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ABSTRACT

Using full-scale construction equipment and truck loadings on a circular
track of 260 feet circumference, evaluation of variocus base thicknesses and
types has been accomplished in this first of a series of tests. Fractured
and non-fractured aggregate, treated and untreated bases, asphaltic and
portland cement type bases are used. Results of the first ring indicate types
of fajlure under varied environmental conditions with pavement systems
subjected to millions of load applications. Difficulties in detérmining
comparative equivalencies are discussed. Instrumentation used and possibil-

ities for future use in rational design are reported.



PUORPOSE OF THE PROJECT

The purpose of this project was to extend and apply the findings of the
American Association of State Highway Officials road tests at Ottawa, Illinois,
to the soils, materials, and local conditions of individual states. To accom-
plish this special equipment andlfacilities were needed that would rapidly apply
full legal-limit wheel loads to full strength pavements. The project required.
the design and construction of such equipment and the construction and testing
of two rings of experimental pavements.

A "ring” as used in this project denotes a complete pavement system extend-
ing from the subgrade through the wearing surface. The first two rings tested
consisted of varying thicknesses and types of bases with equivalent subgrades,
wearing surface, and environmental conditions.

The equipment will be used in a continuing series of tests in which many
pavement systems will be built and subjected to full-scale loading.

The cost of a permanent plant for applying loads to a series of temporary
paveme;ts is much less tﬁan building loops of a full-width experimental high-
ways and testing them with loaded motor trucks. The time required is less,

The results, while nog identical, should be practically as valuable for scien-

tific and design purposes.



frame and of the individual wheels without taking any weight or strain. The
bearing is mounted in a structural steel framework in such a way that the center
of rotation of the frame moves slowly in a circle of 0~ to 4-foot radius. When
the radius is set at zero, the wheels travel in a fixed path on the centerline
of the pavement. At any other radius up to four feet the wheels will travel
over a width of pavement twice the setting of the inner radius.

This wheel tracking control mechanism was developed and constructed in the

University shops. Photo 4 shows the assembly.

Observation Gallery

A six-fgpt wide reinforced concrete observation gallery is located ﬁn a
quarter circle arc just inside the inner edge of the pavement and under the
level of the pavement surface (Photo 5).  The gallery wall has openings for
connections to instruments located under the pavements. Future experiments may
call for water, heat, and refrigeration pipe under the experimental pavements,
For that purpose the gallery, with its wall openings, will accommodate the pipe
and equifment used. For the initial tests the gallery housed the manometer
tubes and boards from the préssure cells. Figure 1 shows a plan view of the

concrete structures in relation to the ring of experimental pavements.



RING ASSEMBLY.

~=ECCENTRICITY AND SLIP-

PHOTO 4

PHOTO 5.--OBSERVATION GALLERY

e -

T AT e



K;—-Center Pad

Gallery

Control Room

8' Pavement Sections
4" Shoulder |

Tunnel

Entrance

FIGURE 1.--PLAN VIEW OF PERMANENT STRUCTURE
ANE THE PAVEMENT SECTIONS, RING 1.
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SECTION I

EXPERIMENTAL PAVEMENT RING #1

Research Objectives

Objectives of the first experimental ring were:

1. Determine pavement system performance when non-fractured
aggregate is substituted for fractured aggregate in treated
base. (Coarse aggregate with a minimum of 75% by weight of
particles with at least one fractured face produced by mech-
anical crushing is usuwally considered to be fractured
aggregate.)

2. Determine relative performance of cement-treated base and
asphalt treated base.

3. Develop instrumentation for load-pressure distribution in
pavement system by using pressure cells placed below the
wearing surface.

4. Determine durability of pavement marking enamel applied to
the wearing surface and subjected to repetitive loading.

Pavement Systems Design--Ring #1

r

The pavement systems were designed according to Washington State Department
of Highways standards for heavy traffic freeway service.. In general, materials
and construction procedurés followed the standard specifications issued by the
same agency. Pertinent excérpts from éhose specifications are included in
Appendix A,

The first ring of experimental pavements involved three designs and was
built in six sections. Each design was represented by two identical sections.
Figure 1 shows the arrangement of the ring and the sections; Figure 2 shows
cross sections of each design; and Photo 6 shows vertical sample cores from each
design. The asphalt concrete cylinders of Photo 6 are actual cores drilled from

the pavements. The portland cement-treated base and the crushed rock layers in
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the display are built up cylinders of the actual materials but are not repre-
sentativé of their condition in the roadbed insofar as density is concerned.

All three designs had the same 4%" concrete wearing surface of Class B
asphalt.

All three designs had the same depth and materials in the_shoulders, level-
ing course, and the choker course. The crushed rock base was the same in all
three designs except for depth. The thickness of this base course was varied
to make the total thickness of surfacing the same in all three designs. The
prepared subgrade was the same for all three designs.

The difference, therefore, in the three designs and the basis for compari-
son was in the treated base materials. Sections 1 and 4 had a 7 3/4" course of
cement-treated aggregate base made of smooth, non-fractured gravel, Sections 2
and 5 had a 5%'" course of asphalt-treated base of smooth, non-fractured gravel;
this was a low-type bituminous concrete corresponding to Class E. Sections 3
and 6 had a 53" course of asphalt-treated base made of fractured basalt quarry

rock. This met the specificitions for Class E bituminous concrete.

Instrumentation--Ring #1

The only instrumentation that was planned for the first experimental ring
was a series of pressure cells. These were designed more as an experiment in
pressure cell development and use than actual determination of pressures or
transmittal of loads. The nature of the pavement research provided the oppor-
tunity for experimenting with pressure cells. It was intended, however, to get
relative pressures from the three different designs and with regard to depths
of the cells under the top surface of the pavement.

Figure 3 shows the details of this pressure cell. It comsists of two 7-

inch diameter steel disks welded together at the edges after being counter-sunk
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1/50" to provide a reservoir for oil between the disks. This reservoir is con-
nected by copper tubing to a manometer tube. A change in the level of the oil
on the manometer board registers pressure on the plates. The stiffness of the
steel disks provides the resistance to the outside pressure. Photo 5 illus-
trates the position of the manometer tubes within the observation .gallery.

Increased pressure can be applied against the exposed surface of oil in
the manometer tube to supplement the stiffness of the disks. Each cell was
calibrated in a compression machine for various external pressures and a range
of internal pressures before it was laid in place.

In each pavement design, one cell was placed between the crushed rock bal-
last and the treated base; one cell was placed at sub-grade elevation between
the crushed rock choker courses and the compacted soil subgrade. The third cell
in each design was buried 18 inches below subgrade. Results of cell readings

and the general performance of the cells are presented later in this report,

Construction Procedure--Ring #1

r

Subgrade

Using conventional highway construction equipment and procedures, the ini-
tial site contractor prepared the subgrade for placement of the paving system
by the ring construction contréctor. The latter contractor was United Paving
Company, who operates a quarry, crushing plant, and hot mix bituminous concrete
plant within one-half mile of the test track.

The facility is located on a side hill with a south slope. The initial
subgrade preparation involved approximately equal cut and fill with a maximum
cut depth of 3 feet and a maximum fill depth of 4 feet to provide a compacted
subgrade ar elevation 108.0 feet. Pavement surface elevation is 112.0 feet,

thus additional subgrade and/or varying layers of subbase, base, and surfacing
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may be utilized. Soil embankment material is known as Palouse silt. It is
classified as an A-6(10) soil. Test results on Palouse silt are given in"
Appendix B.

At elevation 95 to 98 feet the silt is interfaced with a basalt layer with

approximately 2 feet of weathered basalt overlaying columnar and blocky basalt.

Water is present at varying depths immediately above the basalt with resultant
varying moisture contents in the subgrade.

Contractors used sheepsfoot, vibratory, and pneumatic tire rollers to
achieve specified 95% compaction of the soil, (ASTM D-698.) Density measure-

ments were made by the sand-cone method.

Base Course
The crushed rock courses were placed from end dump trucks, rolled with a
tandem steel roller, a 5-ton vibratory roller, then processed and finished with
a No. 12 Caterpillar patrol grader or Huber blade. The smaller blade appeared
to be more easily maneuvered on the circular track. Moisture and densiﬁy were

controlled. Lift thicknesses were controlled by established required elevation

stakes,

Asphalt Mixes

All bituminous concrete méterials were mixed in a Standard 3,000-pound
batch plant and delivered to the site in end dump trucks. Spreading of the
asphalt-treated bases was done in two layers with a Miller spreader box attached
to the end dump trucks (Photo 7). Rolling was performed with an 8-ton tandem
steel roller (Photo 9) and a 12-ton 9-vwheel pneumatic tired roller (Photo 8).
The 4%" Class B asphalt pavement was spread in two courses with a Blaw-Knox
self~propelled rubber-tired paving machine and rolled with the steel and prneu-

matic rollers. A tack coat of 80 to 120 grade asphalt was applied between

CoOUurses.,
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Environmental conditions of high humidity and low temperatures in combi-
nation with the steel wheel roller resulted in surface cracking. These cracks

- were radial and tended to close up after loading and warmer temperatures oc-

curred,

Cement-Treated Base
Cement-treated base material was proportioned in the Pullman plant of the
Doten Transit-Mix Concrete Company and delivered to the job site in transit-
mix trucks. The contractor experienced some difficulty in placement due to the
small area,
Neither spreader box on front of the tractor nor road-mix blade laying pro-
cedure was successful. Hand placement by shoveling from small stock piles

with subsequent screeding was the method finally used. Screed controls were

closely spaced to maintain grade.

Asphalt Tack and Prime Coat

Conventional spray bar with pressure hose and nozzle was used to apply the

asphalt prime and tack coats. Precise quantity measurement was not accomplished.

Materials

Soil

Native soils in the area are poor for subgrade construction. They are

o described as frost susceptible, plastic, silty clay, HRB classification, and
group index A-6(10). It was the intent of the first experimental ring to test
for local conditions. All soil used in the subgrade was from the test site.
Lab reports of several samples showing the classification, grading, optimum

moisture, proctor density, and other design data are included in Appendix B,
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Crushed Rock
Crushed rock used in the ballast courses and in the bituminous mixes was
from the basalt rock quarry of the United Paving Company near the test site.
This rock is from flows extruded during the Miocene period. These are commonly
dark gray to black and frequently columnar jointed. These basalts vary from
dense to vesicular, ‘The rock used met the specifications. The material was
from stock piles of different gradationms that were combined to vield the grading

specified. Appendix ¢ shows lab test reports on the crushed rock used.

Material Specifications

Table I summarizes the material specifications.

Fine Aggregate
Fine aggregate used with the non-fractured aggregate in the cement-treated
base was concrete aggregate from Spokane. Other filler materials used were Soil
from the job site and blow s§nd from sand dunes in Adams County, Washington.
The blow sand provi&ed minus #40 and minus #200 material. The dunes are
located on a county road about 14 miles northwest of Washtucna and one mile east

of the Sand Dunes Grange Hall. Appendix C shows lab test reportson this material.

Asphaltic Materials
Asphaltic materials specified were:

Wearing surface, asphalt-treated 85-100 penetration grade
base, and tack coat between 1ifts paving asphalt

Prime coat 58-1 emulsion
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TABLE I: MECHANICAL ANALYSIS SPECIFICATIONS

% Passing by Weisht
Screen Size Crushed Crushed Surfacing Non-Fractured
' Rock Base Top Coursed Coarse Aggregatel
11/4" 100 .- .-
1" -- -- 100
3/4" -- -- 90-100
5/8" 50-80 100 --
1/4" 30-50 50-65 50-80
#10 -- - 30-60
#40 3-18 5-23 13-36
#200 0-7.5 0-10 3-15
Sand Equivalent 40 40
minimum

a .
Crushed surfacing top course,

course on subgrade, leveling course for treated base and top course for

shoulders.

