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Preface

The Co;Jnty Road and Bridge Evaluation program was taken from
Baumel, C. Phillip, Cathy A. Hamlett, and Gregory R. Pautsch, "The
Economics of Reducing the County Road System: ‘Three Case Studies in
Iowa." The programs can be executéd on an IBM personal camputer with
at least 300K of storage. The personal computer must have a fixed disk

with at least 3 megabytes of storage. The computer must be equipped

with DOS version 3.0, and the programs are written in Fortran.



COUNTY ROAD EVALUATION PROGRAM

The County Road Evaluation Program is designed to enable county

engineers to:

1.

estimate the additional travel costs to the traveling public

from county road abandonment or conversion of county roads to

private drives,

estimate the investment cost savings from county road
abandonment or converéion to private drives, and

compute a benefit-cost ratio for road abandonment or private

drive decisions.

The underlying logic of the County Road Evaluation Program is described

in Baumel, Bamlett and Pautsch.

I. DATA REQUIREMENTS

The first data set to be created for the County Road Evaluation

Program is the road network. A network consists of a set of nodes

connected by a set of arcs. A node represents a point where trips

originate, are relayed, or terminate. Arcs represent the roads which

allow traffic to flow between the nodes. Each arc in the network is

described by:
a) a beginning node
b) an ending node
c) a distance
d) a weight constraint
e) a width constraint
f) the length of any bridge on the arc
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g) the width of any bridge on the arc

h) - a surface code

. The program requires four types of arcs to be created in a
complete rural road and bridge netgork. The first type of arc is
called a study area arc. A study area arc is created by dividing the
roads in the study area into halff‘dr quarter-mile segments. In
figure 1, the roads in the one mile by one mile study area are divided
into half- and quarter-mile segments. A node is placed at each ‘
intersection and at the end of each road segment. The node numbers
must start at one and be sequential; A number cannot be skipped. All
of the nodes on study area arcs should be assigned numbers before
numberé are assigned to the nodes on all other tYpes of arcs. The
nodes on the study area arcs in the figure 1 study area begin at one
and move sequéntially to ten. The road segment connecting node 1 with
node 5 is represented by two arcs. The arc allowing traffic to flow
from node 1 to ﬁode 5 has a beginning node number of 1 and an ending
node number of 5, while the arc allowing traffic to flow from node 5 to
node 1 has a beginning node number of 5 and an ending node number of 1,

The distance of study area arcs must be an integer. Since the
road segment between nodes 1 and 5 is one-half mile long, the distance
for the two arcs representing this road segment is equal to 50. The
distance for a mile road segment is 100, and the distance for a
quarter-mile segment is 25.

In figure 1, a bridge is located on the road segment connecting

nodes 5 and 7. The distance of any arc which has a bridge is given a




distance 6f 25. Hence, a node must be placed one-eighth of a mile away
from both ends of the bridge. The weight coanstraint of an arc is the
weight of the heaviest vehicle able to travel over its corresponding
road segment, while the width constraint is the width of the widest
vehicle ablé to travel over its corresponding road segment. Both the
weight and width constraints must be integers. The weight constraint
is measured in tons, while the width constraint is measured in feet.

The length and width of any bridge on an arc must be integers and
both are measured in feet. If an arc does not have a bridge, the
bridge length and width of that arc is set at zero.

The surface code of a study area arc can be any of the following

numbers: -
type of road code
paved county road 1
gravel county road 2
dirt.county»road | | 3
paved non—county foad 4

A paved non-county road is a state or interstate highway located in the
study area.

‘The second type of arc to be created is outside arcs. Outside
arcs are created to allow the camputer to route vehicles through the
study area when travéling to destinations outside of the study area.
Outside nodes are placed north, south, east, and west of the study
area. The node number for the outside nodes must start with the next
number following the last number assigned to a study area arc and move

sequentially. 1In figure‘1, the nodes placed on the study area arcs



start at one and continue to 10. Hence, the numbers assigned to the
outside nodes will start at 11 and continue on to 14.

Outside arcs are formed by connecting the oﬁtside node to the
nodes on the respective edge of the study area that allow traffic to
leave the study area.  In figure 1, thé west outside node is connected
to nodes 1 and 8 since nodes 1 and 8 allow travel westward out of the
sﬁudy area. Thé west outside node is not connected to nodes 5 and 7
because nodes 5 and 7 do not allow travel westward out of the étudy
area. Hence, if a farmer has a tract of land located west of the study
area, the tract of land would be given the west outside node as the
destination. Any trip to that outside tract is routed fram the origin
node within the study area to the west outside node. This allows for
the calculation of within-study-area travel costs to destinations
outside of the study area.

Tﬁe third type of arc to be created is highway arcs. A higﬁway
node is placeé on each state or interstate higﬁway in the study area.
The numbers assigned to the highway nodes follow the last number
assigned to an outside node and move sequentially. 1In figure 1, the
highway node is assigned the value of 15 since the last number assigned
to an outside node is 14. A highway arc is created by connecting the
highway node to the within-study-area nodes serving as access points to
the highway. In figure 1, ohly node 3 serves és an access point to the
highway; hence only node 3 is connected to node 15. Highway arcs are
created to allow trips to distant locations under the assumption that

travel to and from distant locations will maximize the use of state or




- interstate highway. Therefore, the destination of any out-of-state trip
is the highway node. The camputer will route the trips to the closest
access to a state or interstate highway which is in the general
direction of the true destination.

The distance of all outside and highway arcs is set at 10,000 and
the surface code is equal to 5. The weight and width constraints of
outside and highway arcs are set at a value so that all vehicles are
able to travelvover these arcs. The program does not consider bridges
on outside and highway arcs; hence, the length and width of a bridge on
outside and highway arcs should be set at zero.

The final type of arc to be created is tract arcs. The origin or
destination of many farm trips‘are to tracts of farm land. Tracts of
farm land often have multiple access éoints. In most cases, the access
used depends on the origiﬁ of the trip. Each tract of land within the
study area is assigned a tract node. The numbers éssigned to tracts
follow the last number assigned to a highway node and continue
sequentially. A tract arc is formed by connecting the tract node to the
nodes in the study area that serve as access points to the tract of
land. Hence, in figure 1, the tract node (node 16) is connected to
nodes 2, 5 and 9, since these nodes serve as access to the tract of
land. when a farmer travels from tract to tract, the origin and
destination should be coded as each tract node number. The camputer
finds the cost-minimizing route between the two tracts by finding the

optimal access points to use for each trip.




The distance for tract arcs is set at 10,000 so that only trips
whiéh have the tract node as an origin or destination are routed over
the arc. This high distance value essentially prevents overhead
traffic from "driving through the field.” The surface code for tract .
arcs is 6. The weight and width constraints of tract arcs must be set
at a value so that all vehicles are able to travel over these arcs.
The'length and width of any bridge on tract arcs is set at zero, since
no bridges are located on tract arcs.

The secona data set to be created is the travel information data
set. The origin node number, destination node number, number of trips
and the vehicle type code number must be entered into this data set.
Table 1 shows the various vehicle code numbers for various types of
vehicles. The sample study area in figure 2 includes three households
numbered 1, 2 and 3. Suppose they furnighed the following travel
information (all trips are "one way," that is, they do not include
return trips):

Household 1:

S trips per week to N City in the'family car
4 trips per month to N City in a pickup
2 trips per day to the field (node 16 in the diagram) in a
pickup
2 trips per day to the field during fall harvest in a tractor
pulling a 450-bushel wagon | | .

5 trips to the field in a 6-row combine during harvest




Table 1. Vehicle code numbers.

VeliLcle
code
number Vehicle description
1 Automobile
2 Commercial van
3 Pickup :
4 Single axle truck - half loaded
5 Tandem axle truck - empty
6 Tractor pulling equiprent
7 Tractor pulling equipment with timeliness
8 Pickup pulling trailer
9 Garbage truck
10 Commercial semitrailer - empty
1 Tractor
12 Cambine - 2-row
13 Cambine - 4-row
14 Cambine - 6 or 8-row
15 Tractor pulling 125-bu. wagon — empty
16 Tractor pulling 250-bu. wagon - empty
17 Tractor pulling 350-bu. wagon - empty
18 Tractor pulling 450-bu. wagon - empty
19 Tractor pulling 550-bu. wagon - empty
20 Tractor pulling 2 350-bu. wagons - empty
21 Tractor pulling 2 450-bu. wagons - empty
22 Single axle truck with pup - empty .
23 Farm semitrailer - empty
24 Tandem axle truck with pup - empty
25 Single axle truck pulling 250-bu. wagon - empty
26 Single axle truck pulling 350-bu. wagon -~ empty
27 Tandem axle truck pulling 450-bu. wagon - empty
28 Tractor pulling grain buggy - empty
29 Tandem axle truck pulling 550-bu. wagon - empty -
30 Tandem axle truck pulling 2 350-bu. wagons -~ empty
31 Tandem axle truck pulling 2 450-bu. wagons - empty
32 Comercial semitrailer - loaded
33 Tandem axle truck - loaded
34 Farm semitrailer- loaded
35 Single axle truck with pup - loaded
36 Tandem axle truck with pup - loaded
37 Tractor pulling 125-bu. wagon - loaded
38 Tractor pulling 250-bu. wagon - loaded
39 Tractor pulling grain buggy - loaded
40 Tractor pulling 350-bu. wagon - loaded
41 Tractor pulling 450-bu. wagon - loaded
42 Tractor pulling 550-bu. wagon - loaded
43 Tractor pulling 2 350-bu. wagons - loaded
44 Tractor pulling 2 450-bu. wagons - loaded
45 Single axle truck pulling 250-bu. wagon - loaded
46 Single axle truck pulling 350-bu. wagon - loaded
47 Tandem axle truck pulling 450-bu. wagon - loaded
48 Tandem axle truck pulling 550-bu. wagon — loaded
49 Tandem axle truck pulling 2 350-bu. wagons - loaded
50 Tandem axle truck pulling 2 450-bu. wagons - loaded




Figure 2. Sample study area.
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5 trips per'year fram S City in a tandem axle truck pulling a
pup

Household 2:

10 trips per wéek to S City in an autamobile

1 trip per month to N City in a pickup

2 trips per year to a diétant location (using a major
highway) in a car

3 trips per week to a neighbor, Bousehold 1 in a pickup

flousehold 3:

15 trips per week to a city east of the study area in a car
5 trips per year to N City in a commericial semitrailer
4 trips per year from S City in é single axle truck

In smaller study areas, many trips originating within the study
area go to outside locations, and many trips destined to locations
within the study area begin at origins outside the study area. A
complete estimatidn of travel data for a given household must include
information on éll their trips, both going to and caming from locations
inside and outside the study area.

