TECHNICAL REPORT STANDARD TITLE PAGE

1. Report No.

FHWATX77-225-1

2. Government Accession Na.

3. Recipient’s Cntélog Ne.

4. Title and Subtitle

Roads"

"Safety Treatment of Roadside Culverts on Low Volume

5. Report Date
March 1878

&. Performing Organization Code

7. Authorfs)

T. L. Kohutek and H. E. Ross, Jr.

8. Performing Organization Report No.

Research Report 225-1

9. Performing Organization Mame and Address

Texas Transportation Institute
Texas A&M University

College Station, Texas 77843

10, Work Unit No.

11. Contract or Grant No.

Research Study 2-8-77-225

13. Type of Report and Period Covered

12. Sponsoring Agency Nome and Address
Texas State Department of Highways
and Public Transportation
Transportation Planning Division
P.0. Box 5051

Austin, Texas 78763

Final Report
January 1977 - March 1978

14. Spansering Agency Code

15. Supplementary Notes

FHWA Contact Man: €. P. Damon

Research performed in cooperation with DOT, FHWA.
"Economics of Highway Design Alternatives".

Research Study Title:
SDHPT Contact Man: Harold Cooner,

16. Abstract

roadside barrier.
volume highways.

20,000).

Current American Association of State Transportation and Highway Officials (AASHTO)
criteria for safety-treating fixed roadside hazards suggest that all culverts
within a certain clear distance of the edge of the traveled way be shielded by a
This is not necessarily a cost-effective solution for low

Using a cost-effectiveness model currently recommended by AASHTO, guidelines for
safety-treating culverts have been developed for 36 in. diameter pipe, 4 ft x 6 ft
(4 ft height x 6 ft width) single box, and 4 ft x 6 ft multi-box {double box)
culverts located on Tow volume, rural highways (average daily traffic less than
Each culvert design was evaluated on fill section embankments with 2:1
and 6:1 siopes and for end offsets of 12, 18, and 24 ft.
for each culvert design and embankment slope were:
the culvert unprotected); 2) extend the culvert end 30 ft from the edge of the
traveled way; 3) provide quardrail protection; and 4} provide grate protection.

The treatments considered
1) do nothing (i.e., leave

17. Key Words
Cost-Effectiveness, Culvert, Grates,
Guardrail, Roadside Barriers, Safety
Treatment, Severity Index

18, Distibution Statement
No restrictions. This document is
available to the public through the
National Technical Information Service,

Springfield, Virginia 22161
19. Security Classif. (of this report) 20, Security Classif, (of this page) 21+ No. of Pages 22, Price
Unclassified Unclassified 11 N/A

Form DOT F 1700.7 (e-69)




SAFETY TREATMENT
OF ROADSIDE CULVERTS
ON LOW VOLUME ROADS

by

T. L. Kohutek
Engineering Research Associate

and

H. E. Ross, Jr.
Research Engineer

Research. Report. 225-1
Economics of Highway Design Alternatives

Research Study 2-8-77-225

Sponsored by
The Texas State Department of Highways and Public Transportation
in cooperation with
The United States Department of Transportation
Federal Highway Administration

March 1978

Texas Transportation Institute
Texas A&M University
College Station, Texas

i1



FOREWORD

The information contained herein was developed on Research Study
2-8-77-225 entitled "Economics of Highway Design A]ternatives." It
is a cooperative research study sponsored jointly by the.Texas State
Department of Highways and Public Transportation and the U. S. Depart-
ment of Transportation, Federal Highway Administration.

The objective of the study is to develop guidelines for installing,
upgrading, and safety-treating various types of culvert designs. Empha-
sis is placed primarily on culverts located on low volume roads (3,000
average daily traffic and less) although some work is done with inter-
mediate volumes (20,000 average daily traffic).

A cost-effectiveness model was taken from the American Association
of Highway and Transportation Officials (AASHTO) guide for the selecting,
Tocating, and designing of highway traffic barriers (1). This model
provides the present value of the total cost of each alternative as
computed over a given period of time taking into consideration initial
construction costs, maintenance costs, and accident costs. Accident
costs incurred by the motorist, including vehicle damage and personal
injury, are considered together with damage costs incurred by the
highway department.

A ranking factor for each alternative is also calculated to aid
the designer in establishing a priority system for reducing culvert
hazards within a given roadway system. This factor is a ratio of the
benefits (as measured in accident cost savings) received to direct costs

incurred by the highway department when selecting an alternative.



The alternative with the highest ranking factor (or benefit to cost
ratio) is generally the most desirable.

The contents of this report reflect the views of the authors who
are responsible for the facts and the accuracy of the data presented
herein. The contents do not necessarily reflect the official views
or policies of the Federal Highway Administration. This report does

not constitute a standard, specification, or regulation.
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Key Words: Cost-Effectiveness, Culverts, Grates, Guardrail, Roadside

Barriers, Safety Treatments, Severity Index.

Current American Association of State Transportation and Highway
Officials (AASHTO) criteria for safety-treating fixed roadside hazards
on high-speed facilities suggest that all culverts within a certain
distance of the edge of the traveled way be shielded by a roadside
barrier (1). In a restricted highway funding environment, this is not
necessarily a cost-effective solution for Tow volume highways.

Using a cost-effectiveness model currently recommended by AASHTO (1),
warrants for safety-treating culverts have been developed for 36 in.
diameter pipe, 4 ft x 6 ft (4 ft height x 6 ft width) single box, and
4 ft x 6 ft multi-box (double box) culverts located on low volume, rural
highways (average daily traffic less than 20,000). Each culvert design
was evaluated on fill section embankments with 24%:1 and 6:1 slopes and
for end offsets of 12, 18, and 24 ft. The treatments considered for
each culvert design and embankment slope were: 1) do nothing (i.e.,
Teave the culvert unprotected); 2) extend the culvert end 30 ft from the
edge of the traveled way; 3) provide guardrail protection; and 4) provide
grate protection.

Figures are given to identify cost-effective treatments for the
range of variables (ADT, embankment slope, offset, culvert design and
safety treatment, etc.) considered in this study. For traffic volumes
less than 750 and offset distances greater than 12 ft, the most cost-
effective alternative is to leave the culvert unproteéted. At higher

traffic volumes the most cost-effective safety treatments are extending



the culvert end to 30 ft or grating. Guardrail was found to be cost-
effective on1y‘f0r larger culvert éizes and higher traffic volumes.
However, guardrail protection was not the most cost-effective alterna-
tive for these situations.

A11 supporting data and a discussion of the cost-effectiveness
model used in the study are included in this report. Examples are
given to illustrate the use of the criteria developed and to show the
techniques used to develop these criteria. Other examples are included
to enable the user to develop warrants for situations other than those

considered in this study.
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IMPLEMENTATION

Gehera]]y, there are three alternatives to evaluate when con-
sidering the safety treatment of any roadside hazard: 1) do nothing,

i.e., leave hazard unshielded; 2) remove or reduce hazard so that

~ shielding is unnecessary; or 3) install a barrier. For culverts, the

second alternative may be accomplished as follows: 1) extend the ends

of the culvert a sufficient distance from the edge of the traveled way

to allow an errant vehicle time and space to return to the road; and/or
2) "reduce" the hazard by providing grate treatment.

Extensive research has been performed to develop guidelines for
safety-treating many types of roadside hazards, but Tittle effort has
been made to develop objective criteria for safety-treating culverts.
This study provided objective criteria for the safety treatment of
36 in. diameter pipe, 4 ft x 6 ft single box, and 4 ft x 6 ft multi-box
(double) culvert designs on both flat and steep roadside slopes and Tow
volume highways. For each of these configurations, the alternatives
discussed previously were considered aé possible treatments. The
criteria developed in this study will aid the highway designer in two
ways. He will be able to (1) determine the most cost-effective safety
treatment for existing culverts, or (2) design the most cost-effective
culvert installation for new roadways. The same basic procedure used
in this study may be used to develop objective criteria for other

culvert designs on higher volume highways.
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I. INTRODUCTION

Vehicle collisions with roadside hazards are inherent to any
existing highway facility. As highway improvement plans are prepared
to minimize these hazards, it is essential in a restricted funding
environment that final designs and alternatives be cost-effective to
the highway department.

A common and dangerous roadside hazard is the open-ended culvert.
There is Tittle question that a collision with such a hazard can result
in property damage and serious personal injury or possible fatalities.
Culvert ends merit systematic and objective evaluation so that the most
cost-effective safety treatment will be utilized.

Barrier warrants for fixed objects on high-speed facilities (1)
suggest that all culverts within a predetermined "clear zone" be shielded
by a roadside barrier. However, the guide (1) also encourages the
application of a cpst—effective procedure to provide an objective method
of comparing alternate safety treatments for problem hazards such as the
culvert. The options of "do nothing", i.e., Teaving the hazard
unshielded, and reduce or remove the hazard become possible safety
treatments on low volume facilities where the probability of accidents
is Tow.

There are many variables to consider in the safety treatment of
any culvert design. Among these variables are the traffic volume, cul-
vert size, culvert end offset distance, and the various available safety
treatment designs. Chapter II discusses the range of those variables

considered, along with the assumptions and limitations made in this



study. Chapter III contains the safety treatment guidelines, and
Chapter IV contains the conclusions. Details of the cost-effective

methodologies used in developing the guidelines are presented in the

Appendix.




IT. CULVERT DESIGNS AND TREATMENTS

General

The culvert designs and treatments studied are those that would
typically exist along Tow volume (average daily traffic less than 5000),
high-speed, rural facilities. Figure 1 shows a typical rural roadway

section considered in the study.

Range of Variables

The range of variables considered are listed below.

1) Culvert Size. Three typical sizes of culverts shown in

Figure 1, namely, the 36 in. diameter pipe, the 4 ft x 6 ft single box,
and the 4 ft x 6 ft multi-box (or double box) were studied.

2) Culvert Safety Treatments. Four safety treatment alternatives

were considered. These were: do nothing (i.e., provide no shielding
for the culvert), extend the culvert end to 30 ft from the edge of the
traveled way, install guardrail, and place a grate over the culvert end.
These safety treatments are shown in Figure 2. Note that added fill
material is required when the culvert end is extended as shown in
Figure 2. Cost of the added fill was included in the analysis.

3) Traffic Volumes. Average daily traffic (ADT) ranged from 750

to 20,000 with emphasis placed on ADT's below 3000.
4) Original Culvert End Offset. Three offset distances -- 12, 18

and 24 ft -- were studied.

5) Embankment Slope. Culverts located on fill sections with

slopes of 2%:1 and 6:1 were studied.
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Assumptions and Limitations

A certain number of assumptions and limitations were essential in
the development of the cost-effectiveness model used in this study.
Discussion of the basic assumptions, including encroachment rates and
severity indices with their related accident costs, can be found in the
AASHTO guide (1). Listed below are assumptions that were made in
addition to those necessary to develop the model:

1) ADT would remain relatively constant for the highway design

1ife (20 years).

