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ABSTRACT
In recent yvears the Iowa Department of Transportation has shifted
emphasis from the construction of new roads to the maintenance
and preservation of existing highways. A need has developed for
evaluating pavements structurally to select the correct rehabili-
tation strategy and to properly design a pavement overlay 1if nec-
essary. Road Rater non~destructive testing has fulfilled this
need and has been used successfully to evaluate pavement and sub-
grade conditions and to design asphaltic concrete overlays and
portland cement concrete overlays. The Towa Road Rater Design
Method has been simplified so that it may be easily understood
and used by various individuals who are involved in pavement res-

toration and management,

Road Rater evaluation technigues have worked well to date and
have been verified by pavement coring, soils sampling and test~
ing. Void detection testing has also been performed, and results
indicate that the Road Rater can be used to locate pavement voids
and that Road Rater evaluation techhiques are reasonably accu-
rate. The success of Road Rater research and development has
made dynamic deflection test data an important pavement manage-

ment input.
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INTRODUCTION

In recent years the Iowa Department of Transportation has shifted
emphasis from the construction of new roads to the maintenance
and preservation of the existing 10,000 mile Primary Highway Sys-
tem. This shift in emphasis has been due to funding shortages,
completion of the Interstate Highway System, and the overall age
of the existing highway system. A need has developed for evalu-
ating pavements structurally to select the correct rehabilitation

strategy and to properly design a pavement overlay 1f necessary.

The Iowa Department of Transportation purchased a Model 400 Road
Rater from Foundation Mechanics, Inc., A Wyle Company of El
Segundo, California, in November 1975. This dynamic device which
measures amplitude of movement (hereafter called deflection} re-
placed the Benkelman Beam, which was last used in Iowa in 1977
(1). A method for designing asphaltic concrete (a.c.} overlays
for flexible pavements, utilizing Road Rater deflection measure-
ments, was developed in 1979 and became operational in May 1980.
This flexible pavement ~ a.c. overlay design method has worked
well. At this time, 4,560 miles of Iowa's Primary Highway System
are portland cement concrete (p.c.c.). In addition, 3,700 miles
of Iowa's a.c. pavements are coﬁposite (a.c. over p.c.c.} pave-
ments rather than full depth flexible pavements. The flexible
pavement - a.c. overlay design method, therefore, has been most

useful on secondary highwavs.
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A rigid and composite pavement - a.c. overlay design method was
developed in November 1982. Charts were also developed in 1983
to estimate Westergaard's modulus of subgrade reaction (X) (2).
Experience gained since 1983 has verified the wvalidity of the
rigid and composite pavement ~ a.c. overlay design method and
subgrade reaction (K) charts (3). A Road Rater structural analy-
sis is now performed on most rehabilitation and resurfacing

project candidates.

Since the deflection based a.c., overlay design methods were em~-
pirically derived, the purpose of this report is to document re-
search performed to date in Iowa. Development of the design
methods, verification of the models, and application of the re-~
sults are discussed. 1In addition, void detection testing has
been performed in Iowa, and the results are also reviewed in this

report.

EQUIPMENT

The Iowa DOT purchased a Model 400 Road Rater mounted in a Ford
E250 van in 1975 from Foundation Mechanics, Inc., A. Wyle Company
of El Segundo, California. The Road Rater is a dynamic de-
flection measuring device used to determine the structural ade-

gquacy of pavements. A large mass is hydraulically lowered to the

pavement and oscillated through a servo value to produce a load-
ing force (4). This force varies from 800 to 2,000 pounds on

flexible pavements, and from 400 to 2,400 pounds on rigid and

composite pavements. The resulting deflection is measured by
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four velocity sensors. One sensor is positioned directly under
the ram, and the other three sensors are positioned at one foot,
two feet and three feet respectively, from the ram (Figures 1, 2

and 3).
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Figure 1
Road Rater Deflection Dish
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Figure 2
Model 400 Road Rater

Figure 3
Mass and Sensors
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The force applied to the pavement is also monitored by a velocity
sensor {Figure 4). This velocity sensor is mounted on top of the
hydraulic two-way ram and measures amplitude or peak-~to-peak mass
displacement. Force imparted to the pavement is expressed by the
following equation:

F = 32.70£2D

Where F is the peak-to-peak force in pounds, f is the frequency
of the loading in Hertz, and D is the peak-to-peak displacement
of the mass in inches. A force setting of 25 Hz and 0.058 inch
mass displacement is used on flexible pavements and results in

1,185 pounds of peak-to-peak force.

F = 32.70(25)2 (0.058) = 1,185 pounds

The force setting of 25 Hz and 0.058 inch mass displacement was
recommended by the manufacturer for flexible pavements since that
force setting correlated best to the Benkelman Beam {(correlation
coefficient =0.89}). A similar study in Iowa yielded a corre-
lation coefficient of 0.83 between the Road Rater and Benkelman

Beam.

The manufacturer recommended a force setting of 30 Hz and 0.068
inch mass displacement on rigid and composite pavements which

produces a peak~to-peak force of 2,000 pounds.

F = 32.70(30)2 (0.068) = 2,000 pounds
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Thig is the maximum functional force output of the Model 400 Road
Rater. Hydraulic and electrical power are provided by an auxil~

iary motor mounted in the rear of the van (Figure 5}.

The control console mounted in the van has four display meters to
indicate deflections from the four velocity sensors placed on the
pavement (Figure 6). Display Meter Number 4 is also used to cal-
ibrate mass displacement when the power switch is in the "moni~
tor" position (5). A rotary "level" control is used to adjust
the mass displacement to the desired output. Other switches are
used to raise, lower and vibrate the mass. A six-position
"range" switch has settings of 1, 2, 3, 5, 10 and 20, which are
multipliers of the display meter readings. If Display Meter Num-
ber 1 reads 52 (0.52 of full scale) at range setting 3, the pave-
ment deflection would be 1.56 mils (0.52 x 3 = 1.56 mils). The
five-position "frequency" control has settings for 10, 20, 25, 30
and 40 Hertz. This feature allows the load frequency to be
changed for different types of pavements. The frequency control
ig used in conijunction with the monitor position of the power
switch and level control to change the peak—to-peak force from
1,185 pounds on flexible pavements to 2,000 pounds on rigid and
composite pavements. The Road Rater was originally purchased be-

cause of the load-~varying versatility.

A Model R-380 RVF Raytek infrared gun is used to measure pavement

temperatures. This instrument enables pavement temperatures to

be taken guickly for pavement inventory purposes {(Figures 7 and
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8). Calibration of the infrared gun is performed by moving an
adjustment knob while aiming at a metal block of known temper-
ature. The metal calibration block is painted flat black and has

a circular temperature dial mounted directly to it (Figure 9).

The original 1975 Ford E250 van had 100,000 miles when it was re-
placed in the winter of 1984 and 1985 with a 1985 Ford E350 van,
Conversion work of the new van was performed in the Iowa DOT Ma-
terials Laboratory. The automatic transmission of the original
van was rebuilt once, the brakes were rebuilt several times, and
the engine had a value job and new timing chain, but overall the
van performed extremely well considering the abusive stop-go use.
The Road Rater mechanism itself has also been very rugged and
trouble~free. Most problems have been minor such as broken sen-
sor wires at plug connections and frequent oil filter replace-

ments for the hydraulic system.

The Iowa DOT paid $25,000 for its Model 400 Road Rater mounted in
a van in 1975. Another Model 400 Road Rater was purchased in
1986 due to increased demand for deflection testing and cost
$40,000 mounted in an Iowa DOT wan. Two Road Rater crews operate
simultaneously in the springtime annually. Safety vehicles with
signs (or a flashing arrow board) are used to control traffic and

protect the test vehicle (Figure 10).



Figure 4
Velocity Sensor on Top of Ram

Figure 5
Auxiliary Motor
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Figcure 6
Control Console and Display Meters

Figure 7
Pavement Temperature Measurement
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Figure 8

Figure 9
Infrared Temperature Gun Calibration
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Figure 10
Road Rater Safety Vehicles

The Road Rater test procedure (Test Method No. Iowa 1009-B)} is
included in Appendix A of this report. Annual testing is per-
formed in the outside wheeltrack during the months of April and
May when the roadways exhibit the greatest instability. Test
data is recorded on coding sheets for processing by an IBM 3081
mainframe computer. All base relationships which convert pave-
ment deflections and deflection basin shapes to Structural
Ratings and Soil Support K Values, respectively, have been pro-

grammed into the computer.

Joints and mid-panel locations are tested on rigid and'composite

pavements. The ram is placed about one foot from the joint, and
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all sensors are positioned on the same pavement panel behind the
joint. The condition of joints is evaluated by comparing the
Structural Ratings and Soil Support K Values at joints with mid-
panel values. In general, the mid-panel 80th Percentile Struc-
tural Rating is an adeguate basis for design of asphaltic

concrete overlays.

Thirty tests per control section are generally considered the
minimum necessary to yield statistically valid information. For
logistical reasons, only 10 joints are tested for each control
section over 2 miles in length. Also due to logistical reasons,
only 15 mid-panel locations and 6 joints are tested for control

sections 2 miles or less in length.

Test data collected in this manner is used for inventory purposes
in the pavement management system. It is also used to determine
the nominal thickness of a.c. and p.c.c. overlay designs on indi-
vidual projects. Detailed project design requires deflection
readings every 100 to 200 feet and has never been done in Iowa

due to the time recguired for the extensive evaluation.

Calibration procedures for the Model 400 Road Rater involve use
of the monitor position of the power switch, the vibrate position
of the function switch, the frequency control, and the level con-
trol to adjust the mass displacement to the desired setting. A
daily repeatability check is also performed. Once a month, the

monitor circuit (including the sensor and read-out equipment) and
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each of the ground deflection sensors and their read-out circuits
are calibrated according to the manufacturer's recommended proce~

dures.

Although an incorrect circuit board produced some bad test data
in 1986, the Model 400 Road Rater test results are repeatable and
machine calibration has not been a problem. The Road Rater is
very forgiving from an operational standpoint to obtain good test

data.

DEVELOPMENT OF FLEXIBLE PAVEMENT
ASPHALTIC CONCRETE OVERLAY DESIGN PROCEDURE

Development of the flexible pavement asphaltic concrete overlay
design procedure is briefly described in Appendix B of this re-
port. This paper was written in May 1980 and describes design
procedures current at that time. It was agreed upon early in the
research and development phase that the goal would be to tie Road
Rater deflection data into existing Iowa DOT pavement design
methods. These Iowa DOT flexible pavement design methods were

patterned closely after AASHTO design procedures (6).

The base relationship for the flexible pavement a.c. overlay de-
sign procedure is shown in Figure 11. This relationship was de-
veloped by Bernhard H. Ortgies who held the position of Materials
Bituminous Field Engineer at that time. Mr. Ortgies estimated

the existing AASHTO Structural Number (SN) for a number of flexi-
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ble pavements ranging from inverted penetration surfaces on minor
primary routes through full-depth a.c. Interstate highways.

These estimated Structural Numbers were called Structural Ratings
{SR's) to distinguish them from direct usage of AASHTO Flexible
Design Guide Values. Mr. Ortgies used his best judgment to as-
sign SR values that would either relate to or be identical to
AASHTO SN's developed by Iowa DOT design procedures. The present
condition of the pavement was considered when assigning SR val-
ues, and AASHTO values were depreciated as deemed appropriate to
account for pavement deterioration, pavement performance, materi-

als and traffic.

Fstimated Structural Ratings were graphicaliy.r@lated to average
Sensor #1 deflection values in the flexible pavement base re-
lationship. Average Sensor #1 deflection values were temperature
corrected to 80°F using the principles developed by H. F.
Southgate and R. C. Deen (1l). A nomograph shown on page 54 was
developed by Douglas M. Heins, Iowa DOT. This nomograph temper-
ature corrects Sensor #1 deflection values to B0°F and converts

them to Structural Ratings.

For design purposes, the 80th Percentile Structural Rating is
used so that most or all weak areas are sufficiently strengthened
by nominal a.c. overlay thickness design after normal surface
preparation and patching procedures. The existing 80th
Percentile Structural Rating is subtracted from the required

Structural Number for the design life and the difference divided
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by an assigned coefficient to determine the nominal overlay

thickness needed.

Agssumed soil support values were used until 1983 when the flexi-
ble pavement - a.c. overlay design procedure was refined by in-
corporating soil support values determined from the Road Rater
deflection basin. Development of soil support charts based on
Road Rater deflection basins is discussed elsewhere in this re-
port. Soll support values are expressed as Westergaard's modulus
of subgrade reaction (K) on Road Rater computer printouts as

shown on page 47.

The Surface Curvature Index (5CI) is the difference in mils be-
tween Sensor #1 and Sensor #2. The SCI divided by average Sensor
#1 deflection (SCI/SENS 1) proﬁides a ratio which was incorpo~-
rated into the computer program in 1978 for future study because
of research performed by M. C. Wang and T. D, Larson of
Pennsylvania State University and A. C. Bhajandas and G.
Cumberledge of Pennsylvania Department of Transportation (8).
Although use and application of the SCI/SENS 1 Ratio was not
thoroughly understood in 1978, it was used later in 1983 to de-~

velop subgrade reaction K charts.

The flexible pavement a.c. overlay design example in Appendix B
illustrates that calculations are few and simple to perform when
a Road Rater computer printout and Primary Pavement Determination

traffic appendix are provided. This flexible pavement ~ a.c.
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overlay design procedure based on Road Rater deflection data has
worked very well in Iowa. This may be explained by the close
proximity of Iowa to the AASHO Road Test conducted at Ottawa,
Illinois, in the late 1950's. Many pavements designed in Iowa
since that study have now reached terminal serviceability, and
the performance curves and concepts of the AASHO Road Test have

been verified as reasonably correct.

DEVELOPMENT OF RIGID AND COMPOSITE
PAVEMENT-ASPHALTIC CONCRETE OVERLAY DESIGN
PROCEDURE

.Since about 83 percent of Iowa's Primary Highway System consists
of either rigid or composite pavements, there was a great need to
develop a rigid and composite pavement asphaltic concrete overlay
design procedure. This was attempted prior to 1981 at the 25
Hertz and 58 percent mass displacement settings, but no pattern
was found for the difference in deflection on sound concrete and
the deflection on broken or unsound concrete. It was felt,
therefore, that the Model 400 Road Rater had insufficient force
to evaluate rigid and composite pavements. This thinking was
prevalent until a FHWA short course entitled "Pavement Management
Principles and Practices" by ARE, Inc. of Austin, Texas was con-
ducted in Ames, Iowa from November 30 to December 2, 1981. The
instructors were W. Ronald Hudson and John P. Zaniewski. Dr.
Zaniewski indicated that the Dynaflect had been favorably com-
pared with the U.S. Army Corps of Engineers' Waterways Experiment

Station (WES) Vibrator in a study conducted by H. J. Treybig (9).
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This paper revised our thinking that light load Nondestructive

Testing {(NDT) eguipment could simulate heavy lcad NDT equipment.

Mr. J. W. Johnson, President of Foundation Mechanics Inc., was

consulted to determine the best setting to use to evaluate rigid
and composite pavements. Mr. Johnson recommended a setting of 30
Hertz and 68 percent mass displacement which produces a peak-to-
peak force of 2,000 pounds. This is the maximum force output of

the Model 400 Road Rater.

A work plan was developed in January 1982 to evaluate Road Raterx
application to rigid pavements and is shown in Appendix C of this
report. The basic strategy was to search for correlations be-
tween Road Rater deflection readings and various rigid pavement
performance variables. The Road Rater was correlated to the FHWA
"Thumper” in April 1982 as itemized under Steps & and 7 of the
work plan. Unfortunately, the 30 Hertz frequency was the only
Road Rater frequency which would not function properly. Since
the 30 Hertz frequency was inoperative, the 25 Hertz and 58 per-
cent mass displacement setting was used to correlate the Road

Rater to the FHWA "“Thumper".

Road Rater deflections at the 1,185 pound peak-to-peak force cor-
related very well to 9,000 pound FHWA "Thumper"” deflections (Fig-
ure 12). Data to perform this correlation was obtained from 39
different pavement sections ranging from 10" of p.c.c. pavement

or 25" of a.c. pavement to a newly graveled unpaved road (10).
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The FHEWA Thumper tested most of the 39 pavement sections at the
3,000, 6,000 and 9,000 pound force settings. A linear relation-
ship existed among deflections at these force settings. That is,
the 6,000 pound deflection was twice the 3,000 pound deflection,
and the 9,000 pound deflection was three times the 3,000 pound
deflection. This information provided the confidence that the
Model 400 Road Rater had sufficient force to evaluate rigid and

composite pavements.

An expert panel was proposed in Steps 3 and 4 of the work plan to
estimate depreciated SN coefficients and nominal a.c. overlay
thicknesses required on 23 test sections (each 1/2 mile in
length), but the panel could not be assembled in 1982. Steps 1
and 2 of the work plan to determine structural composition and
crack and patch survey of 23 test sections was accomplished, how—
ever, as was Step 5, Road Rater deflection testing at the 30
Hertz frequency when it was repaired in September 1982. An unu-
sually wet summer and fall in 1982 permitted valid Road Rater

test information to be obtained in October and November 1982.

The crack and patch survey in Step 2 of the work plan was per-
formed according to Iowa Test Method No 1004-C included in Appen-
dix D of this report. Cracking, C, is the linear feet of
cracking 1/4" wide or sealed per 1,000 square feet of pavement.
Patching, P, is the square feet of surface or full depth patches
per 1,000 square feet of pavement. The crack and patch deduction

on rigid pavements is 0.09 multiplied by the square root of the
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sum of C plus P. This crack and patch deduction is subtracted
from the Longitudinal Profile Value (LPV) to determine the Pres-
ent Serviceability Index (PSI). The LPV is determined by the
Iowa Johannsen Kirk (IJK) Roadmeter which is correlated annually
to the CHLOE Profilometer on 30 one-half mile test sections in
late May or early June, In this manner, Iowa PSI values tie di-
rectly into the performance curves and concepts from the AASHO

Road Test.

The Road Rater rigid pavement analysis procedure was developed in
four weeks in November and December 1982 due to the urgent need
to evaluate Interstate pavements. A spread sheet was used to an-
alyze the test data and is included in Appendix E of this report.
Information was placed on the spread sheet from left to right,
and columns were added in attempts to obtain the best correlation
between Road Rater deflection data and pavement performance vari-
ables. Plots are included on pages 76 through 86 in chronologi-
cal order as they were developed. The coefficient of new
portland cement concrete was assumed to be 0.50 Structural Num-
bers per inch of material. Also, it was assumed that badly
cracked p.c.c. pavements would deflect more than uncracked p.c.c.
pavements. It was known that Sensor #1 deflection and thickness
of p.c.c. pavement should correlate well from the study done by

E. D. Lukanen (11).

The correlation plot on page 82 indicated that Continuously Rein-

forced Concrete (CRC) pavements deflect in a similar manner as
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non~-reinforced concrete pavements, but cracks were less than 1/4"
wide and, therefore, CRC pavements did not follow this depreci-
ated SN model. The correlation plot on page 83 excluded CRC
pavements, but a few badly cracked pavements still would not fol-
low the depreciated SN model based on the amount of cracking, C.
The SCI/SENS 1 ratio compensated for this problem and was incor-

porated on the plot on page 84.

The base relationship to evaluate rigid pavements with the Road
Rater is shown on page 85 of Appendix E and was verified with ad-
ditional test data obtained in 1983. These additional data
points are shown added to the base relationship on page 86, Some
badly cracked pavements deflected less than expected, and this
may be due to unusually good subgrade support, interlocking pave-
ment pieces because of tighter cracks or joints, or collapsed
pavement pieces into voids beneath the pavement. If pavements
behaved in a totally predictable manner based on thickness and
amount of cracking, there would be no need to perform Road Rater
deflection testing. As it is, the Road Rater can be used to
identify a "rubble" condition in the lower portion of a rigid or
composite pavement. The Road Rater tends to read the inches of
sound material from the top of the pavement to the first delami-
nation plane. This was illustrated by pavement cores drilled on
Iowa's 21 Long Term Monitoring (LTM) Sections for a FHWA Study
{(see Appendix F). The Road Rater can also be used to determine
the subgrade support values for each individual pavement in the

critical spring-thaw period annually. The rigid and composite
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pavement-asphaltic concrete overlay design procedure was reported
on December 14, 1982, and used the nomograph on page 57 in a sim-
ilar manner as was used in the flexible pavement = a.c. overlay
design procedure. The mid-panel 80th percentile structural rat-
ing is sufficient in most cases to design an a.c. overlay which
will adequately strengthen the joints. Comments were solicited
on January 4, 1983, on the new deflection-based a.c. overlay de-
sign procedure, and a presentation was given on February 10,
1983. At the presentation, it was suggested that verification
data be collected to develop confidence as was done with the
flexible pavement-a.c. overlay design procedure. A Soil Support
K Value Chart for rigid and composite pavements had also been de-
veloped at this time. The work plan to evaluate rigid and com-

posite pavements was considered completed.

DEVELOPMENT AND VERIFICATION OF SOIL
SUPPORT K VALUE CHARTS FOR RIGID,
COMPOSITE AND FLEXIBLE PAVEMENTS

Soil Support K Value Charts were developed since 1t was recog-
nized that the existing subgrade soil support could affect the
overlay thickness required by several inches when using the
AASHTO Design Chart for Flexible Pavements, pt=2.5, It was also
recognized that subgrade moisture could.affect Road Rater de-
flection readings, but that this effect could be normalized by
annual testing in April and May (only) when the pavements are in
their weakest condition after the frost is out. Subgrades are
generally saturated in April and May and can be identified by

soil type or density through Road Rater deflection testing in
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thig condition. At other times of the year, all subgrades are
firm and deflect in a similar manner when tested with the Road
Rater. It is extremely difficult or impossible to seasonally ad-
just Road Rater deflection data taken at other times of the year
to a springtime condition unless detailed soils information is
available. The only exception is a wet fall following an unusu-
ally wet and cool summer when Road Rater testing conditions may
be very similar to springtime conditions. Since detailed soils
information is not always available and since soil types can vary
somewhat on the same pavement section, all Road Rater testing is
conducted in April and May. This also restricts pavement temper-
atures to a lower range to prevent joint lockup on rigid and com-
posite pavements, and to prevent large temperature corrections to

deflections on flexible pavements.

