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SUMMARY

This report examines a model to calculate the delay savings resulting from

a capacity improvement to an existing facility. The model is designed to mini-

mize the information required about each project so that the program can be

quickly and easily used with little or no additional data collection necessary.

Just as important, is the capability to quickly and consistently compare a

large number of projects on the same basis, namely the amount of delay savings

generated over the planning horizon per dollar construction cost.
The major characteristics of the model include:

1. The only traffic volume required for each project is the current ADT. A
projected ADT can also be specified, but if one is not given, then the pro-
gram will generate its own ADT projection, using either a low, medium, or
high ADT growth formula. The particular growth category can be specified
if desired, otherwise the medium growth formula will be used.

2. Certain characteristics of the existing highway, as well as the proposed
highway are needed. These include the location (rural or urban), highway
type, number of lanes, and length of road section. In addition the esti-
mated construction cost must be specified. Other characteristics cén also
be specified, if desired, such as speed limit, shoulders, left-turn median,
and number of traffic signals per mile.

3. ADT is converted into hourly traffic volumes using average K factors for
rural conditions and urban conditions. There is no further breakdown into
direction of travel and variations within the hour, though there is an
adjustment for those factors in the capacity parameters.

4, Average speeds, as a function of hourly volumes, are taken from recent data

collected at several sites in Texas.
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5. In order to make all projects directly comparable, the construction year is
assumed to be the year following the current year.

6. The discounted delay savings are calculated over the planning horizon, and
then ranked using the delay savings ratio, which is the delay savings
divided by the construction cost. The cumulative construction cost is also
provided to aid in project selection with a budget constraint.

/. The program can process up to 9999 projects at one time.
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INTRODUCTION

For most highway projects designed to increase the capacity of an existing
facility, the sihg]e, most important benefit is the reduction in delay, termed
delay savings. That savings is readily apparent on heavily congested routes
for which additional capacity can have a dramatic impact if that congestion is
significantly reduced or eliminated. However delay savings can result, even if
no congestion is present, by increasing the average speed along the facility.
Thus rural routes, with low traffic volumes, can be analyzed.

Calculation of delay savings is not a new concept. It has been generally
recognized for several yéars that a large portion of benefits generated by an
improved highway network comes from reduced time costs. Many manuals and com-
puter programs include an analysis of delay savings. One widely used manual

method is contained in AASHTO's A Manual for User Benefit Analysis of Highway

and Bus Transit Improvements (1). The manual is commonly referred to as the

Redbook, and contains nomographs and tabular data which can be used to calcu-
late delay savings. However the process can be very tedious and time consum-
ing, especially if a large number of projects are to be analyzed.

The revised Highway Economic Evaluation Model (HEEM-II) (2) is a computer
program which can also be used to calculate delay savings, though its primary
output are the overall user benefits, including delay savings. It calculates
benefits over a planning horizon for given projected traffic volumes within a
corridor. The majof drawbacks in using HEEM-II are the use of ADT directly to
calculate an average daily speed, rather than converting the ADT to hourly vol-
~umes and using the hourly volumes to calculate average speeds. That also

creates a problem in handling times during the day when demand exceeds



capacity, and a queue forms. HEEM-II does not have any explicit mechanism to
handle the queue conditions or the dissipation of the queue.

This report presents a computerized model to calculate delay savings which
is simple to use, requires a relatively small amount of data, and incorporates

recently collected data on average speeds along Texas highways. Delay savings

~ are calculated for each year of the planning horizon, discounted, and summed to

give the total discounted delay savings for the project. The projects are then
ranked by delay savings per dollar construction cost to indicate the relative

merits of each project using the delay savings criteria.



CHARACTERISTICS OF MODEL

The calculation of delay savings in the model is based upon the projected
ADT, which can be given in the input data or calculated within the program. In
either case an ADT is then calculated for each year between the current year
and the projected year. The next step is to convert each ADT into hourly vol-
umes. This is accomplished using K-factors within the program. There is a
Separate peaking pattern for rural projects and for urban projects.

VThe next major step is to calculate an average speed for each hourly traf-
fic volume. This is based upon four basic highway types, undivided, divided,
freeway, and busway, with other characteristics such as the presence of shoul-
ders, and left-turn medians. When vehicle demand exceeds capacity, a queue is
assumed to form and the speed declines as the average queue length increases.
The queue is carried over into each succeeding hour until the queue dissi-
pates.

Delay cost, in dollars, is then calculated and the difference between the
proposed facility and the existing facility becomes the delay savings as a
result of the improvement. The calculations for a busway on an existing free-
way and new location conétruction are slightly more complicated because the
proposed facility does not replace the existing faci]ity. In that case, when
the proposed facility is built, part of the traffic will use the new facility
(busway), while the rest remain on the existing facility. That split must be
specified as part of the input data, or a fifty percent split of persons in
assumed.

The input and output data for the model are presented in Table 1. Details
are provided in the section entitled "Use of the Model." As can be seen in the

table, very little data are required to analyze a project, the current ADT,



Table 1. Input and Output Data for the Delay Savings Model

Input Data
Required

Current Year
Problem Number
Current ADT
For the Existing and Proposed Facilities,
Location (Rural or Urban)
Highway Type
Number of Lanes
Length of Road Section
Construction Cost

Optional

Percentage Trucks
Value of Time for Cars, Trucks
Discount Rate
Planning Horizon
Projected ADT for Planning Horizon
For the Existing and Proposed Facilities,
Speed Limit
Shoulders
Left-Turn Median
Number of Traffic Signals Per Mile
Category of Area Development
Percentage Persons to Use Proposed Facility
Problem Description

Output Data

' Ranking
Discounted Delay Savings
Delay Savings Ratios
Cumulative Construction Cost



construction cost, and some basic information on the existing and proposed
facilities. These data should be readily available and greatly reduce the time
and effort required to obtain an estimate of delay savings.

If a more complete analysis is desired, then other data can be given, at
the option of the program user. Four different highway types can be specified,
an undivided highway, a divided highway, a freeway, and a busway on a freeway.
Such things as adding shoulders to a rural 2-lane highway, or improving the
geometrics so the speed limit can be increased, or putting a continuous left-
turn median in an undivided city arterial are some of the problems which can be
analyzed with the optional data. The number of traffic signals per mf]e are
- included in the optional data, even though they are not currently incorporated
into the program. This is in anticipation of data available at a future time
on the effect of traffic signals on urban arterials which could then be incor-
porated into the computer calculations.

Another important aspect of the optional data is the ability to specify a
projected ADT at the end of the planning horizon, or if the projected ADT is
not available, then a category of future ADT growth can be specified. If the
projected ADT is not given in the input data, the program will calculate a pro-
jected ADT internally, for any of three categories of future development, low,
medium, or high. The traffic growth for each category is treated separately
for both rural and urban areas. If the growth category is not specified, then
the medium category is used.

The speed 1imit can also be specified as part of the optional data. This
allows not on]y’for comparison of highways with different speed limits, but
highways with atypical speeds. The default value for the speed limit in the
program is 55 mph, and the initial or highest speed (the speed at zero traffic

volume) will be 5 mph higher, or 60 mph. If a speed limit is provided in the



input data, then the initial speed will be 5 mph higher. A1l other speeds
assumed -in the speed/volume relationship are adjustéd accordingly. If a
particular initial speed were desired, that desired speed, minus 5, should be
input as the speed limit.

The program also allows the user to include a short problem description.
Such information as highway number, location, etc., can be included.

The program has constant or default values built into the model for all
optional inputs. If the user does not specify values for the optional inputs,
the program automatically uses its preset values. These program constant
default values are presented in later sections of the report. Details of the

delay savings calculations are continued in Appendix A.



USE 3F THE MODEL

The input data consists of one card which contains the current year and
assumptions to be used for all problems. The input data for problems are each
contained on a separate card and up to 9999 problems can be handled at one

time.

Card 1 (initial assumptions)

Card columns

*5-8 current year

9-13 percentage trucks (default = 8)

14-18 value of car time per hour (default = 10,20)
19-23 value of truck time per hour (default = 19.20)
24-28 discount rate (default = 8)

29-31 planning horizon (default = 20)

Problem Card (one card for each problem)

Card columns

*1-4  problem number (1 to 9999)
*5-10 current ADT
11-16 projected ADT at end of planning horizon

Existing Facility

*17  location (R-rural, U-urban)
*18 highway type (U-undivided, D-divided, F-freeway, B-busway on
an existing freeway)
*19-20 numbeh of lanes in both directions
*21-24 Tength of road section in miles

25-26 speed limit (default = 55)



27  shoulder switch (O or blank-shoulders, l-no shoulders)
28 left-turn median (0 or blank-yes, l-no)
29-30 number of signals per mile (default = 0)
31 category of future development (l-fast growing, 2-medium
growing, 3-slow growing)

Proposed Facility

;*32 location (R-rural, U-urban)
*33 highway type (U-undivided, D-divided, F-freeway, B-busway on
an existing freeway)
*34-35 number of lanes in both directions
*36-39 length of road section in miles
40-41 speed limit (default = 55) (must be between 15 and 70)
42  shoulder switch (0 or blank-shoulders, l-no shoulders)
43 left-turn median (0 or blank-yes, 1l-no)
44-45 number of signals per mile (default = 0)
46 category of future development (l-fast growing, 2-medium
growing, 3-slow growing) |
47  buildover switch (0O or blank-proposed replaces existing,
1-proposed does not replace existing)
48-50 percentage persons to uSe proposed facility if the existing
is not builtover (default = 50)
*51-56 construction cost (thous. $)
57-80 problem description

* indicates required data which must be supplied

The data deck consists of one initial assumptions card and one card for

each problem. The problem numbers do not have to be in order, but they should



not be duplicated. There are no implied decimals in any of the fields so if a
decimal is wanted, it must be placed in the data. For any optional data, if

the field is left blank, then the default values are used.






EXAMPLES OF THE MODEL'S USE

Several hypothetical examples were used to test the model. The summary of
those test problems are presented in Table 2. For each problem, the total dis-
counted delay savings of the proposed project are presented, along with the
construction cost. The ratio of those two numbers, the delay savings ratio, is
also given. This measures the delay savings per dollar construction cost for
each project. The projects are ranked by the highest delay savings ratio. The
cumulative construction cost is also shown to aid in project selection with a
limited construction budget. For example, to build the first 5 projects would
cost 128.35 million dollars. It should be emphasized that these projects are
strictly hypothetical. Table 2 does not imply anything about the relative
merits of different types of projects. A copy of the program and complete
output are presented in Appendix B.

A Manual Method to Calculate Delay Savings

The delay savings model was also used to generate delay savings ratios for
several types of projects, given different current ADT's and assumptions con-
cerning the growth of future ADT. The first of these is a 2-lane rural highway
without shoulders, improved to add wide surfaced shoulders. Table 3 gives the
results for several levels of current ADT. The numbers were calculated assum-
ing a projett one mile long and $100,000 construction cost. The three categor-
ies of projected ADT's are the ADT's generated within the program. Figure 1

presents the same results graphically.

Table 4 and Figure 2 present similar results for a 2-lane rural highway
with shoulders, improved to a 4-lane rural highway without shoulders. The
results for a 2-lane rural highway with shoulders improved to a 4-lane rural

highway with shoulders are presented in Table 5 and Figure 3. The results for a
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Table 2. 44+ PROBLEM DELAY SAVINGS *++
RANKED BY HIGHEST DELAY SAVINGS
PER DOLLAR CONSTRUCTION COST
(DELAY SAVINGS RATIO)

RANKING PROBLEM DESCRIPTION DISCOUNTED CONSTRUCTION DELAY CUMULATIVE
NUMBER DELAY SAVINGS cOsT SAVINGS CONSTRUCTION

($000) ($000) RATIO COST (%000}

1 G 2LN UNDVD TO 4LN DVD 449651.2 10800.0 41.63 10800.0
2 5 4LN DVD TO BLN FRWY 152926.2 5000.0 30.59 16800.0
3 16 BUSWAY FOR BLN FRWY 366732.5 23250.0 15.77 39050.0
4 13 ODD LANE FREEWAY 106632.4 10300.0 10.35 49350.0
5 8 4LN FRWY TO 10LN FRWY $23635.7 79000.0 6.63 128350.0
6 14 4LN FRWY TO BLN FRWY 126032. 1 20100.0 6.27 148450.0
7 [ 4LN UNDVD TO SHLD/+SPL 7480.3 1500.0 4.99 149950. 0
8 1 IMPROVE FRWY 6/8 LANES 156558. 1 40000.0 3.91 189950.0
9 9. 4LN UNDIV TO DVD 26086.2 7000.0 3.73 196950. 0
10 3 BUSWAY FOR 6LN FRWY 47773.9 20000.0 2.39 216950.0
i 15 4LN FRWY NEW LOCATION 68365.4 §0000.0 1.33 266950.0
12 12 2LN W/SHLD TO 4LN wW/O B14.4 700.0 1.16 267650.0
13 7 2LN DVD TO 4LN DVD 3873.9 6000.0 0.65 273650.0
14 2 U4LN UNDIV. TO DIVIDED 907.6 2500.0 0.36 276150.0
15 4 SHOULDERS ON RURAL HWY 484 .7 1500.0 0.32 277650.0
18 10 6LN DVD TO 4LN FRWY 3632.7 186000.0 0.23 293650.0



Table 3. Delay Savings Ratios for a 2-Lane Rural Highway,
Improved from no Shoulders to Shoulders
Low Projected ADT Medium Projected ADT High Projected ADT
Current
ADT Delay Delay Delay
Projection | Savings | Projection| Savings | Projection| Savings
Ratio* Ratio* Ratio*
1,000 1.412 0.10 1,893 0.15 2,374 0.20
2,000 2,824 0.40 3,786 0.61 4,748 0.87
3,000 4,236 0.93 5,679 1.44 7,122 2.07
4,000 5,648 1.72 7,572 2.70 9.497 4,52
5,000 7,060 2.79 9.465 5.19 11,871 26.01
6,000 8,471 4,28 11,358 20,51 14,245 144.44
7,000 9.883 9.46 13,251 101.62 16,619 369.28
8,000 11,295 30,27 15,144 298,24 18,993 601.35

* Discounted Delay Savings per

$100,000 construction cost per mile

12
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Figure 1. Delay Savings Ratios for a 2-Lane Rural Highway, Improved from

No Shoulders to Shoulders
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Table 4.

Delay Savings Ratios for a 2-Lane Rural Highway with
Shoulders Improved to a 4-Lane Rural Highway with Shoulders

Low Projected ADT

Medium Projected ADT

High Projected ADT

Current

ADT Delay Delay Delay
Projection | Savings | Projection| Savings | Projection| Savings
Ratio* Ratio* Ratio*

1,000 1,412 0.08 1,893 0.12 2,374 0.17
2,000 2,824 0.32 3,786 0.49 4,748 0.68
3,000 4,236 0.73 5,679 1.12 7,122 1.57
4,000 5,648 1.32 7,572 2.02 9,497 2.84
5,000 7,060 2.09 9,465 3.21 11,871 4.56
6,000 8,471 3.05 11,358 4,70 14,245 9.06
7,000 9,883 4.21 13,251 7.18 16,619 28.53
8,000 11,295 5.58 15,144 16.74 18,993 110.05
9,000 12,707 7.65 17,036 47.84 21,367 287.94
10,000 14,119 13.68 18,929 138.71 23,742 539.35
11,000 16,943 30.27 20,822 314.58 26,116 836.96

* Discounted Delay Savings per $100,000 construction cost per mile
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Figure 2. Delay Savings Ratios for a 2-Lane Rural Highway with Shoulders,

Improved to a 4-Lane Rural Highway without Shoulders
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Table 5.

Delay Savings

Ratios for a 2-Lane Rural Highway with
Shoulders Improved to a 4-Lane Rural Highway with Shoulders

Low Projected ADT

Medium Projected ADT

High Projected ADT

Current

ADT Delay Delay Delay
Projection| Savings | Projection| Savings | Projection| Savings
Ratio* Ratio* Ratio*

1,000 1,412 0.08 1,893 0.12 2,374 0.17
2,000 2,824 0.33 3,786 0.50 4,748 0.69
3,000 4,236 0.74 5,679 1.13 7,122 1.59
4,000 5,648 1.34 7,572 2.05 9,497 2.89
5,000 7,060 2.12 9,465 3.26 11,871 4,63
6,000 8,471 3.10 11,358 4.78 14,245 9.16
7,000 9,883 4,28 13,251 7.28 16,619 28.67
8,000 11,295 5.67 15,144 16.87 18,993 110.23
9,000 12,707 7.76 17,036 48.00 21,367 288.16
10,000 14,119 13.81 18,929 138.91 23,742 539.63
11,000 15,531 30.43 20,822 314.83 26,116 837.30

* Discounted Delay Savings per

16
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2-lane urban undivided street improved to a 4-lane undivided street are
presented in Table 6 and Figure 4. Also, Table 7 and Figure 5 present the
results for a 4-lane undivided highway improved to include a left-turn median.
Sihi]ar assumptions were made for these other projects, including a one mile
project with a $100,000 construction cost. The reason for making the length
and construction cost assumptions is to facilitate the use of the tables and
graphs for manual calculations of delay savings. The formula for using the

tables and graphs is given below,

DSR = Dy x 100,000 x L & CST

where DSR = calculated delay savings ratio for the project

L = project length in miles
Dy = delay savings ratio from Tables 3-7, or Figures 1-5
CST = estimated construction cost

For example, suppose a project is proposed to add shoulders along a 2 mile
stretch of a 2-lane rural highway. The estimated construction cost is

$150,000, and current ADT is 3000, with average future traffic growth. From

Table 3, the delay savings ratio is 1.44, so applying the formula,
DSR = 1.44 x 100,000 x 2 # 150,000 = 1.92

This project is estimated to generate $1.92 in delay savings per dollar
construction cost. The total discounted delay savings can be obtained by

multiplying the delay savings ratio by the construction cost,
or DS = DSR x CST = 1.92 x 150,000 = $288,000.

