Figure 5. General overview of cash forecasting process.
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already been awarded will be calculated by the CMS
from the information contained in the construction
contract. The CMS combines the contract time sched-
ule with the remaining quantities for the various
line items and their corresponding unit prices to
convert these data into a schedule of monthly cash
needs for the next 24 months for each contract.
These data are also made available to the PMS.

FUTURE PLANS

As mentioned above, the Department is engaged in a
continuing effort to improve the interfaces between
the highway-related information systems so that
redundant data can be minimized and sources of in-
consistencies removed. Other improvements are also
planned. The Department has retained a consulting
firm to assist in the development of a Fiscal Man-
agement Information Systems Plan. The recommenda-
tions of this plan will help fill the "void" in the
upper portion of Figure 3 that depicts a shortage of
suitable information systems for top management.

Another area in the early stages of development
involves systems that maintain data on the entire
continuum of the highway network. These inventory
systems are much more difficult to develop than the
project-specific systems discussed in this paper.
No individual interfaces have yet been planned be-
tween the inventory-type systems and the project-
type systems, but it seems reasonable to expect that
as-built project data would be used to update the
highway inventory systems.
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CONCLUSIONS

PennDOT has made significant improvements in recent
years in the development and use of its information
systems. Substantial benefits have resulted from
integrating the highway-related management systems.

Personnel at all levels in the Department have
found that the integrated systems approach enables
them to work with data at the level of detail re-
quired for their own tasks. However, data summa-
rized to a more detailed or less detalled level can
be made available to them if required.

The Department has continued to increase its
operational productivity and the information systems
are reducing the time required to accomplish many of
the tasks associated with planning, designing, and
administering construction on highway projects.
They also provide a means for estimating cash flow
requirements for construction contracts.

Managing the highway program is not going to get
any easier so it is imperative that the Department
continue to make progress in the area of integrating
its highway-related information systems. The sup-
port provided by responsive systems will permit
managers to make informed decisions on scheduling
the efficient use of dwindling resources. This is
an extremely important aspect of the Department's
commitment to provide a vastly improved state trans—
portation program.
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Development of Priority Program for Roadside

Hazard Abatement

MICHAEL J. LABADIE AND JAMES C. BARBARESSO

A computerized roadside hazard inventory was developed for the major county
roadways in Oakland County, Michigan. The study included the development
of a priority program used to rank roadside hazards for removal or protection.
This program included various safety factors that have an impact on the relative
hazardousness of roadside obstacles and other features that obstruct the *“clear
recovery area’” along a roadway. A weighting scheme was used to aggregate the

safety factors. The procedure is designed to be applicable to all highway operat-
ing agencies, especially those with access to a computer. The entire data file

has been computerized in such a way as to be capable of aggregating and sum-
marizing information concerning various roadside hazards. The data system can
be updated as necessary, thus it is kept current at all times. The system can be
used to rank roadside hazards according to their relative priority factors. It can
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also be merged with fixed-object accident data and roadway geometric data cur-

rently on file to augment the system’s analysis capabilities. Finally, multidis-
ciplinary teams can review each of the highest-priority hazards and/or locations
and can determine possible countermeasures.

Knowledge of the location and relative hazardousness
of roadside hazards is essential if engineers are to
effectively improve the safety of the roadway and
its environment. Efforts to remove or protect
roadside hazards generally result from public com-
plaint, construction projects and/or traffic acci-
dents and not a planned, ongoing program. This
approach often results in sporadic work efforts and
ignores many severe hazards. Substantial litigation
expenses and settlements are often incurred by
operating highway agencies because a planned correc-
tion program for roadside hazard abatement generally
does not exist.

If roadside hazard data are continuously col-
lected and maintained, engineers will be able to
prepare realistic short- and long-range improvement
plans, develop optimal correction programs, and
maintain a safer roadway environment for the motor-
ing public--traditional efforts to address the
problems of roadside obstacles that have not been
allowed. They require significant time and labor
and may not produce the most cost-effective results
because a priority program is not used.

The approach outlined in this report deviates
from the traditional method of roadside hazard
abatement. A computerized inventory file of road-
side hazards was compiled from an existing set of
photologs, and each hazard was ranked according to
the potential hazardousness it presents. Non-acci-
dent indicators were used to develop the priority
scheme., The use of non-accident indicators sup-
plants the reactionary nature of past approaches,
wherein a hazard is removed or protected after an
accident has occurred, with a priority scheme based
on the relative probabilities of collisions occur-
ring with obstacles.