2) The ditch at the culvert end will have 2:1 sloping walls and
the depth of the ditch will be half the height of the culvert.

3) The wing walls of the culvert will be the same slope as the fill
section (2%:1 or 6:1).

4) Grates placed on any culvert end will be designed such that it
is traVersab]e and can support a 4500 1b vehicle under anticipated
dynamic loads.

5) A vehicle Teaving the traveled way would have redirection
capabilities on a 6:1 fill section but not on a 2%:1 fill
section. |

6) For all culvert sizes with offsets of 12 ft, 200 ft of guardrail
plus two 25-ft end treatments would be necessary to protect the
culvert. Culverts with offsets of 18, 24, or 30 ft require
i50 ft of guardrail plus two 25 ft end treatments.

'7) The severity indices and resulting accident costs were deter-
mined based on a survey sent to 15 personnel from the Texas
Transportation Institute, Texas State Department of Highways
and Public Transportation and the United States Department of

Transportation, Federal Highway Administration (5).
9



8) Severity indices for the three open-ended culvert sizes studied
on 2%:1 and 6:1 slopes were for perpendicular ditch crossings.

9) The encroachment data used in the study (2) Timit the results
obtained to two-lane highways (using the total ADT) and to the
right side of divided highways using one-way ADT (half the total
ADT).

10



ITI. GUIDELINES FOR EXTENDING OR UPGRADING
EXISTING UNPROTECTED CULVERTS

Historically, roadside barriers have been the primary safety
treatment for culverts. Only recently has there been the development
of other alternatives such as the grate safety treatment. Determination
of the type of treatment used (if any) has been based primarily on
engineering judgment and available highway funds. This is especially
true of Tow volume highways. Development of selection and priority
procedures based on cost-effectiveness has enabled highway officials to
make more objective decisions. It was through such procedures, described
in the Appendices, that the guidelines presented in this chapter were
developed.

Figures 3 through 8 contain guidelines for determining the most
cost-effective means of treating 36 in. diameter pipe, 4 ft x 6 ft single
box, and 4 ft x 6 ft double box culverts for various offset, traffic
volume, and side slope conditions. These figures indicate the circum-
stances where ranking factors exceed unity (i.e., where benefits exceed
costs), and which alternative has the highest ranking factor for a given
culvert size, ADT, side slope, and original culvert offset. Where ranking
factors for two alternatives were approximately the same for given
conditions, both treatments are shown as acceptable. The alternate
chosen would rest with the designer. Tables Cl through C6, Appendix C,
show the ranking factors calculated through application of the cost-

effectiveness model.

11
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To use the figures:

1) Select the figure with the appropriate culvert size and slope.

2) Enter that figure with the proper ADT and culvert end offset.

3) Determine the appropriate treatment.

Note that these figures consider only the hazards of the slope, culvert
and ditch. Other hazards near or around the culvert may warrant other
types of safety treatment based on current AASHTO guidelines (1). The
information presented in these figures’shou1d be used in conjunction
with sound evaluation of the facts and engineering judgment.

To more precisely define the conditions where treatment is cost-
effective, the ranking factor data were processed one further step.
Table 1 shows interpolated values of ADT for ranking factors of 1.0.
Figure 9 shows sample calculations for the ADT interpolation.

The interpolated ADT values shown in Table 1 were plotted versus
offset distance as shown in Figures 10 and 11 for steep and flat slopes,
respectively. The curves represent a ranking factor (i.e., benefit/
cost ratio) of 1.0; thus the curves define the boundary conditions where
treatment becomes cost-effective.

These curves may be used directly to develop design guidelines for
upgrading existing facilities. Although new location projects would
involve the added cost of about 48 ft of culvert (under travel lane and
shoulder to provide 12-ft offset) construction, it may be rationalized
that larger projects usually result in lower unit prices and thus the
curves are a good starting point for developing design guidelines for
routes on new locations.

Figures 12 through 18 illustrate the potential for developing design

guidelines for these curves. Once a set of guidelines has been formulated,
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Table 1. Interpolated ADT Volumes for Ranking Factor = 1.0
ADT
Culvert Size Side Slope A=12' A = 18' A= 24"
36" dia. 2%5:1 1110 (E)* 2020 (E) 1900 (G)
36" dia. 6:1 1310 (E) 1980 (E) ok (DN)
1-4'x6" 2%:1 1130 (G) 1270 (@) 1300 (G)
1-4'x6' 6:1 1600 (E) 2090 (E) 2850%** (E)
2-4'x6" 25:1 800 (G) 880 (G) 990 (E)
2-4'x6" 6:1 1350 (E) 1600 (E) 2000 (E)

*Parenthesis include treatment, i.e., (E)
becomes cost effective at lowest volume.

**RF = 1.0 for ADT = 15,000 or less; assume RF = 1.0 for A = 23' for
3000<ADT<15,000.

***RF = 1,0 appears to level off at a slightly larger offset than 24 ft
for ADT's up to 15,000.
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Example: Single 4' x 6' box culvert, 6:1 slope; extension is the most cost
effective solution for each set of traffic volumes and offsets.

Sample calculation:

Interpolated ADTRF = 1.0

At offset = 12!
Interpolated ADTRF = 1.0

Interpolated ADT

RE 1.0

ADT2

2250
2250
2250
1600

RF2 - 1.0

(=)
RF, = RF;

(ADT2 - ADTl)

(2250 - 1500)((1.75 - 1.0)/1.75 - 0.88))
750 (0.75/0.87)

650

FIGURE 9. "SAMPLE ADT INTERPOLATION FOR UNITY RANKING FACTOR
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Figures 3 through 8 provide the necessary information for selecting the

treatment means. Example design guidelines are as follows:

1. For flat (6:1 or flatter) slopes and culvert sizes ranging

from 36 in. diameter pipe to double 4 ft x 6 ft boxes:

a.

Where traffic is 1300 ADT or less and offset is 12 ft or
more, treatment is not cost-effective, as shown in

Figure 12; or,

Where traffic is 1500 or less and offset is 16 ft or more,
treatment is not cost-effective as shown in Figure 13

(36 in. diameter pipe on steep slopes also fit the same
criteria); or,

Where traffic is 1750 or less and offset is 20 ft or more,
treatment is not cost-effective as shown in Figure 14 (36 in.
diameter pipe on steep slopes also fit the same criteria); or
The "do-nothing" area could be defined to be variable with

traffic and offset as shown in Figure 15.

2. For steep (steeper than 6:1) slopes:

a.

Where traffic volumes are 800 ADT or less, double 4 ft x

6 ft boxes and smaller size culvert ends with 12 ft or more
offset cannot be cost-effectively treated as shown‘in}
Figure 16; or,

Where traffic volumes are 1100 or less and offset is 12 ft
or more, .single 4 ft x 6 ft and smaller size culvert ends

cannot be cost-effectively treated as shown in Figure 17.

These curves, particularly for steep slopes, could be further

developed by estimating additional unity ranking factor curves for

various culvert end areas as shown in Figure 18. Although resultant
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design guidelines would be more difficult to use, a designer could enter
the resultant figure with a design traffic volume and culvert size and
determine the cost-effective offset.

In summary, the cost-effectiveness approach can be used to determine
appropriate design guidelines which identify conditions meriting treat-

ment plus identifying the most cost-effective alternative treatment.
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IV. CONCLUSIONS AND RECOMMENDATIONS

Unprotected culvert ends located 27 ft or more from the pavement

edge cannot be cost-effectively extended to 30 ft or safety treated
‘for the volumes, hazard size, and slopes considered. Although not
specifically identified in this study, there may be combinations of
culvert size, slope rate, and traffic volume where an existing culvert
may be cost-effectively extended from 27 ft to more than 30 ft from
pavement edge.
AASHTO guidelines (1) suggest that steep (1:1 or steeper) drop-offs,
with or without permanent bodies of water, warrant protection only

if the drop-off is greater than 2 ft in depth. In this regard,

small (e.g., 18- or 24-in. diameter pipes) culverts with heights of

2 ft or less should not be considered as severe as larger culverts.
For these installations, ends should be sloped, preferably to match
side slopes, stabilized With flush riprap if necessary, and the
surrounding area should be smoothly contoured to decrease potential
impact severity and improve crashworthiness.

The provision of flat (6:1 or flatter) slopes allows for possible
driver action to avoid culvert-end collisions. Comparisons of

Figure 3 with Figure 4, Figure 5 with Figure 6, and Figure 7 with
Figure 8 reveal the impact of steep versus flat slopes in identifying

traffic and offset conditions which merit treatment of culvert ends.
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Figures 3 through 8 identify cost-effective treatments for various

culvert conditions. The following general conclusions may be made

regarding particular treatment methods:

(a)

(b)

(c)

For both flat and relatively steep side slopes, leaving the
culvert unprotected was the most cost-effective alternative

for traffic volumes less than 750 and culvert offset distances
greater than 12 ft.

When culvert extension is cost-effective, it is desirable that
the culvert be extended 30 ft or more from the roadside. In
general, it was found that when safety treatment is warranted,
culvert extension is a cost-effective method -- although not
always the most cost-effective. However, special circumstances
not considered in this study, such as where needed right-of-way
is unavailable or costly, may preclude culvert extension.
Grates for relatively flat sloped culvert ends were not found
to be cost-effective due to the large gréte area and resultant
high cost. For steep slopes, however, grates were found either
to be competitive with culvert extension or clearly the most
cost-effective alternative as shown in Figures 3, 5, and 7.
Where possible, standardization of grate shape and structural
design may be expected to reduce "in-place" costs and further
enhance its attractiveness as a safety treatment. Simple, shop-
fabricated grates designed for heavy (4500 1bs) passenger car
loading have demonstrated field performance, both from hydraulic
and impact standpoints. Reportedly, such a design has been
accidently impacted by a loaded truck with successful results

although grate deformation did occur.
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(d) For the traffic volumes, slopes, and hazard sizes and locations
studied, guardrail protection was found to be a cost-effective
safety treatment only for the double box culvert and moderate
traffic volumes (greater than 2000 ADT) and the single box
culvert and high traffic volumes (greater than 20,000 ADT).
However, even for these culvert sizes and traffic volumes,
guardrail protection was not found to be the most cost-effective
alternative. Generally, guardrail protection appears to be a
more competitive a]tefnative as the slope becomes steeper and
as the hazard size increases. In this regard, for culverts
larger than the double 4 ft x 6 ft considered in this study,
shielding by guardrail might be the most cost-effective solution.

