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PREFACE

This research project was funded by the Kansas Department of Transportation K-TRAN
research program. The Kansas Transportation Research and New-Developments (K-TRAN)
Research Program is an ongoing, cooperative and comprehensive research program
addressing transportation needs of the State of Kansas utilizing academic and research
resources from the Kansas Department of Transportation, Kansas State University and the
University of Kansas. The projects included in the research program are jointly developed by
transportation professionals in KDOT and the universities.

NOTICE

The authors and the State of Kansas do not endorse products or manufacturers. Trade and
manufacturers names appear herein solely because they are considered essential to the object
of this report.

This information is available in alternative accessible formats. To obtain an alternative
format, contact the Kansas Department of Transportation, Office of Public Information, 7th
Floor, Docking State Office Building, Topeka, Kansas, 66612-1568 or phone (785)296-3585
(Voice) (TDD).

DISCLAIMER

The contents of this report reflect the views of the authors who are responsible for the facts
and accuracy of the data presented herein. The contents do not necessarily reflect the views
or the policies of the State of Kansas. This report does not constitute a standard, specification
or regulation.
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ABSTRACT

The objective of this study was to develop guidelines for the use of guardrail on low-
volume roads (LVR) in Kansas according to safety and cost effectiveness. LVR are generally
defined as roads with <400 average daily traffic (ADT), although many LVR’s have much lower
ADT’s. It should be noted that the term “guardrail” means some sort of restraining device to
keep errant vehicles that leave the roadway from crashing into a more dangerous roadside
environment. Roadside is defined as the area beyond the traveled way and the shoulder (if any)
of the roadway itself. Most experts prefer the term roadside barrier or “barrier rail.” Others (as is
the case with KDOT personnel) prefer the term “guard-fence” as being more general. Most local
road personnel use the term guardrail. In this report the term guardrail will be used.

A comprehensive review of the research literature was conducted to explore and gather
information on the use of guardrail on LVR according to safety and cost effectiveness. The
purpose of this information search was to identify the general elements used to determine the
need for guardrail on LVR and to review any specific guidelines already in use by other states.
The principle findings from this literature review are presented in this report.

The computer program ROADSIDE is widely used to assist designers in making
informed choices regarding alternate guardrail design concepts. ROADSIDE follows the
Roadside Design Guide cost-effective methodology. The ROADSIDE program was adapted to
Kansas LVR parameters. The ROADSIDE program was used to develop guidelines to determine
whether guardrail is needed on fill embankments and for shielding roadside obstacles on
secondary roads. The results are presented in this report.

It is recommended that KDOT consider endorsing the guidelines developed in the report
to assist counties in evaluating the need for guardrail on their LVR.

KEYWORDS:Roadside Safety, Guardrail Guidelines, Low-Volume Roads, Cost Effectiveness,
ROADSIDE Program.
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SUMMARY

Study Overview

The Kansas Department of Transportation (KDOT), at the request of Johnson County,
contracted with Kansas State University (KSU) through a K-TRAN project to develop guidelines
for using guardrail on LVR in Kansas based on a cost-effectiveness analysis. A Technical
Advisory Committee consisting of representatives from KDOT and counties was formed to
provide expertise. The committee was primarily interested in guidelines for three types of
roadside obstacles: 1) reinforced concrete box (RCB) culvert - straight wings (Figure S-1); 2)
reinforced concrete box (RCB) culvert - flared wings (Figure S-2); and 3) reinforced concrete
pipe (RCP) culvert - pipe/headwall (Figure S-3). Conditions considered were offset distance,
Average Daily Traffic (ADT), speed and culvert end height. Guidelines were also requested for
two types of roadside (considering the condition of the foreslope), ADT, speed and height of fill.
The summary of parameters used in the analysis (Table S-1) and results are presented below.

In this report removal or relocation of the hazard was not considered.

ROADSIDE program, Version 5.0, was used in the cost-effectiveness analysis to
compare the cost of installing guardrail with the cost of doing nothing. The cost of the guardrail
included the initial cost, repair cost, maintenance cost, and the cost of collisions with the
guardrail. The do-nothing cost included the cost of collisions with a fixed object or a fill
embankment. The guardrail was recommended if its costs were less than the do-nothing costs.

Threshold, or recommended values, was defined as points at which the cost of the
guardrail equaled the cost of doing nothing. Certain parameters were varied in ROADSIDE.

For the accident cost on embankments, the design speed, slope, height of fill, and traffic
volume were varied and a guardrail was recommended when the accident costs of running down
the embankment was equal or greater than the guardrail cost. From the break-even point, an
increase in ADT, height of fill, or steepness of slope resulted in the do-nothing alternative being
more expensive than the installation of guardrail (including associated accident costs).

In the case of fixed objects along the roadside, the design speed, the lateral distance of the
object from the edge of the roadway, and traffic volume were varied. A guardrail became
economically justifiable when the accident costs of colliding with the fixed object equaled or
exceeded the guardrail cost. From the break-even point, increasing the ADT or locating the
object closer to the roadway resulted in the do-nothing alternative being more expensive than the
installation of guardrail (including associated accident costs).

Results

Results are from a cost-effectiveness analysis based on several assumptions, which are
either input into the ROADSIDE program or inherent within the program; therefore, the results
should be used with judgement after considering other non-economic factors.
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Culvert Ends:

Culvert Axis Transverse to traffic
Culvert End Type D

(See sketch below.)
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(See sketch below.)

Figure S-1. RCB Culvert - Straight Wings (Roadside Design Guide, 1996, p. A-87)
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Figure S - 2. RCB Culvert - Flared Wings (Roadside Design Guide, 1996, p. A-88)



Culvert Ends:
Culvert Axis Transverse to traffic (cont.)

Culvert End Type C
(See sketch below.)
c l___ F ___]
F
r c
OFFSET* s DITCH

1 S = V-BOTTOM DITCH
HEIGHT FROM HEADWALL
TO CLEAR ZONE

"ADJUST FOR SLOPE

S = Approach Side, C = Corner, F = Traffic Face

Figure S - 3. RCP - Pipe/Headwall (Roadside Design Guide, 1996, p. A-86)

Roadside Obstacle

RCB Culvert - Straight Wings. Based on the total life cycle cost analysis, the guardrail
was economically justifiable for speeds of 90 km/h, ADTs of 300 or higher and culvert end
height of 2.4 meters. For details see Table S-2 and Appendix A. The results indicated that the
guardrail was not economically justified if the culvert’s lateral offset from the nearest driving
lane was two or more meters.

RCB Culvert - Flared Wings. The study results indicated that, under all conditions,
thee guardrail was not economically justified if the culvert’s lateral offset from the edge of the
nearest driving lane was more than three meters. For some other conditions, installation of
guardrail was economically justifiable. Details are presented in Table S-3 and Appendix A.

RCP Culvert - Pipe/Headwall. The study results indicated that the guardrail was not

economically justified if the average daily traffic was less than 100. Guardrail was economically
justifiable for some other conditions. Details are presented in Table S-4 and Appendix A.
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Utility Poles. Based on the total life cycle cost analysis, the guardrail was economically
justifiable for speeds of 90 km/h, ADTs of 400 and lateral offset of 0.0 m and 0.3 m. Details are
presented in Table S - 5 and Appendix B.

Embankments. (Definitions of surface conditions B and C are presented in Table S-6.)
The study results concerning guardrail installation on roadside embankments indicated that the
guardrail was not economically justified for either 1:4 or 1:3 foreslopes with slope surface
condition B, regardless of the design speed and ADT. For 1:3 foreslopes with slope surface
condition C, ADT of 400, speed of 90 km/h and height of fill of four or more meters installation
of the guardrail was economically justifiable. Guardrail was economically justifiable on most 1:2
foreslopes with surface condition B and C. Details are presented in Table S-6 and Appendix C.

Conclusions

Application of the ROADSIDE microcomputer program produced valuable results that
should provide for a more cost-effective use of guardrail on rural, low-volume roads in Kansas.
It is important to note that the procedures and input parameters used in this study were based on
the latest information available at the time. Also, considerations beyond cost-effectiveness may
be important.

Recommendations

The guidelines for guardrail developed in this study should be used by counties when
considering the need for guardrail at specific locations on their rural, low-volume roads.

1. Tables S-2, S-3, S-4, and S-5 and Appendix A and B should be consulted for roadside
obstacles when evaluating a need for guardrail.

2. Specifically, Table S-6 and Appendix C should be consulted for guardrail on a fill
embankment.



Table S-1. Summary of Parameters Used for the Kansas Study, Cost-Effectiveness Analysis Using

“ROADSIDE".

Costs by Severity Level

Encroachment Rate

Enc. Angle and Traffic Vol. Cap

Swath Width

Based on FHWA’s Tech.
Adv. Dated October 31,
1994. Costs are also based
on the change of the
Consumer Price Index from

Based on encroachment model
suggested by Stephens (1992)
for low ADT ranges (ADT <
3,000). The encroachment rate
was originally recommended in

ROADSIDE default values:

Encroachment angle at
50km/h 30 mph) =13
Encroachment angle at

ROADSIDE
Default
Value:

3.6m (12 ft)

January 1994 (146.2) to the AASHTO’s 1977 Guide for | 60 km/h (35 mph) = 12.8
January 1995 (150.3). Selecting, Locating and Encroachment angle at
Designing Traffic Barriers. 70 km/h (45 mph) = 12.4
Fatality $2,672,900 Encroachment angle at
Severe Injury $ 185,000 | Enc. Rate = 0.001035424 * 80 kmv/h (50 mph) = 12.0
Moderate Injury $ 37,000 | (ADT) Encroachment angle at
Slight Injury $ 19,550 enc/km/yr 90 km/h (55 mph) = 11.6
PDO Level 2$ 2,050 or
PDO Level 1$ 650 Enc. Rate = 0.00166 * (ADT) | Traffic Volume Cap per lane =
enc/mi/yr 10,000/day
Parameter |Feature Location/Size Severity Indices Project Life/Disc. |Installation/Salvage/Repair/
Rate Maintenance Costs
Values For embankment analysis: For both, Project life: 20 Guardrail System
Length: 60 m (200 ft.) for both (guard | embankment analysis |yrs. considered:
and embankment) and fixed objects Discount rate: 4% |G4 (2w) - 6" x 8" Wood
6 m (20 ft.) on culverts analysis. The G4 (1s) - W6 x 8.5 Steel
Width of guardrail: 0.3 m (1 ft.) Severity Indices used
Width of embankment: variable were taken from the Installation Cost:
depending on embankment height and | Appendix A: $82.5/lin m ($25.00/1in ft.)
cross slope. A Cost-Effectiveness
Foreslopes: 1:2, 1:3, 1:4 Selection Procedure; End treatment:
Height: 0to 10 m (0 to 32.8 ft.) a user’s guide and $0.00
Lateral offset for guardrail: documentation for the
0.0,03,1,2,3,5m computer program Repair Cost:
Lateral offset for embankment: ROADSIDE. $500/accident
3m (10 ft)
Maintenance Cost:
For the fixed objects analysis: $3.00/lin/m ($1.00/lin ft.)
Length: 0.3 m (1 ft.)
Width: 0.3 m (1 ft.) Salvage Value:
Lateral offset of the fixed objects: $0.00
0,03,1,2,3,5m
Parameter |Traffic Volume/Growth Rate {Highway Type/Lane |Curvature/Grade |User Design Speed
Width Encroachment
Values Volume: Two-lane, two-way |No adjustment No factors were |50, 60, 70, 80,
100 vpd, 200 vpd, Undivided roadway. |factors were used |used and 90 km/h
300 vpd, 400 vpd (value of 1 for all
Lane Width: three) or
Growth Rate: 1% 3m (10 ft)
30, 35, 45, 50,
and 55 mph

Codes: ft = feet; m = meters; mi = mile; km = kilometers; vpd = vehicles per day; enc = encroachments;
yr = year; PDO = Property Damage Only; ADT = Average Daily Traffic; mph = miles per hour; km/h

= kilometers per hour

Note: 0.3048 m = 1 ft 1.609km = 1 mi

1.609 km/h = 1 mph
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Table S-2. Guidelines for Guardrail on LVR; RCB CULVERT--Straight Wings

OFFSET ADT 400 300 200 100
(in meters) ]
Speed (km/h) | Breakeven Culvert End Height
0.0 50 NR NR NR NR
60 NR NR NR NR
70 NR NR NR NR
80 NR NR NR NR
90 24 m 24m NR NR
0.3 50 NR NR NR NR
60 NR NR NR NR
70 NR NR NR NR
80 NR NR NR NR
90 24m NR NR NR
1.0 50 NR NR NR NR
60 NR NR NR NR
70 NR NR NR NR
80 NR NR NR NR
90 24m NR NR NR
2.0 50 NR NR NR NR
60 NR NR NR NR
70 NR NR NR NR
80 NR NR NR NR
90 NR NR NR NR
3.0 50 NR NR NR NR
60 NR NR NR NR
70 NR NR NR NR
80 NR NR NR NR
90 NR NR NR NR
5.0 50 NR NR NR NR
60 NR NR NR NR
70 NR NR NR NR
80 NR NR NR NR
90 NR NR NR NR
m - meters

NR - Guardrail not recommended based on cost-effectiveness analysis
OFFSET - a lateral distance from the edge of the roadway to the culvert (See Figure S-1)
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Table S§-3. Guidelines for Guardrail on LVR; RCB CULVERT--Flared Wings

OFFSET ADT 400 300 200 100
(in meters) ]
Speed (km/h) | Breakeven Culvert End Height
0.0 50 NR NR NR NR
60 24m 2.4 m NR NR
70 1.8 m 24 m NR NR
80 1.8 m 2.4m 24 m NR
90 1.8 m 1.8 m 24m NR
0.3 50 NR NR NR NR
60 24m NR NR NR
70 24m 24m NR NR
80 1.8 m 24m NR NR
90 1.8 m 1.8 m 24m NR
1.0 50 NR NR NR NR
60 NR NR NR NR
70 24m NR NR NR
80 24m 24 m NR NR
90 1.8 m 24 m 24 m NR
2.0 50 NR NR NR NR
60 NR NR NR NR
70 2.4m NR NR NR
80 24m 24m NR NR
90 1.8 m 24 m NR NR
3.0 50 NR NR NR NR
60 NR NR NR NR
70 NR NR NR NR
80 24m NR NR NR
90 24m 2.4 m NR NR
5.0 50 NR NR NR NR
60 NR NR NR NR
70 NR NR NR NR
80 NR NR NR NR
90 NR NR NR NR
m - meters

NR - Guardrail not recommended based on cost-effectiveness analysis
OFFSET - a lateral distance from the edge of the roadway to the culvert (See Figure S-2)
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Table S-4. Guidelines for Guardrail on LVR; RCP CULVERT--Pipe/Headwall

OFFSET ADT 400 300 200 100
(in meters) .
Speed (km/h) | Breakeven Culvert End Height
0.0 50 24m 24 m NR NR
60 1.8 m 24m 24 m NR
70 1.8 m 1.8 m 24m NR
80 1.0m 1.8m 1.8 m NR
90 1.0m 1.2 m 1.8 m NR
0.3 50 24 m NR NR NR
60 1.8 m 24 m NR NR
70 1.8 m 1.8m 24m NR
80 1.2 m 1.8m 1.8 m NR
90 1.0 m 1.2 m 1.8 m NR
1.0 50 NR NR NR NR
60 24m 24 m NR NR
70 24 m 24 m NR NR
80 1.8m 1.8m 24 m NR
90 1.2 m 1.2m 1.8 m NR
2.0 50 NR NR NR NR
60 24m NR NR NR
70 24 m 24m NR NR
80 1.8m 1.8m NR NR
90 12 m 1.8m 24 m NR
3.0 50 NR NR NR NR
60 NR NR NR NR
70 24 m NR NR NR
80 1.8m 24 m NR NR
90 1.8 m 1.8m 24m NR
5.0 50 NR NR NR NR
60 NR NR NR NR
70 NR NR NR NR
80 24 m NR NR NR
90 1.8m 24 m 24m NR
m - meters

NR - Guardrail not recommended based on cost-effectiveness analysis
OFFSET - a lateral distance from the edge of the roadway to the culvert (See Figure S-3)

Xiv



Table S - 5. Guidelines for Guardrail on LVR; UTILITY POLES

OFFSET ADT 400 300 200 100
(in meters) Speed (km/h) | Breakeven Cost

0.0 50 NR NR NR NR

60 NR NR NR NR

70 NR NR NR NR

80 NR NR NR NR

90 R NR NR NR

0.3 : 50 NR NR NR NR

60 NR NR NR NR

70 NR NR NR NR

80 NR NR NR NR

‘ 90 R NR NR NR

1.0 50 NR NR NR NR

60 NR NR NR NR

70 NR NR NR NR

80 NR NR NR NR

90 NR NR NR NR

2.0 50 NR NR NR NR

60 NR NR NR NR

70 NR NR NR NR

80 NR NR NR NR

90 NR NR NR NR

3.0 50 NR NR NR NR

60 NR NR NR NR

70 NR NR NR NR

80 NR NR NR NR

90 NR NR NR NR

5.0 50 NR NR NR NR

60 NR NR NR NR

70 NR NR NR NR

80 NR NR NR NR

90 NR NR NR NR

NR - Guardrail not recommended based on cost-effectiveness analysis
R - Guardrail is recommended based on cost-effectiveness analysis
OFFSET - a lateral distance from the edge of the roadway to the utility pole
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Table S-6. Guidelines for Guardrail; SLOPES--Foreslope 1to2, 1to3 and 1 to 4

SLOPES ADT 400 300 200 100
Speed (km/h) | Breakeven Height of Fill
Foreslope 50 NR NR NR NR
1to2 60 8.0m 10.0 m NR NR
Slope 70 6.0 m 8.0m 10.0 m NR
Condition 80 20m 4.0 m 4.0 m NR
B 90 20m 2.0m 4.0 m NR
Foreslope 50 NR NR NR NR
1to3 60 NR NR NR NR
Slope 70 NR NR NR NR
Condition 80 NR NR NR NR
B 90 NR NR NR NR
Foreslope 50 | NR NR NR NR
1to4 60 NR NR NR NR
Slope 70 NR NR NR NR
Condition 80 NR NR NR NR
B 90 NR NR NR NR
Foreslope 50 10.0 m NR NR NR
1to2 60 8.0m 8.0m NR NR
Slope 70 20m 6.0 m 6.0 m NR
Condition 80 20m 2.0m 20m 10.0 m
C 90 20m 2.0m 20m 4.0 m
Foreslope 50 NR NR NR NR
1to3 60 NR NR NR NR
Slope 70 NR NR NR NR
Condition 80 NR NR NR NR
C 90 40m NR NR NR
Foreslope 50 NR NR - | NR NR
1to4 60 NR NR NR NR
Slope 70 - | NR NR NR NR
Condition 80 NR NR NR NR
C 90 NR NR NR NR

Slope surface Condition
B: Smooth but subject to deep rutting by errant vehicles half of the year.

