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IMPLEMENTATION

The césp;effectivenesskanalyéis procedure fdflfoédside safety
improvemehﬁJéValuation has been developed on an immediate implementa-
tion basis. :This report documents the procedures_tp'be applied in
conducting the>physical roadside hazard inventory;épa recommending
safety improvement alternatives on Texas freewaysff'lmmediéte im-

plementation -of the material in this report is anticipated on a state-

wide basis. =




FOREWORD

This'féport is one phase of Research Study No. 2-8-72-11, entitled
"Cost Effectiveness Priority Program for Roadside Safety Improvements
on Texas Freeways.'

Special acknowledgement is given Messrs. Paul R. Tutt and Edwin M.
Smith of the Texas Highway Department and Mr. Ed Kristaponis (FHWA) for
their coOperation and assistance through the devélopﬁental stages and
field teSfing of the program. Their suggestions”were invaluable in
achieving aﬁ implementable research product.

The researchers are indebted to personnel offﬁhe Texas Highway De~
partment, particularly from three Districts: Fort Worth, Houston, and
Austin, where extensive field trials were conduéted &uring the develop-
mental Ph??éé. Special thanks are due Messrs. Jf R; Stone, C. E. McCarty,
and Billié,E. Davis (Fort Worth); Messrs. Dale b: Marvel, John M. Libs-
comb, and James H. Doss (Houston); and Mr. Bill§ M; Schnerr (Austin) for
assisting in field trials and offering numefousvsugéestions to improve
the costéeffectivenessvprogram. Appreciation iékéxpressed to Messrs.
Larry Walker and Richard Jameson (THD Automatidn; AQstin) for their co-
operatiqn and assistance in adapting the cost-éfféctiveness model to the

Texas Hiéhway Department computer equipment.
DISCLAIMER

The contents of this report reflect the views of the authors who are

responsible for the facts and the accuracy of the data presented herein.

- The coﬁténts do not necessarily reflect the official views or policies

of the Federal Highway Administration. This reﬁért does not constitute a

standard, specification or regulation.
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SUMMARY

PROBLEM DEFINITION

Roadside_safety improvement programs, like any phase of highway
construction or maintenance, must compete for limited funds. As in-
creasing eﬁphesis is being directed toward roadside,sefety, it is ap-
parent that a definite need exists fof methods by which admiﬁistrators
may evaluate alternative safety improvements and»program those to realize
the greatest return within the budget constraints:of their available
roadside safety improvement funds. »

The thienal Cooperative Highway Research Progrem (NCHRP) Project
20-7, Task Oraer 1 (3) proposed a probabilistic mgdel to be used as a
manage;ent tool in establishing the priority for_readeide safety improve-
ments. It was expected that each state would adaptbthe research findings
to its own specific needs and administrative struefere. The overall
goal of Project 11 is to develop a formalized implementatlon procedure,
compatible w1th Texas Highway Department pollcy, to program roadside
safety improvements on controlled access highways based on the generalized
'NCHRP 20-7 research.

This report documents the procedures develoﬁed to inventory road—
side hazards and safety improvement alternatives for input to a computer
program.: Details of the computer program including a user's manual are
presented in two other reports (Research Reports 11-2 and 11-3). Inter-
pretation‘pf the cost-effectiveness program output is discussed in

Research Report 1l1-4.
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SCOPE OF ROADSIDE INVENTORY

Accepted practice in most existing roadside imprdvement programs
has been to consider the primary and secondary recovéry areas; which
would benefit approximately 85 percent of drivers: encroaching the road-
side. TheVinventory'procedure proposed in this sﬁudyvincludes all
applicablébfdédside hazards located within the 30-ft lateral distance
adjacent t6 the outer edge of the traveled lane.. |

Hazards have been categorized in three major classifications for
purposes of inventorying: (1) point hazards, (2) 1oﬁgitudina1 hazards,
and (3) slopes; Classification codes have been assigned to all applicable

hazards.

PROCEDURE FOR CONDUCTING SAFETY IMPROVEMENT PROGRAM
The procedure to evaluate safety improvements for roadside hazards
comprises'three related functions:
(1) conducting a detailed physical inventory of the Interstate
.'highway system to identify and lbcate'eaéh roadside hazard,
(2) ﬁreéommending feasible safety improvement alternatives for
each hazard or for groups of hazards, and’
(3) evaluating the recommended safety improvement alternatives
uging the cost-effectiveness model. -
The_extremely large number of hazards that must be inventoried and
feasiblé safety improvement alternatives necessitates the use of a
systemétic coding procedure for eventual'aﬁaiysmsfby<a@mpuf§m$*wﬁwo

forms were developed to accomplish this. The Roadside Hazard Inventory

form is shown in Figure S-1. Figure S-2 illustfates the counterpart,




the Roadside Hazard Improvement form.
The report includes detailed descriptions of the use of each of
these forms. Also included is a discussion of the date input/output

format and several examples of selected hazards to illustrate the

manner in which the forms must be completed.
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I. INTRODUCTION

PROBLEM STATEMENT

Single yehicle accidents constitute a sizable fértion of all high-
way accidents; particularly on freeways——accounting for about one half
of the fatal éccidents and 40 percent of all accidents oﬁ freeways (l).
Texas accident statistics (2) revealed that 35 percent of statewide
accidents involved single vehicles striking fixed objects or running
off the roadway. The elements’of roadside design that contribute heavily

"to single vehicle accident severity are obstacles such as bridge abut-

ments and piers, bridge rails, utility poles, trees, drainage headwalls, A

steep side slopes and guardrails.

Considerable emphasis has been placed on roadside safety improve-
ments to the extent that many highway departments maintain funded pro-
grams to reduce the roadside hazard on existing facilities. Notable
examples of such programs are the breakaway sign and luminaire programs
of the Texas Highway Department, the CURE program of the California
Division of Highways, and similar programs in Utah and Colorado.

Programs of this type generally have followed the same roadside
improvement strategy:

1. Remove roadside obstacles.

2. Move those obstacles that cannot be removed. This includes

moving to a protected location and moving laterally. |

3. Reduce the impact severity of those obstacles that hannot be

moved. This includes improvements such as breakaway devices,

turning down guardrail ends, and flattening roadside slopes.
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4, Protect the driver from those obstécles that cannot be im-

proved otherwise, using attenuation or &eflection devices.

This strategy would be ideal if sufficient funds were available to
accomplish all four steps throughout a particular highway. However, this is
seldom realized because safety improvements, like any phase of highway
construction br maintenance, must compete for limited funds. What is
lacking is a method by which administrators may evaluate alternative
safety improvements and program those to realize thé greatest return
within the budget constraints of their available roadside safety im-
provement funds.

The National Cooperative Highway Research Program (NCHRP) Project
20-7, Task Ordei 1 (3) proposed a probabilistic model to be used as a
management tool in establishing the priority for roadside safety improve-
ments. The requirement that this research be applicable on a national
scale resulted in a high degree of generalization in the modelyand, there-
fore, it was not implementable in its current form for specific needs.

It was expected that .each state would adapt the findings of this résearch
to its own specific needs and administrative structure. This research
has as its basic objective the adaptation of the findings of NCHRP 20-7

to meet the requirements of the Texas Highway Depértment.

OBJECTIVES

The overall goal of Project 11 is to develop a formalized imple-
mentation procedure, compatible with Texas Highway Department policy, to
program roadside safety improvements on freeways based on the generalized

NCHRP 20-7 research. The specific objectives within the study to achieve
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theioverall goal are summarized:

1. Develop a procedure to’systematically inventory roadside hazards
existing along Texas freeways. |

2. Develop a procedure to identify appropriate measures that may be
taken to alleviate or reduce existing hazards.

3. Incorporate the above procedures into a computer program based
on the NCHRP 20-7 probabalistic cost—-effectiveness model from
which may be determined a priority ranking of improvement alter-
natives to assist administrators in preparing safety improvement
programs.

4. Document the hazard inventory and improvement procedures, com~

4 puter program, and the general study.
This réport documents the procedures developed to inventory road=

side hazards and safety improvement alternatives. Details of the com—
puter program including a user's manual are presented in two other reports

(Research Reports 11-2 and 11-3). Interpretation of the cost-effec--

tiveness program output is discussed in Research Report 1l-4.




II. PROGRAM CONCEPT DEVELOPMENT

BASIC CONCEPT

Every segmént aloﬁg a roadway has an associated degree of roadside
hazard for vehicles traveling through that segment. The hazard may be
relatively small for a flat slope free of fixed objects while on the
other hand, the hazard may be very high for a steep side slope or a
large rigid object near the edge of the roadway (2). From this, it is
seen that the degree of potential hazard is influenced by proximity to
the roadway and by the severity of resulting impact-if the object is
struck. The severity can be assumed to be independent of distance, that
is, the séverity associated with striking a rigid object located ten
feet from the roadway is no different than 1f the same object was struck
at fifty feet from the roadway. The probability of encroaching the
latter distance, however, is much smaller. Also iﬁflﬁencing the potential
hazard is the probability that a vehicle will encroach on the roadside
at a location such that the obstacle is in‘the vehicle path and will be
impacted. This is a function of the traffic volume and expected encroach-
ment rate, the latter beingfderived empirically from fesearch. Obviously,
a small rigid obstacle exhibits a smaller probability of being struck
than does, for example, a continuous guardraill at the same offset dis-
tance. To stfike the rigld obstacle, a vehicle must leave the roadway
within a relatively small segment whereas it may collide with the guard-
rail after leaving the roadway anywhere along the rail length. The
severity of striking the rigid obstacle may be extremely high as is the

case for a bridge pier. On the other hand, the severity of striking the
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guardrail is substantially less. Therefore, trade-éffs must be con-
sidered--probability of impact versus severity of impact-—in many
situations.

If quantitative measures can be assigned to these influencing para-
meters and éosts associated with improvement alternatives.can similarly be
determined, cost-effectiveness techniques may be used to evaluate various
recommended safety improvements. To accomplish this, objects (hazards)
must be identified and assigned some relative degree of hazard (severity
index). Encroachment distances and frequency must be defined. Feasible
improvement alternatives must be defined for each hazard identified and
costs must be determined for the hazard as it exists and after each im-
provement. These factors may be used in the cost-effectiveness program
to evaluate the alternatives.

The cost-effectiveness methodology requires a rather comprehensive
inventory of roadside obstacles (size of obstacle, lateral placement,
severity of a collision with the obstacle, etc.). Some of these may be
identified in the office while others can be determined only by a field
inventory procedure. The inventory of existing roadside hazards is the
underlying key to improved cost-effectiveness beqause it forms the basis
of comparison for alternative recommended improvements and, hence, in-
fluences directly the relative rating of the improvement. Since the
inventory is so vital to the end product of the program, detailed pro-
cedures are required to insure that an accurate and comprehensive inventory
is made in a uniform manner throughout all regions to which the improve-
ment program is applicable (usually a District).

Since safety improvements for each hazard (or group of hazards) will
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be compared to the existing hazard in the computer model, it is equally
important that detailed procedures for identifying improvements are
established and used to provide the necessary information in the re-
quired format for computer input. These two procédufes form the basis
for the computer program developed. As with any computer program, in-
put data must be furnished in a precise manner. ©Forms have been devel-
oped, field tested and refined to accommodate data collection for both
the hazard inventory and safety improvement altermatives. These forms
and a detailed procedure of their use are discussed in later sections

of this report.