Although non-accident indicators are used to rank
roadside obstacles according to their potential
hazardousness, the approach presented in this report
allows the integration of computerized accident data
and roadway geometric data with the computerized
inventory file of roadside hazards. This capability
provides for more complete analysis of roadside
hazards.

This paper describes the priority scheme used in
the development of a roadside hazard abatement
project in Michigan. First, the study site and
characteristics are outlined. Next, the ranking
scheme is explained, followed by a discussion of the
data-collection process. Finally, the use of this
scheme and its implications for project management
are explained.

STUDY AREA

The study area for this project was Oakland County,
Michigan, which is part of the tri-county Detroit
Metropolitan Area. The roadways included 1206 km
(750 miles) of paved county roads and 482 km (300
miles) of unpaved county roads under the jurisdic-
tion of the Oakland County Road Commission (OCRC).
The program did not include subdivision streets. All
inventoried roadways were <classified as county
primary or county local.

PRIORITY SCHEME
Previous research efforts regarding roadside hazards

indicate a need for a program of this type (1l).
Attempts have been made to define the potential

hazardousness of roadside hazards and to rank these
hazards according to some priority scheme, but these
previous efforts did not use many variables that
influence the potential hazardousness of roadside
hazards (2-5).

In this study, the criteria used to determine the
relative hazardousness of roadside hazards included
the following:

1. Whether or not the roadway is curbed,

2. The presence of horizontal curves (inside or
outside),

3. The presence of vertical curves (+ or - grade),

4. The rigidity of the object [see Table 1 (4)],

5. Average daily traffic,

6. Speed limit,

7. Distance from pavement edge, and

8. Roadway type (county primary, local, etc.).

Each of these criteria was assigned an appropriate
evaluative rating of hazardousness ranging from 0 to
5 points (Table 2).

The overall priority factor, which was defined as
a function of these criteria, included the following
weighting scheme: curbing = 2; curve section (out-
side) = 5; curve section (inside) = 3; grade section
(+) = 3; grade section (-) = 4; rigidity = 5; aver-
age daily traffic = 3; speed limit = 3; distance
from pavement = 5; and roadway type = 2. The prior-
ity factor (PF) was then defined as a function of
the hazardousness ratings and the corresponding
weighting factors; i.e.,

PR = _ﬁl HYV, )
R

or

PF=H;V, + H,V, + Hy + HyV4 + HgV5 + Hg Ve + H; V7 + HgVg @

where

vy = curb rating,
V, = curve rating,
V3 = grade rating,

Vy = rigidity rating,

Vg = average daily traffic rating,

Vg = speed limit rating,

V7 = distance from pavement edge rating,

Vg = roadway type rating, and
Hy......Hg = corresponding weights (as de-

scribed earlier).

The higher the value of the priority factor for a
hazard, the greater is its relative hazardousness.
Thus, those hazards with a high PF should be pro-
tected or removed first in order to reduce the
hazard exposure to the motoring public and, ideally,
the liability exposure of the agency with roadway
jurisdiction.

DATA COLLECTION

The data base for this project was compiled through
the use of existing photologs of OCRC roads. The
individual frames of the photologs were reviewed by
using a photoviewer with a special grid overlay that
provided the reviewer with lateral distance measure-
ment capabilities. The relevant data were coded
onto a form specifically prepared for this purpose
(Figure 1). The coded data were then typed into a
computer terminal by using an interactive program
that prompts the analyst to input the appropriate
data. The following data were extracted from the
photologs: street name, hazard type, district num-
ber, street type, direction of travel, side of
street, curbed or uncurbed, distance from curb, and



Table 1. Severity factors for fixed objects of varying rigidity,

Transportation Research Record 867

date of filming. Information related to road grade,
object rigidity, traffic volume, and speed limit was