Once.travel data has been collected for all households in the
study area, the three steps in getting it ready for the County Road
Evaluation Program are:

STEP 1
First, trip information must be converted to common units, such as

number of trips per year. Because there are 52 weeks in a year, 12
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 months, 365 days, and one—quarter of these per season, the following‘
conversions should be usad:

1 trip per day = 1 x 365 = 365 trips per year

5 x 52

5 trips per week 260 trips per year

1 trip per month = 1 x 12 = 12 trips per year

"

1 trip per day per season = 1 x 365 x 1/4 = 91 trips per year

STEP 2

Origin and destination nodes must be assigned to each trip, i.e.
"fequested route.” Each household must be given a location node based
on the closest node in the study area. In the case where a household
is located exactly between two nodes, it should be assigned to the node
nearest the middle of the arc on which it lies. 1In our example, ‘House-
hold 1 is located near node 2, while Households 2 and 3 are both
closest to node 6. Hence, travel originating at Household 1 is givén
an origin node of 2. Travel originating at the field in the sample
study area would be assigned an origin node of 16, the node of that
tract of land. Travel originating outside the study area would be
given the appropriate outside node as its origin, or, if travel origin-
ated at a distant location, the major highWay node (15). Similarly, a
destihation node for each requeéted route must be assigned. -Trips to
Household 2, for example, would have the destination node 6. Trips
going to N City would be assigned the destination node 11, because

N City is outside and north of the étudy area, and node 11 is the north

outside node.
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STEP 3

The third step is to assign vehicle code numbers to each vehicle,
based on the numbers given in table 1. For example, an automobile is
given 1 as its code number. School buses and postal vehicles are
excluded from table 1. Schoél bus and postal service vehicles are
routed based on larger geographic areas, and any change in school bus
and postal travel costs must be calculated by hand. Table 2 presents a
list of the coded travel iﬁformation given for the sample study area in

figure 2.

Table 2. The coded travel information for the sample study area.

Origin node Destination node Yearly Vehicle code

number number trips nunber

2. 1 520 1
2 n 96 .

2 16 ' 1460 3
2 16 183 18
2 16 183 41
2 16 , 10 14
14 2 5 24
14 , ‘ 2 5 36
6 14 , 1040 1
6 1 24 3
6 15 4 1
6 2 312 3
6 13 1560 1
6 1 5 32
6 1 5 10

14 6 8 4
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Another required data - set concerns vehicle groupingé. Vehicle
groupings allow several vehicles to be routed together to increase the
efficiency‘of the computer. The vehicles in a grouping should have
similar weight énd width characteristics. Also, the ratios of cost per
mile of traveling over a gravel surface to a paved surface and the cost
per mile of traveling over a dirt surface must be similar. For each
vehicle grouping, the following information is required:

a) the representative weight (in tons)

o) the representative width (in feet)

c) the representative ratio of cost per mile of travel over a

gravel surface to a paved surface

d) the representative ratio of cbst per mile of traveling over a

dirt surface to a paved surface

e) the total number of vehicles in the grouping‘

In addition, the yehicle code numbers in table 1 and the variable cost
in cents per mile of traveling over a paved surface must be entered
into the vehicle grouping data set.

The représentative weight and width of a vehicle grouping must be
an integer value. The weight is expressed in tons, while the width is
expressed in feet. The two representative ratios are rounded to two
decimal places. The variable cost in cents per mile of traveling over
a paved surface for a vehicle is rounded to one decimal place. The
total number of vehicles in a vehicle groupiné can be any integer value

of 15 or less.
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The next type of data required is the road maintenance,
reconstruction and resurfacing cost data set. This data set requires
that mainteﬁance costs be separated into fixed and variable maintenance
cost‘per mile of gravel, dirt and paved roads. The variable
maintenance cost of a road is a fﬁnction of the average daily traffic
level of the road. The fixed maintenance cost of a road is the
maintenance cost required independent of traffic levels. I1f the
variable maintenance cost of paved roads is calculated using kip loads,
insert zero for the paved road variable maintenance cost., An
explanation of using kip loadings to calculate variable maintenance
cost of paved roads is presented later in the text

The method used to calculate reconstruction and resurfacing costs
is based on Iowa data. Data sources in othér gtates may vary, and the
proéedure used to calculate reconstruction and resurfécing costs may
need to be modified according to the available data.

The reconstruction and resurfacing costs are taken from tables 3,
4 and 5 which are éxtracted Erom the "Quadrennial Need Study on
Highways, Roads and Streets for the Study Years 1982 through 2001."
Table 3 shows a list of the 99 counties in Iowa and the cost area
number for each countj. Table 4 gives the cost area factors for each
cost area, while table 5 shows the base reconstruction and resurfacing
costs. These tables are used to calculate the per lane mile
reconstruction and resurfacing cost for highway group numbers 3?8.

Hamilton County, lowa is used as an example to show the method of

calculating reconstruction and resurfaciné costs. Table 3 shows the
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Table 3. 1982-2001 needs study cost areas.

County Cost County Cost County Cost
County number area  County nunber area County number Area
Adair 1 4  Floyd 34 16 Monona 67 7
Adams 2 4 Franklin 35 19 Monroe 68 2
Allamakee 3. 3 Fremont 36 9 Montgamery 69 8
Appancose 4 2  Greene 37 15  Muscatine 70 14
Audubon 5 10 Grundy 38 20 O'Brien 71 19
Benton 6 15  Guthrie 39 8  Osceola 72 16
Black Hawk 7 20 Hamilton 40 21 Page 73 6
Boone 8 17 Hancock 41 19  palo Alto 74 16
Bremer 9 17 Hardin 42 18 Plymouth 75 13
Buchanan 10 15 Harrison 43 7 Pocahantas 76 20
Buena Vista 11 18 Henry 44 10 Polk 77 23
Butler 12 17 Howard 45 8 Pottawattamie 78 9
Calhoun 13 19 Humboldt 46 19 Poweshiek 79 13
Carroll 14 15  Ida 47 13 Ringgold 80 1
Cass: 15 8 Iowa 48 ° 1 Sac 81 16
Cedar 16 18 Jackson 49 11 Scott 82 22
Cerro Gordo 17 21 Jasper 50 12 Shelby 83 1
Cherokee 18 13 Jefferson 51 5 Sioux 84 15
Chickasaw 19 " Johnson 52 14 Story 85 18
Clarke 20 1 Jones 53 12 Tama 86 1
Clay 21 21 Reokuk 54 8 Taylor 87 3
Clayton 22 7 Kossuth 55 19 Union 88 4
Clinton 23 14 Lee 56 9 Van Buren 89 3
Crawford 24 11 Linn 57 22  Wapello 90 2
Dallas 25 13 Iouisa 58 13 Warren 91 9
Davis 26 3 Lucas 59 1 Washington 92 14
Decatur 27 1 Lyon 60 16 Wayne 93 1
Delaware 28 16 Madison 61 6 Webster 94 20
Des Moines 29 1 Mahaska 62 8 Winnebago 95 17
Dickinson 30 13 Marion 63 9 Winneshiek 96 9
Dubuque 31 1 Marshall 54 14. Woodbury 97 9
Emmet 21 16 Mills 65 9 Worth 98 16
Fayette 33 14 Mitchell 66 16 Wright 99 21

Source: Iowa Department of Transportation, "Quadrennial Needs Study on Highways,
- Roads and Streets for Study Years 1982-2001." Volume I, Table 5-A.

>
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Table 4. 1982-2001 needs study cost area factors.
4Grade Base
Right- and and

Cost area of-way drain surface Other Maintenance Administration
1 1.00 1.00 1.19 1.00 0.90 1.00
2 1.03 1.10 1.13 1.00 1.19 1.00
3 1.06 1.00 1.06  1.00 0.88 1.00
4 1.08 1.00 1.13 1.00 0.89 1.00
5 1.10 1.10 1.19 1.00 0.88 1.00
6 1.12 1.00 1.06 1.00 1.01 1.00
7 1.15 1.10 1.13 1.00 1.08 1.00
8 1.17 1.00 1.13 1.00 0.87 1.00
9 1.19 1.00 1.13 1.00 1.22 1.00
10 1.22 1.10 1.13 1.00 0.97 1.00
1 1.26 1.29 1.00 1.00 1.29 1.00
12 1.26 1.10 1.06 1.00 1.07 1.00
13 1.26 1.00 1.06 1.00 0.85 1.00
14 1.33 0.60 1,19 1.00 1.16 1.00
15 1.33 0.60 1.13 1.00 0.89 1.00
16 1.33 0.60 1.00 1.00 0.80 1.00
17 1.38 0.60 1.00 1.00 0.98 1.00
18 1.40 0.60 1.13 1.00 0.93 1.00
19 1.42 0.60 1.00 1.00 0.80 1.00
20 1.44 0.60 1.00 1.00 1.01 1.00
21 1.47 0.60 1.00 1.00 1.06 1.00
22 1.56 1.49 1.19 1.00 1.45 1,00
23 1.33 1.00 1.06 1.00 1.82 1.00

Source: Iowa Department of Transportation, "Quadrennial Need Study

on Highways, Roads and Streets for Study Years 1982-2001." Volume I,

Table 5-B.
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Table 5. 1982-2001 needs study rural unit costs in 1982 dollars.

Right-of-way Grade Base
Highway - and utility and - and _ Engineering
group adjustment drain surface Miscellaneous percent

Improvement type 3 (Reconstruction/2-Lane)

1 — — — —_— —_

2 4,400 106,000 115,000 5,000 13.8
4,400 95,000 - 90,000 4,000 13.8
4,400 51,000 68,000 4,000 12.5
4,400 18,000 36,000 1,500 12.5
4,400 12,000 14,000 500 12.5
4,400 8,000 5,000 500 12.5
4,400 5,000 3,000 500 12.5

Improvement type 9 (Resurfacing)

1 —_ 17,000 71,000 11,000 13.8

2 —_ 3,000 32,000 3,000 13.8
3 — -_ 26,000 1,000 13.8
4 _— - 24,000 1,000 12.5
5 _— — 21,000 500 12.5
6 _— — 14,000 500 12.5

-— — 5,000 500 12.5

—_— — 3,000 500 12.5

Source: Iowa Department of Transportation, "Quadrennial Need Study on
Highways, Roads and Streets for Study Years 1982-2001." Volume I,
Tables 5-k and 5-M.
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Hamilton County cost area number to be 21. The cost area factors for
cost area 21 are underlined in ﬁable 4. For the base reconstruction
costs, use improvement type 3 and the columns headed grade and drain,
base and surface and miscellaneous in table 5. The steps to calculate
the reconstruction cost for highway group number 6 are shown below.
Step 1 - Multiply the base grade and drain cost by the préper grade and

drain factor: ‘

$12,000 x 0.60 = $7,200 per lane mile (1)
Step 2 - Multiply the base solution base and surface cost by the proper

base aﬁd surface factor:

$14,000 x 1.00 = $14,000 per lane mile (2)
Step 3 - Multiply the base miscellaneous cost by the proper

miscellaneous factor. The miscellaneous cost factor is found

under the column headiﬁg of Cther in table 4:‘

- $500 x 1.00 = $500 per lane mile (3)

Step 4 -~ Sum the ?esulting numbers together in equations 1-3:

$7,200 + $14,000 + $500 = $21,700 per lane mile (4)
Step 5 - Multiély the resulting number in equation 4 by the engineering

percentage and add this to the total number in equation 4.

The engineering percentage for this example is 12.5 perceht:

($21,700 x 0.125) + $21,700 = $24,412.50 per lane mile (5)
Step 6 - Multiply the resulting number in equatioh 5 by the

administrative peréentage of 7 percent and add this to the

number in equation 5. The administrative percentage of 7
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percent is the same for all counties and highway group
numbers: ‘ .
(524,412.50 x 0.07) + $24,412.50 = $26,121 per lane mile (6)

The resulting number in equation 6 is rounded to the nearest
dollar. This method of calculating reconstruction cost must be done
for highway group numbers 3-8.

