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Abstract

A linear prdgkamming model is used to optimally éssign highway.segments to

" highway maintenance garages using existing facilities. The model is also used

to determine possible operational savings or losses associated with four
alternatives for expanding, closing and/or relocating some of the garages in a
study area. The study area contains 16 highway maintenance garages and 139

The study reCohmends_a]ternétive No. 3 (close Tama and'B]airstown garages and

"~ relocate new garage at Jct. U.S. 30 and Iowa 21) at an annual operational

savings of approximately $16,250. These operational savings, however, are .
only the guidelines for decisionmakers and are subject to the required
assumptions of the model used and limitations of the study.
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- EXECUTIVE SUMMARY

-An  optimum allocation model s used in this study to examine the. current

“allocation of highway segments to maintenance garages in the U.S. 30 corridor

between Ames and Cedar Rapids. Using -the mddé1, only 19 of the 139 highway

‘ 'segmenfél would be rea]Tocated to different garages, resulting in an annual

operatiohal~savihgs-of approximately $16,800.

The: Tinear programming_ mode]v is also used to  determine operafiona1f

'Sévings/]osseé for each of the‘fo11owing four options:

Optjon 1: C]oée Marshathown, Colo, and'B1airstown garages, build New
garége ét'Tama,-and expand Ames; Cedar Rapids, Colfax, and
_VGrUndy Center garages;
'Obtion 2: Ciosé Tama‘and Blairstown géragés and expand Traer.and.Cedaf Rapids
'garagés; R | | | | |
Option 3: Close Tamé and B]airstowh garages}and‘relocate new garage at Jct;
. u.s. 30 and lowa 21; and
Option 4: Close Blairstown garage, build new garage at Tama, and expand Cedar
Rapids gafage. | |

~ The model indicates the approximate operational savings or losses - for each

option examined: -

Estimated Annual

' S Savings/(Losses)

Option g %

1. (19,700)

2. - 8,500

3. 16,250
4, - (49,100)

Thé study 'conc]udesx that jOptioh 3 seems to be’ the best among the options

-examined. However, these operational savings are only the guide]ines for decision-

makers and not the final solution. The savings are based on- the assumptions of the

_'mode1 and limitations of the study.

R



T, INTRODUCTION

" The Iowa Department of Transportation.(lowa DOT) is reéppnsib1e, among other

transportation activities, for maintaining Iowa's interstate and pkimary,htghway$'

in a.safe and serviceable condit{onA However, the lack of financiat»resources'has
long affected the Department’s'~ab111ty to propekty-»aecomp1ish .its highWay
maintenance' hork progréms. In :fiscal 1986 .the - Iowa DOT spent more than $69 6
million ma1nta1n1ng the state S h1ghway system,

In view of the limited financial resources, the: Department has constant1y been

search1ng for ways to prov1de better and more coord1nated transportat1on facilities

at.a minimum cost to the. public. One of the ways to achjeve_th1s“goa1 in the
‘maintenance area is to examine the locations of highway ﬁmintenance Qarages to
detetmine it some of these couid be closed or relocated, therehy'using available
resources more efftcient]y and effective1y; A . highway mafntenahte garage must be
optima]ly located within tts matntenance arealto minimize the_loss 1n'pr0duct19ity
assoc1ated with time spent trave11ng to the work 1ocat1ons -

In 1981 the Towa DOT comp]eted a study,,"An 0pt1mum A11ocat10n Approach to
4C1os1nq or Relocating Highway Ma1ntenance Garages in. Towa" (1). . The. study
jdentified an "Optimum Allocation Model" which was used hy the A]abama-Department
of Tranéportation. This linear phogrammihg model, using the input deta currently

available at the Iowa DOT, can optimally assign highway segments to nmintehance

garages. It can, with some limitations, also determine the operational

savings/losses of closing and/or re]ocatingpspecified garages within a study area.

This model will be used to.examihe several garage-1ocations in the U.S. 30 Corridor_

’ betweeh Anes and Cedar. Rapids.

- - ; n B . ) . g ¢ g E—
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11. OBJECTIVE .

The pquOSe.of this study-is to use the "Optimum Allocation Model" {developed:

- in. state study No. 81-3) to- examine the possibility of closing and/or'ke1ocating

sever§1 highway maintenance garage locations in the U.S. 30 corridor between Ames

and Cedar Rapids. The linear programming modé1 is used to:

1. Optimally assign highway segments to maintenance garages in the study

area; and

2. Determine-operational'savings/]bssés of -closing and/or relocating highway

maintenance,garages for each of the following four options:
Option-1:  Close Marshalltown, Colo, and B]airstoWn garages, build new
garage at Tama, and expand Ames, Cédar Rapids; Colfax, and

Grundy Center garages;

Option 2: Close Tama and Blairstown garages and expand Traer and Cedar

Rapids gakages;

Optioh:3:-bc1ose Tama and B]éirstown'garages and relocate new garage at

Jct. U.S. 30 and lowa 21; and

Option 4: Close Blairstown garage, build new garage at Tama, and expand

~ Cedar Rapids garage.
The'Office»Of Maintenance provided these options for.éxamination.

