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ABSTRACT 

The Nebraska Department of Roads, NOR. has been involved in a review of 
its policy on the use of guardrail. The purpose of the NOR review was to develop 
a revised policy which more directly takes into consideration the effective-
ness and benefits as well as the construction and maintenance costs of guardrail 
improvements and alternatives to guardrail installation such as flattening the 
errbankment front slope. The "effectiveness" of an improvement ;s defined as 
the annua l reduction in t he number of injury accidents. whereas, the "benefit" 
of an improvement is defined as t he annual reduction in the accident soc ietal 
costs. Because of certain advantages of cable guardrail in comparison to W-beam 
safety guardrail, the NOR has been investigating the possibilities of using a 
much larger percentage of the cable guardrail. The research documented in 
this report was conducted in support of this policy revision effort. 

The computer program in this HP&R study was developed to expedite the 
lengthy and tedious cost-effectiveness and benefit-cost computations for (a) 
inst lling cable guardrail on roadside enbankments, (b) installing W- beam safety 
guardrail on roadside embankments . or (c) making embankment modifications. 

The findings in this study showed that the installation of cable guardrail 
was, in all situations investigated, more attractive than the installation of 
W- beam safety guardrail . In fact, in some situations, it was found that cable 
guardrail was attractive, whereas, W-beam guardrail was not attractive . The 
findings in this study also showed that the configuration of the roadside em­
bankment was a very significant factor in justifying the installation of guardrail. 

It is to be emphasized that the findings in this study were based on the 
assumption that there were no "point" hazards on or near the embankment such as 
culverts and trees . Just as the configuration of the embankment was found to 
be important in determining the need for the installation of guardrail, it is 
the opinion of the researchers that it is of equal or greater importance that 
point hazards also be taken into consideration in future developments of the 
program. 

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

Because of the ease and rapidity in using the computer program to conduct 
a detailed analysis of each roadside emba kment situation, it is the opinion of 
the researchers that there is no real need to attempt to develop generalized 
guardrail gu i delines and policies. It;s therefore recommended that NOR incor­
porate the computer program into their Road Design System currently being used. 
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1. 

INTRODUCTION 



The Nebraska Department of Roads. NOR. has been involoved in a review of 

its policy on the use of guardrail. The purpose of the NOR review was to develop 

a revised policy which more directly takes into consideration the effective-

ness and benefits as well as the construction and maintenance costs of guard-

rail improvements and alternatives to guardrail installation such as f l attening 

the embankment front slope. The "effectiveness" of an improvement ;s defined 

as the annual reduction i n the number of injury accidents. whereas, the "benefit" 

of an improvement is defined as the annual reduction in the accident societal 

costs . Because of certain advantages of cabl e guardrail in comparison to 

W- beam safety guardrail. the NOR has been investigating the possibilities of 

using a much larger percentage of the cabl e guardrail. The research documented 

in this report was conducted in support of this policy revision effort . The 

certain advantages of cable guardrail in comparison to W- beam guardrail are: 

1. it is less costly to install and maintain 

2. it does not cause snow drifting problems 

3. it simplifies snow removal problems, and hence, the effectiveness 
of the system is not reduced to any appreciable extent 

4. it is more effective because of the larger defections, and hence, 
lower vehicle decelerations and injury severity level s 

5. it is more effective on slopes because of the low probability of 
vehicle ramping and vaulting 

6. it provides an economic advantage because the useable shoulder 
can be 2 ft . narrower in width, an hence, the volume of fill 
needed is greatly reduced . 

At the present time, there is no reliable program for making a cost­

effectiveness comparison of cable guardrail versus W-beam guardrail . Both 

the Texas Transportation Institute (~), TTl, and the Southwest Research Insti ­

tute (lQ), SwRI, have developed compu ter programs that ca n be used to make this 
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type of comparison, however, the results from these programs are questionable 

because of the oversimplified assumptions made in the development of these 

programs. Evaluations of the TTl and SwRI programs and the reasons for electing 

not to use these two programs are presented in Appendix F. 

Subsequent to the work of the TTl and the SwRI, the University of Nebraska ­

li ncol n. UNL. and the NOR (£1) undertook a gua rdra i1 util i za t; on study to 

3 

determine the cost-effectiveness of using W-beam guardrail on roadside embankments . 

The cost-effectiveness program developed by the UNL and the NOR was a refinement 

of the program developed earlier by the TTl. 

The objectives of this HP&R study were to expand the existing UNL and NOR 

cost-effectiveness and benefit-cost computer program to include : 

1. the use of cable guardrail 

2. the effects of environmental conditions in regard to the 
supporting strength of guardrail posts under dry(normal), 
wet. and frozen soil conditions 

3. the effects of vehicle size and their distribution in 
the traffic stream 

4. the severity of guardrail "end" type impacts for different 
safety end treatments 

5. the reduced severity due to flared guardrail sections 

6. the effects of lower W-beam guardrail heights of 24-in. 

7. the reduced severity due to the installation of a rub-rail 
on 27-in. guardrail heights 

This report describes the computer-aided procedure developed for the 

economic evaluation of guardrail installations and embankment modifications. 

Included are a description of the computer program. instructions for its use, 

validation studies, and case studies which illustrate some applications of the 

program to analyze a given situation . Also. the cost-effectiveness and 



index and accident societal costs of a given roadway hazard and its improvement 

alternatives, are explained. In addition. recormlendations for future additions 

to the existing computer program are presented. 
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2, 

COI'lPUTER f10DELS OF 

AUTOMOBILE ENCOUNTERS \;JTH 

VARIOUS ROADSIDE FEATURES 



During the past three decades. many highway organizations have relied 

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

and, trial and error full scale tests were often conducted to determine the 

feasibility of these appurtenances. Significant advancements in technology and 

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

design approach appears to be insufficient by itself because one or more fu1' 

scale tests were required to effectively evaluate the influence of anyone 

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

costly. 

Mathematical model simulation provides a rapid and economical method to 

investigate the many variables involved in a run - off-the road automobile col­

lision or maneuver. A limited number of full scale tests can then be conducted 

to confirm the simulation results. When supplemented by experience, judgment 

and tests, model simulation can be a very helpful tool in achieving efficient 

and safe designs . 

2. 1. HVOSI1 

The Highway- Object-Simulation-Model. designated as HVOS~l was used in the 

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

traversing different embankment configurations. HVOSM was developed by McHenry 

(1,1) of the Cornell Aeronautical Laboratories and modified for specific field 

applications by the Texas Transportation Institute (1). 

The idealized-free-body-diagram of HVOSM is shown in Figure 1. The model 

has 11 deg of freedom and consists of four isolated masses. The masses of the 

automobile include: (a) the sprung mass of the body. engine and transmission 

6 
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supported by the front and rear suspension system, (b) the unsprung masses of 

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

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

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

nate system in space include: (a) 1 inear translations of the sprung mass in 

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

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

of the front wheels, and (e) linear and rotational trafislations of the rear axle 

assembly and its suspension system. 

Standard and compact size automobiles weighing approximately 3.800 and 

8 

2.250 lbs, respectively. were used in this study . The properties of the selected 

automobiles were defined ;n previous research work conducted by Ross and Post (i,~) 

and Weaver (6) on sloping grates in medians and roadside embankment slopes. The 

properties of the standard size vehicle are listed on the computer printout 

sheets in Appendix A. 

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

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

soil were assigned friction coefficient values of 0.8, 0.6 and 0.2, respectively; 

and, the soil in an assumed dry or normal condition was assigned a stiffness 

value of 4,000 lbs per inch. Terrain contact was only monitored at the corners 

of the vehicle front and rear bumpers. 

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

simulations. This "free-wheeling" condition would be representative of an 

inattentive driver. 



The Texas Transportation Institute's (3) modified version of the HVOSM 

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

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

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

parison, full scale tests range from 5,000 to 15,000 dollars depending on the 

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

electronic instrumentation, and data reduction analysis techniques including 

high-speed photography. 

HVOSM has under gone many rigorous comparisions to full-scale testing with 

excellent correlation. An example of such a comparison is shown in Figure 2 in 

which Ross and Post (4) compared the decelerations computed by HVOSM with the 

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

ment simulation run in this study . 

2. 2. BARRIER VII 

The BARRIER VII program was utilized in this study to determine the dynamic 

effect of an automobile interacting with several types of traffic barrier systems. 

BARRIER VII was developed by Powell (l.~). 

The traffic barrier is idealized as a plane framework composed of elastic­

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

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

displacement dynamic structural analysis problem ;s solved by numerical methods. 

The analysis is two-dimensional in the horizontal plane. Out-of-plane 

effects, which include vertical displacements of both the automobile and the 

9 



o 
qr-------------------------------------------------------------------------, N 

" ~g ~ cit'~---c==~~~=:~~ 

~ 
a: 
W O 
... q 
WN 
U · 
U « ... «0 
UO 
j:..f 
a: 
W 
> 

HVOSM 

o 

~~I--+-~r--r--+--;---r--+-~---r--+--+--~--r--+--+-~r--+--+-~--~ 
0.00 .50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 

TIME (SEC) 

FIGURE 2. COMPARISON OF HVOSM AND FULL SCALE TEST 
ON EMBANKMENT WITH 3:1 FRONT SLOPE 

5.00 

~ 

o 



barrier, are not considered. The automobile slides along the barrier, and the 

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

11 

in c!.:'t':';Aj'jj~jl~r,y "its Illutiun. Data necessary for input to the program consists of 

the barrier configuration, the properties of the barrier members and automobile 

and the velocity and trajectory of automobile before impact. Output consists of 

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

and velocities and acceleration of automobile. 

Standard and compact size automobiles weighing approximately 3,800 and 

2,250 lbs, respectively, were used in this study . The properties of the selected 

automobiles and the guardrail (cable and W-Beam) were defined in previous research 

work conducted and validated with the results of full-scale vehicle crash tests 

by the Southwest Research Institute (lQ). The properties of the standard size 

vehicle and blocked-out W- Beam guardrail with wooden posts are listed on the 

computer printout sheets in Appendix F. 

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

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

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

BARRIER VII also will not predict situations where the vehicle could break 

through the guardrail. In all BARRIER VII simulations, the railing will return 

to the elastic state. even though at times there may be sufficient plastic hinges 

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

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

2.3. OUTPUT FROM COMPUTER MODELS 

Output results from HVOSM and BARRIER VII that were of primary interest in 

this study were the vehicle accelerations. These values 'vlere used to determine 



the severity-index (51) of the enbankment traversals and the guardrail impacts. 

An indepth discussion of severity-index is presented in Section 3 of this report. 

The output from an HVOSM simulation of an embankment run is presented in Appendi x 

C. And, the output from a BARRIER VII simulation of a guardrail run ;s presented 

in Appendix F. 

12 
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AUTOI'IOB I LE ENCOUNTERS W lTH 
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The severity of an automobile impacting a guardrail or traversing an embank­

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

index is computed as the ratio of the measured or computed resultant automobile 

acceleration to the resul tant IItolerable" automobile acceleration that defines 

an ellipsoidal surface . This rati o can be expressed mathematically by Eq. 1. 

An in-depth discussion on the development of £q . 1 was presented by Ross and 

Post (J) and Weaver (&) . 

Gtotal Auto 
5 I = ,.---=="':":'::=-

Gtotal Occupant 

where: 

51 = Severity- Index 

Gtotal Auto Resultant Auto Acceleration 

Gtotal Occupant· Resultant Tolerable Acceleration 

G10ng = Auto Acceleration along longitudinal x-axis 

(see Figure 1) 

G'at = Auto Acceleration along lateral y-axis 

Gvert = Auto Acceleration along vertical z-ax is 

GXl = Tolerable Acceleration along x-axis 

GYl Tolerable Acceleration along y-axis 

GZl Tolerable Acceleration along z-axi s 

---Eq. 1 

The accelerations in Eq. 1 were obtained from computer model simulations 

using HVOSI1 and BARRIER VII. 



The severity-index computations in the subsequent work were based on 

accelerations tolerable to an unrestrained occupant, and the automobile accel­

erations were averaged over a time duration of 50 msec. The relationship between 

severity-index and injury levels will be discussed in a later section . Tolerable 

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

are shown in Table 1. 

TABLE I 

TOLERABLE AUTOMOB,ILE ACCELERATIONS 

Accelerations 

Degree of Occupant Restraint GYL GXL GZL 

Unrestra i ned 5 7 6 

Lap Bel t Only 9 12 10 

Lap Belt and Shoulder Harness IS 20 17 

3.1. EMBANKMENT SEVERITY -INDICIE S 

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

ment speed and angle ;s shown in Figure 3 for a standard size 3,800 lb automobile 

traversing a front fill slope of 2:1, a fill height of 20 ft. a ditch width of 

4 ft . and a back slope of 2:1. Linear regression lines were fitted to the data 

point using the method of least squares. Because no Hvosr~ simulations were made 

for 10 and 20 deg encroachment traversal s , the lines shown in Figure 3 for these 

two conditions were fitted by visual means . Likewise, all of the linear lines 

were extropolated to cO'ler the lower and upper speed ranges of 40 and 80 mph 

which were not simulated in this study. 
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In addition, HVOSM simulations were conducted for several ditch configurations 

using a compact 2,250 1b automobile. Since no dynamic vehicular properties are 

available for simulating a mini-compact 1,700 lb, the compact and mlnl-compact 

automobiles were grouped into the same severity category. The severity-index 

of a particular encroachment was determined and plotted in the same manner as 

was done for the standard size car. The ratio of the severity-indices was then 

taken between the standard and compact automobile simulations. This resulted 

in an adjustment factor to convert the standard automobile severity-index to 

a compact automobile severity-index . The severity-index adjustment factors 

for a 15 deg encroachment angle is shown in Figure 4. 

In Figure 4. it can be seen that the severity-index of the compact automobile 

was lower than the standard automobile over a large encroachment speed range. 

At first glance, this is contrary to what would be expected. One apparent 

explanation is that the shorter wheelbase of the compact automobile reduces the 

interaction between the ditch bottom and the vehicle. thereby. allowing the 

compact automobile to make a smoother transition between the plane of the front 

fill slope and the horizontal plane of the ditch bottom . 

The matrix of vehicle embankment traversals is shown in Table 2. Including 

al' of the parameters. the total number of possible combinations covered in 

this study was equal to 145,800 severity-index values. 

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

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

rough slopes. The HVosr·' simulations were run only on the smooth condition . If 

a rough slope was encountered, the computer program then examined the front slope 
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TABLE 2 

MATRIX OF VEHICLE EMBANKMENT TRAVERSALS 

Variable 

Automobile Sizes (3) 
Encroachment Speeds (5) 

Encroachment Angles (5) 

From Fill Slopes (4) 
Fill Heights (3) 
Oitch Widths (3)c 
Back Slopes (3) 

Conditions of Front Slope (2) 
Water in ditches (3) 

Environmental Conditions (3) 

a. Interpolated 

b. Adjustment Factor 

Combinations 

1700, 2250, 3800 lbs 
a 40 • 50 , 60, 70. and 

a 2 a d 5, 10 • 15. a . an 

80a mph 
25 deg 

2:1, 3:1, 4:1, and 6:1 
10, 20, and 30 ft 
o to 4, 4 to 8b, and 8 to 12 ftb 

None, 2:1 . and 4:1 

smooth. roughb 

none, less than 2. greater than 2 ftb 

dry, wet, frozen b 

c. Flat (no back slope) or trapezoidal shaped 

angle. If the slope was a 2:1 or 3:1, then the rough slopes were not adjusted 

19 

for severity-indices. If, however, the front slopes were flatter, then an adjust-

ment factor was added to the severity-index to increase the value. The reasoning 

behind this is that when a vehicle encroaches onto a steep front slope. there is 

a high probability that it will reach the ditch bottom and undergo high deceler-

ations. However, if the front slope is 4 :1 or 6:1. it is likely that a vehicle 

could be steered back toward the road and avoid the ditch bottom. In this case, 

the vehicle will undergo higher decelerations on a rough slope than on a smooth 

slope. 



In addition, adjustments were made to account for different environmental 

conditions . In the case of wet conditions, the severity-index was lowered to 

account for a lower soil stiffness value which allowed larger vehicle penetration 

into the soil and thus lower decelerations during a ditch traversal. However, 

when frozen conditions prevailed, the severities were adjusted upwards since 

the soil stiffness would be greatly increased. The magnitudes of the adjustment 

factors were determined by engineering judgment since no HVOSM simulations were 

conducted for these conditions, and no test data exists for encroachments under 

frozen or wet conditions. 

The results of the HVOS~1 embankment simulations are presented in Appendix C. 

whereas, the embankment severity-index equations and adjustment factors are 

presented in Appendix O. 

3. 2. GUARDRAIL SEVERITY-INDICIES 

20 

The matrix of vehicle guardrail impacts and the resul ting severities investi­

gated in this study ;s shown in Table 3. The possible number of combinations, 

wh i ch is broken out under footnote "b". tota 1 s 10,950. 

3.2 . 1. W-Beam Gua rdra 11 Side Impac ts 

The vehicle accelerations obtained from the BARRIER VII (L.~) computer 

model were used to compute the severity-indices of side guardrail impacts in 

which the vehicle was restrained and redirected. The two types of guardrail 

investigated by use of BARRIER VII were the RASHTO (11) Gl Cable Guardrail and 

the G4 (Hi and 2W) \~-Beam Guardrail designs. 

The severity-index relationships developed for the AASHTO Cable and W-Beam 

guardrail designs are shown graphically in Figures 5 and 6, respectively. for 



TABLE 3 

MATRIX OF VEHICLE GUM~uRAiL IM~ACTS 

Variable 

Automobile Sizes (3) 

Encroachment Speeds (5) 

Encroachment Angles (5) 

Guardrail Types (4) 

Post Spacings (2) 

Guardrail Heights (2) 

Block-Out W-8eam (2) 

Rub- Rail (3) 

Environmental Conditions (3) 

a Adjustment Factors Used 

b Corminations 

Combinationsb 

1700a , 2250, 4500 1 bs 

40, 50, 50, 70, and 80 mph 

5, 10, 15, 20, and 25 deg 

Cable (3 strands) 
w- Beam (weak steel posts) 

W-Beam (strong wood posts) 
W-Beam (5 trong steel posts) 

6 ft-3 in. and 12 ft-6 . a , n. 

24a in . and 27 in . 

Yes and Noa 

Yes and No on 27 in. Guardrai,a 

No on 24 in. Guardrai ,3 
Dry. Weta , and Frozena 

Cable Guardrail: 3(5)(5)(1)(1)(1)(1)(1)(1) 
W-Beam 

75 

Weak Steel Posts: 3(5)(5)(1)(1)(1)(1)(1)(1) 
Strong Wood Posts: 3(5)(5)(1)(2)(2)(2)(3)(3) 
Strong Steel Posts: 3(5)(5)(1)(2)(2)(2) (3)(3) : 

tota 1 = 

75 
5,400 
5,400 

10 ,950 
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the standard and compact size automobiles. These relationships were based 

on dry or normal soil conditions . 

3.2 . 1.1. Adjustment Factors For Vehicle Vaulting Due to Post Failures In 

Frozen Ground 

Under frozen soil conditions, it was assumed that vehicle vaulting would 

not be a problem for cable guardrail and W- Beam guardrail with steel posts, 

but that it would be a problem for W-6eam guardrail with wood posts because 

the W-Beam subsequent to the failure of a post would drop and rotate prior to 

the development of any significant tensile forces. To take this effect into 

consideration, adjustment factors \<Jere detennined and appl ied to the severity-

indicies computed for dry soil conditions. 

In the development of the adjustment factors in the work to fall 0"'1 , it 

was assurred that (a) the posts were rigidly supported in the frozen soil, (b) 

the posts acted as a cantilevered beam. and (c) the elastic flexure equation 

was adequate to predict post failure. 

In order to determine the applied loads on a guardrail post. the lateral 

vehicle decelerations for any given speed-angle combination and guardrail 

height must be determined. The average lateral vehicle decelerations were 

determined by usc of the following equation from the AASHTO Guide (11). 

where: 

G1at = average lateral vehicle deceleration (g} 

AL distance from front of vehicle to C.G . (ft) 
(0.45 x length) 

8 half-width of vehicle 1ft) 

---Eq. 2 
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o lateral barrier deflection (ft) 

V impact velocity (fps) 

o impact angle with barrier (deg) 

Assuming that the deflection of the guardrail ;s negligible (0 = 0) under 

frozen soil conditions, a 5 x 5 matrix of vehicle decelerations versus encroach-

ment speed and angle can be developed for any given set of conditions. 

The bending stresses at the base of the assumed rigidly supported guardrail 

posts were computed by use of the following elastic flexure equation: 

---Eq. 3 

---Eq. 3a 

where: 

f max max. bending stress in post (psi) 

M max. bending moment (in-lb ) 

S = elastic section modulus of post (;n 3) 

W vehicle weight (lb) 

G'at = average lateral vehicle deceleration (g's) 

h = resultant height of redirective force from barrier (assumed to 
be 21 in. for 27 in. installation height and 18 in. for an 
installation height of 24 in.) 

~ = ratio of peak lateral vehicle deceleration to average lateral 
vehicle deceleration 

A widely accepted value for the ultimate static bending stress in wood 

25 

is 8 Ksi . Assumin9 that the ultimately carrying capacity under dynamic conditions 

is approximately 25% higher than under static conditions, the ultimate failure 

bending stress in wood would be approximately 10 ksi. 



Based upon the preceding work, it ;s now possible to predict when vehicle 

vaulting will occur. For example. it can be predicted as shown in Table 4 that 

vaulting of a 27 in. W-8eam guardrail with wooden posts in frozen ground would 

occur duri ng a 60 mph/25 deg collision with a 2, 250 lb automobile. The cases in 

which the bending stresses equal or exceed the ultimate failure stress of 10 ksi 

in Table 4 are marked with an asterisk . 

TABLE 4 

ULTIMlITE DYNAMIC BENDING STRESSES 

IN l~-BEAM WOODEN GUARDRAIL POSTS 
(ks i ) 

Vehicle Weight . 2,250 lb 
Guardrail Height 27 ; n. 
Soil Condition. Frozen 

Encroachment Encroachment rmpact Angl e (deg) 
Speed 
(mph) 5 10 15 20 25 

40 0 . 9 1.9 2.9 3. 8 4.8 

50 1.4 2.9 4.5 6 . 0 7. 6 

60 2.1 4.2 6.4 8 . 7 10.9* 

70 2. 8 5. 8 8 . 7 11.8* 14.8* 

80 3.7 7.5 11. 4* 15.4* 19. 4* 

* Post failure (fult.~ 10 ksi) 

3.2.1.2. Adjustment Factors for Long Post Spacings 

Adjustrrent factors It/ere applied to W-8eam guardrail with long post spacings 

of 12 ft-6 in . using a 1,mited number of BARRIER VII computer runs. The adjust-

n-.:nt factors l-Ier2 determined by taking the ratio of the severity- indides for 
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12 ft -6 in. post spacings compared to 6 ft-3 in . post spacings. The adjustment 

factors used in this study are shown in Table 5. 

TABLE 5 

SEVERITY-INDEX ADJUSmENT FACTORS FOR W-BEAM GUARDRAIL 
WITH 12 ft-6 in . POST SPACING 

Vehicle Encroachment Adjustrrent 
Weight Angle Factor 
(lbs) (deg) 

4500 5 0.89 

10 0.91 

15 0.93 

20 I. 01 

25 1.12 

2250 5 0.89 

10 0.91 

15 0.93 

20 I. 01 

25 I. 12 

1750 5 1.03 

10 1.06 

15 1.08 

20 1.17 

25 I. 30 



3.2 . 1.3. Adjustment Factor far Vehicle Snagging 

Vehicle snagging occurs when the front end and the I'lheel submarine under 

the W-Beam rail member and snag on the guardrail posts . As a result. the vehicle 

undergoes high rotational and translational accelerations . In this study. it 

was assumed that whenever snagging occurred that the severity-index increased 

by a multiplication factor of 2.5. 

Vehicle snagging was not considered to be a problem for a 24-in . W-beam 

guardrail. nor a problem for a 27-in. \~-beam guardrail with a rub-rail. 

Vehicle snagging an a 27-in. W-beam guardrail without a rub-rail was con-

s;dered as a possibility only for automobiles smaller than the 4,500 lb weight 

category_ Based on engineering judgement, it was as sumed that snagging would 

occur under the specific set of impact conditions of (a) 60 mph and 25 deg . 

for compact size automobiles in the 2,250 lb weight category, and (b) 60 mph 

and 20 deg for mini-compact size automobiles in the 1.700 lb weight category. 

In order to predict the other impact conditions under which snagging was a 

problem, the concept of lateral kinetic energy was used. Lateral kinetic energy 

was expressed as follows: 

KE'a t 
I W V2 sin 2e = - (-) ---Eq. 2 g I 

where: 

KE, at = lateral kinetic energy (kip-ft ) 

W vehicle weight (kips) 

g - acceleration due to gravity (32.2 ft / sec 2) 

VI = vehicle impact speed (fps ) 

0 vehicle encroachment angl e (deg ) 

4 
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Using the above equation, the computed lateral kinetic energy values for 

a 60 mph/25 deg compact vehicle impact and for a 60 mph/20 deg mini -compact 

vehicle impact were 53 .8 kip-ft and 23.9 kip-ft, respectively. These magnitudes 

of energy were considered to be the "minimum" under which snagging would occur. 

For other impact conditions , it was assumed that snagging would occur if the 

comp uted lateral kinetic energy was equal to or greater than the minimum values. 

An illustration of the impact conditions under which snagging would occur for 

a compact size vehicle ;s shown in Table 6 . In Table 6, it can be seen that 

snagging \'JOuld occur under the other impact conditions of 70 mph/25 deg. 80 mph/ 

20 deg, and 80 mph/25 deg . 

TABLE 6 

ILLUSTRATION TO PREOICT VEHICLE SNAGGING 
BASED ON MAGNITUOE OF LATERAL KINETIC ENERGY 

Vehicle Weight . . . . 
W-8eam Guardrail Height 
Rub-Rail .... . . . 

2,5001b 
27-;n. 

None 

Encroachment Encroachrrent Impact Angle (deg) 
Impac t Speed 

(mph) 5 10 15 20 

40 1.0 4.0 9.0 15.6 

50 1.6 6.3 14.0 24 . 4 

60 2. 3 9.1 20.1 35.2 

70 3.1 12.3 27.4 47.9 

SO 4.0 16.1 35.S 62 . 5' 

* Snagging assumed 

25 

23.9 

37 . 3 

53.7* 

73.1* 

95.5' 
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3.2.1.4. Adjustment Factors for Saturated Soil Conditions 

It was assumed in this study, that under saturated soil conditions, the 

rotations and displacements of a W-beam guardrail would be larger than under 

dry soil conditions. As a result, the lateral and longitudinal accelerations 

will be lower as well as the severity-indicies. To take this effect into account. 

adjustment factors were used . As was done in Section 3.2.1.3. the concept of 

lateral kinetic energy was used. The complete set of adjustment factors developed 

are presented in Appendix I. 

3.2.1.5. Adjustment Factors for Non-Yielding W-Beam Guardrail In Frozen Soil 

Conditions 

It was assumed in this study. that under subfreezing temeratures in which 

the soil was frozen to a sufficient depth to prevent the guardrail posts from 

rotating and displacing, that the W-beam guardrail was non-yielding . As a 

result, the lateral and longitudinal accelerations will be higher than under 

normal (dry) soil conditions~ and the resul ting severity-indicies will increase. 

To take this situation into consideration, adjustment factors were used. A 

discussion on the method used to develop the adjustment factors is presented 

in the work to follow . 

The average lateral vehicle decelerations, Glat , during an impact 'l'lith a 

non-yielding barrier were determined by using Eq. 2 in which the barrier dis-

placement term, 0, was set equal to zero . Assuming that vehicle snagging did 

not occur on the posts and other bolted rail member connections, the average 

longitudinal vehicle decellerations were computed by the following equation: 

---Eq . 5 

where: 

G = average longitudinal vehicle decelerations (g) 10n9 



G'at = average lateral vehicle decelerations (9) 

computed by use of Eq. 2 

~ = coefficient of sliding friction between vehicle and 

barrier . .. assumed as 0.35 

The same procedure was also used to compute the average lateral and longi­

tudinal vehicle accelerations for the impact conditions in which the guardrail 

will rotate and displace under dry soil conditions. In this case, the displace-

ments of the guardrail in Eq . 2 were computed by assuming that the guardrail 

displacements varied in direct proportion to the lateral kinetic energy as 

follows: 

o = (C) KE1at ---Eq. 6 

where : 

o barrier displacement 

KE1at = lateral kinetic energy of vehicle at impact ... Eq. 4 

C proportionality constant 

Assuming that the proportionality constant is the same under actual full-
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scale crash test conditions conducted in dry soil as under frozen soil conditions. 

then it is possible to write the following equation : 

• [(KE1at)dry 1 

(KE1at )test 
Dtest 

Upon the substitution of Eq. 4 into Eq. 7. one obtains the following 

equation: 

°test 

---Eq. 7 

--- Eq. 8 



where: 

Ddry dynamic barrier displacement in dry soi 1 ( ft) 

Dtest = dynamic barrier displacement in full scale crash test 

W = vehicle weight (1 b) 

VI = vehicle impact speed (fps) 

e • vehicle encroachment angle (deg) 

Illustrations of the computed severity- indicies computed by use of Eq. 1 

under dry and frozen soil conditions are shown in Tables 7 and 8 t respectively . 

The values for full-scale crash test variables in Eq . 8 were obtained from 

HRR174 (g). It is important to stress that while the severity-index values 

in Tables 7 and 8 are comparable with each other, the values should not be 

directly compared to severity-index values in the program which were generated 

using BARRIER VII simulation . This is due to the fact that the severity-index 

values derived from BARRIER VII were based on the highest 50 msec average, 

whereas, the severity-index values in Tables 7 and 8 were based on a time period 

from impact to the time when the vehicle was parallel to the barrier which is 

much longer than 50 msec. This longer time period will result in severity-index 

values which are much lower. 

Based upon the preceding work, the adjustment factors to account for the 

im?act conditions in frozen soil were developed by taking the ratio of frozen 

soil severity-indicies (such as in Table 8) to the dry soil severity-indicies 

(such as in Table 7). An illustration of the resulting severity-index adjust­

ment factors for a compact size automobile for various impact speed-angle 

combinations is shown in Table 9. 
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TABLE 7 

ILLUSTRATION OF W-BEAM GUARDRAIL SEVERITY-INDICIES 
UNDER DRY SOIL CONDITIONS 

Vehicle ~Jeight . . 2,250 lb 
Guardrail Height. 27-;n. 

Impact Impact Encroachment Angle (deg) 
Speed 
(mph) 5 10 15 20 25 

40 0.14 0.26 0.37 0.47 0.56 

50 0.21 0.38 0.53 0.65 0.76 

60 0 .2B 0.51 0.68 0.83 0. 94 

70 0 . 37 0.63 0.83 0.98 1.10 

80 0.46 0.76 0.97 1.12 1.24 

TABLE 8 

ILLUSTRATION OF W-BEAr~ GUARDRAIL SEVERITY-INDICIES 
UND ER FROZEN SOIL CONDITIONS 

Vehicle Weight. . 2,250 lb 
Guardrail Height. 27-in. 

Impact Impact Encroachment Angle (deg) 
Speed 
(mph) 5 10 15 20 25 

40 0.15 0.30 0.45 0.61 0.77 

50 0.23 0.47 0.71 0.95 1.20 

60 0.33 0.67 1.02 1. 37 I.B7 

70 0.45 0.91 1. 39 1. 87 2.36 

BO 0.59 1.19 1.81 2.44 3.08 



TABLE 9 

I LLUSTRATION OF W- BEAM GUARDRAIL SEVERITY - INDEX 

AOJUSTMENT FACTORS UNDER FROZEN SOIL CONDITIONS 

Vehicle We ight . 2.250 lbs 
Guardrail Height . 27-in . 

Impact Impact Encroachment Angle (deg) 
Speed 
(mph) 5 10 15 20 25 

40 1.07 1.15 1. 22 1.30 1.38 

50 1.10 1. 24 1. 34 1. 46 1. 58 

60 1.18 1. 31 1.50 1. 65 5.00' 

70 1. 22 1.44 1.67 5. 00' 5.00' 

80 1. 28 1. 57 5.00' 5.00' 5.00' 

* Assumed Vehicle Vaul ting and/or Penetration 

The impact conditions in which vaulting and/or penetration would have 

occurred as determined from the previous work are indicated by an asterisk in 

Table 9. In these situations, the severity- indic;es were set to a high value 

of five in order to be assured that the probability of an injury type accident 

as discussed in a previous section (Section 4.5) of this report would be equal 

to 100%. The complete set of severity- index adjustment factors for other impact 

conditions are presented in Appendix I. 

3.2.2. End Impacts 

In addition to side- impact severities. the end-impact severities had to be 

determined for various types of guardra 11 end treatments. In the case of cable 

guardrail. a simple end anchorage system was the only available type of end 

treatment in the program. However, W-beam guardrail had five different end 
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treatments available for the user to choose from. Limited test data was available 

to derive the severity-indic;es for end impacts on guardrail end treatments 

~.26). Therefore, the full-scale test data was extrapolated where possible. 

and assumptions were made in other cases to determine the severity-index equations 

for all five types of W-beam end treatments. 

A number of variables had to be accounted for in these severity-index 

equations. The first variable was environmental conditions. In most cases, 

no adjustment was made between the dry and wet soil conditions. However, if 

the end treatment incorporated significant soil-post interaction, an assumed 

adjustment factor to account for frozen soil conditions was included in the 

equation . 

To account for the three different vehicle size classes, it was assumed 

that the severity-index was proportional to vehicle weight with the higher 

severity-index values corresponding to the 1,700 lb vehicle size. These values 

were then checked with the data from the full-scale tests conducted on end 

treatments of W-beam guardrail to insure their accuracy. 



4-. 

METHODOLOGY TO CQf'lPUTE 

COST-EFFECTIVENESS AND BENEFIT-COST 



Cost-effectivene ss is defined as the cost to reduce one injury (fatal or 

nonfatal) accident. As shown in the below equation (Eq. 8). cost-effectiveness 

is computed by dividing the annualized cost of the improvement alternative 

by the annual reduction in the nurrber of injury accidents. In general, the 

most attractive improvement alternative from an economic point-of-view ;s that 

alternative which has the lowest cost-effectiveness value. For example, an 

improvement alternative costing $20 to eliminate one injury accident is more 

attractive than an improvement alternative costing $40 to el iminate one injury 

ace i dent. 

Cost annualized cost of im rovement alternative 
Effectiveness annual reduction in number a injury accidents 

= cost to reduce one injury. fatal or nonfatal. accident 

(S/inj. accid.) ... Eq. 8 

On the other hand, benefit-cost 1s defined as a dimensionless ratio. As 

shown in the below equation (Eq . 9), benefit-cost is computed by dividing the 

annual reduction accident societal costs by the annualized cost of the improve-

ment alternative. A benefit-cost ratio of 1 (unity) and higher indicates that 

an improvement a1 ternative is a ttractive from an economic point-of-view. In 

general. the most attractive improvement alternative is that alternative which 

has the highest benefit-cost ratio . For example, a benefit-cost ratio of 3 

indicates that the benefits of the improvement exceed the costs of the improve-

ment by a factor of 3, whereas, a lower benefit-cost ratio of 2 indicates that 

the benefits of the improvement exceed the costs of the improvement by a 

factor of 2. 

Benefit = Cost 
annual teduction in accident societal costs . .. Eq. 9 annua ;zed cost of improvement alternative 
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From the above discussion, it can be seen that the primary difference 

between the two methods is that the cost-effectiveness method takes into con-

sideration the reduction in the numbei- vi injury acciaents. whereas. the 

benefit-cost method takes into consideration the reduction in accident societal 

costs . However, both methods are usually consistent in selecting the same 

and most attractive improvement alternative. 

4. 1 FORt·RATION OF COST- EFFECTIVENESS 

ANa BENEFIT-COST COMPUTER MODEL 

The cost-effectiveness method used in this study is a modified and expanded 

version of the cost-effectiveness priority approach formulated by Glennon (12) 
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in NCHRP 148 for freeways and implemented in Texas in the management of roadside 

safety improvement programs on both freeway and non-controlled access roadways (!2)' 

In the NCHRP 148 study. the impact severity of a vehicle encountering a 

roadside hazard was based on accident data; whereas, in the Texas study. the 

severity was based upon the judgement of engineers. patrolmen, and other profes­

sions involved in the area of highway safety. The primary difference between 

these two NCHRP 148 and Texas programs and the program in this HP&R study is 

that mathematical computer simulation models were used to assist in computing 

impact severities of various size vehicles (a) traversing a wide range of 

embankment design configurations. and (b) impacting a wide range of both W-beam 

and cable guardrail design configurations under all possible speed-angle com­

binations. The methodology to compute impact severity was presented earlier 

in Section 3 of the report. 

4.1.1. Roadside Hazard Envelope 

In order for a vehicle to encounter a roadside obstacle. three conditions 

must exist . These conditions are: 



(a) the vehicle must be within the section of the roadway associated 

with the roadside obstacle, and 

(b) a vehicle encroachment must occur, and 

(e) the vehicle must be on a collision course with the roadside obstacle. 

The hazard envelope in Figure 7 defines that area in which an encroaching 

vehicle has a chance of encountering the obstacle. The hazard envelope is 

broken down into three zones. The exposure length of each zone along the 

roadway is a function of the vehicle encroachment angle from the roadway (0), 

the width of the vehicle (2B), and the length (t ) and width (w) of the obstacle. 

A vehicle in Zone 1 would have a chance of encountering the "side" of the 

obstacle, whereas. a vehicle in Zones 2 or 3 would have a chance of encountering 

the "end u of the obstacle. 

The obstacle in Figure 7 is defined as any roadside hazard which would 

be a potential danger to the occupants of a vehicle departing from the roadway. 

The types of obstacles considered in this study were (a) cable guardrail, 

(b) W-beam guardrail, and (c) embankments on which there were no point type 

obstacles such as trees and/or culvert headwalls. Furthermore, the obstacle 

can be considered as either the existing condition or the proposed improvement 

alternative. The computer coding forms for recording data on an obstacle are 

presented in Section 5 of this report. 

4.1.2. Equations to Compute Cost-Effectiveness and Benefit-Cost 

The variables that were taken into consideration in computing cost-ef­

fectiveness and benefit-cost are expressed mathematically in the following 

equations: 
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where : 

t = cost-effectiveness (S/inj. accid. reduced) 

! = benefit-cost ratio 

HIS = hazard-index before improvement (inj. accid./yr) 

HIA = hazard-index after improvement (inj . accid.!yr.) 

ACS = accident societal costs before improvement ($/yr) 
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... Eq. 10 

... Eq. 11 

Eq. 12 

... Eq. 13 

... Eq. 14 

... Eq. 15 



ACA = accident societal costs after improvement ($/yr) 

CSA = improvement capita l costs ($ ) 

crf cap;tal-recovery-factor = ;(1+;)n 

(lti)n_1 

compounded annual interest rate 

n = life of project 

NMS normal maintenance costs before improvement ($/yr) 

NMA = normal maintenance costs after improvement ($/yr) 

eMS co'1is;on r~pair costs before improvement ($/yr) 

cr"A = call; sian repa;r costs after improvement ($/yr) 

Ef = encroachment rate (nurrber of roadside encroachments per mile per year) . 

(see Table 10) 

0 = encroachment rate distribution (see Table 11) 

W; = automobile splits in traffic stream 

WI proportion of vehicles in 4.500 lb . classification category 

W2 = proportion of veh icles in 2.250 lb . classification category 

W3 = proportion of vehicles in 1,700 lb. classification category 

EC j = environmental conditions 

EC 1 = proportion of time dry 

EC2 = proportion of time wet 

EC 3 proportion of time frozen 

Li length of hazard segment, parallel to roadway (ft . ) 

Guardra 11 (see Figure g) 
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Ll tangent section (upstream and downstream ends not flared) 

L2 to L4 = tangent and upstream flared end section 

LS to L7 = tangent. upstream and downstream flared end sections 

Rr = direction of vehicle encroachment 

Rl = adjacent near side traffic 

R2 opposing far side traffic (applicable to roadside hazards in 

medians of multilane highways, and to roadside hazards on 2-1ane 

highways) 

w = width of roadside hazard. perpendicular to roadway (ft) 

28 = width of automobiles (assumed as 6 ft) 

V = vehicle encroachment speed (mph) 

o = vehicle encroachment angle (deg) 

Pe ,v probability of an encroachment at angle, 0 , and speed, V, given that 

an encroachment has occurred (see Table 13) 

PI{y) = probability that the existing hazard or improvement will be encountered 

given that an encroachment at angle. 0 . has occurred {see Figure 8} 

PISe ,V = probability of an injury accident given that the existing hazard or 

improvement has been encountered along its side by a vehicle encroach­

ment at angle, e , and speed. V. Probability is a function of the 

severity-index (see Table 14) 

PIEe •v probability of an injury accident given that the existing hazard or 

improvement has been encountered on its end by a vehicle encroachment 

at angle, 0, and speed, V. Probability is a function of the severity-

index (soe Table 14) 
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ACSS9V ~ accident societal cost given that the ex isting hazard or improvement 

has been encountered along its side by a vehicle encroachment at 

angle. 0 , and speed, V. Cost is a function of severity-index and 

accident classification (see Table 15) 

ACEe ,v = accident societal cost given that the existing hazard or improvement 

has been encountered on its end by a vehicle encroachment at angle, 0 . 

and speed, V. Cost is a function of severity-index and accident 

classification (see Table 15) 

CMSe ,V accident collision repair costs given that the existing hazard or 

improvement has been encountered along its side by a vehicle encroach­

ment at angle, 0 . and speed, V. 

CMSe ,V = accident collision repair costs given that the existing hazard or 

improvement has been encountered on its end by a vehicle encroach­

ment at angle, e , and speed. V. 

The method by which the variables in the above equations were computed are 

described in the work to follow. 

4.2 VEHICLE 81CROACHMENT RATES 

Field measurement data of the rate at which vehicles encroach on the road-

side is very difficult to obtain, and hence, are very limited. The first 

attempt to determine encroachment rates was made by Hutchinson and Kennedy (l§) 

on freeway medians. More recently. Glennon (ll) estimated encroachment rates 

for different types of roadway classifications as a linear function of average 

daily traffic (ADT). The encroachment rates estimated by Glennon are shown 

in Table 10. The Nebraska highway design numbers (Ii) that corresponds to the 

different highway claSSifications are also shown in Table 10. The computer model 

in this study keys on the Nebraska highway design number. 
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Nebraska 
Highway 
Design 
NulTber 

DR 1 

DR 2 

DR 3 

DR 4 

DR 5 

DR 6 

DR 7 

DR 10 

OM 20 

OM 30 

OM 40 

OM 50 

OM 60 

TABLE 10 

VEHICLE ENCROACHMENT RATE AS FUNCTION OF 

HIGHWAY CLASSIFICATION AND TRAFFIC VOLUME 

Highway 
Classification 

Rural Interstate and Expressway 

Rural Mul tilane 

Divided Highway 

Wide Rural 

Two-lane Highway 

(Roadbed ~ 36 ft.) 

Narrow Rural Two-Lane 
Highway (Roadbed < 36 ft. ) 

Urban Intersta te 

Urban Multilane 

Divided Highway 

Urban Major Arterial 

Street 

Encroachment Rate 
for 

Both Direction of Travel 
(encroachments/mile/year) 

0.000900 AOT 

0.000590 AOT 

0.000590 AOT 

0.000742 AOT 

0.000742 AOT 

0.000742 AOT 

0.00121 AOt 

0.000900 AOT 

0.000900 AOT 

0.000900 AOT 

0.000900 AOT 

0.001330 AOT 

0.001330 AOT 

ADT = Average Daily Traffic 

The encroachment rates shown in Table 10 pertain to both directions of 

travel. The assumed encroachment rate distributions used in this study are 
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shown in Table 11. On a divided multilane roadway, it was assumed that 40% of 

the total AOT will encroach in the median, and that 30% will encroach on the 

right side of the rc~d"ui i{1 ~cH.:h direction; whereas, on an undivided multilane 

roadway and a 2-1ane roadway, it was assumed that 50% of the total ADT will 

encroach on the right side of the roadway in each direction. No attempt was 

made to assign traffic lane distributions of AOT on multilane roadways. 

TABLE 11 

ROADSIDE VEHICLE ENCROACHMENT RATE DISTRIBUTION 
(assumed) 

Highway 
Type 

2-Lane or 

Multi-Lane (not div.) 

Multi-Lane (div.) 7 

Right Side 
(each direction) 

D.50 

0.30 

Median 
(Both Directions) 

0.40 

4.3 VEHICLE ENCROACHMENT SPEED-ANGLE PROBABILITIES 

The probabilities of encroachment speed-angle combinations were computed 

by combining the distributions of vehicle speeds and encroachment angles. The 

vehicle speed distributions were determined from an analysis of spot speed data 

contained in the 1978 annual speed monitoring certification report prepared by 

the Nebraska Department of Roads. As shown in Table 12, it was assumed that 

vehicle speeds were normally distributed with the mean and standard deviation 

values computed from the Nebraska spot speed data. The encroachment angle 

distributions were based on the data reported by Hutchinson and Kennedy (10). 
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TABLE 12 

MEAN SPEEDS AND STANDARD DEVIATIONS 

Mean Speed Standard Deviation 
Highway Classification (mph) (mph) 

Intersta te-Rura 1 59.2 ± 4.8 

Intersta te-Urban 55.5 ± 5.2 

Multilane-Divided and Undivided 53.8 ± 4.8 

Two-Lane-Rura 1 55.4 ± 4.6 

The vehicle speed distribution for each highway classification was combined 

with the encroachment angle distribution, assuming that the speed and angle dis­

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

the encroachment speed-angle probabilities shown in Table 13 for different high-

way classifications. 

USing the point mass model presented by Ross (1.§.), it was determined that 

some high-speed, high-angle impacts were not possible. However. because of the 

lack of encroachment data on speed-angle combinations to support this conclusion, 

it was decided that adjustment of the impact condition probabil Hies to account 
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for the apparent impossibility of high-speed~ high-angle impacts was not warranted. 

4.4. PROBABILITY OF VEHICLE ENCOUNTER 

The probability that a vehicle encroaching from the roadway will encounter 

a roadside obstacle is largely a function of the lateral offset of the obstacla 

in relation to the roadway. The greater this distance. the further the vehicle 

must travel to reach the obstacle. and hence . the less likely that it will 

encounter the obstacle. 
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TABLE 13 

VEHICLE ENCROACHMENT SPEED-ANGLE PROBABILITIES 

Vehicle Encroachment Angle (deg) 
Speed 
(mph) <7.5 7.5-12.5 12.5-17.5 17.5-22. 5 >22 . 5 

INTERSTATE-URBAN 

<45 .0lD .004 .003 .002 .003 
45-55 .210 .088 .053 .035 .053 
55-65 .243 .lD1 .061 .040 .060 

, \ 65-75 .016 .007 .004 .003 .004 
>75 .000 .000 .000 .000 .000 

INTERSTATE-RURAL 

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

45-55 .090 .038 .022 .015 .022 
55-65 .335 .139 .084 .056 .084 

65-75 .054 .023 .014 .00g .014 
>75 .000 .000 .000 .000 .000 

MULTILANE- DIVIDED AND UNDIVIDED 

<45 .016 .007 .004 .003 .004 
45-55 .271 .113 .06B .045 .068 

55-65 .188 .078 .047 .031 .047 

65-75 .005 .002 .001 .001 .001 
>75 .000 .000 .000 .000 .000 

2-LANE RURAL 

<45 .006 .002 .001 .001 .002 
45-55 . 217 .090 .054 .036 . 055 
55-65 .249 .104 .062 .041 .062 

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



The encroachment data of Hutchinson and Kennedy t!.§) were analyzed to 

determine the relationship between vehicle encroachment angle (0) and the 

probability distribution of the lateral extent of the vehicle encroachment. 

The four resulting distributions used in this study are shown in Figure 8. 

Vehicle encroachment speed was not taken into consideration because this type 

of data is non-existent. 

On a 2-1ane roadway and for traffic departing to the right, the lateral 

offset distance of the roadside obstacle is measured relative to the edge of 

the travelled roadway; whereas. for opposing traffic departing to the left. 

the lateral offset distance of the obstacle is measured relative to the center­

line of the roadway_ On a divided multilane roadway. the effects of opposing 

traffic are neglected because the probability of a vehicle crossing the median 

as well as the opposing traffic lanes in order to encounter a roadside obstacle 

would be negligble. 

4.4.1. Guardrail Considerations 

The end sections of guardrail are usually flared away from the roadway to 

reduce the probability of a vehicle impacting the end section of the guardrail. 

It is well recognized that impacting the end section of a guardrail is much 

more severe than impacting the side of the guardrail. On a two lane roadway or 

a multilane undivided roadway. the general accepted practice is to flare both 

the upstream and downstream end sections of the guardrail; whereas, on a divided 

multilane roadway. the general accepted practice is to only flare the upstream 

end which can be impacted . 

The hazard envelope of a guardrail flared on both ends is shown in Figure 9 

for near side traffic departing to the right on a 2-1ane roadway. The computer 
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program internally divides both the upstream and downstream flared ends into 

three equal length sections and computes the lateral offset distance from the 

edge of the roadway to the centroid of each section. As can be seen in Eq. 11 

(page 41), the hazard effects of each section are computed individually and 

then summed to obtain the total hazard effect. No attempt was made in this 

study to increase the impact sever i ty when impacting the sides of the flared 

sections at a higher effective impact angle. 

The hazard envelope for the opposing traffic departing to the left would 

be the reverse of than shown in Figure 9, except in this case, the lateral 

offset distances are computed from the centerline of the roadway. 

4.4.2. Embankment Considerations 

The hazard envelope for an embankment differs from a guardrail in that it 

has no end hazard effects. However, embankments do require special consideration 

when computing lateral offset impact probabilities . 

The highest impact severity associated with an embankment occurs when the 

vehicle traverses the area from the front slope to the ditch bottom or the area 

from the ditch bottom to the back slope, if any. In computing lateral impact 

probabilities for embankments the following assumptions were made. 

(a) Steep Slopes ... On steep front slopes of 3:1 and steeper, it was assumed 

that a vehicle could not be steering backup onto the roadway and that 
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it was a certainty that the vehicle would proceed down the slope and 

impact the ditch bottom. In this situation, the lateral offset dis­

tance of the embankment hinge point was used in computing the probability 

of an encounter . 



(b) Moderate Slopes ... On moderate slopes of 4:1 and 5:1. it was assumed 

that there was a fair probability of safely steering the vehicle back 

up onto the roadway . In this situation, the average lateral offset 

distance between the hinge point and ditch bottom was used in computing 

the probability of an encounter. 
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(c) Flat Slopes ... On flat slopes of 6:1 and flatter, it was assumed that 

there was a very high probability that the vehicle could be steered 

safely back up onto the roadway. In this situation, the lateral offset 

distance to the bottom of the ditch was used in computing the probability 

of an encounter. 

4.5 PROBABILITY OF INJURY ACCIDENT 

The probability of an injury accident (fatal or non-fatal) given that an 

obstacle has been encountered is a fuction of the severity-index of the impact. 

In turn, the severity-index is a function of vehicle size, speed and angle 

of the encroachment. and the type and configuration of the obstacle. As de­

scribed in a previous section of this report, computer simulation models ( HVOS~1 

and BARRIER VII) were used to determine the severity-indices of embankment traversals 

and guardrail impacts over a range of conditions. 

The relationship between severity-index and the probability of an injury 

accident was developed by Post (~) in a recent research study. This relation­

ship ;s presented in Table 14. To facil Hate its use in the computer program, 

the histogram relationship was approximated by the two linear functions shown 

in Figure 10 . 



TABLE 14 

RELATIONSHIP BETWEEN SEVERITY-INOEX 
ANO PROBABILITY OF INJURY ACCIDENT 

Severity-Index Probab; 1 i ty of 
Injury Accident 

< 0.5 0.1 

0.5 <: 51 < 1.0 0.3 

1.0 < 51 < 1. 5 0.5 

1.5< 51 < 2.0 0.7 

2. 0 <: SI < 2. S- 0 .8 

2.5 < SI 1.0 

4.6 ACCIDENT CLASSIFICATION AND SOCIETAL COSTS 

In this study, accidents were classified into the three broad categories of 
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(a) fatal accidents (b) injury accidents (c) property-damage-only (POO) accidents. 

Various agencies such as the NHSTA and the NSC publish these costs~ however, the 

user of the computer program must specify the costs on the coding form presented 

in Section 5. The accident societal costs of NHSTA that were used in conducting 

the parametric and case studies in this report are shown in Table 15 . 

The relationship between severity-index and the probability of an injury 

accident given in the previous section in Table 14 was expanded to include 

the accident percentage breakdown by the type of obstacle encountered. This 

relationship is shown in Table 16. The type of obstacle was classified as 

(a) a point hazard such as a tree, {b} a longitudinal hazard such as a guardrail, 

and (c) a slope hazard such as an embankment . As mentioned earlier, only 
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TABLE 15 

NHSTA ACCIDENT SOCIETAL COSTS 

Type of Accident 

POD 

Injury 

Fatal 

Cast 
($) 

1,200 

5,900 

427,600 

longitudinal and slope hazards were considered in this study. The accident 

classifications in Table 16 were based largely on engineering judgement. Slope 

hazards were considered to be more hazardous than longitudinal hazards because 

of the abrupt change in the vertical vehicle accelerations and the plowing 

action between the vehicle and terrain as the vehicle traverses the transition 

area between the front slope and ditch bottom or between the ditch bottom and 

the back slope . 

To illustrate the use of Table 16, assume that as a certain size vehicle 

traverSes some defined embankment configuration at some defined speed-angle 

combination that the severity-index is computed to be equal to a value of 1 . 8. 

Using the ;~HSTA societal costs given in Table 15. the total accident ccst for 

the defined conditions would be computed as follm/s: 

Total 
Accident = 0.30($1,200) + 0.66($5,900) + 0.04($427,600) 21,358 

Cost 

• 
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TABLE 16 

RELATIONSHIP BETWEEN SEVERITY-INDEX AND 

INJURY ACCIOENT PROBABILITY AND ACCIDENT CLASSIFICATION 

Severity Probabil ity ACCIDENT C LAS S I F I CAT ION 
of POO Only Accidents Injury Accidents Fatal Accidents 

Index Injury (%) (% ) (%) 

Accidenta . Point Long . Slope Point Long. Slope Point Long. Sl ope 
Haz . Haz. Haz. Haz. Haz. Haz. Haz . Haz. Haz. 

SI < 0.5 0.1 90 90 90 10 10 10 0 0 0 

0.5 < SI <1.0 0.3 70 70 70 30 30 3D 0 0 0 -

1.0 < SI < 1. 5 0.5 50 50 50 48 50 48 2 0 2 

1.5 <S I <2 .0 0.7 30 30 30 66 70 6b 4 0 4 

2.0 <SI<2 .5 0.8 20 20 20 72 78 74 8 2 6 

2.5 < SI 1.0 0 0 0 88 96 92 12 4 8 

a. Number of fatal and non-fatal injury accidents per total accidents 

b. Assumed classification 

~ 
~ 



4.7 GUARDRAIL COLLISION MAINTENANCE COSTS 

4.7.1 Guardrail Side Impacts 

In order to compute the cost-effectiveness and the benefit-cost of a guard­

rail improvement alternative, it ;s necessary to take into consideration the 

guardrail collision maintenance costs. The amount of damage ;s a function of 

vehicle size, encroachment speed and angle, and the type of guardrail. As 

discussed earl ier, these variabJes can be expressed in terms of a severity-index. 

The BARRIER VII computer model and the research results of SwRI (JJU were used 

to compute severity-indices and to ascertain the magnitude of guardrail damage. 

The relationships between severity-index and the length of guardrail damage 

as a function of vehicle size are shown in Figure 11 for the cable guardrail 

and W-beam guardrail designated as AASHTO Gl and G4 (IW and 2W), respectively_ 

The computer program internally computes the collision maintenance repair costs 

by multiplying the length of guardrail damage in Figure 11 by the collision unit 

repair costs provided by the user on an Input Coding Form described in Section 5 

of th i s report. 

In order to account for different post spacings and other design versions 

of the W-beam guardrail. the length of damage obtained from Figure 11 was multi­

plied by an adjustment factor shown in Table 17. These adjustment factors were 

determined by taking the ratio of the severity-indices for a given vehicle size 

and impact speed-angle combination. 

4.7.2 Guardrail End Impacts 

In the case of end type impacts on guardrail. a linear proportionality 

was assumed between the percent damaged of the end section and the severity­

index of the collision. This proportionality factor ranged linearly from 0.50 
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TABLE 17 

LENGTH OF OAMAGE AOJUSTMENT FACTORS FOR VARIOUS 
W-BEAM GUARDRAIL DESIGN VERSIDNS OF AASHTD 

Automobile Gua rdra i 1 Type of Guardrail 
Post Weight Spac; n9 G2 G4(IW) G4(IS) 

(1 bs) (ft-in. ) G4(2W) 

1,700 6-03 1.59 1.06 1.06 

2,250 6-03 1.64 1.00 1.09 

4,450 6-03 1.87 1.00 1.08 

1,700 12-06 2.00 1.24 1. 35 

2,250 12-Cli 2.05 1. 27 1.36 

4,450 12-06 2.33 1. 26 1. 36 

for a severity-index of 0.25 up to 1.00 for a severity-index of 2.50. Then to 

determine the replacement cost after a hit, the proportionality factor was 

multiplied by the collision repair cost of a particular guardrail end section 

provided by the user. 

4.7 . 3 Embankments 

In the case of slope improvements. or existing slope conditions, the col­

lision maintenance cost during a vehicle traversal was the same regardless of 

the angle and speed of encroachment. Therefore. the costs by the user input 

on the Roadside Hazard Improvement Form was used in this study. 
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5. 

USER COMPUTER PROGRAi1 



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

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

type of guardrail improvements on roadside embankments . The basic formatof the 

program was developed in an earlier study presented by Weaver C!~). Implementa­

tation of the computer program requires that the user complete four types of 

computer coding forms. The forms. shown in Figures 12 through 15. are titled: 

FIGURE 12. ROADSIDE COST-EFFECTIVENESS FORM: GENERAL INFORMATION 

FIGURE 13. ROADSIDE COST-EFFECTIVENESS FORM: GUARDRAIL COLLISION REPAIR 

COSTS 

FIGURE 14. ROADSIDE HAZARD INVENTORY FORM 

FIGURE 15 . ROADSIDE HAZARD IMPROVEMENT FORM 

The numbers in the boxes above the "blank" boxes to be filled in by the user 

represent the column positions on the IBM data card; whereas, the combination 

letters and numbers (i.e. Gl8) below the blank boxes are the computer program 

names for the information contained within the boxes . 

Since there were no default provisions made in this study. the computer 

program assigns a value of zero to any box left blank by the user. 

A discussion on the use of the coding forms and the program strategy ;s 

presented in the work to follow . The flow-charts of the computer program are 

presented in Appendix K. and the source listing of the computer program ;s 

presented in Appendix L. 

5.1 . USE OF CODING FORMS 

5.1.1. Roadside Cost-Effectiveness Form: General Information 

The General Information Form in Figure 12 is the first IBM card to be 

provided by the user at the start of a computer run. This form contains 
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FIGURE 12 

ROADSIDE COST ·EFFECTIVENESS FORM 
GENERAL INFORMATION 

NESRASKA OEPAATMENTOF ROADS 
UNIVERSITY OF NEBRASKA - LINCOLN 

HP&R79-4 

WC:HWA Y O£SICN NO •. __ . __ . ____ ._ HIGHWAY NO . •.. . _ .• _._ •. ___ . __ ..•. _._. ____ DATE ___ . ____ .•.• _ .• _ •. 