SCOPE OF ROADSIDE INVENTORY

The roadside obstacles to be included in the inventory and the lat-
eral boundarigs assumed for inventory purposes are~administrative deci-
sions. Accepted practice in most existing roadside improvement programs
has been to consider the primary and secondary recovery areas (30-ft
lateral clearance) as sufficient. From available information (4), safety
improvements within this region would benefit approximately 85 percent of
drivers encroaching the roadside. The inventory proéedure proposed in
this study includes all applicable roadside hazards’lbcated within the
30-ft lateral distance adjacent to the outer edgefof the traveled lane.
Under a particuiar case involving a critical slepe, inventerying the 30-ft
lateral diétance may be exceeded. This is discussed later in this report.

Each roadside obstacle has associated with it some degree of hazard.
However, certain obstacles such as sign posts and luminaire supports,

through the advanced technology in breakaway concepts, have been designed
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such that the hazard of impact is virtually negligible. Also, the state
of technology is such that very little can be done to reduce the impact
severity bélow its current level. Through the breakaway program through-
out Texas, very few rigid base signs or luminaire supports exist on free-
ways and interstate highways. Therefore, by joint decision of project
personnel of the Texas Highway Department and the research staff, break-
away sign supports and luminaire supports will hot be included in the
inventory.

Other roadside obstacles are placed along freeways for operational
control which, although their presence constitutes a hazard, if
omitted would allow operational maneuvers' that would produce greater
hazard. Post and cable installations placed between main lanes and
frontage roads or in the median to prohibit intentional vehicle cross—~
over is an example. Similarly, median barriers and fences fall within
the same category. These obstacles will not be included in the inventory
under normal inventorying procedures unless it is desired to evaluate
the cost-effectiveness of a different type of barrier. It is highly
probable that a recently installed double flex beam median barrier would
not be removed and replaced by some other type of barrier; however, the
decision might be made to evaluate replacement of an older barrier with
a concrete median barrier. Provision is made in the inventory procedure
to do this. Retaining walls constitute another "necessary" hazard,
particularly on depressed urban facilities. Although provision is made
to evaluate several alternatives, it is probable that certain retaining
walls cannot be substantially changed because of geometric and right-of-

way considerations and would not be inventoried.
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IDENTIFICATION OF ROADSIDE HAZARDS

Uniformity in inventory procedure and content is essential to the
operation of the cost-effectiveness computer program. Therefore, those
roadside obstacles that will be included in the inventory have been
identified and assigned an input coding system as shown in Table II-1.
Hazards aré gfouped by descriptive title under geﬁeral identification
code designation and, where necesséry, each general classification is
sub-divided into several categories with each being identified by é
descriptor code designation. This claSsificationvsystem permits greater
flexibility in recording hazards by allowing the addition of new general
categories or, more often, additional descriptor cédes when "special"
or unusual hazards are encountered during the field inventory. Any
code additions would necessitate computer program modification prior to
implementation. Table II-1 inciudes a comprehensive list of'hagards,
but it is anticipated that additional descriptor codes will be needed to
accommodate all hazards that can be found along the roadway, and provisions
for including these will be made in the development of the computer cost-
effectiveness model. |

For purposes of invéntorying, all hazards Have,been categorized iﬁ
three major classifications:

(1) point hazards
(2) 1ongitudinal hazards
v'_(B) slopes

The above general classification system was selected to facilitate
recording inventory data and to organize the computer program logic.

To maintain uniformity between hazard inventory and hazard improvement
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TABLE II-1
Hazard Classification Codes

IDENTIFICATION DESCRIPTOR
—E .
<§> Utility Poles
Y (00)

<> 1
rees (m)
@ Rigid Signpost

POINT HAZARDS

(01) single-pole-mounted
(02) double-pole-mounted
(03) triple-pole-mounted
(04) cantilever support .
(05) overhead sign bridge -

Rigid Base Luminaire Support
Qb g Lumd ppor (00)

05. Curbs ’

(01) mountable design .
02) non-mountable design less than 10 inches high

03) barrier design greater than 10 inches high

. r Median Barrfer
06 Guardrail or Me (01) w-section with standard post spacing (6 ft-3 in.)

(02) w-section with other than standard post spacing

{03) approach guardrail to bridge--decreased post
spacing (3 ft<1 in.) adjacent to bridge

(04) approach guardrail to bridge--post spacing not
decreased adjacent to bridge

(05) post and cable

(06) median fence Co

(07) median barrier (CMB design or equivalent)

07. Roadside Slope - MalN SHOULDERNTY o
e (01) sod cut stope LANE FRONT by
(02) sod fill slope . SLOPE

(03) concrete-faced cut slope
(04; concrete-faced fill slope
(05) rubble rip-rap cut slope
(06) rubble rip-rap fi11 slope-

R

08, Washout Ditch
(Does not include ditch formed by (00)
intersection of front and back slopes)

Culverts

&

(01) headwall (or exposed end of pipe culvert)
(02) gap between culverts on parallel roadways
(03) sloped culvert with grate

(04) sloped culvert without grate

Inlets

@

(01) raised drop inlet (tabletop)
(02) depressed. drop inlet ©
(03) sloped inlet

11.  Roadway Under Bridge Structure
(@» bridge piers

(02) bridge abutments

12.  Roadway Over Bridge Structure :
’ open gap between parallel bridges

) closed gap between parallel bridges

(03) rigid bridgerail--smooth and continuous construction

(04) semi-rigid bridgerail--smooth and continuous
construction

(05) other bridgerail--penetration likely; severe snagging
likely; severe pocketing and snagging likely; or,
vaulting likely

(06) elevated gore abutment

13. Retaining Wall

O Denotes Point Nazard




procedures; the same classification system was used for the improvement
data input. Section III of this report presents details concerning the
formal inventory procedure and Section IV deals with the recommended im—
provement alternatives data input. The forms necessary for these input

factors are described in their respective section.

PROCEDURE FOR CONDUCTING SAFETY IMPROVEMENT PROGRAM
The procedure to evaluate safety improvements for roadside hazards

comprises three related functions: (1) conducting a detailed physical

inventory of the Interstate highway system to identify and locate each

roadside hazard, (2) recommending feasible séfety improvement alternatives

for each hazard or for groups of hazards, and (3) evaluating the recom-

mended saféty improvement alternatives using the cost-effectiveness model.

The general procedure for the inventory and improvemenf recommendations
phase is discussed below.

In the inventory phase, each applicable hazard will be located
longitudinally along the highway by milepost using data input forms dis-
cuésed in Seétion I1I of fhis report. As each hézard is located and |
evaluated, recomﬁendations for remedial action necessary for safety im- -
provement will be made and this information recorded on data forms dis-
cussed in Section IV. These two data sources provide basic input infor-
mation for evaluation by the cost effectiveness computer program. It is
. apparent that the quality of the results depends to a very large degree
on the quality of the input data. |

Since the recommendations for alternative safety improvements will

govern to a great extent the cost-effectiveness results, the inventory
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team must include personnel having considerable éxpérience in traffic
operations, geometric design, and maintenance. Ptéliminary field trials
of the inveﬁtory procedure have indicated that a foﬁr—person team repre-
sents an efficient working force, including a driver and data recorder.
The more experienced the team members, the more flexibility is afforded
to rotate duties. However, based on experience .gained during the inven-
tory field trials, the following team compositioﬁ is strongly recommended:
one driver, one data recorder, and two declsion-makers to recommend safety
improvement alternatiﬁes. The following proceduré was found to work very
efficiently. The driver assumed the responsibility of identifying each
hazard as he drove along the highway shoulder at low speed, and stopped
adjacent to each hazard to read the odometer. All dafa were recorded by
one member of the team who was familiar with the hézard inventory form.
The driver called out hazard milepost and identified the hazard by name.
These were recorded and necessary identification codes assigned. Offset
distances and other applicable data (hazard number, grouping code number,
etc.) were recorded while the two decision-makers were evaluating the
hazard situation to select improvement alternatives.

Since all data were recorded by one person, considerable time was
saved because the identification codes and necessary data for each type
of hazard (in addition to the location on the form where these data must
be recorded) became memorized. It was evident that considerably less
recording errors (omissions, erroneous codes, etc.)vwere made when the
data recording operation was done by one person rather than rotating
throughout the inventory team.

It is emphasized that the driver must be well aware of every type
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of hazard to be inventoried to avoid his bypassing hazards.
Two decision-makers are recommended to alleviate bias in improvement

alternative recommendations. It proved advahtagegus in many cases be~-

cause opposing views for improvement alternatiwves were presented or

reinforcement added.

Odometer Measurements

Roadside hazards may be located in reference to existing milepost
signs with sufficient accuracy using a vehicle equipped with an odometer
capable of recording to one thousandth of a mile (approximately 5 ft).
The procedure is as follows. The odometer is zeroed at a milepost sign.
The vehicle is driven:dlong the shoulder until a roadside hazard is en~
countered. The odometer reading is recorded as the front bumper is adja-
cent to the beginning (upstream end) of the hazard. Figure II-1 illus-
trates the method to locate a point hazard. If the hazard is a longitu-
dinal hazard such as a guardrail, the beginning point is located as above
and the odometer reading is again recorded when the vehicle reaches the
downstream end. The length of the longitudinal hazard is computed by the
program through subtraction. Figure II-2 illustrates how a longitudinal
hazard is located. A roadside slope is located in the same manner as a
longitudinal hazard. The eriteria used to,identify_a critical slope are

discussed in Section III.

Slope Measurements

Slopes of 4:1 or steeper are included in the inventory. The longitu-
dinal length of a slope is the distance between the point where the slope

becomes 4:1 and the point at the downstream end where it becomes flatter
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than 4:1, or terminates such as would be the case whefe the slope meets
a cross-street under a structure. The end point of a slope approaching
an overcrossing structure may be considered to be the beginning point
of the bridge rail. Figure II-3 illustrates the method of determining
the beginning and end mileposts of a roadside slope.

The steepness of all slopes should be measured to avoid omitting
slopes that appear to be flatter than 4:1 but are, in fact, steeper than
4:1. To alleviate the time-consuming operation of measuring slope
steepness by conventional surveying techniques, a device called a "slope-
ometer" was designed to permit rapid steepness measufement. This device
consists of a steel ball that rolis within a 6-inch radius groove adjacent
to a slope ratio scale. It is attached to a 3-ft rodehich is placed
on the slope‘face and the slope ratio is read directly below the position
at which the ball comes to rest in the groove due to gravity.

This instrument may be used to quickly determine if a slope is indeed
4:1 or steeper and, hence, should be inventoried. Also, the beginning
and end points of a slope may be quickly determined by a series of measure-

ments along the slope face as shown in Figure II-3.

Length of Inventory Section

Preliminary field implementation has indicated that about 30 to 50
hazards per mile of roadway can be éxpected in urban facilities. Based
on time required to inventory several miles of urban freeway and on the
average number of hazards encountered, it appears that the’control-section
fepresents a convenient length of roadway to inventory as a unit. Also,

based on an expected number of hazards, the amount of data collected in

I1-12




Slope Ratio Measurement
(BB Slope—ometer)

(Typ)

End of Slope 2

Median

Slope Length Included
In Inventory

Beginning of Slope 2

K End of Slope |

Slope Length included
In. Inventory

Beginning of Slope |

M1

Direction Inventory s Progressing

Determination of Slope Beginning and End Points

Figure IT1-3

IT-13




the average section length provides a workable unit from a computer
operations standpoint.

It is strongly recommended that a computer Yun of the field data

be made as early as possible-—definitely before large amounts of data

are collected (no more than one-half day). Initial computer runs will

identify errors in data recording that can be corrected in subsequent
inventorying and permit the inventory team to determine problems that

can be avoided both in recording hazards and selecting improvement

alternatives.




