3/4 7 -
2 2-3/4 8-6 - 11.4 4,92 - -
3 3 8-5 - - -- 10.9P -
4 3/4 8=5 = -- - - 6.4

8this was the 4th day after being laid down.

bExample:

after the lst Lift was put on, that is, on September 2.

This was the moisture content of 3rd lift at laying, 12 days
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placed on sections 6, 7 and 8 using & batch of emulsion base material mixed

the day before and which had been stored overnight in a truck protected with a
canvas., Laboratory analysis showed that the moisture content had dropped from
13.7 to 11.4% overnight (Table VII). The second lift was steel rolled after an
hour of curing, then rolled later in the afternoon. On Sunday evening, another
attempt was made to compact the sections with little noticeable success.
Another attempt was made to compact sections 7 and 8 the following Tuesday,
September 6, but the sections were still too soft, WNuclear density readings
jndicated that the top two inches of the emulsion base had crusted over while
the bottom four inches were still wet and soft; this was especially noticeable
in section 8.

To facilitate the curing process a series of %-inch diameter holes were
punched in the emulsion base in section & on Wednesday. This operation con-
firmed the fact that the top 1ift had crusted over, leaving the bottom lift
soft and moist. The section was covered with a sheet of visqueen plastic to
draw out the moisture (Figure 15). After four days enough moisture had been
drawn out for the bottom 1ift to be considered cured.

On Monday, September 12, after the application of a slight tack coat of
emulsion SS-1 on the emulsion base surface, the third 1ift was placed on sec-
tions 5, 6, 7 and 8. This mix differed in that the aggregate was partially
dried then mixed with the diluted SS-Kh emulsion asphalt. The temperature of
this mix was 100°F at placing and contained 10.9% water, a 3% reduction in
water content. Rolling began after an hour of curing and immediately some
pumping and shoving occurred in sections 7 and 8. (See Fig. 186) On section 3
where the 1ift was laid on the dry subgrade, curing was very rapid and there

was no problem with compaction.



FIGURE 16, ~--THE APPEARANCE OF THE 3RD LIFT OF EMULSION-
TREATED BASE IN SECTIONS 7 AND 8 AFTER ROLLING, PICTURE
WAS TAKEN 2Z HOURS AFTER LAYING.

FIGURE 17.--APPEARANCE OF THE EMULSION~-TREATED BASE IN

SECTION 6 AFTER BEING CURED AND ROLLED. NOIE THE GRAN-.
ULAR APPEARANCE OF EMULSION.
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On September 14, the pneumatic-tired voller was used to break up the crust
and to help aerate the emulsion base, Soft spots were evident in sectioms 7
and 8 which had the thickest emulsion layers. The next day, the emulsion base
was rolled with a steel roller leaving very few soft spots. A light tack coat
of SS-1 was applied and a final correction layer was put on, This last 1ift
was different in that the aggregate and the undiluted S5-Kh emulsion were mixed
without pre-drying or pre-wetting except in the pug. The moisture content of
this mix was 6.4%. Setting of this final 1ift occurred very rapidly and compac-
tion was achieved with very little rolling effort. Table VII indicates moisture
contents and the curing time as compared with the first 1ift. It shows that
moisture content and thickness of 1ift are important in the curing of the
emulsion~treated base. Final grade was checked by straight-edge and rod and
ievel. Final densities were obtained by nuclear density methods.

Some questions need to be answered about the emulsion-treated bases. The
principle one is why did it take so long to set up. Table VII shows that the
moisture content and thickness of the lift are part of the answer. The thinner
and drier 1ifts cured more rapidly than the thicker ones. There also was 4.8%
moisture in the crushed surfacing top course stockpile., This moisture plus the
water added to the SS-Kh made the emulsion-treated mix too wet. This combination
of thick lifts and excess water created the curing problem, the crusting of the
surface retained this excess moisture., This situation was solved partially by
punching holes through the crust and drawing out the moisture with the plastic
sheet, The problem was avoided in Ring 3 by using 2-3/4 inch lifts and an
emulsion mix of 9.0% total fluids containing 6.64% water (4). Also, the cool
nights during September did not facilitate the curing process. These difficulties

resulted in g three-week delay.
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Class 'B" Asphalt Concrete Wearing Course

The wearing course was placed in two lifts the afternocon of September 20
and the asphalt-treated bases were tacked with 8S-1 emulsion. The course and
fine aggregates were mixed with blending sand then hot-mixed with 5.37%, 85/100
penetration grade asphalt. Figure 7 and Table VI give the gradation and mix
designs. The 1ifts were then volled with a 4-ton steel roller followed by a
7-ton pneumatic-tired roller. The top lift was finished by extra rolling with
a steel roller. The grade was checked with a straight-edge and rod and level
as shown in Fig. 18. Densities were measured with nuclear equipment (Fig. 19)

and are tabulated in Table V.

Shoulders
Shoulders of crushed surfacing top course aggregate were put in place om
September 28 and 29. A waterproofing tack coat was sprayed om the inside shoul-

ders and ditch.



FIGURE 18.--A VIEW OF THE FINAL GRADE AFTER THE 3.0%

CLASS “B' ASPHALT CONCRETE WEARING COURSE WAS LAID

BEING CHECKED BY STRAIGHT-EDGE. NOTE THE GROOVES LEFT
IN THE MAT FCR INSTRUMENTATION,

FIGURE 19.--DENSITY OF THE CLASS ''BY MAT BEING MEASURED
BY THE NUCLEAR ASPHALT GAGE AND SCALER.
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Instrumentation

Instruments to measure stresses, strainms, temperature, dynamic deflection,
and moisture were installed in the different layers of the pavement structure
in similar positions used in the San Diego County Experimental Base Project {5).
Figure 20 shows the depth and location of some of the imnstruments in one sectiom.
Table VIII shows the type of instrumentation installed and their location in

various sections.

TABLE VIIL

LOCATION OF INSTRUMENTS ALONG CENTER LINE

Subgrade Base Surface
£
Type © Below On Top On Top On Top
Instrument Sections Sections Sections Sections
Moisture probes 1-3,5,6, - - -
8,9-11%
WSU cell - 8 6 & 8 -
Filpip cells - 1-12 2,4,6,8, -
10,12¢
Thermocouples i-12 i-12 1-12 1-12
Strain Gages -- 1,2,6,8, 2,6,8,10, 1-12P
10 12b
LVDT -- -- -- 2,6,8,109

a1n Sections 2, 6, and 10 three moisture probes were installed.
bThe strain gages were imstalled in pairs; one longitudinal to the
direction of travel and the other transverse. Spares were also installed

except on the surface.

CA Filpip transducer was installed in Section 8 in the middle of the
base thickness.

done shallow and one deep LVDT gage was installed in these sectioms.
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All the instruments, with the exception of the thermocouples, moisture probes,
and some pressure cells, were wired into an amplifier, manual switching panel,
and recorder. The other instrument readings were taken visually and recorded

manually. Deflection measurements were measured with a Benkleman beam and the

Iidaho beam.

Measurement of Moisture

The moisture in the subgrade during construction was measured by nuclear
methods. To measure the amount and movement of water in the silt subgrade, 15
moisture tensiometer probes were installed. These probes work on the principle
that moisture tension between the soil particles causes soil suction. Porous
ceramic cups filled with water are attached by long capillary~-like copper tubing
to a Bourdon dial gage. As the surrounding soil dries out, tension within the
water film draws the water from the porous cup. This suction registers in centi-
bars on the Bourdon gage. High readings on the dial indicate dry soil.

Several moisture probes were calibrated in the laboratory om the wetting
cycle. The calibration graphs for these probes exhibit a hysteresis effect (6);
one curve for the drying cycle and another for the wetting cycle. The calibra-
tion curve for the wetting cycle is shown in Fig. 21.

Holes for the probes were bered with an auger. Twenty-four hours before
installation, the ceramic cups were saturated with de-aired distilled water.

The ceramic probes were installed in pre-wetted probes in a vertical position
to make filling and removal of air bubbles easier. They were then filled with
distilled water and purged. The copper leads were buried im 2 to 6-inch deep
trenches and covered with soil. All leads were placed soc the gages would be

on the outside shoulders of the track to facilitate reading. Special holders

and protective boxes housed the 15 gages,
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FICURE 21.-- MOISTURE TENSICMETER
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Temperature Measurements

Iron-constantan thermocouples:--Forty-eight Leeds and Northrup iron-

constantan thermocouples type 20-50-4, were installed in four different positions
in each section (Fig. 20). Each wire was insulated with silicone impregnated
ashestos with the overall insulation consisting of single-glass braid, impreg-
nated with silicome-resin. The ends were bared, sanded cleam, crimped together,
and waterproofed with a silicone seal before imstallation. The thermocouples
were then hooked up to a switch box, which was connected to a direct-reading
potentiometer. Some problems developed with the thermocouple insulation causing
erratic readings.

Thermograph:--After trouble developed with the thermocouples in Section 8
(9.0 inches of EIB), a two-probe automatic recording Belfort Imstrument Thermo-
graph was installed. One probe was installed 3 inches below surface and the
other 12 inches below surface. This instrument recorded temperature continuous-

ly for the duratiom of the test.

Stress {Pressure) Measurements

WSU pressure cells:--These cells are similar to those used in Ring #1 and

are shown in Figs. 22 and 23. Calibration of these cells was accomplished in

an air pressure chamber. A typical calibration unit is shown in Fig. 24. During
ring comstruction the subgrade and the base where they were to be placed was
leveled then covered with a layer of fine silica sand. The cells were placed in
position and covered with another layer of finme silica sand to protect the cell
from any pressure points that might develop from the aggregates in the base. The

system was comnected to a manometer board.

Filpip pressure transducers:--Filpip pressure transducers are thin, flexible,
low inertia, vibration damped, vacuum sealed sensors. They are constructed of

embossed alloy steel plates separated by a dielectric and sealed under vacuum.
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FIGURE 22.--A COMPARISON OF THE NEW WSU PRESSURE CELL
WITH THE OLD CELLS USED IN RING NO. 1.

FIGURE 23.--A TOP AND SIDE VIEW OF THE WSU PRESSURE CELL.
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Under extermal pressure the plates deform elastically to bring the plates closer
together., The separation of the plates is determined through measurement of
electrical capacitance. A total of 20 Filpip tramsducers were prepared and
calibrated in an air chamber in the laboratory. A typical curve is shown in
Fig. 25. The leads from the transducers were encased in a 20-foot tough plastic
casing for protection from aggregates and temperature. Balf of the gages were
mounted with a silicone seal on a small plastic platform, then covered with a
protective silicone seal coat and Ottawa sand. The other tem cells were left
unprotected. The cells with the plastic platforms were placed directly om the
subgrade and base without any preparation and leads were stapled to keep the
gages horizontal. The unprotected gages were laid in a thin bed of silica sand,
the leads stapled to hold the gage in a horizontal position, and then covered
with the silica sand. This is shown in Fig. 26. All transducers were then

connected to the switching unit and the recorder.

Strain Measurements
Shinkoh polyeéter SR-4 #P-20 strain gages were used for the measurement of
strain. Strain gages in longitudinal and tramsverse positions were installed
on the surface, bases, and subgrades as shown in Table VII and Fig. 20.

Strain cages (subgrade) :--The problem of installing strain gages on loose

material, such as the subgrade, was resolved by using extensometers (Fig. 27).
These consist of 2- to 10-inch, 3/8-inch diameter dowels joined by an 8-inch
long, 3/4-inch wide, 8-mil thick steel shim stock. Strain gages and connector
biocks were epoxyed on this shim stock with the manufacturer's epoxy and coated
with a silicone seal waterproofing. The extensometers were placed in position
(one running longitudinally and the other transversely) and stretched taut.

They were then hooked up to a 6-foot length of Teflon-coated wiring comnected to

Belden strain gage wire. All connections around the strain gages were coated




FIGURE 26.--A VIEW OF THE SIZE OF THE FILPIP PRESSURE
TRANSDUCER.

FIGURE 27.--THIS SHOWS THE PORTION OF INSTRUMENTS IN
THE SUBGRADE, NOTE THE STRAIN CGAGE EXTENSIOMETERS, THE
FILPIP TRANSDUCER, AND THE THERMOCOUPLE,
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FIGURE 28.--STRAIN GAGES MOUNTED ON TOP OF EMULSION-
TREATED BASE, THE FILPIP TRANSDUCER LIES BEIWEEN
BOTH PAIRS OF STRAIN GAGES.

FIGURE 29.--MOUNTING STRAIN GAGES ON PAVEMENT SURFACE.
NOTE GROOVE IN PAVEMENT.
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with a silicone seal and a thin layer of hot asphalt mix was packed over it (7).

Strain Gages (bases and surfaces):--Extensometers were used in the place-

ment of strain gages on top of the untreated base (7). For mounting on the as-
phalt and emulsion bases, the surface was prepared by filling it with & sili-
cone seal to level the surface and give consistency of strain to the gage.
After curing, the surface was sanded where necessary and the gage and mounting
block were epoxied (as shown in Fig. 28) then connected with Belden strain gage
wire. All gages and connecting wires were waterproofed with a tack coat of
§5-1 emulsified asphalt mixed with fines.

