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ABSTRACT

The Nebraska Department of Roads, NDR, has been involved in a review of
its policy on the use of guardrail. The purpose of the NDR review was to develop
a revised policy which more directly 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
embankment front slope. The "effectiveness" of an improvement is defined as
the annual reduction in 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 cable guardrail in comparison to W-beam
safety guardrail, the NDR 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 11ing cable guardrail on roadside embankments, (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 guidelines and policies. It is therefore recommended that NDR incor-
porate the computer program into their Road Design System currently being used.
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INTRODUCTION



The Nebraska Department of Roads, NDR, has been involoved in a review of
its policy on the use of guardrail. The purpose of the NDR review was to develop
a revised policy which more directly 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 flattening
the embankment front slope. The "effectiveness" of an improvement is defined
as the annual reduction in 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 cable guardrail in comparison to
W-beam safety guardrail, the NDR 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

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 levels

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 cables guardrail versus W-beam guardrail. Both
the Texas Transportation Institute (19), TTI, and the Southwest Research Insti-

tute (10), SwRI, have developed computer programs that can be used to make this



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 TTI 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 TTI and the SwRI, the University of Nebraska-
Lincoln, UNL, and the NDR (21) undertook a guardrail utilization study to
determine the cost-effectiveness of using W-beam guardrail on roadside embankments.
The cost-effectiveness program developed by the UNL and the NDR was a refinement
of the program developed earlier by the TTI.

The objectives of this HP&R study were to expand the existing UNL and NDR

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 gquardrail "end" type impacts for different
safety end treatments

5. the reduced severity due to flared guardrail sections
6. the effects of Tower 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. 1In addition, recommendations for future additions

to the existing computer program are presented.



2.
COMPUTER MODELS OF
AUTOMOBILE ENCOUNTERS WITH
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 full
scale tests were required to effectively evaluate the influence of any one
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. HVOSM
The Highway-0Object-Simulation-Model, designated as HVOSM was used in the
subsequent work to study the dynamic motion of a standard size automobile
traversing different embankment configurations. HVOSM was developed by McHenry
(1,2) of the Cornell Aeronautical Laboratories and modified for specific field

applications by the Texas Transportation Institute (3).

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
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supported by the front and rear suspension system, (b) the unsprung masses of
the Teft and right independent suspensions systems of the front wheels, and

(c) the unsprung mass of the solid rear axle assembly and its suspension system.
The 11 degrees of freedom of the automobile measured relative to a fixed coordi-
nate system in space include: (a) linear translations of the sprung mass in
three directions, (b) rotational roll, pitch and yaw translations of the sprung
mass, (c) linear translation of the front wheel suspension systems, (d) steering
of the front wheels, and (e) linear and rotational tramslations of the rear axle

assembly and its suspension system.

Standard and compact size automobiles weighing approximately 3,800 and
2,250 1bs, respectively, were used in this study. The properties of the selected
automobiles were defined in previous research work conducted by Ross and Post (4,5)
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 1bs 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 (7,8).

The traffic barrier is idealized as a plane framework composed of elastic-
inelastic one-dimensional elements of a variety of types. The automobile is
idealized as a plane rigid body surrounded by a cushion of springs. A large

displacement dynamic structural analysis problem is solved by numerical methods.

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

effects, which include vertical displacements of both the automobile and the
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barrier, are not considered. The automobile slides along the barrier, and the
effects of normal forces, friction forces, and wheel drag forces are considered

in detcrmining its moution. 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 1bs, 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 (10). 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 quardrail. 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,

all the guardrail performance runs were based on successful guardrail tests.

2.3. OUTPUT FROM COMPUTER MODELS
Qutput results from HVOSM and BARRIER VII that were of primary interest in

this study were the vehicle accelerations. These values were used to determine
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the severity-index (SI) of the embankment 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 Appendix

C. And, the output from a BARRIER VII simulation of a guardrail run is presented
in Appendix F.
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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 resultant "tolerable" automobile acceleration that defines
an ellipsoidal surface. This ratio can be expressed mathematically by Eq. 1.

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

Post (9) and Weaver (6).

2 2 2
S = ¢ Gtotal Auto _ Géong 2 81at o Géert
total Occupant XL GYL L
---Eq. 1
where:
SI = Severity-Index
Gtotal Auto = Resultant Auto Acceleration
Gtota] Occupant = Resultant Tolerable Acceleration
G1ong = Auto Acceleration along longitudinal x-axis
(see Figure 1)
G

lat = Auto Acceleration along lateral y-axis

vert = Auto Acceleration along vertical z-axis
GXL = Tolerable Acceleration along x-axis
G

YL = Tolerable Acceleration along y-axis

GZL Tolerable Acceleration along z-axis

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

using HVOSM and BARRIER VII.
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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 (6) for use in the severity-index equation

are shown in Table 1.

TABLE 1
TOLERABLE AUTOMOBILE ACCELERATIONS

Accelerations
: G G G
Degree of Occupant Restraint YL XL L
Unrestrained 5 7 6
Lap Belt Only 9 12 10

Lap Belt and Shoulder Harness 15 20 17

3.1. EMBANKMENT SEVERITY-INDICIES

A typical graph of a plot of the computed severity-indicies versus encroach-
ment speed and angle is shown in Figure 3 for a standard size 3,800 1b 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 HVOSM simulations were made
for 10 and 20 deg encroachment traversals, the Tines shown in Figure 3 for these
two conditions were fitted by visual means. Likewise, all of the linear Tines
were extropolated to cover 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 1b, the compact and mini-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

i1l slope and the horizontal plane of the ditch bottom.

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

Combinations

Automobile Sizes (3)
Encroachment Speeds (5)
Encroachment Angles (5)

From Fill Slopes (4)
Fill Heights (3)
Ditch Widths (3)¢
Back Slopes (3)

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

1700, 2250, 3800 1bs
402, 50, 60, 70, and 802 mph
5, 10%, 15, 202, and 25 deg

2:1., 3v1, 431, and 621

10, 20, and 30 ft

0 to 4, 4 to 8%, and 8 to 12 ftP
None, 2:1, and 4:1

smaoth, roughb

none, less than 2, greater than 2 ftb

dry, wet, frozenb

a. Interpolated
b. Adjustment Factor

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
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 baottom. In this case,

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

slope.
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In addition, adjustments were made to account for different environmental
conditions. In the case of wet conditions, the severity—iﬁdex was Towered to
account for a lower soil stiffness value which allowed larger vehicle penetration
into the soil and thus Tower 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 HVOSM embankment simulations are presented in Appendix C.
whereas, the embankment severity-index equations and adjustment factors are

presented in Appendix D.

3.2. GUARDRAIL SEVERITY-INDICIES
The matrix of vehicle guardrail impacts and the resul ting severities investi-
gated in this study is shown in Table 3. The possible number of combinations,

which is broken out under footnote "b", totals 10,950.

3.2.1. W-Beam Guardrail Side Impacts

The vehicle accelerations obtained from the BARRIER VII (7,8) computer
mode]l 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 AASHTO (11) Gl Cable Guardrail and

the G4 (1W and 2W) W-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
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TABLE 3

MATRIX OF VEHICLE GUARDRAIL IMPACTS

Variable

Combinations®

Automobile Sizes (3)
Encroachment Speeds (5)
Encroachment Angles (5)

Guardrail Types (4)

Post Spacings (2)
Guardrail Heights (2)
Block-Out W-Beam (2)

Rub-Rail (3)

Environmental Conditions (3)

17002, 2250, 4500 1bs
40, 50, 60, 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 (strong steel posts)

6 ft-3 in. and 12 ft-6 in.2
242 in. and 27 in.
Yes and Noa

Yes and No on 27 in. Guardraﬂa
No on 24 in. Guardrail®

Dry, Neta, and Frozen®

% Adjustment Factors Used

b combinations

Cable Guardrail = 3(5)(5)(1)(1)(1)(1)(1)(1)

W-Beam

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

Strong Steel Posts

= 75
(1) = 75
(3) = 5,400
= 3(5)(5)(1)(2)(2)(2)(3)(3) = 5,400

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

ondry 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-Beam 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 were determined and applied to the severity-

indicies computed for dry soil conditions.

In the development of the adjustment factors in the work to follow, it
was assumed 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 use of the following equation from the AASHTO Guide (11).

2ein2n
G i Vosin<g

lat = Zg[ALsind - B(1-cosa)* D] =84, 2
where:
Glat = average lateral vehicle deceleration (g)
AL = distance from front of vehicle to C.G. (ft)
(0.45 x length)
B = half-width of vehicle (ft)

24
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lateral barrier deflection (ft)
impact velocity (fps)

jmpact angle with barrier (deg)

Assuming that the deflection of the guardrail is negligible (D = 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:

where:

max

M
§ ---Eq. 3

W(Gy,.)(h)] —
[“g—tj 3) —--Eq. 3a

max. bending stress in post (psi)

max. bending moment (in-1b)
elastic section modulus of post (in3)
vehicle weight (1b)

average lateral vehicle deceleration (g's)

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

is 8 ksi.

Assumina 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.
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Based upon the preceding work, it is 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-Beam guardrail with wooden posts in frozen ground would
occur during a 60 mph/25 deg collision with a 2,250 1b 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

ULTIMATE DYNAMIC BENDING STRESSES

IN W-BEAM WOODEN GUARDRAIL POSTS
(ksi)

Vehicle Weight . . 2,250 1b
Guardrail Height . 27 in.
Soil Condition . . Frozen

Encroachment Encroachment Impact Angle (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 75 11.4* 15.4* 19.4%*

* Post failure (fu]t.i_lo ksi)

3.2.1.2. Adjustment Factors for Long Post Spacings
Adjustment factors were applied to W-Beam guardrail with long post spacings
of 12 ft-6 in. using a 1imited number of BARRIER VII computer runs. The adjust-

ment factors werz determined by taking the ratio of the severity-indicies for



12 ft-6 in. post spacings compared to 6 ft-3 in. post spacings.

factors used in this study are shown in Table 5.

TABLE 5

The adjustment

SEVERITY-INDEX ADJUSTMENT FACTORS FOR W-BEAM GUARDRAIL

WITH 12 ft-6 in. POST SPACING

Vehicle Encroachment Adjustment

Weight Angle Factor

(1bs) (deg)

4500 5 0.89
10 0.91
15 0.93
20 1.01
25 1.12

2250 5 0.89
10 0.91
15 0.93
20 1.01
25 Lad2

1750 5 1.03
10 1.06
15 1.08
20 1.17
25 1.30
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3.2.1.3. Adjustment Factor for Vehicle Snagging

Vehicle snagging occurs when the front end and the wheel 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. W-beam guardrail with a rub-rail.

Vehicle snagging on a 27-in. W-beam guardrail without a rub-rail was con-
sidered as a possibility only for automobiles smaller than the 4,500 1b weight
category. Based on engineering judgement, it was assumed 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 1b weight category, and (b) 60 mph
and 20 deg for mini-compact size automobiles in the 1,700 1b 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

1 Wy 42 . 2
lat = 3 (‘é‘} VI sin"@ —

where:

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

W = vehicle weight (kips)

g - acceleration due to gravity (32.2 ft/secz)
V; = vehicle impact speed (fps)

@ = vehicle encroachment angle (deg)
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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
computed 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 is shown in Table 6. In Table 6, it can be seen that
snagging would occur under the other impact conditions of 70 mph/25 deg, 80 mph/
20 deg, and 30 mph/25 deg.

TABLE 6

ILLUSTRATION TO PREDICT VEHICLE SNAGGING
BASED ON MAGNITUDE OF LATERAL KINETIC ENERGY

Vehicle Weight . . . . . .. 2,500 1b
W-Beam Guardrail Height . . . 27-in.
Rib~Rail =+ s 35 ¢ ¢ 5 s & % None
Encroachment Encroachment Impact Angle (deg)
Impact Speed
(mph) 5 10 15 20 25
40 1.0 4.0 9.0 15.6 23.9
50 1.6 6.3 14.0 24.4 378
60 2.3 9.1 20.1 35.2 53.7*%
70 i | 12.3 27.4 47.9 73.1*
80 4.0 16.1 35.8 6Z.5% 95. 5*

* Snagging assumed
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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 Tower 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 gquardrail 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 resulting 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, G]at' during an impact with a
non-yielding barrier were determined by using Eq. 2 in which the barrier dis-
placement term, D, 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:

= uG ===Ef. 5

G10ng lat
where:

G1ong = average longitudinal vehicle decelerations (g)
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[p]
I

lat = average lateral vehicle decelerations (g)

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
I

= (C) KE; ¢ ---Eq. 6

where:

D

]

barrier displacement

KElat = lateral kinetic energy of vehicle at jmpact. . .Egq. 4

C

1]

proportionality constant

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

then it is possible to write the following equation:

B o [___lEElQEI_J D ---Eq. 7

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

equation:

2. 8
(NUI sin O)dry

Ddry £ Diast ---&q. 8

OIAL R
(AVI sin O)test
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where:
Ddry = dynamic barrier displacement in dry soil (ft)
Dtest = dynamic barrier displacement in full scale crash test
W = vehicle weight (1b)
V; = vehicle impact speed (fps)
© = vehicle encroachment angle (deq)

ITTustrations of the computed severity-indicies computed by use of Eq. 1
under dry and frozen soil conditions are shown in Tables 7 and 8, 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
impact 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.



TABLE 7

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

Vehicle Weight . . . . 2,250 1b
Guardrail Height . . . 27-in.
Impact Impact Encroachment Angle (deg)
Speed
(mph) 5 10 15 20 25
40 0.14 0.26 0.37 0.47 0.56
50 Q.21 0.38 0.53 0.65 0.76
60 0.28 0.51 0.68 0.83 0.94
70 0.37 0.63 0.83 0.98 1.10
80 0.46 0.76 0.97 112 1.24
TABLE 8
ILLUSTRATION OF W-BEAM GUARDRAIL SEVERITY-INDICIES
UNDER FROZEN SOIL CONDITIONS
Vehicle Weight . . . . 2,250 1b
Guardrail Height . . . 27-in.
Impact Impact Encroachment Angle (deg)
Speed
(mph) 5 10 15 20 25
40 Q.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 1.87
70 0.45 0.91 1.39 1.87 2.36

80 0.59 1.19 1.81 2.44 3.08
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TABLE 9

ILLUSTRATION OF W-BEAM GUARDRAIL SEVERITY-INDEX
ADJUSTMENT FACTORS UNDER FROZEN SOIL CONDITIONS

Vehicle Weight . . . . 2,250 1bs
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 1.85 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 Vaulting 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-indicies 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 additicn to side-impact severities, the end-impact severities had to be
determined for various types of guardrail end treatments. In the case of cable
guardrail, a simple and 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-indicies for end impacts on guardrail end treatments
(25,26). 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 1b 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 COMPUTE
COST-EFFECTIVENESS AND BENEFIT-COST
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Cost-effectiveness 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 number of injury accidents. In general, the
most attractive improvement alternative from an economic point-of-view is 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 eliminate one injury

accident.
Cost = annualized cost of improvement alternative ($/yr)
Effectiveness annual reduction in number of injury accidents ($/mi.accid/yr)

cost to reduce one injury, fatal or nonfatal, accident

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

On the other hand, benefit-cost is defined as a dimensionless ratio. As
shown in the below equation (Eg. 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 alternative is attractive 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.

Benafit _ annual reduction in accident societal costs ($/yr)
Cost annual ized cost of improvement alternative ($/yr)
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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 number ur injury accidents, 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 FORMULATION OF COST-EFFECTIVENESS
AND 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 (15)
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 (13).

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:
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(a) the vehicle must be within the section of the roadway associated
with the roadside obstacle, and
(b) a vehicle encroachment must occur, and

(c) 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 (@),
the width of the vehicle (2B), and the length (%) 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" 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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cost-effectiveness ($/inj. accid. reduced)

benefit-cost ratio
hazard-index before improvement (inj. accid./yr)
hazard-index after improvement (inj. accid./yr.)

accident societal costs before improvement ($/yr)
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accident societal costs after improvement ($/yr)

improvement capital costs ($)

. 1N
capital-recovery-factor = zliliﬁl—
T1ti) -1

compounded annual interest rate
1ife of project

normal maintenance costs before improvement ($/yr)
normal maintenance costs after improvement ($/yr)
collision repair costs before improvement ($/yr)
collision repair costs after improvement ($/yr)

encroachment rate (number of roadside encroachments per mile per year).
(see Table 10)
encroachment rate distribution (see Table 11)

automobile splits in traffic stream

=
]

1 proportion of vehicles in 4,500 1b. classification category

=
]

5 proportion of vehicles in 2,250 1b. classification category

=
]

3 proportion of vehicles in 1,700 1b. classification category

environmental conditions

EC1 proportion of time dry

EC2 proportion of time wet

EC3 proportion of time frozen

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

Guardrail (see Figure 9)
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L

1 tangent section (upstream and downstream ends not flared)

L2 to L4 tangent and upstream flared end section

L. to L

5 v tangent, upstream and downstream flared end sections

direction of vehicle encroachment

R1 adjacent near side traffic

R2 opposing far side traffic (applicable to roadside hazards in
medians of multilane highways, and to roadside hazards on 2-lane
highways)

width of roadside hazard, perpendicular to roadway (ft)

width of automobiles (assumed as 6 ft)

vehicle encroachment speed (mph)

vehicle encroachment angle (deg)

probability of an encroachment at angle, ©, and speed, V, given that

an encroachment has occurred (see Table 13)

probability that the existing hazard or improvement will be encountered

given that an encroachment at angle, 0, has occurred (see Figure 8)

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, ©, and speed, V. Probability is a function of the
severity-index (see Table 14)

probability of an injury accident given that the existing hazard or
improvement has been encountered on its end by a vehicle encroachment
at angle, ©, and speed, V. Probability is a function of the severity-

index (see Table 14)



ACS@,V = accident societal cost given that the existing hazard or improvement
has been encountered along its side by a vehicle encroachment at
angle, ©, and speed, V. Cost is a function of severity-index and
accident classification (see Table 15)

ACE@’V = accident societal cost given that the existing hazard or improvement

has been encountered on its end by a vehicle encroachment at angle, o,
and speed, V. Cost is a function of severity-index and accident
classification (see Table 15)

CMS@,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, ©, 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, O, 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 ENCROACHMENT 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 (16)
on freeway medians. More recently, Glennon (17) 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 (14) 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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TABLE 10
VEHICLE ENCROACHMENT RATE AS FUNCTION OF
HIGHWAY CLASSIFICATION AND TRAFFIC VOLUME

Nebraska Encroachment Rate
Highway for

Design Highway Both Direction of Travel
Number Classification (encroachments/mile/year)

DR 1 Rural Interstate and Expressway 0.000900 ADT

DR 2 Rural Multilane 0.000590 ADT

DR 3 Divided Highway 0.000590 ADT

DR 4 Wide Rural 0.000742 ADT

DR 5 Two-Lane Highway 0.000742 ADT

DR 6 (Roadbed > 36 ft.) 0.000742 ADT

DR 7 Narrow Rural Two-Lane 0.00121 ADt

Highway (Roadbed < 36 ft.)

DR 10 Urban Interstate 0.000900 ADT

DM 20 0.000900 ADT

DM 30 Urban Multilane 0.000900 ADT

DM 40 Divided Highway 0.000900 ADT

DM 50 Urban Major Arterial 0.001330 ADT

DM 60 Street 0.001330 ADT

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



46

shown in Table 11. On a divided multilane roadway, it was assumed that 40% of
the total ADT will encroach in the median, and that 30% will encroach on the
right side of the rcadway in each direction; whereas, on an undivided multilane
roadway and a 2-lane 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 ADT on multilane roadways.

TABLE 11
ROADSIDE VEHICLE ENCROACHMENT RATE DISTRIBUTION
(assumed)
Highway Right Side Median
Type (each direction) (Both Directions)
2-Lane or 0.50 s
Multi-Lane (not div.)
Multi-Lane (div.) - 0.30 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 (13).
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TABLE 12
MEAN SPEEDS AND STANDARD DEVIATIONS

Mean Speed Standard Deviation

Highway Classification (mph) (mph)
Interstate-Rural 59.2 + 4.8
Interstate-Urban 55.5 5.2
Multilane-Divided and Undivided 53.8 + 4.8
Two-Lane-Rural 55.4 + 4.6

The vehicle speed distribution for each highway 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 (18), 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 probabilities to account

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 Targely a function of the lateral offset of the obstacle
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.



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 .010 .004 .003 .002 .003
45-55 .210 .088 .053 .035 .053
55-65 .243 .101 .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 .009 .014

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

MULTILANE-DIVIDED AND UNDIVIDED

<45 .016 .007 .004 .003 .004
45-55 .271 113 .068 .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
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The encroachment data of Hutchinson and Kennedy (16) were analyzed to
determine the relationship between vehicle encroachment angle () 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-lane roadway and for traffic departing to the right, the Tateral
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 quardrail 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-lane 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 severity 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 lTateral 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

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.
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(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.

(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 encounteredis 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 (HVOSM
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 (27) in a recent research study. This relation-
ship is presented in Table 14. To facilitate its use in the computer program,
the histogram relationship was approximated by the two Tinear functions shown

in Figure 10.
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TABLE 14

RELATIONSHIP BETWEEN SEVERITY-INDEX
AND PROBABILITY OF INJURY ACCIDENT

Severity-Index Probability of
Injury Accident

< 0.5 0.1
0.5 < $I < 1.0 0.3
1.0 < 51 £ 1.5 0.5
1.5 < $1 < 2.0 0.7
2.0 < SI < 2.5 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
(a) fatal accidents (b) injury accidents (c) property-damage-only (PDO) 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 %ggt
PDO 1,200
Injury 5,900
Fatal 427,600

longitudinal and slope hazards were considered in this study. The accident
classifications in Table 16 were based 1ar§e]y 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
traversas some defined embankment configuration at some definad speed-angle
combination that the severity-index is computed to be equal to a value of 1.8.
Using the NHSTA societal costs given in Table 15, the total accident ccst for
the defined conditions would be computed as follows:

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 ACCIDENT PROBABILITY AND ACCIDENT CLASSIFICATION

Severity Probability ACCIDENT CLASSIFICATION
of PDO Only Accidents Injury Accidents Fatal Accidents
Index Injury (%) (%) (%)
Accident® Point Long. Slope Point Long. Slope Point Long. Slope
Haz. Haz. Haz. Haz. Haz. Haz. Haz. Haz. Haz.
$1<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 30 0 0 0
1.0 < SI<1.5 0.5 50 50 50 48 50 48 2 0 2
1.5 < 51<2.0 0.7 30 30 30 66 70 66 4 0 4
2.0 < §1<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

4 Number of fatal and non-fatal injury accidents per total accidents

b. Assumed classification

LS



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 quard-
rail improvement alternative, it is necessary to take into consideration the
guardrail collision maintenance costs. The amount of damage is a function of

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

discussed earlier, these variables can be expressed in terms of a severity-index.

The BARRIER VII computer model and the research results of SwRI (10) 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 (1W 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 this 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 1inear 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 DAMAGE ADJUSTMENT FACTORS FOR VARIOUS
W-BEAM GUARDRAIL DESIGN VERSIONS OF AASHTO

Automobile Guardrail Type of Guardrail

Wasight sttihg 62 G4(1W) 64(15)
(1bs) (ft-in.) G4(2W)

1,700 6-03 1.58 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 12-06 2.05 Y27 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-
lisijon 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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USER COMPUTER PROGRAM
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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 (13). 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. G18) 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

programassigns 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 is
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 is

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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ROADSIDE COST-EFFEGTIVENESS FORM

FIGURE 13
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FIGURE 15
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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. Iﬁ! 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
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 pl1f, whereas,

the collision repair cost for a crashworthy end (GET1) is $785.

5.1.3. Roadside Hazard Inventory Form

The Roadside Hazard Inventory Form in Figure 14 contains seven designated
Boxes (Boxes 1 through ¥) 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 utility 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
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of the inventory data could be punched on a single IBM Card, and thereby, minimize

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

At the present time, the computer program in this study is Timited 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

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

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

from the Nebraska Department of Roads (NDR) Minimum Design Standards (14).

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 quardrail 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 Tocated 18 ft from the edge
of the travelled roadway, 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 Form 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 IBM key-punch operatior that data within that Box must always be
punched; whereas, the user must put a check mark in an unmarked square of the

data within that Box must be punched.



TABLE 18 HAZARD CLASSIFICATION

Identification Code Descriptor Code
01. Utility Poles (wood) 01. Diameter less than 10 in.
02. Diameter greater than 10 in.
02. Trees 01. Diameter Tess than 6 in.
02. Diameter between 6 to 12 in.
03. Diameter greater than 12 in.
03. Rigid Sign Supports 01. Single wood post (small size)
02. Single wood post (large size)
03. 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 sign supports
04. Rigid Base Luminaire Supports 0T. Small Size
02. Large size
05. Curbs 01. Mountable design
02. Non-mountable design less than 10 in. high
03. Barrier design greater than 10 in. higl
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TABLE 18 HAZARD CLASSIFICATION

Identification Code

Descriptor Code

06. Guardrails and Median Barriers 01. 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)
08. Thrie-Beam
09. Box Beam (weak posts)
10. Concrete Median Barriers
07. Slopes 01. Ditches
02. Fill Slopes
03. Cut Slopes
08. Culverts 01. Headwall or exposed end of pipe
02. Gap between culverts in medians
03. Sloped culvert with grate
04. Sloped culvert without grate
09. Inlets 01. Raised drop inlet (tabletop)
02. Depressed drop inlet
03. Sloped inlet

0L



TABLE 18 HAZARD CLASSIFICATION

Identification Code

Descriptor Code

10. Roadway under bridge 01. Bridge piers
02. Bridge abutment
11. Roadway over Bridge 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
12. Bridgerails 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
13. Retaining Wall 01. End exposed
02. End shielded
14. Energy Attenuator 01. Rich Hydro Cells
02. Fitch Barrier ... 8 Modules (11,900 1bs)
03. " W oews 8 " (12,300 1bs) -
o4. " SR 1 " (12,700 1bs)
05. " s - " (13,100 1bs)
06. " G - g (17,700 1bs)

1L



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 long-
jtudinal 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 is 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 gquardrail, 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 fared 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 Coding Form in Figure 13.
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5.2. INPUT DATA FORMAT

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 1mprovemenp_of one hazard will effect the degfee-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 existing hazard before making any improvement is the guardrail
if one assumes that the existing guardrail is structurally adequate and of
adequate length 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 becomes the guardrail. 1In 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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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 80. The
next three cards are read as improvement alternatives because there is a number 2
pre-marked in column 80 of each card. The process is repeated with the second
hazard card and the following three improvement alternatives, however, this
time there is a number 2 marked in column 79 of the last improvement which
signals the end of the group and program. A number 1 marked in column 79 would

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

The computer program developed in this study was Timited to cable and W-Beam
guardrail installed on roadside fill slopes. The hazard and improvement coding
forms are general in scope and include all type of roadside hazards, however,
to include other 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 list of the error messages is contained in Table 20.
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TABLE 19 DESCRIPTION OF SUBROUTINES

NAME D ESCRTITITPTION

MAIN Main program control

MAIN1 @* Submain program control for point hazards only in group

MAIN2 @- Submain program control for longitudinal hazards only in group

MAIN3 Submain program control for slope hazards only in group

MAING @ Submain program control for longitudinal and slope hazards in group

MAINS 2 Submain program control for longitudinal and point hazards in group

MAING 2 Submain program control for point and slope hazards in group

MAIN7 2 Submain program control for point, longitudinal, and slope hazards in group

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

GRCOST Input data. . .subroutine stores guardrail collision repair cost data

DATA Input data. . .subroutine stores data from the roadside hazard inventory and improvement
alternative forms

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

PROB1 Subroutine computes probability of vehicle reaching hazard

PROB2 Subroutine assigns vehicle speed-angle impact probabilities for a specified type of highway

PROB3 Subroutine computes probability of injury accident based on severity-index

a

* Not Programmed.
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TABLE 19 DESCRIPTION OF SUBROUTINES

NAME DESCRTIPTTION

COST3 Subroutine computes total accident societal costs based on severity-index

COST4 Subroutine computes guardrail collision maintenance costs based on severity-index

CRF Subroutine computes economic capital-recovery-factor for a specified compounded interest
rate and project 1ife

SLOPE Subroutine computes severity-index for vehicle traversing roadside embankments

SLADJ Environmental slope adjustment factors

SLOPE1 Slope hazard subroutine for existing embankment geometry

SLOPE2 Slope hazard subroutine for improved embankment geometry

GRAIL Subroutine for guardrail placement on embankments

GRAIL2 Subroutine computes severity-index of vehicle impacting side of cable guardrail (G-1)

GREND2 Subroutine computes severity-index of vehicle impacting end of cable guardrail (G-1)

GRAIL6 Subroutine computes severity-index of vehicle impacting side of W-beam guardrail with
wood posts [G4(1W) and G4(2W)]

GRADJG6 Subroutine adjustments of severity-index for vehicle impacting side of W-beam gquardrail
with wood posts under wet and frozen conditions

GREND6 Subroutine computes severity-index of vehicle impacting end of W-beam guardrail with
wood posts

NOIMPR No improvement subroutine

6.



TABLE 19 DESCRIPTION OF SUBROUTINES

NAME D ESCRIPTTION

COMPUT Subroutine computes hazard-index, total accident costs, and collision maintenance costs
RESULT Subroutine computes cost-effectiveness and benefit-cost ratios

OUTPUT Subroutine prints output data

08
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TABLE 20
ERROR MESSAGES AND CODES

Code Error
Number Message

10 I11egal improvement type

11 Must be guardrail addition

or slope improvement

20 ITTegal front slope

21 [11egal back slope

22 I11egal i1l height

30 Point hazards not available

31 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.

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 computations on the "Hazard" and "Improvement Alternative". 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 1isting in Figure 19 contains four improvement alter-
natives which is the maximum permitted for any one 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 (B/C) for the cable

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



FIGURE 19
SAMPLE LISTING OF COMPUTER OUTPUT FORMAT

CDST EFFECTIVENESS FROGRAHM

UNIVERSITY OF NEERASKA
AND
HEBRASKA DEPARTHMENT OF ROADS

HIGHWAY DESIGN NUMBER = DR- 3
TYFE HIGHWAY = NH-100

DESIGN SFEED = 55 HFH

ADT = 5000

AUTOMOBILE SPLITS

4,450 (LB) = &0 %
2,250 (LB) = 30 %
12750 (LB) = 10 ¥
ENVIROMENTAL CONDITIONS
DRY = B8 MO/YR
WET = 2 MO/YR
SUB-FREEZING = 2 HO/YR
SOCIETAL ACCIDENT COSTS
FDO = % 1200
INJURY = % 5900
FATAL = $& 427400

ECONDMICL FACTORS
FROJECT LIFE = 20,0 YRS
INTEREST RATE = 15.000 %

DATE = 7- 9-B2

¥ Kk ¥ % H A F 4 A R o ¥ X ¥ X x ¥ % k K K ¥ ¥ 1 H F R o v E M E N T LR B B O O
HAZ GR HAZ SIDE MILE-FOST HAZARD  TOTAL IMFR IMFR MILE-FOST CLEAR FIRST TOTAL HAZARD TOTAL COST BENEFIT
ND ND CODE OF ) INDEX ACCIDENT ALT CODE Z0ONE cosT HuY INDEX ACCIDENT EFFECT COST

ROAD  DEG END COST HEG END COST COST RATIO RATIOD

(INJ/YRY ($/YR) (FT) ($1000) ($/YR)(INJ/YR) ($/YR) ($/INJ)
1 1 72-2 1 1.000 1.0746 0.,0615 1330 1 3-1-2-6 0.9681 1.089 10,0 é1 1078 0.0793 4% -60742 0.45
1 1 7-2 1 1,000 1.076 0.0615 1330 2 3-1-2-6 0,981 1.089 10.0 4.1 1078 0.0780 00 -45342 0.49
1 S S | 1.000 1,074 0.04615 1330 3 JI-1-2-4 0.981 1.089 10.0 4.1 1078 0.0781 800 -45301 0,49
1 G L T | 1,000 1.076 0.0615 1330 4 3-1-2-2 0.78%9 1.083 12,0 3.3 7207 0.0564 501 136420 1,17

£8
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Cost-Effectiveness Ratio

C . __ TOTAL HWY COST
E = Reduction in HAZARD INDEX
_ 707
0-0615 - 0.0564
£ = $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

B _ Reduction in TOTAL ACCIDENT COST

[ TOTAL HWY COST
_ 1330 - 501
— 707
B _
c=117



b.
VALIDATION STUDIES
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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-BEAM GUARDRAIL SEVERITY STUDY

The accident severity data reported by Glennon (15) in NCHRP 148 for W-beam
guardrail located on the embankments of rural interstate highways is shown in
Table 21. Qut 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

guardrail.
TABLE 21
ACCIDENT SEVERITY DATA FOR GUARDRAIL®
(Ref = NCHRP 148)
Source Guardrail Fatal and Total Probability
Location Non-Fatal Accidents of
Injury Injury
Accidents Accident
Calif. Embankments 1,319 3,867 0.34
il i 15 Embankments 14 30 0.47
Ohio Embankments 161 331 0.49
Total 1,494 4,228 0.35

aType Highway: Rural Interstate
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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-quardrail impacts was 30.8%. This value was determined from
the following speed-angle summation term in Eq. 11.
5 5
z Z P.\,’e PISV,@ = 0.308
8=1 V=i
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 summation term in Egs. 12 or 13:
5 5

PIE = 0.949

Pv,s v,0

o= V=1

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 roadsideas shown earlier in Figure 7. Using a weighted encroachment angle
of 11 deg obtained from the speed-angle encroachment relationship data in Table 13
for 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.
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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 Effects Effects

Probability of + of
of Injury Accident Side Impacts End Impacts

u

(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
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 1b. auto....30%
(b) 2,500 1b. auto....40%
(c) 1,700 1b. auto....30%
(2) Traffic Volume
(a) ADT = 3650 veh/day
(3) Highway Classification
(a) Nebraska DR-3
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(4) Environmental Soil Conditions

(¢) Frozen....2 mo.

(5) Guardrail Design

(&) TR s wslen wa sard AASHTO G4 (2W)
(B) Lengthes:vasanmnmnin s s .300 ft.

(c) Tangent Offset....ccvevennn 10 ft.

(d) End Offsets....ccovuuse PRRESPI I 1

(e) End Section Flare.......... 15:1

(f) Upstream End Terminal...... BCT

(g) Downstream End Terminal....Anchored-Not B/A

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 comparison
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 non-anchored end (Run No. 8), the hazard-index

increased from a value of 0.0375inj./yr 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 148.



TABLE 22
RESULTS OF W-BEAM GUARDRAIL SENSITIVITY STUDY

Run Variable Change Hazard-Index
No. (inj/yr)
Base
Condition 0.0375
1 Flare Rate = 10:1 0.0380
2 Flare Rate = 20:1 0.0369
3 Guardrail Height = 24 in. 0.0364
4 Post Spacing = 12 ft-6 in. 0.0362
5 Installation of Rub-Rail 0.0364
6 Downstream End Not Anchored and Not B/A* 0.0386
7 Downstream End Turndown and B/A 0.0370
3 Upstream End Not Anchored, Not B/A 0.0391
9 Upstream End Turndown and B/A 0.0349
10 Upstream End Turndown and Not B/A 0.0361
11 Double Length of Guardrail 0.0704
12 Increase Offsets by 5 ft. 0.0298
13 12 Mo. Dry 0.0351
14 1 Mo. Wet, 2 Mo. Frozen 0.0368
15 Use all 4500 1b. Autos 0.0297
16 Use all 2500 1b. Autos 0.0371
17 Use all 1700 1b. Autos 0.0458
18 Use all 4500 1b. Autos and
12'-06" Post Spacings 0.0325

*
Breakaway
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The embankment severities in NCHRP 148, which were based on accident data,
were expressed only in terms of the steepness of the front slope. The data in
NCHRP 148 contained no information on the 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 is 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 study.



TRAFFIC VOLUME, ADT = 100,000
EMBANKMENT LENGTH = 0.1 mi.

- FRONT SLOPE = 2:1
~ 08F
< A- NCHRP 148
2 ©- COMPUTER PROGRAM
= o8}
x
(7]
a
=
a 04f
= FRONT SLOPE = 3:1 _/
~N
g
T FRONT SLOPE = 4:1
=1 5 \
M_q
0.0 i L 1
10 20 30

LATERAL HINGE POINT OFFSET (ft.)

FIGURE 20.

EMBANKMENT SEVERITY COMPARISON BETWEEN NCHRP 148
AND COMPUTER PROGRAM

92



CASE STUDIES



7.1 CASE STUDY NO. 1...RURAL INTERSTATE HIGHWAY

The purpose of this study was to conduct a cost-effectiveness and benefit-
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-1 Minumum Design Standards (14) 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 AASHTQ G1 design designation, and the W-beam safety guardrail conforms to the
AASHTO G4(2W) design designatjgn. 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 1 out of a possible 81 configurations that were investigated.

A sample output Tisting of the computer program is presented in Figure 26.
The hazard in this case was the embankment and the improvement alternatives
were the gquardrail. 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
listing in Figure 26 are shown as solid black circles in Figures 27 and 30.

To illustrate of the use of the results shown in Figures 27 thru 32.

o } assume that the roadside embankment configuration consisted of a 2:1 front
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NEBRASKA DEPARTMENT OF ROADS

FIGURE 21

CASE STUDY NO. 1

ROADSIDE COST-EFFECTIVENESS FORM

GENERAL INFORMATION

UNIVERSITY OF NEBRASKA - LINCOLN
HP& R794

HIGHWAY DESIGN NO. LA =0/ HIGHWAY NO. ...~ 80

DATE _.7;./_;./422*....

IBM CARD NO. 1

ENVIRONMENTAL CONDITIONS AUTOMOBILE SPLIT CATEGORIES ECONOMIG FACTORS
(Mo./Yr.) PROUECT INTEREST
LIFE RATE
WET SUB-FREEZING | 1.700 ib. 2250 1b, 4,500 Ib. ore) )
n 5 |s un 11[12& u’-s 17]:+9Pu|z1
)0 3,0 60| | 120 |0.8.00,0
G10 G12 G13 G4 G15 Gl6 G17
SOCIETAL ACCIDENT COSTS
FATAL INJURY PDO
[£1] ® -]
CFREFER R -
!
{4F€L{71616Q &l‘ﬁ.?lola /lzlofa

Gi13

G19

G0

Rav. Date 08-08-81
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FIGURE 22
CASE STUDY NO.

ROADSIDE COST- EFFEETWEHESS FORM

GUARDRAIL COLLISION REPAIR COSTS

NEBRASKA DEPARTMENT OF ROADS
UNIVERSITY OF NEBRASKA - LINCOLN

HP & R 794
LENGTH OF NEED SECTION ($/L.F.) DATE .ZLZLEZ....
1 ':'314 F;FF{; 41|-'z|-u}n &1 eqau'
G1 04,89 G4(1W) Lt MB1 R | MB4W [
2 aaac AR ks oD
z
E G2 L T 1 G4(2W) 01?‘f ?10 MB2 { 8 o MB4S 1Lt
<
(S ] 1 X
TR FEEE QEza NG
G3 5 G4(15) L MB3 Lt L1
G9 A, 0 G4{25) Lt MB9 LI L.t
END TERMINAL ($/EA.)
1 |2 [a |4 [s
NOT ANCHORED *GRE1 I CRASHWORTHY ENDS
003G P
ANCHORED (W-8EAM) *GRE2 L1l ! | GET1 I = |
(]
g
% 1314t 16 |17 s8fop0 fe1 42143
; ANCHORED (CABLE) *GRE3 50,35/ GET 2 Lt
m
EEE e
TURN DOWN *GRE4 Ll MBET 1 ISs
TURN DOWN (BREAKAWAY) *“GRES /2 MBET 2 I A
"NON-AASHTO DESIGNATION

Rev. Darte 08-08-81




FIGURE 23
CASE STUDY NO. 1

ROADSIDE HAZARD INVENTORY FORM ... zz-

NEBRASKA DEPARTMENT OF ROADS NVENTORY CONDUCTED BY

UNIVERSITY OF NEBRASKA - LINCOLN

@ | HIGHWAY

l—u-—ll—ml—]mm r.—s-w:.nn_—i
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FIGURE 24
CASE STUDY NO. 1 (ALTERNATIVE NO. 1)

ROADSIDE HAZARD IMPROYEMENT FORM

NEBRASKA DEPARTMENT OF ROADS
UNIVERSITY OF NEBRASKA « LINCOLN
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FIGURE 25
CASE STUDY NO. 1 (LATERNATIVE NO. 2)

ROADSIDE HAZARD IMPROYEMENT FORM

NEBRASKA DEPARTMENT OF ROADS
UNIVERSITY OF NEBRASKA -
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COST EFFECTIVENESS PROGRAH
UNIVERSITY OF NEBRASKA
AND
NEBRASKA DEFARTHENT OF ROADS
HIGHWAY DESIGN NUMBER = DR- 1
TYFE HIGHWAY = IS5- B0
DESIGN SPEED = 55 HPH
ADT = 40000
AUTONMOBILE SPLITS
45450 (LB) = &0 Z
25250 (LB) = 30 X
1¢750 (LB) = 10 %
ENVIROHENTAL CONDITIONS
DRY = 9 HO/YR
WET = 1 HO/YR
BUB-FREEZING = 2 HO/YR
SOCIETAL ACCIDENT COSTS
FOD = & 1200
INJURY = % 5700
FATAL = & 427400
ECONOMIC FACTORS
PROJECT LIFE = 20.0 YRS
INTEREST RATE = 8,000 X%
DAIE = 7- 7-82
LI B H A z K b LI IR A A IR B B B O A I L P R ] v
HWAZ GR HAZ SIDE HILE-POST HAZARD  TOTAL IHFR  IHFR HILE-FOST CLEAR FIRST
N0 NO CODE 0F INDEX ACCIDENT ALT  CODE Z0ONE Cnst
ROAD  BEG END COsT BEG END
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FIGURE 26

SAMPLE OUTPUT LISTING

L I B B O

COST  BENEFIT
INDEX ACCIDENT EFFECT

($1000) ($/YRI(INJ/YR) ($/YR)

6.6 2191
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FIGURE 27. CASE STUDY NO. 1 — CABLE GUARDRAIL RELATIONSHIP

BETWEEN BENEFIT-COST RATIO AND FRONT FILL SLOPE AS
FUNCTION OF VARIOUS FILL HEIGHTS AND 2:1 BACKSLOPE
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FIGURE 28. CASE STUDY NO. 1 — CABLE GUARDRAIL RELATIONSHIP
BETWEEN BENEFIT-COST RATIO AND FRONT FILL SLOPE AS
FUNCTION OF VARIOUS FILL HEIGHTS AND 4:1 BACKSLOPE
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20} FLAT DITCH BOTTOM CABLE GUARDRAIL
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FIGURE 29. CASE STUDY NO. 1 — CABLE GUARDRAIL RELATIONSHIP
BETWEEN BENEFIT-COST RATIO AND FRONT FILL SLOPE AS
FUNCTION OF VARIOUS FILL HEIGHTS AND FLAT BACKSLOPE
RUNOUT
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FIGURE 30. CASE STUDY NO. 1 — W-BEAM GUARDRAIL RELATIONSHIP
BETWEEN BENEFIT-COST RATIO AND FRONT FILL SLOPE AS
FUNCTION OF VARIOUS FILL HEIGHTS AND 2:1 BACKSLOPE
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20 - A 4 to8 DITCHWIDTH
© 8 to12'DITCHWIDTH W-BEAM GUARDRAIL
FILL HEIGHT = 10’ FILL HEIGHT = 20’ FILL HEIGHT = 30’
15 BACKSLOPE = 4:1 BACKSLOPE = 4:1 BACKSLOPE = 4:1
o
-
ey
o
10 -
O
o
’-
™
(17}
o \
o
1 \
ﬂ -
-5 )) 1
2:1 313 _[ 31 4:1
FRONT SLOPE FRONT SLOPE FRONT SLOPE

FIGURE 31. CASE STUDY NO. 1 — W-BEAM GUARDRAIL RELATIONSHIP
BETWEEN BENEFIT-COST RATIO AND FRONT FILL SLOPE AS
FUNCTION OF VARIOUS FILL HEIGHTS AND 4:1 BACKSLOPE
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. slope, a fill 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 30, the benefit-
cost ratio for a W-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. NN

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 proporticnal 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 _ _ADT
Adjustment Factor 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

W-beam safety guardrail.

2. The installation of cable guardrail and W-beam safety gquard-
rail were justified 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 i11 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-BEAM GUARDRAIL VS CABLE GUARDRAIL

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.

The rural 2-lane highway being considered conformed to Nebraska DR-3 Minimum
Design Standards (14) 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.



FIGURE 33
CASE STUDY NO. 2

ROADSIDE GOST-EFFECTIVENESS FORM

GENERAL INFORMATION

NEBRASKA DEPARTMENT OF ROADS
UNIVERSITY OF NEBRASKA - LINCOLN
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Rev. Date 08-08-81
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The four guardrail improvement alternatives considered in this study
were as follows:
Improv. Alt. No. 1...27-in. W-Beam Guardrail with No Rub-Rail
Improv. Alt. No. 2...27-in. W-Beam Guardrail with Rub-Rail
Improv. Alt. No. 3...24-in. W-Beam Guardrail with No Rub-Rail
Improv. Alt. No. 4...Cable Guardrail
Since the highway was of 2-lane construction, the guardrail 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., respectively.
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 NDR is to provide a length eqq;1 to the distance between the
points of intersection of the lateral offset distance with a Tine 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 (11)
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 35. 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 400 ft.



FIGURE 34
CASE STUDY NO. 2

ROADSIDE COST-EFFECTIVENESS FORM
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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 1isting 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
valua of the benefit-cost was 0.45. 1In 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-in. 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 Ceding Form in Figure 37.

As can be seen in the output 1isting 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 1isting of Figure 40, the value of the cost-
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FIGURE 40

CASE STUDY NO. 2--LISTING OF COMPUTER OUTPUT FOR FLAT DITCH RUNOUT
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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. 1In
conclusion, this guardrail design improvement alternative was attractive because
(a) the benefits of $829/yr exceeded the total $707/yr, and (b) the hazard-index
of the guardrail of 0.0564 inj/yr 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 runout ditch was replaced
with a ditch 7 ft. in width and a backslope of 2:1. Data on the embankment are
shown in the Hazard Inventory Input Coding Form in Figure 41.

The four gquardrail 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 Tisting from the computer program for the four guardrail 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 guardrail improvement

alternative (No.4) with benefit-cost ratio of 1.77 was attractive.
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FIGURE 42

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 2:1 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 alternatives 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 under unity, whereas, the 27-in. 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 values for
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 (No.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 "flat" 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 (14) 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
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The design details of the cable guardrail were the same as in Case Study
No. 2, Section 7.2. Since the highway was of 2-lane 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-
tenance repair costs and design details of the cable quardrail are shown in Computer
Input Coding Forms in Figures 34 and 39, respectively. The guardrail conforms to
the AASHTO (11) G1 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 NDR 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 1isting 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 47
CASE STUDY NO. 3 LISTING OF COMPUTER OUTPUT
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8.1 SUMMARY AND CONCLUSIONS

The computer program in this study was developed to expedite the lengthy
and tedious cost-effectiveness and benefit-cost computations for (a) installing
cable guardrail on roadside embankments, (b) installing W-beam safety guardrail
on roadside embankments, or (c) qaking embankment modifications. For example,
investigating the feasibility of four embankment improvement alternatives requires
less than 1-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 (15). The main difference between the two studies is
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 (7,8),
and (b) the vehicle-terrain computer model named HVOSM (3). The findings in
NCHRP 148 are Timited 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 the installation of cable guardrail

was, in all situations investigated, more attractive than the installation 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 slopes 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)

(b)

(c)

Flattening the back slope from 2:1 to 4:1 will
eliminate the need for the installation of

cable guardrail and W-beam safety gquardrail on
embankments with front slopes of 3:1 and flatter
and fill heights from 10 to 20 ft.

