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SHRP Long-Term Pavement Performance 
Information Management System 

DAVID B. CLARKE, SANDRA B. HARRIS, ANTHONY C. HEITZMAN, AND 

RICHARD A. MARGIOTTA 

The Long-Tenn Pavement Performance (LTPP) project is a major 
component of the Strategic Highway Research Program (SHRP). 
This 20-year effort is the most intensive evaluation of pavement 
performance since the AASHO Road Test in the early 1960s. 
Over 700 in-service general pavement sections throughout the 
United States and Canada have been selected to date for the 
LTPP effort. An additional 200 to 300 specific pavement sections 
will be constructed or modified to evaluate different pavement 
designs and maintenance treatments . Throughout the life of the 
project , SHRP will collect data for each section on material prop
erties , environmental conditions , traffic, maintenance and reha
bilitation., surface condition, and pav.ement response . Many of 
these measurements will use state-of-the-art techniques. On the 
basis of the AASHO experience, SHRP recognized that LTPP 
would produce a tremendous volume of data. In order to maintain 
these data in a form readily accessible to the research community, 
SHRP is developing a sophisticated information management sys
tem (IMS). The IMS is based on the ORACLE relational data 
base management system. The data base is distributed across 
several hardware platforms; a VAX computer serves as the pri
mary data retrieval machine. The detailed structure and functions 
of the L TPP IMS will give potential researchers insight into the 
nature of this valuable resource . 

The Long-Term Pavement Performance (LTPP) project is a 
major component of the Strategic Highway Research Program 
(SHRP). This 20-year effort is the most intensive evaluation 
of pavement performance since the AASHO Road Test in 
the early 1960s. Over 700 in-service general pavement sections 
(GPSs) throughout the United States and Canada have been 
selected to date for the LTPP effort. An additional 200 to 
300 specific pavement sections (SPSs) will be constructed or 
modified to evaluate different pavement designs and main
tenance treatments. Throughout the life of the project, SHRP 
will collect data for each section on material properties, envi
ronmental conditions, traffic, maintenance and rehabilitation, 
surface condition, and pavement response. Many of these 
measurements will use state-of-the-art techniques. 

The information management system (IMS) is now under 
development for the LTPP program of SHRP. The LTPP 
objective is to generate data that will allow a more compre
hensive understanding of pavement performance under actual 
operating conditions on in-service highways. Using these data, 
researchers will be able to improve pavement designs and 
maintenance methods. SHRP has designed a number of LTPP 
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experiments from which a tremendous volume of data will 
flow . Under current plans, however, analysis of pavement 
performance using these data will be conducted by the research 
community. (SHRP plans to select a contractor to perform 
some level of data analysis on the data that is collected within 
the first few years of the program, but the scope of this effort 
has not been determined.) The IMS will be used to validate 
and store the data, and to serve as a conduit for its dissem
ination. Therefore, this paper will provide potential users with 
an overview of the data stored in the IMS. More detailed 
descriptions·may be found in the technical documentation of 
the IMS. 

In any project, information storage and retrieval is an 
important consideration. Use of the computer to manage 
research data is, of course, routine. Techniques for managing 
these data, however, have been steadily increasing in sophis
tication. Ten years ago, most data were stored in flat files . 
Today, powerful data base management systems (DBMSs) 
are available for personal computers (PCs) . As projects increase 
in size and scope, however, their data management needs 
often grow beyond the capabilities of a basic DBMS. Large 
projects may have numerous hardware platforms, compli
cated data structures, multiple data bases, many types of data, 
and many sources of data. The relationships between the data 
may be complex and dynamic. 

BACKGROUND 

The fundamental relationships used in pavement design were 
developed nearly 30 years ago at the AASHO Road Test . 
These relationships have been criticized for failure to account 
for many exogenous factors, including soil types , maintenance 
and construction practices, composition of materials, long
term loads, and climatic effects. Such issues can only be 
addressed with a controlled, in-depth, long-range field exper
iment using highway segments representing a wide variety of 
conditions. 