At pavement surface, grooves were made by imserting wooden dowels during
the rolling process (Fig. 29). The asphalt surface was then ground down and
smoothed. The gages were epoxied under pressure with the standard strain gage
epoxy. Figure 29 shows the grooves and the gages in position. Belden strain
gage wire was placed in the groove, and the wire and the gages were covered
with bituminous joint filler for water and wear protection.

One strain gage was mounted on an asphalt block and buried in the ground
to act as a temperature compensating gage, meaning that each gage had to be

balanced individually as it was switched omn.

Deflection Measurements

Dypnamic :--Four short 585 DT-100 and four lomng 385 DT-500 Sanborn Linear
Variable Differential Transformers (LVDT) gages measured dynamic deflections.
The short LVDT's measured deflection of the wearing course and base with respect
to the subgrade, while the long gages measured the dynamic displacement of the
total system. Holders for the gages were comnstructed at the Research Division's
machine shop (Figs. 30 & 31). \

Four deep and four shallow holes were diamond drilled through the asphalt

and then augered to final depth placement of the gages and holders {see Table
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IX). The gages, which were calibrated before and after installation to insure

proper readings, were then connected to the switching panel and recorder,

TABLE IX

DEPTH OF LVDT HOLES

Type of Base Section & Base Type
LVDT Holes Untreated Emulsion Treated Spec. Asphalt
Treated
2 (7.0 6 (5.0} 8 (9.0") 10_(3.5™)
Shaliow (inches) 10 8 12 6.5
Deep (feet) 15.19 6.36 4.00 16.18
Rebound deflection measurements:--These were measured with a Soil Test

Benkelman beam, Dehlen curvature meter, and Idaho Highway beam (Fig. 32). The
Dehlen curvature meter was too large to slip between the tires and the dial was
impossible to read under our field conditions. The curvature basin appeared to
be too large for the Idaho beam to work effectively. Readings near the end of

testing were taken, five per section, at different locations, to obtain an aver-

age deflection value.

Read-0Out Equipment

A Brush amplifier with input boxes for strain and LVDT gages was utilized.
Several manual switching panels were made by the Electrical Science section,
WSU, to work wiéh the B & K switcher. The system was manually operated and each
Filpip transducer, strain gage, and LVDT gage was individually switched into
the system. The strain gages were also balanced.

The thermocouples were switched in manually and readings were taken from
the direct reading potentiometer. Manual switching is time consuming and it is

hoped to eventually obtain an automatic system. The read-out equipment is shown

in Fig. 33.
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FIGURE 30.--A VIEW OF THE SHORT LVDT GAGE, THE HOLDER
AND THE FERRITE CORE, NOTE THE GROOVES.

FIGURE 31.--THIS SHOWS THE LONG LVDT GAGE AND THE INSIDE
PARTS OF THE HOLDER.
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FIGURE 32.--A COMPARISON OF THE SIZES OF THE DEHLEN
CURVATURE METER, IDAHC BEAM, AND THE SOILIEST BENKEL-
MAN BEAM.

FIGURE 33.--A VIEW OF THE READ-OUT EQUIPMENT SHOWING

THE BRUSH AMPLIFIER AND INPUT BOXES, MANUAL SWITCHING
PANELS, B & K AUTOMATIC SWITCHING PANEL, BRUSH RECORDER,
THERMOCOUPLE SWITCHING BOX AND DIRECT READING POTENTIOMETER.
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PERFORMANCE OF TEST RING #2

Testing Periods

Testing began October 31, 1966 and was suspended December 31, 1966 due to
the advent of winter. During this peried, a total of 205,425 wheel loads and
68,475 revolutions were applied. Testing was done om a 7-day, 24-hour basis
whenever possible. Signs of distress appeared in all the untreated base sec-
tions 1-4, all the emulsion-treated base sections 5-8, but no signs of distress
were evident in the special aggregate asphalt-treated bases, sections 9-12.
Sections 2 and 3 (7.0 and 9.5 inches of untreated base, respectively) and sec-
tions 5 and 6 (3.0 and 5.0 inches of emulsion-treated base, respectively) were
declared failed. The operating speed had been lowered from 25 mph to 5 mph at
closure (8,9).

Full time testing was resumed on April 6, 1967, after several of the failed
sections had been replaced and weather conditioms improved. All testing was
stopped on May 31 after 232,608 wheel loads and 77,536 revolutions. At this
time all sections showed various degrees of distress, and all sectioms, with the

exception of Section 12 (6.5 inches of asphalt-treated base), were declared

failed (8,9).

Testing Conditions

Design Thickness
Special care was taken during construction to ensure that the proper speci-
fied base and wearing course thicknesses would be achieved. The subgrade was
brought to the desired elevation, and was checked by rod and level. Even so,
it was difficult to achieve the proper thicknesses. Cores were drilled before

and after testing and thicknesses were checked along with densities. Table X

shows the measured thicknesses and the deviations from design thicknesses,
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Densities of the cores were also measured and compared £o laboratory and nuclear
densities. It should be noted that it was impossible to obtain complete cores
from the emulsion-treated bases. Field experience with emulsion-treated bases
indicates that over 8 months of curing may be necessary before complete cores

of the emulsion~-treated bases can be obtained.l

Speed

Attempts were made to keep as many of the variables as constant as possibie
during the testing periods. The speed of the apparatus was k;pt at 20 mph until
the break-up of the sections required reduction of speed for protection of the
apparatus. Figure 34 shows speed versus wheel load applications. The graph
illustrates the fact that as the pnumber of wheel loads was increased (thus in-
creasing the pavement roughness), the speed was reduced accordingly. The graph
also shows approximately when the first signs of distress occurred in the dif-

ferent sections.

Environmental Conditionms
Since the testing pavement center is not under cover, it is open to all the
elements of weather and hence subject to all the variable effects caused by a
changing environment.
All testing was done during a total of some 31 days - 29 days im November-
December and 22 days in April-May. The testing pgriod has been divided into two

parts--the fall period of November, 1966 and the spring period of April-May, 1967.

During the fall period (November=-December, 1966), unusually large amounts
of precipitation were recorded (especially during the two middle weeks of Nov-

ember), saturating the subgrade. Figure 35 shows the amounts of precipitatiom

1Conversation with Chevron Asphalt Technical Engineers, Lloyd Coyne and
Ron Trolle.
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FIGURE 34, --SPEED VERSUS TIME (EXPRESSED IN WHEEL LOAD REPETITIONS)
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that occurred during the existence of Ring #2.

During this period, thermograph copper comstantan probes recorded a down=
ward trend in ambient temperature (see Fig. 36). The deep probe #l was less
sensitive to daily temperature changes than the shallow probe #2 due to depth.

Testing was resumed the spring of 1967 (April-May) after ﬁhe weather be-
came drier and air and soil temperatures started to rise. After heavy precipi-
tation during January, 1967, the precipitation during February was low. Precip-
iration rates increased in March and stayed at a fairly comstant level during
April and May. Air and soil temperatures started to increase although minimum
daily temperatures did mot rise as rapidly as the maximum temperatures. The
difference between maximum and minimum temperatures became pronounced during
this period (shown in Fig. 36).

The significance of these temperature differences results in the division
of the period into two time and temperature zomes. The fall period from Novem-
ber to December, 1966, was wet and cold with very little difference between the
maximum and minimum temperatures. The spring period from April-May, 1967, was
relatively dry after a very wet March. Rising temperatures with large daily

temperature differences between the average maximum and minimum temperatures

typified the spring period (Fig. 36 and Table XI}.
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TABLE XI: AVERAGE TEMPERATURE VARIATIONS - RING NO. 2

Temperature® - °F
Year Month Ambient 3" Below Surface 12" Below Surface
Max, | Min. |Variation| Max.i Min. | Variation} Max.! Min., | Variation
1966 Nov. 47.01% 33.01 14.0 40 ¢ 33 7 42 41 1
Dec. 40.0 1 3L.0 9.0 34 ¢ 30 4 38 38 0
1967 Jan. fi 40.51 30.0| 10.5 341 30 4 36 | 35 1
Feb. 45.0 1 30.01 15 38 | 30 8 37.51 37 .5
Mar. 446,01 30.01 14.0 35 { 32 3 40 39 1
Apr. 5L.0 1 31.5 19.5 54 3é 18 48 46 2
May 63.0 1 39.0] 24.0 73 | 48 25 60 57 3
i

*Average maximum and minimum monthly temperatures
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FIGURE 35.--
Ring #2
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Experimental Results

Section Failures

Fall Period=-=1966:--During this period of testing, several sections started

to show signs of distress and ultimately failed. Signs of distress occurred in
sections 5 and 6 (3.0 and 5.0 inches of emulsion-treated base, respectively)
and section 2 (7.0 inches of untreated base) at about 99,000 wheel loads; sec-
tion 3 (9.5 inches of untreated base) at 100,000 wheel loads; section 4 (12.0
inches of untreated base) at 153,411 wheel loads; section 1 (4.5 inches of un-
treated base) at 157,203 wheel loads; sectiom 7 (7.0 inches of emulsion~treated
base) at 175,581 wheel loads; and finally section 8 {9.0 inches of emulsion-
treated base) at 198,811 wheel loads.

Testing was halted after 203,425 wheel loads. At this time, sectioms 5, 6,
2, and 3 were declared failed. These had to be removed and replaced before
testing could be resumed in the spring. Table XII shows the pavement conditions,
the first signs of distress, and when failure was declared.

The fall period was a time of steady rain with ambient ground temperatures
of above and below freezing within a few degrees. Environmental conditions
probably contributed significantly to the early distress of the pavements.

Spring Period-=1967:--Sections continued to develop signs of distress and

section failures increased. Distress appeared in sectioms 9, 10, 11, and 12,
(2.0, 3.5, 5.0, and 6.5 inches of special asphalt-treated base) and at 208,299;
211,320; 216,039; and 231,204 wheel loads, respectively.

Sections 1, 7, 9, 10, and 11 were declared failed durimg this testing per-
jod as shown in Table XII. At the end, only section 1Z was in relatively good
condition., Testing was halted at 232,608 wheel loads.

The spring period was characterized by decreasing amounts of precipitation

and rising air and ground temperatures. Temperature differences between the
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extremes (maximums and minimum) rose and environmental conditions were not as

severe as during the fall period.

Failure Pattern: The failure patterns of the sections for the two periods

had enough similarity so that a general failure pattern could be established.
Pavement distress seemed to follow this pattern:
1. Ruts become pronounced.
2. Visible flexing of the pavement section,
3. The appearance of a few transverse cracks of varying lengths and the
pumping of mud through them. Since pumping depends upon wetness,
cracking and pumping may or may not occur simultaneously, depending

upon environmental conditions.

4. The transverse cracks lengthen and increase in frequency with or
without pumping.

‘5, The appearance of a longitudinal crack along the wheel path center,
with some noticeable permanent pavement subsidence and pumping.
Pumping may or may not increase depending upon the weather.

6. Alligator cracking appearance and more settlement.

7. Longitudinal cracks appear at edge of the wheel path, with extensive
subsidence of the traveled part of the pavement. The untraveled part

of the pavement may bulge.

8. 1t becomes necessary to fill in the distressed sections to keep the
frame from dragging. At this point the section is declared failed.

This is the usual distress pattern although there may be variations and
omissions, depending upon the time period. During the fall period, the first
two patterns were mot as evident as in the spring period. This may be due to
the pavement temperature differences. During the spring, steps 5 and 6 were
often by-passed, and instead a sudden longitudinal shear failure often
occurred either on the inside or outside edge of the dual tires. As mentioned
before, pumping of mud was a function of the environment. The different

distress steps are shown in Figs. 37 to 41 for the fall period and Figs. 42 to

54 for the spring period.
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the fall, the failure pattern usually followed these steps:
Some visible flexing of the pavement section.

The appearance of a few transverse cracks of varying lengths and the
pumping of mud through them, Since pumping depends upon wetness,
cracking and pumping may or may not occur simultanecusly, depending
upon environmental conditions.

The transverse cracks lengthen and increase in frequency with or
without pumping.

The appearance of a longitudinal crack along the wheel path center,
with some noticeable permanent pavement subsidence and pumping.
Pumping may or may not increase depending upon the weather.

Alligator cracking appearance and more settlement.
Longitudinal cracks appear at edge of the wheel path, with extensive
subsidence of the traveled part of the pavement. The untraveled part

of the pavement may bulge.

It becomes necessary to fill in the distressed sections to keep the
frame from dragging. At this point the section is declared failed,

In the spring, the failure pattern differed somewhat and usually followed

these steps:

Ruts became pronounced.
Very visible flexing of the pavement.

The appearance of a few transverse cracks of varying lengths and the
pumping of mud through them. Since pumping depends upon wetness,
cracking and pumping may or may not occur simultaneously, depending
upon environmental conditions.

The transverse cracks lengthen and increase in frequency with or
without pumping.

Longitudinal shear cracks appear at the edge of the dual tires. Some
alligator cracking pattern may occur, but is not fully developed.

Fxtensive settlement occurs followed by a longitudinal shear crack on
the inside or outside edge of dual tires, The untraveled part of the
pavement may bulge.