To calculate resurfacing costs, the same cost area factors are
used as in calculating reconstruction costs. The base resurfacing
figﬁres are found in table 5 under improvement type 9. Use the colums
headed Base and Surface and Miscellaneous for calculating resurfacing
costs. The méthod of using the engineering and administrative
percentages is the samé as in calculating reconstruction costs. Again,
the administrative percentage of 7 percent is.the same for all counties
and all highway group numbers. Table 6 summarizes the results of ﬁhe
reconstruction and resurfacing costs for the highway group numbers 3-8
in Hamilton County, Iowa.

Table 6. Reconstruction and resurfacing costs per lane mile by
highway group number, Hamilton County, Iowa.

Highway Reconstruction Resirfacing
. ‘group. number costs _ costs

3 $183,687 $32,877 A -
4 123,505 30,094

5 58,141 25,881

6 26,121 17,454

7 12,399 6,621

8 7,824 ' 4,213
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Other information to be included in the maintenance, recon-

: struction and resurfacing cost data are the number of years between
reconstruction of gravel, dirt and paved roads and the number of years
between resurfacing of gravel and paved roads. Table 7 shows the
frequency which resurfacing and reconstruction costs can be charged to
different types of roads.

Table 7. FPrequency of rcad resurfacing and reconstruction by road
surface in years.

Surface Frequency in vyears

type Resurfacing Reconstruction
Paved : 15 50
Gravel 20 60

Dirt - : 60

The reél interest. rate, bridge maintenance coét per square foot,
the per acre rental value of farmland in the county and the cost of
convertiﬁg the right-of-way into agricultural production arevadditional
information needed in the maintenance, reconstruction and resurfacing
data set. The per acre farmland rental values can be estimated in two
steps. First, the crop reporting district average rental rate per acre
is calculated as a percent of the average land value in the crop
reporting district. To obtain the estimated per acre county land rent,

the year's average county farmland value is multiplied by the percent
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that.the average-crop reporting district rental rates are of farm land
value.

The estimated value of the cost of converting the right-of-way
into agricultural production by type of terrain is presented in table 8.

Table 8. Estimated values of converting the right-of-way into
agricultural production by type of terrain.

Type of terrain ~ Cost per mile
Flat - minimal side ditch and grade $ 700
Rolling - little if any end haul dirt to move 1,000
Flat - good cross section of ditches and

center line profile ‘ 8,500

Rolling - substantial end haul, good cross
section of center line profile and
ditches 16,000

The bridge maintenance cost per sduare foot is thé annual square foot
cost of keeping the bridges in an "as is™ condition.

The final data set concerns paved county roads. This data set
is created only if the variable maintenance cost of paved roads is
calculated based on kip loadings. Therefore, if variable paved
maintenance cost is calculated using average daily traffic levels, skip
this section and do not create this data set. The following
information is required in the paved county road data set:

a) the beginning node of each paved county road segment

b) the ending node of each paved county road segment

c) whether the road segment is paved of rigid or flexible

pavement,
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d) the structural numbervor slab thickness of each paved county
road segment |

2) the design term of each paved county road segment

£) the average annual paved road variable maintenance cost.

1f thevroad segment is rigid pavement, the'slab thickness can be

.any integer between 6 and 11.. Thé.design term can be any number

rounded to one decimal place between 6;5 and 13.9. If the road segment

is of flexible pavement, the structural number can be any integer

between 1 and 6, while the design term can be any number rounded to one

decimal place between 2.0 and 4.7.

The basic assumption underlying the maintenance cost for a paved
road is that a portion of the cost varies direétly with the number of
axle loadings passing on the road. Therefore, the first step in
estimating the maintenance costs is to express all vehicles.in terms of
equivalent 18,000-pound (18-kip) axle loadings that the road would
sustain through one pass by each vehicle.

Pavements are designed to withstand the projected number of 18-kip
loadings during'the expected life of the rocad, usually 20 years. An
increase in the projected number of 18-kip loadings within a given
period of time will increase the maintenance cost of the road surface.

The measure of pavement condition used is the Pavement Service-~
ability Index (PSI). This surface roughness index ranges from 5.0
downward to 0.0 with the upper limit being the indication of the best

condition possible.
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Tables 9 and 10 show the remaining 18-kip load applications a
pavement can be expected to sustain before resurfacing is needed at PSI
of 2.0. Therefore, if the pavement was assumed to be new at 4.5 PSI
and needing resurfacing at 2.0, the values in tables 9 and 10 can be
used as estimates of the total number of 18-kip loads the pavement can
sustain before it needs resurfaciné. |

The columns in tables 9 and 10 headed "Design term" are the
pavement structuré indicators used to determine the number of loads a
road can withstand before it requires'resurfacing. The origin of the
roughness measurement is the AASHO Road Test of 1958-60. Roughness
measured in Pavement Serviceability Index (PSI) changes from a maximum
of 5.0 to a selected value of 2.0 over time indicates an increase in
roughnesq.

The design term relates the number of passes of a standard 18,000
pound axle load to the load carrying capacity of the various pavement
layers. The design term indicates the number of standard axle loaés
~ that can pass over a pavement before the roughness (PSI) reaches 2.0
for each flexible or rigid pavement thickness, The design term for
each paved road should be computed from pavement type and thickness
information supplied by the county and the state department of
transportation'records. |

Tables 11 and 12 present the traffic equivalence factors for sin-
gle axle and tandem axles on rigid pavements. These tables indicate
the 18-kip equivalence for a rarge of kip-loads on rigid pavements with

slab thickness ranging from 6 to 11 inches.




Table 9,

Remaining 18-kip applications to a rigid pavement in very good condition before
resurfacing will be required at PSI = 2.0, in thousands of applications by alternative
design temms.*

Design
term .0 A .2 3 .4 .5 .6 .7 .8 .9
6. — — -- — — 780 868 964 1,069 1,184
7. 1,309 1,445 1,592 1,753 1,927 2,116 2,322 2,544 2,785 3,046
8. 3,327 3,632 3,961 4,316 4,700 5,112 5,558 6,035 6,549 7,102
9. 7,695 8,331 9,016 9,743 10,529 11,363 12,260 13,219 14,236 15,332
10. 16,489 17,730 19,046 20,450 21,943 23,523 25,212 26,996 28,900 30,917
. 33,045 35,310 37,714 40,244 42,914 45,751 48,753 51,928 55,259 58,790
12. 62,503 66,435 70,550 74,920 79,488 84,333 89,392 94,733 100,369 106,243
13.

112,460 118,932 125,777 132,954 140,475 148,320 156,603 165,272 174,341 183,823

* Initial road PSI = 4.5

Source:

American Association of State Highway Officials Committee on Transportation, Manual of

" Instructions for Pavement Evaluation Survey, August, 1962,

14




Table 10. Remaining 18-kip applications for a flexible pavement in very good condition before
resurfacing will be required at PSI = 2.0 for alternative design terms,* **

Design

term .0 .1 .2 .3 .4 .5 .6 .7 .8 .9

2, (416) (656). (1,021) (1,530) (2,271) (3,315) (4,763) (6,746)'_(9,428) (13,309) N8
3. 18 24 32 42 55 n .92 117 148 189

4, 233 289 357 438 535 651 788 950 1,141 1,366

5. 1,629 1,937 2,294 -2,712 3,196 3,758 4,406 5,154 6,014 7,003

6. 8,137 9,434 10,914 12,601 '14,522 16,705 19,177 21,979 25,147 28,717

7. 32,745 37,264 42,346 48,037 54,424 61,555 69,515 78,406 88,280 99,293

8. 111,486 125,017 140,043 156,675 175,009 195,285 217,631 242,220 269,296 299,082

*Figures in parentheses are units; all others in thousands.
**Initial PSI = 4.2

Source: American Association of State Highway Officials Committee on Transport, Manual of Instructions
for Pavements Evaluation Survey.
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Table 11. Traffic equivalence factors for single axles on rigid pavement
where PSI = 2.0

Axle load Slab thickness in inches
kKips o i 8 9 10 11

2 0.0002 0.0002° 0.0002 0.0002 0.0002° 0.0002
4 0.002  0.002 0.002 0.002  0.002  0.002

6 0.01  0.01 0.01 0.01 0.01  0.01

8 0.03 0.03 0.03 0.03 0.03 0.03

10 0.09 0.08 0.08 0.08 0.08 0.08
12 0.19 0.18 0.18 0.18 0.17 0.17
14 0.35 0.35 0.34 0.34 0.34 n.34
16 0.61 0.61 0.60 0.60 0.60 0.60
18 1.00 1.00 1.00 1.00 1.00 1.00
20 1.55 1.56 1.57 1.58  1.58 1.59
22 2.32 2.32 2.35 2.38 2.40 2.41
24 3.37 3.34 3.40 3.47 3.51 3.53
26 , 4.76 4.69 4.77 4.88 4.97 5.02
28 6.59 6.44 6.52 6.70 6.85  6.94
30 - 8.92 8.68 8.74 8.98 9.23 9.39
32 11.87  11.49  11.51  11.82  12.17  12.44
34 © 15.55  15.00  14.95  15.30  15.78  16.18
36 20.07  19.30  19.16  19.53  20.14  20.71
38 | 25.56  34.54  24.26  24.63  25.36  26.14
40 ' 32.18  30.85  30.41  30.75  31.58  32.57

Source: AASHO Interim Guide for Design of Pavement Structures, 1972.
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Table 12. Traffic equivalence factors for tandem axles on rigid
pavements where PSI = 2.0.

Axle load Slab thickness in inches
kips 3 7 3 ] 10 il
10 ~0.01 0.0  0.01  0.01  0.01  0.01 -
12 | 0.03  0.03 0.03°  0.03 0.03 0.03
14 0.05 0.05 0.05 0.05 0.05 0.05
16 0.09 0.08 0.08 0.08 0.08 0.08
18 0.14 0.14 0.13 0.13 0.13 0.13
20 0.22 0.21 0.21 0.20 0.20 . 0.20
22 0.32 0.31 0.31 0.30 0.30 0.30
24 0.45 0.45 0.44 0.44 0.44 0.44
26 0.63  0.64 0.62 0.62 0.62 0.62
28 0.85 0.85 0.85 0.85 0.85 0.85
30 1,13 1.13 1.14 1.14 1.14 1.14
32 1.48 1.45 1.49 1.50 1.51 1.51
34 | 1.91 1.90 - 1.93 1.95 1.96 1.97
36 : 2.42 2.41 2.45 2.49 2.51 2.52
38 3.04 3.02 3.07 3.13 3.17 3.19
40 - 3.79 3.74 3.80 3.89 3.95 3.98
42 " 4.67 4.59 4.66 4.78 4.87 4.93
44 5.72 5.59  5.67  5.82 5.95 6.03
46 6.94 6.76 6.83 7.02 7.20 7.31
48 | 8.36 8.12  8.17 8.40 8.63 8.79

Source: AASHO Interim Guide for Design of Pavement Structures, 1972.

Note: For tandem axle loads under 10 kips, the following equivalence
factors were utilized: 0.0004 for 4 kips, 0.0014 for 6 kips,.
ard 0.004 for 8 kips. ’
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Tables 13 and 14 present the traffic equivalence factors for sin-
gle axles and tandem axles on flexible pavements for seleéted kip load-
ings and structural numbers.

