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APPENDIX 

COST-EFFECTIVENESS ANALYSIS MODEL 

The computer analysis model, written in Fortran computer lan­

guage, makes use of thirtY""'lline subroutines and a ·main program. 

Use of subroutines, in addition to simplifying the logic and model 

validation, provides the necessary flexibility in modifying or 

extending the analysis procedure to accommodate unique situations 

that may be encountered in the fi"eld. 

Core storage requirements for program execution from a source 

deck are approximately 380 bytes. Using an object (hexadecimal) 

input deck, program execution requires approximately 170 bytes. 

Presented in this appendix are descriptions of the computer 

variables assigned to each data entry source on the hazard inventory 

and improvement forms, a functional description of the subroutines 

that constitute the analysis model, descriptions of tabular data 

input and a program operational flow chart. A listing of the complete 

computer program is included also. 

The computer analysis model is documented in considerable detail 

in a previously published report (2) in which are included flow charts 

depicting the program logic, discussion of assumptions and idealizations, 

and definition of variables. Copies of the previous documentation 

manual as well as other previous reports on the three studies reported 

herein and tapes of the program may be obtained from the Texas State 

Department of Highways and Public Transportation, the Texas Transportation 

Institute or the Federal Highway Administration upon request. 
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Computer Variables 

Each date input source (numbered space) on the hazard inventory 

and improvement form has been assigned a computer variable name. 

These data sources describe the factors that are unique to a particular 

obstacle or improvement (location, size, offset, costs, etc.)~ Other 

necessary information such as expected encroachment frequency, severity 

indices for each obstacle, etc~, are incorporated into the analysis 

model and retrieved from core storage as required. 

The computer variable names assigned to the existing roadside 

hazards are shown on the.roadside hazard inventory form in Figure A-1. 

Hazard input data are read in subroutine 1NVTRY in a two-dimensional 

array as: 

where 

Hazard Name = H (I,J) n 

n = hazard descriptor (i.,e., n=l ••• hazard number) 

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

J = 1 

The computer variable names assigned to a roadside improvement are 

shown on the roadside hazard improvement form in Figure A-2. Improve-

ment data are read in subroutine 1NVTRY in a two-dimensional array as: 

where 

Improvement Name = C (I,J) 
n 

n = hazard descriptor 

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

J = improvement alternative in a group (2<J<5) 
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Computer Variables 

Each date input source (numbered space) on the hazard inventory 

and improvement form has been assigned a computer variable name. 

These data sources describe the factors that are unique to a particular 

obstacle or improvement (location, size, offset, costs, etc.)~ Other 

necessary information such as expected encroachment frequency, severity 

indices for each obstacle, etc~, are incorporated into the analysis 

model and retrieved from core storage as required. 

The computer variable names assigned to the existing roadside 

hazards are shown on the roadside hazard inventory form in Figure A-1. 

Hazard input data are read in subroutine INVTRY in a two-dimensional 

array as: 

where 

Hazard Name = H (I,J) 
n 

n = hazard descriptor (i.,e., n=l ••• hazard number) 

I = hazard number in a group (l<I<l5) 

J = 1 

The computer variable names assigned to a roadside improvement are 

shown on the roadside hazard improvement form in Figure A-2. Improve-

ment data are read in subroutine INVTRY in a two-dimensional array as: 

where 

Improvement Name = C (I,J) 
n 

n = hazard descriptor 

I = hazard number in a group (l<I<l5) 

J = improvement alternative in a group (2<J<5) 
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Subroutine Descriptions 

The computer analysis .model, to be responsive to the extre.mely 

large number of possible alternatives, is composed of thirty-nine 

subroutines and a .main program. The program execution keys from 

three primary subroutines: (1) subroutine PTHAZ, (2) subroutine 

LGHAZ, or (3) subroutine SLHAZ after being directed to one of these 

three subroutines from subroutine HAZARD. The primary category into 

which each hazard is classified on the inventory form is identified 

in subroutine HAZARD from which execution is then directed to the 

appropriate primary subroutine. The sequence of subroutines which 

the analysis then takes is dependent upon the improvement recommended. 

The primary subroutines channel the analysis to those analysis 

operations required for each possible improvement alternative for the 

particular hazard type.. Table A-1 presents a description of each 

subroutine function. 

The previously published documentation manual (2) presents 

cross-reference listings of all subroutines and descriptions of the 

major computer variables in each subroutine. 

Program Operational Description 

An overall systems flow chart depicting the operation of the 

cost-effectiveness model on the Texas SDHPT computer facilities is 

shown in Figure A-3. 
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Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Subroutine 
Name 

SLIST 

HWY 

DIST 

ERROR 

SEVRTY 

ADJUST 

INVTRY 

ORDERl 

ORDER2 

CONSTl 

TABLE A-1. 

LIST OF SUBROUTINES 

Description of Subroutine 

Listing of subroutines. 

Subroutine ~ontains description of highway 
(type and classification). 

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

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

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

Subroutine to adjust severity indices calculated 
in subroutine VDITCH 

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

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

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

Subroutine to compute constant values. 
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Number 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Subroutine 
Name 

HAZARD 

PTHAZ 

LGHAZ 

SLHAZ 

CMBPT 

SOFT 

ZERO 

RAIL 

RAIL I 

RAIL2 

RAIL6 

TABLE A-1 , CONTINUED 

Description of Subroutine 

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

Point hazard subroutine. (Primary subroutine) 

Longitudinal hazard subroutine (primary sub­
routine). 

Slope hazard subroutine (primary subroutine). 

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

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

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

Longitudinal hazard improvement subroutine 
where guardrail is used. 

Longitudinal hazard improvement subroutine. 
Remove existing guardrail. 

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

dards, or 
(2) Upgrade guardrail to full safety stan­

dards and close-up gap, or 
(3) Close-up gap between existing guardrail or 
(4) Safety treat guardrail, free-end only. 

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

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Subroutine 
Name 

PTRAIL 

DTRAIL 

SLRAIL 

CURB 

BRIDGE 

BRGR 

BRGRl 

SLOPE! 

VDITCH 

DITCH 

WAS OUT 

TABLE A-1, CONTINUED 

Description of Subroutine 

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

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

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

Longitudinal hazard improvement subroutine 
curbs. 

Longitudinal hazard improvement subroutine -­
bridgeiail. 

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

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

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

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

Longitudinal hazard improvement subroutine -­
ditches. 

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

33 

34 

35 

36 

37 

38 

39 

Subroutine 
Name 

FLATEN 

GRAIL 

HIND EX 

PROB 

FREQ 

COSTS 

OUTPUT 

TABLE A-1, CONTTNlTRD 

Description of Subroutine 

Slope hazard improvement subroutine -- flatten 
slopes. 

Subroutine locates the position of existing 
guardrail. 
NGR 1 no guardrail 
IGR = 0 no guardrail on right side of roadway 

or on one side of median 
IGR = 1 guardrail on both sides of median. 

Hazard-index subroutine. Hazard-index is de­
fined as the number of fatal or non-fatal 
accidents per year associated with a one 
directional roadway. For median analysis, 
the hazard-index Js computed for each roadway 
separately, and the two measures are added. 
Refer to equation 3 on pngcs 19 and 20 in 
NCHRP Project 20-7, Task Order 1/1, TTl 
Report RF 625 (11). 

Subroutine to compute probability of a vehicle 
lateral displacement greater than some offset 
distance. Encroachment angle equal to 11 
degrees. (Figure 4 in NCHRP 20-7) (11). 

Subroutine to compute the encroachment frequen­
cy expressed as the number of roadside 
encroachments per mile per year. (Figure 2 
in NCHRP 20-7) (11) • 

Subroutine to compute annualized costs taking 
into consideration (1) first costs of improve­
ment, (2) normal maintenance costs of hazard 
and improvement, and (3) repair costs of 
hazard and improvement following a collision. 
Compound interest is used with an assumed 
interest rate of 8 percent and a 20 year life. 
Refer to the equatton on pages 49 and 50 in 
NCHRP Project 20-7, Task Order 1/1, TTl Report 
RF 625 (11). 

Subroutine to print the output from the 
computer program. 
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~tart of PGM 
ISAVE + 0 
!STAAT + 0 
lEND + 0 

...---IFI;NDO + 0 ------'~ 

If 
(IEND:;:99) 
Go to 606 
(End PGM) 

IFINDG + 0, 

Read Card 

Into 
X(l)-X(79), 

X80 

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

xao + Y(BO) 
ISAVE + 0 

STMT 505 

At EOF 
IEND + 99 

ISAVE CODE 

'O'-No Card Saved 
'1'-Card Saved 

Y(l-80) Temporary 

(Code set when 
last card read) 
Go to 500 and 
Perform Group 
Computations 

/'-..... 
!FIND0=99 

·t=Haz No. within GRP, STMT/l40 
Ranges 1-15 

J=Card No. of Hazard ;X(77o)Col. 77.,.1~=;..._--< or 
Ranges 1-5 
=1 for Inv. Card 
2-5 for Imprv, Card 

Go to 551 

l;FINDG=99 

YES -- X(77)Col. 77=2? 

YES 

Var. !SAVE, ISTART 
Set to 0 
At start of PGM 
ISTART Flag Hazard 

So Grp, No. not 
compared w/f,.ero. 
ISAVE is flag for 
when an inventory 
card is stored 
Y array, 

Figure A-3. 

X(80)Col 80 
'2,' or 

Write '**** 
Preeeding Card 

Unreeognizable-­
Cheek Col 77,80 

****' 

IFINDO=O 
IFINDG=99 

IFIND0=99 
IFINDG=O 

~ Group 
Number ~ 

Changed? . > 
(CMPRW/H16(I,J) 

Stored in YGRPNO 

~s 

Cost-Effectiveness Computer Model Systems Flow Chart (1 of 3) 
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IFINDO=O 
IFINDG-99 

STMT 312 

Y(l-79) + ~(1-79) 
Y80 + XBO 

·ISAVE + 1 
(Save Card) 

I 

' Go to 500 and 
Perform Computations 

for Group 

Var. 'IFINDO' -Code s~t to 99 
When a Grp No.=O Found 
(Single Haz Grp). Used to 
Branch to Computation & 
Store Inv Card for >2 such 
Haz in Succession. -Set to 
0 if Multi~Eaz.Grp. 

'IFINDG' - Code set to 99 
when a Grp No~O Found. 

ISTART=ll 

STMT 210 

I + I+l 
NH + 1 

J + 1 
Go to 551 for 
Processing Invent. 
~ultiHazard Grp) 

I Subscript for Invent/Improv Cards­
Set Twice: (Valid Values 1-15) 
1. To 'O' prior to entering routine 

to read data for a complete group 
2. To I+l for each successive hazard 

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

0 Subscript for Hazard Number Within Grp 
Set (Valid Values 1-5) 

. 1 ' ' • To 1 prior to entering routine 
to read data for a complete group 

2. To '2' after invent. card processed 
3. To J+l after Imprv Card Processed 
4. To '1' after reading another hazard 

with same grp no. 

Figure A-3. Cost-Effectiveness Computer Model Systems Flow Chart (2 of 3) 
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Read Tables 
1-7 into 

Core 

Read Card, at 
end go to 

end of Pgm 
(Bypass if card saved 
from next group) 

YES 

Save Card 

Perform 
Computations 
for Hazard 
Group 

Print 
Report on 

Hazard 
Group 

See 
- - - - Program Inputs 

NO 

(Writes Table Output if Applic) 

Process Card 
Appropriately 

1. Ignore 1 1, 1 1 2, 1 1 3 1 cards 
2. Inventory card 
3. Imprv Card 
4. Print Err if Unrecog. 

Up to 75 Cards -~ay be 
Used for Group Comput, 
Max of 15 Hazards 
w/max of 4 imprv altern. each 

Figure .A-3. Cost-Effectiveness Computer Model Systems Flow Chart (3 of 3) 
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Figure A-4 illustrates table lnput data. The program read 

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

precisely. Although interpreted as "data, 11 the seven tables are 

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

in the program and called prior to execution. 

Strict adherence to the format, which differs for individual 

tables, is necessary for correct reading. The table data are read 

in the subroutines listed in Figure A-4, the subroutines being called 

in the MAIN program. 

Severity Indices 

Table A-2 presents a listing of severity indices used in the 

computer program.. The identification and descriptor codes agree 

with those listed in Table 1 of this document. 

Program Listing 

A listing of the complete computer program is presented in 

Figures A-5 through A-44. 
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I. FT05F001 Card Images 
(Normally //GO.SYSIN when executed from standard JCL procedure) 

(Data 

~Date Card (optional, if internal system 

{__Table 7 - Unadjust sev indices 39 

{Table 6 - Error /flag msgs 51? 

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

~Table 4 - County No. + Dist No. 13 CI Is 

L Table 3 - Highway Types 9? 

~Table 2 - Subr Desc 84 CI'S 

Table 1 - Subroutine Names 39 card images 

/ 
/ v 

/ 

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

Location of Read Statements 

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

Date MAIN 
Data INVTRY 

Figure A-4. Table Input Data 
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TABLE A-2 

SEVERITY INDICES 

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

1. Utility Pole 
1 0 7.1 27.5 

2. Trees 
2 0 8.0 50.0 

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

4. Rigid Base Luminaire Support 
4 0 7.5 37.5 

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

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

Identification Descriptor End Treatment Code Severity-Index 
Code Code Beginnil!a_ Ending _ Sm;vey Adjusted 

6 2 ]_ 4 4.7 R.9 
6 2 2 1 S.R 16.6 
6 2 2 2 5.9 17.3 
6 2 2 3 5.5 14.5 
6 2 2 4' 5.9 17.3 
6 2 3 1 3.5 3.5 
6 2 3 2 3.5 3.5 
6 2 3 3 3.5 3.5 
6 2 3 4 4.8 9.6 
6 2 4 1 4.7 8.9 
6 2 4. 2 4.9 10.3 
6 2 4 3 4.7 8.9 
6 2 4 4 5.0 11.0 
6 3 1 1 3.7 3.7 
6 3 1 2 4.0 4.0 
6 3 1 3 3.3 3.3 
6 3 1 4 4.5 7.5 
6 3 2 1 5.6 15.2 
6 3 2 2 5.0 11.0 
6 3 2 'l 3.9 1.9 
6 3 ') II 5.0 11. () 
6 3 'J '3. 2 J.2 
6 3 3 2 3.2 3.2 
6 3 3 3 3.2 3.2 
6 3 3 4 4.4 6.8 
6 3 4 1 4.0 4.0 
6 3 4 2 4.5 7.5 
6 3 4 3 3.9 3.9 
6 3 4 4 4.7 8.9 
6 4 1 1 3.7 3.7 
6 4 1 2 4.0 4.0 
6 4 1 3 3.6 3.6 
6 4 1 4 4.5 7.5 
6 4 2 1 5.6 15.2 
6 4 2 2 5.7 15.9 
6 4 2 3 5.3 13.1 
6 4 2 4 5.7 15.9 
6 4 3 1 3.3 3.3 
6 4 3 2 3.3 3.3 
6 4 3 3 3.3 3.3 
6 4 3 4 4.6 8.2 
6 4 4 1 4.5 7.5 
6 4 4 2 4.7 8.9 
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TABLE A-2, CONTINUED 
,,~; 

Identification Descriptor End Treatment Code Severity-Index 
Code Code Begin_!ling End i_!YL__ S u r_y_C'ji'_A_ij_tt_s_~~~l 

6 4 4 3 4.5 7.5 
6 4 4 4 5.0 11.0 
6 5 1 1 3.9 3.9 
6 5 1 2 3.9 3.9 
6 5 1 3 3.9 3.9 
6 5 1 4 3.9 3.9 
6 5 2 1 3.9 3.9 
6 5 2 2 3.9 3.9 
6 5 2 3 3.9 3.9 
6 5 2 4 3.9 3.9 
6 5 3 1 3.9 3.9 
6 5 3 2 3.9 3.9 
6 5 3 3 3.9 3.9 
6 5 3 4 3.9 3.9 
6 5 4 1 3.9 3.9 
6 5 4 2 3.9 3.9 
6 5 4 3 3.9 3.9 
6 5 4 4 3.9 'L9 
6 6 l 1 4.4 6.8 
6 6 2 4.4 6.8 
6 6 1 3 4.4 6.8 
6 6 1 4 5.0 11.0 
6 6 2 1 5.6 15.2 
6 6 2 2 5.7 15.9 
6 6 2 3 5.3 13.1 
6 6 2 4 5.7 15.9 
6 6 3 1 4.0 4.0 
6 6 3 2 4.4 6.8 
6 6 3 3 4.0 4.0 
6 6 3 4 4.6 8.2 
6 6 4 1 4.5 7.5 
6 6 4 2 4.7 8.9 
6 6 4 3 4.5 7.5 
6 6 4 4 5.0 11.0 
6 7 1 1 . 4.2 5.4 
6 7 1 2 4.2 5.4 
6 7 1 3 4.2 5.4 
6 7 1 4 4.2 5.4 
6 7 2 1 4.2 5.4 
6 7 2 2 4.2 5.4 
6 7 2 3 4.2 5.4 
6 7 2 4 4.2 5.4 
6 7 3 1 4.2 5.4 
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TABLE A-2, CONTINUED 

Identification Descriptor End Treatment Code Severity-Index 
Code Code Beginnin__g_ Ending ___ Survey_~djusted 

6 7 3 2 4.2 5.4 
6 7 J ] 4.2 5.4 
6 7 ] 4 4.2 5.4 
6 7 4 1 4.2 5.4 
6 7 4 2 . 4. 2 5.4 
6 7 4 3 4.2 5.4 
6 7 4 4 4.2 5.4 

7. Roadside Slope 
7 1 3.0 3.0 
7 2 3.0 3.0 
7 3 2.5 2.5 
7 4 2.5 2.5 
7 5 5.1 11.7 
7 6 5.1 11.7 

8. Ditch 
8 0 0.0 0.0 

9. Culverts 
9 1 7.9 47.5 
9 2 5.5 14.5 
9 3 3.3 3.:3 
9 4 7.7 42.5 

10. Inlets 
10 1 5.7 15.9 
10 2 3.1 3.1 
10 3 3.3 3.3 

11. Roadway Under Bridge Structure 
11 1 9.3 82.5 
11 2 9.3 82.5 
11 3 2.5 2.5 

12. Roadway Over Bridge Structure 
12 1 7.2 30.0 
12 2 5.5 14.5 
12 3 3.3 3.3 
12 4 3.0 3.0 
12 5 9.3 82.5 
12 6 9.3 82.5 
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TARLE A-2, CONTINUED 

Identification Descriptor End Treatment Code Severity-Index 
-----=-C-=-od---=-e _____ _:C_:o-'-d'-'-e ____ _.:.B~eginning Ending_~~L~~_{\_djusted 

13. Retaining Wall 
13 
13 

14. Miscellaneous 
Point Hazards 

14 
14 
14 
14 

1 
2 

1 
2 
3 
4 
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3.3 
9.3 

7.5 
9.3 
7.5 
9.3 

3.3 
82.5 

37.5 
82.5 
37.5 
82.5 



c ***********·························································~ 
c 
C MAIN PPOGRA~ 
c 
c *************************************~******************************~ 
r. 
C Pf<OGRA~ CCNT~INS 3~ ~lEPOlliNES. PRCGRA~ IS STCPPEO AFTER 
C 100 ~KROR MESSAGES ~RE 081AINEO FOR AN~ CNF RUN 
c 
c 

CCMMON I TIll F I l I 51 
COMMr.N I INVENT I I, J, NH, lPl, ll., fJES 
COMMON I C I ST 1 I ICIST 
CCMMCN I FRROR1 I ~G, N~ES 

CO~MON I SEVERE I 5 
COMMON I ~INVNl I ~~. H2, H.3, H4, H5, H6, H 1, H8, H9, Hll, Hl2, 

• t-1'3. Hl5, Hl6., Hl7, H18, H19., H20, H21, H22, 

* H23, H24, H25, H26, H27, H28, H29, HJO., H31., 

* t-'32., H33, t-'34., H35, H36., H37., H38, H39, H40, 

* H41, 1-!42, H43, H44, H50., H51 
COMMCN I CINVN1 I Cl., cz., C3, C4, C5, c1, ce., c9, ClO, Cl1., Cl2, 

* C13, Cl4, C15, Cl6, Cl7., Cl8, czo., C21, C24, 

* C2~., C26., C21, cze, C29, C.34., C35, C36., c 3"7' 

* C3e., C39, C40, C41, C42, C43, C44, C45, C46, C47 

* ., C3C., C31., C48., C49 
COMMON I t-JASCNO I NCROER 
COMMON I CCNSNT I c, T~ETA, RAO, ANG, RSI N, RTAN, LIFE, Rl 
COMMON I SIOENF I N~<?R, FSGR 
COMMON I 1-lZINCX I VLAT., HLENG, HWID, ISLrPE, H 
f.OMMON I t-JA ZR OS I t-11. HI2, ~~ .. SI 1, SI2, R, p, UPAY, PSUM, HIB, 

* t-IA 
CC'~MCN I PTHZGR I NP TG~, HLGTH 
CCMMON IBRSLGR/ NPRl 
CCMMON I PAILS I IRA Ill 
CllMMflN I GUTPTl I UPMT, PVAL, CE, LCl, I PRINT 
COMMON I . NCNHWY I NCONTR, MCt\TH, NYEAR 
COMMON I S.AVCRC' I I SAVE, I START, IEt\D 

INTEGFR 

* INTEGER 

~1, H2, ~3, H4, H5, 
H29., H3C., H37, H38, 
Cl., C2, C3., C4., C5, 
NSGR, F5<?R 

H6, H8, H9, Hll, Hl2, Hl3, Hl6, Hl9, 
H43, H44 
C12., Cl3, C18, C20., C21, C~2, C47 

* 
* 
* 
* 
* 

INTEGER 
INTEGER UPMT, PV~L, CE 

DIMENSICN 
DIMENSION 
OI~!:NSICN 

MG(EC,LC), IOIST(255) 
$(14,1,4.4) 
Hl(l!.l), f2(15,1), H3(15,1), H4(15,1), ~5(15,1), 

H6(15,}), H7(15,1), H8(15,1), H9(15,1J, Hl1(15,1), 
Hl2(l!,J)., Hl3(15,1), Hl5(15,1)., Hl6(15,1), Hl7(15,1), 
Hl8(1~.,}), H19(15rl)., H2C(l5,1), H21(15,1), H22(15.,1), 
H23{1!.,1)., H24{15,1), H25(15el), H26(15,}}, H27(15.1), 
H2!(15.,J)., ~29(15,1), H30(15,1,, H31(15,1)., H32(15,1) 

Figure A-5 MAIN Program (1 of 4) 
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f. 
f. 

c 

200 
f. 

100 

c 

c 

r: 

f. 

DIMENSTCN 

* 
* 
OIMF.N~ICN 

* 
* 
* 
* 
* 
* 

0 I MENS JON 

* DIMfNStCN 
0 tMfNS ION 
ntMfNSICN 
DT,ENSICN 
DIMFNSICt\ 

l f. I= 1 
l I ST=O 

CALL OUTPUT 
f. All SLISl 
CALL t-'WY 
CALL OTST 
CALL ERROR 
CAl.l SFVRlY 
REAf.l(5.20Cl 
FORMAT(212l 

LIST= 1 
ISTART = c 
ISAVE = c 
lEND =0 
f.ONTINUE 
MES = 0 

CALL IN'vTRY 

IFP-1ES .F~ • 

CAtL ORCERl 

H?!(}~,l), tH4(15,1),. H35(15.,1), H3td15,.1),. H37(15.Uv 
H 3 8 ( 1 !: ., 1 ) • H 3 q ( 1 5 • 1 ) , H 4 0 ( 15 ,1 ) , H 41 ( 1 5 ., 1 ) , H4 2 ( 15 , 1 l , . 
~~3(1~,]}, ~44( 15,}),. H5C(l5,l),. H51(1~,1) 
C1(l~ .. ~). (2(15,5), Cl(15,5), C4(1~,5), C5(1~,5), 
C7(1~.~), C€(15,5), f:<Hl5,5), C10(l5,5), f.11(15,'5), 
Cl2(1!:,~), (13(15,5), Cl4(15,5), Cl5(15,5), C16(15,5), 
C17(p.c:)., C18(15,5), C20{Pi,5), C2ll15,5}, C24(15.,5J, 
c 2 5 ( 1 ~ ' ~ ) ' c 2 6 ( 1 5 ' 5 } ' c 2 7 ( 1 5 ' 5 , ' c 2 8 ( 1 5 • 5 , ' c 29 (1 5 ' 5 ) ' 
C34(15,5), C35(15,5), (36(15,5)., C37(15,5), C38(15.5) 
C39(l! .. ~t .. C40(15,5), C41(15,5), C42ll5,5), C43(15,5), 
C44(1~ .. 5), (45(15,5), C46(15,5), C47(15.5) 
, C30(1!:,5), C31(15,Sl, C48(15,5), (49(15,5) 
NOROER(l5l 
YL~l( 15,5), J-llENG( 15,5), H~l0(15,5) 
Sl(l5), HtU15,2), Hl2(15,2), SI2(15,5), SIU15,1) 
NSGR(J5), fS~R(l5) 

UPMT(l!:,!:), PVAL(l5,5), CE(l5,5) 

MCf\lJ-l, 1\"VF~'R 

27) ~() TO 24 

DO 30 L:l,LP1 
C l IS T~E NUMBER OF ltE I~PROVEMENT ALTER~ATIVE 

J : L+1 
MfS=O 
MES1=0 
ME$2=0 
NCONTR=C 
[PRINT = 0 
UPAV: O.C 

Figure A-5 MAIN Program (2 of 4) 
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PSUM = C.C 
HIB = C.C 
1-'IA = C.O 
I GAP = 0 
MGR = 0 
ICRSl :: C 
IP.Alll=C 
NPTGR=C 
1-'LGTH=C.C 

99 CONl1Nl1F 
C H~ZARO GROUP COMPUTATIC~S FOR EACH IMPROVE~FNT ALTERNATIVE. NH IS THE 
C NUMBER OF 1-'AZtRDS Wll~tN l~F GROUP 

r 

c 

r 

( 

c 

no 12 ILOOP=l.~~ 
I= tLOOP 
MES=O 
<;1(1) = o.o 
s 11 n, n = a. c 
SI2fi.J) = 0.0 
HIUI.JJ = 0.0 
Hll([,2) = O.C 
HI2(1,)) = 0.0 
I-'12(1.L) = O.C 

CALL ~~l~RC 

JF( NCCNll< .EQ. 1 ) (;O TO 98 
JF(MES.EQ.2~) MES2=~FS 

IF(ME~.Nf.O) ~ESl=MESl+l 
JF(MESl.NE.O .AN[. I.EC.NH) GO TO 11 
GO TO 15 

1 1 C 0 NT If\' U E 
IPRTNT=2 
GO Tn LC 

15 CONT(NUY:: 
IF( I .FC. 1'\1-') GO lC 13 

CAll CL TPL l 

S8 CONTINLF 
12 CONTINUf 
13 CONTJNUF 

HINCX = ~IB - 1-'IA 
tF(I-'INOX .LT. C.C~) GO TO 10 
GO TO 14 

10 CCNTINUE 
MES=3C 
GO TO 2C 

14 CONTINUE 
Cf(J,J) = UPAY/HINrX 
IPRINT=l 

Figure A-5 MAIN Program (3 of 4) 
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( 

r 

( 

20 CONTINUE 
lf(~~(l.l) .EC. ~ .OR. Hq(l.l) .EC. 5 .OR. H9(I.ll .EQ. 7) 

* NCCNT~ = NCO~TR + l 
IFCNCCNT~.EQ.1.~~[.~ES.EQ.C) GO TO ~9 
lF(NCCNT~.EC.l.~ND.~ES.EQ.30) GO TO qq 

CAll OLTPUT 

JF(MFS2.EC.23) GC TC 24 
30 f:ONTINUE 

GO TO lCC 
24 CCNTINUE 

CALL OUTPUT 

STOP 
END 

Figure A-5 MAIN Program (4 of 4) 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUBPCUllNE IN~lP~ 

c 

c ···················~················································· c 
C SUBROUTINE RE~OS A~[ 51CPE5 HAZ~RO A~O I~PRCVEMENT DATA OBTAINEC I~ 

C fiELn. ~~XtMUM NUMAFR OF HAZARCS PEP GROUP IS 15. MAXIMUM NU~BER 
C Of IMPROVEMENT ALTFR~All\f5 PER GROUP IS 4. 
c 
c 

c 

c 

c 
r 

• 
* 
* 

CfMMO~ I INVENT I t, J~ NH, lPl, llw ~ES 
CCMMON I COUNT I NC 
COMMON I ~tNVNl I ~1. ~2, H3 9 H4, H5 9 H6, H7, H8, H9, Hll, Hl2, 

Hl3, Hl5, Hl6, Hl7, Hl8, Hl9, H20, H21, H22, 
H2~, H24, ~25, H26, H27, H28, H2q, H30, H3lt 
H32w H33, H34, H35, H36w H37, H38, H39, H40, 

* H41, H42, H43, H44, ~50, H51 

* 
* • 
* 

* 

* 
* 
* • 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

COMMON I ClNVNl I Cl, C2, C3, C4, CS, C1, C8, C9, ClO, Cll, Cl2, 
Cl3, Cl4, Cl5, Cl6, Cl7, Cl8, C20, C21, C24, 
C2~, C26, C27, C2€, C29, C34, C35, C36, C37, 
C38, C39, C40, C41, C42, C43, C44, C45, C46, C47 

CCMMCN I SAVCRD I 
, C30, C31, C48, C49 
I~AVE, ISlART, IE~O 

INTEGER 

INTFCER 
tNlEGER 

DIMENSICN 

DIMENSION 

DIMENSICN 

DIMENStCN 

OlMENSICN 

~1, H2, ~3, H4, HS, H6, H8, H9, Hll, Hl2, Hl3, Hl6, Hl9, 
~29, H3C, ~37, H38, H43, H44 
(}, C2, C3, C4, C5, Cl2, Cl3t Cl8, C20, C2lt C42, C47 
NC, )8(~ YEC 

Hl(l~wl), H2(15,1), H3(15,1), H4(15,1), H5(15,1), 
H6(l~wl), H7(15,1), H8(15,1), H9(15,1), Hll(l5,1), 
Hl~(l~,J), ~13( 15,}), Hl5(15,1), Hl6(15,1), Hl7{15,1), 
Hle(t~,]), Hl9(15~1), H2C(l5,1), H21(15,1), H22(15,1), 
H23(1~tl1w H24(15,1), H25(15,1), H26(15,1), H27(15,1), 
H28fl~.l), H29(15,1), H30(15,1), H31(15,1), H32(15,1) 
H33(1!,}), ~34(15,}), H35(15.1), H36(15,1), H37(15,1), 
H38(1~,1), H39{ 15,1), H40(15,1), H41(15,1), H42(15,1}, 
H4!(1~,]), ~44(15,1), H50(15,1), H51(15,1) 
Cl(l~,!), C2(15,~), C3(15,5), C4(15,5), C5(15,5), 
C7(1~.~), C€(15,5), C9(l~w5), C10(15,5), CllC15,5), 
Cl2(1~,5), Cl3(15,5), Cl4(15,5), Cl5(15,5J. Cl6(15,5), 
C17(1~,5), Cl8(15,5), C20(15,5), C2lfl5,5), C24(15,5), 
C25(1!,~), C26(15,5), C27(15,5), C28115,5), C29(15,5), 
C3~(l~t!l~ C35(15,5), C36(15,5), C37(15,5), C38(15,5) 
C39fl!.~), C4C(l5,5)~ C41(15,5), C42(15,5), C43(15,5), 
C44{15,5), C45(15,5J. C46(15,5), C47(15,5) 
, C3C(l5,5), C31(15,5J, C48(15,5), C49(15,5) 
NCfl~l. X{7~), Y(79), PAPT(20) 

C I~ITIALIZE ~PR~YS 

Figure A-6 Subroutine INVTRY (1 of 7) 
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N= 1 
00 25 Pl=l.l5 

1-!l(M.f\) = o.c 
H2(M,N) = o.o 
H3(M,N) = c.c 
f-!4(M,t\) = o. c 
Ht;(M,N) = o.c 
H6 ( M • t\) = o.o 
f-!7(M,N) = o. c 
H8(M"N) = o.c 
1-'CJ ( M 't\ ) -= o.o 

Hll(M,N) = c.o 
Hl2(M,t\') = o.o 
f-!13(M,~J = c.o 
Hl5(M,I\') = o.c 
Hl6(M,t\) = c.o 
Hl7(M,N) = c.c 
Hl8(M,f\) = ·C. 0 
HlCJ(M,I\') = o. 0 
H20(M,N) = o.c 
H2 U M ,I\ t = o.c 
H22(M,NJ = o. 0 
H23(M 9 N) = o.o 
H24(M,N) = o.c 
H25(M,f\) = c.c 
r26(M,f\l = o.c 
H27(M,I\') = o.o 
H2804,N) ;:::: o.c 
H29(M,Nt = o.o 
H30(M,NJ = o.o 
1-'31( M,l\) = c.c 
H.3 2 ( M, N) = o. 0 
1-'33(M,N) :: o.o 
H34(M,N) = o.o 
t-35(M,N) = o.o 
H36(M,N) = o.o 
I-'31(M,NJ - o.c 
1-'38(M,N) = o.c 
r39(M,N.l = o. 0 
1-'4004 ,N) = o.c 
H41 ( M, N J = o.o 
1-'4 2 ( M, 1\1) = c.o 
H4 3 ( 1'-4 ,N) = o.c 
t-'4 4 ( M, f\ ) = o.o 
H50(M,N)=O.O 
H51(M,N)=O.O 

25 CCNTINUE 
c 

DO 20 PI= 1, 15 
on 20 ~=1,5 

Cl(M,I\') = c. c 
C2(M,N) = o.o 
C3(M,N) = o.o 
C4(M,NJ = o.o 
C5(M,N) = o.o 
C7(M,f\i) = o. c 
(8(M,N) = o.c 
CCJ(M,I\') = o.o 

Figure A-6 Subroutine INVTRY (2 of 7) 
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c 

c 
c 

c 

C 10 ( M, N) = c.o 
CllfM.~) = o.o 
Cl2(~,t\} = o.c 
Cl3(M,N) = o.o 
C14(M,N) = o.o 
Cl5(M,t-..·) = a. o 
C16(M,N) = o.c 
Cl7(M,t\) = o.o 
Cl8(M,N) = c.o 
C.20 ( M ~ ~ J = o .. 0 
C2H~.N) = o.o 
C24(M,Nl = o.c 
C25(~.~) = o.o 
C26(M,N) "' c.c 
C27(M,N) = o.o 
C280~,f·d = o.c 
C29(M,I\) = c.c 
C30(M,N) = o.o 
C3U M, t-:) -- c.o 
C34(M,f\) = o.c 
C35(~,1'\) -= o. 0 
C36(M,f\J = o.o 
C3l(M,NJ = o.c 
C38(M,N) = o.c 
C3'9 ( M, t\ ) = c.o 
C40(M,N) = o.o 
C41 PI!, N) = o.o 
C42{M,ro = c.c 
C43(M,f\) = o.o 
C44(M,N) = o.o 
C45{M,N) = o.o 
C46 ( M, N} = 0~0 
C47(M,N) = c.o 
C48(M,f\)=C.O 
C49(M,f\)=C.O 

20 CONTINLE 

1=0 
J= 1 
NH=1 
IF INDO = c 
IFINOG = c 

55<1 CONTINLE 
IF ( ISA\If .. EC. C ) GO TC 120 
DO 31~ II = 1.1~ 

315 X(ll) = Y(tl) 

)(80 = 't8C 
ISAVE = C 
GO TO 140 

120 lf ( IENO .EC. <;«; ) GO lO 606 
REAr (~,3CE,ENn=~C5) ( )C(L),L=l,7~ >~ X80 

140 IF ((X(77) .GT •• 9) .AND. (X(77) .Ll. 1.1)) GO TO 160 
If ((X(77) .GT. ).t;) .ANO. ()(77) .LT •. 2.U) GC TO 551 
IF ( ( ( XeC.GT.C.9 ).Af\0.( XSO.LT.l.l ) ) .OR. 