It becomes necessary to f£ill in the distressed section to keep the
frame from dragging. At this point, the section is declared failed.
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Discussion of Section Failures

Failures which occurred in the fall and those which occurred in the spring
showed some interesting contrasts. Table XII was rearranged into Table XIII to
show the number of wheel applications for the different time periods, the time
of first distress, and failure. Table XIV shows the amount of wheel loads needed
to cause '"ultimate" failure after the first appearance of cracking. "Ultimate"
failure, as used here, means that the failure of the pavement was taken beyond
practical limits reached in regular highway usage; in other words, om a regular
highway the pavement would have been repaired long before the "ultimate failure
point was ever reached. '"Ultimate” failure is shown in Figs. 39, 45, 46, 48,
and 51.

Buring the fall period, transverse cracks began at random and increased
with wheel applications. The number of wheel load applications to reach "ulti-
mate” faillure was large as compared toc the spring period. The failure mode
followed was that as outlined in the previous sections, although rutting and
visible pavement deflections were not as evident or prominent as during the
spring.

In contrast, sectioms 9, 10, and 11 containing the asphalt~treated bases
which failed at the resumption of testing in the spring, failed spectacularly,
Once initial cracking appeared, "ultimate" failure occurred very rapidly as
shown in Table XIV and Figures 42-50.

Differences between failures occurring during the two periods was notice-
able. During the spring period, shear cracks occurred at the edge of the wheel
path. The alligator cracking pattern was not as fully developed as in the sec-
tions which failed in the fall. Failure in the fall was slower and progressive,
foilowing the failure mode steps mentioned before. The spring failure bypassed

some of the failure mode steps and occurred rapidly and spectacularly. Pave-
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FIGURE 37.--THE APPEARANCE OF THE TRANSVERSE CRACKS
AT 100,000 WHEEL LOADS IN 7.0 INCHES OF UNTREATED
BASE, SECTION 2. THIS OCCURRED DURING THE FALL PERICD.

FIGURE 38.--ANOTHER VIEW OF THE TRANSVERSE CRACKING IN
SECTICN 2. NOTE THE PUMPING OF MUD THROUGH THE CRACKS.
THIS IS STAGE 2.
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FIGURE 39.--THE APPEARANCE OF SECTION 2 AT ULTIMATE

FAILURE JUST BEFQORE BEING REMOVED FROM SERVICE AT

206,750 WHEEL LOADS. NOTE THE ALLIGATOR CRACKING

PATTERN AND THE LONGITUDINAL CRACKING ALONG THE WHEEL
PATH. THIS IS STAGE 7.

FIGURE 40.--SUBSIDENCE IN THE 5.0 INCHES OF EMULSION-

TREATED BASE AFTER 133,700 WHEEL LOADS. NOTE THE ALLI-
GATOR CRACKING PATTERN AND THE LONGITUDINAL CRACKS IN

THE CENTER AND IN WHEEL PATH, THIS IS STAGE 5.
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FIGURE 41.--ANOTHER VIEW OF SECTION & AT 133,700
WHEEL LOADS.

FIGURE 42.--THE DEVELOPMENT OF RUTS AND SOME TRANSVERSE

CRACKS IN THE 3.5 INCHES OF SPECIAL ASPHALT-TREATED BASE,

SECTION 10 AFTER 210,234 WHEEL LOADS. THIS WAS IN THE
SPRING PERIOD.
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FIGURE 43.--FURTHER DEVELOPMENT OF TRANSVERSE CRACKS
IN SECTION 10 AT 216,234 WHEEL LOADS,

FIGURE &44.--CONTINUED DETEORIATION OF SECTION 10 AT
219,018 WHEEL LOADS. NOTE THE DEFORMATION AND LONGITUD-
INAL CRACKING,



FIGURE 45.--THE APPEARANCE OF SECTION 10 AT ULTIMATE
FAILURE AFTER 219,123 WHEEL LOADS.

FIGURE 46.--CONTINUED FAILURE AT 220,377 WHEEL LOADS OF
SECTION 10 AFTER AN ASPHALT OVERLAY WAS PUT ON,
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FIGURE 47.--OVERALL APPEARANCE OF SECTION ¢ (2.0 INCHES
OF SPECIAL AGCGREGATE ASPHALT-TREATED BASE) AFTER
208,299 WHEEL LOADS.

FIGURE 48.--SPECTACULAR FAILURE OF SECTION 9 AFIER
208,876 WHEEL LOADS, NOTE THE UPLIFT OF THE OUTSIDE
UNTRAVELLED PART OF THE SECTLON,
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FIGURE 49.--THE START OF TRANSVERSE CRACKS IN SECTION 11
{5.0 INCHES OF A.T.B.) AT 231,691 WHEEL LOADS.

FIGURE 50.--THE PERMANENT DEFORMATION IN SECTION 1l
AFTER 231,691 WHEEL LOADS,
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FIGURE 51.--ULTIMATE FAILURE OF SECTION 11 AFIER
232,608 WHEEL LOADS, NOTE THE LONGITUDINAL SHEAR
FAILURES AND DEPTH OF DEFORMATION,

FIGURE 52.--APPEARANCE OF SECTION & (12 INCHES OF
UNTREATED BASE) AFTER 232,608 WHEEL LOADS.
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FIGURE 532--THE APPEARANCE OF SECTION 8 (9.0 INCHES OF
E.T.B.) AFTER 231,693 WHEEL LOADS.

FIGURE 53b=~--A VIEW OF SECTION 8 SHOWING THE PERMANENT
DEFORMATION AND CRACKING AT COMPLETION OF TESTING AT
232,608 WHEEL LOADS,
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ment deflections were evident and large with pronounced rutting just before the
appearance of cracking.

The difference in modes of failure is probably due to the difference in
environmental conditions, A possibility exists that differential recompaction
of the saturated subgrade from the traversed part of the pavement to the non-
traversed part may have occurred. This differntial recompaction could have
caused localized stresses at the edge of the wheel track thereby bringing
about a punching shear situation. The fact that the special asphalt-treated
base is semi-rigid also may have changed the rate of failure. The untreated
and emulsion-treated bases seem to be more resilient and their structure
enables the base to follow the compaction and contours of the subgrade.

Some interesting figures can be obtained when the wheel load applications
at "ultimate' failure are subtracted from wheel load applications at initial
cracking (Table XIV). The table shows that for some sections almost as many
wheel applications were needed to obtain "ultimate" failure as to cause initial
cracking. The table also shows that the more rigid pavement sections (9-12) did
not have large pavement failure spans. A pavement failure span (PFS) rating in
percentage was developed. The difference in wheel loads at failure and initial
cracking divided by the wheel loads at initial cracking and multiplied by 100
gives the Pavement Failure Span. This PFS can be used for maintenance as this
figure shoﬁs the relative number of wheel loads to failure once initial distress
appears. The numbers shown in Table XIV are only valid for this experiment and
the conditions of this test and are subject to modification once the series of
tests is completed.

The information in Table XIV is plotted in Fig. 54 to see if there are any
trends. No trends seem to be evident when the wheel load applications at

initial cracking are plotted against base thickness, However, when wheel load
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TABLE XIV: PAVEMENT FAILURE SPAN (PFS)2

sr———]
Wheel Load Applications .
Base

Base Section| hick Initial At Initizl To| ppg fime
Type ickness i - Period

Inches Cracks Failure Failure erio

WLI WLF WLF—WLI

Crushed 1 4.5 157,203 210,270 53,067 33.8 Fall

Stone 2 7.0 99,000 205,425 106,425 107.8 Fall

Untreated 3 9.5 100,000 206,748 106,748 106.71 Fall
4 12.0 153,411 232,608 79,197 51.6 Spring

. 5 3.0 99,000 199,233 100, 233 101.2 Fall

Em 1 - 3 E] ]

uision 6 5.0 99,000 | 199,233 | 100,233 |101.2 | Fall
Treated 7 7.0 175,581 230,856 55,275 31.5 Spring
8 9.0 197,811 232,608 34,797 17.6% Spring
Special g 2.0 208,299 208,8%6 597 0.3 Spring
Aggregate 10 3.5 211,320 | 221,451 10,131 4.8 | Spring
Asphalt- 1L 5.0 216,039 232,608 16,569 7.7 Spring
Treated 12 6.5 231,204 .= - - Spring

. May be low as these sections were in better condition than

2

Pa FO SO

= Wheel Load Applications (Failure-Initial)

Wheel Load Applications to Ist Sign of Cracking

Wig - WL

WL

I

X 160

section 11.



Wheel Load Applicatioms x 10
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FIGURE 54.--WHEEL LOAD APPLICATIONS (INITIAL & FINAL)

AS A FUNCTION OF BASE THICKNESS

g,wn@ca"@

260 +
Legend:
240 Initial Cracking:
i Untreated U.T.B. oo
Emulsion E.T.B. ge—zp—ut
290 4 Asphalt A.T.B. pe—go—w
Failure:
200 Untreated U,T/B, g-o--do="?
Emulsion E.T.B. gew-g--"4&
Asphalt A.T.B.
180 -
160 o
140
120
100. 4
80 7
0 4 6 8 10 12 14
Base Thickness=--Inches
TABLE ZXV~-EQUIVALENT THICKNESSES
{3.0% of Class '"B" A.C. Wearing Course)
Fall '6§ Spring '67 Adjusted>
Ba e
se Iyp Period Periadg
Crushed Stome 9.5 in. 12.0 in, 12.0 in.
Untreated
Emulsion-Treated 7.0 in, 9.0 in. 9.0 im.
Crushed Stone
Special Aggregate 2.0 in. 5.0 im. 6.5 in.
Asphalt-Treated
1. The thinnest sectioms which survived during this period.
2. Thickest sections which failed during this time.
3. Adjusted in the sense that both the untreated and emulsim

treated sections were in better condition than A,T.B. one.
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applications at "ultimate failure are plotted against base thickness, some
trends are evident. For the special asphalt-treated base the trend is a
straight line. However, the line is not as evident for the emulsion-treated
base. It is even less evident for the untreated base, but if some adjustments
are made, a series of parallel lines can be obtained. These manipulations
can be made on the assumptions that "ultimate' failure was not reached for
sections 3, & and 8, A comparison of Figures 51 (section 11), 52 (section 4)
and 53b (section 8) shows that section 11 was in worse condition than
sections 4 and 8. 1If another upward change is made for section & and a down-
ward change made for section 1, a series of parallel lines can be drawn (as
shown in Fig. 54). These lines will give adjusted equivalencies between the
different bases at "ultimate" failures,

The equivalency thickness is shown on Table XV. The equivalencies obtained
for the fall period of 1966 are based on the thinnest surviving sections. The
1968 spring equivalencies are based on the thickest sections that failed during
this pericd. The adjusted equivalencies based on "ultimate failure are also
shown. An interesting factor of the adjusted lines is that the thickest
sections all fail at the same wheel loads. The adjusted equivalencies are
valid if the assumptions are made that (1) the relationship of wheel load
applications to base thickness is linear and has the same slope for the three
base types‘tested, and (2) that improvements in performance with increasing
thickness of base is the same regardless of base type. If there is no justifi-
cation for these assumptions, then one must be content with the equivalencies
derived from test track testing. It should be mentioned and emphasized that
these equivalencies are tentative and are valid only to the testing conditions

and are subject to modification upon the completion of the other test rings.
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Load Response Characteristics

Temperature Variables

During the 1966 fall period, air, pavement, and soil temperatures were
fairly constant until November 20 when the temperatures started to fall and the
rain stopped (see Figures 55 to 57). The pavement temperatures seemed to vary
as a direct result of varying air temperatures and solar radiation. The 1966
testing period can be divided into two periocds--early and late fall, that is
prior to and after November 12, when heavy rains began. Any changes in
instrument reading results may be attributed to the break in temperatures and
the steady rainfall.

During the 1967 spring period, air, pavement, and soil temperatures in
April and the early pa;t of May were fairly constant. The temperatures did not
start to rise until May 13 (see Figures 58 to 61)., High summer temperatures
continued up to the end of testing. Temperatures do not seem to be significant
variables during the spring period except for a brief period the latter part of

May, which may have partly caused high Benkelman beam readings.

Moisture Contents

Moisture contents were measured by moisture tensiometer methods and by
regular sampling methods. Samples of bases and subgrade were taken for the
measurememé of moisture contents after the existing section was removed.

Table XVI shows the range of moisture contents which can be found in the
Palouse silt subgrade and untreated bases before the start of testing. The
average moisture content after saturation of the Palouse silt in Ring 1 was
found to be 21.5%. The moisture contents of the subgrade in Ring 2 were on the
dry side. Samples taken from drill borings for the LVDT gages indicated that

the top of subgrade was drier than the bottom which rests on basalt bedrock.

This acts as a natural drainage floor (11).
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’Nuclear methods indicated that moisture contents in the untreated crushed
surfacing top course base (shown in Table XVI) ranged from 6.9% to 7.8% with an
average of 7.4%. The moisture content of the samﬁle was 9.47%, which is high and
may have been due to the fact that the sample contained more fines (Table XVI).
The untreated base was wet when it was laid and had to be dried.