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.

Irrespective of ditch width and back slope, the
installation of cable guardrail and W-beam
safety guardrail were not justified on
embankments with front slopes 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 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.
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RECOMMENDATIONS

8.2.1 Incorporate Program into NDR 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
guidelines and policies. It is therefore recommended that NDR incorporate 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, is
shown again in Figure 48. As can be seen, the MAIN PROGRAM was subdivided into
seven sub-main programs, names MAIN1, MAIN2, ..., and MAIN7. In this study,
only the MAIN3 sub-main program on "Slope Hazards Only" was programmed. Ultimately,
MAIN1 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

Time (man-mo)

Sequence Title Prof. Students
MAIN1 Point Hazards Only 1 2
MAING Point and Slope Hazards 2 3
MAIN2 Long. Hazards Only 1 2
MAIN4 Long. and Slope Hazards 2 3
MAINS Long. and Point Hazards 2 3
MAIN7 Point, Long., and Slope Hazards 4 4




FIGURE 48 ;
FLOW CHART OF MAIN AND SUB-MAIN COMPUTER PROGRAMS
MAIN PROGRAM
( R ) OUTPUT
. RESULT
Groﬂyasgput - Computes
Data Cost/Effectiveness | )
Initialize and Benefit/Cost
Program
Control Counts
More
< Group Data
Follows "
MAIN1
Initialize Point
Group ' Hazards L
Variables Only
MAINZ™
| Longitudinal
T Hazards
Only
Select MAIN3
Appropriate Slope
Computational Hazards
Subroutine Only
i
GINFO MAING*
Raads Ganerat ORDERZ” 1 Longi tudinal
Information Rearranges and Slope )
Data Data Hazards Only
Longitudinally
, MAINS™
Lon%ituq'inal
GRCOST ORDER1* and Point
Read Guardrail Rearranges Hazards Only
Repair Cost Data
Data Laterally MAING™
| Point and
Slope
r Hazards Only
DATA
CRF Reads Hazard
Capital = and MAIN7*
Recovery Impr. Alt. { Point, Long.,
Factor Group and Slope
Data Hazards Only

* Not Programmed
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ON EMOANKMENT FILLS

70 MPH ARND 15 DEG ENCFGACHMENT (SUN NO. 130) FeSe=31l. BeS.=a:l
INITIAL CONOITIONS
“PHID = 2.781 DEGEEES  xCIIT = 2 64 000 INCHES™ — PO E 00 DRSSt
THETAO= =-0.781 yco' = 168.0¢C 20 = e Wi
eS1Q0 = 15.000 LK zcar = = 0.3 o
_suiRe = 0.0 o DELEALS T O.0 FAD/SC
SSIFI0= 0 DELTA3= ;
U0 =1232.000 IN/SET
vo = Ve ol
%o = 0.0 1o
DEDELL)/0T=__ 0.0 ve
TDIDELZIZ0T= B8 ¥V
D(DEL3I/DT= 0.0 1.
“TYTRE OATA — — —TERWATN TABLE ARGURENTS =~ ~
xT 1098.000 LB/IN
SIGMAT =  3.000
TLANBD - . = -
AD © =4800.000 SOIL DAMPING= 0.001 SP1
AL = 8.276 SOIL FRICT. = 0.250
AZ____=2900.008 ____ SsTire 4000s LB/IN
a3 o Te780~ " —RO.X TEWSS.
A4 =3900.000 NO.Y TEMPS. = 5
AMy = 2.200 NOe VAR AMY =
OMEGY =  1.000 TABLES — e
COEFF. OF TIHRE PFRICTION
VSe
(SPEED AND LOAD) DATA
ALBHA= 0.0 1/ {LB=MPH) R
.0 7 RPH X
XKL= 0.0 L/LE
T2 AT ¢
VEHICLE MONITOR POINTS
X ¥ z s Y
(INe)  €IN.)  (INe) : cs
1,517 500 12,13
BOINT 2 81817 39,500 155138~
POINT 3=117.483 39.000 B8.1i38
POINT 4=117.483 =39.000 8.138

PT 4

Fr 3



UNL=NDF GUAPDSATL

STUCY
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HYOSM STMULATIONS ON EMOANKMENT FTLLS

70 MPH AND 1S DEG ENCOOACHMENT (RUN MC. 130) FaSa=3%1ls HaSe=4121
BENG=AT CONTEOL DATA
STAST TIME = Dah SEC
END TIME = 3.1n0
INCF FCR TNTEGRATION = 0«0050 '°*
PRINT INTERVAL = D010 L5
THETA MAX (TG SwITCH)= 70.000 DEG
_UVKMIN(STC?) = 0«0
POFMIN(STOP) = 0.0
INDCoR = =1 (=J.NC CUPBRs=1 CUPR,=—]1 STEER DEG.JF FEEEDOM)
MONE OF IMTEGRATION = 1 (=N VAR JADAMS—MCULT sy=1 PUNGE=KUTTA.=2F[XesAM)
DTICMO1 = 0. (=1.0 SyPolyY INITIAL PCSITION)
{=0e.0 CAFP RESTS ON TEPRAIN)
) . 5
ACCELEROMETER POSITIONS
X1 = =34,480 INCHES
Y1 = s "
zZ1 = 4,000 ve
x2 = =-5,983 "
Y2 = =16.500 L
2 = 3138
DIMENSIONS
A = S4.5170 INCHES KF = 1002000 LO./IMa
B = 64.4A30 Ll KR = 105.000 LA./IN.
XE = 610000 »d CF' = 30,000 LAS.
TR = 60.0000 sl ce? = 45.000 L3AS.
ZIF = 10.1380 L EPSILONF= Na001 INC/SECa
ZF = 12.0880 v EPSILONE= D«001 INL./SEC.
AH = =2.0000 .4 (] = 2,500 LA-SEC/IN
-1 = [4.0000 LA c= = 3.900 LB-SEC/IN
AKFC = 200.000 LEB/IN
AKFCP = 2000 LB/INI
— OMEGF<= —2.000 IN
AKFE = 300.000 LB/IN
AKFER = 22000 L3FAINI
OMEGFE= S5«000 IN
SUSPENSICN DATA
LAMBDAF = 0.500
LAMEDAR = 0.500
MEGAF = 0 N S
OMEGAF = 4,000 INCHES
TS = 46.500 INCHES
23 = 32500.0 LB=IN/PAD
PFE = GAS00.N L3-IN/PA INESTIAL DATA
KRS = 0.070 =S0LL sTEgﬂ COEFF« =5 — o
MS = 8+4402 LB «=SEC*%2/IN
AKRC = 300.000 LBSIN MUF = 0.5507 R
AKSCP = 2.000 LBAING MUR = 0e2952 0
CMEGRC = =-4,000 IN = =He—
AKSE = 300,000 L3/IN Ix = 620040 LE+=SEC.**2=IN
AKPEPRP = 2000 LBAINS Y = 34400.0 )
OMEGRE = 4500 I[N 1z = 36000.0 e
= ixT T s=1892.0007 14 T
IR = 600.00 "
G = 3B5.400 IN/SEC.%®x2



UNL =NDF GUARDFAIL ¢
7O MPH AMND 15 DEG FNCHOACHMLHT

TIME
SEC.

10200

1.0300
1.2400
1.0500
10600

HVOS5M SIMULATIONS ON EMDANKMENT FILLS

PAGE 1

SPHUNG MASS C€G ACCEL o ANGUIL AP VELDCITIES
G

O OO =
AoeDCc

500

629

a9

599

" w8 e

. 105.08
1

FOoRwWARD
SPLEED

e Fle/SECe

104 .67
104,71
104.75
_104.70
04,82
104 .95
104 A8
104492
104 .95
104490
105.02

05 .08
10511
105.13
105159

1N 16
10517
10511
105.20

10522
10519
104« H9
104 « 38

103.76
103.18
102.71

100 .49

vl



UNL-NDHR GUARDRAIL STuDY HVOSM SIMULAT
1

DNS ON EMBANKMENT FILLS
70 MPH AND 15 DEG ENCROACHMENT (RUN NO. o)

FeSa=311s NuSe=4a:l

1
k|

TIME SPRUNG MASS (G .
SEC. PUSITION (INCHES) DRIENTATION {DCGRFES) VELOCITY (FT /SECe)
Xt iy proses A . PHIL —YHEYA_ - PS] o UAYe .- VERTs

«0200 1477.35% 514414 189415 10.56 -3.78 14.91 4.95 1?26
«0300 1489.30 517.91 190.22 10.39 =375 1A.94 4,90
«0300 1501.26 521 .0L9 191.28 10.30 5201
«0500 1513.21 525.49 192,31 _ 10.29 _5.048
«0600 1525.17 529,30 93,32 10,36 5.07
.0700 1537.13 533,12 194.33 10.49 5.08
<0800 1549, 09 536 .96 195,34 10.66 S.08
0900 l§§5:Q§ 540,80 -19 £35 0,88 = 5,08
«1000 1573.01 §44 466 97,36 lel3 5.07
«1100 1584.97 548453 198.37 11.41 Ha 06
-1200 1596.91 552.41 199.39 11.73 Se04
«1300 1608.8Y 556.30 200441  12.07 o .
«1300 1820.85 560.20 2001.45 12.44 5.00
«1500 1632.81 SC4a.l1 202.49 12.83 4+ 96
«1600 1644.76 $68.03 203.54% 13.24 4.91
«1700 1656.72 571.95  204.60 13.67 .. _8.83 _
1800 T 166B.68 £75.89 205,67 1a.11 4.73
« 1900 1ud0.63 579.82 206.74 14.55 4.62
.2000 1692,59 5013.76 207.81 14.97 4.57
«2100  1704.54 58771 208.88 15.36 4442
«2200 I1716.50 591 67 20993 1569 4432
«2330 1732.03 S4¢t .03 21125 15.94 4.14
«2430 1743.,98 600.79 212.21 15.79 3.59
«2530  1755.89 604,71 213,02  15.68 2.87
«2629 1767.76 608 .57 213.60 4.8 2.10
2729 1779.59 612.35 21a.01 13.72 1.57
«2829 1791.38 G616 .05 214.27 12,32 1.29
2929  1803.11 £19.71  214.42 10.68 _1.08
«3029 1814.85 623,31 214.47 B.D4 1.04
«3129 1B26.56 676 .60 Pl4a.a7 EL.fll 1«11
«3229 18368.25 630.43 214,44 4.69 1.19
«3329  1849.95 G33.97 214439 = 2.54 1,23
«3429 1861 .¢5 637 .50 214,232 0.36 1«20
«3499 1869485 619 .96 214.27 117 l1e13
«31599 1881.55 643,47 214419 -3.36 0.93
«3709 1894,42 647 .31 _ 214,09 -5.74 0469
«3A809 190E.11 6E0 .80 213.95 =777 D.5A
13909 1917. 654 .30 213.71 -G.58 0.70
1.4009 1929.45 657 .80 213,39 ~11.19 D.74
1.4109  1941.08 6€61.27  212.96 -12.¢1 15.33 nN.78
1 .4209 1952.68 604 .71 212.41 —13.02 LeG5h 15.21 0 e bt
1.4309 19L48.27 L0B.16 211.79 -14 .92 5.65 15,10 1.17
le4409 1975.65 671 .50 211.06 -15.A2 Se B4 15,01 1+39
1.4509  1907.41 (74 .90 210,24 _ =16.53 S.66 14.9% 156
4609 198,96 G7€ .37 209,40 -17419 Se4€ 14468 1a74
1.4709 2010.52 601 .77 20A.55 -1T.01 5426 14.H1 1.00
1.4009 2022.08 605415 207.70 -18.39 L0t 14.75 2.02
1.4909 2033.63 _ 6HB8.53 206.A5 -1B.94 4406  14.69 2.18
1.5009 2045.19 691 .90 205.99 -19.45 4 .65 14.04 Mel?
1.5109 2056.74 695 .26 205.14 -19.93 4,064 14.5u 2.86
1.5209 20068.30 698 .62 204.28 ~20.38 4.23 14,45 2.59

eV



APPENDTIX

B. HVOSM TERRAIN LAYOUT (TYPICAL)



UNL=MDIx GUARDRAIL STUDY HVOSM STNULATIONS UN EMBANKMENT FILLS
60 M AND 10 DEG ENCHOACHAENT ({RUN NO« 5)

THPUT PHRESET [N SUAROUYTNE STO 2 Ao o]
1 ; 3
10.818 0000 0.945 3H6.400 6000.000 30000.000 3€000.000 -192.000 bO0.00D
54,517 644493 61.000 60,000 104138 12.088 -2.000 144000 44004000
131.000 0e500 3.a000 3.500 554000 0.001 2660004000
132,000 0.500 4.000 3.900 50000 0.001 61%00.000 46.500 0,070
1098,000 3,000 10,000 . 2900 TRy « 780 0.800 1.000 Joon.000
0«0 Qa0 0.0 O'D D0 : Qa0 00 0«02
~343.480 0.9 4,000 -5,983 ~l6s500 Ja.l38
'5-000 SIQQU 11000 k .
PHIC(L) v 1=1411
~3.55 -2.550 -1.B00 -1.300 —-0.950 -0.550 ~0.300 -0.300 -0.400 ~0.550 -0.H00
492.000 600.000 0,400 5000.000 0.075 1.500
[ F000,000 0,007 0,250 :
XVPCL) o ¥VP LT )2VRIL)el=1,4
al.517 19,400 12,138
dl«.517 =372,600 12,138
=TI 7.303 33,000 de 1389
-117.483 -19,.0040 Hel 33
100,000 2,000 -3.000 300,000 2.000 J.000
100,000 2,000 =3.000 300,000 T a,000 4,000
INPUT HEAD BY CALSVA
0.0 G B0 0.005 0.0 01 7U.0 040 0,0 ~1+0 1
B.4402 0.5507 0.8952 386.4 62000 33400.0 36000.0 —192.0 600.0 3
100.0 0.50 3.0 1.5 30.0 0.001 9050040 5
T05.0 0.50 4.0 3.9 45.0 Oa001 IPE00.0 40+5 0,070 [3
1093.0 3.0 10,0 Ne2706 2900s0 1e7H [ P 1«0 330040 &
0.0 ° 0.0 10 .0 Je O D0 D40 Ga0 0.0 Q.
206640 16,0 1056.0 0.0 0.0 q
2.0 G.0 T+0 T4
XKGHE I o 1) o YGPLLl o d) s 2GP L1 sd) sl =1y 2 =14y ©
e . 9,000 20,000 10.000 40.000 20.000 44,000 20,000 Ba. 000 10.0
104,000 10,000
600000 Qe 0 9.000 20,000 10.000 404,000 204000 44 .000 204000 084,000 1040
104,000 10,000
XGPULsl) s AMUXY( 1 4d)sl=1s 2 J=1s ©u NMUXY = |
Nn.d 0600 0.200 0..'U0 0.200 04200 e200
G00,000 T.200 0200 0.200 0,200 0. 200 J,200
300,0 2.0 -3.0 J02.0 2.0 500 26
300.0 2.0 ~4,0 300.0 1.0 3450 27
YS9y

Spl
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C, HVOSM EMBANKMENT SIMULATION RESULTS
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APPENDTIX

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

Fill Ht. Front Slope Back Slope Encr. Angle Least Squares Equations

10 2:1 0:1 §5° SI = 0.000(v) + 0.533
10° SI =0.015(v) - 0.190

15° SI = 0.045(v) - 1.633

20° SI = 0.028 v; - 0.400

25° SI = 0.010(v) + 0.900

20 231 0:1 5° SI = 0.005(v) + 0.667
10° SI = 0.010(v) + 0.405

15° SI = 0.020(v) - 0.200

20° SI = 0.049(v) - 1.365

] 25° SI = 0.075(v) - 2.433
30 2:1 0:1 5° SI = 0.000(v) + 1.267
10° SI = 0.000(v) + 1.170

15° S1 = 0.000(v) + 1.000

20° SI = 0.010(v) + 0.543

25° SI = 0.020(v) + 0.033

10 2:1 4:1 5° SI = 0.010(v) + 0.000
10° SI = 0.017(v) - 0.049

15° SI = 0.024(v) - 0.194

20° SI = 0.003(v) + 1.913

25° SI =-0.019(v) + 4.046

20 2:1 4:1 59 SI = 0.005(v) + 0.648
10° SI = 0.023(v) - 0.233

15° SI = 0.049(v) - 1.456

20° SI = 0.074(v) - 2.252

[ 25° SI =0.112(v) - 3.463
30 2:1 4:1 §° SI = 0.005(v) + 0.906
10° SI = 0.007(v) + 1.155

15° SI = 0.010(v) + 1.553

20° SI = 0.033(v) + 0.308

25° SI = 0.068(v) - 1.651

10 2:1 2:1 5° SI = 0.010(v) + 0.000
10° SI = 0.017(v) - 0.050

15° SI = 0.025(v) - 0.200

20° SI = 0.003(v) + 1.970

1 | 25° SI =-0.020(v) + 4.167
20 221 2:1 5% SI = 0.005(v) + 0.867
10° SI = 0.024(v) - 0.240

152 SI = 0.050(v) - 1.500

20° SI=0.076(v) - 2.320

| i 25° SI = 0.115(v) - 3.567
30 221 2:1 5 SI = 0.005(v) + 0.933
10° SI = 0.007(v) + 1.190
15 SI = 0.010(v) + 1.600

20° SI = 0.034(v) + 0.317
! 25° SI = 0.070(v) - 1.700




Severity Index Equations for Type A Ditches

Adjustment factor to type B ditches = 0.81
Adjustment factor to type C ditches = 0.70

Fi1l Ht. Front Slope Back Slope Encr. Angle Least Souzres Equctions
10 3:1 0:1 5° SI = 0.000(v) + 0.300
10° SI = 0.000(v) + 0.370
15° SI = 0.000(v) + 0.467
20° SI = 0.026(v) - 0.897
25° SI = 0.050(v) - 2.133
20 3:1 0:1 57 SI = 0.0UO(V; + 0.567
10° SI = 0.003(v) + 0.373
15° SI = 0.005(v) - 0.233
20° SI = 0.010(v) + 0.700
1 25° SI = 0.015(v) - 0.100
30 3:1 0:1 5° SI =-0.005(v) + 0.933
10° SI =-0.005(v) + 0.967
152 SI =-0.005(v) + 1.033
20° SI = 0.006(v) + 0.457
[ 25° SI = 0.015(v) - 0.067
10 3:1 4:1 5° SI = 0.005(v) + 0.133
10° SI = 0.009(v) - 0.027
15° SI = 0.020(v) - 0.533
20° SI =0.031(v) - 1.000
25° SI = 0.060(v) - 2.400
20 3:1 4:1 54 SI =-0.005(v) + 1.167
10° SI = 0.003(v) + 0.697
157 SI = 0.020(v) - 0.367
20° SI = 0.024Ev) - 0.407
i 25° SI = 0.030(v) - 0.600
30 3:1 4:1 5® SI = 0.010(v) + 0.667
10° SI =0.012(v) + 0.460
15> SI = 0.020(v) - 0.133
20° SI = 0.021(v) + 0.056
25° SI = 0.025(v) - 0.033
10 31 2:1 52 SI= 0.009(v) + 0.226
10° SI = 0.015(v) - 0.046
15° SI = 0.034(v) - 0.906
20° SI =0.052(v) - 1.700
[ ) 25° SI = 0.102(v) - 4.080
20 3:1 2:1 i SI =-0.009(v) + 1.984
10° SI = 0.004(v) + 1.185
15° SI = 0.034(v) - 0.624
20° SI = 0.040(v) - 0.892
257 SI = 0.051(v) - 1.020
30 3:1 2:1 52 SI = 0.017(v) + 1.134
10° SI = 0.020(v) + 0.782
15° SI = 0.034(v) - 0.226
20° SI = 0.035(v) + 0.095
! 25° SI = 0.043(v) - 0.056
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Severity Index Egquations for Type A Ditches

Adjustment factor to type B ditches = 0.81

Adjustment factor to type C ditches = 0.70

Fill Ht. Front Slope Back Slope Encr. Angle Least Squares Equations
10 4:1 0:1 5? SI = 0.002(v) + 0.233
10° SI = 0.003(v) + 0.193
15° SI = 0.005(v) + 0.067
20° SI = 0.008({v) - 0.007
25° SI = 0.010(v) - 0.067
20 4:1 0:1 5° SI = 0.005(v) + 0.067
10° SI = 0.005(v) + 0.133
15° SI = 0.005(v) + 0.167
20° SI = 0.006(v) + 0.243
y 25° SI = 0.010(v) + 0.067
30 4:1 0:1 §2 SI = 0.005(v) + 0.133
10° SI =0.003(v) + 0.340
15° SI = 0.000(v) + 0.600
20° SI = 0.000(v) + 0.680
| ] 25° SI =0.000(v) + 0.767
10 4:1 4:1 5° SI = 0.010(v) - 0.167
18" SI = 0.008(v) + 0.087
15° SI = 0.005(v) + 0.333
20° SI = 0.007(v) + 0.407
| 257 SI = 0.010(v) + 0.367
20 4:1 4:1 59 SI =-0.005(v) + 0.833
10° SI =-0.003(v) + 0.890
15° SI =0.010(v) + 0.333
20° SI = 0.012(v) + 0.303
4 25° SI = 0.015(v) + 0.167
30 4:1 4:1 5° SI =-0.008(v) + 1.447
10° SI =-0.007(v) + 1.423
15° SI =-0.004(v) + 1.360
20° SI =0.001(v) + 1.133
25° SI = 0.006(v) + 0.860
10 4:1 231 g2 SI = 0.017(v) - 0.284
10° SI = 0.013(v) + 0.148
15° SI = 0.009(v) + 0.566
20° SI = 0.011(v) + 0.692
[ 25° SI =0.017(v) + 0.624
20 4:1 2:1 5° SI =-0.009(v) + 1.416
10° SI =-0.005(v) + 1.513
15° SI = 0.017(v) + 0.566
20° SI = 0.020(v) + 0.515
i ] 25° SI = 0.026(v) + 0.284
30 4:1 2:1 g¢ SI =-0.014(v) + 2.460
10° SI =-0.011(v) + 2.419
15° SI =-0.007(v) + 2.312
20° SI = 0.001(v) + 1.926
) 257 SI = 0.010(v) + 1.462
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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

Fill Ht. Front Slope Back Slope Encr. Angle Least Squares Equations
10 6:1 0:1 5° SI =-0.005(v) + 0.467
10° SI =-0.001(v) + 0.260
15° SI = 0.005(v) - 0.067
20° SI = 0.009(v) - 0.250
25° SI = 0.015(v) - 0.567
20 6:1 0:1 52 SI =-0.005(v) + 0.467
10° SI =-0.001(v) + 0.260
15° SI = 0.005(v) - 0.067
20° SI = 0.009(v) - 0.250
1 25° SI = 0.015(v}) - 0.567
30 6:1 0:1 5° SI =-0.005(v) + 0.467
10° SI =-0.001(v) + 0.260
15° SI = 0.005(v) - 0.067
20° SI = 0.009(v) - 0.250
| 25° SI = 0.015(v) - 0.567
10 6:1 4:1 5° SI =-0.005(v) + 0.767
10° SI =-0.001(v) + 0.560
15° SI = 0.005(v) + 0.300
20° SI = 0.013(v) - 0.037
| 1 { 25° SI = 0.020(v) - 0.367
20 6:1 4:1 5° SI =-0.005(v) + 0.767
10° SI =-0.001(v) + 0.560
15° SI = 0.005(v) + 0.300
20° SI = 0.013(v) - 0.037
| 25° SI = 0.020(v) - 0.367
30 6:1 4:1 5° SI =-0.005(v) + 0.767
10° SI =-0.001(v) + 0.560
15° SI = 0.005(v) + 0.300
20° SI = 0.013(v) - 0.037
1 259 SI = 0.020(v) - 0.367
10 6:1 2:1 5° SI =-0.009(v) + 1.304
10° SI =-0.002(v) + 0.952
15° SI = 0.009(v) + 0.510
20° SI = 0.021(v) - 0.083
25° SI = 0.034(v) - 0.624
20 6:1 2:1 5° SI =-0.009(v) + 1.304
10° SI =-0.002(v) + 0.952
15° SI = 0.009(v) + 0.510
20° SI =0.021(v) - 0.063
i 25° SI = 0.034(v) - 0.624
30 6:1 231 5° SI =-0.009(v) + 1.304
10° SI =-0.002(v) + 0.952
15° SI = 0.009(v) + 0.510
20° SI = 0.021(v) - 0.063
J 25° SI = 0.034(v) - 0.624
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APPENDTIX

E. FILL SLOPE SEVERITY-INDEX ADJUSTMENT
FACTORS FOR COMPACT SIZE AUTOMOBILE
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S1 RATIO (2250/4500)

10° ENCROACHMENT ANGLES B - 451
1.0
09
0.8
FS. = 2:1
0.7F
F.S. = 3:1
0.6
T , .
50 60 70
ENCROACHMENT SPEED (MPH)
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FILL SLOPE SEVERITY-INDEX ADJUSTMENT FACTORS
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vl F.S. = 3:1
20° ENCROACHMENT ANGLES
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APPENDIX

F. BARRIER VII SAMPLE COMPUTER SIMULATIONS

INPUT DATA: Standard Size Auto
(50 mph/15 deg)
OUTPUT DATA: Interval Time at 140 msec



DANHILKE VII = ANALYLILS UF AUTUMUBILLE UARRILES = UaCe dbbinkLbY, 1972

L R s L R A R R R R )
RUN LN CURKUGATED oTLLL BEAM RAIL _ wLUD PusTSs GUARDKATL UTILIZAT

e T L T N R s
S50 m/ab/ 15 Jdeg

LUNTHUL INFUKMATIUN

MNUMULKR UF UARKIEKR NULLS = (W)
NUMUER UF CUNTHUL NuULS = 4
NUMD LR UF NUDE LENLHATIUNS = J
NUMUER UF INTEMFALLS = 1
NUMULK OF MLMULKRS = 127
NUMUER OF MLMULK GENLHAT LUuNG = 9
NUMUER UF ULlFt LKELNT MEMULR SEKRILES = £
NUMUER  LF ALDETIUNAL WE IGHT SETS = u
UASIC TIML STl (atkil) = Ue dU2Uu
LAKGEST ALLUWAULE TIME STEP (5EC) = [V RVISE ]
MAXIMUM TIME SPECIFILD (SEC) = da BCJI0OQ
MARs MNus UF STLHPS WITH Nu CONTACT = 100
UVERSHOUT THULX = 0
HLTATLIOCNAL DAMPING MULTIPLIER = 10U

STLEP=uY=STLH INTLUGHAT IUN TYPE

LUTPUT FiRLUULNCILS

AUTUMUBILE LATA
UAKMIER DEFLLCTIUNS
UAKHIL R FUKLES

(NG

[=REzig

I
LY
<

LMNLRLY UALANCL

o

CUNTALCT LNF UNMATIUN

PUNCHLU JUIKNT WATA
PupChicl TRAJELTURY

hn
cc

041



ULAM LLEMENIS, lUu Strils

TYPE NUMUEK
Me LUFE Lo (INS)

YUUNLLS MULDULUS (KST)
wEIGHT (Lu/kT)
YyILLY FURCL (k)
YIELD MUMENT LKelIN
YlcLo ACLURACY LIM

-
-

PLSTSe JUU SLHIES

TYPE NUMULR

HELGHT UF NuLe T (1]
HEIGHT UF NUbL J (L1
A AXID LTIFENLSS (K
B AXlS STIFFNLSS (K
EFFLLTIVL wedwnT (L

A SheAk AT FAILURL (K
U SHEAK AT FAILUKL (K
A DEFLN AT FAlLURL (1
B ULFLN AT FallLunk (1

L T T L T T 1}

LI T T T 1 T T

L«000D~01

]
2.1000 01
O«
1«500u 01
levulu GO
T.0uOL 01
10000 04
2.1040 02
1« 000L=-01
L«u00u 04
boJda0u 01
L.ulOL 04
T.a000 00

2+ 310D
199400
L7350
3. V00U
b.820D
leD720
BeHB0D

l.000U-01

Z=1uub
U0

2s 200U
letbt,ul)
T« 00U
2« 7300
e lB4D

l.uUd0-01

13000
10500
74000
T«4030

ol
o1
Ju
wQ

ILT



AUTUMLLILE PRUPLKTIES

WEIGHT (LB) = 362040
MUMENT UF INLkRTLIA (LB.INeSECZ) = Jul5b.0
NUs wWf CUNTALT PulINTS = 1o
NiJe UF UNL1T ST IFFNLSSES = 3
Nue UF WHEELS = 4
BRAKL Cubbt (1=uNs O=UFF) = [V}
NU« UF UUTHUT HPUINTS = 1
UNLIT STIFIHLLSSLS (KZINKZEN)
Wil UEF UhE Al TLR LBLTTUMING
BUTTLMING UUT TUMI NG UNLUADI NG DISTANLE
1 Oa9UU J«000 4e0UU 1usul
< OGS Hed50 T.000 .00
4 1.250 T.500 1d-000 1,00
LUNTALT POINT ULATA
PLiNT 1L 5 STIFFNESS ThIbLUTAKRY
CUL L CLunD NU« LENGITH
1 —ludaul 1S« UU 1 L2«U0
2 -108.00 27«00 1 12.00
4 -1U0d . U0 3Y.U0 i 12«00
4 ~Hueud JYaul i 12.00
o —U4 00 32«00 ] 12«00
L 72400 w00 o S0.00
7 -4 e 00 39«00 3 JGau0
15 =-12.00 3u.00 3 3U«00
Y lo.u0 w00 J J0.00
10 AueU0 3Y.00 2 1200
1l 60.00 3. 0U 1 1200
le T U0 3«00 1 12.00
13 84«00 39.00 1 1£.00
14 H4 s U0 27«00 1 1«00
15 dd . L0 15«00 1 12400
1o B4 .00 2e 00 1 LealO

WHLEL CULHLINATES (IN) .

PLlINT K=uhuw
1 4. 00
< L4, 00
4 -~ U500
4 =bLS. U0

STLLK ANGLES (WCGhs aNU uhAu FLURCES (LE)

S—ultis

Ju.00
~30.ud
~Ju.00

30.00

STeEkEk ANGLE UlAGL F Ul

Ja0 Slbe0u
Q.0 Sl8.0u0
0.0 437400
0.0 437.00

INTEHFACE CLUNTALTS

o o

cocSceocccccoLcococoocoo

ccoccoecooCcoooCcCco

cccococcoccoCooec

eLl



INLTLAL PLSIIILN AND VOLLUITILS CF AUlUL

SPECTE LU bUUKNUAKY PULNT = 13

K UKUINATL wh PUINT = HU0 .00
¥ UkDINATE W FUINT = Vel
CANGLE FhuM X AXLSYS TU R AXIS (ULEG) = 1900
VELUCITY i M UlheCTIUN (MeaPait) = S0.00L
VELLCLEY IH S DIRLCTIUN (MaPaii) = 00
ANGULAR VELULITY (RAD/ZLGEC) = 0.0
;HlNIMUM HLLUULTANT VELULCLIY (MaPoht) = H«0U
THANSL AL JLNAL KINETIC LNLHGY (KeIN) = Julla07
KUTAT ILNAL KINLT I ENEMGY (K<IN) = Ue0
TLTAL INITIAL KINETIC ENLRGY (kelN) = B3 187

AUTU THRAJELTURY KLSULITS
(a8 | A=LHD Y—=UuKrD ANGLL A=VLL Y-vLL k—=vEL S=vEL T-ViLL ANGLLE X—=ACL ¥Y=ACC H=ALL S—~ALCC T-ACL ANGLE

TIML = Wa.U SLLS
1 fdval —uY%. 4 1.0 Gued0O 12. %% 50«00 J«.00 SU«00 1S 0 Oeid Je0 Ust) Ued Jaed Oad
BAKKICK DLFLLCTIUNS, TIML = 0.0 SECS

MuLL X—OLF L Y-UEFL X—uUilD ¥-URD
1 Vel 0«0 Vel Ue0

2 0.0 0«0 37.5 DU

3 O.u 0.0 fH5.0 Va0

4 U« 0.0 112.5 0.0

5 0.0 Ue0 150.0 Vel

w U.0 U0 1847 .5 040

T Usls 0.0 225 .0 Ua.0

u 0.0 U« 2OZ 5 0.0

9 Uau U0 3l .0 Va0

10 U« 0 0«0 3375 Ueu
11 Ueu 0.0 JTL .0 0.0
12 U« 0 Uasu 4125 O«
13 Oels O« 450.0 0«0
i+ .0 00 4dl a5 0.0
1t Uau 0.0 e a U Oad
lo 0.0 Ueu 5625 0.0
17 Ul 0.0 LUl .0 0.0
1d U.0 0.0 udlb 00
149 Jaeu U0 L7540 0.0
20 sl 0.0 0930 0«0
21 Osu 0«0 TldeH Va0
2 Jau Ue0 731.3 Uad
wd el Va0 TH0.0 0«0

€L1
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BEAMS (100 Series)
Bending moments are positive clockwise on member ends.

Axial force is tension positvie.

MEMULK FUHLESs THlde = Uela0u sECS

HLAMS: 10U SERIES

ML Mo L nNLDL 0 NULL 9 RIS FLHLE I=MLMLNT J=MULMLIT b =L ULE M= UJk
(1 1 2 101 Sa72 -Jell U s 4 ] ]
2 “ 4 101 L1 0.04 -0e21 1 ]
3 3 4 101 S.ud Jeid -Ueh2 i i
a “ - 101 Ga i) D.42 -Ueb2 1 I
5 5 u 101 Le98 0a5H2 -0.00 1 1
9 U 4 101 T«04 Dalow (VTS 1 1
7 7 ) 101 Tely ~UeDH4 1400 i 1
%] 1] 9 101 Talb =1«00 1.06 ] 1
w 9 10 101 bt =106 =J«0l 1 1

1 1u 11 191 Ha33 De0l =leita 1 1
] i 12 1401 Wed ) Le2d =1 %0 1 i
12 1< 13 101 Valit 190 -leT2 1 ]
14 14 L4 101 1oa70 le72 -J.ld 1 1
14 s 15 1ul 1hau Osld 152 1 1
B 1Y lo 101 11.95 -] e52 Z2s U i ]
lu m 17 1ol 12.01 =270 2«38 I ]
i7 17 lo 101 13.23 ~2eJ8 Uedl 1 1
18 14 Y 101 1Jd.20 =031 —Jdabp 1 1
(£ 19 20 102 1402 EPTY:] ~bebl I i
P 29 21 oz 14 .55 bS50 e ST 4 1 ]
21 21 24 102 L4 a7 l4.a7 =21« ti i 1
22 22 23 102 14 .00 Z£1.489 =31 24 1 1
L & 24 10 1500 3la24 =37 5L 1 ]
24 24 1] 102 1Yetib 3Tl ~-&4l.03 1 ]
Fi) - ] F3 102 IS0 47.03 —udsah I i
Lu b 27 1oL a9 G0.24 -bYeH7 1 I
27 a7 28 102 1736 LYeST ~Ul.2J 1 1
£d do 2y 102 I 7m0 Bi.23 =ud.09 i E
& 2% 10 oz 1720 B0 0% —LYe i 1 2
30 S0 1 102 ltalo 29 .51 Sle2e 1 1
31 41 32 102 lua7% -61.22 HO.1T7 1 3
b 4 32 i3 102 490 ~80.17 d3.57 1 2
33 Jd Ja 102 1501 =357 =12sTUL I 1
E a4 = 10= 15,01 12.7TL =Ll 92 ] ]
25 Ju Ju 10 lasu2 bl e9e ~&3s51 ] 1
Ju Ju iy 102 14.05% 45.51 =34 e03 i ]
a7 37 an 102 14.0d 34403 —eTeld 1 ]
Ju au 349 102 l4sl10 «lsld —aded 1 ]
a9 R 4y 102 13.31 23eL3 -ld.02 1 ]
40 40 “l 102 13.33 18.02 —1Jd.tia I ]
“l 41 he (YA 1 3. 44 13.u4 ~10.41 1 ]
LT 42 43 1o ldaaw 1041 =Teul 1 1
4l b 44 1o ldeul Tell ~Leth2 1 1
44 44 45 o2 12etsd Set2 =J. L0 1 1
4% an o Loz 12sub Jab0 =1 % i ]

M-Code = flexural state indicator:

1 = elastic;

2 = yielded at i only;
3 = yielded at j only;
4 = yielded at i and h

F-Code = extensional state indicator:

1 = elastic;
2 = yielded.
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Shear forces and bending woments are positive for forces on the post in the positive A and B directions.

200 SLklCS
hube I

P
L ~NULs=LU=-

NuuL J

occCoocCctocCccocCcocCccocoGoSoCcOoCcCoCcaoOCC

A=SHIk AR Li=%HLE AR
Lebl 0.01
Geila -0.01
.88 vaeD2
UevU =0.00
Ol =0.05
04 wits 0«15
[l 0«17
103 =U.03
Lebu 089
e dath 3
Ul 00

=Ue BB S5.12
=0t Owtsd
=Uebith -0.22
~Uelits ~U.15
“0su) v.01
=01t V.02
~Ualh =0edu
-0es73 ~0.v0
=0.70 0«00
-0.u8 O.00
=0sth =0.00
-0 etlsd 0.0
~danl u.00
=059 =0.00
~Ue 58 O.00
~0eb0 Da.u0
=~0.5%5 =000
~Ue5% O.u0
i RS | 0«00
-3.52 -U.u0

Posts (300 Series)

Code = state indicator

1 = elastic;
= plastic hinge about A axis only;
Plastic hinge about B axis only;

2
3
A

plastic hinges about both axes;
negative = in process of failin
of ten faillure steps

failed completely
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APPENDIX
G. W-BEAM AND CABLE GUARDRAIL
SEVERITY-INDEX EQUATIONS



Automobile
Weight
(1bs.)

4500

2500

1700

Guardrail Type:

Impact
Angle
(deg.)

10
15
20
25

10
15
20
25

10
15
20
25

SI
SI
SI
SI
S1

SI
S1I
SI
SI
SI

SI
SI
SI
ST
SI

AASHTO G1 (Cable)

Severity-Index
Equations

o O O o o o o o o o

o o o

(V in mph)

.0083*y
.0125*V
.0100*V
.0073*V
.0183*V

.0200*V
.0193*V
.0233*V
.0326*V
.0333*V

.0240*V
.0232*V
.0280*V
.0391*V
.0400*V

o o o o o

o O o O ©

o o o o o

.0293
.1292
.1529
.4960
.0833

-4963
.1990
-17133
.3910
.1333

.5956
.2388
.2080
.4692
.1600
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Automobile
Weight
(1bs.)

4500

2500

1700

Guardrail Type:

Impact
Angle
(deg.)

10
15
20
25

10
15
20
25

10
15
20
25

AASHTO G4(2W), G4(1W)

SI
SI
SI
SI
SI

SI
SI
SI
SI
SI

SI
SI
SI
SI
SI

Severity-Index

o o o o o

o O o o

(W-beam)

Equations

(V in mph)
.0148*V - 0
.0123*V - 0
.0122*vy - 0
.0145*V - 0
.0173*V - 0
.0188*V - 0
.0208*Y - 0
.0235*V - 0
.0255*V - 0
.0288*V - 0
.0248*V - 0
.0275*V - 0
.0310*vV - 0
.0337*V - 0
.0380*V - 0

. 2660
.0470
.2470
.1678
. 1827

.3908
.3025
.2050
.1650
.1342

.5159
.3993
.2706
.2178
1771

12'-06"
Adjustment

.89
«91
.93
.01
.12

.89
+91
+93
.01
12

.03
.06
.08
L7
.30
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APPENDTIX

H, ULTIMATE BENDING STRESSES IN W-BEAM
GUARDRAIL POSTS UNDER FROZEN SOIL CONDITIONS



WEIGHT = #D0  1bs. A= 025
GR Height = _Z7  in. L= /20 g¢.
2B = _£.& ft.

Computed Bending Stresses (psi)

Impact Angle (deg)

i 5 i 10 H 15 I 20 H 25 i

s 20 tyzgp | 7400 | 2752 | s3z0 | e7sB

P 50 lzosp | fo7p0 16i80 ! 8320 |[247C |

s - B laze ) seo | paup L agss iEe00 |
g 2. | Bodo | 7ike \ugup 1/EZE0 2094 |

80 | 5301 o580 I/j’zzgi 2/2201Z¢8/0 |

RPN ———————— (N

Weight = 4520 1bs.

GR Height = Z% in.

Computed Bending Stresses (psi)

Impact Angle (deg)

: 5 ] 10 : 15 i 20 | 25 i

s ey teage ) gden | #50  GES0
o 50 | 720 | 22 | 580p | 7456 | oo |
e 60 1 zapo | spze | zps0 | oZGl 112920 |

R Venrr 1 poge lipiie | J4Ees | j7666 |
(mph) B e ————— s e

- —————————— T ————
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WEIGHT = Z500 1bs. A= D45
GR Height = 27 in. L= /4T s,
2B = 55 ft

Computed Bending Stresses (psi)
Impact Angle (deg)

t 5 i 10 H 15 | 20 H 25 H
s M 19751 /880 | z5w | 3800 | FE70
8. N itve | 220 | ddue ' scve | TERED ]
S 80 lzoys i 4230 | g#d0 | sloo 1222
ey - 0| ZBza ) mvem | Bage 1 PTG ME |

———————— S

Weight = _Z250C 1ps.

GR Height = _Z% in.

Computed Bending Stresses (psi)

Impact Angle (deg)

0 | ze:-l 27 | 7o | peoge 2728 |
80 | 3/7: | g4%0 | 2770 | /3/7C 1 /6620 |
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WEIGHT = /700 1bs. A = .45
GR Height = Z7 in. L= JZ2:7 £t
2B = %5 rt.

Computed Bending Stresses (psi)

Impact Angle (deg)

H 5 | 10 | 15 | 20 | 25 H

s 01 7em lyssol Zzp b Sze ) Z9z0 )

P 30 170 i 2370 | 240 | 4870 £/#2 !

e 80 !/jego t 3420 | 700 | 70/0 | 55D}
iy o Z20e | e | 7omp U gage | (2CFC |

Weight = /700 lbs.

_235; in.

GR Height

Computed Bending Stresses (psi)

Impact Angle (deg)

| 5 H 10 | 15 | 20 H 25 H

s M0 lado ' yz10 | f280 | 280 ! 3380}

B R e V Feep t Zigo N EITS | SEEO )

e 80 lyfso izgzg | 4460 1 £0/0 ¢ 7520 !
sns oot iPee t 37 | gogn | 880 148220 |

- ——— S S -
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APPENDTIX

I. SEVERITY-INDEX ADJUSTMENT FACTORS
FOR W-BEAM GUARDRAIL



SEVERITY-INDEX ADJUSTMENT FACTORS

M 1bs.

Automobile Weight

Guardrail Type = W-feom
Post Spacing -~ _é__ ft. i_ in.
Rail Height = Z7  in.
Block=-0Out = _Yes
Rub-Rail = _M

Terrain Slope = &8 :1

Soil Type = (,,’dl{”.?.ff.lfe

Soil Condition = _Wet

Impact Angle (deg)

i 5 ] 10 H 15 i 20 H 25 H
i zo Y 20 1 095 ) 0% | 090 |
W e tagy VS | pge | pFs |

i —————— i ——————————————————

TO ¢ /L/) ' 09_’-3- 1 é;g_sf i _5-‘:{;5'-\* | 5{;‘5*'
80 1 p95 | 20 | 9rC V5% | o™

* vaul ting/Penetration
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SEVERITY-INDEX ADJUSTMENT FACTORS
Lutomobile Weight = 4570  1bs.
Guardrail Type = W-Beamm
Post Spacing = _ﬁé_ ft. 3 b i ¢ 8
Rail Height il in.
Block-Out = Yes
Rub-Rail = _Yec
Terrain Slope = 8 1
Soil Type = ('gﬁff’::.r/f‘

et

Soil Condition

Impact Angle (deg)

H 5 i 10 i 15 H 20 H 25 H
Nl ge V-re-lgIds | gl ' o |
Ve Vagg \-pg5 | agp !dgc |
801 40 1 ggs ' oso | 285 | 5007}
01 40 {095 V085S | 500 200
8019 | pgp | p#5 | 500% sppT)

. Vaulting/Penetration
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SEVERITY-INDEX ADJUSTMENT FACTORS

Automobile Weight = Z500  1bs.
Guardrail Type = 22‘5.15”" LY

Post Spacing = ;:-2 ft. 2_ T,

Rail Height = Z7 1.

Block-Out = Yes

Rub-Rail = _No
Terrain Slope s & 1
Soil Type = Cobesive

o
Soil Condition WE T

Impact Angle (deg)

i 5 | 10 i 15 i 20 H 25 i
Molzo Vot 095! 095t 295!
Ry P Ao A gos | g ' ogg0 !
801 2o VLo Vo095 Vpgo | 200
T0 40t o9s } pg0 | 2007 20T
80t Lp t poe pgp t zpg™ 5007

Vaulting/Penetration
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SEVERITY-INDEX ADJUSTMENT FACTORS

500 lbs.

Automobile Weight

E

Guardrail Type
& ft. 3 in.

Post Spacing

Rail Height s 27_ in.

Block=0Out = _Jes

Rub-Rail = _Yes
Terrain Slope 2 B %1
Soil Type . (ohesive
Soil Condition = _WeT

Impact Angle (deg)

i 5 i 10 i 15 I 20 | 25 i
Wit 4o V4dp VYpg ) 998 te2s |
Nl e lise tegdg 'ngs ‘oge |
ot L re tpgs | pg0 g5 |
Wi o Vo9s ‘pgp | poe | ggs |
81 40 Lo lodo | ogs | sa*

- —

* Vaulting/Penetration
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SEVERITY-INDEX ADJUSTHMENT FACTORS

Automobile Weight = /L 700 1bs
Guardrzil Type = hﬁﬁﬁwna

Post Spacing = & ft. 3 in.

Rail Height e BT in.
Block=0ut = Yes
Rub-Rail = Mo _

Terrain Slope

o [
N

E{\ .
aQ

Soil Type

E

Scil Condition

Impact Angle (deg)

i 5 i 10 H 15 i 20 i 25 i
i so ko 1 40 i pgs i 095 ]
SPleg | 4o ' og5 ' 4% ' 890 !
Solpg 1 wm lagpe tpgs lzEp
wlie lopgs togs basylpserm
8010 095 | 095 | 250" zconn]

. Vaulting/Penetration

EX
Snagging
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SEVERITY-INDEX ADJUSTMENT FACTORS

Automobile Weight = /700  1bs.
Guardrail Type = W-Begp

Post Spacing = _é_ ft. 3 in
Rail Height = 27 in
Block-0Out = _Yes
Rub-Rail = Jes

Terrain Slope = _5_ 5 1

Soil Type = Cjofaesuﬁé

So0il Condition = H/&?"