C: Shallow gullies (100 to 200 mm deep), scattered small boulders (under 225 mm
projections), scattered small trees (diameters 75 to 100 mm), or structurally substantial
woody brush. Features spaced so that nearly all encroaching vehicles will encounter them.

m - meters

NR - Guardrail not recommended based on cost-effectiveness analysis
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1. INTRODUCTION

Background
A 1983 study estimated that there are approximately 3.1 million miles of two-lane highways

in the United States, which represent 97 percent of the rural mileage and 80 percent of the total U.S.
highway mileage. Further, much of this mileage has relatively low traffic volumes. For example,
of the 3.1 million miles of two-lane rural roads, approximately 90 percent (2.79 million miles) have
an average daily traffic (ADT) of less than 1,000 vehicles per day (vpd). About 80 percent have an
ADT of less than 400 vpd, and 38 percent carry less than 50 vpd. In terms of their extensive
mileage, low-volume roads are clearly an important component of the highway transportation
system. Low volume roads were found to experience a slightly higher percentage of injury accidents
than the full sample of rural roads. In excess of one million accidents occur on these roads annually,
resulting in 13,000 deaths and 600,000 injuries. Approximately 40 percent of the one million
accidents involve run-off-the-road incidents. Proper guardrail installation could significantly lessen
the severity of many of these accidents.

A guardrail is a type of longitudinal barrier used to shield motorists from natural or man-
made hazards located along a roadway. Although a clear, unobstructed, flat roadside is highly
desirable, one cannot always be attained. Roadside hazards that may require shielding by guardrail
are categorized as embankments or roadside obstacles (nontraversable hazards and fixed objects).
The guardrail itself is a hazard and should be installed only if it would reduce the severity of
accidents. In other words, the guardrail must represent less of a hazard than the hazard being
shielded. This is a very subjective guideline, however, and there are objective guidelines that can
be employed to evaluate the need for guardrails. Commonly used guidelines are given in
AASHTO’s Roadside Design Guide published in 1996.

The Roadside Design Guide sets forth a process to identify hazards by a clear zone analysis
and identification of non-crashworthy conditions. The final step of this process is to prioritize
alternatives by their cost effectiveness. Typical alternatives are: 1) improve clear zone, 2) remove
or relocate the hazard, 3) shield the hazard, and 4) accept the risk. Economic analysis is the primary
consideration, but functional feasibility, agency policy, and available resources must be considered.

Stretching available resources becomes extremely important for local governments with thousands
of miles of low-volume roads. Although there are a multitude of sophisticated, computerized
programs [such as ROADSIDE] that consider: 1) dimensions of the hazard, 2) location of the hazard,
3) severity Index of the hazard, 4) guardrail system and 5) ADT, they generally may not be useful
to local government personnel.

Available guidelines generally apply to high-speed, high-volume roads. Under these
guidelines it is not generally considered cost-effective to install guardrail on low-volume, low-speed
roads. Local, low-volume road personnel need simpler, easier to use, more practical guidelines,
albeit based on sound principles of risk vs. cost as addressed in many recent studies.



Objectives and Work Plan

The main objective of this study was to bring together the latest research and models on
roadside hazard reduction, site-specific Kansas LVR conditions, accident cost, local government
finances and practical common sense. Then to develop guidelines with easy to use charts, tables, etc.,
to guide LVR personnel to safe, cost-effective solutions, or a practical balance between least cost
and “zero risk.” The research effort consisted of the following basic tasks:

TASK 1: LITERATURE REVIEW. A comprehensive review of the research literature, as
well as other information sources, was used to explore the use of guardrail on LVR. Selected
transportation agencies in other states, as identified from the literature, were contacted to solicit
specific information concerning their experiences regarding policies, procedures, and guidelines for
installing guardrail on low-volume, low-speed roads. The purpose of these activities was to
determine the need for guardrail on low-volume, low-speed roads and to uncover any specific
guidelines already in use by other states.

TASK 2: DATA GATHERING. Based on TASK 1, and discussions with county personnel
and the KDOT monitor, decisions were made on the variables that affect guardrail installation.

TASK 3: COST-EFFECTIVENESS ANALYSIS. A series of economic analysis using the
ROADSIDE computer program for typical Kansas’s low-volume road conditions was performed.

TASK 4: DEVELOP A LVR, ROADSIDE SAFETY GUIDELINES HANDBOOK. Based
on the results of TASKS 1-3 and discussions with the KDOT Monitor and Advisory Commnittee,
guidelines for guardrail on Kansas’s low-volume roads were developed.

The results of the study tasks enumerated above are documented in the following chapters
of this report.



2. PREVIOUS RESEARCH

Introduction

A comprehensive review of the research literature was conducted to explore and gather
information on the use of guardrail on LVR according to safety and cost effectiveness. The purpose
of this information search was to identify the general elements used to determine the need for
guardrail on LVR and to review any specific guidelines already in use by other states in the USA.
The principle findings from this literature review are presented below.

Existing Guidelines on LVR

Currently most states are using or developing guidelines for the installation of guardrail on
state highways based on the Roadside Design Guide. Published by the American Association of
State Highway and Transportation Officials (AASHTO, 1996) these AASHTO guidelines
recommend guardrail if the consequences of hitting a roadside fixed object or running off the road
would be more serious than those associated with striking the guardrail. The guidelines to warrant
guardrail should consider two roadside conditions: embankment cross sections and fixed objects.
The AASHTO guidelines do not have embankment warrants specifically for LVR due to the volume
of traffic used and minimum foreslopes being better than typical LVR.

Guardrail Guidelines for Roadside Embankments

When considering the need for guardrail relative to roadside embankments, the height of the
embankment and side slope are the principle physical factors used to make the decision. According
to the Roadside Design Guide, a guardrail is warranted based on the fill section height and the
reciprocal of the fill section slope, without considering the ADT (see Figure 1). Arnold (1990)
mentions that several states use the Roadside Design Guide warrants directly, or in a modified form,
regardless of ADT. However, some states already have guidelines, which additionally consider
some other factors, with ADT being the most common. Some states do not install guardrail if the
ADT is less than a certain value, e.g., <300. Some states usually do not install guardrail if the design
speed is less than 65 km/h (40 mph). Others use engineering judgement based on a site visit.
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Figure 1. Roadside Design Guide warrants for roadside embankments (Source: Roadside Design
Guide, 1996, p. 5-3).

Many states use the computer program ROADSIDE. However, this program has to be
adapted for LVR. Some states have done this and developed curves and tables for LVR. An
example of state embankment warrants for LVR is shown in Figure 2. As can be seen in Figure 2,
for ADT of 400 and under, guardrail is warranted only if the embankment is over 15.2 meters (50
feet) high with a slope steeper than 1:2. '

The state of North Carolina has similar warrants for LVR. North Carolina considers speed
and the length of embankment. For example, for an ADT of 400, 88.2 km/h (55 mph) and a 1:2 1/2
slope, guardrail would be warranted on a 9.1 meter (30 foot) embankment if it were over 45.7 meters
(150 feet) long, on a 6.1 meter (20 foot) embankment if it were over 305 meters (1,000 feet) long
and on a 5.2 meter (17 foot) embankment if it were over 610 meters (2,000 feet) long.

The Amold (1990) report presents guidelines to assist in evaluating the need for guardrail
on secondary roads (generally ADT’s < 10,000) based on Virginia data, including a cost-effective
analysis. The guidelines were presented in a series of warranting charts or figures based on fill
height, slope, design speed and on traffic volume. Figure 3 shows an example of these charts.
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Missouri (Dare, 1992) developed guidelines for guardrail on LVR which considers the
total life cycle cost of guardrail installations, physical characteristics of the hazard, severity or
costs of accidents, and expected frequency of accident occurrence. For design speeds of 64 and
80 km/h (40 and 50 mph), guardrail installation was found to not be economically justified for
any of the conditions used (slopes 1:2, 1:3, lateral offset of the hazard of 1.8, 2.4 and 3.0 meters
(6, 8, and 10 feet)); and length of the hazard of 30.5, 152 and 305 meters (100, 500, and 1,000
feet) regardless of the embankment height, when the ADTs were lower than 400 vehicles. For
design speed of 96 km/h (60 mph) the guardrail was warranted for ADTs between 350 and 400
vehicles only when the embankment height was of 6.1 meters (20 feet) for designs with cross
slope of 1:2 or greater and certain combinations of lateral offset and length of the hazard: 1.8-
30.5, 1.8-152, 1.8-305, 2.4-152, and 2.4-305 meters (6-100, 6-500, 6-1,000, 8-500, and 8-1.000
feet).

Guardrail Guidelines for Roadside Obstacles

Roadside obstacles may be nontraversable hazards or fixed objects and may be either
man-made or natural. AASHTO has a classification for nontraversable and fixed objects which
normally warrant shielding. These are general guidelines that call for judgement and do not
specifically address LVR. They do state that shielding is generally required at bridge piers,
abutments and railing ends, transverse ditches where probability of impact is high and non-
breakaway supports close to the roadway.

There are two factors that have to be considered regarding the installation of guardrail for
guarding against roadside obstacles: 1) the obstacle requiring guardrail and 2) the clear zone
concept. According to the Roadside Design Guide, guardrail warrants for roadside obstacles are
a function of the object itself and the probability that it will be hit.

The clear zone concept means having a traversable and unobstructed roadside zone from
the edge of the traveled way that permits a high percentage of vehicles leaving the roadway out
of control to recover. Figure 4 shows the clear zone distance curves developed by AASHTO.

Most states have followed the AASHTO guidelines (Roadside Design Guide, 1996) for
roadside obstacles and clear zone distances. Arnold (1990), reported that 27 of 39 states
contacted were using the AASHTO clear zone distances. Twelve states reported that they were
using the AASHTO guidelines but with a policy that considered low-volume, low-speed roads.
Exceptions to the AASHTO guidelines on LVR generally call for clear zone distances of 2.1 m
(7 ft.) to 3.0 m (10 ft.) for ADT’s between 400 and 750. Two states waive clear zone or do not
install guardrail with design speed less than 64 km/h (40 mph) or ADT less than 300.
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Figure 4. AASHTO clear zone distance curves (Source: Roadside Design Guide, 1996, p. 3-3).

In addition to the development of embankment warrants, Arnold (1990) defined new
guidelines in terms of a required clear zone for fixed objects on secondary roads for the state of
Virginia. Table 1 shows those guidelines.

Pigman and Agent (1990), discussed the development of warranting guidelines for clear
zones in the state of Kentucky based on Kentucky accident severities. The computer program
ROADSIDE was used to obtain the warranting guidelines. Table 2 presents some of these
guidelines.



Table 1. Clear zones for LVR roads in the state of Virginia. Source: Arnold (1990).

Design Speed = 50 mph (81 km/h)

Design Speed = 40 mph (65 km/h)

Design Speed = 30 mph (48 kimv/h)

ADT Clear Zone (ft/m) | ADT Clear Zone (ft/m) | ADT Clear Zone (ft/m)
<475 5/1.5 | <1,250 5/1.5 | <8,000 5/1.5
575-525 6/1.8 | 1,250-1,400 6/1.8
526-575 7/2.1 | 1,401-1,1650 7/2.1
576-650 8/2.4 | 1,651-2,050 8/2.4
651-750 9/2.7 | 2,051-2,400 9/2.7
751-850 10/3.0 | >2,400 10/3.0
851-950 11/34
951-1,075 12/3.7
1.076-1,225 13/4.0
1,226-1,375 14/4.3
1.376-1,550 15/4.6
1,551-1,775 16/4.9!
1,776-2,075 17/5.22
2,076-2.375 18/5.5°
2,376-2,700 19/5.8°
>2,700 20/6.13
"Except 15 ft. (4.6 meters) in a cut.
2 Except 15 ft. (4.6 meters) and an ADT <2,000.
? Except 17 ft. (5.2 meters) in a cut.
Table 2. Kentucky clear zone distances® (feet/meters). Source: Pigman and Agent (1990).
Traffic Volume TRAFFIC SPEED
(vpd)
40 mph/64 km/h 50 mph/80 km/h 60 mph/96 km/h
250 see footnote 2 3/0.91 (ft/m)’ 12/3.7 (f/m)’
500 see footnote 2 9/2.7 (ft/m) 16/4.9 (ft/m)’

'The minimum clear zone distance needed without guardrail.
’An ADT of 700 was needed before a minimum 2 ft clear zone would be required.

Types of Guardrail Systems and Their Costs

Once the guardrail is warranted, the next problem that the local agencies face is to determine
the type of guardrail needed for low volume, low speed roads. The AASHTO Roadside Design
Guide (1996) describes a number of operational and experimental guardrail systems. Three of the
operational systems that are currently being used in virtually all of the LVR applications throughout
the USA are (Stephens, 1992): the G-1 cable systems, the G-2 weak post W-Beam, and the G-4
strong post W-beam. Examples of these are shown in Figures 5a, 5b and 5c, respectively. The G-1

and G-4 systems have variations in the type of post used.




Costs are presented in Table 3. Stephens (1993), presented the description of five low-
service-level guardrail systems and the evaluation of those systems based on crash test and cost
evaluations.
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Figure 5. a: strand cable system (G - 1); b: w-beam (weak post) system (G - 2);
c¢: blocked out W-beam (strong post) system (G - 4) (Source: Roadside Design Guide, 1996).

In the Missouri study (Dare, 1992), installation costs were based on 1991 data. They were
$700 for each Breakaway Cable Terminal (BCT) (two required) and $14.50/linear-ft ($47.5/linear
meter) of Blocked-Out W-Beam (G-4) guardrail. Other costs reported were the repair costs: W-
Beam = $250 average cost per collision and BCT end terminal = $600 average cost per collision.

Shultz et al. (1986), in the determination of the Pennsylvania guardrail standards used
two type of guardrails: the weak post system (G-2) the strong post system (G-4). The reported
installation costs were: weak-post (G-2) = $10.00/linear ft. ($32.8/linear meter) and the strong-
post (G-4) = $16.50/linear ft ($54.12/linear meter).



Table 3. Guardrail Systems for LVR Roads and their associated costs. Source: Stephens (1993).

Code Beam Post % of Installation | End Treat.
Guardrail. Strong Post Cost! Cost'
System W-Beam
(G-4)
GL-1 » 2 cables 4#/FT Steel | 31% $ 3.68/ft $1,040.00
G-2? W-Beam S3x5.7 64% $ 7.63/ft $1,250.00
Steel '
G4 W-Beam 8"x8" 100% $11.85/ft |$1,650.00
Wood
6"x8"
Wood
W6x8.5
Steel
"C" Steel
Other costs:
Repair Costs: W-Beam Systems $210 average cost per collision
Cable Systems $270 average cost per collision
End treatments:
BCT for G-4 $410
GL-4, GL-5,G-2 $310  $310
G-1 $350
GL-1, GL-2, GI-3 $260
Maintenance costs and salvage value =0

' Money values from 1990.