1 ( ( X80.GT.l.9 ).ANO.( X80.LT.2.1 ) ) .OR. 

Figure A-6 Subroutine INVTRY (3 of 7) 
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2 ( ( >SC.GT.~.q ).AND.( X80.ll.3.1 ) ) ) GO TO 120 
WRITE ( E, 190) 

l~C FCRMAT (//, 1 *****PRECEDING CARD UNRECCGNIZABLE- C~ECK COLS 77 AN 
10 80****') 

GO.TO 120 
16n YGRPNO = XGRPNC 

XGRPN~ = 10CO.*X(35l + 1CO.*XC36) + 10.*X(37) + X(38) + 0.01 
IF ( XGRPNO .Lt. c~1 ) GO TO 549 
I F ( If IN [ 0 • E Q. «; c; ) GO T 0 '31 7 
IF INOC = C 
IFINOG = 'i9 
IF ( ISTART .EC. C ) GO 10 2C9 
IF ( ~eStXGRFNO-'IG~FNOJ .LT. 0.1 ) GO TO 210 

312 00 313 II = 1,7~ 
313 Y(lll = Xfll) 

Y80 = )8() 

ISAVE = 1 
GO TO !OC 

317 IF IN DC = C 
lFINDG = c;~ 

GO TO ~12 
505 J END = c;~ 

GO TO ~CC 
20~ TST~RT = 1 
210 t = I -+ 1 

N._. = I 
J = 1 
GO TO 1551 

( 

54~ IF ( ( IFINCO .EC. c;c;) .CR. (JFINDG .EQ. 9CJ) ) GO TO 499 
IFINDO = c;c; 
IF1NDG = C 
GO TO 210 

4<;9 IF INOG = C 
IFINOO = c;c; 
GO TO ~12 

551 CONTINUE 

( 
IF= ( J .NE. 1) GC TO ! ! 2 

HlCI,Jl=lOOO.*X(~~)+lOO.*X{24)+10.*XC25)+X(26)+.1 
H2(I,JI=lOCO.*X(3)+1CO.*Xf4)+10.*XI5)+X(6)+.1 
H3(I,Jl=lC0.*)(81+lO.*X(9)+XC10)+.1 
H4(1,J)=lCOO.*Xt11J+lCC.*XI12)+10.*X(13)+X(14)+.1 
H5(J,J)=10.*X(l50+X(l6)+.1 
H6(1,Jl=XC22)+.1 
H7(I,Jl=lCO.*Xfl~t+lO.*X(20)+X(21) 
H8(J,J)=lO.*X(l)+)(~J+.l 
H9(1.,J)=X(1)+.1 
H11(t,J)=lO.*X(21J+X(28)+.1 
Hl2(J,J)=1C.*X(2~1+)(30)+.1 
Hl3(1,J)=XC31)+.1 
~15(1,Jl=lOO.*XC3~)+10.*X(33J+X(34) 
H16(J,J)=lCCO.*)(~~J+lCC.*X(36)+1C.*Xl31)+X(38)+.1 
H17(1,J)=lOO.*X(3~J+lO.*XC4CJ+X(4l)+.l*X(42)+.01*X(43)+.001*X(44) 
Hl8(1.J)=lCO.*X(45l+lO.*X(46)+X(47)+.1*X(48J+.Ol*XC49)+.001*X(50) 
H5l(leJJ=l0.*)(11)+)(18) 
Hl9fi.J)=)f51)+.1 
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c 
c 
r 
(' 

(' ,. 
( 

c 

c 

c 

c 

I H 1 C1=H 1 ~ ( t • J J 
GO TO ( ~!3, !!~. ~55 ), IH19 

tCfNTIFIC.ATJCN 

It-:19 = 1 
lt-'19 = 2 
II- 19 = -3 

POINT HAl~RCS 
LCNGITUCIN~l ~AZAROS 
SLOPES 

S53 tONTt'NlJE 
H20(1,J)=lO.*X(~~)+~(!~J 
H2l(t,JJ=JO.*X(E()+)(61J+.l*X(62) 
H2 2 ( I, J ) = 10. *X ( f! H ) (f 4 J +. 1* X ( 6 5 J 
H23(1,J)=JCO.C*~(!4)+1C.O*X(55)+X(56J 
H24(t,JJ=1CC.0*~(!71+10.0*X(58J+X(5~) 
J=2 
GO TO 55~ 

5~4 CONTINL'E 
H25(I,JJ=IO.*X(5~l+X(!~) 
H26(1,J)=JO.*X(~41+)(!!J 
t-:27(t,J,=iO.*X(~f)+)(57)+.l*X(58) 
~28(I,JJ=JO.*X(!~)+)(6C) 

H29(1,JJ=X(6ll+.l 
H30(1,J)=X(62)+.1 

J=2 
GO TO ~sc; 

555 CONTINUE 
H3U I,J)=JO.*X(~~)+X(!!l 
H32(J,JJ=lO.*X(!~J+)(!~l 

H3!(1,JJ=X(5~)+.l*X(S7l 
H34fi.J)=)(~S)+.l*X(~9) 
H35(f,J)=lO.*X(6C1+X(61J 
H36 ( It J )= l O. *X ( t 2) +) ( t 3) 
H37(1.J):)((64)+.1 
H38(1,JJ=X(65)+.1 
~39([,J)=X(66)+.1*)(67) 

H40(t,J)=X(t8)+.l*X(69) 
H4l(I,JJ=JO.*X(7CJ+X(71J 
H42( I,J)=JO.*X(l~l+X(13) 
H43(l.J)=X(74)+.1 
H44(1,J)=X(7!J+.l 
J=2 
GO TO !!~ 

552 CONTINUE 
Cl(J,J)=lCCO.*XtlJ+lCO.*X{2)+10.*X(3J+X(4)+.1-
C2(I,JJ=lCCO.*X(~)+lOO.*X(6)+lO.*X(7)+X(8)+.1 
C3(I,JJ=lCC.*X(9~+1C.*)(l0)+X(11J+.l 
C4(I,JJ=lCCO.*X{l2J+lOO.*Xfl3J+lO.*X(l4J+X(l5J+.l 
C5( hJl=lO.*)(( 16 )+)( 17)+.1 
C7tJ,J)~tCOOOO.*X(JE)+lCC00.*)((19)-+lOOO .. *XC20J+lOO.*X(21)+ 

* 1C.*X(22J+X(23) 
C8( I,J)=JCC0.*)((4~1+100.*)(f25)+10.*)(26)+X(27) 
C9(I,Jl=lCOO.*Xf~8)+100.*X(2~)+lO.*X{30)+X{31) 
C10(l,JJ=lCOO.*X(~~J+lCC.*Xf33J+lO.*XC34)+X(35) 
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(': 

c 
c 
c 
c 
c 
c 
r. 

( 

( 

c 

Cll(I,Jl=lCCC.*)(!6J+lCC.*~C37)•lO.*X(38)+X(39) 
Cl2(I,Jl=X(40)+.1 

I C 12= C 12 ( I, J l 
GO TO (!56.551,55E,SfO),JC12 

IOENTIFJC~TTCN 

If 12 = 1 
I C 12 = 2 
IC12 .;: 3 
IC 12 = It 

POINT ~AZARO IMPPOVE~ENT 
LCNGITUOT~~l H~ZARO I~PROVEMENT 
SlCPE JMPPC~EMF.NT 
NC IMPPO~fMfNl 

580 CC~TINlJE 
NC (I l=J-1 
J=J+l 
GO TO ~5~ 

556 CCNTINt.JE 
C13(t,J)=X(41)+.1 
Cl4( I,J)=lO.*X(~~)+X(4~) 
Cl5(1,J)=lOO.*Xf~~)+lO.*X(43)+X(44) 
Cl6(f,J)=lO.*XC4!1+)(46) 
Cl7CI.J):Jo.•xc41J+)f4fl 
C20(1,J)=~(42)+0.1 

C 4 8 ( I, J }= 1 0. * ~ ( ~ 2) +X ( 4 ~ t 
"C49(J,J)=1C.*X(44)+)(45) 
NC (I J=J-1 
J=J+l 
GO TO ~5~ 

557 CONTINlE 
C 1 P. ( I , J )=X ( 41 )+ 0 .1 
C20(1,J)=X(4~)+.1 
C2l(I,J)=X(43)+.1 
C24(1.J)=lO.*X(44)+X(4!) 
C25CI,J)=lO.*X(46)+~(47l 
C26(I,Jl=1000.*)(~3)+1CC.*X(44l+lO.•X(45)+X(46) 
C27(I,Jl=JC00.*)(41)+1CC.*X(48)+10.*X(49)+X(50) 
C28(t,J)=lCCO.*X(!ll+lCC.*X(52)+lO.*X(53)+X(54) 
C29(1,Jl=lCCO.*X(!5)+1CC.*X(56)+10.*X(57)+X(58) 
C30CI.J)=lO.*Xf4ED+X(49) 
C31CI.Jl=IC.*X(5()+)(51) 
NC (I )=J-1 
J=J+l 
GO TO 55~ 

5 58 CONT IN lif 
Cl8(1,Jl=X(4l)+C.l 
C24(1,J)=lO.*XC4~1•X(4~) 
C25(I,Jl=lO.*Xf4iJ+)(47J 
C30(1,J)=JO.*X(~f)+)(4S) 

C~l(I,J)=1C.*X(5CJ+X(51) 
C34(t.J)=lOO.*XIf4J+lO.*Xf65)+X(66)+.l*X(67)+ 

* .Ol*XfE~)+.COl*X(6~) 
C35(1,J)=lCO.*X(7CJ+lC.*X(7l)+X(72)+.l*Xf73)+ 

* .Ol*X(1~)+.CC1*X(75) 
C36(1,Jl=1C.*X(~~)+X(43) 
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c 
~co 

c 
6C6 

c 
306 

c 

C 3 7 ( I, J )= l 0 • * X ( ' .t: ) + ) ( 4 5 ) 
C38( I,.J)=X(46)+.1*)(~7) 
C39(1,JJ=~C48)+.1*~(~q) 

C 4 0 ( I, J J= 1 0. *X ( ~ C )+) ( 51 ) 
C4U t,J)=lC.*X(!~)+)(~~) 
C 4 2 ( I , J J= )(( ~ 4 ) +. 1 
C43((,J)=)(55)+.1*)(~6) 

C4 4 « 1., J ):: :- ( 57)+. 1• X ( 5 f) 
C45( I,J)=JO.*X(~~)+)(60) 
C 46 ( I, J ) = 2 0. *X ( E I ) + )( E 2) 
c 47 C I, J )=X ( t! ) +. 1 
NC( I)=J-1 
J=J+l 
GO TO 55'-' 

CCNTINUE 
LP l=NC ( 11 
RETURN 

CONTINUE 
MES = 21 
RETURN 

FORMAT r7~Ft.o, 11) 

ENO 
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c ·················~·~················································· c 
SUBPCllf~E CPOE~l 

c 
( ·················~··················································· r. 
C SUBROUTINE TC Rf-aRPA~(E ltE H'2AROS I~ ASCE~DING CROEP B~SEC ON LATE 
C OFFSET DISTANCE FPO~ fCfE Of TRAVELLED LANE 
f 
{' 

r: 

