APPENDIX A
A Cost-Effectiveness Selection Procedure

The Roaside Safety Analysis Program (RSAP) software was developed under National Cooperative Highway Research
Program (NCHRP) Project 22-9 and represents one approach to using the Roadside Design Guide, as described in this
appendix. It carries no guarantees or warranties from the American Association of State Highway and Transportation
Officials (AASHTO). The RSAP program is intended as a tool for economic analysis and should not supersede the
guidelines presented in the Roadside Design Guide or sound engineering judgment.
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Al1.0 OVERVIEW

Thisappendix providesasummary of the conceptua frame-
work and al gorithms contained in the RSAP computer pro-
gram, which has been created to assist in the economic
analysis of existing or proposed roadside conditions. The
RSAP program has its genesis in the analysis procedure
presented in Chapter VII of AASHTO's 1977 Guide for
Selecting, Locating, and Designing Traffic Barriers (1),
the ROADSIDE computer program presented in previous
versions of the Roadside Design Guide (2) (3), and the
Benefit-Cost Analysis Program (BCAP) (4) used in the
devel opment of theAASHTO’s 1989 Guide Specifications
for Bridge Railings (5).

Additional copies of the RSAP program and the asso-
ciated documentation, Engineer’s Manual and User’s
Manual, may be obtained from:

Transportation Research Board

National Cooperative Highway Research Program
2101 Constitution Avenue, NW

Washington, DC 20418

or ordered through the internet at http://www.national-
academies.org/trb/bookstore.

The Engineer’s Manual contains detailed descriptions
of the conceptual framework and a gorithms used with the
cost-effectiveness analysis procedure. The User’s Manual
contains detailed descriptions of the operations of the
RSAP program and is also available through the on-line
help of the program.

The RSAP program is comprised of two separate but
integrated programs: the User Interface Program and the
Main Analysis Program. The Main Analysis Program con-
tainsthe cost-effectiveness procedureitself and performs
all the necessary calculations. The Main Analysis Pro-
gramiswrittenin the FORTRAN language because of its
efficiency in performing scientific calculations. The User
Interface Programiswrittenin the C++ language, whichis
more adept at providing a user-friendly environment
through the use of windows, screens, and menus.

The User Interface Program provides the users with a
simple and structured meansto input datainto the RSAP
program. The program generatesinput datafilesand trans-
fer datafiles, which, together with the default and tempo-
rary data files, serve as inputs to the Main Analysis Pro-
gram. After processing by the Main Analysis Program,
the User Interface Program takes the outputs from the
Main Analysis Program and presents the results to the
user. Thetransfer of datafiles between the User Interface
Program and the Main Analysis Program is conducted in
ASCII format for simplicity and ease of filetransfer.
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To install and run the RSAP program, your computer
must be an IBM PC or 100 percent compatible, and have
thefollowing:

1 A Pentium Il or equivalent based platform
2. Memory—128 MB minimum
3. Disk space

e Hard disk with at least 8.5 MB free for the
programfiles

¢ Additional disk spaceof at least 1 MB for stor-
age of project input and output files, and tem-
porary datafiles

4. Mouse—Recommended

5. Operating system—WINDOWS 98, NT, Me,
2000, or XP.

The RSAP installation program and associated docu-
mentation isprovided on aCD-ROM. Users should have a
good understanding of the WINDOWS operating envi-
ronment and general mouse and keyboard techniques. On
most PCs, the installation program can beinitiated by in-
serting the CD-ROM into the drive and following the in-
structions on the screen. The program will automatically
complete the installation of the RSAP program. For PCs
with Autorun disabled, users must open the CD-ROM and
double-click on the setup program.

