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I. EXECUTIVE SUMMARY

Highway maintenance engineers and administrators are often confronted with

a number of problems related to highway maintenance work programs. .One of these

.problems is concerned with determining the optimum number and locations of highway

maintenance garages in a given area. Serious decline in highway revenues and a
high inflation rate have made it necessary to examine existing maintenance practices:

and to allocate reduced financial resources more effectively and efficiently.

- Searching for and providing of reasonable solutions to these problems is the focus

of this research project.

The methodology used is to identify and modify for use (if necessary) those

models which have already been developed. Models which could give optimum number

~and-Tocations of highway maintenance garages were found to be too theorética] and/or

practically inféasib]e. Consequently, research focus was shifted from these models
to other mode]s‘that could compare a1ternatives'and select the best among thése; :
alternatives. Three such models —-.the Alabama model, California model, and |
Louisiana model, we;e idéntified and studied. | _

The three models identified differed in their capabilities. The Louisiana
model is the most‘combréhensive. It fs then followed by the California model.
The Alabama mode]fhas the fewest capabilities. The following table shows the

three models and a summary of their capabilities.




: MODEL
Capabilities Alabama California Louisiana
' (Optimum Allocation)

1. Best Alternative ‘
~ Garage Location Yes Yes Yes
2. Relocation of

a Garage Yes Yes Yes
3. d]osing of a Garage “Yes Yes Yes
4. Operating Costs Yes Yes Yes
5. Capital Costs . No Yes No
6. Staffing Needs No Yes Yes
7. Comparison of Different

Work Crew Sizes No No Yes
8. Comparison of Different

Maintenance Strategies No No Yes
9. ' Comparison of Different :

Work Scheduling Policies No. . No Yes

10. Comﬁarison of Different
: Types and Numbers of :
Equipments No No Yes

model has the largest number of input data requirements. The California model and the

Alabama model follow each other in decreasing order in numbers of input data require-

The input data requirements for the three models are also different. The Louisiana

ments.

The following table shows the three models and their input data requirements.

The 1nput'data-not currently available in Iowa DOT are also shown in the Table,
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ﬂ | - MODEL o ‘
. Input Data Requirements Alabama "California | Louisiana 3
i (Optimum Allocation) S . "j
1. Dollars of Maintenance i
E Effort on Route Basis _ - Yes Yes | Yes ‘
2. Man-hours of Maintenance :
l Effort on Route Basis* No Yes No
3. Crew Travel Times* Yes | Yes Yes
H 4. Crew Travel Distances™ No Yes No
: 5. Frequency of Océurrehce : v
‘ ‘ - of Each Work Activity* No No .Yes
6. Times of Occurrence and
Durations of Emergency - :
Activities™* No No Yes
7. Rate of Personnel Absenteeism* No No Yes
8. Rate of Equipment Breakdown* | No No | Yes

* Data not cur_‘rént]y collected by the Office of Maintenance, Highway Division, Iowa DOT.

Of the three models considered,' the Alabama model has the fewest capabilities.

Yet, because it requires only two types of input data and one of'thefn was already

available in Iowa DOT, it was selected for use in this study. The,»A]abama- mode]

is referred to as the Optim‘um Allocation model.

The Optimu'm Allocation model was successfully applied to 15 maintenance garages

in a study area selected by the Office of Maintenance. First, the existing allocation

|

system in the study area (highway segments assigned to garages) was examined, using

-

the model. Results recommended only four highway segments be reallocated to a

different maintenance area of the existing system. This indicates the existing

allocation system used by the Office of _Mai'ntenance is ‘good for all practical

purposes. However, if the route allocation determined by the Optimum Allocation

model is used, there could be an annual cost savings of approximately $2,800 (using

E‘




maintehance vehicle average speed of 35 mph) and approximately $2,500 (using.
maintenance vehfc]e average speed of 40 mph).

Secondly, the Optimum Allocation model wés used,tb 'close' the garages at
Humboldt and Forest City. When the garage at Humboldt was»c1osed, annual cost
savings of,appfoximately $7,500 (using average speea.of 35 hph) and approximately
$10,200 (using average speed of 40 mph) were projected. The projected annual cost
savings, when the garage at Forest City was closed, were approximately $11,700
(using averagé spéed of 35 mph) andvapbroximate1y $13,000 (using éverége speed
of 40 mph). | |

.Finally, the Optimum Allocation mode1 was used to demonstrate its garage

relocation capability as follows:

1. With‘the garage at Forest City assumed to be closed, the garages at Esthervi]]e'

and Ger]ed were moved to Armstrong and Buffalo Center, respectively. This
“move resu]ted'ih projected annual cost savings of approximately. $600 (using
A‘éverage sbeéd of 35 mph and without considering capita1.costs); Clearly, this
~is nota significant amount of cosf savings. | |

2. With the garage at Forest City assumed to be closed, the garage at Estherville

was again relocated at Armstrong but the garage at Gerled was moved to Thompson.

This newAarrangement yielded a projected annual cost savings of approximately

$3,700 (using average speed of 35 mph and without considering capital costs).

- The cost savings reported abové are subject to the limitations of this study.
The Timitatiqns pertain to the applicability of the cost multiplier concept to the
IoWa highway mainténance work program; the sensitivity of the travel time adjusted
costs to speed and the percentage of maintenance cost associated with.snow and ice
control actjvities; and the reliability of the maintenance éost data used.‘

A number of recommendations have been given to alleviate the effects of tHe
‘1imitations of this study. It is recommended that additional data be collected
by the Iowa DOT for use in any future comprehensive highway maintenance study.

-4-
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The computer program utilized in the Optimum A]]otation model was developed by the
IBM and is available for lease at a cost of about $500 per month This computer program
is a]so available at the Iowa State Un1vers1ty and it is this program which was used
for this study. AThe total computer cost for this study was $150 and the average cost
ber run was apprqximately $10. |

In summary, this study has successfully identified é model (Optimum Allocation Model)
tHat-can utilize the daté currently available in the Iowa DOT. A]so,.it can optimally
assign highway segments to maintenance garages and evaluate the cost tmpact of closing

or relocating a specified maintenance garage in a given study area.



IT. INTRODUCTION

Highway maintenance activity is an.integfa] part of any state's highway trans-
portation work program. In Iowa, highway maintenance activities are carried dut by
six Highway Division District Offices, located in different parts of the state.  The
0ffice of Maintenance, Highway Division, located at the central headquarters of the .
Iowa Department of Transportation (Iowa DOT) in Ames, acts in an advisory capacity
to the districts on matters concerning policies and administration of the stateWide
Highway Maintenance Work Program (See Appendix 1).

Each Highway’Divisfon Distrﬁét is currently divided into four maintenance .
residencies and each residency is further sub-divided 1nfo highway maintenance areas.
A maintenance area contains one or more highway maintenance garages (Sée Appendix 2).

The fiscal year 1980 Maintenance Work Program of the Iowa DOT consisted of about
120 functions involving about 1,790 ehp]oyees. The total cost for the program was
50.9 million dollars. This total cost consisted of labor costs (30.8 million dollars),
equipment costs (8.5 million dollars), and material costs (11.6 million do]jars).

Serious dec]ine_in’highway revenues and a high inflation rate caused the Iowa DOT

to review its existing highway maintenance practices. The aim of this review was to

provide the same level of highway maintenance services with reduced financial resources.

. 'System Preser?qtion' is now the top priority of the Iowa DOT.

One way to achieve this goal is to re-examine the existing Tocations of.highway
maintenance garages to determine whether or not some of these could be closed or
relocated, resulting inmore efficient use of available resources.

Closing a highway maintenance garage increases travel cost. On the other hand,
Maintaining a garage involves overhead costs. Closing a garage, therefore, is cost
beneficial only when‘the resulting increase in travel cost is less than the overhead
costs of that garage. |

A highway maintenance garage must be optimally located within its maintenance area

to minimize the loss in productivity associated with time spent traveling to the

-6-
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maintenance vork sites. Where existing garages may not be optimally located, it is advan-

tageous (in terms of cost savings) to examine several relocation possibilities.

ITI. OBJECTIVES

InitiaI]y, the objective of this study was to identify and modify for use (if
necessary) models already deve1oped that cou]d determine thé Qp;jgganumber, size, and
location of highway maintenance garages in Iowa. The approach in searching for mode]§
already developed was necessary because of time constraints on this study.

During the eariy étages of the study, it became apparent that models which cou1d
give optimhm sblutions were either too theoretical and/or practically infeasible. In:
other cases,'the réquired input data for the model use was not available from the Iowa
DOT highway maintenance records. Consequently,-research focus was shifted_from'optimum
models to other models that could compare alternatives and select the best among those
alternatives.- | |

The objective of this report, therefore, is to identify and modify for use (if
necessary) models that can: | |

1. Eva]uate alternative highway maintenance garage locations in a given study

area based on cost considerations; and

2. Eya]uate the cost impact of closing and/or relocating a highway maintenance

garage in a given study area.




IV. MODEL SELECTION PROCESS

Extensive literature review of highway maintenance garage related studies was made

(1, 2, 3, 4, 5, 6, 7, 11, 12, 13, 14, 15, 16, 18, 19, 21). The rationale was to

identify models a]ready developed. Any suitable model identified would then be modi -

fied, if necessary, to utilize the type of data currently available in Iowa DOT mainte-

nance records.

Three different models were identified as being capable of addressing the objectives

of this study. For brevity, the models will be referred to as the California Model,

Louisiana Model, and Alabama Model. A brief description of the three models is given

below.

A. California Model

1. Type of Model

The California model (19) is a deterministic simulation model, A deter-
ministic simulation model is a "Laboratory" in which various alternatives are
tested. The values of the input variables are assumed to beknown with certainty

and are constant over time. For example, under the deterministic assumption,

the same amount of shoulder maintenance work is performed on a given route in

each year of the simulation period (say 30 years). A simulation model is not

expected to find the optimum solution for any particular problem; rather it

helps identify the best solution among alternatives.

2. Capability of Model

The California model is capable of addressing the following types of

T e

problems:

a. Evaluate alternative garage locations...for example, is garage location
'x' better than garage location 'y'?'
b. Evaluate the cost impatt of closing a garage.,.for example, if garage

'x' is closed, will there be an increase or decrease in the total mainte-

nance cost? and

> TR . T e
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c. Estimate the staffing needs of a garage...for example, how many man-

hours per year are associated with garage 'x' maintenance activities?

The model uses both operating and capital costs in solving the ébove
problems. |

3. XKey Input Data

The fo]]owing data are necessary for developing the input data for the

model: ”
a. Maintenance effort (in dollars ahd'man-hours).fgr all the routes in
the study area;
b. Crew travel times from garages to work sites;
c.  Crew travel distances from garages to work sites;
d. ‘Travel frequencies for all routes in the study area. A travel
'frequency fpr a foute is an estimaté of the number df times the work
crew visits that route in order to satisfy its maintenance demand. It
is estimated from the time consumed by the crew's travel, the_speed of
their travel, and the travel distances;
e. MWeighting factors. A weighting facfor is a subjective measure of
the maintenance effort expended within eéch predetermined segment of a
route. The factors»are determined by experienced local supervisors and
managers;'and
f. Capital costs. These include land costs, the value of the existing
garages uti]fzed in ‘the proposed solution, investment in new garages, the
value of any garages which are replaced, and. the remaining value bf all
land and imprdvements at the end'of the study period. |

Note: Records on man-hours of maintenance effort (on routevbasis), crew

travel times, and crew travel distances are not currently available

in Iowa DOT.




4. Output Data

For each alternative set of garage locations, the following output déta is
“obtained:

‘a. Annualized cost (operating and capital costs) for the entire study
area; |

b. Maintenance effort (in man-hours/year) for eaéh garage; and

c. Graphical plots which suggest the maintenance area for each garage «

5. Computer Progrém

The computer program for the California model is very complicated and not
we11vd0c0mented. ‘Close consultations with the California DOT (CALTRANS)
officials would be required to-adapt therprogram to éuccessfu11y run on the

computer facilities in the Iowa DOT.

Louisiana Model

1. Type of Model

‘The Louisiana model (13,_l§,4l_) is a probabi1istic simulation model.
Unlike the California model, the values of thevinput vafiab]es are assumed

. to change wfth time and henée are not known with certainty. The values are
determined by probability distributions. For examh]e, under the probabilistic
assumption, the amount of_shbu]der maintenance work performed on a given route
in each year of the simulation period is determined from a given probability
distributidn. The probability distribution shows the relative frequency of
occﬁfkence for each type of maintenance activity on the given route. The

distribution is determined from historical data and/or pilot study,

2. Capability of Model

The Louisiana model is designed to address the following types of

prob]ems (15):

1]
]
3
1
!l
]
i
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a. Evaluate changes. in work crew.sizes...for example, what effect would the
addition of two equipment operators have?
b. .Evaluate quantities and types of equipment...for example, which could

be better, adding two trucks of size A or three trucks of size B?

