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ABSTRACT: A coordinated highway data system for Michigan is proposed using computer
storage and retrieval, Data to be included are delineated by consiruction projects, Com-
prehensive or selective retrieval by project, route, county, type of pavement, or data items
either singularly or in various combinations, is recommended. Data to be ineluded under
construction and design categeries are listed for illustrative purpoges, Locationreferenc-
ing alternatives are discussed and general input - output requirements are outlined, Rec—
ommendations are included for implementation of the system in order to efficiently handle
the growing mass of highway-generated information needed for techniezl and administrative
planning and research,
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SUMMARY

This study was undertaken to arrive at recommendations for a system
that would utilize up-to-date computer storage and retrieval capabilities
to facilitate optimal Department-wide use of highway-generated informa-
tion., Initial focus, for demonstration purposes, is on road and bridge con-
- gtruction and design data. A modular approach is suggested in order to
allow the subsequent addition of other data sectors (traffic, maintenance,
ete. )

A gystem is proposed thatwould allow comprehensive or selective data
retrieval by project, route, county, type of pavement, or particular class
of data. All data are to be keyed to--or delineated hy-~construction pro-
jects and the whole to be designated as "project record,' Each project
record is indexed by accesion criteria necessary to the retrieval of data
on the above mentioned bases. Following this, a project abstract of gen-
eral non-quantifiable or unique information is included. Finally, a sequen~
tially ordered file of all point data and data applying to various lengths of
roadway within a construction project complete the project record. Data
within a project will be located by a distance from the beginning of the pro-
jectin miles or by stationing. Various other location referencing schemes
are also discussed.

The study's advisory committee developed a list of road and bridge
data categories to be included in the system and this is included in the
report. Example data for these categories are used to show a possible
comprehensive output, in computer format, for a particular road and bridge.

The main feature required of the system is flexibility. This is to be
achieved in three ways: 1) by making use of existing coding and refer-
encing procedures thereby allowing inclusion of a broad range of existing
data, 2) by providing for the addition of new data categories not initially
called for by the system format, and 3) by allowing the option of compre-
hensive retrieval for a project, route, etc., or selective retrieval of spe-
cific data categories for a set of projects, a route, etc.

Data acquisition is discussed and several logical and convenientpoints
in time for capturing input data are suggested. Keying all information to
construction projects provides advantageous use of these opportunities.

Personnel requirements and duties are briefly alluded to; however,
any forecast must be considered tentative at this time.



Input ~ output formats satisfying computer requirements are discussed
in a general manner. Specific recommendations pertaining to exact data
field sizes, record lengths, etc., are tobe determined at the programming
stage of development by experts in this area, To achieve the input ~ output
objectives as set forth in the report, programmers mayuse whatever means
that will maximize computer efficiency.

This report suggests that an effective data storage and retrieval sys-
fem requires a genuine need and high-level administrative commitment,

Although many policies and details remain unspecified, the reportrec-
ommends that such a system be adopted by the Michigan Department of
State Highways in order to efficiently manage the rapidly increasing mass
of data needed for technical and administrative plahning' and research.




A COORDINATED HIGHWAY DATA SYSTEM FOR MICHIGAN
INTRODUC TION

In order to discharge its responsibilities, a Highway Department re-
quires various kinds of information. Further, the information must be
presented in a form suitable for technical and administrative appraisal,
Frequently, however, data are neither readily available nor in a usefal
form. '

Information~-its availability, accuracy, completeness, timeliness,
and format--plays an essential role in policy making, planning, decision
making, operations, program evaluation, and research. Thus, the effec-
tiveness of the Highway Department depends, to a great extent, on quality
and ready availability of information. Information should be considered a
resource to be managed, aiming at improved technical and administrative
efficiency (1). ' '

The Michigan Department of State Highways undertook a study whose
objective was to arrive at recommendations for a system that would utilize
up-to-date computer storage and retrieval capabilities to facilitate optimal
use of necessary information.' The general objective is to eliminate the
commonly experienced inability to digest the growing mass of information
in time to use its relevant parts to proper advantage, and to effect effi-
cient dissemination of pertinent information. Data should be stored insuch
a manner to allow comprehensive or selective retrieval of information for
use in various analyses, investigations, histories, and publications.

A Highway Department's knowledge is largely based on experience,
Yet to make the most of the experience it is necessary to know how the
pavement or structure was designed, how it was constructed, what mate-
rials were used, whether they were borderline or clearly within the spec-
ifications, etc. Thus, fo effectively utilize the vast experience which is
being established by Department operations, it is essential to have 2 com-
pletely factual basis on which to relate performance., The primary benefit

(1) Ag thig report was undergoing final Departmental review, the Man-
agement Services Division independently took steps to initiate a "High-
way Data Bank." This report willprovide information that will beuse-
ful in the development and implementation of that system.



from a coordinated highway data system will be to systematically establish
certain critical data which are essential to properly interpret perform-
ance experience. Once these critical data are established, numerous an-
alyses can be performed to improve operations by examining performance
experience with respect to design, construction, or materials variables.

General benefits to the Department would include the following:

1. Greater access to more data, with increased availability to more

users within the Department, and systematic control of the suppiy of data
outside the Department.

2. Time and labor savings in comprehensively or selectively obtain-
ing current and historical data on Michigan's highway system.

3. Rap1d preparation of up-to-date reference summaries for ready
use by Department agencies. ‘

4, A broadened basis for planhing, based onmore timely énd accurate
engineering evaluations of project performance.

5. Improvement of records-keeping by centralization, and detection
~ of possible duplicate or erroneous records.

6. Preparation forposmble future demands onthe Department topar-
ticipate in external information systems, -



PROJECT DEVELOPMENT HISTORY'

As initially proposed by the MDSH and approved by the Bureau of Public
Roads, the original Highway Planning and Research project had a much
broader scope. The main objective was to develop an information retrieval
system thatwould include Departmental testing and research investigations.
Although somewhat less sophisticated, the fechnical information system
was to use the Highway Research Information Service (HRIS) established
by the Highway Research Board in Washington as a model, without dupli-
cating its material. Technical information originating outside the Depari-
ment wag also proposed to be included as well as significant records of
State Highway construction projects.