ENVIRONMENTAL CONDITIONS AUTOMOBILE SPUT CATEGORIES ECONOMIC FACTORS 
{Mo. / Yr. j <"', PflOJECT INTEREST 

LI FE ,m -, SUII-I'REEZI,.G 1.700 Ill. 2.250 III. • . $00 Ill. IV.., ,., 

B ~ EJ t:l [:J t:j "I''i,·po I2, -C , , z 
0 GW Gn GOO G" GU G" Gn 

• < SOCIETAL ACCIDENT COSTS 
~ 

• F"TAL INJU RY ~ • '" '" '" 
~~~~~I ~ Cl 

Gn G" G" 

R ... 0. .. oa.oa·8 1 
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FIGURE 13 

ROADSIDE COST·EFFECTIVENESS FORM 
GUARDRAIL COLLISION REPAIR COSTS 

NEBRASKA DEPARTMENT OF ROADS 
UNIVERSITY OF NEBRASKA· LINCOLN 
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FIGURE 14 

ROADSIDE HAZARD INVENTORY FOliM DATE ______ _ 

NE8AASKA DEPARTMENT OF ROAOS 
UNJVERSIT'r 0.1," NEBRASKA _ LINCOLN 

~!"'~RY CQNDUCIT.D BY 

III HIGHWAY 

• :iI 
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r---,r ... '-, ......... o i _. I 
OC=!.o. -,::u t"_'? ,_=_ ~ ':.'&'t: CC<lo!" .... N" ::;~ ~'r;! "":::: .... :?'~ c"'::V(IfO 

_ , ;f~1 "~I ~.VC "" .. I' U "'~I 

8 t;;l 6E;;] ~ ~ E!l ~ ~ ~E~ ~ a. E. ~ 
~- , - .. -.- ..... .. ..... - ' -'-.- ., .. - .-.... .-.. 

HAZARD CLASS'I'ICATION 
DESCRIPTION ___________ _ 

MIU _/'OINT 0 .. HAZARD 

8EGINNING ~DING 

EEEEEB EEHE 
~Lw..uJ 

OW OW 

.-onn HAZARD (Utili"" Pole. T .... S ... ~ Cw'-1 '"'-<!will. 0 ...... Inlet) 

I..'<Tt:II"L. Ma~ """~ CllIlAl~ 1N~~0000y1 ~K" a ....... l ~~l (I'Ll ~~, I'OII'IT H .... ~"OS 
(I'll 'I'Ll {I'Ll 11'1 CillOVI' 

~ t:J tl 0 ~ B 0 ..... "" .. " "" "" "" o L..C NG lTUOINAL HAZARD (G..t .. .sr.il, Bri<lv-.u, CMS. W.II, c..rot 
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FIGURE 15 

ROADSIDE HAZARD IMPROVEMENT FORM 
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information on the environmental conditions, automobile split categories, economic 

factors, and societal accident costs. 

The numbers provided on the form in Figure 12 are for illustrative purposes. 

For example. the societal accident cost for a fatal accident is $427.600. 

5.1.2. Roadside Cost-Effectiveness Form: Guardrail Collision Repair Costs 

The Guardrail Collision Repair Cost Form in Figure 13 contains two IBM 

cards to be provided by the user. IBM Card No. 2 provides cost data on the 

guardrail length-of-need section, whereas. IBM Card No.3 provides cost data on 

the guardrail end terminals. Unless noted, the computer names adjacent to the 
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boxes are identical to the name designations used in the AASHTO Guide (11). The 

numbers on IBM Card Nos. 2 and 3 were provided for illustrative purposes. For 

example. the collision repair cost for a cable guardrail (Gl) is $4.75 plf, whereas, 

the collision repair cost for a crashworthy end (GETl) is $785. 

5.1.3. Roadside Hazard Inventory Form 

The Roadside Hazard Inventory Form in Figure 14 contains seven deSignated 

Boxes (Boxes 1 through 1") along the left-hand margin of the form. The small 

square in the upper part of the Box with a pre-marked check (Boxes 1, 2, and 7) 

informs the IBM key-punch operator that the data within that Box must always be 

punched; whereas, the user must put a check mark in an unmarked square if the 

data within that Box is to be punched . 

As can be seen in Figure 14, an existing hazard must be inventoried as 

either (a) a point hazard (Box 3) such as a util ity pole. (b) a longitudinal 

hazard (Box 4) such as a bridgerail, or (c) a slope hazard (Box 5) . The pre­

marked number in column 50 of Boxes 3, 4. and 5 signals the computer program as 

to the type of hazard being inventoried. This procedure was used so that all 



of the inventory data could be punched on a single IBM Card. and thereby, minimize 

the number of farms to be handled by field personnel conducting the inventory. 

At the present time, the computer program in this study is limited in scope, 

in that, it was only programmed to handle a fill slope type of existing hazard . 
~-- -

However, the program has the capability to be expanded to handle point and 

longitudinal type hazards or any combination of the three types of hazards. 

Data on the highway design number and geometries in Box 1 can be obtained 

from the Nebraska Department of Roads (NOR) Minimum Design Standards (]i). 

Data on a description of the hazard in Box 2 is provided in Table 18. For 

example , a guardrail is identified by an Identification Code No. 06. whereas. 

a Description No. 02 identifies the guardrail as a cable type. 

The numbers in Box 5 were provided for illustrative purposes. For example. 

the existing embankment inventoried has a 2:1 front slope. a front fill slope 

height of 20 ft. a ditch width of 10 ft, a back slope of 2:1, and a back slope 

height of 5 ft . The hinge point of the embankment is located 18 ft from the ~qge 

of the travelled road~a"y._ there is no water in ditch, and the condition of the 

slopes is smooth. 

5. 1.4. Roadside Hazard Improvement Form 

The Roadside Hazard Improvement Fonn in Figure 16 contains nine deSignated 

Boxes (Boxes 1 through 9) along the left-hand margin of the form . The small 

square in the upper part of each Box with a pre-marked check (Boxes 1. 2. and 9) 

informs the Isr,! key -punch operaUor that data within that Box must always be 

punched; whereas. the user must put a check mark in an unmarked square ~f the 

data within that Box must be punched. 
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Ol. 

02. 

D3. 

04 . 

05. 

-

TABLE 18 HAZARD CLASSIFICATION 

----+-

[ Identification Code Descriptor Code 
.. -.- -- _ .. 

. 

Utility Poles (wood) Dl. Diameter less than 10 in. 
D2 . Diameter greater than 10 in. 

Trees Ol. Diameter less than 6 in. 
D2. Diameter between 6 to 12 in . 
03. Diameter greater than 12 in. 

.. 

Rigid Sign Supports Ol. Single wood post (small size) 
D2. Si ngle wood post (large size) 
D3. Single metal post 
04. Double wood posts (small size) 
05. Double wood post (large size) 
06. Double metal posts 
07. Triple metal posts 

08. Cantilever metal support 

09 . Overhead 5;gn supports 
. -~-~---.- .. --- -----.- -~---

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

Rigid Base luminaire Supports Ol. Small Size 

02 . large size 
.. _-_ .. - '" --- -_._.- .. --_ .. '.-- ~ .. ---... . .. - ,------------.-- . .. - - . 

Curbs Ol. Mountable design 

02. Non-mountable design less than 10 in. tdgh 

03. Barrier design greater than 10 in . higt 
- ---- ---_ .. - -----.---.. -

~ 
~ 



TABLE IB HAZARD CLASSIF ICATION 

Identification Code I Descriptor Code 
--

06. Guardra il s and Median Barriers Ol. Cable (2 strands on one side of post ) 
02. Cable (3 strands on one side of post) 
03. Cable (1 strand on each side of post) 
04. Cable (2 strands on each side of post) 
05. W-Beam (weak steel posts) 
06. W-Beam (strong wood posts) 
07 . W-Beam (strong steel posts) 
OB. Thrie-Beam 
09. Box Beam (weak posts) 
10. Concrete Median Barriers 

-- - ----.. -.---------- - --.-------------

07. Slopes Ol. Di tches 
02. Fil l Slopes 
03. Cut Slopes 

... - --------- --
OB. Cu 1 verts Ol. Headwall or exposed end of pipe 

02. Gap between culverts in medians 
03. Sloped culvert with grate 
04. Sloped culvert without grate 

.- -
09 . Inlets Ol. Raised drop inlet (tabletop) 

02. Depressed drop inlet 
03 . Sloped inlet 

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

~ 
o 



-
Identification Code 

1 D. Roadway under bridge 

11. Roadway over Bridge 

12. Bridgerails 

13. Reta ining ~Iall 

14. Energy Attenuator 

-

TABLE 10 HAZARD CLASSIFICATION 

I Descriptor Code 

01. Bridge piers 
02 . Bridge abutment 

. _- - . 

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

03. Elevated gore abutment 
04. Sidewalk or safety walks in front of bridgerail 

01. Rigid bridgerail .. . smooth and continuous 
construction 

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

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

- -

01. End exposed 
02. End shielded 

01. Rich Hydro Ce lls 
02. Fitch Barrier '" 8 Modules (11,900 lbs) 
03. .. .. ... g .. (12,300 lbs) · 
04. " " ... 10 " (12,700 lbs) 
05. " " ... 12 " (13,100 lbs) 
06. " " .. .15 .. (17,7001bs) 
---- -

~ 
~ 



As can be seen in Figure 15, the recommended improvement alternative 

must consist of either (a) a point hazard improvement in Box 3, (b) a 10n9-

itudinal hazard improvement in Box 4, or (c) a slope improvement in Box 5. 

The type of improvement alternative recommended in Figure 15 must match the 

same type of hazard inventoried in Figure 14. It;s important to reemphasize 

that the point hazard improvement and the longitudinal hazard improvement 

categories were not programmed in this study. 

The slope improvement in Box 5 consists of either (a) installing guardrail, 

or (b) modifying the configuration of the slope. If the recommendation is to 

install guardrail, then the details and milepoint data of the guardrail in 

Boxes 7 and 8 must also be provided by the user; whereas, if the recommendation 

is to modify the slope, then the milepost data in Box 8 must also be provided. 

The boxes filled in by hand in Figure 15 illustrates the installation of a 

W-beam guardrail on an embankment. For example. the details of W-beam guardrail 

are as follows: 

27-in. in height 

- posts spaced 6 ft-3in on centers (note that the 3 in. 
is assumed in program and therefore it was omitted in form) 

- no rub-rail 

- offset distance from edge of road of 15 ft. 

both ends fpred on ratio of 15:1 and offset 20 ft. 

breakaway turn-down upstream end 

non-breakaway turn-down downstream end 

In Box 2 on the cost data, it is to be noted that if the recommended 

improvement is a guardrail, then the collision maintenance cost data is not 

provided because these costs are provided on Input Codin9 Form in Fi9ure 13. 
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5.2. INPUT DATA FORMAT 

R~ferring back to Box 2 of the Hazard Inventory Form (Figurel4)_, __ ~~~ 

necessary for the user to define the hazard number and grouping number. A 

group may consist of one single hazard or a multiple number of hazards. A 

group of hazards is defined as a condition in which all the hazards are located 

close together so that an improvement of one hazard wi11 effect the degree-of-

hazardousness of the other hazards. 

An example of two existing hazards in a group is shown in Figure 16. In 

this case, a guardrail (Hazard No.1) is protecting a fill slope (Hazard No.2). 

The only real existi ng hazard before making any improvement is the guardrail 

if one assumes that the existing guardrail is structurally adequate and of 

adequate l ength to restrain and redirect an out-of-control vehicle . Improvement 

Alternative Nos. 1 and 2 specify the removal of the guardrail so that the hazard 

after each improvement becomes the existing fill slope and the modified fill 

slope, respectively . On the other hand, Improvement Alternative No.3 specifies 

shortening and moving the existing guardrail laterally so that the hazard after 

the improvement becorres the guardrail. In all three improvements. the reduction 

in the hazard-index and the accident societal costs are measures of the improve-

ment effectiveness and benefit. 

The input data arrangement of the hazard inventory and improvement coding 

forms for three different size groups is illustrated in Figure 17. Group No.1 

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

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

hazards and three improvement alternatives . It is to be noted that for multiple 

hazard groups that each hazard must be followed by the same number of improvement 
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West lide of 
roadway nol 
in....,tot;.! 

N 

IMPROVEMENT 
ALTERNATIVE 

No.1 

No. 2 

No.3 

G ... .rorlil 

Q,{) Fill Slope 

i , 

EXISTING ROADWAY 
(2 Roadside Hnards) 

IMPROVEMENT 

Remove guardrail. and make no fill 
slope improvements. 

Remove guardrail, and flatten fill slope. 

Shorten length and move guardrail 
laterally 

FIGURE 16. ILLUSTRATIVE EXAMPLE OF TWO ROADSIDE HAZARDS 
CLASSIFIED AS A GROUP 
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No te : 

MaK. Number 01 Hazard, per GrQup " 6 

Mall. Number o llmpr. All. per Group .:'~ 

GROUP) 
2 Hazarth 

J Impr. AIlS. 

GROUP2~ IMI'H . ALT . 2 

1 Hau(d 0 
2 Impr. AUI. IMPR 

- - - / 

GROUP 1 ~ IMPA . AlT. l 
lliazard ~~_ 

1 Impr. All . - liAZARO 

COLUMN NUMBER ME SSAGE 

7. 1 End of Group 

7. 2 End 01 Group and Program 

8. 1 Halard f orm 

8. 2 Impr. Alt . Form 

FIGURE 17. ARRANGEMENT 
ALTERNATIVE 

OF HAZARD INVENTORY AND IMPROVEMENT 
CODING FORMS FOR DIFFERENT SIZE GROUPS. 

~ 
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alternative forms as shown in Group 3. The maximum number of hazards per group 

is six, and the maximum number of improvement alternatives per group is four. 

5.3 PROGRAM STRATEGY 

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

of data at a time. Referring to Group 3 in Figure 17,the computer reads the 

first card as a hazard because there is a number 1 pre-marked in column BO. The 

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

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

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

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

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

signal the end of a group only as illustrated by Groups 1 and 2 in Figure 17. 

The computer program developed in this study was limited to cable and W-Beam 

guardrail insta11ed on roadside fill sl~s . The hazard and improvement coding 

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

to include other types of roadside hazards not covered in this study would 

require the development of additional subroutines. The program as it now stands 

contains a main program and 31 subroutines. A flow-chart of the Main Program 

is shown in Figure 18and a brief description of each subroutine is presented 

in Table 19. 

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

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

avoid program termination. which would occur for each data error. the program by­

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

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

it occurred . A 1 ist of the error messages is contained in Table 20. 

76 



77 

FIGURE 18 

MAIN PROGRM 
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Writes Computes Group Jutput :---
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No MAINI 
Initial lze Point I--Group Hazards 
Variables ) Only 

Stop 
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Data Hazards Only 
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NAME 

MAIN 

MAIN I a. 

MAIN2 a. 

MAIN3 

MAIN4 a. 

MAIN5 a. 

MAIN6 a. 

MAIN7 a. 

GINFO 

GRCOST 

DATA 

FREQ 

PROBI 

PROB2 

PROB3 

TABLE 19 DESCRIPTION OF SUBROUTINES 

DES C R P T o N 

Maln program control 

Submain program control for point hazards only in group 

Submain program control for longitudinal hazards only in group 

Submain program control for slope hazards only in group 

Submain program control for longitudinal and slope hazards in group 

Submain program control for longitudinal and point hazards in group 

Submain program control for pOint and slope hazards in group 

Submain program control for point. longitudinal, and slope hazards in group 

Input data ... subroutine stores general information on accident societal costs, economic 
factors, automobile splits in traffic stream and environmental conditions. 

Input data. 

Input data. 

.subroutine stores guardrail collision repair cost data 

.subroutine stores data from the roadside hazard inventory and improvement 

al ternative forms 

Subroutine computes encroachment frequency for a specified type of highway and ADT 

Subroutine computes probability of vehicle reaching hazard 

Subroutine assigns vehicle speed-angle impact probabilities for a specified type of highway 

Subroutine computes probabil ity of injury accident based on severity-index 

a . Not Prograrrmed. 
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NAME 

COST3 

COST4 

CRF 

SLOPE 

SlADJ 

SLOPE 1 

SlOPE2 

GRAll 

GRAIl2 

GREND2 

GRAIl6 

GRADJ6 

GREND6 

NOIMPR 

TABLE 19 DESCRIPTION OF SUBROUTINES 

DESCRIPTION 

Subroutine computes total accident societal costs based on severity-index 

Subroutine computes guardrail collision maintenance costs based on severity-index 

Subroutine computes economic capital-recovery-factor for a specified compounded interest 

rate and project life 

Subroutine computes severity-index for vehicle traversing roadside embankments 

Environmental slope adjustment factors 

Slope hazard subroutine for existing embankment geometry 

Slope hazard subroutine for improved embankment geometry 

Subroutine for guardrail placement on embankments 

Subroutine computes severity-index of vehicle impacting side of cable guardrail (G-I) 

Subroutine computes severity-index of vehicle impacting end of cable guardrail (G-! ) 

S'ubroutine computes severity-index of vehicle impacting side of W-beam guardrail with 
wood posts [G4(IW) and G4(2W)] 

Subroutine adjustments of severity-index for vehicle impacting side of W-beam guardrail 
with wood posts under wet and frozen conditions 

Subroutine computes severity-index of vehicle impacting end of W-beam guardrail with 
wood posts 

No improvement subroutine 

~ 
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NAME 

COMPUT 

RESULT 

OUTPUT 

TABLE 19 DESCRIPTION OF SUBROUTINES 

DESCRIPTION 

Subroutine computes hazard-index, total accident costs . and collision maintenance costs 

Subroutine computes cost-effectiveness and benefit-cost ratios 

Subrouti ne prints output data 
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Code 
Number 

10 

11 

20 

21 

22 

30 

31 

TA8LE 20 

ERROR MESSAGES ANO CODES 

Error 
Message 

Illegal improvement type 

Must be guardrail addition 
or slope improvement 

Illegal front slope 

Illegal back slope 

Illegal fill height 

Point hazards not available 

Point hazards not available 
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5.4 OUTPUT FORMAT 

A sample listing of the computer output format is shown in Figure 19. The 

listing shown is from Case Study No.2 presented in Section 7 of the report. 

S2 

The "heading block" contains user input data on the highway type and traffic 

characteristics; automobile size and distribution in traffic stream. environmental 

conditions; societal accident costs; and, economic factors. 

The information below the heading block contains both user input data 

and computer computa t i cns on the "Hazard" and "Improvement A 1 terna t i ve II . Refer­

ring to Table 18, the HAZ CODE 7-2 identifies the Hazard as a fill slope; whereas. 

referring to both Table 18 and the Hazard Improvement Form in Figure 15, the 

IMPR CODE 3-1-2-2 for Improvement Alternative No.4 identifies the Improvement 

as a cable guardrail. The listing in Figure 19 contains four improvement alter­

natives which is the maximum permitted for anyone group of hazards . The beginning 

and ending points of the Hazard and Improvement Alternative are defined by the 

MILEPOST data provided by the user. 

The computer computations on HAZARD INDEX and TOTAL ACCIDENT COSTS are 

shown for both the Hazard and the Improvement Alternative. For example, the 

annual reduction in accident costs, which is defined as the Benefit, is equal 

to $829 for the cable guardrail in Improvement Alternative No.4. The construc­

tion costs (FIRST COST) of the cable guardrail is $3,300; whereas. the annualized 

TOTAL HIGHWAY COST, which includes construction and maintenance costs, is equal 

to $707. 

The COST EFFECT RATIO (C/E) and the BENEFIT COST RATIO (S/C) for the cable 

guardrail improvement alternatives (No.4) are calculated as follows: 



.. *" ...... '" 
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FIGURE 19 

SAMPLE LISTING OF COMPUTER OUTPUT FORMAT 

cos r EfFECTIVENESS PROGRAM 

UNIVERSITY OF NE~RAS~A 
ON" 

NEDRASKA 'JEPARTt'lENT OF ROAD!) 

IIlGIIIoIAY DESIGN NWillER DR- 3 
TYPE IU OUWA'!' NII - IOO 
DESIGN SPEer) ~5 HPtl 

'"' ~OOO 

AUrOHOIHLE SPLITS 
..... ~O H . r:ll " , 
2.2:50 CLUJ JO , 
1. 7~O ILill 10 , 

[NVIROMENTAL CONDITIONS 

OR' a t101YR 

'" 2 t10/YR 
SUfl - f"REEZING 2 1'10/YR 

SOCIETAL ACCIDENT COSTS 
POD • 1200 

5900 
427600 

.......... 

INJURY • 
FATAL , 

ceOHOrt l e FACTORS 
PRO.IEtT LIfE 

INTEREST RATE 

OA'E 

.. " ..... * .. 

20.0 YRS 
15.000 X 

7- 9- B2 

• p • D V 

MILE- POST IIAZAf<D TOTAL Uif'R It'lPR M!LX- POST tutAR FiRSl 
INI'£)( Aer-IOENT '" cor'E ZONE CDSl 

D£G '"" COST "'" '"" ( tNJIYR) C$IYRI 1FT I ($10001 

1.000 1.076 0.061~ 1330 3-1 - 2 - 6 0 . 98 1 t . 089 10.0 ., . 
1.000 \.0760.061 5 13JO 2 3 - 1 - 2 - 6 0.901 1.089 10.0 ., . 
1.000 1.0760.0615 1330 J ] - 1 - 2 - 6 0.981 1.009 10.0 ., . 
J. 000 1.076 0.06 15 1]]0 • 3 - 1 -2-2 0 . 989 I. OB] 1 2.0 J, J 

, • , 
" ............. 

TOTAL IIA ZARD TOTAL COST IlEt/EFIl 
lI.,y INDEX ACC IDENT EffECT CUST 

COBr COST RATIO RATIO 
($/YR)CIHJ/ YR) (f/YR) (f/INJ) 

1078 0.0793 ." - 60742 0.45 

1070 0.07BO DOO -6S3~2 0.49 

107 0 0.0781 "" - 65]01 0.49 

707 0.0564 SOl 136420 1. 17 

"" w 
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Cost-Effectiveness Ratio 

C TOTAL HWY COST 
E = Reduction in HAZARD INDEX 

707 
= "0"""'.0"'6"1'5"-"-00'.0"5""6"4 

t = $138,627/inj. accident eliminated 

The reason that the cost-effectiveness ratio calculated above differs 

from the ratio given in output listing is because the values shown on the listing 

have been "rounded-off". 

Benefit-Cost Ratio 

-C8 = Reduction in TOTAL ACCIDENT COST 
TOTAL HWY COST 

1330 - SCI 
= 707 

! = 1.17 



6. 

VALIDATIa-I STlIDIES 



In order to have confidence in the cost-effectiveness and benefit-cost 

computer program developed in this study. three validation studies were con­

ducted. A discussion of the validation studies is presented in the work to 

follow . 

6.1 W-8EAN GUARDRAIL SEVERITY STUDY 

The accident severity data reported by Glennon (2) in NCHRP 148 for W-beam 

guardrail located on the embankments of rural interstate highways is shown in 

Table 21. Out of a total of 4,228 accidents, it can be seen that 1,494 accidents 

resulted in fatal and non-fatal injury accidents. Based on this data. the proba­

bility of an injury accident involving guardrail was 35%. It is to be noted 

that the data in NCHRP 148 includes vehicle impacts with both the side and ends of 

guardra il . 

Source 

Calif . 

III . 

Ohio 

Total 

TABLE 21 

ACCIDENT SEVERITY DATA FOR GUARDRAILa 

(Ref = NCHRP 148) 

Guardra n Fatal and Total 
Loca tion Non-Fa ta 1 Accidents 

Injury 
Accidents 

Embankments 1 ,319 3,867 

Embankments 14 30 

Embankments 161 331 

1,494 4,228 

aType Highway: Rural Interstate 

Probabil i ty 
of 

Injury 
Accident 

0.34 

0.47 

0.49 

0.35 
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The probabilty of an injury accident predicted by the computer program 

was compared to the accident data presented in NCHRP 148. Since the data 

on the guardrail accidents in NCHRP 148 did not include any design details. 

it had to be assumed in order to conduct the comparative study that typical 

guardrail installation was (a) 300 ft. in length, (b) its end sections were 

not safety treated nor flared , (c) the posts were spaced 6 ft-3 in. on center. 

and (d) the soil. in which the posts were placed. was dry. Also. it was assumed 

that the automobile population consisted entirely of large size automobiles. 

The probability of an injury accident predicted by the computer for 

"side" type vehicle-guardrail impacts was 30.8%. This value was determined from 

the following speed-angle sunmation term in Eq. 11. 

PV,e PISV,9 : 0.308 

The probability of an injury accident predicted by the computer program for 

"end" type vehicle-guardrail impacts was 94.9%. This value was determined from 

the following speed -angle sunrnation term in £qs. 12 or 13: 

: 0.949 

In order to obtain a weighted probability of an injury accident, the effects 

of the side and end impacts need to be combined. This was accomplished by taking 

into consideration the side and end exposure lengths of the guardrail along 

the roadside -as shown earl ier in Figure 7. Using a weighted encroachment angle 

of 11 deg obtained from the speed-angl e encroachment relationship data in Table 13 

87 

f or an interstate rural highway classification, it was determined that the side and 

end exposure lengths constituted 87.7 and 12.3% of the total guardrail length, respect-

ively. 



Based upon the above results, the computer program predicted a weighted 

probability of an injury accident of 39%. This value was obtained as follows: 

Weighted 
Probability = 

of Injury Accident 

Effects 
of 

Side Impacts 

Effects 
+ of 

End Impacts 

• (0.308)(0.877) + (0.949)(0.123) 

= 0.39 

It can be seen that the probability of an injury accident predicted by 

the computer program of 39% compares well with the probability of an injury 

accident of 35% presented in NCHRP 148. 

6.2 GUARDRAIL SENSITIVITY STUDY 

In order to be assured that the guardrail and related subroutines in the 
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computer program were programmed and operating correctly. a guardrail sensitivity 

study was conducted. whereby. the computer hazard-index (Eq.s 11-13 in Section 

4.1.2) due to a change in a variable was compared to the hazard-index of a "base" 

guardrail condition. If no change in hazard-index occurred or if a change occurred 

in the wrong direction, then this was a signal to the researchers that there was 

an error in the program. The base condition was defined as follows : 

(1) Automobile Split 

(a) 4,500 lb. auto .... 30% 

(b) 2,500 lb. auto .... 40% 

(c) 1,700 lb. auto .... 30% 

(2) Traffic Volume 

(a) ADT = 3650 veh/day 

(3) Highway Classification 

(a) Nebraska DR-3 



(4) Environmental Soil Conditions 

(a) Dry ....... 7 mo. 

(b) wet: ... ..•. 3 mo. 

(c) Frozen .... 2 mo. 

(5) Guardrail Design 

(a) Type .. ..................... AASHTO G4(2W) 

(b) Length ..................... 300 ft. 

(c) Tangent Offset .. . ... . .... . . IO ft. 

(d) End Offsets ................ IS ft. 

(e) End Section Flare .. .. . ..... 15:1 

(f) Upstream End Terminal .. .... BCT 

(g) Downstream End Terminal . . .. Anchored-Not BfA 
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The computed hazard-index of the base guardrail condition defined above was 

0.0375 inj/yr. The sensitivity study consisted of 18 runs. The variable changes 

investigated and resulting hazard-indices are shown in Table 22. In compa rison 

to the base condition, all of the hazard-indices due to the variable changes appear 

to be in correct direction. For example, by changing the upstream end terminal 

from a BCT to a non-breakaway and nan-anchored end (Run No. B). the hazard-index 

increased from a value of O.037Sinj .jyr to a value of 0.0391 inj . /yr . 

6.3 EMBANKMENT SEVERITY STUDY 

In order to validate the severity of an automobile traversing an embankment 

predicted by the computer program, a comparative study was made with the findings 

presented in NCHRP 14B. 



Run 
No. 

Base 
Condition 

2 

3 

4 

5 

6 

7 

a 
9 

10 

11 

12 

13 

14 

1 5 

16 

17 

18 

• Breakaway 

TABLE 22 

RESULTS OF W-BEAM GUARDRAIL SENSITIVITY STUDY 

Variable Change 

Flare Rate = 10 :1 

Flare Rate = 20:1 

Guardrail Height = 24 in. 

Post Spacing = 12 ft-6 in. 

Installation of Rub - Rail 

Downstream End Not Anchored and Not B/A 

Downstream End Turndown and B/A 

Upstream End Not Anchored. Not BIA 

Upstream End Turndown and B/A 

Upstream End Turndown and Not B/A 

Double Length of Guardrail 

Increase Offsets by 5 ft. 

12 110. Dry 

1 Ho. Wet, 2 Mo. Frozen 

Use all 4500 lb. Autos 

Use all 2500 lb. Autos 

Use all 1700 lb. Autos 

Use all 4500 lb . Autos and 
12' -06" Post Spac ;ngs 

• 

Hazard- Index 
(inj/yr) 

0.0375 

0.0380 

0 .0369 

0.0364 

0.0362 

0.0364 

0.0386 

0.0370 

0.0391 

0.0349 

0.0361 

0.0704 

0.0298 

0.0351 

0.0368 

0.0297 

0.0371 

0.0458 

0.0325 

90 



91 

The embankment severities in NCHRP 148. which were based on accident data, 

were expressed on1y in terms of the steepness of the front slope. The data in 

NCHRP 148 contained no information on tne height of fill. ditch width, nor the 

steepness of the back slope. Because the computer program in this study requires 

that the computer geometric configuration be defined. it was necessary in order 

to conduct a comparative study to assume a typical embankment configuration. A 

typical embankment configuration was assumed to have (a) a height of 20 ft, 

(b) a ditch width of 7 ft, and (c) a back slope of 4:1. 

A comparison between the embankment severities (hazard-index) of the computer 

program and NCHRP 148 as a function of lateral offset of the embankment hinge 

point and front slope steepness ;s shown in Figure 20. The length of the embankment 

was assumed to be 0. 1 mi and the ADT was assumed to be 100.000. As can be seen 

in Figure 20~ a good comparison was obtained with the largest difference existing 

in the 2:1 front slope category . This difference amounted to an average of 17%. 

Again, it should be emphasized that the fill slope hazards in NCHRP 148 were 

grouped independently of fill height. ditch width. and back slope. Some of the 

discrepencies in the slope comparisons can be attributed to different ditch 

configurations between the accident data and the typical ditch section used for 

the validation stuQy. 



x 
w 
c 
>: 

1.0 

0.8 

0.6 

o 0.4 
~ 

il 
< 
~ 

0.2 

TRAFFIC VOLUME, ADT .. 100,000 
EMBANKMENT L.ENGTH .. 0.1 mi. 

FRONT SLOPE " 2:1 

6- NCHRP 148 

0 - COMPUTER PROGRAM 

FRONT SL.OPE .. 3 :1 ~ 

FRONT SLOPE .. 4: 1 l:, 
? .! R 

0.0 L-_-'~ ___ --:',--___ --:':--
10 20 30 

L.ATERAL HINGE POINT OFFSET (ft. ) 

FIGURE 20. 

EMBANKMENT SEVERITY COMPARISON BETWEEN NCHRP 148 
AND COMPUTER PROGRAM 
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7. 

CASE ST\IlIES 



7.1 CASE STUDY NO.1. . . RURAL INTERSTATE HIGHIIAY 

The purpose of this study was to conduct a cost-effectiveness and benef;t­

cost comparative study on the installation of cable guardrail and W-beam safety 

guardrail on various roadside embankment configurations of a rural interstate 

highway. 

The rural interstate highway being considered conformed to the Nebraska 

DR-l Minumum Design Standards (J.i) presented in Table 23. The roadway was 

assumed to be carrying an ADT of 60,000. Data on the environmental conditions. 

automobile splits. economic factors, and accident societal costs are shown in 

the Computer Input Coding Form in Figure 21. The cable guardrail conforms to 

the AASHTO Gl design designation, and the W-beam safety guardrail conforms to the 

AASHTO G4(2W) design designation . Data on the two types of guardrail and for 

a specific embankment configuration with 2:1 front slopes, a fill height of 

10 ft, a ditch width of 2 ft., and a back slope of 2:1 are shown on the four Com­

puter Input Coding Forms in Figures 22 thru 25. This embankment configuration 

constitutes out of a possible 81 configurations that were investigated. 

A sample output listing of the computer program is presented in Figure 26. 

The hazard in this case was the embankment and the improvement alternatives 

were the guardrail. The benefit-cost ratios of 11 . 21 and 8.23 refer to the cable 

guardrail and the W-beam safety guardrail. respectfully . 

The relationship between benefit-cost of cable guardrail installations on 

various front slopes as a function fill height, ditch width and back slope are 

shown in Figures 27 thru 29 whereas, the relationships for W-beam guardrail 

are shown in Figures 30 thru 32. The two data points from the sample output 

1 isting in Figure 26 are shown as sol id black circles in Figures 27 and 30 . 

To illustrate of the use of the results shown in Figures 27 thru 32. 

assume that the roadside embankment configuration consisted of a 2:1 front 
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FIGURE 21 

CASE STUDY NO. I 

ROADSIDE COST ·EFFECTIVENESS FORM 
GENERAL INFORMATION 

NEBRASKA OEPARTMENT OF ROADS 
UNIVERSITY OF NEBRASKA -I.INCOLN 

HPI; R 79-4 

HIGHWAY DESIGN NO . . - HIGHW"A Y NO. -
ENVIRONMENTAL CONDITIONS AUTOMOBILE SPUT CATEGORIES 

{Mo./Yr·1 
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~ ~ ~ ~ I~~I -" )0 ,0 z 
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""OJ!:CT INTEII.UT 
U"' ,.,. 
(Y<.) . "" 
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e" en 
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FIGURE 22 
CASE STUDY NO . 1 

ROADSIDE COST· EFFECTIVENESS FORM 
GUARDRAIL COLLISION REPAIR COSTS 

NEBRASKA DEPARTMENT OF ROADS 
UNIVERSITY OF NEBRASKA - LINCOLN 

HP & R 7'9-4 

UNa".. OF NEED SECTION ($ / LF.) DATE~ 

1~~~!8~~1 Q ~ 0 G' G4(lW) "0> .... w 

G' ~ """" 
k~t9;1 ... , t:=] ....., ~ 

OJ G:J "",., ~ >W D ~ 
G. ~ ""lSI G:J .... G:j Ej 
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FIGURE 23 
CASE STUDY NO. 1 

ROADSIDE HAZARD INVENTORY FORM 
NfBl!ASKA DEPARTMENT 0' ROADS tNWNTQ8.Y CONDUCTED BY 
UNiVeRSITY OF NEBRASKA. LINCOLN 
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FIGURE 24 

CASE STUDY NO. 1 (AL TERNA TI VE NO. I ) 

ROADSIDE HAZARD IMPROVEMENT FORM 
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FIGURE 25 

CASE STUDY NO. 1 (LATERNATIVE NO . 2) 
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FIGURE 26 

SAMPLE OUTPUT LiSTING 

E f fEe T 1 V E » E S S PR06RAtI 
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FIGURE 27. CASE STUDY NO.1 - CABLE GUARDRAIL RELATIONSHIP 
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slope, a fi'1 height of 10 ft., a ditch width of 10 ft., and a back slope of 

4:1. Referring to Figure 27, the benefit-cost ratio for a cable guardrail 

\ installation will be equal to 2.1; whereas. referring to Figure 3D, the benefit-

cost ratio for a \·J-beam guardrail installation will be equal to 0.4. Therefore. 

it can be concluded that the cable guardrail would have been the only cost-

effective guardrail improvement alternative for the defined embankment con-

figuration. 

The benefit-cost relationships shown in Figures 27 thru 32 were based on 

an assumed ADT volume of 60,000. Since benefit-cost is directly proportional to 

the ADT. the benefit-cost of guardrail installations on rural interstate highways 

carrying different ADT volumes can be easily computed by multiplying the benefit­

cost ratios in Figures 27 thru 32 by the following adjustment factor: 

Benefit-Cost Ratio 
Adjustment Factor 

ADT 
60,000 

To illustrate the use of the benefit-cost ratio adjustment factor, assume 

that the ADT in the previous example problem was 30,000 instead of 60,000. 

In this case the adjustment factor will be equal to 0.5, and the benefit-cost 

ratios for the installation of cable guardrail and W-beam safety guardrail will 

be equal to 1.0 and 0.2, respectively. Therefore, it can be concluded that 

neither cable or W-beam safety guardrail would have been cost-effective with 

the lower traffic volume. 

Referring to the benefit-cost relationships shown in Figures 27 thru 32, 

it was possible to reach the following generalized conclusions: 

1. In all of the cases considered, the installation of cable 
guardrail was more attractive than the installation of 
~~-beam safety guardrail. 

2. The installation of cable guardrail and W-beam safety gUnrd­
rail were justif ied on embankments with 2:1 front slopes. 
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3. The installation of cable guardrail and W-beam safety guard­
rail were not justified on embankments with 3:1 and flatter 
front slopes and "flat" runout ditch bottoms. 

4. The ditch width and back slope were significant factors to 
take into consideration in the installation of both cable 
and W-beam safety guardrail . 

(a) Flattening the back slope from 2:1 to 4:1 will eliminate 
the need for the installation of cable guardrail and 
W-beam safety guardrail on embankments with front slopes 
of 3:1 and flatter and ill heights from 10 to 20 ft. 

(b) The installation of both cable guardrail and W-beam 
safety guardrail were justified on embankments with 
3:1 and steeper front slopes, ditch widths less than 
8 ft~ and back slopes of 4:1 and steeper. 

(c) Irrespective of ditch width and back slope, the 
installation of cable guardrail and W-beam safety guard­
rail were not justified on embankments with front slopes 
of 4: 1. -

7.2 CASE STUDY NO. 2 ... RURAL 2-LANE HIGHWAY: 
W-BEA~I GUARDRAIL VS CABLE GUARORAIL 

The purpose of this case study was to conduct a cost-effectiveness and 

benefit-cost comparative study on the installation of cable guardrail and W-beam 

safety guardrail on typical embankment configurations of a rural 2-lane highway. 
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The rural 2-1ane highway being considered conformed to Nebraska DR-3 Minimum 

Design Standards (11) presented in Table 23. The roadway was assumed to be 

carrying a high ADT volume of 5,000. Data on the assumed environmental condi-

tions, automobile split categories, economic factors. and societal accident costs 

are shown on General Information Input Coding Form in Figure 33. 
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The four guardrail improvement alternatives considered in this study 

were as follows: 

Improv. Alt. No. 1. .. 27-in. W-Beam Guardra 11 with No Rub-Ra i 1 

Improv. A1 t. No. 2 ... 27-in. W-Beam Guardra i 1 with Rub-Rail 

Improv. Alt. No. 3 ... 24-in. W-Beam Guardrail with No Rub-Ra il 

Improv. Alt. No. 4 ... Cab1e Guardra i1 

Since the highway was of 2-1ane construction. the guardra i1 was of suffi-

cient length to redirect errant vehicles from both directions of travel. The 

lengths of the cable and W-beam guardrails were 495 and 570 ft .• r~spect;vely. 

The W-beam guardrail was longer because (a) of it's width, it was 2 ft. closer 

to the roadway than cable guardrail, and (b) it's turndown length was longer 

than that of cable guardrail. In determining the length-of-need of guardrail, 

the policy of the NOR is to provide a length equal to the distance between the 

points of intersection of the lateral offset distance with a line drawn at a 

15 deg. angle from a critical point on the front slope at each end of the em­

bankment. The critical point on the slopeis based upon the warrants in AASHTO ill) 

Both end sections of the W-beam were flared at a ratio of 20:1 and were of 

a non-breakaway turned-down design. The ends of the cable guardrail were not 

flared. 

Collision maintenance repair costs of the cable and W-beam safety guardrail 

are shown on the Computer Input Coding Form in Figure 34. 

7.2.1 Embankment With Flat Ditch Bottom 

Data on the selected typical roadside embankment configuration are shown 

in the Hazard Inventory Input Coding Form in Figure ~~. The embankment consisted 

of a 2:1 front slope, a slope height of 30 ft., and a "flat" ditch bottom runout. 

The hinge point of the embankment was offset a distance of 12 ft .• and the 

length of the embankment was 4DD ft. 
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7.2.1 .1 Improvement Alternative No.1 

Improvement Alternative No.1 consisted of a 27-in . W-beam guardrail with 

no rub-rail. The guardrail conforms to the AASHTO (11) G4(2W) design designation. 

Data on the guardrail improvement alternative are shown on the Hazard Improvement 

Input Coding Form in Figure 36. 

The output' isting of the computer program is shown in Figure 40. As can 

be seen, the value of the cost-effectiveness was a negative $60,742 and the 

value of the benefit-cost was 0.45. In conclusion. this guardrail design improve­

ment alternative was not attractive because (a) the benefits of $481/yr were 

less than the total highway costs of $1,078, and (b) the hazard-index of the 

guardrail improvement of 0.0793 inj/yr was higher than the hazard-index of the 

existing slope of 0. 0615 inj/yr. 

7.2.1.2 Improvement Alternative No . 2. 

Improvement Alternative No . 2 consisted of a 27-;n. W- beam guardrail with 

a rub-rail. The purpose of the rub-rail was to eliminate the snagging of the 

wheels of the small size automobiles on the guardrail posts. Data on the improve­

