Transportation Research Record 1048

phia Electric Company, Philadelphia, Pa., 1984.

9. W.G. Tuel, Jr., and C.J. Berry. Data Bases for
Geographic Facility Design and Analysis. Proc.,
ASCE Conference on Computing in Civil Engineer-
ing, Atlanta, Ga., June 1978, pp. 449-464.

10. C.J. Berry et al. Interactive Geo-Facilities
Graphic Support Programming RPQ P09016. Carto-
graphic and Statistical Data Bases and Mapping
Software, Vol. 8, Harvard Library of Computer
Graphics/1980 Mapping Collection, Harvard Uni-
versity, Cambridge, Mass., 1980, pp. 118-130.

37

11. C.J. Berry et al. Data Definition and Manage-
ment Techniques for 1Interactive Geo-Facility
Applications. Paper CH1318. IEEE Power Industry
Computer Applications Conference, Boston,
Mass., 1979.

Publication of this paper sponsored by Committee on
Monitoring, Evaluation and Data Storage.

Computerized Pavement Performance Evaluation Data

Base Development for Structural Adequacy,
Present Serviceability, and Distress Analysis

RUBEN B. MANUBAY, CHARLES R. KERR, and JAMES OBENCHAIN

ABSTRACT

Idaho Transportation Department's (ITD) Pavement Performance Management Infor-
mation System (PPMIS) program requires input data (deflection, roughness,
cracking, skid) collected in the field to be integrated with data from various
agency data bases. The collection of the field data has been automated: Hew-
lett-Packard HP-85 microcomputers are used aboard the test vehicles to simplify
data gathering and ensure uniformity. Field data are transferred from microcom-
puter tape cartridges to mainframe disk files without need of manual data entry

with its attendant labor costs and errors. IBM 438l mainframe programs format
and augment the data for entry into the final data set for input to the PPMIS
program. This entails queries to ITD data bases for traffic volumes, tempera-
tures, section descriptions, and so forth.

In 1978 the Idaho Transportation Department (ITD),
with the assistance of the Utah Department of Trans-
portation, began adaptation of the Pavement Perfor-
mance Management Information System (PPMIS) to Idaho
conditions. This paper will begin with a brief de-
scription of the PPMIS system.

In July 1981, with the support of Boise State
University (BSU), ITD began development of a comput-
erized system for the capture of field data and for
the inclusion of the field data with information
from ITD data bases in an input data set for the
PPMIS program. The building of this input data set
is described here.

This computerized system has several advantages.
It can be made to prompt field personnel for data
(in some cases the system actually carries out the
sequence of tasks necessary to deploy the measuring
instruments). It has eliminated much need for human
interpretation and recording of instrument readings.
Data are consequently more accurate and uniform, and
less effort is required of testing personnel. The

mainframe reformatting and query programs have elim-
inated the need for human data search and transla-
tion--except to correct errors and handle rare spe-
cial cases. The process also enables considerable
personnel cost savings.

PAVEMENT PERFORMANCE MANAGEMENT INFORMATION
SYSTEM OVERVIEW

Detailed information on the Idaho PPMIS is contained
elsewhere (1,2). Offered here is a brief and over-
simplified summary.

The Idaho PPMIS consists of three main components:

* The SYSTDY program, which makes up section-
by-section reports based on the data;

* The SUMMARY program, which receives SYSTDY's
section reports and sorts them into ranked lists ac-
cording to various criteria; and

* The input data set, which includes section-
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by-section data from Dynaflect testing of the struc-
tural condition of the pavement and subgrade, sur-
face distress estimation, roadmeter testing of the
roughness and rideability of the pavement surface,
and testing of the skid resistivity of the pavement
surface.

SYSTDY Program

The PPMIS SYSTDY program provides section-by-section
reports on the road network. Figure 1 shows an exam-
pPle of such a section report. Along with location
and environmental data, the top part of the report
gives computed values for the current number of
18,000-1b equivalent single axle loadings (ESALs)
per year on this section. The rate of increase of
ESAL is also given. These vehicle-loading data are
brought into the SYSTDY input stream from the IDT
MACS/ROSE data base and from the data set built as
part of ITD's HWYNEEDS model. The computation of
ESAL is based on tables of load distribution factors.