A similar analysis was also performed for freeways. The results of a

4-lane urban highway with left-turn median improved to a 4-lane freeway are

18



Table 6.

Delay Savings Ratios for a 2-Lane Urban Highway without

Shoulders or Left Turn Median, Improved to a 4-Lane Urban

Highway without Shoulders or Left Turn Median

Low Projected ADT

Medium Projected ADT

High Projected ADT

Current

ADT : Delay Delay Delay
Projection| Savings | Projection| Savings| Projection| Savings
Ratio* Ratio* Ratio*

1,000 1,876 0.24 2,516 0.38 3,154 0.54
2,000 3,753 1.02 15,031 1.59 16,308 2.29
3,000 5,629 2.39 17,547 3.79 19,462 5.64
4,000 7,505 4.43 10,062 8.17 12,616 33.16
5,000 9,382 7.38 12,578 38.75 15,770 184.08
6,000 11,258 22.35 15,093 167.87 18,925 473.73
7,000 13,134 74.73 17,609 414,45 22,079 842.22

* Discounted Delay Savings per $100,000 construction cost per mile
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Figure 4. Delay Savings Ratios for a 2-Lane Urban Highway without Shoulders

or L.T. Median, Improved to a 4-Lane Urban Highway without
Shoulders or L.T. Median
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Table 7. Delay Savings Ratios for a 4-Lane Urban Highway without
Shoulders or Left Turn Median, Improved to a 4-Lane Urban
Highway with Left Turn Median
Low Projected ADT Medium Projected ADT High Projected ADT
Current |
ADT Delay Delay Delay
Projection| Savings | Projection| Savings| Projection| Savings
Ratio* Ratio* Ratio*
3,000 5,629 0.10 7,547 0.16 9,462 0.22
4,000 7,505 0.18 10,062 0.28 12,616 0.40
5,000 9,382 0.29 12,578 0.45 15,770 0.63
6,000 11,258 0.42 15,093 0.65 18,925 0.93
7,000 13,134 0.57 17,609 0.90 22,079 1.29
8,000 15,010 0.76 20,124 1.19 25,233 1.72
9,000 16,887 0.97 22,640 1.53 28,387 3.70
10,000 18,763 1.21 25,155 1.92 31,541 15,33
11,000 20,639 1.49 27,671 3.18 34,695 40,96
12,000 22,516 1;79 30,187 10.53 37,849 92.79
13,000 24,392 2.13 32,702 27.84 41,003 196.31
14,000 26,268 2.60 35,218 57.78 44 157 349.79
15,000 28,145 4,80 37,733 110.76 47,311 533.89
16,000 30,021 13.32 40,249 204.08 50,465 725.76
17,000 31,897 29.67 42,764 339.42 53,619 898.04

mncou

m———
——

* Discounted Delay Savings per $100,000 construction cost per mile

—
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presented in Table 8 and Figure 6. The results of a 4-lane freeway improved to
a 6-lane freeway are presented in Table 9 and Figure 7. Due to the higher cost
of freeway construction, these numbers are in terms of one million dollars of
construction cost, instead of $100,000 of construction cost. Therefore the
formula for calculating the delay savings ratio for this particular type of

freeway improvement is given as,
DSR = D x 1,000,000 x L # CST
where Up = freeway delay savings ratio from Table 6 or Figure 4

As an example, suppose a project is proposed to expand a 4-lane urban freeway
to 6 lanes. The proposed project is 3 miles long with an estimated construc-
tion cost of $15 million, and a current ADT of 35,000 with high expected future
ADT growth. From Table 6, the delay savings ratio is 20.29, therefofe the

delay savings ratio for the project can be calculated as,
DSR = 20.29 x 1,000,000 x 3 # 15,000,000 = 4.06

This project is estimated to generate $4.06 in delay savings per dollar
construction cost.

The tables and figures presented in this section to manually calcu]ate the
delay savings ratio can become dated as time passes due to changeskin the
assumed values of time in the future. For that reason, tables and figures are
presented in Appendix C which are calculated in terms of hours of delay savings
so different values of time can be used to manually calculate the delay savings
ratio.

Comparison of the Delay Savings Model to HEEM-II

The delay savings model was also tested against the Revised Highway Eco-
nomic Evaluation Model (HEEM-II) (l1). The two models were tested on the same

23



Table 8. Delay Savings Ratios for a 4-Lane Urban Highway with
Left Turn Median, Improved to a 4-Lane Freeway
Low Projected ADT Medium Projected ADT High Projected ADT
Current
ADT Delay Delay Delay
Projection | Savings | Projection| Savings| Projection| Savings
Ratio* Ratio* Ratio*
5,000 9,382 0.09 12,578 0.14 15,770 0.20
7,500 14,072 0.21 18,867 0.33 23,656 0.47
10,000 18,763 0.38 25,155 0.60 31,541 0.85
12,500 23,454 0.61 31,444 0.95 39,426 2.25
15,000 28,145 0.89 37,733 1.84 47,311 10.22
17,500 32,835 1.23 44,022 6.68 55,196 39.63
20,000 37,526 2.16 50,311 21.30 63,082 95.74
22,500 42,217 6.33 56,600 58.49 70,967 170.89
25,000 46,908 15.87 62,889 115.16 78,852 258.25
27,500 51,598 37.68 69,178 185.53 86,737 354,54
30,000 56,289 79.02 75,466 264.64 94,623 454,15

* Discounted Delay Savings per $1,000,000 construction cost per mile
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Table 9.

Delay Savings Ratios for a 4-Lane Urban
Freeway Improved to a 6-Lane Urban Freeway

Low Projected ADT

Medium Projected ADT

High Projected ADT

Current

ADT Delay Delay Delay
Projection | Savings | Projection| Savings | Projection| Savings
Ratio* Ratio* Ratio*

20,000 37,526 0.10 50,311 0.15 63,082 0.22
25,000 46,908 0.16 62,889 0.24 78,852 0.36
30,000 56,289 0.23 75,466 0.35 94,623 3.98
35,000 65,671 0.31 88,044 1.70 110,393 20.29
40,000 75,052 0.41 100,622 9.73 126,163 74.32
45,000 84,434 1.05 113,200 31.50 141,934 171.74
50,000 93,815 6.12 125,777 88.98 157,704 296,38
55,000 103,197 17.86 138,355 180.02 173,475 429.72
60,000 112,578 42.41 150,933 293.63 189,245 546.36

* Discounted Delay Savings per $1,000,000 construction cost per mile
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freeway project described above, namely an improvement of a 4-lane urban
freeway to 6 lanes per million dollars construction cost per mile. The results
are presented in Table 10. The results are similar for lower ADT's, but begin
to diverge as the ADT's increase, with the numbers from the delay savings model
going up faster than the numbers from HEEM-II. The major difference in the
numbers probably is a result of different treatments and assumptions regarding
congestion, queues and diversion of traffic in queues. However the relative
merits of specific projects should be about the same for both programs.
Another interesting point is the relationship between the delay savings ratio
and the overall benefit-cost ratio in the HEEM. For low traffic volumes, the
benefit-cost ratio is relatively much Targer than the delay savings ratio, but

that difference goes down and almost disappears as traffic volumes increase.
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Table 10. 'Comparison of Dé1ay Saving Model Estimates to HEEM for
a 4-Lane Urban Freeway Improved to a 6-Lane Urban Freeway

Delay Savings Model HEEM-11
Current Delay Savings Delay Savings Benefit-Cost
ADT - Ratio* Ratiop* Ratio

Low Projected ADT
20,000 0.10 0.16 1.09
25,000 0.16 0.25 1.67
30,000 0.23 0.36 2.38
35,000 0.31 0.50 3.19
40,000 0.41 0.66 4.13
45,000 1.05 1.54 5.68
50,000 6.12 4,03 8.52

Medium Projected ADT
20,000 0.15 0.24 1.64
25,000 0.24 0.39 2.52
30,000 0.35 0.57 3.58
35,000 1.70 1,72 5.49
40,000 9,73 4,99 9.16
45,000 31.50 11,03 . 15.24
50,000 88.98 19.19 22.99

High Projected ADT
20,000 0.22 0.35 2.26
25,000 0.36 0.62 3.53
30,000 3.98 2.60 6.25
35,000 20.29 7.68 11.64
40,000 74,32 15,75 19.46
45,000 171.74 20.62 22.15

* delay savings ratio is per million dollars of construction cost per mile.
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CONCLUSION

This report presents a model to calculate the delay savings generated by a
highway improvement. The model goes through. a number of calculations to esti-
mate the hourly speed, congestion, and delay over a specified planning horizon.
These delays are then summed, and the reduction in delay due to the proposed
improvement is compared to the estimated construction costs to rank projects
according to the delay savings ratio.

The biggest advancement of the delay savings model is the incorporation of
recent field data on the speed-volume relationships on Texas highways. These
improved data should prove valuable in improving the accuracy of delay savings
estimates for proposed highway improvement projects.

Additional work needs to be done in this area in order to improve the
accuracy of the delay savings generated by highway projects. Some effects of
specific projects on highway speeds and capacity are not well defined. That is
especially the case for assumed traffic volumes near to or even greater than
capacity. The specific interactioh of motorists in the queue is not yet well
defined. Another aspect of the same problem is diversion. When a major change
along a faci]ity occurs, whether it be improved capacity, or severe congestion
if nothing is done, will typically cause diversion to take place. The delay
savings model, presented here, does not currently incorporate any explicit
diversion mechanism. In some circumstances, the accuracy of the model could be

improved by including these types of factors.
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DELAY SAVINGS CALCULATIONS

The calculation of delay savings in this model follows, in most respects,
the methods used in other models. Some differences and improvements are incor-
porated in the program generated projected ADT and in the calculation of aver-
age speeds for congested periods.

Calculation of the Projected Traffic Volume

One of the critical aspects of the desirability of a proposed highway
project is the current traffic on the facility, and along with that, an esti-
mate of future conditions. An important measurement of those conditions is tHe
ADT, both current and projected.

Nearly all computerized models to calculate benefits of highway projectsv
require the projected ADT as part of the input data. That is the case for both
ﬁhe HEEM-IT (1) and the HIAP (2). However when comparing large numbers of
projects, traffic projections to the same year may not be readily available for
all projects and the projections may not be consistent with far different
methods used to make the projectiﬁns. For those reasons the delay savings
model incorporates a traffic projection mechanism, so that if a traffic projec-
tion is not given in the input data, one will be generated within the program.

The equations used to make traffic projections within the model are taken
from empirical research concerning traffic growth in TTI Research Report 225-27
(3) by Chui, Memmott and Buffington. This report examines the traffic growth
on several highways throughout Texas as a function of several variables,
including adjacent lane development, highway type, location, capacity changes,
and median treatments. A total of 187 count stations over a ten year period
were used to estimate coefficients in a linear regression model. The equations

used in the delay savings model are derived from the results presented in that
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report. The projected ADT is calculated using the following equation,

ADTp = ADT(T+1)T

]

where ADTp projected ADT to year T

ADT. = current ADT, year 1

T = year at end of planning horizon

coefficient, taken from Table 8

r

As can be seen in Table 11, there are six possible different ADT projec-
tions. They are divided between rural and urban areas, and each of three cate-
gories of ADT growth; low, medium, and high. The specific coefficient used is
determined by the input data on the project. When the projected ADT is deter-
mined, ADT for each year during the planning horizon using the following

equation,

ADT; = ADT(t+1)e

where ADT; = estimated ADT for year t

e (]nADTp - 1nADT:)/1nT

Calculation of Average Speed

After the ADT for each year has been calculated, the ADT must be converted
into hourly traffic volumes. The percentages of daily traffic for each hour,
used in thé delay savings model, are listed in Table 12. These are taken from
TTI Research Report 327-2F (4) and are intended to reflect typical or average
situations in urban and rural areas. |

Thevcalcu]ation of average speed is based upon recent field data collected
as part of this project, reported in TTI Research Report 327-2F (4). There are

four assumed critical points along the speed-volume curve which are used to -
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Table 11. .Coefficients for ADT Projection Equation

Low
Rural Areas .1139
Urban Areas 2067

ADT Growth Category

Medium High

.2096 .2840
.3030 3773
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Table 12. Hourly Traffic Volume as Percent of ADT

Hour Urban Areasl Rural Areas?
1 0.913 0.864
2 0.500 0.485
3 0.394 -0.485
4 0.298 0.105
5 0.391 © 0,169
6 1,768 0.485
7 6.316 1.875
8 7.683 6.783
9 6.016 6.994

10 5.122 5.393
11 4,915 5.456
12 5.114 5.941
13 5.124 6.236

14 5.275 6.151

15 5.710 6.214
16 7.117 6.720
17 7.870 7.478
18 7.629 8.784
19 5.695 6.552
20 4.417 4,950
21 3.187 3.623
22 3.302 3.960
23 3.373 2.928
24 1.871 1.559

1 taken from IH 610, Station 5166
2 taken from SH 336, Station 5069
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Rural Areas

Urban Areas

Low
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6 1,768 0.485
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9 6.016 6.994
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12 5.114 5.941
13 5.124 6.236
14 5.275 6.151
15 5.710 6.214
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17 7.870 7.478
18 7.629 8.784
19 5.695 6.552
20 4.417 4,950
21 3.187 3.623
22 3.302 3.960
23 3.373 2.928
24 1,871 1.559

1 taken from IH 610, Station 5166
2 taken from SH 336, Station 5069
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derive the average speed for any hourly traffic volume. The highest average
speed at zero traffic volume, the point where traffic begins to congest at LOS
D/E, capacity at the beginning of LOS F, and a point where a minimum congested
average speed is reached. These points are illustrated in Figure 8. The
speeds and volumes, depicted in Figure 8, are calculated from the field data in
TTI Research Report 327-2F (4) given in Table 13. The speeds and volumes are

calculated as follows,

SPy = SPL + 5 where SPL = speed limit
SPy = SPg - SLP(Vy) where SLP and Vi are from Table 13 and with
SPp > 28.5
SPp = SP1/2.28 with SPp > 15
Vp = 1.2(Vq)
SP3 = SP1/3.8 with SP3 > 10
V3 = 2.0(V7)

For any volumes greater than Vq a queue is assumed to form consisting of
the volume in excess of Vj. When a queue is present during the hour, the
average speed is determined using Vi plus the average number of vehicles in
the queue during the hour. In the hour the queue dissipates, two calculations
are made, for both the congested and unéongested portibns of the -hour.

Vi is used as the point where the queue is assumed to begin forming
instead of V) for two reasons. First, changes in directional split during
the day are not incorporated fnto the model, a 50/50 split is being assumed.
Secondly variability of traffic volumes within the hour can cause congestion
even if the overall hourly volume is below capacity. For those reasons V;
was chosen as the point where the queue begins to form in an attempt to adjust

for those factors.
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Table 13. Coefficients for Speed-Voiume Calculations

Facility

Slope (SLP)

Volume per Lane
at LOS D/E(Vq)

2-Lane Rural no shoulders
2-Lane Rural with shoulders
2-Lane Urban no shoulders
2-Lane Urban with shoulders
4+ Lane Rural no shoulders
4+ Lane Rural with shoulders

4+ Lane Urban no shoulders, no L. T. median
4+ Lane Urban with shoulders, no L. T. median
4+ Lane Urban no shoulders, with L. T. median

.035
.017
.040
.020
.0035
.003
.015
.014
012

4+ Lane Urban with shoulders, with L. T. median .010

Freeway

.002

350
500
350
500
1000
1000
500
500
650
650
1500
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Calculation of Delay Savings

Hourly delay can be calculated using the following equation,

DLY = L(V)/SP

where DLY = total hourly delay
L = length of project in miles
SP = calculated average speed

If the queue has not dissipated at the end of the 24 hour period, then an
additional delay is added to the last hour for the delay to dissipate the
remaining queue during the next hour. A warning is printed out if the queue
does not dissipate for any year on the proposed route, indicating the projected
ADT may be too high. The additional delay of a residual queue at the end of

the day, is calculated as,

DQUE = QUE/2

where DQUE = additional delay to dissipate queue

QUE

number of vehicles in queue at the end of the 24 hour

period
The dollar cost of the delay can then be calculated as,

CDLY = DLY[(1-PT)VT¢ + (PT)VTy]

where CDLY = hourly delay cost
PT = proportion trucks
VIc = value of time, cars ($/hr)
VT = value of time, trucks ($/hr)
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Each hour can then be summed to give a daily delay cost, converted to a yearly

cost, and discounted to the present.

