
I 
TTl-2-10-7 4-15-1 · 

TEXAS 
TRANSPORTATION 
INSTITUTE 

TEXAS 
HIGHWAY 
DEPARTMENT 

COOPERATIVE 
RESEARCH 

COST-EFFECTIVENESS PROGRAM FOR ROADSIDE 
SAFETY IMPROVEMENTS ON TEXAS 
HIGHWAYS--VOLUME TWO, COMPUTER PROGRAM 
DOCUMENTATION MANUAL 

I 
i 

RESEARCH REPORT 15-1 
STUDY 2-10-74-15 

in cooperation with the 
Department of Transportation 
Federal Highway Administration 

ROADSIDE SAFETY IMPROVEMENTS 

Ii 



TECHNICAL REPORT STANOARD TITLE' PACr 

J· Report No. 2. Government Accession No. 3. Recipient' 1 Cotolog No. 

. ,/ 

·--- .. --------· 
J. Title and Subtitle 5. Report Dote 

! August, 1974 DST-EFFECTIVENESS PROGRAM FOR RO,ADSIDE SAFETY IMPROVE- --
£NTS ON TEXAS HIGHWAYS 6. Performing Orgoni ration Code 

; vm TTM"R 2: CQMJ;lUTER fROGR.AM POCUMENTATION MANUAL 
;1.'· Author/ sl 8. Performing Orgoni ution Report No. 

Graeme D. Weaver, Edward R. Post and Darryl D, French 
1,'1 Research Report No. 15-1 
I• Performing Organization Nome and Address 10. Work Unit No. 
lfexas Transportation Institute 
Jexas A&M University 11. Contract or Grant No,2-10-74-15 & 
,:Ollege Station, Texas 77843 Research Stud~ 2-8-72-11 

13. Type of Report and Period Covered 

'·12. Spon1oring Agency Name and Address 
I i September, 1973 

,exas Highway Department nter m - A t 1974 ugus , 
11th and Brazos 14. Spon1oring Agency Code 
Austin, Texas 78701 

15. Supplementary Notes 

Research performed in cooperation with DOT, FHWA, 
~esearch Study Title: "Cost-Effectiveness Priority Program for Roadside Safety 
Improvements on Non-Controlled Access Roadways, II 
,1.6. Ab1troct 

? This report represents the final report (Volume 2 of 3) of Research Study 
~10-74-15, entitled, "Cost-Effectiveness Priority Program for Roadside Safety 

provements on Non-Controlled Access Roadways," a follow-on to Research Study 
' J-8-72-11, "Cost-Effectiveness Priority Program for Roadside Safety Improvements 
,n Texas Freeways. II 

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

This report presents documentation of the computer model including descriptions 
of computer variables, discussion of as~umptions made, and flow charts for the 
major subroutines comprising the mode1;·-·"rti[je§r!Alch st111ii ea are dgcumented in three 
volumes as follows: -

Volume 1: Procedures Manual 

Volume 2: Computer Program Doc 

Volume 3: Cost-Effectiveness An 

, Key Word1 

Roadside Safety, Cost-Effectiveness, 
iafety Improvements, Computer Program 

ntaa.o~i(l 

Security Clouif. (of this report) 20. Security Clauif, (of thi I page) 

Unclassified Unclassified 

llo,m DOT F 1700.7 (l•H> 

21• No. of PagH 22. rice 

226 



COST-EFFECTIVENESS PROGRAM FOR ROADSIDE 
SAFETY IMPROVEMENTS ON TEXAS HIGHWAYS 

VOLUME 2: COMPUTER ,,PROGR~~,tioJ:u"4\ENTATION MANUAL 

Research Re~' ''£~:JS,,1/ 
t,.1,;,' ',,·,', .. 

' ,. ~ 'lfl 

Research Studies 2-8-72-1;:,;~~; .. ;.~1~~~74-15 
'e,l ~.}·, ·t. \ '·"' 

Sponsored by 

The Texas Highway Department 

in Cooperation with the 

U. S. Department of Transportation 

Federal Highway Administration 

August, 1974 
(Revised February, 1975) 

TEXAS TRANSPORTATION INSTITUTE 
TEXAS A&M UNIVERSITY 

COLLEGE STATION, TEXAS 77843 



IMPLEMENTATION 

The cost-effectiveness analysis procedure for roadside safety 

improvement evaluation ~a~~been developed on an immediate implemen­

tation basis. This report provides docum~ntation of the computer 

model developed to ev;luate safety !mprovemerit alternatives. The 

model is a~plicable for both controlled.and non-controlled access 
' ' 

rural h~hways. Immediate implementati~n 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 of 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-Effectiveness 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 1: 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 scale 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 if 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 (]) based on the generalized NCHRP 20-7 

research. In a follow-on study (1.), the concept and procedure were 
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adapted to include non-controlled 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(~). 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 assigned an input coding system as shown in Table 

2-1. Hazards are grouped by descriptive title under general identi­

fication code designation 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. 
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TABLE 2-1 

HAZARD CLASSIFICATION CODES 

Note: Circled Codes denote Point Hazard 

Identification Code 

~ Utility Poles 

@ Trees 

~ Rigid Signpost 

Rigid Base Luminaire 
Support 

05. Curbs 

06. Guardrail or Median 
Barrier 

07. Roadside Slope 

(00) 

(00) 

Descriptor Codes 

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

(00) 

(01) mountable design 
(02) non-mountable design less than 

10 inches high 
(03) barrier design greater than 10 

inches high 

(01) w-section with standard post spacing 
(6 ft-3 in.) (including departing 
guardrail at bridge) 

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

(03) approach guardrail to bridge--de­
creased 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) Metal Beam Guard Fence (Barrier) 

(in median) 
(07) median barrier (CMB design or 

equivalent) 

(01) sod positive slope 
(02) sod negative slope 
(03) concrete-faced positive slope 
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TABLE 2-1, CONTINUED 

Identification Code Descriptor Codes 

07. Roadside Slope, cont. (04) concrete-faced negative slope 
(05) rubble rip-rap positive slope 
(06) rubble rip-rap negative slope 

08. Ditch (00) 

@ 

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

Culverts 

@ Inlets 

@ 

12. 

13. 

Roadway under Bridge 
Structure 

Roadway over Bridge 
Structure 

Retaining Wall 

(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) 
(02) 
(03) 

@ 
@ 
(03) 

(04) 

(05) 

(06) 

(01) 

@ 

2-3 

bridge piers 
bridge abutment, vertical face 
bridge abutment, sloped face 

open gap between parallel bridges 

closed gap between parallel 
bridges 

rigid bridgerail--smooth and con­
tinuous construction 

semi-rigid bridgerail--smooth and 
continuous construction 

other bridgerail--probable penetra­
tion, snagging, pocketing or 
vaulting 

elevated gore abutment 

face 

exposed end 



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. 
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3. INVENTORY AND IMPROVEMENT FORM 
COMPUTER VARIABLE 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 .S. I .S. 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 
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Variable 
Name 

Hl 

H2 

H3 

H4 

HS 

H6 

H7 

H8 

H9 

HlO 

Hll 

H12 

H13 

H14 

H15 

H16 

TABLE 3-1 

COMPUTER PROGRAM VARIABLES 

(Roadside Hazard Inventory Form) 

Column 

(23-26) 

(3-6) 

(8-10) 

(11-14) 

(15-16) 

(22) 

(19-21) 

(1-2) 

(7) 

(27-28) 

(29-30) 

(31) 

(32-34) 

(35-38) 

Description 

Hazard number 

Highway number 

County code 

Control number 

Section number 

Recording direction 
(H6 = 1 with milepost) 
(H6 = 2 against milepost) 

Average daily traffic f 1000 

Highway type 

Highway classification 

Nonexisting on form 

Hazard identification code (see hazard 
classification code, table 2-1) 

Hazard descriptor code (see hazard 
classification code) 

Offset code 
(H13 = 1 right side) 
(H13 = 2 ••• median or left side) 

Nonexisting on form 

Median width 

Grouping number 
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Variable 
Name 

H17 

Hl8 

Hl9 

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 

(H29 = 4 

3-4 

full beam connection-­
beginning at structure) 
not full beam connection-­
beginning at structure) 



Variable 
Name 

H30 

H31 

H32 

H33 

H34 

H35 

H36 

H37 

H38 

H39 

H40 

H41 

Column 

(62) 

(52-53) 

(54-55) 

(56-57) 

(58-59) 

(60-61) 

(62-63) 

(64) 

(65) 

(66-67) 

(68-69) 

(70-71) 

TABLE 3-1, CONTINUED 

Description 

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) 
(H30 = 3 full beam connection--ending 

at structure) 
(H40 = 4 not full beam connection-­

ending at structure) 

Hinge-point offset at the beginning of 
front slope 

Hinge-point offset at the end of front 
slope 

Beginning steepness of the front slope 

Ending steepness of the front slope 

Front slope face length (measured up or down 
slope surface) at the beginning milepoint 

Front slope face length (measured up or down 
slope surface) at the ending milepoint 

Front slope face erosion code 
(H37 = 1 slight or none) 
(H37 = 2 ••• severe, ruts= 1 ft.+) 

Front slope direction 
(H38 = 1 positive) 
(H38 = 2 .•. negative) 

Steepness of the back slope at the 
beginning milepoint 

Steepness of the back slope at the ending 
milepoint 

Back slope face length (measured up slope 
surface) at the beginning rnilepoint 
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TABLE 3-1, CONTINUED 

Variable 
Name Column Description 

H42 (72-73) Back slope face-length (measured up slope 
surface) at the ending rnilepoint 

H43 (74) Back slope face erosion code 
(H43 = 1 slight or none) 
(H43 = 2 ... severe, ruts= 1 ft.+) 

H44 (75) Back slope direction 
(H44 = 1 positive) 
(H44 = 2 ••• negative) 

(77) Card type (type 1 for inventory card) 
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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 descriptor 

I= hazard number in a group 
(1 ~I~ 15) 

J = improvement alternative in a group 
(2 ~ J ~ 5) 

Improvement data are read in subroutine INVTRY. 
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Variable 
Name 

Cl 

C2 

C3 

C4 

cs 

C6 

C7 

CB 

C9 

ClO 

Cll 

TABLE 3-2 

COMPUTER PROGRAM VARIABLES 

(Roadside Hazard Improvements Form) 

Column 

(1-4) 

(5-8) 

(9-11) 

(12-15) 

(16-17) 

(18-23) 

(24-27) 

(28-31) 

(32-35) 

(36-39) 

Hazard number 

Highway number 

County code 

Description 

Control number 

Section number 

Non-existing on form 

First cost of the improvement($) 

Repair cost per collision($) for the 
existing hazard 

Repair cost per collision($) for the pro­
posed improvement 

Normal maintenance ($/yr) for the existing 
hazard 

Normal maintenance ($/yr) for the proposed 
improvement 

Point Hazard Improvement Variable Names 

Cl2 (40) Improvement category 
(Cl2=1 ••• Point hazard improvement) 
(C12=2 ••• Longitudinal hazard improvement) 
(Cl2=3 ••• Slope hazard improvement) 
(Cl2=4 No improvement reconnnended) 
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Variable 
Name 

Cl3 

Cl4 

Cl5 

C16 

C17 

C20 

C48 

C49 

Column 

(41) 

(42-43) 

(42-44) 

(45-46) 

(4 7-48) 

(42) 

(42-43) 

(44-45) 

TABLE 3-2, CONTINUED 

Description 

Point hazard improvement category 
(C13=1 Alleviate hazard) 
(C13=2 Protect hazard with guardrail-­

(Hazard not on critical slope) 
(C13=3 Protect hazard with concrete 

median barrier (CMB)) 
(C13=4 Protect hazard with energy at­

tenuation system) 

Lateral offset to proposed guardrail (right 
side or median near side) 

Length of the proposed energy attenuation 
system 

Width of the proposed energy attenuation 
system 

Offset of the proposed energy attenuation 
system 

Alleviate point hazard alternatives 
(If Cl3=1 and C20=1 Remove hazard) 
(If Cl3=1 and C20=2 Make breakaway and/ 

or relocate) 
(If Cl3=1 and C20=3 Reconstruct an in­

let to safe design 
standards) 

(If Cl3=1 and C20=4 ••• Reconstruct cross­
drainage system 
(remove headwalls, 
extend culverts, 
grade, etc.)) 

Lateral offset of proposed concrete median 
barrier 

Lateral offset to proposed guardrail (median 
far side) 
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Variable 
Name Column 

TABLE 3-2, CONTINUED 

Description 

Longitudinal Hazard Improvement Variable.Names 

Cl2 

C18 

Cl9 

C20 

(40) 

(41) 

(42) 

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

Longitudinal hazard improvement classification 
(Cl8=1 Curb hazard) 
(C18=2 Bridgerail hazard) 
(C18=3 Guardrail hazard) 
(Cl8=4 Ditch hazard) 

Non-existing on form 

Longitudinal hazard improvement alternatives 
(If Cl8=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 Cl8=3 and C20=2 Upgrade to full 

safety standards) 
(If Cl8=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 Cl8=3 and C20=6 Safety treat guard-
rail free-end only) 

(If Cl8=4 and C20=1 Reshape ditch to 
safe cross section) 

(If Cl8=4 and C20=2 Replace ditch with 
storm drain) 
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Variable 
Name Column 

C20 cont. (42) 

C21 (43) 

TABLE 3-2 , CONTINUED 

Description 

(If C18=4 and C20=3 ••• Protect ditch with 
a guardrail--see 
box "A" on form) 

Improvement alternative for rigid or semi­
rigid bridgerail (C18=2 and C20=1 or 2) 

Upgrade to full safety standards) 
Move laterally) See box "A" on form 
Install guardrail along bridge­
rail face) 

(C21=1 
(C21=2 
(C21=3 

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

Slope Hazard Improvement Variable Names 

Cl2 

Cl8 

C34 

C35 

C36 

C37 

(40) 

(41) 

(64-69) 

(70-75) 

(42-43) 

(44-45) 

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

Slope hazard 
(Cl8=1 ••• 

(Cl8=2 ••• 

(Cl8=3 

(Cl8=4 

improvement classification 
Install guardrail to protect 
slope not at a bridge--may in­
clude point hazards on slope) 
Install approach or departing 
guardrail at bridge--may in­
clude point hazards on .slope) 
Install continuous guardrail 
between successive bridges) 
Flatten slope) 

Beginning milepoint of the improved slope if 
different from inventory 

Ending milepoint of the improved slope if 
different from inventory 

Hinge-point offset at the beginning of the 
improved slope 

Hinge-point offset at the end of the improved 
slope 
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Variable 
Name Column 

C38 (46-47) 

C39 (48-49) 

C40 (50-51) 

C41 (52-53) 

C42 (54) 

C43 (55-56) 

C44 (57-58) 

C45 (59-60) 

C46 (60-61) 

C47 (63) 

C48 & C49 

TABLE 3-2, CONTINUED 

Description 

Front slope steepness at the beginning mile­
point of improved slope 

Front slope steepness at the ending milepoint 
of improved slope 

Front slope face length (measured up or down slope 
surface) at beginning milepoint of improved slope 

Front slope face length (measured op or down ~lope 
surface) at ending milepoint of improved slope 

Front slope direction of the improved slope 
(C42=1 Positive slope) 
(C42=2 ••• Negative slope) 

Back slope steepness at the beginning mile­
point of improved slope 

Back slope steepness at the ending mi~epoint 
of improved slope 

Back slope face length at the beginning mile­
point of improved slope 

Back slope face length at the ending mile­
point of improved slope 

Back slope direction of the improved slope 

See point hazard improvement category above 

Box A--Improvement Variable Names (Install Guardrail) 

C24 (44-45) 

C25 (46-47) 

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

Lateral offset at the ending milepoint of 
proposed guardrail installation (right or 
median near side; or approach guardrail) 
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Variable 
Name 

C30 

C31 

Column 

(48-49) 

(50-51) 

TABLE 3-2, CONTINUED 

Description 

Lateral offset at beginning milepoint of pro­
posed guardrail installation (median far 
side or departing guardrail) 

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 Reconunended Category 

Cl2 (40) Cl2=4 ••• No improvement recommended 

Card Type 

(77) Card type (type 2 for improvement card) 

3-14 



4. SEVERITY INDICES 

Establishment of the severity or 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 object or situation on a 

linear scale from Oto 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 one 

producing only injury, whereas a similar nwnerical 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 (1). 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 an 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 
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TABLE 4-1 

ASSUMPTIONS 
IN THE DEVELOPMENT OF THE NON-LINEAR 

SEVERITY INDICES -<\J . 1, \ '1 
,\ ',\ 

'i_j~\) .(0 (\ Q'·J ) . ' \., ( 

Linear 
'\ ~\U ,' ~ 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. 
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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 O < X .5_ 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 indices 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 doctnnent. 
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Linear 
Severity 

Index 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

TABLE 4-2 

COMPARISON OF LINEAR AND NON-LINEAR HAZARD INDICES 

Severity 
Index Based 

on Cost 

0 

1 

2 

3 

4.5 

8.6 

15.5 

33.0 

62.0 

81.0 

95.5 

Approximation 
Using Three 

Linear Equations 

0 

1 

2 

3 

4 

11 

18 

25 

50 

75 

100 

4-6 

Percentage 
Difference 

NA 

0 

0 

0 

+12.5% 

+27.9% 

+16.1% 

-32.0% 

-19.3% 

- 7.4% 

+ 4.8% 



TABLE 4-3 

SEVERITY INDICES 

Identification Descriptor End Treatment Code Severity-Index 
Code Code Beginning Ending Survey Adjusted 

1. Utility Pole 
1 0 7.1 27.5 

2. Trees 
2 0 8.0 50.0 

3. Rigid Signpost 
3 1 4.7 8.9 
3 2 7.2 30.0 
3 3 7.2 30.0 
3 4 7.2 30.0 
3 5 8.1 52.5 

4. Rigid Base Luminaire Support 
4 0 7.5 37.5 

5. Curbs 
5 1 2.4 2.4 
5 2 4.1 4.7 
5 3 3.7 3.7 

6. Guardrail or Median Barrier 
6 1 1 1 3.7 3.7 
6 1 1 2 4.0 4.0 
6 1 1 3 3.6 3.6 
6 1 1 4 4.5 7.5 
6 1 2 1 5.6 15.2 
6 1 2 2 5.7 15.9 
6 1 2 3 5.3 13.1 
6 1 2 4 5.7 15.9 
6 1 3 1 3.3 3.3 
6 1 3 2 3.3 3.3 
6 1 3 3 3.3 3.3 
6 1 3 4 4.6 8.2 
6 1 4 1 4.5 7.5 
6 1 4 2 4.7 8.9 
6 1 4 3 4.5 7.5 
6 1 4 4 5.0 11.0 
6 2 1 1 3.9 3.9 
6 2 1 2 4.2 5.4 
6 2 1 3 3.8 3.8 
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TABLE 4-3, CONTINUED 

Identification Descriptor End Treatment Code Severity-Index 
Code Code Beginning Ending Survey Adjusted 

6 2 1 4 4.7 8.9 

6 2 2 1 5.8 16.6 

6 2 2 2 5.9 17.3 

6 2 2 3 5.5 14.5 

6 2 2 4 5.9 17.3 

6 2 3 1 3.5 3.5 

6 2 3 2 3.5 3.5 
6 2 3 3 3.5 3.5 

6 2 3 4 4.8 9.6 
6 2 4 1 4.7 8.9 

6 2 4. 2 4.9 10.3 

6 2 4 3 4.7 8.9 

6 2 4 4 5.0 11.0 

6 3 1 1 3.7 3.7 
6 3 1 2 4.0 4.0 

6 3 1 3 3.3 3.3 
6 3 1 4 4.5 7.5 

6 3 2 1 5.6 15.2 

6 3 2 2 5.0 11.0 

6 3 2 3 3.9 3.9 
6 3 2 4 5.0 11.0 

6 3 3 1 3.2 3.2 

6 3 3 2 3.2 3.2 

6 3 3 3 3.2 3.2 

6 3 3 4 4.4 6.8 

6 3 4 1 4.0 4.0 

6 3 4 2 4.5 7.5 

6 3 4 3 3.9 3.9 

6 j 4 4 4.7 8.9 

6 4 1 1 3.7 3.7 

6 4 1 2 4.0 4.0 

6 4 1 3 3.6 3.6 

6 4 1 4 4.5 7.5 

6 4 2 1 5.6 15.2 

6 4 2 2 5.7 15.9 

6 4 2 3 5.3 13.1 

6 4 2 4 5 .. 7 15.9 

6 4 3 1 3.3 3.3 

6 4 3 2 3.3 3.3 

6 4 3 3 3.3 3.3 

6 4 3 4 4.6 8.2 

6 4 4 1 4.5 7.5 

6 4 4 2 4.7 8.9 
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TABLE 4-3, CONTINUED 

Identification Descriptor End Treatment Code Severity-Index 
Code Code Beginning Ending Survey Adjusted 

6 4 4 3 4.5 7.5 
6 4 4 4 5.0 11.0 
6 5 1 1 3.9 3.9 
6 5 1 2 3.9 3.9 
6 5 1 3 3.9 3.9 
6 5 1 4 3.9 3.9 
6 5 2 1 3.9 3.9 
6 5 2 2 3.9 3.9 
6 5 2 3 3.9 3.9 
6 5 2 4 3.9 3.9 
6 5 3 1 3.9 3.9 
6 5 3 2 3.9 3.9 
6 5 3 3 3.9 3.9 
6 5 3 4 3.9 3.9 
6 5 4 1 3.9 3.9 
6 5 4 2 3.9 3.9 
6 5 4 3 3.9 3.9 
6 5 4 4 3.9 3.9 
6 6 1 1 4.4 6.8 
6 6 1 2 4.4 6.8 
6 6 1 3 4.4 6.8 
6 6 1 4 5.0 11.0 
6 6 2 1 5.6 15.2 
6 6 2 2 5.7 15.9 
6 6 2 3 5.3 13.1 
6 6 2 4 5.7 15.9 
6 6 3 1 4.0 4.0 
6 6 3 2 4.4 6.8 
6 6 3 3 4.0 4.0 
6 6 3 4 4.6 8.2 
6 6 4 1 4.5 7.5 
6 6 4 2 4.7 8.9 
6 6 4 3 4.5 7.5 
6 6 4 4 5.0 11.0 
6 7 1 1 4.2 5.4 
6 7 1 2 4.2 5.4 
6 7 1 3 4.2 5.4 
6 7 1 4 4.2 5.4 
6 7 2 1 4.2 5.4 
6 7 2 2 4.2 5.4 
6 7 2 3 4.2 5.4 
6 7 2 4 4.2 5.4 
6 7 3 1 4.2 5.4 
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TABLE 4-3, CONTINUED 

Identification 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 
Code 

Descriptor 
Code 

13. Retaining Wall 
13 1 

2 13 

End Treatment Code 
Beginning Ending 

4-11 

Severity-Index 
Survey Adjusted 

3.3 
9.3 

3.3 
82.5 



5. GUARDRAIL INSTALLATIONS 

The guardrail criteria used by the Texas Highway Department (_§) 

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 

HL2 = 400 (D9·- D8)/D9 

(Eqn. 5-1) 

(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. 

