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IMPLEMENTATION

The cost—effectiveness analysis procedure for roadside safety
improvement evaluation Hﬁé;been developed on an immediate implemen-—
tation basis. This réppr; br;Qides décumentation of the computer
model developed‘to.e§éiuate safety @mﬁiovement alternatives. The
model is agﬁiicable fér’both controliea-%nd non-controlled access
rural h;gﬁways. Immediate implemeﬂ;afisé of the computer model is

anticipated ‘on a statewide basis.

DISCLAIMER

The contents of this report reflect the views of the authors
who are responsible for the facts and the accuracy of the data pre-
sented herein. The contents do not necessarily reflect the official
views or policies of the Federal Highway Administration. This report

does not constitute a standard, specification, or regulation.
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SUMMARY

This report represents the final report (Volume 2.0of 3) of Research
Study 2-10-74-15, entitled, '"Cost-Effectiveness Priority Program for
Roadside Safety Improvements on Non-Controlled Access Roadways," a
follow-on to Research Study 2-8-72-11, "Cost-Effecfiveness Priority
Program for Roadside Safety Improvements on Texas Freeways."

In the follow-on study, the computer program developed for con-
trolled access highways was substantially modified after extensive
field trial implementation in the Ft., Worth District (District 2) and
the concept and procedures were adapted to accommodate non-controlled
access rural highways. The resulting product of the two studies is a
procedure that is applicable for both types of highways and utilizing
a general computer program to accommodate both.

This report presents documentation of the computer model in-
cluding descriptions of computer variables, discussion of assumptions
made, and flow charts for the major subroutines comprising the model.
The research studies are documented in three volumes as follows:

Volume 1l: Procedures Manual
Volume 2: Computer Program Documentation Manual

Volume 3: Cost-Effectiveness Analysis Manual
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1. INTRODUCTION

Roadside safety improvement programs, like any phase of highway
construction or maintenance, must compete for limited funds. As in-
creasing emphasis is being directed toward roadside safety, it is ap-
parent that a definite need exists for methods by which administrators
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 National Cooperative Highway Research Program (NCHRP) Project
20-7, Task Order 1 (1) presented a conceptual probabilistic model to
be used as a management tool in establishing the priority for roadside
safety improvements on freeways. The requirement that this research
be applicable on a national écale resulted in a high degree of gen-
eralization in the model and, therefore, it was not implementable in
its current form for specific needs. It was expected that each state
would adapt the findings of this research to its own specific needs
and administrative structure i1f the concept was to be implemented.

In this regard, the Texas Highway Department (THD) and the Texas
Transportation Institute (TTI), through the cooperative research pro-
gram, developed a formalized implementation procedure, compatible
with Texas Highway Department policy, to program roadside safety im-
provements on freeways (2) based on the generalized NCHRP 20-7

research. In a follow-on study (3), the concept and procedure were



adapted to include non—gontrolled access roadways as well. The
resulting product of the two research studies is a procedure that is
applicable for the two types of highways and utilizing a general
computer program to accommodate both.

The computer program, written in Fortran IV, was developed to
provide a rapid and overall objective basis for evaluating the cost-
effectiveness of roadside safety improvements on Texas highways—-
controlled and non-controlled access. This report presents technical
material related to the development of the computer program.

The complete research study is documented in three volumes as
follows:

Volume 1: Procedures Manual
Volume 2: Computer Program Documentation Manual

Volume 3: Cost-Effectiveness Analysis Manual



2. HAZARD CLASSIFICATION

Accepted practice in most existing roadside improvement programs
has been to consider the primary and secondary recovery areas, which
would benefit approximately 85 percent of drivers encroaching the
roadside (4). The inventory procedure proposed in this study includes
all applicable roadside hazards located within a median and a 30-ft
lateral distance adjacent to the outer edge of the traveled lane.

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 aésigned an input coding system as shown in Table
2-1. Hazards are grouped by descriptive title under general identi-
fication code deéignation and, where necessary, each general classi-
_fication is sub-divided into several categories with each being iden-
tified by a descriptor code designation. This classification system
permits greater flexibility in recording hazards by allowing the addi-
tion of new general categories or, more often, additional descriptor
codes when "special" or unusual hazards are encountered during the
field inventory. Any code additions would necessitate computer pro-
gram modification prior to implementation. Table 2-1 includes a com-
prehensive list of hazards, 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 are

made in the computer cost-effectiveness program.

2-1



TABLE

2-1

HAZARD CLASSIFICATION CODES

Note: Circled Codes denote Point Hazard

Identification Code

Utility Poles

Trees

EE®

Rigid Signpost

Rigid Base Luminaire
Support

®

05 Curbs

06. Guardrail or Median
Barrier

07. Roadside Slope

(00)
(00)
(01)
(02)
(03)
(04)
(05)
(00)

(01)
(02)

(03)

(01)
(02)
(03)
(04)
(05)
(06)

(07)

(01)
(02)
(03)

2-2

Descriptor Codes

single-pole-mounted
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-gection with standard post spacing
(6 ft-3 in.) (including departing
guardrail at bridge)

w-section with other than standard
post spacing (including departing
guardrail at bridge)

approach guardrail to bridge—de-
creased post spacing (3 ft-1 imn.)
adjacent to bridge

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

post and cable

Metal Beam Guard Fence (Barrier)
(in median)

median barrier (CMB design or
equivalent)

sod positive slope
sod negative slope
concrete-faced positive slope



TABLE 2-1,

Identification Code

07. Roadside Slope, cont.

08. Ditch
(includes erosion,
rip-rap runoff ditches,
etc.--does not include
ditches formed by inter-
section of front and
back slopes)

Culverts

Inlets

®

Roadway under Bridge
Structure

®

12. Roadway over Bridge
Structure

13. Retaining Wall

CONTINUED

Descriptor Codés

(04) concrete-faced negative slope
(05) rubble rip-rap positive slope
(06) rubble rip-rap negative slope

(00)

(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

(01) rasied drop inlet (tabletop)
(02) depressed drop inlet
(03) sloped inlet

(01) bridge piers
(02) bridge abutment, vertical face
(03) bridge abutment, sloped face

open gap between parallel bridges

closed gap between parallel

bridges

(03) rigid bridgerail--smooth and con-
tinuous construction

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

(05) other bridgerail-~probable penetra-
tion, snagging, pocketing or
vaulting

(06) elevated gore abutment

(01) face

exposed end

2-3



For purposes of inventorying, all hazards have been categorized

in three major classifications:

(1) point hazards (codes circled in Table 2-1)

(2) longitudinal hazards

(3) 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 improve-
ment procedures, the same classification system was used for the im-

provement data input.

2=4



3. INVENTORY AND IMPROVEMENT FORM
COMPUTER VARTABLE NAMES

ROADSIDE HAZARD INVENTORY FORM

The extremely large number of hazards that must be inventoried
along a section of roadway necessitates use of a systematic coding
process for eventual analysis by computer. The roadside hazard in-
ventory form shown in Figure 3-1 has been designed to accomplish
this. The form is applicable for both controlled and non-controlled
access roadways, the analysis procedures being accommodated inter-
nally within the computer program depending on the highway type and
classification code entered on the form.

The computer variable names assigned to the roadside hazards
are shown on the Roadside Hazard Inventory Form in Figure 3-1 and
listed in Table 3-1. The two dimensional array names are written as:

Hazard Names = Hn(I,J)

where
n = hazard descriptor (i.e., n=l...hazard
number)
I = hazard numbers in a group (1 < I < 15)
J=1

Hazard input data are read in subroutine INVTRY.