Impact Angle (deg)

i 5 i 10 i 15 i 20 | 25 i
otpe 28 1 Jde 1 pge i gig |
Ot ot g0 VA28 @98 tods }
01 /0 20 Vpgc | gos pgp |
T o gt ass oz sge
800 /0 | po- o lpan | pgs |

Vaulting/Penetration



"
’_._‘
o
1]

Automobile Weight

Guardrail Type = -[SER#77
Post Spacing :ift 3 in
Rail Height = _Z4 in
Block-0Out = Jes
Rub=-Rail =L_O

Terrain Slope = _éi_ 1

>
a
:

Soil Type

Soil Condition

Impact Angle (deg)

| 5 | 10 H 15 | 20 H 25 H
Wi je Y Lo V pos | pgs | 890 |
Dide Y oge Va0 ) 0gp ' 5007 )
St yo Vpes lage | se0™ | go9% |

700 ,p 'V p9g | D Es ! 5 00 | = 00°F

S

* Vaulting/Penetration
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SEVERITY-INDEX ADJUSTMENT FACTORS
Automobile Weight = 00  1bs.
Guardrail Type = kzzifﬂﬁﬂ
Post Spacing = _ & ft. 2 in.
Rail Height = Z4  in.
Block=-0Out = _ZQ;__
Rub-Rail = ghi

Terrain Slope = _ﬁi_ ¢ 1

Soil Type = (opezsee
Soil Condition = _/ﬂ__

Impact Angle (deg)

i 5 i 10 i 15 i 20 i 25 i
Sl gEct #a 3 b BoE ) ey
01 o 1 sp | pgs | 095 | pgo |

-
——————— - —— T ————— -
R

Vzaulting/Penetration
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- — - —————— -

-

Automobile Weight

Guardrail Type
Post Spacing
Rail Height

Block=0ut

Rub=-Rail

Terrain Slope

Soil Type

Soil Condition

1]

F

Impact Angle (deg)

5 1 10
/o0 )0
AoV 4p
Ao V Jo
/0 098
/8 | g2C

15 i 20
Hho ¥V 295
n9e |\ p9g
095 098
L.9< 0 90
8,95 VA%

Vaulting/Penetration
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SEVERITY-INDEX ADJUSTMENT FACTORS

Automobile Weight = 4500 1bs.

Guardrail Type = Wheam

Post Spacing = _éL_ ft. ;éi_ in.
Rail Height = _Z7_ in.
Block-0Out = _Jes
Rub-Rail = Mo

Terrain Slope = 5 1

Soil Type — &h_"&;«c

Soil Condition = /723er

60;/24{ ;/4¢ i Sk 1 A..’w'*l;&f*l
itz l4sgs | SeoT ! LpoTl fo0% ]
80 | L3¢ | 407 oo™ | soo*i 5 ppF |

e -

* Vaulting/Penetration
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SEVERITY-INDEX ADJUSTMENT FACTORS

Automobile Weight

1]
xg
—
o
wn

Guardrail Type 5 =l st
Post Spacing :__é‘_f‘t. =4 in
Rail Height = 27  in.
Block-0Out = _Jes
Rub-Rail w fex

Terrain Slope = _jz_ w

Soil Type - Lohesive

Soil Condition = f"ro;em

T —

* vaul ting/Penetration
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SEVERITY-INDEX ADJUSTMENT FACTORS

2500 ibs.
UrEeans

Post Spacing s _Jé_ ft, =5 _ in.

Automobile Weight

n

Guardrail Type

Rail Height = BT _ i

Block=-0Out = _JYes

Rub-Rail = Mo
Terrain Slope s g 1
Soil Type = @/?fwe
Soil Condition = J7ozZer?

Impact Angle (deg)

| 5 ¢ w0 | 15 | 20 | 25 |
801 )7 V45 Y J22 | L3 | )2p |
501 500 |z | 134 | 44 | psz |
0t s | )3/ | aew | jps t soo*l
3 2z |4k S 67 ) S.00% so0%
B0l yop 1457 | mra¥l mec* ) spp%

Vaulting/Penetration

-



SEVERITY-INDEX ADJUSTMENT FACTORS

Automobile Weight = _Z500  1bs.
Guardrail Type = ﬂﬁﬁéﬁnﬂ
Post Spacing = L ft = _ in,
Rail Height = E7 ins
Block-0Out = _Jes
Rub-Rail = _Yes
Terrain Slope = & 1
Soil Ty;e z ﬁ:/ﬂf’.s/‘i/f
Soil Condition = froz2er
Impact Angle (deg)
| 5 | 10 i 15 i 20 | 25 |

-------------------------------------------------
-------------------------------------------------
_________________________________________________
—————————————————————————————————————————————————
-------------------------------------------------

S

* Vaulting/Penetration
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SEVERITY-INDEX ADJUSTMENT FACTORS

Lutomobile Weight = (2£2f2 1lbs.
Guardrazil Type = W-Beam
Post Spacing ~ _jé_ 2 _jz_ in.
Rail Height = _Z_L in,
Block=0Out = _fés
Rub-Rail = Mo
Terrain Slope :‘Jil_ T
Soil Type = ()OAESHI/ﬁ
Soil Condition = 4f;?g;cr7

Impact Angle (deg)

* vaulti ng/Penetration

*
Snegging



SEVERITY-INDEX ADJUSTMENT EACTORS
Automobile Weight = _/ 70D _ 1bs.
Guardrail Type = ﬂtﬁ%ﬁp¢7
Post Spacing = _¢ ft. _32  in.
Rail Height = 27 in.
Block-0Out = }éé___
Rub-Rail E yee

Terrain Slope = _ji_ ¥

1] 11]
&
-

\ £
LA
S
pis
1ty

Soil Type

Soil Condition

Impact Angle (deg)

-------------------------------------------------
—————————————————————————————————————————————————

_________________________________________________
—————————————————————————————————————————————————
—————————————————————————————————————————————————

—— S e e S

N Vaulting/Penetration
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SEVERITY-INDEX ADJUSTMENT FACTORS
Automobile Weight = 4;5227 lbs.
Guardrail Type = Kj'k'/g'," il
Post Spacing = L fte <Z_ 1in.
Rzil Height = Z4 in.
Block=-0Out = _ZL
Rub-Rail = Mo
Terrafn Slope z 8 &1
Soil Type = ng%f'xve
Soil Condition = 2Zew

Impact Angle (deg)

—— T —— ——————————————————————

ol pze b opEs ) pgd i 4G | hED |

S0 gEE L AAEE N pgl | SaeTl Sgp¥t

01 )20 V j59 | Spp* Sp*l 5p0 %}

B0l s | Age | cortd maanl @l
¥

Vaulting/Penetration
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SEVERITY-INDEX ADJUSTMENT FACTORS

Automobile Weight Z£00  1bs.

Guardrail Type = pWbears
Post Spacing = _jé_ £, _ji_ 318 W
Rail Height = 24 in.
Block=-0ut = _Yes
Rub-Rail = Mo

Terrain Slope = _5 1

Soil Type - Oobesive

Soil Condition = _vozew

Impact Angle (deg)

Vaulting/Penetration
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SEVERITY-INDEX ADJUSTMENT FACTORS

Automobile Weight = _/ 700 1bs.

Guardrail Type - YLBpans

Post Spacing = & £t. ,'é in.

Rail Height 5 2

Block-0ut = Jes

Rub-Rail = Ne
Terrain Slope = 8% 1
Soil Type = (oh25/€
Soil Condition = /c}a;em

Impact Angle (deg)

. Vaulting/Penetration
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APPENDTIX

J. DISCUSSIONS OF SWRI AND TTI
COST-EFFECTIVENESS COMPUTER PROGRAMS
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EVALUATION
of
SwRI COST-EFFECTIVENESS PROGRAM

The design and selection procedures in NCHRP 118 (21) 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 ambigquous. 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. SwRI then as-
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 SwWRI 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.
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The SwRI model handles both "real" fixed obstacles (i.e., bridge piers)
and "fictitious" fixed obstacles (i.e., éﬁbankments) in the same manner in
defining the injury seﬁerities 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—.
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 (12) 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 SwWRI 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 Emori (23)

could have been used. The Emori model takes into consideration impact speed
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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 (3) 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, fill 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 (6,7).

EVALUATION
of
TTI COST-EFFECTIVENESS PROGRAM

In the cost-effectiveness program developed by the TTI (13), 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 O to 10. A rating of 0 indicated negligible
injury to vehicle occupants, whereas, a rating of 10 indicated a probable

fatality.

The TTI procedure of determing severities is unquestionably much more sound
than the procedure used by SwRI (10). However, it is our opinion that using

computer models such as BARRIER VII (6,7) and HVOSM (24,3) will produce more
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realistic estimates of impact severities. The cost-effectiveness program
developed by UNL and NDR (20) was a refinement of the TTI program by using

computer models to determine impact severities.



APPENDTIX

K. FLOW CHARTS OF COMPUTER PROGRAM



GRAIL

( 1//4)

X! =H7(Z)

XZ =H33(Z)
X3 = H34(T)

X4 =HZ5(T)
X5 =H36(T)
A6 =H37(Z)
X7 =Hzz (1)
X8 =HZ3(Z)

f

X= HE(T)
Xz =LZ/(1,7)
XS - CZZ(IJJ)
X4 =023(T,7)
X5 =(24(1,T )
Xe =C25(1,T)
X7 =037(2,7)
X8 =(38(1.7)

209



210

GRAIL (z/i¢)

4 Sozsrd | Envetopes
l1=/11+4

Upsrream \ Flare Lengy+)

X = X5%(x2-x3)

Loferal | Offse? Disrar-=s Upstrza m

YLAT(2)= X3 (1Y 60)% xt)/X5
YIAT(3)= X7 + ((20/6.0) % X/ X5
YIAT(4) = X3 7 ((50/6.0) % X1/). X5~

7 Hiz \Epyeles.

L1=L1#3

P-’----L‘ﬁ_‘:,f":: i /—-7...‘:"5' .{.’:?I) "f:é

XD = X& %[ X4~ X3)
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GRAIL . (3/74)

LaFrel OFfsel VLsfurces [ownstream

YLAT(5) = X3 -r‘-[(/!o/c:.a,);v)(p]//\’é

YIATCe) = XF+((2o/c.0)x x0)/X¢
YLAT(7) = X3 +((50/6.0)%x X2/ XL

Tortal z‘fﬁjﬁffr arnd 7&:{.;_-,4{ G.E. Leryihs

XL=(ABS(X8-X7) % 5280.O




G%D - GKRAIL

OR.
(i _::J‘;,- £, !:'1

Lall

212

CALL
GRZAPT

GRAILZ

| CALL

GFRAILS

CALL

| CALL
GRAIL &

Futvre 6R

6‘-/641':1 7

=4
Desicrs |
ke




2200 tp. Cor

_'/)7

213

ﬁs*) CRAIL (5/12)
GR | Severiies

GFRAIL 2
GRAL 5
&GRA/L &

SISIWY8E)
STs2(W Y 8)

Szs3( WV 8)
STELU(W Y E)
STEZUW . E)
STESL (W &)
SzE1D(W V. 8)
SZEZD(W.V,8)
SZE30(WV, 8)

Side | Impacts
THIT =
I, i 4

Side £/ #L

Sate Impict (97)

v v (weEF
v v (fozen)
U es Fr=rin Evcl Tmpucf (o)
s -/ v ( wer)
' v v (frozen)
Jownsieam « (ary)
/ v v (wet )
v v “ i :’-25 5*’”)

Lensth of Flomren T

Ll=1

/%._,,, __S;aév Tt

zP=1

= ZLoNG = XT

|

TAy70 =t
TA =
TNvIR =2

{ /O
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GKA/L * EAE)

__S_/g}g =

SZ(UBE)=S5Z52(ZA,W8)
ENVVIRO = FNVIR(L)

End Tmegucls

| SIDE(v.6)=0.0
EMVIRD = EMVILZ)

SZY9)=SIE A Y 5)

SI/V6)-SZE10(7A, 1.8

I

Svole TmPoc 7‘

ST(UB)-SISAZAV.S) |
ENVIED =ENVIR(Z )

V/"" {

TNV .E, 2
_AND.
HIT.20. {

B

Find Tmpact

SIDE(UE)= 0.0
ENMVIRO=EMVIR(Z)

¢

SZ(%6)=5=z20401v,8))

I

SZV3)-sze20(71,10,8)
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&RAIL (7/74)

Side Trmpact

SZV6)=STS3(2A, U 6)
EMVIFO =W S)

[

SIPE(4B)=00
EVVIRO =£npii?(3)

SZ(Y8)=5730(74,V 6)

f

12 y= } ST 6)-STESUEIAV, &) j
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GRAIL (8/74)

DIATL = XZ
EVDIYE)=F(Y6)

LLATL= Ylar(i) | ‘
SIPE(V.E)=FI(V,8)

_.Z’A/471=)<’Z+X4i | ¥
END(VE)=Fie) |

DraT? = YLAT (L) # X1
SID=(Y8)=Lz (V&)

[ |

—— —

CALL
COMPUTE
XX

HI =AX
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GRAL [(9)/4)

Aecoa. [ Costs

LALL
EO05 78

TAC(YB)

DIATL = XZ
END(V.E)=TACIL &)

DIATL = YLAT(LL) '
SIDECYE)=THAC(V,6)

M | DIATL = X7+ X4 1

END(V.8)=TACILE)

THET.20. 1

DLATL = YLAT(22) + X1
SIDE(V,8)= JAC{ V&)

CALL

XX
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DL =DloNG =— :)
GRAIL [ 10/74)

/i"g'ﬁd?/r' r(%:?ﬂ‘

CALL COST#
Felv.e)

DIATL =XZ
END(V8)-R2 V&)

DLATL = YIATCLL)
S/IDE(V,8)= RC(V,8)

Mo | LDLATL = X1+ X4 1
END(V;,8)=rC (V,8)

DLATL = YLATCLL) # XL
SIDE(UB) =R (V,6)

/

CALL
COMPLITE - OM =XX }

XX
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GRALL (11/74)

JAUTD = AUTO(L)

A0 .BR.2 JAUTO = ALTRZ) =

TAUD = AUT0(3)

HIT = HT X FAUTO % ENVIRD
AC = AC x TAUTD ¥ EMVIKQ
CM = O TALTOX ENMVIRO




GKA/IL (12/)4)

HI1(Z)=HZ{(z)+HI
AC{(z) = AcL (z)+ AL —
CM1(T) = CMU(T) + M

HIZ(1.T) = HI2(Z,3) #HT

AC2(Cz,T)=ACZ2(T.T)+* AC
CM2(T,T)= CMz(z.T) + CM

IVVIR = ZWMVIR+

220
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& ,
GRAI. (73/14)
TAUTD = TALTD+ 2L
IAUTO EQ. 5 /% ENVIR = I
Yec
;'ﬁd & AWQ' A/
Z0IR.Fo. 4 2 .29, 25| 2044
ﬁs Yes
Mo £ fermeait
. No
_L“Z"-"f : 12 B8, 14 —
fes
Eﬂo( fmf?nc.‘!‘
= o
!t ZHIT=5 | TH.80. Z TH=TH +1
Yes
CHLL
CRF

_UESA’:"«'M Flare ,.i:-a;,f'-,i,
DLONE = Xil /2.0

Dewnstream \ Flore Z.:-«’n‘?‘ﬁ?

‘ DloVs = XD/3.0
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GRANL. (14//%:)

HIALT) = HTA(T) + HZ2(Z, 7)
ACA(T)= ACALT) +ACZ(Z )
HC = CL4(T,7) % CRF -C14.(T:T )+ I5(T.T)
THCIMPL ) = THOZMP () #+ HC+M2(Z T)

HIB=HIB +HZ1(T)
ACB =ACB+ACL(T)

CMB=CMB~+ CML(Z)
THCHAZ = CM B

( ZETURN )



( 5747 )

MAIN 3 (1/3)
CALL

(. CALL | | care
o CRF ORZ
ENFR

Z
SLOFPE HAZARD (

ONLY SLEBROUTINE )

Hazord

TFLAG =1
Z =41

LALL
SLOFEL

§/ SLOFE ZMPROVEMENT

ALTERVATIVES

T ger.

ZFLAG=Z

CALL ( : )
NMOIMFPR
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MAIN3

ERRORZ(ZT)

=10

ERRORL LT, T)
s 17

LRl (Z,T)

=1z

ERRIRL(Z,T)
=73

ﬂ*

o* % 2

224
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MAIM3 (3/3)

T =T+1

RETURN



SrEgEL (//6)

START
THET =
WEND = 0.0
FOTE = A

TGO = 2
ADT4 £
ADTZ 7

LLoNG =(ABSCHZ3(T)

HZAT))) % 5250.0

'

SZSL Y E)

CALL
siofe (%)

STV, 8) = STSL(V,8)

226
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SLOFES (z/%)

Sz Rt OffscF

DLAT = H34 (Z)

DIAT =(H32(T)% H73(z)) + H31(T)

L
: for side | Zowbhic
DIAT =BLAT +H7E=)

)

DLATZ = DLAT

1

CRLL
PR0B3

Priv.8)

SIDE(V,B)=PL(V,8) \

|

CALL
COM PUTE

X X

MHazird V| Znce e

BE =L [ : )
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SLOFE 1 (3/%

CALL
EOS TS

JAC(v;8)

SIDE (V6)= TAC v 8)

CALL
(OMPUT=
XX

ch-:’ l:‘/'f [Jas f;
AC = XX

(2
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SLOPEL  (#e)

TALTO =AUTOC L)

jrqi«'ff_cj =A o (_’{’) .

TaAuTd =AuDl3)

i

HIT = HT x TALTO ¥ ENMVIRC
AC = AC x THLTO ¥ ENVIKC

ML (T) = HI4{Z) + HL
ACZ (Z) = ACL(T) + AC




TINVIR =_JwviR+ 1

SLOFEA (/)
CALL SIZIV8)=STSLV.8)%SLAnTL (V)

SLADT EAVIRD s EMVIELZ)
BLL ST 3)=SIsLY 2)0545T 8 (W)
SLADT EWiwn= BVVIR(5)

TVViE =1
LEWVIFE = EMIREL)
STCUE)= ST~_(YE)
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SUOPES F &)

@)

TALTO =TAUTO #1

ZALTD ,E’%M LT =2
TV = 4
EMNVIRD = FENVR(L)

o,

HIB = AHZ8B + HZ71(ZT)
ACB = ACE + AcZ /1)
THOHAZ = CMB

( BETUN )
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SLOPEZ C1/6)

1

THIT =2
WEND = 0.0
TR <
ZAUTD = 1
Zwve = 7
EMVIRD = aMViRn(L)

Y

DLONE = ABS(CE7(Z.T )-C36(2.7)% 52800

|

CALL
SLOPE —@

SISL(Y8)

ST(VB) =555t (V3)




SLOFEZ

/7/,f
—

Hinge Bort OFfse ¥

DLAT=(28(z,7)

DLAT = (C2( TDXC0(Z )Y C28(7,T)

S Side | Teaifrc

DLATZ

= DLAT

[ DIAT=DLAT +H 7(=)

|

|

LALL
FPROB3

Zr(v8)

SIEMVE)-FINE) |

LCALL
(OM FPUTE

XX

Hazar=( j Zrdex

HI =XX

@
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SLOPEZ (34

CALL
([VST7T3
TAC (V8)

SIDE(V,8)=TAC(V8)

CALL
COMPUTE
XX




TAUTD = AU7( 1)

TJAUTO) =ALTo(2)

JAUTD = AUTO(Z)

/

HT = HI »x TJAUTO » ENV/IKO
AC = AC » JAUTI # ENVIRO

!

HIZ(T,T) = HTZ(Z.7) + HL
AezrT. 7)) = gezizd) + AL




SO

TIMVIR = TNVIR + 1

(5/6)

CALL
SLADTL

ST UE)= sTscv)ksianrtiys .
ENVIRD ~ EMVIKCZ)

CALL
SLADTZ

ST(V3)= STSLV, GXRSLATTL (V. !
ENVIFD=EMVIZ (3)

ot

.'_LI./].E'G._.{

-;);5/0‘353/' + 7}'.5 /-f!...

O
2c7). Fo. Z

— AT =TDiF+1

ZVVie = 1
EW.%) = EVliE(d)
SLtNGl= s5:.008)
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SLOPEZ ( &/e)

THUTO = ZAUTD + L

/l/a TOTE = _{
_Z-JVV//E': = _{
EMVIKRE = ENURCL)

s

CRF

CALL 1

I

M =1 (7,7 CRE ~(14G,T) +(15(T.7)

S THCIMP(T) = THCIMALT) + H#C

I

HZA(T) = HTACT)+ HIZ Gz )
AeA T = BCALT) » HEZCZ .3

i

( Ze702N )



APPENDTIX

L. COMPUTER PROGRAM SOURCE LISTING



CEARLEREFEFERREERA S LRI R REFIRFFRERAERACEEERE X R RER R SR AR R SRR R EX R RN R Ak x >
CRERLLRERRSREENRRLEEXTXXRR R RN RENREEE N KRR ERXRE XKL R NEREER R KX FEERR TR R IR L)

C* GUARDRAIL UTILIZATION: A COST-EFFECTIVEMNESS
C# CCMPUTER PRUGRAM TO ANALYZIE

Cs CABLE AND w=BEAM GUARDRAIL FOR USE ON FILL SLOPES
C*

fat

Cs* NEBRASKA DEPARTMENT OF ROADS

Cc= AND

Cc* UNIVERSITY OF NEBRASKA - LINCOLN

C*

c* HPER T9=4 (AUGUST 1982)

CES*RLEXX XL P L LR XX IR XX R AR RE R LSS EER ERX RS RS ETER RIS RERENFEL S LTSS xR 0 R ]
CEXEFEXRRARRAFIREREEREXFETEXEE R REEREREF AR ENRSL XA XN EE R AR B ET LA EEEEEXET XA TR KW ¥ 0
C

L5
C MAIN PROGRAM

C
C R ERER R AR NR AR SRR R R R R B R KRR R R AR AR R R R AR R E B R R R
C
C
[
DIMENSION PDG(&) e« TAC(D) e FAlD)e YLATIT)
L=
C
COMMON/DATALY H1(0)s H2(6)s H3(6)s AHa(B)s AS(6)e HEIS)s HT(S5).
= rn8(o)e HI(O)s HIO(S)s HLILI(E)s HI2(6)s HI3(6),
* H14(6) s HIS(6)s H1O(B)s H1T7(6)s H18(6)e H1I(S)
* H20(6) s H21(6) s H22(6)s H23(6) s H30(B)s H3L1(B).
= H32(6)e H33(0)y H34(B)s M3S5(6) s H3I6(B)s H3IT(0)»
= H38(6)+ HIF(E) s H40(6)s HAaLl(6) s HA2(B)s HA3(B) .,
B H84(6)y HAS(6)s Ma0(S)s HET(6)s HAB(6) s H4F(0) s
- HS0(6) s H51(6)
C
c
COMMON/DATA2/ Cl(6+4), C2(6esa)s C3(6+4)s Cal6e4a)s C5(648)s
* Cli(6s4a)s Cl2(648)s Cl3(644)y Cla(644)y C1S5(6+4)s
* Clo(bsa)s Cl70648), ClBI(Eea)y ClI(HBs4)y C20(6:4)s
* C21(6e4)s C22(644 )y C23(0sad)ly C2a(0sa)s C25(Hs4)s
* C26(6s4)s C2T(0D48) s C28(6s2) s C29(Be3)e CI30(5ea)s
* C31(Bsa)le C32(608)e CI33(0De4)s C3a(0s4)s CIS(0sa)s
* C36(6s4)s CIT(Hs8) s CIB(6H24)s CI9(H6:4)y Co0LE.a),
* Cal(bsa)e Ca2(648)e CSO0(Bea)s CS1(B.G)
COMMON/CRF1/CR
L =
COMMON/DATA3/ G100+ G124 Gl3s Glas GISe G164+ GITs GlBw G19s 320
C
c
COMMON/ERRCGR/ ERRORL (5s4)
c
L od
COMMON/HURTY/ Pl(5+5)s S51(5+5)s SISLIS.5)
Cc
COMMON/LLATOF/ UFSET(S5S)e DLATs DLONGs DLATI
C
COMMON/ENFRE/ENFR
c
COMMON/SLLY SLADJI(S5.5)
COMMON/GRSI/" SIS1(3s5¢5) s SIS2(3+5+5)e SIS3I(3+s5+5)s SIEIU(3+5:5).
* SIE2U(3+5+5)s SLIE3U(34545)s SIEID(3+45+5) s SIE2D(3454+45)
B b SIE3D(3+5¢5)s SI10345e5)s SI2(3e5¢S)e SI13(3+45+5)
c
COMMON/GRCST/ Gle G2+ G3s GP+ G4lwe GaA2w, G415, GAZ2S, MBl.MB2,
* MB3, M39, MB4w, “B45Ss GRE1,GRE2s GRE3s, GRE4s GRES.
= GET1e GET2s MBET1ls MBETZ2
COMMUN/COMP/ SIDE(S5+5)es END(Se5) s IHITy XX
COMMON/MAINC/ HIBws HIse HIA(G)y MHIL(B) s HIZ2(6+4) s CMBy CMy CMA(S),
* CM1(B)e CM2(56544)s ACH. ACy ACA(Aa)s ACL(6B).
* AC2(6e4), IZERO(4)s THCHAZWTHCIMP(4)
c
c

COMMON/IDENT/ 1w Js IHAZs [ALTs IFLAGe NTITLEs IDIRe IDs LL

239



240

c
COAMON/NCONT/ WCOUNT o IPAGEY LINESe NOES(100) s NSPO(1090).
Ed NADT(1U0)e NAWY(100)
C
COMMONZAUTLY/ AUTO(3)s1As TAUTO
c
< COMMON/ENVR/ ENVIR(3)s INVIR
COMMON/TACL1/ TAC(5+5)
[«
COMMON/ZRESLT/CE(4)s BC(4)s ICE(4)s NOTCE(4)s ICUST(4)s IGR
C
COMMUN/ IMPRUB/ [MP(5,.+5)
(=
e COMMON/CST4/ RC(Se5) #DL
REAL Mdls MH2, MB3, M39Ys M33w, MB4S, MBET1l, MHET2
c
REAL LIFE, INTs JAUTOs IMP
REAL I1AC
c
C
INTESER ERRURI1
INTEGER Hle H2s H3s H4y, Hl3, Hl6¢ H1I 7, H1B8, H19,s H20s H21l.
= H30,2 r42s H43s HG4,s H4Sy H4os H4T7s HaE8y H49, HS0s HS1
C
INTEGER Cle C2s Cl6s C1l7s C18s C19s C30s C31 C§2I C33, C34,
* C35y (36, C39, C40s Cal1, C42, C50, C34 C4, C51
c
c
[«
Cc INITIALIZE PRIGRAM CONTROL COUNTERS
[=
LINES = 0
IPAGE = 0
NTITLE= 0
NCOUNT= 0
NSTART= 0
c
C STATEMENT NO« 1000sesesess «sLUUTER COUNTROL LOGP BY HAZARD SRUUPING
c
c
1000 CUNTINUE
c
C INITIAL PROGRAM SROUP VARIABLES
c
HIS = 0.0
CM3 = Jaed
ACE = Ve
c
UO 100 M=1.4
CE(M) = 0.0
BCI{M) = 0.0
HIA(H4) = 0.0
ACA(M) = 0.0
THCIMP(M) = 0.0
ICE(4) =0
ICOST(M) = 0
NOTCE(M) = 0O
100 CUNTINUE
c
DO 101 L=1.6
HI1(L) = 0.0
ACLl(L) = 0.0
z CM1I(L) = D0
DC 101 M=1.,4
HIZ2Z(LsM) = 0.0
AC2(Ls+M) = 0.0
CM2(LsM) = 0.0

ERRURL (L o
101 CONTINUE

=

)



0o N non N

n

[ala i e BN alalatalaala el s N alnlaalals!

on

nO NN N0 op on

n

CALL RESULT
SUBROUTINE CUTPUT eees«wRITES QUTPUT DATA BY GROU2
CALL OUTPUT
IF{IGR«EQs2) GG TO 1010
GO TO 1000

1010 CONTINUE

STOP
END

EXXBXFEIXAABREXRREXE AR FXRF XL XXX FIEEXXEERELIFFX RSB ETT N IXKE R ERESW R K TRAE
=
SUBROUTINE GINFO

=

et bR B E LR R R S e R et e e e e
®

* SUBROUTINE READS GENERAL INFORMATION ON SOCIETIAL CJISTSy ECONOMI
: FACTORSy AUTOMOBILE SPLITSs AND ENVIROMENTAL CONDITIONS.

FAXFEZXXZEXEXXR L IR IR ASIEIREIXAERZR XS R RS FE L AR FEXT AR AERARRAELE N KL T AR A S TR
LR L P L P PR E R EEE P R S R EE L LR EE R R E R P o R R RS S RE R E R RS PR PSS E L B

DIMENSION PDO(B)s IAC(6)s FA(B)s YLAT(T)
DIMENSION X{40)

COMMON/DATALY H1(6)e H2{6)» H3(6)s Ha(E) sy HS5(E)» HE(D)s HT7(5),
= HB8(6)y HI{6)s HIO(6)s H11l(6)s H12(6)s H13(6),

* H14(6), H1S5(6)s HLI6(E)s HL7(6)s H18(5)s HLI(E),
= H20(6)y H21(6) s H22(6) s H23(6)s H30(B5)s H3L1(6)

* H32(&8) s H33(6), H3a(6)s H3IS(6) s H3B(6)s H3IT(B),

= H38(6), H39(6)s Ha40(6)s HaLl(6)s HAZ2(6)s HA3(B),

* Ha44(6)+s HaS5(6) s HAE6(B) s HATI(BE)» HaB8I(6), HaIF(5) .,

] HS50(8)s HS51(6)

COMMON/DATAZY Cl(6s4)s C2(6+4)s C3(5+4)s Ca(6+4)s CS(6s+a)s

= Cli(6ea)s Cl2(6+8) e Cl3(644)s Clal(bea)e ClS5(Bsa).
* Clo(6s4)s Cl7(6s8) s ClB(644)s ClI(6+a)s C20(504),
* C21(6+48)s C22(6s84)y C23(6+4)y C24(6+4)s C25(B6:48),
= C26(6ed)y C27(6:8) s C28(644)s C29(62a)y C30(6s4),
* C31(6ea)y C32(HBea) sy CII(644) s C34(6sa)y C35(B59a)
* CI6(6+4)y C3T(6ea) s C38(644)e C39(692)y C20(6s4),
» Cal(Bed)s Ca2(644)+C50(644)y C5116448)

COMMON/DATASY G100, Gl2, G113, G144, G1S, G166, G117, G18, 519, G20

COMMON/ERROR/ ERROR1(6+4)

COMMON/HURT/ PI(S5e¢5)s SI(S5sS5S)s SISL(S.5)
COMMON/LATOF/ OFSET(S5)s DLAT, DLONG. DLATI

COMMON/ENF RE /ENFR

COMMON/GRSI/ SIS1(3+5+5)s SIS2(3+5+5)s SIS3(3+45+5)s SIE1IU(3+45+5),
= SIE2U(3+5+S)s SIE3U(3+5+5)s SIELD(3eS+¢S)y SIE2D(3+5+5)»
* SIE30(3+54+35)s SI1(3+5e5)s SI2(3+5+5)s SI3(34+45+5)
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CQNHQNfGRCST/ Gls G299 G3w G99 GALlWs GA42Ws GA1Se GA2Se MBlyMB2s
MB3. MB9s MBaWe MB4Ss GRE1+GRE2s GRE3s GREA&s GRES,

. GETls GET2s MBET1. MBET2
COMMON/COMP/ SIDE(S+S)e END(S5+5)s IHIT, XX
COMMON/MAINCY HIBs HI. HIA(A4)s HI1(6), HIZIG.‘,O CMB. CM, CMA(4).,

* CM1(6)s CM2(6+4)s ACB, ACs ACA(4) s ACL(B),

* AC2(6,4)s 1ZERO(S) s THCH*Z'THCI"P("
COMMON/IDENT/1s Js IHAZ, IALTs IFLAGs NTITLEs IDIR. IDs, LL
cﬂ“nﬂ“/“cﬂﬂr/ NCOUNT » IPAGEs LINESs NDES(100)s NSPD(100),

NADT(100)s NHWY(100)
COMMON/AUTL, AUTO(3)«1A. IAUTO
COMMON/ENVR/ ENVIR(3), INVIR
COMMON/TACL1/ TAC(545)
COMMON/RESLT/CE(4)s BC(4)s ICE(4)s NOTCE(4)s ICOST(4)s IGR
COMMON/ IMPRUBY 1 MP(5.5)
COMMON/CSTA/ RCI(S5+:5) +DL
REAL MBls Mb2. MBE3, MBYs Mdd4ws MB4S, MBETLl, MB8ET2
REAL LIFEs INTs JAUTOs IMP
REAL [AC
INTEGER ErRRAR1
INTEGER Hls H2s H3s H4, H14,s HAl6s H174s H13s H19s H20, H21,

L H30, H42, H43, H44, H45, HAGEs H4T7, H4&s H&Gs HS0, H51
INTEGER Cls C2s Cloe CLl7s C18s C19s C30s C31le C32s C33y C34,
£ C35, C36s C39s CaUy Cal, Ca2, C30

INITIALIZE VARIABLES
Gl0 = 0.0
Gl2 = 040
Gl3 = 0.0
Gla = 0.0
G155 = 0.0
alé = 0.0
G17 = 0.0
Gl8 = 0.0
Gl19 = 0.0
G20 = 0.0
READ(S5+S00)(X(L)+s L=1,40)
GlD = XxX(1)
Gl2 = X(3)
Gl3 = 10.%X(5) + X(6)
Gla = 10.%#X(8) + X(9)
GlS = 10e*X(11) + X(12)
Glé = 10.%X(14) + X(15)
Gl7 = 10%X(17) + X(18) + 0+1#X(19) + 0.01%X(20) + 0.001%x(21)
Gl8 = 1000000.%X(23) + 100000.%X(24) + 10000.%X(25) + 1000.%X(26)

* + 100.%X{(27) + 10.#X(28) + XxX(29)

Gl19 = 10000«*X(31) + 1000.*%X(32) + 100.%2X(33) + 10.%#X(34)+X(35)



nn (ol s S alalatatalatalalalnBa alal 0 nhoan

nn N 00 NN NN

nn

G20 = 1000+#X(37) + 10U*X(38) + 10.#X(39) + X(40)

¥ % ¥ & % 3 X ¥ ¥ F ¥ FORMAT STATEMENT ® & 3 % & & ® ¥ & % 3 ¥ 3 % ¥
S00 FORMAT(40FL.0)

RETURN
END

FEF IR R ERTERRZEE EXF EREXARFEEXEB IR EERFIIAA RIS SRS S IR EESE XS A FE KR S mn N

SUBROUTINE GRCOST
BEFRREREERAXRIEESSESEXRXIFE SR B FEE R REXARAXASA TR FIXEF A XEREE B SR HEE SR ERES
E SUBROUTINE READS GUARDRAIL COLLISION REPAIR COSTS

LR R L L E L EE R B SRR E R P e F R R R L R R E T R R L L R L R i LR R L LRl L bl
EE T PR LY P L PN E R L E R R R L EE R R EE R R R R R R P R L E LR E R R bl

DIMENSION PDOL(6&)s IAC(6)s FALB)s YLATI(T)
DIMENSION X{(B80)

COMMON/DATALY HL1(6)s H2(6)s H3(6)s Ha(B) s HS(6) s HE(G)s HT(5),
= HB(6)s HI{6)s HIO(E)s HI1(6E)s H12(6)s HL13 |

= H14(6), H1IS(6), HLE(B)s HITI(B)s H1B(6)s H1I9(B)
= H20(6) s H21(6)y H22(6)s H23(6)s H30(6)s H31(5)»
- H32(6) s H33(6),y A34(6)y HIS(H6) s H3E(B), HITI(B)»
. H38(6)s H39(0)s HA0(H)s HALL(B)s HA2(6)s HA3(B)»
- Ha4(6)+ HAS(6)s HAG(6)s HAT(B)s HAB(6)s HAT(B)

. HS0(6)+ HS51(6)

COMMON/DATAZ2, Cl(5+8)y C2(6ea8)s C3(644)s Co(6+8)s CS(5+4)»
. Cli(6e4)y Cl2(6ea)s Cl3(6sa)y Cla(6s4)sy ClS(Bed)s
. Cl6(6ea)s Cl7(6+s8)s Cl8(6+4)s Cl9(6ed)s C20(6va),
- C21(6va)y C22(6e4a)s C23(648)s C24(6+4)y C25(8B44),
. C26(Bed)e C27T(648) s C28B(Bsa)s C29(0ed)s C30(Es4)
* C31(6s48)s C32(6s8) s C33(6+4)y C3a(644), C35(6s4)»
* C36(6s4)y C37(6sa)y CI8(694)s C39(65:4), Ca0(B6s4),
* Ca1(6sa)s Ca2(64a) s C50(694)s CS51(644)

COMMON/DATA3/ Gl10s G112y Gl3, Gl4a, G1S, Gl6s G17, G118, G199y G20
COMMON/ERROR/ ERROR1(6+4)

COMMON/HURT/ PI(S5:s5)s SI(5+5)s SISLIS.5)

COMMON/LATOF/ OFSET(S)s OLAT, DLONGs DLATI1

COMMON/ENFRE/ENFR

COMMON/GRSI/ SIS1(3e5e5) s SIS2(3+545) (3.545) IE 3+5:5)

SIS3 SIE1IU(
SIE2U(3¢S+5)s SIE3U(3+45+5)sy SIEL1D(3+5+5S)s SIE2D(3+5+5),
SIESD(Se5¢5)s SI1(3+5e5)s SI2(3+5¢5)s SI3(3+5+5)

*n

COMMON/GRCST/ Gls G2+ G3, G9+ GAlWs GA2W. GA1S, G42S, MB1l.MB2,
* 3. MB9s MBaw, MBaS: GRELl.GRE2+ GRE3,2 GRE4s GRES.,
E GETls GET2+ MBET1+ MBETZ2

COMMON/COMP/ SIDE(Ss+S)e END(SeS)s IHITs XX
’CJMHDNIHﬁINC/ HISs HI, HIA(A), HIL(6)y HI2(644)y CMB, CM, CMA(4]),

CM1(6)s CM2(644)s ACBs, ACy ACA(&) . ACL(B).
. 2 AC2(6s4)s IZERUL4) s THCHAZ,THCIMP(3)
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COMMCN/IOENT/ZLIs Js IHAZs 1ALTs 1IFLAGe NTITLces [0UIRe IDs LL

CCMMON/NCINT/Z NCUUNTs1PAGEs LINES. NNES(1J30)s NSPO(100)
* MAOT(LUL)s NAwY(100)

COMMUN/AUTLY AJTU(3)+1As IAUTG

COMMON/ENVR/Z =NVIR(3)s INVIR

COMMCN/TACL/ TALC(S5+5)

COMMON/RESLT/CZ(4)s BC(4 ),y 1Ce(4)y NOTCE(4)s ICOST(4),y IGR
COMMUN/IMPRGBY/ IMP(3545)

COMMON/CST4/ RC(5:5)s0L

REAL MBl, Mb2, M33, MBI, MI4wW, MD4Ss MHBET1s M3ZT2
REAL LIFEs INT, JAUTO, IMP

REAL [AC

INTEGER ERRORI1

INTEGER Hls HZs H3s H4ys Hl8, Hl&6s H1T74s HlBs H19s H20s H21,
* H30: rH42, H43y HA4s HAS,: HA6 s H4T s rHaBs H4Is HSI s HS1

INTEGER Cl, C2s C16y C17,+ ClBs €198 C30s C31s €32, C33, C34,
= C3Ss C36s L399 C40s Culs C42, CS0, C3. C4, Cs1

INITIALIZE VARIABLES

Gl = 0.0
G2 = 0.0
G3 = 0.0
G9 = 0.0
M81 = 0.0
MBZ = 0.0
M83 = 0.0
MB9 = 0.0
Galw = 0.0
G42W = 0.0
G4alS = 0.0
G42s = 0.0
MBaw = 0.0
MB4S = 0.0
GRE1 = 0.0
GRE2 = 0.0
GRE3 = 0.0
GRE4 = 0.0 »
GRES = 0.0
GET1l = 0.0
GET3 = 0.0
MBET1 = 0.0
MBET2 = 0.0

READ(S+500)(X(L)s L=1+7%)

Gl = 10e%X(1) + X{(2) + 0e1%X(3) + 0.01%X(4)

G2 = 10.%X(6) + X(T7) + Qel®X{8) + 0.012X(9)

G3 = 10+#X(11) + X(12) + 0.1*X(13) + 0.01%X(14)
G = 10«#X{16) + X(17) #+ Q0e1%X(18) + 0.01*X(19)
Galw= 10.3X{(21) + X(22) + 0.1%X(23) + 0.01%xX(23)
G42wW= 10.#X(26) + X(27) + Oel=X(28) + 0.01%X(29)
GA41S= 10«%X(31) + X{(32) + 01%X(33) + 0.01%x(33)
G42S= 10.%#X{(36) + X(37) + 0.1%X(38) + 0.01%X(39)
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MBl = 10e®X(4al) + X(42) # 0.1%X(83) + 0.01%X(44)

MB2 = 10.%X(40) + X(47) + 0.18X(48) + 0.01%X(43)

M33 = 10.%X{51) + X(52) + 0.1®X(53) + 0.01%X(54)

MBO = 10.8X(58) + X(S7) + 0.1%X(S8) + 0.01%X(59)

MBaw= 103X(61) + X{(62) + O0.18X(63) + 0.01%X(63)

MBAaS= 10.%X(6G) + X(67) + O«l®X(63) + 0e01%X(62)

READ(S.502)( XI(L)e L=1.57)

GREI = 100+%X(1l) + 10.%X(2) + X(3) + 0.1%X{a) + 0.01%X(5)

GREZ = 1004%X(7) + 10.%X(B) + X(9) + 0.1%#X(10) + 0.01%x(11)
GRE3 = 1004#%X(13) + 10%X{(14) + X(15) + Oel*¥X(16) + 0a01%X(17)
GRE4 = 1004%#X(19) + 10%X(20) + X(21) + 0Oe1%X{(22) + 0.01%X(23)
GRES = 100+%X(25) + 10%X(26) + X(27) + 0.1%X(28) + 0.01%X(29)
GETI = 1000.%X(31) # 100.%#X(32) + 10.%X(33) + X(34) + 0.1%X(35)
- + 0.01%X(36)

GET2 = 1000+%X%(38) + 100+*X(39) + 10*X(4Q) + X(41) + 0Q.1%*X(42)
* #+0.01%X(43)

MBETL= 1000.%X(45) + 100.%X(4568) + 10.%X(4a7) + X(48) + 0OelsxX(a95)
= + D.01=X%X(50)

MBET2= 1000+%X(52) + 100.#X(53) + 10.*X(54) # X(55) + 0.1%x(56)
= * 0.01%X(57)

% ® &% % % ® % 3 ®# & FORMAT STATEMENTS % = = & & % & & &% ¥ = & & = & = =
500 FORMAT(79F1.0)
502 FORMAT(S57TF1.0)

RETURN
END

(AR E L EE R EE R P E L2 RS 22 ROt R R RS R 2Rt R R R S B2 Rt R A R R R R R R At b )
»
SUBROUTINE DATA

SRS B BRE SRS SRS ER IR SNSRI SRS RS E RS EBEBBES EXFEEIEREREREERES
-

. THIS SUBROUTINE STORES DATA FROM THE INVENTORY AND I[MPROVEMEM
= FORMS. THE MAXIMUM NUMBER OF HAZARDS IS 6. THE MAXIMUM NUMBER
- IMPROVEMENTS IS a.

L e e e T e T e e R s e b aRe% EREA BRI
AR IR LAN N FETESFEXX ZR RS XA FEE S SR E XN AR IR RS RS REE R T AR RN RN

DIMENSION PDO(&) s IACI(S) s FA(B) s YLAT(T)
DIMENSION X(78)

COMMONS/DATAL/ H1(6)s H2(8)s H3{6) s HA(E)s HS5(6) s HE(B)y H7(5),
* H8(6)s HI(&)sy MIO0(6)s H11(6)s HIZ2(B)s H13(8),
» H14(8), HI5(8)s HL16(6), H17(6),s HIB(6), HL19(E),
* H20(6) s H21(6) s H22(6)s H23(6) s H30(H6)+ H3IL{E)»

- H32(6)s H33(6)» H34(0)sy H3S(6)s HIE(6)y H3ITLS),

- H38(6)+ H39(6) s HA0(6)y HAL(6)s HAZ2LBE) s HA3(5),

= Ha4(6)sy HAS(B)y HAG(B)s HAT(6)s HEB(6) s HaTIB)

- H50(6) s HS51(6)

COMMONS/DATAZ/ Cl(694)e C2(HBe8)e C3(6H44)e Ca(6H48) s C5(644)s

- Cliloesadls Cl2{6ea)sy Cl3(0eads ClAa(6ea)es ClS(Bead)s
* Cl6(6v94)s Cl70(6e4)s C18(694)y ClI(6ea),y C20(6s4),
* C21(65448)s C22(6s8) s C23(6+4)y C24(64a8) s C2S{Bsa)s
- C26(6+4) ¢ C2TUB44) 4 C2B(6sa)y C29(644) s C30(6ea)s
* C31(6e4)s C3216s4) s C33(Bs4)y C38(644), C3IS5(8e4)y
- C36(6¢4)s CI7(644) s C38(6+4)y C39(6,4), Ca0(6,4),
- Cal(B6ed)s Ca2(64a) s C50(6e4)s C51(64+4)

COMMON/DATASY/ Gl0s Gl12s G13s Gl4s G1Ss Gl6s G174 G188y G19. G20
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COMMON/ERROR/ ERRORL (644)

COMMON/HURT/ PL(SeS)e SI(S+s5)s SISL(S+5)
COMMON/LATUF/ QOFSET(S)s DLAT, OLUONGe DLATI

COMMON/ENFRE/ENFR
COMMUN/GRSI/ SIS1(3¢5e¢S5)s SIS2(3+5¢5)« SIS3(3+5+5S)s SIEIU(345+4S),
SIE2U(3+5¢5)e SIE3U{(345+5)y SIELID(3+5+5)s SIE22(3+5+5)»
SIE30(3¢5+5)s SIL(395¢5)s SI2(3eS+5)s SI3(345+5)

CDHHQN!GRCST/ Gls G2+ G3+ G9s GA41Ws GA42W,s GALISs GA2S, MBL.MS2,
mM83s MB9y MBAaWs MBAaSy GREL+GREZ2+ GRE3y GRE4s GRES.
GETls GET2+ MBET1: MBETZ2

COMMON/COMP/ SIDE(S+S5)s END(S4S)s IHIT, XX

CDHHGN/MAINCJ HIS8e HIe HIA(4)y HIL(6) s HI2(6,4), CMB, CM, CMA(S),
CM1(6)s CM2(os4)y ACBe ACs ACA(4) s ACL(S8).
ACZ2(6+48),y IZERO(4)s THCHAZsTHCIMP (&)

COMMON/IDENT/1s Js 1HAZ:, IALT. IFLAG.s NTITLE. IDIR. IDs LL

CﬂlHﬂN/NCDNT/ NCOUNT s [PAGEs LINES+ NDES(100) 4y NSPO(100).
NADT(100)s NHWY(100)

COMMON/AUTL/ AUTO(3) s1As IAUTO

COMMON/ENVRY ENVIR(3)e INVIR

COMMONSTACLY TAC(S.5)

COMMONSRESLT/CE(4), BCla)s ICE(4), NOTCE(4),s ICOST(a). IGR
COMMON/ IMPROB/ IMP(S5,:5)

COMMON/CST4/ RCIS.5) .0L

REAL MBl. MB2, MB3, ME9s MBAwW., MBaS. MEETl. MBETZ2
REAL LIFEs INT, JAUTQO, [MP

REAL IAC

INTEGER ERROR1

INTEGER Hlsy H2: H3s Has Hlas HlG6, HLI7, H18, H19s H20, H21,
H3Q0s H42: HAJde HA4s MAS: Habs HATs Ha8s Ha9s HSQ: HS1

‘INTBG!R Cle €24 C16, C17, C184 C19+ C30, C31, €32, C33, C3a,.