ment alternative are shown on the Computer Input Coding Form in Figure 37. 

As can be seen in the output listing of Figure 40. the value of the cost­

effectiveness was a negative $65.342 and the value of the benefit-cost was 0.49. 

In conclusion. this guardrail design improvement alternative was not attractive . 

7.2.1.3 Improvement Alternative No.3 

Improvement No.3 consisted of a 24-in. W-beam guardrail . The purpose of 

using a lower height guardrail was to eliminate the need for adding a rub-rail . 

Data on the improvement alternative are shown on the Computer Input Coding Form 

in Figure 38. 

As can be seen in the output listing of Figure 40. the value of the cost-
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FIGURE 37 
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FIGURE 38 
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FIGURE 39 
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FIGURE 40 
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effectiveness was a negative $65.301 and the value of the benefit-cost was 0.49. 

In conclusion, this guardrail design improvement alternative was not attractive. 

7.2.1.4 Improvement Alternative No.4 

Improvement Alternative No.4 consisted of a cable guardrail. The guardrail 

conforms to AASHTO Gl design designation. Data on the improvement alternative 

are shown on the Computer Imput Coding Form in Figure 39. 

As can be seen in the output listing in Figure 40. the value of the cost­

effectiveness was $136.420 and the value of the benefit-cost was 1.17 . In 

conclusion, this guardrail design improvement alternative was attractive because 

(a) the benefits of $829/yr exceeded the total $IOI/yr, and (b) the hazard-index 

of the guardrail of 0.0564 injjyr was less than the hazard-index of the existing 

slope of 0.0615 inj/yr. 

7.2.2 Embankment With Ditch Bottom 

The embankment configuration in this section was the same as in the previous 

section (Section 7.2.1), except that the flat bottomed run out ditch was replaced 

with a ditch 7 ft. in width and a backs10pe of 2:1. Data on the embankment are 

shown in the Hazard Inventory Input Coding Form in Figure 41. 

The four guardrail improvements in this section were the same as in Section 

7.2.1 . Data on the guardrail improvement alternatives were shown in Figures 36. 

thrlJ 39. 

The output listing from the computer program for the four guardra i l improve­

ment alternatives are shown in Figure 42. As can be seen in Figure 42~ none of 

the W-beam guardrail improvement alternatives (Nos. 1-3) with benefit-cost ratios 

less the the unity were attractive . However, the cable guardrai l improvement 

alternative (No.4) with benefit-cost ratio of 1.77 was attractive. 
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FIGURE 41 
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CASE STUDY NO.2 (7 FT DITCH AND 2:1 BACKSLOPE) 
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The increased severity associated with embankments with ditches and 
~ ~--

backslopes in comparison with flat bottomed runout ditches is readily apparent 

by comparing the benefit- cost ratio of the cable guardrail installation in this 

section with the benefit-cost ratio in the previous section. In Figure 42, 

the benefit-cost ratio of installing cable guardrail on an embankment with 

a 7 ft. ditch and_~backslope was equal to a value of 1.77; whereas, in Figure 

40, the benefit-cost ratio of installing cable guardrail on an embankment with 

a flat bottomed runout ditch was equal to a smaller value of 1. 17. 

7.2.3 Embankment with Water in Ditch Bottom 

The embankment configuration in this section was the same as in the previous 

section (Section 7.2.2). except that there was 2 ft. or less of water in the 

ditch bottom. Data on the embankment are shown in the Hazard Inventory Input 

Coding Form in Figure 43. 

The four guardrail improvements in this section were the same as in 

Section 7. 2.1. Data on the guardrail improvement alternatives were shown in 

Figures 36 thru 39". 

The output listing from the computer program for the four guardrail improve­

ment al ternatives are shown in Figure 44. As can be seen in Figure 44. the 

27-in. W-beam guardrail improvement alternative (No .1) with no rub-rail had 

a benefit-cost ratio just slightly und~r unity. whereas. the 27-;n. W-beam guard­

rail improvement alternative (No . 2) with rub-rail and the 24-in. W-beam 
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guardrail improvement alternative (No.3) both had benefit-cost ratios just slightly 

above unity. It is to be noted that negative cost-effectiveness: value_s-.fQr 

Improvement Alternatives Nos. 2 and 3. as a result of the very small difference 

in the hazard-indices. are contradictory to the barely attractive benefit-cost 

ratios, however, since these two improvement alternatives are. in essence, 

borderline cases , this error is not considered to be of any serious concern. 
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FIGURE 44 
CASE STUDY NO. 2 (7 FT DITCH WITH WATER AND 2:1 BACKSLOPE) 
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In Figure 44, it is also to be noted that the cable guardrail improvement 

alternative (N,o.4) with a benefit-cost ratio of 1.99 was more attractive 

than that in the previous section where no water was in the ditch. 

7.3 CASE STUDY NO. 3 ... RURAL 2-LANE HIGHWAY: 
CABLE GUARDRAIL VS SLOPE FLATTENING 

The purpose of this case study was to conduct a cost-effectiveness and 

benefit-cost comparative study on the installation of cable guardrail versus 

flattening of the front slope. 

The existing embankment configuration, which was the same as in Case Study 

No . 2, Section 7.2.1. consisted of a 2:1 front slope, a slope height of 30 ft .• 

and a IIflat" ditch bottom runout. The hinge point of the embankment was offset 

a distance of 12 ft., and the length of the embankment was 400 ft. Data on 

the selected typical roadside embankment configuration are shown in the Hazard 

Inventory Input Coding Form in Figure 35. 

The rural 2- lane highway being considered conformed to Nebraska DR-3 

Minumum Design Standards (Ii) presented in Table 23. The roadway was assumed 

to be carrying a high ADT volume of 5,000. Data on the assumed environmental 

conditions, automobile split categories, economic factors . and societal accident 

costs are shown on General Information Input Coding Form in Figure 33. 

The three improvement alternatives considered in this case study were 

as follows: 

Impr. Alt . No. 1 ... Cable Guardrail 

Impr. Alt. No. 2 ... Flatten Front Slope to 3:1 

Impr. Alt. No. 3 ... Flatten Front Slope to 4:1 

126 



The design details of the cabl e guardrail were the same as in Case Study 

No.2, Section 7.2. Since t he highway was of 2-1ane construction. the guard­

rail was of sufficient length to redirect errant vehicles from both directions 

of travel. The length of the cable guardrail was 495 ft. Collision main-
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tenance repair costs and design details of the cable guardrail are shown in Computer 

Input Coding Forms in Figures 34 and 39. respectively. The guardrail conforms to 

the AASHTO (11) Gl design designation. 

Data on the flattening of the front fill slopes to 3:1 and 4:1 are shown 

in the Computer Input Coding Forms in Figures 45 and 46. respectively. The unit 

bid obtained from NOR for large embankment construction projects was $2. 19/cyd. 

For making small spot type of improvements. it was assumed that the construction 

costs would double to $4 . 38/cyd. 

The computer output listing of the three improvement alternatives is shown 

in Figure 47. In comparison to the cable guardrail (Alt. No.1) benefit-cost 

ratio of 1.17. which was the same as in Case Study No . 2, it can be seen that 

cost-effectiveness values and the benefit-cost values for flattening of the 

front-slopes to 2:1 (Alt. No.2) and 3:1 (Alt. No.3) were not worthy of consider­

ation. 
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FIGURE 46 
CASE STUDY NO.3 (ALTERNATIVE NO.3) 
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FIGURE 47 
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 



8.1 SUMMARY AND CONCLUSIONS 

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

and tedious cost-effectiveness and benefit-cost computations for (a) installing 

cable guardrail on roadside embankments, (b) installing W-beam safety guar~~ail 

on roadside embankments. or (c) ~king embankment modificatio~s. For example. 

investigating the feasibility of four embankment improvement alternatives requires 

less than l -min. of computer execution time in comparison to an estimated four 

or five man-days of hand type calculations. 

The work accomplished in this study has demonstrated that the cost-effective­

ness and benefit-cost computer program shows great potential in providing highway 

engineers and administratiors in Nebraska with a managerial tool for evaluating 

spot safety improvement projects and design projects in order to realize the 

greatest return on the investment made to reduce injury accidents. 

The results of the computer program were validated with the findings 

contained in NCHRP 148 (~). The main difference between the two studies is 
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that the severities in NCHRP 148 were based on accident data. whereas, the severities 

in the computer program were based on an analyses of the vehicle accelerations 

obtained from (a) the vehicle-barrier computer model named BARRIER VII (l,~), 

and (b) the vehicle-terrain computer model named HVOSM (1). The findings in 

NCHRP 148 are limited in scope in that the severities (a) do not take into consider­

ation vehicles size. impact speed, and encroachment angle (b) do not differentiate 

between "end" type W-beam guardrail impacts and "side" type impacts, and (c) are 

dependent only on the steepness of the front slope and do not take into consider­

ation the height of the embankment. ditch width. and back slope. 

In addition to validating the computer program results with NCHRP 148. detailed 

sensititivity studies were conducted to ascertain that the results from the computer 

program were reasonable and consistent with engineering judgment determinations. 



The findings in this study showed that t~e installation of cable guardrail 

was, in all situations inv~stigated. more attractive than the install~tion of 

W-beam safety guardrail. In fact, in some situtations, it was found that cable 

guardrail was attractive, whereas, W~beam guardrail was not attractive. 

The findings in this study also showed that the configuration of the 

roadside embankment was a very significant factor in justifying the installation 

of guardrail. For example, on an interstate type highway, it was found that: 

1. The installation of both cable guardrail and W-beam safety guardrail 
were justified on embankments with 2: 1 front slopes. 

2. The installation of cable guardrail and W-beam safety guardrail 
were not justified on embankments with 3:1 and flatter 
front"""'STopes and "flat" runout ditch bottoms. 

3. The ditch width and back slope were significant factors to 
take into consideration in the installation of both cable 
and W-beam safety guardrail. 

(a) Flattening the back slope from 2:1 to 4:1 will 
eliminate the need for the installation of 
cable guardrail and W·beam safety guardrail on 
embankments with front slopes of 3:1 and flatter 
and fill heights from 10 to 20 ft. 

(b) The installation of both cable guardrail and 
W-beam safety guardrail were justified on 
embankments with 3:1 and steeper front slopes , 
ditch widths less than 8 ft, and back slopes of 
4:1 and steeper. 

(c) Irrespective of ditch width and back slope, the 
installation of cable guardrail and W-beam 
safety guardrail were not justified on 
embankments with front"""'STopes of 4:1. 

It is to be emphasized that the above findings were based on the assumption 

that there were no "point" hazards on or near the embankment such as cul verts and 

trees. Just as the configuration of the embankment was found to be important in 

determining the need for the installation of guardrail, it is the opinion of the 

researchers that it is of equal or greater importance that point hazards also 

be taken into consideration. 
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RECOI'MENDATIONS 

8.2.1 Incorporate Program into NOR Road Design System 

Because of the ease and rapidity in using the computer program to conduct a 

detailed analysis of each roadside embankment situation, it is the opinion of the 

researchers that there is no real need to attempt to develop generalized guardrail 

gu i de 1 i nes and pol ic ies. It; s therefore recorrmended tha t NOR i ncorpora te the 

computer program into their Road Design System currently being used. 

8.2.2. Program Expansion 

A flow chart of the MAIN PROGRAM, which was shown earlier in Figure 18. ;s 

shown again in Figure 48. As can be seen, the MAIN PROGRAM was subdivided into 

seven sub-main programs, names MAIN!, MAIN2, "'1 and MAIN7. In this study. 

only the MAIN3 sub-main program on "Slope Hazards Only" was prograll111ed. Ultimately, 

MAINl will encompass all of the preceding sub-main programs. The reason for the 

stage development of the program was to simplify the task in debugging the program. 

The recommended sequence and estimated manpower requirements in the develop­

ment of the remaining sub-main programs is shown in Table 24. 

TABLE 24 

PLAN TO DEVELOP SUB-MAIN COMPUTER PROGRAMS 

Sequence Title 
Time(man-mo) 

Prof. Students 

MAINI Point Hazards Only 1 2 
MAIN6 Point and Slope Hazards 2 3 
MAIN2 Long. Hazards Only 1 2 
MAIN4 Long. and Slope Hazards 2 3 
MAIN5 Long. and Point Hazards 2 3 
MAIN7 Point, Lang., and Slope Hazards 4 4 
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FIGURE 48 
FLOW CHART OF MAIN AND SUB-MAIN COMPUTER PROGRAMS 
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APPENDIX 

D. SLOPE SEVERITY-INDEX EQUATIONS 
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Severity Index Equations for Type A Ditches 

Adjustment factor to type B ditches· 0.81 
Adjustment factor to type C ditches .. 0.70 

Front Slope Back Slope Encr. Angle 

2:1 0: I 5° 
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10° 
15° ,,0 
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20 ° 
''0 
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I 
10° 
15° 
20 ° 
''0 

2:1 2: I 5° 

I I 
10° 
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20 ° 
"0 

162 

least Squares Equations 

S! .. 0.000('0') +- 0.533 
S! • 0.015('0') - 0.190 
S! .. 0.045('1) - 1.533 
51 .. a.oZB!"'l - 0.400 
51 .. 0.010 v +- 0.900 

51 .. 0.005('1) +- 0.667 
51 .. 0.010('0') +- 0. 405 
51 .. 0.020('0') - 0.200 
S! .. 0.049('0') - 1.365 
S! .. 0.075('1) - 2.433 

51 " 0:000( ... ) + 1. 267 
51 .. 0.000('0') +- l.170 
S! .. 0.000('0') ... 1.000 
51 '" 0.010('0') +0.543 
S! .. O.ozo(v) 1" 0.033 

S! .. 0 . 010('0') +- 0.000 
S! .. a . Oll!v) - 0.049 
51 .. 0.024 v) - 0.194 
51 .. 0 . 003('0') +- 1. 913 
S! ..... 0 . 019('0') T 4.046 

S! ,. a.oos!v) + 0.548 
51 .. 0.023 v) - 0.233 
51 .. 0.049('0') - 1.456 
51 .. 0.074('0') - 2.252 
51 .. 0.112('0') - 3.463 

51 .. 0.005(v) + 0.906 
S! .. O.OO7(v) + 1.155 
S! " O. OlO(v) + 1. 553 
51 ~ 0.033(v) + 0.308 
51 " 0.068(v) - 1. 651 

SI " O.OlO(v) + 0.000 
SI - 0. 017(v) - 0.050 
SI - 0.025(v) - 0.200 
SI " 0.003(v) + 1.970 
51 - - 0.020(v) + 4.167 

51 - 0.005(v) + 0.667 
51" 0.024(v) - 0.240 
51" O.050(v) - 1.500 
SI" O.076(v) - 2.320 
SI· 0. 115(v) - 3.567 

SI - 0.OO5(v) + 0.933 
SI .. 0.007(v) + 1.190 
Sl " 0.0101v) + 1.600 
SI " 0.034 v) + 0.317 
SI " 0.070(v) - 1. 700 
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St'verity Index Equat ions for Type A 01tcMls 

Adjustment factor to type B ditches· 0.81 
Ad" tin t fa to to t pe C ditches" 0 70 

Front Slope Back Sl ope Encr. Angle 

3:1 0:1 5" 

j 
10" 
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20" 
,," 

3:1 0:1 5" 

! 
10" 
IS" 
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3:1 0:1 5" 

j j 
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,," 

3: 1 4:1 5" 

j j 
10" 
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20" 

"" 
3:1 4:1 5!! 

I 
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20" 
,," 

3:1 4:1 5" 

I 
10" 
15" 
20" 

"" 
):1 2: 1 5" 

I I 
10" 
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ZO" 
,," 

3; 1 2; 1 5" 

I 
10" 
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'0" ,," 

3:1 2; 1 5" 

I j 
10" 
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20" 
,," 

163 

LCilst S'!Ui:rcs E(w<:\.:1ons 

51 .. 0.000( ... ) .0. 300 
SI .. 0.000( ... ) ... 0.370 
51 .. O.OOO(v) ... 0. 467 
51 " 0 . Ol6(v) - 0.897 
51 " O.OSO( ... ) - 2.133 

S! " o.Ooo(v! ... 0.567 
51 " 0 . 003( ... ... 0.373 
51 " 0.005(v) - 0.233 
51 " 0.010(v) ... 0 . 700 
51 .. 0.015(v) - 0 . 100 

51 --0.005('1) + 0.933 
51 - · 0.005(v) ... 0.967 
51 -a .aOS(v} ... 1.033 
51 .. a.OO6{v) ... 0.457 
51 .. 0.015(v) - 0.067 

51 .. 0 .005(v) +0.133 
51 .. 0.009(v) - 0 . 027 
51 .. 0.020(v) - 0 . 533 
51 .. 0.031( ... ) - 1.000 
S! " O.060(v) - 2.400 

51 ".O,005(v) ... 1.167 
51 .. 0 . 003(v) ... 0.697 
51 .. 0.020(v) - 0.367 
51 .. 0.024( ... ) - 0.407 
51 " 0.030(11 ) - 0 . 500 

51 .. a.OIO(v} + 0.667 
51 .. a .OIZ(v} ... 0.460 
51 .. 0 . 020(v) - 0.133 
51 .. 0.021( ... ) ... 0.056 
S! " 0 . 025(v) - 0.033 

51" 0.009( ... ) + 0 .226 
S1 • 0 . 015(v) - 0.046 
S1 • 0.OJ4(v) - 0.906 
S1 • 0.052(v) - 1.700 
SI • 0.102{v) - 4.080 

51 --0 . OO9(v) + 1. 984 
51 " 0.OO4(v) + 1.185 
51 • 0.034(v) - 0.624 
51 ·O .040(v) - 0 .592 
51 ·0.051(v) - 1. 020 

51 ·0.017( v) + 1.134 
S! " 0.020(v) + 0.782 
51 • 0.034(v) - 0 .225 
S! ·O. 035{v) + 0.095 
51 ·0 . 043(v ) - 0.056 
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Severity Index Equations for Type A Ditches 
Adjustment factor to type B ditches· 0.81 
Adjustment factor to type C ditches" 0.70 

Front Slope Back Slope Enc r . Angle 
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least Squares Equations 

51 ,. 0.002(v) ? 0.233 
51 ,. 0.003(v) ... 0.193 
51 • 0.005(v) + 0.067 
51 .. a.aOS{v) - 0.007 
51 " a.DIO(v} - 0.067 

51 .. 0.005(v) ... 0.067 
51 .. O. 005(v) + 0.133 
51 .. 0.005(v) ... 0.167 
51 .. 0.006(v) + 0.243 
51 .. 0.010(11) ... 0.067 

51 " O. OO5!V) +0.133 
51 .. 0 . 003 II ) ... 0.340 
51 " O.OOO(v) ... 0.600 
51 .. o.OOO!vl + 0.680 
51 .. 0.000 v} ... 0.767 

51 .. 0.010(v) - 0 .167 
51 .. 0 . 008(v) ... 0 . 087 
51 .. 0 . 005(v) ... O. JJ3 
51 .. 0 . 001(v) ... 0.407 
51 .. 0.010(Y) ... 0.367 

51 .... 0 . 005(\1) ... 0.833 
51 "·0.003(v) ... 0 .890 
51 .. a.DIO{v) + 0.333 
51 .. 0.012(v) ... 0.303 
51 .. 0.015(v) ... 0.167 

51 t · 0.008(v) + 1.447 
SI --0.007(v) + 1. 423 
SI --0.004(v) + 1. 360 
51 .. O.OOl(v) + 1.133 
51 " 0.006(v) + 0.860 

51 .. O.017 (v) . 0.284 
51 .. 0.013(v) + 0.148 
51 .. 0.OO9(v) + 0 .566 
51 .. O.Oll(v) + 0.692 
51 .. 0 . 017(v) + 0.624 

51 --0 . 009(v) + 1. 416 
51 --0.OO5(v) + 1. 513 
51 .. 0.017(v) +0.566 
51 " O.020~V) + 0.515 
51 " 0.026 v) + 0.284 

51 --0.014(v) + 2.460 
51 --O.OU(v) + 2.419 
51 -.a.oo7lv) + 2.312 
51 .. 0.001 v) + 1. 926 
51 - O. OlO(v) + 1. 462 
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Severity Index Equations for Type A Ditche s 
Adjustment factor to type B ditches" 0. B1 

Adjustment factor to type C ditches" a 70 

Front Slope Back Slope Encr. Angle 

6: 1 0; 1 5' 
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6:1 0: 1 5' 

j j 
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5: 1 4:1 5' 

1 1 
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25 ' 

6: 1 4:1 5' 

I 
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20 ' 
25' 

5: 1 4; 1 5' 

I I 
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6:1 2: 1 5' 

I 1 

10 ' 
15 ' 
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6: I 2:1 5' 
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10' 
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6: 1 2: 1 5' 

I I 
10' 
15 ' 
20 ' 
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least Sq uares Equations 

S! ....O.a05(v) ... 0.467 
S! -· a.OOI{v) ... 0.260 
S! .. O. 005(v) - 0.067 
S! " O.OO9(v) - 0.250 
S! .. O.OIS(v) - 0.567 

S! _·O.OOS (v) ... 0.467 
S! --O . OOI(v) ... 0.260 
S! " a.COS(v) - 0.067 
S! .. O.OO9(v) - 0.250 
S! " O.OIS{v) - 0.567 

S! .... O.OOS(v) ... 0.467 
S! .... a.OOI(v) ... 0.260 
51 " O.DOS(v) - 0.067 
51 " O.OO9(v) - 0.250 
51 .. O.OIS(v) - 0.567 

51 .... O.COS(v) ... 0.761 
51 .... O.OOl{v) ... 0.560 
51 " O.OO5(v) ... 0.300 
51 .. a.OI3{v) - 0.037 
51 " O.020{v) - 0.367 

51 " · O.OO5(v) ... 0.761 
51 ..... O. OOI(v) ... 0.560 
51 " a.OOS(v) ... 0.300 
51 " O.OI3{v) - 0.037 
SI = O.DZO(v) - 0. 367 

S! "· a.OOS(v) ... 0.767 
51 --O. OOI(v) + 0.560 
51 - 0.005(v) + 0.300 
51 ·0.013(v) - 0.037 
51 - 0.020(v) - 0 .]67 

51 -·0 .009{v) + 1.304 
51 - ·0.002 (v} + 0.952 
51 • 0. 009(v) + 0.510 
51 • 0.021 (v) . 0.06] 
51 - 0.034(v) . 0.624 

51 - ·0.009(v ) + 1.304 
51 --0.002(v) +0.952 
51 ·0.009(v) + 0.510 
S! - 0.021(v) - 0.063 
5! ~ 0.034(v) - 0.624 

ST ~ -0.009{vJ + 1. ]04 
S! *-0.002{v) + 0.952 
51 • 0.009(v) + 0.510 
51 '" 0.021(v) - 0.06] 
51 • 0.0]4(v) - 0.624 



APPENDIX 

E. FILL SLOPE SEVERITY-INDEX ADJUSTMENT 

FACTORS FOR COMPACT SIZE AUTOMOBILE 
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APPENDIX 

F, BARRIER VII SAMPLE COMPUTER SIMULATIONS 

INPUT DATA: Standard Size Auto 

(50 mph/15 deg) 

OUTPUT DATA: Interva1 Time at 140 msec 
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Axial force is tension positvte. Bending IIIOtuen t s are posit tve clockwise! on ~ber ends. 

MI~ULI( 1\#lh .. t.,;, ' I I •4< .; u . 14 •111 :.t.(.!:> 

tH.M4!:> o I UU :.L ... ItS 
Nl MuLl< toLUl ' ,..UUI. ,J I 't'I'L I LIH. l 1-MLHUif .J-~tu•ILI• f t -I. UUl 11-(.U..Il. 

I I J. l tJ I !> . '~ -u . uo -u . tJ" I I 
2 ir: J 10 1 !. . 70 o . o ... -0.2 1 I I 
J J ~ 10 1 ~ . OJ J oir: l -O .'I J. I I 
4 .. !> 10 1 ~ . tJ'J 0 . ~2 -tJ . !>2 I I 
!. ~ " 1111 c. . 91l 1) . !;.~ -tJ . Oc. I I 
(; ... ' I 0 1 7. tJ 4 o.o ... u . :>4 I I 
I 1 u 10 1 7 . 00J -0 . !,4 1. 110 I I 
tl u "' 10 1 7. I IJ - I . oo I oOI. I 
' I l.j 10 101 U • .!U - 1 . oc.. -tJ ,OI I 

ltJ IU II l tJ I O. JJ o.o 1 - I • .... .J I 
II I I &..! I 0 1 <,~ . 4U I o.!J - I. <;() I 
1.! I .! I J I 0 1 fJ . !J 4 I. YO - I. 12 I 
I J I J I 4 I 0 1 I 0 . /tJ I , 7 Z -0 , I d I 
I t; 1 .. I !> 111 1 10.7(. 0 .1 11 a. :,c! I 
1:. 1!. l u 10 1 II , IJS - I . :.2 L: . 10 I 
I t> I t> I 1 1 111 1 2 . 0 1 -~ . 70 2 o.JU I 
I 7 1 1 l tl 10 1 I J • .!l -2 . Jil u . JI I 
I ll 11.1 I ., 1 111 l .l . 2d -O .JI -..J .4tl I 
II,/ I'J ir:O 10:! I 4 . !.>.! 3 .48 -u.:.u I 
.:II .:u .! I I U~ ' It . !,.,f., u . so - l-4, ... 7 I 
.1! 1 .!I .!.! IOir: 111.:.7 I to • 47 -21 . d~ I 
l.l. ~2 :!J II>.? l 4oC..O 4! 1. d9 - Jl . .. ~ I 
.'J .:..J .!4 10.: 1.t. . uu l l o.!4 -.J7 . :.t. I 
.!'I ~.4f .!:.i 10.! I !. . tltJ .J7 . :.c. -4 I , OJ I 
.!!.I .•:. "" 1 0~ l!... ·JO 47 . 03 - .... \) . ... 4 I 
..;u ~c. .!7 1 0~ I:. , 'J.J (.0 . 24 -t,"J e S I I 
.! 1 ;t/ :!ll J02 17 . Ju C.'i . ~ 7 -oJ . ;t..J I 
.!..t .... <1!.'# 102 I 1 . <ol.l tiJ , J.J -uo.o•o~ I .J 
.:·i </.'i .JO ...... 1 7 • .!0 uo . oo, -.!~ . tt l I ;o 
JO ..JO .> I 10.! I C. oUU <!Y o!> l ~ I • ~C I I 
J l Jl .Jir: 10.! • .., .7 ~ -!> I • .!2 uo . 17 I J 
J2 J.! .JJ 10.! 14 . 91. -tl0 .17 J.l , !)l I 2 .u ..J.J J4 10«: 1!>. \1 1 -..J3 . !> 7 - 1.!.70 I I 
J~ .J .. ..J:> 10.:: I !> . O.l 1«! . 71. -L~ , CIL I I .. ~ J!> Jt> I 0.: l4. u2 t.l.~ .. -1o !> . !>I I I 
Jc. Ju Jl 10<1!. ··-~~ 4 !l . !. l -.-4 . \).J I I 
Jl Jl Jtl I t>.! 14.1.1d J- . OJ - .. 1. I .J I I 
JU .>U .JIJ I 02 1 11 .1 0 .. 7 .1J -okJ . c..:t I I 
.J•J ,J') 4\1 102 I J . J I 2.J . t.3 - a u . CI~ I I 
.. ~.~ 40 'tl 1 () .. l.l. JJ l d . O.i! - I .J oll4 I I 
4 I 't l 4.! au.: I J , J!.. I J oU4 - 10 . .. 1 I I .Q.• Q.! 4J I ll.! I J o .>U I 0.4 1 -1 . ~I I I 
~J 4J 44 l lJa! 1 .! .... 0 7 • • ~ I -~ . lt2 I I 
44 44 4~ 1 0~ l .i! . u.? ~-42 -.J . !...tO I I 
4~ ~ !> ~· "' I U~ I «: . u4 .J o:>O - I • ~jlf I I 

M-Code " fl exural state I ndicator: F-Code "extensional stale Indicator: 
I • e lastic; 

I • elastic; 2 • yielded at onl y ; 
3 • yielded al j only; 

2 • yielded. 

4 • yielded at I and j. 

..... ....., 
c.n 



.,,,~, j. ...100 !>Lh IL!> 
·~L NIIIh l<lJUL I ·~uoJL J I 'ri 'L A-!.lll"H 1>-!.lll AH Lo-MuO<LNT A-11UMLN T 

'II I u 
... tl :. u 
'J'-,1 y 0 

1 110 II u 
I 01 I J " I OZ I ~ u 
l u...l I 1 0 
l ulo lv IJ 
I IJ;.~ i! ...l 0 
I Uu .! I 0 
1 07 J l 0 
I UO J5 I) 

I"' ' ' J'il " I I 0 4 ..> \) 
Ill 4 I 0 
a I.! :.. a 0 
II ...I 5:. ., 
I I " ~ ... " II :.. uJ ... 
II .. b1 0 
I I 1 1 1 " II U 7!> u 
I I J I 'I u 
~ ~u O.J "' 1 ~I u~ u 
I .! .. ul I) 

I.' J tlJ 0 
1.:• '• • 0 
1 ,.!~ .,~ u 
• • :c., 'J:.. I) 

I .! 1 ., 1 0 

She at· forces and bending moments 
Code 

JUI t.. . :..a O oU I 
:i02 o. o. -0 . 01 
Jill. O. ti6 u . 02 
JO.! "·"'u -o . ou 
JO.:' o . ... J -U.l)~ 
J04! o ....... Ool 5 
JOe! O. IJII 0 .11 
J02 l oOJ -u . oJ 
JO~ 1.u ... o . :.r.~ 
Ju<' lo UJ t.•U J 
JO~ o. o o . o 
JO:' -ll.fJ!i &. I ~ 
.JOl: -o · ·~ • o.u..1 
J02 - IJ.IId -0 . ;!2 
.Jt.l.! -o .w., -IJ .1 5 
.302 -o . u1 o . 0 I 
.)02 -IJ . Ill li.O C! 
JIJ..! -o ·'~ -O . Illl 
30<! -o . 1.J -o . uo 
302 -o .10 0 . 1)0 
JOL -o . c..u 0 . 1)0 
JIJ;! -O . h~ -I) , UO 
.... o .. -O.h.l O . IJO 
Jllc -l) . t; 1 u. oo 
JO..! -O.!.V -o . oo 
.JU~ -O . !,.U 0 . 1)0 
..102 -O . !It. o. uo 
J02 -o. ~:a -11 • .:10 
304 -o . :>tt o. uo 
Jolc! -o . ... .J o . JO 
.JO I -,.) . ;....! -o . uo 

Posts {JOU Sertes} 

are positive for forces on the post In 
.; state indicator 

1 " elasltc; 
2 " plastic hinge about A axts only; 
J • plastic hinge about B axis only; 
t.. • plasltc hinges .about both axes; 

,.~. (14 u . 1 .. 
I 1 . u.J -o.,a 
I U . 4!.i Uo49 
ltJ . .. ~ - I. 11 
I 'J . 4 'J -1 . 03 
.. u • I I ..j. 1 '-
~o .a~ J . c..~ 

'- I . U'• --.> . !.19 
c!f.' . :...'J l l • .JO 
? lo :.J t.'J . 4,J 
o. o o. o 

- 17.UJ I U I. <o 7 
- I Y ol u 17 • .:JU 
- l d . 'j«! -4 . tJf· 
- 17./Y -.J .l ... 
- I 7. I 0 .> . I C. 
- IU. 4a 1) . 111 
- I :. . cu -., . IJC.. 
- · ~ . &!~ -ll . "'' - l <o , IU I) , OJ 
-1 ... 1 ... u o .l l 
-1..1 . 1: -u . Ul 
-I J .... t. u. oll 
-1..! . tll I) . l.hl 
- I ~ - " ... -u . UO 
- I .! . 14 .J . ou 
-II. a:i:' v. oo 
-t 1 . ~ ... -IJ . OIJ 
- I I, "' 7 o . oo 
-II . o .. IJ ,IJO 
-1 j • . ,~ -oJ , .JoJ 

the posl tive A and 8 directions. 

negative • In process of fallin9 (e.g. -7 indicates third 
of Len failure steps); 

0 " failed completely 

t.lH)L 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 



APPENDIX 
G. 14-BEAi1 AND CABLE GUARDRAIL 

SEVERITY-INDEX EQUATIONS 



Automobile 
Weight 
(lb, . ) 

4S00 

2500 

1700 

Guardrail Type: AA5HTO Gl (Cable) 

Impac t 
Angle 

(deg. ) 

S 

10 

IS 

20 

25 

5 

10 

15 

20 

25 

5 

10 

15 

20 

25 

Severi ty- Index 
Equations 
(V in mph) 

51 = 0.0083*V - 0.0293 

51 = 0.012S*V - 0. 1292 

51 = O.OIOO*V - 0.1529 

51 = 0.0073*V + 0.4960 

51 = 0. 0183*V + 0.0833 

51 = 0.0200*V - 0.4963 

51 = 0.0193*V - 0.1990 

51 = 0. 0233*V - 0.1733 

51 = 0. 0326*V - 0.3910 

51 = 0.0333*V - 0.1333 

51 = 0.0240*V - 0.5956 

51 = 0.0232*V - 0.2388 

51 = 0.0280*V - 0. 2080 

51 = 0.0391*V - 0.4692 

51 = 0.0400*V - 0.1600 

178 



Automob ile 
Wei 9ht 
(lb s . ) 

4500 

2500 

1700 

Guardrail Type: AA5HTO G4(2W). G4(IW) (W-beam ) 

Impact 
An9le 
(de9. ) 

5 

10 

15 

20 

25 

5 

10 

15 

20 

25 

5 

10 

15 

20 

25 

Severity-Index 
Equations 
(V in mph) 

51 = O.OI48*V - 0.2660 

51 = 0.0123*V - 0.0470 

51 = 0.0122*V - 0.2470 

51 = 0.0145*V - 0. 1678 

51 = 0.0173*V - 0.1827 

51 = 0.0188*V - 0.3908 

51 = 0.0208*V - 0.3025 

51 = 0.0235*V - 0.2050 

51 = 0.0255*V - 0.1650 

51 = 0.0288*V - 0.1342 

51 = 0.0248*V - 0.5159 

51 = 0.0275*V - 0.3993 

51 = 0.0310*V - 0.2706 

51 = 0.0337*V - 0. 2178 

51 = 0.0380*V - 0.1771 

12' -06" 
Adjustment 

0. 89 

0.91 

0.93 

1.01 

1.12 

0.89 

0 . 91 

0.93 

1.01 

1.12 

1. 03 

1. 06 

1.08 

1.17 

1. 30 
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APPE -NDIX 

H. ULTIi1ATE BENDING STRESSES IN \~-BEAI~ 

GUARDRAIL POSTS UNDER FROZEN SOIL CONDITIONS 



to/EIGHT ; tsoo Ibs . A ; M"~ 

GR Height ; 27 in. L ; / ~. o ft. 

s 
p 
e 
e 
d 

(mph) 

2B ; ,; , ,;. ft. 

Cor.tputed Bending Stresses ( ps i ) 

Impact Angle (deg) 

5 10 15 20 25 

!to : /Z80 : 2.(, 10 : 3,:;;.7) : 5"320 : ("'7Sb 
--------------------------------------------------

50 : cOlO : #70 : 6/80 : B 320 : / 04-70 : 
------------------------------------------ - -------

60 : 2890 : 5870 : b910 : I I igO : / 50go : 
--------------------------------------------------
70 : 3'31-0 : 7980 : 12110 : /&"35:"0 :205"50 : 

--------------------------------------------------
80 : 5)30: /o:;-gcJ : IS8Z01 zIZ'OI-zC:.e/O : 

-------------- -------------------------------

Height '; 420Q Ibs . 

GR Height: 24- in. 

s 
p 
e 
e 
d 

(m ph) 

Computed Bending Stresses (psi) 

Impact Angle (deg ) 

5 10 15 20 25 

IlO : / 100 : ZZ"30 : 34-00 : ;5CCJ : :'7: -0 : 
--------------------------------------------------

50 : /720 : 3';' ;;c" : 5?f~-;o : 7 1"30 : 9000 : 
---------------------------------------------- - ---

60 : ;?4C-C : :5{, 5 (.' : ?b ;;O 1 /o ='(~C : / Z ::'"3 v : 
--------------------------------------------------

70 : "2-:::."":" : {:-- -,/ C : ; .:;t::.. ':::; : / d' c...',::, o : / 7 ';'oo : 
:;7 ./ (.. ---------------------------------------------------

80 : Lt.;? ';;". : ; //.. : : 1""5 _-/"~. : / 1;"6 ::>-0 : ::=9£.:.- " 
T _"~c... ,~ __ :::. 
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WEIGHT : 2soo Ibs. A : 0.4-~ . 

GR Height : 27 in. !. : /4.1 N 

s 
p 
e 
e 
d 

( mph ) 

28 : 7." ft. 

Computed Bending Stresses ( ps i) 

Impact Angle (deg) 

5 10 15 20 25 

40 : 920 : 18$0 : ZBsO : ::84-0 : f3f'0 : --------------------------------------------------
50 : ;;'-fo : Z940 : 4'7-&0 : 6c<:o : 7580 : 

--------------------------------------------------
60 : 2CJ7~ : 4230 : & 440 : g,:.cc :/0:1/0: 

-70--:-2~-3;-:-57_;;-:-8-..;~-;-:-/-f-770-: /"?8-?o: 
--------------------------------------------------

80 : 370 0: 7;'-)0 :f/~OO :/5370:/9390: 
--------------------------------------------------

Weight: ZSOO lbs. 

GR Height = 24- 1n. 

s 
p 
e 
e 
d 

(mph) 

Computed Bending Stresses (psi) 

Impact Angle (d eg ) 

5 10 15 20 25 

40 : 77D : IC, I O : 249-0 : ::Z;JO : f / SO 
--------------------------------------------------

50 : / 21-0 :25.--20 : 3.&ZO : S J SQ : 6¢-qO : 
--------------------------------------------------
_~~ __ ~_~?E.9 __ ~_2~_~.:: _~_2~.?_~_~_?_f!.9 __ ~_~~~_~ 
70 : Zc;.."; : ¢.::.::..- 1 -:.!.:7v : I !'. : 9 / V27Z c ' : 

80 : 3 17_' : 0':;'~C 1 ; 7-C : 1317':: : /~~Zo 1 
--------------------------------------------------
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WEIGHT = -.ll.P.JL lbs. A = () 45 

GR He i ght = 27 in . L = 127 ft . 

s 
p 
e 
e 
d 

( mp h) 

28 = f.8 ft. 

Com puted Bending St resses (Ilsi) 

I mpact Angle ( d eg) 

5 10 15 20 25 

40 I I I I , I _____ ~_J~'? __ ~_~~?~_~ __ ~!!~_~_;::;_~_~_~_~!~_~ 
50 : /170 : 2,70 : 3610 : 1-B70 : 61 4-0 : 

-------------------------- - ---------------- -------
60 : 1(,:70 : 5';'20 : 52= : 7010 : g35D : 

--------------------------------------------------
70 : 2290 : 1-~ 9J : i Of30 : '1>+0 : 12 0 >'-0 : 

--- -----------------------------------------------
80 : 2 ?;JO: C, 0 9() : 9250 : / 2 f.70 : /5730: 

------ - -------- ---- - ------------------------------

Weight = / 700 lbs. 

GR Height = ~_ in. 

s 
p 
e 
e 
d 

(m ph ) 

Computed Bending St r esses ( psi) 

Impact Angle ( deg ) 

5 10 15 20 25 

40 : 64-0 : 1 3 10 : /'J8cJ : 2630 : 3 "380 : ---------------------- - ---- - ----------------------
50 : /0/0 : 24-4C; : g 100 : d./ 7 ': : 5 ZC.o : __________________________ _______ L _______________ _ 

6 0 : / f SV : 2130 : 4¢.0o : c:,o l{) : 7'5""70 : 
-- - -- ---------------- - ------------------------- - --

70 I C, ! - c'7J - '/' / __ . , /" ~ I 1 - --zc ' 
I I ,/&C I 7? ;'~ I ~70 I C / !5D I .....- ~ I 

- ---------------------------------- - --------- - ----
80 : 2~70 : 5220 : 7;J2 G : I06!;.Q : /3 4 :"'0 : 

--------------------- - --------------------------- -
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• 

APPErfDIX 

I. SEVERITY-INDEX ADJUSTMENT FACTORS 

FOR W-BEAM GUARDRAIL 



s 
p 
e 
e 
d 

(mph) 

185 

SEVERITY _ INDEX ApJUSTMENT fACTORS 

Automobile Weight , ¢iOO Ihs. 

Gu ardrail Type , !tL.g~qn? 

Post Spacing , -L ft. .3.- 1n. 

Rail Height , 27 in. 

Bl oc k- Out , Yes 

RUb - Rail , IVo 

Te r rain Slope , JL ; 1 

Soil Type , C,h[?s,ve 

Soil Cond ition , Wei 

I mpact Angle (deg) 

5 10 15 20 25 

_~~_~ _.I" f! ______ !:. ~ ___ ~ _ .!22L~ _JL?q __ ~ _!1:..?.o.. __ _ 
50 : /. (} : O.9S- : () 9, : O. 90 : tJ gs-

-------------------------------------------------
60: /.0 : (},~r- : 0.90 : 0.£5" : 5 ,00""*: 

-------------------------------------------------
70 : ).0 : 0.95" : ().8~ : 5.(("'" : SOC"lt : 

-------------------------------------------------
80 : 11,9.!J- : C. J!) : O.8~ : 5".iJ(J* : 5. i~ jf : 

* Vaulting/Penet r ation 



s 
p 
e 
e 
d 

( mph) 

186 

SEVERITY_INDEX ADJUSTMENT FACTORS 

Automobile Weight • I<fM Ibs. 

Guardrail Type • W-&am 

Post Spaci ng • --"'- ft. --L in. 

Rail Height • 27 in. 

Block-Out • Y'.-:S 
Rub-Rail • Y.o~ 

Terrain Slope • ~ : 1 

Soil Type • C'2h~::/ ~e 

Soil Condition • Wef 

Impact Angle (deg) 

5 10 15 20 25 

ijO : /.0 /. 0 t?:l7: 0.90 : 0 . 90 
-------------------------------------------------

50 : / .0 : cJ go: : iJ.3> : o, ;fa : t? ,5" : 
-60-:-J~O--:- O~~_;. --:-:;9~---:-_;gS_--:-5.;-O~: 
-------------------------------------------------
70: 10 : 0. 95" 1 tJ.8S : 5 00"*: 5' , 00*: 

-------------------------------------------------
80 : 0. 9:; : .0.90 : tJ..F5 : 5 . c)o~ : S· 06 ~: 

-------------------------------------------------
• Vaulting/Penetrat i on 



s 
p 
e 
e 
d 

(mph) 

187 

SEVERTIY_INDEX ADJUSTMENT FA CTORS 

Automobile \\feight • 25'00 Ibs. 

Guardrail Type • W-B-ac?' 

POoSt Spacing • ~ ft_ ~ in. 

Rail Height • 27 in. 

Block-Out • Yes 

Rub-Rail • No 

Terrain Slope • L : 1 

Soil Type • ('ohes'y., 

Soil Condition • WP -' ~, 

Impact An g le ( deg) 

5 10 15 20 25 

~o : 10 ;'0 0.95: 0.9$ : 0.9:>: 
-------------------------------------------------
_~ ~ _ ~ _!: q ______ !J!. ___ ~ _ fJ.: !§. __ ~ _ P.:!~ __ ~ _.!~~ c: __ _ 

6 ' I I I ,*~, o I /0 J.t) I :),9';- I (J.;lo I 2,00 I 

-7o-"i--;o---1-/;-;~--1--;.90---:-; .-~;;:-_;~-r: 
-------------------------------------------------

80 ' I , I ~'t"I.- >('1 
, J 0 ' 0 . J" ' tJ. 90 ,z. 00 ' .? 00 ' -------------------------------------------------
* Vaulting/Penetration 



s 
p 
e 
e 
d 

( mph) 

188 

SEY ER I IY - I ND EX ADJUSTMEN T fACTORS 

Automobile Weight • Z5M Ibs . 

Gu ardrail Type • W-&a~ 

Post Spa ci ng • ~ ft. ~ in. 

Rail Height • 27 in. 

Block-Out • 'ies 
Rub-Rail • Yes 

Te rra in Slope • ---.iL : 1 

Soil Type • ('ohesl'v~ 

Soil Condition • Wn' 

Impac t Angle (d e g) 

5 10 15 20 25 

40 : 1. 0 : ). 0 : 0, y;;-- : ~. 9 :'; : (). 's : 
-------------------------------------------------
501 /.0 1/.0 1 tJ9s 10.95 10,90 -------------------------------------------------

_~~ _~_!cq ___ ~_!~q ____ ~_~" ~iC __ ~_~"t_~ __ ~_q~i?:: __ _ 
70 : j,O : O. 9:> : o. 9 t' : 0 90 : tJ b-:;- : -------------------------------------------------
80: /.0 : O . .lS : 0.90 :0.8;"- :~OO*: 

-------------------------------------------------
+ Vaulting/Penetration 



S 
P 
e 
e 
d 

(mph) 

SEYERITY=.llill£2l ADJUSUIENI EACIOR~ 

Au tomobil e Height ;: ) 7()O I bs. 

Gua r d r Qil Type 

Post Spacing 

Rail He i ght 

Block - Out 

Rub - Rail 

Terrain Slope 

Soil Type 

Soil Condition 

= 27 in . 

= y.,. 5 

= No 

= L: 1 

;: 6b.:s/ve 
= Wei 

Impact Angle (deg) 

5 10 15 20 

in. 

25 

_ ~ ~ _ ~ _ !~ q ______ !~? ______ L q ____ J2c??"" _ ~ _ f!._~s.. __ _ 
50 : / 0 /. 0 : C.;75 : 0.9> : 0 90 

---------------------- - --------------------------
_ ~~ _~_Lq ______ ~·_~ ___ ~_~c !2. __ ~ _!~Jf. __ ~~§{)~:~ 

70 : /. 0 : O. '75: : iJ.9S : .2.5Dif~ : 2.5"0*"': 
------ - ------------------------------------------

80 : /.0 : 0 . '7:;" : tJ./~- : 2 .S"d" *:z.$O-Jf"Jf: 
----------------- --------------------------------

* Vaulting/Pe~etration 
'* Snagging 
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s 
p 
e 
e 
d 

( mph) 

190 

SEYERITY_INDEX ADJUSTMENT FACTORS 

Automobile Weight ; nOD Ibs. 

Guardrail Type ; W-lieal2:2 

Post Spacing ; ~ ft. 3 in. 

Rail Height ; 27 in. 

Block-Out ; Yes 
Rub-Rail ; yes 

Terrain Slope ; 8 : 1 -
Soil Type ; ('0 he.s) v-e 

Soil Condition ; W,f 

Impact Angle (deg) 

5 10 15 20 25 

_~~_~_Lq ______ L~ ______ e!. ___ ~_J2~,!~_~_..c2!.<L __ 
_:~ _~ _ L'? ______ : _~ ______ ~ ~ !~~_ ~ _ ~ 2';;': __ ~_ 2c J.P.. __ _ 
_~ ~ _ ~ _! c q ______ ~_ q ___ ~ _ ~~ !-"_-__ ~ _ P.:. J..:? __ ~ _ q~ Pi? __ _ 

70 : 10 0,5'5: O.9~ : 09U : ?l.zs : 
-------------------------------------------------

f Vaulting/Penetration 



s 
p 
e 
e 
d 

( mph) 

191 

SEVERITY_INDEX ADJUSTMENT FACTORS 

Automobile Weight " 4sr2Q Ibs. 

Guardrail Type " W-/iean-? 

Post Spacing " 
.: ft . 3 in. 

Rail Height " 24- in. 

Block-Out " r,.s 
Rub-Rail " Ala 

Terrain Slope " ~ : 1 

Soil Type " (ohec$'~ 

Soil Condition " J:J/e t. 

Impact Angle (deg) 

5 10 15 20 25 

f Vaulting/Penetration 



S 
P 
e 
e 
d 

(mph) 

SEVERI TY_ INDEX ADJUSTMENT f ACTORS 

Automobile Weight = 2500 lbs. 

Guar dra il Type 

Post Spacing 

Rai l He ight 

Block- Out 

Rub- Rail 

Te rra in Slope 

Soil Ty pe 

Soil Condition 

, )A)-gee"'>'? 
, ~ ft . ~ in . 

, 24- in . 

, Ye~ 

, M 

'L:1 

, Cahe;;ve 

, ,vel 

Impact Angle (deg) 

5 10 15 20 25 

_ ~ ~ _ ~ __ Ic ? ______ !~ q _____ J q ___ ~ _ :: _~~ __ ~ _!?: Y-'i: _~ 
_ ~ ~ _ ~_ !_f' ______ 82 ___ ~ _ P..'!..~ __ ~ _ ::-!~ __ ~ _ Pc!..'? __ _ 

60 : /. 0 : {/,9S' : 095 : t).90 : 0 , g, 
-------------------------------------------------
_~~_~_j~P.. __ ~_~!~ __ ~ _~;. pp ___ ~_~~~ __ ~ _~q!_~_ ~ 

80 : / () ::J. 35' : o. ge : 5.Q:;7'f: 5", e;a"¥ : 
-------------------------------------------------

* Vaulting/Penetration 

192 



• 

s 
p 
e 
e 
d 

( mph ) 

193 

SEVERITY_INDEX ADJUSTMENT fACTQRS 

Automobile Weight • ~.!L Ibs. 

Guardrail Type • W-&;2"" 

Post Spacing • -~ ft- 3 in. 

Rail Height • 24- in. 

Block-Out • y~s 

RUb-Rail • N, 

Terrain Slope • -L : 1 

Soil Type • (Oh~l'l'!;, 

Soil Condition • Wef 

Impact Angle (deg) 

5 10 15 20 25 

_~~_~ _.!. ::. _____ !._C!. _____ _ Lq ___ ___ q ~ ~£ _~ _P_!.!:. __ _ 
50 : /. 0 /.0 : 0. 9£: : 0. ~~ : (/. 90 -------------------------------------------------

• Vaulting/Penetration 



s 
p 
e 
e 
d 

(mph) 

194 

SEVERITY_INDEX ApJUSTMENT FACTQRS 

Automobile Weight = 4')00 Ibs. 

GUardrail Type = WS,wn 

Post Spacing = ...L ft. 3 in. 

Rail Height = 27 in. 

Block-Out = ~s 

Rub-Rail = No 

Terrain Slope = ..iL : 1 

Soil Type = r;,ks-~e 

Soil Condition = .fY~ 3:e.v1 

Impact Angle (deg) 

5 10 15 20 25 

40 : /.(}7 : l;?o : /30 : /. 1-/ : ;'§I 
-------------------------------------------------
50: / 20 : / 33 : J.?9 : /62 : 5 . 00-'¥1 -------------------------------------------------
60 : / . 2 4- : /' ;:::'''fL : /. 6~ : 5.CO--7f/: 5.oc-' ~ : 

-------------------------------------------------
70 ' , /. I _ 1...- ___ ' .......t I 

I J. 30 I ,S ;J ':;. CC ~ I !: .00 '" I 5 . .00 -'\ , -------------------------------------------------
80 : ),3& : 5 co."lf.: 5:00* : 500?f : 500 >'(' : 

-------------------------------------------------
• Vaulting/Penetration 



• 

s 
p 
e 
e 
d 

(mph) 

SEYERITY_INQ£l ADJUSTMENT fACTORS 

Automobile Weight, 45"00 lbs. 

Guardrail Type 

Post Spacing 

Rail Height 

Block-Out 

Rub-Rail 

Terrain Slope 

Soil Type 

Soil Condition 

6 

27 
, Yes 
, Yes 

ft. 

in. 

, _L : 1 

, Cobesive 

, rY03~'" 

Impact Angle (deg) 

5 10 15 20 

3" in. 

25 

_~~_~_!~~?._~ __ (_~q __ ~_)~2P.. __ ~_Lf:.~ __ ~_!~~~ __ _ 
50 : 1.20 : /·33 /43: j.b2 : 500-" : 

-------------------------------------------------
60 : /2 4- : / I-{- : /6(; : 5.00": 5.00'" : -------------------------------------------------

* Vaulting/Penetration 
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s 
p 
e 
e 
d 

(mph) 

SEYERITY_INDEX ADJUSTMW £Al;IQRS 