The base relationship for Soil Support K Values for Rigid and
Composite Pavements From Road Rater Deflection Dishes is shown in
Figure 13. This relationship was developed using a similar ap-
proach as was used by R. W. Kinchen and W. H. Temple in Louisiana
(12) . The Louisiana DOT was one of the few states in early 1983
that had done much research and development work on rigid pave-
ments using lightweight NDT equipment. Dynaflect was used in
Louisiana DOT research, and Spreadability or Percent spread ver-
sus Dvnaflect Sensor #1 Deflection was used to determine the sub-
grade strength (modulus of elasticity, Es). Spreadability
conveyed as percent was the average of five Dynaflect sensor

readings divided by the Sensor #1 deflection reading. The
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Louisiana DOT pavement evaluation chart was a modified version of

a chart developed by N. K. Vaswani (13).

Soil subgrade factors, as used by the Iowa Department of Trans-
portation rigid and flexible pavement design, were developed by
correlating Plate Load Test information to standard Proctor Den-
sity and AASHTO Soil Group Index. These values have provided a
basis for Iowa designs since the adaptation of the AASHO Road

Test Guides during the late 1950's,

These historical subgrade values were applied for the development
of the current Road Rater deflection basin derived "K" charts.
Initial testing for this portion of the program was done on new
roadways which contained known subgrade soils and subbase treat-
ments. Deflection basins were developed for typical soil types
and combinations of various soils and granular subbases. These
first comparisons produced marginal results. It was apparent
that a greater number of soil and subbase factors were needed.
Load testing data for Illinois soils, published by Michael I.
Darter (14), compared AASHTO soil types and their strengths at
various states of saturation. This information was incorporated
with Iowa "standard" subgrade design information. Using these
new "expected" values, Rcocad Rater K values were developed to pro-

vide answers for the various deflection basin problems.

In 1983 extensive pavement and subgrade testing was done for a

selected study group of Iowa pavements (21 LTM Sections). Soil



PAGE 29

core samples were obtained at individual Road Rater test points.

These samples were tested for in-place density, moisture content
and AASHTO classification. Items investigated included moisture
and in-place density effects for various soil types, values for

glacial clay treatments commonly used in Iowa, common values for
sand and gravel or crushed stone "special" treatments and effects
of high saturation levels on silts and granular subbase. Sample

comparisons of values are shown in Tables 1-5 of Appendix G.

The results obtained by this tesgting verified that individual ma-
terials and specific conditions yield reproducible, predictable
Road Rater deflection basins. The necessary load testing to ob-
tain companion "Westergaard" information was not performed; how-
ever, the assigned values provide a reasonable design range and

the relationships for various materials are acceptable,

DEVELOPMENT OF TEMPERATURE CORRECTIONS
FOR RIGID AND COMPOSITE PAVEMENTS

Temperature correction factors for Road Rater deflection data
were more difficult to determine for rigid and composite pave-
ments than for flexible pavements. This was due to discontinui-
ties because of joints, joint lockup during high pavement
temperatures, and slab curling due to temperature differentials
on rigid pavements. Temperature corrections for composite pave-
ments were originally thought to be functions of the a.c. overlay
thickness, materials properties of the a.c. overlay, and the con-
dition of the underlying p.c.c. pavement. A study of the effects

of temperature on Iowa's rigid pavement study sections is shown
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in Figure 15. A full range of temperatures could not be obtained
at one time and, therefore, the seasonal effects and influence of
different subgrade conditions complicated attempts to develop a
general temperature correction factor or equation which could be
applied to all rigid pavements., Most of the rigid pavement tem-
perature study sections in Figure 15 had very flat slopes indi-
cating very little infiluence on the Structural Ratings from
temperature. Some rigid pavements do have a tendency to deflect
more at high pavement temperatures, however, and this is attri-
buted to slab curling at mid-panel which is concave in shape and
results in higher Road Rater deflections. Since no well-defined
trends could be established from Figure 15, no temperature cor-
rection factors are applied to rigid pavements. This is a log-
ical strategy since all Road Rater testing is conducted in April
and May only when the average pavement temperature is about 70°F,
and the range of temperaturés is relatively small. Composite
pavement temperature study sections are shown in Figure 16. The
slopes of most composite pavement lines were similar and resulted

in the following temperature correction eguation:

Temp.Corrected SR = Non~Temp. Corrected SR

+{70°F-Pave.Temp.) (~0.0145 SR/°F)

where the pavement temperature is in degrees Fahrenheit. This
temperature correction equation was developed in December 1983,
and it was incorpeorated into the Road Rater computer program in

1984. Many of the data points in Figure 16 have been collected
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FIGURE 15
ROAD RATER STRUCTURAL RATING
VERSUS
PAVEMENT TEMPERATURE
FOR RIGID PAVEMENTS
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FIGURE 16
ROAD RATER STRUCTURAL RATING
VERSUS
PAVEMENT TEMPERATURE
FOR COMPOSITE PAVEMENTS
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since December 1983, and they have generally supported this

equation.

VERIFICATION OF FLEXIBLE, RIGID
AND COMPOSITE PAVEMENT BASE RELATIONSHIPS

The flexible pavement - a.c. overlay design procedure has yielded
reasonable results as described on page 50. In addition, Table 6
in Appendix G compares Road Rater a.c. overlay design estimates
with District #5 recommendations on Iowa 22 and Iowa 70 in
Johnson and Muscatine Counties. Road Rater a.c. overlay design
estimates were reasonable and compared favorably with District #3

recommendations.

The rigid and composite pavement base relationship is verified by
core samples drilled in October and November 1983 on 21 Long Term
Monitoring Sections. These cores are shown in Appendix F of this
report. Road Rater deflections are affected by subgrade condi-
tion, strength of materials, amount of cracking, delamination
planes, temperature, etc., so Structural Ratings do not always
agree with core condition and thicknesses. They do agree in gen-
eral, however, TFor example, core #127 should have a structural
number of 5.99 ((23" AC x 0.44)+(10" PC x 0.50) = 5.99). The
Road Rater structural rating on Octobexr 17, 1983 was 5.60. Core
#128 should have a structural number of 6.65 ((3 3/4" AC =x
0.44)+{10" PC x 0.50) = 6.65). The Road Rater structural rating
on Octcober 17, 1983 was 6.65. The Road Rater was able to distin~-

guish the difference in a.c. thickness between core #127 and core



PAGE 34

#128. The Reoad Rater could also detect different thicknesses of

sound concrete and rated cores correctly relative to each other.

One of the best cores was #285 which had a structural number of
10.95 ((74" AC x 0.44)+(223" ATB x 0.34) = 10.95). The Road
Rater structural rating on November 3, 1983 was 10.004. One of
the worst cores was #303 which had a structural number of 5.84
((2 3/4™ AC x 0.44)+(9%" x 0.50) = 5.84). The Road Rater struc-
tural rating on November 4, 1983 was 2.55 which accounted for the

condition of D-cracked concrete missing from the core.

Tables 7 thrcough 12 in Appendix G show Road Rater a.c. overlay
designs for rigid and composite pavement study sections. Pave~
ments ranged in condition from very poor to new. Overlay designs
were reasonable although very thick overlays {or reconstruction)

were required on most Interstate pavements,

VERIFICATION OF COEFFICIENT OF
ASPHALTIC CONCRETE

The AASHTO design coefficient for asphaltic concrete for a Type A
or Type B surface course was 0.44 structural numbers per inch of
material. This coefficient for asphaltic concrete of 0.44 was
verified on flexible pavements by a study of Road Rater de-
flections before and after placing asphaltic concrete overlays.
The results of this study are shown in Table 13 of Appendix G.
The average coefficient for asphaltic concrete was 0.52 struc-~
tural numbers per inch of material which compares favorably with

the AASHTC value of 0.44. Extra asphaltic concrete overlay
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thickness in wheeltracks to remove rutting may be responsible for

gstudy coefficients greater than 0.44.

The results of a similar study to verify the coefficient for

asphaltic concrete of 0.44 on rigid pavements are shown in Table
14 of Appendix G. The average coefficient for asphaltic concrete
on rigid pavements was 0.45 structural numbers per inch of mate-

rial which also compares favorably with the AASHTO value of 0.44,.

APPLICATION OF ROAD RATER VALUES FQR
ASPHALTIC CONCRETE OVERLAY DESIGN

The Iowa Road Rater Design Method has been simplified so that it
may be easily understood and used by the widely diverse groups of
individuals who may be involved in pavement restoration and man-
agement. Basic "effective thickness" values were established by
testing various new pavements. Standard AASHTC flexible coeffi-
cients were used to describe these design sections and applied as
a scale for the Road Rater deflection information. Thus, all
test information is displayed in effective new pavement units.
These values may be easily converted for peréent of deterioration

or remaining life calculations.

The designer may determine a regquired thickness by any preferred
design method. It is only required that the Road Rater subgrade
values or their equivalent be applied to the overlay design., The
existing effective thickness is subtracted from the required
thickness or total required structure to arrive at a desired

overlay thickness. This procedure has been cross checked with
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recommended AASHTO Interim Guidelines since the system was first
introduced in Iowa on secondary pavements in 1979. Correlation
has been excellent when the roadway conditions are "normal" or
average. Investigations have been made by other test methods
when Road Rater values have differed significantly from the re-
quired AASHTO values. In all cases to date, the additional test~
ing has verified the information provided by the Road Rater.
These verifications have ranged from cases of hidden deteri-
oration to pavement sections which are significantly different

from that indicated by existing records.

VOID DETECTION TESTING

Experimental void detection testing using the Road Rater was con-
ducted in October 1984 on an I-80 subsealing project in Scott
County. The purpose of this study was: 1) To determine if the
Road Rater could locate voids under a pavement, and 2} to detexr-

mine how well the contractor was filling voids.

Road Rater testing to locate voids must be done at cool temper-
atures when the joints are not locked up. Therefore, this type
of Road Rater testing is normally done in the morning hours = es-
pecially in the summer months. Testing was conducted in the out~
side wheeltrack going against traffic at all joints and at
midpanel cracks in the test section. This regquires lane closure
with cones to protect the testing crew and traveling public. The
purpose of testing against traffic is: 1) To string the sensors

out on the down-stream panel where voids are located so that Road
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Rater K Value Soil Support Charts can be used, and 2) to place

the weight of the Road Rater van on the up-stream panel to reduce
the effects of any pre~loading which may close the voids prior to
testing. The static load of the Road Rater in this configuration

is 1,480 pounds.

The minimum Road Rater soil support K value possible from the
data evaluation program is XK=50. This was estimated to be the
lowest K value possible on saturated clays in springtime friable
conditions. Therefore, a sound 10" p.c.c. pavement over a void
would be expected to have an unusually low Structural Rating and

a soll support value of K=50.

The results of this study are illustrated by Table 15 in Appendix
G. Road Rater testing was conducted on a section of I~80 at the
joints on QOctober 10, 1984, at 9:30 a.m. and a pavement temper-
ature of 60°F before subsealing. The same joints were tested on
October 11, 1984, at 10:35 a.m. and a pavement temperature of
60°F two hours after subsealing. For a sound 10" p.c.c. pave-
ment, the joints before subsealing had unusually low Structural
Ratings and soil support K values, but showed dramatic improve-
ment two hours after subsealing. From this study it was con-
cluded that: 1) The Road Rater can be used to locate veoids
beneath a p.c.c. pavement, and 2) the contractor was doing a good
job of subsealing on this project. Further research using the

Road Rater for void detection testing is being conducted.
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ROAD RATER TESTING OF RETROFITTED
LOAD TRANSFER DOWELS

Retrofitted load transfer dowels were installed in 1986 on the
eastbound lanes of I-80 at milepost 290 in Scott County. This 10
inch thick mesh-dowel pavement has 76' 6" joint spacing and was
built in 1960 on 4 inches of granular subbase. Diamond grinding
and subsealing was performed on both lanes before dowels were in-
stalled. Dowels were inserted in the driving lane and in both
lanes at some locations. Three or four bars were placed in each
wheeltrack in slots at mid-depth (or above) to avoid mesh. Slots
were partially filled with neat epoxy grout (no aggregate} which
was displaced by dowels. Slots were topped off with epoxy and

aggregate.

Table 16 in Appendix G illustrates Road Rater testing results on
pavement sections with and without retrofitted dowels. Testing
was performed on September 15, 1988 at 9:30 a.m. and at a pave=-
ment temperature of 70°F. The Road Rater ram was placed on the
down-traffic side of cracks and joints where voids would be lo-

cated, if any.

Structural rating numbers and soll support K values were substan-
tially higher where dowels had been installed. The difference in
Road Rater deflections is very pronounced at the boundary between

doweled and undoweled pavement sections.
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The Road Rater could distinguish Where retrofitted dowels had
been installed, and dowels appear to benefit the pavement through

two years of service.

CONCLUSIONS

This report summarizes our experience to date with the Road
Rater. Conclusions are as follows:

1. The Road Rater has been an effective tool to evaluate pave-
ment and subgrade conditions for both flexible and rigid
pavements.

2. An asphaltic concrete and portland cement concrete overlay
design procedure based on Road Rater deflection data has been
developed and is working well to date.

3. Void detection testing has been performed with encouraging
results both in the Road Rater's ability to locate voids and
in the verification of our analysis techniques.

4. Successful Road Rater research and development has made dy-
namic deflection data an important pavement management input.
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METHOD OF TEST FOR DETERMINING
PAVEMENT DEFLECTICON USING THE
ROAD RATER
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IOWA DEPARTMENT OF TRANSPORTATION

HIGHWAY DIVISION

Office of Materials

METHOD OF TEST fOR DETERMINING PAVEMENT
DEFLECTION USING THE ROAD RATER

Scope

The Road Rater is an electronically controlled,
hydrauTically powered unit mounted in the back
of a van type vehicle, The uynit inputs a dy-
namic force into the pavement and measures the
novement of the surface using velocity sensors.
This velocity is integrated to show displacement
which is referred to as pavement deflection.
Pavement deflection is a measure of structural
adequacy especially in the critical spring-thaw
periced occurring in April and May annuaily. The
pavement deflection data can be used to predict
the performance of the surface, the probable main--
tenance reguired, and the resurfacing needed to
restore the surfage te requirved structural cap~
ability.

Procedure
A.  Apparatus

1. Road Rater (Figure 1)

2. AMir Pressure Gauge

3. Temperature Equipment (Raytek Infrared
Gun) .

4, Safety Support Vehicles

B. Test Record Form

Griginal data is recorded on & data processi
coding form (see example on page 5). The
following data ts recorded:

1, Sheet number is recorded in the upper
right-hand corner sequentially from
071 to 99 per baltch. Coding sheets
with the same lab, number cannot be sep-
ardted between batches. Therefore,
it may be necessary to stop one batch
at sheet number 97 or 98 and start
another batch at 01. In addition, the
northbound sheet must always precede the
southbound sheet in sheet order, and the
eastbound sheet must always precede the
westbound sheet for each lab. number.
If more than one coding sheet is needed
te record all data in one direction for
a spacific Tab. number, the second codin
sheet must have an identical sheet numbe
as the first coding sheel. Cross out th
heading on the second coding sheet and
print "dontinued”. Alse, on the right-
hand side of the coding sheet (toward
the middle), change the numbers in the
vertical column to 13 through 24, This
changes nhumbers on the first sheet pre-
coded from 01 through 12,

2, County numeric designation in alphabetic
order from (0 to 99 is entered.

ng

9
r

e

al

1.

Highway system igs entered using the fol-
lowing codes:

-~ United States (US) Route

- lowa (State) Route

-~ Interstate Route .
- {ounty Route

- Municipal (City) Route

~ Airport

RO

State or county route designation is
entered. This field may include.letters
as well as numbers to accommodate county
routes (M-27 for example}. -

Beginning and ending milepost on the primary
system or mileage designation on the secondary
system is entered., Mileposts are entersd

in ascending order for norihbound and east~
bound dirgctions, and descending order for
seuthbound and westbound directions.

Direction of the lane being tested is entered
(N, S, E or W).

Pavement type is entered using the following
codess

PC ~ Portland Cement Concrete

AC - Asphaltic Concrete

5C ~ Seal (oat

COMP —~ Composite Pavements, Asphaltic
Concrete Over Portland Cement
Concrete

Seal Coat (SC) is to be used for inverted
penetration roads only. If an asphaltic
concrete or composite pavement has been sea)
coated, it is to be coded as AC or COMP,
raspechively.

Date tested is ente%ed by month, day and
year in a six-digit code as follows:
Februyary 22, 1984-022284,

Time is entered based on a 24-hour clock
when testing begins.

Lab, number %s eatered in sequential order
as projects or control sections are tested.
The first number represents Lhe year tested.
RA4-0001 is the first project tested in 1984
for exampie. A separate lab. number is used
for doints on rigid and composite pavement
sections,

Year built is the year of the most recent
construction project. Do not consider a

seal coat as the most recent construction
project on an asphaltic concrete or composite
pavement. For example, this pavemeny

Seal Coat 1984
3 AC 1969
g" oC 1949
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is coded as a composite pavement built in
1965%.

Observer is éntered as the person operating
the Road Rater and the person recording the
test data.

Weather is entered as can best be described
in five characters., CLEAR or CLOUD can be
used to describe sunny or cloudy days, for
instance.

Frequency in hertz is entered and must be
either 25 or 30.

Beginning and ending pavement temperature
for the direction tested is entered.

Test type is entered and must either be
left blank, coded JT for joint., or coded

51 for suppiementary information. A1} non-
primary, research and special testing (such
as ramp testing or void detection testing)
is coded as S1. The SI or JT codes remove
Road Rater test data from the pavement
management matrix listing.

History is entered by date tested, average
structural rating and average soil support
K vaiue., History data is only recorded on
one coding sheet (one direction) for each
Tab, number.

Location is entered by milepost, range (Road
Rater console selection), Sensor 1 {per cent

of meter), Sensor Z,.5ensor 3, Sensor 4 and
remarks {an identification of a complete

remark shown at the bottom of the coding sheet).

Remarks are entered and ‘include lane designa-
tion on mulitilane roadways, unusual conditions,
ete. The first four positions in the Remarks
Section of the coding sheet must match exactly
to the remark identification at specific
Tocations., SECL and SECH for superelevated
curve low sidé and superelevated curve high side,
respectively, are pre-coded and need not be
explained in the Remarks Section of the coding
sheet. One Tab. number has provisions for
eight different remarks {four remarks in each
direction). This may be expanded by using the
same procedure explained in BT, of this test
method for additional deflection readings
(over 36 per coding sheet). That is, the
extra sheet has the same sheet number, and

the numbers 1 through 4 en the righi~hand

side of the coding sheet are changed to

5 through 8.

C. Test Procedures

IR

Determination of testing Trequency

a.
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Fage 2

The minimum number of individual tests
for inventory purposes shall be obtained
according to the following schedule:

Test Section AC and SC P{ and COMP
Length Pavements Pavements
(Miles) {Tests) (Tests)

Mid-Panel dJoints Mid-Panel  Joints

2.0 or less 1% G 15 6

Over 2.0 30 0 30 10

1. Individual tests should be equally
spaced and offset so the tests
in one lane are between the tests
in the adjacent Tane.

2. The test interval shall not exceed
1.0 mile (0.50 miles between tests
in adjacent lanes),

b. Testing frequency shalil be as noted or

as directed by the engineer for special
test sections, research projects, or
veids detection testing.

2. Preparation prior to testing

a.

Turn on fan switch which ventilates the
engine compartment. Alsc, open any
engine compartment vent doors (if any),

Check engine oil level,

Start the engine and allow to run for
a five minute warm-up period,

Check air pressure in the two upper
air springs with a good tire air pres-
sure gauge, Add air if required to -
bring the spring pressure to 5045 psi.

Check air pressure in the six center
air springs. This check must he made
with the small valve that separates the
two sets of air springs in the open
position (clockwise te open), Add air
as may be required to bring this pres-
sure to 4045 psi. Close the small valve
{counter—clockwise) until finger-tight.

install the channel that holds the

sensors in the recess at the base of

the foot. Lock the channel in place

with set screws. Install Sensor Neo. 1,
Sensor lfo. 2, 3ensor No. 3 and Sensor No, 4
into the channel and secure electrical
connections to designated recepticies.

On the consoie (Figure 2) within the
vehiclie place the power switch to
"monitor'. Hold the function switch to
“alevate". Hold the movement switch in
the "raise" position until the elevator
cylinders are "full up' against the stops.
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h, With the unit in the "fuill up" condition e, Place the vehicle in the "park position".
1#fL the upper lock rings on the elevator
cylinders and remove the two sets of: f. lLower the unit sufficiently to elevate
mechanical locking tubes. the van, maintain the switch positions
for about 5 seconds uatil no motion is

17 With the power switch te "monitor' and evident.
the function switch held to "elevate',

hold the movement switch to "Jower™ until g. With the power switch in “menitor"
the unit has been lowered sufficiently to and the function switch in “vibrate"
elevete the van. Maintain these switch verify a 58 per cent or 68 per cent
pesitions until no motion is evident reading on Meter No. 1 for 25 Hertz
{ailow about 5 seconds). and 30 Hertz, respectively.