¢. Evaluate work scheduling policies...for example, should Tong or short

duration activities be chosen first when setting schedules with scarce
resources?

d. Evaluate different maintenance strategies...for example, there is
more than one way to repair a road defect. Which policy is better in
the long run?

e. Evaluate alternative garage locations (iﬁc1uding material base locations)...
for example, how much of material X should be kept on hand and where should
it be located? and‘

f. .Eva1uate the cost impact of closing a garage.

The model-uses operating costs in solving the above problems.

Input Data
The following is an abbreviated list of the model's input data (16):

a. Single-value constants that provide limiting values for the simulation

(e. 95 number of work-activity types, number of years to be simulated);
b. Descriptions of activity types, equipment types, staff types, and

range of weather conditions;

c.',D1str1but1on parameters for absenteeism and breakdowns of equ1pment
d. Staff, equipment, and material costs;

e. Resource availability files (staff, equipment, and material);

f. Equipmént characteristics file; |

g. Point-to-point travel times;

-11-
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h. -Nork—éétivity characteristics file (specification by activfty type
for;each crew option, equipment, and staff needs; méteria] needed; per-
formance rate; indicators of effect of various weather‘types on'work"
activity; etc.);

i. Probabilistic description of weather by season;

. Alternative garage (and material) locations;

k. Work-activity parameter sets for use in work-activity occurrence

distributions;

‘1. Parameter sets for weather-dependent activities;

- m. Parameter set for emergency-activity duration and time between

occurrence specification; and

n. Simulation specifications (length of simulation, number of files, etc.).
Concerning the above input data, items 'c, g; k!, and 'm' are chrent]y
avaiiab]e in Iowa DOT; item 'i' may be obtained from climatological data;
material aspect of item 'e' mayibe difficult to obtain.

Qutput Data

A fairly detailed description of the model's output data is given below

~—
.o

a. Input listing--a complete Tisting of all model input;
b. Quarterly performance report--report by activity type, which includes

planned and actual quantities for material and labor hours used, total

v

cost, cost per unit, and hours per unit, as well as labor cost, material

cost, overtime labor cost, travel cost, fringe benefits, and operational

service (contract) costs;

c. Activity frequency table--the number of occufrences of each type of

work activity in each maintenance area;
d. Manpower characteristics table--a summary for each garage location that

1ists by staff type the number of periods worked, the number of absentee

-12-
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hours, the number of overtime hours worked, the average number of staff
units not assigned each period, the absenteeism cost, and the standby

cost;

e. ‘Equipment characteristics table--a summary for each garége location that-

lists by equipment type the number of periods the equipment was in use, the
number of hours the eﬁuipment spent in transit, the capacity of the equip-
ment, the number of times breakdowns of the equipment -occurred, and the
average number of each equipment unit not assigned (1eftover) -to an activity

each period;

f. _Material characteristics table--a summary for each material base location

that lists by material type the average number‘of.each material type remain-
ing in inventory, the number of times each material was required, the average
demand for each material type per period, the number of times an acti?ity
cqu]d}not be WOrked because of lack of material, and total material demand
per year;

g. Time-loss fab]e-—a summary by activity number of the frequency and
pércentage of the féasons (such as insufficient staff, unavailable equip-
ment, insUfficient material, and bad weather) for time loss;

h. _Time-]oss breakdown by resource type--a more detailed version of the
time—1oss table that summarizes, for each activity,'the‘number of times
that each equipment and staff type caused a delay;

i. Personnel substitutions--a summary of the personnel substi;utions

" performed during the period simulated, e.g., the number of times (work

'periods) that equipment operators of type i were used when less-qualified
operators (type j) would have been adequate; and
j. Overall work-activity statistics--summary statistical values for

each activity regarding its overall time in the system, including the

-13-



number'of occurrences, the average length of occurrence, longest and
shortest activity time span, and others.

5. Computer Program

The computer program for the Louisiana modeT is complex but well documented
by the Louisiana DOT and Development. An interactive input module has been
developed and appendedbto the front of the simulation model. . The purpose of
the module is to make it easier to enter the model's input. In fact, the
-module is streamlined enough for the frequent user and descriptive enough
for the novice user.

The compatibility of the computér facilities %n the Iowa DOT and Louisiaha

DOT was not investigated.

Alabama Mode]l
1. Type of Model

“The Alabama model (1, 2, 4) is a (deterministic) linear programming model.
A_]inear programming model is a mathematfca] tool for optimally allocating .
- limited resources to achieve desired goals under speéified conditions. The
limited resources, in this cése, are the garages, the désired goal is to
maintain an.acceptable level of highway maintenance service, and the
specified conditions are the assumptions made in the study.

’Thé»mode1 focuses on the re]atfonship between garage-to-route travel
time anavﬁhe corresponding cost of route maintenance. .

2.  Capability of Model

The Alabama model is capable of addressing the following types of problems:
a. Determine the optimum maintenance areas for all garages in a given
study area...for example, a given study area has 15 garages; which routes
vshou]d each garage serve so aé to minimize the total maintenance cost?

b. Evaluate alternative garage Tocations.

-14-
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c. -Evaluate the cost impact of closing and/or relocating a garage,
The mode1 uses operating costs in soﬁving the above problems.

3. Key Input Data

The fo]]bwing data are netessary_for deve1opingrthe input data for the

model:

a. Maintenance effort (in dollars) for all the routes in the study

area; and

b. Crew travel times,from garages to work sites.

Crew travel times are not cqrrent]y available in Ibwa DOT. Estimation
of thesé crew travel times and the development of the input data are fully

described in Section V.

- 4. Outgut'bata

For a giJen sét of garage locations, the model's output will consist of
the following:

a. Annualized costv(operating costs only) for the entirebstudy'area; '

ind .

b. The optimum allocation of highway segments (seé Section V.C.) ‘to all

mainteannce garages in a given study area.

5. Computer Program

The_A]ébama model uses a computer program deveToped by IBM. The program
1;1avai1ab1e for lease from IBM at a coét of about $500 per month (according
to the Alabama DOT). The computer program is also available at the Iowa
Stafe(pniversity which has been used in this study.

Model Selected

The three models discussed above (Subsections A, B, and C)_differ in their

capabi]ities and in their respective input data requirements. Of the three

models, the Louisiana model is the most comprehensive (in terms of capabilities)

-15-



and the most'realisticvkjn terms of modeling assumptions). HoWever, its inbut daté
requirements are too many and some of the reqﬁired data (seé Section IV.B.3.) are
not currently available at Iowa DOT. - The Louisiana model was not,‘therefore,
selected because the data currently available at Iowa DOT is not sufficient enough.

to develop a meaningful input data for this model.

CEEEEE L —— R

The California model is capable of addressing almost all garage related problems.

However, this model was not se]eéted because the necessary data for accurately esti-

]

‘mating the travel frequencies (see Section IV.A.3.) were not currently available at

Iowa DOT. Crude estimates of travel freddencies could not be used because travel

frequencies play a very significant role in the model (travel frequencies are

___J

estimates of the number of times routes are visited in order to satisfy their main-

ténance demands); Errors in these travel frequencies are cumulative during the

L

simulation period. For example, in a 30-year simulation period, an error in a
travel frequency estimate is repeated 30 times. Clearly, this is not acceptable.

of the three models considered,. the Alabama model has the fewest capabilities.

Thiw model was selected because data was either available or could be estimated.

The only required data for use in this model not currently available (at Iowa DOT)

was crew travel times. Travel time could, however, be reasonably estimated from

mainterance vehicle average speeds and actual garage-to-worksite distances.

The Alabama model (the model selected) will, henceforth, be referred to as

an Optimum Allocation model.

— . : .
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A.

B.

V. OPTIMUM ALLOCATION MODEL (ALABAMA MODEL)
APPLIED TO A STUDY AREA

Study Area

The study area for this project was provided by the Office of Maintenanéé

and is shown in Appendix 3. ‘It consists of 15 garages, 12 maintenance areas; and

1,061.93 miles of highways.

Assumptions

The following assumptions are made in this study:

1. With the concurrence of the Office of Maintenance, maintenance vehicles

are assumed to travel at average speeds of 35 or 40 mph for all maintenance

activities. These average speeds will be used to calculate travel times,
2. - The maintenance -cost agéociated with a route in a given maintenance area
is assumed to be uniformly distributed along the route.

3. Any highway formed is represented by its midpoint. . Thus the maintenance
cost.qf a segment is assumed to be»concentrated at its midpoint. Also,
tréye} times are calculated from garages to midpoihts of segments.

4. The travel times>from garage 'x' to segment 'y' and from segment 'y’

to garage 'x' are assumed to be the same.

5. The cost of servicing a segment from a garage is assumed to vary as a

function of travel time between'the~garage and segment. This relationship -

is illustrated in Table 1 (page 25).

6. The garages in the study area are assumed to have unlimited capacities.

This means the garages can be expanded, if necessary, to service all the
segments optimally assigned to them. |

7. MWhenever a garage re]oéationkpossibility is- studied, the‘garage overhead
coﬁts before and after its relocation is assumed to be the same.

8. Capital costs and staffing needs are not considered in this study.
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C. Highway Segments

A11 the routes in the stﬁdy area were brokeh up into suitable segments based
on the fd]]owing criteria: |
1. Segments should not be moré than 25 miles long (criteria Sef by the
Officé of Maintenance); |
2. Segments should be reasonably short (so as to increase the accuracy of
thé mode1)§ | |
3. SegmentSIShould be-reasonably Tong (so as to minimize the computation
time involved and hence reduce the costs associated with the study); and
4. The end boints of a segment should be suitable.for turning maintenance
vehicles around (junction, intersection,ora town) .,
A total of 96 $egments ranging from 2.9 miles to 21.2 miles were formed in the
study area.. Appehdix 3 shows the study area and 10 of the. 96 segments formed. The
lengths ({n miles) of 10 of the segments ‘are shown in-AppendiX,4.

D. Travel Time Estimation

Two sets of traveT times corresponding to average speeds of 35 mph and 40 mph
were estimated. The basic formula used is: A

Travel Time - Distance (in Miles) g0
(in minutes) Speed (Miles Per Hour)

The'shoftest and most'1ogical travel distances from garage locations to midpoint
of segments were calculated using the Statewide Mileage Table (lg), the Primary
Road Inventory and Mileage Summary (9), and the Maintenance Area Responsibility
Mapé (§). As an example, 1et us calculate the travel time_from segment no. 4
to the garage at Algona.
| " Length of segment no. 4 = 8.78 miles
(The shortest distance from the)

(center of Algona to the center) = 35 miles
(of Armstrong )

-18-
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Therefore,

(the shortest distance from )

(the center of Algona to the) = 35 + 8.78 miles
(midpoint of segment no. 4 ) - 2 :
= 39.39 miles
Let |
Vehicle average speed = 35 mph
Then |

39.39 x 60 minutes
35

Trave] Time

} ‘ 68 minutes
The travel times from 10 of the 96 segments to six of the 15 garages in the study

area are shown in Appendix 5.

E. Travel Time Estimation Technique

" The Optimum Allocation model used in this study requires that the trave]_times
from all segments to all garages be known. In this study, the 1,440 (96 segments X

15 garages)vtravel times were estimated. We will, henceforth, call this data set

as Cdmp]ete Data set.

. Estimating 1,440 travel times manué]]y takes a lot of time. A technique is
described below that permits one to estimate only those travel times that have a

reasonable chance of being utilized by the model.

A schematic drawing of segment no. 4 and the 15 garages in the study area

is shown below.
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I]]usfration 1

A Schematic Drawing of Highway Segment No. 4 and
15 Garages

<—— Segment No. 4

O & | 06
- | | O6o O6,
C) GZ () Gg _C) G11
O & . O & | O &,
O & O & )
Q65 - O6&3  QOéy

LEGEND: (O -- Highway.Maintenance Garage Location

In the above schematic drawing, if there are no capacity restrictions on the
garages, the model will definitely allocate segment no. 4 to one of the garages

due to their closer locations tosegment no. 4. -Hencé the travel

G G,, and G

1° 92> Og 9
times from_these garages to segment no. 4 are the O

nly ones which are very
important. The other travel times (the Unimportant.travel times) will not afféét
the optimum so1ution'even though their presence in the model is necessary.

Instead of estimating the 'unimportant travel times' a large fictitious
travel time (greater than any of the'important travel times' in the sfudy afea) can
.bechosen to represent them. For the given study area, the 'ihportant travel times'
were foundAto'be less than or equal to 60 minutes. Thus, any travel time greater
than 60 minutes was unimportant for the purpose of this study.