The L TPP program of SHRP was designed to rectify the 
perceived deficiencies of the AASHO Road Test and to improve 
the current state of knowledge . The stated objectives of the 
L TPP program are to 

1. Evaluate existing design methods; 
2. Develop improved design methods and strategies for the 

rehabilitation of existing pavements; 
3. Develop improved design equations for new and recon

structed pavements; 
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4. Determine the effects on pavement distress and perfor
mance of loading, environment, material properties and their 
variability, construction quality, and maintenance levels; 

5. Determine the effects of specific design features on pave
ment performance; and 

6. Establish a national long-term pavement data base to 
support these objectives and future research needs. 

In order to accomplish these objectives, SHRP has designed 
two sets of pavement studies: GPS and one for SPS. These 
studies will collect data on in-service pavement sections 
throughout the country over a 20-year period. Sections for 
both sets of studies are 500 ft long by 1 lane in width. Over 
this time span, some sections may be discarded or may switch 
to other experimental categories if they are changed substan
tially so they no longer match the original experimental 
requirements. For example, major reconstruction may com
pletely change the pavement section so it does not match any 
of the experimental definitions. Similarly, an asphalt cement 
(AC) overlay on an original AC pavement would change it 
from one pavement experiment to another. 

The designers of the LTPP µiujt:cl realizeu early on that 
the research would generate immense volumes of data. Unlike 
SHRP, which has a 5-year life, L TPP has a 20-year data 
collection horizon. After SHRP expires, the state highway 
agencies (SHAs) will continue to provide data to the system. 
This long lifetime means that the IMS must be carefully 
designed, because it will no doubt span significant changes in 
the state of the art for computer technology, materials testing, 
and highway instrumentation. 

Because it is a key component of LTPP, planning for the 
IMS was begun during SHRP's interim phase. FHWA spon
sored a study to evaluate the L TPP plans and prepare pre
liminary design criteria for the proposed LTPP IMS. This 
effort resulted in the implementation plan (1), which rec
ommended a basic hardware and software architecture for the 
IMS, and estimated such parameters as mass storage require
ments and required CPU capacity. 

On the basis of the recommendations of the Implementa
tion Plan, SHRP decided that each of its four proposed regional 
offices would serve as data collection nodes for the IMS. Each 
office would have a small IMS to collect and validate data 
gathered for the region. These data would then be forwarded 
periodically to a central IMS node for storage and dissemi
nation to the research community. To provide continuity over 
the 20-year LTPP data collection process, SHRP selected TRB 
to operate the central system. 

The IMS development project encompasses the following 
tasks: 

1. Implementation of the national IMS and four regional 
IMS nodes; 

2. Installation of the national IMS at TRB; 
3. Installation of the four regional nodes; 
4. Installation of necessary interface and quality control 

subsystems between the regional offices and existing SHRP 
and contractor offices; 

5. Provision of documentation and training to allow oper
ation of the complete IMS by SHRP, TRB, and contractor 
staff; 

TRANSPORTATION RESEARCH RECORD 1260 

6. Installation of interfaces between SHRP and contractor 
offices to allow flexible access to the data for a national anal
ysis program; and 

7. Maintenance support following system delivery. 

IMS COMPONENTS 

The overall IMS consists of five nodes. Each of the four LTPP 
offices has a regional IMS. The regional machines are pri
marily used for data collection and validation. Personnel in 
the regions have a working relationship with all of the data 
providers and the technical expertise to judge data quality. 

The national IMS is located at TRB in Washington, D.C. 
The IMS computer, which will be used for data storage and 
retrieval, has the processing power to query large data bases 
and to perform statistical analysis of large data sets. Data are 
interchanged between the regional and national machines by 
means of tape cassette. Direct communications between the 
machines is possible using modems and telephone connec
tions, but is normally not required, as the data are not time 
sensitive. In addition, the telephone connection has a low 
throughput. 

Hardware 

Hardware selection for the regional and national machines 
was based on numerous criteria. The basic goals, however, 
were cost effectiveness, system compatibility, sufficient power 
for the tasks at hand, and a ready upgrade path. Numerous 
systems and software packages were examined using these 
and other criteria before a final selection was made. 