? Virginia reports the following costs for G-2 (Armold, 1990): Installation cost = $9.61/ft
($31.52/meter); End treatment cost = $700 (money values July 1, 1987 to March 1, 1989); Repair
costs = $500 per collision.

Approaches for Performing Guardrail Assessments

Stephens (1993) stated that due to the variety of possible conditions on low-volume roads,
standard warrants (generally developed for high speed, high volume) are impractical. He presented
a warranting procedure that is intended to assist low-volume road practitioners in determining if
hazards exist, to evaluate alternatives, and if guardrail is warranted, to select the most cost-effective
system. The report recommends that a framework for evaluating hazards and treatment alternatives
considering local conditions, policies, and resources be used. The framework gives two general
processes: 1) a hazard identification process, and 2) an approach for evaluating alternatives.

The hazard identification process starts with the identification and estimation of the severity
of hazards. Then it suggests that a classification of the physical attributes of the hazard is necessary
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to evaluate treatment alternatives. Finally, the information on accident history must be considered
if available.

Although the Roadside Design Guide (1996), presents warrants for determining the need for
guardrail based on embankment and roadside obstacle criteria, the recommendation was made by
AASHTO that highway agencies develop specific guidelines for their agency based on a cost-
effectiveness selection procedure based on the application of the computer program ROADSIDE.
ROADSIDE allows the user to calculate the present worth and annualized cost (including accidents,
installation, repair and maintenance) of a specific safety improvement at a specific location. The real
value of the program is that it allows a cost comparison of alternative improvements (including the
do-nothing alternative).

The procedure to evaluate alternatives should be based on a cost-effectiveness analysis with
or without the ROADSIDE computer program. It should consider all possible treatment alternatives.
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3. COST-EFFECTIVENESS ANALYSIS

Introduction

Based on the literature review and AASHTO’s recommendation to use cost-benefit analysis
to warrant guardrail, Kansas-specific guidelines for embankments and for fixed objects were
developed. These guidelines were based on application of the microcomputer program ROADSIDE,
which is documented in Appendix A of AASHTO’s Roadside Design Guide (American Association
of State Highway and Transportation Officials, 1996).

ROADSIDE, a computerized economic analysis procedure, is intended to assure that
guardrail is installed only in those places where it will provide a meaningful benefit to the motoring
public and make judicious use of limited highway funds.

ROADSIDE, Version 5.0, was used in the cost-effectiveness analysis to compare the cost of
installing guardrail with the cost of doing nothing. The cost of the guardrail included the initial cost,
repair cost, maintenance cost, and the cost of predicted collisions with the guardrail. The do-nothing
cost included the cost of collisions with a fixed object or with a fill embankment. The guardrail was
recommended if its costs were less than the do-nothing costs.

Threshold, or recommended values, were defined as points at which the cost of guardrail
equaled the cost of doing nothing as certain parameters were varied in ROADSIDE.

For the accident cost on embankments, the design speed, slope, height of fill, and traffic
volume were varied and guardrail was recommended when the accident costs of running down the
embankment was equal to or greater than the guardrail cost. From the break-even point, an increase
in ADT, height of fill, or steepness of slope resulted in the do-nothing alternative being more
expensive than the installation of guardrail (including associated accident costs).

In the case of fixed objects along the roadside, the design speed, distance of the object from
the edge of the roadway, and traffic volume were varied, and guardrail became economically
justifiable when the accident costs of colliding with the fixed object was equal to or exceeded the
guardrail cost. From the break-even point, increasing the ADT or locating the object closer to the
roadway resulted in the do-nothing alternative being more expensive than the installation of guardrail
(including associated accident costs).

Procedures Used in Applying ROADSIDE

The procedures used and the assumptions made in applying ROADSIDE will be explained
in terms of the three input screens in the program (Figure 6 through 8). Table 4 provides a summary
of parameters used for cost-effectiveness analysis.

Figure 6 is the first screen in ROADSIDE and indicates the basic input data and global
values used in the program. Figure 6 shows the values used for the guardrail analysis which were
obtained from KDOT. The default encroachment model, item 7, was changed to the encroachment
model suggested by Stephens (1992) for low ADT ranges (ADT < 3,000).

Figure 7 is the second screen in ROADSIDE and relates the severity index (SI) to the cost
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of an accident. The SI was established on a scale of 0 to 10 by the developers of ROADSIDE, with
0 representing an accident with no significant property damage or injury, and 10 representing an
accident with a 100% chance of a fatality. Numbers within the scale represent an assumed
percentage distribution among the accident severity levels shown in Figure 7.

1. FATAL ACCIDENT COST = § 2,672,900

2. SEVERE INJURY ACCIDENT COST = § 185,050

3. MODERATE INJURY ACCIDENT COST = § 37,000

4. SLIGHT INJURY ACCIDENT COST = § 19,550

5. PDO LEVEL 2 ACCIDENT COST = $ 2,050

6. PDO LEVEL 1 ACCIDENT COST = $ 650

7. ENCROACHMENT RATE = 0.0010354 ENCROACHMENTS/km/YR/VPD

8. 50 km/h DES SPEED ENC ANGLE 13.0 DEG AND TRAF VOL CAP =10,000 VPD/LANE
9. 60 km/h DES SPEED ENC ANGLE 12.8 DEG AND TRAF VOL CAP =10,000 VPD/LANE

12.4 DEG AND TRAF VOL CAP =10,000 VPD/LANE
12.0 DEG AND TRAF VOL CAP =10,000 VPD/LANE
11.6 DEG AND TRAF VOL CAP =10,000 VPD/LANE
11.1 DEG AND TRAF VOL CAP =10,000 VPD/LANE
10.7 DEG AND TRAF VOL CAP =10,000 VPD/LANE
10.3 DEG AND TRAF VOL CAP =10,000 VPD/LANE

10. 70 km/h DES SPEED ENC ANGLE
11. 80 km/h DES SPEED ENC ANGLE
12. 90 km/h DES SPEED ENC ANGLE
13. 100 km/h DES SPEED ENC ANGLE
14. 110 km/h DES SPEED ENC ANGLE
15. 120 km/h DES SPEED ENC ANGLE
16. SWATHWIDTH = 3.600m

I | 1 (O

Figure 6. ROADSIDE basic input data and global values.

SEVERITY INDEX COST
0.0 $ 0
0.5 $ 650
1.0 $ 3,198
2.0 $ 8,347
3.0 § 43,878
4.0 $ 107,760
5.0 $ 253,596
6.0 $ 535,834
7.0 $ 869,741
8.0 $ 1,394,226
9.0 $ 2,040,574
10.0 $ 2,672,900

Figure 7. ROADSIDE severity index and accident cost relationship.
Figure 8 is the third screen in ROADSIDE and allows input of the variable data specified to an

alternative being evaluated. Following is a discussion of how each of the items 2 through 15 was
derived in applying ROADSIDE in the embankment and fixed object analyses:
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Item 2. Traffic Volume. The traffic volume varied between 400 vehicles per day (vpd) to 100
vpd in both analyses with a constant growth factor of 1% per year.

Item 3. Roadway Type. A two-lane, two-way road was used for both analyses by setting an
undivided roadway with one lane adjacent to the hazard in ROADSIDE. The lane width was

assumed 3 meters.

Item 4. Adjustment Factors. ROADSIDE allows adjustment to the baseline encroachment to
account for roadway curvature and grade. For both analyses, a value of 1.0 was used.

Item 5. Traffic Volume and Encroachments. ROADSIDE calculates this item by assuming
splitting of the previously input traffic volume evenly by direction, applying the encroachment
defined earlier, and adjusting the baseline encroachment by the factors in item 4.

Item 6. Design Speed and Encroachment Angle. The following speeds were used in the
calculations: 50, 60, 70, 80 and 90 km/h. The default encroachment angles shown in Figure 6 were
used in the analyses.

Item 7. Hazard Definition. In ROADSIDE, a hazard is defined with a lateral offset (A) from
the edge of the nearest driving lane, longitudinal length (L) - parallel to the roadway, and width (W)
- generally perpendicular to the roadway.

Lateral Offset

On Kansas unpaved rural roads, there is no way to describe or show a typical section of where
to measure the offset from. This must be determined in the field. Depending upon local blading
practices, the usable roadway width (traveled way) may vary from one local jurisdiction to another
and in fact may vary from before and after a section is bladed. The only practical solution is for the
person in charge of road and street operation and maintenance to determine and record the outer
limits of the normal traveled way. This could vary from the edge of wheel paths on class C primitive
(LVR Handbook) roads with two clearly defined wheel paths to the outer limits of the bladed (and
usable) surface on class B or class A gravel roads. In summary, it depends upon how a gravel road
surface is bladed and how it is normally driven (in relation to the usual outer limit of vehicle
positioning) and this can only be determined by field observation and judgement.

14



TITLE: STARTUP VALUES

INITIAL TRAFFIC VOLUME 400 VEHICLES PER DAY
TRAFFIC GROWTH RATE
TRAFFIC GROWTH RATE

UNDIVIDED HIGHWAY TOTAL LANE(S) = 2
CURVATURE (RADIUS IN METERS) = 9,999

INITIAL ENCROACHMENT FREQUENCY
EFFECTIVE BASELINE
TRAFFIC VPD ENC/km/YR FACTOR

ADJACENT 200 0.2071 1.00
OPPOSING 200 0.2071 1.00

6.
7.

10.

11.
12.
13.
14.

DESIGN SPEED = 90km/h ENC ANGLE = 11.6 DEG
LATERAL OFFSET (A) 0.30m
LONGITUDINAL LENGTH (L) 6.00 m
WIDTH OF OBSTACLE (W) 0.30m

ZONE 1 ZONE2
ADJACENT 0.0003 0.0037
OPPOSING 0.0003 0.0037

GRADE (PERCENT)

FACTOR
1.00
1.00

0.0010354 * (TVeff) ENC/km/YR
CURVATURE  GRADES

1.000 %/YEAR  UNCAPPED DES YR ADT = 488 VPD
22,800 VPD/LANE AT 476.0 YR RND TO 476 YR

LANE WIDTH = 3.00 m

= 0.0

USER

FACTOR

1.00
1.00

SWATH WIDTH = 3.60m

ZONE 3

TOTAL

ENC/km/YR

0.2071
0.2071

0.0012 ENCROACHMENTS/YEAR
0.0012 ENCROACHMENTS/YEAR

INITIAL COLLISION FREQUENCY = 0.00524 IMPACTS PER YEAR

ADJACENT CFTA = 0.0035 CFSU
OPPOSING CFTA = 0.0018 CFSD
EXPECTED IMPACTS OVER PROJECT LIFE

I 't

0.116

Il

SEVERITY INDEX SU = 4.00 SD 420 Cu
ACCIDENT COST $ 107,760 $ 136,927 $
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE

INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF FEATURE

INITIAL COST/YEAR IMPACTS WITH FACE

TOTAL INITIAL ANNUAL ACCIDENT COST

PROJECTLIFE = 20 YEARS DISCOUNT RATE=
CRF = 0.07358 KC = 14.84437 KT = 13.59033

INSTALLATION COST

it

500 500

7]
v}
I

REPAIR COST/ACC § SU

MAINTENANCE COST PER YEAR 18
TOTAL PRESENT WORTH
ACCIDENT COST
HIGHWAY DEPARTMENT COST
INSTALLATION COST
REPAIR COSTS
MAINTENANCE COST
SALVAGE VALUE

25,113
24,379
734
450

39

245

0

DO APB S L% ]

LI I O [ 1 |

0.0001 CFCU
0.0001 CFCD

= 470 Ch =

209,845 $

OF FEATURE
OF FEATURE
OF FEATURE

0.0022 CFFA
0.0012 CFFO

]

5.30

338,267

LI I

OF FEATURE

4.000 %/YR

1l

KJ = 045639

$ 450 SALVAGEVALUE = §

CU= 500

ANNUALIZED
ANNUALIZED
ANNUALIZED
ANNUALIZED
ANNUALIZED
ANNUALIZED
ANNUALIZED

AN PAPLNHL

1,848
1,794

33
18

Figure 8. ROADSIDE variable input data and cost calculations.
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The following parameters were used in the analyses:

For embankment analysis: In the embankment analysis, 60 m (200 ft) was used for the length of
both the guardrail and the embankment. Different lengths were tested, and 60 m yielded the smallest
height of fill at which guardrail became cost-effective. Thus, this value is conservative on the side

of safety.

Length: 60 m (200 ft.) for both (guard and embankment)

6 m (20 ft.) on culverts

Width of guardrail: 0.3 m (1 ft.)

Width of embankment: variable depending on embankment height and cross slope.
Foreslopes: 1:2,1:3,1:4

Height: 0to 10 m (0 to 32.8 ft.)

Lateral offset for guardrail:

0.0,0.3,1,3,5m

Lateral offset for embankment:

3m (10 ft)

For the fixed objects analysis: For the fixed objects analysis a 60 m (200 ft) section of guardrail
was compared with a 0.3 m (1 ft) by 0.3 m (1 ft) fixed object.

Length: 0.3 m (1 ft.)

Width: 0.3 m (1 ft.)

Lateral offset of the fixed objects:

0,03,1,2,3,5m

Item 8. Initial Collision Frequency. These values are calculated by ROADSIDE based on
previously input data.

Item 9. Severity Index. Severity indexes, (SIs) are estimates of the societal costs associated
with an average accident with a given feature. ROADSIDE uses the SIs to determine the cost of
accidents. Five values are needed to perform the analyses. One for each: the upstream side, the
upstream corner, the force, the downstream comer, and the downstream side of the texture. For both,
embankment analysis and fixed objects analysis, the SIs used were taken from the Appendix A: 4
Cost-Effectiveness Selection Procedure; a user’s guide and documentation for the computer
program ROADSIDE.

Item 10. Project Life and Discount Rate. For the purpose of this project, an anticipated life
of 20 years and a discount rate of 4 percent were used.

Item 11. Installation Cost. Based on the data provided by KDOT the installation cost was
$82.50 linear meter ($25 per linear foot) for G4 (2W) - 6" x 8" (15.3 cm x 2-.3 cm) wood.

Item 12. Repair Cost/Accident. For the purpose of this project, $500 was used as the
average cost of repairing hit guardrail.

Item 13. Maintenance Cost/Year. Based on the data provided by KDOT, the maintenance
cost was $ 3.00 per linear meter ($1.00 per linear foot)
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Item 14. Salvage Value. For the purpose of this project, the salvage value was assumed to

equal $0.

Item 15. Present Worth/Highway Department Costs. ROADSIDE calculates the total
present worth (TPW) of accident costs and highway department costs incurred over a specified
analysis period (the project life) using the following equation:

TPW = CA (KC) + CI + ARC + CM(KT) - CS(KJ)

Where:
CA -
KC -
CI-

ARC -

CM -

KT -
CS -
KJ -

Accident cost based on initial collision frequency

Factor to account for project life, discount rate, and traffic growth rate -
Installation cost

Present worth of accident report cost = KC(CDi) (CF1)

CDi- Average collision damage repair costs for sides, corners, and face
CFi- Initial collision frequencies for sides, corners, and face

Annual maintenance cost

Factor to account for the project life and the discount rate

Salvage value of feature being studied

Factor to account for the project life and the discount rate

ROADSIDE also calculates annualized costs, which are obtained by multiplying present
worth values by a capital recovery factor (CRF).
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Table 4. Summary of Parameters Used for the Kansas Study, Cost-Effectiveness Analysis Using

“ROADSIDE".