From Tab]é 1 (page 25), it can-be observed that any travel time greater than
]65 minutes has a cost multiplier of 8.0. Thus, any number greater than 165

can be easily used as a fictitious number, Arbitrarily, the fictitious number

-20-
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was chosen to be. 200. This means any 'unimportant travel time' is replaced by

200 minutes.

‘The type of data as described above will be called a Partial Data'Setf..

Thus the Partial Data set consists of travel times less than or equal to 60
minutes and fictitious travel times of 200 minutes. The Partial Data set will
be compared with the Complete Data set in Section_VI. |

F. Basic Maintenance and Overhead Costs

The fiscal year 1980 labor and equipment costs for all the routes in the

‘study area were provided by the Office of Maintenance. The overhead costs for

the 15.-garages in the study area were also supplied by the same office, These

costs are shown in Appendix 6.
The fiscal year 1980 labor, equipment, and garage-related overhead'costs
were adjusted for inflation to reflect what these coéts would be if the same

maintenance activities were done in fiscal year 1981, The adjustment rates used

were.provided by the Office of Maintenance and are shown below:

Labor......... 5.4% (cost of living raise granted to employees
: in 1980-81)

Equipment..... 13.0%

Oyerhead ...... 15.0%

The.1981 adjuéted costs are referred to as the basic labor cost, basic

equipment cost, and basic overhead cost. Then a basic maintenance cost is

défined as:

(Basic Maintenance) = (Basic Labor) + (Basic Equipment)
( Cost - ) 4 ( Cost ) ( Cost

The 1981 basic costs for 10 of the 96 segments are given in Appendix 4,

SampTe Ca]cu]ationi'

Consider Estherville maintenance area (Appendix 6).




Therefore

Therefore

Hence

- Therefore

(Fiscal Year 1980 Labor Cost)
(for State Route No. 15 )

Basic Labor Cost

(Fiscal Year 1980 Equipment )
(Cost for State Route No. 15)

‘Basic Equipment Cost

(Basic Maintenance Cost)

(for State Route No. 15)

(Fiscal Year 1980 Overhead )
(Cost for Estherville Garage)

Basic Overhead Cost

= $12,236

= (12,236)(1.054) dollars

= (13,680) (1.13)dollars

= $15;458

-1

(12,897 + 15,458) dollars

il

$28,355

1]

$20,843

1

(20,843)(1.15)do11ars

= $23,969

The basic maintenance cost associated with each route was proportionally allocated

(with respect to length) to the segments forming that route. For example, state

route no. 15 in Esthervi11é maintenance area is 15.3 miles long. Two segments

(segment no. 4 and segment no. 5) were formed from this route. Segment no. 4

is 8.78 miles long and segment no. 5 is 6.52 miles long. The basic maintenance

cost for State route no. 15 is $28,355 (ca]cu]ated above).
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Therefore
| (Basic Maintenance Cost) _ (8.78) (28,355) dollars
(for Segment No. 4 ) (15.3) .
= $16,272

]

(Basic Maintenance Cost)

v ($28,355 - $16,272)
(for Segment No. 5 ) ‘ o

$12,083

G. Travel Time Adjusted Costs

The basic maintenance cost for eaéh segment was adjusted for travel time based on
the fo]]bwing criteria: (1, 2)
1. One-way travel time less than 45 minutes»wou]d result in more than sfk

Hours of productive work (for ah eight-hour work déy) at the work site. This

would result in less cost aséociéted with nohprOductive travel. On the other

hand, travel time greater than 45 minutes would result in less productiveiwork

~and consequently in greater maintenance cost.

2. 'The ke]ationships stated above have been studied by Bell (1, g) in a project
prepared for the A]abama DOT. He quantified the above relationships by the

use of a cost multiplier which is derived from_the'trave1 time. 'A graphical
illustration of the relationships is shown in Illustration 2. Also, a tabular
version of.this’relationship is shown in Table 1. Both the logic used aﬁd

the co#t multipliers developed were found to be acceptable by the Office of

Maintenance.
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IMustration 2

ADJUSTMENT OF MAINTENANCE COST AS A
I FUNCTION OFTRAVELTEME(E:QN HourWorkday)* ‘ - ’
S 70 o 60 - 5;_9_ 40 53.0; S
P | | PRODUCTION TIME IN HOURS
(Hours of Productive Work)*

25

2.0

_Vz_

o ~ Note:
- For all travel
o - times over 165
o L minutes usea |
| -~ multiplier of 8. 0

1.5

COST MULTIPLIER

1 0 . | . “““““““\
. ‘."j

')
E o'y

| L TRAVEL TEME IN MINUTES (One Way)* | o -

*Not part of the original graph |
Source Alabama Department of Transportation ,. (See References 1_ , 2, 4).
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Table 1

Basic Maintenance Cost Mu]tip]iér as a
- Function of Travel Time (Eight-Hour Work. Day)

Eg One-way Travel Time from _ _
Garage to Segment Productive Work . Basic Maintenance
(Minutes) (Hours) Cost Multiplier
- - 00- 15 7.5 - 7.0 0.8
II 15 - 75 7.0 - 5.0 0.8 - 1.2
75 - 135 5.0 - 3,0 : 1.2 - 2.0
al 135 - 165 3.0 - 2,0 ' 2.0 - 3.0
f ‘—' 165 €2.0 | 8.0
I : a. Sample Calculation of Cost Multiplier
»Basic Logic: |
fj (45 minutes one-way) - is equivalent to (%) 6 hours of
- (Travel Time productive work.
ml and
: (6 hours of ) = a Cost Multiplier of 1.0
(Productive Work) :
| thus

7 hours of
Productive Work

(i)

- = .

( )
( )
(ii) (5 hours of )
(Productive Work)

b

I

to a Cost Multiplier of 0.8 (i.e.6)
7

mn

to a Cost Multiplier of 1.2 (i.e.6)
, 5

The basic maintenance cost for any highway segment in the study area
is multiplied by the appropriate cost multiplier to obtain the

travel time adjusted cost for that particular segment as serviced

from a particular garage under consideration,

Travel Time Adjusted Cost

| b. Sample Calculations of

Consider highway segmeht no. 4 in Estherville Maintenance area.
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Basic Maintenance Cost $16,272 (Section V.F.)

(Travel Time from Algona Garage) = 68 minutes (Section V.D.)

(to Midpoint of Segment 4
1.153

Cost Multiplier (Using Table 1)

-Therefore

(Travel Time Adjusted) = (  Cost ) x (Basic Maintenance)
( Cost ) (Multiplier) ( Cost
(

1.153) ($16,272)

I

= $18,762

The travel time adjusted costs for the 96 segments as serviced from
each of the 15 garagés were calculated using computer, The computer
- program used and a sample output are respectively shown in Appendices

7 and 8.
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VI. OPTIMUM ALLOCATION MODEL. RESULTS

Two speeds, 35 and 40 mph, were provided by the Office of Maintenance as two

possible maintenance vehicle average speeds for all maintenance activities. Using

these two speeds, one at a time, the Optimum Allocation model was app]ied to the

 study area. The results obtained are described in this section. The computer program

used is described in Appendix 9.

A. Maintenance Vehicle Average Speed = 35 mph

1. Complete Data and Partial Data Sets

Complete Data and Partial Data sets have been defined and described in
Sectibn V.E. Using a speed of 35 mph, the Optimum‘A11ocaﬁion model was
applied to the study area using the two data sets, one at a time. The
operating costs based on the two data sets are shown in Téb]e 2 below. Also
shown in Table 2 are the operating cosfs for the two data sets when the
existing allocation is used. The existing allocation refers to the 1981

maintenance areas in the study ared witholt utilizing optimum allocation

procedures,
Table 2 4
Comparison of Operating Costs for Two Types of
Data and Two Different Allocations.
Vehicle Average Speed = 35 mph =~~~
| (4)
Cost Savings By
] Operating Costs* Using Optimum
.( ) - Allocation -
Item (2) (3) (1981 )
Existing Allocation | Optimum Allocation (Dollars)
(Dollars) (Dollars) (2)~(3)
Complete Data | . 1,972,278 1,969,392 | 2,886
Partial Data . 1,972,278 1,969,392 , 2,886

* Operating costs are based on travel time adjusted costs.
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ft isvseen fhbm the above table that the operating costs determined hy
~optimum allocation is the same for both.the Comp]ete Data and Partial Data
‘sets. The same is true for the operat1nq costs determ1ned by the existing
a]]ocat1on It was also found that the allocation gf the 96 segments ‘to

the 15 garages was the same 1rrespect1ve of the data set used It is,
therefdre,'conc]uded that the Comp]ete Data and Partial Data sets are
,equiva1ent. | ‘

The cemputer cost was the same for both types of.data sets, There was,

however, a big difference 1n‘the number of travel times estimated. Only 353
etrave1 times were estimated in the Partial Data setgas compared to the 1,440
estimates in the Complete Data set. This shows a 75 percent reduction in the
number of travel times estimated. It is concluded, therefore, that the
Partial Data settechnique can be uti]ized with significant savings in com-
putation time. The only caution in using this technique is to identify, in
the beginning'ot the study, all garages that are candidates for closure,
Then?jajded by this knowledge, the 1mportant travel times are identified ard

estimated.

Existing and Opt1mum Allocations
| The ex1st1ng allocation refers to the current maintenance areas in the
.Vstudy area. These maintenance areas were determ1ned by the Office of
Maintenance without the use of.OptimUm Allocation procedures.. The two
allocations will now be cempahed on the basis of operating costs.
The Optimum A11ocation-mode1 was applied to the.study area. Four
segments were reallocated resulting in cost savings of $2,886. The segments
" reallocated and the correspond1ng cost sav1ngs are shown below in Tab]e 3.
'The new maintenance areas after the four segments had been reallocated are

shown in Appendix 10.
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Table 3

Segmenfé Reallocated Under Optimum Allocation.

Vehicle Average Speed = 35 mph

A Existing Allocation Optimum Allocation | Cost Savings
By Using Optimum
(1) {2) (3) (4) (5) . Allocation
Segment Assigned Operating Assigned | Operating ( 1981 )
No. To Costs* To 1 Costs* (Dollars)
Garaged At: | (Dollars) | Garaged At:| (Dollars) (3) (5)
10 Emmetsburg . 7,772 Algona , 7,484 288
12 Emmetsburg 9,478 Pocahontas 8,831 647
13 Pocahontas 6,216 Algona 5,924 292
57 Forest City 19,085 Gerled 17,426 1,659
42 ,551 39,665 2,886

* Operating costs are based on travel time adjusted costs.

’éfnce only four'segments were reallocated, it.shows the current alloéation
of highwéy segments to existing garages is good within the study area. Never-
thé}ess, the modifications Suggested by theAOptimum Allocation model could be

made with resulting 'annual’ cost savings of'$2,886.

3. Closing of Garages

- The Optimum ATlocation model was used to evaluate the cost 1mpa¢t of

closing a garage. The necessary modifications to the’modeT in order to close '

a garage is described in Appéndix 9.
The garages at Humboldt and Forest City were closed, one at a time.

Later, both were closed at the same time.  The results are shown in

Tab]e 4,
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‘Table 4

Cost Analysis of Closing Humboldt and Forest C1ty

Garages Using Optimum Allocation

Average Speed = 35 mph
Operating Costs * (5) _ (6)
(2) (3) (u) Overhead Cost Cost
Garage(s) Garage(s) . Increased of Garage(s) Savings
(1) NOT Closed Closed Travel Cost Closed (1981)
Item “(Dollars) (Dollars) (Dollars) - (Dollars) - (Dollars)
| ) (3) - (2) (5) - (&)
Humboldt 1,969,392 1,980,675 11,283 18,785 7,502
Garage ’
Forest C{ty 1,969,392 1,976,981 7,589 19,374 11,785
Garage
Humboldt and _ :
Forest City 1,969,392 1,988,264 18,872 38,159 19,287
Garages

*Operating costs are based on travel time adjusted costs.

’It_is seen from the above table that 'annual' cost savings of $7,502
and $11,785 will be rea]iéed'if Humboldt and Forest City garages respectively
are c1o$ed

sav1ngs will be $19 287.

are c]osed are shown in Appendix 11

4. Re]ocat1on of Garages

The ab111ty of the Optimum Allocation model to evaluate a]ternat1ve garage

locations is illustrated in this section.

in this study were not provided by the Office of Maintenance.

If both garages are closed at the same time, the 'annual’

Maintenance staff was, however, advised of the garages selected.
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‘Nhén_a garage is relocated, héw travé]lffﬁégwf;sﬁ all'éégmént;;fo fhat
particular garage will have to be estimated. The Partia] Data technique
:desCribed in Section V.E. was used to réduce_the‘computatiph time iﬁvo]ved.
The necessary modificatiohs in the input data are describedAin.Apbendix 9.

fwo relocation possibi]ities were examined. The first one dealt with
re]o;ating the garages.at Estherville and Gerled to Armst?ong and Buffé]o o
Center, respectively. In the second investiéation, the garage at Estherville |
was relocated to Armstrong but the garage at Gerled was relocated to Thompson. -

In both cases, the garage at Forest City was cqnsideked closed. The fésults |

obtained are shown in Table 5 below.