DCST = (COST)(365)/(1+R)T

where DCST = discounted yearly delay cost
COST = daily delay cost
R = discount rate
T = length of planning horizon

Delay savings are simply the difference in delay costs between the exist-

ing alternative and the improved alternative, summed over the planning horizon

DSV = ; (DCSTg¢ - DCSTpy)
t=1
where DSV = total discounted delay savings
DCSTEt = discounted yearly delay cost on the existing route in
year t
DCSTpt = discounted yearly delay cost on the proposed route in

year t

If the existing route is not builtover with the proposed, which would be the
case with a new location costruction or a busway, the above equation for delay
savings is slightly more complicated, because the existing route must be calcu-
lated a second time for the portion of traffic left after the proposed is
built. That cost also must be subtracted to determine the delay savings attri-

butable to the proposed project.
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PROGRAM DOCUMENTATION

Program Description

The delay savings model is a computerized program written in FORTRAN IV
and designed for batch input. The program can run on both a WATFIV compiler
and the IBM Fortran-VS compiler. The program uses about 400K of memory, .13
seconds compile time, and 23.55 seconds execution time to process 210 problems
on the WATFIV compiler. The source code is 448 lines long. There are no sub-

routines in the program.

This Appendix contains a computer generated flow chart, a variable

dictionary, a program listing, and sample output.
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E<ENTRY, T=TERMINAL,

1234567890

C=CALL, R=READ, W=WRITE

¢
g DELAY SAVINGS MODEL WRITTEN BY JEFFERY L, MEMMOTT
c DATA INPUT CONSISTS OF ONE HEADER CARD WHICH CONTAINS THE CURRENT
C YEAR AND INITIAL ASSUMPTIONS. EACH OF THE OTHER DATA CARDS
[+ IDENTIFY A SEPARATE PROJECT. DATA INCLUDES A PROBLEM NUMBER,
c CURRENT AND PROJECTED ADT, DESCRIPTIONS OF BOTH EXISTING AND
C PROPOSED ROUTES, AND CUNSTRUCTION COST.
c
DIMENSION LOC(2), IHWY{2),LN(2),DT(2),$PL(2),I5H(2) , LFT(2),
«IS1G(2),IDEV{2),DES(6), ISW(2),1LC(2), IHY(4), IHT(2) TRAF (24,2},
*SLP(11),CAP{11),1T(2),DCST(2,2,41),DSV(9959},CON(8999) ,
*INDX(9998), DSRP (6,9992) ,ADT(41},0CP(2)
DATA ISW/'R’,‘u’/
DATA LHY/'Ur, ‘D', ’"F' "B’/

DATA TRAF/.008864,.00485,.00295, 00105, .00169,.00485, .01875, .068783,
. 06994, .05393, ,05456, .05941, ,06236, .06151, .06214, .0672,.07478,

. 08784, . 06552, . 0485, . 03623, .0396, .02928, .01559,.00913,,005, .00394,
. 00298, .00391, .,0176B, . 06316, .07683, .06016, .05122, .04915, .05114,
.05124, .05275, ,0574, .07117,.0787, .07629, .05695, . 04417, ,03187,

. 03302, .03373, .01871/
DéTA,SLP/.O35..OI7,.D40,.020,.0035..003,.0!5..014,.0|20..0100,
*,002

DATQ 3AP7350.,500.,350.,500.,IOOO.,1000.,500.,500‘.650.,650.,
*1500.

EEEEEEEEEEEEEEEEEEEE&EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

DO 98 JJ=1,9999 E

EEEEEEEEEEEEEECEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
1

LR B K

c READ IN FIRST CARD

RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRARRRARRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRARRRRR

R READ (5,5,END=100) IYR,PT,VIC,VTT,DR,IPL

RRRRRARRRRRRRRRRRRRRARRRRRRRRRRARRRRRRRRRRRRRRARRRRRRRRRRRRRRRARRRRRRRRRRRR
1 )



Gy

1

2345678890

234567880

5 FORMAT (4X,14,4(F5.0),13)

c NO DATA CARDS

1

WWWWWWWWWWWIWWWWWWIWWWWWWWWWWWWWWWWHWWWWWW W WH W W W W W WA WWWWW W WWWWWWWWW W W W W

W 100 WRITE (6,10) W

WWWWWWWWWwWWWWWWWWWWWWWWWWWWWWWWwwWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
1

10 FORMAT (//2X,’NO DATA GIVEN FOR ANALYSIS, JOB ENDED')
1

IF (PT.EQ.0.) PT=8.
IF (VTC.EQ.0.) VTC=
IF (VIT.EQ.0.) VTT= .
IF (DR.EQ.0Q0.) DR=8.
IF (IPL.EQ.O) IPL=20

c PRINT OUT ASSUMPTIONS

1

WHWWHWWWWWWIWWWWWWWWWWWWWWWW W W W W W W W W W W W W W W W W W W W W W WW W W W WWW W W W W W W WW W W

WRITE (6,15) IYR,PT,VTC,VTT,DR,IPL w

WWWWWWWWWIRWWWWWH W W W W W WWWWW W W W W W WA WW W W W W W W W WY WWW W W W W W W W W W W W W W W W W W W
1

15 FORMAT (‘1',51X, *+*+ DELAY SAVINGS MODEL #*%%x’'////4X,
**CURRENT YEAR’,23X,14//4X,'ASSUMPTIONS'/6X, ' PERCENTAGE TRUCKS',
*13X,F7.2/6X, VALUE OF TIME, CARS ($/HR)’,4X,F7.2/6X,
+'VALUE OF TIME, TRUCKS ($/HR)‘,2X,F7.2/6X, DISCOUNT RATE (%)’,
*13X,F7.2/6X, PLANNING HORIZON (YEARS)',7X,13/’1’',51X,
#/*+++ PROBLEM INPUT DATA ***'/;

PT=PT/100.
DR=DR/100.

() et bt ot bt ot St ot kS (et Pt P et D ot Bt bt et ot Bt bt
' 1
' '
L 1

(D 1t vttt ettt et

G A S S L TS



9t

1234567890 PAGE 3 . . 9k. 8 . 7.6 .5 .4 .23
I

c ZERO OUT PROBLEM ARRAYS
1
o] e e T T LR LR PP PP
1
115 IFLAG=0
IBLD=0
PBLD=0
LQUE=0
1
R e L E e PO 116 1=1,2
5
1 I
P e e e
I f-mmmmmmmmmmmmmeme s DO 116 11=1,2
S P e
11 1
2 A e
I 1 Jommmmmmmmmomm- DO 116 1Y=1,41
S S T D P
I 11 i
S T e
111 DEST{I,11,1Y)=0.
S P
I 11 1
111 C e e r e e e e e e e e e e e e .
-------------------- *+ 116 CONTINUE
1
c READ IN PROBLEM CARD .
1PROB=1PROB+1
1
RRRRRRRRARRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRARRRARRRRRRARRRRRRRRRRR
R READ (5,20,END=120) KPROB,CADT,PADT, (LOCKI), IHWY(I),LN(IJ ,DT(L),  #-coocoocmmmmmn i v
R #SPL(I),ISH(I),LFT(1),ISIG(I), IDEV(I},I=1,2),1BLD,PBLD,CST, R 1
R *{DES{J)},d=1,6) R 1
RRRRRARRRRRRRRRRRRARRRRRRRRRRRRARRRRRRRRRRRARRRRRRARRRRRRRRRRRRRRRRRRRRRRRR 1
1 1
20 FORMAT (14,2(F6.0),2(A1),12,F4.0,F2.0,2(11),12,11,2(A1),12, 1
+F4,0,F2.0,2(11),12,2(11),F3.0,F6.0,6(A4)) :
1
........................................................................... 1
GOTO 130 e VAR ¢
.......................................................................... 1 1
11
1 1
¢ ALL PROBLEMS READ, GO TO SORTING % I
I
I
TR
1 1
I 1
1234567890 .9 .8 .7 .6 .5.4 .3

D, et bt et (o bk e B bt bk Sk Gt o St S G bk Bk Bk b (. Gk b B B S . bt G B B Bt B Bt o ot B b et ot e, kbt B S St ()
o Bt o B e - sk Dt B S b B, St it b . Pt Bt Sk (et e - B b I it B, S P . o, e B .t St B e o B o B S . R P



LY

i
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2234567890

PAGE 4 9 8 7 6 5 4
(0] S i i R 1---
1 1
.......................................................................... I
120 IEND=1 1
......................................................................... 1
1 1
.......................................................................... 1
GOTO 497 LA L LR LR R I--~
.......................................................................... !
1
c CHECK PROBLEM NUMBER 1
1
1
[0 e e o]
1
a0 1F IKPROBGT 00 GOTO 1am T ‘e v
.......................................................................... 1
1 1
WWHWWWWIWWWWWWWAWWHWW W WA WWWW WA WWWWWWWWWW W WHWWWWWW WA WWWWWWWWH W W W WWW W WW W W W W W I
w WRITE (6,25) IPROB w 1
WHWWWWWHWWWHWWWWWHWWWWWHWWWWWWWWW W W W WA WWHWWWH W WWW W W W W WWW W W W W W WWW 1
1 1
25 FORMAT (//2X, PROBLEM NUMBER MUST BE POSITIVE, , 1
*’PROBLEM NUMBER ' ,I4,’ SKIPPED'//) 1
1 1
.......................................................................... 1
GOTO 115 L e I---
.......................................................................... 1
I
1
c CHECK IF VALID LOCATION 1
: i
1
[0 et i i R e o]
1

1
....... Do a6t ELi g T
.................................... TR EETERIRTS

"""" IF (LOC(I}.EQ.ISW(1).0R.LOC{I}.EQ.ISW(2)) GOTO 140 " " " Taeeooooy

.......................................................................... 1

I I

.......................................................................... I

IFLAG= 1 I

.......................................................................... I

I I

i I

I i

I 1

I I

I 1

9 8 7 [ 5 4

0 1t 3t bt 1t bt ok bkt bt bt ot bt 2t Bt P St bong bt Dt b o bt Bk et d Pt Bt Gt Pt Y $ Bt Bt Bt ot Dot St B bk Rt bk (ot St B bt bk et et et et

D ¢ bt 14t et ot et bt bt Bt bt b bk Mot P et Bt Dot ok ot Tt bt Bt $d Bt bt Bt bt et DB bt Bt Pt St Bt Sk B Bt St $aoh St it bt Bt Bt bt St Bt Bk bt bt ot et bk bt et St bt R

e et bt et et bh Bt et bt St Pt bt Bt Pt (ot bt Rt bt ot et bt ot et Bt Pt Bt Bt bt bt bt et ot et bt Bt 0 bt B 0t St Bt (ot o bt ot bk Bt bt bt bt bt bt bt ot otk bt e
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234567890

bt b o Bttt bt Bt et ot g

23456789°¢0

PAGE & 9.8.7.6.5
1
DK = = = mm m e e iiiiiieaceaaes
I
e RBRTIRGE T
.................................... R RTERTRETRUTRERRRT .
....... R ELAG RE 13 GOTE 1B T
........... B R SRR LR LR EEERREREE
c ERROR IN LOCATION
1
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwWwwwwwwwwwwwwwwwwwwwwwwwwwwwww
WRITE (6,30) 1PROB W
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww¥wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
30 FORMAT (7/2X, INVALID LOCATION, °
+’ PROBLEM NUMBER -, 14, SKIPPED /7%
....... ébib.iié.,.............................,A‘.........A...............*____________‘__-_--____
c SET RURAL-URBAN SWITCH
L e L L L TP TP
1

1
....... ig.iiééiii:éé.iéw&;i;.iiéiiséi..................;.‘.‘..,.....,.....

IF (LOC(1).EQ.ISW{2)) 1LC(1)=2
..................................... R AL AR LR AR
T BE BONFINDE T
.................................... R AR AL R

c CHECK HIGHWAY TYPE .

....... 6é.ié6.i;i:.....‘......,................‘.........................

.................................... i...........‘.........................
........ igiiii;........,.....................................,.........‘...
.................................... T

1

1

1

1

1

(=22 ]

e P b ad g by B i ey’ Pt

A et b g B i $ i O P PN e Bl S ALy i’ Gt B SR Pt B KO Pt S b S e B P i S G B b B G 1 B S e D B i i Bt G it i b S i et st bt bt ()

[ e e R e e e e - e e g e N T N N )

B A A W g D B Yo g BN e B B B R B DL U G P i b B’ B B ok M B S Gt G G ol Dt KAt B b bt B Sl Bl . i S G S S Gt B b B K P B
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IF (IHWY(I).EQ.IHY(J)) IHT(I)=d

1
‘.'iié.éﬁﬁiiNﬁé ...........................................................
.................................... T
....... LE TIRT U 6T 00 GOTO 186 " " T Tt
.................................... LT

c INVALID HIGHWAY TYPE
1
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
w WRITE (6,35) IPROB
WWWNWWWWWWWWWWWWWWWWWWWWWWWWWWWNWWWWWWWWWWWWWWWWWWWWWWWWWNWWWWWWWWWWWWWWWW

35 FORMAT (//2X,’INVALID HIGHWAY TYPE,
*'PROBLEM NUMBER ‘,14,’ SKIPPED'//)
1

o e L L TR R PP
1
e BRTINGE T
.................................... R EERERE
c CHECK NUMBER OF LANES
1
....... T LT L R T L R PR EPERURTRPR RS
.................................... TR ETPRPERERY

IF (LN(I).GE.1.OR.LN(1).LE.20) GOTO 190

Cc INVALID NUMBER OF LANES

WWWWWWWWwWNWWWWWNW?WWWWWWWWWNWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
WRITE (6,40) IPROB
WHWWWWHWHHWHHWWWWWHWWWWW WA WW W W WWWWWWW W WW W W W W WWWWW W W W W WWW W W W W W WW W W W W W W W W

Y et e b

O it ot b 1 1t e 1t ot et et et et it Bt o
1
1

D vt e b bt et bt et bt et et bt S

(A0 Pt ot Bt Bt bt ot Bt ot b Bt Pt Bt Bt Pt bt bt bt et et bt B o Bt Pt ek bk St ot bt St St ok et (o e bt Bt B Pk bk G ot bt B bt bt Bt Dt ket 6t St bt et S bt £33

IOttt b bt et 3k B Bt bt Bt Bt Bt ot Pt Gt St bt Pt Bt Bk Bt bt S bt ot et bt et T Pt 5t Bt b Pt bt b I bt bk Bt (ot et (kS bt St bt Pt et ot (bt et bt Pt ot N

b et Pt bt bt St Bt e St Bt bt e Pl P bt B et St bt et Pt bt Pt Bt Bk e bt et et et g Bt Pl Rt B et bt it it bt Bt Rt bt bt et bt et et Pt et et 1t et ok
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PAGE 7 .9 8 7 6 , 5 ,
40 FORMAT (//2X,’INVALID NUMBER OF LANES, MUST BE 1-20,
*’PROBLEM NUMBER ‘' ,14,’ SKIPPED’//)
1
N ééiéhiié ..................................... e e o L
Ofrreommremeer o [ pemeRmesssemrr o merraseane .
I
..<ié6.ébﬁiiﬁ6é................ ........... et et e,
e , P e SRR AT EEE e e e e e
[ CHEGCK SPEED LIMIT
1
...... bé.ébb.i;i.i.. e e e e e e e e e
e e e e e e e e e e g e e e
i?.iéﬁiiii'éé'é'i'éﬁi(ii;éé ......................... Pt e, ,
.............................. R AR LR
"""" IF (SPL(1).GE.15.. Ap’;b'é{:uii'ié'%é'i @oto 200 T e
................................... SRR
c INVALID SPEED LIMIT
I
WWWWWWWIWWWWWWWWWWWWWWWWWWW W WWW W WA WW W WWWWWIW W W WH W W W W W WW W WW W W W W N W W WY
W WRITE (6,45) IPROB W
WHWIRWWWHWWWWWWAWWWV WY WW W WWWWWWWW WA W W W W WY W W W W WA WWW W WWR W W W W W WY
I
45 FORMAT (//2X, ’INVALID SPEED LIMIT, MUST BE 15-70, ',
*'PROBLEM NUMBER ‘£, 14, SKIPPED’//)
. I
....... ééié'i%é"""'"""""""’"""""""""""""""""""*--,--,*~---»—*-q-------
OK--==~ e
1
‘.'éébléﬁﬁiiﬁﬁé ............................. et et e ettt ety
.................................... e
(o] HECK SHOULDER SWITCH
1
....... 66.éi6.i;;:é.................,....‘...........A..............4.....
.................................... T
1
8 8 7 6 5 .,