Moisture tensiometers, despite operating problems, indicated some interest-
ing moisture contents (Fig. 63). All tensiometers indicated that the contents
were high at the start of testing and that the moisture contents started to drop
except for probes #2, 8, and 10 in Sections 2 and 6, respectively. These probes
indicated that moisture contents started to rise after the heavy rains and after
transverse cracks appeared--an indication that rainfall seeped through these
cracks and saturated the top of subgrade. This is further verified by the re-
sults shown in Fig. 62 which were obtained by digging a deep trench in sections
5 and 6 and checking moisture contents and densities. Figure 62 shows the mois-
ture content appears to decrease with depth. The moisture content appears to
increase at the 1- to 2-foot depth then decreases.

The other tensiometer probes showed that moisture contents remained fairly
constant then started to rise at the end of January--the beginning of the wet
season. All moisture probes showed that the subgrade was above optimum moisture
content (18-197%) throughout the testing period. An examination of the subgrade
moistures after the tests were completed (Table XVIII) show that moistures were
above optimum and varied in different sections. This was borne out by the mois-
ture probes. Figures 64 and 65 show the appearance of the subgrade after test-
ing was completed.

Samples taken from the various bases indicate that moisture contents were
high (see Table XVII). The high moisture content of the untreated crushed
surfacing top course base may have been a partial cause of subgrade saturation.

The emulsion-treated base moisture content was high which might be due
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FIGURE 62.--VARIATION OF MOISTURE CON-
TENTS IN SUBGRADE WITH DEPTE
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TABLE XVI

MOISTURE CONTENTS IN UNTREATED MATERIALS (11)

Material Ring No. 2 LVDT Holes Ring No. 1
High Low High Low High Low
a
Subgrade 14.4 11.6 23.6 16°0b 24,4 17.9
Palouse Silt
2 C d e e
Untreated Base 9.4 7.4 6.9 7.8 6.4 3.6

€.S.7T.C

a. Taken from the bottom of deep holes - 14 to 16 feet, sections 2 & 10.
b. Taken 2 feet below the surface of deep hole, sections 2 & 10.

¢. Obtained from a sample taken from C.S.T.C. Base Course after it was
laid dowmn.

d. Average moisture content obtained by muclear method.

e. Range of moisture contents obtained by nuclear methods.

TABLE XVII

MOISTURE CONTENTS IN BASES?

Base Type Sections Moisture Content
Untreated C.S8.T.C. 1 -4 7.76
Emulsion-Treated 5=-38 8.48b

CS SO TQ CB
Special Aggregate 9 - 12 1 - 2°
Asphalt-Treated

a. Obtained at completion of tests.

b. From section 5 (3.0 inches of ETB). In section 6,
on Nov. 22, average water content was 8.38%; and on
Nov 29, ranged from 10.64 to 8.34 7 . Probable
residual moisture content was aboyt 3 -~ 4%.

¢c. Estimated.
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TABLE XVIII-

SUBGRADE MOISTURES AT TEST COMPLETION®

RING TWO
Section Base Type & 'Average Moisture Remarks
Content - %
1 UTB 20.2
2 urs 23.2
3 UTB 20.0
4 UTB 20.4
5 ETB 22.4b 38.38 Just below base
b {(Approx. 1" thick)
6 ETB 19.9
9 ETB 2L.2
10 ATB 23.8
11 ATB 23.5
12 ATB 22.4
Average 22.14

a. Obtained June 16, 1967

b. Obtained December 5,

1966 after these sections were removed.
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FIGURE 64.--A VIEW OF THE SUBGRADE IN SECTION 1
AFTER THE PAVEMENT WAS REMOVED.

FIGURE 65.--THE APPEARANCE OF SUBGRADE IN SECTION 10

AND 11 AFTER THE EXISTING TEST SECTION HAD BEEN REMOVED.

NOTE THE DIFFERENT COLORING INDICATING VARIATIONS IN
MOISTURE CONTENTS.
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to seepage of rain through cracks iato the base. The residual moisture content
of the emulsion-treated and special aggregate asphalt-treated bases was esti-
mated to range from 3-47% and 1-2%, respectively.

High moisture contents in the subgrade and the bases indicate moisture
played an important role in the failures of the sections. The fact that mois-
ture contents were above optimum during the two testing periods implies the
subgrade bearing strength was weakened which could have led to the rapid fail-

ures during the spring testing period.

Static Deflections

Benkelman beam rebound measurements using the Canadian Good Roads Associa-
tion procedure were taken at selected intervals (12). 1Initially only one read-
ing per section was taken. In the spring this was changed to five readings per
section which were then averaged. This was done to check the homogeneity of the
test pavement sections and to obtain a better rebound average for that test
section.

Rebound measurements were started the latter part of November, which limit-
ed valuable data to the iatter half of the test. Table XIX shows the Benkelman
beam deflection measurements. Pavement temperatures were extrapolated from
temperature probes. Because of the late date in starting recording, most of
these measurements obtained relate to cracked pavements. Benkelman beam rebound
measurements in the spring were two to £four times greater than those ob-
tained in the fall (see Table XIX).

A comparison of deflections with wheel load applications in Fig. 66 shows
that, in general, deflections increase with wheel load applicatioms. This is
true only for undamaged pavements; once a pavement starts to crack deflections
gradually decrease, A comparison of temperatufe with deflections in Fig. 67 show

that generally as temperatures increase deflectioms increase. This is not as
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Benkelman Beam Deflections in Inches x 10

Temperature in Degrees F.

FIGURE 66,--DEFLECTIONS VS WHEEL LOADS
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valid for cracked pavements as for uncracked pavements. This may be due to the
fact that the subgrade has deformed to such an extent that further deformation
is almost nil. Drying out of the subgrade through the cracks with a resulting
in density possibly may have occurred. Thus overall deflections may have de-
creased, and the cracked portions of the pavement may start acting as separate
entities rather than a unified slab. Sectioms &, 10 and 12 in Figures 66 and
67 seem to show this effect,
Dynamic Deflections

Dynamic deflections were measured by Sanborn LVDT transducers in sections
2, 6,8 and 10 (7.0 inches of untreated base, 5.0 inches and 12 inches of
emulsion-treated base, and 3.5 inches of special aggregate asphalt-treated
base, respectively) during the period when strain gage readings were taken,
Some dynamic deflections were also taken in conjunction with Benkelman beam
measurements. Again the fall testing period was divided into early and late
fall periods on the basis of rainfall and temperature. This was done on the
basis of wheel load applications--100,000 wheel loads being taken as the divi-
sion between early and late fall periods to determine variations in the readings.
Readings after 205,425 wheel loads were obtained during the spring (1967} .

Piotting the deflection data obtained from LVDT gages #1 and #2 located
in section 2 (7.0 inches untreated crushed surfacing top course) against trans-
verse distance (Fig. 68) shows that generally deflections were lower for both
LVDT gages during the early fall then increased during late f£all. It appears
that the whole pavement structure became more flexible under wheel load appli-
cation in a wet environment indicating a possible weakening of the subgrade.
Temperature effects on dynamic deflections for LVDT gages seem to be minimal
under the conditions of testing. The deflections for the deep gages appear to
be two to four times greater than for the shallow gage. Apparently, 25-50% of

the deflections occur within the pavement and untreated base,
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Figure 69 shows the variation in dynamic deflections of the deep gage in
section 2 recorded during a S5-hour period at a constant speed of 20 mph. Deflec-
tions drop from a peak at center and continue to fall about 1.1 foot from the
track centerline to the ocutside. As the dual tires move toward the inside and
center of the section, deflections increase but do not reach their imitial peak.
This difference may be due to the fact that section 2 was cracked, and the pave
ment was not acting as a homogeneous slab, but as independent entities. Deflec-
tions appeared to end about 1 foot imside the track's centerline.

The variation in dynamic deflections against transverse distance for LVDT
gages #3 and #4 in section 6 (5.0 inches emulsion-treated base) are shown in
Fig. 70. The trends are similar to those found from LVDT gages #1 and #2. In
general, the deflections are lower during the early fall and increase later in
the season. The deep deflections seem to be three to ten times higher than
those recorded by the shallow gage. About 10-307% of the deflections are within
the pavement and emulsion-treated base indicating a more rigid structure.

Similar trends were obtained in section 8 (9.0 inches ETB) with LVDT gages
#5 and #6 (see Fig. 71). Total or deep deflections are less than those found
in sections 2 and 6. Shallow deflections are also lower. A general statement
can be made to the effect that the deeper the pavement structure is constructed
of the same materials, the lower the shallow and total deflectioms.

Deflections measured by LVDT gage #7 and #8 in section 10 (3.5 inches
special ATB) exhibit the same trends (shown in Fig. 72). Deflections are lower
during early November then increased. Total deflections were high as compared
to the shallow deflections. Very little total deflection occurred within the
pavement structure itself indicating that most of the deflectioms occurred with-
in the subgrade which denotes a fairly rigid pavement structure.

Deflection data is summarized in Table XX, done by Kingham (14) of the

Asphalt Imstitute, which shows that, in general, deflections were lower in early



Deflection Inches x 10

84

FIGURE 68.,--DYNAMIC DEFLECTIONS AGAINST
TRANSVERSE DISTANCE FOR LVDT #1L & 2 IN
SECTION 2 (7.0" of Untreated Crushed Stone)

60 LVDT #1 -~ Shallow Legend:
LVDT #2 -- Deep 4 30-40 F.
X 40-50 F.
s 50-60 F.

First digit is LVDT no.
Second digit is as listed.
1. 15 mph 1000 wheel loads

2. 15 mph 13000 wl.
3. 15 mph 21500 wl.
4. 20 mph 48000 wl.
5. 20 mph 74000 wl.
6. 20 mph 100000 wi.
7. 20 mph 111030 wl.
8. 10 mph 134000 wl.
9. 3 mph 147000 wil.
10. 7.5 mph 170000 wl.
it. 6 mph 187000 wl.

Nov.-Dec. Av. Pavement Temp. = 39.1°F.
Nov. 7-13 Av. Pavement Temp. = 36.8°F.
Nov. l4-Dec. L Av. Pavement

Temp = 41.3°F.

v v

0 .5 1.0 1.5 2.0
Distance from Duals to Gage (Ft.)

Note: Results from the Shell Avenue Test Road {15) show that maximum
deflection values obtained from LVDT were not found in the center
of the duals, but rather under the tires. Figure 69 seems to bear
this out. Unfortunately, not enough values were obtazined to show
these curves in Figures 68, 70, 71 and 72. It is hoped that LVDT
results from the next ring will show more definite trends.
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FIGURE 69.--DYNAMIC DEFLECTION VARIATIONS WITH
TRANSVERSE DISTANCE

Section 2--LVDT 2 o5 102,936 w. 1.
Temp. Range 38-43° F. : Y 4:10 p.m.
Nov. 14, 1986
Speed: 20 mph 106,090 w. 1., Av. Pavement
7:37 pom. X, Temperature = 41,3° F.
108,363 w. 1.
9:24 p.m.
104,469 w. L.
Inside Gage Qutside 5:51 p.m,
1.0 0.5 £ 0.5 1.0 1.5

Distance from Center of Duals to Gage (Ft.)

FIGURE 70.--DYNAMIC DEFLECTIONS

50 - AGAINST TRANSVERSE DISTANCE FOR
LVBT GAGES #3 & #4--SECTION 6
(5.0" E.T.B.)
45 4
Legend:
4 30-40 F.
40 - % 40-50 F,
* 50-60 F.
‘ 7 First digit is LVDT no.
35 4 Second digit is as listed.
1. 15 mph 1600 wl.
2. 15 mph 13000 wl.
30 - 3. 15 mph 21500 wl.
\ 4, 20 mph 48000 wl.
AN 5. 20 mph 74000 wl.
25 A ) 6. 20 mph 100000 wil.
) 7. 20 mph 111030 wi.
ﬁ 42 8. 10 mph 134000 wl.
20 4 B ‘g 9. 3 mph 147000 wi.
‘ 10, 7.5 mph 170000 wi.
3 11. 6 mph 187000 wl.
15 Nov. 7-13 Av.
Pavement Temp. = 39.10F,
Nov. l4~-Dec. 1 Av.
10 4 Pavement Temp. = 38.7°F.
Nov. 7-13 Av.
Pavement Temp. = 36.8CF.
3 7 Nov. 1l4-Dec. 1 Av.
Pavement Temp. = 40.5°F.
0 3l

1.0

1.5

Distance from Center of Duals to Gages (Ft.)
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November and higher later on. Deflections during the spring period were three
times higher than those measured in the fall which would point up a different
environmental condition. This also is borme out by the differemce of failures
associated with the differenﬁ time periods.

Plotting the LVDT deflections against wheel load repetitioms on a log scale
(Fig. 73) reveals that deflections decreased up to 21,500 to 30,000 wheel loads,
then began to increase. In the range of 21,500 to 30,000 wheel loads the test-
ing enviromment was fairly dry and pavement temperatures ranged from 35 to 45°F.
Thus the pavements and subgrade may have been at their greatest strength and
maximum stability. As soon as the environment changed, the deflections started
to increase indicating a decrease in pavement and subgrade modulus and strength.