Costs by Severity Level Encroachment Rate Enc. Angle and Traffic Vol. Cap Swath Width
Based on FHWA'’s Tech. Based on encroachment model ROADSIDE default values: ROADSIDE
Adv. Dated October 31, suggested by Stephens (1992) default
1994. Costs are also based for low ADT ranges (ADT < Encroachment angle at value:
on the change of the 3,000). The encroachment rate | 50 km/h (30 mph) = 13
Consumer Price Index from was originally recommended in | Encroachment angle at 3.6m (121t
January 1994 (146.2) to the AASHTO’s 1977 Guide for | 60 km/h (35 mph) = 12.8
January 1995 (150.3). Selecting, Locating and Encroachment angle at
Designing Traffic Barriers. 70 km/h (45 mph) = 12.4
Fatality $2,672,900 Encroachment angle at
Severe Injury $ 185,000 | Enc. Rate = 0.001035424 * 80 km/h (50 mph) = 12.0
Moderate Injury $ 37,000 | (ADT) Encroachment angle at
Slight Injury $ 19,550 enc/km/yr 90 km/h (55 mph) = 11.6
PDO Level 2§ 2,050 Or
PDO Level 18§ 650 Enc. Rate = 0.00166 * (ADT) | Traffic Volume Cap per lane =
enc/mi/yr 10,000/day
Parameter |Feature Location/Size Severity Indices Project Life/Disc. |Installation/Salvage/Repair/
Rate Maintenance Costs
Values For embankment analysis: For both, Project life: 20 [ Guardrail System
Length: 60 m (200 ft.) for both (guard |embankment analysis |yrs. considered:
and embankment) and fixed objects Discount rate: 4% |G4 (2w) - 6" x 8" Wood
6 m (20 ft.) on culverts analysis. The G4 (1s) - W6 x 8.5 Steel
Width of guardrail: 0.3 m (1 ft.) Severity Indices used
Width of embankment: variable were taken from the Installation Cost:
depending on embankment height and | Appendix A: $82.5/lin m ($25.00/lin ft.)
cross slope. A Cost-Effectiveness
Foreslopes: 1:2, 1:3, 1:4 Selection Procedure; End treatment:
Height: 0to 10m (O to 32.8 ft.) a user’s guide and $0.00
Lateral offset for guardrail: documentation for the
0.0,0.3,1,2,3,5m computer program Repair Cost:
Lateral offset for embankment: ROADSIDE. $500/accident
3m (10 ft)
Maintenance Cost:
For the fixed objects analysis: $3.00/lin/m ($1.00/lin ft.)
Length: 0.3 m (1 ft.)
Width: 0.3 m (1 ft.) Salvage Value:
Lateral offset of the fixed objects: $0.00
0,03,1,2,3,5m
Parameter |Traffic Volume/Growth Rate |Highway Type/Lane |Curvature/Grade | User Design Speed
Width Encroachment
Values Volume: Two-lane, two-way {No adjustment No factors were |50, 60, 70, 80,
100 vpd, 200 vpd, Undivided roadway. |factors were used |used and 90 km/h
300 vpd, 400 vpd (value of 1 for all
Lane Width: three) or
Growth Rate: 1% 3 m (10 ft)
30, 35, 45, 50,
and 55 mph

Codes: ft = feet; m = meters; mi = mile; km = kilometers; vpd = vehicles per day; enc = encroachments;
yr = year; PDO = Property Damage Only; ADT = Average Daily Traffic; mph = miles per hour; km/h
= kilometers per hour

Note: 0.3048m =11t 1.609km = 1 mi

1.609 km/h = 1 mph
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4. RESULTS

Results are from a cost-effectiveness analysis based on several assumptions, which are either
input into the ROADSIDE program or inherent within the program; therefore, the results should be
used with judgement after considering other, non-economic factors.

Roadside Obstacle

RCB Culvert - Straight Wings (Figure 9). Based on the total life cycle cost analysis, the
guardrail was economically justifiable for speeds of 90 km/h, ADTs of 300 or higher and culvert end
height of 2.4 meters. For details see Table 5 and Appendix A. The results indicated that the
guardrail was not economically justified if the culvert’s lateral offset from the nearest driving lane

was two or more meters.

~ RCB Culvert - Flared Wings (Figure 10). The study results indicated that, under all
conditions, guardrail was not economically justified if the culvert’s lateral offset from the edge of
the nearest driving lane was more than three meters. For some other conditions, installation of
guardrail was economically justifiable. Details are presented in Table 6 and Appendix A.

RCP Culvert - Pipe/Headwall (Figure 11). The study results indicated that the guardrail
was not economically justified if the average daily traffic was less than 100. Guardrail was
economically justifiable for some other conditions. Details are presented in Table 7 and Appendix

A.

Utility Poles. For this analysis, a 60 m (200 ft) section of guardrail was compared with
0.3 m (1 ft) by 0.3 m (1 ft) utility pole. The probability of a vehicle striking a 60 m (200 ft) length
of guardrail in ROADSIDE is so much greater than that of striking a 0.3 m (1 ft) long object that
guardrail is almost always much more expensive and therefore almost never recommended. Details
are presented in Table 8 and Appendix B.

Embankments

The study results concerning guardrail installation on roadside embankments indicated
that the guardrail was not economically justified for either 1:4 or 1:3 foreslopes with slope surface
condition B, regardless of the design speed and ADT. For 1:3 foreslopes with slope surface condition
C, ADT of 400, speed of 90km/h and height of fill of four or more meters, installation of the
guardrail was economically justifiable. Guardrail was economically justifiable on most 1:2
foreslopes with surface condition B and C. Details, including definitions of surface conditions B and
C, are presented in Table 9 and Appendix C.

Conclusions

Application of the ROADSIDE microcomputer program produced valuable results that should
provide for a more cost-effective use of guardrail on rural, low-volume roads in Kansas. It is
important to note that the procedures and input parameters used in this study were based on the latest
information available at the time. Also, considerations beyond cost-effectiveness may be important.

19



Culvert Ends:

Culvert Axis Transverse to traffic
Culvert End Type D

(See sketch below.)

(2]
petthm oy i

OFFSET oITCH
(ADJUST FOR SLOPE)

S = Approach Side, C = Comer, F = Traffic Face

Figure 9. RCB Culvert - Straight Wings (Roadside Design Guide, 1996, p. A-87)

Culvert Ends:

Culvert Axis Transverse to traffic
Culvert End Type E

(Sce sketch below.)

FeA+1/3(B-A)

OFFSET
(ADJUST FOR SLOPE)

s DITCH

- ———— -

HEIGHT

S = Approach Side, C = Corner, F = Traffic Face, A = S$.C,and F

Figure 10. RCB Culvert - Flared Wings (Roadside Design Guide, 1996, p. A-88)
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Culvert Ends:

Culvert Axis Transverse to traffic (cont.)
Culvert End Type C

(See sketch below.) .

M) c\r_s__]
___________ —f {
"""""" 11

——————— S = V-BOTTOM DITCH
HEIGHT FROM HEADWALL
TO CLEAR 20NE

VDU —

*ADJUST FOR SLOPE U

S = Approach Side, C = Corner, F = Traffic Face

Figure 11. RCP Culvert - Pipe/Headwall (Roadside Design Guide, 1996, p. A-86)

Recommendations

The guidelines for guardrail developed in this study should be used by counties when
considering the need for guardrail at specific locations on their rural, low-volume roads.

1. Tables 5, 6, 7 and 8 and Appendix A and B should be consulted for roadside obstacles
when evaluating a need for guardrail.

2. Specifically, Table 9 and Appendix C should be consulted for guardrail on a fill
embankment.
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Table 5. Guidelines for Guardrails on LVR; RCB CULVERT--Straight Wings

OFFSET
(in meters)

ADT

400

300

200

100

Speed (km/h)

Breakeven Culvert End Height

0.0

50
60
70
80
90

B

0.3

50
60
70
80
90

RERR |ERRRR

N
EN
B

1.0

50
60
70
80
90

T

N
=
8

2.0

50
60
70
80
90

3.0

50
60
70
80
90

5.0

50
60
70
80
90

SRRRE |RARRR |RRRAR

RRRRA |RRRAE |RARAR |ARRR5 |FRRAR |LERER

SRERR |RRRFR |RARAR |RRRRF |F5555 555585

SERRR |FRRR7 |RRRRAR |AR%575 |35557 555373

m - meters

NR - Guardrail not recommended based on cost-effectiveness analysis
OFFSET - a lateral distance from the edge of the roadway to the culvert (See Figure 9)

22



Table 6. Guidelines for Guardrails on LVR; RCB CULVERT--Flared Wings

OFFSET ADT 400 300 200 100
(in meters) .
Speed (km/h) | Breakeven Culvert End Height
0.0 50 NR NR NR NR
60 24m 24m NR NR
70 1.8 m 24 m NR NR
80 1.8 m 24m 24m NR
90 1.8 m 1.8 m 24m NR-
0.3 50 NR NR NR NR
60 24m NR NR NR
70 24 m 24m NR NR
80 1.8 m 24m NR NR
90 1.8 m 1.8 m 24m NR
1.0 50 NR NR NR NR
60 NR NR NR NR
70 24 m NR NR NR
80 24m 24 m NR NR
90 1.8 m 24 m 24m NR
2.0 50 NR NR NR NR
60 NR NR NR NR
70 24m NR NR NR
80 24 m 24 m NR NR
90 1.8 m 24 m NR NR
3.0 50 NR NR NR NR
60 NR NR NR NR
70 NR NR NR NR
80 2.4m NR NR NR
90 24m 24 m NR NR
5.0 50 NR NR NR NR
60 NR NR NR NR
70 NR NR NR NR
80 NR NR NR NR
90 NR NR NR NR
m - meters

NR - Guardrail not recommended based on cost-effectiveness analysis
OFFSET - a lateral distance from the edge of the roadway to the culvert (See Figure 10)

23



Table 7. Guidelines for Guardrails on LVR; RCP CULVERT--Pipe/Headwall

OFFSET ADT 400 300 200 100
(in meters) ]
Speed (km/h) | Breakeven Culvert End Height
0.0 50 24m 24m NR NR
60 1.8 m 24 m 24m NR
70 1.8 m 1.8 m 24m NR
80 1.0 m 1.8 m 1.8 m NR
90 1.0m 12 m 1.8 m NR
0.3 50 24 m NR NR NR
60 1.8m 24 m NR NR
70 1.8 m 1.8m 24 m NR
80 1.2m 1.8m 1.8 m NR
90 1.0m 1.2 m 1.8 m NR
1.0 50 NR NR NR NR
60 24 m 2.4 m NR NR
70 24m 24 m NR NR
80 1.8 m 1.8m 24 m NR
90 1.2m 1.2 m 1.8 m NR
2.0 50 NR NR NR NR
60 24 m NR NR NR
70 24m 24m NR NR
80 1.8 m 1.8 m NR NR
90 1.2 m 1.8m 24m NR
3.0 50 NR NR NR NR
60 NR NR NR NR
70 24 m NR NR NR
80 1.8m 24 m NR NR
90 1.8m 1.8 m 24m NR
5.0 50 NR NR NR NR
60 NR NR NR NR
70 NR NR NR NR
80 24 m NR NR NR
90 1.8m 24 m 24m NR
m - meters

NR - Guardrail not recommended based on cost-effectiveness analysis
OFFSET - a lateral distance from the edge of the roadway to the culvert (See Figure 11)
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Table 8. Guidelines for Guardrail on LVR; UTILITY POLES

OFFSET ADT 400 300 200 100
(in meters Speed (km/h) | Breakeven Cost

0.0 50 NR NR NR NR

60 NR NR NR NR

70 NR NR NR NR

80 NR NR NR NR

90 R NR NR NR

0.3 50 NR NR NR NR

60 NR NR NR NR

70 NR NR NR NR

80 NR NR NR NR

. 90 R NR NR NR

1.0 50 NR NR NR NR

60 NR NR NR NR

70 NR NR NR NR

80 NR NR NR NR

90 NR NR NR NR

2.0 50 NR NR NR NR

60 NR NR NR NR

70 NR NR NR NR

80 NR NR NR NR

90 NR NR NR NR

3.0 50 NR NR NR NR

60 NR NR NR NR

70 NR NR NR NR

80 NR NR NR NR

90 NR NR NR NR

5.0 50 NR NR NR NR

60 NR NR NR NR

70 NR NR NR NR

80 NR NR NR NR

90 NR NR NR NR

NR - Guardrail not recommended based on cost-effectiveness
R - Guardrail is recommended based on cost analysis
OFFSET - a lateral distance from the edge of the roadway to the utility pole
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Table 9. Guidelines for Guardrail on LVR; SLOPES--Foreslope 1t02, 1to 3 and 1 to 4

SLOPES ADT 400 300 200 100
Speed (km/h) | Breakeven Height of Fill
Foreslope 50 NR NR NR NR
1to2 60 8.0m 10.0 m NR NR
Slope 70 6.0 m 8.0 m 10.0 m NR
Condition 80 20m 4.0 m 4.0 m NR
B 90 20m 20m 4.0 m NR
Foreslope 50 NR NR NR NR
1to3 60 NR NR NR NR
Slope 70 NR NR NR NR
Condition 80 NR NR NR NR
B . 90 NR NR NR NR
Foreslope 50 NR NR NR NR
1to4 60 NR NR NR NR
Slope 70 NR NR NR NR
Condition 80 NR NR NR NR
B 90 NR NR NR NR
Foreslope 50 10.0 m NR NR NR
1to2 60 8.0m 8.0 m NR NR
Slope 70 20m 6.0 m 6.0 m NR
Condition 80 20m 20m 20m 10.0 m
C 90 20m 2.0m 20m 4.0 m
Foreslope 50 NR NR NR NR
1to3 60 NR NR NR NR
Slope 70 NR NR NR NR
Condition 80 NR NR NR NR
C 90 4.0 m NR NR NR
Foreslope 50 NR NR NR NR
1to4 60 NR NR NR NR
Slope 70 NR NR NR NR
Condition 80 NR NR NR NR
C 90 NR NR NR NR
Slope surface Condition

B: Smooth but subject to deep rutting by errant vehicles half of the year.

C: Shallow gullies (100 to 200 mm deep), scattered small boulders (under 225 mm
projections), scattered small trees (diameters 75 to 100 mm), or structurally substantial
woody brush. Features spaced so that nearly all encroaching vehicles will encounter them.

m - meters :

NR - Guardrail not recommended based on cost-effectiveness analysis
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Appendix A

Cost-Effectiveness Analysis for
Roadside Obstacle - Culverts
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Introduction

The first column of the table indicates the speed of a vehicle in kilometers per hour
(km/h). The second column of the table shows the annual cost of the guardrail including the
initial cost, repair cost, and the cost of collisions with the guardrail.

The third through fifth/six columns are the cost of an accident along an unprotected
section of the road. Each column represents a slightly different scenario based on type of culvert,
speed, average daily traffic (ADT), culvert end height and lateral offset. If protection is
recommended, the cost figure is shaded a light gray.

The chart under the table graphically illustrates the differences between alternative
scenarios. If the line representing the cost of a scenario lies above the “GUARD?” line, protection

is recommended.

Lateral Offset

On Kansas unpaved rural roads, there is no way to describe or show a typical section of
where to measure the offset from. This must be determined in the field. Depending upon local
blading practices, the usable roadway width (traveled way) may vary from one local jurisdiction
to another and, in fact, may vary from before and after a section is bladed. The only practical
solution is for the person in charge of road and street operation and maintenance to determine
and record the outer limits of the normal traveled way. This could vary from the edge of wheel
paths on class C primitive (LVR Handbook) roads with two clearly defined wheel paths to the
outer limits of the bladed (and usable) surface on class B or class A gravel roads. In summary, it
depends upon how a gravel road surface is bladed and how it is normally driven (in relation to
the usual outer limit of vehicle positioning) and field observation and judgement can only
determine this.