-3-



‘etc., which are needed to apply the optimum allocation model to a given’stUQy.area.b

A.

- II1. REQUIREMENTS OF:THE MODEL

The following describes the-hssumptionsafkey input data;‘computer program,

Assumptions

1.

With the concurrence of the Office of Maintenance,_,highway"maintenapce.'

vehicles. are assumed to travel at average speeds of 35 mph for snow and ice

control activities and - 40 mph: for- other maintenance 'activities. These

average speeds are used to determine a weighted average speed which is then

used to estimate travel times fromléarages to highway segments.

. .The’traVe1 times from garage "X" to segment "Y" and from éegment QY"'tb

garage "X" are assumed to:be'fhe same.

Any highwéy segment formed is resrésented by its midpoint}. Thus 'fhe
highWay.maintenance cosf 6f a:segment'is assumed to be chCentrated’at_its
midpoint}' Aléo, travel‘times are cé]cu]ated‘from.garagqs to midpoints of

highway segments.

The cost of servicing a highway segment from a maintenance garage 1is

assumed to vary as a functionAof travel time between the garage and the
seément.‘ The relationship is quantified by the -use of "cbst‘mu]tipliers,"
which is shown in Table 1 (page 10). .

The highway maintemance cost for élFoute'in a givénvmainfenane area is
assumed to be Qniform]y distributed.a]ohg the_rohte. |
The garages in fhé study area afe assumed:to'hqve un]imited‘cqpacities,
This meéns the garagés can be.expanded,vif necessary,fto service all the
segments obtima11y assigned to them,

Capital costs are not considered.

fl :
| a\
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.-vStudz’Area

The study area for this project is the U.S. 30 corr1dor between Ames ‘and

Cedar Rap1ds. It cons1sfs of 15 "act1ve" h1qhway maintenance garages and is

~ shown in Append1x 1.

.. Highway Segments

1. A1l the rbutes in the study area were broken up into éuitab1e segments; and

2. The end pdints of a highway segment should be suitable for turning
maintenance vehicles around (junction, intersection or town).

A total of 139 h1ghway segments, ranging from 0.29 m11e to 20.21 m11es in

_'1ength were formed in the study area. These segments are shown in Append1x 2.

. - Source Qf Data -

The Office of Maintenance provided the necessary information and the

fiSta1:year 1986 labor, equipment and garage overhead costs for all the routes

) 1n the'study area. - These costs are_shown in Appendix 7.

Basic Maintenance and Overhead Costs

The fisealbyear 1986 labor, equipment‘and overhead costs were adjusted for
‘inf1ation_ﬂto' reflect what these costs would be if the same maintenance

actiVities‘were done in fiscal year 1987. The Office of Maintenance provided

_the following inflation factors:

Equipment . . . . 3.5%
Overhead_ s .. 5%



tThe inflation-adjusted 1abor.and_eQUipment'costs for a route were combined

‘to form a single cost. This single cost. is referred to as the "basic

- _maintenance" cost .for that route. The "basic maintenance" cost associated with

each route is probortiona]]y_al1o¢ated (with'respect to 1ength) to the segments

| _ forming that route.

Cd

Somet1mes the overhead cost of each ma1ntenance garaqe in the study area

: »1s not read11y ava11ab1e ‘In certa1n ma1ntenance areas, the overhead costs for

'some garagesv'are comb1ned dur1ng the record—keep1ng process, In such
situations, the Office of Maintenance recommends' the:,overheaq costs' of the

garages.invo1veq be determined according to the relative percentages of the

number of persons and/or the number of miles ot highway associated with each

garage.

Key InputnData

The following is used for developing the input data for the medel:
~ 1. Operating costs‘for all the routes in the study areagnand
2. Crew travel times from garages'to~work sites. |

The Office of Maintenance does not keep records of cnewotravelvtimes. The

ltechnique for estimating crew travel times for use is expla{ned later in this

_ report,

. OUtEut Data |

| For a given set of garage 1ocations,:the model's output consists of the
fo11owing:‘ | | | |

1. Annual operating costs for the entire study area; and
2. The optimum allocation of all highway segments to maintenance~garages and

their respective operating costs in the study area.

. g . . .
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Computer Program

o The mode] uses a computer program (MPSX) developed by the International

-BUSiness Machine (IBM). .The program is available for lease from IBM and is

also available at the'IOWé State University at Ames. It is a highly efficient

‘computer pfbgram designed to solve large-scale linear programming problems.

The project has used the computef program at the Towa State University

Computation‘Cénter.-Samples of the computer input and output data are shown in

~ Appendices 21 and 22.

. Weighted Average Speed

The optimumva11ocation model is sénsitﬁve to small_changes in speed and

thus s sensitive to small changes in travel time. For a given 'highway”

segment, -the travel time from a given garage to the segment is genéra]]y
greater for ‘snow. and ice control activities .than it is for the other

maintenance activities. Therefore, a "weighted" average speed rather than a

 '"simp1e" average speed is used in this study.