) v bt et Tt otk bk o o 0t et €
4
'

103 ittt st it e it i s
1
1]

1

40 3t ot St Ot g b T Bt it B St $o 1A B B k0 it P o B et b o Pt 4t P O et o P $t 0o B et Bt 1t S Ak it B B Bt Pt B et " et P et )

v
+
1

I\ et ottt it S kit Gt ot B ot i ok 9kt Tt 3t Pt -k bk PP S0k S B S P S S P S P e i St Bk e 8 g T30 3t et 3k St 9t (NI

kbt bt g o b o it o et Pt Dot Dok Bt ot ot et ot ot Pt Bt Dong d Dok b Bt Pl g P B o i Bt Dh O P o Pk St B Pt S bt - kit i Bt St ot ik oot it Pt Pt ek
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"""" IF (ISH{I}.EQ.0.OR.ISH(I) . EQ.1) GOTO 210 e

[ INVALID SHOULDER SWITCH

I

WWWWWWWWWWWWWHWWWWWIRWWWWWW W WWWWWWWWWWWWWWWWWWWWWWWWWW W WA WW W W WWWWWW W W WWWW

w WRITE (6,50) IPROB W

WHWWHWWAWWHWWHWWWWWWRWHWWW W W WA W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W
1

50 FORMAT (//2X,’INVALID SHOULDER SWITCH, MUST BE 0 OR 1, '
*’PROBLEM NUMBER ’,I14,’ SKIPPED'//)

>

1

....... GaTO ieT T
DK - = = = == e e e e
I

e BORTIRGE T

.................................... R R R LR R R RRRRRRTPRY

¢ CHECK LEFT TURN SWITCH
I

....... BB 230 181 8 11Tt

.................................... LR R R R R SRR TR R PR

"""" IF (LET(I).EQ.O0.OR.LFT(1).EQ. 1) GOTO 220 1 e

.................................... P AR R R R R LR TR TR TRR

c INVALID LEFT TURN SWITCH

1
WWHWWWWWHWWWWWWWWW W WWWW W W W W WA W W W WWWWH W WHWH W W W W WWWWW W W W W W W W W W W W W WW W W W
w WRITE (6,55) I1PROB W
WWWWWHWWWWWHWWWWIWWWWWWWWW W WWW AW WWWWW W W W WWWWWWWWW W W WWWWWWW W WWWWWWWWWW WY W

1
55 FORMAT (//2X, INVALID LEFT TURN SWITCH, MUST BE 0 OR {1, ',
*’PROBLEM NUMBER ‘,14,‘ SKIPPED'//)
I

O 1t 1t ot it ot bt ot bt o et B et 2t ot bt 3 e <L
° t
1

)+t bt o et bt e s ot bt et bt bt et e et bt
'
i

0 44 e pot 1t s (et en et et St kbt St bt bt bt B B O Bt 3t B B S (d S Pt B 9t Pt P Bt Bt 1t 1t Bt St 1t St 2t 2t bt 2t ot et bt 2t bt it (i}

DD 9t ot pemt bt bt s e 0t bk 1t bt Do et bt Ot (et (g bt bt Bt bt fmd Pt Bt bt St ok ek St (ot et St (et Bt Bl Pt Pt bk ot b Pt bt T3 et ot Gt (Pt bt b bt Bt Bt Bt bt 2t Dt ot D

s L e T e el el il L e R e e T R RN
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PAGE % 9 8 7 6 5
.‘.éié‘édhiiﬁbé ...........................................................
c CHECK PROJECTED ADT GROWTH CATEGORY
....... 66.i56.i;i;é...........................‘...........‘.............A.
.................................... i.....................................

..........................................................................

1
c INVALID PROJECTED ADT GROWTH CATEGORY
1
WWWWWWWAWNWHWWN WA W W W W W W WWWW W W W W W W W W W IWW W W WWH W W W WA W W W IN W W W W W W W W W W W W W
w WRITE (6,57) IPROSB W
WWWHWWIWWWWWIWWW W W WW W W W AW W W W W W W W WW W W W W W WW W W W W N W W W W W W W W W W W W W W W W W W W W W
1

57 FORMAT (//2X,’ INVALID PROJECTED ADT GROWTH CODE, MUST BE 1-3, ,
*'PROBLEM NUMBER ’',14,’ SKIPPED’//)
1

GOTO 115 F e

o R e T T T J gt ——
1

R R L R LR R R LR T T RRL LS

.................................... LR R RERE TP TETIREERR RS

c CHECK BUILDOVER SWITCH
1

....... T LIBLD R 5 OR. 1B R TR Bae T e

c INVALID BUILDOVER SWITCH

1
WWWWWWWWWIWWNWWWWHWWWWWWWWWWW W WWWW W W W WWW W W W W W WW W W W W WW W W W W W W W W W W W W WA WWW
W WRITE (6,60) IPROB W
WHWWWWWWWIWWWWWWHWWWHWWAWWWWWW W WH W W W W WA WWW W W W IR W W W W IWWWWW W W W WWWWW W W W W W

1
60 FORMAT (//2X,’INVALID BUILDOVER SWITCH, MUST BE 0 OR 1, ',
+'PROBLEM NUMBER ’',I4,’ SKIPPED'//)
1

c - CHECK PERCENTAGE PERSONS USING PROPOSED FACILITY

5 ot e et ot o Sk e i o St Ptk ot ot ot 4
1
1

e Y = ey
‘
'

ot i bt ot B ok b ot Pt po Yok Gk ok Gt o St Bh ok G Bk b et ok bt (o (ot B g bk ek Dt Sk b bomd (ot Pd B Bt Bt Pt Pt e fod B Bt g it bt ot Bt G bt ot P bt S Gt i et e st 5t ()

¥
\
I

ot bt bt ot bt T Gt St G bt Bt ot i ft Bind B St B bt $A6 B W B St Bt B B bt ot bt bt D0 ek B F0 P bt b P Bt b Bk Bk Kok ot Bt Bt oo Bt pt 0k S Bt g g i et Bt et bt N

b b ot Bt Gt ot B ot Bt ok Pt Bng oot Bt Gt Bt Gant Dt Dt OO P Bp Pt e Pt Bk et b et besd Pk Pond Bt Gt S et bt ot bt b St e B4 et bk ot bt Gk S Bt o Bt $oef Sk Pt boed St e $d pid bt ot
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....... bé.ééé.i;i;é......A‘.....................‘........................,

....... i#,iibéVii;:éé:bi.ibé02i;;é......A.................................

1
c INVALID PROJECTED ADT GROWTH CATEGORY
I

WWWHWWWWWWWWWWWWHWWWWWWWWWWWWWWW W WWWWWWWWWWWWWWWWW W W W W W W W W WWWWWWWWWWW W W W
W WRITE (6,57) IPROB W
WHWWWWWIWWWWWWWWWWWWWWWWW W WA WW W WWWWWWW W W W W W W WWHWWWWWW W IWWW W W W W W W W W WWW W W

. 1
57 FORMAT (//2X,’INVALID PROJECTED ADT GROWTH CODE, MUST BE 1-3, ',
*’PROBLEM NUMBER ’,14,° SKIPPED’//)

I
....... GG IR
O = = = o m o m e e e e
I
e SERTINGE T
.................................... L R R RRRRES
c CHECK BUILDOVER SWITCH
1
....... L IBLD Ea o R TBLD Ea 13 RT0 Rae T e .
.................................... R EERERRERTES
c INVALID BUILDOVER SWITCH

1
WWWWWWWWWWWWWWHWWWWWWWWWWWWWWWWWW W W WA RWWWW W WW W W W WWWW W W W W W W W WW W W W W W W W W WW W W W
w WRITE (6,60) IPROB W
WWWWWWWWWIWWHWWWWWWWWWWWWWWHWWWW AW WA W WY W W W W W W R WW W W W W W W W W W W W W W W WWW W W W W

1
60 FORMAT (//2X,’INVALID BUILDOVER SWITCH, MUST BE 0 OR 1, ’,
+"PROBLEM NUMBER ‘,I14,’ SKIPPED’//)
1

C CHECK PERCENTAGE PERSONS USING PROPOSED FACILITY

(D 1t 1t ot bt ettt bt et ot et et et
'
'

e
'
1

Tt ot it hd et Pt bt Pt Pt e B e Bt ot Pt g D B bt bt Bt Gt bt Bt bt B Bt Bt Fd bt Bt ed ot ek Bt (bt bt b Bt Bt St b e Bt bt et (et ot Pt Bk e bt bd Pk Bt bt et St Bt Bt St (A

t
1
1

[l
t
|

et b bt et et T et et bt B bt bt bt et B o Bt Gt et Bt bt bt bt Bt Bt Bt bt bt bt b bt T bt ek Bk et Gonh (ot bt Bt Pt bt Bt bt Bk ot bt bt ot (ot bt b bt bt et et bt et bt ot bt KD

et byt Bt el Bt bt Sk Bt bt et St bt (et b Bt o et St et et Pt Vet Bt bt bt et bt et B Bk nnd ot bead bt bt b ot bk Bk (et ok bt bt ot bt et bk Bt oot bt Bt kbt Pt o ek (ot b etk
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DK== = = = m o o e e e e e e e ool
1
e 1E LiBLD R0} GOTO aas T e
.................................... R E LR TR TR REEERRRRERERRES
....... T PBLD R0 0D BBLpLEG. T
.................................... R AR ETILRERETERRRERERNES
"""" 1F (PBLD.GT.0..AND.PBLD.LT.100.) GOTO 245 7 7 7 0 o

c INVALID PERCENTAGE PERSONS

1

WHWWWWWWHWWWWWWWWWWWWWW WA W W W W W W W W W W W W W W W W W W W W W W W W W WWWW W W W W W W W W W W W W

w WRITE (6,65) IPROB W

WWWWWWAWHWWHWWWWHWWH W WV WA WW WV W W W W W W WV W W W W W W W AW WWWW W W
1

65 FORMAT (//2X, WHEN EXISTING ROUTE IS NOT BUILTOVER, PERCENTAGE ',

*’PERSONS USING PROPOSED FACILITY MUST BE 1-99, -,
+'PROBLEM NUMBER ‘,I14,‘ SKIPPED'//)
f

GOTO 115 B mmmmmemmemeeaooa
c CHECK CONSTRUGCTION COST
0 Sy S
1
T IR T o GBI ARG e e
.............. S R ERT TELE LR LR LR TR E TR R R R
¢ INVALID CONSTRUCTION COST
WHWHWWHWHHW W W W W W W W W W W W W W W W W W WA W W WA W W W AW W W W W W W W
W WRITE (6,66) IPROB W
WWWHWHWWWWW W W W W W W W WA W W W W R W W W W W W W W W W
1
66 FORMAT (//2X, CONSTRUCTION COST MUST BE POSITIVE,
+'PROBLEM NUMBER ’,14,’ SKIPPED'//)
I
....... P S

ot S ot et o et et Pt e 4 Bt P Bt Dt et bt Bt

l--_

O e et g 1

ot ot ot bt Pt bt bt bt et

1-~--

Dt bt bt 2t bt
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D ot bt bt 1t bt ot T2t bt Gt Pt Pt ot oot s Sang bt Mond Ot Dot Sewd Dod Bk Dot bt (nnd nnt Gt ¢ D et bt bt Gt Dt Bt Pk Drg Wt Gt Brod et bt (g bt (o Dk Bt ot Bt ot et Bt 3t oot et

S UUP U U DS L G N DU T e T e T e L L L L e T
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.................................... i...................................“
c PRINT OUT INPUT DATA
I
....... iéi;iéi;i......................‘........................ e
.................................... i........4......,...................”
....... i?.kiéi.ii.és.ééib.ébé.......................‘....................
.................................... i..,.....“............‘............,.

1
WWWWWWWWWWWN NN WWWWWRWWWH AW W W WWW W WW W W W W W R W W W W W W W W W W W WWW W N W W W WWW W
W WRITE (6,64) w
WHWWHWHWHWWWWRNR W RAWW VWA NW WV W WA A RW W W W W W WA WWW W R W W W W W W W R W W W W W W W W
1

64 FORMAT (' 1)

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
W 302 WRITE (6,70) IPROB,(DES{J),J=1,86)
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

70 FORMAT (///4X, PROBLEM NUMBER ‘,14,5X,6(A4))
I

WHWWWWHWWWWWAWWWWH N WA W W WA WV W WW W W W W W W W W W W W W W W W W W W W W W W W W W W W
W WRITE (6,71) CADT,PADT w
WHWWWHWIWHWNW N AW W RN WN W WW W W W W W H W WA W W W W WWW W WW W W W W W W W WY W W W W W W W W

1 .
71 FORMAT (/6X, CURRENT ADT’,4X,F7.0/8X,’PROJECTED ADT ' ,F7.0)
1

WWWWWHWWWHWWWHWWWWW W W W RN AW W W W WA AW W WW W W W W W W W W W W W W W W W W W W W W W W W W W
W WRITE (6,72) W
WWWWNWWNWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWNWWWWNWWWWWNNWWWWKNWWWWWWHHWNWWNN

72 FORMAT (/6X, FACILITY DESC. SX 'LOC. , 'HWY TYPE',
*’ NO. LANES’,SX,’LENGTH’,3X.’SPD LMT',SX,'SHOULDERS‘,3K
#’L.T. MEDIAN’,3X, SIGNALS/MI.’,3X,'ADT GROWTH')

1

....... bb.ééb.i;i.é.....................................,................

....... i&.ii:éi:ii.ébié.ébé.....................,..............,.....‘.,.
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wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
WRITE (6,68)
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
1

68 FORMAT (8X, EXISTING’)

WWNWWWWNWWWNWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWNW

W 305 WRITE (6,869)

WWWWWWWWWNwwwwwwWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWNWWWWWWWWWWWWWWWWWWWWWWW
1

.69 FORMAT (8X,’'PROPOSED’)

WWWWNNWWWWWWWWWWWWWWNWWWWWWNWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
W 307 WRITE (6,73) LOC(I),IHWY(I),LN(I),DT{(I),SPL(I)
WWWWWWWNWHWNWWWWWWWWWWWWWWWNWWWWWWWWWWWWWWWWWWWWWWWWWWNWWWNWWWWWWWWWWWWWWW

1
73 FORMAT (’'+’,T25,A1,9X,A1,9X,12,7X,F5.1,6X,F3.0)
1
IF (ISH(I1).GT.0) GOTO 310

1
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
) WRITE (6,74)
NWWNWwwwWWWNWWWwWWWWWWWWWWWWWWWWWWWWWWWNWWWWWWWWWWWWNWWWWWWWWWWWWWWWWWWWWW

1

74 FORMAT (’+’,T76,’'YES’)

WWHWHWWHWHWWWWWWWWWHWWWWW W W WA W W W W W WW R WWWWWWWWWWWW W W W WWWWWWWWWWW W W

W 310 WRITE (6,75) W

WWWHWWWWIWWWWWHWWWHWWWHWWWWWWWWWWWWWWW W WU WWWWWWWWWWWWH W W W WWWWWWWWWWW W W W W
1 :

75 FORMAT (‘+’,T77,'NO’)

— et ot b bty

(4]

(] 4 bt bt ot Bttt St Pt bt bt bt b et et e bt
'

. 1
\

O e i e ettt o ettt ot

o R T

N

(0 ot b (et St Yot B et Bt et Bt (ot bt Dt Bt P Bt Dot Bt B bt et St Gt B Pt 0ot ot B Bt Dok Dt ot Dt bt Dk Dt bkt bt 5t St St Bt Bt Bt Bt Bt bt St By Bt Bt ot bt Pt bt bt i (D
I\ St et bt ot ot G bt et ot bt ek Bt ot (et Pk Boid bt bk o ok bk Bk bt o St b Bt ot it bt Bd Bt Saod B Mt Bt Dt Gt ot St S Dt et St Bk Pk Bt et bk By bt 2t Bt $mt 0t =t bt NS

et bt bt Bt bt Bod et b et bt Bt Bt bt bt Pt et Sk b bt Bt b bt ot bt bt ot bt it Sud ok bt oot ot Dot et $had et Smd B ot Bk Bt Bk bt bbbt Sk bk Gk Pt ot et Bt e Bt b et Pt e
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...ééé.ié.iiéiiii:éi:bi.ébib‘ééb ..........................................