TI1. ROADSIDE HAZARD INVENTORY

GENERAL

" The extremely large number of hazards’that must be 1nventor1ed
along a’ section of roadway necessitates use of a. systematic coding proc-'v
ess for eventual ana1y51s by computer. ‘This can best be accomplished

‘ through use of a detailed roadside hazard 1nventory form such as showu

in’ F1gure III—l. bThe inventory form was developed cooperatively by
personnel of the Texas nghWay Department, Federal Highway Administration,
and the Texas Transportation Instltute and represents the culmination of
repeated trials and modifications after field 1mp1ementat10n on ex1sting
freeways and interstate hlghways in the Fort Worth Houston, and Austln

Districts.

ROADSIDE HAZARD ‘INVENT‘ORY FORM

The hazard 1nventory form has been designed to collect data under
four categories, 1abeled Boxes 1 through 4. Box 1 contains hazard iden—
tificatlon 1nformat10n 1ne1ud1ng specific milepost location and other
general location information needed for cross—reference filing and com-
puter program operation. Space is also prov1ded to identify the hazard
by general name in words for manual review of the forms. Hazards have
been c1a331f1ed into three categories--poznt hazards, Box 2; Zongttu—

dtnal hazards, Box 3 and sZopes, Box 4. Box 1 must be completed on

every form. Slnce a separate form is used to 1nventory each roadside
hazard, only one.of Boxes 2, 3, or 4 will be completed'on each form.
The form has been developed to permit.direct‘transfer of‘inventoryb

data to computer card for entry to the cost—effectiveness program.b
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Only those data within the numbered spaces in each box willvbe entered
on computer cards. Thé number below each space denotes the column num-—
ber on the computer card. Any unnumbered spaces in a box (ex. "hazard
description" or "odometer reading" in Box 1) are included in the form
for descriptive purposes or computational purposes and'will not be key-
punched. The former facilitates manual cross-referencing of information
or category filing while the latter organizes data collection for form
completion at a later date (ex. in the office).

Each haéard inventory form constitutes a single computerAcard data
input source. The format has been simplified as much as poséible to
assist the key-punch operator in transferring the data to cards. Wherever
possible, Aata spaces have been located in a straight line reading from
left to right;. A circle appears in the left margin adjacent to each roﬁ
of data spaces. Since only certain rows of spaces must be key-punched
from each form, and these rows may differ between consecutive forms, a
check mark (v¥) must be placed in the circle adjacent to thé appropriate
completgd row'of spaces. The kgy—punch operator may use the check mark
to quickly locate the data to be key-punched from that form. Two of
the circles adjacent to Box 1 contain pre-printed check marks because

the data in these two rows of spaces must hgﬁkey‘punchéd'from every

form. Across the top of Box 1 appears the statement; "Check Box 1f
Columns 5 thru 24 are to be Duplicated from Previous Inventory Form."

It can be expected that columns 5 through 24 will contain identical ih—
formation throughout a substantial length of roadway during inventorying.
A new hazard number will be assigned to each individual hazard as the

inventory progresses, therefore, columns 1 through 4 camnet be duplicated.
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The automatic duplicating feature on a key~punch ﬁachine can complete
columns 5 thfough 24 more rapidly than the person completing the inventory
form, and this check box is provided so that he does not have to cdﬁplete
these boxes each time he fills out an inventory form. He has only to
»assign’a new hazard number (columns 1-4) as each hazard is encountered
and check tﬁe duplication box. The complete row bf data spaces (columns
1 through 24) should be filled in for the first invénﬁory form completed
at the begiﬁnihg of each day or inventory section, so that‘this informa-
tion is available in each package of invéntory forms that the key-punch
operator receives.

It is emphasized that a check mark must be placed‘in a circle along
“the left margin adjacent to any row of data spaces in which entries are
made.  If thgvcheck mark is omitted, the key—punch operator may overlook

1

certain data. Each data space contains information pertineﬁt to a par-

" ticular function in the computer program, and therefore, each numbered

space must be completed in a prescribed manner to avoid rejection by

the computer program of all data on that form.

Céntained in this category are general information from which the

" hazard may be located by highﬁay number, county, controi numbef, and «
section number. These four location designations permit not only infor-
mation retrieval by hazard location ranging from gené?él'(county) to
specific (control-section), but provide a meaﬁs whereby a large number

of inventory forms may be sorted and classified by the computer for a
variety of analyses using selected location designation to specify needed

data input source.
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The hazard number (columns 1~4)Ais'éssigned ¢onse§utively throughout -
the inventory section, beginningvﬁith nu@ber 0001. No two haéardé ﬁithin
the same inventory length may bevéssigned the same haZafdvﬁumber; 'if
additional hazards are inventoried after the initial inventory (or, if
one was omitted) a new number must‘be assigned tovthé omitted hazérd.‘li'
The form may be insertedkat the appropriate place witﬁin absequence of
inventory forms (say, arranged according to increasing milepost) even
though -the hézard numbering sequeﬁ;e is thus non—éohéecutive,

Space is supplied for a.three—digit'highﬁay number (columns 5-7).

'No prefixes are used in recording the highway number. For example,
Interstate Highway 10 would be recorded as 010, and Interstate Higﬁway

620 (loop) would be coded as 620. A problem will arisé in coding high-'

. ways carrying the same route numbér but having East or West designation
Vsuch as 620E or 620W which start at a bifurcation. In situations such ésj
this, one highway must be assigned a "dummy" inventory highway number (suéhk
as 999 or 998, etc.) that does n&t‘conflict with én existing highway num-
ber in the state (or another dummy route number alréady used). Since the

- computer output will list the "dummj"'number, cross-reference filing will.
be necessary to identify the "dummy" route nuﬁber ét a later date.

The county codes (columns 8-10) are listed in Table ITI-1 which agrees

with the standard Tekas Highway Department alphabetical-numerical designation.

The control and section number identification, USed by the Texas

Highway Department, generally is used more widely than tﬁe countyvdr
highway number. To facilitaté c;oss~referéncing hazard inventory forms
to on-site location, space is supplied to record both control number

(columns 11-14) and section number (columns 15 and 16). These data

111-5




 TABLE T1I-1

. COUNTY CODES.

Co. County Dist. Co. - County ~ Dist., Co. County .~ -Dist. ' Co. - County Dist,
No. Name No,  No. Name ~ No. =~ No. Name ~ No. = No. Name - No.
1 Anderson 10 65 Donley: - 25 _° 129 ~ Karmes .. -16- . .- 192  Reagan 7
2 Andrevs 6 . 66 Kepedy . . 21 130 Kaufman - = .18 193 . Real 22
3 Angelina 11 67 Duval .- 2) 7. 131 - Kendall - 157 ' :194 - " Red River 1
4 Aransas 16 68  Eastland. . 23 . . 66 Kenedy 21" . 195 " Reeves - 6
5  Archer 3 69 Eetor ~ - 6 - 132 Kent - 8 . .196 Refugio 16
6 Armstrong 4 70 Edwards - . 22 133 Kerr 15 197 - Roberts 4
7 Atascosa 15 71 Ellis : 18 .. 134 Kimble R 198 - Robertson 17
8  Austin 1 _ 72 ElPaso. 24 . 135 'King - - -.25° 199 Rockwall 18
9  Bailey 5 735  FEreth 2 136 Kinsey - "22  200. Runnels 7
10  Bendera 15 74 Falls - 9 137 Kleberg = . -16. - 201 Rusk . 10
11 Bastrop 14 5 Fanoin 1. 7138 Knox© 25 . -.202  Sabine 11
12 Baylor 3 76 Fayette . . 13 139 ;. lamar - 1 203 . San Augustipe 11
13 Bee 16 77  Pisher -8 . 140 -lswb - . 5. " -.204 - San Jacinto 11
14 Bell 9 78 . Floyd - 5 - 141 Lampasas 25- 205 = San Patricio 16
15 Bexar 15 79 Foard 25 142 laSelle . .15 206  San Saba o
16 Blanco 14 80 . Fort Bend 12 143 lavaca 13 207  Schleicher 7
17 Borden . . 8 81 . Franklin - 1 S 144 lee - 14 . 208 Seurry 8
18 Bosque 9 82 ' Freéestone 17 145 . leon .17 209 . Shackelford 8
19 Bowie 19 83 Frio = - 15 146 Liberty == 20 210 Shelby 11
20 Brazoria 12 84 Caines . 5 © 147 Limestone 9 211 Sherman 4
21 Brazos 17 . 85 Galveston 12 148 Lipscomb 4 212 Smith 10
22 Brewster 24 86 . Garza 5 148  Live Oak 16 213 - - Somervell 2
23 Briscoe 25 87 Gillespie . 14 ° . 150 ~Llano 14 214 | Starr ° 21
24 Brooks 21 88 Glasscock 7 151 loving: 6 215 Stephens 23
25 Brown 23 83 Goliad 16 152  Lubbock 5 - 216 Sterling 7
26 Burleson 17 30 Gonzales 13 153 Lyon 5 217 Stonewall 8
27 Burnet 14 91 Gray 4 154  Madison 17 - 218 - Sutton 7
28 Caldwell 14 92 Grayson . 1 155 Marion 19 219 Swisher .5
29 Calhoun 13 93 Gregg 10 . 156 Martin 6 220 Tarrant 2
30 Callahan 8 94 Grimes - 17 157 - Mason 14 . 221 Taylor 8
31 Cameron 21 95 Guadalupe 15 - 168 . Matagords 12~ 222  Terrell 6
32 Camp 19 96 . Hale » 5 159" Maverick 22 223  Terry 5
33 Carson 4 97 ~ Hall 25 1160  McCulloch 23 224 - Throckmorton 3
34 Cass 19 98 Hamilton 9 161 McLenoan 9 225 Titus 19
35 Castro S 99 Hansford =~ 4 162 - McMullen 15 226 Tom Green 7
36 Chanbers T 20 100 Hardeman 25 163 Medina 15 227 Travis 14
317 Cherockee 10 101 Hardin 20 164 Menard 7 228 Trinity 11
38 Childress 25 102 Harris 12 165 Midland 6 229 Tyler 20
39 Clay 3 103 Harrison 19 166 - Milam 17 230  Upshur 19
40 Cochran S 104 Hartley 4 167 Mills 23 231 Upton 6
4] Coke 7 105 Haskell 8 . 168 Mitchell 8 232 Uvalde o2
42 Coleman 23 106 Hays 14 169 Montague . 3 233 Val Verde 22
43 Collin 18 107 Hemphill 4 170  Montgomery 12 234 Van Zandt 10
44 - Collingsworth 25 108 Henderson 10 171 Moore 4 235 Victoria 13
45 Colorado 13 109 Hidalgo 21 172 = Morris 19 236 Walker 17
46 Comal 15 110 Hill 9 173 Motley 25 237 Waller 12
47 Comanche 23 111 Hockley 5 174  Nacogdoches 11 238 - Ward 6
48  Covcho 7 112 Hood 2 175 Navarro 18 239 Washington 17
49 Cooke 3 113 Hopkins 1 176 - Newton 20 240 Webdb 31
50 Coryell 9 114 Houston 1 177 Nolan 8 ' 241 Whsrton 13
51 Cottle 25 115 Howard 8 178 Nueces 16 242 Wheeler 25
52 Crane 6 116 Hudspeth 24 179 Ochiltree 4 243 Wichita 3
53 Crockett 7 117 Hunt 1l 180  Oldham - . -4 244  Wilbarger 3
54 Crosby 5 118 Hutchinson 4 181 Orange 20 245 ° Willacy 21
55 Culberson 24 119 Irion 7 182 . Palo Pinto 2 ‘246  Williemson 14
56 Dallan 4 120 Jack 2 183  Panola 19 247 Wilson 15
57 Dhallas 18 12} Jackson 13 184 Parker 2 248 Winkler 6
58 Dawsol 5 122 Jasper 20 185 larmer 5 249  Wige 2
59 Deaf Smath 4 1235 Jeff Davis <24 186  Pecos . [ 250  Wood 10
60 Delta ] 124 Jefferson 2 187 Polk 11 251 Yoakum 5
6l Denton 18 125 Jim Hopg 21 188 Potter 4 252  Young 3
62  DeWitt 13 126 Jim Wells 16 189 Presidio . P4 253 Zapata 21
63 Dickens I 127 Jolinson 2 190-. Rains = X . 254  Zavala 22
64 Dimmit o2