RCB CULVERT - Straight Wings
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TOTAL COST IN ANNUAL WORTH $

CULVERT Straight wings

ADT 400
OFFSET 0.0M

CELLS INDICATE GUARD IS RECOMMENDED

50

60

70
SPEED IN km/h

80 90

SPEED [COST OF JCULVERT END HEIGHT IN METERS
‘(km/h) | GUARD 1.0 1.2 1.8 24
50 $693 $25 $84 $163 $230
60 $720 $52 $145 $275 $359
70 $873 $131 $219 $411 $539
80 $976 $246 $353 $568 $930
90 $1,162 $348 $505 $931
$1,400
$1.200 1
$1,000 4
&
E
[ 4
& gs00 |
s
|
L
]
Z
=2
L=
Z 600 | —e—GUARD
o =10
8 —a—12
—%—1.8
—%—2.4
$400 |
$200 T
$0

A-4




CULVERT Straight wings

ADT 300
OFFSET 0.0M
TOTAL COST IN ANNUAL WORTH $ § CELLS INDICATE GUARD IS RECOMMENDED
SPEED [COST OF JCULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $662 $19 $63 $122 $176
60 $682 $39 $109 $206 $269
70 $797 $98 $165 $308 $404
80 $874 $184 $265 $426 $698
90 $1,013 $261 $379 $699
$1,200
$1,000 4
$800 +
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CULVERT Straight wings
ADT 200
OFFSET 0.0M

TOTAL COST IN ANNUAL WORTH $ CELLS INDICATE GUARD IS RECOMMENDED

SPEED [COST OF |[CULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $631 $13 $42 $82 $117
60 $644 $26 $72 $138 $179
70 $721 $65 $110 $205 $269
80 $772 $123 $177 $284 $465
90 $865 $174 $253 $466 $690
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4
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TOTAL COST IN ANNUAL WORTH $ |

CULVERT Straight wings

ADT 100
OFFSET 0.0M

CELLS INDICATE GUARD IS RECOMMENDED

50

60

70
SPEED IN km/h

80

90

SPEED |COST OF JCULVERT END HIGHTIN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $599 $6 $21 $41 $59
60 $606 $13 $36 $69 $90
70 $644 $33 $55 $103 $135
80 $670 $61 $88 $142 $233
a0 $716 $87 $126 $233 $345
$800
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CULVERT Straight wings

ADT 400

OFFSET 0.3 M

TOTAL COST IN ANNUAL WORTH $ \BEL ELLS INDICATE GUARD IS RECOMMENDED
SPEED [COST OF |[CULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 24
50 $693 $21 $70 $137 $196
60 $720 $45 $127 $241 $314
70 $873 $117 $197 $370 $485
80 $976 $226 $324 $521 $854
90 $1,162 $324 $471 $868
$1,400
$1,200 +
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CULVERT Straight wings

ADT 300
OFFSET 0.3 M
TOTAL COST IN ANNUAL WORTH $ £ BE - CELLS INDICATE GUARD IS RECOMMENDED
SPEED ICOST OF JCULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
- 50 $662 $16 $53 $102 $147
60 $682 $34 $95 $180 $235
70 $797 $88 $148 $277 $363
80 $874 $169 $243 $391 $641
a0 $1,013 $243 $353 $651 $964
$1,200
$1,000 + 4

$800 +
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CULVERT Straight wings

ADT 200
OFFSET 0.3 M
TOTAL COST IN ANNUAL WORTH $ ELLS INDICATE GUARD IS RECOMMENDED
SPEED |COST OF JCULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $631 $11 $35 $68 $98
60 $644 $23 $63 $120 $157
70 $721 $59 $99 $185 $242
80 $772 $113 $162 $261 $427
90 $865 $162 $235 $434 $643
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TOTAL COST IN ANNUAL WORTH $ {

CULVERT Straight wings
ADT 100
OFFSET 0.3 M

CULVERT END HEIGHT IN METERS

CELLS INDICATE GUARD IS RECOMMENDED

50

60 70
SPEED IN km/h

80

90

SPEED JCOST OF
(km/h) GUARD 1.0 . 1.2 1.8 2.4
50 $599 $5 $18 $34 $49
60 $606 $11 $32 $60 $78
70 $644 $29 $49 $92 $121
80 $670 $56 $81 $130 $214
90 $716 $81 $118 $217 $321
$800
b
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$600 *
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X
’—
S
s
2
2 $400 |
P-4
L- 4
z —e—GUARD
o =10
8 s300 1 —a—1.2
—%—18
—%—2.4
$200 +
$100 |
$0

- A-11




TOTAL COST IN ANNUAL WORTH $

CULVERT Straight wings

ADT 400

OFFSET 1.0 M

CELLS INDICATE GUARD 1S RECOMMENDED

50

60

70

SPEED IN km/h

80 90

SPEED [COST OF JCULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $655 $15 $50 $98 $141
60 $681 $35 $97 $185 $241
70 $806 $94 $158 $297 $389
80 $895 $186 $268 $431 $706
90 $1,060 $275 $399 $735
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TOTAL COST IN ANNUAL WORTH $

CULVERT Straight wings

ADT 300

OFFSET 1.0 M

CELLS INDICATE GUARD IS RECOMMENDED

SPEED |COST OF |[CULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 24
50 $633 $11 $38 $74 $106
60 $653 $26 $73 $139 $181
70 $746 $71 $119 $222 $291
80 $813 $140 $201 $323 $529
90 $937 $206 $299 $551 $816
$1,000
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CULVERT Straight wings

ADT 200
OFFSET 1.0M
TOTAL COST IN ANNUAL WORTH $ ELLS INDICATE GUARD IS RECOMMENDED
SPEED |COST OF [CULVERT END HEIGHT IN METERS
«mm) | GuarD 1.0 1.2 1.8 24
50 $611 $8 $25 $49 $70
60 $625 $17 $49 $92 $121
70 $687 $47 $79 $148 $194
80 $731 $93 $134 $215 $353
a0 $814 $137 $199 $367 $544
$900
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$600 ¥
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CULVERT Straight wings
ADT 100
OFFSET 1.0 M

TOTAL COST IN ANNUAL WORTH § CELLS INDICATE GUARD IS RECOMMENDED

SPEED |COST OF [CULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $590 $4 $13 $25 $35
60 $596 $9 $24 $46 $60
70 $627 $24 $40 $74 $97
80 $650 $47 $67 $108 $176
90 $691 $69 $100 $184 $272
$700 3
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$500 1
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CULVERT Straight wings

ADT 400
OFFSET 2.0 M
TOTAL COST IN ANNUAL WORTH $ ; ELLS INDICATE GUARD IS RECOMMENDED
SPEED |COST OF [CULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $625 $10 $33 $65 $93
60 $649 $25 $70 $133 $174
70 $747 $72 $121 $226 $296
80 $824 $148 $212 $341 $559
90 $960 $223 $323 $596 $883
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CULVERT Straight wings
ADT 300
OFFSET 2.0 M

TOTAL COST IN ANNUAL WORTH $ § CELLS INDICATE GUARD 1S RECOMMENDED

TSPEED |JCOST OF |[CULVERT END HE S
(km/h) | GUARD 1.0 . 1.8 2.4
50 $610 $8 $25 $49 $70
60 $629 $19 $53 $100 $130
70 $703 $54 $90 $169 $222 -
80 $760 $111 $159 $256 $419
90 $862 $167 $242 $447 $662
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CULVERT Straight wings

ADT 200
OFFSET 2.0 M
TOTAL COST IN ANNUAL' WORTH $ } ELLS INDICATE GUARD IS RECOMMENDED
SPEED ICOST OF [CULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 12 18 2.4
50 $596 $5 $17 $33 $47
60 $608 $13 $35 $67 $87
70 $658 $36 $60 $113 $148
80 $696 $74 $106 $171 $279
90 $764 $111 $162 $298 $441
$800
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CULVERT Straight wings
ADT 100 :
OFFSET 2.0 M

TOTAL COST IN ANNUAL WORTH $ | CELLS INDICATE GUARD IS RECOMMENDED

SPEED JCOST OF JCULVERT END HEIG S
(km/h) | GUARD 1.0 ' 1.8 2.4
50 $582 $3 $16 $23
60 $588 $6 $18 $33 $43
70 $613 $18 $30 $56 $74
80 $632- $37 $53 $85 $140
90 $666 $56 $81 $149 $221
$700
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CULVERT Straight wings

ADT 400
OFFSET 3.0M
TOTAL COST IN ANNUAL WORTH $ ELLS INDICATE GUARD IS RECOMMENDED
SPEED 1COST OF |[CULVERT END HEIGHT IN METERS
(km/n) | GUARD 1.0 1.2 1.8 24
50 $606 $7 $23 $44 $63
60 $627 $18 $51 $98 $127
70 $705 $55 $93 $174 $228
80 $773 $118 $170 $273 $447
90 $890 $184 $266 $491 $727
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"CULVERT Straight wings
ADT 300
OFFSET 3.0 M

TOTAL COST IN ANNUAL WORTH $ | CELLS INDICATE GUARD IS RECOMMENDED »

SPEED JCOST OF JCULVERT END HIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $597 $5 $17 $33 $48
60 $612 $14 $39 $73 : $95
70 $671 $41 $70 $130 $171
80 $721 $89 $127 $205 $336
90 $809 $138 $200 $368 $545
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TOTAL COST IN ANNUAL WORTH $

CULVERT Straight wings

ADT 200
OFFSET 3.0M

CELLS INDICATE GUARD IS RECOMMENDED

$0
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SPEED IN km/h

80 90

SPEED [COST OF JCULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 18 2.4
50 $587 $3° $11 $22 $32
60 $597 $9 $26 $49 $64
70 $637 $28 $46 $87 $114
80 $670 $59 $85 $137 $224
90 $729 $92 $133 $245 $364
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CULVERT Straight wings
ADT 100
OFFSET 3.0 M

TOTAL COST IN ANNUAL WORTH $ CELLS INDICATE GUARD IS RECOMMENDED

SPEED [COST OF JCULVERT END H S
(km/h) | GUARD 1.0 1.8 2.4
50 $577 $2 $11 $16
60 $583 $5 $13 $24 $32
70 $602 $14 $23 $43 $57
80 $619 $30 $42 $68 $112
90 $648 $46 $67 $123 $182
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TOTAL COST IN ANNUAL WORTH $

CULVERT Straight wings

ADT 400
OFFSET 5.0M

ELLS INDICATE GUARD IS RECOMMENDED

$0 #
50

60

70
SPEED IN km/h

80 90

SPEED [COST OF JCULVERT DEPTH IN METERé
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $586 $3 $11 $21 $30
60 $600 $10 $28 $53 $69
70 $650 $33 $55 $104 $136
80 $699 $76 $109 $175 $287
90 $788 $125 $181 $334 $548
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CULVERT Straight wings
ADT 300
OFFSET 5.0 M

TOTAL COST IN ANNUAL WORTH $ § CELLS INDICATE GUARD IS RECOMMENDED

SPEED JCOST OF ICULVERT DEPTH IN METERS
(km/h) | GUARD 1.0 1.2 1.8 24
50 $581 $2 $8 $16 $22
60 $592 $8 $21 $40 $52
70 $629 $25 $41 $78 $102
80 $666 $57 $82 $131 $215
90 $733 $94 $136 $251 $412
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CULVERT Straight wings
ADT 200
OFFSET 5.0 M

TOTAL COST IN ANNUAL WORTH $ ELLS INDICATE GUARD IS RECOMMENDED

SPEED [COST OF JCULVERT DEPTH IN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $577 - %2 $5 $10 $15
60 $584 $5 $14 $27 $35
70 $609 $16 $28 $52 $68
80 $634 $38 $54 $88 $143
90 $678 $62 $91 $167 $271
$700
b
$600 1
$500 1
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CULVERT Straight wings
ADT 100
OFFSET 5.0 M

TOTAL COST IN ANNUAL WORTH $ CELLS INDICATE GUARD IS RECOMMENDED

SPEED ]JCOST OF |CULVERT DEPTH IN METERS
(km/h) | GUARD 1.0 1.2 1.8 24
50 $572 $1 $3 $5 $7
60 $576 $3 $7 $13 $17
70 $588 38 $14 $26 $34
80 $601 $19 $27 $44 $72
- 90 $623 $31 $45 $84 $137
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RCB CULVERT - Flared Wings
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CULVERT Flared wings

ADT 400
OFFSET 0.0 M
TOTAL COST IN ANNUAL WORTHS | “SHA ELLS INDICATE GUARD IS RECOMMENDED
SPEED |COST OF [CULVERT END HEIGHT IN METERS
(km/h) | GUARD _ 1.0 1.2 1.8 2.4
50 $723 $24 $290 $485 $718
60 $747 $57 $425 $667 6

70 $913 $115 $609 $894
80 $1,016 $236 $820
90 $1,207 $356 $1,056
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CULVERT Flared wings
ADT 300
OFFSET 0.0M

CELLS INDICATE GUARD IS RECOMMENDED

TOTAL COST IN ANNUAL WORTH $

SPEED |COST OF JCULVERT END HEIGHT IN METERS
(km/h) 1 GUARD 1.0 1.2
50 $684 $18 $217
60 $702 $42 $319
70 $827 $86 $456
80 $904 $177 $615
90 $1,047 $267 $792
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CULVERT Flared wings
ADT 200
OFFSET 0.0 M

o

TOTAL COST IN ANNUAL WORTH $ CELLS INDICATE GUARD IS RECOMMENDED

SPEED [COST OF |[CULVERT END HEIGHT IN METERS

(km/h) | GUARD 1.0 1.2 1.8
50 $646 $12 $145 $242
60 $657 $28 $212 $333
70 $741 $58 $304 $447
80 $792 $118 : $410 $575
90 $888 $178 $528 $782
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TOTAL COST IN ANNUAL WORTH $

CULVERT Flared wings

ADT 100
OFFSET 0.0 M

CELLS INDICATE GUARD IS RECOMMENDED

$0
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SPEED IN km/h
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90

SPEED [COST OF |CULVERT END HEIGHT IN METERS
{(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $607 $6 $72 $121 $180
60 $613 $14 $106 $167 $241
70 $654 $29 $152 $223 $338
80 $680 $59 $205 $287 $417
90 $728 $89 $264 $391 $535
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CULVERT Flared wings
ADT 400
OFFSET 0.3 M

TOTAL COST IN ANNUAL WORTH $

ELLS INDICATE GUARD IS RECOMMENDED ‘

SPEED |{COST OF JCULVERT ENDH
(km/h) | GUARD 1.0 . 1.8 2.4
50 $693 $155 $245 $410 $609
60 $720 $253 $374 $588
70 $873 $407 $550 $808
80 $976 $696 $755
90 $1,162 $916 $984
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TOTAL COST IN ANNUAL WORTH $

CULVERT Flared wings

ADT 300
OFFSET 0.3 M

CELLS INDICATE GUARD IS RECOMMENDED
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SPEED IN km/h
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90

SPEED JCOST OF |[CULVERT END HEIGHT IN R/IETERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $662 $116 $184 $308 $457
60 $682 $190 $281 $441 $637
70 $797 $305 $413 $606
80 $874 $522 $566 $793
90 $1,013 $687 $738
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CULVERT Flared wings

ADT 200
OFFSET 0.3 M
TOTAL COST IN ANNUAL WORTH $ ELLS INDICATE GUARD IS RECOMMENDED
SPEED [COST OF [CULVERT END HEIGHT IN METERS '
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $631 $77 $123 $205 $304
60 $644 $127 $187 $294 $424
70 $721 $203 $275 $404 $611
80 $772 $348 $377 $529 $767
90 $865 $458 $492 $729
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TOTAL COST IN ANNUAL WORTH $

CULVERT END HEIGHT IN ME

CULVERT Flared wings
ADT 100

OFFSET 0.3 M

DE

CELLS INDICATE GUARD IS RECOMMENDED

$0 +

SPEED JCOST OF S
(km/n) | GUARD 1.0 1.2 1.8 2.4
50 $599 $39 $61 $103 $152
60 $606 $63 $94 $147 $212
70 $644 $102 $138 $202 $306
80 $670 $174 $189 $264 $383
90 $716 $229 $246 $364 $498
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CULVERT Flared wings
ADT 400
OFFSET 1.0 M

TOTAL COST IN ANNUAL WORTH $ : ELLS INDICATE GUARD IS RECOMMENDED

SPEED JCOST OF JCULVERT END HEIGHT IN METERS

(km/h) | GUARD 1.0 1.2 1.8 24
50 $655 $112 $178 $298 $443
60 $681 $196 $290 $456 $659
70 $806 $328 $445 $654
80 $895 $579 $628 $880

20 $1,060 $780 $838

$1,800

$1,600 +

$1,400 +

$1,200
>
I
fuas
S
= $1,000 |
-
<
>
P-4
2
z 9800 ; —e— GUARD
0 —8—1.0
8 —a—12
$600 | ——138
—%—24
$400 +
$200 +
$0

50 60 70 80 90
SPEED IN km/h
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TOTAL COST IN ANNUAL WORTH $

CULVERT Flared wings

ADT 300

OFFSET 1.0M

CELLS INDICATE GUARD IS RECOMMENDED

50

60 70
SPEED IN km/h

80 90

SPEED ICOST OF JCULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $633 $84 $134 $223 $332
60 $653 $147 $218 $342 $494
70 $746 $246 $334 $490 $742
80 $813 $434 $471 $660
20 $937 $585 $629 $931
$1,400
$1,200 +
$1,000 +
o
£
[14
o $800 +
2
-
<
s |
=
P
<
Z  se00 1 —e— GUARD
o —a—1.0
8 —&—1.2
—%—1.8
—%—2.4
$400 1
$200 T
$0

A-38




TOTAL COST IN ANNUAL WORTH $ |

CULVERT Flared wings

ADT 200
OFFSET 1.0 M

ELLS INDICATE GUARD IS RECOMMENDED

50

60 70
SPEED IN km/h

80 920

SPEED |COST OF JCULVERT END HE
(km/h) } GUARD 1.0 ) 1.8 2.4
50 $611 $56 $89 $149 $221
60 $625 $98 $145 $228 $329
70 $687 $164 $222 $327 $494
80 $731 $289 $314 $440 $6
90 $814 $390 $419 $620 5
$900
$800 +
$700 1
$600 &
L3
X
&
Q sso0 |
-
<
2
r4
Z
z $400 + —e—GUARD
@ —a—1.0
o
o —a—12
$300 1 -—3—1.8
—%—24
$200 4
$100 4
$0
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TOTAL COST IN ANNUAL WORTH $

CULVERT Flared wings

ADT 100
OFFSET 1.0M

CELLS INDICATE GUARD IS RECOMMENDED

SPEED |COST OF JCULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $590 $28 $45 $74 $111
60 $596 $49 $73 $114 $165
70 $627 $82 $111 $163 $247
80 $650 $145 $157 $220 $319
90 $691 $195 $210 $310 $424
$700 \
$600 + .
$500 +
L4
ju o
l—
% g400 |
=
-
<
2
4
=z
<
Z 4300 | —e— GUARD
b —a—1.0
S —a—1.2
——1.8
—%—2.4
$200 1
$100 T