Al.1 COST-EFFECTIVENESS ANALYSIS
PROCEDURE

The cost-effectiveness analysis procedure in the RSAP
program is based on benefit/cost (B/C) analysis. The ba-
sic concept behind benefit/cost analysis is that public
funds should be invested only in projects where the ex-
pected benefits exceed the expected direct costs of the
project. Benefits are measured in terms of reductionsin
crash or societal costs due to decreases in the number
and/or severity of crashes. Direct highway agency costs
arecomprised of initial installation, maintenance, and crash
repair costs. An incremental benefit/cost ratio between
theincremental benefits and costs associated with anim-
provement option over the existing conditions or another
improvement optionisnormally used asthe primary mea-
sure of whether or not asafety improvement investment is
appropriate. Theincremental benefit/cost ratioisexpressed
asfollows:
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B/C Rati02_1 = (A Ci-A Cg)/(DCz—DCl)

where:

B/CRatio,;, = incremental benefit/cost
ratio of Alternative 2
compared to Alternative 1

AC,, AGC, = annualized crash or
societal cost of
Alternatives 1 and 2

DC,, DG, = annualized direct cost of

Alternatives 1 and 2

When the incremental benefit/cost ratio comparing
safety improvement Alternative 2 to Alternative 1 isgreater
than 1, the analysis indicates that the increased benefits
of Alternative 2 over Alternative 1, i.e., reduction in the
crash and societal costs, are greater than the increased
costs associated with Alternative 2 over Alternative 1.

Crash cost is estimated using an encroachment prob-
ability model, which is unique to roadside safety cost-
effectiveness procedures. It is based on the concept that
the run-off-the-road crash frequency can be directly re-
lated to the encroachment frequency, i.e., the number of
vehiclesinadvertently leaving the traveled portion of the
roadway. The severity of run-off-the-road crashes is re-
lated to encroachment characteristics, such as the speed
and angle of encroachment. The basic formulation of the
encroachment model is expressed by the following equa-
tion:

n

E(AC) = X V*P(E)* PAE) * P(LiA) * C(l)
1=

where:

E(AC) = Expected crash cost

Y, = Trafficvolume, ADT

P(E) = Probability of an encroachment

P(A|E) = Probability of acrash given an
encroachment

P(li|A) = Probability of injury severity level “i”,
given acrash

C(ly) = Cost associated with injury severity
level “i”

n = Number of injury severity levels

A2.0 RSAP PROGRAM

There are four major modules to the encroachment prob-
ability-based cost-effectiveness analysis procedurein the
RSAP program:

¢ Encroachment module,

¢ Crash prediction module,

* Severity prediction module, and
¢ Benefit/cost module.

Brief descriptions of each of these modules are pre-
sented as follows.

A2.1 ENCROACHMENT MODULE

The encroachment modul e uses roadway and trafficinfor-
mation to estimate the expected encroachment frequency,
V*P(E), along a highway segment. A two-step processis
used to estimate encroachment frequencies. Thefirst step
involves using highway type and traffic volume to esti-
mate a base or average encroachment frequency. There
are two available sources of encroachment data: a study
by Hutchinson and Kennedy (6) in the mid-1960s and a
study by Cooper (7) in the late 1970s. Both studies in-
volved observations of tire tracks in the medians or on
roadsides. The Cooper encroachment data were selected
for use in the RSAP program for the encroachment rate-
traffic volume relationships because they are more recent,
havealarger samplesize, and include datafrom two-lane
and other non-freeway facilitiesaswell asfrom controlled-
access highways. FigureA.1 showsthe encroachment fre-
guency curves used by the RSAP program. Encroach-
ment rates are expressed as the number of encroachments
per km[mi] per year per ADT, broken down by undivided
and divided highways.

Two adjustments are made to these encroachment fre-
quency Curves:

1 Theencroachment frequency isadjusted upward
by aratio of 2.466 for two-lane undivided high-
waysand 1.878 for multi-lane divided highways
to account for under-reporting of encroachments
due to paved shoulders.