5/8" maximum size, was used as choker
]

bThe coarse aggregate was used in the cement-treated base of Sections 1
and 4 in the "special asphalt-treated base of Sections 2 and 5. It was pro-
duced from the Fort Wright Pit of Union Sand and Gravel in Spokane, Washington.
Production required special screening of pit-run material since local pits
normally produce high-fracture material.
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Job-Mix Formulas

Material Porportions for the pavement System units are summarized in

Table II.

Laboratory reports on mixes and extracted cores are included in Appendix D,

'Traffic Paint

During the preliminary design and construction phase of Ring 1, a decision
was made to utilize the pavement facility as a means of determining comparative
performances of various types of traffic paint. Under controlled loading condi-
tions,.evaluation of paints from four states was made.

State highway departments submitting samples were California, Oregon, Idaho,
and Washington. Paint characteristics are shown in Table III.

Three samples of each paint were made to be applied as follows:

No. 1 Plain paint
No. 2 Pre-mix--6-pound beads added to 1 gallon paint
No. 3 Pre-mix--6 pounds beads/gallon of paint plus 3 pounds
1 gallon "drop-on" beads
Application of the ﬁ;te;ials was by means of a sled applicator pulled
across the surface. The blade was adjusted to give 26 ml clearance over plate
glass which gave a net film thickness of 17-18 mls, or the equivalent of 20 gal-
lons per mile of solid 4-inch stripe. Since surface irregularities had to be
filled with paint, the actual measured application rates also included this
volume of paint. The addition of beads to the paint changed the viscosity of
the mixture which also affected the resultant wet film applied.
Calculation of the quantities of each paint used and the resultant gallon-
per-mile application rate show that for each of the three types of application

made, the comparative rate was quite close.

No. 1 Plain paint 78 3 gallons per mile

+
No. 2 Pre-mix 66 + 3 gallons per mile
No. 3 Combination 73 + 3 gallons per mile
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TABLE II: MATERIAL PROPORTIONS FOR PAVEMENT SYSTEM UNITS
(Percentage by Weight of Aggregate)
CTB Spec, ATEH Class E ATB Asphalt Con-
Materials Sections Sections Sections crete Class B
l &4 2 &5 3 &6 All Sectionsg
Non-fractured Coarse 30 30 35 --
Aggregate, 1" Max.
Fine Aggregate, 60 60 55 --
_ " Minus
Job-Site Silt Clay 10 -- -- --
Soil
Portland Cement, 4.2 -- - -
Type II
Water 4.9 - - -
Blend Sand -- 10 10 10
Paving Asphalt -~ 5.1 6.0 6.6
85-100 Pen.
Crushed Basalt -- -- -- 35
5/8-3/8
Crushed Basalt 3/8" R -- -- 55
Minus
TABLE III: TRAFFIC PAINT CHARACTERISTICS
Initial Viscosity | Wt/Gal After
State Type Resin KU @ 70°F Thinning to
64 KU
California High Polymer 64 11.62
Oregon Alkyd 86 11.71
Idaho Alkyd 68 11.42
Washington High Polymer 78 11.62
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Weather conditions at the time of application were somewhat unusual for
such operétion. The sky was overcast with a heavy cloud cover, a very strong
southwest wind was blowing, and the air temperature was 34°. Standing water
on the test roadway made it necessary to dry the surface with an infra-red gas
heater.

Test results on traffic paint durability are given in a later section of

this report.
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Testing Operations, Ring 1

Chronological Summary

Project prospectus submitted to William Bugge, Direc-
tor, Washington Department of Highways by G. A.
Riedesel, P,E. of Washington State University.

Contract for research between Highway Department and
University signed.

‘Construction of facilities started.

Facilities completed, construction of first ring
started.

Construction of first ring completed.
Operational testing; Ring 1 started.
One million wheel load applications registered.

Iwo million wheel load applications registered.
Subgrade saturation initiated in Sections 2, 3, 4.

Three million wheel load applications registered,

3,711,780 wheel load applications registered. Opera-
tion suspended due to cold weather. :

Testing operations resumed.
Operational testing concluded on Ring 1. Total of

4,724,100 wheel load applications.

Subgrade Saturation

At the completion of two million wheel load applications, none of the sec-

tions had failed. To accelerate failure, adverse conditions were provided in
sections 2, 3, 4 by saturation of the subgrade. Water was introduced in each
of the three sections through a single.pipe driven at subgrade level to each

section centerline from the outside edge of the roadway. Using a continuous

flow of water, saturation was evidenced by appearance of water on the side-

slopes and shoulder surfaces (Photo 10).
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~-SATURATION OF SECTION 3

PHOTO 10
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The subgrade saturation did contribute to accelerated failure, with fail-
ures occufring at different total wheel load applications. Table IV summarizes
load ;pplications to failure for the various sections.

After sections 2, 3 and 4 were taken out of service, three-foot wide trench-
€5 across the sections and of sufficient depth to examine the subgrade were
excavated. Visual examination, photos, samples and laboratory tests were used
to determine results of repetitive loading. Photos 11 through 14 on the follow-

ing pages show the appearance of these three sections.

Operational conditions and effects are stated in the following section.
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THROUGH FAILED SE

PHOTO 11
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CTB UNDER WHEEL PATHS

?

-~SECTION 4

PHOTO 12

AFTER FAILURE
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--SECTION 3 WITH THE CLASS E ATB SHOWING THE

POCKET FROM WHICH FINES HAD BEEN WASHED,

PHOTO 13

¢ e b s e A AL A4 B

ATB

000 WHEEL LOADS.

]

» 146

-~SECTION 2 WITH SPECIAL SCREENED AGGREGATE
AFTER 3

SHOWING THE TRENCH AND THE PERMANENT DEFORMATION

PHOTO 14,
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Results~~Ring 1
Environmental effect was apparently not a significant factor in initial
operation of Ring 1. Testing started in March, 1965 and by June 1 of the same
year the only visible distress was slight rutting of the surface. The artifi-
cial impressed enviromment of subgrade saturation did affect the sections.

Cement-treated base:--Section 4 began to show effects within 24 hours of

saturation. Pumping, increased and irregular settlement, cracking and raveling
developed. Cracking was increasingly extensive until fourteen days after sat-
uration when the section was declared failed. ©Photos 15, 16, 17, 18 on the
following pages indicate progressive surface failure and characteristic fatigue
failure of the base.

It is probable that the base was cracked prior to saturation. Thus, the

sections of CTB acted as stress concentrators, causing pumping with subsequent

‘loss of fines, increased cracking and eventual surface failure. The sub-base

granular material from section 4 after test showed no appreciable change in
grading or increase in plasticity of the fines. Subgrade conditions in section

4 are shown in Table V.,

Lement-treated base:-~Section 1 continued to perform through the summer
and fall of 1965, a winter shut-down, aﬁd spring operations in 1966. Total
loads were 4,724,000 with surface rutting, pavement settlement and structural
deformation. Photos 19, 20 and 21 show the extent of damage to section 1.

Trenching after completion of test showed the base to be cracked but stable
and not easily removed. The crushed rock ballast below the CTB was in good
condition. Subgrade density in section 1 had increased from traffic compaction
in the upper portion. The lower portion of the subgrade showed a slight de-
crease in density, presumably from an undetermined cause. Moisture contents

also changed in the last year of operation.
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PHOTO 15.--SECTION 4 WITH CTB AFTER THREE DAYS
OF SATURATION AND 2,250,000 LOADS,

PHOTO 16.--SECTION 4 WITH CTB AFTER TWO WEEKS
SATURATION AND 2,440,000 LOADS,
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N 4 UNDER WHEEL PATHS

SECTIO
SHOWING IRREGULAR POLYGON CHUNKS

3

--CTB

PHOTO 17

L2

BREAKAGE

~-CHUNKS OF CTB SHOW IRREGULAR

PHOTO 18

UNDER SECTION 4 AFTER FAILURE
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TABLE V

MOISTURE CONTENT AND DENSITY, SECTION 4

———
Pavement Depth Below Subgrade
3”’ 12” 18” 36”
Moisture, % of dry wt. 22.6 23.1 22.4 26.0
Density, pcf. after test¥ 155.2 101.3 96.8
as constructed- 147.0 99.0 85.0

*After test - completion of 2,440,000 wheel load applications of which
440,000 were applied after saturation of subgrade.
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PHOTO 20.--SECTION 1, CTB, CLASS B ASPHALT
WEARING COURSE REMOVED.
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CIB, CROSS-SECTION.

.==SECTION 1,

PHOTO 21
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Asphalt treated base:--Section 2 failed after saturation. Initial distress

showed on August 30, 1965 and after 3,069,720 wheel loads (Saturation initia-
ted June 1 with 2,000,000 wheel loads). The traveled section of the pavement
had a permanent depression of 0.08'. On September 7 after 3,146,000 wheel loads
rutting had increased to 0.10' and the section was-declared failed. No cracks
were evident at the time of failure. Photos 22 and 23 and Tables VI and VII
indicate subgrade conditions,

| Section 5, also of screened aggregate asphalt treated base but nog subjec~
ted to saturation continued to perform with pavement settlement the only dis-
tregs. No cracks developed. Testing on this section was concluded without
failure in May, 1966 after 4,724,100 wheel loads. Photo #24 and Tables VI and
VII indicate base and subgrade conditions.

Class E, agphaltic concrete base:--Section 3 failed in a unique manner.

Quoting from the diary and quarterly reports:

On the morning of August 17, after 2,841,900 wheel loads, evi-
dence of distress in Section 3, of class "E" asphalt concrete base,
became apparent. A marked depression of 0.18 feet depth, with ex-
cessive pavement deflections under the moving wheels, was noticed.
On the same day, at 2,854,800 wheel loads, a 5-inch circular crack
burst open, and water and silt began to spurt out. The cracks,
along with some raveling and with pumping of water and silt, contin-
ued to increase. The section was declared to have '"failed" at '
3,146,000 wheel loads. At "failure," the cracks were about 30 inches
in length and transverse to the direction of travel. The final set-
tlement depth was 0.20 feet below the original elevation.

Referring to Tables VI and VII for subgrade conditions of moisture and
density, and Photos 25 through 29, it can be noted that permanent deformation
occurred and that fines had been washed away during the saturation process,

Section 6 also utilized Class E asphaltic concrete base, but was not sub-
jected to saturation, It was taken out of service on May 20, 1966 after
4,724,100 wheel loads but had not failed structurally. The wearing surface did
have permanent deformation and some rutting. Tables VI and VII and Photo 30

indicate conditions after testing was stopped.
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PHOTO 22.--SECTION 2 WITH SPECIAL SCREENED AGGREGATE ATB
SHOWING THE TRENCH AND THE PERMANENT DEFORMATION

¥
P o bt TEne
AR RN

Sguniey

PHOTO 23.--SECTION 2 WITH SPECIAL SCREENED AGGRECATE ATB
SHOWING THE TRENCH AND THE PERMANENT DEFORMATION
AFTER 3,146,000 LOADS.




37

SPECIAL ATB,

bl

--CROSS-SECTION SECTION 5

PHOTO 24
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PHOTO 25.-~-SECTION 3 WITH THE CLASS E ASPHALT-TREATED
BASE, SHOWING THE CRACK DEVELOPING AFTER 2,868,000 LOADS,
NOTE THE LIGHT COLORED PAVEMENT., THIS SHOWS THE DRIED
SILT ON THE PAVEMENT.