$0 4

50

60

70
SPEED IN km/h

80

90
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CULVERT Flared wings
ADT 400
OFFSET 2.0M

TOTAL COST IN ANNUAL WORTH § ¢ CELLS INDICATE GUARD IS RECOMMENDED

SPEED |COST OF JCULVERT END HE
(km/h) | GUARD 1.0 . 1.8 2.4
50 $625 $75 $119 $198 $205
60 $649 $142 $210 $330
70 $747 $251 $340 $499
80 $824 $460 $499
90 $960 $635 $683
$1,400 ;

$1,200 +

$1,000 +

&+
X
T
o $800 +
=
-
<
=)
4
=z
<
Z 3500 Y —e— GUARD
b —a—1.0
8 —a—12
—>—18
—%—2.4
$400 +
$200
$0

50 60 70 80 90
SPEED IN km/h
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TOTAL COST IN ANNUAL WORTH $

CULVERT END HEIGHT IN METERS

CULVERT Flared wings

ADT 300

OFFSET 2.0 M

CELLS INDICATE GUARD IS RECOMMENDED

$0 -
50

60

70
SPEED IN km/h

80

90

SPEED ICOST OF
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $610 $56 $89 $149 $221
60 $629 $106 $157 $248 $358
70 $703 $188 $255 $375 $566
80 $760 $345 $374 $525
90 $862 $476 $512 $758
$1,200 -
$1,000 }
$800 +
o
I
'—
5
s
o }
2 s600
S ®
Z
<
z —e—GUARD
% —-—1.0
38 —a—1.2
$400 . —>—1.8
—%—24
$200 T
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TOTAL COST IN ANNUAL WORTH $

CULVERT Flared wings

ADT 200

OFFSET 20 M

CELLS INDICATE GUARD IS RECOMMENDED

50

70

SPEED IN km/h

90

SPEED JCOST OF |CULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $596 $37 $59 $99 $148
60 $608 $71 $105 $165 $238
70 $658 $125 $170 $250 $378
80 $696 $230 $250 $350 $507
90 $764 $318 $341 $505 $691
$800
3
$700 4
$600
» 3500 |
=
&
S
-l
§ $400 |
2
L- 4
= —e—GUARD
& —-—10
8 s300 | —a—12
—%—1.8
—%—24
$200 4
$100
$0 : :
60 80
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CULVERT Flared wings
ADT 100
OFFSET 2.0M

CELLS INDICATE GUARD IS RECOMMENDED

TOTAL COST IN ANNUAL WORTH

SPEED |COST OF JCULVERT END HEIG
(km/h) 1 GUARD 1.0 . 1.8 : 2.4
50 $582 $19 $30 $50 $74
60 $588 $35 $52 $83 $119
70 $613 $63 $85 $125 $189
80 $632 $115 $125 $175 $253
a0 $666 $159 $171 $253 $345
$700
p
$600 -
$500 +
L -3
I
'—
& s400 |
=
-}
<
=2
=
=
< o
Z 3300 + —e— GUARD
& -8—1.0
9 —A—12
—¢—1.8
—%—2.4
$200 | =
$100 +
$0 4

50 60 70 80 90
SPEED IN km/h
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CULVERT Flared wings

ADT 400
OFFSET 3.0 M
TOTAL COST IN ANNUAL WORTH $ ELLS INDICATE GUARD IS RECOMMENDED
SPEED |COST OF JCULVERT END HEIGHT IN METERS )
(km/h) | GUARD 1.0 12 18 2.4
50 | $606 $51 $81 $135 $201
60 | $627 $104 $154 $242 $349
70 | s705 $193 $261 $384 $581

80 $773 $368 $400 $560
a0 $890 $524 $563 $833
$1,200 -
K
$1,000 4
p
k
$800 +
L2
I
'—
5
2
. |
S se00
=
-
z —e—GUARD
& 1.0
S —A—12
$400 + —%—1.8
—%—24
$200
$0 | ; . .
50 60 70 80 90

SPEED IN km/h
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TOTAL COST IN ANNUAL WORTH $

CULVERT Flared wings

ADT 300

OFFSET 3.0M

CELLS INDICATE GUARD IS RECOMMENDED

SPEED [COST OF |CULVERT END HEIGHT IN METERS

(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $597 $38 $61 $101 $151
60 $612 $78 $115 $181 $262
70 $671 $1456 $196 $288 $436
80 $721 $276 $300 $420 $609
90 $809 $393 $422 $625

$900

COST IN ANNUAL WORTH $

$800 +

$700 +

$600

$500 +

$400 +

$300

$200 +

$100

$0 +

50

60

70

SPEED IN km/h

80 90

—e— GUARD
—&—1.0
—A—1.2
—>—1.8
—¥—24
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CULVERT Flared wings
ADT 200
OFFSET 3.0 M

TOTAL COST IN ANNUAL WORTH $ CELLS INDICATE GUARD IS RECOMMENDED

SPEED [COST OF JCULVERT END HEIGHT IN METERS
(km/h) GUARD 1.0 1.2 1.8 2.4
50 $587 $25 $40 $67 $100
60 $597 $52 $77 $121 $175
70 $637 $96 $131 $192 $291
80 $670 $184 $200 $280 $406
90 $729 $262 $281 $417 $569
$800
4
$700 1
$600 + .
1
» $500 1
=
14
(o]
=
= K
;5 $400 1
=z
L- 4
z —e—GUARD
o . —a—1.0
8 s300 4 —a—12
——18
—%—24
$200
$100 3
$0 4 . ' ;
50 60 70 80 90

SPEED IN km/h
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TOTAL COST IN ANNUAL WORTH $

CULVERT Flared wings

ADT 100
OFFSET 3.0M

CELLS INDICATE GUARD IS RECOMMENDED

$0 4

50

60

70
SPEED IN km/h

80

920

SPEED JCOST OF JCULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 ' 1.2 1.8 2.4
50 $577 $13 $20 $34 $50
60 $583 $26 $38 $60 $87
70 $602 $48 $65 $96 $145
80 $619 $92 $100 $140 $203
a0 $648 $131 $141 $208 $285
$700
s
$600 1+
$500 +
4
I
&
& sa00 1
S
|
-4
)
Z
4
<
Z $300 4 —e—GUARD
o —a—10
S —a—12
——138
—%—24
$200 1+
$100 |
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TOTAL COST IN ANNUAL WORTH $

CULVERT Flared wings

ADT 400

OFFSET 5.0 M

. CELLS INDICATE GUARD IS RECOMMENDED

50

60

70
SPEED IN km/h

80 90

SPEED |COST OF JCULVERT DEPTH IN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $586 $24 $38 $63 $94
60 $600 $57 $84 $132 $190
70 $650 $115 $156 $229 $347
80 $699 $236 $256 $359 $521
90 $788 $356 $383 $567 $775
$800
$700 +
$600 +
@ $500 4
T
14
[}
2
-
§ $400 1
-4
-4
z —e—GUARD
% —a—1.0
S s$300 | —a—1.2
—>—1.8
—%—24
1 $200 +
$100
$0 4
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CULVERT Flared wings
ADT 300
OFFSET 5.0 M

TOTAL COST IN ANNUAL WORTH $ ELLS INDICATE GUARD IS RECOMMENDED

SPEED JCOST OF |CULVERT DEPTH
(km/h) | GUARD 1.0 . 1.8 2.4
50 $581 $18 $28 $48 $71
60 $592 $42 $63 $99 $143
70 $629 $86 $117 $172 $260
80 $666 $177 $192 $269 $391
90 $733 $267 $287 $425 $581
$800
p
$700 +
$600 +

® $500 |

I

'—

5

S

I

s } 4

2 $400

<

z —e—GUARD

6 - —&—1.0

8 s300 1 —a—1.2
—%—138
—¥—2.4

$200 +

$100 +

$0 4 ; ¢ ;
50 60 70 80 90
SPEED IN km/h
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TOTAL COST IN ANNUAL WORTH $

CULVERT Fiared wings

ADT 200
OFFSET 5.0 M

CELLS INDICATE GUARD IS RECOMMENDED

50

60

70
SPEED IN km/h

80

90

SPEED |COST OF ICULVERT DEPTH IN METERS
(km/h) | GUARD 1.0 1.2 1.8 24
50 $577 $12 $19 $32 $47
60 $584 $28 $42 $66 $95
70 $609 $58 $78 $115 $173
80 $634 $118 $128 $180 $260
90 $678 $178 $191 $283 $387
$700
p
$600 1
$500 4
&
£
$400 1
2 :
-d
<
-
e
<
<
Z 3300 + —e— GUARD
@ .10
[}
o —12
—%—1.8
—%—24
$200 +
$100 1
$0 1
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TOTAL COST IN ANNUAL WORTH §

CULVERT Flared wings
ADT 100
OFFSET 5.0 M

S

'CELLS INDICATE GUARD IS RECOMMENDED

50

60

70 80 920
SPEED IN km/h

SPEED |COST OF JCULVERT DEPTH
(kmh) | GUARD 1.0 18 2.4
50 $572 $6 $16 $24
60 $576 $14 $33 $48
70 $588 $29 $39 $57 $87
80 $601 $59 $64 $90 $130
90 $623 $89 $96 $142 $194
$700
)
$600
$500 }
>
I
-
& 400 |
S
-t
<L
)
=
=z
<
o 810
8 —a—12
—%—18
—%—24
$200 |
$100 }
$0
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RCP CULVERT - Pipe/Headwall
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TOTAL COST IN ANNUAL WORTH $§

CULVERT Pipe wi/vertical concrete headwall
ADT 400
OFFSET 0.0 M

50

60

70
SPEED IN km/h

SPEED [COST OF |CULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2
50 $723 $282 $438
60 $747 $467 $626
70 $913 $721 $848
80 $1,016
a0 $1,207
$3,000 -
$2,500
$2,000
L2
I
-
S
s
|
§ $1,500
2
<C
z —e—GUARD
o —8—1.0
8 —a—12
$1,000 ——1.8
—%—2.4
$500
$0 + :
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CULVERT Pipe wi/vertical concrete headwall
ADT 300
OFFSET O.OM

TOTAL COST IN ANNUAL WORTH $ ELLS INDICATE GUARD IS RECOMMENDED

SPEED |COST OF JCULVERT END H
(km/h) | GUARD 1.0
50 $684 $211
60 $702 $351
70 $827 $541
80 $904 $765
90 $1,047 $974
$2,500 -
K
$2,000 +
3
L7 4
E s$1,500 +
5
=
-l
<L
p
z \
<
= —e— GUARD
5 $1000 1 > |—=—10
3 —A—12
—%—18
—%x—24
) o
$500
$0 : 4 ;
50 60 70 80 90

SPEED IN km/h
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TOTAL COST IN ANNUAL WORTH $

CULVERT Pipe wivertical concrete headwall

ADT 200

OFFSET 0.0 M

CELLS INDICATE GUARD IS RECOMMENDED

50

60

70

SPEED IN km/h

80 90

SPEED |COST OF ICULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 12 1.8
50 $646 $141 $219 $320
60 $657 $234 $313 $451
70 $741 $360 $424 $642
80 $792 $510 $557
a0 $888 $649 $796
$1,600
$1,400 +
$1,200 |
» $1,000 |
I
,—
S
2
-
S se0 |
4
-
z —e—GUARD
% —a—1.0
S se00 | —a—12
—%—1.8
——24
$400 +
$200
$0
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TOTAL COST IN ANNUAL WORTH $

CULVERT Pipe w/vertical concrete headwall

ADT 100

OFFSET 0.0 M

- CELLS INDICATE GUARD IS RECOMMENDED

SPEED JCOST OF JCULVERT END HEIGHT IN METERS
(km/h) ] GUARD 1.0 1.2 1.8 2.4
50 $607 $70 $109 $160 $241
60 $613 $117 $157 $225 $331
70 $654 $180 $212 $321 $443
80 $680 $255 $278 $431 $562
a0 $728 $325 $398 $581 $711
$800
$700 +
$600 ¢
» §500 }
I
l—
14
(@)
s
p |
S sa00 |
=
=
<
z —e—GUARD
e —-—1.0
S s300 | —a—12
——1.8
—%—24
$200 +
$100
$0

50

60

70
SPEED IN km/h

80 g0
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CULVERT Pipe w/vertical concrete headwall
ADT 400
OFFSET 0.3 M

TOTAL COST IN ANNUAL WORTH $ CELLS INDICATE GUARD IS RECOMMENDED

SPEED [COST OF JCULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2

50 $693 $239 $371

60 $720 $412 $552

70 $873 $652 $767

80 $976 $939

90 $1,162 |

$3,000 -

$2,500 +

$2,000 +

&+

I

-

[14

o

=

2

2 $1500 +

=

<

z —e— GUARD

s ——1.0

8 —a—12
$1,000 + —%—1.8

—%—2.4

$500 +

$0 ; ; i
50 60 70 80 90
SPEED [N km/h
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CULVERT Pipe wi/vertical concrete headwall
ADT 300
OFFSET 0.3 M

TOTAL COST IN ANNUAL WORTH $ CELLS INDICATE GUARD IS RECOMMENDED

SPEED |COST OF |[CULVERT END HEIGHT IN METERS

(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $662 $179 $278 $408 $609
60 $682 $309 $414
70 $797 $489
80 $874 $704
90 $1,013 $908
$2,000 -
$1,800 4
$1,600 + 3
$1,400 1
L
E $1,200 4
14
@]
; A
I
S s1,000 | p
2
L- o
z —e—GUARD
@ $800 | —&—1.0
8 —a—12
> —>—18
$600 \d —%—24
$400 O
$200
$0 + t +
50 60 70 80 )

SPEED IN km/h
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CULVERT Pipe w/vertical concrete headwall

ADT 200
OFFSET 0.3 M
TOTAL COST IN ANNUAL WORTH $ ED? " CELLS INDICATE GUARD IS RECOMMENDED
SPEED |COST OF [CULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $631 $120 $186 $272 $406
60 $644 $206 $276 $397 $583
70 $721 $326 $383 $580
80 $772 $469 $512 !
90 $865 $605 $742
$1,400 :

$1,200 +

$1,000 +

L3

I

&

o $800 +

=

-
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z
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% —-—1.0

8 —a—12
—%—1.8
—K—2.4

$400

$200 &

$0 + : ;
50 60 70 80 90
SPEED IN km/h
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CULVERT Pipe w/vertical concrete headwall

ADT 100
OFFSET 0.3 M
TOTAL COST IN ANNUAL WORTH $ " CELLS INDICATE GUARD IS RECOMMENDED
SPEED [COST OF JCULVERT END HEIGHT IN METERS
(km/h) GUARD 1.0 1.2 1.8 2.4
50 $599 $60 $93 $136 $203
60 $606 $103 $138 $198 $291
70 $644 $163 $192 $290 $401
80 $670 $235 $256 $396 $517
90 $716 $303 $371 $541 $663
$800
>
$700 +
$600
» $500 |
X
'—
14
@]
2
P |
§ $400 |
z
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z —e—GUARD
@ —--—10
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—%—24
$200
$100 L
$0

50

60

70
SPEED IN km/h
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CULVERT Pipe w/vertical concrete headwall

ADT 400
OFFSET 1.0 M
TOTAL COST IN ANNUAL WORTH $ E CELLS INDICATE GUARD IS RECOMMENDED
SPEED [COST OF [CULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $655 $174 $270 $395 $588
60 $681 $320 $429 $616

70 $806 $528 $621
80 $895 $782
90 $1,060 $1,031
$2,500 -
q
$2,000 +

£ 3

T $1,500 |

14

o

2

|

¢
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=

=

<

z —e— GUARD
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TOTAL COST IN ANNUAL WORTH $ | DE

CULVERT Pipe wi/vertical concrete headwall

ADT 300
OFFSET 1.0 M

CULVERT END HEIGHT IN METERS

ELLS INDICATE GUARD 1S RECOMMENDED

SPEED IN km/h

SPEED |COST OF
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $633 $131 $202 $296 $441
60 $653 $240 $322 $462
70 $746 $396 $466 $703
80 $813 $587 $640 8!
90 $937 $773
$1,800 -
K
$1,600 +
$1,400 1 )
$1,200 |
&
I
'—
[14
2 s1000 |
|
<L
=2
P4
-
z $800 ¢ —e—GUARD
@ —m—1.0
8 24 12
$600 1 ——18
—%—24
3
$400 1
>
$200
$0 ; 1 .
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CULVERT Pipe wivertical concrete headwall
ADT 200
OFFSET 1.0M

TOTAL COST IN ANNUAL WORTH § CELLS INDICATE GUARD IS RECOMMENDED

SPEED |COST OF |CULVERT END HEIGHT IN METERS

(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $611 $87 $135 $198 $204
60 $625 $160 $214 $308 $451
70 $687 $264 $310 $469 $647
80 $731 $391 $427
90 $814 $515 $632