The part of the report headed ***DYNAFLECT READ-
INGS AND SUMMARY*** pertains to the structural ade-
quacy calculations. On the left are the Dynaflect
sensor readings (temperature corrected by SYSTDY)
for the tests made in this section. The Dynaflect
works as follows: pavement deflections caused by an
eccentric flywheel are sensed by five geophones, one
at the center where the maximum deflection is pro-
duced and the other four successively farther from
the center. The geophone signals are filtered and
amplified to produce the five readings

amplified thalt appear
for each test on the SYSTDY report.

The remaining

Transportation Research Record 1048

traffic data. The most important of these is the
"REMAINING SERVICE LIFE (STRUCTURAL)," which uses
the Dynaflect deflection to estimate the remaining
number of 18,000-1b ESALs the tested pavement can
support before failure. Compounding the current
level of annual 18,000-1b ESALs at its predicted
rate of increase gives an estimate of the "years to

failure" for the pavement at this test point. It is
this "life" that is plotted in the histogram at the
far right.

For later use in the aggregate network calcula-
tions, SYSTDY computes a structural index based on
section averages of the maximum Dynaflect deflec-
tions (Sensor 1), of the SCI values (Sensors 1 and
2), and of the BCI values (Sensors 4 and 5).

The ***CONDITION SUMMARY*** jin the lower 1left
part of the SYSTDY report contains the surface dis-
tress indices estimated visually in the field.

The Dynaflect crew estimates the surface distress
according to a system developed by the Arizona De-
partment of Transportation (3). The field crew is
guided in their wvisual assessment of the surface
condition by a set of photographs each associated
with an estimated amount of cracking and a "survey
photo index number." The operator decides which of
the photographs most nearly matches the surface con-
dition near the test point. The operator may find it
necessary to interpolate between two of the photo-
graphs. ITD hopes eventually to replace this subjec-
tive judgment process by image and pattern assess-
ment machinery. SYSTDY computes an average of the
cracking indices to pass on to the SUMMARY program.
The cracking index enters SYSTDY's remaining 1life
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FIGURE 1 SYSTDY single-section report.
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data collected by ITD's Cox Ultrasonic Ranging Road-
meter (4). This is a Portland Cement Association
roadmeter, a device that counts bumps in the roadway
as a measure of the rideability of the pavement.
These readings have been correlated with the judg-
ment of a panel of highway users. This correlation
is expressed as a present serviceability index (PSI)
for each test:

PSI = 8.9845 - 1.0144(XL)

This is one of several PSI formulas of this general
form in which XL is the logarithm of the roughness
count. The current number of equivalent 18,000-1b
ESALs is compounded to give a prediction of how soon
the PSI will fall to a terminal serviceability index
value (TSI). This gives an estimate of the years to
serviceability failure for the pavement at the test
point. It is these lifetime estimates that are shown
in the histogram at the right. The current SYSTDY
version has PSI as a function only of the roadmeter
roughness value; a PSI formula using cracking as
well has been used in earlier versions,

The ***SKIDMETER SUMMARY*** in the lower right of
the SYSTDY report page gives readings collected us-
ing ITD's locked-wheel skidmeter. SYSTDY merely av-
erages these readings; it does not contain any mod-
els to predict slipperiness failure of the pavement
and the skid index does not enter into any of the
models mentioned.
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SUMMARY Program

The SYSTDY program analyzes the pavements section by
section. Along with the printed report described
previously, SYSTDY also makes a section record to be
passed on to the SUMMARY program for network analy-
sis of an aggregate of many sections (an entire
route, an entire district). This record includes an
abbreviated environmental description for the sec-
tions mileposts, prose description, district,
county, route number, pavement material type, length
of analysis period, and functional class. SYSTDY
£ills out the record with average values for struc-
tural index, PSI, cracking index, and skid index.
Except for the skid index, these indices are normal-~
ized to a value between 0 and 5.

The sequential data set of these records is read
by the SUMMARY program. SUMMARY then proceeds to
make ranked lists of the sections for each of the
indices. For PSI, for example, SUMMARY produces a
list of all the sections in order of increasing av-
erage PSI (Figure 2). This means that the list will
start out with the sections with the lowest average
PSI; the sections whose PSI has dropped below or
near the TSI will be at the top of the list as can-
didates for pavement rehabilitation improvements.
This theme is pursued for the other indices.

