
GUARDRAIL UTILIZATION: COST-EFFECTIVENESS COMPUTER PROGRAM 

TO ANALYZE 

W-BEAM GUARDRAIL ON FILL SLOPES 

eDWARD R. POST, P.E. 
RICHARD J . RUBY, P.E. 
PATRICK T. McCOY, P.E. 

by 

PATRICK A. CHASTAIN, E.I.T. 
STEVEN S. RUPP, EJ.T. 

in cooperation with 

NEBRASKA DEPARTMENT OF ROADS 

CIVil ENGINEERING DEPARTMENT 
RESEARCH REPORT NO. TRP·03·004· 79 



GUARDRAIL UTILIZATION: A COST-EFFECTIVENESS 
COMPUTER PROGRAM 

TO EVALUATE W-BEAM GUARDRAIL ON FILL SLOPES 

by 

Edward R. Post, P.E. 
Associate Professor of Civil Engineering 

Patrick T. McCoy, P.E. 
Associate Professor of Civil Engineering 

Richard J . Ruby, P.E. 
Assistant Roadway Design Engineer 

Nebraska Department of Roads 

Patrick A. Chastain, E.I.T. 
Graduate Research Assistant 

Steven S. Rupp, E.I.T. 
Undergraduate Research Assistant 

Research Report No. TRP-03-004-79 

Sponsored by 

Engineering Research Center 
College of Engi.neering and Technology 

University of Nebraska 

in cooperation with 

Nebraska Department of Roads 

June 1980 

Civil Engineering Department 
University of Nebraska 

Lincoln, Nebraska 68588 



i 

ABSTRACT 

~ Words: Guardrail, and Roadside Safety 

The purpose of this study conducted by the University of Nebraska was 
to assist the Nebraska Department of Roads in establishing new guardrail 
design policies and standards in Nebraska which will take into consideration 
the relative "effectiveness" and "benefit" of guardrail and alternatives to 
guardrail installations as a function of highway type, traffic volumes, and 
the annualized costs of construction, maintenance, and repair. Effectiveness 
is a measure of the annual reduction in the number of injury accidents, 
whereas, benefit is a measure of the annual reduction in accident costs. 

This report describes the computer program developed to expedite the 
lengthy and tedious cost-effectiveness and benefit-cost calculations for 
making W-beam guardrail improvements on roadside embankments. Case study 
problems are worked to illustrate the usage of the hazard inventory and 
improvement alternative input data coding forms and the interpretation of 
the output listing. Also, the cost-effectiveness and benefit-cost methodol
ogies, on which the program was developed, are discussed in detail. 

The hazard inventory and improvement alternative coding forms developed 
in this study are general in scope and include most roadside hazards that 
are likely to be encountered by an errant automobile. Recommendations for 
future additions to the computer program to include hazards other than 
W-beam guardrail and embankments are presented. 

The work accomplished in this study has demonstrated that the cost
effectiveness and benefit-cost computer program shows great potential in 
providing highway engineers and administrators in Nebraska with a rapid and 
efficient managerial tool for evaluating spot safety improvement projects 
and/or design projects in order to realize the greatest return on the 
capital investment made to reduce injury accidents. 
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INTRODUCTION 

During the past year, the Nebraska Department of Roads (NDR) has been 

engaged in a review of its policy on the use of guardrail. The purpose of 

the NDR review was to develop a revised policy which more directly considers 

the relative safety "effectiveness" of guardrail and alternatives to guardrail 

installation as a function of highway type, traffic volume, and the costs of 

construction, maintenance, and repair. The research documented in this 

report was conducted in support of this policy revision effort. 

The primary objective of this research study was to provide the Nebraska 

Department of Roads a computer-aided procedure for comparing the cost-effective

ness of guardrail installations with alternatives to guardrail such as 

flattening slopes, removing hazards, or doing nothing. Although the application 

of the program is currently limited to the evaluation of W-beam guardrail 

installations and fill slopes, the procedure developed in this study has 

been designed to facilitate expansion of the scope of its application to 

include other types of guardrails, traffic barriers, and roadside hazards. 

In addition to serving as a design tool for evaluating the cost-effectiveness 

of a specific guardrail installation, the computer-aided procedure can also 

be used to eval uate the cost-effectiveness of alternative guardrai l utilization 

policies and design standards, which is the ultimate use for which the 

program was intended. However, because of the ease with which the computer

aided procedure can be used , it would be feasible to conduct a detailed 

analysis of each situation rather than apply a generalized guardrail utilization 

policy. Thus, it would seem desirable to incorporate this procedure into the 

Road Design System currently being used by the Nebraska Department of Roads. 



This report describes the computer-aided procedure developed for the 

cost-effectiveness evaluation of guardrail installations. Included are a 

description of the computer program, instructions for its use, and examples 

which illustrate the preparation of input data and the interpretation of 

the output. Also, the cost-effectiveness and benefit-cost methodologies, 

2 

on which development of the procedure was based, are explained. In addition, 

recommendations for future additions to the computer program are presented. 
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COMPUTER PROGRN1 

The computer program in this study was developed to exped ite the l engthy 

and tedious cost-effectiveness ca l cul ations for making W-beam guardrail improve

ments on roads ide fill slopes. The Logi c for the program was developed in 

earl i er stud ies presented by Post (1. 2). Implementation of the computer program 

requires that one complete two types of computer coding forms. The first form 

(see Figure 1) ;s an i nventory form of an existi ng roadside hazard or base 

design condition; whereas, the second form (see Figure 2) is an improvement 

alternative form for reducing the freq uency and/or the severity of an existing 

hazard. Each form represents one computer IBM data card with 80 f i eld specifi 

cations . A di scuss ion on the use of each coding f orm follows . 

Roadside Hazard Inventory Form 

The inventory form shown in Figu re 1 is divided into 6 boxes to fac i litate 

in the presentation of the form to t he user. The circ l e at the left of each box 

with a pre-mar ked "x" i ndicates that the data within that box must always be 

punched; whereas, t he user must put an "x" in an unmarked ci rcle if the data 

\<,fithin that box i s to be punched. The numbers under each sma ll square within a 

box represent columns on an IBM data card. 

Box 1 - Highway 

The data in Box 1 ;s always punched. This box contains information on the 

type of hi ghway, hi ghway traffi c conditions, and highway geometries. As an 

example, Interstate 1-80 with an ADT of 20.500 wou ld be coded as shown on the 

fo ll owi ng page . The data on this type highway can be obtained from the NDR 

f~in;mum Design Standards (~). 
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Box 2 - Hazard Classification 

The data in Box 2 is always punched. A discussion on the hazard number 

and grouping number will be presented later. A hazard is classified by the 

Identification and Descriptor Codes li sted in Table 1. For example, a 300 ft. 

(0.057 mil length of W-beam guardrail with strong wood posts and beginning 

at mile-post No . 3 would be written as shown below. 
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TABLE 1. HAZARD CLASSIFICATION 

:::::::;:::::" I:~~) =- --1---o~-;;:::::~==~~~"~---------1 
02. Diameter _greater than 10 in. I 

01. 

02. Trees 

03. Rigid Sign Supports 

f------ .. - - -----.-- - --

04. Rigid Base Luminaire Supports 

.. -.-._-------- _ ... .. -......... ------

05 . Curbs 

, 
.- - .--.-------- --- ---1 

01. 
02. 
03. 

01. 
02. 

03. 

Diameter less than 6 in. 

Di ameter between 6 to 12 in. 
Diameter greater than 12 in. 

Single wood post (small size) 
Single wood post 

Single metal post 

(large size) 

04. Double wood posts (small size) 
05. Double wood post (large size) 
06. Double metal posts 
07. Triple metal posts 

08. Cantilever metal support 
09. Overhead sign supports 

01. Small Size 
02 . Large size 

•• _ " • • ___ . _ o . •• _______ _ _ __ _ • __________ - ______ . " 

01 . Mountable design 

02. Non-mountable design less than 10 in . high 
03. Barrier design greater than 10 in. high 

I 
I 

" 



TABLE 1. HAZARD CLASSIFICATION 

Descriptor Code 
-------------1-

Identification Code 
1==========- - - - =l I -

06. Guardrails and Median Barriers 01 . Cable (2 strands on one side of post) 

_._. - _ . . _-----...... __ ._----_._-_. __ ..... . 

07. Slopes 

02. Cable (3 strands on one side of post) 

03. Cable (1 strand on each side of post) 
04. Cable (2 strands on each side of post) 
05. W-Beam (weak steel posts) 
06. W-Beam (strong wood posts) 

07. W-Beam (strong steel posts) 
08. Thrie-Beam 
09. Box Beam (weak posts) 
10. Concrete ~1edian Barriers 

! 
---- ---f----------------- -------------------

i 
I 
I 

! 
! 

01. 

02. 
Ditches 

Fill Slopes 
i 03. Cut Slopes 

08. Culverts 
-- t---------- ----------

01. Headwall or exposed end of pipe 

09. Inlets 

i 
I 

I I-
I 

02. 

03. 

04 . 

01. 

02. 
03. 

Gap between culverts in medians 

Sloped culvert with grate 
Sloped culvert without grate 

Raised drop inlet (tabletop) 
Depressed drop inlet 
Sloped inlet 

co 



TABLE 1. HAZARD CLASSIFICATION 

Identifi~~~;-~;~: _~ Descriptor Code 

10. Roadway under bridge 

-.-~---

11. Roadway over Bridge 

12. Bri dgera il s 

13. Retaining Wall 

14. Energy Attenuator 

01. Bridge piers 

02. Bridge abutment 
----------.--f--------- ------- - ----- -----------

01. Open gap between parallel bridges 
02. Closed gap between parallel bridges 
03. 
04. 

Elevated gore abutment 
Sidewalk or safety walks in front of bridgera ill 

01. Rigid bridgerail ... smooth and continuous 
construction 

02. Semi-Rigid bridgerail . .. smooth and continuous 
construction 

03. other bridgerail ... probable penetration, 
severe snagging and/or 
pocketing or vaulting 

01. End exposed 
02. End shielded 

01. Rich Hydro Cells 
02. Fitch Barrier 8 Modules (11,900 lbs) 
03. " " 9 " (12,300 lbs) 
04. " " . .. 10 " (12, 700 lbs) 
05. " " . .. 12 " (13,100 lbs) 
06. " " . .. 15 " (17,700 1 bs) 

I 
1 
I 

! 

I <0 
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Box 3 - Point Hazard 

A point hazard is a hazard of small dimensional measurements. Typical 

examples of point hazards are trees, utility poles, sign supports, and drainage 

inlet structures. Point hazards were not considered in thi s study. Additional 

subroutines would need to be developed in order to include point hazards . 

Box 4 - Longitudinal Hazards 

As indicated in Box 4, longitudinal hazards are hazards that have long 

dimensional measurements such as guardrails, bridgerails, barrier walls, and 

curbs. An "x " must be placed in the unmarked circle to the left of Box 4 to 

signal the key punch operator to punch the data in Box 4. Of the four hazards 

identified, this study included only roadside W-beam guardrail . The offset 

distance in Box 4 is the lateral distance from the edge of the traveled lane to 

the face of the W-beam guardra i 1. A typi ca 1 I'J-beam guardra ill ocated very close 

to the roadway with a standard height of 27 in., a non-standard post spacing of 

12 ft-6 in., and unanchored ends would be coded as shown below. The length of 

guardrail would be coded in Box 2. 

lONGITUDINAL HAZARDS (Guardrails, Bridgerails, Barrier Walls, and Curbs) 

I °l'~'i' ----I , .. ,~" 
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2 . NO I Red"ced '1. V' I 2. YM 2. Ancho .... t.o q.ound 0. 8r~1 

J . Anchi)' .o T".ndo .... lnol bf ' '''_''Y1 
• • Br .... . .... y T •• min .. Ollie" 

'f 

X 
0 
10 



The guardrail height effect on vehicle vault i ng i n depressed medians and 

t he guardrail end treatment were not considered in this study. Guardra il end 

treatments wou l d be most cr i tical on the approach to a bridge structure . 

Additiona l subroutines wo ul d need to be developed to hand l e t he cases not 

considered in th i s study . 

Box 5 - Sl ope Hazards 

11 

The on ly sl ope hazard identified in Box 5 that was not covered i n t his study 

is Cut Sl opes. An "x" must be placed in the unmarked circ l e to the left of 

Box 5 to s i gna l t he key punch operator to punch the data i n Box 5. The hi nge 

poi nt offset is defined as that po in t between the shou l der and front f ill s lope, 

or that po i nt between s l opes flatter tha n or equa l to 6: 1 and t he fro nt fil l 

sl ope . A typical roadside ditch 10 ft. deep, with smooth side s l opes of 3:1 

and a 6 ft. bottom width carrying 4 ft. of water would be coded as shown be l ow . 

SLOPE HAZARDS (Media n Di tches, Roads ide Di tches , Fi ll Ditches, and Cut Slopes ) 

",,"" ~'''n' ' ".n' FogM' SlnP'" O,"~ ,., ao< ' 5' .. ,," 

0'"" Sin, .. II.,~ ' W,d ,h 5,,,1"' 1'10'''''' COM"'4m O'I"~ 
Ill! , ... , .... , (I , ) If" I.,.,., 'It' 0 151" ... , o'W"., 

\2Q [] [;illJ ~: , []}g ~J ~: , f?lPl !ll ~ 
" 52 53 " 55 &6 51 58 " "'51 " 6J 

1. SmOl'lh I . NOM 
2. R<>ugh 2. L." ,:, ... 2 h 

3. G, ... ,h ... 2 h . 

Box 6 

The data i n Box 6 must always be punched. Th i s box i ncludes the date , 

recommendations (provides additiona l cl arification of hazard) and type of IBM 

ca rd. The number 1 in co l umn box 80 signals the computer program that it is 

read i ng data on the hazard i nventory form. 

on 
X 
0 

'" 
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Summary of Inventory Form 

On the hazard inventory form, three basic types of hazards are identified-

point hazards, longitudinal hazards, and slope hazards. These hazards are each 

identified in the same pre-marked column box, No. 51, as numbers 1, 2, and 3, 

respectively. This scheme is used in order .that all the data for a hazard can 

be placed on one IBM card. Therefore, it is to be emphasized that the user can 

mark only one of the three type hazards on anyone inventory coding form . The 

coding of multiple hazards of the same and/or different types all within a 

single group will be discussed later. 

Roadside Hazard Improvement Form 

The hazard improvement form shown in Figure 2 follows the same basic format 

as the hazard inventory form in Figure 1. The improvement form identifies three 

types of hazard improvements--point hazard improvements (Box 3); longitudinal 

hazard improvements (Box 4); and, slope improvements (Box 5). This format 

requires that the inventory form and improvement form be compatible; in other 

words, a hazard identified as a longitudinal hazard on the inventory form must 

have an improvement that corresponds to (1) a longitudinal hazard improvement 

(Box 4), or a no - improvement (Box 6). A no-improvement recommendation helps to 

minimize the working load of the user in that redundant data is not recorded again. 

As before, the circles to the left of each box with a pre-marked "x" signal 

the key punch operator that the data in these boxes must always be typed, whereas, 

the user must place an "x" in one or more of the unmarked circles to signal the 

key punch operator to type the data in those boxes. 

The types of improvements being made are identified on the computer output 

li sting as an improvement code consisting of three single numbers contained in 
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column boxes 30. 31. and 32. For example, an improvement code of 2-2-1 in Box 4 

shown belol-'J would identify a longitudinal traffic barri er in which the improve

ment would consist of removing the traffic barrier. 

(\ 

9l: 
o 

LONGITUDINAL HAZARD IMPROVEMENTS 

rn II] C.,b D, M"""' .......... _ 
30 31 :n l ....... W ..... M,"",'''''''''' ~ 

- - ----------- -----1 x 
rn Oo .. , ....... ~ 0 
31 ,. iNo_ Do_ OtIIy ' cO 

rn rn 1.'''0< Ba", .. [Z; t . ~ ......... • " II 2. _, ... _. eo, .. ,. .• • Cl 

1. ..... "' ... ,,~ ..... .,....,. '''''''''''0 110 . .. A. 6 • CI 

~ [)] n' ..... .. ' g 1. 1.0 .. 011> 

" 2 """"", _ "h ,. ... no,... 

Point hazard improvements were not considered in this study. Al so, there 

were two other improvements listed under the longitudinal improvement category 

(Box 4 above) that were not considered. Those improvements not included were 

curbs (code 2-l-x) and bridgerail (code 2- 3- x) _ Additional subroutines would 

need to be developed to include these improvements. 

A pre- marked number 2 in column 80 of Box 7 signals the computer program 

that it is reading data on the hazard improvement form. The meaning of the 

numbers 1 or 2 in column 79 will be discussed later. 

Input Data Format 

Referring back to Box 2 of the Hazard Inventory Form (Figure 1), it is 

necessary to define hazard number and grouping number. A group may consist of 

one single hazard or a multiple number of hazards. A group of hazards is defined 

as a condition in whi ch all the hazards are located close together so that an 
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improvement of one hazard wi ll effect the degree of hazardousness of the other 

hazards. 

An example of two hazards in a group is shown in Figure 3. In this case, a 

gua rdrail (Hazard No .1 ) is protecting a fill s l ope (Hazard No.2). The hazard

index (injuri es/yr) before making an improvement ;s the guardrail if one assumes 

that the impacting vehicle ;s redirected . Improvement Alternative No.1 requires 

that the guardra il be removed. sa that the hazard- index after the improvement ;s 

the fi ll slope. The reduction in the hazard-i ndices ;s a measure of the effec 

tiveness. Case Study No.2 shown in Figure 3 "Ias a hypothetical case used for 

debugging the computer program. The input data and results of Case Study No. 2 

are presented in Appendix J. 

The input data arrangement of the hazard inventory and improvement coding 

forms for three different size groups is illustrated in Figu re 4. Group No .1 

consists of one hazard and one improvement alternative; Group No. 2 consists of 

one hazard and two improvement alternatives; and. Group No. 3 consists of two 

hazards and three improvement a l ternatives. It is to be noted that for mu lti ple 

hazard groups that each hazard must be followed by the same number of improvement 

alternative forms as shown in Group 3. The computer program as it now stands is 

capable of evaluating four improvement alternatives for a single hazard or a 

group containing two hazards with four improvement alternatives per hazard. 

Mult i ple hazard groups with more than two hazards would require expans i on of the 

program. An upper limit on the number of hazards per group would be f ifteen . 

Program Strategy 

The computer program reads . operates. and prints the results for one group 

of data at a time. Referring to Group 3 in Figure 4. the computer reads the first 



West side of 
roadway not 
inventoried 

N 

AL TERNATIVE 
IMPROVEMENT 

No.1 

No.2 

No.3 

No.4 

15 

2 - HAZARDS 

EXISTING ROADWAY 
(2 Roadside Hazards) 

IMPROVEMENT 

Guardrail 
(W-Beam) 

Fill Slope 

Remove guardrail, and make no fill 
slope improvements. 

Shorten guardrail length, and modify 
fill slope. 

Shorten length and move guardrail 
laterally, and modify fill slope. 

Decrease guardrail post spacing, and 
make no fill slope improvements. 

FIGURE 3. CASE STUDY NO.2 



Note: 

Max. Number of Hazards per Group = 2 

Max. Number of lmpr. Alt. per Group= 4 

FIGURE 
80 

4. ARRANGEMENT 
ALTERNATIVE 

GROUP3 
2 Hazards 

3 lmpr. Alts. 

COLUMN 

79 

79 

80 

80 

NUMBER MESSAGE 

1 End of Group 

2 End of Group and Program 

1 Hazard Form 

2 lmpr. A lt. Form 

OF HAZARD INVENTORY AND IMPROVEMENT 
CODING FORMS FOR DIFFERENT SIZE GROUPS. 
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card as a hazard because there is a number 1 pre-marked in column 80. The next 

three cards are read as improvement alternatives because there is a number 2 

pre-marked in column 80 of each card. The process is repeated with the second 

hazard card and the following three improvement alternatives, however, this 

time there is a number 2 marked in column 79 of the last improvement which 

signals the end of the group and program. A number 1 marked in column 79 would 

Signal the end of a group only as illustrated by Group s 1 and 2 in Figure 4. 

The hazard inventory data is processed in a 1-dimensional array, whereas, the 

improvement alternative data is processed in a 2-dimensional array. The variable 

names assigned to the hazard inventory data (i.e., H2(I) and the improvement 

data (i.e., C12(I,J) are shown in Figures 5 and 6. respectively. The ;nd;c;es 

(I and J) are omitted from the variable name s for simplicity purposes. 

The computer program developed in this study was limited to W-beam guardrail 

installed on roadside fill slopes. The hazard and improvement coding forms are 

general in scope and include all type of roadside hazards. however, to include 

other roadside hazards not covered in this study would require developing additional 

subroutines. The program as it now stands contains a main program and 16 sub

routines. A brief description of each subroutine ;s contained in Table 2. 

Because operation of a computer program requires precise data input, error 

messages were incorporated into the program to identify input data errors. To 

avoid program termination, which would occur for each data error, the program 

bypasses erroneous data and prints out an error message number and then continues. 

The error message number describes the source of error and the subroutine in 

which it occurred. A li st of the error messages is contained in Table 3. 
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FIGURE 5. HAZARD INVENTORY VARIABLE NAMES. Hxx(l) 
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FIGURE 6. HAZARD IMPROVEMENT VARIABLE NAMES. Cxx (I. J) 
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TABLE 2. DESCRIPTION OF SUBROUTINES 

- I 
SUbrouti"j Subroutine De 

Name 
scription 

MAIN 1 -_._--
RESULT 

IMPCST 

OUTPUT 

FREQ 

PROB 1 

---.-
HINDEX 

PROB 2 

WBEAM 

-.. 
PROB 3 

-
DATA 

SLOPE 

- -

COST 3 

-

Main subroutine that links nearly all s ubroutines 
f----------.-.-.-------.-.- -
Subroutine calculates cost-effectivenes s, zero accident reduction, 
and benefit-cost 

-_._--------- -_._._-_ .... -
Subroutine calculates capital recovery factor and annualized first costs 

-..... --.---.--~--.. ----...• ---_ ... _--------_._--------j 
Subroutine prints listing of computer 0 utput 

------_.-.. _---- .-.. " .---- --... -.... --------------- --1 
Subroutine calculates the encroachment frequency of a specified 
roadway design 

Subroutine calculates lateral offset pr obabi1ities for 5 different 
encroachment angles. If the front slop 
a certainty a vehic le will impact ditch 
of reaching the hinge point is assigned 
the probability of reaching the ditch b 

--_.- --_. 
Subroutine calculates "average" hazard-
possible combinations of encroachment s 
-_._- _ .. _--.•... ..•... __ ._----------

Subroutine as signs impact condition pro 
design taking into consideration all po 
ment speed and angle . 

- ------
Subroutine calculates severity- indicies 

e iss teep (2: 1 or 3: 1) it is 
bottom, therefore, the probability 

For 4:1 and flatter front slopes 
ottom is assigned. . 
_._-----_ .. _----_._-----------; 
index taking into consideration all 
peed and angle. 

babi1ities for a specified roadway 
ssib1e combinations of encroach-

of standard size automobile 
impacting a standard W-beam guardrail u 
encroachment speed and ang1 e. (BARRI ER 
generate severity-index equations). Ad 

nder al l possible combinations of 
VII computer model used to 

justment factors used for guard-
rail with 12 ft-6 in . post spacings. 

Subroutine calculates the probability 0 f an injury for a specified 
severity- index 

.. _-"-----_ .. -•.. _._-_._--_.------------
Subroutine reads and stores hazard inve 
data in groups 

-- _._- -.•.. ---.---...• -.-.-- -. ,---_. 
Subroutine calculates severity-indicies 
traversing various embankment configura 
angle, front slope height, ditch width, 
possible combinations of encroachment s 
model used to generate severity-index e 

Subroutine ca l cul ates injury accident c 
index 

- --

ntory data and hazard improvement 

of standard size automobile 
tions (combinations of front slope 
and back slope angle) under all 

peed and angle. (HVOSM computer 
quations). 

ost for a specified severity-
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TABLE 2. DESCRIPTION OF SUBROUTINES 

SUbroutinr Subroutine Description 
Name 

REPAIR Subroutine calculates "average" collision maintenance cost for W-beam 
guardrail taking into consideration all possib le combinations of 
encroachment speed and angle . 
as function of severity-index). 

(Length of guardrail damage expressed 

_._---- .-...... 

ACCID Subroutine calculates "average" injury accident cost taking into 
consideration al l possible combinations of encroachment speed and 
angle. ---_ .. -

NOIMPR No improvement subroutine . Subroutine sets improvement data equal 
to hazard inventory data. 



TABLE 3. ERROR MESSAGES 

--
No. Message 

1 
2 
3 
4 
5 Lateral Offset Limits Violated 
6 
7 
8 
9 

10 ProQram Valid only for Slope and W-Beam Type Hazard 
11 
12 
13 
14 
15 Undefined Highwav Desion Number 
16 
17 
18 
19 
20 Undefined Front SloQe 
21 Undefined Back Slope 
22 Undefined Front Slope Height 
23 Undefined Back Slope Height 
24 
25 
26 
27 
28 
29 
30 

- - ----

I 

I 
I 
I 
I 

-+ 
I 

SUbroutin~ 

PROB 1 

MAIN 1 

PROB 2 

SLOPE 
SLOPE 
SLOPE 
SLOPE 

N 
N 



23 

Output Data Format 

The output format of the computer program is illustrated in Figure 7 for 

Case Study No.2. The plan view of the case study site was shown in Figure 3. 

The site has two hazards in which a guardrail (hazard 1) is protecting a fill 

slope (hazard 2). The four improvement alternatives being considered for this 

case study were outl ined in Figure 3. 

Page 1 of the output in Figure 7 contains general information on the highway 

design number (see NDR Minimum Design Standards, ref 1), type highway, design 

speed, ADT, project life, compound interest rate, and the date. If anyone of 

these first four items changes, then this block of information is reprinted 

starting on a new page. 

Page 2 of the output in Figure 7 contains information on both the hazard 

and improvement. The Identification and Descriptor Codes (see Table 1) define 

the type hazard, whereas, the Improvement Code defines the type improvement. An 

indepth discussion on the definitions of hazard-index, cost-effectiveness, zero 

accident reduction, and benefit-cost ratio are presented later in the report. 

Improvement Alternatives 1, 2, and 4 were not cost-effective because in each 

case there was no net reduction in the number of injuries per year (summation of 

the hazard-indicies of improvements were greater than the summation of hazard

indicies of the hazards). 

Improvement Alternative 3 resulted in an error message because of an 

invalid type hazard (see Table 3 for a list of the error messages). 



H A Z 1 R 

H1ZAR~ GROUP ItEKI DISC HAZARD SIDE 
HO MO CC~E eCCE INDEX OP 

BOlD 
(IBJ/YR) 

2 2 6 6 0.01494 
3 2 7 2 0.00000 

2 2 6 6 0.01494 1 
J ~ 7 • 0.00000 1 

2 2 6 6 0.01494 1 
3 1 7 • 0.00000 1 

2 2 6 6 0.01494 1 
J 2 7 • 0.00000 1 

PlGE = 2 

C a $ T flPECTIY EHESS PROGRle 

0 

UHll£RSITY OF NEBH1S Kl 
lKO 

HESB1SKA OEP1BTftEKT OF ROADS 

HIGHW1Y OBSIGN HaeBER DR- 7 
TIPE HIGHVA 1 as-12J 
OESIGR SPEED 60 "PH 

lOT 12J4 
PBOJECT LIFE = 20.0 YBS 

IKTEIBST B1TE = 9.000 S 
DATE 9- 6-79 

I " P 

aILE-POSt laps UPB HAZlBD CLEAR 
AlT CODE non RECOJEBI 

BEG ERe zan 
(INJ/IB) (PT) 

50.100 50.250 1 2-2-1 0.00000 6 
50.100 50.250 1 4-0-0 0.01784 6 

50.100 50.250 2 2- 2-2 0.01355 7 
50.100 50.250 2 J-2-0 0.01610 8 

50.100 50.250 3 2-2-2 0.01243 10 
50.100 50.250 3 2-2-0 0.00000 a 

50.100 50.250 4 2-2-3 0.00000 10 
50.100 50.250 4 3-2-0 0.01517 10 

PAGE 3 

R a Y E 1\ E K T 

FIRST TOTAL COST ZERO BEMEFIT 
COST AMIUAl EPfECTI'E lCCIDERT COST 

COST TALUE REDUCTIO. UTIO 
($1000) ($/IR) (S) 

2.4 ••••••••••••••• GROOP ••••••••••••••• 
0.0 ---------NOT COST-£P1ECTI1E--------

0.5 ••••••••••••••• GBOOP ••••••••••••••• 
2.5 ---------HOT COST-B11ECT1'E------~-

1.9 ••••••••••••••• CROOP ••••••••••••••• 
3.0 •••••.•••• ZBBOB ftESS1GE = 10 •••••••• 

13.5 ••••••••••••••• GBOUP ••••••••••••••• 
1.5 ---------IOT COST-E11ECT1'E--------

FIGURE 7: COMPUTER OUTPUT LISTING OF CASE STUDY NO.2 

N 

"'" 
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COMPUTER ~10DELS OF AUTOMOB I LE 

During the past three decades. many highway organizations have relied 

heavily upon experience and judgment in the design of roadside appurtenances; 

and. trial and error full sca le tests were often conducted to determine the 

feasibi lity of these appurtenances. Significant advancements in technology and 

an increase in safety have evolved from these efforts. However, this type of 

design approach appears to be insufficient by itself because one or more ful l 

scale tests were required to effectively evaluate the influence of anyone 

variable. Conducting many full scale tests can be both time consuming and 

costly . 

Mathematical model simulation provides a rapid and economical method to 

invest igate the many variabl es involved in a run-off-the-road automobile collision 

or maneuver. A limited number of ful l scale tests can then be conducted to 

confirm the simu lation results. When supplemented by experience, judgment and 

tests, model simu l ation can be a very he l pful tool in achieving efficient and 

safe des 'igns. 

HVOSM 

The Highway-Object-Simulation-Model, designated as HVOSM, was used in the 

subsequent work to study the dynamic motion of a standard size automobile 

traversing different embankment configurations. HVOSM was developed by McHenry 

(i,~) of the Cornell Aeronautical Laboratories and modified for specif ic field 

applications by the Texas Transportation Institute (6). 

The idealized-free-body-diagram of HVOSM is shown in Figure 8. The model 

has 11 degrees of freedom and consists of four isolated masses. The masses of 
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the automobile include: (a) the sprung mass of the body, engine and transmission 

supported by the front and rear suspension system, (b) the unsprung masses of 

the left and right independent suspensions systems of the front wheels, and 

(c) the unsprung mass of the solid rear axle assembly and its suspension system. 

The 11 degrees of freedom of the automobile measured relative to a fixed coordi

nate system in space include: (a) linear translations of the sprung mass in 

three directions, (b) rotational roll. pitch and yaw translations of the sprung 

mass, (c) linear translation of the front wheel suspension systems, (d) steering 

of the front wheels. and (e) linear and rotationa l translations of the rear axle 

assembly and its suspension system. 

A standard size automobile weighing approximately 3,800 lbs was used in 

this study. The properties of the selected automobile were defined in previous 

research work conducted by Ross and Post (L,~) and Weaver (9) on sloping grates 

in medians and roadside embankment slopes. The properties of the se lected 

vehicle are listed on the computer printout sheets in Appendix C. 

The terrain data of a typical embankment configuration, expressed in terms 

of x-y-z coordinates, are presented in Appendix O. The roadway. shoulder. and 

soil were assigned friction coefficient values of 0.8, 0.6 and 0. 2, respectively; 

and. the so il was assigned a stiffness value of 4.000 lbs per inch. Terrain 

contact was only monitored at the two corners of both the front and rear bumpers. 

No attempt was made to steer and/or brake the automobile during any of the 

simulations. This "free-It/heeling" condition would be represen tative of an 

inattentive driver. 

The Texas Transportat ion Institute's (6) modified version of the HVOSM 

program was used in this study . On the average. 1 sec of event time required 



approximately 1 min of time on the University of Nebraska IBM 370 computer 

system. Computer costs per simulation ranged from 10 to 20 dollars. In com

parison. full scale tests range from 5.000 to 15.000 dollars depending on the 

repetitiveness of the tests, vehicle control apparatus, type and amount of 

electronic instrumentation, and data reduction analysis techniques including 

high speed photography. 
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HVOSM has undergone many rigorous comparisions to full-scale testing with 

excellent correlation. An example of such a comparison is shown in Figure 9 in 

which Ross and Post (7) compared the decelerations computed by HVOSM with the 

decelerations measured by accelerometers during a full scale test on an embank-

ment simul ation runs in this study. 

BARRIER VII 

The BARRIER VII program was utilized subsequently in this study to determine 

the dynamic effect of an automobile interacting with a traffic barrier system. 

BARRIER VII was developed by Powell (lQ, ll) . 

The traffic barrier i s idealized as a plane framework compused of elastic

inelastic one-dimensional elements of a variety of types. The automobile is 

idealized as a plane rigid body surrounded by a cushion of springs. A large 

displacement dynamic structural analysis problem is solved by numerical methods. 

The analysis is two-dimensional in the hor i zontal plane. Out-of-plane 

effects, which include vertical di splacements of both the automobi l e and the 

barrier, are not considered. The automobile sl ides along the barrier, and the 

effects of normal, force. friction forces, and wheel drag forces are considered 

- --- - ----- - -------------------  
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;n determining its motion. Data necessary for input to the program consists of 

the barri er confi guration, the properties of the barrier members and automobile 

and the velocity and trajectory of automobi l e before impact. Output consists of 

barrier member forces. barrier deflections. time histories of automobile positions, 

and velocities and acce leration of automobile. 

A final comment should be made about the BARRIER VII program. It is a two 

dimensional program and therefore placed limitations on this study. BARRIER VII 

cannot predict roll motion of the vehicle, wheel snagging or vehicle vaulting. 

BARRIER VII also will not predict situations where the vehic le could break 

through the guardrail. In all BARRIER VII simu lati ons. the railing will return 

to the elastic state, even though at times these may be sufficient plasti c hinges 

formed so as to create a local mechanism. As far as this study was concerned. 

al l the guardrail performance runs were based on successful guardrail tests. 

Output results from BARRIER VII that were of direct interest in this study 

were the vehic l e acce1erations. These values were used to determine the severity

index (51) of the different guardrail vehicle interactions. Explanation of 51 

follows in the report. 
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SEVERITY OF AUTOMOBILE ENCROACHMENTS 

The severity of an automobile impacting a guardrail or traversing an embank

ment ditch configuration was expressed in terms of a Severity-Index. The severity

index ;s computed as the ratio of the measured or computed resultant automobile 

acee 1 era t i on to the resultant lito 1 erab 1 ell automobil e acee' erat i on tha t def; nes 

an ellipso idal surface. This ratio can be expressed mathematically by Eq. 1. 

An in-depth di scussion on the development of Eq . 1. was presented by Ross and 

Post (l£) and Weaver (9). 

where : 

Gtotal Auto S I = .,.-"'.=.!.--==--- = 
Gtota 1 Occupant 

---Eq. 1 

SI = Severity-Index 

Gtota l Auto = Resultant Auto Acceleration 

Gtotal Occupant = Resultant Tolerable Accel erati on 

G,ong = Auto Acceleration along longitudinal 

x-axis (see Figure 3) 
G1at = Auto Acceleration along l ateral y-axi 5 

Gvert = Auto Acceleration along vertical z-axis 
GXL = Tolerable Acceleration along x-axi s 
GYL = Tolerable Acceleration along y-axis 

GZL = Tol erable Acceleration along z-axis 

The severity-index computations in the subsequent work wil l be based on 

accelerations toierable to an unrestra ined occupant. and the automobi le accel-

erations will be averaged over a time duration of 50 msec . The relationsh i p 

between severity- index and injury levels will be discussed in a l ater section. 

Tolerable accelerations suggested by Weaver (~) for use in the severity-index 

equation are shown in Table 4. 
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TABLE 4 

TOLERABLE AUTOMOBILE ACCELERATIONS 

Accelerations 
Degree of Occupant Restraint GYL GXL GZL 

Unrestrained 5 7 6 

Lap Belt Only 9 12 10 

Lap Belt and Shoulder Harness 15 20 17 

Sever i ty-I ndex Equati ons for Embankments 

A typical graph of a pl ot of the computed severity- indicies versus encroach

ment speed and ang l e is shown in Figure 10 for a front fil l s lope of 2: 1. a f i l l 

height of 20 ft .• a ditch width of 4 ft. and a back slope of 2: 1. Linear regression 

l ines were fitted to the data poi nt using the method of l east squares. 

Because no HVOSM simulations were made for 10 and 20 deg encroachment 

traversals. the lines Shown in Figure 10 for these two conditions were fit ted by 

visual means. Likewise. all of the linear lines were simply extended to cover 

the lower and upper speed ranges of 40 and 80 mph which were not s imu l ated i n 

this study. 

A total of 180 linear equations were derived in this study to cover all 

possible embankment configurations and vehic l e speed and angle comb i nations. 

------ -----------------------------------------~ 
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These equations are presented in Appendix F. Adjustment factors were used to 

handle ditches wider · than 4 ft, rough front fill slopes, and water in the ditches. 

A limited number of HVOSM simulations were run which showed that the adjusted 

severity-index values were at least 90 percent accurate. The total number of 

possible combinations covered in this study is therefore equal to 16,200 severity

index values. These combinations are shown in Table 5 below. 

TABLE 5 

MATRIX OF VEHICLE EMBANKMENT TRAVERSALS 

Variable Combinations 

Automobil e Size (1 ) 3,800 1 bs 
Encroachment Speeds (5) 40a, 50. 60, 70, and 80a mph 
Encroachment Angles (5) a a 5, 10 , 15. 20, , and 25 deg 

Front Fill Slopes (4) 2: 1, 3: 1, 4: 1, and 6: 1 
Fill Heights (3) 10, 20. and 30 ft 
Ditch Widths (3)c o to 4 ft, 4 to 8 ft b, & 8 to 12 ft b 

Back Slopes (3) None, 2:1. and 4:1 

Conditions of Front Slope (2) smooth, rough b 

Water in ditches (3) none, 1 ess than 2 ft b, and greater 
than 2 ftb 

a. Interpolated 
b. Adjustment Factor 
c. Flat (no back slope) or trapezoidal shaped 

Of the adjustment factors used. the situation for rough slopes needs further 

clarification. Two possibilities were used for slope conditions, smooth or rough 

slopes. The HVOSt~ simulations were run only on the smooth condition. If a rough 

slope was encountered. the program then examined the front slope angle. If the 

slope was a 2:1 or 3:1, then the rough slopes were not adjusted for severity

indices. If, however, the front slopes were flatter, then an adjustment factor 
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was added to the SI to increase the value. The reasoning behind this is that 

when a vehicle encroaches a steep front slope, there is a high probability that 

it will reach the ditch bottom and undergo high decelerations. However, if the 

front slope is 4:1 or 6:1, it is likely that a vehicle could be steered back 

toward the road and avoid the ditch bottom. In this case, the vehicle will 

undergo higher decelerations on a rough slope than on a smooth slope. 

The data reduction and results of the HVOSM simulations of a vehicle 

traversing different embankment configurations are presented in Appendix E. 

Severity-Index Equations for Guardrail 

The BARRIER VII (10, 11) computer program was used to obtain the severity 

index equations for an automobile impacting a guardrail . It was necessary to 

specify input values for the wooden post, W-Beam rail, and vehicle inertial 

properties . The values for those parameters were obtained primarily from the 

work of Southwest Research Institute (20) in which BARRIER VII results were 

correlated with similar full-scale tests. 

A severity index adjustment factor was built into the program to adjust 

the severity of a vehicle impact on a 12'-6" post spacing in addition to the 

6'-3" post spacing design. These severity index equations and the SI ad

justment factors are presented in Appendix H. 
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COST-EFFECTIVENESS METHODOLOGY 

The cost-effectiveness of an improvement alternative is its annualized 

cost per unit of improvement (effectiveness) it provides . In general, 

the lower this cost, the more cost-effective the alternative. 

The method used by the computer program to calculate the cost-effectiveness 

of improvement alternatives was derived from the cost-effectiveness priority 

approach formulated by Glennon(13) and implemented in Texas in the management 

of · roadside safety improvement programs on both freeways and non-controlled 

access roadways(l). With this approach, the effectiveness of an improvement 

alternative is measured in terms of the number of injury (fatal and non-fatal) 

accidents that it can be expected to eliminate each year. The expected 

annual reduction in injury accidents attributed to a particular improvement 

is the difference between the expected number of injury accidents per year 

under the existing condition and the number of injury accidents expected per 

year after the improvement has been made. In each case, before and after 

impr.ovement, the expected number of injury accidents per year is referred 

to as the hazard index. Thel'efore, the measure of effectiveness of given 

improvement alternative is the difference between the hazard index before 

and after the improvement. 

Thus, the computer program calculates the cost-effectiveness of an 

improvement alternative as follows : 

where: 

C - C 
CE = I E 

HE - HI 
---Eq. 2 

CE = cost-effectiveness of improvement, cost to reduce one injury 

accident (dollars/injury accident reduced); 

CI = annualized cost of improvement (dollars/year); 



CE = annualized cost of existing condition (dollars/year); 

HE = hazard index of existing condition (expected number of injury 

accidents/year); 
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HI = hazard index of improvement (expected number of injury accidents/ 

year) . 

The annualized cost of the improvement alternative includes normal and 

collision maintenance costs as well as the first cost of the improvement. 

The annualized cost of the existing condition is cost of maintaining it, 

which includes both normal and collision maintenance costs . 

In evaluating the cost-effectiveness of improvement alternatives, 

the computer program considers any alternative which does not have a hazard 

index lower than that of the existing condition (i.e., HI .:: HE) to be "not 

cost-effective". Therefore, in such cases, the program merely prints out 

the message "NOT COST-EFFECTIVE", instead of the cost-effectiveness value. 

However, in the case of an improvement alternative which does have a hazard 

index lower than that of the existing condition (i.e., HI < HE)' and which 

is therefore considered to be cost-effective, the program prints out the 

cost-effectiveness value computed for the alter'native. For a cost-effective 

improvement alternative (i.e., HI < HE)' the lower its cost-effectiveness 

value, the more cost-effective it is. This interpretation also applies 

to negative cost-effectiveness values, because in the case of a cost-effective 

improvement alternative a negative value indicates that its annualized 

cost is less than that of the existing condition (i.e., CI < CE). Thus, 

an alternative which has a negative cost-effectiveness value is more cost

effective than one with a positive value, given that both are cost-effective. 
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A description of the procedures used by the computer program to calculate 

hazard i nd i ces and annualized cos t fol l ows. 

Hazard Index 

The generalized equation used to compute the hazard index of an improve-

ment al ternative, or existing condition, is: 

H = E I Pe (C/E) L Pe ,v Pe, v(I;C) - - -Eq. 3 

e v 
where: 

H = hazard index (expected number of injury accidents/year); 

E = encroachment rate (number of roadside encroachments/mile/year); 

Pe(C/E) = probability that the improvement, or existing condition, will be 

encountered given that an encroachment at angle 0 has occurred; 

P = probability of an encroachment at ang le 0 and speed v given that 0 ,v 
an encroachment has occurred; 

Pe ,v(I/C) = probabi l ity of an injury accident given that the improvement, or 

existing condition, has been encountered by a vehicle encroachnent 

at angle 0 and speed Vi 

e = ang le of encroachment (degrees); 

V = speed of encroachment (miles/hour). 

The method by which each of the independent variables in thi s equati on 

is computed is described below. 

Encroachment Rate 

Knowledge of the rate at which vehicles encroach on the roadside of 

various types of highways is very limited. In fact the only pure encroach

ment data available are that of Hutchinson and Kennedy (~). which were 

collected on freeway medians. More recently Glennon (~) has estimated 



encroachment rates for different types of highways as l inear functions 

of average daily traffic (ADT). These re l ationships were derived from an 

analysis of roadside accident rates for different types of highways and a 

comparison of the freeway encroachment rate determined by Hutchinson and 

Kennedy and the freeway roadside accident rate in Missouri. 

Therefore, because they are the only ones available for different 

highway types, the encroachment-rate-versus-ADT relationships determined 

by Glennon are used by the computer program to compute the encroachment 
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rate to be used in Equation 3 to calculate the hazard index of an improvement 

alternative, or existing condit ion. The appropriate relationship is first 

se lected based on the highway type which corresponds to the highway design 

number input on the Roadway Hazard Inventory Form (F igure 1) in the ca se of 

an existing condition or on the Roadway Hazard Improvement Form (Figure 2) 

in the case of an improvement alternative. The encroachment rate is then 

computed using the selected encroachment rate function and the ADT input 

on the same form as the highway design number. The encroachment rate function 

for each highway type and design number is shown in Table 6. It shoul d be 

noted t~at the number of encroachments is the total for both directions of 

traffic. Therefore, if only one side of a hi ghway is being considered, this 

number ;s divided by two. 