Following a period of uncertainty which lasted approximately two years
{(at one time the project was dropped completely by the Department’'s Re-
search Policy Committee), includihg the project leader's resighation and
various proposal modifications, it was finally established that only road
and bridge design and construction data would be initially included for com-
puter assistedstorage and retrieval. Accordingly, a revised proposal was
written and met with approval by all concerned, Work was to officially
begin July 1, 1967,

The general objective of this revised proposal wasto investigate ways
to provide quick and easy access to the vast amount of past and current
highway construction data generated by the Department. Specific objectives
were to seek means to:

1. Place data within easy reach of Departmental personnel,
2. Avoid duplicate and unnecessary record keeping.
3. Provide a review of records for completeness and accuracy.,

4, Develop a format that would provide efficient means for comprehen-
sive or selective retrieval of data ona single project, or on common items
of information on many projects.

Since the system was to serve the entire Department, it was deemed
desirable to form an Advisory Committee to establishsome policy regard-
ing the nature and extent of data to be included in the system. A tenet that
seems to be generally held is thata system of this nature works best when
users participate in its design, In addition, compufer programmers have
atendency to force~fit data toexisting general maintenance programs rath-



er than bother creating new data-handling programs adapted to specific
needs. This attitude unnecessarily limits the flexibility and options one

might desire in a system of this nature, For these reasons the proposal
called for such a committee, ' -

It was not until about ten months into the 24-month schedule that the
Advisory Committee was designated and the first meeting held, Since the

committee approachwas deemed the most desirable, little could be accom-
" plished in the interim. '



Two general criteria regarding time-related inferest value were fol-
lowed in the selection of specific data categories to be included in the re-
trieval system. First, the particular category should not have to be up-
dated any more frequently than on an annual basis, Second, the inform-
ation should have lasting interest value for a period of at least two years,

Using these criteria and considering the needs of the Department, the
following list of categories for pavements and bridges was established by

DATA CATEGORIES INCLUDED

the Advisory Commitiee:

PAVEMENTS

23,

Year of applicable specifications

Contractor (prime and paving)

Pertinent dates: (award, work started, paving, extension,
open to traffic, final federal payment)
Population density (rural or urban)

Amount paid (including percent over or under)
Liguidation damages (if assessed, and reason)
Participating agencies, by percent

Project Engineer

Type of mixer

Description of paving equipment train and finishing equip-
ment

Other unique or descriptive information
Location of document record microfilms
Stationing (POB-POE)

Type

Length (miles)

Design year traffic

Design hour volume

Design speed

Lanes (width, number, direction)

Reinforcing (type, percent)

Thickness in inches (surface, select subbase, subbase)
Shoulders (class [ A, B, C, D] , width, thickness)
Crown

Mix design

Method of curing

Coarse agg. (source, class)

Fine agg. (source, class)



i 28. Cement (source, brands)
! 29, Speed limits
i 30. No passing zones
! 31, Accident rates
32, Average daily traffic . .
33. Culverts (location, type [pipe, box, slab] )
34. Guardrail (location [POB] , length or POE, type [ double or
' single steel beams 7 )
35. Curb (location, type [roll, barrier, straight, gutterl )
36. Ramp (location type [ Exit-Entrance])
37. Rest area (location)
38. Percent air (amount, date of test)
39. Beams (strength, age, location)
40. Cores (location, thickness, strength, reinforcement depth)
41, Air temperature during pour (range per pour)
42. Roughness (location, value, date)
43. Skid coefficient (location, value, date)
44, Vertical curves: . '
length
grades (G, and G, )
P 1, {elevation)
P.1. (location)
45. Horizontal curves:
external angle
degree of curve, D
length of radius, R
length of tangent, T
external distance, E
length, L
point of curvature, PC
point of intersection, PI
point of tangency, PT
rate of superelevation (full or transition)
46. Grade (percent, POB and POE)
47. Backslopes (ratio, POB and POE)
48, Foreslopes (ratio, POB and POE)
49. Median (width, type)
50. ROW width
51. Maximum height of fill slope (ratio, POB, and POE)

Categories Specific to Flexible Pavements

1, Quantity spread




2. Application rate (Ihs/sq yd) -
3. Surface type {wearing, leveling, binder course, etc.)
4, Mix design type (bit. agg., bit. conc., sheet asphalf, non~
skid surface treatment, etc.)
5. Prime coat (designation and rate [gal/sq yd])
6. Mix materials (type and source)
a. coarse aggregate
b. fine aggregate
c¢. mineral filler
d. asphalt cement
e, asphalt emulsion
f, special admixtures
g. synthetic binders
7. Type of spreader
8. Number and type of rollers
9. Type of bituminous plant (batch or continuous)
10. Prior surface (type and year built)
11, Thickness of individual courses
12, Bubbase thickness and type of material
BRIDGES
Identification
1. Bridge and control section No,
2, Old bridge No. (when applicable)
3. Project and coniract No,
4. Federal Project No.
5. Mile post No.
6. District No, ‘
7. Highway No, (direction if applicable)
8. Over or under : :
9. Facility or feature crossed (hwy, No, , road name, direction,
~ RR name, river name, etc.)
General
1. No. of spans
2. Total length (ref. to ref.)
3. Roadwaywidth ([f~fcurbs] ifdivided give bothand direction)
4, Bridge type {deck plate girder, I-Beam, prestressed con-
crete bridge beam, etc.)
5. Design loading (and/or H rating when avaﬂable)




8.
9,
10,
11,

12,
13.
14,
15,
16,
17.
18,
19,
20,

Operating rating (with 50 percent ‘overfs'tress)

Year built - supersiructure (R-if replaced slab or deck, W-if
widened) keep old date if major portion left

Year buili - substructure o

Vertical clearance (above road) field measurement
Underclearance (to bed of stream)

Horizontal clearance under (perp. to plers or abut. N or EB,
S or WB) '

Sidewalk width, curb height; each side

Raised median width (curb height)

Bridge railing type - (concrete parapet, aluminum fab, , ete.)
Median barrier type - date. :
Deck area in sq ft o

Contract cost - superstructure - substructure - total

Cost per sq ft - superstructure - substructure - otal

Type of plans on file (if any), where filed

No. of plan sheets and standard plans.