ROADSIDE HAZARD IMPROVEMENTS FORM

The roadside hazard improvement form (Figure 3-2) has been

designed to provide a system whereby feasible safety improvements



O
@

ROADSIDE HAZARD INVENTORY

y Conducted by. Date

Hazord Description

HIGHWAY
HE He HS HJI H7 H6

H3 H5
(LIl O CLL] TT[HU J L) O

7 8 9 w©© [T S S 7o w2 A 22

Highway Highway Number Classiflcoton County Code Contral Numbsr Section Nur mb« Tosal width, ADY (Totai Both Recording Dischion
Troe Center tine o Digehions 1000's) TWith Moepost
o8 M Fuli Control Access Shoutder on 2 Againet Miepost
Gt us  interstote {avemory Side

02 W 2. Non- interstate
Undivided  High
05 FM-RM Non-Contral Access ‘ Ty

3 Two-Lone
4. Munilane Divided
5 Mullilune Undivided

HAZARD CLASSIFICATION MILE. POINT AT HAZARD

rﬁ‘mr‘lfﬁ%mj’ B o o

23 24 25 26 21 28 32 B 34 3% 3% 37 38 33 40 4 42 43 as a5 e 47 48 a3 5O
Hazard Number identitication Dua pm oﬂm Code  Medion Width if1) Grouping Number Beginning Ens
Codn Codn 1 Right  (Leave Blank it ‘Except for Point Marard s

2, Medion  Meglan inventoried
or Latt  on Neor Sige Only
Side

POINT HAZARDS HZI Hee

Hf ” Fz Hz‘ === Brop lolis Only e
st 52 83 84 55 %6 57 88 %% 60 6 62 63 64 65
Morord Ofteel, D [t Width (w) (1) Langth WIEt) Weight (1) o Depth (tr)

LONGITUDINAL HAZARDS (Curbs, Bridgerails, Burriers, Guardrails, Ditches, and Retaining Walls)

[—Mozord Offeat, O UN~ | ~anne- == END TREATMENT . am

2l L] L1 D:D ED H29 D cwarorat oy [ | 430

52 5! 54 35 %6 o7 59 62

HagM (B or mm width m«u ot &qn\u\' t Stucture

HIS H25 H26 H2? H28 o

Mot Ending of Structure-
Traoted

'
2 Not Endlag ot Structure-
Mol Safely Tratea Not Safety Treated
3. Beginning o1 Structua - 3 Ending o Stuchure
Fulh-Beom Caneection Cannection
4 Baginning a Stryctore 4 z a.n 3 Sescture
Not Full Agom  Soane “uon Baom Connection

SLOPES

FRONT SLOPE
[~ Hinge Poin) Offset, Dy, (11 T SO ey " Oiatance "0," L] ”3’ ”38

3 [ [ [ COse OO [ [ ]

sl sz 53 s 98 56 57 58 59 6 6 6z 63 64 . 5
Beginning £ne Baqinning Eng Beginaing Eng Stope foce sogs Dirsction

HI9  H3/ HZ2 H33 H34 H35 H36 bt 3 hegeien

2 Severe (Ruts s 1))

" 2nd or BACK SLOPE (Except for Level Terrain)
xeep! r_.__vs.m_'igln_._-, [ Diwtance "yt - ey ”4.’ ”44

CoIw Cl)w L) L1 [] L]

& 67 N 2 7 2 i)
Beginning Beginning Eng Siope Foce stoge Girection

H3S K40 Hal He2 By 2 Negare

2 Severe \Rms )

Card Type
kad

dations:

Figure 3-1, Computer variables--Roadside hazard inventory form.

BOX 1

BOX 2

BOX 3

BOX 4

BOX 5



TABLE 3-1
COMPUTER PROGRAM VARIABLES

(Roadside Hazard Inventory Form)

Variable
Name Column Description
H1 (23-26) Hazard number
H2 (3-6) Highway number
H3 (8-10) County code
H4 (11-14) Control number
H5 (15-16) Section number
H6 (22) Recording direction
(H6 = 1 ... with milepost)
(H6 = 2 ... against milepost)
H7 (19-21) Average daily traffic + 1000
H8 (1-2) Highway type
H9 @) Highway classification
H10 Nonexisting on form
H11 (27-28) - Hazard identification code (see hazard
classification code, table 2-1)
H12 (29-30) Hazard descriptor code (see hazard
classification code)
H13 (31) Offset code
(H13 = 1 ... right side)
(H13 = 2 ... median or left side)
H14 Nonexisting on form
H15 (32-34) Median width
H16 (35-38) Grouping number



Variable

Name

H17

H18

H19

H20

H21

H22

H23

H24

H25

H26

H27

H28

H29

Column

(39-44)
(45-50)

(51)

(52-53)
(60-62)
(63-65)
(54-56)
(57-59)
(52-53)
(54-55)

(56-58)

(59-60)

(61)

TABLE 3-1, CONTINUED

Description

Milepoint at beginning of hazard
Milepoint at end of hazard

Hazard category

(H19 = 1 ... point hazard)
(H19 = 2 ... longitudinal hazard)
(H19 = 3 ... slope hazard)

Point hazard offset

Height of a raised drop inlet

Depth of a depressed drop inlet

Point hazard width

Point hazard length

Offset at beginning of longitudinal hazard

Offset at end of the longitudinal hazard

Height or depth of longitudinal hazard

Width of longitudinal hazard

Descriptor of guardrail end treatment at
beginning of hazard

(H29 = 1 ... safety treated--not begin-
ning at structure)

(H29 = 2 ... not safety treated--not
beginning at structure)

(H29 = 3 ... full beam connection--
beginning at structure)

(H29 = 4 ... not full beam connection—-—

beginning at structure)



TABLE 3-1, CONTINUED

Variable
Name Column Description
H30 (62) Descriptor of guardrail end treatment at
end of hazard
(H30 = 1 ... safety treated--not ending
at structure)
(H30 = 2 ... not safety treated--not end-
ing at structure)
(430 = 3 ... full beam connection--ending
at structure)
(H40 = 4 ... not full beam connection--
ending at structure)
H31 (52-53) Hinge-point offset at the beginning of
front slope
H32 (54-55) Hinge-point offset at the end of front
slope
H33 (56-57) Beginning steepness of the front slope
H34 (58-59) Ending steepness of the front slope
H35 (60-61) Front slope face length (measured up or down
slope surface) at the beginning milepoint
H36 (62-63) Front slope face length (measured up or down
slope surface) at the ending milepoint
H37 (64) Front slope face erosion code
(H37 = 1 ... slight or none)
(H37 = 2 ... severe, ruts = 1 ft.+)
H38 (65) Front slope direction
(H38 = 1 ... positive)
(H38 = 2 ... negative)
H39 (66-67) Steepness of the back slope at the
beginning milepoint
H40 (68-69) Steepness of the back slope at the ending
milepoint
H41 (70-71) Back slope face length (measured up slope

surface) at the beginning milepoint




Variable
Name Column
H42 (72-73)
H43 (74)
H44 (75)
77

TABLE 3-1, CONTINUED

Description

Back slope face-length (measured up slope
surface) at the ending milepoint

Back slope face erosion code
(H43 = 1 ... slight or none)
(H43 = 2 ... severe, ruts = 1 ft.+)

Back slope direction
(H44 = 1 ... positive)
(H44 = 2 ... negative)

[}

Card type (type 1 for inventory card)



for each category of hazard can be coded and evaluated in the cost-
effectiveness program. The improvement form, similar in format to
the hazard inventory form, is applicable for all types of rural high-
ways.

The computer variable names assigned to a roadside improvement
are shown on the Roadside Hazard Improvements Form in Figure 3-2 and
listed in Table 3-2. The two dimensional array names are written as:

Improvement Names = Cn(I,J)

where
n = hazard desc;iptor
I = hazard number in a group
(1 <1<15)
J = improvement alternative in a group

(2 <J<5)

Improvement data are read in subroutine INVTRY.

3-7
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TABLE 3-2
COMPUTER PROGRAM VARIABLES

(Roadside Hazard Improvements Form)

Variable
Name Column Description
Cl (1-4) Hazard number
cz2 (5-8) Highway number
c3 (9-11) County code
C4 (12-15) Control number
c5 (16-17) Section number
cé6 —_— Non~existing on form
c7 (18-23) First cost of the improvement ($)
(of:} (24-~27) Repair cost per collision ($) for the
existing hazard
c9 (28-31) Repair cost per collision (§) for the pro-
posed improvement
Cc10 (32-35) Normal maintenance ($/yr) for the existing
hazard
Cil1 (36-39) Normal maintenance ($/yr) for the proposed
improvement :

Point Hazard Improvement Variable Names

c12 (40) Improvement category
(C12=1 ... Point hazard improvement)
(C12=2 ... Longitudinal hazard improvement)
(C12=3 ... Slope hazard improvement)
(Cl2=4 ... No improvement recommended)



TABLE 3-2, CONTINUED

Variable
Name Column Description

Cl3 - (41) Point hazard improvement category

(C13=1 ... Alleviate hazard)

(C13=2 ... Protect hazard with guardrail--
(Hazard not on critical slope)

(€13=3 ... Protect hazard with concrete
median barrier (CMB))

(C13=4 ... Protect hazard with energy at-
tenuation system)

Cl4 (42-43) Lateral offset to proposed guardrail (right
side or median near side)

C15 (42-44) Length of the proposed energy attenuation
system

Cl6 (45-46) Width of the proposed energy attenuation
system

Cc17 (47-48) Offset of the proposed energy attenuation
system

c20 (42) Alleviate point hazard alternatives

(If C13=1 and C20=1 ... Remove hazard)

(If C13=1 and C20=2 ... Make breakaway and/
or relocate)

(If C13=1 and C20=3 ... Reconstruct an in-
let to safe design
standards)

(If C13=1 and C20=4 ... Reconstruct cross-
drainage system
(remove headwalls,
extend culverts,
grade, etc.))