Probability of Encounter 

The probability that a vehicle which encroaches on the roadside wil l 

encounter (i .e., collide with or traverse) the improvement alternati ve, 

or existing condition , is dependent on the angle of encroachment. This 

probability is the product of two other conditional probabilities expressed 

as follows: 
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TABLE 6. ENCROACHMENT RATE VS ADT RELATIONSHIPS 

Highway 
Des; gn Encroachment Rate 
Nunber Hi ghway Type (encroactJnents/mi 1 elyear) 

DR I Rural Interstate O.OOOg ADT 

DR 2 Rural Multilane 0.00059 ADT 
DR 3 Divided Highway 0.00059 ADT 

DR 4 Wide Rural 0.000742 ADT 
DR 5 Two-Lane Highway D.000742 ADT 
DR 6 (Roadbed ~ 36 ft.) 0.000742 ADT 

DR 7 Narrow Rural Two-Lane 0.00121 ADT 
Highway (Roadbed < 36 ft.) 

DM 10 Urban Interstate 0.00D9 ADT 
DM 20 0.0009 ADT 
DM 30 Urban Multilane 0.0009 ADT 
DM 40 Divided Highway 0.0009 AOT 

OM 50 Urban Major Arterial 0.00133 ADT 
OM 60 Street 0.00133 ADT 
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FIGURE 11. LOCATION OF IMPROVEMENT ALTERNATIVE AND ITS 
RELATIONSHIP TO PATH OF ENCROACHING VEHICLE 



---Eq. 4 

where: 

Pe(C/E) = probability of encounter given an encroachment at angle e; 

Pe (X/E) = probability that path of vehicle will intersect location 

of improvement alternative, or existing condition, given an 

encroachment at angle e; 

Pe (C/X) = probability of vehicle impacting, or traversing, improvement 

alternative, or existing condition, given that vehicle is on 

an intersecting path for an encroachment of angle e. 
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The probability that an encroaching vehicle will be on a path that 

intersects the location of the improvement alternative, or existing condition, 

is proportional to the longitudinal length of roadway within which this can 

occur. As illustrated in Figure 11, this longitudinal length is a function 

of the angle of encroachment, the width of the vehicle, and the longitudinal 

length and lateral width of the location of the improvement alternative, or 

existing condition. This relationship is defined by the following equation: 

where: 

Le = Ll + d (csc e) + w (cot e) ---Eq. 5 

Le = longitudinal length of roadway within which the path of a 

vehicle encroachment at angle e will intersect the location 

of the improvement alternative, or existing condition (feet); 

Ll = longitudinal length of location of improvement alternative, 

or existing condition (feet); 

w = lateral width of location of improvement alternative, or 

existing condition (feet); 



d = width of encroaching vehicle (feet); 

o = encroachment angle (degrees). 
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Due to a lack of data on the effects of roadway geometries on the frequency and 

nature of encroachments, it is assumed that the l ong itudinal distribution of 

enc roachments along a roadway ;s uniform. Therefore, the probability that 

a vehicle encroachment at angle 0 will be on a path that intersects the 

location of the improvement alternative, or existi ng cond ition is: 

---Eq. 6 

The constant term in this equation ;s the number of feet in a mile. 

The probability that an encroaching vehicle on an intersecting path 

will impact, or traverse, the improvement alternative, or existing condition, 

i s a function of the lateral distance between the outside edge of the travelled 

way and the location of the improvement alternative, or existing condition. 

The greater this distance, the further the vehicle must travel along the 

path to reach t he location and the less likely it is that it will impact, 

or traverse, the improvement alternative, or existing condition. Therefore, 

the encroachment data of Hutchinson and Kennedy (14) were analyzed to determine 

the relationship between encroachment angle and the probability distribution 

of the latera l extent of encroachment. The four distributions shown in 

Figure 12 were found to be significantly different. These distributions 

are used by the computer program to determine the probabi lity of impacting, 

or traversing, the improvement alternative, or existing condition, gi ven 

that the encroaching vehic le is on an intersecting path for a given angle 

of encroachment; because this probabi lity is equal to the probability that 

the lateral extent of the encroachment ;s greater than the Jateral distance 

between the outside edge of the travelled way and the locati on of the improve

ment alternative, or existing condition. 



1-z 
w 
~ 
:I: 
(.) .80 
<(X 
Ow 
a:u 
uz 
Z<( 
Wl
u,.(l) oo 
1- ..J .60 
2<( 
wa: 
1-w 
XI
W<( 
1-..J 
Zz 
w<( 
~ :I: .40 
..JI
u.a: ow 1-
><( 
1-W 
~a: 

iii (!) .20 
<( 
co 
0 
a: 
Q. 

0 10 

ANGLEOFENCROACHMENT,9 

o < e ~ 7.5° 
----..----- 7.5° < e ~ 12.5° 
~ 12.5° < e < 22.5° 
--8--- 22.5° < e 

20 30 40 50 60 70 
LATERAL DISTANCE BETWEEN EDGE OF TRAVELED WAY AND LOCATION 

OF IMPROVEMENT ALTERNATIVE, OR EXISTING CONDITION 

80 

FIGURE 12. DISTRIBUTIONS OF LATERAL EXTENT OF ENCROACHMENTS 



45 

Thus, substituting Equations 5 and 6 into Equation 4. the equation for 

the probability of encounter becomes: 

where: 

Pe (C/E) = probability of encounter given an encroachment at angle 0 ; 

Ll = longitudinal length of location of improvement alternative, 

or existing condition (feet); 

w = lateral width of location of improvement alternative, or 

existing condition (feet); 

d = width of encroaching vehicle (feet); 

o = encroachment angle (degrees); 

Pe(C/X) = probability of vehicle impacting, or traversing, improvement 

alternative, or existing condition. given that vehicle is on 

an encroadment at angle S (obtained from Figure 12). 

Probability of Injury Accident 

- --Eq. 7 

The probability of an injury accident given that the impro~ement alternative, 

or existing condition, has been encountered by an encroaching vehicle is a 

function of the severity index of the impact, or traversal. In turn, the 

severity index depends on the speed and angle of encroac~~ent as well as 

the type and configuration of the improvement alternative, or existing 

condition, impacted, or traversed. As described in a previous section of this 

report, computer simulation models (i.e., HVOSM and BARRIER VII) were used in 

this research to determine the severities indices of side-slope-ditch traversals 

and guardrail impacts over a range of encroachment speed-angle combinations. 

The results of these simulations are used by the computer program to determine 

the severity indices of impacts and traversals. 
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In earlier research conducted at the Uni vers ity of Nebraska-Li ncoln (16), 

a relationship between severity index and probability of an injury accident 

was developed. This relationship is presented in Tabl e 7. To facilitate its 

use in the computer program, the histogram relationship is approximated by the 

two linear functions shown i n Figure 13. 

TABLE 7. RELATIONSHIP BETWEEN SEVERITY-INDEX 
AND PROBABILITY OF INJURY ACCIDENTS 

Severi ty- Index Probabil ity of 
(S I) I nj ury Acci dent 

SI < 0.5 O. I -
0.5 < SI < I. 0 0.3 -

1.0 < SI < 1.5 0.5 -

1.5< SI < 2.0 0.7 -
2.0 <SI<2.5 0.8 -

2.5 < SI 1.0 

Encroachment Speed-Angle Probabilities 

The probabilities of encroachment speed-angle combinations were computed 

by combining the distributions of vehicle speeds and encroachment ang les. The 

vehicle speed distributions were determined from an analysis of spot speed 

data contained in the 1978 annual speed monitoring certifi cat ion report 

prepared by the Nebraska Department of Roads. It was assLJned that vehic le 

speeds are normally distributed with the mean and standard deviat~on va lues 

computEd from the spot spe~d data. These values are shown in Table 8. The 
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encroachment angle distribution used was that reported by Hutchinson and 

Kennedy (Ii). 

TA8LE 8. MEAN SPEEDS AND STANDARD DEVIATIDNS 

Mean Speed Standard Dev iati on 
Highway Type (mph) (mph) 

Interstate-Rural 59.2 ± 4.8 

Interstate-Urban 55.5 ± 5. 2 

Multilane-Divided and Undivided 53.8 ± 4.8 

Two-Lane-Rural 55 .4 ± 4.6 

The vehicle speed distribution for each highway type was combined with the 

encroachment angle distribution, assuming that the speed and angle distribu

tion were independent. The combined distributions were then used to compute 

the encroachment speed-angle probabilities that are shown in Table 9 for 

each highway type. 

Using the point mass model presented by Ross(lZ), it was determined 

that some high-speed, high-angle impacts were not poss i bl e. However, be

cause of the l ack of encroachment data on speed-angle combi nat ions to support 

this conc lusion, it was decided that adjustment of the impact condition 

probabilities to account for the apparent impossibility of high-speed, 

high-angle impacts was not warranted. 

Annualized Cost 

The annualized cost of an improvement al ternat i ve, or existing condition, 

is computed as follows: 
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TABLE 9. ENCROACHMENT SPEED- ANG LE PROBABILITIES 

Vehic le IMPACT ANGLE (Degrees) 
Speed 
(MPH) <7.5 7.5-12.5 12.5-17.5 17.5-22.5 22.5- 27 . 5 >27.5 

INTERSTATE- URBAN 

<45 .010 .004 .003 .002 .001 .002 

45-55 .210 .088 .053 .035 .022 .031 

55-65 . 243 .101 .061 .040 .025 .035 

65-75 .016 .007 .004 .003 .002 .002 
>75 .000 .000 .000 .000 .000 .000 

INTERSTATE-RURAL 

<45 .001 .000 .000 .000 .000 .000 

45-55 . 090 .038 .022 .015 .009 .013 

55-65 . 335 .139 .084 .056 .035 .049 
65- 75 .054 .023 .014 .009 .006 .008 
>75 .000 .000 .000 . 000 .000 . 000 

MULTILANE-DIVIDED AND UNDIVIDED 

<45 .016 .007 .004 . 003 . 002 . 002 
45-55 .271 .113 .068 .045 .028 . 040 
55-65 .1BB .078 .047 .031 .020 . 027 

65-75 

! 
.005 .002 . 001 .001 .000 .001 

>75 . 000 .000 .000 .000 .000 .000 

2- LANE RURAL 
<45 .006 .002 .001 .001 .001 .001 

45-55 . 217 .090 .054 .036 .023 .032 

55- 65 .249 .104 .062 .041 .026 . 036 

65- 75 .009 .004 .002 .001 . 001 .001 
>75 .000 . 000 .000 .000 .000 .000 



where: 
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C = CI + CCM + CNM ---Eq. 8 

C = annualized cost (dollars/year); 

CI = annualized first cost of improvement alternative and zero 

in the case of existing condition (dollars/year); 

CCM = annual collision maintenance cost (dollars/year); 

CNM = annual normal maintenance cost (dollars/year). 

The first cost of an improvement alternative is input on the Roadside Hazard I 

Improvement Form (Figure 2), and it is annualized by the computer program 

using a 20-year life, 9% interest rate, and zero salvage value. The annual 

normal maintenance in the above equation is input directly on this form. 

The annual collision maintenance cost is computed as follows : 

where : 

CCM = E L P0(C/E) L Pe ,v· CM0,v -- - Eq. 9 
o v 

CCM = annual collision maintenance cost (dollars/year); 

E = encroachment rate (number of roadside encroachments/mile/ 

year) ; 

P0(C/E) = probability that the improvement alternative, or existing 

condition, will be encountered given an encroachment at 

angle 0; 

P = probability of an encroachment at angle 0 and speed v given 0,v 
that an encroachment has occurred; 

CM0,v = collision maintenance cost per encounter at angle 0 and speed 

v (dollars/encounter); 

o = encroachment angle (degrees) ; 

v = encroachment speed (miles/hour). 
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In the case of slope improvements, or existing slope conditions, the collision 

maintenance cost per encounter is the same regardless of the angle and 

speed of encroachment. Therefore, the value input on the Roadside Hazard 

Improvement Form is ~sed in the above equation for all encroachment speed-angle 

combinations. 

However, in the case of guardrail, the relationship between guardrail 

collision maintenance cost and severity index, which was established in 

previous research conducted at the University of Nebraska-Lincoln (1) is 

used. In that study, the length of guardrail damaged and the number of 

posts that failed during an automobile collision were estimated from BARRIER VII 

computer simulations. The relationships between severity index and guardrail 

damage are shown in Figure 14 for installation lengths of 95 ft and 200 ft. 

Based on the cost values in AASHTO (~), the collision repair costs for the 

standard W-Beam guardrail was estimated as 9/10 of the current installation 

costs. Therefore, to calculate the collision maintenance cost per guardrail 

impact for a particular encroachment speed-angle combination, the computer 

program determines the length of damage from the relationship shown in 

Figure 14 using the severity index for the given speed-angle combination and 

multiples of the length of damage by $7.60. 

Probability of Zero Accident Reduction 

At a given location, traffic accidents are random events, the occurrence 

of which can be described by a Poisson probability distribution. Therefore, 

even though an improvement alternative is expected to provide a reduction 

in injury accidents there is a certain probability that no reduction will 

result during the life of the improvement . The probability of zero injury 

accident reduction is: 
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P(O) = e-m -- -Eq . 10 

where: 

P(O) = probability of zero injury accident reduction; 

m = expected number of injury accidents reduced over the life of 

the improvement alternative (reduction in hazard index provided 

by a lternat i ve times its 1 ife in years). ' 

The computer program calculates and outputs this probability for each cost-

, (:!{fective imp'.:,ox\'!m~n). alterJl~ t i ve. Values for various expected injury 

accident reductions are shown in Table ·10. 

The probability of zero injury accident reduction provides a basis 

for eliminating those improvement alternatives with relatively high cost

effectiveness values but with little chance of providing any reduction 

in injury accidents during their life times. For example, an improvement 

with a 20-year life and a 0.020 expected injury accident reduction per year 

would have a 0.67 probability of zero injury accident reduction, whereas 

a 40-year life improvement with the same expected reduction would have 

only a 0.45 probability. If both of these alternatives had the same annualized 

cost, they would then have the same cost-effectiveness value, but the 40-year 

life alternative would have a higher probability of actually providing a 

reduction. 
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TABLE 10 . PROBABILITY OF ZERO INJURY ACCIDENT REDUCTION 

Expected Reduction In Number Probability of Zero 
Improvement Life Of Injury Accidents Per Year Injury Accident 

(years) Reduction 

20 0.050 0.37 

0.040 0.45 

0.030 0.55 

0.020 0.67 

0.010 0.82 
.---.. ---. 

40 0. 050 0.14 

0.040 0.20 

0.030 0.30 

0.020 0. 45 

0.010 0.67 



BENEFIT-COST METHODOLOGY 

The primary difference between the benefit-cost method of improvement 

evaluation and the cost-effectiveness approach is that the measure of per-

formance is accident cost savings instead of reduction in injury accidents. 
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The benefit-cost ratio of an improvement alternative is computed as follows : 

where: 

A 
B/C = E CI 

B/C = benefit-cost ratio; 

AE = expected annual accident cost of existing condition 

(dollars/year) ; 

---Eq. 11 

AI = expected annual accident cost of improvement alternative 

(dollars/year); 

CI = annualized cost of improvement alternative (dollars/year); 

CE = annualized cost of existing condition (dollars/year) . 

The annualized costs of the improvement alternative and . the existing 

condition in the above equation are the same as those used in the cost

effectiveness value equation (Equation 2). 

The computer program does not calculate benefit- cost ratios for those 

improvement alternatives that are determined to be "not cost-effective." 

Thus, benefit-cost ratios are not computed for improvement alternatives 

that do not provide an accident cost savings (i.e., AI ~ AE). Therefore , 

a benefit-cost ratio less than one indicates that the alternative is not 

economically worthwhile. Whereas, a benefit-cost ratio greater than one 

or less than zero would indicate that the alternative is economical justifiable. 



The expected annual accident cost of an improvement alternative, or 

existing condition, is computed as follows: 

where: 

P AC e,v e,v ---Eq. 12 

A = expected annual accident cost of improvement alternative, or 

existing condition (dollars/year); 

E = encroachment rate (number of roadside encroachments/mile/ 

year) ; 

Pe (C/E) = probability that the improvement alternative, or existing 

condition, will be encountered given that an encroachment at 

angle e has occurred; 

Pe ,v = probability of an encroachment at angle e and speed v given 

that an encroachment has occurred ; 

e = encroachment angles (degrees); 

v = encroachment speed (miles/hour). 

The only difference between this equation and the hazard index equation 

(Equation 3) is that the average accident cost per encounter replaces the 

probability of an injury accident term. 
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As are the probability of injury and the guardrail collision maintenance 

cost variables, the average accident cost per encounter is computed as a 

function of severity index. An approach similar to that used by Weaver (l§) 

was used to establish a relationship between severity index and accident costs. 

As shown in Table 10, the severity index and probability of injury accident 

were equated to a percentage distribution in terms of three accident severity 

classes: fatal, injury, and property damage only. The total accident 

costs shown in this table were determined by using the following accident cost 
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figure provided by the Nebraska Department of Roads : 

Property Damage Only Accidents $ 900 

Injury Accident --- $ 4,900 

Fatal Accident -- - $336,000 

A third-degree curve drawn to the histogram relationship in Table 11 is used 

by the computer program to determine the average accident cost per encounter used 

in Equation 12. 



TABLE 11 
RELATIONSHIP BETWEEN SEVERITY-INDEX AND INJURY ACCIDENT 

PROBABILITIES, ACCIDENT CLASSIFICATIONS, AND TOTAL ACCIDENT COSTS 

Accident Classification c 
Severity-Indexa Probabil i ty PDO 

of 1njurt Acci dents 
Accident (%) 

SI < 0. 5 0.1 90 

0.5<SI < 1.0 0.3 60 

1.0 < SI < 1.5 0.5 40 

1.5<SI < 2.0 0.7 10 

2.0 < SI < 2.5 0.8 0 

2.5 < SI 1.0 0 

a. Computed by HVOSM and BARRIER VII Simulations 

b. Refer to Table 7 

c. Assumed in similar manner as done in TTl Report (18) 

d. Accident Costs : $336,000 per fatal accident 

$4,900 per injury accident 

Injury 
Accidents 

(%) 

10 

40 

50 

60 

50 

10 

$ 900 per property-damage-only accident 

Fatal 
Accidents 

(%) 

0 

0 

10 

30 

50 

90 

Accide~t 
Cost 

($) 

1,300 

2,500 

36,410 

103,830 

170,450 

302,890 

U1 
00 
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CASE STUDY NO. 3 

This case study consisted of an actual field problem being considered by 

the Nebraska Department of Roads for a spot type improvement. A cross section 

of the 2-lane highway is shown in Figure 15. The roadway is classified as a 

DR-3 Major Arterial (l) with a design speed of 65 mph and an ADT of 3,650 vpd. 

The site is located on a tangent level section of US 15 between mile-posts 3.678 

and 3.788. The shoulders are paved out 8 ft. 

Existing Roadway 

The ' existing roadway had a non-standard guardrail protecting the embankment, 

however, this guardrail will be completely removed and scrapped. The hinge 

point of the existing embankment is located 18 ft from the edge of the traveled 

lane. The embankment has a front slope of 2:1, a fill height of 20 ft., a ditch 

width of 10 ft . , a back slope of 2:1, and a back slope height of 5 ft. The 

condition of the front slope is smooth and the ditch carries no water . Coding 

of the existing roadway is shown on the "Roadside Hazard Inventory Form" in 

Figure 16. 

Improvement Alternative No . 1 

Improvement Alternative No. 1 consisted of modifying the existing roadside 

embankment. The roadside will be extended to provide a c1ear-recovery-area of 

30 ft on a flat slope of 6:1 . The embankment will have a front slope of 3:1, a 

fill height of 20 ft., a ditch width of 10 ft., a back slope of 4:1, and a back 

slope height of 5 ft. 

Using the NOR earthwork program (RDS system), the following cost estimates 

in Table 12 were obtained: 



G. ROAD 
30 FT. 

STATE OF NEBRASKA 
BOARD OF PUBLIC ROADS CLASSIFICATIONS AND STANDARDS 

TYPICAL CROSS SECTIONS OF IMPROVEMENT FOR 
RURAL STATE HIGHWAYS 

DR-3 
MAJOR ARTERIAL 
750 - 400 DRV. 

IMPROVEMENT ALTERNATIVE NO. 2 
W-BEAM GUARDRAIL 

POINTS FRONT FILL SLOPE 3:1 
NGE r IMPROVEMENT ALTERNATIVI 

EXISTING FILL SLOPE 20 \ 

10 11_ 

1 1~ 3 

2 -.... 
//~\I% 111.\\111 

o ~ 
III,\\'ill 

I I I 
o 10 20 30 40 50 60 70 80 90 100 

DISTANCE (FT.) 

FIGURE 15. HIGHWAY CROSS SECTION FOR CASE STUDY NO.3 

4 

110 120 

en 
o 



CASE STUDY NO.3 
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TABLE 12. IMPROVEMENT ALTERNATIVE NO.1 COST ESTIMATES 

Item Quantity Unit Costs Cost ($) 
- .- .-

l. ROH 1.269 ac. $1500/ac. 1 ,904 

2. Culvert Excavation 96 cyd $6/cyd 576 

3. Roadway Excavation 1504 cyd $0.66/cyd 993 

4. 30 in. Culvert Pipe 40 If $17 .96/lf 718 

Total = $4,191 

Coding of Improvement Alternative No. 1 is shown on the "Roadside Hazard 

Improvement Form" in Figure 17. 

Improvement Alternative No . 2 

Improvement Alternative No.2 will consist of installing a standard H-beam 

guardrail at a lateral offset distance of 10 ft. from edge of traveled lane. No 

changes will be made to the existing embankment. The guardrail will be 300 ft. 

long and both ends will have breakaway terminal designs. A rub rail will be 

used to prevent vehicle snagging because the height of guardrail is l-in. higher 

than a standard design of 27 in. Cost estimates for the guardrail are shown in 

Table 13. 

TABLE 13. IMPROVEMENT ALTERNATIVE NO.2 COST ESTIMATES 
-. I Qua'ntity Item Unit Costs Cost ($) 

l. H-Beam Guardrail 300 lf $8.0914/lf 2,427 

2, Breakaway Terminals 2 $464 .1778 ea. 928 

Total = $ 3,355 
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Coding of Improvement Alternative No.2 is shown on the "Roadside Hazard 

Improvement Form" in Figure 18. 

Computer Output Listing 

64 

The listing of the computer output is shown in Figure 19. As evident, the 

slope improvement (Alternative No.1) is more attractive than the guardrail 

improvement (Alternative No.2) because of a lower cost-effectiveness value and 

a higher benefit-cost ratio. However, both improvement alternatives have a high 

probability of a zero hazard reduction over the same project life of 20 years. 

It is interesting to note that even though the guardrail improvement has a lower 

first cost, its hazard-index (injuries/yr) is higher. 

It is important to re-emphasize that the computer program as it now stands 

was not programmed to handle (1) the effect of the rub rail in preventing wheel 

snagging, and (2) the effect of breakaway terminals in reducing the severity of 

end impacts. 
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H A Z A R 

HAZARD GROUP IDENT DESC HAZARD SIDE 
NO NO CODE CODE INDEX OF 

ROAD 
(INJ/YR) 

1 3 7 2 0.02421 1 

1 3 7 2 0.02421 1 

COS T E F F E C T I V ENE SSP R 0 G R A H 

UNIVERSITY OF NEBRASKA 
AND 

NEBRASKA DEPART HE NT OF ROADS 

HIGHWAY DESIGN NUHBER 
TYPE HIGHWAY 
DESIGN SPEED 

ADT 
PROJECT LIFE 

INTEREST RATE 
DATE 

DR- 3 
US- 15 
65 HPH 

D 

HILEPOST IHPR IHPR 
ALl CODE 

BEG END 

3.678 3.788 1 3-2-0 

3.678 3.788 2 3-1-2 

3650 
20.0 YRS 
9.000 X 

9-10-79 

I H 

HAZARD CLEAR 

P 

INDEX RECOVERY 
ZONE 

(INJ/YR) (FTl 

0.00824 30 

0.01256 10 

R 0 

FIRST 
COST 

($1000) 

4.2 

3.4 

V E H E N T 

TOTAL COST ZERO 
ANNUAL EFFECTIVE ACCIDENT 

COST VALUE REDUCTION 
($/YR) (X) 

0 28 72 

1 156 79 

FIGURE 19. COMPUTER OUTPUT LISTING OF CASE STUDY NO.3 

BENEFIT 
COST 
RATIO 

1542.5 

337 . 5 

0> 
0> 
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SUMMARY AND CONCLUSIONS 

The computer program in this study was developed to expedite the lengthy 

and tedious cost-effectiveness and benefit-cost calculations for making 

W-be.am guardrail improvements on roadsi de fi 11 slopes. For example, analyzi ng 

a single group consisting of 2 hazards and 4 improvement alternatives requires 

less than 2 minutes of computer execution time in comparision to three or 

four .man-days of effort. 

The work accomplished in this study has demonstrated that the cost

effectiveness computer program shows great potential in providing highway 

engineers and administrators in Nebraska with a managerial tool for evaluating 

spot safety improvement projects and design projects in order to realize 

the greatest return on the investment made to reduce injury accidents. 

Future Work 

.. The hazard inventory and improvement coding forms developed in this 

study for computer usage are general in scope and include most roadside 

hazards that are likely to be encountered by an errant vehicle. A tentative 

list of subroutines that could be added to the existing computer program 

are ·briefly described in Table 14. 

All of the computer simulations in this study were run using a standard 

size automobile. Additional work should be done to include smaller size 

automobiles. Also, on low volume roads and in urban areas, additional work 

sh04ld be done on establishing (1) frequency encroachment rates, and (2) 

lateral offset impact distribution probabilities. 



Subrouti ne 
Name 

ENDGR 

TABLE 14 

TENTATIVE LIST OF ADDITIONAL COMPUTER SUBROUTINES 

Subroutine Description 

Compute severity- indicies of different guardrail 
end- treatments 

1---- - -... - .--.-.---.. ..---.. -.. ---.- .-.--- - - - - -----.. -- .. --. -.--.---.. -.--.----1 

VAULT Compute severity-indicies of vehicle vaulting of 
guardrail (1) located on slopes, (2) located in 
depressed med i ans, and (3) .with he i ghts lower than 
standard 

I-------l--·--·-·---·-------·--······--·······-······ .... ..... -.-.--.. -.-.--.. ---... -.- -
SNAG Compute severity-indicies of vehicle snagging on 

guardrail posts 
I-------l-----------.---- -.-.- - ----.-.- -- .--...... -

CABLE* Compute severity-indicies of different cable guard
rail designs 

1- ------+- - ---·_----- ----- --
BRIDGE 

PTHAZ 

Compute severity- indicies of different bridgerail 
designs 

Compute severity- indicies of different types of 
poi nt hazards 

1-------1-- .-----------.--------------------- ----4 . 

RUT Compute severity- indicies of rutting or drop-offs 
between travelled lanes and shoulders 

~--------+------------------- -.----------~ 
SOFT 

CURB 

Compute severity- indicies of different Fitch Module 
designs 

Compute severity- indicies of different curb designs 
1------~----------------------------4 

UNIT Store unit costs by district 
~-----4------------------------.-

MAIN 2 Subroutine to expand capability of computer program 
to handle groups containing as many as 15 hazards, 
i .e. , Guardrail - bridgerail sites at over-passes 

~-----+-------.--
ORDER Subroutine to re-arrange hazards by lateral and 

longitudinal distances (x-y coordinates) in order 
to determine exact location of hazards in relation 
to each other 

* Current HP&R Project 
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Computer coding forms similar to the forms developed in this study , 

but of lesser detail, were subjected to extensive field testing by Weaver (1) 

in Texas. It is recommended that a similar field procedure be implemented 

in Nebraska in order to correct any unforeseen problems. 

Ultimately, the computer program should be utilized to (1) develop 

design nomographs for the installation of guardrail similar to the nomograph 

presented in HRR SR 81 (~) as shown in Figure 20, and (2) to assist in 

establishing guardrail design policies and standards in Nebraska. 



]0 40 

,..: ... 
1 40 

...J 

...J 

- _;;~I ~ ----- - "' .. /'- ;;; rY:' ~:~;'~I.w."./l-I~-dl·1 
~ / II 1/ II :7 ..: 

30 ... ~ I 
0 

I- 20 = '" G:i = 10 

.::::1 VlIV 
1---- "-'/ / // / 

1/ .::::.> 
" 

..c 

* For preCIpitous conditIons 
see lelt lor need Indel . 

It woll or woler 01 toe of slope , 
USE Itne Bll but 

fWlth toe woll,odd 5ld 10 
heigh I of fill and enter chart 
with larger equivolenl h. 

'with woler (II toe,odd 8ld 
10 h!ighl 01 fill and enter 
chOfl wilh larger equivalent h. 

folso -check Table 4~ use 
guordrotl I' elfher Ihis chart 
or Table 4 indicoln Ihe nted. 

101 or isolated intermediate curve: . 
(b or Iso.loled near min. curve. 
Ic) or moderate ernl V.C. combin.:c with hor iz . curve. 
Id) or extreme crest VC . combined with horiz . curve. 
(oj and/or boulders on slope, or rood or bu ildings 

at toe of slope. 

WARRANTING VALUES FOR 
GUARDRAIL INSTALLATION 

Primort Highwoys -50 
SecondQr~ Hlghwoys - 70 

EXAMPLE 

--

d~'------1 
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90 

80 

70 

60 

50 

40 

FIGURE 20. NOMOGRAPH TO COMPUTE GUARDRAIL 
NEED INDEX (HRR SR 81) 
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A P PEN D I X 

A. COMPUTER PROGRAM FLOW CHARTS 



NTITLE=O 

( START '\ NCOUNT=O 
./ 

, LINES =0 
IPAGE=O 

NHWY(NTITLE)=C2(1,1) 
NDES(NTITLE)=CI(I,I) 

~ 
NTITLE= 

~ 

NSPD (NTITLE) =C3 (I, I) , NTITLE+I , 
NADT(NTITLE) =C9(1,1) 

II 
I ERRORI(L,M) =O.O : 

I '\ 
'\ CALL MAIN I ./ 

MAIN PROGRAM 

HI(L) - O.O , I ... k;HI(L,K)=O.O 
, HIA(L) =O.O 

CMA(L)=O.O 

CALL DATA '""' ./' 

-;f CALL RESULT J 

( END )( 
... '" 

, 

I 

i , I 
ACA(L) =O.O 
RMA(L)=O.O 

TACIMP(L)=O.O 
NOTCE (L)=O 
IZERO(L)=O 

HIB=O.O 
CMB=O.O 
ACB=O.O 
RMB=O.O 

TACHAZ=O.O 

...:( CALL OUTPUT 
, 
I 

, II 
IGR i 

I 

'lES = . No---' 

" en 



SUBROUTINE MAINl 1/3 

START ~-...::x~ DO 100 II =1, I I ')J IFIAG=l 

YES------, 

/""-..... 
H22(II)=2 & 

ERROR1(II,1) =101< NO <JHi,(II)=6 &>< NO ~< NO 
H1S (II) =6 

CALL FREQ CALL PROB1 CALL PROB2 CALL COST3 CALL PROB3 

~ HIB=HIBiHI(II) o >t CALL REPAIR CMB=CMB+01 

TACHAZ=TACHAZ+01B+RMB I( I RMB=RMB+C7 (II, 1) 1< 1 ACB=ACB-h\C 1< ( 

....., 
m 



SUBROUTINE MAINI (CONT.) 

I----:::)~<. DO 100 JJ=l,J I :)I IFIAG=2 

NO RETURN ERRORl=lO I( j( NO 

YES 
C22=(C25-t{;26)/2 CALL WBEAM 

N=II-l NO 

'------------7\)( CALL NOIMPR } )( CALL SLOPE 

CALL FREQ CALL PROBI CALL PROB2 

YES 

.NO ~ ..... 

~NO 

J>(-NO 

NO 

YES 

CHI=O.O 
Q1A=0 . 0 
RMA=O.O 
ACA=O.O 
C22=H4l 

GO TO 50 

CALL COST3 

2/3 

.YEC"'--'" 

CALL SLOPE 

" " 



SUBROUTINE MAINl (CONT.) 

1---'')(* CALL HINDEX 1 >t HIA=HIA+CHI 

....-----I( CALL IMPCST )I<E<~-{ RMA=RMA+c8 

TACIMP= 
TACIMP 
+COSTl 

+CMA+ 
RMA 

RETURN 

CMA=CMA+CM 

-
ACA=ACA+AC 

3/3 

CALL ACCID 

" CX> 



START 

SUBROUTINE RESULT 

.. 

00 · 100 JJ=l,J I )lEFFECT=HIB-HIA I )I KZERO=2 .718**(-1*(ABS(EFFECT)* 
LIFE»*100. 

ITAC=TTAC 1E1E'----I 

CE=TTAC/EFFECT 

TTAC=TACIMP+ 
TACHAZ 

ICE=CE 

IZERO=KZERO 

.>< NO 

ES YES 

BC=(ACB-ACA)/TTAC NOTCE=l 

YES 

NO 
RETURN 

...... 
<.0 



SUBROUTINE IMPCST 

START '\ .... JJ.GT.l Nv .... INT=O.09 ., 
" 

YES 

II 
COST(JJ)-

" CRF=T2/T3 C4(II,JJ)*CRF ~ 

J 
/ '\ 

RETURN 
'- ""' 

.... LIFE=20.0 , 

" T3=Tl-l.O 
..-

.... ... 

... Tl=(l.O+INT)**LIFE , 

/ 

T2=Tl*INT 

<Xl 
a 



START 

WRITE 
IPAGE & 

400 FRMT 

YES 

)( NO 

WRITE C3, 
C9,HSO,HS1 INT=INT/100. I )! 

HS2,LIFE, IPAGE=IPAGE+1 

INT 

SUBROUTINE OUTPUT 1/3 

~ 
N=NTITLE 

M=NTITLE-1 

NDES (N) =NDES (M)& 
NHWY (N) =NHWY (M) 
NSPD (N)=NSPD (M)& 

DT (N) =NADT (M 

YES~ 

~ NO ..... £ NO 

LINES =0 

~ RITE IPAG 

NCOUNT=NCOUNT+11 >/(404 FRMT) 
& 

406 FRMT 

(» ...... 



YES 

LINES=LINES+l 

y 

'---__ ~){ WRITE 
"END GROUP" 

I 

ES 

MES=O 
K=O 

WRITE IPAG 
406 FRMT 

LINES =0 

LINES=LINES+l 

SUBROUTINE OUTPUT (CONT.) 

DO 200 JJ=l,J 

&L WRITE ~ 
"GROUP" N 

MES=MES+l NO 

WRITE 
"NOT C/E" 

LINES =LINES+ 1 

DO 200 II=l, I 

..)( I K=K+l 

K=K+l 

2/3 

L=II 
M=JJ 

WRITE 
ERROR Ii 

WRITE IPAGE~ LINES=O 
406 FRMT 

00 
N 



K=O 
MES=O 

SUBROUTINE OUTPUT (CONT.) 

RETURN 

WRITE 
600 FRMT 

WRITE 
604 FRMT 

~N 

WRITE 
602 FRMT 

YES 

3/3 

23 



.--NO 

START 

ASSIGN 
ENFR 

HO=230 

ASSIGN 
ENFR 

SUBROUTINE FREQ 

NO )I HO=Cl I )I ADT=C9 

ASSIGN 
ENFR 

./"-.. 
HO=210 

ASSIGN 
ENFR 

ADT=tI3 

ASSIGN 
ENFR 

ASSIGN 
ENFR 

RETURN 

)(' YES 

ASSIGN 
ENFR 

ES 

ASSIGN 
ENFR 

ASSIGN 
ENFR 

CD ..,. 



START 

TEMP2=.5(C25+c26) 

~N 

ASSIGN 
OFSET(1-5) 

I 

o 

ASSIGN 
OFSET(1-5) 

I 

SUBROUTINE PROBl 1/2 

-1 TEMP2=.5(H3O+H31) )1---------. 

o NO ,,)I TEMP2=.5(C25+C26) ~ 

r-----..:')I~ TEMP2=C22+C15*C1 6 1-1 ----------l 

ASSIGN 
OFSET(l-5) 

i 

TEMP2=H41+H42*H43 

ASSIGN 
OFSET(1-5) 

i 



ASSIGN 
OFSET(1-5) 

i 

SUBROUTINE PROB1 (CONT.) 

ASSIGN 
OFSET (1-5) 

i 

ASSIGN 
OFSET(1-5) 

i 

NO 

2/2 

NO ~ ERROR1=5 

ERROR1=5 

RETURN 

co 
0"> 



SUBROUTINE HINDEX 

SUM=O.O 
'- )f----~~ ASUM=O. 0 I )<.. START 

ALONGl= 
0.5*(ABS(C46-C45»*5280 

i 

ALONGl= 
O.5(ABS(Hl9-Hl8»*5280 

SUM=SUM+PI*lMP*ALONGl I( < DO 5 KK=l,5 T~=x.X(OFSET) 

~ ASUM=ASUM+TEMP*SUM 

YES 

00 6 K=l,5 

N~ HI=(ASUM*~*.5)/5280 

CHI=(ASUM*ENFR*.5)/5280 

RETURN 

co 
" 



,,/'-.. 
HO.GE.10 

NO « AND 
HO.LE.10 

ASSIGN 
25 IMP 
VAUJES 

ASSIGN 
25 IMP 
VAUJES 

SUBROUTINE PROB2 

( 'WIT) 0'" ~ ",-n 

>< NO 

NO X. 

YES 

ASSIGN 
25 IMP 
VAUJES 

HO~250 

.:9 

ASSIGN 
25 IMP 
VAUJES 

YES 

>(' NO 

NO X 

YES 

ASSIGN 
25 IMP 
VAUJES 

ERROR1~15 

>(' N 

YES 

ASSIGN 
25 IMP 
VAUJES 

NO ~ ERROR1~15 

RETURN 
00 
00 



START 

YES 

~
lFIAG=2 

NO AND YE 
28=12 

SUBROUTINE WBEAM 

SPEED(1)=40 SPEED(2)=50 SPEED(3)=60 
SPEED(4)=70 SPEED(5)=80 

GRCR=7.6 
ASSIGN 

DO 1 K=1,5 TEMP=SPEED(K) 

CS (~, 1) IEr~----J... ________ --l 
CS(i<,5) 

ASSIGN SIGR VAWES 

ES 

CORRECfED (12' -6") 
SIGR(K,1) CS (K, 1) 

SIGR(K,5) CS (K, 1) 

RETURN 

(» 
'D 



START 

YES 

NO X 

YES YES 

PI (K, L)=. 4*81 (K, L) IEK'--

SUBROUTINE PROB3 

o X. 

NO 

NO) A 

YES 

ASSIGN 

YES --.,--------------, 

NO X. 
ASSIGN 

> )I SISL VAWES 
TO SI 

MATRIX 

SIGR VAWES )1 
TO SI 

MATRIX 

X NO DO 2 K=l,S DO 2 L=l,S 

RETURN 

'" o 



ZERO ALL 
START ) )1 HAZARD 

SLOPE HAZ. 
H41-H48 

J~l 

'--------NO 

ARRAYS 

LONG. HAZ. 
H30-H38 

J~l 

RETURN 

YES 

SUBROUTINE DATA 

ZERO ALL 
IMPROVEMENT I )i 

ARRAYS 

IMPR~O 

J~O 

I~ 
x )1 READ CARDS 

N 
FILL GENERAL I -

X IINFORMATIONAL < I I 1+1 ~ Y < 
HAZARD ARRAYS 

POINT HAZ. 
H23-H27 

J~l 

NO IMPR. 
FILL PROPER 

ARRAYS 
J~J+1 

N ~N 

SLOPE IMPR. 
FILL PROPER 

ARRAYS 
J~J+1 

FILL GENERAL 
INFORMATIONAL 
IMPR. ARRAYS 

~N 

LONG . IMPR. 
FILL PROPER 

ARRAYS 
J~J+l 

POINT IMPR. 
FILL PROPER 

ARRAYS 
J~J+l 

<D 
I-' 



SUBROUTINE SLOPE 

( START ..... ITEMP1=FRONT SLOPE(H42 OR C1S) 
ITEMP2=FILL HEIGHT(H43 OR C16) 
ITEMP3=DITCH WIDTH(H44 OR C17) 
ITEMP4=Back SLOPE(H4S OR C18) 

ADJUST SISL(K, L)= FIND CORRECT 
~ISL(K, L) FOR .- X.XX*VEL "" ANGLE " DITCH WIDTH 

, 
+Y.YY 

.... , 

I 

ADJUST ADJUST 
SISL(K, L) FOR _ ..... SISL(K,L) FOR 

-) 1001 WATER IN , ROUGH SLOPES ,1002 

DITCH 

, 00 1001 K=l,S 

FIND CORRECT 
FRONT FILL .-

HEIGHT 
, 

ERROR MESS. 

" 
!FOR UNDEFINED , VAllJES 

--::X-....... DO 1002 L=l,S 

, I 
~IND CORRECT 
IFRONT SLOPE 

! 

" _ .... RETURN 
'\ ./ 

'" N 



START DO 1 K=l,S 

RETURN 

SUBROUTINE COST3 

DO 2 L=l,S 

TAC(K,L)=«-1934.76* 
TEMP)+127S0*TEMP2+ 
9679*TEMP3) 

TEMP=SI(K, L) 

NO 

TAC(K,L)=300000. 

YES 

'" w 



SUBROUTINE REPAIR 

START '\ ... ASUM=O ... IFIAG=l NO ... ALONG1=(ABS(C46-C45»*5280 !-
-I SUM=O.O 

,,- ,,-

YES , It -

ALONG 1= (ABS (H19-H18»*5280 
, , 

, 
SUM=SUM+IMP(KK,K)*CS (KK,K)*ALONG1 ..... DO 5 KK=1 ,5 ... TEMP=X.X(OFSET(K» ~ DO 6 K=1 ,5 

,It 

~ ASUM=ASUM+TEMP*SUM r-0 .... I ....... , (.5*ASUM*ENFR)/5280 

, I 
r RETURN 
'- '" 

1.0 ..,. 