I

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwuwwwwwwwwwww

w WRITE (6,76)

wWWWWWWWWWWNNWWWWWWWwWNWWWNWNWWWWwWWWWHNWKWHWWNWWNWWWWWWWWWWVNWW"WWWWWWNNN
1

76 FORMAT (’+’, 789, 'YES’)

WHWHWWWWWWWWWW W W W W W WA W W W WA WA N W W W W W W W W W W W W W RWWW W W W W W W W W W W W

W 330 WRITE (6,77) w

WWWHWWWWWWWHWNWWRW RV NNV W ANV W W W WY WW W W R W W W WW W W W W W W W W
1

77 FORMAT (’'+*,T790,'NO’)

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwuwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

W 240 WRITE (6,78) ISIG(1)

NWWWWWWWWWNWNNWWWWWWHWWWWWWWWWWNWWWWWWWWWWWWWWWNWWWWWWWWWNWNWWNWWWNWWWWWWN
1

78 FORMAT (’+’,T103,12)

1F (IDEV(I)-2) 350,360,370

1
WWWWWWNwWWWWWWWWWWWWWWWWWWwNWWNWWNWWWWWWWNWWVWNWWWWNWNWW“WWHNWWWNWWNWWWWNN
W 350 WRITE (6,79
WWWWWNWWWWNWWWNWWWWWWWWWWHWWWWWWNWWWWNWNWWWWWWNwwwwWWWWNWWWWWNWNWNWWWWWWWW

1

79 FORMAT ('+’,T116, 'HIGH’)

(1 4t bt bt bt bt ot St 1t Gt B et Bt e bt et Bt (ot et bt 0 b

O et 2ot b s it e e ot dt g e
'
1

l....-

©) o 4t bt 1t b et et ot ot Bt Gt ot bt St

O ot ot ot bt 1t Ot Bt b et bt Bt ot et it

(A =t ot ot bt Bt (e ot Bt G St Bt ot P ok G ok Bt Bk (o ok (ot St b ot St Sk S (ot St bt Bk Bt et Bt bt G Bt ek Poed $mb b St bt Bk d G bt St ok bt et 5 Bt et ot 1)

D e 0 bt o ot e o b ok Dt bt Bt et oed G Bt Gt et bt Dot (d (ot Bt Bt Bt (et Dot ot bt et ool Pt Gt Bt G (et Gt B (et Bt et ok (g ot S Bt Bt b Gt bt et s 3t St bt N

Ot et bt et Pt Bt et Gt (ot bt et (e fomd bt Goed S Gt bk St Dokt bk Bl et Dot St Bt St B $md Do et bt et P Bt Bt St Pt St Dot Bt et et bt Bt g it G S Bk Bt Ot o Bt
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PAGE {5
1
WHWWWWWHWWHHWW WA W WA W W W W W WWWWWH W W W WV W W WW W W WA W W W W W W W W W W W W W W W W W W W W W W
W 360 WRITE (6,80) W
WWHWHWHWWHWWWWWWWWWWWWWWWAWWHW WA WWWWW W W W W W W WWW W W WWW W W W W W W W W W WW W W W W
1

80 FORMAT (’+* ,T115,'MEDIUM’)

WWHWWWWWWWWWHWWWWWWAWW AW W WWW W W W W W W W WY W W WW W WY WHWWWWW W W W WW W W W WWWWWWW

W 370 WRITE (6,81) W

WHHWWWWWWWIWWWWW WA WWWWWWWWWWWWW W W W W W W W W W W W WWWWWW W WW W W W W W W W W WWWWWW W W W W W W
I

8t FORMAT ('+’,T116,'LOW’)

1
WWWWHWWWHWWWWWHWH W RWWWWWWWWHWW W W W WWWWW W WW W W W W W W W W W W W W W W W W W W W W W W W W W
W WRITE (6,91) W
WWWWHWWWWWWWWWWWWRWWHWWWWWWWWWWWWW A WWW W WWWW WA WWWWWWWWWWWWWWWWWWWWWWWWW W W W
I

91 FORMAT (1Xx,’ )

I
WHHWWWWWHWHWWWWWWWWWW W WWWWWWWWW W WA W W R W W W W W W W W W W W W W W W W W W W W WWWWWWWW W W
w WRITE (6,63) PBLD w
WWWWWWHWWWHWWWHWWWAWWWWWWWWWWWW W W WWW W W AW WW W WWW W WWWWWIWWWWWWWWIWWWWWW W W W

1
63 FORMAT (6X, 'PROPOSED DOES NOT BUILDOVER EXISTING. ’',F5.2,
*’ PERCENT PERSONS TO USE PROPOSED FACILITY’)

9 8 7 6 5
1 I
1 1
1 1
l I
I I
1 i
1 i
1 1
--------------- v 1
1 1
1 1
I 1
I 1
--------------- 1---0
1
1
I
1
1
I
1
............... o]
................... A\
1
1
1
1
1
1
1
1
1
1
--------------- v 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
' 1 1
9 8 7 6 . 5

B e 1t 1t bt ot St b ot ot et Bt g 2 ot et ot o od Pt ettt ot
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. 5
I 1
1 1
OK ---------------------------------------------------- 1---0
WWWWWWWWWWWWWWWNWWWWWWWWWWWWWWWWWWWWWWWWWWNWWNWWWNWWWWWWWWWWWNWWWWWWWWNWWN I
W 385 WRITE (6,82) PBLD 1
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 1
1 1
82 FORMAT (6X,’'PROPOSED DOES NOT BUILDOVER EXISTING. ',F5.2, 1
*’ PERCENT PERSONS FROM EXISTING FACILITIY PASSENGER CARS ', 1
+'TO USE PROPOSED FACILITY’) 1
1 1
[P LSRRl i il et e etk 0
1
...éé%.héib;ééibk;bé ......................................................
.................................... i.....................................
[ e i il e e Rl
1

WWHWWWWWAWWWWW W W WA AR AW WA W R WWW W W W N WW W W W W W W WA WWW W W W W WW W WW W W W W W W W

W 390 WRITE (6,83) CST W

WWHWWWWHRHWWWWHWWWWWHWW W WWHWWWWWHWWWW WY W WW W W W W R W W W W W W W WWW W W W W W W WWWWWW
I

83 FORMAT (6X, CONSTRUCTION €OST ($000)‘,3X,F7.0)
1

c DETERMINE APPROPRIATE HIGHWAY TYPE FOR SPEED CALCULATION

I
L 362 DO 478 Fiila T TTTTtrereereceieeiieii
L e e e e e e e e e e e
1 I
T T T T T T T T T T T S
I IT(I)=11
I i e et eka et eswhm o eahe s hheAt e e AaenaixasueaaeaEeeres
1 I
T N T T T T T T T T N
1 IF (IHT(1).GE.3) GOTO 3897 R e
b e e e e e e e e e e e e e e e e s
1 1
e T U L L N N T T T T T T T T TR
1 IF (LN(1).GT.2) GOTO 395 L L R DL v
L et e it i tamtemtae i ee e eRraintAaiErasriEaiEaiaraas 1
1 4 i
T T U T T T T
1 IF (ILC(1).EQ.1.AND.ISH(1).EQ. 1) IT(I)=1 1
i IF (ILC(1).EQ.1.AND.ISH(I).EQ.0) IT(I})=2 1
1 EF (ILC(1).EQ.2.AND.ISH(1).EQ.1) IT(I)=3 i
1 IF (ILC(1).EQ.2.AND.ISH(I).EQ.0) IT(1)=4 {
T
1 I 1
T T T T 1
1 GOTO 397 Ll I---
T I
1 1
1 1
1 1
1 1
123456178890 9 8 7 6 . 5
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O] bt Bt bt St bt Gt Bt St Gt b B Bt D B et Gt Bt Bt Bt bl Bt b Bt Bt Bep B Dt d ol bt et Gt bk b Gt et by Bt Bt B et Bt Bd Bt Bt et Bt Bt b bt fd et bt d Gt et ot bt (7))

Wt bk ot bt bt et Bt Gt Yot Gt Pt Pt (et bt et O T vt et bt et et bt e b bt bt et b O D5 et et bt et b bt bt bt e et et bt bt et bt T
) ) 1 ]
' 1 ' '
[ 1 ) '
(R e 1 ' Dttt bt et ot bt bt et bt bt bt bt O ] e e K TR Ty )
' [ 1 ' i 1 ' '
' 1 ' ' 1 ' ' '
1 [ ] ' 1 1 ' '
© ' [ ' [ 1 ' ' ' [+
' 1 ' ' ' ' [ '
) ' 1 ' 1 t ] '
' ' ' ' ' ' ' +
[ + + ' ’ 1 ’ ' ' ~
1 ' 1 ‘ ) ' 1 '
1 T ] ' ] t i +
' ! [ [ ' ‘ ) 1
@ ' ' ' [ ' ' 1 ' -]
1 ' 1 [ 1 i + s
' ' ' ' 1 1 t '
1 ' ' ' 1 ' 1 \
o t ' 1 1 1 ' I . o
' 1 1 [ 1 i 1 1
' ' 1 ' 1 ' i '
1 ' ' 1 1 ' [ i
' ' * * ' . * *
Ve e e e e e e ' - B | . '
' ' - - 1 . t
' ' - . ' . '
1 1 - . 1 . L}
[ [ . - ' . '
1 1 - - ' . t
' ' - . ' . t
' ' . - ' - '
' [ . . ) . '
[ - [ - . 1 . '
' o - ' . . ¢ - [l
f ~NOO— - ' . . ' . '
[ - [T ' . . ' - 1
[} - — ) . . t . 1
1 Y et et ' - . L} - )
e s f . . ' . i
' Ll ol ol ol ' - . [ . [
' —— ' . . ' . 1
' ' . . ' - 1
' o~ o~ i . . ' . 1
1 ——Q0 ' . . ' - [
e e e e e ' . - § . 1
1 cooo ' . . ] . 1
t [EVR VIR TR t . . 1 . 1
Ve e e e ' . . ] . ]
1 o~ - ' . - 1 . '
' ] ' . . 1 . 1
] WO~ ~ ~~ 1 - . 1 . (=) t
' [N S t . - 1 . w 1
13 —— e b ¢ . . 1} . w 1 .
' ——ad d [ B - 4 . [o] ' -
) ~— e s i . . ' . o ' .
[ o000 1 - . ' . o] ' .
' ———ZZz2Z [ - . ' . x .
! LIS ' . . t . -9 ' .
~ ] —~—— e e . i . . 1 . ~ [} .
- X OO0 =-O - x . . x - g x .
O + =+ = e = Y e L e . o . Z=0 -~ -
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& e e e e e e e . . . . 7] .
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oooooo 7 O - . . . O - .
zzzzzz wi N - . z - - .
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....... NN T
INDX(N)=1PROB

1
WHWWWWWWWWWWWWWWW W W WWW W WA WW W W W W W W W W WWW W W W W W W W W W W WW W W W W W W W W W W W W
W WRITE (6,84) IQYR W
WWWWWWWWWWWWWWWWWWWHW W WW W W WWWW W WWWW W W W W W W WWW W W W W W W W W W W W WW W W W W W W

1
84 FORMAT (2X,’**+ WARNING #*+ EST. QUEUE NOT DISSIPATED AT ',
«’END OF DAY ON PROPOSED ROUTE, BEG. IN 7,Id4,’.",
*’ CHECK PROJ. ADT, MAY BE TOO HIGH.’)
1

c PROCESS NEXT PROBLEM
QK= - s m oo s m e mno e eeaseoe
1
e EOTE IiE T
c SORT DELAY SAVINGS/CONSTRUCTION COST RATIOS
OK-===-====-- R LR L T
1
R T
.................................... L T L PEPTRTRETRRRTRRPERES
1
R TR RN LR LR LR R TR ERE R RERERRPERY
.................................... LR TP E ST LR TRTPRRRERR
....... LT GGG Bae T
.................................... P LT LR R TR TP LRTRETRRRRRRRES
....... R
JA=1
.................................... R ERTETERERTRRERERTRY
1
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L}
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L}
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1 - 11
L R e TP L T PP o 1 1
1 I 11
.......................................................................... [ T
510 TA=JA [
....................................... e I
1 111
o e e o 1 1 I
I | R SR
.......................................................................... I 111
520 L=1A+M 1111
.......... e S S S
I I T
.......................................................................... S S
IF_(DSV(INDX(TA))/CON(INDX{IA)).GT.DSV(INDX(L))/CON(INDX{L)}) R R T T v 1 1 1 1
*GOTO 530 . I 1111
e e e IO T N
1 [ S T S
.......... e e e e I 11 11
T=INDX(1A) I A
INDX(IA)=INDX (L) I 1 1 1 1
INDX{(L)=T 11 111
IA=1A-M IO T A A
.......................................................................... 11111
1 I 1111
T e e T T A
1F (1A.GE. 1) GOTO 520 B R e TR I---A I 1 1
.......................................................................... 1 I 11
1 1 I 11
e et R L e TR o I 11
1 TR T
.......................................................................... 111
. 530 JA=JA+1 S
.......................................................................... 1 11
I 111
................................................ P I 11
1F (JA.GT.K) GOTO 500 R e T 1---I---A

e e B . I 1

1 I 1

................................. e I

GOTO 510 R A

e e e e B e 1

1

1

c PRINT OUT SORTED VALUES 1

1

1

O = = = = = = o m e e e e e e e oo o

1

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
W 540 WRITE (6,85)
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWNWWWWWWWWWWWWWWWWWWW

[
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85 FORMAT (’1’,50X,’'+++ PROBLEM DELAY SAVINGS #**’/49X
*'RANKED BY HIGHEST DELAY SAVINGS'/50X,’'PER DOLLAR CONSTRUCTION
*’'COST’ /54X, (DELAY SAVINGS RATIO)’)

IF (IN.EQ.1) GOTO 560

1

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

WRITE (6,86) w

WWWWWWWWWWWWWWWWWWWWNWWwwwwWWWWwwwWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
1

86 FORMAT (’1’)

WHWAWWWWWWWWWWW W W W W W WWH W W W W W W W W W W W W W W W W W W W W W W W W W W W W W
W 560 WRITE (6,87) w
WWHWWWHWWWW W W W W W R W W W W W W W W W W R W W WH W W W W W W W W W W W W W W WW W W W W W WY

1
87 FORMAT (//6X, RANKING’,6X, PROBLEM’, 14X, 'DESCRIPTION’, 13X,
*'DISCOUNTED’ ,8X,  CONSTRUCTION’, 10X, ‘DELAY’, 10X, 'CUMULATIVE’)
1

WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWNW

W WRITE (6,88)

WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWNWWWWWWWWWWWNWWWNWWWWWWWWWWWWWWWWWWWWWWW
1

88 FORMAT (19X, NUMBER’,38X, 'DELAY SAVINGS’, 10X, COST’, 13X,
*’SAVINGS’,8X, "CONSTRUCTION")

1
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWNWWWWWWNWNWWWWWWWWWWNWWWWWWWWWWWWWWWWWWWWWWWW
w WRITE (6,89)
WWWWWWWWWWNWWWWWWWWWWWWWWWWWWWWWWWNWWWWWNWWNWWWWWNWWWWWWWWWWWWWWWWNWWWWNNW

1
89 FORMAT (53X,2(13X,’($000)), 13X, RATIO’,9X, COST ($000)/)
1
C SET LOWER AND UPPER RANGE OF PROBLEM OUTPUT
1

....... ii;éb;iﬁiaé...‘...‘,.,..................‘........,.............‘...
1U=50*IN
IF (IU.GT.N) 1u=N
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I
....... bb.éié.ix;iL;iU..,..............A.A‘...................,..........
.................................... i.....................4..4..4...,.A..
....... ib;i&bkiik;......................‘................................
TCST=TCST+CON(1IP)
TRATIO=DSV(IP)/CON(IP)

i
WWWHWWWWWWWHWWWWWWWWWWWW W W WA WW W W WWWW W WA W W W W W W W W W W WWWWWWWW W W W W W W W W W W
WRITE (6,90) IX,IP,(DSRP(J,IP),Jd=1,6),DSV{IP),CON(IP), TRATIQ,TCST W
WHWWWWWWWWWWWWWWWWWWWW AW WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW W W WWWW W WWWWW
1

90 FORMAT (7X,14,9X,14,9X,6(A4),5X,F12.4,8X,F9.1,8X,F10.2,8X,F12.1)
{

570 CONTINUE
.................................... L TEERERTRTRETPEPERERERES
TR E YO LR PE PR RRRTRIRY e
.................................... TR EREE
o R L L L LR PP
1

TETTTTITTITTIT T T I I T I 0TI T v T I T IR T TP I I T I U T I v T I T I Y T I T T T I T T ITTIITTITITTITINTTNT
T 600 STOP . T
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Variable Dictionary

ADT(41) ADT for each year during planning horizon

APT adjusted proportion trucks, adjusted for busways which do not
have truck delay costs |

AQUE average number of vehicles in queue during hour, used in delay
cost calculation