Fixed Object Factor Fixed Object Factor obtained from other sources and merged with these
data.
Utility poles (wood) 4 Hydrant 3
Supports-rigid (steel) 4 Signposts 1 SYSTEM CAPABILITIES
Supports-breakaway 1 Trees (diameter in in)
Guardrail 3 Greater than 13 5 o g .
Bridge abutment/wall 3 11-12 4 On completion of the data-collection activities,
face 8-10 3 computer software was developed to provide various
Bridge abldltment and 5 S-Z f safety analysis capabilities. In general, the
pier en 2- soft s : .
Bridge rail faces | Rocks and boulders ware prov:.ded. f.our functions: dump, search,
GM barrier (diameter in ft) update, and statistical analyses. Each of these
Bridge rail end Greater than 3 5 functions is described below.
Fill slopes 23 4
2:1 S 1-2 2 Dum
3:1 4 Less than 1 1 —ufe
4:1 3 t 3 i .
51 5 Stzetlfeams’ concrete posts, The dump function produces a printout of the com-
6:1 1 Wood posts (in) plete roadside hazard inventory file (Figure 2). The
Cut slopes 8x8 o) output includes all of the variables necessary to
0.5:1-1:1 5 6x6 2 determine the PF for each roadside hazard. Approxi-
;:51:1 ‘3‘ G4 x 4' é mately 110 000 roadside hazards are cataloged alpha-
3j1 2 W‘:)‘(’);’g:m betically by road name. Each record (i.e., roadside
4:1 or flatter 1 6 x 8-in guardrail ) hazard) is assigned a line number and a "milepoint"
7-in round marker post 2 for easy reference.
Table 2. Hazardousness ratings.
Criteria 1 2 3 4 5
Curbed or uncurbed Curbed Uncurbed
Curve section (") Straight 1-5 6-10 11-15 16-20 21+
Grade section (%) Flat 1-3 4-6 79 10-12 13+
Rigidity -2
Average daily traffic 1000 or less  1001-8000 8001-15000 15001-20 000 20 Q00 or greater
Speed limit (mph) 25 30-35 40-45 50 55
Distance from pavement edge (ft) Greater than 30 30-21 20-11 6-10 3-5 2 or less
Roadway type Subdivision  Collector subdivision Local Primary
3See Table 1.
Figure 1. Data coding form,
District # Street Type D.0.T, Viewer
Resolutlon Date of Flimlng Roll ¢ Page #
Maln Street Date Vlewed
frnss Street fAhstarle Type Frame % Fant Side of Street Curb/ Distance

No Curb from

Curb
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Figure 2. Inventory sample printout.
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Search these analyses. The SPSS package provides various

The search function produces a printout of data
records conforming to specific parameters supplied
by the system user., Any variable or combination of
variables in the data file can be specified for a
search., For example, if a user wishes to search the
file for all records containing trees with diameters
greater than 1 ft on horizontal curves of greater
than 6 degrees, a printout containing all such
records will be produced.

Update

An important aspect of this information system is
that the data can be updated. As changes or im-
provements are made (e.g., a hazard 1is removed,
protected, etc.), the inventory data can be altered
or deleted, or a new record can be inserted. His-
torical records are also maintained so that changes
can be monitored over time and to ensure that the
data are correct. The update process involves
completing a form (Figure 3) and inputting the new
data to the files.

Statistical Analyses

In order to perform analyses that aid the OCRC in
developing a roadside hazard abatement program, the
inventory data can be manipulated and merged with
other data files. The Statistical Package for the
Social Sciences (SPSS) (6,7) 1is wused to perform

capabilities for the analysis of the inventory
data. 1Individual data records can be analyzed or
aggregate statistics can be generated. Capabilities
range from frequency distributions and cross tabula-
tions to multivariate regression analysis.

SYSTEM USE IN PROJECT MANAGEMENT

The dump, search, and update functions of this
information system provide OCRC staff with up-to-
date information necessary to the decisionmaking
process. However, the statistical analysis capa-
bilities of the system provide management tools that
enable the development of a systematic program of
roadside hazard abatement.

The statistical analysis capabilities allow the
user to rank all roadside hazards by priority fac-
tor. In this manner, those roadside hazards that
present the greatest potential for accident oc-
currences are treated with priority.

Decisions regarding the types of treatment (e.g.,
removal, relocation, protection, etc.}) that are
chosen for roadside hazard abatement can also be
facilitated with this system. By altering one or
more of the wvariables influencing the priority
factor for a particular roadside hazard, various
alternative treatments can be simulated and new
priority factors will be calculated. The most
effective treatment alternative is the one resulting
in the lowest priority factor. Treatment costs can
then be applied to determine the relative cost



10

effectivensss of the alternatives. In this manner,
the analyst can make decisions such as whether a
guardrail should be installed on a particular fill
slope or whether the slope should be leveled.