DlO < 30 ft. 

2. Lateral offset of ditch 

D3 ~ 30 ft. 

D9 < 30 ft. 

3. Clearance between point hazard and guardrail 

(Dl-B2).~ j ft. 

(D10-D8) > 3 ft. 
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4. Length of guardrail needed 

HLl > 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 = :~~ + (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 guardrail length is: 

Y > 150 ft. 
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6. SLOPES 

The severity associated 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 is the cost in dollars required to reduce 

one injury (fatal or non-fatal) accident. Thus, 

Cost-Effectiveness= Annualized Cost of Improvement Alternative 
Hazard Reduction Achieved 

The cost-effectiveness expressed in terms of the assigned computer 

names is as follows: 

where: 

HAZARD-INDEX 

UPAY 
CE= HIB - RIA. • • • • • • • (Eqn. 7-1) 

UPAY = Annualized costs 

HIB = Hazard index before improvements 

HIA = Hazard index after improvements 

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

improvements) is expressed as: 

where: 

I 

(HIB)J = ~ Hil(I,1) + Hil(I,2)] •••• (Eqn. 7-2) 

I=l 

I= Hazard number (1 ,:s_ I ,:s_ 15) 

J = Improvement alternative (2 :s_ J :s_ 5) 

Hil(I,1) = Encroachment from inventory traffic lanes 
(existing hazard) 



Hil(I,2) = Encroachment from Opposing traffic lanes 
(existing hazard) 

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

ments is expressed as: 

where: 

I 

(HIA)J = ~ [HI2(I,l) + HI2(I,2)] •••• (Eqn. 7-3) 

I=l 

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) = { lP[y] + d csc8 
d P[y + 2] 

+ w cote 
n 

n 

j=l 

7-2 

w(2j-l) } P[y + d + 2n ] •• (Eqn. 7-4) 
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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. 

Ef = Encroachment frequency. Number of roadside 
encroachments per mile per year. Frequency 
computed from curve in Figure 2 in reference 
(!) 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. 

l = 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. 

= lIWID(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(!)• 

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=l at increment furthest downstream 
(Figure 7-1). 

7-4 



\\:::.:.=.:. . ....... 

HAZARD 

YLAT (I,J) 

MEDIAN WIDTH 
Hl5 (I,0 
Hl3 (I,1)=2 

,\)f\i;!/i,;;~!f{itl)~, 

fllll 

YLAT(l,J) 

HAZARD 

-.., 
~ .... -(!) 

z 
~ 
....J 
l: 

RIGHT SIDE 
Hl3 (1,1) = I 

NOTE: IF HAZARD ON CRITICAL SLOPE, THEN YLAT(l,J) IS SET EQUAL TO 
tfNGE POINT LATERAL OFFSET. 

Figure 7-2. Computer variables--Hazard index. 

7-5 



8. SUBROUTINE DESCRIPTIONS 

The computer program, to be comprehensive and responsive to the 

extremely large number 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. 
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Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Subroutine 
Name 

SLIST 

HWY 

DIST 

ERROR 

SEVRTY 

ADJUST 

INVTRY 

ORDER! 

ORDER2 

CONST! 

TABLE 8-1 

LIST OF SUBROUTINES 

Description of Subroutine 

Listing of subroutines. 

Subroutine contains description of highway 
(type and classification). 

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

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

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. 

Subroutine to adjust severity indices calculated 
in subroutine VDITCH 

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. 

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

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 

Subroutine to compute constant values. 
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Number 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Subroutine 
Name 

HAZARD 

PTHAZ 

LGHAZ 

SLHAZ 

CMBPT 

SOFT 

ZERO 

RAIL 

RAIL! 

RAIL2 

RAIL6 

TABLE 8-1, CONTINUED 

Description of Subroutine 

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. 

Point hazard subroutine. (Primary subroutine) 

Longitudinal hazard subroutine (primary sub­
routine). 

Slope hazard subroutine (primary subroutine). 

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

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

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

Longitudinal hazard improvement subroutine 
where guardrail is used. 

Longitudinal hazard improvement subroutine. 
Remove existing guardrail. 

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. 

Longitudinal hazard improvement subroutine. 
Anchor existing guardrail to bridge structure. 
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Number 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Subroutine 
Name 

PTRAIL 

DTRAIL 

SLRAIL 

CURB 

BRIDGE 

BRGR 

BRGRl 

SLOPE! 

VDITCH 

DITCH 

WASOUT 

TABLE 8-1, CONTINUED 

Description of Subroutine 

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. 

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

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

Longitudinal hazard improvement subroutine 
curbs. 

Longitudinal hazard improvement subroutine -­
bridgerail. 

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

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

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

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. 

Longitudinal hazard improvement subroutine -­
ditches. 

Subroutine to compute the severity-index of a 
ditch or washout. 
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Number 

33 

34 

35 

36 

37 

38 

39 

Subroutine 
Name 

FLATEN 

GRAIL 

HINDEX 

PROB 

FREQ 

COSTS 

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 
IGR = 1 guardrail on both sides of median. 

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 (!). 

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) (!)• 

Subroutine to compute the encroachment frequen­
cy expressed as the number of roadside 
encroachments per mile per year. (Figure 2 
in NCHRP 20-7) (!_). 

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 collision. 
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. Q). 

Subroutine to print the output from the 
computer program. 
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TABLE 8-2 

CROSS-REFERENCE LISTING OF SUBROUTINES 

Subroutine Name Called In Calls For 

*MAIN OUTPUT 
SLIST 
DIST 
ERROR 
SEVRTY 
INVTRY 
ORDER! 
HAZARD 
HWY 

1. SLIST *MAIN 

2. HWY *MAIN 

3. DIST *MAIN 

4. ERROR *MAIN 

5. SEVRTY *MAIN 

6. ADJUST SLHAZ 
WASOUT 
FLATEN 

7. INVTRY *MAIN 

8. ORDER! *MAIN SLOPE! 

9. ORDER2 PTRAIL 
BRGR 
BRGRl 

10. CONST! PTRAIL 
SLHAZ 
SLOPE! 
HINDEX 

11. HAZARD *MAIN PTHAZ 
LGHAZ 
SLHAZ 

*The MAIN Program is not a Subroutine 
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TABLE 8-2, CONTINUED 

Subroutine Name Called In Calls For 

12. PTHAZ HAZARD SLOPEl 
HINDEX 
COSTS 
ZERO 
PTRAIL 
CMBPT 
SOFT 
GRAIL 

13. LGHAZ HAZARD WASOUT 
SLOPEl 
HINDEX 
COSTS 
CURB 
BRIDGE 
RAIL 
DITCH 
GRAIL 

14. SLHAZ HAZARD CONSTl 
SLOPEl 
VDITCH 
HINDEX 
COSTS 
FLATEN 
ADJUST 
BRGR 
SLRAIL 
BRGRl 
GRAIL 

15. CMBPT PTHAZ HINDEX 
COSTS 
GRAIL 

16. SOFT PTHAZ HINDEX 
COSTS 
GRAIL 

17. ZERO PTHAZ GRAIL 

18. RAIL LGHAZ RAIL! 
RAIL2 
RAIL6 
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TABLE 8-2, CONTINUED 

Subroutine Name Called In Calls For 

19. RAILl RAIL COSTS 
GRAIL 

20. RAIL2 RAIL GRAIL 
HINDEX 
COSTS 

21. RAIL6 RAIL HINDEX 
COSTS 

22. PTRAIL PTHAZ HINDEX 
CONSTl 
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. BRGRl SLHAZ ORDER2 
HINDEX 
COSTS 

29. SLOPEl ORDERl CONSTl 
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. WASOtIT LGHAZ VDITCH 
ADJUST 

33. FLATEN SLHAZ SLOPEl 
VDITCH 
HINDEX 
COSTS 
GRAIL 
ADJUST 

34. GRAIL ZERO 
RAIL! 
RAIL2 
DITCH 
FLATEN 
PTHAZ 
LGHAZ 
SLHAZ 
CMBPT 
SOFT 
SLRAIL 

35. HINDEX PTHAZ CONST! 
PTRAIL FREQ 
CMBPT PROB 
SOFT 
LGHAZ 
RAIL2 
RAIL6 
CURB 
BRIDGE 
SLHAZ 
FLATEN 
SLRAIL 
BRGR 
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TABLE 8-2, CONTINUED 

Subroutine Name Called In Calls For 

36. PROB HINDEX 

37. FREQ HINDEX 

38. COSTS PTHAZ 
PTRAIL 
CMBPT 
SOFT 
LGHAZ 
RAILl 
RAIL2 
BRGR 
RAIL6 
CURB 
BRIDGE 
DITCH 
SLHAZ 
FLATEN 
BRGRl 
SLRAIL 

39. OUTPUT *MAIN 
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MAIN PROGRAM 

LCl=l 
LIST=O 

LIST=l 
MESAGE=O 
MES=O 

LPl 
MESI=O 

IPRINT=O 

UPAY=O.O 

PSUM=O.O 

HIB=O.O 

HIA=O.O 

IGAP=O 

MGR=O 

ICRSL=O 

IPRINT=2 

MESAGE=lOO 

MES=l to 36 

IPRINT 

NCONTR 

TABLE 8-3 

SUBROUTINE COMPUTER VARIABLE NAMES 

Variable to be used in a subsequent subroutine 
Kicker for command to print title and heading 

paragraph 
Skip previous command 
Initialize message counters 
Initialize message counters 

Variable to be used in a subsequent subroutine 
Initialize variables for use in a subsequent sub-

routine 
Initialize variables for use in a subsequent sub-

routine 
Initialize variables for use in a subsequent sub-

routine 
Initialize variables for use in a subsequent sub-

routine 
Initialize variables for use in a subsequent sub-

routine 
Initialize variables for use in a subsequent sub-

routine 
Initialize variables for use in a subsequent"'sub-

routine 
Initialize variables for use in a subsequent sub-

routine 
Initialize variables for use in a subsequent sub-

routine 
Initialize variables for use in a subsequent sub-

routine 
Decision code kicker to print error message no. 23 

Flag to indicate which message is to be printed 
in the output 

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

Roadway Identification 
NCONTR=O -- 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 

Hil(I,1) 

Hil(I,2) 

HI2(I,1) 

HI2(I,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=l -- 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 
Alpp.a-numeric array of highway classification 
Counter 
Counter 

Integer array for information on the relationship 
between county and district numbers 

8-12 



TABLE 8-3, CONTINUED 

Subroutine DIST (Continued) 

I 

Subroutine ERROR 

NMES 

NAME(40,4) 

MG(40,20) 

Subroutine SEVRTY 

J=O 
K=O 
L=O 
IJ=l 

IK=l 

IL=l 

JJ 

S(13,7,4) 

X 
J 

K 

L 

I 

Counter 

Ntm1ber of messages built into the program for 
purposes of flagging errors to its users 

Alpha-ntm1eric array consisting of the names of 
the subroutine in which all corresponding errors 
were detected 

Alpha-numeric array consisting of the messages to 
be listed in the output for each detected error 

Initialize severity indices array variables 
Initialize severity indices array variables 
Initialize severity indices array variables 
Unity variables for those values sought from the 

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

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

array that are less than four-dimensional 
Number of hazard descriptor codes associated with 

a given identification code 
Four-dimensional array consisting of the severity 

indices corresponding to all hazards as obtained 
from the TIID and as adjusted 

Temporary variable for adjusted severity-indices 
Value of hazard descriptor code to be used in ar­

ray computations 
Value of the beginning end treatment code to be 

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

in array computations 
Hazard identification code variable (I=l to 13) 

(I=Ol ••• Utility poles) 
(!=02 Trees) 
(1=03 Rigid signpost) 
(!•04 Rigid base ltm1inaire support) 
(1=05 ••• Curbs) 
(1=06 Guardrail or median barrier) 
(!=07 Roadside slope) 
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TABLE 8-3, CONTINUED 

Subroutine SEVRTY (Continued) 

I 

Subroutine ADJUST 

SD 

SDA 

Subroutine INVTRY 

Hl(lS,l) through 
H44(15,1) 

Cl(lS,5) through 
C49(15,5) 

I 
J 
NH 

X80 

LPl 
NC(I) 

X(79) 

(1=08 
(1=09 
(1=10 
(1=11 
(1•12 
(1=13 

Ditch)~ 
Culverts) 
Inlets) 
Roadway under bridge structure) 
Roadway over bridge structure) 
Retaining wall) 

Temporary factor equal to the severity index to 
be used to transfer through connnon 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 ORDER! 

NCOUNT(15)=1 

IH19 

HOFF(l5,1) 

TEMP 

MM(-) 

!TEMP 

Al(- , - ) through 
A44(- , -) 

Bl(- , - ) through 
B49(-, - ) 

LPl 

Subroutine ORDER2 

MM(-) 

IH6 
!TEMP 

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) 

(HOFF(K,1) 

Offset of the hazard presently 
being evaluated in the program) 
Offset of the next hazard in a 
numerical order by milepost) 

Temporary storage variable for the transferred 
value of HOFF(N,1) 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 Hl ( - , - ) 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(l5) 

Il 

I2 

I3 

I4 

SI(l5) 

SI1(15,1) 

Subroutine PTHAZ 

HWID(-, -) 

HI.ENG(- , - ) 

YLATl 
YLAT2 
!RAIL 

ISL 

ISLPl 

!SLOPE 
YLAT(-,-) 

YLATl(- , - ) 

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 ntunber for each hazard in data group 
(SI(I) = S(Il, I2, I3, I4)/10) 

Revised severity ntm1ber 

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 f~om the inventory roadway 
Lateral offset from the opposing direction roadway 
Flag to check for branching to subroutine RAILS 

for installation of guardrail to protect slope 
not a bridge 

Kicker to detect the presence of a slope within 
the group 
(ISL=O ••• Slope present) 
(ISL=l ••• No Slope) 

Kicker to detect the location of the point hazard 
(ISLPl=l 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=l 

NOSL=O 
YLATl=O.O 
YLAT2=0.0 
L 

OFFSET 

WD 

DT 

DTL 

FSDIR 
FSOFF 
BSSTP 
FSSTP 
HLENG 

HWID 
NOSL=-1 
ISLOPE=l 
ISLOPE=2 
ASSUMPTION 

ISLPl=l 
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 "critical" 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=l 
HLSL 
CORNER 

K=I 
FSERS 

SIF=l. 2 

HLGTH=O.O 
SHLGT 

HLGTH 

NH 
FSSTP 
ISLOPE=l 
ISLOPE=2 
BSERS 

SIF 

BSSTP 
ISLOPE=l 
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 corner 

of an obstacle as developed in the NCHRP report 
by J.C. Glennon 

Subscript variable necessary in subroutine SLOPEl 
Front slope erosion code 

(FSERS=l ••• 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 nlllll.ber of hazards in the group 
Front slope steepness 
No critical slope 
Critical slope exists 
Back slope erosion code 

(BSERS=l ••• 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 m.inimlllll. 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) 
SI2(I,J) 
ISLOPE=l' 
OFFST4 

UPAY and PSUM 

Subroutine SOFT 

sv 

ISLOPE 
SI2(I,J) 
OFFST4=Hl5(I,l) 

-H20(I,l)-H23 
(I,l) 

C7 and Cll 

IGR=l 

Subroutine ZERO 

NGR=l 
IGR=O 
Kl 

K2 

K 

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 

SI(I)=l.O 

SI2(I,J)=O.O 

N 

IGR=l 
IRAILl 

ASSUMPTION 

KK1 

KK.2 

MES=29 

Subroutine RAIL2 

HLl 
HL2 

HL3 

YLl 
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) 

KKl 

ISLOPE=l 
IGR=O 

Subroutine RAIL6 

ISLOPE=l 
M 

HWID(I,J)=l.5 

Subroutine PTRAIL 

KORDER 

NNN 

Dl 
D2 
D3 
D4 

ISLPl 
ISLOPE 
D6 

D7 

DB 

D9 

HLl 

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=l ••• Above is true--call subroutine 

ORDER2) 
Counter to search throughout all the hazard num-

bers for their values of Cl2 and Cl3 
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) 

lll.3 

m.4 

m.s 

Subroutine DTRAIL 

Dl=DT 

DLGTH•DTL 

JGR 

ISLOPE=l 
D2 

D3 
D4 

m.1 

N 

NGR=l 
NH 
D6 
D8 

D9 

m.2 

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=O ••• Initialize JGR) 
(JGR=l ••• 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 

lll..SL 

N 

NH 
K=I 

D2 

DJ 
lll..l 

D6 

D9 

DB 

lll..2 

Subroutine 

ASSUMPTION 

ISLOPE•l 
YLATl 

Subroutine 

XL 
IBR 

·cURB 

BRIDGE 

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 SLOPE! 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=O ••• No change in position with the pro­

posed position) 
(IBR•l ••• 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=O, IBRl=O, 
INST=O 

!BR 

INST 

IBRl 

N 

Dl 

Xl 

X 

y 

D2 
ISLOPE=l 

Subroutine BRGRl 

NBR 
MM(N) 

NN(NBR) 
SLMID 

NCONTR=O 

NCONTR=l 

TABLE 8-3, CONTINUED 

Initialize variable flags 
Flag to determine position of installed guardrail 

at a bridge site 
(IBR=l 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=l ••• Install approach guardrail) 
(INST=O ••• Install departing guardrail) 

Flag to indicate the progress of the program 
(IBRl=l 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 
OFFSTl 
FSANG 
BSANG 
DELTA 
FSOFF 

0FFST2 

Subroutine VDITCH 

SI 

FSDIR 
FSSTP 
DELTA 
FSOFF 
w 

SD 

TABLE 8-3, CONTINUED 

Front slope direction 
(FSDIR=2 ••• Negative slope) 
(FSDIR=l ••• Positive slope) 

BAck slope direction 
(BSDIR=2 ••• Negative slope) 
(BSDIR=l ••• 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 "V11 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 
(SI=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 

"HDITCH" 
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Subroutine DITCH 

NH 
NGR 

!GR 

L 

K 

Subroutine WASOUT 

z 
FFSTP 

WD 
FSSTP 
DELTA 

ASSUMPTION 

w 

Subroutine FLATEN 

K 

w 

FSSTP 
!SLOPE 

TABLE 8-3, CONTINUED 

Total number of hazards 
Flag from GRAIL to detect guardrail 

(NGR=l • •. • No existing guardrail) 
Flag from subroutine GRAIL to detect guardrail 

position 
(IGR=O Guardrail on one side only) 
(IGR=l ••• 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 ntnnber 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 the ditch 
Front slope steepness 
Angle between the front and back slopes of the 

washout ditch as approximated 
The direction of the front slope of a washout 

ditch is always negative, therefore, FSDIR=2 
and this should correspond to the coded in­
ventory form 

Fictitious width of obstacle to be used to deter­
mine hazard index 

Reset variable "K" equal to the appropriate 
hazard inventory number "I" 

Fictitious hazard width to be used to determine 
hazard index 

Front slope steepness 
Key used in other subroutines to check for presence 

of critical slopes 
(ISLOPE•l No critical slope: exists) 
(ISLOPE•2 ••• One or more critical slopes exist) 
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TABLE 8-3, CONTINUED 

Subroutine FLATEN (Continued) 

FSOFF 
OFFSTl 
NGR=l 
BSSTP 
IGR 

N 

NSGR(l) 

FSGR(l) 

Subroutine GRAIL 

N=O, L=l, IGR=O, 
NGR=O 

L 
N 

YDIST(-) 

M(-) 

NGR=l 

L=l, KKl=l, 
KK2=1 

KKl 

KK2 

Dl, D2, DJ 

Front slope offset 
Offset one 
No guardrail exists 
Back slope steepness 
Flag from subroutine GRAIL indicating guardrail 

exists within the hazard group 
(IGR•O ••• Guardrail exists on right side or 

on one side of median only) 
(IGR=l ••• Guardrail exists on both sides of 

median) 
Temporary storage of corresponding hazard number 

of a section of guardrail 
Hazard inventory ntunber of the first section of 

guardrail that exists on the right side or 
median near side 

Hazard index ntunber of the first section of guard­
rail that exists on the median far side 

Initialize variables 
Counter for hazard inventory ntunbers 
Counter for the total number of existing guardrail 

sections within the hazard group without dif­
ferentiating by location 

Array for the averages of the hazard offset of 
each guardrail section existing in order of 
their lateral offset 

Array for the hazard index numbers of each section 
of guardrail existing within the hazard group 

No guardrail exists within the hazard group if 
and only if N=O 

Initialize counters 
Counter for total number of section of guardrail 

existing on only one side of a roadway 
Counter for total number of sections of guardrail 

on the far side when guardrail exists on both 
sides of the median 

Temporary fictitious lateral offsets to determine 
if two numerically ordered sections of guardrail 
exist on the same side 
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TABLE 8-3, CONTINUED 

Subroutine GRAIL (Continued) 

ASSUMPTION 

IGR 

Subroutine HINDEX 

NCONTR 

YLAT(-, - ) 

ADT 
y 

w 

AL 

EF 

SI(I) 
C4 

H 

More than five feet laterally, separate sections 
of median guardrail 

Flag indicating that at least one section of 
guardrail exists 
(IGR=O Guardrail on right side of roadway 

or on one side of median) 
(IGR=l Guardrail on both sides of median) 

Decision key 
(NCONTR=O ••• Fully controlled access roadway 

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

(NCONTR=l ••• Non-controlled access roadway 
from second of two directions of 
impact) 

Array of lateral offsets to be used in determining 
hazard index 

Average daily traffic 
Temporary storage of the lateral offset for the 

proposed improvement 
Temporary storage for the width of the proposed 

improvement 
Temporary storage for the length of the proposed 

improvement 
Encroachment frequency expressed as the number of 

roadside encroachments per mile per year 
Severity index of the hazard based on THD criteria 
Sum of the total probability of an encroachment 

greater than or equal to the lateral offset of 
the hazard and impacting a hazard with given 
dimensions 

Hazard HINDEX equal to the product of the severity 
of an impact times the probability of an impact 
to a hazard of given dimension due to an encroach­
ment with a calculated frequency 
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Subroutine PROB 

y 

Y2 
Y3 
PP 

ASSUMPTION 

ASSUMPTION 

Subroutine FREQ 

ADT 

EF 

NOTE 

Subroutine COSTS 

RI 

LIFE 

Al 
A3 
A4 
A5 
LL 

HINDEX 
CI 

CF 
R 
p 

00 

TABLE 8-3, CONTINUED 

Lateral offset distance to obstacle (ft) 
Square of the value of Y 
Cube of the value of Y 
Probability of a vehicle's lateral displacement 

greater than some offset distance 
The angle of encroachment used to determine the 

probability of this event is equal to 11 degrees 
If the lateral offset distance is less than or 

equal to 6 ft, then the probability is 100%. 
If the distance proposed is greater than 44 ft, 
the probability is 0%. 