SUMMARY also attempts to calculate a "final in-
dex" that uses a weighting formula to combine all
the indices into a meaningful average. Although it
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50 002260 43 3.95 JCT U35 30 o]
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84 001vlo 53 5433 SH 36 IC 181
g4 001019 31 5.27 POAER 'L KING 247
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30 002940 83 5434 GUDUING COL 185.42
46 002200 25 4.77 MP 38.280 38.28
15 002230 13 0.77 LINCOULN CuL 92.69
75 002230 L3 3.55 CONCRETE CUL 107.24
a4 001910 53 3.33 GOJOING COL 161.32
93 002220 53 2.95 W FaLLS COL 50413
20 002976 39 6.63 CounTY ROAD 129,30
25 002270 53 5.26 JCT SH 50 19,11
26 002240 47 4,20 MALAD RIVER 145.80
21 00229y 31 5.90 MP 7.000 7.00
40 002200 41 5.11 COUNTY RD RT 26.31
B4 001vlo0 41 4,18 W oBLISS IC 136.23
84 0ololu 47 5429 HEHDELL 156.03
35 0ololo0 53 3.0606 J COOLEE CHL 164.70
d4 001010 31 6.28 1-v36 IC 221.84
84 001010 71 7.80 CASSIA COL 261,92
93 002240 03 0.62 JCT US 26 165.95
93 002240 63 3.063 SHUSHUNE EUL 166.57
73 002240 13 4.51 JCT Us 20 204,206
93 002240 13 7.03 MP 215:803 215,80
84 001010 47 h.18 A4 8LISS IC DESCCND 136.23
84 001010 93 3.8 GOUDING CUL UESCLHO 161,32
L] 001010 31 5.7 YALE RD IC DESCEND 228,12
84 001010 71 7.30 CA5SIA CUL DLSCENU 251,02
24 0022460 63 Se24 COUNTY RD LT 24,31
30 002040 83 539 CEDAR XING 204,69

FIGURE 2 SUMMARY rank listing.

«LE. TSI#0.5

JLE. TSI

ENDING AVG MIN RANK QOF

TERMINI END PSI PSI MIN Psl
JORUME COL 3.95 3.0 3.5 235
JCT 3H 25 3.09 3.8 3.9 125
AIRPORT LT 115.53 3.2 3.5 236
VALLEY POAD 138.03 3.0 3.2 180
SHEETZER IC 253.71 3.8 2.8 93
NR RAFT R IC 15.32 3.8 3.2 181
RR STRUCTURE 6.00 3.8 3.1 156
POHER L XING 247.64 3.° 3.3 202
MP B.000 K.0C 3.8 3.3 204
HR RAFT R IC 15.32 3.5 3.1 160
CORRAL STNRE la4.47 3.9 3.5 225
TRAP CREEK 119.14 3.9 2.5 26
CINDER BUTTE 44,78 3.9 3.5 227
JCT Us 93 5434 3.9 2.4 20
MP 183.800 183,00 3.9 3.5 230
MP 192,800 190.00 3.9 2.5 Al
JCT US 20 43.05 3.7 3.0 123
MP 93,459 93.46 3.9 3.6 248
BELLEVUE SUL 110.79 3.9 3.3 192
J COOLEE CHL 164.70 3.9 3.8 274
JCT I-04d4 53.09 3.9 3.0 130
CAMAS COL 136,43 4.0 3.5 224
VALLEY ROAD 26,37 4.0 2.9 97
GUUDING WUL 149.99 4.0 3.2 171
UTILITY XING 12.90 4.0 3.7 256
CAMAS COL 31.42 4.0 3.7 259
E BLISS IC 140,40 4.0 3.7 262
JERUME CUL lo1.32 4.0 3.5 238
SH 79 1C 169.36 4.C 3.2 179
YALE RD IC 228.12 4.0 2.7 69
RLST AREA 2568.02 4.0 3.1 155
SHOSHOMNE EUL 166.57 4.0 37 264
JCT DG 93 175,26 4.0 3.2 1e3
MP 208,771 2984717 4.0 3.0 133
BUTTE COL 222.83 4,0 3.3 201
E BLISS I€ 140,40 4.0 3.6 254
J CUULEE CNL 164.70 4.0 3.7 266
POHER L XING 234,32 4.0 2,5 44
REST AKEA 268,82 4.0 3.3 203
MP 60,250 6G.25 441 3.5 228
FILER WUL 21G.09 Gl 3.2 175
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is unlikely that a final index satisfactory for all
situations can be found, SUMMARY produces a ranked
list of sections.