Figures 10 and 11 may be used to develop design guidelines for new

Tocation or upgrading existing facilities as exemplified in Figures 12

through 18. When such gquidelines are combined with the information

regarding the most effective means of treatment as shown in Figures 3

through 8, a comprehensive, sound design policy is possible. |

Other observations and conclusions can be made from this study if the

information presented in Figures 3 through 10 and Appendices A, B,

and C is used in conjunction with cost information available to the

various highway departments or agencies. These conclusions may or

may not occur with those presented in this report.
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V. FUTURE CONSIDERATIONS

In view of the research findings, the authors suggest the following

items be considered in future studies:

1) apply the cost-effectiveness model to
different culvert designs, slope conditions, and higher
traffic volumes;

2) refine the model to include hazards beyond the 30 ft clear
distance for fill sections with slopes steeper than 6:1;

3) develop a computer program with simple input data such as
culvert size and type, fill section slope, culvert end offset,
safety treatment, costs and restrictions (e.g., in some cases
extending to 30 ft is not possible), traffic volume, etc., to
provide more flexibility in design alternatives and to reduce
the computations required. and

4) incorporate encroachment data for low volume roads as they

become available.
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APPENDIX A
A DISCUSSION OF THE COST-EFFECTIVENESS MODEL

The cost-effectiveness model used in this study calculates the

present value of each alternative over a given period of time, taking

into account the initial costs, maintenance costs, and accident costs.

The model

The model

can be expressed by the equation:

CI + CD(CF)(KT) + CM(KT) + COVD(CF)(KT) - CS(KJ) (Al)

total present worth associated with the alternative (present dollar),
initial cost of the alternative (present dollar),

average damage cost per accident incurred to the alternative
(present dollar),

average maintenance cost per year for the alternative (present
dollar),

average occupant injury and vehicle damage cost per accident
(present dollar),

estimated salvage value of the alternative (future dollar),
collision frequency (accidents per year),

economic factors for some current interest rate.

is structured around an accident prediction technique used

to estimate the frequency at which a roadside hazard will be struck

over a given period of time. This is introduced into the model by
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the variable CF. Mathematically, the collision frequency is given

by the expression:

E J=W
C, = F [(L +62.9) - P(Y2A) + 5.14 =% P[YZA + 6.0 + g%i”
10,560 =1 -
(A2)
where:

A = distance from edge of the traveled way to the hazard (offset),
L = hazard length (dimension parallel to the traveled way),
W = hazard width (dimension perpendicular to the traveled way),
EF = encroachment frequency (encroachments per mile per year),
these values are taken from the Titerature (2),

Y = the lateral displacement in feet, of the encroaching vehicle,
measured from the edge of the traveled way to the Tongitudinal
face of the hazard, and

P[Yz..]= probability of a vehicle lateral displacement greater than
some value. The values are taken from the Titerature (3).

Equation (A2) may be implemented directly into Equation (Al),
however, it should be noted that computation of the collision frequency
for multiple objects requires special procedures. Reference should
be made to the Titerature (1) for illustrations of these procedures.

To calculate the collision frequencies for the hazards in the
alternatives considered in this study, it was necessary to make three
idealizations. These are shown in Figures Al, A2, and A3. Note that

these hazard zones apply to both 2%:1 and 6:1 slopes.
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Table Al contains a summary of the variables that would be
substituted into Equation (A2) to obtain Cp for the various hazards.
It should be noted for hazards located both inside and outside the
30 ft. zone, that only the length and width inside this zone is
considered when calculating CF.

As stated in Chapter II, it was assumed that no vehicle redirec-
tion will occur on 24%:1 slopes. Since the model assumes a chance of
redirection in the zone from the edge of the traveled way (EOTW) and
the lateral face of the hazard, certain special procedures must be
followed. The basic procedure is to project all hazards to the edge
of the shoulder at an 11° angle. The length used in Equation (A2)
would be the projected length along the edge of the shoulder. These
variable values are also shown in Table Al.

To obtain the average occupant injury and vehicle damage cost
per accident (COVD)’ the criteria in Table A2 was used (4). Severity
indices were assigned to each hazard based on a survey sent to fifteen
personnel from the Texas Transportation Institute, Texas State Department
of Highways and Public Transportation and the United States Department
of Transportation, Federal Highway Administration (5). Each person
was asked to evaluate the relative severity of each hazard considered
in the study.based on the criteria in Table A2. The averages of the
responses received were then assigned to each hazard to obtain COVD'

See Appendix B for particular values of the severity index and COVD‘
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TABLE Al.

VALUES FOR CALCULATING

THE COLLISION FREQUENCY (CF)

Variables for Calculating CF

Alternative Description
with Hazards Al L2 W2
Unprotected Culvert® and Ditch on
2%:1 Slope:
1) Culvert 8 ft. Lo+ 5.14 NC 0
2) Ditch 8 ft. 123 - 5.14(wc + Offset) 0
3) Slope 10 ft. (15 or -35 ft.) - Lc + 5.14(0ffset) 1 ft.
Unprotected Culvert3 and Ditch on
6:1 Slope:
1) Culvert 0ffset LC NC
2) Ditch Offset + ”C +6 ft. 1 ft. 24 ft. - (Offset + wc)
3) Slope -4 - -
150 ft. of Guardrail Protection on
Any SlopeS:
. 1) Approach guardrail and end treatment 14 ft. 175 ft. _ 1 ft.
2) Departure guardrail and end treatment 11 ft. -6 ft. 1 ft.
200 ft. of Guardrail Protection on
Any SlopeS:
1)} Approach guardrail and end treatment 14 ft. 175 ft. 1 ft.
2) Departure guardrail and end treatment 12 ft. 44 ft. 1 ft.
_____________ e e e ]
Grate Protection® 7 on 24%:1 Slope
1) Ditch 8 ft. LD + 154 ft. - 5.14(0ffset + NC) 0
2) Slope 10 ft. {-16 or -66 ft.) - LD + 5.14(0ffset + NC 1 ft.
Grate Protection6 7 on 6:1 Slope
1) Ditch Offset + Nc LD 30 ft. - (Offset + Nc)
2) Slope o -t 3

Ifor values of A greater than 30 ft., ¢ = 0.

20nly the length and width within a 30 ft. clear zone is considered.
“This is done by first finding CF for the slope protected by either 150 or 200 ft. of guardrail. Next, subtract the CF for the culvert and

the CF for the ditch from this value to obtain the CF for a 6:1 slope.
is assumed to be traversable, it is also assumed to be part of the slope, so that there are only two hazards, namely, the ditch and the slope.

SRefer to Figure A2, 6Refer to Figure A3

3Refer to Figure Al.

. 7Since the grate



TABLE A2.

SEVERITY INDEX AND ACCIDENT COST

Severity % PDO % Injury % Fatal Total Accident
Index Accidents Accidents Accidents Cost (COVD)
0 100 0 0 $ 700
1 85 15 0 2,095
2 70 30 0 3,490
3 55 45 0 4,885
4 40 59 1 8.180
5 30 65 5 16,710
6 20 68 12 30,940
7 10 60 30 66,070
8 0 40 60 124,000
9 0 21 79 160,000
10 0 5 95 190,000
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APPENDIX B
APPLICATION OF MODEL

Input Data

This appendix presents the particular values assigned to each
variable in Equation (Al). Values of CF'are not given since the tech-
nique used to calculate these values is presented in Appendix A. A
summary of all costs is given by each alternative. A constant value
for KT = 8.514 is used for all alternatives based on a 10% rate of

return over a 20-year term.

Alternative I - The Unprotected Culvert

A) Assumptions

]

1) C 0 (no initial costs)

2) Cp

"

0 (no damage to culvert upon impact)
3) CM = 0 (no maintenance costs)

0 (no salvage value after 20 years)

B) Revised form of equation (Al):

Cr = 8.514[(CFC + (CFC

ovp) cuLverT * (CFCOVD)DITCQ]
(B1)

OVD)SLOPE

where:

(CFCOVD)SLOPE = collision frequency times the occupant and vehicle
damage caused by the slope;

(CFCOVD)CULVERT = collision frequency times the occupant and vehicle
damage caused by the culvert; and
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(CeCovp)prTeH

C) Summary of other costs

1) See Table B1.

TABLE B1.

SEVERITY INDICES AND ACCIDENT
COSTS FOR THE UNPROTECTED CULVERT*

= collision frequency times the occupant and vehicle
damage caused by the ditch.

Culvert Type (Covp)sLope (Covp) cuLverT (Covp)prTen
36 in. pipe on

2%:1 slope $5900 (3.3)** $16,710 (5.0) $7400 (3.8)
36 in. pipe on ‘

6:1 slope $2500 (1.3) $16,710 (5.0) $6000 (3.4)
4' x 6' single box

on 2%:1 slope $5900 (3.3) $28,100 (5.8) $10,000 (4.2)
4' x 6' single box

on 6:1 slope $2500 (1.3) $28,100 (5.8) $6400 (3.5)
4' X 6' multi-box

on 2%:1 slope $5900 (3.3) $42,500 (6.3) $7400 (3.8)
4' x 6' multi-box

on 6:1 slope $2500 (1.3) $42,500 (6.3) $4900 (3.0)

*Based on the criteria in Table A2.
**Severity index in parenthesis.

Alternative II - Extending Existing Culvert to 30 Ft

A) Assumptions

1) Wing wall must be replaced.
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2) Fill must be added for smooth transition between slopes.
B) Revised form of equation (Al):

Cr = Cr30 ¥ O ¥ Cext * CRiL (B2)

where:

(e}
1

130 total cost of unprotected culvert with 30 ft. original
offset

1

wa = cost of wing wall

CEXT = cost of extending the culvert pipe or box; and

CFILL = cost of fill material.

c) Summary of other costs

1) See Tables B2, B3, and B4

TABLE B2.  COST OF WING WALLS,(CWW)

Culvert Type wa for 2%:1 Slope wa for 6:1 Slope
36 in. pipe $260 $620
4' x 6' single box $460 $1100
4' x 6' multi-box $450 $1100
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TABLE B3. COST OF EXTENDING THE CULVERT PIPE OR BOX

TO 30 FT FINAL OFFSET (CEXT)

Original Offset

Culvert Type 12 ft. 18 ft. 24 ft.

36 in. pipe on 2%:1 and
6:1 slopes* $450 $300 $150

4' x 6' single box on )
2%:1 and 6:1 slopes** $1710 $1140 $570

4' x 6' multi-box on
2%:1 and 6:1 slopes*** $2970 $1980 $990

*Based on $25/ft.
**Based on $95/ft.
***Based on $165/ft.
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TABLE B4. COST OF FILL FOR EXTENDING THE CULVERT
TO 30 FT FINAL OFFSET (CFILL)*

Original Offset

Culvert Type 12 ft. 18 ft. 24 ft.
36 in. pipe on 2%:1 slope $820 ' $1100 $1300
36 in. pipe on 6:1 slope $470 $520 $570

4' x 6' single box on 2%:1
slope $900 $1200 $1300

4' x 6' single box on 6:1
slope $540 $550 $580

4' x 6' multi- box on 2%:1
slope $930 $1200 $1400

4' x 6' multi-box on 6:1
slope $550 $560 $580

*Based on $2.35/yd.3
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Alternative III - Guardrail Protection

A)

B)

where:

Assumptions
1) ¢; = (Length)($13/ft.)
2) CD = $225

3) C = $5900 (S.I. = 3.3)

ovD
4) Cy = (Length)($1.50/ft.)