c 

* 
* 
* 

COMMON I INVENT I 1, J, NH, LPl, LL, ~ES 
COMMON I ~INVNT I ~1, ~2, H3, H4, H5, H6, H7, H8, Hq, H11t Hl2, 

~~~. ~15, H16, Hllt H18, Hl9, H20, H21, H22, 
~23, ~24, H25, H26, H27t H28, H29t H30, H31, 
~32, H33, H34, H35, H36. H37, H38t H39, H40, 

* ~4i, H42, H43, H44, H5Q, H5l 

* 
* 
* 

COMMON I CINVNT I Cl .. C2, C3, C4t C5, Cl, C8, C9, ClOt Cl1, Cl2, 
C13, Cl4t Cl5, Cl6, C17t Cl8, C20t C2lt C24, 
C2~, C26, C27t cze, C29., C34, C35., C36, C37, 
C38, C39, C40, C41, C42, C43, C44, C45, C46, C47 

* , C3C, C31, C48, C49 

* 
* 

COMMON I SLOPES I K, f~OIRt BSOIR, FSERS, BSERS, FSSTP, BSSTP, 
FS~NG, BSANG, OFFST1, OFFST2, FSOFF, OELTA, 

COMMCN I 
INTFGER 

FSCI5. BSOIS 
H~SCNO I NCROER 
~l,A2tA3tA4,A5,A6tA8,A9,All,A12,Al3,Al6,Al9,A29,A30,A37, 

* ~38,A43,~44 
INTf€ER et,B2,e!,B4,85,812,Bl3,Bl8,B2CtB21,B42,847 

INTFG ER 

* INTE(;ER 
INTEGER 

tl, ~2, t3, H4, HS, H6, ~8, H~, Hll, Hl2t Hl3, Hl6t Hl9, 
~29, H3C, ~37, H38, H43, H44 
CJ, C2~ C~, C4, C5, C12, Cl3, C18, C20, CZ1t C42, C47 

FSOIR, B5CIR, FSERS, BSERS 

OIMfNSICN NC(l~J 
DIMENSION Hltl!,l), H2(15,IJ, H3(15,1), H4(15,1), H5(15,1), 

* H6(15,1), H7(15,}), H8(15,1}, H9(15,1), Hll(l5,1), 
* Hl2(l!,J), Hl3(15,1), Hl5(15,1), Hl6(15,1), Hl7(15,1), 
* Hl8(1!,]), Hl9(15,1), H20(15,1), H21(15,1), H22(15,1), 
* H231J!,l), H24(15,1), H25(15,1), H26(15,1), H27(15,1), 
* H28tl~,J), H29(15,1), H30(15tllt H31(15tll~ H32(15,1l 

OIMENSICN H33(1~,J), ~34(15,11, H35(15,1), H36(15,1J, H37(15,1), 
* H3E(l!,)), H39(15,1), H40(15,1), H41(15,1), H42(15,1), 
* H43(1~,1), f-144(15,1)., H5C(l5,1), H51(15,1) 
OIMENSIC~ Cl(l!t!), (2{15,5), C3(15~5), C4(15,5), C5(15,5), 

* Clfl!,~), C£(15,5), C9(15,5), Cl0(15,5), Cll(15,5), 
* Cl2fl~.Sl, Cl3(15,5), Cl4(15,5), Cl5(15,5J, Cl6(15,5), 
* C17f15,5), Cl8(15,5J, C2Cfl5,5), C2lf15,5), C24(15,5J, 
* C25(1!,5), C26(1~,5J, C27(15,5), C28(15,5,, C29(15,5), 
* C34tl5,5), C35(15,5), C36(15,5J, C37Cl5,5), C38(15,5) 
OI~ENSICN C39(1!,5), C4C(l5,5), C41(15,5), C42(15,5), C43(15,5J, 

* C44(15.5), C45(15,5), C46(15,5), C47(15t5) 
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• 
* 
* 
* 
• 
* 

* 

* 
* 

* 
* 
* 
* 

* 
* 
* 

c 

c 
ICC 

c 
101 

c 
102 

( 

c 

10 
c 

DIMENSICN 

Dl~ENSION 

DI~ENSICN 

IJI~fNSICN 

DIMENSION 

Dlf"FNSICN 
OIMENSICN 

t Ljl(l~t:lt L~l\!'t~l~ C~~\L~t~lt ~~~\L~v~l 

Al(l~.~), A2(15,5), A3(15,5), A4Cl5,5), A5(15,5), 
A1(1~.~), Af(15.5t, A9(15,5)• Al0(15,5t, A11(15,5), 
Al2(15,5), Al3(15,5), Al4(15~5l, Al5(1S~5), Al6(15,5), 
Al7(1~,5}, Al8(15,5), A20(15,5), A21(15,5t, A24(15,5), 
A25(1~,5), A26(15,~), A27(15,5), A28(15,5), A29(15,5), 
A34(1!,5), A35(15~5), A36(15,5), A37(15,5), A38(15,5) 
A39{1!,5), A4C(15,5J, A41(15,5}, A42(15,5), A43(15,5), 
A44(15~5), A45(15,5), A46(15,5), A47(15.5), 
A50(1~,5), A!l(l5,5) 

A6f15.!), Al~(l5,5), A22(15,5), A23(15,5), A30(15,5lt 
A31(15,~), A32(15,5), A33(15t51 
81(l~.~),E2(15,5),B3ll5,5),84(15,5),B5(15,5),87(15,5), 

88(15,~),89(15,5)~810(15,5),811(15,5),812(15,5), 
813(1~,5l,Bl4(15,5),B15115,5),816(15,5),817(15,5), 
Bl8(t5,51,B2oct5,5l,e21t 15,5J,824tl5,sJ,e25fl5,5J, 
826(1~~~),827(15.5),828(15,5),829(15,5),834(15,5)" 
835(1!,5), 836(15,5t,B37(15,5),838l15,5),839(15,5), 
8~CC15,5),8~1(15,5),8~2(15,5),843(15,5),844(15,5), 
845(1!,5),8~6(15,5),841(15,5),B30(15,5), 

B3Hl~.~),Bo4S( 15,5), B49(15w5) 
NtlPOE~ClS) 
HOFF(l!wllt NCOUNl(l5), MM(l5) 

lf(N~.EQ.l) GO 1( 1~ 

DO 10 L=l,NH 
NCCUNT (ll= 1 
11-419=HlC3(l,l) 
GO TO ( ICC, lCl, 1C2 )., IH19 

CONTINtf 
HO~F(l,ll=H20(l,1) 

PtiM(l)=l 
GO l'O 10 

CONTINUE 
HOff(l, ll=.5*(H2~(L,l)+H26(l,l)) 
~M(l)=L 

GO TO 10 

CONTINUE 
K = l 
LL=l 

CALL SLOPE! 

HOFt=t lt J J=FSOFF 
MM(l)=l 
CONTINUE 

N l=NH-1 
00 12 t\= 1 ,Nl 
IPJ=N+l 
DO 12 I<= IP 1, NH 
lf(HOff(N,ll.LE.~Cff(K,ll) GO TO 12 
TEMP = HOFF(N,}) 
HOFf(N,lJ=HOFFIK,J) 
HOFF ( K, 1 )=TEMP 
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c 
c 

c 

c 

c 

c 

ITE.,P=,.,M(") 
MM (N )=,.,(I() 
~M(KJ=lTEPIP 

12 CONTINUE 

no 55 lll=l,NH 
K=MM(~) 

AHM, 1) - HHI<.l) 
A2(M,]) = H2(1C~J) 
A3fMvl) = f-13(1<~1) 

A4(M,l) = H4(1<,]) 
A5(M~l) = t-'5(1<,]) 
A6 ( M, l ) = t-'l:(K.,)) 
A7(M.,]) = H7(1C,l) 
Atl(M.,l) = HtHIC,)) 
A9CMtll = H9(1<.,)J 

I All(M.,I) = Hll(l<.u 
A12(M.,J) = t-'12(1<,]) 
Al3(M,J) = t-'13(1<.,]) 
Al5(M,l) = H15(K,J) 
Al6(M,l) = Hlll(l<,l) 
Al7(M.,ll = ... 17(1<.,]) 
Al8(M.,JJ = HU!(I<,l) 
Al9(M,J) = Hl~(!<,J) 

A50(M,)} = H50(1<,1) 
ASJ(M,l) = t-'~1(1<,]) 
lt-119=f-ll~(t<, 1) 
GO T0(50,~1,52J~IH19 

50 CONTINUE 
A20(M,)) -= H2C(I<., 1J 
A2UM,lJ = H21( t<, 1) 
A22tM,J) : f-122(1<,)) 
A23{M,J) = H23(K,J) 
A2~(M,J) = H24(K.,ll 
GO TO cc; 

J ... 

51 CONTINUE 
A25CM.,)) = H25(1<.,1 l 
A26fMwl) = f-i2t(t<,)} 
A27(M,1) = H27(t<.,l) 
A28(M,)) = f-i28(t<.,)) 
A29(M,J) = H29(1<, 1) 

A30(M,J) = H3C(K .,} ) 
GO TO cc 

- J 

52 CONTINUF 
A3l(M,l) = H3ltt<,J) 
A32(M,l) = H32(t<,]) · 
A33(M,JJ = f-133(1<,]) 
A34(M.,]J = H34(t<.,lt 
A35(M,l) = t-135(1<,1) 
A36(M,J) = H3t(l<.,l) 
A37(M,l) = H37(K,lJ 
A38{M,]) = H3S(t<.,l) 
A39(M~l) = 1-139(1<.,1) 
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... ,. u ' ,., • .& ' - t 1
""f V' ''" .t. I 

A4l(M,l) = f-141( 1< .1 ) 
A42{M,l) = J-'~ 2 (1<., 1 ) 
A43(M.,I) % foi4 3 (I< It 1) 
A44(M,l) = H~ 4 (I<" l) 

55 COf\TINUE 
c 

DO 35 ~=I,NH 
K-=M 
~l(M,l) = AUt<,)) 
H2(fii,1J = A2(t<,l) 
H3(M,l) = A3(1<,}) 
t-4(M,)) = A4(1<,1) 
H"i(M,)) = A5(1<,1) 
H6 ( M, 1 ) = A6(1<,l) 
H7(M, 1) = A7(1<,1) 
H8(M, 1) = A8(t<.,l) 
H9(M,J) = ACJ(I<,l) 

f-lll(M, 1) = All(t<,ll 
Hl2(M,)) = Al2(1<,1) 
Hl3(M,l) % Al3(1<,1) 
Hl5(M, 1) = Al5(K,l) 
t-116(M,l) = A16(1<,1) 
Hl7(M,l) = Al1(K,l) 
Hl8(M,l) = AU!(l<,lJ 
t-119(M, 1) = Alt;(K,l) 
H50(M,)) = ~5C(t<,l) 

H5l{M,l) = A51(1<,1) 
c 

1Hl9=Al~(fc, 1) 
GO T0(40,41,42),JH19 

c 
40 CONTINL'E 

H20(M,l) = A20(J<,l) 
H2lf M,l) = A21( I<, 1 ) 
H22(M,lJ ::: A22(1<,1J 
H2~(M,l) = A23(K,1J 
H24{M,l) = A24(1<.,1) 
GO TO "21::; 

~..-

c 
41 CONTINUE 

H25(M,l) = A25(1<,.J) 
H26(M,ll = A2f(K.,l) 
H27(M,l) == A21(1< .. JJ 
1-128fM.,lJ = A2E!(K.,t) 
H29(M.,lJ = A2~(1<.,]) 
H30(M.,l) = A30(1<,1J 
GO TO 35 

c 
42 CONTI~UE 

H3l(M.,)J = A~l(l<.,ll 
H32(M.,JJ = A32(1<.,1J 
H33(M,1J = A33(t<,)) 
H3lt(M.,l) = A34(t<.,JJ 
H35(M.,}) = A35(1<,1) 
1-13l:(M-.J) = A3E(K,)) 
t-1310~ .. 1) = A31(1<.,1) 
H38(M,l) = A3S(I<.,l) 
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t'l.:)"; \ 1'1 t J I = A.:.-, \ 1\ ., .J I 

H4004, 1) = A4C(K,ll 
H4l(M,I) = A4U I< ,1 l 
~4 2( M, 1 l = A42(1C,l) 
H43(M,ll = A4~(1<.,1) 
H44 ( M, J ) :: A44(1<,1) 

35 CONTINL'E 
c 
r. 

Nl = LPl + 1 
DO 60 ~= },1\'H 
on 60 "=2,Nl 
K=~M(M) 

Bl(M,N) = CHI<,I'\:1 
B2(M,I\') = t2(t<.,NJ 
B3(M,rq = C3(t<,t0 
84(M.,N) = (4(1<,f\) 

.j 

85(M,N) = C5(t<,t-.) 
87(M,N) = Cl(I<,N) 
ea1M.~n = Cf!(lc,N) 
B'1(M,NJ = tfi(t<,NJ 
BlOUhNl = ClC(I<,Nl 
Bll(M,N) = Cl}(t<,l\') 
Bl2(,.,N) = C12(1<,NJ 

c 
I B 12= e 12 ( M , N) 
GO TOI64,t5,6ft6C),I812 

c 
64 CONTINlif 

Bl304.,N) = C13(1<.,Nl 
Bl4(M,NJ = (14(1<.,1\') 
815(M,Nl = Cl~(t<,N) 
Bl6(M,N) = (16(1(,") 
Bl7(M,N) = C11(1<,N) 
B20{M.,NJ = C2C{I<,N) 
B48(M,Nl = c~te(l<,"l 
84'1{P',.NJ = C4~(K,N) 

GO TO 6C 
c 

65 CONTINUE 
Bl8(M,NJ = CU~(t<,f\) 

B20(~,N) = C2C(1<.,N) 
82U~tNl = (21(1<.,1\') 
824(M,N) = C24(K,N) 
825(M,N) = C2~(1<,N) 

B26(M•N) = C26(1<,N) 
821(M,N) = C27(t<,Nl 
B28(M,N) = C2e(I<,N) 
B29(M,N) = C2'1(K,N) 
e·3o c", N, = C~C(I<,N) 
831(M,Nl = C2l(K,t0 

GO TO 60 
c 

61: CONTINUE 
818(M,N) = Clf(J<,N) 
824(fiii,N) = C24(JC,NJ 
825(M,N) = C2~(1<,N) 

830(M,N) = C3Cit< ,ro 
Fig·ure A-7 Subroutine ORDERl (5 of 7) 
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f:3jl(M,I\I = t.!!\J<.,NI 
B34(~.,N) = C34(1<,t\l 
B35(~,N) = C3~(1<.,N) 

B36(t4,Nl = C3Eft<,N1 
B37(M.,N) = C37(1<.,N) 
8381M,N) = C3f (I( ,N) 
A39(t',f\') = C3t;(J<,N) 
840(M,N) = C4C(I<,N) 
B4H.,,f\'J = C4l(I<,N) 
842(M,N) 0:: C~2(1c',td 

843(M,N) = C4~(1<.,Nl 
B44(~,NJ = C44(1<.,N) 
845(M,f\') = (45(1<.,~) 

B 46 ( t'., f\ ) = C4f(lt,N) 
B41(~,NJ = C41(1<.,f\) 

60 CONT INL'E 
r. 
c 

Nl = LPl + l 
no 30 tJ= 1. NH 
00 30 f\=2,Nl 
K=M 

C lfM,N) = 81(1<,1\) 
C2(M,N) = B2(1<,tO 
C3(M,NJ = B~(t<,N) 

C4(~,f\J = B4(K,NJ 
C5CM,f\) = e~nc'"' 
C71M.,NJ = B11K..,I\) 
C8(M,N) = 88(1< ,N) 
C9(M,N l = E~(I<,N) 
ClO(P'.,NJ = BlO(I<,N) 
Cll(M,NJ = etutc,NJ 
Cl2{tJ,f\') = B12(K,N) 

c 
l C 12=C 12 ( fl, N l 
GO T0(44,45,46,30).,IC12 

c 
44 CONTINUE 

Cl3(fi',NJ = el3tt<,to 
Cl4(M,Nl = 814(1<,N) 
C15(M,Nt = B 15( I<, N) 
C 16(~, N) = Bl~(I<,Nl 
Cl1(P',NJ = Bl7(f<,t0 
C20(f'.,N) = B20(1<,N) 
C4S(fJ,I\) = B4S(I<,N) 
C49(~,N) = B 49 ( 1<, f\') 

GO TO 30 
r. 

45 CONTHWE 
Cl8(M,Nl = etecJ<,I\J 
C20(fo',Nl = B2C(I<,NJ 
C2l(M.,Nl = ezHt<,NJ 
C24(M,N) = 824(1<,N) 
C25(~,N) = 825(1<,N) 
C26(M,N) = 82HK,Nt 
C270'1,N) = B27(1<,N) 
C28(P',N) = 828(1<,N) 
C29(fl,N) = B29(K,N) 

Figure A-7 Subroutine ORDERl (6 of 7) 
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C'30(M.N) = B~O(tc,N) 
C3UM.N) = B31(1<.Nl 

GO TO ~0 
r. 

46 CONTINUE 
Cl8(M,N) = BISII<."l 
C24(M,N) = B24(1<.N) 
C.25{M.Nr = B2~(tc.N) 
C30(~.N) = B30(1<.Nl 
C:3UM.N) ::: 83l(I<.,N) 
C31t(~.N) = B31tfi<.N) 
C35(~.N) = B35(1<.N) 
C36(M.N) = B 36( I< .N) 
C37(M.,N) ·- B37(1<.N) 
C38(M,N) = B3e(f<,N) 
C39(M,N) == B 3c:l (f< • N J 
CltO(fi..NJ = B4C(I<.,N) 
Cit 1( fli • N) = B~l(I<,N) 
C42U4,N) = B42(1<,N) 
C43(M.,N) = B~3(tc,NJ 
Clt4(ft,N) :: Blt4(1<,Nl 
Clt5(M,NJ = Blt5(1<,N) 
C46 ( M,to = Blt6(1<,N) 
Clt7(M,N) = Blt1(t<,") 

30 CONTINUF 
14 CCN'TINUE 

~ETURN 

c 
END 

Figure A-7 Subroutine ORDERl (7 of 7) 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUBROUTINE ORDER2 
c 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C SUBROUTINE REARR~~GES HAZARDS LONGITUDINALLY WITHIN A GROUP 
C FQR INSTALLATION OF A SINGLE LENGTH OF GUARDRAIL TO PROTECT THE GROUP 
c 
c 

c 

c 

c 
c 

c 

COMMON I INVENT I I, J, NH, LPl, llt MES 
COMMON I HINVNT I Hlt H2, H3, H4 9 H5, H6, H7, HB, H9, H11t Hl2, 

* Hl3, Hl5, Hl6, Hl7, Hl8, Hl9, H20, H21, H22, 
* H23, H24 9 H25 9 H26, H27, H28, H29, H30, H3l, 
* H32, H33t H34, H35, H36, H37, H38, H39, H40t 
* H41, H42t H43, H44, H50, H51 

COMMON I PTHZGR I NPTGR, HLGTH 
COMMON I ARGR2 I ~M 

INTEGER Hl, H2, H3, H4 9 H5, H6, H8, H9, Hll, H12, Hl3, H16, Hl9t 
* H29, H30, H37t H38, H43, H44 

* • 
* 
* • 
• 

DIMENSION 

DIMENSION 

* DIMENSION 

DO 5 N=1,NH 
MM{Nl=N 

5 CONTINUE 
I H 6=H 6 II , 1) 

H1(15,1), H2(15,1), H3Cl5,1), H4(15,1), H5(15,1J, 
H6(15,1), H7(15,ll, H8(15,1), H9(15,1), Hll(15,1), 
Hl2(15,1), Hl3(15,l), H15(15tl), Hl6(15,U, H17(15,1), 
H 18 ( 15 , 1) , H 19 ( 15 , 1) , H 20 ( 15, 1) t H 21( 15, U , H 22 ( 15 t l) , 
H23(15 9 l), H24(15,1), H25(15,1), H26(15,1), H27Cl5,1), 
H28(15,l), H29(15,1), H30(l5,ll, H3U15,U, H32(15,1) 
H33(15,1), H34(15,1), H35(15,l), H36(15,U, H37(15,1), 
H38(15,llt H39(15,1), H40(15,l), H41(15,1), H42(15,1), 
H43(15,U, H44(15,1), H50(15,1), H5U15,U 
MM ( 15) 

GO TO ( 10 t 12 ) , I H6 

10 CONTINUE 
Nl=NH-1 
00 14 N=l,Nl 
IPl=N+l 
DO 14 K=IPl,NH 
IF ( Hl7(N,l) .LE. Hl7(K,l) ) GO TO 14 
ITEMP=MMtNJ 
MM(Nl=~M(K) 

MM(K)=ITEMP 
14 CONTINUE 

II =MM ( 1) 

Figure A-8 Subroutine ORDER2 (1 of 2) 
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c 

c 

JJ=MMlNH) 
HLGTH=ABSIH17(11,1J-Hl7(JJ,l))+H24(JJ,l) 
GO TO 16 

12 CONTINUE 
Nl=NH-1 
DO 18 N=l,N1 
I P l=N+ l 
DO 18 K=IPl,NH 
IF ( Hl7(N,U .GE. Hl7(K,l) ) GO TO 18 
ITEMP=MM(N) 
MM( Nl=MM(f<J 
MMCK)=ITEMP 

18 CONTINUE 
II=MM(l) 
JJ=MMCNH) 
HLGTH=ABS(H17(II,l)-Hl7CJJ,1))+H24CJJ,1) 

16 CONTINUE 
RETURN 

END 

Figure A-8 Subroutine ORDER2 (2 of 2) 
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r *******************•••••••••••••••••••••••••••*********************** 
(" 

SUePOllJN£ ~INCE> 
r 
c ******************C************************************************** 
c 
[ ~tZARC-INCEX SUe~OUTINE. ~~ZARD-INOEX IS DEfiNED AS THE NUMBER Of fA 
C OR NCN-F~T~L ~CCICfNTS PER YEAR ASSOCIATED WITH A CNE OIRFCTIO~At 
C ROADW~V. FOR MEDI~~ ANAtV~IS, THE HAZARD-INDEX IS COMPUTED FOR EACH 
C ROAOW~Y SEPARATELY, ~NO ~~E TWC MEASURES ARE ADDEO. REFER TO ECUATIO 
C PAGES 19 ANC 20 IN NCHRP PROJECT 2G-7 BY ~R. J.C. GLENNON FCRMERLY Of 
c 
c 

c 

c 

c 
c 

CO"MON I INVENT I 
COMMON I ~INVNT I 

I, J, NH, l P 1, ll, ME S 
Hl, H2, H3, H4, H5, H6, H7, H8, H9, Hll, ~12, 

~13, ~15, H16, Hl7, Hl8, Hl9, H20, H21, H22v 
~23, H24, ~25, H2f, H27, H28, H29, H30t H3l, 
H32, H33t H34, H35, H36, H37, H38, H39, H40, 
H4l, H42, H43, H44, H50, H51 

* 
* 
* 
* 

* 

CO~MCN I CCNSNT I 
COMMON I HZINCX I 
CCMMON I ~A2RD~ I 

CCMMON I fRtNC' I 

r, THETA, RAD, ANG, RSIN, RTAN, LIFE, Rl 
YLAT, HLE~G, HWIO, ISLOPE, H 
~11, ~12, 51, Sll, SI2, R, P, UPAY, PSUM, HIB, 
~1A 
AC1, EF 

COM~ON I F~OBTY I 
COMMCN I ~CN~WY I 

y, pp 
NCCNTR, MCNTH, NYEAR 

INTEGER tl, ~2• ~3, ~4, H5, H6, H8, Hq, Hll, Hl2, Hl3, H16, Hl9, 
* ~29, H30, H37, H38, H43, H44 

* • 
* 
* 
* 
* 

DlfotENSlQN 

OIMFNSICN 

* OIMfNSlGN 
Ot~E"SlCN 

Hl(l!,l), H2(1S,l), H3(15,1), H4(15,1), H5(15,1), 
H6(1~,1)_, H7(15,llt H8(15tllw H9(15vl), H11(15tll, 
Hl~( 15,}), H13(15,1). Hl5(15.1), Hl6(15,1), Hl7(15,1), 
Hl8(1!,}), t-!19(15,1), H20(15,1), H21(15,1), H22(15,1), 
H23(1!,}), ~24( 15,1), H25(15,1), H26(15,1), H27(15,1), 
H28(15,1), H29(15,1), H30(15,1), H3ll15,1), H32(15,1) 
H:? ~ ( 1!., 1 ) , t- 31t ( 15, 1)., H 3 5 ( 15, U , H36 ( 15, ll t H37 ( 15, 1 ) , 
H3€tl5,J), H39( 15,1)., H40{15,1)• H41(15,1), H42{15tllt 
H~~(1!,]), H44(15,1), H5C(l5tllt H51(15,1) 
YL~T(l5.,5), HLENGC15,S), HWtDfl5,5) 
Sl(15), Hll(l5,2), Ht2115,2)., Sl2(15,5}, Sll(l5,1) 

lf(NCCNTR.EQ.O) ~C ~C 4C4 
lf(~9(I,ll .EC. ~ .OP. H9(1,1) .EC. 5 .OR. H9(1,1) .EQ. 7) 

* GO TO 402 
GO TO 404 

4C2 CONTlf\lJE 

Figure A-9 Subroutine HINDEX (1 of 2) 
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c 

( 

c 

( 

c 

c 

( 

c 

c 

c 

r 

c 

r 

YLAT(I.Jl=~LAT(t~J)+~5l(l,ll 
404 CONTINUf 

CAll CCN511 

AOT=H7(t,ll 

CALL FPEC 

Y=YLAT (I .LL) 
W=l-' 1nlC( t.Ll) 
1-'l = t-l Ef\ G ( I, ll ) 
If ( ISLCFE .EC. 1 ) GO TO 100 
Cl=t-l+C*~5IN+W*~lAN 

CAll P~Cle 

C4=Cl*PP 
GO TO 102 

100 CGNTINUf 

CALL Pf'OB 

Pl=PP 
Y1=Y 
Y-=Y1+0*.5 

CALL PPCe 

P2=PP 
IF ( W .Gl. 2.! l GC TO 104 
N= 1 
Y=Yt+O+W*.! 

CAll PftCle 

P 3-=PP 
GO TO lCf: 

104 CONTINUE 
N=W/2 .. ! 
P3=0. 
00 10 l= 1 ,N 
Al=W*(2*L-l)/(2*~) 
Y=Yl+C+Al 

CAll PPCB 

P3=P3+PP 
10 CONT INUf 

106 CONTINUE 
C4=Hl*P1+C*RSIN*P~+W*RlAN*P3/N 

102 CONTINUE 
1-'=fF*SI(ll*C4/lC!fC. 
RETURN 

ENO 

Figure.A-9 Subroutine HINDEX (2 of 2) 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUBROUTINE SLIST 
c 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C SUBROUTINE PRINTS OUT A LISTING OF SUBROUTINE NAMES AND DESCRIPTIONS 
c 
c 

c 
c 

c 

c 

DIMENSION NAME(40v2), IDESCC40,19l, NCC40) 

WRITEC6,95) 
NSUB=39 
WRITEC6,96) 
DO 2 I=l,NSUB 
READ(5,99) (NAME(J,J), J=l,2) 

2 CONTINUE 

K:i:l 
00 15 t=l,NSUB 

8 CONTINUE 
REA0(5,100)(1DESC(I,N), N=l,19), J 
IF(K .EQ. 1) GO TO 25 
GO TO 26 

25 CONTINUE 
WRITE(6,105.J,(NAME(I,MM),MM=l,2),(JOESC(t,N),N=l,l9) 
GO TO 20 

26 CONTINUE 
WRITE(6,106) (IOESC(J,N),N=l,l9) 

20 CONTINUE 
IF(J .fQ. ll GO TO 16 
K=K+l 
GO TO 8 

16 CONTINUE 
K=1 
WRITE(f,l07) 

15 CONTINUE 

C FORMAT STATEMENTS 
c 

c 

95 FORMAT( lHl ) 
96 FORMAT(///, T46, 'L I S T 0 F SUB R 0 U T IN E s•,///, 

* Tl5, 'NUMBER•, T25, •SUBROUTINE•, T63, •DESCRIPTION OF SUBROUTINE 
* ' , I, T 2 8, • NAME ' , II ) 

99 FORMAT( 2A4 l 
100 FORMAT(l9A4, 14) 
105 FORMAT(Tl7,12,T26t2A4tT39,19A4 
106 FORMATCT39,19A4) 
107 FORMAT( /) 

RETURN 

END 

Figure A-10 Subroutine SLIST (1 of 1) 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUBROUTINE HWY 
c 
c ********************************************************************* c 
C SUBROUTINE CONTAINS DESCRIPTION OF HIGHWAY (TYPE AND CLASSIFICATION) 
c 
c 

c 

c 
c 

c 

c 

c 

COMMON I INFO I TYPE, CLASS 

DIMENSION TYPE(l0,20), CLASS(10,20) 

DO 10 L=l,lO 
READ(5,100)(TYPE(L,M),M=l,20) 

10 CONTINUE 

DO 12 L=l,7 
READ(5,100)(CLASS{L,M),M=l,20) 

12 CONTINUE 

100 FORMAH20A4) 

RETURN 
END 

Figure A-ll Subroutine HWY (1 of 1) 
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c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUB~OUTINE DIST 
c 
c ************************************************************ 
c 
C SUBROUTINE READS AND STORES INFOR~ATION ON THE RELATICNSHIP 
C BETWEEN COUNTY AND DISTRICT NUMBERS. 
c 
c 

c 

c 
c 

c 

COMMON I DISTl I IDIST 

DIMENSION IOISTI255) 

READ ( 5,999 ) C IOISTII), 1=1,255 ) 
qqq FORMAT ( 2014 ) 

RETURN 

~0 

Figure A-12 Subroutine DIST (1 of 1) 

A-44 



c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUBROUTINE ERROR 
c 
c ******************************************************************* 
c 
C SUBROUTINE CONTAINS ERRCR OR FLAG MESSAGES THAT ARE BUILT INTO THE 
C COMPUTER PROGRAM. A LIST OF THESE MESSAGES IS PRESENTED LATER. 
c 
c 

c 

c 
c 

c 

COMMON I ERRORl I MG, NMES 

DIMENSION MG(60,20), NAMEC60,4) 

WRITEC6,95) 
WRITE(6,100) 
NMES=51 
DO 2 I=l,NMES 
READ( 5,99) (NAME( I ,J) ,J=l ,4) 

2 CONTINUE 
00 150 I= l,NMES 
READ( 5,340) (MG(I ,J) ,J=l ,20) 
WRITE(6,350) I,CNAMECI,Nl,N=l,4),(MG(I,J),J=l,20) 

150 CONTINUE 

C FORMAT STATEMENTS 
c 

c 

95 FORMAT( lH 1J 
99 FORMAT(4A4) 

100 FORMAT(///, T41, 1 L I S T 0 F E R R 0 R 0 R F L A G M E 
*S SAGE S1 ,///,Tl5, 'MESSAGE•, T26, 1 SU8ROUTINES•, T63, 
* 'DESCRIPTION OF MESSAGE•, /, Tl6t 1 NAME 1 t // ) 

340 FORMAT(20A4) 
350 FORMAT( Tl7, 12, T25, 4A4, T42, 20A4, I ) 

RETURN 
END 

Figure A-13 Subroutine ERROR (1 of 1) 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUBROUTINE SEVRTY 
c 
c ******************************************************************* c 
C SUBROUTINf TO READ ANU STORE SEVERITY-INDICIES OBTAINED FROM THO. 
C THESE INDICIES ARE ADJUSTED TO TAKE INTO CONSIDERATION THE HIGHER 
C DAMAGE COSTS ASSOCIATED WITH FIXED HAZARDS SUCH AS A BRIDGE PIER. 
c 

c 

c 
c 

c 

c 

c 
c 
c 
c 
c 
c 
'c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

COMMON I SEVERE I S 

DIMENSION SC14,7,4,4) 

WRITE (6,100) 

J=O 
K=O 
L=O 
IJ=l 
IK= 1 
IL= 1 

DO 500 1=1,14 
GO TO I 515, 515, 505, 515, 503, 520, 506, 515, 504, 503, 502, 

* 506, 507, 504), I 

IDENTIFICATION 

1=01 UTILITY POLES 
I=02 TREES 
1=03 RIGID SIGNPOST 
I=04 RIGID BASE LUMINAIRE SUPPORT ' 
1=05 CURBS 
1=06 GUARDRAIL OR MEDIAN BARRIER 
1=07 ROADSIDE SLOPE 
1=08 WASHOUT 
1=09 CULVERTS 
1=10 INLETS 
1=11 ROADWAY UNDER BRIDGE STRUCTURE 
1=12 ROADWAY OVER BRIDGE STRUCTURE 
1=13 RETAINING WALL 

I = 14 MISC PT HAZARDS 

501 JJ=1 
GO TO 516 

502 JJ=3 
GO TO 516 

Figure A-14 Subroutine SEVRTY (1 of 3) 
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c 

503 JJ=3 
GO TO 516 

504 JJ=4 
GO TO ·516 

505 JJ=5 
GO TO 516 

506 JJ=6 
GO TO 516 

507 JJ = 2 
GO TO 516 

515 CONTINUE 
READ (5,300) S(I,IJ,IK,IL) 
X=SI t,IJ,II<,IL) 
IF(X .LE. 4.0) GO TO 299 
IF(X .GT. 4.0 .AND. X ~LE. 1.0) GO TO 301 
GO TO 302 

301 S(I,IJ,IK,ILJ=l.O*X-24.0 
GO TO 2q9 

302 S( I,IJtiK,IU=25.0*X-150.0 
299 CONTINUE 

WRITE(6,102) I,J,K,L,X,Sli,IJ,tK,Il) 
GO TO 525 

516 CONTINUE 
READ (5,300) (S(I,J,IK,IL), J=1,JJl 
DO 518 J=1,JJ 
X=S( I,J,IK,IL) 
IF(X .LE. 4.0) GO TO 304 
IFtX .GT. 4.0 .AND. X .LE. 7.0) GO TO 305 
GO TO 306 

305 S(I,J,IK,Il)=1.0*X-24.0 
GO TO 304 

306 S(I,J,IK,Ili=25.0*X~150.0 
304 CONTINUE 
518 WRITE(6,102t I,J,K,L,X,Slt,J,IK,IL) 

GO TO 525 
520 CONTINUE 

DO 522 J=l,7 
DO 522 1<=1,4 

522 READ (5,300) CSCI,J,K,L), l=l,4) 
00 523 J=l,7 
DO 523 K=lt4 
DO 523 L=lt4 
X=SC I ,J,K,L) 
IFIX .LE. 4.0) GO TO 308 
IFlX .GT. 4.0 .AND. X .LE. 7.0) GO TO 309 
GO TO :HO 

309 S(I,Jrl<tll=l.O*X-24.0 
GO TO 308 

310 S(I,J,K,L)=25.0*X-150.0 

Figure A-14 Subroutine SEVRTY (2 of 3) 
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c 

c 

308 CONTINUE 
523 WRITEl6,102t I,J,K,L,X,SII,J,K,L) 
52 5 CONTINUE 

WRITE (6,103) 
J=O 
K=O 
l=O 

500 CONTINUE 

300 FORMAT ll6F5.1) 
100 FORMATClHlt //, T44, 'SEVERITY IN DICE s•, 

* 1//, Tl8, 'IDENTIFICATION 
* CODE', T42t •DESCRIPTOR CODE•, T62, •END TREATMENT CODE•, T87, 
*'SEVERITY-INDEX•, /, T60, 1 BEGINNING•, T76t 'ENDING•, 
*T85, 1 SURVEV•,Tg5, 1 ADJUSTED 1 ,//) 

102 FORMAT(T27,12,T48,I2,T64,Il,T78,Il,T86,F4.l,T96,F5.1) 
103 FORMAT ( //) 

RETURN 

END 

Figure A-14 Subroutine SEVRTY (3 of 3) 
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c *************************************************************************** 
c 

SUBROUTINE ADJUST 
c 
c *************************************************************************** c 
C SUBROUTINE TO ADJUST SEVERITY-INCICIES 
C CALCULATED IN SUBROUTINE VDITCH 
c 

COMMON I HOITCH I SO, w, WO, SOA 
SD=SD*lO.O 
IF( SO .LE. 4.0 )GO TO 50 
IF( SO .GT. 4.0 .AND. SO .LT. 7.0 )GO TO 51 
50=25.0 * so - 150.0 
GO TO 50 

51 CONTINUE 
SO= 7.0 * SO - 24.0 

50 CONTINUE 
SDA=SD 
RETURN 
END 

Figure A-15 Subroutine ADJUST (1 of 1) 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUBROUTINE CCNSTl 
c 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C SUBROUTINE TO COMPUTE CCNSTANT V~LUES 
c 
c 

c 
c 

COMMON I CONSNT I D, THETA, RAO, ANG, RSIN, RTAN, LIFE, RI 

0=6. 
RAD=3.1416/180. 
THETA=ll. 
ANG=THETA*RAO 
RSIN=l./SIN(ANG) 
RTAN=l./TAN(ANG) 
LIFE=20 
RI=8. 
RETURN 
END 

Figure A-16 Subroutine CONST1 (1 of 1) 
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c ********************************************************************* 
c 

SUBROUTINE H~ZARC 
c 
c ********************************************************************* 
c 
C SUBROUTINE CALLS UP THE APPROPRIATE MAIN SUBROUTINE FOR ONE OF 
C THE THREE DEFINED TYPE HAZARDS (POINT, LONGITUDINAL, AND SLOPE). 
C EXCEPT FOR SEVERAL SPECIAL CASES, THE SEVERITY-INOICIES FOR THE 
C HAZARD ARE OBTAINED FROM STORAGE ARRAYS. 
c 
c 

c 

c 

• 
* 
* • 
* 
* 
* 
* 
* 

* 

* 
* 
* 
* 
* 
* 

COMMON 
COMMON 
COM~ON 

COMMON 

COMMON 

COMMON 

COMMON 

INTEGER 

INTEGER 

I INVENT I 1, J, NH, LPl, LL, MES 
I COUNT I NC 
I SEVERE I S 
I HINVNT I Hl, H2, H3, H4 9 H5 9 H6, H7, HB, H9, Hll, Hl2, 

Hl3, Hl5, Hl6 9 Hl7 9 Hl8, Hl9, H20, H21, H22, 
H23t H24t H25, H26t H27, H28t H29t H30t H31, 
H32, H33t H34 9 H35, H36, H37, H38t H39, H40, 
H4lt H42, H43, H44, HSO, H51 

I CINVNT I Cl, C2t C3, C4, C5, C7, C8, C9, ClO, Cll, Cl2, 
Cl3, Cl4, Cl5, Cl6, Cl7, Cl8, C20, C21, C24, 
C25, C26, C27, C28, C29, C34, C35, C36, C37, 
C38, C39, C40, C41, C42, C43, C44, C45, C46, C47 
, C30t C31, C48, C49 

, 
I HAZRDS I Hilt Hl2t SI, Silt SI2t Rt P, UPAY, PSUM, HIB, 

HIA 
I NONHWY I NCONTR, MONTH, NYEAR 

Hl, H2, H3, H4, H5, H6, H8 9 H9, Hll, Hl2, Hl3, Hl6, Hl9, 
H29t H30, H37, H38t H43, H44 
Cl, C2, C3, C4, C5, Cl2t Cl3, CIS, C20, C21, C42, C47 

DIMENSION 
DIMENSION 
DIMENSION 

NC (15) 
5(14,7,4,4) 

DIMENSION 