Automobile y,teight 0 2,00 Ibs. 

Guardrail Type 0 U},&,,"'" 

Post Spacing • ,;, ft. 3 in • 

Rail Height 0 21 in. 

Block-Out 0 y~s 

Rub-Ra il 0 No 

Terrain Slope 0 ...fL : 1 

Soil Type 0 Cohes/ ~-e 

Soil Condition 0 J7-0:;~.-? 

Impact Angle (deg) 

5 10 15 20 25 

_~~_~_L'?L_~_L~~ ___ ~_ !~~_Z:. _____ ~·_~e __ ~_!~}L __ 
50 : /./0 : /, 24 : /·31- : /. 9-[. : 1:::3 

-------------------------------------------------
_~ ~ _ ~ _~ . .!.!.. __ ~ _!. :.~! ___ ~ _ j ~ ~.?: __ ~ _ ~ ~~ ~ ___ ~ _ ~~ 9..CZ ~_ ~ 
_:~ _ ~_ ~ £ £ _ ~ _ ~\_ ¢:!: __ ~ _ (:.f _7.. __ ~ _ ?.,_o..e~ ~ _ ~. _D..rz:' ~ 

so : /, ~( : /,57 : s. r~:: ~: :5",{,c ' ~: 5 .0U ~ : 
-------------------------------------------------

* Vaulting/Penetration 



s 
p 
e 
e 
d 

(mph) 

197 

SEVERITY_INDEX' ADJUSTMENT FACTQR S 

Automobile Weight; d'!>OO lbs. 

Guardrail Type ; W&,,_ 

Post Spacing ; ---iL ft. .3 in. 

Rail Height ; 2'7 in. 

Block-Out ; Yt'S 

Rub-Rail ; Yes 
Terrain Slope ; -.f:L : 1 

• 
Soil Type ; (ones/Ix 

Soil Condition ; ;=;:-0 :z. < V> 
~ 

Impact Angle (deg) 

5 10 15 20 25 

_~~_~_(?·L ____ UE __ ~_!~?..l! ____ LZt2 __ ~J!L __ 
50 : / ./0 : ). 2¥- : /. 3"!- : /. 4~ : ;, 58 

-------------------------------------------------
_~~_~_l!A-__ ~_i~?! ___ ~_l~~=' ___ ~_~~~~ __ ~_~!:~~~ 
_~~_~_(_~~ __ ~_!.~tf __ ~j~~_? __ ~_2P?.:..~ _ _?:.q£~~ 

80 : /,21 : /.57 : 5".OO""'f: 5.oU>f : :;.0(,)"")( : 
-------------------------------------------------

I Vaulting/Penetration 



• 

S 
P 
e 
e 
d 

( ~ph ) 

198 

SEVE R1 TY - 1llIlll ADJUSIf.1EHl EAJ;IQJl.S 

Automobile Height ~ -1ZOCl Ibs . 

Guardrail Type ~ /Al-&a(>'1 

Post Spacing ~ ~ ft . ....3...- in . 

Rail Height ~ 2Z in. 

Block - Out ~ ):i;s 

Rub - Rail ~ ;\/0 

Terrain Slope ~ 1- : 1 

Soil Ty p. 0 (oj,';S;v€ 

Soil Condition 0 .rYP5~V7 

Impact Angle (deg ) 

5 10 15 20 25 

_~~_~_Lo..~ _____ U.?. _____ ~!f. __ ~ _(~~ __ ~ _H!.. __ _ 
_ ~~_~_~~! _____ ~:~ __ ~_!c~~ __ ~ _ !c?~ __ ~_!~~~ __ _ 

60 : /./2. : 1. 2:;' : 1 40 : 2",-0"';'-: z.~0-;'''': 
---------------- ---------------------------------

70 : /./8 : / 30. : /. 5'5" : 25tJ"''': 5".00 "'" : 
-------------------------------------------------

80 : / :-4- : / 47 : 2 . '5"0 *"* : 5'!JD"* : 5. oc;?f : 
-------------------------------------------------

• Va~lting/Penetration 
•• Sna ggi n g 
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d 

(mph) 
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SEVERITY_INDEX ADJUSTMENT fACTORS 

Automobile Weight 0 t. 700 Ibs. 

Guardrail Type 0 W-}?p/Y1 

Post Spacing 0 ~ ft. :3 in. 

Rail Height 0 27 in. 

Block-Out 0 L<::.?: 

Rub-Rail 0 zb 
Terrain Slope 0 L ; 1 

Soil Type 0 ~hd5t. :"E. 
Soil Condition 0 ;;;'~-<2. 

Impact Angle (deg) 

5 10 15 20 25 

40 : / .06 : / .10 j,/t: 125 : /·2'/ 
-------------------------------------------------

50 : //3 : /.) 7 : /. 28 : / 38 : ;.¢.? 
-------------------------------------------------
_~~_~~·.!..,z;. __ ~j.~?~ __ ~_L~P.. __ ~_L~~ __ ~_L~!.. __ _ 
70 : / /t : j. 3t, : j, ')-:;- : j. 73 : 5.00"": 

-------------------------------------------------
80 t l z-f : /.+7 : /. 7 1 1 500-,lf: 50{)~ : 

-------------------------------------------------
* Vaulting/Penetration 
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d 

(mph) 

SEVERITY-INDEX ADJUSTMENT U&IJlilli 

Automobile Weight = 15(;0 lbs. 

Guardrail Type = W&M' 

Post Spacing = ~ ft. "" -""-

Rail Height = 24- in. 

Block-Out = ..k.2-. 
RUb-Rail = No 

Terratn Slope = 1- : 1 

5011 Type = (,.,h~·1 vC 

Soil Condition = &ze'" 
~ 

Impact Angle (deg) 

5 10 15 20 

• V6ulting/Penetration 
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in. 

25 



s 
p 
e 
e 
d 

(mph) 

SEVERITY_INDEX ApJUSTMENT fACTORS 

Automobile Weight ~ .L.:P)U lbs. 

Guardrail Type ~ ~~"'" 
Post Spacing ~ --.k.- ft. ...2- in. 

Rail Height ~ 24- in. 

Block-Out ~ y.:~ 

Rub-Rail ~ No 

Terrain Slope ~ -.lL : , 
Soil Type ~ {'/J. j,e~ I .~<-

Soil Condition ~ ;::;oz~V/ 
> 

Impact Angle (deg) 

5 '0 , 5 20 

* Vaulting/Penetration 
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d 

(mph) 

SEVERITY=LNP~X ACl]STMENT FACTORS 

Automobile Weight = J 700 lb •. 

Gua r drail Type 

Post Spacing 

Rail Height 

Block-Out 

Rub - Rail 

Te rra in Slope 

Soil Type 

Soil Condition 

= Wk"'''''' 
= ~ ft . ~ in . 

= Zf- in. 

= Yes 

= N. 
8 • : 1 

= eah'5/"e 

Impact Angle (deg) 

5 10 15 20 25 

40 : /.0(" /./0: 1.16 /25": /,z,p -------------------------------------------------
50 : /./3 : /. / 7 : /zg : J 38 : /, ¢-6 -------------------------------------------------
60 : //2 : I. Z (" : / ,;0 : I, 5'3 : / {b$ 

-------------------------------------------------
70: ),)8 : /.3t, : /.5'~ : /.73 :5. {C x : 

------------------------------------------------ -
80: / 24-: /. ~7 : ;'7/ ::::(£) ¥ :s: ()v ~: 

-------------------------------------------------
• Vaulting/Penetration 
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APpeNDIX 

J. DISCUSSIONS OF SWRI AND TTl 

COST-EFFECTIVENESS COMPUTER PROGRAMS 



EVALUATION 
of 

SwRI COST-EFFECTIVENESS PROGRAM 

The design and selection procedures in NCHRP 118 (11) and the AASHTO (11) 

design guide policies specify that the minimum unobstructed distances behind 

cable guardrail must be equal to or greater than (a) 12 ft for the Gl design 

(operational status), and (b) 7 ft for the GR 1 design (R&D status), 

The meaning of the phrase "minimum unobstructed distance" for guardrail 

use on roadside embankments is ambiguous. An attempt to define the meaning 

of this phrase was made by the Southwest Research Institute. SwRI (10) in a 

recent FHWA report, entitled "Development of a Cost-Effectiveness Model for 

Guardrail Selection". In their model, SwRI idealized an embankment as a 

fictitious fixed obstacle located 5 ft behind the guardrail. SwRJ then as-

204 

sumed that under those vehicle impact conditions in which the unobstructed 

deflections of the guardrail were greater than the distance between the guard­

rail and the obstacle that the severity of the impact would produce 50% fatalities 

and 50% injuries. In our estimation, both of these assumptions made by the 

SwRI are oversimplified and unreasonable. 

The full - scale vehicle crash tests conducted by New York (22) demonstrated 

that cable guardrail performed satisfactorily in redirecting a standard size 

automobile even though the guardrail deflections extended out as far as 9.5 ft 

beyond the hinge point of a steep 2 to 1 embankment. Therefore, it is clearly 

evident that the assumptions made by SwRI were not compatible with the test 

results of New York. The 5 ft deflection and the high injury severity limits 

imposed by SwRI in their model would unnecessarily restrict the use of cable 

guardrail on embankments. 



The SwRI model handles both ureal" fixed obstacles (i .e., bridge piers) 

and "fictitious" fixed obstacles (; . e .• embankments) in the same manner in 

defining the injury severities of 50% fatalities and 50% injuries whenever the 

deflected guardrail would bottom-out on the obstacle. For real fixed obstacles, 

this assumption is apparently an attempt to account for vehicle wheel shagging; 

whereas. for embankments, this assumption is apparently an attempt to account 

for vehicle vaulting and/or rollover for guardrail deflections greater than 5 ft. 

This assumption for cable guardrail on embankments is unreasonable based on the 

full-scale test results of New York discussed earlier; however. for W-beam guard-
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• 
rail with 12 ft-6 in. post spacings, this assumption would be reasonable for 

some high-speed and high -angle impacts as demonstrated by California (11) in 

conducting full-scale crash tests with a standard size automobile . Likewise, 

for real fixed obstacles the assumption made by SwRI is oversimplified because 

no attempt was made to account for the degree of snagging . For example, the 

severity for guardrail deflections of several inches past the obstacle would 

certainly be much lower than the severity for guardrail deflections of several 

feet past the obstacle. 

The SwRI cost-effectiveness model contains other oversimplified assumptions 

when computing benefit-cost ratios. In order to compute a benefit-cost ratio, 

the severity of the existing fixed obstacle or embankment must be determined 

prior to the installation of guardrail. The SwRI assumed from limited accident 

data that the severity of (a) impacting a fixed obstacle would produce 50% 

fatalities and 50% injuries, and (b) traversing an embankment would produce 5% 

fatalities and 50% injuries. Assuming a severity for impacting a fixed obstacle 

was unnecessary because a simple model such as that developed by Emor; (11) 

could have been used. The Emori model takes into consideration impact speed 



W6 

and vehicle size in terms of front-end crushing stiffness. Likewise, assuming 

a severity for traversing an embankment was unnecessary because the HVOSM 

versions of the FHWA (24) or the Texas Transportation Institute (1) could have 

been used. The HVOSM takes into consideration vehicle design and tire character­

istics, encroachment speeds and angles~ as well as a 3-dimensional description 

of the embankment (front slope, fi1' height, ditch shape. and back slope). Com­

puting severities by these two models would have at least been consistent with 

the procedure used by SwRI in determining unobstructed guardrail impact severities 

using the BARRIER VII program (~,Z). 

EVALUATION 

of 

TTl COST-EFFECTIVENESS PROGRAM 

In the cost-effectiveness program developed by the TTl (11). the impact 

severities of vehicles impacting roadside obstacles or traversing embankments 

were based upon the judgment determinations of professionals in fields related 

to highway safety. design. operations. maintenance. law enforcement. and 

administration. This was accomplished by the circulation of a questionnaire 

requesting that the respondents estimate the severity of 52 roadside hazards 

and conditions on a scale from 0 to 10. A rating of 0 indicated negligible 

injury to vehicle occupants, whereas, a rating of 10 indicated a probable 

fatality. 

The TTl procedure of determing severities is unquestionably much more sound 

than the procedure used by SwRI (lQ). However, it is our opinion that using 

computer models such as BARRIER VII (~.L) and HVOSM (24.l) will produce more 



realistic estimates of impact severities. The cost-effectiveness program 

developed by UNL and NOR (20) was a refinement of the TTl program by using 

computer models to determine impact severities. 
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A P PEN 0 [ X 

K. FLOW CHARTS OF COMPUTER PROGRAf1 



STIL'?! 

res 

Xl ~H7{I) 
)(2 =H33(Z) 

'{.3 = fl3 (-(I) 
X 4- ~ H.3St'Z) 
X5 =H3r.(I) 
-1", = H37(:z) 
-17 =f/ZCU) 
8 =HZ3(I) 

L1 =0 

YLAi(J)=X3 

GRfllL ( 1)14) 

xl = H7(Z) 
X2 = ['ZI (I,J) 
X3 = C22(:z,J) 
X+ -CZ3{z,:J) 
X5 = CZ4{Z, :1 ) 
X6 =CZ5(IJ) 
X7 =C37(CZJ) 
X8 -C38{II) 

-%/ 
_. ('" --2: 

,~ ~ ,1. - ,,../ 
v~ )(5. ,fe. '19 0 No 

1---____ --< . OR. ~-'20 

XS.£Q.OO 

Yes 

xu ~OO 
XD = 0.0. 
Li = i 

L-----I2 
'~ 
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GRAJL 

# J/{}r?flrd- F}?ve~pes 

LJ~L1r4-

!Jf'-sr~::;J v.-. FIQ,-e LeYltl-J, 

XU = X5 *' (X2- ,1'3) 

Lafual Offsd ~/S ,-J~ . ~S tlp>r __ "~ 

YLAT(2)= X3 T (( J.O/(..oJ;. xu )/X!i' 
YLAi(3) ~ X3 ~ {(3.o/,f"oh X:.;J/XS 
YLr (4) ~ X3 T((SO/G.o)"xuJ , )(S 

,f" .1G, 
.f(.:" .-5; 

0''''"' Xt.. bE. 99.0""·,/ 
Y<s J , 

.IN? I XD = 0 () 
b .Ea. C.D I 

Cb "'" 7 Jl4 ~ EmNI'e:,;'. ; 

Li ,Lid 

_ P;...,..(.,,:-::~t~ .'.>,> /--/~'n" L~~/-r/J., 

XD = X6 7f(X?-X3) 

j 



1 6.Ril1L (3/H-) 

YLATfs) = X3 ~((/.o/c.o))(Xf))/XC. 
YUr7U.) = x3·d(,7.t1/';' ·O) Jf)(ll)/XC, 
YLIiT (7) '" X3 -r ((5'.0/6 .• )-"-XP)/ X t. 

f-------{ Z 

-0:4 f. ,.11< /.<.>q 

f/J(I).EO . .1 

Ye"< 

Ji, h 
J 

~ ----"'-' 0 a 
4- 0" flZ(z),£CI. £ Y 

.OR. 
fl2{::J.EO. 2 

(.-, 

..M-]r s,J:' Jh;/r; ... Om; 

:rlll£. :1 

X L-= (':'8 5[X8-X7) X 528CJ C 
X;= XL -XU-XD 

0.'" O':''> I''} 
7.3t* ' ,-

IPlt>z 
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cobl< 
HI9(rJ.B1. 2 

. 01<· 
CI!1C:.J).B>. ;: 

Alo 

s,..-.: h6 
f.! , ,1 (11 ~7 ...£ 

Gl'fJlL 

Y"s L'a /1 
GRAIL.Z 

yV'PY i/191::-).££>. '"' - ~~ 
. OR, c:.s 

Cl9{-:,:;-iEQ. , 

tVo 

C,qiL 
GRh/L7 

Fufu,o G£ 
1):;, 5/C /13 r------------l 

ill" {'/I LL 
GtZ/lv:T 

3 
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3 

6iA' .sevl?r;:';; ~ 

GRAIL 2 
GRAi L- 5 
6RAIL ,{, 

SIs.l ("1 V, 8) 
.s.:rS,?(J,IOI, &) 

SIS3( w, v, 8) 

SIE1LJ(vv. V,B) 

SIE2U(~~ 8) 
SIE3L/(h{ 1(17) 

S IELO(vv. 1(&) 
SIE;?I?{w,I(B) 
5IE3P(W- V, e) 

S,d~ :It'Wpac.Ts 

II/I, :.1 
11/:1 

$d'.: £1 *1 
LL =.1 I 

JV' .... !J/ Sidl!" -;:"':;/{,<.. 

/6 :7:17=1 

cit? {':;/ IAUTO ~1 

IA =.1. 
/')1 IIVVIII: =.1. 

GRAIL (S/J¢j 

S//C> 
,-
, 

LI j7S.fx:.7;-n 

,/ 

v 

Ih)? ,t (0/,,/) 
" ( w;r) 

.-' (fr"J~") 
End .IJ?7,PJc/ (Cir") 

,/ ,/ ( w<,) 

v v {k-3m} 

JJtiU)Y}5T~Qn7 V ./ ( d/'y) 

V / v (!AX i) 
./ v ./ (j:-~3<n) 

L~/J9Ij, "I Ele,"~" f 
PLLW" = XT 1 

JS 
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/0 

: 5Id,-,>-'~_ 
orY ~.:TAlj//;?EO . .i 

. AN/). 

, }Ito/v. 

vJ.~ ~NII/R.E;')' 2 

. A .-VO. 
HI,.&!. L 

N" 

,,/ .1 
VI' :' '2Jv'Vd. EO. :7 

. A,ViJ. 
:r~-T.Gr. J 

Jl/o 

21 

Yes 

GR;:JJL 

SlJ?E(V, (1)= 0.0 

£,vVIRtJ =EN'VIR( .1) 

( (,IN) 

f---------{ .11 

srNaJ=5I5Z(ZA,V,G) 1---;J.1 
£IVVIRD =£;\IVIIi'(Z) 

SI[}E(V,Bj, 0.0 

ENVIIi'O=EIVVI,<f'(2) 
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21 

~.~ 
fro 27VHR ,EO. 3 

. MO. 
2HIT.ZQ.i 

51:?€ (V"e)~ 0,0 

£/Vi/lifO ~£1I//11?(3) 

Yes 

GRAIL 

SI(V,(J)~SIS3(.I", v, e) 
.EA/VIRO=bWII?{3 ) 

11 

f s;~ 
,J<t" <J~ 

.ID.EO.j l(e5 

215 



('Ai...~ 
/;;2.33 
ff1V8) 

GRIIIL 

v, . 
]. 

vL -J ~ 1 = YiA ,-(LL) 
SJDE(V &)=1"'£(09) 

(8/1 ") 

OJ. Ii 11 =- X':­
EVD(V,& )~?T(i( (9) 

No DLA Tf = Xl -T X":' 

£,VD J--;B)=f':Z(J--;e) I 

PLrI-;-.1 = YLAT(LL) i- Xi 
SID=.- ~&)=F:;:N&) 

CALL 
CONI"U:-E 

XX 

HI=XX 
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/2 
GRAIL (:lIN) 

Acc.'~ 
o . 

(, c.s rs 

CI/LL 
COS"O 
TAC{ltB) 

LiJ.E& j >" ;v.; DLAT} =X2 
:L)/....i.I, E() . .1 

£N£){V8)~7f/C(V:fl) 
AIo y~, 

LJLA71 = YtA/fLL) 
S/DE(V:&) =7AC(~e) 

IflJ,~.$) . .i lit P1ATL = Xi -r X I-
£/\/0 (1/,&)= 7/1Ctitt9) 

Yes 

DL17:<' - YLA,(LL) r)(} 
SIDE(V,&)' TAC { V;B) 

CALL 
(OMPU-;c AC = XX 

XX 
I 

13 
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j)L = DLO;V:§ 13 GRIIIL ( /0/11-) 

~P<1 I - ()',ri 

CIlLL CosT+ 
;?crv,8L 

IJ).E2.j y".. 
IHIT.~·.J 

AI. DLAT1 = X2 
END(I(8),J?,', itO) 

,v, Y.J , 

I 
!J/.I/U = YUlT( LL) 
5IDE(V,&) = RC{V,&j 

N. !JLIIIJ. = Xi -- X+-IJi:lT.£Q. j 
ENO(v;B)=RC(V,8) 

Yef 

DLA;Y= YLIIT{u)o(i 
5, DE(v,a) =RC. (V, e) 

CALL 
COMPU7F {'/VI =XX 

Xl( 

10 



4:roD / b, ____ , 

IAlIW,£O, 1. 

,/1 [I" 
1Z= 
III Lr.o ,£L'J, Z 

CRIlIL 

Yes 

7AUTO = AUTO(S) 

III = 1/1 if J'AU70rf ENVIRO 

/lC" Ac '" JAUTZ! iUN(/ltFO 
011: all,;' JIlI./m<, £VVIIfO 

33 
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GRf?IL 

)IIi (.1:) =/I.I.f(:z) -f HI 
ACf {Ij • f/C.i ( I) f lie 
(Mfa): CM1(T} f Cl0 

53 

f/I2(LJ)=!lI2{~:J) rilL 
JiCZC=,:T). Ac? (z.:r),. fie 
CMz { r ,J)= CM?(Z,J} , {',vi 

.Il/VIR = .IIVVI!? -t j 

/0 
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#w £k~ .... -f 

a,l.L+i .No 

I 

I 

8 
GRAIL 

No 7Auro ./i(). 3 ">----.1 

LL .£Q. L.1 

IflU7D ; IIiLJ/{H.1 
£/111/11'(; i 
Iii ~ IJ'lIJTV 

ID.£O·2 

ZHZ7; S IH; XU"'.1 

LL .EO 4-

Yes 

CilL-L 
CJ(F 

DLoI/6: Xii/So 

It:, 

PLoN:; = XD/3.0 I-----{ / (" 
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aRAIL 

HIA(J) = IIIA(:!) -f HIZ(:I,;j 
ACII (T) = ACA tJ) -f-AC2{L J) 

Jle = CJJ(Z,J),dRF -C/¢(I,:r).,.CI 5"(z,J) 

rIlCrMPrJ) = 7I1CZMP(Jj-f-)(C-+{,I1Z(I.,7) 

IIIS=HIS.-)(Ij(T) 

1----1/lC8 =IlC8+1lC.f (I) 
{,ME= CM8"' (!;'4J ( z ) 

TIICIIRZ = eMS 

RET!JRN 
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I1AJJv'3 (1/3) 

CIiLL 
L------I!..F.R'!:.E~Gi~-"l c.4 LL f---i CII LL /--, 

f- CRF flJfoB2 

3 

) 

E/l/F~ 

SLOPE flliZRRO 

LWL Y SL/SROil7INE 

r .IFD'6 =J. I 
~-.1. 

CALL 
SLOPE.i 

f!" SL£)PE II'f PRtJ I/BVlE/\/T 

) AL7E£.1I//7IV£S 

.I /?1. P r . 

I IFLA6 = 2 I 

[ J=.1. 

P ,z-,.,,, .. 
·j(",,(I~j).EQ. 

)\/. 

'(es 

CALL 
/l/C'IN Po? 

1 

2 
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I 

I , 
! 

f 

I 

i 

I 
i 
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/'1AJN3 1 (2/3J 

pl,d'! sl. .. _ CALL 

Cl7{r?)E6I. Z >~'''-I SL{JP"'2 r-~ 

No 

/,11 G"'_d,_ . 
'fr"~ ~, 

No CI7{t;7)£t9.1 

z 

~ Sf,. Jv..,......., 
- '~J': Yc:: 

CI9(Z;7).E". ~';:::>'.~~-., 

No 

ERRol<.1 (I~ I--~N.",-o-<.! 
'" 13 
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MA/!V3 

2 

J . £Q. IIlLT -:;>.!M,,-o ---I J = J.,. 1. 

Yes 

3 
RETuRN 
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SLQPEi 

( 5i/!!?T 

1/171'" 1 
WEND ~ O,U 
=:rR ~ .i 

1A{//iJ ~2 
AOJi " . , 

AOJZ • ? 

£#V;,{'O ~ ENVIPU) 

OLON6 : (/lPS(H;73(7)-/lZ2Cr))) '" 525'0 r) 
I 

CflLL 
S1. 0'-::::,'- r 

../ 

SISL:"" d) 

SI(v,e) = 5I5uv,e) 

.10 
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10 5LoF.=-1. (2/6) 

~_f 51.~ hi;,,-. 3,,( Off,d 

Jl3?( z), Lr. 4.0 y" DLliT = H31 (cr) 

N. 

To .. el- Sie,,", 

I DLrn ~ ( 1I32(r);, H33{I)) T H3i (I) I 

E" ~,.?~ /r-., / /_ 

I OLIiTi ; PLAT I I f}Llli; PUll 'fH7(::) I 

2 
CALL 

p/\OB3 8 
PIdI,B) 

SIOE(V, eJoPf(V;BJj 

DILL 
COM PUTE 

XX 

HJ :;·j", - ( I;1c/<: '<' 

HI ; A,( I 13 
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( 3 ; :' ) 

)3 

CIILL 
COsTS 
TAC(V,B) 

I SIDE (v,a). TliC'{V: 8) l 

CALL 
[,O;V;PLfI:3 

XX 

.4c:t ,:· ~d {J()'S f. 

lie ; xx 

12 



)2 

1750 If, Ado 

JI~ = HI -" JIiUicJ ot' £l,/illifC 
AC ~!'IC Jf :rfic~J If E;VVI/?U 

/-IIN:r) = HIJ{:r) -f HI 
fief. (:;:! ~ flCf (I) -t flC 

;5 
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Yes 

SLOPEJ. 

CIILL 
SLAW 

('/iLL 
SLAIXT 

s.rfv.. a)= SISL (V: a)JtS.tIUlJ1 (/(01-_ ..., 
Ell/PlEa ; ENV!.f'( 2 ) 

~ JO~' £,.-'0, ,10"- .0..". .. 

J/1(I)£G . .L -:>M-"'"'--___ ~ f/ii1J.E4. Z~· 6 

17 

2 

}7 

..I Ni/lf" = .1 
EtVv,,t-..:; = £ V0!1{:: ) 
SZ(V.C-)~ .,-;:· _ Nti) 
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SLO?Ei 

17 

IAU70 = IAIITO -f .1 

M> 
.IAI/TO .£61.';' >-'---------1 

Yes 

/-lIB = HI8 -f' JILl (2) 

ACB ~ ACB -f /Ie.! {'IJ 
771L'HIIE = CMi3 

.:TO:;::? =.1 
JlVVlR = .i 
EA/VIRtJ = ENVlR{J) 

s 
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SLOPE? 

( SIIlRT 

II-IIT =1 
WE;VO; 0.0 

IOII? d 
:IIiIiTO ~ 1. 
IAil/lff ~ .i 

EM/;;?O ~£)VVlR{){j ) 

PLONG ~ ABS(C37(ZJ )-C3&{LJ))'" 5"280.0 I 

CALL 
SLOPE 5 

515L(v,a) 

5.7(V,9) = 5".;.-.5;:: (v.: 6') 

-
)0 
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)0 
SLOPE 2 (.?/ ::' ) 

fr4",1 S/~p Jltn:r'" g,,, fOiled 
e 

Yo'S" C/9(IJJ.F DLAT; CZg{r,:r) 

;Va 

Toe of S!~re 

I PLA T ~ (C29(I;:T)~['i'O{Z;:r)y C 28(I, T) I 

. 

hI' Side 7-;/'" 

DLliT.i -PL,'}T I I JJLIIT=DLkl~1I7(::::) I 

2 
CfiLL 

P!?083 8 
?Z(V;B) 

I S/DE.(V,&)=P.L(t/,9) I 

{"ALL 
('OMPUTF 

xx 
JI,;;~o,.,.j .r nd~" 

111 ~XX I /3 
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SL.OPE2 

13 

CALL 
1'0515 
T/I(' (i/, e) 

I SIOE(v,a).iAC(V,B) -1 

('IILL 
{'OMPU,r 

xx 

A('!'·~/enl ~5T5 

AL' ;XX 

/2 



SLOfEZ 

/2 

4>,-,lb /14, 

IAIffO.EO . i 

,v'a 

:JflU,O ~Ai;;-I)(2} 

/7:9J Ih A"f" 

III = HI it JAUTiJ 7i Eli/VI/cO 

II C ~ AC 7f JAv,u,f EII/VIRO 

f/I2(Z,J) = HI£(I,J) r 1-/':: 
AC::{j:,;J) ~ !lCZ{I, J) .; fie 

/5 
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IE 

SLoFE~ 

CALL 
SLADJ"..i 

JI'IV//?E6). ? >,~o~_-i 8 

4- /,.'< 
Jll{rJ.BI.l 

"', > . ' .,. ; ~ .. " .. -(-' , '. "'f nL 4-/ . .r;;o.~ 

.OR, 
2UJ.EaZ 

/ 7 

SJfV.G)'SIS,(V,"A5iA07I(V,:~'I----, 
ENVI!?O _ EVV/lf{Z) 

SIMa), =Jv, GXSLRiJJi M'II-~_ 
£NV/,('O.,EtII!//r< (3 

Alo 

I:2£.< ~ Io:F l..i 

.v, 

S. VV! .(' = ). 
EVV: .~/) --V'/'- r A ) . u\U -,c,y/K,-'.. 
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J7 SLOPE 2 ( (,/'0,) 

I IlitJTO ~ IAuT!) f.f I 

;\0 zozf =1 
IAIJiO .Ee;. 4- .:DVi///P" .f 

E;l/W?O ; £AI !Me) 
y..s 

CIILL 
5 

C/!F 

I h'C ={'./1 [7,j)1(C,€!= -(I4(I.,yj -fI:'I5(7:J) 

. TJICIMP(J) = 1lICI;V/P{J) -f 11(' 

IIZA (.7) = IIZ!h:Th HI;? (:L:7) 

,-/01 (J) " lie!! [ :7) f ,1CZ (-7: , :;) I 

( REIU.<'N 



APPENDIX 

L. COMPUTER PROGRAM SOURCE LISTING 



c.·*.· ••• ·· •••••• ·· ••• * ••• ~ •• • •• •••• ••• ••• •••••••••••••••••••••••••••••• *. ~ 
c ••••••••••••••••••••••••• •••• ••• •• •••••••••••• ••••••• •••••••••••••••••••• ~ 
c* GUAR:JRAIL. UTILIZATI ON: A COST-EFFECTI ... eNf.SS 
C_ <C "!PUTE " POi ... GR ... ,.. TO ANALYZE. 
C4I C"'SLE ",NU .. - ~E"'~ G\,JAI<QRA fL FOR USE ON F ILL SLOP::S 
c. 
C. 
c . 
c. 
c. 
c . 

NEBRASKA 

U:~IVERSlry 

OEP,t,RTI4ENT OF 
AND 

0" NEtHIASI(A -

ROADS 

L J N:;:OLN 

C* HP(;.A 79-4 (AUGUST 19821 C.· •... ·•· ••• · •••. · ..•.•.•.•.•...•. ·••••••··•••·•••··· .••••••.•••.•••..•.• ~ 
C ••• • •••• • ••••••••••••••••••••••••••••• ••• ••• • •••••• •• ••••••••••••••••••••• 
C 
C 
C ,..A I N PROG""'''' 
C 
C ....... ••• ••••••••••••••••••••••••••••••••••••••••••• .••••••••••••••••••• 
c 
c 
c 
c 
c 

c 
c 

c 

c 
c 

c 
c 

c 

c 

c 

c 
c 

c 

c 

c 
c 

1)1"'£N51;)N ?DOlo ). IAC(o). FA(ol. YLAT(7) 

CO :>olMON"jJ ATAI/ 
• 

1"11161. 
.. B(gl . 
H I4-(6) 
1"120(6) • 
.... 32161. 
1"138(0). 
h44 (bl. 
H50( 61 • 

1"12 ( 61. H.J(6 ) . .... 4161.1'15 161.1"10161.1'17('>'. 
119101. H I O(ol . Hiliol. H12101 . ~lJI61 • 

f'f 1 5(6 1. HI6(61. HI7 {61. HIrH6 1. 1119(6J 
1'121(61 ..... 22Ibl . H23(0). 1130(6) . 1"131(6 1 
H3J(oJ. 1"13 ... 101.1"135(61.1'136(01.1137(01 
1'139(61. '"14,)(6). 1"141(61. "'4216'. 1"14J(61 
""4;(61. 1'146161. H47(61. 1"143(6). 1149(0) 
1"15 I I 6 1 

• • • • • • 
CO HMON/DATAZ / C1I6 .4). C2(6.41. C")I/; .4). C4(6.41. C5(6.4), 

• CI116.41. C I 2 ( 6.41. CI3(0.4). CI4(6.4), CI5(6.41. 
• C I6(b •• ). CI1(6 .4 ) , Cl<1 16.4 1. CI916,.'. C20 (6.4). 
• C2116.41. C22(6.(I.) . C2Jlo.(I.) . C24(0.41. Cl5(6.4) . 
• C20(6.4). C27(0.41. C2616.4), C2-.1(6.4). C3016 .4) . 
• C31(6.41. '3l16 . 41. C3310 . 41. C34(0 .... '. C33(0 •• I. 
.. C3b(6 •• I. C31(0.41. C3816.41 . C3<;116 . 41 . C40(6 . 41. 
• C4110 .4) . C42(6.4). C50(6.41. e5116 .4 ) 

COIllMON/CRF I /CR 

CO IIIIIION/OATA3/ G I 0 . G12. GI3, 1014. GIS . G16. G11. G18 . G19 • .;;20 

COIllMaN/ERROR/ ERRORI (0.4) 

CO HIIION/HUR T/ PI(S.51. 5 11 5 . 51. SISLIS . 5 ) 

CO MMON/LATOF/ OFSET(5 1. OLAT . iJL"NG . OL ATI 

CD MIIION/ENFRE/eNFA 

CO/lOlMON,,5Ll/ 5UO.J115 . 51 
COHMON/GRSI,," 515113.S . 51. 5 1 5213.5 . 5' , 515313,5.51. ;It::tU(3,5 . 51. 

• 5 IE2UI3 .5. 51 . SIE3UI3.5 , S ), S I EIDIJ . 5 . 51 . StEZOI3 . 5 . 5 1. 
.. SIE 3 013 . 5 . 51. 511 (3. 5 .51. 512(3 . 5 . 3) . :if3(J.5 .. S) 

CO NHON/GACS T " ~l ~ ~2 . GJ. G9. Galli . Ga2w . GalS . G42S . ~el./'4B2. 
• IoIB3 ..... 39. /oIB4 • • ~ 84S . G.RE1.t.RE2 . G. .. E3. G;;tE4 , ~AE5. 
.. GET I. GETl . " aETI • . " !:!ET2 

CO N/oI !JN/CO/olP/ SIOEIS.5). <::NO(5 . 5 1 . IHIT . xx 

CO". III CN//oIA INC/ 1'116. H I. I-IIAI4', 1'111(6), HI2(6.4). C:" O. C/oi, C.~A(4). 
• CM I( o l. CMl(6 . 41 . "C9. AC . "CA(41. AC I (6). 
• AC2(6.4). (Z!;RO(41 . TH CHAl. .THCIMI"(4) 

CO~MON/IOENT/I . J. II"IAl. iALT. IFLA~. NTITI.E . l Oll;; . 10. LL 
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c 

c 
c 
c 
c 
c 
c 
c 

c 

c 
c 
c 

c 

c 
c 
c 
c 
c 

c 

CC .~~ON/""COtd/ ,,,caUf>l T.lPA.::ioE. Ll"i; S . NI.)£51100), NS~D(I.)OI. 
~ ~AOTII~~I . NrlWY(lOOI 

CO"'MQN/AUT1/ AUTO(J) .1A. l.a.uTO 

CO i""'ON.lENVR/ t::."vIR()). INVI..l 

(OMMON/T")'Cl.! T;'(5.5) 

CuMMO~.IRESLT/CE(~) . dC(4J 

COI~MuN/IMPRuB/ J:.4P(5.SJ 

(uNMDN/CST4.! KC{S.~J .OL 

1(E(4). NOTCE{4-) , ICOST(41. [G~ 

REAL ... tll. Md2. MaJ. Ma'>l, M3~ •• 101645. Ml3ETl, I"I HETl 

REAL LIFE. INT. JAU10. IMP 
REAL lAC 

INTE':>E;.R ERRlJr;i 1 

INTEGER HI. H2. H). H4 . Hl~ . 1"116. H17. HIS. 1"119. H20 . 1"121, 
• H30 . "42. H43 . 1"144, ""-.3. H'I-Q. H .. 7. 11413 ..... .. 9. H~O. H::il 

INTEGER Cl. (2. ( 16 . C17. CIB . (19. C30 . C31 . e32 . e33 . C34. * C30. 06. C39. C40 . (41. C42 . e50. C3. C4, C51 

LI NES" 0 
I~AGE oS \) 

NTITL.E- 0 
NCOUNT .. 0 
NSTA,:tT: 0 

INITIALIze PH~GRAM CONT~OL COUNTERS 

C STATEMENT NO .. 1000 ........ LoWTER CCoNTROL LOOP BY HAZAIO.O .:o~l.hJ;:>ING 
c 
c 

1000 COI'oTINUE 
C 
C INITIAL PROG."AIoI ~ROUP VA~IAaLc;S 
c 

c 

100 
C 

101 
C 

HJe .. 0.0 
CMS :. ol . u 
ACd !l . a 

00 100 ,'4"" 1 .4 
eE l"') • 
8C I0'4) • 

HIA( ,04) • 
ACA ('04) • 

TrtCIMP( loI ' 
lel::('41 

ICOSH ."') 
~OTCE('41 

CU,..TI,..UE 

00 101 L=1.6 
HI I (L J • 0.0 
AC I (L) • 0 .0 
eM 111.. J · 0.0 

00 101 '4=1 . 4 

0 .0 
0.0 
0 . 0 
0 . 0 
0.0 
0 
0 
0 

HI2 (L ,1'1) · 0.0 
AC2(L. "I) · 0.0 
C."I2(L . :4I · 0.0 
El'IRo.n (L.,>I) . 0 
CONTINUE 
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c 

c 
c 
c 
c 

c 

c 

c 
c 
c 
c 

CAL.L. RESULT 

SUSFICuTINE CUTPUT ....... RITES OUTPut OAT A ~'I' G':'OU~ 

CAL.L OUTPUT 

IF( 'GFI.EQ.2j GG TO 1010 

GO TO 1000 
1010 CONTINue 

STOP 
END 

c ...................................................................... . 
C • 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

SUBROuTINE GINFO 

• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • 
• SUSROJTINE READS GENERAl- I .... FORl4AflON ON SOCtETIAl. C:.l$T5. ECQNQ.'U 
• FACTORS. AuT0fl406ILE SPLITS. AND ENVIROMENTAL CONDITIONS. 
• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ...................................................................... ~ 

004ENSION PDQ(6l. IAC{61. "'",(61. YLAT(7) 

DIMENSION ;(40.1 

CQIo4MQ ........ OATAl/ "' 1( 6).1"12(61.1"13(61. IU.(61, 11!S(6) , 1161e-1. Ml7(!tI. 
• Ma(61, ~(6). 1'110(610 1"111(6). "112(6). 1'113(61. 
• 1'114(6).1"115(6),1116(61.1117(6).1"118161 ... 119(6) 
• 1'120(6).1"121(6). 1"12Z(6). I"IZ3(61. 1"130(61. 1"131(6) 
• 1"132161.1-133(6). H34(6). 1"1.)'5(61. 1136(61.1"137(61 
• 1"136(61.1"1,)9(6).1"140161.1141(61.1"142.(61.1"143(6) 
• 1"144(61.1145(61.1146(6).1147(6).1146(61. "'49(6) 
• 1"150(.H. M51l61 

CONMON/OATA2/ Cl(6.4). C2(6.41. C3(!t.41. C.(6.4). C5(6,4). * Cl1(6.4), CIZ(6.4). CI3(6.4). CI4(6.4). Cl'5(6.4). 
• C16(6,4). C17(6.4). CISI6.4). CI9(6.41. C20(6.4). * C21(6.4). C2216.4). C2316.4). C24(6.41. C2'5(6.4), 
• C2616.41. CZ7(6.41. CZS(6.4). CZ9(CO.4). C30(6.4). 
• C;)1(6,4). C.3Z(6.41. 03(6.4), C34'6.41. C35(6.41. * C.3616.4), C.37(6.4I, '38(6.4), '39(6,4), C,40(6.4). 
• C41(6.4). C42(6.4).C50(6,41. C5116.4) 

COMNON/ERROR/ EROlORI (6.4) 

COJOlMQN/LATOFI' OF5ETI51. OLAT. OLONG. DLAlT1 

COlOlfrilONI'ENF ReI'ENF R 

COI040NI'<iRSJI' 5151(3.5 . 5), SI521 3.5.'5). 5IS313.5.5). SIEIU(3.5.S1, 
• 5IEZU(3.5.51. SlE3U(3.5.5). SIEID(3.5.51. SIE2013.5.51, 
• SlE3D(3.S.51. 51113.5.51. 51:2(3.5 • .51. 51313.5.51 
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c 

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/GReST .I 
• 

G1. G2. G3. G9. G4' •• (042111. (i"IS. (0425. 10481.N82. 
M83 .... e9. "'B4111. ~B4S. GREl.GRE2. GRE3. eiRE4. GRE5. 
GETI. GET2. MBETI. MaETZ • 

COMMON/MAINeI' 

• 
HIB. HI. HIA(4), Hll(6J. HI216.'U. eMS. 'M. eMA(4) , 
CM1(6). 0112(6.4', ACB. AC. "'CA(4). ACI(6). 

• ... C2(6.4', IZERO'.). THCHAZ.THCIMP(4) 

CO",140N/IOENT/I. J. lHAZ. IALT. IFLAG. NTIT1..E. IOIR, 10. LL 

COMNON/NeQHTI' NCOUNT.IPAGE. LINES. NDESIIOOJ. NSPO(lOO). 
• NAOT(100). NHIIYUOOJ 

COMMON/AUTl .... AUTOl3'.IA. IAUTO 

COMMON/ENVR/ ENVIR{3J. 1N'IIIR 

COM"'ON/ T"'CI/ TA,I5.5, 

CONMON/RESLT/ce{.). Bel.). ICEI.). NOT CE I"). ICOSH4), lCi;;! 

COMMON/IMPROB/ IMP(S.5) 

COMMON/CST"/ RC{S . 5'.OL 

REAL M81. M~2. M63. ~B9 . M~4 •• Mo 4 S . MGETI. ~aET2 

R EAL LIFE. INT. JAuTO. IMP 
REAL lAC 

JNTf:GER E .. ,.,oJl':l 

tNTEGE~ HI. HZ. H3. H4. H14. rllb. H] l . Hl~. ~I Q . H20. ~21. 
HJO . H4l. H4J. H44. H4S . H46. H47. H4a. H49. H50. HSI 

INTEGER Cl. C2. Clb. Cl1. C18. C19. C30. C~l. '32. Cll . Cl4 , 
.. C35 . C.36 . Col"' . C40 . C41 . C42 . CS,J 

C l~lTIALIZE VA~lA8LES 
C 

c 
c 
c 

• 

G I O 0 .. 0 
G12 .. 0 . 0 
GI3 .. 0.0 
G14 0 .0 
GIS = 0 . 0 
Glb .. 0 . 0 
Gl1 0 .. 0 
GIS 0.0 
G19 0.0 
G20 '- 0.0 

AEAD(5.5001('i((LJ . L-l.40) 

GI. • 
GI2 • 
GI> • G14 
GIS • 
GI. • GI7 
GI8 = 
GI9 

X( 1) 
x (3) 
10 •• X( 5 1 .. X(6J 
10._X(6) .. X(9) 
10.*X( II} .. xc 12) 
10.*X( 14) .. X( 15) 
10 •• ,.;( 11) .. X( 16) ... 0.1 * ;11;( 19) ... 0 .01*X(20) ... 0 . 001*X ( 2 1) 
1000000 •• X(23) .. 100000 •• X(24) .. 10000 •• X(~5 J ... 1000.*X(Z6J 
... 100.*X(21) ... 10.*X( 261 ... X(29) 
10000.*,X(31) + 1000 •• ";(321 ... 100.*X(33) + 10.*X(34)+)«( 35) 
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c 
c 
c ....... " .. " ........ FORNAT STATEMeNT" ............................ .. 
c 
c 

c 

500 'ORNArl.OF1.OJ 

Rf:TURN 
ONO 

c ....................................................................... " 
c • 
c 
c 
c 
c 
c 
c 
c • c 
c 
c 
c 
c 

c 
c 

c 
c 
c 
c 
c 
c 

SUBROUTINE ~ACOST 
• ....................................................................... 
• • SU8ROUTINE READS GUARDRAIL '~LlSION Af:PAIA COSTS 
• .................................................................... ~ .. 
••••••••••• ~ ••••••••••••••••••• #.* .................................. ~ 

DIMENSION POO(6J. I"CI61. 1"''''(6). V ..... T(7) 

01 "ENS ION xc 80) 

COMMON/QATAI/ Hl(6). 112(6). 1'l3(6). "'4(61. HS16'. H6(6). H7(6). 
.. 1'48(6). H9(6J. HI0(6). 1111(61. "12(61. 1113(6). 
.. HI'" 6). HI5(6). HI6(61. 1'417(61. 1'118(61. 1"119(61. 
" 1120(6'. H21(6). H22(6). "23(6). H30(6,. 1131(6'. 
• 1132(6). H.33(6). 1'13.(6). H3:U6'. 1136161.1137161. 
• H38(61. H39(o'. 11.016J. _1161. 11.2(61. 11.3(6'. 
• H_(6J • .... 5(6'. ".6(61. 11.7(6).11.816). ".9161. 
• H50(6). IiSll6J 

COMM(]N/OATA2/ Cl(Co •• I. C2(6 •• ). C316 •• ). C.I6 •• I. CSI6 •• ). 
• Cll(6 ..... I. C12(6 •• ). C13(6 •• ). '1416 •• ). C15(6.4). 
• C16(6 •• ). C1716.4). C1SI6.4). CI916 •• '. C20(6 •• ). 
• C21(6.4,. C2216 •• I. C2l(6 •• ). C2416.4,. C25(6.4). 
• '26(6 •• '. C2716 •• ). C28(6 •• ). C29(CO •• '. ClOC6 •• }. 
• C3116.4). C3216 •• ). C33(6 •• ). '3.,6 •• ,. '35(6.4'. 
• '36(6 •• '. C31(6 •• '. 0816.41. C39(6.4). C40(6 •• '. 
• C.l(6.4). C4216 •• '. CSO(6.41. C51(6.4) 

COMMON/ERRO,;t/ ERROR 1 16 •• ) 

COMMON/HUAT/ PIt!.5). Sl(5.~). 5ISL(,.5) 
C 
C COMMON/LATOF/ Of'"5ET(5). OLAT. OLONG. OLAT I 
C 

c 
c 

c 
c 

c 
c 

CO M/OION/ENFRe/ ENFR 

COM140N/GA51/ 515113.5.5).5152(3.5.51. 5 15313.5.5). 5lEIUC3.S.51. 
• SIE2UC3.S.SJ. 51e:3UI3.5.51. 51EI0(3.5.S). 5IE:2013.S.sJ. 
• SlE3013.5.S). 51113.5.5).51213.5.51. SI3(3.5.5) 

COM/OION/GACST / 
• • 

~1. G2. G3. G9. G.l~. G.Z _. G41S. G425. ~81.MB2. 
Ma.J. Mag. ~a4W. ~a45. G~=1.G"E2. GAE 3. GAE 4. GAE5. 
G~TI. GET2. MSETI. MBET2 

COMMON/COMP/ SIOEIS.sI. ENOIs.SJ. lHIT. XX 

COM,.ON/MAINC/ H l a . HI . HI.A(41 . 1"111(61.1"11216.41. C,I4S . C~. C.-'A(4) . * CoM'(6). C."I2t6.4). Aca. AC • .1,01.:.). AC1(6). 
.. ..\C2t6.4l. lZERUI.J. THCi1AZ. TH<::li";::O (4) 
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c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

c 

c 
c 

c 

c 

c 
c 

COM~CN'l~e~T/l . J. lHAL . I4 L T . lFLAG. NTJTL~ . I U IR. 10. LL 

CC ·14101,:)N/NC.)N'' :-'CuUN T.l ~A,""c.. LiI'oIES. NnES(l.:lO I. N:,.j:)JJ( l"OJ. 
.. r.A.)T(l<JIJJ. Nrhy(1 0") , 

COM/I40"-j/AUTl/ AuTU(3) .11.. LAUre 

CQ \4MON/ENVI';/ ;;:1't .... UO'(J). I NV I'"­

COMMON/TACI, T~C'5.SI 

CO/lolNON/ReSLT/ce( 4). BC ,,,,. I Ct (4). NOTC';::(4). 1COST(4), IG;; 

CO~MUN/IMPRC6/ IMP(5.~J 

CO/lolMON/C5T4/ ~C(5.S).~L 

;;lEAL M81. 10162. Ma.J. M&~ . "''''low. Moll.S . :.4IOETl. :" ~~ T2 

REAL LIFC:. INT. JAUTO. IMP 
Ri:.AL lAC 

INTEGER ERR Ol'l l 

INTEGER HI. 11,. 113. H ... HI .... H1 6 . H17. HID. HIY, H20 . H21. 
• .,30. rl42. 114:;, 1"144. M45. 1146. 1"147. " 4 1,. Ii ... ", . 1"15Q. H::i1 

INTEGER Cl. C2. C16, C17. C18. Cl ~ . CJO. C31. C32 . C33. C34. 
• 05. 06, ":'~9. C;40. C .. I. C4Z. e50. C3 . C4 . C51 

C INITIALIZE VARIABLES 
C 

c 
c 

c 
c 
c 
c 

., a 0.0 

.2 a 0.0 

.3 a 0.0 

.0 • 0.0 .. , • 0.0 
•• 2 • 0.0 
•• 3 • 0.0 
•• 0 a 0.0 

G41w 0.0 
G42W • 0.0 
G41S a 0.0 
G42S a 0.0 
"'84'111 a 0.0 
",e45 a 0.0 

GREI a 0.0 
G<:IE2 • 0.0 
CiNE3 • 0.0 
CiRE4 0.0 
GRES a 0.0 
CiETl a 0.0 
GeT3 0.0 

"'SETI a 0.0 
"'SeT2 a 0.0 

REAO(S.500J(X(LJ. ., 10."X(I) • .2 10 .. *X( 6) • .3 10 .. *X(llJ • .0 a 10.*X(16) • G41W_ 10.*X(21) • 
G42~ 10.*X{,z6) • G41S,. 10.*X(31) • G4,zSa 10 .. *)(36) • 

L:zl.79J 

X(2) • 0 .. I.X(3) • 0 .. 0 1*X(4) 
X(7) • O .. \*X(d) + 0.01.X( 9 ) 

X( 12) • 0.I*X(13) • 0.01*X(14' 
X ( 17' • 0.I*X(18) • 0.01*X(1 9 ) 
X ( Z2J • 0 .. I*X( ,z3 ) • O. 01*X' 24 J 
X(,z7) • 0.I.X(28) • 0.01*X(29) 
XC 32) • 0.I*X(33) • 0.01*)«(34) 
XI 37 J • 0.I*X(38) • 0.01*X(39) 
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< 
< 
< 

< 

"8 I • lO~.,l(( 41) • )(142i • 0.1.)(431 • 0.014X(44) 
"82 10 ... )('.01 • X(47) • 0.1_)((481 • O.OI.)((4~1 
"33 • 10.4;.;( 51) • )(521 • 0.1.)((5.3) • O.Ol_XIS., 
/1489 .. 10._X(So) • Xl571 • O.I"'X( sal • Q.OIU:I~91 
/illS •• • IO._xC611 • Xl021 • O.I_X(6.J1 • 0.01_)(641 
N84Sai 10.",)(161.'.1 • X(67) • O.I"'Xloal • O.Ol.)(C6~1 

REAOIS.S021( xu .. ). "'-1.571 

GAEl .. 
~t::~ 
GRE3 .. 
~E4 .. 
CORES 
GETI .. 

• Ge;i2 
• MeET,-
• /llltlETZ_ 

• 

IDO._XIII • 100 ... )(7) • IOO."'X(13) • 100 .... )((191 • 100 ... )((251 • 
1000.4X(31) 

• O.OI"X(.J61 
1000._1.1381 
.. 0.01"')((431 
1000 ... X(45) 
• O.OI.XISO) 
1000 •• X(52) 
• 0.0 1.X( 571 

10.4)(121 • X (,3 I • 0.14X(4) • a.aI4xIS) 
10 ••• 11:'1 • )( (1,11 • O.l .... UOI • O. IU*)(ll11 

10.4XlI4) • )( (15) • 0.,.)(161 • 0.01.)(117) 
10 •• )(120) • )( (21) • 0.14X(2 '0 • O.OI.XC2..JI 
10 •• '''261 • X(271 • 0.1_"1281 • 0.01_X(291 

• 100 ... "(321 • 10._)( JJI • X (34 J • 0.1_1Ii(351 

• 100._)(39) • 10 •• ,,(.01 • x(.1) • a.1_x,.Z) 

• 100 •• XI~) • 10 •• X( 47) • X(4S) • 0.1*X(49) 

• 100 ..... (5.) • 10 ... XI541 • XIS') • 0 .. laX(56) 

C a * a •••• * • * FORMAT STAT~MENTS •• * •••••••••••••• 
< 
< 
< 

SOO ~OAMAT(19FI.OJ 

502 ~ORMAT(57~1 .. 0) 

A~TUAN 

< 
c 

END 

C •• $ ................................................................... . 

< • 
SUBROUTINE DATA 

< • 
C ................................................... $ •• $ •••••••••••••••• 

< • 
C • THJS SUBROUTiNe STOA~S QATA FROM THE INVENTORY AND INPROyeNe~ 
C. ~OAMS.. THE MAXIMUM NUMBER OF KAZA~OS 1$ 6. THE MAXIMUM NUMBER 
C. IMPROVEMENTS 15 4. 
C ...................................................................... 1 
C ...................................................................... 1 
C 
< 
< 
< 
< 
< 

< 
c 

< 
c 
< 

DIMENSION POO(6). IAC(6). ~A(6). YUT(7) 

Oll'lM!:NSION X(78) 

COMMON.fOATA1/ 111(6).11216'. Kl16). 1-14(6).1-15(6).1-16(6).1-17(5). 
• 1"18(6).119(6). "'10(61.1111(6). 1'112(6J. 1'113(61. 
• 1'114(61.1"115(6). "16(61. 1111(6). "'UU6). 1'119(6). 
• "20(6). H21(6). 1'122(6). 1-123(6). 1'1.30(61. H3t(61. 
.. 1'1.32(61. H.l.3(6). 1'134(0101.1'1.35(61. "'.36161. "'37(61. 
• "38(61. H3'1(6'). H40(6). H4116'. 1'14216'. 1'14:](6). 
• 1"144(6).1'145(61. H46(f)). 1"147(6'. 1'14S(f)). 1"1 .. 9(61. 
• 1"150(6). HSI (6) 

~M.ONI'OATA21' Cl(6.4J, C2(6.41. C316.4J. C410.41. C'(0.4" 
* Cll(f).41. CI2(6.4). Cl.3(f).4'. CI4(6.4', C1S(6.4). 
• C16{6.4). CI7(6 •• ). CI8(6 •• ,. CI9(6.4'. C20(6.4). 
• C21(6 •• I. C22(6.4). C2.3(6.4). C24(6 •• ,. C2S(6.41. 
• C26(6.4J. C27(6.4). CZS(6.4'. C29(6.41. C.3016.41. 
• C.3U6 •• ). C32(6.4) 0.311:0.4). C34(6 •• '. C35(6.4). 
• C.36(6.4). C37(6.41. 08(6.4). 09(6.41. C40(6.41. 
• C41(6 •• ). C42(6 •• I. ~0'6.4). CS1(6.4) 

COJ04/11ON.lOATA.J1' COlO. (012. Gl.3. COl •• GIS. C016. G17. GlC~. G19. G20 
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c 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

c 
c 
c 
c 

COMNON/HOAT/ PHS.S). 51(5.5). "ISLes.S) 

'OMMON/~.TaF/ OFS~T(SJ. OLAT. vLONG. OLATl 

COMNON/ENP~/Eh'R 

COMMON/GRCST/ Gl. G2. G3. G9. G41 •• G4,aW. G41S. ~2S. ~81.M~2. 
• ~3. Mag. MB"W. M84S. GRel.GAE2. GAE3. G~E4. G"ES. 
• GETl. (fET2. MSETI. "'SET2 

COMMON/COMP,;' Sloets.S). ENOIS.SI. IHIT. XX 

COMMON/NAJNC/ 

• • 
MIa. HI. HIAC.1. "11(61. H12(6'''to C-"I8. eH. eM",(.I. 
CHl(61. 042'0041. AC9. AC •• CAI •• "'1(61. 
/l.C2(6.4J. IZEMO,.,. THCHAZ.THCIMP(4) 

COMMON/IOEHT/I. oJ. IHAZ. tALT. "LAG. NTITL.E. lOlA. 10. u.. 
COMMON/NCONT/ NCOUNT.IPAGE. LINES. NOe5(1001. N"POIIOO). 

• NAOT(lOQI. NHWY(lOOI 

COMMON/AUTl,;' AUTO(~I.IA. lAYTO 

COMMQN/ENVA/ ENVIAC31. ',",VIA 

COMMON/TACI,;' TAC'S.SI 

COMMQNJRE$LT/GeC4', act.l. ICEt.,. NOTCEC.', IC05T(41. IGR 

COMMON.l1 MPAQ8/ I /I4P«" • S) 

COM •• lcnv·C3T ..... ACtS.","CL. 

REAL 1481. MBa. "03. Me9. wo.w. M84S. NeET1 • .seT2 

RI!.u.. r..1"1!. INT. JAuTO. 1.ItP 
RI!AI- lAC 

INTe;:GER eRROR1 

INTe;:~ loll. lola. H3. H4. 10114. 10116. 10117. 10118. 10119. H20. ~21. 
• /130. ,.....2. 1143. 11 .... 11...:i. 1"1406. "47. "4a. 1149. "'",0. H!51 

INTI!~A C1. C2. C16. C17. Cla. C19. C30. C31. C32. C33. 04. 
• Q:5. 06. 09. C40. C.l. C40Z. C",O. C3. c •• C:51 

00 1 ,.,.6 
H1 (W)-O 
",2(14)_0 
"'.3' .... '-0 
"'.(14)-0 
"'5(14)-0.0 
"'6(14)-0 .. 0 
",7(14)·0 .. 0 
"'8( .... '.0.0 
"'9(141_0.0 

10110(14).0.0 
101111141·0.0 
101121141_0.0 

INITIALIZE ARRAYS 
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c 
c 
c 

c 

H13(Jr4,-aO.O 
HI 4011 .. 0 
HI5(/I4'_0.0 
"16041 - 0 
1117(,101' . 0 
HUHM, _ O 
HI9(/l0"'0 
H20(M).0 
H21011"'0 
H22(1oI)·O.0 
H2.3{M)..-O.O 
H30(MI"'0 
H31(141 - 0.0 
H32(/I41.0.0 
H33(14) . 0.0 
H34( ,'U"'O.O 
H35(M) _ 0.0 
11..360U-O.O 
1"137(14)_0.0 
H38(""'.0.0 
113 9 (4) - 0.0 
H40(M)"'0.0 
H41(,I4)"O.O 
1"142(/14)_0 
H43(/I4)_0 
H44(M' ''' 0 
H4500-0 
ti46(",) - 0 
H4701l_0 
H4801l-0 
1149(N)_0 
H50(MI-0 
KSlCM)aO 

00 1 N-l.4 
Cl(/4.N)"'O 
C2(14.hl - 0 
C3(M.N)-0.0 
C4(M.H)_0 .. 0 
C5(/I4.N)_0.0 

C11(1'",.o _ O.O 
CI2("'.NI - O.O 
CI3("'.H).&0.0 
CI4(M.H)_0.0 
CI5(/I-'NI-O.O 
CI6(IOI.",'-0 
CI7''''.N)-0 
CI9("'.NI-O 
CI90hN)-0 
C20(I'hNI_O.0 
C21 (M.N)_O.O 
C22(14.NI _ 0.0 
C23(M.H)'- 0.0 
C24(M.H)_0.0 
C25(M.H)_0.0 
C26(/III.N' . 0,,0 
C27(M.NI - 0.0 
C28(M . H'_0.0 
C29(M.H)_0.0 
C30(M.N),aO 
C31(N.N)-0 
C32' ..... NI_0 
C34(M.N1 .. 0 
C35(M.NJ _ 0 
C36(N.Nj .. 0 
C:J7(M.N) . O.O 
C38(M.NJ " O.O 
C3 9 (M.NJ"'O 
C40(M.N1.:zO 
C41(M.NJ _ O 
C42(M.N1 "' O 
C50(M.N) - O 
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c 
e 

1 CONTINUe: 

c. R£AO OATA FR':;", CARDS "''''0 STOo:lE IN CORRECT ~OSJTIONS. I(fR '<E2:PS T~"'CJ< 
C INDIVIOUAL G~~UPS. ICARD LA8~S CARD AS HAZARO OR I/oIPROVe~~NT DATA. 
e 
e 

e 

e 
c 

c 
c 
e 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 

,-. ,-. 
100 CONTINUe: 

READ I S • .500) I XILl .1.._, .7aJ • IGt:< .ICARO 

(iQ TO(200.205).IC"'RO 

200 CONTINUE 

THIS SECTION ~lLLS HAZARD ARRAYS 

HI (I laXll) 
H21IJ-IO •• X(2J+X(3J 
H,JIIl_XC_1 • 
H4' Il-' 0.0.*X(5) +10.$X(6 J +XI 71 
H5(II_IO • • X(S'+X(9J 
K6t 11_10000.aX( 10)+1<:100 •• XI 11) +1 OO •• XC 12l +1 0.*)(( 131 +XC 14) 
H7(I):10._XIlS)+X(16J 
H811J-IO._Xt171+XtI8J 
t .... H II_X( 19. 

"10111_X(201 
I1ll1lJ-X1211 
H121 , '-1 O. aX t 22} +" (23) 
H13tl)_lO."X(24J+Xt25) 
HI4(1)_.(261 
"15(1)-)"271 
"16(II_X(2IU 
H17(1).10 •• X(29J+X(30) 
HUll ()-lO.*X(311+X(32J 
HI9(1)_,O •• Xt33I+X(34) 
"20' 1 l.x, .35J 
H21CI,a,0.*X(.J6J+XC37J 
H22( I J_l OO.*X( 38) +, 0 .. *XC.39» +X( 40) +O.'*X( 41 )+0.0 1*:C (42 J +0 .00 1 .X ( 43) 
H23CI)_100._X'44)+10.*X(45'+X,46J+0.I*X(47,+O.Ol*X(48)+OoOOOl_X(49) 
H..JOC 1 )_x(50, 
HSO(lJ_IOO~.XC1)+10oO •• (21+X(.3J 
H51(1)_1000 .. *X(4J+I00 •• X(5)+10 .. *X(6'+X(71 

,H.30_HaO( 1J 

IH.30-1 
IH.30_2 
11130-3 

2 CONTINUe! 

HAZARO IOC!NTH"lCAT ION 

POI NT H"'ZA~ 
LONGITUOI~~ HAZARO 
SLOPC! H AZAAO 

1131 C 1 I_I0.*X( 51 I +x(52) 
K32( I '_10 .. *X( 53) +.(54) 
H33(I)al00._X(SS)+10 •• X(56J+X(57) 
1i.34' I )_x( 5d) 
K35(IJ_XC59) 
... 1 
GO TO 100 

.3 CONTINUe! 
H..JICIJ_I0.*X(51) 
I~C"18(J).£~.6.ANO."19(I).LE .. 9IGO TO 5 
'-1 GO TO 100 

248 



< 
< 

< 
< 

< 
< 

< 
< 
< 
< 
< 

5 CO~TINVE 
"'49(II:X(531 
Ha~(IJ=lO •• X(54)+X(55J 
M.J.(IJ~10 •• X(56)+X(57J 
H35(IJ~lO •• X(5&)+X(59J 
H36(1)=lO •• X(60}+X(blJ 
H37(IJ=lQ •• X(b2J+X(6.l) 
1-138(1)"x(04) 
H.39(1)=X(65) 
!-I. 0 ( 11"'10.$X(66)+X(671 
1-141(1 '''lO •• X(bdJ.X(b9) 
1-14211 )""'X( 70) 
,..43(1)=-X(71) 
li44' I )aX( 72) 
"'4S(I)-X(73' 
H46(1)=X{74) 
"'47(1)"'X(751 
1-148(1''''X(76) .-, 
GO TO 100 

.. CONTINUE 
H31tIJ=lO.*X(Sl}+X(52) 
H.32CIJ=X(S3J 
H33(II"'lO •• X(5~J+X(55) 
H~.(IJ"'10 •• X(S6J+X(51) 
H35(1)=x(:'81 
H36(1)_10 •• X(591+,1((601 
H31(1)-lO.*X(61)+X(621 
11.38(1 1 "'X(6:3) 
H.39( 1 ) a 10 .. "X (64) +)(65) 
"'40(1).10 ••• (66I+X(67) .-, 
GO TO 100 

205 CONTI NUE 
THIS SECTIo." FILL..S I NPAQ .... eMe;NT ARRAYS 

CIII.JJ",XIl) 
C2(I.J)"'lO.*X(Z}+x(3, 