PHOTO 26.--SECTION 3 WITH THE CLASS E ASPHALT- TREATED
BASE, SHOWING THE PERMANENT DEFORMATION OF THE PAVEMENT
AFTER 2,868,000 LOADS.
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NG

--SECTION 3 WITH THE CLASS E ATB SHOWI
NT OF CRACKS AFTER 3,000

PHOTO 27
THE DEVELOPME

,000 LOADS

ENT

--SECTION 3 SHOWING PERMAK

DEFORMATIO

PHOTO 28

NT

N OF PAVEME
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PHOTO 29.--SECTION 3 WITH THE CLASS E ATB
SHOWING THE POCKET FROM WHICH
FINES HAD BEEN WASHED,

PHOTO 30.--CROSS-SECTION SECTION 6,
CLASS E ATB,
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Pressure cells:--The pressure cells in Ring 1 were used on an experimental

basis, fhose cells placed in the base and between the ballast and subgrade
failed during the operation of tha test track. Failure to function was due to
leaks developing at the cell-tubing junction. The cells which were placed in
the subgrade continued to function throughout the test.

A summary of maximum stresses recorded by the pressure cells is shown in

Table VIII.
TABLE VIII: WSU PRESSURE CELLS
MAXTIMUM READINGS, RING 1
(pounds per square inch)
location of Elevation, Section
Cell Feet 1 . 2 6
' CTB Spec. ATB ATB
Below Base 111.00% 111.21%% 8.92 '2.85 3.55
Below Crushed Rock 100.50 1.24 1.93 1.55
Below Subgrade 109.00 0.22 0.40 0. 85
*Under CTB

**Under Spec. ATB and ATB

Observations made of pressure cell operations include:

1. One of the cells under the cement treated base showed a marked
increase in stress at approximately 200,000 wheel loads, indica-
ting a changed condition in stress dispersal within the pavement
system.

2. Between September and December the stresses as indicated by the
pressure cells showed a marked decrease in unit pressures. Thus,

stress dispersal was shown to be temperature dependent.




3., Examination of Table VIII data indicates that under the conditions
of test and instrumentation, the cement-treated base did not dis-
tribute the load within the base as well as the asphalt treated
bases but did distribute the load better below the base,

Paint testing:--Photos 31 through 34 show results of traffic loads on var-

ious types of traffic paints. No. 31 shows the effect of 2,250,000 loads mov-
ing over a stripe of plain paint. WNo.'s 32, 33 and 34 show the effect of
— 3,000,000 loads over plain, pre-mix, and pre-mix plus added beads.

E Generally speaking, the pre-mixed bead paints had the best performance

[

record, followed by the plain paints and the combination pre-mix plus added
beads. Paints submitted from Idaho appeared to have the best durability, with
Oregon, Washington and California paints following in that order.

An explanation plus a comment on paint testing is given here:

- The Wash. and Calif. paints are based on high polymer resins
and cure simply by sclvent evaporation so that they have at-
tained their full strength as soon as the solvents are out of
the film. The Oregon and Idaho paints are based on Alkyd resins
and cure bypolymerization in place. They become increasingly
harder as this action proceeds but during the initial period of

| cure they are quite plastic and could follow the deformation of
the pavement. Since these paints were placed in December the

- cold weather slowed down the process of cure so that they were

quite plastic during the period of time that pavement deforma-

tion was taking place.

The condition of the pavement, the time of painting, and the

e degree of cure on the paint films all led to erroneous results.
The pavement flow led to as much as a 200% elongation on the
paint films which they are not designed to absorb.

In general, the surface to which the paints were applied made

a fair or accurate determination of wear rates and visibility

almost an impossibility. The real purpose of the test was not
to evaluate the paints but rather to determine whether or not

the track would give useable results for paint testing.*

* L. W. Cody, 7/9/66 letter te Roger V. LeClerc.

=y
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PHOTO 31.--EFFECTS OF 2,250,000 LOADS ON STRIPE PRE-MIX
BEAD PAINT SAMPLES. LEFT TO RIGHT SAMPLES ARE
WASHINGTON, CALIFORNIA, IDAHO & OREGON,

PHOTO 32.--EFFECTS OF 3,000,000 LOADS ON PLAIN STRIPE PAINT.
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000 LOADS ON

3

, 000

~-=-EFFECTS OF 3
PRE-MIX BEAD STRIPE PAINT

PHOTO 33

000 LOADS ON

000,

2

~-~EFFECTS OF 3

PHOTQ 34.

N SPRINKLED BEAD STRIPE PAINT.

COMBINATIO
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Discussion of Results, Ring 1

Objectives:--The four objectives of the first experimental ring were ful-

filled in the following ways:

1. Pavement system performance using non-fractured aggregate as a
substitute for fractured aggregate in treated base under test
conditions was good. Certainly the results indicate that with
pavement systems 18 inches in depth, the advantages of using frac-

tured aggregate should be thoroughly checked. There is a possi-

bility that such use is a needless expense in many cases.

2. Relative performance of cement-treated base vs. asphalt treated
base was not determined. Both performed well under ordinary en-
vironment. In an artificially induced environment of saturation,

the cement-treated base did fail rapidly, This effect could have

f
< b
Rl

been the condition rather than the type of base undergoing
P construction.

3. The instrument&tion used in Ring 1, pressure cells, served a def-
[j inite purpose in showing that meaningful results could be ob-

= tained. Also, just as stress can be measured, then concurrent

instrumentation for strain, moisture, temperature and other vari-
ables can be determined for analysis, both from the theoretical
and the practical viewpoints.

o 4. Results of tests on pavement marking show that the pavement test

facility can be used as a wear machine with known limitations.

. 5. An incidental result of Ring 1 was accumulation of data for a

e

report on tire wear. This is covered fully in Circular 27, "&

Study of Truck Tire Wear on the Pavement Test Track" by Milan

Krukar, published by Technical Extension Service, Washington

ot State University.
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Closure:--Ring 1 operation and results have definitely indicated the poten-
tial of the facility for testing pavement systems. As instrumentation is im-
proved, as data is accumulated, as problems of enviroument, construction and
operation are solved by experience, the facility will be a valuable research

tool for the Highway Department, the University, and other sponsors for many

years.



49

%0°796 12 £6°Z0E‘€EE LG %97°6¢ T# Bury¥--siel039ng
CE°T66°T 09°Z€Z 01 S6°Hze eI %5380 3I02ATpUl
T 696 L €2°66%° LT 69°89%°Ge sadey B sataeTeg
£2°000°21 0L°0L6°S 0£°£49/.°1 sa11ddng % uotjeaady
00 g9 g 1an0d OTIIOITY
89°069°T Juswdrnbyg
mm.hwonOH 1oea3uo)d co.muoﬂ.uumcoo
1# SuTy 3sal % pring
00°021°T 96" LL9°¥8 70 819 °8¢ 09°ST% %21 $9TATTToRI-~8TR301qNS
£8°6€€°€ 00°Z16°ET £€8°16Z LT #8380 322a1pul
2E'6SE°ET 00°285°¢¢ T 1966 so8eM ¥ soTaRTES
00°021°T 00°0Z2T°1 §931]
T%°846°/9 70°%21°¢ 0L %€ SNODUBTTAVSTN
91°'040°1 jusudinby 3utpiosay
£2'196°¢ ae9n Sutuuny
" H8°Q6L°7 1013u0) 0FIUa02yg
9¢°0/9°0¢ qusudinby aomog 2TI309TH
96°9/6°g swe1j 19935 SuTATOADY
0£°0€L°62 2IN30N1318 N 33TS
mm..nu..n,_”..nom.m Jusuewasd
00°0L8°8 00°0L8°8 €961 3sndny
03 20tad uBisag Lirurwr[sad
a3njT3isuy sheny3Ty A3TsaaaTuq
33410 3Teydsy Jo 231818 Junoury
: quawgaedag uojZuTusepm waay
uotiedrarlaegd
AAVIGULS NOTIVAIOIINVA ANV LS0D




*s2an813y 291330
BuTaunoooy yita A19sTo9ad 2918e Jou Aew pue SpROODA UOTIDIS Ydieasay AemySiH
wolaI ST a]qe3 STY), °so8em pue seraeIes 30 %@y e pajndwod daer $3S05 IVVITPUT  :SALON:

30

00°021°1 00'00§8°L1 00 TLTICLST 28 1LT°ST1 78°290°162 $TVIOL I0droud
00°9€S°T 00°9€G°T 310day--sTe303qNg
00°9EE 00°9¢€E #8380 1091Tpuy
00°00L 00°00L sa8eM ® saraeles
00° 00§ 00°00¢ sa11ddng ® suorzeaadp
3xodey ysIiiqnd ¥ 21edaig
00°006 L1 0%7°1€5°0S ST ew6‘ee $9°9L6°00T1 Z# SuTy--sTe3olqng
16°685°6 + 16°686‘6 - Xo3sugl]l punj
80°/82°S 89°6ST°GT 9L°9%%°0¢ %§350) 302aTpuj
IV Q6E°¢S CE 871 12 £9°060°91 A/ RPN DA sa3eM R soTIRIES
W ArANY SE 921 8" 1L 0% 96t 19aB1L
8¢ 6¢!L 606601 T10°66L Z0'€99°¢1 s211ddng ® suotrjeaadg
i8¢t ' 18°¢LL Iam0d 2Ta30913
9T°%#07°1 CI°€€L°T 86°L%7°01 62°G8E°CT juswdinby
P1°€L% 0T BT €L%°0T I°BA3UO) UOTIONIISUOD
Z# BuTy 3saL W pring
®INITISUT s&denu3TH AITSIBATUQ
18430 1Teydsy jo 33818 Junowy
Juzuzaedag uoj8utysep woalT
uoTiedIoT3aed
vmjﬁ._” Juod

JIVIIS NOIIVdIDIIVVE ONV IS0D



o

2

X
3
-

APPENDIX A

SPECIFICATIONS AND CONSTRUCTION PROCEDURES

RING 1
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: .WSU Test Track
i September 22, 1964

1. Class E Asphalt Concrete

L

Batch weights used: AC - 180# = 6.0%

. A 3 Bin - 114 =  4.0%

e 2 Bin - 1047# = 41.0%

e 1 Bin - 16594 = 55.0%
3000%

Aggregate proportions as recommended by materials lab. Recommended
asphalt 4.1%.. Asphalt content increased because of appearance., Mix
layered in 2 1lifts for total depth of 5%" with a Miiler Box,.

Compaction - 3 passes with steel wheel
6 passes with pneumatic roller
. 2 passes with steel wheel

L Layered in segments 3 and 6 instead of as shown in plans.

2. Special Class E Asphalt Concrete (non-fractured)

Attempted to use 10% dirt but could not control dust after dirt went
through drier. Dust hung up in bins and could not get 2 batches to

look alike. Sinclair called Carl Minor at 1 P.M. in regard to dust

problem, Minor recommended replacing dirt with blend sand.

e

.-]

i
Bialo

iy Batch weights used: AC - 153# = 5.1%
3 Bin - 658# = 23.0%
2 Bin - 887# = 31.0%
1 Bin - 1302# = 46.0%

3000#
Aggregate proportions as recommended by materials lab., Recommended
asphalt--3.65%. Asphalt content increased because of appearance.
Mix layered and compacted the same as Class E, Layered in segments
2 and 5 instead of as shown on plans.

%,

K

September 30, 1964

_i Started laying 2" 1lift of Class B asphalt concrete at 9:00 A.M. Batch
weights as follows:

AC - 198# = 6.67%
3 Bin - 140# = 5.0%
2 Bin - 1040# = 37.0%

.- 1 Bin - 1622% = 58.0%
i 3000

Recommended AC = 4.7%

Asphalt content increased based on appearance.



o WSU Test Track Cont'd
o September 30, 1965
Page 2

[ Rolling - 2 passes with stcel wheel
- 2 passes with pneumatic
2 passes with steel wheel

-
P

o

For first lift tacked with S§5-1.

Laid second lift starting 3 P.M. Tacked first with 85-100 penetration
liquid asphalt. Used same mix for second 1ift.