128 - Jones’ 8 191 Randall 4




cénstitute a principal sorting kgy for computer retrieval of sﬁecific
roadway sections for analysis,'tﬁe omission of whiﬁh willvautomaticaliy_'
terminate program execution. |

Two 6ther informatioq sbﬁrces‘necessary for program exeCution'ére‘
included iﬁ the top row of Box 1; the recording direction (column 17)
and the total ADT on the facility (columns 18-20). The direction in
which the inventory is being conducted (with or against increasing mile-
post) must be specified to direct‘the program to tﬁe prdper routine. The
ADT is used within the program in the probability of eﬁcroachment routine.
The date (cdlﬁmns 21-24) is dincluded for crosé-reference purposes and for

later estimates of inventory costs.

Classification (Box 1)--This information (columns 25—36) is vital to

the computer program for several ;easons. It proVides the key to

direct thevprqgram to perform certain analytical operations through
information fecorded in columns 29-36. The identification and descrip- -
tor codes (columns 25-28) idgntify the type of hazard from which the |

severity index is assigned.

Grouping Number—-Of particular importance to the operation of the pro-

gram is the grouping number. A "oroup" of hazards reﬁresents:any'ggg,ot
more hazardé in.close préximity that are related to each other either by
pfoximify of by interdependencé in combined severity. TFor example, a
guardrail protecting a point hazard on a critical slope constitutes‘a group
of three hazards. As long as the guardrail is installed, the two hazards
behind it cannot be impacted by the vehicle, yet they‘must be included in

the group inventory if one of the alternative improvements is to remove the
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guardrail,l‘The grouping number provides the ggiz’keyﬂto the program
that more thaﬁ a single hazard is to be considered. 'Theféfore, if an
improvement can affect any otﬁer hazard, that hazard ggég be included
in the grouping number. The only type of haza&d that is not coﬁsidered
part of a group is a single point hazard. Figﬁre III-2 is uséd to
illustrate the use of the grouping number. Itbis emphaéized that if
the grouping number is omitted (or if a hazard is omitted from a group)
the program does not consider the improvément effects én,related
hazards.

The series of hazards located in the median (Figure III-2) represents
a grouping consisting of five individual haiatds?r (1) the guardrail,
2) criticgl slope, (3) cluster of three trees»qénsi&ered to be a point -
hazaxd witﬁjﬁgripheral dimensions, (4) a raised drop inlet, and (5) é
cluster of'fivé trees again considered as a point hazérd.. Each of these
five hazards would be assigned an individual hazard number and all would
be assigned the same grouping number.

The offset code (column 29, Figure III-1) mqu-bé tﬁe same for all
" hazards in a_grouping.' The grouping code is used‘at ﬁost_overérossiﬁg
structures Whé:é a typical group would include approach guardrail,
the bridge rail, departing guardrail, and a slope at each endlof the
structure., These hazards normally exist both on thé:right side and on
the medién side. A separate grouping number is a851gﬁéd‘to the group
of hazards on eacﬁ side (right side and median side) of the travel
lanes. |

A second point of interest is 1l1lustrated in Figure III-2. Many

times two or three individual point hazards will be located close together.
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When these are ‘encountered, the hazards may be inventoried as a single
point hazgﬂd having dimensions of an imaginary box around their periphery.
It is recommended that bridge piers be inventoried in this manner (Figure
III-3) becauée a vehicle cannotvpass between adjacént plers. Therefore,
in effect, the individual piers act as a rectangular point hazard as
shown in Figure III-3. No grouping number would be assigned iﬁ this case.
Judgment ﬁust be used in clustering point hazards as a single hazard, but
a realistic criterion is that it may be assumed to act as a single point
hazard if a vehicle cannot pass between any two hazards.

Also included in the classification data block is space to record
" the median width. Two methods may be used to inventory hazards within
the median. The whole median may be inventoried, regardless of its
width, as the inventory 1s progressing along one set of main lansa.
Where this may be desiréble for narrow medians, it becomes impractical
for'wide medians on rural sections where median widtﬁ'may exceed 100 ft.
The second‘method involwves inventorying just the 30-ft width of the median
adjacent to the main lanes (near sidé) in the direction of inventory. If
.the‘median ié inventoried across its full widtﬁ as the'inventory prog?esses
aldng one éet oﬁ main lanes, the median width must be recorded in columns
30~32. The{program detérmines from this whether or not the hazard may
be impacﬁed from_both directioné of traffic flow. On narrow medians, it
is recommende& that this method be used. If the median is inventoried -

on only the near side from each set of travel lanes, the median width

data are not needed-and coltmns-30~32 are left blank or zeroes may be entered.
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Location (Box 1)--All hazards are located in the field by milepost

using_the thousandth reading odometer as discussed previously in this
report. When inventorying in the direction of increaéing milepost,
the milepost at the hazard may be enteréd directly in‘éolumna 37~42
or 43-48 with no computation required by simply récording the ref-
erencelmilepost in columns 37-39 and the odometer reading in columns
40-42 if the o&ometer is zeroed at each milepost. If the inventory
is progressing against the milepost system, subtraction must be
made on the form to compute the hazard milepost. Space is provided
to record the reference milepost and the odometer reading at the
hazard. The difference between these two values ié recorded in the
numbered data.spaces.

It shoﬁld be‘noted that oniy the beginning hazard milepost is re-
quired for point hazards. Both beginning and end hazard milepost must
be recorded for longitudinal and slope hazards, the length being computed

by the computer program by subtraction of the two values.

It is again emphasized that Box 1 must be completed on each inventory

form regardless of the éategory into which the‘hazard is assigned (Box

2, 3, or 4).

Box 2--Point Hazards

The code 1 in column 52 designates that the hazard 1is a point hazard.
With the exception of drop inlets, only hazard offset (columns 54~55),
width (columns 56-57), and length (columns 58-59) are required in Box 2.

All dimensions are recorded to the nearest foot. In the case of a raised

drop inlet (table top design) the height must be recorded (columns 60-62)




to the nearest tenth foot. For a depressed drop inlet, depth must be
similarly recorded in columns 63-65. These data are necessary to assign

different severity indices for various heights or depths of inlets.

Box 3--Longitudinal Hazards
| Hazards assigned to this category include cﬁrbs, bridge rails, median
barriers, guardrails, washout ditches, and retaining walls, and are so iden-
tified by the code 2 in column 52. Length of a longitudinal hazard is com—
puted within the program from the beginning and end milepost recorded in Box
1. Offset distance at the beginning and end of the lbngitudinal hazard are
recorded in columns 53~54 respectively. In many cases, both offset dis-
tances will be identical because the hazard is located parallel to the road-
way; however, provision must be made for the exception and both offsets must
be recorded. All dimensions fér offset and width (columns 60-61) are re-
corded to the nearest foot. Height or depth (columpé 57-59) must be re-
corded to the nearest tenth foot for guardrail, curbs; and ditches.
Columns 62 and 63 pertain to guardrail only and identify end

conditions and safety treatment. Column 62 describes the begimming end;
column 63 pertains to the downstream end. Four codes for each are pro-
vided, the sixteen combinations of which describe all possible guardrail
installations. A guardrail may (1) be isolated (protecting a point haz-
ard, a slope, or combination) and not connected at‘either end to a bridge

or other structure, (2) be located at the approach to a structure,‘or

(3) be located at the downstream end of a structure. Isolated guardrail

may be safety treated including post spacing and end treatment in accord-
ance with current accepted safety specifications, or it may not satisfy

these specifications (not safety treated). Guardrail connections at a
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bridge or other stemcture are classified as "full-beam cOnnectiﬁn" or
"not full-beam connection." A full-beam connection is defined as one
transmitting continuous rail strength through the "eight-bolt" connection
or other connectionsassumed by the Texas Highway Department equally accept=-
able. All one-bolt éonnections, unconnected guardrail (short gap between
rail and structure) and other such connections are classified as "not
full-beam." Thus, an isolated guardrail installation over 150 ft in
length and Having current post spaeing‘specified for safety and turned
down ends would be coded as a 1 (column 62), 1 (columm 63). An approach
guérdrail with beginning point safety treated, but_cbnnecting to a bridge
wingwall with a one—bolt connection would be a 1, 4 in columns 62, 63
iéspettivelyf |

Gﬁardrail height should be measured in all cases (colﬁmns 57-59).
Also, each existing guardrail installation should be critically examined
to determine if it is, in fact, protectinéfan object from impact for the
11-degree encroachment angle assumed in thé model (See Rﬁferénce-§). The
guardrail installation may meet all safety%requirements yet be located
such that an encroaching:vehicle éould%éqséteither end ‘and impact the |
object which the guardrail was 1ntended tétprotect. This problem is
especially prevalent where short sections of guardrail are installed to
protect a point hazard,'orvat bridge approaches where a vehicle could

travel behind the guardfail ending up on a critical slope.

‘Box _4--Slopes

Slopes of 4:1 or steeper both in the median or on the right of the

travel lanes are included in the inventory and categorized as such by a
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code 3 in cdlumn 52. Offset distance (columns 53-56) must be specified
for both ends of the slqpe. The length of sldpe‘(see Figure II-3, Section
II) is the distance between the point where the slope Beéomes 4:1 and the
point at the downstream end where it becomes flatter than 4:1 or terminates
such as would be‘the case where the slope meets é crst—street undér a
structure.j»Slopé steepness is recorded to the nééreét teﬁth. Two assump-
tions are ﬁadé within the program to compute the ﬁazard index and the
program keys on the value of slope steepness to seiéct one of the two
subroutines. This feature can govern the laﬁerai dis?ance thaﬁ must be
inventoried for a slopé hazard as discussed belowa‘ 

If the steepness is less than 3.5:1, the progfam assumes that the
vehicle can feéover within a lateral travel distance of 30 ft. For
slopes 3.5:1 or steeper, the assumption is made that the vehicle cannot
be safely returned to the roadway and that it will‘traVel to the toe of
the slope. Therefore, hazards located beydﬂd the>toé'qf élope must be
included if‘the sum of thevoffset distance to the;sldpe, ﬁo (columqs
53-54) and the-distance from the toe of slope to the hazard is 30 ft or
less. (See Case 3, Figure III-4).

To facllitate measurement of slope distances ﬁithﬁut elaborate
surveying equipment, the distance, Dl’ (columns 61—64),15 meaauréd. This
measurement is the length along the slope face from thg»hinge point to
the toe of‘slope, Horizontal distance is computed Qiﬁhiﬁ the program,

Space is provided (column 65) to record the degree of erosion on
the slope face. In most cases, the code 1 (slight or no erosion) will be
used, particularly if érosioﬁ cuts are present due. to a recent rainfall

and normal maintenance would be expected to repair slopes. However, if
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erosion is severe (code 2) this fact should be noted. The program in-
~ creases the severity index accordingly for badly eroded slopes.