Revised form of equation (Al):

Cp = C; + 8.514 [(CD + COVD)(CF + CFDP) + cM] (B3)

AP

total initial cost of barrier proper and end treatments
($3250 or $2600);

damage cost to barrier proper and end treatments after a
collision ($225);

= océupant and vehicle damage cost caused by barrier proper

and end treatments ($5900);

total maintenance cost of barrier proper and end treatments
($375 or $300);

collision frequency for the approach guardrail and end treat-
ment; and

collision frequency for the departure guardrail and end treat-
ment.

Alternative IV - Grate Protection

A)

Assumptions

1) Cp=0 (no damage to grate upon impact)
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2) CM
3) Cs

$100

0 (no salvage value after 20 years)

B) Revised form of equation (Al):
Cp=Cp +8.514 [(CFCOVD)SLOPE + {CeCoyp)prren * CM] (B4)

where:

(CFCOVD)SLOPE and (CFCOVD)DITCH are defined previously.

C) Summary of other costs

1) See Table Bl for (COVD)SLOPE and (COVD)DITCH‘
2) See Table B5 for CI'

TABLE B5. INITIAL COST OF GRATE PROTECTION*

Culvert Type CI on 2%:1 Slope CI on 6:1 Slope
36 in. pipe $600 $6900

4' x 6' single box $1300. $13,800

4' x 6' multi-box $2000 $19,100

*Includes only the cost of the grate.
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Ranking Factor

The ranking factor is a ratio of the benefits received by using
a particular alternative to the costs incurred by the highway depart-
ment or agency associated with the installation of that alternative.

The following formula may be used for determining a ranking factor, R:

R= Th Ty (B5)
‘1,
where:
CTH = total cost associated with the unprotected culvert;
CTI = total cost associated with the selected alternative; and
CTDI = total cost to the highway department or agency associated

with selected alternative.

To obtain C for each alternative simply substitute C = 0 into
TDI ovD

equations (Bl), (B2), (B3), and (B4). This will then give for the

unprotected culvert:

CTDI =0 (B6)

extending to 30 ft.:

Co; ™ O * Cexr * Cru (B7)
guardrail protection:
C = C, + 8.514 | (C,)(C + C ) +C :l (B8)
TDI 1 l: D FAP FDP M
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and for grate protection:

Crp, = €1 + 8514 [CM] (B9)
where all variables are as previously defined.
Tables B6, B7 and B8 1ist the direct costs for each alternative

based on equations (B7), (B8), and (B9).

TABLE B6. DIRECT COSTS FOR EXTENDING A CULVERT
TO 30 FT FINAL OFFSET

Original Offset

Culvert Type 12 ft. 18 ft. 24 ft.
36 in. pipe on 2%:1 slope $1500 $1700 $1700
36 in. pipe on 6:1 slope $1500 $1400 $1300

4' x 6' single box on 2%:1
slope $3100 $2800 $2400

4' x 6' single box on 6:1
slope $3400 $2800 $2300

4' x 6' multi-box on 2%:1
slope $4300 $3600 $2800

4' x 6' multi-box on 6:1
slope $4600 $3600 $2600

B9



TABLE B7. DIRECT COSTS FOR GUARDRAIL PROTECTION OF 36 IN.
PIPE, 4 FT x 6 FT SINGLE BOX, AND 4 FT x 6 FT MULTI-BOX (2)
’ CULVERTS ON 2%:1 AND 6:1 SLOPES

ADT OFFSET = 12 FT. OFFSET = 18.24 or 30 FT.
750 $6500 $5200
1500 $6600 $5300
2250 $6700 $5300
3000 $6700 $5400
15000 $6700 $5400
20000 $6900 $5500
TABLE B8. DIRECT COSTS FOR GRATE PROTECTION

Culvert Type

CTD for 2%:1 Slope

I

CTDI for 6:1 Slope

36 in., pipe
4' x 6' single box

4' x 6' multi-box

$1500
$2100
$2900

$7700
$14,600
$20,000

B10




Using this information, ranking factors were calculated for each
alternative. The alternative with the highest ranking factor is the
most desirable since it returns the largest benefits for the lowest
total direct costs. Ranking factors for leaving a culvert unprotected

is theoretically 1.0 since C, =C and CTD = 0. Thus alternatives

LT I
with ranking factors less than 1.0 are undesirable since an unprotected

T

culvert has a higher ranking factor.

Figures 3 through 8 are based on the alternative with the highest
ranking factor. The unprotected culvert was assumed to have a ranking

of 1.0 since it was one of the alternatives considered.

B11






APPENDIX C
SUPPORTING DATA

This appendix contains all the data necessary to obtain Figures
3 through 8. These data can also be used in conjunction with the
information presented in Appendices A and B to obtain new criteria
for different direct costs. See Appendix D for further discussion.

Tables C1 through C6 present the ranking factors for each alter-
native by each culvert design considered in the study. Tables C7
through C12 Tist the total costs for each alternative by each culvert
design. Tables C13 through C18 1ist the direct costs for extending
each of the culvert designs. Note that ranking factors, direct costs
and total costs are given in each table for extending culverts to 18,
24, and 30 ft. Although this study was concerned primarily with
extending to 30 ft, it may not be possible where there are 1imited
right of ways or other extenuating circumstances. Thus it may be
feasible to extend the culvert to 18 or 24 ft where other alternatives

are not possible. Again see Appendix D for further discussion.

Cl
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nANKING FACTLUHS FUR EXTENDINC A CULVERT

FU A 36 iNe DIAMEBEIER FIRPE GN A Z2-1/c TU 1 SLUFE

CGhIGLIVAL CFFSOT A=12 Fliae A=12 FT. A=1Z FT. A=1E +T. A=18 FT. A=Z4 FTe

FINAL UFFsid A-1é Fh, A=CE4G FT. A=30 Fle A=z4 FTa A=50 FTe A=30 FTe
A

150 eu Uec —Uelb Vet ~Q e -0e24 -0 e32

IGO0 1edl Ce7¢C 1e72 -0 e84 Ve Ce36

L2DU e U et ledb Zeub -0ert le2 1 098

SULU e U R Ay ¢ 2633 4434 -0 et Le v Letts

ILGUU LU Jett Ze4C 4 el ly -0 e 7 2403 1«71

cCOCU U Se ¥l Sa 0 Geb s -0 54 3620 2«76

TABLE C1. RANKING FACTORS FOR A 36 INCH PIPE CULVERT ON A 2%:1 SLOPE
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RANKTNG FACTORS FUR GUARDRATL VE. UNPRGTECTED

FOR A 36 INe DIAMOTLR PIPL UGN A 2-1/72 TO 1 SLOPE

ADT A=1ZFT. A=IBFT. A=24FT. A=TGE T
75040 —Ce73 —0+ &3 —0465 ’ 1,67
1506,Q ”,__‘, —Ue5 1 —0. €7 0o 7O ~ledn
225040 —-Ue38 —0.t2 057 —1.21
A000 0 ~Ga18 —0. 20 ~0.43 —1ein
156006.0 ~0.17 ~G .35 ~0e42 —1.2¢
2000Ge0 Gel4 0. 1% » ~0 20 —leo

TABLE C1 (CONTINUED). RANKING FACTORS FOR A 36 INCH PIPE CULVERT ON A 2%:1 SLOPE
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RANKING FACTUKRS FOR GRATE PROTECTION VS

UNPRUOTECTED

FOR A 36 INe« DIAMETER LIRL ON A 2-1/2 T 1 SLOPE

ADT T a=12RT, ’ A=1SFT.
TEG .U Ve G7 -0. 27
156040 iela 0ea7
Z28C.0 Zel3 1.15
500040 5.1§ ' R
S00040 Zelt 1.

2000040 4o v Fel7

TABLE C1 (CONTINUED). RANKING FACTORS FOR A 36 INCH

A=24FT« A=3CF T
-0e19 —1.00
0e62 —1.00
1.36 -1.00
2417 —1.00
2423 —1.00
3.48 ~1.00

PIPE CULVERT ON A 2%:1 SLOPE
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MANKE NG FaClflrs Fuk EXTENUING £ CULVERT

FUn A S0

URIGINAL GHESET

Flindalh LFFLL

Mt

FASI R )

1500« U

e U

A

1500« U

ZUULGU » U

TABLE C2.

Ive WIAMEL Lk PIFE UN A ©

n=1e Fle

A=l Fia

bl S &

Ded D
111
lev 4
Jeti&

Se U

RANKING FACTORS FOR A 36 INCH PIPE CULVERT ON A 6:1 SLOPE

a7

b6

T 1 SLurPke

A=1e Fle

A=o0 1.

el

ey

2elb

42
.

{u
U’

A=TbL FT.

A=2Z4 FT.

—0 &7

"0015

A=16 FT.

A=30 FT.

2404

3e28

A=24 FTe

A=30 FTe
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RANK ING FACTORS FUR GUARDRAIL VSe UNPROTECTED

FOR A 36 INe DIAMETCR PIPe ON A 6 TO 1 SLOPE

ADT A=IZFT. A=1GFT A=24FT. AZEOS T,
CTH0.0 ' —0e5 —1.00 -1.00 o —t.z2
1500.0 . ~Oenyw -1.00 -1.148 —~lebi
225040 ~0.ES ~1.00 -1.28 -1.61
sdoo.Qv ~0e79 -1 & GO —~1.53 —1e0
1500040 ~0.78 -1.01 —1.35 =1.63
2600046 ~Ge 2 | ~1. 0 ~le4t _ ~Zele

f
TABLE C2 (CONTINUED). RANKING FACTORS FOR A 36 INCH PIPE CULVERT ON A 6:1 SLOPE
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TRANKING FACTURS

GRATLE PROTECTION VSe UNPRUTECTED

FGR A 36 1IN DIAMETER PIRPE OGN A 6 TG 1 SLUPE

CROF A=1

225040

3000 «0

T15000.0

00000

TABLE C2 (CONTINUED).

“F T e A=1EFT .

—Ue 79 —0e &6
—UeObG —0e 71
~(Ge 38 -0« 8
~(el7 —0 e 44
~0Gel16 | —Q e 4>

Gel7 —Cecl

RANKING FACTORS FOR A 36 INCH

ZP4FTe N - A=30FT.
—0.92 7 —1.00
—0e83 . —1a00
~0.75 —100
-0.67 ~1.00
~0 .66 ‘ —1.00
—C 53  —1.00

PIPE CULVERT ON A 6:1 SLOPE
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KoK NG

FLurR A 4

Uil G LEhAL LRSI

[l O A W Y o N |

AL

150 & G

1LU0 G

cat UL G

ULV e U

RV E

TABLE C3.