3. With the function switch held to "elevate™ h, Change the power switch to "on" and
and the movement switch held to "lower", select & range that will yield & resding
resd the system hydraulic pressure on the between 50 and 100 on Meter No. 1,

gauge. The pressure should be 600+25 psi.
i. Record the milepost location, range.

k. Set the freguency control according to the and readings for Sensor #1, Sesnor #2,
following schedule: Sensor #3 and Sensor F4. HNote any
changes in surface type.
Pavement Type Frequency Setting
{Hertz) j. Raise the unit and proceed to the next
Interstate Pavements 30 test location.
Other Rigid {P{) & Composite Pavements 30
Other Flexible (AC & SC) Pavements 25 k. Take an ending pavement temperature
reading after completing one direction
1. Place the function switch te vibrate and of testing as described in steps b
set Meter No, Y to read 68 for the and ¢.
30 Hertz freguency setling or 58 for the
25 Hertz frequency setting by adjusting 4, After testing operation

with the "levei" control.
a. UWhen traveling between testing locations

m. Change the power switch to "on" and cbserve assure that the elevator cylinders
the reading on Meter No. 1. remain in the up position. If traveling
more than 2 mijes without testing, en-
n. Repeat steps g, i, 1 and m to check the gage the mechanical Tocking tubes and
repeatability ' of the seifing each morning Mower” the unit to secure them.

prior to testing operation.
b. Upon completion of testing, remove

a. Raise the unit to the "Ffuil up® position. the chanpel holding the sensors.

p. Stop the engine and check the level of 0. Precautions
hydraulic oil in the reservoir. Use ¢lean
"Aeroshell Fluid 4" to bring the level to 1. Do not move the vehicle with the unit in
between 1 and 2 inches from the top of the the down position. A red light on the
resarveir, console indicates that the festing unit is

too low to travel.
3. Testing Operation

2, Before moving onto the traveled portion of

a. Record computer coding sheet heading the roadway, insure that all {raveling
information as described in Section B (Test safety is as required by the Traffic Engi-
Record Form) of this test method. neering layout. Be sure that the required

signs are in positfon and that ail warning

b. Calibrate the Raytek Infrared Temperatdre Tights are functioning,

Gun. Usethe "indoor" setting and adjust

the calibration knob fo read exactly the 3. Read the Road Rater "Owners Manual Opera-
temperature shown on the thermometer inset tions and Maintenance Guide" before oper-
in the flat~black calibration standard. ating the wnit.

c. Change the Raytek Gun setting to "outdoor", 4. Coding sheet entries musi be neat and legible.
take a beginning pavement temperature, and Make sure 6's and 0's or 4's and 9's do not
record this reading on the computer coding Tock alike.
sheet.

d. With the engine running, position the
Road Rater foot over the outside wheel
track at the predetermined lengitudinal
lecation. Test the driving lane {(only)
on 4-Tane divided highways unless directed
to do otherwise by the engineer. Test
inside of 2 pavement widening crack if it
occurs in the outside wheeltrack,
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Figure 1
The Road Rater

Y

e

Figure 2 Figure 3
Road Rater Control Console Raytek Infrared

Temperature Gun
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APPENDIX B

ASPHALTIC CONCRETE OVERLAY DESIGN
OF FLEXIBLE BASE PAVEMENTS
BASED ON ROAD RATER
DEFLECTION DATA
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ASPHALTIC CONCRETE OVERLAY DESIGN OF
FLEXIBLE BASE PAVEMENTS BASED
ON ROAD RATER DEFLECTION DATA

By C. J. Potter
5/15/80

Background Information:

The Road Rater was purchased in the Spring of 1976 as a replace~
ment for the old Benkelman Beam. The Benkelman Beam Versus Road
Rater correlation coefficient was 0.83. The basic differences
between the Road Rater and Benkelman Beam are as follows:

1. The Benkelman Beam uses a static 18,000 1lb. load while
the Road Rater uses a dynamic 800 to 2,000 1b. loading.

2. The Road Rater tests much faster and more economically
than the Benkelman Beam.

3. The Road Rater better simulates a moving truck than the
Benkelman Beam.

The Road Rater deflection ram was originally front-mounted but
was rear-mounhted during the winter of 1977-78. Since that time
van handling has greatly improved, and front suspen51on parts
are no longer overstressed.

Committee meetings including B. C. Brown, R. A. Shelqguist,

B. H. Ortgies, R. A. Britson, D. M. Heins and C. J. Potter have
been held periodically since the Spring of 1978 to provide guide-
ance for the Road Rater program. Temperature correction factors
were developed in 1978, but seasonal correction attempts have
been unsuccessful. All Road Rater testing is now performed in
April and May every year when pavements are in their weakest
condition. The Road Rater does not have sufficient ram weight

to effectively evaluate rigid pavements, although it has been used
occasionally to identify severely deteriorated rigid pavements
beheath asphaltic concrete resurfacing.

In the Winter of 1978, Al Torkildson of Data Processing was
extremely cooperative in developing a computer program to perform
statistical analysis on Road Rater deflection data. We now have
Road Rater computer printouts similar to Pavement Friction computer
printouts, which have eliminated many man-hours of manual data
reduction time.

In the Spring of 1979, the Road Rater was used to rank forty-four (44)
airports having flexible base runways for the Aeronautics  Division.
The Aeronautics Division plans to use this information to help set
priorities for State participation in airport projects and to check
consultants' asphaltic concrete overlay designs.
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In the Fall of 197%, the Road Rater was used to rank 124 miles
of asphaltic concrete pavement for Lloyvd Herbst, Sioux County
Engineer. Road Rater results correlated fairly well to field
conditions. The Road Rater identified the only full-depth A.C.
section (4" SABB, 6" ATB, 2" Type B} as number one of nineteen
sections. Other sections (4" SASB, 6" Bit. Tr. Agg. Base, 2 1/2"
Type B) which had not been resurfaced were ranked 19, 18, 17,
16, 15, 13, 12 and 10 respectively. Nominal asphaltic concrete
overlay thicknesses based on Road Rater information were de-
termined for five (5) Sioux County sections totaling thirty-
eight (38) miles. Two inches of resurfacing has been used in

the past in Sioux County with good success. Road Rater designs e

were 2 3/4", 1 3/4", 2 1/2", 1 1/2" and 1" respectively.

Other 1979 Road Rater A.C. Overlay designs included Monona County
FR-175-1(20) on Iowa 175 from the Missouri River to I-29 and from
4th Street in Onawa easterly to county road L-12; and Keokuk County
FR-78-1(16) on Iowa 78 from Iowa 149 east to Jowa 1. Road Rater
designs were 3" and 4" from Iowa 175 and Iowa 78 respectively, while
Project Concept Statements called for 3" on both projects. 3" is
adequate on Iowa 78 based on average Road Rater deflection, and

the Road Rater printout was used to identify weak areas for possible
subdrains or strengthening courses.

In Grundy County, the Road Rater was used in 1979 on S75 from
Whitten north to Iowa 175 and on T55 from Iowa 175 north to Dike.
Road Rater designs were a sealcoat on 875 and 2" on T55.

In 1980, Road Rater information was used for Tama County on Iowa 8
from Traer to Iowa 21. The Road Rater design was 3 1/4" while the
proposed overlay thickness was 3".

An asphaltic concrete overlay design method for flexible base pavments
is now fully operational and submitted herein to the Soils Design Sec-
tion of the Office of Road Design for use and further development. So
far, A.C. Overlay designs based on Road Rater deflections seem reason-
able and support designs based on field review and engineering judgment.
Road Rater information must be used in conjunction with a field review,
however, to identify the type and amount of surface distress. In some
instances, a thicker A.C. Overlay may be necessary to control reflec-
tive cracking than determined by Road Rater structural rating alone.

The 1980 Road Rater program includes an inventory of all primary
flexible base pavements which have not previously been tested.

We hope to complete thig inventory in 1981 as well as update older
Road Rater information.

Definition of Terms:

The Road Rater measures pavement deflection in mils under an 800

to 2000 1b. dynamic force at 25 cycles per second., Sensor 1 is
located directly under the ram! Sensor 2 is located one foot away
from the ram; Sensor 3 is located two feet away from the ram;

and Sensor 4 is located three feet away from the ram. We presently
only use and report Sensor 1 and Sensor 2 since most structural
information can be determined from these sensors alone. All Road
Rater testing is performed at OWT and results are recorded on
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coding sheets which are later sent to Data Processing. Road
Rater tests are staggered in adjacent lanes and taken every 1/2
mile with a minimum of 30 tests per test section. More tests (50
minimum) are needed for special evaluation of a given roadway to
isolate weak areas.

The Road Rater Structural Rating (SR) 1s a number which represents
the present pavement level of performance based on Sensor 1
deflection.. The SR can be thought of as the existing in situ
Structural Number (SN} determined from AASHTO coefficients. For
design purposes, the 80th percentlle Sensor 1 deflection is
corrected for temperature to 80° F and used to determine the SR.

The Surface Curvature Index (SCI) is the difference in mils
between Sensor 1 and Sensor 2 deflection. Smaller S8CI's indicate

foundation or drainage problems while higher SCI's indicate sur-
face weakness.

The SCI divided by average Sensor 1 deflection (SCI/SENS 1) provides
a ratio which is an indication of pavement strength. Smaller SCI/
SENS 1 ratios indicate stronger pavements.

Beginning and ending mileposts on Road Rater computer printouts
will correspond with those in Test Sections By Mileposts,
Highway Division, Office of Materials, March 1979. This book is
updated every two years.

Pavement temperatures are noted in the Remarks column of Road
Rater Computer printouts in ©OF.

A.C. Overlay Design Procedures:

The asphaltic concrete overlay design method we are currently using
enters Road Rater information directly into flexible pavement design
procedures in the Guide For Primary And Interstate Pavement Design,
Office of Road Design, Soills Section, October, 1976. Pavement deter~
mination traffic appendices from Advance Planning are used with
nomographs in the AASHTO Interim Guide for Design of Pavement
Structures 1972 to determine the Structural Number (SN) required
based on a 15 vear asphaltic concrete overlay design life.

The present 80th Percentile Structural Rating (SR) determined by

the Road Rater is subtracted from the required SN and the difference
divided by the coefficient of Type "B" asphaltic concrete (0.44)

to design the nominal A.C. Overlay thickness. The 80th percentile
deflection is used to assign SR values so that most or all weak
areas are removed by nominal thickness design and normal surface
preparation and patching procedures.
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Example:

A.C. Overlay Design for Iowa 229 from Garwin to U.S. 63

6" Rolled Stone Base 1957
3" A.C. 1957
Seal Coat 1974
6" X 0.10. = (.60
3" X 0.35 = 1.05
1" X 0.20 = 0.20

1.85 Calculated Existing SN

1980 Road Rater 80% SENS 1 Deflection = 4.09

Must Correct For Temperature Using Nomograph on Page 20,

Road Rater, -Dynamic Deflections for Determining Structural
Rating of Flexible Pavements, Highway Division, February 1979,
Towa Highway Research Board Final Report HR~178.

Enter Surface Temperature on Left (40° F)

Enter 80% Road Rater SENS 1 Deflection on Right (4.09% Mils)

Read 80% SR = 1.77
For SN = 3, 8 + 11 = 19 (18K Single Axle Loads Per Day,
20 years)
19 x 15 = 14.25 (18K Single Axle Loads Per Day, 15 Years)
P+ = 3?5, s = 2.5, R = 2.0

Enter AASHTO Nomograph
Read Regquired SN = 3.22

80% SR = 1.77
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TABLE T
Minimum
Thickness
Component Coefficient Permitted
New 0ld
Road Road
Surface Course
Type A Asphalt Cement Concrete 0.44% 35 3 (300 tpd)
Type B Asphalt Cement Concrete 0.44*% .35 2 (<300 tpd)
Type B Asphalt Cement Concrete Class 2 0.40 .30
Inverted Penetration 0.20 .20
Base Course
Type A Binder Placed as Base 0.40 .30
Type B Asphalt Cement Concrete Pase
Class I 0.38 .30 2
Type B Asphalt Cement Concrete Base
Class IX 0.30 .25 2
Asphalt Treated Base Class I 0.34% 25 4
Bituminous Treated Aggregate Base 0.23 .20 6
Asphalt Treated Base Class II 0.26 .20 4
Cold-Laid Bituminous Concrete Base 0.23 .15 6
Cement Treated Granular (Aggregate) Base 0.20% .15 6
Soil-Cement Base 0.15 .10 6
Crushed (Graded) Stone Base *%*¥% 0.14% .10 6
Macadam Stone Base 0.12 .10 6
Portland Cement Concrete Base (New) 0.50 L40
01ld Portland Cement Concrete 0,40%% °~
Subbase Course
Soil-Cement Subbase 0.10 L10 6
Solil-Lime Subbase 0.10 10 6
Granular Subbase 0.10* .10 4
Soil-Aggregate Subbase 0.05* .05 4

*Indicates coefficients taken from AASHTO Interim Guide for
- the Design of Flexible Pavement Structures.

**Thig value is for reasonably sound existing concrete. Actual
value used may be lower, depending on the amount of deteriora-
tion that has occurred.

**%No current specification
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APPENDIX C

WORK PLAN TO EVALUATE
ROAD RATER EFFECTIVENESS
ON RIGID PAVEMENTS
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C. Potter
WORK PLAN TO EVALUATE

ROAD RATER EFFECTIVENESS
ON RIGID PAVEMENTS

An Asphaltic Concrete Overlay design procedure based
on Road Rater deflection values was developed by D. Heins
and C. Potter in 1978 and 1979 and was presented to the
Office of Road Design as opexational in May 1980. This
A.C. Overlay design procedure is working reasonably well
without fuzther development or refinement as recently
related to me by Kermit Dirks of Soils Design. The present
A.C. Overlay design procedure does have limitations, however,
in that it is restricted to flexible pavements.

The objective of this work plan is to expand the present
A.C. Overlay design procedure to include rigid or composite
pavements. This entails testing a number of rigid pavements
of various thicknesses andlevels of deterioration with the
Road Rater to search for correlations between Road Rater
deflection readings and various rigid pavement compeosition and
performance variables such as thickness, CHLOE slope variance, PSIT,
crack and patch deduction, depreciated SN values, estimated A.C.
Overlay thickness by visual observation, etc.

An A.C. Overlay design procedure for rigid and composite
pavements will be pursued if meaningful relationships between
Road Rater deflection readings and rigid pavement performance
variables can be found.

The Work Plan is as follows:

Heins 1. Determine the structural composition of 23 CHLOE
Test sections from historical information.

Frette 2. C(rack & Patch survey 23 CHLOE test sections.
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Estimate a depreciated SN coefficient for each of 23
CHLOE test sections.

Estimate visually the nominal A.C. Overlay thickness
required on 23 CHLOE test sections.

Test 23 CHLOE test sections with the Road Rdater in
April 1982, Minimum of 30 tests per section
approximately equally spaced. No effort made to
hit or miss cracks, construction joints, patches,
etc. (statistically randomly selected locations).
Test at 68% mass displacement and 30 Hertz freguency.

Test as many CHLOE test sections as possible with
FHWA "Thumper" in April 1982.

Correlate Iowa DOT Road Rater To FHWA "Thumper".

Evaluate Iowa DOT A.C. Overlay design procedure
against FHWA A.C. Overlay design procedure

.and select the best procedure for use in Iowa.

Periodically (every two or three months) test 23
CHLOE test sections with the Road Rater in 1982
and 1983 to check for temperature and seasonal
varitations on rigid pavements. ..

Expand the Road Rater study of rigid pavements

to include D-cracked pavements, CRC pavements,

etc., 1f meaningful relationships exist between
Road Rater deflection readings and performance

variables on 23 CHLOE test sections.

Develop an A.C. Overlay design procedure on rigid
or composite pavements based on Road Rater
deflection readings assuming this is possible
@xﬁifoxnia says Dynaflect cannot evaluate rigid
pavements; Loulsiana & Texas says it can. There
is much disagreement nationwide at present

whether lightweight dynamic delfection measuring
equipment such as Dynaflect and the Model 400 Road
Rater can effectively evaluate rigid paV@mentS.)
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APPENDIX D

METHOD OF DETERMINATION
OF PRESENT SERVICEABILITY INDEX
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Test Method No. Iowa 1004-C
December 1981

TOWA DEPARTMENT CF TRANSPORTATION
HIGHWAY DIVISION

Office of Materials

METHOD OF DETERMINATION OF PRESENT

SERVICEABILITY TINDEX

General Scope

The Present Serviceability Index (PSI) was
developed by the AASHO Road Test as an oh-
jective means of evaluating the ability of
a pavement to serve traffic. The Present
Serviceability Index is primarily a func-
tion of longitudinal profile with some
influence from cracking, patching and rut
depth.

The AASHO rating scale ranges from 0 to 5
with adjective designations of:

Very Poor o -1
Poor I -2
Fair 2 -3
Good 3 - 4
Very Good 4 - 5

The Bureau of Public Roads has a similar
scale with the following designations which
are more realisgtic in the evaluation of new
pavements:

PSI Rating
Above 4.5 Outstanding
4.5 - 4.1 Excellent
4.1 - 3.7 Good
3,7 - 3.3 Fair
Below 3.3 PooOT

The test is conducted in two parts: (1)
Determination of the Longitudinal Profile
Value (LPV}, (2) Determination of Deduction

for Cracking, Patching and sgut Depth.

Part I. Determination of the Longitudinal
Profile Value

Scope:

The Iowa DOT uses three methods for deter-
mination of the longitudinal profile value:

1. CHLOE Profilometer
2. BPR Type Road Roughometer
3. IJK Type -Road Meter

Test Procedure:

1. The determination of longitudinal
profile walue by the CHLOE Profil-
ometer is described in Test Method
No. Iowa 1003-A.

2. The determination of road roughness
by the BPR Type Roughometer is des-
cribed in Test Method No. Iowa 1001-A.

The inches per mile as described
therein is then used in conjunction
with the most current correlation

of road roughness (inches/mile) vs,
longitudinal profile value (LPV)
determined by the CHLOE Profilometer
to cbtain a longitudinal profile
value,

3. The determination of the road meter
roughness value, which is the same
as the Longitudinal Profile Value, by
the IJK Type Road Meter, is described
in Test Method No. Towa 1002-B.

Part II. Determination of Deduction for

Cracking, Patching and Rut Depth

Scope:

The purpose of this portion of the test is
to determine the value of the Present
Serviceability Index lost due to physical
deterioration of the roadway.

The evaluation is condiucted according teo
general procedure established by the AASHO
Reoad Test and described in detail in the
"Highway Research Board Special Repocrt 61E."

Test Procedure -- Flexible Pavement:

The equation for Present Serviceability
Indeéx of flexible pavement is:

PSI = LPV - .01 ~/CYP - 1.38 RD?
where;
P81 = Present Serviceability Index
LPV = Longitudinal Profile Value

C+P = Measures of cracking and patching
of the pavement

ED = A measure of rutting in the
wheel paths

Cracking, C, is defined as the square feet
per 1000 square feet of pavement surface
exhibiting alligator or fatigue cracking.
This type of cracking is defined as load
related cracking which has preogressed to
the state where c¢racks have connected
together to form a grid like pattern re-
sembling chicken wire or the skin of an
alligator. This type of distress can
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advance to the point where the individual —
pieces become loosened. ' ‘

Figure 2. 3

Longitudinal Cracks

Figure 1.

Alligator cracking

Patching, P, is the repair of the pave-
ment surface by skin (i.e. widening
joint strip seal) or full depth patching.
It is measured in square feet per 1000
square feet of pavement surface.

Rut depth, RD, is defined as the mean
depth of rutting, in inches, in the
wheel paths under a 4~ft straightedge.

Cracking, I, is defined as the number
of longitudinal {(parallel to traffic
flow) cracks which excede 100 feet in
length and 1) are open toc a width of
1/4" over half their length or 2) have
been sealed. If these cracks are
observed to occur less than 3 feet
from one ancther, the condition des~
c¢ribed under C should be lcoked for
and if present reported instead of
reporting the distress as longitu-
dinal cracking.

Cracking, T, is defined as the number Figure 3.
of transverse (right angles to traf-
fic direction) cracks that are open Transverse Cracks and Faulting

to a width of 1/4" over half their
iength or have been sealed. Random

or diagonal cracks are ignored. Test Procedure ~-- Rigid Pavement:
Fauvlting, F, is ddfined as the mean The eqguation for Present Serviceability
vertical displacement, in inches, Index of rigid pavement is:

measured with a 4-ft. straightedge.
PSI = LPV - .09 A/C+P

where;
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PSI = Present Serviceability Index
LPV = Longitudinal Profile Value
C+P = Measures of cracking and

patching of the pavement

Cracking, C, is defined as the lineal
feet of cracking per 1000 sguare feet
of pavement surface. Only those
cracks which are open to a width of
1/4" or more over half their length
or which have been sealed are to be
included.

Patching, P, is the repair of the
pavement surface by skin or full
depth patching. It is measured in
square feet pexr 1000 square fest of Figure 4.
pavement surface.

. D~cracking - Initial stages
Rut depth, RD, is defined as the
mean depth of rutting, in inches,
in the wheel paths under a 4-ft.
straightedge.

Faulting, F, is defined as the
mean vertical displacement, in
i inches, measured with a 4-ft.
straightedge.
D-cracking, D, refers to a char-
acteristic pattern than can
develop in portland cement con-
crete. Initially, the cccourrence
of D-cracking may be preceded and
accompanied by staining of the
pavement surface near joints and
cracks. However, not all stained
joints and cracks develop D-cracking.
D-cracked concrete will first exhibit
fine parallel cracks adjacent to the
o transverse and longitudinal joints

at the interior corners. The D-cracks Figure 5.
= will bend around the corner in a con-
' cave or hourglass pattern. As the D-cracking - All joints affected

D-cracking progresses, the entire
length of the transverse, longitudinal

and random cracks will be affected. Procedure

The cracked pieces may become loose

and dislodged under the action of A. Apparatus

traffic. The occurrence of D-

cracking in the check sections will 1. A passenger vehicle with an accu-
be rated on a point scale as des- rate cdometer.

cribed in the Test Procedure section.
- 2. A four foot long rut/fault gauge.

3. Mechanical counters.

riemntiny
.
M

A 50~foot tape.

5. Bsafety equipment -- hard hats,
safety vests, survey signs.
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B. Test Record Forms

1. Crack and Patch Survey worksheet
{A.C. or P.C.C.).

2. Crack and Patch Calculation and
Summary Sheet,

3. Present Serviceability Index
Summary (Form 915).

C. Test Procedure

The control sections are as described
in the "Control Sections by Mileposts"
booklet. For control sections of
0-5.00 miles in length, one representa-
tive 1/2 mile test section will be
evaluated. For 5.01-10.00 miles, two
1/2 nile test sections are used.

Three 1/2 mile sections are used for
any control section greater than

10.0 miles.

After determining a location for the
representative 1/2 mile test section
or sectionsg, the county, highway num-
ber, beginning and ending control
section milepost, pavement width,
beginning and ending milepost of the
1/2 mile test section being surveyed,
date of survey and names of those
doing the survey shall be recorded

on the worksheet.

Flexible

The procedure for evaluation of flexible
pavement is to drive on- the shoulder, if
possible, and estimate the area of each
instance of alligator cracking and patching
recording them individually on the work-
sheet.

The rut depth is measured in the outside
and inside wheeltrack in both lanes at
0.05 mile intervals and r:corded (10 sets
of readings per test section).

While driving the first and last 0.05 mile
portion ¢f the test section the number of
longitudinal and transverse cracks meeting
the previously described criteria will ke
counted and recorded. Transverse cracks
extending across only one lane will be
counted as "half cracks" and recorded as
such.

While driving the first and last 0,05 mile
portions, the occurrence of faulted cracks
will be looked for and the worst instance
in each portion will be measured. These
measurements will be taken one foot in
from the pavement edges at the two cracks
selected and the data recorded.
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Rigid

The procedure for rigid pavement is to drive
on the shoulder, if posgsible, and count all
cracks meeting the previously described cri-
teria. Cracks extending acxross only one

lane are recorded as "half cracks" and sum-
med to full cracks during the data summary
phase. Longitudinal, diagonal and random
cracks are accounted for by estimating how
many times they would extend across the road-
way and recording that number.

The area of each patch is estimated and
recorded individually on the worksheet.

The rut depth is measured in the cutside and
inside wheeltracks of both lanes. One set

of measuréements will ke taken at the beginning
of the 1/2 mile test section and one set at
the end.

Faulting is measured one foot in from each
pavement edge at 0.05 mile intervals and
recorded (10 sets of readings per check
section) .