Span Data (where applicable)

=L DD
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10.

i1,
12.
13.
14,
15,
16,

Span No. (or numbers if identical, e.g., 1 & 4, of 1, 2, 3)
Type (continuous, cantilever, ete. )

Length c-c bearings (each span of continuous units)

Size of beams (stringers) min. and max, depth, in, and wt.
per ft (steel or concrete)

Beam spacing, ft. (number and spacings)

Floor heams - size

Floor beams - number and spacing

Trusses or Girders - min, and max, depth

Trusses or Girders - No, and spacing

Calculated liveload deflection ratio, e, g., L/1380 = 0. 52 in,
Shear connector type (if any)

Expansion joint type

Joint sealer type, and size if preformed neopreno
Expansion bearing type (sliding plate, rocker, neoprene)
Average roughness per span

Average grade per span (indicate if sag)

Substructure Data (for each unit)

1,
2,
3

Unit No., or numbers
Abutment or pier type
Foundation type

-10-



4.
5.

Height of unit {(road crown to footing bottom)
Length of unit (out-to-out excluding retaining walls)

Special Design Data

e+

10,
11,
12,
13.
14,
15,
18,
17.
18.
19,

Deck slab thickness range

Type of support

Minimum cover of top re-steel

Deck surfacing type and thickness

Skid coefficient (by lane)

Angle of crossing (Rt. or Lt.)

Degree of horiz. curve (if any) Rt. or Lt.
Rate of superelevation :
Percent grade (if vertlcal curve, glve ‘data and show average
grade of each span)

Crown inches (Rt. and Lt.)

Drain casting size, number, and spacing
Type downspouts

Bridge lighting

Provision for utilities support under deck
Utilities supported in sidewalks

Waterway area provided below high water
Design squad or consultant

Man hours for design

Design costs

Materials

Concrete & Reinforcement

b i
D3 = O © o ~T & U1 W L0 DD
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w

Contractor

Contract No. _

Concrete total vol., cu yds

Concrete suppliers

Type of mixers (transit, control, etc.)
Method of placement (crane, buggies, conveyors, pump, etc.)
Mix data - cement factor (sacks per cu yd)
Design air content

Design consistency (slump)

Cement (type and source)

Sand (type and source

Coarse agg. (type and source)

Retarders (type and source)
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14,
15,
15,
17,
18,

19,
20,
21,
22,
23.
24,
25,
26,
27,

Air-entraining agent (type and a.mount)

Other admixtures (type)

Type of vibrators

Deck forms (wood, stay-in-place, buckleplate, etc. )
Low temp. protection (heating and housmg, insulated sub-
structure forms, etc. )

Curing-initial (type)

Supplementary curing

Type of deck finishing

Strike-off machine

Air temperature range during pouring

Concrete temperature range during pouring

Modulus of rupture (average and range in strengths, psi)
Yield point of steel reinforcement

Total weight steel reinforcement

Structural Steel

L)

-QGBU:PWNP—‘

ASTM Specification and year
Minimum yield point

Design stress

Fabricator's name

Paint system preparation
Paint system, number of coats
Paint system, color

Prestressed Concrete Beams

+

-

CD-JGb.Ull-PWNI—l

Type (I or box} and size

Fabricator

Design strength, concrete

Test cylinders (average and range, psi)
Prestressing strand type size and manufacturer
Prestressing strand ultimate strength, psi-
Design prestress force per beam (no, of strands)
Total lineal feet of beams

Maintenance Work

L3

1
2
3.
4

Deck resurfacing type and thickness
Deck wate'rproofing type

Deck patching type (slab, beam, joint)
By district or by contract

=12-



~ 5. Deck repairs: latest year :
" 6. Deck repairs: cost . R
7. Deck repairs: cost to date
8. Railing repairs: latest year
9. Railing repairs: cost to date
10. Substructure repairs: latest year
11, Substructure repairs: cost
12, Substructure repairs: cost to date
13, Painting steel: year (for type see 5b 5) -
14, Painting steel: cost
15, Painting steel: cost to date
16, Misc, repairs (slope paving, machmery, ete.)
17. Misc, repairs: cost to date :
18. Total maintenance: cost to date
19. Safety inspection date
20. Condition factor-deck
21, Condition factor-beams
22, Condition factor-substructure

Agéncy Responsible for Maintaining:

23, Agency superstructure
24, Agency substructure
26. Agency lighting

Planning and Traffic

-

Highway system

» Rural or urban

Population group

Approach pavement width (or f-f curbs)
Number of lanes

.

o 0 DO =
-

Sufficiency Rating

6. Number, H-Load factor

7. Number, bridge width factor

8. Number, condition or age factor
9, Number, vertical clearance factor
0. Total Sufficiency Rating

11, Date opened to traffic

12. Average Daily Traffic and year
13. Percent commercial traffic

~13-



SR It is not intended that this be an exhaustive list of what data might ul-
- timately be contained inthe system. Certainly detailed traffic accident and
i maintenance information is desiréble‘ and would be included. However,
considering the time involved and the objectives of this study, it was felt

that the general format and advantages ofa coordinated data retrieval sys-

tem could best be demonstrated by limiting initial discussion to design and
construction data categories, _ ‘

Figure 1 shows the flow of data within the system. Four general cat-

egories for data are given which are indicative of possible sources for the
information,

-14-
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STATEMENTS OF OBJECTIVES

The members of the Advisory Committee were cooperative and demon-—
stratedan interest inthe proposal; although there wasn't always unanimous
agreement on a specific issue, advice or criticism was always construc-
tive,