C3( 1 • ..1)",1(,41 
C4(1 • ..I1=10Q.*X($)+10.*X(6)+X(7) 

CS(1.JlzlO.*X(9)+X(10) 
C 11' 1.J)=1000 •• X (11) +100 •• xC 12) +1 0.4X( 1~) +X( 141+0.14X( 151 
C 11 ( 1 • J) =Cl1 ( I. J 1*1000.0 
C 12( I.J )>1100 .. 4X( 161 +10.4)( 17 J+X ( 18) 
C12(I.JjzC12{I.Jj4100.0 
C13( 1.JJ=100.*X( 191+10.*)(20)+X(21) 
C13( 1.J)~C13' 1.J).100 .. 0 
C14(1.J)>llOO.*X(221+10.*)(231+X(24) 
C 1"( 1 .. J)"Cllto (I .. J 1410 0.0 
C15(1.J)>llOO.4X(25)+10.*)(261+X(27) 
CI5(I.JJ=CI5(I.Jl*100.O 
C16(I.JJ ... .Il(281 
Cl7(I.JI ... .Il(29) 
C37(I.JJalOO.4X{57)+10 .. *)(CS81+XCS9)+0.14X(60i+0 .. Ol*X(611+ 

40 .. 0014X(62) 
C38(I.JJ:IOO.4X(63}+10.*X(04i+X(6SJ+0.l*XC66)+0.Ol*X(671+ 

*0.00IeX(68) 
C40(I.JJ_IO.*X(73J+X(74) 
'41t I.J):zlO.*X( 75) +X(761 
C42Cl.Jl z lO .. 4X(771+X(78) 
CSO(I.JI=100.4X(11+lO.4X(21+X(31 
CS1(I.JlalOOO •• X(41+100 .. *X(51+10 .. *X(61+X(7) 
lCl6ZC16( I.J} 
lC17:zC17(I.J) 

IMPROVEMENT IOENTIFICATION 
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c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

c 
c 

c 

c 
c 

c 
c 
c 
c 
c 
c 
c 

c 
c 

c 

c 
c 

c 
c 
c 
c 
c 
c 

c 

1C16""1 
lC16=2 
lCI6=.3 
le16=4 

I) CONTINUE 
GO TOt9.10.11hIC17 

POINT HAZARD IMPROVEMENT . 
LONGITuDlkAL HAZARD IMPROVEMENT 
SLO~E HA~AHO IMPROVEMENT 
1\00 1I4p ~ Ove/l4ENT 

POINT HAZARD IMPROVEMENT IDENTIFICATION 

(eI7""1 
IC17=2 
1C17,.3 

9 CONTINUE 
CI8(I.J)=XI30) 

REDVCE SEVERITY 
INSTALL GUARDRAIL 
J~TALL '"ASH CUSHION 

CI9tl.JJ a lO •• X(31).X(32) 
IF(IGR.EQ.l.OR.I~R.EQ.2)GO TO 300 
J ... .J+l 
GO TO 100 

10 CONTINUE 
CI9(1 • ..I)""10._)(131)."I32) 
GO TO 400 

11 CONTINUE 
C19( I.JJ"" 10.*X(31 )-t·X (32) 
IFIIGR.EQ.1.0R. 1 ~R.EO.2)GO TO 300 
.J""J+l 
GO TO 100 

7 CONTI NUE 
GO TO(12.13.14J.IC17 

LONGITUDINAL HAZARD IMPROVEMENT IDENTIFICATION 

lel7=1 
IC17=-2 
1e17_3 

12 CONTINUE 
C18IJ •• U-=X(30) 

CUR8 IMPROVEMENT 
~ARDRAIL 1 NPRQVEMENT 
8AIOGE~AIL IMPROVEMENT 

IFe IGJ;I:.Ea.l.CJ;l:. IGR.,fQ.2)GO TO 300 
.1"'..1+1 
GO TO 100 

13 CONTINUE 
C18(I • ..I)=X(30) 
C19(I • ..IJ~10 •• X(31)+xe32J 
GO TO 400 

14 CONTINUE 
CI8(I • .J):o:xe30J 
C19(1.~J-=10 •• X'31)+X(32) 
IF'IGA.Ea.l.O~.(GJ;I:.EQ.2)GO TO 300 
..1-..1+1 
GO TO 100 

8 CONTINUE 
GO TO(15.16).lCI7 

SLOPE HAZARD IMPROVEMENT IDENTIFICATION 

ICI7-=1 
IC17=2 

15 CONTINUE 
C18(1 • ..IJ""X(30) 

INSTALL GUARDRAIL 
NOD IFY SLOPE 

C19( 1 • ..I)::10 •• X(31 '+X (32) 
GO TO 400 
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c 

C 
C 
C 

C 
C 
c 

C 
C 
C 

C 
C 

C 
C 

C 

c 
c 

,. 

20 

.00 

'00 

'00 

CONT INUe 
C26( 1.J).:lO .* XI:30,+X(31. 
C2"(1.J'''~(32! 
C2011.Jl~IO •• X'33J+X'3 •• 
C21(I.Jl"lO •• X(3~J+X'3b) 
C22( I.J.,""x(37) 
C2J(I.,J).lO.*X(38,+xt39. 
C24'1 • ..I)=10.*X(40'+X(41. 
CZ5( t.,J,aX{ .. ZJ 
C2.6(1 • .J,·10.*X(43)+X(44) 
C" 1( 1 • .J)~ 10 .... X{4~) +X (461 
IF{IGR.EQ.l.0R.IGR.EQ.Z'GC TO 300 
"'·..1+1 
.0 TO .00 

CONTINue 
IF(IG~.EQ.l.0R.JGR.EQ.2.GO TO 300 
..1·..1+1 
.0 TO .00 

TH.1S SECT10N CO""LETES eox • 
CONT IHUE 
c!.J'il( 1 •. .11 =-x(.33) 
C2111 • ..I):.10.$"(34)+"(35) 
C2ZCI.J)-lO.*X(36}+X{37) 
C2.JCI.J)_10.*XI38,+X(391 
C2411.J)-lO.*X(.Ol+X(41) 
C25(1 • ..I.al0.$ .. (42)+X'43} 
C26( I,..I).X( •• ) 
C27( 1 •. J)_X(.S) 
C28II.J'-lO.*X(.61+x(471 
CZ9CI.JJ-tO.*X{.S)+X{4'ilj 
C3011.Jl_X{SO) 
C3111 • ..I)=-"(51' 
0211 •. ,1).)(52) 
C33CI.J',,"X{5.3) 
C34(1 .,J) _X(S4) 
C3!5(1.,J)"X(!5!5) 
C.36(I.,J."X(S6) 

1'(IGR.ea.l.OR.lGR.£Q.Z)GC TO 3 0 0 
,J_,J.l 
.0 TO '00 

CONT I HUe 
IHAZ_l 
IJ.L T_J 

FOR~AT'78Fl.0.2111 

RETURN 
END 

C ............................................................... . 
c • 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE MAIK3 
• ................................................................ 
• • • 

St..eAOuTI NE FOR SL.OPE HAZARDS ONL.Y 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ................................................................ 
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c 
c 

c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

DIMENSION 1"00(61. IAC(61. F"d6J. YLAT(7) 

COMMON/CIoTA1/, 
• 

Hl(61, 112(61, 1'13161, H4(6', 115(61. H6Cbl. H7(!», 
116(61.119(6). H10(61. Hl1161, H1Z(61, 1113(61, 
H14(6). HI5(61. H16(61. 1"117(0). H18<td. tH9(!:). 
1120(6).1121(061. H22(6). H23(61. 1"130(61. H31(CloJ. 
1132161.1'03(61.1134(61.1135(61.1136(6).1'137(61. 
1'138(6),11.39(.(').1140161.1141161. H42(61. 1143(61. 
H44(61. H4S(o). H"H.(6). 11.7(61. H48(c;iI. 1149(61. 
H50Hld. 1151(6) 

• • • • • • 
COMMONI'DATAZ/ 

• 
Cl(6 •• ). C2(6.4). C3(6.4), C4(6.4). CS(6 •• ). 
Cillo •• ). C1210 •• ). C13(6.41. C14(6.4J. ClSLo •• ). 
C16(6.4). C17(6.4). Cl8Co •• " C19(6.4). C20CO •• ,. 
C2lt6 •• ). C22(6 •• ). C23«(,.41. C24(6.4). C2S(6.41. 
C26(6.41. C27(6.4). C2SCO •• ). C29(6.4). C30(6.41. 
C3116.41. C32(6 •• ). 0.3(0 •• ,. a.C6 •• ,. C35t6 •• ). 
C30tO •• ). C37(0 •••• C36(0 •• ). C39(6 •• ). C.O(O.4). 
C.ltO •• ). C.Z(O •• ). c.sOIO •• ). CSI16.4) 

• • • • • • 
CO~~ON/OATAa/ GIO. G12. Gl~. G14. GIS. GIO. G17. GIS. G19. GZO 

CO~~ON/HUAT/ PItS.SJ. 5115.5). SISLIS.S' 

COMMON/LATOF/ OFSET(S). OLAT. CLONG. OLATI 

COMMON/ENFR£/~A 

COMMON/GRSI/ 5151(3.S.5'. SIS2'3.~.5'. 5153(3.5.5'. 51EIU(3.S.S). 
• 5IEZU(3.5.S). SIE3U(3.S.SJ. 5IEIO(3.5.5}. 51E20(3.5.5). 
• 51E30(3.5.S). 511(3.5.5). 512(3.5.5). $13(3.5.51 

COMMON/GACSTI 
• • 

Gl. G2. G3. G~. G41'11. G42 .... G41S. G42S. "'Iel.~62. 
~83. M89. WS4 •• M645. GAel.~EZ. GRE3. GAE4. GRES. 
GETI. GET2. ~8eTl. ~8ETZ 

COMMON/COMP/ 510E(S.5). fND(s.S). IHIT. XX 

CO"'lMON/"'IAINC/ HI8. HI. HIA(.). Hl1(Ol. H1210.4'. CMS. CM. CMAI.). 
• 011(01.042(0.4,. ACS. AC. ACA(4). AC1(0). 
• ACZ(6.4'. lZEROl4'. THCHAZ.THCIMP(4) 

COMMON/IOEHT/I • .J. IHAZ. IAl...T. IFLAG. NTITLE. IOIR. 10. LL. 

COMMON/NCONT/ NCOUNT.IPAG£. LINES. NOESIIOOJ. N$POIIGG). 
• NAOTlIOO). NH.Y(lOOI 

COMNQN/AUTI/ AUTO(3).IA. IAUTO 

CCMI«JN/ENVR/ ENVIR(3). INVIR 

COMMONITACI/ TACIS.SI 

COMMQN/~SLT/CE(41. act ••• ICEt.'. NOlCE'.). ICOSTt.). IGR 

COMMON/I"'IPAQB/ IMP(S.S) 

COMMON/CST4/ RC(S.SI.OL 

ReAL LIFE. INT • .JAUTO. INP 
REAL lAC 
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c 
c 

c 

c 
c 
c 
c 

c 
c 
c 
c 

c 

INTEGER I! ""OR I 

INTEGE" HI. H2. 113. 114, 1'114, 1116. 1117, 1-08 . H19. H20 . HZJ. 
• H,JV. ",,"2. 1143. H4., 1145 . H46. 1147. /"I.a. 1149. 1150 ..... 51 

INTEG!!" Cl. C.Z . (.16. (.17. C18 . Cl'h C30. C31. C32 . C33. t..:34, 
• C35. U6, C39. e40. C.41. (.42.. eSQ. C3. C ... . C51 

CALCULATE ENCROACHNENT FREQUENCY ~O" SLOPE 

CAu.. I"R!!O 

CALCULATe: HAZARD JNOfX AND ACCIDENT COSTS FOR SLOPE H4lAA,J 

'''LAG_I 

,>, 
CAL.l. SLOP!!l 

C CALCULAT!! HAZARa INOEllES AND ACCIOI!NT COSTS Fos:l SL...oPE HAZARD I/oIPRO\l~~e: t-

c 
c 
<:: NO IMPROVEMENT 
C 

c 

c 

c 

CONTINUe: 
tl'"'CI6(1 • .JJ . EQ.4) GO TO 10 
GO TO 15 

10 CONTINUe: 
CALL NOJMPR 
GO TO 200 

15 CONTINUe: 
IF(C16(J • .JI.EQ.31 GO TO 2.0 
ERRORI (1 •• ,1) .. 10 
GO TO zoo 

C IMPROvEMIENT I - ",ODIFY SL.OPE 
C 

c 

20 CONT 1 NUl! 
'I"'CI7(J •. ,I) .. EIl.2J GO TO )0 
GO TO 40 

30 CCNT1NUe: 
CAI..L. SLOPI!2. 
GO TO LUG 

C IMPAOlle:,..eNT 2. - tNSTAL.L GUARDRAIL 

c 
c 

c 

40 IF (Cl 7( I • .J) .£0.1 I GO TO 50 
ERROR1(J • .Jl a ll 
GO TO 200 

NOT AT BRliJGE 
50 CONT I NUt! 

IF(C18(1.~I . ~Q.2) GO TO 00 
~RRORI(1.~1"12 
GO TO 200 

C CiUAROR.4 U. TYPE 
C 
C C19( I .~J-2 ••• ,J-STRANO CABLE II EAK POSTS 
C CI9(J.~}-6 • • • • -SEAII! STRONG _000 POSTS 
C C19( 1.~J-7 •••• -BEAN STRONG STEEL POSTS 
C CI9(1.~) .. 5 ••• ~-eEAN .£A~ POSTS 

c 

c 

60 If" (Cl'>1C I.~) .EQ.2.CR. CI'IIC 1 • .J J .cQ. 5.OR .(,19 ( 1 .~ I .I;Q.6 • 
• DR . CI9(1~~) . eQ.71 GO TO 100 
ERRORl(I.~Jal.3 
GO TO 200 

100 CCNTINI,JI!!: 
CAU GRAIL 
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200 CONTI Nue 

c 

IF(J .. eo.IALTI GO TO Z50 
.J ~ ..)+1 
GO TO 1 

250 CONTINUE 
AE TURN 
•• 0 

c c ...................................................................... ~ 
c • 

SUBROUTINE FREQ 
c • 
c ...................................................................... . 
c • 
C. SUBROUTINE CALCULATES ENCROACHMENT P'"R.EQUENCY FOR A GIVEN TYPE 
C • ROAOWAY AND AOT 
C • 
C ...................................................................... . 
c ...................................................................... . 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 

c 

c 

OlJoloENSI0N POC(6). 1ACI61, ,..16J. YUr(7) 

COMMON/OATA1/ 
• 

111161, H2(61. H..3161. HaC6'. HSC61. "6161, H7(61. 
H8(61, "'9(61. Hlt)(OJo Hl1(bl. 1112161. M13161. 
Hl"'(6), 1115(6). 1116t61. 1117(61. 1118(61. 1119(6). 
1120(61.1-12116'.1122(6').112316). I1.JOltl). 1131(61. 
1132(61. H33(61. 113.(61. 113~161. 1136161. 1137(61. 
11.38(6).1139161.11.0161.11.1(61.11.2161.1'1.3(61. 
11_(61. 1"t405(61. 11.6(61. 11.7(61. ,...a(61. "'.9(61. 
"50(61. 1151161 

• • • • • • 
CQMMQN.lOATA2/ 

• 
Clt6 .... CZC6 •• ). C3(6 •• ,. C:.(6 •• ). CSI6 •• I. 
Cl1(6 •• I. CI2(6 •• '. C13(6 •• ), Cl ... (6 •• ). CI5(6 .... I. 
CI616 .... '. C1716 •• I, C1816.41, C1916 •• '. C20(6.4'. 
aI16.4). C2216.41. c;2316.4). C24'6.41 .. CZ516.4J. 
C2616,.I. C2716 .... I. CZ8(6 •• I. C2916 •• ). C30(6.41. 

• • • • • • 
C3116 •• I. C32(6.41. 0316 .... ,. 0416 •• ). C3516 .... ). 
C36(6 .... '. C3716 •• I. 0816 .... '. (;3916.4). C40i6 •• I. 
C4116.41. C42(6 •• ). c:5016 •• J. C5116.4' 

COMMON.tERRQfV e:RRQIiIlI6.41 

COMJIION.tI1\JAT.t PIIS.SI. 5115.51. SISL(5.5) 

CONIoION.tLATOI'".t OFSe:TI51. OLAT. CLONG. OLATI 

CONMON.tENFAE/ ENoF Ii 

CONMQN/GRSI/ 515113.5.5). 5152(3.5.51. SI5313.5.51. SJE1U(3.S.!5I. 
• SIC:2UI3.S.SI. SIE.lU(3.S.SI. sJE10(3.5.51. SlEZ~13.S.5'. 
• SlE30(3 • .5.SI. 511(3.5 • .5). 512(3.5.5). 513(3.5.51 

COMMON.tGACST.t GI. GZ. G3. G9. G.l", G .... Z ... G41S. G4Z5. 1'161."162. 
• I0Il63. 10169. I'Id"".' 1'16"'5. GREI,GAE2. GRE3. G;;IE .... CO;;lE5. 
• GETl. <;C:TZ. MeETl. /1118eT2 

CO_ON.tCOI'IP.t sIOEI5.51. ENOiS.51. IHIT. xx 

CONMQN.tMAINC..I I1IB. HI. HIA(4). 1'111161. 111216.4). CMS. C.'4. CI'I ... (4). 

254 



c 
c 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 

c 
c 

c 
c 

c 
c 
c 

c 

c 
c 

• • 
'141(50). CM2{6.4). Ace. "C, ACA(4}, AC1(61. 
"Co2(6.4), Il:ERCd~). THCH"Z.THCIM~(41 

COMMON/lOEHr/I. oJ. IHAL. tAL.T. IFLAG. NTITL..E. IDIR, 10. L.L. 

CONNON/NCONT/ NCOUNT.IPA;e. L.INES. 1040£5(100). NSPO(IOO). 
• NAOT(100). NH'III"(100) 

COM .... ON/AVTI/ AUTO(J) .IA. IAuro 

COMMON/ENVR/ ENVI"lJ). [NVIR 

CONMON/TACl/ TAC(S.5) 

COMMON/A~SLT/CS:(41. BC,"'I. ICE(4). NOTCE(.I. 1COST(4). IGR 

COMMON/IMPROB.I IMPIS.,I 

COMMON/CST.' RC(S.5J.OL. 

REAL LIFE. INT. JAUTO. IMP 
AEA4.. lAC 

INTEGER I1WY 
1 NT!GEA EAAOR 1 

INTEGER HI. H2. ;;3. H4. H14. ;;16, H17. Hie. 1'119. H20. H21. 
• ;;30. ri42. "'43. 1"1.4. H45. 1-146. 1-147. M.a. H.~. 1'150. 1'151 

INTEGER Cl. C2. C16. C17. C18. C19. C30. C31. C32. e33, CJ4. 
• <:35. C36. C39. 1;40. C41. C42. <:50. C3. C4. C51 

AOT_116(1) 
HWT .. H50H) 
ISloe: .. H20(1) 

IfI'(H.Y.EQ .. I01) 
1"'H.Y.EQ.I021 
,""H.Y .. EQ .. IO,J) 
I"'(HWY.EO .. I040) 
''''(H.Y.EO.laS) 
Ifl'(HWY.EO.I06) 
IF(H.Y.~O .. 107) 
IF(HIIY.EO.210} 
IF(HWY.EQ.2201 
UI'(HWY.EO .. 2.JO) 
IfI'(HWY .. EO.2401 
IF'H.T.EQ.Z~OJ 
IfI'(l1wY.EO.2001 

If< IH.Y .COE • ..JOO) 

ENFR 
ENFR 
ENt'. 
I!:N"-R 
ENFR 
ENt'R 
ENFR 
ENFA 
ENFR 
EW'R 
ENI'R 
ENF" 
Ef'oFA 

ENPR 

a 0.000900 
• a.OaaS90 

a .. aaO!590 
a o. aOa742 
a 0 .. 000742 
a 0.0007.Z 

0 ... 001210 
a 0 ... 000900 
a 0.000900 

0.000900 
a 0.000900 
a O.OOl,JJO 
a o • .;)01330 

• 0.001210 

1"'ISIOE.EQ.l.AHO.H.Y.~e.102) 
I1r I I SIDE .EO.2 .AND .HII' Y.LE.l 02) 

• AOT 

• AOT 

• AOT 

• AOT 

• AOT 

• AOT 

• Aor 

• AOT 

• AOr 

• AOT 

• AOT 

• Aor 

• AOT 

• AOT 

ENFR 
ENFR • 1 .. '11." • COT. 10Z) ENF RaV>l .. A*O .50 

RETURN 
<NO 

ENFR_O • .JO 
t::,.."A*0.40 

C ............................................................... . 
C • 

c 
c 
c 
c 
c 

SUBROUTINE PROS I 
• ................................................................ 
• • • 

SUBROUTINE CALCULATES LATERAL OFFSET PROBABILITIES 
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c ................... . ........................... *-•••••••••••••••••••• 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c 
c 
c 
c 

c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

OI~ENSION POOI61. IAC(61. FA(61. YLAT(7) 

COMMON .... OAT .. 11' 111161,112(61.1"13161,1"14(61,1-15(6,,116(6). Hl(SI. 
• H8(0). H'i(61. 1-110(0," 1111<01. H12161, 1-113161. 
• HI4(61. 1115(6), 1116(6). H17161. 1"118(61.1"119(01. 
• 1"120(61. H21(61 . 1"12<01.101. 1123(61. 1"'130((:01.1-1.31(61. 
• H32(6) • ..03161. 1134(61. H3!5(61. H36(61. 1"1.37(6). 
• 1138(6). K3~(6I. H40(61. 1"1.,,(6), H42 1 61. H43(61. 
.. 11 •• (6) ..... 5161. 1146161.1147(6). "148(61.11.9(61. 
• 1150161. H51161 

COMMON/DATA, .... ClI6.4J. C2(6.41. C3Ib.4'. C4(6.4). CS(b.41. 
• CllI6.4.I. CIZI6 •• I. Cl.J16.4). C14,6 •• I. C1S(6.41. 
• C16(6.4'. CI7(6.4,. CI816.41. CI9(6.'U. C2 0 16.41. 
• <::21(6.41. C22(6.41. C2.316.41. C24(6.4'. C2~' 6 .41. 
• <::26(6.4). C27(6.41. <:28(6.41, <::2<,1(6.41. C.30(6,4), 
• C31(6.4). C.32Uh41. 0.3(6.41. C34(6.4). CJ~(6.4I, 
• <::3616,4). <:37(6.41. CJS(6.4). 0916.41. '.016.41. 
• '41(6.4), C42(6.4', C!iOl6 . 4', C51(6.4) 

COMNON/DATA3/ GI0. G12. G13. G14. G15. Gle.. G17. G18. G19. G20 

COMMON/ERROA/ ERRORl(6.41 

COMMON/HURT/ PIeS.5). SI($.51. SISL(S.5) 

COMIoIIOI'VLATOf""/ 0,..SET(5). OLAT. OLONG. OL;.Tl 

COMMON/E~~/ENFR 

COMMON/GRSI/ 515113.5.SI. 5152(3.5.51. 5153(3.5.51. 51EIU(3.5.SI. 
• 51E2U(3.5.51. 51E3U(3.5.5J. 51EI0(3.5,51. 51E20(3.S.5). 
• 51E30(3.5.51. 51113.5.5). 512(.3.5.51. 51313.S.51 

COMMON/GRC5T/ Gl. G2. Gl. G9. G41W, G42W. ~lS. G425. MBl.MB2. 
• MS3. ~69. MB~_. M845. GREl.GRE2. GRE3. GRE4. G"ES. 
• G£Tl, GETZ. M8ETI. MSETZ 

COMMON/COMP/ SlO~I5,5). £NO(5.51. lHIT. XX 

CONMON/~AINC/ HIS. HI. HI;'(4). Hll(61. HIZ(6.4). CHao CM. CHA(.). 
• CMl(6). CM210.41. ;'C8. ;'C •• CA(4,. ACI16). 
• AC216.41. IZERO(4). TI1CHAZ.THCI,IIIP(4) 

COMMON/IOENT/ I • .J. IH.Z. IALT. IFLAG. NTITLE. IOIR. 10. LL. 

COMMON/NCONT/ NCOUNT.IPAG£. LINES. NO£5(100). NSPO(lOO), 
• N.OT(1001. NHWV(100) 

CO~MON/AUTI/ AUTO(3).lA. IAUTO 

COMM(JN/ENVR/ ENVIR(31. INVIR 

COMMQN/TACl/ TAC(5.5' 

COMMON/RESl..T/C£{4', Bet4', lCEt.). NOTCE(4'. ICOST(4). IGO!: 

COMMON/IMPROa/ IMP(S.5J 

COMMON/CSI4/ RC(5.5l.0L 
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c 

c 
C 

C 

c 

c 
c 

c 
C 

C 

C 

C 

C 

C 

C 

REAL 1481. MH2. "'6.3. "11:19. 10184 .... 104845. MeETI. MBETZ 

REAL LIFE. INT. JAUTO. IMP 
..tEAL lAC 

INTEGER ERRORl 

INTEGER ~H. H2. H3. H4. H14. H16, H17. H18. H19. H20. HZI. 
• H30. 1142. H43. H44. M4S. H46, H47. H41:5. H49. 1150. 1"151 

INTEGEA C1, C2. C16. Cl1. CIa. C19. C30. C31. C32. C33. C34. 
• C.35. 06. C39. '40. C41. C42. e50. C3. C4, C51 

XaOLAT 
DO 40 K-l.5 
OFSeHIC.)~O.O 

40 CONTINUe; 

100 

101 

102 

103 

10. 

10. 

10. 

IFIX .GE. 0.0 .AND. X .LT. 5.0J GO TO 100 
IF(X .~. 5.0 .ANO. )It .LT. 10.0) GO TO 101 
lFIX .GE. 10.0 .ANO . )It .LT. IS.0J GO TO 102 
lFIX . GE. 15 .0 .AND. )It .LT. 20 . 0) GO TO 103 
IF(X .GE. 20.0 .ANO. X .LT. 25.0) GO TO 104 
,,.,X .CoE. 25 . 0 .ANO. )It .LT. 30.0J GO TO 105 
IF IX .GE. 30 . 0 .ANO. X _LT. 35.0) GO TO lao 
IFIX .GE • .35.0 .A~O. )It .LT. 40.0) GO TO 107 
,,.,X .GE. 40.0 .ANO. X .LT. 120.0) GO TO 108 
IF(X .GE. 120.0) GO TO 109 
GO TO 1010 

OFSET« 1 1"'-0. 0 1 74"X+l • 0 
OF5ET{2'a-0.OO28*X+l.0 
OF5ET(3J"'I.0 
OF5ET'41_1.0 
O~5ETC5J-l.0 
00 TO 1000 

OFSET C I ,_-0. 047*X+ 1.148 
OFSET(2J--o.02Z4*X+l.09a 
OF5ET(3) __ 0.016*X+1.08 
O~SET(4)~QFSET(3) 
OFSETC5} __ 0.OOa •• X+I.04Z 
00 TO 1000 

OFSET{l)·-O.024Z*X+0.9Z 
O~SET(2 J ·-O.017*X+ l.044 
OFSET(3J __ O.01 6.X+1.08 
OFSET(4JaOFSET(3J 
O~SET'5)·-O.00S4*X+l.042 

"" TO 1000 

OFSET(I,,,,-o.0174.X+O.818 
OFSETIZla-O.0338*X+1 . 296 
or 5ET' 3'''"-0.0 l 6.X+1 • 08 
OFSET(4,-OFSET(3" 
OFSET (5 )--0. 0 166.X+l .165 
00 TO 1000 

OFSET(I) __ 0.0322*X+l . 114 
OFSETIZ)--0.031*X+l.Z4 
OFSETI3,--0.06_X+l.96 
OFSET' 41"-CFSET' 3) 
OFSET(5'''--0.O~.*X+l.~01 
00 TO 1000 

QF5ET( IJa-0 .. OZ82*X+l.014 
OFSET(Zla-0.02S •• X+I.10 
OFSET(3J--0.02~.X+1.06 
OFSET{4J-OFSET(3' 
OFSET(5)--0.0~2*X+2.121 
00 TO 1000 

QFSET(IJa-O.0094.X+O.4! 
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c 
c 
c 
c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 

c 
c 

COMNON/LATCF/ OFSET(S). oLAT. OLONG. OLATl 

CONNON/ENFRE/ENFR 

COMMON/GRSJ'! 51511:3.5.5). S(52(3.5.5). 5153(3.5.5). SIE1U(,J.5.5). 
• SIEZUL1.5.SI. SJE3U(3.S.SJ. 51£10(3.5.5), 51E20(3,5.5). 
• S.ie.1ot3.5.SJ. 511(3.5.5). 5L213.~ .. SJ. 513(3.5.5) 

CONMON/CiReST,;' (iI, G2. G3. ~9. 641w. G42 •• G41S. ~2S. ,.8l.N82. 
• N8~. /1189. 148 .... M84S. GAE1.GR.E2. CRE.J, (iKE4, GrotE5. 
• ~eTl. GET2. M~ETI. /lllBET2 

CONMON/COMP,;' 510£(5.5). ENO(S.5). IHIT, XX 

COMMON/MAlNe,;' HlB. "I. HIA(4). Hl1(61. 1"112(6.4'. CJl4B. C/l4, eMA(4). * 'Ml(6J. 012(0.4,. ACS .... c. 10''''(41. AC1(OJ. 
• AC2U •• 4), llEA(I(4', THCHAZ.THCINP(4) 

COMMON/IOENT/I • .J. , ....... z. IALT. ,"'LAG, NTITLE. IOIR, 10. l.L 

COMMON/HeOHT,;' NcaUNT.IPAG£. LINES. NOE5(100). NSPO(lOOI. 
• NAOT(lOO). NM.Y(100) 

CDNNON/AUTI/ AUTO(31.1A. IAUTO 

CONMON/ENVA/ ENVIR(3). INVtR 

COMMQN/TAC1/ TAces.S) 

CONMQN/RESLT/CEI4). ace.,. ICE'.). NOT~(.). ICOST(.). lGA 

CONMON/INPROB/ INP(S.S) 

COMMON/CST4/ AceS.SJ.OL 

REAL MBI. N82. Ma3. MB9. NS ••• Ne.s. MeETl. ~ET2 

AEAL LII""E. I NT. .JAUT C. I NP 
REAL.. lAC 

INTEGER tot.v 
INTEGEA ERRORI 

INTEGEA HI. H2. H~. K4. HI •• H16. H17. Hie. H19. H20. H21. 
• H.30. H42. H.3. H ••• K4e. 10146. 1-147. H.a. H.9. Heo. HS1 

INTEGEA CI. C2. C16. C17. Cleo C19. C30. C31. C32. C33. C3 •• 
• C3S. 06. C39. C40. C41. C42. ceo 

GO TO Il.Z).IFLAG 
... IIrT a HeOtl) 
GO TO 3 

2 Ii.T z CSOII • .JI 
.J CONTINUE. 

C 
C RURAL INTERSTATE OA EXPAESS.AV OR MA.JOA DIVIOEO AATERIAL eOAl.OA2J 
C 

',..OiWV .EO .. 101 .OA. HWV .EQ. 102) GO TO 100 
C 
C NA.JOR RURAL ARTERIAL. SPECIAL STUOV (OR3) 

IF{H.T .EQ. 103) GO TO 300 
C 
CRURAL 2 LANE HIGHWAY (OR.-aR7) 

tF{HwV .GE. 104 .AND .. HWV .LE. 107) GO TO 400 
C 
C UABAN INTERSTATE ANO EXPRESSWAV (DNIO.OM20.0M30.0M401 
C 

IF(HWY .EO. 210 .OR. HWV .Ea, 220 .OR. Ii.Y .Ea. 230 .OR. 
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c 

c 

c 

c 
c 

OFset(2)s-o.ooe ••• +O.59 
OFSET(3) __ O.Olb.X.O.8~ 
OFSET(4)-aF~~T(3) 
OFS£T(51 __ 0.00~4.X+O.627 
GO TO 1000 

1070F5ET(I, __ 0.005.*.+0.31 
OFSET(2} __ O.OOS6*X+O.492 
OFSETCJ, __ O.OO._X+O.4Q 
OF SET (.,aOFSE f(.3 I 
DFSET' 5)_0.333 
GO TO 1000 

108 Of"$£1(1)--0.00118*X+O.141 
OF SET ('U--Q .. 00335*.11.+ 0.40 2 
OF S~T (31--0. 003*.+0 .. 30 
Of" seT (4) -OFSf. T(.3) 
O"SET(5) __ O.OO~16.X+O.4995 
GO TO 1000 

IOq OF5£1(1).-0.001 
OF5£T(2)-O.OOI 
0l'"S£.1'(3'-0.002 
0l"5£.T(.)_0.002 
QFSeT(S,,.O.OOJ 

1000 CONTINue 
00 50 K_1.5 
l"'(OFSET(k).LT.O.OIOFSET(~)"O.O 

50 CONTiNOE 
laiD CONTINUE 

RE7URH 
.NO 

c .................................................................. . 
c • 

SU8AOUTINE PROSZ 
c • 
c .................................................................. . 
c • 
C • SUBROUTINE 'WHICH ASSIGNS I/IIPACT COI'CITtOt.. PROaAIU1..ITI!S 
C • "'OR A SPECIFIED llCAOIIAY OESIGN 
C • 
C .................................................................. . 
C .................................................................. . 
c 
c 
c 
c 

c 
c 

c 
c 
c 
c 
c 

DIMENSION 1=100(6). lAC(6). "'''(6). YLAT(7) 

CO,.MCN/OATAJ/ 111(6).112(6'. 1-U(61. 11 ... (6_. H5(6 •• H616 •• 11716'. 
• H8(6,. H9(6'. Hl()(6'. Hl1(6). HI2(6). Hl~(6). 
• Hl.'61. 111S(tio). HI6(Q). 1117(6). HI8(0). 1119(6'. 
• 1120(6).1121'61.1122(6). H23(6'. 1"t.J0(6'. 11.31(61. 
• H.32(6). H3.3(6). 1"13""6'. 11.l!5(61. 1"I.l6(61. 1"t37(6). 
• H,Ja(6J. 1139(61. 1'1"'0(6'. 11"'1(6). 1"1"'2(61. 11 ... .J(fd. 
• 1'1 .... (61. 11"'5(6'. H"'6'6~. 11 ... 7(6 •• 11"'8(61. 11"'9(6'. 
• 1"150(61.H!51t6J 

COMMON/DA T "2/ 

• • • • • • • 

Cl(6 •• 1. C2(6 •• 1. C3(6 .... '. C ... ,6 •• '. CS(6 .... '. 
Cl1(6 .... 1. CI2(6 .... ). CI3(6 .... '. Cl ... (6 .... ). Cl$(6 .... ). 
«:16(6 .... ). CI7(6 .... ). C1S(6 .... ). C19C6 .... '. C20(6 .... '. 
C21(6.'U. C22(6 .... ). 0.3(6 .... ). C2 ... (6 .... '. C2!5(6 .... '. 
C26(6 .... ). C27C6 .... '. Cia(6 .... '. C29(6 .... 1. C30(6 .... '. 
C.lIC6 .... '. C.l2C6 .... ). C33(6 .... '. C3 ... C6 .... '. C35(6 .... '. 
C36(6 .... '. 07(6."'. 08(6 .... '. C39(6 .... '. C ... 0(6 .... '. 
' ... 1(6 .... '. C ... H6 .... '. C.!50(6 .... '. CS1(6 .... ' 

COMMON/ERROA./ ERRORl (6 .... ' 
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260 

• HWY .EO • 240) 00 TO 200 
C 
C RURAL COw VOLUIo4E HIGHIIA'fS , ROAl-ROA •• RCI-RC3. RLI-RL.J) 
C 

IF(HW'f .. GE. 30, • AND .. HOY ..LE • 304J 00 TO 400 
IF(HIIY .. G~. 40, • AN':> .. HWY .L.e. • .. 03 ) 00 TO 400 
IF(H"'Y .GE. 50' .ANO. HWY .LE. 503) .0 TO 400 

C 
,00 CONTINUE 

IMP(I,I) • 0 .. 00 1 
IMP(1.2) 0.000 
II4P(1 • .JJ • 0.000 
IMP( 1.4) = 0.000 
IMP( 1.5) = 0.000 
IMP(Z.lJ • 0.0"'0 
IMP(Z.2) • 0.038 
tll\~(213J 0.022 
JNP{2.4) • 0.015 
1I4P(2.S) • 0.022 
IMP(3.l) • 0.335 
'''IP(3.2J • 01 .. 139 
IMP(3.3) = 0.084 
''''PC'] •• ) • 0.056 
INP(3.5J = 0.084 
{NP(4.1J 0.05. 
Ifl4P(4.2J 0.023 
IMP(4.3) 0.014 
IMP(.,.' 0.009 
IMP('hS) 0.014 
I/IIP(S,l) 0.000 
IMP(S.2) 0.000 
IMP(S.3) = 0.000 
IMP(S •• ) = O.QOO 
IMP(5.SJ 0.000 
00 TO 1000 

200 CONTINUE 
IMPCI.I) • 0.010 
IMP(I .. ZJ • 0.00. 
IMP(l.3) • 0.003 
IMPel •• ' = 0.002 
IMPel.S) • 0.003 
IMP(Z . l) = 0.210 
INP(Z.2J • 0 .. 088 
IMP(2.3~ : 0.05.3 
IMP(2.4) : 0.035 
I/I1PIZ.S) 0.053 
I/I1PI3.1) 0.Z4.3 
I/I1P(3.,2) : 0.101 
U4P13.3J 0.061 
l/11PI3.4.) 0.04.0 
IJrIIIPI3.5~ • 0.000 
1/I4P (4.ll : 0.016 
I/I1P(4 .. 2) • 0.007 
I/I1P(4.3) : 0.00'" 
I/I4P( ..... , = 0.003 
IMP(4.!5) : 0.004 
IMP(S.l) : 0.000 
I"'PI5.2) : 0 .. 000 
IMP(5.3) 0.000 
IJIIIP(5.4J 0.000 
IMP{5.S) 0 .. 000 
.0 TO 1000 

300 CONTINUE 
IMP(I.I) • 0.016 
IMP(l.,2J 0 .. 007 
INPI1.3) • 0.00 ... 
I/I4Ptl •• ) : 0.003 
IMPll.5) : 0.004 
IMPI2.1J • 0 .. 271 
INP{Z.2) : 0.113 
IMP(2.3) = 0.068 
I""PI2.4) 0 .. 0"'5 
IMP(Z.51 = 0 .. 068 
IMPI3.1) 0.188 
IM~13.2J • 0.078 



C 
C 

c 
c 

400 

1000 

IMPC3 • .31 • 0.047 
li'1P(3. ·Id O.OJI 
IMPel.5) • 0.047 
'/IIPC .... I) 0.005 
IMP(Io.21 • 0.002 
1/111$0(4 • .31 0.1l01 
I/11P(4.4) • 0 .. 00 1 
'MP' .... 5) 0.001 
IMP{S.ll • 0.000 
1Io4P(S.2) O.OOQ 
Il\!P(S.3J • 0.000 
1114$0(5.4) • 0.000 
I/11P(5.5) • 0.000 
GU TO 1000 
CONTINUE 
1014$0(1.1) -0.006 
' .... P(I.21 • 0.002 
'IoIP(l.:U 0.001 
{/IIP(l .... ) • 0.001 
IMP(I.5I • 0.00, 
'MP(2.11 • 0.217 
INP(2.21 • 0.090 
'MP(2 • .3) • 0.054 
1/111$0(2.4) • 0.036 
I/IIP(2.5J • 0.035 
IMP(3. U • 0.249 
(M"'(3.21 0.104 
lMPC).3) • 0 .. ,,)6Z 
IMP(3.4) • 0.041 
IM~(3.51 0.062 
O.P(4.1 ) 0.009 
IMP{4.2) -0.004 
IMP(4.31 • 0.002 
IMP(4.4) • 0.001 
I"'P(4.5) 0.002 
IMP(S.lJ 0.000 
'MPC5.21 • 0.000 
I,..pCS.J) • 0.000 
1101$015.4) • 0.000 
IMP(5.5) 0.000 

CONTINUE 
RETURN 
ENO 

c ................................................................. . 
c • 

SUBROUTlNE PROB3 
c • 
c ................................................................. . 
c • 
C • SU8ROIJT INE CALCUU T!.S Pe;RSON"L. tN,JURY PRoeABL IT tES 
C • 
C ................................................................. . 
C .............. ~ •• * ............................................... . 
c 
c 
c 
c 

c 
c 

OI~NSIOH POO(6'. IAC(6'. ''''(6). YLAT(7) 

COMMON/OATA1/ 

• • • • • • • 
COMMON/O..,TA2./ 

• • 

111(6'.112(6'. H.3(6). H4(6'. HS(6). 116(6'. 1"17(6). 
H8(6'. H9(6', Hl0(0). Hll(6J. 1112(6). 1"11.3(61-
,",14(6'. Hl!l(6'. H16(6'. HI7(6', 1"118(6'. 1-119(6'. 
H20(6'. HZH6'. 1"122(6'. H2.3(6). H~0(6', H~l(6). 
~~(6). 113.3(6). H.34(6). H3!1(6'. ".36(6). 1137(6). 
1't.3':5(6). 1139(6). 1140(6). H41(6'. H42(6). 1"14.3(6). 
H44(6). H45(6'. 1146(6J. H47(6'. 1148(6). H49(6J. 
1150(6). 1151 (6) 

Cl(6.4J. C2(6.4J. C3(6.41. C4(6.4). C!S(6.4J. 
Cl1(6.4). C12(6.4). Cl.3(6.4J. C14(6.41. C15(6.4,. 
C16(6.4). ':)7(6.4). C1S(6.41. C19(6.4l. C2016.4J. 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 

c 
c 

c 

c 

• • • • • 

C.2:1 C6.4). C22t6.4', C23(6.41. 
C2616.41, C27(6.41. C28( 6 ,4) • 
C3.116,1O). C.J216 •• ' • 0316.4" 
C36(6,41, C.J710 .... I. 08(6.'>' • 
C41(6.4). <: 42.(6.4) • C.50(O.41. 

COMNON/OATA3/ G10. (012. C013. C014. (Ol .5 • G16. 

COMMON/ERROR/ ERRQA1IO.4) 

COMMON/HURT/ PitS,S', 5,(5,51. SI~'5.5) 

CQM.aN/LATOF/ OFSETC5J. OLAT. CLONG. OLAT1 

COMMOH/EHFRE/ENFR 

C24(6 •• , • C2S( 6 .4) • 
C2 9 16.41. C 301 6. 4'. 
04(6 •• ,_ '35(6.41, 
C3.;1(6.4). C40( 6 .4) • 
C51 t6.4J 

C017. G18. G19. 020 

COMMON/GASI/ 5151(3.5.51. 5152(3.5.51. 515313.S.51. SIEIU(3.5.5J. 
• SIE2U(.3.=hSJ. SIE3U(3.5.SJ. 51E10(3.5.51. 5IE20(3.5.5), 
• 51£30(3.5.5'. 511(3.5.5J. 512(3,5.51. 313(3.5. 5 ) 

COMMON/GRCST/ Gl. G2. G3. G9. G41W, G42., G41S. G42S. M81.M62. * M83. N89. M64W. MB.S. ~el.GRE2. GRE3. GRE4. GRES. 
• GETI. c.eT2. ,i48£Tl. MSET2 

CO~ON/COMP/ SIOElS.S). ENO(S.5 •• IHIT. XX 

COMMQN/MAINU 

• 
Hl~. HI. HIA(4). H11(6). HI2(6.4', c .... e. CM. 
CMl(61. CM2(6.41. ACS. AC. ACA(4). ACl(O). 
AC2(6.4). 1~ERO(4). THCHAZ.THCI~(4) • 

COMMON/tOENT/I • .J. lHAZ. IALT. tFLAG. NTtTLE. tOIR. 10. LL 

CO,i4MQN/NCONT/ NCOUNT.IPAGE. LINES. NOES(IOO). N5PO(lOO). 
• NAOTtlIJO). NHWY(lOOl 

COMNON/AUTI/ AUTO(31.lA. 1AUTO 

COMMQN/ENYR/ ENYIR(3'. INYIR 

COMMQN/TACI/ TAC(S.5) 

COMMQN/R£Sl..T/CE(41. 8C(4'. lCE(4). NOTCE(4). lCOST(4). lGR 

COMMON/IMPA08/ I .~{5.5) 

COMMON/CST4/ RC(5.5l.OL 

REAL M81. N82. 1483. 1489. M84W. 14845. MBET I . M8ET2 

REAL Ll,.E. INT • .JAUTO. IMP 
REAL. lAC 

INTEGER EMORt 

INTEGER HI. H2. H3. H4. H14. HI0. H17. H18. M19. H20. "21. 
• H30. 1'i42. 1'i43. H44. H4S. H46. H47. H48. H49. 1150. H5l 

INTEGER Cl. C2. C16. C17. C18. C19. C30. C31. C 32. C33. 04, 
• 05. 06. 09. C .. O. C41. C4.2. C50. C3. C4. C51 

00 100 K~1.5 
00 100 1.'""1.5 

IF(Sl(K.LJ.GE.2.5)GO TO 10 
IF(SI( K.L).LT.O.2'GO TO 12 
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1'[(1<.1..) "" Q •• O*S{(K.I..) 
C IFISIIK.L.) .L';:. 1.3) PIIK,.I..)-0.20*S'(K,I..) 
C IF(Sl(l(.l..l ,"uT. 1 .. 5) Pll" ..... )=O.30-+C'SI{K.I..I-l.5'.O.70) 

Goa TO 1.3 
C 

10 Pl(K.I..) . 1.00 
GU TO 13 

C ,. Pl (K.1..1 • 0.08 
13 CONT lNVE 

100 CONTINUE 
C 

c 
c 

RETURN 
ENO 

c ...................................................................... . 
c • 

SUBROuTINE COMPUT 
c • 
c ...................................................................... . 
c • 
C • SUBROUTINE CAJ..CULATES HAZARD INDEX. ACCIOENT COSTS. AND N..,lNTENENCE C 
C • 
C ..................................................................... __ 
c ...................................................................... . 
c 
c 
c 
c 
c 

c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 

c 

DIMf:NSION POO(6). lAC(6). FA'O). ¥LATen 

COMMON/OATA,/ Hl(6j, 112(61. HJC61. H4(61. ~(61. 116(61. 117(6). 
• 111H6'. l1!iH6'. HIO(6). H1.\16'. 1112/61.111.3(61. 
• 1114(61. HI5(6). 11161C11. HI7{ClJ. Hl&tal. 1119t61. 
• 1120(61. H21(61. H22(61. 112.3(61. H30(61 .... .11(61. 
• "32(61. H.].l(61. H.l4161. 1135(6). 1136(61. H37(6). 
• 113&(61.1139(61.1140(61. H41(61. 1"142161. 1143(6). 
• "4"(61.1145(61.1146161.1147(61.11403(61.1149(61. 
• 1150(61 I I1!H(6J 

CONMQN;'OATA2/ 
• 

CI(6.4). C2(6.4). C3(6.4). C4(6.4,. C5(6.41. 
Cl1(6.41. CI2(6.4). CI316.4). CI4(6.41. CI5(6.41. 
CI6(6.4). CI7(6.41. C,lal6.4). CI916.4). C2016.~I. 
C2116.41. C22(6.4). C23(6.41. C24(6.4). C25(6.41. 
C26(6.41. C27(6.41. 08(6.4). C29(6.4'. C30(6.4,. 
0116.41. C.:J~(6.4). 03(6.4'. 04(6.4'. C35(6.4,. 
C36(6.4). C37(6.41. 08(6.41. C3916.4). C40(6.4'. 
C41(6 •• I. C42(6.41. C50(6."~, C51(6.41 

• • • • • • 

CDNjlllQN/ERAOR.f ERRORll6.4' 

CONNON/HUAT/ Plt5.51. 51t5.5,. SISLIS.51 

CONliOIOH;'LATQF/ 0I"S£TI51. OLAT. OLONG. OLATI 

CD /liMO N;,eoN" RE.I ENF A 

COMNOH;'(OASI/ 515113.5.51. SI52(3.5.SI. 5153(3.5.51. 5IEIUI3.5.51. 
• SIE2U(3.5.5). $IE3UI.l.5.51. SlEtO(.l.5.51. 51E20(3.5.51. 
• SlE30('3.S.51. 5U(.J.5.51. 512(3.5.5). 513(3.5.51 

COMMON/(OAC5T;' ~l. CO2. G3. G9. G4tW. (042w. G.415. (0425. 10181.,,",62. 
• Me3. /1169. /IIB4W. /11845. ~AE1.GRE2. GRE3. GAE4. GRES. 
• GC.Tl. G,ET2. MseTI. /ll8ET2 

COJol"'ON;'CO,,",P/ 510EI5.51. ENOl 5.51. IHIT. XX 
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C 

C 
C 

C 

C 

C 

C 

C 

C 

C 

C 
C 

C 

c 
C 

C 

C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 

C 

C 

C 
C 

C 

10 

11 

I. 
13 

CO,.. .... ON./ ...... 'Ne/ 

• • 
1-I1B. HI. H1A(~.). 1111161.1"112(6 •• ). eMB. e/04, 'MAC.'. 
;:'/111(6), CM2(6.41. Aca •• C. "'CA(4). "'Cl(61. 
",C2(6.4). lz.e.RO(41. THCHAZ.THClIl4P>I.) 

CO .... MON/IOEHl/I • ..J. IHAZ. IALT. '''LA';;;. NTITLE. lOlA. 10. u.. 
COMMON/HeOHT.! NCQUNT.IPAGE. LINES. NO~S(100J. NSPOCIOD). * NAorll001. NHWT(lOO) 

COMMON/AUTI.! A\,ITO(31.1"', ' .... UTO 

COMMON.lENVA/ ENVIR(31. !NVIA 

COMMON/TACt.! lACIS.S) 

CQMMON/AESLT.lCE(4J. BCC.'. ICEe.,. Norce,.), leOST(.), IGA 

COMMQN/INPRQ8/ IMPI5.5J 

COMMON/CST4.! AC(5.5).O~ 

REAL .0181. M82. /1183. M89. MS4W. MS.S. M8ETl. MBETz 

ReAL LIFE. INT, ..JAuTO. IMP 
REAL lAC 

lNTEG£R ERAORt 

INTEGER HI. H2. K3. H4. H14, 1116. 1"117. Hla. M19. H20. 1"121. 
• l'i30. H42. H43. 1144. 1145. 1146. 1147. "'48 .... 49. 1150. 1'151 

INTEGER Ct. C2. C16. C17. C18. C19. C30. C31. C32. C33. C3_. 
• C.J5. C36. C39. C40. C"'l. c...a. C.50. C3. C .... CSI 

CONST ANTS 

CC1~3.1416/180.0 
CC2_ EN'R/5280.0 
WAUTO_ 6.0 
WBAR 21.0 

OUTEK CONTROL LOOP 

IHIT~1 
1t1IT_Z 
IHIT-3 

SIDE TYPE ~EH[CL~ IMPACTS 
CORNER TYPE vEHICLe: IMP"'CTS 
END TYPE \lHI~~ l~PACTS 

JNITIAL~ZE VARlABLES 

SU/llI-0 .. 0 
SU,IIIIZ ... O.O 
SUM3-0 .. 0 

00 003 L_l.II1IT 
00 TO(10.11.12l.!., 

OLAT_OLATt 
00 TO 13 

OLAT_OLAT1+WAUTO/2.0 
00 TO 13 

OLAT-OLAT1+.AUTO+.SAR/2.0 
CONTI NU!. 

CAU. PROSI 
C .... L PR082 

00 0 0 . 1(-1.5 
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GO TO(1 •• 15.16.17.18J.K 
C 

14 ANG=5.0*CCl 
OFFSET=l.OO*OFSET(l) 
GO TO I. 

IS "'N(O.:10.0*'C1 
QF~SET~I.OO.OFSET'2J 
GO TU I. 

16 ANG.>o 1!5. o*eel 
OFFSET~1.OO.OFSET(3) 
GO TO I • 

17 .t.NG"'"20.0*CCl 
OFFSETsl.OO_OFSET,.) 
GU TO ,. ,. ANGa25.0*CCl 
OFFScT~1.00.0FSET(!5) 

I. CONTINue 
c 

SUM • 0.0 
00 '01 K"""1.5 
GO TO(20.21.21J.L. 

C 
'0 SUMzSUN+IMP(KK.K)*SIOe(KK.KJ 

GO TO ZZ 
Zl SUM-SUN+1MP(KK.KJ*END(KK.KJ 
ZZ CONTINUE 

501 CONTINUE 
GO 10(23.24.25>.1.. 

C 
Z3 SUNl-SUM1+OFFSET*SUM 

GO TO .6 
'4 SUM2~SUM2+(1.O/SIN'ANG».OFFSET.SUM 

GO TO .6 .. SUM3-SUM3+(1.O/TAN(ANG1)*QFFSET*SUM 
.6 CONTINUE 

50. CONTINUE 
503 CaNT INVE 

c 

C 

c 
c 

SUMI-SUM1$OLONG 
$UM,z::o.SUM2 •• "uTo 
SUM3&SU14.3*WBAj:;! 
XX~CC2.(S~1+SUM2+SUM3) 

RETURN 
lEND 

c ................................................................... . 
c • 

SUBROUTINE C05T3 
c • 
c ................................................................... . 
c • 
C. SUBROUTINE COMPuTES POCo IN~UAY. ANO FATA~ ACCIDENT COSTS FOR A 
C. SPECIFIEO SEVERITY-INDEX 
C • 
C ................................................................... . 
c 
c 
c 
c 
c 

c 
c 

O{JI4ENSION POO(6J. lAC(6). FA(6J. Yl.AT(7) 

COMMCN/OATA1/ 111(6'.112(6). H3C6J. 114(6 •• I1S(6). 116(6'. 117(6). 
• 118(6).119(6'.1110(6'.1111(6'.1112(6).111.3(6'. 
• 1114(6 •• 1115(6'.1"116(6'.1117(6'.1118(6) . HI9(6). 
• 1"120(6).1121'6'. H2216). H23(6,. 1130(6). 11,31(6'. 
• H32(6J. 1-/.33(6" 11.34(6). 11.35(6'. H.36(61 . )1.37(6 ,. 
• H.38(6J. H.39(6'. 1140(6). H41(61. H42(61. 1"14.3( 6 '. 
• "'44(6'. 1-;45(6). 1"146(61. 1"147(61. 11 ... .a(6). 1"149(61. 
• 1150(6). H51l61 

C0Jl4MCN/OATA2/ C1(6.4'. C2( 6 .4). C.3(6.4,. C 4(6.4). C5(6.4'. 
• Cl116.4'. C12(6.4). Cl.3(6.4). C14(6.41. CI5(6.4). 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

c 

c 
c 
c 
C 

• • • • • • 

C16(6 •• ,. C1716.~', CI8(6.41. 
C2.1(6.4'. C2216,4). 03(6,4) • 
(,2t>(6.4) • C27(6.4) • C2alb .. 41. 
C.31(6.4J. C32(6,41, 0316.41, 
C.3616,4). C.37(6.41. 08(0.4,1 • 
(;41(6,4) • C42(6.4), <:50(0.4) • 

CONM(JN.lOATA,;v G10. G12. <013. G14, G15. <016. 

CONfiCJN/EAAOIU ~RORI (6,4) 

COMMON/MURT ... PIC5.,'. 51(5.51. SISL(5.5) 

COMMON/LATOF/ OFSET(Sl. OLAT. O~ONG. OLATl 

COMMON/~NFR~/ENFR 

CI9(6.4), C2016.4). 
C24(6.41. C2.~H6.4) • 
C2'OlIO.4'. C3016,4). 
(;34(6.41. C.J5(Ch41. 
C.J'i(b.4'. C40lb •• " 
C51(6,4) 

G17. GIS. G I 9. 02. 

CONNON/GRSI ... 5151(3.5.5). 5152(.3.5.51. SIS3(3.5.5J. 51£IU(3.5.5). 
• 51E2UI3.5.5). 51£3U(3.5.51. SlE10(3.5.51. 51E2013.5.5). 
• 51E30(3.5.51. 511(3.5.5). Si2(3.5.51. 51313.5.5) 

C:OMMON/GRCST/ 
• • 

COMNON/COMP/ S10~(5.5J. ~NO{S.~). IHIT. xx 
COMMON/MAINC/ H18. HI. HIA~4). Hll{6J. 111216.4,. CMS. CM. CMAI4,. 

• 0.111(6).04216.4). ACS. AC. ACAI.J. AC1(6J. 
• AC2(6.4). IZERO(4', DiCHAZ.THc;IIo4P(4j 

COMMCN/IO~T/I. ~. IHAZ. IALT. I~LAG. NTITLZ. lOlA. ID. ~ 

COMMQN/NCONT/ NCOUNT.IP.GE. LIN~S. ND~S(lOO). NSPO(100). 
• NADTI 1 00). NHWVII 00) 

COMMON/A UTI/ AUTO(~).IA. IAUTO 

COMMON/EN~A/ ENVIA(~J. IN~lA 

COMMON~TACI/ TACIS.SJ 

COMMON~RESLT/CE(4J. 8CI.). 1C!;{41. NOTCE!4', ICOST(4). IGR 

COMMON~IMPA08~ IMPI5.5) 

COMMCN~C5T4~ RC(5.5).Ot.. 

REAL 1481. Ma2. M83. M89. M84W. MB4S. MBETl. MBET2 

REAL LJ~I!. INT. ~AuTO. INP 
REAl. lAC 

INTI!GER I!RRORI 

INTEGeR HI. HZ. H3. H4. H14. H16. 1117. H1S. 1"119. H20. H21. 
• 1130. ,....2. H43. H44. Ho45. H46. H47. 1148. H49. 1"150. 1"151 

GO TO (1.2). IFLAG 

1 CONT I NUl! 
11130 • H30C I J 

266 



267 

GO TO (.0.4.42), IHJO 
• CONTINUE 

ER;;;'OH: 1 t I •• ,1} . 30 
GO TO .0 

2 CONT1Nl,iE 
IC16 a C16CI • .J, 
GO TO (6.7.8J. IC16 

• CONTINUE 
e:~RaRl (1 • .1) . 31 
GO TO 50 

7 CDNTINlJE 
1F(C17(I.J) .EO. l) GO TO 42 
IFtC17(J • .JJ • Ew. 2 . "" . C17(I.JJ .EO. 3) GO TO ., 

0 CONT (NUE 
IFtC17(I.J) .EO, l) GO TO 41 
IFCC17(I,.JJ .EO. 21 COO TO .2 

.0 CONTINUE 
e 
e POINT "AZNCa ACCIOENT CLASSIFICATION 
e 

PDQ ( 1 ) • 90.0 
POO(2) 70.0 
POQ(3) • 50.0 
POO(4) · 30.0 
POCtS) • 20.0 
POO(6J • 0.0 
lACtl) • 10.0 
lAC{2, • 3Q.0 
lAC,.) 50.0 
lAC,.) • 66.0 
lAC(!H • 72.0 
lAC(6J • 90.0 
FAt!) • 0.0 
FAtZ) · 0.0 
FA(3) 0.0 
FAt .) • •• 0 
FAtS) • 0.0 
FAt 6) • 10.0 

GO TO 10 
e 
e 
e 
e 
e LONGITUDINAL HAZARD ACe) DENT Cl..ASSIF I CA TIOH 
e ., CONTINUI! 

PODe 1) · 90.0 
POO(Z) • 70.0 
POO(3) 50.0 
POO(4) • 30.0 
POO(5) • 20.0 
POQ(6, • 0.0 
lAce 1 J • 10.0' 
'AC(2) • 30.0 
UC (.3 J • 50.0 
lAC(4) • 70.0 
JACU5J • 78.0 
lAC(6) • 96.0 

FAt I J • 0.0 
FA(2) • 0.0 
FA(3) • 0.0 
FA'.) • 0.0 
,-A(S) • 2.0 
Fo4(6) • •• 0 

GO TO 10 
e 
e 
e 
e SLOPE HAZARD ACCIOENT CLASSIFICATION 
e 
'2 CONTINue; 

POO(l} ~o.o 
PODt2} 70.0 
POD(:JJ • 50.0 
POD''') • 30.0 



C 
C 

C 
C 

c 
C 

C 

POOtS) • 20 .. 0 
PDO(61 & 0.0 
1 AC ( 1 ) • 10 .. 0 
lAe(2) • 30.0 
(AC(3' • 48.0 
lAC'.) • 66.0 
lAC (5) 74.0 
I"C(61 • 92. .. 0 
FAt 1 ) • 0.0 
FA(2) 0.0 
FAt 3) • 2.0 
FAU.) • '.0 
FA(5) • 0.0 
1"''''6' • 0.0 

10 CONTINUE 

00 12 L:.l.6 
POOIL) • POOU_J.O.Ol 
,"elL) · IAC(L.)*O.Ol 
FA(L) • "'ACL).O.Ol 

12 CONTINUE 

00 20 L&I.5 
DO 20 Kat.5 
S • PI(L.K) 
IF(S .. GE. 0.00 .AND. S .L. T .. 0.10) GO TO 
IF(S .CO£. 0.10 .AND. S .LT. 0.30) GO TO 
IF(S .GE. 0 • .30 .AND. S .L..T. 0.50) GO TO 
IF (5 .GE. 0.50 .AND. S .LT .. O.70) GO TO 
IF(S .GE. 0.70 .AND. S .LT .. O.SO) GO TO 
IF(S .GE. O.eD • ANO. 5 .LT • 1.00 J GO '" IF(S .GE. 1.00 J "" TO 27 

21 CONTINUE 
Al • 0.0 
,t,2 _ POO(1).G20 • 14C(I)*GI9 + FA(I)*G18 
51 ,. 0.00 
S2. 0.10 
IiO TO 30 

21 
22 
23 
2. .. 
2. 

22 CONTI HUE 

C 

C 

C 

Al • POQell_G20 + IAC(1).G19 .. FA(I).G18 
"2 • POO(2J.G20 .. IAC(2).GI9 .. FA(2,.G18 
SI ,. 0.10 
S2 ,. 0.30 

GO TO 30 

23 CONTINUE 
Al • POO(Z,.G,20 + IA'(2).GI9 .. FA(2)*G16 
"2 ,. POO(3J.G20 + IAC(3J.G19 + FA(3J*G18 
51 • 0.30 
52 .. 0.50 

GO TO 30 

2" CONTINUE 
Ai .. POO(3)*G20 + IAC(3).G19 + FA(3).G18 
A2 • POO(4).G20 + IAC(4J.G19 + FA(4).GI8 
51 • 0.50 
52 .. 0.70 

GO TO 30 

2.5 CONTINUE 
Al • POO(4)*G20 ~ IACt"'.GI9 ~ FA(,,)*G18 
A2 .. POO(5)*G20 ~ JACC5J*GI9 + FA(SJ*GI8 
51 ,. 0.70 
S2 ,. 0.90 

GO TO 30 
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C 

52 • 1 .. 00 
GO TO 30 

27 CONTINUe: 

C 

TAC(L.41 _ PDO(6).~20 • l .. ,,6'_GI9 + FA(6J*G18 
GO TO 29 

30 CONTINUE 

c 
c 
c 
c 

81 '" 42 - 41 
82 • S2 - 51 a _ Bl/!!I2 

T"'CCL.K) ~ 42 - (8.'52 - $)) 
29 CONTINue 
20 CONTINue 
50 CO NT 1/'tV! 

c 
c 

RETUHN 
<NO 

c ...................................................................... . 
C • 

SUBROUTINE COST4 
c • 
C ...................................................................... . 
C • 
C • THIS SUBROUTINE COfllPUTI!.S GUARDRAIL caU-ISlON ,.. ... lHTENANCE COSTS (RCe" 
c • 
c ...................................................................... . 
c ............ -.. •••••••• _ ••••••••••• _ •••••• _ ......................... . 
c 
c 
c 
c 
c 

c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

O(MC!NSJON POQ(6). %"C(6). "'''(61. YUT(7) 

COMMON/OATAI/ H1161. H2(61. 1-0(61. ,.._'61. H5(6J. M6(61. H7(6). 
• H6(61. H9(6). Hl0(6'. Hl1(6" HI2(6,. 1113(6'. 
• 1114(6', 1115(0). 1116(0). 1117(0). 111&(01. 1119(61. 
• H20(6). H21(6J. 1"122(6', H2316J. 1130(6), ... 3116J. 
• H32(6'. Ml316'. 1134(6'. H.3S(O). 1136(6,. "'37(61. * "'38(6).1'0916'). 1"14Q(61. 1"141(61. 1142161, 1143(6). 
• 1'144(6' ...... 5161. 1'14616'. 114716'.1148(6).1'14916). * I1S0(6). 1't!5l(6) 

COMMON/DATUI' Cl(6.41. C216,41. C3(6.4), C4,6.41, CS(6.41. 
• Cl1(6 •• ,. CI216.4). Cll(6.4'. CI4(6.4). ClS'6.4). 
• CI6(6.4'. CI716.4', C18(6 •• '. CI9(6.4). C20(6.4'. 
• C21(6.4', CU(6,4', C2.J(6.4'. 04(6.4). C2S16.4', 
• C2616 •• ). C27(6 •• ). C2S(6.41. C29(6 •• J. C.J0(6.41. 
• C3116.4), C32(6 •• ). U3(6.4'. 04(6.41. C3S16.4'. 
• C36(6,.I. C37(6,41. 06(6 •• ). C39(6.4'. C40(6.41. 
• C41(6.41. C4216.41. CSO(6.4', CSt(6.4) 

COMMON/HURT/ PI(S.S), 5,,5.51. SISLlS.S) 

COMMON/L.A-TOF/ ClFSET(S). OUT. OLONG. OLATI 

CONMON/~NFAe/ENFA 

CONjIION/GASI./ SISI13.S.'s). 51$2(3.5.51. 5153(3.5.51, 5IE1UI3.S.SI. 
• 51f:2UI3.5.SI. 5IE3UI.J.S.SJ. 51£10(3.'s.SI. 51E20IJ • .5.SI. 
• 5JE.1013.S.SJ. 511(3 • .5.SJ. S12(;h,S.,SI. 513(3.$.'s1 
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c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

c 
c 
c 

COMMON/GRCST/ 

• • 
(iI, G2. G.3. (09. (i41*. (042 ... G41~. r:;4~~, "'!'!!.I"IS'::'. 
MB3, ~a9. Me~ •• MB~S. GR~1.GRE2. GR~J. GR~4. G~E5. 
(OETlo GoETZ. MeET1, MBETZ 

COMMON/COMP.! SlOEtS.S). EMOCS.5). IHIT. XX 

COMMON/MAtNe.! HIS. HI. H1A(4), 1"111(6). HI2(6.41. eM8. eM. CI,U.(41. * C/lll(6). 042(0.4), Ace ..... c. "'C.4(41. ""Cl(61. 
• "C2(6.41. lZEHCH4). THCHAZ.THCIMP(4} 

C0"4MON/10ENT.ll • .1, IHAZ. IALT, IFLAG, NTITL£. IOIR. 10. LL 

COMMON/HeCNT" NCCUNT.IPAGE. LINES. NOE$(100). NSPO(lOO). 
• NAOT(lOOJ. NHWY(IOO) 

COMMON/AUTl/ AUTO(JJ .IA. l.AuTO 

COM~N/ENVR/ ENVIR(JI. (NVIR 

COMMON/TACI/ TAC(S.S) 

CO,",MON/ReSLT.lc.E,.,. Be'.', ICEC.). NOTCE'.). leOST(4', lGA 

CONMON.lIMPR08/ IMP(S.51 

COMMON/CST • .! AC(S.S'.OL 

ReAL 10481. M82. MB3, ~9. /116.W, MB.S. MeETl, MaETZ 

REAL Ll~E. INT. 4AUTO. I~P 
REAL. 'AC 

INTEGER EAAQRl 

INTEGER 111. 112. I1~. ~. 1114. 1116. Hl1. 1118. 1119. H20. 1121. 
• /1.30. H42. H4.3. H44. 114S. H46. 1147. H4d. 1149. HSO. "'51 

GO TO (1.2J. IFLAG 
1 CONTINUE 

ICOOE .. HI9(1) 
POSTS .. H41 ( I) 
IS10E .. H20( I J 
''''10 .Ea. 1) lEND" H46(IJ 
I~(IO .Ea. 2) lEND .. H47(IJ 
GO TO 3 

2 CONTINUE 

c 
c 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 

lCOOE • C19(1.4J 
POSTS .. C29(1.~J 
ISIOE .. H20(1' 
IF(IO .Ea. 1) lEND .. C34(1.4) 
IP (10 .EO. 2) IENO .. 05 (1. ,,I) 

ICDDe 
POSTS 
ISIOE -ISIOE 
lAuTa • 
IHI T -IHIT • 

10 • 
10 

.......... ........... 
1 ...... 
2 ...... 
1.2.~ .. 
1 ...... 
3 ...... 
1 ...... 
2 ....... 

GlJARORA IL OESCR I PTOR CODE 
POST SPAClNG (FT) 
ROADSIDE GUARDRAIL 
~EOIAN GUARDRAIL 
4450. 2250. 1700 LB. AUTOM081LE ~ESPECTlVELY 
SIDE TYPE IMPACT 
END TYPE I/IIPACT 
NEAR 51 DE TRAFF Ie 
PAR SIDE TRAFPIC 
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3 CONTINUE 
GU TU (50.11.50.50.14.14.14.50.50.50), lCOOE 

11 c:O .... T1NUE 
C 
C CABLE GUARDRAIL (3 STRANDS ON ONE SIDE OF POST} 
C 

DO 2. L 0 1.' 
DO 2. K 0 1.S 
S 0 51 (L..le;) 
GO TO (20.26.26). 'HIT 

20 CONTINUE 
GO TO 121.22 .23J. ''''UTO 

21 CONTINUE 
DP • 11 .. 62*5 
GO TO 24 

22 CONTINUE 
IF (5 .LE. 0.94) DP 0 2.60. S 
11' (S .GT. 0.94) DP -4 .. 42 • (7.31*5) 
GO TO .. ., CONTINUE 
11'(5 .LE. 0.94) OP 0 2.60*5 
IF(S .. GT. 0.94) DP • -4.46 • (1.30*5) 

24 CONTI NuE 
DC 0 16.0 • DP 
IF (OL .GT. CLONG) DC • CLONG 
RCtL..K) • G1 • DL 
GO TO 27 

2. CONTINUE 
IF (S .COE. 0.0 .... NO. S .L T. 0.5) ....:0.50 
IF (5 .GE. O •• • ... NO. S .L T. 1 .. 0) "",,0.60 
1Ft 5 .GE. 1.0 .... ND. S .L T .. 1.5) "=0.70 
IF(S .(if:. 1.S • ... NO. S .L T. 2.0) A=0.80 
IFes .COf:. 2 •• .... ....0. S .L. T .. 2.5) "'~O.90 
111"'5 .GE. 2.5) """1.00 
IF( lAUTO .. £(.1 .. 21 ..... e 2250 .. 0.14500 .. 0 I .... 
IF( lAUTO .. EO. 31 ... ""( 1700 .. 0.14500.0) .... 
RC(L,j() • ""E3 • • 27 CONTINue 

2. CONTINUE 
GO TO .2 

" CONTINue 
c 
c 
c 
c 
c w-eEAM GUARDRAIL. 
C 

DO '0 L""I.S 
DO •• K_I.S 
S • 51 (L.K) 
GO TO (30.31.31) • IMIT 

3. CONTINUE 
GO TO (33.34.35) • IAUTO 