The D-crack Occurrence Factor (DOF) in the
test section will be evaluated and assigned
a numerical rating based on the following
description,

DOF value
0 = No D-cracking noticeable

1 = D-c¢racking is evident at some joints
especially the interior corners.
Pavement is sound condition and no
maintenance is required due to P-cracks.

2 = D-cracking is evident at most joints
and has progressed across width of
slab. Pavement is in sound condition
and no maintenance is required due to
D-cracking.

3 = D-cracking is evident at virgtually all
joints and random cracks. Minor
raveling and spalling are occurring
and traffic is causing some iocosening
of cracked pavement. Some minor main=-
tenance of spalled areas is reguired.

4 = D-cracking very evident as in 3 above.
Spalliing and removal by traffic has
progressed to point that regular main-
tenance patching is required. Effect
on riding guality of pavement is now
noticeable.

5 = D-cracking has continued to progress at
sites identified in 3 above and requires
regular maintenance patching., Full
depth patches ray be necessary. Ride
quality has deteriorated to point where
reduced driving speed is necessary for
comfort and safety.

[hfreyi
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Figure 6. Examples of D-crack Occurrence Factors
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B.

Iowa 1004-C

Calculations

1.

Flexible Pavement

a.

The area of cracking is totaled
and divided by the area of the
test section in thousands of
square feet to obtain C.

The area of patching is totaled
and divided by the area of the
test section in thousands of
square feet to obtain P.

The rut depth measurements
are totaled and averaged to
chtain RD,

The number of longitudinal
cracks in the two areas sur-
veYed are totaled, averaged,
and reported as L.

The number of transverse cracks

and 1/2 cracks {(divided by 2)
in the two areas surveyed are
totaled, averaged, and reported
as T.

The faulting measurements are
totaled and averaged to obtain
F.

Cracking (C), patching (P}, and
rut depth (RD} as calculated
above and LPV, as determined

in Part I, are used in the fol-
lowing formula to determine

the Present Sexrviceability
Index {(PSI):

PST = LPV - 0.014/C+B - 1.38 ED2

Rigié Pavement

a.

The number of cracks and 1L/2
cracks (divided by 2) are
totaled and multiplied by the
width of the roadway and
divided by the area of the
test section in thousands of
sguare feet to obtain C.

The area of patching is totaled
and divided by the area of the
test section in thousands of
square feet to obtain P.

The rut depth measurements

are totaled and averaged to
obtain RD.

The faulting measurements are
totaled and averaged to obtain
.
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Cracking (C) and patching (P)
as calculated above and LPV
as determined in Part I are
used in the following formula
to determine the Present
Serviceability Index (PSI):

PSI = LPV - .09 A/CHP

Reporting Results

Lab. Number.

Beginning Milepost.

Ending Milepost.

Road Number.

Length.

Surface Type.

Direction and Lane.

RMRV or LPV.

Deduction for cracking and patching.

Present Serviceabhility Index.

1
!
i
¢
i

oy
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APPENDIX E
RIGID PAVEMENT ROAD RATER

RESEARCH SPREAD SHEETS
AND PLOTS

INTRODUCTION

Spread sheets on pages 70 through 75 were used to develop the
best correlation between Road Rater deflection data and pave-
ment performance variables. This was accomplished by adding
columns from left to right as plots on pages 76 through 86
indicated improved correlation. These plots are in chrono-
logical order and resulted in the base relationship to evalu-
ate rigid pavements shown on page 85. Additional test data
obtained in 1983 supported this base relationship and is
shown on page 86,
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(1-(C&P 70,703} {New SN}

G.90
2.27
2,07

2.34

2.43

Cracking (C)
Linaar Feet/1000 Sq. ft.

4 %A

22.35

27.21
8.33
16.29
11.74
4,92
13.26
3,03
15.53
29.54
.41
7.20

5.68

Depreciated SN
(1-{C/45)) (MNew SN)

Average Deflection

2.3

Average Deflectien
at Joints

Y
=g
[*2%

3.54
3.24
2.47
3.18

2.98

3.79
3.80
3.35

3.72°

3.01
2.1

2.94

Z.64

2
Depreciated SH

Depreciated SN
U (i-((SCI/SENS 1)/0.80)) {Mew SN)

{0, 15/SCI/SENS 1))4(1-(C/45)) (New SN}

Depraciated SN
(1-(C/60)) (New SN)

Z

AC Overlay Reguired

Depreciated SN
for 15 year Design Life

(1-((SCI/SENST)/0.80))+(1-(£/60) ) (Hew SN}

"y
.

[
ey

2.16

2.04
2.56
2.32
Z.42
2.61
2.42
2.62
2.3%
1.97
2.63
2.68

2.75

2.83

2.62

3/4“

1 172"

3/4"
3/4"
qu

1 1/4"
3/4"

1 3/
1 3/47
1 3/4"
2 1/4"
11/2"
1

-i/zu

3/4

-}/2“

1/4"

LL 39vd




Test Section
Rumber

o
puit}
m

62K

63E

644
65U
668
B7E
684

594

T0E

T1E

T2u
73
748
T5E

764

CHLOE Slope
Variance

11.84

11.75

4.97

5.88

19.29

22.714

22.75

22.28

9.08

6.94

Crack & Pateh
Deduction

At
[

(4
o

.26

.10
L1
12
.16
.39

.54

.53

X

.08

.06

Present Servicesbility
index

4.50
4,13
4,00

4,34

Structural
Composition

Age

1 1/2"Grav 26

6"PCC

1 1/2"Grav 26

5"pLC

1 1/2"Grav 26

6"PCC
g"PCC
6"PEL
§"PCC
&"PLC

3"Stab
&"PCL

3"Stab
8"PCC

3"Stab
§"PCC

3"Stab
&"PLC

6"PCC
&"PCC
s"pCC
&"pCC

£"GSB
10"PCC

27

Z7

z7

27

18

B0th Percentiie
Deflection

i~
£
w2

M
o
=

2.25
2.55
2.70
z.22
2.2%

2.61

2.6

2.25

2.53

2. 44

1.0%

SC1/SENS 1 Ratic

166

—

41
L1588

143
.128
116
104
165

185

174

L1970
. 169
-174
170

L1589

0.33

0.2¢9
0.28
0.25
0.21
G.34

G.34
0.38
G.37
0.3¢
.15

RIGID PAVEMENT ROAD RATER RESEARCH

80th Percentile
Deflection at Joints

(a3
~
<

Il
[es]
o

2.4

3.00
3.39
3.61
2.52
3.13

3.46

1.17
6,36

7.49

Charles Potter,

SCI/SENS 1 Ratic at Joints

228

493

.374

.320
. 324
.283
.620

Getober 1982

SCI at Joints

o
[
oh

o
(=]
puty

G.48
0.45
¢.564
0.34
0.64

G.72

6.5

110

1.98
1.88
1.88
1.48

Structural Number (SN}
When New

("8
oy
o

L
—t
(2]

3.00
3.00
3.00
3.G0
3.30

3.30

3.30

3.00
3.00
3.00
3.00
5.40

PLE.

Depreciated SN
(1-(C&P/0.70)} (Mew SH)

0.80

1.27

3.08
2.66
3.00

3.00

Cracking (€}
Linear Feet/1000 Sq. Ft.

3.03
7.20

11.36

10,98

Depreciated SN
{(1-(C/45)) (New SN}

[av]
~

.70

2.7

3.08
2.95
3.00
3.00
5.35

Average Deflection

o~y

L3

2.30

2.43
2.1%
2.7
2.0z
2.05

2.33

2.30
0.91

Average Deflection
at Joints

Eaty

.38

Z2.65

2.23

2.52
2,70
2.73
2.19
2.70

pd
Depreciated SN

Jepreciated SN
(1-({5CT/SENS 1}/0.90)) (New SH)

{0, 15/(SCL/SENS 11+(1~{C/45)) (New SN}

2.81

3.00
3.00
3.00
3.00
2.88

2.67

2.8%

2.82
2.81
2.79
2.82
5.22

2.53
2,57
2.61
2.65
2.70

Depreciated SN
(1-(C/60}) (New SN}

2.84
2.92
2.9
2.85
2.90

2.68

3.00
2.96
2.00
3.00
5.36

Bepreciated SN
(1-((SC1/SENSTY/0,90) )+{1~(£/60) ) (New SN}

~
(=13

.69

AC Overlay Required
For 15 Year Design Life

3/4(5
o
—1/412

M

1

o

3/g"

¢l 49vd




Route

I
@
&

I-80

i-8¢

158G

L-80

County

foit.

Pott,

Fotg,

Pott,

Patt.

Patlas

Dalias

©
2
2
13
&
5.
(=]

m
-4

B

3

W3

£

Wi

&6

EB

WB

£
]

8

W

From 11 lepost

b
@
=

18.93

27.90

27.90

13.08

13.65

180.80
100,80

105.16

106,18

= To Mitepost

.52

1i.52

18,93

18.93

27.00

27.80

33.80

33.%0

29.21

28.231

196,16
106.16

1ii.g

111.14

Crack & Patch
Deduction

o
=

0.08

0,14

0.00

0.10

G.05

0.45

9.50

0.10
0.4%

0.49

6.35

Y

Fresent Serviceabilit
Index

Fad
o
@

3.50

3.50
3.05
3.15
3.85
3.80

2.95
3.20

3.00

3.15

RiGID PAVEMENT ROAD RATER RESEARCH

tructural
omposition

5
C

4558
SPCRCP

4*BSR
grcack

2°AF8
gUCRCP

4"ATB
8*CRCP

4°ATB
B CRCP

4'ATR
BYSRCP

A"558
S"CREP

4"G58
S CREP

47658
87CRC?

47G58
SCRED
AC/PC Var.

4658
10" Std, PCCP

4°GSB
8" Bar Mats

44558
8" Bar Mats

Getober 1987

Charles Potter, P.E.

- Age

13

12

13

13

16

16

16

5

15

16

16

i6

ra 80th Percentile
Dzflection

Y
&

2
(=]

1,53

1.48

3.57

1.53

1.83

2.00

1.n

2,13

SCI/SENS 1 Ratic

e
o
S
ta}

=
54
=3

9.102

~0.9023

0.130

0.054

0.128

G.145

0.043

0.075

0.054

9.127

0.101

0.07

0.20

0.24

9.19

0.18

{th Percentile
Deflection at Joints

I
o
&

1.95

1.56

2.97

1.75

275

2.7¢

SCI/SERS 1 Ratio at Joints

ful
b
£
ey

Q.08
-0.011
¢.0
0.118
6.022
G.iZS
0.115
0.081

0.075

0,215
0.222

b.c47

SC1 at Joints

b
)
N

©
3

-0.62

0.0

.14

0.03

Q.22

G.18

0.51

4.50

0.08

Structurs] Number (SN)
When New

by
B
8

o
Y
1

5.36
5.36
5.36
5.36
4.40
4.40
4.40

4.4G

5.69

4.4G

fepreciated SN
(1= ({C&P/0, 70) ) (New SN)

5

1.98

1.57

1.28

3.77

1.93

1.89

2.2G

Cracking {C)
Linear Feat/1000 Sq. Ft.

[=
b

£.38

1.14

1.14

057

4.17

.19

Depreciated SN
{1-(C/45} }{Naw SN)

Fa
Py

'y
<

4.90

4.38

4.49

Average Deflection

b
H

~
w

1.99

1.3

1.31

1.37

1.13

1.47

1.74

Average Oeflection

at Jotnts

o
fecd
£3

1.80

1.42

1.32

1.22

1.98

2.25.

2.36

2.23

1.69

C/45) ¥ {tewSH)

Jeprectated SN

5.40

Oapreciated SN
(1-((SCT/SENST)/0.90) ) (New SH)

Depreciated Sk
(1~(C/B0)) (Naw SH)

Deprecisted SK
Fi

(1-({SCI/SENS1/0. 90))+{1-(C/60Y Y (Now SH)

AC Overlay Required
For 15 Year Design Life

10 12"
g

7 if2n
7 14
7 3/a0
7 172
g 3/4°
9 /2"
4 3/4%
6 1/4"

7
6 174"

g 1/4°

16"

¢l 39vd

54




Route

1-80

1-80

us 39

1A 17

A 17

1A 17

526

52

County

Datias

Datias

Story

Boone

Hami lton

Hamilton

Hami iton

Hamitton

Direction

oy
o

&

€8

£5
®B
HE
58
ng
58
5B

58
EB

Wi
EB

WB

From Milepost

11,14

111.14

118.00

118,06

148.90

148.00

21.63
21.63
39.76
39.76
134.00
134.00
135.58

135.58

141.50

141,50

To #lepost

,ﬂ
=
b
&

118.00

122.40

122,40

186.2%

156.21

32.76
32.76
48,95
48.95
135.39
135.38
140.0%

140.08

145.50

149.50

Crack & Patch
Beduction

P
o
3

G.50

G.3C

6.50

8.18

0.10

0.00
0.00
0.00
0.00
0.00
G.00
0.60

2.60

Q.65

0.10

Present Serviceability
Index

~
N

P23
&

3.15

3.0

3.20

3.05

3.10

4,20
4,20
4.20
4.20
4.1¢
4.16
4.30

4.30

4.15

4.15

RIGIG PAVEMENT ROAD RATER RESEARCH

Structural
Composition

4"GSB
8* Bar Mats

4"G5B
8" Bar Mats

4558
8" Bar Mats

4538
8" Bar Mats

4"GSB
109 PeCe

4¥G358
10" PGP

8" PUCP
8* PCCP
7 1720 peee
7 /2" pCcp
&" PCCP
8 poce

4° C1, ASB
8 1/2 peep

4" C1. AS8
8 1/2= pge

4% C1, AS8
g" pCce

4" C1, ASB
g plcP

Jcteber 1982

Charies Potter, P.E.

Age

16

16

16

1

18

18

~

R R

80th Percenttle
Deflection

1.17

1.59
1.28
1.65
1.73
1.38
1.41
1.08

1.09

1.08

1.13

SCI/SENS 1 Ratic

0.10¢

0.115

0.125

0.169

0.055

€.052

4.157
0.151
0.098
0.113
9.118
0.0%0
0.097

0.0%9

0.096

G.0%%

3C1

0.19

0.22

0.27

0.41

0.06

0.0

0.21
6,17
0,14
0.17
0.14
0.18
¢.09

G.10

0.09

0.08

80th Percentile
Daflaection at Joints

~
o
~

2.09

3.09

2.1z

1.43

4.33
3.03
2.88
3.05
1.84
1.7
2.8

2.3

2.28

1.0

SC1/SENS 4 Ratio at Joints

0.158

0.103

G.177

G.135

G.256

0.207

0.296
0.32¢
0.252
0.262
0.121
0.150
0.280

0.258

0.260

9,239

SCI at Joints

0.37

G.i9

0.47

¢.31

G.26

0.25

.00
0.86
0.57
0.58
Q.17
0.20
2.60

0.5¢

.38

0.38

Structural Mumber (SH)
When New

5.40

4.00
4,00

3.75°

3.75
4.00
4.00
5.61

5.61

5.86

5.86

Depreciated SN
{1-(C8P/0. 703 Y {Now SH)

=2
@
]

1.26

2.51

1.26

4.63

4.63

4.00
4.00
3.75
3.75
4.00
4.00
5.61

5.61

5.44

5.62

Cracking (C}
Linear Feet/1000 Sq. Ft.

§.25

1.20

Depreciated SN
(1-{C/45) } Bew SN}

3
M

[
1

4.8)

4.314

4.40

5.29

§.31

4.00
4.00
3.75
3.75
4.00
4,06
§.6%

5.6%

5.83

5.70

Average Deflection

v
@

1.

1.59

2.12

2.45

1.04

0.98

1.38
i.11
1.46

1.8

1.18
111
0.91

0.97

Average Deflection
at Joints

i\)
)
-

1.86

2.64

2.29

1.22

.22

3.39
2.67
2.27
2.58
1.42
1.36
2,14

1.92

1.45

1.57

Depreciated 3§
(0, 35/{5C1/SENST I+ (3-(C/85) M New SH)

]
fapraciated SN

{1-((SCI/SENS1)/0,90) }New SN)

E
H

3.9
3.89
3.75
3.75
4.00
4.00
5.61

5.61

5.86

6,86

5.07

§.33

3.30
3.33
3.34
3.28
3.48
3.40
5.00

4.89

§.23

5.25

e

Depreciated SN
(G/60)) (Hew SN)

(1=

+
H

5.31

5.33

4.00
4,00
375
3.75
4.00
4,90
5.61

5.6

5.84

5.74

Z

AC Qverlay Requirved

Dapreciated SN
for 15 Year Design Life

{1-{{SCT/SENST /0. 903+ {1~CC/60) ) EHawsH)

5.19

5.33

3.65
3.67
3.55
3.52
3.74
3.80
5.31

5.30

5.54

5.50

10 172t
10 172"
10 374"
1 12"

2 3/4%

o
v
o
av
13/8"
134"
20

z 1747
2 1/a

z 12

¥L 39vd



Route
County

520 HamiTton

US 3¢ Marshall

1A 164 Polx

TA 415 Polx

A 17 Polk

1-80 Pott.
3" PCC Gverlay

Direction

m
w

&

EB

]

£8
Wi
e
sB

HB
58
2

From Milepost

1

=
w

5

14950

172,00

172.00

0.00
0.00
2.50
Z.5¢

0.00
G.ce
35.10

Yo Milepost

152.5¢

152.50

179.60

179.0¢

1.22
f.22
4,50
4.5

1.50
1.580
39.68

Crack & Patch
Beduction

e b
= e
@ &

2
=
=

0.00

0.60
0.60
0,25
0.05

G.2¢
0.20
0.65

Present Serviceability
Index

3.75

2.68
2.55
3.20
3.65

3.20
3.15
4,00

RIGID PAVEMENT ROAD RATER RESEARCH

October 1982

Chariss Potter, P.E.

Strugtural
Composttion

4558
16" PoCe

4638
0% PCEP

4" grad. St. Base
& CRCP

4" grad. St. Base
BUCRCP

10"-g"-10G" 2CLp
1¢=-8%-10° PCCP
10 poge

9® PCCP 1943
3" AC Resurt. 1860

19" pece
0" PCCP

4"358 8"CACP
3* PLC Gverlay 1979

ig

12

35
33
21
39

23
23
16

80th Percentile
Daflaction

- =
. .
3 =2

—
o
«

.76

2.93
1.48
2.3
147

SCI/SENS 1 Ratio

083

bt

0.044

a.081

0.116

G, 156
0.156
G.14¢4
0.14C

G.052
0.05%4
G083

SC1

0.08

0.05

0.14

0.18

G.27
G.20
6.23
0.13

4.07
.07
.11

80th Fercentile
Doflection at Joints

1.72

1.33

1.59

157

SCI/SENS 1 Ratio ab Joints

=
=
&
w

0.093

0.095

0.160

SCI at Joints

<
hy

M
k2]

0.11

0.14

G.25

Structural Number (SN}
When faw

o
F-3
=

5.40

4.56

4.56

4,30
4.30
5.0
5.82

5.00
5.00

4.40
5.9

Depreciated SM
{1-(C&P/0.70) Y{Hew SH)

.
o
b

5.01

4.56

4.56

0,61
0.61
3.4

3.87
3.87
5.48

Crackiag (C)
Linear Feet/1000 Sq. Ft.

23,73
29,73
8.085

2.84
2.84

Deprocisted SN
(1-{C/45 ) (New SN}

4.56

1.46
1.46
4.11

4.58
4.68
5.90

Average Deflection

<«
b

i3
=4

1.97

1.55,

1.5

1.75
1.26
1.58
0.90

.37
1.25
1.37

Average Deflection
at Joinbs

1.21

1.52

1.5%

Deprecisted SK

2.80
2.80
4,65

5.00
500

Bepreciated SN
(1-({5CE/SENS1)/0.90) M New SN}

-~
e}
&

5.11

3.55
3.5
4.20

4,71
4.7

Deprecieted SN
(1-{C/60)}(New SK}

[Z3
2
=1

o
h

w
b

z.17
2.37
4.33

4.76
4.76

Depreciated SN
(3(CSET/SENST}/0.90 )+ {1-(C/60) Y {NewSN)

4

1323
bt
=

w
¥

n
w

2.86
2.8
4.27

4.74

4.73

AC Overlay Required
for 15 Year Oesign Life

1 /40

4 /e~

4 12

2172
2 /e
3 3/4°
o

1 3/a%
i3/
8 3/4%

S. 39vd




I

80TH PERCENTILE DEFLECTION

VERSUS

PRESENT SERVICEABILITY INDEX

-
-{
: oo
X o &
1 &
n <
N & o &
Z ] + <
-] A o +
5 T o o
E ] A A o o <
O 2
FY
s
E
& .1 X X
O X
W
. i}
= 17
<
o
O
i T T T E3 i 1] 1] T T L) T T T ! T T 1} ¥ L] T T T t T T 1 T + T T L i_i ¥ T T T L ¥ kY £ i
0 i 2 3 4 5
PRESENT SERVICEABILITY INDEX (PSI)
LEGEND:- A 10" PCCP ON 4% 558B < _ 6" PCC ON SUBGRADE + 6 PCC ON 4.5" GsB
A 6" PCC ON 3" STAB. X 7 8" CRCP ON 4" ©SB Sk B" PCCP ON SUBGRADE

9L 39vd



B0OTH PERCENTILE DEFLECTION (MILS)

80TH PERCENTILE DEFLECTION

FiN 6" PCC ON 3" STAB. X 8" CHCP ON 4" GSB

YERSUS
AGE
4
o
o §
&
>
3 ¢ <@ 8 &
< &
A X
o T R
§ < A % é
o $ 4
2
X
%
. 03
0
i T I v [ T £ ¥ T v ‘ T ¥ T K 2] T E T ¥ ( T ¥ ] ¥ T E
0 10 20 30
AGE (YEARS)
LEGEND: O 10" PCCP ON 4" GSB © 6" PCC ON SUBGRADE + B" PCC ON 1.5" 5SB
% 8" PCCP ON SUBGRADE

LL 3BVd




AGE (YEARS)

AGE
VERSUS |
CRACK AND PATCH DEDUCTION

30
. AA
. A AA
- + 4+ 4+ 4+ +
. AA
20
A o ¢ <
. ] O O OO <& <&
4 X x
. <o ¢ OO O o3 %
- o <o
1.0
: e O
< o
G..,
Iill{lllililtllllilillii!itllililiIsliti;ililitlillitltlikitllll|lilik]illlllikiﬁllllllikiillllliijli
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
CRACK AND PATCH DEDUCTION
LEGEND: O 10" PCCP ON 4" 5SB . ¢ . 8" PCC ON SUBGRADE 4+ 6" PCC ON 1.5" GSB
- A 6% PCC ON 3° STAB. & X . 8" CACP ON 4" GSB * 8" PCCP ON SUBGRADE

8L A9vd




80TH PERCENTILE DEFLECTION {MiLS)

80TH PERCENTILE DEFLECTION
VERSUS
CRACK AND PATCH DEDUCTION

4M
- o o
A < o © <
- o
. ¢ & 0,
3- Co ¢
i o o
_ + A
. @ + o o° o A
] ¢ v RO o Rk
I8 +
© o
] © A
2
%
R X
Y% X
1 -
0
[f!i llilﬁ!if(lfili‘[il‘!lllli%’f“lfl‘"i‘l‘liillli[(l‘r‘(liIjll'lffl‘l}'llllillrf'l"lrf{‘{;lllflE‘iTE
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
CRACK AND PATCH DEDUCTION
LEGEND: O 10" PCCP ON 4" 6GSB ¢ . 6" PCC ON SUBGRADE + 8" PCC ON 1.5" GSB
A . B PCC ON 3" STAB. =« X 8" CRCP ON 4" BSB % 8" PCCP ON SUBGRADE
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APPENDIX ¥

LONG TERM MONITORING
CORE PICTURES

INTRODUCTION

Core samples shown on pages 88 through 130 were obtained in
October and November 1983 on 21 Long Term Monitoring
Sections, The Road Rater tested in the outside wheeltrack
and then was moved to permit core drilling and soil sampling
at the same location. Road Rater testing in the spring of
1983 was performed in the outside wheeltrack at approximately
the same locations. Cores are shown measured from the top
down with the top located at the left-hand side of the pho-
tos.