Average daily traffic as determined from inventory 
form 

Encroachment frequency based on ADT of roadway 
expressed as the number of roadside encroachments 
per mile per year 

The EF is a step function of the ADT with three 
levels: less than 3200 ADT; 3200 to 5500 ADT; 
and greater than 5500 ADT 

Rate of interest as assumed in CONST! (currently 
8%) 

Life expectancy for computations of compound 
interest (currently 20 years as assumed in 
CONSTl) 

Annual compound interest factor 
Interest times the compound interest 
Present value compound interest factor 
The reciprocal of A4 
Value of second subscript ("J" value) for hazard 

array 
Hazard index 
Annualized maintenance repair cost for collisions 

with the improvement 
Annualized first cost for the improvement 
Annualized total cost 
Present value of total cost 
Annualized maintenance repair cost of collisions 

with the hazard 
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9. DATA INPUT-OUTPUT 

DATA DECK ARRANGEMENT 

Correct type, location, and amount of data on an inventory or 

improvement form are imperative to successful operation of the com­

puter program. It is equally important that the data deck be cor­

rectly arranged so that an equal number of improvement alternatives 

are provided for each hazard within a hazard grouping. 

The computer program is capable of evaluating a grouping con­

taining a maximum of 15 hazards and 4 improvement alternatives per 

hazard. Four alternatives were ample in all cases during field 

testing; in only rare instances were more than two alternatives 

required. 

In any hazard/improvement set, the improvement card (or cards) 

follows immediately behind the hazard card to which it applies. A 

maximum of four improvements is allowed per hazard. Particular care 

must be exercised in arranging the sequence of improvement cards 

within a grouping. The program evaluates the improvements in a pre­

scribed sequence. For example, using Figure 9-1 to illustrate, in 

the grouping of 3 hazards with 2 improvement alternatives, the 

analysis procedure for the first improvement considers improvement 

alternative 1 with the first hazard, alternative 1 with the second 

hazard and alternative 1 with the third hazard as a single grouping 

evaluation. A grouping cost effectiveness is computed. The process 

is then repeated using improvement alternative 2 with each of the 
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Figure 9-1. Arrangement of input data cards. 



three hazards and a grouping cost-effectiveness is again computed. 

Therefore, compatible alternatives must be in the proper sequence 

throughout the grouping deck arrangement. 

Since a grouping cost-effectiveness is computed in the above 

described manner, it should be noted that within each grouping, the 

same number of improvement alternatives must be specified for each 

hazard, even if for one hazard in the grouping, a "No Improvement" 

alternative is recommended. For example, if in a three-hazard 

grouping, two improvement alternatives are recommended, two improve­

ment alternative cards must be inserted behind each of the three haz­

ard inventory cards. If two improvement alternative cards were in­

serted for the first two hazards and only one for the third hazard, 

the omission error would be detected during data reading, and no 

computer execution would occur on either of the two improvement alter­

natives even though the error applied only to the second improvement 

alternative. An error message, therefore, would be printed on the 

output data and no grouping cost-effectiveness would be computed for 

either improvement alternative. 

REMOTE TERMINAL OPERATION 

The computer program is accessed from the D-19 automation com­

puter facilities by remote terminals in each District. Control cards 

for remote terminal operation will be supplied each District. 

9-3 



10. ERROR MESSAGES 

Since computer program execution is highly dependent on precise 

data input both in type and location, error messages have been in­

corporated into the program to "flag" input errors. Due to the 

complexity of the program and extensive branching within subroutines 

from several key data sources, it is expected that errors will occur. 

To avoid program termination (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. 

Fifty-one error messages have been incorporated. They are 

listed in Table 10-1. In most cases, the message is self-explanatory. 

Each error message is identified on the data output by reference 

number. The list of messages is printed out for each computer run. 

Also printed out is the location within the 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 terminate if 100 error 

messages are printed during any run. 

A message, "Hazard Improvement Not Cost-Effective," may appear 

in the data output. This is not an error message, and is not in­

cluded in the 100-maximum count for automatic program termination. 

It indicates that the reconnnended improvement produces, for all in­

tents and purposes, no safety benefit over the hazard currently 
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Message 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

TABLE 10-1 

LIST OF ERROR OR FLAG MESSAGES 

Subroutine 
Calling Message 

HAZARD 

PTHAZ 

PTHAZ 

DITCH 

RAILNG 

RAZ.ARD 

PTHAZ 

PTHAZ 

PTRAIL 

LGHAZ 

CURB 

BRIDGE 

BRIDGE 

Description of Message 

End milepoint at hazard not specified 

Unmatched point hazard and improvement codes 

Non-existing improvement classification 
specified in column 41 of improvement form 

Non-existing ditch improvement code classi­
fication 

Guardrail installation not necessary--re­
examine roadway group hazard 

Non-existing hazard classification specified 
in column 51 of inventory form 

Non-existing point hazard improvement code 
(column 40) 

No improvement needed, flat slopes and/or 
offset greater than 30 ft (right side or 
median near side) 

Distance between guardrail and obstacle 
le-ss than 3.0 ft 

No improvement needed, flat slopes and/or 
offset to longitudinal hazard> 30 ft 
(full median) 

Non-existing curb improvement classification 
specified in column 42 of improvement form 

Non-existing bridgerail improvement classi­
fication specified in column 42 of im­
provement form 

Non-existing bridgerail improvement classi­
fication specified in column 43 of im­
provement form 
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TABLE 10-1, CONTINUED 

Message Subroutine 
Number Calling Message Description of Message 

14 RAIL Non-existing guardrail improvement classi-
fication specified in column 42 of im­
provement f o.rm 

15 RAIL6 Guardrail end-treatment adjacent to bridge 
incorrectly specified 

16 LGHAZ Longitudinal hazard offset on non-critical 
slopes greater than 30 ft (right or 
median near side) 

17 SLOPEl Non-existing slope direction classification 
specified on inventory form 

18 LGHAZ Curb improvement valid only for curb hazard 

19 ZERO, DITCH Logic breakdown--vehicle not permitted to 
penetrate guardrail 

20 PTHAZ Nb improvement needed, flat slopes and/or 
offset greater than 30 ft (median in­
ventoried across) 

21 ZERO Logic breakdown in subroutine ZERO--refer 
to flow charts 

22 PTHAZ Point hazard offset greater than 30 ~ton 
right or median near side (critical 
slopes) 

23 MAIN PROGRAM Stop computer program -- 100 or more errors 

24 HAZARD Unmatched hazard numbers on inventory and 
improvement form 

25 LGHAZ Bridgerail improvement valid only for 
bridgerail hazard 

26 LGHAZ Guardrail improvement valid only for guard­
. rail hazard 

27 INVTRY End of data and program 
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TABLE 10-1, CONTINUED 

Message Subroutine 
Number Calling Message Description of Message 

28 HAZARD Unequal number of improvement alternatives 
per hazard in group 

29 RAILl Not permitted to remove 1 group on median 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

MAIN PROGRAM 

HAZARD 

HAZARD 

HAZARD 

HAZARD 

HAZARD 

HAZARD 

LGHAZ 

ZERO 

ZERO 

BRIDGE 

side if other group on same side is not 
removed 

*Hazard improvement not cost-effective* 

Hazards on right side and left side of road­
way cannot be grouped together 

Guardrail end treatment code not specified 
on inventory form 

Guardrail end treatment code not defined-­
value greater than 4. 

Improvement costs not specified 

Guardrail hazard repair and/or maintenance 
costs not specified · 

Guardrail improvement repair and/or mainten­
ance costs not specified 

Longitudinal hazard offset greater than 30 
ft (critical slopes) on right or median 
near side 

Logic breakdown in group consisting of 
point hazards and group on both sides of 
median 

Improvement not needed for existing point 
hazard behind existing guardrail 

Reserved for future use 

Median inventoried across width allowed only 
for improvement codes 2 or 4 in column 43 
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Message 
Number 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

TABLE 10-1, CONTINUED 

Subroutine 
Calling Message 

DITCH 

LGHAZ 

BRGR 

LGHAZ 

DTRAIL 

SLHAZ 

SLRAIL 

LGHAZ 

BRGRl 

BRGR 

Description of Message 

Ditch improvement not needed behind existing 
guardrail 

Ditch improvement valid only for ditch 
hazard 

Approach and departing guardrail offsets 
not specified in columns 44 through 51 

Non-existing improvement classification 
specified in column 41 of improvement 
form 

Median inventoried across full width but 
no group specified to protect far side 

Slope improvement not specified in columns 
40 or 41 on improvement form 

Inventory median full width only if group 
also needed on far side to protect slope 

Non-existing longitudinal hazard improve­
ment code (column 40) 

Logic breakdown in placing guardrail 
between successive bridges 

Bridge approach or departing guardrail 
lateral offset in wrong location in 
Box A 
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existing. Under certain circumstances, it indicates that the recom­

mended improvement in fact 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= 

where 

HA= Hazard index after improvement 

HB = Hazard index before improvement (existing) 

If HA is greater than HB' the denominator becomes negative. This 

means that the recommended alternative, is in fact, more hazardous 

than the existing situation. Obviously, it is impractical to incur 

costs to produce a more critical situation than currently exists; 

therefore, the flag message "Hazard Improvement Not Cost-Effective" 

is printed out when this occurs and the cost-effectiveness ratio is 

not computed. 

When HA is only slightly less than~' the denominator becomes 

very small numerically., hence the cost-effectiveness ratio becomes 

very large. Based on statistical logic, a lower cut-off level has 

been incorporated into the model such that when the numerical value 

of~ - HA is less than 0.02, the flag message is printed out and 

the cost-effectiveness ratio is not computed. The 0.02 level in­

dicates a 55-percent probability of no hazard reduction. 
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The message, "No Improvements Recommended" merely indicates 

that for that particular hazard, the recotmnended safety improvement 

was "No Improvement Recotmnended" (code 4, column 40, improvement 

form), It is not counted as an error message for program termina­

tion. 

If a data error occurs within a grouping, a group cost-effective­

ness cannot be determined. 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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11. COMPUTER PROGRAM OPERATIONAL DESCRIPTION 

An overall systems flow chart depicting the operation of the 

cost-effectiveness model on the Texas Highway Department computer 

facilities is shown in Figure 11-1. Figure 11-2 presents a cross­

referencing of all common statements. 

Figure 11-3 illustrates table input data. The program read 

structure is such that the table-ordering shown must be adhered to 

precisely. Although interpreted as "data," the seven tables are 

not input with field inventory data; rather, they are incorporated 

in the program and called prior to execution. 

Table 11-1 describes the table format for the tables shown in. 

Figure 11-3. Strict adherence to the format, which differs for 

individual tables, is necessary for correct reading. The table data 

are read in the subroutines listed in Figure 11-3, the subroutines 

being called in the MAIN program. 
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Start of PGM 
!SAVE+ 0 
ISTMT + 0 
!END + 0 

H Array 
C Array 

I + 0 
J + 1 

NH+ 1 
YES 

__ IFl;NDO + 0 __ 
IFINDG + 0, 

If 
(IEND:;:99) 
Go to 606 
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Read Card 

Into 
X(l)-X(79), 

X80 

"f•Haz No. within GRP. STMT/l40 
Ranges 1-15 

J•Card No. of Hazard ,x(77-)Col. 
Ranges 1-5 
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2-5 for Imprv. Card 
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and Process YES 
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Y array. 
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? 

NO 
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Preceding Card 
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Check Col 77,80 

****', 

NO 
X(l-79) + Y(l-79) 

X80 + Y(SO) 
!SAVE+ 0 

STMT 505 

At EOF 
!END + 99 

!SAVE CODE 
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IFIND0=99 
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0 
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Changed? 
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Stprad in YGRPI ls 
Figure 11-1. Cost-Effectiveness Computer Model Systems Flow Chart (1 of 3) 
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STMT 312 

Y(l-79) + i(l-79) 
Y8.0 + X80 

-!SAVE+ 1 
(Save Card) 

I 

' Go to 500 and 
Perform Computations 

for Group 

Var. 'IFINDO' ~ Code 1Set·to·;9.9 
When a Grp No.'111()" Wound 
(Single Haz .Grp). · Uad to 
Braach to Computattcal & 
Store Inv Card fa:r >.'2 ·111Eh 
Haz in succeaicm. -'9et to 
0 if Multi~.;Grp. 
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Processing Invent. 
(lt.lltiHazard Grp) 
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1. To 'O' prior to entering routine 

to read data for a complete group 
2, To I+l for eaeh successive hazard 

within group nuMber 
1-Haz Subs. 2-5 Imprv. Subs. 

0 Subscript for Hazard Number Within Grp 
Set (Valid Values 1-5) 
1. To '1' prior to entering routine 

to read data for a c_omplete group 
2. To '2' .aft.er invent. card processed 
3. To J+l after Imprv Card Processed 
4. To '1' after reading another hazard 

with same grp no. 

Figure 11-1. Cost-Effectiveness Computer Model Systems Flow Chart (2 of 3) 
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Figure 11-1. Cost-Effectiveness Computer Model Systems Flow Chart (3 of 3) 
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Figure 11-2, Cross Reference of Common Statements 



I. FTOSFOOl Card Images 
(Normally //GO.SYSIN when executed from standard JCL procedure) 

Data 

Date Card (optional, if internal system dat 

Table 7 - Unadjust sev indices 39 

Table 6 - Error/flag msgs 51? 

Table 5 - Subr locn of err/flag msgs 49 CI'S 

Table 4 - County No.+ Dist No. 13 CI'S 

Table 3 - Highway Types 9? 

Table 2 - Subr Desc 84 CI'S 

Table 1 - Subroutine Names 39 card images 

II. FT12F001 Card Images (If Applic) Read by 
'PRINT' or 'SUPPR' - Optional Error/Flag Msgs - Subr ERROR 
'PRINT' or 'SUPPR' - Optional Sever Ind. List - Subr SEVRTY 

Location of Read Statements 

Table 1 Subroutine SLIST 
2 SLIST 
3 HWY 
4 DIST 
5 ERROR 
6 ERROR 
7 SEVRTY 

Date MAIN 
Data INVTRY 

Figure 11-3. Table Input Data 
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TABLE 11-1 

Description of Table Input 

Table 1 -- Subroutine Names 

Each subroutine name is contained on a separate card beginning in 

column 1. 

Table 2 -- Subroutine Description 

The subroutine description for each subroutine contained in Table 

1 is contained in consecutively arranged cards in Table 2. (The de­

scription and subroutine name must be compatible.) The lead card in 

Table 2 is "Listing of Subroutines." Cards are read in a 79-column 

alphanumeric read with as many cards as necessary to complete the 

description. The end card for each description~ contain a 1 in 

column 80 to separate consecutive descriptions. 

Table 3 -- Highway Types 

Highway type codes are contained in Table 3. A card is included 

for codes from 01 to 08 in numerical order (cards 3, 4, 6, and 7 are 

blank cards). Cards 9 through 13 contain word descriptions of the nu­

merical codes as follows: 

Card 9: Controlled Access Interstate 

Card 10: Controlled Access Non-Interstate 

Card 11: Non-Controlled Access Two Lanes 

Card 12: Non-Controlled Access Multilane Divided 

Card 13: Non-Controlled Access -- Multilane Undivided 
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TABLE 11-1, CONTINUED 

Table 4 -- County Number/District Number 

The THD District number corresponding to increasing chronological 

county number are included on 13 cards in a 20I4 format. The county 

numbers agree with THD county reference numbers (District 26, Houston 

Urban is coded as County 255). 

Table 5 -- Subroutine Location of Error Messages 

Table 5 contains the name of the subroutine in which each error 

message is called, one card per subroutine name with subroutine name 

punched in alphanumeric beginning in column 1. 

Table 6 -- Error/Flag Messages 

Table 6 contains the 41 error messages, one message per card max­

imum. Each message must be completed within the 80 characters on a 

card. 

Table 7 -- Unadjusted Severity Indices 

Table 7 contains the unadjusted severity indices for each hazard 

identified in Table 2-1 (page 2-2). The severity indices for each 

descriptor code are contained in 1018 format. If there is no descriptor 

code subcategory, the severity index applies to the complete identifi­

cation code category and is contained on a single card with the one 

entry in colunms 1 through 8. If there are several descriptor codes 

(example, code 03-01, 02, --- 05 as in Rigid Signpost, Table 2-2), the 

severity indices are contained on a single card in the 10!8 format. 
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12. COMPUTER PROGRAM FLOW CHARTS AND LISTING 

The program contains a considerable amount of internal branching, 

hence the use of small package subroutines. Presented in this section 

are flow charts for the major decision-making subroutines. Also in­

cluded is a listing of each subroutine that is not flow-charted. De­

scriptions of subroutine functions and computer variable.names for 

each subroutine are presented in section 8 of this report. 
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CALL SEVRTY 

READ CARD­
(MONTH, YEAR) 

LIST =l 

. NO 11CALL! 
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Figure 12-1. Flow Chart -- MAIN PROGRAM (1 of 3) 
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Figure 12-1. Flow Chart -- MAIN PROGRAM (Continued, 2 of 3) 
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Figure 12-1. Flow Chart -- MAIN PROGRAM (Continued, 3 of 3) 
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Figure 12-2, Flow Chart -- Subrout,ine HAZARD (1 of 4) 
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Figure 12-2. Flow Chart -- Subroutine HAZARD (Continued 2 of 4) 
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Figure 12-2. Flow Chart -- Subroutine HAZARD (Continued 3 of 4) 
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Figure 12-2. Flow Chart -- Subroutine HAZARD (Continued 4 of 4) 
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Figure 12-3. Flow Chart -- Subroutine PTHAZ (1 of 8) 
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Figure 12-3. Flow Chart -- Subroutine PTHAZ (Continued 2 of 8) 
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Figure 12-3. Flow Chart -- Subroutine PTHAZ (Continued 3 of 8) 
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Figure 12-3. Flow Chart -- Subroutine PTHAZ (Continued 4 of 8) 
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Figure 12-3. Flow Chart -- Subroutine PTHAZ (Continued 5 of 8) 
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Figure 12-3. Flow Chart -- Subroutine PTHAZ (Continued 6 of 8) 
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Figure 12-3. Flow Chart -- Subroutine PTHAZ (Continued 7 of 8) 
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Figure 12-3. Flow Chart -- Subroutine PTHAZ (Continued 8 of 8) 
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Figure 12-4. Flow Chart -- Subroutine LGHAZ (1 of 9) 
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Figure 12-4. Flow Chart -- Subroutine LGHAZ (Continued 2 of 9) 
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Figure 12-4. Flow Chart~ Subroutine LGHAZ (Continued 3 of 9) 
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Figure 12-4, Flow Chart -- Subroutine LGHAZ (Continued 4 of 9) 
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Figure 12~4. Flow Chart -- Subroutine LGHAZ (Continued 5 of 9) 
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Figure 12-4. Flow Chart -- Subroutine LGHAZ (Continued 6 of 9) 
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Figure 12-4. Flow Chart -- Subroutine LGHAZ (Continued 7 of 9) 
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Figure 12-4. Flow Char: -- Subroutin~ LGHAZ (Continued 8 of 9) 
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Figure 12-4. Flow Chart -- Subroutine LGHAZ (Continued 9 of 9) 
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Figure 12-5, Flow Chart -- Subroutine SLHAZ (1 of 6) 
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Figure 12-5. Flow Chart -- Subroutine SLHAZ (Continued,,2 of 6) 
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Figure 12-5. Flow Chart -- Subroutine SLHAZ (Continued 3 of 6) 

SIF=l.2 
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·Figure 12-5. Flow Chart -- Subroutine SLHAZ (Continued 4 of 6) 
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Figure 12-5. Flow Chart -- Subroutine SLHAZ (Continued 5 of 6) 
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Figure 12-5. Flow Chart -- Subroutine SLHAZ (Continued 6 of 6) 
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Figure 12-6. Flow Chart -- Subroutine CMBPT (1 of 3) 
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Figure 12-6. Flow Chart -- Subroutine CMBPT (Continued 2 of 3) 
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Figure 12-6. Flow Chart -- Subroutine CMBPT (Continued 3 of 3) 
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Figure 12-7. Flow Chart -- Subroutine SOFT (1 of 3) 
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Figure 12..-7. Flow Chart -- Subroutine SOFT (Continued 2 of 3) 
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Figure 12-7. Flow Chart -- Subroutine SOFT (Continued 3 of 3) 
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Figure 12-8. Flow Chart -- Subroutine ZERO (1 of 3) 
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Figure 12-8. Flow Chart -- Subroutine ZERO (Continued 2 of 3) 
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Figure 12-8. Flow Chart -- Subroutine ZERO (Continued 3 of 3) 
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Figure 12-9. Flow Chart -- Subroutine RAIL 
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Figure 12-10. Flow Chart -- Subroutine RAIL! (1 of 3) 
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Figure 12-10. Flow Chart -- Subroutine RAILl (Continued 2 of 3) 
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Figure 12-10. Flow Chart -- Subroutine RAILl (Continued 3 of 3) 
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Figure 12-11, Flow Chart -- Subroutine RAIL2 (1 of 3) 
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Figure 12-11. Flow Chart -- Subroutine RAIL2 (Continued 2 of 3) 
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Figure 12-11. Flow Chart -- Subroutine RAIL2 (Continued 3 of 3) 
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Figure 12..-12. Flow Chart -- Subroutine R.1\.116 
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Figure 12-13. Flow Chart -- Subroutine PTRAIL (1 of 4) 
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Figure 12-13. Flow Chart -- Subroutine PTRAIL (Continued 2 of 4) 
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YLAT(I,J)=D6 
HWID(l,J)=l.5 
Al=HLS-HL6 
HLENG(I,J)=Al 

YES 

YLAT(I,J)=D8 
HWID(I,J)=l.S 

NO 

HLENG(I,J)=HL2+HLGTH+(2.0*25.0) 

HI2(I,l)=HI2(I,l)+H 

SI(I)=SI2(I,J)/10.0 

HLENG(I,J)=HL2+H24(I,1)+(2*25.0) 

CALL 
HINDEX 

S1(1)=30.0 I >I 
CALL 

HINDEX HI2(I,2)=H ~ 

Figure 12-13. Flow Chart -- Subroutine PTRAIL (Continued 3 of 4) 



1-4 
N 
I 
u, 
N 

SI(I)=30.0 

YLAT(I,J)=D7+D8 
HWID(I,J)=l.5 
HLENG(I,J)=HL4-HL6 

CALL 
HINDEX 

RI2(I,2)=HI2(I,2)+H 

HIB=Hil(I,l)+Hll(I,2)+HIB 
H!\=HI2(I,l)+HI2(I,2)+HIA 

CALL 
COSTS 

YES 

UPAY=UPAY+R ~ 
PSUM=PSUM+P RETUR.~ 

Figure 12-13. Flow Chart -- Subroutine PTRAIL (Continued 4 of 4) 



..... 
Is,) 

I 
l.11 
l,.) 