2. The encroachment frequency is multiplied by a
factor of 0.6 to account for the lack of ability to
detect the difference between controlled and un-
controlled encroachments. The percentage of un-
controlled encroachments is assumed to be 60
percent based on a study of reported vs. unre-
ported crashesinvolving longitudinal barriers(8).
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FIGURE A.1 Encroachment frequency curves used by the RSAP Program

Base encroachment rates are then modified to account
for specific highway characteristics, including horizontal
and vertical alignment and the annual traffic growth fac-
tor. The rationale for these adjustment factorsis that en-
croachment rates are affected by these characteristics and
the base encroachment rates should therefore be adjusted
accordingly.

Crash data studies have indicated that crash rates on
horizontal curves and vertical grades are significantly
higher than those on tangent sections (9, 10). Itislogical
to assume that encroachment rates would also be simi-
larly affected by horizontal curves and vertical grades.
Thus, the RSAP program incorporates adjustment factors
to increase encroachment rates on horizontal curves and
vertical grades, as shown in Figure A.2. The adjustment
factors are based on research conducted by Wright and
Robertson (9).

Note that the adjustment factors for horizontal curva-
ture and vertical grade are determined in relation to the
direction of travel and the direction the vehicleran off the
road. A downgrade for one direction of travel would be-
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come an upgradefor the opposing direction of travel. Simi-
larly, a vehicle running off to the right would be on the
outside of a curve for one direction of travel and on the
inside of acurve for the opposing direction of travel.

Thetraffic volume (ADT) entered into the RSAP pro-
gram applies to the current year or construction year. To
allow for futureincreasesintraffic volume, the RSAP pro-
gram allows users to input an annual traffic growth in
percent. For agiven year, n, in the future, the traffic vol-
umeiscalculated asfollows:

ADT,=ADT, * (1+ ¢/100)"

where:

ADT, = trafficvolumeinyear“n”

ADT; = current or base year traffic
volume

g = annua percent traffic growth



A Cost-Effectiveness Selection Procedure

(Downgrade)

Traffic Adjustment Factor

(Upgrade)

-7 6 5 4 -3 -2 - 0 1 2 3 4 5 6 7

GRADE IN DIRECTION OF TRAFFIC

(Percent)

Outside of Curve

Traffic Adjustment Factor

Inside of Curve

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

250
295
350
440

CURVATURE (Degree)

585
875
1750
1750
875
585
440
350
295
250

CURVATURE (Radius in meters)

FIGURE A.2 Adjustment factors for encroachment rates on horizontal curves and vertical grades

A-5



Roadside Design Guide

Thetraffic growth adjustment factor averagesthetraf-
fic volume over thelife of the project and is calculated as
follows:

i N
Traffic growth _ .
adjustment factor n?i . (1+g/100)"/N
where:

N = project lifein years

The RSAP program allows theinput of a user-defined
adjustment factor to account for specia or unusual situa-
tions that could affect encroachment frequencies beyond
the parametersincorporated into the program. For example,
an adjustment factor of greater than 1.0 may be appropri-
ateif the highway section under consideration hasahigher
than average crash history or encroachment frequencies
at night. An adjustment factor of less than 1.0 may be
appropriatefor ahighway section with special safety coun-
termeasures, such as rumble strips on the shoulder or in-
creased law enforcement activities.

The encroachment module will then combine base en-
croachment rates and adjustment factors to determine
encroachment frequencies for the highway section under
study.

A2.2 CRASH PREDICTION MODULE

The crash prediction modul e assessesif an encroachment
would result in a crash, P(A|E). A stochastic process us-
ing the Monte Carlo simulation technique is used for the
crash prediction module, which involves using random
selection processes to simulate vehicles running off the
road within the highway section under study. One en-
croachment issimul ated each timewith thefollowing char-
acteristics randomly assigned to the encroachment: loca-
tion along the highway, lane of origination, direction of
encroachment, vehicletype, vehicle speed and angle, and
vehicleorientation.