C3Se 56+ C39s Ca0, C4l, Ca2, CS50y C3s Ca, CS1

INITIALIZE ARRAYS

H7(M)=0.0
HB8{(M)=0.0
H9(M)=0.0
HLO0(M)=0.0
Hl11(M)=0.0
H12(M)=0+0
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H13(M)=0.0
Hi4(Mm)=0
H15(M)=0.0
H16(MI=0
H17(M)=0
H18(M)=0
H19(M)=0Q
H20(M) =0
H21(M)=0
H22(M)=0.0
H23(M)=0.0
H30(M)=0
H31(M)=0.0
H32(M)=0.0
H33(M)=0.0
H34{M)=0.0
H35(M)=0.0
H36(M)=0.0
H37(M)=0.0
H38(M)=0.0
H39(M)=0.0
Hao(M)=0.0
H41(M)=0.0
H&42(M)=0
H43(M)=0
H44(Mm)=0
H4S(M)=0
H40(M)=0
H47(M)=0
H48(M)=0
Ha9(M)=0
HSO(M)=0
HS1(M)=0

o
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MsN)=0.0
C22(MsN)=0.0
C23(M.N)=0.0
C24(MsN)=0.0
C25(M;NI=0.0
C26{(MsN)=0.0
C27(MsN)=0.0
C28(M«eNI=040
C29(MsN)=0.0
C30(MsNI=0
C31(MsN)=0
C32(MeN)=0
C34a(MsNI=0
C35(MsN)=0
C36(M«N)=0
C37(MsN)=0.0
C38(MsN)=0.0
C3S(M«N)=0
Ca0(MsN)=0
Cal(MsNI=0
C42(MsNI=0
CS50(MaNI=0
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CONTINUE

READ DATA FRCM CARDS AND STORE IN CORRECT PUSITIONS. IGR KEEPS TRACK
INDIVIDUAL GRUUPS. ICARD LABELS CARD AS HAZARD OR IMPROVEMENT DATA.

I=0
J=0

CONTINUE
READ(S5+500) (X(L) +L=178) +IGR«ICARD

GO TO(200+205).1CARD

CONT INUE
THIS SECTION FILLS HAZARD ARRAYS
=0+
Hi(I)=x(1)
H2([)=10.%X(2)+X(3)
H3(I)=X(4) v
HA(1)=100.3X(S)+10.2X(6)+X(7)
HS(I1)=10.2X(8)+X(9) d
H6(1)=10000«3X(10)+1000«#X(11)+100a%X(12)+10.3X(13)+X(18)
H7(I)=10.3X(15)+X(16)
HB(1)=10.+X(17)+X(18)
HI(I)=x(19)
H10(I)=X(20)
H11(1)=X(21)
H12([)=10e®X(22)+X(23)
HI3(1)=10.3X(24)+XL25)
Hia(l)=x{(26)
H1S(1)=X(27)
H16(I)=x(28)
H17(I)=10.3X(29)+X(30)
HIB8(I)=10.*X(31)+Xx(32)
HI9(I)=10.2X(33)+X(34)
H20( I )=Xx(35)
H21(1)=10.2X(36)+X(37)
H22(1)=100%3X(38)+10+3X(39)+X(40)+0.1*X(a1)+0.012X({42)+0.001%x(43)
H23(1)=1003X (44 ) +103X(A4S) +X(46)+0a 13 X(47 )+ 0.01%X(48)+0.001%X(a9)
H30(1)=X{50)
HSO(I)=1008X{1)+10.8X(2)+X(3)
HS1(1)=1000%X(48) +1 002X (S)+10.2X(6)+X(7)

IH30=H30( 1)
GO TO(2:3v4)sIH30
HAZARD IDENTIF ICATION

IH30=1 POINT HAZARD

IH30=2 LONGITUD INAL HAZARD
IH30=3 SLOPE HAZARD
CONTINUE

H31(I)=10#X(S1L)+X(52)
H32(1)=10.8X(S3)+X(54)
H33(1)=100%X(S5)+10%X(56) +X(57)

H3a(l)=x(58)
H3S{1)=X{(59)

d=1

GO TO 100

CONT INUE

H31(I)=10.2X(51)
IF(H18(1)«EQebANDHLI(I)«LE.9)GO TO 5

J=1
GO TO 100
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CONTINUE

Ha9(I)=X(53)

H33(1)=10.%X(54)+X(55)
H34([)=10.%X(56)+X(5T)
H35(1)=10.*X{5S8)+X(59)
H36(1)=10.%X(60)+X(61)
H3T(I)=10.%X(62)+X(63)

H38(1)=X{(64)

H39(1)=X(65)

HA0([J)=10.%X(66)+X(6T)
H41(I)=10%X(863)+X(69)

Ha2([)=X(70)

Ha3(1)=X(71)

Ha4(1)=X{(T2)

HaS(1)=X(73)

H46{1)=X(74)

Ha7(1)=X(75)

H48(1)=X{(T76)

J=1

GO TO 100

CONT INUE

H31(I1)=10.%X(51)+X(52)

H32(1)=X(S53)

H33(1)=10.2X(54)+X(55)
H34(]1)=10.2X(56)+X(57)

H35(1)=X(58)

H36(1)=10%X(539)+X(60)
H3T7T(I)=10*%X(61)+X(62)

H38(1)=X(63)

H39(1)=10.%X(64) +X(65)
HA0(I)=10%X(66) +X(6T)

J=1

GO TO 100

CONTINUE

THIS SECTION FILLS IMPROVEMENT ARRAYS

Clil.J)=X(1)

C2(1eJ)=10%X(2)+X(3)

C3(lad)=X{4)

Called)=100%X(S)+108X(6)+X(T7)

CS(1sJ)=10-%X(9)+X(10)
Cll(l+J)=1000%X(11)+#100%X{12)#10*X(13)+X(14)+#0.1%%X(15)
Cll(IsJd)=Cl1(I[+J)=1000.0
Cl2(1+J)=100.%X(16)+10.¥X(17)+X(18)
Cl2(14J)=Cl2(1+J)%100.0
Cl3(1eJdi=100.%X(19)+10.%X(20)+X(21)
Cl3(1+J3=C13(1+J)*100«
Cla(I+J)=100.FX(22)+10.%X(23)+X(24)
Cla(l+J)=Cla(I+J)*100.
Cl5(1+Jd)=100%X(25)+102X(26)+X(27)
C15(1+J)=C15(1,J)%100.
Cle(leJdi=X(28)

Cl7(1+43=X(29)
C37(13Jd)=100%X(S57)+10+#X(58)+X(59)+0.1*X(60)+0.01%X(51)+
*0.001%®X( 62
C38(IeJd)=100.%2X(63)+10.2X (64 )+X(65)+0.12X(66)+0.01%X(67)+
#0.001%X(68)
Ca0(leJ)=10%XK(T73)+X(74)
CAall(l+J)=10%X(T5)+X(T6)
Ca2(1sJd)=10%X(T7)+X(78)
CSO0(14J)=100e=X(1)+10exX(2)+X(3)
CS1(1+J)=1000%X(3)+100%X(S)+10.%X(6)+X(7)
1C16=Cl16(1.+d)

IC17=C17(1,J)

GO TO(6+7:8.20),.IC16
IMPROVEMENT I[DENTIFICATION
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IClée=1 POINT HAZARD IMPROVEMENT.
ICié=2 LONGITUDINAL HAZARD IMPROVEMENT
ICl16=3 SLOPE HAZARD IMPROVEMENT

IClé=4a NO IMPAOVEMENT

CONTINUE

GO TO(9e10s11)e1C17
POINT HAZARD IMPROVEMENT IDENTIFICATION

ICl7=1 REDUCE SEVERITY
IC17=2 INSTALL GUARDRAIL
IC17=3 INSTALL CRASH CUSHION
CONTINUE

ClB8(IsJ)=X{(30)
Clolled)=10.%X(31)#X(32)
IF(IGR«EQsl20Rs 1GR«EQ.2)G0 TO 300
J=Jd+1

GO TO 100

CONT INUE

Cl9(Il+J)=103X(31)+X(32)

GO TO 400

CONTINUE

Cl9([+J)=10a*X(31)+X(32)
IF{IGR«EQelsOR«IGR<EQe2)GO TO 300
J=J+1

GO TO 100

CONTINUE
GO TO(12.13.14),.1IC17

LONGITUD INAL HAZARD IMPROVEMENT IDENTIFICATION

IC17=1 CURB IMPROVEMENT
[C17=2 GUARDRAIL IMPROVEMENT
IC17=3 BRIDGERAIL [IMPROVEMENT
CONTINUE

Cl8{ls+J)=X(30)

IF(IGR<EQ<l<0R« IGR«EQ«2)GO TO 300
J=J+1

GO Ta 100

CONTINUE

Cl8(1.,J3=X(30)
Cl9(I,J)=10.%X(31)+X(32)
GO TQ aa0Q0

CONTINUE

Cl18(I+J)=X(30)
Cl9(leJd)=10%X(31)+X(32)
IF(IGR«EQelURe[GR«EU.2)GO TO 300
J=Jrl

GO ToO 100

CONTINUE
GO TO(1Se.16),1C17

SLOPE HAZARD IMPROVEMENT IDENTIFICATION

IC17=1 INSTALL GUARDRAIL
IC17=2 MOD IFY SLOPE
CONTINUE

Cla(l,Jd)=Xx(30)
Cl9(I+J)=102X(31)+X(32)
GO Ta 400
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16 CONTINUE
C26(1+J)=10.%X(30)+X(31)
C29(1leJd)=X(32)
C20(1+J)=10.%X(33)+X(34)
C21{(1+J)=10.%X135)+X(36)
C22(1+2)=X(37)
C23(1sJ)=108X{38)+X(35)
C24([4J)=10%X(40)#*#X(41)
C25(L+Ji=X(42)
C26(1+J)=10.%X(43)+X(4a)
C2T(14J)=10a%X(43)+X(46)
IF({IGR«EQ:1-0Re IGR.EQ.2)G0O TO 300
J=Jd+1
@0 TO 100

20 CONTINUE
IF(IGR«EQal«0R.IGR.EQs2)GO TO 300
J=J+1
GO TO 100

THIS SECTION COMPLETES BOX 6

400 CONTINUE
C39(ledi=x(33)
C21(I+d)=10=%X(34)+X(35)
C22(14J)=10.%X(36)+X(37)
C23(1+J)=10.2X[38)+X(39)
C24{1+J)=10a*X{40)+X(41)
C25(1+J)=10.%X(42)+X(43)
C26(1sJd)=X(44)
C27(1+J4)=XxX(4a5)
C28(1+J)=10%X(46)+X(47)
C29(13J)=10e%X(48)+X(49)
C30(1.,J)=X(50)
C31(I+d)=X(51)
C32(1,4)=x(5
C33(I+Jd)=X(5
Clalled)=X(5
c:s«:.Jiaxtg

2)
3)
4)
5]
C36(1+Ji=X(586)

IF(IGR«EQ«1.0R.IGR.EQ.2)G0 TO 300
J=J+1
GO TO 100

300 CONTINUE
IHAZ=1
IALT=J

S00 FORMAT(78Fl1.0.211)

RETURN
END

XXX EEFFITXXFEITITI ARSI ALLL TR R LS LA IXTL EXFLE AP TR RXIRFEXXX LI TEXANE R
-
SUBROUTINE MAINS3

A I IR I R A RN IR III I L IRIRE I IR S I I IR R B ERERE I RFRRS
=

= SUBROUTINE FOR SLOPE HAZARDS ONLY

=

FEITEIIXXIZAILIZ XXX ATXAB XX SR XXX FIRBR X XFIXSIIRAI RS II XIS XXESRRFTFRASR
IR AT FIARA I AT AA IR IR IR IR R AR I XX IFI XTI R IBIIREFIIRXE XM ERE R
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DIMENSION POC(6)s IAC(6), FA(B)s YLAT(7)

COMMON/DATALY HLI(6)y H2(5) 4y H3(6)y HA(6E)y HS5(6)s HBE(B)s HT7(5),
* H8(6)s HI{S5)s HIO0(G)y HLI1(BE)s H12(6)s H13( 6},

L ] H14(6)s HIS5(6)s HL16(6)y HL17(B)s HIB(E)s HLI(E),

L] H20(&6)s H21(6)s H22(6) s H23(6) e HIO0(E)s HIL{(S)»

- H32(6)s H33(6)s H34(6)s H3IS(B6) s H3B6(B)s HITI(S) s

= H38(&6)s H3F(B)s HAO0(6)s HAL(E) e HA2(6) s HAI(B) »

® H44(6)s HAS5(b6)s HAG(6)y» HaAT(E)y H4B(O)» HGI(EI)»

= HS50(&8), H51(6)

COMMON/DATAZY Cl(6e8)y C2(6e4)s C3(6:+8)s Ca(6+a)y CS5(6948),

® Cll(osd)e Cl2(0es)y Cl3(6e8)e Cla(Bed)e 15(5e¢48),
- Clo(6ed)s ClT(God)s ClBU(Gea)y ClI9(6s4)es C20(5:4)
* C21(6+4)s C22(6+4)s C23(604)0 C24(608)s C25(6+4) 0
® C26(6s4)e C2T7(6+4) . C28(6:4)s C29(6,4), C30(644),
L] C31(6ea)e C32(694) sy C3I3(6+48)s C34(6va)e C35(DBeA)»
® C36(6e4) C37(6e4) 9y CI6(60a)e CI39(648)y Ca0(5e44)
L Cal(6sa)s Ca42(6+4) s C50(694)s CS1(644)

COMMON/DATA3Y Gl10s Gl2s G13,s Gl4a, G1Ss G16s G174 G1B. G19s G20

COMMON/ERROR/ ERROR1 (644)

COMMON/HURTY/ PI(SeS)e SI(S5:5)s SISL(S.5)
COMMON/LATOF/ OFSET(S)e DLATs DLONGe DLAT1

COMMON/ENFRE/ENFR

COMMONS/GRSI/ SIS1(3:5+5)s SIS2(3¢5+5) e SIS3(3e5+5)e SIELU(345e5)
= SIE2UL3+5¢5) s SIE3U(3+5s5)y SIEID(3+SeS)e SIE2D(3+545)»
L SIE3D(3+5+5) s SIl{395+45)e SI2(3+5e5)s S13(3s5.5)

COMMON/GRCST/ Gls G2, G3, G99y GAlws Ga2W, G415, G425, MB1l.M82,

* MB3., MB89, MBAW, MB4Ss+ GREL +GREZ2s GRE3s GRE4, GRES,
L GETle GET2s MBETl., MBET2

COMMON/COMP/ SIDE(S+S5)es END(5¢5S) s IHIT, XX

COMMON/MAINC/ HIBs HIe HIA(&)s HI1(6)s HI2(6+8)y CMBs CM, CMA(4),
= CML(6)s CM2(65+4)s ACBs AC, ACA(4), ACL(8B).,
® AC2(6.a)s [ZERO(4)s THCHAZ,THCIMP (&)
COMMON/IDENT/L1s Js IHAZ, [ALT. IFLAGs NTITLEs IDIRs IDs LL

COMMON/NCONT/ NCOUNT s IPAGE. LINES. NDES(100). NSPD(100),
- NADT(100)s NHWY(1Q0)

COMMON/AUTILY AUTO(3).1As I1AUTO

COMMON/ENVRY ENVIRI(3)s INVIR

COMMONS/TACL/ TAC(5.5)

COMMON/RESLT/CE(4)s BC(4)s ICE(4)e NOTCE(4)s ICOST(4)s IGR
COMMONS/ IMPROB/ IMP(S,5)

COMMON/CSTA/ RCISs5) 0L

REAL MBl1s MB2, MB3, MB9s MBAaW. MBASs MBET1. MBET2

REAL LIFEs, INT. JAUTO. INP
REAL [AC
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INTEGER ERROR1

INTEGER Hls H2+ H3, Ha, Hla, Hl6s HL17, HIBs H19s H20« H21,
= H3Us H429¢ H43, H44, HaS5S, H4b, H47, H48s HaIs HS50+ HS1

INTEGER Cls C2+ Cl6s C17s C18s C19s C30s C31+ €32, C33s C34,
= C3Ss C36s C39s C40s Cale Ca2s CS0e C3e Cay C51

CALCULATE ENCROACHMENT FREQUENCY FOR SLOPE

CALL FREQ
CALCULATE HAZARD INDEX AND ACCIDENT COSTS FOR SLOPE HAZARD

IFLAG=1]

I=1
CALL SLOPE1
CALCULATE HAZARD INDEXES AND ACCIDENT COSTS FOR SLOPE HAZARD IMPROVEMEN

IFLAG=2

4=1
NO IMPROVEMENT

1 CONTINUE
IF(C16(1+J)«EQed) GO TO 10
GO TO 15

10 CONTINUE
CALL NOIMPR
GO TO 200

15 CONTINUE
IF(C16{1I+J)«EQ.3) GO TO 20
ERRURL1(I1+J) = 10
GO TO 200

IMPROVEMENT 1 = MODIFY SLOPE

20 CONTINUE
IF(C17(1+J)aEQ-2) GO TO 30
GO TO a0

30 CONTINUE
CALL SLOPEZ2

GO TO 2uo
IMPROVEMENT 2 = INSTALL GUARDRAIL
40 IF(C1l7(l+J)eEQe.l) GO TO 50
ERRORI1(IsJ)=11
GO Ta 200
NOT AT BRIDGE
S0 CONTINUE
IF(ClB8(1eJ)«EQe2) GO TA o0
ERROR1(l+J)=12
GO TO 200
GUARDRA IL TYPE
Cl9(1eJ)=2 <e«3=S5TRAND CABLE WwEAK POSTS
ClI(lsJd)=6 ee<w—8EAM STRONG wOOD POSTS
C19(1sd W—=BEAM STRONG STEEL POSTS
Cl9(IsJ a—BEAM wEAK POSTS
60 IF(C19(1leJ)eEQe2+0RClF[4J) eEQeS«ORC1F(1rJ)eEQeba
EO0RW.C19(IwJ)«EQe7) GU TO 100

ERROR1([«J)=13
GO TO 200

100 CONTINUE
CALL GRAIL
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200 CONTINUE
IF(J<EQ«IALT) GO TO 250
4 = J+l
GO TO 1

L=
250 CONTINUE
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RE TURN
END

P R SESERBEBRE EREBR 2EIBBIEEFE XTI S IS XTI B AR TR
B
SUBROUTINE FREQ

2P R PR R RSP R A A P PR S PR RS PR A PRI RS R SR P R R R S R R R E R E S EE L E L S £ L b L Y
=

= SUBROUTINE CALCULATES ENCROACHMENT FREQUENCY FOR A GIVEN TYPE
= ROADwWAY AND ADT

*
ZEEEBXFTEIFLLFABI LT LIFL VIV LT ANB XL BERL SR LEXL AT T XL RXXI VX RI R SR LR mA S
RE X EE L RS ERE RIS LA RS R 222 R R 2R R R R 22 R EE R 2 EE SR S R 2t R L R R E R L L b

DIMENSION PDG(6)s IAC(6)s FA(S)s YLAT(T)

COMMON/DATALY H1(68)e H2(6) s H3(6) s HA(E) s HS(6) s HEBIB)s HT(B)
* HB(6)s MI(6)s HIOV(B)s H11(B)s HL2{(6)s HL13(6),

L H14(6) s HLIS5(6)es H16(6)s H1T(6)s HLBLOE)s HLFLE) s

= H20(6)s H21(6) s H2216) s H23(6)y H30(6)s H3IL(E)»

= H32(6) s H33(6)s H34(6)s H3S5(6) s H36(B)s HIT(BI),

L H38(6)s H3IF(6)e HA0(B6) s Hal(E)e HAZ(6)s HA3(6) s

E ] Haa({6), HAS(6) s HAE(B)s HAT(6), HABIL6), HASI(E) .

= HS0(6) s HS1(6)

COMMON/DATAZ2/ Cl(6es4)s C2(648)y C3(6+4)y Calbsa)s CS5(5sa)s

® Cll(Bea)s Cl2(654)s C13(6sa)y Cla(bs4)s CLS(bea),
= Cl6(6e4)s CLl7(6s4)s ClB(6e4)s Cl9(648)s C20(694)
= C21(6ea)s C22(6ea)s C23(6ed)s C24(64d)s C25(5e08)
= C26(Bsa)s C2T(6Hsa4), C28(6ea)s C29(8s4)s C30(6s4)4
- C31(6e4)s C32(6e8)s C33(6+4)s C34(B6+4)s CIS(63)
- C36(6e8)s C3T(6va)s CI38(6e8)s C39(64+44) s Ca0(6sa)e
= Ca1(6e4)s CA2(6ea)s CSO0(6ed)e CS1{6+4)

COMMON/DATAS/ Gl0s Gl2s Gl3s G144y GISy Gl6e G174+ GlBs GlFe G20

COMMONS/ERROR/ ERRORL1(6.4)

COMMON/HURTY/ PI(Se5)s SI(Se5)s SISLIS.5)
COMMONSLATOF,s OFSET(S)s DLATe OLONGs DLATI1

COMMON/ENFRE/ENFR

COMMON/GRSI/ SIS1(34S5+5)s SIS2(3+5+5)s SIS3(3+45+5)s SIELU(3+545),
] SIE2U(3+545)» SIE3UL3+5+¢5)s SIELID(3+5+5)» SIE2D(345+5)»
= SIE3D(3+5+5) s S11(3+5¢5)e SI2(3e5¢5)e SI3(35+5)

COMMON/GRCST/ Gls G2y G3s G99y GAlW. G42W, GALlSe GA2S, MBl.MB2,

= ME3s MBSy MBaws MB4Se GREL+GREZ, GRE3s GRE4e GRES,
= GET1ls GET2+. MBET1s MBET2

COMMON/COMP/ SIDE(S+5)s END(SeS)e IHIT. XX

COMMON/MAINC/ HIBs HIs HIACA)s HI1(&)s HI2(6+4), CMB, CM, CMA(a).,
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CM ) s CM2
AC I

1(8 ACBs AC, ACA(4), ACL1(8), '
2(0448) .

THCHAZ s THC IMP (&)
COMMON/IDENT/ 14+ J» 1HAZ., IALTs IFLAGs NTITLEs IDIR. IDs LL

CUNMONINCONT/ NCUUNT ¢ IPAGEs LINESs: NDES(100)s NSPD(100)
NADT(100)s NHWY(100)

COMMON/AUTL/ AUTO(3)s1A. IAUTO

COMMON/ENVR/ ENVIR(3)s INVIR

COMMON/TACL/ TAC(5.5)

COMMON/RESLT/CE(4)s BC(4)s ICE{(4), NOTCE(4)s ICOST(4), IGR
COMMON/ INPROBY IMP(5.5)

COMMON/CSTA/ RC(54+5) 0L

REAL MBl1, MB2, MB3, ME9, MBAaw, MB4S, MBETl, MBET2

REAL LIFE., INT., JAUTOs 1IMP
REAL IAC

INTEGER HWY
INTEGER ERRORI1

INTEGER Hls H2s H3s Hae Hl4s Hl1G6es H1L7s H1Bs H19« H20+. H21,
*

H30s H42s H43, Ha4, HAS,. Habe HAT, HaB, H43I, HS50, HS51

INTEGER Cls C2s Cl16s C17s C18s C19s C30s C31s C32, C33, C34,
=

C35s C36+ C39s Ca0, Cals Ca2, CS0s C3+ Ca, C51

ADT = H6(1)
HeY = HS50(1)
ISIDE = H20(1)

IF{HEYsEQ«101) ENFR = 0000900 * AOT
IF(HEY.EQel02) ENFR = 0000590 = ADT
IF(H#YZEQe103) ENFR = 04000590 = ADT
IF(HWY.EQ.104) ENFR = 0.000742 = ADT
IF(HWY<EQ«10S) ENFR = 04000742 ® AQOT
IF(HWY «EQe106) ENFR = 04000742 = ADT
IF(HWY.CQ«107) ENFR = 04001210 = ADT
[F(HuYsEQe210) ENFR = 04000900 =®= ADT
IF(HWY.EQ«220) ENFR = 04000900 % ADT
IF(HWYEQa230) ENFR = 04000900 = AODT
IF({HNWY.EQ«240) ENFR = 0000900 ® ADT
IF(HWY.EGQGe250) ENFR = 04001330 #* ADT
IF(HWY .EQe200) ENFR = 04001330 = ADT
IF(HWY .GE.300) ENFR = 0.001210 #* ADT

ISIDE«EQel «sANDeHWY.LE«102) ENFR = ENFR=*0.30
ISIDE«EQe2 « AND«HWYWLE+102) ENFR = ENFR®0.40
HWY +GTe 102) ENFR=ENFR®0.50

RETURN
END

IF(
IF(
IF(

e e L ER R LR EEE L EEES LR R ER R R LS RS E R ERE RS S S SRR S 2 S B T L L
-

SUBROUTINE PROB1

Ee EELE RS RS R 2 R R R RS S R R L R R R i E R SRR RS R E RS RS SRR L T 2
]

SUBROUTINE CALCUWLATES LATERAL OFFSET PROBABILITIES
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DIMENSION PDOOL6) s TAC(6) s FA(S)s YLAT(T)

COMMON/DATAL/ HI(6)s H2(6) s H3{6)s H4(6)s HS(6) s ME(6)s HT(5),
* HB8(6)s HI{6)s HIO(O)y H11(O) s HIZ2(6)s HL1I3(6),
= H14(6) s HIS(6)s H16(B)s HIT(E)s HIB(B)s H1I9(B) s

] H20(6)s H21(6)y H22(6) s H23(6)s H30(6)s H3I1(B)s
* H32(6)s H33(6)s H34(6&)s H3IS(6) s H36(6), H3T(6),

# H38(6)s H3I(B5)e HAO(B)s HAL(B)s HA2(6)e HATZ(6)
L4 Ha4(6)s HAS5(6) s HAE(6) s HATIOB)I s HABI(B)s HAEF(6)

* HS0(6) s HS51(6)

COMMON/DATA2/ Cl(6e48)y C2(64+8)s C3(54a)s Ca(64+4)s CS5(6e4),

= Cll(6ed)s Cl2(6sa)s ClI(Bs8)s Cla(6sa)s ClS(6sa)
= Cl6(Bed)s CLT7(6e4)y ClB(6s48)s ClI(6s4)s C20(6s4)s
= C21(6+4)y C22(698)s C23(6ed)s C24(644)9y C2S5(H+48) 0
* C26(6+4) s C27(6:8) s C28(6s8)e C29(6498)s CI0(5¢4)
- CI1(6eés)e C32(604)e C33(6s8)y C34(6+48)s C35(6+48)
= C36(6948)s C3IT(6:4) s C38(6e4)s C39(6+4)s Ca0(B+4),
= Cal(6s4)s Ca2(6+4)s C50(608)s CS51(6+4)

COMMON/DATA3Y Gl0+» G1l2, G13s Gl4,s GlS, G16» G117, GlB8s G19s G20

COMMON/ERROR/ ERROR1(6.:4)

COMMON/HURT/ Pl(S5+5)s SI(55)s SISLI(Ss5)
COMMON/LATOF/ OFSET(S)s DLAT, DLONG. DLATI

COMMON/ENFRE/ENFR

COMMON/GRSI/ SIS1(3e5+5) s SIS2(3. 5-5]. SI1IS3(3+5e¢5S)s SIE1IU(3+5+5),
SIE2U(3+5+5)s SIE3V(3+5+5)s SIELID(3eS5+S5S)» SIE2D(3+45+5)»

‘ SIE3D(3+545) 51113¢5.5)- SI2(3+5+5)s SI3(3:+5.5)

COMMON/GRCSTY/ Gls G2y G3¢ G995 GAlW., GA2Ws GA41Se GA42S, MB1l.MB2,
- MB3s MBE9s MB4ws MB4Ss GRELl +GREZ2s GRE3y GRE%y GRESs
= GET1es GET2, MBETl. MEBET2

COMMON/COMP/ SIDE(S+S)s END(SeS)s IHIT. XX

COMMON/MAINCY HIB, MIs HIA(S)s HIL(6)s HIZ2(6:4) s CMBs CMs; CMA(S),
= CML(6)s CM2(6+4)s ACBs ACs ACA(4)s ACL(6),

- AC2(6s4) s [ZERQ(4) s THCHAZTHCIMP(4)

COMMON/ IDENT/ 1w Js IHAZs [ALTe IFLAGe NTITLEs IDIRs IDe LL

COMMON/NCONT/ NCOUNT » IPAGE, LINES, NDES(100)s NSPD(100),
= NMADT(100)s NHWY(100)

COMMON/AUT1/ AUTO(3) o 1A IAUTO

COMMON/ENVRs ENVIR(3)s INVIR

COMMONS/TACL,/ TAC(S.S5)

COMMON/ RESLT/CE(4)s BC(4a), ICE(4). NOTCE(4), ICOST(3)s IGR
COMMON/ IMPROBY IMP(5,5)

COMMON/CST4/ RC(Se5) .00
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REAL MBl, MB2., MB3. MEH9e MB4w, MB4S, MBET1ls MBET2

REAL LIFEs INTs JAUTOs IMP
REAL IAC

INTEGER ERROR1

INTEGER Hles H2s H3s H4s Hl4y H164¢ H1IT7s H18s H19s H20s H21+s
»

H30s H42, H43y, H&4, H45, H4S5, H4T, H48, H49, H50, HS51

INTEGER Cle C2+ Cl6s Cl74s Cl8s C19y C30s C31ls C324 C33s C34s
® €35, C36, C39s C40s Cales Cs2, C50s C3, Ca, C51

X=DLAT

DO 40 K=1.5

OFSET(K)=0.0

CONTINUE

IF(X «GEs Oe0 «ANDe X JLTe S5«0) GO TO 100

IF(X «GE« 540 «ANDe X LT« 10.0) GO TO 101
IF(X «GEs 1040 «ANDe X «LTe 15.0) GO TO 102
IF(X «GEe 1540 «ANDe X «lTe 20.0) GO TO 103
IF(X «GEe 20«0 «ANDe X «LTe 25.0) GO TO 104
IF(X «GEe 2540 «ANDe X «LTe 30.0) GO TO 105
IF(X «GEe« 30«0 «ANDe X «LTe 35.0) GO TO 100
IF(X «GEe 35+0 «ANDe X «LTe« 40.0) GO TO 107
IF(X «GEe 400 «ANDe X olLTe 120.0) GO TO 108
IS(; «eGEe 120.0) GU TO 109

G

OFSET(1)==0.0174%X+1 .0
OFSET(2)==0.0028%X+1 .0
OF SET(3)=1.0
OFSET(4)=1.0
OFSET(S5)=1.0

GO TO 1000

OFSET (1)==0.047%X+1.148
OFSET(2)==0.0224%X+1.098
OFSET(3)==0.016%X+1.08
OFSET(4)=0FSET(3)
OFSET(5)=—0.0084#X+1.042
GO TO 1000

OFSET(1)=-0.0242%X+0.92
OFSET(2)==0.017% X+1 . 044
OF SET(3)==0.016%X+1.08
OFSET(4)=0FSETI(3)

OF SET(S)==0.0084%X+1 .042
GO TO 1000

OFSET(1)=—0.0174%X+0.818
OFSET(2)=-0.0338%X+1 .296
OF SET(3)==0.016%X+] .08
OFSET(4)=0FSET(3) -
OFSET(5)=-=0.0166%X+1 .165
GO TO 1000

OFSET(1)==0.0322*X+1.114
OFSET(2)==0.031%X+]1.24
OFSET(3)=—=0.056%X+1.96
OF SET(4)=0FSET(3)
OFSET(5)=-0.0334%X+1.501
GO TO 1000

OFSET(1)=—0.0282%X+1.014
OFSET(2)==0.0254%X#+1.10
OFSETI3)==0.024%X+1 .06
OFSET(4)=0FSET(3)
OFSET(5)==0.0582%X+2.121
GO TO 1000

OFSET(1)==0.0094%X+0.45
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COMMON/HURTY/ PI(S:S) . ZI{S+Z3s 3i3ii(5:5)
COMMON/LATCF/ OFSET(S), DLAT, DLONG, DLATI

COMMON/ENFRE/ZENFR
COMMON/GRSI/ S1S1(345+5)s SIS2(3+:5e5)s SIS3(345+5)s SIELIU(3:5+5)»
SIE2UL3+5¢5)s SIE3U(3+5+5)s SIELID(34545)s SIE2D(3+5+35)»
SIE3D(3+5+5)s SI1(3+5e5)s SI2(3+45e5)s SI3(345,+5)

COMMON/GRCSTY Gls G2+ G3¢ G99« GalwWe GA42W,. G41Se GA2S, MBl.MBZ2,
MB3, MBY9, MBaw, MBA4Ss GREl+GRE2+ GRE3, GRE4s GRES,

*
* GETls GET2+ MBETl . MBETZ2

t

COMMON/COMP/ SIDE(S+5)s, END(Se5)s IHIT. XX

CDMMON/HAINC/ HIBs HIs HIA(&)s, HILl(6)s HIZ2{(6:4), CMBs CM, CMA(S3),
CM1(6)s CM2(6+4)s ACBs ACs ACA(&) s ACLL(B)
AC2(6+4) sy IZERULS)s THCHAZ.THCIMP(4)

COMMON/IDENT/Is Js [HAZ, TALTs IFLAGs NTITLE, IDIRs IDe L

CDNHDNINGGH?/ NCOUNT » IPAGE« LINES, NDES(100), NSPD(100).,
NADT(100)s NHWY(100)

COMMON/AUTLY/ AUTO(3)sIAs IAUTO

COMMON/ENVRY ENVIR(3). INVIR

COMMON/TACLY TAC(S.S)

COMMON/RESLT/CE(4)s BC(2)s ICE(4)+ NOTCE(4)s 1ICOST(4)»s IGR
COMMON/IMPROB/ IMP(5,5)

COMMON/CSTAa/ RC(S5e5S) +0L

REAL MBl., MB2, MB3. MB9. MBaw. MB4S. MBET1. MBET2

REAL LIFEs INT. JAUTOs IMP
REAL I1AC

INTEGER HwY
INTEGER ERRORI1

INTEGER Hls H2s H3s H4, Hl4, H16, HLI7s H18, H19s H20, H21,
H30es H#2, H43, H44, HAS, HA6, HAT, Ha3d, Ha9, HS0, HS1

INTEGER Cls C2s Cl6s C17s Cl18s C19s C30s C31y C32, C33, C3a,
x®

C35e C36s C39e C30s C4le Ca2s CSO

GO TO (1.2)sIFLAG
HeY = HS0(I)

GO TO 3

HwY = CS50(I.J)
CONTINUE

RURAL INTERSTATE OR EXPRESSWAY OR MAJOR DIVIDED ARTERIAL (DR1,0RZ2)

IF{HWY .EQe 101 .0R« HWY .EQe 102) GO TO 100

MAJOR RURAL ARTERIAL , SPECIAL STUDY (DR3)
IF{HWY .EQe 103) GO TOD 300

RURAL 2 LANE HIGHWAY (DRa=DR7)
IF{HWY .GE. 104 .AND. HWY .LE. 107) GO TO 400

URBAN INTERSTATE AND EXPRESSwWAY (DM10+DM20+DM30,0M40)
IF{HWY .EQe. 210 .0Rs HWY .EQe 220 0R< HWY .EQe 230 .0R.
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OFSET(2)==0.0084%X+0.59
OFSET(3)=-0.016=X+0.82
OFSET(4)=0FSET(3)
OFSET(5)==0.0084%X+0.627
GO TO 1000

107 OFSET(1)==0.0054%X+0 .31
OF SET(2)==0.0056%X+0.492
OFSET(3)==0.0042X+0.40
OFSET (&) =0FSET(3)

OFSET(S5)=0.333
GU TO 1000

108 OFSET(1)==0.00118%X+0.,141
OF SET(2)==0.00335%Xx+0.402
OF SET(3)==-0.0032X+0. 386
OFSET(4)=0FSET(3)
OF SET(5)==0.004]16%X4+0.499S
GO TO 1000

109 OFSET(1)=0.001

OF SET(2)=0.001
OFSET(3)=0.002
QF SET(a)=0.002
OFSET(S)=0.003

1000 CONTINUE

DO SO0 K=1.:5
IF(OFSET(K)«LT<0.0)0FSET(K)=0.0
S50 CONTINUE

10i0 CONTINUE

RETURN
END
ARV EREE XD E LR AEEIFRL LT ERS L LL SR ER PN E LSRRI FEE TR AR DR TN
=
SUBROUTINE PROS2
=
e UL ERPRER B A SRS & RSB TR BN EIESIX BT T RGNS
-

® SUBROUTINE WHICH ASSIGNS IMPACT CONDITION PROBABILITIES

® FOR A SPECIFIED ROADwWAY DESIGN

«

PP PR E RS R E 2 S R S SR EE SRS R R R P RS TR R PR RS ER SRR R R EEEEEREREE EE R
LR EE E L R SRS E R E S E R S St P e S S R L EE L E R L S R R S Rt Rt P R RS R EE R L]

DIMENSION POQ(6)s IACI6) s FAL(SB)e YLATI(T)

COMMON/DATALlY HL(6)s H2(6) s H3(6) e HA(6)y HS5(6) s HE(6)s HT(6)s
- HBLS8) s HI(E) s HLO(E)s HI1L(B), HL12(6), HL3(6),

» Hl4(B8)s HIS(B8)s H16(B)es H17(8ds H18(6)e H19(B),

L H20(6)s H21(6)s H22(6)y H23(6)s H30(6)s H3ILIB)»

- H32(6)es H33(6)y H34(8)s H3IS(6E)s H36(S6)s HIT(B)»

- H33(68) s H33(6) s HAO0(6)y HAL(B)y HAZ(6) s HE3(B) .,

= H434(6)s HAS(6) s HAG(BIe HATI(B)s HA8(6) s HETF(B),

= H50(61, H51(6)

COMMON/DATAZY Cl(6sd)e C2(648)e C3(644)s Ca(644)y C5(544),

= Cll(Bed)e CLl2(6va)e Cl3(60a)s ClAa(B6e4a)y C1S(0e8)
- Cl16(6.a8)s C17(6.4)s ClB(AEsa)e Cl9(6ed)s C20(6s4),
* C21{(6+4)s C22(64a8)s CR3(6+4)s C24(6e4a)s C25(6s4),
- C26(6ed)y C27(6+84) sy C2B8(6ed)y C29(6sa)s C30(5+4)0
- C31(6e4)s C32(644)e C3I3(698)y C34(6:4)s C3I5(5+4),
- C36(6+8)s CITIOs4)s CI8(6ea)s C39(6+4)y C30(594)
- Cal1(Bed)s Ca2(654)s C50(6ea)s CS1L6+4)

COMMON/DATA3Y G10s G12s G13, Gl4, GlSs Gl6se G17. G18Bs G19» G20

COMMON/ERRORY ERROR1 (6.+4)
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100

200

300

® HWY L,EQ. 240) GO TO 200
RURAL LOW VOLUME HIGHWAYS

IF(HWY .GEe 301 «ANDe HwY
IF(HWY 4GEese 401 <ANDe HWY

IF(HWY «GEe 501 «4ANDe HWY
CONTINUE
IMP(l1s1) = 04001
IMP(l,2) = 0.000
IMP(1+3) = 0.000
IMP(l+s4) = 0.000
IMP(1+5S) = 0.000
IMP{(2s+1) = 0050
IMP(2,2) = 0.038
IMP(2,3) = 0.022
IMP(2+4) = 0.015
IMP(2:5) = 0.022
IMP(3+1) = Q335
IMP(3s2) = Jdel39
IMP(3,3) = 0.084
IMP(3.,4) = 0.056
IMP(3+5) = 0.084
IMP{4:1) = 0.054
IMP(4+2) = 0023
IMP(4+3) = Q0014
IMP(4,:4) = 0.009
IMP{4+S) = 0014
IMP({Ss1) = 0.000
IMP(5+:2) = 0000
IMP{Se3) = 0.000
IMP(5.+,4) = 0.000
IMP(5+5) = 0.000
GO TO 1000
CONTINUE
IMP(ls1) = 0.010
IMP{l1s2) = 0004
IMP(1+3) = 0.003
IMP(1.,4) = 0.002
IMP(1+5) = 0003
IMP(2:1) = 0.210
IMP(2+2) = 0Qe.088
IMP(2:3) = 0.053
IMP(2+4) = 0.035
IMP(2:5) = 0.053
IMP(3s1) = 0243
IMP(3+2) = 0.101
IMP(3+3) = 0.061
IMP(3.4) = 0.040
IMP(3+.5) = 0.0680
IMP(4:1) = 0.016
IMP(4:2) = 0.007
IMP(4+3) = Q.004
IMP{4,:4) = 0.003
IMP(4.,5) = 0.004
IMP(S+1) = 0.000
IMP(S+s2) = 0.000
IMP(5+3) = 0.000
IMP(5+4) = 0.000
IMP({5:5) = 0Qs000
GO TO 1000
CONTINUE
IMP{l+s1) = 0.016
IMP(l1s2) = 0.007
IMP(1:3) = 02004
IMP(ls4) = 0.003
IMP(1,5) = 0.004
IMP(2:1) = 0.271
IMP(2:2) = 0.113
IMP{2+3) = 0e.068
IMP(2+:4) = 0.045
IMP(2:5) = 0.068
IMP(3,1) = 0.188
IMP(3.2) = 0.078

(ROA1-ROA4s RC1-RC3s RL1-RL3)

«LEa
sLEa
eLEs

304) GO TO 400
403) GO TO 400
503) GO TO 400
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SUBROUTINE CALCULATES PERSONAL INJURY PROBABLITIES
IACL&) « FAL(S).,

L R PR R R RS R PR P S R At R 22 RE R R R E RS R ot R R R RS SRR E LR EE RS RS LR L L

SUBROUTINE PROB3
DIMENSION PDO(6) .

RETURN
END
EEEL LR E R LR S - 2L PR EE R SR St SRR R R E et E e o Pt o R R RS PR P EE L EE L

FEXIAAAXFI RIS AP S FIETIFIBRIRAI LRI IRIFZ XXBEFIFIEFATNIRE NI E AU R I LB R R AR S
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1000 CONTINUE
»
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=
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s 0000090

v st

VON~mM N~

Ner¥T?7IT
I

ARAREAER

Cl15(6+4).
C20(6+48)»

CS5(6s4)s

Je Clalbea),
e ClIlGed)s

CAa(5e¢8)
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on noono N 0o Do NN

nn

(2T o Tn TR & SO o' o T o T T 4 ) n

On

* C21l(6ea)e C22(69a)s C23(6+4)s C2a(6+4)s C25(6na)»

= C26(5:4), C27(6,8) s C2B(6Es48) s C29(6+4), C30(6:4)»

Ed C31(65s4)e C32(644) s C33(644)y C34(6+4), C35(65e48)

= C36(6+4)y C37(644)y CI8(604)s C33(Bs4)s Ca0(5s4) 0

= Cal1(5va)s C42(6s4) s CS0(6s4ds CS1(6e4)
COMMON/DATA3/ GlO0s G12s G13s Gl4s G154 G16s G117y G18s G19s G20
COMMON/ERROR/ ERROR1(6.4)

COMMON/HURT/ PI(SeS)e SI(Se5)e SISLIS5:5)

COMMON/LATOF/ OFSET(S)» DLAT. DLONGs DLATI1

COMMON/ENFRE/ENFR

COMMON/GRSI/ SIS1(3:5+5)s SIS2(345+5)s SIS3(3:5+5)s SIELIU(3+5+5),
® SIE2U(3¢5s5)s SIE3U(3+5+5S)s SIE1ID(3+5+45)s SIE2D(3+4545)s
® SIE3D(3+45+5) s SI1(3e5e5)e SI2(3e5e5)s 3I3(34+5,5)
COMMON/GRCST/ Gly G2 G3, G99y GA4lw, GA2W, GALS. GA2S5, MBl.MB2,

£ MB3, MB9,; MBaAwW. MBAS: GREl.GRE2s: GRE3+ GRE4s GRES,

* GETle GET2, MBET1l s MBET2
COMMON/COMP,s SIDE(S+S)e END(SeS)he IHIT. XX
COMMON/MAINC/ HIBse HIe: HIA(4)e HI1(6)s HIZ2(6s4)s CMBs CM, CMA(4).,

] CM1(6)s CM2(6s4)9s ACBe ACs ACA(4)s ACL(6)»

E ] AC2(6s4)s LZERO(4)e THCHAZTHCIMP(4)
COMMON/IDENT/1e Je IHAZ. IALTe. IFLAGe NTITLEs. IDIRs. IDs LL
COMMON/NCONT/ NCOUNT s IPAGEs LINES, NDES{(100)s NSPD(100),.

= NADT(100)s NHWY(100)

COMMON/AUTL, AUTO(3).1A« IAUTO

COMMON/ENVRY ENVIR(3)e INVIR

COMMON/TACL1/ TAC(S.5)

COMMON/RESLT/CE(4)s BC(4)s ICE(4)s NOTCE(4)s ICOST(4), IGR
COMMON/IMPROBY I[MP{(5.5)

COMMONS/CSTA/ RCIS.5).0L

REAL MBls MB2s MB3s ME9sy MB4we MB4aSe MBET1l. MBETZ2

REAL LIFE. INT, JAUTO, IMNP

REAL IAC

INTEGER ERROR1

INTEGER Hles H2s H3e Hée Hl4y H16s HIT, H18¢ HI9y H20s H21e

* H30s H42s H43s H44y HASe H4AG6 s HAT7y HA8., Ha9, MSO0s HS1
INTEGER Cl, C2, Cl16s C17, Cl18s C19¢ C30, C31s C32, C33, C34.