K=I HWID(k,l)=H28(I,l) 
~ 

HWID(K,l).GT~30.0 YES START 

.--~~~~~~~~---~~~ HWID(K,1)=30.0 

Dl=DT 
•I DLGTH=DTL 

YES ~ ( ) O ~~~~~ C24 K,J .GT.O. 1 

I • I~· 
D2=(C24(K,J)+C25(K,J))/2.0 
D3=Dl+HWID(K,l) 
D4=D1-D2 

HL1=(400.0/D3)*(D3-D2) i----.c'" 

HIB=Hll(K,l)+HIB 1 •I 
HIA=HIA 

YES 

NQI~ 

~ 
NO 

--- -----

HLENG(K,J)=HL1+50.o+DLGTH 

SI(K)=S(6~1,l,1)/10.0 
SI2(K,J)=SI(K)*10.0 

HI2(K,l)=H 

YLAT(K,J)=D2 I ~~ 
HWID(K,J)=l.5~ 

Figure 12-14. Flow Chart Subroutine DTRAIL (1 of 3) 



.... 
N 
I 

\JI 
.,:,. 

H13(K,1).EQ.1 NO 
.OR. > ..,( 

Hl5~T.O.Ol 

HIB=Hll(K,l)+HIB 
HIA=HI2(K,l)+HIA 

RETURN ~ 

CALL 
GRAIL 

NO 

HIB=HIB 
I HIA=HIA 1 

Figure 12-14. 

HIB=Hll(K,l)+HIB 
HIA=HI2(K,l)+HIA 

I 

NO_J HIB=HIB 
HIA=HIA 

D6=(C30(K,J)+C3l(K,J))/2.0 
D9=H15(K,1)-DT 
D8=Hl5(K,l)=D6 

HL2=(400.0/D9)*(D9-D8) 

YES 

HL2=150.0 
NO 

HLENG(K,J)=EL2+50.0+DLGTH 

I YLAT(K,J)=D8 Sl(K)=S(6,1,1,l)/10.0 
HWID(K,J)=l. 5 S12(K,J)=SI(K)*10.0 

II CALL 
HINDEX H-...f HI2 (K, 2)=H 

I 
Flow Chart -- Subroutine DTRAIL (Continued 2 of 3) 



I-' 
N 
I 

\JI 
\JI 

HIB=HI1{K,2)+HIB 
HIA=HI2{K,2)+HIA 

NO 

!CALLI 
~ 

YES 

UPAY•UPAY+R 
PSUM=PSUM+P I 1 ..-< RETURN 

Figure 12-14. Flow Chart -- Subroutine DTRAIL (Continued 3 of 3) 



I-' 
N 
I 

V1 

"' 

START ISLOPE=l 

u;s C34(I,J).GT.O.Ol 

~ 
1ll..SL=ABS(C34(I,J)=C35(I,J))*5280.0 

, - NO 
YES C24(K,J).GT.O.Ol 

D2=(C24(K,J)+c25(K,J))/2.0 
D3=FS0FF 

~ 

lll..1=(400.0/D3)*(D3-Dl)~ 

HSLS=ABS(Hl7(K,l)-H18(K,1))*5280.0 

HIB=HI1(K,l)+HIB 1 ~( 

~ 
~ 

HIA=HIA 

YES 

NO 

HLENG(K,J)=HL1+50.o+HLSL 

SI(K)=S(6,l,l,l)/10.0 
SI2(K,J)=SI(K)*10.0 

HI2(K,l)=H 

HL1=150.0 
YLAT(K,J)=D2 
HWID(K,J)=l.5 

CALL 
HINDEX 

Figure 12-15. Flow Chart -- Subroutine SLRAIL (1 of 3) 



.... 
N 
I 

VI 
-.J 

Hl3(K,1) .EQ.1 
.OR. > 

HlS(K,1).LT.0.01 
~ 

HIB=Hil(K,l)+HIB 
HIA=HI2(K,l)+HIA 

RETURN 

YES 

NO 

HIB=HIB 
,..,,__~, HIA=HIA 

~ 
~C24(K,J) .GT .0.01 

HIB=Hil(K,l)+HIB 
HIA=HI2(K,l)+HIA 

C30(K,J).GT.O.Ol 

,Qj HIB=HIB 
HIA=HIA 

D6=(C30(K,J)+C3l(K,J))/2.0 
D9=H15(K,1)-FSOFF 
D8=Hl5(K,l)-D6 

. HL2=(400.0/D9)*(D9-D8) 

HL2=150.0 

YLAT(K,J)=D8 
HWID(K,J)=l. 5 

CALL 
HINDEX 

HLENG(K,J)=HL2+50.o+HLSL 

SI(K)=S(6,l,1,1)/10.0 
S12(K,J)=SI(K)*l0.0 

HI2(K,2)=H ~ 

Figure 12-15. Flow Chart -- Subroutine SLRAIL (Continued 2 of 3) 



.... 
N 
I 

VI 
00 

HIB=Hll(K,2)+HIB 
HIA=HI2(K,2)+HIA 

NO 

CALL 
COSTS 

YES 

UPAY=UPAY+R 1 .,.,c: 
PSUM=PSUM+P RETURN 

Figure 12-15. Flow Chart -- Subroutine SLRAIL (Continued 3 of 3) 



I-' 
N 
1 
Vt 

'° 

START ISLOPE=l 

RETURN 

YLATl=(H25(I,l)+H26(I,l))/2.0 

NO SI(I)=0.9*5(5,l,l,1)/10.0 
SI2(I,J)=SI(I)*10.0 

NO YES 

HIB=Hll(I,l)+HIB HIB=HI1(I,2)+HIB 

HIB=Hll(I,l)+HIB HIB=Hll(I,2)+HIB 

HI2(I,l)=O.O 
HI2(I,2)=0.0 

SI(I)=l.0 
SI2(I,J)=O.O 

YLAT(I,J)=YLATll •Ml' I YLAT(~,J)=Hl5(I,l)-YLAT1 

HLENG(I,J)=ABS(Hl7(I,l)-Hl8(I,l))*5280.0 
HWID(I,J)=H28(I,l) 

CALL 
HINDEX 

Figure 12-16. Flow Chart -- Subroutine CURB (1 of 2) 



.... ..., 
I 

°' 0 

~ HI2(I,2)=H 

NO 

HI2(I,l)=H I •J 

!CALLI 
~ 

YES 

UPAY=UPAY+R 
PSUM=PSUM+P I----, HIA=HI2(I,l)+HI2(I,2)+HIA 

RETURN 

Figure 12-16. Flow Chart -- Subroutine CURB (Continued 2 of 2) 



..... 
N 
I 
a, ..... RETURN 

SI(I)=S(l2,3,1,1)/10.0 
>>----ia,,-~I SI2(I,J)=SI(I)*10.0 

XH=H17(I,1)-Hl8(I,1) 
1 -.1 HLENG(I,J)=ABS(XH)*5280.0 

HWID(I,J)=O.O 
IBR=O 

~ ~SI(I)=S(l2,4,1,1)/10.0 
SI2(I,J)=SI(I)*10.0 

YES C2l(I,J).EQ.1 
----iYLAT(I,J)=(H25(I,l)+H26(I,1))/2.0 ~ .OR. > C21):Q.3 

CALL 
HINDEX 

HI2(1,l)=H 

i-. l IBR=l 

YES C21(I,J).EQ.2 
YLAT(I,J)=(C24(I,J)+C25(I,J))/2.0l,c <:::" .OR. :>, 

C2l(I,J).EQ.4 
~ 

NO 

~ 
H13(I, 1) .EQ. l , YES 

>··- ~< .OR. 
HlS(I,l).LT.0.01 
~. 

RETURN 

Figure 12-17. Flow Chart -- Subroutine BRIDGE (1 of 2) 



.... 
N 
I 
0\ 
N 

YES YES 

HI2(I,2)=HI2(I,l) 

NO 

·e;g CALL 
COSTS 

YES 

UPAY=UPAY+R 
PSUM=PSUM+P I • ., I 

RETURN 

HIB=Hll(I,l)+HI1(I,2)+HIB I ( 
HIA=HI2(I,l)+HI2(I,2)+HIA ,.._ 

Figure 12-17. Flow Char,t -- Subroutine BRIDGE (Continued 2 of 2) 

RETUR..."'{ 
'-"----



.... 
N ,, 
fS 

w-----.1( 

RETURN 

START 

NO 

CALL 
ORDER2 

L=MM(N) 

YES 
r-

NBR=NBR+l 

NN(NBR)=L I .t 

~~ 
18(K,l),LT,H18(NN(NBR),l) ~ 

YES 

NO ' , 
&H18(K, ~{NBR) ,FYES 

Figure 12-18. Flow Chart -- Subroutine BRGR (1 of 3) 



I-' 
N 

J-
~ 

17\__ ~ YES 
~C2~(K,J).LT.~01~ 

NO 

Dl=C24(K,J) 
Xl=H25(NN(l),1) 

RETURN 

X=ABS (Dl..:.Xl) 

YES 

ES ~ C30(K,J).LT.O.Ol~ 

NO 

Dl=C31(K,J) 
Xl=H26(NN(NBR),l) 

NO 

Y=38.6*(X-l.0)+108,0 

Y=20,0*(X-3,8)+216.0 

Y=300.0 I ....... I Y=150.0 

HLENG(K,J)=Y+25.0 ..._~~~~~~~~-1 

D2=(Dl+Xl)/2,0 

Figure 12-18, F- :"''i~ .:;::··,rc,,,t:l.nL! BRC:r~ (·:::o.~t:..~\cJed 2 of 3) 



.... 
N 
I 

°' 1,11 

~ 
f':'\_____C24(K,J).LT.0,01~ SI(K)=S(6,3,1,3)/10,0 
~ ........._ ,,,/ . I SI2(K,J)=SI(K)*10.0 

YES 
SI(K)=S(6,1,3,1)/10,0 
SI2(K,J)=SI(K)*10,0 

ISLOPE=l 

CALL 
HINDEX 

YES 

YLAT(K,J)=D2 
HWID(K,J)=l,5 

NO ~ 
~ 

UPAY=UPAY+R 
PSUM=PSUM+P 

HIB=HI1(K,l)+HIB 
HIA=HI2(I,l)+HIA 

RETURN 

Figure 12..,18. Flow Chart -- Subroutine BRGR (Continued 3 of 3) 