The random assignment of characteristicsis based on
distributionsbuilt into the program. For example, encroach-
ments are assumed to be evenly distributed within a ho-
mogeneous roadway section and are a function of the
encroachment frequency (i.e., the encroachments vary
among roadway sections with different geometrics and
encroachment frequencies). The lane of origination and
direction of encroachment areafunction of traffic volume
distribution by lane. Vehicletype, which has 12 categories
ranging from asmall passenger car to atractor-trailer, isa
function of the vehicle mix calculated from the nominal
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truck percentage (user input item). Vehicle speed, angle,
and orientation are determined from distributions estimated
from real-world crash data (11).

A weighting schemeis used with the random encroach-
ment assignments to ensure that rare events, i.e., combi-
nations of distributions with low probabilities such as a
tractor-trailer impact with high impact speed at an angle,
will be properly represented in the distributions.

For each encroachment, the path (assumed to be a
straight line) and the impact envelope of thevehiclearea
function of the encroachment angle and the physical di-
mensions and orientation of the vehicle, asshownin Fig-
ureA.3. The presence of roadside features within theim-
pact envel ope of the vehicleisthen checked. If thereisno
roadside feature within theimpact envel ope, the encroach-
ment would not result in a crash. If there is a roadside
feature within the impact envelope, then a crash would
occur with the probability determined by thelateral extent
of encroachment for the vehicle. The severity of the crash
and the associated crash cost are then estimated by the
severity prediction module. The crash frequency and crash
cost are then multiplied by the probability that the vehicle
would travel far enough laterally to reach the hazard. The
lateral extent of encroachment distribution, shownin Fig-
ureA .4, isbased on the Cooper encroachment data (7).

A new encroachment is then randomly generated and
the processisrepeated. After every 10,000 encroachments,
the convergence of the solution is examined. The distri-
butions of the encroachment characteristics for the simu-
lated encroachments are compared to the pre-established
distributionsto check if they arewithin the specified level
of convergence, which can be set by the user to high
(1 percent), medium (5 percent), or low (10 percent). If all
of these distributions are within the specified level of con-
vergence, the simulation isterminated and the results are
saved in the output files. Otherwise, another 10,000 itera-
tionswill be undertaken and the convergence checks out-
lined abovewill be repeated.

A2.3 SEVERITY PREDICTION MODULE

After a crash is predicted to occur, the next step is to
estimate the severity of the impact using the crash sever-
ity prediction module. Crash severity estimation is per-
haps the most important step of this cost-effectiveness
analysis procedure. For most roadside safety improve-
ments, the benefit, or reduction in crash cost, is derived
from lower crash severity with little or no change, and
sometimes even an increase, in the crash frequency. The
crash cost is principally a function of the crash severity,
i.e., the probability of injury and/or fatality, since the as-
sociated crash cost is highly non-linear.
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FIGURE A.3 Vehicle path and impact envelope
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FIGURE A.4 Lateral extent of encroachment distribution

Each crash predicted by the crash prediction moduleis
associated with a particular roadside feature or hazard,
vehicletype, impact speed, impact angle, and vehicle ori-
entation. This information is then used by the severity
prediction module to estimate the severity, P(I,|A), and
associated costs, E(AC), for the crash. For a given road-
side object or feature and impacting vehicle, the condi-
tions under which the vehicle impacts the roadside fea-
ture, i.e., speed, angle and vehicle orientation, determine
the outcome and severity of the crash. In the case of a
roadside safety device, e.g., a guardrail, crash cushion,
etc., the performance limit of the safety device should also
be taken into account. For example, the severity of an
impact involving alongitudinal barrier ismuch different if
the vehicle is successfully redirected than if the vehicle
penetrates the barrier or rolls over. Separate procedures
for determining impact performanceare developed for each
roadside hardware feature included in the model. Also,
these proceduresare vehicle dependent, i.e., different tech-
niques are used to estimate rollover or vaulting potentials
for passenger cars and trucks.
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Crash severity isexpressed in terms of aseverity index
(SI), which is a surrogate measure for injury probability
and severity. Table A.1 illustrates the relationships of se-
verity indices and probability of injury for various injury
levels.