Members were appointed so that a broad Departmental representation
was accomplished. Potential user groups represented included: Research
- Laboratory, Construction Division, Transportation Planning Division, De-
sign Division, Traffic and Safety Division, Maintenance Divigion, and Man-
agement Services Division. In order to ascertain any unigue interests,
each member was asked to submit a statement concerning the objectives
 of a data retrieval system from the point of view of their Division's op-
erations. Representative statements from these areas were as follows:

Research Laboratory: The general objective and responsibility
of the Research Laboratory is to formulate and execute a def-
inite program of highway research directed toward solution of
technical problems concerned with the improvement inthe design
and performance of state highways., Tothe extent that historical
and current designand performance data are utilized in carrying
out this program, the ability to rapidly locate and retrieve this
data is a vital necessity, Due to the diversity, complexity and
rapidly expanding volume of such information of potential use to
the laboratory, it is desirable to have an automated system fo
digest, order, and summarize the data for efficient recall,

Briefly, then, the Research Laboratory's objective or interest
in a comprehensive information retrieval system i8 {o provide
quick and easy access to data basic to its mission,

Design Division: The objective and responsibility of the Design
Division is to survey proposed highway routes, prepare detailed
designs, plans, proposals and cost estimates for constructing
economical, safe, and durable -highways, including pavements,
bridges, pumphouses, drainage structures , lighting facilities
and related structures.

To facilitate the determination of the most economical designs
a comparison of design factors of the various components can
be most efficiently studied by the use of computer based tabula—
tions of the design data. Summaries of much of the data are

~16-



also required for annual reports and special questionnaires on
design characteristics of the highways.

Management Services Division: There are divisions which have
the responsibility for creation and collection of data, and sup-
plying this data to various users. In many cases, data from dif-
ferent divisions are being recorded, stored, or processed on
electronic data processing equipment, Sometimes data from
these different divisions cannot be correlated electronically be-
cause of different coding systems used.:

The objective of the Management Services Divigion in participa-
ting in an information retrieval system isto establish a Depart-
mental standard coding system and data baseso that information
canbe correlated, and meamngful reports produced from a com-
mon data base,

Maintenance Division: For some time now, the Maintenance Di-
vision has felt that an exchange of data between Divisions would
be beneficial, especially if the data were compatible. It would
be necessary to developa common reference base br provide for
a conversion table in the computer process. The Maintenance
Division is presently reporting on a control section basis by activ-
ity for all maintenance except structures and pumphouses. In the
case of the latter we are reporting directly to the structure or
pumphouse, Beginning July 1, 1968, it is our intent toadd mod-
ern rest areas and weigh stations to the direct reporting system,

Our objectives in information retrieval are twofold,

1. Obviously, such things as pavement thickness, mate-
rial, age, width, traffic volume, resurfacing, etc. , affect main-
tenance expenditures. Therefore, it follows that these items
should be considered in budget preparation, Ultimately, we will
want to computerize our budgeting process through development
of work units and work standards. Work load input as deter—
mined by field survey, extended by standard cost units, and ad-
justed by the above factors (through previously determined val-
ues), could combine to produce a preliminary field operating
budget.

2. Secondly, we hope that through a constant input of com-
patible cost data that maintenance costs would become an in-
fluencing factor in future design and construction.

-17-



There were, of course, some dissenting opinions. One representative
criticized the scope, which appeared to him to be limitedand to containvery
little information that would satisfy his Division's daily working needs, A
further suggestion was that the basic system be designed by a skilled sys-
tems engineering group and that a consultant specializing in systems engi-
neering be retained to design the system,

The first criticism does point toa possible limitation of systems such
as we envision in this report. That is, in attempting to design the system
to be of use to the Department as a whole (in terms of data included) it may
become of lesser valuetoa particular user group for their day-to-day work-
ing needs. In other words, the information may be too general.

If, on the other hand, a single coordinated system is developed to meet
the highly specialized needs of each group, it may become unwieldy and in-
efficient,

This dilemma seemed to cause little concern among the Committee
members as a whole; however, it is something that should be borne in mind
when developing such a system, It appears that a compromise will have to
be made between oversimplification and overcomplexity in order to obtain
maximum usefulness.

Apparently, the key resolving the dilemma isto developa flexible sys-—
tem in which new data categories can be included if and when the demand
arises,

It may be, however, that for users in a particular operating Division,
such a system will function at best as a limited source of supplementary
information from other Divisions rather than as a means for optimum use
of their own data. Of course one primary purpose for a highway data re-
trieval and storage system is to aid upper level management, This ob-
jective must also be borne in mind during development as it would be a
major influence on the final details of the system.

Regarding the second criticism; it is not intended that the skills of the
systems engineers be ignored, Quite the contrary, full use of capable De-
partment personnel in this area will be required prior to implementation.
In order to establish individual user needs regarding the extent and scope
of coverage, however, it seems desirable to take preliminary steps within
the Advisory Committee, It should be pointed out that a spokesman rep-
resenting the systems and programming persomnel was included on the
Committee,

=18~



Location Referencing

One of the initial and perhaps bhiggest hurdles tobe overcome isthat of
determining the indexing scheme or location reference system tobe used as
a denominator common to all data, The problem is that all potential par-
ticipating groups within the Department do not code roadway-related data
using the same location reference system, although theirs may be well
suited to their specific needs, Unless a completely new and uniform loca-
tion reference system is adopted through the Department, compromising
decisions must be made. Thus, completely detailed service to each must
be sacrificed to obtain general service to all. This may be the best solu-
tion since in many cases it would appear to be very inefficient, if not mean-
ingless, to alter present indexing systems. : '

Thus, a search must he conducted for the compromise solution for the
location reference criteria that will provide the broadest possible data cov-
erage and at the same time effect maximum usefulness toall concerned, The
particular approach decidedupon for a given system will undoubtedly be tai-
lored to a large extent to fit the way in which data are currently being in-
dexed inthe Department. Theultimate scheme will in all likelihood be unique
to a given orgaﬁization.