Table 5
Cost Analysis of Relocating Garages at
Estherville and Gerled Using Optimum Allocation
Average Speed = 35 mph

Operating Costs* (u)
‘ : (2) - (3)
v v (2) (3) Cost Savings:
= (1) | Garages NOT Garages due to
Relocated Relocated Relocation
Activity (Dollars) - " (Dollars) (Dol1ars)
' : . (1981)

Relocating Estherville at

Armstrong and Gerled at
Buffalo Center 1,976,981 1,976,373 608 **

(Forest City Closed)

Relocating Estherville at
Armstrong and Gerled’ ' -
at Thompson ' 1,976,981 1,973,262 3,719 **
(Forest City Closed) '

* Ope(ating costs are based on travel time adjusted costé.ﬁ }
** Capital costs are not considered. Overhead costs (before relocation)
are assumed to be the same (after relocation),
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1t is observed from the above table that almost negligible 'annual'

Cost savings ($608) are realized if the gafages at Estherville and Gerled are
ke]bﬁated respectively to Armstrong and Buffalo Center, On the other hand,
significant 'annual' cost savings ($3,719) can be achieved if the garage at
Estherville 1s'¥e1oca£ed at Afmstrong but the garage at Gerled is relocated
at Thompson. | |

B. Maintehdnce Vehicle Average Speed = 40 mph

Using a maintenance vehicle average'speed of 40 mph, new Complete Data and
Pa}t1a1 Data sets were formed as dessribed in Seption V.E. The two data sets were
again compared in this case and found to be éq01vélent as befbre (see Section
VI.A.1).  Thus, the Partial Data set technique»can be used for'any speed.

vw1th the new data set, the existing and optimUm'alldcations of highway segments
in the study area were again examined. The results are shown be]dwvin Table 6.

Table 6

Segments Reallocated Under Optimum Allocation
Average Speed 40 mph

- : o
' Existing Allocation Optimum Allocation Cost gazjngs
(1) : : By Using Optimum
Segment |  (2) (3) (4) (5) Allocation
- No. Assigned Operating | Assigned Operating (19817 )
To Costs* - To Costs* - (Dollars)
Garage At: | (Dollars) | Garage At: (Do1lars) (3) - (4)
10 Emmetsburg 7,556 Algona 7,304 - 252
12 Emmetsburg 9,235 Pocahontas 8,670 565
13 Pocahontas 5,987 Algona 5,732 255
57 | Forest City | 18,515 Gerled 17,063 01,452
41,293 ’ |1 38,769 2,524

* Operating costs are based on travel time adjusted costs.

It s observed from the above table that four segments were rea]]ocated,
These segments are the same as those reallocated when a speed of 35 mph was used

(see Section VI.A.2). However, this time, 'annual' cost savings of $2,554
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(instead of $2,886) was realized.

new higher speed (40 mph) is discussed and éxp}aihedfin Section VI.C.

The reduced cost savings reSulting from the

Again, based on the new data set, the garages at Humboldt and Forest City

were. closed and the cost impact evaluated. The results are shown. in Table 7

below,
} - Table 7
Cost Analysis of Closing Humboldt and
Forest City Garages Using Optimum Allocation
Average Speed = 40 mph
Operéting'Costs
’ . (5) (6)
(2) (3) (%) Overhead Cost
o . Garage Garage Increased . Cost of Savings
(1) NOT Closed Closed Travel Cost Garage Closed -(1981)
Activity “(Dollars) (Dollars) . (Dollars) (Dollars) (Dollars)
| (3) - (2) | (5) - (u)
Humbo 1dt 1,947,401 1,955,949 8,548 18,785 10,237
Garage _
Forest City | 1,947,401 1,953,758 6,357 19,374 A 13,017

Garage

* Qperating costs are based on travel fime adjusted costs.

From the above table, it is seen that cost savings of $10,237 and $13,017

would respectively be achieved if the garages at Humboldt and Forest City were

closed. These cost_saVings are substantially greater than those obtained when

a lower speed (35 mph) was used (see Section VI.A.3). The increased cost

savings associated with the higher sbeed is discussed and explained in Section

VI.C.

SensitiviﬁxﬁAnaLxsis

The sensitity of speed to tbst'§avings was investigated in this study by

using two different speeds--35 and 40.mph. The results were shown in Subsections

A and B above. They are shown again, in compact form, in Table 8.




) Table 8 : S v o
Comparison of Cost Savings Using
Two. Different Average Speeds

Cost Savings (1981 Dollars) (4)
(1) Difference in
Activity (2) (3) Cost Savings
‘ : 35 mph 40 mph (3) - (2)
Optimum Allocation | | | =
(A11 Garages) | 2,886 ] 2,524 - 362 :
Humbo]dt Ga'rége Closed 7,502 | 10,237 ' ‘+2,'735
Forest City Garage '
Closed =~ ~ 11,785 : 13,017 41,232 L

From the above table, it is observed that cbst‘savings associated with

-optimum allocation decreases as speed increases.  On the other hand, cost

.

savings associated with closing a garage increases as speed increases. These

L

variations in cost savings with different speeds are explained below.

‘ ITlustration 3
A Schematic Drawing of a Highway Segment
and Two Maintenance Garages

;-

L

G
’
Gy Pocahontas
‘Humbo1dt
Emmetsburg
Algona

“

Legend: A - Highway Segment
T],T2 - Travel Times
Gi,GZ - Maintenance Garages
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Consider the above schematic drawing. Let A represent highway Segment No,
12 (in the study area). Also let Gy andeg be the garages at Emmetsburg
and Pocahontas respectively. Ty and Ty are thén the respective one-way
travel times from Gakages Gy and Gy to the'midpoint of highway Segment A.
T1 ié:greater than T,. ’

Under existing allocation system, segmnet A was serviced by Garage G1
but under optimum allocation %t was sérviced by Garage GZ‘ The reduction
in traye] time was T] - T2, and this,determined the cost savings. It was
found that the difference (Ty - T2) was smaller at a higher speed (40 mph)

than it was at a Tower speed (35 mph). For example, at 35 mph, T, was 27

- T2) was nine minutes. At 40

minutes and T2 was 18 minutes. Thus, (T1

mph, T] was 24 minutes and T2 was 16 minutes. Hence, (T1 - T2) was

eight minutes. This shows a decrease of one minute (9-8). Since (T1,' T2)

decreased with increasing speed, the associated cost savings correspondingly
decreasea;" |
Cohsider again the same schematic drawing shown in ITlustration 3. This
time, Tet A represent highway segment No. 43 (in the study area). Also

let G and G, be the garages at Algona and Humboldt respectively. TT and

1 2

.T2 are then the respective one-way travel times from garages Gy and Gz'to

the midpoint of highway segment A.

When Garage G, (Humboldt) was closed, segment A was serviced by

Garagé Gy (Algona). At 35 mph, the one-way travel times were T] = 35 minutes

‘and T, = 10 minutes; hence (T - T2) = 25 minutes, and this determined the
1ncrea§e.1h travel cost. At 40 mph, the one-way travel times were T] = 31
minutes and T. = 9 minutes. Thus the difference was, (T1 - T2) = 22 minutes.

2
This shows a decrease of three minutes (25-22). Since (T] - T2) decreased

with 1ncréasing speed, the associated travel cost correspondingly decreased.
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The cost savings (determined by: overhead cost - increased trave]“cost)v
conséquently increased since a smaller cost (increased travel cost) was
being subtracted from the same overhead cost.

The 'differences"in'cost_savingsbresulting from a 5 mph increase in
speed from 35 to 40 mph are shown in column (4).of Table 8. These
'differences{ are substantial and they do indicafe'the sensitfvity of
cost savings to spéed. An obvious imp]i;ation of this is the need for
accuraﬁe estimation of maintenance,veh1c1e average speed.

Snow and Ice Control Activities and Travel Time Adjusted Costs

The maintenance vehicle average speed for snow and ice control activities
is generally Tower than that for other maintenance activities. Using a single
average speed for all maintenance activities may inflate or deflate the travel

time adjusted costs. The extent of inflation or deflation depends on the

percentage of maintenance cost attributable to snow and ice control activities.

In this section, three strategies for estimating travel time adjusted
costs are investigated. The change in travel time adjusted‘costﬁ with the
percentagé of maintenance cost attributable to snow and ice control activities
is examiﬁed. The three strategies fo be investigated are:

1. Use one maintenance vehic}e average sbeed for all maintenance

activitiés;

2. Use one maintenancé vehicle weighted average speed for all mainte-

nance activities; and

3. Use two maintenance vehicle average speeds--one for snow and ice

control activities and the other for the remaining maintenance
activities.

Before investigating the above strategies, the percentage of the
fisca]_year 1980 mainfenance cost attributable to snow and ice control

activities must be known.
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These percentages were provided by the Office of Maintenance and are

shown in Table 9 below.

_ . Table 9
" The Percentage of Fiscal Year 1980 Labor and
Equipment Costs Attributable to Snow and Ice
Control Activities in the Study Area

. % of 1980 Labor Cost % of 1980 Equipment Cost
Ma1gﬁigfnce for Snow apd.Ice for Snow aqd Ige
Control Activities Control Activities
Estherville 20.4 35.1
Emmetsburg 18.3 23.2
Pocahontas 27.6 43.3 .
Rockwell 26.6 39.6
Ft. Dodge & Gowrie 25.3 39.2
Humboldt 19.4 36.7
Algona & Gerled 23.8 38.2
Forest City 28.2 41.2
Garner . 22.5 34.9
Clarion , 23.6 39.8
Webster City & Williams | - 22.6 38.1
Hanlontown 25.2 42 .4
Average for Study Area | 23.6 37.6 _
|

Source: Office of Maintenance, Iowa Department of Transportation

In addition to the percentages given above (Table 9), the maintenance
vehicle average speed for.snow and ice control actfvities and the corresponding
average speed for other maintenancé activities shbu]d be known. According
to the Office of Maintenance, the .average speed for snow and ice control
activities is about 35 mph and the average speed for the other maintenance
activities is about 40 mph. These average speeds are used to 1hvestigate_
the three strategies outlined earlier. |

It is important to note that the two speeds given above are not

- maintenance vehicle average speeds for all maintenance activities. Rather,

the 35 mph is assumed to be the average speed for only snow and ice control
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activities while the 40 mph is assumed to be the average speed for the other
maintenance activities. Prior to this section, these two speeds have been

assumed to be average speeds for all maintenance activities.:

@ik @R

Consider segment no. 43 to be serviced from the garage at Algona (see

g ]

Appendix 3). The basic maintenance cost is $42,359 (see Appendix'4).

Strategy No. 1: Assume One Maintenance Vehicle Average Speed

1

35+40 mph

'Maintenance Vehicle Avérage Speed
‘ 2

37.5 mph

Travel Time from Segment No.

43 to Algona Garage 33  minutes

0.920

(0.920) (42,359) dollars

Cost Multiplier (From Table 1)

]

.. Travel Time Adjusted Cost

$38,970

(LB

Strategy No. 2: Assume One Maintenance Vehicle Weighted Average Speed

From Table 9, the percentage of labor and equipment cost for snow

P

~and ice control activities is 31 percent. The other maintenance
activities constitute the remaining 69 percent. These percentages

are used as weights to calculate the weighted average speed for all

[ LA

maintenance activities as shown below.

(0.31)(35 mph)+

Maintenance Vehicle Weighted Average Speed
‘ (0.69)(40‘mph)

"

38.5 mph

(-

Travel Time from Segment No. 43 to
Algona Garage -

I

32 minutes

L__}

0.913

Cost Multiplier (From Table 1)
(0.913)(42,359)do11ars

. Travel Time Adjusted Cost

$38,674
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Strategy No. 3: Assume Two Maintenance Vehicle Average Speeds

The percentage of labor and equipment cost for snow and ice control
activities is 31%. This percentageiwas used under strategy 2. Since
the strategies will be compéred with each other, the same percentage is
used in this case. _

The basic mainten&nce cost for Segmenf No. 43 is $42,359. Out of
this amount, $13,131 (i.e. 31% of $42,359) is attributable to snow and
ice control activities, and the remaining $29,228 to other maintenance
activities. |

a.' Snow and Ice Control Activities

Assume Maintenance Vehicle Average Speed = 35 mph
Travel Time from Segment No. 43 to

-~ Algona Garage = 35 minutes
Cost Multiplier (Table 1) = 0.933

. Travel Time Adjusted Cost (.933)(13.131) dollars

= $l£é£2l'
'b. Other Maintenance Actfvities
Assume Maintenance Vehicle Average Speed = 40 mph
“Travel Time from Segment No. 43 ‘
to Algona Garage | ' = 31 minutes
Cost Multiplier (Table 1) = 0.907

1)

". Travel Time Adjusted Cost - (0.907)(29,228) dollars

= $26,510

Combining the two travel time adjusted costs (a+b), we have:

Travel Time Adjusted Cost ,
(for Strategy 3) = $12,251 + $26,510

= $38,761
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The above calculations were made for five different percentages

"~ of maintenance cost attributable to snow and ice control activities.