START }---')I""" ASUM=O. 0 
SUM=O.O 

SUBROUTINE ACCID 

NO ')1 ALONG1=(ABS (C46-C45) )*5280 

ALONG1=(ABS (H19-H18) )*5280 1 )1 

SUM=SUM+IMP(KK,K)*TAC(KK,K)*ALONGl I< ( DO 5 KK=1,5 I< I TEMP=X.X*OFSET(K) t< <., -v .,J 

ASUM=ASUM+TEMP*SUM AC=(ENFR*ASUM*.5)/5280 

RETURN 

'" 01 



SUBROUTINE NOIMPR 

START 

T 
C22=H41 

C15=H42 

C16=H43 

C17=H44 

C18=H45 

C19=H46 

C20=H47 

C21=H48 

Cl,5=H18 

C46=H19 

J, 

( RETURN 

'" a> 
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APPENDIX 

B. COMPUTER PROGRAM SOURCE LISTING 



1 

2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 

15 

lJOB 
C 

TIIIE=300 
98 

C·······*··································*·········· .................. ' c····················································· .................. ' C. GUARDRAIL UTILIZATION: A COST-EFFECTIVENESS 
c· 
C· 
C· 
c* 
c* 
C· 
C· 
c* 

COMPUTER PROGRAI! TO ANALYZE 

V-BEAI! GUARDRAIL FOR USE ON fILL SLOPES 

A COOPERATIVE RESEARCH PROJECT BY THE NEBRASKA 
DEPARTMENT OF ROADS AND THE UNIVERSITY OF 

NEBRASKA, CIVIL ENGINEERING DEPARTMENT 

c·····················································.** .. ** ........... ' C··.·················································· .................. ' 
C 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C MAIK PROGIiAM 
C C ................ * •••••••••••••••• * ................................... . 
C 

c 

C 

c 

DII1ENSIGN 

• 

• • • • • • ,. 
• 
• • ,. 
• • • • 

DII1EN SION 
DIMENSICN 
DIMENSION 
DIllEN SICN 
01 MEN S ION 
DIMEN SIGN 

DIMENSION 

HI (3) ,HIA (4) ,CHI (J,4) ,CMA (4) ,ACA (4) ,RI'IA (4) ,TACIKI?(4), 
ERR 0 R 1 (3, 4) , CS (5 , 5) , I Z ERe (4 ) 
TTAC(4), CE(4), BC(4), ICE(4), ITAC(4), NOTCE(4) 
COSTl (4) ,NDES(100) ,NHIIY (100) ,NSPD(100) ,NADT (100) 
OFSET (5) 
SIGR (5,5) 
1'1(5,5) 

H 0 (3) , 
H 7 (3) , 

H13(3), 
H 19 (3) , 
H27 (3) , 
H35 (3) , 
H43 (3) , 
H50(3) , 
H63 (3) 

Hl (3), H2(3), H3 (3), H4 (3) ,H5 (3) ,H6 (3), 
H8 (3), H9 (3), H10 (3), Hl1 (3), H12 (3), 

H14(3), H15(3), H16(3), H17(3), H18(3), 
H22 (3), H23 (3), H24 (3), H25 (3), H26 (3) , 
HJO (3), H31 (3), H32(3), H33 (3), A34 (3), 
H36 (J), HJ7 (3), H38 (3), H41 (3), H42 (3), 
H44 (3), H45 (3), H46 (3), A47 (3), H48 (3) , 
H51 (3), H52 (3), H60 (3), H61 (3), H62 (3) , 

Cl(3,4), 
C6 (3,4) , 

C12 (3,4), 
C17(J,4), 
e25(3,4), 
C30[3,1I), 
C41 (3,4), 
e60 (3,4) , 

C2(3,4), 
C7 (3,4) , 

C 13 (3,4) , 
C18(3,4), 
C26(J,4), 
cJl (3,4) , 
C42 (3,4) , 
C61 (3,4), 

C3 (3,4) , 
C8 (3,4) , 

C14(3,4), 
C19(3,4) , 
C27 (3,4) , 
C32(3,4), 
C45(3,4), 
C62(3,4), 

C4(3,4), 
C9 (3,4), 

C15(3,4) , 
C20(3,4), 
C28(3,4), 
c33 (3,4), 
C46 (3,4) , 
C63 (3,4) 

C5(3,4), 
Cl0(3,4) , 
C16(3,4), 
C21 (3,4) , 
C29 (3,4) , 
C40 (3,4), 
C22(3,4), 

DIMENSION IMP(5,5) 
llHIENSICN SPEED(5) ,ANGLE(5) ,SISL(5,5) 
DIMENSION TAC(5,5), SI(5,5) 
INTEGEE EREORl 
INTEG .EE TElIP1,TEMI?2,X 
INTEGEli HO,Hl,H2,H3,H4,H5,H6,H7,H8,H9,Hl0,Hll,H12,H13,H14,H15, 

* H16,H17,H22,H23,H24,H25,H~6,H27,H30,H31,H32,H33,H34, 
,. H35,H36,H37,H38,H41,H42,H43,H44,H45,H46,A47,H48,H50, 
• H51,H52,H60,H61,H62,H63 

IN'rEG ER C 1 ,e2 ,C3 ,e5,C6,C7, C8, C 10,C 12,C 13,C 14,C15, C 16, c17 ,C18, 
• C19,C20,C21,C22,C25,C26,C27,C28,C29,C30,C31,C32,C33, 
• C40,C41,C42,C60,C61,C62,C63,C9 



99 
INTEG'EIi SPEED, VEL 16 

17 l:GMMON I MAINS I HIB,HI,CIIB,CM,ACE,AC,RMB,RM,TACHAZ,HIA,CHI,CMA, 

18 
19 
20 

21 

22 

23 

24 

25 

26 

27 
28 

29 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

C 

( 

• ACA,RMA,TACIMP,IZERO,LIlE,INT 
COMMON I BESLT I TTAC, CE, BC, NOTCE, ICE, ITAC, 1GB 
COMMO~I CSTl/COST1 
COMMON I NCONT I NCOUNT, IPAGE, LINES, NDES, NHWY, NSPD, NADT 

C Gl'll1O~/ ENfBE IENFIl 

COMMON/ IDENT II,J,lI,JJ,ICARD,IFLAG,Il'IPll,NTITLE 

CGMMONI UTOl 10I'SET 

C(MMON/ IMPEOB lIMP 

COMMON/ GRSI IS1GR 

CGIHiG NI HUET /PI, SI 

COMMON; SLOPEl ISISL 
COMMONI DATAl IHO,Hl,H2,H3,H4,H5,H6,H7,H8,H9,H10,H11,H12,H13, 

• H14,815,816,817,818,H19,H22,823,H24,825,H26,H27, 
• H30,H31,H32,H33,H34,H35,836,H37,H38,H41,H42,H43, 
• H44,H45,H46,H47,H48,H50,H51,852,H60,H61,H62,H63 

CCMIION; OATA2 IC1,C2,C3,C4,C5,C6,C7,C8,C9,C10,C12,C13,C14,C15, 
• C22,C16,C17,(18,C19,C20,(21,C25,C26,C27,C28,C29,C30, 
• (31,C32,(33,(40,C41,C42,C45,C46,C60,C61,C62,C63 

30 CCMMON; GRCBC I CS 
31 CCMMO NI ERROR IERBOR 1 
32 REAL IMP 
33 REAL INT,LIFE 
34 9999 CGNTI NOE 

35 
36 
37 
38 

c 
( 

( 

( 

( 

( 

SET PECGRAM CCUNTERS 

NTITLE = 0 
NCCUNT = 0 
LINES = 0 
IPAGE = 1 

INITIALIZE VARIABLES 

39 105 CONTINUE 
40 DO 55 L = 1, 3 
41 HIlL) = 0.0 
42 DO 55 K= 1,4 
43 CHI/L,K) = 0.0 
44 55 CONTINUE 
45 00 50 L=1,4 
46 HIA(L)=O.O 
47 CMA~)=O.O 
48 A(AIL) =O.O 
49 RMA/L)=O.O 
50 TAC1MPll) = 0.0 



51 
52 
53 
54 
55 
5b 
57 
58 

5 '3 

bO 
61 
62 
63 
64 

50 

C 

c 

c 
c 
c , 
C , 
C , 
C 

NO'IeE (1)=0 
IZERO (1) =0 
CONTINUE 
HIE=O. a 
CMIl=O.O 
ACB=O.O 
RMB=O. a 
TAeHAZ = 0.0 

CALL DATA 

NTITLE = N'IITLE +1 
NDES(N'I1TLE) = el(l,l) 
NHWY(N'IITLE) = C2 (1,1) 
NSPD(N'IITLE) .= C3(1,1) 
NADT(N'I1TLE) .= C9(1,1) 

INITIAL GROUP ERROR MESSAGES 

I .= NUlHER O.F HAZARDS IN GROUP 
j = NU~IlER OF I~PROVE~ENT ALTERNATIVES FOR GROUP 

65 DO 60 L = 1,1 
66 DO 60 ~ .= 1,J 
67 ERROR 1 (I,M) - 0.0 
68 bO CONTINUE 
69 CALL MAINl 
70 CALL EESUL'I 
71 CALL OUlPUT 
72 IF UGE .EQ. 2) GO TO 100 
73 GO 'IO 105 
74 100 CONTI NUE 

75 
7b 

c 

( 

c 
( 

STOP 
END 

100 

C····················································· .................. . C····················································· .................. . , 
77 SUl:ROUUNE MAIN 1 

C 

C····················································· .................. . c 
( THIS IS THE MAIN SUBROUTINE THAT lINKS ALL SUBROUTINES 
C 
( ••••••••••••••••••••••••••••••••••••••••••••••••••• *.* ••••••••• * •• * ••••• 

78 DIl'IENSICN HI(3) ,HIA(4) ,CHI(3,4),CMA(4),ACA(4),R~A(4),TACIMP(4), 
• ERROR 1 (3,4) ,(S(5,5) ,IZERO (4) 

79 DIMENSICN TTAC(4), CE(4), IlC(4), 1CE(4), ITAC(4), NOreE(4) 
80 DIMENSION COSTl (4) ,NDES (100) ,NHIlY (100) ,NSPD(100) ,NADT (100) 
81 DIMENSION OFSET(S) 
82 DIMENSICN SIGR(S,5) 
83 DIMENSICN H(5,S) 
84 DIl'IENSION 1l0(3),Hl(3),1:I2(3), HJ(3),H4(3), HS(3), H6(3), 

• H7(3), H8(3), H9(3), Hl0(3), Hll(3), H12(3), 



85 

86 
87 
88 
89 
90 
91 

92 

93 
911 

95 
96 
97 

98 

99 

100 

101 

102 

103 

lOll 
105 

106 

C 

C 

c 

c 
( 

c 

c 

e 
c 
( 

c 

( 

c 

c 
( 

c 

* 
* • 
* • 
* • 

813(3) , 
H19 (3) , 
827 (3) , 
835(3) , 
8113 (3) , 
850 (3) , 
86.3 (3) 

8111(3), 
822 (3) , 
830 (3) , 
H36 (3) , 
81111 (.3) , 
H51(3), 

815 (3) , 
823 (3) , 
831(3), 
H37(3), 
H45(3), 
H52 (3) , 

816(3) , 
824 (3) , 
H32 (3) , 
H38 (3) , 
846 (3) , 
H60(3), 

H 17 (3) , 
825(3), 
H33 (3) , 
841(3), 
H47(3), 
861(3), 

H18(3), 
H26(3), 
H34 (3), 
H42(3), 
848 (3) , 
862 (3) , 

101 

• 
* 
* • • • • 

DIMENSION el(3,4), C2(3,4), C3(3,1I), e4(3,4), C5(3,4), 
C6 (3,1I) ,C7 (3,4) ,C8 (3,4) ,C9 (3,4) ,Cl0 (3,4) ,e12 (3,4) , 
eI3(3,4), Cll1(3,4), CI5(3,4), CI6(3,1I), C17(3,4), 
C18(3,4), C19(3,4), C20(3,4), C21 (3,4), C25(3,4), 
C26(3,4), e27(3,4), C28(3,4), C29(3,1I), C30(3,4), 
C31(3,1I), (32(3,4), C33(3,4), C40(3,4), C41(3,4), 
C42(3,4), e45(3,4), C46(3,4), e22(3,4), C60(3,4), 
C61 (3,4), e62 (3,4), C63 (3,4) 

DIMENSION 1nF(5,5) 
DIMENSION SPEED(5) ,ANGLE(5) ,SISL(5,5) 
DIMENSION TAC(5,5).S1(5.5) 
INTEG JlS ERROR 1 
1NTEGEli TEMP1,TEMP2.X 
INT~Eli HO,Hl,H2,83,84,85,86,87,88,89,810,Hl1,H12,813,814,HI5, 

• 816,817,H22,823,H24,825,826,827,830,H31,H32,H33,834, 
* 835,H36,837,838,H41,842,843,H44,H45,H46,H47,H48,H50, 
• H51,H52,860,H61,862,H63 

1NT~ER Cl,C2,C3,e5,C6,C7,C8,Cl0,CI2.CI3,C14,C15,C16,C17,CI8, 
• C19,C20,C21,C22,C25,C26,C27,C28,C29,C30,C31,C32,C33, 
• C40,C41,C42.C60.C61.C62,C63,C9 

I N1:~ H SPEED. VEL 
COMMON I MAINS I IlIB.8I,CI'IB,CM,ACB, .AC,RIIB,RI!,TACHAZ,HIA,CHI,CIIA, 

• ACA,RMlI,TACIMP,IZERO,LU']!,INT 
CCMMON I RESLT I TTAC, CE, BC, NOTCE, ICE, ITAC, IGR 
CGMMONI CST1/COSTl 
CCMMON / NeOHT / NCOONT, IPAGE, LINES, HDES, NHRY, NSPD, HADT 

COMMONI ENlRE IENPR 

COMMONI IDENT 11,.J,1I,JJ,ICARD,IFLAG,IIIPR,NTITLE 

CCMMONI LAlOF IOFSET 

COIIMONI IMPROB lIMP 

COMMONI GRSI ISIGR 

((MMONI HUliT IPI,S1 

COMMONI SLOPEI /SISL 
COMMONI DATAl IHO,Hl,H2,H3,H4,85,86,H7,H8,89,Hl0,Hl1,HI2,HI3, 

* 814,HI5,816,HI7,HI8,819,H22,823,H24,H25,H26,827, 
* H30,H31,832,833,834,H35,836,837,H38,H41,842,H43, 
• 844,845,1l46,847,H48,850,H51,1l52,H60,H61,H62,H63 

C(MMONI DATA2 lel,C2,(3,C4,C5,C6,C7,C8,C9,Cl0,CI2,CI3,CI4,CI5, 



• • 
102 

C22,(16,C17,C18,C19,C20,C21,C25,C26,C27,C28,C29,C30, 
C31,C32,C33,C40,C41,C42,C45,C46,C60,C61,C62,C63 

( 

107 CCIIIION/ GReRC / CS 
108 CCIIIIO N/ EB60R JERROR 1 
109 REAL IIIP 

( OUTER LO-LOOP 
110 S993 ceNTI bUE 
111 DO 100 II= 1, I 

( 

IFLAG = 1 112 
113 
114 
115 

IF (II .EQ. 2) GO TO 10 
IF ( H2:; (II) .EQ. 3) GO TO 12 
IF(H2.2(II).EQ.2.ANO.H14(II).EQ.6.ANO.H15(II).EQ.6) GO TO 14 

( 

116 EEROR1(II,1) = 10 
( 

( 

( 

( 

ERROR = 10 ••• PROGRAII VALID ONLY FOR SLOPE AND GUARDRAIL 
(W-EEAM ON STRONG POSTS) TYPE HAZARDS. 

117 GO TO 10 
118 12 CONTINUE 

( 

119 tALL SLOPE 
120 GO TO 16 
121 14 CONTINUE 
122 CALL W HAil 
123 16 CCNTINtE 
124 CALL FEOB3 
125 CALL (CST3 
126 CALL FE082 
127 CALL EROBl 
128 CALL FFEQ 
129 CALL HINDEX 
130 HIE = HIB + UI(II) 
131 IF(H22 (II) .EQ. 3) GO TO 200 
132 (ALL REFAIR 
133 ellB = (liB + CII 
134 200 e(NTINUE 
135 CALL AceID 
136 A( B = Aell + AC 

C 
137 
138 

RMB = EMB + C7 (II, 1) 

139 

140 

141 
142 
143 
144 
145 

146 
147 
148 
149 
15() 

( 

10 
( 

( 

( 

c 

24 

TACHA2 = TACHAZ + (liB + RIIB 

CONTINUE 
INNER LC-LOOP 

DO 100 JJ=l,J 

HLAG = 2 
IF (C1 0 (II,JJ) • EQ. 
IF (Cl 0 (II ,JJ) .EQ. 
IF (Cl 0 (II,JJ) • EQ. 
IF(Cl0(II,JJ) • EQ. 

ERROR1(II,JJ) = 10 
GO TO 101 
CGNTI NOE 

4) GO TO 20 
3 .AND. e12 (II,JJ) .EQ. 2) GO TO 22 
2 .AND. C12 (II,JJ) .EQ. 2) GO TO 24 
3 • AND. e12 (II,JJ) .EQ. 1) GO TO 26 

IF(C13(II,JJ) .EQ. 1) GO TO 28 
IF(C13(II,JJ) .EQ. 2 .GR. C13(II,JJ) .EQ. 3) GO TO 26 



1 51 E Ii ROR 1( II , JJ) = 1 a 
152 GC TO 101 
153 20 CONTINUE 
154 H(lI .EQ. 2) GO TO 21 
155 GO TO 29 
156 21 CCNTINUE 
157 N = 11-1 
1St! IF (C13 (N,JJ) .EQ. 1) GO TO 29 
159 GO TO 28 
160 2 9 CCN'IINUE 
161 (ALL NCIMPB 
162 22 CCNTINUE 
163 CALL SLOPE 
164 GO TO qQ 
165 26 CONTINUE 
166 CALL WfEAM 
167 C22(II,JJ) = (C25(II,JJ)+C26(II,JJ))/2.0 
168 GO TO qO 
169 28 CCNTINUE 

C 
C REMOVE HAZARD 
C 

170 CHI (II,JJ) = 0.0 
171 CMA(JJ) .= 0.0 
172 RMA (JJ) = 0.0 
173 ACA (JJ) = 0.0 
174 C22(II,JJ) = H41(II+l) 
175 GO TO 50 
176 40 CONTINUE 
177 CALL PEOB3 
178 CALL COST3 
179 CALL fEOB2 
180 CALL fSCBl 
181 CALL F6fQ 
182 CALL HINDEX 
183 HIA(JJ) = HIA(JJ) + CH1(II,JJ) 
184 IF(Cl0(II,JJ) .EQ.3 .AND. CI2(II,JJ) .EQ. 2) GO TO 201 
185 (ALL SEPAlS 
186 CMA (J J) = CMA (JJ) + CII 
187 201 (CNTINUE 
188 CALL ACCID 
189 ACA(JJ) = ACA(JJ) + AC 

190 
1 <} 1 
192 
193 

194 
195 

1'16 
197 

C 

( 

C 

( 

c 

C 
C 
C 
C 
C 
C 

50 

101 
100 

S9~8 

RIIA(JJ) = EllA (JJ) + C8(II,JJ) 
CCNTINUE 
CALL IMfCST 
TACIMF(JJ) = TACIIIP(JJ)+COSTI (JJ) +CIIA(JJ) +RIIA(JJ) 

THIS IS THE END OF OUTER AND INNER DO-LOOPS 
CC NTI N U E 
CC NTI NU .E 

RET UR N 
END 

103 



198 

199 

200 
201 
202 
203 
204 
205 

206 

207 
208 
209 
210 
211 
212 

.13 

214 
215 

216 
217 
218 

219 

c 
c 
c 
c 
C 

C 
C 
C 
C 
C 
C 

c 

C 

C 

C 
C 

104 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

S U B.80 U'I 1 NEB ES [J LT 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SUBROUTINE CALC[JLATES COST-E.F.I'ECTIVENESS VAL[JES AND BENIFIT-COS.T RATI I 

• 

• ,. 
• • • • • • 

DIIIENSION 

DI/'IENSICN 
DIItENSICN 
DII'IENSICN 
DIIIENSICN 
DIMENSION 
DIllEN SICN 

DIMENSION 

• • • • • • • 

III (3) ,ilIA (4) ,CIII(3,4),CI'IA(4) ,AClI(4) ,RI'IA(4),TACII'IP(4), 
ERRORI (3,4) ,CS(5,5), IZEBO (4) 
'ITAC(4), CE(4), Be(4), ICE(4), ITAC(4), NOTCE(4) 
COS'll (4) ,NDES(100) ,NBlIY (100) ,NSPD(100) ,NADT(100) 
OFSET (5) 
SIGR (5,5) 
PI (5,5) 

HO (3), III (3), H2 (3), 83 (3), 84 (3). 115 (3). H6 (3), 
H7(3), H8(3), 89(3). H10(3), H11(3), H12(3), 

HI3(3). H14(3), H15(3), H16(3), 817(3), H18(3), 
H19 (3), H22 (3), H23 (3), H24 (3). H25(3), H26 (3), 
H27(3), H30(3), 831(3), H32(3), H33(3), 834(3), 
H35 (3). H36 (3), H37 (3). H38 (3). 841 (3), H42 (3), 
H43(3). H44(3), H45(3), H46(3). H47(3), H48(3). 
H50 (3), 851 (3), H52 (3), H60(3), H61 (3), H62 (3), 
H63 (3) 
Cl(3,4), C2(3,4), C3(3.4). C4(3,4), C5(3,4). 

C6 (3,4) , C7 (3,4) , C 8 (3,4) , C 9 (3.4) , C 1 0 (3,4) .C 12 (3.4) , 
C13(3.4), C14(3,4), C15(3,4), C16(3,4), C17(3,4), 
C18(3,4), C19(3,4), C20(3.4), C21(3,4), C25(3.4), 
C26(3,4), C27(3,4), C28(3.4), C29(3,4). C30(3,4). 
C31(3,4), C32(3.4), C33(3,4), C40(3,4), C41(3.4), 
C42(3,4), (;45(3,4), C46(3.4), C22(3,4), C60(3,4). 
C61(3,4), C62(3,4), C63(3.4) 

DIMENSION IMP(5,5) 
DII'IENSICN SPEED (5) .ANGLE (5) ,SISL (5,5) 
DII'IENSION TAC(5,5), SI(5,5) 
INTEGEIi EBliOR1 
IN1EGEB TEI'IP1,TEI'IP2,X 
INTEGER HO,Hl,H2,H3,H4,H5.H6,H7,H8,89.H10.H1',H12,H13.H14,H15, 

• HI6,H17,1l22.H23,H24,H25,1l26,1l27,H30,H31,H32,H33.H34, 
• H35.1l36,H37,H38,H41.1l42,H43,H44,H45.H46,H47,H48.H50, 
• 1l51,1l52,H60.Hfl,H62,H63 

IN'IEGER Cl,C2,C3,C5.C6,C7.C8,C10,C12,C13,C14.C15,C16,C17,C18, 
• C19,C20,C21,C22,C25,C26.C27.C28,C29,C30,C31,C32,C33, 
• C40,C41,C42,C60,C61,C62,C63,C9 

IN'IEGH SPEED. VEL 
COMMON I IIAIN5 / HIB,HI,CMB,CM,ACE.AC,BIIB,RH,TACHAZ,HIA,CHI.CMA, 

• ACA,RI'IA,TACIIIP,IZERO,LIFE.INT 
CGIIMON I BESL'I I 'ITAC, CE, BC, NOTCE. ICE, ITAC, 1GB 
CGMMONI CST1/COSTl 
COMMON I NCONT / NCOUN'I, IPAGE, LINES. NDES, NHVY, NSPD. NADT 

C(IIMONI ENFBE IENI'R 



220 

221 

222 

223 

22~ 

225 
226 

227 

228 
229 
2Ju 
231 
232 

233 

23~ 

235 
236 
237 
238 

239 
2~0 
241 
242 
243 
2~~ 
2~5 
2~6 

2~7 

C 

C 

( 

( 

C 

c 

C 

( 

C 
( 

C 

( 

( 

( 

9999 
( 

C 

C 

10 

C 

C(MM(lN; IDENT /I,J,II,.1J,ICARD,IFlAG,II'lPR,NTITLE 

ceMMON; LA70F /OFSET 

C(1I110N; IMFROB lIMP 

CeMIION; GIiSI /SIGB 

ceMIION; HUET /PI,SI 

cellllON; SLOPEl /SISL 

105 

COIlMON/ DATAl /HO,H"H2,H3,H~,H5,H6,H7,H8,H9,H'O,H",H12,H13, 
• H14,H15,H16,H17,H18,H19,H22,H23,H24,H25,H26,H27, 
• H30,H31,H32,H33,H34,H35,H36,H37,H38,H41,H42,H43, 
• H44,H45,H46,H47,H48,H50,H51,H52,H60,H61,H62,H63 

C(IIMON; OA7A2 /C1,C2,(3,C4,C5,C6,C7,C8,C9,(10,C12,C13,C14,C15, 
• (22,(16,(17,C18,(19,C20,C21,C25,C26,(27,C28,C29,C30, 
• (31,C32 -,C33,C40,C41,C42,C45,C46,C60 ,C61,C62,C63 

CCMMO Ii; GReRC / CS 
CCMMO N; ERROR /ERRORl 
REAL IIIP 
REAL KZERO 
REAL INT,LIFE 

ceNTI~UE 

DO 100 .1J=l,J 
EFF BeT .: RIB - HIA (JJ) 
KZERO = 2.7'8 •• (-1.(ABS(EFFECT).LIFE».'00. 
IZERO(.1J) = KZERO 
U' ( HIA (J.1) .GE. HIB) GO TO 10 
IF( EHECT .LT. 0.035) GO TO 10 
TTAC(JJ) = TACIMP(JJ) - TA(HAZ 
ITAC(J.1) = TTAC(JJ) 
CE(.1J) = TTAC(JJ) / EFfECT 
ICE (J J) = CE (JJ) 
BC(JJ) = (ACll- ACA(JJ» / (TTAC(JJ» 
IF ( ACA (JJ) .GE. ACB) GO TO 10 
GO 'IO 100 
CCNTINUE 
NOTCE (JJ) .: 1 

C NO'ICE=l ••• IMPROVEMENT ALTERNATIVE NOT COST-EFFECTIVE 
C 

2~e 100 CONTINUE 
( 

249 9S98 RETURN 
250 END 

( 

C 
( 

C··················.· ....................... · ........................... . 



251 

252 

253 
254 
255 
256 
257 
258 

259 

260 
261 
262 
263 
264 
265 

266 

267 
268 

269 
270 
271 

272 

273 

106 
( .. ~ .................................................................... . 
C 

SD6RDUtINE IMPCST 
C 

c.·.········································· ....... · ................... . 
( 

C T8IS SUBROUTINE COMPUXES ANNUALIZED FIRST COSTS 
C 

C····················································· .................. . 
C 

C 

C 

C 

C 
C 

C 

DUIENSION 

• 
DIMENSION 

• • • • • • • 

DIl!EllSICN 
DIUNSION 
DIIIENSION 
DIllEN SION 
DIMENSICN 

• 
DUENSICN 

• • • • • • 
• 

HI (3) ,HIA (4) ,CHI (3,4) ,CMA (4) , ACA (4) ,RIIA (4) , TACII!P (4) , 
£8ROR1(3,4) ,CS(5,5) ,IZEllO(4) 
'lTIC (4), Cl! (4), BC (4), ICE (4), ITAC (4), NOTCE (4) 
COST 1 (4) , HDES (100) , N8iT (100) , NSPD (100) ,N IDT (100) 
OESET (5) 
SIGR(5,5) 
PI(5,5) 

HO(3),H1(3), H2(3), H3(3), 84(3), H5(3), H6(3), 
87(3), 88(3), H9(3), 810(3), Hl1(3), H12(3), 

813(3), H14(3), H15(3), 816(3), H17(3), H18(3), 
819 (3), H22 (3), H23 (3), H24 (3), H25 (3), H26 (3), 
827(3), H30(3), 831(3),832(3),833(3), H34(3), 
H35 (3), H36 (3), H37 (3), 838 (3), H41 (3), H42 (3) , 
H43 (3), H44 (3), 845 (3), 846 (3), H47 (3), H48 (3) , 
H50(3), H51(3), H52(3), H60(3), 861(3), H62(3), 
H63(3) 
Cl(3,4), C2(3,4), C3(3,4), C4(3,4), C5(3,4), 

C6(3,4) ,C7(3,4) ,C8(3,4) ,C9(3,4) ,C10(3,4) ,C12(3,4), 
C13(3,4), C14(3,4), C15(3,4), C16(3,4), C17(3,4), 
C18(3,4), C19(3,4), C20(3,4), C21(3,4), C25(3,4), 
C26(3,4), (27(3,4), C28(3,4), C29(3,4), C30(3,4), 
C31(3,4), C32(3,4), C33(3,4), C40(3,4), C41(3,4), 
C42 (3,4), C45 (3,4), C46 (3,4), C22 (3,4), C60 (3,4), 
C61(3,4). C62(3,4), C63(3,4) 

DIIIENSICN IftP(5,5) 
DIIIENSION SPEED(5),ANGLE(5),SISt(5,5) 
DIIIENSION TAC(5,5). SI(5,5) 
INIEGEB EBIlOR1 
INTEGER TElIP1,TEIIP2,X 
INTEGER 80,H',82,H3,84,H5,H6,87,88,89,8'0,H1',812,8'3,H14,H15, 

• 816,H17,822,H23,H24,H25,H~6,827,830,831,832,H33,H34, 
• H35,H36,837,H38,H41,842,843,H44,H45,846,H47,848,H50, 
• H51,852,H60,H61,H62,H63 

IHTEGl!B Cl,02,C3,C5,C6,C7,C8,C10,C12,C13,C14,C15,C16,C17,C18, 
• C19,C20,C21,C22,C25,C26,C27,C28,C29,C30,C31,C32,C33, 
• C40,C41,C42,C60,C61,C62,C63,C9 

INTEG18 SPEED,VEL 
CClIMON I IIAIN5 I HIB,8I,CIIB,CII,ACB,AC,RIIB,BII,TACHIZ,HIA,CHI,CIII, 

• ACI,RlIA,TACIIIP,IZEBO,LIFE,INT 
COllllON / REStT I TTAC, CE, BC, NOTCE, ICE, I'lAC, 1GR 
CO/lIlONI CST1/COST1 
COellON I NCONT / NCOONT, IPAGE, LINES, NDES, NHiY, NSPD, NADT 

CCIIIIO NI ENPBE IENPR 

COllllONI IDENT II,J,II,J~,ICARD,IFtAG,IMPR,NTITLE 



214 

215 

216 

217 

218 
279 

280 · 

281 
282 
283 

284 

285 
286 

287 

288 

289 
290 
291 

292 

293 
294 

c 

c 
c 
c 

c 

c 

c 

c 
c 
C 

( 

c 

( 

9999 

C 

C 
( 

C 

( 

( 

C 

( 

10 

( 

((MMOI/ LA7er /OFSET 

C(aHON/ IMPSOS /IMP 

CCM~H/ GRSI ISIGB 

COHMON/ 8UST IPI,SI 

COM~./ SLOPEl ISISL 

107 

COHMON/ DATAl 180,81,82,83,84,85,86,87,88,89,810,811,812,813, 
• 814,815,H16,H11,H1B,B19,822,H23,B24,H25,826~827, 
• 830,831,832,833,834,835,836,837,838,841,842,843, 
• 844,845,846,847,B48,850,851,852,860,861,862,863 

COM80NI DATA2 IC1,C2,C],C4,(5,C6,C7,C8,C9,(10,C12,CI3,C14,CI5, 
• C22,CI6,Cl',C18,C19,C20,C21,C25,C26,C27,C28,C29,C30, 
• C31,C32,C33,C40,C41,C42,C45,C46,C60,C61,C62,C63 

CCHMONI GBCBC I CS 
CG HftO N/ EIIROB IEBROR 1 
BIAL UP 

BEAL I1T,LIlE 

CONTINOE 
IF(JJ .GT. 1) GO TO 10 
INTEBESt BATE (liT) 
INT = 0.090 

LIlE O~ PBO~ECT IN TIABS (LIFE) 
LIlE = 20.0 

71 = (1.0 + INT)"LIFE 
72 = 'Il • IHT 
T3 = 71 -1.0 

CAPITAL BECOVERT fACTOB (CBf) 

cn = 72/73 

CeNTINO! 
COS'll (~J) = C4(II,JJ) • CRF 

295 9998 BETURN 
296 END 

C 
( 

C 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
( 

297 SUBROUTINE OUTPUT 
c 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C SUBBOUTINE PRINTS OUTPUT 



298 

299 
300 
301 
302 
303 
3014 

305 

C 

DIll EN S IOIf 
• 

DIIIENSION 

• • • • • • • • 
• • • • • • • 

DIllEN SIGN 
DIIIENSION 
DI 1IEl! S ION 
DIIIEIiSIGN 
DIIIENSION 

DIIIENSION 

108 
HI (3) • HIA (14) .eH I (3. 4) • C I!A (4) • lCA (4) • Rill (4) , T lCI liP (4) , 
ERROR1(3,4) .CS(5,5) ,IZERO(4) 
TT1C(4), CE(4), BC(4), ICE(4), ITAC(4), NOTCE(4) 
eOST1 (4) ,IiDBS(100) ,IIHIIY (100) ,NSPD(100) ,NlDT (100) 
OFSET (5) 
SIGR(5,5) 
El(5,5) 

HO (3) ,Bl (3) , B2 (3), 83 (3), B4 (3), H5 (3), H6 (3), 
H7(3), H8(3), 89(3), Hl0(3), 811(3), 812(3), 

813(3),814(3),815(3),816(3), H17(3), 818(3), 
819 (3), H22 (3), 823 (3), 824 (3), H25 (3), H26 (3) , 
827 (3), B30 (3), H31 (3), 832 (3), 833 (3), 834 (.3) , 
835 (3), 836 (3), H37 (3), H38 (.3), H41 (3), H42 (3) , 
H43 (3), 844 (3), H45 (3), B46 (3), H47 (3). H48 (3) , 
H50 (3), 851 (3), 1152 (3), H60(3), H61 (3), 862 (3), 
H63 (3) 
Cl(3.4), 
(6(3,4), 

C12(3,4.), 
C17(3,4), 
C25(3,4), 
C30(3,4), 
e41(3,4), 
C60(3,4), 

C2(.3,4) , 
C7 (3,4) , 

C13 (3,4) , 
C18(.3,4) , 
C26(3,4), 
C31(3.4), 
C42 (3,4) , 
C61(3,4), 

C3 (3,4) , 
C8(3,4) , 

C14(3,4), 
C19 (3,4), 
C27(3,4), 
C32(3,4) , 
C45 (3,4) , 
C62(3,4) , 

C4(3,4), C5(3,4), 
C9(3,4), Cl0(3,4), 
C15 (3,4), C16 (3,4), 
C20(3,4), C21 (.3,4), 
C28(3,4), C29(3,4), 
C33(3,4), C40 (3,4), 
C46(3.4), C22(3,4), 
C63(3,4) 

306 DIIIENSICN IIIP(5,5) 
307 DIIIENSION SPEED (5) ,ANGLE(5) ,SISL (5,5) 
308 DIIIENSION lAC(5,5), SI(5,5) 
309 INTEG.EB E.RBORI 
310 · INlEGU TEIIP1,TEIIP2,X 
311 INTEGER BO,81,82,83,84,85,86,87,88,H9,810,811,812,H13,H14,H15, 

312 

313 
314 

315 
316 
317 

318 

319 

320 

321 

322 

323 

C 

( 

C 
C 

( 

( 

C 
( 

c 

( 

( 

c 

• B16,817,B22,823,824,H25,H26,H27,H30,H31,H32,833,834, 
• H35,836,H37,B38,841,H42,H43,844,845,846,847,H48,850, 
• 851,H52,H60,861,862,H63 

INTEG l!R e 1,C2 ,C3,C5,C6,C7 ,C8 ,Cl0,C 12,C 13,C 14,C 15, C16,C 17 ,C18, 
• C19,C20,C21.C22,C25,C26,C27,C28,C29,C30.C31,C32,C33, 
• C40,C41,C42,CtO,C61,C62,C63,C9 

INTEG n SPEED, VEL 
COIIIION I IIAIN5 / HIB,HI,CI'IB,CII,ACB,AC,RIIB,RII,TACBAZ,8Il,CHI,CIIA, 

• ACA,RIIA,TACIIIP,IZERO,LIFE,INT 
CCIIIION IRESLT / TTAC, CE, BC, NOTCE, ICE, ITAC, IG.R 
COIIIIONI CS!l/COSTl 
CGIlIION 1 NCONT / NCOUIIT, IPAGE, LINES, NDES, NBKY, NSPD, NADT 

cellllONI ENlRE /ENPR 

COIIIIONI IDENT II,~,II,~J,ICARD,IPLAG,IIIPR,NTITLE 

cellllONI LAlor 10FSET 

cellllONI IIIPROB IIIIP 

CGIlMONI GRSI 15IGR 

CGIIIIONI 8URT IPl,SI 



3211 
325 

326 

321 
328 
329 
lJO 
3Jl 
Jl2 

333 
HII 
335 

336 
337 
He 

ll9 
l~O 
JIll 
3112 
JIll 

, 
( 

C 

5999 

C 
( 

C 
10 

( 

( 

31111 800 
3115 
346 
347 801 
348 
349 
350 802 
351 
352 
353 803 
354 
355 
356 804 
357 
3S8 905 
359 
360 
361 
362 
363 810 
364 
365 
366 811 
367 
368 
369 a12 
370 

• • • 

• .. 

CO II 110 Ii/ 
CO 11110 iiI 

CO II 110 III 

109 
SLOPEl /SISL 
DATAl /HO,Hl,H2,H3,H4,H5,"6,H1,H8,H9,H'O,H",H'2,H13, 

"'4,H15,8'6,817,H18,819,H22,823,H24,H25,H26,H21, 
830,H31,832,H33,H34,835,H36,H37,H38,H41,H42,H43, 
""4,"45,"46,"47,H48,H50,"51,"52,"60,H61,H62,H63 

DATA2 /Cl,C2,C3,C4,C5,C6,C7,C8,C9,C10,C12,C13,C14,C15, 
C22,(16,(17,(18,(19,C20.(21,(25.C26,C27,(28,(29,C30, 

(31,(32,C33,(40,C41,(42,C45,C46,C60,C61,C62,C63 
/ CS CO 11110 iiI GBCBC 

CO 11110 III UBOB 
BEAL III~,LI.PE 

BEAL IIIP 

/EBllOlll 

C( liTI Ill) I! 
II' (NCOUIiT • EO. 0) GO TO 10 

Ii .: NTITLE 
II .: NTnLE-l 
IE(liDES(N) .EO. NDES(M) .AND. liHWY(NI .EO. NHIIY(II) .AND • 

• NSPD(N) • Ee. NSPD (II) • AND. NADT (II) .EO. IlADT (II») GO TO 12 

COIITIIIU1 
WRITE (6.398) IPAGE 
WBnE (6,400) 

IF (C60(l,l).EO.1) GO TO 800 
IF (C60 (1,1) • EO.2) GO TO 801 
IE (C60 11,1). EO.3) GO TO 802 
IF (C60(l,l).EO.4) GO TO 803 
IF (C60 (1,1) • EQ. 5) GO TO 804 

CONTINU1 
WRITE (6,900) C61(l,l) 
GO TO 505 
CONTUOE 
WRnE (6,901) (61(1,1) 
GO TO 90S 
CONTINOE 
WRITE (6,902) C61(l,l) 
GO TO 505 
CONTINUE 
WRITE (6,903) C61(l,l) 
GO TO 50S 
CONTIN01 
WRUE (6,904) C61(1,1) 
CONTI 1I0E 
IE (C62 (1,1) • EQ. 1) GC TO 810 
IF (C62(1,1) .EQ. 2) GC TO 811 
IF (C62 (1,1) • EQ. 3) GO TO 812 
IF (C6~ C1, 1) • EQ. 4) GC TO 813 
CONTINUE 
WRITE (6,910) C63(l,l) 
GO TO 515 
CGNTINUE 
WRITE (6,911) C63(1,1) 
GO TO 915 
CGNTINOE 
WRITE (6,912) C63(l,l) 



371 GO TO 915 
372 813 CCNTINUE 
373 IIUTE (6,913) C63(1,l) 
374 915 CONTINOE 
375 INT = INT.'00.0 
376 WRITE(6,815) C3(l,l), C9(1,l), LIl'E,INT,H50(l),H51(1), 

.H52(l) 
377 INT = INT/l00.0 
378 IPAGE = IPAGE + 1 
379 LINES = ° 
380 NCCUNi = BCOUNT + 1 
J81 WRITE (6,404) IPAGE 
382 WllITE (6,406) 
383 12 CCNTINUE 
3 B4 II ES = 0 
385 K = 0 

386 
387 

C 

c 

DO 200 JJ=l,J 
DO 200 11=1,1 

388 L = II 
389 II = JJ 
390 If(ERRORl (L,M) .GT. 0) GO TO 80 
391 K=K+l 
392 IF (K .Ee. I) GO TO 60 

C IIRITE "GECUP" 
393 WllITE(c,500) H13(L), H17(L), H14(1.), H15(1),HI(L), 

.H16(L), H18(L), H19(L), M, Cl0(L,fI), C12(l,I!I), C13(L,fI), 

.CHI (L,II), C22 (L,II), C4 (L,M) 
394 GO TO 200 
395 80 CONTINUE 

( II BIT E "E nOR IIESS AGE NOIIBEll" 
396 lIRITE (6,502) 813 (1.), H 17(l), H14 (L), H15 (1) ,HI (L), 

.H 16 (L), H18 (L), H19 (1.) , II, Cl0 (l,fI), C12 (l,II), C13 (I., M) , 

.CHI (L ,11), C22 (L,II), Ctl (L,II), ERROR 1 (I. ,II) 
337 K = K + 1 
398 IF (X • EQ. I) GO TO 90 
399 liES'" !lES + 1 
"00 GO TO 200 

C 
401 60 CONTINUE 
"02 IF( NO'ICE(II) .EQ. 1) GO TO 70 
"03 IF( !lES .GE. 1) GO TO 85 

C IIRITE "COST-EFFECTIVENESS VALUE" AND "BENEFIT-COST RATIO" 
40" lIRITE(6,504) H13(L), H17(L), H14(L), H15(L), HI(L), 

110 

.H16(L), H18(L), H19(l), II, Cl0(L,II), C12(L,II), C13(L,II), 

.CHI(L,lI), (22(1.,11), (4(L,fI), ITAC(I1), ICE("). IZERO(II),BC(II) 
e 
C THE ceo N'I Ell 
C 

'lOS LINES = LINES + 1 
406 IF( LINES .GE. 45) GO TO 92 
407 GO TO 90 
408 92 CONTINUE 
409 WRITE(6,404)IPAGE 
410 WllITE(6,406) 
411 LINES = 0 
412 GO TO 90 
413 70 CONTINUE 

C IIRITE "NeT COST-EffECTIVE" 
tllt1 WRITEH,506) H13(L), H17(1.), H14(1), H15(1), HI(L), 



( 

*H16 (L), H18 (L), H19 (L) , II, Cl0 (L, ~), C12 (L,I1), c13 (L,II), 
.CHI(L,/I), C22(L,/I), C4(L,II) 

( LHE CGO NT ER 
C 

415 LINES ., LINES + 1 
416 IF ( LINES .G.E. 45) GO 1:0 93 
417 GO TO 90 
418 9.3 C(NTINOE 
419 WBITE(6,404) lUGE 
420 IIRITE(6,406) 
421 LINES = 0 
422 GO TO 90 

c 
423 85 CONTINOE 

C WRITE "ENI) GROUP" 
424 WBITE(t,508) H13(L), 1:117(L), H14(L), H15(L),HI(L), 

( 

*1:I16(L), H18(L), H19(L), II, Cl0(L,!!). C12(L,II), C13(L,II) • 
• CHI(L.II), (22(L.I'I). C4(L,II) 

( LI liE CCO N1: ER 
( 

. 425 LIliES ., LINES + 1 
426 IP( LI6ES .GE. 45) GO TO 94 
427 GO TO 90 
428 94 C(NTINOE 
429 WBITE(6,404) IPAGE 
430 WRITE (E,406) 
431 LINES = 0 
432 90 CONTINOE 
433 K = 0 
434 lIES = 0 
435 WRITE (6.600) 
436 200 ceNTINOE 
437 WBITE(6,602) 

c 
438 IF (1GB. Ee. 1) GO TO JOO 
439 ilRITE (6,604) 
440 300 CONTINOE 

C 
C •••• FORIIA1: STATEIIENTS •••• 
C 

111 

441 400 FORIIAT( 11111111, T112. 'C 0 S '1 E F P E C T I V ENE S S 

442 

( 

C 
404 

C 
C 
( 

C 
406 

• PliO G R A 1'1', III. '157, 'UNIVERSITY O.F NEBRASKA'. I. '167, 
* 'AND', I, '154, 'NE.EBASKA DEPARTIIENT OF BOADS', 11111) 

FORIIA1:(lH1.I,1:122,'PAGE = ',I2.11/,T22,'H A Z A R 0', 
*'178.'1 1'I PRO Y E ~ ! N T' ./) 

FORIIAT(1:2,'I:IAZARD',T9.'GROUP',T15,'ID!NX',T21,'DESC',T27, 
*'HAZARD',TJ5,'SIDE',T42,'IIILE - POST',T59,'IIIPR',T65,'IIIPR', 
*T72.'I:IAZARD'.T81,'CLEAR',T90,'PIRST',T98,'TOTAL',Tl07,'COST', 
*'1117, 'Z ERO' , X 125, , BE NE.fIT' ,1, T 4, , NO ' • T 11 , , NO ' ,'116, 'CODE' , X21 , 
.'CODE',T28,'INDEX',TJ6,'OP',T60,'ALT',T65,'CODE',T73,'INDEX', 
.T80,' RECOVERY' ,'191,' COST' ,'198. 'AN IIOAL', T 105, 'EFFECTIV E' , '1 115, 
.' ACCIDENT' ,T126,'COST' ,;,'135,' BOAD' ,'141, 'BEG',T49, 'END' ,'182, 
.'ZONE',T99,'COST',T107,'VALDE',T115,'REDUCTION',T126,'RATIO', 



'1'14+ 

'1'15 

'1'16 

""7 

'1'18 

'1'19 

'150 

451 

1152 

'153 

454 

455 

456 

'157 

1158 

'159 

'160 

1161 

1162 

463 
'16'1 

C 
500 

C 
502 

C 
50'1 

C 
506 

C 
508 

C 
600 

C 
602 

C 
60'1 

C 
398 

C 
900 

C 
901 

C 
902 

C 
903 

C 
90'1 

C 
910 

C 
911 

C 
912 

C 
913 

C 
815 

C 
9998 

C 
C 
C 

./,126,' (INJ/YB) ','171,' (IKJ/YB)' ,T82,' (FT) , ,T89,' (S1000)', 

.T98,' U/YR) ',T118,' C') '';) 

112 

FORHAT('I3.1'1.Tl0,IJ,T17,12,T22,12,'125,F8.5,'136,11,T39,F7.3, 
.T'I7,F7.3,T6',I',T65,11,T66,'-'.'167.11,'168.'-',T69.11.T71,P8.5, 
.~8J.12.'I90.F6.1,T97.' ••••••••••••••• GROUP •• • •••••••• • ••• ') 

10R81TI73,1'1.Tl0.13.'117.12,T22.12.725.F8.5,'136.1'.'139.17.3. 
.'1'17,17.3.'161.11.'165,11,'166,'-','167,11.'168,'-','169.11,'171,18.5, 
.T8J.12,T90,16.1,'197.' ••••••••• EBB06 ftESSIGE == '12.' •••••••• ') 

FORMATI13.1'1.'110.13.T17.12.T22.12,T25.F8.5.T36,1',T39,F7.3, 
.T'I7,17.3,T6'.I',T65,11.T66.'-',T67,11.T68,'-',T69.1','171,18.5 • 
• '183.12.'190,16.1.T98.16,T106.16,T117.1'1.T126.F6.1) 

10RMA'1IT3.111,Tl0.13.117.12,T22.12.125.18.5,T36,1',T39.F7.3, 
.T'I7,F7.3,T61,1'.T65.1'.T66,'-'.T67,1',T68,'-'.T69,1',T71,F8.5, 
.T83.12.T90.16.1.T97.'---------NOT COST-EllECTIVE--------') 

10BMAT(T3.1'1;Tl0,13.T17.12,T22.12,T25.F8.5,T36.1',T39.17.3. 
.T'I7.F7.3.'161.11,T65.1'.T66.'-'.T67.11.T68.'-','169.1','171,18.5, 
.'183,12.T90.16.1,T97,' •••••••••••• END GROUP •••••••••••• ,) 

10RMA TV) 

10B8A'lI//) 

10RMAT 1//,'161. ' ••••• EN D O.F PB OGRA!! ••••• ' / 1 H 1) 

FOR8AT I1Hl,;,T122, 'PAGE == ','1128,12) 

FCRlIATI152,'HIGHWIY DESIGN NU8BER == DR-',I2) 

FORlIA 1 (T52,' HIGHWAY DESIGN NOMBER == 011-'.12) 

FORBA1('I52.'HIGHWIY DESIGN NUMBER = ROA-'.12) 

FOBHAT(752,'HIGHWAY DESIGN NUHBER = BC-' .12) 

FORHAT(152.'HIGHWAY DESIGN NCMBER ." Rl-',12) 

FORIIAT(161,'TYPE HIGHWAY = OS-' ,13) 

FeRMAT ('161,' TY PE 1l1GHW Ai = 118-' .13) 

FOR!!A'l ('I61,'TYPE HIGHi AI = IS-',13) 

lCliMAT (161. 'TYPE HIGHi AI == Bun-',I3) 

lCRMA7 IT61.'DESIGN SPEfD = ',T76,12,t79.'IIPH',/,T70. 
.'ADT = ',T76,15,/,T61,'PROJECT LIFE = ',T76,F4.1,T81,'YRS', 
./,'160, 'INTEREST RATE = ',T76.F5.J.'I82,'~',/.T69,'DATE = " 
.T76,12,T78,'-' ,T79,12,T81,'-',T82.12,////) 

RETUR N 
END 

c····················································· ................. . c····················································· ................. . 