C48 (42-43) Lateral offset of proposed concrete median
barrier

C49 (44-45) Lateral offset to proposed guardrail (median
far side)
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TABLE 3-2, CONTINUED

Variable
Name Column Description

Longitudinal Hazard Improvement Variable Names

Ccl2 (40) Improvement category
(C12=1 ... Point hazard improvement)
(C12=2 ... Longitudinal hazard improvement)
(C12=3 ... Slope hazard improvement)
(C12=4 ... No improvement recommended)

C18 (41) Longitudinal hazard improvement classification
(C18=1 ... Curb hazard)
(C18=2 ... Bridgerail hazard)
(C18=3 ... Guardrail hazard)
(C18=4 ... Ditch hazard)

Ccl19 —-—— Non-existing on form
C20 (42) Longitudinal hazard improvement alternatives
(If C18=1 and C20=1 ... Remove & regrade

curb)

(If C18=1 and C20=2 ... Install wedge modi-
fication to curb)

(If C18=2 and C20=1 ... Rigid bridgerail
installed)

(If C18=2 and C20=2 ... Semi-rigid bridge-
rail installed)

(If C18=3 and C20=1 ... Remove existing
guardrail)

(If C18=3 and C20=2 ... Upgrade to full
safety standards)

(If C18=3 and C20=3 ... Upgrade to full
safety standards &
close~up gap)

(If C18=3 and C20=4 ... Close-up gap between
existing guardrail)

(If C18=3 and C20=5 ... Anchor existing
guardrail to bridge-
rail)

(If C18=3 and C20=6 ... Safety treat guard-
rail free-end only)

(If C18=4 and C20=1 ... Reshape ditch to
safe cross section)

(If C18=4 and C20=2 ... Replace ditch with
storm drain)
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TABLE 3-2, CONTINUED

Variable
Name Column Description
C20 cont. (42) (If C18=4 and C20=3 ... Protect ditch with
a guardrail--see
box "A" on form)
c21 (43) Improvement alternative for rigid or semi-

rigid bridgerail (C18=2 and C20=1 or 2)

(C21=1 ... Upgrade to full safety standards)

(C21=2 ... Move laterally) See box "A" on form

(C21=3 ... Install guardrail along bridge-
rail face)

(C21=4 ... Deck over gap between parallel
bridges and install single
bridgerail) See box "A" on form

Slope Hazard Improvement Variable Names

Cl2 (40) Improvement category
(C12=1 ... Point hazard improvement)
(C12=2 ... Longitudinal hazard improvement)
(C12=3 ... Slope hazard improvement)
(C12=4 ... No improvement recommended)

c18 (41) Slope hazard improvement classification
(C18=1 ... Install guardrail to protect
slope not at a bridge--may in-
clude point hazards on slope)
(C18=2 ... Install approach or departing
guardrail at bridge--may in-
clude point hazards on slope)
(C18=3 ... Install continuous guardrail
between successive bridges)
(C18=4 ... Flatten slope)

C34 (64-69) Beginning milepoint of the improved slope if
different from inventory

C35 (70-75) Ending milepoint of the improved slope if
different from inventory

C36 (42-43) Hinge-point offset at the beginning of the
improved slope

Cc37 (44-45) Hinge-point offset at the end of the improved
slope
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TABLE 3-2, CONTINUED

Variable
Name Column Description
c38 (46-47) Front slope steepness at the beginning mile-
point of improved slope
Cc39 (48-49) Front slope steepness at the endlng milepoint
of improved slope
c40 (50-51) Front slope face length (measured up or down slope
surface) at beginning milepoint of improved slope
c41 (52-53) Front slope face length (measured wp or down slope
: surface) at ending milepoint of improved slope
C42 (54) Front slope direction of the improved slope
(C42=1 ... Positive slope)
(C42=2 ... Negative slope)
C43 (55-56) Back slope steepness at the beginning mile-
point of improved slope
Ca44 (57-58) Back slope steepness at the ending milepoint
of improved slope
C45 (59-60) Back slope face length at the beginning mile-
point of improved slope
C46 (60-61) Back slope face length at the ending mile-
point of improved slope
C47 (63) Back slope direction of the improved slope
C48 & C49 See point hazard improvement category above

Box A--Improvement Variable Names (Install Guardrail)

C24 (44-45) Lateral offset at beginning milepoint of
proposed guardrail installation (right or
median near side; or approach guardrail)

€25 (46-47) Lateral offset at the ending milepoint of
proposed guardrail installation (right or
median near side; or approach guardrail)
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TABLE 3-2, CONTINUED

Variable
Name Column Description
€30 (48-49) Lateral offset at beginning milepoint of pro-
posed guardrail installation (median far
side or departing guardrail)
C31 (50-51) Lateral offset at ending milepoint of pro-

posed guardrail installation (median far
side or departing guardrail)

Box B-~Improvement Variable Names (Changes to Existing Guardrail)

C26 (43-46) Lengthening change at the beginning of
existing guardrail

c27 (47-50) Lengthening change at the end of existing
guardrail

c28 (51-54) Shortening change at the beginning of
existing guardrail

C29 (55-58) Shortening change at the end of existing
guardrail

No Improvement Recommended Category

c12 (40) Cl2=4 ... No improvement recommended
Card Type
—— an Card type (type 2 for improvement card)
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4, SEVERITY INDICES

Establishment of the severity of impact with various types of
roadside hazards was ‘accomplished by asking representatives from
highway design, traffic engineering, maintenance and law enforcement
to rate the severity of impact with the 6bject or situation on a
linear scale from 0 to 10; with O indicating no significant injury
to vehicle occupants and 10 indicating a certain fatality for all
vehicle occupants. This scale is indicated in Figure 4-1.

The linear scale while convenient for consistent ratings from
field personnel, has some inherent disadvantages in the cost
effectiveness model. In particular, a unit numerical change in the
Severity Index means two entirely different things depending upon
the end of the scale involved. For example, a change from 9 to 7
represents a reduction from a highly probable fatal impact to omne
producing only injury, whereas a similar numerical change from 4 to
2 represents only minor significance, both being in the property-
damage-only region of severity. Therefore, the linear severity in-
dices were adjusted on a non-linear scale essentially the same as
the cost relationships associated with Property Damage Accidents

only (PDO), Injury Accidents (I), and Fatal Accidents (F).

ADJUSTMENT OF SEVERITY INDICES
To establish the relationship between accident cost and the de-

scriptors used in the establishment of the linear severity indices,
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it was necessary to make specific assumptions regarding the percent-
age of PDO, I, and F accidents and specific costs for each accident
type. It soon became apparent that the assumptions regarding the
cost per accident influenced the relationship very little provided
the total cost for a fatal incident was equated with 10 on the
linear severity index scale.

The cost data used to adjust the severity index represent
rounded values from a U. S. Department of Transportation preliminary
report (5). The PDO cost values presented in the report were ap-
plicable to both urban and rural accidents. Therefore, to more ap-
propriately reflect only the higher speed rural accidents and
assuming a factor due to increased repair costs, the PDO cost used
in the severity index adjustment were 700 dollars per accident. The
costs used were:

$200,000 per fatality accident
$ 10,000 per injury accident
$ 700 per property damage only accident

Further, the relationship between the linear severity index and
the percentage PDO, I and F accident occurrence given ah impact with
the object or situation had to be defined. These values were estab-
lished in a conference meeting involving the project staff, represen-
tatives of the Texas Highway Department and the Federal Highway Admin-
istration. These assumptions are presented in Table 4-1.

These total cost values are plotted in Figure 4-1 (solid curve).

The non-linear relationship of accident cost and severity index was



TABLE 4-1

ASSUMPTIONS
IN THE DEVELOPMENT OF THE NON-LINEAR
SEVERITY INDICES A
N
! & Vo
5;\{\“3 : v:f@ \,\(“rQ

Linear W Total
Severity % PDO % Injury % Fatal Accident

Index Accidents Accidents Accidents Cost*
0 100 0 0 : $ 700

1 85 15 0 2,095

2 70 30 0 3,490

3 55 45 0 4,885

4 40 59 1 8,180

5 30 65 5 16,710

6 20 68 12 30,940

7 10 60 30 66,070

8 0 40 60 124,000

9 0 21 79 160,100
10 0 5 95 190,500

*Based on the cost assumptions for accidents presented above.




determined by equating the maximum accident cost ($200,000) to a non-
linear severity index of 100. For each programming, the curve pre-

sented in Figure 4-1 was approximated by a series of three linear

relationships.
Y = X for the region 0 < X < 4
Y = 7X - 24 for the region 4 < X < 7
Y = 25X - 150 for the region 7 < X < 10

Using these equations results in some substantial differences
as indicated in Table 4-2. These differences were, however, not
considered to be of great concern especially in light of the subjec-
tive manner of establishing the linear severity inddices and conver-
sion to the non-linear indices.

Table 4~3 presents a listing of severity indices used in the
computer program. The identification and descriptor codes agree

with those listed in Table 2-1 of this document.