The severity indices used in the RSAP program are
basically those used in the ROADSIDE program with some
modifications. Specifically, severity indicesare expressed
as afunction of impact speed instead of roadway design
speed. In the Roadside Design Guide (2), average severi-
ties or Sl values are provided for the various roadside
objects and features for design speeds of 50, 70, 90, and
110 km/h[30, 45, 55, and 70 mph], which were assumed to
be the design speedsfor urban collectors, rural collectors
and urban arterials, rural arterials, and freewaysand inter-
state highways, respectively. For each roadside object or
feature, alinear regression linewasfitted through these S|
values as a function of speed. Note that these regression
lines would almost always originate from the zero point
since animpact speed of zero (0) km/h [0 mph] should not
produce any damage to the vehicle or injury to the occu-
pants. FigureA.5 shows an example of thislinear relation-
ship between Sl and impact speed.
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TABLEA.1 Relationship of Severity Indices (Sl) and probability of injury

Injury Level
Severity (%)

Index (SI) None PDO1 PDO2 C B A K
0.0 100.0 — — — — — —
0.5 — 100.0 — — — — —
1.0 — 66.7 23.7 7.3 2.3 — —
2.0 — — 71.0 22.0 7.0 — —
3.0 — — 43.0 34.0 21.0 1.0 1.0
4.0 — — 30.0 30.0 32.0 5.0 3.0
5.0 — — 15.0 220 45.0 10.0 8.0
6.0 — — 7.0 16.0 39.0 20.0 18.0
7.0 — — 2.0 10.0 28.0 30.0 30.0
8.0 — — — 4.0 19.0 27.0 50.0
9.0 — — — — 7.0 18.0 75.0

10.0 — — — — — — 100.0
8
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FIGURE A.5 Example of relationship between Severity Index (Sl) and impact speed
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This simplistic calibration method removed some of
the inconsistencies in the earlier ROADSIDE Sl tables.
More importantly, it relates Sl values to specific impact
speedsfor each roadside object or featureinstead of aver-
age Sl values. There are, however, two exceptionsto this
procedure. First, large vertical dropswould not necessar-
ily have an Sl value of zero for an impact speed of zero
because gravity would also play alarge role in the prob-
ability of vehicle damage and occupant injury. Therefore,
the regression lines for vertical drops were not fitted
through the zero point. Second, lateral speed, V4 , was
used instead of impact speed for the Sl relationships of
longitudinal barriers since the severity of alongitudinal
barrier impact isafunction of both the impact speed and
the impact angle. (Vix = V*sin2, where V is the impact
speed and 2 isthe impact angle.)

A2.4 BENEFIT/COST MODULE

After the severity of a crash is estimated by the crash
severity prediction module, the crash or societal costs
associated with the crash are then cal culated by multiply-
ing the probability of each level of injury by the cost asso-
ciated with that level of injury.

n
AC = 3 Pl)*Cl)
i=1
where:
AC = crashcost
P(l;)y = probability of injury severity level “i”
C(l;) = costassociated with injury severity
level “i”
n = total number of injury severity levels

As previously shown in Table A.1, the severity index
(Sl) isassociated with six injury levels: fatality (K), severe
injury (A), moderateinjury (B), sight injury (C), property-
damage-only level 2 (PDO2), and property-damage-only
level 1 (PDO1). The severity estimate of the crash isthen
converted to crash costs using crash cost figures selected
by the user. The program offers the choice of crash cost
figuresfrom the AASHTO Roadside Design Guide (2) or
the FHWA comprehensive cost figures based on the will-
ingnessto pay approach, as shown in Table A.2. Alterna-
tively, the user can input values for crash costs for vari-
ous injury severity levels to suit the particular needs of
the agency.

The crash costsare normalized to an annual basis. The
normalization process involves two steps:
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1 Thecrash cost is divided by the weighted num-
ber of encroachments and then multiplied by the
expected number of encroachments per year to
convert to an annual basis.