1166 

1167 
466 
469 
470 
1171 
1172 

473 

1174 

c 
c 

<: 
l 

S UUIHlU'llN l I'liliO 

113 ... 
... 

... 
• 

c····················································· ................. . C • 
C THIS 5UEROUTINE CALCUL17E5 THE ENCROACHftENT FREQUENCY OF A GIVEN • 
C ROADWAY. TWO PARAftETEi5 ARE REQUIRED FROft THE INPUT FORM, • 
C HIGHWAY DE5IGN NUftBER--BO • 
C RURAL OR URBAN CLA5S---H3 • 
C THE ENCROACHMENT FREQUENCY'S ARE IXPRESSED IN _/MILE-YEAR • 
C • 
C NOTE 7BE FOLLOWING ROADWAY TYPES WILL BAVE A CORRECTION FACTOR ... 
C AFPLIED TO TBE DHV BASED ON WHETHER THE ROADWAY IS RURAL OR. 
C U liB AN • 
C ----- D801-------RURAL INTERSTATE-DHV IS 15 PERCENT OF ADT • 
C DR02·------ftULTILANE-IF RURAL, DHY IS 15 PERCEIT OF ADT. IF • 
( ORBAN, DHV IS 10 PERCIN7 OF ADT. • 
( DR04-DR07--RURAL TWO LANE-DBV IS 15 PERCENT OF ADT • 
C tMl0-DM20--URBAN INTERSTATE-DHV IS 10 PERCENT OF ADT • 
C Dft30-tM40--MULTILAIiE-IF RURAL, DHV IS 15 PERCENT OF ADT. IF • 
C DREAN, DRV IS 10 PERCENT OF ADT. • 

C • C SOURCE AASHO.1965. AA58TO,1973 • 
C SOURCE OF ADT .AND DBV VALUES: MINIMUM DESIGN STANDARDS, NEBRASKA • 
C • 
C FOR OM10, DK20, Dft30, AND Dft40 ARE ASSUMED TO BE FOUR LANES, • 
C TWO LANES IN EACH DIRECTION WITH SIGNAL ceNTROL • 
C • 

C····················································· ................. . C.···················································· ................. . 
C 
C 

C 

• 

• • • • • 
... 
• • 
• • • ... 
• • • 

DIIIENSICN 

o 1.11 EN S ICN 
DIMENSICN 
DIftENSlC N 
DIMENSICN 
DIllEN S10N 
OI1UNSICN 

OII1ENSICN 

HI (3) ,BIA (4) , CHI (3, 4) , ClU (") , AC A (4) , RII A (4) , T AC 1ft P (4) , 
IRRCR.l (3,4) , CS (5,5) , IZ ERC (4) 
TTAC (4), Cli (4), Be (4), ICE (4), ITAC (4), NOTCE (4) 
COS'll (4) ,NOES (100) ,NHWY (100), NSPD (100) ,NADT (100) 
OFSET (5) 
SIGR (5.5) 
H(5,5) 

BO(.3) ,81(3) ,H2(3) ,a3(3), H4(3), 
H7 (3), H8 (3), 89 (3), Hl0 (3) , 

a13(3), B14 (3), H15 (3), H16(3), 
H19 (3), H22 (3), H23 (3), H24 (3) , 
H27(3), H30 (3), 831 (3), H32(3), 
H35 (3), 836 (3), a37 (3), H38 (3) , 
H43 (3). H44 (3), H45 (3), H46 (3) , 
H50 (3), H51 (3), H52 (3), H60 (3) , 
H63 (3) 

H5 (3) , 
Hl1(3), 
H17 (3) , 
B25 (3) , 
H33(3) , 
H41(3), 
H47 (3) , 
H61(3), 

H6 (3) , 
B12(3), 
B18(3), 
H26 (3) , 
834 (3) , 
H42 (3) , 
H48 (3) , 
H62(3), 

Cl(3,4), C2(3,4), C3(3,4). C4(3,4), C5(3,4), 
C6 (3,4) ,C7 (3,4) ,C8 (3,4) ,C9 (3,4) ,Cl0 (3,4) ,e12 (3,4) , 
C13 (3,4), ell! (3,4), e15 (3.4), C16 (3,4), c17 (3.4), 
C18(3,4), (;19(3,4), C20(3,4), C21(3,4), C25(3,4), 

·C2b(3,4), 1.:27(3,4), C28(3,4), C29(3,4), C30(3,4), 
C31(3,4), e32 (3,4), C33 (3,4), C40 (3,4), C41 (3,4) , 
C42 (3,4), C45(3,4), C46 (3,4), C22(3,4), C60 (3,4), 
C61(3,4), Ct2(3,4), C63(3,4) 

DIHENSICN IHP{5,5) 



~7S 
~76 

~77 
~78 
~79 

480 

481 
482 

483 
484 
485 

486 

487 

489 

490 

491 

492 
493 

494 

C 

C 

c 
c 

c 

( 

c 
c 
c 

c 

c 

C 

c 
c 
( 

c 

DUlENS10N SPEED (S) ,ANGlE (S) ,SlSL (5,5) 
DIMENSION TAC(S,5), SI(5,5) 
IN'HGH ERBOlll 
UITEGEE TEIlPl,TE1IP2,X 

114 

INTEGEF 80,81,82,83,84,85,86,87,88,89,Hl0,811,812,H13,H14,H15, 
• 816,817,822,823,824,825,826,827,H30,831,H32,H33,H34, 
• 835,H36,837,838,841,H42,843,844,845,846,H47,8~8,850, 
• 851,852,860,861,H62,863 

INTEGEE Cl,C2,C3,C5,C6,C7,C8,(10,C12,C13,CI4,C15,C16,C17,C18, 
• (19,C20,C21,C22,C25,(26,C27,(28,C29,C30,C31,C32,C33, 
• (40,C41,C~2,C60,C61,C62,C63,C9 

INTEGEIl SPEED, VEL 
CCMMON I MAINS / EIB,H1,CMB,CM,ACB,AC,RMB,RM,TAC8AZ,HIA,C81,CMA, 

• ACA,RIlA,TACIMP,IZERO,LlfE,INT 
ceMIlON I IIESLT I TTAC, CE, .BC, NOTCE, ICE, ITAC, IGR 
COll8ONI CST1/COSTl 
COMMON / N(ONT / NCODNT, IPAGE, LINES, NOES, NHWY, NSPD, NADT 

cellMONI ENFBE /EN.l'R 

C(III1ONI IDENT /I,J,II,JJ,ICARD,IFLAG,lMPB,NTITLE 

COIlIlONI LATOF /OFSET 

ceMMONI IMPROB /IMP 

CGMMONI GfiSl /51GR 

cellMONI HURT IPI,SI 

ceMMONI SLOPEl /SISL 
CCIlMaNI DATAl /80,81,82,83,84,85,86,87,88,89,810,811,812,813, 

• 814,815,816,817,818,819,H22,823,H24,825,826,H27, 
• 830,831,832,H33,H34,835,836,H37,838,H41,842,843, 
• H44,H45,846,847,H48,H50,H51,B52,H60,861,H62,863 

.. .. 
COIMONI DATA2/Cl,C2,C3,C4,C5,C6,C7,C8,C9,Cl0,C12,C13,C14,(15, 

C22,(16,C17,C18,(19,(20,C21,C25,C26,C27,C28,C29,C30, 
C31,C32,C33,C40,C41,C42,(45,C46,C60,C61,C62,C63 

495 COMMONI GRCRC / CS 
496 (eIlMONI EEEDR /EREORl 
497 REAL IMP 
~98 SS99 ceNTINUE 
499 IF(IFLAG .EQ. 1) GO ~O 49 
500 HO (II) = (1 (II,JJ) 
501 ADT = C9(I1,JJ) 
502 GO TO ~ 1 
503 49 AD~ = E3 (II) 

C 
c 
C 
c 
( --- CHECK E all HIGHii AY DESI GN NUMBER AND ASSIGN ENCROAC 81!ENTFREQUENCY 



115 
<; VALUE ~HICH IS CORRECTED FOR HURAl OR URBAN CLASSIFICATION. 
C 
C IS HIGHWAY OR011 

504 51 If (1l0 (II) .NE.l01) GO 70 10 
C 

505 ENPS = 0.00090*AOT 
506 GO TO 1000 

C 
C IS HIGEiAY 0.R021 

507 10 U' (1lO (II) • NE. 102) GO TO 20 
( 

C 
C 
C 

508 ENFS = 0.00090*A07 
509 GO TO 1000 

C 
C 
C 
C IS HIGHIIAY DR04? 

510 20 IF (HO (II) .EQ.l04) GO TO 3 
511 GO TO 30 

C 
512 3 ENFR = 0.000590*A07 
513 GO 70 1000 

C 
( IS HIGHIlAY OR05? 

514 30 If (HO (II) .EQ.l05) GO TO 4 
515 GO TO 40 

C 
516 4 EliPR = 0.000742*AOT 
517 GO TO 1000 

C 
( IS HIGHIIAY OR06? 

518 40 IF (HO II I) • EQ. 106) GO TO 5 
519 GO TO 50 

c 
520 5 Elil'R = 0.000742*AOT 
521 GO 'IO 1000 

C 
C IS HIGliWAY OB07? 

522 50 Il'(HOIII).EQ.l07)GO TO 6 
523 GO TO 60 

C 
524 6 EliFS = 0.00121*A07 
525 GO TO 1000 

C 
C IS HIGHWAY 0~10 OR OM20 

526 60 IF (HO (ll) • EQ. 210. OR. HO (II) • EO. 220) GO TO 7 
527 GO TO 10 

C 
528 7 ENlR = 0.00090*AO'I 
529 GO TO 1000 

C 
(. --- IS HIGHIlAY Oft30 OR 011401 
C 

530 70 CCNTINUE 
531 ENFR = O.00090*AOT 

C 
C 
C 



532 

533 
534 

535 

536 

537 
538 
539 
540 
541 
542 

543 

544 
545 
546 
547 
548 
549 

550 

116 
( 

1000 CONTINUE 
C 

9998 RETURl' 
END c·.· ..... ···.······························.·········· .................. . 

( ....................................................................... . 
( 

SUBBOUUNE PROBl 
C 

c····················································· .................. . 
( 

C 
C 
C 
C 
( 

C 
( 

C 

THIS SUBROUTINE CALCULATES LATERAL OF.FSET PROBABILITIES FOR THE 
FIVE I:llFERENT .ENCROACHMENT ANGLES AND STORES THEM IN ARRAY OPSET. 
THE POLLOWING ASSUMPTION WAS MADE: 

I .F THE PRONT SLOPE IS 2: 1 OR 3: 1 IT IS A CERTAINTY THE VEHICLE 
WILL IMPACT DITCH BOTTOII. TllEBEFOBE, THE PROBABILITY OF 
REACHING TBE HINGE POINT IS ASSIGNED. FOB 4:1 AND 6:1 FRONT 
SLOPES THE PROBABILITY OF GETTING TO DITCH BOTTOII IS ASSIGNED. 

c···.· ... ············································· .................. . 
C ••••••• •••••••••••••••••••••••••••••••••••••••••••••• ••••••••••••••••••• 
C 
C 

C 

( 

DIl'IEN SION 

• 
DIMENSION 

HI ( 3) , HIA (4) , CH I ( 3, 4) , CPU (4 ) , Ae A (4) , RII A ( 4) , T AC I MP (4) , 
HilORl (3,4) ,(S(5,5) ,IZEBO(4) 
TTA( (4), Cli (4), I:le (4), I(E (4), ITAe (4), NOTCE (4) 
COSTl (4) ,NDES (100) ,NHWY (100) ,NSPD(100) ,NADT (1 0 0) 
OFSET (5) 

• • • • • • • • 
• • • 
• • • • 

• • • 

DIIIENSI(N 
DIIIENSIClii 
DIIIENSION 
DI liEN SION 
DIIIENSION 

DHIENSICN 

51GB (5,5) 
FI(S,S) 

HO (3) ,Ill (3), H2 (3), H3 (3), H4 (3), H5 (3), H6 (3) , 
H7 (3), H8 (3), H9 (3) , H 1 0 (3), H 11 (3), H12 (3) , 

H13 (3), H14 (3 ) , H15 (.3), H16 (J), H17 (3), H18 (3) , 
H19(3), H22(3), H23(3), H24(3), 1l2S(3), H26(3), 
H27(3), H30(3), H31(3), H32(3), H33(3), H34(3), 
H35 (3), H36 (3 ) , HJ7 (.3), H38 (3), H41 (3), H42 (.3), 
H43 (3), H44 (3 ) , H4S (3), 1146 (3), H47 (3), H48 (3), 
H50(3), H5H3 ) , H52(3), 1l60(3), H61(3), H62(3), 
H63 (3) 

Cl (3,4), (2 (3,4), e3 (3,4), C4 (3,4), e5 (3,4), 
C6 (3,4) ,e7 (3,4) ,C8 (3,4) ,e9 (3,4) ,Cl0(3,4) ,e12 (3,4), 
e13(3,4), C14(3,4), C15(3,4), C16(3,4), e17(3,4), 
C18 (3,4), C 19 (3,4), C20 (3,4), e21 (3,4), C25 (3,'1), 
C26(3,4), e27(3,4), e28(3,4), C29(3,4), e30(3,4), 
(31(3,4), C32(3,4), C33(3,4), (40(3,4), C'Il(3,4 ) , 
C42(3,4), <:45(3, 4 ), C46(3,4), (22(3,4), C60(3,4), 
C61(3,4), (b2(3,4), C63(3,'I) 

DIIIEN5ICN 1112(5,5 ) 
DIMENSICN SPEED(S ) ,ANGLE(S) ,SI5L(S,5) 
DIIIENSION TAC(S,S),5I(5,S) 
I NT EG H E.BEOR 1 
INIEGU TEMP1,TEI'IP2,X 
INTEGEE HO,Hl,H2,H3,H4,H5,H6,H7,H8,H9,H1 0 ,811,H12,H13,H14,H15, 

H16,H17,822,H23,824,H25,826,H27,H30,H31,H32,H33,H34, 
H35,H36,H37,H38,H41,H42,H43,H4'1,H45,1l46,H47,H'I8,H50, 
H51,HS2,H60,H61,1l62,H63 

INTEG EE (1,C2, <:3,e5,C6,C7 ,C~,C 1 O,e 12,e 13,e 14 ,C15,e16 ,e17 ,C18, 



( 

• • 
117 

C19,C20,C21,~22,C25,C26,C21,C28,C29,C30,C31,C32,C33, 
C40,C41,C42,C60,C61,C62,C63,C9 

551 IN7EGH SPEED,VEL 
5S2 CC~MON I MAINS I 8IB,8I,CMB,CM,ACB,AC,RMB,RM,TAC8AZ,81A,C8I,CMA, 

• ACA,RftA,TACIMP,IZBRO,LIFE,INT 
553 · COMMON I RESLT I TTAC, CE, BC, NOTCE, ICE, ITAC, IGR 
554 COM~NI CSTl/COST1 
555 COftHQ~ I NCONT I NCOUNT, IPAGE, LINES, BDES, N8VI, NSPD, NADT 

556 

557 

558 

559 

560 

501 

562 
563 

564 

565 
566 
567 

568 
569 
570 
571 
572 

( 

( 

c 

C 

c 
( 

( 

, 
, 
, 

, 
C 
C 

, 

C 
C 
C , 
5999 

C 
C 
C 
C 

cellllO NI EN.FRE IENER 

COIIMONI IDFNT II,J,II,JJ,ICARD,IPLAG,IMPR,NTITLE 

CCMMONI LATOF 10FSET 

ceMIION/ IMPROB lIMP 

COM~N/ GRSI IS1GB 

cellMONI 8URT IPI,SI 

ceMMONI SLOPEl ISISL 
COMMON/ DATAl /80,81,82,83,84,85,86,87,88,89,810,811,812,813, 

• 814,815,816,H17,818,819,822,823,824,825,826,827, 
• 830,831,832,833,834,835,836,837,838,841,842,H43, 
• 844,845,846,H47,848,850,851,852,860,861,862,863 

C(IIIION/ DATA2 IC1,C2,~3,C4,C5,C6,C7,C8,C9,C10,C12,C13,C14,C15, 
• C22,CI6,(17,C18,CI9,C20,C21,C25,C26,C27,C28,C29,C30, 
• C31,C32,C33,C40,C41,C42,C45,(4b,C60,C61,C62,C63 

C(MMONI GRCRC I CS 
COIIMONI EUO.R IERRCR 1 
REAL II!P 

IF IFLAG IS 1--8AZARD. IF IPLAG IS 2--I"PROVEMENT. 

COTINGE 
IF(IFLAG.EC.2)GO TO 20 
IF (822 UI) .EQ. 3) GO TO 11 
TEMP2 = (830(II) + 831(II»/2.0 
GO TO } 1 

TE!P1 (ONTAINS FReNT SLOPE. 
TEIIP2 (eNTAINS LATERAL OFfSET OF HINGE POINT. 

573 11 TEMP1=H42(II) 
574 TEMP2=~41 (II) 
575 GO TO 30 

c 
( IF CI2(II,JJ) IS l--GUARDRAIL IS SOGGESTED IMPROVEIIENT. 
( IF CI2III,JJ) IS 2--SLCPJ:; MODIFICA'IION. 
C 

576 20 IF(Cl0(II,JJ).EQ.J.AND.eI2(II,JJ).EQ.1)GO TO 21 



577 
578 

579 

C 
560 
561 

C 
e 
( 

C 
c 
e 

21 

118 
IFIC10III,JJ).EQ.3.AND.Cl~(II,JJ).EQ.2)GO TO 22 
IF(Cl0 (II.JJ) .EQ.2.UD.C12(I.I,JJ) .J;Q.2.AND.C13(II,JJ).EQ.2)GO TO 

·21 
IF(Cl0III.JJ).EQ.2.AND.C12(II,JJ).EQ.2.AND.C13(II,JJ).EQ.3)GO TO 

·21 
ASSIGN OFFSET OF GUARDEAIL TO TEMP2 
TEMP2=IC26(II,JJ) +C25(II,JJ»/2.0 
GO TO 31 

SLOPE MODII'ICATION. ASSIGNF .5. TO THIPl. OFFSET TO TEMP2 

562 22 TEMP1=C15(II.JJ) 
563 TEMP2=c22 (II,JJ) 

564 

565 
5tl6 
567 
586 
569 
590 
591 
592 
593 
594 
595 
596 
597 
596 
599 
600 
601 
602 
603 
1>04 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
615 
616 
617 
616 
619 
620 

C 
( SEE CO~~ENT ABOUT F.S. AT SUBROUTINE START. 
e 

c 
( 

e 
C 
e 

30 IF(TEMP1.LT.4)GO TO 31 

USING 1HE LATERAL OFFSET AT WHICH SEVERITY OCCURS, BRANCH TO 
AFFROFRIATE SET OF EQUATICNS OP LATERAL OFtSET PROBABILITIES AND 
ASSIGN THE PROBABILITIES FOR EACH OF THE FIVE ENCRAOCHMENT ANGLES. 

IF(IFLAG.EQ.2)GO TO 52 
TEMP2=B41(II)+H42(II)*H43(II) 
GO TO .3 1 

52 TEMP2=C22(II,JJ)+C15(II.JJ)*C16(II.JJ) 
31 X=TEIIP~ 

IF (X. GE.O. AND.X.L'!. 5) GO TO 100 
IF(X.GE.5.AND.X.LT.l0)GO TO 101 
IF(X.GE.10.AND.X.LT.15)GO TO 102 
IF(X.GE.15.AND.X.LT.20)GO TO 103 
IFIX.GE.20.AND.X.LT.25)GO TO 104 
IF(X.GE.25.AND.X.LT.30)GO TO 105 
IF IX. GE.30.AND. I.LT.35) GO TO 106 
I7(X.GE.35.AND.X.LT.40)GO TO 107 
IF (X. GE.40.AND. X.LT.120) GO TO 106 
GO TO 999 

100 OFSET (1)= - 0.0174*X+l.0 
OFSET (~)=-0.0026*X+1.0 
OFSET (3)=1.0 
OFSET I~)= 1.0 
OFSET (5)=1.0 
GO TO 1000 

101 OF SET (1)=-0. 047*X+ 1.146 
OFSETI~)=-0.0224*X+1.0S6 
OFSET(3)=-0.016*X+l.08 
OFSET (4)=OFSET (3) 
OPSET (:)=-0.0064*X+1.042 
GO TO 1000 

1020FSETll)=-0.0242*X+0.92 
OFSET (~)=-0.017*X+1.044 
OFSET (3) =-0.016*X+l.08 
OFSET (~)=OFSET (3) 
OFSET (:)=-0.0064*X+l.U42 
GO TO 1000 

103 OFSET (1)=-0.0174*X+0.618 
OFSET (2 ) =-0. 0338*X+1.296 
OFSET (3)=-0.016*X+1.08 



119 
621 O.FSET jll)=OfSET (3) 
b22 OISET (~)=·O.0166*X+l.165 
623 GO TO 1000 
62ij 10ij OISET(1)=-0.0322*X+l.11ij 
625 OFSET (2)=-0.031*X+1. 2ij 
626 OfSBT(3)=-0.06*X+1.96 
627 OFSET (4)=OFSET (.3) 
621l Ol'SET (~)=-0.0.33ij*X+l.501 
629 GO TO 1000 
630 105 OPSET (l)=·0.0282*X+1.014 
631 OFSET(~)=-0.025ij*X+l.l0 
632 OFSET(3)=-0.024*I+l.06 
633 OFSET(~)=OFSET(.3) 
63ij 0ISET(5)=-0.0582*X+2.121 
635 GO TO 1000 
636 106 OPSET(l)=-0.0094*I+0.4~ 
637 OFSET(~)=-0.0084*X+0.59 
638 OPSET (3)=-0.016*X+0.82 
639 Ol'SET (4)=O.fSET (3) 
640 OFSET(~)=-0.008ij*I+0.627 
641 GO TO 1000 
642 1070FSET(1)=-0.0054*I+0.31 
643 OFS.ET (2)=-0.0056*1+0.492 
644 OFSET (3)=-0.004*1+0.40 
645 OFSET (4)=OFSET (3) 
646 OFS ET (!:)= O. 333 3 
647 GO TO leoe 
648 1080FSET(l)=·0.00118*X+0.141 
649 OFSET(2)=·0.00335*X+0.402 
650 OPSET (3) =-0. 003*X+0. 36 
651 OPSET (4)=OFSET (3) 
652 O.FSET (~)=·0.00416*X+0. 4995 
653 GO TO loDe 
654 999 CCNTIliUE 
655 IF(IFLAG .EQ. 1) GO TO 60 
656 EBBOB 1 III,JJ)= 5 
657 GO TO 1000 
658 60 CONTINUE 
659 ERBOB1(II,1) = 5 
660 1000 CONTI~UE 

C 
661 9998 BETURN 
662 END 

C 
C~·**·····**·****·**··******·*********····*****·*···****** •• ************* , 
C~················***·*****····**·**·········*·*····*****.* •• *.**.*** •• ** 
C 

663 SUEROL~INE HINDEX 
c 
c~························*···*·····················*· •••••••••••••••• * •• ' 
c 
c. 
c 
C 
( 

C 
C 
C 
C 

THIS StEBOUTINE CALCULAlES THE HAZARD INDEX. 
GUARDEAIL AND THE BOTTCMING OUT OF GUARDRAIL 
NOI BEEN TAKEN INTO ACCOUNT. 

IMPACTS ON THE END OF 
ON BRIDGE PIERS HAS 
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665 
666 
667 
668 
669 
670 

671 

672 
673 
674 
675 
676 
677 

678 

679 
680 

681 
682 
683 

684 

685 

686 

687 

688 

120 
c··········.·········································· ................... ' 
( 

( 

C 

C 

C 

C 
( 

( 

C 

C 
( 

t 

( 

• 

• • • ,. 

DIrlENSICN 

DIllEN SION 
DIMEN SICN 
DIlIUlSION 
DIIIENSICN 
DIMENSION 
DIIIBNSION 

HI(3) ,HlA(4) ,CHI(3,4) ,CIIA(4) ,ACA(4) ,RIIA(4) ,TACIIIP(4), 
EBROB1(3,4),CS(5,5),IZEBO(4) 
TTAC (4), C1: (4), EC (4), ICE (4), ITAC (4), NOTCE (4) 
COST 1 (4) , Ii DE S (100) , N H II Y (100) , NS P D (100) ,N ADT ( 100) 
aI's liT (5) 
SIGR(5.S) 
fI(5,S) 
HO(3),Hl(3), .H2(3), H3(3), H4(3). 85(3), H6(3). 
H7(3). H8(3), H9(3), 810(3), 811(3), H12(3), 

• • ,. 

813(3),814(3),815(3), H16(3), H17(3), 818(3), 
819(3), H22(3), H23(3). 824(3), H25(3), H26(3), 
827 (3), 830 (3), H31 (3), 832 (3), H33 (3), H34 (3), 
H35 (3), H36 (3), 837 (3), H38 (3), 841 (3), H42 (3), 
843 (3), 844 (3), H45 (3), 846 (3), 847 (3), H48 (3) , 
850 (3), H51 (3), H52 (3), 860 (3), 861 (3), 862 (3), 
863 (3) • 

• 
• • ,. 
• ,. 
• 

DIIIENSIGN C1(3,4), (2(3,4), C3(3.4). C4(3,4), C5(3,4), 
e6 (3,4) ,C7 (3.4) .C8 (3,4) .c9 (3,4) ,Cl0 (3,4),C 1:2 (3,4) • 
e13 (3.4). c14 (3,4), CIS (3,4), C16 (3,4), C17 (3,4), 
C18(3,4). e19(3,4), e20(3.4), C21(3,4), C25(3.4), 
C26(3.4), C27(3,4). e28(3,4), e29(3,4). C30(3,4), 
e31(3.4), C32(3,4), C33(3.4), (110(3,4), C41(3.4), 
C42(3,4), e45(3,4), C46(3,4). C22(3,4), C60(3,4), 
C61(3,4). C«;2(3,4), C63(3,4) 

DIMENSICN IMP(5,5) 
DIMENSION SPEED (5) ,ANGLE(5) .S1SL (5,5) 
DIlIENSION TAC(5,S). SI(5,5) 
INTEGEE EBBORl 
INIEGE~ TEMP1,TEIIP2.X 
INTEGBR HO.81,82.H3,84,H5.H6.87.88.89.810,Hl1,812.813.814,HI5. 

• HI6,817.822,H23,H24,825,H~6,H27,H30.831.832,H33.H34, 
• 835.836.H37.H38,841,H42,H43.H44,H45.H46,H47,H48.H50, 
,. H51,H52,H60,H61,H62,H63 

INTEGER Cl,C2,C3,C5.C6.C7,C8,C10,C12,CI3,CI4,CI5,CI6,CI7,CI8. 
,. CI9.C20.C21,C22.C25,C26,C~7,C28,c19,C30,C31,C32,C33, 
• C40.C41,C42,(60,C61,C62,C63,C9 

INTEGEE SPEED,VEL 
COIIIION / MAINS / HIB,8I,ClIB,ClI.ACB,AC.RlIB,RM.TAC8AZ,HIA,C8I,ClIA, 

• ACA,RlIA,TACIMP,IZERO,LIFE,INT 
COMIION I RESLT / TTAC, CE, BC, NOTCE, ICE, ITAC, IGR 
C(/lIION/ CST1/COSTl 
CClllION / NCONT / NCOUN'l, IPAGE, LINES, NDES, N81lY, NSPD, NADT 

CGlIlION/ ENFRE /ENFR 

CClIIION/ IDENT /I,J,I1,JJ,ICARD,IFLAG,IIIPR,NTITLE 

CCMMON/ IIIPBOB lIMP 

CCMOON; GRSI 151GB 



121 
( 

689 C(HHONI HUET /PI,SI 
( 

Sl.OPEl /5151. 690 
691 

C(HlIO N/ 
CO 1I1!0 NI 

• • • 

DAT11 /HO,Hl,H2,H3,Hij,H5,H6,H7,H8,H9,H'0,H",HI2,HI3, 
HI4,HI5,816,HI7,HI8,HI9,H22,H23,H24,H25,H26,H27, 
H30,831,H32,H33,H34,H35,H36,H37,H38,Hijl,H42,H43, 
H4ij,H45,H46,Hij7,Hij8,H50,H51,H52,H60,H61,H62,H63 

692 

( 

C 
( 

( 

CCII!!ONI DATA2 /Cl,C2,C3,C4,C5,C6,C7,C8,C9,(10,CI2,CI3,CI4,CI5, 
• C22,CI6,(17,CI8,CI9,C20,C21,C25,C26,C27,C28,C29,C30, 
• (31,C32,C33,C40,C41,C42,C45,C46,C60,C61,C62,C63 

693 CClIlIONI GBCRC / CS 
694 COllKeN/ ERBOR /ERRORI 
695 REAl. IlIP 
696 5999 CCNTUOE 
697 SOIl=O.O 
698 ASOII = 0.0 

( 

( 11'l.AG (BECKS TO SEE 1.1' THE DATA IS FROII A HAZARD OR AN II!PROVEI!ENT 
( ALT~RNATIVE. IFLAG = l--HAZARD. IPIAG = 2--II!PROVEIIENT ALTERNATIV . 

699 IFIIFLAG.EQ.l)GO TO 17 
700 ALCNG1=IABS(C46(II,JJ)-C45III,JJ»).5280.0 
701 GO 10 ~1 
702 17 ALOIlGl=IABS(HI9(II)-HI8(II»).5280.0 
703 21 DO 6 I< = 1,5 
704 GO TO 11,2,3,4,7),1< 
705 1 TEMP = O. 48.01'SET II) 
706 GO TO 10 
707 2 TEMP = 0.20.0PSET(2) 
708 GO TO 10 
709 3 TEIIP = 0.12.0I'SET(3) 
710 GO TO 10 
711 4 TEMP = O. 08.0FSET (4) 
712 GO TO 10 
713 7 TEMP = 0.IZ.0FSET(5) 
714 10 DO 5 ~I< = 1,5 
715 SOli = PI(I<K,K).IIIF(I<K,~).ALCNG1+SUII 

716 5 CONTINOE 
717 ASUI! = TEIIE.SUII + ASUM 
718 6 CC~TINOE 
719 IF IHLAG .EQ.2) GO TO 20 
720 HIIII) =IASOH.ENFR.0.50)/5280.0 
721 GO TO 1000 
722 20 CHI~I,JJ) =IASUII.ENFR.O.50)/5280.0 

( --- THE DIRECTIONAL SPLIT IS ASSUMED 10 BE 0.5 IN EACH CASE 
723 1000 CONTINUE 
724 S998 RETURN 
725 END 

( ........................................................................ . 
( ........................................................................ . 
C 

726 SOEBOU1INE PROB2 
C 

c····················································· ................... . 
C 
C THIS SUBROUTINE ASSIGNS IMPACT PROBABILITIES TO THE ARRAY 'IIIP' 



727 

728 
729 
730 
731 
732 
733 

734 

735 
736 
737 
738 
739 
7110 

7111 

7112 
7113 

744 
7115 
746 

747 

748 

C 
C 
( 

C 
C 
C 

BASED eN 8IG8WAY DESIGN NUHBER HO GENERATED IN sunaOUTINE 
DROl-- ----------- --6U~AL INTERSTATE, STATEKENT 100 
OH10 AND D~20- -----URBAN INTEnSTATE~ STATEMENT 200 
DR04, 0~30, OM40---~ULTILANE, STATEMENT 300 
OR04-DR07----------BURAL 2 LANE, STATEMENT 400 

122 
DATA. 

c····················································· .................. . c·.··················································· .................. . c 
c 

c 

C 

C 

C 
C 

C 

C 

• 

• • • • • • 
" • 
• 
" " 
" 
" • 
" 

DIJlENSION 

DIllEN SIaN 
DUENSlCN 
DlMEHS 1011 
OIKEN SION 
DIlIENSION 
DUENSION 

DIIIENSICN 

81(3) ,HIA(4) ,CHI(3,4) ,C~A(4) ,lCA (4) ,RIIA(4) ,TACIHP(4), 
ERROR1 (3,4) ,CS (5,5) ,IZERO (4) 
7TAC(4), CE(4) , BC(4) , ICE(4), 17AC(4), NOTCE(II) 
COST 1 (4) , NOES (100) , N HlIY ( 100) , NSP C (100) , N ADT (100) 
OI'SE! (5) 
SIGB(5,5) 
FI(5,5) 

80 (3),81 (3), H2 (3), 83 (3), 84 (3), H5 (3), 86 (3), 
87 (3), 88 (3), H9 (3), 810(3), Hll (.3), 812 (3), 

813 (3), H14 (3), H15 (3), 816 (.3), H17 (3), 818 (3), 
H19 (3), H22 (3), H23 (.3), H24 (3), 825 (3), H26 (3), 
H27 (3), H30 (.3), 831 (3), H32(3), H33(3), H34(3), 
H35 (3), 8.36 (3), H37 (3), 838 (3), H41 (3), HII2 (3) , 
84.3 (3), 8114 (3), H45 (3), H46 (3), H47 (3), H48 (3), 
H50 (3), 851 (3), 852 (3), H60 (3), 861 (3), H62 (3) , 
863 (3) 
Cl(3,1I), C2(3,4), C3(3,4), C4(3,4), C5(3,4), 

C6(3,4) ,C7(3,4) ,e8(3,4) ,e9(3,4) ,el0(3,4) ,C12(3,4), 
C13(3,4), C14(3,4), C15(3,4), C16(3,4), C17(3,4), 
C18(3,4), e19(3,4), C20(3,4), e21(3,4), C25(3,4), 
C26(3,4), C27(3,4), C28(3,4), C29(3,4), C30(3,4), 
c31 (3,4), C32(3,1I), C33(3,4), C40(3,4), Clll (3,4), 
C42(3,4), e45(3,4), CII6(3,4), e22(3,4), C60(3,4), 
e61 (3,4), Ct:2(3,4), C63(3,4) 

DIIIENSION 1111.'(5,5) 
OIMENSICN SPEED (5) ,ANGLE (5) ,SISL (5,5) 
DIMENSION TAC(5,5),SI(5,5) 
IlITEGH ERllORl 
INTEGER TEJlPl,TElIF2,X 
INTEGEB 80,Hl,82,83,84,85,86,H7,H8,89,Hl0,81',8'2,8'3,H14,H15, 

" 816,H17,822,H~3,824,H25,826,H27,H30,831,832,H33,H34, 
• H35,836,837,838,H41,842,843,844,HII5,846,H47,H48,H50, 
• 851,852,860,H61,862,863 

INTEGER Cl,C2,C3,C5,C6,C7,C8,C10,C12,C13,C14,C15,C16,C17,C18, 
• (19,C20,(21,C22,(25,(26,(27,C28,C29,C30,C31,C32,C33, 
• CIIO,(41,C42,CtO,C61,C62,C63,C9 

INTEGEli SFEEO,VEL 
COllllON I MAIN5 I HIB,HI,ClIB,CII,ACB,AC,RHB,llll,TACHAZ,HIA,CHI,ClIA, 

• ACA,RlIA,TAeIlIp,IZERO,LIPE,INT 
C(llll0N I HESL! I 7TAC, CE, Be, NOTeE, ICE, ITAC, 1GB 
eOllllONI CS71/COST1 
COllMON I NeONT 1 NCOONT, lpAGE, LINES, NOES, NHWY, NSPD, NAOT 

ceMMONI ENFBE IENFB 

CCMlIONI IOENT II,J,II,~~,ICARD,IFlAG,IMpB,NTITLE 



749 

750 

751 

752 

753 
754 

755 

756 
757 

758 

c 
( 

( 

( 

C 

C 

C 
( 

C 

c 

( 

C 
( 

C 

123 
(CMMONI LATOF ICPSET 

CCM~ONI 1MPROB II~P 

COMMONI GRS1 ISIGB 

CCIIMONI HU~T IPI,S1 

COMlIONI SLOPEI ISISL 
CO~1I0NI DATAl IHO,Hl,H2,H3,H4,H5,H6,H7,H8,H9,Hl0,Hll,H12,H13, 

• H14,H15,H16,H17,H18,H19,H22,H23,H24,H25,H26,H27, 
• H30,H31,H32,H33,H34,H35,H36,H37,H38,H41,H42,H43, 
• H44,H45,B46,H47,H48,H50,H51,H52,H60,H61,H62,H63 

CCMMONI DATA2 IC1,C2,C3,C4,C5,C6,C7,C8,C9,Cl0,C12,C13,C14,C15, 
• C22,C16,C17,C18,C19,C20,C21,C25,C26,C27,C28,C29,C30, 
• C31,C32,C33,C40,C41,C42,C45,C46,C60,C61,C62,C63 

CCIIMONI GRCRC I CS 
CCMMONI ERBOR IERRORI 

BEAL IIIP 

759 5999 CCNTINUE 
760 IF (lFLAG • .l:Q. 1) GO TO 10 
761 HOlII) " Cl(l1,JJ) 

762 

763 

764 

765 

766 
767 
768 
769 
770 
771 
772 
773 
774 
775 

c 
c 
C 
C 
C 
C 
C 
C 

10 
C 
C 

C 
( 

c 
c 

c 

20 

100 

IF STATEIIENT CHECKS IF HIGHWAY DESIGN NO. IS DROI 
I.FIHOUI).!Q.101)GO TO 100 

IF STATEMENT CHECKS IF HIGHWAY DESIGN NO. IS DlIl0 OR 01120 
I .F(HO (I1).£Q.210.0B.HO(II).EQ.220)GO TO 200 

IF STA!.l:lIENT CHECKS IF HIGHWAY DESIGN NO. IS DR02, 01130, OR D!l40 
IF(HOlII) • .l:Q.l02.0R.HO(II).EQ.230.0R.HO(II).EQ.240)GO TO 300 

IF STA!EIIENT CHECKS IF HIGHWAY DESIGN NO. IS DR03-DR07 
IFIHO (U).GE.l03.AND.HO(II).LE.l07)GO TO 400 

IF (IFLAG .£Q. 1) GO TO 20 
ERBOR 1 (II,JJ) = 15 
GO TO 1001 
CONUNDE 
EBROR 1 (II, I) " 15 
GO TO 1001 
CONTINUE 
IMP/l,l) " 0.001 
Il'IP(I,2) " 0.000 
IIH(I,l) = 0.000 



124 
776 IIII' (1,4) = 0.000 
777 IIII?(l,5) .= o. 000 
778 IlH(Z,t) = 0.090 
779 rill' (2,2) = 0.038 
780 Iltp(2,3) = O. 022 
781 1111'(2,4) = 0.015 
782 Illf (2 , 5) = 0.022 
783 IIII? (3,1) = 0.335 
784 II'IE (3,2) = 0.139 
785 1111'(3,3) = 0.084 
786 IIII' (3 ~ 4) = O. 056 
787 IIII' (3,5) = 0.084 
788 IIII' (4,1) = 0.054 
789 1111'(4,2) = 0.023 
790 III£' (4,3) = 0.014 
791 IIII' (4,4) = 0.009 
792 IIII' (4,~) = 0.014 
793 IIII' (5, 1 ) = O. 000 
794 I Ill' (5,:t) = O. 000 
795 IIII?(5,3) = 0.000 
796 HIP (5,4) = 0.000 
797 I Ill' (5, 5) = 0.000 
798 GO TO 100 0 
799 200 CONTINUE 
800 IIII' (1,1) : O. a 10 
801 1111'(1,2) = O. 004 
802 HIP (1 ,3) = 0.003 
803 1111'(1,4) = 0.002 
804 Hlp(l,5) = 0.003 
805 IIII' (2,1) = 0.210 
806 IIII' (2 ,.2) = 0.088 
807 IIII' (2,3) = 0.053 
808 1111'(2,4) = 0.035 
809 III£' (2,5) = o. 053 
810 IIII' (3,1) = 0.243 
811 1111'(3,2) = O. 101 
812 III I' (3 ,3) = O. 061 
813 IIII' (3,4) = O. 040 
814 1111'(3,5) = 0.060 
815 IlIP(4,1) .- 0.016 
816 1111'(4,2) = 0.007 
817 IlIP (4 ,3) = 0.004 
818 1111' (4,4) = 0.003 
819 1111'(4,=) = 0.004 
820 Iltp (5,1) = 0.000 
821 I III? (5,2) = 0.000 
822 IIIP(5,3) = 0.000 
823 IIII' (5, 4) = 0.000 
824 I II l' (5 , 5) = 0.000 
825 GO TO 1000 
826 300 CC NTI NUE 
827 IMP(l,l) = a. a 16 
828 IMP (1 ,2) = O. 007 
829 IMP(1,3) = 0.004 
830 IMH1,4) = 0.003 
831 IMP(1,5) = 0.004 
832 I IIf (2 , 1 ) = 0.271 
833 111£'(2,2) = 0.113 
834 IIIP(2,J) = O. 068 
835 1111' (2 ,4) = 0.045 
836 IMI.'(2,~) = 0.068 



837 
638 
639 
640 
641 
642 
843 
844 
845 
846 
847 
646 
849 
850 
651 
652 

125 
Il1f(3,1) = 0.186 
IIIP (3,2) = 0.078 
III I' (3,3) '" 0.047 
1111'(3,4) ,. 0.031 
II1P(3,5) -= 0.047 
Il1f(4,1) -= 0.005 
II1F(4,2) -= 0.002 
1111'(4,3) = 0.001 
IIII' (4,4) = 0.001 
I Ill' (4,5) = 0.001 
I Ill' (5,1) = 0.000 
lI!F(5,2) -= 0.000 
ll1l' (5,3) = 0.000 
1111?(5,4) = 0.000 
II1P(5,5) = 0.000 
GO ~l'O 1000 

653 400 CCNTIIiUE 
654 II1P(l,l) :0 0.006 
655 IlIP(l,;;) -= 0.002 
856 ll1l'(1,3) '" 0.001 
857 II1P(l,4) '" 0.001 
656 II1P (1,5) '" 0.002 
659 II1F(2,1) = 0.217 
660 II1F(2,2) -= 0.090 
661 ll1l' 12 ,3) = 0.054 
662 II!P(2,4) '" 0.036 
663 II1P(2,5) '" D. 055 
664 I liP (3 , 1) = 0.249 
665 II1P(3,2) -= 0.104 
666 II1P (3 ,3) '" 0.062 
667 II1P 13,4) '" 0.041 
666 !l!P (3,5) = 0.062 
869 1111'14,1) :0 0.009 
670 IIIP(4,2) -= 0.004 
671 II1PI4,3) '" 0.002 
872 I II P (4 ,4) = 0.001 
673 II1P(4,5) '" 0.002 
674 II!P(5,1) = 0.000 
875 1/11'(5,2) -= 0.000 
876 I Ill? (5,3) = 0.000 
877 II1P(5,4) -= 0.000 
876 IMP 15,5) = 0.000 
679 1000 CGNTINOE 

C 
C 
( 

860 1001 CCNTINUE 
881 5998 RETURN 
882 END 

883 

C**··················································· ................... . C··.·.················································ ................... . 
C 

SUERODlINE WBEAI! 
C 

c.·· ... ··.··.········································· ................... . 
( 

C 
C 
( 

C 

THIS SUEROUTINE ASSIGNS SEVERITY INDEX VALUES TO AN ARRAY SIGR. 
THESE VALUES ARE COIIPUTED FOR 40, 50, 60, 70, AND 80 IIPH FOR 
ENCROACHIIENT ANGLES OF 7.5, 10, 15, 20, AND 25 DEGREES. THESE 
EQUATICNS iERE OBTAINED FROII BARRIER7 RUNS. 