Various types of location reference systems, singlyor invarious com-
binations, currently being used to locate points of data observations include:
mileposts, control section logs, milepoints, grid coordinates, route num-
ber, construction project number, ete. Quite likely a combination of these
identifiers would be needed in an automated system to adequately retrieve
a given piece of information. Some location reference systems represent-
ative of those that have been proposed are discussed below (2).

Mileposts, Reference Posts, etc, These are not currently or traditionally
usedon all Michigan highways, Using these asa reference base would thus
require unnecessary policy change, Under this system, changes in route
length would require information correction on each post. Moreover, in-
stallation of posts might create a fraffic and maintenance hazard.

Control Section Logs., Current Control Section Log Records may be auseful
adjunct toa system butcan hardly be used as a basis for retrieval nor serve
as an acceptable alternative system. As a straight line diagram depicting
special features withrelated mileposts, it is simply not complete enough for
the goals weare anticipating. Certain information maybe taken froma log
and incorporated into the system. The reverse is more likely to happen,
however, i.e., control section logs, including more than one construction
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project if desired, would be produced from information contained within the
proposed system.

Grid Coordinates. Specifying the use of state plane or other coordinates for
locationreference would again necessitate majorpolicy changes affecting all
current data coding practices. In addition, special training for many per-
sons would be required in order to use a coordinate reference system, It
would also be difficult to develop a coordinate reference system sensitive
enough to precisely locate point data, Even if this were accomplished, use
in the field would be administratively difficult, Coordinate reference sys-
tems may be appropriate for certain types of data collected by geographical
area, e.g. , population groups, accident rates, etc, For these special cases
the data could be converted to length data if desired and included in a 8ys-
tem based on a compatible location reference principle.
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MICHIGAN COORDINATED HIGHWAY DATA SYSTEM

A system may be defined as a collection of parts or components each
having a specific purpose inrelation to the others, Althougheach component
has certain unique properties of its own, they all are interconnected in a
pattern which allows them to functionin a coordinated and integrated manner
as a unified whole (3). "Coordinated,” as used inthis report to describe a
proposed Michigan Highway Data System (HDS), is tobe interpreted as mean-
ing "to bring into a common action, movement, or condition so as to act
together ina smoothand concentrated way, ' Inessence then, a Department-
wide information system must coordinate and facilitate the exchange of data
that takes place among the various Divisions by interconnecting component
data bases, '

Record Identification

Although many policies and details are still unspecified, the proposed
Michigan system will use construction projects as abasic recordunit (here-
after designated "project record'), Construction project numbering is most
familiar and already essentially established, All the characteristics for a
given length of roadway that are to be included in the system will be con-
tained within a construction project. (Appropriate pointdata will belocated
precisely withina project bya distance fromthe beginning point of the pro-
ject,) '

Each construection project and appropriate data (project record) will be
indexed where applicable by the criteria listed in Table 1. Any combination
ofindices may serve as accession criteria for selective retrieval by project,
route, district, etc. County identification is part of the State and Federal
Project numbers and provides an additional basis for retrieval,

TABLE 1
INDEX EXAMPLE
State Project 58 17172-004
Federal Project S 17 (11)
Route M 129
District 2
Type 24-1t bituminous

aggregate (coded)
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The project identification will be followed by administrative and general free-
field (not limited to specific length) information some of whichmay be inde-
pendently retrieved but ingeneral would be meaningful only in regards toan
individual construction project. Such information, which might be called a
project abstract, would include, for example, pertinent dates, contractor
name, cost data, Project Engineer, etc. This would, in addition, be infor-
mation that applies to the project as a whole or is constant throughout the
length of the project. Also, any additional geographical information locating
the beginning of the project would be included here, Descriptions of inter-
secting roads, distance and direction from nearby community, etc,, would
beappropriate. Data items in the abstract for whichinter-project correla-
tions or tabulations may be desired will be coded and referenced for individ-
ual retrieval. ' '

A sequentially ordered file of all point and variable length data will
complete the information for a given construction project, The point data
will be located by a distance from the beginning of the project in miles or
stationing (which can be easily converted into miles), Most data collected
by the Department can be located within a construction project by stationing,
and the required distances established without any change in field recording
procedures. Individual data categories will have tobe coded inorder to fa—
cilitate selective retrieval by type.

Since stationing is not necessarily in strict increasing or decreasing
order along a route, procedures will be established to insure correct sequen-
tial orderingof construction projects., Such procedures would perhaps in-
volvea manual operation which might include transforming station number—'
ing on a given project in order to make it compatible with any existing se-
quence, Ordering by station numbering would automatically sequence pro-
jects by county.

For storage and handling convenience, information may be broken into
separate files or sub-files, each coveringa specific area, e, g., pavement,
bridges, and appurtenances. When necessary, however, data from the sep-
arate files, whether on magnetic tape or disc file storage, may be pooled
for comprehensive information needs,

Using this method of location and identification for HDS provides op-
timum flexibility for three reasons. First, it makes use of estaplished
coding and referencing procedures., No revolutionary new system would
haveto be learned and practicedand which, moreover, would possibly ren-
der much previously recorded data valueless for potential inclusion intothe
system.
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Second, new data or new data categories, or both, can conceivably be
added to the existing record with ease. I is most certain that during im-
plementation or after ashort period of operation, requests for broader data
representation will arise. As long as such data (lengthor point) meet cer-
tain minimum requirements (i.e., lasting interest value) and can be clas-
sified as belonging toa construction project, they can readily be included in
the system.