The results are given in Table 10 below.

Table 10
Comparison of Three Methods of Estimating Travel Time Adjusted Costs
for Different Percentages of Snow and Ice Control Activities

(1)

Travel Time Adjusted Cost (Dollars)*

% of Maintenance (2) (3) (4) (5) (6)
Cost Attributable Strategy 1 Strategy 2 Strategy 3
to Snow and Ice One One Weighted Two

Control Activities | Average Speed| Average Speed | Average Speeds | (4)-(2) | (4)-(3)
70% 38,970 39,129 39,191 +159 + 62
50% 38,970 38,970 38,970 0 0
40% 38,970 38,758 38,860 -212 +102
31% 38,970 38,674 38,761 -296 + 87
15% 38,970 38,462 38,585 -508 +123

* Travel time adjusted cost for Segment no. 43

Of the three strategies examined, strategy no. 3 is the most realistic,

in that for each highway segment, it considers snow and ice control activities

separately from the other maintenance activities.

Strategies no. .1 and no. 2 -

‘are therefore compared with strategy no. 3 as a means of measuring their

accuracy. The deviations found are shown in columns (5) and (6) of Table 10.

It is seen from columns (5) and (6), Table 10, that:

1. The deviations of strategy no. 1 from strategy no. 3 range from

+$159 to -$508 and the deviations of strategy no. 2 from strategy

no. 3 range from 0 to +$123. This shows that strategy no. 1 is

more sensitive to percentage of maintenance cost attributable to

snow and ice control activities than strategy no. 2.

2. For each percentage of maintenance cost shown in column (1), the

absolute deviation (in dollars) of strategy no. 2 from strategy

. -40-
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no. 3 is smaller than the corresponding absolute deviation of

strategy no. 1 from strategy no. 3. Therefore strategy no. 2 is more

accurate than strategy no. 1 in terms of jts closeness to strategy

no. 3.

It is also seen from column (1), Table 10, that when the percentage of
maintenance cost for snow and ice control activities is 50 percent, all

the three strategies are equfva]ent.

|
\
Although strategy no. 3 is the most realistic of the three strategies ‘
considered, ft is‘computationa11y prohibitive if the study area contains
a 1arge-number of highway .segments.

Strétegy'no. 2 is accebtab]e because it is practical, reasohab]y
accurate, requi?es far less computations than strategy no. 3, and it has

about the same level of computations as strategy no, 1.

-

-41-

LY

N o

|




-
gy

VII. -CONCLUSION

Three models--Alabama model (Optimum Allocation mode]), California model, and

! “

Louisiana model--have been studied in this project. These models differed in their

capabilities and in their data requirements. The Optimum Allocation model (Alabama

model), though it had the fewest capabilities, was the one selected because the input
data required by this model was currently available in the Iowa DOT.

The Optimum Allocation model (Alabama model) was successfully applied to a study

3 Ay
(e -
—

area selected by the Office of Maintenance. First, the existing allocation system in

i

the study area (highWay segments assigned to garages) was examined using the model.
Only four highway segments resulted in a different allocation than the existing
allocation system which is being used by the Office of Maintenance, This shows the

existing allocation system is good for all practical purposes, However, if the_a]]oca—'

L L_¢

tion system determined by the Optimum Allocation model is used, there will be 'annual'

cost savings of approximately $2,800 (using maintenance vehicle average speed of 35

mph) and approximately $2,500 (using maintenance vehicle average speed of 40 mph)

~. .

respectively.

Second]y, the Optimum Allocation model was used to closé the garages at Humboldt
and Forest City. When the garége at Humboldt was closed, 'annual' cost savinés of
approximately $7,500 (using average speed of 35 mph) and approximately $10,200 (using
average speed of 40 mph) were rea]izéd. The ‘annual' cost savings, when the garage at
Forest City was pjosed, were approximately $11,700 (using average speed of 35 mph) and

approximately $13,000 (using average speed of 40 mph) respectively.

bl - N -

Finally, the Optimum Allocation model was used to demonstrate jts garage reloca-
tion capability as follows: |

1. With the garage at Forest City assumed to_be closed, the garages at Estherville

and Gerled were moved to Armstrong and Buffalo Center respectively. This move

resulted in 'annual' cost savings of approximately $600 (using average speed of

-42-~
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35 mph and without considering capital costs). Clearly, this is not a significant
amount of cost savings.
2. With the garage at Forest City assumed to be closed, the garage.at Estherville
was again relocated at Armstrong but the garage at Gerled was moved fo Thompson.
This new arrangement yielded in 'annual' cost savings of ‘approximately $3,700 (using
average speed of 35 mph and without considering capital costs).
The cost savings reported above are subject to the limitations of this study; The
limitations pertaining to}the reliability of cost multipliers, maintenance vehicle
average speed, and maintenance cost dat; used in this étudy.are discussed in Section VIII,
The computer program utilized in the model wés developed by the IBM and is avai]ab]e'
for lease at a cost of about $500 per month. This computer program is also available at
the Iowa_State University and it is this program which was used for this study. The
total computer cost for this study was $150 and the average cost per run was approximately
$10.
“In conclusion, this study has successfully identified a model (Optimum Allocation
Model) that can utilize the data currently available in the Iowa DOT. Also, it can
optimally assign highway segments to maintenance garages and evaluate the cost impact of

closing or relocating a specified maintenance garage in a given study area.
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VIII. LIMITATIONS OF STUDY

The following limitations have been identified with this study:

A. Cost Multipliers:

The cost mu1t1p1ief concept utilized in this study was used to adjust the basic
maintenance cost to réf]ect the 'actual cost' due to loss of productive time.
Though the logic of the cost multiplier concept is sound, its effectiveness is
difficult to eva]uate.' In view of this, the accuracy of the results obtained in
this study méy have been affected.

B. Maintenance Vehicle Average Speed:

It was observed in this study that the travel time adjusted costs were sensitive
fo both speed and the percentage of maintenance cost associated with snow and ice
cbntrol activities. Since a 'simple' average speed was used for all maintenance
activities, the travel time adjusted costs calculated might have been inflated
(see Section VI.D.). Fufthermore, the average speeds used in this ;tudy may not

be the 'actual' average speed of maintenance vehicles in the study area.

C. Maintenance Cost Data
| The study was based on the fiscal year 1980 maintenarice cost data only.
These costs were adjusted for inflation but they were not adjusted for conditions
such as weather, severity and frequency of maintenance Work, etc. The results
obtained are, therefore, sensitive to future highway maintenahce—re]ated conditions.
Also, the maintenance cost data used in this study included travel costs. These
travel costs could not be extracated from the other maintenance costs due to the

record keeping procedures of the Iowa DOT. The general effect of these 'built-in

travel costs' is to increase the maintenance operating costs determined by the model.

As a result, cost savings associated with relocating maintenance garages may be
inflated while cost savings associated with closing maintenance garages may be
deflated. The degree of inflation or deflation depends on the magnitude of the

travel costs.
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IX. RECOMMENDATIONS

A. The re]atidnship betweén travel time, hours of productivé work, and the cost
multipliers should be'investigated further with the help of Iowa DOT'highway maintenance
supervisors. The graph shown in I1lustration 1 should be redrawn if it is found to be
necessary. Table 1 should then be changed to match the new graph.

B. Garage-to-work site travel times should be collected independently for snow and
ice control activities as well as for other maintenance acti?ities. If this is not
feasible, a reasohab]e apbroximation is to accurately determine separate maintenance
vehicle average speeds for snow and ice control activities and the other maintenance

activities. A weighted average speed for all maintenance activities can then be determined

~and ut11ized'(see Section VI.D.).

C. Efforts should be made to include historical and future maintenance cost data
in future studies. Historical cost data could be utilized in the form of an annualized
average cost based on a g{ven number of years. Future costAdata is difficq]t to estimate.
Howéver, one.must reasonably predict what'the future highway'maintenance activities will
be and then quantify them in monetary terms. This fs not easy but efforts should be
madé in that direction.

D. The Louisiana model is recommended for use in any future compfehensive mainte-
nance stUdy. To be able to use this model, however, the following additional data should
be collected: |

1. quage-to—work site travel times for snow and ice control activities as well as

for other maintehance activities;

2.. Frequency of occurrence of each work activity;

3. The times of occurrence of emergency activities and their duratidns.when they

do occur; |

4. Rate of (personnel) absenteeism; and

5. Rate of equipment breakdown.
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Appendix 1
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ROCK RAPIDS N
Patrick Waters R.M.E.

! :

X [ FOREST CITY DECORAH
| - Richard L. Wing R.M.E. T:Z’::; C‘; J;::::;F:,}C:'
DISTRICT 3 OFFICE BRITT—— S Mfs’,o’:ai';” { i

JIM BUMP DIST. ENGR. David Rosber R.CE ' v NEW HAMPTON

Harry Nelson Maintenance ! O Brian McWaters R.C.E.

Construction
. Materiais )
Local Systems

Thomas De Witte
Clyde E. Leonard
Larry Jesse

| DISTRICT 2 OFFICE

Richard Storm Trans. Planner

O

Appendix 2
HIGHWAY

DIVISION

DISTRICTS

BOB BORTLE

M. Dean Browning
Alan C. Samson
Philip Hassensiab

DIST. ENGR. |

Maintenance
Construction
Materials

SIOUX CITY

Richard Botton R.C.E.
Cecit L. Suthtt R.M.E.

Roger Bierbaum R.CE.

|
CHEROKEE

~————8TORMLAKE — {FORT DODGE

william D. Kupka

i
i

Local Systems
Trans. Planner

0. C. Solem

{

WATERLOO

Clyde M. Bartel RM.E.

Robert Younie R.M.E.

-
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BOB HUMPHREY

John Moocy

® ' {

DISTRICT 1 OFFICE
DIST. ENGR.
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{_Gerald L. Lund R.C.E. 1 DUBUQUE
¢ James A. Nelson R.M.E. Ronald Terry RM.E
X

MANCHESTER

W. J. Crawtord R.C.E.

i

DENISON Roy W. Kunn Construction !

Jerry Am R.C.E Kenneth Meeks Materials |
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' Gene Mills Trans. Planner

John Smythe R.C.E.

O i

James L. Phinney R.M.E.

@

@ AMES | O |
‘€. Tom Grackler R.C.E. MARSHALLTOWN

DISTRICT 6 OFFICE

BOB HENELY DIST. ENGR.

John J. Saunders Maintenance

Leonard Balcom Construction
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i
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X
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Thomas J. McDonald R.C.E. ; |
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|
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t

t
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Donald R. Shaw R.M.E.
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Fred Bartos R.C.E.
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 DISTRICT 5 OFFICE
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David C. Ellis Trans. Planner
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Resident Maintenance Engineer (
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Joseph Demeter R.C.E.
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Appendix 4

A Sample of 10 Highway Segments Formed,
their Lengths, and Basic Maintenance Costs

. Length ' : : : *Basic
‘ Highway of - Maintenance
' Segment Segment Maintenance Costs
No. ~ (Miles) Route No. Area (1981 Dollars)
. _ : . ’ |
g 1 2 5.90 9 Esthervilie 13,814 . .
4 8.78 ’ 15 . Estherville 1 - - 16,272 .
ll : 5 6.52 : 15 . Estherville : 12,083
. 10 8.23. 15 Emmetsburg .8,635
' 12 7.76 .4 Emmetsburg 10,770
- ' 13 5.68 15 Pocahontas : 6,258
' 24 18.33 20 Rockwell City 32,155
) ' 43 12.17 169 Humboldt . 42,359
' 57 8.50 _ 69,105 Forest City ' 20,745
84 12.78 17 Williams S 32,708

1981 labor and equipment costs based on the 1980 cost (see Appendix6), adjusted ‘
for inflation. - '

—
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Appendix 5

sample of Estimated One-Way
Travel Times--From 10 Segments to 6 Garages
' Average Speed = 35 mph

. One-Way Travel Time (in minutes)
g;gggg{ , From Segment to Garage (G)
No. Emmetsburg Pocahontas Humboldt Algona Gerled Forest City
(Gp) (G3) (Gy) (Gg) |- . (Gg) (G1g)
1 _ 48 : 92 132 © 9] _ 70 123
4 .. 74 : 114 109 68 42 95
5 S 60 100 95 54 -39 93 . ﬂ '
10 - - 30 4 - 56 . 70 25 ‘ 73 97
12 27 ‘ 18 59 70 115 139 .
13 42 44 : 58 37 85 109 ' ~
24 105 A 59 56 97 143 162 e
43 78 52 10 35 83 ‘ 107
57 108 146 © 110 69 21 33 m
84 160 117 76 117 157 122
_53_ ' P



-Aggendi&li-

Fiscal Year 1980 Labor, Equipment, and
Overhead Costs for the Routes and Garages
in the Study Area.