2 Thecrash cost isunweighted to arrive at the true
crash cost. As discussed previously, the prob-
ability distributions for various encroachment
characteristics are weighted to ensure proper
sampling of conditionswith very low probabili-
ties to improve the accuracy of the analysis re-
sults and the speed at which the RSAP program
arrives at a solution.

The direct costs, which include the costsfor initial in-
stallation of the safety feature, normal maintenance, and
repair of damages from crashes, are also normalized to an
annual basis. The initial installation is converted to an
annual basis using the project life and the discount rate.
The normal maintenance cost is aready entered on an
annual basis. The cost of repairing roadside safety hard-
ware is estimated by correlating repair costs to impact
energy terms. For example, results from full-scale crash
testing and computer simulations are used to determine
the relationship between impact energy terms and length
of guardrail damage. The unit repair cost for a typical
guardrail, e.g., $50.00 per meter [$15.24 per foot] isthen
estimated. Thetotal repair cost istherefore the product of
the length of damaged rail and the unit cost for repair.
Procedures for estimating the extent of hardware damage
aredeveloped for each longitudinal barrier design, aswell
as most common crash cushions, barrier terminals, and
other roadside safety devices.

Incremental benefit/cost ratios are then calcul ated for
all alternativesin apairwise manner. Asshown previoudly,
the expression for calculating theincremental benefit/cost
ratiosisasfollows:

B/C Rati Oy = (A Cl—A Cz)/(DCZ—D Cl)

where:

B/C Ratio,.; = incremental benefit/cost
ratio of Alternative 2
compared to Alternative 1

AC,, AGC, = annualized crash or
societal cost of
Alternatives 1 and 2

DC,, DC, = annualized direct cost of

Alternatives 1 and 2

Thenumerator of thisequationisthe differencein crash
or societal costs between the two alternatives. Since Al-
ternative 2 is being evaluated as a potential safety
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TABLEA.2 Crash cost figures*

Crash Severity Roadside Design Guide FHWA Comprehensive Cost
Fatal Crash $1,000,000 $2,600,000
Severe Injury Crash 200,000 180,000
Moderate Injury Crash 12,500 36,000
Slight Injury Crash 3,750 19,000
PDO Crash Level 2 3,125 2,000
PDO Crash Level 1 625 2,000

* Crash cost figures are based upon the 1996 edition of the Roadside Design Guide and a1994
FHWA memorandum entitled “Update of Value of Life and Injuries for Usein Preparing

Economic Evaluations.”

improvement over Alternative 1, the societal or crash costs
of Alternative 1 would be expected to be higher than those
of Alternative 2. Thus, the numerator isexpressed as (AC —
AC,). The denominator of the equation represents the dif-
ferences in direct costs to the transportation agency as-
sociated with implementing the safety improvement of
Alternative 2inrelationto Alternative 1. Again, sinceAl-
ternative 2 is being evaluated as a potentia safety im-
provement over Alternative 1, the direct costs of Alterna-
tive 2 would be expected to be higher than those of Alter-
native 1. Hence, the denominator is expressed as (DC,-
DC).

A3.0 COMPARISON WITH ROADSIDE
PROGRAM

TableA.3 presentsthemajor differences between the RSAP
program and the ROADSIDE program, which isthe cost-
effectiveness analysis procedure presented in previous
versions of the Roadside Design Guide(2,3). ROADSIDE
uses a constant encroachment rate of 0.0003 encroach-
ment per km [0.0005 encroachment per mile] per year per
ADT. The lateral extent of encroachment distribution is
based on a constant deceleration rate of 3.66 m/sec/sec
[12 ft/sec/sec], or 0.4 g, and asine curve density function
for steer back. In comparison, the RSAP program usesthe
Cooper encroachment data. Adjustments were made to
account for encroachments with 4 m [13.1 ft] or less of
lateral extent which might not have been detected due to
presence of paved shoulders.