Table 15 indicates the number and type of axles and the loading on
each axle for all vehiclés used in the County Road Evaluation Program.
This table, along with tables 11, 12, 13 and 14 yield the number of
18-kip equivalent loads that each vehicle applies to a pavement. The
18-kip equivalent number is multiplied by the vehicle yearly traffic
level on the road to obtain the total number of 18-kip loadings the
vehicle applies to the road. Summing over all vehicle types yields the
annual number of 18-kip loadings applied to a road.

The Iowa Department of Transportation feports an average total
annua; paved road maintenance cost. This number is multiplied by the
cost area factor in table 4 under the heading of Maintenance for your
county's. cost area number. The result is the average total annual
paved road mainteﬁance cost per mile for your county. Your county's
annual paved road fixed maintenance cost per mile is subtracted from
average total annual paved road maintenance cost per mile to yield the

average annual paved road variable maintenance cost.
"II. CREATING YOUR DATA SETS

Creating Your Network Data Set

To review, the foliowing information is required for each type of
arc in a rural road and bridge network: |
a) a beginning node

b) an ending node
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Table 13. Traffic equivalence factors for single axles on flexible
pavement where PSI = 2.0.

Axle load Structural number

kips 1 2 3 4 5 6
2 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
4 0.002 0.003 0.002 0.002 0.002 0.002
6 10.01 0.01 0.01 0.01 0.01 0.01
8 0.03 0.04 0.04 0.03 0.03 0.03
10 0.08 0.08 0.09 0.08 0.08 0.08
12 0.16 0.18 0.19 0.18 0.17 0.17
14 0.32 0.34 0.35 0.35 0.34 0.33
16 0.59 0.60 0.61 0.61 0.60 0.60
18 1.00 1.00 1.00 1.00 1.00 1.00
20 1.61 1.59 1.56 1.55 1.57 1.60
22 2.49 2.44 2.35 2.31 2.35 2.41
24 3.7 3.62 3.43 3.33 3.40 3.51
26 5.36 '5.21 4.88 4.68 4.77 4.96
28 7.54 7.31 - 6.78 6.42 6.52  6.83
30 10.38 10.03 9.24 8.65 8.73 9.17
32 14.00: 13.51 12.37 11.46 11.48 12.17
34 18.55 17.87 16.30 14.97 14.87 . 15.63
36 24.20 23.30 21.16 19.28 - 19.02 19.93
38 31.14 29.95 27.12 24.55 24.03 25.10
40 39.57 38.02 34.34 30.92 30.04 31.25

Source: AASHO Interim Guide for Design of Pavement Structures, 1972.
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Table 14. Traffic equivalence factors for tandem axles on flexible
pavement where PSI = 2.0

Axle load Structural number
kips* 1 2 3 3 6 I
10 0.01 0.01 0.01 0.01 0.01 0.01
12 _ 0.01 0.02 0.02 0.01 0.01 0.01
14 0 0.02 0.03 0.03 0.03 0.02 0.02
16 0.04 0.05 0.05 0.05 0.04 0.04
18 0.07 0.08 0.08 0.08.  0.07 0.07
20 0.10 0.12 0.12 0.12 0.11 0.10
22 0.16 0.17 0.18 0.17 0.16 0.16
24 0.23 0.24 0.26 0.25 0.24 0.23
26 0.32 0.34 0.36 0.35 0.34 0.33
28 0.45 0.46 0.49 ° 0.48 0.47 0.46
30 0.61 - 0.62 0.65 0.64 0.63 0.62
32 0.81 0.82 0.84 0.84 0.83 0.82
34 1.06 1.07 1.08 1.08 1.08 1.07
36 1.38 1.38 1.38  .1.38 1.38 1.38
38 1.76 1.75 1.73 1.72 1.73 1.74
40 2.22 2.19 2.15 2.13 2.16 2.18
42 2,77 2.73  2.64 2.62 2.66 2.70
44 3.42 3.36 3.23 3.18 3.24 3.31
46 4.20 4.1 3.92 3.83 3.91 . 4.02
48 5.10 4.98 4.72 4.58 4.68 4.83

*For tandem axle loads under 10 kips, the following equivalence
factors were utilized: 0.0004 for 4 kips, 0.0014 for 6 kips, and
0.004 for 8 kips.

Source: AASHO Interim Guide for Design of Pavement Structures, 1972.
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Thle 15. Whicle axle weights by type of vehicle in pards,

Nurber of Individel aie loadings*

Vehicle Desription ades  TE | ood | Tumd . rowth flth &k
Gr 2. L7/ L, —_ = — —
Comercial ven 2 2,800 2,40 — —_— — —_
Pidap 2 1,70 1,70 —_ - —_— -—
Simgle ade tnude-half loaded 2 6,150 13,300 —_— -—_ _ —_
T ade tnock-ancty 2 6,900 11,700T _ _ _ _—
Tractor with equipment 3 3,800 12,800 4,000 —-— — —
Pidap with trailer 3 1,7 1,70 6,000 — — —
Garbrge tnuk 2 7,000 29,000 — _— -_— —
Qomercial sanitrailer-enpty 3 9,00 13,4007 9,500 — _— —_
Tractoe 2 3,800 12,800 —_— -_ —_ —
Tractor with euiprent 3 3,800 12,800 4,000 _— —_— —_—
QOobine, 2-row 2 8,000 3,000 —_ —_ —_— _—
Corbire, 4-row 2 12,615 3,70 — _ —_— —_
Qmbire, 6~tow 2 13,96 4,60 . _ _ -—_—
Tractor with 125-hu. wegonraty 4 3,800 12,80 500 500 _ _
Tractor with 250-bu. wagon-enpty 4 3,800 12,800 50 50 - _—
Tractor with 350+-u. wegoramty 4 3,80 12,80 70 70 _— —_
Tractor with 450-u. wagonr-anty 4 3,800 12,800 1,00  L00 —_ —
Tractor with 550-tu. wagon-anpty 4 3,800 12,80 2,10 2,10 — —_
Tractor with 2 350Hn. wgmns-anpty 6 3,800 12,800 70 70 70 70
Tractor with 2 450+, wagas-ampty 6 3,800 12,800 1,00 1,00 L00 1,00
Single axle tnuk with pp-ampty 3 5,500 6,600 6,640 — —_ —
Farm semitrai 3 9,000 13,400T 9,500 — —_ _
Trrkm axle tnrk with pp-amty 3 6,900 11,70F 6,640 — — @@—
Simle axde tnuck with 20, wagnrecty 4 5,50 6,600 520 520 —_— -_—
Simle axle truk with 350-bu. wnacty 4 5,500 6,600 70 70 —_— —_—
Tadam axle trak with 450w, wegon-apty 4 6,900 1i,70r 1,00 1,00 _— _—
Tractor with grain bugy-enpty 3 3,800 12,800 7,240 _— —
4 D ——

N

Tadmm axle truk with 550-tu. wagaramty
Tadan axle truck with 2 350-ba. wagon-

6,900 11,70T 2,19

,190
apty 690 N,0T 70 70 7O 70
Tadam axle btk with 2 450, wagorarpty 6,90 1,7M0T 1,00 100 1,00 1,00
Gomercial semitrailer-loedad 9,80 28,80T 2,407 —
T axle truck-loedad 20,000 #¥,000r — @@o—
Farm sanitrailec-lodid 9,800 1,000 33,00F —
Single axle truck with pup-loeded 6,000 20,000 24,0007 ~——

20,000 3,000r 24,000T
3,800 12,800 4,000 4
3,800 12,800 7,50 7,
3,800 12,800 20,000 _—
3,00 12,800 10,530 10,530
3,800 12,800 13,60 13,60
36800 12,800 17,580 17,590

T axie truck with pp-loaded
Tractor with 125-a. wagen-loedsd
Tractor with 250-tu. wegar-loeded
Tractor with aner wagar-loaded

Tractoe with 350-tu. wegan-loadad
Tractor with 450-u, wagon-loxded
Tractor with So0Hu. wagon-loadad

NRRRRRERRN
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Tractor with 2 350-tu. wagons-loeded 3,800 12,800 10,50 10,50 10,530
Tractor with 2 450, weomns-loaded 3,600 12,800 13,60 13,60 13,60 13,60
Simgle axle tnxk with 250+, wagon-loedad 6,800 20,000 7.50 7,50 — —_—
Simgle axle truck with 350-hu. wegon-loadad 6,600 20,000 10,530 10,50 —_ _
Tadan axle track with 450, wagan-loadsd 18,660 34,000r 13,60 13,60 — -_—
Tandom axle tnuock with 550~u. wegon-loaded 14,80 X,000r 17,320 17,30 —_— —_—
Taxen axie truk with 2 330w, waxars-

loaiad 6 10,000 27,880r 10,50 10,50 110,50 10,530
Tarim axle tnek with 2 450+, wagas-

lrnedcd & 10,000 15,000r 13,60 13,60 13,60 13,67

*P rereants @ tadem axde, otherwise the axle is a simgle axle.

Srce:  Bamel, C, Fhillip, Cathy A, Hanlett ad Gregory A, Bautsch, ™e Booomics of Reducing the County
Road Systam:  Three Case Sadies in Iowa,” (hiversity Rescarch Program, Cffice of the Secretary,
U.S. bgartent of Trasportation, Washingten, D.C., forthoaning,




32

c) a distance ~ this value ﬁust be an integer

d) a weight constraint - this is the weight of the heaviest
vehicle able ﬁo'travel over the arc. The value is expressed

_ in tons and must be an integer.

e) a width constraint - this is the width of the widest vehicle
able to travel over the é?c. The value is expressed in feet
and must be an ihteger.

f) the length‘of any bridge arc - if there is no bridge on the
arc, set the value to zero. The value is expressed in feet
and must be an Lnteger.

g) the width of any bridge on the arc - if there is no bridge on
the arc, set the value to zero. The width must be expressed
in feet and be an integer.

h) a surface code.

The surface codes are shown in table 16.

Table 16. Surface codes for each type of arc.

Type of arc Surface code

paved county arc
gravel county arc
dirt county arc

. paved non-county arc

outside or highway arc

A U s W N -

. tract arc
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The Aistance for all outside, highway and tract arcs is set to 10,000.
Also, the weight and width éonstraints bf the the outside highway and
tract arcs must be set at a value so that all vehicles can travel over
them,

The data set name for the network must be called Net. Each arc in
the network. requires one line of data. Worksheet 1 provides the proper
data set format for the sample network presented in figure 1. The
column fields are shown in table 17. All values must be justified to
the right, so that only blanks precede the value in its column

field.

Table 17. The column fields for the network data é;et in figure 1.

Information | Column field
Beginning node of the arc S ‘ . 1-5
Ending node of the arc 6-10
Distance of the arc 11-20
Weight constraint of the arc ’ 21-30
Width constraint of the arc | 31-40

. Length of any bridge on the arc 41-45
Width of any bridge on the arc 46-50
Surface code of the arc 51-55

Creating Your Trip Information Data Set

To review, the following information is required for all trips
made in the study area:
a) the origin node number

b) the destination node number




Worksheet 1.

The network data set format for the sample network presented in figure 1,

Net

Data set name:
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(Continued)
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c) the number of trips made in the year
c) the vehicle code number in table 1
The data set name for the trip information data set must be called

Trip. The column fields for the data set are shown in table 18.

Table 18; The column Fields for the trip information data set.