L C35« C36+ C39s C40s Cale Ca2, CS0s C3+ C3s C51

DO 100 K=1+5S
DG 100 L=1.5

IF(SI(KsL)<GE.2.5)G0 TO 10
IF(SI(Ksk)elT20-2)G0 TO 12
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PI(KsL) = 0.40®8SI(K.L)
IF(SI(Kel) elza 1435) PI(KyL)=0.20%SI (KL )
IF(SI(KWL) «GTe 1aS) PIIKiL)I=0ea30+((SI(Ksl)=1.5)%0.70)
GO TO 13
10 PI(KsL) = 100
GU TO 13
12 PI(KsL) = 0.08
13 CONTINUE
100 CONTINUE
RETURN
END
EEXXXXESLV LS FFEX LA LB YA EE R X EEX R XA T XTI ALV EL XLV E TRSF AR E P xR ke
SUBROUTINE COMPUT
-
FEEFSEXVXBXFIIIERESESEETET NGB FEx W FEXRBEFIVFE LB LR RER XTI R R XY
M
‘ SUBROUTINE CALCULATES HAZARD INDEX, ACCIDENT COSTSes AND MAINTENENCE C
"‘ L L ‘.‘ '-‘“‘t PR EEE LR ELES SRR A EE RE SR E 2 SR 2 oS RS2 P R RS P S E RS SR LT
eny T
DIMENSION PDQ(B8) e IAC(6) s FA(B)s YLATIT)
COMMON/CATALY H1{(6)e H2(6)s H3(6)e HA(6)s HS5(6) s HE(B)s HT(S),
- HB(6)s HI(B6)e HIO(S)s HLI(E)s HI2(6)s HI3(E)»
- Hl4(6)s HIS(6)s HL6(B)s HIT(B)s H18(6)s HLI(6E),
= H20(&6), H21(6)s H22(6) s H23(6)e H30(6)s H3I1(6),
® H32(6)s H33(6)y H34(6)y H3S(6) s H36(6)s H3IT(6),
= H38(6)s H39(&) s HAa0(6)s Hal(6&), HA2(B), HA3(6),
] HA44(6)s HAS(6)s HASE(E) s HATLE)s HA8(8)s HE(SE) s
- HSQ0{6)s HS1(6)
COMMON/DATAZ2, Cl(b6ed)s C2(6E48)s C3(6s4)y CaA(6H48)y CS(H8)s
® ClL(B5ea)s Cl2(6e4)y Cl3(6ed)s Cla(6ed)e ClS(6s4),
= Clo(6s4)e ClTLEA) s ClB(6:4) s ClI9(6e4)s C20(694)s
L C21(6+s4)s C22(6e8) s C23(6sa)s C28(6+8)0 C25(644),
= C26(6s4)s C2T(6+4) s C28B(6s48)s C29(6+4)s C30(6+4),
- C31(6ed)s C32(6e04) s C33(6s4)y C34(6+4)s C3I5(694),
- C36(6e4)s C37(6:4)s C38(6sa)e CI9(65+4)s Ca0(Hea),
*® Cal(6ea)s Ca2(6.4)s C50(Bea)s CS51(6s4)
COMMON/DATASY G100, Gl2s Gl3e Gl4, G15s G16s G17, G118, G19s G20
COMMON/ERRORY ERROR1(6.4)
COMMON/HURT/ PI(S5+5)» SI(5eS)s SISLIS.S)
COMMON/LATOF/ OFSET(S)s. DLATs DLONGe DLATI
COMMON/ENFRE/ENFR
COMMON/GRSI/ SIS1(3+5+5). SIS2(3+S+5)s SIS3(3+5:5)e SIE1UL3+5:5)
= SIE2U(3s5+5)e SIE3U(3+5+5)s SIELID(3+45+5)s SIE20(3+5+5)
L] SIE3D(3e59S5) s SIl(3e5Ss5)s SI2(39S+S)s SI3(3+5+5)
CUHHDN/GRCST/ Gle G2+ G3y, G9¢ GaAlw, Ga2¥W, GA41S. GaA2S, MBl.,MB2,
MB3, MB9s MBAWs MB4S. GRELl sGREZ2s GRE3e GRE4s GRES.
‘ GET1. GET2., MBET1. MBETZ2
COMMON/COMP/ SIDE(SeS)s END(SeS5) s IHIT, XX
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[1(6)s HIZ2(644) s, CMB, CM, CMA(4),
ACBe ACs ACA(4)s ACL(B) s
v THCHAZ ,THC IMP (4)

COMMON/MAINCY HIBS, Hls HIA(S), H
CM1(5)y CM2(6s4)y
AC2(6+4)s I1ZEROLS)

COMMON/IDENT/1s Js IHAZ, IALTs IFLAGs NTITLE. IDIRs. ID. LL

COMMON/NCONT/ NCOUNT + IPAGEs LINES, NDES(100)s NSPD(100)
E ]

NADT(100)s NHWY{(100)
COMMON/AUTL/ AUTO(3).1A. IAUTO
COMMON/ENVR/ ENVIR(3)s INVIR
COMMON/TACLY TACI(5.5)
COMMON/RESLT/CE(4)y BC(4)s ICE(4)+ NOTCE(4), ICOST(4). IGR
COMMON/IMPROBY/ IMP(5.5)
COMMON/CST4/ RC(Se5) +0L
REAL MB1, MB2, MB3, MB9., MB4w, MB4Ss MBETls MBET2
REAL LIFEs INT, JAUTO. IMP
REAL IAC -

INTEGER ERROR1

INTEGER Hls H2, H3, Ha, Hl4, H164 H17s H18+ H19s H20, H21l,
L

H30e H42s HA3e H44e HAS, HAGs HATs H48s Ha49, HS50, HS1

INTEGER Cls C2, Cl6e¢ C17, Cl18s C19y C30s C31s C32, C33s C3a,
C35, C36, C39s C40, Cal, Ca2, CS0s C3s Ca, CS1

CONSTANTS

CCl=3.1416/180.0
CC2= ENFR/S5280.0
WAUTO=6.0
WBAR =l.0

OUTER CONTROL LOQCP
IHIT=1 seesess SIDE TYPE VEHICLE I[MPACTS
IHIT=2 saeee CORNER TYPE VEHICLE IMPACTS
IHIT=3 esesss END TYPE VHICLE [MPACTS

INITIALIZE VARIABLES

SUM1I=0.0

SUMZ2=0.0
SUM3=0.0

D0 S03 L=1.IHIT
GO TO(10s11e12).L

DLAT=0DLATI
GO TO 13

DLAT=DLAT1+wAUTO/2.0
GO TO 13

DLAT=0LAT1+wAUTO+wBAR/2.0
CONTINUE

CALL PROB1

CALL PROB2

DO S02 K=1.5
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GO TO(14415e16+17s18):sK

ANG=5.0%CC1
OFFSET=1.00%0FSET(1)
GO TO 19
ANG=10.0%CC1
OFFSET=1.00%0FSET(2)
GO Tu 19
ANG=15.0%CCl
OFFSET=100%#0FSET(3)
GO TO 19
ANG=20.0%CC1
OFFSET=1.00%QFSETI(4)
GO TO 19
ANG=25.0%CC1
OFFSET=1.00=0FSET(5)
CONTINUE

SUM = 0.0
OO S01 KK=1+5
GO TO(20s21s21)sL

SUM=SUM+ [MP{ KKK )®SIDE(KK K
Ga To 22
SUMSSUM+ [MP( KK s K ) SEND(KK s K)
CONT INUE

CONTINUE

GO TOo(23.24.25).L

SUM1=SUML1 +OF FSET#®SUM

GO TO 26
SUMZ=SUMZ2+( 1« 0/SIN(ANG) )= OQFFSET*SUM
GO TO 26
SUM3=SUM3+(1<0/TAN(ANG))®OFFSET*SUM
CONT INUE

CONTINUE

CONT INUE

SUM1=5UM1 *OLONG
SUMZ=SUMZ%WAUTO
SUM3=SUM3%WB AR
XX=CC2%(SUML +SUM2+SUM3 )

RETURN
END

SUBROUTINE COST3

SUBROQUTINE COMPUTES PDOs, INJURY, AND FATAL ACCIDENT COSTS FOR A

SPECIFIED SEVERITY=-INDEX

DIMENSION PDO(68) s IACIE) s FA(B)s YLAT(7)

&

GELLRIRR
o= nooe
alalalel alah et 3
OO0
o s e Bt e
" s wes T
—
IXIIIIO~
S EULUNE=~O
coPMOO~
P~
L e e s
e e e

COMMON/DATAZ/
*®

evesese Jh

-

IIITINS
PFPLULF~e

chCoDO

Jo C3(644)s Ca(Es4),
.

e e T

oo 0

Tt St e gt -
* s 09 ID

C5{(6s4),

&)e Cl3(6sd)s Cla(Bed)s CLlS(5ea),
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* Cl6(6s4)s CLlT(6sa)s ClBI6¢4)s Cl9(Bsa)s C20(6s4a),
* C2L(6sa)y C22(644)y C23(6sa)y C2a(694)y C25(6H44)»
= C26(6sa)s C27(6.a) s C28(6ed)s C29(6Bea)y C30(6.4),
= C31l6va)e C32(6s8) s C33(6e4) s C34(644)s C35(0s8)»
- C36(6sd)s CIT(6usd) s C38(0ed)s C393(644)s CA0L00A)
E Cal(6sa)y CA2(6e4) s CS50(6e48)s CS51(64:4)

COMMON/DATA3Y G10s Gl2s Gl3e Gl4as GlS5Ss G16s G174 Gl8. G199 G20

COMMON/ERROR/ ERROR1(6.+4)

COMMON/HURT/ PI(SeS5)e SI{SsS5)e SISL(5+5)
COMMON/LATOF/ OFSETI(S)s DLAT,. DLONGs DLATI

COMMON/ENFRE/ZENFR

COMMON/GRSI/ SIS1(3+5¢5)s SIS2(3+5:+5S)s SIS3(3+S5+5)s SIELU(3+45+5)
= SIE2U(3s5¢5)s SIE3U(3+45+5)s SIELID(345e5)s SIE2D(3+545)s
» SIE30(3+5+5)s SILI3+5¢S)e SI2(395¢5) s SI3(345+5)

COMMON/GRCST/ Gls G2y GIs G9s GAlWs GA2We GALSe G425y MBlsMB2,
- HMB3, ME9s MBAwW, MBAS. GREl1.GRE2, GRE3, GREA4, GRES,
= @ETly GET2+ MBET1s MBET2

COMMON/COMP/ SIDE(SeS)s END(SeS5)e IHIT. XX
CDHMQN/HAINC/ HIBe HIe HIAL4)e HILl(6)s HI2(6

v4)
CM1(6)s CM2(5¢4)s ACBe ACs ACAL(4)
‘ AC2(6e4)y [ZERQ(4)s THCHAZ « THC IMP

» CMBs CM, CMA(A4).,
» ACL(6)»

(4)
COMMON/IDENT/1+ Js [HAZ, IALTs IFLAG, NTITLE. IDIR. IDs. LL

cu-unN/NcuNT/ NCOUNT s IPAGEs LINESs NDES(100) s NSPD(100).
NADT(100)s NHWY(100)

COMMON/AUTLY AUTO(3)«1As 1AUTO

COMMON/ENVR/ ENVIR(3)s INVIR

COMMON/TACL/ TAC(S.S)

COMMON/RESLT/CE(4)s BC(4)s ICE(4)s NOTCE(4)s ICOST(4)s IGR
COMMON/IMPROBY IMP(5.5)

COMMON/CST4/ RC(5.5) .00

REAL MBl1, MB2, MB3, MB9, MBaw, MBasS, MBET1. MBETZ2
REAL LIFEs INT,; JAUTGOs IMP

REAL IAC

INTEGER ERROR1

INTEGER Hls H2s H3y H4, Hl4, H16¢ H17s H18s H19« H20, H21s
L] H30s Ha2, H43s H44, HAS, HAE6E, H4T7, H48, H4S9, HSO, HS1

INTEGER Cl, €2+ Cl16s C17, C18+s C19s C30s C31, C32y C33, C34,
* C3Ss C36s C399 C40y Cale Ca2s CS0s C3e Cas C5H1

GO TO (1:2)+ IFLAG

CONTINUE
IH30 = H30(1)
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GO TO (40e4+42)s IH30

CONTINUE

ERARORL(I+J) = 30

GO TQ S0
CONTINUE
ICle = Cl16(1
GO TO (678
CONT INVE
ERRORL1(I+4)
GO TO SO
CONTINUE
IF(CL17(Isd)
IF(CL7(I+3)
CONTINUE
IF(CLI7(1+J)

e J)
)s IC1E

= 31

«EQe 1) GO TO &2

eEle 2 sURe Cl7(1sJ) <EQ.

«EQe 1) GO TO 41
2)

IF(C17(1sJ) =EQe GO TO a2
CONT INUVE
POINT HAZARD ACCIDENT CLASSIFICATION
PDO(1) = 90.0
PDO(2) = 70.0
PDA(3) = S0.0
PDO(4) = 30.0
PDO(5) = 20.0
PDO(6) = 0.0
IAC(1) = 10.0
IAC(2) = 30.0
IAC(3) = S5S0.0
IAC(4) = 66.0
IAC(5) = 72.0
IAC(6) = 90.0
FA(l1) = 0.0
FA(2) = 0.0
FA(3) = 0.0
FA(4) = 4.0
FA(S5) = 8.0
FA(6) = 10«0
GO TO 10

3) GO TO &1

LONGITUDINAL HAZARD ACCIDENT CLASSIFICATION

CONTINUE
POO(Ll) = 90.0
PDO(2) = T70.0
PDO(3) = S0s90
PDO(4) = 30.0
PDO(S) = 20.0
PDA(6) = 0.0
IAC(1) = 100
IAC(2) = 30.0
IAC(3) = S0.0
IAC(4) = 7040
IAC(S5) = 7840
IAC(6) = 96.0
FA(l) = 0.0
FA(2) = 0.0
FA(3) = 0.0
FA(4) = 0.0
FA(5) = 2.0
FA(86) = 4.0
GO TO L0

SLOPE HAZARD ACCIDENT CLASSIFICATION

CONTINUE

PDO(1) = 90.0
POQ(2) = 70.0
PDQO(3) = S0.0
PDO(4) = 30.0
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DO 12

=0MEWUN=OWLeWN~OW0
L e e e e e e N e

&

20.0
0.0
10«0
30.0
4840
66.0
7440
92.0
C.0
0.0
240
'.0
6.0
8.0

(L I O T

L=1.:6

POO(L) = PDO(L)*0.
IAC(L) = IAC(L)*0.
FA(L) = FA(L)*0.0

CONTI

po 20
Da 20
S =P

NUE

L=1.5
K=1,.,5
LiLeK)

«GEe 0400 «AND.
.GEQ 0-10 .AND-
«GEes 0230 -AND.
«GEe 050 <AND.
«aGEe Q0«70 «ANDe
«GEe 0eB80 <AND.

01
01
1

hunnnwn

«GE« 1-00) GO TO 27

CONTINUE
Al = 0.0
A2 = PDO(1)#G20 + IAC(1)*G1l9 + FA(1)=*G18
S1 = 0400
S2 = 0.10

GO TO

30

CONTINUE

Al =
A2 =
S1 =
s2 =

GO TO

PDO(1)%G20
PDO(2)=G20
0.10

0«30

30

CONTINUE

Al =
A2 =
S1 =
s2 =
Ga TO

CONTINUE
Al =

A2 =
Sl =
S2 =
GO TO

CONT INUE
Al

=

A2 =

51 =

s2 =

GO TO

PDO(2)*®G20
PDO(3)%G20
0.30

0-50

30

POO(3)*G20
PDO(4)*G20
0S50

070

30

POO(4)=G20
PDO(S)=G20
0«70

0.90

30

CONTINUE

Al =
A2 =
Sl =

POO(5)*G20
PDO(6)*G20
0«90

++

++

+*

e

++

oL Te Oe
.LT. u-
elTe 0.7
«lLTe 080
+LTs 1s00)

++

e

E6E68E
o
>

FA(l)®G18
FA(2)=G18

FA(2)*G18
FA(3)%G18

FA{3)*G18
FA(4)%Gla

FA(4)%G18
FA(5)=%G18

FA(S
FA(B

-~
#* %
(211}
s

268



27

n

30

(alalalal

S2 = 1.0
GO TO 30

CONTINUE

9

TAC(L+K) = PDO(6)®G20 + 1AC(6)%G1l9 + FA(6)%G18

GO To 29

CONT INUE

Bl = A2 -

B2 = 52 -
8 = 81/8

TAC(L«K)
CONTINUE
CONT INUE
CONT INUE
RETURN

Al
s1
2

= A2 = (B#*(s2 - s))
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R FAEFAIERIEFIT XLV FIIZLS L XXX SE X SFFSETIIFS AR FTAAENTFPETEEZAXSFE SR TNAY
SUBROUTINE COsSTa

. s Zns Ll 2 E ix = TR EESE IR REAEAS I ELIERS IFREES

E THIS SUBROUTINE COMPUTES GUARDRAIL COLLISION MAINTENANCE COSTS (RC(Vv

™

et tas st L L L L EA L TR P PR LR L S L e e S P S EE PR LR T
e PR S R RS R R E R . ERT L RS _EREERL S S ES S 2 22 22 2t L L

DIMENSION PDO(6)s IAC(6)s FA(S)s YLAT(T)

COMMON/DATALY H1(6)e H2(6)s HI(B) s HA(E)y HS(B) s HE(E)s HTLS),
b HB(6)s HI6E)e HIO0(BE)s HLLI(E)y HI12(6) s HI3(6),
- Hia(6de HIS(D)s H1I6(B)s H1IT(0)s HI1B8(0)e HLII(B)»
- H20(8)+« H21(6)s H22(6)s H23(6)e H30(6)s H3I1(B] .
- H32(6)s M33(6)s H34(B) s H3IS5(6)s H36(6)s HIT(6)
= H38(6)s H33(6) s HAO(6)s Hal(B) s HaZ(6) s HA3(B) .,

- Ha4(6)s HAS(6) ., HAE(B) s HaTI(6) s HAB(6), HAS(B]) .
= HSA(6) s HS51(6)

COMMON/DATA2/ Cl(6s4)s C2(6Hs4)s C3(6s4)s CH(648)s CS5(Bea)s

- Cll(B6esa)s Cl2(b6ea)s Cl3(Bsa8)s Cla(6+s4)s C1S(6s4),
- Cl8(64sa)y ClT(64a) s ClB(EsA)y Cl9(6He4) s C20(HBsa),
- C21(6:48)s C22(6s4)s C23(6+4)s C28(6:4)s C25(6s4),
*® C26(644) s C27T(644) s C28(5+4)y C29(644),s C30(6+4)»
- C31(6e4)y C32(6sa) s C33(644) s C38(64+4) 4 C35(6ea)s
= C36(6ea)s CIT(Bed)y C38(64a)s CI9(6sa)s CaT(Bsa)»
= Ca1(6s8)s C32(6e42) s C50(644)s CS1(6ss)

COMMON/DATA3Y/ G10s G112, G113+ Gla, G1Ss G16, G17, G118, G19. G20

COMMON/ERROR/ ERRORL (6.+4)

COMMON/HURT/ PI(S5sS)s SI(SesS)e SISL(S.5)
COMMON/LATOFs OFSET(5)s DLAT, DLONGs DLAT1

COMMON/ENFRE/ENFR

COMMON/GRSIY/ SIS1(3+5+5)s SIS2(3+5«5) s SIS3(3+5+5)y SIEIU(3+5+5)»
s SIE2U(3e5e¢5) s SIE3JU(3IeSe5)s SIEID(345+S5)s SIE2D(Je5+5).,
- SIE3D(3+5+5)s SIl(3¢Se51» SI2(3+45e5)s S13(345.5)
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CUMMDN/GRCST/ Gls
MB3,
GET1s

COMMON/COMP/ SIDE(Ss5)s
COMMON/MA INC/ HIB,
*

CML(6)s CM2(5e4)s
AC2(6+48) s

COMMON/ IDENT/ 1,

COHHDNINCDNTI NCOUNT » IPAGE »
NADT(100).

COMMON/AUTLY AUTO(3) olAe
COMMON/ENVRSs ENVIR(3).

270

G2+« G3s GI»
M3S9e. MBaws
GET2+ MBET1 . MBETZ2

END(S+5)e IHIT, XX
HI1(6), HI2(6

4
ACBs ACs ACA(4
[ZERG(&)s THCHAZsTHCIM

G4lws G42wWs GaIS-
MBuS, GRElsGREZ2,

G428,
GRE3,

MBL.M32
GR=4, GRES.

HI, HIA(4), CMB, CM,
ACL(6)
]

CMA(4)»

—

) e
)
Pl(a

Jes IHAZ, [ALT,

LINES,
NAWY(100)

IFLAGs NTITLE,
NDES(100),

IDIRs IDs LL
NSPO(100).,

1AUTO
INVIR

INTEGER
=

COMMON/TACL/ TAC(S.5)
COMMON/RESLT/CE(4)s BCla),
COMMONY IMPROB/ IMP(S5,5)
COMMONS/CSTA7 RC(S+5) .00

ICE(4) s NOTCE(4)s ICOST(4)s IGR

REAL MB1l.

REAL LIFE.
REAL IAC

MB2 .
INT.

MB3.
JAUTO.

MBS,
IMP

MB8aw, MB4S. MBET1. MBETZ2

INTEGER
INTEGER
L

ERRQR1

Hls H2s H3s H&4, Hl14, H16, H17s Hl8s H19,

H30+s Ha2: H43s HA44s H45s+s H4S, HAT, HA48,

Cls C25s Cl6s C17y Cl8s C1l9s C30s C31, C32,
C35s C36s C399 C40s Cals Ca2s CS0e C3s Ca,

H20,
Ha9,

H21s
HS5Q

C33.,
csS1

HS1
C34a,

GO TO (1s2)»
CONTINUE

IFLAG

ICODE
POSTS
ISIDE
IF{ID
IF(ID

= H19(1)
= H4l1(I)
= H20{1I)
«EQe 1) IEND
-EQ- 2) 1E

- ICODE = C19¢

GO TO
CDNTINUE

ISIDE = H20¢(

I
POSTS = C29(1I
1
)

IF(ID
IFC(ID

I1CODE
POSTS
ISIDE
ISIDE
IAUTO
IHIT
IRIT
1D
1D

«EQe 1
«EQe 2)

sssevssse
ssssvssss
l eecase
sssass
13203 oo
l seassecs
3 eesses
l seacacse
2

aesswes

GUARDRAIL DESCRIPTOR COOE
POST SPACING (FT)
ROADSIDE GUARDRAIL
MED [AN GUARDRAIL
4450, 2250, 1700 LB.
SIDE TYPE IMPACT
END TYPE IMPACT
NEAR SIDE TRAFFIC
FAR SIDE TRAFFIC

AUTOMOBILE RESPECTIVELY
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20
21

22

23

24

26

27
28

14

30
33

34

35

CONTINUE
GU TU (S50¢11+509s50s1%914514+50+450450)»
CONTINUE

CABLE GUARDRAIL (3 STRANDS ON ONE SIDE

DO 28 L = 1.5
DO 28 K = 1.5
S = SI(L«K)
GO TO (20+26:26),s IHIT
CONT INUE

GO TO (21.22:23)s 1AUTO
CONTINUE

DP = 11.62%S

GO TO 2a

CONTINUE

IF(S «LEe 0494) DP
IF(S «GTe 0e.94) DP

2.50% S
-4:42 + (731%5)

F(S <LEe« 094) DP = 2.60%S
IF(S «GTe 0294) DP = =4,46 + (T.30%5)

DL = 16.0 *® OP
IF(DL «GTe« DLONG) DL = DLONG
RCI(LsK) = G1 * DL
GO T0 27

CONTINUE

IF(S «GEs 040 -ANDa
S «GEe 0e5 2ANDe
S «GEe 1le0 «ANDe
S «GEe 1le5 <ANDe
S
S
1

eLTe 0.5) A=0.50

olL.Te 120) A=0.60

el,Te 1e5) A=0.70

el Te 2.0) A=0.80
aGEe 20 «AND. Te 245) A=0.90
«eGEe 2e5) A=1.00

AUTO «EWe 2) A=(2250.0/4500.0)%A

IAUTO «EQe 3) A=({1700.0/4500.0)=A

RCIL+K) = GRE3 * A

CONTINUE

CONTINUE

GO TO Ss2

CONTINUE

hinnwnn

w=8EAM GUARDRAIL

DO 40 L=1.5
D0 40 K=1,5
S = SI(L+K)
GO TO (30+31+31), IHIT

CONT INUE

GO TO (33.34,.35), IAUTO

CONT INUE

IF{ICODE «EQe S «ANDe POSTS <EQe 6e0)
IF(ICOGDE «EQe 5 «ANDe POSTS .EQe 12.0)
IF(ICODE «EQes 6 sAND« POSTS «EQe 640)
IF( ICODE <«EQe+ & «ANDe POSTS <EQe 12.0)
IFCICODE «EQe 7 <«ANDe POSTS <EQe 6.0])
IF(ICODE «EUe 7 «ANDe< POSTS <EQe 12.0)
GO TO 36

CONTINUE

IF(ICODE <EQe S5 «AND. POSTS <EQe 6.0)
IF(ICODE «EQe 5 +ANDe POSTS «CQe 12.0)
IF({ICODE <EQe 6 <+ANDe POSTS <EQe 6.0)
IF(ICODE <EQa« 6 sANDe« POSTS <EQs 12.0)
IF(ICODE «EQe 7 «+ANDs POSTS +EQe 620)
IF{ICODE +EQe 7 «ANDe« POSTS <EQe 1240)
GD TO 36

CONTINUE

IF(ICODE «EQe S «AND<. POSTS <EQe 6&§-0)
IF(ICODE <EQe S5 «ANDe POSTS <cQe 12.0)
IF(ICODE <EQe & «ANDe POSTS <EQe 540)
IF(ICODE «EQe« & <AND< POSTS <EQ« 12.0)
IF(ICODE «EQe 7 «ANDe POSTS Qe 6.0)

1 CODE

OF PQAST)

DL=73.0%5S
DL=91 «0%S
OL=39.0%5
DL=45 .05
DL=42 .0%5
DL=53 «0%5

DL=36 .0%S
DL=4S . 0%*5S
DL=22 - 0%S
DL=28B.0%5
DL=30.0%5

DL=27 .0%S
DL=34 .0x5S
OL=1T.0%5
DL=21 .0%5
DL=18 .0%5S

271



nnonn

nn onnnnonnh on

nn

272

IF(ICODE «EQe 7 o4ANDe POSTS «€Qe¢ 12.0) DL=23.0%5S
36 CONTINUE )
IF(DL +GTas+ DLONG) DL=DLONG
IF(ICODE +EQ« S «ANDs POSTS EQs 6.0) CPLF=G2%{2.00)
IF(ICODE +ElUe S «ANDe PUSTS <EQe 12.0) CPLF=G2
IF(ICODE +EQe 6 «ANDs POSTS <EQs 6s0) CPLF=G41lW
IF(ICOOE +EQe © sANDe POUSTS «EQe 1200) CPLF=GA1wW#*(0.40)
IF(ICOVDE <EQe 7 «ANDe POSTS oEda 6.0) CPLF=G415
IF{ICODE <EQe 7 «ANDe PGSTS «EQe 12.0) CPLF=G41S*%(0.40)
RC(L+K) = CPLF=OL
GO TO 37
31 CONTINUVE
IF(S «GEe 040 <ANDe S «LTs 0s5) A=0450
IF(S «GEe 0wS «ANDe S oLTa 1.0) A=0.60
IF(S «GEe 120 «ANDe S oLTe 1e5) A=0.T70
IF(S «GEs le5 sANDe S «LTe 220) A=0s80
IF(S «GEe 240 «ANDe S «L.Te 245) A=0a90
IF(S «GEe 2a.5) A=1.00
IF(JAUTO <EQe 2) A={2250.0/4450.0)%A
IFUIAUTO <EQa« 3) A=(1700.0/74450.0)%A
IF{IEND +4EQe 1) CR = GRE2
IF(IEND <4EQe 2) CR = GRE1l
IF(IEND +EQe 2) CR = GRES
IF{IEND <EQes 4) CR = GRES&
IF{IEND .EQ« 5) CR = GETI1
IF{IEND <EQe 6) CR=GET2
IF(IEND oEQe 7) CR=M3ET1
IF(IEND <EQe 8) CR=MBETZ2
RC(L+sK) = CR%A
e CONTINUE
40 CONTINUE
GO TO Ss2
sSao CONTINUE
- FUTURE EXPANSIUN OF SUSROUTINE
52 CONTINUE
RETURN
END
EERBEE o EE = 1 RECFEVEE R REW X W A P e e el ok ¥Rkl
=
SUBROUTINE CRF
=
BE RN *EEN EEEEE = F -4 ¥EY FEREXL TR BEE XXX XTXE XXX T TR RE
L]
: THIS SUBROUTINE CALCULATES THE ECONOMIC CAPITAL RECOVERY FACTOR
R s S S R L R RS R e s e R e R s R e e R R L Rt PR RS P
DIMENSION PDOLS) s I1AC(6) s FA(S)s YLATL?)
COMMON/DATALS H1(6)e H2(6) s H3(B)s Ha(B), HS5(6) s HE(B)s H7(5),
® H8(6)s HI{6)s HLO(SE)y H11(6)s HI2(6)s H13(6),s
= H14(5)s H15(5)s H16(6)s HI7(E)s H1B8(B)s HLII(6)»
* H20(63s HZ1(6)s H22(6)» H23(8)» H30(H6)e H3IL1(6)
- H32(6)s H33(6)s H34(6)y HIS(E) s H3B(6)y H3IT(B),
) H38(6)s H39(6)s HA0(6) s HAL(E) s HA2(6)s HA3(E) .
> H44(5)s HAS(S)y HA6(6)s HAT(6) s HA8(SE)s HEF(SE),
= HS0(6), HS1(6)
COMMON/DATA2/ Cl(6s4)y C2(Be4)s C3(6544)s Ca(64+4),y CS5(6ea),
* Cli(Bealse Cl12(60a)s Cl3(6e4)e Cla(6sa)s ClS(6s4a),
= Cl6(6ed)e Cl7(5e4)e ClB(6s4)s ClI(6s4)s C20(6.4),
* C2l(Sed)s C22(6+v48)y C23(5448)s C24(00a)r C25(Bs )0
= C26(Bea)s C27(6940y C28(6sa)s C29(6rval)ly C30(Bs4)»
- C31(6v4)s C32(6s8)s CI3(6+4) s C34(6s4) s C35(6:4),
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COMMON/GRCSTY/ Gl
*

t

INTEGER
=

INTEGER
-

COMMON/DATA3Y G100
COMMON/CRFL1/ CR

COMMON/ERROR/ ERROR1 (6.

Gl2.

COMMON/HURT/ PI(5:5)s SI(S5:5),

COMMON/LATOF/ OFSETI(S).
COMMON/ENFRE/ZENFR
COMMON/SL 1/ SLADJ
COMMON/GRSI/ SIS1

1
(
SIE2U(3+5
D

(
3
L]
SIE3D(

G2,
3« MBS,
GET1ls GET
COMMON/COMP/ SIDE(S5+S5)s
CUHHDNIQAINC/ HIB, HI,
CM1(6),
AC2(6ed)»
COMMON/TODENTS/1s Je IHAZ

CQNHDN/NCUN?/ NCOUNT « IP
NADT(100)

COMMON/AUTL/ AUTO(3).1A
COMMON/ENVRS ENVIR(3).
COMMONSTACLY TAC(S5+5)
COMMON/RESLT/CE(4). BC(
COMMON/IMPROB/ IMP(S.5)

G3s G9»

CM2(6+4)s

v C50(

Gl3. Glad,. G115« Gl6s G117+ GlBs G19.

4)

SISL(5.+5)

DLATs DLONGs DLATI

(
3 5
3 S

e N

S1S3(3+5+5 SIE1U(
IELID(3+5+5) [E2D(3
S12(3+5+5) 13(3.5

+5)
'y
+5)

G425,
GRE3.

G4lw, GA2wW, GA1S,
MB4wW, MB4S, GRELl .GREZ2.
2+ MBET1s MBET2

END(SeS5)e IHIT»
HIA(4)s, HIL1(6), HI2{(64+4), CMB, CM,

ACBs AC, ACA(4),s ACL(8),
THCHAZ s THCIMP (&)

GRE 4+

XX

LZERQ(4 ) »

s IALTs IFLAG, NTITLE. ID.

AGEs LINES, NDES(100)s NSPD(100).
+» NHWY(100)

« IAUTO
INVIR

IDIR, L

4)s ICE(4)es NOTCE(4)s ICOST(3),

COMMON/CSTA/ RC(S+5) DL

REAL MB1 .+

REAL LIFE.
REAL [AC

MB8Z .

INTs JAUTQ.

INTEGER ERRORI1
Hle H2s H3s Ha,
H30s Ha2, HA3,

Cls, C2s Cl16+ C1
C3S, C36, C39s

INT = INTEREST RATE
LIFE = LIFE OF PROJECT

INT = G17/100.0

LIFE = G16

A = (le0 + INTI®®_IFE
CR = (INT®A)/(A-1)
RETURN

END

MB3s MBIs

MEB4W.
MNP

MB4aS, MBET1, MBETZ2

Hl&%s H16s HL1T7s

H44, H4S5, HaA& s HAT. HA48,

7+ C18. C19+ C30s €31+ C32,
Ca0s Cals Ca2, CS0s C3s Cas

H18s H1I9s HZ0,

H& 9,

H214
H50 s

c33,
c51

( YEARS)

I1GR

Gad)s

G20

3+545) s
*S545)
+5)

ME1.MB2,

GRES

CMA(A) .

HS1
C34,

273
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SUBROUTINE SLOPE1L

B e
-

* SLOPE HAZARD SUBROUTINE

*

E T e T e e T T e
D T T T R T I TP e T

DIMENSION PDO(6)s IAC(6)s FA(B)s YLAT(T7)

COMMON/DATALY H1(6)es H2(6)s H3(6)y HA(6)y HS5(6)s HE(BE)w HT(6)»
- HB8(6)s HI(G6G)s HLIO0(O6)s HILIG6)s HI12(6)s HI3(6) s

- H14(6)s HIS(B)s H16(B)s HL1T(E)y HL1B(6)s HIF(B) W
* H20(6)s H21(6)e H22(6)y H23(6) s H30(6) e H31(B)»

= H32(8)e M33(6)s H34(6)y HIS(E) s H36(BE)s H3IT(BE),

L H38(6)s H39(6)s HAO(B)s HAl(6)s HAZ(B6) s HE3(B)

- Ha34(6)s HAS(E)s HaG(6)s HAT(6) s HA8(6)s HAS(B)
* HS0(6) s HS1(6]

COMMON/DATA2Y Cl(6sa8)y C2(604)s C3(6+4)e Ca(644), C5(6sa),

b ClllBea)e Cl2(6e8)s C13(6s48)y Cla(6ed)s CLlS(6sa),
* Cl6(6e4)s Cl7(6v8)s ClB8(6s4)y Cl9(6s4)s C20(6s4),
= C21(6+4)9 C22(6ea)y C23(694)e C208(694)s C2S(6s4)
- C26(6.+4)s C27(644) s C28(6+4)s C29(6s4a) . C30(Hea).
- C31(694)y C32(6+48) 9y C33(6e4)y CI4(644) s C35(6+4),
- C36(6ea)s CIT7(6ea8)s C35(65e8)s C39(6s4)e CLO(B.4)»
® Cal(6ea)s Ca2(60a)s CS50(604)y CS51(6s4)

COMMON/DATA3S G110, G12s Gl3s GLl4, G115, G166, G17, Gl8. G19« G20

COMMON/ERRORS ERRORL (6:4)

COMMON/HURT/ PI(S5+S)s SI(S+S)s SISLI(S5.5)
COMMON/LATOF/ OFSET(S)s OLAT. DLONGs DLATL
COMMON/ENFRE/ENFR

COMMON/SL 1/ SLADJLI(Ss5)

COMMGN/GRSLY SIS1(39S5eS)ey SIS203e5eS) s SIS3(3+45+5)s SIEIU(345e5)
= SIE2U(3+5+5) s SIE3U(3+45¢5)s SIELID(3+5+5)s SIE2D(3+5+5)
- SIE3D(3¢5¢S)s SI1(3+Se5)e SIZ2(395+5)e SI3(3+5+5)

COMMONS/GRCSTY Gle G224 G3e G99 G4lwe GaA2W, GAL1S. GA2S, MBE1l.MB2,
. = MBE3s MB9, MB4awW, MBAS, GREl,GRE2+. GRE3+ GREa4s GRES.
= GETls GET2+ MBETl e MBET2
COMMON/COMP/ SIDE(S+5)e END(Ss5)s IHIT, XX
COMMON/MAINC/ HIBe Hly HIA(A), HIL1(6)s HI2(6+48)y CMBy CHM, CMA(4),
= CMl{(6)sy CM2(Osa)ls ACBe ACy ACA(A)e ACL(B)»
L AC2(6e¢4)e [ZERO(3) s THCHAZ.THCIMP(4)
COMMON/IDENT/1s Js IHAZs IALTs IFLAGs NTITLE, IDIRs IDe LL

COMMON/NCONT/ NCOUNT+ IPAGEs LINES.: NDES{100), NSPD(100),
* MADT(100)s NHWY(100)

COMMON/AUT1/ AJTO(3) 1A, IAUTO
COMMON/ENVRY/ ENVIR(3), INVIR
COMMON/TACLY TACI(S.5)
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COMMON/RESLT/CE(4)s BC(4)y ICE(4)s NOTCE(4)s ICOST(4)» IGR
COMMON/INPROBY IMP(5.5)

COMMON/CSTA4/ RCIiS.5) .0L

REAL MB8l, MB2, MB3, MBE9y MB4w, MBA4Ses MBET1. MBETZ2

REAL LIFE. INT. JAUTO, IMP

REAL 1AC

INTEGER ERROR1

INTEGER Hls H2, H3e Has Hl#4s H16, HLI7s H1B8. H19,: H20. H21ls
- H30y H42+ Ha3es Ha4, HaAS, Has, HAT, He8s HA9s HS0, HSI
INTEGER Cls C24s Cl16s C17s C18, C19s C30, C31+ €32, C33, C3a,
- C3Se C36s C39s Ca0s Cale Ca2s CS50s C3s Cas CS51

INITIALIZE VARIABLES

IHIT=1

wEND=040

IDIR=]

[IAUTO=1

INVIR=1

ENVIRO=ENVIR(1)

DETERMINE LENGTH OF HAZARD
ODLONG=ABS(H23(I) - H22(1)) * S5280.0

CALCULATE SEVERITY INDEXES FOR SLOPE HAZARD

5 CONTINUE
CALL SLOPE

STORE SISL VALUES

DO 10 M=1,S5

0Q 10 N=1,5

SI(MsNI=SISL(MesN)
10 CONTINUE

DETERMINE LATERAL OFFSET DISTANCE OF SLOPE HAZARD.
IF SLOPE IS 431 DLAT IS THE AVERAGE ¢

IS MEASURED TO 30TTOM OF DITCHe
THE DITCH BOTTOM AND HINGE PQINT OF SLOPEa
MEASURED TOHINGE POQINT OF SLOPE.

DH32 = H32(I)

IF(DH324LT«4.0)G0O TO 15
DLAT=(H32(I)*H33(1))1+n31(1)
é:lgng.Eﬂ-&-ﬂ] DLAT=(DLAT#H31(1))/2.0

15 CONTINUE
DLAT=H31(I)

2 CONTINUE
DLAT1 = DLAT

CALCULATE INJURY PROBALILITIES
8 CONTINUE
CALL PROB3
DO 25 M=1,4+5
00 25 N=1.5

SIDE(M«N) = PI(M:N)
25 CONTINUE

IF SLOPE IS 6:1. C
IF SLOPE [S 331 OR LESS OL
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CALCUILATE HAZARD INDEX FOR SLOPE
CALL COMPUT
HI = XX

CALCULATE INJURY ACCIDENT COSTS
CALL COsST3

DO 30 M=],5

DO 30 N=1+5
SIDE(M«N) = TAC(MsN)
CUNTINUE

CALCULATE AVERAGE ACCIDENT COSTS

CALL COMPUT
AC = XX

GO TO(40.+50+60), IAUTO

IAUTO IS A COUNTER FOR AUTO SIZE
IAuTO = 1 4500 L8
IAUTO = 2 2250 La
IAUTO = 3 1750 L8

CONTINUE
JAUTO = AUTO(1}
@0 TQO 70
CONTINUE

JAUTO = AUTO(2)
GO TQ 70

CONTINUE
JAUTO = AUTO(3)

CONTINUE

ENVIRO 1S AN ENVIROMENTAL PROBABILITY FACTOR

HI = HI2JAUTO=ENVIRO
AC = AC®JAUTG=ENVIRO

HI1(Il) = HI1(I)
ACL(I) = ACL(I)

INVIR = INVIR+1

INVIR IS A COUNTER FOR THE ENVIROMENTAL CONDITIONS

1 ORY CONDITION
2 WET CONDITION
? FROZEN CONOLTION

-

N
N
N

c€<<
-
uxnn

GO TO(80+80+490+4100)s INVIR
CONTINUE

CALL SLADJY

00 85 M=1,5

DO B85S N=L1,5

SI(MeN}) = SISLIMsNI®ESLADJ]L(M«N)
CONTINUE

ENVIROG = ENVIR(2)

GO TO 8

CONTINUE

CALL SLADJ

D0 95 M=1,5

D0 95 N=1,5

SI(MeN) = SISLIMsN)SSLADJ](M«N)
CONTINUE

ENVIRO = ENVIR(3)

GO TO &8

IS THE ADJUSTMENT FACTOR FOR THE WET AND FROZEN CONDITIONS
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100 CONTINUE

CHECK WHETHER ROAD [S 4=LANE DIVIDED HIGHWAY. IF NOTs JNCOMING TRAFFIC
UPPOSITE LANE IS CONSIDERED.
IF(HI(I)=EQel1)GO0 TO 110
IF(HI(]1)«EQs2)G0 TO 130
GO TO 120
110 CONTINUE
IF(H2(1)«EQele0OR-H2(1).EQ.2)GO TO 130
120 CONTINUE
IDIR = IDIR+1
IF(IDIR<EQ.3)G0 TO 130
INVIR

=1
ENVIRO = ENVIR(1)
DO 125 M=1,5
D0 125 N=1.5
SI(MyN) = SISLIM«N)
125 CONTINUE

DLAT = DLAT+HT(I)
GO TO 2

130 CONTINUE
IAUTO = TAUTO+1
IF(IAUTO.EQ-4)G0O TO 200
IDIR = 1
INVIR= 1
ENVIRO = ENVIR(1)
GO TQ S

200 CONTINUE

THCHAZ = CMB
HIB = HIB + HI1(I)
ACB = ACB + ACIi(I}

RETURN
END
FRFESEBEFTFIBIEEBRF SR T XS Pl 2 FFEF XX XEFT I XD EFFEET AR X
SUBROUTINE SLOPEZ2
.
ARFEAXBAAXXRIRXSE RSB IS B SS A AT XX XA FTEIE LIRS TR XA B TSR ERREE T ETX S
=
= SLOPE IMPROVEMENT SUBROUTINE
E 3
EEEF R EE SR PR R S PP P E R PR LR SRS R RS EE SRR LR DS o R o R PR EE R RS S L B L R D
ExEER EEE EEEES ELEL S PR PR R R YRS EE S R EEE SR L S L L 2]
DIMENSION PDO(6)s I1AC(B) e FALB) s YLAT(T)
COMMON/DATAL/ H1(6)s H2(6)s H3(6), Ha(B)s HS(6) s HE(B), HT(B),
® HB(B)e HI(6)s HI0(6)s H11(6)s HI2(6)s H13(E)»
= H14(6) s HLIS(6)s H16(B)s H17(6)s H18(6)s H19(6),
= H20(68)s H21(68) s H22(6) s H23(6)s H30(6)s H31(6).
= H32(6)s H33(6) s H34(56)s H3S5(8) s H36(6)s H3IT7(6) .
= H38(6)s H3I9(6)y HA0(B) s HAL(6) s HAZ(6)e HA3(B)
= H&44(6) s HAS(5) sy HA6(6)s HAT(G)e Had(B)s HaAI(6)
® HS0(&8) s HS51(8)
COMMON/DATAZ/ Cll6:4)s C2(6e4)y C3(6+4)s Ca(6+a)y CS5{Bsad)s
= Cll(Beadle Cl2(Hea) s Cl3(6s4)s Cla(Bead)s ClS(6e4a).
= Cl6(Bes)s Cl7(6e4)y CLB(6EsA)y CLlI(6s4) s C20(6+41),
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= C21(6sa)s C22(608)e C23(6sa)s C24(6,4), C2S5(6448)»

= C26(0s8)s C27(6+8), C28(698)s C29(6e4)s C30(6r4s)s

= C31(Ssé)y C3212 .80, TI3iCed)e C34(0648)y C35(6s4),

* C36(6s48)s C37(604)y C33(6e4)e C39(644)s Ca0(6s8)s

* C41(6s4)s C42(6s4)s CS0(694)s CS1(6Es4)
COMMON/DATA3Y Gl10e Gl2s G13s Gla, GlSs Glb6s Gl7, Gl3,s G19s G20
COMMON/CRFLl/ CR
COMMON/ERROR/ ERROR1(6.+4)

COMMON/HURT/ PI(SeS)e S1(SeS5)e SISL(S5+5)

COMMON/LATOF/ OFSET(S)s DLAT. DLONG. DLATL

COMMON/ENFRE/ENFR

COMMON/SL 1/ SLADJ1(S5s5)

COMMON/GRSI/ SIS1(3¢54+45) s SIS2(3:5e5)s SIS3(3¢545)s SIEIU(3+5:5),
* SIE2U(3+545)s SIE3U(3¢S+S)s SIELID(3+5+45)s SIE2D(3+5+5)»
-® SIE3D(3:545) s S5I1(3s5e5)e S12(395+5)s SI3(35+5)

COMMON/GRCST/ Gls G2s G3+s G9e GALWe GA2W, GA1lS. GA2S, MBl.,MB2,
* MB3, MB9s MBAWs MBAS. GRE1+GRE2s GRE3s GRE4s GRES.
= GET1s GETZ2+ MBETls MBETZ2

COMMON/COMP/ SIDE(S+S)s ENO(SsS)s [HIT. XX

CDHHQN/NAINC/ HIBsy H1s HIA(4)y HIL1(8)s HI2(6+4)y CMB,s CHMe CMA(4),

CM1(6)s CM2(5s4)s ACBe ACy ACA(4) 4y ACL(8)»

- AC2(604)s 1ZERO(4)s THCHAZ.THCIMP(4)
COMMON/IDENT/1e Js IHAZ. IALTs, IFLAG, NTITLE,s, IDIRs IDe LL
CBHHUHINCDNTJ NCOUNT s IPAGEs LINESs NDES(100)s NSPD(100),

NADT(100)s NHWY(100)

COMMON/AUTLY/ AUTO(3).1A. IAUTO

COMMOMN/ENVRY ENVIR(3)s INVIR

COMMONSTACLY TACI(S.5)

COMMON/RESLT/CE(4)s BCl(a), ICE(4), NOTCE(4), ICOST(4)., IGR

COMMON/IMPROB, IMP(S5.5)

COMMON/CST4/ RC(SeS5).0L

REAL MBl, M82s MB3, MB9, MB4w. MBAS: MBETLl. MBETZ2

REAL LIFEs INTs JAUTQ. IMP

REAL IAC

INTEGER ERRORI1

INTEGER Hls H2, H3, Ha, Hi4, H1&6, H17, H18, H13, H20, HZ21l,
= H30e H42, HA3, H44, H4Ss Ha46e HaT7, H48s, HaIs HSOs HS51

INTEGER Cl, C2, C16, C17, C18, €19y C30, C31+ C32, C33, C34,.
= C35s C36+ €39+ C40s, Calse Ca2, C50s C3s Cay C51

IHIT=1
WEND=0.0
IDIR=1

[AUTO=1

INVIR=1
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DETERMINE LENGTH OF I[MPROVEMENT
DLONG=ABS(C38(1+J)=C37(1+J))%5280.0
CALCULATE SEVERITY INDEXES FOR SLOPE IMPROVEMENT

CONTINUE
CALL SLOPE

STORE SISL VALUES

00 10 lll-l.-5

DO 10 N=1,
SIIH.NI‘SISLIM-NJ
CONTINVE

DETERMINE LATERAL OFFSET DISTANCE OF SLOPE HAZARD IF SLOPE 1S 631 OL
MEASURED TO BOTTOM OF DITCHe IF SLOPE IS 421 DLAT [S THE AVERAGE BETYr
THE BOTTOM OF DITCH AND THE HINGE POINTe [IF SLOPE IS 3:1 OR LESS OLAT
MEASURED TOHINGE POINT OF SLOPE.

30

40

S0

DC19 =, C29(1,4)

IF (DC1%eLT.2.0)G0 TO 15

DLAT =(C29(1+J)%C20( [+J) )+C28(14d)

égt?gxg.sa.a.aa DLAT=(DLAT+C28( I, J)
2

CONTINUE
OLAT=C28([+J)
CONTINUE
DLAT1 = DLAT

V) /7240

CALCULATE INJURY PROBALILITIES
CONTINUE
CALL PROB3

DO 2S5 M=l.5

DO 2S5 N=1.5
SIDE(M«N) = PI(M«N)
CUNTINUE

CALCULATE HAZARD INDEX FOR SLOPE
CALL COMPUT
HI = XX

CALCULATE INJURY ACCIDENT COSTS
CALL COST3

DO 30 M=1,5

DO 30 N=1.5
SIDE(MsN) = TAC(MeN)
CONTINUE

CALCULATE AVERAGE ACCIDENT COSTS

CALL COWMPUT
AC = XX

GO TO(40+50+60)s1AUTQO

IAUTO IS A COUNTER FOR AUTO SIZE
IAUTO = 1 4500 L8
IAUTO = 2 2250 L8
IAUTO = 3 1750 L8

CONTINUE
JAUTU = AUTO(1)
GO TO 70

CONTINUE
JAUTO = AUTO(2)
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GO TO 70

CONTINUE
JAUTO = AUTO(3)

CONTINUE

ENVIRO IS AN ENVIROMENTAL PROBABILITY FACTOR
HI = HI®*JAUTOSENVIRO
AC = AC®JAUTG=ENVIRO

HI2(1+J)I=HI2(T,J)+HI
AC2(1+J)=AC2(1sJ)+AC

INVIR = INVIR+l1
INVIR IS A COUNTER FOR THE ENVIROMENTAL CONDITIONS

INVIR = 1 DRY CONOITION
INVIR = 2 WET CONDITION
INVIR FROZEN CONDITIO

SLADJI(V-TI IS THE ADJUSTMENT FACTDR FOR THE WET AND FROZEN CONDITI

GO TO(B0:+s80s90:100)4 INVIR
CONTINUE

CALL SLADJ

DQ BS5 M=1,5S

DO 85 N=1,5

Sl(HoNl = SISL(MeN)I*SLADJL(M4N)
CONT I NU

ENUIRO ’ ENVIR(2)

CONTINUE

CALL SLADJ

Dg 95 H-lns

DO 95 N=1.5

SI(MeN) = SISLIMsNIBSLADJLIM.N)
CONTINUE

ENVIRO = ENVIR(3)

GQ TO 8

CONT INUE

CHECK WHETHER ROAD IS 4—-LANE DIVIDED HIGHWAYs IF NOT,. ONCOMING TRAFFIC
OPPOSITE LANE IS CONSIDERED.