TABLE 4-2

COMPARISON OF LINEAR AND NON-LINEAR HAZARD INDICES

Linear Severity Approximation
Severity Index Based Using Three Percentage
Index on Cost Linear Equations Difference

0 0 0 NA
1 1 1 0
2 2 2 0
3 3 3 0
4 4.5 4 +12,5%
5 8.6 11 +27.9%
6 15.5 18 +16.17%
7 33.0 25 -32.0%
8 62.0 50 -19.3%
9 81.0 75 - 7.4%
10 95.5 100 + 4.8%




TABLE 4-3
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TABLE 4-3, CONTINUED

Sevérity—Index
Survey Adjusted

Descriptor End Treatment Code

Identification

Ending

Beginning

Code

Code
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TABLE 4-3, CONTINUED

Severity-Index
Survey Adjusted

Descriptor End Treatment Code

Identification

Code Beginning Ending
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R,nvo,o,o,olozo,o,oJoJo,QJQ,Q,Q,Q,Q,RVRVRUnv?.o,1*0,anvnv75R,o,q,nvA.A.A.A.A.A.A,AIQ

. . - . . . e ® e e e ® & s & a2 e &+ 2 * ¢ s 2 s s e 2
7.H“1¢14142,1,2.QJQJQUQ,141414142414AVAURV1LH“H“M“HMAJG.QAB_/Ad_/“u.D_D.D.D.D.D_D_D i

50999999999999999944406737..0/4065-/50222222222

ooooo

NTHNNTAHNNTAHNNTAHNNLTAHNNONLTAHNNTAHNNT A NN A NNTANONT A

A A A AN NN NN T T T I A A HNNNNONONETITIT T A NANNNO

LN N NN NN NIINNININNINNINWYWOOUOOOYWOWOOOOWOOOWOORRNNINSNNNRNNNRS

O O \O O \O WO WO \WWWWWO\WOWWWOWWWOWWWOWWWWWOWWWWOWWOWWOWOWOWWWOWNWWOW0©o



TABLE 4-3, CONTINUED

TIdentification Descriptor End Treatment Code Severity-Index

Code Code Beginning Ending Survey Adjusted
6 7 3 2 4.2 5.4
6 7 3 3 4,2 5.4
6 7 3 4 4.2 5.4
6 7 4 1 4,2 5.4
6 7 4 2 4,2 5.4
6 7 4 3 4,2 5.4
6 7 4 4 4,2 5.4

7. Roadside Slope

7 1 - - 3.0 3.0
7 2 - - 3.0 3.0
7 3 - - 2.5 2.5
7 4 - - 2.5 2.5
7 5 - - 5.1 11.7
7 6 - - 5.1 11.7
8. Ditch
8 0 - - 0.0 0.0
9. Culverts
9 1 - - 7.9 47.5
9 2 - - 5.5 14.5
9 3 - - 3.3 3.3
9 4 - - 7.7 42.5
10. Inlets
10 1 - - 5.7 15.9
10 2 - - 3.1 3.1
10 3 - - 3.3 3.3
11. Roadway Under Bridge Structure
11 1 - - 9.3 82.5
11 2 - - 9.3 82.5
11 3 - - 2.5 2.5
12. Roadway Over Bridge Structure
12 1 - - 7.2 30.0
12 2 - - 5.5 14.5
12 3 - - 3.3 3.3
12 4 - - 3.0 3.0
12 5 - - 9.3 82.5
12 6 - - 9.3 82.5
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TABLE 4-3, CONTINUED

Identification Descriptor End Treatment Code Severity-Index
Code Code Beginning Ending Survey Adjusted
13. Retaining Wall
13 1 - - 3.3 3.3
13 2 - - 9.3 82.5

4-11



5. GUARDRAIL INSTALLATIONS

The guardrail criteria used by the Texas Highway Department (6)
are incorporated in the computer program. Guardrail improvements
are treated in several subroutines (see Table 8-1) depending on the

hazard it is to protect.

GUARDRAIL NOT AT BRIDGE

The computer variable names assigned to the installation of
guardrail to protect hazards not adjacent to a bridge are shown in
Figures 5-1 and 5-2. The upstream length of guardrail needed is com~-

puted by the following equations:

HLL = 400 (D3 - D2)/D3 . . . . . . . . (Eqn. 5-1)
HL2 = 400 (D9--D8)/D9 . . . . . . . . (Eqn. 5-2)
Other imposed conditions for guardrail protecting a point hazard or
ditch that are not on a critical slope (critical slope is defined as
a slope with steepness of 3.5:1 or steeper) are as follows.
1. Lateral offset of point hazard
Dl < 30 ft.
D10 < 30 ft.
2, Lateral offset of ditch
D3 < 30 ft.
D9 < 30 ft.
3. Clearance between point hazard and guardrail
(D1-B2) > 3 ft.
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4, Length of guardrail needed
HL1 > 150 ft.

HL2 > 150 ft.

The shadowed encroachment paths in Figure 5-2 represent encroach-
ments in which an errant vehicle can cross the median and strike the
backside of the far-side guardrail that is protecting opposing traf-
fic flow from a hazard. For non-critical slopes, the imposed condi-
tions for crossover median encroachments are:

D6 < 30 ft.

(D7+D8) < 30 ft.

The total length (L) of guardrail needed to protect a hazard is:

L= gié + (Hazard Length) + (25 ft Safety Treatment
at Each End) . . . . . (Eqn. 5-3)

GUARDRAIL AT BRIDGE
The length (Y) of guardrail needed adjacent to a bridge is com-

puted from the appropriate idealized linear curve in Figure 5-3. The
lateral offset (X) in Figure 5-3 is the lateral distance between the
beginning and end points of the guardrail.

The imposed condition for guard?ail length is:

Y > 150 ft.
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6. SLOPES

The severity assoclated with slope traversal, other than ve-
hicle rollover on a steep front slope, is dependent predominantly
on the vehicle g-forces experienced as it travels through the region
at the‘toe-of-slope. The combination of front and back slope,
therefore, influences the severity.

Several assumptions were made in the model to define the hazard
associated with slope traversal. It was assumed that vehicle control
could be maintained on slopes 3.6:1 and flatter and not on slopes
3.5:1 and steeper. Therefore, the severity of the slope is dependent
primarily on the front slope steepness. The severity of roadside
slope combinations is determined by a fictitious hazard assumed to be
located at the toe-of-slope offset. The severity indices used are
computed in subroutine VDITCH.

Based on the vehicle control assumption, a second assumption
was made regarding hazard offset on slopes. If a point hazard is lo-
cated on a critical slope, its offset is temporarily moved to the
hinge point of the slope prior to hazard index computations because
it is assumed that if a vehicle encroaches to the hinge-point, it
will continue traveling uncontrolled to the toe-of-the-slope, there-
fore, the hazard actually becomes critical at the time the vehicle
reaches the hinge-point. On non-critical slopes, the lateral off-

set remains as inventoried in the field. The above assumptions
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pertain to hazards of all three categories--point hazards, longi-
tudinal hazards, and the slope itself.

Slope severity indices are computed in subroutine VDITCH using
variables shown in Figure 6-1. The variables shown in Figure 6-1

are used in subroutine SLOPEL.
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7. COST-EFFECTIVENESS

As defined by Glennon (1), the cost-effectiveness of a safety
improvement alternative 1s the cost in dollars required to reduce
one injury (fatal or non-fatal) accident. Thus,

Annualized Cost of Improvement Alternative
Hazard Reduction Achieved

Cost~Effectiveness =

The cost-effectiveness expressed in terms of the assigned computer

names is as follows:

‘CE = EE%E%XETK e ¢ s o s o o « (Eqn. 7-1)
where:
UPAY = Annualized costs
HIB = Hazard index before improvements
HIA = Hazard index after improvements
HAZARD—-INDEX

The hazard-index for a group of existing hazards (before making

improvements) is expressed as:

1
(HIB) | = Z HI1(I,1) + HIL(I,2)] . . . .(Eqn. 7-2)
=1
where:
I = Hazard number (1 < I < 15)
J = Improvement alternative (2 < J < 5)
HI1(I,1) = Encroachment from inventory traffic lanes

(existing hazard)
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HI1(I,2) = Encroachment from opposing traffic lanes
(existing hazard)

The hazard-index for a group of hazards after making improve-

ments is expressed as:
I

(HIA)J = :E: [H12(1,1) + HI2(I,2)] . . . .(Eqn. 7-3)

I=1
where:
I = Hazard number (1 < I < 15)
J = Improvement alternative (2 < J < 5)

HI2(I,1) = Encroachment from inventory traffic lanes
(improved hazard)

HI2(I,2) = Encroachment from opposing traffic lanes
(improved hazard)

The hazard-index is dependent upon the conditions of: (a) en-
croachment frequency, (b) severity-index, (c) hazard lateral offset,
(d) hazard dimensions of length and width, (e) vehicle width, and
(f) critical or non-critical slope. Referring to Figure 7-1, .the

hazard index is expressed as:

HI(I,i) = —Eﬁi— { £P[y] + d cscH6 Py + Q]
10560 2
n
+ L;i@.@. Ply + d + E%i:l)-] } . (Eqn. 7-4)
j=1
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where:

HI = Hazard-index. Number of injury (fatal or non-
fatal) accidents per year associated with
one-directional roadway. For medians the
hazard-index is computed for each roadway
separately, and the two values are added.