LTM PAVEMENT CORES

s
KRWSEECLEGE

Core Mo. Route Milepost Dir. County Lore No. Route Milepost Dir. {ounty
88 Us 30 141.35 WB Boone 29 Us 3¢ 140,85 214 Boone

Date Pave. Struct. Seil Support Date Pave. Struct. S0il Support

Tested Temp °F Rating K Value Tested Temp OF Rating K Value

5-19~83 55° 5.356 225 5-19-83 553 4,55 225+

10-14~83 75° 5.10 225+ 10-14-83 % 3.3G « 225+

TR TENTRATINTIN

e

Core No. Route Milepost Dir. County Core No. Route Milepost Dir. County
90 Us 30 140,35 HB Boona 91 us 30 139.85 WB Boone

Date Pave. Struct. Soil Support Date Pave, Struct. Soil Support

Tasted Temp OF Rating K Value Tested Terp OF Rating K Valuve

£-19-83 550 7.00 225+ 51983 850 7.50 150

10-14-83 75% 6,60 225+ 10-14-83 75 6.10 225+

Cora No, Route Milepost Oir. County Core No. Route Hilepost Jir, County
92 Us 30 139,50 £B Boone a3 us 30 140.00 £B Boone

Date Pave. Struct. Soil Support Date Pave, Struct, Soil Support

Tested Temp °F Rating K Value Tested Temp OF Rating K Value

5-15463 552 5,70 216 51983 552 6.35 225

10-14-83 75° 5.70 225+ 10-14-83 75° 5,45 205+



LTM PAVEMENT CORES

Core No.
94

Date
Tested

5-19-83
10-14~83

Route
Us 30

Pave.
Temp OF

559
75°

Milepost
140.5C

Struct,
Rating

Core No.
96

Date
Tested

5-19-83
10-14-83

Bir. County
EB Boone

Soit Support
K Value

185
225+

Route
Us 30

Pave.

Temp OF
557
75°

Milepost
141,50

Struct.
Rating

Bir, County
EB Boone

Soil Support
K Yalue

130
220

Core No.

98

Date
Tested

5-19-83
10-14-83

Route

ys 30

Pave.
Temp OF

55°
750

Milepost
142,50

Struct.
Rating

5.55
5.55

Dir. County
£B Boone

Soii Suppert
K Value

205
228

Core No.
95

Date
Tested

5-19-83
10-14-83

Route
us 30

Pave,
Temp %F

550
757

Milepost
141.00

Struct.
Rating

6.70
5.80

Dir. County
£ Boone

S0l Support
K Yalue

210
225+

fore No.

97

Date
Tested

5-19-83
10-14-83

Core No.
g9

Date
Tested
5-19-83
10-14-83

Route
us 30

Pave.
Temp OF

55°
75%

Route
Us 30

Pave,
Temp OF
55°
75¢

Milepost
142.00

Struct,
Rating

Milepost
143.00

Struct.

Rating

4.95
5.90

Dir. County

£B Boone

Seil Support
K Value

225+
225+

Dir. County
£B Boéne
S0l Suppert
K Yalue

180
225+



Core No.
100

Date
Testad

6-16-83
10-14-83

fore No.
102

Date
Tested

6-16-83
10-14-83

Core No.

104

Date
Tested

6-16-83
16-14-83

Route
Us 30

Pave,
Temp OF

65°
507

LTH PAVEMENT CORES

Hilepost
173.00

Struct.
Rating

4.30
3.60

Dir. County
£8 Marshall

S0il Support
K Value

86
225%

Route
Us 30

Pave.
Temp OF

55°
50°

Route
us 3¢

Pave.
Temp %

65°
500

Miiepost
175.00

Struct.
Rating

3.45
2,75

Milepost
177.00

Struct.
Rating

3.60
3,70

Dir, County
EB Marshal?

Soil Support
K Yalue

145
160

Dir. County

EB Marshall

Soil Support
K Value

155
195

Core Np.
M

Bate
Tested

6-16-83 .
10-14-83

Core No.
103

Date
Tested

6-16-83

10-14-83

Core No.

105

Date
Tested

6-16-83

101683

PAGE 90

Route

Us 30

Pave,
Temp F

650
50°

Milepost Bir, County
173.80 E3 Harshall

Struct. Soi1 Support

Rating K Value

4.55 170

3.85 225

Route

us 30

Pave,
Temp °F

65°
50°

Mijepost Dir. County
175.80 £B8 Marshall
Struct, So11 Support

Rating K Value

3.0 155

3.90 220

Route

us 30

Pave.
Temp °F

657
50°

Milepost Dir. County
177,80 EB Marshall

Struct, Soil Support

Rating K Value

4,25 190

3.10 225




LTH PAVEMENT CORES PAGE 97

Core No. foute Milegost Oir. County Core Ne. Route Milepost v, County
106 us 30 178.00 EB Marshail 107 Us 30 177.20 Wa Marshall

Date Pave. Struct. Soil Support Date Pave, Struct. Soil Support

Tested Temp OF Rating K Yalue Tested Temp OF Rating K Value

5-16-83 65, 4,10 185 6-16-83 65° 3.70 50

10-14-83 50 3.45 215 10-14-83 507 2.35 195

Core No. Route Milepost Dir. County Core No. Route Milepost Bir, County
108 us 30 176,00 WB Marshall 109 Us 30 174.80 WB Marshall

Date Pave. Struct. Soil Support Date Pave, Struct. S0i¥ Support

Tested Temp OF Rating K Yalue Tested Temp F Rating K Yalue

6-16-83 852 3.35 135 6-16~83 65° 2,95 140

10-14-83 50 3.30 205 10-14-83 50° 3.10 165

Core No. Route Milepost Gir., County Core No. Route Milepost Bir, County
110 ys 30 174.00 W8 Marshall i us 30 173.60 WB Marshall

Date Pave. Struct. Spil Support Date Pave. Struct, Soil Support

Tested Temp F Rating K ¥alue Tested Temp OF Rating K Value

6-16-83 65° 3.70 185 6-16-83 65° - 3.45 165

10-14-83 50° 2,40 200 10-14-83 50° 3.60 225+



Core No.
112

Date
Tested

6-15-83
10-14-83

Core No.
114

Date
Tested

6-15-83
10-14-83

Route
Us 30

Pave.
Temp °F

70°
50°

Route
us 30

Pave.
Temp OF

700
50°

Milepost
124.15

Struct.
Rating

5.00
4,10

Milepost
123.25

Struct.
Rating

5.00
6.00

LTM PAVEMENT CORES

Dir, County
W8 Boone

Soit Support
K Value

215
185

Dir, County
We " Boone

Soit Support
K Yalue

200
228+

Core No.

116

Date
Tested

5-15-83
10-14-83

Route
Us 30

Pave.
Temp OF

70°
50°

#ilepost
123.5C

Struct.
Rating

6,30
6.50

Dir. County
£B Boone

Soil Support
K Value

225
225+

PAGE 92

Core No.
113

Date
Tested

6-15-83
16~-14-83

Route
Us 3¢

Pave.
Temp OF
70°
50°

Milepost
123.75
Struct.
Rating

2.85
4.85

Dir, County
W8 Boone
Soil Support
K Value

80
215

Core No.
115

Date
Tested

6-15-83
10-14-83

Core No.
117

Date
Tested

6-15-83
10~14~83

Route

Us 36

Pave.
Temp OF

76°
50°

Route
- 4S 30

Pave.
Temp o

70°
502

Milepost
123.00

Struct.
Rating

5.00
6.20

Milepost
123.80

Struct.
Rating

4,85
3.35

Dir. County
EB Boone

Soil Support
K Yalue

218
225+

Dir, County
£B Boone

Seil Support
K Yalue

180
225+
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Core No. Route Miiepost Dir, County Core No, Route Milepost Dir. County
118 us 26 136.50 W8 Hamilton 119 Us 20 135,50 Hg Hamilton

Date Pave. Struct. S0il Support Date Pave. Struct. Soil Support

Tested Temp OF Rating K Value Tested Temp °F Rating K Value

7-7-83 952 3.60 228+ - 7-7-83 - 957 3,80 215

10-14-83 60° 5.55 225+ 10-14-83 60 4.95 215

PR TR e T s

J'mi’i‘l‘;;3'37‘1':%2[""1"}1&‘5.‘.‘6‘;"»'3" I

TR

Core No, Route Milepost Dir. County Core No. Route Milepost Dir, County
120 us 20 134,56 WB HamiTton 121 Us 20 135,00 £B Hami Tton

Date Pave, Struct. Soil Support Bate Pava, Struct, Soil Support

Tested Temp OF Rating K Value . Tested Temp °F Rating K Vaiue

7-7-83 950 3.50 225+ 7-7-83 952 3.90 220

16-14-83 60° 5.45 225+ ©O16-14-83 60 4,85 215

v .
A 5

‘4ﬂpuﬁqqdqm@|mﬁqmpv‘Nﬁwﬂrﬁﬁq%ﬁhft

Core No, Route Milepost Dir, County Core Ho. Route Milepost Dir., County
122 Us 20 136.00 EEB Hamilton 123 us 26 137,00 £8 Hamilton

Date Pave, Struct. Seil Support Date Pave, Struct. Soil Support

Tested Temp OF Rating K Value Tested Temp OF Rating K Value

1-7-83 557 3.60 225+ 7-1-83 95° 4.26 210

1G-14-83 600 6,00 225+ 10-14-83 60° 5.80 ’ 2254



LTM PAVEMENT CORES

o

PAGE 94

4

¥
bty

B

Core fo. Route
124 I-35
Date Pave.
Tested Temp OF
5-16-83 752

10-17-83 60°

Milepost

51.50

Struct.
Rating

5.70
.80

p—

R

et
i

b

Dir, County Core No.
S8 Warren 125
Soil Support Cate
K Value Tested
125 5-16-83 -
225+ 10-17-83

+
RPN

Route

1-35

Pave.

Temp °F

75°
60°

i a"i"‘i’l";;,i“?‘i'!ﬂ‘i;l‘\gi‘i‘l"‘a’!‘l'!?,@’i‘i‘x!i“i“'-‘.‘?*‘ TR

Milepost

50.50

Struct,
Rating

4.55
4.95

Dir, County

SB Warren

5011 Supgort
K ¥Yalue

100
225+

e d

Core No. Route
126 I-35
Date Pave,
Tested Temp °F
5-16-83 757

10-17~83 60°%

Milepost
49,50

Struct,
Rating

6,30
8.50

é..

Dir, County Core No.
58 Warren 127
So0i1 Support Date
K Yatue Tested
135 5-16-83
225+ 10-17-83

Y

Routa

i-35

Pave,
Temp OF

75°
60°

-'i'fii .I.l{ih]‘}'\é'\;ii‘tpzq}l|E;Iqéilﬁ“\"‘ -fyrpwqqmm'mﬁiﬁ

Milepost
48.50

Struct,

Rating

4.95
5,60

Dir, County

SB Warren
Soi1 Support
K Value

155
225+

Core Mo, Route
128 [-35
Date Pave.
Tested Temp 9F
5-16-83 75°

10-17-83 640

Milepost
4750

Struct.
Rating

7.90
6.60

Bir, County Core No.
S8 Warren 129
Seil Support Date
¥ Value Tested
160 5-16-83
225+ 10-17-83

Route

Milepost
49.06

Struct.

Rating

5.10
6.20

Dir, County

NB Warren
Soil Support
K Value

125
225+



LT PAVEMENT CORES

Core No. Reute
130 1-35
Jate Pave,

Tested Temp OF

5-16-53 gog
10-17-83 75

Milepost Dir. County
50.00 N8 Warren
Struct. Seil Support -
Rating K Value

6.35 135

5.60 225

Core No. Route
132 1-35
Date Pave,

Tested Temp OF

5-16-83 HNot Tested
10-17-83 75°

Mitepost Dir. County
51.50 NB Warren

Struct. Soil Support
Rating K Value

‘Not Tested Not Tested

4.40 215

Core No. Route
134 us N
Jate Pave.

Tested Temp °F

5-26-83 90°
10-18-83 509

Milepost Dir. County
27,30 SB
Struct. Soil Support
Rating K Yalue
4,00 180

4,00 225+

Montgomery

PAGE 95

-

1‘Fil';'1“&"'5'9{“'!‘.5&"‘"“..“!1‘”3.}1.5:.

Core No. Route
131 1-35
Date Pave,
Tested Temp OF
5-16-83 - 90°

10-17-83 759

Milepost Bir. County
57.00 N3 Viarren

Struct, Soit Support

Rating K Value

6,35 135

6,60 2254

Core No. Route
133 us 7t
Date Pave.
Tested Temp OF
5-26-83 90°

10-18-83 50°

i Fﬁr-‘q_“r;&h,}:" \TT‘ iw@@;ﬁ,ﬁr:w&]ﬁ]?it {‘1]‘&1 1P M 2\ 1‘. 0 l.‘(il.'| ¢ .v j.:‘ : ‘

Milepost Dir, County
28.90 SB Mortgomery
Struct. Soil Support
Rating K Value
4,55 205
3.20 185

Core No. Route
135 T
Date Pave.
Tested Temp %F
5-26-83 9c®

10-18-83 50°

T

Milepost Dir. County
26.80 58 Montgomery
Struct. Seil Support
Rating ¥ Value
4,45 200
3.70 185



Core No.

136

Date
Tested

§-26-83
10-18-83

Core Ne.
138

Date
Tested

§-26-83
10-18-83

Core No.

140

Date
Tested

5-26-83
10-18-83

LTM PAVEMENT CORES

N
W

L R

Route  Milepost
s 7 25.60

Pave. Struct.

Temp UF Rat'ing
40° 4,55
5% 4,25

Dir,

County

SB Montgomery

Soil Support
K Value

205
220

Route Milepost
s 7 25.20
Pave. Struct.
Temp OF Rating
90° 2.80
500 3.60

C Dir. County
Nk Montomery

Soi1 Support
K Yalue

130
200

Route Milepost
s 71 21.00
Pave. Struct.
Temp OF Rating
9% 3.80
500 3,70

Bir, County
NB Montgomery

Soit Support
K Yalue

200
215

PAGE 96

Core No.
137

Date
Tested

5-26-83
10-18-83

Core No.

139

Date
Tested

5-26-83
10-18-83

Core No.

141

Date
Tested

5-26~83
10-18-83

Route

ys n
Pave.
Temp OF

90°
50°

Milepost
75.00
Struct.
Rating

3.80
3.30

Oir, County

58 Montgomery

5011 Support
K Value

185
195

T

TR

Route
45 7

Pave,
Temp OF

0%
50°

T Ty P

Milepost
26,45

Struct.
Rating

2.60
3.08

qwﬁawvﬂlg

Dir. County

B Montgomery

Soi7 Support
K Yalug

65
185

)

T3

Route
us 71

Pave.
Temp OF

99°
500

Milepost
28.00

Struct.
Rating

3.85
4.10

1

Dir. County

B Montgomery

Soil Support
K Value

200
200



LTM PAVEMENT CORES
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Core No. Route Milepost Dir. County Core No. Route Mitepost Dir. County
142 Us 71 29.00 NB Montgomery 143 us 7 30,00 NB Montgomery

fate Pave, Struct. Soil Support Date Pave, Struct., Soil Support

Tested Temp OF Rating K Value Tested Temp F Rating K Value

5-26~83 50° 4.00 180 5-26-83 3000 4,40 95

10~18-83 50° 4.00 210 10-18~83 65 5.10 90

R e
Ff:;i"‘*-"n"n§’?‘1‘”~;j‘l'$’!‘,r‘!'¥’iﬁ‘"E'T‘ ¥

Core No. Route Milepost Dir, County Core No. Route Milepost Dir. County
wa o UsST 31.00 NE Montgomery 145 us 71 32,00 N8 Montgomery

Date Pave. Struct. Soil Support Date Pave. Struct. Seil Support

Tested Temp °F Rating K Yalue Tested Temp °F Rating K Value

5-26-83 100° 5.05 110 5-26-83 1007 4,75 130

10-18-83 65° 5.50 215 10-18-83 85 4,95 185

SRl 3 e

PR YT

Core No, Route Milepost Dir, County Core No. Route Milepost Dir, County
146 us 71 33,10 NB Montgomery 147 us 34.00 NB Montgomery

Date Pave. Struct. Soil Support Date Pave, Struct, Soil Support

Tested Temp OF Rating K Value Tested Temp OF Rating K Value

5-26-83 3007 5.05 130 5-26-83 100° 4.78 150

10-18-83 650 7,50 230 10-18-83 650 550 205



Core HNo.

148

Date
Tested

5-26-83
10-18-83

Route

us N

Pave,
Temp o

100°
65°

Milepost
35.00

Struct.
Rating

5,05
5.50

LTM PAVEMENT CORES

Dir. County Core No.
B Montgomery 142
So0il Support Date
K Value Tested
110 5-26-83
165 10-18-83

Core No.
150

Date
Tested

5-26-83
10-18~-83

Route

us n
Pave.
Temp F

1002
5°

Milepost
38.00

Struct,
Rating

3.90
5.35

Route
us

Pave.
Temp OF

106°
55°

Milepost Dir, County
37,00 N8 Montgomery

Struct. Soil Support

Rating K Yalue

4,50 60

4.60 215

Dir. County “Core No.
NB Montgomery 151
S031 Support Date
K Yalue Tested
125 5-26-83
g5 10-19-83

Route
us n

Pave.
Temp °F

1002
50

N ’111'lﬁ"'mg;;‘silﬁ]l'ﬂw‘r;\51'

Milepost Dir. County
39,00 1153 Wontgomery
Struct. S0l Support
Rating K Yalue

.75 170

4.70 210

Core No.

152

Date
Tested

5-26-83
10-19-83

Route

s n

Pave.
Temp OF

100°
540

Milepost
40, 0G

Struct,
Rating

3.45
4,55

Dir. County Core No.
NB Montgomery 153
Soil Support Date
K Yalue Tested
85 5-26-83
220 10-19-83

Route
us 71

Pave,

Temp OF
100°
500

Milepost Dir. County
40,50 NB Montgomery
Struct. Soil Support
Rating K Value
4.735 110

3.80 195



LTw PAVEMENT CORES
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Core No. Route Milepost Dir. County Core No. Route Milepost Dir. County
154 us 7% 41,10 4B Montgomery 155 s M 41.50 NB Montgomery

Date Pave. Struct, ' $011 Support Date Pave, Struct. 3031 Support

Tested Temp OF Rating K Valye Tested Temp °F Rating X Value

5-26~83 100° 5.10 140 5-26-83 1007 5,90 125

16~19-83 507 6.90 235 10-19-83 50 5.30 2360

Iy

Rty

_biqaaq'?i‘!awﬁqmg b5 I{?‘\‘[T(TEP

Core No. Route Milepost Bir. County . Core No, Route Milepost Dir. County
156 Sus7N 40. 30 SB Montgomery 157 g5 71 35.80 38 Montgomery
Date Pave. Struct. Soil Support Date Pave. Struct, Soil Support
Tested Tamp OF Rating K value Tested Temp OF Rating K Value
5w26-83 50° 4,98 95 5~-26-83 902 3.30 110
10-19-83 50° .70 210 10-19-83 50 5.30 100

&

i ”—T’“‘ g

. P !‘r“\ 'r:-'%ﬁ 4 :1 g?,-

L e
R B e

i i!]a}'ﬁ“‘mﬁqq: ﬂr;ﬂ"'r;aqqri%qi;qEqn"m ey

[h}

Core No. Route Milepost Dir, County Core No. Route Milepost Dir. County
158 Us 71 39.20 S8 Montgomery 159 s n 38.80 SB Montgomery
Date Paue; Struct. Soil Support Date Pave. Struct. 5031 Support
Tested Temp F Rating K Value Tested Temp °F Rating K Value
5-26-83 Not Tested Not Tested Not Tested 5-26-83 507 3.55 1065
10-19-83 509 5,00 245

10~19~83 545 4.40 230
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Core HNo., Route Milepost fir, County Core No. Route Milepost Dir. County
160 usn 37.50 SB Montgomery 161 us N 36.80 58 Montgomery
Date Pave. Struct. S04l Support Date Pave. Struct. So0i1 Support
Tested Temp OF Rating K Value Tested Temp OF Rating K Yalve
5-26-83 90° 5.20 155 ‘ 5-26-83 90° 4,30 80
10-19-83 50° 3,60 200 16-19-83 507 4,80 215

. X - .‘t’ 2 )
AL ) 5
p&s]q\p MR

Core No. Route Milepost Bir. County Core Ne. Route = Milepost Bir, County
162 Us 71 35.80 58 Montgomery 163 Us N 34,80 58 Montgomery
Date Pave, Struct. S0il1 Support Date Pave, Struct. Soil Support
Tested Temp °F Rating K Value Tested Temp °F  Rating K Value
[s]
5-26-83 9g° 3.30 95 5-26-83 20 4.60 155
310-19-83 56° 3.80 205 10-19-83  50° 4,80 2158

EAT ol A NS
i’i-}!“"‘“ﬁ I!ill!ﬂiﬁu&prl!‘!‘li

SaIE

Core HNo. Route Milepost Dir, County ‘_ Core No. Route Milepost Dir., County
154 ys n 33.80 5B Montgomery 165 Us 71 32.80 58 Montgomery
Date Pave. Struct. Seil Support Date Pave, Struct. S0i1 Support
Tested Temp OF Rating K Value Tested Temp U Rating . K Value
§~26-83 90° 5,40 C 50 5-26-83 90® 5.90 200