Information Column field

Beginning node 1-10
Ending node 11-20
Number of trips : 21-30
Vehicle code number _ 31-40

'All values must be justified to the right so that only blanks pre—
cede the value in its column field. Worksheet 2 shows the proper trip
information data set format for the coded travel information for the

sample study area presented in table 2,

Creating Your Maintenance, Reconstruction and Resurfacing Costs Data Set

To review, the following information is required in the
maintenance, reconstruction and resurfacing cost data set:
a) the fixed maintenance cost per mile of gravel, dirt and paved
roads |
b) the variable maintenance cost per mile of gravel, dirt and
paved roads. Variable maintenance cost of a road is a

function of the average daily traffic level of the road.




Worksheet 2. The data set format for the trip information presented in table 2.

Data set name: Trip
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1f variable maintenance cost is to be calculated using kip
loadings, the variable paved maintenance cost is set to zero
the per lane mile reconstruction and resurfacing costs for
highway group number 3-8 calculated with the latest version of
the lowa Need Study '

the per acre rental valué of farmland in the county in

dollars

the cos£ per mile of converting the right-of-way into
agricultural production

the real interest rate

the annual bridge maintenance cost per square foot to keep the
bridges in an "as is" condition

the number of years between.reconstruction for gravel, dirt
and paved roads .
the number of years between resurfacing for gravel and paved

roads.

Table 19 shows the estimated values of the information required in

the maintenance, reconstruction and resurfacing cost data set for

Hamilton County, Iowa. The data set name for the maintenance,

reconstruction and resurfacing cost data set is MRR, There are 10

lines in MRR, and each piece of information must be placed on a

specific line and in a specific field of columns. Table 20 provides a

list of the information required for each line and the specified field

of columns where each piece of information is placed. Each piece of

information is justified to the right in the column field, so there are

only blanks preceding the number, not trailing the number in the colunn
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Table 19. Estimated values of the data required. in the maintenance,
reconstruction and resurfacing cost data set for Hamilton
County, Iowa.
. Fixed maintenance cost per mile
of road
gravel $2,376.00 per mile
dirt 2,206.00 per mile
paved 1,160.00 per mile
Variable maintenance cost per mile
of road _
. gravel $4.70 per ADT
dirt 1.52 per ADT
paved 0.00 per ADT
The per lane mile reconstruction cost
Highway Group Number )
3 ' $183,867.00 per lane mile
4 > 123,505.00 per lane mile
5 58,141.00 per lane mile
6 26,121.00 per lane mile
7 12,399.00 per lane mile
8 7,824.00 per lane mile
The per lane mile resurfacing cost
Bighway Group Number
3 ' $32,877.00 per lane mile
4 ’ 30,094.00 per lane mile
5 25,881.00 per lane mile
6 17,454.00 per lane mile
7 6,621.00 per lane mile
8 4,213.00 per lane mile
The per acre rental value of farmland 140.91 per acre
The cost of converting right—of-way
into agricultural production §700,00 per mile
The real interest rate 5.6 percent
The annual bridge maintenance cost .
per square foot $0.80
The number of years between reconstructions
gravel 60 years
dirt 60 years
paved 50 years
The number of years between resurfacings .
gravel 20 years
paved 15 years
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Table 20. Information required for each line and the specified
colunns for each piece of information in the data set MRR,

Line 1 Colums: 1-10 Fixed maintenance cost per mile of
gravel road
11-20 Fixed maintenance cost per mile of
dirt road
21-30 Fixed maintenance cost per mile of
paved road
Line 2 Colums: 1-10 variable maintenance cost per mile

of gravel road

11-20 Variable maintenance cost per mile
of dirt road

21-30 variable maintenance cost per mile
of paved road

Line 3 Columns: 1-15 Reconstruction cost per lane mile of
highway group 3

16-30 Resurfacing cost per lane mile of
highway group 3°
Line 4 Colums: 115 Reconstruction cost per lane mile of
| highway group 4
16-30 Resurfacing cost per lané mile of
highway group 4
Line 5 Colums: 1-15 Reconstruction cost per lane mile of
highway group 5
16-30 Resurfacing cost per lane mile of
highway group 5 -
Line 6 Colums: 1-15 - Reconstruction cost per lane mile of |
. highway group 6
16-30 Resurfacing cost per lane mile of
highway group 6
Line 7 Colums: 1-15 Reconstruction cost per lane mile of
highway group 7
16-30 Resurfacing cost per lane mile of
highway group 7
Line 8 Columns: 1-15 Reconstruction cost per lane mile of
highway group 8 '
16~-30 Resurfacing cost per lane mile of
highway group 8
Line 9 Columns: 1-10 The per acre rental value of farmland

11-20 The cost of converting the right—of-way
to faom land

21-25 'The annual bridge maintenance cost per
square foot

26-30 The interest rate

Line 10 Colums: 1-5 The numher of years between
reconstruction of gravel roads

6-10 The number of years between
reconstruction of dirt roads

11-15 The number of years between
reconstruction of paved roads’

16-20 The number of years between
resurfacings of gravel roads

21-25 The number of years between
resurfacings of paved roads
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field. Worksheet 3 presents the format of the data set MRR for

information presented in table 19.

Creating Your Vehicle Grouping Data Set

To review, the following information is required for each vehicle '

grouping:

a) the representative weight. This value is expressed in tons
and must be an integer.

b) the representative width. This value ié expressed in feet and
must be an integer.

c) the representative ratio of cost per mile of travel over a
gravel surface to a paved surface. This value must be rounded
to two decimal places.

d) the representative ratio of cost per mile of travél over a
dirt surface to.a paved surface. This value must be rounded.
*to two decimal places.

e) the total number of vehicles in the grouping. The number of
vehicles in a grouping cannot exceed 15,

Other information included in this data set is the total number of
vehicle groupings, the vehicle code numbers and the variable cost per
mile of traveling over a paved surface. The variable cost in cents per
mile of traveling over a paved surface is rounded to one decimal

place,

The vehicle grouping data set must be naméd Vehgroup. Each

vehicle grouping'requifes 3 lines of data. ‘Table 21 provides a list of

the information required for each line and the specified field of
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Table 21. The information required for each line and the specified
columns for each piece of information in the data set Vehgroup.

Line 1 Columns:

Line 2 Colums:

Line 3 Columns:

1-75

1-15
16-30
31-45

46-60

61-75
1-5
6-10

11-15

16-20

21:25

. 26-30
31-35

Line 4 Colums:

Line 5 - pertains
Line. 6 - pertains
Line 7 - pertains
Line 8 - pertains
Line 9 - pertains

Line 10~ pertains

to

to

to

to

36-40
41-45
46-50
51-55

56-60,
61-65

66-70

71-75

71-75

the number of vehicle groupings

the representative weight for grouping 1
the representative width for grouping 1

the representative ratio of cost per
mile of travel over a gravel surface
to.a paved surface for grouping 1

the representative ratio of cost per mile
of travel over a dirt surface to a paved
surface for grouping 1

the total number of vehicles in grouping 1

the first vehicle code number in grouping 1
the second vehicle code number in grouping 1
the third vehicle code number in grouping 1
the fourth vehicl'e‘code number in grouping 1
the fifth vehicle code number in grouping 1
the sixth vehicle code number in grouping 1
the seventh vehicle code, number in grouping 1
the eighth vehicle code number in grouping 1
the ninth ;lehicle code number in grouping 1
the tenth vehicle code number in grouping |
the eleventh vehicle code number in
grouping 1

the twelth vehicle code number in grouping 1
the thirteenth vehicle code number in
grouping 1

the fourteenth vehicle code number in
grouping 1 _

the fifteenth vehicle code number in
grouping 1

the first vehicle's variable cost per mile of
traveling over a paved surface in grouping 1

the second vehicle's variable cost per mile of
traveling over a paved surface in grouping 1

the fifteenth vehicles's variable cost per mile
of traveling over a paved surface in grouping 1

vehicle grouping 2 and is formatted the same as Line 2

vehicle grouping 2 and is formatted the same as Line 3

vehicle grouping 2 and is formatted the same as Line 4

vehicle grouping 3 and is formatted the same as Line 2

vehicle grouping 3 and is formatted the same as Line 3

. vehicle grouping 3 and is formatted the same as Line 4
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columns where each piece of information is placed. The number of
vehicle groupings can be any value. As the number of vehicle groupings
increases, the number of data lines in Vehgroup increases. For
example, suppose an automobile, a commercial van, a pickup and a pickup
pulling a trailer comprise one vehicle grouping while a loadeé tandanv
axle truck, a loaded commercial semitrailer and a loaded farm
semitrailer comprise another vehicle grouping. Table 22 provides a
list of the relevant information pertaining to each vehicle grouping.
Worksheet 4 presents the format of the data set Vehgroup for the

information presented in table 22.

Creating Your Paved County Road Data Set

To review, the following information is required in the paved
county road daté sek:
a) the beginning node of each county road segment
b) the erding node of each paved county rcad segment
c) whether the road segment is paved or rigid or flexible
pavement
d) the structural number or slab thickness of each paved county
road segment
e) the design term of each paved county road segment
f) the average annual paved road variable maintenance cost
The data set name for the paved county road data set must be called
Pavement. Table 23 provides a list of the information required for

each line and the specified field of columns where each piece of
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Table 22. An example of vehicle grouping information.

Vehicle

group Description : ' Value
1 Representative weight : ' 4 tons X
Representative width ' 6 feet
~ Representative ratio of cost in cents per
mile of travel over a gravel surface to a
paved surface 7.39

Representative ratio of cost in cents per
mile of travel over a dirt surface to a
paved surface 1.77

Total number of vehicles 4

Vehicle cost in cents per mile of travel
over a paved surface

Code Vehicle
1  Automobile 20.2
2  Commercial van ' 40.2
3 Ppickup o 24.4
8  Pickup pulling trailer 35.3
2 Representative weight ' 40 tons
Representative width 8 feet

Representative ratio of cost in cents per
mile of travel over a gravel surface to a
paved surface 1.48

Representative ratio of cost per mile
of travel over a dirt surface to a
paved surface 1.96

Total number of vehicles ’ 3

Vehicle cost in cents per mile of travel
over a paved surface

Code Vehicle
33 Ioaded tandem axle truck 42.4
'34 Ioaded farm semitrailer 37.4

32 loaded commercial semitrailer 55.4
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Worksheet 4. The proper data set format for the vehicle grouping information presented in

table 14,
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Table 23. Information required for each line and the specified columns
for each piece of information in the data set Pavement.

Line Colums Information
1 1-25 the average annual paved road variable
: ~maintenance cost
2 1-5 the beginning node of the first paved .
county road segment
6-10 the ending node of the first paved road
' county road segment
15 "T" if the road segment pavement is rigid, or
"F* if the road segment pavement is flexible
16~20 the structural number if the road segment

pavement is flexible, or the slab thickness
if the road segment is rigid

21-25 the design term of the paved county road
segment

3 ’ pertains to the next paved county road
' segment and is formatted the same as
Line 2. '

information is placed. If a road segmen£ is paved of rigid pavement, a
""" is placed in column 15, while a road segment of flexible pavément
has an "F" placed in column 15. The number of data lines in the data
set Pavement depends on the number of paved county road segments in the
study area. Table 24 provides an example of the information for the
paved county roads in the samplé network presented in figure 1.
Worksheet 5 provides an example of the proper data set format for the

data set Pavement using the paved county road information presented in "

table 24.
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Table 24. An example of the information for the paved county roads
in the study area presented in figure 1.