E_ = Encroachment frequency. Number of roadside
encroachments per mile per year. Frequency
computed from curve in Figure 2 in reference
(1) for various ADT's.

= EF** ‘computer name.

S = Severity-index. Indices obtained from an ad-
justment of THD survey. For slopes and
ditches, however, the indices were obtained
from a table incorporating the change-in-
angle between front and back slopes. Refer
to subroutines VDITCH and WASOUT.

= SI(I,J)**:computer name.
£ = Longitudinal length of hazard.
= HLENG(I,J)®® ‘'computer name (Figure 7-2).

W = Lateral width of hazard. Slopes assigned a
fictitious hazard width in subroutine VDITCH.

= HWID(I,J)***computer name (Figure 7-2).

y = Lateral offset distance to hazard measured from
roadway edge.

= YLAT(I,J)"* *computer name (Figure 7-2).

P = Probability of vehicle lateral movement greater
than some value. Probability computed from
curve in Figure 4 of Reference (1).

n = Number of increments in which hazard width is
subdivided. One increment for each 2.5 feet
of width (Figure 7-1).

j = Hazard width increment starting consecutively

with J=1 at increment furthest downstream
(Figure 7-1).
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8. SUBROUTINE DESCRIPTIONS

The computer program, to be comprehensive and responsive to the
extremely large ﬁumber of possible alternatives, is composed of
thirty-nine subroutines and a MAIN program. This technique permits
considerable flexibility in program modifications or additions and
greatly reduces 'de-bugging' effort.

Table 8-1 presents a description of each subroutine function.
Table 8-~2 provides a cross-reference listing of all subroutines and
the MAIN program. Presented in Table 8-3 are descriptions of the
major computer variables used in each subroutine and in the MAIN pro-

gram.



TABLE 8-1
LIST OF SUBROUTINES

Subroutine
Number Name Description of Subroutine

1 SLIST Listing of subroutines.

2 HWY Subroutine contains description of highway
(type and classification).

3 DIST Subroutine reads and stores information on the
relationship between county and district
numbers.

4 ERROR Subroutine contains error or flag messages that
are built into the computer program.

5 SEVRTY Subroutine to read and store severity-indices
obtained from THD. These indices are ad-
justed to take into consideration the higher
damage costs associated with fixed hazards
such as a bridge pier.

6 ADJUST Subroutine to adjust severity indices calculated
in subroutine VDITCH

7 INVIRY Subroutine reads and stores hazard and improve-
ment data obtained in field. Maximum number
of hazards per group is 15. Maximum number
of improvement alternatives per hazard is 4.

8 ORDER1 Subroutine to re-arrange the hazards in ascend-
ing order based on lateral offset distance
from edge of travelled lane.

9 ORDER2 Subroutine to rearrange hazards longitudinally
to define beginning and end boundaries of a
group of point hazards for protection by
single G.R. or hazard groups of successive
bridges

10 CONST1 Subroutine to compute constant values.



TABLE 8-1, CONTINUED

Subroutine
Number Name Description of Subroutine

11 HAZARD Subroutine calls up the appropriate primary
subroutine for one of the three defined type
hazards (point, longitudinal, and slope).
Except for several special cases, the
severity-indices for the hazard are obtained
from storage arrays.

12 PTHAZ Point hazard subroutine. (Primary subroutine)

13 LGHAZ Longitudinal hazard subroutine (primary sub-
routine).

14 SLHAZ Slope hazard subroutine (primary subroutine).

15 CMBPT Point hazard improvement subroutine. Protect
hazard with concrete median barrier (CMB).

16 SOFT Point hazard improvement subroutine. Protect
hazard with energy attenuation system.

17 ZERO Point hazard improvement subroutine. Alleviate
hazard. Severity-index assumed to be equal
to a value of zero.

18 RAIL Longitudinal hazard improvement subroutine
where guardrail is used.

19 RAIL1 Longitudinal hazard improvement subroutine.
Remove existing guardrail.

20 RAIL2 Longitudinal hazard improvement subroutine.
(1) Upgrade guardrail to full safety stan-

dards, or
(2) Upgrade guardrail to full safety stan-
dards and close-up gap, or
(3) Close-up gap between existing guardrail or
(4) Safety treat guardrail, free-end only.
21 RAIL6 Longitudinal hazard improvement subroutine.

Anchor existing guardrail to bridge structure.



TABLE 8-1, CONTINUED

Subroutine
Number Name Description of Subroutine

22 PTRAIL Point hazard improvement subroutine. Protect
hazard with guardrail. Hazard not on
critical slope (3.5 to 1 or steeper). Guard-
rail length needed based on THD criteria.

23 DTRAIL Subroutine to install guardrail to protect a
washout or runoff ditch only.

24 SLRAIL Longitudinal hazard improvement subroutine.
Install guardrail to protect slope not at
bridge--may include point hazards.

25 CURB Longitudinal hazard improvement subroutine —-
curbs.

26 BRIDGE Longitudinal hazard improvement subroutine --
bridgerail.

27 BRGR Longitudinal hazard improvement subroutine.
Install guardrail at bridge approach, or in-
stall guardrail departing bridge.

28 BRGR1 Subroutine used to place guardrail between suc-
cessive bridges in line. Program permits up
to 5 bridges in one group.

29 SLOPE1 Subroutine to compute geometric properties of
slopes such as the horizontal offset dis-
tances and slope angles.

30 VDITCH Subroutine to calculate the severity index, SI,
for the V-DITCH or intersection of the front
and back slopes located within 30 feet of the
traveled way. In addition, the width, W, of
the imaginary longitudinal hazard is assigned.

31 bITCH Longitudinal hazard improvement subroutine --
ditches.

32 WASOUT Subroutine to compute the severity-index of a
ditch or washout.
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Subroutine
Number Name
33 FLATEN
34 GRAIL
35 HINDEX
36 PROB
37 FREQ
38 COSTS
39 OUTPUT

TABLE 8-1, CONTINUED

Description of Subroutine

Slope hazard improvement subroutine -- flatten

slopes.

Subroutine locates the position of existing

guardrail.

NGR = 1 no guardrail

IGR = 0 no guardrail on right side of roadway
or on one side of median

1 guardrail on both sides of median.

IGR

Hazard-index subroutine. Hazard-index is de-

fined as the number of fatal or non-fatal
accidents per year associated with a one
directional roadway. For median analysis,
the hazard-index is computed for each roadway
separately, and the two measures are added.
Refer to equation 3 on pages 19 and 20 in
NCHRP Project 20-7, Task Order 1/1, TTI
Report RF 625 (1).

Subroutine to compute probability of a vehicle

lateral displacement greater than some offset
distance. Encroachment angle equal to 11
degrees. (Figure 4 in NCHRP 20-7) (1).

Subroutine to compute the encroachment frequen-

cy expressed as the number of roadside
encroachments per mile per year. (Figure 2
in NCHRP 20-7) (1).

Subroutine to compute annualized costs taking

into consideration (1) first costs of improve-
ment, (2) normal maintenance costs of hazard
and improvement, and (3) repair costs of
hazard and improvement following a collisionm.
Compound interest is used with an assumed
interest rate of 8 percent and a 20 year life.
Refer to the equation on pages 49 and 50 in
NCHRP Project 20-7, Task Order 1/1, TTI Report
RF 625.(1).