10-19-83 500 5.60 250 10-19-83 50° 6.40 230
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Core No. Route Milepost Dir. County Core No. Route Mitepost Dir. County
166 Us 7 31,80 S8 Montgomery 167 Us M 30.80 SB Montgomery
Date Pave. Struct. S0l Support Date Pave. Struct. Soit Support
Tested Temp OF Rating K Value Tested Temp OF Rating K Yalue
5-26~83 902 6.25 150 5-26-83 - 90° 4,05 125
10-19-83 50° 6.00 235 10-19-83 50 4,25 165

""'"'l‘ﬂ‘l"‘ ""1‘35’;""l"'\i""!’!&f" w,;j.\‘\-!n;-yi!y "E!"'"i"' g

Core No, Route Milepost Dir, County Core No. Route Milepost Dir. County
168 s 7 75.80 SB Montgomery 169 [-80 35,40 £B Pottawattamie
Date Pave. Struct. Soil Support Date Pave. Struct. Soil Support
Tested Temp OF Rating K Value Tested Temp °F Rating K Value
5-26-83 90° 4,60 135 3-2-83 60° 4.40 185
10-19-83 50° 5.20 230 10-20-83 45 3.85 215

:iiiypjwlﬁﬁwyrvgﬁgﬁﬁﬂzgg

R ER R

Core No. Route Milepost Dir. County Core No. Route Milepost Dir. County
170 180 36.00 £B Pottawattamie 171 1-80 36.60 €8 Pottawattamie
Date Pave. Struct. Seil Support Date Paye. Struct, Soil Support
Tested Temp 9F Rating K Vatue Tested Temp OF Rating K Value
3-2-83 60° 5.50 215 3-2-83 Ggg 3.80 185
10-20-83 459 485 pogt 10-20-83 4 3.0% 200
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Core No. Route Mitepost Dir. County Core NWo. Route Milepost Bir. County
172 180 37.20 E8 Pottawattamie 173 1-80 37.50 3] Pottavattamie
Date Pave. Struct. Soil Support Date Pave. Struct., S011 Support
Tested Temp OF Rating K Value Tested Temp OF Rating K Yalue
3-2-83 602 3.8C 185 2-2-83 : 602 4,40 - 130
10-20-83 45 3.50 200 10-20~83 45 310 220

Core No. Route Milepost Dir. County Core Ho. Route ‘Milepost Dir. County
174 180 37.80 EB Pottawattamie 175 i-80 38.00 £B Pottawettamie
Date Pave, Struct. Soil Support Date Pave. Struct. Soil Swupport
Tested Temp OF Rating K Value Tested Temp °F Raking K Value
3283 60° 4.00 180 3-2-83 607 4,70 195
10-20-83 a5” 3.60 180 10-20-83 45 4,55 265

Core No. Route Milepost Bir. County Core No, Route Milepost Dir. County
176 1-80 38.20 EB Pottawattamie 177 1-80 38,60 £B Pottawattamie
Date Pave. Struct. 5011 Support Date Pave. Struct. Sotl Support
Tested Temp OF Rating K Value Tested Temp OF Rating K Value
3-2-83 60° 3.85 150 3-2-83 6e° 5,10 160

10~20-83 45% 3.70 215 10-20~83 450 5.30 225
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Lore Mo. Route Milepost Dir. County Core No. Route Mitepost Bir. County
178 -80 39.00 £B Pottavattamie 179 1-2% 67.20 4B . Pottawattamie
fate Pave. Struct, Soi1 Support Date Pave. Struct., So11 Support
Tested Temp oF Rating K Value Tested Temp °F Rating K Vailue
3-2-83 60° 5.90 180 6-2-83 - 75° 5.05 220
10-20-83 a5° 5.10 205 16-20-83 55° 7,65 228+

b

TR TLIE T T

Lore No. Route Mitepost Gir. County Core No. Route Milepost Oir, County

180 120 68.40 NB Pottawattamie 141 1-29 69.60 B Pottawattamie
Date Pave. Struct. Soil Support Cate Pave. Struct, Soil Support
Tested Temp ©F Rating K VYalue Tested Temp °F Rating K Value
6-2-83 75° 5.70 200 6-2-83 75° 5,50 220
10-20-83 55° 6.35 225+ 10-20-83 55° 6.10 225+

4 ) TL SRRV
pobyiLer ,.{-T "ﬂﬁ’?'ﬂgn“‘“‘%”l““"}r‘"i“wI‘WTW 1@\1\1“‘!!! rﬁr"e‘ﬂ;}&r\ll"t‘;‘

et A et e 4 AL 2 U TN S

183

Core No. Route Milepost Dir. County Core Mo. Route Milepost Dir. County
182 I-29 72.10 S8 Pottawattamie 183 1-2% . 3¢ SB Pottawattanie
Jate . Pave, Struct. Soil Support Date Pave. Struct, Soil Support
Tested Temp °F Rating K ¥alue Tested Temp OF Rating K Value
6-2-83 75° 4,00 180 §-2-83 75° 4,30 198

10-21-83 509 5.80 225+ 10-21-83 500 4.20 225+
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i

Core No. Route Milepost Dir, County Core No. Route Milepost Pir. County
184 1-2¢ 70,20 58 Pottawattanie 185 1-29 £9.00 3B Pottavsttamie
Date Pave. Struct, Soil Support Date Pave, Struct. S0i1 Support
Tested Temp °F Rating = K Value Tested Temp °F Rating K value
6-2-83 78° 5.75 215 6-2-83 75 6.75 210
10-21-83 509 4,40 225 10-21-83 50 6.55 285+

Core No. Route Milepost Dir. County Core No. Route i lepost Dir. County
186 1-29 67,80 SB Pottawattamie 187 i-29 67,00 S8 Potiawatiamie
Date Pave. Struct, Scil Support Date Pave. Struct. 5011 Support
Tested Temp °F Rating K Value Tested Temp ©F Rating K Vatue
6-2-83 759 5,50 200 6-2-83 750 6.35 206
10-21-83 50°¢ 4,70 © 275+ 10-21-83 50 4,85 225+

Core No, Route Milepast Dir. County Core HNo. Route Milepost Bir. Ccunty
188 1-29 70,40 B Pottawattamie 189 i-29 71.20 N8 Pottawattamie
Date Pave.O Struct, Soii Support Date Pave, Struct. S011 Support
Tested Temp °F Rating K Value Tested Temp % Rating K Value
§-2~83 75° 5,00 180 6-2-83 75° 4,70 175

10-21-83 500 4,85 225 10-21-83 500 5,45 295+



LTH PAVEMENT CéRES

TR

Core Ho.
150

Date
Tested

6-2-83
16-21-83

Core No.
192

Date
Tested

6-29-83
10-24-83

Route
1-29

Pave,
Temp °F

75°
50°

Milepost Dir. County

.70

Struct.
Rating

5,00
4,40

L . i

KB Pottawattamie

Seil Support
K Yalue

200
215

Route

1-29

Pave.
Temp °F

759
50°

TR T T T T

Milepost
128.00

Struct.
Rating

4.30
4.70

Dir. County
N8 Yoodbury

Soil Support
K Value

150
225+

. Core No.
194

Date
Tested

6-29-83
10-24-83

Route
129

Pave.
Temp OF

75°
500

Milepost
130.00

Struct,
Rating

4.00
4.2%

Dir. County
ik Woodbury

So1} Support
K Value

140
225+

-

: . "L RIS
PR R R R

Core No, Route Milepost Dir., County
191 1-2¢ 127.00 HB Hoodbury
Date Pave. Struct. Soil Support

Tested Temp °F Rating K Value

6-29-83 789 4,10 145

10-24-83 56° 4,85 225+

AMKF IR R

Core No. Route Milepost Dir. County

- 163 1-29 129,00 NB Woodbury
Date Pave. Struct. $eil Support

Tested Temp OF Rating K Value

6-29-83 75° 5.10 225+

10-24-83 50° 5.40 225+

Core No. Route Milepost Dir, County
185 1-29 131.00 NB Woodbury

Date Pave, Struct. 5011 Support

Tested Temp OF Rating K Value

6~29-83 75° 4,95 155

10-24-83 500 510 208



LTM PAVEMENT CORES

Core No.

196

Jate
Tested

6-29-83
10-25-83

Route

1-2%
Pave.
Temp OF

759
40°

Milepost

132.00

Struct,
Rating

4.55
3.85

Dir. County

NR Woodbury
Soil Support
K Value

185
225

Core No.
198

Date
Tested

6-29-33
10~-25-83

Core fo.
200

Date
Tested

6-29-83
10-25-83

Route
1-29

Pave.
Temp F

75°
40°

Milepost
133.30

Struct.
Rating

4.95
4.40

Dir. County
SB Hoodbiry

S0i1 Support
K Value

180
215

Route
1-29

Pave.
Temp OF

75°
g0

Mitepost
132.25

Struct.
Rating

5.50
1.50

bir. County
5B Woodbury

Soil Support
K Yalue

205
220

PAGE 106

Core No.
197

Date
Tested

6-29-83
10-25-83

Core Ko.
194

Date
Tested

6-28-83
10-25-83

Cotre No.
ata!

Gate
Tested

6-29-83
10-25-83

Route

-29
Pave.
Temp OF

759
46°

Milepost
132.80

Struct.
Rating

4.90
3.70

Dir. County
NB Weodbury

Seit Support
K Value

180
215

Route
[-29

Pave,
Temp OF
757
40°

Milepost
132,90

Stryct,
Rating

4,90
4.40

Dir. County
S8 Hoodbury

Soil Support
K Yalua

180
215

Milepost

131.25

Struct.
Rating

5.10
4.85

Dir. County
SB Hoodbury

5011 Suppaort
K Value

205
228



LTM PAVEMENT CORES

Core HNo.
202

Date
Tested

6-25-83
10-25-83

Core No.
204

Date
Tested

§-29-83
10-25-83

Core No,
206

Date
Tested

1-21-83
10-25-83

Milepost
130,25

Struct.
Rating

Dir. County
S8 Woodbury

Soi1 Support
K Valye

Route
1-29

Pave.
Temp OF

75°
40°

Miiepost
128.25

Struct.
Rating

4,70
5. 40

Bir. County
5B Woodbury

S0l Support
K Yalue

190
218

Route

A3

Pave.
Temp %

100°
60¢

Hilepost
72.00

Struct,
Rating

316
3,50

Dir. County
£8 Bugna Yista

501 Support
K Value

170
220

Core No.
203

Date
Tested

6-29-83.
10-25-83

Core No.
208

Date
Tested

" 7271-83

10-25-83

PAGE 107

Route
1-2¢

Pave.
Temp 9F

752
45°

Milepost
129.25

Struct.
Rating

Dir, County
SB Woodbury

Seil Support
K Value

175
225+

Route
A3

Pave.
Temp °F

100°
60°

Milepost
70.00

Struct,
Rating

3,40
3.45

Dir. County
£B Buena Vista

So1l Support
K Value

195
225

Core No.
207

Date
Tested

7-21-83
10-25-83

Route
A3

Pave.
Temp °F

100°
60¢

Milepost
73.00

Struct.
Rating

3.50
3.45

bir. County

EB Buena Vista

5011 Support
K Value

170
225



Core No.
208

Date
Tested

7-21-83
10-25-83

Core No.
210

Date
Tested

71-21-83
10-25-83

LTM PAVEMENT CORES

Route

Ia 3

Pave.
Temp f

100°
§0°

Wilepost
74.00

Struct.
Rating

2,30
3.75

Dir. County Core Ho.
£8 Buena Vista 208
Soil Support Date
K Value Tested
80 7-21-83
20 10-25-83

Mitepost
71,00

Struct.
Rating

Dir. {ounty Core No.
EB Buena Vista 24
S6i1 Support Date
K Valua Tested
180 7-21~83
185 10-25-83

PAGE 108

Route Milepost Dir., County

1A 3 75.00 EB Buenz Yista
Pave, Struct, Soi% Support
Temp OF Rating ¥ Value

160° 2.50 190

60° 3.40 210

foute Milepost Dir. County

1A 3 78.50 EB Buena Viste
Pave. Struct, Soi17 Support
Temp OF Rating K Value

106° .60 200

60° 3.45 215

Core Ko,

2312

Date
Tested

7-21-83
10-25-83

Route
1A 3

Pave.
Temp °F

100°
500

Milepost
79.00

Struct.,
Rating

3.60
3.25

Dir. County Core No.
£B Buena Vista 213
Soi1 Support Date
K Value Tested
200 7-21-83
225 10-25-83

Route County

Milepost Dir,
1A 3 79,50 £8 Buena Vista
Pave. Struct. Sail Support
Temp OF Rating K Value
100° 3.40 190
60° 3,45 205



Core No.

214

Date
Tested

1-721-83
10-25-83

Route
IA 3

Pave,
Temp OF

100°
§0°

Mitepost
80.0C

Struct.
Rating

Dir. County

£8 Buena Vista

$oi1 Support
K Value

215
225+

Core Ho.

215

Date
Tested

72183
10-25-83

Route
iA 3

Pave.
Temp OF

160°
60°

Milepost

80,50

Struct.
Rating

2,90
2.80

Dir. County
£B Buena Yista

Soit Support
K Yalue

125
200

H Core No.
216

; Date
Tested

7-21-83
10-25-83

Core No,

218

" Date
Tested

1-21-83
10-25-83

Route
A3

Pave,
Temp oF

100°
609

Route
A3

Pave.
Temp OF

100°
£0°

Milepost
81.00

Struct.
Rating

3.60
3.80

Milepost
80.89

Struct.
Rating

2.90
z.90

Bir, County
£8 Buena Vista

Soil Support
K Yalue

200
225

Dir. County
WB Buena Vista

Seil Support
K Yaiue

128
220

Core No,
217

Date
Tested

71-21-83
10-25-83

Core No.

219

Date
Tested

7-21-83
10-25-83

Route
1A 3

Pave.
Temp OF

160°
60°

Milepost
81,30

Struct.
Rating

4,25
4,30

Dir. County
We Buens Vista

Soi1 Support
K Value

210
225

Route
1A 3

Pave,
Temp OF

100°
50°

Milepost
80,30

Struct,
Rating

Dir, County

We Buena Vista

Seil Support
K Value

185
225
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Core No. Rotite Milepost Bir. County Core No. Route Milepost Dir, County
7220 A3 79.80 Wi Buena Vista 221 IA 3 79,30 Vi3 Bugna Vista
Date Pave, Struct. Soil Support Date Pave. Struct. Soil Support

Tested Temp OF Rating K Value Tested Temp °F Rating K Yalue

7-21-83 100° 3.70 220 7-21-83 1002 3.10 185

10-26-83 30° 3.60 225 10-26-83 30 3.10 230

Core No. Route Hilepost Dir. County Core No. Route Milepost Oir. County
222 1A 3 78,30 Wi Buena Vista 223 A3 77.50 W3 Buena Vista
Date Pave. Struct. Soi Support Date Pave. Struct, Soil Support
Tested Temp OF Rating K Value Tested Temp OF Rating K Value
7-21-83 1003 3.85 210 7-21-83 1007 3.50 156
10-26-83 30 2.95 210 10-26-83 30 3.10 160

Core Ho, Route #ilepost Dir, County {ore No. Route Milepost Dir, County
224 [A 3 76,50 WB Buena Vista 226 3 76,50 VB Buena Vista
Cate Pave. Struct, Soil Support Date Pave, Struct, Soit Support
Tested Temp OF Rating K Vaiue Tested Temp OF Rating K Value
7-21-83 100° 3.70 220 7-21-83 100° .30 200
10-26-83 30°© 3.70 215

10-26-83 300 3,70 225
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Core No. Route Milepost Dir. County Core No. Route Milepost Dir. County
226 A3 74,50 WB Buena Vista 227 IA 3 72,80 W8 Buena Vista
Date Pave. Struct. Soil Support Date Pave, Struct. Soil Support
Tested Temp OF Rating K Valug Tested Temp OF Rating K Value
7-21-83 160° 3.40 190 7-21-83 100° 2,90 205
10-26-83 30° 3.28 208 10-26-83 30° 2.70 190

Core No. Route Milepost Bir. County Core No. Route Milepost Dir. County
228 A3 71,00 We Buena Vista 229 A4 127.00 NB Emmet

Date Pave. Struct. Soil Support Date Pave, Struct. S0i1 Support

Tested Temp OF Rating K Value Tested Temp OF Rating K Value

7-21-83  Not Tested Mot Tested Mot Tested 7-20-83 125° 3.45 145

10-26-83 30 4.00 225 10-26-83 70 4.10 200

Core No. Route Miiepost ir, County Core No. Route Milepost Dir, County
230 1A- 4 128.00 B Emmet 231 1A 4 129.00 N3 Emmet

Date Pave. Struct. Soi1 Support Date Pave. Struct, Soil Support

Tested Temp °F Rating X Value Tested Temp OF Rating K Value

7-20-83 125° 4.00 180 7-20-83 1259 2.15 . 165

10-26-83 700 4,30 155 10-26-83 700 2,95 165
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Core No. Route Milepost Qir, County Core Ho. Route Milepost Hr. County
. 232 1A 4 129.25 SB fmmet 233 IA 4 128,50 5B Eamet
Date Pave. Struct. Soil Support Date Pave. Struct. 5011 Support
Tested Temp °F Rating K Value Tested Temp OF Rating K Value

72083 125° 3.50 285+ 7-20-8% 108° 2.40 15

10-26-83 79° 3.85 225 . 10-26-83 0 3.36 186

Core No. Route Mitepost Dir. County Core No. Route Milepost Dir. County
234 A4 127,50 B Emmet 235 1-35 205,00 Ng Horth

Date Pave. Struct. Seil Support Bate Pave. Struct. Soil Support

Tested Temp OF Rating K ¥alue Tested Temp OF Rating K Value

7-20-83 125° 2.60 130 7-21-83 120° 3.80 200

10-26-83 70° 3.45 180 10--28-83 45° 4,30 225+

Core No. Route Milepost Dir, County Core Ne. Route Milepost Bir, County
236 1-35 206,06 N3 Worth 237 1-35 207.00 N8 Horth

Date Pave. Struct. Seil Support Date Pave, Struct. Soil Support

Tested Yemp OF Rating K Vatue Tested Temp OF Rating K Yalue

7-21-83 120° 4,28 220 7-21-83 3:20‘0 3.60 50

10-28-83 459 4,40 225+ 10-28-83 45° 4,55 225+
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Core No. Route Milepost Dir. County Core No. Route Milepost Bir, County
238 I~-35 208.00 N8 Worth 239 I-35 209.00 N8 Worth

Date Pave, Struct. Soil Support Date Pave, Struct, 5011 Support

Tested Temp OF Rating X Value Tested Temp OF Rating K value

7-21-83 120° 4,70 210 7-21-83 1200 4.70 210

10-28-83 45° 1.60 175 10-28-83 45 4.00 225

Core Ko, Route Milepost Dir. County . Core No. Route MiTepost Dir. County
240 1-35 210.00 u8 Worth 241 [-38 211.00 N3 Harth

Date Pave, Struct. Soi1 Support Date Pave, Struct. Soil Support

Tested Temp OF Rating K Value Tested Temp °F Rating K Value

7-21-83 1200 5.30 225+ 7-21-83 1207 8,00 225+

10-28-83 45° 4.85 225+ 10~28-83 45 4.55 220

Core No. Royte Milepost Bir. County Core No, Route Milépost Dir, County
242 135 212.00 NB Worth 243 1-35 211.80 s8 Worth
Date Pave. Struct. Soil Support Date Pave. Struct. S0l Support
Tested Temp OF Rating K Value Tested Temp °F Rating K Value

7-21-83 1209 4.60 205 7-21-83 120° 4.40 210

10-28-83 450 4.40 135 10-26-83 550 .15 226+



LT PAVEMINT CORES

Core HNo.

244

Date
Tested

7-21-83
16-28-83

Route
I-35

Pave,
Temp °F

1202
55

Milepost
210.30

Struct.
Rating

4.60
4.85

Bir. County

S8 Horth

Soil Support
K Value

205
225+

Core Ho.
246

Date
Tested

12183
10-28-83

Route
[-35

Pave.
Temp F

120°
55°

Milepost
208,80

Struct.
Rating

5,10
4,10

Bir. County
SB Worth

Soil Support
K Yalue

160
225

Core No.
248

Date
Tested

7-21-83
10-28-83

Route

Mifepost
206,80

Struct,
Rating

4,60
4.85

Dir. County

SB Horth

Seil Support
K Value

220
215

Core No.
245

Date
Tested

7-21-83
10--28-83

Route
[-35

Milepost
209,30

Struct.
Rating

Dir,

5B Horth

County

S0i1 Support
K Value

160
225+

Core No.
247

Date
Tested

7-21-83
10~28-83

Route
I-35

Pave.
Temp OF

120°
55°

Mitepost
207.80

Struct,
Rating

5,75
5.30

Dfr. County
SB Worth

Soil Supgort
K Vaiue

225+
225

Core No.
249

Date
Tested

7-21-83
10-28-83

Route
1-35

fave.
Temp OF

120°
55°

Milepost
205.80

Struct.
Rating

4,15
4.70

County

Bir,
SB Horth

Soil Support
K Value

200
225+



LTM PAVEMENT CORES

PAGE 115

Core No. Route Milepost Dir, County Core No. Route Miltepost Dir, County
250 1-35 7204.80 S8 Worth 251 us 18 207,50 E8 Floyd
Date . Pave. Struct, Soil Support Date Pave, Struct, Soil Support

Tested Temp O Rating K Yalue Tested Temp OF Rating K Value

7-21-83 120° 3,30 125 42183, 652 3.80 185

10-28-83 55° 4,95 225+ 10-31-83 50 4,30 125

Core No. Route Milepost Oir. County Core No. Route Milepost Dir. County
252 us 18 208.50 £8 Floyd 253 us 18 209.50 £8 floyd

Date Pave, Struct, Soil Support Date Pave. Struct. Soil Support

Tested Temp OF Rating ¥ Value Tested Temp 9F Rating K Value

4-21-83 65° 5,55 140 4-21-83 657 5.50 215

10-31-83 50° 4,85 225+ 10-31-83 50 4,95 225+

Core No. Route Mi1epost Dir, County - Core Ne. Route Milepost Dir, County
254 us 18 209.65 W8 Floyd : 255 Us 18 209.00 uB Floyd

Gate Pave. Struct. Soil Support Date Pave, Struct. S0l Support

Tested Temp OF Rating K Value Tested Temp 9F Rating K Value

42183 §5° 5,85 200 427-83 65° 4.95 155

10-31-83 500 5,10 2254 10-31-83 50° 4.55 225+
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Core No. Route
256 s 18
late Pave.
Tested Temp °F
4-21-83 85,
10-21-83 50

Milepost
208.00

Struct.
Rating

6.10
6.20

Dir. C

ounty

WB Floyd

5011 Support

K Value

155
225+

Core No. Route
258 IA 21
Date Pave.
Tested Temp °F
4-11-83 552
11-1-83 56°

Milepost
94,25

Struct.
Rating

Core No. Route
260 1A 21
Date Pave.
Tested Temp °F
4-11-83 65°
11-1-83 500

Milepost
92,25

Struct.
Rating

4.70
5,60

Bir.
SB

County
Black Hawk

Soil Support

K Valug

Bir.
S8

Soit Supp
K Value

120
250

County

Black Hawk

ort

PAGE

116

Core Ho.
257

Date
Testad

4-11-83
11-1-83

Route
N

Pave.
Temp OF

55°
50°

Milepost
95.25

Struct.,
Rating

4.60
5.00

Dir. County

SB Black Hawk
Soi1 Support
K Value

100
235

Core No.
259

Date
Tested

4-11-83
11-3-83

et ;
T T L T

Route
AN

Pave.
Yemp OF

il
i

Milepost
93.25

Struct,

Rating

2.55
3.08

T ':‘ﬂ v ”'M‘"l oy HAEN

Bir, County
SR Black Hawk
S0i1 Support
K Value

145
235

Core No.
261

Date
Tested

41183
11-1-83

Route

IA 21
Pave.
Temp °F

65°
£QO

Milepost
91,25
Struct.
Rating

3,60
4.70

Dir.,
SB Black Hewk

County

So031 Support
K Value

95
225
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Core No,
262

Date
Tested

41183
11-1-83

{ore No.
264

Jate
Tested

4-11-83
11-1-83

Route
TA 23

Pave.
Temp OF

Route

IA 21

Pave.
Temp °F

557
50°

Milgpost
9G.25

Stryct.
Rating

3.90
4.70

Milepost
88.25

Struct.
Rating

4.55
5,580

Dir. County

s8 Black Hawk

Soil Support
K Value

Dir. County
SB 8iack Hawk

S011 Support
K Value

155
240

it

[ K

Core No.