885 
886 
881 
888 
889 
890 

891 

892 
893 
894 
895 
896 
891 

898 

899 
900 

901 
902 
903 

904 

905 

906 

901 
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( 
( ....................................................................... . 
( ....................................................................... . 
( 

( 

( 

( 

( 

C 
C 

C 

C 

( 

C 
( 

DIIIENSION 

• 
DIIIENSICN 

III (3) , Il IA (4) , CH I (3,4) , C I! A (4) , AC A (4) , RIIA ( 4) , T AC I liP (4) , 
EBRORI (3,4) ,(S (5,5) , IZEilO (4) 
TTAC(4), CE(4), BC(4), leE(4), ITAC(4), NOTCE(4) 
COSTI (4) ,NDES (100) ,NHIiY (100) ,NSPD (100) ,NADT (100) 
OPSET (5) 

,. 
,. 
• • • ,. 
• ,. 
,. 
• • ,. ,. 
• ,. 

DUENSICN 
DUIKSICN 
DIIIENSICIi 
DIllEN S I ON 
DIIIENSION 

DI1HNSION 

SIGB (5,5) 
PI(5,5) 

HO (3) ,HI (3), H2(3), H3 (3), H4 (3), H5 (3), H6 (3), 
H1(3), H8(3), H9(3), Hl0(3), Hl1(3), HI2(3), 

H13(3), HI4(3), HI5(3), H16(3), Hl1(3), H18(3), 
H19 (3), H22 (3), H23 (3), 1124 (3), H25 (3), H26 (3), 
H21 (3), H30 (3), H31 (3), H32 (3), H33 (3), H34 (3) , 
H35 (3), H36 (3), H31 (3), H38 (3), H41 (3), H42 (3), 
if43 (3), 844 (3), H45 (3), H46 (3), H41 (3), H48 (3), 
1150 (3), 851 (3), H52 (3), 860 (3), 861 (3), H62 (3), 
H63(3) 
el(3,4), e2(3,4), e3(3,4), ell(3,4), e5(3,4), 

e6 (3,4) ,e1 (3,4) ,e8 (3,4) ,e9 (3,4) ,Cl0 (3,4),e 12 (3,4) , 
C13(3,1I), C14(3,4), C15(3,4), CI6(3,4), Cl1(3,4), 
e18(3,4), C19(3,4), C20(3,4), e21(3,4), e25(3,4), 
e26(3,1I), e27(3,4), e28(3,4), C29(3,4), e30(3,4), 
e31 (3,4), C32 (3,4), C33 (3,4), C40 (3,4), e41 (3,4), 
C42(3,4), C45(3,4), C46(3,4), C22(3,4), C60(3,4), 
C61(3,4), <':62(3,4), e63(3,4) 

DIIIENSICN IIIP(5,5) 
DIIIENSION SPEED(5) ,ANGLE(5) ,SISL(5,5) 
DIIIENSION TAC(5,5), SI(5,5) 
I NT EG EB EIHiOB 1 
INTEGER TEIIP1,TEIIP2,X 
INTEGER 80,Hl,H2,H3,H4,H5,H6,H1,88,H9,Hl0,Hl',HI2,HI3,HI4,HI5, 

• 816,Hl1,H22,H23,H24,H25,B~6,H21,H30,H31,H32,H33,H34, 
,. 835,B36,831,H38,H41,H42,843,H44,H45,H46,HII7,H48,H50, 
• H51,H52,H60,H61,H62,H63 

INTEGER Cl,C2,C3,e5,C6,e1,C8,Cl0,CI2,CI3,CI4,eI5,CI6,Cl1,CI8, 
,. CI9,C20,(21,C22,C25,C26,C27,C28,(29,C30,e31,C32,C33, 
,. (40,C41,C42,C60,C61,C62,C63,C9 

I NT EG iii SPEED, VEL 
eCMIION 1 IIAIN5 1 HIB,HI,CIIB,CII,ACE,Ae,RIIB,RII,TACHAZ,HIA,CHI,eMA, 

• ACA,RIIA,TACIIIP,IZEBO,LIPE,INT 
CCMIlON 1 RESLT 1 TTAC, CE, BC, NOTCE, ICE, ITAC, IGR 
C(III\ONI CST1/COSTl 
COIIIION / NCONT / NCOUIiT, IPAGE, LINES, NOES, NHWY, NSPD, NADT 

CCIIIIO N/ ENERE /ENFR 

ceMIION/ IDENT II,J,II,JJ,ICARD,IFIAG,IIIPR,NTITLE 

C(II/10N/ LATOi' /OFSE:I 

C(MIION/ IIIPBOD 11112 



908 

909 

910 
911 

912 

913 
914 
915 
916 
917 
918 
919 
920 
921 

922 
923 
.924 
925 
926 
927 
928 

929 

930 
931 
932 
933 
934 
935 
936 
937 
938 
939 

940 
941 
942 
943 
944 
945 
946 
947 
948 
949 

( 

c 

c 

c 
( 

( 

C 

9999 

C 

( 

C 
C 

C 

C 
C 

10 
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COIlIKJ NI GBSI 151GB 

CCMMONI 8DST IPI,SI 

CCMMONI SLOPEl 15ISL 
CCIUIOHI DATA 1 IHO ,81 ,H2,H3,H4, 85, H6,87, 88 ,89 ,810,8 11, 812,H 13, 

* 814,815,816,817,818,819,822,H23,824,825,826,827, 
• 830,831,H32,833,H34,835,836,H37,B38,841,842,843, 
* 844,845,H46,H47,848,8S0,8S1,852,860,861,862,H63 

* 
• 

CO MilO HI DATA2 IC1,C2,C3,C4,C5,C6,C7,C8,C9,Cl0,C12,C13,C14,C15, 
C22,(16,C17,(18,C19,C20,C21,C25,C26,C27,C28,C29,C30, 

(31,C32,(33,(40,C41.C42.C45.C46.C60.C61,C62,C63 

CC MMO iii GIlCSC I CS 
CO/lIIO NI EBROR IERRORl 
REAL IIIP 
ccaUIiOE 
SPUD (1) = 40.0 
SPEliD (2) = 50. 0 
SPHD (3) = 6 0 .0 
SPUD (4) = 70.0 
SPEED (5) = 80.0 

DO 1 K = 1.5 
TEMP"' SPUD (K) 
SIGB(K,l) = 0.01475*TElIP-0.2660 
SIGR(K.2) = 0.01228*TE!P-0.0470 
SIGR(II,3) = 0.01222*TElIP+0.2470 
SIGB(K ,4) = 0.01448*TElIP+0.1678 
SIGR(K.5) = 0.01727*TEIIP+0.1827 

GUABDBAIL COLLISICN REPAIR COSTS ($/FT) 

GRCB = 1.60 

Xl = SIGR(K .• l) 
X2 = 51GR(K,2) 
X3 = 51GB (1<,3) 
X4 = 51GB (K.4) 
X5 = SIGR (11,5) 
CS(K,1)=«(18.87*X1)*/1.0-1.313*X1+1.373*Xl.Xl»*GRCR 
C5(K,2)=«18.87*X2)*(1.0-1.313*X2+1.373*X2*X2»*GRCB 
CS(K,3)=«18.87*X3)*(1.0-1.313*X3+1.373*X3*X3»*GRCB 
C 5 (K. 4) = ( ( 18 • 87 *x 4) * ( 1 • 0- 1 • 3 13 * X 4 + 1 • 373 * X 4 * X 4) ) * Gil C R 
CS(K.5)=(18.87*X5)*(1.0-1.313*X5+1.373*X5.X5»*GRCB 

ADJUSTMENt FACTOB FOB GDABDRAIL WITH 12'-6" POST SPACINGS. 
IF (IPlAG .EC. 1 • AND. 833 (II) .EO. 12) GO TO 10 
IF IIF LAG • EO. 1) GO TO 11 
IF (IFLAG .EO. 2 .AND. (28 (II,JJ) .EO. 12) GO TO 10 
GO TO 11 
SIGR(K,l) = 0.89*SIGR(II,1) 
SIGB(K,2) = 0.91*SIGR(II.2) 
SIGR(II,3) = 0.93*SIGR(K,3) 
SIGR(I<,4) = 1.06*SIGR(K,4) 
SIGR(II,5) = 1.06*SIGR(II,5) 
CS(K,l) = 1.20*CS(II.1) 



950 
951 
952 
953 
954 
955 

956 
957 

958 

128 
CS (K,~) '" 1. 20.CS (K, 2) 
CS (K, 3) '" 1.20.cS (K,3) 
CS (K, 4) '" . 1.20.CS (K,4) 
CS(K,~) '" 1.20.CS (K,5) 

1 1 CONU NtlE 
1 CONtINUE 

( 

5998 RETURN 
END 

( ..................................................................•..... 
(.~.~~.~ ...........................................................•..... 
( 

SUEIlO071NE PROB3 
( 

(~ •• ~ •••• ~ •••••••••••••••••••••••••••••••• * ••••••••••• ••••••••••••••••••• 
( 

( 

( 

( 

( 

THIS SUBROOTINE CALCULA1ES THE PROBABILITY OP INJURY GIVEN A 
SEVERI7Y INDEX (SI) ABUYPROII EI7HEB THE ilEUMl OR ilBEl112 OR 
SUEROU1INE. THE CALCULATED VALUES ABE STORED IN ARRAY' PI'. 

SLOPE 

( ....................................................................... . 
C···········.··············.···········.·· .............................. . 

959 DHIENSICN 111(3) ,HIA(4),CHI(3,4) ,ClIA(4) ,ACA(4I,BIIA(4) ,TACIIIP(4), 
• ERROR 1 (3,4) ,CS (5, 5) , IZERO (4) 

960 DIMENSION 'rTAC(4), CE(4), EC(4), ICE(II), lTAC(II), NOTCE(IJ) 
961 DII!ENSHN COSTl (4) ,NDES (100) ,NHilY (100) ,NSPD (100) ,NADT (100) 
962 DI~ENSICN OPSET(5) 
963 DI~ENSICN SIGR(5,5) 
96IJ DIMENSION n (5,5) 
965 DIMENSION HO (3), H 1 (3), H2 (3), H3 (3), HIJ (3), H5 (3) , H6 (3), 

• H7(3), H8(3), H9(3), Hl0(3), Hll(3), H12(3), 
• H13(3), H14(3), H15(3), H16(3), H17(3), H18(3), 
• H19(3), H22(3), H23(3), H24(3), H25(3), H26(3), 
• H27(3), H30(3), H31(3), H32(3), H33(J), H34(3), 
• H35 (3), H36 (3), HJ7 (J), H38 (3), H41 (3), H42 (3), 
• H43(J), HIJIJ(J), H45(3), H46(3), H47(3), H48(3), 
• H50 (3), H51 (3), H52 (3), H60 (3), 1161 (3), H62 (3) , 
• H63(3) 

966 DIMENSION Cl (3,IJ), (2(3,4), C3(3,4), e4(3,4), C5.(3,4), 

967 
968 
969 
970 
971 I 

972 

973 

( 

( 

• C6(3,4) ,C7(3,4) ,e8(3,4) ,C9 (3,4) ,Cl0(3,4) ,C12(3,IJ), 
• C13(3,4), C14(3,4), C15(3,4), C16(3,4), C17(3,4), 
• C18(3,4), C19(3,4), C20(3,4), C21(3,4), C25(3,4), 
• (26(3,4), C27(3,4), C28(3,4), C29(3,4), C30(3,4), 
• (31(3,4), C32(3,4), C33(3,4), C40(3,IJ), C41(3,IJ), 
• C42(3,4), C45(3,4), C46(3,4), C22(3,4), C60(3,4), 
• C61(3,4), CE2(3,4), C63(3,4) 

DIIIENS.ICN IIIP (5,5) 
DIMENSICN SPEED(5) ,ANGLE(5) ,SISL(5,5) 
DIIIENSION TAC(5,5), SI(5,5) 
IN'lEGEE EEEORl 
I NTEGEE TE~Pl,TEIH'2, X 
INTEGER HO,Hl,H2,H3,H4,H5,H6,H7,1I8,H9,Hl0,H11,H12,H13,H14,H15, 

* H16,H17,H22,H23,H24,H25,H26,H27,H30,H31,H32,H33,H34, 
• H35,H36,H37,H38,841,H42,843,H44,845,H46,H47,H48,H50, 
• H51,H52,H60,H61,862,863 

INTEGEE C1,C2,C3,C5,CE,C7,C8,C10,e12,C13,C14,C15,C16,C17,C18, 
• C19,C20,(21,(22,C25,C26,(27,(28,(29,C30,C31,C32,C33, 
• (40,(41,(42,C60,C61,(62,C63,(9 



974 
975 

976 
977 
978 

979 

980 

981 

982 

983 

984 

985 
986 

987 

988 
989 
990 
991 
992 

993 

c 

C 
C 

C 

C 

C 
( 

C 

c 

( 

C 

c 
C 
( 

C 

S999 

C 
C 
C 
( 

C 

C 
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INTEGEli SHED, VEL 
COMMON I MAIN5 / HIB,81,CMB,CM,ACB,lC,RMB,RM,TAC8AZ,8IA,C8I,CMA, 

* AC1,RMA,TACIMP,IZIRO,LIFE,INT 
CCMMON ; BESLT / 7TAC, CE, BC, NOTCE, ICE, ITAC, IGR 
CCM~N; CST1/COSTl 
COM~N I NCONT / NCOON7, IPAGE, LINES, NOES, N8VY, NSPD, NADT 

COMMONI ENIRE IENFR 

CO rUlo NI IDENT II, J ,..II, JJ, ICARD, IFL.AG, IMP R, NTITLE 

COMMON; LA70F 10PSET 

ceMMON; IMPROB /IMP 

COMMON; GBSI 151GB 

ceMMON; 8UST /PI,SI 

COMMONI SLOPEl ISISL 
ceMMON; DATAl /80,81,82,83,84,85,86,B7,88,89,810,811,812,813, 

• 814,815,816,817,818,819,822,823,824,825,826,827, 
• 830,831,832,833,834,835,H36,837,838,841,H42,843, 
• 844,845,846,847,848,850,H51,852,860,861,862,863 

CCMMONI DATA2 /Cl,C2,C3,C4,C5,C6,C7,C8,C9,Cl0,C12,C13,C14,C15, 
• C22,C16,(17,C18,C19,C20,C21,C25,C26,C27,C28,C29,C30, 
• C31,C32,C33,C40,C41,C42,C45,C46,C60,C61,C62,C63 

CCMMON; GRCRC / CS 
C(MMON; EBBOR IERRORl 
REAL IMP 
eeliiTItiUE 
H (UUG .EQ. 2) GO TO 11 

822 CBECKS TO SEE IF T8E 8AZARD IS LONGITUDINAL OR SLOPE 

IP(8221II).EQ.3)GO TO 13 

( LeNGI10DINAL HAZARD 
994 DO 10 1 = 1,5 
995 DO 14 M = 1,5 
996 SIIL,M)= SlGR(L,M) 
997 14 CeNTItWE 
998 10 ceNTINUE 
999 GO TO 800 

( 

C SLOPE I!AZUD 
1000 13 DO 12 L = 1,5 
1001 DO 15 /I = 1,5 
1002 SI(L,M) = SIS1 (L,M) 
1003 15 CONTINUE 
1004 12 CC N TI NUl! 



1005 
1006 

1007 

1008 
1009 

10 10 
1011 
10 12 
1013 
1014 
1015 

1016 
1017 
1018 
1019 
1020 
1021 
1022 
1023 
1024 
1025 
1026 
1027 
1028 
1029 
1030 
1031 
1032 
1033 

e 
c 
c 
c 
c 
( 

C 
e 

c 
c 
c 
C 
C 

130 
GO TO SOO 

11 IF (el C UI,JJ) .EQ.2.ANO.el l (II,JJ) .EQ. 2. AND.e13(II,JJ). EQ.2) GO TO 
·20 

20 

41 
40 

30 

43 
42 

800 

IF lel0 (II,JJ) .EQ.2.AND.e12 III,JJ) .EQ.2.AND . e13(II,JJ) • EQ.3) GO TO 
.20 . 
IF (Cl 0 (II,JJ) • EQ.3.ANO.C12 (II,JJ) .EO.l) GO TO 20 
IF(Cl0(II,JJ).EQ. 3.AND.C12(II,JJ).EQ~2)GO TO 30 

LONGI1U£INAL IMPRGVE~ENT 
DO 40 II = 1,5 
DO 41 1'111 = 1,5 
SI (LL,II~) = SIGB(IL,~H) 
CCNTINUE 
CONTINUE 
GO TO EOO 

SLOPE IHPEOVEMENT 
DO 42 I L = 1,5 
DO 43 IHI = 1,5 
SI(IL,IIII) = SISL(IL,I'lll) 
CONTIN U E 
CCNTINUE 
DO 2 K = 1,5 
DO 2 L = 1,5 
11' (SI (K,L).GE.2.5) GO TO 1 
I .F (SI (II,L) .LT. 0.2) GO TO 3 
PI (K, 1) = 0.4.SI (K,L) 
GO TO 5 

3 CO Ii 'II NUB 
PI (K, L) = 0.08 
GC TO 5 

1 CeNTINUE 
PI(K,I) = 1.00 

o eON'IINUE 
2 CONTINUE 

1034 99 98 RETURN 
1035 END 

C 
e 
c 
c 
c 
c 
c 
C 
C 
C** •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 4 

l 
C 
e 4 ••••• 4 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

C····················································· ................... . 
( 



1036 

1037 

1038 
1039 
1040 
1041 
1042 
1043 

1044 

1045 
1046 
1047 
1048 
1049 
1050 
1051 

1052 

1053 
1054 

1055 
105 ti 
1057 

c 

C 
C 
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SUEROUTlNE DATA 

C~*·.~·~·*··**········································ ................... . 
C····················································· ................... . 
C 
C 
C 
C 
( 

THIS SOEROOTINE READS AND STORES HAZARD AND IMPROVEMENT DATA OBTAINE 
IN THE 1IEID. THE MAXIMUM NOMBER OF BAZARDS IS 3. MAXIMUM NUMBER 
OF IMPRCVEMENT ALTERNA~IVES IS 4. 

(~* .. ~ •.... * .......................................... ................... . 
C 
C 

C 

C 

c 

DIMENSION HI(3) ,HIA(4) ,CHI (3,4) ,C"1(4) ,ACA (4) ,RM1(4) ,TACIMP(4), 
• ERROR1(3,4) ,CS(5,5) ,IZEBO(4) 

DIMENSICN TTAC (4), CE (4), IlC (4), ICE (4), ITAC (4), NOTCE (4) 
DHiENSION COSTl (4) ,NOES (100) ,NHWY (100) ,NSPD (100) ,NADT (100) 
DIMENSICN OlSET(5) 
DIMENSICN SIGR(5,5) 
DIMENSION PI(5,5) 
DIMENSION HO (3), Hl (3), H2 (3), H3 (3), H4 (3), H5 (3), H6 (3), 

• H7(3), H8(3), H9(3), Hl0(3), Bll(3), H12(3), 
• H13(3), B14(3), H15(3), H16(3), H17(3), H18(3), 
• H19 (3), B22 (3), H23 (3), B24 (3), H25 (3), 826 (3), 
• H27 (3), B30 (3), H31 (3), H32 (3), H33 (3), H34 (3), 
• B35 (3), H36 (3), H37 (3), H38 (3), H41 (3), H42 (3) , 
• H43 (3), 844 (3), H45 (3), H46 (3), H47 (3), H48 (3), 
• H50(3), H51 (3), H52(3), H60(3), B61(3), H62(3), 
• H63 (3) 

DIMENSION Cl(3,4), C2(3,4), C3(3,4), C4(3,4), C5(3,4), 
• C6 (3,4) , C7 (3,4) , C 8 (3,4) , C 9 (3 ,4) , C 1 0 (3,4) , C 12 (3,4) , 
• C13(3,4), C14(3,4), C15(3,4), C16(3,4), C17(3,4), 
• C18(3,4), C19(3,4), C20(3,4), C21(3,4), C25(3,4), 
• C26(3,4), c.:27(3,4), C28(3,4), C29(3,4), C30(3,4), 
• C31(3,4), C32(3,4), C33(3,4), C40(3,4), C41(3,4), 
• C42(3,4), C45(3,4), C46(3,4), <:22(3,4), C60(3,4), 
• Cbl(3,4), C62(3,4), C63(3,4) 

DIMENSION I!!P(5,5) 
DHiENSICN X(78) 
DHIENSICN SPEED(5) ,ANGlE(5) ,SISL(5,5) 
DIMENSION TAC (5,5), 51 (5,5) 
INTEGU ERIlOR1 
INTEGEB TEMP1,TEMP2 
IN1EGER HO,H1,H2,H3,84,H5,H6,H7,H8,89,Hl0,H11,H12,H13,H14,H15, 

• H16,H17,B22,H~3,H24,H25,H~6,H27,H30,H31,H32,H33,H34, 

~ H35,H36,H37,H38,H41,H42,H43,844,H45,H46,H47,848,H50, 
• 851,H52,H60,H61,H62,H63 

INTEGER Cl,C2,C3,C5,C6,C7,C8,C10,C12,C13,C14,C15,C16,C17,C18, 
• C19,C20,C21,C22,C25,C26,C27,C28,C29,C30,C31,C32,C33, 
• C40,C41,C42,CEO,C61,C62,C63,C9 

INTEGEE SEEED,VEL 
COMMON / MAIN5 I HIB,HI,CMB,CM,ACB,AC,RMB,RM,TACH1Z,HIA,CHI,CMA, 

• ACA,RMA,TACIMP,IZERO,LIPE,INT 
ceMMO N I RESLT I 'ITAC, eE, Be, NOTCE, ICE, ITAC, IGR 
(eMMON; csr1/COST1 
CCMr.o~ I NCON'! I NCOUNT, IPAGE, LINES, NOES, NHWY, NSPD, NADT 



1058 

1059 

1060 

1061 

1062 

1063 

1064 
1065 

1066 

1067 
1068 
1069 

1070 
1071 

1072 
1073 
1074 
1075 
1076 
1077 
1078 
1079 
1080 
1081 
10 tl2 
1083 
1084 
1085 
1086 
1087 
1088 
1089 
1090 
1091 
1092 
1093 
1094 
1095 
1096 
1097 

c 

c 

( 

( 

c 
c 

c 

c 

( 

( 

C 
c 

( 

( 

( 

~999 

( 

• • • 

co~~aHI £NFRE IENFR 

CC 11110 HI IDEHT /I. J, I I, JJ, IC ABO, I .P LAG, IIIP R, NTITLE 

CCllftONI LATor IOPSET 

C(1I110NI IIIPROB IIIIP 

COIl110N, GRSI ISIGR 

COIlMONI HUBT IPI,SI 

SlOPEl /S1SL 

132 

COIlIrJ HI 
CClHIO HI DATAl /HO,H1,H2.H3,84,85,86,87,H8,89,810,H11,H12,813, 

814,815,H16,H17,H1e,819,H22,H23,H24,H25,H26,H27, 
H30,H31,832,H33,834,H35,H36,H37,H38,H41.H42,H43, 
B44,H45,846,H47,H48,H50,H51,H52,H60,H61,H62,H63 

C(IIMON; DATA2 /Cl,C2,(3,C4,(5,(6,C7,(8,C9,Cl0,C12,C13,C14.C15, 
• C22,(16,(17,(18,(19,C20,(21,C25,(26,C27,C28,C29,C30, 
• (31,C32,(33,(40,C41,(42,(45,(46,C60,C61,(62,C63 

(CIIIIONI GR(R( / CS 
C(~1I0NI EBBOR IEBBOR1 
REAL IIIP 
1H1TIAllZE ARRAYS TO ZERO 

CCNT1NUE 
DO 1 ~ = 1,3 

HO (K) = 0 
H:«K) = 0 
H3 (K) = 0 
H4 (K) = 0 
H5(K) =0 
H 6 (K) = 0 
H7 (K) = 0 
H8IK) = C 
H9 (K) = C 

H 10 (K) = 0 
H 11 (K) = C 
H12(K) = C 
H13(K) = 0 
H14(K) = C 
H 15 (K) = C 
H 16 (K) = 0 
H 17 (K) = 0 
H 18 (K) = 0.0 
H19(K) = 0.0 
H22(K) = 0 
H23 (K) = 0 
H 24 (K) = 0 
H25(K) = 0 
H26 IK) = 0 
H 27 (K) = 0 
H30 IK) = 0 
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109B H31 (K) = a 
10 99 H32 (K) z a 
1100 H33 (K) .. a 
1101 H34 (K) '" 0 
1102 H35 (K) = 0 
1103 H 36 (K) .: a 
1104 H37 (K) = a 
1105 H38 (K) = a 
1106 H 41 (K) = a 
1107 H42 (K) = a 
1108 H 43 (K) = a 
1109 H44 (K) .: a 
1110 H45 (K) '" a 
1111 H46 (K) = 0 
1112 H 47 (K) = a 
1113 H48 (K) = 0 
1114 H 50 (K) = a 
1115 H 51 (K) = 0 
1116 H 52 (K) = a 
1117 H60 (K) = 0 
1118 H 61 (K) = a 
1119 H62 (K) = 0 
1120 H 6 3 (K) = 0 
1121 CONTINOE 

C 
1122 DO 2 1=1,3 
1123 DO 2 11=1,4 

( 

1124 Cl (L,II) = 0 
1125 C2 (L ,ll) = 0 
1126 C 3 (L , /I) = 0 
1127 C 4 (L , II) = 0 
1128 C 5 (L , II) = 0 
1129 C6 (L, n = 0 
1130 C7 (L , II) = 0 
1131 C 8 (L , l!) = 0 
1132 C9(L,II) = 0 
1133 c 10 (L , II) = 0 
1134 C12(L,II) = 0 
1135 C 13 (L, II) = a 
1136 C14(L,II) = 0 
1137 CI5(L,II) = 0 
1138 C 16 (L ,l) = 0 
1139 C 17 (L , II) = 0 
1140 C18(L,l) = a 
1141 C19(L,!) = 0 
1142 c:to (L, II) = 0 
1143 C21(L,1I) = 0 
1144 C22 (L, II) = a 
1145 C25(L,M) = 0 
1146 C 2 6 (L , II) = 0 
1147 C27(.L,t:) = 0 
11118 C28(L,p') = 0 
1149 C2Q(L,II) - 0 
1150 C]O(L,l) = 0 
1151 C31 (L ,II) = 0 
1152 C32(L,II) = 0 
lIS] C33 (L,l) = 0 
1154 C40 (L ,II) = 0 
1155 C41(L,II) = 0 
1156 C42 (L,l) = 0 



1157 
1158 
1159 
1160 
1161 
1162 
1163 

( 

( 

C 
C 
( 

C 
( 

116'1 
1165 
1166 
1167 
1168 
1169 
1170 
1171 
1172 
1173 
1174 
1175 
1176 
1177 
1178 
1179 
1180 

· 1181 
1182 
1183 
1184 
,., 85 
1186 
1187 
1188 
1189 
1190 
1191 
1192 
1193 
1194 
1195 
1196 
1197 
1198 
1199 

( 

1200 
( 

( 

( 

( 

C 
( 

( 

1201 
1202 

2 
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C45 (L ,1\) .: 0.0 
C46(L,II) = 0.0 
C60 (L ,II) = 0 
C61(L,I!) .: 0 
C62(L,II) .: 0 
C63 (L ,II) .: 0 
CONTI NilE 

READ VaLUES FROII DATA CARDS AND INSERT IN PBOPER ARRAY POSITION. 
1GR KEEPS TRACK Of INDIVIDUAL GROOFS. ICARD IS USED TO LABEL THE 
CARD AS HAZARD OR I~PRCVEIIENT ALTERNATIVE. 

IIIPR=O 
J = O 
1=0 

100 C(NT! NOE 
READ(S,10CO) (X (L) ,L=l, 78) ,1GB,ICARD 
GO TO C200,205) ,I(ARD 

200 (eNT! NUE 
I = I + 1 
~60( I) =X (1) +0.1 
fl6 1 ( I) = 1 0 • 0* x (2) + x (3) +0. 1 
862(1)=X (4)+0.1 
H63(I)=100.0*X(5)+10.0*X(6)+X(7) +0.1 
H 0 (I ) .: 10 O. 0* x ( 1) + 10. 0" x (2) + x (3) + O. 1 
H2 (I) = 10 •• X (8) +1 (9) +0.1 
H3 (I) .: 10 000. O. x I 10) + 1 000.0. x ( 11) + 100 •• x ( 12) + 10. *x (13) + x (14) + O. 1 
H4 (I).: 10.*1 (15) +X (16) +0.1 
H5 (I) = 10.*1 (17) +X (18) +0.1 

"H6(I)=10.·X(19)+X(20)+0.1 
H7 (I) = 10 •• X(21) +X (22) +0.1 
H8 (I) =1 (23) +0.1 
H9 (I) =1 (24) +0.1 

H 1 0 (I ) = x (25) + 0 • 1 
Hll (1)=1(26) +0.1 
H 12 (I) = x (27) + O. 1 
H 13 II ) .: 1000. *1 (28) + 1 00 • *x (29) + 10 •• x (30) + x (31) +. 1 
H 14 (I) = 10 •• X (32) +X (33) +.1 
H 15 (I ) .: 10 •• X ( 34) + x (35) +. 1 
H 16 (I ) = x ( 36) + • 1 
H 17 (I) = 10 •• X (37) +X (38) +.1 
H 18 (I) : 10 O •• x (39) + 10. * x (4 0) + x ('11) +. 1. X (4 2) +. 0 1. X (4 3) + • 00 1 * X (44 ) 
H 19 (I) = 10 O •• x ( 45) + 1 O. * x ( 4 6) + x ( 47) +. 1. X (48) +. 0 1. X (4 9) + • 00 ,. X (50) 
8 50 (I ) = 10 • O. x (70) + X (71 ) + 0 • 1 
H 51 (I) = 10. O.X (72) + x (73) +0. 1 
H52(I)=10.0·X(74)+X(75)+0.1 
H2 2 (I)=X(51)+.1 
I H22= fl:<2 (I) 

GO'I0(3,4,5),I822 

I DE NT IFI( A 'II a N 

IH~ :<=1 
IH22= 2 
1H 2 2=3 

3 CONTINUE 

fOINT HAZARD 
LONGITUDINAL HAZARD 
SLOPE HAZARD 

H 2 3 (I) .: 10 •• x (5 2 ) + x (53) + O. 1 



1203 
1204 
1205 
1206 
1207 
1208 

c 

H24 (I) = 10.*X(54) +X (55) +0. 1 
H25a)=1000.*X(56)+100.*X(57)+10.*X(58)+X(59)+0.1 
826 II) = 10 •• X (60) + X (61) +0. 1 
H27 (I) = 10 •• 1(62) +1(63) +0.1 
J=1 
GO TO 100 

1209 4 CCN'rIlillE 
1210 830a)=10 •• X(52)+1(53)+0.1 
1211 H31(I)=10.*X(54)+1(55)+0.1 
1212 H32 (I) = 10 .*x (56) +X (57) +0.1 
1213 H33a)=10.*X(58)+X(59)+0.1 
1214 834(I)=X(60)+.1 
1215 H35(1)=X(61)+.1 
1216 H36(I)=X(t2)+.1 
1217 837(I) = X(63)+.1 
1218 H38(I)=X(E4)+.1 
1219 J=l 
1220 GO 70 100 

c 
1221 5 CCN'llNOE 
1222 H41(1)=10.*X(52)+X(53)+0.1 
1223 H42a)=X(54)+0.1 
1224 H43a)=10.*X(55)+X(56)+0.1 
1225 H44(I)=10.*X(57)+X(58)+0.1 
1226 H45(I)=X(59)+0.1 
1227 H46(I)=10.*X(60)+X(61) +0.1 
1228 847(I)=X(62)+.1 
1229 H48(I)=X(63)+.1 
1230 J=l 
1231 GO TO 100 

c 
1232 205 CONTINOE 
1233 II!H=II!PB+l 
1234 C60 (I ,J)=X (1) +0.1 
1235 C61 (I, J)--10. O*X (2) +X (3) +0. 1 
1236 C62 (I,J)=X(4) +0.1 
1237 C 63 (I , J) = 100. 0 * X (5) + 10 • 0 * X (6) + X (7) + 0 • 1 
1238 C 1 (I, J) = 100. O*X (1) + 10. O*X (2) + X (3) +0. 1 
1239 C2(I,J)=1000.0.X(4)+100.0*X(5)+10.0*X(6)+X(7)+0.1 
1240 C3(I,J)=10.0*X(8)+X(9)+0.1 
1241 C 9 (I , J) = 10000. O*X (10) + 1 000. 0 *x (11) + 100.0 *x (12) + 10. o*x (13) 

.. X (14) + O. 1 
1242 C 4 (I , J) = 1000 • * X ( 15) + 1 00 .*x (16) + 1 O. *x (17) + X (18) +. l*X ( 19) 
12"3 C 5 (I , J) = 10 o. * X (20) + 10. *x (21) + X (22) + O. 1 
1244 C6(I,J)=100.*X(23)+10.*X(24)+X(25)+0.1 
1245 C7 (I,J)= 10.*X (26) +X (27) +0.1 
1246 C8 (I ,J) = 10.*X (26) +X (29) +0.1 
1247 Cl0a,J)=X(30)+.1 
1248 C 12 (I , J) = X (31) + • 1 

1249 
1250 
1251 

c 

c 
c 
c 
c 
c 
c 
c 

IC1C=Cl0(I,J) 
IC12=C12(I,J) 
GO TO (6,7,8,9) ,lCl0 

I DeNT I .FIC ATIO N 

IC 10= 1 
IC 10= 2 
.IC10=3 
IC 10=4 

fOINT HAZARD IMPROVEMENT 
LONGITUDINAL HAZARD IMPROVEMENT 
SLOPE HAZARD IMPROVEMENT 
NO IMPROVEMENT 

135 
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C 

1252 6 CONTI NUE 
1253 GO TO 110,11,12) ,1(12 

IDUTH leATION 

HAZARD IHPROVEHENT--AILEVIATE HAZARD 

c 
c 
( 

C 
C 
C 
C 

IC1:<= 1 
IC12=2 
ICl2=3 

POINT 
fOINT 
POINT 

HAZARD IMPROVEHENT--INSTALL TRAPPIC BARRIER 
HAZARD IHPROVEHENT--INSTALL ENERGY ATTENUATOR 

1254 10 CONTINUE 
1255 C13(I,J)=X(32)+.1 
1256 IF(IGE.EQ.l.0R.IGR.EQ.2)GO TO 300 
1257 J=J+l 
1258 GO lO 100 

c 
1259 11 CONTINuE 
1260 C 13 (l,J)= 10.*X (32) +X (33) +.1 
1261 C 14 II • J) = 1000 •• X (34) + 1 00. *x (35) + 1 O •• X (36) + X (37) +0. 1 
1262 GO TO ~OO 

c 
1.263 12 CCNTINUE 
12 E 4 C 13 (I , J ) = 10. * X (32) + X (33) +. 1 
1265 IFCIGR.EQ.l.0R.IGR.EC.2)GO TO 300 
1266 J=J+l 
1267 GO TO 100 

c 
1268 7 CCNTINOE 
1269 GO TO (13,14,15),IC12 

IDENTUlCATION 
c 
c 
( 

c 
( 

c 
c 

IC1:<=1 
IC12=2 
Ie 12= 3 

LONGITUDINAL 
l.ONGITUDINAL 
LONGITUDINAL 

IHPBOVEHENT--eURB 
IMPROVEHENT--TRAFFIe BARRIER 
IHPROVEMENT--BRIDGERAIL 

1270 13 CONTINUE 
1271 e13 (I.J)=X (32) +.1 
1272 IF(IGE.EQ.l.0R.IGR.EQ.2)GO TO 300 
1273 J=J+l 
1274 GO TO 100 

c 
1'275 11i C(NTIlillE 
1276 C13(I,J)=X(32)+.1 
1277 C14(I.J)=10.*X(33)~X(34)+.1 

c 
1278 
1279 

Ie 13=C 13 (I,J) 
GO 'IO (101 ,500,500) ,IC13 

( 

c 
( 

c 
( 

c 
c 

IDENTHICA'IION 

Ie 13= 1 
ICl3=2 
Iel3=3 

1280 101 CONTINOE 

DO NOT FILL CUT BOXES A 
FILL OUT EOXES A AND B 
FILL OUT BOXES A AND B 

1281 IFCIGR.EQ.1.0R.IGR.EC.2)GO TO 300 
121:12 J=J+l 
1283 GO TO 100 

( 

1284 15 CONTINOE 

AND B 



1285 
1286 
1287 
1288 
1289 

1290 

1~91 
1292 
1293 
1294 
1295 

c 

c 
( 

C 
( , 
C 

c 

C 13 (I ,J)=X (32) +.1 
C14(I,J)=10.*X(33)+X(J4)+.1 
IF(IGB.EQ.1.0R.IGR.EC.2)GO TO 300 
J=J+1 
GO TO 100 

8 CCNTINlJE 

I DENTIl IC AUO N 

Ie 12= 1 
IC12=2 

SLOPE IMP80VEMENTS--INS~ALl TRA.FIC BABRIER 
SLOPE IMPROVEMEN~S--HODIFY 

GO TO(16,17),IC12 
16 CONTINUE 

e 13 (I # J ) = x (32) +. 1 
e14(I,J)=10.*X(33)+X(34)+.1 
GO TO 600 

1296 17 CONTINUE 
1297 e22(I,J)=10.*X(32)+X(33)+O.1 
1298 C15(I,J)=X(34)+0.1 
1299 C16(I,J)=10.*X(35)+X(36)+0.1 
1300 C17(I,J)=10.*X(37)+X(38)+0.1 
1301 C18(I,J)=X(39)+0.1 
1302 C 15 (I ,J)= 10.*X (40) +X (41) +0.1 
1303 C20(I,J)=X(42)+.1 
1304 C21(I,J)=X(43)+.1 
1305 GO TO 700 

· c 
1306 9 CO l;TI N U E 
1307 IP(IGB.EQ.1.0R.IGR.EC.2)GO TO 300 
1308 J=J+1 
1309 GO ~Q 100 

c 
1310 400 CCNTINUE 

C THIS SECTION COMPLETES BOX A 
1311 C25 (I ,J)= 10.*X (48) +X (49) +0.1 
1312 C26(I,J)=10.*X(50)+X(51)+0.1 
1313 C27(I,J)=10.*X(52)+X(53)+0.1 
1314 C28(I,J)=10.*X(54) +X(55)+0.1 
1315 C29(I,J)=X(56)+.1 
1316 C30(I,J)=X(57)+.1 
1317 C~ 1 (I ,J)=X (58) +.1 
1318 e32 (I ,J)=X (59) +.1 
1319 C33 (I ,J) =X (60) +.1 
1320 IP(IGB.EQ.l.0B.IGS.EC.2)GO TO 300 
1321 J=J +1 
1322 GC TO 100 

c 
1323 500 CONTINUE 

( THIS SECTION eO~PLETES BOXES A AND BAND C 
1324 C25(I,J)=10.*X(48)+X(49)+0.1 
1325 C26(I,J)=10.*X(50)+X(51)+0.1 
1326 C27(I,J)=10.*X(52)+X(53)+0.1 
1327 C28(I,J)=10.*X(54)+X(55)+0.1 
1328 C29(I,J)=X(56)+.1 
1329 C30 (I ,J)=X (57) +.1 
1330 C31(I,J)=X(58)+.1 
1331 C32(I,J)=X(59)+.1 
1332 C33(I,J)=X(601+~1 

137 



C 4 0 (I , J ) = X (6 1) +. I 
C41 (I,J)=X(62)+.1 
C42 (I ,J)=10 •• X (63) +X (64) +0. I 

138 
1333 
1334 
1335 
1336 
1337 
1338 
1339 
1340 

C45 (I , J) = I OO •• X (65) + 10 •• X (66) + X (67) +. 1.X (68) +.0 1.X (69) +.00 1.X (70) 
C46(I,J)=100 •• X(71)+10 •• X(72)+X(73)+.I.X(74)+.01.X(75)+.001.X(75) 
IF(IGB.EQ.l.0R.IGR.EQ.2)GO TO 300 
J=J+l 
GO '10 100 

C 
1341 600 CONTINOE 

C THIS SECTION COMPLETES BOXES A AND C 
13 42 C 2 5 (I , J ) = 10 •• X (48) + X (4 9) + O. I 
1343 C26(I,J)=10 •• X(50)+X(51)+0.1 
1344 C27(I,J)=10 •• X(52)+X(53)+0.1 
1345 C28 (I ,J)= 10 •• X (54) +X (55) +0. I 
1346 C29(I,J)=X(56)+.1 
1.347 C30(I,J)=X(57)+.1 
1348 C'::1(I,J)=X(58)+.1 
1.349 C32(I,J)=X(59)+.1 
1350 C33(I,J)=X(60)+.1 
13 51 C 45 (I , J) = 100 •• X (65) + 10 •• X (b 6) + X (67) + • 1. X (68) +. 0 1.X (69) +. 001 .X (70) . 
1352 C 46 (I, J) = 100 •• X (7 1) + 10 •• X (72) + X (73) +. 1.X (74) +.OI.X (75) +.00 I.X (76) 
1353 IF(lGE.EQ.l.0R.IGR.EC.2)GO TO 300 
1354 J=J+l 
1355 GO '10 100 

C 
1356 700 CON'IINUE 

C THIS SECTICN COMPLETES BOX C 
1357 C45(I,J)=100 •• X(65)+10 •• X(66)+X(67)+.1.X(68)+.01.X(69)+.001.X(70) 
13 58 C46 (I ,J) = 1 OO •• X (71) + 10 •• X (72) + X (73) +. 1.X (74) +.0 1.X (75) +.00 1.X (76) 
1359 IP(IGE.fQ.I.OR.IGB.EQ.2)GO TO 300 
1360 J=J+l 
1361 GO 'IO 100 
1362 300 CONTINOE 
1363 1000 PORMA'I(78Pl.0,2Il) 
1364 9998 RE'IURN 
1365 ENt 

1366 

1367 

1368 

C 
C 

C*· •• • ••••••••• ••••••••••••••••••••••••••••••••••••••• •••••••••••••••••••• 
C •• ••••••••••••••••••••••••••••••••••••••••••••••••••• •••••••••••••••••••• 
( 

SUBROU:tINE SLOPE 
C 

c····················································· ................... . 
( 

C 
C 
C 
C 
C 

THIS SOEReUTINE DETERMINES THE SEVERITY INDEX FOR VEHICLES TRAVERSIN 
VARIOOS TYPES OF DITCHES. THE VARIABLES OF THE TERRAIN ENTERED INC! 
H42-FEON'ISLOPE--2,3,4,6 TO 1 ONLY. H45--BACKSLOPE--O,2,4 70 1 ONLY 
H43--11LL BEIGHT--50 FEET OR LESS. H44--DITCH WIDTH--PROM 0 TO 12 P 

c·········.··········································· ................... . 
( 

C 
C 
( 

C 
D 1M EN S leN HI (3) , HIA (4) , C II I (3, 4) , C IIA (4) , AC A (4) , RM A ( 4) ,T AC I /I P (4) , 

• EBRORI (3,4) ,CS(5,5) ,IZEBC(4) 
DHlENSlCN TTAC(4) , CI(4), EC(4), 1C£(4), ITAC(4), NOTCE(4) 



13b9 
1370 
1371 
1372 
1373 

1374 

1375 
1376 
1377 
1378 
1379 
1380 

1381 

1382 
1383 

1384 
1385 
1386 

1387 

13 88 

1389 

1390 

1391 

1392 

1393 
1394 

( 

( 

C 

( 

C 

( 

( 

( 

( 

C 

( 

( 

( 

• • • • • ,. 
• ,. 
,. 
• • ,. 
,. 
,. 
,. 