33 CONTINUE 
I'(ICOOE • EO. • .ANO • POSTS .EO. 6.0 ) OL'""73.0*S 
IF( (CGOE • £0. • .ANO. POSTS .EO .. 12.0) OL_91.0_5 
IF( ICOOE .Ea. • .AND. ~OSTS .Ea. 6.01 0'-239 .. 0*5 
IF( lCOOE .Ea. • .ANO. POSTS .Ea. 12..0) 0'-249.0'* 5 
IF( lCOOE .EO. 7 .ANO. ~OSTS .EO. 6.0) OL242.0*S 
1Ft ICOOE • E<.I. 7 .AND. POSTS .£0 • 12.0) OL_53 . 0 . 5 
GO TO 3. ,. CONTINUE 
1Ft (CODE • EO. • .. ANO • ~OSTS .£0. 6.0) OL_36 .0*5 
1F( ICOOE .Ea. 5 .AND. POSTS .<s:a. )2.0) OL,.45 .. 0*S 
IF( (CODE • EO. • .ANO • POSTS .EO. 6.0 ) OL_22 .0*5 
1F( ICOOE • EO. • .ANO • POSTS .EO ... )2.0) OL228.0*5 
IF( ICOOE .EO. 7 • AND. POSTS .EO • 6.0 ) OL_ 2".0*S 
IF( ICOOE .EO. 7 .AHD. POSTS .EO. 12.0) OL-30. a- 5 
00 TO 3. 

35 CONTINUE 
1f"(ICDOE • ea. S .ANO. POSTS • EO • 6.0 • OL- 27.0*S 
IF( ICDOE .£Q. 5 • ANO. POSTS .c:o • 12.0) OL234.0*S 
IF(ICOOE .EO ... • .ANO. POSTS .EO. 6.0) OL""17.0*S 
1Ft lCOOE • EO. • .ANO. POSTS .EO .. 12.0) OL-21.0'-S 
IF( lCOOE .EO .. 7 • ANol. POSTS .EO • 6.0) OL"18.0*S 



36 

c 
c 
c 
c 
C 

31 

37 4. 

[F(lCODE .ea. 7 .ANO. POSTS 
CONTINue 

.EO. 12.0) 0,-=23.0.5 

IF(OL .GT. OLONG) OL~OLONG 
IFI '':00'; .oeD. 5 .ANo.:>. POSTS 
1Ft ICOOE .EO .. 5 .... NO. POSTS 
IFI(COOE .EO. 6 .ANO. POSTS 
IF( ICCOE .EO. 6 .ANO. POSTS 
IF{ lcoue .EO. 7 .ANO. POSTS 
IF( ICOOE .EO .. 7 .4/'00. PCoSTS 
RCIL.K) ~ CPLF.OL 
GO TO 37 

CONTINue 

.EO. 

.E~. 

.eo .. 

.eo .. 

.e.:l. 

.ea. 

6.0 J 
12 .. 0) 
6.0 ) 
12.0) 
6.0 ) 
12.01 

JFIS oCOE. 0.0 .ANO. S .. LT. o.s) ,,:110.50 
IFIS .GE. 045 .ANO. S .LT. I.Ol "':::0.60 
IF'S .GE. 1.0 .ANO. S.LT. 1.5) ",,"o.70 
IFIS .. coe. 1.5 .ANO.o S .LT. 2.0} ... --o.ItO 
IF(S .GE. 2.0 .ANO. S .LT. 2.5) A:IIO .. 90 
IF(S .GE. 2.51 .4.=1.00 
IF(IAUTO .EO. 2) """'I2250.0/4450.0}.'" 
IF'IAUTO .Ea. ~J "'_11700.0/44$0.0).'" 
1"',IEIIIO .Eo. I) CR ~ ~Z 
IF( IENO .Ea. ZI CR eiRE I 
IFCIEND .Ea. 3) CR ~ GRE5 
IF( If:NO .Ea .. 4) C~ :z GRE4 
I"-'IEND .Ea. 51 CR'" CiETI 
IF(IEND .Ea. 6) CR_CiET2 
IFCIENO .f:Q. 7) CRzM6ETI 
IF(lENO .Ea. 8) CA_MaETZ 
RCU .... K) CA_. 
CONTINUE 
CONTINUE 
GO TO 52 

CPLF-GZ*'Z.OO) 
CPLF"'G2 
CPLF=G41W 
CPLF=G41w.'Q.40) 
CPLF'"'G41 S 
CPLF-G41S_'O.40J 

c50 CONTIN::U£=-________ _ 

~ ::_....:F~U:::..:T~U:.~E:..:""=P:::.:N~S~'~U~N::_~OF:....:SU~ .. :::.O~U~T..:'~"":=.. .. _____ _ 
.2 CONTINue 

RETURN ENO 
C .................................................................. .. 
C • 

SUBROUTINE CRF 
c • 
C ................................................................... . 
c • 
C. THIS SUBROUTINE CALCULATES THe ECONOMIC CAPITAL RECOVERY FACTOR 
C • 
C ................................................................... . 
c 
c 
c 
c 
c 

c 
c 

OIMENSION POO(61. IAC(O). FA(6). YLAT(7) 

COMMON/DATAl/ 
• • • • • • • 

Hl(6). H2(6). H3(6J. "'4(6). H!!5(6'. 116(6).117(5). 
HI1(6). 1"19(6'. 1"110(6)0 1"I1H6). 111Z(6). 1"113(6). 
1114(61.1"115(6).1116(6,.1"117(6). HI8(6'. 1119(6), 
HZO( 6). HZI (6). I1Z2(6). 1123(6). 1130e 6). W311 6) • 
1132(61. H33(6'. H34(6'. 1"135(6', 1136(6'. H37(61. 
1"L38(6). H39(61. 1'140(61. H41(61. H42(6'. 114,J(61. 
H •• (6). 1145(6). H46(6). 1147(6). 114a(61. H49(61. 
1150(6). H!!il(6) 

COMMDN/OATA2/ C1(6.4). C2(6 •• ). C3(6.4'. C4'6.4'. C5(6.4'. 
.. Cll(6.4). CI2t6.4). CI3(6.4). CI4(6.4). CIS(6.4'. 
• CI6(6.4). CI7(6.4). ClS(6.4). CI9(6.41. C20(6.4). 
• C2ltO .. 4,. C22(6.4,. C23(6.4). CZ4(0.41. C2S(6.41. 
• C26(6 •• I. C27(6 •• ). C2S(6.41. C.29(6.41. C30(6.4). 
• C31(6.41. C32t6.4J. C3.l(6.4~. 04(6.41. C35(6.41. 
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c 
c 

c 
c 
c 
c 
c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

c 
c 

• • 
'3616 •• ). C.J7(6.'Q. C.3816.4), C39(6.4). C40(6 •• ). 
'41UiI •• ). '4Z16.4,. CSOlb ... ,. C$110.4) 

CO~MON/OATA.J/ G10. <012. GJ3. <01 •• GIS. G16. G17. GIS. G19. G20 
COMMON/CAF1.l CA 

CONM(JN/ERAOA/ Ef;:RORl (6 •• ) 

CONMON/HURT.! PI(S.!1. 51(5.5), SISLIS.51 

COMMQN/LATOF/ 0"'$£T(51. OLAT. CLONG, OLAil 

COJllMOH/E"""Ae/ENF A 

CONMON/SLI/ SLAOJ1(S.S) 
COMMON/GRSI.! 515113.5.$,. $152(3.5.5). 5153(3.S.51. SIEIU(J.5.51. 

• 51c2U(3.5.5J. 51E.JU(J.S.Sl. SIEI0(3.5.51. 5IE20(3.5.5). 
• 51E30(3.5.51. 5U(3.5.5). 512(3.5.51.513(3.5.5) 

CO/lilMON.lGRCST/ __ I. G2. caJ. G9. "4'., <042w. <*415. G.4.2S. /11161.10182. 
• Me3 .... 69. Me4W. M8.S. G"El.GREZ. GAEl. GAE •• <OAES. 
• GeTI. GoET2. MeET!. Naerz 

CO ...... ON/COMP/ 510et5.5'. ~NO'S.5J. IHIT, xx 

CO ... MON' ...... tNC/ HIB. HI. HIA(.). Hll(6). H12(6 •• '. CHS. CN. CNA(.'. 
• CNI(6'. CJ42(6 •• ). ACS. AC. ACAC ... ,. ACI(6J. 
• AC2C6 •• ). ILERO'.). THCHAZ.THCIMPC., 

CONMON/tcENT .... I • .J. IHAZ. IALT. '''UG. NTITLE. IOU •• 10. u.. 
CONMON .... NCaNT .... ~OUNT.IPAGE. LINES. NOESC100" NSPOC1001. 

• NAOT(lOO). NHIIYIlOO' 

COMMON .... AUTl .... AUTO(~).IA. !AUTO 

CO.MCH .... ENVR/ £NV!R(3J. !NVIR 

CCMMON/TACI .... TACC~.S' 

CONMQN .... RI!Sl..T .... CEC.). acc.). ICEt.). NOTCEC.). ICOST'.). I~ 

COMMON .... 'MPAOS .... 'NPes.S) 

CONMON .... CST ..... RCCS.S).OL 

R£~ LIFE. INT • .JAUTO. IMP 
REAl... lAC 

INTEGER HI. H2. "3. H4. HI •• H16. H17. HIS. H19. H20. H21. 
• H30 ..... 2. M.a. H4 ...... 5. H46. H47. H48. H49. 1150. 1151 

INTEGeR CI. C2. C16. C17. C18. C19. CJO. C~l. C32. C33. CJ •• 
• CJS. CJ6. 09. C.O. C4l. C4.2.. C~O. C3. c •• C31 

C INT INTEREST RAT!! 
C LIFE 2 LIFE OF PRO.JECT (yeARS) 
c 

tNT" G17 .... tOO.O 
LIFE" G16 
A 2 11.0 .. INT1 ..... JI"e 
CR .. CINT.A) .... (A-1J 
RETURN 
END 
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c c .................................................................. . 
c • 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 

SUeRQuTINE SLOP~l 
• •.•....••••..•.•.•.•.•..••.......• ~ ...•..•.•.••..•................. 
• 
• SLOP~ HAZ~ SUSROUTIN~ 

• ............................................................. ~ ..... . •••• * •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

OJNENSION poceo,. lACtO). ~A{6J. YLAT(7) 

COMMON/OATAI/ 

• 
Hl(61. H2(6). H3(O,. 1-1 ... ,61. tiSeol. 116(61. H7(6). 
H8(6). 119(6'. HIOCO). 1111(61. 1112(61. 1113(61. 
H1416J. HIS(ol. 1"116(0).1117(01.1118(6).1-119(61. 
HZO(61. H2U61. 1122(61. 1123(6). ".l0(6). H3l(OJ. 
H32(61. 1133(61. H34(6). 11.J!5(td. 1136(61. 1"137(61. 
H3~H61. H39(61. ""40(61. 1141(61. 1"142(61. H43(61. 
H""U61. H4SC61. "'.6(6) ..... 1C61 ..... a(61. "'49(6). 
1-150(6). 1151 (61 

• • • • • • 
COMMON/OATo42/ elC6 •• '. C2(6 •• '. e~(6 •• '. C4C6.4). C5(6.41. 

• Cll(6 •• ). C12(6 •• I. eI3(6.41. Cl,.c6 •• I. CI5(6 •• I. 
• e16(6 •• I. CI7(6.4). Cla(6 •• I. CI9(6.41. C20(6 •• I. 
• C21(6.41. C22(6 •• '. C2~(6 •• '. 04(6.4'. C25(6 •• I. 
• C26(6 •• '. C2.7(6 •• 1. CZS(6.4', C2"(6.4'. C30(6.4', 
• 01(6 •• ,. C32(6.4}. 03(6.4'. 04'6.4). C35(6 •• ', 
• C36(6 •• ,. C37(6 •• I. Oa(6 •• ,. C39(6.4,. C40(6 •• '. 
.. C.l(6 •• I. C.2(6.4). CSOt6.41. C51t6 •• ' 

CO/lilfiClN/EAROA/ ERRORl (6 •• ) 

CO/lll/lllON/HUAT/ PIC5.5). 51(5.5). 51SLeS.51 

CO/lilNON/LATOI"/ OI"SET( 51. OLAT. OLOhG. OLATI 

CO/lll/lllON/EN'RE/E~R 

CQ/III/lllQN/5Ll/ SLAO~1(5.5J 
CO_/lllGN/~5'/ SI51(3.5.5). 5152(3.5.5). 5153(3.5.5). SIE1U(3.S.51. 

• SIE2U(3.5.5J. SI£JU(3.5.5J. SIE10(3.5.5). 51E20(3.5.51. 
• 51E30(3.5.51. SI1(3.5.5). SI2(.3.5.5). 513(3.5. !!d 

CO/lilNON/GACST/ Gl. GZ. Ga. G9. G.I_. G42W. G.15. G.25. Mel.Me2. 
.. M8.J. Mati. MS4W. "'845. GAE1.GH£2. GAE3. GAE .... G"!!!5. 
• ~Tl. GET2. M8ETI. MHET2 

COMMQN/caMP/ 510£C5.51. ZNO(5.51. I ... IT. XX 

COMMON/MAINC/ H1B. HI. H'A'.'. H'IC61. HI2(6 •• ,. CMB. CM. CMA'.', 
• CM1(61. 0.2(6.4'. ACS. AC. AC.AC.,. o4Cl(61, 
• AC2(6 •• I. lZERO'4'. THC"'AZ.THCU4PC.I 

COMMON/IOENT/I, ~. IH.AZ. IAL.T. ,PUG. HTITLZ. lOlA. 10. u.. 
COMMON/NCONT/ NCOUNT.IPAGE. LIN!!!S. NOESilOOI. NSPO(IOOJ. 

• NAOT(1001. NHIIIYCIOQ) 

COM~N/AUTI/ AuTO(~).IA. IAUTO 

COMMON/f!N\lR./ EN\llA('"JJ. {N\lLA 

COMMON/TACI/ TAC(S.5) 
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c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

c 
c 
c 

c 
c 
c 
c 
c 
c 

COMI"ON I' RESLT/u;I.). eC(4). ICEI41. NOTeE'.). ICOST(41. I<OR 

CO ...... ON/I~P~6/ 'MPI,." 

COMMON/CST"'" RCIS.5).OL 

REAL 10181. M82. 10163. Mag. MS4_. Me4S. MBETI. M8~TZ 

ReAL L.IFI!O. INT . ,JAUTO. IMP 
REA£,. .AC. 

INTEGER ERRORl 

INTEGER HI. HZ. M3. H4. H14. H16. H17. M18. M19. H20. H21. 
• H30. K4Z. M43. H44. M45. H~. H47. M4e . M49. H50. H51 

INTEGER Cl. c.z. C16. C17. C18. '19. C30. C31. C32. C33. C34, 
• C35. C36. C39. e40. C.41. (,42. ~O. C3. C4. C51 

II-UT-, 
"lI!hO-O.O 
IOIA_l 

IAUTO_I 
INV1A - l 

INITIALJ2Z VAA,ABLe:S 

EN ... , AO.ENVIA, 1) 

DETeRMINE LENGTH O~ ~ZAAO 

OLONG.ASS(H23(J) - HZ2CIJ) • 5280.0 

C CALCULATE SEvER tTY 'foIoe:Xe:S I"OR SLCPE HAZARD 
C 

c 
c 
c 

c 

5 CONTINUE 
CALL SLOPE 

00 10 Mal.5 

STORE SISL VALUes 

00 10 ... ,.5 
SJ(M.HJ_SlSLCN.NJ 

10 CONTINUE 

C OETe:AMINE LATERAL OF~SET DISTANCE 01" SLO~ HAZARD. 11" SLOPE IS 6:1. c 
C 15 ~eASUHeo TO aoTTO~ OF CITCH. IP SLOPE IS 4:1 OLAT IS THE 4~ER4G~ E 
C The O!TCW BOTTOM ANO HIN~ POINT O~ SLope. IF SLOP~ IS ~:I OR Les s Ol 
C ~~ASUReO TOHING£ POINT a' ~ope. 
c 

c 

c 
c 
c 

c 

c 

OH32 • H32( 1) 
IF(OH32.LT ••• OlGO TO IS 
OLAT_ (t0L32( U_K33 (I» +H31 , 1) 
IP(OH32.£Q ••• O) OLAT _ (OLAT+H31CI1J".O 
CMJ TO 2 

IS CONT I HUE 
aLA T-"'31 ( 1 J 

2 CONTlNUE 
OLATl _ OLAT 

CALCULA TE IN.JUAT P'A084L IU T tES 
8 CONTlNUe: 

C,ol,u. PR083 

00 2S _1.S 
00 25 _1. S 
SlOE(~.NJ Pl(N.NJ 

25 CONTINue 
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C CAj,.(' \.H_.T!: HAZARD INDEX FOR SLOPE 

< 
< 
< 
< 

< 
< 
< 

< 
< 
< 
< 
< 
< 
< 
< 

< 
< 

CAl.L 'O .... PUT 
HI • XX 

CALCULATE l~~UAY ACCIDENT COSTS 

CALL COST3 

00 30 "'_1.15 
0030 _1 . 15 
SIOE' ..... N) • TACI~.NJ 

30 CONTINue 

•• 

•• 
•• 
,. 

CALCUl.ATII! AVGi",*E ACCIDENT COSTS 

CALL caMPUl 
lie • ,lor. 

~ TO("O.SO.60J.IAUrQ 

IAUTO lS A COUNT~R FOR 
IAUrQ • 1 
!AUTO 2; 
'AuTO • .3 

CONTINUE 
,JAUTU • AUTOI 1 J 
GO TO ,. 
CONTI NUl! 
...... UTO • "1..110(2) 
GO TO ,. 
CONTINUe: 
"AUTO. AUTO(3) 

CONTINUe 

.!JOO L.S 
22150 Lol 
1750 LB 

AUTO SI2£. 

c eNVIAO IS AN II!NV1AO"'eHT"'~ PROBABILITY ~"'CTOR 
< 

< 
< 

c 
c 
c 

HI • H'*JAuTO.cNVIAO 
A' • "'C.,J"'UTu.~VIAO 

Hll(l) .1"I11(IJ+HI 
ACl(l) • AClll'+ ... C 

INYIR • INVIR+l 

C IHVIA IS ... COUNTI!A 'OR THE ENVIAOMENTAL CONDITIONS 
C INVIR 1 DRY CONDITION 
C INVIR 2 .II!T CONDITION 
C I"'Vl~ • .3 '~OZEN CONDITION 
C SLAD..IlIM.N) 15 THe: AOJUSTMeNT ""CTOR ,"OR THe: wcr AND ,.ROZEN CONOITION ~ 
< 

GO TOC80.ao.90 . 100) . lNVCA 
80 CONT'NUE 

CALi.. o5l...AO.J 
00 8S "'1 • .5 
00 8S _l.S 
SUM.N) '"" SlSLIM.NJ_SLAO.JI04 .N) 

85 OJHTJHUII! 
EH~lAO _ EH~lA(2) 

GO TO 8 
90 COHTINue. 

CAJ..L. SL.AO.J 
0095 _l.S 
00 95 N-l.S 
SI'I'I.H) '"" SISLCIIII .NJ_SL.AO.Jl,,,,.H) 

95 OJNTiNUI! 
e:H~IAO _ !NVUU3) 
~O TO 8 
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• 

100 CONTINUE 
< 
C CHECK _HETHER kOAD IS .-LANE Ol~IOEO HIGH_AY. 
e UP.=oOSITE LANE IS CONSIOE;.IEO. 

IF NOT. JNCOMING TRAFFI C 

< 
< 

c 

c 

c 

c 
c 

c 
c 

c 
c 

c 

c 
c 

'I'",H1(I).EQ.lH.O TO 110 
IFI HI (1) .. EQ .. Z)c.o TO 130 
GO TO 120 

110 CONTINUE 
IF(HZ'II.EQ.l.0A.H.2CI1.EQ.Z1GO TO 1.30 

120 CONTINUE 
IOtR ,. IOIR+l 
IF'IOIR.EO.3IGO TO 130 

'''VIA :II 1 
ENVIRO ~ ENVIA(,) 
DO 12~ ,,",.s 
00 12~ _1.5 
SI,M.N) ,. S1SL'N.N) 

12S CONTINUE 

OLAT a OLAT+H7( II 
GO TO 2 

130 CONTINUE 
IAUTa ".. 1AUTO+l 
'''''IAUTO.EO.4IGO TO 200 
101R '"' 1 
tNVIR_ 1 
EN'll lAO .. EN'll IAI 1 ) 
GO TO !:I 

200 CONTINUE 

TI1C,.tiAZ ,. 04B 
HI8 ~ HIS + Hl1(1' 
Ace .. Ace + AC1Cl) 

RII!:T~N 
END 

c ...... ~ ......................................... ** •••••••••••••••• 
c • 

SUSAOUTINE SLOPEZ 
c • 
c ..... ••• ••••• •••• ................................................ . 
c • 
C. SLOPE IMPRoveMENT sueROUTIN~ 
c • 
<:: •••••••••••••••••••••••••••••••• _._ •••••• __ ••••••••••••••••••• 
c ................................................................. . 
c 
c 
c 
c 

c 
c 

DIMII!:HSIDN 1'00(6). IA<::(6). FA(6J. YLAT(7) 

CDN"-ON.lDA T AI.I 

• • • • • • • 
<::OlU<lN.lDA T A2.1 

• • 

HJ(6J. H2t61. "'3(61. M4(6'. M5(6J. M6(6J. M7(6). 
1"18(6).1'19(61. Hl0(6J. 1-111(6). 1'112(61. H1:U61. 
1'11"'(61. Hl,S(61. 1-116(6). 1'117(61. 1'118(61.1"119(61. 
H2,IJ(61. 1121(61. 1'122.(6). 1'123(61. 1'130(61.1"131(61. 
1"132.(61. H.33(61. H34{61. H.3,St61. 1"136(61. H37(61 
11.38(61.1'439(61.1'140(61.1'141(61.1"142(61.1"1"'3(61. 
1'144(61. ,,"'5(61. M"'6(61. 1147(61. H4d(6). H49(61. 
H50(61. H51(61 

<::1(6.41. <::2(6.41. <::3(6.41. <::"'(6.41. C!;(6.4). 
<::11(6 .... 1. <::1216.41. <::13(6.4). <::14(6.41. CI5(6."'I. 
CI6(6.4). C17(6.41. C18(6 .4). <::19(6.4). C20(6.41. 
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c 
c 

c 
c 
c 
c 
c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

c 
c 

• • • • • 

C21(6.41. C.22(6.4). C2..3(6.41, C24(0.4). C25(0.4I, 
,26(0.41. C27(6.4). aSCOt.), '29(6,41. C30(~ •• I. 
C31tu.41. C..J2:! !. .~;. ~~;.:.. ... ;. 04(6.41, CJ~(6.4). 
C36(0,41, C.,37(0,4). C3dIO.41. C39(6,4). C.40(6.4), 
C;41(0.41. C42t6,41. C!iO(6,4J. C51(6.4' 

COM~ON/DATA3/ GIO. <i12. G13. <il., GIS. G16, G17. Gla. G19. G20 
COMMON/CRFI/ CR 

COMMON/ERROR;' ERROR1(6.41 

CO"NON/HURT/ PICS.S). 5(15.5). SISL(S.S) 

COMMON/LATOF/ OFSETC5J. OLAT. aLONG, OLAf1 

COMI4ON/EN,..RE/ENFR 

CO/04/14ON/SLl/ SL..AO.Jl (5.5) 
CO"'MON/G~Sl/ 5151(3.5.51, 5152(3.5.5). 515'](3.5,51. StEIU(3.5.5J. 

• SlE2U(3.S.SI. S1e3u(3.5.51. SIEIO(3.S.$I. SlE20(J.5.S). 
. • 51E30(3.S.SI. ~Jl(J.5.51. 512(3.5.51. $[3(3.5.51 

COMMON/GRCST/ 
• 

<a. GZ. c;3. G9. (;41'-, G.2 •• G4-IS. G4ZS ..... el.N8z. 
N~3. MB9. NB4W. ,101845. ~EI.GRE2. GRE3. GRE4. GR£5. 
G£Tl. GET2. M8£Tl. MBET2 • 

COMMONVCOMP/ SIOEtS.5). ENO(S.S). IHIT. XX 

COMMON/NAJNC/ HIS. HI. HIAI4). HII(6). HIZ(6.4l. CNS. CN. CNA(4). 
• CM1(6,. CM2(6.4). ACB. AC. AO(4). ACl(6). 
• AC2(6.4J. lLERO(4). THCHAZ.THCIMP(4J 

COMMON/IOENT/I. oJ. I HAL. IALT. IFl..ACi. NTITLe. lOlA. 10. L.L 

COMMQN/NCONT/ NCOUNT.(PAGE. LINES. NOE5(100). N5POt100J. 
• NAOT(100J. NHWT(lOO) 

COMMON/AUT1/ AUTO(3J.IA. lAUTO 

CONMQWEN'tI'R/ ENV lA(3). INY IA 

COMfiIION/TACl/ TACtS.SJ 

COMMON/AESLT/U(4J. 8Ct4'. IU(4). NOTCE'4). ICOST(4). IGR 

CQMMON/INPAC8/ INP(S.S) 

C0J4J40N/CST4/ Rct 5.S).OL 

REAl.. LIFE. INT. ';"'UTO. IMP 
REAl.. lAC 

INTE.GE.R ERROAl 

INTEGeR HI. H2. H3. ~. 1'414. 1-116. HI? HIS. 1011<;. H20 .. H21. 
• 1-6.30. 1-t42. H4~. H44. ~5. H46 .. H47. H4& .. H49 .. HSO. liS1 

IHIT"'1 
WENO"'O.O 
IOIA_1 

(AUT0-1 
(NVIA_l 
ENYIRQ-E,NvIA( 1) 
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c 
c 
c 
c 
c 

OETERJIIINE LENGTH OF II4PRQVEfI4ENT 

OLONc.-AeS (C38' J • .J )-C371 J • J I J .~2 80 .. 0 

<: CALCULATE SeVER I TY I NOEXES FOR SLOPE IMPROVEMENT 
C 

c 
c 
c 

c 
c 
c 
c 
c 

c 

c 
c 
c 

c 

c 

~ CONTINUe: 
CAu.. SL.OPE 

00 10 fIII_l.5 
0010 _1.5 

STORE S ISL VALUES 

51 (M.NI_SlS'-CM.NI 
10 ttl"'T INUE 

Oe:T£RIoIINE L. ... TERAL O,,"SIrT DISTANCE OF SLOPE MoUAAO. 
flllE.ASUICEO TO BOTTON OF DITCH. I,. SLOPt! IS .: 1 OLAf 
rMe 801TOIIII OF DITCH AHO THE HINCOE POINT. I,. SL~e 
MII!A5UAEil TOtdNGe POINT OF SLOPE. 

OC19 .. C29(1 • .JI 
IF'OC1~.LT.4.0)GO TO 15 
Ol. ... T _('29(1 • .J'.C20(1 • .I))+C28(1 • .J1 'I' C OC19.eO.4 .. 0 I OLA Ta, OLA r+C28C 1 • .11 I /2. 0 
GO TO 2-

15 CONTINUE 
OLAT-C28C 1 • .1) 

2. CONTINUe: 
OLAfl • OLAf 

c.u.CY..ATE IN.JURY PROeALJU T leS 
8 CCNTINUe: 

'Au.. PAOS.J 

00 25 _1.S 
DO 25 _1.5 
SIOECM.N) .. PIIM.N) 

25 CUNTlNUe 

C CALCULATE HAZARD IN~X FOR SLOPE 

c 
c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

c 

CALL COMPUT 
HI .. xx 

c.u.OULATE INJURY ACClDENT COSTS 

CAw.. COST3 

00 30 _,.~ 
00 30 .... I.~ 
SIO~(N.NI TAC(M.N) 

30 CO NT If'lUE 

CAL.CULATe: AVERAGE ACC I DENT COSTS 

CALL. COMPUT 
AC XX 

GO TO(.0.SO.40J.IAUTO 

'AUTO ,. 1 
'AUTO IS A COUNTEA FOR AUTO 512.£ 

.500 L.8 
IAUTO 2 
IAUTO 3 

.0 CONTINUE 
.JAUTLJ • AUTO{ 11 
GO TO 70 

50 CONTINue 
.JAuTO ,. AUTO' 2) 

2250 L.6 
1750 UI 

IF SLOPE IS 6: I DL 
IS TI-iE AIIERA<oE BErt 
IS 3: 1 CR LESS ClI..A 1 
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c 

GO TO 70 

60 CONTINUE 
JAUTO • AUT0(3) 

70 CONTINUE 

C EN~lAO IS AN ENVIROMENTAL PAOSA8lLITY FACTOR 
C 

c 
c 

c 
c 
c 
c 

HI H'.JAUTO.ENVIAQ 
Ae • AC.JAUTO_ENVIAO 

HIZ(' .J)_H(Z( I.J)+HI 
"'2 ( 1. oJ) -ACZt 1.J) ."C 

INVIA INVIA+l 

C (NVIA IS A COUNTER 'OR THE ENYIROMENTAL CONDITIONS 
C INVIR • 1 DAY COhOlTION 
C tHvlA • 2 IIET CONDITION 
C INVIA 3 FROZEN GONOITION 
C Sl..AOJllv.T) IS TI1C .... O.JUST .... ENT ,. ... CTOR "'OR THE III!!:T AND ,..ROZEN CONDIT 1 
C 

c 
c 
c 

GO TOCllo.eO.90.100J.JNVIA 
eo CONTINUe: 

C .... LL SL. ... OJ 
00 115 _l.S 
00 as ~l.S 
S11""oN) • SISl..(M.N).SLAOJ1( ..... N) 

as CONT I NUe: 
ENVIAO • ENVIR(2J 
GO TO II 

90 CONTIN~ 

CALL SLAO') 
0095 .... 1.5 
DO 95 _1.5 
SIC .... N) • SISL(M.N)*SLAOJ1IM.HJ 

<;15 COHtlNUe: 
ENVIAO • ENVIR(3J 
GoO TO 8 

100 CONTINUe: 

C CHECK ."ETHER ROAO IS "-LANE DIvlOEO HIGH."Y. ,,.. NOf. ONCOMING TRA,.."'IC 
C aPPOSITE LANE IS CONSI06l;EO. 
C 

C 
11. 

,.. 
C 

, .. 
C 

C 
C ... 

'I""(111CI) .. EQ .. l}GQ TO lJG 
1~(I1I(f} .. eo .. 2)~ TO lao 
GO TO 12Q 

CONTINUE 
I~ (112 (l). e:Q.l.OA.1i2 c " .e:Q.2. H.O 
CONTINUE 
lOlA ,. 'OIA+1 
1~('OIA.£O.3'GO TO ... 
INlttA • , ENlttAQ ,. I!NVIAU) 
00 12. ""1.S 
00 12S Noool.S 
51 (".N) ,. SJSL..(H.NJ 
CONTINUE 

OLAT a OLAT+H7(I) 

"" TO • 
CONTINUe 

TO ... 
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IAUTO .. IAUTO., 
IFIIAUTO.e:.;,.4' .... O TO ZOO 
[0 U_ - 1 
INVIR_ 1 
ENVIRO" ENVIA(lJ 
GO TU 5 

c 
c 

200 CONTI NUe: 

c 
c 

c 

c 
c 
c 

CALL C.rIF 
He .. C1Ul • .J).CA - C14(1 • .J) + C1511.,J) 
THCl"P(.J1 .. THCIMP(,J' + He 

111"(oJ) .. 1-114(.,,1) + 111211 •• .., 
ACA(,JI • AC ... I.JI + ACZII • .J) 

A!:T~N 
END 

c ...................................................................... . 
c • • 

SUBROUTINE SLOPE 
c • c ................................... ~ ................................. . 
c • 
C • THIS SU8ROUTINE DIETERMINES TIE. SEvERITY INDEX '"OR VI!.HICl..I!S TAAVI!ASH 
C • VA~IOUS TYPI!S 01'" DIT<;HES. THE VAAJ .... 8LES OF THE TERR"'N ENTE;:tED INCl 
C • H32--FAQNT$LOPE--2.3 ••• 6 TO 1 ON~Y. H36--BACKSLDPE--Q.2 •• TO 1 UNL\ 
C • H33--F'LL HEl~T--50 FEET OR LESS. H34--0ITCH WIDTH--FRQN 0 TO 12 f 
C • UPDATED VERSION HAS AO"IUSTM£,..r FACTORS '"OR 4500. 2250. ANO 17001..8. 
C • .HleH ARE: IHI T IA TEO BY THE COUHTI!;A I AUTO • 1. :Z. 3 RESPECT 1 vEl.. T .. 
C • 
C ...................................................................... . 
c 
c 

c 
c 
c 

c 
c 

c 
c 

Ollo4EN510N POOtO), I"'C(61. "' ... (0). TLAT(7) 
OJ~ENSION 5pe£O(S~. ~~~(Sl 

O'~ENSION SlAO~(5,s} 

COMMON.lOA T A 1.1 
• 

1"11(0), H2CO). K3(61. 1"14101. IiSC61. 1"10(6). 1"17(0), 
H8161. 1"19(6), 1"110(01. 1111(61. 1112(61 . 1't13161. 
1'014(61, "'15(61. "'10(61. 1117(01. 1"118161.1"119(61. 
HZOt61. 1121(6'. 1122(6). 1'l23(61. 1'130(61.1"131(0), 
K32161. 1-133(61. 1"134(61. K3's(6I, H36(61. H37(6). 
H3cU61. 1"09(61. 1"440(61. 1"141(61.1142(61.1"143(0). 
1'144(6), ~5(0). 11.0(61. H47(61, H4d(01. 1"1.9(61. 
1"150(61. HS'(6) 

• • • • • • 
COMMON.lOATA4.I CI(6 •• I. C2(6,41. C3(6 •• " C.(6 •• ', CSt6.41 , 

• Cll(O,41. Cl.216,4), CI316,4). CI4(6 •• I. C1S(6.41. 
• Cl0(6,4), C1716 . 4). CI&(O,41. CI9(6,41. C20(6.4I, 
• Ul(6.41. C22(0.41. C23(6,4), C24(6.4). C2S(6,41 . 
• C26(O,41. C2716.41. C2816.41. C29(0.41. C30(6.4). 
• C31(O,41, 0216.41. 03(0,.1. 04(0,41. C35(6.41. 
• C.30(6.41. C37(6.41. 08(0,41. C39(6.4'. C40(0.41. 
• '41(0.41, '42.(6.41. c.50(O.41, '51(6 •• , 

C COKMQN/OATA3.1 Gl0. ~12, GI3, GI •• GIS, GIO. G17. Gl8 , G19. GZO 
C 
C 

c 
c 
c 
c 

CO/llllJolON.I!!RAOR.I ERROR 1 (6 •• , 

COM..aN.lI1UAT/ PI(S.SI. 51(5.51. 51S1..(S.SI 

CO/llllMON.ll.ATOF/ 0l""5£T(51. OUT. OLONe;, OLATl 

CO/llllMON.I!!NI""RE/ENFR 
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c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

c 
c 

c 

c 
c .... 
'01 

'0. 

.0. 
C 
C 

COM"'ON/(ORSI/ 5151(3.5.5). 5152(3.5.5). SlS3C 3.5.5). SIEIU(J.S.S). 
• SlcZU(3.5.5). SIE3U(.).5.5h sU,.JOel.5.S). 5IE201:3.5.5). 
• 51E31,)(3.5.$). 511(3 .5.51.512(3. 5.5,.513(..3.5.5) 

COMHON/GRCST/ Gl. G2. Ga. 69. (041 •• (042w. G4IS. (0425. M81.M82. 
• /IIS3. N89. Me .... Io684S. GRoEl.GAE2. G"-E3. (ORE., <; .. £5, 
• GETI. GoETZ, MSETI. /llBETZ 

COMNON/COMP/ SIOE(S.SI. ENO(5.5'. 1HIT. XX 

COMMCN/MAINC/ H18. HI. HIA(4). Hll(61. HI2(6.41, eMS. CM, eMA(4). 
• ''''1(6',042(0.41. ACS. AC o "C"'( • .I. AC1(6I, 
• ;'C2(6.4). IZERO«.). THCHAZ.THCIMP{41 

COMMON/teENT/I. oJ, (HAZ, IALT, I "'LAG, NTITLE. lolR, ID. u.. 
COMNON/HeOHT/ ~OUNT.IPAGE. L(N~S. NOE5(1001. NSPO(lOOI. 

• NAOlU 001. N ..... Y(100) 

COM/ilON/AUTl/ AUTOI3,.I". IAUTO 

CQMMON/ENVR/ ENV(AI.J). lNIIIR 

COMMQHrTAC1/ TAC(S.S) 

COMMQH ... A.e:5LT ... ce(4'. SCI,,). lceC" •• NOTCe:(4). ICOST'''), IGR 

COMMQN/IMPAOS/ INP(S.~) 

COMMON/CST,,/ RC(5.5',OL 

Re:AL Mel. Ne2. M83. Me9. MS4_. M84S. MeeTl. M8ET2 

REAL.. LI"E. INT ...... UTO. IMP 
REA!. I ... C 

INTI!G~ ERROR1 

INTI!GER HI. H2. H.J. H4. H14. H16. H17. H18. H19. H20. H21. 
• H30. "42 ...... 3. H ........ 5. H-406. H47. 11.8. ,"",,9. 1"t50. H51 

INTI!G~ Cl. C2. C16. e17. CIS. C19. C3a. C31. C32. C33. C3 •• 
• C3S. C36. e39. e.o. e.l. c.z. CSO. C3. e". CS1 

O ... T ... SPEEO(IJ/"O.O/.SPE!O(2' ... ,sO.O/.SPI!EDt.J) ... 60.0 .... SPEEO(.J ... 70.0/ • 
• SPEEO(S)/80 .. 0/ 

OATA ANGLI!(1)/5.0 .... ANCLE'2) ... lO ..... ANGL~'3J ... 15 ..... ANGLEt"J/20./ • 
.... NGL!:(S' ... 2S./ 

CONTINUE 
1"(l"L"'~ .Ea. 1) GO TO Sal 
l"(l~L"'G .EQ. 2) GO TO S02 
CONTI HUE 
ITe:/l4Pl H.J2«() 
1 T1!MP2 a H3.3( I) 
ITE/l4P3 31 1-1.3., 1) 
ITEMP. ,. tQ6( I) 
GO TO S03 
ITEMPI C29«( ,"J 
ITEMP231 C20(1 • .I' 
ITI!MP3. CZl(I ... J 
ITE~. ,. C2.J(I.,,) 
CONT INUE 

00 1001 K3Il.5 

282 



283 

00 IOOf! 1..=1.5 
C 

YELaSPEEO(KJ 
ANGaANGLEU .. l 

C 
00 TO ( 1 • Z.3.". 1 • 6 J • 1 TEMP 1 

C 
1 00 TO 1003 

C 
C 

2 11"( ITE/IoIP" .EO. 0) 00 TO 7 
IF( ITEMP" .EO. .) 00 TO • 11"( tTENP4 .EO. 2) GO TO • 00 TO 1004 

C 
3 IF' ITEMP" .EO. 0) GO TO 10 

IF(ITEMP", .EO. .) GO TO 11 
IF(ITEMP" .eo. 2) GO TO 12 
GO TO 1004 

• IF( tTEMP4 .EO • 0) GO TO 13 
IF( ITEMP" .Ea. .) GO TO 

" IF(ITEMP4 .£0. 2 ) GO TO ,. 
00 TO 1004 • IF( ITEMF'" .EO • 0) GO TO ,. 
1Ft ITEMF''' .EO. ., 00 TO 17 • IF( nC:MP4 • EO. 2) 00 TO , . 
00 TO 100." 

C 
C 
C 

7 IF( ITEMPZ .Gl. 15) GO TO 200 
'F(ANG .LT. ZZ.SJ 00 TO 1 00 
5 I SL( K ..l..l_O. 0 1 O*VEL" O. 900 
GO TO 1000 

100 'F(ANG .1.. T .. 17.5) 00 TO 101 
S 15'..( K .LJ=O.02S*YEL-O.40 0 
GO TO 1000 

101 {F(ANG .L.. T .. 12..5) GO TO 102 
5ISL(k.L)2~.04S*YEL-l.633 
00 TO 1000 

10. tF(AHG .LE. 7.5) GO TO 103 
5 I SL( K .1..) =0. 0 lS*YEL-O.190 
GO TO 1000 

103 IF(A.NG .LT. 0.0) GO TO 10' 
SISL(K.L)30.000*YEL+O.533 
.0 TO looa 

10' CONTINUE 
C 
C 

200 II"" (ITE/lltP2 .GT. 25) GO TO 201 
IFCANG .LT. 2.2.5) 00 TO 10' 
51 SL( 1(.1..)""0. 075*VEL- 2. 4..J:3 
00 TO 100Q 

IDS IF(ANG .1.. T .. 17.5) GO TO 10. 
SISL{K.L}=O.0485.VEL-l.36~ 
GO TO 1000 

10. IF(ANG .LT. 12.5) GO TO 107 
SISL(K.Ll z O.020_vEL_O.200 
00 TO 1000 

107 IF(AHG .LE. 7.5) GO TO 10. 
SISL(K.L)sO.009S.VEL.a.405 
GO TO 1000 

108 IF(AHG .,-T. 0.0) GO TO 10' 
S 15!..( K..Ll""O. o OS. VEL+0.667 
GO TO 1000 

10. CONTI HUE 
C 
C 

201 IFf lTEI4P2 .GT • • OJ GO TO 202 
IF(ANG .LT. 22.5) GO TO 110 
S I 5,-( K .'-) "'"0. 020.VEL+0. 033 
00 TO 1000 

1 1 0 IF(ANG .,-T. 17.5 ) GO TO 111 
SlSL(K.L):0.00~5_VEL+0.543 
GO TO 1000 



111 

112 

113 

"' e 
e 
202 

e 
c 
c 

8 

"' 
116 

117 

118 

119 
C 
e 

203 

120 

121 

122 

123 

12' 
e 
e 
20' 

125 

12. 

127 

128 

129 
e 
c 
20. 

e 

JFCANG .LT. 12.5) GO TO 112 
SISL(K.LJ=O.OOO*VEL+l.UOO 
GU TO 1000 
IF(ANG .LE. 7.5) GO TO 113 
SISL!K.L)zO.OOO*VEL+l.170 
GO TO 1000 
JF(ANG .LT. o.oJ ~D TO 114 
5ISL(K.L'=O.OUO.VEL+l.267 
GO TO 1000 
CONTINUE 

GO TO 1005 

IF (ITEMP2 .GT .. 15J GO TO 203 
IF(ANG .LT. 22.5, GO TO 113 
SISL(K.L)2-0.019.*VEL+4.0456 
GO TO 1000 
IF(ANG .LT. 17.5) GO TO 116 
SlSL(K.Ll=O.0029.VEL+l.9~26 
GO TO 1000 
IF(ANG .LT. 12.5) GO TO 117 
SISL(K.LJ=O.0243*VEL-O.1942 
GO TO IUOO 
IF(ANG .LE. 7.5) GO TO 118 
SISL(K.LJ=O.OI6S*VEL-O.04S5 
GO TO 1000 
IFCANG .LT. 0.0) GO TO 119 
SISLCK.L)=O.0097*VEL+O.OOOQ 
GO TO 1000 
CONTINUE 

IF(JTEMP2 .GT. 25) GO TO 204 
IF (ANG .LT. 22.5) GO TO 120 
SlSL(K.L)=O.1117*vEL-3.4631 
GO TO 1000 
IF(ANG .. LT. 17.5) GO TQ 121 
51 SL( K. L)~O .. 0 73a_YEL-2.Z524 
GO TO 1000 
IF(ANG .LT. 12.S) GO TO 122 
SlSL(K.Ll=0.0~5.VEL-l."56~ 
GO TO 1000 
IF(ANG .~E. 7.5) GO TO 123 
SlSL(K.Ll=O.0233.YEL-0.2330 
GO TO 1000 
IF(ANG .LT. 0.0) GO TO 12" 
SlSL(K.L)=0.0~49*YEL+O.6476 
GO TO 1000 
CONTINUE 

IFtITE"'P2 .GT. "OJ GO TO 205 
IF(ANG .~T. 22.5) GO TO 125 
SISL(K.L)sO.0680.YEL-l.6S05 
GO TO 1000 
IF(ANG .LT. 17.S) GO TO 126 
51 St.( K.L )=0.032S.YEL+O.3078 
GO TO 1000 
IF(ANG • .LT. 12.5) GO TO 127 
SISL(K.L):0.00~7.YEL+l.5~34 
GO TO 1000 
IF(ANG .LE. 7.5) GO TO 128 
SI5L(K.L)20.0Q6a.YEL+l.1553 
GO TO 1000 
IF(ANG .1.T. 0 .. 0) GO TO 1251 
SISL(K.L}20.0049*YEL+0.90S8 
GO TO 1000 
CONTINUE 

GO TO 1005 
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c 
C 

9 

130 

131 

132 

133 

134 
C 
C 
20. 

13. 

13. 

137 

13. 

13. 
C 
C 

207 

C 
C 

C 
C 
C 

140 

141 

"2 

,.3 ... 
20. 

10 

.. 5 

". 
147 

IF (tTE"P2 .GoT .. 15) GO TO 206 
IF(ANG .LT. 22.51 GO TO 130 
Sl SL(K.L)~-O.020.vEL.4.167 
GO TO 1000 
tF(ANG .LT .. 17.5) GO TO 131 
5151..(K.L,-O.003*"'EL+l.970 
... 0 TO 1000 
IF(ANG .LT. 12.5) GO TO 132 
SISL(K.LJ=O.02S.vEL-O.ZOQ 
GO TO 1000 
IF(ANG .LE. 7.5) GO TO 133 
SISL(K.LJ-O.0170*VEL-O.050 
GO TO 1000 
IF(ANG .LT. C.OJ GO TO 134 
5 [SL( K. L) =0. 0 10_"'EI..+0. 00 0 
GO TO 1000 
C.ONTINUE 

II""(ITEMP2 .GT. 25) GO TO 207 
IF(ANG .LT. 22.5J GO TO 135 
S I SL( K .L) =-0. 1 15 • ..,£1...- 3. 56 7 
GO TO 101)0 
IF(ANG .LT. 17.51 GO TO 136 
5 I SLl K .LJ =-0. 076*..,EL-2.32 0 
GO TO 1000 
IF(ANG .LT. lZ.S} GO TO 137 
515L(K .LJ _O.050_"'EI..-l.500 
GO TO 1000 
IF(ANG .LE. 7.51 GO TO 138 
SISL'K.L)~O.02".VEL-O.2.0 
GO TO 1000 
IF(ANG .LT. 0.0) GO TO 139 
S 1 5,-( K.L J _0. OOS*VEL.+ i).661 
c.O TO 1000 
CONTINUE 

J,..( lTf,.NPZ .GT .. 40) GO TO zoe 
IF(ANc. .LT. 2Z.!U c.O TO 140 
5 15L..( K .LJ =0. 070_vEL-I. 70 0 
c.O TO 1000 
tF(ANG .L.T. 17.5J GO TO 141 
StSL(K.L.}=O.0335*VEL+0.317 
GO TO 1000 
IF(ANc. .LT. 12 .. 51 GO TO 142 
SlSL(KoL.J=0.010*VEL+l.600 
GO TO 1000 
IF(ANG .. LE. 7.5) GO TO 143 
SISL(K.L.)20.001*vEL+l.190 
GO TO 1000 
IF(ANG .L.T .. 0 .. 01 c.o TO 1 .. 4 
5 I SL.' K.L.) zOo 005;* VEL+ O. 933 
~ TO 1000 
CONTINUE 

GD TO 1005 

IF( ITEMP2 .GT. IS) GO TO 209 
IF{ANG .L.T. Z2.SJ GO TO 145 
S ISL( K .L )""'0. OSO_VEL._2.13..l 
GO TO 1000 
IF(ANc. .L.T. 17.S} GO TO 146 
SISL.(K .L.J=G .. 02b*VEL-o.a97 
GO TO 1000 
IF(ANG .LT. 12.5J GO TO 147 
SI SL.( K.L)20.000""VEL.+0.467 
GO TO 1000 
IF(ANG .LE. 7.S) GO TO 148 
SISL(K .L.J ~0.000.vEL+0.370 
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". 
109 

e 
e 

ZOg 

150 

151 

15Z 

153 

15. 
e 
e 

Z'O 

... 
15. 

"7 
15. ... 

e 
e 
ZII 

e 
e 
e 
II 

160 

161 

16Z 

163 

16. 
e 
e 
Z,Z 

,.5 

GO TO 1000 
IF(ANG aLT. OaO) GO TO 149 
SISL(K.LJ:O.OOU*VEL+O.300 
GO TO 1000 
CONTINUE 

IF(ITE~P2 .GT. 25) GO TO 210 
IF(ANG .LT. 22.5) GO TO L50 
SISL(K.L)30.01~.VEL-O.IOO 
GO TO 1000 
tF(ANG .LT. 17.5) GO TO 151 
SISL(K.L)=O.Olu*VEL+O.700 
GO TO 1000 
IFt"NG .LT. 12.5) GO TO 152 
SISL(K.LJ~O.005.vEL-O.233 
GU TO 1000 
IFtANG .oLE. 7.5) GO TO 153 
SISL(K.L,=O.003*VEL+O.373 
GO TO 1000 
IF!ANG .LT. 0.0) GO TO 154 
SISL(K.LJ:O.OOO*VEL+O.Sb7 
GO TO 1000 
CONTINUE 

IF(ITE~P2 .GT. 40) GO TO 211 
IF(ANG .LT. 22.5) GO TO 155 
51 51-( K.L) =0. 0 1 S. VEL-a. 06 7 
GO TO 1000 
IF(A.NG .LT. 17.5) GO TO 156 
SISL(K.LJ=O.006*VEL+O.457 
GO TO 1000 
(F(.4NG .LT. 12.5) GO TO 157 
SISL{K.L)=-O.OOS*VEL+l.033 
GU TO 1000 
IF(A.NG .LE. 7.5) GO TO 158 
SISL(K.L)=-o.OOS*VEL+0.967 
GO TO 1000 
IF(ANG .LT. 0 .. 0) GO TO 159 
5ISL(K.L)--O.00S*VEL+O.933 
GO TO 1000 
CONTINUE 

GO TO 100S 

IF(ITE/IIIP2 .GT. 15) GO TO 212 
.,..,ANG .LT. 22..51 GO TO 160 
S I St.( k.L) .. 0 .. 060.VCL-2.400 
GO TO 1000 
{F(ANG .LT. 17.S) GO TO 161 
51 SL( K.L) =0. 030S*VEL-l.0 00 
GO TO 1000 
IF(ANG .LT. 12.5) GO TO 162 
SI5L(K.L)zO.020*VEL-0.533 
GO TO 1000 
IF(ANG .LE. 7.5) GO TO 163 
SI5L(K.LlzO .. 009*VEL-0.027 
GO TO 1000 
,F(ANG .LT. 0.0) GO TO 164 
SISL(K.L)=O.OOS*VEL+O.133 
GO TO 1000 
CONTINUE 

IF( ITEMP2 .GT. 25) GO TO 213 
IF(ANG .LT. 22.5) GO TO 165 
SISL(K.L):0.030.VEL-0.~OO 
GO TO 1000 
IF(ANG .LT. 17.5J GO TO 166 
SISL(k.L):O.02.3S*VEL-0.407 
GO TO 1000 
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166 

167 

168 

169 
e 
e 

213 

170 

171 

172 

173 

174 
e 
e 

210 
e 
C 
e 

12 

175 

176 

177 

178 

179 
e 
c 

215 

180 

181 

182 

183 

18. 
C 
e 

216 

IFC"NG .LT. 12.5) GO TO 167 
5 I SL( j(.L ) =0. 0 20.IIi;L-O • .36 7 
GO TO 1000 
IF(ANG .Le. 7.5) GO TO 168 
SISL(K.LJ=O.QO~5.VEL+O.691 
CiO TO 1000 
IFCANG .LT. 0.0) GO TO 169 
SlSL(K.L):-O.005.IIEL~I.167 
GO TO 1000 
CONTINUE 

IF' ITE/IIIP2 .GT. 40) GO TO 214 
IF(ANG .LT. 22.5) GO TO 170 
SISL(K.L'=O.02S*IIEL-O.033 
GO TO 1000 
IF(ANG .LT. 17.5) GO TO 171 
SISL(K.L)·O.0205.IIEL+O.O~6 
GO TO 1000 
IFL'NG .LT. 12.5) GO TO 172 
51 SL( K.L} '""u. O.2U* vEL-O.13:J 
GO TO 1000 
IF(ANG .L~. 7.5) GO TO 173 
SISL(K.LJ-O.012*IIEL+O.460 
GO TO 1000 
IF(AHG .LT. 0.0) GO TO 17. 
SISLIKoL'-O.OIO.vEL+O.667 
GO TO 1000 
CONTINUE 

GO TO 1005 

I,." ITEIo4P2 .GT. 15) GO TO 215 
IF("NG .LT. 22.5) GO TO 175 
SISL(K.L)~O.1020.vEL-4.080 
GO TO 1000 
IF(ANG .LT. 17.5) GO TO 176 
SJSL'K.~)-O.0519*VEL-l.700 
GO TO 1000 
IFCANG .LT. 12.5J GO TO 117 
SISL(K.L,:0.0340*vEL-0.90bl 
GO TO 1000 
IF(ANG .Le. 7.5, GO TO 178 
S' SLt K.L },zO.O 153_VEL_O. 0459 
GO TO 1000 
IF(ANG .LT. O.OJ GO TO 179 
S'SL(K.L)~0.0005.vEL.O.2261 
GO TO 1000 
CONTINUE 

IF(lTEIotP2 .GT. 25J GO TO 216 
IF(ANG .LT. 22.5, GO TO 180 
S'SL(K.L)~0.0510.VEL-l.020 
GO TO 1000 
IF(ANG .LT. 17.S} GO TO 181 
SISL{K.L)=O.040.vEL-O.6919 
c;o TO 1000 
IF{ANG .LT. 12.5) GO TO 182 
SISL(K.L}=0.0340.VEL-0.623~ 
GO TO 1000 
IFIANG .LE. 7.5} GO TO 183 
SISL(K.LJ=0.0043*VEL.l.1849 
GO TO 1000 
IF(ANG .LT. O.OJ GO TO 184 
SISL(K.L)3-0.008S.vEL.l.9d39 
GO TO 1000 
CONTINUE 

tF(ITEIoIP2 .GT •• 0) GO TO 217 
IF(ANG .LT. 22.SlGO TO 185 
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185 

186 

187 

188 

18. 
e 
e 

217 
e 
e 
e ., 
1.0 

1.1 

1.2 

193 

1 •• 
e 
e 

218 

1" 
1'6 

197 

1.8 

19. 
e 
e 
21' 

300 

301 

302 

303 

SISL(~.L)=O.042S.VEL-O.0561 
GO TO 1UOO 
IF(AN~ .LT. 17.5) GO TO la6 
SISL(K.L}:O.0349*vEL+O.0952 
GO TO 1000 
IFCANG .LT. 12.5) GO TO t87 
SlS~(K.L)~O.OJ~O.VEL-O.ZZ61 
GO TO 1000 
IF(ANG .LE. 7.5) GO TO 188 
SISL{K.LJ:O.0204.VEL+O.7~20 
GO TO 1000 
IF (ANG .LT. o.OJ GO TO 189 
SlSL(K.L'=O.0170aYEL+l.1339 
GO TO 1000 
CONTINUE 

GO TO 1005 

IF(tTEMP2 .GT.IS) GO TO 218 
IF(AN~ .LT. 22.5) GO TO 190 
StSL(K.LJ=O.OloaYEL-O.067 
GO TO 1000 
IF(ANG .LT. 17.5) GO TO 191 
SISL(K.LJ 2 0.007S*VEL-O.007 
GO TO 1000 
IF(ANG .LT. 12.5) GO TO 192 
SISLlK.L):Q.OOS.YEL+O.067 
GO TO 1000 
IF(ANG .LE. 7.51 GO TO 193 
StSLlK.LJ-O.002S*YEL+O.193 
GO TO 1000 
IF(ANG .LT. a.OJ GO TO 194 
SISLCK.L):Q.OOlS.YEL+O.233 
GO TO 1000 
CONTINUE 

IF (ITE/IIIP2 .GT. 40J GO TO 2.2.0 
IF(ANG .~T. 22.5) GO TO 300 
5J5~'K.LJ:O.000.VEL+O.767 
GO TO 1000 
JFIANG .~T. 17.5) GO TO 301 
SJSL(K.Ll=O.OOO*vEL+0.680 
GO TO 1000 
IF(ANG .~T. 12.5) GO TO 302 
51 5LI K. L) "'0. 0 OQ* .... Ei..+ 0.60 0 
GO TO 1000 
IFIANG .LE. 7.5) GO TO 303 
S I SL( I(.L) =0. 0 02S* .... EL+O.340 
GO TO 1000 
IF(ANG .LT. 0.0) GO TO 30" 
5ISLII(.L~=0.005*vEL+O.133 
GO TO 1000 
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30. 
e 
e 

220 
c 
C 
c .. 

305 

306 

307 

308 

30. 
e 
e 

221 

310 

3ll 

312 

313 

31' 
e 
e 

222 

315 

316 

317 

318 

31. 
e 
e 

223 
e 
e 
e 

15 

320 

CONTINUE 

GO TO 1005 

IFIITEMP2 .. GT. 15) GO TO 221 
IFt"NG .LT. 22.5) GO TO 305 
SISL(K.LJ_O .. OIO_VEL+O.367 
GO TO 1000 
IF(ANG .LT. 17.5) GO TO 306 
SISL(K.L,=O.OOoS*vEL+O •• 07 
GO TO 1000 
IFIANG .LT. 12.5' GO TO 307 
SISl..(K.LlzO.OOS*vEL+O.333 
GO TO 1000 
IFIANG .LE. 7.5) GO TO 308 
SISLIK.LJ_O.007S*VEL+O.081 
GO TO 1000 
{PlANe;. .LT. 0.0) GO TO 309 
SISLIK .. l.,.)-O.OlO*VEL-O.167 
GO TO 1000 
CQNTINUt: 

IF(ITE~P2 .GT. 251 GO TO 222 
IFCANG .LT. 22.5' GO TO 310 
SISl..IK.LJ=O.Ol5*VEL+O.167 
GO TO 1000 
IFIANCO .LT. 17.5) GO TO 31.1 
51SLIK.LJ_O.OllS*VEL+O.303 
GO TO 1000 
IFIANG .. LT. 12.5) GO TO 312 
SISLIK.LJ·O.Ol~.vEL.O.333 
GO TO 1000 
I~(ANG .LE. 7.5) GO TO 313 
SlSLtK.L)~O.003.VEL+O.890 
GO TO 1000 
IFCANG .LT. O.OJ GO TO 314 
SlSL'K.L)~-o.005.YEL.O.833 
~o TO 1000 
CONTINUE 

IF(lTe;NP2 .GT. 40) GO TO 223 
IF(ANG .LT. 22.5) GO TO 315 
SISL(k.~J~O.006.VEL.0.860 
GO TO 1000 
IF(ANG .LT. 17.5) GO TO 316 
SlSL(K.LJ~0.0005.VEL+l.133 
GO TO 1000 
IF(ANG .LT. lZ.51 GO TO 317 
S'SL(K.L)~-O.004.YEL+l.360 
GO TO 1000 
IF(ANG .LE. 7.5) GO TO 318 
SISL'k.L}~-o.0065.YeL+I.423 
GO TO 1000 
IF(AHG .LT. 0.0) GO TO 319 
SISLI k.Lla-0.00a.vEL-+I.447 
GO TO 1000 
CONTINUE 

GO TO 1005 

IF(ITENP2 .GT.15J GO TO 224 
IF(ANG eLT. 22.5J GO TO 320 
SlSL(K.LJ=O.0170.vEL+0.6239 
GO TO 1000 
IF(ANG .LT. 17.5) GO TO 321 
S'SL(K.Ll~0.0111.vEL+O.6919 
GO TO 1000 
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321 

322 

323 

32' 
C 
C 
22. 

326 

327 

328 

32. 
C 
C 

225 

330 

331 

332 

333 

33' 
C 
C 
226 

C 
C 
C 

16 

335 

336 

337 

338 

339 
C 
C 

227 

IF(ANG .LT. 12.5) GO TO 322 
S'SL' K .LJ=~.OO~5*VEL.O.S661 
GO TO 1000 
IF(ANG .LE. 7.~. GO TO 32,] 
SISL(K.L)30.01Za.vEL+Q.1479 
GO TO 1000 
IF(ANG .LT. O.OJ GO TO 324 
SISL(K.L)=O.0170*VEL-O.2839 
GO TO 1000 
CONTINUE 

IF(ITEMP2 .GT. 25J GO TO 225 
IF{ANC; .L.. T. 22.5) GO TO 325 
SISL(K.LJ 3 0.025S*VEL+O.2839 
GO TO 1000 
IF(ANG .1.. l. 17.5) GO TO 326 
SISL(K.LJaO.0196*VEL+O.SlSl 
GO TO 1000 
IF{ANG .LT. 12.5) GO TO 327 
51 SL( K.L) =0. 0 1 70*"EL+O.5661 
GU TO 1000 
IF(ANG .LI:. 7.S) GO TO 328 
SISL(K.L)z-Q.0051.VEL+l.5130 
GO TO 1000 
IF(ANG .L T. 0.0) GO TO 329 
SISL(K.L)~-O.0085.VEL+l.4161 
GO TO 1000 
CONTINUE 

IF (ITE/o4P2 .GT .. 40) GO TO 226 
IF(ANG oLT. 22.5) GO TO 3.]0 
SISL(K.L)=O.OlOZ*VEL+l.4620 
GO TO 1000 
IF(ANG .LT. 17.~, GO TO 331 
SISLCK.L'20.0009*VEL+l.9261 
GO TO 1000 
LFCANG .LT. 12.5,) GO TO 332 
SISLIK.L,:-O.0068*vEL+Z.31Z0 
GO TO 1000 
IF(ANG .LE. 7.5' GO TO 333 
SISL(KIL1~O.Ql11*VEL+Z •• 191 
GO TO 1000 
LFIANG .. LT. 0 .. 0) GO TO 334 
S1SL(K.L'~-O.Q136*VEL+2 .. 4S99 
GO TO 100Q 
CONTINUE 

GO TO 1005 

IF(lTEMPZ .GT. 15) GO TO Z27 
IF(ANG .LT. 22.5) GO TO 335 
SJSL(K.L)~O.015*VEL-0.567 
GO TO 1000 
IF(ANG .LT. 17.5) GO TO 336 
5 I 5 ... , K II.,.) =0. 009* VEL-O.Z50 
GO TO 1000 
IF(ANG .LT. 12 .. 5) GO TO 337 
SISL'K ..... J~0.005*vEL-O.067 
GO TO 1000 
IF(ANG .oLE. 7.5) GO TO 338 
SISL(K.LJ=-G .. 001*VEL+O .. 260 
GO TO 1000 
IF(ANG .LT. 0.01 GO TO 339 
SISL(K .. L)=-O.00S*VEL+O.467 
GO TO 1000 
CONTINUE 

IF (ITE"'P2 .GT. 25 J GO TO 228 
LF(ANG .. LT. 22.5) GO TO 340 
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3'. 

341 

3'2 

,.. 
e 
c 
22. 

3'5 

,.. 
347 

"8 

,.. 
c 
e 
22. 

e 
e 
e 

17 

35. 

301 

352 

353 

35' 
C 
e 
23. 

355 

35. 

357 

358 

51 S L( " .L. )",,0.0 l::'.'1EL-O.~6 7 
GO TO 1000 
JF(ANG .LT. 17.5) GO TO 341 
stsL,,,.L.)30.009_'1EL_O.250 
GO TO 1000 
IF(ANG .l.T. 12.5) GO TO J42 
SlSLCK.L)=O.005.'1~L-O.067 
GO TO 1000 
IF tANG .LE. 7.5) GO TO 343 
~(SL(K.LJ3-0.001.'1EL.O.260 
GO TO 1000 
IFCANG .LT. 0.0) GO TO 344 
51SL(K.L)z-O.OOS.VEL+O.461 
GO TO 1000 
CONTINUE 

rF(ITE~p2 .GT. 40) GO TO 22'i 
IF(ANG .LT. 22.S} GO TO 345 
SISL(K.LJ-O.01S.VEL-O.567 
GO TO 1000 
IF(ANG .LT. 17.5) GO TO 346 
5 I SL( K. L J =0. 00<,1. vEL-a. 25 0 
GO TO 1000 
IF(A NG .LT. 12.5) GO TO 341 
5' SL( K.L) ,.0. OOS • . vEL-O. 06 7 
GO TO 1000 
IF'ANG .LE. 7 .. 5) GO TO 348 
SISLCK.L}=-O.OOl*vEL+O.260 
GO TO 1000 
IF(ANG .LT. 0.01 GO TO 349 
SISL(K.L}2-0.00S*VEL+Q.467 
GO TO 1000 
CONTINUE 

GO TO laOS 

IFC ITEMP2 .GT. 15) GO TO 230 
IFIANG ~~T. 22.5) GO TO 350 
SISL'K.LJ~0~020.vEL-0~367 
GO TO 1000 
IF(ANG .LT. 17.5) GO TO 351 
SlSLIK.L)aO.0125.vEL-0.037 
GO TO 1000 
(F(ANG .~T. 12.5) GO TO 352 
SlSL(K.LJaO.00S.VEL+0.300 
GO TO 1000 
(FIANG .LE. 7.5) GO TO 3S3 
S(SL'K.~1=-0.001.VEL+U.560 
GO TO 1000 
I~'ANG .LT. 0.0) GO TO 3S4 
S (SLI K.L) "'-0. oos.va+o. 76 7 
GO TO 1000 
CONTINUE 

1F(ITEMP2 .GT. 25) GO TO 231 
IF(ANG .~T. 22.5) GO TO 355 
SI SLI K.I.. ''''0. 020.VEL-0.36 7 
GO TO 1000 
""'ANG .LT. 17.5) GO TO 356 
SISL{K.LlaO.012S$vEL-O.037 
GO TO 1000 
(F(ANG .LT. 12.5) GO TO 357 
SISL'K.LJ~0.005.VEL+0.300 
GO TO 1000 
IFIANG .LE. 7.5) GO TO 358 
51 SLI K.L )_0.00 I.VEL +0.560 
GO TO 1000 
I~{ANG .LT. 0.0) GO TO 359 
SISLIK.L)a-O.OOS.vEL+O.767 
GO TO 1000 
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359 
e 
e 

231 

360 

3., 
362 

3.3 

3.' e 
e 

232 
e 
e 
e 

18 

3.5 

36. 

3.7 

368 

3 •• 
e 
e 

233 

370 

371 

372 

373 

374 
C 
C 

234 

375 

376 

377 

CONTINUE 

IF(ITEMP2 .GT. 40) GO TO 232 
IF lANG .~ •• ~~ .~, GO TO 360 
5 I SL( II>.L) so. a 20 .... EL- O.3b 7 
GO TO JOOO 
IF(ANG .LT. 17.5) GO TO 361 
SISLIK.Ll=O.012S*VEL-O.037 
GO TO 1000 
IFIANG .LT. 12.5) GO TO 362 
SISLIK.LI=O.OOS*VEL.O.300 
GO TO 1000 
IF(ANG .LE. 7.51 GO TO 363 
SISL(K.L)=-O.OOl.vEL.O.~60 
GO TO 1000 
IF(ANG .LT. 0.0) GO TO 364 
SISL("'.L)s-O.OOS*VEL+O.767 
GO TO 1000 
CONTINUE 

GO TO laOS 

IF(lTE)IIP2 .GT. 15) GO TO 233 
IF(ANG .LT. 22.51 GO TO 365 
SISL(K.LJ=O.0340.VEL-O.6239 
GO TO 1000 
IF(ANG .LT. 17.51 GO TO 366 
SISL(K.LJ=O.OZ13.VEL-O.0629 
GO TO 1000 
IF(ANG .L..T. 12.51 GO TO 367 
SISL(K,L)=O.008S*vEL+O.5100 
GO TO 1000 
IF(ANG .LE. 7.51 GO TO 308 
SISL(K.Ll2-0.0017*vEL+O.9520 
GO TO 1000 
IF(ANG .LT. 0.0) GO TO 369 
SISL(K.L)2-0.008~.VEL+l.3039 
GO TO 1000 
CONTINUE 

IFIlTEMP2 .GT. 40) GO TO 23S 
IF(ANG .LT. 22.5) GO TO 375 
SISL(K.L,=0.0340.VEL-0.6239 
GO TO 1000 
IF(ANG .LT. 17.5) GO TO 376 
SISL(K.L)=0.0213~YEL-O.0629 
GO TO 1000 
IF(ANG .LT. 12.5) GO TO 377 
SISLIK.L}=0.0085*YEL+0.5100 
GO TO 1000 
IFIANG .LE. 7.5) GO TO 378 

292 



379 
C 
C 

SISL(K.L)2-QaOOI7*VEL+O.95Z0 
GO TO 1000 
IF(.~G .LT. 0.0) GO TO 379 
SISL(KIL)~-O.QO~~.VEL.1.JOJ9 
GO TO 1000 
CONTI NUt:; 

235 GO TO 1005 
C 

1000 CO NT I HuE 
C 
C 
C •••••• 51 AO~USTMENT FACTORS ~OA DITCH wiDTHS •••••• 
C 
C 

c 
c 

<00 

401 

402 
C 

IF! ITe:NP3 .GE. a.AND .. ITEMP4.NE .. OJ GO TO 400 
IF{ITEMPJ .LT. 8 .AND. I1E/IIP3 . GT ...... NO. ITEMP4.NE. 0) GO TO 401 
IF(ITEMP3 .LE ••• ANO. lTEMP •• NE. OJ GO TO 402 
GO TO "000 

SlSLIK.LlaSISL(K.L'.O.70 
GO TO 4000 
SISLCK.L)_SlSL(K.L).O.81 
GO TO .000 
SIS'-IK.L)-SISL(K.Ll*1.00 

C •••••• 51 AD~USTMENT FACTORS 
C 

FOR WATEA IN DITCH ...... 

C 
.000 

aoo 
810 

801 
811 

C 
C 

,,., ,prLAG .EO. 
,,., '''LAG .EO. 
I" (I"LAG • .EO. 
GO TO 810 

1 .AHO. M3Sll) .Ea. 2.) GO TO 800 
1) GO TO S10 
2: .AND. C22:(l.J) .Ea. 2.' GO TO 800· 

SlSL(K.LJ - 5ISLIK.L)*1.0S 
GO TO 811 
,,.., I"LAG .eo. 1 .ANO .. H35( 11 .Ea. 3. J GO TO 801 
''''''''L''G .Ea. 1) GD TO 811 
II"II"LAG .Ea. 2 .AND. C22:ll •• U .ea. 3.) GO TO 801 
GO TO IUl 
5ISLlK.Ll • SlSL(K.L).1.10 
CONTINUE 

C ...... SI AOJUSTMENT ~ACTORS ~OR vEHICLE TYP~S •••••• 
C 

"" TO (41.40.40).lAUTO 
C 

40 GO TO (SO.Sl.52.S3.S0.S.).IT!MPI 
50 GO TO 1003 
51 GO TO (71.72:.73.74.7S1.L 
52 "" TO (76.77.7a.79.801.L 
53 GO TO (81 .a2. 1i.J. d4. 8S) .L 
5' "" TO (86.a7.o6.89.90J.L 

c 
71 SIADJ(KoL) • -O.01O.vEL. ... l.413 

"" TO 60 
72 SIAD .. HK.L) -0.OlO.VEL"1.41.J 

"" TO 60 
73 SlADJ(K.LJ • 0.016S.vEL-O.027 

GO TO 60 
74 SIADJ(K.Ll • -0.OI7S*VEL"2:.007 

GO TO 60 
75 S I AO.J (K.L) O.030.VEL.-0 .. sao 

GO TO 60 
C 

70 SlAO.J(K.L) • O.OO O*VELfooO .683 
GO TO 00 

77 SlAO.J(K.l..} • O.O oo.vEL..o.683 
GO TO 00 

78 S lAD.J (1C..l..) • 0.0 lS.vEL.-O. 22.3 
GO TO 60 

79 SIAO.JCK.l..) O.OO9*VEl..+O.S87 
GO TO 60 
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80 SIAOJ(K.LJ a O.02:S*VEi..-O.3S0 
GO TO .0 

C 
81 SIAO.J(K.l.) = o.ooe.vEL+O .... Q7 

GU TO .0 
82 SIAOJIK..L) a O.oos*va+O.497 

GO TO .0 
8' 5IAUJ(K.1.) a O.OlO .... El.-O.J60 

GO TO .0 •• SIAOJIK.l.) = O.OO~VEl..O .647 
GO TO .0 •• SIAOJ(K.L} a O.02Z*VEJ..-O.250 
GO TO .0 

C •• 51AO..l' I(.L} a O.OO8.V~+O.497 
GO TO .0 .7 SJAD.J(K.Ll a O.OO8*vEl."'O .497 
GO 10 .0 

.8 SIAO.UK.L} -0.01 O*VEL.-O .360 
GO TO .0 

8. SIACJ(K..l.) • O.OO3*vEL+O .647 
GO 10 .0 

.0 SIAOJ(K.Ll a O.02Z*VEL-O.2S0 
GO TO .0 

C • 
C 
.0 CONTINUE 

C 
SISl.IK.l.J • SISl.(K,l.}.SlAD..I(K.l.) 

C 
41 CONTINUE 

C 
C ...... $I ADJUSTMENT prAeTORS 'OA ROUGH S!..OPES •••••• 
C 

I"(I~LAG .EO. 1 .ANO. H3aCIJ .EQ. 2.) GO TO 901 
IF'l~LAG .Ea. II GO TO 90S 
tF(IFLAG .Ea. 2. .ANO. C25(I.JJ .EO. 2.) GO TO 901 
GO TO 90S 

901 IF(S1SL(K.l.J .GE. 0.30) GO TO 905 
SISL(I(.l.} _ 0.30 

••• c 
CONTINUE 

c •••••• S~T MINI~UN 51 
40.:) IF(SISL1Kd .. J .G£. 
404 SISL(K.l.l.O.20Q 
405 CONTINUE 

C 
C 

1002 CONTINUE 
C 

1001 

c 
c 

1003 

1200 

1004 

1201 

1 oo~ 

1202 
1006 