CADT | current ADT from input data

CAP(11) hourly vehicle capacity per lane for each program generated

highway type

CDLY hourly delay cost

CON(9999) array to hold construction cost for each problem for output
COST accumulated daily delay cost

CSPD average speed at capacity, used in delay cost ca]cﬁ]ation
CST construction cost ($1,000), from input data

DCST(2,2,41) discounted yearly delay cost

DES(6) problem description, from input data

DLY | hourly delay for uncongested conditions

DQUE hourly delay for congested conditions

DR discount rate from input data or default value, converted to

decimal form after assumptions printed

DSPR(6,9999) array to hold problem description for output

DSV(9999) total discounted delay savings over planning horizon

DT(2) length of the facility for the existing and proposed highways,
from the input data

ESPD average speed at vehicle volumes twice or greater capacity, used

in delay cost calculation
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EXPNT

Il

IA
IBLD

ICT

IDEV(2)

IEND

IFLAG

IHT(2)

THWY (2)
THY (4)

I
ILC(2)

IN
INDX(9999)

Ip

IPL

exponent in calculation of ADT for each year from the current
year through the planning horizon

index, I = 1 for rural location, I = 2 for urban location

index to calculate delay costs, Il 1 for the existing highway,
I[1 = 2 for the proposed highway

variable in sorting process for ranking problems

buildover switch, from input data

counter, used to print four problems on each page before moving
to next page

projected ADT growth category for generating projected ADT in
program, from input data

end of file flag

error flag to skip processing of problem if an error is found in
input data

highway type for existing highway and proposed highway, generated
within program

highway type for existing and proposed highways, from input data
highway type variable for testing input data, IHY(1l) = U, IHY(2)
=D, IHY(3) = F, IHY(4) =B

lower range for printing output on page

rural-urban switch for existing and proposed highways, ILC =1
for rural, ILC = 2 for urban

counter for printing output heading

array to hold problem number for sorting and output

index number of problem when the results are printed out

planning horizon from input data or default value
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IPN
IPROB
IQYR
IsH(2)
IS16(2)
ISW(2)
IT(2)
U

IX

IY
IYR

Jl

J2

JA

Jd

planning horizon plus 1, used as terminal value in loops to make
calculations during planning horizon

problem number

first year when queue does not dissipate at end of day

shoulder switch for existing and proposed highways, from input
data

number of signals per mile for existing and proposed highways,
from input data

rural-urban variable for testing input data, ISW(1l) =R, ISW(Z)
=

program generated highway type index for existing and proposed
highways

upper range for printing output on page

index for printing output

index for year in delay cost calculation

current year from input data

index for each of the four highwéy types possible from input data
index for lower bound on loop to calculate delay costs, J1 =1
for do-nothing alternative or when the proposed highway does not
replace the existing highway for the construct alternative, J1 =
2 when the proposed highway replaces the existing highway for the
construct élternative

index for upper hand on loop to calculate delay costs, J2 = 1 for
the do-nothing alternative, J2 = 2 for the construct alternative
variable in sorting process for ranking projects

index for problem number in arrays for sorting and output

variable in sorting process for ranking problems
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KH

KPROB

LFT(2)

LN(2)

LOC(2)

LQUE

MX

0CP(2)
PADT

PBLD

PCAP

PQE
PT

PYR

index for hour, used in delay cost calculation

problem number from input data

variable in sorting process for ranking problems

left-turn median switch for existing and proposed highways, from
input data

number of lanes for existing and proposed highways, from input
data

location of facility, for existing route and proposed route, from
input data

index to indicate queue at end of day LQUE = 1 if queue at end of

“hour 24, LQUE = 0 otherwise

variable sorting process for ranking problems

upper range of counter for printing output headings

counter for number of problems processed, used to sort delay
savings ratios

average occupancy rate for the existing highway and the proposed
highway

projected ADT at end of planning horizon, from input data or
calculated in the program

percentage persons in passenger cars to use proposed facility if
the existing facility is not buildover, from input data

facility capacity per lane, uséd in delay cost calculation
proportion of hour queue is present during hour, used in hour
queue dissipates for delay cost calculation

percentage trucks from input data or default value, converted to
decimal form after assumptions are printed

planning horizon plus 1, used in calculating projected ADT
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QSPD average speed during congested conditions, used in delay cost

calculation

QUE number of vehicles in queue at end of hour, used in delay cost
calculation

QUEL number of vehicles in queue at beginning of hour, used in delay

cost calculation

RCAP facility capacity per lane plus 20%, used in delay cost
calculation
RSPD average speed for vehicle volumes 20% greater than capacity, used

in delay cost calculation

SINT free-flow speed, equals speed limit plus five, used in delay cost
calculation

SLP(11) slope of hourly speed-volume curve for each highway type

SPD average speed for uncongested conditions, used in delay cost
calculation

SPL(2) speed 1imit for the existing and proposed highways, from input data

T variable in sorting process to rank problems

TCAP total hourly vehicle capacity for all lanes on facility

TCST cumulative construction cost

TRAF (24,2) proportions to convert ADT into hourly traffic volumes, for each
hour in rural areas, and each hour in urban areas

TRATIO delay savings ratio

TVEH number of wvehicles per lane in congested conditions, used to

determine average speed for delay cost calculation

VEH hourly traffic volume, all lanes in both directions
VTC value of time for cars ($/hr) from input data or default value
VTT value of time for trucks ($/hr) from input data or default value
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98

15

DELAY SAVINGS MODEL WRITTEN BY JEFFERY L. MEMMOTT

DATA INPUT CONSISTS OF ONE HEADER CARD WHICH CONTAINS THE CURRENT
YEAR AND INITIAL ASSUMPTIONS. EACH OF THE OTHER DATA CARDS
IDENTIFY A SEPARATE PROJECT. DATA INCLUDES A PROBLEM NUMBER,
CURRENT AND PROJECTED ADT, DESCRIPTIONS OF BOTH EXISTING AND
PROPOSED ROUTES, AND CONSTRUCTION COST.

DIMENSION LOC(2),1HWY(2),LN(2),DT(2),SPL(2),ISH(2),LFT(2),
*1S1G(2),IDEV(2),DES(B),ISW(2),ILC(2),1HY(4),IHT(2),TRAF(24,2),
*SLP(I1),CAP(1I),IT(2),DCST(2,2341).?SV(9999).CON(9999),

{41),0CP(2)

«*INDX(9999),DSRP(6,9999),ADT
DATA ISW/’R’,’'U’/

DATA IHY/“U’,’D’,’F’,’B"/
DATA TRAF/.00864,.00485,.00295,.00105, .,00169, .00485, .01875, .06783,
*.06994,.05393, .05456, .05941, .06236, .06151, .06214, .0672,.07478,
+.08784,.06552, .0495, .03623, .0396, ,02928,.015563,.00913, .005, .00394,
*.00293,.00391,.01768, .06316, .07683, .06016, .05122, .04915, .05114,
*.05124,.05275, .0571,.07117,.0787,.07629, .05695, .04417, .03187,
*.03302,.03373,.01871/
DATA/SLP/.OSS,A0|7..040,,020,.0035..003..OIS,.014,.0|20..0100,
*,002

DATA CAP/350.,500.,350.,500.,1000.,1000.,500.,500.,650.,650.,
*1500./

DO 98 JJ=1,9999

DSV{(Jd)=0.

CON(JJ)=0.

CONTINUE

SET END FLAG AND PROBLEM COUNT TO ZERO

1END=0

IPROB=0

I1CT=0

N=0

TCST=0.

READ IN FIRST CARD

READ (5,5,END=100) IYR,PT,VTC,VTT,DR,IPL

FORMAT (4X,14,4(F5.0),13)

GOTO 110

NO DATA CARDS

WRITE (6,10)

FORMAT (//2X,'NO DATA GIVEN FOR ANALYSIS, JOB ENDED’)

GOTO 600

SET DEFAULT ASSUMPTIONS

IF (PT.EQ.0.) PT=8.

IF (VTC.EQ.0.) VTC=10.2

IF (VTT.EQ.0.,) VTT=19.2

IF (DR.EQ.0.) DR=8.

IF (1PL.EQ.O) IPL=20

PRINT OUT ASSUMPTIONS

WRITE (6,15) IYR,PT,VTC,VTT,DR,IPL

FORMAT (’1',51X, *+% DELAY SAVINGS MODEL #**x'////4X,
*"CURRENT YEAR’,23X,14//4X,’ASSUMPTIONS’/6X, PERCENTAGE TRUCKS',
*13X,F7.2/6X,  VALUE OF TIME, CARS ($/HR)’' ,4X,F7.2/6X,

*‘VALUE OF TIME, TRUCKS ($/HR)’,2X,F7.2/6X,'DISCOUNT RATE (%)’,
*13X,F7.2/6X, 'PLANNING HORIZON (YEARS)',7X,13/1’,51X%,

*’%++ PROBLEM INPUT DATA *%#'/)

PT=PT/100.

DR=DR/100.

p
u
D



08

ZERO QUT PROBLEM ARRAYS

115 IFLAG=0

116 CONT

20 FORMAT
+F4.0,F2.
GOTO 130

ALL PROBLEMS READ,

120 IEND=1
GOTO 497

EM CARD

CHECK PROBLEM NUMBER
130 IF (KPROB.GT.0) GOTO

WRITE (6,25)

IPROB

135

20) KPROB,CADT,PADT, (LOG(I),IHWY(I),LN(1),DT(]),
FT(I),18IG(1),IDEV(I),I1=1,2),1BLD,PBLD,CST,
]
I

,12,F4.0,F2.0,2(11),12,11,2(A1),12,
,F3.0,F6.0,6(A4)})

GO TO SORTING

25 FORMAT (//2X,'PROBLEM NUMBER MUST BE POSITIVE,
SKIFPED’//)

*’PROBLEM NUMBER

GOTO 115

‘14,

CHECK IF VALID LOCATION

135 1PROB=KPROB
DO 140 I=1,2

IF (LOC(1).EQ.ISW(1).0R.LOC(1).EQ.ISW(2)) GOTO 140

IFLAG=1
140 CONTINUE

IF (IFLAG.NE.1) GOTO
ERROR IN LOCATION

WRITE (6,30)

IPROSB

150

30 FORMAT (//2X,’INVALID LOCATION, *,
SKIPPED' //)

*’PROBLEM NUMBER

GOTO 115

‘14,

SET RURAL-URBAN SWITCH

150 DO 160 1=1,2

IF (LOC(I).EQ.ISW(1

IF (LOC(1).EQ.1ISW(2

160 CONTINUE

CHECK HIGHWAY TYPE

DO 180 1=1,2

)
)

)
)

=1,4
IF (IHWY(I).EQ.IHY(J)) IHT(I)=d

IF (IHT(1).GT.0)

INVALID HIGHWAY TYPE

WRITE (86,35)

I1PROB

GOTO 180

35 FORMAT (//2X, INVALID HIGHWAY TYPE,
SKIPPED'//)

*’PROBLEM NUMBER

GOTO 115
180 CONTINUE

s 14,

CHECK NUMBER OF LANES

DO 190 I=1,2

IF (LN(1).GE.1.OR.LN(I).LE.20) GOTO 190



L8

INVALID NUMBER OF LANES
WRITE (6,40) IPROB
40 FORMAT (//2X,’ INVALID NUMBER OF LANES, MUST BE 1-20, ~,
+/PROBLEM NUMBER *,14,‘ SKIPPED'//)}
GOTO 115
190 CONTINUE
CHECK SPEED LIMIT
DO 200 I=1,2
IF (SPL(1).EQ.0.) SPL(I)=55.
IF (SPL(I).GE.15. .AND.SPL(I).LE.70.) GOTO 200
INVALID SPEED LIMIT
WRITE (5,45) I1PROB
45 FORMAT (//2X,’ INVALID SPEED LIMIT, MUST BE 15-70, *
+/ PROBLEM NUMBER ‘,14,’ SKIPPED'//)
GOTO 115
200 CONTINUE
CHECK SHOULDER SWITCH
DO 210 I=1,2
IF (ISH(I).EQ.0.OR.ISH(I).EQ.1) GOTQ 210
INVALID SHOULDER SWITCH
WRITE (6,50) IPROB
50 FORMAT (//2X,’INVALID SHOULDER SWITCH, MUST BE O OR 1, ‘,
+’PROBLEM NUMBER ’,14,‘ SKIPPED'//)
GOTO 115
210 CONTINUE
CHECK LEFT TURN SWITCH
DO 220 I=1,2
IF (LFT(I).EQ.0.O0R.LFT(1).EQ.1) GOTO 220
INVALID LEFT TURN SWITCH
WRITE (6,55) I1PROB
55 FORMAT (//2X,’ INVALID LEFT TURN SWITCH, MUST BE 0 OR 1, *,
*PROBLEM NUMBER ‘,14,’ SKIPPED'//)
GOTO 115
220 CONTINUE
CHECK PROJECTED ADT GROWTH CATEGORY
DO 230 I:=1,2
IF (IDEV(I).EQ.0) IDEV(I)=2
IF (IDEV(I).GT.G.AND.IDEV(I).LE.3) GOTO 230
INVALID PROJECTED ADT GROWTH CATEGORY
WRITE (6,57) IPROB
57 FORMAT (//2X,’INVALID PROJECTED ADT GROWTH CODE, MUST BE 1-3, -,
+/PROBLEM NUMBER ‘,14,’ SKIPPED'//)
GOTO 115
230 CONTINUE
CHECK BUILDOVER SWITCH
IF (IBLD.EQ.0.OR.IBLD.EQ.1) GOTO 240
INVALID BUILDOVER SWITCH
WRITE (6,60) IPROB
60 FORMAT (//2X,’ INVALID BUILDOVER SWITCH, MUST BE 0 OR 1, *,
+*PROBLEM NUMBER ‘,14,’ SKIPPED'//)
GOTO 115
CHECK PERCENTAGE PERSONS USING PROPOSED FACILITY
240 IF (IBLD.EQ.O) GOTO 245
IF (PBLD.EQ.0.) PBLD=50.
IF (PBLD.GT.O..AND.PBLD.LT.100.) GOTO 245
INVALID PERGCENTAGE PERSONS
WRITE (6,65) IPROB
65 FORMAT (//2X, WHEN EXISTING ROUTE IS NOT BUILTOVER, PERCENTAGE ',
+/PERSONS USING PROPOSED FACILITY MUST BE 1-89, -,
+/PROBLEM NUMBER ’,14,’ SKIPPED’//)
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28

114
115

119

134

135
136
137
138
139

140
141
142
143
td44
145
146
147
148
149
150

151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

245

66
250

260
270
280

282
284

286
288
280

300

64
302
70
71

72

68
305
69

307
73

74

310
75

GOTO 115

CHECK CONSTRUCTION COST

IF (CST.GT.0.) GDTO 250

INVALID CONSTRUCTION COST

WRITE (6,66) IPROB

FORMAT (//2X,’CONSTRUCTION COST MUST BE POSITIVE,
*'PROBLEM NUMBER ‘,I14,’ SKIPPED'//)
GOTO 115

CALCULATE PROJECTED ADT IF NECESSARY
PYR=1PL+1

IF (PADT.GT.0.) GOTO 290

IF (ILC(1).EQ.1) GOTO 282

IF (IDEV(1)-2) 260,270,280
PADT=CADT*(PYR**.3773)

GOTO 290

PADT=CADT*(PYR**.3030)

GOTO 290

PADT=CADT*(PYR**.2087)

GOTO 290

IF (IDEV{1)-2) 284,286,288
PADT=CADT*(PYR**,2840)

GOT0 290

PADT=CADT*(PYR**,2096)

GOTO 290

PADT=CADT+*(PYR**.1133)

CALCULATE ADT FOR EACH YEAR
EXPNT={ALOG(PADT)-ALOG(CADT))/ALOG{(PYR)
IPN=IPL+1

DO 300 IY=1,IPN
ADT(IY)=CADT*(1Y**EXPNT)

CONTINUE

PRINT QUT INPUT DATA
ICT=ICT+1

IF (ICT.LT.%) GOTO 302
ICT=1

WRITE (6,64)

FORMAT (' 1’)

WRITE (6,70) 1PROB, (DES(J),J=1,6)

FORMAT (///4X, PROBLEM NUMBER ’',14,5X,6(A4))

WRITE (6,71) CADT,PADT

FORMAT (/6X,’CURRENT ADT’,4X,F7.0/6X, PROJECTED ADT ',F7.0)

WRITE (6,72)

FORMAT (/6X, FACILITY DESC.’,3X,’LOC.’,3X, HWY TYPE’,K 3X,
+"NO. LANES’ ,3X, LENGTH’,3X,'SPD LMT’',3X, SHOULDERS’,3Xx,
*’L.T, MEDIAN’,3X, SIGNALS/MI .’ ,3X,‘ADT GROWTH")

DO 380 1=1,2

IF (I.GT.1) GOTO 305

WRITE (6,68)