DII!ENSICN 
DIIIt:NSICN 
I:Il!ENSl(N 
tIMENSICN 
DlI'lENSICN 

D1IIENSION 
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(OSTI (4) ,NDES (100) ,NHII! (100) ,NSI'D (100) ,NADT (100) 
OPSET (5) 
SIGH(5,5) 
FI(5,5) 
80(3),81(3), H2(3), H3(3), H4(3), H5(3), H6(3), 
87(3), 88(3), H9(3), 810(3), Hl1(3), HI2(3), 

HI3(3), H14 (3), HI5(3), HI6(3), HI7(3), HI8(3), 
H19 (3), B22 (3), H23 (3), H24 (3), H25 (3), H26 (3) , 
H27(3), H30(3), H31(3), H32(3), H33(3), H34(3), 
835 (3), B36 (3), H37 (3), 838 (3), H41 (3), H42 (3) , 
H43 (3), H44 (3), H45 (3), B46 (3), H47 (3), H48 (3) , 
H50 (3), H51 (3), H52 (3), H60 (3), H61 (3), 862 (3), 
H63(3) 
el (3,4), (2(3,4), C3 (3,4), e4 (3,4), e5 (3,4), 

e6 (3,4) ,e7 (3,4) ,(8 (3,4) ,e9 (3,4) ,el0(3,4) ,eI2(3,4), 
e13(3,4), eI4(3,4), eI5(3,4), (16(3,4), CI7(3,4), 
(18(3,4), (19(3,4), e20(3,4), e21(3,4), e25(3,4), 
e26(3,4), <:27(3,4), e28(3,4), C29(3,4), C30(3,4), 
C31(3,4), e32(3,4), (33(3,4), C40(3,4), C41(3,4), 
C42(3,4), C45(3,4), e46(3,4), e22(3,4), C60(3,4), 
C61(3,4), e62(3,4), e63(3,4) 

DIMENS1CN 1MP(5,5) 
DIl'IENSION SPEED (5) ,ANGLE (5) ,SISL (5,5) 
DIMENSICN TAC (5,5), Sl (5,5) 
I liT EG IIi E Bllonl 
IN'lEGER TEMpl,TEl'Ip2,X 
INTEGEB HO,Hl,82,H3,H4,H5,86,H7,88,H9,Hl0,811,HI2,HI3,HI4,HI5, 

,. HI6,HI7,H22,H23,n24,H25,H26,H27,HJO,H31,H32,H3J,H34, 
,. 835,836,H37,H38,H41,H42,843,H44,845,H46,H47,H48,H50, 
,. 851,H~2,H60,HE1,H62,863 

I NTEGEB e l,e2, e3, C5,C6,C7, C8,C 1 o,e 12,C 13,e 14,e 15, C 16,e 17 ,eI8, 
• CI9,e20,C21,C22,C25,C26,C27,C28,(29,C30,C31,C32,e33, 
,. C40,C41,(42,C60,C61,C62,C63,C9 

1NTEGU SPEED, VEL 
C(III'JON I I'JAIN5 I HIB,HI,CMB,C!!l,ACE,AC,BMB,BI!,TA~HAZ,HIA,CHI,Cl'IA, 

• ACA,Bl'IA,TAC1!!IP,IZERO,LIFE,INT 
<:OI'll!ION I RliSLT / TTAC, CE, BC, NOTCE, ICE, ITAC, 1GB 
CCl'Jl'IONI csrl/COSTI 
COMMON I NeONT / NCOONT, IPAGE, LIIIES,NDES, NHWY, NSpD, NADT 

CC IIl'IO til EN.FRE I ENFR 

eCII!!ION; 1DENT II,J,1I,JJ,ICABD,IFLAG,ll!pR,NT1TLE 

eCMl'ION; LA'lOP /OPSET 

ce~MONI I!!lPROB Ill'll' 

eeIlMON; GBS1 IS1GE 

C(IIMONI 80BT Ip1,SI 

C(II!!10N/ SLCPEI IS1SL 
COl'll'lONI DATAl IHO,81,H2,H3,H4,H5,H6,H7,H8,H9,810,Hl1,HI2,813, 

,. H14,815,BI6,HI7,H18,HI9,H22,B23,824,B25,H26,H27, 



1395 

1396 
1397 
1398 
1399 

1400 

1401 
1402 
1403 
1404 
14 a 5 
1406 
1407 
1408 
1409 
1410 
1411 
1412 
1413 
14 14 

1415 
14 16 

1417 
14 ttl 

14 19 

1420 

c 
c 
C 

C 

C 

c 
c 
( 

9999 

( 

( 

( 

( 

C 
( 

( 

c 

c 

C 

c 
( 

501 

502 

503 

1 

14 2 1 2 
1422 
1423 
1424 

c 
Jij 25 3 
1426 
1427 
14 28 

140 
• H30,B31,B32,H33,H34,H35,836,837,B38,841,H42,H43, 
* 844,845,846,H47,848,H50,851,852,H60,H61,H62,H63 

C(!tHaN/ DATA2 /C1,C2,(3,C4,C5,C6,C7,(8,C9,(10,C12,C13,C14,C15, 
• C22,C16,C17,C18,C19,C20,C21,C25,C26,C27,C28,C29,C30, 
* C31,C32,C33,C40,C41,C42,C45,C46,C60,C61,C62,C63 

C(!tltONI GBCSC I CS 
CCMHaNI ERROR IERRORl 
REAL UP 
DATA 5f!ED(1)/40/,5PEEC(2)/50/,SPEBD(3)/60/,5PEBD(4)/70/, 

*SPHD (~)/80/ 

DATA ANGLE(1)/7.5/,ANGLE(2)/l0.I,ANGLE(3)/15.I,ANGLE(4)/20. I, 
*ANG1E (~)/25.1 

CCNTINUE 
IF(IFUG .I:Q. 1) GO 'to 501 
IF(IFLAG .EQ. 2) GO TO 502 
CC IITI liD I: 
I1E!!P 1 = B42 (II) 
I'XElIP2 = 843(II) 
ITEMP3 = H44 (II) 
ITE!!P4 = 1l45(II) 
GO TO ~03 
ITE!!Pl = C15(II,JJ) 
ITEMP2 = C16(II,JJ) 
ITBMP3 = C17(II,JJ) 
ITB!!P4 = C18(II,JJ) 
CChTINUE 

DO 10Cl K=1,5 
DO 1002 L=1,5 

V E1=5 PEED (K) 
ANG=ANGIE (L) 

GO TO (1,2,3,4,1,6) ,ITEMPl 

GO TO 1003 

Il'(ITIl1!E4 .BQ. 0) GO TO 7 
IF (ITEIIP4 .EQ. 4) GO TO 8 
IF (ITEIH4 .EQ. 2) GO TO 9 
GO TO 1004 

IF (ITEII124 .EQ. 0) GO TO 10 
IF (IT E 11124 .EO. 4) GO TO 11 
IF (IT 1:11124 .EQ. 2) GO TO 12 
GO TO 1004 



141 
1429 4 IF (ITEIIF4 .EO. 0) GC 'IC 13 
1430 IF (ITEIIP4 • EO. 4) GO TC 14 
1431 IF (IT H!F4 .EQ. 2) GO TC 15 
1432 GO TO 1004 
1433 6 IF (ITEI!F4 .EO. 0) GO TO 16 
1434 IF (ITEIIF4 .EO. 4) GO TO 17 
1435 IF (IT Ell E4 .EO. 2) GO TC 18 
1436 GO '10 1004 

C 
( 

C 
1437 7 IFIITUlP2 .GT. 15) GO TO 200 
1438 IF (ANG .LT. 22.5) GO TO 100 
1439 SISl(K,L)=0.010*VEL+0.900 
1440 GO TO 1000 
1441 100 I .F (ANG .L'I . 17.5) GO TO 101 
1442 SISl(K,L)=0.02S*VEL-0.400 
1443 GO TO 1 CO 0 
1444 101 IP I AN G .LT. 12.5) GO TO 102 
1445 SISIIK,L)=0.045*VEL-l.633 
1446 GO TO 1000 
1447 102 IF IAN G .l.E. 7 . 5) GO TO 103 
1448 SISl(K,L)=0.015*VEL-0.190 
1449 GO TO 1000 
1450 103 I.E (AN G .LT. 0.0) GO TO 104 
1451 SISLIK,L)=0.00O*VEL+0.533 
1452 GO TO 1000 
1453 104 CONTINOE 

C 
C 

1454 200 IF (ITEMP2 • GT. 25) GO TO 201 
1455 IP (ANG .LT. 22.5) GO TO 105 
1456 SISLIK,L)=0.075*VEL-2.433 
1457 GO TO 1000 
1458 105 IF lANG .LT. 17.5) GO TO 106 
1459 SISl(K,L)=0.0485*VEL-l.365 
1460 GO TO 1000 
1461 106 .IF I AN G .LT. 12.5) GO TC 107 
1462 SISIIK,L)=0.020*VEL-0.200 
1463 GO TO leo 0 
1464 107 IF lANG .LE. 7.5) GO TO 108 
1465 SISL(K,l)=O.0095*VEL+0.405 
1466 GO '10 1000 
1467 108 I F I AN G .LT. 0.0) GO TO 109 
1468 SISI(K,L) =0.005*VEL+0. 667 
1469 GO '10 1000 
1470 109 CONTI ~UE 

C 
C 

1471 ;;01 IF(ITEIIP2 • GT .. 40) GO TO 202 
1472 IP (AN G .LT. 22.5) GO TO 110 
1473 SISl(K,l)=0.020*VEL+0.033 
1474 GO TO 1000 
1475 110 IF lANG .LT. 17.5) GO TC 111 
1476 SISl(K,L) = 0.0095*VEl+0.543 
1477 GO TO 100 0 
1418 111 IF (ANG .LT. 12. 5) GO TO 112 
1419 SISl(K,l)=0.000*VEL+l.000 
1480 GO TO 1000 
1481 112 IF I AN G .LE. 1.5) GO TO 113 
14 !l2 SISL(K,L) =0.OOO*VEL+l.170 



111!!J 
1111:l4 
1485 
III tl6 
1487 

1488 

11189 
11190 
111 91 
11192 
1493 
III 94 
11195 
11196 
1497 
11198 
1499 
1500 
1501 
1502 
1503 
1504 
1505 

1506 
1501 
1508 
1509 
1510 
1511 
1512 
1513 
15111 
15 I 5 
1516 
1517 
1518 
1519 
1520 
152 I 
1522 

1523 
1524 
1525 
1526 
1527 
1528 
1529 
1530 
1531 
1532 
1533 
1534 

1 I 3 

114 
C 
c 

202 
c 
C 
C 

8 

115 

116 

111 

118 

119 
C 
C 

203 

120 

121 

122 

123 

124 
C 
C 

204 

12 5 

12 6 

121 

GO 'Xu 1000 
If(ANG .LT. 0.0) GO '10 114 
SISL(K,L)=0.000*VEL+l.261 
GO '10 1000 
CCN'IINUE 

GO 'IO lC05 

IF(ITE/!F2 .GT. 15) GO 'IO 203 
IF (ANG .LT. 22.5) GO TO 115 
SISl(K,L)=-0.01911*VEL+4.0456 
GO TO 1000 
IFUNG .LT. 17.5) GO TO 116 
SISL(K,l)=0.0029*VEL+l.9126 
GO TO 1000 
IF(ANG .LT. 12.5) GO TO 111 
SISl(K,L)=0.0243*VEL'0.1942 
GO 'IO 1000 
IlUNG .LE. 7.5) GO TO 118 
SISL(~,1)=0.0165*VEl-0.0485 
GO TO 1000 
IF(ANG .LT. 0.0) GO TO 119 
SISL(K,I)=0.0097*VEl+0.0000 
GO TO 1000 
CCNTINOE 

Il(ITE!P2 .GT. 25) GO TO 2011 
IF (ANG .LT. 22.5) GO TO 120 
SISl(K,L)=0.1117*VEI-3.4631 
GO TO 1000 
IFUNG .LT. 17.5) GO TO 121 
SISI(K,l)=0.0138*VEL'2.2524 
GO 'IO 1000 
IF (ANG .n. 12.5) GO TO 122 
SISl(K,l)=0.0485*VEl-l.11563 
GO TO 1000 
IF (ANG .LE. 7.5) GO TO 123 
SISL(K,l)=0.0233*VEl-0.2330 
GO TO 1000 
Il(ANG .LT. 0.0) GO TO 1211 
SISl(K,L)=0.001l9*VEL+0.6416 
GO TO 1000 
CON'IIlIOE 

IF(ITE~P2 .GT. 110) GO TO 205 
IF (ANG .LT. 22.5) GO TO 125 
SISl(K,L)=0.0680*VEl-l.6505 
GO TO 1000 
IF (ANG .LT. 17.5) GO 'IO 126 
SISL(K,L)=0.0325*VEl+0.307t1 
GO TO lCO 0 
IF (ANG .LT. 12.5) GO TO 127 
SISL(K,L)=0.0097*VEl+l.5534 
GO TO 1000 
IFUNG .LE. 7.5) GO '10 128 
SISl(K,1)=0.0068*VEL+l.1553 

142 



143 
1535 GO TO 1000 
153ti 128 IP (AN G .Ll. 0.0) GO 70 129 
1537 SIS1(K,L)20.0049*VEL+0.905ij 
1538 GO TO 1000 
1539 129 CONUIIO! 

C 
C 

1540 205 GO TO 1005 
C 
C 
C 

1541 9 IF (IT EI! P2 .GT. 15) GO TO 206 
1542 IF (ANG .LT. 22.5) 00 TO 130 
1543 SISl(K,L)=-0.020*VEL+4.167 
1544 GO TO 1000 
1545 130 H (ANG .LT. l?5) 00 -TO 131 
1546 SIS1(K,I)=0.003*VE1+1.970 
1547 GO TO 1000 
1548 131 IF (ANG • 'L T. 12.5) GO TO 132 
1549 SIS1(K,L)=O.025*VEL-0.200 
1550 GO TO 1000 
1551 132 II' IAN G .LE. 7. 5) GO TO 133 
1552 SIS1(K,1)=0.0170*VEL-0.050 
1553 GO TO 1000 
1554 133 IF lANG .1.T. 0.0) GO TO 134 
1555 SIS1(K,1)=0.010*YEL+0.000 
1556 GO TO 1000 

. 1557 134 CO N'lI Ii 0 E 
C 
C 

1558 2C6 IF (ITHlI'2 .OT. 25) GO TO 207 
1559 IF (ANG .LT. 22.5) GO TO 135 
1560 SISl(K,L)=0.115*YEL-3.567 
1561 GC '10 1000 
1562 135 IP lANG .LT. l?5) GO TO 136 
1563 SISIIK,L)=D.076*VEL-2.320 
1564 GO TO 100 a 
1565 136 IF I AN G .L7. 12.5) GO TO 137 
1566 SISL(K,L)=0.050*YEL-1.500 
1567 GO '10 1000 
1568 137 IPIANG .LE. 7.5) GO TO 138 
1569 SISIIK,1)=O.024*YEL·0.240 
1570 GO TO 100 a 
1571 138 IF (ANG .L7. 0.0) GO TO 139 
1572 SIS1 (K, 1) '" O. a OS*YEL+O. 667 
1573 GO TO 1000 
1574 139 CONTI un 

c 
c 

1575 207 IF (IT ElII'2 .GT. 40) GO TO 208 
1576 IF lANG .LT. 22.5) GO TO 140 
1577 SIS1(K,1)=0.070*VEl-1.700 
1578 GO TO 100 a 
1579 140 IF lANG .. LT. l?5) GO Te 141 
1580 SISL(K,L)=0.0335*VEL+0.317 
1581 GO TO 1000 
1582 141 IF (AN G .LT. 12.5) GO TO 142 
1583 SISLIK,1)=0.010*VEL+l.600 
1584 GO TO 1 COO 
1585 142 IF lANG .LE. 7.5) GO TO 143 
1586 SISL(K,I)=0.007*YEL+1.190 



144 
1587 GO '10 1000 
1588 143 IF (ANG .LT. 0.0) GO TO 144 
1589 SISL(K,l)=0.005*VEL+0.933 
1590 GO 'IO 1000 
1591 144 ec NTlliDE 

c 
C 

1592 208 GO TO 1005 
c 
c 
C 

1593 10 IF IITElIF2 .GT. 15) GO '10 209 
1594 IF lANG .LT. 22.5) GO TO 145 
1595 SISLIK,l)=O.050*VEL-2.133 
1596 GO 'IO 1000 
1597 145 IF lANG .L'I. 17.5) GO TO 146 
1598 SISl(K,L)=0.026*VEL-0.897 
1599 GO TO 100 0 
1600 146 IF lANG .LT. 12. 5) GO TO 147 
1601 SISl(K,l)=0.000*VEL+0.467 
1602 GO TO 1000 
1603 147 I .F' ANG .LE. 7.5) GO TO 148 
1604 SIS1IK,L)=0.000*VEL+0.370 
1605 GO 'IO 1000 
1606 148 IF lANG .LT. 0.0) GO TO 1119 
1607 SIS1 (K,l) =O.OOO*VEL+O. 300 
1608 GO TO 1000 
1609 1119 CONTI NUE 

C 
C 

1610 209 IF lITElIF2 .GT. 25) GO '10 210 
1611 IF (ANG .L'I. 22.5) GO TO 150 
1612 SISL(K,L)=0.015*VEL-0.l00 
1613 GO 'IO 1000 
16 14 150 Il' 'ANG • .1 T. 17.5) GO TO 151 
1615 SISl(K,L)=0.010*VEl+0.700 
1616 GO TO 1000 
1617 151 I F lANG .L"I. 12.5) GO TO 152 
1618 SISL(K,L)=0.005*VEL-0.233 
1619 GO TO 1000 
1620 152 I I' ,AN G • I.E. 7.5) GO TO 153 
1621 SISl(K,l)=O.003*VEL+0.373 
1622 GO 'IO 1000 
1623 153 IF lANG .L'1. 0.0) GO TO 154 
1624 SISl(K,1)=0.000*VEL+0.567 
1625 GO '10 1000 
1626 154 eeNTINDE 

e 
c 

1627 210 I.F (ITEI1F2 .GT. 40) GO lC 211 
1628 IF (AN G .L'I. 22.5) GO 'Ie ISS 
1629 SISl(K,L)=0.015*VfL-0.067 
1630 GO 'IO 1000 
1631 155 IF ,ANG .ll. 17.5) GO TC 156 
1632 SISL(K,L)=0.006*VEL+0.457 
1633 GO 'IO 1000 
1634 156 IF (ANG .LT. 12. 5) GO TO 157 
1635 SISl(K,L)=-0.005*VEL+l.033 
1636 G() 'IO 1000 
1637 157 IF (ANG .LE. 7. 5) GO TO 158 
1638 SISl(K,L)=-0.005*VEL+0.967 



1639 
1640 
1641 
1642 
1643 

16411 

1645 
1646 
1611 7 
1648 
1649 
1650 
1651 
1652 
1653 
1654 
1655 
1656 
1657 
1658 
1659 
1660 
1661 

1662 
1663 
1664 
1665 
1666 
1667 
1668 
1669 
1670 
1671 
1672 
1673 
16711 
1675 
1676 
1677 
1678 

1679 
1680 
1681 
1682 
1683 
1684 
1685 
1686 
1687 
1688 
1689 
1690 

158 

159 
C 
( 

.11 
C 
( 

C 
11 

160 

161 

162 

163 

164 
C 
( 

~12 

1(;5 

166 

167 

168 

169 
C 
( 

213 

170 

171 

172 

GO 'IO lCOO 
IFCANG .L7. 0.0) GO 'IO 159 
SIS L (K, 1) =-0. OOS*V EL +0.933 
GO TO 1000 
CC/jTI NUB 

GO 70 1005 

IF(I'IEIIP2 .GT. IS) GO 70 212 
IF (ANG _L7. 22.S) GO TO 160 
SISl(K,L)=0.060*VEL-2.400 
GO 70 1000 
I.E lANG .LT. 17.S} GO TO 161 
SISl(K,L)=0.030S*VEL-l.000 
GO TO 1000 
IE(ANG .LT. 12.S) GO TO 162 
SISL(K,L)=0.020*VEL-0.S33 
GO TO 100·0 
IF(ANG .LE. 7;5) GO TO 163 
SISL(K,I)=O.009*VEL-0.027 
GO '10 1000 
IF(ANG .L7. 0.0) GO TO 164 
SISI(K,L)=0.005*YBL+0.133 
GO TO 10.00 
CG/jTINUE 

IF (ITEllP2 .GT. 25) GO 70 213 
IF (ANG .L7. 22.5) GO TO 165 
SISl(K,L)=0.030*VEL-0.600 
GO TO 1000 
IE(ING .LT. 17.S) GO 70 166 
SISI(K,L)=0.023S*VEL-0.407 
GO TO 1000 
IF (ING .LT. 12.5) GO TO 167 
SISI(K,L)=0.020*VEL-0.367 
GO 70 1000 
IF(ANG .LE. 7.S) GO TO 168 
SISL(K,1)=0.002S*VBL+0.697 
GO 70 1000 
IP(ANG .LT. 0.0) GO TO 169 
SISL(K,L)=-0.00S*VEL+l.167 
GO TO 1000 
CCNtINO!! 

IP(ITEIIP2 .GT. 40) GO 70 214 
IF(ANG .Ll. 22.5) GO TO 170 
SISL(K,L)=0.02S*VEL-0.033 
GO TO 1000 
II(ANG _LT. 17.5) GO TO 171 
SISL(K,L)=0.020S*VEL+0.OS6 
GO '10 1000 
IF(ANG .L7. 12.S) GO TO 172 
SISL(K,L)=0.020*VEL-0.133 
GO '10 1000 
IF(ANG .LE. 7.5) GO TO 173 
SISL(K,L)=0.012*VEL+0.460 

145 



1691 
1692 
1693 
1694 
1695 

1696 

1697 
1698 
1699 
1700 
1701 
1702 
1703 
1704 
1705 
1706 
1707 
1708 
1709 
1710 
1711 
1712 
1713 

1714 
1715 
1716 
1717 
1718 

· 1719 
1720 
1721 
17 22 
17 23 
17 24 
1725 
17 26 
1727 
1728 
17 29 
1730 

17 31 
1732 
1733 
1734 
17 35 
17 36 
1737 
1738 
17 39 
1740 
17111 
1742 

173 

174 
C 
C 

2 14 
C 
C 
C 

C 
C 

12 

175 

176 

177 

178 

179 

~15 

180 

181 

182 

183 

184 
C 
c 

2 16 

185 

186 

187 

GO TO 1000 
IP(ING .LT. 0.0) GO TO 174 
SISL(K,L)=0.010*VEL+0.667 
GO TO 1000 
CONTIIiUB 

GO TO 1005 

IF (ITEI'IP2 .GT. 15) GO TO 215 
IF(ANG .LT. 22.5) GO TO 175 
SISI(K,I)=0.1020*VEL-4.080 
GO TO 1000 
H(ANG .LT. 17.5) GO TO 176 
SISL(K,L)=0.0519*VEL-l.700 
GO 'XO 1000 
IF lANG .LT. 12.5) GO TO 177 
SISI(K,L)=O.0340*VEL-0.9061 
GO TO 1000 
IF (ANG .LE. 7.5) GO TO 178 
SISI(K,I)=0.0153*VEL-0.0459 
GO TO 1000 
IE(ANG .LT. 0.0) GO TO 179 
SISl(K,L)=0.0085*VEL+0.2261 
GO TO 1000 
CC NT1 NOE 

IF(ITEMP2 .GT. 25) GO TO 216 
IF (ANG .LT. 22.5) GO TO 180 
SISL(K,L):0.0510*VEL- l.020 
GO TO HJOO 
H(ANG _LT. 17.5) GO TO 181 
SISl(K,L)=0.040*VEI-0.6919 
GO TO 1000 
H(ANG .LT. 12.5) GO TO 182 
S1SL(K,L)=0.0340*VEL-0.6239 
GO TO 1000 
IF (ANG .LE. 7.5) GO TO 183 
SISI(K,L)=O.0043*VEL+l.1849 
GO TO 1000 
1P(ANG .LT. 0.0) GO TO 184 
SISl(K,I)=-0.0085*VEL+l.9839 
GO TO 100e 
CCNTINOE 

1F(ITEMP2 .GT. 40) GO TO 217 
IE(ANG .LT. 22.S)GO TO 185 
SISL(K,L)=O.042S*VEL-0.0561 
GO TO 1000 
IPIANG .LT. 17.5) GO TC 186 
SISl(K,I)=0.0349*VEL+0.0952 
GO '10 1000 
IF lANG .LT. 12.5) GO TO 187 
SISl(K,I)=0.0340*VEL-0.2261 
GO TO 1000 
IF(ANG .LE. 7.5) GO TO 188 
SISL(K,L)=0.0204*VEl+0.7820 
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1743 
1744 
1745 
1746 
1747 

1748 

1749 
1750 
1751 
1752 
1753 
1754 
1755 
1756 
1757 
1758 
1759 
1760 
1761 
1762 
1763 
1764 
1765 

1766 
1767 
1768 
1769 
1770 
1771 
1772 
1773 
1774 
1775 
1776 
1777 
1778 
1779 
17 80 
1781 
1782 

1783 
1784 
1785 
1786 
1787 
1788 
1789 
1790 
1791 
1792 
1793 
1794 

188 

189 
C 
( 

2 17 
C 
C 
C 

13 

190 

191 

192 

193 

194 
C 
C 

218 

195 

196 

lS7 

198 

199 
C 
( 

~ 19 

3eo 

301 

302 

GO TO 1000 
IF (ANG .n. 0.0) GO TO 189 
SISl(K,L)=0.0170.VEL+l.1339 
GO TO 1000 
C(NTI NOl! 

GO '10 1005 . 

IF (ITEIIF2 .GT.15) GO TO 218 
IF/ANG .LT. 22.5) GO TC 190 
SISl(K,L)=0.010.Vl!L-0.067 
GO TO 1000 
I.F lANG .LT. 17.5) GO TO 191 
SISl(K,L):0.0075*Vl!1-0.007 
GO TO 1000 
IF ( AN G • LT. 12. 5) GO TO 192 
SISl(K,L)=0.005*VEL+0.067 
GO TO 1000 
IF(ANG .LE. 7~5) GO TO 193 
SISl(K,1)=0.002S*VEL+0.193 
GO TO 1000 
IF(ANG .LT. 0.0) GO TO 194 
SISl(K,L)=O.00IS*VEL+0.233 
GO TO 1000 
CO IiTI 1I0E 

IF(ITEIIP2 .GT. 25) GO '10 219 
IF lANG .LT. 22. S) GO TO 195 
SISl(K,1)=0.010*VEL+O.067 
GO TO 1000 
U'UNG .LT. 17.S) GO TO 196 
SISl(K,1)=O.OOSS*VEL+0.243 
GO TO 1000 
I .F(ANG .LT. 12.S) GO TO 197 
SISL(K,L)=0.005*VEL+0.167 
GO TO 1000 
IF(ANG .LE. 7.5) GO TO 198 
SISIIK,L)=0.004S*VEL+0.133 
GO TO 1000 
IF(ANG .LT. 0.0) GO TO 199 
SISl(K,L)=0.005*VEL+0.067 
GO TO 1000 
CCNTINOE 

IF IIT.EI!P2 .GT. 40) GO TO 220 
I .F (ANG .1.'1. 22.5) GO TO 300 
SISl(K,1)=0.000*VEL+0.767 
GO TO 1000 
I F lANG .LT. 17.5) GO TO 301 
SISL(K,L)=0.000*VEL+0.680 
GO TO 100e 
IF(ANG .LT. 12.5) GO TO 302 
SISl(K,1)=0.000*Vl!L+0.600 
GO '10 1000 
IF(ANG . • 1.1. 7 . 5) GO TO 303 
SISL(K,L)=0.0025*VEL+O.340 
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148 
1795 GO TO 1000 
1796 303 IF (ANG .LT. 0.0) GO TO 304 
1797 SISL(K,I)=0.00S*VEL+0.133 
1798 GO TO 1000 
1799 304 CCNTIIiOE 

( 

( 

1800 220 GO TO lCOS 
( 

C 
( 

1801 14 IP(ITEIIP2 .GT. 15) GO TO 221 
1802 IP(ANG .LT. 22.5) GO TO 30S 
1803 SISl(K,~)=0.010*VEI+0.367 
1804 GO TO 1000 
1805 30S 1 .1" (ANG .LT. 17. S) GO TO 306 
1806 SISL(K,L~=O.0065*VEI+0.407 
1807 GO TO 1 CO 0 
1808 306 IF (ANG .. LT. 12. S) GO TO 307 
1809 SISL(K,I)=O.005*VEL+0.333 
1810 GO TO 1000 
1811 307 II'IANG .. LE. 7.5) GO TO 308 
1812 SISL(K,L)=0.0075*VEL+0.087 
181 J GO TO 1000 
1814 308 IF (ANG .L'I. 0.0) GO TO 309 
1815 SISl(K,L)=0.010*VEL-0.167 
1816 GO TO 1000 
1 e 17 309 (ONTINOE 

( 

C 
1818 ~21 IF (ITElIP2 .GT. 25) GO TO 222 
1819 IF lANG .LT. 22. S) GO TO 310 
1820 SISl(K,~)=0.015*VEL+0.167 
1821 GO 'IO 1000 
1822 310 IF(ANG .~T. 17.5) GO TO 311 
1823 SISl(K,I)=0.011S*VE~+0.303 

1824 GO TO 1000 
182S 311 IF (ANG .LT. 12. S) GO TO 312 
1826 SISl(K,L)=0.010*VEL+0.333 
1827 GO TO 1000 
1828 312 If (ANG .LE. 7. S) GO TO 313 
1829 SISl(K,L)=-0.003*VEL+0.890 
lBJO GO TO 1000 
183 1 ..313 IF (AN G .LT. 0.0) GO TO 314 
1832 SISl(K,L)=-O.00S*VEL+0.833 
1833 GO TO 1000 
1834 314 CCNTINOE 

C 
C 

1835 22 2 IF (ITEIIP2 .GT. 40) GO 10 223 
1836 IF(ANG .LT. 22.5) GO TO 31S 
1837 SISI(K,L)=0.006*VEL+0.860 
1838 GO TO 1000 
1833 315 IF (AN G .LT. 17.5) GO TO 316 
1840 SISl(K,L)=0.000S*VEl+l.133 
1841 GO TO 1000 
1842 316 IF lANG .L7. 12. 5) GO TO 317 
1843 SISIIK,1)=-0.004*VEL+1.360 
1844 GO 10 1000 
1845 317 IF (AN G .LE. 7. S) GO TO 318 
1846 SIS11K,I)=-0.006S*VEL+l.423 
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1847 GO 70 100 a 
1848 318 IF (ANG ~L'l. o • 0) GO TO 319 
1843 ~ISl(K,I)=-0.008*VEL+l.447 

1850 GO 70 1000 
1851 319 CC NT! NIlI! 

C 
C 

1852 223 GO TO le05 
C 
( 

C 
1853 15 IP (ITEII1'2 .GT. 15) GO TO 224 
1854 IF(ANG .LT. 22.5) GO TO 320 
1855 SISI(K,L) =0.0170*VEL+O.6239 
1856 GO TO 100 ° 
1857 320 IF (ANG .LT. 17.5) GO TO 321 
1858 SISI(K,L)=0.0111.VEL+O.6919 
1859 GO TO 1000 
1860 321 IF (ANG .1.7. 12.5) GO TO 322 
1861 SISI(K,L)=0.0085*VEL+O.5661 
1862 GO 'IO 1000 
1863 322 IF (ANG .LE. 7.5) GO TO 323 
18611 SISI(K,l) =0.0128*VEL+O.1479 
1865 GO TO 1000 
1866 323 IF (ANG .LT. 0.0) GO TO 324 
1867 SISl(K,L)=0.0170*VEL-0.2839 
1868 GO TO 1000 
1869 324 CCNTINUE 

C 
C 

1870 224 IP (IT Ell 1'2 .GT. 25) GO 70 225 
1871 IF (ANG .1. T. 22.5) GO TO 325 
1872 SISl(K,L)=0.0255*VEL+0.2839 
1873 GO TO 100 0 
1874 325 11' (ANG .L~. 17.5) GO TO 326 
1875 SISl(K,L)=0.0196*VEL+0.5151 
1876 GO TO 1000 
1877 326 IF (AN G .LT. 12.5) GO TO 327 
1878 SISL(K,L)=0.0170*VEL+0.5661 
1879 GO TO 1000 
1880 327 IF (AN G • LE. 7.5) GO TO 328 
1881 SISL(K~L)=-0.0051*VEL+l.5130 
1882 GO TO 1000 
1883 328 Il'(ANG. .L'1. 0.0) GO TO 329 
la84 SI Sl(K,l)=-0.OO85*VEL+l.4161 
1885 GO IO 1000 
1886 329 CC~TINOE 

( 

( 

1887 ;" 2 5 I l' (IT E 1\ P2 • GT. 40) GO TO 226 
1888 IF (AN G .L'I. 22.5) GO TO 33·0 
1889 SISl(K,I) =0.0102*VEl+1.4620 
1890 GO TO 1000 
1891 330 IF lANG .LT. 17.5) GO TO 331 
1892 S ISl(K,L)=0.0009*VEL+l.9261 
1893 GO 'IO 1 CO 0 
1894 331 IF (ANG .. LT. 12.5) GO TO 332 
1895 SISl(K,L) = -0.0068*VEL+2.3120 
1896 GO TO ICOO 
1897 332 IF (ANG • L E. 7.5) GO TO 333 
1898 SISl(K,L)=-0.0111*VEI+ 2 .4191 



1899 
1900 
1901 
1902 
1903 

1904 

1905 
1906 
B01 
190B 
1909 
1910 
1911 
1912 
1913 
1914 
H15 
19 16 
1917 
1918 
19 19 
1920 
1921 

1922 
1923 
1924 
1925 
1926 
1921 
192B 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
H31 
19313 

1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 

333 

334 
C 
C 

226 
C 
C 
( 

16 

335 

336 

331 

338 

339 
( 

C 
227 

340 

341 

342 

343 

31J4 
( 

( 

2213 

345 

346 

341 

GO TO leoo 
U(ANG .LT. 0.0) GO 'IO 334 
SISL(l,l)--0.0136*VEL+2.4S99 
GO TO 1000 
CCNTINOE 

GO 'IO 1e05 

IF (ITE~p2 .GT. IS) GO TO 227 
IF (ANG .LT. 22.5) GO 'Ie 335 
SISl(K,L)=O.01s*VEL-0.S67 
GO TO 1000 
IF lANG .LT. 17.5) GO Te 336 
SISl(K,L)-0.009*VEL-0.250 
GO TO lCOC 
IF (ANG .LT. 12.5) GO TO 337 
SISl(K,l)=O.00S*VEL-0.067 
GO TO 100 C 
IF(ANG .LE. 7.S) GO TO 338 
SISI(K,L)=-0.001*VEL+0.260 
GO TO 1000 
IF(ANG .LT. 0.0) GO TO 339 
SISI(K,L)=-O.005*VEL+O.467 
GO TO 1000 
CCliTINUE 

I~(ITE~p2 .GT. 25) GO TO 228 
IF (ANG .LT. 22.5) GO TC 340 
SISl(K,L)=0.015*VEL-0.S67 
GO lO 1000 
IF I AN G .L T. 17.5) GO TO 34 1 
SISl(K,L)=0.009*VEL-0.250 
GO TO 1000 
IF lANG .L'I. 12.5) GO 'Ie 342 
SISI(K,L)-O.OOS*VEL-0.067 
GO TO 1000 
IF lANG • I.E. 7.5) GO TC 343 
SISIIK,l)=·0.OOl*VEL+0.260 
GO TO 1000 
IFIANG .LT. 0.0) GO TO 344 
SISL(K,L) =-0.005*VEL+O.467 
GO TO 1000 
CO'll NUE 

IF(ITEMF2 .GT. 40) GO TO 229 
IF (ANG .L'1. 22.5) GO TO 345 
SISL(K,l)=0.015*VEI-0.S67 
GO TO 1000 
IF lANG .LT. 17.5) GO TO 346 
SISl(K,l)-0.009*VEL-0.250 
GO TO 100e 
IF(ANG .LT. 12.5) GO TO 347 
SISl(K,1)=0.00S*VEL-0.067 
GO TO 1000 
IFIANG .LE. 7.5) GO TO 348 
SISl(K,l)--0.OOl*VEL+0.260 
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1951 GO '1'0 100e 
1952 348 IFIANG .L'1. 0.0) GO TO 349 
1953 5ISL{K,L)=-0.005*VEL+0.467 
1954 GO TO 1000 
1955 349 CONTINUE 

1956 

1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
B 711 
1971 
1972 
1973 

1974 
1975 
1976 
1977 
197tl 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

C 
C 

:;:29 
c 
c 
C 

17 

350 

351 

352 

353 

354 
C 
C 

230 

355 

356 

357 

358 

359 
C 
C 
2~1 

360 

361 

362 

GO '10 1005 

IF (ITEIIP2 .GT. 15) GO '10 230 
II'IANG .L'I. 22.5) GO TC 350 
SISI(K,L)=0.020.VE1-0.367 
GO '10 1000 
IF{ANG .LT. 17.5) GO TO 351 
SISL{K,L)=0.012S*VEL-0.037 
GO TO 1000 
IF lANG .LT. 12.5) GO Te 352 
SISI{K,L)=0.005.VEL+0.300 
GO '10 100 a 
IFIANG .LE. 7.5) GO TO 353 
SISL{K,L)=-0.001*VEL+0.560 
GO TO 1000 
IF (ANG .LT. 0.0) GO '10 354 
SISI{K,I) =-0.005*VEL+0_767 
GO TO 100e 
COfiNOE 

IF (ITEMP2 _GT. 25) GO '10 231 
IF lANG _L'I . 22.5) GO TO 355 
SISI(K,L)=0.020.VEL-0.367 
GO TO leoo 
IF lANG .LT. 17.5) GO To 356 
SISI(K,L)=0.0125*VEL-0.037 
GO TO 1000 
IF lANG .LT. 12.5) GO TO 357 
SISI(K,L)=0.005*VE1+C.300 
GO TO 1000 
IF(ANG .LE. 7.5) GO TO 358 
SISI(K,1)=-0.001*VEL.0.560 
GO TO 1000 . 
IF(ANG .LT. 0.0) GO '10 359 
SISL{K,L)=-0.00S*VEL+0.767 
GO 1:0 1000 
CONTINUE 

IF{ITEIIP2 .GT. 40) GO '10 232 
IF (ANG • L'1. 22.5) GO '10 360 
SISI(K,L)=O.020*VEL-0.367 
GO TO lCOO 
IF (AN G • LT. 1 7 • 5) GO 'I C 36 1 
SISI(K,L)=0.0125*VEL-0.037 
GO TO 1000 
IF (ANG .LT. 12.5) GO TO 362 
SI5I{K,I)=0.005*VEL+0.300 
GO '10 1000 
IF lANG .LE. 7.5) GO 'IO 363 
SISI{K,L)=-0.OOl*VEL+0.560 
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2003 
2004 
2005 
2006 
~uu7 

2008 

2009 
2010 
~O 11 
2012 
~O 13 
2014 
2015 
2016 
2017 
2018 
~O 19 
2020 
2021 
2022 
2023 
2024 
2025 

2026 
2027 
2028 
202~ 
~030 

2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
20 Iii) 
2041 
~042 

2043 
2044 
2() 45 
2046 
:;047 
2048 
204~ 

2050 
2051 
2052 
2053 
2054 

363 

364 
C 
( 

232 
C 
C 
C 

18 

365 

366 

367 

368 

369 
C 
C 

233 

370 

~71 

373 

374 
C 
C 

234 

375 

376 

377 

GO TO H;OO 
Il'(ANG .LT. 0.0) GO TO 364 
SISl(R.I) =-O~00S*VEL+0.767 
GO TO 1000 
CONTINUE 

GO lU 1005 

IF (ITEI'IF2 .GT. 15) GC TO 233 
IF(ANG .LT. 22.5) GO '1'0 365 
SISl(K.L)=0.0340*VEI-0.6239 
GO 10 leoo 
IF lANG .LT. 17.5) GO TO 366 
SISl(K.L)=0.0213*VEL-0.0629 
GO TO 1000 
I.F (ANG .LT. 12.5) GO TO 367 
SISl(K.L)=0.008S*VEL+0.5100 
GO TO 1000 
IF(ANG .LE. 7.5) GO TO 368 
SISl(K.I)=-0.0017*VEl+0_9S20 
G(J TO 1000 
IF(ANG .LT. 0.0) GO TO 369 
SISl(K.L)=-0.008S*VEL+l.3039 
G'O TO 1000 
CCNTINUE 

IF(ITE~P2 .GT. 25) GO 10 234 
IF (ANG .LT. 22.5) GO TO 370 
SISl(K.L)=0.0340*VBL-0.6239 
GO TO leoo 
I.F (ANG .LI. 17.5) GO TO 371 
SISl(K.L)=O.0213*VEL-0.0629 
GO 10 1000 
IF (ANG .LT. 12.5) GO TO 372 
SISl(K.L)=0.008S*VEL+0.5100 
GO TO 1000 
I.F (ANG .1.E. 7.5) GO TO 373 
SISl(K,I)=-0.0017*VEl+0.9520 
GO 10 100 C 
IF(ANG .LT. 0.0) GO 10 374 
SISl(K,1)=-0.0085*VEl+l.3039 
GO TO 1000 
CONTINGE 

IF(ITE~P2 .Gr. (0) GO TO 235 
IF(ANG .Ll. 22.5) GO TO 375 
SISL(K,L)=0.0340*VEI-0.6239 
GO TO 1000 
IF (ANG .L'1. 17.5) GO TO 376 
SISl(R,L)=0.0213*VEL-0.0629 
GO '10 1000 
IF lANG .LT. 12.5) GU TO 377 
SISl(K,1)=0.0085*VEL+O.Sl00 
GO TO 1000 
IF(ANG .LE. 7.5) GO TO 378 
SISl(R,1)=-0.0017*VEl+0.9520 
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20SS 
2056 
~OS7 
20S8 
~O 59 

2060 

2061 

2062 
2063 
2064 

2065 
2066 

2067 
2068 

2069 

2070 
2071 
2072 
2073 
2074 
207S 
2076 
2077 
2078 
2079 
20 tlO 
2081 

20 tl2 
2083 
20d4 

2085 
2086 
20 tl7 
2068 
2089 
~O 90 
2091 

2093 
2094 
~09S 

2096 

37tl 

379 
C 
C 

23S 
C 
C 

1000 
C 
C 

c 
c 
C 

C 

C 

400 

401 

402 
C 

C 

C 
C 
C 

800 

810 

801 
811 

403 
404 
40S 

901 

9(S 
C 
C 

1002 
C 

1001 

1 () 0 3 

GO TO 1000 
IF lANG .LT. 0.0) GO '10 379 
SISL(K,1)=-0.008S*VEL+l.3039 
GO '10 1000 
CONTINUE 

GO 'IO 1 COS 

CCNUNUE 
SI ADJDST~ENT FACTORS FOR DITCH TYPES. 

IF (ITEI1P3 .GE. 8) GO TO 400 
IF(1TEIIP3 .LT. 8 .AND. B44(II) .GT. 4) GO TO 401 
II' (UUP3 .LE. 4) GO TO 402 

S15I(K,L)=SISL(K,L)*0.70 
GO TO 403 

SIS1(I<,L)=51SL(K,L)*0.81 
GO TO 403 

S1Sl(K,L)=SISL(K,L)*1.00 
SI ADJUSTI1ENT FACTORS fOR WATER IN DITCH 
IF(Il'LAG .EQ. 1 .AND. H48(II) .EQ. 2) GO TO 800 
IF (IFlAG .EQ. 1) GO TO 810 
IF(IFIAG .EQ. 2 .AND. C21(II,JJ) .EQ. 2) G() TO 800 
GO TO E 10 
51S1(K,L) = SIS1(K,L) *1.0S 
GO TO ell 
IF(II'LAG .EQ. 1 .AND. F.48(II) .EQ. 3) GO TO 801 
IF (llLAG .EQ. 1) GO TO 811 
IF (1I'LAG .EQ. 2 • AND. C21 (II,JJ) .EQ. J) GO TO 801 
GO TO Ell 
SI51(K,L) = 51S1(K,L) *1.10 
CCNTINDE 

IF (5IS1 (K,L) .GE. 0.2) GO TO 40S 
5I51(K,L)=0.200 
C(NTINUE 

SI ADJUSTMENT FACIORS FOR ROUGH SLOPES 
II'(II'LAG .EQ. 1 .AND. H47(II) .EO. 2) GO TO 901 
IF (IlLAG .EO. 1) GO TO 905 
IF (IlLAG .EQ. 2 • AND. (20 (II,JJ) .EO. 2) GO TO 901 
GO 'IO 90S 
IF (5151 (K,L) .GE. 0.30) GO TO 90S 
SI51(K,L) = 0.30 
GO TO 1002 

CCNTINUE 

CONTINDE 
GO 'IO lCOE 
IF (IlLAC .EQ. 2) GO TO 1200 
EEFOR 1 (.II, 1) = 20 
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2097 
2098 
209\1 
2100 
2 101 
2102 
2103 
2104 
2105 
2106 
2107 
2108 
2109 
~110 

:t Ill 

2112 

:< 113 

2 114 
2115 
2116 
.117 
2118 
2119 

2120 

1200 

1004 

1201 

1005 

1202 
1006 
5S98 

C 
( 

( 

( 

( 

C 
( 

C 
C 
C 

GO 'IO 100 E 
EliliOR 1 (II,JJ) : 20 
GO TO 1006 
IF(IPLH .EQ. 2) GO TO 1201 
EllllOR1(II,1) : 21 
GO 'IO 1006 
EEROR 1 f II ,JJ) : 21 
GO TO 1006 
IF (lFLAG .EQ. 2) GO 'IO 1202 
EJi~OR1(1I,1) = 22 
GO TO 100E 
ERROR 1 (II,JJ) = 22 
CONTINUE 
RETURN 
END 
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( ........................................................................ ' 
C~··· .. ··.·.··*············· .. ······.·· ........... · ...................... ' 
C 

SU8ROUllNE COST3 
c 
C.~·~~·~ .... ·.······························.· .. ··· ...................... ' 
C 
C 
C 
C 
( 

( 

( 

THIS SUEROUTINE CALCULAnS TOTAL ACCIDENT COST GIVEN A SEVERITY 
INDEX (SI). THREE DIHERENT TYPES OF ACCIDENTS ARE USED, PROPERTY 
DA~AGE CNIY, INJUliY ACCIDENT. FATAL ACCIDENT. THE COSTS OF EACH 
TYPE OF ACCIDENT ARE INPUT FROM THE COST FORM. THE SI IS INPUTTED 
FRCM EI'IHER WEEAMI OR W8EAM2 OR SLOPE SUBROUTINES. 

c····················································· ................... . C····················································· ................... ' 
C 
C 

DHIEN5ICN 

• 
DI~ENS .ICN 

• • • • 
• • • • 
• 

DIllEN 51 GN 
DIMENSION 
o II! EN SICN 
IlIlIENSICN 
III liEN S ICN 

DI MEN S ICN 

HI(3) .H1A(4) .CHI(3.4) .CMA(4).ACA(4).R~A(4).TAC1MP(4). 
ERROR1(3.1I).CS(5.5) .IZERO(II) 
'ITAe(4). eE(4). BC(4). ICE(4). ITAC(4). NOTCE(4) 
COSTI (1I).NIlES (100) .NHIIY (100) .NSPD(100) .NADT (100) 
O·FSET (5) 
SIGB (5,5) 
H (5,5) 

HO (3) • H 1 (3). H2 (3). H3 (3). H4 (3), H5 (3). H6 (3) • 
H7(3). H8(3). H9(3), Hl0(3), Hll(3). H12(3). 