* DIMENSION 

HlC15,1), H2(15,llt H3ll5,l), H4(15,l), H5Cl5,1), 
H6(15,1), H7(15,1), H8(15tll, H9(15,1J, Hll(l5,1), 
Hl2(15,1), H13(15,1), Hl5(15,1), Hl6(15,1}, Hl7(15,1), 
Hl8(15,1), Hl9(l5,1), H20(15,1), H21Cl5,U, H22(15,1), 
H23(15,1), H24(15,U, H25(15,1), H26(15,1), H27{15,1), 
H28(15,1), H29(15,1), H30(15,1), H31Cl5 9 U, H32(15,1) 
H33(15,1), H34Cl5,1J, H35(15,l)t H36(15,1J, H37(15,1), 
H38Cl5,1), H39(15,1), H40Cl5,t}, H41(15,1), H42(15,1), 
H43(15,1), H44(15,1), H50(15,1), H51(15tll 
C1Cl5,5), C2(!5,5), C3ll5,5), C4(15,5), C5(15,5), 
C7(15,5), C8(15,5), .C9(15,5), Cl0(15,5), Cll(l5,5), 
Cl2(15,5), Cl3U5,5), Cl4(15,5), Cl5(15,5), Cl6(15,5), 
Cl7(15,5), Cl8(15,5J, C20(15,5), C2ltl5,5), C24(15,5), 

• 
* 
* 

Figure A-17 Subroutine HAZARD (1 of 4) 
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c 
c 

c 

c 

c 

c 

c 

c 

c 

c 

• ~£:1\L::Jt:llt \.£0\l::Jt:>lt \.~fll:>t:>lt l..C:O\l:.Jt::>lt l..£'1\l::>t::>lt 

* C34Cl5,5), C35(15,5), C36(15,5), C37(15,5), C38(15,5) 
DIMENSION C39(15,5), C40(15,5), C4Ul5,5), C42(15,5), C43(15,5), 

* C44(15,5), C45(15,5), C46(15,5), C47(15,5) 
* , C30(15,5), C3ll15,5), C48(15,5), C49(15,5) 

DIMENSION Slll5), HI1(15,2), HI2(15,2), ·sl2(15,5), SI1Cl5,1) 

IF ( NH .EQ. 1 ) GO TO 604 
IF (Hl(l,l) .NE. Clii,J) .OR. H2tl,l) .NE. C2{1,J} .OR. H3(I,l) 

* .NE. C3(1,J) .OR. H4(1,1) .NE. C4(1,J) .OR. H5(1,U .NE. 
* C5(1,J)) GO TC 607 

DO 602 L=2,NH 
Ml =L-1 
IF ( NC(L) .NE. NC(Ml)) GO TO 605 
IF(Hl3(L,l) .NE. Hl3(Ml,l)) GO TO 606 

602 CONTINUE 
GO TO 604 

605 CONTINUE 
ME S=28 
RETURN 

606 CONTINUE 
ME S=31 
RETURN 

607 CONTINUE 
MES=24 
RETURN 

604 CONTINUE 

IF(C7( I ,Jl 
IFCC12(1,J) 
MES=34 
RETURN 

60 CONTINUE 

IF(Hllli,l) 
IFCC12CI,J) 
IF(C8(I,J) 
IF(C9CI,J) 
GO TO 50 

51 CONTINUE 
MES=35 
RETURN 

52 CONTINUE 

.GT. o. 0) GO TO 60 
.EQ. 4) GO TO 60 

.NE. 6) GO TO 50 

.EQ. 4) GO TO 50 
.EQ. o.o .OR. ClO(I,J) • EQ. 
.EQ. o.o .oR. ClUI,J) .EQ. 

o.o) GO TO 
0.0) GO TO 

IF(ClB(I,J) .EQ. 3 .AND. C20(1,J) .EQ. 1) GO TO 50 
MES=36 
RETURN 

50 CONTINUE 
IF(Hl9ti,ll .EQ. 1) GO TO 40 
IF(H18(!,1) .EQ. 0.0) GO TO 41 
GO TO ItO 

41 CONTINUE 

Figure A-17 Subroutine HAZARD (2 of 4) 
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c 

c 

MES=l 
RETURN 

40 CONTINUE 

C HAZARD SEVERITY-INDEX COMPUTATIONS ( GENERAL ) 
c 

c 

c 

c 

c 

c 

c 

c 

Il=Hll(I,l, 
IF ( Hl2(!,1) .EQ. 0 ) GO TO 5 
I F ( H 1 U I , 1) • E Q. 6 ) GO T 0 6 

5 

6 

I.2=Hl2( I, 1) 
I3=1 
14=1 
GO TO 1 

CONTINUE 
I2=1 
13=1 
14=1 
GO TO 1 

CONTINUE 

• 

IF(Hl2CirU • EQ. 5) GO TO 35 
IF(H2<1(I,l) 

35 CONTINUE 
IF(H29( I, U 
GO TO 30 

31 CONTINUE 
MES=32 
RETURN 

32 CONTINUE 
ME 5=33 
RETURN 

30 CONTINUE 
I2=Hl2{I,l) 
I 3 =H 2 9 ( I , 1 ) 
I 4=H30tl, 1) 

• EQ. 0 • OR • 

.GT. 4 • CR. 

1 CONTINUE 
SI(I)=SIIl,I2ri3,I4)/10. 
SI U I, U=lO.*SI (I) 

H3Q(I,l) 

H30 (I, 1) 

.EQ. 0) GO 

.GT. 4) GO 

TO 31 

TO 32 

C SPECIAL CASE -- SEVERITY INDEX OF DROP INLETS WITH A RAISED HEIGHT OR 
C DEPRESSED DEPTH GREATER THAN 1.0 FT 
c 

c 

c 

IF ( Hll(J,1) .NE. 10 ) 
IF ( H21(1,1) .GT. 1. ) 
IF ( H22(J,l) .LE. 1.) 

SI(I)=ll.0/10·0 
Sll(J,l)=lO.*SI(I) 
GO TO 10 

GO TO 10 
GO TO 12 
GO TO 10 

C SEVERITY INDEX FOR RAISED DROP INLET ASSUMED EQUAL TO THAT OF A BRIDG 
Figure A-17 Subroutine HAZARD (3 of 4) 
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c 

c 

c 

c 

c 

c 

c 

c 

12 CONTINUE 
Sl(ll=S(11,t,t,l)/l0. 
SI1(I,l>=lO.*SI(I) 

10 CONTINUE 
T H 1 9= H 19 ( I , l) 
IF ( IH19 .NE. 1 .ANO. IH19 .NE. 2 .ANO. IH19 .NE. 3 )' GO TO 14 
GO TO C 16, 18, 2 0 ) , I H 19 

16 CONTINUE 

CALL PTHAZ 
RETURN 

18 CONTI Nl:E 

CALL LGHAZ 
RETURN 

20 CONTINUE 

CALL SLHAZ 
RETURN 

14 CONTINUE 
MES=6 
RETURN 

END 

Figure A-17 Subroutine HAZARD (4 of 4) 
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c *********************************************************************** 
c 

SUBROUTINE PTHAZ 
c 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

C POINT HAZARD SUBROUTINE. (MAIN SUBRCUTINE) 
c 
c 

c 

c 

COMMON 
COMMON 

* 
* 
* 
* COMMON 

* 
* 
* 
* COMMON 

COMMON 
COMMON 

* COMMON 

• • 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 

INTEGER 

* INTEGER 
INTEGER 
INTEGER 

I iNVENT I I, J, NH, lPl, LL, MES 
I HINVNT I Hl, H2, H3, H4, HS, H6, H7, H8, H9, Hll, Hl2t 

Hl3t Hl5t Hl6, Hl7, Hl8, Hl9, H20t H21, H22, 
H23, H24, H25, H26, H27, H28, H29, H30, H31, 
H32, H33, H34, H35, H36, H37, H38, H39, H40, 
H4lt H42t H43; H44t HSO, H51 

I CINVNT I Cl, C2, C3, C4, C5, C1, C8t C9, ClO, Cll, Cl2, 
Cl3, Cl4, Cl5, Cl6, Cl7, Cl8, C20, C21, C24, 
C25, C26, C27, C28, C29, C34, C35, C36, C37, 
C38, C39, C40, C4lt C42, C43, C44, C45, C46, C47 

I 
I 
I 

I 

I 
I 
I 
I 
I 
I 
I 

SEVERE I 
HZINOX I 
HAZRDS I 

SLOPES I 

CONSNT I 
KEYNUM I 
RDITCH I 
HDITCH I 
SIOENF I 
PTHZGR I 
NONHW't I 

, C30, C31, C48, C49 
s 
YLAT, HLENG, HWIO, !SLOPE, H 
Hll, Hl2t Sl, S!l, 512, R, P, UPAY, PSUM, HIB, 
HIA 
K, FSDIR, BSDIR, FSERS, BSERS, FSSTP, BSSTP, 
FSANG, BSANG, OFFSTlt OFFST2, FSOFF, DELTA, 
FSOIS, BSDIS 
D, THETA, RAD, ANG, RSIN, RTAN, LIFE, Rl 
KK1, KK2, NGR, IGR, MGR, ICRSL 
OT, DTL 
SO, W, WD, SDA 
NSGR, FSGR 
NPTGR, HLGTH 
NCONTR, MONTH, NYEAR 

Hlt H2, H3, H4, H5, 
H29, H30, H37, H38, 
Cl, C2, C3, C4, CS, 

H6, H8, H9, Hll, Hl2t Hl3, Hl6, Hl9, 
H43r H44 
Cl2, Cl3, Cl8, C20, C21, C42, C47 
BSERS . FSOIR, BSDIR, F$ERS, 

NSGR, FSGR 

DIMENSION Hl(l5,1), H2(15,1), H3(l5 9 l), H4Cl5,1), H5(15,1), 
* H6tl5,1), H7(15,l), H8(15,1), H9(15,1), Hll(l5,1), 
* Hl2(15,l), Hl3(15tl), H15(15,1), Hl6(15,1), Hl7(15,1), 
* Hl8(15,l), Hl9{15,1), H20(15,1), H21(15,1}, H22{15,1), 
* H23(15,1), H24(15,U, H25(15,1), H26(15,U, H27(15,1), 
* H28(15,1), H29{15,1), H30(15,l}, H31(15,1), H32(15,1) 

DIMENSION H33{15,1), H34(15,1), ~35(15,1), H36(15,1), H37(15,1), 
* H38(15,1), H39(15,1), H40(15,1), H41(15,1), H42(15,1), 
* H43115,1)~ H44(15,1), H50(15,1), H51(15,1) 
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c 
c 

c 

c 

c 

DIMENSION 

* 
Clll5,5), C2(15,5), C3(15,5), C4(15,5), C5{15,5), 
C7(15,5), C8(15,5), C9(15,5), C10ll5,5l, C11(15,5), 
Cl2(15,5), Cl3{15,5), C14(15,5l, Cl5(15,5), Cl6(15,5), 
C17{15,5), C18(15,5), C20(15,5), C2U15,5l, C24(15,5), 
c 2 5 ( 15 '5) ' c 26 ( 15' 5) ' c 21 ( 15' 5) ' c 28 ( 15' 5) ' c 29 ( ~ 5' 5) ' 
C34(15,5), C35(15,5), C36(15,5), C37(15,5), C38Cl5,5) 
C3CH15,5), C40ll5,5), C41(15,5), C42(15,5), C43(15,5), 
C44(15,5l, C45(15,5), C46U5,5), C47(15,5) 

* 
* 
* 
* DIMENSION 

* 
* 

DIMENSION 
, C30(15,5l, C31(15,5), C48(15r5), C49ll5,5) 

5(14,7,4,4) 
DIMENSION 
DIMENSION 
DIMENSION 

YLATC15,5), HLENG(l5,5~, HWIDC15,5l 
Sitl5l, Hll(l5,2), HI2Cl5,2), ST2Cl5,5), SI1(15,1) 
NSGR(15l, FSGRl15l 

H WI 0 ( I , U =H 2 3 ( I , 1 ) 
HLENGCI,ll=H24ti,l) 
LL=1 
YLATl=O.O 
YLAT2=0.0 
IRAIL=O 
ISL=O 
00 100 l<=l,NH 
IF ( HlUI<tll .EQ. 1 ) GO TO 102 

100 CONTINUE 
I SL=1 
GO TO 104 

102 CONTINUE 

CALL SLOPE1 

IF ( FSSTP .LE. 3.5 .AND. FSOIR .EQ. 2 GO TO 106 
GO TO 104 

106 CONTINUE 
If ( H20CI,l) .GT. OFFSTl GO TC 108 

104 CONTINUE 
ISLP1=1 
ISLOPE=ISLP1 
YL AT ( I , 1 ) =H 20 ( I , 1 ) 
IF ( YLATCI,1l .LE. 30.0 ) GC TO 110 
IF ( H13(1,1) .EQ. 1 .OR. H15(t,l) .LT. 0.01 ) GO TO 112 
YL AT 1 = Y LA T (l , 1 I 
GO TO 118 

112 CONTINUE 
MES=8 
RETURN 

108 CONTINUE 
ISLP1=2 
ISLOPE=ISLP1 
IF ( FSOFF .GT. H20(I,U ) GC TO 114 
YLAT3=(H20(1,1)~FSOFF)+OFFST1 
IF ( YLAT3 .LE. 30.0 l GO TO 116 
YLAT1=YLAT3 
GO TO 118 

114 CONTINUE 
YLAT(I,l)=CFFST1 
GO TO 110 
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c 

c 

c 

c 

c 

c 

c 

116 CONTINUE 
YLA T( I, 1) =YlA T3 

110 CONTINUE 

CALL HINDEX 

HIUI,U=H 
YLAT1 =YLA l( I, l) 

1U.~ CONTINUE 
IF ( Hl3(1,1) .EQ. 1 .OR. H15(t,l) .LT. 0.01) GO TO 120 
IF ( ISL .EQ. 1 ) GO TO 122 
IF ( BSSTP .GT. 3.5 ) GO TO 122 
IF ( H20 (1,1) .GT. OFFST2 ) GO TO 122 
ISLP2=2 
ISLOPE=ISLP2 
OFFST3=Hl5(1,1)-0FFST2 
IF ( H20(1,1) .LE. FSOFF GO TO 124 
YLAT( I ,l)=OFFST3 
GO TO 125 

124 CONTINUE 
YLAT3=(FSCFF-H20(1 9 1))+0FFST3 
IF ( YlAT3 .LE. 30.0 ) GO TO 126 
VA T2=VLAT3 
GO TO 128 

122 CONTINUE 
ISLP2=1 
I5LOPE=I5LP2 
YLAT(I,lJ=Hl5(1,ll-H20(1,ll-H23(1,1) 

125 CONTINUE 
IF ( VLAT(I,l) .LE. 30.0 ) GC TO 126 
YLA T2=YLA T( I, U 
GO TO 128 

126 CONTINUE 

CALL HINDEX 

Hll( I ,2)=H 
YLAT2=YLAT(I,l) 

128 CONTINUE 
IF ( YLATl .GT. 30.0 ) GO TO 130 
GO TO 132 

130 CONTINUE 
IF ( YLAT2 .G T. 30.0 ) GO TO 134 
GO TO 132 

134 CONTINUE 
ME 5=20 
RETURN 

120 IF ( YLATl .LE. 30.0 ) GC TO 132 
ME 5=22 
RETURN 

132 CONTINUE 
IF(NCONTR.EQ.l) GO TO 600 

CALL COSTS 

UPAY=UPAY-R 
PSUM=PSUM-P 

Figure A-18 Subroutine PTHAZ (3 of 5) 

A-57 



c 

c 

c 

c 

600 CONTINUE 
Ll=J 
IF ( C12CI,J) .EQ. 0 .OR. C12(I;J) .GT. 4) GO TO 136 
IF ( Cl2( I ,J) .EQ. 4 ) GO TO 140 
IF ( C12(I,J) .EQ. 1) GO TO 142 
MES=2 
RETURN 

136 CONTINUE 
MES=7 
RETURN 

140 CONTINUE 
UPAY=UPAY+R 
PSUM=PSUM+P 
SI2CI,JJ=Sil(l,l) 
HI2(1,1J=HilCir1) 
HI2(1,2)=Hll(l,2) 
DO 160 N=l,NH 
IF( Hll(N,ll.EQ.l2 .AND. H12(N,l).NE.l .AND. 

* Hl2(N,1J.NE.2 .AND. Hl2(N,l).NE.6 ) GO TO 161 
160 CONTINUE 

DO 170 N= 1 ,NH 
IF{ H1l(N,1).EQ.7 ) GO TO 172 

170 CONTINUE 
RETURN 

172 CONTINUE 
IF( H13(N,1).EQ.1 .OR. H15(N,1).LT.O.Ol ) GO TO 174 
GO TO 178 

174 CONTINUE 
IF( Cl2(N,JJ.EQ.3 .AND. Cl8(N,J).EQ.l ) GO TO 176 
RETURN 

176 CONTINUE 
HI8=HI 1{ I rU+HI8 
RETURN 

178 CONTINUE 

CALL GRAIL 

IF( NGR.EQ.l ) GO TO 180 
IF( IGR.EQ.1 ) RETURN 
l=NSGR ( U 
IF( I.GT.L ) GO TO 182 
HI 8 =HI 1( I , 1) +HI 8 
RETU~N 

182 HI8=Hil(I,2J+HI8 
RETURN 

180 HIB=HI1CI,ll+Hil(1,2)+HI8 
RETURN 

161 CONTINUE 
NSL=O 
00 199 N=1,NH 
IF( Hll(N,lJ.EQ.7) GO TO 162 
GO TO 199 

162 NSL=NSL+l 
IF( C12(N,JJ.EQ.3 .AND• C18CN,J) .EQ.2 ) GO TO 163 
GO TO 199 

163 IF( H6CI,lJ.EQ.l l GO TO 164 
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c 

c 

c 

c 

c 

c 

c 

c 

c 

IF( Hl7(1,1J.GT.Hl8(N,1J .ANC. Hl7(1,ll.LT.H17(N,1) ) 
* GO TO 165 

167 IF( NSL.EQ.2 ) RETURN 
GO TO 199 

164 IF( Hl7(I,1J.GT.Hl7CN,l) .ANO. H17(1,l).LT.Hl8(N,1) l 
* GO TO 165, 

GO TO 167 
165 HIB=Hil(J,l)+HIB 

RETURN 
199 CONTINUE 

RETURN 

142 CONTINUE 
IF ( C13( I ,Jl .eo. 
IF ( Cl3(I,J) .EQ. 
IF ( Cl3(J,J) .eo. 
IF ( Cl3([,JJ .eo. 
MES=3 
RETURN 

150 CONTINUE 
CALL SOFT 
RETURN 

148 CONTINUE 
CALL CMBPT 
RETURN 

146 CONTINUE 
IF ( NPTGR .eo. 0 I 
RETURN 

152 CONTINUE 
CALL PTRAtl 
RETURN 

144 CONTINUE 
SUil=l.O 
SI2(1,JJ=O.O 

1 
2 
3 
4 

) 
) 

) 

) 

GC TO 144 
GO TO 146 
GC TC 148 
GO TO 150 

GO TO 152 

IFINCONTR.EO•l) GO TC 602 

CALL COSTS 

UPAY=UPAY+R 
PSUM=PSUM+P 

602 CONTINUE 
CALL ZERO .· · 
RETURN 

END 
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c .................... _***************************************************** 
c 

SUBROUTINE LGHIZ 
c 
c ******************•****************************************************** 
c 
c 

c 

c 

COMMON 
COMMON 

* 
* * 
* 

COMMON 
* 
* 
* * 

COMMON 
COMMON 
COMMON 

* 
COMMON 
COMMON 
COMMON 

* 
* 

COMMON 
COMMON 
COMMON 
COMMON 
COMMON 

INTEGER 

I INVENT I I, J, NH, lPl, lL, ME$ 
I HINVNT I Hlr H2, H3r H4, H5, H6r H7, H8; H9, Hllr Hl2r 

Hl3; Hl5r Hl6, Hl7, Hl8, Hl9, H20, H21, H22, 
H23, H24r H25, H26, H27, H28, H29, H30r H3l, 
H32, H33r H34, H35, H36, H37, H38, H39, H40, 
H41r H42r H43, H44, H50t H51 

I CINVNT I Cl, C2, C3, C4, C5, C7, CB, C9t ClO, Cllt Cl2, 
C13, Cl4r Cl5, Cl6r Cl7, Cl8, C20, C21, C24r 
rzs, C26, C27, C28, C29, C34, C35, C36t C37, 
r38, C39r C40, C4lt C42, C43, C44, C45, C46, C47 

I SEVERE 
I HZINOX 
I HAZROS 

I CCNSNT 
I KEVNUM 
I SLOPES 

I HDITCH 
I SIOENF 
I RDITCH 
I PTHZGR 
I NONHWY 

I 
I 
I 

I 
I 
I 

I 
I 
I 
I 
I 

• C30, C31, C48, C49 
s 
~:AT, HLENG, HWID, ISLOPE, H 
~Jl, HI2r SI, Sil, Sl2t Rr P, UPAYt PSUM, HIS, 
HIA 
Dt THETA, RAO; ANG, RSIN, RTAN, LIFE, Rl 
K.<J, KK2, NGP, IGR, MGR, ICRSL 
Kr FSOIRr BSOI~, FSEAS, BSERS, FSSTP, BSSTP, 
FSA~JG, 8SAN<h OFFSTl, OFFST2, f=SOFFr DELTA, 
FSOYS, BSDIS 
SO , W , W 0, S D A 
NS;R, FSGR 
OT, rTL 
NPTuPr HLGTH 
NCOATR, MONTH, NYEAR 

* INTEGER 

Hl, H2, H3, H4, H5, 
H29, H30, H37, H38, 
Clr C2r C3, Ctr C5, 

H6r He, H9, Hll, Hl2, Hl3r Hl6, Hl9, 
H43, H44 
Cl2, Cl3, Cl8, C20, C21, C42, C47 
BSERS INTEGER 

INTEGER 
FSOIR, BSOIR, FSfRS, 

NSGR, FSGR 

DIMENSION Hl(l5,1J, H2(l~rl), H3(15rllr H4(15,1), H5(15,1), 
* H6(15rl), H7(15rl), H8(15,1), H9{15,1), Hll(l5,1), 
* Hl2(15,1), HlJ(~5,1), Hl5(15,1), Hl6(15,1), Hl7(15,1), 
* Hl8(15;1), Hl~(!5,1), H20(15,1), H21(15,1), H22(15,1), 
* H23U5rUr H2'e(J5,U, H25(15,1), H26(15,1), H27(15,U, 
* H28(15,U, H29t1'5,1), H30U5,1), H31(15rllt H32(15,ll 

DIMENSION H33(15,1), H34(l~rlJ, H35(15,1), H36(15,1), H37(15,1), 
* H38(15,1), H39(15tUt H40(15,!), H41(15,1}, H42(15,U, 
* H43(15,l), H44(A.5,1), H50(15,1), H51(15,1) 

DIMENSION Clfl5,5l, C2(15,5l, C3(15,5), C4(15,5), C5(15,5), 
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c 

c 

c 

* 
* 
* 
* 
* 
* 
* 

DIMENSION 

DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 

BREND= 1.0 
Lt:1 
NOSL=O 
YLAT1=0.0 
YLAT2=0.0 

C7Cl5,5), C8C15,~), C9(15,5), C10(l5,5), C1U15,5l, 
C12(15,5l, C13C15,5), C14C15,5~, C15(15,5), C16(15,5), 
Cl7(15,5), C18Cl5,5,, C20(15,5), C21(15,5), C24(15,5l, 
C25(15,5); C26Cl5t5', C27(15,5), C28( 15,5), C29( 15,5), 
C34(15,5J, C35(15,.;), C36Cl5,5), C37(15,5), C38(15,5l 
C39(15,5), C40Cl5,:JI, C4UL5,5), C42Cl5,5), C43(15,5), 
C44(15,5), C45(15,5), (46(15,5), C47(15,5) 
, C30(15,5), C31(15,~), C48(15,5), C49(15,5) 

Sll4,7,4,4) 
YlATC15,5), HLENGCl~,~), HWI0(15,5) 
SI(l5), HllC15,2), ~f?(l5r2lt 512(15,5), Sll(l5,1) 
NSGRI15), FSGRC15) 

DO 170 L=1,NH 
IF ( H11C L,l) .EC. 12 l GO TO l12 

170 CONTINUE 
GO TO 176 

172 CONTINUE 
IF ( Hl2(L,l) .EQ. 3 .OR. Hl2(l,U .rQ. 4 .OR. Hl2(L,1) .EQ. 5) 

* GO TO 174 
GO TO 176 

174 CONTINUE 
DO 1 7 8 l = 1 , NH 
IF ( H lH l, U • EQ • 6 ) GO TO 18 J 

178 CONTINUE 
GO TO 182 

180 CONTINUE 
IF ( H12(L,l) .EQ. 3 .OR. Hl21L,l) .EQ. 4 ) GO TO 184 

182 CONTINUE 
SIC 1)=50.0 
GO TO 186 

184 CONTINUE 
IF ( H30(L,l) .EQ. 4 ) GO TO 188 
BR EN0=0.6 
GO TO 176 

188 CONTI NtJE 
51{1)=30.0 

186 CONTI NIJE 
HLENG(I,1)=6.0 
HWIO( I, 1) =2.0 
YLAT(l,l)=H26(I,ll 

CALL HINDEX 

HIB=H 
176 CONTINUE 

HLENG{t,l)=ABSCH17(1,1J-Hl8(!,1))*528C.O 
OFFSET=(H25CI,1)+H26CI,l))/2.0 
HWI0(1,1)=H28(1,1J 
IF ( H11(1,1) .EQ. 8 ) GO TO 100 
GO TO 102 

100 CONTINUE 
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c 

c 

c 

c 

c 

c 

c 

IF ( HLENG(f,U .LT. 0.01 ) GO TC 10• 
IF ( HLENGlitU .LT. 6.0 ) GO TO 106 
WD=H28(I,l) 
DT=0.5*H25(J,1l+H26(I,1) 
DTL=HLENG(I ,1) 

CALL WASOUT 

FSDIR=H38(I,1) 
GO TO 108 

104 CONTINUE 
HLENG(It1l=3.0 
W0=3.0 
GO TO 110 

106 CONTINUE 
WO=HLENG( I, U 

110 CONTINUE 

CALL WASOUT 

FSDIR=H38ti ,1) 
HWIO( I ,l)=H28( I ,1) 
OTL=WO 
DT=H25( I, U 
IF ( HWIO(l,l) .GT. 30.0) HWIO(I,ll=30.0 

108 CONTINUE 
SI(I)=S0/10.0 
SI1(I,ll=Sifl)*10.0 

102 CONTINUE 
00 112 K= 1 , NH 
IF ( Hl1(K,1) .EQ. 1 ) GO TO 114 

112 CONTINUE 
NOSL=l 
GO TO 116 

114 CONTINUE 

CALL SLOPE1 

IF ( FSSTP .LE. 3.5 .AND. FSOIR .EQ. 2 ) GO T J 118 
GO TO 116 

118 CONTINUE 
IF ( OFFSET .GT. CFFST1 ) GO TO 120 

116 CONTINLE 
ISLP1=1 
ISLOPE=ISLP1 
YLAH I ,U=OFFSET 
IF ( YLAT(l ,1) .LE. 30.0 ) GO TO 122 
IF ( Hl3(t,l) .FQ. 1 .OR. Hl5(1,1) .LT. 0.01) GO TO 124 
GO TO 126 

124 CONTINUE 
MES=16 
RETURN 

120 CONTINUE 
ISLP1-=2 
I SLOPE-= I SLPl 
IF ( FSOFF .GT. OFFSET ) GO TO 128 
YLAT3=(0FFSET-FSOFFl+OFFST1 
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c 

c 

c 

c 

IF ( YLAT3 .LE. 30.0 ) GO TO 130 
YLAT1=YLAT3 
GO TO 132 

130 CONTINUE 
YLA T( I, l) =YLAT3 
GO· TO 122 

128 CONTINUE 
YLATI I~U=OFFST1 

122 CONTINUE 

CALL HINOEX 

HI 1( I, 1 )=BREND*H 
126 CONTINUE 

YLA T1 =YLA HI, 1) 

132 CONTINUE 
IF ( Hl3(J,l) .EQ. 1 .OR. Hl5(1,1) .LT. 0.01) GO TO 134 
IF( NOSL ~eo. 1 ) GO TO 136 
IF ( BSSTP .GT. 3.5 ) GO TO 136 
IF ( OFFSET .GT. OFFST2 ) GC TO 136 
ISLP2=2 
I SLOPE=ISLP2 
OFFST3=Hl5(J,1)-0FFST2 
IF ( OFFSET .LE. FSOFF GO TO 138 
YLAT(J,11=QFFST3 
GO TO 139 

138 CONTINUE 
YLAT3=(FSOFF-OFFSET)+OFFST3 
IF ( YLAT3 .LE. 30.0 ) GO TO 140 
YAT2=YLAT3 
GO TO 142 

136 CONTINUE 
ISLP2=1 
ISLOPE=ISLP2 
YLAT(1,1)=H15(1,1J-OFFSET-H28CI,1) 

139 CONTINUE 
IF ( YLAT(I~1) .LE. 30.0 ) GO TO 140 
GO TO 1~4 

140 CONTI NUf 
IF ( HU.{t,U .EQ. 6 ) GO TO 141 
GO TO 14~ 

141 CONTINUE 
51(1)=30.0 

143 CONTINUE 

CALL HINOfX 

SICII=Silt!,l)/10.0 
HI 1( I, 2) =H 

144 CONTINUE 
YLA T2=YLA T ll , 1) 

142 CONTINUE 
IF { YLATl .GT. 
GO TO 148 

146 CONTINUE 
IF ( YLAT2 .fT. 
GO TO 148 

150 CONTINUE 

30.0 ) GO TO 146 

30.0 GO TO 150 
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c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

134 

148 

MES=10 
RETURN 

CONTINUE 
IF C YLATl .t.r. 30.0 1 
ME $:37 
RETURN 

CONTINUE 
IF(NCONTR.EQ.17 GO TO 

CALL COSTS 

UPAY= UPAY-R 
PSUM:PSUM-P 

GO TO 148 

600 

600 CONTINUE 
LL=J 
IFCC12(1,J).EQ.t.OR.C12(t,JJ.GT.4) GO TO 162 
IFCC12(I,J).EQ.1 .OR. C12Ct,J).EQ.3) GO TO 162 
IF ( C12( I,J) .1 Q. 4 ) GO TO 152 
IF ( C18(t,J) .fQ. 1 » GC TC 154 
IF ( Cl8C t ,J) .fQ. 2 ) GO TO 156 
IF ( Cl8(1,J) .EQ. 3) GO TO 158 
IF ( Cl8( t ,J) .eQ. 4 ) GO TO 160 
MES=45 
RETURN 

154 CONTINUE 
IF(Hllii,lJ.NE.5) GO TO 10 
CALL CURB 
RETURN 

156 CONTINUE 
IF(Hl1fltll~Nf.l2) GO TO 11 
IFCH12H,lhNE.3 .AND. H1211t1J.NE.4 .ANO,. H12(hll.NE.5) GO fO 11 
CALL BRIOGE 
RETURN 

158 CONTINUE 
IF(Hll(l,lJ.NE.6l GO TO 12 
CALL RAIL 
RETURN 

160 CONTINUE 
tFCH1l(I,ll.NE.8) ;o TO 13 
CALL DITCH 
RETURN 

152 CONTINUE 
IF(NCONTR.EQ.l) GO T~ 604 
UPAY=UPAV+R. 
PSUM=PSUM+P 

604 CONTINUE 

HI2C I, U=HilC I ,1) 
HI2(1,2l=H11(1,2) 
Sl2( I ,J)=SI 1( I ,1) 
CALL GRAIL 
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c 

·C 

c 

c 

c 

c 

IFCH13(1,l).EQ.l .OR. H£5(I,l).LT.O.Ol) GO TO 300 
IF(NGR.EQ.l) GO TO 302 
If( IGR.EQ.l) RETURN 
IF(HlUI,U.NE.e) RETURN 
L=NSGR ( KK 1) 
IF(L.LT.Il GO TO 304 
HI B=H I 1( I , 1) +HI B 
RETURN 

304 CONTINUE 
HIB=HI l( I ,2)+HIB 
RETURN 

300 CONTINUE 
IF(NGR.NE.l) RETURN. 
If(Hll(I,lJ.NE.8) RETURN 
HI B =HI 1( I , 1) +HI B 
RETURN 

302 CONTINUE 
IF(Hll(l,l).NE.8) RETURN 
HIR=Hilll,l)+Hil(J,2)+HIB 
RETURN 

162 

10 

11 

12 

13 

CONTINUE 
MES=49 
RETURN 

CONTINUE 
MES=l8 
RETURN 

CONTINUE 
MES=25 
RETURN 

CONTINUE 
ME S=26 
RETURN 

CONTINUE 
ME$=43 
RETURN 

END 
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c ··············································~························ c 

c 
c 

SUBROUTINE SLHAZ 

c **********************************************~'********************** 
c 
c 

c 

c 

COMMON 
COMMON 

• 
* • 
* 

COMMON 
* 
• 
* * 

COMMON 
COMMON 
COMMON 

* COMMON 
COMMON 
COMMON 

• 
* 

COMMON 
COMMON 
COMMON 
COMMON 
COMMON 

INTEGER 

I INVENT I It J, NH, LPl, LL, MES 
I HINVNT I Hl, HZ, H3, H4 9 H5, H6, rf7, H8, H9, Hllt Hl2, 

Hl3, Hl5t Hl6, Hl7, Hl8, ti~t H20, H2lt H22t 
H23, H24, H25, H26, H27, ~~p, H29t H30t H3lt 
H32, H33, H34, H35, H36, H37, H38, H39, H40, 
H4l, H42, H43, H44, H50, H51 

I CINVNT I Cl, C2, C3, C4, C5, C7, C8, r9, ClO, Cll, Cl2, 
Cl3, Cl4, Cl5, Cl6, Cl7, CJS, C20, C21, C24, 
C25, C26, C27, C28, C29, ;34, C35t C36, C37, 
C38, C39, C40, C41, C42, ~43, '44, C45, C46, C47 

I SEVERE 
I HZINDX 
I HAZROS 

I CONS NT 
I KEYNUM 
I SLOPES 

I SIDENF 
I PTHZGR 
I ROITCH 
I HOITCH 
I NONHWY 

I 
I 
I 

I 
I 
I 

I 
I 
I 
I 
I 

, C30, C31, C48, C49 
s 
VLAT, HLENG, HWID, ISLOPE, P 
Htl, HI2, Sl, Sil, Stz, R, P, ~pry, PSUM, HIS, 
HIA 
o, THETA, RAO, ANG, RSIN, RTANt L•FEt RI 
KKl, KK2 9 NGR, IGR, MGR, IC~~l 
K, FSOIR, BSOIR, FSERS, BSE~~. F.SSTP, BSSTP, 
FSANG, BSANG, OFFSTl, OFFST!t FS~FF, DELTA, 
FSOIS, BSOIS 
NSGR, FSGR 
NPTGR, HLGTH 
OT, DTL 
SO , W, WO, SOA 
NCONTRt MONTH, NYEAR 

* INTFGER 

Hl, H2, H3, H4, HSt 
H29, H30, H37, H38, 
Cl, C2, C3, C4, C5, 

H6, HS, H9t Hll, HlZt H13, Hl6, Hl9, 
H43, H44 
C 12, C 13, C 18, C2 0, C 21, C .. 2, C 4 7 
BSERS INTEGER 

INTEGER 
FSOIR, BSOIR, FSERS, 

NSGR, FSGR 

DIMENSION Hl(l5,U, H2(15,1), H3Cl5,1), H4U5tlh H5l15tJ.h 
* H6(15,1), H7{15~1), H8{15,1), H9(15tllt Hl1ll5,1), 
* H 12 (15 tl ) , H 13 ( 15 , 1) , H 15 (15 , 1) , H 16 ( J!:) , 1) , H 17 C 1r, 1) , 

* Hl8(15,1), Hl9(15,1), H20(15 9 1}, H21(15,1), H22,15,1), 
* H23(15,1), H24(15,1), H25{15,1), H26(15,l), H27(15,1), 
* H28(15,1), H29115,1), H30(15,1), H31'1~~1J, H32(~5~1J 

DIMENSION H33(15,1), H34(15tl), H35(15tl), H36tl~tll, H37( L5.1), 
* H38{15,1), H39(15,1), H40(15,1}, H41(1!,11, ~42(1St1), 
* H43(15,U, H44(l5,U, H50(15,1), H51(15,1) 

DIMENSION Cl(l5,5), C2(15,5), (3(15,5), C4(15,5) 9 C5(15,5), 
* C7(15,5), C8(15,5), C9(15,5), Cl0(15,5t, Cll(l5,5), 
* C12(15r5), Cl3(15,5), C14(15r5J, Cl5(~§,5), Cl6(15,5l, 
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c 
c 

c 

c 

c 

c 

c 

c 

* Cl7(15,5), C18(15,5), C20(15,5), C21(15,5), c 24 ( 15' " ) ' 
* C25U5,5), C26 { 15,5), C27(15,5), C28U5,~), c 29 ( 15, 5). 
* C34(15,5), C35U5,5J, C36 05,5), C37Cl5,~), C38(15,51 

DIMENSION C3«H15,5), C40{15,5), C4Hl5,5), c 42 (15 t !f), C43(15,5), 
* C44(15,5J, C45( 15 ,5), C46(15,5), C4 7 ( 1 j, 5), 

* C30U5 ,s l, C31U5,5), C48(15,5), C49 ( 1 ~, 5) 
DIMENSION SU4t7,4,4) 
DIMENSION YLAT(l5,5), HLENG{l5,5), HWI0(15,5) 
DIMENSION SI (15), Hll( 15,2), Hl2{15,2), S£2(15,5), SIU15,U 
DIMENSION NSGR(l5), FSGR(l5) 

ll=l 
IF( C34(I,Jl.GT.O.Ol) GO TO 101 
HLSL=ABS(H17CTtlJ-H18( 1,1) )*5260.0 
GO TO 103 

101 CONTINUE 
HLSL=ABS( C34CI,Jl-C35CJ,J) )*5280.0 

103 CONTINUE 

CALL CONSTl 

CORNE R=D•R SIN 
K-=·I 

CALL SLOPEl 

CALL VDITCH 

CALL ADJUST 

IF ( FSERS .EC. 2 ) GO TO 100 
SIF=l.O 
GO TO 102 

100 CONTINUE 
SIF=l.2 

102 CONTINUE 
S I ( I l = S I F *SO I 1 0. 0 
SIU I, U=10.0*SI {I) 
HWJD(I,U=W 
HLGTH=O.O 

C CHECK FOR POINT HAZARDS ON FRONT SLOPE 
DIJ 104 N= 1, NH 
IF ( H19( N,U .EQ. 1 ) GO TO 106 
GO TO 104 

106 CONTINUE 
IF ( H20(N,U .LE. FSOFF ) GO TO 108 
GO TO 104 

108 CONTINUE 
IF ( H6(N,l) .EQ. 1 ) GO TO 800 
IF ( Hl7(N,U .LT. Hl7lltl) .AND.Hl7(Ntl) .GT. H18(I,l) ) 

* GO TO 802 
GO TO 104 

800 CONTINUE 
IF ( H17(N,l) .GT. Hl7(l,l) .AND. Hl7(N,l) .LT. H18(I,L) ) 

* GO TO 802 
GO TO 104 

802 CONTINUE 
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c 

c 

SHLGT=H24CN,1l+CORNER+H23(N,1l/TAN(ANG) 
HLGTH=SHLGT+HLGTH 

104 CONTINUE 
IF C FSSTP .GT. 3.5 GO TO 110 
ISLOPE=2 
YL A T ( I , U = 0 F F S T 1 
GO TO 112 

110 CONTINUE 
ISLOPE=1 
YLATl I ,U=FSOFF 

112 CONTINUE 
HLENGCI,l)=HLSL-HLGTH . 
IF ( HLENG(I;1) .LE. 0.0 ) GC TO 114 

CALL HINDEX 

HI U It 1) =H 
114 CONTINUE 

IF ( H13(1,1) .EQ. 1 .OR. H15(I,l) .LT. 0.01 ) GO TO 1~6 
IF ( BSERS .EQ. 2 l GO TO 118 
SIF=l.O 
GO TO 120 

118 CONTINUE 
SIF=1.2 

120 CONTINUE 
Sl (I l =SIF*SO I 10.0 
SI 1( I, U=10.0*SI (I) 
HLGTH=O.O 