119
120

125

130

IF(HL(1I)«EQel1)GO TO 110
IF{HI(I)«.EQe2)G3 TO 130
GO TO 120

CONTINUE

IF(H2(1)«EQe10R-H2{ 1) .EQ.2)G0 TO 130
CONTINUE

IDIR = IDIR+1

IF(IDIR.EQ.3)G0 TO 130

INVIR = 1

ENVIRO = ENVIRI(1)
DO 12S M=1,S

DO 125 N=1.5
SI(MeN) = SISLI(MsN)
CONTINUE

DLAT = DLAT+HT7(1)
G TO 2

CONTINUE
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IAUTO = TAUTO+1
IF(IAUTO«EGe4)u0 TO 200
IDIR = 1

INVIR= 1

ENVIRO = ENVIR(1)

GO TU

CONTINUE
CALL CRF

HC = Cl1(I+.J)=CR - Cl4
THCIMP(J) = THCIMP(J)

(Led) + C15(1ed)
+ HC

HIA(J) = HIA(J) +
ACA(J) = ACA(J) +

RETURN
END

.I“‘I‘.-"-"ttl‘-‘-.‘.‘.-l‘..:t‘"‘.-‘..l.‘""‘..t.-.-.““.ﬂ..t.ill

SUBROUTINE SLOPE

"
TTTTT B T o e e T e P TP T T

THIS SUBROUTINE DETERMINES THE SEVERITY INODEX FOR VEHICLES TRAVERSIt
VARIOUS TYPES OF DITCHES. THE VARIABLES OF THE TERRAIN ENTERED I[NCL
H32==FRONTSLOPE==2¢344,:,6 TO 1 ONLYse H3I6~—BACKSLOPE==0s+2+4 TO 1 UNL)
H33-—FILL HEIGHT—S0 FEET OR LESS+ H34=—0DITCH WIDTH—=FROM 0 TO 12
UPDATED VERSION HAS ADJUSTMENT FACTORS FOR 4S00s 2250, AND 1700 LB.
eHICH ARE INITIATED BY THE COUNTER IAUTO = 1s 2+ 3 RESPECTIVELY.

BELSXXLLLPAIVIBTZ LIV IR LL I EXILF XSV VS AR LN A FPLXAB I FLXART TSR 8

DIMENSION PDO(6) s L1ACLGE) s FA(S)s YLAT(T7)
DIMENSION SPEED(S)s ANGLE(S)
DIMENSION SIADJ(S5.5)

COMMON/DATALY H1(6)s H2(8)e H3(6) s HA(S6) s HS(6) e HE(B)y HTIS )W
= H8(6)e HI(6)s HIO(6)s HI1(6)y HI2(6)s HI3(6),

- Rla(6)s H1S5(6): H16(6)s HLT(E), HL1BLB) s HIF(S) .

= H20(6) s H21(6)s H22(6)y H23(6)s H3IO0(E)s H3L(E),s

= H32(6)y H33(6)s H34(6)s N3IS(6)e H3IG(6) s HIT(B)»

* H38(5)s H3I9(6)e HA0(6)s Hal(6), HaAaZ2(6)s HA3(5),
* H84(6)s HAS(6)e HAE(B)e HAT(6) s H4A(B)s HAG(B)

= HSO(B)s HS1(6)

COMMON/DATAZS Cl(6+8)s C2(689s4)e CI(64a8) s Ca(6sa)y CS5(64a)s
* Cll(6ed)s Cl2(6sa)y Cl3(6s4)s Cla(Bead)y ClS(5s8),
= Cl6(6+s4)s ClT(548)s C1B(6s4)y Cl9(6sa)s C20(5441),
- C21(6+8)s C22(648) s C23(604)y C2a(6sa)s C25(544)s
e C26(56e4)y C27(6.4), C28B(85s4)s C29(6s4)s C30(6:48),
= C31(6v4)s C32(6+8)s C33(6s4)y C34(644)y C3IS5(6s4),
= C36(64a8)s CI7T(6ea) s C3B8(6s4)s C39(64sa) s CAA(B.4),
» CaliBea)le CA2(6+8)s CS0(Gs4)s CS51(6sa)

COMMON/DATA3Y Gl0s G1l2s Gl3s Gl4, GISs Gl6s G117+ Gl8, G19s G20

COMMON/ERROR/ ERRORL (6.4)

COMMON/HURT/ PI(S5+5)s SI(SeS5)ks SISLIS5+5)
COMMON/LATOF/ OFSET(S)s OLAT., DLONGe DLATI
COMMON/ENFRE/ENFR
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COHMUN/GRSI/ SIS1
SIE2U( 3.
‘ SIE3

wvmwn
—— -

545) s
+S)e
H

L~
- e W
« e (N

uiine

S
I
1

Lime

Elu(3
2D0(3.
(3¢50

}Js SIS2(3.5.5
SIE3U(3¢5+S)»
S)e S11(3e5+5

= (A

53 . 5) u .
D« -3 Je S5 ( 5
24 S le S . S
COMMON/GRCST/ Gle G2+ G3s G994 GAlwW, Ga2W, GAlS, GA2S5S, MB1.MB2.
3

MB3, MB9: MBE4w.: MBA4Sy GRELl +GRE2+ GRE3s GRE4s GRES
- GET1ls GET2s MBETLl s MBETZ2

COMMON/COMP/ SIDE(SeS)e END(SeShs IHIT, xx
COHHON/HAINCI HIBs HIse HIAC(A)s HIL1(6)s HI2(644),

=
CHM1(6)s CM2(5ed)y ACBs ACs ACA(4), A
t AC2(6e4)s IZERO(4)s THCHAZ,THCIMP(4)

MB, CM, CHMA(4).,
Cl(6),
COMMON/IDENT/1s Js IHAZs, IALT. IFLAGs NTITLE. IDIRs IDe LL

COHMUNINCQNTI NCOUNT + IPAGEs LINESs NOES(100)+ NSPD(100),
NADT(100). NHWY(100)

COMMON/AUTL/ AUTO(3)«1IA. I1AUTO

COMMON/ENVR/ ENVIR(3)s INVIR

COMMONS/TACL1Y TAC(S.5)

COMMON/RESLT/CE(4), BC(4)s ICE(4), NOTCE(4), ICOST(4), IGR
COMMON/INMPROB/ IMP(5.5)

COMMON/CSTA/ RC(SeS) 0L

REAL MBls MBEZ2+ MB3e MBE9, MBAwW, MBAS, MBETls MBET2

REAL LIFEs INTs JAUTO, IMP
REAL IAC

INTEGER ERROR1

INTEGER Hls H2s, H3e. H&4, Hl4, H16s HL7s H18, H19, H20., H21, .
= H30s Ha2s: H43s H44, HAS. H46, HAT, Ha8, Ha9. HS0. HSI1

INTEGER Cls C2s C16. C17s €18« C19s C30, C31,+ C32, C33, C34.
#* C3S5e 36+ C39s Ca04s Cals Ca2, CS0s C3s Cay C51

DATA SPEED(1)/40.0/+SPEED(2)/5040/+SPEED(3)/760.0/+SPEED(4)/700/
*SPEED(51/80.0/

DATA ANGLE(1)/5.0/+ANGLE(2)/10+/+ANGLE(3)/15./+.ANGLE(4)/20./,
BANGLE(S5) 725/

CONTINUVE

IF(IFLAG «EQ. 1) GO TO SO1
IF(IFLAG «EQ. 2) GO TO S02
CONTINUE

ITEMPL1 = H32(I)

=
ITEMPS =
CONTINUE

DO 1001 K=1,5
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200
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DO 1002 L=1.5

VEL=SPEEDI(K)
ANG=ANGLE(L)

GO TO (142+39451+6)+1ITEMPIL
GO TO 1003

IF(ITEMP4 .EQ. 0) GO TO 7

IF(ITEMP4 .EQe 4) GO TO 8

IF(ITEMP4 .EQs 2) GO TO 9

GO TO 1004

IF(ITEMP4 .EQ. 0) GO TO 10
IF(ITEMP4 .EQe 4) GO TO 11
IF(ITEMP4 .EQe 2) GO TO 12
GO TO 1004

IF(ITEMP4 .EQ. 0) GO TO 13
IF(ITEMPA .EQ. 4) GO TO 14
IF(ITEMP4 «EGe 2) GO TO 15
GO TO 1004

IF(ITEMPA .EQ« 0) GO TO 16
IF(ITEMP4 .EQe 4) GO TO 17
IF(ITEMP4 .£Q-« 23 GO TO 18
GO TO 1004

IF(ITEMPZ2 .GTe 15) GO TO 200
IF(ANG LT« 22.5) GO TO 100
SISLI(K+L)=0-010%VEL+0.900
GO TO 1000

IF(ANG «LT. 17.5) GO TO 101
SISLIKsL)=0.028%#VEL=-0.400
GO TO 1000

IF(ANG «LTe. 12.5) GO TO 102
SISLI(KsL)=0«0458VEL=1633
GO TO 1000

IF(ANG «LE«. 7s5) GO TO 103
SISLIKsL)=0015S*%VEL—-0e190
GO TO 1000

IF(ANG LT« 0.0) GO TO 104
SISLIK«+L)=0.0002VEL#0.533
GO TO 1000

CONTINUE

IF(ITEMP2 .GT. 25) GO TO 201
IF(ANG LT« 22.5) GO TO 105
SISLIKeL)=0.075#VEL~-2.433
GO TO 1040

IF(ANG .LT. 17.5) GO TO 106
SISLIKsL)=00485%8VEL~1365
GO TO 1000

IF(ANG +LT. 12.5) GO TO 107
SISLIK:L)=0,020%*VEL-0.200
GO TO 1000

IF(ANG +.LEs 7«5) GO TO 108
SISLIKsL)=0-0095+VEL #0405
GO TO 1000

IF(ANG «LTe 000) GO TO 109
SISLIK+L)=0.00S2VEL+0.667
GO TO 1000

CONTINUE

(ITEMPZ2 .GTe< 40) GO TO 202
{ANG «LTs 22.5) GO TO 110
SLIK:L)=0.020=VEL+0.,033

TO 1000

(ANG «LTe 17«5) GO TO 111
SL(K+L)=0.0095%VEL #0.543
GO TO 1000

IF
1F
SI
GO
IF
S
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204

125

126

127

128

129

nn

205
[=

IF{ANG «LTs 12.5) GO TO 112
SISLIKsL)=0-000=VEL+1.000
GU TO 1000

IF(ANG <LEe 7.5) GO TO 113
SISLIKsL)=0.000%VEL+1.170

GO 7O 1000

IF{ANG oLTe 0Q0e0) GO TO 114
SISLIKsL)}=0.000=VEL#+1.267
GO TO 1000

CONTINUE

GO TO 1005

IF{ITEMP2 .GT. 15) GO TO 203
IF(ANG «LT. 22.5) GO TO 115
SISLIKsL)=-0.0194%VEL+4. 0456
GO TO 1000

IF(ANG «LT« 17.5) GO TO 116
SISLI{KsL)=0.0029%VEL+1.9126
GO TO 1000

IF{ANG LT« 12.5) GO TO 117
SISL{KsL)=0.0243%VEL-0.1942
GO TO 1uo00

IF(ANG <«LEes 7e5) GO TO 118
SISLI(KsL)=0.01652VEL-0.0485
GO Ta 1000

IF(ANG <LT. 0.0) GO TO 119
SISL(KsL)=0.0097%VEL+0.0000
GO TO 1000

CONTINUE

IF(ITEMP2 «GTe. 25) GO TO 204
IF (ANG «LTe 22.5) GO TO 120
SISLIK.L)=0e1117%VEL-3.4531
GO TO 10900

IF(ANG «LT. 17.5) GO TO 121
SISL(KsL)=0.0738%VEL-2.2524
GO TO 1000

IF(ANG «LTe 12.5) GO TO 122
SISL{KeL)=0.0485VEL—-14563
GO TO 1000

IF(ANG «LEas 725) GO TO 123
SISLIKsL)=0.0233%VEL-0.2330
GO TO 1000

IF(ANG LT. 0.0) GO TO 124
SISLI(K«sL)=0.0049%VEL+0.6476
GO TO 1000

CONTINUE

F(ITEMP2 .GT.- 40) GO TO 20S
F{ANG «LTe 22.S) GO TO 125
ISLIKsL)=0.0680%VEL=-1.6505
g TO 1000

FL{ANG LT« 17.5) GO TO 126
ISL(KsL)=0.0325%VEL +0.3078
QO TO 1000

F{ANG .LT. 12.5) GO TOQ 127
SISLIKsLI=0.0097T*VEL+1.5534
GO TO 1000

IF(ANG <4LEe« 7.5) GO TO 128
SISLIKeL)=0.0068%VEL+1.1553
GO TO 1000

IF(ANG <LT. 0-0) GO TO 129
SISL(KsL)=0.0049*VEL +0.9058
GO TO 1000

CONTINUE

I
I
5
G
I
S
G
I

GO TO 1005
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nn

207

140
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142

143
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208
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145

147

(ITEMP2 .GT. 15) GO TOo 206
{ANG «LTe. 22.5) GO TO 130
SLIK:L)==-0.020%VEL#*4.167
TO 1000

(ANG «LTe 17.5) GO TO 131
SLIKs+L)=0003%#VEL+1.970

TO 1000

(ANG «LT. 12.5) GO TO 132
SL(KsL)=0.025%VEL=0.200

(

ANG «LE. 7.5) GO 7O 133
ISLIKsL)=0.0170%VEL=-0050

IF(ANG «LTe 0<0) GO TO 134
SISL{KsL)=0.010%VEL+0.,000
GO TO 1000

CONTINUE

(ITEMP2 .GT. 25) GO TO 207
({ANG «LTe 22.5) GO TO 135
SLIKsL)=0e1158VEL=3.567
TO 1000

(ANG «LT. 17.5) GO TO 136
SLIKsL)=0s076%VEL-2,320
TO 1000

(ANG «LTe 12.5) GO TO 137
SLI(K:L)=0+050%VEL=-1.500
GO TO 1000

IF(ANG «LEs 75) GO TO 138
SISLIKsL)=0.024VEL-0240
GO TO 1000

IF(ANG «LTs 0s0) GO TO 139
SISLIK«L)=0e005%VEL+*0.667
GO TO 1000

CONTINUE

(ITEMPZ «GT« 40) GQ TQ 208
(ANG «LTs 22.5) GO TO 140
SLIKsL)=0070%VEL=1.700
TO 1000

(ANG «LTe 17«5) GO TO 141

SLIKsL)=0.0335%VEL+0.317
TO 1000

(ANG «LTe 12.5) GO TO 142
SL(K+L)=00108VEL+1600
TO 1000

(ANG <LEs 7.5) GO TO 143

SLIKsL)=0.007%VEL+1190
TO 1000

IF(ANG «LTe 00) GO TO 144
SISLIKsL)=0.005%VEL+0.933
e0 TO 1000

CONTINUE

G U0 = O U0 e ) U0 @) ) e
O=NMO~=TMO0~T0~TT

GO TO 100sS

F(ITEMP2 .GT. 15) GO TO 209
FI{ANG «LTe 2245) GO TO 145
ISL(KsL)I=0.050%VEL=-2.,133
0O TO 1000

FI(ANG «LT. 17.5) GD TO 146
ISLIKsL)=0026%VEL-0.897

GO TO 1000

IF(ANG 4LTe« 12.5) GO TO 147
SISLIK:L)=0-000%VYEL+0.467

GO TO 1000

IF(ANG +LEs 7+5) GO TO 148
SISLIKsLI=0.000%VEL+0.370
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159
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non. NN
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160

161

162

165

GO TO 1000

IF({ANG «LT« 0.0) GO TGO 149
SISLIKL)=0.00U%VEL+0.300
GO TO 1000

CONTINUE

IF(ITEMP2 .GT. 25) GO TO 210
IF(ANG «LT. 22.5) GO TO 150
SISL(KsL)=0.015%VEL-0.100
GO TO 1000

IF(ANG oLTe 17.5) GO TO 151
SISLI(KsL)=0-01U*VEL+0.700
GO TO 1000

IF{ANG oLTe 12.5) GO TO 152
SISL{K«L)=0.005%VEL=0.233
GU TO 1000

IF(ANG oLEs 7+5) GO TO 153
SISL(KesL)=0.003%VEL+0.373
GO TO 1000

IF(ANG «LT. 0.0) GO TO 154
SISLIK»L)=0.000%VEL+0e567
GO TO 1000

CONTINUE

IF(ITEMPZ2 «GT- 40) GO TO 211
IF(ANG LT« 22.5) GO TO 155
SISL(K+L)=0.01S*VEL—0.067
GO TQO 1000

IF(ANG «LTes 17.5) GO TO 1506
SISL(Ke+L)=0.006%VEL+0.457
GO TO 1000

IF{ANG +LTe 12.5) GO TO 157
SISLIKsL)==0.00S*VEL+1.033
GU TO 1000

IF(ANG <LE. 7.5) GO TO 1S58
SISLIK+L)==0.005%VEL+0.967
GO TO 1000

IF(ANG +LT. 0.0) GO TO 159
SISLI(KsL)I==0.00SEVEL #0933
GO TO 1000

CONTINUE

GO TO 100sS

IF(ITEMP2 «GTe 15) GO TQ 212
IF(ANG «LTes 22.5) GO TO 160
SISLIK+L)=0.060%VEL=~2.,400
GO TO 1000

IFI{ANG LT« 17.5) GO TO 161
SISLIKsL)=0.030S*%VEL-1s000
GO TQ 1000

IF(ANG <LTe. 12.5) GO TO 162
SISL(KsL)I=0020%YEL—-0533
GO TO 1000

IF(ANG <«LEs 7+5) GO TO 163
SISL(K«L)=0-,009%#VEL-0.027
GO TO 1000

IF(ANG oLTs 0.0) GO TO 164
SISL(KsL)=0.005%VEL+0.133
GO TO 1000

CONTINUE

IF{ITEMP2 .GT. 25) GO TO 213
IF{ANG +LT. 22.5) GO TO 165
SISL(KsL)=0-030%VEL—0s0600

GO TO 1000

IF(ANG <LT. 17.5) GO TO 166
SISLIK+L)=0.0235S*VEL-0.407
GO TO 1000
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166

167

168

169
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172

173

174

214

nhn. A0
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175

176

177

178

179

on

215

180

181

182

183

184

non

216

NG «LTe 1245) GO TO 167
(KelL )=0020%VEL—0s367
G 1000

NG «LEe 7.5) GO TD 168
(KsL)=0.0025%VEL+0.697
TO 1000

IF({ANG «LTes 0<0) GO TO 169
SISLIKsL)==0.005%VEL+1.167
GO TO 1000

CONTINUE

IF(ITEMP2 .GT. 40) GO TO 214
IF(ANG «LT. 22.5) GO TO 170
SISLIK+L)=0.025%¥VEL=-0.,033
GO TO 1000

IF(ANG «LTe 17.5) GO TO 171
SISLI(K«L)=0.02052VEL+0.056
GO TO 1000

IF(ANG «LTe 12.5) GO TO 172
SISLIKWL)=0.02U%VEL~0.133
GO TO 1000

IF(ANG oLEs 7<5) GO TO 173
SISLIK:L)=0.012%VEL+0.460
GO TO 1000

IF(ANG +LT. 0.0) GO TO 174
SISLIKIL)I=0.010=VEL+0.667
GO TO 1000

CONTINUE

GO TO 1005

IF(ITEMP2 .GT. 15) GO TO 215
IF(ANG «LTe 22.5) GO TO 175
SISLIKL)=0.1020%VEL-4.080
GO TO 1000

IF(ANG «LTe 17.5) GO TO 176
SISLIK«L)I=00519%VEL=1700
GO TO 1000

IF(ANG «LT- 12.5) GO TO 177
SISL(KeL )=0+0340%VEL=0.9001
GO TO 1000

IF(ANG «+LEe« 7<5) GO TO 178
SISLI(K.L)=0.0153*VEL—-0.0459
GO TO 1000

IF(ANG «LT« 0.0) GO TQ 179
SISLIK+L)=0.0085%VEL+0.2261
GO TO 1040

CONTINUE

IF(ITEMP2 .GT. 25) GO TO 216
IF(ANG LT« 22.5) GO TO 180
SISLIKIL)I=0.0S10%VEL=1.020
GO TO 1000

IF(ANG «LTe« 17.5) GO TO 181
SISL(KsL)I=0040%VEL=-0.6919
GO TO 1000

IF(ANG <LT. 12.5) GO TO 182
SISL(KsL)=0.03430%VEL-0.6239
GO TO 1000

IF(ANG «LE« 7+5) GO TO 1383
SISLIK+LI=0.0043%VEL +1.1349
GO TO 1000

IF{ANG LT« 0.0) GO TO 184
SISL(KsL)==0.0085%VEL+1.9839
GO TO 1000

CONTINUE
IF(ITEMP2 «GTa. 40) GO TO 217
IF(ANG <LT. 22.5)G0 TO 185
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0-0425*VEL-0.05061

« 17.5) GO TO 186
KoL)=0.0349%VEL+0,0952

(ANG <«LTe 1245) GO TO 187
ISL(KeL)=00340%VEL-0.22061
GO0 TO 10400

IF(ANG <LEes 7.5) GO TO 188

SISLIK:L)=0.0204%VEL+0.7820
GO TO 1000

IF (ANG 4LT. 0.0) GO TO 189
SISL{KsL)=0s0170%VEL+1.1339
GO TO 1000

CONTINUE

sL)=
1000
oL T

GO TO 1005

NG «LTes 175) GO TQ 191
SLIK+L)=0-0075%VEL-0.,007
GO TO 1000

IF(ANG <«LTe 12.5) GO TO 192
SISLIK.L)I=0.00S®VEL+0-067
GO TQ 1000

IF(ANG <LEs 7+5) GO TO 193
SISLIK.L)=0.0025%VEL+0.193
GO TO 1000

IF(ANG 2LTe 0-0) GO TO 194
SISLIKsL)=0.0015%VEL+0.233
GO TO 1000

CONTINUE

IF(ITEMP2 .GTe. 25) GO TO 219
IF(ANG «LTe 22.5) GO TO 195
SISLIKsL)I=0010FVEL*0067
GO TO 1000

IF{ANG oLTe 17.5) GO TO 196
SISLIKsL)=0e00SSEVEL+0.243
GO TO 1000

IF(ANG «LTe 12.5) GO TO 197
SISLIKL)=0.005%VEL+0.167
GO TO 1000

IF(ANG <LEes 725) GO TO 198
SISLIKL)=0+0045*VEL#+0.133
GO TO 1000

IF(ANG «LT. 0.0) GO TO 199
SISLIKsL)=0-005%VEL+0Q.067
GO TO 1000

CONTINUE

IF(ITEMPZ «GTe 40) GO TO 220
IF(ANG «LT. 22.5) GO TO 300
SISLIK+L)=0.000%VEL+0Q.767
GO TO 1000

IF(ANG <LTs 175) GO TO 301
SISL(K.:L)=0.000%VEL+0.630
GO TO 1000

IF(ANG «LT. 12.5) GO TO 302
SISL(KsL)=0-000%VEL+0600
GO TO 1000

IF{ANG .LE. 7.5) GO TO 303
SISL(K:L)=0.0025*%VEL+0.340
GO TO 1000

IF(ANG «LT« 0.0) GO TO 304
SISLIK+L1=0.,00S*VEL+0.133
GO TO 1000
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CONTINUE

GO TO 100S

IF(ITEMP2 «GT. 15) GO TO 221
IF(ANG LT« 22.5) GO TO 305
SISLIKsL)=0010%VEL*0.367

GO TO 1000

IF(ANG «LTe 17.5) GO TO 306
SISLIK+L)=0.0065%VEL+0.407
GO TO 1000

IF(ANG «LTe 12.5) GO TO 307
SISL(K+L)=0.005*VEL+0.333

GO0 TU 1000

IF(ANG «LEe« 7.5) GO TO 308
SISL(KyL)=0.0075%VEL +0.087
GO TO 1000

IF(ANG «LT. 0.0) GO TO 309
SISLIKsL)=0.010%VEL=-0.167

GO TO 1000

CONTINUE

IF{(ITEMP2 .GT. 25S) GO TO 222
IF{ANG «LT. 22.5) GO TO 310
SISLIK«L)=0.015S%VEL#0.167
GO TO 1000

IF(ANG «LTe« 17«5) GO TO 311
SISL(KsL)=0.0115%VEL+#0.303
GO TO 1000

IF(ANG <L T. 12.5) GO TO 312
SISLIKsL)=0+010%VEL+0.333
GO TO 1000

IF(ANG <LEe. 7-5) GO TO 313
SISLIKsL)==0-,003%VEL+0.890
GO TO 1000

IF(ANG +LTe« 040) GO TO 314
SISLIK+L)==0-.00S*VEL+0.,833
GO TO 1000

CONTINUE

ITEMP2 .GT. 40) GO TO 223

ANG «L T« 22.5) GO TO 315

LIKsL)=0.006*%VEL+0.860

TO 1000

G «LT. 17.5) GO TO 316

KeslL)=0.0005*%VEL+1.133
1000

G «LTe 12.5) GO TO 317

Kel)==0.004%VEL+1.360
1000

G «LEe T«5) GO TO 318

KslL)==0.0065%#VEL*1423

0O 1000

IF(ANG «LT. 0.0) GO TO 319

SISLIK+L)==0.008%VEL+1:447

GO TO 1000

CONTINUE

e
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r)«rrqrg

Q== nm
-

GO TO 100sS

IF(ITEMP2 .GT.15) GO TO 224
IF(ANG «LT. 22.5) GO TO 320
SISL(K+L)=0.0170%VEL+0.6239
GO TO 1000

IF(ANG «LTe 17.5) GO 7O 321
SISL(KsLI=0.0111%VEL#0.6919
GO TO 1000
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337
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nn

227

(ANG «LTs 12.5) 6O TO 322
SLUK eL )=0e 0085 #VEL +0+50661
T
(A

NG oLEe 7e5) GO TO 323
SLIKsL)=00128%VEL+0.1479
GO TO 1000
IF(ANG «LT. 0.0) GO TO 324
SISL{K.L)=0.0170%VEL-0.2839
GO TO 1000
CONTINUE

IF(ITEMP2 «GT« 25) GO TO 225
IF{ANG LT« 22.5) GO TO 325
SISL(KsL)=0.0255%VEL +0.2839
GO TO 1000

IF(ANG «LTs 17<«5) GO TO 326
SISL(KsL)=0.0196%VEL+0.5151
GO TO 1000

IFIANG L Ts 12.5) GO TO 327
SISLIK+L)=0.0170%VEL+0.5661
GU TO 1000

IF(ANG «LEs 7.5) GO TO 328
SISLIK«L)==0.0051*%VEL+15130
GO TO 1000

IF(ANG «+LT« 0.0) GO TO 329
SISLIKsL)==0.0085%VEL+1.4161
GO TO 1000

CONTINUVE

IF(ITEMP2 .GT. 40) GO TO 226
IF(ANG «LT« 22.5) GO TO 330
SISLI(KsL)=0,0102%VEL+1.4620
GO TO 1000

IF(ANG «LTe 17.5) GO TO 331
SISL(KsL)=0s0009%VEL+1.9261
GO TO 1000

IF{ANG <«LTe 12.5) GO TO 332
SISL(KeL)==0.0068VEL+2.3120
GQ TO 1000

IF(ANG oLEe 7e5) GO TO 333
SISL(KesL)==001118VEL+2.4191
GO TO 1000

IF(ANG «LTe 0.0) GO TO 334
SISLIK«L)==0.0136%VEL#+2.4599
GO TO 1000

CONTINUE

GO TO 1040S

IF(ITEMP2 «GTe< 15) GO TO 227
IF({ANG LT« 22.5) GO TO 335
SISL(KsL)=0.015%VEL=0.567
GO TO 1000

IF(ANG 4L T« 17.5) GO TO 336
SISLI(KsL)=0.009%VEL-0.250
GO TO 1000

IF({ANG LT« 12.5) GO TO 337
SISLIK»L)=0.005VEL=-0.067
GO TO 1000

IF{ANG oLEes 7.5) GO TO 338
SISLIKsL)==0.001*VEL +0.260
GO TO 10@Q0

IF(ANG .LT. 0.0) GO TO 339
SISLIK+L)==0.005%*VEL +0.467
GO TO 1000

CONTINUE

IF(ITEMPZ .GT. 25) GO TO 228
IF(ANG «LTe. 22.5) GO TO 340
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355

356

357

358

SISL(KWL)=0.015%VEL=0e567
GO TO 1000

IF(ANG «LTe 17¢5) GO TO 341
SISLI(KsL)=0.009*%VEL=04250
GO TO 1000

IF{ANG «LT. 12.5) GO TO 342
SISL(KsL)=0.005%VEL=0067
GO TO 1000

IF (ANG JLE. 7.5) GO TO 343
SISLIK,L)==0.001%VEL+0.260
GO To 1000

IF(ANG «LT. 0.0) GO TO 344
SISLIKsL)==0.005*VEL+0.467
GO TO 1000

CONT [NUE

(ITEMP2 «GTe« 40) GO TOD 229
(ANG «LTs 22+5) GO TO 345
SLIKsL)=0.015%#VEL=0.567
TO 1000

ANG «LT. 17.5) GO TQ 346
LI(KeL)=0+009%VEL=0a.250
TO 1000

ANG «LTs 12.5) GO TO 347
L(KsL)=0.005%VEL—-0.067
TO 1000

(ANG «+LEs 7.5) GO TO 348
ISLIKsL)==0.001%VEL+0.260
GO TO 1000

IF(ANG «4LT. 0.0) GO TO 349
SISL(KsL)==0.005%VEL+0.467
GO TO 1000

CONTINUE

=0 ==
=TO~=TT

&

(
S
(
S

st
no="

GO TO 1040S

IF(ITEMP2 .GT. 15) GO TO 230
IF(ANG «LT. 22.5) GO TO 3s0
SISLIK:L)=0.020%VEL=0.367
GO TO 1000

IF{ANG «LTs 17.5) GO TQ 351
SISL{K«sL)=00125*VEL-0.037
GO TO 1000

IF{ANG «LT. 12.5) GO TO 352
SISLIKsL)=0.005%#VEL+0.300
GO TO 1000

IF(ANG <LE. 7.5) GO TO 353
SISLIKsL)=-0.001%VEL +#0.560
GO TO 1000

IF{ANG «LTe. 0<0) GO TQO 354
SISL(KeL)==0.,00SEVEL #+0.767
GO TO 1000

CONTINUE

IF(ITEMP2 .GT. 25) GO TO 231
IF(ANG «LT«. 22.5) GO TO 355
SISLIK+L)=0.020*%VEL-0.367
GO TO 1000

IF(ANG .LT. 17.5) GO TO 3Sé
SISL(KsL)=0.0125%VEL=0.,037
GO TO 1000 .

IF(ANG «LTs 12.5) GO TO 357
SISL(KsL)=0.005%VEL+0«300
GO TOQ 1000

IF(ANG «LEs T«5) GO TO 358
SISL(KsL)==0.001L*VEL #0560
GO TO 1000

IF(ANG «LT. 0-.0) GO TO 359
SISLIKsL)=—0+4005%VEL+0767
GO TO 1000

291



359

on

231

360

361

362

363

364

232

[alalalNalsl

18

365

366

367

368

369

nn

233

370

371

372

373

374

nn

234

375

376

377

CONTINUE

IF(ITEMP2 «GTe 40) GO TO 232
IF (ANG «Lie 22.5) GO TO 360
SISLI(KsL)=0.020%#VEL-0.3067

ANG oLTe 1T7.5) GO TQO 361
LIKeL)=0.0125%VEL=-0.,037
TO 1000

ANG «LT. 12.5) GO TO 362
LIKsL)=0a4005%VEL+0300
TO 1000

IF{ANG oLEs 75) GO TO 363
SISLIK:L)=—0.001*%VYEL+#+0.560
GO TO 1000

IF{ANG LT« 0<0) GO TO 364
SISLI(KsL)==0.005%VEL #0.767
GO TO 1000

CONTINUE

GO TO 100S

IF(ITEMP2 .GT. 15) GO TO 233
IF{ANG «LT. 22.5) GO TO 365
SISLIKsL)I=0.03402VEL-0.6239
GO TQ 1000

IF(ANG .LT. 17.5) GO TO 366
SISLIKsL)=0.0213*VEL-0.0629
GO TO 100Q

IF(ANG «LTe. 12.5) GO TO 367
SISLIK:L)=0.0085*VEL+0.5100
GO TO 1000

IF (ANG <«LEs 7.5) GO TO 388
SISLIKsL)==0.0017%#VEL+0.9520
GO TO 104Q0

IF(ANG +LTe 0.0) GO TO 369
SISLIKsL)=—0.0085%VEL*1.3039
GO TO 1000

CONTINUE

IF(ITEMP2Z «GT. 25) GO TO 234
IF (ANG .LT. 22.5) GO TO 370
SISLIKsL)=0.03402VEL—-0.6239
GO TO 1000

IF(ANG <LT. 17.5) GO TO 371
SISL(KsL)=0.0213%VEL-0.0629
GO TO 1000

IF(ANG «LTe 12.5) GO TO 372
SISLIK:L)=0.0085%VEL+0.5100
GO TO 1000

IF(ANG .LE. 7.5) GO TO 373
SISLIKsL)==00017%VEL+0.9520
GO TO 1000

IF(ANG «LTe 0.0) GO TO 374
SISL(K,L)=-0.0085%VYEL+1.3039
GO TO 1000

CONTINUE

IF(ITEMP2 .GTe. 40) GO TO 23S
IF(ANG «LT« 22.5) GO TO 375
SISL(KeL)=0.0340%VEL—-0.56239
GO TO 1000

IF(ANG LT« 17.5) GO TO 376
SISL(K«L)=040213%VEL-0.,0629
GO TO 1000

IFLANG LT« 12.5) GO TO 377
SISL(K«L)=0.0085%#VEL+0.5100
GQ TO 1000

IF(ANG «LE« 7.5) GO TO 378

292



SISLIK)L)==0.0017*VEL+0.9520
GO TO 1000
37e IF(ANG «LTe O0«0) GO TQ 379
SISL(KsL)==0.0085S»VEL+1.3039
GU TO 1000
379 CONTINUE
C
C
C235 GO TO 1005
1000 CONTINUE
E
E 2s2s2x S| ADJUSTMENT FACTOURS FOR DITCH WIDTHS
C
IF{ITEMP3 .GE« 8+ANDe ITEMP4.NE- 0) GO TO
IFCITEMP3 WlLTe 8 «ANDe ITEMP3 +GTs 4«AND.
IF(ITEMP3 +LE« 4<AND. ITEMP4.NE- 0) GO TO
GO TO 4000

on

400 SISLIK«L)=SISLIK:L)*0.70
GO TO a00QO

401 SISL(K,L)=SISL(K.,L)=*0.81
GO TO 4000

402 SISLIK.L)=SISL(KL)*1.00

nnnn

R R R b

400
ITEMP4«NE «
402

*sx&32 SI ADJUSTMENT FACTORS FOR WATER IN DITCH ss3xsax

4000 IF(IFLAG +EQe« 1 -AND. H3S(1l) .EQe. 2.) GO TO 800

IF(IFLAG .EQ. 1) GO TO 810
IF(IFLAG +EQe 2 «AND« C22([+J) <EQs
GO Ta 810
800 SISL(KsL) = SISLI(K.L)*1.05
GO TO 811

2.) GO TO 800

810 IF(IFLAG +EQs 1 «ANDs H3S(]I) +EQe 3«) GO TO 801

IF(IFLAG «.EQe 1) GO TO 811
IF(IFLAG «EQe 2 «ANDe C22(IsJ) <~EQe
GO TO 811

801 SISLIKsL) = SISL(K.L)=*1.10

ali CONTINUE

GO TO (41,40.+40).1AUTO

3«) GO TO 801

c

c .

E sxxd® SI ADJUSTMENT FACTORS FOR VEHICLE TYPES #&x3s%xws
(=

40 GO TO (5S0+4S1+52:53+50e54)+ITEMPL
50 GO TO 1003

51 GO TO (71e72e73:74+75)sl

52 GO TO (T8:77:78:.79+80) 4

53 GO TO (81+82:83+34,85)sL

sS4 GO TO (86+87+88+89¢90) s

a4
71 SIADJ(KsL) = =0.010%VEL+1.413
GO TO &0
T2 SIADJ(K+L) = =0.010%VEL#1.413
GO TO 60
73 SIADJ(K+L) = 0.0165%VEL=-0.027
GO TO 60
Ta SIADJI(K«L) = —-0.017S*VEL+2.007
GO TO 60
7S SIADJ(K.L) = 0.0308VEL-0.500
c GO TO &0
76 SIADJ(K.L) = 0.000%VEL+0.5683
GO TO é&0
77 SIADJ(XKsL) = 0.000%VEL+0.683
GO TO &0
78 SIADJ(Ksl) = 0.018%VEL-0.223
GO TO 60
79 SIADJ(KsL) = 0.009%VEL+0.587

GO TO &0

0) GO TO 401
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90

50

41

SIADJ(Ksb ) = 0.025%VEL=-0.350
0 60

GO T

SIADJ(KsL) = 0.008%VEL+0Q0.497

GU TO 60

SIADJ(KsL) = 0.008%VEL+0.497

GO TO &0

SIADJ(KsL) = 0.010*%VEL-0.360

GO TO é&0

SIADJ(KeL) = 0.003%VEL+0.0647

GO TO &0

SIADJ(KsL) = 0.022%VEL=0.250
]

GO TO o

SIADJ(KsL) = 0.008%VEL#+0.497

GO TO &0

SIADJ(KeL) = 0.008%VEL+0.497

GO 10 60

SIADJ(K L) = 0.010®*VEL=-0.360

GO TO 60

SIACJ(KsL) = 0.003%VEL#+Q0 647

GO T4 60

SIADJ(KsL) = 0.022®VEL=0.250

GO TO'ﬁO

CONTINUE

SISLIKsL) = SISLIK.LI*SIADJ(K,L)

CONTINUE

*s4xk¥ S] ADJUSTMENT FACTORS FOR ROUGH SLOPES *®xx3sx

sa1
94S

IF(IFLAG .EQe.
IF(IFLAG .EQ.
IF(IFLAG .EQe
GO TO 905
IF(SISLIK«) =«
SISLI(KsL) = Q.
CONT INUE

i
1)
2

«AND- H38(I)
GO TO 9405
«ANDes C25(IsJ)

«Ede.

«EQe

GE. 0.30) GO Ta 90S
30

2.) GO TO 901

2.) GO TO 901

sxxx%s SET MINIMUM SI VALUE TO 020 S®axx®

403
40a
40sS

c
1002
c

N nonn

1001
1003

1200
Laoa

1201
100sS
1202

1006
9998

EXRAXXAXAFLLXREZIXIT LRI NRRL L LA ERXR L LI LIPXSEL B LR RIRXXXEEEERRRR S

=

IF(SISLIKL)

.E.

SISLIK.L)=0.200

CONT INUE

CONTINUE

CONTINUE

GO TO 1006
IF({IFLAG <EQe
ERROR1(I+1) =
GO TO 10406
ERROR1(I1.4) =
GO TO 1006
IF(IFLAG <EQ.
ERROR1(I.,1) =
GO TO 1006
ERROR1I(I+Jd) =
GO TO 1006
IF(IFLAG <EQs
ERROR1(Is1) =
GO TO 1006
ERROR1(1+4) =
CONTINUE
RETURN

END

2)
20

20

21
21

21

2)
22

22

SUBROUTINE SLADJ

GO TO 1200

GO TO 1201

GO TO 1202

0.3) GO TO a0s
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ENVIRUMENTAL SLOPE ADJUSTMENT FACTORS

.

L P PR R E R R R R L R e e P R e R R L R R s e R e R R R S S R s R S
EIX R ET LR L LTI X EREISTERIEI IS L XSS L S E LTI LS X LEEFE ST ATIIIEBXXLRX SRS

OIMENSION PDO(&)s LIAC(6) s FALB)s YLAT(7)

COMMON/DATALY/ H1(6)s H2(6)s H3(6) s HA(BE)s HS5(6) s HO(B)s HT(B)s
* H8(6)y HI(6)s HIO(G)e HLLI(B)s HIZ2(6)s HI3(6),
= Hl4(6) s HIS(6)s HL16(B)s HLT(E)s HL1BIB)s HLI(6),
= H20(6)s H21(6)s H22(6)s H23(6)s H30(6)s H31(0),
= H32(6)s H33(6),s H34(6), H35(6)s H36(E)s H3T(5),
= H38(6)s HIF(6)s HA0(6), HaL(6)s Ha2(B), Ha3(8),

- n44a(6)y HaS5(6) s H4E(E) s HaTLE)s HA3(B)sy HAI(E)
* H50(&)s H51(6)

COMMON/DATAZY Cl(6s4)y C2(H644)y C3(H44)y CA(Hsd)y CS(Hess),

L Cll(6s8)s Cl2(634) s Cl3(638)s Cla(6+4)s C15(5+48),
= Cl6(6+s8)e CL17(6s4)s ClB8(644)s Cl9(6sa)s C20(644)s
= C21(6+8)e C22(60a)y C23(6ea)s C28(06va)y C25(6e48)
- C26(6+8)s C2T(64a) s C28(6s8)s C29(6s4)y C30(Bed)a
= C31(6e4)s C32(648)s C331644)s C34(644), C351644),
* C36(698)e CI7(60a)s C38(6es)s C39(6s4) s Cal(Bea)>
* Cal(6v4)s CA2(6:8) s C50(6s4)s CS51(6+4)

COMMON/DATA3Y Gl0s Gl2s G13, Gl4, GISs Gl6, G17s GlBs G19. G20

COMMON/CRF1/ CR

COMMON/ERRORY ERROR1 (64+4)

COMMON/HURTY/ PL(S:S)s SI(S+S)s SISL(S.5)

COMMON/LATOF/ OFSET(S)e DLATs DLONGs DLATI1

COMMON/ENFRE/ENFR

COMMON/SL1/ SLADJ1(S+5)

COMMON/GRSI/ SIS1(3+545)s SIS2({3+5+5)s SIS3(3+5+5) s SIELU(345e5)
- SIE2U(3+5+5)s SIE3U(3+5+5)s SIELD(3+5¢5S)s SIE20(3:5+«5)»
* SIE3D{3+s5+5) s SI1(32SeS5)s SI2(345+5)s S513(3+5.3)

CDHHQN/GHCST/ Gle G2+ G3y G99 GAlWs GA2W, GALlSs GA2Ss MBIlsMB2s

MB3s MBE9y MBAW, MB4Ss GREl+GRE2s GRE3ds GRE4s GRES,
. GET1ls GET2s MBET1 s MBETZ2
COMMON/COMP/ SIDE(S+S)1s END(S5+5)s IHIT, XX
CD"HON/“‘INC/ HIBs HIe HIA(A)s HIL(6)s HI2(644) s CMBy CM,s CMA(4),
CM1(6)s CHM2(6e4)s ACBs ACs ACA(4) s ACLLSE) .
‘ AC2(6+4), 1ZERO(4)s THCHAZ.THRCIMP (4)

IDIR.
NSPD(100) .

COMMON/IDENT/1s Js I1HAZ, IFLAGs NTITLE.