H13(3). 1114 (3). H15(.3). 1116(3), H17(3). H18(3). 
aI9(3), H22(3). H23(3). H24(3), H25(3). H26(3). 
H2 7(3). H30(3), H31(3), 113 2 (3), H33(3). H34(3). 
H35 (3). H36 (3). H37 (3). H38 (3), H41 (3). H42 (3) , 
H43 (3). H44 (3). H45 (3). H46 (3). H47 (3). H48 (3). 
H50(3), H51(3). H52(3). H60(3), H61(3), H62(3), 
H63 (3) 
Cl(3.4). (2(3.4), (3(3.4), C4(3,4). e5(3.4). 

e 6 (3.4) • C 7 ( 3 .4) • C 8 (3.4) , e 9 (3 ,4) , C 10 (3,4) • C 12 ( 3 ,4) • 



~121 
~122 
2123 
2124 
~125 

~126 

2127 

2128 
2129 

2130 
2131 
2132 
2133 

2 134 

2135 

2136 

2137 

2138 

2 139 

2 140 
2 14 I 

2 142 

2 143 
, 144 
~145 
:< 14 6 

, 147 

( 

( 

( 

( 

C 

C 

C 
e 
C 

e 

( 

c 

c 
C 
( 

C 

C 
S ~ 99 

• • • • • • 

• • • 
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(13(3,4), <:14(3,4), CI5(3,4), <.:16(3,4), <.:17(3,4), 
C18(3,4), CI9(3,4), C20(3,4), C21(3,4), C25(3,4), 
C26(3,4), <.: 27(3,4), C28(3,4), C29(3,4), C30(3,4), 
C31(3,4), C32(3,4), C33(3,4), C40(3,4), C41(3,4), 
C42(3,4), C45(3,4), C46(3,4), C22(3,4), C60(3,4), 
C61 (3,4), C62(3,4), C63(3,4) 

DI~ENSl(N IMP(5,5) 
J:UJ!lIISICN SPEED (5) ,ANGLE (5) ,SISL (5,5) 
DIMENSIGN lA(5,5),SI(5,5) 
I NlEG E B ERBon 1 
INTEGEa TEMP1,TEMP2,X 
1NTEGEE HO,Hl,H2,H3,H4,H5,H6,H7,H8,H9,Hl0,Hll,H12,H13,HI4,HI5, 

H16,H17,H22,H23,H24,H25,H26,H27,H30,H31,H32,H33,H34, 
835,H36,837,H38,H41,H42,H43,844,H45,H46,H47,H48,H50, 
H51,H52,H60,H61,H62,H63 

INTEGER (I,C2,C3,C5,C6,C7,C8,Cl0,CI2,C13,(14,CI5,CI6,CI7,CI8, 
• <.:19,(20,(21,C22,C25,C26,<.:27,C28,C29,C30,C31,<.:32,C33, 
• (40,C41,C42,<.:60,C61,C62,C63,C9 

INTEGEE SEfED,VEL 
CO~MON I ~AIN5 I 8IB,H1,CMB,CM,ACB,AC,RMB,RM,TACHAZ,HIA,CHI,CMA, 

• ACA,R~A,TACIMP,IZERO,LIPE,INT 
C(IIIION I BESL:! / 'ITAC, CE, BC, NOTCE, ICE, ITAC, 1GR 
cellMONI CSil/COSTl 
CClIlIOti I N(ONT / NCOONT, IPAGE, LINES, NDES, NHWY, NSPD, NADT 
CGIIMON ; TACI / TAC 

COIIMON; ENFRE IENFR 

COIIMON; 1J:ENT /I,J,II,JJ,1(ARD,IFLAG,1MPR,NTITLE 

ceMMONI LATOF /O.PSET 

ceIlMON; IMPROB /IMP 

CCMMONI GRSI ISIGB 

(CMMONI HUBT IP1,SI 

COMHONI SLOPEI /SISL 
cellMONI DATAl /HO,H1,H2,H3,H4,85,86,H7,88,89,Hl0,Hll,HI2,HI3, 

• 814,HI5,HI6,HI7,HI8,HI9,H22,H23,824,H25,H26,H27, 
• H30,831,832,H33,H34,H35,H36,H37,H38,H41,H42,H43, 
• H44,H45,H46,H47,H48,H50,H51,852,H60,H61,H62,H63 

CGIIIION; DATA2 /Cl,C2,C3,C4,C5,C6,(7,C8,C9,Cl0,(12,CI3,CI4,CI5, 
• C22,(16,(17,CI8,CI9,C20,C21,C25,C26,C27,C28,C29,C30, 
• C31,C32,C33,C40,C41,C42,C45,C46,C60,C61,C62,C63 

COMMON; GRCBC / CS 
CU1MO N; ERROR /ERRORI 
BEAL INJUI1Y 
REAL IMP 

CCNTINUE 



2148 
2149 
2150 

2151 
,,152 

2153 
:<154 
:<155 
~156 
:<157 

:<158 
2159 

:<160 

2161 

2162 
2 163 
2164 
2165 
2 166 
2167 

2168 

c 
( 

C 

( 

C 

10 
20 

2 
1 

C 
( 

C 
C 
9~98 

C 
C 
C 
( 

C 

PDG= SOO.OO 
HJURY = 4900.00 
FATAL = 33600D.OO 
D01K=1.5 
DO 2 L = 1.5 
TEIIP = SI· (K.L) 
I?~INT .1.TEIII? 
IF (TE!H.G'I.2. 75) GO TO 10 
TAC(K.I) = «(-1934.76*1EII1')+(12750.34*(TEII1'*.2» 

.+(9679.45*(TEMP**3») 
PRINT.2,TAC 
GO TO ~ 0 
'IAC~.L) = 300000.0 
CCNTINUE 
CCNTINOE 
CeNTI NUE 

RET UR 1 
END 

156 

C·····*··············*····**··*·······*····*···*······ .................. . C··.·················································· ............. * .... . 
C 

SUBROU1INE REPAIR 
( 

c····················································· ...... * •••••••••••• 
( 

C THIS SUBROUTINE CALCULA'IES THE COLLISION MAINTEANCE COSTS. 
( 

( 

C 
( 

• 

• ,. 
• ,. ,. 
,. 
,. 
,. 

• ,. 
,. ,. 

DIMENSION 

DI MEN SION 
DI liEN S leN 
l)l II EN SIC N 
DI LIEN SI(N 
DIMENSION 
DIMENSICN 

DIIIENSICN 

HI (3) • H IA (4) .CHI (3. 4) • C 11 A (4) • AC A (4) • RI1 A (4) , T ACI 11 P (4) , 
ERIlOR1 (3,4) .(S(5.5) ,IZEliO (4) 
TTAC (4). CE (4). BC (4), ICE (4). ITAC (4), NOTCE (4) 
COSTl (4) ,NDES (100) ,NHWY (100) ,NS1'D (100) .NADT (100) 
01'S ET (5) 
SIGR (5,5) 
H(5.5) 
HO(3),Hl(3). H2(3), H3(3). H4(3), H5(3). H6(3). 
H7(J), H8(J). H9(3), Hl0(3), Hl1(3), H12(3). 

H13(3), H14(3), H15(3), H16(3), H17(J), H18(3), 
H19 (3), H22 (3), H23 (3), H24 (3). H25 (3), H26 (3). 
H27 (3). H30 (3), H31 (3), H32 (3), H33 (3). H34 (3). 
1l35(3). H36 (3), H37(3), H38(3), H41(3), H42(3), 
H4) (J), H44 (3). H45 (3), H46 (3), H47 (3), H48 (3), 
H50(3), H51(3). H52(3), H60(3), H61(J), H62(3), 
H63 (3) 

Cl (J,4), C2(J,4). C3 (3,4), C4(J,4), C5(3,4), 
C 6 (3,4) , C 7 (3.4) , C 8 (3,4) , C 9 (3,4) , C 1 0 (3,4) , C 12 (3,4) • 
C13(3.4), C14(3,4), C15(3.4). C16(3.4). C17(3,4), 
C18(3,4). C19(3.4), C20(3,4), C21(3,4), C25(3.4), 
C26(3,4). C27(3.4), C28(3.4), C29(3,4), C30(3.4), 



2169 
2170 
2171 
~172 
2173 
2174 

~175 

2176 
2177 

2178 
d79 
2180 

2181 

2182 

2183 

~ 184 

2185 

,186 

2187 
2188 

2 189 

2190 
2 1 9 1 
2 192 
'i 19 3 
2194 
2195 

, 196 

C 

C 

(. 

c 

( 

C 
( 

c 

C 

c 

c 

C 
C 
C 

C 

9999 

(. 

(. 

,. 157 
C 3 1 (3, II), <: 32 (J , 4), C 3 3 (3,4), (40 (3, 4), <:4 1 (3,4) , 
C42(3,4), 1.:45(3,4), C46(3,4), <:22(3,4), (60(3,4), 
(61 (3,4), <.62(3,4), C63(3,4) 

,. ,. 

• ,. ,. 

DIMENSl('N IMP(5,s) 
DIMENSICN SPEED(s),ANGLE(5),SISL(s,5) 
DIMENSION TAC(5,s). 51(5.5) 
I NT EG .Eli EEBOR 1 
IN'IEGH TEMP1,TEMP2.X 
IN'IEGEB HO,Hl,H2,H3.H4,H5,H6,H7,H8.H9,Hl0,Hl',H12,H13,H14.H15, 

H16,H17.H22,H23,H24.B25,H~6,H27,H30,H31,H32,H33,H34 • 
835.H36,H37.H38.H41.H42,843,H44,H45,H46.H41,H48,H50, 
851,852,B60.8cl,862,H63 

INTEGER Cl,C2,C3,C5,C6,C7,C8,Cl0,C12,C13,C14,C15,C16,Cl1,C18, 
• (19,C20,(21,C22,C25,(26,(27,(28,C29.C30,C31,C32,C33, 
,. C40,(41,C42,C60,(61,C62,C63,(9 

I NT EG Ell 5 HED, VEL 
«MMON / MAIN5 / 8IB.HI,CMB,CM,ACB,AC,RMB,RM,TACHAZ.HIA,CHI,CMA, 

,. ACA.RMA,TACIMP,IZERO,LIFE,INT 
ceMMON I RESLT / TTAC, CE, BC, NOTCE, ICE, ITAC, IGR 
CCIlMaN/ CST1/COSTl 
COMMaN I NCONT / NCOUNT, IPAGE, LINES, NDES, NHVY, NSPD, NADT 

C(MMONI EN1BE /ENFB 

CCMMONI IDENT /I,J,I1,JJ,ICARD,IFLAG,1MPR,NT1TLE 

CCMMONI LATOF /OPSET 

CCMMON/ 1HEBOB lIMP 

C(MMONI GRSI /51GB 

C(MMaNI HUBT IPI,S1 

CC MMO NI 
COMMON/ ,. 

SLOPEl /5151. 
DATAl /HO,Hl,H2,H3,H4,H5,86,H7,H8,H9,Hl0,Hl',H12,H13, 

H14,H15,H16,H17,H18,H19,H22,H23,H24,H25,H26,H27, 
H30,H31,832,H33,H34,H35,H36,837,H38,H41,H42,H43, 
H44,845,H46,H47,H48,850,H51,852,H60,H61,H62,H63 

,. 
,. 

CCMMaNI DA'IA2 IC1,C2,C3,C4,C5,(6,(7,C8,C9,(10,C12,(13,C14,C15, 
,. C22,(16,(17,(18,C19,C 20,(21,C25,C26,C27,C28,C29,C30, 
,. C31,(3 2 ,C33,C40,C41,C42,C45,C46,C60,C61,C62,C63 

CCMMONI GB(RC 1 CS 
ceMMONI ERROR IERIWRl 
REAL HP 
CGNT! NUE 
ASUII .: 0.0 
SUM = 0.0 
If LAG (HEC~S TO SEE IF 'IHE DATA IS FROM A HAZARD OR AN IMPROVEMENT 
AL'IERNA'IIVE. IFLAG.: l--HAZARD. IFLAG = 2--IMPBOVEMENT ALTEBNATIVI 
IF(1FLAG.EQ.l)GO TO 17 



2197 

2198 
2199 

2200 
2201 
2202 

2203 
2204 

,205 
2206 

2207 
2208 

1209 
2210 

2211 

.22 12 

221.3 
2214 
2215 

2216 

,217 
.218 

2219 

c 

c 

1 
C 

2 
C 

3 
C 

4 
C 

7 
C 

10 
C 

C 
C 

c 
C 

C 
C 
C 

ALC NG 1= (ABS (C46 (II ,JJ) -C45 (II, JJ) ) ) .5280.0 

GO TO 41 
17 ALCNG 1= (AIiS (H19 (II)-H 16 (II») .5280.0 

21 DO 6 K = 1,5 
GO TO 11,2,3,4,7),K 
TEMP = O.4S.0FSET(1) 

GO '10 10 
TEl'll? = O. 20.0FSET (2) 

GC TO 10 
TEMP = 0.12.0ESET(3) 

GO TO 10 
TEMP = 0.GS.OFSET(4) 

GO TO 10 
TEMP = 0.12.0PSET (5) 

DO 5 K K = 1,5 

SUM = IMP(KK,K).CS(KK,K).ALONG1+SUM 

5 CONTINUE 
ASUM = 'lEMf.SUM + ASOM 

6 CCNTINUE 

CM =(ASUM.ENFR.0.50)/S280.0 

SPLIT IS ASSUMED TO BE 0.5 IN EACH CASE 
5598 

THE DIRECllONAL 
RET OR N 

c 
c 
C 
C 

END 

158 

C*··.·*··········································.·· ............... * •••••• 
C·.···.~·.···.································.·· ... · .................... > 
C 

SUBROO'lINE ACCID 
c 
C·················································.··· ................... . 
C 
C THIS SUBRCUTINE CALCULATES ACCIDENT CCSTS. 
C 
C 
C 
( 

C 
( 

C 

C~··~················································· ................... . C················································.·.·· ................... . 
C 
C 



2220 

2221 
2222 
2223 
2224 
2225 
.,226 

2227 

222t1 
2229 
2230 
2231 
:t232 
2233 

22311 

2235 
2236 

2237 
2238 
<1239 
2240 

2241 

2242 

2243 

2245 

2246 

C 

C 

C 

C 

c 

( 

c 
c 
( 

e 

c 

( 

D I IIENSlCN 

• 
DIMENSl(jN 

159 
HI(3) ,HIA (4) ,CIII (3,4) ,CIIA (4) ,ACA (4) ,RMA (4),TACIMP (4), 
EIlROR1(.3,4) ,(S(5,5) ,IZERO(4) 
11AC(4), CE(4), BC(4), ICE(4), I'IAC(4), NOTCE(4) 
eOSTl (4) ,NDES (100) ,NHllY (100) ,NSPD (100) ,liADT (100) 
OFSET (5) 

,. ,. 
,. 
• • • ,. ,. 
,. 
• ,. 
• ,. 
• ,. 

DI liENS lCN 
DIIIENSICN 
DIMENSICN 
DIMENSION 
DHEN SICN 

DIMENSION 

SIGS (5,5) 
PI (5,5) 

80 (3),81 (3), Il2 (3), 83 (3), 114 (3), liS (3) , 86 (3), 
87(3), 88(3), Il9(3), Hl0(3), 811(3), H12(3), 

813(3),814(3),815(3),816(3),817(3), H18(3), 
819 (3), 1122 (3), H23 (3), 824 (3), 825 (3), 1126 (3) , 
1127 (3), 1130 (3), 831 (3), 832 (3), H33 (3), 834 (3) , 
835 (3), H36 (3), B37 (3), 838 (3), H41 (.3), H42 (3) , 
843 (3), H44 (3), 845 (3), 846 (3), H47 (3), H48 (3) , 
H50(3), H51(3), 852(3), 860(3), H61(3), 862(3), 
863 (3) 
Cl(3,4), (2(3,4), C3(3,4), C4(3,4), C5(3,4), 

C6 (.3,4) ,C7 (3,4) ,C8 (3,4) ,C9 (3,4) ,Cl0 (3,4) ,C12 (3,4) , 
C13(3,4), C14(3,4), e15(3,4), e16(3,4), e17(3,4), 
C18(3,4), C19(3,4), e20(3,4), e21(3,4), e25(.3,4), 
e26(3,4), e27(3,4), e21J(3,4), C29(3,4), e30(3,4), 
e31 (.3,4), e.32(3,4), e33 (3,4), C40 (3,4), e41 (3,4), 
C42(3,4), e45(3,4), e4~(3,4), e22(3,4), e60(3,4), 
e61(3,4), C62(3,4), e63(3,4) 

DIMENSICN IMP(5,5) 
DIMENSICN SPEED(5) ,ANGLE(5) ,SISL(5,5) 
DIMENSION TAC(5,5), 51(5,5) 
INTEGU ERRORl 
INTEGER TEMP1,TEIIP2,X 
INTEGER 80,81,82,H.3,H4,85,86,87,88,89,810,811,812,813,814,815, 

,. 816,817,822,H23,H24,825,826,H27,H30,831,832,B33,834, 
• H35,836,837,H38,841,842,H43,844,845,846,847,H48,H50, 
• 851,852,860,H61,H62,H63 

INTEGER Cl,e2,e3,C5,eE,e7,C8,Cl0,e12,e13,C14,e15,e16,e17,C18, 
• C19,C20,(21,e22,C25,C26,(27,C28,C29,C30,e31,C32,e33, 
• (40,e41,(42,e60,e61,C62,C63,e9 

INTEGEE SPEED,VEL 
cellMON I MAIN5 I HIB,HI,CIIB,CM,ACB,AC,RIIB,RM,TAC8AZ,8IA,eHI,CIIA, 

,. AeA,BIIA,TACIIIP,IZERO,LIPE,INT 
ceMIION I RESL'I I 'ITAC, CE, BC, NOTCE, ICE, ITAC, IGR 
COllllONI CS'I1/COSTl 
C(IIMON I NeONT I NCOUNT, IPAGE, LINES, NDES, NHWl, NSPD, NADT 
COllMaN I TACl I TAC 

CGMIIONI ENPRE IENFB 

(OMMONI IDENT II,J.II,JJ,IC.ARD,IFLAG,IMPR,NTITLE 

CClIMO NI L.A'IOF IOFSET 

ce~MONI IlIFROB lIMP 

((MMONI GRSI ISIGB 

(GMMONI lIU~T IPI,SI 



:.:2 4 7 
2'24d 

22 4~ 

2250 
2251 
2252 
2253 
2254 
2255 

2256 
2257 

L258 
2259 

2260 
2261 
2262 

2263 
2264 

2265 
2266 

2267 
2268 

2269 
2270 

2271 

2272 

2273 

227~ 

2275 

2276 

2277 
2218 

C 
C 
C 

C 

9999 

( 

C 

C 

( 

C 

C 

C 

(; 

C 

C 

C 
C 

C 

C 
C 

c 
c 

c 
c 
C 

17 

2 1 

1 

2 

3 

4 

7 

10 

5 

6 

9~98 

160 
CCMMON/ SLOPEI /SISL 
CCM~ON/ DATAl /80,81,82,H],H4,H5,86,87,88,H9,810,Hl1,812,813, 

• 814,815,816,817,818,819,822,823,824,825,H26,H27, 
• H30,H31,H32,H33,834,835,836,H37,838,841,H42,843, 
• 844,845,846,847,848,850,851,852,860,861,862,863 

CC~MON/ DA7A2 /Cl,C2,C3,C4,C5,C6,C7,C8,C9,Cl0,CI2,CI3,CI4,CI5, 
• C22,CI6,(17,(18,CI9,C20,C21,C25,(26,C27,C28,C29,C30, 
• (31,C32,C33,C40,C41,C42,C45,C46,C60,C61,C62,C63 

C(MMON/ GR(RC / CS 
C(MMON/ ERROR /ERROR1 
REAL IIIP 
CeNTI NUl 
ASUM = 0.0 
SUM = 0.0 
IELAG C8E(KS TO SEE IE THE DATA IS PRO~ A 8AZARD OR AN I~PROVEftENT 

AL'IERNA'IIVE. Il'LAG = l--HAZARD. HLAG = 2--IMPROVEMENT ALTERNATIVI 
IF(IFIA(.EQ.l)GO TO 17 
A LO NG 1= (ABS (C46 (I I ,.JJ) -C45 (II, J.J) ) ) *5280.0 
FEINT ,2,ALCNGI 
GO m ~ 1 
A LC NG 1= (ABS (H 19 (II) - 818 (II) ) ) .528 0.0 
PRINT,I,A.LONGI 
DO 6 K = 1,5 
GO TO (1,2,3,4,7),K 
TEMP = O.4S*OFSET(I) 
PIlI NT, I,TEIIP 
GO 10 10 
TE~P = 0.20*OFSET(2) 
PRINT,2,TE!!P 
GC TO 10 
TEMP = 0.12*OFSET(3) 
PRINT,3,TE!!P 
GO TO 10 
TEMP = 0.08*01SET(4) 
PIUNT," ,TEIIP 
GO 10 10 
TEll!' = O. 12*OFSET (5) 
PFINT,5,TEMP 
DO 5 II K = 1,5 
PEINT,O,SUl! 
SUM = IIIP(KK,K) *TAC(KK,K)*ALONGI+SUM 
PEl NT, I,SOIl 
PRINT,I,IIIF,2,TAC,3,ALCNGl 
CONTINOE 
PFINT, G ,ASO" 
ASUM = TEl'lP*SUM + ASOl'l 
PEINT ,I,ASUM 
PRINT,I,TEMP,2,SUM 
COliTINUE 

AC = (E~ER.ASUM*0.50)/5280.0 
PRINT ,AC 
PBI NT, I,EN.l R, 2, ASUM 
THE DIRECTIONAL SPLIT IS ASSUIIED TO BE 0.5 IN EAC8 CASE 
BE~I'URN 

END 



2279 

2280 

2281 
/ 282 
1283 
2284 
'/285 
2286 

2287 

2288 
'2289 
2290 
2291 
2292 
2293 

2294 

2295 
2296 

~297 
'2298 
,299 

2300 

161 
c 
c····················································· ................... , c··.···.·············································· ................... ' c 

SUBRODllNE NOI~PR 
( 

c····················································· ................... , 
C 
C NO I~FROVEMENT SDBRODTINE POR SLOPES 
C 

c····················································· ................... ' 

C 

C 

C 

C 
( 

c 

DIMENSICN HI (3) ,HlA(4) ,CBl(3,4) ,CIIA(4) ,ACA (4) ,RI'IA (4) ,TACIllP (4), 
• ERRORI (3,4) ,(5(5,5) ,IZERO(4) 

DIIIENSlCN 'ITAC (4), CS (4), BC (4), ICE (4), ITAC (4), NOTCE (4) 
DIM EN S lC N COST 1 (4) , NilES ( 1 00) , N Hli Y ( 1 00 I' , N 5 P D ( 100) , N ADT ( 100) 
DIMENSION 01SET(5) 
DHIENSICN SIGR (5,5) 
DHENSION PI (5,5) 
DII'IENSICN HO (3), H 1 (3), H2 (3), H3 (3), H4 (3), H5 (3) , H6 (3) , 

• H7(3), H8(3), H9(3), Hl0(3), Hl1(3), HI2(3), 
• H13(3), HI4(3), HI5(3), HI6(3), HI7(3), HI8(3), 

• • • • • • 
DIMENSION 

H 19 (3), H22 (3), H23 (3), H24 (3), 825 (3), 826 (3) • 
827 (3). H.30 (3), H31 (3), 832 (3), H33 (3), H34 (3) , 
H35(3), 836(3). H37(3), H38(3), H41(3), H42(3), 
H43 (3), 844 (3), H45 (3), H46(3), H47(3), H48(3), 
H50(3), 851 (3), 852(3), 860(3), 861 (3), H62(3), 
H63 (3) 
Cl(3,4), (2(3,4), C3(3,4), C4(3,4), C5(3,4), 

• • • • • • • 

C6 (3,4) ,C7 (.3,4) ,C8(3,4) ,C9 (3,4) ,Cl0 (3,4) ,C12 (3,4) , 
CI3(3,4). CI4(3,4), eI5(3,4), CI6(3,4), C17(3,4), 
CI8(3,4), CI9(3,4), C20(3,4), e21 (3,4), C25(3,4), 
e26(3,4), C27(3,4), C28(3,4), C29(3,4), C30(3,4), 
e31(3,4), e32(3,4), C33(3,4), C40(3,4), C41(3.4), 
C42(3,4), e45(3,4), C46(3,4), C22(3,4), C60(3,4), 
C61 (3,4), e62(3,4), C63(3,4) 

DIMENSION IMP(5,5) 
DHIENS.ICN SPEED(5) ,ANGLE(5),SISL(5,5) 
DII'IENSICN 'lAC (5,5), SI (5.5) 
INTEGEli E.RBORI 
INTEGER TE"Pl,TEHP2,X 
INTEGER HO,Hl,H2,H3,H4,H5,H6,H7,H8,H9,Hl0,Hll,HI2,HI3,HI4,HI5, 

• 816,817,822,H2.3,824,825,826,H27,H30,H31,H32,H33,H34, 
• H35,H36.837~H38,H41,H42,843.H44,H45,H46,H47,H48,H50, 
• H51,H52,H60,H61,H62,H63 

IN1EGER el,C2,C3,C5,CE,C7,C8,Cl0,CI2,CI3,CI4,CI5,CI6,CI7,CI8, 
• CI9,C20,C21,C22,C25,C26,C27,C28,C29,C30,C31,C32,C33, 
• (40.C41,(42,e60,C61,C62,C63,C9 

INTEGEE SFEED,VEL 
COMMON I MAIN5 I HIB,HI,CHB,CM,ACE,~C,RMB,R",TACHAZ,HIA,CHI,C"A, 

• ACA,R~A,lACIMP,IZERO,LIFE,INT 
ceMMON I RESLT I TTAC, CE, BC, NOTCE, ICE, ITAC, IGR 
(CMI!O NI CSTl/COST 1 
cellMON I HeONT I NCOUNT, IPAGE, LINES, NDES, NHWY,NSPD, NADT 

CO MMO NI EN FRE I ENl' R 



2301 
162 

CO MI10NI IDUT Il.J.II.JJ,1CARD,1PLAG.lftPR,NT1TLE 
C 

2302 CC ft I!O NI LATOF IOPSET 
C 
C 
C 

2303 CCIHIONI IHROB l1ftP 
C 

2304 CaftftO NI GR51 15IGE 
( 

2305 eOllftONI HVET IPI.SI 
C 

2306 e(ftMONI SLOPEl 151SL 
2307 CCftftO iii DATA 1 IHO,H1,H2.H3,84,85,86,87,88,89,810.811,812,813, 

• H14,815,H16,817,81e,H19,822.H23.H24,825,826,827, 
• H30,831,632,833.834,835,H36,837,838,841,842,843, 
• H44,845,846,847.H48,850.851,852,860.861,862,863 

C 
C 
C 

2308 CCftMOlil DA1A2 IC1,C2,C3,C4,C5,C6,C7,C8,C9,Cl0,C12,C13,C14,C15, 
• C22,C16,C17,C18,C19,C20,C21,C25,C26,C27,C28,C29,C30, 
• C31,C32,C33,C40,C41,C42,C45,C46,C60,C61,C62,C63 

C 
2309 CCft~NI GRCBC I CS 
231 () e(l'lI1ONI ERBOR IERBOR 1 
23 11 REAL IIIP 
2312 9999 CCNTINOE 
231.3 C22 (I I,JJ) = 841 (II) 
2314 C 15 (II, JJ) = 842(H) 
2315 C 16 (I I ,JJ) = 843 (II) 
2316 e 17 (I I ,JJ) = 844 (II) 
2317 e 18 (I I ,JJ) = 845 (II) 
23 18 C 19 (II, JJ) = 846(II) 
2319 C20 (I I ,JJ) = 847(II) 
'23 20 e21 (I I, JJ) = H48 (II) 
2321 C45 (II,JJ) = 818(11) 
2322 C46 (I I, JJ) = H19 (1.1) 
2323 5998 RETURN 
2324 END 

UliTR~ 
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C. HVOSM SAMPLE COMPUTER SIMULATIONS 
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.. _ .. _. _._-
UNL-NDP GUARDRA It. STUDY HVOSM 5 I MULAT IONS UN EMOANK MENT FILL S 
70 MPH AND 15 DEG EN~ROA~HME NT (PUN NO. 1301 F .S.=3:1. B. 5 . =4:1 

[NIT[AL. CONDITION S 

PHIO 2.761 DEGI"E E5 XCO' = 264.0001I'<CH!= 5 ':> 0 = 0 . 0 DEG/S f C 
= 

THETAO= -0.741 • • YC O· = 168 .00 0 • • 1)0 = fl.fl •• 
PS[O 15 .000 • • ZCO' = 9 2 .2 32 • • PO = 0.0 •• = 

• • 0.0 • • DC PHI R)/DT = 0 . 0 ' , 
PHIRO 0.0 DEL TAl = .. 

DC PS IF)/DT = 0 .0 r; AD/SC PSIFIO = 0.0 · , DELTA2= 0.0 • • 
DELTA3= 0.0 • • 

·-mr- -· · .. f232 ·~oo6 "ll'l7S£C. 
VO a u.u " 
WO = 0.0 •• 

OIOELII/OT: 0.0 II 
. UHIEt:"2T.7OT"- -. ---,r.1J--.~- . -- .- . 
OCDeL31/DT- 0.0 II 

KT 1098.000 LB/IN 
SIGMAT 2 3.000 

·l."QQWJ;TOI-·- · IO.OOO 
AO -.400.000 SOIL DAMPING- 0.001 SPI 
Al a 8.276 SQIL ~RICT •• 0.250 
A2 -2900.000 SSTIF~. 4000. LB/IN .-""3".- -.. -. - .. - - r.78lI .-- - .- ..... ---~1\ T'EMl'TS". ·-"-- 2 - ···- ·-··--- ... -- .. -
A4 z3900.000 NO.V TEMPS.· 5 
AMU '" 0.200 NO. VAR AMU. 1 
OIitE.GT _ _ '" 1.000 TABLES 

·C"OUF"";--Ol'""""T1RE fiR I Cf ION 
VS. 

(SPEED ANO LOADI DATA 
ALPHAa 0.0 l'(L8-MPH) 
-xKvTH;;;--O-~-O· .. ... -lTlI'P"""tr"""·- .. -- . . _ .... . -.... . -------.. 

0.0 

VEHICLE MONITOR POINTS 
xy-- ---- -Z- - -·-

(IN.I (IN.1 lIN.) 

POINT I 81.t.lU.1 _ _ ~5_oL l,u_LHL_ 
POINT 2 81.517 -39.500 12.138 
POINT 3-117.483 39.000 8.138 
POINT .-&17.483 -39.000 8.138 

x 
PT Liir-_+------iooPT 1 

!II • 

s--+--y 
C6 

• REAR. 

PT 1- PT .3 
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UNL-NOp GIJARORAIl. STUOY HVnSM SIMULATIONS ON E MUANKMr.:~T r ILLS 
70 MPH ANO 15 OEG ENCROACHMENT (RUN NO. 130) F.S.=3:1. 8 . 5 . =4:1 

STAOT TIM E ~ 
END TIME = 
I~CR FOR tNTE~~ATtbN = 
PRINT INTERVAL = 
THETA MAX (TO SWITCH)= 
UVWMIN(ST OP ) = 
~aR~IN(STO~) = 

0.0 SEC 
3.100 
0~O(f50 " j I 

0.010 .1 
70.000 OEG 
0.0 
0.0 

INDCPH = 
MOOE OF INT EGR ATION ~ 

9'.CM O I _ ... .. _. = 
-I (=~. NO (URA.=1 (UP8.=-1 S TEER DEG.or FREEDOM) 

! (= () \/AR.ADAMS-MClIl.T .. =1 RlJNGE-KUTTA.=2FIX.AMI 
. 0 ... ___ __ l:=_~ .. , Q. _$U.P~ .L_X __ '_.~I .T tAJ ... . , P.Q?l .. JJ_Q.N>' 

( = 0.0 CAP RESTS ON TERRAIN) 

ACCELEROME TER POS IT IONS 

· ·'-'·-Xi-- ' ,;-:: 3 4~'4 il6" TN6iE~f . - .-.. 
YI .- 0.0 ,. 
ZI = 4.000 It 

X2 = -5.983 It . '· · 'YT --- =· · :"·r6~ ·500·- " iT · ---·· 

Z2 = 3.138 II 

DIMENSIONS 

A = 54.5170 INCHES 
a = 6~.4A30 • I 

TF = 61.0000 I • 

TP = 60 .000 0 I • 

ZF = 10.1 380 I I 

ZF = 17.0880 I • 

RHO = -2.0000 I • 

RW = 14.0000 I '. 

LAM80AF = 0.500 
L AMBDAR = 0.500 

. QM.EGAF .. 3.000 l N(HE~ 
OMEGA" = 4'.00 () I N(.Hi:-" 5 
TS = 46.500 I NCHr::S 
00 = 3?500.0 Lfl- IN/RA I) 
pr = 9fl500.0 LEI-IN/RAD 
KPS = ' 0 ~("jo "aC C "ST E: Co COEFF. 

AKPC = 300.000 L.B/IN 
!I K R C P ._ ...... 2,.Q 0.9 .. l,. .. il./.1.N.3_ . 
0ME~~C = -4.000 IN 
AKOE = 300.000 LB/IN 
AKREP = 2.000 LB/IN~ 

.... 9 ~.1;"_9.RE .... -=- ... _.4.. • .:;. Q..Q LIL _ __ .. ___ ___ . _ __ ... _. 

KF = 100.000 LB./IN. 
t<.R = 10 5 .000 LA./IN. 
CF' = 30.000 lOS. 
CP' - 4'5.000 LAS. 

[ RS ILONF= 0.001 IN./SEC . 
C:PS llONR= 0.00 I IN./SEC. 

MS 
MUF 
MUR 

1 X 
IY 
IZ 
IXZ 
IR 
G 

CF = :<.500 U3-SEC/IN 
CP = 3.900 LA-SEC/IN 

AKFC = 3 00.000 L B/IN 
AKFCP = 2. 000 LO/ I N3 
OMEGFC-'; ' -~. -OOO IN 
AKFE = 300.000 LA/IN 
AKFEP = 2 .000 L8/IN3 
OMEGt=:.E=; . 5.000 IN 

INERTIAL DATA 

= 8.4402 
= O.5!J07 
= 0.0952 

= 6;>00.0 
= 34400.0 
= 36000.0 
=-192~000 
= 600.00 
= 386.400 

LA.-SEC.**C'/IN 
, I 

I I 

LO.-SEC.**?-IN 
I I . , 
I I 

I • 



Pl\ GE 1 
U :'-IL-i"IOr. GUAO:DcA I L :'lUOY HVOS M SP·!ULATTONS ON EMAANKMENT FfLLS 
70 ~"H AM) 15 DEG F'NU<OACH~IUH (PUN NO. 1:"0) r. S .=3:1.0.S.=4:1 

T I ME STEER IN G SPRUNG 'IAS:; CG ACCEL. ANGULAr.> VELOC IT IES FORWARD 
SEC. INPUT G-UNITS DEG./SFC. SPEED 

DE'G. Let,G. L;,T. VEr.,T. ROLL PITCH YAW FT./SEC. 
1.0200 3.21, 0 .1 02 0.254 - O~- 4()6 -20. 07 3.36 ?.58 loii~67 
1.0300 3.32 0.104 0.270 -0.506 -11.20 2.JO 2.85 104.71 
1.J40a 3.40 0.104 0.285 -0.6 64 -4.68 0.62 3.14 104.75 
1.0500 3.47 0.101 0.278 - 0.402 3.52 - O.Q8 3.44 104.7B 
1. 06 00 3.53 0.0<;7 0.264 ::'-0 -.241 10.2r -- --':'2-~- 02 - --- -- -- - -3.77---To4-~82- ----

1.0700 3.58 0.093 0.257 -0.085 15.41 -2. 59 4.14 104.85 
1. 0800 3.62 0.091 0.256 -0. 011 19.72 -2. qa 4.52 104.88 
1.0900 3.65 0.089 0.260 0.025 23.53 -3.36 4.91 104.92 
1.looe 3.60 0.007 Cl.268 0.046 -- 27.04 -- -3- ~-74 - 5.32 104.9-5----- -
1.110 0 3.70 0.085 0.280 0.072 30.31 -4.1 ~ 5.72 104.98 
1.1 2CC J.7? O.O D3 0 .2 94 O.10H 33.28 - 4.52 6 .10 105.02 
1.1300 3.73 0.0[; 2 o . 30~ 0.150 15.9;> - 4.8? b.48 105.05-
1.1400 3 .73 0.082 O .28? 0 ".194 3A~25 -5-.- 0)" '" "·- ---b~84---" --- 16~":.i5o --"- -
1.1500 3.73 0.063 Q.276 0.242 40.60 -5.1 7 7.15 105.11 
1.1600 3.73 0.032 0 .2 )1 0.214 42.55 -5.17 7.47 105.13 
1.1700 ~.72 0.016 0.139 0.149 44.05 -4. 93 7.64 105.15 
1.1800 3.71 O.Ol'l 0.10 /, 0.057-- ------ - 44. -59-- -':'4.31 -- - -- ---7~65----- !05~T6----

1.1900 3.70 0.023 O.lIA - 0.030 43.67 - 3.49 7.64 105.17 
1.2000 3 . 69 0.031" 0.1410 - 0.087 41.31 - 2.::!8 7.64 105.1f' 
1. 2 1 00 3.68 0.04~ 0.161 - 0.29~ 37.eo -1. 07 7.67 105.20 
1.7200 3.66 0.015 0.0r"JQ -i.4"0 " "2"6.43 2."50 --7 "~56~ -"- rO"5;22 
1.23:30 3.65 -O.54 ? -1. 45 14.16 6.53 7.04 105.1c) 
1. 2430 3.64 ~1'57U' -,4.609 -7.00 15.30 3.29 104.R9 
1.2530 3.66 - 2.05~ - 6.2Its -58 .?5 34.47 -1.91 104.38 
1.2629 3.69 - 2.527 /,7 2.5 ~-5.q86 :39 -' i02~60 5"~"63 - ---7;59---.- " -TO-3--;.-7il-
1.2729 3.71 - "1.(,, 9[' -3. 0(;5 -1 26.27 60.03 -1 0 .09 10"3.15 
1.2829 3.75 -1.46 0 -1.830 -1 52.40 67.50 -10.56 102.71 
1.2929 3.80 -1.i43 -1. SOq -17 5.38 72.96 - 10.64 102.31 
1.3029 3.85 - 0.722 - 0.65 - -1.060 --::.r9-5~65 -7'5-~ -6ij - - 11;-08-- - - ------ 102 .04 
1.3129 3.92 - 0.310 -D.30 0 - 0.817 - 208.23 76.93 - 8 .88 101.99 
1.3229 3.99 - 0.013 -0.1 57 - O.4~7 -214.39 77.51 - 7.42 101.95 
1.3329 4.06 -O. O l~ -o.oss -0. 3 17 -216.cl 77.66 - 5.75 101.83 
1.3429 4.14 -0. O?5 -0. 065 - 0 . 2 4 n -211. (- 1 77.6 8 - 3.78 - ! 01~79 
1.349q 4.19 -0. C 41 -O.I OC - O.l fJ7 -218.39 77.67 - 'c~.24 101.75 
1.3599 4.26 -0.055 -0.14 0 - 0.092 - 7.18.70 7 7.52 0 .19 101.67 
1.3709 4.33 - O.C!?f. O.SO( - 2.0 2q - 210.36 71.94 1.26 101. 5J 
r .Je09 4.39 O. G IU~ 1 ; - 13~ - 3.32.~ -191~18 59.01' -0.67 Ibl"~39 
1.3909 4.44 0.153 1.69& -3.973 -167.08 42.06 - 5 .46 101.~9 
1.4Q09 4.48 -O. ~72 0.156 - 3.001 -1 52.Gl 31.38 -7.92 101.08 
1.4109 4.52 - 0.5e3 a2 0.097 0,1 - 3.35Q 29 -126. 94 15.50 -H.89 1(1 0 .35 
1.4209 4.55 - O.0?9 0 .463 - 1.075 -11 6.C7 8.0 B - 0 .84 10 ~ .74 
1.4309 4.57 -O. 3.J.6 n .355 . "- 2 . B4~ -100.:>0 - 1.36 -11.74 100."70 
1.4409 4.58 -0. 3 12 O .1 3~ - ?.7A5 - 7 6 . 0? -1 2.93 -1 ?~0 100.59 
1.4509 4.57 "-O.O HR -0. 043 - 0.375 - b~ .~6 -16.7~ - 12.36 10 0 .53 
1~4609 4.56 0.043 - 0 .065 - 0.174 - 63.01 -1 6.31 -1 2 .69 100.54 
1.4709 4.54 - 0 . 014 -0.16 8 - 0.181 -5 9 .7 3 - 16.12 - 12.86 100.55 
1.4809 4.52 - 0.030 -0.17 ? - 0.164 -55.56 -16.41 -1 2.97 100.54 ~ 
~!4909 4.49 -U. 062 - 0.161 ~ O.1 2 0 - 51.A4 - 17.07 -l ?q~ 10 C .~3 ~ 
1.5009 4.'. 6 -0. 061 -(':.19 9 -().lO? -4 F . QO -1 7.70 -1 2 .57 100.51 
1.5109 4.41 -0. 0(.3 - 0.1~ G -0.111 -4(;.23 -l B.13 -11.c)7 100.49 
1.5209 4.36 - 0.OE. 7 - () .I f\t-l - O.11B -4:;.18 -IE.21 - 11.2q 100.47 



UNL - NDfi GUARDR AIL STUDY HVOS ~ SIMULATIONS ON EMBANKME NT FIL.LS 
70 MOH Ar~O 1 5 OEG ENC~(1 A Ct-II-<E.NT ( .: UN NO. 130 ) F.S.-=3:1. 8 . 5 .=4:1 

T 1 .-"£ SPRUNG MAS S CG 
SE C . POSITION ( INCHES) ORIENTAT I ON [ DEGRFE"S} VELOC ITY (FT /SEC. ) 