Location 1980 Routes : S

and Garage Related Served - 1980 1980
Number of Overhead Costs |- by Labor Cost Equipment Cost

Garage (Dollars) Garage (Dollars) (Dollars)

Estherville 20,843 4 24,969 21,117

(2202) 9 28,659 22,562

15 12,236 13,680

615 295 275

Emmetsburg 21,266 -4 20,884 15,683

(3305) ° ' 15 4,797 3,167

' 18 27,132 19,177

Pocahontas 21,193 3 22,505 13,564

(3306) 4 14,748 9,744

7 9,265 7,961

10 12,401 8,886

15 12,159 9,495

607 66 14

Rockwell City 14,240 4 22,788 14,837

(3302) . ‘ ' 7 7,075 7,414

20 27,675 19,920

124 ‘ 709 427

175 23,299 14,282

Ft. Dodge 54,728 1 14,856 12,532

& Gowrie 20 25,839 21,675

(1208) 50 6,257 4,883

169 : 48,565 33,165

175 69,225 20,304

Humboldt 16,335 ; 3 22,693 16,495

(2204) 169 35,788 22,678
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Appendix 6 (Cont'd.)

Location 1980 Routes _
and Garage Related Served 1980 1980
Number of Overhead Costs by Labor Cost Equipment Cost
Garage “(Dollars) Garage (Dollars) (Dollars)
Alonga & 29,671 9 26,406 15,759
-Gerled" 15 21,892 15,947
(2205) 17 5,835 5,558
18 27,693 24,462
169 51,922 43,658
- 226 4,792 4,821
274 3,304 2,886
602 1,037 1,471
Forest City 16,847 9 32,865 31,247
(2209) 69 31,559 27,959
105 63 34 -
640 79 15
646 72 15
Garner 28,504 18 26,081 19,434
(2203) 69 22,865 19,668
111 15,741 10,802
Clarion 28,193 3 23,345 15,072
(2210) 17 21,688 15,560
69 24,234 18,029
72 12,018 7,950
Webster City 26,094 17 28,223 17,999
(1206) 20 18,846 13,219
175 19,533 14,249
520 35,048 21,233
Williams 31,771 20 27,881 16,815
(1207) 35 77,197 57,273
69 21,803 14,551
175 19,427 12,068
383 - 428 167
520 8,397 6,337
‘HanTlontown 45,759 9 33,972 26,288
(2108) 35 61,019 50,095
' 65 19,907 16,572
105 28,723 24,967

Source: Office of Maintenance, Highway Division, Iowa DOT.
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Appendix 7

Computer Program for Computing

Travel Time Adjusted Costs

NOTES: * - The number '60' used here is such that any travel time areater than 60
minutes is an 'unimportant travel time' (see Section V.E.).

** - The number '200' used here is a fictitious travel time as described in
Section V.E.

_DATA ASINFILE A3INPUT NODE $l-b (T1-TLS) (4.0) COST p?-72; CCTGLIILY
TUIF TLI60TTHEN  Ti=eaG Pov 00330029

IF  TEOEO™THEN T2=2001 " , - 03035523

1

-9G-.

T2:E0%THEN

T3=2304%7

03740222

IF 7 T4 60 THEN  Ty=220:F% o B T Tpass3an
IF TS>BOTTHEN T&=z2308% 003:C520
IF_ TE>EO'THIN  Th=225;7% 000704020
T IF TYCEONTHEN  TP=z308%
‘ IF T&>EO0FTHEN  T5=33377v% £3290023
| IF  TS>60%ThIN TH=200:%% 00300020
© IF TL0>ED%THEN T1O0=cgCOpx . B s1ad BRI EXs|
IF TLL>60%THEN T1l=200;%% : 08123323
IF TL2>6OTHEN T12=g00;™Y 00130020
[ TIF T13>6O0FTHEN T13=200:%% 0a14coz0
IF TLU>6OCTHEN TIy=za0 63150020
| IF TLS>ED THIN TiS=2andyx I o1 A o -1 R
If Tl >lb5 THEN COSTL =4%COST; £0Mv73039 -«
IF T2 >165 THEIN (OST2 =8x(0ST; . 00130300
__IF T3 >LLS THEN-COST3I =8x(COST; . oovaoneo o
TIF T4 >LLS5 THIN COSTY =A*COST; 00205000
IF TS >1bS THIN COSTS =8xC0ST; 00215553
| IF Tk >LbS THEIN COSTo =8xCOST; R REEL
IF T? >1b5 THIN .COST? =3x(C0ST; 00233023
IF T8 >LbL5 THIN COSTA =8%xCOST; 73345000
 If T9 >Lb5 THEN COSTY =axCOST; EEG R
IF ' T1C>LE5 THEN COSTLC=8¥%COST; oess0aco A _
IF T11>LLS THEN COSTL1=4%COST; §0276000 _
| IF TL2>LbS THIM COSTL2=8xCOSTs _ ' . .oozaceae
IF T13>165 THEN COSTL3=8~(0ST; 00210c00
IF TLUDLbS THEN COSTLY=83%COST; go303000 - o
_IF T15>L65 THEN COST15=8xCO0STs - go3u0gLy .
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_ IF 135> T15>=75
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Computer Program for Computing Travel Time Adjusted Costs

If 165>=T71%
IF 1bk5>=T72

IF 168>=T3
CIF LLS>=TY

IF 165>=75§

IF 1LS>=Th

IF LeS5o=T7?
IF 1b5>=T4
IF X65>=T9

IF 1ES>=TLC
IF 1bL5>=T1l
IF 155) TLE>

—
-
-
-
tn
V
ﬁ
-
U
v
1]

>
>
>
>
>
>
>
>
>
>
>

L1 T R T S I T N TN | N TR L R 1)
UL LU Ly W W U W e W W
LN LV e W

P R R ol i

IF le) 'Lk>'L35
L IF 1LS5>=TL5>=135

IF 135> Tl
IF 138> T2

IF 135> 73

IF 135> Ty
IF L3&8> 7¢
IF 135> T%
IF 135> 717
IF 135> T8

F_135> 79

>=73
>=75
>=75
>=7?5
>=75
>=78
>=75
>=75
>=75

IF 135> T1C>=75

IF 135> T1ll>=7%
IF_125> Tlec>=75
IF 135> T13>=758
IF L35> TL4>=75

THEZN COSTIN

THEN CCSTL { T
THEN CO3T2 { T2
THEN C0ST3 (73
THEN COSTY { Ty
THEN COSTS { - TS
THEN COSTh {_ ' Tk
TREN COST? { T?
THEN COSTS { Ta
THEN (0379 {19
THEN COSTIO=((
THEN COSTLL={{
THEN COSTY2=((.
THEN £0STL3=({

{

i

{

{

- -

- T

Ml

=<

m

S

[%]

—

w

'l .
A.~F~A.~_.A-a~—.a.~||n FT I L TS (T T O A | Y TSN | B TS 1R 1)

THEN COSTLS .
THEN COSTL = «BxTL
THEN COST2 = «8xT2

{.8%T3
THEN COSTY =(((.8%TY

THEN COST3 ={{{.6«T§
THIN, COSTL =({{.5xTy
THZN COST? = {«86xT7?
THEN COSTS ={{(.8xT4a
THEN COSTI =(((+8xTT.
THEN C0STL0=
THIN COSTLLl=
THEN COSTLZ2=({{.56xTLZ)+]

=?75)/33)xCOST;
=?51/3C)=C0ST;
=?5)1/732)«C0ST

-?531/30)%COST;;
=75)/30) xCOST;
=75)/39)xC0ST ;5

033563510

-?5)/30)*(03T:'
-75)/33)%CHST;
-75)/37)%(0ST;

0033C30
03330357
COsLZ0L]

TL0-?75)/30)=COST;
TLL-75}/30)*CO0ST;
. T12-?5)/30) <xCOST;

0041CZ10
0oue3010
go43201e

TL2-?5)/33) «COSTS
TLY-25)/32) «(0ST;
T TL5-78)/30)CO5T; L
J+12)/50)>COST;
1+12) /LB xCOST;
A+12)/600¥C0ST;;

V+12)/6C)1>COST;;
1+12)/5C)¥COST

#1123 /52001%0S T

J+L2) /00 )xC0STS
J+#12)/6C1+COST;;
YJ+12)/LC)I*COST

DC44C310
CousoaLa

GC4oCRol

335001 9_

ce3?co10

J04C3%Y

: Appendix‘7 contd.

C0448C23)

00437001

0C500070%

G353000%

G053C033)
3540301
nNzsnnny

(.8%xTL0)+1c)/60)xCOST;
{«8xTLL)+12)/601%COST;

2)/50)%COST;

THEN COSTL3={{{.8xT)13)+12)/b0IxCOST;
THEN COSTLY=({(.8%xTLY)+12)/601%COST;

THEN_COSTLS={((.8xTL5)+12)/60)xCOST;

035C6%3%)
DCS?“JPI

J_J-‘_. -JJJ

. 00530c&0)
05L0CCOL

CCG82C 201,

OCELE2Yy

IF 75> TL >=15 THEN COSTL =({(.u4¥T1 )+42)/60)*COST; 00L2000)
IF 75> T2 >=15 THEIN COST2 =(((.4xT2 )+4Z)/50)*COST; . 00530G01
L TF 25> T3 >=15 THEN.COST3_={{{-4%xT3 )1+42) /50)*COST; COL4E0aY.
IF 75> Ty >=15 THEN COSTH =1((.4*T4 )+44Z)/0)*CO0ST; 07650201
TF 725> T5 >=15 THEN COSTS ={((«0¥T5 1442)/60)2C0ST; 00LLN05)
IF 75> Te >=15 THEN COSTh ={({.4xTh )+42)/LN)*COST; 05670631
1 TF _ 25> T? >=15 THIN COST? ={{(.4*T? )+42)/LC)*L0ST; 07583301
IF 255 Té >=15 THIN 'COSTS =( ({.4xT8 )+42)/L0) xCOST; Eosiacuz
IF 75> T9 >=15 THEN COSTY =(((.4xT9 )+42)/60)%L0ST; 00?0909
IF___75> T10>=15 THEN COSTLO=(({.4*¥TLO)}+42)/60)xCO5T5 GU?‘”“ul
IF 75> T11>=15 THIH COSTLL={ ({.4xT11)+42)/C)I*COST; 07723301
IF 75> T12>=15 THIN COSTL2={{(.4xT12)+42)/C)*COST; 00730331
| IF__ 75> T13>= Lc THEN COSTL3=(((.4*TL3)+42)/60)*COST;__ Q0740021
T IFT 25> T1Lu>=15 THEN COSTLY=(((.4xTL4)+42)/50)xCOST; 00?5000
IF 75> T1S>= wc THIN COSTLS=({(. H*TLS)+HE)/EO)*COST. 0075391y
LE_ T1 <15 THEN COSTL =.8xCOST; 00723001 _
IF T2 <15 ThEN COST2 =.8%(0ST £0?735301
IF T3 <15 THEN COST3 =.5xC0ST; 00730001
IF T4 <15 THEN COSTY =.5<COST; 0030C351,
IFT TS5 <15 THIN COSTS =.8xC0ST; £0310991
IF  Thb <15 THEN COSTh =.8xC0ST; 00323301
=.8xC0ST; 00420001

mgnmﬁ“ﬁ e!_---

JIF 12 <lﬂ THEN COST? =.8%(¢
o S = e - R -
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Computer Program. for Computing TraVe] Time Adjusted Costs

IF T8 <15 THE
IF- T3 <15 THEN COSTY =.8%C0ST:
IF__TL3<15 THZ

N COSTS =.8xC0OST;

N_ COSTLO=4.82C05T;