It was decided early in the evaluation period that the 
national and regional systems did not require compatible 
hardware architectures, because their purposes would dif
fer. Instead, the design philosophy was to use software and 
media compatibility to link the two systems. 

Regional IMS 

The regional IMS machines are Compaq personal computers 
with the following specifications: 

1. 25-mHz 80386 microprocessor; 
2. 5 megabytes (MB) of random access memory; 
3. 300 MB of fixed disk storage; 
4. 3Y2-in. 1.44-MB microfloppy drive; 
5. 5Y4-in. 1.2-MB floppy drive; 
6. High-speed dot matrix printer; 
7. 2,400-baud telephone modem; 
8. 120-MB streaming tape drive; and 
9. Enhanced graphics display adapter and color display. 

These machines were chosen after a detailed evaluation of 
regional requirements revealed that a single user system would 
be adequate. The SHRP regional centers will only be in place 
for 5 years, so the long-term upgrade path is not as important 
for these systems. The 80386 machines are currently the state 
of the art in personal computing. 
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The regional machines run version 3.31 of the MS-DOS 
operating system. The system users liked DOS for two rea
son : (a) it is compatible with existing office equipment and 
software, and (b) they felt most familiar with it. The version 
has been modified by the vendor to handle files and devices 
in excess of the normal 32-MB DOS limit. The planned oper
ating system upgrade path is to OS/2 and UNIX should capac
ity demands require multiprocessing or multiuser operation. 
The machine was sized for four users in a UNIX configuration. 

The regional machines have expansion slots allowing for 
the addition of additional peripheral device controllers, net
work adapters, or communications ports should the need be 
identified. 

National IMS 

The national machine is a Digital Equipment Corporation 
MicroVAX 3900 minicomputer. This machine has the follow
ing specifications: 

1. CMOS implementation of VAX processor architecture, 
2. 32-MB random access memory, 
3. Hardware floating point processor, 
4. Ethernet adapter, 
5. 622-MB fixed disk storage, 
6. 1600/6250-bpi Y2-in. magnetic tape drive, 
7. 296-MB cartridge tape drive, 
8. Terminal server, 
9. 2,400-baud telephone modem, 

10. High-speed line printer, and 
11. 4-gigabyte program address space using virtual memory. 

SHRP required that the national machine support a mul
tiuser, multiprocessing operation, with the capacity for 10 
simultaneous timesharing users. The VAX machine was selected 
because it met these performance criteria and had an excellent 
upgrade path. The VAX series is common in research settings, 
and a wide variety of software is available. The IMS VAX 
will run under the VAX/VMS operating system. 

SHRP also decided to purchase an extra regional machine 
for the national center. The extra computer will be used for 
regional software development and data exchange b tween 
the regions and the national VAX. The VAX and the P arc 
interconnected using DE net software and a higb- p cd 
Ethernet link. 

Support Software 

SHRP specified the use of a relational data base management 
system for the IMS. ORACLE was selected from the group 
of candidate products after an evaluation that included prod
uct capabilities, technical support, vendor stability, hardware 
support, and market share. 

ORACLE uses the industry standard, Structured Query 
Language (SOL), which offers an extremely powerful com
mand set for data manipulation and data base maintenance. 
The ORACLE product also includes a host language inter
face, a form management package, a report writer, and a 
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menu manager. Numerous third-party products are also avail
able for the DBMS. 

ORACLE has compatible versions for both hardware plat
forms chosen for the IMS. This is important because the regional 
and national systems are integrated using software. Having 
one software product for both machines simplifies software 
development and maintenance , ensures data compatibility, 
and eases training requirements. 

Applications developed for the PC are being ported and 
executed without change on the national minicomputer. Table 
structures and data are also portable. Some problems with 
memory management have been observed in the PC software, 
but a new version of the product promises improvement. 