256

Date
Tested

4-11-83
11-1-83

Route
a2

Pave.
Temp OF

559
60°

Miltepost
88.50

Struct.
Rating

3.40
5,710

Dir. County
NB Black Hawk

Soil Support
K Vaiue

10
185

Core No.
263

Date
Tested

4-11-83
11183

PAGE 117

Route

A 27
Pave.
Temp OF

653
50

Milepost
89,25

Struct.
Rating

4.56
4.45

Dir, County
SB Biack Hawk

Soit Support
K Value

75
225

Core No.
265

Date
Tested

Route
[A 21

Pave.
Temp OF

Milepost
87.25

Struct.
Rating

Dir. County
SB Black Hawk

S0i1 Support
K Value

Core No.
267

Date
Tested

4-11-83
11-1-83

Route

1A 2%

Pave.
Temp OF

55%
609

Miiepost
89.00

Struct,
Rating

4,30
5.50

Dir, County
NB Black Hawk

Seil Support
K Value

75
250
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Core No. Route Milepost Dir. County Core No. Route Milepost iy, County
268 IA 21 90.0C N8 Black Hawk 269 IA 27 91.00 NB 3Tack Hawk
Date Pave, Struct. Soi) Support Date Pave. Struct. S0il Support

Tasted Temp OF Rating K Value Tested Temp °F Rating K Vaiue

§~11-83 . 852 4,20 100 4-11-83 552 5.00 95

11-1-83 60° 6,30 180 11-1-83 60 5,80 245

Gore No. Route Milepost Oir, County Core No. Route Milepost Dir., County
270 1A 2% 92,00 NE Black Hawk 271 A 21 93,60 i Black Hawk
Date Pave. Struct., Soil Support Date Pave. Struct. Soi1 Support
Tested Temp O Rating ¥ Value Tested Temp OF Rating K Value
4-11-83 ° 58° .35 75 4-11-83 857 3.70 80
11-1-83 60° 4.00 225 11-7-83 60 4,50 230

T

e e

M
Core No, Route Milepost Dir. County Core Ho. Route Milepost Bir, County
2re Ia 21 94. 00 NB Black Hawk 273 1A 21 94,50 WB Black Hawk
Date Pave, Struct. Seil Support Date Pave, Struct. Soil Support
Tested Temp °F Ratiag K Value Tested Temp °F Rating K Value
4-11-83 559 2.B85 90 4-11-83 55° 2.65 50

11-1-83 600 4,70 200 11-1-83 600 4.10 205
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Core No. Route Milepost Dir. County Core No. Route Milepost Dir, County
274 1A 21 95.00 N8 Biack Hawk 275 A 81 0.5 NB Allamakee
Date Pave. Struct, 5011 Support Date Pave. Struct. Soil Suppert

Tested Temp OF Rating K ¥alue Tested Temp OF Rating K Value

4-11-83 559 5,60 95 4-26-83. 500 3.60 50

11183 60° 5.60 240 11-2-83 55 4,55 225+

Core MNo. Route Milepost Dir, County Core No. Route Mileposs Dir. County
278 [A 51 1.70 NB Allamakee 277 IA 51 2.70 N8 Allamakee

Date Pave. Struct. 5031 Support Date Pave. Struct. Soil Support

Tested Yemp OF Rating K Value Tested Temp OF Rating K Value

4-26~83 50° 4.40 90 4-26-83 500 4.40 165

11-2-83 550 3.75 225+ 11-2-83 55 4.85 225

Core Ko, Route Milepost Dir, County Core No. Route Milepost Bir, County
278 I8 51 3.05 SB Allamakee 279 [A 51 2.00 SB Allamekee

Date Pave. Struct. Soil Support Date Pave. Struct. S0l Support

Tested Temp OF Rating K Value Tested Temp OF Rating K Va15§

4-26-83 50° 4,90 115 4-26-83 5° 3.50 156

11-2-83 559 4.95 225+ 11-2-83 580 4.10 226
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Core No. Route Milepost Dir. County Core No. Route Milepost Dir, County
280 LY 1.80 SB Allamakee 281 i-80 258.00 £B Ledar
Date Fave. Struct, Soil Support Date Pave. Struct. S0i1 Support
Tasted Temp OF Rating K Value Tested Temp F Rating K Value

1-26-83 50° 4.20 125 5-9-83 85° 8,00+ 180

11283 55° 4,55 225+ 11-3-83 45 8,25 225+

Core No. Route Milepost Bir. County Core No. Route Mi]epost Oir, County
282 I-80 259,00 £B Cedar 283 i-80 260.00 EB Cedar

Date Pave. Struct. So017 Support Date Pave, Struct, Soil Support

Tested Temp OF Rating K Yalye Tested Temp OF Rating K Value

5-0-£3 8s° 8.00+ 140 5-9-83 857 8,00+ 120

11-3-83 45° 6.50 2254+ 11-3-83 45 7.80 225+

Core No. Route Milepost Bir, County Core No. Route Milepost Dir.

County
284 1-80 261,00 EB Cedar 285 1-80 262.00 EB Cedar
Date Pave., ' Struct, 5011 Support Date Pave. Struct, Soil Suppert
Tested Temp oF Rating K Value Tested Temp °F Rating K Value
5-9-83 g5° 8.00 165 5-9-83 85° 8,00+ 180
11-3-83 459 7.1 225+ 11353 48° 10.00+ 205
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Core HNo. Route Milepost Gir, County Core No. Route Milepost Dir. County
286 1-80 263.00 £B Cedar 287 1-80 264,00 £ Cedar
Date Pave. Struct. Soil Support Date Pave. Struct. Soil Support
Tested Temp OF Rating K Value Tested Temp 9 Ratiag K Value

5-9~83 853 8.00+ 210 5-9-83 . 852 8. 00+ 85

11-3-83 45 8.25% 225+ $1-3~-83 45 5.45 225+

Core No. Route Milepost Dir. County {ore HNo. Route Milepost Dir, County
288 1-80 265,00 EB Cedar 289 180 265,25 g Cedar
Date Pave. Struct, Soi1 Support Date Péve. Struct, Soil Support
Tested Temp OF Rating K Value Tested Temy OF Rating K Value

5-9-83 g5? 8,00+ 220 5983 850 7,40 65

11-3-83 45° 5.65 225+ 11-3-83 45 6.00 226+

Core No. Route #ilepost Gir. County Core Ho. Route Milepost Dir. County
2%0 1-80 264.25 W Cedar 291 1-80 263.25 WA Cedar
Date Pave. Struct. 5011 Support . Pate Fave, Struct. Soil Support
Tested Temp OF Rating K Yalue Tested Temp %F Rating K Value

5983 gs5° B.00+ 215 5-9-83 85° 8,00+ 95

11-3-83 459 10,004+ 225+ 11-3-83 459 935 225+
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Core No. Route Milepost Dir, County Core No. Route Milepost Bir. County
292 1-80 262.25 WR Cedar 293 1-80 261.25 uB Cedar
Date Pave. Struct. Soil Support Late Pave. Struct. Soil Support

Tested Temp OF Rating K Value Tested Temp %F Ratirg K Value

5.9-83 5% 8.00+ 90 §-9-83 85 7.40 160

11-3-83 45° 7.45 225+ 11-3-83 45 5,40 170G

Core No. Route Milepost Dir. County Core No. Route Milepost Dir, County
284 1-80 260.25 WB Cedar 295 80 259.25 We {edar

Date Pave. Struct. Soil Support Date Pave, Struct, Soil Support

Tested Temp °F Rating K Value Tested Temp OF Rating K Value

5-9-83 85° 8.00+ 230 5-9-83 85 8.00+ 90

11-3-83 45° 8.75 225+ 11-3-83 a5 5.40 225+

v

- . .',’- o .oy
"'”f'j_'j_r‘,i‘ifil'“d""l"%{"il"ﬁ""!‘!&"‘ri 1I|6jltl‘il“|>'\|‘\‘1li:f\

.J1i|=< ||4l4|. -ri

Ty

.

Core No. Route Milepost Dir. County ~ Core No. Route Milepost fir, County
296 1-80 258.25 WB Cedar 297 us 238 85,50 SB Hashington
Date Pave, Struct, 3011 Support Date Pave. Struct, So11 Suppors
Tested Temp °F Rating K Value Tested Temp OF Rating K Value
5-9-83 §5° 7.60 90 5§83 65° 3.70 50
11-3-83 459 5.40 226+ 11-4-83 350 3.60 205
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Core No. Route Milepost Dir. County Core No. Route Milepost Dir, County
298 us 218 64,50 SB Washington 299 us 218 63.50 SB Washingten

Date Pave. Struct. Soit Support Date Pave, Struct, Soil Support

Tested Temp % Rating K Value Testied Temp OF Rating K Valuye

5-5-83 65° 4,00 65 5-5-83 . 65, 5.10 185

11-4-83 5% 3.75 225 11~6-83 35 3.70 2254

Core No. Route Milepost Dir, County Core fio. Route Milepost Dir, County
300 US 218 62.50 38 Washington 0 US 218 61.50 58 Washington
Bate Pave. Struct, Seil Support Date Pave, Struct. So$1 Support
Tésted Temp 9F Rating K Vatue Tested Temp OF Rating K Value
5-5-83 65° 4,00 105 5-6-83 ﬁsg 2.40 50
11-4-83 35° 3,60 225 11-4-83 35 7.00 225+

Core No. Route Miiepost Dir. County Cere No, Route Milepost dir, County
302 us 218 62.00 NB Washington 303 Us 218 63.00 Ng Hashington

Date Pave. Struct, S0i1 Support bate Pave. Struct. S0i1 Support

Tested Temp °F - Rating K Value Tested Temp °F Rating K Value

5-5-83. 55° 1.20 185 5-5-83 657 31.35 50

11-6-83 350 2.10 225+ 11-4-83 350 2 .65 2254
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Core No, Route Milepost Bir, County Core No. Route Milepost Dir. County
304 Us 218 64.00 NB Washington s Us 218 65.00 8 Hashington
Date Pave. Struct, 3017 Support Date Pave. Struct. 5011 Support
Tested Temp °F Rating K Value Tested Temp OF Rating K Value
5-5-83 650 3.50 50 : 5-5-83 . 657 4.25 155
11-4-83 35° 2.60 150 171~4-83 35 2.55 170

T

Core No. Route Mitepost Bir. County Core No. Route Milepost Dir. County
306 Us 218 66,00 NB Washington 307 Us 34 167.25 W8 Monroe

Cate Pave. Struct. Soil Support Date Pave, Struct. Seil Support

Tested Temp OF Rating K Value Tested Temp OF Rating K Value

5583 65° 4.36 125 5-12-83 807 5,55 200

11-4-83 35° 2.90 220 11-7-83 G5 5,70 2254

P

ki

"Ai"‘gn‘h'sé‘"i"’,-‘,t‘i‘i"%!"‘l"é}'!"!"H"‘l'"i‘nié’i%"-‘ﬂ{“E“‘;“?'3“'.‘.‘3‘-'? .

Core Ho. Route Milepost Dir. County Core No, Route Milepost Bir. County
308 Us 34 166,50 5] Monroe 30% us 34 165,56 Wi Monroe
Date Pave, Struct, Soil Support Date ave, Struct. Soil Support
Tested Temp °F . Rating K Value Tested Temp °F Rating K Value

5-12-83 a0? 6.35 190 5-~12-83 80° 6,50 205

N-7-83  65° 6.75 225+ 11-7-83  §5° 6.50 2354
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Core No.
310

Date
Tested

§-12-83
11-7-83

Core No.
312

Date
Tested

5-12-83
11-7-83

B e A R

Route

Us 34

Pave,
Temp OF

Milepost
164.25

Struct.
Rating

8.10
8.50

Bir. County

WB Monroe

Soil Support

K Value

155
225+

Route

Us 34

Pave.
Temp OF

ey

)

Milepost
162.25

Struct.
Rating

4,85
5,55

Dir. County

WB Monroe

Soil Support
K Value

160
225+

Core No.

314

Date
Tested

5-12-83
11-7-83

Route
Us 34

Pave.
Temp OF

80%"
550

Milepost
160.25

Struct.
Rating

5.75
6.50

Dir. County

48 Monroe

Soil Support
K Value

190
225+

Core No.

3N

Date
Tested

5-12-83
11783

Route

us 34

Pave,
Tenp °F

go°
657

Milepost Dir. County
163,25 HB Monroe

Struct. Soit Support

Rating K Value

4,55 00

5.40 225+

v
v

T s

Route
us 34

Pave.
Temp CF

80°
65°

T v R ?
. .,jgi.;'.F&’.‘4iuiﬂ-‘1lqéiq)i-w‘:\x!-;;!&qq“it;!\pi‘i

Mitepost Bir, County

161.25 B Monroe
Struct. Soil Support
Rating K Yalue

5.10 130

6.00 2254

i

Core No.

35

Date
Jested
5-12-83
11-7-83

Reute
Us 34

Pave.
Temp OF
gc®
52

Milepost Dir. County
159,25 ua Honroe
Struct. S0i1 Support
Rating K Value

6.00 195

5.40 225+
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Lore No. Route Milepost Dir, County Core No. Route Milepost Bir, County
316 UsS 34 159.00 EB Monroe 317 Us 34 160.00 i Menroe
Date Pave. Struct, Scil Support Date Pave, Struct. Soil Support
Tested Temp OF Rating K Yalue Tested Temp OF Rating K Yalue

. o )
5-12-83 a0l 4.30 80 5-12-83 8¢ 5,45 195
11-7-83 65° ' 4,79 225 11-7-83 65° 6.00 225+

Core No. Route Milepost Bir. County Core No. Route HMilepost Bir, County
318 Us 34 161.00 EB Menroe 319 Us 34 162.00 EB Monroe
Date Pave. Struct. Soil Support Date Pave, Struct, Soil Support
Tested Temp ©F Rating K Value Tested Temp SF Rating K Value
O
5-12~83 a0? £.90 17G 5.-12-83 80 5.70 225+
11-7-83 85° 8.50 225+ 11-7-83  48° 6.35 225+

Core No. Route Milepost Dir. County Core No. Route Milepost Dir., County
320 Us 34 163.00 £B Monroe 321 Us 34 164.00 ER Monroe

Date Pave. Struct. Seil Support Date Pave. Struct. S0l Support

Tested Temp °F Rating K Value Tested Temp °F  Rating K Value

5-12-83 80° 410 150 5-12-83 80° 6,75 145

11-7-83 650 5.55 225+ 11-8-83 500 6.50 225+
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Core No. Route Milepost Dir. County Cere No, Route Milepost Dir, County
322 Us 24 164, 50 £B Monroe 323 Us 34 166.00 EB Monroe
Date Pave. Struct, 5011 Support Date Pave, Struct. S0i1 Support
Tested Temp °F Rating K Value Tested Temp °F Rating K Value

5~12-83 80° 4,30 125 5-12-83 BGS 5.95 155

11-8-83 50° 7,60 225+ $1-8-83 50 6.50 225+

Core No. Route Milepost Bir. County Core No. Route Milepost Bir, County
324 us 34 167.60 E8 Monroe 329 1-80 148.70 W8 Polk
Date Pave, Struct, S6i1 Support Date Pave, Struct. Seil Support
Tested Temp OF Rating K Value Tested Temp OF Rating K Value

5-12-83 80° 4.70 190 5-11-83 55° 4.85 150

11-8-83 50° 7.10 2264 11-8-83 65° 4,85 225+

Core No. Route Milepost Dir, County Core No, Route Milepost HATR County
330 1-80 147.70 WB Poik I I-80 146,70 g Potk
Date Pave. Struct. S0i1 Support Date Pave, Struct. Soii Support
Tested Temp O Rating K Value Tested Temp ©F Rating K Value

5-11-83  56° 5.10 160 5-11-83  55° 5.35 105

11-8-83 659 5.00 225+ 11-8-83 659 4.00 210
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Core No.

Core No.
334

Date
Tested

5-11-83
11-8-83

Core Ho.
336

Date
Tested

5-11-83
11-10-83

Milepost
145,70

Struct,
Rating

3.60
3.75

Dir, County
Wa Potk

S0l Suppert
K Value

105
210

Route
1-80

Pave.
Temp OF

55°
£5°

Route
1-80

Pave.
Temp Of
557
200

Milepost
144,20

Struct,
Rating

5.10
.80

Dir. County

k] Poik

S0il Support
K Value

125
225+

Milepost
142.00

Struct.
Rating

4.400
4.85

Dir. County

B Polk

Soil Support
K Yalue

65
225+

: 5
i, b

Core No.
333

Date
Tested

5-11-82
11-8-83

Core No.
335

Date
Tested

5-31-83

11-10-83

Core Ho,

337

Date
Tested

5-11-83
11-10-83

Route

1-80

Pave,
Tanp OF

55°
55°

Route
1-80

Pave.

Temy OF
55°
200

Milepost
144.70

Struct.
Rating

4.40
4,20

Dir. County
WB Polk

So11 Support
K Value

160
225+

Milepost
142,90

Struct.

Rating

4,40
4.55

Dir, County
Wb Polk

Soi1 Support
K Value

90
220

Milepost
143.00

Struct,
Rating

4.20
4.40

Gir, County
EB Polk

Soil Support
K Value

85
215



Core No.

338

Jate
Tested

5-11-83
11-10-83

Route
1-80

Pave,
Temp °F

559
20°

LTM PAVEMENT CORES

Milepost

143,50

Struct.
Rating

Dir. County

£B Polk

Soil Support
K Value

135
225+

Core No.
340

Date
Tested

51183
11-10-83

Core Mo,
342

Date
Tested

5-11-83
11-10-83

Route
180

Pave,
Temp °F

550
20°

#itepost
145,50

Struct,
Rating

5.10
4.85

Dir. County
£B Polk

Soil Support
K Yalue

160
225+

Route
1-80

Pave.
Temp OfF

55°
200

Wy

AL

AT

Milepost
147.50

Struct.
Rating

6,35
4.00

Gir. Lounty

EB Polk

Soil Support
K Value

205
225+

Iy

Core No.