C CHECK FOR POINT HAZARDS ON BACK SLOPE IN MEDIAN 
00 122 N-=l,NH 
IF C H1<1( N, l) .EQ. 1 GO TO 124 
GO TO 122 

124 CONTINUE 
IF C H20(N,l) .GE. FSOFF ) GO TO 126 
GO TO 122 

126 CONTINUF 
IF ( H6CN,l) .EQ. 1 ) GO TO 810 
Jr ( H11(N,U .tT. Hl7(f ,1) .ANO. Ht7(N,U .GT. H18CI,l) ) 

• CO TO IH2 
GO TO 122 

810 CONTINUE 
IF ( H17(N,U .GT. H17CI,l) .AND. H17(N,l) .LT. H18(1,1) ) 

* GO TO 812 
GO TO 122 

812 CONTINUE 
SHLGT=H24(N,1l+CORNER+H23(N,l)/TANIANG) 
HLGTH=SHLGT+HLGTH 

122 CONTINUE 
IF ( BSSTP .GT. 3.5 ) GO TO 128 
ISLOPE=2 
OFFST3=(Hl5(I,l)-OFFST2) 
YLAH I ,1J=OFFST3 
GO TO 130 

128 CONTINUE 
ISLOPE=1 
YLATC ltll=H15(I,U-FSCFF 

130 CONTINUE 
HLENGCI,1l=HLSL-HLGTH 

Figure A-20 Subroutine SLHAZ (3 of 5) 

A-68 



IF ( HLENG(I,l) .LE. o. 0 ) GO TO 116 
c 

CAll HINDEX 
c 

Hil{J,2)=H 
116 CONTI NLE 

IFCNCONTR.EQ.l) GC TO 600 
c 

CALL COSTS 
c 

UPAV=UPAY-R 
P SUM=PSUM-P 

600 CONTINUE 
c 
c IMPROVEMENT COMPUTATIONS FOLLOWS 
c 

LL=J 
IF ( Cl2(I,J) .EQ. 3 .AND. ClSCI,J) .EQ. 1 , GO TQ 132 
IF ( Cl2(1,J) .EQ. 3 .AND. ClS(I,J) .EQ. 2 ) GO TO 140 
IF ( C12(J,J) .EQ. 3 .AND. C18(1,J) .eo. 3 ) GO TO .,.34 
IF ( C12(1,J) • EQ. 3 .AND • Cl8(1,J) .EQ. 4 ) GO TO 135 
IF ( Cl2(1,J) .EQ. 4 ) GO TO 136 
ME S=47 
RETURN 

c 
140 CONTINUE 

CALL BRGR 
RETURN 

c 
c 

132 CONTINUE 
CAll SLRAIL 
RETURN 

c 
134 CONTINUE 

CALL BRGRl 
RETURN 

c 
13 5 CONTINUE 

CALL FLATEN 
RETURN 

c 
136 CONTINUE 

IF ( NCONTR .EQ.l) GO TO 604 
lJPAV=UPAY+R 
PSUM=PSUM+P 

604 CONTINUE 
SI2(I,JJ=SI1CI,l) 
HI 2 ( I , 1) =HI U I , 1) 

HI2(I,2)=Hil(I,2) 
CALL GRAIL 
IF(Hl3(1,l).EQ.1 .OR. Hl5(1,lJ.LT.O.Oll GO T'o 300 
IF(NGR.EQ.U GO TO 302 
IF( IGR.EQ.ll RETURN 
L=NSGR C KK 1) 

lf(L.LT.I) GO TO 304 
HIB=Hil{I ,~)+HIB 
RETURN 
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c 

304 CONTINUE 
HIB=Hil(I,2l+HIB 
RETURN 

300 CONTINUE . 
IFCNGR.NE.l) RETURN 
HIB=HI UI ,l)+HIB 
RETURN 

302 CONTINUE 
H t B =H IU I , 1) +HI U I , 2 ) +HI B 
RETURN 

END 
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•c ********************************************************************** c • 
SUBROUTINE C~BPT 

c 
c ...................................................................... . 
c 

c 

c 

COMMON I INVENT I 
COMMON I HINVNT I 

I, J, NH, LPlt LL, MES 
Hl, H2 9 H3, H4, H5, H6, H7, H8, H9, H11, Hl2, 
Hl3, Hl5t Hl6, Hl7, H18, H19; H20, H2lt H22, 
H23, H24, H25, H26, H27, H28, H29, H30, H31, 
H32 9 H33, H34, H35 9 H36, H37, H38, H39, H40, 
H41, H42, H43, H44, H50t H51 

* 
* 
* 
* COMMON I CINVNT I Cl, C2, C3, C4, CS, C1, C8, C9, ClO, Cll, Cl2, 

Cl3, Cl4, Cl5, Cl6, C17, Cl8, C20, C21, C24, 
C25, C26, C27, C28, C29, C34, C35, C36t C37, 
C38, C39, C40 9 C41, C42, C43, C44, C45, C46, C47 
, C30, C31, C48, C49 

* • • 
* COMMON I 

COMMON 
COMMON 

I 
I 

* 
COMMON I 

* 

* 
* + 
• 
* 
* 
* 
* 
* 
* 
* 
* 

COMMON 
COMMON 

INTEGER 

INTEGER 
INTEGER 

I 
I 

DIMENSION 

0 I MENS ION 

DIMENSION 

DIMENSION 

* 
* DIMENSION 

SEVERE I 
HZINDX I 
HAZROS I 

KEYNUM I 
SIDE NF I 
NONHWY I 

s 
YLAT, HLENG, HWID, ISLOPE, H 
H 11 , HI 2 , S I , S I 1 , S I 2, R , P, UP AY, P SUM, HI B, 
HIA 
KKl, KK2, ~GR, IGR, MGR, tRAIL 
NSGR, FSGR 
NCONTR, MONTH, NYEAR 

Hl, HZ, H3, H4, HS, H6, H8, H9, Hll, Hl2t Hl3t Hl6t Hl9, 
H29t H30, H37, H38, H43t H44 
c 1 ' c 2 ' c 3 ' c 4 ' c 5 ' c 12 ' c 13' c 18 ' c 20 ' c 21' c 4 2' c 41 
NSGR, FSGR 

H1(15,1), H2Cl5,1), H3(15,1), H4Cl5,1), H5(15,1), 
H6(15,1), H7(15,1), H8(15,1), H9(15,1), Hllt15,1), 
H12(15,1), Hl3(15,1), Hl5(15,1), H16(15,1), Hl7Cl5,1), 
H 1 A ( 1 5 , 1 ) , H 1 9 ( 15 , 1 ) , H 20 ( 15, 1) , H 21 ( 15 , 1 ) , H 2 2 ( 15, 1 I , 
H23(15,l), H24(15,1), H25(15,1) 9 H26(15,1), H27(15,l), 
H28(15,l), H29(15 9 1), H30(15,1), H31(15,1), H32(15,1) 
H33(15,1), H34(15,llt H35(15,1), H36(15,1), H37(15,1), 
H38(15,U, H39(15,1), H40(15tUt H4Ul5,U, H42(15,U, 
H43U5,U, H44(15,1J, H50(15,1), H51(15tU 
Cl(15,5), C2(15 9 5), C3(15,5), C4Cl5,5), C5(15,5), 
C7(15,5), C8(15,5}, C9(15,5), C10(15,5), ClU15,5), 
C12(15,5), Cl3(15,5), Cl4U5,5), Cl5(15,5), Cl6(15,5), 
Cl7(15,5), Cl8(15r5), C20(15,5), C21(15~5J, C24(15,5), 
C25l15,5), C26{15,5), C27(15,5lt C28(15,5), C29(15,5), 
C34(15r5), C35t15,5), C36(l5t5), C37(15,5), C38{15,5) 
C39(15,5), C40(15 1 5), C41(15,5), C42(15J~)J C43(15,5), 
C44(15,5), C45(15,5), C46(15,5), C47(15,5J 
, C30(15,5), C3lfl5,5), C48(15,5), C49(15r5l 

5{14,7,4,4) 

Figure A-21 Subroutine CMBPT (1 of 3) 
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c 
c 

c 

c 

c 

c 

c 

c 

c 

0 I MENS ION 
DIMENSION 
DIMENSION 

-YLAT(l5,5), HLENG(15;5), HWI0(15,5) 
$1(15), HI1(15,21, HI2(15,2), SI2ll5,5), SIU15,l) 
NSGR(15l, FSGR(15) 

XLGTH=2.0*35.0 
HWTD(I,J)=27.0/12.0 
SM=0.8 
ISLOPE=1 
IF ( Hll(!,l) .EQ. 11 .AND. Hl2(1,1) .EQ. 1 ) GO TO 100 
YLAT(I,Jl=C48(I,J) 
GO TO 102, 

100 CONTINUE 
YLAT(I,Jl=H20([,1)-HwiDCI,J)/2.0 

102 CONTINUE 
HLENG(I,Jl=XLGTH+H24(I,1) 
SICil=SM*SC12,3,1,1)/lO.O 
SI2(I,Jl=SICI)*lO.O 

CALL HINDEX 

HI2CI,l)=H 
IF ( Hl3(I,U .EQ. 1 .OR. Hl5(1,l) .LT. 0.01) GO TO 104 
OFFST4=Hl5(J,l)-H20ll,l)-H23CI,l)-HWID(I,J)/2.0 
IF ( OFF$14 .LE. 30.0 I GC TO 106 
GO TO 104 

106 CONTINUE 
YLA T( 1, Jl =OFF ST4 
CALL HINOEX 
HI2(I,2)=H 

104 CONTINUE 
IFCNCONTR.EQ.l) GO TO 602 

CALL COSTS 

UPAY=UPAV+R 
PSUM=PSUM+P 

602 CONTINUE 
DO 108 N=1,NH 
IF ( Hll(N,U .EQ. 6 ) GO TO 110 

108 CONTINUE 
HIB=HI1(!,1)+HI1(I,2l+HIB 
HYA=HI2<I ,l)+HI2( I,2)+HIA 
RETURN 

110 CONTINUE 
IF ( Hl3(1,U .EQ. 1 .OR. Hl5lt,l) .tT. 0.01) GO TO 112 

CALL GRAIL 

IF l IGR .EQ. 1 ) GO TO 114 
IF ( H251N,l) .LE. HZO(l,l) ) cfo TO 116 
HIB=Htl(l,l)+HIB 
HIA=HI2lltll+HI2Cl,Z)+HIA 
RETURN 

Figure A-21 Subroutine CMBPT (2 of 3) 
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( 

116 

c 
114 

c 
112 

c 

CONTINUE 
HI~=HI1(t,2t+HI8 

HIA=H12(1,1J+HI2(1,2)+HIA 
RETURN 

CONTI NlJE 
HIB=HIB 
HIA~H12(1,ll+H12(1,21+HIA 
R.ETURN 

CONTINUE 
H·IB=HIB 
HI A =HI 2 (I , 1) +HI 2 ( I , 2) +HI A 
RETURN 

END 

Figure A-21 Subroutine CMBPT (3 of 3) 
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c ********************************************************************** 
c 

SUBROUTIN~ SCFT 
c 
c ********************************************************************** 
c 
c 

c 

c 

COMMON I INVE~T I It J, NH, LPl, llt MES 
COMMON I HTNVNT I Hl, H2, H3, H4, H5, H6, H7, H8, H9, Hllt Hl2, 

Hl3, Hl5, Hl6r Hl7t Hl8t Hl9, H20, H21, H22, 
H23, H24, H25, H26, H27, H28, H29, H3Q, H3l, 
H32, H33, H34r H35, H36, H37, H38, H39, H40, 
H41, H42, H43, H44, H50, H51 

• 
* 
* 
* 
* 
* 
* * 

* 

* 

* 
* 
* 
* 
* 
• 

COMMON 

COMMON 
COMMON 

COMMON 
COMMON 
COMMON 

INTEGER 

INTEGER 
INTEGER 

I CINVNT I Cl, C2, C3, C4, C5, Cl, CS, C9, ClO, Cll, Cl2, 
Cl3, Cl4r Cl5, Cl6r Cl7, Cl8, C20t C2lr C24, 
C25, C26, C27, C28, C29r C34r C35r C36, C37, 
C38, C39r C40, C41, C42, C43t C44, C45, C46, C47 
, C30, C31, C48, C49 

I HZINDX I YLAT, HLENG, HWIO, !SLOPE, H 
I HAZRO$ I Hll, Hl2 9 Sl, Sllr SI2, R, P, UPAY, PSUM, HIB, 

HIA 
I KEYNUM I KKl, KK2, NGR, IGR~ MGR, ICRSL 
I SIDENF I NSGR, FSGR 
I NONHWY I NCONTR, MONTH, NYEAR 

Hl, H2 9 H3, H4 9 H5t H6, H8, H9, Hllt Hl2r Hl3, Hl6, Hl9, 
H29, H30, H37, H38, H43, H44 
Cl, C2, C3, C4, C5, Cl2, Cl3r Cl8, C20, C2lr C42, C47 
NSGR, FSGR 

DIMENSION 

DIMENSION 

* DIMENSION 

Hl(l5,1), H2(15,1), H3(15,1), H4(15,1), H5(15,1), 
H6(15,1), H7Cl5 9 l), H8(15,1), H9(15,1), Hllll5,1), 
Hl2(15rl), Hl3(15rl), Hl5(15,1), Hl6(l5rl), Hl7(15,1), 
Hl8(15,1), Hl9(15,1), H20(15,1), H21(15rlJ, H22(15,1), 
H21(15.l), H24(15,1), H25Cl5,U, H26(15,U, H27(15,1), 
H28(15,U, H29(15,U, H30(l5,1), H3Ul5,1), H32(15tl) 
H33(15,1), H34(15,1), H35(15,l), H36(15,l), H37(15,1), 
H38(15,1), H39Cl5rl), H40(15,1), H41Cl5,1), H42(15,1), 
H43{15,1), H44(15,U, H50U5,1), H51C15,1) 
Clll5,5), C2(15r5l, C3ll5,5), C4ll5,5), C5(15,5), 
C7(15,5), CBC15,5), C9(15,5), Cl0Cl5,~), Cll(l5,5), 
Cl2(15,5), Cl3(15,5), Cl4(15,5), Cl5(l.5,5), Cl6C15,5), 
Cl7(15,5), Cl8(15,5), C20(15,5), C2Ul5,5), C24(15,5), 
C25(15,5), C26(15,5), C27(15,5), C28tl5,5), C29(15,5), 
C34(15t5), C35{15,5), C36(15,5), C37(15,5), C38(15,5) 
C39(15,5), C40(15,5), C41(15,5), C42(15,5), C43(15,5h 
C44(15,5), C45(15,5), C46(15,5), C47Cl5,5) 

* 
* 
* 
* 
* 
* 

DIMENSION 

* DIMENSION 
DIMENSION 

DIMENSION 

, C30(15,5), C31C15,5), C48Cl5,5), C49(15,5) 
YLAT(l5,~), HLENG(l5,5), HWI0(15,5) 
51(15), Hll(l5r21, Hl2{15,2), 512(1~,5), $11(15,1) 

NSGR(l5), FSGR(l51 

Figure A-22 Subroutine SOFT (1 of 3) 

A-74 



c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

YLAT(I,J)=Cl7(1,J) 
HWIO(l,J)=C16(I,J) 
HLENG(t,J)=C15(1,J)+H24(1,1) 
SV=l.O 
ISLOPE=l 
Sll I l=SV/10.0 
SI2l I ,J)=SICI )*10.0 

CALL HINOEX 

HI 2 ( I , 1) =H 
IF ( H13(1,1) .EQ. 1 .OR. Hl5(I,l) .LT. 0.01 ) GO TO 100 
OFFST4=Hl511,1)-H20(I,l)-H23CI,l) 
IF ( OFFST4 .LE. 30.0 ) GO TC 102 
GO TO 100· 

102 CONTINUE 
C 1 l I , J ) = 2. 0 *C 1 ( I , J) 
Cllli,J)=2.0*CllCI,J) 
HLENG(I,J)=Cl5(1,J) 

CALL HINOEX 

HI2{I,ll=HI2ll,l)+H 
YLAT(J,J)=Hl5{1,1)-Cl6(1,J)-Cl7(1,Jl 
HLENGli,Jl=2.0*Cl5(1,J)+H24Citl) 

CALL HINOEX 

HI2li 9 2)=H 
100 CONTINUE 

IFtNCONTR.EQ.l) GO TD 602 

CALL COSTS 

UPAY=UPAY+R 
PSUM=PSUM+P 

602 CONTINUE 
0 0 1 0 4 N= 1 , NH 
IF ( H 11( N, 1) • E Q. 6 ) G 0 T 0 106 

104 CONTINUE 
HIB=Hil(l,l)+Hll(l,2)+HIB 
HIA=Hl2li,1)+HI2(1,2}+HIA 
RETURN 

106 CONTINUE 
IF ( H13ll,l) .EQ. 1 .OR. H15(I,U .LT. 0.01) GO TO 108 

CALL GRAIL 

IF ( IG~ .EQ. 1 l GO TO 110 
IF ( H25(N,l) .LE. H20ti,U l GO TO 112 
H I B =HI 1( I , l) +H I B 
HIA=HI2(I ,l)+HI2( I,2}+HIA 
RETURN 

Figur.e A-22 Subroutine SOFT (2 of 3) 
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112 

c 
110 

c 
108 

c 

CONTINUE 
HIB=Hil( I ,2)+HIB 
HIA=HI2(T,l)+HI2(1,2)+HIA 
RETURN 

CONTINUE 
HIB=HIB 
HIA=Hl2(1,lt+Hl2(1,2l+HIA 
RETURN 

CONTINUE 
HIB=HIB 
HIA=HI2ti,ll+HI2ti,2)+HIA 
~ETURN 

END 

Figure A-22 Subroutine SOFT (3 of 3) 
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•• 

c *********************************************************************** 
c 

SUBROU'TINE ZERO 
c 
c *********************************************************************** 
c 
c 

c 

c 

COMMON I INVENT I 
COMMON I HINVNT I 

I , J t NH , l P 1 , ll , ME S 
Hl, H2, H3, H4, H5, H6, H7, H8, H9, Hll, Hl2, 
Hl3, Hl5, Hl6, Hl7, Hl8t Hl9, H20, H2lt H22, 
H23, H24, H25, H26, H27, H28t H29, H3Q, H31, 
H32, H33, H34, H35, H36, H37, H38, H39, H40, 
H41, H42, H43, H44, H50, H51 

* 
* 
* 
* COMMON I CINVNT I Cl, C2, C3, C4, C5, C7, C8, C9, ClO, Cllw Cl2, 

Cl3, Cl4, Cl5t Cl6, Cl7, Cl8t C20, C21, C24, 
C25, C26, C27, C28, C29, C34, C35, C36, C37, 
C38, C39, C40, C41, C42, C43, C44, C45, C46, C47 
, C30, C31, C48, C49 

* 
* 
* 
* COMMON I KEYNUM I KKlt KK2, NGR, IGR, MGR, ICRSl 

COMMON I HAZROS I HI 1 , H I 2 , S I , S I 1 , S I 2 , R , P, UP A Y, P SUM , H I B , 
HlA * COMMON I SIOENF I NSGR, FSGR 

INTEGER 
* 

INTEGER 

* 
* 
* 
* 
* 
* 

INTEGER 

DIMENSION 

DIMENSION 

* DIMENSION 

* 
* 
* 
* 
* 
* 

DIMENSION 

* DIMENSION 
DIMENSION 

Hl, HZ, H3, H4, H5, H6, H8, H9, Hll, Hl2, Hl3, Hl6, Hl9, 
H29, H30, H37, H38t H43, H44 
Cl, C2, C3, C4, C5, Cl2, Cl3, Cl8, C20, C2lt C42, C47 
NSGR, FSGR 

Hl(l5,1), H2(15,1), H3(15,1), H4{15,1), H5(15,1), 
H6(15,1), H7(15,1), H8(15,1), H9(15,1), H11(15,1), 
Hl2(15,ll, Hl3(15,U, Hl5(15,1), Hl6(15,U, Hl7(15,U, 
Hl8(15 ,1), Hl9Cl5tU, H20( 15,1), H21( 15,1) • H22C 15.1), 
H 2 3 ( 15 t lJ , H 2 4 ( 15 , ll , H 2 5 ( 1 5 , 1) t H 26 C 15, l) , H 2 7 ( 15, U , 
H28Cl5rl), H29(15,1), H30(15tl), H31Cl5,1), H32(15,1) 
H31Cl5,1), H34(15,1), H35Cl5,1), H36(15,1), H37(15,1), 
H38(15,1), H39(15,l), H40(15,l), H4l(l5,1), H42(15,1), 
H43(15,llt H44(15,1), H50(15,1), H51(15,1) 
ClC15,5), C2(15,5), C3Cl5,5), C4ll5,5), C5tl5,5), 
C7115,5), C8115,5), C9(15,5), Cl0(15,5), Cll{l5,5), 
Cl2(15,5), Cl3(15,5), Cl4Cl5,5l, Cl5(15,5), Cl6tl5,5), 
Cl7(15,5), Cl8(15,5), C20(15,5), C2Ul5,5), C24(15,5), 
C25(15,5), C26Cl5,5), C27(15,5), C28(15,5), C29(15,5), 
C34(15t5), C35(15,5), C36(15,5), C37Cl5,5), C38(15,5l 
C39(15,5), C40(15,5), C41(15,5), C42(15,5), C43(15,5), 
C44Cl5,5), C45(15,5), C46(15r51, C47(15,5) 
, C30(15,5), C31U5,5), C48U5,5), C49( 15r5) 
SI ( 15), H1Ul5,2), HI2U5,2t '· SI2(15,5), SIU 15,1) 
NSGR(l5), FSGRC15) 

Figure A-23 Subroutine ZERO (1 of 4) 
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c 

c 

c 

c 

c 

c 

c: 

c 

r. 

c 

IF ( NH .EQ. 1 ) GO TO 100 

CALL GRAIL 

IF ( NGR .EQ. 1 GO TO 100 
IF ( tGR .EQ. 0 GO TO 102 
Nl=l 
N2=1 
Kl=NSGR(l) 
K2=FSGRll) 
IF ( Cl8( Kl,Jl .EQ. 3 .AND. Cl8(K2,JJ .EQ. 3 ) GO TO 104 
MES=21 
RETURN 

104 CONTINUE 
IF ( C20lK1,J) .EQ. 1 .AND. 
IF ( C20(Kl,J) .Ne. 1 .AND. 
IF ( C20(Kl.,J) .EQ. 1 .AND. 
IF ( C20(K1,J) .NE. 1 .AND. 
ME S= 3 8 
RETURN 

106 CONTINUE 
IF ( I .LT. K 1 ) GO TO 114 
IF ( I .GT. K2 ) GO TO 116 
HIA=HI2(1,1)+HI2(1,2)+HIA 
RETURN 

116 CONTINUE 
HIB=HI HI ,2)+HIB 
HI A =HI 2 ( I , 1) +HI 2 ( I , 2 ) +HI A 
RETURN 

114 CONTINUE 

108 

120 

118 

110 

HI B =H 11( I , U +HI B 
HIA=HI2(1,l)+Hl2(1,2)+HIA 
RFTURN 

CONTINUE 
IF ( I .LT. K1 ) 

IF ( I .GT. K2 ) 

MES=3~ 
RETURN 

CONTINUE 
H I B =HI 1( I , 2 ) +HI B 
HIA=HI2(1,2)+HIA 
RETURN 

CONTINUE 
HI B =HI 1( I , U +HI B 
HIA=Hl2(1,ll+HIA 
RETURN 

CONTINUE 
IF ( I .LT. K1 ) 

IF ( I .LT. K2 ) 

HIB=HI lt I t2l+HIB 

GO TO 118 
GO TO 120 

GO TO 122 
GO TO 124 

C20(K2,J) .eQ. 1 , 
C20(K2,Jl .Ne. 1 ) 
C20tK2,J) .Ne. 1 ) 

C20(K2,J) .EQ. 1 ) 

Figure A-23 Subroutine ZERO (2 of 4) 
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c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

HIA=HI2CI,2J+HIA 
RETU~N 

124 CONTINUE 
HI A =HI 2 t I , U +HI A 
RETURN 

122 CONTINUE 
HIB=HIHI 9 1)+HIB 
HI A =H! 2 (l t1 ) +HI A 
RETURN 

ll2 CONTINUE 
IF ( I .G T. K2 ) GO TO 126 
IF ( I .GT. K1 ) GO TO 128 
HI 8 =H 11( I , U +HI B 
HIA=HI2(I,ll+HIA 
RETURN 

128 CONTINUE 
HIA=HI2(1,2)+HIA 
RETURN 

126 CONTINUE 
HI B =HI 1( I , 2 l +HI B 
HIA=HI 2(1 ,2)+HIA 
RETURN 

102 CONTINUE 
00 130 N=l ,KK1 
K=NSGR { Nl 
IF ( C18{K,J) .EQ. 3 .AND. C20(K,J) .EQ. 1 ) GO TO 132 
I F ( I • LT. K ) GO TO 134 

130 CONTINUE 

136 

134 

132 

140 

IF ( H 13 ( I , U • E Q. 1 • OR. Hl5 ( I , 1 ) • LT. 0. 0 1 GO TO 136 
HIB:HI U I ,2)+HIB 
HI A =HI 2( I , 2) +HI A 
RETURN 

CONTINUE 
MES=3c; 
RETURN 

CONTINUE 
HI B =HI 1( I , 1) +HI B 
HIA=HI2(I,l)+HIA 
RETURN 

CONTINUE 
IF ( I .LT. K ) GO TO 138 
IF ( H13(1,1) .EQ. 1 • OR. H15 (I, 1) .LT. 0.01 ) 

HIB=Hil( I ,2)+HIB 
HI A =H 12 (I , 1) +H 12 { I , 2) +HI A 
RETURN 

CONTINUE 
HIA=HI2U ,U+HIA 
RETURN 

Figure A-23 Subroutine ZERO (3 of 4) 
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c 

c 

138 CONTINUE 
HIB-=HI 1( I ,1 )+HIB 
HIA=HI2(1,l)+HI2(1,2)+HIA 
RETURN 

100 CONTINUE 
HIB=HI1(I,l)+Htl(I,2)+HIB 
HIA=HI2(1 9 l)+Ht2(1,2)+HIA 
RETURN 

END 

Figure A-23 Subroutine ZERO (4 of 4) 
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c ********************************************************************* 
c 

SUBROUTINE RAIL 
c 
c ********************************************************************* c 
C LONGITUDIN~L H~Z~RO I~PROVEMENT SUBRCUTINE WHERE GUARCRAIL IS USED. 
c 
c 

c 

c 

COMMON I INVENT I 
COMMON I HINVNT I 

I, J, NH, LPl, llt MES 
Hl, H2, H3, H4, HS, H6, H7, H8, H9, Hllr Hl2t 
Hl3, Hl5t Hl6, Hl7, Hl8t Hl9r H20r H2lr H22, 
H23r H24r H25, H26r H27, H28, H29r H30r H3l, 
H32r H33r H34, H35r H36, H37, H3B, H39, H40, 
H4l, H42r H43r H44, H50r H5l 

* 
* 
* 
* COMMON I CINVNT I Cl, C2, C3, C4, C5, C7, ca, C9, ClO, Cllt Cl2, 

Cl3t Cl4t C15, Cl6, Cl7r Cl8r C20r C21, C24, 
C25, C26, C27, C28, C29, C34, C35r C36t C37, 
C38, C39, C40, C41, C42, C43, C44r C45, C46, C47 
, C30, C31, C48, C49 

* 
* 
* 
* COMMON 

COMMON 
COMMON 

* COMMON 

* 

COMMON 
COMMON 

* COMMON 

INTEGER 

* INTEGER 
INTEGER 

I 
I 
I 

I 
I 
I 

I 

DIMENSION 

* 
* 
* 
* 
* 

* 
* 

0 I MENS ION 
DIMENSION 

CONS NT I 
HZINOX I 
HAZRDS I 

KEYNUM I 
BRSLGR I 
SLOPES I 

SIDENF I 

O, THETA, RAD, ~NG, RSIN, RTAN, LIFE, RI 
VLAT, HLENG, HWIO, !SLOPEr H 
HI 1 , H I 2 , S I , S I 1t S 12 , R , P, UP A Y t P SUM , HI B , 
HIA 
KKl, KK2, f\GR, IGR, MGR, ICRSL 
NBRl 
K, FSOIR, BSOIR, FSERS, BSERS, FSSTP, BSSTP, 
FSANG, BSANGt OFFSTlr OFFSTZ, FSOFF, DELTA, 
FSDISr BSOIS 
NSGR; FSGR 

Hl, H2, H3, H4, H5, H6, H8, H9, Hllr Hl2, Hl3t Hl6, Hl9, 
H29, H3Q, H37, H38, H43, H44 
Cl, C2t C3, C4, C5, Cl2r Cl3t ClB, C20, C2lt C42, C47 
NSGR, FSGR 

Hl(l5,U, H2(15,1), H3(15,l), H4(15,1), H5(15,l), 
H6(15,1), H7(15rl), H8(15,l), H9(15,1), Hll(l5,1), 
Hl2{15rl), Hl3(15,l), Hl5(15,1), Hl6(15,1), Hl7(15,1}, 
Hl8(15,1), Hl9(15,1), H20(15rl), H21{15,1), H22(15,1), 
H23(15rl), H24(15,1), H25(15rl)r H26ll5,1), H27(15,1), 
H28(15,1), H29(15,1), H30(15rl), H31(15,1), H32{15,1) 

NN(2) 
H33(15,1), H34(15,1), H35(15,1) 9 H36(l5 9 l}, H37(15,1), 
H38(15,1), H39(15,1), H40(15tl), H41(15tUr H42(15,1), 
H43(15,1), H44(15,1), H50(15,1), H51(15,1) 

Figure A-24 Subroutine RAIL (1 of 2) 
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c 
c 

c 

c 

c 

c 

c 
c 

100 

101 

* 
* 
* 
* 
* 
* 

DIMENSION 

DIMENSION 

Cl(l5,5), C2(15,5l, C3(15,5), C4(15,5), C~l15,5), 
C7(15,5), C8C15,5), C9(15,5), Cl0(15,5), C11Cl5,5), 
Cl2(15,5), Cl3(15,5), C14(15,5), Cl5(15,5), Cl6(15,5), 
Cl7(15,5), Cl8(15,5), C20Cl5,5), C2Ul5,5), C24(15,5), 
C25(15,5), C26(15,5), C27(15,5), C28(15,5), C29(15,5J, 
C34ll5,5), C35(15,5), C36C15,5), C37(15,5), C38(15,5) 
C3~(15t5l, C40(15,5),,C41(15,5), C42(15,5), C43(15,5), 
C44(15,5), C45(15,5), C46(l5,5), C47(15,5) 

* DIMENSION 
, C30Cl5,5), C31(15,5), C48C15,5), C49Cl5,5) 
VLATC15,5), HLENGC15,5), HWI0(15,5) 

DIMENSION 
DIMENSION 

51(15), Hll(l5,2), Hl2{15,2), 512(15,5), 511(15 9 1) 
NSGR{l5), FSGR(l5) 

IC20=C20( I ,J) 

IFCIC20 .EQ. 0 .OR. IC20 .GT. 6) GO TO 501 
GO TO ( 100,101,101,101,102,101 ), IC20 

CONTINUE 
CALL RAILl 
RETURN 

CONTINUE 
CALL RAIL2 
RETURN 

i02 CONTINUE 
CALL RAIL6 
RETURN 

501 CONTINUE 
ft.1E S = 14 
RETURN 
I: NO 

Figure A-24 Subroutine RAIL (2 of 2) 
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c *********************************~~···································· 
c 

SUBROUTINE RAill 
c 
c *********************************************************************** 
r: 
c 

c 

c 

COMMON I INVENT I I, J, NH, lPl, LL, MES 

* 
* 
* 

COMMON I HINVNT I Hl, H2 9 H3, H4 9 H5, H6, H7, HS, H9, Hll, Hl2, 
Hl3, Hl5, Hl6t Hl7, Hl8, Hl9, H20t H21, H22, 
H23, H24t H25, H26, H27, H28, Hzq, H30, H31, 
H32, H33, H14 9 H35, H36, H37, H38t H39, H40, 

* H4l, H42, H43, H44, HSO, H51 

* 
* 
* 

COMMON I CINVNT I Cl, C2, C3, C4, C5, C7, CA, C9, ClO, Cll, Cl2, 
Cl3, Cl4t Cl5, C16, Cl7, Cl8, C20, C2lt C24, 
C25, C26, C27, C28, C29, C34, C35, C36, C37, 
C38, C39, C40, C41, C42, C43, C44, C45, C46, C47 

* , C30, C31, C48, C49 
COMMON I HAZRDS I Hll, HI2, SI, Sil, Sl2, R, P, UPAY, PSUM, HIB, 

HIA * COMMON 
COMMON 
COMMON 
COMMON 

I KEYNUM I KKl, KK2, NGR, IGR, MGR, ICRSL 
I SIDENF I NSGR, FSGR 
I RAILS I IRAILl 
I NONHWY I NCONTR, MONTH, NYEAR 

INTEGER 

* INTEGER 

* 
* 
* 
* 
* 

* 

INTEGER 

DIMENSION 

DIMENSION 

* DIMENSION 
• 
* 
* 
* 
* 
* 
* 

DIMENSION 

0 I MENS ION 
DIMENSION 

Hl, H2 9 H3 9 H4 9 H5, H6, HS, H9, Hll, Hl2, Hl3, Hl6, Hl9, 
H29 9 H30 9 H37 9 H38, H43, H44 
Cl, C2, C3, C4, C5, C12, Cl3, Cl8, C20t C2lt C42, C47 
NSGR, FSGR 

Hl(l5 9 l), H2(15,1), H3(15,1), H4(15,1), H5(15,1), 
H6(15 9 l), H7(15 9 1) 9 H8(15,1), H9(15,1), Hll(l5,1), 
Hl2(15,l), Hl3(15,1), Hl5(15,1), Hl6(15,1), Hl7(15,i), 
Hl8(15,1), Hl9(15,1), H20(15,1), H21(15,1), H22(15,1), 
H23(15tU, H24(15,U, H25<15tl), H26(15,U, H27(15,1), 
H28(15,U, H29(15,1), H30(15,t), H3Ul5,1), H32(l5 9 l) 

H33(15,l), H34(15,1), H35(15,1), H36(15,l), H37(15,1), 
H38(15tl), H39(15,1), H40(15,1), H4lll5,1), H42(15,Ur 
H43(15,U, H44Cl5,1), H50(15,1), H51(15,1) 
Clll5,5), C2(15,5), C3(15,5J, C4(15,5), C5tl5,5), 
C7(15,5), C8{15,5), (9(15,5), Cl0Cl5,5), Cll{l5,5), 
Cl2(15,5), Cl3(15,5), Cl4tl5,5), Cl5(15,5), Cl6(15,5), 
Cl7(15,5), Cl8115,5), C20(15,5), C2Ul5,5), C24(15,5), 
C25(15,5), C26(15,5), C27(15,5), C28(15,5), C29(15,5'), 
C34(15,5}, C35(15,5), C36(15,5), C37Cl5,5), C38(15,5) 
C39(15,5), C40(15,5), C41(15,5); C42(15,5), C43(15,5), 
C44(15,5), C45Cl5,5), C46(15,5), C47(15,5) 
, C30(15,5), C31(15,5), C48(15,5), C49(15,5) 
SIU5), HI1(15,2), H12(15,2), SI2(15,5), SIU15,U 
NSGR(15), FSGR(l5) 

Figure A-25 Subroutine RAILl (1 of 3) 
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c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

IRAIL1=IRAIL1+1 
SICI)=1.0 
SI2(1,Jl=O.O 
IF(NCONTR.EQ.1) GO TO 602 

CALL CCSTS 

UPAY=UPAY+R 
PSUM=PSUM+P 

602 CONTINUE 
IF ( H13(1,1) .EQ. 1 .OR. Hl5CI,U .LT. 0.01) GO TO 100 
IF ( NH .EQ. 1 ) GO TO 100 

CALL GRAIL 

IF { IGR .EQ. 1 ) GO TO 102 
100 CONTINUE 

HIB=HI1(I,1)+HI1(1,2)+HIB 
RETURN 

102 CONTINUE 
N=NSGR(ll 
L=FSGR(l) 
IF ( C20(N,J) .EQ. 1 .AND. C20(L,Jl 
IF ( C20(N,J} .EQ. 1 .AND. C20(L,J) 
IF ( C20( N,J) .NE. 1 • AND. C20CL,J) 
MES=2'1 
RETURN 

104 CONTINUE 
IF ( IRAILl .LE. KK2 ) GO TO 110 
GO TO 112 

110 CONTINUE 
L=FSGR(IRAILl) 
HI B =HI l( L, 2) +HI 6 

112 CONTINUE 
IF ( lRAtll .LF:. KKl , GO Tn 114 
RE TUP N 

114 CONTINUE 
N=NSGR( IRA ILl) 
HIB=Hil(N ,U+HIB 
RETURN 

106 CONTINUE 
N=NSGR (lRAILU 
HI B =HI 1( N, 1) +HI B 
IF ( IRAIL1 • EQ. KKl ) GO TO 116 
RETURN 

116 CONTINUE 
00 118 L=l,NH 
IF ( L .LE. KK2 GO TO 120 
RETURN 

120 CONTINUE 
M=F SGR ( l} 

.EQ. 

.NE. 

.EQ. 

Figure A-25 Subroutine RAILl 
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1 ) GO TO 106 
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c 

c 

c 

HI A =H I 1 ( M, 1 ) +HI A 
118 CONTINUE 

RETURN 

108 CONTINLF 
' M = F SG R (I R A Ill ) 
HIB=HI UM,2)+HIB 

., 
' 

IF ( IRAIL1 .EQ. KK2 ) GO TO 122 

122 

126 

124 

RETURN 

CONTINUE 
DO 124 L=1,NH 
IF ( l .LE. KKl 
RETURN 

CONTINUE 
N=NSGR(l) 
HI A =H 11( N, 2) +HI A 
CONTINUE 
RETURN 
END 

GO TO 126 

Figure A-25 Subroutine RAILl (3 of 3) 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

c 
c 
r 
'·· 

c 

c 

c 

SUBROUTINE RAIL2 
~ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

COMMO~ I INVENT I 
COMMON I HINVNT I 

I, J, NH, lPl, ll, MES 
Hl, H2, H3, H4, H5, H6, H7, H8, H9, Hll, Hl2, 
Hl3t Hl5, Hl6, Hl7, Hl8, Hl9, H20, H21, H22, 
H23, H24, H25t H26, H27, H28, H29, H30, H31, 
H32t H33, H34, H35, H36, H37, H38, H39, H40, 
H4l, H42t H43, H44, H50, H5l 

* 
* 
* 
* COMMON I CtNVNT I Cl, cz, C3, C4, C5, C7, C8, C9, ClO, Cll; Cl2, 

Cl3, Cl4, Cl5, Cl6, C17, Cl8, C20, C2lt C24, 
C25, C26, C27, C28, C29, C34, C35, C36, C37, 
C38, C39, C40, C41, C42, C43, C44t C45, C46, C47 
, £30, C31, C48, C49 

* 
* 
* 
* COMMON 

COMMON 
COMMON 
COMMON 

* COMMON 
COMMON 

INTEGER 