It is also possible to determine critical levels
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and a newly completed roadway geometrics file,
augmenting the analysis capabilities of the system.
All roadside hazards are assigned to a particular
roadway with a unique primary road number. The
accident and roadway geometric files are also orga-

for each of the variables through the application of
SPSS. These critical levels can then help in estab-
lishing policies for such activities as tree plant-

nized according to these primary road numbers, thus
giving the files a common denominator. Individual
roadside hazards, roadway features, and traffic
ing and landscaping, utility pole placement and accidents are assigned to specific milepoints for
installation, or guardrail maintenance and installa- common reference within each primary road subfile.
tion, Therefore, the analyst is capable of reviewing all

An additional feature of this inventory is that accident data and roadway geometric data for a
it can be merged with an existing accident data file location with a roadside hazard. Or, the analyst

Figure 3. Roadside obstacle update form.
Please Print
Complete Only Those Items Where a Change has Occurred
PROJECT PERMIT WORK ORDER (Circle One) No.
Process Code A (Alter) I (Inserz) D (Delete) [ 1
Card Sequence 0 2
Beginning Line Number CITTTTTT] a-91
Ending Line Number [(IITTTTTT]1-20
Main Streer Name LT T TT TT TT T I T 11T j21-38
Cross Street Name CCIT T T T T T TTTTTTTI13-s0
Distance from Cross Street Dj:l:] 51-54
Direction from Cross Street (N, S, E, W) Oss
Side of Street (N, S, E, W) C ss
Presence of Curbing (U, C) 1 s7
Obstacle Rigidity (Refer to Users Guide) O ss
Distance from Pavement (Feet) 1 s9-a1
Road Type (Sub, Col, Loc, Pri) CTIT e2-64
Process Code 1
Card Sequence EZ:I 2
Begimning Line Number CI:L__L__EL__ED 4-11
Ending Line Number CITTTTTT] 1320
Obstacle Type (Refer to Users Guide) LIT LI T TTTT]21-30
Speed Limit (P or U) (CIT13 31-aa
Horizonta] Geometrics (Refer to Users Guide) L1 L L 1 [ 1 1 1 I 1 | | 3a4-4s
Verticle Geometrics (Refer to Users Guide) 46—49
Passing Zone (Refer to Users Guide) O  so-s2
Date of Initial Surfacing [T sa-sa
Traffic Volume (ADT) CIITTT] ss—-se
MALl PR Number CLCLTTTT] so-6s
MALI  Milepoint I TTTs7r—~72
Figure 4, Rocks in right-of-way.
ﬁ}i'augnmijmv ROAD COMMISSION OBSTACLE REPORT 12704781 PAGE 2
A I L L L O L L I
Sotilni RBES WMBeR SBERRSAYC T o | MEIMTOC  HjEs TGy SIS STAIRNI CHRWRES
0B8STACLE LOCATILICN ROADN HARA TE 1
| sewence | "t " “prortn” palid “loraslev habebetel | ofa")4" B0 " Rkl ki) sl oveere |l
03072200 HEADOWOOD 254 § 3.17 HEST ¢ 5 39,955 P40 10 PRL ROCK] 16
URLRERDI] 11 MILE RD 211 S 3,25 WEST C 5 39,955 P40 10 PRY ROCK) 76
03080400 WILYSHIRE 439 S 3.%0 wEST C -01 5 30,013 P40 [y PRI ROCK] 80
03001400  WILTSHIRE 90 § 3.96 WEST C 5 30,013  PaO 6 _ PRl  ROCK) 16
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can review the roadway geometrics and the roadside
hazards associated with specific fixed-object acci-
dents. In combination, these files provide a com-
prehensive roadway information system for the OCRC.

ILLUSTRATIONS OF SYSTEM USAGE

Rocks in Right-of-Way

In the past, the OCRC has assigned a full-time staff
person to inspect all county roadways for poten-
tially hazardous conditions. One activity performed
by this inspector was to report potentially hazard-
ous obstacles within the road right-of-way. It was
often the case that residents would place large
rocks and other objects near the roadway in an
attempt to keep vehicles from encroaching on their
lawns and property. Many of these objects were
placed where occurrences of off-road accidents were
common. The safety implications of placing objects
in such vulnerable locations are obvious.