Report taken from Mr. A. Sinclair's log. District 6 Highway Inspector.

o




STATE OF WASHINGTON
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ALBERT D, ROSTLLINI, GOVERNGR
N
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‘Q_ -“‘. C}x . /9
WASHINGTCN e o {ﬁc
STATE HIGHWAY COMMISSION e, TR
DEPARTMENT OF HIGHWAYS ";";_.'_'_%“ < /“'/:'_;ﬁ 3
OFFICE OF DISTRICT ENGINEER \%5) NG
N. 2714 MAYFAIR 5T. Cat
. SPOKANE 99205 e,
e
) October 20, 1964
Mr. G, A, ﬁiedésel
Research fngineer
Division of Industrial Research
Washington State University
Pullman, Washington
Dear Sir: Experimental Pavements

It was suggested that I make some written corments on the construction of the treated
surfacing and paving courses which I hagd the cpportunity to observe.

The Contractor's prime problem was the placement of the various courses by standard
wethods becanse of the narrow widths of 7 and 8 feet and the short radius of LloZ
feets +he asphalt conerete courses were the easiest to lay since the Contractor had
available a gelf-propelled, rubber-tired, paving machine that would lay an eight foot
width. This method proved satisfactory. A track type paving machine would tear the
surface since it would have to pave in short cords.

Normal procedure for laying cement treated base from a central plant is by a spreader-
box mounted on the front of a tractor. This method did not appear workable at all in
this case. On the first section of cement treated base the Contractor attempted to

lay out the material with a small patrol blade from a windrow, but this wes not satis-
factory because the area to be worked wes too smalle Forms were thought of but trucks
could not get between them. Cn the second section, screeds were set about four feet
apart and the material was struck off by hand with a straipght edge. The trucks deposit-
ed the material on the grade as best they could and it was then shoveled into place
ahead of the strike-off. This method appeared to yleld better results and it was con-
Siderably faster. To this date I camnot think of a method that would have been better,

Compaction of the various cources of cement treated base and asphalt concrete was
accomplished by standard methods and equipment and mo difficulties ware encountereds

It was a pleasure to work with your assistants and I look forward to following the re-



MI‘- G- A-o Riedese:L
Pullman, Washington
October 20, 196k

Page Two

sults of this experimente

= DES: ow
ce: Mr, Carl Minor

A-7

Very truly yours,

D, E. STEIN, P.E,
Dlstrict Engineer
2/

‘_,‘_ c'(-‘/(_' ~LA

5 R A
By: A, P, SINCLATR

District
Materials Engineer
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APPENDIX B

LABORATORY REPORTS ON PALOUSE SILTY CLAY

RING 1



- - WASHINGTON B-1
STATE HICHWAY COMMISSION

DEPART:. UT OF HIGHWAYS

= Materials labeoratory

- Olympia

SOIL TEST DATA

¥-651

lob No. __S.H. HNo. Section Washingtqg State University Test Track, Pullman, Wash
Field Sample No. 22 l
?Saboratory No. 5-9693
“ismple from Station Natural
Offset Deposit in lest.
Tepth Track site
“extural Classification
B Silty
Clay
wlgquid Limit 39
Plesticity Index 16
~reding - Meximum Size
% Passing 13" 100
1" 100
3/4" 100
3/8" 99
#h 99
10 98
Lo 94
) 200 90
pH factor 6,1
~RB Class. & Group Index A-6(10)

Proctor (ASTM D6G8.-L2T):
.- Opt. Moist. Cont,
-~ Max. Density
Denslty in Place
of Max. Density
~oist. Cont. in Place

Tveem Stabilometer Test:
. Resistance Value "R" 16
" Equilibrium Swell
- Pressure (psi)

beoretical Total Surfacing
~ and Bituminous Mat,

Design traffic index

ISTRIBUTION:
Materials Files 2 CARL E. MINCR
feneral Files X Principal Materials Engineer
1strict Enginecer
vist. Soills Engr. By H. E. Sandahl
Pldhl/2/¢bALredtd Conc.
14 /164 [BAgF] BPR, Olympia Date 6-2-64
/. BIddd /i L FedddT G k. Ricedesel
Solls lab. X

F. 26.02 (Rev.)
George McCusker, Planning
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104 DIR HIGHWAY SECTION
Moisture - Density Curve for Silty Clay
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APPENDIX C
LABORATCORY TESTS ON CRUSHED ROCK AND BLENDING SAND
(See Table II - page 21)

RING 1
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WASHINGTON
STATE HIGHWAY COMMISSION
DEPARTMENT OF EIGHWAYS

Materials Laboratory
OLYMFIA

Prelim, ' Lab, No..-Bz2429
Contml} Sample No._3 Pir No
AGGREGATE f()r Crushed Surfacing Material in Pavement Sections
Cont, No,—_Y=-651 F. A, No 8. H. No.
Section . Washington State lUnjversity Hichwav Test Track, Pullman, Wn, Type of Deposic.Gravel
Name of Pit Location
Submitred by_._ G-A. Riedesel Sampled Received___4-30-64
Availzble _
Quantity Represented Ssmpled Bip T B T SR pRG S BE e g Bas, (i
To be used at Washed
COARSE AGGREGATE FINES FROM COQARSE AGGREGATE
Passing | Retained Fractions Passing Total Spexif. Passing Specif,
Screen Screen Pounds % Screen o Reg'ments Sieve % Reg'ments
1% - - 1% 100 100 1,7 $q. 100
1% 5/8 16,5 19 5/8 81 5(0-80 # 4 92
/8 3/8 22.9 27 3/8 54 # 10 62
3/8 1/4 11.0 i3 | 1/4 41 30-50 # 20
1/4 0 36.0 | 41 40 13 3-18 # 40 32
200 7 7.5 max.il # 8o 22
# 200__17
Liquid Limit
Plasticity ladex
T'otal 86.2 100 Sand Equivalent_ 41 40 Min.
Fracture: Coarse. 98 _% 75% Fracture: Fine 98 Te 75%
If pit run sample; % over 214%; % 2157147 % 1470
Bulk specific gravity Breakage Factot
Wear in Los Angeles Test (ASTM Des. C.131): 100Rev. 9 S00Rev.__. %
Seabilometer Resistance Value "R” Swell Pressure

Drainage Characteristics

MATERIAL:

Satisfactory

Distribution:
Mad'l Files o X _
Gen'l Files
Dist. Engr. | CARL E, MINOR

Res. Engr.
G, Riedesel

Principal Materials Engineer

Coeprae MoCuskor Planning Date 5-15-64 by W. 5, Goordino
P Mo 2487 BPR x



WASHINGTON
STATE HIGHWAY COMMISSION

DEPARTMENT OF HIGHWAYS
Marerials Laboratory

QLYMPIA
Pn:lim.} ' 16 Lab. No. P-2439
Concrolf  Sample No Pit No
= AGGREGATE fOI‘ Asphalt Concrete, Screened Aggregate
" Cont. No._¥-651 F.A. No 5. H. No.
. Washington State Unversity [est Track, Pullman, Wash. . Gravel
= Section Type of Deposi
" Name of Pit Locatien
Submicred by G. A. Riedesel Sampled__4-28-64 Received. 4-30-64
Quacy Rrens * simped i Spackatle of 1t mie sereencs
To be used at Washed
COARSE AGGREGATE FINES FROM COARSE AGGREGATE
‘ Passing Retained Fractions Passing Total Specif. Passing Specif.
o Screen Screen Pounds % Screen % Reg'ments Sieve % Reg'ments
’ 1 100 1" Sq.
3/4 92 # 4
3/8 36 # 10
1/4 7 # 20
4 0 # 40
N # 80
. # 200
Liquid Limit
Plascicity Index
Total Sand Equivalent
Fracture: Coarse T Fracture: Fine %o
H pit run sample; % over 2147 % 2V —14", % 14O
Bulk specific gravity Breakage Factor
Wear in Los Angeles Test (ASTM Des. C.131): 100 Rev.. %; 500 Rev. %
Stabilometer Resistance Value "R Swell Pressure
Drainage Characreristics
MATERIAL:
Quality satisfactory
_. Distribution:
Mar} Files_ % 2
Gen'l Files_
Dist. Engrov CARL E. MINOR

BPR, Olympia
G. A. Riedesel
George McCusker, Planning 5-27-64 W. L. Gooding

e Date by
HP No. 2sa7 JOLLS

Rensel

Cont,

Principal Materials Engincer




C-3
WASHINGTON
STATE HIGHWAY COMMISSION
DEPARTMENT OF HIGHVWAYS
Materials Laboratory
OLYMFIA

Prelim.

17
Control } Sample No

AGGREGATE for

Lab. No. P-2440

Pit No

Asphalt Concrete Screened Aggregate

¥-651

Cont. No. F.A. No

Washington State University Highway Test Track, Pullman, Wn

5. H. No.
Type of Depcsit_gfﬁ‘_’.ezl_

Received 4-30-64

Secrion
Name of Pit Location
Submitted by G. A. Riedesel Sempled_ 4~ 28- 64

Available
Quanticy - Represented

Sampled ac Stéckpile of 3 minus screened

gravel at Union Sand and Gravel, Spokane

To be used at Washed
COARSE AGGREGATE FINES FROM COARSE AGGREGATE
Passing Retained Fractions Passing Total Specif. Passing Specif,
Screen Screen Pounds % Screen % Req'ments Sieve % Req'ments
14" Sq.
# 4
# 10
1/4 100 # 20
4 94 # 40
10 54 # 80
40 2 # 200
80 0.6 Liquid Limic
200 0.3 Plasticity Index
Total Sand Equivalent
Fracture: Coarse %% Fracture: Fine %
If pit run sample: %% over 214%; % 2157—141; % 1470
Bulk specific gravity Breakage Factor
Wear in Los Angeles Test (ASTM Des. C.131): 100 Rev. %; 500 Rev. %

Stabilometer Resistance Value "R

Drainage Characteristics

Swell Pressure

MATERIAL:

Quality Satisfactory

Discribution:
Mar'l Files__* 2

Gen'l Files__*
II?JIE’SE El('l) S— CARL E. MINOR
R N
’ y'r—?-lia—-———— Principal Materials Engineer
G. A. Ricdesel
Georpe McCusker, Planning Datc 5-27-64 by W, L, Gooding

ILF, No. zo.87 Soils
: Rensel

Cont.




WASHERGTOR
STATE HiGHWAY COMAISSIOH

C-4

Ceor%P McCusker, Planning
Ho F, Moo 96 14
Rense

Gont.

DEPARTHMENT OF HIGHWAYS
Materials Laboratory
OLYMPIA
Prelim. ) 20 Lab. Ko. P-2478
Sampie No. Pit No.
CEMENT TREATED BASE AGGREGATE
¥-
- Cont. No. 651 F. A. No. S. H. Ko.
section Washington State University Highway Test Track, Pullman, Washington
1 Name of Pit Locath“‘Quarry site one mile east of Pullman
Submi tted By G-bA-deedESEI _ Samp]ed | Received _5-11-64
Sample From _ o crourden at quarry site Depth 8-12' of overburden over basalt ledge
’ ] rocl
Quantity Represented 0 cu. yds. To be used for blending sand
E Passing Fractions Qiﬁilnﬁ As Rec'd, | Scalped Crushed Adjusted Specif,
Retained Pounds % (Max, Size—) on to Grading Req'ment
"!"l" |in
: TN " 100
3 I"'&" &a
o g"-3/g" 3fs"
: afa"-¢" tr 100
1"=0 Al 65
Total Lo 63
% Pass 4" 200 35
#10 Liquid Limit Fracture: Coarse %
40 Plasticity Index Organic Content 150 PP
200 Sand Equivalent
' CTB SPECIMEN TEST DATA
% Cement Recommended Design Cement Content
Molding Hz0 (by wt, of Dry Aggregate) %
Fabricated Wet Density Recommended Spreading Rate
7-Day Compressive Strength (1bs. per square yard)
DESIGH BASIS: Compressive Strength
@ % Max. Density
Blending sand, see letter dated 5-27-64,
Remarks
Distribution:
Mat'l Files___ % ___ 2
- Gen'l Filec ®
Dist. Engr. CARL E, MINOR
Dist. Soils Engr. BPR, Olympia Principal Materials Engineer
Soils Lab __ _ %
G. A, Riedesel Date 5-27-64 by _H. FE, Sandal!