The speed of the testing apparatus also affected deflection readings. In
general, the lower the speed the higher the deflection readings. Only one study
was made using LVDT gage #2 in section 2. Deflection readings were clearly
affected by the speed (Fig. 74). Unfortumately readings were only taken between
speeds of 15 to 35 mph. Dynamic deflections at low speeds, 0-5 mph, approach
those of static conditions and will decrease as the speed increases; these
dynamic deflections will continue to decrease until a certain speed is reached,
+35 mph, after which dynamic deflection will be comstant. These trends are
shown by the dotted line in Fig. 74, and seem to confirm the findings of the
AASHO Road Test on deflection versus speed (13). The reason fhat deflections
decrease within a certain range of speed is that the entire wheel load does not
have time to develop its effect throughout the pavement structure. This has
been borne out by static load measurements which are usually higher than dynamic
Toads.

The dynamic deflection ratio of shallow deflections (deflections above sub-
grade) and total deflections are tabulated in Table XXI and plotted in Fig. 75.

In general, the ratio increases with wheel load repetitions.
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TABLE XX

SUMMARY OF LVDT DEFLECTION MAXIMUM MEASUREMENTS

RING TWO
Deflection | Deflection | Average
Section | LVDT | Position¥ Period®¥ Under Tire & Duals Pavement
Inches Inches Temp.-"F
i Shallow | Early Nov. 0.009 0.014 37
2 1 Shallow Late Nov. 0.020 0.025 41
2 Deep November 0.042 0.038 39
3 Shallow Early Nov. 0.004 0.003 37
3 Shallow Late Nowv. 0.017 0.016 41
° 4 Deep Early Nov. 0.040 0.033 39
4 Deep Late Nov. 0.057 0.043 39
5 Shallow November 0.012 0.012 39
5 Shallow Spring 0.039% 0.035 53
° 6 Deep November 0.030 0.026 45
6 Deep Spring 0.068 0.061 53
7 Shallow November 0.017 0.009 39
0 8 Deep November 0.034 0.030 46

#*%Early November is the period prior to the rain - around November 13 and at

about 100,000 wheel loads.

#*Shallow LVDT's measure deflection occurring above the subgrade soil.

IVDT's measure total deflection.

Deep
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FIGURE 71.--DYNAMIC DEFLECTIONS

SECTION 8
LVDT #5 -~ Shallow vLegend:
LYDT #6 -~ Deep & 30-40 F.
% 40-50 F.
« 50-60 F.

First digit is LVDT no.
Second digit is as listed.
15 mph 1000 wl.
15 mph 13000 wl.
15 mphk 21500 wl.
20 mph 48000 wl.

20 mph 74000 wl.
20 mph 100000 wl.
20 mph 111030 wl.
10 mph 134000 wi.
3 mph 147000 wl.

mph L70000 wl.

7.5
6 mph 187000 wi.

Bt OO Q0 N N U B WM e

g

Nov.=Dec. Av. Pavement
Temperature = 45, 1°F.
April-May Av. Pavement
Temperature = 52.7°F.
Note: 1, 7, 9, and 10 are
omitted as there were not

0.5 1.0 1.5 enough points for plotting.
Distance Dual § to Gages {(Ft.)

FIGURE 72.--DYNAMIC DEFLECTIONS
SECTION 10

LDVT #7
LVDT #8

Legend:
4 30-40 F.

® 40-50 F.

s 50-60 F,

First Digit is LVDT no.
Second digit is as listed.
15 mph 13000 wil.
15 mph 21500 wl.
20 mph 48000 wl.
20 mph 74000 wl.
20 mph 100000 wl.
20 mph 111030 wl.
10 mph 134000 wl.

O~ O W N

Nov.~Dec. Av. Pavement
Temperature = 46.3°F {(deep)

Nov.=-Dec. Av. Pavement
Temperature = 39.3° (shallow)

. 1.5 2.0
Distance Dual L to Gages (Ft.)
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The increase in the ratios shows that the increase in shallow deflections
is greater than for the deep deflections; that is, the proportion of deflection
occurring within the pavement structure increases.

Examination of the dynamic deflections shows that deflections occurring in
the subgrade were larger than in the pavement structure (wearing course plus
base), but as the wheel load repetitions accumulate deflections within the
pavement system increase and eventually become greater. This is shown in
Figure 75A and Table XXI A. This was especially true for the untreated and
emulsion-treated bases, This is also borme out by the dynamic deflection
ratios shown in Figure 75 and Table XXI. Figures 75 and 73A also show that
most of the deflections in the asphalt-treated base occurred within the subgrade.

The explanation is that as wheel load repetitions are increased, more of
the deflection is taken up by the pavement and bases. The ratio will continue
£o increase until some point is reached where distress occurs. At this point
the pavement structure is under a heavy flexible strain and distress will occcur
due to extreme flexibility and fatigue. The dynamic deflection ratio is a
function of thickness and of the pavement material. The asphalt-treated bases
had the smaller ratio indicating high rigidity., More study is needed before
definite conclusions can be made. ‘These views may be modified as more infor-
mation is available from other rings.

No meaningful comparison could be made between deflections obtained by
LVDT transducers and the Benkelman beam because of the late start in taking
Benkelman beam measurements. When the Benkelman beam recordings were started

most of the LVDT gages had been removed.
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FIGURE 74.-~-EFFECT OF DIFFERENT SPEEDS ON DEFLECTION
Section 2--LVDT #2, November 4, 1966

40

s s swin
—

30

20 ; r

Speed mph

30 40

Shallow

FICURE 75.--DYNAMIC DEFLECTION RATIO ¢ Deep )
RING 2
.6
.5 :
R Legend:
+ Section 2 LYDT 1 & 2
i % Section 6 LVDT 3 & &
.3 ¥ Section 8 LVDT 5 & 6
& Section 10 LVDT 7 & 8
.2
/
¥ PR
1 )Q'*b_,.__/g
7:S T '3 (3 ¥

10 12 14 16 18
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Deflections in Inches x 10“3
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FICURE 75(A).--DEFLECTIONS - PAVEMENT SYSTEM (?S)
VERSUS SUBGRADE (S)

Wheel Load Repetitions x 104

4 8 12 16 20 24
- " ;.~§«_“q§hn& : : ok b b
¥ /o (Ps)
we (Pg) ¢ \
/. ° # 8(5)

/a4 #2 (PS) °\
@ é / \
. \ |ee(rPy
#e (%) & o\ /

Legend: Y

Section 2: =
404 Section 6: sus
Section 8: o———==
Section 10: s—a

-1

TABLE XXI(A): PAVEMENT SYSTEM (PS) VS SUBGRADE (S) DEFLECTIONS

Section %2 (U.T.B) | #6 (.70 | #8 (£.7.B) |#10 (A.T.B.)
Deflections - Inehes x 1073
Wheel Loads PS s PS S PS s PS S

1,000 16.5 24.5 15.7 35.3 11.6 22.6 0.4 31.6
13,000 8.0 30.5 2.5 30.0 10.2 13.8 0.2 14.8
21,500 8.0 25.5 4.0 32.6 7.7 9.4 0.7 37.3
48,000 9.0 27.2 3.0 31.0 16.2 12.3 0.7 23.3
74,000 14.0 26.0 3.4 26,6 12.7 20.8 1.0 32.0

100,000 24.0 17.5 16.7 18.2 8.3 4.7 0.6 20.5

134,000 27.9 17.7 18.2 7.2 1.6 37.1

198,000 22.0 24 .4 6.9 33.1

216,000 4G.9 23.3

222,125 22.3 £.0
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Strain Gage Data

Examination of the strain gage data showed that it was necessary to plot
all the data against wheel placement by fall and spring periods. Although there
was much data, there was not enough or sufficient data to establish definite
clear-cut relationships. The test track findings confirm strain gage studies
made elsewhere that the lateral displacement of the wheel relative to the gage
greatly influences the measured values of strain, deflection and stress. The
data also indicates that the temperature effects were negligible as the temper-
ature range was rather narrow. Trend lines were established for each strain
gage based on the test road experiences referred to above. Maximum values
from these trend lines were then inferred and are shown in Table XXII.

The majority of maximum values occurred when one of the tires was over the
gage. Strain values were two o four times higher in the spring than in the
£211. This seems to correlate with the different modes of failure which occurred
in the fall and the spring. An attempt was made to try to match strains with
first appearance of cracking and to try to establish failure criteria, This
will have to await the completion of’the next two rings before the £ull signi-
ficance of the values can be realized. The strain values shown are maximum
values measured as the wheels were moving longitudinally at some lateral wheel
motion, hence both tensile and compressive strains were measured,

inclusion of all the strain curves would be too voluminous. Only plots of
strains obtained from section 8 (9.0 inches of emulsion-treated base) and sec~
tion 10 (3.5 inches of special asphalt-treated base) have been included in this
report, because much data was available, especially fof comparison purpocses
between the different layers, Comparisons between fall and spring strains could
also be made. Some continuous strain data was available for section 10 and is

included. Some typical strain gage readings reproduced from actual data is

included and shown in Fig. 102(g).
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Strain gage data for section 8§ is shown in Figures 76 to 95. Examination
of the plots reveals that strain is usually maximum under the tire rather than
under the center of duals. In many of the longitudinal gages there were differ-
ent modes of strain depending upon the lateral position of the duals. Another
interesting development was that tenmsile strains increased while compression
strain decreased with depth, Larger tensile strains occurred at the 3.0-inch
depth. Strain reversals with tensile strains larger than compressive strains
occurred on the subgrade.

Transverse strain gage data was very complex varying with lateral position
of the tires and with depth. Tensile strains seem to increase with depth.
Comparison of tensile strains in the tramsverse and longitudinal directions
shows that tensile strains in the longitudinal direction were larger. This may
indicate why transverse cracks appeared rather than longitudinal cracks.

Figure 95 shows strain with depth. The plot shows that compressive strain
decreases with depth and that the tensile strain also decreases but not as much,.
This holds true for strains in the transverse direction, except that tensile
strains increase slightly with depth. During the spring there was a large
increase in strain in both directions. This may be an indication of the
changes in subgrade support and changes in flexure strength.

An attempt was made in Figs. 77, 82, 83 and 86 to try to correlate strain
with wheel load applicationé, Not enough data was available, hence only trend
lines could be inferred. It appears that strains increase with wheel load
applications, and perhaps in future tests, failure criteria can be developed
with more data.

Figures 96 to 102 show the strain data plotted for section 10 (3.5 inches

of special asphalt-treated base). In an attempt to obtain better curves, it was

assumed that the curves were symmetrical around the centerline of the pavement.
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Hence a set of points were plotted around the centerline giving one set of
graphs, and points were plotted for one-half of the pavement giving another

set of graphs. The attempt was partially successful. The plots show almost

the same strain trends as found in sections 2, 6 and 8. Tensile strain increased
appreciably in the longitudinal direction as compared with strains in the trans-
verse direction. Transverse strains seem to be more complex with reversals of
strains occurring depending upon the lateral position of the duals. High

tensile strains were found to exist at the 3.0-inch depth (top of the base or
bottom of the wearing course).

Continuous strain gage readings are shown in Fig. 102 (a to g). The data
was usually obtained during a 24-hour period and are maximum values of strain,
compressive and tensile, measured while the tires were traveling in longitudinal
direction. The reasons the plots are not as symmetrical as they should be are
twofold. One, during the 24-hour period temperature differences existed and
may have caused variations in strains and two, as the duals moved laterally the
weight distribution may have changed due to transverse lcad placement. The
camber of wheels was set to the slo@e of the pavement so that weight distribution
on each wheel was equal. As the pavement became rougher, the load on each
wheel may have shifted due to this camber thus causing some variations in strain,
both in longitudinal and transverse direction. More continuous strain gage
readings are desirable to study the effects of wheel load applications and
temperature on strain patterns. This knowledge would be very useful in the

determination of failure criteria.

Stress Data
Only vertical stresses were measured. The maximum values of this stress
data are summarized in Table XXIII. This table shows the stress values obtained

by the Filpip transducers and the WSU pressure cells. Maximum vertical stresses
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were measured in the spring period of testing for the sections which survived
the fall period of testing, Temperature effects were negligible due to the
small range of Lemperatures encountered during this period.

Figures 103 (a, b and c) show the.general trend lines of stress with
respect to the lateral position of the duals., The figures show that maximum
stress values were obtained when the duals were directly over the gages. Spring
values were about two times higher than the fall values. Although Fig. 103
represents the results obtained for the 9.0-inch emulsion-treated base section,
the curves represent similar curves obtained for other sectioms. Stress values
obtained by the Filpips at 3.0 inches seem to be suspect as readings at this
level were very erratic, This may be due to overstressing caused by rolling
during comstruction,

Vertical stress varied with speed. As the speed of the apparatus increased,
stress declined. This is shown in Figs. 104 (a, b and c) as measured by the
WSU pressure cells. The data from both sections 6 and 8 are shown., The WSU
pressure cells work better at lower speeds. It is difficult to read the mano-
meter board at speeds over 20 mph as the displacement of fluid becomes very
rapid and difficult to read.

Vertical stresses at subgrade level against depth and base material were
plotted in Fig. 105. This figure shows that vertical stress at subgrade de~
creased with increasing thickness of base, and that spring values are higher
than during the fall. The stress reduction ratios (Table XXIV) indicate that
the ratios increase with thickness of base materials. Table XXIV shows that
after a certain thickness is reached, virtually nd stress reduction is achieved
and, hence, any more increase in thickness will not cause stress reduction.

This would, of course, hold true only for certain wheel loads.