Subroutine to print the output from the

computer program.
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TABLE 8-2

CROSS-REFERENCE LISTING OF SUBROUTINES

Subroutine Name

*MAIN

1. SLIST

3. DIST
4. ERROR
5. SEVRTY

6. ADJUST

7. INVTIRY

8. ORDER1L

9. ORDER2

10. CONST1

11. HAZARD

*The MAIN Program is not a Subroutine

Called In

AMATN
MMAIN
*MAIN -
*MATN
*MAIN
SLHAZ
WASOUT
FLATEN
*MAIN
*MATN
PTRAIL
BRGR
BRGR1
PTRAIL
SLHAZ
SLOPE1
HINDEX

*MAIN

Calls For

OUTPUT
SLIST
DIST
ERROR
SEVRTY
INVTRY
ORDER1
HAZARD

SLOPE1l

PTHAZ
LGHAZ
SLHAZ



TABLE 8-2, CONTINUED

Subroutine Name Called In
12. PTHAZ HAZARD
13. LGHAZ HAZARD
14. SLHAZ 'HAZARD
15. CMBPT PTHAZ
16. SOFT PTHAZ
17. ZERO PTHAZ
18. RAIL LGHAZ

Calls For

SLOPEl
HINDEX
COSTS
ZERO
PTRAIL
CMBPT
SOFT
GRAIL

WASOUT
SLOPElL
HINDEX
COSTS
CURB
BRIDGE
RAIL
DITCH
GRAIL

CONST1
SLOPE1
VDITCH
HINDEX
COSTS
FLATEN
ADJUST
BRGR
SLRAIL
BRGR1
GRAIL

HINDEX
COSTS
GRAIL

HINDEX
COSTs
GRAIL

GRAIL
RAIL1

RAIL2
RAIL6



TABLE 8-2, CONTINUED

Subroutine Name Called In Calls For
19. RAIL1L RAIL COSTS
GRAIL
20. RAIL2 RAIL ‘ GRAIL
HINDEX
COSTS
21. RAIL6 RAIL HINDEX
COSTS
22, PTRAIL PTHAZ HINDEX
CONST1
COSTS
ORDER2
23. DTRAIL DITCH GRAIL
HINDEX
COSTS
24, SLRAIL SLHAZ GRAIL
HINDEX
COSTS
25. CURB LGHAZ HINDEX
COSTS
26. BRIDGE LGHAZ HINDEX
COSTS
27. BRGR SLHAZ HINDEX
COSTS
ORDER2
28. BRGR1 SLHAZ ORDER2
HINDEX
COSTS
29. SLOPEl ORDER1 CONST1
PTHAZ
LGHAZ
SLHAZ
FLATEN
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TABLE 8-2, CONTINUED

Subroutine Name Called In Calls For
30. VDITCH SLHAZ ————
FLATEN
WASOUT
31. DITCH LGHAZ - COSTS
GRAIL
DTRAIL
32. WASOUT LGHAZ VDITCH
ADJUST
33. FLATEN SLHAZ SLOPEl
VDITCH
HINDEX
COSTS
GRAIL
ADJUST
34. GRAIL ZERO ———
RAIL1
RAIL2
DITCH
FLATEN
PTHAZ
LGHAZ
SLHAZ
CMBPT
SOFT
SLRAIL
35. HINDEX PTHAZ CONST1
PTRAIL FREQ
CMBPT PROB
SOFT
LGHAZ
RAIL2
RAIL6
CURB
BRIDGE
SLHAZ
FLATEN
SLRAIL
BRGR



Subroutine Name

36. PROB
37. FREQ
38. COSTS
39. OUTPUT

TABLE 8~2, CONTINUED

Called In
HINDEX
HINDEX

PTHAZ
PTRAIL
CMBPT
SOFT
LGHAZ
RAIL1
RAIL2
BRGR
RAIL6
CURB
BRIDGE
DITCH
SLHAZ
FLATEN
BRGR1
SLRAIL

*MAIN

8-10

Calls For

-y -



TABLE 8-3

SUBROUTINE COMPUTER VARIABLE NAMES

MAIN PROGRAM

LC1=1 Variable to be used in a subsequent subroutine

LIST=0 Kicker for command to print title and heading
paragraph

LIST=1 Skip previous command

MESAGE=0 Initialize message counters

MES=0 Initialize message counters

LP1 Variable to be used in a subsequent subroutine

MESI=0 Initialize variables for use in a subsequent sub-
routine

IPRINT=0 Initialize variables for use in a subsequent sub-
routine

UPAY=0.0 Initialize variables for use in a subsequent:sub-
routine

PSUM=0.0 Initialize variables for use in a subsequent sub-
routine

HIB=0.0 Initialize variables for use in a subsequent sub-
routine

HIA=0.0 Initialize variables for use in a subsequent sub-
routine

1GAP=0 Initialize variables for use in a subsequent-sub-
routine

MGR=0 Initialize variables for use in a subsequent sub-
routine

ICRSL=0 Initialize variables for use in a subsequent sub-
routine

IPRINT=2 Initialize variables for use in a Subsequent sub-
routine

MESAGE=100 Decision code kicker to print error message no. 23

MES=1 to 36 Flag to indicate which message is to be printed
in the output

IPRINT Decision code to alternate format used in the out-
put to show "Group" and "End of Group"
(IPRINT=0,1,2)

NCONTR Roadway Identification

NCONTR=0 -- Fully controlled access roadway or
non-controlled access roadway from
first of two directions of impact
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TABLE 8~3, CONTINUED

MAIN PROGRAM (Continued)

HIB

HIA

HI1(I,1)
HI1(I,2)
HI2(I,1)

HI2(1,2)

Subroutine SLIST

'NSUB
NAME (40, 2)

K
IDESC(40,19)

J

Subroutine HWY

TYPE (L, M)
CLASS (L, M)
L
M

Subroutine DIST

IDSIT(255)

NCONTR=1 -- Non-controlled access roadway from
second of two directions of impact

Total sum of the incremental values of the hazard
index before the proposed improvement is imple-
mented

Total sum of the incremental values of the hazard
index after the proposed improvement has been
implemented

Incremental value of the hazard index before due
to a possible hit from the inventory direction

Incremental value of the hazard index before due
to a possible hit from the opposing direction

Incremental value of the hazard index after due
to a possible hit from the inventory direction

Incremental value of the hazard index after due
to a possible hit from the opposing direction

Total number of subroutines

Alpha-numeric array consisting of the names of
subroutines used in the program

Key to signal the start of a subroutine descrip-
tion

Alpha-numeric array consisting of the descriptions
of the subroutines used in the program

Key to signal the completion of a subroutine
description

Alpha-numeric array of highway type
Alpha-numeric array of highway classification
Counter

Counter

Integer array for information on the relationship
between county and district numbers
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TABLE 8-3, CONTINUED
Subroutine DIST (Continued)

I Counter

Subroutine ERROR

NMES Number of messages built into the program for
purposes of flagging errors to its users
NAME (40, 4) Alpha-numeric array consisting of the names of

the subroutine in which all corresponding errors
were detected

MG (40,20) Alpha-numeric array consisting of the messages to
be listed in the output for each detected error

Subroutine SEVRTY

J=0 Initialize severity indices array variables

K=0 Initialize severity indices array variables

L=0 Initialize severity indices array variables

1J=1 Unity variables for those values sought from the
array that are less than four-dimensional

IK=1 Unity variables for those values sought from the

' array that are less than four-dimensional

IL=1 Unity variables for those values sought from the
array that are less than four-dimensional

JJ Number of hazard descriptor codes associated with
a given identification code

S$(13,7,4) Four-dimensional array consisting of the severity
indices corresponding to all hazards as obtained
from the THD and as adjusted

X Temporary variable for adjusted severity-indices

J Value of hazard descriptor code to be used in ar-
ray computations

K Value of the beginning end treatment code to be
used in array computations

L Value of the ending end treatment code to be used
in array computations

I Hazard identification code variable (I=1 to 13)

(I=01 ... Utility poles)

(I=02 ... Trees)

(I=03 ... Rigid signpost)

(I=04 ... Rigid base luminaire support)
(I=05 ... Curbs)

(I=06 ... Guardrail or median barrier)
(I=07 ... Roadside slape)
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TABLE 8-3, CONTINUED

Subroutine SEVRTY (Continued)

I

Subroutine ADJUST

SD

SDA

Subroutine INVTRY

H1(15,1) through
H44(15,1)

C1(15,5) through
C49(15,5)

LP1
NC(I)

X(79)

(1=08 ... Ditch)"

(I=09 ... Culverts)

(I=10 ... Inlets)

(I=11 ... Roadway under bridge structure)
(I=12 ... Roadway over bridge structure)
(I=13 ... Retaining wall)

Temporary factor equal to the severity index to
be used to transfer through common block "HDITCH"
Adjusted severity index from that calculated in
subroutine "VDITCH"

Input variables--see names of variables from hazard
inventory form

Input variables-—see names of variables from hazard
improvements form

Hazard number within a group

Improvement alternative number acting upon a group

Total number of hazards counted as being associated
with a given group

Input data indicator

(X80=1 ... Indicates the end of the data asso-
ciated with one hazard within a group
of hazards)

(X80=2 ... Indicates the end of the data asso-
ciated with single hazard or a group
of hazards)

(X80=3 ... Indicates the end of all data to be
evaluated and end of program)

Number of hazards within a group

An array to store the number count of the alter-
native improvements

Array to store all information to be found in the
first 79 spaces of each input card as raw data
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Subroutine ORDERI1

NCOUNT (15)=1
IH19

HOFF (15, 1)

TEMP

MM(-)

ITEMP

Al(-,-) thrdugh
Adb(—-, )

B1(~ , -) through
B49(—- ,-)