SUMMARY also draws some three-dimensional histo-
grams to show the percentages of mileages in various
ranges of the various indices (Figure 3).

Sections that SUMMARY flags as below acceptable
standards are taken up by the pavement overlay de-
sign (POD) program. This program requires that Dyna-
flect tests be made more frequently in the suspect
sections. Its model uses these data to make recom-
mendations for amounts of rehabilitative overlays.

ITD is working to interface the PPMIS system with
other systems to do long-range total-network main-
tenance cost optimization and financial analysis.
The hoped-for result is a system that could dictate
the least expensive schedule of rehabilitative and
capital improvements subject to meeting certain min-
imal performance criteria.

DATA SET DEVELOPMENT FOR STRUCTURAL ADEQUACY AND
DISTRESS ANALYSIS

The structural adequacy and distress analysis data
preparation are described in the most detail here.
The other data are gathered in an analogous manner.
ITD's structural adequacy analysis rests primar-
ily on deflection data obtained from Dynaflect (5)
readings. In the field the deflection inventory is
done under the control of an HP-85 BASIC program
named DYNA (6). At the beginning of a sequence of
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tests, the Dynaflect operator "boots" DYNA on the
on-board HP-85. DYNA prompts the operator for vari-
ous items that describe the test environment:

* Equipment identifier--ITD maintains more than
one Dynaflect;

* Date of test series;

* Time of day of test--flexible pavement Dyna-
flect readings are sensitive to temperature; time of
day is needed for the corrections done in the PPMIS
program;

* MACS code for the first section to be
this keys into ITD's mainframe data bases;

* State highway route number;

° Lane and direction--two-lane roads have been
tested in one direction only, but both sides of the

tested--

four-lane divided 1Interstate highways have been
tested;

* Material code--concrete or asphalt:

* Air temperature, surface temperature, and
(optionally) pavement temperature--also needed for

temperature corrections;
* Wheelpath of tests-~-"inside" or "outside"; and
* Operator's initials.

DYNA remembers most of these items from section to
section, so after the initial start-up, the operator
needs to enter only those items that change. As soon
as the operator is satisfied with this environmental
description, he can begin testing. DYNA writes these
data onto a cartridge tape and prints them out to an
on-board printer for the sake of redundancy.
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FIGURE 3 SUMMARY histogram.
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The Dynaflect test vehicle is halted at each test
location in the section. As the test is done, the
Dynaflect sensor readings appear on digital displays
located at the control unit. Whereas formerly a
data-recording crewman would write the Dynaflect
readings on a code sheet, DYNA now writes them out
to the cartridge tape and prints them.

By watching DYNA's printout, the field crew can
catch errors and either correct them on the spot or
make notes so they can be corrected in the office.
DYNA has considerable facilities for field error
correction and recovery--few field errors, if no-
ticed in time, have to be left for office correction.

Each time that a Dynaflect "stop-and-test" is
made, DYNA also prompts for the operator's judgment
of the degree of surface distress. At this point the
operator has the option of estimating the surface
distress (cracking) according to the Arizona method
outlined earlier. The field operator's surface dis-
tress number is written to the cartridge tape by
DYNA.

Figure 4 is an example of a DYNA printout. At the
top is the "echo" of the environmental setup (OP =
operator's initials; EQ = license number of the Dy-
naflect test vehicle; LA = lane code; MT = roadway
surface material; AT, ST, and SS = air, surface, and
subsurface temperature; MC = ITD MACS code; RC =
state highway number; and WP = wheelpath). The lines
following arise from the Dynaflect tests. For each
test there is the milepost of the test, followed by
the five Dynaflect sensor readings, followed in turn
by the surface distress or cracking index when it is
entered.

DYNAFLECT

PPMIS ON ASPHALT
DA 05/16/84 AT 057

TI 0906 ST 059

OP EEB S8 057

EQ T02194 MC 002190
LA AS50 RC SH78

MT 1 WP 0

082.78 100 064 039 026 019 1.5
082.88 097 063 034 019 013
083.78 110 066 031 014 007 3.5
083.88 143 093 052 030 019
084.78 102 066 037 025 018 1.5
084,88 117 074 042 029 021
085.78 125 072 086 019 011 0.5
FIGURE 4 DYNA printout from HP-85 used

in Dynaflect field inventory.

Several Dynaflect distress tests are made in each
highway section. One cartridge tape has room to hold
many sections' tests, but it is safer not to put
great volumes of data on a single tape.