FACTURS Fuk EXTENUING A CULVEKRT

\,

A L FTe SHENCLE

A=-le 1

A=le Fla

e o

tew

lel2u

UG

o« Ut

e

RANKING FACTORS

LA CULVERT OGN A 2=1/2 TU 1 sSLOPE

Azlz FT. A=1¢ rTe A=18& FTe.
A4 FT . A=Z0 FTe. A—cd4d Fla
-0e3C Vel ~0e71
Oea O 1e57 -0 et 2
1.0% : c el 015
le7C Q.Ut; Oelb

le: G Gals 0617
ool Cell OeCC

FOR A 4" X 6' SINGLE BOX CULVERT ON A 2%:1

A=186 FTe

A=20 FTe

leld4

2el13

SLOPE

Ge03

1.07

2402

S« 06

Jel4
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RANK ING FACTUORS FOR

FOR A 4 X & FTe SINGLE

ADT A=1ZF T
15040 —CebHU
15000 ~Gell
225040 Gad3
300040 Gevl
1566040 Gevs
2000040 1.64
TABLE C3 (CONTINUED). RANKING

GUARDRAIL VSe UNPIROTLCTED

BOX CULVERT ON A 2—-1/2 Tu 1 SLOPLE

A=18FT. A=T4F T, A=30F T
-0. 41 ~0.51 RS PR

-0« 03 , ~0.22 —felis
0«40 O.1a —1e1

(VIR GesU ~1e28

0 bS =Y —1.29

1.58 1.00 —~ 148

FACTORS FOR A 4' X 6' SINGLE BOX CULVERT ON A 2%:1 SLOPE
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RANK ING FACTORS FOR

GRATE PROTUCTION VS.

FUR A 4 X o FTe STIMNGLED HOXx CULVERT ON A

ADT A=l EF

765Ge 0
150040
2500
300040
1500040

200G e0

TABLE C3 (CONTINUED).

Te A=18FTe

ODett o 0. 18
lewld 1e36
Se gt 2 e85
el | 3«63
402 372
Tell S5el4

RANKING FACTORS FOR A 4'

UMPROTECTED
2=1/2 TO 1 SLOPE

A=24F T, A=30F Te
Dels ~1.00
130 . —1e00
237 -1.00
3452 —i.oo
3e61 -1.00
5436 ~1.00

X 6' SINGLE BOX CULVERT ON A 2%:1 SLOPE
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Unitoelral

FLiNAL

AR T G

Fuic A 4

Ut L

(ST A ANTE |

U T
TLG e
LovuQ .\.:!
cesU e U
300U
12000 « U

TABLE C4.

FACTUNS Py ERTERDING

X G o FT e SENGLL

Azle Fia

Azl Fle

—Led v
Vel

Ge r7v

1ete

]
Lo @ oav

RANKING FACTORS

X CULvekT

K=z 4 FT.

—Cedh

1 e

2058

A CULVEKT

A G TU

lert

e LY

< el

4 820

SLORC

A=l FToe

A=Z4 FT.

-0 «57

“0114

1.1%

ey

1e4

Jeul

FOR A 4' X 6' SINGLE BOX CULVERT ON A 6:1 SLOPE

0eS7

lall
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RANKING FACTORS FUi GUARDKRALIL VSGe

FOR A 4 X € FTe SINGLE BOX CULVERT UN

AT e e
7500 7 —Ue76
150040 ~Geb
ceH040 —Geth
500040 G2
15000.C GeUd
2GUG0 0 ; Gedl

TABLE C4 (CONTINUED). RANKING FACTORS FOR A 4'

UNPROTE CTED

X 6' SINGLE

e

24T, A= GF T

—0 « 9} : —la e
-0 edb —f e
—CG e —~ 1wt}
U PN —leai
—{ 693 i
G40 —cele

BOX CULVERT ON A 6:1 SLOPE
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T RAMK 1 NG

FUR A 4

TADT

7500

15000

22500

20000

1500040

20000 .0

TABLE C4

FACTURS FOR GRATE PRUTECTION VS.

UNPROTCCTED

X G FVe SINCLE BUX CULVERT GN A 6 TO 1 SLOPE

(CONTINUED).

~Ge 79 ~0 e EE
~( e 59 ~0e 72
—~G a0 —0 o 5
—~0e19 -0 o 45
—0al7  ~0 a4

0el5 Qo2

RANKING FACTORS FOR A 4' X 6' SINGLE

ZFTae AZ18BFT. A=24F T A=30F T«

ouon i
~0.83 - 100
—0.76 100
—0.68 —1.06
—0.67  _1.00
~0.54 C1.00

BOX CULVERT ON A 6:1 SLOPE
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RetimrinG FaCTLiRES FU EATeNDGING A CULVERT

Fun A 4 A o PEe MULBLI-LULX CULVERTE UN A Z-1/2 TU 1 SLUPE

UhIGIMAL GFFSc ATic K. Aziz Fl. A=l FTe A=18L FTe. Az16 FTe A=4 FTe
FINAL LEFRSC Azin Fla Azc4 Fla £=20 Fl. A4 FT. A=30 FTe A=30 FTe
AU ' '
TLU WO —G e L —Ua.ds Ge35 ~0 &0 0.41 0Bl
150U o U —Velt Oell 1e70 ~0e20 Lot 2403
fetUais Ueon _ Getic ceG5 Oult | Sell el 2
SulU e U  Veci lel 4430 058 4455 4493
1900600 ey Lo d 4ebl 0461 Gebu ~ 5.05
SOU0U LU . | A 2oL [ R l1e20o Geb 1 Telb

TABLE C5. RANKING FACTORS FOR A 4' X 6' MULTI-BOX (2) CULVERT ON A 2%:1 SLOPE
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RANKING FACTUORS FOR QUARDRAIL VSe. UNPFROTECTLCD

FOR A 4 X & FTe MULTI-30X CULVERT ON A 2-1/2 TO 1 SLUPC

ADT T A=12

750G
150040
225040
200040
150000

2000G.0

TABLE C5 (CONTINUED).

FTe  AS1GFT. A=P4FT. A=30F T
~0a21 ~Ga 11 ~0.27 -G
Geb3 Ge 7B 045 LR
1e28 187 1.16 —1.21
Zeos 2e41 1e7o —lezo
R 2e 46 187 - 1.z

SelD 3atz e 38 ~1e34U

RANKING FACTORS FOR A 4' X 6' MULTI-BOX (2) CULVERT ON A 2%:1 SLOPE
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RANKING FACTOGRS FOR GRATE PROTICTION VS. UNPROTECTED

FOR A 4 X

CADT

TE0.0
1500.0
2250 «0

300G.0

1500040

20000e0

TABLE C5 (CONTINUED).

G FTes MULTI-BUX CULVERT ON A 2-1/2 TG 1 SLOPC

AZTEFTe  A=18FT. A=24FT.
Cet57 0o 71 048
ZeT5 2 ab2 1.96
4443 4 « GO 3.33
LeZ5 5o 72 4481
EeE0 He D - 4 4G2
Ye3H 8o 45 720

A=30F T.

-1.G0
~1400
~1400
~1.00
-1.G60

~1.00

RANKING FACTORS FOR A 4' X 5' MULTI-BOX (2) CULVERT ON A 2%:1 SLOPE
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TABLE C6.
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Lece U

RANKING FACTORS FOR A 4' X 6' MULTI-BOX (2) CULVERT ON A
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FT.

FTe
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1

StLuPte

Az=16 FTe

Azecd Fle

071

130
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2 el

A=lb FT.

A=30 FTe.

-0.00C

OeBY
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ZeT1

ZeTHL
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A=24 FTa
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RANKING FACTOKS FOR

GUAKDRATL Voe UNPROTLCTIO

FOGR A a4 X & FTe MULTI-BOX CULVERT ON A 6 TO 1 SL0OPYE

ADT ‘ A=1ZF1 .

75040
150040
225040
30000
1500040

2000040

TABLE C6 (CONTINUED).

—(edd
Gel?
UebH1
1el4
14192
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RANKING

A=1EFT. A=Z4FT. A=ZOF T
~0.4L0 ~0.4d3 ' —1.00
—C.15 ~Cobh —led?

Gezh —0e5H0 —1.61
0« 6B ~0e33 —1.t0
0ot -0+33 ~1.63
1el2 ~Ge0t ~FelZ

FACTORS FOR A 4' X 6' MULTI-BOX (2) CULVERT ON A 6:1 SLOPE



RANK TMNG

FUR A 4
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TABLE C6 (CONTINUED). RANKING FACTORS FOR A 4' X 6' MULTI-BOX (2) CULVERT ON A 6:1 SLOPE

FACTORS FUR GRATE BPROTECTION VSe UNPROTECTED
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—Ue 7O
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-(Jo:_)7

CULVERT ON A

A=18FT«
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—0 e 53

—~0e o2

’0505

& TG 1 SLOPE

A=24FT.

-0.90

—0.80

_O.7G

—0 60

—0+5Y

~0eb4

A=30F Te

—1.00

~1.00

~1400

-1.00

~1400



023

TOTAL COGST OF At UNFROTCCTEL

FOR A 3¢

CADT

750640

1560.0

220U

300040

150000

2000046

TABLE C7.

INe DIAMETERK PIPE

3400600

GFEO«C0

1320000

134004 GO

1500Ge 00

TOTAL COST DATA FOR A 36 INCH PIPE CULVERT ON A 2%:1 SLOPE

Ui A

A

CULVERT

=1/ TO

=1 8FT .

25006 GO

S1CU. GO

74004 CO

10000+ QU

10100 « GG

14000, (0

1 SLOPE

A=P4FT,

2400.00

4906000

720000

9600 .00

9800 .00

13600400

A=30F Te

"1300.C0

250000

3700600
500 Ce 00
510G« 00

7100.00



123

UklGlnai
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TABLE C7 (CONTINUED).
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TOTAL COST DATA FOR A 36 INCH

A=18 FTa

A=Za FTe
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10700.00
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1460000

A=18 FTe.
A=30 FT.

£4900400

4200400

2400400
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7006 00

PIPE CULVERT ON A 2%:1 SLOPE

A=24 FT.

A=30 FT1.