999B 

CONTINUE 
GO TO 1006 
IF C I~LAG .EO. 
ERROR1(I.l) "" 
GO TO 1006 
E;;IRORlCI.,J) "" 
GO TO 1006 
'F t ''''LAG .£0. 
ERRORltI.l's 
GO TO 1006 
ERRORl(I.,J) s 
GO TO 1006 
IF (,FLAG .EO. 
EAROA.l(I.l) "" 
GO TO 1006 
I!RRORl(I.,J) =­
CONTINUE 
RETURN 
ENO 

21 
20 

20 

21 
21 

21 

21 
22 

22 

VALUe: TO 0.20 ...... 
o •• u GO TO 405 

GO TO 1200 

GO TO 1201 

GO TO 1202 

C .... $ .......................................................... . 

C • 
SUBROUTINE SLAO,J 

c • 
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c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c • 
C" ENVIRt.MENTAL SLOPE ADJUSTMENT FACTORS 
C • 
C .............................................................. ' ••••••• 
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• # •••••••••• 

C 
C 

c 
c 

c 
c 

c 
c 

c 
c 
c 
c 
c 
c 

c 
c 

c 

c 

c 
c 
c 

c 
c 
c 
c 
c 
c 

OIIENSION POO(6'. IAC(6', FA(O'. '(LATe7J 

CO/ll/lOlON/OATA1/ 11116'.11216'.113(6), 114(6J, 1"15(6), M6(tI). 117161. 
.. H8(Cd, "9(0), H10(61. 1111101, 1"112161. 111:3161. 
.. "'14161. "15C6', H16(cJ. 1117101, "lSlbl, 1-119(61, 
.. 1120(61,1121(61.1122(61,1"123101, "30(61, H.JlIeol. 
.. 1132161, H.l3(61. 11,34,61, 1135161. H36(61, "'37(6), 
.. H.3dI6J. "39(0), .... 0(6), 1-141(61, 1142161, ... 43(0). 
.. "44(6),1"145(61.1-146(61.1147(61, 114.H6), H49(6), 
.. 1150(6). 1151(61 

COlol/lllON/OATAV Cl(6.4). C2{6.4'. C316.4). C416.41. C5(6.4). 
• CI116.41. C12(6.~'. CI3(0.41. CI4'6.4). C15(6.41. 
• ':'16(6.4). CI.7(6.4). CI6(6.4). Cl"'6.4'. C20(6.~ ' . 
• C21(6.~). C22(6.~). C23(6.4', CZ416.4). CZ5(6.~I. 
• CZ6(6.4). C21(6.4). C26(6.4). C29(6.4). C30(6.~) . 
• C31(6.4J. C32(6 •• ). 03(6.4). C34(6 •• I. C35(6.41. 
• C36(6 .. 4'. C37(6.41. 0&(6.4). C3 .. (6.4'. C40(6.41 > 
• C.41(6.41. C4Z(6 •• ). C50(6.41. CSl<6.41 

COMNON/OATA3/ 610. G12. G1.3. G14. GIS. G16. G17. G16. G19. GZO 
COMMON/CRP t / CR 

COMMCN/ERAOR/ EAAORl(6.4) 

C.OMMON/"UAT/ PItS.5). SIC5.5). SISL(5.5) 

COMNON/LAT~/ O~SET(5). OLAT. OLONG. OLATt 

COMMON/~NFR£/EN~R 

COMMON/$LI/ SLAO~l(5.5) 
COMMON/GRSl/ 5151(3.5.51. SI5Z(~.5.5J. 5153(3.5.51. SlEIU(3.S.5J. 

• SlE2U(3.$.51. 51£~U(3.5.SI. Slf;lO{.3.5.51. SIEZO(3.S.5J. 
• SI.f;.30(3 • .!:5 • .5J. Sll(~ .. S.5). SIZ(3.5.51. 513(3.5.5) 

COMMON/GReST / 

• 
Gl. GZ. G3. G9. G41W. G4Z .... Ci4IS. G4ZS. "'61./I46Z. 
Me3. M69. /l4S4 •• M845. GAEI.GREZ. GRE3. GRE4. GRES. 
G,£T 1. (i.ET2. M8!!:Tt. MaETZ • 

COMMQN/MAoINC/ 

• 
"18. "1. HIA'4 •• 1"111(6).1112(6.4). C/I48. CM. CJ04A(41. 
CM1(6,. CMZ(6.41 • .olCS • .olC. ACA(4) .... '1(61. 

• AC2(6 .. 4J. lZERO(4). THCH.olZ.ThCIMP(41 

COMMQN/l0r:NT/I ..... lHAZ. IALT. 'PLAG. NTITLE. IOIR. 10. LL 

COMMON/NCONT/ NCOUNT.IPAGE. LINES. NOESlIOO). NSPO(IOO). 
• . NAOT(100). NHWY(lOOI 

COMMON/AUTl/ AUTO(3).lA. lAUTO 

COMMON/~NVR/ ENVIR(31. INVIA 

COMMON/TAC1/ TAC(S.51 

COMJ040N/Al!!SL..T./C,E(4.'. SCI4 •• ICEC"'. NOTCE(4). ICOST(4). IGR 

COMMON/IMPAQB/ lJ04P{S.SI 
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c 
c 
c 

c 
c 

c 

c 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

1 

2 

REAL Nel. ~B2. M63. Me9, MS"., M84S. MeETI. MaeTZ 

REAL LIFE. H.T. ,JAUTO. I/oliP 
REAL lAC 

INTEGER ERROR 1 

INTEGER HI. H2. H.]. H., HI4, H16. H17. Hie. M19. H20. HZ1. 
• H30. H42. H43. H44, H4S, H46. H"7. M4a. H4yo 1'150. HS1 

INTEGER Cl. C2. C16, C17. C18, C19. C30. C31. C32. C33, C34, 
• C35, 06. C39, e40. C41. C4Z. c~o. C3. C4, C51 

GO TO(3.2,1). INV1R 

CONTINUE 

FROZEN CONDITION 

$LAO,) lC 1 • 1) • 1.00 
SLAO.J1' 1 .2J 1.00 
SLAO.H (1.3J 1.00 
SLAD.Jl'I,4) • 1.05 
5LAO.Jl' 1. 5) = 1.05 
SI..AOJ l' 2.1 J • 1.00 
SLAD.Jl(Z.21 • 1.00 
SLAQ.Jl(.2.31 • 1.05 
SLAOJl(Z.4) = 1.05 
SLAO.Il' 2.5) • 1.10 
5L .... OJI (3.1) = 1.00 
SLAD,JlC3.2J = 1.05 
SLAO.Jl (;3.3) • 1.05 
SLAO.Jl(3.41 • 1.10 
51....40..11(3.51 = 1.10 
$LAO.Jl(4.11 1.05 
SLADJ 1'''. 2J = 1.05 
SLAO.Jl (4 • .3) = 1.10 
SLAD..Jl(4.41 • 1. 10 
5L"OJ1(4,51 1.10 
5LAO .. 11 (5.1) • 1.05 
5LAO.J l' 5.2J 1.10 
SLAO.J 1 (5 • .3) • I. 10 
SLAO.Jl{5.4) • 1.10 
5LAO.Jl{5.5) • 1.15 

GO TO • 
CONTINUE 

o.r CaNon I ON 

SLAO.J 1 ( 1 • 1 ) 1.00 
SLAO.J 1 « 1 .. 2J 1.00 
SLADJ1( 1.3) 1.00 
5LAO.Jl(I.4) = 1.00 
SLAO.Jl{l.SJ = 0.95 
5L,,0.Jl(2.1) • 1.00 
5LAO.J 1 (2.2) • 1.00 
SLAO.Jl (2.3J = 1.00 
5LAO.Jl{2.4) • 0.95 
5LAO.Jl(2.5) = 0.95 
SLAO.Jl(3.1) = 1.00 
SLAO.Jl(3.2l = 1.00 
SL.AD.JI (3.3) = 0.95 
SLAOJ1(3.4) • 0.95 
SLAOJ1(3.5) 0.95 
5LAOJ1(4.1) = 1.00 
SLAO.Jl(4.2) = 0.95 
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c 
c 

SLAO"l{ •• .)) 
5","0.1114,4) 
5 ... AO.Jl(4.5) 
5LAOJ1(5.1) 
5LAO.JlIS.2J 
54.."0.1115. :3) 
SL..AO.J115 •• 1 
SL.AO.Jl (5.5) 
GO TO 5 

.J CONT 'Nue 

00 100 L. _ 1.5 

0.95 
0.95 
0.90 
0 .... 50 
0 .... 5 
0.95 
0.90 
O. ",0 

00 lOOK '" 1.5 
S4..AO,JIIL.Kl _ 1.00 

100 CONTINUE 
5 CONTINUE 

c 

c 
c 

RETURN 
END 

c ...................................................................... . 
c • 

SUBROUTINE GRAIL 
c • 
c ...................................................................... . 
c • 
C" THIS SUBROUTINe IS THE ....... .IN GUARQRAIL SUSROUTINE AND LINKS AL.L OF 
C.. OTHER SUBROUTINES TOGETHER 
C • 
C •••••••••••• _ ••• _ ................. _._ .......... _ •••••••••••••••••• 
c ...................................................................... . 
c 
c 
c 
c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 

OIMENSION POO(61.1AC(61.FA(61.YLAT(7) 

COlltMQN.lOA TAlI' 

• 
1'11(6).1'12(6). totJ(61. "4(6).1'15(6).1'16(6). M1(!d. 
118(6 •• 119(6), 1'110101. 1111(6). 1'112(6., H1,U6 •• 
HI4(6 •• MI5(6J. 1116(6 • • 1117(61.111816',1'119(6). 
H20(6'. 1-121(6),1122(61.1123(6'. "'30(61 .. "131(61. 
H.32(6). H,J.3(6). H34(6). H3's(6). "'36(6) .. H37(6). 
k38(6), H.39(6). 1140(6'. 1141(6'. 1'142(6). H43(6). 
1144(61 .... 4's(61. H46(6,. 1147(6). 114d(6). 1149(6). 
1'150(6). 1151 (6) 

• • • • • • 
COMMON/OATA2/ 

• 
<:116.4). C2(6.41. C3(6.4). <:4(6.4). <:,S(6.41. 
<:11(6.4 •• <:12(6 .. 4'. <:1316.4). <:14(6.4). <:15(6.4). 
<:16(6.4) . <:17(6.4). CI8(6.4). C1916,41. <:2016.41. 
<:21(6.4). <:22(6.4). <:23(6,4). C24(6.41. <:25(6.4 •• 
<:26(6 .... '. <:27(6 . 41. <:28(6.4). <:29(6.41. <:3016,4). 

• • • • <:31(6.41. <:32(6.4). C33 ( 6 ...... <:34(6 ...... <:3's(6.41. • C36(6.4).. <:37(6.41. C.J8(6 .... '. 09(6.41, C40(6.4', • <:41(6.41 . <:42(0.41. CSOlb.4). <:51(6 .... 1 

COMMON/OATA3/ G1e. G12. G13. G14. GIS. G16. G17. GIS. G19. G20 
CO/l4MON/CRFl/ CR. 

C:O"'fl4QNI'~RDA/ ERRORl (6,4) 

COMMON/HURT/ p(es.s). SJ(S.5'. SISLtS.S) 

COMMON/LATCF/ OFSET(,S'. OLAT. OLONG. OLATI 

COMMOH/ENFRE/ENFR 

COWMaN/SLl/ SLAO~lt's.5) 
CO .... I4ON/GR51/ 515113.5.5'. 5t52(3.5.'sI. 515313.,S.5'. SIEIU(3.5.,SI. 

.. 51E2U(3.S.'s'. SIE3U(3.5.5J. 51EIO(3.S.51. 5IE20(3.5~,S •• 
• 51E30(3.'s.5', 511(3.5.5). S{2(3.'s.S). 51.)(3.,S.,S) 
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c 
c 

c 
c 

c 
c 
c 

c 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

c 

COMIo40N/GACST/ CI, G2. (03. C9. G41w. G42., G41S. (0425. ""91,:>482. 
• ~a3. Na9. )4a ... ~. MS4S. G~El.GRE2. GA~3. ~~~4, ~AE5. 
• uETl. (;,e;T2. "'BETI. Io'IBET2 

CONMQN/CO",P/ 510£IS.5). ENO(5.5J. 1"IT. XX 

COMMONI'MAINC/ HIB. HI. HIA(4). 1-111(61. HI216,41, CMS. eM, C.""(41. 
• CMllo). CM2(0.41. Ace .... c. ACA(41. "'C1(61. 
• 4C2(6,4). IZEAOt,,'. THCHAZ.TI"tCIMP(4) 

COMII4ON/IOENT/I • .J, I"",Z. (ALT. IFLAG. NTITLE. lOlA. 10, u.. 
COMMON/NeOHTI' NCOUHT.tPAGe. LINES. NOES(IOOJ. NSPOIIOO). 

• kAOTClUOh NH'IIVOOOI 

COMMON/AUTl'" AUTOI.]) .lA_ lAUTO 

COMMONJENVA/ EHVIR(31. INVIA 

CO""MQN/TACI/ fAC(5.51 

COMMON/RESLT/CE:14). ee(.). lCEI.). NOTCE'.}. leCST{"). JGA 

COMMQN/IMPROS/ I"'PIS.5) 

COM.OH/CST4/ RCeS.SI.eL 

REAL M81. NeZ. M83. ""89. Me4~. "'B.S. MSETI, NSET2 

REAL LIFE. INT. ~.UTO. IMP 
ReAL. lAC 

INTEGER ERRORI 

INT~~R HI. H2. H3. H4. H14. H16. H17. H18. H19. H20. HZ1. 
• H30. H42. H43. H44. H45. H46. H47. H4S. H49. H50. H51 

INTEGER Cl. CZ. C16. C17. CIS. C19. C30. C31. C32. C33. C34. 
• C35. C36. C39. C40. C41. C4Z. C50 

00 800 K_l.3 
DO 800 L.l.5 
DO aoo _1.5 
SlS1IK.L •• ,-O.0 
SIS2IK.L..M)-O.O 
SIS::3(K.L../IIII)_O.O 
Sll(K.L.NJ-O .. O 
512(K.L.MI-O.O 
513(K ...... M).O.O 
SIE1UIK.L.MlaO.O 
SIE2UCK.L..M,_O.O 
Slc::3UCK.L..N,aO.O 
SIE10(K.L..N,aO .. 0 
SIE20(K.L..MJ_O.0 
SIE30IK.L..M)_0.O 

80Q CONTINUE 
C 

c 

c 

GO TOII.2). IFU<i 

CONTINUE 
Xl 1'17(11 
)(2.1'133(1) 
X3 _ H34( 1) 
X4 .. H35([1 
)(5 a H36( I) 
X6" H37t[) 
X7 .. H22(1) 
)(8 .. H23( II 
GO TO S 
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c 
c 

c 
c 
c 
c 

c 
c 

2 CONTINUE 
X 1 :II: H711 J 
)(2 a C02l (I.J) 
X,Ja C22(I.J) 
X4 C23(1 • .J) 
X5 .. Co2", 1 ... 11 
X6_C2S(1 • .J) 
)(7,. C.37(I • .JJ 
XB ,. C38( ( •• .11 

5 CONTINUE 

Ll .. 0 
YLAT(1'aX3 

DETERMINE IF UPSTREA/II EN;) IS FLARED 

IF(XS.GE.99.0.0R.XS.EO.O.OlGO TO 10 
GO TO 15 

10 CONTINUE 
C 1 HAZARD ENVELOPE 
C 

c 
c 

L 1 ,. 1 
xu ,. 0.0 
XO ,. 0.0 
GO TO 30 

C " HAZARD ENVELOPES 

c 
c 
c 

c 

15 LI .. Ll + 4 

UPSTA~A~ ~LAAE LENGTH 

C LATERAL OFFSET DISTANCES UPSTREAM 
C 

c 
c 
c 

YLAT(ZJ • )(3 + {(1.O/6.0).XU)/X5 
YLAT(3) ,. ~ • «.3.0/6.0) •• U)/)(5 
YL.ATt., ,. X3 + (5.0/6.0) •• U)/)(5 

C OETERMlNE 1~ OO_HSTREAM END IS FLARED 
C 

c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

20 xo ,. 0.0 
GO TO 30 

25 CONTINUE 

LI ,. Ll + .3 
7 HAZARD ENVE1.,OPES 

OOWNSTREAM FLARE LENGTH 

C LATERAL OFFSe;T DISTANCES DOWNSTREAM 
C 

c 
c 
C 
C 

YLATtS) .. X3 + ({1.O/6.Q).XO)/X6 
YLAT(6J ,. X3 + '(3.0/6.0) •• 0'/)(6 
YLAT(7) : X3 + «5.0/6.0) •• 0)/)(6 

30 CONTINUe 

CHECK FOR 4-~ANE HIGHWAY 
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c 

c 
c 
c 

c 

c 
c 
c 
c 
c 

c 

c 
c 

c 

c 
c 

40 

'5 

50 

IFtHl(II.EQ.l) GO TO 35 
GO TO .0 

CONTINUE 
IOlR = 2 
GO TO 50 

CONTINUE 
IOIR . 1 

CONTINue 

DeTERMINE TOTAl. LENGTH ANa TANGENT GUARQRAIL LENGTHS 

XL. ,z (ABS(Xa-X7) )*5280.0 
Xl "" XL - XU - XO 

HilT 1 
II-! :: 1 
L.L • 1 

CLONG: x]: 

GO TO(55.56). lFLAG 

55 CONTINUE 
IF(H19(1).EQ.2) GO TO 60 
IF(tH9( I) .EO.5) GO TO 65 
IF(H19UJ.EQ.6J GO TO 70 
IF(H19(IJ.£Q.7) GO TO 75 
ERRORltl • .J) _ 13 
GO TO 80 

56 CONTINUE 
IF(C19(I.,J).EQ.2J GO TO 60 
IF(C19tJ • .JJ.EQ.S) GO TO 65 
I~(C19'I • .J).eO.6) GO TO 70 
IF~C19(I • .JJ.EQ.71 GO TO 75 
ERROR1(I.JJ = 13 
GO TO 80 

60 CONTINue 
c CABLE GUARORAI~ SEVERITIES 

CALL GRAIL2 
GO TO 80 

c 
65 CONTINUE 

C .-BEAN. WEAK STEEL POSTS. SEVERITIES 
CALL GAAILS 
GO TO 80 

c 
70 CONTINUE 

C .-8EAM. STRONG WOOO POSTS. SEVERITIES 
CALL ~RAIL6 
GO TO 80 

c 
75 CONTINUE 

C .-BeAM. STRONG STEEL POSTS. SEVERITIES 

c 
c 
c 

CALl.. GRA.U .. 7 

80 COI'ITINUE 

C SET VARlABLES FOR Sloe IJ04PACTS. NEARSIOE TRAFFIC 
C 
C ~oveo TO STATE~ENT SO TO 55 
C 

c 
85 CONTINUE 

IO "" 1 
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90 CO NT INUE 
lAUTO _ 1 
JAvTO = AUTO( l' 

II. :< IAUTO 

IN .... ' " .. 1 c 
c 
c 
c 
c 
c 

ENVIRO~ENTAL CONDITIONS 
INVIR = 1 ••••••• ORY COND IT ION 
INVIR = 2 ••••••• WET CCNCITlGN 
INVIA ~ 3 ••••••• FROZEN CONDITION 

95 CONTINUE 
GO TOt 100.120.140). INvlA 

c 
100 COI'ITINUE 

ENVIRC" ENvlA(IJ 
c 

[F(lHIT.GT.IJ GO TO 1 10 
C 
C HUT. 1 
C 

c 
c 
c 
c 
c 
c 

c 
c 

c 
c 

c 
c 

DO 101 "''''1.5 
Dc;, 101 ,.....1.5 
510 .. "') '" 5151(1,4..III,N) 

101 CONTINUE 
GO TO 200 

110 CONTINUE 

lHIT .GT. 1 

[FeIO.EO.II GO TO 115 

DO 11114-1.5 
00111 N;&I.5 
SllM,N) ;& SIEIDel"',N.N) 
SIDE(N,NI ,. 0 .. 0 

111 CONTINUE 
c;o TO 200 

115 C:ONTlNUE 
DO 116 14_1.5 
00 116 N-l.5 
SleM,N) '" SIEIUC!A.N.NJ 
SIOECM.NJ .... 0.0 

116 CONTINUE 
GO TO 200 

120 CONTINue 
ENVIRO ,. ENVIR(2J 

IF(IHIT.GT.IJ GO TO 130 

SIDE IMPACTS 

• 

END I NPACTS 

C SlOE IMPACT 
C 

c 

DO 121 M-l.5 
00 121 ""'1.5 
SI(IIII.NI '" 5152(1".",."" 

lZl c:;.oNTlNUE 
GO TO 200 

C END IMPACT 
C 

c 
130 CONTINUE 

IF(IO.EQ.ll GO TO 135 

00 131 .114-1.5 
00 131 ~1.5 
SI(M.N) - SIEZO(IA.M.N) 
SIOE(N.NI = 0 .. 0 

131 CONTINUE 
GO TO 200 
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c 
c 
c 

c 
c 

c 
c 

1.35 CO NT J NUE 

DO 1"3'" ""<1.!5 
DO 136N=-I.5 
SI(~.N) ,. SIE2U«(A.M.N) 
SIOEOol.Nl = 0.0 

136 CONTINUE 
GO TO 21)0 

140 CONTINUE 
ENVIRQ"", EN'IIR(3J 

IFCIH1T.GT.1) GO TO 150 

C SIDE I~ACT 
C 

c 

00 141 /14""1.5 
DO 141 N-al.5 
SIIJoI.N) = SlS3( IA.M.N) 

141 CONTINUE 
GO TO 200 

C ENO 1 MPAC T 
C 

c 

c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

150 CONTINUE 
IF{IO.E~.lJ GO TO 155 

DO 151 N_l.5 
00 151 ""=-1.5 
SllM.N) s SIE30(l"'.M.NI 
SIOE(.IoI.N) "" 0 .. 0 

151 CONTINUE 
GO TO ZOO 

155 CONTINUE 
00 156 14-1.5 
00 156 M=1.5 
SI(M .N) a SlE.3UCIA.M.N) 
SIDEIM.N) ,. 0.0 

156 CONTINUE 
GO TO zoo 

200 CaNT I HUE 

CALl. PROB3 

CA1..CULATE HAZAAQ INOEX 

GO TO(210.2301.10 

210 CONTINUE 

IFtlHIT.EQ.I}GO TO 220 

OLATI .: X2 
00 215 r.=l.S 
00 215 1'01_1.5 
ENoeN.H) "" PIIN.N} 

2.15 CONTINUE 
GO TO 250 

220 CONTINUE 
OLATI '" YLATU •. .I...) 
00 225 14=1.5 
DO 225 N""1.5 
SIOEIM,N) : PltN.H) 

225 CaNT J t-IUE. 
GO TO 2050 
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303 

c 
C 

230 CONTI HUE 
C 

IF I 1M IT .EO.l J GO TO 240 
C 

OLATl · XI + .. 
00 235 Mal.S 
00 23' "''''1.5 
EHOIM.N) · PlIM.H) 

2" CONTINUE 
GO TO 250 

C 
240 CONTINUE 

OLATl • YLAr(LL) + XI 
00 2" "'''1.5 
00 2" ,....1.5 
SIOf;(M.N) • PH/III,N' 

2" CONTINue 
C 
C 

"0 CALL COMPUl 
C 

HI • XX • 
C 
C 
C oeTERMINE ACCIOENT COSTS 
C 

CAu.. C05T3 
C 

GO TO(260.2dO),IO 
C 
C 

260 CONTINue; 
C 

1,..(IHIT.EQ .. I1GQ TO 210 
C 

CLATl • X2 
00 2 •• Nal.S 
00 26' N-al.5 
!ENO,,..,N) • TACIN.H) 

26. CONTINue 
GO TO '00 

C 
270 CONTINue 

C 
OLATl • YUTt.L..l..) 
00 270 .... 1.5 
00 270 ~1.5 
510£(/II.N) • TACIN.H) 

275 CONTINue 
GO TO 300 

C 
C 

280 CONTINue 
C 

l"OHIT.EO.ll GO TO 290 
C 

OLATl · XI + .. 
00 28. M=1.5 
00 28' .... 1.5 
ENO(N.N) • TACt".N) 

28. CONTINUE 
GO TO 300 

C 
290 CONTINUE 

C 
OLATl a YL,ATU...L.) +Xl 
00 29 • .04=1.5 
00 29. "'1.S 
SIOE' .... N) · TACIN,N) 

2" CONTINUe 
c 
C 

300 CA!..L COMPuT 



c 
c 
c 
c 

c 
c 
c 
C 

C 

c 

C 
C 

C 

C 

C 

c 
C 

C 

c 
C 

C 

C 

C 

C 

C 
C 

c 
c 

AC _ xx 

OL • OLONG 
'Au.. COST4 

GO TO(310.3301.IO 

31 0 CONTINUE 

oeTeRMINE REPAIR MAINTINENCE COSTS 

'''(l1-I1T.EQ.1) GO TO ~o 

DL.A Tl · X2 
00 Jl~ ~1.5 
00 315 N-I.S 
END"' •• N) ,. ReIN.H) 

315 CONTINUE 
GO TO 300 

320 CONTINue 

OLATI • YLAf(LJ..J 
00 325 M"'I.S 
00 32' ~1.5 
SIOf(IIII.N) • Reo .. ,..) 

325 CaNT {HUE 
GO TO 3.0 

330 CONTINUE 

1~'lHJT.EQ.l)GO TO 340 

OLATt • Xl • .. 00 335 ""1.5 
00 33. N_ l.5 
ENDt .... N) '" Ace .... N) 

335 CONTINUE 
GO TO 350 

340 CONTINUE 
OLATl '" Vl..ATCL.I..) + Xl 
00 345 "_l.S 
00 345 N-l.5 
SIOEI .... N) ::II AelM,H) 

345 CONTINUE 

3.0 

36. 

365 

37. 

3 •• 

GO TO 350 

CALL COMPUl 

'" • xx 

GO TO(360.365.3701. 

.JAUTO • AUTO( 1) 
00 TO 38. 

JAUTa • AUTOC2J 
GO TO 38. 

JAUTO • AuTO(3) 

CONTINUE 

HI '" H'.JAUTO*ENV(RQ 
AC '" AC*JAUTo.eNVIAO 
eM '" CM*JAUTG*ENV I RQ 

GO TO(390.395,.lFLAG 

UUTO 
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C 
C 
C 

C 

C 
C 
C 

C 
C 
C 

c 
c 

C 

C 

C 

C 

C 

C 

c 
C 

C 

C 

C 
C 

C 

C 
C 
C 

c 
c 
c 
c 

c 
c 

c 

390 CONTINUE 

395 

400 

410 

'20 

430 

.40 

HI 1 ( 1 1 : Hil ( I" • HI 
AC 1 I Z) : .4e1(I) • AC 
',",111) a eNl ( I) • CM 
GO TO 400 

CONT INUE 

H12CI,J. a HI2(1 • ..)) • HI 
4C2(I.J) • AC2( I,J) • AC 
CMZII.oJ' . CM211 • .;) • CM 

CONTINUe 

IFtJNVIA.ea .. 3)GO TO 410 

INVIA '"' INVIR .. 1 
GO TO 95 

CONTINUE 

IFIIAUTO .. EQ .. 3) GO TO 420 

IAUTO • lAUTO + 1 
I NVIA -1 

" • lAUTO 
GO TO 95 

CONTINUE 

IFIIOIR.EO.1.OA.lO.EQ.2'GO 
10 • 10 • 1 
GO TO 90 

CONTINUE 

(FCLL.Ea.Ll )GO TO 450 

LL. '"' u.. • 1 

IFCLL.LE.4)GO TO 440 

CLONG '"' XO/3.0 
GO TO •• 
CONTINUE 

OLONG .:II XU/3.0 
GO TO •• 

450 CONT (HUE 

TO 430 

END INPACT IS CONSIDERED 

IH1T .. 3 

IFCIH.EQ.21GQ TO 460 
IHaIH+l 
GO TO as 

460 CONTINUE 
CAu,. CRF 
GO TO(470.4751.IFLAG 

305 



"70 CONn NUe: 
HIS,. HII3'" 1111(1) 
Ace,. Aca ... ACIII) 
C/04a ,. C::M6 ... C:-tlll) 
rHCHAZ = eMS 
GO TO 500 

c 
475 CONTINUE 

< 
< 

HIA(J) '"' I"IIAIJ) ... H12( 1 • .1) 
ACAIJ) ,. ACAIJJ + AC4(I.J) 

He ~ Cllll.J).CR - C14(I.JJ ... CIS(I.,)) 
THCIMP(J) _ THClIo4P(,J) ... He ... CM21J.JJ 

500 CONT I NUt: 
< 

< 
< 

RETURN 
END 

c ........................................................•••••••••••••• ~ 
< • 

SUBROUTINE GRAIL2 
< • 
c .......................... _ •••••••••••••••••••• _ •••••••••••••••••••••• 
c • 
c. THIS S~OuTINe CALCULATES SE~ERITV INDEXES FOR THE cAaLl CUARQRA 
< • 
< • c ....................................................................... . 
c ........ _ ............................................................. . 
< 
< 
< 
c 

c 
< 

< 
< 

< 
c 
< 

< 
c 
c 
c 

c 
c 

DIMENSION POO(6). IACI6J. FA(6J. TLAT(71 

COMMON/OATAI/ 

• • • • • • • 

H1(6). 1"12(6). M3(6J. H4(6J. H5(6). 1"16(61. 1"17(6). 
H8(6J. 1"19(61. 1"110(01. 1"111161. 1"112(61. 1"113(61. 
1"114(61.1"115(61.1116(61.1"117(61.1"118(61. HI9(bl. 
1"120(61.1"121(61. H2216J. 1123(61. 1130(61. 1131C61 
1"1.32(61.113316).0 1"1,34(61. H.3!5(61. 1"t36161. 1"t.37(61 
H.3a(61. H39(61. 1"140(61.1"141(61. H42(6). H43(61 
H44(61.H45(61 1"146(61.1"147(61. "'48(61. H49(61 
1"150(6). 1"151 (61 

CO,../IIO"'/O"'T"',2/ Cl(6.41o CZ(6.41. C3(6.41. C4(6.41. CS(6.410 
• CI1(0 ... ). C1Z(6.41. CI3(0.4). C14(6.41. C1S(6.41. 
• CI6(6.4). C17(6 •• ). CIS(6.4). CI9(6.4). C20(6 •• ). 
• C21(6 •• I. C,22C6.4). C23(6.4). CZ.(6.4). C2S(6 •• ). 
• C26(6.41. '27(6.41. C2S16 •• ). C29(6.4). C30(6 •• ). 
• 01(6.4J. C32(6.41. 03(6,4). C3416 •• ). C3S(6.4). 
• C36(6.4J. C37(6.4'. Oa(6.4). C3916.4" '40(6.41. 
• C41(6.4). C4,2(&.4). C$0(6.4J. CS1(6.4) 

COMMON/OAT ... .3/ Gto. GIZ. Gil. G14. GIS. Gt6. G17, GtS. G19. GZO 
COMMON/C$;IFI/CR 

CO/l4f1fQN/E$;IRCR/ EA$;ICAI (6.4) 

COMMON/HUAT" PI15.5J. SJ(5.". 5ISLe5.5) 

COMMCN/L ... TOI"/ 0,..SET(5J. OLAT. 01.0NG, OLATI 

COMMC N/e:Nf<AE/ENFA 

COMMON/GASI/ 5151(3.5.'1. 515213.5.5), SIS3C:l.5.'sJ. 5IEIU(l.'s.5). 
• SJE.2UC3.5.SI. SIE3U(3.'s.Sl. 511:10(3.5.51. 5JE20Cl.5.SI. 
• 51E30(3.5.51. 511(3.5.5). 512(3.,S.51. 5J3(3.5.$1 

COMMQN/GACST" GI. G2. G3. G9. G41'o11. G42'o11. G415. G42S. 1'0181 .... 82. 
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c 
c 

c 
c 
c 

c 
c 

c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

c 
c 
c 
c 
c 
c 
c 

• • 
~B3. ~~9. ~g4w. MB4S. G~El.G~2. GRE3. G~E4. GRES. 
GET1. G.C.T2 .... e'::TI, "'SEr2 

CO~MON/CO"'P/ S10E(S.51. ENO(5.51. IHIT. xx 

CO,",,,,ON//II"tNC/ HIS. 1"11. 1"11"'(.), HI1C61. HI216.41. C/OlB. CIoI, C"~4(4). 
" 'Mila), C/I4210,4', Aca, AC. 4''''(41, ACl161. 
• AC2(6.41. IZERO(.'. THCHAZ.THCJ"'~(4) 

COM,I40Nl'lOENT/I. J. UiAZ. IALT. IFLAG, NTITLE. IDU~ .• 10. LL. 

COMNQN/NCONT/ NCOUNT.l~AGE. LINES. NOE5(100), NSPOIIOO). 
" NAOT(1001. NHWY(lOO) 

COM/IION/AUT! .... AUTO(3J .IA, IAuro 

COIolMON/EN\lR/ ~N\llR(3). 'NVIR 

COMMON/TACI/ TAC'~.51 

CO",MQN/RESLT/CEI41. 8C14'. ICE(4), NorCEI41. ICaST(4), IG" 

COMMON/IMPROBI' ("'PIS.S) 

COMMON/CST4!' RCIS.SI.OL 

R~AL Nal. M82. 1483. NB9. 10184 •• MB.S. MBETI, MaETZ 

REAL LIFe. INT • .JAUTO. IMP 
REAl.. lAC 

INTEGER ERROAl 

INTEGER HI. H2. H3. H4. H14. H16. H17. H18. H19. H20. H21. 
_ H30. H42. H43. H.4. H4S. H46. H.7. H48. H4v. H50. H51 

INTEGEA Cl. C2. C16. C17. CIS. C19. C30. C31. C32. C33. C3 •• 
• C3!5. 06. C39. c.o. c..t. C4.2. CSO. C.3. c •• CSt 

SISt(W.V.T) 
SlS2(W.V.T) 
SlS3~w,"'.T) 

"'~40.0 

...... ...... ...... 
Sloe 
SIDE 
SIDE 

IMPACT 
IMPACT 
I JoIp Acr 

LORY) 
'.En 
(FROZEN' 

C 1100. AO~USTNENT DETERNINED FRO~ PAPER BY ~E. ROSS 
Tl ,. 1.20 

c 
c 
c 

DO IS Kal.S 

C 4S00 LB. AUTO 
C 

c 
c 
c 

C 
C 
C 

SI51(I.K.1) 
515111.K.2) 
515Ul.I< •. :3) 
SI5111.K.4) 
5ISlll.I<.!5) 

S151{2.K.l) 
5151(2.1<.2) 
SI5H2.1<.31 
5151(2.K.4) 
SI SI (2.1<.5) 

SI51(.3.K.l) 
5151 (3.K .2J 

• • 

• · • • 

0.0083*'" 
0.012S.'" 
0.0100*'" 
0.0013.V 
0.OI83.V 

+ 
+ 
+ 

0.0293 
0.1292 
0.1529 
O. _960 
0.0833 

2250 LB. AUTO 

0.0200*.., 0._96.3 
0.019.3." O. 1990 
0.02.33,,"" 0.173.3 
0.0.326*" 0.3910 
0.03.3.3*" - 0.13.33 

1700 U3. 'UTO 

SISl(Z.K.l).Tl 
SI51(2.K.2)_Tl 
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c 

c 
c 

c 

5151(;3.1< • .3) 
SISI(:].II,.") 
5ISlC.3.K.S) 

" .. " + 10.0 

SlSlIZ.K • .3I*Tl 
5J5112.)( ,4 ).Tl 

~ SISl'2.~.51.Tl 

00 17 1<1 ,. 1.$ 
00 17 1<2 ""' 1.3 
SI52(1<2.1<.1<11 SISl(K2.K,Kll 
SIS.JIK2.K.Kll 5151 (K2 • .<:.KIJ 

17 CONTINUE 
15 CONTlhUE 

c 
C •• ENO IMPACT seVERITIES •• 
c 

c 

c 
c 

CALL. GAEN02 

CONTINUE 
HETUAN 
END 

c ...................................................................... . 
c • 

SUSAQUTINE GREN02 
c • 
c ...................................................................... . 
c • 
C. THIS SUSROUTINE OSTAINS SE"ERITY-INOE~ES ~OA CABLE GUAAOAAI~ END 
C • TERMINAL IMPACTS. 
C • 
C ...................................................................... . 
c ...................................................................... . 
c 
c 
c 
c 
c 

c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

DIMENSION PO0161. I ACH .. ), FA(6). YLAT(7) 

COMN(JN/OATAI/ 

• 
111(6). 112(61. 113(61, ""U6). 115(61. 116(61. 117($). 
118(6).119(6).1"110(6). HlI(6). 1"112(61, 1"113(6'. 
1'114(6). HI5(6 •• HI6(6 •• 1i17(61. 1"118(61.1"119(61. 
H2G(6). H21(6). H22(61. 1123(6'. 113G(61. tUll6'. 
H.32(61. 1-l33(6 •• 1134(61. t1.J5(61. H36(61. 1137(61. 
1-1.38(61.1139(6). H4G(61 . 1141(6). 1'142(61. H43(61. 
1"144(61. H45(61. 1146(6).1147(0', H48(61. H49(6). 
1150(61. ~l (6. 

• • • • • • 
COMMON/aA T 1.2/ 

• 
Cl(6.41. C2(6,4). C3(6.4,. C4(6,41. C5(6,41. 
Cll(6.4,. CI2lo.41. C13(6.41. C14(6.4). C15(6.41. 
C16(6.41. C17(6.41. C18(6.41. C19(6.41. C20(6.41. 
CZUb,41. C22(6 •• ), C2J(6.41, C24'6,41. C25(6.41. 
C26(6.4J. C27(6.41. C28(6.41. C,29(6.41. C30(6.4). 
C.Jl(6.4). C.32(6.41. 03(6.4). C.34(6 .4 ). C35(6.41 . 
C3616.41. 07(6.41. 08(6.41. C.3916.41. C40(6.4J. 
C.I(6.4'. C42(6.4J. CO(6.4I, C51(6.41 

• • • • • • 
COMMON/OATA3/ GIO. G12. G13. G14. G15. G16. G17. GIS. Gig. G20 

COMMON/ERROR.' ERROR! (6.41 

COMMON/HURT/ PIes.51. 51(5.510 SlS1...15.5J 

COMMQN/LArOF/ Ol"SET(5I, OLAT. OLONG. OLATI 

COMMCI N/ENFR£/ENF n 

COMMON/GRS1/ 5151(3.5.5).5152(3.5.51.515.3(3.5.51. 51EIU(3,S.5). 
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c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

• • Sl~2U(3.5.5'. SIE3U(3.5.,). SIEIOI3.S.S). SIEZ?(3.5.S). 

COIol/olON/GACST/ 

• • 

SIE30(3.5.5). 51113.5.5). 512(3.5.5). 51313.5.51 

GI. CO2. Ga. Gg. G41 •• (042 •• G41S. G425. 10181./0162. 
NB~. /0189. /016 ••• 101845. G~El.GAE2. GREJ. G~E4. G~E5. 
GETI. GET2. MBeTI. MaETZ 

CONMON/COMP/ SIDE(S.5). ENOIS.S). IHIT. XX 

COIII"'ON/tolAINC/ 

• • 
Hla. HI. MIA-(4), 1-111(6'. 1-112(6.4). clI4a. CN, eMAI4'. 
CM1(6). CM~(~.4). ACB, AC. ACA(4'. ACI(61. 
AC2(6,.I, IZEHO(4) , THCHAZ.TMCIMP(4) 

C0/l4!'110N/IOENT/1. J. IHAZ. lALT. JFI.J,G. NTITLE. IOIR. 10. II 

COMMON/HeONT/ NCOUNT.IPAGE. LINES. NDE5(lOOJ. NSPOIIOOI. 
• NAQT(lOO). NHWY(lOOI 

COMMON/AUTl/ AUTO(3),lA. lAUTD 

COMMON/ENVR/ ENVUH3}. INVIR 

COMMON/TACI/ lACIS.5) 

CO ... ,.ON/RESLT.lCE.(4). eC(.I, Ia(.). NOTeE(4). tc:.OST(4J. IGA 

c:.OMMON/tMPR08/ IHP(S.S) 

COMMQN/CST4/ ~C(5.S).DL 

REAL Mal. M82. _83. MB9. Ma4w. M84S. MeETI. MBET2 

REAL LIFE, INT. ~AUTO. IM~ 

REAL lAC 

INTEGER ERRORI 

INTEGER HI. H2. H3. H4. H14. H16. H17. HIS. H19. H20. H21. * H30. H42. H43. H4 .... H4S. H46. H47. H4a. H4<i. H5Q. "'51 

INTEGER Cl. C2. c:.16. C17. C18. C19. C30. e31. C32. C33. C34. * 05. 06. C39. C40. C41. C42. e50. C3. C4. e51 

v • 40.0 

00 50 K_l.5 

4000 LO. AUTO. ORT CONDITION 

511Cl.K.lJ 0.011*'1 
SI1(1.K.2) • 0.009*'1 
511(1.1<:.3) 0.007*'1 
SIIO.K.4) 0.006*'1 
Sll(I.K.SI • 0.006.'1 

4000 LB. AU TO • weT eOr-DITION 

SI2(1.K.l } 0.011*'" 
S12( 1.1<:.21 • 0.009*'1 
S12(1.K • .31 0.007*'1 
SI2Cl.K •• ) 0.006.'" 
512(1.1(.51 • 0.006*'1 

4000 LB. AUTO. FROZEN CONOITION 

SI3(1.1(.1) • 0.011*'" 
513(1.1(.2} 0.009*'1 
513C1.K.3} 0.007*'1 
513<.1.1(.4) • 0.006*'1 
513(1.1<.5) • 0.006*'" 
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310 

c 
C 2250 ~B. AUTO. ORY ,eNOl TION 
c 

Sllt2.K.l' = 0.020."" 
511C2.K.2J = 0.016 ..... 
51112.1<..3) = 0.013'-"" 
511(2.1<.,4) = 0.011*"" 
511(2.1(.5' = 0.010." 

C 
C 2200 ~B. AU ro. WET CONCHTION 
C 

51212.1(.1) • 0.020.'" 
512{2,I(,2' 0.016*"" 
51,,12,1(.3' • 0.013*"" 
512(2,1(.4) • 0.011*'1 
512(2,K,5) • 0.010_"" 

C 
C 2250 LB. AUTO. FROZEN CONCITION 
C 

513(2,K,11 • 0.020." 
513(2.'<.21 0.016*" 
51312.1<..31 = 0.013*" 
SI3t2.K.4, = 0.011*" 
S13(Z.K.5} 0 .. 010_'1 

C 
C 1700 LB. A>JT0. ORY CONCH TIOH 
C 

511 (3.1(.1) • 0.026*.., 
SIH3.K.2) • 0.021.'1 
51 lC3.K.3J • 0.01711'1 
511(3.1(,4) • 0.015*'" 
511(3,1(.5) = 0.013* .... 

C 
C 1700 LB. AUTO. weT CO""'lTiON 
C 

512(3,1(.1) • 0.026*" 
512(3.1(,2) • 0.02'*V 
512(3,1(,3' • 0.017*'1 
512(3.1( •• ' • 0.015*'1 
512(3.K.5' 0.013* .... 

C 
C 1700 L8. AUTO. Ff:lOZEN CONDITION 
C 

51313.K.l1 • 0.026*'1 
513(3.1(,2) = 0.021*" 
513(.3,K,3) • 0.017.V 
513ChlC..4) • O.OlS.Y 
513(3,K,5) = 0.013*Y 

C 
V • V • 10.0 

C 
.0 CONTINUE 

C 
C 

00 ODD ~1.IOIR 
C 

GO TO(402,403J,N 
C 

00' CONTINUE 
C 
C UP5TREAJ4 END TERMINAl.. 
C 

00 404 1(1-1,3 
00 000 K2-1 ,5: 
00 404 K3-1,5 

C 
51 E 1 U (Kl. K2.K3) 511tKl.KZ.K.3) 
5IE2U(Kl.1C.2.K.3) • 5.(2(Kl.K2.K3) 
5IE3U (Kl, JC.2,K3) • 5.(3(1(1."2.K3) 

C 
.0. CONTINUE 

GO TO .. 0 
C 

.03 CONTINUE 
C 



C OO.NSTRE ....... END TER/OI1NAL 
C 

00 4.' 0(1-1 • .3 
.0 4.' "Z_I.S 
DO 4.' 1C,3-1.S 

C 
SlE1DIK1.K2.K3' S( UKI ,K, oK3) 
Sl!2D( 1(1 .1(2.1(3' • SI2IKl.K2.Q' 
SI1!30IKl.K2.K3) • 513IKl.1(2.1(3) 

C 4., CONT tNU! 
C ... CONTINUE 
C 

C 
C 

c 
c 
c 
c 
c 
c 
c 

4 •• CONT INU! 

RETURN 
eND 

c ...................................................................... . 
C • 

SUBROUTINe: GRAl~6 
c • 
C ••••••••••••••••••••••• _ •••••••••••.• _ •••••• _ ....................... .. 
C • 
<;. THIS SUBAOUTINE CALCUL .... TES SE'IERlTY INDEXES ~OR THE w-aEAloI 
C. (G. - 1 •• 2w1 GUARDRAI,-_ 
C • 
C ...................................................................... . 
C ...................................................................... . 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

c 
c 

c 
c 
c 
c 

c 
c 

DIMENSION POOI6J. IAC(6), FA(6., "'-4T(7) 

COMMON,OATAI/ 
• 

Ml(6). 1'12(6'. H3(6). H.'o), H5(6). "'6(6). 117(61. 
11~(6'. 119(6'. 1110(61. "'11(6'. 1112(6,. "'13(61. 
"'14(6'. "'1'(6" "'16(6', "'17(61. "'18(6', HI9(61. 
"'20{61. 1'121(6). H22(61, H23(61. H30(61. H31(61. 
H32(6). H33(6'. H34(6', H35(6). H36(6)' ,.,,37(61. 
H3a(61, H39(6). H40(61. H41(6,. H42((1I. ,.,4J(6). 
",44(6). H45(6). "'46(61. 1147(61. "'4a(6I, ,.,49(61. 
H50(61. H!51(6) 

• • • • • 4 

COMMON ... O,lt,T,It,2 ... Cl(6.41. C2(6.41. C3(6.41. C4(6.4). C5(6.41. 
• <11(6 ... ', CI2(6.4', C13(6.4), <14(6.4'. CI5(6.4). 
• CI6(6.4). <17(6.4'. Cl&(6.4', C19(6.4). C20(6.4'. 
• C21(6.4,. a2.(6.4" 03(6.4). C24(6.4). C25(6.4'. 
• C26(6.4', C27(6.4'. <28(6.4'. C29(6.4'. 00(6.4,. 
• C31(6."'. 02(6.41, 0.3(6.41. 04(6.41. <35(6.4'. 
• C36(6."" C37(6 ... I. 08(6.4). C3~(6.41. C40(6.4'. 
• C41(6.4'. C42(6.4'. c:.s0(6.4', <51(6.4' 

<OMMON ... O .... T.43/ GtO. G12. G13. G14. G15. G16. G17. Gt&. G19. G20 

COMMON/~AROR/ ERAOA1(6 ... 1 
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c 
c 
c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

c 

c 
c 

COMNON/LATOF/ OFSET(SJ. OLAT. OLONG. OLATl 

CONNON/EN'" RoE/EN'" R 

COMMON/COReST.! Gl. G2. 63. G9. (i..1w. G4ZW. G41S. (0425. M81.Ma2. 
• MB.J. /11189. /liS .... Jr48<t-S. GHE1.GRE2. COR!!3. GRE4. CRE5. 
• GET 1. GElz. /lltSET!. M6E T2 

COMMON/COMP.! SIDEl'.", ENO(5.51. IHIT. XX 

COMMON/MAIHe.t ~IB. HI. HIA(.), HIl(6) . HIZ(6.4'. eMB. eM, CMA(4), 
• '141(6).042(6.41. Ace. AC. JIIICA(4). AC1(6 •• 
• "'(.2(6 •• ). IZERO(.). Tl-ICHAZ.TI"tCIMP(4J 

CO./IIION/IOENT/I . oJ. I ...... Z. IALl . IFLAG. NTITLE. IOI R . 10. U. 

CO/lllHON/NCONT/ NCOUHT.IPAGE. LINES. NO£5(1001. NSPO(lOOI. 
• NAOT(lOO). NrtWT(100) 

COMMON/AUT I;' AUTO(3J.IA. IAUTO 

co MMON/I!NVA/ EN'" UU.J J. I NV 1 R 

COMMON/TACI;' TAC(5.51 

COIilMON/RI:st.T.lCEI4J. ac(.I. IC£l.). NOTUl.). lCOST(4" 1c;A 

COMMQN/IMPA08/ 1MPeS.5J 

COMMON/CST.;, RCI5.5J.OL 

REAL 1481. /11182. MB3. Me9. ~B4 •• NB45. Me~Tl. MBET2 

REAL LIrE. INT. ~AUTO. INP 
~AL.. lAC. 

INTECOEA eRA-CRl 

INTECOER HI. H2. H3. ~. HI •• H16. H17 , HIB. H19. H20. HZ1. 
• H30. H42. H43. H44. H4S. H46. H47, H4a. H49, H50. H51 

INTECOER Cl. C2. CI6, C17. CIB, C19. cao. C31. C32. C33. C34. 
• CJ5. 06. 09. C40. C41. C4Z. CSO. C3. C4. CS1 

C •••••••• 6 ~T. 3 IN, POST SPACING ... ~ ••• 
C 

c 
c 
c 
c 

c 

v ,. 40 .. 0 
71_ 22$0.0/ 1700.0 

00 .. KaI.S 

4500 

SJ51(1.1(.1) • 0.014a.v 
5151(1.",2) • 0.0123 ..... 
515111. 1( ,3) • O.OI 22 .V • 5151(1.1(,4) • 0.014S.V • 
51SU 1.1( .51 • 0.0173 ..... • 

AUTO; DR. CONDITION 

0.2660 
0.0470 
0 . 2410 
0.1678 
0.1827 

C 2250 LB AUTO; ORY CONDITION 
C 

5ISl(Z.K.l} a 0.0IB7S-V - 0.3908 
SIS1(2.K,Zl a 0.020a."" 0.3025 
51S1(2.K,31 = O.0235.V - 0.2050 
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C 
C 
C 

c 

c 
c 
c 

c 

c 

c 

SISlIZ.IC.4) • 0 .. 0255.v - 0.1650 
515112.1(.5) 0 .. 0288." - 0 .. 1342 

SISll3.K.II 
5151(3.1(.21 
5151(3.1<.3) 
SIS113.1(.,U 
SI511.3.1(.5) 

v ,. II • 10.0 
15 CONTINue 

• 
• 
• 

1700 LS 

515'I2.1(.II*TI 
5151(2.1(.21.TI 
515112.1(.31*Tl 
SIS1IZ.K.4).Yl 
515112.1(.51.Tl 

GO TOI20.21J.IFLAG 

20 IF(H41(ll.NE .. 6 .. 0J GO TO 30 
GO TO 50 

21 lFIC29(1 ... ,I) .. NE .. 6 .. 0J GO TO 30 
GO TO 50 

.30 CONTINUE 

AUTO; DAY CONOI HON 

C •••••••• 12 FT. 6 IN. POST SP4CJN~ •••••••• 
C (40~UST~ENT FACTORS ASSUMED) 
C 

'1 2 40.0 
ac 100 "''''1.5 

C 4500 LB. CA'" \OKY CONDITION) 
515111.K,I) ( 0 .0148* " -0.20QI.0.89 
S151( I,K.21 10.1>12.)."'-0 .. 0'1.71.0.91 
SIS!! I.K.31 10.0122."'+0.247).0.93 
SIS1(I,K.4) IO.OI4S>t:V+O.167BJ.l.01 
515111,K.5) (0.1073 ..... 0.1827).'.12 

C 2250 LB. CAR (D~Y COHOnION) 
SISIC2.K.l, CO.Old75.V-0.~908).0.89 
5151C2.K.ZI .. 10.0.!0&.V-0.~OZSI.0.91 
SISl(Z.K.~' • (0.OZ~5.V-O.Z0501.0.93 
5I5112,/{.4) ,.. (O.025~."'-0.1650).1.01 
SIS1{z.K.5, ~ (0.02.88."'-0.1342'.1.12 

C 1700 L.B. C .... R (ORY CONDITION) 
S ISII~.K.l) :'IS1IZ.K.l'.1.16 
5151(3.I<..Z) SI5 112.0(. Z ).1.16 
SI511~.0(.31 SI5 1CZ.K. 3 '.1.1 6 
SI'SlfJ .0(.4} 5 I S1(2 .K.<o,t:1.1 6 
SI51{3,K.51 SISI12.K.S'.1.16 
V~V'lO.O 

100 CCNT I NU':: 
50 CONTINUtO 

c 

c 

c 
c 

CAL.L. GRAOJ6 
CAU.. GREN06 

RE.TURN 
END 

C .......................................................•••••••••••••••• ~ 
c • 

SUBROUTINE GRAD~6 
c • 
C ...............................................................•••••• ~ 
c • 
C. SI ADJUSTMENTS rn" IlET AND FROZEN CONDITIONS FOR lI-aeAN (G4-I'II.ZW 
C • GUARDRAIL. 
C • 
C ........................................................•••••• * •••••••• ~ 
c ....................................................................... . 
c 
c 
c 

DI MENSION PDO(6'. lACt6l, FA161. YUT(7) 
c 
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C 

C 
C 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

• • • • • • • 

• • • • • • • 

CONNONI'D'" TA 1/ 

COMMON/DATA2/ 

11tH,). H2161. 1'0(61. ~4 ~t.:~ <-ISt6; .... 6(01. 117(6). 
1"18(61. ""<;)(61. HI0(6J. 1"111(61, 111.:!.(6). H13(61. 
t'i1416'. 1-115(0). 1116(0). H17(bl. 1-118(001.1"119(61. 
HZOI6J. H2HOI. 1122161. H23(61. 11.30(6) .... 31(61. 
1i.J2161. 1-U3101. 113"'161. 11.35(61.11.36(61. H37(6'. 
H.3bIOJ. 1'09(61. 1140(61. 114116'. 1142(61. 1'143(6), 
1144(6).1145(61. H46(6). 1147161, 114a161. 1"149(6). 
HSO(6). lei (6) 

CI(6,41. <:216.4). C3(6.4). C.-,6.4). C5(6.4). 
Cll(6.41. CI2(6.4'. CI316.4), CI4(6.4'. C1S(6.41. 
CI6(6.41. CI7(6,4'. Cla(6,41, CI916.4'. C01.O(6,41. 
<:2116,4). C22(6.4', C23(6,4'. C2416.4). C25(6.41, 
C26(6,4 •• C27(6.41. C28(6.4,. C29(6.4). C30(6,4). 
C3116.41. C32(6.4). 0.3(6.4). C.J'U6.4). <:.3516.4). 
<:36(0.41. C37(6.4}. C38(6.4 •• '39(6 • • 1. '.016 •• ). 
'41(6 •• ). '.2(6.4). CSO(6 0 41o CSl(6 •• ) 

'0~MQN/OArA3/ G10. G12. G13. G14. GIS. G16. G11. Gts. G19. ~20 

CO~MON/ERROR/ ERROR1C6.4. 

COM.oN/MURT/ PItS.S). SI(S.S). SISLIS.S} 

COMMCN/LATOF/ O'SET(SI. OLAT. OLONG. OLATI 

COMMOH/ENFRE/eNFR 

COMMCN/GRSI / SIS1(3.5.5). 51SZ(3.5.5). SIS3(3.5.5). SIEIU(3.5.51. 
• SIE.2U(3.5.51. 5IE3U(3.5.5). SIEI0(3.5.5). SlE20(J.$.5). 
• SIE30IJ.5.51 o SUI3.5.51. 512(3.5.5). 513(3.5.5) 

COMMON/GACST/ Gl. G2. G3. G9. G41~. G42_. G4lS. G.Z5. M81.M8Z. 
• N63. M89. MB.w. MB4S. GRE1.GRE2. GAE.3. GRE4. GAE5. 
• <CTl. GoET2. M8ETl. MBe:T2 

COMMON/COMP/ StOEI5.5). ENOtS.51. 1MfT. XX 

COMNON/MAINC/ Hla. HI. HIA(4). Hl1(61. HI2(6.4). CMS. CM. CMAC.). 
• CM1(61. CM2(to.41. Aca. AC o ACA(4', AC1(6" 
• AC2 (6.41. I ZEROC.). TliCHAZ. THe H4P (.) 

COMMON/tOENT/t. J. IHAZ. !ALT. IFUG. NTITLE. 101R. 10. u.. 
CDMMQN/NCONT/ NCOUNT.IPA~. LINES. NOE5(1001. NSPO(1001. 

• NAOT(100J. NHWTI100) 

CDMNON/AUTI/ AUTOIJ).IA. IAUTO 

COMMON/ENVA/ ENVIR(3J. INVIA 

COMMON/TACI/ rAC(5.51 

COMMON/RESLT/CE(41. SCC.). ICE'.). NOTc..e:(.). lCOST,.). IGR 

COMNON/IMPR08/ lMP(S.5J 

COMMON/CST4/ RC(5.5J.OL 

AEAL M81. M82. M83. MB9. MS4W. MB.S. M8ETl. MBET2 

AEAL LIFE. INT. JAUTO. IMP 
REAL.. lAC 

INTEGER ERRORl 
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c 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C 

C 

C 
C 

C 
C 
C 
C 
C 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
C 
C 
c 
C 

101 

102 

10' 

2"' 

INTEGER HI. H2. H3. H4. H14. H16, 1-111. H18. H19. H2 0 . H21. 
• H30. H42. 1-14.3. H44. 1-14 5 . H~. H47. H.d. H4.;1. 1150. H51 

INTEGER Cl. C2. C16, C17. C18. C19. C30. C31. C32. C33. C34, 
• C35. <:36, C39. '40. C41, '4Z, C50. C3, C4, C51 

seT VARIABLES 

GO TOII01.102'.lFLAG 

PHT 
SP4CE 

,eLK 
IRue 

IFILL 
SLeE 

PHT H"'O{I) 
SPACE"" 1141(1) 

IBLK .. H4Z( J} 
IRUB H43(1) 

IFIU- 1'148(1) 
SloPE: .a H39( I) 

• 
• 
• 
~ 

• 

POST HE IGHT 
POST SPACING 
.... OC. CUT 
RU. RAIL 
POST BACKFILL 
TERRAIN SLOPE 

IFILL.Ea.l) SLPE "" H38( IJ 
GO TO 105 

PHT • CZ8(I.J. 
SPACE • C29( I •. ;) ,'''-, • C30C I •• ,IJ 

IRUB • C31{1 • .I) 
IFlu.. • C36(1.J) 
5'-"" • C27(I.J) 

IF ILL.Ea .. U SLPE • C26(1 • .J) 

CONTINUE 

wET CONDITION 

IF{SLPE.NE.a.OIGO TO 300 

IF(IBLK.NE.l) GO TO 300 
IF(IFILL.NE.Z) GO TO 300 

POST SPACING -
SLOCK OUT 
TERRAIN SLOPE­
SOIL TYPE 

4500 I..B. AUTO 

IF(PHT.NE.27.0'GQ TO 220 
GO TO(215.216J. tRUB 

,ll4ATERtAL 

6 FT. .3 IN. 
YES 
a:l 
COHESIVE 

27 INCH RAIL HEIGHT 
WITH Rua AA.lL 

CONTINUE 

SIS2(1.1.1' SI SI (1.1.1) • 1.0 
SJS2(1.1.2) SISt(101.Z) • 1.0 
Slszel.1.3} = SISI(I.,-3) • 0.9 
SISZ( 1.1 •• } SIS1(I.l •• } • 0.9 
SIS2(1.1.5) • SlSUl.l.SJ • 0 •• 
SIS2(1.2.1) ~ SIS1(1.2.1J • 1.0 
SISZt 1.2.2) SISl( 1.2.Z) • 0.9 
SIS2(1.2 ... 3J = SIS1(1.2.31 • 0.9 
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SISZ« 1.,.4. 5151(1.2.4. • 0 • • 
SlS2(1.2.S, • 5151(1.2.5) • 5.0 
SIS2( 1.3.1) SlSl( 1.301 ) • 0.' 
SIS2( 1.3.2) 5151(1.3.2' • 0 •• 
SISZ( 1.3 • .3) 5151(1.3.3) • o.a 
5152(1.3.4) S(Sl'l.~.4J • '.0 
5152(1.3.5) • 5151(1.3.5. • 5.0 
5152(1.4.1) 51St( 1.4.1) • 0 •• 
5152(1.4.2) • 5151(1.4.2. • o.a 
SIS2( 1.4.3' 5151(1.4.3) • 5 .0 
SIS2( 1.404) • SIS1(1.4.4) • 5.0 
5152(1.4.5) 5151(1.4 • .5. • 5.0 
SIS2( 1.5.1) • 5151(1.5.1) • 0.6 
SIS2( 1.5.2) 51 SU 1.5.2) • 5.0 
5152(1.5.3, • 51510.5.3) • 5.0 
SIS2( 1 • .5.41 • 51St( 1.5.'U • 5.0 
SlS,( 1.5.5) • 5151(1 • .5.5. • 5 .0 

C 
GO TO 2'0 

C 
C 
C 27 .NCH RAIL HeIGHT 
c WITHOuT Rua RAIL 

••• CONTINUE 
C 

5152(1.1.1) • 5151(1.1.1) • 1.0 
5152(1.1.2) • 5151(1.1.2) • 1.0 
5152(,,1.3. • 515111,1.31 • 0 • • 
SIS2( 1.1.4) • SISlC 1.1.4. • 0 •• 
SIS2' 1.1.5) • 5151(1.1.5' • o.a 
5152(1.2:.11 • 5151(1.2.1) • 1.0 
5152(1.2..2' 5IS'( 1.2.2) • 0.' 
SIS2( 1.2.3) • SISl( 1.2.3. • 0.' 
5IS2(1.2.4) • SIS1(1.2.4J • o.a 
SIS2(1.2.~J • 51S1(1.2.5) • '.0 
SIS2{1.3.1) • 5151(1.3.1J • 0.' 
5152( 1 •. :3.2) • S151( 1.3 .2. • 0 •• 
$IS2(1.3.3) = 5151(1.3.3) • o.a 
SIS2(1.3.4) • SI51(1.3.4) • 5.0 
SIS2(1.3.5) • 51S" 1.3.5. • 5.0 
SIS2( 1.4.1. • 5151(1.4.1) • 0 •• 
5152(1.4.2) • SI51(1.4.2) • 0 •• 
5152(1.4.3) SI51(1.4.3) • 5.0 
S152( 1.4.4) = 5151(1 .... 4) • 5.0 
SIS2( 1.4.5. = 5151(1.4.5) • 5.0 
5IS2( 1.5.1) • SI!i1 (1.5.1) • o.a 
515211.5.2) • SI5t( 1.5.2) • 5.0 
SIS2(l,l5 • .3) • 5151(1 • .5.3' • 5.0 
SI52(1.5.4J = SI5ltl.5.4) • 5.0 
51S2( 1.5.5' 5151(1.5.5J • 5.0 

C 
GO TO '40 

C 
C 

220 CONT INUE 
C 

IF(PHT.NE.24.0lGO TO 300 
GO TO{300.221', IRue 

c 
c .. INCH RAIL HEIGHT 
C IIITHOUT RU. ""L 
C 
C 

221 CONTINUE 
C 

5152( 1.1.1) = 5151(1,1.1 ) • •• 0 
5152(1.1.21 SI5lCl,I .2) • 1.0 
5152(1,1.3) • SISlCl.1.3) • 0 •• 
SIS2( 1,1,4) • 5151(1.1,4) • 0.' 
SIS2( 1.1.5) = SIS1(I.1.!5) • 0.8 
5152(1 . 2.1) • 5151 (1.2.1) • 1.0 
S152( 1,2.2) • 5151(1.2.2) • 0.' 
SIS2( 1,2.3) = 5151(1.2.3) • 0.' 
5I52( 1,2,4) 515.1(1.2.4) • o.a 
5I52(t.2.5J 5151(1.2.5) • 5.0 



c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

SI5211.:3.1) 
5152(1.3 .. 2) 
5152(1.3.31 
515211.3 ... , 
515211.3.5, 
515211 .... 1' 
515211 .... 21 
5152(1 .... 3' 
515211 ....... ) 
5ISZ( lo".5) 
5152(1.5.1) 
515ZI1.5.2) 
5152( 1.5.31 
51521 loS ... ' 
S152( 1.5.5) 

GO TO 2 .. 0 

Z"O CONTINUE 

= 515111.3.11 
5151(1.3.2) 

-= SISl(l.3.3) 
SI5111.3,"1 
S15l( 1.3.51 

:: 5151(1."01) 
= 5151(1 .... 21 
... SISI11 .... 3) 

515111 ...... ' = 5151(1 .... 5) 
=5151(1.5.11 

5151(1.5.2) 
... ~lS111.5.3) 
-= 5151(1.5 ... , 
,. 515111.5.5) 

• 0.9 
• O.'i 
• 0.8 .. .s.0 
" S.O 
• 0.9 
" 0.8 
• 5.0 
• 5.0 
• 5.0 
• 0.8 
• 5.0 
• 5.0 
• 5.0 
• 5.0 

2250 LB. AUTO 

IFIPHT.NE.27.0IGO TO 250 
(;0 TO(2"5.Z"61. IRue 

Z45 CaNT {NUE 

SI52(2.1.1) 
5152(2.1.21 
5152(2.1.3) 
5152(2.1.4) 
515212.1.5) 
5152(2.2.11 
515212.Z.21 
SI5212.2.31 
SIS2{2.2.41 
5152( 2.2.5) 
515Z12.3.11 
515212.3.21 
515Z( 2.3.3) 
515212.3.") 
515Z(Z.3.51 
50152(2 ••• 1) 
515Z( 2 ••• Z1 
515Z(2.4.3) 
5152(Z ..... 1 
5152( 2.4.51 
515Z(2.5.1) 
515212.5.2) 
515Z(Z.5.3) 
5152(2.5."1 
515212.5.5) 

GoO TO 270 

2"6 CO NT IHUE 

5J5212.1.1) 
51521201.21 
515212.1.3' 
5IS2(2.1.4) 
5152 (2.1.51 
515212.2.11 
515212.2.Z) 

27 INCH RAIL HEIGHT 
IIlTH RUB RAIL 

,. 5151(Z.I.11 • 
515112.1.21 • 
50151(2.1.3) • 

,. 5(51(2.1 •• ) • 
5151(Z.I.5) • 

:II 5151(2.2.1 J • 
:a 515112.2.21 • 
-= 5151(2.2.31 • 
a 5151(Z.2.", • 
-= 5151(2.2.5) • 
-= 5151(Z.3.1) • 
:II 5ISI1Z.3.2) • 
,. 51S" 2.:5.3) • 
:II 5151(2.3 ... ) • 
= 5151(2.3.5' • 
.. 51S1(2.4.1) • 
,. 5151(2.4.2' • 
.. 515112 .... 3) • 
""' 5151(Z.4.4) • 
:II 515112.4 • .5) • 

5ISHZ.Sol) • 
"'" 5151{2.5.2) • 

5151(2.5 • .3) • 
51S1(2.5 •• ) • 

= 5IS1(2.5.5) • 

1.0 
1.0 
1.0 0.' 
0.9 
1.0 
1.0 0.' 0.' 
0.8 
1.0 ••• 0.' 
0.8 '.0 0.' 
0 •• 
0.8 '.0 '.0 0.' 
0.8 '.0 '.0 
5.0 

27 INCH RAIL HEIGHT 
IIITHOUT RUB RAIL 

:II 515I1Z.1.1) 
5151(2.1.2' 
5151(2.1.3) 

= 515l(~.1 •• 1 
.:II 5151(Z.I.5) 
:II 5151(2.201) 

5151(2.2.Z) 

• 1.0 
• 1.0 
• 1.0 
• 0.9 
• 0.9 
• 1.0 
• 1.0 
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5152(2.2.31 5151(2,2,31 • 0.9 
5 I 52( 2..2.4) • 51$HZ.2.41 • 0.9 
5152(2.2.51 5:051(2.2.5) • I •• 
5152(2.3.11 = SISlI2.3.11 • 1.0 
5152.(2.3.,,) • ~ISIC2 • .3.21 • 0.9 
5152(2.3.31 = 5151(2.,3,31 • 0.9 
SISZ(Z.3 •• ) 5151(2.3.41 • I •• 
5152(2.3.51 5151(2.3.51 • 5.0 
5152(2.4.1) = SIS"2-.4.1. • 0.9 
5152(2,4.2) 5151(2.4.2' • 0.9 
5152(2.4.31 • 51S1 (2.4.3 J • I.' 5152(2 ..... 41 5151(2.4.41 • 5.0 
5152(2..4-.51 = 515112..4.51 • '.0 
5152.(2.5.lJ 515HZ.5.1 J • 0.9 
SIS2(Z.!5..Z) 5151(2.5.2 ) • I.' 
51$2(2.5.31 • 5151(2,5.3 I • '.0 
5152(2.5.41 51S1(2.5.41 • '.0 
5 (52( 2.5.5) = 5151(02.5.5) • •• 0 

C 
GO TO 270 

C 
C 

2.0 CONT INUE 
C 

IFIPMT.NE.24.01GO TO 300 
GO TO(300.251J. IAUB 

C 
C 
C 2' INCH RAIL I-E 1 GMT 
C IIITHOUT RUB AAU .. 
C 
C 

201 CONTINUE 
C 

5152(2.1.1) 5151(2.1.1) • 1.0 
SIS2(Z.1.21 • 51S1I2,1.2J • 1.0 
5152(2.1 .. 3) 515H2.1.3) • 1.0 
5152(2.1.4) • 5151(2.1 .... ' • 0.9 
5152(2.1.5) = SlS1(2.1.5~ • 0.9 
51$2(2.2.1) • 5151(2.2.1) • 1.0 
5152(2.2.2) 5151(2.2.2) • 1.0 
5J52(2.2.3) 5151(2.2.3) • 0.9 
5152(2.2.4) = 5.151(2.2.4) • 0.9 
5152(2.2.5) = 5151(2.2.5) • 0 •• 
5152(2 • .3.1) • 5151(2.3.1) • 1.0 
5152(2.3.2) 5151(2 • .3.2) • 0.9 
51 52( 2 • .3 .. 3. 5151(2 • .3 .. 3) • 0.9 
5152(2.3.4) = 5151(2 • .3.4) • o.a 
5152(2 • .3.5) = 5151(2 .. .3.5) • '.0 
SISZ(2.4.!} • :'151(2.4.1 ) • 0.9 
5152(2.4.2) = 51 Sl( 2 .4.2) • 0.9 
5152(2.4.3) • 5151(2.4.3) • O.B 
5152(2.4.4) • 5151(2.4.4) • '.0 
5152(2.4.5) • 5151(2.4.5, • '.0 
SI52(Z .. 5.1) = 5151(2.5.1 ) • 0 •• 
5152(2.5.2) = 5I5.1(Z.S.Z) • o.a 
5152(2.5.3) 5ISHZ.5.')) • '.0 
SIS2lZ.5.4} 5151(2.5.4) • '.0 
5152(Z.5.5) SIS1(Z.5.5) • '.0 

C 
GO TO 270 

C 
C 
C 

270 CONTINUE 
C 
C 1100 ca. AUTO 
c 

IF(PHT.NE.27.0)GO TO 280 
GO TOC275.276J. IRUB 

C 
C 
C 27 INCH RAIL toE J GHT 
C WITH Rue ""IC 
c 
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C 
275 CONTINUE 

C 
5152(3.1,0 5151(3.1,1) • 1.0 
5152(3.1.2) = 5151(3,1.2) • 1 .0 
51.32(3.1.3) 5151(3.1,3) • 1.0 
5152(3.1.4) SIS1(3.1.4) • 0.9 