The next stages of data development take place at
ITD headquarters in Boise. Formerly it was necessary
for data entry personnel to keypunch the data from
the field crews' code sheets onto cards. The new
system eliminates this slow and error prone oper-
ation: an HP-85 program, DYTRAN (6), is used in the
office to transfer data from the field crews' car-
tridge tapes to a standard 1600-bpi tape drive. The
tape output of this process is then read by the IBM
4381 mainframe. The mainframe copies these data into
its own disk files, which are more suitable for
long-term storage than are the HP-85 cartridges
(which can now be recycled to the field crews).

Using the field crews' printouts, corrections can
be made at headquarters using word processing and
file maintenance programs on the IBM mainframe.

The first augmentation to be made to the field
data concerns temperature correction of the Dyna-
flect readings (7). PPMIS needs to know the thick-
ness and internal temperature of the pavement at the
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time and place of the test in order to correct the
Dynaflect readings to a standard 60°F. A file of
thickness estimates, based on the history of the
section's construction and maintenance, has been
compiled. If the field crew was able to take the
actual internal pavement temperature (by drilling a
test hole, filling it with oil, then taking an equi=-
librium temperature, which is also written to the
cartridge tape by DYNA), then all temperature cor-
rection data are in place.

If the internal pavement temperature has not been
measured in the field, PPMIS can estimate it from a
model (developed by the Kentucky Department of
Transportation), which depends on the previous five
days' high and low temperatures. These are available
(some months after the fact) from the monthly clima-
tological data for Idaho that are compiled and cir-
culated by the National Climatic Data Center, Ashe-
ville, North Carolina. When these highs and lows are
in hand, the relevant ones are entered into a file.

Bs soon as the temperature data problem is han-
dled, the formatting and query programs can be run.
These programs move the field data into eventual in-
put records for PPMIS. It has been extremely helpful
to write these programs using the SAS package (Sta-
tistical Analysis System, SAS Institute, Cary, North
Carolina).

The formatting and query programs first copy the
field data and the relevant thickness and tempera-
ture data into place in SYSTDY's sequential input
stream. They go on to query ITD data bases HWYNEEDS
and MACS/ROSE (milepost and coded segment/road seg-
ment) for prose description of section, average
daily traffic (ADT), anticipated rate of change of
ADT, functional class, lane configuration, speed
limit, and federal assistance code. This process
yields enough input data for SYSTDY to make struc-
tural adequacy analyses of the sections tested. The
prose description of the section is brought from the
HWYNEEDS data to make the reports intelligible to
managers and others. In particular, the section lo-
cation is made clear.

SYSTDY and SUMMARY are arranged to accept sequen-—
tial input including data for Dynaflect, traffic,
cracking, roughness, and skid. They can also accept
input streams without skid data, or without crack-
ing, or without roughness, or without all three.

DATA DEVELOPMENT FOR PRESENT SERVICEABILITY

Preparation of PPMIS input data for present service-
ability analysis parallels the regime described pre-
viously: field data collection is carried out with
the aid of the on-board HP-85 BASIC program ROAD
(6), which, like DYNA, prompts the test vehicle op-
erator for day, time, place, and environmental in-
formation and then captures roughness readings from
ITD's Cox Ultrasonic Ranging Roadmeter (4) on a car-
tridge tape. The tapes are sent to ITD headquarters
to be transferred to files on the IBM mainframe sys-
tem. These files are combined with HWYNEEDS and
MACS/ROSE information to make up the serviceability
portion of the PPMIS sequential input data set.
Unlike the Dynaflect tests, which are done from a
stopped vehicle, these roadmeter tests are done "on-
the-fly" at half-mile intervals. Program ROAD auto-
matically records and prints the mile point for each
of these tests, the distance between tests, the
roadmeter "counts per mile," the speed of the test
vehicle, and the air temperature. The operator can
proceed without regard for test section boundaries
(except that he must note MACS/ROSE key changes);
the tests are allocated to their proper sections
when the formatting and query programs sort them on
MACS/ROSE code and mile point. Whereas the Dynaflect
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requires flagmen and frequent stops, the roadmeter
can be managed by one person operating more or less
continuously.

Figure 5 is a sample of the printed "echo" from
the program ROAD. This is entirely analogous to the
DYNA printout discussed previously (BMP = beginning
milepost of the tests). After the environmental in-
formation come the test lines giving, for each test,
the ending milepost, the length of the test, the
roadmeter counts per mile, the speed of the test,
and the air temperature (which is not used by any
PPMIS models).