$1,200

$1,000 +

$800 -+

>

X

l—

&

=

z

S %600 ¥

4
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z —e— GUARD
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$400 | —>—1.8
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$200

$0 + + +
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SPEED IN km/h
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TOTAL COST IN ANNUAL WORTH $

CULVERT Pipe w/vertical concrete headwall
ADT 100
OFFSET 1.0 M

CULVERT END HEIGHT IN METERS

ELLS INDICATE GUARD IS RECOMMENDED

50

60

70

SPEED IN km/h

80 90

SPEED JCOST OF
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $590 $44 $67 $99 $147
60 $596 $80 $107 $154 $226
70 $627 $132 $155 $234 $324
80 $650 $196 $213 $330 $431
90 $691 $258 $316 $461 $564
$700 )
$600 1 .
$500 4
o
X
-
& $400 |
s
. |
<
o
4
=
<
Z g300 1 —e— GUARD
o =10
8 —a—12
——1.8
—%—24
$200 1
$100
$0
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TOTAL COST IN ANNUAL WORTHS ©

CULVERT Pipe wi/vertical concrete headwall

ADT 400
OFFSET 2.0M

CULVERT END HEIGHT IN METERS

CELLS INDICATE GUARD IS RECOMMENDED

SPEED IN km/h

SPEED JCOST OF
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $625 $116 $180 $264 $392
60 $649 $232 $310
70 $747 $404
80 $824 $622
90 $960 $840
$2,000 -
$1,800 + <
$1,600 +
3
$1,400 +
L2 3
E s$1,200 L
[14
[0}
2
< \
> $1,000 +
£ 3
L- 4
z —e— GUARD
@ $800 + —&—10
9 —a—12
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600 ¢ —%—2.4
$400 o
3
$200 1
$0 + t :
50 60 70 80 90
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CULVERT Pipe wi/vertical concrete headwall
ADT 300
OFFSET 2.0 M

TOTAL COST IN ANNUAL WORTH $ CELLS INDICATE GUARD IS RECOMMENDED

SPEED |COST OF |[CULVERT END HEIGHT IN METERS

(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $610 $87 $135 $198 $294
60 $629 $174 $233 $334 $490
70 $703 $303 $356
80 $760 $466 $508
90 $862 $630 $772

$1,400

$1,200 +

$1,000 +

>
T
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o %800 +
2
-l
<
S
=
zZ
<
® —&—1.0
38 —a—12
—»—1.8
—¥—2.4
$400 +

$200

$0

50 60 70 80 90
SPEED IN km/h
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CULVERT Pipe w/vertical concrete headwall

ADT 200
OFFSET 2.0M
TOTAL COST IN ANNUAL WORTH $ 5 CELLS INDICATE GUARD IS RECOMMENDED
SPEED ICOST OF JCULVERT END HEIGHT IN METERS
(km/h) { GUARD 1.0 1.2 1.8 2.4
50 $596 $58 $90 $132 $196
60 $608 $116 $155 $223 $327
70 $658 $202 $237 $358
80 $696 $311 $339 $524
a0 $764 $420 $515 $751
$1,000 -
$900 1
$800 +
$700 +
o>
£ $600
14
(@)
S
-
S ss00 |
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z —e— GUARD
@ $400 1+ —a—1.0
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——1.8
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$200
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$0

50
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CULVERT Pipe w/vertical concrete headwall
ADT 100
OFFSET 2.0M

TOTAL COST IN ANNUAL WORTH $ § ELLS INDICATE GUARD IS RECOMMENDED

[ SPEED [COST OF |CULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 24
50 $582 $29 $45 $66 $98
60 $588 $58 $78 $111 $163
70 $613 $101 $119 $179 $247
80 $632 $155 $169 $262 $342
90 $666 $210 $257 $376 $459
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CULVERT Pipe wi/vertical concrete headwall
ADT 400
OFFSET 3.0M

TOTAL COST IN ANNUAL WORTH $ CELLS INDICATE GUARD IS RECOMMENDED

SPEED |COST OF |CULVERT END HEIGHT IN METERS

(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $606 $79 $122 $179 $266
60 $627 $170 $228 $327 $479
70 $705 $311 $365
80 $773 $498 $543
90 $890 $692 $849
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TOTAL COST IN ANNUAL WORTH §$ |

CULVERT Pipe w/vertical concrete headwall

ADT 300
OFFSET 3.0 M

ELLS INDICATE GUARD IS RECOMMENDED

50

60 70
SPEED IN km/h

80 90

SPEED JCOST OF |CULVERT END HE
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $597 $59 $92 $135 $200
60 $612 $0 $171 $245 $359
70 $671 $233 $274 $413 $571
80 $721 $373 $407 $629
a0 $809 $519 $636
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TOTAL COST IN ANNUAL WORTH § |

CULVERT Pipe w/vertical concrete headwall

ADT 200

OFFSET 3.0 M

AR

METERS

CELLS INDICATE GUARD IS RECOMMENDED

50

60

70
SPEED IN km/h

80 90

SPEED ICOST OF [CULVERT END HEIGH
(km/h) | GUARD 1.0 1.2 1.8 24
50 $587 $40 $61 $90 $133
60 $597 $0 $114 $163 $239
70 $637 $155 $183 $276 $380
80 $670 $249 $271 $419
0 $729 $346 $424 $619
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TOTAL COST IN ANNUAL WORTH $

CULVERT Pipe wi/vertical concrete headwall

ADT 100

OFFSET 3.0 M

ELLS INDICATE GUARD IS RECOMMENDED

$0 -

50

60

70
SPEED IN km/h

80 90

SPEED [COST OF JCULVERT END HEiG
(km/h) | GUARD 1.0 . 1.8 2.4
50 $577 $20 $31 $45 $67
60 $583 $43 $57 $82 $120
70 $602 $78 $91 $138 $190
80 $619 $124 $136 $210 $274
90 $648 $173 $212 $310 $378
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CULVERT Pipe wivertical concrete headwall
ADT 400
OFFSET 5.0 M

TOTAL COST IN ANNUAL WORTH $ CELLS INDICATE GUARD IS RECOMMENDED

SPEED [COST OF |CULVERT END HEIGHT IN METERS

(km/h) § GUARD 1.0 1.2 1.8 2.4
50 $586 $37 $57 $84 $125
60 $600 $93 $124 $178 $260
70 $650 $185 $218 $329 $454
80 $699 $319 $348
90 $788 $471 $577
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TOTAL COST IN ANNUAL WORTH $

CULVERT Pipe w/vertical concrete headwall

ADT 300
OFFSET 5.0 M

. CELLS INDICATE GUARD IS RECOMMENDED

$0 4

50

60 70
SPEED IN km/h

80 90

SPEED [COST OF JCULVERT END H
(km/h) | GUARD 1.0 . 18 24
50 $581 $28 $43 $63 $94
60 $592 $69 $93 $133 $195
70 $629 $139 $163 $246 $340
80 $666 $239 $261 $403 $527
90 $733 $353 $433 $632
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TOTAL COST IN ANNUAL WORTH $

CULVERT Pipe w/vertical concrete headwall

ADT 200

OFFSET 5.0 M

CELLS INDICATE GUARD IS RECOMMENDED

SPEED |COST OF JCULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $606 $19 $29 $42 $63
60 $688 $46 $62 $89 $130
70 $777 $93 $109 $164 $227
80 $919 $160 $174 $269 $351
a0 $1,178 $236 $289 $421 $515
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TOTAL COST IN ANNUAL WORTH $

CULVERT Pipe wivertical concrete headwall

ADT 100

OFFSET 5.0 M

CELLS INDICATE GUARD IS RECOMMENDED

$0 =

50

60

70
SPEED IN km/h

80 90

SPEED JCOST OF JCULVERT END HEIGHT IN METERS
(km/h) | GUARD 1.0 1.2 1.8 2.4
50 $572 $9 $14 $21 $31
60 $576 $23 $31 $44 $65
70 $588 $46 $54 $82 $113
80 $601 $80 $87 $134 $176
a0 $623 $118 $144 $211 $257
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Appendix B

Cost-Effectiveness Analysis for
Roadside Obstacle - Utility Poles

B-1



Introduction

The first column of the table indicates the speed of a vehicle in kilometers per hour
(km/h). The second column of the table shows the annual cost of the guardrail including the
initial cost, repair cost, and the cost of collisions with the guardrail.

The third column is the cost of an accident along an unprotected section of the road. This
column represents a slightly different scenario based on speed, average daily traffic (ADT) and
lateral distance. If protection is recommended, the cost figure is shaded a light gray.

The chart under the table graphically illustrates the differences between alternative
scenarios. If the line representing the cost of a scenario lies above the “GUARD?” line, protection
is recommended.

Lateral Offset

On Kansas unpaved rural roads, there is no way to describe or show a typical section of
where to measure the offset from. This must be determined in the field. Depending upon local
blading practices, the usable roadway width (traveled way) may vary from one local jurisdiction
to another and, in fact, may vary from before and after a section is bladed. The only practical
solution is for the person in charge of road and street operation and maintenance to determine
and record the outer limits of the normal traveled way. This could vary from the edge of wheel
paths on class C primitive (LVR Handbook) roads with two clearly defined wheel paths to the
outer limits of the bladed (and usable) surface on class B or class A gravel roads. In summary, it
depends upon how a gravel road surface is bladed and how it is normally driven (in relation to
the usual outer limit of vehicle positioning) and this can only be determined by field observation
and judgement.



UTILITY POLE
ADT 400
OFFSET 0.0 M

TOTAL COST IN ANNUAL WORTH $

SPEED |[COSTOF } COST TOHIT
(km/h) | GUARD | UTILITY POLE
50 $723 $135
60 $747 $238
70 $913 $396
80 $1,016 $791
90 $1,207 CELLS INDICATE GUARD IS RECOMMENDED
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UTILITY POLE
ADT 300
OFFSET 0.0M

TOTAL COST IN ANNUAL WORTH $

SPEED |COST OF | COST TO HIT
(km/nh) | GUARD | UTILITY POLE
50 $684 $101
60 $702 $179
70 $827 $297
80 $904 $593
90 $1,047 $991 ELLS INDICATE GUARD IS RECOMMENDED
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UTILITY POLE
ADT 200
OFFSET 0.0M

TOTAL COST IN ANNUAL WORTH $

SPEED |COSTOF | COST TO HIT
(km/h) | GUARD | UTILITY POLE
50 $646 $68
60 $657 $119
70 $741 $198
80 $792 $395
90 $888 $661 CELLS INDICATE GUARD IS RECOMMENDED
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UTILITY POLE

ADT 100
OFFSET 0.0M
TOTAL COST IN ANNUAL WORTH $
SPEED }COST OF COSTTOHIT
(km/h) § GUARD UTILITY POLE
50 $607 $34
60 $613 $60
70 $654 $99
80 $680 $198
a0 $728 $330 CELLS INDICATE GUARD IS RECOMMENDED
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UTILITY POLE
ADT 400
OFFSET 0.3M

TOTAL COST IN ANNUAL WORTH $§ |

SPEED |[COST OF } COST TOHIT
(km/h) | GUARD | UTILITY POLE
50 $693 $117
60 $720 $213
70 $873 $361
80 $976 $730 :
90 $1,162 CELLS INDICATE GUARD IS RECOMMENDED
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UTILITY POLE

ADT 300
OFFSET 0.3M
TOTAL COST IN ANNUAL WORTH $
SPEED JCOSTOF | COSTTOHIT
(km/h) | GUARD | UTILITY POLE
50 $662 $88
60 $682 $160
70 $797 $271
80 $874 $548 -
90 $1,013 $924 CELLS INDICATE GUARD IS RECOMMENDED
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TOTAL COST IN ANNUAL WORTH $

UTILITY POLE
ADT 200
OFFSET 0.3M

SPEED JCOST OF | COST TO HIT
(km/h) | GUARD | UTILITY POLE
50 | %631 $58
60 | s644 $106
70 | s$721 $180
80 | s$772 $365 |
90 | ss65 $616 ELLS INDICATE GUARD IS RECOMMENDED
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UTILITY POLE
ADT 100
OFFSET 0.3M

TOTAL COST IN ANNUAL WORTH $

SPEED JCOST OF COSTTOHIT
(km/n) } GUARD UTILITY POLE
50 $599 $29
60 $606 $53
70 $644 $90
80 $670 $183 .
90 $716 $308 CELLS INDICATE GUARD IS RECOMMENDED
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UTILITY POLE
ADT 400
OFFSET 1.0M

TOTAL COST IN ANNUAL WORTH $

SPEED JCOSTOF |} COST TOHIT
(km/h) | GUARD | UTILITY POLE
50 $655 $86
60 $681 $167
70 $806 $295
80 $895 $614
90 $1,060 $1,057 CELLS INDICATE GUARD IS RECOMMENDED
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UTILITY POLE

ADT 300
OFFSET 1.0M
TOTAL COST IN ANNUAL WORTH $
SPEED |COSTOF| COSTTOHIT
(km/h) | GUARD UTILITY POLE
50 $633 $65
60 $653 $126
70 $746 $222
80 $813 $461
90 $937 $793 CELLS INDICATE GUARD IS RECOMMENDED
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UTILITY POLE
ADT 200
OFFSET 1.0M

TOTAL COST IN ANNUAL WORTH $

SPEED |COSTOF | COST TOHIT
(km/h) | GUARD UTILITY POLE
50 $611 $43
60 $625 $84
70 $687 $148
80 $731 $307 :
90 $814 $529 CELLS INDICATE GUARD 1S RECOMMENDED
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UTILITY POLE

ADT 100
OFFSET 1.0M
TOTAL COST IN ANNUAL WORTH $
SPEED |[COSTOF | COSTTOHIT
(km/h) | GUARD UTILITY POLE
50 $590 $22
60 $596 $42
70 $627 $74
80 $650 $154
a0 $691 $264 CELLS INDICATE GUARD IS RECOMMENDED
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UTILITY POLE
ADT 400
OFFSET 2.0M

TOTAL COST IN ANNUAL WORTH $

SPEED |[COSTOF | COST TOHIT
(km/h) 1 GUARD | UTILITY POLE
50 $625 $58
60 $649 $122
70 $747 $226
80 $824 $490
90 $960 $866 J CELLS INDICATE GUARD IS RECOMMENDED
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UTILITY POLE

ADT 300
OFFSET 2.0M
TOTAL COST IN ANNUAL WORTH $
SPEED |COST OF | COST TO HIT
(km/h) | GUARD | UTILITY POLE
50 $610 $44
60 $629 $91
70 $703 $170
80 $760 $367
90 $862 $650 CELLS INDICATE GUARD IS RECOMMENDED
$900

$800 +

$700 -+

s600 ¢
&
I
e
14
2 ss00 |
-
<
=)
=z
2
= $400 +
ol
(2]
S ——GUARD
—m—UTILITY POLE

$300 +

$200 +

$100 +

$0

50 60 70 80 90
SPEED IN km/h

B-16



UTILITY POLE
ADT 200
OFFSET 2.0M

TOTAL COST IN ANNUAL WORTH $

SPEED |[COSTOF ] COSTTOHIT
(km/h) | GUARD UTILITY POLE
50 $596 $29
60 $608 $61
70 $658 $113
80 $696 $245
a0 $764 $433 ELLS INDICATE GUARD IS RECOMMENDED
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UTILITY POLE
ADT 100
OFFSET 2.0M

TOTAL COST IN ANNUAL WORTH $§

SPEED JCOSTOF | COSTTORHIT
kmm) | GUARD | UTILITY POLE
50 $582 $15
60 $588 $30
70 $613 $57
80 $632 $122
90 $666 $217 CELLS INDICATE GUARD IS RECOMMENDED
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UTILITY POLE
ADT 400
OFFSET 3.0M

TOTAL COST IN ANNUAL WORTH $

SPEED [COSTOF | COSTTOHIT .
(km/h) | GUARD | UTILITY POLE
50 $606 $40
60 $627 $90
70 $705 $175
80 $773 $392
90 $890 $715 CELLS INDICATE GUARD IS RECOMMENDED
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UTILITY POLE

ADT 300
OFFSET 3.0M
TOTAL COST IN ANNUAL WORTH $
SPEED JCOSTOF | COST TOHIT
(km/h) | GUARD | UTILITY POLE
50 $597 $30
60 $612 $67
70 $671 $131
80 $721 $294
90 $809 $536 ELLS INDICATE GUARD 1S RECOMMENDED
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UTILITY POLE
ADT 200
OFFSET 3.0M

TOTAL COST IN ANNUAL WORTH $

SPEED [COSTOF | COST TO HIT
(km/h) GUARD UTILITY POLE
50 $587 $20
60 $597 $45
70 $637 $87
80 $670 $196
90 $729 $357 CELLS INDICATE GUARD IS RECOMMENDED
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UTILITY POLE

ADT 100
OFFSET 3.0M
TOTAL COST IN ANNUAL WORTH $
SPEED [COST OF | COST TO HIT
(km/h) | GUARD UTILITY POLE
50 $577 $10
60 $583 $22
70 $602 $44
80 $619 $98
90 $648 $179 CELLS INDICATE GUARD IS RECOMMENDED
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UTILITY POLE
ADT 400
OFFSET 5.0M

TOTAL COST IN ANNUAL WORTH $

SPEED JCOST OF [ COST TO HIT
(km/h) | GUARD | UTILITY POLE
50 $586 $19
60 $600 $49
70 $650 $104
80 $699 $252 ,
90 $788 $486 CELLS INDICATE GUARD IS RECOMMENDED
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UTILITY POLE

ADT 300
OFESET 5.0M
TOTAL COST IN ANNUAL WORTH $
SPEED [COSTOF | COST TO AIT
m/h) | GUARD | UTILITY POLE
50 $581 514
60 $592 $37
70 $629 $78
80 $666 $189
90 $733 $364 ELLS INDICATE GUARD IS RECOMMENDED
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TOTAL COST IN ANNUAL WORTH $

UTILITY POLE
ADT 200
OFFSET 5.0M

$0 =

SPEED |[COSTOF | COSTTOHIT
(km/h) | GUARD UTILITY POLE

50 $577 $9

60 $584 $24

70 $609 $52

80 $634 $126

90 $678 $243 CELLS INDICATE GUARD IS RECOMMENDED
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TOTAL COST IN ANNUAL WORTH $

UTILITY POLE
ADT 100
OFFSET 5.0M

SPEED JCOSTOF | COSTTOHIT
(km/h) | GUARD UTILITY POLE
50 $572 $5
60 $576 $12
70 $588 $26
80 $601 $63 .
a0 $623 $121 CELLS INDICATE GUARD IS RECOMMENDED
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Appendix C
Cost-Effectiveness Analysis for
Roadside Obstacle - Embankments
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" Introduction

The first column of the table indicates the speed of a vehicle in kilometers per hour
(km/h). The second column of the table shows the annual cost of the guardrail including the
initial cost, repair cost and the cost of collisions with the guardrail.