All non-ORACLE applications for the IMS are written in 
ANSI C programming language. This decision was made to 
further ensure the portability of the system software. These 
applications are primarily filters for processing machine
readable data. As of this writing, the number of ORACLE 
and C language applications may be summarized as follows: 

Application Number Function 

Forms 160 Data entry/menus 
Reports 13 Summarize data 
C programs 15 Data transfer/filters 
Batch files 20 Software interfaces 

IMS DATA STRUCTURE AND COLLECTION 

Information to be collected for the LTPP program and included 
in the IMS may be subdivided into seven basic data types: 
(a) inventory, (b) maintenance, (c) rehabilitation, (d) traffic, 
(e) materials testing, (f) environmental aspects, and (g) mon
itoring. Individual data elements for each data type are defined 
through a cooperative effort between expert task groups and 
the L TPP technical assistance contractor. Although these groups 
have striven for completeness in selecting the data elements 
for the IMS, financial considerations for data collection have 
also played a role. 

For the most part, the four SHRP regional offices are coor
dinating the collection of data for the pavement sections. Each 
of these offices has responsibility for sections in a group of 
states or provinces. Data providers include SHAs, field sam
pling and testing contractors, SHRP regional contractor staff, 
and selected external data systems. The collection cycle for 
the data types is shown in Figure 1. 

DATA TYPE REPORTING FREQ. RESPONSIBILITY 

HISTORICAL ONCE SHA'S 

(INV, TRAFFIC, 
MAI NT/REHAB) 

TRAFFIC MO./ANNUALL Y SHA'S 

MAI NT/REHAB AS THEY OCCUR SHA'S 

MATERIALS TEST. (NOW; +20 YRS) CONTRACTORS 

MONITORING CONTRACTORS 
FWD TWICE IN 5 YRS 
PROFILOMETER ANNUALLY 
DISTRESS ANNUALLY 

ENVIRONMENTAL ANNUALLY NWS 

FIGURE 1 IMS data reporting. 
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INV_IO 

INV_AGE REFERENCE - INV_GENERAL 

INV_MAJOR_IMP INV_SHOULDER 

INV_~YEA 

INVENTORY DETAIL TABLES 

FIGURE 2 IMS relational structure: inventory. 

As previously stated, the IMS follows a relational structure. 
The basic structure of the IMS, using inventory data as an 
example, is shown in Figure 2. The INV _ID (inventory iden
tification) table contains the information needed to locate the 
pavement section (e.g., state, route, and geographical coor
dinates). The reference table is the link with the remaining 
inventory data tables; this is true for all other data types as 
well. It contains data on the construction history of the sec
tion. Thus, additions are made to the reference table as con
struction occurred in the past and will occur in the future. To 
complete the example, INV _GENERAL holds data on the 
geometric and drainage characteristics. Because two shoul
ders are normally associated with a roadway section, 
INV SHOULDER is linked to INV _GENERAL and has 
two entries for each entry in INV _SHOULDER; this is the 
idea behind relational structure. Similar structures used for 
the remaining data will not be discussed in this paper. (A 
complete discussion may be found in the IMS technical doc
umentation.) 

Inventory 

Inventory data consist of information on the history and cur
rent status of the pavement section. Included is basic infor
mation to identify the section, such as the highway, milepost 
and station, section type, and responsible agency (Figure 3). 
Inventory data also describe the geometric details of the sec
tion and its materials properties as well as information on the 
historical costs of construction and maintenance. From a pave
ment perspective, the most significant data contained in inven-

GENERAL 
CHARACTERISTICS 

GEOMETRICS 
SHOULDERS 
DRAINAGE 

INVENTORY DATA 

IMPROVEMENT 
HISTORY 

AGE 
WRKTYP/QTY 

LAYERS 

COST T 
ADDITIONAL DETAIL 

ON LAYER COMPOSITION 

FIGURE 3 IMS inventory data. 
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I PCC l I PMA I I UNBOUND/BASE l I SUBGRADE l 

JOINTS AGGR. PROP. DENSITY DENSITY 

~ AC PROP. MOISTURE MOISTURE 

MIXTURE ORIG. MIXT. SIZES SOIL PROP. 