In order to reduce labor costs and institute a
systematic procedure for the correction of roadside
hazards voluntarily placed within the right-of-way,
a search program was run to identify such locations.
The following command was issued to the computer:

TIA750BRO001SEARCH
TIA750BR00020BSTACLE TYPE EQ ROCK3
TIA750BR0O003DIST FRM RDWY LSS 010
TIA750BRO004VOLUME GTR 8000
TIA750BRO0OOSFINISHED

This command printed data records (Figure 4) for
all rocks, 3 or more ft in diameter, less than 10 ft
from the pavement edge, and on roadways with greater
than 8000 average daily traffic. Following identi-
fication of these hazards, investigation efforts
were planned. Subsequent to investigation, 1letters
requesting removal of the rocks are sent to the
property owners.

Guardrail Maintenance Program

The OCRC maintains more than 2500 miles of county
roadways. It, therefore, needs a systematic proce-
dure for inspecting and maintaining guardrail on
these county roadways.

A procedure of this type requires that the condi-
tion of all guardrail on the OCRC system be known.
Furthermore, all of the guardrail locations must
meet the current design standards. Finally, the
effectiveness of the guardrail must be assumed to be
reduced if it has been involved in a collision.
Therefore, it is necessary to find guardrail loca-
tions where a fixed-object accident has occurred.

The data files (i.e., roadside hazard and acci-
dent data) must be merged to compile the necessary
information. The following SPSS commands can be
issued:

SELECT IF [(OBS34 EQ 0102 OR OBS34 EQ 0103) AND ACC10
EQ 06]
REPORT FORMAT = LIST, MARGINS (1,100)/
STRING = MSTN (OBSNO1 OBSNO2 OBSN03 OBSNO4)
CRSTN (OBSNO5 OBSNO6 OBSNO7 OBSNOS)/

VARS = OBS0S5 'DISTANCE' 'FROM' 'IN FEET'
(12)
OBS06 'DIRECTION' 'FROM' 'INTERSEC-
TION' (12)

CRSTN 'CROSS STREET NAME'
OBS29 'PRIORITY' 'FACTOR'

CHEAD = 'DAMAGED GUARDRAIL'/
BREAK = MSTN 'MAIN STREET NAME' (LABEL)/
SUMMARY = VALIDN MAX (OBS29)

11

This run will produce a listing of all guardrail
locations where a fixed-object accident has oc-
curred. For each case, the main street name, the
guardrail location, and priority factor associated
with the guardrail will be printed.

Once these locations are determined, repair crews
can be assigned to repair the damaged guardrail. The
schedule of repairs can be determined by the pri-
ority factor associated with each case. Those
guardrail locations with the highest priority fac-
tors should be given priority for repair.

Other Uses

In addition to the two uses explained previously,
OCRC is using the roadside hazard information system
for other activities. The system provides the basis
for an organized tree removal program. The search-
and-sort capabilities of the system facilitate such
programs. Another typical use of this system is a
bridge railing maintenance and upgrading program.
When merged with the accident and roadway informa-
tion files, the system is useful in the development
of safety improvement plans for various types of
projects. With greater usage of the system, other
applications, which will enhance the safety of OCRC
roadways, will certainly be divulged.

CONCLUSION

The procedures described in this report provide an
alternative to the current methods of roadside
hazard abatement. with its computer application,
this system provides the basis for many planning and
operational activities with a low expenditure of
man—hours.

The priority scheme for quantifying the relative
hazardousness of roadside hazards allows the OCRC to
systematically review those roadside hazards that
present the greatest risk to the traveling public
and the agency. The simplicity of this scheme
permits its application to any highway agency or
system, and its flexibility allows other agencies to
adapt it to fit their own needs and priorities.

The information system is capable of providing
current data regarding roadside hazards and can be
merged with accident and roadway geometric data
files to augment its data base. The search and
statistical functions available with this system
provide the OCRC with analysis capabilities that
help in developing cost-effective safety treatments
for various safety deficiencies., The result is a
systematic program for enhancing the safety of OCRC
roadways.
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