Prciim.

Concrol } Sample No.

Cont. No,_Y-651

18

Section _Washington State University Hishway Test Track, Pullman, §

AGGREGATE for

F. A, No

WASHINGTON
STATE HIGHWAY COMMISSION
DEPARTMENT OF HIGHWAYS
Materials Laboratory

OLYMPIA

Blendine Sand

C-5

Lab. No...B-2427

Pit No

S.H. No.

1. Type of Depositemm

Name of Pit Location
Submirced by, G. A. Riedesel Sampled__4-29-64 Received _4-30-64
Quuniy R Samped S04 s, Mdeng o R R0,
To be used at Washed__about 14 miles N.W, of Washtucna,
o COARSE AGGREGATE FINES FROM COARSE AGGREGATE
Passing | Retained Fractions Passing Total Speif. Passing Specif,
Screen Screen Pounds % Screen % Reg'ments Sieve Fa Req'ments
| %" sq
# 4
# 10
# 20
# 40
# 80
# 200
#40 100 Liquid Limit
#200 2 Plasticity 1ndex
Total ' Sand Equivalent
Fracture: Coarse % ’ Fracture: Fine Yo
I pit run sample: % over 2140 % 2147 —14", % 147.0 organic clear
Bulk specific gravity Breakage Factor
Wear in Los Angeles Test (ASTM Des. C.131): 100 Rev. %; 500 Rev. %

Stabilometer Resistance Value "R”

Drainage Characteristics

Swell Pressure

Guality Satisfactory

See letter dated 5-27-64

MATERIAL:
Distribution:
Mac'l Files X 4
Gen'l Files

e e,

Dise, Engr.—

LPR, Qlwvmpia

G.A. Riedesel

George McCusler, Planning Date

H.F. No. 2087 S0Lls
ensel
ant.

5-27-64

CARL E. MINOR

by

Principal Materials Engineer

W.L. Cooding
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C-6
WASHINCTOR
STATE HIGHWAY COM41SS10)
DEPARTMENT OF HIGHVWAYS

Materials Laboratory

OLYMPIA ,
Prelim. ) ’1 Lab, Ko. _L=2479
Control) Sample No. . Pit Ho.
CEMENT TREATED BASE AGGREGATE
Job No. Y-651
Cont. No. F. A, Ko S, H. HNo.
Section Washington State University Highway Test Track, Pullman, Washington
Name of Pit Location E’l‘z', SI’J%, Sec. 33T, 12 N., R. 45 E in
, Whitman Count
Submitted 8y __C: &. Riedesel _ Samped ' Received _5z11-64
Sample From Exposed-dep051t of material ip Depth 1-15 fe. thick in numerous deposits in
Avaﬁ%ga;oe Lanyon, 23 miles south of Pulfman. near Steptoe Canyon.
Quantity Represented 1,000 cu. yds. To be used for blending sand,
Passing Fractions zﬁﬁizgﬁ As Rec'd. | Scalped | Crushed Adjusted Specif.
Retained Pounds % (Max, Size__} on to Grading Req'ment
~lg" "
li‘"-l" [ 100
|"“3“ En
§"-3/g" 3/8"
3/8"-&" &n
t"-0 10 100
Total 4o 99
% Pass 4" 200 87
#10 Liquid Limit Fracture; {oarse %
0 Plasticity tndex Organic Content PPM
200 Sand Equivalent
CTB SPECIMEN TEST DATA
% Cement Recommended Design Cement Content
Molding Hz0 {by Wt. of Dry Aggregate) A
Fabricated Wet Density Recemmended Spreading Rate
7-Day Compressive Strength (1bs. per square yard)

DESIGN BASIS: Compressive Strength
@ % Max. Density

Remarks
Distribution:
Mat'l Fites x 2
Gen'] Files X
Dist. Engr, By 5T CARL E. MINOR
; ; R, mpia
Dist. Soils Engr. L0 Principal Materials Engineer
Plans & Contracts X
Soils Lab G. A. Ricdesel

Georse MeCusker, Planning Date 2-27-064 by I . Sandal}

Rense]
cont,

Ho F. Ho.o 26.14
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WASHINGTON
STATE HIGHWAY COMMISSION

) DEPARTMENT OF BIGHWAYS

A% - Marerials Leboratory

s OLYMPIA

% Prelim, : Lab. No,_ P2433
=1 Condrol Sample No. 13 - Pic No

3 AGGRECATE for_saghalr Concrore. Class B & F

7l
i

Cont. No.__ 1-651 F.A. No S.H. No.

-z Section Washington State University Bighway Test Track, Pullman, wn’l'ype of Deposic Gravel
: Name of Pit Location
Submitted by G, A. Riedesel - Sampled_4-28-64 Received =30 64
B Available
Quantity Represented Sampled acStockpile of Blending Sand at quarry
' at 1 mile east of Pullmdm
To be uged ar Washed
‘ COARSE AGGREGATE FINES FROM COARSE AGGREGATE
i
Passing Retained Fractions Passing Toral Specif. Passing Specif.
3 Screen Screen Pounds % Screen % Reg'ments Sieve Yo Reqg'ments
: 1/4 - 100 1/4 100 14" Sq.__100
1/4 1 No. 4 100 # 4_ 100
10 109 # 10 100
40 49 S5min. # 20
80 16 # 40 49
200 9 25max, # 80 16
# 200 9
o Liquid Limit
'f? Plasticity Index
% Toral ] Sand Equivalent_ 57 40min,
- Fracture: Coarse _% ' Fracture: Fipe %
I pit run sample; o over 214", % 2V4""—-147; % 140
Bulk specific gravity Breakage Factor
i Weac in Los Angeles Test (ASTM Des, C-131): 100 Rev. %; 500 Rev. %
" Stabilometer Resistance Value “R" Swell Pressure
Drainage Characrerisrics
MATERIAL: Qualitv Satisfactorv
Distribution:
Mae'l Files.x 2
- Gen’l Files_ X
.= Dise, Eagr. CARL E. MINOR
—RPL - CQlaymsia Principal Materials Engincer
-0 A Ricdesed
- Georpe McCusker, Planning Dage 5=27-64 p,_ W-L. Gooding
Soils ate ¥
H.F. No. 24.87

Renascl
Cont,



' c-8
WASHINGTCN
STATE HIGHWAY COMMISSION

DEPARTMENT OF HIGHWAYS
Materizls Laboratory

OLYMPIA

Prelim. . Lab. No._ Pz243¢

Conirolf  Sample No. 12 Pit No
AGGREG}&TE f(}l Asphalt Concrete, Clage "g»

Cont. No.. Y=0°1 F.A. No S. H. No.

Section _Washington State University Hichuav Test Track, Pullman, Wn Type of Depgsim_
Name of Pit Location
Submitted by G, A, Ricdesel Sampled __4-28-64 Received_4-30-64
Available
Quantity Represented Sampled a&_m. 001%’&3)? of _LBLI‘?IJ;}F&H“ Sand at Quarr
To be usged ac Washed
COARSE AGGREGATE FINES FROM COARSE AGGREGATE
Passing Retained Fractions Passing ‘Total Specif, Passing Specif.
Screen Screen Pounds Yo Screen % Reg'ments Sicve % Reg'ments
1/4 1/4 100 V4" Sq.___ 100
1/4 0 40.0 100 4 160 # 4 100
10 100 # 10 100
40 48 # 20
80 13 # 40 48
200 7 # 80 13
# 200 7
Ligquid Limit
Plasticity Index
[Total Sand Equivalent__ 20
Pracrure: Coarse _% ’ Fracture: Fine N
If pit run sample: % over 2147, % 215714, % Y70
Bulk specific gravity Breakage Factor
Wear in Los Angeles Test (ASTM Des. C131): 100 Rev. %; 500 Rev. %

Stzbilometer Resistance Value “R”

Drainage Characteristics

Swell Pressure

MATERIAL:

Quality Satisfactory

Distribution:
Mat'l Files_ > 2

Gen'l Files __ X

Dist. Enge.

—.B.pR_.__l_\ﬂIlP 1a

—G.A. Ricdesel
—lovrpe MeCusk:r.

Planning

Dater=27-6%

CARL E. MINOR
Principal Materials Engineer

by—W.L. Cooding

oLl .L;l
Cont’

WP, No. 26.47



- Quandty Represented
~ To be uséd at

WASHINGTON

STATE HIiGHWAY COMMISSION
DEPARTMENT OF HIGHWAYS

Materials Laboratory

OLYMFPIA
Prelim. . . Lzb. No. P-2428
Control Sample No Pic No
AGGREGATE fOi' Crgshed Surfacing Top Course, Leveling_Course &
651 Choker COUTSE, Exper omenlal TAVEmont Ring
Cont. No..__ ¥~ F. A. No S.H. No.
Section . #ashington State University Highway Test Track, Pullman, Wn. Type of Deposi Gravel
Name of Pit Location
Submitted by__G. A. Riedesel Sampled Received_4730- 64
Availzble

Sampled acStOckpile of 5/8" minus at quarry

i f
Washed_one mile east of Pullman

COARSE AGGREGATE FINES FROM COARSE AGGREGATE
Passing | Retained Fractions Passing Total Specif. Passing Specif.
Screen Screen Pounds % Screen % Req'ments Sieve Yo Rea'ments
5/8 -- -- 5/8 100 100 K" Saq. 10
5/8 3/8 9.2 13 3/8 87 # 4 93
3/8 1/4 20.1 27 1/4 60 50-65 # 10 56
1/4 0 43.9 60 40 10 5-23 # 20
200 5.4 10 Max # 4o 19
# 80 12
# 200 9
Liquid Limit
Plaszicity Index
[Total 73.2 100 Sand Equivalent /8 40 min.
Fracture: Coarse 98 % Fracture: Fine 98 Do 73%
If pit run sampleL % over A7, To 215" — 14", % 1.0
* Bulk specific gravity Breakage Factor
- Wear in Los Angeles Test (ASTM Des. C.1 31): 100 Rev. %; 500 Rev. %
 Stabilometer Resistance Value "R” Swell Pressure
Drainage Characteristics
Satisfactory
MATERIAL:
Distribution:
 Matl Files._____*
Gen'l Files __
Dist. Engr.o . CARL E. MINOZ
Res. Engr.. Principal Materials Engincer
G. A. Riedesel
Georye McCusker, Plamming 5-15-64 W. L. Gooding
PP % Dace by

HE. No 2847




WASHINGTON
STATE HIGHWAY COMMISSION
DEPARTMENT OF HIGHWAYS
Materials Laborciory

OLYMPIA
Prcl.?m.} . 11 Lab. No. P-2437
Control Sample No. Pit No
AGGREGATE for__ Asphalt Concrete, Class "E"
Cont. No.- 021 F.A. No 5. H. No.
Section _Washington State University Highway Test Track, Pullman, Wn. Gravel

Type of Deposi

Name of Pit Location
Submitted by G. A. Riedesel Sampled 4-28-64 Received. 4-30-64
Available : Ln s .
Quantity Represenced Sampled ac Stockpile of %" minus crushed rock
. at quarry i mlie east oL rallman
To be used at Washed
COARSE AGGREGATE ' FINES FROM COARSE AGGREGATE
Passing Retzined Fractions Passing Total Specif, Passing Specif,
Screen Screen Pounds % Screen o Req'men:s Sieve % Regq'ments
5/8 5/8 100 %" Sq 100
5/8 1/2 0.1 2 1/2 98 4 4 86
172 3/8 6.5 13 378 &8> # 10 47
3/8 1/4 14.0 27 1/4 58 # 20
1/4 0 30.7 58 4 50 # 40 23
10 27 # 50 17
40 13 # 200 13
80 10 Liquid Limir
200 7.5 Plasticity lndex
Total 51.3 100 Sand Equivafent 68
Practure: Coarse 98 L% Fracture: Fine 98%
K pit run sample; % over 21457, % 217147, % V40O
Bulk specific gravity Breakage Facror
Wear in Los Angeles Test (ASTM Des. C.131): 100 Rev, %; 500 Rev. %
Stabilometer Resistance Value “R” Swell Pressure
Drainage Characteristics
MATERIAL: Quality Satisfactory
Distribution::
Matl Files_* 2
Gen'l Files._*
Dist. Engr. —BPRUTypia CARL E. MINOCR
—_— Principal Materials Cngineor
___ 6. A, Ricdosel
Ceorpe McCusker, Planning 3-27-64 W. L. Gooding
oIS Date by
A Nuo Z6.8T ~
Rengel

Cont.