STRENGTH CONST. STABILIZERS 

STRENGTH 

FIGURE 4 IMS layer detail data (part of inventory). 

tory are the layer data (Figure 4). For every pavement layer
from surface to subgrade-detailed data on the original con
struction are included from SHA records. The data elements 
vary by the basic type of material from which the layer is 
constructed. 

SHAs provide inventory data to the SHRP regional offices. 
Using their records, the SHAs fill out detailed data collection 
forms for each of their sections. These forms are submitted 
to the regional offices, where they are reviewed and entered 
into the regional IMS. Before delivery of the IMS, arriving 
inventory data are loaded into an interim data base. After 
installation of the IMS, the data are transferred from the 
interim data base to the IMS. 

Inventory data collection is still in progress. Experience to 
date has shown that the quality of inventory data varies widely. 
Some sections have extensive records, whereas the original 
construction data for others could not be located by the SHAs. 
In these cases, the material testing data will help to fill in 
the void. 

Maintenance 

Data will be collected for a GPS each time maintenance is 
performed. These data will consist of detailed information on 
treatment type and location, application methods, materials 
properties, and cost (Figure 5). When available, historical 
maintenance activities for the section will be included. Again, 
the data vary by the type of material used. The expert task 
group and the technical assistance contractor are still defining 
the exact data fields and formats. Because of differences in 
the practices used by the states, the IMS must be able to 
accommodate a wide variety of maintenance data. 

To help ensure that all maintenance actions are recorded, 
the states have agreed to control maintenance on the SHRP 
sections. When maintenance is to be performed, SHRP will 
be contacted. The regional staff will then coordinate with the 
state to collect the required data. Current plans are for the 
maintenance data to be submitted to the regions using data 
forms. 

The maintenance cost effectiveness (MCE) study of the 
Highway Operations Technical Research Areas is applying 
specific treatments to SPS sections. This project's objective 
is to compare the effectiveness and performance of these 
treatments. MCE will collect extremely detailed information 
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FULL 
DEPTH 

REASONS 

METHODS 

MATERIALS 

JOINT 

FIGURE 5 IMS maintenance data. 

CRACK SEALS 

PATCHING 

SEAL COATS 

on its test sections. Unlike L TPP, MCE will have a controlled 
set of maintenance actions, so data formats will be highly 
standardized. These data will be stored in the IMS. 

Rehabilitation 

The LTPP will record data on rehabilitation activities that 
occur after section monitoring begins. Rehabilitation activities 
are considered to revise the layer structure of the section. 
The collected data will describe the time and type of reha
bilitation, changes to the existing section layer structure, 
reconstruction methods, material and layer properties, and 
costs. SHRP is still developing data collection specifications 
for rehabilitation. Current plans are for the SHAs to record 
data during rehabilitation activities and to forward these data 
to the SHRP on collection forms. 

Traffic 

The LTPP plans to obtain traffic data for all sections (Fig
ure 6). These traffic data will include both the historic activ
ity before section monitoring and the actual traffic during 
monitoring. 

Historical traffic data will be collected from SHA records. 
Where data are missing, backcasting and other estimation 

TRAFFIC DATA 

ANNUAL 
LOADING 

VEHICLE 
COUNTS 

HISTORICAL 

ANNUAL ESAL'S 

AXLES BY WT CAT 

ADT 

% BYVEH CL 

NOTE: RAW TRAFFIC DATA TO BE STORED 
EXTERNAL TO IMS 

FIGURE 6 IMS traffic data. 
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techniques will be used to generate values. The SHAs will 
provide the data both on paper forms and computer files. 

The plan for collecting data during the monitoring phase is 
still being finalized. However, SHRP's goal is to have auto
mated continuous vehicle classification and weigh-in-motion 
systems at or near each GPS section. The SHAs will collect 
this information and forward it to SHRP as required for the 
duration of the LTPP program; the traffic data will thus be 
used by the SHAs for their own purposes as well as by the 
LTPP program. Should funding limitations preclude the 
installation of these devices, regional staff will conduct peri
odic counts using portable equipment. The sampling plan for 
these counts will be developed to account for daily and sea
sonal variations in traffic. 