..... 
N 
I 

Q\ 
Q\ 

START ~ 
~ 

N=N+l I •I 

N=l 
NBR=O 

YES NBR=NBR+l 

~~~~~~~~---iNN(NBR)=L 

SLMID=(Hl7(I,l)+H18(I,1))/2.0 
Nl=NN(K) 
N2=NN(K+l) 

YES NO K=K+l 

RETURi.~ 

Figure 12-19. Flow Chart -- Subroutine BRGRl (1 of 2) 



I-' 
N 
I 

O'\ 
-..J 

HLENG(I.J)=ABS(Hl8(Nl,l)-Hl7(N2,1))*5280.0 
YLAT(I,J)=(H26(Nl,l)+H25(N2,l))/2.0 

SI(I)=S(6,l,3,3)/10.0 
SI2(I,J)=l0.0*SI(I) 

CALL 
HINDEX 

HI2(I,l)=H 

HIB=Hll(I, l)+HIB I .. <" 
HIA=HI2(I,l)+HIA 

YES 

RETURN 

NO IOOLI 
~ 

UPAY=UPAY+R 
\M .. ~~~I PSUM=PSUM+P 

Figure 12-19. Flow Chart -- Subroutine BRGRl (Continued 2 of 2) 



..... 
t-.> 
I 
0\ 
00 

START 

NO 

FSDIR=C42(K,J) 
BSDIR=C47(K,J) 

FSSTP=(C38(K,J)+c39(K,J))*0.5 

YES 

FSSTP=O.l 

BSSTP=(r,43(K,J)+c44(K,J))*0.5 

~ 
H39(K,l).LT.O.Ol.AND. 

40(K,l).LT.O.Ol.AND. 
H4l(K,l).LT.O.Ol.AND. 
H42(K,l).LT.O.Ol.AND. 

43(K,l).EQ.O.AND. 
H44(K,l).EQ.O 

NO 

H39(K,1)=9.9 
H40(K,1)=9.9 

YES .. I H4l(K,1)=50.0 
H42(K,1)=50.0 
H43(K,l)=l 
H44(K,l)=l 

'--~~~~~~---aM FSDIR=H38(K,1) 
BSDIR=H44(K,l) 

FSERS=H3 7 (K, 1) 
BSERS=H43(K,1) 

FSSTP=(H33(K,l)+H34(K,l))*0.5 

:> - ..i FSSTP=O. l 

Figure 12-20. Flow Chart -- Subroutine SLOPEl (1 of 3) 



.... 
"" I 

°' '° 

BSSTP=0.1~ 

NO 

FSDIS=(C40(K,J)+c4l(K,J))*0.5 
BSD1S=(C45(K,J)+C46(K,J))*0.5 

OFFSTl=(C36(K,l)+C37(K,l))*0.5 

FSANG=ATAN(l./FSSTP) 
BSANG=ATAN(l./BSSTP) 

BSSTP=(H39(K,l)+H40(K,l))*0.5 

~ BSSTP=0.1 

FSDIS=(H35(K,l)+H36(K,l))*0.5 
BSD1S=(H4l(K,l)+H42(K,2))*0.5 

OFFSTl=(H31(K,l)+H32(K,l))*0.5 

Figure 12-20. Flow Ch.art -- Subroutine SLOPEl (Continued 2 of 3) 



..... 
N 
I ..., 

0 

YES YES 

DELTA=(FSANG+BSANG)/RAD DELTA=ABS(FSANG-BSANG)/RAD 

FSOFF=OFFSTl+FSDIS*COS(FSANG) 
OFFST2=FSOFF+BSDIS*COS(BSANG) 

RETURN 

NO 

RETURN 

Figure 12-20. Flow Chart -- Subroutine SLOPEl (Continued 3 of 3) 



.... 
N 
I 

-..J .... 

START 

C20(I,J).EQ.l 
< .OR. ~ 

SI (I)=l. 0 
SI2(I,J)=O,O ~ 
HI2(I,l)=O.O 
HI2(I,2)=0.0 C20(I,J).EQ.2 

RETURN 

YES 

CALL 
DTRAIL ~ 
~ 

NO - CALL 
COSTS 

~ I UPAY=UPAY+R 
PSUM=PSUM+P 

HIB=Hil(I,l)+Hil(I,2)+HIB 
HIA=HIA 

RETURN 

Figure 12-21. Flow Chart -- Subroutine DITCH (1 of 2) 



~ 
N 
I 

....... 
N 

L=NSGR(l) 
K=FSGR(l) 

NO 

YES 

~ 
Hl3(I, 1). EQ. l 

_.--,., L=NSGR(l) r--< .OR. ,YES_ HIB=Hll(I,l)+HIB 
~HIA=HIA 

H15(I,1).LT.O.Ol 

HIB=Hll(I,l)+HIB 
,..---, HIA=HIA 

RETURN 

HIB=HIB 
HIA=HIA 1------, 

NO 

NO 

HIB=Hll(I,2)+HIB 
HIA=HI !, I I .-1 

HIB=HIB 
HIA=HIA t-l ----. 

i' HIB=HI1 (I, l)+HIB · 
~HIA=HIA 

HIB=HI1(I,2)+HIB 
HIA=HIA 

RETURN 

RETURN 

Figure 12-21. ., r· · , :< :;"1:Jrc, 1 ·t:i · 2 DLfC'H (C ::ti,,t::£•<l 2 of 2) 



.... 
N 
1 
-.J 
I.,.) 

START Z=H27(I,1) 

FFSTP=(WD/2.0)/Z 

FSSTP=FFSTP 

ANG=3.1416/180. 
FANG=ATAN(l./FFSTP) 
DELTA=2.0*(FANG/ANG) 

FSDIR=2 I , ..,I CALL 
VDITCH 

CALL 
ADJUST 

W=8.0 

NO 

Figure 12-22. Flow Chart-~ Subroutine WASOUT 

RETURN 



.... 
N 
I 

" ~ 

START 

YLAT(I,J)=FSOFF 

ICALLl 
~ 

YES 
ISLOPE=l t-f---< 

ISLOPE=2 

CALL 
ADJUST 

SI(I)=SDA/10.0 
SI2(I,J)=10.0*SDA 

~ HWID(I,J)=W 

~ HLENG(I,J)=ABS(C34(I,J)-C35(I~J))*5280.0 

HLENG(I,J)=ABS(H17(I,l)=Hl8(I,1))*5280.0 I ~ 
CALL 

HINDEX 

jCAI,LI 
~I~ 

Figure 12-23. Flow Chart -- Subroutine FLATEN (1 of 4) 



~ 
N 
I 

-..J 
IJI 

~ HIB=Hll(I,l)+HIB 

HIA=HI2(I,l)+HIA 
Hl3(I,1).EQ.l < ·.OR. ~ 

NO HIB=HIB .,...__... 
Hl5(I,1).LT.O.Ol 

'..../ 
NO 

ISL0PE=2 

ISLOPE=l YLAT(I,J)=H15(I,l)-OFFST2 

YLAT(I,J)=H15(I,1)-FS0FF 

CALL 
HINDEX 

HI2(I,2).;.H_, 

HIB=Hll(I,l)+Hll(I,2)+HIB 
HIA=HI2(I,l)+HI2(I,2)+HIA 

Figure 12-23. Flow Chart -- Subroutine FLATEN (Continued 2 of 4) 



..... 
N 
I 

'-I 

°' 

HIB=Hil(I,l)+HIB 
HIA=HI2(I,l)+HIA 

N=NSGR(l) 

N=NSGR(l) 

HIB=HI1(I,2)+HIB 
HIA=HI2(I,2)+HIA 

HIB=HIB 
HIA=HI2(I,l)+HIA 

~ HIB=HIB 
HIA=HIA 

N=NSGR(l) 

N=FSGR(l) 

HIB=HIB 
HIA=HI2(I,2)+HIA 

HIB=HIB 
~ HIA=HIA 

YES....-~~~~~~-, 
HIB=HIB 
HIA=HI2(I,l)+HIA 

Figure 12-23. Flow Chart -- Subroutine FLATEN (Continued 3 of 4) 

HIB=HIB 
HIA=HIA 



..... 
N 
I 

-.....( 
-.....( 

HIB=HIB 
HIA=HI2(I,2)+HIA 

HIB=HIB 
HIA=HIA 

YES 

NO .__ lcALLI 
~ 

UPAY=UPAY+R 
PSUM=PSUM+P 

RETURN 

Figure 12-23, Flow Chart -- Subroutine FLATEN (Continued 4 of 4) 



.... 
N 
I ..... 

00 

L=L+l 

NGR=l 

START 

N=O 
L=l 

IGR=O 
NGR=O 

N=N+l 

YDIST(N)=(H25(L,l)+H26(L,l))/2.0 

~.a: I M(N)=L 

YES 

k-------i NSGR(KK.l)=M(L) 

NO 

YES 

Ll=L 
L2=L+l 

NSGR(KKl)=M(KKl)'-----. 

Dl=YDIST(Ll) 
D2=YD1ST(L2)+5.0 
D3=YD1ST(L2)-5.0 

YES 

Figure 12-24. Flow Chart -- Subroutine GRAIL (1 of 2) 



f-' 
N 
I 

" '° 

RETURN 

NO YES 

FSGR(KK2)=M(L2) NSGR(KKl)=M(Ll) 

YES RETURN 

KK2=KK2+ 1 I ..- t4 I K.Kl=K.Kl + 1 

Figure 12-24. Flow Chart -- Subroutine GRAIL (Continued 2 of 2) 



I-' 
N 
I 

00 
0 

START 

CALL 
CONST! 

ADT=H7(I,l) 

CALL 
FREQ 

Y=YLAT(I,LL) 
W=HWID(I,LL) 
HL=HLENG(I,LL) 

~-

H9(I,1) .EQ. 3~ u.;'.>.,.I YLAT(I,J)=YLAT(I,J)+H5l(I,l) 

H9 

Pl=PP 

YES 

NO 

Yl=Y 
H=Yl+D*0.5 

Cl=HL+D*RSIN+W*RTAN lmil 
~ 

P2=PP 

RETURN 

H=EF*SI(I)*C4/10560 

C4=Cl*PP 

Figure 12-25. Flow Chart -- Subroutine HINDEX (1 of 2) 



I-' 
N 
I 

00 
I-' 

YES 

NO 

N=l 

Y=Yl+D+W*0.5 

P3=PP 

N=W / 2 • 5 I -.f P3=0,0 

Al=W*(2*L-l)/(2*N) 
Y=Yl+D+Al 

NO 

~ 
~ 

P3=P3+PP 

C4=HL*Pl +D*RSIN*P2+H*RTAN"*P 3/N H=EF*SI(I)*C4/10560 I •I RET~ '1 

Figure 12-25. Flow Chart -- Subroutine HINDEX (Continued 2 of 2) 



C ********************************************************************~ 
C 

SURROUTINE SLIST 
C 
C ********************************************************************~ 
C 
C SURR8UTINE PRINTS OUT A LISTING OF SUBROUTINE NAMES AND DESCRIPTIONS 

C 
C 

C 
C 

C 

C 

DIMENSION P\IAMF.(40,2), IDESC(40,lq), NC(40) 

WRITF(6,95) 
NSUB=39 
WRITE(6,S6) 
00 2 l=l,NSUB 
REA0(5,99) (NAME(l,J), J=l,2) 

::> CONTINUE 

K=l 
DO 15 I= 1 , NSU8 

B CONTINUE 
READ(5,100)(1DESC(I,N), N=t,19), J 
IF(K eEOe 1) GO TO 25 
GO Tn 26 

25 CONTINUE 
WPITE(6,105)I,(NAME(l,MM),MM=l,2),(IDESC(I,N),N=l,19) 

GO Tn 20 
?6 COl':TINUE 

WRITF( 6,106) ( F>FSC( I ,N) ,N=l .19) 
?') CONTINUE 

Ir(J .Ea. 1) GO Tl") 16 

K=K+l 
GO TO 8 

16 Cf"1NTINIJE 
K=t 
WP1TE(6,107) 

15 CONTINUE 

C FORM~T STATEME~TS 

C 

C 

95 FORMAT( lHl ) 
95 FORMAT(///, T46, 'LI 5 T OF SUB ROUT IN f 5',///, I 

* Tl~, 'NUM9ER 1 , T25, 1 SUBROUTINF. 1 • T63, 1 DESCRIPTFlN OF SUBROUTI. 

*'•/• T2A, •NAMF 1 , //) 

99 FOPMAT ( 2A4 ) 
100 FQf,MAT(tgA4, 14) 
105 FORMAT(Tl7,t2,T?~,2A4,T39,19A4 ) 

106 FOPMAT(T39,l9A4) 
107 FCl~MAT( /) 

RFTUQN, 

END J!':lpl'e 12 ... ff. S.raut:i.• SLIST (1 of l) 
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**··································································· 
5URROUTINE HWY 

********************************************************************* 
SLJGROUTJNE CO"ITAINS DESCRIPTION OF HIGHWAY (TYPE AND CLASSIFICATION) 

CO~MON / !NFC/ TYPE. CLASS 

f)!Mf:NS!UN TYPE(l0,20), CLASS( 10,20) 

DO 10 L=l, E 
P£AD(5,lOO)(TYPF(L,M),M:1,20) 

10 COt-;TJNUE 

DO 12 L=l,5 
READ(5,100)(CLASSCL,M),M=1,20) 

12 CONTINUE 

100 F-ORMAT(?.0A4) 

RETURN 
ENO 

Figure 12-27, Subroutine HWY '(l of l) 
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C 

C 

C 
C 
C 
C 

C 

C 
C 

C 

C 
C 

C 

j 

··································································~ l 
SUBROUTII\E DT<:;T 

******************************************************************!~ 
SUBROUTINE ~EADS AND STORES INFORMATION ON THE RELATIONSHIP 
BETWEEN CQUNTY AND DISTRICT NUMBERS. 

COMMON / DIST1 / !DIST 

DIMENSION ID1ST(255) 

READ ( 5 9 999 ) ( IDIST( I), I=l .255 ) 

999 FORMAT ( 2014 ) 

RETUR"'-1 

END 

Figure 12-28. Subroutine DIST .(1 of 1) 
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C ********************************************************************* 
C 

SURJ:;OUTINE ERf:<CR 
C 

C ******************************************************************* 
C 
C SU~RnUTINE CO~TAI~5 ERROR OR FLAG MESSAGES THAT ARE BUILT INTO THE 
C CO~PUTER PROGRA~. A LIST OF THESt MESSAGES IS PRESENTED LATER. 

C 

C 

C 
C 

COMMON/ ERRnRt / MG. NMES 

DIMENSICN MG(~0.20) 9 NAME(60,4) 

WR!TF(6.95) 
WR l TE ( 6, 10 0) 
NMFS=51 
OC 2 1=1,NMES 

PrAD(~,99) (NAtvlE(I.J),J=l,4) 
:::> CflNTINUE 

110 150 I=l .NMES 
REA0(5,340) (tv1G(l,J),J=l•20) 
l'Jf:1TE(6,350) t.(NAME( I,N),N=l,4) ,(MG( t.J) .J=l.20) 

150 CONTINUE 
C 
C FORMAT STATFMENTS 
C 

9S FORMAT( lHl) 
99 FORMAT (4A4) 

100 FORMAT(///, T~l, •LIST OF ERROR OR FL AG ME 
*SSA GE S 1 ,///,T15, 1 MESSAGE', T26, 'SUBROUTINES', T63, 
* 'OESC~IPTtON OF MESSAGE•. /, T16, •NAME•,// ) 

140 F()~MAT ( 20A4) 

350 FORMAT( T17, 12, T25. 4A4• T42• 20A4, /) 
C 

RFTURN 
F:ND 

Figure 12-29. Subroutine ERROR (1 of 1) 
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C ********************************************************************l 
C 

SURROUTI~E SEVRTY - . 
C 
C ********************************************************************• 
C 
C SUARnUTINE TO REAn AND STORE SEVERITY-INCICIES OBTAINED FROM THD. 
C THESL IND1CIE5 ARE AOJUSfED TO TAKE INTO CONSIDERATIO~ THE HIGHER 
C DAMAGE COSTS ASSfJCIATFD WITH FIXFD HAZARDS SUCH AS A BRIDGE PILRe 

C 

C 

C 
C 

C 

C 

COMMON/ SEVLRE / S 

DIMENSION 5(13,7,4,4) 

WRITE (6,100) 

J=:O 

K=O 
L=O 
IJ=l 
IK=l 
IL=l 

DO 500 I=l,13 
GO TO ( 5 1 5 • 5 1 5 • 5 0 5 • 5 l 5 • 5 0 3 • 5 2 0 • 5 0 6 • 5 1 5 , 50 4 , 5 0 3 • 5 0 2 , 

* 506, s C 7 ) , I 

C 
C IDENTIFICATION 
C 
C t = 0 1 lJ Tl LI T V P fJL F: S 
C 1=02 TRFES 
C 1=03 PIGID SIGNrOST 
C 1=04 RIGID BASE LUMJNAIRE SUPPORT 
C 1=05 CURBS 
C 1=06 GU~RORAIL QR ~EDIAN AARRIER 
C 1=07 ROADSIDF SLOPE 
C 1=08 WASHOUT 
C 1=09 CULVERTS 
C 1=10 INLFTS 
C J=ll ROADWAY UNDER BRIOGF STP.UCTURF: 
C t=12 ROADWAY OV~R BRIDGE STRUCTURE 
C 1=13 RETAINING wALL 

C 
C 

50 1 JJ=l 
GO Tn 516 

502 JJ=~ 
GO TO 516 

503 JJ=:3 

Figure 12-30. Subroutine SEVRTY (1 of 3) 
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GO TO 516 
504 JJ=4 

GO TO 516 
505 JJ=S 

300 t·OR~AT ( l6F5. 1) 
100 rOfHv'AT(1Hl 9 //, T44, •SEVER IT Y I N O l C E 5 1 • 

* ///• TlB. 'IDENTIFICATION 
* CCDE. 1 , T42, •DESCRIPTOR CODE•, T62• 'ENO TREATMENT CODE' 1 T87 9 

*'SFVERITV-INDEX'• /, T60, 'BEGINNING'• T76, 'ENDING'" 
*T85, 1 SURVEY 1 .T95, 1 A0JUSTE0 1 ,//) 

lC2 FGRMAT(T27,I~,T48,12,T64,I1,T7A,Il,T86,F4.t .. T96,F5el) 
GO Tn '5 16 

506 JJ=f,, 

Gil TO 516 
so 7 J J = 2 

GO T!'"l 516 

515 CONTINUE 
PE::~D (5,300) S{l,IJ,IK,IL) 
X-=S(l,I.J,IK,IL.) 

IF(X eLEe 4eC) GO TO 299 
IF ( X • GT • 4 • 0 •AND• X •LE • 7 • 0 ) GO TO 3 0 l 
GO rn 302 

101 S(I.IJ,I1<,IL)=7,0*X-24e0 
Gn TO 2g9 

30? S( I.TJ,IK,IL)=25.0*X-150.0 

299 CONT lNUE 

~RITE(5,102) I,J,K,L,X,S(I,IJ,IK,IL) 
GO TO 5 25 

516 CONTil'IUE 

REAC (5,300) 

D:.l ":lR J=l 9 JJ 
X=S( l,J, 11<,IL) 

(SCI,J,IK,IL), J=l,JJ) 

IF(X •LE. 4e0) GO TO 304 
IF(X •<,T, 4.0 ,AND, X •LEe 7,0) GO TO 305 
GO TO ·306 

305 S( I ,J, tl<,TL)=7,0*X-24e0 
GQ TO 104 

300 S( I ,J, IK, IL )=25,0*X-150,0 
304 CC1NTINIJF: 

519 WRITE(6,102) I.J.1<,L,X,S(I.J.IK,IL) 
GO TO 5?5 

5?0 COI\TtMUE 
DO 5 2? J: 1 , 7 

I)(') 522 K=l ,4 
522 PE:AD (5,300) (S{l,J,K,L), L=l,4) 

Figure 12-30. Subroutine SEV'RTY (Z of 3) 
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C 

DO 523 J::::: l • 7 
DO 523 I<= 1 • 4 

DO 523 L=l •4 
X=S(I.J.l<.Lt 
tF(X •LE• 4.0) GO TO 308 
IF(X .GT. 4.0 .AND. X .LE. 7.0) GO TO 309 
GO TO 310 

309 S(J9J,K.L)=7,0•X-24,0 
GO TO 308 

310 S(!,J,K,L)=25,0•X-150e0 
308 CONTINUE 
523 WRJTE(6.102) 1,J,K.L9X,S(I,J.K.L) 
525 CONTINUE" 

WRITE (6.103) 
J=O 
K=O 
L=O 

500 CONTINUE 
103 FORMAT (//) 

RETURN 

END 

Figure 12-30, Subroutine SEVRTY (3 of 3) 
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C *****••••••••••••••••••••••••~••••••••••••••••••••••••••••••• 
C 

SU8~0UTtNE ADJUST 
C 

C ***********•************************************************* 
C 

C SUBROUTI~E rn ADJUST SEVERITY-INDICIES 
C CALCULATED IN SUBROUTINE VDITCH 
C 

COMMON/ HnITCH / SD, W, WO, SDA 
SO=SD•to.o 
IF( SD .LE• 4. 0 )GO TO 50 
IF( SD eGT. 4•0 eANDe SD eLTe 7.0 )GO TO 51 
S0=?5.0 * SD - 150e0 
GO Tn so 

51 CONTINUE 
SD= 7.0 * SD - 24e0 

50 CONTINUE 
SDA=SD 
RETURN 
EI\ID 

Figure 12-31.. Subroutine ADJUST (l 'of 1) 
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C 

C 

C 
C 

C 
C 

C 
C 

C 
C 

C: 

C 

*****************************************************************~ 

SUBROUTINE INVTRY 

*****************************************************************i 

SUBROUTINE READS AN0 STORES HAZARD ANO IMPROVEMFNT CATA OBTAINED t 
FIELD• MAXIMUM NU~AEA QF HAZARDS PER GROUP IS 15• MAXIMUM NUMBE~ 
OF IMPROVEMENT ALTERNATIVES PER GROUP IS 4e 

COMMON/ INVENT/ I• J, NH• LPl• LL. MES 

COMMON/ COUNT/ NC 
COMMON / HINVI\IT / Hl. H2• H3• H4• HS, H6, H7, HB• H9, Hll, H12 

* Hl3, Hl5• H16• H17, Hl8• H19, H20. H21, H22,, 
* H23, H24, H25• H26• H27, H28. H29, H30, H31, 
* H32, H33. H34, H35, H36, H37, H38. H39, H40, 

* H41 9 H42 9 H43. H44, H50• H51 
COMMON / CINVNT / Cl. C2, CJ, C4, cs. C7, ca. cg. ClO, Cll, Cl 

* C13, C14, Cl5• C16, C17, C18, C2'), C21, C24, 

* c2s. C26, C27, C28, C29, C34, C35 • C.36, C37, 
* C38, C39, C40, C41, C42. C43, C44, C45, C46, 

* , C30, C31, C48, C49 

COMMON / SAVCRD / ISAVE• ISTART, IEND 

INTEGER 

* 
INTEGER 

Hl, H2, H3, H4, H5, H6, H8. H9, Hll. H12, Hl3, H16, HI 
H29• H30• H37, H38, H43• H44 
Cl, c2. C3, C4. (5, C12, Ct3. cts. (20, c21. C42, C471 

INTFGER NC. XAO. YAO 

DI MENc; ION 

* 
* 
* 
* 
* 

DIMENSION 

* 
* 

DIMENSION 

* 
* 
* 
* 
* 

D ll'-1ENS I ON 

* 
* DIMENSION 

Hl(l5 9 1)• H2{15,1), H3(15•1)• H4(15,1)• H5(l5,1). 
H6 ( 15, 1) , H7 ( 15 • l ) , H8 ( 15 • 1) 11 H9 ( 15, l ) , Hl l ( 15 • 1 ) • 
Hl?.(15,1) 9 H13(15,l), H15(15.l), H16(15.1), H17(15, 

H18(15,1), H19(15,1), H20{15,1), H21(15.l), H22(15 
H23(l5.l), H24(15.l)• H25(15,1). H26(1511l)• H27(15 
H2R(t5.1)• H29(15dh H30(15,l). H31(15,l)., H32(15 
l-i33(l5.l), H34(15,1), H35(15,1)• H36(1511l), H37(I5 

H38(15,1), H39(15.t). H40(15,t). H41(15.t)11 H42(15 

H43(15.1). H44(15 9 l), H50(15,1), H51(15,1) 
C 1 ( 1 5 • 5) , C 2 ( 1 5 • 5 ) , C.3 ( 1 5 • 5 ) • C4 { 1 5 • 5 ) • C 5 ( 1 5 , 5 ) , 
C7(15,5), C8(15,5). C9(15,5), Cl0(15,5), Cl1(15,5) 
Cl2C15.5). C13(15,5), C14(15.5), Cl5(15,5). Cl6(15 
Cl7(15.5), C18(15,5)11 C20<15,5). C21(15,5), C24(15 
C25(15.5), C26(15.5), C27(15.5)11 C28(15,5), C29(15 

C34(15,5), C35(15.5), C36(15,5). C37(15,5), C38(15 
C39( 15.5), C40( 15,5), C41 ( 15.5), C42( 15,5) • C43(15 

C44(15.5), C45(15,5)• C46(15,5). C47(15,5) 

• C 30 < 1 5, 5 ) • C 31( l 5 • 5) , C 4 8 ( 15 • 5 ) • C 49 ( 1 5, 5) 
NC(15), X(79), V(79), PART(20} 

Figure 12-32. Subroutine INVTRY (1 of 8) 
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C HUTI AL IZE ARRAYS 

C 
N=l 
DO 25 M=l.15 

Hl(M,-.,) = o.o 
H2(M,l'lll o.o 
HJ(M,Nl = o.o 
H4(M,N) = o.o 
HS(M,N) = o.o 
H6(M,N) = o.o 
H7 ( M • N) = o.o 
H8(M,N) = o.o 