WASHINGTON
STATE HIGHWAY COMMISSION
DEPARTMENT OF HIGHWAYS
Marerials Laboratory
OLYMFIA

P-2432

Prelim, : 7
Control{f  Sample No,

AGGREGATE fOI‘ Agphalt Concrete, Class "B"

Lab. No.
Pit No

Cont. No.. 551 F. A. No. $. H. No,
Section __Washington State Univérsity Test Track, Pullman, Washinpton Type of Deposit—. Cravel
Nzme of Pit Location
Submitted by G. A. Riedesel Sampled 4-28-64 Received 4~ 30-64
Available - : Stockpile of %" minus crushed rock
Quanury_Reprcsented ) Saa?PtheSai-try I miTe east 2oi" Pullman, Wwash.
To be used at Washed
COARSE AGGREGATE FINES FROM COARSE AGGREGATE
Passing Retained Fractions Passing Total Specif. Passing Specif,
Screen Screen Pounds %o Screen e Reg'ments Sieve o Reg'ments
5/8 5/8 100 100 " sq._ 100
2/8 1/2 0.9 i 1/2 39 90-100 # 4 85
1/2 3/8 9.8 15 3/8 84 # 10 48
3/8 1/4 15.8 25 1/4 59 55-75 # 20
1/4 0 37.2 59 No. 4 50 # 40 24
10 28 32-48 # 80 19
40 14 11-24 # 200 14
80 11 6-15 Liquid Limit
200 8.3 3-7 Plasticity Index
Tocal 63.7 100 Sand Equivalent. 08
Practure: Coarse___ 28 % Fracture: Fine %
If pit run sample: % over 214, To 215", %o V4O
Bulk specific gravity ' : Breakage Facror
Wear in Los Angeles Test (ASTM Des. C.1 31): 100 Rev, %; 300 Rev. %
Stabilometer Resistance Value "R” Swell Pressurc

Drainage Characreristics

Satisfactor
MATERIAL: Sractory

Bistribution:

Mat'| Files._x_ 2

Genl Files_ X

Dist. Engr.

CARL E. MINOR

vmnia Principal Mutcrials Engineer

L. A. Riecdeszel

George McCuskur?-Planning 3-27-64 W. L. Gooding
a01Ty Dare by .

H.F, Mu. 26,87
Renscl

Cont.
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WASHINGTON
STATE HIGHWAY CONMMISSION
DEPARTMENT OF HIGHWAYS

Materials Laborztory

OLYMPIA
Prelim. } : s Lab. No.__P-2430
Control Sample No. Pit No
AGGREGATE f@r,,__Asnhalt Concrete, Class "B
Cont. No. Y651 F. A, No. S, H. No.
Section . Washington State Unjversitv Hichwav Test Track. Pullman. Wn, Type of Deposic.Gravel
Name of Pic Locaticn
Submitted by A, Riedesel S&mplcd L=-28- (4 Received__4-30-64
Available
Quantity Represented Sampled at_Stockpile of 5/8" - 3/8" crushed
ToCk at quarry i mile east O Fullizn
To be used at Washed__
COARSE AGGREGATE -- FINES FROM COARSE AGGREGATE
Passing Retzined Fractions Passing Total Specif. Passing Specif.
Screen Screen Pounds %o Screen % Reg'ments Sieve % Reg'ments
5/8 5/8 100 100 14" Sq.___ 100
5/8 1/2 7.8 15 1/2 85 75-100 # 4 64
1/2 3/8 20,1 39 3/8 46 # 10 27
3/8 1/4 16 3 31 1L/4 15 0-25 # 20
1/4 0 8.0 15 No, & 10 # 4o 19
10 4 # 80 16
40 2.9 # 200 13
80 2.4 Liquid Limit
200 2.0 Plasticity Index
Total 52.2 100 Sand Equivalent 45
Fracture: Coarse 98 % ’ 75% Fracture: Fine 98 Ye 75%
If pit run sample; % over 2147, _ Yo 247144, % Y0
Bulk specific gravity Breakage Factor
Wear in Los Angeles Test (ASTM Des. C.131): 100 Rev. %; 500 Rev. %
Scabilomerer Resistance Value "R” Swell Pressure

Drainage Characterisrics

MATERIAL:
Satisfac Lory
Sce letrer dated 5-27-64
Distribution:
Mat'l Files._ %X 2

Gen'l Files____ ¥
Dist. Engr. CARL E. MINOR

¥mpia Principal Materials Erpincer
G.A, Ricdescl
George McCusker, Planning 5-27-64 W.L. Gooding
e — > Date by
KF. No, 2687 S0&ly
Rensel
Cont.




WASHINGTCHN
STATE HIGHWAY COMMISSION
DEPARTMENT OF HIGEWAYS
Materials Leboratory
OLYMEIA

Prelim. '
Control Sample No.

6 _ Lab, No.__.P-2413]1
Pic No

AGGREGATE f()}‘ Asphalr concrete, Class "'p!

Cont. No.___ Y2651 F.A. No S.H. No.
Section . Washington State Universitv Fichway Test Treck, Puliman, g Type of Deposit-Lraucl

—

Name of Pic Location
Submitted by__G.A. _Riedese] Sampled_4-28- 64 Received _4-30- 64
Available ]
Quantity Represented Sampled ac Stockpile of 3/8" minus crushed rock
To be wed 7 Washed ©One mile east of Pullman.
COARSE AGGREGATE - FINES FROM COARSE AGGREGATE
Passing Rewined Fractions Passing Total Specif. Passing Specif.
Screen Scteen Pounds % Screen % Req'ments Sicve % Req'ments
1/2 1/2 100 100 14" Sq. 100
1/2 3/8 1.4 3 3/8 97 # 4 a5
3/8 1/4 9.8 19 1/4 78 70-100 # 10 56
1/4 0 40, 2 78 No, 4 14 # 20
10 44 | 40-75 # 40 26
40 20 # 80 20
80 16 # 200, 15
200 12 2-12 Liquid Limit
Plasticity Index
Total 51.4 100 Sand Equivalent 67 48 min
Fracture: Coarse__98 % ‘ /3% Fracture: Fine 98 % 157
I pit run sample: % over 2147, Yo Y571, % Y,7.0
Bulk specific gravity Breakage Factor
Wear in Los Angeles Test (ASTM Des. C-1 31): 100 Rev. %; 500 Rev. %
Stabilometer Resistance Value "R” Swell Pressure
Drainage Characteristics
MATERIAL: See letter dated 5-37-64
Satisfactory
Distribution:
Mat'l Files.s_ 2
Gen't Files_ X
Dist. Enge.. CARL E. MINCR

~BER 0 s Principal Materizls Enginecr

G A ﬂ‘]’p;{,ﬂ'\q(-'f

—Leorge McCugker, Planning Date_2-27-64 by mmle L. Cooding
UP Mo 2487 So0ils
Rensel

Cont.



C-14
WASHINGTCN

STATE HIGHWAY COMMISSION

DEPARTMENT OF HIGHWAYS
Marerials Laboratory

OLYMPIA
Prelim. ’ Lab. No._ EB-2436
Con-:rol} Sample No L0 Pic No
AGGREGATE for Aspbalr Congrete, Clase "EM
Cont. No. ¥-651 F.A. No 5. H. No. e
Section __Washington State University Hishway Test Track. Pullman, Wn. Type of Deposic.Gravel
Name of Pit Location
Submitted by_G.A, _Riedesel ' Sampled_4~ 28~ 64 Received 4= 30- 64
_ Available , ) . ..
Quaty Reprsnid— swepled s Spogizile of U8 plasseryghed roct
To be used =zt Washed
COARSE AGGREGATE R FINES FROM COARSE AGGREGATE
Passing | R:.ained Fractions Passing Toal Specif. Passing Specif.
Screen Screen Pounds % Screen To Reg'ments Sieve % Reg'ments
1/2 1/2 100 14" 8q.__ 100
1/2 3/8 1.1 2 3/8 98 # 4 92
3/8 1/4 8.7 18 1/4 20 # 10 67
1/4 0 38.8 20 4 74 # 20
10 54 # 40 35
40 28 # 80 25
80 20 # 200 19
200 15 Liquid Limit
Plasticity Index
Total 48,6 100 Sand Equivalent___ 47
Fracure: Coarse__ 98 % Fracture: Fine 98 o
M pit run sample; % over 2147, % 2Y57—147, % 1470
Bulk specific gravity Breakage Factor
Wear in Los Angeles Test (ASTM Des. C-131): 100 Rev. %; 500 Rev. %
Stabilometer Resistance Value “R” Swell Pressure
Drainage Characteristics
MATERIAL: Quality Satisfactory
Drstribution:
Maz'l Files _X 2
Gen'l Files
Dist. Engr. | CARL E. MINOR

_bren D 1A
G.A, Ricdesel
Ceoree McCuslker, Planning
H.¥, Ne. 20.87 SOLIS

Reneal
Cent.

Principal Mareriuls Enginecr

Date . 5=27-H/ by W. 1. Coodinn
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frianIe T,
FASHING
v
)

i i
ML covri

-1

l part 1" minus coarse aggregate (sample #14,
minus fine aggregate (sample #19, Lab. No., P-
overburden-soil (sample #20, Lab. No, P-2478)
2 to 1 combination., DBased on the results of

CUOMMISSICHRRE ALDREIRT B, RO.)EL rMen DIST/ICT DFFICUS
ERMNEST A, COWELL, CHAIRMAN MNO. t BEATTLE &
EUREKA 9431 GO, CNKLAN AVE.
: RCAFRT .. MIKALSON NO., 2 WENATCHTE
g CE ITRALIA P, Q. BCX TR
L GECGROE D. ZARN NO. 3 OLYMPIA
M. HOW P. O, POX 377
JAMES M. BLAIR, 5R. HO. 4 VARNCOUVER
PUYALLUP £200 MAIN STREET
. _A‘Il'{VlNG E:I.ARK. JAR. - PR NC. 5 YAKIMA
M WASHINOTSH o wor e
e AL A SR g T, TN NG, 6 SFOKANE &
SHAIE"‘ E’E !:"';\;E R‘J?ta ] o 5 7 3EV EEM}UL ! y) N N. 2714 MAYTAIR ST,
LORENZ GOETI, GECRETARY DE'AR .’:E'\ ‘T OF HE\;A "\’ A ‘.’s f-’ / . SEATTLE &
OLYRPIA ‘\‘\ ",f‘w? FATRVIEW AVE. Q.
€.+ G. PRAHL, BIRKCTOR > /\\
HIGHWAYS-LICENSES BUILDING AN
OLYMPIA s S
- s FEA AN
May 27, 1964 : . s
G, "N
?,;.g LV
L
;5 -~
g
Mr., G. A. Riedesel, Research Engineer ?i& \
Division of Industrial Research w5
ashington State University
Pullman, Washington 99163 Washington State University
Highway Test Track
Project ¥-651
Dear Mr, Riedesel:
Tests have been completed on samples of aggregate submitted from variocus
souvrces that are intendad to be used for consuruction of treated bases aund
asphalt concrete on the above -test track,
Attached are copies of test data and a maximum density vs., gradation curve
for use in control of compaction of the cement treated base material,
Laboratory cement treatment test cylinders were fabricated in the ratio of
1

Lab. No. P-2423) to 2 parts %’
2475) plus the addition of 10%
by dry weight of the above

seven-day compressive strength

tests of the cement treated cylinders, we recommend the additicn of &4 coement,
by dry weight of total aggregate, to produce a satisfactory cement treated

baze section.