SHRP plans a five-tiered approach to traffic data collection 
and storage. The top tier consists of the annualized equivalent 
single-axle loading (ESAL) experienced by the section during 
the study. The second tier consists of data such as the annual 
average daily traffic (AADT), truck percentage, and vehicle 
classifications for each year of the study. The third level is 
composed of daily records for traffic counts, vehicle classifi
cations, and truck weights. The fourth level of traffic data 
consists of individual truck weight records and hourly vehicle 
classifications. All other traffic data-such as the historical 
data sheets and supporting data supplied by the States-is 
stored in the fifth level. 

All of the traffic data collected will not be stored in the 
IMS. Current plans call for only the first and third levels to 
be included in the IMS, providing users with summarized 
annual loadings as well as daily records to make independent 
estimates. The remaining tiers of data are voluminous and 
will be stored externally to the IMS to allow manipulation of 
the data before the select (first and third levels) data are sent 
to the IMS. 

Materials Testing 

L TPP is conducting a field sampling and materials testing 
campaign that will cover all GPS sections. Figure 7 shows the 
basic materials testing data to be collected. The purpose of 
this campaign is to examine the layer structure of the sections 
and to verify the material properties of the layers. These 
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LAB TESTING FIELD TESTING 
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CONTENT 

COMP. STRENGTH 

TENSILE STRENGTH 

STATIC MODULUS 

VISUAL EXAM 

FIGURE 7 IMS materials testing data. 

results should provide insight into the performance of the 
materials since construction. 

During the field operation, crews will take various types of 
samples from the pavement layers immediately before and 
after the test section. The location, type, and condition of 
these samples will be recorded in the IMS. The crews will 
also probe for rock and perform certain in situ tests. 

At the laboratory, the . amples will be ubje ted to a variety 
of tests. Tests arc assigned to the extracted . amples according 
to the material (AC or PCC), the layer , !he location of sample 
origin, and other conditions. The layer tructu re of the pave
ment section must be agreed on and approved by the labo
ratory and the regional centers before actual testing begins. 

The IMS will store the raw test data and aggregated values 
for the specific layers. At present, the field sampling and 
materials test data will be sent to SHRP on paper forms. Once 
entered into the IMS, summary reports can be used to view 
the data in a variety of formats . 

Environmental Data 

Environmental data for sections will include rainfall, tem
perature, solar radiation, and freeze-thaw characteristics. The 
data will be summarized on a monthly and an annual basis 
(Figure 8). Specifics of the environmental data collection pro
gram are still being worked out . Various sources specializing 
in climate information, such as the National Climatic Data 

GENERAL 

LAT./LONG. 

ELEVATION 

INDICES 

ENVIRONMENTAL 
DATA 

MONTHLY 
CLIMATE 

TEMP. 

PRECIP. 

WIND 

SUN 

FIGURE 8 IMS environmental data. 
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Center or the State Climatologist, will most likely provide the 
data in machine-readable format . 

The IMS may be required to calculate a 1epresentative value 
from several weather stations near a section. In this case, it 
will store both the raw station data and the derived values 
for the section. 

Monitoring 

The monitoring category is an extensive portion of the L TPP 
data collection and represents the most important dependent 
variables for pavement performance research (Figure 9) . Detail 
on the categories follows. 

Surface Distress and Transverse Profile 

LTPP will use high-speed 35-mm photography to record images . 
of the pavement surface. The equipment, produced by PASCO, 
USA, also provides transverse profile information. It is also 
possible in some cases that distress surveys will be conducted 
manually in the field, specially before maintenance activities. 
The MCE study is expected to use this procedure exclusively. 
The PASCO photographs will be reduced using a comput
erized system. The data reduction specifications call for the 
user to be able to record distress types and severities for 1-
ft-square increments of the test section. The reduced data will 
be in machine-readable form (Figure 10). The IMS will record 
ail of the localized distress information and will have an aggre
gate summary for the section. The PASCO equipment also 
provides transverse profile data in machine-readable format. 