H9(M,N) = o.o 

Hlt (M,N) = o.o 
Hl2(M,N) -= o.o 
Hl3(M,N) = 0 • 0 
Hl5(M,N) = o.o 
H16(M,N) -= o.o 
Ht7(M,N) = o.o 
Hi8(M,N) = o.o 
H19(M,N) ·- o.o 
H20(M,N) = o.o 
H2_1(1V,N) = o.o 
H22(M,N) = 0,0 
H23(M,N) = o.o 
H24(1V,N) = o.o 
H25(M,Nl = o.o 
H?6(M,N) = o.o 
H27(M,N) = o.o 
H2e(M,N) ·- t'. 0 
H29(M,N) = o.o 
H30(M,Nl = o.o 
H3l(M,N) = o.o 
H32(M,N) = o.o 
H33(M,N) = o.o 
H34(M,N) = o.o 
H35(M,N) -= o.o 
H36(M,N) = o.o 
H37(M,N) = a.o 
H38(M,N) = o.o 
H3Q(M,N) = o.o 
H.40( M, N) = o.o 
H41(M,''II) = o.o 
H42(M,N) ·- o.o 
H43(~,N) = o.o 
H44(M,Nl = 0,0 
H5C(MeN)=Oe0 
H5t(M.N)=O,O 

25 CONTINUE 
r 
'-

Figure 12-32. Subroutine lNVtftt . (Z of 8)" 
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r:: 
20 

C 
C 

DO 20 M=l,15 
DO 20 N=l,5 

Cl (M,N) = o. a 
C2(M.N) = o.o 
C3(M,I\J, = o. 0 
C4{M,N) = o.o 
C5(M,l',I} = o.o 
C7(M,N) = o.o 
C8(M,N) = a.o 
C9 { M, N) = o.o 

ClO(M,N) = o.o 
Cll(M,N) -= o.o 
C12(M,N) = a.o 
C13(1111,N) = o.o 
Cl4(M,N) = o.o 
C15(M,N) = o.o 
C16(M,N) = o.o 
C17<'!hNJ = o.o 
ClA(~,N) = o.o 
C?O(M,N) - 0. () 
C21(M,N) = o.o 
C24(M,N) = a.o 
C25(M,N) = J. 0 
C26 ( t.1, ,,o = o.o 
C27{M,N) ·- o.o 
C28(M,N) = 0,0 
C29(M,"I) = a.a 
C30(M,~) = (). 0 
C31(M,N) = o.o 
C34(M,N) = o.o 
C"'35(M,N) = '). 0 
C36(M,N) = o.o 
C37(M,N) = o.o 
C38(M,N) = o.o 
C39(M,N) = o.o 
C40(M,N) = a.o 
C4l(M,N) = o.o 
C42(M,N) = o.o 
C4~(M,N) = o.o 
C44(M,N) = (). 0 
C45(M,N) = o.o 
C46(M,N) = o.a 
C47(M,N) = o.o 
C48(M,Nl=O•O 
C49(M,r.J):O.O 

CONTINUF. 

Figure 12-32. Subroutine INVTRY (3 of 8) 
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C 

I=O 
J=l 
I\IH= 1 
tFtNl)C = 0 
IFINDG = 0 

559 CONTINUE 
IF ( I~AVE .Ea. 0 ) GO TO 120 

DO ~15 II = 1,79 
315 X(ll)-:: Y(tt) 

XAO-:: Y80 

!SAVE= 0 

GO TO 140 
120 IF ( IENC eEOe 99 ) GO TO 606 

READ (5,30E,END=505) ( X(L)wL=l,79 ), X80 
14~ IF {(X(77) eGT •• 9) .AND. (X(77) eLT• lel)) GO TO 160 

IF {(X(77) eGTe le9) eANOe (X(77) eLT• 2e1)) GO TO 551 
IF ( C ( X80eGTe0e9 >~ANDe( X80eLTeJel ) ) eORe 

1 ( ( X80eGTele9 )eANOe( X80.LTe2el ) ) eORe 
2 ( ( X80.GT.2.9 )eAND.( XBO.LT•3al ) ) ) GO TO 120 

WRITE (c.190) 
190 FORMAT (//•' *****PRECEDING CARD UNRECOGNIZABLE - CHECK COLS 77 AN 

10 80****') 
GO TO 1 20 

160 YGRFNO = XGRPNO 
XGRFNO = 1000e*X(35) + 100.*X(36) + lOe*X(l7) + X(38) + Oe01 
IF ( XGRPNO eL Te Oe 1 ) GO TO 549 
IF C IF I NDO • E. Q • g9 ) GO TO 3 1 7 

IFI"IDO = 0 
IFINOG = 9q 
I F ( I 5 TART • E Q • 0 ) GO TO 2 0 9 
IF ( ABS(XGRPNO-YGRPNO) aLTa Oal 

3 1 2 l')O ~ 1 3 I I = 1 , 79 
313 Y(Tt) = X(II) 

Y80 = X90 
!SAVE= 1 
GO TO 500 

317 IFINflO = 0 
IFINDG = 9'l 
GO Tn 312 

505 tFND = gq 

GO TIJ .:;oo 
2C9 I ST APT = 1 

210 I= I + 1 
NH = I 

J ~ 1 

GO TO ~ 5 1 

C 

) GO TO 210 

549 IF ( ( IFINOO eEO • 99) aORe ( IFINDG aEO. 99) ) GO TD 499 
IFINDO = gq 
IFINDG: 0 

Figure 12-32. Subroutine mvTIY (4 of I) 
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GO TO 210 
499 IF INDG = 0 

C 

C 

C 

IFINDO = gq 
GO TO 312 

551 CONTINUE 
IF (J .NE. 1) GO TO 552 

Hl(J.J)=l000e*X(23)+100e*X(24)+10e*X(25)+X(26)+.t 
H?(I,J)=1000e*X(3)+100.*X(4)+10e*X(5)+X(6)+.1 
H3(1•-'>=tOi.*X(8)+10e*X(9)+X(lO)+el 
H4(I.J)=lOOO.*X(ll)+lOOe*X(l2)+10e*X(l3)+X(14)+.1 
H5 ( I • J ) = 10 • * X ( 1 5 ) + X ( 1 6) + • 1 
H6 ( 1 • J) =X ( 22) + • 1 
H 7 ( I • J ) = l O O • * X ( 19 )+ 10 • * X { 2 0) + X ( 21 ) 
HA(l,J):10.*X(l)+X(2)+el 
H9CI,-.l)=X(7)+.1 
Hll(l,J)=lO,•X(27)+X(28)+el 
H12(I.J)=lOe•X(29)+X(30)+el 
H13(I,J)=X(ll)+.l 
Hl5(1,J)=100,*X(32)+10e*X(33)+X(34) 
H16(J 9 J):1000•*X(35)+100e*XC36)+10e*X(37)+X(38)+.l 1 

H17{1,J)=l00e*X(39)+10e*X(40)+X(41)+el*X(42)+e01*X(43)+e001*X(41 
H18(I.J)=100,*X(45)+10e*X(46)+X(47)+el*X(48)+.0l*X(49)+.00l*X(5 
H51{I,J)=10e*X(17)+X(18) ' 
H19(1,J)=X(5l)+el 

tH19=H19(I.J) 
GO TO ( ~53. 554, 555 ) • IH19 

C IDENTIFICATIO~ 
C 
C 
C 

C 
C 

C 

I Hl 9 = 1 
I Hl 9 = 2 
IH19 - 3 

POINT HAZAqos 
LONG ITlJD IN AL HAZARDS 
SLOPES 

553 CONTINUE 
H20(1,J)=10e*X(52)+X(53) 
H2l(J,J):10e*X(60)+X(61)+.l*X(62) 
H22(I.Jt:l0e*X(6J)+X(64)+el*X(65) 
H23(t.Jt•tOO.O*X(54)+10eO*XC55)+X(56) 
H24CI,J):100.0•X(57)+10.0*X(58)+X(59t 
J=2 
GO TO 559 

554 CONTINUE 
H2S(T,J)=l0e*X(52)+X(53) 
H2~(I,J)=to.•x<54)+X(55) 
H27(I.J):tO.•X(56)+X(57)+•l*X(58) 
H2A( I,J):to.•x(59)+X(60) 
H29(1,J):X(6l)+el 
H30(t,J)=X(62)+el 

Fi&ure 12-32, Subroutine INV'l'RY (S of 8) 
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C 

555 

C 
552 

* 

C 

J=2 
GCl TO 5 sc; 

cnNTINUE 
H3l(I,J)=10e*X(52)+X(53> 
H32(1,J)=10e*X(54)+X(55) 
!-i33( I,J):X(56)+.1*X{57) 
H34{I,J)=X(58)+el*X(59) 
H35(l,J):10e*X(60)+X{61) 
H36(T,J)=l0e*X(62)+X(63) 
H37{1,J)=X(64}+,1 
H38(t,J):X(65)+.l 
H3g(I,Jt=X{6n)+el*X(67) 
H4C(I,J)=X{68)+,l*X(69) 
H41(t,J)=10e*X(70)+X(71) 
H42(1,J)=l0e*X(72)+X(73) 
H43(1,J):X(74)+el 
H44(I,J)=X(75)+.1 
J=2 
GO TO 55<; 

CONTINUE 
Cl(t.,J)=lCOOe*X(l)+lOOe*X(2)+10•*X(3)+X(4)+el 
C2(I,J)=lOCOe*X(~)+t00e*X(6)+tO.*X(7)+X(8)+.t 
C3(I,J)c:lOO.*X(9)+10,*X(lO)+X(ll)+,1 
C4( I,J)=l000•*X( 12)+100.*X( 13)+10e*X( 14)+X(15)+e l 
C5(1,Jl=10.*X(16)+X(17)+.1 
C7(I.J)=100000e*X(18)+10000e*X( 19)+1000e*X(20)+100e*X(21)+ 

10e*X{22)+X(23) 
C8(J,J)=1000.*X(24)+100,*X(25)+10e*X(26)+X(27) 
C9(I,J)=lOOO•*X(28)+100.•X<2q)+10,*X(30)+X(31) 
Cl0(I,J)=1000,*X(32t+lOO.*X(33)+10e*X(34)+X(35) 
Clt(t,J)=tOOO,*X(36)+lOO,*X(37)+10e*X(38)+X(39) 
Cl2(1,J)=X(40)+,1 

I C 1 2= C 1 2 ( I , J ) 

GC TO (55c,5~7,558,580),IC12 
C 
C IDENTtFlCATICN 
C 
(' IC t?. = 1 ;:>OJ \jT HAZARD IMPROVEMENT 

C 
C 

C 
C 

IC 1 2 = 2 L CNS I T Uf) IN AL HAZARD I MPROVEMFNT 
l ('" t ~ = J SL O PF" IMPROVEMENT 

1Ct2 = 4 Nf1 

580 CONTINur: 
NC(l)=J-1 

J=J+l 
GO Tn <=;t:;9 

I '~PR '1VFMENT 

Figure 12-32. Subroutine INVTRY (6 of 8) 
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C 

C 

5'56 CONTINUE 
C13(I,J)=X(41)+.t 
Cl4(I,J)=tO.*X(42)+X(43) 
C15( I.J)=tOO.*X(42)+10.*X(43)+X(44) 
Ct6(I,J)=10e*X(45)+X(46) 
Cl7(I,J)=l0,*X(47)+X(48) 
C20(1,J)=X(42)+0.l 
C48(1,J)=l0e*X(42)+X(43) 
C49(1.J)=l0e*X(44)+X(45) 
NC ( I ): J-1 
J=J+l 
GO TO S59 

557 CONTINUE 
C18(I.J)=X(4l)+0.1 
C20(1,J)=X(42)+el 
C2l(I.Jl=X(43l+el 
C24{I.J)=10,*X(44)+X(45) 
C25(I,J)=l0e*X(46)+X(47) 
C26(1,J)=1000e*X(43)+100e*X(44)+10e*X(45)+X(46) 
C27{t,J)=lOOO.*X(47)+100.*X(48)+lO.•X(49)+X(50) 
C28(I,J)=lOOO •• X(51)+100e*X(52)+10e*X(53)+X(54) 
C29(I,J)=1000e*X(55)+100,*X(56)+10e*XC57)+X(58) 
C30{I,J)=l0e*X(48)+X(49) 
C3l(I,J)=l0e*X(50)+X(51) 
NC(I>=J-1 
J=J+t 
GO TO 559 

558 CONTtNU.E 
Cl8(1,Jl=X(41 )+O.t 
C24(1,J)=l0e*X(44)+X{45) 
C25(1,J)=l0e*X(46)+X(47) 
C30(1,J)=10e*X(48)+X(49) 
C31(I.J)=l0e*X(SO)+X(51) 
C34(1,J)=lOO.*X(64)+10e*X(65)+X(66)+el*X(67)+ 

• .01•x<6a>+.001•x<69> 
C35(1,J)=l00e*X(70)+10e*X(7l)+X(72)+el*X(73)+ 

* .ot•X<74>+,001•x<75l 
C36(I,J)=l0e*X(42)+X(43) 
C37(1.J)=l0,*X(44)+X(45) 
C38(1,J)=X(46)+el*X(47) 
c3q(J.J)=X(48)+e1*X(49) 
C4~( I,J)=t0e*X(50)+X(51) 
C4l(t,J):10e*X(52)+X(53) 
C42( I, J).::X(54)+, 1 
C43(1,J):X(55)+•1*X(56) 
C44(I,J):X(57)+.l*X(58) 
C45(1.JtslOe•X<59)+X(60) 
C46(1,J):lOe•X(6l)+X(62) 
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C 

C 

C 

C 

500 

606 

C47(J.J)=X(63)+.l 
NC(I)=J-1 
J-=J+l 
GO TO 559 

CONTINUE 
LPl :NC ( \) 

RETURN 

CIJNTtNUE 

MES-= 27 
RETURN 

306 FORMAT (79Fle0• 11) 

END 

Figure 12-32. Subroutine INVTRT (8 of 8) 
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C ********************************************************************* 
C 

SUARCUTlNE ORDERl 

C 
C ********************************************************************* 
C 
C SUBROUTINE TO RE-ARRANGE THE HAZARDS IN ASCENDING ORDER BASED ON LATE 
C OFFSET DISTANCE FROM EDGE OF TRAVELLED LANE 
C 

C 

C 

C 

COMMON 
COMMON 

/ 

/ 

INVENT / 
HINVNT / 

I ' J, NH• LPl, 

Ht. H2, H3. H4 • 

LL, MES 
H5, H6• H7, H8, H9, Hll, H 12, 

* H 13, Hl5, H16, H17, H18, Hl9, H20, H21, H?2, 

* H23, H24, H25, H26, H27, H28, H29, H30, H3 l, 

* H32, H33, H34, H35, H36• H37, H38, H39, H40, 

* H41, H42, H43, H44, H50, H51 

COMMON/ CINVNT / Cl, C2, C3, C4, C5, C7, C8, C9, C10, Cll, C12, 
C17, Cl8, C20, C21, C24, * 

* 
* 

Cl3, C14, C15, Cl6, 
C25, C26, C27, C28, C29, C34, C35, C36, C37, J 
C38, C39, C40, C41, C42, C43, C44, C45, C46, C41 

* , C30, C31, C48, C49 
COMMON/ SLOPES/ K, FSDIR• ASDIR, FSERS, BSERS, FSSTP, BSSTP, 

* FSANG, BSANG, OFFSTl, OFFST2, FSOFF, DELTA, 
* FSDIS, BSDIS 

COM~CN / HASCND / NORDER I 
INTEGER Al,A2,A3,A4,A5,A6,A8,A9,Al1,A12,A13,A16,Al9,A29,A30,A37, 

* A38,A43,A44 
INTEGER B1,B2,B3,A4,B5.B12,B13,B18,B20,B2l.B42,B47 

INTEGER Hl, H2, H3, H4, H5, H6, H8, H9, Hll, H12, Hl3, H16, Hl9, 

* H29, H30. H37• H38, H43, H44 
INTEGFR Cl, C2, C3. C4, CS, Cl2, C13, cu:~. c20. c21. C42, C47 
INTEGER FSDIR, ASDIR, FSERS, ASEPS 

DIMENSION 
OlMENSlON 

NC(15) 
Hl(l5tl), H2(15,l), H3(15,l), H4(15,1), H5(15,l), 
H6(15,U, H7(15,l), H8(15,l), H9(15,l), H11(15,1), 
H12(15,1), H13(15,l), H15(15,1), H16(15,1}, Hl7fl5,1) 
H 1 8 { 1 5 , 1 ) , H l 9 ( 1 5 , 1 ) • H 20 ( l 5 , 1 ) , H 2 l ( l 5, l ) , H 2 2 ( 1 5, 1 ) 
H23(15,l), H24(15,1), H25(15,1>, H26(15tl), H27(15,1) 
H28(15tl), H29(15,1), H30(15,1), H31(15,l), H32(15,1) 
H33(15,l), H34(15,1), H35(15,l), H36(15,1), H37(15,l) 
H38(15,1), H39(15,l), H40(15,l), H41(15,l), H42(15,U 
H43(15.l), H44(15,1). H50(15,1), H51(15,1) 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* • • 

DIMENS1CN 

DIMENSIC~ 

O!IIIIENS ION 

Cl(l5,5), C2(15,S), C3(15,5), C4(15,5), C5(15,5), 
C7(15,5), CA(15,5), C9(15,5), Cl0(15,5), Cll(l5,5), 
Cl2(15,5), Cl3(15,S), Cl4(15,5), Cl5(15,5), C16(15,51 
C17(15,5), Cl8C15,5), C20(15,5), C21(15,5), C24(15,5), 
C25( 15,5), C26( 15,5), C27( 15,5), C28( 15,5), C29( 15,5) 
CJ.(15,5), C35(15,5), C36Cl5,S>. C37(Hi,5), C38(15,51 
C39(15,5), Co\0(15,'5), C41(15,5), C42(15,5), C43(15,5) 

Fiaur• 12-33. Subroutine OBD'Ell (1 of 8) 
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* C 4 4 C 1 5, 5 l , C 4 5 ( l 5 , 5 ) , C 46 ( 15 , 5 ) , C 4 7 C 1 5 • 5 , 

* 
DI~EI\ISION 

, C30(15,5), C31(15,5), C48(l5,5), C:49(15.5) 
t\1(15,5,, A2(15,5), A3(15,5), A4(15,5), A5(15.5), 

• 
* 

A 7 ( l 5, 5) , A8 ( 15, 5 , , A 9 ( 15, 5) , A l O ( 15, 5) , A 1 1 ( 1 5, 5 , , 

* • • 
01 MEI\,~ ION 

Al2(15,5), 
A17(15,5), 

425(15,5), 
A34( 15,5), 
A39 ( 15, 5). 

A13( 15.5), 
A 18( 15, 5), 

A26(15,5), 
A35(15,5), 
A40(15,5h 

Al4(15,5), A15(15,5), 
A20(15,5), A2l(15,5), 
A27 ( 15, 5), A28(15,5), 
A36(15,5), A37(l5,5J, 
A41(15,5), A42( 15, 5), 

* 444(15,5), A45(15,5), A46(15,5), A47(15,5), 
* .A50(15,5), A51(15,5) 

Al6(15,5), 
A24(15,5), 
A29( 15 • 5), 
A 38( 15 ,.5) 
A43(15,5), 

DIMENSION A6(15,5), At9(15,5), A22(15,5). A23(15,5), A30(15,5)• 

• A31(15,5), A32(15,5), A33(15,5) 
DIMEl'IISIO" 

* 
* 

~t ( 15,5) ,82( 15,5) ,B3( 15,5) ,B4( 15,5) ,85( 15.5) ,87( 15,5), 
B8(15,5),B9(15,5),810(15,5),Bll(l5,5),B12(15,S), 
Bl~(l5,5),814(15,5),Bl5(15,5),B16(15.5),B17(15,5), 
1318( 15,5) ,820( 15,5) ,821 ( 15,5) .824( 15,5),925( 15,5), 
B26(15,5),827(15,5),828(15,5),B29(l5,5),B34(15,5) 
935(15,5), B36(15,St,B37(15,5),B38(l5,5),A39(15,5), 
B40 ( 1 5, !:d , B4 1 ( 1 5, 5 ) , B 42 ( 1 5, 5) • 8 4 3 ( 15, 5) , 8 44( 15, 5) , 

* 
* 

DIMENSION 

• 
* 
* 

•i 4 5 ( 1 5, 5) , 84 6 ( 1 5, 5) , 84 7 ( 1 5, 5 ) • 830 ( 15, 5) , 
q31(15,5),A48(15,5), B49(15,5) 

DIMENSION NOROER(15) 
DIME"SIO" HnFF(15,1), NCOUNT(l5), MM(l5) 

lF(N~eECel) G~ TO 14 
DO 10 L=l,NH 
NCOUNT ( L >= 1 
[Hl9=Hl9(L,1) 
GC TO ( 10 0, 101 • 102 ) , 

00 CCNTINUE 
HOFF(L,1)=H20(L,1) 
MM(L)=L 
GO TO 10 

101 CONTINUE 

IH19 

HOFF<L,1)=•5*(H25(L,1)+H26(L,1)) 
MM(L)=L 
GO TO 10 

102 CONTINUE 
K = L 
LL=l 

CALL SLDPF.:l 

HIJFF ( L, 1 )=FSOFF 

M~(L)=L 
10 CONTINUE 

Figure 12-33. Subroutine ORDERl (2 of 8) 
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C 
114l=NH-l 
DO 12 N=1.N1 
I Pl =N+ l 
DO 12 I<= IP l • "'H 
IF(HOFF(N.l)eLEeHOFF(K.1)) GO TO 12 
TE:MP = HOFF(N,1). 
HOFF(N,ll=HOFF(Kel) 
HOFF(K • l ):TEMP 
JTEMP=MN (I'll) 
MM(N)=~M(t() 

MM(K):tTFMP 
12 CONTINUE 

C 
C 

DO 55 ~: 1. NH 
Kc: ~0,1( M ) 

At(M.t) = Hl(Kel) 
.A2(M. l) = H2(K • 11 
A.3 ( M, l ) = H~ ( K el) 

A4(~. l) = H4{K.1) 
A5(Mel) = HS(Ket, 
A6(M,l) = H6 ( K d) 
A7(M,1) = H7(K.1) 
A8(M.1) = HS(K.l) 
A9(M.t) = H9(K. U 

Al l(M.1) = Hll(l<.t) 
Al:?(M.l) = Hl2(K.t) 
A13(M.t) = Hl3(K.t) 
A15(M.t) : Hl5{K.l) 
Al6(M. l) = Hl6(K,l) 
Al7(M,1) = H17(K,t) 
Alfl(M.1) -= Hl8(K,1) 
A19(M,l) = H19(K.l) 
A50(M,1) = H50(Kel) 
A5l0'1,1) = H5l(K,t) 

C 
THlc;=Hl9(K,l) 
GO T0(50,51•52),1Hl9 

C 
50 CONTINUE 

A20(Mel) = H20(1<el> 
A2l(M.l) = H21 ( K, 1 ) 
A22(Nl,l) = H22(K,l) 
A23(Nlel) -= H23(Kel) 
A24(M,1) = H24(K,t) 
GO TO 55 

C 
51 CONTINUE 

A25(M,l) :;; H25(K,l) 
A26(M,l) = H26(K,l) 
A27 ( M, l • = H27(1<.t) 

Figure 12-33. Subroutine ORDmU (3 of 8) 
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A28(M.t) = H28(K.1) 

A2Q0h U = H29(K,1) 

A30 ( M • 1 J = H30(K.t) 

GO T!1 55 
C 

52 CONTINUE 

A31(tJ.1) = H3l(K.t) 

A32(M.t) = H32(K.1) 
A33(M.t) = H33 ( K • 1 > 
A34(M.1) = H34(K.1) 

A 35 ( M, 1 ) = H35(1<.1) 

A36(M,l) : H36(K,1) 

A37(M•l> : H37(K,1) 

A38(M,1) = H38(K.1) 
A39(M,l) = H39(K,1) 

A40(M.t) = H40(K,1) 

A41(M,1) = H4 l ( K • 1 ) 
A42(M,1) = H42(K.1) 
A43(M.t) = H4 3 ( K, 1) 

A44(M,1) = H44(K,1) 

55 CONTINUE 

C 
DO 35 M= 1, NH 

K=tJ 
Hl(M,1) -= Al(K,1) 
H2(M,l) -= A2(K,1) 
H3(M,l) -= .A30<.l) 
H4 ( M, 1 ) = A4(K.1) 
H5(M,1) = AS0<.1) 
H6(M,1) = A6(K,1) 
H7(M,1) = A7(K.1) 

H8(M,l) = A8(K.1) 

H9(M, .1) = At:HK.l) 

Hll(M.t) = All(K.t) 
H12(M.l) = A12(K,1) 

Hl3(M. ll -= A11(K.1) 

H15(M, 1) = A15(1<.1) 

Hl6(M.1) = A16(K.1) 

H17(M.l) = A170<,1) 
Hl8(M, 1) = A18(1<,1) 

H19(M,l) = A19(K.1) 

HSO(M, 1) = A50(K,1) 

H51(M,1) = A51(K,1) 

C 
I H 1 9-= A 1 9 ( I< , 1 ) 

GC T0(40,41,42),!Ht9 

C 
40 CONTINUE 

H20(M,1) = A20(K,l) 

H21("4,l) = A21(t<,1) 
H22(M,1) = A22(K,1) 
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H23(M.l) = A23(1<.1) 

H24(M.1) = A24(K,1) 

GO T fl 35 
C 

41 CONTINUE 

H25 { M • 1 ) = A25(K.l) 

H26(M.l) = A26(K,l) 
H27(M,1) = A27{K,1) 

H28(M.tt = A;>S(K,1) 

H29(M, l) ·- A29(K,1) 

H30(M.l) = A30(K,1) 

GO TO "35 

C 

42 CONT IN1J E 

H31 ( ~, 1 ) = A3 1 ( K , 1 ) 

H32(M.l) = A32{K.t) 

H33(M,1) = A33{K,1) 

H34(M,1) = A34(1<',l) 

H35(M,1) ·- A35P<,1) 
H36(M,l) = A36(K,t) 

H37(M,1) = A37(K.l) 

H38(M,1) = A38(Kd) 

H3<;(M, 1) = A39(K.1) 

H40(M,l) -= A40(K,1) 

H4 1 (Mt 1 ) = A41{K,1) 

H42("1,1) = A42(K, 1) 

H4 3 { !Ill, 1 ) = A43(K,l) 

H44(M,1) = A44(K,1) 

35 CONTINUE 

C 

C 
Nl -= LPl + 1 
oo 60 ~=1,NH 
00 l:>0 N=2,N1 
K=MM(M) 

Bl(M,~) = C 1 ( K, N)_ 
82(M.N) = C2(K,N) 

83(1111.N) = C3(K.N) 

B4(M,N) = C4(K,N} 
85(M,N) = C5(K,N) 
87(M,N) = C7(K.N) 

8B(M.N) = C8(K.N} 
89("'4,N) = C9(K,N) 

B1001.N) = ClO(K,N) 

Oll(M.N) = Cll(K.N) 

A12(M.N) = C12(K,N) 

C 

I A 1 2=A 1? ( M, N ) 
GO TO(t4,65,66,60),IB12 

C 

64 CONTINUE 

Figure 12-33. Subroutine ORDERl (5 of I) 