Test results of special asphalt concrete spec
mixture of CTB aggregate and blending materia

3.5% asphalt cement, by dry weight of total mi

tory asphalt treated base.

Class V"B" asphalt concrete test specimens were

5/8" to 3/8" agpregate (samplc #5, Lab, No. P-
(eample #6, Lab., No. P-2431) and 107 blendi g
Recomem:s ded aasphalr content fer this mixtur
mixiure,

fahricated with the above
te that the addition of
re, should provide a saticfaz-

imeTis
1 indice
Xtu

-

i

fabricated in 2 ratio of 357
24300, 5%%L 3/8" minus agpregate

sand (sawple #13, Lab, Ne. P-4z,
15 4,57, by dry weigho of total



Mr, G. A, Riedesel
Page Two

As noted on the laboratory data sheet covering the above Clazs "B mix doom
gign, a4 Class "E" design uvsing similar aggregate should require about 3,87
to 4.07% asphalt cement,

T ' . Yours very truly,

C. G. PRAHL
— Director of Highways

e
-

- & C i
Lf L A /)T:‘,'l’z.—qp <)
f 4

e

'\ By: CARL E| MINOR
j)Materials & Rescarch Emginee:

- CGbejﬁ

' CEM: LC
- Attach,




D-3
WASHIRGTCH
STATE HlthA‘l COL4E53 10N
DEPARTHMENT OF HIGHWAYS

Materials Laboratery

OLYMPIA y e
Prelim.) 14 Lab., No. _ E-2425
) Semple No. Pit No.
CEMENT TREATED BASE AGGREGATE
Job Ho.
Cont. No. Y-651 F. A No. 3. H. No.
secti Washington State University Highway Test Track, Pullman, Washington
ection :
Name of Pit Location
Submitted By G. A. Riedesel Sampled Received _ 4-30-64
Sample From Stockpile, Union San_c'l & Gravel, Denth
. Spokane, Washington
Available 100 cu. yds CTB in Sections 1 & 4 of
s - . in L
Quantity Represented To be used at S eTITET T AT TR
Passing Fractions Psacsrselenng As Rec'd. | Scalped Crushed Specif.
Retained Pounds % (Max. Size.—) Y, E— to Grading Req'ment
-13" 13"
3"-1" " 100 100 100
jragn a 91 1 part [P-2425 97 72-100
gr-3/8" 3/g" 35 2 parts] P-2475 80
3/8"-4" i 7 10% sand P-2478 71 0-25
$"-0 #10 50
Total - uo 27
% Pass ¢" 200 7
#10 Liquid Limit Fracture: Coarse %
40 Plasticity index organic Content No tesr PP
200 Sand Equivalent
CT8 SPECIMEN TEST DATA
% Cement 7 Recommended Design Cement Content .
Molding Hz0 6l 7.1 6.9 (by Wt. of Dry Aggregate) %
Fabricated et Density 149.9150.11150.5 Recommended Spreading Rate
7=Day Compressive Strength {ibs. per sguare yard)
DESIGH BAS!S: Compressive Strength 850
& % Max, Density 100
Remarks Satlsfactory, see letter dated 5-27-64
Distribution:
Mat'l Files % 2
Gen'! Files s
Dist. Engr. CABL E. MINOR
Dist. Soils Engr. cive] Materisls Engi
BPR, Olympia Principal Materials Engineer
Soils Lab *
G. A, Riedesel Date 2-27-64 by . K. Sandahl
(Jf,orago MeCusker, Planning
" l\LDnu.,

Cont.



UNIT DRY WEIGHT - LBS./CU. FT.

WASHINGTON D-4
STATE BIGHWAY COMMISSION
DEPARTMENT OF HIGHWAYS
Materials Laboratory

J

MAX [Mi DENSITY CUf

-4
rr

(P-2425)
(P-2475-76-77-"
D-787

v

Field Sample Ho. 1% 19, & 20

Lab No.
Cont. No. 1 021 F.A. Mo. S.H. No.

WSU Highway Test Track, Pullman, Wn.

Source of Mat'l, See¢ transmittal
Ietters

" Section

Field Description of Material Aggregrate for Cement Treated Base

Percent Passing #4 66 Date Received _23-22-64
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Distribution: h PASSING HO. % U.S, STANDARD SEVE

Mat'l Files # 2 Specific Cravity Coorse

Gen'l Files % Specific Craviry Fiac

McCuseer Carl L, Maner,

BPK, Ol}””l’ La Muaterials § Resenrch Fozineer

Rensel By I, L. Sondatyd

G. AL Kiedosol

Soils Lab, I Date  2-27-64
Lan.
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LASHIHOILH

Ty O
L. Aty

dotoricls I bﬂ:;bom' Pizeg Pullman S
13 St
11 Dinte  September 23, 1964 o
Doegr Sir:
I have forvardcd by today's PRIPAID ovpress cooont-trostoed base eylihdors:
Contract No. v, . oU Test Track S ¥o. _____
Sectlion Section #1 Contruntor United Paving .
srand of Cement Permanente _ Iype 13
Soures ¢ - £ Acsregete -Union Sand & Gravel, Fort Wright

Cylinder Ho.

—
Mo
[¥% ]

Date made 9-23-64 | 9-23-64 9-23-64

Sample fron See., 1 Sec. 1 Sec. 1 —
Quantity veprescnted - - :
T4, of eylinder + can 2145.5 ‘. *118.7 1884. 4 _
" ¥ ean 74.8 74.5 78.1 ' s

Net YWt. of erylinder 2070.0 2044. 2 1810.3 T

7,098 4,058 k 3,635 :
:.094-4.09 4.051-4.054 3.0629-]
AL U91 4,053 3.629

153.2 152.8 151.2

631

Height of cylinder

|
|
]

i
Vet density ;
' :
Pyt - 10.2 10.2 10.2 _ R
Holsture contant + {
.\ . 139.02 138. 66 137.21 ] S MO
Dry density : ” ]
| |
Dosign Cea't. Sont. - % 5 ~ o
| | |
L M TEL ramren nl e et N msnn mmim e mim s !
o~ I ..J.J.._!‘_) j,!{l CLUNe { | | i
; f :
] 1 i :
"I"“ = LITLLTUIS T T

DITIARYS:

e LD

Spea, s 850 PSI @ 7 days
Une cony vith eyriindoss
Gan enpy T

Gn eouy L0




e - LR RGN S
Hatericls Laborotory
A

318 &

Pireo

D-6

Spokane, Washington

19064

Ulympis N be  September 25,
=] (RERVLI —_ o ——
Dear Sir:
I have forwarded by todayle PRIPAID ompress cuaomi~trontod hose eylindoys:
Contract No. AL 5.l Tios _
Section  Lest Track--Section 4 Contiuatop United Paving .
srond of Cement  Lermanente Type 11
Source of Asgresate Union Sand & Gravel, Fort Wright
&4 5 6 ;
Cy¥lindcr RO, L
9-25-64 | 9-25-64 | 9-25-64
- . 2107.3 2020.0 2116.7
v, of cylinder + can
" o 78.9 76.4 75.0 ) mm
can — i
Het Ht. of cvlinder 2028.4 1943.6 | 2041.7 F
Het we. of cyiinder 27 88T 4.105
b.043 4.03p 3.861 3.890 4.12114.107

Heignt of cylinder

ey = e . P e it i o B et
- - - -

Vet density

Molsture contont

v 3.977 4,095 i é
152,37 151.47 150. 69 : E
9,25 9.25 9.25 5

139,47 138. 54

137,93 |

N t
i '
1 i
o o . :
Desim Cea't. Cont. - % 4.18% 4.18%] b LBZ - | ;
- 1 -
i
i .t S 4 i) - ] ] [ e e e "
% Pacning #4 Sleve N— i | :
i !
i 1

REARIS:

Unc
Gy
{ne

copy ¥Llll eyiinwieio
copy b

oy R R T
ATy IV A I VRSO P S SR VIR T LN

[ ‘r
LD

HoT. 2O.74 (Deroood)



ladil

ilaverinly Taborator:
518 State Avenue
Ulympic, Vashingion

Dear Sip:

STa

DJP

’\SIII e
r'.‘ 1 l{— C l'i

il
|

\r'-[

ieNh !’,“

"-T

r"'fr

o I
il u‘a"..\ [N R
BTN

A

P

Pulliman,

Dot

September 25, 1964

Washington

I have forvarded by Loday's PRUIPAID cipross cooenbt-trectod bane eodinders:
1) T
Contract Mo A St Moo _
Section Test Track--Section & Contyu~topr United Paving _
Permanente e 1L
brznd of Cenent Typ
... Union Sand & Gravel, Fort Wright
Source of Aggregate -

10

CyLlLinder ho.

9-25-64

9-25-64 | 9-

25-64 | 9-25-64

entoed
e on . 1954.0 |} 2134.2 2072.0 1921.9 -
Wee of cylinder + ecan
" " ean 83.0 75.0 75.7 78.4 -~ —
" {
S T 4.125]  4.540 4.4011  4.064 | |
Vet Vi, of cylinder : ;

Helght of cylinder

380
3.832 3.8

4.226

L7 4.211 44226

4.101 3.7
4.086 4.090 3.7

Viet density

37819
148.60

4,240
147.74

147.98

4.083 3.7
147.30

E3 3,294 !
-

| | g
o o 7.88 7.88 7.88 7.88 ! S
“elstur. contend 7 1 l
L 137.74 } 136.95 137.17 136, 54 e
Dry deonsity ) ;
! ;
) 4,187 4,18% 4 184 4.187 [_ . b
Poirm Coa't. Tont., - 5 { = | ;
. ! | et
% Prooiog o4 Sieve . ! } ,"_j E
| | | :
. i . S T LT et e er e T LITAE T
RIS
Moisture content 2nd (last) field 4.9%
ime copy vith oylinadors
LnC copy oo aQlrans
(ne cony 0 Lowriet Mngiveer
BT 200702 LTieveud) TR TS
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Vinioow

S
PO

el Highway Test Track

"t se ====e--= 1" Doten's Pre-Mix , Pullman, Washington

R S e
or 0.02977 Cu. ft.
._ .““‘5'-1‘.. '44!;7- o .-.n: .

i --wls.z.:_g__.._,._ e Lovonano e a1

L2068 L

E 12,200

979 .

‘_Elastetrgﬁquris«uspd as capping compound,

CLifl Appl ing

United Paving Co.

D-8



Gars oL it Highvay Test Track o

SN L #G CTB L e

L v I T4 Permanente . G52

- - L 2113 - G
: - o .CTB . _ . _ rare

e e e m—— e e e - ek ._g".:mQ.O.O....

e 205604 0

L ClifFord Appling o

.Doten Pre-Mix, Pullman, Wash.



Tl YTy o o702 T

poo Highway Test Track

. - 1. Permanente S 2
CTB . R T T e e eiee e =
Sroyes e 4//£/(/[ L

Doten Pre-}Mix, Pullman, Washington

SR ¥ 2n 4 ~ ) ) . .
st o CTB ol

¢ o N lOfZTﬁé Are 1 days
. Tponlp o 3 ml? conTa

i 4.000
12.5664 st
: J 10, 600 ;

Plaster of Paris used as capping compnound.