0034533
00a5350)
CO0350831

IF  TL1<1S THEN COSTLL=.8%COST; 00270351
CIF  T12<15 THEN COST12=.8«C0ST;- CC83CI0l
IF T13<15 THEN_COST13=.8%COST; _.0089033Y
IF  TLU<L5 THEN COST1l4=.5xCOST; (s Yslssa)!
IF T15<15 THEN COSTL5=.8xCOST; 0O7LE0LY
DATA B;SET Aj . £093CO0Y
FILE PRINT; §2930225
X=tXx"*; 029499%y
L 0035030y
L+l : 30955024
p"l gr; 0Cs7?2233
L g=vcosTY; ‘ e 00330077
0=*NOD*; L : } < 29793057
PUT @5 X @k M @L5 J @25 (COSTL) (8.1) 340 0 @43 L as3 P; 01002311
Mels o e gv*waﬂ*'____
PUT 25 X @b M 815 J 225 (COST2) (4.1) a40 0 a43 L as3 P; 13352%)
Ml . - 0 336205
i _PUT 25.%_8b_M.9L5. 4225 (COST3L (8.1)_a40.0 843 L_253.P; L0VOu03LL L
Tonel: _ , L 019592305
PUT @S X ab M aLs 4 @25 (COSTY) {8B.1) @40 0 a43 L 253 P; 01503k
_ H+ls , o o , e 01570025
"PUT @5 X &b M alS J @25 (COSTS) (&. 1) 240 ¢ 243 L 253 P; 10303101
M+l o 013322305
| PUT 35.X_@k_M @15 4 @25 {COSTa) (&.1)_a40_0 @43 L @53 P; 0110003
n+1; . 0L11C30725
PUT @5 X @b M @15 J @25 (COST?) (8.1) @40 0 243 L 353.P; 031122311
ﬂ+l.,___, U DLJJJ?D:
PUT @5 X @b M a5 4 @25 1CosT38) (8-1) &40 0 a43 L as3 P; 0114C0)
M+ds : ULLSDOGS.
L ___PUT @5-X_ab_M.a815_J 825 _(COSTI)_(B8.2)_a43 0 a43.L_d53_P3 DLLB?DlL.____
M+l ' p . o : 137077
PUT @5 X @b f1 315 J @25 (COSTLO) (8-1) 340 O 243 L @53 P; ULL: 311
M+ls_ - - . C113n6as.
PUT @5 X @b M alS J 3235 (COST’L) (8.1) &40 0 au3 L as3 P; C12500b1
M+l; 01232733
L PUT.@5.X_ak_M_315 J_225 (COST12) (A. LL_aHﬂnQ_mH3_L_353JP. BDLEZ000L
M+1s 01230005
PUT &5 X @k M al5 J a=5 (COST13) (8. 1) 340 0 @43 'L as3 P; 01240031
' M+lz - pL23500L4__
; PUT @5 X @b M @15 4 aas (COSTLW) [8.1) au0 o0 243 L as3 ?; 01260014
! nel; 01275005
L____P_Ulj.‘i x_ah_mms_.l_aas._u.mmmuan_o ENB L asi Pz

01230044
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‘Appendix 8

Sample Computer Output of Travel Time
. Adjusted Costs. Average Speed = 35 mph

a. Comp1ete Data Set

* o *

' X1 sy 110515,20000 7~ NoL1 1771606000 Notes:
PO X2 CcOsT 14090,30000  NGD1 1.00000 —_—
X3 casr 19708.00000 NOD1 100000 ) .
X4 CCsS 27628400900 NUO » 03000 ) ;
| X5 coar 33679120000 NODI — 1 .00009————— The relevant columns are marked
i X6 casT 110£12.0000  INOD1 - 1.C0000 : + *
DI X7 cust 27075040000  NODI 1.00009 . with asterisk (*).
: 3 xa CosT 19£23.80000  NOOL - 1.00000 ,
v X9 cosr 1611€.300060 NODY - . 1.00000 . . .
X190 CCor | 2sair.ica00  Naoi. T X; is theoretically def1ned.?s
X11 CusT 3177242090077 NOD T leuid
X12 €usT 11051240000  NIOI 1.00000 | the fract]o.n of segment No.
e ® Xi3 cusT 110512.6000 ;mm 1.00009 allocated to garage MNo. 1
- X14 cnsT 110512.0000° _ HuUdY 4 reG0000 . | o L
n 3 X158 Co5T 22653416000 7 NODIL 1.00000 T (see Appendix @, Section b(1)).
O N X16 CUST 156065440000  Nod2 - - 100000 : )
] . X17 Cos1 20649.10000  Nad2 1.60500 , , . .
-4 X194 G377 29042,060030 NUD2 | _1.00000 _ I 11051.2" is the travel time
" X109 €osT 412584200007 NOV2 T L 00G00
N X20 €CsT . 572d4.60000 . NOD2 1.00000 adjusted cost from garage No. 1
@ X2 1 CasT 15536440000  NOD2 1.00000 to segment No. 1
|'E - X22 cost 366%9.60000 _ NOD2 . 1.00000 { egme o. I.
¥ x23 tasT 28775450000 7 AOD2 T 1.000007 |
I tam X24 cosT 2357%.50000 NGDL2 1.60000
i 1@ X25 CasT 37301.60000  KNUO2 100000
| 2 X26 COST 47293.40000 __ Nuo2 1.000060
g x27 cusTy 15586440000 NOD 2 1.00000 )
s A28 COST 155386440000 Go2 1400000
: 59 xX29 CCST 1558£4,0000 NUD2 1.00000
: X30 casrt 475355420000 NGD2 1.,00000
: X34 cosv 33510440000 NUD3I T . 1le00C00 |
i . x32 CcosT 45518430600  NUO3 1.00000
P& X23 CcosT €5503.60000 Euos : 1400000
: X33 COsT S 99134,90000 . NGD3 1.00009
: X 33 COST $9134650000 NOD 3 1.05000
| _ X36 cosT 33510449000  NOD3 100000
. X37 cosT 73164.40000  NOD3 - 1403022
: x38 , casT | S0265.6G300 __ NOU3 160003 _
X39 COuT T 4323430000 NOD3 103000
X40 COST 65903,80000 NGO3 . 1..00000
® Xa1 ' cosT 77073,50000  NGOD3 . 1.,00000
Xa42 cCcs 11583041000 - NOD3 1400003
. X43 CO3T 335106440000 7 HODI T T1.00000
. xa4 CCsT 335134.0000 KO3 1.00000
. @ Xa5 cosrt 787535.40000 NUD3 1.00000
X46 - - CO5T 15512.60000 _ NGO04 100000 _
X47 casT 19617460000 7 KODA ™I T1,00002
o X438 COST 27987.80300 NCO4 1.00000
® X49 cosT 395865,20000 NOD4 1.00000
XS0 05T 34171.26G000 __ NOD4. - 1.00000
XSi TTCOST 130176.0000 77 NQDSG T 1.00000
1 x€2 . CCsST’ 26903400000 NOD& T . 1400000
® v X€3 ScasT 13767.,00000  NOD4 1777 1.00000
XS4 - €Osv 15946.66000  NUD4 1,03000 |
, . XS5 CoST 238€5.600007NGD& T [TTTT1,00000 T . - .
i _ X56 €asT | 26421.80000  NOD4 : 1.60000 A v d
L@ © X577 " COST 40630.00000 04 100000 - o :
Xx58 . .€OST_ ] 13017040000 _ NOO4__ . 1000000 \
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. MOORE BUSINESS FORMY,

b.

Partia1 Data Set

X1

cecsry

cost.

CCST
ccsrT
cosT
CCST

cesT

ccsy
cosT
CCsST
CCST

CCST
CCST
CCST
cesT
COST
CCST
CCST
CGs?

- CCST

CCsT
CCST
CGCSsT
CCsST
CCST
cesT
CCSY
cesT
CCST

" cesT

ccst
CCsST
CCsST
CCsT
cecsTy
CCSTY
cCsT
CCsT
CCsT
CGsTy

L CesT

CCsSTY

.CCST
CcCST

CCST
cosT

- cesT

CCsT
CCsY

~CcosT

~eosT

11051.2
14090.3
11€¢512.0
110651¢.0
110512.0
110512.0

110512.0
110¢12.0

110512.0 =

110512.0
110512.0
110512.0
110512.0
11¢512.0

1598¢.4

20645.1
1£68¢€4,.0

T 110512.0 0

156R64.0

1£99€4,0
156864.0
1568¢4.0
1598¢4.0

1558¢4.0

12S8€4.0
155864.0
1258¢€4.0
1£62¢€4.0
1563¢€4.0
1£6264.0

23510.4
328104.0
325104.0
325104.0
335104.0

325104.0

325104.0
325104.0
43284.3

1.325104.0

335104.0
325104.0

© 325104.0

326104.0
315104.0

15512.6
12017€.0
12017¢,0

©12017€.0

12017¢.0
13017¢.0

NGLC1
NOC1
ACC1L

NG

NOC1
NOLC

NOCL -

NGCL
NOC1
NCGC1
NOC)
hOC1
AOC1
NOC1
NCC1
NOC2
NOC2
NOEC2
NCC2
ANCC2
NUC2Z
nOC2
NQCe2
NOE2
NOC2
NOC2
NOC2
NOC2
NCC2
NOLC2
nOC2

NOC3

NOC2
AOC3
NOC2
NOC2
NOC3
NCEC3
NOC3
NOC3
NCC3

" NOC3

NOC3
NCC3

.NDC2

NCC4
NOC4
NCGC4
NOC4
NOC4
NOC4

P et et gut s PP et Pt et s Pead et Pt pdt o s (ot gt e P et e s P P et P et Gt Pt et Pt et Pt Pt par P pit Pt s et et Pt Pt P et d Pt b ot et
. ¢ % o 8 8 ® B 4 0 & & 4 ¢ 6 o 6 8 & 6 & 0 s & @
(=-JejeoloRoNooNoNoNeRaleo e JojloNoNoRoNaolleNoRoRe oo NooNo oo NoNoNoeReRoNaoleNelolieNoleNoNolleNeNeloNuloNel

@ O @ a2 8 6 & & 8 8 ® 0 6 4 ¢ ¢ & & & @ 0 o ¢ o
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Appendix 9

" The Optimum Allocation Model and the
MPSX Computer Program

The Optimum Allocation Model

Let : v _ _ .
Xij = fraction of highway segment 'i' allocated -to maintenance garage 'j';
Cij = cost of servicing highway segment 'i' from maintenance garage 'j'; and
Z = total maintenance cost for study area. ‘

Suppose there are 'n' highway segments and'm' maintenance garages in the study area.

" Then the classical linear programming (l_)‘formu]ation is

M-

> Cij Xij

Minimize Z =
. i=1  j=1
Subject to > Xij=1,i=1, 2, --=, n

Xij=0

In this study, the above formulation has been called the Optimum Allocation model .

. In the Optimum Allocation model (as formulated above), it is poséib1e to obtain
fractional values of the Xij's. To avoid this problem one could reformuiate_it

és‘an_integer programming model  (20) by changing the constraints Xij=0 to

: - 1, if highway segment 'i' is allocated to maintenance
L .. garage 'j’
Xij = ' _ o ‘
0, otherwise

. In- the integer programming formulation, the Xij's are either zero or one. 'There
is, however, a disadvantage in that efficient computerized algorithms for solving
1arge—scaje integer prdgramming problems (like the MPSX computer program for
linear programming problems) are not readily available. In view of this, the

Optimum Allocation model was not formulated as an integer programming model.

-61-
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Even though it is possible to obtain fractional values for the Xij's in the

Optimum Allocation model, they rarely occur. In fact, both in'this study and the

_project prepared for the Alabama DOT by Bell (1), fractional values never occurred.

If one of the maintenance garages in the Optimum Allocation model is to be

closed, then an additional constraint is needed. Suppose garage j* is to be closed.

Then the new Optimum Allocation model is

o n m _
Minimize Z = >_ >_ Cij Xij
| | i=1 j=1

o m
 Subject to > _ Xij =1, i=1, 2, -=-, n
, : j=1 .

n .
2 Xij =0, j=j*

J=1

Xij=o

The MPSX Computer Code

The MPSX.computér code of IBM (17) is a highly efficient computer program

_capabie of solving large-scale linear programming problems. This computer

program was used in this study to solve the optimum allocation problem.

The input format, control program, and data format have been combined in a ,

- Togical sequence to form one continuous program.

The computer program as used to evaluate the cost impact of closing the
garages at Humboldt and Forest City is shown in Section b(7), Page 69.

(1) The Xij Variables

. The Xij's defined in Section'a'were defined differently in the MPSX computer
program used. The.re]étionships between the two definitions are given on the

following page.
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(ii) Each program step indicates the required information to be punched on a

(iid)

card..
Only those variables supplied by the user are explained below:
‘Step No. 1:- "xxxx' is a 'box number' to be provided by Iowa State
University (ISU)
- 'yyyyy' 1is an account number to be given by 1SU
- '"NKANSA' is a user stp]ied name* for the job
Step No. 2:-'yy' is an acbount protection nﬁmbér to be given byAISU
Step No. 7: - 'PAQL' is a user supplied name* for the data

'GARSTUDY' is a user supplied name* for the program,

00}
]

Step No.
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MPSX _ '
Allocation - Computer Variable
Model Program Description
S X | Fraction of segment 1 allocated to garage 1
X] ,2 X2 n n n ] i [H] n 2
X]’]5 _ X]5 . : | ‘1 : 15
X2,] X16 ! 2 1
2,15 30 15
3.0 | X31 1
. X95’-|5 X-I425 . vl 11 L H ) 95 | n n ‘]5
X ] X i it n 96 n n n ‘l
96,1 1426
X.96“, 15 X’]440 " n n 96 0 1] "o 5
(2) Comments on the MPSX Computer Program
The following explanation pertains to the MPSX computer program given in Section
b(7). |
(i) The program steps have been numbered for reference purposes only.