The Severity associated with slope traversal, other than vehicle
rollover on a steep front slope, is actually depeadent on the vehicle g-
forces experienced as the vehicle travels through the region at the toe
of slope. The combination of front and back slope and ditch configuration,
therefore, influence the severity. To quantify this, the steepness of
both front and back slope must be recorded. Box 4 provides space to re-
cord similar'data for both. The second slope ma& be either a back slope

or level terrain such as would be encountered at the toe of a fill section

adjacent to a service road. The slope direction is used to key the céﬁr
puter program to various subroutines for #nalysis purpose. The slope
rdirection convention is that used in roadway alignment-—downward (£ill
section) is negative, upward (cut section) is positive. Level terrain
at the bottom of a fill section is coded as a positive slope (Figure
ITI-4). The steepness for a level terrain (columﬁs 67-70) and distance

D, (columns 71-74) should be recorded by a digit "9" in each space

which is interpreted by the program as a level slope.v'




IV. ROADSIDE HAZARD IMPROVEMENTS

GENERAL

The manner in which improvement alternative information is input to
the program is equally as important as the inventory data input. A form,
compatible.toﬁthe inventory form was developed to accomplish this (Figure
IV-1). The form has undergone considerable field trial, particularly in

the Houston and Austin Districts.

ROADSIDE HAZARD IMPROVEMENT FORM

The roadside hazard improvement form has beéh designed to provide a
system wheréby feasible safety improvements for eéch category of hazard
can be coded and evaluated in the cost-effectiveness model. Also included
are cost data associated with the improvement selected. The format of
the form is similar to that of the hazard inventory fbrm and the general
discussion of the left-margin circles, hazard dimensiohs and hazard lo-

cation data boxes also applies to the improvement form.

Box 1-—-Cost Information

The cost~effectiveness model operates 6n the principle of severity-
cost rela;ionship of the existing hazard compared to the same relation-
ship in its improved state.b Therefore, costs must be assigned to both
conditions. ‘Costs are defined as those which will be borne by the Texas
Highway Departmen;. They do not include vehicle damage or personal in-—
jury costs incurred in a collision. |

The "first cost of improvements" (columns 17-22) represents the

initial lump-sum net cost associated with incorporating the improvement.
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It may\represent a cost of removal if simple removai Vas the recommended safe-
ty improvemeht; Where installation of guardrail was the recommended improve-
ment, it would represent the total cost associated with this installation.
Repair costs per collision (excluding vehicle repair costs and personal
injury costs) must be estimated both for the existing hazard (columns 23-26)
and the recommended improvement (columns 27-30). Either may be zero, depending
on the particular hazard. For example, repair cost per collisien incurred
by a collision df’a vehicle and a bridge pier could Be zero unless the col-
lision involved a large truck and the pier was severely damaged structurally.
The improvement cost, had protection by a barrel attenuation device been |
recommended, would be the expected replacement costs for thekdamaged barrel
system after collision. Conversely, the hazard repair cost for a rigid
sign post may be complete replacement cost of the sigﬁ, whereas a recommendation
of "removal" Qould reducé the expected improvement repair cost to zero since
future collisidn would be impossible at that location.
Normal maintenance costs include those maintenance ¢6sts for the hazard
in its existing state and those estimated for the improved state. As in the
case of repair costs, either could be zero. If the recommended improvement

(N

was removal, the "improvement normal maintenance costs"

wbul& bé zero,

In all cost data spaces, zero should be entered where applicable iather
than merely leaving the space blank. This also acts as a chéck system to
avoid overlooking data spaces. All data spaces in Box 1 must be completed on
each hazard improvement form (spaces 5 through 16 may be dﬁplicated by checking
appropriate circle)vto avoid rejection by the computer prograﬁ. - Each line of

data checked should be completed in. full unless otherwise noted.

Iv-3




Box 2--Point.Hazards

A code 1in éolumn 40 signifies that the‘improvement applies to a
point hazard. Four improvement alternatives are available with the
appropriate code entered in columm 42,
(15 Alleviate Hazard (Code 1, Column 42) which includes removal,
making the hazard breakaway, reconstrqction of the hazard
‘to a Eraversabie design. The four sﬁbdivisioné are
~identified by a code in column 43.

(2) Protect Hazard with Guardrail (Code 2, Cplumn 42). This code
may be used for any point hazard.that is not located on
a critical slope or for a hazard that;is not itself a
critical slope. When guardrail is tecommended, the lat-
eral offset must be specified in cdlﬁmns 44-45.

(3) Protect Hazard with Concrete Median Barriér'tCode 3, Column 42).
A concrete median barrier may be recommeﬁded for either
the‘median location or on the right;side; If the barrier
is placed in the median, no offset distance need be spec-
ified’since the dimensions relétive~to the hazard are
built into the computer‘program. If fhe_barrier»is recom-
mended for right-side placeﬁent, the offset distance
(columns 46-47) must be specified. The,computér‘pfogram
assumes a 35-ft length of median‘barrier both upstream
and downstream of the point hazard. Thisiincludes.a 25-
ft section of end treatment. Therefore, iength need not
be specified on the improvement form.

(4) Protect Hazard with Energy Attenﬁation System (Code 4, Column 42).
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When this improvement is recommended, length (columns 48-
50), width (columns 51-52) and offset distance (columns
53~54) must be specified. If, for exémple, a barrel atten-
uation system is recommended to protect -a median bridée
pier, the length of only ome barrel system is specified.

The program determines if two systems'are indeed required
(one at each end of the piérs) to protect the piers from
both directions of traffic flow. The total length of hazard

and barrel system(s) is computed within the program.

Box 3--Longitudinal Hazards
A code‘z in column 40 identifies thevimprovément as a longitudinal
improvement; Improvement alternatives are provided for four types of
longitudinal hazards:
(1) curb (Code 1, Column 42)
(2) bridge rail (Code 2, Column 42)
(3) guardrail (Code 3, Column 42)

(4) ditch (Code 4, Column 42)

each having several sub-categories as denoted by a code in column 43.

‘In certain sub-categories, completion of Box A or Box B is required.

1 These data spaces need to be completed only when thefappropriate instruc~--
tion appears adjacent to the selected improvement alterﬁative on the im-—
provement form. Box A pertains only to installation of a longitudinal
improvemenﬁ where none existed previously such as the installation of
new guardrail or lateral relocation of a bridge rail if the bridge is

widened. When only minor modifications are made to existing longitudinal

hazards (examples: lengthening, shortening, or closing up gaps between
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existing guafdrail-sections), Box B mostAbe completed. It ehould-be
noted that a guardrail may be lengthened (Box B) in three ways: (1)
adding guardrail to the beginning end, (2) adding guardrail to the down-
stream end, or (3) adding length to both ends (columns 53-58). Similarly,
guardrail may be shortened in the same ways (columne 59-64). Gaps between
guardrail sections may be closed up by lengthening‘eitoef the upstream
or downstreaﬁ section by the gap length.
Curb--Two improvement altetnatives are provided for curbs each being
identified oy a code in column 43.
Bridge railf-Four,improvement alternatives are provided (column 44) for
eaoh_of two bridge rail types (column 43). "Upgra&e tq‘fullfsafety
standards"»(éode 1, Column 44) is interoreted to iﬁclude all safety im-
provements necessary to bring the existing rail up to the highest current.
safety standards. This may include only minor anchorege modificetion or
it may inclode complete replacement of existing rail with a new rail
system. The costs associated with the improvement will reflect the degree
of.coﬁstruction necessary.
| If the recommendation is made to move theorail laterally (Code 2,
Column 44) bridge widening would be necessary. Agaio,'oosts will reflect
the degree of construction necessary to accomplish this alternative. As
noted on the improvement form, Box A must be completed to de51gnate the
offset distance for the proposed bridge rail.

; Continuation of guardrail across a bridge rail face (Code 3, Column
44) represents a safety improvement that is being incorporated on many
brioges. This feature provides<continued beam strength across the bridge

in addition to reduced severity of collision with the concrete bridge
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rail face.

Although it comnstitutes rather major reconstruction, provision is
made to evaluate the safety improvement of decking overkthe gap between
parallel bridges (code 4, column 43). Box A must be'completed if this
alternativ¢ is selected. l
Guardrail—_--Nine safety improvement alternatives are provided for guard-
rail hazards, each identified by a code number in column 43 under the
guardrail general code 2,3 in column 40 and 42 respectively.

In most instances, guardrail will be inventdriéd;as a part of a
grouping because it ihvariably is installed to protect some other hazard,
either a point hazard or a critical slope. Thereforé, care must be taken
in the improvement recomﬁendation to insure that all hazards within that
group are accounted for in any recommendation involving guardrail removal.
Indiscriminant removal of guardrail will expose haﬁérds located behind
it (and therefore previously inaccessible ﬁo vehigle impact) 8o that
they now become potential hazards. 7

Guardr311 insta1lation procedureg according to the Texas Highway
Design procedures are incorporated into the computer program. Therefore,:
when new guardrail is recommended, its placement and minimum length to
protect point hazards or at bridge ends will be in accbrdance with these
specifications. The minimum length of guardrail instéilation is 150 ft not
including saféty treatment at the ends and required overlap on the down—-
stream end of.the hazard. |

Removal of existing guardrail is accomplished by using a code 1 in
column 43. Since the improvement form is keyed to the inventory form by

hazard number, no dimensions are required on the improvement form.
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Full safety standards for guardrail include safety treatment of ends,

current post spacing (6 ft-3 in.) and height in accordance with latest

safety specifications and full-beam connections at bridge ends. If this

recommendaﬁion is selected, a che 2 is placed in column 43. Where addi-

tional length must be added to provide the 150-ft minimum allowable length,

Box B must be compleﬁed.' This code is not used when closure of shoft

gaps is recommended; a éeparate code (code 3) is used for this purpose.
When gap closure is required in addition to upgfading (post-spacing,

end treatment; etc.), a code 3 is piaced in column 45‘and Box B is com-

pleted.