CDKHGN/NCDN?/ NCOUNT » IPAGE, LINES. NDES(100),
NADT(100)s NHWY(100)

COMMON/AUTL/ AUTO(3).1Ae lAuTO
COMMON/ENVR/ ENVIR(3)s INVIR
COMMON/TACL/ TAC(5+5)
COMMON/RESLT/CE(4)s BC(a),
COMMON/IMPROB, IMP(5,5)

IALT, IDs LL

ICE(4) s NOTCE(4), ICOST(3),s IGR
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COMMON/CST47 RC{S+5) +DL

REAL MBl1s MB2, M33, MBS, MB4wW, MBASs MBET1, MBET2
REAL LIFEs INT» JAUTGe IMP

REAL IAC

INTEGER ERROR1

INTEGER Hls H2s H3, H4, Hl4, H16, H17s H18, H19, H20, H21,
H30+s H42¢ H43, H44+ H4S5, H4Es HAT, H43, H43, HS0s HS51

INTEGER Cls €25 Cl16s C17s C18s €19y C30s C3ls C32: C33s C34,
* C35, C36,s C39s C40s Cal, Ca2, CS50s C3» C4, CS51

GO TO(3s2e1)s INVIR

CONTINUE
FROZEN CONDITION

SLADJ1(1.1) = 1.00
SLADJ1(1s2) = 1400
SLADJ1(1+3) = 1«00
SLADJ1(1,4) = 1.05
SLADJ1(1+5) = 1.05
SLADJ1(251) = 100
SLADJ1(2s:2) = 1.00
SLADJ1(2:3) = 1.05
SLADJL1{2:4) = 1.05
SLADJ1(2+5) = 110
SLADJ1(3s1) = 1.00
SLADJ1(3.2) = 1.05
SLADJL1(3+3) = 105
SLADJ1(3+4) = 1.10
SLADJ1(3:5) = 1«10
SLADJ1(4+1) = 1.05
SLADJ1(42) = 1.05
SLADJ1(4+3) = 1.10
SLADJ1(4s4) = 1le10
SLADJ1{(4-5) = l.10
SLADJ1(5+1) = 1.05
SLADJ1(S5¢2) = 1ls10
SLADJ1(Ss3) = 1«10
SLADJ1(Se4) = 1410
SLADJ1(S+5) = 1.15
GO TO S

CONTINUE

WET CONDITION

SLADJ1(1s1) = 1.00
SLADJ1(1+2) = 100
SLADJL1(1s3) = 1.00
SLADJL(1.:4) = 1.00
SLADJ1({1+5) = 095
SLADJ1(2s:1) = 1.00
SLADJ1(2.,2) = 1.00
SLADJ1(2:3) = 100
SLADJ1(2+4) = 095
SLADJ1(2+5) = 0.95
SLADJ1I(3:1) = 1.00
SLADJ1(3:2) = 1.00
SLADJ1(3:3) = 095
SLADJ1(3+4) = 095
SLADJ1(3+5) = Q95
SLADJ1(4s1) = 1.00
SLADJ1(44+2) = 095
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SLADJ1(4+3) = 095
SLADJ1I(4+8) = 095
SLADJ1(4+5) = 090
SLADJ1(Ssl) = 093
SLADJL(S+2) = Q.95
SLADJLI(S+3) = 0.95
SLADJ1(S+4) = 0.90
SLADJ1(5+5) = 0«90
GO TO 5
3 CONTINUE
DO 100 L = 1.+5
DO 100 K = 1.5
SLADJ1(L+K) = 100
100 CONTINUE
L] CONTINUE
RETURN
END
ERXFXFXIRERFERFFRRAA XX NN BB R EIZEREX B EFIE S RE R FERE S XERE RSN E NS SRR AR R H R 2
x®
SUBROUTINE GRAIL
E
e s S PPt s P R P P R L R E L A PR LR oS PR R RS SRR R Y
®
= THIS SUBROUTINE IS THE MAIN GUARDRAIL SUBROUTINE AND LINKS ALL OF
] OTHER SUBROUTINES TOGETHER
=
* ERxE EL P EE ST R PR EE R PR - PRt R pt e R R b R0t e E R L EE EE S £ ]
AXXAX XXX I BV SR XL BEL ELFL XS EXA XSS TSV I LI BE LI XL RIS A XS DS AN XX FTRFE R R E NK I
DIMENSION PDO(6) s IAC(8)+FA(S)YLAT(T)
COMMONSDATALY HLI(6)s H2(68)s H3(8)s HMa(B)s HS5(6)s HE(B), HMT(E),
] H8(6)s HI(E)s HIO(S)s HLLI(E), HI2(6), HL3(6),s
= H14(6) s H1S(6)s H16(6)s HIT(6)s HIB(6)s H1IT(E)
* H20{(6)s H21(6)y H22(6)s H23(6) s H30(B)s H3IL(B)»
= H32(6) s H33(6) s H34(6)s H3IS5(6)y H36(6)s H3IZ7{(6E).
= H3B8(6)s H3IF(6)y HAQ(B)s HAl(6) sy HA2(6) s HA3(E)»
* HAa4(6)s HAS(6)e H46(BIs HAT(B)s HAE(B)e H4I(B) .
= HS50(6) s HS1(6)
COMMON/DATAZY Cll6ea)s C2(608)e C3(6s4)s Co{Baa)s CS5(6e4 ),
* Cli(6e4)n Cl12({644)s Cl3(698)s Cla(6s4)s Cl5(6448),
= Cl6(6+4)s CLT7(6s4)y ClBI(Ge4)y ClO9(6ea)s C20(He48)
* C21(6e8)s C22(65+4)s C23(6s4)s C24({6+4)s C25(6s4),
* C26(6+4)s C27(6:4) 5 C28B(5+4)y C29(6sa)y C30(6s4)s
= C31(6e8)s C32(6+8)e C33(6s4) s C3a(65+4) e C35(6.4),
» C36(6+a)kes C37(654) s C38(6s4)y C39(8s4)s C40(6+4),
- Ca1(6sa)s Ca2(5+4)s CSO(6sd)s CS51(6e4)
COMMON/DATA3Y Gl10s Gl2s Gi3s Gl4,s G115+ Gl6, G174y GlB8e Gl9s G20
COMMON/CRF1/ CR
COMMON/ERROR/ ERRORL (644)
COMMON/HURT/ PI(S+5S)s SI(5¢5)s SISLIS5+5)
COMMON/LATOF/ OFSET(S)s OLAT, DLONGs DLATI
COMMON/ENFRE/ENFR
COMMON/SL1/ SLADJ1(S,.5)
COMMON/GRSIY/ SIS1(3+5+sS)s SIS2(3+45e5) s SIS313+5+5)s SIEIU(3+5+5),
= SIE2U(3+5+5)s SIE3U(3+5+5)s SIEID(3+5+5)s SIE2D(3+45+5) s
= SIE3D(3+5+5) sy SIl(395¢5)s S12(3+5¢5)s 513(3+54+5)
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800

C

a

CCHHQN/GRCST/ Gly G2+ G3+ G99y GAlwW, G42W,s GA1S, G42S, MBLl.,MB32,

MBE3, MEB%9s MS4w, MB4Ss GRE1+GRE2s GRE3s GREZ4s GRES,

GETles GET2s MBET1ls MBETZ2
COMMON/COMP/ SIDE(SeS)e END(SeS)s IHIT. XX
CDR”ON/MAINCJ HIBs Hle HIA(A)s HIL(G), HIZ(6s4) s

CM1(B6)s CM2(6s4)s ACBs ACs ACA(4),

AC2(6s4)s LZERO(4) s THCHAZTHCIMP(
COMMON/ IDENT/1s Jes IHAZ, IALT, IFLAGs NTITLE, IDIRs IDs LL

CDINON/NCONT/ NCOUNT s IPAGEs LINES,s NDES(100)s NSPD(100),
NADT(100)s NHWY(100)

COMMON/AUTLY AUTO(3) 1A« 1AUTO

COMMONS/ENVRY ENVIR(3)s INVIR

COMMON/TACLY TAC(5.5)

COMMON/RESLT/CE(4)s BC{4)s ICE(4)+ NOTCE(4)s ICOST(a)s IGR
COMMON/ IMPROBY IMP(5.5)

COMMON/CSTA/ RC(Ss5) «DL

REAL MBl1, MB2, MB3, ME9: MB4W, MB4S. MBETl. MBET2

REAL LIFE. INTe JAUTQe IMP

REAL 1A

INTEGER ERROR1

‘KNTEGER Hls H2:, H3, Ha, Hl4s H16, H17, H18s H19, H20, H21,

H30s Ha2, HAa3s, Hae4a, HAS, Hab, a7, H4aB, HAS, HS50, HS1

.INTEGER Cle C2¢ Cl6e ClT7s C18y Cl9e C30e« C31s C32¢ CT3I3s C34,

C35« C36, C39s C40, Cal, Ca2, CSO

DO 800 K=1,.,3
DO 800 L=1.5
0O 800 M=1,5

KiLsM)I=0,0
Ksl.eM)=0.0
sleM)=0.0
sleM)=040
sl oM)=0.0
(Kel sM)=0.0
(Kol sM)=0.0
(
{

n
-
w
—
F
-
r
-
x
-
I
o
.
o

Kel eM)=0.0
Kol eM)I=0.0
(KelLeM)=0.0
SIE3D(K+L +M)=0.0
CONTINUE

GO TO(1s2). IFLAG

Luunbbuonn
=t e e g e

mﬂ"ﬂmﬂ“ﬂﬂ*ﬂﬂu
ODOCCCAXX~~

CDNTINUE

H7C(1)
xz = H33(1I)
X3 = H3a(l)
X4 = H3S(1I)
XS = H36(I1)
X6 = H37(I)
X7 = H22(1)
X8 = H23(1)
GO TQO S

CMs CMA(S) .
I
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CONTINUE

X1 = H7(1)

X2 = C21(1+J)
X3 = C22(1+4)
X4 = C23(1+J)
XS = C24(1.4)
X6 = C25(1.4)
X7 = C37(1eJd)
X8 = C38(1+4)
CONTINUE

L1 =0

YLAT(1) = X3

DETERMINE IF UPSTREAM END IS FLARED
IF(XSeGEe9920.0RaX5EQs00)G0 TO 10
GO TO 1S

CONTINUE
1 HAZARD ENVELOPE

8ser

1

Oe
O«

o3

=i

oo

4 HAZARD ENVELOPES
Ll = L1 + &

UPSTREAM FLARE LENGTH
XU = XS%(Xx2=-X3)
LATERAL OFFSET DISTANCES UPSTREAM

YLAT(2) = X3 + ((1.0/6.0)%XU)/XS5
YLAT(3) = X3 + ((3.0/6.0)%XU)/XS
YLAT(4) = X3 + ((S5«0/640)%XU)/XS

DETERMINE IF DOWNSTREAM END IS FLARED
IF (X8 <GE +99+.0.0R.X6.EQs0.0)G0 TO 20
GO To 25
XD = 0.0
GO 7O 30
CONTINUE

Ll = L1 + 3

7 HAZARD ENVELQOPES

DOWNSTREAM FLARE LENGTH
XD = X6%(X4—-X3)

LATERAL OFFSET DISTANCES DOWNSTREAM

YLAT(S) = X3 + ((1.0/6.0)*XD)/X6
YLAT(6) = X3 + ((3.0/6.0)%XD)/X6
YLATI7) = X3 + ((S-0/6.0)%XD)/X6
CONTINUE

CHECK FOR 4—LANE HIGHWAY
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50

55

Sé

60

65

70

75

80

8s

IF(HIII%.EQ-lI GO TO 35

GO TO &

iFtAE il 1+EVeleCRaH2(1)eEQ«2) GO TO

CONTINUE
IDIR = 2
GO TO SO

CONTINUE
IDIR = 1

CONTINUVE

DETERMINE TOTAL LENGTH AND TANGENT GUARDRAIL LENGTHS

XL = (ABS(X&8—-X7))*5280.0

XT = XL = XU - XD

1
1
i

GO TO(S5+56). IFLA

CONTINUE
IF(H19(1).EQ.2) GO
IF(H19(1)<EQes5) GO
IF(H19(1)«EQe6) GO
IF(H19(I)
ERROR1 .
GO TO 8

CONTINUE

IF(C19{IsJ)=EQ.2)
IF(C19(1+J)<«EQeS)
IF(C19(I+J)eEQab)
IF{C19(1+J)eEQ.7)
ERROR1(I.J) = 13
GO TO a0

(I
(1
(I
(1
0

CONTINUE

CABLE GUARDRA
CALL GRAILZ2
GQ TO &80

CONTINUE

G

TO &0
Ta 65
TQ 70
TO 75

6666

IL

SEVERITIES

w-SEAMs WEAK STEEL POSTS,

CALL GRAILS
GO TO 80

CONT INUE

W—-8EAMs STRONG wOQD POSTSe

CALL GRAILS
GO Ta a0

CONT INUE

w-8EAMs STRONG STEEL POSTS.SEVERITIES

CALL GRAIL7Y

CONTINUE

SET VYARIABLES FOR SIDE IMPACTS,

MOVED TO STATEMENT 50 TO 55

CONT INUE
ID = 1

SEVERITIES

SEVERITIES

NEARSIDCE TRAFFIC
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95

100

101

111

116

120

121

130

131

CONT INU

[AUTO = 1

JAUTO = AUTO(1)
IA = 1AUTO

INVIR =

ENVIROMENTAL CONDITIONS

= ] ewessse DRY CONDITION
= 2 eessesese WET CONDITICN
= 3 eseeceeese FROZEN CONDITICN

CONT I NUE
GO TO(100+1204140)s INVIR

CONTINUE
ENVIRG = ENVIR(1)

IF(IHIT«.GT«1) GO TO 110

IHIT = 1 SIDE IMPACTS

D0 101 M=1,.,5
DG 101 M=1.5
SI(MyN) = SISL(IAMsN)
CONTINUE "
GO TO 200
CONTINUE

IHIT «GT« 1 END IMPACTS

IF(ID«EQel) GO TO 115

DO 111 M=1,5

DO 111 N=1.5

SI(MyN) = SIEID{(IA-M,N)
SIDE(MsN) = 0.0
CONTINUE

GO TO 200

CONTINUE

DO 116 M=],5

DO 116 N=1+5

SI(MgN) = SIEIU(IA;M:N)
SIDE(Me«N) = 0.0
CONTINUE

@GO TO 200

CONTINUE
ENVIRO = ENVIR(2)
IF(IHIT«GT«1) GO TO 130

SIDE IMPACT

S2(IA«MsN)

END IMPACT

INUE
IF(ID«EQe1) GO TO 135

00 131 M=1.5

DO 131 N=1.5

SI(MsN) = SIE2D(IA«M«N)
SIDE(M+N) = 0.0

301
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135 CONTINUE

DO 134 M=) ,5
DO 136 N=1.,5
SI{MeN) = SIE2U(IA«MsN)
SIDE(M«sN) = 0.0
136 CONTINUE
GO TO 200

140 CONTINUE
ENVIRO = ENVIR(3)

IF(IHITaGTel) GO TO 150
SIDE IMPACT

S3(IAsMsN)
lal CONTINUE
GO TO 200

END IMPACT

150 CONTINUE
IF{ID«.EQel) GO TO 155

DO 151 M=1,.5
DO 151 N=1.5
SI(MeN) = SIE3D{IA.MN)
SIDE(M«N) = 0.0
151 CONTINUE
GO TO 200

155 CONTINUE
DO 156 M=1.5
DO 156 N=1,5
SI(MeN) = SIE3U(IA«MN)
SIDE(MsN) = 0.0
156 CONTINUE
GO TO 200

200 CONTINUE
CALL PROB3
CALCULATE HAZARD INDEX
GO TO(210.230),1D

210 CONTINUE
IF(IHIT.EQe.1)G0 TO 220

DLAT1 = X2

DO 215 M=1,5

DO 215 N=1+5

END(M:N} = PI(MsN)
215 CONTINUE

GO To 250

220 CONTINUE
DLATL = YLAT(LL)
DO 225 M=1.,5
DO 225 N=1s5
SIDE(MsN) = PI(MsN)
225 CONTINUE
GO TO 250
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230

235

240

245

250

260

26S

270

27s

280

285

290

295

300

CONTINUE
IF({IHIT«EQel) GO TO 240

DLATL = X1 + X4
DO 235 M=1.,5

D0 235 N=1.,5
END(MeN) = PI(MsN)
CONTINUE

GO TO 2s50

CONTINUE

OLAT1 = YLAT(LL) + X1
DJ 245 M=1,5

DO 245 N=1,5
SIDE(MsN) = PI(MN)
CONTINUE

CALL COMPUT
HI = XX

DETERMINE ACCIDENT COSTS
CALL COsST3
GO TO(260,2801),.1ID

CONTINUE
IF(IHIT.EQ.1)G0 TO 270

DLAT1 = X2

DO 265 M=1.5

DO 265 N=1,5
END(MaN) = TACI(MN)
CONT [NUE

GO TO 300

CONTINUE

DLAT]I = YLATI(LL)

DO 275 M=1.5

DO 275 N=1.,5
SIDE(MsN) = TAC(M«N)
CONTINUE

GO TO 300

CONTINUE
IF(IHIT.EQ.1) GO TO 290

DLAT1 = X1 + Xa

DO 285 M=1.5

DO 285 N=1.+5
END(M,N) = TAC(M.N)
CONTINUE

GO TO 300

CONTINUE

DLAT1 = YLAT{(LL) +X1
DO 295 M=1,5

DO 295 N=1,.5
SIDE(MeN) = TAC(M.N)
CONTINUE

CALL COmMPUT
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310

318

320

325

340

345

350

360

370
380

AC = XX

DETERMINE REPAIR MAINTINENCE COSTS

DL = DLONG
CALL COSTs

GO TO(310+330)s1ID
CONTINUE
IF(IHIT«EGel) GO TO 320

DLAT1 = X2

DO 315 M=1.5

DO 315 N=1.5
END(MsN) = RC(M.N)
CONT INUE

GO TO 350

CONTINUE

DLATL = YLAT(LL)

DO 325 M=1.+5

DO 325 N=1.+5
SIDE(MsN) = RCIiMeN)
CONTINUE

GO TO 350

CONTINUE
IF(IHIT«.EQel1)GO TO 340

DLATL = X1 + X4
DO 335 M=1.5

DO 335 N=1.5
END(MsN) = RC(M«N)
CONTINUE

GO TO 3s0

CONTINUE

DLAT1 = YLATI(LL) + X1
DO 345 M=1.5

DO 345 N=1.5
SIDE(M«N) = RC(MsN)
CONTINUE

GO TO 350

CALL COMPUT

CM = XX

GO TO(360+:365,+,370). IAUTO

JAUTO = AUTO(1)
GO TOo 3a0

JAUTO = AUTO(2)
GO TOo 3a0

JAUTO = AUTO(3)
CONTINUE

Hl = HI#JAUTOXENVIRO
AC = AC*JAUTO=ENVIRO
CMN = CM*JAUTCG*ENVIRO
GO TO(390,395), IFLAG

304



N n onn (a¥ala Nl non

N n

N NAoo ann nn 0O N0 N0 nn n

nn

390

39S

400

410

420

440

450

460

CONTINUE

(1) = 1(I) + HI
AC1(1) = AC1(I) + AC
1) = CHN1(1I) + CM
GO TO a00

CONTINUE

NnPlIxI
F 1ala
NN
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N
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[ S S N
S
+4++
nr»XI
EN=

Lt

CONTINUE
IFLINVIR.EQ.3)GO TO 410

INVIR = INVIR + 1
GO TO 95

CONTINUE
IF{IAUTO.EQ-3) GO TO a20
IAUTO = TAUTO + 1

GO TO 95

CONTINUE
IF(IDIR«EQel10R«ID«EQe2)GO TD 430
1D = 1D + 1

GO TO 90

CONTINUE
IF(LL«EQ.Ll1)GO TO aS0
LL = LL + 1
IF(LL-LE=4)G0 TO 440
ODLONG = XD/3.0

GO TO 8s

CONTINUE

DLONG = XUs/3.0
GO TO 85

CONTINUVE

END IMPACT IS CONSIDERED
IHIT = 3
IF(IH«EQe2)GO TO 460

IH = IH + 1
GO TO as

CONTINUE
CALL CRF
GO TO(470+475), IFLAG
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500
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*
FEXXXXXEFEX XX EREXX A LE RR AN EEEXRET R XSV EXXL RS EF LA I P LA BB TR RE R X T REA

THIS SUBROUTINE CALCULATES SEVERITY INDEXES FOR THE CABLE GUARDR#

=
P
=
P

b e B L EEE S LS LA AL L ES LS LR RS c R PPt PR R L R P PR LR S R S e R R Rl L L]
FEXBAIXZIFI LR IVIFL R ARIB RS RSB ARSI T XSRS R I RFE SR IR IS IR IR DL BIEFIRE S I EE AT RS E R HE

[ EX 2 XX R

(22 XK RN

o
=

CONTINUE

HIB = HI8 + HI1(1)

ACB = ACB + ACi1(1I)

CM3 = CMB + CML1(I)

THCHAZ = CMB8

GO TO sS00

CONTINUE

HIA(J) = HIA(J) +

ACA(J) = ACA(J) +
HC = Cl1(I.J)*

THCIMP(J) = THCIMP

CONTINUE

RETURN

END

SUBROUTINE GRAILZ2

DIMENSION PDO(6) .

COMMON/DATALY H1(
H8(

COMMON/DATAZ/

nonOnnnn
bUBNNHuP

COMMOMN/DATA3Y G100,
COMMON/CRF1/CR

IAC(68) s FA(S) e YLATI(T)

o000 0.

IX

SFLUBERR

- @
LR
S
.e

24)e
Y
24)
s8]

=UOW=uno o

(X alalalalatalll

Gl2, G

COMMON/ERROR/ ERRORI1 (6.4)

COMMONA/HURTY/ PI(S5+S5)s SI(5+45)s
COMMON/LATDF/ OFSET(S)e DLAT,

COMMON/ENFRE/ENFR

COMMON/GRSI/ SIS1(
SIE2U(3s5
SIE30

COMMOMN/GRCST/ Gl

3+5
»5)
(3.

G2,

.
»
L

G3,

T~ P
O re =

et e e N
sewda T
W

FLULNNE -~
MNP ~NN~NN e
P~~~
000000 s
a2 @ 4988
PPPPRELL.
et T e

13, Gla,

SIS2(3+Se
E3U(3+54+5)
#» SI1L3+5.

G9s GAlW,

C3(6.:4),

» Cl3(6ea)s
» ClB(Ss4)»
.
.
.
®
*

Gl5.

e W
w (Ne

C23(6e4)
C28(6:4)»
C33(6+4),
C38(6+4) s
C50(6+4),

Glbe

SISLI(S.5)
DL ONGs

DLATL

1
)

I

wvimn

153
1D0¢
121¢

GA2W,

Ca(6+8)

L~

G4 1Se

CS{&+4),
Cla(6s4)s CLlS5(5+4)
Cl9(6sa)s C20(6v4a),
C24(6+4)s C25(6354),
C29(6+4)y C30(6s4a),
C3a(6+a)s C35(B.8).
C39(6+4) s CA0(5Be4a),
C51{(&6+4)

G174 Gl18s G19+ G20

,

S

e e Ld

5.5
+5)
«5)

- U

+5+5)e SIELU(S
S5+5)s SIE2D(3+
S5¢5)e SI3(3,5,

=

GA2S, MBl.,MB2.

S5)s
J.
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* MB3, ME9s+ MS4aws, MB4S. GREl.GRE2. GRE3, GRE4. GRES.,
= GET1ls GET2s MBETl. MBETZ2

COMMON/COMP/ SIDE(S+5)s END(3Ss5)s IHIT, XX

COMMON/MAINCY HIB. HIs HIA(&4)s HIL(6), HI2(6+4)s CMBs CM, CMAL(&).,
* CML1(6)y CM2(0s4)s ACBs AC, ACA(4)s ACIL(B) .
* AC2(6+4)y IZERQ(S) s THCHAZ+THCIMP (4)

COMMON/ IDENT/1s Js IHAZs IALT. IFLAGs. NTITLE. [DIRs IDs LL

COMMON/NCOUNT/ NCOUNT,IPAGE. LINES, NDES{100), NSPD(100),
* NADT(100)s NHWY(100)

COMMON/AUTLS AUTO(3)s1Ae IAUTO

COMMON/ENVR/ ENVIR{3), INVIR

COMMON/TACLY TAC(S.5)

COMMON/RESLT/CE(4), BC(4a)s ICE(4)s NOTCE(4)s ICOST(4)s IGR
COMMON/IMPROBY IMP(54+5)

COMMON/CST4/ RC(5.5) .0L

REAL MBl, MB2, MB3, MESs MBAW, MB4S, MBETl, MBET2
REAL LIFEs INT: JAUTO. IMP

REAL IAC

INTEGER ERROR1

INTEGER Hle H2s H3s H4s H14s H16s HLI7s H18s H19s H20s H21.
- H30s H42, H&43¢s H44, HaS5, HA6s H4T7, H48s H4AI, HSO,s HSI

INTEGER Cl, C2. Cl6, C17, C18. C19, €30, C31., C32, C33, C3a,
C35. C36, C39s C40, C4l, Ca2, CS50, C3, Ca, CS1

SIS1(WeVsT) sweeses SIDE IMPACT (DRY)
SIS2{W+VsT) wasaseses SIDE IMPACT (wET)
SIS3(¥WeVasT) eeseee SIDE IMPACT (FROZEN)

V=40.0

1700# ADJUSTMENT DETERMINED FROM PAPER BY He.E. ROSS
TL = 1.20

DO 15 K=1,5

4500 LB« AUTO

SIS1{1sKel) = 0.0083%v = 0.0293
SIS1(1sKe2) = 0.0125%V = 0.1292
SIS1(1+Ke3) = 0.0100%v + 0.1529
SIS1(1eKed) = 0.0073%V + 0.4960
SIS1(1+KsS) = 0.0183=v + 0.0833
2250 LBe AUTO
SI1S1(2+sKsl) = 002008V = 0.4963
SIS1(2.K+2) = 0.0193=v = 0.1990
5151(2+sKe3) = 0.02333v — 0.1733
SIS1I{2:Kesa) = 0.0326%V = 0.3910
SIS1(2sKeS) = 0.0333%V - 0.1333
1700 LB. AUTOD
SIS1(3sKsl) = SISL(2:Ks1)%T1
SIS1(3sKe2) = SIS1(2sK.,2)%T1
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SIS1(3sKe3) = SISII2+Ke3)%T1

SIS1{3sKsa) = SIS1(2+Ke8)%T1

SIS1(34K+5) = SIS1(2+K5)%T1

V =V # 10.0

DO 17 K1 = 1.5

DO 17 K2 = 1,3

SIS2(K2:K+K1l) = SISL(K2:K,K1)
SIS3(KZ2sKeKl) = SISI(K2,K+K1)

17 CONTINUE
1S CONTINMNUE

*% END IMPACT SEVERITIES #*=
CALL GREND2
CONTINUE

RETURN
END

R el P AR PR PR SRR R L PR R S Rt L R Pt e e P R R P S R R L L R E R R S EE L B
=
SUBROUTINE GREND2

EXSXIAFIERFEXIRARFS XA IL SR BRI NSRS ISR LA T IE IR SR XS R EEFRE S SRR ERRBEEES

=

= THIS SUBROUTINE OBTAINS SEVERITY-INDEXES FOR CABLE GUARDRAIL END

: TERMINAL IMPACTS.

- ke EEEEE S L FEEXEXII XXX TXAXEX AT EE XX B I AR XXBEXIEF SR VA B X AX S
=8 FERE B E X B IS IR A ERE L A AR AR AN R F AN R E IR FL AR ERE RS

DIMENSION PDO(&8)s IAC(8)e FA(S)s YLAT(T)

COMMON/DATALY H1(6)s H2(6)s H3(6)y HA{6)y HS(6) s HE(L)y HT(5),
® HB8{(6)s HI9(6)+ RMIO(BE)s HLLIL(B), H12(6), H13(6),

* H14(68)s HIS(6)s H16(6)y HLITI(6)s HLIB(6)s HIF(6)

* H20(6)» H21(6)s H22(6) sy H23(6) s H30(6)w HIL(E)

* H32(8)s H3I3(6)s H34(6)s H3I5(6) e H36{6)s H3IT(E),s

= h38(6)s H39(6)y HAO0(6)s HAL(6E) s HA2(6)s HAa3(6),

= HA44(6) s H4S5(6) s HE6(62s HAT(0)s HAIB(S)s HAI(6)
= HS0(6) s H51(6)

COMMON/DATAZY Cl(6ea)e C2(694)s C3(694)s Ca4(6s4) s CS5(6vd)s

* Cll(6s4)s Cl2(0s4)s Cl3(694),s Cla(6s4)s C15(6:4),
- Cl6(6ed)s ClT(648)s ClB(6ed)y Cl9(6sa)s C20(6s4a)
= C21(6+4)s C22(6+4)s C23(6s4)s C24(604)s C25(640)
= C26(6+4) e C27(644), C28(6e4)y C29(6e44)s C30(644)s
= C31(6s4)s C32(6+8)s C33(64+4)y C38(65:4)y C35(Be4)s
- CI6(S5+4)s C37(6s4) s C38(6s4)s CI9(644)s CH0{5s4),
* Cal(Ses)s CA2(8sa)s CS50(6+4)s CS51(6:4)

COMMON/DATA3Y GLO0s Gl12: G13, Gla, G15s Gl6, G17. GlB. G19: G20

COMMON/ERRORY ERRORL (6:4)

COMMON/HURTY/ PI(SeS5)s SI(545)e SISLIS+5)
COMMON/LATOF/ OFSET(5)s DLAT. DLONGs DLATI
COMMON/ENFRE/ENFR

COMMON/GRSI/ SIS1(3+5+5)e SIS2(345¢S)e SIS3(3e5e5)s SIEIUL3+5e5)s
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* SIE2U(3+5+5)s SIE3U(3+s5+5)s SIEID(3+5.
= IE30(3+595) s S1I1(3+5+5)s S12(3:5,
COMMON/GRCST/ Gls G29 G3e G99 GAlws G42Ws GALSs
*® MB3i. MB9y MB4Ws MB4Ss GRELl +GREZ2,
® GETles GET2s MBET1. MBET2
COMMON/COMP/ SIDE(S5+5)s END(SeS)e IHIT, XX
COMMON/MAINCY HIB3., HI, HIA(4), HI1(6)s HIZ2(6.4)
® CML(6)e CM2(6s4)e ACBy ACs ACA(S)
B AC2(6e4)y IZERO(&4)s THCHAZ+THC I[MP
COMMON/IDENT/1s Js 1HAZ, IALT, IFLAGe NTITLE, I

COMMON/NCONTY NCOUNT s IPAGE,
® NADT(100).

COMMON/AUTL/ AUTO(3) s1A.

COMMON/ENYRY ENVIR(3),
COMMON/TACLY TAC(SeS)

COMMON/RESLT/CE(4]).

BCla),

NHwWY(

INVIR

COMMON/ IMPROB/ IMP(5.5)
COMMON/CST4/ RC(S.5) DL

REAL MBl.
REAL LIFE,
REAL IAC

MB2.,
INT.

MB3.

INTEGER ERRORI1
INTEGER Hle
*

H3Q.
INTEGER Cls C2s
" c3s

V = 40.0
DO S0 K=1.5

huwnn
e
s e
e
- e e dw
KEXRXX
- e " @ @
Bdwn-
st B B Nt Bt
Wuhumn

wnwnnnn
[alalatalal
NN N
_~—
e et
“«-swe e
AREKRR
"o we e

nmelin-

Lunninwn
4 et i
Gl
e s e
- e e e W
ARERRXR
R
e e e e
Wwwnhn

vEln-

H2s

—
[T

H3e
Ha2 ¢+ H4 3,

Cloe
C36.

4000 LB

0.011%V
0.009%mV
Qa007%vV
Q0.0Q06%V
D+. 0064V

4000 LB.

Qe0llay
D« 0092V
00078y
0.006%V
D.006%V

4000 LBe.

O-011%V
0.009%V
0.007%xV
Q0«006=%xv
C«006%V

Ha

Cl7,
C39.

MESe MBaw.
SJAUTO.

1MP

Hl4s H

IAUTO

LINESe NDES(1001),

100)

ICE(4), NOTCE(4),

MBA4Se

16, H1

MBET1 »

7s H18,

H44y9 HA4S5S e H46s H4T, Ha3,

Cl8,

Cal0.

AUTO »

AUTOD,

AUTO»

Cale

C19

caz.,

C30s C31.
C50s C3.

DRY CONDITION

wET CONDITION

FROZEN CONDITION

H19.

c32.

S1I

S)e
Sie SI

G425,
GRE3.

»
(

DIRs [

ICOST(4),

MBET2

H20.
HA 3,

Ca,

E20(3+54¢5)»
3(345.5)

MBl.M32,

GRE 4,

D

NSPD(1001

H21,
HS50

Lo

IGR

GRES»

HS 1
C33. C34,
cs1
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402

a0a

403

SI1{2sKel) =
SIl(2:Ks2) =
SIl(2+sKe3) =
SIl(2:sKesd) =
SI1(2:sK45) =
SI2(2+Kel) =
S512(2+Ke2) =
SI2(Z2+sKe3) =
SI2(24sKes) =
SI2(2+KsS5) =
SI3(2+.K.l) =
SI3(2:Ke2) =
SI3(2:Ke3) =
SI3(2+Ked) =
SI3(2+Ke5) =
SI1(3:Ksl) =
SI1(3,Ks2) =
SIL(3sKe3) =
SIl(3eKead) =
SI1{3+KeS5) =
SI2(3:sKel) =
SI2(3:Ke2) =
SI2(3:K.3) =
SI2(3+Ked) =
SI2(3sKe5) =
SI3(3eKel) =
SI3(3«Ke2) =
SI3(3+Ke3) =
SI3(3+Ked) =
SI3(3:K5) =
V=V + 10.0
CONTINUE

DO 400 N=1,.10

2250 LB«

0.020%V
Q0.016%V
0013%V
O0.01l1=v
0.010%V

2250 LBe

0.020%V
Qe0163V
Qs013%V
0.011%Vv
Q0010%V

2250 LBe.

0.020%V
0.016%V
O«013%V
O-011%v
0.010=V

1700 LB«

0.026%V
0.021%V
Qe 017%*V
0.015%V
00132V

1700 LB«

0.026%V
0.021%V
0.017%V
0.015%V
0.013%Vv

1700 LB«

0-026%V
0.021%V
Q.017%y
O.015%y
0-013=v

IR

GO TO(402.403).N

CONTINUE

UPSTREAM END TERMI NAL

DO 404 Kl=1.3
DO 404 K2=1.5
DA 404 K3=1.5

SIEIU(K1.K2.K
SIE2U(K]1:K2sK
SIESU(K1, K2sK

CONT INUE
GO TO a10

CONTINUE

3) =

SIit
3) = sia(
SI3¢

3) =

AUTO,

AUTO,

AUTO,.

AUTO,

AUTO.

AUTO,

310

DRY CONDITION

WET CONDITION

FROZEN CONDITION

DRY CONDITION

WET CONDITION

FROZEN CONDITICON

Kl + K2+K3)
Kl +K2+K3)
Kl «K24+K3)
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DOWNSTREAM END TERMINAL
DO 405 K1=1,3
DO 40S K2=1:5
DO 40S K3=1.5
SIEID(K1+sK2+K3) = SI1(Kl.K2.,K3)
SIE2D(K1sK24K3) = SIZ2(K1leK2:sK3)
SIE3D(K1,K2,K3) = SI3(K]l,K2,K3)
405 CONTINUE
410 CONTINUE
400 CONTINUE

RETURN
END

=% R R o EEE R L R b 2 s Rt R R et e Rt R PRt L

SUBROUTINE GRAILS

XX TS TARRLE RS IETE R IV ARSI LS LR AL E IR IR SR YR E BRI RS IX XIS XSS RS S
»

* THIS SUBROUTINE CALCULATES SEVERITY INDEXES FOR THE w—BEAM

het (G4 — 1Ws2%W) GUARDRAILL.

L

AL IR E R LSS ZASIFIS SRS S VLTI TR SABSFERLFX IR AIRARS S ARSI SV FIRT LA TR AN E S
R R R AL L R L Rl L s e L BRI IAEFEIERLBE SR IR TR XTSI IR KA T NS

DIMENSION PDO(S6)s I1ACLS6) s FA(B)s YLAT(7)

COMMON/DATALY H1(6)y H2(68)s H3(6) s HA(BE),y HS(6) s HE(B)s HT(6),
* HB(6)s HI(6)s HIO(E)s HIL(6)s HI2(6)s HI3(6),

- Hla{6)es HLS(E)s HLE(S)s HLT(B)s, HLB(6)s HIS(5E),

* H20(68) s H21(6)s H22(6)s H23(6)s H30(6)y H31(5)

* H32(6)s H33(6)s H34(6) s HIS(B)s H3E(E)s HITI(6),

= H38(6)y H39(6) sy HAQ(6)s HAL(6)s HA2(6)s H4E3(6)»

= Ha4(6) s HAS(6) s HAS(B) s HATI(6) s HAB(E) s HAD(S),

= HSQ0(6) s HS1(6)

COMMOMN/DATAZ2/ Cl(6s4)s C2(65+48)s C3(6+48)s Ca(6s4)s CS5(6:4)s

- Clil&eads Cl2(6sa)s Cl3(6ed) s Cla(6ed) s TI1S(E5+a),
- Cl6(6es48)s CLl7(644) s ClB8(6+4)y C1l19(6sd)s C20(5+4),
= C21(6sa)s C22(64a)s C23(6sa)s C2a(6sa)s C25(6ua)»
- C26(65e8)s C27( 648 ) s C28(6s4)s C29(6+4)s CI0(5:4),
- C31(6s4a)e CI2(6+4) s C331544)y C34(H644)y CIS(EBed)s
= C36(6+4)y CIT(64a) s C38(6+4)y CIV(6+4)s CA0(Bva),
= Cal(6eals Ca2(65+a)s CS0LEs4)s CS1(64a)

COMMON/DATA3Y Gl0s Gl2. Gl3s Gla,s GlS, G165, G17s G18s G19s G20

COMMON/ERRORY ERRORL1(&8.4)

COMMON/HURT,/ PI(SeS)e SI(S5¢5)s SISLIS.5)

311
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COMMON/LATOF/ OFSET(S)s DLAT: DLONGs DLATL

COMMON/ENFRE/ENFR
CUHHONIGRSI/ SIS1(3¢5+S) e SIS2(34545) e SIS3(3¢S+5)e SIEIU(3s545)»
sx&zuts.s.s:. SIE3U(3+5:+5)s SIE1D(3:5+5)s SIE20(3.5+5) .
‘ 3D(3+5sS5)s SI11{3+5:5)s SI2(3+5+5)e SI3(3+5+5)

COMMON/GRCST/ Gls G2+ G3y GFe GALlNWs GaA2W, GALISe G42S5S. MBleMD2,
= 3¢ MBE9s MBawy MB4Se GREL+GRE2s GRE3+ GRE4« GRES,
* GET1s GET2s MBET1s MBET2

COMMON/COMP/ SIDE(Ss5)s END(SeS)s IHIT. XX
CDMNON!MAINC/ HIBs HIy HIA(&)s HI1(6)s HIZ2(6:4),

CM
CM1(6)s CM2(6+4)y ACBe AC, ACA(4)s AC
t AC2(5es4), IZERO(4)y THCHAZ .THCIMP(4)

CHMys CMA(S).,
|

COMMON/ IDENT/1e Js IHAZs IALTs IFLAGs NTITLEs, IDIR. IDs LL

COMMON/NCONT/ NCOUNT, IPAGE. LINES, NDES(100). NSPO(1001}.
ks NADT(100)s NAWY(100)

COMMON/AUTLY/ AUTOL3)s1Ae IAUTO

COMMON/ENVR/ ENVIR(3)s INVIR

COMMON/TACLY TAC(SeS)

COMMON/RESLT/CE(4)y BC(a), ICE(4), NOTCE(4), ICOST(4)s IGR
COMMON/IMPROB/ I[MP(S.S)

COMMON/CSTA/ RC(S+5) .00

REAL MBls MB2, M83, MB9, MBaw, MBAS, MBETl, MBET2
REAL LIFEs INTs JAUTO. [MP

REAL [AC

INTEGER ERROR1

INTEGER Hle H2s H3s H44s Hl4s H16, H1T7s H18. H1ISs H20, H21.
® H30s Ha2,2 H43s H44, H4AS5, Hab, H4T7, HaB, Ha9, HS50, HS51

INTEGER Clw C2s Cl6s C174s Cl8s Cl9¢ C30s C31s C32s C33+ C34,
L C3S+ C36s C39s C40s Cal, Ca2s CS50. C3e Ca, C51
S22 2¢22% 65 FTe 3 INe POST SPACING sassm%s

¥V = 40
Ti= 2250.0/ 1700.0

DO 1S K=1.5
4500 AUTO; DRY CONDITICN

SIS1(1sKel) = 0.01483V - 0.2660
SIS1(1+Ks2) = 0.01238Y = 0.0a70
SIS1(1sK+3) = 0.0122%V + 0.2470
SISI(1lsKsd) = 001458V + Q.1678
SIS1(1sK+5) = 0.0173%Y + 0.1827

2250 LB AUTO: ORY CONDITION

0.018758Y = 0.3908
0.0208%V = 0.3025
0.02358V = 0.20S0

nihn
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SIS1(2+Ks4) = 0.0255%V —- 0.1650
SIS1(2+K35) = 0.0288*Y — 0.1342
1700 LB AUTO; DRY CONDITION
SIS1(3+Kel) = SISI(2:.Ke1)%T1
SIS1(3+Ke2) = SISI(2.Ks2)%T1
SIS1(3sKe3) = SISL(2:Ke3)%T]
SIS1(3eKsa) = SISI(2+Ksa)%T1
SIS1I(3+KeS) = SISII2:Ke5)*T1
V=V & 10.0
15 CONTINUE
GO TO(20s21) . IFLAG
20 IF(H41([).NE.6.0) GO TO 30
GO TO soO
21 IF(C29(IvJ)aNEe60) GO TO 30
GO TG Sso
30 CONTINUE
2EueEEXE |2 FTa & INe POST SPACING ®EXXEX%S
(ADJUSTMENT FACTORS ASSUMED)
V=40.0
DC 100 K=1.+5
4500 LB. CAR (ORY CONDITION)
SISI(1sKsl) = (0.0148%V=0.260)%0.89
SISI(1+Ks2) = (00123%V=-0.047)%0.91
SIS1(1eKe3) = (0.0122%¥V+0.247)%0.93
SIS1(1+Ksa) = (0«0145%V+0.1678)#%1 .01
SIS1(1+Ke5) = (01073%Vv+0.1827)%1 .12
2250 LB« CAR (DRY CONDITION)
SIS1(2vKsl) = (0.01875#v=0,3908)%0.89
SIS1(2sKe2) = (0.0208%V-0.3025)%0.91
S5IS1(2:sKe3) = (0.0235%V=0.2050)%0.93
SIS1(24Kes) = (0+0255%V=0+1650)%1.01
SIS1(2sKs5) = (0.0288%V-0.1342)%1 .12
1700 LB. CAR (ORY CONDITION)
SIS1(3+Ksl) = SISL(2sKsl)%1.16
SISL(3sKe2) = SIS1(24K+2)%1l:16
SIS1(3+Kes3) = SIS1I(2sKe3)%1el6
SIS1I3+sKs4) = SISI(2+Ks4)%1lel6
SIS1(3+KeS5) = SISI(2.K45)%1.186
V =V + 10.0
100 CONTINUE
S0 CONTINUE
CALL GRADJS
CALL GRENDS

RETURN

END
LR RS 2 R R RS PR R R R E 2 R S R R R RS S R R o R R R S S P et S L R R R S P L
*®

SUBROUTINE GRADJG

*
FEEF XXX EXL PR XPERIXE KL LB XX FRERIR X FFILE XA S EXR KRB AR RS TR A S SR TR S XS
*

" S1 ADJUSTMENTS OF wET AND FROZEN CONDITIONS FOR W—=BEAM (G4-lW.2w )
* GUARDRAIL «
*

EXXXXTARIXBXXFEXEEREI XXX XERR XX S IRRFERIER R SRR B XA EF R RSN ER R R AR X R RS R%D
LR P P S P2 2 e R PR R L RSt R Rt R s s R e o R e PR e o S P L R L R S TS L

DIMENSION POO(6)+ IAC(6) s FA(B)s YLAT(7)

313



nn

[ T 2 ¥ T T T & T 4 Y & B ] nn on nn NN 00 nn NN

nn

COMMON/DATALY HL(6)s H2(6)s H3(6), H4{&.s H5{G)s MO(D)s HT(E ),
] H8(6)e RMI(6)s HIO(G6)y H11(6)s HI2(6)s HL3(6),

= Hla({6)s HIS5(6)s H16(6)s HL7(6)s H1B(0)y H1F{(O)»

*® H20(6)s H21(6), H22(6), H23(6)s H30{6)s H3L1(E)

* H32(6)s H33(6)s H34(6)s H3S5(6) s H36(6)s H3IT(E)»

* H3b(6) e+ H39(8) s HA0(B)y HAL1(6)s HAZ2(B6) s HA3(6)

x H44(6)s H45(68) s HAB(6)y HAT(6)s HAB(6)s HAT(E)
* H50(6)» HS51(6)

COMMON/DATAZ, Cl(6e8)y C2(694)s C3(6:4)s C4(644)s C5(6+4)s

= Cll(oesa)y C12(634)s Cl3(B6sa)es Cl3(6ed)s CLlS(6s8)»
* Cl6{(6+4)s CLlT(6+4)s ClB(E+4)» C19(694)s C20({6s4)»
* C21(648)s C22(6e4)e C23(Hs8)s C28(6s4)s C25(644)
] C26(6+4)e C27(644)y C2B(6+4)s C29(6s4)s C30{6e4a),
= C31(6s4)e C32(6s4)s C33(64a8)y C34(6sa)y C35(6s4)
= C36(0s4)s CIT(6+4)s C38(094)y C3I9(S44)s Ca0(D6+4)»
* C41(6es4a)s C42(Esa) s C50(6+4) s C51(6+4)

COMMON/DATAS/ Gl0e Gl2s G113y Gl4s G1Ss G16s G174 Gl8Bs G19e G20

COMMON/ERROR/ ERROR1(6.:4)

COMMON/HURTS PI(SsS)ls SI(SeS)e SISL(SeS)
COMMON/LATOF/ COFSET(S). DLAT. DLONGs DLATI

COMMON/ENFRE/ZENFR

COMMON/GRSI/ SIS1(3+5e5)s SIS2(3+5¢5)s SIS3(3+5+5)s SIELU(345+5)s
* SIE2U(3+95e5)y SIE3U(3+5+5)s SIELD(3+5¢S)e SIE2D(345e5)
£ SIE3D(3e5+5)s SI1(3s5+s5)s SI2(395eS5S)e SI3(3+545)

COMMON/GRCST/ Gls G2¢ G3Is G99 GA41lNW. GA2Ws GA1S. G42S5. MB1l.MB2.

® MB3. MB9y MBAW., ME4S, GREl +GRE2s+s GRE3s GRE4s GRES,
= GET1les GET2s MBETls MBETZ2

COMMON/COMP/ SIDE(Se5)e END(S5e5)Ys IHIT, XX

COMMON/MAINCY HIBs HIs HIACS)s HI1(6)s HIZ2(5+4)s CMBs CMs CMA(4),
L] CHM1(8)s CN2(5s4)s ACBe AC,s ACAL4)s ACL(B)»

L AC2(6+4)y LIZEROCA4)s THCHAZsTHCIMP (&)
COMMON/IDENT/1s Jeo IHAZ, JALT., IFLAGs NTITLEs [DIRs IDs LL

COMMON/NCONT/ NCOUNT .+ IPAGEs LINES, NDES{(100)s NSPD(100),
L] NADT(100)., NHWY(100)

COMMON/AUTL/ AUTO(3)eslAe IAUTO

COMMON/ENVRY ENVIR(3)s INVIR

COMMON/TACL/ TAC(S.5)

COMMON/RESLT/CE(4)s BC(4a), ICE(4)y NOTCE(2), ICOST(4),s IGR
COMMON/IMPROB/ IMP(S.5)

COMMON/CST4/ RC(S+5) 0L

REAL MBl., MB2, MB83. MB9. MBAW. MBAS. MBET1. MBET2

:Eit ?:EE- INT. JAUTO. IMP

INTEGER ERRORI
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101

102

105

215

HZ2»
Ha2,

C2,
C36,

INTEGER H1l.
* H30,
Cls

INTEGER
* C35Ss

PHT
SPACE
IBLK
1RUB
IFILL
SLPE

PHT =
SPACE =
IBLK =
IRUB =
IFILL = nas
SLPE = H3S
IF(LL«EQel)
GO TO 108

PHT = C28(1.J)
SPACE = C29(1sJ)
IBLx C30(1s+4)
IRUB = C31(I.4)
IFILL = C36(1.:J)
SLPE = C27(1+J)
IF(LL<EQel) SLPE

Ha0(1)
Ha1(1)
Ha2(1l)
Ha3(1)
(1)
(1)

SLPE

CONTINUE

H3,
H& 3,

Clé,
C39»

H1 T,
H&6 »

Cl7s C18s C19s C30s
Ca0s Cale Ca2:s CS0.

H18,
HaT7e« H&4d,.

H.. H“. H.I.ol

HaGy, H4S,

C3»

SET VARIABLES
GO TO(101+102).IFLAG

POST HEIGHT

POST SPACING

8LOCK OUT

RUB RAIL

POST BACKFILL MATERIAL
TERRAIN SLOPE

H38(1)

C26(1+J)

WET CONDITION

IF(SLPE<NE.8.0)G0 TO 300

IF(IBLKe«NE.1) GO TO 300
IF(IFILL.NE-2) GO TO 300

4500 LB.

POST SPACING = 6 FTe
8LOCK ouT - YES
TERRAIN SLOPE- B:1l
SOIL TYPE = COHESIVE

3 INe

AUTO

IF(PHT «:NE«27+0)GQ TO 220

GO TO(215.216)»

IRUB

27 INCH RAIL HEIGHT

CONTINUE

SIS2(1s1s1) = SIS
SIS2(1+1s2) = SIS
5I52(1.1.3) = SIS
SIS2(1s1+4) = SIS
SIS2(1+1+5) = SIS
SIS2(1+2+1) = SIS
SIS2(1+2+2) = SIS
SIS2(1+,243) = SIS

e e ek e s
lalalelelalala]
I et et et et e s

NN =

wITH RUB RAIL

W= pune=
e o
I 22X 2R R

H19.