* INTEGER 
INTEGER 

I 
I 
I 
I 

I 
I 

DIMENSION 

* • 
* 
* 
* 
* 

DIMENSION 

* DIMENSION 

* 
* • 
* 
* 
* 

DIMENSION 

* DIMENSION 

SEVERE I 
KEYNUM I 
HZlNOX I 
HAZROS I 

SIDENF I 
NONHWY I 

s 
KKl, KK2, NGR, IGR, MGR, ICRSL 
YLAT, HLENG, HWIO, !SLOPE, H 
Hilt Hl2, Sit Silt Sl2t R, p, UPAY, PSUM, HIB, 
HIA 
NSGR, FSGR 
NCONTR, MONTH, ~YEAR 

Hl, H2, H3, H4, H5, H6, H8, H9, Hllt Hl2t Hl3, Hl6, Hl9, 
H29, H30, H37, H38; H43, H44 
Cl, C2, C3, C4, C5, C12, Cl3, Cl8, C20t C21, C42, C47 
NSGR, FSGR 

Hl(l5,1), H2Cl5,1), H3(15,1), H4(15,1), H5{15,1), 
H6(15,l), H7(15,1), H8(15,1), H9(15,1), Hll(l5tll, 
Hl2Cl5,l), Hl3Cl5,1), Hl5115,1), Hl6Cl5,1), Hl7(15,1), 
Hl8(15,l), Hl9(15,1), H20(15,l), H21(15,1), H22(15,l), 
H23(15,U, H24(15,1), H25(15,l), H26(15,1), H27(15,U, 
H28(15,1), H29(15,1), H3Q(l5,1), H31(15,1), H32(15,l) 
H33Cl5,l), H34(15,1), H35Cl5,1), H36(15,1), H37(15,1), 
H38(15,1}, H39(15,1), H40(15tUt H4Ul5,1), H42{15,1), 
H43(15,1), H44(15,1), H50(15,1), H51(15,1) 
Cl(15,5), C2Cl5,5), C3(15,5), C4ll5,5), C5Cl5~5), 
C7Cl5,5), C8(15,5), C9(15,5), Cl0(15t5), Cll(l5,5), 
Cl2(15,5), Cl3(15,5), Cl4(15,5), Cl5(15,5), C16(15,5), 
Cl7(15,5), Cl8Cl5,5J, C20(15,5), C21(15,5), C24tl5,5lt 
c 2 5 { 15' 5) ' c 26 (15' 5) ' c 27 ( 15 '5) ' c 28 ( 15' 5) t c 29 ( 15' 5 ) ' 
C34(15,5), C35(15,5), C36(15,5), C37(15,5), C38(15,5) 
C3f1(15,5), C40(15,5), C4l(l5,5), C42(15,5), C43(15,5), 
C44(15,5), C45(15,5), C46(15,5), C47(15,5) 
, C30(15,5), C31(15,5), C48(15,5), C49(15,5) 

5(14,7,4,4) 

Figure A-26 Subroutine RAIL2 (1 of 3) 
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c 
c 

c 

c 

c 

c 

c 

DIMENSION 
DIMENSION 
DIMENSION 

VLAT(l5,5), HLENG(1595), HWIDI15,5) 
S I ( 1 5 ) , H Il ( 1 5 , 2 ) ,,: H I 2 ( 1 5 , 2 ) , S I 2 ( 1 5 , 5 ) , S I 1( 15 t U 
NSGR(15), FSGRC15) 

Hl1=ABS(Hl7(I,l)-H18(1,1J)*5280.0 
Hl2=C26(I,J)+C27CI,Jl 
Hl3=C28CI,J)+C29(l,J) 
Yll=(H25(1,1)+H26(I,l))/2.0 

CALL GRAIL 

D 0 1 0 0 L = 1 , 1'\H 
IF(H11(L,1) .EQ. 12) GO TO 99 
GO TO 100 

99 CONTINUE 
IFCH12(L,l).EQ.3 .OR. Hl2(L,l).EQ.4 .OR. H12(L,l).EQ.5) GO TO 102 

100 CONTINUE 
IF ( C20(l,J) .EQ. 4) GO TO 104 
IF C C20(I,J) .EQ. 9) GO TO 106 
Ml=l 
M2=1 
M3=1 
GO TO 108 

106 CONTINUE 
Ml=Hl2 (I, U 
M2=1 
M3=1 
GO TO 108 

104 CONTINUE 
M 1 =H 12 (I , l) 
M2=H29(I,U 
M3=H30 CI , 1) 

108 CONTINUE 
SI(I)=S(6,Ml,M2,M3)/lO.O 
SI2(1,Jl=IO.O*Sl(!) 
IF ( Hl3(!,1) .EQ. 1 .OR. H15(I,1l .LT. 0.01 ) GO TO 110 
I F ( I GR • E Q. 0 ) G 0 T 0 112 
M=NSGR(KKU 
IF ( I .G1'. M ) GO TO 114 
GO TO 110 

112 CONTINUE 
H1502=Hl5Cltll/2.0 
IF C YLl .GT. H1502 GO TO 114 
GO TO llO 

114 CONTINUE 
VLAT(I,J)=Hl5(I,l)-Yll 
HWIO(I,J)=l.5 
HLENG(I,J)=HLl+HL2-HL3 
ISLOPE=l 

CALL HINDEX 

HI2(1,2)=H 
IF(NCONTR.EQ.l) GC TO 602 

CALL COSTS 
Figure A-26 Subroutine RAIL2 (2 of 3) 
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c 

c 

c 

c 

c 

c 
c 

UPAY=UPAY+R 
PSUM=PSUM+P 

. 602 CONTI NliE 
HIB=HI 1( I ,2)+HIB 
HIA=HI 2{ I ,2)+HIA 
~E TURN . 

102 CONTINUE 

• 

IF ( H29(1,1) .EQ. 1 .OR. H29(1,l) .EQ. 2) GO TO 116 
·s I C I ) = S ( 6 , 1, 3, 1) /10. 0 
Sl2(l,J)=10.0*SICI) 
GO TO 120 

116 CONTINUE 
SJ( 1)=5(6,3,1,3)/10.0 
SI2(1,J)=lO.O*SI(l) 

120 CONTINUE 
IF ( C2H L,J) .EQ. 2 ) GO TO 122 

110 CONTINUE 
YLA T( I ,J) =Yl1 
GO TO 124 

122 CONTINUE 
YLAT(I,J)=(C24(L,J)+C25(l,J))/2.0 

124 CONTINUE 
ISLOPE=1 
HWID( I ,J)=l.5 
HLENG(I,J)=Hll+HL2~HL3 

CALL HINDEX 

HI2(I,U=H 
IF( NCONTR.EQ.ll GO TC 604 

CALL CCSTS 

UPAY=UPAY+R 
PSUM=PSUM+P 

604 CONTINUE 
HI B =HI 1( I , 1) +HI B 
HI A =HI 2 ( I , 1 ) +HI A 
RETURN 

END 

Figure A-26 Subroutine RAIL2 (3 of 3) 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUBROUliNF. RAIL6 
c 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C LONGITUDINAL HAZARD IMPROVEME~T SUBRCUTINE. 
C ANCHOR EXISTING GUARDTAIL TO BRIDGE STRUCTURE 
c 
c 

c 

c 

* 
* 
* 
* 

COMMON I INVENT I 
COMMON I HINVNT I 

I , J , NH , l P 1 , ll , ME S 
Hlt H2, H3, H4, H5, H6, H7, H8, H9, H11, H12, 
Hl3, H15t Hl6t Hl7, H18, Hl9, H20, H21, H22, 
H23, H24 9 H25, H26, H27, H28, H29, H30, H31, 
H32t H33, H34, H35, H36, H37, H38, H39, H40, 
H41, H42t H43, H44, H50, H51 

COMMON I CINVNT I Cl, C2, C3, C4, c5, C1, CB, C9, ClO, Cll, Cl2, 
Cl3, Cl4t Cl5t Cl6t C17, Cl8, C20, C2lt C24, 
C25, C26t C27, C28, C29, C34, C35, C36, C37, 
C38, C39, C40, C41, C42, C43, C44, C45, C46, C47 
, C30, C31, C48, C49 

* 
* 
* 
* COMMON I SEVERE I s 

COMMON I HZINOX I 
COMMON I HAZROS I 

YLAT, HLENG, HWIO, ISLOPE, H 
Hilt HI2t SI, Sll, SI2, R, P, UPAY, PSUM, HIB, 
HIA * COMMON I NONHWV I NCONTR, MONTH, ~YEAR 

INTEGER Hl, H2, H3, H4, H5, H6, HB, H9, Hllt H12, Hl3, H16, H19, 
* H29, H30t H37, H38, H43t H44 

INTEGER Cl, C2, C3, C4, C5, C12, C13, ClBt C20, C21, C42, C47 

* 
* ... 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

DIMENSION 

DIMENSION 

01 MENS ION 

DIMENSION 

* DIMENSION 
DIMENSION 
DIMENSION 

H1(15,1), H2(15,1), H3(15,1), H4(15,1), H5(15,1), 
H6 ( 1 5 , 1 ) , H 7 C 1 5 , 1 ) , H 8 C 1 5 , 1 ) , H 9 ( 1 5 , 1 ) , H 11 ( 1 5 , 1 ) , 
Hl2(15,1), Hl3(15,1), Hl5Cl5rl), Hl6(15,l), Hl7(15,1), 
Hl8(15,l), H19(15,U, H20(15tl), H21(15,1), H22(15,1), 
H 2 3 ( 15 , lJ , H 2 4 ( 15 , 1) , H 2 5 ( 15 t U , H 26 ( 15 , 1) , H 27 ( 15, 1 ) , 
H28(15tll, H29(15,1), H30(15,1), H3Ul5,U, H32(l5,1) 
H33(15,l), H34(15,U, H35(15,U, H36(15,1}, H37(15,U, 
H38ll5,1), H39(15,U, H40(15,1), H4Ul5,U, H42(15,U, 
H43(15,1), H44Cl5,1), H50{15,1), H5Ul5,1) 
ClU5,5), C2Cl5,5l, C3ll5,5), C4(15,5), C5(15,5), 
C7(~5,5), C8ll5,5J, C9Cl5,5), Cl0Cl5,5J, Cllll5,5), 
C12(15,5), Cl3(15 9 5), Cl4U5r5), Cl5(15,5), Cl6(15,5), 
c 1 1 ( 15 '5) ' c 18 ( 15 ' 5 )r c 20 ( 15 ' 5) ' c 21(1 5 ' 5 ) ' c 2 4 ( 15 ' 5 ) t 

C25U5,5), C26(15,5), C27(15,5), C28(15,5), C29(15,5), 
C34(15,5), C35(15,5), C36(15,5l, C37(15,5), C38(l5,5) 
C39(15,5), C40(15,5), C41(15r5), C42(15,5), C43(15,5), 
C44(15,5), C45(15,5), C46tl5,5), C47fl5,5) 
, C30(15,5), C31(15,5), C48(15,5), C49(15,5) 

s (14 '7 '4 ,4) 
YLAT(l5,5), HLENG(l5,5), HWI0(15,5) 
$1(15), Hll(l5,2), HI2115,2), St2(15,5), $11(15,1) 

Figure A-27 Subroutine RAIL6 (1 of 2) 
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c 

c 

c 

c 

c 

c 

ISLOPE = 1 
M = H12CI ,1) 
IFtH30{1,l).EQ.4) GO TO 1 
IF(H29(I,ll.EQ.4) GO TO 2 
ME S = 15 
RETURN 

1 Sl(l) = S(6,M,l,3)/10.0 
Sl2(l,J) =lO.O*SI(I) 
GO TO 4 

2 Sl(I) =S(6,M,3,U/lO.O 
SI2(1,J) = lO.O*SICI) 

4 YLAT(I,J) = (H25(1,l)+H26(J,l))*.5 
HLENG(I,J) = ABS(Hl7(l,l)-Hl8(1,1))*5280.0 
HW I 0 ( I , J ) = 1. 5 

CALL HINDEX 

HI2(l,l) = H 
IF(NCONTR.EQ.lt GO TO 602 

CALL COSTS 

UPAY = UPAY+R 
PSUM = PSUM+P 

602 CONTINUE 
HIB = Hiltl,lJ+HIB 
HIA = HI2(1,l)+HIA 
RETURN 

END 
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• 
c *********************************************************************** 
c 

SUBROUTINE PTRAil 
c 
c *********************************************************************** c 
c 

c 

c 

COMMON I INVENT I 
COMMON I HINVNT I 

I, Jt NH, lPl, ll, MES 
Hl, H2, H3, H4, H5, H6, H7, HSt H9, Hll, Hl2, 
Hl3, Hl5, Hl6, Hl7t Hl8t Hl9, H20t H2lt H22, 
H23, H24, H25, H26, H27, H28, H29, H30, H31, 
H32, H33, H34, H35t H36, H37, H38, H39, H40, 
H4l, H42, H43, H44t H50, H51 

* 
* 
* 
* COMMON I CINVNT I Cl, C2, C3, C4, C5, C1, ca, C9, ClO, Cll, Cl2, 

Cl3, Cl4, Cl5, Cl6t Cl7, ClS, C20, C2lt C24, 
C25, C26, C27, C28t C29, C34, C35, C36, C37, 
C38, C39, C40, C41, C42, C43, C44, C45, C46, C47 
, C30, C31, C48, C49 

* 
* 
* 
* COMMON 

COMMON 
COMMON 
COMMON 

* COMMON 
COMMON 

I 
I 
I 
I 

I 
I 

SEVERE 
CONSNT 
HZINDX 
HAZRDS 

PTHZGR 
NONHWY 

I 
I 
I 
I 

I 
I 

s 
O, THETA, RAO, ANG, RSIN, RTAN, LIFE, RI 
YLAT, HlENG, HWIO, ISLOPE, H 
Hilt HI2, SI, SU, SI2, R, P, UPAY, PSUM, HIB, 
HIA 
NPTGR, HLGTH 
NCONTR, MONTH, NYEAR 

INTEGER Hl, H2, H3, H4, H5, H6, HS, H9, Hl1, H12, Hl3, Hl6, Hl9, 
* H29t H30, H37, H38, H43, H44 

INTEGER C1, C2, C3, C4, C5, C12, Cl3, Cl8t C20, C21, C42, C47 

* 
* 
* 
* 
* 
* 

DIMENSION 

DIMENSION 

* DIMENSION 

* 
* 
* 
* 
* 
* 

DIMENSION 

* DIMENSION 
DIMENSION 
DIMENSION 

Hl(l5,1), H2(15,1), H3(15,l), H4(15,1), H5(15,1), 
H6(15,1), H7(15,1), H8(15,1), H9(15,1), Hll(l5,1), 
Hl2(15,1), Hl3(15tlt, Hl5(15,1), Hl6(15,llt Hl7(15,1), 
Hl8(15,l), Hl9(15tll, H20(15,1), H2l(l5,1), H22(15,1), 
H23(15,1), H24(15,1), H25(15,1), H26(15,1), H27(15,1), 
H28(15,1), H29(15,l), H30U5tllt H31(15,1), H32(15,1) 
H33(15,l), H34(15,l), H35(l5,1), H36(15,1), H37(15,1), 
H38(15,1), H39(15,1), H40(15,1), H41(15,1), H42(15,1), 
H43(15,1), H44(15,1), H50(15tllt H51(15,1) 
Cl(l5,5), C2Cl5,5), C3(15,5), C4(15,5), C5Cl5,5), 
C7(15,5), C8{15,5), C9(l5,5), Cl0(15,5), Clltl5,5), 
Cl2Cl5,5), Cl3U5,5), Cl4(15,5), Cl5(15,5), Cl6(15,5J, 
Cl7(15,5), Cl8Cl5,5), C20(15,5), C21(15,5), C24(15,5), 
c 2 5 ( 15 '5) ' c 26 (1 5 '5) ' c 27 (15 '5 ) ' c 28 ( 15' 5) ' c 29 ( 15' 5) ' 
C34(15,5), C35(15,5), C36(15,5), C37(15,5), C38(15,5) 
C39(15,5), C40{15t5), C41(15,5), C42(15,5), C43(15,5), 
C44(15,5), C45(15,5), C46(15,5), C47(15,5) 
, C30(15,5), C31,15,5), C48(15,5), C49(15,5) 

5(14,7,4,4) 
YlAT(l5,5), HlENG(l5,5), HWIDC15 9 5) 
SI ( 15), HI!( 15,2), HI2U5,2), 512(15,5), SI U 15, l) 
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102 

100 

106 

110 

114 

118 

116 

120 

122 

126 

NPTGR=1 
KOROER=O 
St(l)=S(6,l,l,1)/lO.O 
Sl2(l,Jl~Sl(IJ*lO.O 
VL A H I , J) =C 14 ( I t J) 
HWIO(I,J)=l.5 
IF ( NH .EQ. 1 ) GO TO 100 
DO 102 NNN=l,NH 
IF ( Cl2(NNN,J) .EQ. 1 .ANO. Cl3(NNN,J) .EQ. 2 ) 
GO TO 100 
CONTINUE 
KOROER=l 
CALL OROER2 
D1=H20(1,U 
0 2 =C 14 ( I , J ) 
D3=H20(NH,1)+H23(NH,l) 
04=01-02 
GO TO 106 
CONTINUE 
Dl=H201I,1J 
02=VLAHI ,J} 
03=01+H23(I ,l) 

04=01-02 
CONTINUE 
ISLPl=l 
ISLOPE=ISlPl 
CONTINUE 
HL1=(400.0/03)*(03-02) 
IF ( 04 .LT. 6.0 ) GO TO 114 
GO TO 116 
CONTINUE 
IF l Hll .LT. 150.0 ) GO TO 118 
GO TO 116 
CONTINUE 
HLl=l50.0 
CONTINUE 
IF ( KOROER .EQ. 1 ) GO TO 120 
HLENG(I,J)=Hl1+H24(I,1l+(2.0*25.0) 
GO TO 122 
CONTINUE 
HlENG(I,J)=HLl+HLGTH+(2.0*25.0) 
CONTINUE 
CALL HINOEX 
HI2(1,l)=H 

' 

GO TO 102 

IF ( Hl3(I,U .EQ. 1 .OR. Hl5(1,1) .LT. 0.01) 
D 6 =C 4 q ( I , J ) 

GO TO 124 

07=06-02 
08=H15( I, 1)-06 
09=Hl51I, U-01 
HL2=(400.0/09}*(09-08) 
IF ( 04 .LT. 6.0 l GO TO 126 
GO TO 128 
CONTINUE 
IF ( Hl2 .LT. 150.0 
GO TO 128 

GO TO 130 
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130 CONTINUE 
Hl2=150.0 

128 CONTINUE 
CALL CCNSTl 
HL3=D 7/TANIANG) 
Hl5=Hl2+25.0 
HL6=Hl3+25.0 
Hl4=Hl1+25.0 
IF ( HL5 .LE. Hl6 ) GO TO 132 
YLATCI,JI=D6 
HWID(I,J)=1.5 
Al=Hl5-Hl6 
HLENG(I,J)=Al 
51(1)=30.0 
CALL HINDEX 
SI(I)=SI2ti,J)/lO.O 
HI2(t,l)=HI2(I,l)+H 

132 CONTINUE 
YLAT( I ,J)=08 
HWID( I ,J) =1.5 
IF ( KCRDER .EQ. 1 ) GO TO 134 
GO TO 136 

134 CONTINUE 
HLENGfi,JJ~Hl2+HLGTH+(2.0*25.0) 
GO TO 138 

136 CONTINUE 
HLENG(I,J)=Hl2+H24(1,1)+(2.0*25.0) 

138 CONTINUE 
CAll HINOEX 
HI2{I,2)=H 
IF ( Hl4 .LE. HL6 GO TO 124 
SI(I)=30.0 
YLA T( I, J) =07+08 
HWIO(I,Jl=1.5 
HLENG(I,J)=HL4-HL6 
CALL HINDEX 
HI 2 ( I , 2) =HI 2 ( I , 2) +H 

124 CONTINUE 
HIB=Hil(l,l)+Hil(I,2)+HIB 
HIA=HI2(I ,U+HI2( I,2)+HIA 
IF(NCONTR.EQ.l) GO TO 602 
CALL COSTS 
UPAY=UPAY+R 
PSUM=PSUM+P 

602 CONTINUE 
RETURN 
END 
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c ***********************************************************************' c 
SUBROUTINE DTRAIL 

c 
c *********************************************************************** 
c 
c 
C SUBROUTINE USED ONLY TO INSTALL GUARCRAIL TO PRCTECT A WASHOUT DITCH NO 
C CRITICAL SLOPE. 
c 
c 

c 

c 

COMMON I INVENT I I, J, NH, LPl, LL, MES 
COMMON I HINVNT I Hl, H2, H3, H4, H5, H6, H7, HB, H9, Hll, Hl2, 

Hl3, Hl5, Hl6t Hl7, Hl8r Hl9, H20, H2l, H22, 
H23, H24, H25, H26, H27, H28, H29, H30, H3lr 
H32, H33t H34, H35, H36, H37, H38, H39, H40, 
H4l, H42t H43i H44, H50, H51 

* 
* 
* 
* 

* 
* 
* 
* 

COMMON 

COMMON 

I CINVNT I Cl, C2, C3, C4, C5, C7, CB, C9, ClOt Cll, Cl2t 
Cl3, Cl4r Cl5, Cl6, Cl7, Cl8, C20, C21, C24, 
C25, C26, C27, C28, C29, C34, C35, C36, C37, 
C38, C39, C40, C41, C42, C43, C44t C45, C46t C47 
, C30, C31, C48, C49 

I SEVERE I S 
COMMON I HZINDX I YLAT, HLENG, HWID, !SlOPE, H 

* 

* 

* 
* 
* 
* 
* 
* 

COMMON 

COMMON 
COMMON 
COMMON 

INTEGER 

INTEGER 

I HAZRDS I Hil, HI2, SI, Sil, 512, R, P, UPAY, PSUM, HIB, 
HIA 

I KEYNU~ I KKl, KK2, NGR, IGR, MGR, ICRSL 
I ROITCH I OT, OTl 
I NONHWY I NCONTR, MONTH, NYEAR 

Hl, H2, H3, H4, H5, H6, ~8, H9, Hll, Hl2, Hl3, Hl6, Hl9, 
H29t H3Q, H37t H38, H43, H44 
Cl, C2, C3, C4, C5, Cl2, Cl3, Cl8t C20, C21, C42, C47 

DIMENSION 

DIMENSION 

* DIMENSION 

Hl(l5,1), H2(15,1), H3(15,1), H4(15,1), H5(15,1), 
H6(15,l), H7(15 9 1}, H8(15,l), H9(15,1), Hll(l5,1), 
Hl2(15,l), Hl3(15,U, Hl5(15rll, Hl6(15,1), Hl7(15,l), 
Hl8(15,1), Hl9(15,1), H20(15,1), H21(15,1), H22(15,1), 
H 2 3 ( 15 , U , H 2 4 ( 15, 1 ) , H 2 5 ( 15 , 1) , H 26 ( 1 5, U , H 2 7 ( 15, 1 ) , 
H28(15,1), H29(15,1), H3Q(l5tl), H31(15,1), H32(15,U 
H33(15,1), H34(15,1), H35U5tUt H36(15,1), H37(15,U, 
H38{15,1), H39(15,1), H40(15,1), H41Cl5,1), H42(15,1), 
H43(15,U, H44(15,1), H50(15,1), H51(15,1) 
Cl(l5,5), C2(15,5), C3(15,5), C4(15,5), C5(15,5}, 
C7(15,5), C8(15,5), C9(15,5), C10ll5,5), Cllll5,5), 
Cl2Cl5,5l, Cl3U5,5), Cl4(15,5), Cl5(15,5), Cl6(15,5), 
Cl7U5,5), Cl8U5,5), C20U5,5), C21(15,5), C24(15,5}, 
C25(15,5), C26(15,5), C27U5,5), C28(15,5), C29(15,5), 
C34Cl5,5), C35(15,5), C36(15,5), C37(15,5J. C38(15,5l 
C39(15,5), C40(15,5), C4Ul5,5), C42(15,5), C43(l5,5), 
C44(15,5), C45(15,5), C46Cl5,5), C47(15,5) 

* 
* • 
* 
* 
* 
* 

DIMENSION 

OI MENS ION 
DIMENSION 
DIMENSION 

, C30(15,5), C31(15,5), C48(15,5), C49(15,5) 
$(14,7,4,4) 
YlAT(l5,5), HlENG(l5,5), HWIOC15,5J 
51(15), HI1Cl5,2), Hl2(15,2l, Sl2(15,5), SI1(15,1) 
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K=l 
HWIO(K,l)=H28CI,J) 
IF(HWIO(K,l).GT.30.0) HWIO(K,1)=30.0 
ISLOPE=l 
Ol=OT 
OLGTH=OTL 
IF(C24(K,J}.GT.O.Ol' GO TO 10 
CALL GRAIL 
IF(NGR.EQ.l) GO TO 20 
GO TO 30 . 

10 02=CC24(K,J)+C25{~,JJ)/2.0 
03=Dl+HWIO(K,l) 
04=01-02 
HL1=(400./03)*(03-02} 
IF(HLl.LE.l50.0) HL1=150.0 
HLENG(~,J)=Hll+50.0+DLGTH 
SI(K)=$(6,1,1,1)/10.0 
SI2(K,Jt=SilKl*lO.O 
YLAT(K,J)=02 
HWIO(K,JJ=l.5 
CALL HINDEX 
Ht2(K,l)=H 
GO TO 30 

20 HIB=Hil(K,l)+HIB 
HIA=HIA 
GO TO 40 

30 IF(Hl3(K,1).EQ.l .OR.Hl5(K,1).LT.O.Ol) GO TO 50 
IFIC24(K,JJ.GT.O.Ol) GO TO 60 
HIB=HIB 
HIA=HIA 
GO TO 42 

50 HIB=Hil(K,l)+HIB 
HIA=HI2(K,l)+HIA 
GO TO 80 

60 HIB=Hil(K,l)+HIB 
HI A =HI 2 ( K, lJ +HI A 

42 CONTINUE 
IF(C30(K,J).GT.O.Ol) GO TO 40 
CALL GRAIL 
IF(NGR.EQ.1l GO TC 90 
HIB=HIB 
HIA=HIA 
RETURN 

90 MES=46 
RETURN 

40 D6=CC30(K,JJ+C3l(~,J))/2.0 
0 9 = H 1 5 ( K , 1) -0 T 
0 8=H 15 ( K, 1) -06 
HL2=(400./09)*(09-08) 
IF(HL2.LE.l50.0) HL2=150.0 
HLENG(K,J)=Hl2+50.0+0LGTH 
SI(K)=$(6,1,1,1)/10.0 
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SI2(K,J)=SI(K)*lO.O 
Yl AT ( K, J) =0 8 
HWIO(K,J)=l.5 
CALL HINOEX 
HI2(K,2,)=H 

70 HIB=Hil(K,2)+HIB 
HIA=HI2(K,2)+HIA 

80 CONTINUE 
IF(NCONTR.EQ.l) GC TC 602 
CALL COSTS 
UPAY=UPAY+R 
PSUM=PSUM+P 

60 2 CONTI NUE 
RETURN 
END 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUBROUTINE SLRAIL 
c 
c ······································································* c 
c 
C SUBROUTINE INSTALLS GUARDRAIL TC PROTECT SLOPE 
c 
c 

c 

c 

* 
* 
* 
* 
• 
* 
* 
* 

COMMON I INVENT I 
COMMON I HINVNT I 

COMMON I CINVNT I 

COMMON 
COMMON 
COMMON 

I 
I 
I 

SEVERE I 
HZINDX I 
HAZRDS I 

I, J, NH, LPl, lL, MES 
Hl, H2, H3t H4, H5, H6, H7, H8, H9, Hll, Hl2, 
Hl3, Hl5, Hl6t Hl7t Hl8t Hl9, H20, H21, H22, 
H23, H24, H25, H26, H27, H28, H29, H3Q, H3l, 
H32, H33, H34, H35, H36, H37, H38, H39, H40, 
H41, H42, H43, H44t H50, H51 
Cl, C2, C3, C4, C5, C7, ca, C9, ClO, CU, Cl2, 
Cl3, Cl4, Cl5, Cl6, Cl7, Cl8, C20, C21, C24, 
C25, C26, C27, C28, C29, C34, C35, C36, C37, 
C38, C39, C40, C41, C42, C43, C44, C45; C46, C47 
, C30, C3l, C48, C49 
s 
YLAT, HLENG, HWtO, ISLOPE, H 

* COMMON I KEYNUM I 

Hll, HI2, Sl, Sll, SI2, R, P, UPAY, PSUM, HIB, 
HIA 
KKl, KK2, NGR, IGR, MGR, ICRSL 

COMMON I SLCPE S I 
• • 

COMMON I NONHwY I 

K, FSDIRt BSOIR, FSERS, BSERS, FSSTP, BSSTP, 
FSANG, BSANG, OFFSTl, OFFST2, FSOFF, DELTA, 
FSDIS, BSOIS 
NCONTR, MONTH, ~YEAR 

INTEGER Hl, H2, H3, H4, H5, H6, H8, H9, Hll, Hl2, Hl3, Hl6, Hl9, 
* H29, H30t H37, H38, H43, H44 

INTEGER Cl, C2, C3, C4, C5, Cl2, Cl3, Cl8, C20r C21, C42, C47 

DIMENSION Hl(l5,1), H2(15tll, H3(15,1), H4115,1), H5(15,1), 
* H6(15,1), H7(15,1), H8(15,1), H9Cl5,1), Hll(l5,l), 
* Hl2(15,1), Hl3ll5,1), Hl5ll5,1), Hl6(15,1), Hl7ll5,1), 
* Hl8(15,1), Hl9ll5,1), H20ll5,1), H21(15,1), H22(15,1}, 
* H23{15,l), H24(15,1), H25{15,l), H26(15,1), H27(15,l), 
* H28(15,1), H29(15,1), H30(15,1), H31Cl5,l), H32ll5,1) 

DIMENSION H33(15,1), H34(15,1), H35(15,1), H36(15,1), H37(15,.1), 
* H38(15,1), H39(15,l), H40(15,1), H4l(l5,1), H42(15,U, 
* H43(15,U, H44(15,1), H50(15,1), H51(15,1) 

DIMENSION Clll5,5), C2(15,5), C3(15,5), C4(15,5), C5(15,5), 
* C7(15,5), C8Cl5,5), C9(15,5), Cl0115,5), Cll(l5,5), 
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c 
c 

* 
* 
* 
* 
* 

• 

DIMENSION 

Cl2U5,5), Cl3(15,5), Cl4(15,5), ClS(lt,sJ, Cl6(15,5), 
Cl7(15,5), Cl8(15,5), C20(15,5), C2Ul5,5), C24(15,5), 
C25(15,5), C26(15,5), C27(15,5), C28(15,5), C29{15,5), 
C34,tl5,5), C35(15,5), C36(l5,5), C37(15,5l, C38(15,5) 
C3q(l5,5), C40Cl5,5), C41U5,5), C42(15,5), C43(15,5), 
C44(15,5), C45(15,5), C46(15,5), C47(15,5) 

* DIMENSION 
, C30(15,5), C31(15,5), C48(15,5), C49(15,5) 

SC14,7,4,4f 
DIMENSION 
0 I MENS ION 

K=I 
ISLOPE=1 

YLATC15,5), HLENG(l5,5), HWI0(15,5) 
St (15), Hll (15,2), HI2Cl5,2), S 12(15,5), SI l( 15, l) 

IFCC34(1,J).GT.O.Ql) GO TO 101 
HLSL=ABSCH17(1,1)-Hl8(1,l)J*5280.0 
GO TO 103 

101 CONTINUE 
HLSL=ABS(C34(1,J)-C35(I,Jl)*5280.0 

103 CONTINUE 
IFIC24(K,J).GT.0.01) GO TO 10 
CALL GRAIL 
IFCNGR.EQ.l) GC TO 20 
GO TO 30 

10 D2=(C24(K,J)+C25(K,J))/2.0 
03=FSOFF 
HL1=(400./D3J*ID3-02) 
IF(Hll.LE.l50.0) HL1=150.0 
HLENGIK,Jl=HL1+50.+HLSL 
SI(K)=S(6,1,1,1)/lO.O 
SI2(K,Jl=SI(K)*10.0 
YLAH K,J)=02 
HWID(K,J)=l.S 
CALL HINDEX 
H12(K,l)=H 
GO TO 30 

20 HIB=Hil(K,1J+HIB 
HIA=HIA 
GO TO 40 

30 IFCH13(K,l).EQ.1 .OR.Hl5(K,l).LT.O.Ol) GO TC 50 
IF(C24(K,JJ.GT.O.Oll GO TO 60 
HIB=HIB 
HIA=HIA 
GO TO 42 

50 HIB=HI1(K,lJ+HIB 
HIA=HI2(K,l)+HIA 
GO TO SO 

60 HIB=Hil(K,1)+HIB 
HIA=HI2tK,1)+HIA 

42 CONTINUE 
IFCC30CK,J).GT.O.Ol) GG TO 40 
CAll GRAIL 
IF(NGR.EQ.l) GO TO 90 
HIB=HIB 
HIA=HIA 
RETURN 

90 MES=46 
RETURN 
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40 D6=(C30(K,J)+C3l(K,JJ)/2.0 
oq=H15(K,l)-FSOFF ' 
DB=Hl5(K,U~D6 
Hl2=(400./09)*(09-08) 
IF(HL2.LE.l50.0J Hl2=150.0 
HLENGCK,J)=Hl2+50.0+HLSL 
SI(K)=S(6,l,l,l)/lO.O 
SI2(K,J)=SI(K)*lO.O 
YLAT( K,J) =08 
HWIO(K,JJ=1.5 
CALL HINOEX 
HI2(K,2)=H 

70 HIB=Hil(K,2)+HIB 
HIA=HI2(K,2)+HIA 

80 CONTINUE 
IF(NCCNTR.EO.l) GO TO 602 
CAll COSTS 
UPAY=UPAY+R 
PSUM=PSUM+P 

602 CONTINUE 
RETURN 
END 
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c *********************************************************************** c 
SUBROUTINE CURB 

c 
c *********************************************************************** c 
c 

c 

c 

* 
* 
* 
* 
• 
* 
* 
* 

COMMON I INVENT I 
COMMON I HINVNT I 

COMMON I CINVNT I 

COMMON I SEVERE I 

I, J, NH, LPl, LL, MES 
Hl, H2, H3, H4, H5, H6, H7, H8, H9, Hll, Hl2, 
Hl3t Hl5t Hl6, Hl7t Hl8, Hl9, H20, H21, H22, 
H23, H24, H25, H26, H27, H28t H29, H30, H31, 
H32t H33, H34, H35, H36 9 ~37, H38, H39, H40, 
H41, H42t H43, H44, H50, H5l 
Cl, C2, C3, C4, C5, C7, CB, C9, ClO, Cll, Cl2, 
Cl3, Cl4, Cl5, Cl6t Cl7, ClB, C20, C2lt C24, 
C25, C26, C27, C28, C29, C34, C35, C36, C37, 
C38, C39, C40, C41, C42, C43, C44, C45, C46, C47 
, C30, C3l, C48, C49 
s 

COMMON I HZINOX I 
COMMON I HAZROS I 

YLAT, HLENG, HWIO, ISLOPE, H 
Hll, Hl2, Sl, Sll, SI2, R, P, UPAY, PSUM, HIS, 
HIA * 

* 

* 
* • 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 
* 

COMMON I NC~HWV I NCCNTR, MONTH, ~YEAR 

INTEGER 

INTEGER 

DIMENSION 

DIMENSION 

DIMENSION 

DIMENSION 

D I MEN Sl ON 
DIMENSION 
DIMENSION 

Hl, H2, H3, H4, H5, H6, HB, H9, Hll, Hl2t Hl3, Hl6t Hl9v 
H29, H30, H37t H38, H43, H44 
Cl, C2t C3, C4, C5, Cl2t Cl3, ClB, C20, C2lt C42, C47 

Hl(l5,1), H2Cl5,1), H3(15,1), H4(15,1), H5Cl5,1), 
H6(15,1), H7(15,1) 9 H8(15 9 l), H9{15 9 l), Hll(l5,1), 
Hl2(15,1), Hl3{l5 9 U, Hl5(l5,l), Hl6(15,l), Hl7(15,l), 
Hl8(l5,1), Hl9(15,ll, H20(15,l), H21(15,1), H22{15,1), 
H23(15,1), H24(15tl)t H25(15,1), H26(15,1), H27(15,1), 
H28(15,1), H29{15,l), H30(15,1), H31(15,1), H32(15tlJ 
H33(15tl), H34(15,1), H35(l5 9 l), H36(l5 9 l), H37(15,1), 
H38(15,1), H39{15,1), H40(15,1), H41(15,1), H42(15,1), 
H43(15,l), H44(15,1) 9 H50(l5,l), H51(15,l) 
Cl(l5,5), C2ll5,5), C3ll5,5), C4115,5), C5ll5,5), 
C7ll5,5), C8(15,5), C9(15,5), Cl0ll5,5), Cllll5,5), 
Cl2Cl5,5), Cl3(15,5), Cl4(15,5), Cl5tl5,5), Cl6Cl5,5), 
Cl7f15,5), Cl8(15t5), C20U5,5), C21U5,5), C24(15,5), 
C25(15,5), C26(15,5), C27(15,5), C28(15,5), C29(15,5), 
C34(15,5), C35(15,5), C36(15,5h C37ll5,5), C38{15,5) 
C39(15,5), C40(15,5}, C41(15t5)t C42tl5,5), C43(15,5), 
C44(15,5), C45(15,5), C46(15,5), C47(15,5) 
, C30(15,5), C31(15,5), C48(15,5), C49(15,5l 

S U4, 1, 4,4 l 
YLAT(l5,5), HLENG(l5 9 5), HWID{l5 9 5) 
Sl(l5), Hilll5,2)t HI2U5,2}, SI2(l5,5), SIU15,U 
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c 

c 

c 

c 

c 

c 

ISLOPE=1 
VLAT1=(H25(1,1)+H26(1,1))/2.0 
IF ( C20(1,J) .EQ. 2) GO TO 100 
IF ( C20(t,J) .EQ. 1 ) GO TO 102 
MES=11 
RETURN 

102 CONTINUE 
IF ( I .G T. 1 l GO TO 104 
HIB=HI 1( I ,1 l+HIB 
GO TO 106 

104 CONTINUE 
HIB=HI 1( I ,Zl+HI!L 

106 CONTINUE 
HI2(I,U=O.O 
HI2(!,2)=0.0 
SI( I )=1.0 
Sl2( I ,Jl=O.O 
GO TO 108 

100 CONTINUE 
Stl I 1=0.9*515,1,1 ,1) /10.0 
512( I ,J)=SI CI )*10.0 
IF ( I .GT. 1 l GO TO 110 
HI B =H IU I , 1) +HI B 
VLAH I ,Jl=VLAT1 
GO TO 112 

110 CONTINUE 
HIB=HI1(1,2)+HIB 
YLAT(I,J)=Hl5(1,1)-YLAT1 

112 CONTINUE 
HLENG(I,Jl=ABS{Hl7(1,1l-H18(1,lll*5280.0 
HWIO{I,J)=H28(1,1) 

CALL HINOEX 

1 F t I .G T. 1 ) GO TC 114 
HI2(1,1)=H 
GO TO 108 

114 CONTINUE 
HI 2 ( t , 2) =H 

108. CONTINUE 
!F(NCONTR.EQ.ll GC TC 602 

CALL COSTS 

UPAY=UPAY+R 
PSUM=PSUM+P 

602 CONTINUE 
HIA=H!2(I,ll+HI2(I,2l+HIA 
RETURN 

END 

Figure A-31 Subroutine CURB (2 of 2) 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUBROUTINE BRIDGE 
c 
c *********************************************************************** 
c 
c 

c 

c 

COMMON I INVENT I 
COMMON I HINVNT I 

It J, NH, LPl, LL, MES 
Hlt H2, H3, H4, H5, H6, H7, HS, H9, Hllt Hl2, 
Hl3, Hl5, Hl6, Hllt Hl8t Hl9t H20, H21t H22, 
H23 9 H24, H25, H26, H27, H28, H29, H30, H3L, 
H32t H33, H34 9 H35, H36, H37, H38, H39, H40, 
H41, H42, H43, H44, H50, H51 

• 
* 
* 