R OAD METETR

DA 10//1//84 TI 925
EQ T01785 oP BMR
MC 002040 RC SH30
BMP 436.00 MT 02
LA A50

EMP DIST CPM SPEED TEMP
436 .00 0.50 1138 50 38
436.50 0.50 953 50 39
437.00 0.50 1040 45 40
437.50 0.50 920 52 41
483.00 0.50 580 50 42

FIGURE 5 ROAD printout from HP-85
used in roadmeter inventory.

The skid inventory will not be discussed here,
except to mention that it uses an automated data
gathering regime analogous to those of the Dynaflect
and the roadmeter.

COSTS AND ADVANTAGES

As was pointed out earlier, the automated data cap-
ture has the advantages of

¢ Relieving the data collection crew of much
fine detail work in the field;

* Increasing the uniformity, speed, and accu-
racy of data collection;
* Decreasing the size of the data collection

crews; and
* Decreasing the amount of human data handling
both in the field and in the office.

These systems have also placed the reports more
immediately in the hands of managers: formerly data
were collected during the summer and the computa-
tions and reporting work done over the winter so as
to make the reports available by spring. The auto-
mated regime makes it possible to generate most re-
ports almost immediately on receipt of the cartridge
tapes from the field.

The HP-85 microcomputers cost about $2,800 when
equipped with the necessary interfaces for installa-
tion in the test vehicles. For each of the data
types collected, the initial version of the HP-85
software (like DYNA and DYTRAN) required about 3
man-months to develop. Fine tuning and adapting to
changes in other parts of the system have used up
another 12 man-months per data type.
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Headquarters needs an HP-85 ($2,800) dedicated to
reading the field tapes and sending their data to
the Kennedy tape drive ($7,000), which makes a tape
for the IBM mainframe.

As the PPMIS data capture project has progressed,
other projects have bequn to use the same sort of
data collection methods. The ITD photo-log van now
uses the HP-85 to record the notations that go with
the roadway pictures. There is now open a general
channel for data collection; the cost-to-benefit ra-
tio of the regime will decrease steadily.

ACKNOWLEDGMENTS

The authors wish to acknowledge the sponsorship of
the Idaho Transportation Department and the cooper-
ation of the Federal Highway Administration, U.S.
Department of Transportation. They are grateful to
Keith E. Longenecker, Program Control Supervisor,
ITD, and Lawrence P. Sheesley, Management Services
Supervisor, ITD, for their advice and assistance
throughout the project. Russell J. Campbell, for-
merly with the BSU Department of Physics and now
with Hewlett-Packard, guided the earliest phases of
the data capture portion of this project. Daniel G.
Lamet of the BSU Department of Mathematics and Ron
Cole of ITD Information Systems and Data Processing
are currently supervising the data capture computer
hardware and software. Their assistance is grate-
fully acknowledged.

REFERENCES

l. R.B. Manubay. Description of Models, Databases,
and Operational Function. Advance Planning and
Statistics Information Handout. Idaho Transpor-
tation Department, Boise, 1981.

2. M.A. Karan, K.E. Longenecker, A.F. Stanley, and
R. Haas. Implementation of Idaho's Pavement Man-
agement System. In Transportation Research Rec-
ord 938, TRB, National Research Council, Wash-
ington, D.C., 1983, pp. 43-53.

3. Collection and Use of Pavement Condition Data.
NCHRP Synthesis of Highway Practice 76. TRB, Na-
tional Research Council, Washington, D.C., 1981.

4. Ultrasonic Ranging Roadmeter, Information Hand-
outs. James Cox and Sons, Inc., Colfax, Calif.,
1979.

5. Dynaflect, Dynamic Deflection Determination Sys-
tem Operations Manual, SIE Inc., Fort Worth,
Tex., 1977.

6. D.G. Lamet. HP-85 Field Inventory Program Oper-
ating Guide, (a) Dynaflect, (b) Roadmeter. De-
partment of Mathematics, Boise State University;
Idaho Transportation Department, Boise, 1981.

7. Improvement of Utah's Flexible Pavement Perfor-
mance System. Utah Department of Transportation,
Salt Lake City, March 1976.

Publication of this paper sponsored by Committee on
Monitoring, Evaluation and Data Storage.