Road segment Slab thickness
Beginning Ending : or Design
node node Pavement structural number term
3 4 flexible 1 2.1
4 6 rigid 6 6.6
6 10 rigid 7 6.5

Average annual paved road maintenance cost - $170.65

III. HOW TO RUN THE COUNTY ROAD EVALUATION PROGRAM

The disk provides three data sets and the execute files. The
three data sets, NAMES, TABLES and VEHICIES, along with the user .
creatéd data sets should be placed in the fixed disk of your
microcomputer. The three execute files are named: PASS1.EXE,
PASS2.EXE and PASS3.EXE, respectively.

To begin the County Road Evaluation Program, type PASSt on the
keyboard. The following question will appear on the screen:
>IS THIS RUN FOR THE BASE SOLUTION? (Y/N)

If the base solution is to be run, i.e. with all the roads in the
network, type Y for yes. 1If a reduced solution is to be run with one
or more roads abandoned or converted to private drives, type N for

no .-



Worksheet 5. The proper data set format for the paved county road information presented in
table 23,

Data set name: Pavement
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Running a Base Solution

After typing Y to the first question, the following question will
appear on the séreen:
>ENTER THE NAME OF YCUR STUDY AREA
The study area name must start with a letter and consist of no more
than 15 characters. Simply type in the study area name on the
keyboard. Wwhen PASS1 is campleted, the'following message will appear:
>PASS ONE COMPLETED
After this message appears on the screen, type PASS2 on the keyboard.
The following message will appear when PASS2 is completed:
>PASS TWO COMPLETED
After this message appears on the screen, type PASS3 on the keyboard.
The following message will appear on the screen when PASSB'is
campleted: |
>PASS THREE COMPLETED
The output of the base solution is found in the data set called

RESULTS.

Running a Reduced Solution

After typing N to the first question, the following questién will
appear on the screen:
>ENTER THE NUMBER OF ROAD SEGMENTS TO BE ABANDONED
Type in the number of road segments to be abandéned. 1f there are no
road segments are to be abandoned, type zero. The computer will then
ask for the beginning node (BN) and the ending node (EN) for each road

segment abandoned. Type in the BN and EN for only one of the arcs
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representing the road segment, not both. Remember that each road
segment is represented by two arcs.‘vFor exampie, the road segment
connecting node 1 to node 5 in Figure 1 is represented by an arc with a
béginning node of 1 and aﬁ ending node of 5 and by an arc with a
beginning node of 5 and an ending node of 1. If the road segment
connecting node 1 to nodé 5 is to be abandoned, then type in the BN and
EN for only one of the afcs, but not both. After typing in the BN and
EN for all the abandoned road segments, the following question will
appear on the screen:
>ARE THERE ANY ROAD SEGMENTS TO BE CONVERTED TO PRIVATE DRIVES? (Y/N)
Type Y for yes if there are any road segments to be converted to
private drives. Type N for no if thefe are not any road segments to be
converted to private drives. If there are road segments to be
. c§nverted to-private drives, the following series of questions will
appear on the screen:. |
>ENTER THE NUMBER OF ROAD SEGMENTS TO BE CONVERTED TO PRIVATE DBIVES
Type in the number of road seg@ents to be converted to private
drives. The total number of road segments converted to private drives
cannot exceed 22. The computer will ask for the beginning node (BN)
and ending node (EN) for each converted road segment. Again, type in
the BN and EN for only one of the arcs representing the road segment.
The computer will then ask for the private drive maintenance code for
each converted road seément. Tablé 25 presents the values of the
private drive maintenance'cost code by type of aécess. After
completing these questions, the following message will appear on the

screen:

>PASS ONE COMPLETED
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Table 25. Private drive maintenance cost code by type of access.

Type of access Private drive maintenance cost code

Residence only
Small to medium farm
lLarge farm

Pield access only

> W N -

After this message appears on the screen, type PASS2 on the keyboard.

The following message will appear on the screen when PASS2 is
' completed: |
>PASS TWO COMPLETED

After this message appears, type PASS3 on the keyboard. Each
reduced solution must be compared with a previous solutioh, either the
base solution or a different reduced solution. The canputer will then
ask the following series of questions concerning the previous
solution: A
>ENTER THE TOTAL VARIABLE MAINTENANCE COST FROM THE PREVIOUS SOLUTION
>ENTER THE TOTAL FIXED MAINTENANCE COST FROM THE PREVIOUS SOLUTION
>ENTER THE TOTAL RECONSTRUCTION COST FROM THE PREVIOUS SOLUTION
>ENTER THE TOTAL RESURFACING COST FROM THE PREVIOUS SOLUTION
>ENTER THE TOTAL VALUE OF LAND FRCM THE PREVIOUS SOLUTION
>ENTER THE TOTAL BRIDGE MAINTENANCE COST FROM THE PREVIOUS SCLUTION
>ENTER THE TOTAL TRAVEL COST FROM THE PREVIOUS SOLUTION

>ENTER THE PRIVATE DRIVE MAINTENANCE COST FROM THE PREVIOUS SOLUTION
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. DENTER THE PRIVATE DRIVE RECONSTRUCTION COST FROM THE PREVIOUS
" SOLUTION

>EN'I‘ER THE PRIVATE DRIVE BRIDGE MAINTENANCE COST FROM THE PREVIOUS

SOLUTICN.

All of the information from the previous solution is found in the -

output for that solution. After typing in this information, the
following message will appear on the screen:

>PASS THREE COMPLETED

.The output of a reduced solution is found in the data set called

RESULTS.
RESULTS

A sample of a base solution output is pr_esentéd in Appendix 1.
A sample copy of a reduced solution and calculation of a benefit—cost
ratio is presented' in Appendix 2. A printout of the computer program
is presented in Appendix 3. |
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Appendix 1 ‘
A sample of a base solution output
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Appendix 2
A sample copy of reduced solution.
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7z.21

745,52

TR 18SLLT7 .20 4 JZT749.29
AMMLINL, ANNUINAL CRMLINL AMNUNAL
BN EH M F RECIN RESURS

.

s v € 74,51 £1122,00 & 1z $ IRb.al
PR am. an 1123, 0o 17 255,47
2 10 2713 T1E2, 00 7 335,47
o B 1122, 00 17 3S5. 47
19 1. A 94,00 73 177.74
11 = 29,92 122,00 A7 355, 47
1a 4 & 122,00 Nz 253.47
e 17 12 00 25 345,68
te iE 4 00 47 235,47
13 b 173 00 A7 23547
v w1 1182, 00 47 333.47
= o2 1122, 00 a7 233,47
3 A 1182, 00 47 255,47
50 594,00 7 177.74
23 594,00 73 177.74
- A0 1132,00 17 255,47
2= 07 1122, 00 N7 333.47
e 75 1128.00 a7 255.47
. 37 4% 118200 47 233.47
z = a5 1122, 00 a7 255.17
2 aa 2% 1122, 00 24 S22.01
an ad Az 594,00 72 177.74
AL Az 32 594,00 A% 179,23
a» oA &7 1182, 00 17 333.17
A as 43 1122, 00 7z 509,77
E2TID, OO0 £10722.73F & 2410.06
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ANMUGL TDSTE OF MEEPING THE ROADRE PREVINDLS -_r_.n“_..u.ﬂZJ.. CHANGE

COSTS TO THE COUNMTY

TOTAL VNARIARLE MAINTERAMCE CORT $ 1139.464 & P G R ¢ 142,49
TOTAL FTXEDR MAINMTENANCE COIT . 10292, QC 272100 120468, 0
-
TOTAL RECOMESTRUCTION COST . 15741,94 10722.7% 459,20
TITALL RESUREACTME CSET 221,22 2410.04 2371.322
TOTAL BRINGE HATNTENAMCE ,C.u..' .00 -0 .00
TOTAL, COET To THE COUNMTY & ARSE4. 94 ] ATSOT7 .75 ] 22047.01
o __u..r. T BERIVATE DRIVELD
TOTAL MAIMTEDR TT.:; TRE ¢ als -3 & -43233. 75
TOTN SRR TR ST TN .U.l..]._l . 10 R X I |.“.uJ$ D.=4
TOTAL RRIDEGE _._D“_.v .m...n.,_ WCE COET .00 Q0 i aly)
TOTAL 03T T2 PRIV _J..MH DEIvES & L0 & T4, 2% & =7296.29
TOTAL MET wAallle DF LAMD & . 00 - 1179,9% £ 1179.29
CHANGE IM TOTAL DRET OF MEEPINS THE RONLDE . . % 15920.72
AMMIAL BENESITE 0F WEEPING THE ROADE CURRENT FREVIDUSE CHANGE
TOTAL TRAVEL CNRET ] 5574%.20 £ SRIRE.TQ 23462.50
RENEFTT CHAMGE IM TRAVEL ONST
cos CHAMGE IM THE COST OF HEEPTNG THE ROANS
2TA3.S0
159302.72 -
o ) .
-
- L] Hnml
.
TE TUE BENEEIT-CNST BATIO IS BREATER THAM ONE, THE VALLE OF QF TWE RQAD{S: TO TH
£ TRAVEL ING PUSLIC EYCEER THE NnET OF MEEPING THE ROADSISD.
IE THE BEMEFIT-CDET BATIN IS LEST THAN OME THE VALLE OF TUE RONDLST TO THE TRAV
SLING 2L T TS LETS THAM THE QT 2OF MEEPING THE ROARSIZD.
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Appendix 3
A printout of the computer programs.

TCOAYE
. , TENXE
TR AT ) B L MOME N2 NT AME/AS /N (20) A2 (20)
TOMEON NS NDET NRLNUM T 20)
Ittty NI 2,2 N/ HDS ) , MM N2
M TORE (1000 /ALL/ WEH(IN)  MUEY
ST TRM(1000)Y /BR/ TEM(100Q0) /BZ/ L1(1000)
COMMON /BAZ L 201000) /RS M1C1000) /BLS M2(1000) '
MZOI000) B2/ MALLOO0) /PT/ MOS0 £
TNE NT N SBRLLY quwf~u> sEIR/ 2
2ZY LML) JEMOROO) NI TT TT T MM KL NA NP NU NUM
¢ VAT LACLGNS) /057 LM(S0a)
j= T, 0 =
£ , DAMOLE)

BIIN FOR THE BASE

P lats
AR

co ‘
&R -
, STATUS—"0LD" , ACCESS="DIRECT 7 RECL =15, FORM="FOR

<
N
S

NAME F YOUR STUDY AREAC)

L.,Rc’ STATLIS="MNEW ")

LRSS Tnfuﬁ—»gl 0D ACCESS="NIRECT 7 RECL=40, FORM=

GRP7 ETATLIS="MNEW” ="NIRECT , RECL=70,FOR

? ?

cHM
e

r
H

+
—
a

~ .0
A= i
iy
<
o

X

A
Toz
= T -

1
3
5
D]

AN NFﬁ ) - '-:-T - MO

=i

2) MODES=TEN(NR)

et b
KN
Wka ]

(hEY B0, 1) MNI=hDL
TE(MAaNE)Y LELAY O TO 29
ITECrnRRiENRY BT OIENNRY Y 32 T 29
TEOHD T TEMMEY Y NMO=TEM(MNR)
U

--,1
2 SINTA(MUM 1) =1, 1)