300000

4300400
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G600 00

580G0 . C0O
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TuT AL COST

FOR A 306

ADT

150000
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TABLE C7 (CONTINUED). TOTAL COST DATA FOR A 36 INCH PIPE CULVERT ON A 2%:1 SLOPE
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TOTAL CULST

FOIl A Zo
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TABLE C7 (CONTINUED). TOTAL COST DATA FOR A 36
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TOTAL COST

FOR A 36
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" TABLE (8.
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TABLE C8 (CONTINUED).
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TOTAL COST DATA FOR A 36 INCH PIPE CULVERT ON A 6:1 SLOPE
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CTOTAL CU:sT

FOR A 36
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TABLE C8 (CONTINUED). TOTAL

PIPL

OF A GUARDRAIL PrRUOTLCTED CLLVERT
ON A & TUO 1

A=1EFT .

6900« GO

HO00 « GO

102060 « GO

11500« GO

121060 . CO

14700« 00

1}
e
I~
T
.

CG00. 00

660000

10260 00

113CG.00

12100.00

1470000

A=50FT.

GGG 0. GO

56006 GO

14U o0 Ge (1

171 wdle i

12100400

<
<

147 el

COST DATA FOR A 36 INCH PIPE CULVERT ON A 6:1 SLOPE
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TOTAL CUST
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~TABLE C8 (CONTINUED). TOTAL

e R

(N

A

PROTELCTEL CULVERT
6 TO 1 SLCPE

EF=18FT .

3300« CO

5E00 « GG

9300« G0

3400 « GO

9900 « 00

10608« GO

A=24F T .

B30000

580000

2300400

G900 .00

9900C.00

1680000

CA=ZO0F Te

830000

5600« 00

G300 GO

990000

GG0 0. 00

1060G.00

COST DATA FOR A 36 INCH PIPE CULVERT ON A 6:1 SLOPE



TOTAL COSY UF AN UNPRAOTCCTIED CULVERTY
FiuR A 4 X £ FTe SINGLE BOX CULVERT OGN A 2-1/2 TO 1 SLOPE

823

apT A=12FTe A=16FT. A=24FT. A=30F Te

750 o 5600e00 4200« GU 3700400 1300.00
15006Ga.0 16500600 B840G0 « GO 7400 .00 2500400
1536060 123004 GU 1030000 3700400

TABLE C9.

€9 00000

0500600

CO0GG0e00

1660C0 « GO

16900 « GO

£3400 « CU

14600460

14900400

2060000

TOTAL COST DATA FOR A 4' X 6' SINGLE BOX CULVERT ON A 2%:1 SLOPE

500000

'5100.00

710G« 00 |



TLtal Clest FlOn cafimb g A CULVDKTE

Fun A 4 A ¢ Fle SIKNCLE X CULVERT ON A -1/2 T3 1 SLUFE

623

Lk 1GMAL L.l““f:i_,Ll mnzle Fla A=le Fla A=12 FTe. A=Tt FTe Azlo File A=24 T
FaMdal Lirrti 'l A-do Pl A=ch F1a A=30 FTe A= 4 -FT'. A=50 HFTe A=30 Fle
AL o »
F8.0 et CLULLUL CG00600 4500400 54G0400 4G0Ge GO 360000
| SRV LelUueUU SolU U U SCUUeUU Geuld «Q U H5300«00 4900300
VSV ForCuas ol 1206C0 00 L0 U0 12000 400 GH00400 100400
LUk e u 1 rS0LeUU 16t UGe UG 100600 16000 .00 100000 1400 «00U
1S CL0 a0 ltzluablit 176000 U 200G GO 1660000 TS500 00 TEC0 U0
L LGLO QU PN AVIVERVES et QU e U0 1010606 U0 CcdU0 «a 00 LCEOCGL 00 400400

TABLE C9 (CONTINUED). TOTAL COST DATA FOR A 4' X 6' SINGLE BOX CULVERT ON A 2%:1 SLOPE




0€d

FOR A 4 X

ADT

750G 0
1560 .0
225040

30C0 0

150000

200000

TABLE C9 (CONTINUED).

SINGLE BOX

BHUG 00

105060 « U0

1240G00U0

1440000

145006400

I77GGL0G0

TOTAL

TTOTAL COST OF A ouatorale PROGTECTED CLLVLRT
CULVERT UN A

"
Y-t
(et
Ti
-
L

6900 o GG

36004 03

10200« 00

119400 .00

127100 . Gi:

14700 « GU

TO 1 SLORE

A=24FT.

£300.00

S500 006

10200.00

1190000

121006.00

1470000

AzZOGF T

ECLGCO

£60 060

1020000

110l i

12106000

COST DATA FOR A 4' X 6' SINGLE BOX CULVERT ON A 2%:1 SLOPE




1€3

1OTAL CLLT

FOR A 4 X

30000

1500040

200G06.0

"TABLE C9 (CONTINUED).

GRATE PROTLCIED

CULVERT

SINGLE BOX CULVeERT OM A

4300600

040G a00

E4006 QO

1640060

107G0.00

1390000

A=1TEFT,.

3600« 060

5600« 0G0

71006. GO

s& 00« GO

9006. 0O

11600 .00

2—1/2 10 1

N
&
T
-
.

340000

4700600

H900.00

71060.00

7200.00

920000

SLOPE

A=30F Te

" Z400.00
47C0e00
590 0«00
7100600
7200.00

9200.00

TOTAL COST DATA FOR A 4' X 6' SINGLE BOX CULVERT ON A 2%:1 SLOPE



289

CJUTAL CEST

UF

Al

UNFROTECTEDY CULVERT

FUR A 4 X & FTe SINGLE 80X CULVERT ON A o6 TG 1 SLOPE

225040

30000

1500040

£0000.0

TABLE C10. TOTAL COST DATA FOR A 4' X 6' SINGLE BOX CULVERT ON A 6:1 SLOPE

A=12F T,

3763000

7400400

10500«00

1450000

14606000

2050680

A=18FTe

2600« GO

5200« GO

7600 « GO

16200.CO

10400 . 00

145G0 « 00

1200.00

3500.00

510000

690000

7000.060

93800400

A=30FT.

P

110G. 0O
1600.00
éZd0.00
22006« 00

310G 00



€€l

TUlAL CUST FLRE barbisbainG A CULVERT

Filks A w X G

URIGITNAL LRrLE T
Flival LirFSEd
LUl

Tl e U

1LSL0 e G

Ce .U e

SOGu au

el e U

EULUG « U

AT i Fie

A1e Fa

GaGueuts
feeu G
CaUlLeLU
iaQup.uu
ledbue GO

ICoUiue GO

TABLE C10 (CONTINUED).

Fte LaibhGlE

tLX CULVEKRT UN

QQQ0.00
GlulebL U
TE0Ge0GG
L0000
L0000

150Ge00

TOTAL COST DATA FOR A 4!

A=l FT.

A=30 FTe

SS0LUL 00
4500 S OU
CUGU G0
£5006 00
56004060

040000

A6 TG

Sbhure

A=le FTa

A=Z4 FT.

S 0000

500000

7100400 -

vu 0000

Y0C0 00

117000606

A=1S FTe

A=30 FTe«

3500400

250000

4400400

0006 00

S000« GO

SoU00.00

A=Z2& FTe

A=30 Fle

2600400
54006400
3900.00
4400400
4500400

53CU 00

X 6' SINGLE BOX CULVERT ON A 6:1 SLOPE



TOTAL COUST UOF A GUARDRATL PRUTECTLD CLVEKT

FUR A 4 X 6 FTe SIhGLE BCX CQULVERT ON A 6 TO 1 SLOFC

A%

ADT o A=12F1. A=1EFTa A=cat T A=L(GFT.
75040 85500400 6900 « GO G200 00 €20 0e GG

1500.0
225040
300040

15600 .0

20000.0

TABLE C10 (CONTINUED).

105CG G0

124060600

1440GaC0

145G0.G0

1770000

5EC0 & UO

10200 « GG

11500 « GO

121C0 . 00

14700 « CO

TOTAL COST DATA FOR A 4'

000040

16200.00

11900 .00

121G06.00

14700.00

X 6' SINGLE BOX CULVERT ON A 6:1 SLOPE

GO G 1939
1G o0 Ge OY
11900600
1e 1GUaGU

14760 LG




FOTAL COST GF A GRAID PROTECTED CULVERT
FUIK A 4 X & FTe STRNGCLE BGX CULVERT UN A 6 TU 1 SLOPE

Ged

CADT AS1ZFT. A=1EFT. A=24FT . ' . A=30FT.
75040 15300400 15200+ €3 15200.006 15200400
150040 1660 U 0O 15700« GO 15700400 15700400
226040 166060400 16200« GO 16200.00 1620 0. 00
3000.C 173GG4C0 16800 « CO 16800400 1680 0«00
150000 17300600 16500« GO 1650000 1660C.00
2000040 15400400 17700400 1770000 17700 00

TABLE C10 (CONTINUED).

TOTAL COST DATA FOR A 4' X 6' SINGLE BOX CULVERT ON A 6:1 SLOPE



TOTAL COST UF AN UNPROTECTED CULVERT
FOR A 4 X ¢ FTe MULTI-B0OX CULVERT ON A 2—1/2 TO 1 SLOP

ADT A=T2FET. A=18FT. A=Z4FT . A=30F T

9¢€2

785G« 7100 GO 6400 CO 5500400 1300600
150040 1420000 12700 « O 11000.00 2500400
22500 2OSU0L00 18600 o GO 16100400 3700400
3600.0 2800000 “4900 - 6O 21600400 5000 GO

15600.0 28600600 25600 « GO 22000.00 51004060
F0000.U 360000 35200« CO 30400.00 7100460

TABLE C11. TOTAL COST DATA FOR A 4' X 6' MULTI-BOX (2) CULVERT ON A 2%:1 SLOPE



LEI

URIGEINAL ULHFLE

FLNAL

tutal Cuot ik
Flun A 4 X o Flhe MUbLil-tbun CULVEIKT
el e File A=l F1e.
(W1l SNt | Aete Fle Axdyg Fi.
RN
ey e GlOGe UG ES06GU0
LoGU. U Laa UleL U 1auQUeU U

ceul o0 CLolUeLU

UEVIVIVI: cLtbUle G
180 GUeU eI GLLU U

e UUUU v SLLuUe UL

TABLE C11 (CONTINUED).

ExTeebihe A CULVERT

1€1G0.00

2450000

«2CGCCa 00U

Swa QU006

TOTAL COST DATA FOR A 4' X 6!

LN A

A=12 F I

A=50 Fl.

oY lue QU

G100« 00

CSo0U 00

G40G400

114006400

c—-1/c

T 1 SLULPE

a=1L FTe

A=cd FTe

7600.00

10106000

16200400

2300 400

241004060

SetC0 00

A=1b ET.

A=_0 FTa

4900460
616000
7300.00
660000
67004060

107064 0C

416000
$300400
€500 4060
7£00.00
7600.00

G800 00

MULTI-BOX (2) CULVERT ON A 2%:1 SLOPE




TOTAL COST OF A GUARDIKATL PROTECTED CWLVERT

FOR A 4 X & FTe MULTI-BOX CULVEIRT OGN A z2—-1/72 TG 1 SLOPLE

ADT ’ AZ1eFTa ’ A=1vFTa A=24F T, A=L0F Te

8¢€J

“TABLE C11 (CONTINUED).