FORMAT (8X, EXISTING’)

GOTO 307

WRITE (8B,69)

FORMAT (8X,’PROPOSED’)

WRITE (6,73) LOC(I),THWY(I) ,LN(I),DT(I),SPL(I)

FORMAT (’+’,T25,A1,9X,A1,9X,12,7X,F5.1,6X,F3,0)

IF (ISH(I).GT.0) GOTO 310

WRITE (6,74)

FORMAT (’'+’,T76, YES')

GOTO 320

WRITE (6,75)

FORMAT (’+’,T77,'NO")
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320 IF (LFT(1).G7.0) GOTO 330
WRITE (6,76)
76 FORMAT ('+’',789,’'YES")
GOTO 340
330 WRITE (6,77)
77 FORMAT (’+’,T90,'NO’)
340 WRITE (6,78) ISIG(I)
78 FORMAT (“+’,T103,12)
1F (IDEV(1)-2) 350,360,370
350 WRITE (6,79)
79 FORMAT (’+’,T116, "HIGH')
GOTQ 380
360 WRITE (6,80)
80 FORMAT (’+’,T115, ‘MEDIUM’)
GOTO 380
370 WRITE (6,81)
81 FORMAT (‘+',Tt116, LOW’")
380 CONTINUE
WRITE (6,91}
91 FORMAT (1X,’ )
IF (IBLD.EQ.0O) GOTO 390
IF (IHT(2).EQ.4) GOTO 385
WRITE (6,63) PBLD
63 FORMAT (6X,’PROPOSED DOES NOT BUILDOVER EXISTING. ‘,F5.2,
*’ PERCENT PERSONS TO USE PROPOSED FACILITY’)
GOTQO 387
385 WRITE (6,82) PBLD
82 FORMAT (6X, PROPOSED DOES NOT BUILDOVER EXISTING. ‘,F5.2,
*’ PERCENT PERSONS FROM EXISTING FACILITIY PASSENGER CARS ',
*’TO USE PROPOSED FACILITY’)
387 PBLD=PBLD/100.
390 WRITE (6,83) CST
83 FORMAT (6X, CONSTRUCTION COST ($000)’,3X,F7.0)
DETERMINE APPROPRIATE HIGHWAY TYPE FOR SPEED CALCULATION
392 DO 479 1=1,2

IT(1)=11
IF (IHT(I).GE.3) GOTO 397
IF (LN(I).GT.2) GOTO 395
IF (ILC(I).EQ.1.AND.ISH(I).EQ.1) IT(I)=1
IF (ILC(I).EQ.1.AND.ISH(I).EQ.0) IT(I)=2
IF (ILC(I).EQ.2.AND.ISH(I).EQ.1) 1T(1)=3
IF (ILC(I).EQ.2.AND.ISH{I).EQ.0) 1T(1)=4
GOTC 397
395 IF (ILC(I).EQ.1.AND.ISH(I).EQ.1) IT(1)=5
IF (ILC(I).EQ.1.AND,ISH(I).EQ.0) IT(I)=6
IF (ILC(1).EQ.2.AND.ISH(I).EQ. 1. AND.LFT(I).EQ.1) IT(1})=7
IF (ILC(I).EQ.2.AND.ISH(I).EQ.O.AND.LFT(I).EQ.1) IT(I)=8
IF (1ILC(1).EQ.2.AND.ISH(I).EQ.1.AND.LFT(I}.EQ.0) IT(I)=9
IF (ILC(I).EQ.2.AND.ISH(I).EQ.O.AND.LFT(I).EQ.0) IT(I)=10
SET OCCUPANCY RATES
397 IF (IHT(1).EQ.4) GOTO 398
OCP(I)=1.3-,3+PT
GOTO 399
398 OCP(I)=14.
SET UP CALCULATION FOR EXISTING/PROPOSED
399 IF (I.GT.1) GOTO 401
Ji=t
J2=1
GOTO 404

401 IF (IBLD.EQ.O) GOTO 403
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227
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233
234
235
236
237
238
239
240

241

242
243
244
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246
247

248
249
250
251

252
253
254
255

256
257

258
259

260
261
262
263
264
265
266
267
268
269

Ji=1
J2=2
GOTO 404
403 Ji=2
J2=2
404 DO 478 11=Jt,J2

CALCULATE SPEED AND DELAY FOR EACH HOUR AND YEAR

DO 477 1Y=2,1PN
QUE=0.
COST=0.
DO 476 KH=1,24
PQE=0.
DLY=0.
DQUE=0,
CALCULATE HOURLY VEHICLE DEMAND AND CAPACITY
TCAP=CAP(IT(I1))+LN(I1)
IF (1.EQ.2.AND.IBLD.EQ. 1) GOTO 445
VEH=ADT(IY)*TRAF(KH,ILC(I))
GOTO 455
445 1F (IHT(2).EQ.4) GOTO 447
VEH=ADT(IY)*TRAF(KH, ILC(I1))*(2.-11+(2.%11-3)
GOTO 455

«*PBLD)

447 VEH=ADT(IY)*TRAF(KH,ILC(I1))*(2.-T1-PBLD*(1.-PT)*{2.-11-1.3%

*{11-1)/0CP(11)))}
455 IF (VEH.LE.TCAP.AND.QUE.EQ.0.) GOTO 462
CALCULATE VEHICLES IN QUEUE
QUE 1=QUE
QUE=QUE+VEH-TCAP
PQE=1.
IF (QUE.GT.0.) GOTO 460
CALCULATE PROPORTION OF HOUR QUEUE PRESENT
PQE=QUE1/(TCAP-VEH)
QUE=0.
CALCULATE AVERAGE QUEUE
460 AQUE=(QUEI+QUE)/2.
IF (LQUE.EQ.1.OR.QUE.EQ.0..OR.KH.LT.24.0R.I1.
LQUE=1
TQYR=TYR+IY-1
CALCULATE AVERAGE SPEED
462 SINT=SPL(11)+5.
IF (QUE.GT.0.) GOTO 467
SPD=SINT-SLP(IT(I1))*VEH/LN(I1)
IF (SPD.LT.28.5) SPD=28.5
CALCULATE DELAY
DLY=DT(I1)+*VEH/SPD
IF (PQE.EQ.0.) GOTO 470
CALCULATE CAPACITY SPEED
467 CSPD=SINT-SLP(IT(I1))+CAP(IT(I1))}
IF (CSPD.LT.28.5) CSPD=28.5
CALCULATE QUEUE SPEED
RSPD=CSPD/2.28
IF (RSPD.LT.15.) RSPD=15.
ESPD=CSPD/3.8
1F (ESPD.LT.10.) ESPD=10.
PCAP=CAP(IT(I1))}
RCAP=PCAP*1.2
TVEH=PCAP+AQUE/LN(I1)
IF (TVEH.GT.RCAP) GOTO 468
QSPD=CSPD-(CSPD-RSPD)*{(TVEH-PCAP)/(RCAP-PCAP)
GOTO 469

EQ.1) GOTO 462
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468

469

470

471
472

473
475
4786

477
478
479

480

490

84 FORMAT (22X, #+% WARNING #**%*
*"END OF DAY ON PROPOSED ROUTE,
+’ CHECK PROJ. ADT, MAY BE TOO HIGH.')

495

497
500

510
520

QSPD=RSPD-(RSPD-ESPD)*(TVEH-RCAP)/(2.+PCAP-RCAP)

1F (QSPD.LT.ESPD) QSPD=ESPD

CALCULATE QUEUE DELAY
DQUE=DT(I1}+VEH/QSPD

IF QUEUE NOT DISSIPATED AT END OF DAY,

ADD DELAY TO DISSIPATE QUE

1F (QUE.GT.0..AND.KH.EQ.24) DQUE=DQUE+QUE/2.

CALCULATE DELAY COST

IF (IHT(I11).EQ.4) GOTO 473
IF (PBLD.LT.1.) GOTO 471
APT=1,

GOTO 472

APT=PT/{((1.-PBLD)*(1.-PT)+PT)

CDLY=(PQE+DQUE+(1.-PQE)*DLY) *(APT+VTT+(1.-APT)+VTC)

GOTO 475

CDLY=(PQE*DQUE+(t.-PQE)*DLY)*VTC+OCP(I1)/1.3

ACCUMULATE FOR DAILY COST
COST=COST+CDLY
CONTINUE

CALCULATE DISCOUNTED YEARLY DELAY COST
DCST(I,I1,IY)=COST*365./(1.+DR)**([IY-1)

CONTINUE

CONTINUE

CONTINUE

CALCULATE DELAY SAVINGS
DO 480 1Y=2,IPN

DSV{IPROB)=DSY{(IPROB)+DCST(1,1,1Y)-DCST(2,1,1Y)-DCST(2,2,1Y)

CONTINUE
DSV(IPROB)=DSV(IPROB)/1000.

SAVE CONSTRUCTION COST AND DESCRIFTION

CON(IPROB)=CST

DO 490 J=1,6

DSRP(J, IPROB)=DES(J)
CONTINUE

N=N+1

INDX(N)=1PROB

PRINT WARNING 1F QUEUE NOT DISSIPATED AT END OF DAY

IF (LQUE.LT.1) GOTO 495
WRITE (6,84) IQYR

PROCESS NEXT PROBLEM
GOTO 115

QUEUE NOT DISSIPATED AT ',

[P B

SORT DELAY SAVINGS/CONSTRUCTION COST RATIOS

M=N

M=M/2

IF (M.LT.1) GOTO 540
K=N-M

JA=1

IA=JA

L=1A+M

IF (DSV(INDX(IA))/CON(INDX(IA)).GT.DSV(INDX(L))/CONCINDX(L)))

*GOTO 530

T=INDX(IA)
INDX(TA)=INDX(L)
DX(L)=T

IA.GE.1) GOTO 520
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318
319

320
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323
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327
328

329
330

331

332

333
334
335
336
337
338
339
340
341
342
343

c

c

GOTO 510

PRINT OUT SORTED VALUES
540 WRITE (6,85)
85 FORMAT (’1’,50X, +** PROBLEM DELAY SAVINGS **x’/49X,

*"RANKED BY HIGHEST DELAY SAVINGS' /50X, PER DOLLAR CONSTRUCTIUN -

*/COST’ /54X, (DELAY SAVINGS RATIO)’)

MX=N/50+1

DO 580 IN=1,MX

IF (IN.EQ.1) GOTO 560

87 FORMAT (//BX "RANKING’,6X, ' PROBLEM’, 14X, "DESCRIPTION’, 13X,
*’DISCOUNTED’ ,8X, 'CONSTRUCTION’, 10X, ‘DELAY’, 10X, 'CUMULATIVE")
WRITE (6,88)
88 FORMAT (19X, NUMBER’,38X, 'DELAY SAVINGS’,10X,’COST’, 13X,
*’SAVINGS’ ,B8X, "CONSTRUCTION")
WRITE (6,89)
89 FORMAT (53X,2(13X,’($000)), 13X, RATIO’,9X, COST {($000)’/)
SET LOWER AND UPPER RANGE OF PROBLEM QUTPUT
IL=50*IN-49
1U=50*IN
IF (IU.GT.N)
DO 570 IX=IL
IP=INDX{(IX)
TCST=TCST+COI
TRATIO=DSV(I
WRITE (6,90)
90 FORMAT (7X,1
570 CONTINUE
580 CONTINUE
600 STOP
END

& W2

6),DSV(IP),CON(IP), TRATIO, TCST
1,8X,F9.1,8X,F10.2,8X,F12.1)
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CURRENT YEAR

ASSUMPTIONS
PERCENTAGE TRUCKS
VALUE OF TIME, CARS ($/HR)
VALUE OF TIME, TRUCKS (%/HR)
DISCOUNT RATE (%)
PLANNING HORIZON (YEARS)

1983

8.00
10.20
19.20
8.00
20

*+* DELAY SAVINGS MODEL #*+
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t*+ PROBLEM INPUT DATA *x*x

PROBLEM NUMBER 1 IMPROVE FRWY 6/8 LANES

CURRENT ADT 70000.

PROJECTED ADT 176088,

FACILITY DESC. Lac. HWY TYPE NO. LANES LENGTH SPD LMT SHOULDERS L.T. MEDIAN SIGNALS/MI . ADT GROWTH
EXISTING u F 6 2.5 65. YES YES 0 MEDIUM
PROPOSED u F 8 2.5 55, YES YES © MEDIUM

CONSTRUCTION COST ($000) 40000.

PROBLEM NUMBER 2 U4LN UNDIV. TO DIVIDED

CURRENT ADT 15000,

PROJECTED ADT 28145,

FACILITY DESC. LoC. HWY TYPE NO. LANES LENGTH SPD LMT SHOULDERS L.T. MEDIAN SIGNALS/MI. ADT GROWTH
EXISTING u u 4 1.6 55, YES NO 0 LOW
PROPOSED u D 4 1.6 55. YES YES 0 Low

CONSTRUCTION COST ($000) 2500.

PROBLEM NUMBER 3 BUSWAY FOR 6LN FRWY

CURRENT ADT 80000.

PROJECTED ADT 160000,

FACILITY DESC. Loc. HWY TYPE NO. LANES LENGTH SPD LMT SHOULDERS L.T. MEDIAN SIGNALS/MI . ADT GROWTH
EXISTING u F 6 2.1 55, YES YES (o} MEDIUM
PROPOSED u B 1 2.1 55. YES YES 0 MEDIUM

PROPOSED DOES NOT BUILDOVER EXISTING. 10,00 PERCENT PERSONS FROM EXISTING FACILITIY PASSENGER CARS TO USE PROPOSED FACILITY
CONSTRUCTION COST ($000)  20000.

PROBLEM NUMBER 4 SHOULDERS ON RURAL HWY
CURRENT ADT 2000,
PROJECTED ADT 4748
FACILITY DESC. Loc. HWY TYPE NO. LANES LENGTH SPD LMT SHOULDERS L.T. MEDIAN SIGNALS/MI ., ADT GROWTH
EXISTING R u 2 5.6 55. NO YES o] HIGH
PROPOSED R U 2 5.6 55. YES YES ] HIGH

CONSTRUCTION COST ($000) 1500.
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PROBLEM NUMBER 5

CURRENT ADT 16000.

PROJECTED ADT 90000.

FACILITY DESC. LOC. HWY TYPE
EXISTING R D
PROPOSED R F

CONSTRUCTION COST ($000) 5000.

PROBLEM NUMBER 6
CURRENT ADT 7000.
PROJECTED ADT 45000.
FACILITY DESC.. LOoC. HWY TYPE
EXISTING R U
PROPOSED R D

CONSTRUCTION COST ($000) 10800.

PROBLEM NUMBER 7

CURRENT ADT 6000.

PROJECTED ADT 15093.

FACILITY DESGC. LOC.  HWY TYPE
EXISTING u D
PROPOSED u D

CONSTRUCTION COST ($000) 6000,

PROBLEM NUMBER 8 4LN FRWY TO

CURRENT ADT 50000.

PROJECTED ART 125777.

FACILITY DESC. LOC. HWY TYPE
EXISTING U F
PROPOSED u F

CONSTRUCTION COST ($000) 79000,

4LN DVD TO 8LN FRWY

NO. LANES
4
8

"2LN UNDVD TO 4LN DVD

NO. LANES
2
4

2LN DVD TO 4LN DVD

NO. LANES
2
4

1OLN FRWY

"NO. LANES
4

10

LENGTH
3.0
3.0

LENGTH
6.0
6.0

LENGTH
3.5
3.5

LENGTH
7.5
7.5

SPD LMT
56,

55.

SPD LMT
65.
55.

SPD LMT
55.
55.

SPD LMT
55.
55.

SHOULDERS
YES
YES

SHOULDERS
YES
YES

L.

L.

T.

T.

MEDIAN
YES
YES

MEDIAN
NO
YES

SHOULDERS L.T, MEDIAN
YES YES

YES

SHOULDERS
YES
YES

L.

T.

YES

MEDIAN
YES
YES

SIGNALS/MI .
]

[0}

SIGNALS/MI.
]

[}

SIGNALS/MI .,
[}

(o}

SIGNALS/MI.
4]

o

ADT GROWTH
MEDIUM
MEDIUM

ADT GROWTH
MEDIUM
MEDIUM

ADT GROWTH
MEDIUM
MEDIUM

ADT GROWTH
MEDIUM
MEDIUM
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PROBLEM NUMBER 9 4LN UNDIV TO DVD

CURRENT ADT 15000.

PROJECTED ADT 35000.

FACILITY DESC. Loc. HWY TYPE NO. LANES LENGTH
EXISTING u u 4 2.0
PROPOSED u b 4 2.0

CONSTRUCTION COST ($000) 7000.

PROBLEM NUMBER 10 BLN DVD TO 4LN FRWY

CURRENT ADT 20000,

PROJECTED ADT 50311.