* COMMON I CINVNT I Ct, C2, C3, C4, C5, C7, ca, C9, ClO, Cllt Cl2, 

Cl3, Cl4t Cl5t Cl6t Cl7t ClS, C20, C21, C24, 
C25, C26, C27, C28, C29, C34, C35, C36, C37, 
C38, C39, C40, C41, C42, C43, C44, C45, C46, C47 
, C30, C31, C48, C49 

* 
* 
* • 

• 

COMMON I SEVERE I 
COMMON I HZINDX I 
COMMON I HAZRO$ I 

COMMON I NCNHWY I 

s 
YLAT, HLENG, HWIDt ISLOPE, H 
HI 1 , H t 2 , S I , S I 1 , S I 2 , R , P, UP A Y, P SUM , H I B , 
HIA 
NCCNTR, MONTH, NYEAR 

INTEGER Hl, H2, H3, H4, H5, H6, H8, H9, Hll, Hl2, Hl3, Hl6, Hl9, 
* H?9t H30t H37, H38, H43, H44 

INTEGER Cl, C2, C3, C4, C5, Cl2t Cl3, Cl8, C20, C2lt C42, C47 

* 
* 
* 
* 
* 
* 

01 MENS ION 

DIMENSION 

* DIMENSION 

* * 
* 
* 
* 
* 

DIMENSION 

* DIMENSION 
DIMENSION 
DIMENSION 

Hl(l5,1), H2ll5,1), H3(15,1), H4(15,1), H5(15,l), 
H6(15,1}, H7(15,1), H8(15,l), H9ll5,1), HllC15,1), 
Hl2ll5,1}, Hl3Cl5,1), Hl5(15,1), Hl6(15,1), Hl7{15,1), 
Hl8(15,1), Hl9(15,1), H20(15,1J, H21(15,1), H22(15,1), 
H 2 3 C 15 , 1 } , H 2 4 ( 15 , l) , H 2 5 ( 15 , 1) , H 26 ( 15 , l) , H 27 ( 15 , l ) , 
H2Bll5,1), H29Cl5tl), H30(15,1), H3lll5,1), H32(15,1) 
H33(15,U, H34ll5 9 U, H35(15,1), H36(15,l), H37(15,1), 
H38(15,1), H39(15,l), H40(15,1), H4Ul5,1), H42(15,ll, 
H43(15,1), H44(15,1), H50(15,1), H51Cl5,1) 
Clll5,5), C2(15 9 5), C3Cl5,5l, C4(15,5), C5(15,5), 
C7115,5), C8ll5,5J, C9Cl5,5), Cl0Cl5,5), Cllll5,5), 
Cl2(15,5), Cl3U5,5), C14U5,5), Cl5(15,5), Cl6(15,5), 
Cl7(15,5), C18(15,5), C20(15,5), C21(15,5), C24C15,5), 
C25(15,5), C26(15,5), C2705,5), C28Cl5,5), C29( 15,5), 
C34(15,5), C35(15,5), C36(15,5), C37(15,5), C38(15,5) 
C39(15,5), C40(15,5), C4Ul5,5), C42(15,5), C43(15,5), 
C44(15,5), C45(15,5), C46Cl5,5), C47(15,5) 
, C30tl5,5), C31(15,5), C48(15,5), C49{15,5) 

S(l4,7,4,4) 
51(15), Hll(l5,2), Hl2(15,2), $12(15,5), 511(15 9 1) 
YLAT(l5,5), HLENG(l5,5), HWI0(15,5) 
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c 

c 

c 

c 

c 

c 

c 

c 

IF ( C20(I,J) .EQ. 1 ) GO TO 100 
IF ( C20(l,J) .EQ. 2) GO TO 102 
ME S=l2 
RETURN 

100 CONTINUE 
51(1)=5(12,3,1,1)/10.0 
SI2l I ,J)=SI (I )*10.0 
GO TO 104 

102 CONTINUE 
Sl( I )=S( 12,4, 1,U /10.0 
512( I ,J)=Sill)*10.0 

104 CONTINUE 
XH=Hl7(1,1)-Hl8(1 ,1) 

HLENGCI,J)=ABSCXH)*5280.0 
HWIOC I ,J) =0.0 
IBR=O 
IF ( C2l(I,J) .EQ. 1 .OR. C21Ct,J) .EQ. 3 
IF ( C21(1,J) .EQ. 2 .CR. C2l(I,J) .EQ. 4 
MES=13 
RETURN 

106 CONTINUE 
YLAT(I,J)=(H25(1,1)+H26(1,1))/2.0 
GO TO 110 

108 CONTINUE 
YLAT(I,J)=(C24CI,J)+C25([,J))/2.0 
IBR=l 

110 CONTINUE 

CALL HINOEX 

Hl2(1,l)=H 
IF ( IBR .EQ. 0 ) GO TO 112 

GO TO 106 
GO TO 108 

IF ( H13(1,U .EQ. 1 .OR. H15(.1,U .LT. 0.01) GO TO 112 
IF ( C2U I ,J) .EQ. 4 ) GO TO 114 
IF ( C2l(I,Jl .EQ. 2) GO TO 112 
MES=41 
RETURN 

114 CONTINUE 
HI2(1,2)=HI2(1,1) 

112 CONTINUE 
IFCNCONTR.EQ.l) GC TC 602 

CALL COSTS 

UPAY=UPAY+R 
PSUM=PSUM+P 

602 CONTINUE 
HIB=Hil(J,l)+Hil(I,2)+HI8 
HIA=HI2(1,l)+HI2(1,2)+HIA 
RETURN 

END 
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c *********************************************************************** c 
SUBROUTINE BRGR 

c 
c *********************************************************************** 
c 
c 

c 

c 
c 

COMMON I INVENT I I ' J, NH t LPl, LL, MES 
COMMON I HINVNT I H1t H2, H3, H4, H5, H6, H7, H8, H9, Hll, Hl2, 

* Hl3, Hl5, Hl6 9 Hl7, H18, Hl9t H20, H2lt H22, 
* H23 9 H24, H25, H26, H27, H28, H29, H3Q, H31, 
* H32, H33r H34, H35, H36, H37, H3B, H39, H40, 

• H41, H42 , H43, H44, H5Q, H51 
COMMON I CINVNT I Cl, C2, C3, C4, C5, c 1, ca, C9, ClO, c 11, c 12' 

• C13, C14t C15, Cl6, c 17 t Cl8, C20, C21, C24, 
• C25, C26, C27, C28, C29, C34, C35, C36t c 37' 
* C38, C39, C40, C41, C42, C43, C44, C45, C46, C47 
• , C3Q, C31, C48t C49 

COMMON I SEVERE I s 
COMMON I HZINDX I VLAT, HLENG, HWID, I SLOPE, H 
COMMON I HAZRO$ I HI1, H[2, si, sn, srz, R, p, UPAYt PSUM, HIB, 

* HIA 
COMMON I NCNHWY I NCONTR, MONTH, NV EAR 
COMMON I BRGR2 I MM 

* 
INTEGER Hl, H2, H3, H4, H5, H6, HS, H9, Hll, Hl2, Hl3, Hl6, H19, 

H29, H30, H37, H38, H43 9 H44 
INTEGER Clt C2, C3, C4, C5, C12, C13t Cl8, C2Q, C21, C42, C47 
DIMENSION Hl(l5,1), H2(15,1), H3(15tl,, H4(15,1}, H5(15,l), 

* H6(15,1), H7(15,l), H8(15,l), H9{15,l), H11(15,1), 
Hl2(15,1), H13(15,1), H15(15,1), Hl6(15,1), Hl7ll5,1), 
Hl8(15,1t, H19(15,1), H20(15tllt H21(15,1), H22(15,1), 
H 2 3 ( 15 , 1 ) , H 2 4 ( 15 , 1 ) , H 2 5 ( 15 , 1 J , H 26 ( 15 , 1 ) , H 2 7 ( 15, 1 ) , 

* • 
* • 

DIMENSION 

* 

H28(15,1), H29(l5,1), H30Cl5,U, H3U15,1), H32(15,1) 
H33(15,1), H34(15,1), H35(15,1), H36(15,1), H37(15,1), 
H38(15,l), H.39{15,U, H40(15,1), H4Ul5,1), H42(15,1), 

* H43(15,1), H44(15,1), H50Cl5,l), H5l(l5,1) 
OIMENSION Cl(15,5), C2(15,5), C3(15,5), C4(15,5), C5(15,5), 

* C7f15,5), C8(15,5), C9(15,5), C10(15,5), Cll(15,5), 
Cl2(15,5), Cl3(15,5), Cl4(15,5), Cl5Cl5,5), Cl6(15,5), 
Cl7(15,5), Cl8(15,5), C20(15,5), C21(15,5), C24(15,5), 
C25(15,5), C26U5,5), C27Cl5,5}, C28(15,5), C29{ 15,5h 

* 
* 
* 
* DIMENSION 
• 
* DIMENSION 

DIMENSION 
DIMENSION 
DIMENSION 

K=I 

C34(15,5J, C35(15,5), C36(15,5), C37(15,5), C38(15,5l 
C39(15,5), C40(15,5), C41U5,5), C42(15,5}, C43(15,5), 
C44(15,5), C45(15,5), C46U5t5), C47<15,5) 
, C30(15,5), C31(15,5), C48(15,5), C49(l5,5) 

SU4,7,4,4) 
YLAT(l5,5), HLENG(l5,5), HWI0(15,5) 
SI(l5), HI1{15,2), HI2(15,2), SI2fl5,5), Silfl5,1) 

MMC15), NNU5t 

IF ( C24(K,J) .LT. 0.01 .AND. C3l(K,J) .LT. 0.01 GO TO 100 

Figure A-33 Subroutine BRGR (1 of 3) 
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c 
CALL OROEP2 

NBR = 0 
0 0 11 1 N = 1 , NH 
l=MM(N) 

·" 

IF( H1UL,U .EQ. 12 ) GO TO 110 
GO TO 111 

110 CONTINUE 
NBR = NBR + 1 
NNCNBR) = l 

111 CONTINUE 
IFI H6(K,U .EQ. 1 ) GO TO 102 
IF( H18(K,1J .LT. H18(NN(NBR),1))G0 TO 103 
GO TO 1.04 

102 CONTINUE 
IF( H18(K,1) .GT. Hl8(NNCNBR),1))G0 TO 103 
GO TO 104 

103 CONTINUE 
IF( C30(K,J) .LT. 0.01 GO TO 99 
GO TO 106 

104 CONTT NUE 
IF( C24(K,J) .LT. 0.01 GO TO 99 
GO TO 108 

106 CONTINUE 
01 = C3l(K,J) 
Xl = H26(NN(NBR),1) 
GO TO 128 

108 CONTINUE 
01 = C24(K,J) 
X1 = H25(NNC1l,1) 

128 CONTINUE 
X=ABSC01-XU 
IF { X .GT. 8.0 ) GO TO 134 
IF C X .LE. 3.8 ) GO TO 136 
Y=ZO.O*(X-3.8)+216.0 
GO TO 138 

136 CONTINUE 
Y=38.6*(X-1.0)+108.0 

138 CONTINUE 
IF ( Y .LT. 150.0 ) GO TO 140 
GO TO 142 

140 CONTINUE 
Y=150.0 
GO TO 142 

134 CONTINUE 
Y=300.0 

142 CONTINUE 
HLENG(K,J)=Y+25.0 
D2=(Dl+XU/2.0 
IF C C24(K,J) .LT. 0.01 GO TO 144 
SI(Kl=SC6,3,1,3l/10.0 
SI2(K,J)=SI(K)*10.0 
GO TO 146 

144 CONTINUE 
Sl(K)=$(6,1,3,1)/10.0 
SI21K,J)=SI(K)*10.0 

146 CONTINUE 

0 
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c 

c 

c 

c 

602 

c 
99 

c 
100 

c 

YLAHK,J)=02 
HWIO{K,J)=l.5 
ISLOPE=l 

CALL HINOEX 

Hl2{K,l)=HI2(K,l)+H 
IF(NCONTR.EQ.l) GO TO 602 

CALL COSTS 

UPAV=UPAY+R 
PSUM=PSUM+P 
CONTINUE 
HIB = HllCK,l) + HIB 
H IA =H 12 (I , ll +HI A 
RETURN 

CONTINUE 
MES = 51 
RETURN 

CONTINUE 
ME 5=44 
RETURN 

END 
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• 
c **********************************************************************' 
c 

SUBROUTINE BRGRl 
c 
c **********************************************************************' 
c 
C SUBROUTINE USED TO PLACE GUARDRAIL BETWEEN SUCCESSIVE BRIDGES IN LINE 
C ( PROGRAM PERMITS UP TO 5 BRIDGES ) 
c 
c 

c 

c 

COMMON I INVENT I I ' J, NH, LPl, LL, MES 
COMMON I HINVNT I Hl, H2, H3, H4, H5, H6, H7, HS, H9, Hll, Hl2, 

• · Hl3, Hl5, Hl6, Hl7, Hl8, Hl9, H20, H21, H22, 
* H23, H24, H25, H26t H27, H28t H29t H3Q, H31, 
* H32t H33t H34t H35, H36, H37, H38, H39, H40, 
* H41, H42, H43, H44, H50, H51 

COMMON I CINVNT I C1 , C2, C3, C4, C5, C7, C8, C9, ClO, c 11' Cl2, 
* 
* 
* 
* 

COMMON I 
COMMON I 

* 
COMMON I 
COMMON I 
COMMON I 

INTEGER 
* 

INTEGER 

DIMENSION 
DIMENSION 

* 
* 
* 
* 
* DIMENSION 
• 
* 

DIMENSION 
* 
* 
* 
* 
* 

DIMENSION 
* 

Cl3, C14, Cl5, Cl6, c 17' C 1St C20t C21, C24, 
C25, C26, C27, C28, C29, C34, C35, C36, C37, 
C38, C39, C40, C4lt C42, C43, C44r C45, C46, C47 

• C30, C3l, C48, C49 
SEVERE I s 
HAZRO$ I Hilt HI2r SI, sn, srz, R, p, UPAY, PSUM, HIB, 

HI~ 
HZINOX I YLAT, HLENG, HWIO, I SLOPE, H 
NONHWY I NCONTR, MONTH, NY EAR 
BRGR2 I MM 

Hl, H2, H3, H4, H5, H6, H8, H9, Hll, Hl2, Hl3, Hl6, H19, 
H29, H3Q, H37, H38, H43, H44 
Cl, C2, C3, C4, C5, Cl2, Cl3, Cl8, C20, C21, C42, C47 

5(14,7,4,4) 
Hl(l5,1), H2(15,llr H3(15,1), H4(15,1), H5(15rll, 
H6(15,1), H7(15,1), H8(15,1), H9(15rl), Hll(l5,1), 
Hl2Cl5,1), H13(15,1), Hl5(15,1), Hl6(15,1), Hl7ll5,1), 
Hl8(15,1), Hl9(15,1), H20(15,1), H21(15,1), H22(15,1), 
H23(15,U, H24(15,1), H25(15,l), H26(15,1), H27(15,lh 
H28(15,1), H29(15,1), H30(15rllr H31(15rl), H32{15,1) 
H33(15,1), H34(15,llt H35(15,1), H36(15,l), H37(15,1), 
H38(15,1), H39(15,U, H40{15,l), H4l(l5,1), H42(15,l), 
H43(15,1), H44(15,U, H50(15,1), H51(15,U 
ClC15,5l, C2Cl5,5), C3(15,5), C4(15,5), C5Cl5,5), 
C7Cl5,5), C8(15,5), C9(15,5), Cl0(15,5), Cll(l5,5), 
Cl2Cl5,5), Cl3(15,5), Cl4Cl5,5), Cl5U5,5), Cl6(15,5), 
Cl7U5,5), Cl8(15,5J, C20(15,5), C21Cl5,5), C24(15,5), 
C25(15,5), C26(15,5), C27(15,5), C28(15,5), C29(15,5), 
C34(15,5l, C35(15,5), C36CI5,5), C37(15,5), C38{15,5) 
C39(15,5), C40(15,5), C41Cl5,5), C42(15,5), C43(15,5), 
C44(15,5), C45(15,5), C46(15,5), C47(15,5) 
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c 
c 
c 

c 

c 

c 

c 

c 

c 

c 

• 
DIMENSION 
DI~ENSION 
DIMENSION 

CAll ORDER2 

NBR=O 

, C30('15,5), C31(15,5), C48(15,5), C49(15,5) 
YlATC15,5), HlENG(l5,5), HWIDC15,5) 
SI<l5), HtlC15,2), Hl2ll5r2lr SI2(15,5), SIU15,ll 
MMC 15), NNC 15) 

DO 100 N=l,NH 
L=MM(N) 
IF ( HlUltU .EQ. 12 ) GO TO 102 
GO TO 100 

102 CONTINUE 
NBR=NBR+l 
NN( NB R) =l 

100 CONTINUE 
N8RMl=NBR-1 
00 104 K=l ,NBRMl 
SlMIO=(H17(I,lJ+Hl8(1,1))/2.0 
Nl=NN(K) 
N2=NN( K+l) 
IF ( H6CI,U .EQ. 1 ) GO TO 106 
IF ( SlMID .LT. H18(N1rlJ .AND. SlMID .GT. Hl7CN2,U ) 

* GO TO 108 
GO TO 104 

106 CONTINUE 
IF ( SLMID .GT. Hl8(Nl,l) .AND. SLMID .LT. Hl7CN2,1) l 

* GO TO 108 
104 CONTINUE 

MES=50 
RETURN 

108 CONTINUE 
HLENG(I,J)=ABSCH18(N1,1)-H17CN2,l)J*5280.0 
HWID( I ,J) =0.0 
YlA1(I,J)=(H26(N1,l)+H25(N2,1))/2.0 
Sl(ll=S(6,1,3,3)/lO.O 
SI2((,J)=lO.O*SICI) 

CAll HINOEX 

HI 2( I, 1) =H 
HIB=Hil{I,U+HIB 
HIA=HI2fl ,l)+HIA 
IF ( NCONTR .EQ. 1 ) RETURN 

CALL COSTS 

UPAY=UPAY+R 
PSUM=PSUM+P 
RETURN 

END 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUBROUTINE SLCPEl 
c 
c ********************************************************************* 
c 
C SUBROUTINE TO COMPUTE PROPERTIES ASSCCIATED ~ITH SLOPES SUCH AS THE 
C HORIZONTAL OFFSET DISTANCES AND SLOPE ANGLES. BACK SLOPE DATA ASSUME 
C TO BE RELATIVELY FLAT IF DATA IS NOT FILLED IN ON HAZARD INVENTORY FO 
c 
c 

c 

c 

* • 
* • 
* 
* • 
* 
* 
* 

COMMON I INVENT I 
COMMON I HINVNT I 

COMMON I CINVNT I 

COMMON I SLOPES I 

COMMON I CONSNT I 

I , J, NH, L P 1, LL, ME S 
Hlt H2, H3, H4 9 H5, H6, H7, HB, H9, Hll, Hl2, 
Hl3, Hl5, Hl6, Hl7, Hl8, Hi9, H20, H2l, H22, 
H23t H24, H25, H26t H27, H28t H29, H30t H31, 
H32t H33, H34, H35, H36, H37, H38, H39, H40, 
H4lt H42t H43, H44, H50, H51 
Cl, C2, C3, C4, C5, C7, CB, C9, ClO, Cll, Cl2, 
Cl3, Cl4, Cl5, Cl6, Cl7, ClBt C20, C2l, C24, 
C25, C26, C27, C28, C29, C34, C35, C36, C37, 
C38, C39, C40, C4l, C42, C43, C44, C45, C46, C47 
, C30, C3l, C48, C49 
K, FSDIR, BSOIR, FSERS, BSERS, FSSTP, BSSTP, 
FSANG, ASANG, OFFSTlt OFFST2, FSOFF, DELTA, 
FSDIS, BSDIS 
D, THETA, RAD, ANG, RSIN, RTAN, LIFE, RI 

INTEGER 

* INTEGER 

Hl, H2, H3, H4, H5, 
H29, H30, H37, H38t 
Cl, C2, C3, C4, C5, 

H6, HB, H9, Hllt Hl2, Hl3t Hl6, Hl9~ 
H43, H44 
Cl2, Cl3, Cl8, C20, C21, C42, C47 
BSERS INTEGER FSDIR, BSDIR, FSERS, 

DIMENSION HU15,1), H2(15,1), H3U5,U, H4U5,1), H5(15,1), 
* H6(15 9 l), H7(15,llt H8(15,l), H9(15,1), Hll(l5,1), 
* Hl2(15rl), Hl3(15 9 1), Hl5(15,1), Hl6(15,1), Hl7(15,l), 
* Hl8(15,l), Hl9(15,1), H20(15,1), H21(15,1), H22(15,1), 
* H23(15,U, H24(15,l), H25(15,U, H26(15,U, H27(15,ll, 
* H28U5,1), H29(15,1), H30(15tl), H31(15,1), H32(15,l) 

DIMENSION H33(15,1) 9 H34(15,1), H35(15,l), H36(15,1), H37(15,1}, 
* H38(15,1}, H39Cl5,1), H40(15,l), H41(15,1), H42(15,1), 
* H43(15,1), H44(15,1), H50(15tl), H5ltl5,1) 

DIMENSION Cl{15,5), C2tl5,5), C3(15,5), C4(15,5), C5(15,5), 
* (7(15,5), C8(15,5), C9(15,5), Cl0(15,5), Cll<l5,5), 
* C12(15,5}, C13115,5), Cl4(15,5), Cl5(15,5), Cl6(15,5), 
* Cl7Cl5,5), Cl8{15,5), C20U5,5), C2ltl5,5), C24(l5,5), 
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c 
c 

c 

c 

* c 2 5 ( 15 '5, ' c 26 ( 15' 5, ' c 27 ( 15 9 5) • c 28 ( 15' 5) ' c 29 ( 15' 5, ' 
* C34(L5,5), C35(15,5), C36(15,5), C37(15,5), C38(15y5) 

DIMENSION C39(15,51, C40(15,5), C41(15,5), C42(15,5), C43(15,5), 
* C44(15,5), C45Cl5,5), C46(15,5), C47(15,5J 
* , C30(15,5), C3Ul5,5), C4B(l5,51, C49C15,5) 

CALL CONS T1 

IF ( LL • NE. 1 ) GO TO 100 

C BACK SLOPE ASSUMED TO BE RELATIVELY FLAT 
c 

c 

c 

IF ( H39(K,U .LT. 0.01 .AND. H40(K,l) .LT. 0.01 .AND. 
* H4l(K,l) .LT. 0.01 .AND. H42(K,U .LT. 0.01 .AND. 
* H43(K,l) .EQ. 0 .AND. H44(K,i) .EQ. 0 ) GO TO 90 

GO TO «32 
90 CONTINUE 

H39(K, 1)=9.9 
H40(K,l)=9.9 
H4l( K, 1)=50.0 
H42( K, 1) =50. 0 
H43(K,ll=l 
H44(K,U=l 

92 CONTINUF 
FSDIR=H38(K,l) 
BSDIR=H44{K,l) 
FSERS=H37(K,l) 
BSERS=H43(K,l) 
FSSTP=CH33(Krl)+H34(K,l))*.5 
IF(FSSTP .EQ. 0.0) FSSTP=O.l 
BSSTP=(H3~(K 9 1)+H40(K 9 1))*.5 
IFCBSSTP .EQ. 0.0) BSSTP=O.l 
FSDIS=(H35(K 9 1)+H36(K,1Jt•.5 
BSDIS=(H4l(K,1)+H42(K,1)1*.5 
OFFSTl=CH3l(K,l)+H32(K,l))*•5 
FSANG=ATAN(l./FSSTPl 
BSANG=ATA~(1./BSSTP) 
GO TO 101 

100 CONTINUE 
FSDIR=C42(K,JJ 
BSDIR=C47(K,JJ 
FSSTP=(C38(K,J)+C39(K,J))*.5 
IFCFSSTP .EQ. 0.0) FSSTP=O.l 
BSSTP=CC43(K,Jl+C44(K,J)I*.5 
IFCBSSTP .EQ. 0.0) BSSTP=O.l 
FSDIS=CC40(K,Jl+C4l(K,Jl)*.5 
BSDIS=CC45(K,J)+C46(K,Jl)*.5 
OFFSTl=(C36(K,J)+C37(K 9 J))*.5 
FSANG=ATAN(1./FSSTP) 
BSANG=ATAN(l./BSSTPl 

101 CONTINUE 
IF ( ( FSOIR .EQ. 2 .AND. BSDIR .EQ. 1 ) .OR. 

* ( FSOIR .EQ. 1 .AND. BSDIR .EQ. 2 ) ) GO TO 102 
IF ( ( FSOIR .E.Q. 2 .AND. BSDIR .EQ. 2 ) .OR. 

* ( FSOIR .EQ. 1 .AND. BSOIR .EQ. 1 ) ) GO TO 103 
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c 

c 

ME 5=17 
RETURN 

102 CONTINUE 
OELTA=fFSANG+BSANG)/RAO 
GO TO 104 

103 CONTINUE 
DELTA=ABS(FSANG-BSANG)/RAO 

104 CONTINUE 
FSOFF = OFFST1 + FSOIS*COSfFSANGJ 
OFFST2 = FSOFF + BSOIS*COS(BSANG) 
RETURN 

END 

Figure A-35 Subroutine SLOPEl (3 of 3) 

A-111 



c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUBROUTINE VOITCH 
c 

c ·······························································•*** c 
C THIS PPOGRAM IS DESIGNED TO CALCULATE THE SEVERITY INDEX, Sl, FOR 
C THE V-DITCH OR INTERSECTION OF THE FRONT AND BACK SLOPES LOCATED 
C WITHIN 30 FEET OF THE TRAVELED WAY. IN ADDITION, THE WIDTH, w, 
C OF THE IMAGINARY LONGITUDINAL HAZARD IS ASSIGNED. 
c 
c 

COMMON /·SLOPES I K, FSDIR, BSDIR, FSERS, BSERS, FSSTP, BSSTP, 
* FSANG, BSANG, OFFST1, OFFST2t FSOFF, DELTA, 
* FSDIS, BSOIS 

COMMON I HDITCH I SO, w, WD, SDA 
c 

INTEGER FSDIR, BSOIR, FSERS, BSERS 
c 
C MAXIMUM V-OITCH SEVERITY ASSIGNED FIRST THEN CHECKED 
c 

Sl=.80 
c 
C FRONT SLOPE CHECKED FOR DIRECTION 
c 

IF(FSDIR-1) 10,10,20 
10 IF(FSSTP.GE.6.) GO TO 600 

IF{FSSTP.GE.4.) GC TC 610 
IFCFSSlP.LT.4.) GO TO 620 

20 IF(FSSTP.GE.6.) GO TO 100 
IF(FSSTP.GE.5.} GO TO 200 
IF(FSSTP.GE.4.) GO TO 300 
IF(FSSTP.Gf.3.6) GO TO 400 
IF(FSSTP.GE.3.) GO TO 500 
IF(FSSTP.LT.3.) GO TO 800 

c 
C 100 SERIES FOR SLOPES FLATTER THA~ 6 TO 1 
c 
100 IF(DELTA.LT.l9.) SI=.22 

IF(DELTA.GE.l9.0.ANO.DELTA.LT.23.6) 51=.24 
IF(DELTA.GE.23.6.AND.DELTA.LT.27.9) 51=.30 
GO TO 800 

c 
C 200 SERIES FOR SLOPES FLATTER THAN 5 TO 1 
c 
200 IFCOELTA.LT.21.9) SI=.24 

IF(DELTA.GE.21.9.ANO.OELTA.LT.28.5) SI=.27 
IFCDELTA.GE.28.5.AND.DELTA.LT.30.8J 51=.32 
GO TO 800 
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C 300 SERIES FOR SLOPES FLATTER THAN 4 TO 1 
c 
300 IF(OELTA.LT.23.6) SI=.26 

IF(OELTA.GE.23.6.ANO.OELTA.LT.28.2J SI=.30 
IF(OELTA.GE.28.2.AND.OELTA.LT.32.5) SI=.40 
GO TO 800 

c 
C 400 SERIES FOR SLOPES FLATTER THAN 3.6 TO 1 
c 
400 IFCOELTA.lT.25.la SI=.35 

IFCDELTA.GE.25.l.AND.OELTA.lT.29.7) SI=.38 
IF(OELTA.GE.2~.7.~ND.DELTA.LT.34.0) SI=.45 
GO lO 800 

c 
C 500 SERIES FOR SLOPES FLATTER THAN 3 TO 1 
c 
500 IF(OELTA.LT.27.~) SI=.36 

IFtOELTA.GE.27.~.AND.OELTA.LT.32.5) 5I=.42 
IF(OELTA.GE.32.5.AND.OELTA.LT.36.8) SI=.48 
GO TO 800 

c 
c 
C 600 SERIES DETERMINES THE SEVERITY FOR A + FRONT SLOPE CONDITION 
c 
C THE FOlLOWING THREE STATEMENTS ARE FOR A FRCNT SLOPE OF 6 TO 1 OR 
C FLATTER 
c 
600 IF(OELTA.lE.3.0) SI=.lO 

IF(OELTA.lE.4.7) SI=.l5 
IFtDELTA.LE.~.O) 51=.20 
GO TO SOO 

c 
C STATEMENT 610 IS FOR A FRONT SlOPE OF 4 TO 1 OR FLATTER 
c 
610 IF(OElTA.LE.2.0) SI=.30 

GO TO 800 
c 
C STATEMENTS 620 ARE FCR FRONT SLOPES STEEPER THAN 4 TO 1 
c 
620 IFlDElTA.LE.l.Ol SI=.36 

IF(DELTA.GT.l.O) 51=.80 
c 
C 800 SERIES IS FOR DETERMINING THE WIDTH OF OBSTACLE 
c 
800 W=4. 

c 

IF(FSDIR.EQ.l.ANO.FSSTP.LE.3.5) W=S. 
IF(FSOIR.EQ.2.ANO.FSSTP.lT.3.0) W=S. 
IF(FSOFF.LT.l5.) W=8. 
SO = Sl 
RETURN 

END 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUBROUTINE DITCH 
c • 

c ······································································* c 
c 

c 

c 

COMMON 
COMMON 

* * 
* 
* COMMON 

* * * • 
COMMON 
COMMON 
COMMON 

* COMMON 

* 
* COMMON 

COMMON 
COMMON 

INTEGER 

I INVENT I It J, NH, lPl, ll, MES 
I HINVNT I Hl, H2, H3, H4; H5, H6, H7, HS, H9, Hll, H12, 

Hl3, Hl5t Hl6, Hl7, Hl8t Hl9, H20, H21, H22, 
H23t H24t H25, H26, H27, H28, H29, H3Q, H31, 
H32, H33, H34, H35, H36, H37, H38, H39, H40 9 

H41, H42, H43, H44t H5Q, H51 
I CINVNT I Cl, C2, C3, C4, C5, C7, CS, C9, ClO, Cllt Cl2, 

Cl3, Cl4t Cl5, Cl6t Cl7, ClS, C20, C21, C24, 
C25, C26, C27, C28, C29, C34t C35, C36, C37, 
C38, C39, C40, C4lt C42, C43, C44, C45, C46, C47 

I SEVERE 
I HZINDX 
I HAZROS 

I SLCPES 

I KEYNUM 
I SIOENF 
1. NONHWY 

I 
I 
I 

I 

I 
I 
I 

, C30, C31, C48, C49 
s 
YlAT, HlENG, HWIO, ISLOPE, H 
Hilt HI2, SI, Sll, SI2, R, P, UPAY, PSUM, HIB, 
HIA 
Kt FSOIR, BSDIR, FSERS, BSERS, FSSTP, BSSTP, 
FSANG, BSANG, OFFSTl, OFFST2, FSOFF, DELTA, 
FSDIS, BSOIS 
KKl t KK2 t NGR, IGRt MGR, ICRSL 
NSGR, FSGR 
NCONTR, MONTH, NYEAR 

* 
INTEGER 

Hl, H2, H3, H4, HS, 
H29, H30t H37t H38, 
Cl, C2, C3, C4, C5, 

H6, HS, H9, Hll, Hl2t Hl3, Hl6, Hl9, 
H43, H44 
Cl2t Cl3, Cl8t C20, C21, C42, C47 
BSERS INTEGER 

INTEGER 
FSOIR, BSOIR, FSERS, 

NSGR, FSGR 

DIMENSION Hl(l5tl), H2(15 9 l), H3(15,1), H4(15,l), H5(15 9 ll, 
* H6(l5,l), H7(15,1), H8(15,1), H9(15rl), Hllfl5,1), 
* Hl2(15,l), H13(15,1), Hl5(15,1), Hl6(15,1), Hl7( 15,1)., 
* Hl8(15,1), Hl9(15,1), H20(15,1}, H2l(l5,1), H22(15,l), 
* H23(15tUt H24(15,1), H25(15,1), H26(15,1), H27tl5 9 1), 
* H28(15,1), H29(15,1), H30(15,U, H31(15,1), H32(15,1) 

DIMENSION H33(15,1), H34(15,1), H35{15,1), H36(15 9 l), H37(15,1), 
* H38(15,1), H39(15tl), H40(15,l), H41Cl5 9 U, H42(15,U, 
* H43(15,1), H44(15,1}, H50(15,1), H51(15,l) 

DIMENSION Clll5,5), C2Cl5,5,, C3(15r5), C4Cl5,5), C5(15,5), 
* C7(15,5), C8{15,5J, C9(15,5), Cl0(15,5), Cll(l5,5}, 
* Cl2(15,5), Cl3fl5,5), Cl4(15,5), Cl5(15,5), Cl6(l5,5), 
* Cl7U5,5), Cl8(15,5), C20U5,5), C2Ul5,5), C24(l5,5), 
* C25{15,5J, C26(15,5), C27(15,5), C28(15,5), C29(15,5), 
* C34(15,5), C35(15,5), C36(15,5), C37(15.5), C38(15,5) 
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c 
c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

01 MENS ION 
* 
* 0 I MENS ION 

DIMENSION 

C3q(l5,5), C40(15,5), C41(15,5), C42(15,5); C43(15,5), 
C44(15,5l, C45(15,5), C46(15,5), C47(15,5) 
, C30(15,5), C31(15,5), C48(15r5), C49(15,5) 

$(14,7,4,4) 
YLAT(l5,5), HLENGC15,5), HWIOC15,5) 

• DIMENSION 
DIMENSION 

51(15), HI1(15,2), Hl2(15,2), 512(15,5), $11(15,1) 
NSGR(15), FSGR(15) 

102 

100 

602 

108 

110 

106 

IF ( C20CI,J) .EQ. 1 • OR • C20 {I , J) .EQ. 2 , GO TO 100 
IF C C20(1,J) .EQ. 3 ) GO TO 102 
ME S=4 
RETURN 

CONTINUE 

CALL DTRAIL 

RETURN 

CONTINUE 
SI( I )-=1.0 
SI2ti,J)=O.O 
HI2(1,1)-=0.0 
HI2(I,2)-=0.0 
IF(NCONTR.EQ.1) 

CALL CCSTS 

UPAY=UPAY+R 
PSUM=PSUM+P 
CONTINUE 
IF { NH .EQ. 1 J 

CALL GRAIL 

IF ( NGR .EQ. 1 
IF ( IGR .EQ. 0 
L=NSGR(1) 
K=F SGR( 1) 
IF ( I .LT. L ) 

IF ( I .GT. K ) 

HIB=HIB 
HIA=HIA 
RETURN 

CONTINUE 
HIB=Hil(I ,l)+HIB 
HIA=HI A 
RETURN 

CONTINUE 
HIB=HI l( I ,2)+HIB 
HIA=HIA 
RETURN 

CONTINUE 
L=NSGR( 1) 

GO TO 602 

GO TO 104 

) GO TO 104 
) GC TO 106 

GO TO 108 
GO TO 110 
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c 

c 

c 

c 

c 
c 

c 

IF ( H13(I;l) .EQ. 1 .OR. Hl5CI,lJ .LT. 0.01 ) GO TO 112 
IF ( I .LT. l J GO TO 114 
HI B =H I 1( I , 2 )+HI B 
H IA==H lA 
RETURN 

114 CONTINUE 
HIB=HI HI ,l)+HIB 
HIA=HIA 
RETURN 

112 CONTINUE 
'IF ( I .LT. l ) GO TO 116 
IF { C20(l,J) .EQ. 1 l GO TO 118 
MES=42 
RETURN 

118 CONTINUE 
HIB=HIB 
HIA=HIA 
RETURN 

116 CONTINUE 
HIB=HIH I ,U+HIB 
HIA=HIA 
RETURN 

104 CONTINUE 
HIB=Hll(I,l)+Hil(I,2)+HIB 
HIA=HIA 
RETURN 

END 
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c •••••••••••••••••••••••••••••••• ., •••••••••••••••••••••••••••••••••••• 
c 

SUBROUTINE WASCUT 
c 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C SUBROUTINE TO COMPUTE THE SEVERITY-INDEX OF A DITCH OR WASHOUT. 
c 
c 

c 

c 

c 
c 

COMMON I INVENT I I, J, NH, lPl, ll, MES 
COMMON I HINVNT I Hl, H2t H3, H4, H5, H6, H7, H8, H9, Hll, Hl2t 

* Hl3t Hl5t Hl6, Hl7, Hl8, Hl9, H20, H2lt H22, 
* H23, H24, H25, H26, H27, H28, H29, H30, H31, 
* H32t H33, H34, H35, H36, H37, H38, H39, H40, 
* H4lt H42t H43, H44, HSO, H51 

COMMON I SLOPES I K, FSOIR, BSDIR, FSERS, BSERS, FSSTP, BSSTP, 
* FSANG, BSANG, OFFSTl, OFFST2, FSOFF, DELTA, 
* FSDIS, BSDIS 

COMMON I HOITCH I SO, W, WO, SDA 

INTEGER Hl, H2, H3, H4t HS, H6, H8, H9, Hllt Hl2, Hl3, Hl6, Hl9, 
* H29, H30, H37, H38, H43, H44 

INTEGER FSOIR, BSDIR, FSERS, BSERS 

DIMENSION Hl(l5,1), H2(15,1lt H3(15,1), H4(15,llt H5(15,1}, 
* H6(15,1J, H7(15,1), H8(15,1), H9(15,lt, Hll(lS,l), 
* H12C15,1), Hl3115,1), Hl5(15tl), Hl6(15tl), Hl7(15,1), 
* Hl8(15,1), Hl9Cl5,la, H20Cl5,1), H21Cl5,1~, H22Cl5,1), 
* H23ll5,1), H24(15,l)i H25(15,1}, H26(15,1), H27(l5 9 l), 
* H28(15,1), H29ll5 9 l), H30(15,1}, H31(15,1) 9 H32(15tl) 

DIMENSION H33(15,lt, H34(15,1), H35(15,1), H36(15,1), H37(15,1), 
* H38(15,1), H39(15,1), H40(15,1), H41(15,llt H42(15,1), 
* H43(15,1), H44(15,1), H50(15,1), H51(1Stll 

C THIS ROUTINE USES 'W' AND 'H' OF THE DITCH CAS SHOWN ON THE INVENT 
C FORM) TO APPROXIMATE A V-OITCH TYPE OBSTACLE. VDITCH SUBROUTINE 
C IS USED BY THIS PROGRAM. 
c 
C FFSTP IS THE STEEPNESS OF THE FRONT SLOPE (APPROXIMATED}. 
C WD IS 'AVERAGE' WIDTH Of THE DITCH. 
C H IS THE 'AVERAGE' DEPTH OF THE DITCH. 
c 
c 

c 
c 

Z=H27(1,1) 
FFSTP = (W012.11Z 
FSSTP=FFSTP 

C DELTA IS THE ANGLE BETWEEN FRONT AND BACK SlOPES 