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fll3(M.N) = C11(K.N) 
Bl-(M.N) = C14(K,N) 
B15(M.N) = C15(K,N) 
816(,,,.,N) = Cl6(K,N) 
B17(M,N) = Cl7(K,N) 
R20(M,N) = C20(K,N) 
84e(M,"1) = C48(K,N) 
B49(M,N) = C49(1<,N) 

GO TO 60 

C 
65 CONTINUE 

Ale(M,N) = C18(K,N) 
A20(M,N) = C20(K,N) 
B21(M,N) = C21(K,N) 
B24(M,l'IJ) = C24(K,N) 
825(M,N) = C25(K,N) 
826(M,N) = C26(K,N) 
B2 7 ( M, N) = C27(K,N) 
828(M,N) = C28(K,N) 
B29(M,N) = C29(K,N) 
830(M,N) = C30(K.N) 
831(M,N) = C31(K,N) 

GO TO 60 
C 

66 CONTINUE 
i:Jl8(M,N) = C18(K,N) 
R24(M,1"1.) = C24(K,N) 
B2~(M,N) = C25(K,N) 
PlO(M,N) = C30(K,N) 
R3l(M,I\.) = C:!l(K,N) 
834(M,N) = C34(K,N) 
835(M,N) = C35(K,N) 
R3f:(M,N) = C36(K,N) 
f317(M,N) ·- C37{K,N) 
838(M,N) = C38(K,N) 
B39(M,N) = C3g(K,N) 
tl40(M,N) = C40(K,N) 
B41(M,N) = C4 1 ( K, N) 
R42(M,N) = C4?.(K,N) 
843(M,N) = C4 3( K, N) 
844(M,N) = C44(K,N) 
R45(M,N) = C45(K,N) 
R46(M,N) = C46(K,N) 
847(M,N) = C47(K,N) 

60 CONT lNUE 

NI = l. pl + 1 
00 30 ,,,_= 1 , "-'H 
DO 30 N=2,Nl 
K=M 

Cl(M,"4) = Bl(K,N) 
C2(M,N) = A2(K,N) 

Figura 12-33. Subroutine ORDERl (6 of 8) 
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C3(M.N) -= BJ(K,N) 
C4(M,N) = 84(K,N) 
CS(M.N) = B5(K,N) 
C7CM,N) :::! 87(1<.,N) 
C8(~.N) -= 88 ( K, N) 

cq(M,N) -= 139 ( I< , N) 
ClO(M,N) P.10(K,N) 
Clt(M,N} = Bll(K,N) 
C12.(M,N) = i:\12CK,N) 

C 
IC12=C12CM,N) 
GO T0(44,45,46,30),t:12 

C 
44 CONT INUF. 

Cl301.N} = B13(K,N) 
C14(M,N) = 814(K,NJ 
Ct~(M,N) = B15(K,N) 
Ct6(M.,N) = B16(KtN) 
Cl7(M,N) = 8\7(K,N) 
C20(M,N) ·- B20(K,N) 
C48(M,N) = B4~( KtN) 

C49(M,N) = B49(K.N) 
GO TO 30 

C 
45 CONTINUE 

ClB(M,N) = B18(K,N) 

C20CM,N) = f:\20(K,N) 
C21(M,N) = R21<K,N) 
C?4(M,N) = B24(K,N) 

C25(M,I\) = R25(t<.,N) 
C2t:(M,N) = 826(K,N) 
C27(M,N) ·- A27CK,N) 
C28(M,N) = 828(K,N) 
C29(M,N) -= B29(K,N) 
C30(M,\I) = A30(KtiN) 
C31(1'A,N) = B.31(K,N) 

GO TO 30 
C 

46 CONTINUE 
ClB(M.N) = B18(K•N) 
C24(M,\I) = B24(K,N) 
C25(M,N) - R?.5(K,N) 
CJO(M,N) - A30(K,N) 
C3l(M,N) = l:331(K,N) 

C34(M,N) = B34( K,N) 
C35(M,N) -= H35(K,N) 
C3t:(M,N) = B36(K,N) 
C37(M,N) = H~7(K,N) 
C3P(M,N) = B38(1<,N) 
C3C:.(M,N) = A3Q(K,N) 
C40(M,N) = A40(K,N) 
C41(M,N) = P.41(K,N, 

C42(M,N) = q42(K,N) 
C43(M,N) = B43(K.tr.> 

Figure -33. Subroutiu OkDi!R1 · tr ef 8l 
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C44(M.N) 
C45(M,N) 
C46(M,N) 
C47(M,N) 

30 CONTINUE 
14 CONTINUE' 

RETURN 
C 

FND 

= 
= 
= 
= 

Fl44(K,N) 
845(K,NI 
B46(K,N) 
B4 7 ( K, N) 

Figure 12-33. Subroutine· ORDERl (8 o·f 8) 
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C 
C 

C 

******************~***********•**************************************~ 
! 

SUB~OUTINF OROER2 

C *********************************************************************1 
C l 
C SU8POUTTNF REllPPANGES HAZARDS LONGITUDINALLY \IIITHIN A GROUP 'l 
C FOR JNSTALLATICN OF A SINGLE LENGTH OF GUARDRAIL TO PROTECT THE GROUPJ 

C 
C 

C 

C 

C 
C 

C 

COMMCN I I NV ENT / I ' J, NH, LP 1, LL, MES 

COMMON / HINVNT / H 1 • H2. H3, H4 9 H5 9 H6. H7, H8. H9. Hll• Hl2, 

* H13, Hl5. H16, Hl7, H18, H19. H20, H21• H22• 

* H23, H24• H25, H26, H27 9 H28, H29, H.30. H3 1 • 

* H32, H33, H34, H35, H36, H37• 1-138, H39• H40, 

* H4 l, H42, H43, H44 • H50, H51 

COMMON / PTHZGR / NPTGf;i, HLGTH 

COMMON I BRGR:::> / MM 

li'JTEGE.~ Hl, H2, H3• H4, H5, H6• H8• H9, Hll, Hl2• H13, H16, H19, 

* H29, H30, H37• H38, H43, H44 

DtMENSIO" 

* 
* 
* 
* 

H 1 ( 1 5, 1 } , H2 ( 1 5 , 1 ) , H3 ( 1 5 • 1 } • H4 ( 15 • 1 ) , H5 ( 1 5 • 1 ) , 
H6(15,1), H7(15,l), H8(15,l>, H9(15,l), Hl1(15,1), 
H12(15,1) 9 Hl3(15,1), H15(15,1), H16(15,t), H17(15,1), 
H18(15,1), H19(15tl)• H20(15,1), H21{15,1), H22{15,1), 
H23(15,1), H24(15,1), H25(15,1), H26(15,l), H27(15,1), 

* 
* 
* 

!1IMENS1CN 

f) t MFNS ION 

DO!: N=l,NH 

MM(N)=N 

5 CONTINUE 
IH6'=H6( l, 1) 

H28(15.t ), 
H33(15,1), 
H38(15tl), 

H4 3 ( 15, l } , 
MM( 15) 

GO TO ( 10 • 12 ) , I H6 

10 CONTINUE 

Nl=NH-1 
Dfl 1 4 P.. = l , N 1 
IPl=N+l 
DO 14 t<.:IPt,NH 

H29(15.t), H30 ( 15, 1 ) • 
H34(15 9 l) 9 H35(15,l), 

H39(15,l), H40 ( 15 • 1 ) , 
H44 ( 15, l ) , H50 ( 15, 1 ) , 

IF ( H17(N.1) .LF.e H17(K,1) ) 

tTF~P.=MM(N) 

GO TO 14 

~M(l\,):M~(I<) 

"1M(l<):[TEMP 

14 UlNTINUF: 
ll=MM(l) 

H3 l ( 15, 1 ) , 
H36(15,l), 
H4 l ( 15, 1 ) , 
H51 ( 15, l ) 

Figure 12-34. Subroutine OIDBlt2 (1 of 2) 
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H37(15,l)t 
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C 

C 

JJ:M,..(NH) 
HL GT H= A AS ( H 1 7 ( I I • 1 ) -H 1 7 ( J.J • l ) ) + H24 ( J J • 1 ) 
GO TO 16 

12 CONTINUE 
Nl-=NH-1 
DO 18 N= t. l'lil 
IPl=N+l 
DO 18 l<=IPl.NH 
IF ( H 17(N. l) eGE. Hl7(K•l) ) GO TO 18 
ITFMP=MM(N, 
MM(N)=MM(I<} 
Mtw!( I< )=I TE,-.P 

18 CONTINUE 
II=f"tw!(l) 
JJ=~M(NH) 
HL GTt--ABS ( Hl 7 ( I I. t )-Ht 7 ( JJ • t) ) +H24( J J • 1) 

16 CONTINUE 
RETURN 

END 

Pigue 12-34. Subrout.:l.ne otmnZ (2 of 2) 
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C 

C 

******************************************************************1 

SUBROUTI~E CCNSTt 
C 
C ******************************************************************~ 
C 
C SUAROUTTNE TO COMPUTE CONSTANT VALUES 

C 
C 

C 
C 

cn~MON / CCNSNT / o. THETA. RAD. ANG. PSIN. RTAN. LIFE. RI 

0=6· 
RAD=3e1416/180e 
THETA=lte 
ANG=THETA*RAD 
RSIN=\e/STN(ANG) 
RTAN=le/TAN(ANG) 
LIFE=2r:> 

Rl=A• 
RETUPN 
END 

Figure 12-35. Subroutine COBST1 (1 of 1) 
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******************••················································· 
5U8~0UTYNE HAZARD 

********************************************************************* 
SUBROUTINE CALLS UP THE APPROPRIATE MAIN SUBROUTINE FOR ONE OF 
THE THPEE DEFINED TYPE HAZARDS (POINT, LONGITUDINAL, AND SLOPE). 
EXCEPT FOR SEVERAL SPECIAL CASES, THE SEVERlTY-INDICIES FOR THE 
HAZARD ARE OBTAINED FROM STORAGE ARRAYS. 

* 
* 
* 
* 

COMMON/ INVENT/ I, J, NH, LPl, LL, MES 
COMMON/ COUNT/ NC 
COMMON/ S~VFRE / S 
COMMON/ H[NVNT / H 1, H2, H3, H4, H5, H6, 

H13, H15, H 16, H17, H18, 
H23, H24, H25, H26, H27, 
H32, H33, H34, H35, H36, 
H41, H42, H43, H44, H50, 

H7, H8, H9, H 11 • Hl?, 
H19, H20, H21, H22, 
H28, H29, H30, H3 l, 
H37, H38, H39, H40, 
HSI 

COMMON/ CINVNT / Cl, C2, C3, C4, CS, C7, cs. C9, ClO, Cll, C12, 
* C13, C14, C15, Cl6, C17, Cl8, c20. c21. C24, 
* C25, C26, C27, C2A, C29, C34, C35, C36, C37, 
* C38, C39, C40, C41, C42, C43, C44, C45, C46., C47 
* , C30., C31, C48, C49 

COMMON / HAZRDS / Htl. HI2. SI, Sil, 512• R, P• UPAY, PSUM, HIB. 

* HIA 
COMMCN / NCNHWY / NCONTR, MONTH, NYEAR 

INTEGER Hl, H2, H3t H4, H5, H6. H8, H9. Hll, H12, Ht3., Hl6, H19, 
* H2~, H30, H37, H38., H43, H44 

* 
* 
* 
* 
* 
* 
* 

INTEGFR Cl, C2, C3, C4, cs. C12, C13, Cl8, c20. c21. C42, C47 

Dl""E"SIC" 
DIMENSinN 
DI ""ENS I CN 

DIMEI\SION 

NC(lS) 
SC 13,7,4,4) 
Hl(15,1), H2(15,1), H3(15,l), H4(15,l), H5(15.l), 
H6(15,1), H7(15,1), H8(15,1), H9(15,l), Hll(15~1). 
H12(15,1). H 13( 15 • l ) , Hl5( 15,1) • Hl6(15,l>, H17(15,l), 
HlA{15,l), Hl9(15,l), H20 ( 15, 1 ) , H21(15,l), H2?.( 15.t,, 
H23(15,1), H 24 ( 15 • 1 ) • H 25 ( 15 • 1 ) , H26(15.t)., H27( 15,1 )., 

1-i 28 ( 1 5 ,1 ) , H29(15,1). H30(15,1), H31(15tl), H32(15,t) 
H33(15,1), H34(1'5,1). H:15(15,1)., H36( 15. l), H37(15,1), 
H38(15,l), H39( 15, l), H40(15,1), H41(15,1), H4 2 ( 15, 1 ) , 
H43(15,l), H44(15,1), H50 ( 15, 1), H51( 15, 1) 

DIMEl'liS[O" Cl(lS,5)., C2(15,5), C3(15,5), C4(15,5), C5(15,5), · 
* C7(15,5), C8(15,5), C9(15.5), Cl0(15,5), Cl1(15,5)., 
* C12(15.,5), C13(15,5), Cl4(ts.s,. C15(15,5), C16(15,5), 

* 
* 
* 

• 
* 

DIMENSION 

C17(15,5), Cl8C 15.5) • C20 ( 15 ,5) , C2l(l5,5), 
C25(1'5,5), C26( 15.,5), C27(15,5), C28(15,5). 
C34(15,5), C35(15,5), C35(15,5), C37(15,5), 
C3C(15,5), C40(15,5), C41(15,5). C42(l5e5)., 
C44(15,5>, C45( 15,5), C46 ( 15 ,5 > • C47(15,5) 
, C30(15,5). C31(15,5), C48(15,5), C49(l5,5) 

Figure 12-36, Sub-routine lL\ZilD (1 of 4) 
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C24(15,5), 
C29(15,5l, 
C38(15,5) 
C43(15,5l, 



C 
C 

C 

C 

C 

C 

C 

C 

C 

DIMFNSION <;I(lS), HT1(15,2), HI2(t5,2), SI2(15,5), S11(15,t) 

IF ( NH ,FQ, 1 GO TO 604 
IF (Hl(Itl) ,NE, Cl(I,J) ,OR, H?(l,t) .NE. C2(1,J) .OR. H.3{1,1) 

* .Nf:. (1(1,J) .oR. H4(1,l) .NE. C4(1,J) .oR. H5(1,1) .NF. 

i1c C5 ( I, J) ) Gn TrJ 607 

DO 602 L=2, NH 
Ml=L-1 
Jr ( NC(L) ,NF.. NC(Ml)) GO TO 605 

IF ( 1-11 3 { L, 1 ) •NF• H l.H M 1 , 1 )) GO TO 60 6 

60? (flNTINUF 

GO TO 604 
60':i COI\TTNUE 

606 

607 

604 

60 

51 

~FS=2e. 
RETURN 

CONTINUE 
M FS = 11 
Rf: TURN 

CONTINUE 
MFS=24 
RFTURN 

CONTINUE 

I t ( C 7 { I , J ) • GT • C • 0 ) GO TO 60 
IF(Cl?{ I,J) .E:(l, 4) GD TO 60 

MF S= 14 

PETURr-! 

cc".TINIJE 

IF(Hll(ltl) •'\IE• 6) GO TO 50 

IF(Cl2( I,J) • F. a• 4) GO TO 50 
TF{C8(1,J) • EQ • 0 .o .OR, ClO( I ,J) 

IF(C9(I,J) .FO • 0 • :) eOR, Cll(I,J) 

GO TO 50 
CONTINUE 

MES=35 
R[TURN 

52 C1NTtN'JE 

.E: a • 
,EO, 

0,0) GO TO 
0 • 0) GO TO 

Tf-(C18(I,J) .C(), l ,AND, C20(I,J) ,EOe 1) GO TO 50 

Mf'S-=-)n 

~ FTUr~N 

"itJ CONT INUF. 
lf"(1·4lq( 1 ,t) .r.:a. t) GO TO 40 
YF(HlA(I.t) .Ea. o.o, GO Ta 41 

Figure 12-36, Subroutine HAZARD (2 of 4) 
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C 

C 

GO TO 4\0 
41 f"f11'\jTJNlJf£ 

M! 'i !C: I 
PFTURN 

40 CnNTINUI: 

C HAZARD SEVERITY-INDEX CO~PUTATIONS 
C 

( GENERAL ) 

C 

C 

C 

C 

C 

C 

C 

lt=Hll(J•l) 
IF ( Hl2(1,1) 
IF ( ~ll<Id) 

I 2= H l 2 ( I , 1 ) 
I3=1 
14=1 
GO TO 7 

5 CONTINUE 
I 2= 1 
13= 1 
I4=1 
GO TO 7 

,:;, CONTINUE 

.eo. 0 ) GO TO 5 

.EQ. 6 ) GO TO 6 

IF(H29(I,1) .Ea. 0 .oR. H30(1,1) .Ea. 0) GO TO 31 
IFCH29(I,1) .GT. 4 eOR. H30CI,1) .GT. 4) GO TO 32 
GO TO 30 

31 CONTINUE 
MF.5=32 
qETURN 

32 CONTINUE 
MES=33 
RETURN 

'30 CONTINUE 
t 2=H 1 2 ( I , 1 ) 
I 3= H 29 ( I , 1 ) 
I 4=H30 ( I, 1 ) 

7 CONT!"IUE 
Sl(I)=S(l1,I2,I3,I4)/10. 
511(1, t)=lO.*Sl(I) 

C SPECIAL CASE -- S~VEqJTY INDfX OF DROP INLETS WITH A RAIS~D HEIGHT OR 
C DEPRESSED DEPTH GREATER THAN leO FT 
C 

IF ( Hll(l,l) 
IF ( H21(1.l) 
IF ( H22(1,1) 

•NF• 10 
eGT. le ) 

eLE • 1 • ) 

GO TO 10 
GO TO 12 
GO TO 10 

Figure 12-36. Subroutine: lll'ZD:D ('3 of 4) 
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C 
St( I )=1 leO/lOeO 
Sll(I.1 >=10.*SI(l) 

GO TO 10 
C C SEVERITY INDEX FOR RAISED ORD~ INLET ASSUMED EQUAL TO THAT OF A BRIDG 

C 

C 

C 

C 

C 

C 

C 

C 

12 CONTINUE 
SI ( t )=S { 11 • 1 o 1•1)/10 • 
Sll(I.1 )=lO•*SI(t) 

10 CONTINUE 
IH19=Hl9(I,1) 
I F ( t rl 1 9 • "'IF • 1 • A ND • I H 1 9 • N £.: • 2 • AND • I H 1 9 • N E • 3 ) GO T O l 4 

16 

18 

20 

14 

GO TO ( 16, 1.8, 20 ), IH19 

CONTINUE 

CALL PTHAZ 
RE TURN 
CONTINUE 

CALL L GHAZ 

RETURN 

COI\TINUE 

CALL SLHAZ 
RETURN 

CONTINUE 
~E5=6 
RETURN 

FND 

Figure 12-36, Subroutine HAZARD (4 of 4) 
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C ***********************•******************************************* 
C 

SUBROUTINE VOITCH 
C 

C ******************************************************************* 
C 
C THIS PROGRAM IS DESIGNED TO CALCULATE THE SEVERITY INDEX. SI. FOR 
C THE V-DITCH OA INTERSECTION OF THE FRONT ANO BACK SLOPES LOCATED 
C WITHIN 30 FEET OF THE TRAVELED WAY. IN ADDITION. THE WIDTH.~. 
C OF THE IMAGINARY LONGITUDINAL HAZARD IS ASSIGNED. 
C 
C 

COMMON, SLOPF.S / K, FSDIR. BSDIR, FSERS, BSERS• FSSTP, BSSTP, 
* FSANG, BSANG. OFFSTl, OFFST2, FSQFF, DELTA, 
* FSDIS, BSDIS 

COMMO~ / HDITCH, SD, W, WO, SDA 
C 

INTEGER FSDIR. BSDIR, FSERS. BSERS 
C 
C MAXl~U~ V-OITCH SEVERITY ASSIGNED FIRST THEN CHECKED 
C 

SI=.~O 
C 
C FRONT SLOPE CHECKED FOR DIRECTION 
C 

IF(FSDIR-1) 10,10,20 
10 IF(FSSTP,GE,6,) GO TO 600 

IF(FSSTP,GE,4,) GO TO 610 
IF(FSSTP,LT,4,) GO TO 620 

20 IF(FSSTPeGE,6,) GO TO 100 
IF(FSSTPeGEa5,) GO TO 200 
1F(FS5TPeGE,4e) GO TO 300 
IF(FSSTP,GEe3,6) GO TO 400 
IF(FSSTP,GEe3,) GO TO 500 
IF(FSSTP,LT,3,) GO TO 800 

C 
C 100 SE~IES FOR SLOPES FLATTER THAN 6 TO 1 
C 
100 IF(DFLTAeLTelge) SI=e22 

C 

IF(DfLTA,G~el9,0,ANO,DtLTA•LTe23e6) 
l~(DELTA,GE,23e6eANDeDELTAeLTe27,9) 
GO TO 800 

Sl=.24 
SI=.30 

C 200 SERIES FOR SLOPES FLATTER THAN 5 TO l 
C 
200 IF(DELTAeLTe2le9) SI=.24 

IF(DELTA,GE,21.9.AND,DELTA,LT,28.5) St=,27 
1F(DFlTA,GEe2A,5eAND.DELTAeLT.JOe8) SI=.32 
GO TO 800 

Figure 12-37. Subrout.ine VDITClr (1 of 2) 
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C 
C 300 SERIES FOR SLOPES FLATTER THAN 4 TO 1 
C 

300 I~(DELTAeLTe23e6) 
I F ( DEL T A • GE • 2 3 • 6 •AND• OE L TA • L T • 2 8 • 2 ) ~- =:_!_3 0 
IF(DELTA.GFe28e2eAND.btifA;LTe3i;~j Sl=e40 
GO TO 1300 

C 
C 400 SERIES FOR SL~PES FLATTER THAN 3e6 TO 1 
C 
400 IF(DFLTA.LT.25.l) 5I=e35 

C 

IF(DELTAeGE.25e1eANDeOcLTAeLTe29e7) 
lF(OELTAeGEe?9.7.ANOeDELTA.LT.34e0) 
GO TO 8CO 

SI=e38 
SI=.45 

C ,00 SE~IES FOP SLOPES FLATTER THAN 3 TO 1 

C 
500 tF(DELTAeLT.27.9) SI=.36 

C 

C 

IF(DFLTA.GE.27.g.AND.DELTAeLT.32.5) 
If(DELTA.GE.32e5eANO.DELTAeLTe36e8) 
GO TO 8CO 

St=.42 
SI= .48 

C ~co SFRlES DcTERMJNES THE SEVERITY FOR A+ FRONT SLOPE CONDITION 

C 
C THF FOLLCWlNG THREE STATEMENTS ARE FOR A FRONT SLOPE OF 6 TO 1 0A 
C FL ATTE·~ 
(: 

600 IF(DELTAeLE.~.O) SI=.10 
IF(OELTAeLc.4.7) SI=.15 
!F(DELTAeLE.9.0) SI=.20 

GO Tf"'1 800 

C 
C STATEMENT 610 IS FOR A FRONT SLOPE OF 4 TO 1 OR FLATTER 

C 
610 lF(DELTAeLF..2.0) 5I=e30 

GO TO s:ioo 
C 
C STATEME~TS 620 ARE FOR FRONT SLOPES STEEPER THAN 4 TO 1 

C 
620 tF(DfLTA•LE•l•O) SI=.36 

tF(DFLTA.GTeleO) SI=.80 
C 
C RCO SERIES IS FnR DETERMINING THE WIDTH OF OBSTACLE 

C 

ROO W=4 • 

C 

IF(FSDl~eEa.t.ANOeFSSTPeLEe3e5) W=8• 
tF(FSDJR.ca.2.ANO.FSSTPeLTe3eO) W=A• 
IF(FSOFFeLT.15.) W=8• 
SD = SI 
RE:TURN 

END Fi9ure 12-37. Subrou~ VDDQI (1 .at.~ 
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-c ******************•*••············································· 
C 

SUBRrUTTNE PR<lA 
C 

C ******************************************************************* 
C 
C SUBROUTINE TO COMPUTE PROBALITY OF A VFHICLE LATERAL DISPLACFMENT 
C GQEATER THAN S:JME ,JFFSET DISTANCE. ENCROACHMENT ANGLE EQUAL TO 
C 11 DEG. (FIGU~E 4 IN NCHRP 20-7). 
C 
C 

C 
C y 

C 

C 

C y 

C 
C V 

C 

C 

C 
400 

C 
402 

C 
404 

C 

COMMON / pq~HTV / Y. PP 

LATERAL OFFSFT DISTANCE TO OBSTACLE (FT) 

IF ( V .LE• 
IF ( V •Gt..• 

LFSS OR EQUAL 

GREATER 44. 

Y2=V**2 
Y3= Y** '3 

GO Tn '-i04 

PP = 100.0 
GO TO 404 

pp = o.o 

CONTINUE 
pp = 0.01 * 
RETURN 
END 

6. ) GO TO 400 
44. ) GO TO 402 

6. PP=l 

PP=O 

PP 

Fi1ure 12-~a. Subroutine Pl\OB (1 of 1) 
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C ******************************************************************* 
C 

SUBROUTINE FREQ 

C 
C ******************************************************************* 
C 
C SUAROUTJNE TO CO~PUTE THE ENCROACHMENT FREQUENCY EXPRESSED AS THE NUM 
C OF ROADSIDE ENCROACHMENTS PEP MILE PER YEAR. ( FIGUTR 2 IN NCHRP 20-

C 
C: 