It should be mentioned that changes in route length or designation will
cause no problem, With the speed and flexibility of today's computers a
simple program to revise locations accordingly can be written that would
readily accomplish the task,

Third, this system provides for selective or comprehensive informa-
tionretrieval. The coding and indexing will permit retrieval of all the data
for a construction project or projeets, route, district, county, ete, , as well
as tabulations of selective categories of information. Inaddition, large scale
inter-project statistical studies can be made,

To acertain extent, the best system will evolve in time with user expe-
rience and feedback onan initially imperfect system. Inorder tofoster this
evolution, statistics will be maintained onthe typeand frequency of inquir-
ies. Some statistics may be built into the system and accumulated automat-
ically while for others hand tabulations will be necessary. Measures of suc-
cess or relevancy will also be computed by determining user satisfaction
with the response to his inquiry. By evaluating these statistics and con-
ducting other subsequent studies, improvements in service are bound to
oceur,

Data Acquisition

There are points in time during the history of a construction project
that providea greater opportunity than others for capturing data to include
inthis system. Keyingall information to construction projects allows ad-
vantageous use of these opportunities. The various phases of project devel-
opmentand construction activities provide logical and convenient data cap-
ture points, In general, data willbe accumulated over a period of years and,
insome specific cases, notavailable until the roadway has been in service for
some time, Examples of initially unavailable data would include ADT, ac-
cident rate, performance, maintenance, etc, It is desirable, however, to
acquire data soon after generation or possibly sufferthe consequences of
losing the information altogether. Certain stages in construction develop-
ment do provide convenient access points. Other applicable data such as
those mentioned above will have to be added as they accrue.
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There appears fo be little advantage in logging a construction project
into the system until the contract has beenawarded. At this timea majority
of the desired data will be determined, Certainly the design characteristics,
as well as much of the general information, will be available.

The next point for gathering data with which to update the file will be
at the end of the construction phase, or when the road opens to traffic. By
now all quality assurance test-results, material sources, dates and costs
should be known and available,

From this time on, informationpertaining to agiven project will be ac-
cumulated either by scheduled periodic updating or added as it is generated,

Depending on the specific data, both methods will likely be practiced,

Modular Approach

One approach inthe development of an automated information retrieval
systemis implementation ona "modular" basis. Using this procedure, the
areathat would providethe greatest immediate benefitis implemented first.
Time and financing permitting, the second most needed area of data or
"module’ would then be added, etc. HDS is amenable tothis type ofan ap-
proach as long as the basic indexing scheme remains consistent., Certain
modules may already have been identified, namely; rigid pavements, flexible
pavements, bridges, and appurtenances. If itis undesirable towait for the
complete system, concentration can be focused onone of these data areas.
The remaining areas can be added to the system as they are cresated.

Personnel Requirements

It is suggested that responsibility for maintaining and operating the
system be assigned to the Management Services Division which includes Sys-
tems Analysis, Programming, and Information Service Units. In order to
keep the system up to date additional personnel, under existing supervision,
will be required. The actual number of personnel initially needed will de-
pend onthe extent of backlog data and the rate at which it is to be included.
If much historical information is to pbe included, more personnel (perhaps
part-time) will be required for collecting and coding the data.

For routine, continuous operation and maintenance of the system it is
anticipated that at least five additional employees, whose duties would be
restricted to this system, would be necessary, The work load would de-
pend on the level of construction activity, thus, additional temporary person-
nel maybe needed during peak construction periods, Perhaps, in addition,
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employees in constructidn—related_ jobs could alsobe utilized during the off-
season period,

The core group of five, consisting of individuals having various back-
grounds and respective duties would be on permaneni assignment. Some
would be involved with tabulating data, others with collecting data, In addi-
tion, in order to efficiently interpret design plans, material reports, etc. ,
personnel with experience in these areas would be highly desirable candidates
-for staff membership, for obvious reasons. In addition, the system man-
ager should alsobe a staff member of the Management Services Division and,
in this capacity, facilitate the necessary associated computer processing,

The method of operation of this group will be active rather than pas-
sive. If ismeant by this that they will be obligated to seek out required data
from the various sources at the proper time rather than having to rely on
users tosubmit their data. When contracts have heen awarded, the system
managers will see that the appropriate dataare obtained. Once a construc-
tion project has entered the system, periodic status checks can be made to
assess the completeness of information. Furthermore, to insure the flow
ofneeded information, copies of forms onwhich pertinent data are recorded
will be routed to the HDS personnel.

Output Format

Figures 2 and 3 show samples of actual data for various categories
together witha possible output format arrangement. The output format is,
of course, subject to change and most likely would be altered to allow the
most efficient use of automatic data processing procedures and to produce
the most readable output. This would be established in discussions with
computer programmers when and if implementation is undertaken. It is
anticipated that, in general, the format for comprehensive output would be
somewhat similar in appearance.

It turns out that for most data, a fixed, maximum field width® canbe
established. Thiswould be desirable from a coding standpoint in that some
degree of standardizationis achieved. Moreover, standard field widths are
convenient to computer manipulate the data, However, in terms of classes
of data, complete standardization would limit flexibility; and flexibility isa

2 Lengthof data interms of number of alphabetic or numeric characters

needed for description,
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STATE NO. FED. HO. ROUTE NO. TYRE SPEC. LENGTH{ME } STATION HILE POST
55 179T2-004 SITOTIY R-129 2&=FT.BIT.AGG. 19565 1.4 523+00-895+7%.04 39
CONTRACT FOR: £ & DS £ 24 FT.BIT.AGG,5URF.
LOCATION FROM TOWE RD. HORTH T4 BAFTER AR.
CONTRACTOR AHDUNT PALID PaE. FOPYLATION ACH WIDTHIFT}
TOTAL FEDIZ)  STATEAX)  LUCAL(T)
PRIME-THORNE CONST. €D,
PAVING — U.P. ASPHALT 500000.0042% 0 0% 0 JOHN TOE  RURAL 150
PLANT PAYER ROLLERS FRIOR SURFACE  QUANTITY SPREADITON]  ARPLICATION RATE(LBS/SYD)
AUTO.BATCH  VEIBRATING SCREED  STEEL WHEEL{Z}  BITUHINGUS 13062 250
PRINE COAT DESIGN SPEED AT DHY
Q.25 BALSSYD, #C-T0 &5 1943 a0a 250
1948 %00 390
LANES
HUMBER  WIDTH  DIRECTION  CROMN(IN} )
2 12 NES L.275
THICXNESS
SURFACE BASECBURSEIINT- SELECT SURBASE!IN)
2504/5¥yD T 3
SHOULTERS
CLASS HIBTHIFY} THICKMESS 1IN
A & 7.5
MEIX{SGURCE & SPEC.)