X' Y , Z' PHI THE. T A PS I LAT. VFRT. 
1.0 200 1477.35 514 .14 189.15 10.56 - 3 .78 14. 91 4.·95 1.~6 
1.0300 1489.30 517.91 190 .22 10.39 - 3 .75 1 4 . 9~ 4.9n 1 .1 5 
1.0 .. 00 1501. 26 521.69 1 9 1.28 10.30 -3.74 14. 9<3 5 . 0 1 0.98 
1.0500 ]513.21 525.49 19 2 .31 10.29 - 3 .75 15.01 5.04 0.79 
1.06 00 152 5 .17 529.30 193.32 10.36 - 3.77 J5~04 5-;07 0~ 64 
1.0700 1537.13 533. 12 1 9 4.33 10.49 - 3.80 1 5 .08 5.08 0.54 
1.0800 1549.09 536.96 195.34 10.66 - 3.83 15.12 5. OS 0.46 
1.0900 1561.05 540.80 196.35 10.88 - 3 .87 15. 1 6 5.08 0.38 
1.1000 1573.01 544. 66 197.36 1 1 .13 - :.s .91 15.21 5 '~-oi Q-. 3T 
1.1100 1584.97 548.53 198.37 I 1 .41 -3 .cU, · 15.2S 5 .0(. 0.23 
1.120 0 15 96 .9 3 552.41 199.39 1 1 .73 -4 .01 15.31 5.04 0 .15 
1.1300 160 B . 89 556.30 200.41 12.07 -4. 07 15.36 5 .0? 0 .07 
1.1400 1620.85. 560.20 201.45 1?44 -4.13 15.42 5.00 0.0 i " . 
1.1500 1632.81 5(4.11 2 0 2.49 12.83 - 4.19 15.48 4.96 -0.05 
1.1 600 1644.76 568 .03 203.5~ 13.24 -4. 25 15.5'> 4.91 - 0.11 
1.1700 1656.72 571.95 204.60 13.67 -4.32 15. 6 1 4.8",) -0.1 8 
1.]800 1668.68 5 75. 89 205.67 14.11 -4. 38 15.67 4.73 -0. '2 7 
1.1900 1680.63 579.82 206.74 14.55 -4. 4..3 15.74 4.62 -0.37 
1.2000 1692.59 583.76 207.RI 14.97 -4. 4 R 15.01 4.5? -0.48 
1.2100 1704.54 587.71 208.88 15.36 -4. 51 15.R8 4.4 2 -0.59 
1.2200 171 6 .50 591.&7 209.93 15. 69 -4.52 15. 96 4.32 -0.89 
1.2330 1732.03 596. 83 21 1.25 15.94 -4.49 16.06 4.14 -1.0 8 
1.2430 174 3 .98 600.79 212.21 15. <?9 -4.40 1 6 . 14 3.59 -1. 56 
1.2530 1755. 89 604.71 213.02 15. 68 -4.17 16.20 2.87 - 2.77 
1.2629 1767.76 6 08.57 213.60 14.SS - 3.74 16.25 ? o. 10 - 3.42 
1.272 9 177 9 .59 61 2.:15 214.01 13.72 -3. 17 1 6 . 2 7 1 . 5 7 -3. 35 
1.2829 1791.38 616.05 214.27 12.32 -2.5? 16.29 1.29 - 3 .19 
1.292" 1803.13 619.71 214.42 10.68 -1 • C l 16.29 1.08 - 2.73 
1.3029 1814.85 623.31 214.47 8. 8 4 -1. 06 16. 28 i .04 :'"j ·. if9 
1.3129 1826 .56 626.80 214.47 6 .81 - 0.2Q 1 6 .25 1 • I 1 -0. 82 
1.3229 1638.25 630.43 214.44 4.69 0 .49 1 6 . 21 1 • ] 9 0.39 
1.3:12<) 184 9 . 95 . 6 33.97 214.39 2.54 t.2!.> 16. 1 5 1.23 1 . 69 
1.3429 1861.65 637.50 214.~2 0.3(, £ . 0 4 16.:J9 1.20 3' . 03 
1.3499 ] 869.85 639 .96 214.27 -1 .17 2 . 5 B 1 6 . 04 1 • 13 3.98 
1.3599 1<'81.55 643.47 21401 9 -J.~6 3 . 35 15. Q() J . 93 5 . 35 
1.3709 189 4.42 6 47.31 214.09 -5.74- 4.1 G 15.A6 0 .6 9 6 .!=' 9 
1.3809 1 906. 1 1 650.80 2i3.95 -7.77 4.t3:3 15.76 0 .58 7.16 
1.3909 1917.79 6 54.3Q 2 13.71 - 9.50 5.32 15. 63 0 .70 7.26 
1 .4009 1929.45 657.80 213.39 -11.1 9 5.66 15.48 0 .74 7.?7 
1.4109 1 94 I .08 661.27 212.9 6 -1 2 . (, 1 5 . 87 1 5 . 33 0 .78 6.43 
1.4209 ]95 2 .68 664.71 212.41 -1 3 . 02 S.9~ 13.21 O . 8~ 6.06 
1.430<? 1964.27 668 .1 6 21 1 .7" -14. 9? 5 . 9~ 1 5 . ! 0 I • 17 5 .4 2 
1.4409 1975.85 6 71.58 211.06 -1 5.82 5 . 84 15. 0 1 1 . 39 4.22 
1.450 9 190 7.41 674.98 210.24 -1 6.53 5 . 66 14.q4 1 . 5 6 3.S'J 
1 .460 9 199 8. 96 67f: .37 20 9 .40 -1701 9 5 .4 f 14. 88 1.74 3. t Q 
1.4709 20 1 0 .52 601.77 20 8 .50 -17 .81 5.26 14. A] 1. B8 2 . 8 7 
1.4809 2022 .08 61l5.15 207.70 -1 8.39 5.06 14.75 2.02 2.55 ..... 
1.4909 2033.63 680.53 206.1l5 -18. 94 4.86 14. 69 2.18 2 .22 '" -.... 1 .500·9 2 045.19 691 . 90 205.99 - 1 9 .45 4.65 14. 64 ? • :J ? 1. QO 
1.5109 20 5 6 .74 695.26 205.14 -19.?3 4.44 14. 59 2 .4 6 1. 5 7 
1.5209 20 68. 30 698 .62 204.2R - 20.38 4.23 14.S5 2 . 59 1.::'4 
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D. HVOSM TERRAIN LAYOUT (TYPICAL) 



Ur~L-N;)I, 'JU~KC ~:~4 (~ STU)Y H'/U:';.of S! :"'uL4TICf\, j dN ~: 'J;F ' ~ ~,:< i'»'''''::f'< T f ·ILI . 
6') M"H .I\'~ ; ) 1 0 DEG ~:i':( ·~. )J\ Crl ··I !;":' ~T (rJN N :~ . ') 

IN>'UT PRESET IN SUCl"OUTI 'jC STU 

I 
10.818 
5 .... 517 

131.000 
192.000 

1 09>'1 .000 
0.0 

- "34.480 
-.s.O,OO 

f'HIC(I).I=loll 

0.61Jto. 
64.4!3.3 

0.')00 
0 . :')00 
3.000 
0.0 
0.0 
5.000 

-3.5~O - 2.S5~ -1. &J0 
492.000 600 .000 
_. - 4- " - 40aO.000 

XVP( 1) .YVP( r) .ZVP( 1).1-=1. 4 
81.517 39.500 
81.517 -39.500 

-111'.4e3 .j '}.00 ·1 
-117.483 - 39.000 

300.000 
30"0. '0"0\) , 

2 .000 
2.000 

INPUT READ BY CALSVA 

0.0 6 . 80 O . OV~ 

0.045 
61 .000 

.1.0f)O 
4.0;)0 

1 0 .000 
0.0 
4.01l0 
1.000 

- 1 • .. 10 G 
0.400 
0.001 

12.1 .3 i3 
12.13f1 

d . 13 '3 
.9. 138 

-3.000 
- 4.000 

J.Ol 

JRb.400 1'>000.000 
6().OOO 1 v. 138 

3.500 s~.OOO 
3.900 ~0.0()0 
q.216 "<;00 . 000 
0.0 

- 5.983 

- J.9~0 - O.!j50 
5000.000 

0.250 

300.0eJO 
300.000 

!v.o 0 . 0 

0 .0 
- it: .500 

- 0 .':;00 
0.075 

2 .000 
2 .000 

<l.0 
8.4402 0.5507 0.~952 

0.v 
j~6. 4 ·:'~ ~)O.O ."\" 1\ () {) • 0 ... 6000 . \) -1 9~ .u 

100.0 o.~o 3. () 
4. 0 
10.0 
10.0 

~ '. :> 
J.'l 

]0.0 .).001 9!3S00.J 
105.0 0.50 45.0 0.001 J ,?500. C 46.5 
1098.0 3.0 
0.0 0.0 
264.0 16 fhO 
2.0 6.0 1. U 

=1 .216 
J.O 
10 5 6.0 

2 ~)OO .() 1.78 
0 .0 ".0 
0.0 0 .0 

XGP( 1.1).YGP(l.J),ZGP(I,J),[=l • . ~ .J= 1 • 6 
0.0 0 . 0 ' l.000 20 .0 00 

104;000 
600 .000 

104.000 

Iv.OOO 
0.0 

10.0;)0 

XGP(1.1),A '1JXY( I.J).t=l. 
0 . 0 0.600 

600.00D 0.200 
300.0 2.0 - 3.0 
300.0 2.0 - 4.0 

9.000 <'0. ')00 

.! .• = 1. 'J 

O .20 \} 
0.200 

"300.0 :~.,) 

] ')0.0 L .:J 

N !-1UX"V = 
0.2;;0 
0.200 

s . I) 0 
.... 50 

;) ~ 
. ~ 

0.0 

1 0 .0 0c) 

le. ooo 

C . 2 ·YJ 
0.2 ,) 0 

1.0 
0 .0 

40. 0 0t) 

40.000 

o . ~O() 

0.200 

300 0 0.000 
12.08 11 

0.001 
O.OUl 
1.7 t10 
0.0 
·3.1 .38 

-J. 30(J 
. .1 _,500 

3.000 
4.000 

-1. C' 
6.>') • .J 

0.010 
j)!J0.0 

20 .00 0 
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A P PEN D I X 

F. SLOPE SEVERITY-INDEX EQUATIONS 



Fill Ht. 

10 

I 
20 

j 
30 

j 
10 

I 
20 

j 
30 

I 
10 

! 
20 

I 
30 

j 

Severity Index Equations for Type A Ditche s 
Adjustment factor to type B ditches = 0.81 
Adjustment factor to type C ditches = 0.70 

Front Slope Back Slope Encr. Angle 

2:1 0: 1 So 

j 
10 ° 
IS O 
20 ° 
2S o 

2:1 0:1 So 

j 
10 ° 
IS O 
20 ° 
2S o 

2:1 0:1 So 

j j 
10 ° 
IS " 
20 ° 
2S o 

2:1 4: 1 So 

j j 
10° 
IS O 
20° 
2S o 

2:1 4:1 So 

j 
10 ° 
IS O 
20 ° 
2S o 

2:1 4:1 So 

I I 
10 ° 
IS O 
20 ° 
2S o 

2:1 2: 1 S" 

j I 
10" 
15 ° 
20 ° 
25 ° 

2:1 2:1 5° 

I 
10 ° 
15° 
20 ° 
25 ° 

2:1 2:1 5° 

j 
J 

10° 
15 ° 
20° 
25 ° 

186 

Least Squares Equations 

SI = O.OOO(v) + 0.S33 
SI = O.OlS(v) - 0.190 
SI = 0.04S(v) - 1. 633 
SI = 0. 0281vl - 0.400 
SI = 0.010 v + 0.900 

SI = O.OOS(v) + 0.667 
SI = 0.010(v) + 0. 40S 
SI = 0.020(v) - 0.200 
SI = 0.049(v) - 1.36S 
SI = 0.07S(v) - 2.433 

SI = O.OOO(v) + 1. 267 
SI = O.OOO(v) + 1.170 
SI = O. OOO(v) + 1.000 
SI = 0.010(v) + 0. S43 
SI = 0.020(v) + 0.033 

SI = 0.010(v) + 0. 000 
SI = 0.017(v) - 0.049 
SI = 0.024(v) - 0.194 
SI = 0.003(v) + 1. 913 
SI =-0. 019(v) + 4.046 

SI = O.OOS(v) + 0.648 
SI = 0.023(v) - 0.233 
SI = 0.049(v) - 1.4S6 
SI = 0.074(v) - 2.2S2 
SI =0.1l2(v) - 3. 463 

SI = O.OOS(v) + 0.906 
SI = 0.007(v) + 1.1SS 
SI = 0.010(v) + 1. SS3 
SI = 0.033(v) + 0.308 
SI = 0.068(v) - 1. 6S1 

SI = 0.010(v) + 0.000 
SI = 0.017(v) - 0.050 
SI = 0.025(v) - 0.200 
SI = 0.003(v) + 1. 970 
SI =-0.020(v) + 4.167 

SI = 0.005(v) + 0.667 
SI = 0.024(v) - 0. 240 
S 1 = O. 050 ( v) - 1. 500 
SI = 0.076(v) - 2.320 
SI = O.llS(v) - 3.567 

SI = O.OOS(v) + 0.933 
SI = 0.007(v) + 1.190 
SI = 0.010(v) + 1. 600 
SI = 0.034(v) + 0.317 
SI = 0.070(v) - 1. 700 



Fill Ht. 

10 

I 
20 

I 
30 

j 
10 

I 
20 

j 
30 

j 
10 

j 
20 

j 
30 
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Severity Index E<-IuilL iUrI>; luI' r'y~e A Ditches 

Adjustment factor to type B ditches = 0. 81 
Adjustment factor to type C ditches = 0 70 · 

Front Slope Back Slope Encr. Angle 

3:1 0:1 5° 

j 
10 ° 
15 ° 
20 ° 
25 ° 

3:1 0:1 5° 

j 
10 ° 
15° 
20 ° 
25 ° 

3:1 0:1 5° 

j j 
10 ° 
15 ° 
20° 
25° 

3:1 4:1 5° 

I j 
10 ° 
15° 
20 ° 
25 ° 

3:1 4:1 5° 

I 
100 
15° 
20 ° 
250 

3:1 4:1 5° 

j j 
10 0 
15 0 
20 ° 
25 ° 

3:1 2:1 50 

I j 
100 
15° 
20 ° 
25 0 

3:1 2:1 50 

j 
10° 
15° 
20 ° 
25 ° 

3:1 2:1 50 

1 I 
100 
15 ° 
20 ° 
25 ° 

lU7 

LeDst Squares Equ~tions 

SI = O.OOO(v) + 0.300 
SI = O.OOO(v) + 0.370 
SI = O.OOO(v) + 0.467 
SI = 0.026(v) - 0.897 
SI = 0.050(v) - 2.133 

SI = O.OOO(v) + 0.567 
SI = 0.003(v) + 0.373 
SI = 0.005(v) - 0.233 
SI = 0.010(v) + 0.700 
SI = 0.015(v) - 0.100 

SI =-0.005(v) + 0.933 
SI =-0.005(v) + 0.967 
SI =-0.005(v) + 1. 033 
SI = 0.006(v) + 0. 457 
SI = 0.015(v) - 0.067 

SI = 0.005(v) + 0.133 
SI = 0.009(v) - 0. 027 
SI = 0.020(v) - 0.533 
SI = 0.031(v) - 1.000 
SI = 0.060(v) - 2.400 

SI =-0.005(v) + 1.167 
SI = 0.003(v) + 0.697 
SI = 0.020(v) - 0.367 
SI = 0.024(v) - 0.407 
51 = 0.030(v) - 0.600 

51 = 0.010(v) + 0.667 
51 = 0.012(v) + 0.460 
SI = 0.020(v) - 0.133 
51 = 0.021(v) + 0.056 
SI = 0.025(v) - 0.033 

51= 0.009(v) + 0.226 
51 = 0.015(v) - 0.046 
51 = 0.034(v) - 0. 906 
51 = 0.052(v) - 1. 700 
SI = 0.102(v) - 4.080 

51 =-0.009(v) + 1. 984 
51 = 0.004(v) + 1.185 
51 = 0.034(v) - 0. 624 
SI = 0.040(v) - 0.692 
51 = 0.051(v) - 1.020 

SI = 0.017(v) + 1.134 
SI = 0.020(v) + 0.782 
51 = 0.034(v) - 0.226 
51 = 0.035(v) + 0. 095 
51 = 0.043(v) - 0.056 
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Severity Index Equations for Type A Ditches 
Adjustment factor to type 13 ditches = 0.81 
Adjustment factor to type C ditches = 0.70 

Front Slope Back Slope Encr. Ang le 

4:1 0:1 5° 

j 
10° 
15 ° 
20 ° 
25 ° 

4:1 0: 1 5" 

1 

10 ° 
15 ° 
20 " 
25 ° 

4:1 0:1 5° 

j j 
10 ° 
15 ° 
20 ° 
25 ° 

4:1 4:1 5° 

j I 
10 ° 
15 ° 
20 ° 
25 ° 

4:1 4: 1 5° 

I 
10" 
15 ° 
20 ° 
25° 

4:1 4: 1 5° 

I I 
10 ° 
15 ° 
20 ° 
25 ° 

4: 1 2:1 5° 

I j 
10 ° 
15 ° 
20 ° 
25 ° 

4: 1 2:1 5" 

I 
10" 
15" 
20 " 
25 " 

4: 1 2:1 5" 

j I 
10" 
15 ° 
20 " 
25 ° 

188 

Least Squares Equations 

SI = 0.002(v) + 0.233 
SI = 0.003(v) + 0.193 
SI = 0.005(v) + 0.067 
SI = 0.008(v) - 0.007 
S1 = 0.010(v) - 0. 067 

51 = 0.005(v) + 0.067 
51 = 0. 005(v) + 0.133 
S1 = 0.005(v) + 0.167 
51 = 0.006(v) + 0. 243 
S1 = 0.010(v) + 0.067 

S1 = 0.005(v) + 0. 133 
S1 = 0.003(v) + 0.340 
S1 = O.OOO(v) + 0.600 
S1 = O.OOO(v) + 0.680 
S1 = 0.000 (v) + 0.767 

S1 = 0.010(v) - 0.167 
S1 = 0.008(v) + 0.087 
S1 = 0.005(v) + 0.333 
S1 = 0.007(v) + 0.407 
S1 = 0.010(v) + 0.367 

S1 =-0 . 005(v) + 0.833 
S1 =-0.003(v) + 0.890 
S1 = 0.010(v) + O. 333 
S1 = 0.012(v) + 0.303 
S1 = 0.015(v) + 0.167 

S1 =-0.008(v) + 1. 447 
S1 =-0.007(v) + 1. 423 
S1 =-0.004(v) + 1. 360 
S1 = O. OOl(v) + 1.133 
S1 = 0.006(v) + 0.860 

51 = 0.017(v) - 0. 284 
51 = 0.013(v) + 0.148 
S1 = 0.009(v) + 0.566 
S1 = O.Ol1(v) + 0.692 
S1 = 0.017(v) + 0.624 

S1 =-0.009(v) + 1. 416 
S1 =-0 .005(v) + 1. 513 
S1 = 0.017(v) + 0.566 
S1 = 0. 020(v) + 0.515 
S1 = 0.026(v) + 0.284 

S1 =-0.014(v) + 2.460 
S1 =-O.Ol1(v) + 2.419 
S1 =-0 . 007(v) + 2.312 
S1 = O.OOl(v) + 1. 926 
S1 = 0.010(v) + 1. 462 



Fill Ht. 

10 

I 
20 

1 
30 

j 
10 

I 
20 

j 
30 

I 
10 

j 
20 

j 
30 

I 

Severity Index Equilt i ons for Type A Ditches 
Adjustment factor to type B ditches = 0.81 
Adjustment factor to type C ditches = 0. 70 

Front Slope Back Sl ope Encr. Angle 

6:1 0:1 5° 

j 
10° 
15 ° 
20 ° 
25° 

6:1 0: 1 5° 

1 

10 ° 
15 ° 
20 " 
25 ° 

6:1 0:1 5° 

j j 
10 ° 
15 ° 
20° 
25° 

6:1 4: 1 5° 

j j 
10 ° 
15 ° 
20 ° 
25 ° 

6:1 4:1 5° 

j 
10 ° 
15° 
20 ° 
25° 

6:1 4: 1 5° 

I I 
10 ° 
15 ° 
20° 
25 ° 

6:1 2:1 5° 

j j 
10 ° 
15 ° 
20 ° 
25° 

6:1 2:1 5" 

j 
10" 
15" 
20° 
25 ° 

6:1 2:1 5° 

I j 
10° 
15° 
20° 
25 ° 
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Least Squares Equations 

SI =-0.005(v) + 0.467 
SI =-O .OOl(v) + 0.260 
SI = 0.005(v) - 0.067 
SI = 0.009(v) - 0.250 
SI = 0.015(v) - 0.567 

SI =-0.005(v) + 0.467 
SI =-O.OOl(v) + 0.260 
SI = 0.005(v) - 0.067 
SI = 0.009(v) - 0.250 
SI = 0.015(v) - 0.567 

SI =-0.005(v) + 0.467 
SI =-0.001 (v) + 0.260 
SI = 0.005(v) - 0.067 
SI = 0.009(v) - 0.250 
SI = 0.015(v) - 0.567 

SI =-0.005(v) + 0.767 
SI =-O.OOl(v) + 0. 560 
SI = 0.005(v) + 0.300 
SI = 0. 013(v) - 0.037 
SI = 0.020(v) - 0.367 

SI =- 0.005(v) + 0.767 
SI =-O.OOl(v) + 0. 560 
SI = 0.005(v) + 0.300 
SI = 0.013(v) - 0.037 
SI = 0~020(v) - 0.367 

SI =-0.005(v) + 0. 767 
SI =-O.OOI(v) + 0.560 
SI = 0.005(v) + 0.300 
SI = 0.013(v) - 0.037 
SI = 0.020(v) - 0.367 

SI =-0. 009(v) + 1. 304 
SI =-0.002(v) + 0.952 
SI = 0.009(v) + 0.510 
SI = 0.021(v) - 0.063 
SI = 0.034(v) - 0.624 

SI =-0.009(v) + 1.304 
SI =-0.002(v) + 0.952 
SI = 0.009(v) + 0.510 
SI = 0.021(v) - 0.063 
SI = 0.034(v) - 0.624 

SI =-0.009(v) + 1. 304 
SI =-0.002(v) + 0.952 
SI = 0.009(v) + 0.510 
SI = 0.021(v) - 0.063 
SI = 0.034(v) - 0.624 



A P PEN D I X 

G. BARRIER VII SAMPLE COMPUTER SIMULATIONS 

INPUT DATA : Standard Size Auto 

(50 mph/15 deg) 

OUTPUT DATA : Interval Time at 140 msec 
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OARRIER VlI ANALYSIS UF AUTOMOtiILt BARRIERS U.C. t3ERKELEY. 1972 

•••••••••••••••••••••••••••• _ ••••••••••••• * ••• * ••••• * •••• *.*.* •• *******. 

RUN ON CORRUGATED STEEL BEAM RAIL WUOD POSTS GuARDRAIL UTILIZAT 

*.* •• * •••••• *.* ••• ** •••••• ** •••••••••• *.*.* •••••••••• * ••••• * •••• * •• * •• ** 

50 h1;:,h / .i5 des 
CONTROL INFORMATION 

NUMBER UF BARHiER NODES 
NUMBER OF CONTRUL NODtS 
NUMBER OF NUUE GENERATIONS 

NUMBER OF INTERFACES 

NUMBER OF MEMBERS 
NUMBER OF MEMBER GENERATIONS 
NUMBER OF - OIFFLRENT MEMBER SERIES 

NUMBER OF ADDITIUNAL WEIGHT SETS 

BASIC TIME STEP (SEC) 
LARGEST ALLUWABLE TIME STEP (SE'C) 
MAXIMUM TIME SPECIFIED (SEC) 
l4iix. NO. OF stEPS WITH NO CONTACT 

OVER SHOUT INDC:X 
ROTATICNAL DAMPING _ MULTIPLIER 

STEP-BY-STEP INTEGRATION TYPE 

OUTPUT FREQUENCIES 

AUTOMOBILE DATA = 5 
dARRIER DEFLECTIONS = 5 
BARRIER FORCES = 10 

ENERGY BALANCE = 20 

CUNTACT I NFOkMA Tl UN = 5 

PUNCHED JOINT DATA = ° PUNCHEU TRAJECTORY = 0 

= --9 '7 

= 4 
= :> 

= 1 

= 127 
= 9 
= 2 

= 0 

= 0.00200 
= 0.10000 
= 0.80;)00 
= nH),--

= 0 
= 1.00 

= 1 

>--' 

"" >--' 



~cA~ ELEMENTS. 100 SERIES 

TYPE NUMBER 
M. OF I. (IN4) 
ARE.A (IN2) 
LEN<>TH (IN) 
YOUNGS MODULUS (KSI) 
WEIGHT (LB/FT) 
YIELD FORCE (K) 
YIELO MOMENT (K.IN) 
YIEL~ ACCURACY LIMIT 

P",STS. 300 SERIES 

TYPE NUMBER 
HEIGHT OF NODE I ( IN) 
HEIGHT OF NOOl: J (IN) 
A AXIS STIFFNESS (K/IN) 
B AXIS STIFFNESS (K/IN) 
EFFECTIVE 1oIt::IGHT (LI:! ) 
B AX I S Y H::LO MOMENT (K.INJ 
A AXIS YIELD MOMENT (K.INJ 
YIELJ ACCURACY LIMIT 
A SHEAR AT FAILURE (KJ 
B SHEAR AT FA1LURE (K) 
A OEFLN AT FAILURE ( IN) 
B OEFLN AT FAILURE ( IN) 

= 
= 
= 
= 
= = 
= 
= 
= 

= 
= 
= = = = 
= 
= 
= 
= 
= = = 

I 2 
2.3100 00 2.3100 00 
1.9900 00 1.9900 00 
3.7500 01 1.8750 01 
3.0000 04 3.0000 04 
6.8200 00 6.8200 00 
1.0750 02 1.0750 02 
8.tl800 01 8.8800 01 
1.000o-'-0·i 1.000D-C)i 

I 2 
2.1000 01 2.1000 01 
0.0 0.0 
1.5000 01 2.2000 00 
1.6600 00 1.6600 00 
7.0000 01 7.0000 01 
1.0000 04 2.7300 02 
2.1840 02 2.1840 02 
1.0000-01 1.0000-01 
1.0000 04 1.3000 01 
1. ;)40<.> 01 1.0400 01 
1.0000 04 7.4000 00 
7.4000 00 7.4000 00 

..... 
<D 
N 



AUTUMUBILE PkLPEHTIES 

WEIGHT (LB) = 
MUMENT OF INERTIA (LB.IN.SEC2) = 
NO. UF CONTACT PUINTS = 
NO. OF UNIT STIFFNESSES = 
NO. OF -WHEELS = 
BRAKE CUDE (I=UN, O=UFF) = 
NO. OF OUTPUT POINTS = 

UNIT STIFFNESSES (K/ I N/I N) 

NO. BEFOkE AFTER 

3820.0 
36758.0 

16 
3 
4 
o 
1 

BOTTUMING 
BOTTUMING OUTTUM1NG UNLOADING D1STAN<':E 

1 0.500 3.000 4.000 15.00 
2 0.875 5.250 7.000 15.00 
3 1.250 7.500 10.000 15.00 

CONTACT POINT DATA 

PllINT R S STIFFNESS TRIBUTARY 
COURD COORD NO. LENGTH 

I -108.00 15.00 1 12.00 
2 -10B.00 27.00 I 12.00 
3 -10d.OO 39.00 1 12.00 
4 -96.00 39.00 1 12.00 
5 -84.00 -39.00 1 12.00 
6 -72.00 39.00 2 30.00 
7 -42.00 39.00 3 30.00 
d -12.00 39.00 3 30.00 
9 10;.00 39.00 3 30.00 

10 4B.00 3',1.00 2 12.00 
11 60.00 39.00 1 12.00 
12 72.00 39.00 1 12.00 
13 84.00 39.00 1 i2.00 
14 84.00 27.00 1 12.00 
15 84.00 15.00 1 12.00 
16 84.00 3.00 1 12.00 

WHEEL COORDINATES (l N) • STEER ANGLES (OEG1, AND URAG FORCES (L B) 

POINT R-ORO S-ORD STEER ANGLE DRAG FORCE 

1 54.00 30.00 0.0 518.00 
2 54.00 -30.VO 0.0 518.00 
3 -65.00 -30.00 0.0 437.00 
4 -65.00 30.00 0.0 437.00 

INTERFACE CONTACTS 

1 0 0 0 
1 0 0 0 
1 0 0 0 
1 0 0 0 
1 0 0 0 
1 0 0 0 
1 0 0 0 
1 0 0 0 
1 0 0 0 
1 0 0 0 
1 0 0 0 
1 0 0 0 
1 0 0 0 
1 0 0 0 
1 0 0 0 
1 0 0 0 

.... 
'" w 



NITIAL PUSITl~N AND VELLCITleS LF AUTL 

~EC IFleD bOuNUARY POINT 
URDINATE OF POINT 
URDINATE Of ~UINT 

~GL~ fRUM X AXIS TO R AXIS (DcGJ 
ELOC1TY iN k OlkeLTI~N (M.P.HI 
SLOCITV lh S DIRECTIUN (M.P.HI 
,,"GULA!'; VELOLI TY (RAO/SeCI 

INIMUM RESULTANT VELOCITY (M.P.H) 

kANSLAIIUNAL KINETIC ENLRGY (K.INJ 
~TATICNAL KINETIC ENERGY (K.IN) 

UTAL INITIAL KINETIC ENERGY (K.IN) 

uTU TRAJECTUkY ReSULTS 

; 

= 
= 

= 
; 

= 
= 

= 

= 
; 

= 

13 
0(;0.00 

0.0 

l~.OO 
!.Jo.vu 

0.0 
0.0 

5.00 

38":'1.87 
0.0 

3831.87 

T X-ORD Y- ORO ANGLE X-VEL V- VEL R- VeL S - VEL T- VEL 

TIME = 0.0 SEes 
1 729.0 - 59.4 15.0 48.30 12.94 50.00 0.00 50.00 

ARRIER UEf"LECT1ONS. T.lME = 0.0 SECS 

NUUE X-DIOFL Y- OEFL X- UI{D Y- (jRD 

1 0.0 0.0 0.0 0 .0 
2 0.0 0.0 37.5 0.0 
J 0.1l 0.0 75.0 0.0 
'+ 0.0 0.0 112.5 0.0 
5 0.0 0 .0 150.0 u.o 
.; 0.0 0.0 187.5 0.0 
7 0.0 0.0 225.0 0.0 
tl 0.0 0.0 262.5 0.0 
Y o.v v .. o 300.0 v.o 

10 0.0 0.0 337.5 0.0 
I I 0 .. 0 0.0 375.0 0.0 
12 u.o li.O 412.5 0.1l 
13 a.-v 0.0 450.0 0.0 
14 0.0 0.0 487.5 0.0 
15 0.0 0.0 525.0 0.0 
10 0.0 0.0 562.5 0.0 
17 0.0 0.0 &00.0 0.0 
Itl 0.0 0.0 o.}I.5 0.0 
19 o.u v.o 6 75.0 0.0 
20 0.0 0.0 693.8 0.0 
21 0.0 0.0 712.5 0.0 
2 2 v.w 0.0 731.3 0.0 
23 0.0 0.0 750.0 0.0 

ANGLE X- ACL V- ACC R- ACC S-ACC T- ACL ANGLE 

15.0 0.0 0.0 0.0 0.0 0.0 0.0 

-'" ..,. 



DATA L,/'>. AUTw- bARRII=R CCNTACT. TIME ~ 0.I3()u sloes 

AUTU eGNIACT CONTACT tH: TwEEN x Y NURMAL X Y 
PUINT 1 N TERF ACE NL,UE AND NUDE CL,UhD INATL ClIL,kl) INA T to FUkCE FORCE FORCE 

12 1 32 .:>1 900.45 9.03 (J. 6 7 -0.32 -0.64-
13 1 32 31 <,00<,0.35 8.4 , ~.t;1 -2. 68 - 5.4.1 

AUTO TRAJECTORY RESULTS 

PI X- URO Y-ORD ANGLE X-VEL V-VEL R-V EL S-VEL I-VEL AN~LE X- Ace Y-ACC R-Aec S-ACC T-Aee ANGLE 

TIME = 0.1400 SLCS 
1 tl42 .5 -39.1 7. 1 43.40 3.£2 4J.53 - 2.15 43.58 4.2 -0.7 2 -1.34 -0.87 -1. 24 1.52 -lltl.l 

BARRIER DEFLECTIONS. TIME = 0.1400 StoCS 

NUDE X-DI=FL Y- DEF L X- ORO Y-ORD 

1 0.37 0.01 0.4 0.0 
2 0.37 -0.00 37.9 -0.0 
3 0.37 -0.0 1 75.4- -0.0 

" O.";'b -0.01 112.<,,1 -0.0 
:> 0 • .38 - 0.01 150.4 -0. 0 
6 0.39 0.01 107.9 0.0 
7 0.39 0.02 225.4 0.0 
8 0.39 0.0 3 262".9 0.0 
9 1,).40 J .0 1 300.4 0.0 

10 0.40 -0. 02 .337.~ -0. 0 
1 I 0.41 - o.os 375.4 -0. 0 
12 0.42 - 0.06 412.9 -0.1 
13 0.42 - 0.03 4!lO.4 - 0.0 
I" U.4.3 0.03 487.9 0.0 
IS 0.44 0.0~ 52~.4 O. I 
Ib 0.44 0.12 562.9 0.1 
17 0.40 0.10 600.5 0.1 
18 0.46 0.04 638.0 0.0 
19 0.47 - 0.02 675.5 -0. 0 
20 0.4 -' - 0.02 0<:';4.2 - 0.0 
21 0 ... 8 0.01 713.0 0.0 
22 v.48 o .1 :J 7.31.7 0.1 
2.3 0.4S. 0 • .3 5 750.5 0.4 
24 0 .49 O .BtI 769.2 0.9 
2:> O.4ts 1.00 788.0 1.6 
20 0.47 2.56 806.7 2.6 ...... 

<0 
0> 



BEAMS (100 Series) 
Axial force is tension positvie. 

Bending moments are Positive clockwise on member ends. 
NEMBER FORCES. TIME = 0.1400 SECS 

BEAMS. 100 SERIES 
NEM8ER NODE 1 NODE J TYPE FORCE I-MOMENT J-MOMENT F-CODE M-CODE 

1 1 2 101 5.72 -0.00 -0.04 1 1 
2 2 3 101 5.78 0.04 -0.21 1 1 
3 3 4 IO} 5"-8,f 0.21 -0.42 1 1 -
4 4 5 101 5.89 0.42 -0.52 1 1 
5 5 6 101 6.98 0.52 -0.06 1 1 
6 6 7 101 7.04 0.06 0.54 1 1 
7 7 8 iot 1.0~- ":0.54 1.00 1 1 
8 8 9 101 7.15 -1.00 1.06 1 1 
9 9 10 101 8.28 -1.06 -0.01 1 1 

10 10 1 1 101 8.33 0.01 -1.23 1 1 
11 11 12 101 9.48 "~23 -1.90 1 1 
12 12 13 101 9.54 1.90 -1.72 1 1 
13 13 14 101 10.70 1.72 -0.18 1 1 
14 14 15 101 10.76 0.18 1.52 1 1 
15 10 16 101 11.95 -1.52 2.70 1 1 -
16 16 17 101 12.01 -2.70 2.38 1 1 
11 17 18 101 13.23 -2.38 0.31 1 1 
18 18 19 101 13.28 -0.31 -3.48 1 1 
i9 19 20 f02 -- 14.-52 3.48 -. -8.50 1 -I 
20 20 21 102 14.55 8.50 -14.47 1 1 
21 21 22 102 14.57 14.47 -21.89 1 1 
22 22 23 102 14.60 21.89 -31.24 1 1 
23 23 24 102 15.86 31.24 -37.56 1 1 
24 24 25 102 15.88 37.56 -47.03 1 1 
25 25 26 102 15.90 47.03 -60.24 1 1 
26 26 27 102 15.93 60.24 -69.57 1 1 
27 27 28 102 17.36· 69.57 -83.23 1 1 
28 28 29 102 17.40 83.23 -80.09 1 3 
29 29 30 102 17.20 80.09 -29.51 1 2 
30 .30 .31 102 16.86 29.51 51.22 1 1 
31 31 32 102 16-;75 -51.22 80.17 1 3 
32 32 33 102 14.96 - 80.17 33.57 1 2 
33 3J ::14 102 15.01 -33.57 -12.78 1 1 
34 34 35 102 15.03 12.78 -62.92 I 1 
35 35 36 102 14.02 62.92 -45.51 1 1 
36 36 37 102 14.05 45.51 -34.0.3 1 1 
37 37 38 102 14.08 34.03 -27.13 1 1 
38 38 39 102 14.10 27.13 -23.63 1 1 
39 39 40 102 1.3;31 23.63 -18.02 1 1 
40 40 41 10';: 13.33 18.02 -13.84 I 1 
41 41 42 102 13.35 13.84 -10.4 1 I 1 
42 42 43 102 13.36 10.41 -7.21 1 1 
43 43 44 102 12.60 7.21 -5.42 1 1 
44 44 45 102 12.62 5.42 -3.50 I 1 
45 'I:' 46 102 12.64 3.50 -1 .54 1 1 

M-Code ; flexural state indicator: F-Code ; extensional state indicator: 
1 ; elastic; ..... 

1 ; elastic; \0 

2 ; yielded at i only; 0'> 

3 ; yielded at j only; 2 ; yielded. 

4 = yielded at i and j. 



POSTS. 300 SERIES 
I4E14ScR NODEo I NODE j TYPE A-SHEAR B-SHEAR B-MOMENT A-MOMENT CODE 

97 1 0 301 5.51 0.01 115.64 0.19 1 
98 5 0 302" "U~84 -0.01 17.63 -0.22 1 
99 9 0 302 0.88 0.02 18.45 0.49 1 

100 11 0 302 0.90 -0.08 HI. ,.4 -1.71 1 
101 1.3 0 302 0.93 -0.05 19.49 -1.03 1 
102 15 0 3 "02 0-.96 0.15 20.11 3.1, 1 
103 17 0 302 0.99 0.17 20.82 3.62 1 
104 19 0 302 1.03 -0.03 21.64 -0.59 1 
105 2':; 0 302 1 .o-ti 0.59 22.59 12.30 1 
106 27 0 302 1.03 2.83 21.53 59.43 1 
107 31 0 302 0.0 0.0 0.0 0.0 0 
108 35 0 302 "'"0.8"5 5.12 -17.83 107.47 1 
109 .39 0 302 -0.91 0.83 -19.16 17.38 1 
110 43 0 302 -0.88 -0.22 -18.52 -4.55 1 
111 47 0 302 -0.85 -0.15 -17.79 -3.12 1 
112 51 0 302 -0.81 0.01 -17.10 0".19 1 
113 55 0 302 -0.78 0.02 -16.45 0.41 1 
114 5,. 0 302 -0.75 -0.00 -15.83 -0.06 1 
115 6.3 a 302 -0.73 -0.00 -15.25 -0.08 1 116 - 67 0 302 -0.70 0.00 -14.70 o ~ 0":1 1 
117 71 0 302 -0.68 0.00 -14.19 0.01 1 
118 75 0 302 -0.65 -0.00 -13.72 -0.01 1 
119 79 0 302 -0.63 0.00 -13.28 0.00 1 
120 83 0 302 -0.61 0.00 -12.87 0.00 1 
121 85 0 302 -0.59 -0.00 -12.49 -0.00 1 
122 87 0 302 -0.58 0.00 -12.14 0.00 1 
123 89 0 302 -0.56 0.00 - 11 .82 0.00 1 ""124 91 0 3"0Z-" ~U" .-55 -0.00 -11.53 -0.00 1 
125 93 0 302 -0.54 0.00 -11.27 0.00 1 
126 95 0 302 -0.53 0.00 -11.04 0.00 1 
127 97 0 301 -3.52 -0.00 -73.92 -0.00 1 

Posts (300 Series) 

Shear forces and bending moments are positive for forces on the post in the positive A and B directions. 
Code = state indicator 

1 = elastic; 
2 = plastic hinge about A axis only; 
3 = plastic hinge about B axis only; 
~ = plastic hinges about both axes; 

negative = in process of failing (e.g. -7 indicates third 
.-of ten failure steps); 
"D o = failed completely 'J 
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APPENDIX 

H. W-BEAM GUARDRAIL SEVERITY-INDEX EQUATIONS 
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Impact Severity Index S I Adj us tment 
Angle Equations Factors 

5° SI = 0.01475(Vel) - 0.2660 0.89 

10 0 SI = 0.01228(Vel) - 0.0470 0.91 

15 0 SI = 0.01222(Vel) + 0.2470 0.93 

20 0 SI = 0.01448(Vel) + 0.1678 1.06 

25° SI = 0.01727(Vel) + 0.1827 1.06 
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A P PEN D I X 

I. CASE STUDY NO . 1 (INPUT DATA AND OUTPUT) 



FIGURE 1. 
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ROADSIDE HAZARD INVENTORY FORM 
NEBRASKA DEPARTMENT OF ROADS 

LINCOLN, NEBRASKA 

Inventory Conducted by &had&.6y Dote 042 S~ '751 

HIGHWAY 

---- _. - ". 
.... 
", 

--. ... ... ' .... ... "" ,:-::'4 , .. -. - ,,- -. C-"_ . .. .. ,,' G_. n ~ '"'"'' '" ~'" ~ .. ,., ........ ' 
o IZJ-IDl ~ [@J 1Ol7JO[0J2! I2JZl lMl fl2liiJ W.! IQl IQl ~ 121 [2J 

l' ,,1.t lOIll711" , . " u" "" " n " " " " n 

1, 0111 I . In , ..... 
1. Dao. t . '" 

, ,-
J 1110... J. I 
... lie t . I~C . " L-_ ____________ . _________ -..l 

HAZARD CLASSIFICATION MILE POINT AT HAZARD 
Ooot .... , ______ ___ ._ ._ .. • __ . ___ ••..•• 

-~ 
_ .,"-,,- 0 ..... _ 

~- '!;.= - ,- ,- ,~. ,-~ 

0 IOI~~LI ~ OJ l2ua f7[tla/lda 
11 III • )1 un ,,,. K "" 1. 1I ..... So.I. 

1 loll_ 
00 .... '_ 

POINT HAZARDS 

-, .- r:-.:- 0... ,_.-. ~ 
., .. , 100' .... , 

0 QJ CD rn UTI] rn rn .. .,,' MM IJ n 

LONGITUDINAL HAZARDS (Guardrails, Bridgerails, Barrier Walls, and Curb's1 

- " - g .... , .. r- II_ .. , ... ,,- ---, .. , 
.~ -~ .- ......... M ... •• ~ "., ........ , ... _._, ... --. .-

0 I] CD CD rn rn 0 0 0 0 0 .. .,,' M .. NO. N" .. " " .. M 

I III ......... . ... ••• .. No, ... "If" ..... loo"-.' ...... , t , NoolII ... _ , .. , .. t . ....... h_ , ....... "" ....... ' 
J . .............. ' ... _1 ... , "' .... --,J ., ..... _T_, .... ~ 

SLOPE HAZARDS (Median Ditches, Roadside Ditches, fill Ditches, and Cut Slopes) 

",-- ,- I_I'- ,,~ .... ..... - . - _ . 
"- '- -, c_·,_ -.. , , .... _' II., '''' .... ,-, ,., .. - ....... 

~ I] ~ rzl :' ~ !aIZI iii: , W ILl [l] .. .. " M M .. .... " .. .. .. " , ",-,~ . .-. ,- 1 lO .. ,.. ... 1 II 
J r.._ .. ,~ ... 1f, 

~----------------------------
-----------_._------_._---------

'_ ' .... ' .... 
1I .. ~ "'" .... ,., ... ft. .c'-1S£ ST(/PY .1 [1] 

10 I, 11 11 I.", 

X 
0 ., 
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X 
o ., 

M 

X 
o ., 
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X 
0 ., 
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H1ZlRD GReUp ItEBT DESC 
10 Ie ceDE CCCE 

2 2 6 6 
3 2 7 2 

2 2 6 E 
J ~ 7 • 
2 2 6 E 
3 2 7 • 
2 2 6 6 
3 2 7 • 

1 Z 1 R 

HAZARD SIDE 
non OP 

ROlD 
(IHJ/IR) 

0.01494 
0.00000 

0.01494 1 
0.00000 1 

0.0 U9' 1 
0.00000 1 

0.0149Q 1 
0.00000 1 

PAGE ~ 

COS T EIPlCTIT E8ESS PRO G RAft 

D 

UBIYERSI7! OP BEBRASKl 
lrD 

NEBR1SKA DEPlR7SE8T OF R01DS 

HIGHill DESIGN BOSBER DR- 7 
TYPE. UIGHUI OS-123 
DESIGN SPEED 60 ftPH 

lOT 1234 
PROJECT LIPE 20.0 IRS 

IITEIBST RlTE = 9.000 ~ 
DATE = 9- 6-79 

I ft P 

BILE-POst HIPB IBPR HlURD ClEIR 
ALT CODE non RECOVERt 

BEG uc zan 
(UJ/IR) (FT) 

50.100 50.250 2- 2-1 0. 00000 6 
50.100 50.250 4-0-0 0.01784 6 

50.100 50.250 2 2-2-2 0.01355 7 
50.100 50.250 2 3-2-0 0.01610 8 

50.100 50.250 3 2-2-2 0.01243 10 
50.100 50.250 3 2-2-0 0.00000 0 

50.100 50.250 . , 2-2-) 0.00000 10 
50.100 50.250 , 3-2-0 0.01517 10 

P1GE = 3 

R 0 , E S E • T 

FIRST TOTAL COST ZERO BEMEPIT 
COST IMBUll EPPECTIJ£ lCCIDEIT COST 

COST '1.LUE REDUCTION RITIO 
($1000) (S/IR) (~) 

2.4 ••••••••••••••• GROOP •••••••••••••• • 
0.0 ---------807 COST-£P1£C7IY£--------

0.5 ••••••••••••••• CROUP ••• •••••• •• •••• 
2.5 ---------.07 COST-EPPECTI'E------~-

1.9 ••••••••••••••• CBODp ••• •••••••• •• •• 
3.0 ••••••••• £810B BESSIG! = 10 •• •••••• 

13.5 ••••••••••••••• CBOOP.·.·· •••• •••••• 
1.5 ---------107 COST-EPPEC71'£------ - -

COMPUTER OUTPUT LISTING OF CASE STUDY NO.2 
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