COMMON/ FRQNCY / ADT, EF 

C 

C 
C AVERAGE DAILY TRAFFIC FOR BOTH DIRECTIONS OF TRAFFIC 

C 

C 

C 

C 

AOT=ADT*lOOO• 
JF (ADT .LE• 3200.0) GO TO 400 
IF ( ADT .GT. ~200.0 .AND. ADT .LF. ssoo.o> GO TO 402 

GO TO 404 

400 FF= Oe001~25 * ADT 
GO TO 406 

402 EF = 5.2 - (0.001739 * (AOT - 3200,0)) 
GO TO 40t:-

404 EF = 1.2 + (0.0004113 * (ADT - 5500.0)) 

406 CONTINUE 

PETURN 
END 

Figure 12-39. Subroutine· "PRJ!Xl (1 of 1) 
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C ********************************************************************* 
C 

5UR~CUTINE COSTS 
C 

C ********************************************************************* 
C 
C SUBROUTINE TO COMPUTF ANNUALtZFD COSTS TAKING INTO CONSIDERATION (1> 
C COSTS OF IMP~OVEMENTt (2) NORMAL MAINTENANCE CJSTS OF HAZARD AND IMPR 
C AND (3) REPAIR C8STS OF HAZARD AND IMPROVEMENT FOLLOWING A COLLISION. 
C COMPOUND INTEREST IS USED WITH AN ASSUMED INTEREST RATE OF 6 PERCENT 
C AND A 20 YEAR LIFE. REFER TO EQUATION ON PAGES 49 AN~ 50 IN NCHRP PR 
C 20-7 Ry MA. JeCe GLENNON FORMERLY OF TTle 
C 
C 

C 

C 

C 

C 

C0f.1MON / INVENT / I • J, NH• LPl, LL, MES 
COMMON / C INVNT / Cl, c2. C3, C4. C5, C7, CB. C9, c10. C 11 • c12. 

* C13, C14, (15, Cl6. C17, C18, C20 • c21. C24. 

* C25, C26 • C2 711 (2811 C29 11 C34, C35, C3611 C37, 

* C 38, C 39, C40 • C 4111 C42, C43t C44, C45, C46, C47 

* • C30, C31, C48, C49 
COMMON / CClNS"IT / o. THETA, RAD, ANG, RSI N, RTAN, LIFE. RI 
COMMON / HA ZRD5 / Hll • HI2, St• S 11 , s12. R' P, UPA Y • PSUM, HIB, 

* HIA 

I NT E GE R C 1 , C 2 , C 3 , C 4 • C 5 , C 1 2 • C 1 3 • C 1 8 • C 2 0 , C 2 1 , C 4 2 , C 4 7 

DIMENSION Cl ( t 5,5) • C2( 15,5) • C3( 15,5>, C4( 15,5>, C5( 15,5) • 
* C7(15,5), C8(15,5), C9(15,5), Cl0(15,5>, C11(15.5), 

* 
* 

* 
* 
* 

DlMFNSION 

* 
DIMENSION 

Cl2(15,5), Cl3(15,5), Cl4(15,5), C15(15,5), Cl6(15,5), 
C17(15,5>, Cl8(15,5), C20(15,5). C21(15,5), C24(15,5). 
C25(15,5), C26(15,5). C27(15,5), C28(15,5), C29(15.5), 
C34(15,5), C35(15,5), C36(15,5), C37(15.5), C38(15,5) 
C39(15,5>, C40(15,5), C41(15,5), C42(15.5), C43(15,5). 
C44(15,5), C45(15,5), C46(15,5), C47( 15,5) 
, C30(15,5), C31(15,5), C48(15,5), C49(15,5) 
5I(15), HI1(15,2), HI2(15,2), 512(15,5). SI1(15tl) 

C INTEREST FACTOR 
C 

C 

C 

Al=(l.+~I*.Ol)**LIFE 
A3=Rl*Al*e01 
A4=(Al-le)/A3 
AS-= 1 ./ A4 

IF ( LL .Ea. 1 ) GO TQ 100 

C A~NUALIZED COST OF I~PROVEMENT 

·Figure 12--40. -subrout-.ine COSTS (1 of 2) 
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C 

C 

IF ( HI 2 ( 1 • l ) • GF • HI 2 { I • 2 ) ) GO TO 102 
HINDX==H 12( I t2) 
GO TO 104 

102 CONTINUE 
HINDX:::1-1{2( I .1) 

104 CONTINUE 
CI=C9( I ,J)$A5*HINDX/S1( I) 
CF=C7( I, J) *A5 
P=CI+CF+Cll{I,J) 

P=R*A4 
R['.TURN 

C ANNUALIZED COST OF HAZARD 
C 

C 

C 

100 CONTINUE 
IF ( Hlt<I.1) .GE. HI1(I,2)) GO TO 106 

HINOX:::Hll( t,2) 

GO TC lCB 
106 CONTINUE 

HINOX:::Hll( 1, 1) 

108 CONTINUE 
CO=C8{1,LL+l)*A5*HINDX/S1(t) 
R=CO+C 10( I ,LL+ 1) 
P=R*A4 
RETUPN 

END 

Figure 12-40. Subroutine COSTS (2 of 2) 
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••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SUB~OuTINE ~UTPUT 

******************************************************************* 

SUBROUTINE TO DPJNT THE OUTPUT FROM THE COMPUTER PROGRAM. 

COMMON / TITLE / LIST 
COMMON/ INVENT/ I, J, NH. LPl, LL, MES 
COMMON / D15Tl / IDIST 

COMMON/ ERRORl / MG, NMES 
C8MMnN / HINVNT / Hl, H2, H3, ~4, H5, H6, H7, H8, H9, Hll• Hl2, 

* H13, H15. Hl6, H17, H18, H19, H20, H?l, H22, 
* H23, H24, H25, H26, H27, H28, H29, H30, H31, 
* H32, H33, H34, H35, H36, H37, H38, H39. H40, 
* H41, H42, H43, H44, H50, H51 

COMMON/ CI"NNT / Cl, C2, C3, C4, cs. C7, ca. C9, ClO, Cll, Ct2, 
* C13, C14, C15, C16, C17, C18, C20, C21, C24, 
* C25, C26, C27, C28, C29, C34, C35, C36, C37, 
* C 3 8 , C 3 9 , C 4 0 , C 4 1 , C 4 2 , C 4 3, ·C 4 4 , C 4 5 , C 4 6 , C 4 7 

* • C30, C31, C48, C49 
CCMMON / CONSNT / O, THETA, RAO, ANG, RSIN, RTAN, LIFE, RT 
COt.lM'lN / HAZROS / HI1, HI2, ST, Sil, SI2, R, P, UPAV, PSUM, HIB, 

* HJA 
CIJ"'1MON / OUTPTl / UPMT, PVAL, CE, LCl, !PRINT 
COW~ON / NCNH~Y / NCONTR, MONTH, NYEAR 
COMMON/ INFO / TYPE, CLASS 

INTEGf:~ Hl. H2, H3. H4, HS, H6, HR, H9. Hll• Hl?., Hl3• H16, Hl9, 

* H29, H30, H37• H38• H43, H44 

INTFGER Cl, (2, C3, C4, CS. C12. Cl3, C18, C20, C21, C42. C47 
INTEGFR UPMT, PVAL, CE 
INTEGFR OISTRT, DIST 

DI MENS Ir"lN 

* 
* 
* 
* 
* 

DIMENSICN 

* 
* 

DIMENSION 

* 
* • 
* 
* 

Hl(15,l), H2{15,1), H3(15.l). H4 ( 15, 1 ) , HS ( 1 5 • 1 ) , 
H6 ( 1 5, 1 ) , H7 ( 15, 1 ) , H8(15,1), HQ ( 1 5, 1 ) , Hll(l5,1), 
Hl2(15,1) 9 Hl3(15,l), H15(15,1), H16(15.l), Hl7(15.l)• 
H18(15,l), H 1 9( 15, 1 ) , H20 ( 1 5 , 1 ) , H21(15,1>, H22(15,1). 
H23{15,1), H24(15,1), H 25 ( 15 • 1 ) , H26(15,l), H27(15,1), 
H28{15,1), H29{15,1), H.30 ( 15, 1 ) , H31(15,l), H32(15,1) 
H33(15.1), H34( 15, 1), H 35 ( 15, 1 } , H36(15,1), H37(15,1), 
H38(15,1), H39(15,1), H40 ( 15, 1 ) , H41 ( 15, 1 ) , H42( 15, 1). 
H43(15,l), H44(15.1), H50(15,1), H51{15,1) 
C1(15,5), C2(15,5), C3(15,5), C4 ( l 5, 5) , CS( 15,5), 

C7 C 1 5, 5) , C 8 ( 15 , 5 ) , C9 ( 1 5 , 5 ) , C 1 0 ( 1 5, 5) • C 1 1 ( 1 5, 5 ) , 
Cl2(15,5), Cl3(15,5), Cl4(15,5), Cl5(15,5), Cl6(15,5), 

C 1 7 ( 1 5, 5 ) , C l 8 ( 1 5, 5 ) , C 20 ( 15, 5) , C 21 ( 15, 5) , C 2 4 ( 1 5, 5) • 
C25(15,5), C26(15.5), C27(15,5), C28(15,5), C29(15.'5), 

C34(15,5), C35(15,5), C36(15.5). C37(15.'5), C38(15,5) 
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C 

C 

DIMffl.:5fON C39(15,5). C40(15.5), C41(15.5), C42(15,5). C43(15,5), 
• C44(15,5), C45(15,5), C46(15,5lt C47(15,5) 
* , C30tl5•5>, C31(15,5), C48(15,5), C49(15,5) 

D I ~ENS I ON SI ( 1 '5 ) , HI 1 ( l 5, 2 ) , HI 2 ( l 5, 2 ) , SI 2 C 15, 5) , SI 1 ( 1 5, 1 ) 

DIMENSION MG(60,20), ID1ST(255) 
DIMF.:NSI.Jf',. !Hl (999), IH2(999h IH3(999), IH4(999), IH5(999). 

* t~6f~99), IGRP(999) 
DIMFNSION JCl ( 15,5) • IC2( 15,5), IC3( 15,5), IC4( 15,5) 
DJMFNS!ON UP~T{15,5), PVAL(15,5), CE(l5,5) 

DIMENSION DISTRT(15,l) 
DIMFNSION TYPE(l0,20), CLASS(I0,20) 

C REDEFINE HEADING OUTPUT VARIA~LES FOR PRINT CONTROL USING LCl AS 
C A COUNTER 
C 

C 

I F ( L I ST • E Q • 0 ) GO t O 2 

GO TO 4 
? CONTINUE 

WRITE(6,99) 
wRITE(6,98) 
WRITF.:(6,97) 
Mt.SAGE=!) 
JEkROR=100 
HE TUR~J 

4 CONTINUF 
KEY=O 
IF(MES,FC,27) GO TO 210 
tF(VFS,EQ,23) GO TO 210 
IF(MES,Ea.o .oR. MES.E0.30) GO TO~ 
MFSAGF ::MFSAGF + 1 
tF(MtSAGEe"lEeIEQRnP) GO TO 5 

MFS=23 
<=; CONTINUE 

M = LCl 
N :::- LC 1 - 1 
IGRP(M) = H16(I,1) 
IH2(M) = H2( I ,1) 

IH3(M) = H3(1.t) 

P\IH3=H3 (I• 1 ) 
D!ST==I0IST{NH3) 

tHl CM) = DIST 
I H'• ( M) = H4 ( I • 1 ) 
IH5(M) = H5(1,l) 

I 1-16 ( M) = H6 ( I , l ) 

DtSTQT(t,1) = DIST 
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IF ( LCl .EQ. 1 , GO TO 10 
IF ( IH2(M) .Ea. I H2( NI eAND. IH3(M) •Ea. [HJ(N) .AND. 

* IHl(M) .Ea. IHl(N) eAND. I H4 ( "1) .Ea. JH4(N) eANDe 

* I H"'i ( M ) .Ea. lH5(N) eAND. IH6(M) .E Q. IH6(N)) GO TO 12 
IF(MES.E0.24 •AND• NH eNE • 1 ) GO TO 12 

10 COII.ITINUE 
KFY=l 

* 

IH7 = H7(I,1) 
lH8-==H8( l, 1) 

IHQ=H9( I,1) 
WRlTE.(6,100) ( TYPE ( I H8 , K ) , K = 1 , 1 3 ) , ( CL ASS ( I H9 , K ) , K = 1 , 1 3 ) , 

H51<1.l), H2(I.t), H3(1.t), DlSTRTCI,1), 
* H4(t,l), H5(1,1), H6(J,l), IH7, LIFE, RI, MONTH, 

* NYEAR 
WRITE(6,101) 
WRITE(f>t102) 

12 CfJNTINUE 

IMPROVEMENT CODING 

IC ODE 1 = C 1 2 ( I , J ) 

GO TO ( 14, 15, 16, 17 }, JCODEl 

14 CONTINUE 
IC0DF2 = Ct:H l,J) 
GO TO ( 18, 19, 19, 19 ),1C0DE2 

18 IC0DF3=C20(I,JJ 

19 

15 

20 

21 

t 6 

17 

2? 

ICODE4 = 0 
GO TO 22 
1Cf1DE3 = 0 
IC0DE4 = 0 
GO TC 22 
CONTINUE 
ICODE2 -= Cl8{ I,J) 

IC0DE3 - C20(1,J) 
GO TO ( 20, 21, 20, 
1Cf1DE4 = 0 

GO TO 22 
I CODF 4 = C21(1,J) 
GO TO 2;? 

CONTINUE 
IC0DE2=Cl8CI,J) 
ICODE?I = 0 

t CODE4 ::: 0 

GO Tn 22 
ICC'DE2-=0 
ICrJDE3=0 
1Cf1DE4=0 
CONTINUE 
ICl(I,J) = 
1(2(1,J) = 
IC:Hl,J) = 
tC4(I,J) = 

tCODEl 
IC ODE 2 
ICODE 3 
IC flDF. 4 

20 ),IC0DE2 
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C 

IF ( H6(I,1) .r:a. 1 ) GO TC 24 
IF ( Hl8(I.1) .Ea. O.O ) H18(t.1) = 
GO TO 25 

24 IF ( Hl8(I.l) .ea. o.o ) H18(I,1) = 
2 5 UP MT ( I , J) = UP AV 

PVAL(J.J) = P5UM 
1Ht6'=H16(1.1) 
IF(LCl .EO. 1) GO TO 28 

Hl7(t.1) ( H24(I,l)/5280.) 

Hl7(1.l) + ( H24(T,l)/5280.) 

IF(NH .Ea. 1 .AND. KEY .Ea. 0 .ANO. LPl .Ea. 1) GO TO 26 
IF(IGRP(M) .NF. tGRP{N) .AND. KEY .Ea. 0) G'J TO 26 

GO TQ 28 
?.6 CONTINUE 

WRITE (6.103) 
2R CONTINUE 

IF ( Hl9(I,1, .Ea. 2 ) GO TO 40 
H29(T,1)=0 
H30(T,1)=0 

40 cnNTINUE 
DO 50 L=l,NH 
IF(C12(L,J) eNEe 4) GO TO 51 

50 CONTINUE 
IF(l .Ea. NH) GO TO 206 

51 COI\TINUE 
IF(MES .Ea. 30) GO TC> 202 
on 200 IN= 1,NMES 
IF ( MES .Ea. IN) GO TO 204 

200 CONT TNlJE" 
TF ( IPRINT eEO. 0 ) GO TO 203 
IF ( IPRINT eEOe l ) GO TO 201 

IF(IPPINT .Ea. 2) GO TO 205 

201 CONTINUE 
IC7=C7(T,J) 
M=J-1 
WRITE (6,106) Ht<l.t), Hll(l,1)• Ht2(I,1), H29(1,1>• HJO(I.U, 

* Slt(I.t), H13(I,l), H16(I.1), H17(I.1>, H18(I.1), M, lCl(l•J>, 
* IC 2 ( I • J) , IC 3 ( I , J ) , IC 4 ( I , J) , SI 2 ( I • J ), , IC 7, P VAL ( I , J) 

* UPMT(I,J). CE( I,J) 

LCl=L<:t+l 
RE"TUPN 

202 CONTINUE 
I N=30 
M=J- l 
wPlTE(6,107) Hl(I,1), Hlt<J,1)• Hl2(I,l), H29(1,t>• H30(I,1), 

* 5Il(lel), HL~(t,1), H16(t,1)• H17<Iel), Hl8(1,1), '-11, ICl(l,J), 
* l<:'?(t,J>, tc·Ht.J), IC4(1,J). (MG(IN,IM),IM=l,20) 

LCl-=LC't+1 
RETURN 
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C 

C 

203 CONTINUE 
IC7=C7(I.J) 
"'1=J-1 
WR I TE ( 6 • 108) H 1 ( 1 t 1 ) • H 1 1 ( I • l ) , H 1 2 ( I • 1 ) , H29 ( I• 1 ) • H.10 ( I • t l, 

* Slt(l.t), H13(1,l), Hl6(1,1), H17(1,1), H18(1,1), M, lCl(l,J), 

* IC 2 ( I • J) • IC 3 ( I • J ) , IC 4 ( I • J ) • S I 2 ( I • J ) • IC 7 , P VAL< t • J ) • UP MT ( I • J ) 
LC1=LC1+1 
RFTURN 

204 CONTII\IUE 
M=J-1 

PRINT****** CN E~~OR MSG 
IF( 511(1,1).LT,O,l I Sil(l.t)=99999e9 
WRITE (6,109) Hl(I,l>. Hll(I.t>. H12(I,1). Hc'9(1.1), H30(1.1), 

* Sll(l ,1), H13(I,1), H16(I,1), H17(I,1), H18(l.tl, M, tCl(l,J), 

* IC2Cl,J), lC3(I.J), IC4(t,J), IN 
LCl=LCl+l 
IF(I .EO. NH) WRITE(6,103) 
RFTURN 

205 CONTINUE 
IC7=C7( 1,J) 
M=J~l 
WRITE (6,112) Hl(ld), Hll{l.1), H12{1,1), H29(I,1), H30(1,l), 

* 511(1,1), H13(1,1), H16(Itl). H17(1,l). H18(1.t), M. ICl(l,J), 
* IC2{I,J), IC.3(1,J), IC4(1,J), SI2(I.J), IC7. PVAL(l,Jt, UPMT(l,J) 

LCl=LCl+l 
RETURN 

206 CONTINUE 
"'1=J-1 
WRITE(6,113) Hl(I,1), Hll(l,l), Hl2(l,1). H29CJ,1), H30(I.1), 

* SI1Ct,l), H13{1.1), Hl6(I,1), Hl7(I,t>, Hl8{I,1), M, ICl(l,J), 
* IC2<t,J), ICJ(I,J), IC4CI.J) 

LCl = LCl+l 
RETURN 

210 CONTINUE 
WRITE ( ~.110 ) (MG(MES,IM)• IM=l.20) 
QETUPN 

C FORMAT ST~TEME~TS 
C 

99 FORMAT(lHl, ////////.T46. •A COST-EFFECTIVENESS PRIORITY APPROACH' 
*,/,T64, 'FOA•./,T41, 'ROADSIDE SAFETY IMPROVEMENT PROGRAMS ON FREE 
*WAYS 1 ,///,T60,•AUGUST 1973',////,T25,'RESEARCH SPONSOR AGENCIES-­
*TEXAS liIGHWAY DEPARTMENT (PRCJJECT Olll',/, T5.3, 1 FEDEPAL HIGHWAY A 
*DMJNISTRATl!JN (PROJECT 1-12)', //.T41, 'PROJECT MANAGERS 
*-- MR. PAUL TUTT ,P.Ee 1 , /, T60, 'Mf~. E:D SMITH ,P,Ee •, 
* /, T60, •MR, ED KRISTAPONIS,P,E. (FHWA)' ,//,T25,'RESEAR 
*CH CONDUCTED BY-- TEX4S TRANSPORTATION INSTITUTE (PROJECT 2011)'• 
* / ) 

Figure 12-41. Subroutine OUTPUT (5 of 7) 

12-123 



C 

C 

C 

C 

C 

9A FOR~AT(T35,•PRINCIPAL I~VESTIGATOR-- OR. OCNALD wooos.P.E.•/, 
•STUDY SUPERVISOR-- MR. GRAEME WEAVER,P.E,', * T41, 

* / , T15 9 •COMPUTER PROGRAM LOGIC-- DP. EDwARO POST,PeE••,//, 
* T37, •CCMPUTER PROGRAMMERS-- MRe SHING-TAK CHEUNG (C.Ee GRADUATE 
*STUDENT) 1 ,/,Tn0, •MR, CHARLES HETHCOAT (CeE• GRADUATE STUDENT)•,/, 
* T60, 'MRe ~ICH~PD PETERSON (CeE• GRADUATE STUDENT)•,/) 

97 FOPMAT( T25, •COMPUTER FACILITIES ANO PROGRAM',//, T35, 'LOCATION 
*-- TFXAS A&M UNIVERSITY'• /, T35, 1 TYPE-- IBM 360/65 1 , 

* /, T35, •CORE f.EOUIRED-- 380K (GS WATFIV )', 
* /, T35, 1 COMP1LE TIME (APPROX)', 

* T59, •= 0,5 MINUTES', 
* /, T35,'EXECUTION TIME (APPROX)', T59, 

* '= OeOl MINUTFS/HAZARD 1 , 

* /, T35, •NUMRER OF SUBROUTINES', T59, '= 37 1 

rso, •c n s T E F F E C T I V E N E S S 100 f"OPMAT( lHl, * P AM•, //, T64, •TYPE HIGHWAY =•, T79, 13A4, /, T54, 

* 'HIGHWAY CLASSIFICATION=', T79, l3A4, /, T55, 
* 'WIDTH TO FAR SHOULDER =•,T79,F4el,T83, 1 (FT) 1 , //, 

* T65, 'HIGHWAY ND =•, I5, /, T66, •COUNTY N'J =•, 15, 

P R O G 

* / • T t:: 4 , ' D I ST R I CT NO =' , I 5 , / , T 6 5 , • C ONT R OL NO = ' , I 5 , / , 
* T65, •SECTION Nl'1 =·, rs. //, T56, •RECORDING DIRECTION =·, 15, 
* /, T65, 1 AOT (1000) =•, 15, /, T71, 'LIFE =•, 15, '(YRS)', 
* /,T67, •INTEREST = 1 ,F5et,•(PERCFNT) 1 ,/,T71, 1 0ATE =',13, 

* T/31, •-•, T82, 12, / t 

101 FORMAT T26, •H A Z A R D'• T82, 'I M P R O V 
* E M E N l' // T2, 'HAZARD', TlO, •tDENT•, T17, •DESC•, 

* T26, •END•, T33, •SEVERITY•, T43, 'OFFSET', T51, 'GROUP', T60, 
* 'MILE-POST', T78, 1 IMPR', T84, 'tMPR 1 , T90, '5EVERITV 1 , TtOO, 
* 'FIRST•, Tl07, •PRESENT•, Tl 16, •ANNUAL', Tl26, •COST' ) 

1 () 2 F OR M AT ( T 4 , • N:'J 1 , T l 1 , ' CODE ' , T 1 7 , 1 C OD E ' , T 2 3 , 1 TR E A T M EN T 1 , 

* T34, 'INDEX•, T44, •CODE•, T52, 1 N0 1 , T59, 1 BEG 1 , T67, 'END', 
* T7g, 1 AlT', Te4, 'CODE', T91, 'INDEX', T101, 'COST', Tl08, 
* 1 WORTH 1 , Tl17, 1 GlST 1 , T124, •EFFF:.CTIVF' / T23, 1 AEG', T29, 
* • E. "'J D • , T 1 ~ 6 • 1 V ALU E • / , T 1 0 1 • 1 ( $ ) ' , T 1 0 9 , '( $ ) 1 , T 1 l 6 , ' ( $ / YR ) ' 

* • /) 
103 FOP~AT(/) 

tC6 FOPMAT ( T3, !'i• Tll, 12, Tl8, 12, T24, 11, T30, 11, T35, F5el, 
* T45, Il, T51, T4, T57, F7.3, T65, F7e3, T80, It, T83, 11, •-•, 
* 11, •-•, It, •-•, 11, T92, F4el, TQ9, I6, Tl07e 17, Tll6, 16, 

* Tl24, 19,/ ) 
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C 

C 

C 

C 

C 

C 

107 FORMAT ( TJ. t4, Tll, 12• Tl 8, (2. 124, 11. T30, Il, T35, F5el, 
* T45, tl, T51, 14, T57, F7e3• T65. F7e3, T80. ll. TBJ. ll, •-•, 
* Jl, •-•, 11, •-•• ll• T92, 10A4,/.T92,10A4,/) 

108 FrJPMAT ( T3, 14, Tll, 12 9 Tl8, 12, T24, 11, T30, Il, T35, F5el, 
* T45, 11, T51, 
* It, •-•, 11, 
* T12~, 1 GF<OUP•} 

14, T57, F7.3, T65, F7e3• T80, 11, T83, Il, 
•-•, 11, T92, F4el, T99, 16, Tl07. 17, T116, 

. -· . 
1 6, 

109 FORMAT ( T3, I4, Ttl, 12, Tl8, 12, T24, 11, T30,. Tl, T35, F5.t, 
* T45, 11, T51, 14, T57, F7.3, T65, F7.3, T80, 11, T83, 11, •-•, 
* 11, •-•, 11, •-•, 11, T92, '*****ERRl1R***** SEE ERROR MESSAGE NO, 

*', T 2 

110 FORMAT( ///, T50, 20A4,///) 

112 FORMAT ( T3, 14, Tll, 12, T18, 12, T24, 11, T30, !1, T35, F5,1, 
* T45, ! 1, T51, 14, T57, F7e3, T65, F7e3, T'30, 11, T83, 11, •-•, 

' * 11, •-•, Tl, •-•, 11, T92, F4el• T99, I6, Tl07, !7, T116, 16, 
* Tl24, 'END GROUP', / } 

113 FORMAT ( T3, 14. Tll• I2, Tl8, 12, T24. 11. T30, Il, T35, F5el, 
* T45• 11, T51• T4, T57, F7e3, T65, F7.3, TSO, 11, T83• 11, •-•, 
* 11, '-'• 11, •-•, Il, T92, '*****NO IMPROVEMENTS RECOMMENDED***** 

*. • / 
END 
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