COARSE AGG. 254 PIT £9-20
FINE AGG. 3NS5 FERRYSBURG
HIKERAL FILLER  3KF CONNERS CREEX
ASPHALT CEMENT  B5-100  ACE OIL Co.

VERTICAL CURVES
STATION 61 oz Pels USTAY  Pul. (ELEVS)
S52+400-556+00 40,03 +0,42  554+00 491,87

BACKSLOPES

STAYION (NS} RATE  STATION(SB) RATE
E23+00-520+30 1e2 523+00-528+30 La4VAR
528+30-545+00 FILL 528+30-539+50 FILE
B51+00-836179,08 114 Son+d0laneiTo. 08 FILL

STATION

528+62,50-531400 AT
£29400-33§+50
550490-55[ 445
ERZ+20-551420
531+60-552+60
552420-553+20
BAT+50-049+75
B4B+50-B49+50

GUARD RAIL
TYPE

DOYALE
IGUBLE
SINGLE
SINGLE
SINGLE
SINGLE

STHELE
SINGLE

CULVERTS
STATION TYPE
560+30 PIPE
&05420 CLASS B{CONC.!
6h5420 LLASS B{CHP)
BIS400 CONCRETE BOX (2}
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Figure 2,

Possible output format for selected roadway information.
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BRIDGE NO. OLD HO. FEDERAL NO.
S0Z-ITOI5 A 37 OF 11-23-5 1-94-1110)3

FED. ROAD SEC. RO LATITUDE & LONGITUDE
h 41.T B 86.8 W

SPANS LENGTH(FT) ROAD WIDTHIFT) TV
4 240 42 MF

HORIZONTAL CLEAR{F¥] SIDEWALK WIDTHCFT)
65425 2,50

CONTRACT COST

TaTAL SUPER STR,{SQF]  SUB-§TR. {30
130733.00 0.51 2.84

SPANS

I 4 263

TYPE CANT. CANT, CANT
LENGTHIFTI 38.50 44,00 5,00
STIE OF BEAMS  36HF1S0  36MFI50

1
BEAH SPACINGIFT) T 65
SHEAR CONM. N0
EXPANSIDN JOINT TYPE PIER IE31STEEL

EXPANSIGN MEARING TYPE ABUTI STL.PL.

IDENTIFICATION-LOCATIGH
HILE POST DISTRICT HIGHWAY LOCATION
&.0 T 134 KB OVER US-12 G.T RI. RE KEH BUFFALD

FE PESIGH LOADING H-RATING YEAR BUILT UNDERCLEARANCESFT)
Hszo+aHL D) 1962 15.01€9), 16,0148}

CURR HETSHTIINY KEDIAN HEIGHT(FT) RAIL TYPE DECK AREA(SQ.FT.)

12 1.50 R}I 11514
PLANS
Fl TOTAL YEAR SHEETS FILED BID-DATE CONTRACTOR
11.35 1959 I01-721 HeT(2) 6-10-50 GARAVAGLEA
pix]
. SUSP.
T2.75
IEKFITOHE
SPANS
263 283
5,75
ND 131 YES
PIER 210,50 1N, HPRaT!?) Josur FriL, sIn,ews!®)

PIER 1821 STL. ROCKER PIER 21 5TL. PED.

SURSTRUCTURE
ABUT. A 'PIER I PIER 2 PIER 2 ABUT. =

PIER TYPE LANT, 5 COL.EGIRDER & COL.EGIRDER 5 £OL.EGIRDER GANT.
FOUNDATION YYPE T! SPR. FTG. 91 SPR. FTG. 2! 5PR. FTGa 9' 5PR, FTG. TR. TIHBE,
HEIGHT (FT} 13,04 ~ 25,85 27,04 26,75 L 13.04
LENGTH (FTI 28,25 2B.25

DESIGH
DECK THICKHESS(IH) T.50
COVER-RESTEEL(IN| 1.50
CROSSING AMGLE{DEG) 60,148
RATE QF SUPER
YERTICAL CURVE(FT} 1400
CROWKL{IN) 3.25 RT 6,315 LT
BESTCH CONSULTART HICH, ASSDC.

OR SQUAD EADIRS
HATERTALS

BEANS {STRUCTURAL STEEL)
AST® SPEC. HIN., YIELD FOINT DESIGN STRESS
A~3T3 STEEL BEAHS Aze00 18000

PLANHING AND TRAFFIC
HIGHWAY SYSTEM RURAL-URBAN FOPULATICN GROUP APPROACH IMIDTH - LANESI
1 R EL 3

SURFICTENCY RATING FACTORS!S)
LOAD CARRYING ANILITY  TRAFFIC CAPACITY  CONPITION  RIMIMUN GEOMETRICS  TOTAL RATING
L 20 I8 20 8

11) ALTERHATE MILITARY LOADLNG
€21  KICROELLM AND TRACINGS

{3)  HOT POUR RUBNER-ASPHALT YYPE

(4) COPPER WATERSTOP

(5] AS DEFINED BY TRANWSPORTATION PLANNTNG DIVISION

ADT
490040
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‘Figure 3. Possible output format for selected bridge information.




feature of the system to be encouraged. Certainly there will be unique in-
formation about a given project that should be included in that project's rec-
ord. Project complexity is another factor that will contribute to variation
in the type and extentof data to be included, thus inhibiting standardization
of data classes. So it doesn't appear that there can be a uniform, cut-and-
dried input - output format for all projects for all time. It should be noted
thatnot all categories are represented by sample data. For instance, there
are no materials datafor either the roador bridge projects presented. For
the purpose of illustration, however, the amount shown should he sufficient,
Anexhaustive table would add little to an understanding of what is envisioned.