THUG 5004060 E£9ULO « G0 &960.00 HCO0.00
156040 1650000 H6L0 e il L8000 0 £ CULeUU
225040 12460460 10260« GO 10626GC G0 16200 Gy i
300040 1440G.00 119006« L0 11900400 1150000

15000.0 14500400 121C0. 00 12100.00 1210C. GO
20000.0 17700450 14700« G 14760400 14T UL 00

TOTAL COST DATA FOR A 4' X 6' MULTI-BOX (2) CULVERT ON A 2%:1 SLOPE



6€J

CTOTAL COSt

FO A 4

CADT

1500.0 .

c2%0e
3000 U

150000

260000 .

TABLE C11 (CONTINUED).

X &6 FTe

GF A GRATE PROTECTEL CULVEKT

MULTI-30UX CULVERT OM A

4700460
650000
100400
G400 00
1010600

12800600

4300« GO

S600 « 0O

7100« GO

5600 « GO

8700. 00

116004 00

TOTAL COST DATA FOR A 4' X 6'

1 SLOPL

A=24FT.

4100.00

5400..00

6600.00

790000

7300400

9900.00

 A=30F T

T 4100G.00

540000

&6c00.00

790000

79006400

9900600

MULTI-BOX (2) CULVERT ON A 2%:1 SLOPE



0vd

TOTAL COST GF AN UNPRUTECTED CULVERT

FOR A 4 X 6

ADT

75040

180040 .

225040

3000Ge0

50006 .0

L EGUGUL0

MUt TH—50X

A=12F T,

500000

1130000

165G0a 0G0

22100600

22500600

S$1200«00

CULVERT ON A 6

A=15FTa.

40004 GO

TS500 00

11600« GO

15600. GO

22000 CO

T0O 1 SLO

[an]
v

A=24FT.

2600.00

5200.00

7500.00

10106000

10300.00

14300400

60 0.00

1100400

1600.00

2200600

2200. 00

3100.00

TABLE C12. TOTAL COST DATA FOR A 4' X 6' MULTI-BOX (2) CULVERT ON A 6:1 SLOPE



Tud sl ClLsd

FuR A4

IRTGINAL Urf el
EibeL LrFLed

AU

LG U

19

100U U

et Ue U

G0 e

1o U0GU e U

cUbLL s

Filin LXxtiob G

FE e MUL B LR CutvViErxd

hele Fe

Azl Foe

[5GV VRV

1010LL0G

| SOTEI VIV VRV

1 7el0aB0

1ollCuel G

£4eUlal b

TABLE C12 (CONTINUED).

A=le FT.

Azc4 FTa

2400.00

lU‘JU(}wO('

1270Ge0G

17000 .CC

A CULVERT

N A 6 Tu

AZ1Z2 F1.

S0 FTe

>
t
(.

LI0G UG

S5TC0U« 006

0L U0O

[«X&192V « UL

EEGULL GO

To0u .Ul

SLuPe

A=l FTe.

FTa

by
i
N
»

4S50« 00U

500 00

C% 004060

150000

1276000

loc U0 00

4200600

470000

5200060

SE00e00

5600400

A=2646 FTe

A=30 FTe

3200400
3700400
4300400
46006 00U
480000

5700400

TOTAL COST DATA FOR A 4' X 6' MULTI-BOX (2) CULVERT ON A 6:1 SLOPE



TOTYAL CUST OF A GUAFDRATL PRUT=CTED CULLVERT

FOR A 4 X 6 FTe MULTI=30X CULVUIRT UnN A © TO 1 SLOPL

AN

ADT

750G .0

120040

225040

3000.0

15000 G

20000«

TABLE C12 (CONTINUED). TOTAL COST DATA FOR A 4’

850000
162Gl G0
124060400
1"4-400.00
145%00.00

71 CCeul)

A=1EFTe

6900« GO

G000« G0

10200.CO

11900« G¥

12100 GO

147006 Gik

G300 .00

4500400

1020G0.030

114900400

12100400

147600 «00G

A=Z0F T

&G0 0.0
O(»‘ Ge OU
102G G U
1190 Ge GU
1210000

1470 Gl

X 6' MULTI-BOX (2) CULVERT ON A 6:1 SLOPE



CTOTAL COST UF A GRATE PROTLCTED CULVEERT
FOR A 4 X & FT. MULTI=-HOX CULVERT ON A 6 TO 1 SLOPE

(AN

AT A=12FT. A=18FTe ' A=24FT. " A=30FT.

TH0 e 0 2050U0« 00 20500« GO 20500.00 70500G. 00
1500.0 21300600 2110000 21100400 2110000
L2560 27190000 216060+ GG 2160000 21600400

22¢006 0G0

22100400

22100.00

300040 22100 « GO
150600 ZETG0W00 22200« GO 22260400 22200400
ZO0000 2ETO0L 0D 230600« 00 2300000 2300000

TABLE C12 (CONTINUED).

TOTAL COST DATA FOR A 4' X 6' MULTI-BOX (2) CULVERT

ON A 6:1 SLOPE



TeTAL Lz CLU Fu EATENDINC A CULVERT

FLi A co dive Lilsebliiok rlre OGN A Z-1/2 Tu 1 LLUPE

A4

TABLE C13.

DIRECT COST DATA FOR A 36

INCH PIPE CULVERT ON A 2%:1 SLOPE

LRIGINAL UFFSE Amle Fio £z1i Floa Az1lz FT. Azle FTe A=lo Fla A=Z24 FTe

Firal CFRUE A=1e Fie h=ob F1. A=30 FT. A=24 FT.e A=30 FTe A=30 FTe
AT

755G U e 110600 15CG 00 1160400 176000 170C.00

1500 eu TOUeUU 1100400 150G 00 11C0e00 1700400 1700.G0

PPTTOTTINY TOGeUL 110G«0C 1500« 00 1160 «00 1700400 1706 .06

LU0 e U UL UO 116000 1500400 11006400 1700600 17004060

150060 o U FOULUU 110Ge0G 150000 116000 1760606 1760400

LOUUG o U 10U UL 11004006 15CGe 00 110000 1700400 1700400




Ll AL ik ol LS Fu e xTeNDING A CULVerT

Flun A 3o fine DDIAmEILK ikPe UGN A & TO 1 SLUPE

)

TABLE C14.

DIRECT COST DATA FOR A 36 INCH PIPE CULVERT ON A 6:1 SLOPE

U ICINAL LEFLLT hele F1a A=1Z Fla A=1Z2 FTe A=1t F1. Az1& Fla A=24 FTe
UbF ol A=1& Fi A=EG F i A=30 Fle REz4 FT. A=30 FT.e A=30 FTe
.F\U I
LU WG SOl L 12G040G0 1500« 0C 1100460 140000 13006 .06
15C0 U LUV UL 140000 1500« 00 1100.00 1400e 06 1300400
Cetue LUUeuL 120000 1500606 1100.006 140060C 1300.00
SULU U YOLe LU 1200400 1500400 1100 .00 14004060 1300.00
150000 LUl 12GG.00 156G .60 1100.00 1400006 1300 <00
“uGUU e SO Ue UG 1200.0C 150000 1100.00 140060 1300 00



9%J

TLTal LIKECT wui T Pl

Fulk A 4 N © Fle LihGLo X CULVERT UN A z—-1/2 TU 1 SLGPC

URITCIENAL Lkl
Fiinatbk URFEFLed
A0

[ASIVAPR Y

1900 U

1L0U0G s U

PRSI CRVICIRY)

TABLE C15 DIRECT COST DATA FOR A 4' X 6'

Ah=le FTa

A=t F1.

12CueUU

lovueu

1ol elC

totu«UU

IR VRV VAW

1o0ueUU

EXTOND ING

Azle FTe

A=Zz4 FT.

et Gl LU

«100.00

AR NIV VRS

<100 .00

c10G00

«i0040G0

A Cub vl

310600

3100V«00

310000

QIUUQOO

S10GU Q0

SINGLE BOX CULVERT ON A 2:1

Azlo FIUa

Azz6 FT.

1760.00C

170000

170000

170000

1700 .00

170000

A=18& FT.

A=50 FT.

2600« G0
2500600
£H00.U0
2600400
2600600

ct0G0eGCG

SLOPE

A4 Fle

A=30 FT.

2400 «00
240000
2406G.00C

£400.00

c400 00

240000



L¥3

UR1IGENAL

F 1AL

TUtel LIkeCTd

Fluk A«

UFFELE

Cri et

AU
150 e U
10U e U
el
SOUGeu
150UGU « U

cLGLU G

TABLE C16.

3-

[Sy |

Fie SimGLi

Fie

)
o~
2y

Amdt F e

LGl W OO0

telbu ey

T UuatL

loUuLae LU

[ RVRCIE N VAV

Le DU U

DIRECT COST DATA

Fuh LATLENDING

X CULVERT

Azga Pl

(.‘500.()()

b 0000

FOR A 4' X 6'

A CcubverT

UN A o TU

A=le FTe

A=0o0 Fla

240uULe00

S4GU e UL

S4ULeUC

24CG 00

340000

SINGLE BOX CULVERT ON A 6:1

1

cLORE

Az=16 7T

A=24 Fl.

2000 «CU
2000400
Z0G0.0U
200U 00
2000 .00

<000 .00

A=1&6 FTe

A=350 Fle.

260000

260000

2680GC« 00

ctulGe GO

c&00eG0

00400

SLOPE

A=z4 Fla

£300e00
2300400
230000
230000
2300400

23006«00



8%9

ol LIRKECE CULT For

Fokk A4 X

Ul oTlinabl Grifuct

FiiNnAL LEFSET

INSN

[ARYERY

LOHUuU e U

St e U

SCOCU e G

TLOGUL WG

JGhuu e O

TABLE C17.

Fbe MULITI-LLX CULVERT UGN A L—-1/c

A=1le Fl.

A=lo 1.

176ua GG

L 70U UG

1rGUUO

l7LuelU

lriueliv

17Vuetu

DIRECT COST

LaTeNDING

200000

RIS eRe

300000

3000 00

SG0GeUU

200G e0U

DATA FOR A 4'

£ CULVERIT

A=l FTe

A=20 +Te

4200600
4500600
4500 UG
4o0u el
4200« UL

45060400

X 6' MULTI-BOX (2)

1 sLokL

Azlo T,

A=ca FT.

£160.00
2100.00
«1U0 .00
<100400
<100 .00

100 «0U

Azl FTe.

A=30 Fle

360000

56004060

Z2GU0«GO

SeU0e 00U

260U 00

Z0oU0«OU

CULVERT ON A 2%:1 SLOPE

Az=z4 FT.