Curve #4 in Fig. 105 shows stresses measured just at or before Yylitimate"

failure for the emulsion-treated bases. Figure 106 shows stresses measured when
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no signs of distress were visible, that is for 0 to 100,000 wheel loads and
afrerwards--after the appearance of cracking to Yultimate” destruction,
Stresses measured during the latter stage increased. Part of this increase
may have been due to the fact that as the pavement cracked up into individual
pieces, the pavement started to act as individual entities rather than a con-
tinuous slab causing points of intense high pressure and high vertical stresses.
Both Table XXIV and Fig. 105 show that stresses were high under the un-
treated bases, followed by the emulsion-treated bases, and finally, the special
asphalt-treated bases. For the bases tested, the results suggest that increasing
the thickness of the base beyond 8 inches is unnecessary as far as the reduction
of stress is concerned. This seems to be valid for the asphalt and emulsion
bases, but not valid for the untreated bases. At the AASHO Road Test,pavements
which failed in the 18 kip axle load loop had vertical stresses on the top of the
subgrade in excess of 8 psi (13). Therefore, greater thickness than 8 inches of
untreated base are required to reduce the vertical stress to 8 psi in the spring.
This may not be true for reduction of deflection and strain. More data is needed
before certain conclusions and recommendations can be drawn. Complete analysis

swaits the completion of Rings #3 and #4.

Comparison between the two kinds of cells seems to indicate that neither
cell is satisfactory., At high speeds, tﬁe fluid displacement in the manometer
was difficult to read. The necessity of long tubing for hydraulic fluid limits
its use to short distances, The Filpip cells proved to be unreliable. The
capacitor structure of the Filpip transducer may be promne to overstressing,
especially during construction and hence led to erratic feadings. Stray read-
ings were a hazard. The Filpip had to be balanced constantly which led toc diffi-
culty in stability. The WSU cell is being used in Ring #3. New strain gage
diaphragm cells have been built replacing the Filpip transducers and are now in

use in Ring #3.
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Strains in Micro-Inch/Inch

Strains in Micro=-Inch/Inch

Tension Compression

Tension Compression

100

FIGURE 76.--SECTION 8 9.0" EMULSION-TREATED BASE
SURFACE LONGITUDINAL STRAIN GAGE B-3-L

e — April-May 1967

400 7 — % Av. Pavement Temp.
7 N 52.9°%, F Temperature Range
T \\ 50-60° F. o
300 1 2 N\ ~ 40-50° F.  x
/ ° ° 30-40° ¥ s
X Nov.-Dec. 1966 .
200 - @ Av. Pavement Temp.
39, IOF. Mode: TCT
XR
100 A
0 Duals
£ x ué Nov.=Dec. 1966 y
“rr . - E g g 4
—~° 4
100 - » — o
~o g~ “%April-May 1967 a 'b' ¢
T d
200 Tire Pressure = 80 psi
. Length of Tire = Il in.
0 v ¥ ¥ 05.51 ) T ¥ 1m°0» ¥ 10.5 amc= 7075” = 0.65‘
Distance of Duals From Gage b = 5.25" = 0.43°
d = 20.75" = 1.73°
df2= 10.37" = 0.86°
FIGURE 77.-~SURFACE LONGITUDINAL STRAIN GAGE B-5-L
(Ring 2, Section 8--Emulsion-Treated Base = 9.0")
800 - ' ' Temperature Range
50-60" F. o
40-50° F. x
600 - 30-40° F. a
Time Period
400 7 ‘ o ® Nov.-Dec. « % &
» // ap@’“May @@
z —
e &
e e e f e P e e R e
200 e x
a8 %
0 —s — mA e = e R — — :_fx_“~<_§
e
200 7
400 7 50 100 150 200 250

Wheel Load Repetitions x 103




Strain in Micro-Inch/Inch

Strain in Micro-Inch/Inch

Tension Compression

Tension Compression

800

600

400

200

200

400

800

500

400

200

200

400

101

FICURE 78.--SURFACE TRANSVERSE STRAIN GAGE B-6-T
(Ring 2, Section 8--Emulsion-Treated Base = 9.0

Temperature Range
50-60° F. ¢
40-50° F. x
30-40° F. 4

Nov.=-Dec. 1966 o
Av. Pavement Temp. = 39.1 F.
Mode: Varies from & TC-TCT

7 El v 3 ¥ ¥ T 7 L} K} T ¥ ] 7 ¥ ¥ (3 3

0.5 1.0 1.5 2.5

0
Distance of Duals from Gage
FICURE 79.-=-SURFACE TRANSVERSE STRAIN GAGE B-6-T
(Ring 2, Section 8~~Surface)
Temperature Range
50-60° F.
1 40»50g F. x
40-30" F. 4
. Nov.~-Dec. 1966 o
T < Av. Pavement Temp. = 39.1°F,
b3
_] x‘ //
V'd
y
B X L @ /
Iy |\ L
[
2.0 1.0 0 1.0 2.0
Inside [H Outside

Distance From Duals to Gage (Ft.)



Strain in Micro~Inch/Inch

Strain in Micro=-Inch/Inch

Tension Compression

Tension Compression

Temperature Range
50-60" F. o
50-40° F. g
o)
40-30" F. 4
160 o] am——————————X Spring 67' Depth = 3,07
80 | Av., Pavement Temp.
~ Fali '66 = 38.6°F.
0 - . spring '67 = 52.9°F.
40 o // \ ~
et ™ s B "4 ~—x Fall'6é6
20 - *
0 e = T —
20 \\ e /®
40 AN /F 11 66
- a
60
80 +
100 +
120 7 Spring ‘67
140 4 — -
}.60 (] ¥ '
0 0.5 1.0 1.5
Distance From Duals to Gage (Ft.)
FICURE 81.--LONGITUDINAL STRAIN GAGE C-7-L
Ring 2, Sectiom 8
Temperature Range
50-60" F. e
40-50° F. x
40-30° F. &
100 T L
80 1 /////S ring '67 \\\\ Depth = 3.0"
. ¥ . N\
60 / - o \
40 g \ P S .
50 | 5y ~ 57 x  x\_ Fall '66
0 e — .
%) - ~ Fall ‘66
20 ¢ @ -
40 ~~ N
<\
60
80 L] Ll ¥ id
2.0 1.0 0 1.0 2.0
Inside [ Qutside

102

FIGURE 80.--LONGITUDINAL STRAIN GAGE C-7-L

Ring 2, Section 8

Distance From Duals to Gage (Ft.)



Strain in Micro=Inch/Inch

Strain in Micro=-Inch/Inch

Tension Compression

Tension Compression
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FIGURE 82.--SURFACE TRANSVERSE STRAIN GAGE B-6-T
Ring 2, Section 8

Temperature Range

50-60" F. o
800 .
50-40° F. g
40-30° F. 4
600
Nov.~Dec. 1966
400
* X
X
200 | * —
8
0 2 X * X
i * T —— X
T——
200 ~—
400 4
50 100 150 3 200 250
Wheel Load Repetitions x 10
FIGURE 83.--LONGITUDINAL STRAIN GAGE C-7-L
Ring 2, Section 8
Temperature Range
50-60" F. e
50-400 F. x
40=30" F. 4
Depth = 3.07
100 Nov.=-Dec. 1966
80
60 X
b o
a ® I e R =TT
20 e 2 a N
%
0 == = — — =
® \\
20 X B ——
40
X
60
80 : 5 -
50 100 150 200 250

Wheel Load Repetitions x 10




Strain in Micro-Inch/Inch

Strain in Micro-Inch/Inch

Tension Compression

Tension Compression
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FIGURE 84.-~-TRANSVERSE STRAIN GAGE C-8-T

ing 2, Section 8

Temperature Range

- 60-50° F. =
300 ; % 50-400 F. x
200 K ¢ . 40‘30 Fo &
) N. Fall 66
160 a \\ Depth = 3.0"
0 Av. Pavement Temp.
001 * / Fall '66 = 38.9°F.
e K Spring ‘67 = 51.2°F.
200 - %
300 7 / E
+ 7
&
$00 Spring 67
500 /////
600 - %
00 7 : .
700 3 0.5 1.0 1.5
Distance of Duals From Gage (Ft.)
FIGURE 85.~--TRANSVERSE STRAIN GAGE C-8-T
Ring 2, Section &
Jemp. Range
300 - N 60—500 F. o
] 50-&00 F. %
200 N 8 P 40-30" F. &
100 7 ", Fall 66// \
/ \
0 RN . 7 \ Depth = 30"
100 b i % o, Fr o s
200 N
300 - |
ES
400 - Spring ‘67
500 - N
600 ~ -
700 : : -y
1.0 o 1.0
Inside Y Qutside

Distance of Duals From Gage (Ft.)



Strain in Micro-Inch/Inch

Tension Compression

400

200

200

400
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Depth = 3.0"

N

50 100 150 200
Wheel Load Repetitions x 103

FIGURE 86.-~TRANSVERSE STRAIN GAGE C-8-T
Bing 2, Section 8

250
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Strain in Micro-Inch/Inch

Tension Compression

Strain in Micro-Inch/Inch

Tension Compression

80

70
&0
30
40

30
20
10

i0
20

40
56

80

60

40

20
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FICURE 91.--LONGITUDINAL STRAIN GAGE B-9-L
Ring 2, Sectiocn 8

y Temperature Range
J 60“500 F. o
50"400 F. x
A 40-30" F. 4
o X
Spring 67 Depth = 12.0"
“\ )( ) o o
< T~ P A
o \#
4 XA T e
d Fall 266
&
o o e, X A nd_
-«u”»w‘vo-—’.x/’ ‘{"‘ \\x
\}
- \\k
-4
0 0.5 1.0 1.3 2.0
Distance Ffom Duals to Gage (Ft.)
FIGURE 92.--LONGITUDINAL STRAIN GAGE D-9-L
Ring 2, Section 8
. Temperature Range
| a 60-50° F. o
/ \ Spring '67 50-40° F. »
; \ 40-30° F. 4
i , \
/ Noxe Depth = 12.0"
’ ~
- 0._«.4’{ /’,\\ \—;o
v« 7 Fall '68 < 4
// \)(-‘
< il R xR
s
_x.. Spring ‘67
- 3 S P
N TN
- 4
7 / Fall '8 N !
. ;- ~ -
I
2.0 1.0 0 1.0 2.0
Inside ¥ Outside

Distance From Duals to Gage (Ft.)




Strain in Micro-Inch/Inch

Strain in Micro-Inch/Inch

Tension Compression

Tension Compression
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FIGURE 93.~-TRANSVERSE STRAIN GAGE D~-10-T
Ring 2, Section 8

| Depth = 12,0
200 L x Fall®66
- X A
@ <
Fall'6é P L
- - x <
o X o X
. I
200@_””__“,.,.» 5 ~~ _
Spring ‘67 -
400 . ¥ y ;
0 .5 1.0 1.5 2.0
Distance From Dual to Gage (Ft.)
FIGURE %4.--TRANSVERSE STRAIN GAGE D-10-T
Ring 2, Sectiom 8
Depth = 12.0"
200 -
\H(
e 35
Fall "66
0 t "
< Fall *66 _ **
X R N SO -3
2001 A /‘__X__\““/,—-—n\\
v Spring ‘67 ~
400 A v 13 ]
2.0 1.0 0 1.0 2.0
Inside £ Outside

Distance From Duals to Gage (Ft.)
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Strains in Micro-Inch/Inch

Strains in Micro-Inch/Inch

Tension Compression

Tension Compression

500

400

300

200

100

200

1100

10600

400

300

200

100

100

200

- ‘Mﬁ,u~“”')3pring '67
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FIGURE 96.--LONGITUDINAL STRAIN GAGE B-9-L
Section 10, Surface

3.5" Special ATB

femperature Range

.4 - X g M
S

~ Fall 66

«‘\\x\\“N«a«_\h‘_~“_‘_m_““‘a§,,f”//;pring ‘67

¥ i ] ¥ ] v v T H ¥ ¥ T ] T ¥
0 5 10 15
Distance of Duals From Gage--Inches

FIGURE 97.--TRANSVERSE STRAIN GAGE B-10-T

- B

'66

0 3 10 15

Distance of Duals From Gage--Inches

60-50° F. e
- 50-40° F, %
40-30° F. &
- Fall '66 Av. Pavement Temperature
Fall '66 = 39,2°F.
Spring '67 = 50°F.