339

Date
Tested

5-11-83
11-10~-83

Core No,
341

Date
Tested

5-11-83
11-10-83

PAGE 129

Route
1-80

Pave,
Temp OF

589
20°

Milepost Dir. County
144.50 £B Polk

Struct. S0il1 Support

Rating K Value

4.85 15

4.60 225

Route

1-86

Pave.
Temp °F

55°
20°

i

B TS

Milepost Hr, County
146,50 E8 Polk
Struct. Soil Support
Rating K Yalue

4,40 90

5. 10 225+

Core No.
342

Date
Tested
5-11-83
11-10-83

Route
1-80

Pave.
Temp OF
55°
200

Milepost Dir. County
148.00 ER Polk
Struct, 5011 Support
Rating K Value

4,58 95

3.35 225
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Core No. Route Milepost Dir, County Core No. Route Milepost Dir. County
344 i-80 148,30 £8 Polk
Date Pave. Struct. Soil Support Date Pave. Struct. Soil Support
Tested Temp OF Rating K Valug . Tested Temp °F Rating K Value
5-11-83 55 4.55 140

11-10-83  26° 4,70 175
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APPENDIX G
Meisture-Density=-8ilt Content Relationships
Glacial Clay Subgrade Treatment
Silty Sand and Gravel Subgrade Treatment
Saturated Silty Clays and Various CGranular Treatments
High Silt Content in Granular Subbase
IA 22 & IA 70 Road Rater A.C. Overlay Designs
Requested Rigid Pavement Road Rater Testing
Requested Flexible Pavement Road Rater Testing
Requested Composite (AC/PC} Pavement Road Rater Testing
Rigid Pavement Road Rater Study Sections
Rigid Pavement Road Rater Study Sections {(Cont'd)
Composite (AC/PC) Pavement Road Rater Study Sections

Flexible Pavement Coefficient of Asphaltic Concrete
From Road Rater Deflection Testing

Rigid and Composite Pavement Coefficient of Asphaltic
Concrete From Road Rater Deflection Testing

Road Rater Void Detection Testing I-80 EB - Scott County

Road Rater Testing of Retrofitted Load Trangfer Dowels



Table 1

Moisture - Density - Silt Content Relationships

Field Silt Moisture
Pavement Density K Yalue Content Content
Type Core # {pcf) {psi/in) (%) (%) Layer

PC 133 111 205 35 16.2 B
PC 134 109 180 48 16.5 B
PC 134 111 200 42 17.4 B
PC 136 108 205 37 18.3 B
PC 138 100 130 61 21.6 B
PC 139 95 65 48 25.2 B
PC 140 108 200 40 17.8 B
PC 141 118 200 4] 12.7 B
PC 142 104 180 4] 19.6 B

Description

Gr Br
Dk Br
Gr Br
Gr Br
Br Gr
Gr Br
Gr Br
Dk Br
Br Gr

Glacial Clay

Silty Clay Loam
Glacial Clay
Glacial Clay

Sitty Clay

Silty Glacial Clay
Glacial Clay

Sandy Silty Clay

Glacial Clay

2l 39vd




Table 2

Glacial Clay Subgrade Treatment

Field

Pavement Density
Type Core # (pcf)
PC 211 118
PC 212 124
PC 213 118
PC 214 120
PC 215 115
PC 216 123
PC 217 112
PC 218 123
PC 219 115
PC 220 119
PC 221 119
PC 222 112
PC 223 115
PC 225 105
PC 225 105
PC 226 118

Silt Moisture
K Value Content Content
(psi/in) (%) {%) Layer
200 36 4.0 B
200 B
190 42 12.2 8
215 36 12.3 B
125 11.8 B
200 44 13.5 B
210 14.9 B
125 57 11.3 B
185 36 10.6 B
220 36 12,1 B
185 39 12.2 B
210 35 15.7 B
150 35 13.5 B
220 41 19.7 B
200 43 17.7 B
190 49 12.5 B

Gr
Br
Gr
Gr
Br
Br
Dk
Br
ar
Br
Gr
Gr
Dr
Br
Dk

Description
Br Clay Loam

Gr Clay Loam

Br Glacial CTéy

Br to Br Gr Glacial Clay
Sand Clay Loam w/Sand Seams
Sandy Clay loam

Br Silty Clay Loam w/Gravel
Sandy Loam

By Sandy Clay Loam

Gr Glacial Clay

Br Silty Glacial Clay

Br Glacial Clay

Br Clay Loam

Gr Clay Loam

Br Clay w/Gravel

+ Sand Seams

Gr

Br Glacial Clay
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Pavement Type

PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
°C

Core #

169
170
171
172
173
174
175
176
177
178
191
192
193
194
195
196
197
198
199
200
201
202
203
204

Silty Sand and Gravel Subgrade Treatment

K Value
(psi/in)

185
215
185
185
130
180
195
150
160
180
145
150
225+
140
155
185
180
180
180
205
205
180
175
190

Table 3

Silt
Content
(%)
10
10

10

Layer

TWWW WU oo oD oo Ue oo 0ol o oo

Description

Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand

I T S S Tk T T . T S s S VRt SR S S

Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel
Gravel

L J0Vd



Saturated Silty Clays and Various Granular Treatments

Field
Pavement Density
Type Core # {pcf)
PC 253
PC 254
PC 255 113
PC 256
PC 275 102
pC 276 104
PC 277
PC 278 106
PC 279
pC 280 98

Table 4

Silt Moisture
K Value Content Content
{psi/in) (%) (%) Layer

215 2 B
200 2 B
155 33 13.8 B
155 8 B
50 73 19.9 B
90 73 20.0 B
165 9 B
115 63 19.0 B
155 12 B
125 73 22.5 B

Description

Br Sand w/0cc Gravel
Br Sand w/Occ Gravel
Gr Br Clay Loam

Br Sand w/Gravel

Br Gr Silty Clay

Br Gr Silty Clay
Gravel {Limestone)
Br Gr Silty Clay
Gravel {Limestone)

Br Gr Silty Clay
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Table 5
High Silt Content in Granular Subbase

' Silt Layer €
Pavement K Value Content Thickness Density - Moisture
Type Core # (psi/in) (%) Layer Description {inches) {pcf) (%)
PC 329 150 10 B Sand and Gravel 6" 111 1b. @ 15.9
pC 330 160 8 B Sand and Gravel 4.5" 118 1b. € 15.3
PC 331 105 16 B Sand and Gravel 5" 111 1b. @ 16.7
PC 332 105 11 B Sand and Gravel 6" 118 1b. @ 15.3
pPC 333 160 8 B Sand and Gravel 6" 111 1b. @ 15.8

PC 334 125 11 B Sand and Gravel 5

PC 335 90 13 B Sand and Gravel 4" 110 1b. @ 17.5
PC 336 65 14 B Sand and Gravel 6" 102 Tb. @ 19.8
PC 337 85 12 B Sand and Gravel 5" 108 1b. @ 17.6
PC 338 135 12 B Sand and Gravel 5" 111 1b. @ 16.9
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Table 6

IA 22 & IA 70 Road Rater A.C.

Overlay Designs

Road Rater

Structural Rating

Road. Rater

2:C.. Overlay

Map Estimate Based
Section Route From To On 15 Year District #5
Number 1977 1978 . 197¢ 1980 1982 Design Life Recommendation
1 IA. 22 us 218 IA.405 1.65/1.45 * 1.50/1.190 7" Reconstruction
1986
2 IA. 22 IA.405 Nichols 3.25/2.90 [14.20/3.70 4.00/3.60 4.20/3.60 2" Minor Resurfacing
In Future
3 IA. 22 Nichols [E.Jct.
IA. 70 3.20/270 3.25/2.75 3.50/3.00 33 Resurfacing
1984
5 TA. 22 IALT70 Muscatine 2.90/2,45% 12.38/2.18 2.37/1.90C 7" 3" - 4" Resurfacing
1584
7 IA. 70 Columbus|Conesville 2.95/2.52 3.006/2.45 3" resurfacing
Junction in Future
6 TA. 7¢ Cones-— Nichols 2.20/1.85 2.38/2.05 4" Resurfacing
ville In Future
4 IAa. 70 IA, 22 West 2.80/2.45 3.16/2.60 5kt 3% - 4"
Liberty Resurfacing
1984
NOTHS :
=
* Tdo Low For Meaningful Btructural Hating ﬁ%
1.5041.10 The First Number Is The Strductural Rating Based On {Average Deflection. C:
The Seccend Numier Is The Sgructural Rating Based Op 80th Percerltile Deflection For ~

Desig

n Purposes.




Table 7
Requested Rigid Pavement Road Rater Testing

i A.C. OVERLAY THICKNESS REQUIRED
; AVEL SR 10 YEAR 1% Year 20 YEAR
STHUCTURAL As Const. A 8OLn DESIGN DEZIGH DESIGN
ROUTE COUNTY FROF TO COMPOSITION NET SN AVE. SR JOINTS SR LIFE LIFE LIFE
RENUESTED RIGID PAVEMENT ROAD RATEL TESTING
I-80 Pott. MP 6.61 Mp 11.52 1969 4" GSB 4.40 EB 3.40 3.25 2.50 10" 10 1/2° 10 3/4n
Council Sec. 11, 8" CRCP WB 3.60 3.28 3.15 8 1/4" g" gn
Bluffs R-43w, T- 750
1-80 Pott. MP 1:.52 | MP 18.93 | 1969 4" ATD 5.36 EB 4.28 3.98 3.73 6 3/4" 7 1/2" 73/
Sec. 11, [Underwocd 8" CRCP WE 4.28 4.24 3.83 6 3/4" 7 1/4" 7 1i/2"
R-43W, T~ 75N
I-80 Pott MP 18.893 MP 27.00 1969 4" ATB 5.36 B 4.10 4,50 3.67 7" ) 7 3/4;" 7 3/4"
Underwood i-680 8" CRCP wWB  4.28 4,00 3.73 : & 3/4” 7 1/2 7 3/4"
I-80 Pott MP 27.00 Mp 33.80 1966 4" GSB 4,40 =B 3.68 3.40 3.24 8" g 3/4" 9"
I-680 Shelby 8" CRCP w8 3.59 3.72 3.00 8 3/4" 9 1/2" 9 3/4"
1-680 Potk. MP 13.05 MP 29.2] 1966 4" GSB 4.40 B 3.73 3.03 3.40 3 3/4" 4 3/4" 5 1/4"
I-28 1-80 8" CRCP wWB 3-34 2.74 2.85 5 6 3/4" 6 3/4"
I-80 Dallas MP 100.8¢ | MP 106.16 | 1966 4" GSB PC various! FB 4.80 2.02 4.00 6 3/4" A 7o1/4an
redfield]| 7 58 10" std. POCP 5.40 WB  4.80 2.63 4.30 6" 6 1/4" 6 1/2"
Inter— Westbound, .
change Eastbhound Consists
of AC And PC
Sections of Various
Composition.
Eastbound PC
Sections (Only)
Were Tested And
Averaged.
I-8¢ | Dallas MP 186.16 |MPp 111.14 |[1966 4" GSB 4.40 EB 3.87 2.75 3.10 9" Q9 174" G 1/2"§
| P58 us 169 8" Bar Mats ¥ 3.3% 3.45 2.87 g 1/2" 10" 1o ay
T
I-80 Dallas MP 111.14 | MP 118.00 | 1966 4" GSB 4,40 EB 3.08 2.78 2.65 10" 10 1727 10 1/2"
Us 169 R22 8" Bar Mats wB 3.14 3.20 2.60 16 1/4" 10 172 10 3/4"&)
I-80 Dallas MP 118.00 | MP 122.40 |1966 4" GSB 4.40 EB 2.86 2.40 2.52 10 1/2" 10 3/4" "
R 22 Bolk Co. 8" Bar Mats ‘W 2.55 2.70 2.17 11 r/4" 1l 1/2¢ 11 3/4"
Line - !




Table 8
Requested Flexible Pavement Road Rater Testing

A.C. OVERLAY

THICKNESS REQUILRED

AVE. SR 10 YEAR 15 Year 20 YEAR
As Const. ar 80th DESIGH DESTGH PESICH
2o couTy At O COMPOSITION LT OSH AVEZ, SR JOINTS SR LIFE LIFE LIre
RENUESTED FLEXIBLE PAVEMENT ROAD RATER TESTING
1-80 bottawattamie | MP 27.00 MP 33,80 1966 8" AT8 2.72 EB 2.25 - 1.95 - - -
1-680 Shelby inside Shoulders W8 2.30 - 2.05 - - -
Tested At Z25Hg
& 58% @ 50°F
1-80 Jasper MP 173.38 |MP 183.66 1862 6" SAS 7.37 EB 8.50 - 65.95 o" 0" 1/4"
122 1 Mite E. 14" ATB WB 8.60 - 7.40 o 0" o~
of 1A 146 3% AC Tested At 25 Hy
Grinnell) 1968 2 1/4" AC & 58% @ 70°F
EB 5.62 - 4,55 5 3/4" 5 3/4"° 6“:
W8 6.00 - 4.85 4 3/4 4 374" 5
Tested A+ 30Hz

& 68% @ 70°F
{PCC Setting)

6¢l 19vd




Table 9

Requested Composite (AC/PC) Pavement Road Rater Testing
A.C. OVERLAY THICKNESS RIVUTRED
. AVY. SR 10 YEAR 15 Year T 20 YEAR
STRUCTURAL As Const. A 80th % DESIGH BESIGH DEFIGH
BOUTE cou B0H TO COMPOSITION HEl 86 AVE. SR JGINTS SR LIFE LIFE Life
RENUESTED COMPOSITE (AC/PC)] PAVEMENT ROAD RATER TESTI
us 30 Linn MP 258.44 | MP 268.57 1953 ¢ 1/2" PCCP 6.07 ER 5.40 3.73 4.55 3/4" 2 1/e" 3 1/4"
IA 13 Cedar €o, 1965 3" AC WE 5.83 3.18 4.45
Ling B0 Hz & 58%
@ 47°F
Us 30 Cedar MP 268.57 | MP 284.08 1927 7" BCCP 5.70 £B 3.80 2.85 3.400 1/4° 5" 5 3/4"
Cedar Co. § Clarence 1851 3% AL B 4.55 1.88 3.88
Line 1960 2" AC 30 Hz & 68%
g 49°F
us 30 Tama MP 204,42 | MP 209.78 1951 g" PCEP 5.82 EB 4.32 2.80 3.06 3/4" 5 /2" 6 12"
Tama 01d IA 212 1964 3" AC WB 4.32 3.58 3.25
30 Hz & 68%
@ 34°F
1931 7° PCCP 7.82 EB 4.67 3.03 3.72 1/4" 7" 7 3/4"
1956 6" PCCP W3 3.15 3.88 2.18
1964 3" AC 30 Hz & 68%
@ 34°F
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Table 10
Rigid Pavement Road Rater Study Sections

A.C. OVERLIY THICKRESS RECUIRED
A AT, SR 10 YEAR 1% Year 20 YEAR
s Const, o sozh DESIGH BESIGH HESIGN
=OUTL COUNTY TRGN TG RSP avE, SR JOTHTS SR LITE Liyw Tivre
RIGID PAVEMENT ROAD|RATER STUDY SECTIONS
Us 30 | Boone Mp 131.00 |MP 131.50 |1964 4" GSB 5.40 WB 5.70 2.60 4.95 o¢ 3/4¢ 11/4"
Just West D{f 10" pCCP
Des Moines River ) o
Us 30 Story MP 148.00 | MP 156.21 | 1964 4" GSB 5.40 EB 5.13 £.50 4.43 or 2 3/4% 3 174"
us 69 Nevada 10" PCCP WB 5.38 4.50 4.67 1 172" 2% 2 3/4"
Us 30 | Marshall MP 172.00 | MP 179.00 | 1963 4" Grad.St. 4.56 EE 3.70 3.75 3.23 . )
State Centdr S 70 Base W8 3.70 3.70 3.42 31/2 4172 L
o 8" CRCP ‘
1A 17 | Boone wp 21.63 | MP 32.76 | 1980 8" PCCP 4.00 NB 4.13 1.95 3.62 o o G;
1 Mile N, Hamilton SB 4.90 2.37 4,35
of US 30 Co. Line
1A 17 | Hamilton Mp 39.76 | Mp 48,95 | 1978 7 1/2" PCCP 3.75 NB 3.88 2.72 3.51 . \ ,
1 Mite N. | 520 $8 3.80 2.43 3.38 0 0 0
0f Stanhope
148 17 Hamilton MP 134.00 | MP 135.39 | 1979 8" PCCP 4.00 NB 4.60 4.00 4.04 u aan "
Y. End 01d US 20 SB 4.90 4.10 4.00 1 1/4 13/4 214
0f 520
520 Hamilton WP 135.58 1 MP 140.09 ] 1979 4" Ci. A SB 5.51 EB 5.70 2.85 5.05 0 2" 2 174"
W. End 1A, 17 g 1/2" PLCP WR 5.43 3.10 4.85 1 1/4" 2 1/4" ARV A
0f 520
520 Hamilton MP 141.50 ¢ MP 148.50 | 1975 4% £1. A SB 5.86 EB 5.43 3.90 4,95 1 1/4" 2 1/4" 2 1/2"
2 Miles E. US 69 9" PCCP - WB 5.3¢ 3.67 4.7 132" 2 1/2" 3"
Of TA 17 -
. _ p
520 Hamilton MP 149.50 | MP 152.50 | 1968 4" GSB 5. 40 B 5.70 3.77 5.30 172" 1 1/4" 1 3/4" &
us 69 1-35 10" PCCP WE 5.00 4.50 4.55 2 1/4" 3" 31/2% =
=




Table T1
Rigid Pavement Road Rater Study Sections

‘ ALC. OVERLAY THICKNESS REQUIRED
ave. SR 1G YEAR 1% Year 20 YEAR
STRUC As Constl ;T s0th % DESIGH pESTGH i
BOUTE COUITY 2oM o COMPOBTTION R TIE AVE. SR SOINTS s2 LIFE LIFE
RIGID PAVEMENT| ROAD RATER|STUDY SECTIONY (CONT‘D)
1-80 Pott. MP 35.10 MP 39.68 1966 4" G58 5.90 ER 4.10 2.65 3.25 8" g 3/4" g
Shelby Us 59 8" CRCP
1979 3" PCC
Gveriay EB
1A 160 | Polk MP .00 Mp 1.22 1947 10" -8" -10" 4,30 ER 3.35 - 2.20 Requested Pavement peterpinations
1A 415 Us 68 PCCP WB 4.40 - 3.83 12/7/82
IA 415 | Polk MP 2.50 MPp 4.50 19671 10" pclP 5.00 NB 3.64 - 2.66 ! # "
2 Miles 1A 160
S, of 1A
160
1A V7 Polk Mp 0.00 Wp 7.50 | 1959 10" PCCP 5.00 NB 4.10 - 3.05 o " H
1A 141 Boone {o. SB 4.40 - 3.40
Line
i35 Story MP 1311.60 | MP 116.77 | 1967 4" G5B 4.40 NB 4.00 3.90 3.67 g 1/4" 7 1/47 7 172"
Us 30 E 29 8" CRCP SB 4.30 4.25 3.97 51/2" 5 172" 6 3/4"
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Table 12
Composite (AC/PC) Pavement Road Rater Study Sections

A.C. OVERLAY THICKNESS REQUIRED

AVE. SR 10 YEAR 15 Year 20 YLEAR
STRUCTURAL As Const. AT 80th % DESIGN DESIGH CESIGH
BLUTE COUHTY Slcten] 70 COMPOSITION NEW SN AVE. IR JOINTS SR Lifs LIFE Lirs
COMPOSITE {AC/PC) PAVEMENT ROAD RATER STUDY SECTIONS
ys 69 Polk MP 97.00 MP 105.00 | 1923 8" PCCP 6.31 NB 4.18 - 3.45 374" 1 1/2" ou
1 Mile N 1A 210 1948 3" AC SB 4.05 - 3.28
0f Ankeny 1956 1 1/2" AC 30 Hz & 68%
" @ 38°F
1967 3/4" AC
Us 65 Polk MP 84.30 MP 87.18 1934 10" PLCP 7.64 SB 4.25 3.00 3.75 2 1/2" 2 3/4" 3 3/4"
1-80 Bondurant | 1951 3" AC 30 HZ & 68%
1980 3" AC @ 48°F
I8 330 Marshail (MP 20.21 MP 23.42 1924 8" PLCCP 5.32 NB 3.45 3.10 2.75 7 172" 3 31/2"
us 3o Marshall- Or SB 3.33 3.75 2.73
town 1937 7 1/2% PCCP 30 Hz & 68%
And B 48°F
1952 3" AC
1A 415,  Poik MP 2.50 MP 4.50 1943 §" PCCP 5.82 SB 5.78 - 5.00 Requested Pavement Detergination
2 Miles 1A 160 1960 3" AC 30 Hz & 68% 12/7/82
S. of # 20°F
1A 160
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Flexible Pavement Coefficient éf Asphaltic Concrete

Table 13

From Road Rater Deflection Testing

Nominal Road Rater
From To AC Gverlay Year Before Resurf.

County Route Milepost Milepost Thickness Resurf. Ave SR Year
Boone IA 210 1.90 6.87 3" 1979 2.70 1978
Hamilton IA 175 159.04 . . 164.53 4 1/2" 1977 2.20 1877
Story IA 210 15.15 20.19 3" 1978 3.30 1978
Kossﬁth IA 91 0.47 3.71 3" 1978 1.80 1978
Jasper 1A 117 5.49 17.43- 3" 1978 3.88 1977
Marsha]i IA 233 0.63 5.30 3w 1977 2.3&6 1977
Keokuk 1A 78 0.06 13.31 3" 1980 3.16 1980

Road Rater
After Resurf.
Ave SR Year

4.62
3.90
4.33
3.66
5.09
3.43
5.92

1980
1978
1979
1979
1979
1978
1984

Average

Coefficient
of

Asphaltic
Concrete

0.64

0.38

0.34

0.62

0.40

0.36

0.92

0.52

39vd
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Tabie 14

Rigid Pavement Coefficient of Asphaltic Concrete

From Road Rater Deflection Testing

: Coefficient
_ Nominal Road Reter: Road Rater of '
 Féom To Pavement AC Overlay Year Before Resurf. After Resurf. Asphaltic
_ County Route  Milepost Milepost Type Thickness Resurf. Ave,SR Year Ave.SR  Year Concrete
Mills Us 34 21.88 63.73 PC 3" 1983 3.95 1983 5.12 1984 0.39
Montgomery
& Adams
Pottawattamie I-680 13.05 29.21 PC 1 1/2" 1983 3.64 1982 4.25 1984 0.4C
Dailas I-80 WB  99.27 100.80 PC 6" 1988 4.92 1987 8.02 1989 0.52
Polk I-35 NB 92.77 101.78 PC 4" 1988 5.56 1987 6.92 1989 0.34
Story I-35 NB  105.80 111.60 PC 4 1/2" 1987 5,18 1987 8.41 1988 0.72
Polk 1-80 127.17 132.00 PC 2" 1988 4.53 1988 5.14 1989 0.31
Average 0.45
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Station

528+00
529+25
528+50

- 528475

529+00
530+25
530+50
530+75
531+00
531+25
531+50
531+75
532+00
532+50
533+00
534+00

Road Rater Void Detection Testing

[-80 EB SCOTT COUNTY

Table ﬁé'

Before

Subsealing
SR Soil K
1.73 50
1.77 50
1.57 50
1.33 50
1.77 50
1.57 50
1.51 50
1.73 50
1.46 50
1.37 50
1.44 50
1.70 50
1.25 50
2.15 137
1.73 50
1.46 50

2 Hours After

Subsealing
SR Soil K
2.22 122
3.46 207
2.75 198
2.30 179
3.33 173
2.75 183
3.21 192
3.68 197
3.46 197
2.48 161
2.48 161
2.22 144
3.21 192
2.88 219
3.53 188
3.10 194
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PAGE 147

TABLE 16 N
ROAD RATER TESTING OF RETROFITTED
LOAD TRANSFER DOWELS

STRUCT, SOIIL, SUPPORT
MILEPOST RATING K VALUE LOCATION REMARKS
290.154 4.90 169 MIDP LOAD TRANSFER
290.156 4.56 206 CRCK DOWELS INSTALLED
290.160 3.80 173 JT
290.164 4.02 185 CRCK
290.165 4.56 155 MIDP
290.167 4.02 185 CRCK
290.170 2.67 143 J7T
290.172 5,34 133 MIDP
290.175 2.50 106 JT
290.181 3.60 199 CRCK
290.182 5.34 133 MIDP
290.184 3.13 163 CRCK Y :
290.187 1.33 50 CRCK NOC LOAD TRANSFER
290.190 2.04 50 JT DOWELS INSTALLED
290.194 1.51 50 CRCK
290.196 4.56 50 MIDP
290.198 1.51 50 CRCK
290,202 2.34 115 CRCK
290.205 3.27 176 JT
290.209 1.85 50 CRCK
290.211 6.12 130 MIDPp
290.212 1.70 50 CRCK
290.215 1.27 50 CRCK
290.217 1.57 50 CRCK Y