Guardrail at bridge ends and aé ofhér lbcatioﬁs are coded separately
to facilitate coding improvement alternatives that'éither recur‘frequently
or are unique to certain problems concerning guardrail. Code 5 pertains
to the individual case of installation of guardraiilto protect a Critical
slope that is not associated with a bridge structure, or to protect a
point hazard at any location. Codes 6 through 9 apply to improvements of
guardrail located at a bridge. When only the anchﬁrage connection of
guardrail aﬁ the bridge is recommended (no:-other uﬁg?adiﬁg of the guard-
rail is necessary, or recommended) a code 6 is usediiﬁvcolumn-43. To
recommend inStéllation of guardrail (where none exists at the time of
inventory) af é btidge approach or at the downstream end of é bridge,.a
code 7 or 8 is uséd respectively in column 43. 1In all,hases wﬁere in-
stallation'of new guardrail is recommended, it is assumed that the new
installation will comply with the highest current safeﬁy specificgtions

and costs must reflect this.
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A'separate code is provided (code 9) to récomménd séfety treatment
of only‘thé‘ffee—end portion of guardrail at either end of a structure.
It is noted that this code applies only to the ffeé end of,guardrail be-
ginning or terminating at a structure, not to isolated guardrail protecting
S a pbint hazard or a slope that is not associated with a strudture. Use of
the code 9 implies that oﬁly the end point of the ;éil will be safety
 treated (turned down, buried,‘anchored,'etc.) and-ﬁﬁap'no changes will be
méde to eXiétipg post spacing other than perhap3~at-the treated section.
The longitudinal hazard category overlaps»with the slope hazard
category in one respect. If the safety recommendation for an unprotected
critical‘slope is that guardrail should be installed, the hazard inventory
form and improvement form are somewhat incompati§1é with respect to the
iocation on the form where data are recorded. In:;his'particular case;
the original hazard is recorded in the’"slope" categor& (Box 4 on the
inventory férm) and the improvemeﬁtvinforﬁation is recorded in the
"ldngitudinal hazard" category (Box 3) on the imppoveﬁent fbrm.
Qigggf—Three options are available forhsafety.imprévements recommended
for ditches. Ditches, under the longitﬁdinal hazéfd éategory,,inc1ude
both longitﬁdiﬁally oriented ditches caused by erééibn"(Washout) or de-
signed ditchés‘to carry runoff down fill slopes such as are often found
near overpassing structures. ’Ditches formed by the in;érsection of road—
side slopes are not included in this category and arg.ngé coded as an
individual hazard. Instead, provision fo evaluate thé éeverity of this
feature is incqrporated in the front and back slope cafegbries in Box

4 on both the inventory and the imbrovement form.
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Box 4--Slope Hazard

Three possible recommendations may be made with respect to siopes.
First, the slope may be left in its existing state without guardrail
protection. Guardrails may be recommended to protect the slope. Finally,
a critical slope may be regraded to a flatter cross-section that an
errant vehicle can safely traverse. The latter recommendation of course
constitutes rather major reconstruction and can be accomplished only if
sufficient right-of-way exists. However, it is emphasized that slope
flattening and drainage inlet changes may constitute a very cost—-effec-~
tive safety improvement and should not be overlooked as a feasible im-
provement alternative. Investigation of this alternative through the
cost-effectiveness model alleviates personal bias toward this improve-
ment alternative. |

The hazard associated with traversing a slope_is‘dependent pri-
marily upén two factors: the steepness of the fronf slope, and the
relative difference between steepness of front and back slopes. The
cross-section of the ditch formed between front and~béck slopes also
influences the vehicle g-forces; however, the seﬁeritybindices incor-
porated in the computer program are based on a vee ditch.

Therefore, in recommending a slﬁpe improvement, bofh front siope
steepness (célumns 46-49) and back slope steepness (columns 55—58)
must be specified unless the back slope 1is, in fact; level terrain such
as would be encountered adjacent to-a service road at the toe of a fill
section. The distance, Dl’ (columns 50-53) must be estimated bécause

until detailed cross—section data are prepared, the toe-of-slope for the
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newly proposed slope will not be known. The distance, D,, for the second

23
slope also must be estimated.

The lateral offset of the toe-of-slope at the béginning and end of
the slope is computed within the computer program by trigonometric rela-
tionships using the hazard offset, DO’ slope steepness, and distance Dl'
A linear relationship is then assumed for the toe~of-slope offset between
the beginning and end positions from which the critical slope steepness
between expected operations (3.5:1) is determined.~' 

It is probable that the beginning and end points of the slope will
change after the slope is flattened. Therefore, these daté must be
entered in columns 64-75 for this recommendation only. If guardrail is

recommended as a safety improvement, the slope end points will remain

unchanged and the columns 64-75 may be left blank,

Box 5--No Improvement Recommended

The computer program is developed on a one—for—oﬁe relationship
between hazard inventory and hazard improvement. That is,'for each
hazard inventoried, there must be a corresponding improvement recommen—
dation even if the recommendation is that '"no improvement" is recommended.
Provision for this is made through a code 4 in column 40 on the improve—
ment form.»'S¢mévexamples are used to illustrate the use of this code.

Many times a grouping of hazards is inventorigd invwhich guardrail
is protecting one or more hazards. Each individual hazérd within the
grouping must be inventoried. If the safety improvement recommendation
for the whole grouping is that only the guardrail be upgraded to full

safety standards and nothing be done to the hazards behind the guardrail,
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the improvement form for each of the hazards behind the guardrail would
be merely a code 4 in columﬁ'ho. |

From strictly a safety %mprbvement viewpoint, it would appear un-
'necessary to even inventory hazards located behind a guardrail if it was
obvioué that removal of the guardrail was not a Viablé alternative,
However, it is strongly recommended that every hazatﬁ be inventoried. If,
at a later date, the guardrail is removed; the grouping evaluation would
be incomplete because no data would be available concerning objects located
behind it. Also, reasons other than safety evaluation may require a
detailed inventory of particular hazard types along a section of highway
and retrieval programs could be adapted to locate the information from
the inventory data. |

The "no improvement" code is not intended to be used as a "catch-all"
for these hazards which appear to have no feasible ‘improvement poésibility.
It is provided to reduce the field time required in completing the forms
while maintaining the computer program requirementévthat an impfovement
form be providéd for each hazard form. If no improvement form is pro-
vided, an error message will be printed out on theAdata output.

It is notedkthat the baéic requirement is that an improvement fofm
must be provided for each hazard inventory form. It should be noted

also that more than one improvement form may be provided for each hazard

inventory form. The arrangement of data input and data output that can

be expected is discussed in Section V of this report.
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V. DATA INPUT/OUTPUT

DATA DECK ARRANGEMENT

Correctvtype, location, and amount of data on én'inventory or im-
provement fofm are’imperative to successful computer operation. It is
eqﬁally important tﬁat tﬁe data deck be correctly oriented including
insertion of "key" cards after the improvement card or between succeséive
inventory/improvement groups of cards within a grqupiﬁg;as illustrated in
Figure v-1.

Three’key cards (soﬁetimes referred to as 9kicker“ cards) are used
to signify the:end of a inventory/imprévement set; the end of an inven-
tory/improveﬁeﬁt set within a grouping; and the end éf:the entire data
block being igput to the computer. As illustrated»in:Figufe V-1, a key
card having the digit 1 in column 80 is used to sepéféte each set of
‘hazard inveﬁfofy and its improvements from the nextISUCcéssive set witﬁin
a grduping.ﬂuAAkey cafd having a digit 2 in column 801is used to signify
the end of all improvements either'with a single hazafdfor‘the'eﬁd of a
grouping. A code 3 in column 80 signifieé the end of-éil 1nput‘déta
after which execution terminates. |

The computer program is capable of evaluating-aféfouping containing
a maximum of’;S_ﬁézards and 4 improvement alternatives éer hazard.‘ Four
alternatives Qéfé ample in all cases during field testing; in only rare
instances were more than two‘alternatives feﬁuired. |

In any hazard/improvement set, the improvement caﬁd (or cards) folléws
immediately behind the hazard card to which it appliég.._A‘maximum of four

improvements is allowed per hazard. Particular care must be exercised in
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arranging ﬁhé_éequence of improvement cards withinié grouping. The pro*k‘
gram evaluates the improveméhts in a prescribed sequence. For example,
using Figure V-1 to illustrate, in the grouping of 3 hazards with 2 im-~
provemént alternatives, tﬁe evaluation procedure_fox‘;he first improvement
considers improvement alternative 1 with the firsﬁ_ﬁaéard, alternativéAl
with the seédnd hazard and alternative 1 with the third hazard as a single
grouping eﬁaluation. A grbuping cost effectiveness is computed. The
process is then repeated using improvement alternative 2 with each of the
three hazards and a groupingYCOSt effectiveness ig_again computed; There-
fore, compatible alternatives must be in the propé?QSéquence throughout
the grouping deck arrangement. o

Sincé §:éfouping cost-effectiveness is compdted,in the above described
manner, it sﬁoﬁld be noted that within each grouping, the same number of
improvement alternatives must be specified for eachuhazard, even if for
one hazard in the grouping, a "No Improvement" alte:g§£ive is recommended.
For example, if in a three-hazard grouping, two im@iéQément alternatives
are recommenéed;’two improvement alternative cards=mﬁsﬁ be iﬁsertgd behind
each of the.thféé hazard inventory cards. If two improvement alterﬁative
cards were insérted for the first two hazards and qnly one qu the third
hazafd, the omission error would be detected duringzdéﬁﬁ‘reading,fand‘
no computer execution would occur on éither of the £W6fiﬁpr6vement:
alternatives even though the error applied only to tﬁe'égéond improve-
ment alternatiﬁé£  An error message, therefore, would be,printed on
the output data éﬁ& no grouping cost-effectiveness would Bébcémfuiedb

for either improvement alternative.
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ERROR MESSAGES

Since computer program execution is highly dependent on precise data
input both in type and location, error messages have been incorporated
into the program to ﬁflag" input errors. Due to the compléxity of the
program and extensive branchiﬁg within subréutines'from several key data
sources, it is expected that errors will océﬁr. To avoid program termina-
tion (which would normally occur for each data error), the program has
been developed to bypass the erroneous data, print out an error message,
and continue with the next data input.

Thirty-six effor messages have been incorporated. They are listed
in Table V-1. 1In most cases, the message is self-explanatory. Each efror'
message is identified on the data output by reference number. The list
of messages is printed out for each compufer run. Also printed out is
the location within thé program or subroutine in which the data error
affected the program execution. The message indicates the type of error
and provides direction to remedy the data error.

The ‘program will automatically termiﬁaté if 100 error messages are
pfinted during any rum.

A message, "Hazard Improvement Non Cost-Effective,"

will appear in
the data output. This is not an error message, and is not inéluded in
the lOOQmaximum count for autematic program termination. It indicates
that the recommended improvement producés;_for all infents and purposes,

no safety benefit over the hazard cufrentl& existing. Under certain cir-

cumstances it indicates that the recommended improvement in faet produces

a more hazardous situation than the existing one. The message may be




obtained under two circumstances as shown below.’

The simplified. cost-effectiveness ratio is determined by:

Cost—Effectiveness‘= . Lost
H, - H
, B A
where HA = Hazard Index after Improvement
HB = Hazard Index before Improvement (Existing)

If HA is gregtfr’than HB’ the denominator becomes neéative. This means
that the reéommended alternative, is in fact, more hazardous than the
existing situation. Obviously, it is impractical to incur costs to pro-
duce a more critical situation than currently exists; therefére, the flag
message ''Hazard Improvement Not Cost-Effective" is ?rinted out when this
occurs and the cost-effectiveness ratio is not computed.

When HAfiS only slightly less than HB, the denominator becomes
v;ry small nu@erically, hence the cost—effectivenesskratio becomes very
large. Based on statistical logic, a lower cut-off level has been in- |
corporated into the model such that when the numerical Value of HB - HA
is less than 0.02, the flag message is printed out‘and the cost—-effective-
ness ratio is not computed. The 0.02 level indicates a 55-percent prob-
ability of noAhézar& reduction.

A secona message, ''No Improvement Hazard Grouping" merely indicates
that for that particﬁlaf hazard, the recommended safety improvement was
"No Improvement Recommended" (code 4, column 40, improvement form). It is
not counted as an error message for pfogram terminatidn.