FACILITY DESC. LOC. HWY TYPE NO. LANES LENGTH
EXISTING U 1] 6 3.2
PROPOSED u F 4 3.2

CONSTRUCTION COST ($000) 16000.

PROBLEM NUMBER 11 4LN UNDVD TO SHLD/+SPL

CURRENT ADT 3600,

PROJECTED ADT 17200.

FACILITY DESC. Laoc. HWY TYPE NO. LANES LENGTH
EXISTING R u 4. 2.1
PROPOSED R U 4 2.1

CONSTRUCTION COST ($000) 1500.

PROBLEM NUMBER 12 2LN W/SHLD TO 4LN W/0

CURRENT ADT 2400,

PROJECTED ADT 12000,

FACILITY DESC. LOC. HWY TYPE NO. LANES LENGTH
EXISTING R u 2 2.5
PROPOSED R u 4 2.5

CONSTRUCTION COST ($000) 700.

SFD LMT
35.
40,

SPD LMT
56.
55.

SPD _LMT
35.
55,

SPD LMT
55.
55.

SHOULDERS  L.T.
NO

YES

SHOULDERS L.T.

YES
YES

SHOULDERS  L.T.
NO

YES

SHOULDERS  L.T.

YES
NO

MEDIAN
NO

YES

MEDIAN

YES
YES

MEDIAN
NO
NO

MEDIAN
NO
NO

SIGNALS/MI .
0

[}

S[GNA%S/MI.

0

SIGNALS/MI .
[}

o

SIGNALS/MI .
(2]

[

ADT GROWTH
MEDIUM
MEDIUM

ADT GROWTH
MEDIUM
MEDIUM

ADT GROWTH
MEDIUM
MEDIUM

ADT GROWTH
MEDIUM
MEDIUM
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PROBLEM NUMBER 13 ODD LANE FREEWAY

CURRENT ADT 25000.

PROJECTED ADT 175000,

FACILITY DESC. LOC. HWY TYPE NO. LANES LENGTH SPD LMT SHOULDERS L.T. MEDIAN
EXISTING u F 6 3.5 55, YES YES
PROPOSED u F 9 3.5 85, YES YES

CONSTRUCTION COST ($000) 10300. v

PROBLEM NUMBER 14 4LN FRWY TO BLN FRWY

CURRENT ADT 25000.

FROJECTED ADT 120000.

FACILITY DESC. LOC. HWY TYPE NO. LANES LENGTH SPD LMT SHOULDERS L.T. MEDIAN
EXISTING u F 4 4.0 55. YES YES
PROPOSED U F 8 4.0 55. YES YES

CONSTRUCTION COST ($%$000) 20100.

PROBLEM NUMBER 15 4LN FRWY NEW LOCATION

CURRENT ADT 20000.

PROJECTED ADT 50311.

FACILITY DESC. Loc. HWY TYPE NO. LANES LENGTH SPD LMT SHOULDERS L.T. MEDIAN
EXISTING u D 4 3.0 55, YES YES
PROPOSED ] F 4 3.0 55, YES YES

PROPOSED DOES NOT BUILDOVER EXISTING. 70.00 PERCENT PERSONS TO USE PROPOSED FACILITY
CONSTRUCTION COST ($000) 50000.

PROBLEM NUMBER

CURRENT ADT
PROJECTED ADT

FACILITY DESC.
EXISTING
PROPOSED

PROPOSED DOES NOT BUILDOVER EXISTING.

16 BUSWAY FOR 8LN FRWY

137000,

253000,
Loc. HWY TYPE NO. LANES LENGTH SPD LMT SHOULDERS L.T. MEDIAN
U F 8 3.1 55. YES YES
u B 1 3.1 55, YES YES

CONSTRUCTION COST (%$000) 23250.

SIGNALS/MI. ADT GROWTH
[0} MEDIUM
] " MEDIUM
SIGNALS/MI . ADT GROWTH
] MEDIUM
(o} MEDI UM
SIGNALS/MI . ADT GROWTH
[o} MEDIUM
o MEDIUM
SIGNALS/MI. ADT GROWTH
0 MEDIUM
o MEDIUM

10.00 PERCENT PERSONS FROM EXISTING FACILITIY PASSENGER CARS TO USE PROPOSED FACILITY
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#%+ PROBLEM DELAY SAVINGS #**+
RANKED BY HIGHEST DELAY SAVINGS
PER DOLLAR CONSTRUCTION COST
(DELAY SAVINGS RATI1O)

RANKING PROBLEM DESCRIPTION DISCOUNTED CONSTRUCTION DELAY CUMULATIVE
NUMBER DELAY SAVINGS cOosT SAVINGS CONSTRUCTION
($000) ($000) RATIO COST ($000)
1 6 2LN UNDVD TO 4LN DVD 449651.2 10800.0 41.63 10800.0
2 5 4LN DVD TO 8LN FRWY 152926, 2 5000.0 30.59 15800.0
3 16 BUSWAY FOR 8LN FRWY 366732.5 23250.0 15.77 39050.0
4 13 QDD LANE FREEWAY 106632.4 10300.0 10.35 49350.0
5 8 4LN FRWY TO 10LN FRWY 523635.7 79000.0 6.63 128350.0
6 14 4LN FRWY TO 8LN FRWY 126032 .1 20100.0 6.27 148450.0
7 1 4LN UNDVD TO SHLD/+SPL 7480.3 1500.0 4.99 149950.0
8 i IMPROVE FRWY 6/8 LANES 156558. 1 40000.0 3.91 189950.0
] 9 4LN UNDIV TO DVD 26086.2 7000.0 3.73 196950.0
10 3 BUSWAY FOR &6LN FRWY 47773.9 20000.0 2.39 216950.0
11 15 4LN FRWY NEW LOCATION 66365.4 50000.0 1.33 266950.0
12 12 2LN W/SHLD TO 4LN W/O 814.4 700.0 1.16 267650.0
13 7 2LN DVD TO 4LN DVD 3873.9 6000.0 0.65 273650.0
14 2 U4LN UNDIV. TO DIVIDED 207.6 2500.0 "0.36 276150.0
15 4 SHOULDERS ON RURAL HWY 484 .7 1500.¢ 0.32 277650.0
16 10 6LN DVD TO 4LN FRWY 3632.7 16000.0 0.23 293650.0
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The manual calculation of a delay savings ratio presented in the section
titled "Examples of the Models Use" can become dated because of the values of
time assumed in the tables and figures. The computer program used to generate
Tables 3 - 8 and Figures 1 - 6 has assumed values of time which are used to
convert the hours of delay savings into dollars. Of course, those values of
time can change over time, especially due to inflation, so this Appendix
presents the same tables and figures in terms of hours of delay savings rathef
than dollars of delay savings. Different values of time can then be used to
manually calculate delay savings ratios.

bTab]es 14 through 20 and Figures 9 through 15 present the discounted hours
of delay savings per mile for a variety of highway improvements. Each is
presented as thouéands of hours, so the delay savings ratio can be calculated

with the following formula:

DSR = Dy x 1,000 x VT x L # CST

where DSR = delay savings ratio

Dy = discounted hours of delay savings (thousands) from
Tables 14-20 or Figures 9-15

VT = weighted value of time = (1-P)(VT.) + (P)(VTy)

P = proportion of trucks (percentage trucks & 100)

VI, = car value of time ($/hr)

VT¢ = truck value of time ($/hr)

L = project length in miles

CST = estimated construction cost
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The Tables 3-8 and Figures 1-6 in the text assumes the following values:

P = 0.08
VT, = 10.2
VTt = ]9.2

so, VT = (1-P)(VT.) + (P)(VTy) = (.92)(10.2) + (.08)(19.2) = 10.92

If the value of time of 10.92 is used, then the Tables and Figures in this

Appendix will produce the same delay savings ratios as the ones in the text.
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Table 14.

Hours of Delay Savings for a 2-Lane Rural Highway,
Improved from No Shoulders to Shoulders

Low Projected ADT

Medium Projected ADT

High Projected ADT

Current

ADT Hours of Hours of Hours of
Projection Delay Projection Delay Projection Delay

Savings* Savings* Savings*
1,000 1,412 0.08 1,893 1.34 2,374 1.87
2,000 2,824 3.64 3,786 5.60 4,748 7.93
3,000 4,236 8.51 5,679 13.22 7,122 18.92
4,000 5,643 15,72 7,572 24.70 9,497 41,38
5,000 7,060 25.56 9,465 47.49 11,871 10.22
6,000 8,471 39.16 11,358 - 187.86 14,245 1,322.67
7,000 9,883 86.66 13,251 930.60 16,619 3,381.66
8,000 11,295 277.24 15,144 2,648,75 18,993 5,506.90

*Discounted Hours of Delay Savings per mile (Thousands)
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DISCOUNTED HOURS OF DELAY SAVINGS PER MILE (thousands of hours)
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Figure 9. Hours of Delay Savings for.a 2-Lane Rural Highway, Improved from
No Shoulders to Shoulders
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Table 15.

Hours of Delay Savings for a 2-Lane Rural Highway with Shoulders,
Improved to a 4-Lane Rural Highway without Shoulders

Low Projected ADT

Medium Projected ADT

High Projected ADT

Current

ADT A Hours of Hours of Hours of
Projection | Delay Projection | Delay Projection| Delay

Savings* Savings* Savings*
1,000 1,412 0.73 1,839 1.10 2,374 1.53
2,000 2,824 2.94 3,786 4.47 4,748 6.25
3,000 4,236 6.71 5,679 10.23 7,122 14.35
4,000 5,648 12.09 7,572 18.49 9,497 26.04
5,000 7,060 19.15 9,465 29.40 11,871 41.79
6,000 8,471 27.96 11,358 43.09 14,245 83.01
7,000 9,883 38.59 13,251 65.74 16,619 261.29
8,000 11,295 51.12 15,144 153.30 18,993 1,007.82
9,000 12,707 70.08 17,036 438.10 21,367 2,636.81
10,000 14,119 125.26 18,929 1,270.22 23,742 4,939.11
11,000 16,943 277.20 20,822 2,880.81 26,116 7,664.47

*Discounted Hours of Delay Savings per mile (Thousands)
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Hours of Delay Savings for a 2-Lane Rural Highway with Shoulders,
Improved to a 4-Lane Rural Highway without Shoulders
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Table 16.

Hours of Delay Savings for a 2-Lane Rural Highway with Shoulders,
Improved to a 4-Lane Rural Highway with Shoulders

Low Projected ADT

Medium Projected ADT

High Projected ADT

Current

ADT Hours of Hours of Hours of
Projection | Delay Projection| Delay Projection| Delay

Savings¥* Savings* Savings*
1,000 1,412 0.74 1,839 1.12 2,374 1.56
2,000 2,824 2.99 3,786 4,54 4,748 6.35
3,000 4,236 6.82 5,679 10.39 7,122 14.57
4,000 5,648 12.28 7,572 18.78 9,497 26.44
5,000 7,060 19.45 9,465 29.85 11,871 42 .41
6,000 8,471 28.39 11,358 43.74 14,245 83.92
7,000 9,883 39.17 13,251 66.63 16,619 262.53
8,000 11,295 51.88 15,144 154,46 18,993 1,009.44
9,000 12,707 71.05 17,036 439,57 21,367 2,638.86
10,000 14,119 126.46 18,929 1,272.05 23,742 4,941,66
11,000 16,943 278.65 20,822 2,883.02 26,116 7,667.57

*Discounted Hours of Delay Savings per mile (Thousands)
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Figure 11. Hours of Delay Savings for a 2-Lane Rural Highway with Shoulders,
Improved to a 4-Lane Rural Highway with Shoulders
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Table 17. Hours of Delay Savings for a 2-Lane Urban Highway without Shoulders
or L.T. Median, Improved to a 4-Lane Urban Highway without Shoulders
or L.T. Median

Low Projected ADT Medium Projected ADT | High Projected ADT

Current

ADT Hours of Hours of Hours of
Projection | Delay Projection | Delay Projection | Delay

Savings* Savings* Savings*
1,000 1,876 2.24 2,516 3.46 3,154 4,91
2,000 3,753 9.31 5,031 14.59 6,308 20.95
3,000 5,629 21.85 7,547 34.68 9,462 51.62
4,000 7,505 40.58 10,062 74.85 12,616 303.68
5,000 9,382 67.57 12,578 354,82 15,770 1,685.74
6,000 11,258 204,63 15,093 1,537.24 18,925 4,338.14
7,000 13,134 684,30 17,609 3,795.34 22,079 7,712.65

*Discounted Hours of Delay Savings per mile (Thousands)
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Figure 12. Hours of Delay Savings for a 2-Lane Urban Highway without Shoulders
or L.T. Median, Improved to a 4-Lane Urban Highway wi thout
Shoulders or L.T. Median
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Table 18. Hours of Delay Savings for a 4-Lane Urban Highway without Shoulders
or L.T. Median, Improved to a 4-Lane Urban Highway with L.T. Median

Low Projected ADT

Medium Projected ADT

High Projected ADT

Current

ADT Hours of Hours of Hours of
Projection | Delay Projection | Delay Projection | Delay

Savings* Savings* Savings*
3,000 5,629 0.92 7,547 1.43 9,462 2.02
4,000 7,505 1.66 10,062 2.57 12,616 3.65
5,000 9,382 2.62 12,578 4.08 15,770 5.81
6,000 11,258 3.82 15,093 5.96 18,925 8.52
7,000 13,134 5.26 17,609 8.23 22,079 11.81
8,000 15,010 6.95 20,124 10.91 25,233 15.72
9,000 16,887 8.90 22,640 14.02 28,387 33.89
10,000 18,763 11.11 25,155 17.58 31,541 140.41
11,000 20.639 13.60 27,671 29.09 34,695 375.09
12,000 22,516 16.38 30,187 96.45 37,849 849.76
13,000 24,392 19.46 32,702 254.94 41,003 1,797.74
14,000 26,268 23.77 35,218 529.08 44,157 3,203.19
15,000 28,145 43.95 37,733 1,014.26 47,311 4,889.13
16,000 30,021 121.98 40,249 1,868.87 50,465 6,646.15
17,000 31,897 271.68 42,764 3,108.20 53,619 8,223.82

*Discounted Hours of Delay Savings per mile (Thousands)
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Figure 13. Hours of Delay Savings for a 4-Lane Urban Highway without Shou1ders
or Median, Improved to a 4-Lane Urban Highway with L.T. Median
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Table 19. Hours of Delay Savings for a 4-Lane Urban Highway with
L.T. Median, Improved to a 4-Lane Freeway

Low Projected ADT Medium Projected ADT High Projected ADT
Current ‘
ADT Hours of Hours of Hours of
Projection | Delay Projection Delay Projection| Delay
Savings* Savings* Savings*
5,000 9,382 8.51 | 12,578 13.13 | 15,770 18.57
7,500 14,072 19.43 18,867 30.11 23,656 42.76
10,000 18,763 35.05 25,155 54.57 31,541 77.84
12,500 23,454 55.60 31,444 86.94 39,426 206.41
15,000 28,145 81.29 37,733 168.42 47,31 935.98
17,500 32,835 112.38 44,022 611.88 55,196 3,629.50
20,000 37,526 198.20 50,311 1,950.67 63,082 8,767.09
22,500 42,417 579.75 56,600 5,356.45 70,967 15,649.14
25,000 46,908 1,453.58 62,839 10,545.51 78,852 23,649.02
27,500 51,598 3,450.49 69,178 16,989.84 86,737 32,466.88
30,000 56,289 7,236.18 75,466 24,234.09 94,623 41,588.97

v*DisCounted Hours of Delay Savings per mile (Thousands)
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Figure 14. Hours of Delay Savings for a 4-Lane Urban Highway with L.T. Median,
Improved to a 4-Lane Freeway
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Table 20. Hours of Delay Savings for a 4-Lane Freeway,
Improved to a 6-Lane Freeway
Low Projected ADT Medium Projected ADT High Projected ADT
Current
ADT Hours of _ Hours of Hours of
Projection | Delay Projection Delay Projection| Delay
Savings* Savings* Savings*
20,000 37,526 9.06 50,311 13.98 63,082 19.76
25,000 46,908 14,26 62,889 22.04 78,852 33.11
30,000 56,289 20.67 75,466 32.02 94,623 364.46
35,000 65,671 28.33 88,044 155.93 | 110,393 1,857.65
40,000 75,052 37.27 | 100.622 890.65| 126,163 6,806.20
45,500 84,434 95.91 | 113,200 2,884.99 | 141,934 15,727.35
50,000 93,815 560.80 | 125,777 8,148.53 | 157,704 27,141.09
55,000 103,197 1,635.58 | 138,355 16,485.06 { 173,475 39,352.03
60,000 112,578 3,883.89 | 150,933 26,889.12 | 189,245 50,032.67

*Discounted Hours of Delay Savings per mile (Thousands)
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Figure 15. Hours of Delay Savings for a 4-Lane Freeway, Improved to a 6-Lane
Freeway
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