LP1

Subroutine ORDER2

MM(-)
1H6
ITEMP
II

JJ

HLGTH

TABLE 8-3, CONTINUED

Temporary variable for value or hazard classifi-
cation
Temporary variable for value or hazard classifi-
cation
Offset to each hazard as determined from equations
in program
(HOFF(N,1) ... Offset of the hazard presently
being evaluated in the program)
(HOFF(K,1) ... Offset of the next hazard in a
numerical order by milepost)
Temporary storage variable for the transferred
value of HOFF(N,l) to exchange positions with
HOFF (K,1)
Storage array for hazard numbers with respect to
a numerical order by milepost
Temporary storage variable for MM array during
reordering process with respect to offset
distance

Temporary storage arrays for H1(- , —) through H44
(— ,~) during reordering process with respect
to offset distance

Temporary storage arrays for Cl(— , —) through C49
(-, —=) during reordering process with respect
to offset distance

Number of alternative improvements offered for a
hazard or group hazard

Array of hazard numbers to be rearranged in longi-
tudinal order

Equal to H6

Temporary storage variable for MM array value
during reordering process with respect to lon-
gitudinal position

Hazard number of first "longitudinal" hazard to
be protected by a single length of guardrail

Hazard number of last "longitudinal" hazard to be
protected by a single length of guardrail

Total length of combined hazard to be protected
by guardrail
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Subroutine HAZARD

NC(15)

11
12
13
I4
SI(15)

SI11(15,1)

Subroutine PTHAZ

HWID(— ’ "")
HLENG(- , — )
YLAT1

YLAT2
IRAIL

ISL

ISLP1
ISLOPE
YLAT(—, -)
YLAT1(- , -)

YLAT2(—, —)

TABLE 8-3, CONTINUED

An array to store all of the values of the counts
of alternatives corresponding to each hazard
within a group

Dimensioning variables for the 4-dimensional
severity-indices array

Dimensioning variables for the 4~dimensional
severity-indices array

Dimensioning variables for the 4-dimensional
severity-indices array

Dimensioning variables for the 4~dimensional
severity-indices array

Severity number for each hazard in data group
(SI(I) = S(I1, I2, 13, I4)/10)

Revised severity number

An array for the widths of the hazards measured
perpendicular to the edge of the travel lane
An array for the lengths of the hazards measured

parallel to the edge of the travel lane
Lateral offset from the inventory roadway
Lateral offset from the opposing direction roadway
Flag to check for branching to subroutine RAILS5
for installation of guardrail to protect slope
not a bridge
Kicker to detect the presence of a slope within
the group
(ISL=0 ... Slope present)
(IsL=1 ... No Slope)
Kicker to detect the location of the point hazard
(ISLP1=1 ... Not on a critical slope)
(ISLP1=2 ... On a critical slope)

Lateral offset of the point hazard from the in-
ventory roadway on the right side

Lateral offset of a point hazard within the median
from the near side

Lateral offset of a point hazard within the median
from the far side
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Subroutine LGHAZ

BREND

LL=1

NOSL=0
YLAT1=0.0
YLAT2=0.0
L

OFFSET

WD

DT
DTL

FSDIR
FSOFF
BSSTP
FSSTP
HLENG

HWID
NOSL=1
ISLOPE=1
ISLOPE=2
ASSUMPTION

ISLP1=1
ISLP1=2
ISLP2=1
ISLP2=2
ASSUMPTION

TABLE 8~3, CONTINUED

Coefficient for the hazard index of a bridge to
adjust for the existance of protective guard-
rail for the bridge end assumed to be a 40%
reduction from open bridge end.

Initialize subscript value corresponding to a
hazard

Initialize flag

Initialize an offset distance

Initialize an offset distance

Counter used to determine the hazard number ('I"
value) within the reordered group of various
specific types of hazards.

Average offset from the roadway to the longitudinal
hazard

Actual width of a washout ditch either parallel
or perpendicular
(WD=3.0 ... Those perpendicular ditches narrower

than the minimum recording of mile-
post (0.001 mile) are approximated
to be 3.0 ft wide)

Lateral offset to a ditch to be used in Subroutine
DITCH

Longitudinal distance parallel to the roadway of a
washout ditch (to be used in Subroutine DITCH)

Front slope direction

Front slope offset

Back slope steepness

Front Slope steepness

Absolute value of (end milepoint - beginning mile-
point)

Width of longitudinal hazard

No slope hazard of any kind in group

No "ecritical" slope in group

Critical slope exists in hazard grouping

For those perpendicular washout ditches with lon-
gitudinal lengths less than 0.001 miles (5 ft),
the longitudinal length is assumed to be 3.0 ft.

Non-critical front slope

Critical front slope

Non-critical back slope

Critical back slope

The minimum length of a perpendicular ditch is 3.0'

The minimum length of a parallel ditch is 6.0 ft
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Subroutine SLHAZ

LL=1
HLSL
CORNER

K=I
FSERS

SIF=1.2

HLGTH=0.0
SHLGT

HLGTH

NH

FSSTP
ISLOPE=1
ISLOPE=2
BSERS

SIF

BSSTP
ISLOPE=1
ISLOPE=2
OFFST3

Subroutine CMB

XLGTH=70.0

HWID(I,J)=2.5

SM=0.8

c
YLAT(I,J)
HLENG (I, J)

TABLE 8-3, CONTINUED

Subscript value indicating hazard as it exists

Length of the slope as inventoried in the field

Increment of the shadowing effect of the cormer
of an obstacle as developed in the NCHRP report
by J.C. Glennon

Subscript variable necessary in subroutine SLOPE1l

Front slope erosion code
(FSERS=1 ... Slight or none)
(FSERS=2 ... Severe)

Erosion factor to increase the severity of the "V"
ditch by 20%

Initialize variable

Length of the slope "V" hazard that cannot be
reached due to a single point hazard obstacle
shadowing a portion of the "V" ,

Total shadowing effect of all obstacles within
the group

Total number of hazards in the group

Front slope steepness

No critical slope

Critical slope exists

Back slope erosion code
(BSERS=1 ... Slight or none)
(BSERS=2 ... Severe)

Erosion factor to increase the severity of the "V"
ditch by 20%

Back slope steepness

No critical slope

Critical slope exists

Offset to back slope hinge point from the opposing
traffic roadway

Assumed minimum length of the proposed concrete
median barrier (35 ft. each for build-up and
build-down)

Normal construction width assumed for a CMB

Severity modifier to calculate 0.8 of the severity
index of a rigid continuous guardrail

Costs not doubled

Lateral offset of the proposed CMB

Total length of the hazard after CMB has been in-
stalled
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TABLE 8-3, CONTINUED

Subroutine CMB (Continued)

SI(I)
S12(1,J)
ISLOPE=1'
OFFST4

UPAY and PSUM

Subroutine SOFT

SV

ISLOPE

S12(1,J)

OFFST4=H15(I,1)
-H20(I,1)-H23
(1,1)

C7 and Cl1

IGR=1

Subroutine ZERO

NGR=1
IGR=0
K1

K2

Calculated severity index

Revised severity index for improvement

No critical slope exists on front slope

Lateral offset from opposing direction roadway to
the concrete median barrier

Note: Costs are not doubled for CMB since normally
one installation will protect a median from both
travel directions

Assigned severity index for an energy attenuation
system

No critical slope exists on front slope

Revised severity index of the improvement

Distance from opposing roadway to point hazard

Double costs variables for installation of dual
energy attenuation systems for protection to en-
croachments from either direction

Guardrail exists on both sides of hazard

No existing guardrail in inventoried group

Guardrail does not exist on both sides of median

The value of the reordered hazard number cor-
responding to the first section of guardrail
on the near side when guardrail is present on
both sides of median

The value of the reordered hazard number cor-
responding to the first section of guardrail
on the near side when guardrail is present on
both sides of median

The value of the reordered hazard number corre-
sponding to the first section of guardrail on
a single side of roadway
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Subroutine RAIL

IC20

Subroutine RAIL1

S1(I)=1.0
$12(1,J)=0.0
N

IGR=1

IRAIL1

ASSUMPTION

KK1
KK2

MES=29

Subroutine RAIL2

HL1
HL2

HL3

YL1
Ml

M2
M3

M4

TABLE 8-3, CONTINUED

Temporary non-array variable for guardrail im-
provement alternatives

Fictitious severity index for guardrails that have
been removed (for computations)

Real value of the severity-index for the removed
guardrail

The inventory number of the guardrail within the
median on the near side within the reordered
group ,

Guardrail on both sides of median

Counter for the number of sections of guardrail
within a group that are proposed to be removed

When guardrail is to be removed from one of the
two sides, all sections of guardrail on a common
side must be removed

Number of sections of guardrail on near side of
median (from GRAIL)

Number of sections of guardrail on far side of
median (from GRAIL)

Not permitted to remove 1 guardrail from median
side if other guardrail are not removed from
same side

Longitudinal hazard length in ft.