If a data error occurs within a grouping, a group'éost—effectiveness
cannot be deterﬁined. Therefore, an error message will be printed out -

and the message, "End Group" will also appear where the grouping cost- -

effectiveness value would normally appear. The message "Group" denotes

that the cost-effectiveness value represents a total grouping value.
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MESSAGE
NAME

1

2

10

11

12

13

14

15

16

17

SUBROUTINES

INVTRY
PTHAZ

PTHAZ, LGHAZ

DITCH

RATILNG
HAZARD

PTHAZ, LGHAZ
PTRAIL

CURB

BRIDGE

BRIDGE
RAIL

RAIL6

SLOPE1

TABLE V-1
ERROR OR FLAG MESSAGES

DESCRIPTION OF MESSAGE

End milepost at hazard not spec1f1ed
Unmatched point hazard and improvement codes

Non-existing improvement classiflcation specifled
in col 42 of improvement form

Non-existing ditch improvement code classification

Guardrail installation not necessary--— Re—examine
roadway group hazard Lo

Non-existing hazard classification specified in
column 52 of inventory foxm

Non-existing point hazard 1mprovement code (column
40)

~ Available for later use

Distance between guardrail and obstacle less than
2.0 £t : :

Available for later use

Non-existing curb improvement class. Specified in
col 43 of improvement form

Non-existing bridgerail imprvmnt class. Specified
in col 43 of improvement form

Non—-existing bridgerail 1mprvmnt class, Speclfled
in col 44 of improvement form

Non-existing guardrail imprvmht class. Specified
in col 43 of improvement form

Guardrail end-treatment adjacent to bridge incor-
rectly specified

Available for later use

Non-existing slope direction class. Specified on

“inventory form
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MESSAGE
NAME
18
19
20

21

22
23

24
25
26

27

28
29
30
31
32

33

TABLE V-1

ERROR OR FLAG MESSAGES, Continued

. SUBROUTINES

RAIL5
ZERO, DITCH
PTHAZ, LGHAZ

ZERO

MAIN PRDGRAM

INVTRY
INSTGR,
RAILING

INSTGR

INVTRY

INVIRY

RAIL1

MAIN PROGRAM
INVTRY
HAZARD

HAZARD

DESCRIPTION OF MESSAGE
No slope recommendatlon spec1f1ed on improvement
form

Programming error~~—vehicle not permitted to
penetrate guardrail

No improvement needed-- flat slopes and /or lateral
offset greater than 30 ft.

Program error in subroutine zero--refer to flow
charts

Available_for later use
Stop computer program--——100 error or flag messages

Unmatched hazard numbers on inventory and improve-
ment form '

Guardrail installation not necessary-- re—examine
roadway site

No 1mprovement hazard exposed--- re~examine road-
way site

End of data and program

Unequal number of improvement alternatiVes‘per
hazard in group

Program error in subroutlne raill-- refer to flow
charts

Hazard improvement not cost-effective.
Hazards on right side and 1eft side of roadway
cannot be grouped together

Guardrail end treatment code not specified on
inventory form

Guardrail end treatment code’ not defined~~value
greater than 4
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TABLE V-1

- ERROR OR FLAG MESSAGES, Continued

MESSAGE - SUBROUTINES
NAME '

34 HAZARD
35  HAZARD

36 HAZARD

DESCRIPTION OF MESSAGE

FImprovement costs not specified

Guardrail hazard maintenance costs not specified

Guardrail improvement maintenance costs not
specified




SEVERITY INDICES

The sevérity-index is the relative measure of anfobStacle‘s.ability
to produce'é giﬁen outcome on the vehicle and/or’occuﬁants‘when é,colliSOn
oeccurs. The“seveiity indices selected for the NCHRP 20-7 Project repre- ;
sentedkan "average" set of values based on limited data and were, to a |
large degree, determined subjectively. To adapt tﬁe NCHRP 20-7 results‘
~ to the needs»of the Texas Highway Department, a ﬁwQ-part questionnaire
. Was develdped to subjectively determine éeverity‘indices for common types

.of:roadsidé hazards expected in the state. The first part of the'questionf
. naire»consisted of ninety-eight hazard comparison-statements to which an
"agree" or "disagree"‘response was reﬁuested. fhe seéond part consisted
of an evaluation of fifty-two roadside hazards and c§nditions; the re-
spondent was requested to numerically rate the pofehﬁial hazard of each
on a_one-toiteﬁ rating scale.

The questionnaire was administered to individuals employed by the
State of Texas in professions related to highway safety. These professions
: included the areas of design, operatiomns, maintenance,.law enfércement,
and administration. The results were evaluated andvavBase severity index
on the one—to?ten scale was determined.

The cost—effectiveness ratio is extremely sensitive to the severity
index. A severity index reduction from 10 to 8 represents a much greater
safety improvement than a reduction from 5 to 3 althdﬁgh‘the humerical
reduction isAthe same. Therefore, to provide a relative‘weighting system,
cost values supplied by the Texas Highway Department weré used and the

one-to-ten scale was expanded to a one~to-one-hundred scale according to. .
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the following relationship:

0 < SIy < 4, SI, = ST,

4 < SIB < 7, SIA = 7SIB - 24

7 < SIB < 10, SI

A ZSSIB ~ 150

where

SI, = Base Severity Index (one-to-ten QCale)

SIA Adjusted Severity Index (one—to—oﬁeehuhdred écale)

The severity indices used in the computer model represent the adjusted
severity indices. A detailed explanation of the adjustment methodology

is presented in Report 11-3, Documentation Manual.

CASE EXAMPLES OF DATA INPUT/OUTPUT

Three:hypéthetical sets of inventory and improvement data input are
presented to illustrate the procedure for use of the two data forms.

Typical output data are shown for each example.

Test Case 1. (Bridge Piers in Median)

The location and geometry of the set of three bridge piers assumed
to be a rectangular point hazard (3 ft x 32 ft) are shown in Figu;e.v~2.
Typical hazard inventory data for this point hazard are shown in Figure
V-3 with four possible improvement recommendations listéd in the "Recom~
mendations" section at the bottom of the form. Figurés‘v—d through V—7
illustrate the manner in which improﬁement forms woul&vbé'completed to
evaluateveach‘of the four improvement recommendation§, 'Fiéure V-8 pre-
sents the cost:éfféctiveness data output obtained from the program for

these four recommendations.
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Test Case 2 (Group Hazards in Median)

Figure V-9 illustrates the location of five hazards in a grouping.
Each cluster of trees is considered to be a~pointﬁhaéérd within the group.
The group élsobincludes a guardrail, a critical slope, and a raised.drop

~ inlet. Eacﬁ hazard within the group is inventoried individually. Although

several alternatives exist, only two are discussad for illﬁstrative
purposes. Figures V-10 through V-24 illustrate thé‘déta.input,to deter-
mine thé group cost-effectiveness valuevfor thethO sélected improvement
alternatives. Figure V-25 presents coét—effectivenéss data output for

Test Case 2.

Test Case 3 (Group Hazards at Bridge)

Figure V-26 illustrates a typical grouping of hazards that may be
encountered at an overérossing structure. The grouping considered in-
cludes an approach guardrail, a sidewalk curb, a bridge rail, and a
slope at each end of the bridge. These haéards along the right side of
the travel lane constitute a grouping. Similar hazafds along thé median

" side of the same travel lames would be coded as a different grouping. It
should be noted that the subject group contains all hazards asgociated
with the structure both upstream from, on, and downstfeam from the bridge.
To illustrate, only one improvement alternative is spééified for each
hazard in the.grouping and a total grouping cost—effectiveness value is
determined. The process would be duplicated for other selected improve-
ment alternatives. Figures V-27 through V-36 illustrate the input data.

Figure V-37 presents cost-effectiveness data output for Test Case 3.
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Inventory of Hazard No. 4 in Grouping (Raided Drop Inlet)m—Test Case 2
Figure V-19

V-29




OO0 00O O © O

O C

® O O O

Form B (AUG '73)

ROADSIDE HAZARD IMPROVEMENTS

Check Box if Columns 5 Thru 16 Are To Be Duplicated. From Previous Form

oUeE 225 783 Qe - 7o rmprove.
fecd Nmbe gy mbar oy Cole o'l...f..':..i‘.

f—=—Fopair Ceat par Colinion (#—-——‘ [——Murmel Waimtsnonce wy-|-—-l

dlolddolo]l Plololo] plolob) IQLQELQ] [olalsio)

7oe 19 20 20 22 23 24 25 28 zrunso 35 38 37 30
First Coat of Improvements 1§} Hazord - improvement

HAZARD IMPROVEMENTS

1. Remove
Alieviote Haz
m o -2. Make Breskowsy and/or Relocate
40

Recenstruct Inlet to Safe Design

Protect Hozard with Guardrail
{Hazard Not on Critical Slope) aterel Oftset (f1)
42 . -

Pmm Gaert"Vith Energy Attenuotion System . [—I [] ! l I l I l

48 49 50 51 s2 54
Lenoth (10 Width (1) Offset 1)

40

Protect Hazard with Concrate Madion Borti EE] Loteret Offset
40 42 4% o7

40

NGITUDINAL HAZARD IMPROVEMENTS

D 2 mun thp M'Mln
43

Bridgarsi +. Rigd 1. Upgrode # Full Safety Stonderds
2. Somi-rigt : 2. Meve Loterolly (Complete Box A Below)
0 a2 [H a4 3 insteN Guardroll Along Bridgerci) Foce

Instoll Single Bridgeroll {Complere Box A Below)

5. Inslall Guordrall fo Protect Slope Bridge - — May Include Point Hozards {Compiets Bex A Below)
& Anchor Existing Guardeoil o .

80X 3

. 3 Safe Cross Section . . .
ooer Py eirihyoh '
40 42 - Protect with Guordeail (Compiete Bon A Below) '

Box A {INSTALL GUARDRAIL 80X 8 (CHANGES TO EXISTING GUARDRALS)
[ Loterol Offsat fLotero Oftset () —y angthen {ft) 1 f-'——sl\oﬂtn )
Righy or | Medion B
e e ;:._IIHIIIHHHI (=111
4 50 5 S 53 54 55 6 57 8 59 &0 6 62 € 64
Baginning End Seginning €nd Beginning End

MPROVEMENTS

FRONT SLO!