The third through sixth/seventh columns are the costs of an accident along an unprotected
section of the road. Each column represents a slightly different scenario based on speed,
foreslope condition, height of fill and average daily traffic (ADT). If protection is recommended,
the cost figure is shaded a light gray.

The chart under the table graphically illustrates the differences between alternative
scenarios. If the time representing the cost of a scenario lies above the “GUARD” hne
protection is recommended.

Lateral Offset

On Kansas unpaved rural roads, there is no way to describe or show a typical section of
where to measure the offset from. This must be determined in the field. Depending upon local
blading practices, the usable roadway width (traveled way) may vary from one local jurisdiction
to another and, in fact, may vary from before and after a section is bladed. The only practical
solution is for the person in charge of road and street operation and maintenance to determine
and record the outer limits of the normal traveled way. This could vary from the edge of wheel
paths on class C primitive (LVR Handbook) roads with two clearly defined wheel paths to the
outer limits of the bladed (and usable) surface on class B or class A gravel roads. In summary, it
depends upon how a gravel road surface is bladed and how it is normally driven (in relation to
the usual outer limit of vehicle positioning) and this can only be determined by field observation
and judgement.
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SLOPE CONDITION B
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TOTAL COST IN ANNUAL WORTH $

FORESLOPE

1t02

SLOPE CONDITION B

ADT 400

OFFSET 3.0M

ELLS INDICATE GUARD IS RECOMMENDED

SPEED COST OF HEIGHT OF FILL IN METERS
(km/h) GUARD 2.0 4.0 6.0 8.0 10.0

50 3606 $75 3104 $225 $377 __ $544

60 $627 $228 $284 $465

70 $705

80 $773

a0 $890

$2,500

$2,000 |
W
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B eh —e—GUARD
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2 —A—4.0
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$500
$0 |

50
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70
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80
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FORESLOPE 1t02
SLOPE CONDITION B
ADT 300
OFFSET 3.0M

TOTAL COST IN ANNUAL WORTH $ ELLS INDICATE GUARD IS RECOMMENDED

SPEED COST OF HEIGHT OF FILL IN METERS
(km/h) GUARD 2.0 40 6.0 8.0 10.0
50 $597 $57 $78 $169 $283 $408
60 $612 $171 $213 $349
70 $671 $376 $515 $663
80 $721 $700
90 $809
$2,000
$1,800 1
$1,600 +
$1,400 +
L4
E $1,200 + —e—GUARD
g —.—20
= —4—40
> $1000 | —%—6.0
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z —8—10.0
o $800 1
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$600 *
$400
$200
$0 4

50 60 70 80 90
SPEED IN km/h
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TOTAL COST IN ANNUAL WORTH $

FORESLOPE 1to 2
SLOPE CONDITION B
ADT 200
OFFSET 3.0M

ELLS INDICATE GUARD IS RECOMMENDED

SPEED COST OF HEIGHT OF FILL IN METERS
(km/h) GUARD 2.0 4.0 6.0 8.0 10.0
50 $587 $38 $52 $112 $189 $272
60 $597 $114 $142 $233 $346 $470
70 $637 $251 $343 $442
80 $670 $467
90 $729 $674
$1,400
$1,200 +
K
X
$1,000 +
3
*»
I
e 800 —e—GUARD
g $ + —-—20
:’.’ ) | —&—4.0
2 —%—6.0
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Z 600 1 —o—10.0
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$0 4
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FORESLOPE 1to 2
SLOPE CONDITION B

ADT 100
OFFSET 3.0M
TOTAL COST IN ANNUAL WORTH $ k CELLS INDICATE GUARD IS RECOMMENDED
SPEED COST OF HEIGHT OF FILL IN METERS
(km/h) GUARD 2.0 4.0 6.0 8.0 10.0
50 $577 $19 $26 $56 $94 $136
60 $583 $57 $71 $116 $173 $235
70 $602 $125 $172 $221 $274 $353
80 $619 $233 $360 $391 $423 $486
90 $648 $337 $480 $516 $552 $624
$700
$600 +
K
X
$500 +
A
<+
I -
E —e—GUARD
g $400 + —|—20
2 —A—40
2 —%—6.0
Z —%—8.0
Z g300 4 —e—10.0
'—
o
0
o
$200 +
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$0 4 ; ; .
50 60 70 80 90
SPEED IN km/h
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FORESLOPE1TO3

SLOPE CONDITION B
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FORESLOPE 1to 3
SLOPE CONDITION B
ADT 400
OFFSET 3.0M

TOTAL COST IN ANNUAL WORTH $ SHAD CELLS INDICATE GUARD IS RECOMMENDED

SPEED COST OF HEIGHT OF FILL IN METERS

(km/h) GUARD 2.0 4.0 6.0 8.0 >10.0
50 $606 $61 $61 $61 $61 $61
60 $627 $148 $148 $148 $148 $148
70 $705 $240 $266 $266 $266 $266
80 $773 $380 $436 $436 $436 $436
90 $890 $558 $620 $620 $683 $683
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$300 +
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$100 +
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50 60 70 80 90
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FORESLOPE 1t03
SLOPE CONDITION B
ADT 300
OFFSET 3.0M

TOTAL COST IN ANNUAL WORTH $ CELLS INDICATE GUARD IS RECOMMENDED

SPEED COST OF  JHEIGHT OF FILL IN METERS

(km/h) GUARD 2.0 4.0 6.0 8.0 10.0
50 $597 $46 $46 $46 $46 $46
60 $612 $111 $111 $111 $111 $111
70 $671 $180 $199 $199 $199 $199
80 $721 $285 $327 $327 $327 $327
80 $809 $418 $465 $465 $512 $512
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TOTAL COST IN ANNUAL WORTH $

FORESLOPE 1t03
SLOPE CONDITION B
ADT 200
OFFSET 3.0M

CELLS INDICATE GUARD IS RECOMMENDED

SPEED COST OF HEIGHT OF FILL IN METERS
(km/h) GUARD 2.0 40 6.0 8.0 10.0

50 $587 $31 $31 $31 $31 $31

60 $597 $74 $74 $74 $74 $74

70 $637 $120 $133 $133 $133 $133

80 $670 $190 $218 $218 $218 $218

90 $729 $279 $310 $310 $342 $342
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FORESLOPE 1t03
SLOPE CONDITION B
ADT 100
OFFET 3.0M

TOTAL COST IN ANNUAL WORTH $

_CELLS INDICATE GUARD IS RECOMMENDED

SPEED COSTOF __|HEIGHT OF F
(km/h) GUARD 20 6.0 8.0 10.0
50 $577 $15 $15 $15 $15
60 $583 $37 $37 $37 $37
70 $602 $60 $66 $66 $66
80 $619 $95 $109 $109 $109 $109
90 $648 $139 $155 $155 $171 $171
$700
p
$600 +
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X
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2 —A—4.0
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FORESLOPE 1 TO 4

SLLOPE CONDITION B
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TOTAL COST IN ANNUAL WORTH $

FORESLOPE 1to 4
SLOPE CONDITION B
ADT 400
OFFSET 3.0M

SPEED COST OF [HEIGHT OF FILL IN METERS
(km/h) GUARD >2.0

50 $606 $23

60 $627 $41

70 $705 $60

80 $773 $165

90 $890 $257
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TOTAL COST IN ANNUAL WORTH $

FORESLOPE 1to4
SLOPE CONDITION B
ADT 300
OFFSET 3.0M

SPEED
(km/h)

COST OF
GUARD

HEIGHT OF FILL IN METERS

>2.0

50
60
70
80
90

$507
$612
$671
$721
$809

$17
$31
$45
$124
$193

$900

$800 +

$700 +

$600 ¢

$500 +
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$200 +

$100 +

$0
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80
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TOTAL COST IN ANNUAL WORTH $

FORESLOPE 1to4
SLOPE CONDITION B
ADT 200
OFFSET 3.0M

SPEED COST OF HEIGHT OF FILL IN METERS
(km/h) GUARD >2.0

50 $587 $11

60 $597 $21

70 $637 $30

80 $670 $82

a0 $729 $128
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FORESLOPE 1to4
SLOPE CONDITION B
ADT 100
OFFSET 3.0M

TOTAL COST IN ANNUAL WORTH $

SPEED COST OF HEIGHT OF FILL IN METERS
(km/h) GUARD >2.0
50 $577 $6
60 $583 $10
70 $602 $15
80 $619 $41
90 $648 $64
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FORESLOPE 1 TO 2

SLOPE CONDITION C
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TOTAL COST IN ANNUAL WORTH $

FORESLOPE 1to 2
SLOPE CONDITION C
ADT 400
OFFSET 3.0M

CELLS INDICATE GUARD IS RECOMMENDED

SPEED COST OF HEIGHT OF F".L IN METERS
(km/h) GUARD 2.0 4.0 6.0 8.0

50 $606 $118 $146 $160 $486

60 $627

70 $705

80 $773

90 $890
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$3,000 4
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FORESLOPE 1to2
SLOPE CONDITION C
ADT 300
OFFSET 3.0M

TOTAL COST IN ANNUAL WORTH $ CELLS INDICATE GUARD IS RECOMMENDED

SPEED COST OF HEIGHT OF FILL ERS

(km/h) GUARD 2.0 4.0 6.0 8.0 10.0
50 $597 $88 $109 $120 $364 $494
60 $612 $240

70 $671 $549

80 $721

90 $809
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TOTAL COST IN ANNUAL WORTH $

FORESLOPE 1to2
SLOPE CONDITION C
ADT 200
OFFSET 3.0M

CELLS INDICATE GUARD IS RECOMMENDED

SPEED COST OF HEIGHT OF FILL IN METERS
(km/h) GUARD 2.0 4.0 6.0 8.0 10.0

50 $587 $59 $73 $80 $243 $330

60 $597 $160 $214 470 593

70 $637 $366 $495

80 $670

a0 $729

$2,000
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TOTAL COST IN ANNUAL WORTH $

FORESLOPE 1to2
SLOPE CONDITION C
ADT 100
OFFSET 3.0M

CELLS INDICATE GUARD IS RECOMMENDED

SPEED
(km/h)

COST OF
GUARD

2.0

HEIGHT OF FILL IN METERS

4.0 6.0 8.0 10.0

50
60
70
80
90

$577
$583
$602
$619
$648

$29
$80
$183
$391
$516

$36 $40 $121 $165
$107 $152 $235 $297
$247 $326 $379 $432
$518  $518

$1,000

COST IN ANNUAL WORTH $

$900 +

$800 +

$700 +

$600 +

$500 +

$400 +

$300 +

$200 +

$100 +

$0 4

®

—o— GUARD
~8—-20
—&—4.0
—%—6.0
—¥%—8.0
—e—10.0

50

60

70 80 20
SPEED IN km/h

C-22




FORESLOPE 1TO3

SLLOPE CONDITION C
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TOTAL COST IN ANNUAL WORTH $

FORESLOPE 1to 3
SLOPE CONDITION C
ADT 400
OFFSET 3.0M

ELLS INDICATE GUARD IS RECOMMENDED

SPEED COST OF HEIGHT OF FILL IN METERS
(km/h) GUARD 2.0 4.0 6.0 8.0 >10.0
50 $606 $118 $104 $104 $104 $104
60 $627 $228 $208 $208 $208 $208
70 $705 $409 $409 $409 $409 $409
80 $773 $657 $712 $712 $712 $712
90 $890 $872 30 2
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FORESLOPE 1to 3
SLOPE CONDITION C
ADT 300
OFFSET 3.0M

ELLS INDICATE GUARD 1S RECOMMENDED

TOTAL COST IN ANNUAL WORTH $

SPEED COST OF HEIGHT OF FILL IN METERS

(km/h) GUARD 2.0 4.0 6.0 8.0 10.0
50 $597 $88 $78 $78 $78 $78
60 $612 $171 $156 $156 $1566 $156
70 $671 $307 $307 $307 $307 $307
80 $721 $493 $534 $534 $534 $534
90 $809 $654 $701 $701 $748 $748
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TOTAL COST IN ANNUAL WORTH $

FORESLOPE

1to 3
SLOPE CONDITION C

ADT 200
OFFSET 3.0M

CELLS INDICATE GUARD IS RECOMMENDED

REIGHT OF FILL IN METERS

SPEED COST OF
(km/h) GUARD 2.0 4.0 6.0 8.0 >10.0
50 $587 $59 $52 $52 $52 $52
60 $597 $114 $104 $104 $104 $104
70 $637 $205 $205 $205 $205 $205
80 $670 $329 $356 $356 $356 $356
20 $729 $436 $467 $467 $499 $499
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TOTAL COST IN ANNUAL WORTH $

FORESLOPE 1t03
SLOPE CONDITION C
ADT 100
OFFSET 3.0M

&

CELLS INDICATE GUARD IS RECOMMENDED

SPEED COST OF HEIGHT OF FILL IN METERS
(km/h) GUARD 2.0 4.0 6.0 8.0 10.0

50 $577 $29 $26 $26 $26 $26

60 $583 $57 $52 $52 $52 $52

70 $602 $102 $102 $102 $102 $102

80 $619 $164 $178 $178 $178 $178

90 $648 $218 $234 $234 $249 $249
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FORESLOPE 1TO4

SLOPE CONDITION C
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TOTAL COST IN ANNUAL WORTH $

FORESLOPE 1to4
SLOPE CONDITION C
ADT 400
OFFSET 3.0M

SPEED COST OF JHEIGHT OF FiLL IN METERS
(km/h) GUARD >2.0

50 $606 $31

60 $627 $87

70 $705 $189

80 $773 $319

90 $890 $432
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FORESLOPE 1to4
SLOPE CONDITION C
ADT 300
OFFSET 3.0M

TOTAL COST IN ANNUAL WORTH $

$0 -
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60 70
SPEED IN km/h

80

920

SPEED COSTOF [HEIGHT OF FILL IN METERS
(km/h) GUARD >2.0
50 $597 $23
60 $612 $66
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80 $721 $239
90 $809 $324
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FORESLOPE 1to4
SLOPE CONDITION C
ADT 200
OFFSET 3.0M

TOTAL COST IN ANNUAL WORTH $

SPEED COST OF HEIGHT OF FILL IN METERS
(km/h) GUARD >2.0
50 $587 $16
60 $597 $44
70 $637 $94
80 $670 $159
a0 $729 $216
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FORESLOPE 1to4
SLOPE CONDITION C
ADT 100
OFFSET 3.0M

TOTAL COST IN ANNUAL WORTH $

SPEED COST OF HEIGHT OF FILL IN METERS
(km/h) GUARD >2.0
50 $577 $8
60 $583 $22
70 $602 $47
80 $619 $80
90 $648 $108
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