07
TE(NUM) =, FALEE. coe

MEIM= UM §
g2 TQ o2

oz A IM=NILIM— 1
MNE=MNR~1
L=MR-1
oo 100 I=1, L
NI=T2AMN(T)
MIZ=IEM(T)
NA=L 2(71)
MS—=M1 (T
NE=MZ(T) :
M7=MI(T)
NQ=MA(T)
Mi1~L2(T)
MiQ=La4(I)
M=T+1
Wt
Do 10T =M MR
TF(NI-TRBM(.D) ) 105, 124, 127
127 MI=TERM(.1
NR=TEMC(.))
MA=L_20)
MT=M1 .5
Nio=mM2 (.
MN7=M2 (1)
NQ—=MA (. 1)
Mi1=L200)
MIQ—=_A (D)
b=
GROTO 105
124 TE(MD-TEN(I)Y) 105,105,122 .
122 MRA=IEMOD
MA=L2(.0
MS=M1 (.4
Me=MD (1)
M7=M2 1)
MI2=Ma (.4) ,
Mi1=LU32(0
Nig={a(.])
Y=
103 CONTINMLIE i

ML (M) =ML

M2 (K)=M2(T)

M2(K)=MI(T)

MA L) =MA (T ) : -
TRM(¥)=TRN(T)

TEN(K)=TEM(T)

2y =LIT)

SO IO

L2KY=L2(I)
LAY =L acT)
TRM{TY=NT
TEM(T)=NMD
L2(TI)Y=NA1
MI(I)Y=NS
MO T ) AL

LR 1 . - ot
M2/ T )=N7
Ma/T !
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L L g

1
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NIt UOT TN NS
NUIM TN T, T, ND NS
o0

:ummqr(~7= AY,TTED
TONT TS

MT =0
TEOiANT TS 909 SoTIE)
L e ' '.a-l.)'.',-l-l ‘-~‘l4-,‘.’.'-
FﬁﬁMQT(!ﬁtﬁ)
t"| uh W ANT 1SS D)
L] (RETE Rl
{ T/
Ve LG
LT LY
“ R AR N
AT ¢ 10 \
PRI R E I T S R R
EmsieinT T1i ™M
B AL A ) o
PTL0, PN, LY

SNAME

= nwicu
J), A2 (L1, NUEH
=1, MUEH)
=1, MVEH)

(LK AM) M=1_ NA)

’

BEND(CS "«,5;’;‘4,RFI mL) {TFAXE(M)  M=1, MNN)

!
LIDTTEC (<) DD ncwe T |
SITE(D, 242 JUSH{T) NA

Y

DD 22 Jwl, NN

WRITE(D,2462) LW ] TF(‘.,\.. ¢J)

CIOMT ThLIS

=0 T 0D
R R S e
L, NyEL

JAYLNELVEHILY)Y 80 T 22

o' -

l B
MOATA (4, MY =HDATA L

_‘7‘

EMOT),L2(Ty , MDD
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mrmMen JAZ/T 0 WL MM D NE NG A8 /FNANME, G
1

S (O
Wi, 00 /AT RNTYRE(1000)

IAME /RS /A1 (20), A2(20)
FMMON /AE/ NODES MR UNUM ;

7
LA ] ‘et bty I' "- “—
TN AR HFREu(EﬂU,E) N9 PDhTh(’ﬁ“ﬁ A)  NH M WMD)
CreEON JA10/ - TE (20000  TRRF (1000) /At1/ SUEH (20 NUEH _
oMl /B TRMO1QO0Y /REZ/OTEN(CI00D) JRZy L oLi0oo
AAMEION /RA/ LD01000)Y J/RES MIO1000) JRAES M201000)
JET/ MROL000) /B27 MAC1000) JBD/ MIOATA (L1000, &2
SR/ ONT NN 1t/ C ! /Dth, =
ST R L 200) T, TL, MM R NA NP NUL NUM
/TRy 2010000 o l”’-~»>

I o=t W Melea
Lt e
nooto I=,

M{=MOATA(T, 1)
M2=MDATA (T, 2)

NTACT, )
MA=MDATA(T, A)

’

M T4

=T
nO 1S e, LALM
TENL-MIATALS, 1)) 15,26,27 .
27 M =MOATA (D, 1)
M2=MOATA (L, 2
N2-MOATA (), 2)
MA=MDATA (L, 1) :
v
a0 To iS
24 TE(MI-MOATA(L, 2)) 1S, 15,28
28 MA=MEATA (L, 2)
NZ-MDATA (L, D)
MA=MDATA (L, )
vmd




70

i
e . X
MITIAT O L
HERREATHE £ B 4
1WNT AN L
IR R .
MUATA (K
TN L
DR A
10
ot
-
e .
T OERING ON THE NETWORY
-
I=1,NR
MACTYLETL Y L1
TE(MACTY,ED, D) (D)
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74“\ .
L ACCESS="NIRECT S RECL =40 FORM="FOREMA
WRITE (2, 540) , MUMOE LNUM, MERED ) NUEY
=40 CTOEMAT (A T10)
TVE T d
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READA,S01) I3, A7
SVEH( I3 -7
15 COMTINUE
S0z FROEMAT (SEX, 1722)
nD 20 Iwi A
READ(A, = (KDATACI, ), U=t 4y
L=WOATACT, 2)
SUM(E 1Y = (UIATA( _v*xmaabﬁm.gw.4oc.:,+mcxamQHV
SUM (Y, 2= (KT DA,.Hy*xu>q>ﬁHi YROUEH (1) /100, DY +3UM (1K, 2)

CONMT NS »
FORMAT(2TS 20T2) 5
DO 25 I=1, MR
REAR(CA,S02)Y TBRN(I) TEM(I) » (MAMECT 2y J=1 200
) "y =1 AR
2O A=t MuEH
ETOT(I)- TﬂoﬂﬁHv+z>3 (I,.
a0 COMTIMNUS
D TN I
2= MTTMIC
10 ST .Z{ﬂ . .
OREM(2 ETLE=- TRESILTSY | STATUS=-NEW~)
EMAME =< BEDI YED -
WRITE(2, 941) .
LIDTTIE (s mad )
L A LK TN N Ao § .Q.I @ et A
WRITE (R, 220) GMNAME
P20 FIRMAT(C  ZTUDY AREN MAME 13 CLALS)
I=MNA+NP r
TF(ILEQ.D) ENMAME=-BASES~
WRITE (2, 941)
w«..anJ' S TR I
TE(Z2,941) .
WRITE(Z, P21 FunAmMS
921 FORMAT(.  THE - SOLS, 7 SOLTIONY)
IF(NANE ) Drr NARANTICN
TR{NP ME, D) CALL FRIVATE
HRITE(2, 941)
LIDNTTE (D il iy
HEITE(2, 7141)
PLEQ  FOEMAT(  Owm EM YECRLY TRAEFID NRT)
HARITE(2, 60)
PEL O EORMAT(SY)
WRITE(Z, P41)
HRITE(Z,241)
M 50 I=1 . NB

r
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ISCIBNMN(IY . OT.IENCIYN ) 30 TO S0
MY AD =T NR ‘
TF(ILED )Y GO TO 40
IF(TIBNOD UNE,TEN(T)) 50 T 40
IECISMCD LMELTENCTY)Y G0 TO 490
VTOT( T =HTOT(I )+ TAT ()
ATOT=ETOT(I) /3450
A5 FORMAT (21T, 110, SX,F10.2)
WRITECZ, 492) TBM(I), TENCI) , KTOT(I) ,ATOT
3N TO =0
SONTINMUE
TMUE
co2
= (3 ,
YT (X, SUEHTCLE”  12%, © ANMUAL - )
( : 14n,’nI°TQNCE’,14X,”hb.“A[’)

|
“*-R/ A-X SIN MIL "‘_’isx STIEEST )

::"-E'hl{\T(
Tttt b A v r
SOEMAT (17 27 FI0.2. 10X, 787 F9.2)

ATOT=0 . O

T—_ TGEHIC

' w 0 A .

ru"i .O.t;\ I—i T

AP7 N =WDM4T;I§ 3, 2F20,2)
IF(C ”EH(I).EZ.0.0) 50 TR 29

IFE(T)
WRIT I,(8M(I, Ky, K=1 2
T—=.Fn
oo T
ENDI
WerIT T, (2N, K =1,2)
21 oToT (1,
ATAT (T 1)
AT (1,12
TINGE
LIRTTE (2 DAt
et e VT ,.".‘)a.l
L"F‘l T TF (D /] D e ) ATAT CT'!'IT
- = \'-.‘.‘ PL - 'An...l., .
CyMAT ¢ - T,‘]T(‘.\‘l C"\v’\ T) jl’\{ f'ﬁf =""l )
- [ ITAL 2202, 10X, 7.2
S0s :“R AT(ldX,IB,ZdX,3IU)

PMLR=(, O
PREC=0.0
DCOMe=e™y v
ot e ow e
TUL -9, 9

THIC D= M
LTS N S
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PTA EOEMAT VDY CAMMUAL S PY, TANNUAL S RX CANMUAL S, X TORNLIA <)
@TS  EOEMATIRY ) CRESCIY ) CEMS 1LY, UM 43X, TFMY 11X » 10X, “RESURF )
977 r:ur'-m.\'r.-'rr ¢ c&S T 0 TV c&s ET D 7 ‘s x c< =7 _9)
PTL PIE,TH, CES L ET LR, TN, CET FTLE, TN, TR, . LET2
WRITE (2, 271) : -
WRTTE!
.
TN 29
ImE LA, LU
[
i Jd
CiTANCS =10 :vi:, -y TT
BEADCT T Ly IT,
EF((IBN(I).ED.IT‘.GNQ THEM
AFNCT=(RIST A LO0. 0 s !
S0 .
S0 :
144
- e
[
L
)
YLEQLELOLNYY GO TO 23
YL EDL ML CAD)Y E0 TO 33
1
ol
{1la
02
TEiROeE EDLAD TN 29
nee En, 1 TH 20
IOFL,E0.S) 30 T2 29 : '
o L 2 08 RS I 2 I I S A S SR IR IR I I A I A I AR A A R
> THEM _ . .
1) . -
I
’ - >
UMe=ATRTRDIST #03 2.0 -
CM—I‘\T T.q.u = /1 )
IF&ATUT.hg.QE) THEM )
EECONM=(DISTHEN1I#R/100.0) #AGRC
RESURE~(DTSTHIZ1#2,/100,0) AGRE
EMDTE




(ATPT—ZE)w.g
#(ATOT=2S ) +Z221

) #AGRC
Y OGRS

-

D

))*AGRS

SrnTe

Z HH RN RN I RN R AN SR IR IR NN R NSRRI IR RN NN SNSRI R RN RD
SRy THER
EL B, 2y THEN
ATOT=WTOTIT Y/ 2AS, 0D
“MfﬂT“TﬁﬂIRTﬁDU/toﬁ.O
1#2/100. 02NN
( THEM N
T RIS o) BEIEIvA ] )*AUR“
g
€43 Xl
N (((ECE-Go2) /1870 (ATOT-462, 54202 Y vADRC
N :
= .
2

R il EeR Lk B R Dt R R R R R Do R B St Be bt SR Bt Rt B R Lok B b Bk ko ok Rl Re kol Bed et Red ot okl
ST S, 1) THEN :

s

D= (DTS THEs

o

Clei= T -“TJH"'I('_‘ / 14‘_\(5 O
EM=ATOTHDIZT PG/ OO, O
TEPV EQ, Q00 CALL WIRCIBNOTY JIEMN(I) RESUR,VUM, DIZT
TEOATOT. LT, A0 THEN
TN (DTESTAEPCI 2/ 100, CYNPRO