40

Slops Diraction
1. Positive
42 43 2.)“0“ ive

Segianing

2nd o BACK SLOPE

/ LTS TT] LLIIL 1] i o e

@ Neo Improvement Recommended
-

Improvement Alternative No. 1, Hazard No. 4--Test Case 2
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cosT EFFECTIVENESS PROGRAM

HIGHWAY NO = 20
COUNTY NO = 163
DISTRICT NO = 15
CONTROL NO = 123
SECTION NO = 2
RECORDING DIRECTION = 1
ADT (1000} = 136
LIFE =  20(YRS)
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H A Z A R D I M P R O V E M E N T
HAZARD IDENT DESC  END = SEVERITY OFFSET GROUP  MILE-POST IMPR IMPR SEVERITY FIRST PRESENT ANNUAL  COST
NO CODE CODE TREATMENT INDEX CODE  NO BEG END © ALT CODE  INDEX COST WORTH  €OST  EFFECTIVE
BEG  ENC : VALUE
T (s) (s) ($/YR)
w
w 101 6 2 2 2 17.3 2 333 5804005 580.030 1 2-3-2-0 3.7 650 56 4  GRCUP
105 2 0o o0 0 50,0 2 333 580,024 580.029 1 4-0-0-0 50,0 0 56 4  GROUP
104 10 1 0 0 B2.5 2 333 580,020 5804021 1 4-0-0-0 B82.5 o 56 4  GROUP
102 7 1 o 0 840 2 333 580,010 5804032 1 2-3-5-0 3.7 1600 2803 244  GRCUP
103 2 o o0 0  50.0 2 333 580,015 580,018 1 4-0-0-0 50,0 0 2803 244 73
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- TEST CASE 2
(group hazards in median)

Typical Cost-Effectiveness Program Output-—Teét Case 2

Figure V-25
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1

on Near Side Onty} 37T 38 38 40 41 a2 43 44 43 46 47 46

60
Height if1.)  or

38 59
Horard Otfeet, D ity ) . Longth (L}

LONGITUDINAL HAZARDS (Curbs,Bridgerails, Barriers,Guardrails, Ditches,and Retaining Watls)
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T
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37 W 33 © o 3 )
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5 T Ch O

& (3
82 53 54 35 56 57 58 64
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i End Beginning )
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SLOPE Distoncs ‘D) MPPesg~— .
n o2 R 76
Beginning End Baginning End Stope Foce Stape Direction
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1 Stight or None otive

2 Seveie (Rute»ii}

Inventory of Hazard No. 1 in Grouping (Guardrail)-~Test Case 3
Figure V-27 ’
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ROADSIDE HAZARD IMPROVE,MENTS‘

Check Box if Columns 5 Thru 16 Are To Be Dupliceted From Prcvious Form

- PR =817 gn @LMM_
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HAZARD IMPROVEMENTS
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J 2. Woke Breckeway ond/or Relocale
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ict Cross ~Degirage System (Remove Headwolls , Exiend

=
=
'
i

rm Not on ‘g:;na sn:'.') . Laterai Offset (§1)
42 44w

@Pwlm Hazerd with Concrete Madion Boryj N D]mmm
a2 - .46 47

JSISIgS)
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5 54 .
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@] m“" 2 ol Weope. Boditication
40 P
m % Full Sof m
[Z] @ Beidgersit D 2 x-mu z Move Latareity ;m Box 'A Below)
0 a2 Pt a4 B inudih Guordea Along Eridgersi Face
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43 3. Protect with Guardroil {Complete Box A Selow)
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gl THTIE I H D -1 T] [(IT={1T]
vy Tena® vy st A 5 60 & 8w
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29 or BACK SLOPE

64 63 67 &8 €3 707'?!7!7415

provement Recommended

Improvement Alternative No. 1, Hazard No. 1--Test Case 3
(Anchor Guardrail to Bridge)

Figure V-28

V-38

BOX 2

BOX 3

80X 4
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Recommendations ) MVW

Inventory of Hazard No. 2 in Grouping (Curb)--Test Case 3

Figure V-29
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ROADSIDE HAZARD IMPROVEMENTS

Check Box if Columns 5 Thru (6 Are To Bc Dupllechd Fron anlolu Form
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L)
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Ly Ll
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m Protect 'with Energy Attsnuction System
40 2 '

LONGITUDINAL HAZARD IMPROVEMENTS
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40 42
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@ @mm
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(talerol Offser ift)-—y (Loterol Oftest (1) — angthen (t 1 f Shorten (m-————]
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45 46 14
] Sy ed —— Y2 53 % ::‘ 8 o 60 & e 5:3‘ 6
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[P Ottont 0, 10— r 1 r o 1 —)
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Clkr [ [ e
40 42 43 a4 43 % a7 @ a9 50 & se
IR . . N - B — By End -

2M o¢ BACK SLOPE
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59 60 o &
joring End

Hozord Witepost
W Orfforent From investory!

Improvement Alternative No. 1, Hazard No. 2--Test Case 3
(Remove Curb and Regrade)

Figure V-30
V=40
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BOX 3

BOX 4

BOX S
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ROADSIDE HAZARD INVENTORY
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Z@“@@ [Z} Ib]a@ ;0! 3{ Odometer Reading

Y )
fdentitication Destelpior Oftsed Code Madian :ham.l:l) Grouping Number at Hﬂlﬂfd e s s e s s [P
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Inventory of Hazard No. 3 in Grouping (Bridgerail)--Test Case 3
Figure V-31
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ROADSIDE  HAZARD |MPROVEMENTS

Check Box if Columm 5 Thru 16 Are To lc ouplicﬂ“ From Previous Form -
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E "
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LON@TUNNAL HAZARD IMPROVEMENTS -
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0O Q0 000 O © 80
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Guordroil I Romove Existing Guordrail
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5. instatl Guordroil to Protect Sieps Net a7 Bridge -~ Mey Include Paint Hozerds (Complete Box A Belew)
6 Anchor Existing Guerdrdil 1o Bridgereil .

7. InatoM Guerdreil of Bridge Appresch {Compiste Bex A Beiew)

@ Insbeil Guardrail Deporting Bridge (Compiete Bax A Belew)

9. Seféty Treat Guardrail Frae-End Onlv

E] otch : + Reshiope to Safs Cross Sectien -
,, 2. Replace with Sterm Droin

43 3. Protect with Guerdreil {Complets Bex A Balew)

Box A (IN‘STALI. GUARDRAIL} ) 80X 8. (CHANGES TO EXI$T|NG GUARDRAILS }
[—Loteral Offser it)— [-iatrol Ottt ) — | Lengihen (1)~ r ten i) —————
?’“"’3“-~IIHII I!HHHIHHJ (T IT1]
B::m?:g “r m .‘M : “ smm 56 55:¢ 58 595- m 62 :s»: 644

E IMPROVEMENTS /

Beginning
[~ 204 or BACK SLOPE

64 65 67 68 69 o N T2 T3 T4 T8

@ mprovement Recommended

Improvement Alternative No. 1, Hazard No. 3--Test Case 3
(Install Guardrail Along Bridgerail Face)

Figure V-32
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BOX 5
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Inventory of Hazard No. 4 in Grouping (Slope)--Test Case 3

Figure V-33
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Improvement Alternative No. 1, Hazard No. 4--Test Case 3

(No Improvement Recommended)

Figure V-34
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Inventory of Hazard No. 5 in Grouping (Slope)-~Test Case 3
Figure V-35
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APPENDIX

Included in this Appendix are photographs of roadside hazards
depicting the identification and descriptor codes for hazard inventory
purposes. Table I1I-1 is reprinted in the Appendixvasv(Table A-1) to
permit easy code reference.

Tt should be noted that all hazards having identification or
descriptorlcodes enclosed in a diamond in Table A-1 are inventoried as
point hazards. If the identification code is so designated, all de-
scriptor codes within that major classification apply to point hazard
codes. 1In some categories, only certain descriptor codes apply to

point hazards (ex. bridge piers, and open gap between parallel bridges).




IDENTIFICATION
—

®
g

R

05.

06,

07.

12,

13,

'TABLE A-1

Hazard Classification Codes

Utility Poles
Trees

Rigid Signpost

Rigid Base Luminaire Support

Curbs v

Guardrail or Median Barrier

Roadside Slope

Washout Ditch
(Does not fnclude ditch formed by
intersection of front and back slopes)

Culverts

Inlets
Roadway Under Bridge Structure

Roadway Over Bridgﬁ 'Struéture

Retaining Wall

O Denotes Point Hazard

DESCRIPTOR
~SEs.

(00)

01
03)
(04)
05
07

l' l |l§?l vv%;:
|

: POINT HAZAROS
single-pole-mountea. s
double-pole-mounted

triple-pole-mounted

cantilever support.

overhead sign bridge

mountable design )
non-mountable design less than 10 inches high

barrier design greater than 10 inches high

w-section with standard post spacing (6 ft-3 in.)

w-section with other than standard post spacing

approach guardrail to bridge--decreased post
spacing (3 ft-1 in.) adjacent to bridge

approach guardrail to bridge--post spacing not
decreased adjacent to bridge

post and cable

median fence

median barrier (CMB design or equivalent)

. . u_”“
s0d cut sjiope LANE

sod fill slope .

concrete-faced cut slope

concrete-faced fi11 slope
rubble rip-rap cut slope
rubble rip-rap fi11 slope

A 'L:___—_r—-_t»-r-\‘-\j:;

headwall (or exposed end of pipe culvert)
gap between culverts on parallel roadways
sloped culvert with grate

sloped culvert without grate

rafsed drop inlet (tabletop)
depressed drop fnlet
sloped inlet

bridge piers
bridge abutments

open gap between parallel bridges

closed gap between parallel bridges

rigid bridgerail--smooth and continuous construction

semi-rigid bridgerail--smooth and continuous
construction

other bridgerail--penetration likely; severe snagging
11kely; severe pocketing and snagging likely; or,
vaulting 1ikely

elevated gore abutment




a. Mountable Curb Design
(Code 05-01)

b. Non-mountable Curb Design
Less than 10 inches High
(Code 05-02)

¢. Barrier Curb Greater
than 10 inches High
(Code 05-03)

Curb Hazards (Identification Code 05)
Figure A-1

A-2




a. Safety-Treated Guardrail End (Turned Down)

b. Blunt Guardrail End~-Not Safety Treated

Guardrail End Treatment

Figure A-2

A-3




a. Full Beam Strength Developed Because b. Full Beam Strength Developed Through
Rail is Carried Across Bridge 8-Bolt Connection

¢. Full Beam Strength Developed Through d. Construction of 8-Bolt Connection
8-Bolt Connection With Washers Anchor Bracket

Approach Guardrail--Full Beam Strength Connection
Figure A-3

A4




a. Michigan End Shoe-~-Develops Full Beam
Strength

b. Shop Fabrication--Develops Full Beam
Strength

Approach Guardrail--Full-Beam Strength Connection
Figure A-4

A-5 ‘ . \




a. One-Bolt Guardrail/Bridge Connection.
Does Not Develop Beam Strength.

b. Approach Guardrail Not Connected to
Bridge Leaving Open Gap and Exposed
Wingwall.

Approach Guardrail--Not Full Beam Strength Connection

Figure A-5




a. BB Slope-ometer

b. Use of BB Slope-ometer to Measure
Roadside Slope Ratio

Roadside Slope Measurement

Figure A-6



a. Culvert Headwall b, Culvert Headwall
(Code 09-01) (Code 09-01)

¢, Gap between Culvert Headwalls d. Culvert with Sloped Grate
on Parallel Roads (Code 09-03)
(Code 09-02)

Culvert Hazards (Identification Code 09)
Figure A-7

A-8




a. Raised Drop Inlet (Table-top) b. Raised Drop Inlet (Table-top)
in Median Alongside Outer Travel Lane
(Code 10-01) (Code 10-01)

c¢. Curb Inlet
(Inventoried as Non-
Mountable Curb Less than
10 Inches High)
(Code 05-02)

Inlet Hazards (Identification Code 10)
Figure A-8




a. Bridge Piers Without Guardrail
Protection
(Code 11-01)

b. Bridge Abutment Behind
Unprotected Piers
(Code 11-02)

Hazards Associated with Roadway Under Bridge Structure
(Identification Code 11)

Figure A-9

A-10




a. Unprotected Open Gap Between b. Open Gap Between Parallel
Parallel Bridges Bridges
(Code 12-01) : (Code 12-01)

c. Semi-protected Open Gap Between d. Open Gap Semi-protected by
Parallel Bridges. Vehicle can Short Guardrail Section.
Easily Enter Gap Vehicle can Easily Enter Gap

(Code 12-01) (Code 12-01)

Hazards Associated with Roadway Over Bridge Structure
(Identification Code 12)

Figure A-10

A-11




a. Closed Gap Between
Parallel Bridges
(Code 12-02)

b. Rigid Bridgerail--Smooth
and Continuous Construction
(Code 12-03)

c. Semi-Rigid Bridgerail--Smooth
and Continuous Construction
(Code 12-04)

Hazards Associated with Roadway Over Bridge Structure
(Identification Code 12)
Figure A-11

A-12