' :
! W
N

- N .
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Step
Step
Step
Step
Step
Step

Step

Step

Step

Step .

No.
No.
No.
No.
No.
No.

No.

No.

No.

No.

12:

:13:

20:
22:
23:

118:
- 119:

]20:

122:

129:

'COST' is a user supplied name* for the Cij's (defined in
Section 'a' above).

'MCOST' is a user supplied name* for the total mainfenance
cost 'Z' (defined in Section. 'a' above). |
'PAUL' 1is as éxp]ained in Step No. 7.

"COST' is as explained ié Step No. 12.

_'NOD1‘ is a user supplied name* for highway segment no. 1.

*NOD96' is a user supplied name* for highway segment no. 96. It
is the last segment formed in the stddy area.

'CLOS7' is a user supplied name* for the first garage to be
closed. In this case it is Humbo1ldt garage (garage no. 7).
'CLOS]O' is a user supplied name* for the second garage to.

be closed. In this case it is Forest City garage (garage

no. 10). |

'X1' is as defined in Section b(1).

'COST' is as éxp1ained 1n‘Step No. 12.

'11051.2"' is the travel time adjusted éost ASSociated with

X1, using average speed of 35 mph and the partial data

‘set technique (see Section V.E.).

'X7" is theoretically defined as the fraction of segment .
no. 1 allocated to garage no. 7 (Humboldt garage). Since
garage no. 7 is to be closed, this step ensures thatkno part

of.segment no. 1 is allocated to garage no. 7. That is,

X7=0. Similarly, X22, X37, X52, ---- (occurring at intervals

of 15 because there are 15 garages) must be zero. To enSUre
this, steps similar to Step No. 129 are 'repeated' whenever
a step containing any of the 'X' variables X22, X37, X52,

----, X1432 is encountered.
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Step No. 133: - Explanation of this step is the same as that of Step No. 129
except that X7 should be replaced with X10 and the set {XZZ,
X37, ----, X1432} should be replaced with the set {X25, x40,
——--, X1435} . | -

Step No. 1567: - 'X1440' is the last 'X' variable.

Step No. 1569: - 'MCOST' is as defined in Step No. 13.

* Any name used should not be more than eight letters or characters.

o

Optimum A]]ocatioh

To optimally allocate highWay segments to a given number of méintenance
garages in a study area, the steps in the computer prdgram associated‘with'
closing a garage should be deleted. Thus steps similar to Step No. 119'aﬁd

Steps 129, 146, 163, ----, 1558 associated with garage no. 7 (or Step No.

120 and Stepé No. 133, 150, 167, ----, 1562 associated with garage no. 10)

shou]d-ﬁg;_be included.
The humber of highway segments and maintenance garages in the sfudy area
will determine the number of steps. It should be noted that the computer

program given is for 96 highway segments and 15 maintenance garages.

C]osinngf Maintenance Gérages

To é]ose'a maintenance garage, steps similar to Step No. 119 and Stepé
Nd. 129, 146, 163, ----, 1558 associated with garageAnOQ 7 {or Step No. 119
and Steps No. 133, 150, 167, ----, 1562 .associated with garage no;'10)vshou1d

be included in the computer program. The actual step numbers will depend

on the size of the problem. If two or more maintenance garages are to be

closed, appropriate changes in the computer program will have to be made.

Relocation of Maintenance Garages

Relocation of maintenance garages can be handled in two ways. These

are described on the following page.
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Approach 1
In the MPSX computer program, simply regard the 'old' maintenance garage

(maintenance garage at old location) as the 'new' maintenance garage (maintenance

garage at new location). But the 'old' travel time adjusted costs in the

" computer program should be replaced by the 'new' travel time adjusted costs

(as determ1ned from the new 1ocat1on) In this approach, the computer program
shou]d not conta1n any of those steps assoc1ated with closing a ma1ntenance
garage (i.e., steps such as 119 or 120, 129 or 133 146 or . 150 etc. shou]d
vgg;!be 1nc10déd).' This approach was used in the study. |
Agéroach 2 |

In this alternative approach, the maintenance garage to be ré]dcated {s.'
first closed as described in section b(4) above. At the same time, a new
maintenance garage is created at the newilocation.‘ The trqve] time adjustéd
costs associated with this new 1ocatiqn are calculated. An implicatiqn_df
this apbroéchAis that the number of maintenance garagés in the computerj;
program is-jncreased by one for any'maintenance garage relocated. This

will increase the size of the prob1emfand may lead to an increase in computer

time.
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Apnendix 9 contd.

) Sample Output of the MPSX Computer Program

(6 ‘
i) The relevant columns are those marked with asterisk (*)
i) The opt1mum solution is:

-XT”:’X]1 1.0 with service cost of 1 ,051. 2

X2 0 ='X3 X4 = ..., 15 _ :
, - This means seament No. 1 is allocated to garage No. 1. T
: - . X16 = XZ1 = 1.0 with service cost of $15,986.4

L | g T Ky = g = = Ky
Th1s ‘means segment No. 2 js allocated to garage No. 1
Total maintenance cost = $1,969,392.4 (see next page) - ‘ R

. .
v . .

. ) b
: : NMotes:  (
3 _ (i

1
m ! 1Y N
~
I . * * .
0 *q 2 3 4 5 6 7 8 10 11 1
2"45':789!"12345675‘LI23l56789012345678501“34“679(:'5|234 6789'3123656789012345078910-i2.‘456739 \2345 789]’1!2345575110»23'
. L MPSX-PTR19ee ExEQuron. MPSX RELEASE 1 MOD qusL 6 ; ‘PAGE 4 - el/qqo
;D SECTICN 3 — CCLUMNSY | ;
S . R A
v i !
NUMBER |eCOLUMNe JAT  o0esACTIVITYsoe |esiINPUT cqsr.. esLOWER LIMITs oeUPPER [LIMIT, oREDUCED Coir' i
2 i '
& 98 _x1 X, ___lss 1.00000 11051.26000 . WONE e Ll I
- $9 X2 L . 14090+ 20000 . NCNE 3039.10000 %
Z 100 X3 L . 110512.00000 - NUNE 994603.,80000 '
I~ 10t xXa (N . 110512.00000 . NONE $9460.82300 '
3 | 102._iXS L . 110512.000600 o NGNE 99460480000 !
, 103 X6 (. . 110512.00900 ° NUNE 93460.80039 a4
8 104 ix7 L . 110512400000 . “NONE 99460.80000 ‘
d 105 X8 4 . 110512460000 . NONE 99460.83000 . i
' £ 106._iX9 L o 110512.00000 a NUNE: 99462.83200 -
3 107 X110 L . 110512. 00000 . NGNE 994608300030 :
< 193 ix11 L . 110512400000 . NONE 99460.,80000 ;
€ 109 xt2 LL . 110512.00000 . NUNE 99460.83000
3 | 119._iX13. o . 110512.00000 . NONE 99460.80000
Q it ixna L . 11¢512.00000 . NONE 199460483000
. s 112 'x15 Xeuf ~ LL . 110512.00000 < NUNE 199460.8000Q
3 TT3 X186 %t 55 T+ 00000 15336+ 40000 o NONE . o i
B Y S S A L . 20649410009, . NUNE _] 4562.70000 :
115 7 jx18 Ll o 159854, 00600 . NGNE 14337760000
116 [X19 e . 159864400000 . NONE 143877.60000
117 ix20 ' . 159864, 00000 o NGNE 143877.60000
118 Ix21. L . 159864, 00000 . NONE 143877.60000 :
119 iX22 Li . 1598644 CUO00 . NUNE 143877.60030 '
120 x23 L . 1568364400000 . NONE 143877.60330 H
121 X24 L . 1598€4.0006G0 . NONE | 14387750030
L 122_.x2S% L N 1598643 .00000 . NUNE 1:43877.62030.
123 X260 L . 159864, G0000 ° NUNE 143877.60000
124 xX27 L . 1598644, C0000 - NONE 143877.63000
125 (x28 L N 159864, 00000 . NONE 14387760000 }
126__1X29 i . 1598644 00000 N NONE 143877,60000 S
1277 130 Aa,i8 L . 159864, 00000 . NONE 143877 .6oooq :
- 128 X313, 85 T- 00000 33510.400060° ° NONE :
129 |x32 " L . 45518030000 - . NONE 12007+ oooo ¢
» AN " B § [ RTIAE 1N A - I AT N -~ e - - .
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'"Appendix 9 contd.

- , b(6)-:Samp1e Output of the MPSX Computer Program | - B

1] 1 2 *3

®

N 4 5 6 7 ] 9 10 11
'i |23456789"!13‘56109101244_5_0;1_5_91"12]4567590\23_13_6_ EE’%-L345678910123l56’8901234567890‘2345673901234567390;123‘557590»1ZSGSG78’.4I‘J"VZS
T e MPSX—PTF19¢, ExthTUR-‘ MPSX ~RELEASH 1 MOD LEVEL 6 : k PAGE 41 - 81/070
- - . - ) i
i_ng SOLUTION (oPTINALD ' !
H . . t I
i TIME = [0.05 MINS. ITERATICN NUMBER = € \ N
1o @ ) ;
a o0 sNAME e o 4 oo ACTIUVITY e oo DEF INED AS :
- . 1
e FUNCTIGNAY 1969392,39999 casT '
2 RESTRAINTS MCOST - '
12 ; :
L i ;
.:"‘g H
. i g ! ;
2O ! :
! i3 : J
N i a 4 —
Y = =
.S" ! ':
: i
S ' .
i L
| z
o , ' i
i :
‘é I
A 2 ;
, 4 @ : ;
: ' !
| K |
| @ P !
. i / ! :
@ ' .}
H H [
: + }
. |
. |
3 . '
P |
) ¢ :
i 4 )
! : : -+
. ,
P ® @ ;
L i
| : 1 ;
’ G & z H ;
d o 1 !
B Y : . : : !
} 123456789{01234567806{0123458789 l2345878901234567396'1234557090123456189012345673901234537890123455789||2365978901134567590:1234
h ) 0 i T2 3 4 5 . 6 7 e - '
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5




Appeni
b(7) .MPSX Computer Program Ppemix 3 con?d.

for Closing Humboldt and Forest City Garages
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for Closing Humboldt and Forest City Garages
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- _ APPENDIX 10 :
Study Area Showing Reallocated Segments and the New Maintenance Boundaries
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11 are Closed

Sunwimd

. Columey®] ‘ I

)

LY N
:@ Lo!'ubvr@
i

i : ] ~
. ~! Merden
i = ZROKEE(
lclwer o
! ’ Qumb
i &)

N Vashig

¥
1
|
.
| Royal ':
[
.

SPENCEY "

c ¢

@ srare s

& yt e I M

#’ A L (o] A L 7’0. nwoc.mo;.@

PUsk L

- ERiE 214 '.7' —
(/ 18 "
(8
§ .
Rovand

LEGEND:

YOl fstory ity

)

[ \\d” ‘ Cillewa
@ \ Union

. . - Existing Garage -
. Closed Garage
... Garage Number

-== .. New Maintenance Boundar
ces Study Boundary Area

[’I"ﬂ'lﬂ




	00000538
	00000540
	00000542
	00000544
	00000546
	00000548
	00000550
	00000552
	00000554
	00000555
	00000556
	00000557
	00000558
	00000559
	00000560
	00000561
	00000562
	00000563
	00000564
	00000565
	00000566
	00000567
	00000568
	00000569
	00000570
	00000571
	00000572
	00000573
	00000574
	00000575
	00000576
	00000578
	00000580
	00000581
	00000582
	00000583
	00000584
	00000585
	00000586
	00000587
	00000588
	00000589
	00000590
	00000591
	00000592
	00000593
	00000594
	00000595
	00000596
	00000597
	00000598
	00000599
	00000600
	00000601
	00000602
	00000603
	00000604
	00000606
	00000608
	00000610
	00000612
	00000613
	00000614
	00000615
	00000616
	00000617
	00000618
	00000619
	00000620
	00000621
	00000622
	00000623
	00000624
	00000625
	00000626
	00000627
	00000628
	00000629
	00000630
	00000631
	00000632
	00000634
	00000636