4/12/767 = 216,000 wl.
& Distress occurred at
216,089 wl., ®




Strains in Micro-Inch/Inch

Strains in Micro=Inch/Inch

Tension Compression

Tension Compression
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FIGURE 98.--LONGITUDINAL STRAIN GAGE C-9-L
Section 10, 3.0" Depth

bxf rrj

300 -
’/’//wddﬁfﬁ Spring '67 Temperature Ranges
60-50" F. o
200 - 50-40° F. x
40-30° F. 4
Fall '66
100 Av. Pavement
Bt = e e —r Temperatures
‘ Fall '66 = 39.2
0 Spring ‘67 = 50.0
100
200
300 -
400 A
9/
500 - *””M“f’////// Spring '67
Q‘“§“\~§§_nx
3 ¥ ¥ ¥ v 75 ¥ ¥ Ll lﬂO H ¥ ] L] ¥ ]:-‘5
Distance of Duals From Gage--Inches
FIGURE 99.--TRANSVERSE STRAIN GAGE C-10-T
200 1 .
100 - Spring ‘67
« P (‘H)goiu’-?)
‘\\ *
£
0 = Legend:
o See Fig. 102(d) for
comparison with con-
100 T 4 X & tinuous strain gage
y readings.
“”x’/ =
200 4/12/67 = 216,000 wl.
Distress occurred at
216,089 wl. @
300
=
. @
1000 & T ¥ Y ( ¥ T i) ¥ 7 ¥ v T Ty
0 5 10 15

Distance of Duals From Gage--Inches




Strains in Micro-Inch/Inch

Strain in Micro-Inch/Inch

Tension Compression

Tension Compression
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FIGURE 100.--LONGITUDINAL STRAIN GAGE E-i-L
Section 10, 6.5 Depth

Temperature Range

10 o
100 60-500 F. o
50-403 F. ¥
X x--7: . 40-30" F. &
-y x, \;{
s \\\;\ Av. Pavement
o Temperatures
Fall ‘66 = 39,1°9F.
< S
A
x ¥ x///
X
R

0 5 10 15
Distance of Duals From Gage--Inches

FIGURE 101.--TRANSVERSE STRAIN GAGE E-2-T

®
30 - ki Av. Pavement
Temperatures o
Fall '66 = 38.5'F.
A
y \
/
0 Py
/
Legend:
See Fig. 102(f) for comparison
50 with continucus strain gage
readings.
100
A
150 7 7 T ¥ i 7 T v ¥ T v 7 ey 3
Y 5 10 15

Distance of Duals From Gage--Inches
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FICURE 102.--MAXIMUM VALUES OF STRAIN MEASURES AS WHEELS WERE MOVING
1,ONCITUDINALLY WITH RESPECT TO LATERAL WHEEL POSITION--SECTION 10

Strains in Micro-Inch/Inch

Strains in Micro-Inch/Inch

Tension Compression

Tension Compression

3" Speciazl A,T.B.

360 A
Surface
Continuous Strain
360 Gage Readings
B~-0-L 11/15/66
240 1 Speed # 25 mp&
wl. = 120,000-
Av. Pavemegnt Temp.
180 A ) o 39.9 o] ¥,
/: /""“L"“‘"-\_\.\’
120 \\
60 1 . “'\
L R
1.0 0.5 L 0.5 1.0
O T Dist. from L Duals to Gage
T:Bz\n\bb ., (?t‘t") . ‘w_’.«»"“
60 7
(a)
3.0V Depth
Continuous Strain
Gage Readings
C-9-L 11/16/66
Speed = 10 mph
}.ZO‘ Wl. = 133, 80@'
Av., Pave. Temp.
39° F.
60 1. i/./' _T\. i
e oo T~
~
O v L] ¥ L] v
1.0 0.3 - 0.5 1.0
601
~
C—.
120+ !
4
1801 \ /\ﬂ/
2401

Dist. From L Dual to Gage
(c)

380 4
Surface
Continuous Strain
300 . Gage Readings
B-10-T 11/19/686
240 . Speed = O mp%
wl. = 158,000~
T —
180 4 \ / \.\
Y «
120 4 \\‘°
Av. gave. Temp.
*' 39 F. T
60 4/
L R
0 1.0 0.5 L 0.5 1.0
Dist. from L Duals to Gage
(Fr.)
60 1
(b)
3.0 Depth
Continuous Strain
Gage Readings
C-10-T 11/23/66
Speed = 6 mph
120 wi. = 170,000
Av, Pave. Temp.
36° .
60 -
‘0
60 -
120 4
180 1.
240 -+

Dist. From © Bual to Gage
(@



Strains Micro=Inch/Inch
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FIGURE 102.-~{Cont?d.)

L

180 . 180 -
120 120
: N
.g &0 . ;AKMWN'“P\ 60 \ .
@ AT AN
%a. N
g 0 . : : . 0 S . ; .
S 1.6 0.5 E 0.5 1.0 1.0 & 0.5 1.0
- g
s} o TR~
.;j 60 .4../ 60 T\;\\'/ \\
= ; e : TN
& T T e L ; . \.-\
120 ’ 120 BN
Dist. From © Dual tc Gage (Ft.) Dist. From L Dual to Gage (Ft.)
180 180 -
6.5" Depth 6.5 Depth
Continuous Strain Continuous Strain
Gage Readings Gage Readings
E-1-1, 11/28/66 E-2-T 12/1/68
Speed # 5 mph Speed = 5 mph
wl, = 188,000 wl. = 199,000
Av. Pave. Temp. Av. Pave. Temp.
36.5° F. 46.5° F.
(e) (£}
PIGURE 102{g) SOME TYPICAL STRAIN GAGE READINGS
Speed = 10 mph Chart Speed = 5 mm/sec
Distance: 1.05° inside & duals to gage
W. L. = 134,300
Nov. 16, 1966
B-9-L x20 x10 B-10-T
o
o
nped
@
c-9-L %10 g x20 ¢-10-T
=
{& 8
S ‘V’ V
]
S
o)
(2]
=]
)
>
E-1-L %10 ®20 E-2-T
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(a)
20 Zemp. Range
- 60-509 F. o
a _XTTTO~ 50-402 F. x
Filpip 54-C-1 = 15 7 Spring 67 40-30 F. 4
Section 8 | /ﬁx
Depth = 3.0" @
¢ 19
& X
' ® o KR e -
3 -~ Fall '66
& \
E R X ; ¢
2.0 1.0 [N 1.0 2.0
Distance from Gage to & Dual (Ft.)
(e}
15 7
ond
Filp:ﬁ}p 55-C-2 8 ] /}( O —
Section 8 o 10 o Spring '67
Depth = 12" M 4
2 X>< —X— = X
§ 5 7 T 8 \\‘@
P Fall '66
g .
¥ i g (]
2.0 1.0 | 1.0 2.0
Distance from Gage to L Dual (Ft.)
(&)
25 o
X
20
Filpip 56-C-3 - ”S;ring ’65‘ T~ L
Section 8 o o] h
Depth 7.5" & 13 7
o X X
o -8 —
@ /A ~
& < Fall '66 N
5 - x%
¥ % ¥ s
2.0 1.0 ¥ 1.0 2.0

Distance from Gage to L Dual (Ft.)

FIGURE 103.--VERTICAL STEESSES MEASURED BY FILPIP TRANSDUCERS
WITH RESPECT TC LATERAL WHEEL PCSITION




Vertical Stress--psi

Vertical Stress--psi

VerticalStress--psi

20

5

10

20

15

10

20

i5

10

ot

FIGURE 104.--VERTICAL STRESS VS8 SPEED WSU PRESSURE CELL

{a)

Speed in MPH

(b)

10 20
Speed in MPH
(c)

®

~

4

30

o A
\ F-l hd
N%’m

10 20
Speed in MPFH

.3

30

Section 6: 5.0" E,T,B.
Cell Depth = 3.0¢
WSU Cell #3

Tire Size: 11:00 x 22.5
Tire Pressure: 80 psi
Wheel Load: 5,300 1bs.
Bual Load: 10,600 lbs.

Section 8: 9.0 E,T.B,
Cell Depth = 3.07
WSU Cell #2

Section 8: 9.0 E,T.B.
Cell Depth = 12.0V%
WSU Cell #1

Legend:
T Duals —o=—o——o A

Ingide Tire —ff—s &
OQutside Tire -#—%— &



psi

Vertical Stresg-~

Vertical Stress--psi

fod
ot
e

8
FIGURE 105.--VERTICAL SUBGRADE, STRESS AS A FUNCTION

OF BASE MATERIAL, DEPTH AND ENVIRONMENT

70 . Legend:
N, #4 Curve:
N #i = U.T.B. Fall '66
60 | . #2 = U.T.B. Spring '67
3 #3 = E.T.B, Fall ‘66
#4 = E,T.B. Failure
50 ] 2 #5 = A,T.B. Fall %66
#6 = A.T.B. Spring ‘67
40 Measured by Filpip
Pressure Tramnsducers.
x Includes 3.0" of Class "BY
30 J Asphalt Concrete.
20 4 .
10 4 ®
0
0
Depth to Top of Subgrade--Inches
¢
FIGURE 106.~~-TRANSVERSE VERTICAL STRESS DISTRIBUTION
Section 6: 5.0" E.T.B.
30 .
At "Ultimate" Depth = 8"
Failure-198,887 Curves:
L0 4 / #1 = 0--100,000 wl.
g #2 = 100--200,000 wl.
30 4 Temp. Range
60-50" F.
50-40° F. X
20 40-30° F. &
No Signs of Distress
10 R /.ﬁ/v N )
ey #1 T~
Q 13 ¥ El L ¥
1.0 0.5 0 0.5 1.0
Distance From Gage go © Duals--(Ft.)
1. Measured by Filpip Pressure Transducers.
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TABLE XXIV

STRESS REDUCTION RATIOS1 FOR DIFFERENT BASE MATERIALS

Untreated Base Emulsion Treated? Asphalt Treated
Base ] Stress Stress Stress
Depth Period Stress Reduction Stress Reduction Stress Reduction

{inches) PSI Ratio PSI Ratio PSI Ratio
2.0 Fall 24,0 17.5 7.5
Spring 37.0 66.5 11.5

4.0 Fall 16.0 0.33 11.0 0.37 3.0 0.860

Spring 29.0 0.22 56.0 0.16 7.0 0.39

6.0 Fall 12.0 0.50 7.0 0. 60 1.8 0.76

Spring 24.0 0.35 20.0 0.70 5.0 0.57

3.0 Fall 3.0 0.63 5.0 0.71 1.5 0.80

Spring 20.5 0.45 11.0 0.83 4.0 0.65

10.0 Fall 7.0 0.7L 4.0 .77 1.0 0.87

Spring 18.0 0.5L 8.0 0.88 3.3 0.70

i2.0 Fall 6.0 0.75 4.0 0.77 1.6 0.87

Spring 16.5 0.55 7.0 0.89 3.5 ©.70

Lraken with respect to the 2.0-inch depth stresses, and includes 3.0 inches
of C. "B asphalt concrete wearing course.

2Spring stresses are stresses obtained at failure and includes both fall and

spring periods.
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Discussion of Results

The sudden occurrence of distress and failures in the two thinnmest emul-
sion-treated bases ({sections 5 and 6) were unexpected. One of the reasons for
this surprising development probably was the mixing and construction problems
of the emulsion mix. The mix was too wet and proper curing may not have been
achieved. Studies dome by Monismith, Terrel, and Chan (16) indicate that the
modulus of emulsion-treated aggregate varies with the amount of curing and as
curing progresses, the modulus will increase. Finn et al. in their report (17)
and the Chevron Asphalt Company (18) emphasize this property of the emuleion-
treated bases. The fact that complete cores could not be obtained may be an indi-
cation that curing was in progress. This may mean that the thin sections had
not reached their proper strength and that they were too thin to overcome the
wheel load effects. Hence, they failed scomer tham expected.

Why the second and third thinnest untreated base (sections 2 and 3) devel-
oped distress before the thimnest section is conjecture. Early subgrade failure
may be the reason. Section l was in the path of greatest travel during construc-
tion and the subgrade may have become more compacted than either of the tweo
sections. The advent of rain no doubt accelerated the failures as water was
able to seep through the cracks, therefore continuously saturating the base and
the subgrade. This was borne out by the fact that the subgrade moisture de-
creased with depth (see the first part of this report).

Why transverse cracks? In many highways longitudinal cracking is the norm,
thus indicating that the curvature basin is larger in the transverse direction.
The curvature basin is larger in the longitudinal directiom in the test track
sections, hence higher tensile stresses were developed in this direction. This
was partly borne out by strain gage readings. Ring #3 also shows similar devel-

opment of transverse cracks as initial signs of distress indicating that this
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may be a natural condition of the test site and the test (19).

Failures occurring during the spring testing period were gpectacular and
catastrophic. Deflections were very high--in excess of 0.084 inches. During
this period the speed of the apparatus was 10 mph and because of the eccentric
mechanism, which is dependent upon the apparatus speed, the wheels tock a long
time to cross the wheel path width., Hence there was a concentration of wheel
lcad on one part of the pavement. The first few heavy wheel loads probably
caused considerable permanent deformation. This phenomena has been reported by
the Canadian Good Roads Association (12). The edge location of the observed
failures may have been a factor as suggeéted by the WASHO Test Road Report (20)
and reported by Meyerhoff (21). Examination of the subgrade after completion
shows that the subgrade was completely saturated. The degree of saturation of
the subgrade effects the bearing capacity of flexible pavements as indicated by
Broms (22). A reduction in relative density and an increase in degree of satu-
ration which occurs during the spring breakup period reduces the subgrade bear-
ing capacity greatly. This probably occurred in the sections that failed spec-
tacularly in the spring. The fact that rutting occurred also indicates that
rutting may have extended into the subgrade socil. Vesic and Domaschuk (23) show
that certain maximum vertical stress levels exist and that once these values are
reached they may not appreciably increase, thus remaining within the pavement
structure. The vertical stresses did increase during the spring period, perhaps
indicating that this stress level was exceeded and, hence rutting was extended
into the subgrade. Another indication of different mode of failure occurring
during the spring was that LVDT and Benkelman beam deflections were two to four
times greater than in the fall. Since a relatively weak, compressible subgrade
and a strong, well-compacted but thin pavement structure existed, structural

failure occurred through punching shear. Therefore it can be said that different




123

subgrade conditions occurred during fall and spring testing periods causing
different conditions and different modes of failure.