Cliflurd Appling



D-11
WASHIHGTOH

STATE HIGHWAY CGMISSiON
- DEPARTMENT OF HIGHYAYS
MATERTALS LABOGATGRY Lab., Mo, _ L-2425
Olympia Pit Ho. pP-2475-7
BITUMNINOUS Type of ~ E-2475
JOB MIX DESIGH Depcsit _ Gravel
For Special Asph. Conec.
Job Ho. )
—X-651  Submitted by _G. A, Riesdesel FA He. —— S.H. Ko,
- Section Washington State. University Highway Test Track, Pullmzn, Wash. '
Rame of Pit Location Union Sand & Gravel, Spokane, & Doten

Sampled Received +-30 & 5-11- 6“’Qu antity Representoed Overburden soil quarry one mi.
. . east of Iullman,
To be used at _oections 3 & 6 of experimental pavine rine. Washad
SPECIFICATIOH
SIEVES PERCEHT PASSING SIEVES REQUIREMENTS
PROPORTIONS OF MATERIALS COMBINED EGRADING PERCEHT PASSIHG
Siz8 AGGr suruereesseriniens 1 1I-% 1 %0 BLS PLANT |Asph.Cenc.
Percentane oo 1 part |2 partd 10% MIY CL. B
/4" BQUATE wevevrererrerans 97 100
5/8" SQUEre .ceeeveseene 00
1/2" square .o 80-100 | 90-100
H/B® SQUAFE rrervireneee 71 45~75 55-75
UeS. Row 10 eevceccinnnn. 30 30-50 32-48
U.S. How U0 coreccervranae H-24
U.5. Ho. 80 ..o 27 6-15
_ U.S. No. 200 .neecenne 7 2-8 3-7
- Asphalt Cement % by Wi. of dry aggregata .............................. 3.5 4.0 4.5
Stabilameter "S™ VATUE .o erssmiessnes s 34 30 29 25 Min, 30 Min.
Cohesiomaler "C" VAIUE .o 50 23 35 200 Min. [2B0 Hin,
Whe PEE CUs Ty i ererisesesesesesms e ssr e s e st st ssonapasoseas 142,96 142.52 144,58
Voids-Volume in Hix s e seires s ssinssassans
Voids in Mineral AQQregate ..o
COMpacted APPOAranCe .ecieieciirsreaissesssiosessneesssevasvesas
Asphalt Absorption § Bull Sp. Gr,
Modified Immersion Compression
Recommend ___3._5__. % of _ﬁ/lO—O_ Asphalt Cement (% of total mixture) 4-7 4.5-7.5

1;ran]9 ‘brl Mix Flant,

val

Pullman.

S 1 _a7.
REMARKS: -°€ tetter dated 5-27-64

Distribution:

CARL K. MINOGR

[’rincipu] Hl‘\ L(:riﬂls pngl!‘u:cr

By _UW._ 1. Cooding _

Mat't Files _ % 2
Gen'l Files “
Dist. Engr.
) BPR, Olympia
Const. Engr._ G A, Bicdesel
' " Guoroe MoCusker, Planning
Bituminous Sec. _ % — Dat: D=27-04
Soils
HoF. 26.15 {Rav.)

LCount.




WASH I NGTO: p-12
STATE HIGHHAY COLMISSICH
- DEPARTMENT OF HIGHWAYS
g . MATEREALS LAEGRATORY Labe Noy _P-2430-3

s

Olympia Pit Mo, __P-2427
- BITUMIROUS Type of
5 : JOD MIX BESIGH Peposit _Gravel
: For Asph, Cone.  Clagss T
“3 7 Job to. ) i
¥=f51___ Submitted by _ C.A. Riedesel FA Ko ___ S.H. Ne.
- Section washinqton-Statc University Hichway Test Track, Pullman, Wash.
- Name of Pit . {ocatijon Quarry, 1 mile east of Pullman
. Available — oocing sand (SgRL UEE%)
E Sampled Received 4-30-64 Quantity Represented
: To be usged at Pavement for all sections of experimental  washsd
P-2430 P-2431 P-2427 SPECIFICATION
SIEVES PERCENT PASSIHKC SIEVES REQU I REMENTS
, PROPORTIOHS OF MATERIALS COMBIKED GRADING |  PERCEHT PASSIKG
i Size AOGe cwerrersessumememene .1 9/8-3/8|3/8-0 | BLS PLANT [Asph. Conc.
T Percentage ... 35 55 10 MIX CL. B
3/4" 5qUAre .evceeen. 100
2 B/8" square .. 100 100 100
: /2" square .o 85 100 95 80-109 §0-100
) 1/4" square J—13 78 28 : 45-75 55-75
U.S. How 10 wocicioennne 4 44 36 30-50 32-48
éﬁ U.8. Hoo UD cvrrcrnne 20 100 21 : 11-24
g U.S. No. 80 .oenennns 16 51 14 6-15
B U.S- No- 200 -------------- ].2 2 6.8 - 2-8 3_7
- Asphalt Cement % by Wt. of dry aggregzte . 5.0 5.5 6.0
Stabilometer "S" valte .o L 19 14 8 25 Min. | 30 Min,
Cohasiomater "C" VAlUE .eroiirmrssesieriesss st ssasssissesssrarsrasssrenses 350 650 250 | 200 Min. [250 Min.
Wte PEr CUi Fly v ssersssssnseisssssmiormonsssemnsnenes | LOL. 68 1 161.93 161, 93
- VOTd8=VolUme 1N HMiX sririiiivenssssivssssamerstsiassessssasssrsnsiosibesabeseser 1.9
. Voids in Mineral Aggregate ..
4 Compactad APPEATENCE .viverrriiirisinisceasinessseremerssssmassesssassasassnes
Asphalt Absorptior % Bulk Sp. Gr. 2. 846
Modified Immersion Compression 0K m
h Recommend _&.5 % of _B5/100  Asphalt Cement (% of total mixture) 4§-7 4.5-7.5
f: REMARKS: Class "E" Mix, if agsresgat.: is from same source, should reguire

about 3.8 to 4.0% asphalet for mid-line sradings,

Sce letter doted 5-27-64

Distribution:

Mat'l Files _ X 2
Gen'l Files B
Dist. Engr. CARL E. MINOG

BPR, Olyirnin
G.A. Ricdesal
George Meluelor, Plamming

Bituminous Sec. ____ ¥ Date 0-2/7-b4 By .. 1. Gooding

Principal Materials Fapineer

) Soils
W.F. 36.15 (RGV’) cont



~Test Sheot #2 D-13

WASH I RGTGH

STATE HIGHWAY COGIi'iSSION
DEPARTMENT OF HIGHWAYS
MATERIALS LARGRATCRY

Qlympia
TEST OF ASPHALT MIXTURE

- Cont. No. __ji§94_____F.A. No. — S,H. Ho.
? Section Test Track '
12-16-64
Submitted by . Date Received Datc Tested
Lab. No. . reesnienrees
Field How cvrerrivieciisens 84 10B 4G 10D 1C SPECIFICATION
Class & Course ... B __B E E . | Spec, REQUIREMENTS
Used at (Sta) (M.P.) 2 3 6 3 5 ASPHALT  COHCRETE
Date Sampled ... 12-9 12-9 12-9 12-9 12-9
. (Field) (Lab) EXTRACTICH ANALYSIS Percent Passing Desigrl
Sieves F =
Percent Passing Sieves Class Class B Class B
I /4" Square ... 100
I Square .oceieeenn. 100 90 - 100
/8" SQUAre ... 160 100 100 109 96 | g7 - g5 100 100
[/2" Square ... 99 29 29 99 86_| 60 - 80 | 90 - 100 95
/4" Square ... 84 83 €3 77 64 | 4o -62 | 55 - 75 58
US NOow 10 woreereessnnnn, 20 - 20 52 47 39 | 25 - 4o | 32 - 48 36
US Now U0 coveeroereeen, 39 32 30 28 19 £ 10 -23 | 11 - 24 21
US NO» 80 weoveoeermenrernn. 16 20 19 19 8 | 6-1u| 6-15 14
US Now 200 wmoereereenne. 9.8 11.1 1L.4 10.5 4.9 9.7 3-7 6.8
Asphalt Cement % ... 2. 6 5.9 5.2 4.9 4.33.5 -7 (4.5 - 7.5 4.3
LABORATORY COMPACTION RESULTS
Stabilometer "S" ... 15 25 38 27 23
Cohesiometer "C" ... 400 610 365 680 340
Weight Per Cu. Ft... 159,30 159,93 160, 55 160, 24 150, 37
Voids-Yolume in Mix.
Compacted Appsarance —— _
Material meets specification reguirements - except where marked
does not meet
Distribution:
Mat'l Files
Gen'] Files
Dist. Engr. CARL E. MINGH
Res, Engr, Principal YMeterials Fagineer

tonst. Engr,

Date . By

H.F. Moo 26.30 (Rev.)
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December 29, 1954
Carl E. Minor
Paul E. Rencel

W3U Highway Test Track Project Y-651

Cores were takén from each of the six sections of the WSU test track

on December 9, 1964, Duplicate cores were left with the WSU engineers.

"Since the track has yet to be used, the core analysis approximates it's "as

constructed" condition. The track was placed and finished on September 22

and 30,

1964,
Test reports that are attached include:
1. Thickness of each lift

2. Density, expressed as percent total air voids compared
to a voidless mass

3. Extraction, asphalt content, and grading
4, Recdmpaction, stabilometer, and cohesiometer

Comment:
Density (See Test Sheet #1) - First and second lifts, Class E
and special A.C. near optimum density. Third lift, Class B
one half (Sec. 2, 3, 4) optimum or greater, other half less
than ideal. Top lift, wearing course, Class B, Sections 1 and
3 optimum density, 2 and 5 acceptable density, 4 and 6 low
density,

Average Weight per Cubic TFoot:
Class B 147.01% Maximum variation 11, 9#
Class E 152.474# Mastivum variation 1.5#%

Special ALC,  143.49% Marzimun variation 6. 6#



P Mr. Carl E. Miuwor

o December 29, 1964

Page Two

Extraction (Sce Test Sheet #2) - The Class B gradation does wot mect

specifications at any point below the 1/2" sieve nor does it
agree with the design grading. Sand silt ratio (#10+:#200) are
in the critical range. The Class E grading is almest identical
to the Class B mix, but its asphalt content is about one per-

cent lower. The special asphalt concrete made of screened

gravel is well graded. It has no grading resemblance to the

= design gfading of May 27, 1964,

Recompaction - The Stabilometer and Cohesiometer values are in the range

expected for materials with similar grading deficiencies, low

- Stabilometer and high Cohesiometer.
=, Field Notes - Field notes include this construction information:
Placing

(a) Clas: E and Special A.C. - Miller box

(b} Class B, both 1lifts, 8' wide Blaw-Knox paver

(c) CTB placed by hand, used forme Section #4.
o Compaction
- ‘ ~ (a) Class E and Special A.C.

3 passes with steel wheel roller

6 passes with pneumatic tired roller

2 passes with steel wheel roller
(b) Class B, both lifts

2 passcs with steel wheel roller

2 passcs with pncumatic tired roller

2 passcs with steel wheel roller

Y
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M. Carl E, Minor
Decomber 29, 1964
Page Three

5 Tack Coat

55-1 was used for tack between base and first Class B lift.

Cores were very difficult to separate at this point.
85/100 was nsed for tack coat between first and second lifts of
Class B mix. Cores separated eaéily at this point.

Core separation diificulty was not related to degree of compaction.

Appearance

The wearing surface was somewhat rough and irregular in appearance.

Some of the surface has been softened by oil leaking from the
7 wheel drive mechanism. Workmanship generally reflected the
G difficulty cof processing or constructing a project of this

i nature by conventional mathods.

PEi: bis

Vot bt

Attach. Test Sheets 1 & 27
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