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c 
c 

ANG = 3.1416/180. 
FANG = ATAN(1./FFSTP) 
DELTA = 2.*(FANG/ANG) 

C FSDIR (DIRECTION OF FRONT SLOPE IS ALWAYS NEGATIVE) Will BE CODED 
C AS A TWO ON THE INVENTORY FROM. 
c 

c 
c 

FSOIR = 2 

C Will COMPUTE THE SEVERITY WITH V-DITCH SUBROUTINE. 
c 

c 

c 

CAll VDITCH 

CAll ADJUST 

C CHECK ON OBSTACLE WIDTH FOllOWSa 
IF(W.LT.S.O.AND.WD.GT.W) W=8.0 

c 

c 
RETURN 

END 
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c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUBROUTINE FLATEN 
c 
c ********************************************************************** 
c 
C SLOPE HAZARD IMPRCVEMENT SUBROUTINE 
c 

FLATTEN SLOPES • 

c 

c 

c 

COMMON I INVENT I 
COMMON I HINVNT I 

I, J, NH, LPl, ll, MES 
Hl, H2t H3 9 H4, H5 9 H6, H7, H8, H9, Hll, Hl2, 
Hl3t Hl5t Hl6, Hl7, Hl8, Hl9, H20, H2lt H22, 
H23, H24, H25, H26, H27, H28t H29t H30, H31, 
H32t H33r H34, H35, H36, H37, H38t H39, H40, 
H4lt H42t H43, H44, H50t H51 

* 
* • 
* COMMON I CINVNT I Cl, C2, C3, C4, C5, C7, C8, C9, ClO, Cll, Cl2t 

Cl3t Cl4, Cl5, Cl6, Cl7, Cl8t C20, C21, C24, 
C25, C26t C27, C28, C29, C34, C35, C36, C37, 
C38, C39, C40, C4l, C42, C43, C44, C45, C46, C47 
, C30, C31, C48, C49 

* 
* • 
* COMMON 

COMMON 
* 

COMMON 

* 

COMMON 
COMMON 

* COMMON 
COMMON 

INTEGER 

* INTEGER 

I 
I 

I 
I 
I 

I 
I 

HZINOX I 
HAZRO$ I 

KEYNUM I 
SIOENF I 
SLOPES I 

HOITCH I 
NONHWY I 

YLAT, HLENG, HWIO, !SLOPE, H 
Hilt HI2, Sit Sil, SI2, R, Pt UPAY, PSUM, HIB, 
HIA 
KKl, KK2, NGR, IGR, MGR, ICRSl 
NSGR, FSGR 
K, FSDIR, BSOIR, FSERS, BSERS, FSSTP, BSSTP, 
FSANG, 8SANG, OFFSTl, OFFST2t FSOFF, DELTA, 
FSOIS, BSDIS 
SO, W, WC, SOA 
NCONTR, MONTH, NYEAR 

Hl, H2, H3, H4, H5, 
H29, H30, H37, H38t 
C 1, C2, C3, C4, C5, 

H6, HS, H9, Hll, Hl2, Hl3, Hl6, Hl9, 
H43, H44 

INTEGER 
INTEGER 

F SO I R, B SO I R, F SE R S, 
NSGR, FSGR 

Cl2t Cl3t Cl8, C20, C21, C42, C47 
BSERS 

* 
* 
* • 
* 
* 

01 HENSION 

DIMENSION 

* DIMENSION 

* 
* 

Hl(l5,1), H2(15tl), H3(15,1), H4Cl5,1), H5Cl5,llt 
H6115,1), H7(15,1), H8(15,l), H9(15tllt HllC15,1), 
Hl2Cl5,1), Hl3l15,1), Hl5(15,1), Hl6(15,1), Hl7(15,1), 
Hl8(15,U, Hl9(15,U, H20(15,l), H2Ul5,U, H22(15,1), 
H23(15,1), H24(15,U, H25(15,1), H26(15,1), H27(15,1), 
H28(15,1), H29(15,1), H30(15,1), H3lll5,1), H32(15,ll 
H33(15,1), H34(15,1), H35(15,1), H36(15tl), H37{15,1), 
H38(15,1), H39(15,1), H40(15,1), H41(15,ll• H42Cl5,ll, 
H4 3 ( 15, 1) , H44 ( 15, 1) , H50 (15, 1) , H51 ( 15, 1) 
Clll5,5), C2(15,5), C3(15,5), C4(15,5), C5(15,5), 
C7Cl5,5), C8(15,5), C9(15,5), Cl0(15,5), Cll(l5,5), 
C12ll5,5), C13l15,5), Cl4ll5,5l, Cl5(15,5)~ Cl6(15,5), 
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c 
c 

• • • 
• 

DIMENSION 

c 1 7 ( 15 t 5) ' c 18 ( 15 '5) ' c 20 ( 15 '5, ' c 21( 15 '5) ' c 24 ( 15' 5 ) ' 
C25(15,5), C26C15,5), C27(15,5), C28(15,5), C29(15,5), 
C34{15,5), C35(15,5), C36(15,5), C37(15,5), C38(15,5) 
C39Cl5,5), C40(15,~J, C41(15,5), C42(15,5), C43(15,5), 
c 4 4 ( 15 '5 t ' c 4 5 ( 15 • 5 ) ' c 46 (1 5 ' 5 ) ' c 4 7 ( 1 5 ' 5 ) 

• 
DIMENSION 

, C30Cl5r5l, C31(15,5), C48l15,5), C49{15,5) 
YLAT(15,5), HLENG(15t5), HWID(15,5) 

DIMENSION 
DIMENSION 

51{15), Hll(l5,2), HI2U5,2), 512(15,5), SIU15,U 
NSGR(15), FSGR(15) 

K=I 
CAll SLOPE1 
CALL VOITCH 
CALL ADJUST 
SH I l=SOA/10.0 
SI2(1,J)=SOA 
HWIO( I ,J)=W 
IF ( FSSTP .GT. 3.5 GO TO 10 
ISLOPE=2 
YLAT( I ,Jl =CFF ST1 
GO TO 30 

10 CONTINUE 
tSLOPE=1 
YlAT( I ,J)=FSOFF 

30 IF( C34(l,J).GT.0.01 l GO TO 41 
HLENG(I,J) = ABS( H17{1,1)- Hl8(1,1) )* 5280. 
GO TO 35 

41 HLENG(I,Jl = ABSC C34(t,J) - C35(1,J) )* 5280. 
35 CONTINUE 

CALL HINOEX 
HI2fl,l)=H 
CALL GRAIL 
IF(Hl3(1,1J.EQ.l.OR.Hl5(1,l).LT.O.Oll GO TO 40 
IF ( BSSTP .GT. 3.5 ) GO TO 50 
ISLOPE=2 
YLAT(I,J)=Hl5(1,1)-0FF5T2 
GO TO 70 

50 CONTINUE 
ISLOPE=l 
YLAT(t,Jl=Hl5(1,1)-FSOFF 

70 CONTINUE 
CALL HINDEX 
Hl2(1,2l=H 
IF ( NGR .EQ. 1 J GO TO 80 
IF ( IGR .EQ. 0 ) GO TO 120 
N=NSGR( 1) 
IF { C20(N,JJ .EQ. 1 ) GO TO 190 
HIB=HIB 
HIA=HIA 
GO TO 210 

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

210 CONTINUE 
N=FSGR (1 J 
IF ( C20(N,J) .EQ. 1'} GO TO 220 
HIB=HIB 
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HIA=HIA 
GO TO 100 

220 CONTINUE 
HIB=HIB 
HIA=HI2(1,21+HIA 
GO TO 100 

120 CONTINUE 
N=NSGR(l) 
IF ( N .l T. I ) GO TO 140 
HIB=Hil(I ,U+HIB 
HIA=HI2CI ,U+HIA 
N=NSGRC 1) 
IF ( C20(N,J) .EQ. 1 ) GO TO 170 
HIB=HIB 
HIA=HIA 
GO TO 100 

170 CONTINUE 
HIB=HIB 
HI A =H I 2 II , 2 ) +HI A 
GO TO 100 

140 CONTINUE 
HIB=Hii(l ,2)+HIB 
HIA=HI2U ,2)+HIA 
N=NSGRt U 
IF ( C201N,J) .EQ. 1 ) GO TO 160 
HIB=HIB 
HIA=HIA 
GO TO 100 

160 CONTINUE 
HIB=HIB 
H I A =H I 2 ( I , 1) + H I A 
GO TO 100 

80 CONTINUE 
HIB=HI1(I,li+Hil(I,2t+HIB 
HIA=HI2{1,l)+HI2(1,2)+H1A 
GO TO 100 

40 CONTINUE 
IF ( NGR .EQ. 1 ) GC TO 240 
HIB-=HIB 
GO TO 260 

240 CONTINUE 
HIB=HI 1( I, U+HI 8 

260 CONTINUE 
HIA=HI2{1 ,U+HIA 

100 CONTINUE 
lf{NCONTR.EQ.l) GO TC 602 
CALL COSTS 
UPAY=UPAY+R 
PSUM=PSUM+P 

602 CONTINUE 
RETURN 
END 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUBROUTINE GRAIL 
c 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C SUBROUTINE LOCATES THE POSITION OF EXISTING GUARDRAIL. 
C NGR = 1 NO GUARDRAIL 
C IGR = 0 GUARDRAIL CN RIGHT SIDE OF ROADWAY OR ON ONE SIDE OF MEDIAN 
C IGR = 1 GUARDRAIL ON BOTH SIDES OF MEDIAN. 
c 
c 

c 

c 

c 
c 

c 

* • 
* • 

COMMON I INVENT I 
COMMON I HINVNT I 

COMMON I KEYNUM I 
COMMON I SIDENF I 

It J, NH, LPl, llt MES 
H 1 , H 2 , H 3 , H 4 , H 5 , H 6 , H 7 , H 8 , H9, H 11 , H 1 2 , 
Hl3, Hl5t Hl6, H17, Hl8, Hl9, H20, H21, H22, 
H23, H24, H25, H26, H27, H28t H29, H30t H31, 
H32, H33t H34, H35, H36, H37, H38, H39, H40, 
H4lt H42, H43, H44, H50t H5l 
KKl, KK2, NGR, IGR, MGR, ICRSL 
NSGR, FSGR 

INTEGER Hl, H2, H3, H4, H5, H6, H8, H9, Hll, Hl2, Hl3, Hl6, H19 9 . 

* H29t H30t H37, H38, H43, H44 

* • • 
* • 
• 
* 

INTEGER NSGR, FSGR 

DIMENSION 

DIMENSION 

DIMENSION 
OIMENS ION 

N=O 
NGR=O 
IGR=O 

H1(15,1), H2(15,1), H3(15,1), H4{15,1), H5(15,1), 
H6(15,1), H7(15,1), H8{15,1), H9(15,1), H11(15,1) 9 

Hl2(15,1), Hl3(15,1), Hl5(15,1)~ Hl6(15,1), Hl7(15,1), 
Hl8(15,1J, H19115,1), H20(15,1), H21(15,1), H22(15,1), 
H23(15,1), H24(15,1), H25(15,1), H26{15,llt H27(15,1), 
H28115,1l t H29(15,1), H30(15tlh H31(15,1), H32(15,1) 
H33(15,1), H34(15,1), H35(15,1), H36(15,1), H37(15,1), 
H38Cl5,1), H39(15,1), H40(15,U, H41(15,1), H42(15,1), 
H43(15,1), H44(15,1), H50(15,1), H51(15,1) 
YO I S T( 15 ) , M ( 15 ) 
NSGRC15), FSGRC15) 

00 10 l=l ,NH 
IF ( HlUL,U .NE. 6 ) GO TO 10 
N=N+l 
YOIST(N)=(H25(L,l)+H26(L,l)t*•5 
M(N)=L 
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c 

10 CONTINUE 
JF ( N .EQ. 0 ) GO TO 106 
L = 1 
KK1=1 
KK2=1 
IF ( N .EQ. 1 ) GO TO 108 

100 CONTINUE 
L1=L 
L2=L+l 
0 1 =YO I S H L 1) 
02=YO I ST( l2 )+ 5. 
03=YO I STC L2 )- 5. 
IF ( 01 .LT. 02 .AND. 01 .GTv 03 l GO TO 102 
IGR=1 
NSGR(KKl)=M(KKl) 

102 CONTINUE 
IF ( IGR .EQ. 0 J GO TO 104 
FSGR(KK2J=MCL2) 
tF ( l2 .EQ. N ) RETURN 
KK2=KK2+1 
L=L+l 
GO TO 100 

104 CONTINUE 
NSGR(KK1) = M(ll) 
IF ( l2 .EQ. N ) RETURN 
KK1=KK1+1 
l=l+1 
GO TO 100 

106 CONTINUE 
NGR=1 
RETURN 

108 CONTINUE 
NSGR( KKU=M(l) 
RETURN 

END 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUBROUTINE FREQ 
c 
c **********•··~······················································ 
c 
C SUBROUTINE TO COMPUTE THE ENCRO~CHME~T FREQUENCY EXPRESSED AS THE NUM 
C OF ROADSIDE EN.CROACHMENTS PER MILE PER YEAR. ( FIGUTR 2 IN NCHRP 20-
C 
c 

c 
c 

COMMON I FRQNCY I AOT, EF 

C AVERAGE DAILY TRAFFIC FOR BOTH DIRECTIONS OF TRAFFIC 
c 

c 
400 

402 

404 
c 

406 
c 

AOT=AOT*1000. 
IF (AOT .LE. 3200.0) GO TO 400 
IF ( AOT .GT. 3200.0 .AND. ADT .LE. 5500.0) GO TO 402 
GO TO 404 

EF = 0.001625 * AOT 
GO TO 406 
EF = 5.2 -
GO TO 406 
EF = 1.2 + 

CONTINUE 

RETURN 
END 

(0.001139 * ( ADT - 3200.0)) 

(0.0004113 * (ADT- 5500.0)) 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

SUBROUTINE PRCB 
c 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C SUBROUTINE TO COMPUTE PROBALJTY OF A VEHICLE LATERAL DISPLACEMENT 
C GREATER THAN SOME OFFSET DISTANCE. ENCROACHMENT ANGLE EQUAL TO 
C ll OEG. (FIGURE 4 IN NCHRP 20-71. 
c 
c 

COMMON I PROBTY I y, PP 
c 
C Y LATERAL OFFSET DISTANCE TO OBSTACLE 1FT) 
c 

c 

IF ( Y .LE. 6. ) GO TO 400 
IF ( Y .GE. 44. ) GO TO 402 

C Y LESS OR EQUAL 6. PP=l 
c 
C Y GREATER 44. PP=O 
c 

c 

c 

c 

c 

c 

Y2=Y**2 
Y3=Y**3 

PP=99.0826+.74597*Y-.161676*Y2+.0021346*Y3 
GO TO 404 

400 pp = 100.0 
GO TO 404 

402 pp : o.o 
404 CONTINUE 

PP = 0.01 * PP 

RETURN 
ENO 
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I> 

c *************························································ c 
SUBROUTINE COSTS 

c 
c ********************************************************************* c 
C SUBROUTINE TC COMPUTE ANNUALIZED COSTS TAKING INTO CONSIDERATION (1) 
C COSTS OF IMPROVEMENT, (2) NORMAL MAINTENANCE COSTS OF HAZARD AND IMPR 
C AND (3) REPAIR COSTS OF HAZARD AND I~PROVEMENT FOLLOWING A COLLISION. 
C COMPOUND INTEREST IS USED WITH AN ASSUMED INTEREST RATE OF 6 PERCENT 
C AND A 20 YEAR LIFE. REFER TO EQUATION ON PAGES 49 AND 50 IN NCHRP PR 
C 20-7 BY MR. J.C. GLENNON FORMERLY OF TTl. 
c 
c 

c 

c 

c 
c 

* 
* 
* 
* 

* 

* 
* 
* 
* 
* 

* 

COMMON I INVENT I 
COMMON I CINVNT I 

I t J , NH , l P 1 , ll , ME S 
Cl, C2, C3, C4, C5, C7, ca, C9, ClO, Cll, Cl2, 
Cl3, Cl4, Cl5, Cl6, Cl7, Cl8, C20, C21, C24, 
C25, C26, C27, C2B, C29, C34, C35, C36, C37, 
C38, C39, C40, C41, C42, C43, C44, C45, C46, C47 
, C30, C31t C48, C49 

COMMON I CONSNT I O, THETA, RAD, ANG, RSIN, RTAN, LIFE, RI 
COMMON I HAZRDS I HI 1 , HI 2 , S t , S 11 , S I 2 , R, P, UP A Y, P SUM , HI B , 

HIA 

INTEGER C1, C2, C3, C4, C5t C12, C13, Cl8t C20, C21t C42, C47 

DIMENSION 

DIMENSION 

Cl(l5,5), C2Cl5,5), C3U5,5), C4(15,5), C5(15,5), 
C7(15,5), C8(15,5), C9(15,5), C10(15,5), Cl1(15,5), 
C12(15,5), Cl3(15,5), Cl4(15,5), C15l15,5), Cl6(15,5), 
Cl7(15,5), Cl8(15,5), C20(15,5), C21(15,5), C24Cl5,5), 
C25Cl5,5J, C26(15,5), C27Cl5,5), C28(15,5), C29(15,5l, 
C34(15,5), C35fl5,5), C36Cl5t5J, C37(15,5}, C38(15,5) 
C39( 15,5), C40(15,5), C41(15,5), C42(15,5), C43(15,5), 
C44(15,5), C45(15,5), C46(15,5), C47(15,5) 

* DIMENSION 
, C30(15,5), C31115,5), C48(15,5), C49(15,5) 
51(15), HI1(15,2), Hl2(15,2), SI2(15,5), SIU15,1) 

C INTEREST FACTOR 
c 

c 

c 

A1=(l.+RI*.01f**LIFE 
A3=RI*Al*.01 
A4=( A 1-1.) /A3 
A5=l.IA4 

IF ( LL .EQ. 1 GO TO 100 

C ANNUALIZED COST OF I~PROVEMENT 
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c 

c 

IF ( HI21Itl) .GE. Hl2(1,2) ) GO TO 102 
HINOX':HI2(1 ,2) 
GO TO 104 

102 CONTINUE 
HI NO X=H I 2 (I ,1) 

104 CONTINUE 
CI=Cq(I,J)*A5*HINDX/SI(J) 
CF=C7CI,J)*A5 
R=Cl+CF+C11(1 ,J) 
P=R*A4 
RETURN 

C ANNUALIZED COST OF HAZARD 
c 

c 

c 

100 CONTINUE 
If ( HllCI,U .GE. HIUI,2)) GO TO 106 
HtNOX=Hilti,2) 
GO TO 108 

106 CONTINUE 
HINOX=Hil(J,l) 

108 CONTINUE 
CO=C8CI,ll+li*A5*HINOX/SI(I) 
R =C 0 +C 1 0 C I , ll + 1 ) 
P=R*A4 
RETURN 

END 

Figure A-43 Subroutine COSTS (2 of 2) 

A-127 



c 
c 

c 

******************************************************************* I 

SUBROUTINE OUTPUT 

c ******************************************************************* 
c 
C SUBROUTINE TO PRINT THE QUTPUT FROM THE COMPUTER PROGRAM. 
c 
c 

c 

c 

* 
* 
* 

COMMON 
COMMON 
COMMON 
COMMON 
COMMON 

I TITlE I li S T 
I INVENT I I, J, NH, LP1, LL, MES 
I OISTl I IDIST 
I ERRORl I MG, NMES 
I HINVNT I H1, H2, H3, H4, H5, H6, H7, HS, H9, Hllt Hl2 9 

Hl3, Hl5, H16, Hl7t Hl6t Hl9, H20, H21, H22, 
H23, H24, H25, H26, H27, H28, H29, H30, H31, 
H32t H33t H34, H35, H36, H37 9 H38, H39 9 H40, 

* H41, H42, H43, H44, H50, H51 
C 0 M MO N I C I NV NT I C 1 , C 2 , C 3 , C4 , C 5 , C 7, C 8 , C 9 , C 1 0 , C ll , C 12, 

* Cl3, Cl4, Cl5, Cl6, Cl7, Cl8, C20, C21t C24, 
* C25, C26, C27, C28, C29, C34, C35, C36, C37, 
* C38, C39, C40, C4l, C42, C43, C44r C45, C46, C47 

* , C30, C31, C48, C49 
COMMON I CONSNT I o, THETA, RAO, ANG, RSIN, RTAN, LIFE, RI 
COMMON I HAZRDS I 

* COMMON 

Hll, HI2, Sit Silt 512, R, P, UPAY, PSUM, HIB, 
HI A 

I OUTPTl I UPMTt PVAL, CE, LCl, IPRINT 
I NONHWY I NCONTR, MONTH, NYEAR COMMON 

COMMON 

INTEGER 

* INTEGER 
INTEGER 
INTEGER 

I INFO I TYPE, CLASS 

Hl, H2, H3 9 H4t H5, 
H29, H30, H37, H38, 
Clt C2, C3, C4, C5, 

UPMT, PVAL, CE 
DISTRT, DIST 

H6, H8, H9, H1l, Hl2, H13, H16, H19, 
H43, H44 
Cl2, Cl3, ClS, C20, C2l, C42, C47 

DIMENSION Hl(l5,1) 9 H2(15,ll, H3(15,1), H4(15,1) 9 H5(15,1), 
* H6(15tllr H7(15,1), H8(15,1), H9(15,1), Hll(l5,1), 
* Hl2(15,1J, Hl3(15,1), H15(15tllt Hl6(15t1), Hl7(15,1), 
* Hl8(15,1) 9 Hl9(15,1), H20(15,1), H21{15,1), H22(15,1), 
* H 2 3 ( 15 , 1) , H 24 ( 15 , 1 ) , H 2 5 { 15, 1 ) , H 26 ( 1 5, 1) , H 27 ( 15, 1 ) , 
* H28(15,1), H29(15,ll, H30(15,1), H3U15tl), H32(15tU 

DIMENSION H33(15tUt H34(15,U, H35(15,1), H36(15,U, H37(15,1), 
* H38(15,1), H39(15,1J, H40(15,1), H4l(l5 9 1), H42(15,1}, 
* H43 ( 15, l) , H44 ( 15, 1) , H50 ( 15, 1) , H51 ( 15, 1) 

DIMENSION Cl(15,5), C2(15t51, C3(15,5), C4(15,5), C5(15,5lt 
* C7(15,5), C8(15,5), C9(15,5), Cl0(15,5), Cll(l5t5), 
* C12(15,5), Cl3(15,5), Cl4(15,5), C15Ll5,5), C16(15,5), 
* c 17 ( 15 '5) ' c 18 ( 15 '5) ' c 20 ( 15' 5) ' c 21 ( 1 5' 5) ' c 24 ( 15' 5) ' * C25(15,5), C26(15,5), C27(15,5), C28(15,5), C29(15,5J, 
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c 
c 

* C34(15,5), C35(15,5), C36(15,5), C37(15,5), C38(15,51 
DIMENSION C39(15,5), C40(15,5), C4Ul5,5), C42(15,5), C43(15,5), 

* C44(15,5l, C45(15,5), C46(15,5), C47(15,5) 
* , C30(15,5), C3U15,5), C48(15,5), C49(15,5) 

DIMENSION S I (15) , H 11 U 5, 2) , HI 2 U 5, 2) , S I 2 ( 15, 5) , S I 1( 15, U 
DIMENSION MG(60,20), IDIST(255l 
OIMENSION IHlC999), IH2(999), IH3(999), IH4(999), IH5(999), 

* IH6(999),1GRP(999),IH88(999),IH99(999),1H77(999) 
DIMENSION !C1(15,5), IC2(15,5l, IC3(15,5), IC4(15,5l 
DIMENSION UPMT(l5,5), PVALCl5,5}, CEC15,5) 
DIMENSION DISTRTC15,1) 
DIMENSION TYPEC10,20), CLAS$(10,20) 

C REDEFINE HEADING OUTPUT VARIABLES FOR PRINT CONTROL USING LCl AS 
C A COUNTER 
c 

c 

IF(LlST .EQ. 0) GO TO 2 
GO TO 4 

2 CONTINUE 
WRITE(6,99) 
WRITE(6,98) 
WRITEC6,97) 
MESAGE=O 
IERROR=lOO 
RFTURN 

4 CONTINUE 
KFY=O 
IFCMES.EQ.27) GO TO 210 
IFCMES.EQ.23) GO TO 210 
IFCMES.EQ.O .OR. MES.EQ.30) GO TO 5 
MESAGE=MESAGE+l 
lFCMESAGE.NE.IERROR) GO TO 5 
ME S=23 

5 CONTINUE 
M = LCl 
N = LC 1 - 1 
IGRPCM) = Hl6{1,1) 
IH2(M) = H2(1,l) 
IH3(Ml = H3(l ,u 
NH3=H3 (I, ll 
DIST=IDISHNH3) 
IHUM) = DIST 
I H4( M) = H4(1 ,1) 
tH5(M) = H5{1 9 1) 
IH6(M) = H6CI ,1) 
IH77(M) = H7Citl) 
IH88(M) = H8{l,l) 
IH99(M) = H9(1tl) 
DISTRT(J,l) = OIST 
IF ( LCl .EQ. l l GO TO 10 
IF ( IH200 .EQ. IH2(N) .AND. IH3(M) .EQ. IH3(N) .AND. 

* IHl(M) .EQ. IHl(N) .AND. IH4CM) .EQ. IH4(N) .AND. 
* IH77(M) .EQ. IH77(N) .AND. IH88(M) .EQ. IH88(N) .AND. 
* IH99(M) .EQ. IH99(N) .AND. 
* IH5(M} .EQ. IHS(N) .AND. IH6(M} .EQ. IH6(N)) GO TO 12 

IF(MES.EQ.24 .AND. NH.NE.ll GC TC 12 
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c 

10 CONTINUE 
KEY=1 

* 
* 
* 

IH7 = H7(t,l) 
IH8=H 8( I, 1) 

IF( THB.EQ.OJ 
IH9=H9( I, 1) 
WRITE ( 6,100) 

WRITE ( 6, 10 l) 
WP.ITE(6,102) 

12 CONTINUE 

IH8 = 10 

( T Y P E ( I H 8 , K ) , K = 1 , 13 ) , ( C L AS S ( I H9 , K ) , K = 1 , 13 ) , 
H2(1,1), H3(t,U, DISTRT(I,l), 

H4(l,l), H5(I,U, H6CI,U, IH7, LIFE, RI, MONTH, 
NVEAR 

C IMPROVEMENT CODING 
c 

ICODE1 = C12(I,J) 
GO TO ( 14, 15, 16, 17 ), ICODE1 

14 CONTINUE 
ICODE2 = C13(l,J) 
GO TO t 18t 19, 19, 19 ),ICODE2 

18 ICODE3=C20CI,J) 
I CODE 4 = 0 
GO TO 22 

19 ICOOE3 = 0 
ICODE4 = 0 
GO TO 22 

15 CONTINUE 
ICODE2 = C18(I,Jt 
ICOOE3 = C20(l,J) 
GO TO ( 20t 21• 20, 20 ),IC0DE2 

20 ICOOE4 = 0 
GO TO 22 

21 ICODE4 = C21(I,J) 
GO TO 22 

16 CONTINUE 
ICODE2=C18(1,J) 
ICODE3 = 0 
ICODE 4 = 0 
GO TO 22 

17 !CODE 2=0 
I CODE 3=0 
!CODE 4=0 

22 CONTINUE 
ICl(l,J) = ICODE1 
IC2(l,J) = ICOOE2 
IC3(1,J) = ICODE3 
IC4(l,Jl = ICODE4 
IF ( H6(1 ,l) .EQ. 1 ) GO TO 24 
IF ( H 18 ( I , U • E Q • 0. 0 H 18 ( I , U = H 17 ( I , 1) - ( H ?4 ( I ,l ) /52 80. ) 
GO TO 25 

24 IF ( H18(I,1t .EQ. 0.0 I Hl8(1tl) = H17fl•l) + ( H241{,1)/5280.) 
25 UPMT(J,J) = UPAY 

PVAU I, Jl = PSUM 
IH16=Hl6(1,U 
IFILCl .EQ. 1) GO TO 28 
IF(NH .EQ. 1 .AND. KEY .EQ. 0 .AND. LPl .EQ. 1) GO TO 26 
IF(IGRP(M) .NE. IGRP(N) .AND. KEY ·EQ. OJ GO TO 26 
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c 

c 
c 

c 

GO TO 28 
26 CONTINUE 

WRITE {6,103) 
28 CONTINUE 

I F ( H 19 ( I , 1) • E Q • 2 ) G 0 T 0 40 
H29(J,U=O 
H30(ttl)=O 

40 CONTINUE 
DO 50 L=1,NH 
tF(Cl2(L,J) .NE. 4) GO TO 51 

50 CONTINUE 
IF(I .EQ. NH) GO TO 206 

51 CONTINUE 

200 

201 

IF(MES .EQ. 30) GC TO 202 
no 200 IN= l,NMES 
IF ( MES .EQ. IN ) GO TO 204 
CONTINUE 
IF ( IPRINT .EQ. 0 
IF ( !PRINT .EQ. 1 } 
IF( !PRINT .EQ. 2) GO 
CONTINUE 
tC 7=C7( I, J) 
M=J-1 

GO TO 203 
GO TO 201 

TO 205 

WRITE (6,106) Hl(I,l), Hll(l,1t, Hl2(1,1), H29(1,1), H30(J,l), 
* Sll(I,l}, H13(I,l), H16(1,U, Hl7(Itlh Hl81t,l), M, ICUt,J), 
* IC2CI,Jl, IC3Ct,JJ, IC4{1,J), SI2(1,J), IC7, PVAL(I,J), 
* UPMT(I,J), CE(!,J) 

LCl=LCl+l 
RETURN 

202 CONTINUE 
IN=30 
M=J-1 
WRITE(6,107) Hl(l,l), Hll(l,l), Hl2(1,1), H29(J,l), H30(1,1), 

* Sil(I,l), Hl3(t,l), Hl6(1,1), Hl7(1,1), Hl8(1,1), M, ICUI,J), 
* IC2(l,J), lC3(l,J), IC4(1,J), (MG(IN,IMJ,IM=l,20) 

LCl=LCl+l 
RETURN 

203 CONTINUE 
I C 7=C 7 ( I , J) 

M=J-1 
WRITE (6,108) Hl(l,l), Hll(l,l), Hl2(J,l), H29(1,1), H30(1,1), 

* SIUI,l), Hl3(I,U, Hl6(1,1), Hl7ti,ll, Hl8tl,U, M, ICl(I,J), 
* IC2(1,J), IC3({,J), IC4(1,J), Sl2(l,J), IC7, PVALO,Jl, UPMT(I,J) 

LCl=LCl+l 
RETURN 

204 CONTINUE 
M=J-1 

C PRINT ****** ON ERROR MSG 
IF( Sll(J,l).LT.O.l ) 511(1,1)=99999.9 
WRITE (6,109) Hl(I,l), Hll(l,l), Hl2(I,l), H29(l~lJ, H30(1,1J, 

* Sll(J,l), Hl3(1,1), Hl6(1,1), Hl7(J,l), Hl8(1,1), M, IClCI,J), 
* IC2(l,J), IC3li,J), IC4(1,J), IN 

LCl=LCl+l 
IFCI .EQ. NH) WRITEC6,103) 
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c 

c 

c 

c 

RETURN 

205 CONTINUE 
I C 7 =C 7 ( I , J ) 
M=J-1 
WRITE (6,112) Hl(I,U, Hll(I,U, H12CI,l), H29(1,1), H30CI,l), 

* Sll(ltl), H13(J,U, H16(1,1); Hl7(1,1), H1B(J,U, M, ICUt,J), 
* IC2(1,J), IC3CI,J), IC4(l,JJ, SI2CJ,J), IC7, PVAL(I,J), UPMT(I,J) 

LC1=LC1+1 
RETURN 

206 CONTINUE 
M=J-1 
WRITE(6,113l Hl(I,Ut H1l(I,llt H12(1,1), H29(1,1), H30(1,U, 

* Sll(I,l), H13(1 1 1), H16(1,1), H17(1,1), Hl8(1,l), M, ICUI,J), 
* IC2(ltJ), IC3{1,J), IC4(1,J) 

LCl = LC1+1 
RETURN 

210 CONTINUE 
WRITE { 6, 110 
RfTURN 

CMG(MES,IM), IM=1,20 ) 

C FORMAT STATEMENTS 
c 

c 

99 FORMATClHl, //IIIIII,T46, 1 A COST-EFFECTIVENESS PRIORITY APPROACH' 
*,/,T64, 1 FOR 1 ,1,T41, •ROADSIDE SAFETY IMPROVEMENT PROGRAMS ON FREE 
*WAYS•,///,T60,•AUGUST 1973 1 ,1/II,T25t 1 RESEARCH SPONSOR AGENCIES-­
*TEXAS HIGHWAY DEPARTMENT (PROJECT 011) 1 ,/, T53, 'FEDERAL HIGHWAY A 
*DMINISTRATION (PRCJECT 1-12) 1 , /I,T41, •PROJECT MANAGERS 
•-- MR. PAUL TUTT,P.E.•, It T60, ·~R. ED SMITH,P.E.•, 
*I, T60, 1 MR. ED KRISTAPONIS,P.E. (FHWA)' ,/I,T25 1

1 RESEAR 
*CH CONDUCTED BY-- TEXAS TRANSPORTATION INSTITUTE (PROJECT 2011) 1 , 

* I l 
98 FORMATCT35, 1 PRINCIPAL INVESTIGATOR-- DR. DONALD WOODS,P.E.'/, 

* T41, •STUDY SUPERVISOR-- MR. GRAEME WEAVER,P.E.•, 
* I , T35, 'COMPUTER PROGRAM LOGIC-- DR. EDWARD POST,P.E. 1 ,//, 

* T37, 'COMPUTER PROGRAMMERS-- MR. SHING-TAK CHEUNG (C.E. GRADUATE 
*STUDENT)',/,T60, •MR. CHARLES HETHCOAT (C.E. GRADUATE STUDENT)•,/, 
* T60, •MR. RICHARD PETERSON (C.E. GRADUATE STUDENT} 1 ,/) 

97 FORMAT( T25, •COMPUTER FACILITIES AND PROGRAM•, 11. T35, 'LOCATION 
*-- TEXAS A&M UNIVERSITY•, /, T35, 'TYPE-- IBM 360/65•, 
* /, T35, 'CORE REQUIRED-- 380K (OS WATFIV) 1 , 

* I , T 3 5 , ' C 0 MP I L E T I M E ( AP P R 0 X ) 1 , 

* T59, '= 0.5 MINUTES•, 
* /, T35, 1 EXECUTICN TIME (APPROXJ•, T59, 
* 1 = 0.01 MINUTES/HAZARD•, 
* /, T35, 'NUMBER OF SUBROUTINES•, T59, '= 37 1 l 

100 FORMAT( lHl, T50, 'C 0 S T E F F E C T I V E N E S S P R 0 G 
* R A M•, //, T64, 'TYPE HIGHWAY =•, T79, 13A4, /, T54, 
* 'HIGHWAY CLASSIFICATION =•, T79, 13A4t//, 
* T65, 'HIGHWAY NO =•, 15, 1, T66, •COUNTY NO =•, I5t 
*I,T64, 'DISTRICT NO = 1 , 15, It T65t 'CONTROL NO =1 , 15, I, 
* T65, •SECTION NO =•, 15, //, T56t •RECORDING DIRECTION =•, 15, 
*It T65, 'ADT (1000) =•, 15 1 /, T71t 'LIFE =1

1 I5, '(YRS)', 
* I,T67, 1 INTEREST = 1 ,F5.1, 1 (PERCE~T) 1 ,/,T71, 1 DATE =1 9 13, 
* T 81, 1-' , T82, I 2, I ) 
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c 

r 

c 

c 

c 

c 

c 

c 

• 
c 

101 FORMAT ( T26, 'H A Z A R D', T82, 'I M P R 0 V 
* E M E N T' II T2, •HAZARD', T10, '!DENT', T17, 'OESC', 
* T26, 'END•, T33, •SEVERITY•, T43, 'OFFSET', T51t 'GROUP•, T59, 

i * 'MILE-POINT', T78, 1 IMPR 1 , T84, •IMPR', T90, •SEVERITY', T100, 
1* 'FIRST•, Tl07, 'PRESENT•, Tll6t •ANNUAL•, T126, 1 COST 1 ) 

1 0 2 F 0 R M A T ( T 4 , • NO 1 , T 11 , 'C 00 E • , T 1 7, • C 0 0 E' , T 2 3 , ' TREATMENT' , 
·• T34, 'INDEX•, T44, •CODE', T52, 1 NC•, T59, •BEG', T67, 'END•, 
* T79, 1 ALT 1 , T84, •CODE•, T9lr 'INDEX'• T10l, •COST', Tl08, 
* 'WORTH•, Tl17, •COST•, Tl24, •EFFECTIVE' I T23, 'BEG•, T29, 
* 'END•, T126, 'VALUE' /,Tl01t '(S)', T109, 1 ($)', Tl16, '($/YR)' 
* ,n 

103 FORMAT (I) 

106 FORMAT ( T3, I4, Tll, 12, T18, I2, T24, 11, T30, tl, T35, F5.1, 
* T45t 11, T51, 14, T57, F7.3r T65, F7.3, TeO, tl, T83, I1, •-•, 
* I 1, '-' , I 1, '-' , 11 , T92, F4 .1 , T99, I 6, T 10 7, I 7, T 116, I 6, 

•* Tl24, 19,/ ) 

107 FORMAT ( T3, 14, Tll, 12, T18, 12, T24t Ilt T30, I1, T35, F5.1, 
* T45, 11, T51, 14, T57, F7.3, T65, F7.3, reo, 11, T83, 11, •-•, 
* I 1, '-', Ilt •-•, I 1, T92, 10A4,/,T92,10A4,/) 

1 0 8 F 0 R M A T ( T 3 , I 4 , T 11 , I 2 , T 1e , I 2 , T 2 4 t Il , T 30 , I 1 , T 3 5 , F 5 • 1 , 
* T45, Ilt T51, 14, T57, F7.3, T65, F7.3, TSO, 11, T83, 11, •-•, 
* Il, •-•, Ilt •-•, Il, T92, F4.1, T99, 16, Tl07, 17, Tll6, !6, 
* Tl26, 1 GRCUP 1 ) 

109 FORMAT { T3, 14, Tll, 12, T18, 12, T24, Il, T30, 11, T35, F5.1, 
* T45t 11, T51, 14, T57, F7.3, T65, F7.3, T80, 11, T83, 11, •-•, 
* 11, •-•, Il, •-•, 11, T92, '*****ERROR***** SEE ERROR MESSAGE NO. 
*'' 12 ) 

110 FORMAT( ///, TSO, 20A4r///) 

112 . F 0 R M A T ( T 3 , I 4 , T 11 , I 2 , T 18 , I 2 , T 2 4 , I 1 , T 30 t I 1 , T 3 5 , F 5 • 1 , 
* T45t 11, T51, 14, T57, F7.3, T65, F7.3, T80, Ilr T83, 11, •-•, 
* 11, •-•, 11, •-•, 11, T92, F4.1, T99, 16, Tl07, 17, T116, !6, * T124, 'END GROUP•, I ) 

113 FORMAT ( T3, 14, Tllt 12, T18r 12, T24, 11, T30, Ilr T35r F5.lr 
* T45, 11, T51, 14, T57, F7.3, T65, F7.3, TSO, Ilt T.83, 11, •-•, 
* I 1, •-', I 1, '-', I 1, T92, '*****NO IMPROVEMENTS RECOMMENDED***** 
*' ' I ) 

.END 
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