C31., C32.
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27 INCH RAIL HEIGHT
WITHOUT RUB RAIL

GO TO 240
216 CONTINUE
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GO TO 240
220 CONTINUE

U vy v

1RUB

IF(PHT<NE«24.0)G0 TO 300

GO TO(300.,221)»

24 INCH RAIL HEIGHT
wiITHOUT RUB RAIL

221 CONTINUE
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2250 LBe

GO TO 240
240 CONTINUE

J Uy vuw

IRUB

IF(PHT«NE-27.0)G0 TO 250

GO TO(245.:246),

27 INCH RAIL HEIGHT
wiTH RUB RAIL

24S CONTINUE
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WITHOUT RUB RAIL

27 INCH RAIL HEIGHT

GO TOo 270
246 CONTINUE
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275 CONTINUE
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27 INCH RAIL HEIGHT
WITHOUT RUB RAIL

GO Ta 600
276 CONTINUE
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IF(PHT «NE«24.0)G0 TO 300

GO TO 6800
280 CONTINUE
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616 CONTINUE
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GO TO 640
IF(PHT-.NE«24-0)G0 TO 700
GO TO(700.+:621)»

620 CONTINUE
621 CONTINUE
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2250 LBe. AUTO

IF(PHT«NE«27.0)G0 TO 650

GO TO 640
640 CONTINUE
GO TO(645+046)
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GO TO 670
646 CONTINUE
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IF(PHTsNE<24.0)GQO TO 700

GO TO 670
GO TO(700,5651),

650 CONTINUE
651 CONTINUE
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GO TO 670
670 CONTINUE
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GO TO(700.,681).
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E ] HS0(6) s H51(6)
COMMON/DATAZ, Cli6sa)y C2C(6ea)s C3i6sa)y CaH(64a)s CS(Eed)e

- Cli(Ssa)y Cl2(0s8)s Cl3(65+4)s Cla(6+4)s CLlS(6e4)s
= Clo(6+4)s ClT(6+4)s ClBILEA) s ClY(Bsd) s C20(0e4)s
- C21(6.,8)s C22(60a)s C23(6448)s C2a(644)s C25(5e4)
= C26(6448)s C27(64a8)y C28(6+8) s C29(644)s C30(6s48)»
* C31(6+48)s C32(6+8)s C33(6+8)y C34(544),y C35(6e4),
E ] C36(6+4)s C3T(Gs4) s CS58(698)s C39(6+4) s CR0(544),
* Cal(6v8)s CA2(6s4) s CS0(6+48)s CS1L(6s4)

COMMON/DATA3Y Gl10s Gl2s G133, Gl4, G115, Gl6, G17, G18, G19. G20

COMMON/ERRORY ERROR1 (6+4)

COMMON/HURT/ PI(SeS)e SI(Ss5)s SISL(S.5)
COMMON/LATOF/ OFSET(S)s OLAT. DLONGs DLATIL

COMMUN/ENFRE/ZENFR

COMMON/GRSI/ SIS1(3+454¢5)s SIS2(3+5+s5)s SIS3(3+5+5)s SIE1U(3+5+5)«
“ SIE2U(3+5¢5)s SIE3U(3+¢5+5)s SIE1D(3+5+5)s SIE2D(3+5+5)
* SIE3D(3+5¢8)s SI1(34SeS)s SI2(3+5+5)e SI3(3+5,:5)

COMMON/GRCST/ Gls G249 G3s G99y Ga4lW, GAZ2W, GALSy GA2S, MBLl.MB2s
» MB3, MB9s MBaW, MB4Se GREl+GREZ2s GRE3,y GRE4, GRES,

* GETl. GET2., MBET1l. MBET2
COMMON/COMP/ SIDE(S«S)s END(SeS)s IHIT. XX

COMMON/MAINC/ HIBe HIe HIA(S4)e HIL1(6)s HIZ2(65+4) ¢ CMB,s CM, CMA(A4),
- CML(6)s CM2(6+4)s ACBs AC, ACAL(S)s ACL(B],
= AC2(6+4)y IZERO(3)s THCHAZTHCIMP(4)

COMMON/IDENT/ s Js IHAZe IALTs IFLAGs NTITLE, IDIRs IDs LL

COMMON/NCONTY NCOUNTIPAGE: LINESs NDES(100)e« NSPD(100).
* NADT(100)s NHWY(100)

COMMON/AUTL1/ AUTO(3) +1As 1AUTO

COMMON/ENVR/ ENVIR(3)s INVIR

COMMONS/TACL/ TAC(5+5)

COMMON/RESLT/CE(a), BC(a), ICE(4), NOTCE(4), ICOST(a4), IGR
COMMON/ IMPROB, IMP(S.5)

COMMON/CSTA/ RCI(S+5S).0L

REAL MBl1, MB2, MB3s MB9: MEBAW., MBa4Se MBET1s MBET2
REAL LIFE,s INTs JAUTO. IMP

REAL [AC

INTEGER ERROR1

INTEGER Hle H2s H3s Ha, Hl4,y H16, H17, H18s, H19s H20, HZ21,
- H30, H42, H43s H44, H4S, HaH, H47, HA3, H49,; H50, HS1

INTEGER Cls €2, Cl6s C17+ Cl8s C19s C30+ C31+ C32, C33, 34,
* C3Ss C36+ C39s Ca0s Cals Ca2s CS0s C3s C4s CS1
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10

11

12

13

ia

20

GO TO(10s11)s IFLAG

CONTINUE
HAZARD

N1l = Hab(1)

N2 = Ha7( 1)

GO TO 12

CONTINUE
IMPROVEMENT

Nl = C34(Il.J)
N2 = C35(1.+J)

CONTINUE
00 400 N=1,IDIR
GO TO(13s14)s N
CONTINUE

UPSTREAM END TERMINAL
GO TO(20921:22:23+4244244244+24),

CONTINUE

DOWNSTREAM END TERMINAL
GO TOl20s2122:23+24+24524,24),

CONTINUE

ANCHCGRED (NON

V = 40.0
DO SO0 K=1.5
4000 LB« AUTO.

SI1(1sKel) = 0.046%V
SI1{lsKs2) = 0204068V
SI1(lsKe3) = 0.046%V
SIl(leKesd) = 0.046%v
SI1(l1eKs5) = 0.086%V
4000 LB. AUTO.
SI2(19Kel) = 0.046%V
SI2(1:Ke2) = Q.046%V
SI2(1eKs3) = 0.046%V
SI12(1+Ks4) = 0.046=V
SI2(1+KeS) = 0.046%v
4000 LB« AUTO.
SI3(1sKsl) = 0.055%V
SI3{(1lsKs2) = D.055%V
SI3(1+Ks3) = 0.055%V
SI3(1+Ks4) = 0.0558V
SI3(lsKeS) = 0.055%V
2250 LB« AUTOs
SI1(2:Ksl) = 0.081%V
SI1{2sKe2) = 0.081%V
SI1(2:sK+s3) = 0.081%YV
SI1{2:Ks4) = 0.0381%V
SI1(2+K+5) = 0.081=v

- BREAKAWAY)

DRY CONDITION

WET CONDITION

FROZEN CONDITICN

DRY CONDITION
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2250 LB. AUTO, wET CONDITION

SI2(2+Ks1) = 0.081=V
SI2(2+sKs2) = 00,0812V
SI2(2+Ks3) = 0.0812V
SI2(2+Ksd4) = 0.0818V
SI2(2¢Ks5) = 0.081%V
2250 LB. AUTO. FROZEN CONDITION
SI3(2+sKal) = 0.097%V
SI3(24sKs2) = 0.097%v
SI3(2+sKs3) = 0.097%V
SI3(2+K+d4) = 0.097%V
SI3(2+KeS5) = 0,097V
1700 LB. AUTOs DRY CONDITION
SI1(3+sKel) = 0.110%V
SI1(3sKe2) = 0.110%V
SI1(3+Ks3) = 0.110%V
SI1(3¢Ksd) = 0.110%y
SI1(3+K+S) = 01103V

1700 LBe AUTO, WET CONDITION

SI2(3¢Ksl) = 0ellOmy
SI2(3sKe2) = 01105V
SI2(3sKe3) = 0el10%V
SI2(3sKed) = 0e110%V
SI2(3eKe5) = 0.110%V

1700 LBe. AUTO, FROZEN CONDITION
SI3(3+Kel) = 0.132%V
SI3(3eKs2) = 0.132%V
SI3(3eKe3) = 0e132%V
SI3(3+Ksa) = 0.132%V
SI3(3eKs5) = 0e.132%V
¥V =V +10.0
CONT INUE
GO TOo 200
CONTINUE

NOT ANCHORED{( NON — BREAKAWAY)

¥V = 40.0
DO 51 K=1.5

4000 LB« AUTDs DRY CONDITION
SI1(1sKel) = 0.040%V
SI1(1+Kes2) = 0.040%V
SI1(1sKe3) = 0.040%V
SI1(leKsd) = 0.040%V
SI1(1+KeS5) = 0.040%V

4000 LB« AUTOs WET CONDITION
SI2(1+Ksl) = 0.040%V
SI2({1sKe2) = 0.040%xV
SIZ2(1+Ks3) = 0.040%V
SI2(1sKsd) = 0.040%V
SI2(1sKe5) = Q.040=mV

4000 LB« AUTOs FROZEN CONDITION
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SI3(leKsl) = 0.048%V
SI3(1+Ks2) = 0.048=%V
SI3(1sKe3) = 0+048=%V
SI3(1sKsd) = 0.048%V
SI3(1eKsS) = 0.048%V
2250 LB AUTOs DRY CONDITION
SI1(2+sKsl) = 0.070%V
SI1(2:sKs2) = 0.070%V
SI1{(2:sXKs3) = 0.070%yVy
SI1(2+K34) = 0.070%Y
SI1(2+sKs5) = 0.070%V
2250 LDe AUTOes WET CONOITION
SI2(2sKsl) = 0.070%Vy
SI2(2:Ke2) = Q.070%V
SI2(2+Ke3) = 0.070%V
SI2(2+Ked) = 0.070%V
SI2(2¢KsS5) = 0.070%V
2250 LBe AUTOs FROZEN CONDITION
SI3(2sKsl) = 0.085=V
SI3(2:Ks2) = 0.085=VY
513(2:Ks3) = 0.08S5sVv
SI3(2¢Ked) = 040358V
SI3(2+K+5) = 0.085=V
1700 LBes AUTDs DRY CONDITION
SI1(3¢Kesl) = 0.097%V
SI1(3+¢Ke2) = 0.097%V
SI1(3eKe3) = 0.097%V
SI1(3sKsd) = 040978V
SI1(34sKs5) = 0.097nV
1700 LB AUTO., WET CONDITION
SI2(3eKel) = 0.097%V
SI2(3¢Ke2) = 0.097nV
SI2(3eK+3) = 0.097=V
SI2(3+sKsd) = Q.097%V
SI2(3eKsS5) = 0.097%V
1700 LB. AUTOs FROZEN CONDITION
SI3(3+Kesl) = 0e116%V
SI3(3¢Ke2) = 0e116%V
SI3(3sKe3) = 0a116%V
SI3(3+sKed) = Qeallo*yv
SI3(3+Ke5) = Qallb®y
vV =V +10.0
CONTINUE
GO TOo 200
CONTINUE

TURNDOWN{(BREAKAWAY )
THETA = 5.0
DO S2 K=1,5
4000 LBe AUTOs DRY CONDITION
SI1(1s14K) = 0.00889%THETA+0.37
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0.00889%THE TA+0.45

SI1(1ls2eK) =
SI1(1+34K) = 0.00889%*THETA+054
SI1(1+44sK) = Q.00389Y*THETA+0.63
SI1(1+5eK) = 0.00889%THETA+0.72

4000 LBe AUTOy WET CONDITION
SI2(1s1eK) = 0.00889%THETA+0.37
SI2(1s2+K) = 0.003889%*THETA+0.45
SI2(1+3eK) = 0.00889*THETA+0.54
SI2(1+4sK) = 0.00809*%*THETA+0.63
SI2(1+5eK) = 0.00889*THETA+0.72

4000 LBe. AUTO. FROZEN CONDITION
SI3(1lelsK) = 0.00889*%*THETA+Q37
SI3(1+2eK) = 0.00839*THETA+0:45
SI3(1s3¢K) = 0.00889%#THETA+0.54
SI3(1e4sK) = 0.00889%THETA+0.63
SI3(1e5eK) = 0.00889%THETA+0.72

2250 LB« AUTO.s ORY CONDITION
ST1(2e1+K) = SI1(1ls1:K)*1.23
SI1(2s2+K) = SI1(1+s2+K)%1,23
SI1{2s3eK) = SI1{1s3+K)*1.23
SI1(2+44K) = SI1(1+8.,K)%1.23
SIi1(2¢5sK) = SI1(1+54sK)*1.23

2250 LBe AUTO., WET CONDITION
SI2(2s1eK) = SIl(ls1:K)®1.23
SI2(2+2+K) = SI1{(1+2+K)%1.23
SIZ2(2+3sK) = Sil(1+s3¢K)®1.23
SI2(2+44K) = SI1(1.4.,K)®1.23
SIZ2(2:s5+K) = SIl(1:54K)%i.23

2250 LBs AUTOs, FROZEN CONDITICON
SI3(2s14K) = SI1(1sl1.K)%1.,23
SI3(2+s2sK) = Sil(1:2+K)®1.23
SI3(243eK) = SIi(1le3eK)*E1e23
SI3(2s4:K) = SI1(1s4:K)%]1.23
SI3(2:s5+K) = SI1(1:5+K)*1.23

1700 LBe. AUTO, DRY CONDITION
SI1(3+1:K) = SI1(1:+1+K)*1.51
SI1(3+2¢K) = SI1(1+2,K)%1.51
SI1(3:3+K) = S11(1+3+K)¥L.51
SI1(3+44K) = SI1(1lea4,K)%1.51
SI1(3eSsK) = SI1(1:5+K)*1.51

1700 LBe AUTO. WET CONDITION
SI2(3s1+K) = SI1(1,1:K)%L.51
SI2(3+2sK) = Sil(l:2+K)%l51
SIZ2(3+3eK) = SIl(1+s34K)*LeS1
SI2(3s4sK) = SIl(lsa,:K)*¥La51
SI2(3+S+K) = SI1(1:54K)%®1 .51

L700 LB« AUTOy FROZEN CONDITION
SI3(3e14K) = SI1(1s1,.,K)%]1.51
SI3(3+2sK) = SI1(1:2:K)%®1.51
SI3(3s3+K) = SI1(1+3+K)%1.51
SI3(3s4sK) = SI1(1e4+K)%*]1.51
SI3(3+5e¢K) = SI1(1+45:K)%151
THETA = THETA + 5.0
CONTINUE
GO TO 200
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TURNDOWNINON—-BREAKAWAY )

vV = 40.0
DO 53 K=1.5

4000 LB.
SI1(1eKel) =
SI1(lsKs2) =
SII(leKe3) =
SIl(leKetd) =
SI1(1sKe5) =

4000 LB.
SIZ2(1+Kel) =
SI2(1+Ke2) =
SI2(1 sKe3) =
SI2{1+Ksa) =
SI2{(1sKe5) =

4000 LB.
SI3(1esKel) =
SI3(1eKe2) =
SI3(1sKe3) =
SI3(1+Ksd) =
SI3(1+Ke5) =

2250 LBe.
SI1(2.sKel) =
SIl(2eK42) =
SIl{2e¢Ke3) =
SIL(2:Kea) =
SIl(2:KeS5) =

2250 LB«
SI2(2+Ksl)
SI2(2:sKe2)
SI12(2eKe3)
SI2(2:Ked)

SI2(2sKs5)

N
n
o
o
r
o o Wwhhwu

AUTO.

O0«013=%v
O.011mV
0.008=V
0.007%Vv
0.007%Vv

AUTO.

0.013%V
Qe0l1lsV
O.008%Y
Q-007%V
0.007=V

AUTO.

0.013%V
Q0.0118V
0-.008%V
0.007%Vv
0.007%V

AUTO.

0.026%V
0.021%YV
001 7%V
Q0148Y
0.013%V

AUTQO,

0.026%V
0.021%v
0.017=V
De0laxy
0.013%V

AUTOs FROZEN CONDITION

0.026%V
0.021=V
Qe 0Ll 7%V
De0laxy
0«013%V

AUTO.

0.034%V
Q0. 027%V
Q.022%V
0.020%V
0.017%V

AUTQO,

0.034%V
0.027%xV
0.022%V
0.020%V
0«01 7%V

DRY CONDITION

wET CONDITION

FROZEN CONDITION

ORY CONDITION

WET CONDITION

DRY CONDITION

WET CONDITION
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1700 LBe AUTQO, FROZEN CONDITION

0.03a%V
0.027%V
Q.022%V
Q0.020%*V
0.017%V

nnunn
el
Wbk w
I~~~ - -~
LW

-

=

-

u

~
UNN )

CONT INUE
GO TO 200

CONTINUE
CRASHWORTHY TERMINAL
V = 40.0
DO 54 K=1 .5
4000 LBe AUTOs DRY CONDITION

0.023%V

0.023%V

0.023%Vv

0,023V

Q.023%V

4000 LBs AUTOs WET CONDITION

nwnnn
o
e e
A -~ —,
-
- e 9 % @
XXX

-

W

-
Wuwhnh

SI2(1+sKsl) = 0.0232V
SI2(1+sKe2) = 0.023%V
SI2(1sKs3) = 00,0232V
SI2(1sKed) = 0,023V
SIZ2(1eKeS) = 0.023%Y

4000 LB. AUTOs FROZEN CONDITION

SI3(leKsl) = 0.028%YV
SI3(1+sKe2) = 0.0288V
SI3(1+Ke«3) = 0.028%V
SI3S(1lsKed) = 0.028%Y
SI3(1sKe5) = 00285V
2250 LBe. AUTO+ DRY CONDITION
SI1(2+Ksl) = 0.0406%V
SI1{24Ks2) = 00468V
SI1(2+sKe3) = 0.046%V
SIl1(2+Ked) = 0.046%YV
SI1{(2+sKsS5) = 0.0456%V
2250 LBe AUTOs WET CONDITION
SI2(2+sKel) = 0.046%V
SI2(2+sKe2) = 0.0462V
SI2(2eKs3) = 0.046%V
SI2(2+sKed) = 0.046%V
SI2(2sKesS) = 0.040%V

2250 LBe AUTO, FROZEN CONDITION

SI3(2+Kel) = 0.056=V
SI3(2+sKe2) = G.056=V
SI3{2:K+s3) = 0.0562V
S13(24Ked) = 0.056%y
SI3(2sKsS) = 0.0562V

1700 LB. AUTO. DRY CONDITION
SI1(3+Kel) = 0.061%V
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SI1(3vKs2) = 0.061%Y
S5I1(3yKs3) = 0.001%V
SI1(3sKs8) = 0.001%V
SI1(3+KsS5) = 0.061%V
1700 LBe AUTOs WET CONDITION
SI2(3+sKsl) = 0.061%y
SI2(3sKs2) = C.061%Y
SI12(3+Ks3) = 0.061%V
SI2(3+sKes&) = 0.061%Y
SI2(3+Ke5) = 0.061%V
1700 LB AUTOs FROZEN CONDITION
SI3(3+Kel) = 0.074%V
SIF(3eKe2) = 0.07a%V
SI3(3eKe3) = 00743V
SI3(3¢Ked) = 0.07a%V
SI3(3+KeS5) = Q0074anv
¥ = Vv +#+10.0
CONTINUE
CONT INUE

GO TO(402+403)s N
CONTINUE

UPSTREAM END TERMINAL
DO 404 Kl=1.3

DO 404 K2=1+5
DO 404 K3=1.5

SIEIV(KL1+K2,K3) = SI1(K1l+K2,K3)
SIEZUIK]1+K2+K3) = SIZ2(K1l +K2,K3)
SIE3U(KL+K2,K3) = SI3(K1 +K24K3)
CONTINUE
GO TO a10
CONTINUE

DOWNSTREAM END TERMINAL

DO 40S K1=1,3
DO 405 K2=1s5
DO 405 K3=1.5

SIEID(K1:sK2:K3) =
SIE2D(K1sK2sK3) =
SIE3D(K1:K2.,K3) =
CONTINUE
CONT INUE
CONT LNUE

RETURN
END

SUBROUTINE NOIMPR

NQ IMPROVEMENT SUBROUTINE FOR SLOPES

SILT(K]1 sK2,K3)
SIZ2(K1l +K2:K3)
SI3(K] s K2 .K3)
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DIMENSION POG(&) s L1AC(6)s FA(S)s YLATI(7?)

COMMON/DATAL/ nl{&l. H2(6)s H3(6)s HA(6E) s HS(6)» HE(6)e H7(6),
» B(B6)y HI(6)y HIO0(B6)s H1L1(6)y H1I2(E)s HL13(5),
* hla(blo HIS(6)s H16(8), HL7(6)s HL18(6), HLI(E),
* H20(b)s H21(6)s H22(6)s H23(6)s H30(6)s H31(A)

* H32(6) s H33(6)s H34(6)s H3S5(6)s nN36(6)s H3IT(E)»
] H33(6)s H39(6)s HA0(6)s Hal(6) s HAZ2(6)s HA3(H)
= H8a(6)s HAS(B)s HEE6(6)s HAT(6)s HIB(6)s HAT(B),
S HS0(6) s HS51(6)

COMMON/DATAZ/ Cl(6e4)y C2(644)y C3(648) e Ca(6ed)s CS(0ed)e
- Cll(6em)y Cl2(6ea) s Cl3I(oedle Cla(bsa)e Cl5(544),
B Cl6(6+48)s Cl7(6+8)s ClB(6:4)s ClI9(6Hsa)s C20(644),
* C21(6:4)s C22(6e8)1s C23(6e4)s C24(64+48)s C25(5448)
* C26(648) s C27(Bs8) s C28(6+4) s C29(6+s4)s C30(5s4)>»
= C31(6+4)s C32(0ea)e C33(Be48)s C34(604)y C35(643)
- C36(6esa)e CIT(6ea)e C38(604)e C39(604)s Ca0(B448)
= Cal(b6s8)s Ca2(6s4)s CS50(6:4)y CS51(64+4)

COMMON/DATA3Y Gl10s G124y G134 Gl4s GlS5s G16s G174+ G18s G19s G20

COMMON/ERROR/ ERRORL (6.44)

COMMON/HURT/ PI(Se5)e SI(Se5)s SISLLISs5)
COMMON/LATOF/ OFSET(S)s DLATs OLONGe DLAT1

COMMON/ENFRE/ENFR

COMMON/GRSI/ SIS1(3+5+5)s SIS2(3+5¢5)s SIS3(3:¢5+5)e SIE1IU(3+5+5)»
£ SIE2U{3+5¢5)s SIE3U(3+5+45)e SIELID(3+s5e5) s SIE2D(3+5+5) 4
* SIE3D(3+5e¢5)s SI1(39SeS)e SIZ2(3¢S5eS) s SI3(345.5)

CD“HUNIGHCST/ Gle G2+ G3s G9s GA4lNWs G42We GALS. G42Ss MBLl.MB2,
MB3, MB89s MB4Ws MB4Se GRELl +GRE2+ GRE3. GRE4s GRES.

' GET1ls GET2s MBET1ls MBET2

COMMON/COMP/ SIDE(S+5)s END(SsS)s IHIT, XX

CDHHUN/M*INC/ HIBs HIs HIA(4)y HIL1(5) s HI2(6+4) s CMB, CM, CMA(4),
CML(5)s CM2(5s4)s ACBe ACe ACA(4)s ACL(B])s

- AC2(6+4) ¢ IZERQ(4) s THCHAZ sTHCIMP(4)

COMMON/IDENT/1e Je IHAZs IALTs IFLAG:s NTITLEs. IDIRe IDs LL

CUMHGN/NCONT/ NCOUNT s IPAGEs LINESs NDES{100)s NSPD(100),
NAODOT(100). NHWY(100)

COMMON/AUTLY AUTO(3) sIAe IAUTO

COMMON/ENVR/ ENVIR(3)s INVIR

COMMON/TACL/ TAC(5+5)

COMMON/RESLT/CE(4)s BC(a)s ICE(4)s NOTCE(4)s ICOST(4)s IGR
COMMON/IMPROB/ IMP(5.5)

COMMON/CSTA4/ RCI(Se5) sDL
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REAL MBl, MB2, MB3, MB9, MB4w, MB4AS, MBET1, MBET2
REAL LIFEs INTs JAUTO. IMP
REAL IAC
INTEGER ERROR1
INTEGER Hls H2s H3e Hés HlS&s H16¢ H1I7s H18s H19s H20s H21e
* H30, Ha2, H43, H44, H45, H4H5, HAT, HaB8, HAZ, HSO, HS1
INTEGER Cls C2s Cl6s Cl174 Cl8s Cl19s C30s C31ls C32s C33s C34.
* C35s C36s C39s Ca0s Cols Ce2y CS0s C3s Cos CS1
HI2C(I+J4) = HIl(I)
AC2(1.J) = ACL(I)
CM2(1eJd) = CMl1L1)
HIACJ) = HIA(J) + HIZ(I,J)
ACA(J) = ACA(J) + AC2(I.d)
THCIMP(J) = THCIMP(J) + CM2(1.,J)
RETURN
END
SFREREFREN * REEES e P E R PR PR P -t b RS E PR L PP EE P R EEE SR LSS E L L A
®
SUBROUTINE RESULT
®
FEET 2t P EE RS E RS E R 222 R 2t a2 R R b E R LR R R R R R RS RES LRSS R ES S 2 2
E
L] SUBROUTINE COMPUTES THE COST-EFFECTIVENESS AND BENEF IT=COST RATIOS
-
EERXXVEEXRETRER EE Rt R o o Pttt E R Rt - R Rl ELE LR R RS LS E RS = B
PINENSIOH PDO(6)s IAC(68)s FALB)s YLATIT)
COMMON/DATALY H1(6)s H2(6)e H3I(6)y HA(B)sy HS(B)s HE(B)s HT(B),
L HB(6)s HI(6)s HIO0(BE)s H11(6)s HI2(6)s H1I3(6).
- H14(6)s H1IS{(6)s H16(B)s H1IT(B6)s H18(6)s H19(E),
] H20(6) s H21(6)s H22(6)s H23(6) s H30(E)s H3L(6)»
* H32(6)s H3I3(6) s H34(6)y H3S(6) s H36(6) s HITIS)»
= H38(6)s H39(6) s HAO(6)s HALlI(6) s HAZ2(6) s HAa3(5),
* H84(6) s H45(6)s HAB(6) s HAT(E)s HAB(E) s HAF(B)
* HS0(6) . HS51 (6]
COMMON/DATAZ2/ Cl(6s4)s C2(644)y C3(Hesd)s Ca(64a)y CS5(B6sa ),
] Cll(Bea)e Cl2(694)e Cl3(Bsa)s Cla(0esa)s ClS(Bed)s
= Cle{6esa)e ClT(69a)y ClB(6sa)s ClI(Eeals C20(644),
= C21(6en)y C22(60a)e C23(6e4)s C2a(6sa)e C25(Bes) e
* C26(6+4)s C27(5H44)y C28(69a)y C29(6e4) s C30(5+8) s
L C31(6ed)s C32(6e4)s C33(6+48)s C34(6+4) s C35(644)4
= C36(6e¢a)y CIT(Oealy C3B(6eads CI9(6ed)e Ca0(Be4a),
] Cal(B5es4)s Ca2(6s4)s CS50(5+4)s C51(6.a)
COMMON/DATA3/ G100y Gl2s Gl3e Gla, GlSs Gl6y G1T7e GlBs Gl9e G20
COMMON/CRF1l/ CR
COMMON/ERRORY ERRORL (6.4)
COMMON/HURTY/ PIL(S5+S)s SI(S5+5)s SISL(S+5)
COMMON/LATOF/ OFSETI(S)s DLATs DLONGs DLATI
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COMMON/ENFRE/ENFR

CDMNQN/GRSI/ SIS1(3¢5s5)s SIS2(3+5e5) s SIS3{3+5+5)s SIELU(3+5+51
SIE2U(345+5)s SIE3U(345e5)s SIELD(3+5¢5)s SIE2D(345e5)»

‘ SIE3D(3+5e5) s SI1(3e¢5+5)s S12(3+5+S5)s SI3(3+5:5)

CUHMBN/GRCST/ Gls G29 G35 G99y GAlws G42W.s G415« G42S, MB1.MB2,
MB3, MB9, MEBE4W, MB4Se GREl,GRE2s GRE3s GRES4, GRES.
' GETls GET2+ MBET1s MBET2

COMMON/CDMP/ SIDE(Ss5)s END(SeS)s IHIT, XX

CD"MQNIHAINC/ HIBes HIs» HIA(S4)s HI1(6)s HI2(6+4) 9+ CMBs CM, CMA(4)
CM1(6)s CM2(De4)s ACBs ACs ACA(4)s ACL(E).,
‘ AC2(6,48)s IZERO{(4)s THCHAZ THCIMP(4)

COMMONS/IDENT/1s Jo 1HAZe IALT, IFLAGs NTITLEs IDIRs IDe LL

COMMON/NCONT/ NCOUNT . IPAGEs LINES. NDES(100), NSPO(L100),
* NADT(10U)s NHWY(100)

COMMON/AUTLY AUTO(3)s1A. [AUTO

COMMON/ENVR/ ENVIR(3}. INVIR

COMMON/TACLY TAC(S:5)

COMMON/RESLT/CE(4). BC(4a). ICE(4A). NOTCE(4). ICOST(4). IGR
COMMON/IMPROB, IMP(5+5)

COMMON/CST4/ RC(5.5) DL

REAL MBls MB2, MB3., MBS+ ME4w, MBaS, MBETl, MBET2

REAL LIFE. INT. JAUTO. IMP
REAL IAC

INTEGER ERROR1

INTEGER Hls H2s H3s Has Hla, H16+ H17s H18s H19, H20+ H21.
* H30s Ha2,y, H43e H44, H4S5, H4S6 s H4T7, H48es H49, HSO0s HS1

INTEGER Cl1. €2, Cl6, C17, C18s C19s C30. C31, C32, C33., C34,
# €35, C36s C39, C40s C4l, Ca2, C50, C3s C4,s C51

LIFE = G16

D0 100 J=1,1ALT
IF(HIA(J) «GE. HIB
IF(ACA(J) «GE. ACB
EFFECT = HIB = HIA
BENEFT = AC3 - ACA
ZERD = 2.718%%(EFFECT*LIFE)
ZERQ = 1.0/ZERO

IZERQ(J) = IFIX{ ZERO¥100.0 )
TCOST = THCIMP(J) = THCHAZ
ICOST(J) = IFIX{ TCOST )
CE(J) = TCOST/EFFECT

ICE(J) = CE(J)

BC(J) = BENEFT/TCOST

GO TO 99
CONTINUE
NOTCE(J)

-

[}
-

NOTCE(J) 1 see [MPROVEMNT ALTERNATIVE NOT COST-EFFECTIVE



99 CONTINUE
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100 CONTINJUE
RETURN
END

XX XXX EX XL LZXEB XXX BTN EXXAXETIXRENR L XN LAXFLEFE XL S KRB XL EABIBAETFR R
E 3
SUBROUTINE QUTPUT
-
EEFFBREXXEIPEXVFF XL ILXEXFELEFINRRR IR XL FXS SNSRI XEFRFE LR LR AR DL R R E RS
*
L] SUBROUTINE PRINTS QUTPUT FOR PROGRAM
E ]
Ee At e P PR e R Rt R e e e e e PR e P e s P L RS SR S E
EE 2T PR SR ET EE R R RS EEE SRR R S E R P EREE RS S R T EE L EEEE R PR SRR R T
DIMENSION PDC(S6) s IACI(S) s FA(B)s YLATI(T)
COMMON/DATALY HL1(6)s H2(6)s H3(6E)s Ha(6D),y HS5(6) s HE(B)s HT(S),
= HB(6)s HI(SE)s HIO(bI)s H11(6)s HI2(6)s H1I3(B),
ES H14(6)s H15(6)s H16(6)e HLT(E)s HL1B(6)s HIF(6) s
* H20(6)s H21(8)y H22(6)s H23(&)w H30(6)s H31(6) .
- H32(68)s H33(8)s M34(6)s HIS(6) s H36(B)s H3IT(B)»
= H38(6), H39(0)s HAQ(6)s HAL(B) s HA2(B)s HA3(6) «
= H44(6), HAS(6), HAB(6)s HAT(6) s HAB(B), HAF(B) s
- nS0(62, H51(6)
COMMON/DATAZ2Y Cli6e4)y C2(644)y C3(HBsa)e Ca(B4a)s CS(6+a8),
= Cll(6ea)e Cl2(65sa) e Cl3(6ed)y Cla(b6ed) sy ClS(6ea)y
& Cl6(6e4)s C1l7(6504)e Cl8(6e4)y Cl9(6s4)s C20(5+4)s
= C21(6es8)s C22(6ea)s C23(6ea)s C24(6s4)s C25(6e4a),
= C26(644)s C27(6s4)» C28(604)s C29(6+4)s C30(5s4)»
= C31(6+24)s C32(644) s CI3(6e4)s C34(6+8)s C35(604)s
= C36(6ea)e C37(6e4) s C38(694)s C39(6+4)s Ca0(6s3) 0
= Ca1l(Sea)s CA2(6594)y CS0(6Ee4)y CS1(6s4)

COMMON/DATA3, Gl10s Gl2s G13s Gl4s GISse Gl6e G17s G18s G19+s G20

COMMON/CRFLl/ CR
COMMON/ERROR/ ERRORI1 (6.4)

COMMON/HURTY PI(S+5)s SI(SsS)s SISLIS.5)

COMMON/LATOFY OFSET(S5)s DLAT. DLONGs DLATI1

COMMON/ENFREZENFR

CDHMGN/GRS:/ SIS1(3+45Se5)s SIS2(3¢5:5)s SIS3(3:5+45)s SIE1U(3+5+5),
= I:ZU(J S5e5)s SIE3U(345+¢5)s SIEID(3+5+5)s SIE2D(3+5+5),
= SIE3D(3+545)s SI1(3e54S5)e SI2{3eS5e5)s SI3(3+5+5)

COMMON/GRCSTY Gles G2+ G3s G99,y GA4lW, GAZ2W, GA1S, GAZ2S, MB1l.,M32,
L MB83, MB9., MBaw, MB4S, GREL.GRE2s GRE3+ GRE&4s GRES.
*® GET1, GET2, MBET1., MBET2

COMMON/COMP/ SIDE(SeS5)s END(S5+5S)s IHIT. XX

CQNHONIHAINC/ HIB, HIs HIA(4)s, HI1(6)s, HMI2(6+4)s CMBe CMys CMA(2),
CM1(6)s CM2(6+4)s ACBs ACs ACA(4)s ACL(8),

t AC2(6+4)s [ZERO(3)s THCHAZ sTHCIMP(4)

COMMON/IDENT/1s Js IHAZs IALTs IFLAGy NTITLEs IDIRs IDs LL

CDMHQNINCDNT/ NCOUNT + IPAGEs LINESs NDES(100)s NSPD(1001s
NADT(100), NHWY(10Q)
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800

801

802

803

804
90S

811

812

813

COMMON/AUTL/ AUTO(3).IA, IAUTO

COMMUN/ENVRY ENVIR(3)s INVIR

COMMON/TACL1/ TAC(5.5)

COMMON/RESLT/CE(4)s BCl4)s ICE(4)s NOTCE(4)s ICOST(4)s IGR
COMMON/IMPROBY IMP(S5.:5)

COMMON/CSTa/ RC(5s5).DL

REAL MBl, MB2, MB3, MB9+ MB4w, MB4S, MBET1ls, MBETZ
REAL LIFEs INT, JAUTOs. 1MP

REAL IAC

INTEGER ERROR1

INTEGER Hls H24 H3, Ha, Hl4, H16, H17, H1Bs H13, H20. HZ21l.
& H30, H42, H43s H44, H45, H46, H47s H48s H49, H50, HS1

INTEGER Cls C2s Cl6s Cl7 C1l8s Cl19s C30s C31s C32s C33, C34,
* €35+ C36s C39s Ca0s C4ls Ca2y CS0+C3s C4e CS1
IF(NCOUNT <EQe 0) GO TO 10

N = NTITLE
M = NTITLE=-1 .
IF(NDES(N) <EQs NDES(M) -AND. NHWY(N) .EQ. NHWY(M))GO TO 12

CONTINUE

WRITE(6+,398) IPAGE
WRITE(6+400)

IF (Cl(l1+1).EQe.1) GO TO 800
IF (Cl(1s1)<EQe2) GO TO 801
IF (Cl(ls1)«EQe3) GO TO B02
IF (Cil(1l.1)«EQe.4) GO TO B03
IF (Cl(l+1)<EQs5) GO TO 804
CONTINUE

WRITE(6+900) C2({141)

GO TO 90S

CONTINUE

WRITE(6,901) C2(1,1)

GO TO 905

CONTINUE

WRITE(6+902) C2(14+1)

GO TO 905

CONTI NUE

WRITE(6+4903) C2(1:1)

GO TO 90s

CONTINUE

WRITE(6+.904) C2(1.1)
CONTINUE

IF (H3(1l) -EQe 1) GO TO 811
IF (H3(1) «EQe. 2) GO TO 810
IF (H3(1l) <EQe 3) GO TO 812
IF (H3(l) <EQe 4) GO TO B13
CONTINUE

WRITE(6+,910) Ha(1l)

GO TO 915

CONTINUE

WRITE(6+911) Ha(1l)

GO TO 915

CONTINUE

WRITE(6.,912) Ha(1l)

GO Ta 915

CONTINUE
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WRITE(6+913) Ha(l)

915 CONTINUE

ISPEEL = IFIX(HS5(1))
IADT = IFIX(HS&(1))

ICARL = IFIX(G
ICARZ = IFIX(
ICAR3 = IFIX

IDRY
IWET
IFRO

IPDO =
INJURY

G
G
2
1
1
2
(G
IFATAL (

x{
x{
x(
x(
FI
FI

WRITE(6+815)ISPEED+IADTs ICARL4ICAR2,ICAR3,IDRY, IWET, IFRO.IPDO,
* INJURY s IFATALsG16+G174Ca0(141)sCa1(1s1)oCa2(141)
IPAGE = IPAGE + 1

LINES = 0

NCOUNT = NCOUNT + 1

ERITE(6+404) IPAGE

WRITE(6+406)

12 CONTINUE

IFIERRURIlL-M} «GTe 0) GO TO 80
=K + 1
IF(K «EQe IHAZ) GO TO 60

WRITE “GROUP™

WRITE(6+500) H17(L)s H21(L)s H1B8{(L)s HI9(L)sH20(L)+H22(L)»
*H23(L)s HIL(L)s IACle Me CLOE(LsM)s CL7(LsMIyC1B8(LsM)C1lI(LaM),
BC3T(LsM)y C38B(LeM)s CSI{LM)s Cl1(LeN)

GO TO 200
80 CONTINUE

WRITE “ERROR MESSAGE NUMBER®

WRITE(6+502) H17(L)}s H21(L)s H1IB(L)s HI9(L).H20(L),H22(L),
®H23(L)s HI1{L)s IACLs My CLlE(LsM)y CLT(LoMIsCIB(LsHM)+ClI(LoM)y
®C37(LoM)y C38(LeM)e CS(LeM)y Cl1(L.M)+s ERRORL(L M)

K =K + 1

IF{K .EQe« I) GO TO 90
MES = MES + 1

GO TO 200

60 CONTINUE
IF( NUTCE(M) <EQe 1) GO TO 70
IF( MES «GEe« 1) GO TOQO 85

WRITE “COST—EFFECTIVENESS RATIO™ AND "BENEFIT-COST RATIO"™

WRITE(6+504) HI7(L)s H21(L)» H18(L)s HIF(L)+H20(L)+H22(L ),
®H23(LJ)e HIL(L)s IACls My C16(LeM)s CLT(LIMI+CIBIL,M)sC1I(LaM)y
HCIT(LsM)s C38LLsM)y CS(LsM)s ClLI(LsM)ICOSTI(M)sHIZ(L M) IAC2,

®ICE(M)+BC(M)
LINE COUNTER

LINES = LINES + 1
IF{ LINES .GE« 45) GO TO 92
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GO TO 90 '
92 CONTINUE

WRITE(6+404) IPAGE

WRITE(6.400)

LINES = 0

GO TO 90
70 CONTINUE

WRITE "NOT COST-EFFECTIVE®

WRITE(6+506) H1IT7TI(L)s H21(L)s H
*H23(LJ)s HIL(L)» IACLls M, Clé6(L
*¥C37(L+M)s C38{(LsM)y CS(L.M), C

LINE COUNTER

LINES = LINES +
IF( LINES <GEs. ‘5! GO TQO 93
GO 7O 90
93 CONTINUE
WRITE(6+404) [PAGE
WRITE(6,408)
LINES = 0
GO TO 90

85 CONTINUE
WRITE "ENO GROUP®™

WRITE(6+508) H1I7(L)s H21(L), H18
®H23(L)s HIL(L)e I1IAC1 Me Clo(LeM
HCIT7(L M)y C3E8(LsMI, Cleoﬂls cl1

LINE COUNTER

LINES = LINES + 1
IF( LINES .GE. 4#5) GO TQ 94
GO TO 90

94 CONTINUE
WRITE(6+404) IPAGE
WRITE(&6,406)
LINES = 0

90 CONTINUE
K =
MES = 0
WRITE(6+600)

200 CONTINUE
WRITE(6+602)

IF (IGR «EQe« 1) GO TO 300
WRITE(6+:604)
300 CONTINUE

L).H22(L),

0
8(LsM)sClI(LM)

-~
-~ -~

2% FORMAT STATEMENTS $e=s

400 FORMAT( SIrr//7 /s TA2, "C 0 ST EFFECTIVEMNESS
®* PR OGRA My ///e TS7s '"UNIVERSITY OF NEBRASKA', /s T67.
® "AND*, /s TS4s °*NEBRASKA DEPARTMENT OF ROADS's //7//7)

404 FQRHAT(IHI-/-TIZZ.'PAGE = " W2/ 77T 4

nn

406 FORMAT(T2,'HAZ®,T7,°GR*,T

0 x ¥ & % H z A R [n} * % & & %! ,TS6,
H'E x ¥ X % £ B I M ] R a v E M E N T * % %
* B 8 R K',/)

11,"HAZ",T16,*SIDE®,T23,*MILE~-PQOST",
*T36+"HAZARD® s T44 4 "TOTAL" 4 TS4+"IMPR" s T6504 * IMPR* s T69 s "MILE-POST" »
*TBLl+"CLEAR" +TB88,+*'FIRST* 4 T9S+*TOTAL"»T102+"HAZARD" yT110,+* TOTAL"»
ET119+"COST" o T12S+*"SENEFIT "/ sT3+"NO* s T73"NO® «T10+"CODE"*+T17»
ROIUF* yT37+"INDEX® s T43 4 "ACCIDENT" 3 TSS+ "ALT* s T60+"CODE"+ T82 + ' ZONE" »
FTB89+ ' COST"+TI96+ "HWY ! +T103."INDEX* s T1094+"ACCIDENT"*,T118,"EFFECT",
BT 126+ 4COST 4/ +T16+"ROAD* 4 T224 'BEG*+T30+ "END" sT4S5S,+'COST" + T68,
RPBEG' o T7T6e"END* sy T954 *COST®* s T1114+"'COST"»T119+ "RATID*»T126+"RATIO"
B/ 3 T3S+ " (INJ/TR)® 4 T4 " (S/YR)*sTB24*(FT)*sTB7+*(351000) "+ TISy



nn

N n

500

S02

S04

S06

saos

600

602

n.nNn o_n

604
398
900

901

0 N n

F02

903

904

O._n

910

911

N NN

nn

912
913
815

X' (S/YR)Y G TIO0L " {INJ/7YR)" o T1104*(S/YR)*eT1174*'(S/INJI /)

FORMAT (T2 413+ TSeI3sT10s12+sT12+"=*,,T13+[2:T17+11+T20+FTu3,
*T284)F T3 eT36sF0e4+sTA34L7sTSSelleTS8el1eTSTe*"=*,TED4[15TS1s
Bi=?  TH24]1eTE30 " =" e TOAs 1 +sTOOWF T e34TT74sFTa39TB2+vFauslsTB3
EF6als TS, 'S EEEERSEREERRE GRUUP %EsmabkEReREEERR’ )

FURMAT(TZ2sl3eT6+I34T10s12+sTL24" =" sT134124TL1T311+sT20:F7+3»
ET28¢FTe3sT364F64+sTA3+ 17 4TSS l19TS8s114TS59:"=",T60+11:T61,»
0=t TEZ 3 [19TE30' =24 TEA3[ 1+ TE6sFT a3eT74+FTa3+TB2+F4414+TB3,

BF6 .l TUS, 'E2nxxeR ERROR MESSAGE = ", 13,T124, "®3x%%x3x")
FORMAT(T2e13sT6¢134T10e12sT126"="3sT13+[2sT1T7s114T20sF7e3»
BT2B8+F Tl +T36 .F6-40743.l7.7550110753.Il.Tﬁg"—'tTGO|lllrﬁl'
20 =t  TE2411eTE30"'="sTOAs 112 TEEsFTa3eTTA4+FT23+TB2:F4.1:T88,

¥F6el s T95:15+T102F04eT1092I7aT117:17sT126,F5e2)

T12+' =" 4T13,412+T17411+T20sF7<3,
SSelleTS58s 14 TS59:'="3TE0411:sT61s
TO6WFT e34TTAFTe33TB24Fad el aTBE
T=EFFECTIVE =*3zx3xx!)

FORMAT(T2+s13sT6s13+T10,1
2T28+sF7e3sT364F6a4:TA3W17
B'= 1 ,T62211sTE3e*~"sTHEAs]

2
» T
le
¥F6.1+.TI9S, "masssaxx NOT COS

FORMAT(T2,13+T6e13+T10s12,T12,°=%+T13,12,T17+11+T20+F7.3,
stz issicehnin fag iy i oyt hen gl
BF621:T9S, "*XX XS XIRREE END GROUP #SZZSxTEExnxx’ )

FORMAT(/)

FORMAT(//)

FORMAT(//:TS52,'% ®# ® END OF PROGRAM = % %' ,/,1H1)

FORMAT (1H1s/sT122,*PAGE = *,T128.12)

FORMAT(TS2.'HIGHWAY DESIGN NUMBER = DR=-'.I2)

FORMAT(TS2,*HIGHWAY DESIGN NUMBER = DM—®,I12)

FORMAT(TS2+"HIGHWAY DESIGN NUMBER = ROA=',I12)

FORMAT(TS2, "HIGHWAY DESIGN NUMBER = RC=-",I2)

FORMAT{TS2,"HIGHWAY DESIGN NUMBER = RL-",12)

FORMAT(T61,*TYPE HIGHWAY = US—! ,13)

FORMAT(T&1:+"'TYPE HIGHWAY = NH—',13)

FORMAT(T61+*TYPE HIGHWAY = I1S—*,13)

FORMAT(T61+*TYPE HIGHWAY = RUR=—*,13)

FORMAT(T61+"DESIGN SPEED = * ,T76+[2:T79s "MPH*+/4+T70,
BPADT = "3 T76+1S+s//+TS0+'AUTOMOBILE SPLITS"»/ 2763,

%94 ,450 (LB) =*"sT76+[2:T790"%% 4/ eT634"'2:250 (LB) =% 4TT76+12:T79

BYXY /3 TE34%'1475S0 (LB) ="'y TT6+12sT79"X*+// TS0,

S'ENVIROMENTAL CONDITIONS® o/ sT70+ "DRY =% 3 TT7E+ [2:T799*MO/YR" 4/ »
ETT7O0+*WET ="' T75+[2+sT79+'MO/YR" 4+ /4 TELl  "SUB=FREEZING ="' ,T76+12,

BTTI+"MOSYR' 4/ /+TS0+ " SOCIETAL ACCIDENT COSTS" +/«TTOW*PDO = S°,
®¥TBLl 4144/ s TET"INJURY = 3", T80sl5¢/sTE&B+"FATAL = 3" sT78Bs17s//»
#TS7+'"ECONOMIC FACTORS" o/ +T51+"PROJECT LIFE ='3T764+F4.1,T81,
BUYRS? /3 TED " INTEREST RATE = ® ,TT76eF 63:T834"'%X°+//«TEG+*DATE =4,
2T 76124 TTBa =1, T79+[2+sTBLs"=",TA24124/777)

RETURN

END

SUBROUTINE MAIN1
RETURN

END

SUBROUTINE MAIN2
RETURN

END
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