ROADSIDE uses a hypothetical distribution for en-
croachment speed based on design speed and an average
encroachment angle based on the point-mass model. A
constant deceleration rate of 3.66 m/sec/sec [12 ft/sec/
sec], or 0.4 g, isassumed for cal cul ating the impact speed
from the encroachment speed. A straight path is assumed
so that the impact angle is the same as the encroachment
angle. In comparison, RSAP usesimpact speed and angle

distributions from real-world crash data. A straight path
with no braking isassumed so that the encroachment speed
and angle are the same as the impact speed and angle.

ROADSIDE uses only a single vehicle type and an
average encroachment angle for the hazard imaging. Ve-
hicle orientation is not taken into account. The program
can handle only one hazard at atime and shielding of one
hazard by another is not incorporated. For multiple haz-
ards, each hazard hasto be analyzed individually and the
crash costs summed manually. In comparison, RSAP al-
lowsfor 12 vehicletypes. Vehicle orientation isincorpo-
rated into the program based on real-world crash data.
Hazard imaging is based on the size of the vehicle, en-
croachment angle, and vehicle orientation. The program
can handle multiple hazards with algorithms to account
for shielding of one hazard by another and multiple im-
pacts.

ROADSIDE uses an average severity index without
accounting for speed. RSAP estimates severity asafunc-
tion of impact speed instead of an average value. These
improvementsincorporated into RSAP provide better se-
verity estimates, which is perhaps the most critical ele-
ment for estimating crash costs. Further, ROADSIDE as-
sumesthat all impacts with ahazard shielded by abarrier
are eliminated, regardless of barrier length. RSAP allows
for impact with ahazard shielded by barrier if the vehicle
encroaches upstream of the barrier.

A4.0 SUMMARY

Thisappendix providesasummary of the conceptual frame-
work and al gorithms contained in the RSAP computer pro-
gram, which has been created to assist in the economic
analysis of existing or proposed roadside conditions. For
users desiring more detailed information, please refer to
the Engineer’s Manual. Also, for detailed descriptionson
the operation of the RSAP program, please refer to the
User’'sManual.
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TABLEA.3 Comparison between RSAP and ROADSIDE programs

Data Element

ROADSIDE

RSAP

Encroachment Rate

Encroachment Speed

Encroachment Angle

Impact Speed

Impact Angle

Lateral Extent of Encroachment

Vehicle Type

Vehicle Orientation

Shielding of One Hazard by
Another

Multiple Hazards

Effect of Barrier Protection

Severity (SI)

Incremental B/C Ratios for
Multiple Alternatives

Solution Method

A constant of 0.0003
encroachments per km per

year [0.0005 encroachments

per mi per year] per vehicle per day
Function of design speed

Average angle based on point-
mass model

= Encroachment speed—speed
loss with 3.66 m/sec/sec [12
ft/sec/sec] [0.4 g] deceleration rate

Same as encroachment angle

Assumes 3.66 m/sec/sec [12
ft/sec/sec] [0.4 g] deceleration

rate and sine curve density function
for steer back

One

None
No

Each hazard hasto be
analyzed individually and the
crash costs summed manually

All impacts with hazard
shielded by barrier eliminated,
regardless of barrier length

Average values only

Have to be calculated manually

Deterministic

Cooper encroachment data,
adjusted for encroachments with
lateral extent <4m[13.1ft]

Same as impact speed

Same asimpact angle

Based on rea-world crash data

Based on real-world crash data

Cooper encroachment data, lateral
extent <4m[13.1ft]

12 vehicle types, based on
nominal percent trucks

Based on rea-world crash data

Yes

Yes

V ehicles encroaching upstream of
barrier could impact hazard
shielded by barrier