Input Formats and Computer Programs

Up until now nothing has been said about the way in which data will be
coded for computer input. At this stage of development it is impossible to
set down exact formats, Again these would have to be worked out with pro-
gramming personnel at the proper time,

Specific recommendations regardingthe composition of "'data blocks, "
record lengths, and data field sizes to meet computer requirements are be-
yond the scope of this study and are left tobe determined at the time of im-
plementation. We feel that in this way computer Programmers canbest make
use of computer efficiency in order to accomplish the objectives set forth
herein. Whatever format evolves, necessary for efficient computer proces-
sing, it would be acceptable as long as the output flexibility desired ispro-
vided. Thus, in general, only ends are specified in this report, the means
are left to computer experts.

Even though we can't be specific there are some general comments
that can be made pertaining to coding requirements. These relate to the
needs for selective retrieval of information,

If a complete listing of the data for all projects was our only desire,
our problems would be simple ones. However, to allow retrieval by various
location, type, or data criteria, appropriate coding must be provided. One
way to accomplish this feature would be to build and maintain a separate tape
or file of accession data. In this accessionfile would be the project number
along with all associated numerical codes for particular data for that project.
When projects which havea certain characteristic or combination of char-
acteristics are requested, the accession file is computer-searchedand the
relevant projects selected. Now, by either indirect or direct methods, the
master file of project records is computer-searched for the matching pro~
jects. These are then printed out either in total or--based on some pre-
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determined computer program--partially, with only the relevant hard data
listed. Perhaps the accession data itself could become part of the project
record and hence the master file,

The extent and complexity of rather unique computer programs that will
be required should nowhe somewhat apparent. The file mamtenance or up-
date procedures are one class of necessary programs. Programs for the
various output requirements areanother. In eachcase,different programs
-will be required, depending on whether ornot the cutput is selective or ex-
haustive and whether or not the update is general or specific. Furthermore,
various programs for selective retrieval will be required if only specific
data are desired as opposed fo the whole record for aproject which contains
the data. So it can be seen that one standard or routine input program and
one standard output program would not allow the flexibility desired.
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CONC LUSION

The keys toan effective data storage and retrieval systemare: 1) gen-
uine need, and 2) high level administrative commitment. Without a real
need the system will not be used advantageously and development and imple-
mentation will be an economic waste. Administration commitment is re-
quired inorder to command cooperation amonguser groups. Lacking these
requirements, a data storage and retrieval system will become an inefficient
assortment of objectives and procedures, each aimedat what seems impor-
tant to a particular individual or group.

Assuming these prerequisites can be met, this report has discussed
some of the technical and organizational considerations that will haveto be
solved. '

In addition, since sucha system will result ina Department-wide ser-
vice, representatives of the various Divisions must participate in the ul-
timate design. A clear definition of what input -~ output capabilities arere-
quired must be established prior to the developmental assignments. Sys-
tem characteristics should not be dictated by the manner in which data are
routinely or traditionally processed.

Also, the more future users are involved in preoperational develop-
ment, the greater their confidence will be in the system, which, in turn,
should assure optimum use,

To overcome the problem of putting such a system into operation at a
givendate it would be most feasible to move forward from a given date placing
new project information into the system and then only as time permits adding
the pastproject data. Onceacquired, the informationshould be permanently
retained, albeit inless convenient access asthe frequency of use decreases.
However, a more complete study of the various needs and objectives of the
Divisions would be required to determine the reasonable limit for inclusion
of past data, Some items of past project data, now desired, might not now
be obtainable, and therefore diminishing returns can be expected from the
effort expended. The items of information tobe obtained from each project
may be drastically reduced as older project data are put into the system since
less of this information would be of current interest,

Finally, we have attempted to establishin this report some character—
istics or capabilities that a coordinated data retrieval system might possess.
In summation, the features of the proposed HDS would include the following:

1) Construction projects used asthe basis for indexing or locationref-
erence for data,
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2) Selective retrieval by roadway location, type, or specific data cat-
egory, or any of these.

3) Where necessary, within-projectdata are indexed by distance from
beginning point of project.

4) Flexibility: to add new data categories; in-file maintenance: and
input - output formats,

5) Susceptibility to modular approach to implementation.

6) Operated and maintained by full-time staff whose duties are con-
cerned exclusively with HDS,

Alternative Approach

An alternative approach may be considered if the unified system proposed
inthis reportis not developed. This approachwould allow multiple indepen-
dent sub-systems for datastorage and retrieval. That is, each Division in
co-operation with computer personnel would design and maintain its ownauto-
matic data storage and retrieval to satisfy their individual requirements. To
a certain extent this practice is already established. This approach would
undoubtedly be considered heretical by those schooled in modern computer
systems planning. Nevertheless, considering various traditions, attitudes,
interests, and needs, it may be a practical one,

This approach would not eliminate the need for coordination, however,
Coordination would still be necessary to avoid duplication or overlapping of
data collected and to standardize indexing practices in order to facilitate
interrelating data from the various Divisions., The distribution of notices
advising user groups of the availability and form of data would have to be
provided. Using this approach, an interest user would select relevant data
from other storage banks to merge with his own for a desired analysis,

This method would be less efficient to a certain extent perhaps, since
each Division would have to maintain its own sub-system, This is done now,
however, and probably would continue even though a larger unified system
existed. Some problems would develop in maintaining all sub-systems
equally up-to-date,

The main disadvantage with this approach, however, is that a certain

Division might not maintain data in their files of specific interest to other
Divisions. What has lasting interest value for one Division may not be of
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lasting interest to the Division that initially collects or creates the data,
Hence, these data would not enter the originating Division's data retrieval
sub-system,

The centralized data collecting function of the staff for the unified sys-

tem would obtain and include the data, however, thus making it available to
all interested Divisions.

The opinions, findings, and conclusions expressed in this publication are
those of the authors and not necessarily those of the Bureauof Public Roads.
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