Deflection 

Deflection data will be obtained using falling weight deflec
tometers (FWD). SHRP has purchased a fleet of four FWDs 
from Dynatest Consulting, Inc. Current plans are for FWD 
equipment to be operated over each GPS section twice during 
the first 5-year period. State-owned FWDs may be used to 
provide supplementary information. Deflection measure
ments will be made at numerous points within a section. At 
each test location, a number of drops will be conducted using 
various loading conditions. The ex;ict n11mber of total drops 
within a section varies according to the pavement type. The 
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FIGURE 9 IMS monitoring data. 
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FIGURE IO IMS surface distress detail data (part of 
monitoring). 

positioning of the deflection sensors may also vary. For each 
drop site, the FWD will produce data sets containing test 
parameters, peak response values, and load-deflection time 
history information. The total amount of raw data for a test 
section ranges as high as 4.9 million characters. The Dynatest 
FWD places test data on IBM PC format data diskettes. Dur
ing the deflection tests, a technician will record pavement 
layer temperatures at two locations within the section. Tem
perature sensors will be installed in the pavement for this 
purpose. 

The IMS must take the FWD data files, filter them to 
extract necessary data, and load these data into tables. Raw 
time history data will be stored offline . The test parameters, 
peak data, temperatures, and machine configuration are 
retained online . Summary data for the deflection tests may 
also be developed. 

Longitudinal Profile 

SHRP will record the longitudinal profile of the pavement 
sections annually for the first 5 years. The main instrument 
to be used for this is the K. J. Law Profilometer. SHRP has 
purchased three of these devices. Use of the Face DIPstick 
is also being considered because of its flexibility. 

The current profiling plan is to obtain measurements (ele
vation versus longitudinal coordinate) at 15.24-cm (6-in.) 
intervals in both wheel paths. These data would be maintained 
in the IMS in raw form. Summary statistics such as the Inter
national Roughness Index (IRI) would also be maintained for 
each test. 

The K. J. Law profilometers use DEC PDP-11 minicom
puters for data collection and reduction. These data can be 
transferred to the IMS on magnetic tape . The DIPstick stores 
data internally, but can download it through a serial port to 
the IMS. 

Data Base Table Structure 

In DBMSs, tables are groups of related fields. The IMS con
tains over a hundred data base tables. These consist of several 
types: administrative, lookup, data, and utility. Administra-
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tive tables are the highest level in the IMS data structure. 
They contain such information as experiment definitions , user 
access privileges, and valid section identifications. The IMS 
code uses these tables to direct many of its low level activities. 
Write access to these tables is only possible at the national 
center and is strictly controlled. 

Lookup tables are lists used to validate data or to translate 
values. Their contents, too, are controlled by the national 
center. 

Data tables contain the information collected by the study. 
(Figure 2 shows an example of how tables are defined in the 
IMS.) These tables are logically related through various key 
structures. The highest level key in the IMS is the section 
key, which uniquely identifies an LTPP section. Other keys 
are added to uniquely identify table records as necessary. 
Almost all contents of the data tables originate at the regional 
centers. As of this writing, 2,700 fields have been defined. 
By the time the IMS is fully specified, a total of nearly 4,000 
are expected. 

Utility tables are used in various processing steps. Certain 
reports use utility tables , for example, to store intermediate 
results . These tables are also used to pass results between 
applications. 

Because much of the data collection plan is incomplete, 
table specifications are still being developed for the IMS. Even 
after completion of the plan, many changes will be identified 
during the course of the program. One of the benefits of the 
relational data model is the ease with which the data tables 
can be altered. 

IMS OPERATION 

Operation of the IMS began in mid-1989. This section dis
cusses some of the major IMS operational activities . 