Function of impact speed

Yes

Stochastic using the Monte Carlo
simulation technique

The RSAP program presents many new advances and
features over its predecessors. Highlights of theimprove-

ments incorporated into the RSAP program are summa-

—numerous built-in default valuesto reduce data
entry requirements,

rized asfollows:
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¢ A user-friendly interface with WINDOWS-like

screens and menus to facilitate easier use of the
program by inexperienced users. Features of the
User Interface Program include:

—simplified data input process with multiple
choice entries where appropriate,

—on-screen instructions and help,
—built-in edit and consistency checks,

—options to choose built-in default values or in-
put user-defined values for crash cost figures
and vehiclemix, and

—choice of reports to preview or print to hard
copiesor electronicfiles.
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* Capability to handle evaluations of projectswith
amaximum of 20 different safety improvement
alternatives, 20 consecutive roadway segments
for roadways of up to 16 lanes, and 1,000 road-
sidefeatures. The programis capable of simulta-
neously analyzing hazardson either or both sides
of the roadway as well as in the median for a
divided roadway.

e Use of a stochastic solution method with the
Monte Carlo simulation technique to allow for
modular design of the Main Analysis Program.
The program can be updated in the future with-
out amajor rewrite of the source codeto incorpo-
rate such new featuresascurvilinear vehicle path,
driver inputs, sideimpacts, etc.

¢ Use of re-analyzed Cooper encroachment data
for encroachment rates and lateral extent of en-
croachment distributions with adjustments for
under-reporting of encroachmentswith small lat-
eral extent due to presence of paved shoulders
and controlled versus uncontrolled encroach-
ments.

* Use of real-world crash data for impact speed
and angledistributionsinstead of theoretical dis-
tributions.

* |ncorporation of vehicle orientation into the
analysis code to better define vehicle swath or
impact envelope. More importantly, this would
allow for future consideration of non-tracking
crashes and side impacts, which account for a
significant percentage of run-off-the-road
crashes and have been shown to result in higher
severities than tracking crashes.

Whilethe RSAP program isanimprovement over exist-
ing procedures, it also has drawbacks and limitations, most
of which are the result of lack of available data or which
requirealevel of effort beyond that availablefor thisstudy.
Some of the limitations and future modifications and re-
finementsare asfollows:;

¢ Applications. TheRSAP programisintended for
the evaluation of safety treatments for hazards/
features along the roadside or in the median and
cannot handle other applications, such as cross-
over crashes at narrow median sites.

Computational time. The use of the Monte Carlo
simulation technique requires longer computa-
tional time.

Multiple solutions. Dueto the nature of the sto-
chastic process, the solutions or answers will
vary from runto run within arange as determined
by the convergence criteria. Thisvariation for a
given project can be eliminated by using the same
seed number for al the runs, which is an option
provided in the program.

Encroachment data. The Cooper encroachment
data are almost 30 years old and many improve-
mentsto vehicle and highway designs have been
implemented in the interim. The encroachment
probability model can greatly benefit from better
encroachment data.

Vehicle path. The RSAP program does not cur-
rently take into account vehicle and driver be-
havior during encroachments dueto lack of avail-
able data. The incorporation of curvilinear ve-
hicle paths, vehicle orientation, and slope effects
would significantly improve crash prediction and
impact severity estimation.

Extent of lateral encroachment distributions. The
effects of roadside slopes and geometrics are not
adequately addressed in the current distributions
for the extent of lateral encroachment.

Crash severity. The severity index approach cur-
rently incorporated in the RSAP program has
many limitations. A better approach to estimate
severity, such as the probability of injury ap-
proach, would be highly desirable. Intheinterim,
the severity indices of individual roadside ob-
jects or features could benefit from acritical re-
view and then revised as appropriate.

I mpact models. Theimpact modelsfor predicting
vehicle penetration and rollover that are incor-
porated into the RSAP program arerelatively sim-
plisticin nature and could benefit from more so-
phisticated and better validated models.

Finally, it should again be emphasized that the RSAP
program is intended as a tool for economic analysis and
should not supersede the guidelines presented in the Road-
side Design Guide or sound engineering judgment.
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