A=30 Fl.

2800400
2500400
c5G0.00
L0000
£600.00

<860 .00




6%3

Fulre Like

FlLlk A & X

Gk TwInalL whEoL o
HilNAL LEried
INPN|

70 « U

Todl el

S0GU « U

120600 .0

clLuleu

TABLE C18.

CLOT Fukh oAb INC

A CULVEKT

Fie MULII~-LUA CULVERT GN A o TU

Azdic Fle

A-lt Fe

el Gl e UL

PR VA VR VAW

QLo LU

2ellaub

e QlUeuU

C.L()Ut'\lb

A=1e FT.

AT T .

240U« 0

4 GG« 0G0

2400 «00

$40G060C

4 G0 «00

GEUU OO
400000
4600600
4600400
40000

4600400

1 SLGPE

A=16 FTe

A=c4 FTe

c4 000

400 «0U

«400.00

2400400

c4ul 00

<400 «00

A=18 F1e.

A=36 FT.

3600 GO

300000

000060

oGLGOC0

SO00« U0

J600« GO

DIRECT COST DATA FOR A 4' X 6' MULTI-BOX (2) CULVERT ON A 6:1 SLOPE

A=24 Fla

A=Z20 FTe

cGGUe QO

60000

c600.00

c60G 00

60000

2600400







Example 1:
Given:

Required:

Solution:

Example 2:
Given:

Required:

APPENDIX D
SAMPLE CALCULATIONS

A4 ft x 6 ft double box culvert is located on a 2% fill
section rural highway with an average daily traffic of
2250, The end of the culvert is 24 ft from the edge of
the traveled way and has no other hazards on the slope
or around the culvert and ditch. There are no restrictions
on the type of safety treatment which may be used.
Determine the most cost-effective alternative.
a) 1) Select Figure 10 (2%:1 slope).
2) Enter with ADT = 2250 and Offset = 24 ft.
3) The point ADT = 2250 and A = 24 ft falls
to the right of the 1ine for two 4 ft x 6 ft
MBC. Therefore, safety treatment is recommended.
4) Select Figure 7 (4 ft x 6 ft multi-box (2)
culvert on a 2%:1 slope).
5) Enter with ADT = 2250 and Offset = 24 ft.
6) Safest alternative is either extend to 30 ft or
grate protection.

A 36-in. diameter pipe culvert is located on a 2%:1 fill
section rural highway with an average daily traffic of
1500. The end of the culvert is 18 ft from the edge of

the traveled way and has no other hazards on the slope

or around the culvert and ditch. There are no restrictions
on the type of safety treatment which may be used.
Determine the total costs and ranking factors for a) the
unprotected culvert; b) extending the culvert end to 30 ft;
c) guardrail protection; and d) grate protection for the
direct costs listed in Tables B6 through B8; e) repeat
steps a) through d) for 30% decreased direct costs in
extending and grate treatments; f) determine most cost-
effective alternative for no increase or decrease in direct
costs and for 30% decreased direct costs.

D1



Solution:

b)

d)

Unprotected Culvert
From Table C7:
C $5100 (ADT = 1500, A = 18 ft)

T

R

1.0 (see Appendix B for discussion)

Extend Culvert End to 30 ft
From Table C7:
CT = $4200 (ADT

i}

1500, Ay = 18 ft, Ag = 30 ft)

From Table C1:
R = 0,52 (ADT

1500, Ay 18 ft, A 30 ft)

F
Guardrail Protection:
From Table C7:

CT = $8600 (ADT = 1500, A = 18 ft)

From Table Cl:

R = -0.67

Grate Protection

From Table C7:

CT = $4400

From Table C1:

R = 0.47

1) Unprotected Culvert (no direct costs involved)
CT = $5100

R =1.0

2) Extend Culvert End to 30 ft (30% decrease in direct costs)
From Table C13 or Table B6:
CTD = $1700

To calculate the new total costs:
C, = $4200 - (30%)($1700)

CT = $3690
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Using Equation (B5) to calculate the ranking factor:

R = $5100 - $3690
(70%) ($1700)

R=1.18

3) Guardrail Protection (no decrease in direct costs)
CT = $8600

R = -0.67

4) Grate Protection (30% decrease in direct costs)
From Table B8:
T = $1500

C
Cr = $4400 - (30%)($1500)
C

T = $3900

R = $5100 - $3900
(70%)($7500)

R=1.14

No dncrease or decrease in direct costs.

From parts a) - d):

Cr = $5100, R = 1.0 for unprotected culvert;

CT = $4200, R = 0.52 for extending to 30 ft;

CT = $8600, R = -0.67 for guardrail protection; and
C = $4400, R = 0.47 for grate protection.

Based entirely on total costs, extending appears to be

the most cost-effective solution; however, it has a ranking
factor less than 1.0. This means that more money must be
spent than will be received in benefits by extending to

30 ft. Thus, the most cost-effective alternative is to
leave the culvert unprotected. This can also be deter-
mined by entering Figure 3 with ADT = 1500 and Offset =

18 ft.

30% decrease in direct costs

From part e):
CT = $5100 R = 1.0 for unprotected culvert;
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Example 3:
Given:

Required:
Solution:

C; = $3960 R = 1.18 for extending to 30 ft;

Cr = $8600 R = -0.67 for guardrail prbtection; and

CT = §3900 R

1.14 for grate protection

Based on total costs and ranking factors, extending
appears to be the best alternative. However, the total
cost and ranking factor for grate protection is so near
that of extending, that either alternative is considered
the most cost-effective.

A4 ft x 6 ft single box culvert is located on a 6:1 fill
section rural highway with an average daily traffic of 3000.
The end of the culvert is 12 ft from the edge of the traveled
way and has no hazard on the slope or around the culvert
and ditch. Right-of-way space is lTimited so that the culvert
can be extended a maximum of 24 ft from the edge of the
traveled way.
Determine the most cost-effective alternative.
1) Select Figure 11 (6:1 slope).
2) Enter with ADT = 3000 and Offset = 12 ft.
3) The point ADT = 3000 and A = 12 ft falls to the right
of the Tine for one 4 ft x 6 ft SBC. Therefore safety
treatment is recommended.

’4) Select Figure 6 (4 ft x 6 ft single box culvert on a

6:1 slope).

5) Enter with ADT = 3000 and Offset = 12 ft.

6) Safest alternative is to extend to 30 ft.

This alternative is not possible due to limited right-of-
way; thus, the alternative with the next highest ranking
factor is the most desirable. Extending the culvert end
to 18 or 24 ft might also be a possible treatment. From
Table C4:

R
R

i

1.0 for unprotected culvert;
2.69 for extending culvert end to 30 ft (not a
possible alternative);
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Example 4:
Given:

Required:

Solution:

1.99  for extending culvert end to 24 ft;

1.37 for extending culvert end to 18 ft;

0.02 for guardrail protection; and

= -0.19 for grate protection.

For this, extending to 24 ft clearly provides the second
highest ranking factor next to extending to 30 ft. Thus,
the culvert end should be extended to a final offset of
24 ft to obtain the second most cost-effective solution.
This same procedure can be applied to other situations in
which the recommended alternatives in Figures 3 through 8
cannot be implemented.

- v - v R v i |
i

A portion of highway has been designed for an average daily
traffic of 20,000 and will be located on a 6:1 fill section.
A4 ft x 6 ft single box culvert is necessary for drainage
under the roadway at Station 1+00. A1l hazards within 50 ft
of the traveled way and 100 ft on either side of the culvert
have been removed. The culvert end cannot be closer than

12 ft and no farther than 30 ft from the edge of the traveled
way. Assuming no initial costs for an unprotected culvert
with a 12 ft offset, it has been determined that the following
additional costs are necessary: $3500 for an 18 ft offset,
$7000 for a 24 ft offset, and $11,000 for a 30 ft offset.

A1l costs include Tabor and material for extending the
culvert and for the necessary fill to maintain a 6:1 slope.
Determine the most cost-effective culvert end offset and/or
safety treatment at Station 1+00.

The general procedure is to determine the total cost and
ranking factor at each offset for the unprotected, guard-
rail protected, and grate protected culvert. The costs
given above must be used in conjunction with the costs

given in Appendices B and C.
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1)

2)

The Unprotected Culvert (see Table C10)
12 ft Offset:
CT = $20,500 (from Table C10)

Crp = $0

R

1.0

18 ft Offset:
CT = $3500 + $14,500 = $18,000

CTD = $3500

_ $20,500 - $18,000 _
R = $3500 - 0.71

24 ft Offset:
CT = $7000 + $9800 = $16,800

CTD = $7000

_ $20,000 - $16,800 _
R = 7000 0.53

30 ft Offset:
CT = $11,000 + $3100 = $14,100

CTD = $11,000

R = $20,500 - $14,100
$T7,000

0.58

The Guardrail Protected Culvert (see Tables B7 and C10)

12 ft Offset:
Cr = $17,700 (from Table C10)

CTD = $6900 (from Table B7)

R - $20,500 - $17,700

6900 = 0.41

18 ft Offset:
C; = $14,700 + $5500 + $3500 = $23,700

Crp = $5500 + $3500 = $9000

_ $20,500 - $23,700 _
) 39000 -0.36
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3)

24 ft Offset:
CT = $14,700 + $5500 + $7000 = $27,200

CTD = $5500 + $7000 = $12,500

R = $20,500 - $27,200

72,500 -0.54

30 ft Offset:
CT = $14,700 + $5500 + $11,000 = $31,200

CTD = $5500 + $11,000 = $16,500

$20,500 - $31,200

R = $76.500 = -0.65

Grate Protected Culvert (see Tables B8 and C10)
12 ft Offset:
CT = $18,400 (from Table C10)

Cip = $14,600 (from Table B8)

$20,500 - $18,400

R = $T4,600

0.14
18 ft Offset:

CT = $17,700 + $3500 = $21,200
CTD = $14,600 + $3500 = $18,100

_ $20,500 - $21,200 _
R = 378,100 = -0.04

24 ft Offset:
Cr = $17,700 + $7000 = $24,700

Crp = $14,600 + $7000 = $21,600

$20,500 - $24,700

R = 27,600

-0.19

30 ft Offset:
CT = $17,700 + $11,000 = $28,700

Crp = $14,600 + $11,000 = $25,600

R = $20,500 - $28,700

$75.600 -0.32
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From these calculations, the most cost-effective alternative,
based on ranking factor, is to leave the culvert unprotected
at a 12 ft offset distance (CT = $20,500; R = 1.0). Based
on total costs, the best alternative is to Teave the culvert
unprotected using a 30 ft offset (CT = $14,100; R = 0.58).
Note that the additional initial costs used in this example
greatly influence the final results since they are a large
percentage of the total and direct costs. Care should be
taken in estimating these costs in order to obtain correct
results.
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