Studies of the data obtained by instrumentation reveal that the data was
insufficient to show definite results but that certain trends could be dis-
covered. Lateral wheel placement did affect the measured values of stress,
strain, and deflection° This has been borne out by other studies (13, 13).
Deflections occurring in the untreated bases show that about 48% of the move-
ment occurred within the pavement and base structure and that this increased
with wheel loads perhaps indicating a decrease in modulus (24). Deflections
increased with wheel loads indicating possible variations in the resilient
characteristics of the subgrade due to envirommental changes during the life
of the pavement. This may be especially true during the spring when deflections
increase two- to fourfold.

Strain readings below the pavement show that maximum strain occurred
directly under the tire. Strains were higher in the spring than during the fall.
Tensile strain increased with depth while compression decreased. Gusfeldt and
Dempwold (25}, Klomp and Niesman (26) obtained strain results under controlled
centered loading and with uniform top to bottom temperatures which were almost
similar to that obtained at the test track. Some deviations were observed due
to temperature differences between layers and different loading. An attempt to
correlate tensile strains and deflection data was unsuccessful due to inmsuffi-
cient data. This was done to try to establish a criterion for measurement of
fatigue failure (27). It is hoped that this may be possible as data from the
next two rings becomes available.

Work done by Sowers and Vesic (28) and Nijober (29) shows that vertical
stress decreases with depth and is affected by the lateral positions of wheels.

The different bases had a marked effect on the stress level. During the spring
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periods, stresses measured increased two to three times. The significance of
this has been previously discussed. Readings obtained from the Filpip trans-
ducers seem to be unsatisfactory, especially near the surface. The possibility
that the capacitor plates may have become overstressed during compaction does
exist. When distress occurred, high pressures were measured indicating that
perhaps pressure points may have been established as the pavement section began
to act as separate entities,

Equivalencies based on fall and spring testing periods are shown in Table
XXV. At the AASHO Road Test, one inch of bituminous surface was equivalent to
3 inches of crushed stone base or to 4 inches of sand-gravel subbase {13).
Experience in Canada indicates that ratio of the relative supporting capacity
of bituminous concrete surface to granular base may be as low as Z to 1 (30).
Shook and Finn (31), using AASHO Road Test data showed that larger equivalencies
of asphalt-concrete surfacing in terms of crushed rock base ranged from 2 to
6.7 depending upon the criteria used. The values shown in Table XXV seem to be
reasonable. However, it should be noted that these equivalencies apply only to
the materials used in this test and within the range and degree of this experi-
ment and is subject to modification as results from the other rings become

available.




TABLE XXV

EQUIVALENCIES IN TERMS OF ATB1
(3.0" of Cl1 "BY A.C. Wearing Course)

9 Adjusted4

Type of Fall '66 Spring 1673 Spring '67
Base Inches Inches Inches
UTB 4.75 2.40 1.85
ETB 3.50 1.80 1.38
ATB 1.00 1.00 1.00

Tt should be emphasized that these equivalencies are tentative
and are subject to change as results from other rings become
available.

These equivalencies are based on the thinnest sections which
survived during this period. For example, 2.0 inches of
special aggregate asphalt-treated base is eguivalent to 7.0
inches of emulsion-treated crushed stone base and 9.5 inches
of crushed stone untreated base. (See Table XV).

These are based on the thickest sections which failed during

this time, For example, 5.0 inches of special aggregate asphalt-
treated base is equivalent to 9.0 inches of emulsion-treated
crushed stone base and 12.0 inches untreated crushed stone base.
(See Table XV).

These values were obtained by adjustments which tock into account
the fact that at "ultimate' failure, both the untreated and
emulsion-treated sections were in better condition than the
asphalt-treated base. Certain assumption were made which may or
may not be borme out by results from the next test ring, hence
judgment should be postponed until then. These assumptions and
adjustments are shown in Table XV, Figure 54 and the explanation
is on page 64.




Timitations of Test Track Testing

The test track testing is no substitute for full-scale test roads. There
are built-in limits. Time effects cannot be evaluated or measured as a test
track pavement lasts only 3 to 6 months. Hence, long-term environmental effects
cannot be taken into account. Aging of the asphalt pavement cannot be measured.
The test track surface is not subjected to traffic wear of a regular road such
as skidding, braking, and different random loads and different vehicles. The
test track will not give éxact answers but relative ideas of the strength and
properties of varicus pavements under test. The test track is an intermediate
step between building'a full-scale highway and the laboratory. Properly used,
highway engineers can obtain an idea of what can be used, its relative perform=
ance, and its strength with respect to other standard materials. Laboratory
resulte can be confirmed by test track testing. It is an intermediate step and
an economical method of evaluating theories and materials before applying them
to full-scale roads such as the AASHO and WASHO road tests.

The relative narrowness and limited lengths of the test sectioms may dis-
turb some engineers. That boundary conditions may exist because of these limited
pavement dimensions is acknowledged. But the question to be answered is when
is a test pavement a continuous road? How long does a test section have to be
before it duplicates a continuous road? There is noc discreet amswer. These
small pavement sections would give similar relative answers on pavement and
material performance even if the test pavement lengths were doubled or tripled.

As much as possible regular construction methods were used for the comstruc=-
tion of these pavements. Admittedly the equipment used was perhaps mnot as large
as on some freeway projects and certain deviations from regular construction
practice was necessary because of the circular dimensions of the track and the

needs of the pavement design, especially the subgrade. Great care was taken to



127

ensure that the test pavements met Washington State Highway Department speci-
fications.

The test track is open to all weather conditions, hence environmental ef-
fects cannot be properly evaluated. This was also true for the AASHO, WASHO,
and other road tests. It is very difficult to control the enviromment unless
one has the test pavement protected from the elements and the environment con-
trolled. ALl that can be done is test the pavement during certain periods--
summer, fall, and spring--and compare results. One will receive relative com~
parisons between the different seasonal effects. Long-term envirommental ef-
fects, as mentioned before, camnot be measured because of the nature of the
testing operation. Testing is always a compromise between variables as done
in the AASHO Road Test (32). The test track was a compromise hence, certain
variables cannot be evaluated exactly.

The possibility that weight distribution on the duals may change does exist.
This may occur when changes in wheel camber and transverse slope occur. As the
latter changes, wheel camber may change thus distributing the weight unevenly.
This probably occurs at the test track when the pavement surface deteriorates
thus changing longitudinal and transverse slope. This also occurs in highways,
especially on roads with poor rideability characteristics.

The diameter of the test track is fixed and only so many feet of pavement
can be built. Hence ome is limited to a certain radius and length of sectioms.
The fact that the wheels move comstantly in a circle might induce centrifugal
forces and impose unusual stresses in the pavement was studied and eliminated
by the balanced three wheel system. The tight turning radius might cause
exceptional scuffing between the tires and the pavement. This effect was stud-
ied in Ring #1 and it was concluded that although increased tire wear does occur,

this is more an effect of the pavement on the tires rather than the opposite
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(33). The fact that the outside tire is free-wheeling minimizes the frictional
effect that this tire might have had on the pavement as the duals rotate.

Some boundary effects occur where the concrete tunnel is located by the
pavement. The actual effects are as yet incompletely known. Observations of
Rings #2 and #3 seem to indicate that temperatures in the soil and pavement are
higher in the winter than in the rest of the track. This is due to heat trans-
fer from the tumnel to the track. The concrete wall might also act as a barrier
to drainage thus contributing to the saturation of the subgrade. This is being
studied and evaluated.

The limitations of the test track findings are obvious. The findings only
relate specifically to the soils and the materials actually used in the test
pavements, to the conditions under which the materials were placed, and te the
environment and climate at the test site. The results relate only to the traf-
fic of uniform wheel loadings applied in this experiment and not to mixed truck
and passenger car traffic such as found on normal highways. Time was another
limitation. Since this test ring was part of a three test ring series, first
evaluations and results await the completion of these rings. Findings here may

be later modified.
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CONCLUSIONS

Major Conclusions

The testing period could be divided into two different periods--fall, 1966
and spring, 1967. Subgrade support was very different during these two
periods. Deflections, straims, and stresses were 2 to 4 times higher dur-
ing the spring period than for the fall pericd. Investigation revealed
that the subgrade was saturated during the spring period, hence indicating
a weak subgrade when compared to the fall period. Temperature effects
seemed to have been negligible.

The modes of failure were different during the two testing periods. 1In
the fall distress was heralded by the appearance of random transverse
cracks which increased in length and scope followed by alligator cracking
pattern. The time to reach "ultimate' failure was long.

Preliminary equivalencies were developed and are summarized in Table XXV.
The fall equivalencies are based on the thinnest sections that survived,
while the spring equivalencies are based on the thickest sections that
failed in "ultimate failure. These findings are valid only to the test
and under test conditioms.

The untreated crushed stone bases developed cracks early. They continued
to stay in test for long periods of time indicating resiliency. In com-
trast, the asphalt-treated base, once cracking started, failed rapidly.

At the end of testing only the thickest special asphalt-treated base (5
inches) was almost imtact. It, too, was starting to develop minute trans-
verse cracks.

On the basis of this test, the special asphalt-treated base seems to have

superior load carrying performance ability compared to the emulsion-
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treated and untreated crushed stone bases. The early failures of the
thinnest emulsion-treated bases may have been due to improper mixing pro-

cedures and incomplete curing.

Minor Conclusions

Deflections, strains, and stresses were greatly affected by the lateral
position of the dual tires. Temperature effects seem to have negligible
effects due to the small temperature range during the testing periods.
Definite findings could not be reached due to the lack of sufficient data
on deflections, strains, and stresses. Hence trend limes had to be used
to obtain some of the results. This indicates the need for a semi-
automatic system which can take continuous data. This is being planned
for Ring #4.

The meximum values of strain, deflection, and stress are of special inter-
est in continuing research to establish failure criteria. Some maximum
values have been obtained. The full significance of these values awaits
the completion of the next two rinmgs. These findings are sustained by
Kingham's report (34).

Some modifications in the instrumentation have been based on the findings
from Ring #2. Several instruments were found to be unsuitable and have
been replaced with more reliable instruments. Experiments with strain gage
placement are still continuing. As confidence develops in the reliability

of the instruments, fewer changes will be necessary.
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PRACTICAL IMPLICATIONS FROM TEST RING #2

The construction techniques and the control exercised in Test Ring #2 were
unusual, unusual in the sense when compared to normal practices used in typical
highway construction jobs. Even so, with all this care, problems arose because
of non-uniform subgrade condition. By this it is meant that although the sub-
grade met density specifications, the non-uniformity of density may cause
problems. Uniformity of subgrade density may be more important than meeting
density specifications, This has practical implications for highway depart-
ments in that even if one designs a very thick pavement, a poor job or even a
careful one on a subgrade preparation, that is the lack of obtaining uniformity
of density, may cause the pavement to fail. Once again, this points out that
subgrade preparation and density uniformity are of the utmost importance, and
that one cannot correct this even by using over-designed pavements,

Fmulsion-treated bases have an advantage in that they can be cold-mixed
either in a plant or right on the job. There may be a cost advantage in areas
where plants are not available. However, some care is needed. The proper
amount of moisture must be added otherwise curing problems may arise as in
Ring #2. Before another layer is applied, the lower layer has to be cured
properly otherwise the necessary strength will not be developed. In fact, one
can say that curing is important in obtaining the desired strengths in emulsion-
treated bases.

The results from Rings #1 and #2 indicate that the use of non-fractured
screened aggregate is feasible. This type of base is apparently equal to many
other types. Economies can be achieved as crushing would not be necessary.
Since similar type of aggregates exist on the west coast, both contractors and
highway departments could save money using these aggregates. Complete equiv-

alencies and comparative strengths will have to await the results from Rings

#3 and #4.
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The equivalencies shown in Table XXV have practical implications to the
pavement designer. He can now compare the equivalent strengths of the different
materials used. The engineer must design pavements O be able to weather the
most critical periods and environments. Results from Ring #2 show that
conditions during the spring thaw are most critical; hence, this should be
recognized in design problems.

Benkelman beam measurements can be used to predict where and to some
extent when distress may occur. This would mean correlating deflections with
pavement distress. This has practical implications for maintenance. As soon
as one knows that a pavement has reached a critical stage, an overiay can be
planned. This would require studying deflections for all thicknesses and
types of roads, and setting up deflection limits. When these limits are
reached, the maintenance department would plan on laying an overlay. This
would be ecomomical in that overlays would not have to be applied before
necessary. Maximum life of existing pavements could then be achieved. It is
hoped that results from Rings #3 and #4 will help in developing critical
deflection values for pavements.

Deflections, strains, and stresses obtained from LVDT's, strain gages, and
pressure cells will be useful in helping to evaluate strength parameters in
pavements. Data from Ring #2 showed some interesting trends, which may be
further clarified as data from Rings #3 and #4 become evaluated and available,
This may lead to the development of critical values for pavement deflections,
strains and stresses so that failure and design pavement theories can be
formulated. In the long run, this may lead to better and more economicai

pavements.
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