Data Processing and Validation 

With the exception of environmental data, all information for 
the IMS flows into the regional nodes (Figure 11). Before 
attempting to enter data, the regional center staff conducts 
numerous checks and attempts to correct obvious errors (Fig
ure 12) . The data will then be entered, depending on its type, 
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FIGURE 11 IMS overview. 
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FIGURE 12 IMS data validation: regional level. 
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by means of a form application or a special utility program. 
These applications perform an extensive number of range and 
logic checks. Depending on the severity of errors, incoming 
records may be rejected. The regional center staff reviews 
these and makes the needed corrections. 

After loading batches of data, the regional staff may run 
various reports to evaluate data trends and perform interrec
ord consistency checks. The staff again takes action to remedy 
problems found during these analyses. If certain fields or 
records are found to be in error, the regional staff will set a 
flag on these so they are not transmitted to the national center 
and can be revised; this concept is shown as the shadow data 
base in Figure 12 and is a mechanism for distinguishing approved 
and nonapproved data. 

At selected intervals, the regional centers transmit their 
validated data to the national center. Records are selected 
for transmission via the journaling facility. All transactions 
since the last data transmission are selected. The data, along 
with the journal file , are written to cartridge tape and sent to 
the national center. The regional journal is then reinitialized. 

Upon receipt of data from a region, the national center 
operator uses the journal file to update the national da ta base. 
The data are read using the 386 platform and transmitted by 
means of the communications data link to the VAX. New 
blocks of data are moved into another shadow data base at 
the national center , where the L TPP Technical Assistance 
Contractor will perform interregional quality checks (Figure 
13) . Any data found to have problems are referred back to 
the regions for correction. Only after the data pass these tests 
are they moved into the actual national data base and made 
available to the research community. 

System Updates 

The general philosophy behind IMS updates is to keep tight 
control at the national center. This is necessary to prevent 
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FIGURE 13 IMS data validation: national level. 

unauthorized changes from rendering data inconsistent or 
software incompatible. 

System table updates are performed under the control of 
the national system oµeialu1. All changes lo administrative 
and lookup tables are made on the national machine. Copies 
of the tables are then transmitted to the regions. Regional 
systems lack the utility applications for administrative table 
maintenance . 

Software development and testing will also take place at 
the national center. Updates will be transmitted to the regions 
as necessary. The regions do not have the staff necessary for 
these activities; their primary responsibility is to handle the 
experiment. SHRP will, however, ensure that the national 
center operator is an information systems engineer trained in 
the use of the IMS hardware and software. 

Disseminating Data 

Requests for data will be served by the national center. The 
regions may provide selected data to their states as a courtesy, 
but the research community will only receive cleansed data 
from the national data base. 

The mechanism for initiating requests has not yet been fully 
developed. It is expected, however, that researchers will con
tact SHRP or TRB to request information. The request will 
be turned over to the national center operator, who will selecl 
the necessary records and output them in the specified format. 
SHRP does not envision that requesters of the data will have 
direct access to the data base . It is possible that users may be 
allowed dial-in access to the national machine to make requests 
or download selected data. 

The IMS c~n provide data on Y2-in., nine-track magnetic 
tape and various IBM PC floppy disk formats . The national 
machine can write 1600/6250-bpi IBM standard label or non
labeled tapes in ASCII or EBCDIC. The national center uses 
the captive PC to create floppy disks. Future distribution of 
data on other media will be considered if demand warrants. 

CONCLUSIONS 

This paper has presented an overview of the development and 
structure of the LTPP IMS so that potential researchers will 
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be aware of the nature of this valuable pavement data resource. 
Highly detailed specifications on the data base will be avail
able in the technical documentation when it is finalized. 

A great deal of planning and investment have gone into 
the L TPP IMS. SHRP places a high emphasis on the devel
opment of the system. They have selected advanced hardware 
and software and integrated them into a system designed to 
function for the duration of a long project. It is too early to 
make any claims about the performance of the system or about 
the data collected because much of the IMS development lies 
ahead. Still, it is unlikely that pavement researchers will have 
cause to complain about their ability to obtain L TPP data. 
Further, sufficient data quality assurance procedures have 
been built into the system to ensure usable and accurate data. 
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