SIS2(3.1.~i) 5151(.3.1.51 • 0.9 
5152(3.2.1' = 5151(3.2,1 J • 1.0 
SIS2C3.2.2} = 5151(3.2.2. • 1.0 
5152(3.2.31 SIS1(3.2.3J • 0.9 
5152(3.2.4, 5151(3.2.4' • 0 •• 
5152(3.2.5) 5151(3.2.5) • 0.' 
5152(3.3.11 • 515113.3.1. • 1 .0 
5152(3.3.2J • 515113.3.2. • 0.' 
5152:13.3 • .3) = 515113,3.3' • 0.9 
5152(3.3,4) • SIS1(3.3.4' • 0 •• 
515213.3.5) 5151(3.3.5. • 0.' 
515213.4.1) = SI~1C3.4.1 J • 0.9 
5152(3.4.2) = 515113.4.2) • 0.9 
5152(3,4,3) = SISl (3.4,3 J • 0.' 
515213.4.4) SIS113.4,4' • 0.' 
515213.4.5) 515113.4,5' • 5.0 
515213.5.1) = 5151(,3.5.1 J • 0 •• 
SIS213.5.2) = 5151(;3,5,2. • 0.8 
515213.5,3) = 5151(3.5.3) • 0 •• 
5152(3.5.4' 5151(3.5,4) • 5.0 
5152(3.5.5) • SISl('J.,s.SJ • 5.0 

C 
GO TO 000 

C 
C 
C 27 INC~ RAIL MEIG.HT 
C IIIITHOUT Rue RAIL 
C 
C 

270 CONTINUE 
C 

5152(3.1.1) 5151(3.1.1) • 1.0 
5152(3.1.2) = 5151(3.1.2) • 1.0 
5152{.3.1 • .3) = 5151{3.1 • . ;U • 1 .0 
5152(3.1.4) = 5151(3.1.4) • 0.9 
5152(3.1.5) = 5151 (3.1.S) • 0 •• 
5152(3.2.1) = 5151( .:3.2.1 J • 1.0 
5152{3.2.2.,) 515lt3.2.2) • 1.0 
5152(3.2,3) = 5151(3.2.3) • 0 •• 
5152(3.2.4,) = 51Sl( 3.2.4. • 0.' 
5152(3.2.S) = 5151(3.2.5) • 1.' 
5152(3.3.1) = 5151{3.3.1) • 1.0 
5152(3.3.2) = 5151{3.3.2) • 0.9 
51S2(3.3. :3) = 5151(3.3.3. • 0 •• 
SI52(3.3.4) = 5151 (3.3.4) • 1.5 
SI52(.3.3.5) 5151(3.3.5) • I.' 5152(3.4,1) = 5IS1(3.4.1) • 0.' 
5IS2(3.4.2) • 5151(3.4.2) • 0 •• 
SI52(3.4.3. = 5151(3.4.3) • 1.5 
5152(3.4,4) = 5151(3.4.4) • 1.5 
5152(3.4.5) = 5151(3.4.5) • 5.0 
5152(3.5.1) 5ISlt3.5.1 ) • 0 •• 
5152{3.5.2) = SIS1C3.S.2J • 1.' 
5152(3.5 •. :3> = 5151(3.5.3) • 1.S 
5152{3.5.4) 5IS1{3.5.4) • 5.0 
5152.(.3.5.5) = 515lC.3.5.5) • 5.0 

C 
GO TO 600 

C 
C 
C 

2.0 CONTINUE 
C 

IF(PHT.NE.24.0)GO TO 300 
GO TO{300.2.81). lRua 

c 
c 
C 2. INC~ RAIl.. HEIGHT 
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C IIIITHOUT RuB RAIL 
C 
C 

201 CONTINUE 
< 

5152(3.1.1) • 5151(3.1.1 J • 1.0 
5,52(3.1.2) • 5151(3.1.21 • 1.0 
SIS2«3.1.3) • SISl(J.l.3J • 1.0 
5152(.3.1.4) • 5151(3.1.4) • 0.' 
5r52(3.1.5) = 5151(3.1.51 • 0.' 
5152(3.2.1) = 5151(3.2.1 ) • 1.0 
5152(3.2,21 = 5151(3.2.2) • 1.0 
5152(3,2..31 = 5151(3,2.3) • 0 •• 
$IS2(3.2,4) = 5151(3,2.4) • 0.' 
$[52{3.2.5) • 5151(3.2.5) • 0 •• 
S[52(3.3.1) = SISH3.3.l) • 1.0 
515213.3,2) • 515lC3.3.21 • 0.' 
S[52(3.3.3) = 5151 (3.3.31 • 0.' 
5152(3.3,4' = 5151(3.3.4) • 0.8 
5.1:5:.2(3.3.5, = SI 51(3 .3.5) • 0 •• 
5t52(3,4,1J • SISl(3.4.1 J • 0 •• 
5152(3,4,21 = SlS1 (3.4.2) • 0.' 
5152(3.4.31 = 5151(3.4.3) • 0.8 
5152(3.4,4' = SIS1(3.4.4) • 0.8 
SIS2{3.4.51 = 5151 (.3.4.51 • '.0 
5152(3.5.11 = 5151(3.5.11 • 0.' 
SIS2(J • .!5.2) = 5151 (3.5.2 J • 0.0 
5152(3.5,31 = 5151(3.5.31 • 0.0 
5[52(3.5.4) = SlSl(3.S.·Q • '.0 
5[52(3.5.51 = 51$1(3.5.5, • 5.0 

C 
GO TO .00 

C 
C 

300 CONTINUE 
C 
C. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • C. FUTURE EXPANSION OF suBRouTINE 
C. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
C 
C 
C 
C FROZEN CONDITION 
C 

.00 CONTINue 
C 

IF(SLPE.NE.a.O)GO TO 700 
C 

IF( IBLK.NE.l'GO TO 700 
IF'IFILL .. NE.2)GO TO 700 

C 
C POST SPAC ING • FT. , IN. 
C aLOc)( OUT ... 
C TERRAIN SLOPE 8a 
c 50U .. TYPE C0HE51VE 
C 
C 
C 
C 4~OO LB. AUTO 
C 

IF,PHT.NE.27.0JGO TO .20 
GO TO(61S.616J.IRUB 

C 
C 
C 27 INCH RAIL HE IGHT 
C .'TH RUB RAIL 
C 
C ... CONTINUE 
C 

515.3(1.1 . 1) = 5151(1.1.1 ) • 1 .0 
5153(1.1.2) 51 Sl( 1 .1.2..1 • 1.0 
5153(1.1.3) • 515Ul.1.3) • 1 .1 
5IS3(l.1.·U • SI5U1.1 . 4) • 1.1 
5153(1.1.5) = 5IS1(1. 1 .5) • 1.2 
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5153(1.2.1) • 515111.2.11 • 1.0 
SIS:]! 1.2.2) 5151(1.2.2) • 1.1 
SIS')( 1,2.3) StSl(I.2 • .JJ • 1.1 
5153(1.2 .4) • SI.illl.2.4) • I.' SIS']ll.2.5J 51$1(1 • .!..51 • 5.0 
5153(1,3.1) • 515111.3.1' • 1.1 
SI 531 1.3.2) • 5151(1.3,2) • 1 .1 
SIS.)ll.3.3) • SlSle 1,3 • .31 • I.' SIS:]( 1.3.4) • ~'Sl' 1.3.41 • 5.0 
SIS;)( 1.3.5) SlSl(I • ..).5J • 5.0 
5IS3(1.4.1) • 5151(1.'.1) • 1.1 
SIS311 ,4.21 = SlSlI1.4.2J • I.' SI5311.4 • .3) 51St( 1.4.31 • 5.0 
SIS3( 1.4.4) 5151(1.4 •• ) • 5.0 
515311.4.5) • 5151(1",5) • 5.0 
5153(1.5.1) = SHit (I.S.l) • 1.' 
SIS3( 1.5.2) • 5151(1.5.2) • 5.0 
5153(1.5.31 51S111.5 • . :H • 5.0 
SIS;]( 1.5.4) = SISl( 1.5.4) • 5.0 
5153( 1.5,5) = 51511,.5.5) • 5.0 

e 
CO TO .. 0 

e 
e 
e .7 INCH RAIL HEIGHT 
e wlTHO lJT RUB RAte 
e 
e 

.1. CONTINUE 
C 

SIS3(ltl .n • SISlC 1.I.J) • 1.0 
5153(1.1.21 SISUl.l.2} • 1.0 
5153( 1.1.3) • 51510.1.3) • 1.1 
515311.1.4' 515111.1.4) • 1.1 
5153(1.1.51 SI51(1.1.5' • I.' SJsa( 1.2.1) • SI51{1.:.!:.I) • 1.0 
51Sa( 1.2.2) • 5151 (1.2.2) • 1.1 
51 sac 1.2.3) SI51(1.2.3) • 1.1 
SIS3( 1.2.4) = 5IS1(1 .2 .... ) • 1.2 
51 S3( 1.2.5) = 5IS1(1.2.5) • 5.0 
SIS3( 1.3.1) 5151(1.3.1) • 1.1 
5153(1.3.2) • 5151(1.3.2) • 1.1 
5153(1.3.3. • S ISl(I.3.3) • I.' SI53( 1.3 .. 4) • SI51(1.3 .... ) • 5.0 
SIS3( 1.3.5) • 5151(1.3.5) • 5.0 
SIS3( 1.4.1) • 5ISI(I.4.1J • 1.1 
S153( 1.4.2) • 5151(1.4.2) • I.' 5153' 1.4.3) • 5151( 1.4.31 • 5.0 
SIS3( le4.4) • 5151(1.4 .... ) • 5.0 
5153(1.4.5) • 5151 ( 1 .4.5 J • 5.0 
SIS3( 1,5,1) 5151(1 • .5 .1) • I.' SIS3( 1.5.2) • Sl5lC 1.5,2) • 5.0 
5153(1.5.3) • 5151(1.5.3) • 5.0 
SIS3( t.!;,., • 5151(1,5.4, • 5.0 
51S3C 1.3.5) 51St( 1.5.5) • 5.0 

C 
CO TO •• 0 

e 
e 

.20 CONTINUE 
e 

IFCPHT.NE.24.Q)GO TO 700 
CO TO(700.621), IRUB 

e 
e 
c •• INCH RAIL HEIGHT 
e IIITHOUT RUB RAIL 
e 
e 

.'1 CONTINUE 
C 

5153(1.1.1) 5151(1.1.1) • 1.0 
5153(1,1.2) • 5151(1,1.21 • 1.0 
5153(1.1.3) 5151(101.3) • 1.1 
S153( 1.1.4) • 5151(1.1.4) • 1 • I 
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5153(1.1.5) • 5151<1.1.5) • 1.2 
SI5311.2.1) = SIS111.2.11 • I •• 
515,)( 1.2.2:1 = 515HI.2.2' • 1.1 
515311.2.31 S' ~ lf' . 2 .3} • I • 1 
5153(1.2.4) = SISI(I.2.4) • 1.2 
SIS3C 1.2.51 5151(1.2.5' • 5 •• 
515311.3.1) SI51(1.3.1) • 1.1 
SI53(1.3.2J = 515111.3.21 • 1 .1 
51S3( 1.3.31 5151(1.3.3) • 1.2 
SIS3<1.3.,U = SISH 1.3.4) • 5 •• 
SIS.)C 1.3.5) = 5151(1.3.5) • 5 •• 
5153(1.4.1) 515111.401 ) • 1.1 
SIS3( 1.4.2) = 5151( 1.4.21 • 1.2 
SIS')C 1.4.3) • SISI0.4.31 • 5 •• 
SIS,)! 1.4.4' = SISlll •••• ' • 5 •• 
5153(1.4. 5 ) 5151(1.4.5) • 5 •• 
SIS.)( 1.5.t) • 5151(1.5.11 • 1.2 
$ -153(1.5.2) • SISUt.5.Z) • 5 •• 
5153(1.5.3) • 5151(1.5.31 • 5.0 
SIS3( I.S •• } 5151(1.5.4) • 5 •• 
51 53( 1.5.5) = 5151(1.5.51 • ••• C 
GO TO ••• C 

C ••• CONTINUE 
C 
C 2250 Le. AUTO 
c 

IFCPHT.NE.27.0'GO TO •• 0 
GO TO(645.0461. lRuB 

C 
C 
C '7 INCH RAIL HEIGHT 
C .ITH Rue RAIL 
c 
C ••• CONTINue 
c 

5153(2.1.1) = SISl(Zol.l} • I •• 
515212.1.2) 5151(2.1.2) • I •• 
5153(2.1.3) • SISHz.l.31 • 1.0 
5153(2.1.4) 5151(2.1.4) • 1.1 
5153(2.1.5) = 5131(201.5J • 1.2 
5153(2.2.1) SI5!C2.2.1 ) • 1.0 
SI53(2.2.2) • 5151(2.2.2} • I •• 
5153(2.2.3) = 5151(2.2,3) • 1.1 
SIS3(2.2.4' • 5IS1t2.2.4) • I.' 
51S3(2.2.5) 5ISt(2.~.5) • 1.3 
51$3(2.3,1) = 5151(2.~"1 ) • 1.0 
SIS3(2.3,2) 5151(2.3.2J • 1.1 
5153(2.3.3) 5151(2.3.3) • 1.2 
5153(2,3.4) 5151(2.3.4) • 1.3 
5153(2.3,51 = 5151(3.3.S) • ••• 5153(2.4.11 = 5151(2 •• ,1) • 1.1 
5153(2.4. 2 ) • 5151(2 ••• 2) • 1.2 
515:3(2.4.3) SIS1<2 ••• 3) • 1.3 
SI53(2.4 •• , = 5151(2 ••• 4) • ••• 5153(2 ••• 5) 5151(2 ••• ,S) • s •• 
SI53( 2 .'s.lJ = 5151(2.5.1 ) • 1 .2 
5153(2.5.2) = 5151(2.5.2) • 1.3 
5IS3(2.5.3) = 5151(2.5.3) • ••• 5IS3(2.5 •• , = 5151(2.5 •• ) • ••• 5153(2.5.51 51S1(2.5,5) • ••• C 
GO TO .70 

C 
C 
C 27 INCH RAIL HE 1 G.HT 
C WITHQUT Rue RAIL 
c 
C ••• CONTINUE 
C 

515:3(2.1.1) · 5IS1(2.1.1) • 1.0 



c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

SIS3( 2.1.2' 
5153(201.3' 
51~3(2.1.4} 
5153'Z.1.~) 
5153(2.2.11 
5153(2.2.2) 
5153(2.2.3, 
5153(2.2.4' 
5153(2.2.51 
5153(2.3011 
5153(2.3.2) 
5153(2.3.3' 
5153(2 • .3.4) 
S153( Z.3.5, 
515.3(2.4.,1) 
5153(2.4.2) 
5153(2.4..31 
5153(2.4.4) 
5153(2.4.5) 
5153(2.5.11 
515.3(2.5.2' 
51 53( 2.5 • .31 
5153(2.5.4) 
5153(Z.5.5' 

GO TO 670 

650 CONT 1 NUE 

• 1.0 
• 1.0 
• 1.1 
• 1.2 
• 1. v 
• 1.0 
• 1.1 
• 1.2 
• 02..0 
• 1.0 
,. 1.1 

• 1.2. 
• 2.0 
• 5.0 
• 1.1 
• I.Z 
• Z.O 
• 5.0 
• 5.0 
• 1.2 
• 2.0 
• 5.0 
• 5.0 
• 5.0 

IF(PHT.NE.Z4.0'GO TO 700 
GO TO(700.651). IRUS 

651 CONTINUE 

5153(Z.I.11 ... 
5153(201.21 ... 
5153(2.1 • .3) 
515.3(2.1.4' :: 
515.3(2.1.5) "'" 
5153(2.2.11 
5153(Z.2.21 "'" 
515.3(2.2.3) :: 
5153(2.2.4) 
5153(2.2.5) :: 
515.3(2.3.1) a 
5153(2.3.21 
5I53( Z • .3.3' "'" 
5153(2.3.4) "" 
5I53( 2.3.5) 
5153(2.4.11 "'" 
5153(2.4.2' 
5153(2.4.31 :: 
5153(2.4.41 :: 
5153(2.4.5) "'" 
515.3(2.5.1. 
5153(2.5.Z) :: 
5153(2.5.3) .. 
515.3(Z.5.41 : 
5153(2.5.5) :: 

GO TO 670 

670 CONTINUE 

24 INCH RAIL HE 1 GMT 
IIITHOUT RUB RAIL 

5151(Z.1.1) • 
515H2.1.2) • 
5151(2.1.3) • 
5151(Z.I.4) • 
5151(2.1.5) • 
5IS1(2.2.1) • 
515lC2.2.2) • 
5151(2.2.3J • 
SI5lC2.2.41 • 
5151(2.2.51 • 
5IS1(2 • .3.1) • 
SI51(2.3.2) • 
5151(2.3.3J • 
5151IZ.3.4) • 
5151(2.3.5) • 
5151(Z.4.1 J • 
515lC2.4.2J • 
515HZ.4 • .3) • 
51S1'2.4.4) • 
5151(2.4.5) • 
515112.5.1) • 
5151(2.5.2J • 
5151(2.5.3) • 
5151(2.5.4) • 
SI51CZ.5.5} • 

1.0 
1.0 
1.0 
1.1 I.' 1.0 
1.0 
1.1 I.' I.' 
1.0 
1 .1 
I •• I.' S.O 
1.1 I.' 1.' 
S.O 
S.O I.' I.' 5.0 
S.O 
S.O 

1700 LB. AUTO 

IFIPHT.NE.Z7.0JGO TO 680 
GO TO( 675.676J. IRUB 

323 
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c 
c 
C 27 INCH RAIL I-E. I GMT 
C .1 TH RUB RAIL 
C 
C 

.75 CONTINUE 
C 

5153(.3.1.1) = SIS1{.}.1.1) • 1.0 
5153(3.1.21 • 5151(;3.1.2) • 1.0 
5153{3.1.3) 5151(3.1.3) • 1.0 
515313.1.4) 5151(3.1 •• ' • 1.1 
SIS3'~.l.S) • 5151 (.3 .1.5) • 1.1 
SIS.3{3.2.U = 5151(,3.2.1 J • 1.0 
51 53( 3.2 .21 • SlSl{3.2.2J • 1.0 
5153(3.2.3) • 5151(3.2.3) • 1.1 
5153(.3.2.4) • 5151(3.2.4) • 1.1 
SIS3(3.2.!:iJ = 5151(3.2.51 • 1.2 
SIS3(3. :3.1J = SIStC.).;].l) • 1.0 
5153(,3 • .3.2) • 5151(3.3.2) • 1.1 
5153(3.3.3) • 5151(3.3.3) • 1.1 
5153(3.3.41 5151(3.3 •• ' • 1.2 
5153(3.3.5J • 5151(3.3.51 • 1.3 
5153(3.4.1) = 51St (3.4.1) • 1.1 
SI 53( 3.4. 2) = 5151(3,4.2) • 1.1 
5153(3.4 .. 31 5151 C3.4.3} • 1.2 
5153(3.4.4' • 5151(3.4 •• , • 1.3 
5 I 53{.3 .4. $) • SIS1(3.4.5) • '.0 
51$3(3.5.1) = 5151(3.5.1 ) • 1.1 
5153(3.5.2) 5151(3.5.2) • 1.2 
5153(3.5.3) • 5151(3.5.3) • 1 .3 
5153(3.5.4' • 5151(3.5.4) • '.0 
SIS3C').S.S) = 5151(;3.5.5) • '.0 

C 
GO TO 1000 

C 
C 
C 27 INCH RAIL iEIGHT 
C WITHOUT RUB RAl~ 
C 
C 67. CONTINUE 
C 

5153(3.1.1) 5151(3.1.1 ) • 1.0 
5153(3.1.2) z 515l(3.1.2J • 1.0 
5153(3.1.3) • 5151(3.1.3) • 1.0 
5153(3.1.4) 5151(3.1 •• ) • 1.1 
5153(3.1.5) • 5151(3.1.5) • 1.1 
5153(3.2.1) • 5151(3.2.1 ) • 1.0 
5153(3.2.2) 5151(3.2.2) • 1.0 
5153(3.2.3) 5",51(3.2.3) • I.' 
51 53( 3.2 .4) = 5151(3.2 •• ) • 1 • 1 
515..3(3.2.5) 5151(3.Z.5) • 2.0 
5153(3.3.1) = 5151 (3.3.1 ) • 1.0 
5153(3,3.2) 5151(3,3,2) • , .1 
5153(3.3 • .3) S151 (3.3.3 ) • 1 • I ' 
5153(3.3.4) = 5151(3.3.4) • 2.0 
5153(.3.3.5) • 5151(3.3.5) • 2.0 
5153(3.4,1) = 5151(3.4.1) • 1.1 
5153(3.4.2) • 5151 (3.4.2) • 1.1 
5153(3.4.3) 5151(3.4.3) • 2.0 
5153(3 ••• 4) • 5151(3 •••• ) • 2.0 
5153(3 ••• 5) • 5151(3.4.5) • '.0 
5153(3.5 .. 1) 5151(3.5.1) • 1.1 
5153(3.50..2) = 5151(3 .. 5.2) • 2.0 
5153(3 .. 5.3) = 5151(3 .. 5.3) • 2.0 
5153(3.5.4) = 5151(3.5.4) • '.0 
5153(3.5.5) • 5151(3 .. 5.5) • '.0 

C 
GO TO t 000 

C 
C 

•• 0 CONTINUE 
C 

IF(PHT.NE.24.01GO TO 700 



GO TOC700 ,6.81). I~UB 
C 
C 
C 2' INCH RAIL tElGHT 
C WI THOUT AUB RAIL 
C 
C 

•• 1 CONTINUE 
C 

51$3(:3.1.11 SISI13.1.11 • 1.0 
51:>3(.3.1.2) 515113.1.2) • 1.0 
SIS3(3.1.31 SIS1C3ol.31 • 1.0 
51$3(3.1.4' 515113.1.4) • I .1 
SIS3130ldd 515113.105, • I • I 
$15313.2.11 515113.2.11 • 1.0 
515:3(3.2.21 • 51511.3.2.21 • 1.0 
515313.2.31 • 5151(3.2 • .]1 • I • I 
515313.2.41 SI$113.2,4) • I .1 
515313.2.:51 515113.2.$1 • 1.2 
5153(3.301) S.SII3.3.11 • 1.0 
515313 • .3.2) 5151(.] .3.2.1 • 1.1 
SI53(3.3.3) SIS1(3.3.31 • I .1 
5153(;),3 •• ) SISI13.3.41 • 1.2 
51$3(3.3 .. :U 5151(3.3.51 • 2.0 
515.]<:J ••• 1) SIS1,3 ••• 1' • I • I 
SIS.]t3.4.2) $1$1(.].4.2' • 1.1 
StS3C3 .... .:H • SIS113.4,31 • 1.2 
515313.4.4) • SIS113.4,41 • 2.0 
51$.313.4.51 5151(3 .... 5) • '.0 
SI$3( 3.5.1) 515113.5.11 • 1.1 
51S3(;,"5.2) • 5151(3.5.21 • 1.2 
5153(3.5 • .3) $15113.5.31 • 2.0 
51S313.5 •• , SISI 13.5.4) • '.0 
SIS:;iI(.].S.SJ • 515113 • .5.5) • •• 0 

C 
00 TO 1000 

C 
C 

700 CONTINue 
c 
c. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • co ~TURe. iEXPA/'610N OF SUSROUTINE 
C. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • c 
C 

1000 CONTINue 
c 

c 
c 

RETURN 
ONO 

C ...................................................................... . 
c • 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBRCUTINE GAENCb 
• ....................... - .................... __ .......... _ ........ _. 
• • nus SUBROUTINE OSTAINS SeVI!:RITY-INCEXES I"OR "-SI!:AMCG4-1 •• 2w, e:NO 
• T~MINAL IMP-ACTS • ......................... _ ............ _ ............................... . ....................................................................... 

DI/I4II!NSIDN POO(6). lAC(O). I"A(OI. YUT(7) 

CO"''''ON/DATAI/ 111(6).112(61.113(61. 114(6J. 11!S(61. 116(61. 117(61. 
• h8(61. "'9(61. 1-I10(6J. 1111(61. 1112(61.1113(6)' 
• "'14(61.1115(61.1116(61. ,"-U716'. pH/H61. HI9(O'. 
• 1120(61.1-121(6),1"122(61.1123(61. H30(61. 1-031(61. 
.. H32(61. 1133(61. 1134(61. 1135(6'.1"136(61.1137(61. 
• I-03a(6,. 1'(39(61. 1140(6'. 1141161. 1'(42161. 1143(61. 
• 1144(6). 114$(6). 1146(61. 1-147(61. 1'148(61. 1"149(6). 

325 



c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 

c 

c 
c 

• 1130(6). 1"I!51(6 1 

<.O","'ON/O .. T"2/ 

• 
Cl(6,4). C2(6.4). C.3(6.41. C4(6.4). C5(6.41. 
Cl1(6 ... I. CI2(0041. C13(0.4). '14(6."-'. CIS(6.41. 
<'16(6.41. CI7(6.41. <'1&16.4). CH;(6,4). C2010.41. 
<.21(6,." C22(6,4). <23(6.4). C2.(6.4). C2516.4). 
C26(6,41. C2716,4). C2&(b,41. C2916.41. C30(6,41, 
C31(6,41. C.32(6.41. 03(6.41, C3.16 •• ,. C35(6.41. 
C3616,41. C37(0,41, ~8(6.41. C3~'6.41. C40(6.4). 
C'He6 •• I. '42(6.4). C5016,41, C5116,4.) 

• • • • • • 

CONIIICIN/~AAOA/ ERRORl (6.41 

COMMON/HURT.! PItS.5). SICS.51. SISL(5.5) 

COM/IION/LATOF/ QFSET' 5). OLA T. CLONG. OLA.Tl 

CO"'MUN/~NFRE/ENFA 

COMMON/~CST/ 

• 
Gl. GZ. G3. G9. G41~. G42W. G41S. G42S. Mel.MBZ. 
"'83. 11489. N64W, M845. ~EI.~R£2. ~RE3. GAE4. GAES. 
~Tl. ~T2. "'8~Tl. MBeT2 • 

COMMON/MAINC.! 

• 
10418. HI. HIA(4). Hll(6). H12(6.4), CM8. eM, 
e)OlI(6). CMzt6,4J. AC8. ACo ACA(4). AC1(6'. 
AC2(604). IZ~RO'4J. THCHAZ.THCtMPC.) • 

eOI4MON/iOENT/I • ..I. tHAI. lALT. ,,..&....AG • .... TITL.e:. lOlA. 10. LL. 

COMMON/NCCHT/ NCOUNT.IPAGE. LINES. NOE5(100). NSPOCI00). 
• NAOT(100). f'o6HWYCIOO) 

COM-aN/AUTl/ AUTOl3J.!A. IAUTO 

COMMON/ENVA/ ENVIRC3J. !NVIA 

COMMON.liACl/ TACIS.5) 

COMMON/RESLT/CE(4J. BCUJ. tCEI.). NOTCE.I.,. leOSTI.), IG~ 

COMMON/IMPR08/ IMP(5.5J 

COMMON/CST./ RC(5.S).OL 

REAL M81. M82. M83. M89. M84 •• M84S. MBETI. MaETZ 

REAL LIFE. INT • ..IAUTO. IMP 
REAL lAC 

INTEGER E;:I:RORI 

INTEGER HI. H2. H3. H4. H14. H16. Hl1. H18. H19. HZO. H21. 
• "30. H42. H43. H4 •• M45. M46. H41. M4a. H49. H50. H51 

INTEGER Cl. C2. C16. C17. CIS. C19. C30. <:.31. C32. C33. <:.34. 
• C35. <;.36. <:'39. C40. C41. C4Z. <:'50. <:.3. C4. C51 
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C 

C 
C 
C 

C 

C 
C 
C 

C 

C 
C 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 

10 

11 

" 

GO TO(10.11). IFLAG 

CONTINUE 

HAZARD 

N1 • H46( 1) 

N' 0 1147(IJ 
GO TO " 
CONTINUE 

IMPROVEfiIIENT 

N1 0 C34(I • ..JJ 
N2 . C3!i11 • .Jl 

CONTINUE 

00400 N'"'I.IOIR 
GO TOC 13.l4}. N 

13 CONTINUE 

UPSTREAM ENO TERMINAL 

GO TO(20.21.22.23.24.24.24.24J. Nl 

14 CONTINUe: 

oaWN5TREAfiII END TERfiIIlNAL 

20 CONT (HUE 

ANCHGRED (NON - 8REAKAWAY) 

Y '"' 40.0 

00 ~o kal.5 

4000 LB. AUTO. DRY CONDITION 

0.046*" 
0.046*" 
0.046$" 
0.046*" 
0.046.'" 

4000 LB. AUTO. _ET CONCITION 

SlZ{l.K.l) 
512(1.)(.2) 
512(1,1<..3) 
512( I .K.4) 
512(1.1(.5) 

0.046$" 
:; 0.046*" 
~ 0.046*" = O.04~V 

0.046*" 

4000 LB. AUTO. FROZEN CONDITION 

$13(1.)(.1) "'" 
513(1.1<..2) "'" 
5130.K.3 ) 
513(1.1(.4J ~ 
513(1.)(.5) 

0.05:5$" 
0.05Sa..., 
0.055a..., 
0.055*..., 
0.05Sa", 

2250 LB. AUTO. DRY CONDITION 

511(2.)(.1) = 0.081a..., 
511(2.1(.2) = 0.081*"" 
SI1(2.~.3) = O.081*¥ 
SI112.K.4) = O.Oal*¥ 
SI1IZ.K.S) = O.081*¥ 

327 



c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 

2250 L6. AUTO. wET CONDITION 

512(2.1<.1) = 
512(2.1<..2) 
512(2.1(.3) ... 
SJZ(Z.K.~) • 
512(2.K.5) '"' 

0.081*V 
D.atU_'" 
D.OBI*V 
a.Oel.V 
0.061.V 

2250 LB. AUTO. FROZEN CONDITION 

513(2.1<..1) ~ 
513(2.1(..2) 
SI3{Z.IC..3J :Ii: 

51.3(2.1<..4) .a 
513(2.1(.5) a 

0.097*.., 
0.097.'" 
0.097*V 
0.0.,,7*.., 
0.097.'" 

1700 LB. AUTO. DRY CONDITION 

O .. 110*V 
0.110.'" 
0.110*'1 
0.110*'" 
O.IIO_V 

1700 LB. AUTO. wET CONDITION 

SI2{3.K.l J 
512(3.1<..2) .a 
512(3.1<..3) 
512(3.1<..4) a 
S12C3.IC..5, .. 

0.110*.., 
0.110.'" 
0.110* ... 
0.110.'" 
0 .. 110*V 

1700 LB. AUTO. FROZEN CONDITION 

513(3.1<..1) a 0.132*'" 
S.I..3t3.K.Zl a 0.1.32*'" 
SI3C3.K.31 .. 0.132*.., 
513(3.1<.,4' = 0.132*'" 
513(3.1<.,5) :Ii: 0.132*'" 

50 CONTINUE 
GO TO 200 

21 CONTINUE 

NOT ANCHOREDt NON - BREAKAWAY) 

II .,. 40.0 

00 51 K-,.5 

4000 ca. AUTO. DRY CONOn ION 

511(I.IC.I) ~ Oe040.V 
511(1.1(.2) a O.040.V 
511tl.IC.3) a 0.040*V 
511U.IC.4} ~ O .. 040.V 
SIl(l.I<.S} ~ O .. 040.V 

4000 La. A.UTO. wET CONDITIO .... 

512(1.1<.1} ~ O.O.O.V 
512(1.1<.2) ~ 0 .04 0*V 
51211.1<.3) ~ 0.040.V 
512(I.IC.41 = Oe040*Y 
512(1.1<.5) ~ O.040.V 

4000 La. AUTO. FROZEN CONOI TION 
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c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

C 

C 

c 
c 
c 
c 
c 
c 

51 

51,3(1.1(.1) 
513(1.1(.2) ... 
51.)(1.1<.3) "" 
51311.1<..4) 
51;]( 1.1(,5) = 

0.04S* ..... 
0.048.'" 
0.048.11 
0.04S." 
0.041;1$", 

2250 LB. AUTO, DAY CONDITION 

0.070*" 
0.070." 
0.070 ..... 
0.070_ ..... 
0.070$" 

2250 Lo. AUTO •• ET CONDITION 

"" 0.070*" 
"" 0.070*" 
.. 0.070*" 

0.070$"" = 0.070_"'" 

2250 LB. AUTO, FROZEN CONDITION 

0.085.V 
0.085*"" 
0.085."'" 
O.OdS*., 
0.085*" 

1700 LB. AUTO, DRY CONDITION 

51,(3,1(,1) .. 0.097$"" 
511(3,1(.2) ... 0.097." 
Sll(3.K.3J .. 0.097* ..... 
511(3,1<..4) a 0.Q97*" 
511(3.1(.5) a 0.097* ..... 

1700 LB. AUTO. WET CONDITION 

0.097." 
0.097." 
0.097$"" 
0.097*" 
0.097." 

1700 LB. AUTO. FROZEN CONDITION 

SI3C:J.Kol ) • 0.116*" 
513(3.)(.2) 0.116*" 
513(.3.1(,3' 0.116*" 
513(3,K,4) • 0.116*'11' 
S13C3,K.S) • 0.116_ .... 

V • V +10.0 

CONTINUE 
00 TO 200 

22 CONTINUE 

C TUANOOWN(SAEAkAWAY) 
C 

c 
c 
c 
c 

THETA. 5.0 

00 52 K-1.5 

4000 La. AUTO. DAY CON01T10N 

SI1(1.1.K) = 0.00889.THETA+0.37 
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c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 

c 
c 

SIHl.2.1It) 
srt Il.3.I<:J 
SI1Il.4.K) 
SIlll.~.K) 

040a8~9*THETA+0.4~ 
O. 00tl89*THE T A .. O .~4 
I).OOaa .. *THE TA"0.63 = 0.00889_THETA"0.12 

4000 LB. AUTO, wET 'ONOITION 

0.0 0889*THETA+ 0.37 
0.OOd89*THETA+0.45 
0.008ag*THETA"O.S4 
O.OOoa9_THETA+0.63 
O.00889*THETA+0.7Z 

4000 LB. AUTO. FROZEN CONDITION 

SI3(1.1.IItJ ~ O.00889*THETA"0.37 
SI3(1.2.K) .. 0.OOedg*THETA+0.4S 
SI311 • .3.KJ .. O.OOe8g*THETA .. 0.54 
SI311.4.1It) ". 0.OQSS9*THETA"O.63 
S1311.S.K) # O.00~89*THETA+0.72 

2250 LB. AUTO. CRY CONDITION 

Stlt2.1.K) 
SI U2.2.K) 
SI112.3.K) 
SI1(2.4.KJ 
Sll(2.5.KJ 

,. Slltl.l.K)*1.23 
Sll(1.2.K)*1.23 

". Sll(1.3.K)*1.23 
,. SIt(I.4.1<:)*1.23 
". Sll(1.5.K)*1.23 

2250 LB. AUTO. WET CONDITION 

2250 LB. AUTO. FROZEN CONDITION 

1700 La. AUTO. DAY CONDITION 

SllCl.l.KJ'" SIl(1.I.K)*1.51 
SI1(3.2.,() ,. SI1(1.2.K)*1.51 
Sllll.a.IIt) .. SI1(1.3.1<:)*1.51 
S11(3.4.K) ". SIIII.4.K)*1.Sl 
S1113.5.K)"'Sll(1.5.K)*t.Sl 

1700 LB. AUTO. _ET CONDITION 

S12(3.1.K) 
SI2(3.2.KJ 
51213.3.1<:) 
SI2(3.4.K) 
SI213.S.K) 

",SIt(lol.K)*1.51 
a SZl(l.Z.K)_t.SI 

SI111.3.K)*'.SI 
SIII1 ••• K)*1.51 

# SI1(1.5.K)*1.51 

1700 LB. AUTO. FROZEN CONDITION 

SI111.1.K}.t.5t 
.:: SJl(1.2.K)*1.51 
,. SII(1.3.K)*1.S1 
,. SllO.4.K)*'.51 
:: Sl1(1.5.K)*t.Sl 

TMETA a TMETA .. 5.0 

52 CONTI NUE 
GO TO 200 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 

23 CONT I HUE 

TUANDO~N(NON-BREAKA~AY) 

V a 40.0 

00 53 1(_1.5 

4000 La. AUTO. CRY CONDITION 

- 0.013·"" 
0.011*" 

• 0.008*'" 
= 0.007$" 
_ O. 007eV 

4000 Ltl. AUTO. wET CONCITION 

512(1 .1(.1) 
SIZ( 1.1(.2) 
512(1,1<:.3) 
SI.l.(1.K.4J 
5IZ0,K.S} 

= 0.013*"" 
=- 0 .011*"" = O.OOs*." 
a 0.00"*"" 

0.007 .... 

4000 LB. AUTO. "'ROZEN CONDITION 

0.013$..., 
0.011$" 
0.008$", 
0.007e", 
0.007e" 

2250 LB. AUTO. OAY CONDITION 

511(2.1(.1) "" 0.026$" 
511{2.1(.2) a 0.021$'1 
511(2.1(.3) a 0.017e .... 
511(2,K.4) : 0.01 •• '1 
511(2.1(.5} =- 0.013$" 

2250 LB. AUTO. IIET CONDITION 

512(2.1(,1) .: 
512(2,1(,2) a 
512(2,;(.3) 
SI2{Z.K.4) '" 
SI2{Z.K.S) 

0.026*" 
0.021."" 
0.017*"" 
0.01.'*"" 
0.0 13e ... 

2250 LB. AUTO. ~ROZEN CONDITION 

513(2,1<01) a 
513(2.1(.2) = 
513(2.1<: • .31 "" 
513(2.1(.4) =-
513(2.1(.5) 

0 .. 026*" 
O.021a" 
0.017*" 
0.014$" 
0.013$" 

1700 LB. AuTO. DRY CONDITION 

SI1(3.K.l) a 0.034$V 
Sll(3.K.2) = 0.027$" 
Sll(3.~.3) a 0.022*V 
SIl(3.~ •• ) a 0.020$V 
SI1(~.~.5) a 0.017$V 

170.0 LB. AUTO. \lET COND I T I ON 

SI2(3.K.l) = 
SI2(3.K.2) 
SI2(3.K.31 
SI2Cl.K.41 = 
SI2(3.~.S) 

O.03 •• V 
0.027$" 
O.022$V 
0.020*" 
O.017*V 
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c 
c 

c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

1700 LB .. AUTO. FROZEN CONDITION 

51.:5(3.1(.1 ) 
SJ.H3.1(.2' 
Sl3(;3.K.:H 
SI .:H.J.1(,4) 
513(3.1<..5) 

0.034*'" 
'"' o.o.n·· .... 
z 0.022*" 
a 0.020 .... 
.. 0.017_"'" 

II :z II +10.0 

53 CONT {NUE 
GO TO 200 

24 CONTINUE 

CRASHWOATHY TERMINAL 

4000 LB. AUTO, DAY CONDITION 

.. 0.023*V 

.. 0.023*'" 
'"' 0.02')*'" 

0.023*'" 
0.023*'" 

4000 LB. AUTO. WET CONDITION 

5IZ(1.1<.,1) .. 
512(1.1(.2) _ 
512(I.K • .)' 
512(1.1(.4) .. 
SJ2(1.K.~J "" 

0.023*'1 
0.023$'1 
0.023*'" 
Q.023*'" 
0.023$'" 

4000 LB. AUTO. ~AozeN CONDITION 

513(I.K.l) 
513(1,/C..2) ... 
513(1.1<:.3) .. 
SI.)(I,I(.4) .. 
SI3Cl,K • .5) .. 

0.028*'" 
Q.028*'" 
0.028.'" 
0.028*'" 
0.028*'" 

2250 LB. AUTO. DAY CONDITION 

511(2.1(.,1) 
511(2.1(.2) '"' 
511 (2.1<.3) = 
511(2.1<:.4) '"' 
';;11(2.1(.5) .. 

0.040*'" 
0.046* ... 
Q.046*V 
0.046*" 
0.046*'" 

2250 LB. AUTO. WET CONDITION 

512(2,1(,1) ~ O.046*¥ 
512(2.1<.2) ~ O.046*¥ 
512(2.1(.3) ~ O.046*V 
512(2.1(.4) = O.046*V 
512(2.1(.5) ~ O.04o*V 

2250 LB. AUTO. FROZEN CONDITION 

513(2.1(.1) = 0.056*¥ 
513(2.1(.2) = 0.OS6*¥ 
513(2.1(.3) = O.056*¥ 
513(2.1(.4) = O. 050.V 
513(2.1(.5) ~ 0.056*¥ 

1700 LB. AUTO. DRY CONDITION 
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c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 
c 
c 
c 

c 

c 
c 
c 
c 

c 
c 

511(3.1(.2) 
5111.3 • ..:.3) = 
511(,3.1<..4) ... 
511(.3.1<.51 = 

a .06I.V 
0.061 * '" 
.1.061." 
0 . 001*" 

1700 La. AyTO •• ET CONDITION 

51213.1<..1) = 0.061*" 
512(3.1(.2.) = 0.06'*" 
512(3 • ..:.31 = 0.061*" 
SI2(3.K.4) = 0 . 06'*" 
51213 • ..:.51 ~ 0.061*" 

1700 LB. AUTO. ~AOZEN CONDITION 

51313 • ..:.1) .. 0.074*" 
51313 • ..:.2) a 0.074*" 
51313 • ..:.3) '"" 0.07 .. *" 
513(3 .1<..4) a 0.074*" 
513(3.K.5) a O.07~.v 

" • V +10.0 

5. CONT INUE 

200 CONTINUE 

GO TO(402.403). N 

402 CONTlNIJe 

00 404 1(1=1.3 
00 404 1<.2=1.5 
DO 404 1(3'""1.5 

404 CONTINUe: 
CiO TO .10 

403 CONTl HUE 

DOIIINSTREAM END TEANINAJ,.. 

00 405 K1=1.3 
00 .05 1<.2"1.5 
00 405 1<.3"1.5 

SIe:l0(Kl.J<.2.K3J 
SIE201 K1.1(2.1<.3) 
51 E3()( 1(1. K2.1<.3) 

405 CONTINUE 

410 CONTINUE 

400 CONTINUe: 

RETURN 
END 

"" 5Jl{Kl.K2 .K3) 
'" SI2IKl.K2.K..3J 

513(I<1oK2.A3J 

c ............................................................... . 
c • 

SUBROUTINE NOIMPR 
C • __ 
C ............................................................... . 
c • 
C • NO I~ROVEMENT SUBROUTINE FOR SLOPES 
C • 
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c ............... ~ •••••••••••••••••••••••••••••••••••••••••••••••••••• 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 

c 
c 

OIMENSION POu(6J. lAC(O), FA'OJ. YLAT(11 

CONNON/OATAI/ 

• 
td(61. HZ(6). H.](6). H.COl. 1-15161. Hb(6). 1"17(61. 
118(0). HOi(6). 1110161. Hl1(6). H12(6J. Hl:J(6J. 
h1"'(61. HI5(6). 1"116(61. MI7tO). r118(61. H19(61. 
1"120(61. H21(61. H2Z16'. 1123(01.1130(61.1131(,;)1. 
"32(6). H33(61. 1-134(61, H3!H6J. 1'136(6). 1"1.]7(6). 
H3d(OI. H3910J. "40(61. H.IIO). H42(6J. H4'](61. 
H .... ted. H4!5(ol. H.bIO}. 1147(6). 10448(61. H49(6). 
,..50(6).1-151(6) 

• • • • • • 
COMI4ON/OA T A2,/ 

• 
Cl(6.4). C2.(6.41. C.J(6,41, C4(6.41. e5(6.4), 
Cl1(6,41. Cl'(6.41. '1.3(004). CI4(6.4). C15(6.4J. 
C16(6.41. C1716.4l. C18(6.4). C1916.4l. C2016.4l. 
C2l16.41. C2216.4). C2316.4', C24(6.4). C25(6 •• '. 
C26(6.4). C2116.4). C2al6.4', C29(6.4}. C30lb.4', 
C~1(6.41. C32(0.4). 03(6.4). C34(6.4'. C3,,6.4'. 
C36(6 •• 1. C37(6.4}. C3S(6.4). C39(6 •• }. C40(6 •• ). 
C41(6.4). C.2(6.41. c.s0(6 •• 1. CSlI6.4) 

• • • • • • 
COMNQH/OATA3/ GI0. G1Z. G13. GI4. GIS. G16. G17. Gte. GI9. G20 

COMMON/EAAOR/ ERAORl(6.4' 

COMMON/MURT/ PIIS.s). SICS.S). SISL(S.Sl 

COMMDN/LATOF/ OF5ET(SJ. OLAT. OLONG. DLATI 

COMMON/~NFR£/ENFR 

COMNON/GASI/ 515113.5.51. 515Z(3.5.5). 515313.5.5). SIE1UI3.5.5', 
• 5IEZU(3.5.51. SIE3U(3.5.5). SIEIO(3.S.S'. 5IE20(3.5.51, 
• 5IE30(3.5.51. SI1(3.5.5'. SI213.5.5). SI~(3.S.S) 

COMMON/GACST/ GI. G2. G3. G9. G41 •• G4Z'II. G415. G4ZS. /l4S1.MB2. 
• /1183. /1169. /IIB4'11. MB4S. GAEl.GREZ. GRE3. GRE •• GRE5. 
• GET1. GETZ. MBETl. MBETZ 

CO",,",ON'CO/llP/ 510EI5.5). END'S.5). IHIT. xx 

COMMCN/MAINC./ I·U9. HI. HIA(.l. Mll(6). HIZI6.41. CMB. CM. CNAC.). 
• c.Nl(6). O4Z(0.4). Ace. AC. ACAI41. AC1I6J. 
• ACZI6 •• J. IZI!RO(41. THCHAZ.THCIMPI41 

COMIIfON/IOENT/I. J. lHAZ. lALT. IFLAG. NTITLE. lOIR. 10. u.. 
COMNON/NCONT/ HCOUNT.IPAGE. LINES. NOES(lOOI. NSPOIIOOl. 

• NAOTtl00Jo NH'IIY(100J 

COMMON/AUTI/ AUTO(3J.IA. lAUTO 

COMMON/ENVA/ ENVIR(3J. INVIA 

COMNON/TACI/ TACIS.s) 

COMJr40N/s<ESLT,a::(.,. eeC4'. ICE(4). NOTCe(4). ICOST(.a.). IGA 

COMMON/IMPROS/ (/IIP(S.SI 

COMMON/CST4/ RCIS.51.0L 
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c 
c 

c 
c 
c 

c 

c 
c 

c 
c 

c 
c 
c 

c 
c 

REAL ,1481. "'82. JoIiB. /0189. MS4". "'845 • . 'I48ET!. fl4 SET2 

REAL L.IFE. INT • .JAUT O. IMP 
REAL. lAC 

INT£GER EAROA! 

INTEGER HI. 1'12. H3. 114.. H14, 1"116. H17. I'He. 1'119. H20. H21. 
• H30. H42. 1143. H4 •• 1145. 1146. H47. H48. 1149. 115 0 . 1151 

INTEGEA Cl. C2. <:16. C17. C18. (:19. C30. C31. C32. C33. C.34, 
• C35. 06. C39. C40. '41. C42. e5Q. C3. C4. C51 

HI211.J) 
"C2U • ..1) 
C/IIZ! 1 •• JJ 

HI It Il 
,. AC 1 ( J I 

'Mill) 

Hl"'C.J) ,. HJAIJJ + H1211.Jl 
,.,C ... (.JI _ ACA(.Jl + AC2(I • .J1 

THCINP('H a THCII4PI"Jl • CM2( I •• J) 

RETURN 
EHO 

c •••••••• ~ ..................................................•••••••••••• * 
C • 

SUBROUTINE RESULT 
c • 
C ....................................................................... . 
C • 
C. SUBROUTINE COMPUTES THE COST-EF~ECTIVeNESS ANO BENEFIT-COST RATIOS 
C • 
C ....................................................................... . 
< 
C 
C 

C 
C 

c 
c 

c 
c 

c 
c 
c 
c 

.DIMENSION POO(6). 'AC(6). ,.. .. (6). Y'LAT(7} 

COMNCN/OAT .. 1/ Hl(6'. H2(6). H3(61. H.,6'. HS(6). H6(1:». H716'. 
• H8(6}. h9(6). 1110(6). 1111(6). HI2(6l. 1113(6)' 
• HI.'6l. 1115(6). 1116(6'. HI7(6). 1118(6). 1119(6). 
• H20(6). H21(6). H22U!H. 1123(6).1130(61.113 1(6' . 
• H32(6). 1<33(61. 1134(6). H3~(6'. 1136(6). 1137(6). 
• "'38(6).11,)9(6). "'.0(6'. "'.1(6). ,.,42(6). "'.3(51. 
• 114.(6). H40~(61. "'46(6). ,.,47(61. 11.08(61. 11.9(6). 
• 11~0(61. HSI (6) 

CDMMON/OATA2/ CI(6.4). C2{6 •• I. C3(6 •• I. C4(6.4). C~(6.40I. 

• Cll(1!h.). CI2(6 •• ). CI3(o •• ). CI4(O •• '. CI~(6 •• '. 
• CI6(6.41. CI7(6 •• ,. C18(6.4). CI9(6 •• ). C20(6 •• ). 
• C21(6 •• ). C22(6 •• ,. C2.)(6 •• ,. C2.(6.4). C2~(6.4). 
• C26(6 •• ,. C27(6 •• ,. C28(6 •• ,. C29(6.40). C30(6.41. 
• C.31 (6 •• ). C32(6 •• ). 0.)(6.4). 04(6.4). C3~(6.4J. 
• C36(6 •• J. C.)7(6.4J. C,38(6.41. C39(6 .4). C.OI6 •• ). 
• C.l(6 •• ). C42(6 •• I. CSO(6 •• ). C51(6 •• ) 

COMMON/O .. TA.)/ GIO. G1Z. G13. ~1 •• ~1~. ~16. G17. G18. Gig. ~2Q 
COM."":HUCRFI/ CR 

COMMON/ERROA/ ERRORl (6 •• ) 

COMMON/"'URT/ PItS.S). S.l(~.~I. SISL(S .~I 

C::OMIClN/L .. TOF/ OP'SET(S). OUT. OLONG. OUTI 
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c 
c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

c 
c 

CONMON/ENFAE/e~FA 

CONNON/GAst ... 515,(3.5.51. 5152(3.5.5). 5153(3.5.51. SIEIU(J.S.51. 
• SIE2U(3.S.SJ. SIEJU(3.5.SJ. 5IEID(3.5.51. SIE2:U(J.!;i.5J. 
• SlE30(3.S.SI. 511(3.5.51. 512(3.5.5). 513(3.5.:5) 

CONMON/GReST/ 61. Co2. G3. G9. 6 41,., 642 •• G41S. G425. NB1.NB2. 
• MB3. "69. NfI4W, "16 .. 5. Gr.:E l .GFOEZ. GREl , Gi=tE4, GRI:::5. 
• GETI. GET2. ",eETI. NBET2 

COMMON/COMP./' StOEIS.51. ENoes.S). IHIT, XX 

CONMCN.lNAINC.I 

• • 
Hla. HI. H(A'''I. HI1(6). HI216.41. eMa. , .... CHA(4', 
CM1161. CM2(0.4). ACS. loCo "CAC"), ""1 (61. 
.4.C216,4', lLEAO''''). THCri ... Z.TriC' .... P(4) 

COM.aNVIOENT/I. ~. lHAZ. IALT. IFLAG. NTITLE. lOlA. 10. LL 

CQMMQN.lNCONT.I NCOUNT.IPAGE. LINES. NOES(lOO). NSPO{lOO). 
• NAOT( I QuI. NHWV( lOa) 

COlllMaN/AUT!.I AUTOIl • • IA. ' .... UTO 

COM~N.lENVA/ ENVIA(3J. lNVIA 

CONMON/TACI/ TAC/S.S) 

COMIIION/AESl..T/C£(4) . 8C(4). ICEI4'. NOTCE(4). I COST/4). I(;J;I 

COMHON/IMPAQB/ IMP(S.SJ 

COMMON/CST4/ AC(S.5'.OL 

REAL MBI. Ne2. MB3. Ne9. MS4 •• MB4S. M8ETl. MBET2 

AEA1.. I,.IfI'E. INT • .IAUTO. IMP 
AE~ IA.C 

INTEGER EARORI 

INTEGER HI. 1"12. H3. H4. H14. H16. H17. HIe. H19. H20. H21. 
• H30. H42. ""3. H44. H4S. H46. 1"147. H4~ .. H49. H50. H51 

LIFE G16 
0 0 100 .J_l.1AI,.T 

C IF(HIA(.I) .Ge. HIS) GO TO 10 
C IFCACA(.I) .GE. A.ce! GO TO 10 

EFFECT . Hla - HIA.(.J) 

c 
c 
c 

aENEFT ~ A.ca - A.CA(.J) 
ZE~O ~ 2.71a •• (EFFEeT*LIFEl 
ZEAO _ 1.0/ZERO 
lZEAOC.ll = IFIX( ZERO*lOO.O 
TeOST ,. THCIMPC.J) - THCHAZ 
ICOST(.JJ 2 lFIX( TeOST J 
CEI.J) ,. TCOST/ EFFeCT 
ICE(.I) '" CEl.l) 
aC(.JJ _ ae~T/TCOST 
GO TO 99 

1 0 CONTINue 
NOTCEI.I) ~ 1 

C NOTCE(.I) ~ 1 ••• I~PRO~E~Nr ALTEANATI~E NOT COST-EFFECT I ~E 
C 
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c 
c 

99 CONTINUE 
100 CONT I NIJE 

R€TURN 
END 

C ................................................................... . 
C • 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 

c 
c 

c 
c 

c 
c 
c 

c 

SUSROUTINE OUTPUT 

• .................................................................... 
• • SUSROUTINE PRINTS OUTPUT FOs;! PRO~A~ 

• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• .................................................................... 
01JotENSION 1='00(6). IAC(61. FA(6). YLATI7. 

COMMON/oATAI/ '"'1(6). H2161. 1-13(61. H416). HS(61. 1-16(61. 1-17161. 
• Ha16'. I1 ;H6J. 1110(oJ. H1116J. H12{6J. 111.J(61. 
• 1114161. Hl::H6). H16(6J. HI7(61. I-IlIH6J. 1-119(6). 
• 1-120(6).1-12.1(6).1122(61. 1123(6). H30{61. 1-131(61. 
• H32(6). 1-133(6). t-o.34{61. "'35(61.1136(61. H37161. 
• H38(61. H39(o). 1-4"'0(61. H.l(6). 11.2(01. 1'14.3(61. 
• 1'1 .... (0). 1145(6). "'46(01. H47(0). H4S(0}. 1"149(61. 
• ;"SO(6} . HSI (6) 

COMMQN/oATA2/ 

• 
Cl(6 .... ). C2{6.4). C3(6 •• ). C ... (6.41. CS(6.4'. 
CllI6 •• '. C12(6.4). Cl.3(6.4). CI4(6.4I, CISCo •• ). 
CIIU6 •• ). C17(b •• '. CUUb.4). CI9(b.41. C20(6 •• I. 
C21{b.4J. C22(6.4'. C2316 •• I. C24(6.41. C2S(6 .. 4) .. 
C26(6 •• ). C27(6.4). C28(b •• ). C29(6.4). C.30(6.4). 
C31(6.4', C32(b •• J. 03(b •• ). 04(b.41. C35(6 •• J. 
C3bI6.4). C37(6.41. C,3S(6 •• '. 09(b •• ), C40(6.41. 
C41(b •• I. C42(6.4). CSOl6.41. C51(0.4' 

• • • • • • 
COMMCN/oATA.3/ GIO. G12. Gl.3. G14. GaS. G16. G17. GIS .. G19. G20 

COIolMON/CRFI/ CR. 
COMtClN/ERROA/ ERROJ:;il (6.4) 

COIolMeN/HUAT/ PltS.5'. SltS.5). SISL(S.S) 

CCIolMON/LATOF/ OFS£T(SI. OLAT. oLoNG, OLATl 

COMMON/ENFR£/ENFR 

COIolMON/taRSI/ 51511.3.5.5).5152(3.5.51. 5153(3.5.S). SlEIU(3.S.SI. 
• Sl';ZV(3.S.S). 51E.JU(.3.S,S). 5IEIo(3.5.S1. 51E20(3.5.5l. 
• 5IE30(3.5.SJ. 511(.3.5,5). 5IZ(3.5.5). 513(3.S.51 

COJolMCiN/GRCST/ 

• • 
Gt. <02. G.3. <09. G41W . G42., (04.15. <0425. /IOIBI.IoIaz. 
"83. ,.89. MS ••• MB4S. GRE1.GRE2. GRE3. G~E4. GRE5. 
GETI. G.ET2. 1oI8£Tl. loIeET2 

CO,.,..QN/COMP/ SlOE(5.51. ENO(S.Sl. IHIT. XX 

COMMON/MAINC/ 

• • 
HIS. HI. HIA'4'. HI1(6). HI2(6.41. C)ofS. CM. C."'!A(4). 
CMl161. CM2(6.41. ACS. AC. "CA(4). AC1(61. 
ACZl6 •• ). IZEAO(4). THCHAZ.THCI/olP(41 

CO/ol/olON/IOENT/t • .J. lHA2. IALT. IFUG. NT I TL.E , lOlA. 10. u.. 

COM~N/NCONT/ NCOUNT.iPA~E, LiNES. NOES(IOO), NSPO(IOO'. 
• NAOT(1001. NHWY{lOO) 
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c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

c 
c 
c 
c 

c 
c 

COMMON/AVTll' AurO«,3,.I.4.. IAuro 

COMMON/ENVR/ ENVIR(,J). (NVIR 

COMMON/TACII' lAC(5.5) 

COMMQN/RESLTI'CEC4J. 6C'41. lCEI4). NorCE(4). leOST(4). IG~ 

COMMON/IMPROS/ JMP(S.5) 

COMMON/CST./, RC(5.5).OL 

REAL M81. N8Z. 1483. M89. MB4~. M84S. MBETI. MBET2 

REAL LIFE. INT. JAUTO. U4P 
REAL lAC 

1 N TEGER ERROR 1 

INTEGER ~H. H2. 1;3. H4. HI'h H16. 1'117. I-U8. HI..,. H20. H21. 
• H.30. 1142. H4.3. 1;44. M4S. 10146. H47. H4a. H49. H50. H51 

INTEGER Cl. C2. C16. C17. C18. C19. C30. C31. C32. C33. 04. 
• C35. 06. C39, e40. C41. C42. C50.0. C4. C51 

IF(NCOUNT .EO. 0) GO TO 10 

N 3: NTITLE 
/It = NTITLE-l 
IF(NOESCN) .Ea. NDES(MJ .ANO. NH.Y(N) .Ea. NHWV(M»GO TO 12 

10 CONTINue 
WRITE(6.398J IPAGE 
tlR I1E( 6.400. 

c 

C 
800 

80. 

802 

803 

80' 

90. 

8.0 

811 

812 

813 

IF (Cl(I.1).EO.l) GO TO 800 
IF (Clll.1I.EQ.2) GO TO eOl 
IF CCIC1.1).Ea.3. GO TO 802 
IF CCllI.I).Ea.4) GO TO 803 
IF (ClCl.I).Ea.S) GO TO e04 

CONTINUE 
WfUTE(6.900) Q(1.U 
00 TO 90' 
CONTINUE 
'IIRITEC6.901) C2(l.l) 
00 TO 90S 
CONTINUe 
WRITE(6.9021 CZtl.I) 

'"" TO 905 
CONTINUE 
WR.lTE(6.903) C2(l.lJ 
00 TO 90. 
CONTINUE 
WRITEt6.904) CZ(l.l) 
CONTINUE 
IF (H3(l) .EQ. I) "" TO 811 
IF (H,3(l) .ea. 2' 00 TO a.o 
IF (H3, 1 ) .EO. 3) '"" TO 812 
IF CH3(lJ .. Ea. 0> 00 TO 813 
CONTINUE 
WRITE(6.910) H4( 1 J 
00 TO 915 
CONTINUE 
wRITE(6.91l) H4( l) 
00 TO 915 
CONTINue 
'IIRITE(6.912) H4( 1 ) 
00 TO 915 
CONTI Nue 
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e 

e 

c 

e 
c 

e 

e 

e 

c 

WIUTE(6t9l.JJ H4( 1) 
915 CONTINue 

ISP Eeu s IFI X(HS(I" 
l"OT s IFIX(Hb(lJJ 

ICARI ~ IFIX(G15J 
lCARZ ,. IFIX(G14) 
ICAR3 _ IFIX(G13J 

lORY 
HlIET 
JFRO 

,. 1~IX(12.0-GIO-G 12J 
~ IF IX (GIOJ 

IFIX(G12) 

lPoa ,. 
INJURY 
IFATAL 

IFIX(G20) 
IFIX(G19J 

- IFIX(GlSl 

WRITE(6.815)ISPE~D . I"'OT.ICARl.ICAR2.1C"'R3.10RY.IWET.JFRO.IPvO. 
• INJURV.lFATAL.. G16. G 11.C40( 1.1l .ellil 1.ll .C42( 1.1) 

{PAGE ,. IPAGE .. I 
LINE S z 0 
NCOUNT ,. NCOUNT .. 1 
IItRITE(6.",0"" IPAGE 
WiHTE(6.406J 

12 CONTINUE 
/illES 31 0 
K • 0 

00 zoo JJ-l.JALT 
DO 200 JIst.lHAZ 

L .. 11 
Jo4 .. .JJ 
elt(L.N) ,. elt(L.H).O.OOI 
lACl :. ACt'Ll 
IAC2 ,. AC2.{L.oI4) 

IF(ERRORI " .. oM) .GT. 0) GO TO 80 
K :a It; .. 1 
JFIK .EO. IHAZ) GO TO 60 

C wRITE -GROUP" 
e 

e 

e 

"RITE(6.500) HI7IL). H21(L) . HI8(L). HI9(L).H20(L) . H22(L), 
*H23(LJ. MUlL). IACI. I'l. C16(L.MJ. CI7{L.MJ.ClS{L./II).CI9{L.M). 
-c37(L.M). C.38{L.MJ. c..5tL.M). CI1(L.JiII) 

GO TO 200 
80 CONTINUE 

WRIT~t6.S02) H17(L). M21lLJ. H18tLJ. H19(L).H20(LJ.H22(L). 
*H23(LJ. MU(L). IACI. M. ClOtL.M). Cl7lL..M).'18{L..I·1) .C191L..M). 
*C.37{L.M). C~8{L.MJ. CS(L.MJ. ClleL.M). ERR0A1(L.M) 
K::IIj(+1 
IF(K .15.0. 1) GO TO 90 
liliES" MES + 1 
GO TO 200 

60 CONTINue 
1Ft NOTCE(M) .Eo. I) GO TO 70 
1Ft MES .GE. lJ GO TO 6!5 

C WRITE ·COST-EFFECTIVENESS RATIO· ANO -BENEFIT-COST RATIO· 
e 

e 

wRITE(6.504) H17ILJ. M21(LJ. "ISIL). "19{L).H20{L}.H22(L). 
*H2.3(LJ. HIIILl. lACI. M. CI6(L.MJ. C17tL.MJ.CI8IL.M). C 19 (L.M) • 
• 07{L.M). C38(L.M). c..5tL./OI). Cll(L.MJ.lCOST{/III).HI2eL.M).I"'C2 • 
• ICEe/OlI.BCc/c) 

C LINe COUNTER 
e 

LINES" LINES + 1 
IF{ LINES .GE .. 451 GO TO 92. 
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e 

GO TO <,10 
Q2 CONTI NUE 

.RITEI6.404Jl~AGE 
IoIRITlU6.400) 
L.INES a 0 
GO TO 90 

70 CONTINUE 

C WAITE -NOT COST-EFFECTIve­
e 

1oI"ITE(6.506) H17(LI. HZl(LI. MI8IL). H19(Ll.HZO(L}.HZZILI • 
• 1"I2~CL', Hll(Lh IACI. H. ClbtL .... '. C17IL .... '.CIIHL.M'.C19(L.IO • 
• C.37H ..... '. C38IL .... J. CSIL.M). ClitL.M) 

e 
CLINE COUNT!!R 
e 

e 
e 

LINES 2 LINES • 1 
IF( LINES .GE. 45) GO TO 9.3 
GO TO 90 

93 CONTINUE 
... H T£(6.404) IPAGE 
WRITEC6.4 06J 
LINES"" 0 
GO TO 90 

85 CONTINUE 

C WRITE -END GROUp· 
e 

c 

IIIIRtTE(6.S081 1117(1..,. H21(Ll. HISIL). HI9(L).H20ILI.H22(LI. 
$1"12.3(1 .. '. HtlIL). 'ACI. N. CI6tL.M). C17(L.MhC18(L,'.U.C19(L . /iU • 
• C.J7IL,MI. C36(L.NJ. CS(L.MI. CIIIL.M) 

C LINE COUNTER 
e 

e 

LINES ~ LINES + 1 
1Ft LINES .Ge. 45) GO TO 94 
GO TO 90 

94 CONTINUE 
_"IlEt6."O.' IPAGE 
'IIA [TE( 6.406) 
LINES - 0 

90 CONTiNUe 
K • 0 
NES '" 0 
WAIl'E(6.600) 

200 CONTINUE 
.A I T'E (6 .602J 

IF 'I~ .eo. 1) GD TO 300 
.RITE{6.60"', 

300 CONTINUe 

C .... FOANAT STATe~NTS .... 
e 
e 

... 00 FORNAT! ////////. 1''''2, 'C 0 S T E F F e C T 1 V e N E S S 
• PRO <0; R • ,..'. /// . 1'57, 'UNIVERSITY OF NeBRASKA', /. T67, 
• 'ANO', /, T5 .... 'NESRASKA OEPAATMENT OF RO~S', ////'1 

e 
40 ... FORMAT(lHl,/,TlZ2.'PAGE . 12. "/.1' .... 

e 
e 

406 

••• • • •• H A Z 

• '. • • • • •• I '" · ..... ,/) A 
P 

RD. * •• 
R Q V e .' ,TS6, 

• E N T ••• 

FOAMAT (T2, 'HAZ' • T7, • GA' , Til , °HAZ ' 0 T16 o· SI DE' ,TZ3. 'MILE-POST' , 
.1'360' HAZAAOo 01'44. ' TQTA1,.' ,1'540 0 1 MPA' 0 T60 •• 1MPR' , T69, • IoIIL.E-POS TO, 
.T81o oCLEAR'oTsa.'FIASTo o T9S.oTOTALo,T102,'HAZAROo,TI10,'TOTAL.'. 
*Tl19.'COST'.TI25.'BENEFIT'./.T~.·NO·.T7.'NQ·.Tlo,'cooe'.T17, 
*·uF',T37.'INOE~0.T43,·ACC10ENT'.l'55.·A1,.T·oT60o·COOE'.Ta2,'ZONE'. 
_T89o'COST',T96,OHWT',T103.'INOEX',TI09,'ACCIOENT'.TI18.'EFFeCT', 
*T 126, • COST' ", T 16. 'ROAD' • T22. 'BEG 0 • T30 •• eND' 0 T45 , 'COST' ,T68 • 
•• BeG' • T76.· ENO' ,T95 •• COST' ,T Ill, 'COST' • T 119. ORA TID' ,TI26, ' RA TID' 
./. T35.' (1N..J/YRJ' ,T44.' (S/YRI· .T82.' (FTI' ,T87,' (SI 000 1',1'95. 
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c 
•• 0 

C 
'02 

'0' 

c 
c 
'0' 

c '0. 

c 
.00 

C 
'02 

C 
'0' C 
39. 

e 
900 

e 
901 

C 
90' 

e 
903 

e 
90. 

e 
910 

e 
911 

e 
912 

e 
913 

e ... 

e 

e 
c 

*. , $ /YR) •• T 1 01 •• ( I N.)/ VR)' • Til O •• ( 5.1YR ) •• TIl 7 •• ( $/ I "'J ) •• / ) 

FOP""'T (TZ ,13.16. 13.T 10. J 2. T 12.' -'.113.12. T 17.11 .TZ O.F7 .3 • 
*T20,F7.3.T,Jb,Fb ••• T4.J.17.T55.11.TSa.ll.T59.'-',TOO.ll.T~l • 
•• _ •• 162. J 1. TO.J.' -'. T64.1 1. T66.,.7 • .J.T74,F7 .3. f52 ,F4. 1. TSd • 
• F6.1.195.· ••••••••••••••• ~AQUP ................ J 

FOAMATI T2. J.J. T6.13.110,12., 112.' _ •• T13 .12. T 17.11 .120 .F7.3. 
*'28."7.3. T36.F6.4 .'4.3. 17. T55.1 1. T58. 11 .T59 I' -'. T60 .11. T6 1 • 
• '_'.T6i .ll.T63.·_·.T 6 •• 11.T66.F7 • .J.Tl~.F7.3.Te2,"4.1.Tad. 
*F6.1.T~5.·" ••••• ERROR M~SSAGE • ·.13.1124.· ••••••• ·, 

FO"/II.' (12.13. T6. 1:1. T 10.12. T 12.'-' .11.3.12. T 17.11 .120.F7.3. 
*'26."7.3 ,136.F6.4 .T4.3.17, T55,' 1. T5th' 1. T59,' -'. T60,11. T61, 
.'-' ,T62.ll.T63,' -'. T6.,ll. T66.F7 .. 3.T7 •• F7.3. T82 ,F •• J ,Taa • 
• F6.1.T95.15.Tl02.~6 •• ,Tl09.17.Tl17.17.T126,F5.2) 

FORM ... T( T2 ,13, T6.13.T 10 .12,T 12.' -' .713,12, T 17. II ,T20.F7.3, 
.T2a.F7.3 .T36.F6 •• , T • .J. 17, T55.11, T$a. 11 ,T59.' -'. T60.11. T61 • 
• '-'.T62.ll.T63.'-'.TO •• ll.T66.F7.,J,T74.F7 .. 3,782,F4.1.TSd. 
*F6.1.795.· ........ NOT COST-EFFECTIVE ••••••••• ) 

FORM ... T(T2.13.T6.13.T10.12.T12.·-'.TI3.12.T17,ll,T20.F7.3. 
• T28 ,F 7.3 • T30. F6 .... T.3, 17. T 55. 1 I • T 58. I 1 • T59. ' _. , T 60, I I , T 6 1 • 
• '-',T62.11.T63,'-',T6 •• II.T66.F7.3,T7 •• F7.,J,T82.F •• l,T8a, 
.F6.I.T95.· •••••••••••• ENO GROUP •••••••••••••• ) 

I""ORM ... T(/) 

FORMATl//) 

FORMAT(//.T52,' ••• 

FORM"'T(lHl./.T122.·P ... GE -

FORM ... T(T52.·HIGH .... y DESIGN 

FORMAT'T52.·HI~HWAY OESI GN 

,..ORMAT., T52. 'H IGH .... Y OESlGN 

FORMAT(T52,·HIGH.AY OESIGN 

FORMATCT52.·HIGH .... Y DESIGN 

',TI28.12) 

NUMBER 

NUMB£R • 
NUMBER • 
NUM8eR • 
NUMBER • 

FORMATlT61,'TVPe: HIGH.AY US-' ,13) 

FORMAT(T&l,'TYPE HIGH.AY ~ NH-'.13) 

FORMAT(T&l.'TYPE HIGH.AY • IS-',13) 

FORMATIT&l,'TYPE HIGH .... Y RUA-·.13J 

••• ' ,/,IHl) 

OR-' ,12' 

014-' .12) 

ROA-',12' 

RC-' .12) 

FU.-' ,12} 

I""OAM"'T(TOI.'OESIGN SPEED. '.T76.12.T79.'MPH',/.T70 • 
_'.OT. '.T76.15.//,T5c.'.UTOM08ILE SPLITS'./.T63, 
.'4,450 (LB) .'.T76.12,T79,'X',/,T&3,·Z.250 (LB) .'.T76.IZ.T79, 
.'X·,/,T63,'l,750 (La) .' ,T76,12,T79.'S', //. T50, 
.'ENVIRONENTAL CONOITIONS',/.T70.·ORY ~',T70,12.T79.·MO/YR'./. 
_T70.'weT .· ,T7b,I2.T79.·NO/YR'./, T& I.'SUB-FREEZING ~'.T76,J2 • 
• T79. I MO/YR".//.T50,·SOCJETAL "'CCIOENT COSTS',/,T70,'POO = S' • 
• T81.14,/,T67,·INJURY • s·,T80.15./,T68,'FATAL 2 S',T78,17.//. 
_T57,'ECONOMJC F"'CTOAS"./,T61,'PAOJECT LIFE ~'.T76.~4.1.TBl • 
• ' YAS' • ,I. T60,' INTERES T RA TE • " T76,,. &.3, TS3. 'X' • //. T69. ' 0'" TE .' 
.T70, 12. T78. ,-, • T79 .12. T8 1 •• -' ,T82 ,12. / // ,I) 

AETUAN 
eNO 

SUBROUTINE MAINI 
RETURN 
eNO 
5uaAOUTINE ."'IN2 
RETURN 
eNO 
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