Total length of guardrail to be added to existing
guardrail

Total length of guardrail to be removed from
existing guardrail

Average lateral offset for guardrail hazards

Variable name for the identification code subscript
of the severity index array

Variable name for the descriptor code subscript of
the severity index array

Variable name for the beginning end treatment code
subscript of the severity index array

Variable name for the ending end treatment code
subscript of the severity index array
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TABLE 8-3, CONTINUED

Subroutine RAIL2 (Continued)

KK1

ISLOPE=1
IGR=0

Subroutine RAIL6

ISLOPE=1
M

HWID(I,J)=1.5

Subroutine PTRAIL

KORDER

NNN
Dl
D2

D3
D4

ISLP1
ISLOPE
D6

D7

D8

D9
HL1

HL2

Total number of sections of guardrail on the near
side of median or right side of road

No critical slope present on front slope

Guardrail on right side or on one side of median

No critical slope exists on front slope

Subscript for descriptor code of the hazard to
be looked at

Assumed width of proposed guardrail installation

Kicker to detect the presence of all point hazards
within the group and all improvements recorded
as protect with guardrail
(KORDER=1 ... Above is true-~-call subroutine

ORDER2)

Counter to search throughout all the hazard num-
bers for their values of C12 and Cl13

Lateral offset to the point hazard

Lateral offset to the proposed near side guardrail

Lateral offset to the far side of the point hazard

Lateral distance proposed to separate the front
side of the near side guardrail from the point
hazard

Key for detection of critical slopes

Lateral offset from the inventory roadway to the
front face of the proposed far side guardrail

Lateral distance between the front face of the pro-
posed sections of guardrail on both sides of the
median

Lateral offset from the opposing traffic roadway
to the front face of the proposed far side guard-
rail

- Lateral offset from the opposing traffic roadway

to the near side of the point hazard
Length of guardrail needed in advance of a point
hazard on the right side or median near side
Length of guardrail needed in advance of a point
hazard on the far side of the median
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TABLE 8-3, CONTINUED

Subroutine PTRAIL (Continued)

HL3

HL4

HL5

Subroutine DTRAIL

D1=DT
DLGTH=DTL

JGR

ISLOPE=1
D2

D3
D4

HL1

N

NGR=1

D6
D8

D9

HL2

Longitudinal distance from the end of a proposed
section of guardrail to the possible beginning
of a shadowing effect of collisions with the
backside of the guardrail on the opposite side

Length of guardrail proposed for the near side in
advance of a point hazard including 25 ft. for
safety end treatment

Length of guardrail proposed for the far side in
advance of a point hazard including 25 ft. for
safety end treatment

Both variables indicate the offset to a ditch
hazard

Longitudinal distance parallel to the roadway of
a ditch hazard

Proposed guardrail installation locator

(JGR=0 ... Initialize JGR)

(JGR=1 ... Installation on far side of median
only)

(JGR=2 ... Installation on right side of median
near side either with or without far
side installation)

No critical slope exists on front slope

Average offset of the proposed guardrail installa-
tion

Offset of the far side of the ditch

Average distance between the proposed guardrail
and the ditch hazard

Computed length of needed protective guardrail as
based on criteria developed by Paul Tutt, THD

Counter used as a hazard subscript to search out
all other hazards that may be present behind

the proposed guardrail installation

No existing guardrail within the hazard group

Total number of hazards existing in a group

Average offset to the proposed far side guardrail

Average offset from the opposing direction roadway
to the proposed far side guardrail

Lateral distance between the near side of the haz-
ard and the opposing roadway

Proposed needed length of guardrail installation
for the side based on criteria developed by Paul

Tutt, THD.
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Subroutine SLRAIL

HLSL

D2

D3

HL1

D6

D9

D8

HL2

Subroutine CURB

ASSUMPTION

ISLOPE=1
YLAT1

Subroutine BRIDGE

XL
IBR

TABLE 8-3, CONTINUED

Length of the slope hazard as inventoried in the
field

Subscript variable to locate possible hazards with-
in the group

Total number of hazards

Subscript variable used in subroutine SLOPEl for a
hazard number of a slope

Lateral offset of the proposed guardrail installa-
tion on the right side or median near side

Lateral offset to the toe-of-the-slope

Computed length of right side or near side needed
guardrail based on criteria developed by Paul
Tutt, THD

Lateral offset of the proposed far side guardrail
installation

Lateral distance from the opposing traffic roadway
to the toe-of-the-slope

Lateral distance from the opposing traffic roadway
to the proposed guardrail installation

Computed length of far side needed guardrail based
on criteria developed by Paul Tutt, THD

A wedge modified curb is assumed to have a severity
index of 0.9 of that assigned to a mountable curb
hazard

No critical slope present on front slope

Average hazard offset for near side curb hazard

Temporary hazard length in miles
Kicker to detect a change in position of the
bridgerail for the proposed improvement
(IBR=0 ... No change in position with the pro-
posed position)
(IBR=1 ... Position of bridgerail changed by im-
provement proposal of either a lateral
move or a decked over gap)
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Subroutine BRGR

IBR=0, IBR1=0,
INST=0
IBR

INST

IBR1

D1

X1

Y
D2
ISLOPE=1

Subroutine BRGRL

NBR
MM(N)

NN (NBR)
SLMID

NCONTR=0

NCONTR=1

TABLE 8-3, CONTINUED

Initialize variable flags

Flag to determine position of installed guardrail
at a bridge site
(IBR=1 ... Install either approach or departing

guardrail) '
(IBR=2 ... Install both approach and departing
guardrail)

Flag indicating an improvement proposal of guard-
rail at a bridge
(INST=1 ... Install approach guardrail)

(INST=0 ... Install departing guardrail)

Flag to indicate the progress of the program

(IBR1=1 ... Install-one section of guardrail
at a bridge site)

(IBR1=2 ... Second section of guardrail installed
at departing bridge site)

Counter used as a hazard subscript to search out
all other hazards that may be present behind
the proposed guardrail installation

Offset of the free-end of either the proposed ap-
proach or departing guardrail

Offset of the end of the guardrail connected to
the bridge of either approach or departing
guardrail)

Lateral distance for guardrail transition (dif-
ference between offsets of the ends of the
proposed guardrail)

Computed length of guardrail based on THD criteria

Average offset of proposed guardrail installation

No critical slope present on front slope

Number of bridge structures in line within a group

Temporary rearrangement of bridge structures in
longitudinal direction

Longitudinal position of bridge structures in line

Longitudinal midpoint of slopes between successive
bridge structures

Fully controlled access roadway .or. non-controlled
access roadway from first of two directions of
impact

Non-controlled access roadway from second of two
directions of impact
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Subroutine SLOPEL

FSDIR

BSDIR

FSERS
BSERS
FSSTP
BSSTP
FSDIS
BSDIS
OFFST1
FSANG
BSANG
DELTA
FSOFF

OFFST2

Subroutine VDITCH

ST

FSDIR
FSSTP
DELTA
FSOFF

SD

TABLE 8-3, CONTINUED

Front slope direction
(FSDIR=2 ... Negative slope)
(FSDIR=1 ... Positive slope)
BAck slope direction
(BSDIR=2 ... Negative slope)
(BSDIR=1 ... Positive slope)
Front slope erosion descriptor from inventory form
Back slope erosion descriptor from inventory form
Front slope steepness
Back slope steepness
Slope face distance for front slope
Slope face distance for back slope
Lateral offset to hinge point of front slope
Slope angle at front slope hinge point
Slope angle at back slope hinge point
Angle between the front and back slopes
Lateral offset to the "V" between the front and
back slopes
Lateral offset to the hinge point of the back
slope

Factor to be used to proportion the severity index
of a V-ditch based on intersection of the front
and back slopes
(S1=0,80 ... Maximum assigned factor)

Front slope direction

Front slope steepness

Angle formed between the front and back slope

Lateral offset to hinge point of front slope

Width of the imaginary longitudinal hazard asso-
ciated with the V-ditch

Factor equal to SI to be sent through common block
"H:DIT CHI 1]
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Subroutine DITCH

NH
NGR

IGR

Subroutine WASQUT

Z
FFSTP

WD
FSSTP
DELTA

ASSUMPTION

‘Subroutine FLATEN

K

1)

FSSTP
ISLOPE

TABLE 8-3, CONTINUED

Total number of hazards

Flag from GRAIL to detect guardrail
(NGR=1 ... No existing guardrail)

Flag from subroutine GRAIL to detect guardrail
position
(IGR=0 ... Guardrail on one side only)
(IGR=1 ... Guardrail on both sides of median)

Value of the hazard number from the reordered
group corresponding to the first section of
guardrail located on the nearest side having
existing guardrail

Value of the hazard number from the reordered
group corresponding to the first section of
guardrail located on the far side with existing
guardrail on both sides of median

Temporary storage of average depth of ditch

Temporary storage of front slope steepness of a
washout ditch as approximated

Average width of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>