REZLOTETAPR w2 /100, 0 #APRS —_
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EMnIE -
TE((ATOT.GE. 400 ) . AND. (ATOT.LE.PS9)) THEN o
SECOMN=(DISTR2/ 100, m*(f(P:ﬁ-Pc1>/55u>*<ATgT—ngo>+Pﬁ:>)*APRC”
EESRE=(DTETA2S 100, 08 { ( (PER-PS1) /S50) #(ATOT-A400) +P31) ) #APRS
CNDIF
TE(ATOT.OT,9S0) THEN

BORYYRAFRC

ST#2/ 100, 08 (L (PC2=PC2) /2200 # (ATOT-9S0) +
(P 2S0)+0R2) ) #APRS

T
IbT*" 7100, O

”f’“FF- SR=-PS2) /2200 H (AT2T~
gEnMDIE
ENDTE
o0 TO -'_'.7 s * .
C PRSI I T I I I K2 F I AR R I I T I IE I M A28 TR IR IR IR IR SRR I R R ISR AN RS T I
22 M7—LIM L) ’
M7 EN, 1Y FM=MIIST®14,21
IS(M7 EQ,2) FEM=DIIT»#15.09
TE(MZ B0 2 FM=DIST*232.22
IF(MZ, EQ A EM=DIST#A4,40
DIST=GC1#2/100, Q)Y #ADRC
TeEMIN R (L el W BT )
CeERENARETDM
r-:h‘—(‘:v:h‘.a.ﬂ'lvl
SOTO 2w
=27 TUikl=T UM UM
TOH=TCM4+EM
‘I't:--'w?‘l'Dl"‘*.l::l"l"]ﬁ _!
TRI-TRI+BESURE
IC(TY THEM
LETTE(2 $74) TRM(IY, IEM(I) UM, FM RECOMN, REZUR
T FNLSE.
wh T 29
_:'!._IT';TF:
WEITE (2, S04) TRM(T), IEN(TY VM, FM , REZIOM | RESLIRF
TMBE*TLHB+(LA*LH*EMC)
29
20
“ 10
P61 .
S07) TUM, TFM TRC, TRS
=04 (S, AF13.2
=07 FOEMAT (X ’TOTAL’,@X,’$’,F8.?,6X,’$’,F8.2,6X,’ﬁ’,FS.E,&X,’%’,FB.Q)
WRITHE (D,
WRITE (2% r
I 3-RA-NP ' -
TE( TR ER,0) THEN
WRITE (2 £00) TMOR .
400  EOEMAT( TOTAL BRIMES MAINTEMANCE COST-, 1SX,23X, ¢ ,F11.2)
HRITE(2,241)
HRITE (2, £01) TVYL
L£01  FEORMAT(ZTOTAL UALLIE OF LAND- 25X ,F15.2)
WRITE(2, 941)
WRITE(2, 402) PFM
LOZ  EQOEMAT(TOTAL PRIVATE DRIVE NAIPTENANEE cOoOsST,2X,FLs. 2
HWRITE(2,P4A1L)
WRITE (3 £032) FREC
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AL PRIVAIE DRIVE RECOMNSTRUGTION COST-,

C'l mn.'\r( ST
UC-TTE'I o D
I (2,24
JER T TS ¢ Xl
WRITE(Z, &0
FosaT (7T
ENDTF

o
<
n

AL DFIVﬂTE NRIVE RRIDGE MAIN#ENANCE CRET 7 ,F15.2)

IF(IG,ME.0) CALL BC(TUM, TFM, TRC, TRS, TUL, CTOT, PMCE, PREC, PFM)
=

1
L
STRR 7PAZZ THRER LDMPLETED

CAITY

FBS/ATOT, CTOT

NOOMNZD R2AD SEGMENTS )

A
.Y IR,IE
, TE
CONT TR
RETLIEM
END
. b
ﬁHDDﬁHTINE PRIVATE
-t “/'\an“TE:ut.ls EM{\ME Gl\ {\vi:' Uh_'{\M:' TM(\ME .
v A * » - nn—.’ .. nnn_,lv' . f— 1 =
COMMON /AL ME L UNUIM D TN N b P,Jo I8, IR, I,J, MM T2 MM MUEH-
COMMON A2/ ETOTH( DY / IBN(iODO) /04y IEN(!UOU)
COMMAN AT/ MNAME 20 NA/ ¥DATA(L1029,4)
CIOMMON 3t/ ENAME GNGMN,HMAMF,INAME
/B2 fUEH(?U) SRR/ OIVEH(TR) /B4y ZUM(TO 2) /BI/ATAT,CTOT
JTLS FLCR2Y JELI2R) M

l:'l |Eer\ {=}x )
l.‘l'C:TTfTI ) '.7/.‘1 )

TTE (2, Re1
WRTTE(2 DA1)
WRITH(R, 724

-
O

15.2) T
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FOEMAT(  THE ROAD SEGMEM
WRITE (2, P41)
Lo 21 MI=1
21 MZ=1, . _
L OMRITE(E,S04) KJIINZ) KL
FORMAT (215)
CONTINUE
THiDN)
RETLRN
ShiT
—t A

CONVERTED TO

91

MZ)

SUBRIUTIME KIRP(ML, N2, REIURE, UM, DIST, IN, N2 MR)
DIMENSION I2(20), T4(20)

CHARNCTER#1S ENAME

LOZTOAL SR ¥V, 7, 21,72

T h..ITCI -ED.}_‘Z»

BeEWIND 1

JEENM 4 ETL B
L)

hIR NI

[ =l |

VACe e

-

LT2O)

et

CPEN(T, FILE=TARLES”,

]
-7
‘

o /

PUMT =0, (]
I"ﬂ'\lT ThiY u;
Fas
Rhnnt1,

BRI N iat)]

TnLsY ) F

M =g
Preas U

I=L, 18

™0
pRLR

1

AT/ 1
A |

DS IR

DEEN(R, FILE=F

READCR, 5022 LN
FDQMAT"U ,Ilu
READCL, 7 (A135) -
DREEN(, FILE=FM
TF(I.ED.l) ﬁ

Lo=MUSL MM, 10

READY q ('\'\1{::5‘“..

IGHTS,

“(A1s) )

GRP-,!

, ROC

FIN

3(I1),

o7
=

ES5=-

it B}
nom ¢

=T

NTUS=-0LDn",

v-.‘ LR SRER

DIRECT, FOEM=FD
N1,N2,.J0, MO, LNUM,

Ii=1, NY)

=TT

| =y

PRIVATE

IRECT”

[=d17]

LRYM

NG

LA

QLMNE

“DIRECT

chg

PRSI

ATTED”

NR)

BEUIP)

, FORM= T FORMA

M=+ FORMATTED

L, RECL=170)
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=0T FORMAT(LOX  2012)

EEﬂU(ﬂ,EUJ,RECﬂL)

o 25 Tis1,NY
IZ(I1)=ICINY+IACINY

CONTINUE

asD s

e

=1_ MY

£ %0’) INMA
(-‘( T10)
SO OT2=1, IMNN
DIP=0, 0
REND( L, TO7)
FORMAT(TLIO
IT(Y.AaND.Z

07

;PX, L)
THEN

L2

NEL=NE-5
ENDIF
IF(Y.AND. (. NOT.Z))

La=1?
M1 =NE-5
EnMnIE
LN2TLY)
NEL=MS
L2=27
ENDIF
IF((.

I=0¢

NS 1 =NS

Lo=A%
ENDIE
CALL
SIP1-CIR{+SIP

=0 COMTIMNIE
PUMC I =(CIPLIAT2(I1)#N
UM =PUMS |+ UM

qo 0 COMTIMIE

SIRAVMO BT RESIURF Y THEN
UM=0 0

Dl JMI" —C'

ESURF
YA=2S00Q, 0O

(1411},

<AMD. Z)

DT.Y) JAND, (L NDT. 2

)

Ii=1,M

MWAIT, Z

THEN

THEN

b
A
in

ARIP(LY KWATT,NS1,CIP)

VYPMO/YAYRDOIIST/100.Q
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COMT INUE

M=t PUME
CLASE ¢, STATUS-"KEEP )
CLOSE (2, STATUS=/KEEP")
'QC:Tl_II:'hl
EMI

SLRRIUTIMNE ARTIP (LD, KWATT, NS, CTR)

DIMEMSTIN  TARLE(Z,10)

LoD+

READ(7,S10,RECTLD) Kl
FORMAT (21X, I2)

g b=

EARMAT (20X, 4F7.4)

V= i1009

IE(M2 LT EWAITY GO TO 3

i vt

C| |QM(\TI oT 19)

REAN(7,S11,RECL2) (TABLE(L, =1,4)
eEAn(7,S11,RE0=L1) (TABLE(Z, '7,-=1,s>
Bi=( (KUAIT—K2) /2000, 0) +1

Ba= (MI=EUATTY /2000, 0

CIP=(D1aTABLE(1 NS1))+(RI#TABLE(2;N31))
CnEMNT(ERS . 4)

RETLEN L,

END

‘”°°QUTINE FINnEM(h.,~2,JJ,MM LMLIM

L MUMENY 1

FOEMAT(2I3)

nn 20 Jei, MR
READ(4,505,95D=L) M1,
L=l+1
TE(ML NME . ML) G0 TO 20
IE(N2 ME_ M2) 53 TO 20
SOOTD 22

COMTINUE

Jodml— 1= MiM-NY

=t PIMONG ]

nag 20 M=1i,NR
READ( 4,505, REC=L) ML, M2
=L+
TE(NL MNE.M2)Y G2 TO 29
IF(N2, ME ML) GO TO 32
G0 TO 22

DONT INUE

MMzl =1 = MNUM—NY

ESTURM

END
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4
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EQEMAT( Y EMTER THE TOTAL RESURFACING COST FROM THE PREVIOUS SOLUTI
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FORMAT (-

CENTER THE TOTAL TRAVEL

COST FROM, THE PREVIQUS

SOLUTION)

BEAR(#, =) DTOT
ool Mqu: ' .
WRITE (%, 290)
EORMAT(* ENTER THE FRIVATE DRIVE MATNTENAMNCE CDST FROM THE PREVIOU
:3 "‘nl l-'l"l'“Nr )
mnpnz» xy DCM
o) HEM
{4 .I C !4!9‘_’9”[7
LD TTT (e 394 )
V"\"'..c"‘dlhl
FORMAT (7 ENTER THE PRIVATE DRIVE RECOMSTRUCTION CoOST FROM THE FREV
IS 20l UITTOM.)
READ{x, ») PRED!
cAaLll moun
LRTTE
=it ) _
EOeMAT PRIVATE DRIVE BRIDGE MAINTENAMCE oS T FROM THE

bl A1
= It =
READ G #) BM
|“(\l 4] |"'|( Jff.'
DMCE—TMCE{ -TMOP

r‘ll'”“:'TT‘ ] 1=TUM

DEM=TEM] - TEM
A T
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n:-x:-n:. T oo
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™ ~T) 1
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=T
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WRITE (2, 207)
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TTC(MD DL
WRITE (2, 2&1)
WRITE (2, 202)
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