A weighted average speed of 38 mbh is used. It was determined as shown

 below. A1l the data is provided by the Office of Maintenance;

'%'oftsnow and ice contro] activitiés = 32.2%
_ Avekage_spéed fof snow and ice control activifies =35 mph -
AVekage speed for other maintenance activities = 40 mphv

Thefeforé,

Weighted average speed = (0.322)(35) + (1.0 - 0.322)(40)

11.27 +27.12

-4

138.39 mph Use 38 mph



Travel Time Estimation

The following is. the basic formula that is used in estimating travel times

from garages to highwayqéeémentS: S

Travel Time _ Distance .(in Miles). - 60 — l, - o "
(in minutes) = Speed {MiTes Per Hour) o i

The shortest and most _1ogica1 travel distances frqm géragé locations to
‘midpoint of segments were calculated ‘using the Primary Road Inventory and

»Mileage'Summary (3) and the Maintenance Area Responsibility Maps (2).

As an example, the travel time from segment No. 1 to the garage at Ames is

calculated as follows:
Length of ségment No. 1 = 11.41 miles (from.maﬁ--pége'Q)

(the shortest distance from Ames‘garage-—leg 11.4i miles -
to the midpoint of segment No. 1) ‘ :

5.70 miles

Vehicle weighted aVerage‘speed’: ‘ = -38.00 mph- 
:Thereforé,' | |
Travel Time . ’ -7 = 5,70 x 60 minutes .
38.00

9 minutes
A computer program was used to estimate fravel times from garages to

highway segments for the entire study. area.

N B ept s o =

[T
e



Existing Allocation of Highway Segments
at Ames Garage

Ellsworth Radchitte

7\
|VL O

Garage Location
G1 Ames
s J
1=11.14 mile
Legend:

s Existing garage

G Garage number
(XX
TR
et
EES

Highway segments

msmmem Garage boundary
00 segment number

~ Slater

Gra. 368C
2510 7/9/87



7

_— - E S R s - e == e -
o . M - . - == =3

. - Travel Time Adjusted Costs

- The basic maintenance cost for each highway segment was adjusted using its

“travel time from the garage and the corresponding cost multiplier as determined
from Table 1. The concept of cost'multip11eré is based on the assumptions that

one-way travel time less than 45 minutes would result in more than six hours of

brodUCtive work (for an eight-hour work day) at the work site. This would

.resu]t in 1ess cost assoc1ated with nonproduct1ve travel. One the other hand,
- travel t1me greater than 45 minutes would result 1n Tess productive work and

consequently in greater maintenance cost. This re]at1onsh1p was deve]oped in a

project prepared for the Alabama DOT (1).

The travel time adjusted costs are called "operating costs" in this

‘study. Sample .calculations are shown below.

Table 1
. Basic Maintenance Cost Multiplier as a
Function of Travel Time (Eight-Hour Work Day)

One-Way- Travel Time from

Garage to Segment Productive'Work : Basic Maintenance
(Minutes) - o (Hours) Cost Multiplier
o0 - 15 7.6-7.0 0.8
5. 75 7.0-50  0.8- 1.2
75 -13 5.0-3.0  1.2-20
135 - 165 - - . 3.0 - 2.0 - 2.0-3.0
=165 - Z20 8.0

Source: . Reference No. 1

-10-



. Samp]enCaicu1atioh of Cosf:Mﬁltﬁgjier

Basic Logic (from Table 1): .

(45 minutes one-Wayj © '+ js equivalent to-(=) 6'hour5'of =

(Trave1 Time - - productive work.
~and | |
(6 hours of ) = a Cost Multiplier of 1.0
(Productive Work) I : .
thus |
(i) (7 hours of ) = : to a Cost Multiplier of 0.8 (i.e. 6)
“(Productive Work) - 7
(i4) (5 hours of ) = to'a Cost Multiplier of 1.2 (i.e. 6)
: _(Productive Work) - o . o 5

The basic maintenance cost for any highway segment in the study aréa is

multipiied by the appropriate cost mU]tip]ier’to obtain thelmajntenance

cost adestéd for its travei time from a particulér garage under

consideration.

Sample Calculations of Travel Time Adjusted Cost

'Considef.highway'segment No. 1 in Ames maintenance area. .

Basic Maintenance Cost = $31,359 ~
(Travel Time from Ames Garage) = 9 Winutes

(to Midpoint of Segment 1 )

Cost Multiplier (Using Table 1) = 0.8

Therefore,

( Cost ) x (Basic Maintenance)

(Travel Time Adjusted) ( _
(Multipiier) ( Cost . )

( Cost )

i)

(0.8) (31,359)

$25,087

The travel time adjusted costs (operating ¢osts) for the 139 highway

segments as serviced from each of the 16 garages were calculated using -

a computer program.

-1i-
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IV. THE APPLICATION OF THE MODEL

Existtng'and'thtmum A110cotions
B The’ optimum allocation model was first osed to examine the existing
allocation of highway segments to the maintenance garages in the given study‘

area.. - | | o

The "existing'a1]ocation“ (Appendix - 1) refers to-the current maintenance

“areas which were determined by the Office of Maintenance without the use of the
“optimum al]ocation model. These two allocations (existing and optimum) were

‘compared on the_basis of operating costs only. To ensure compatibility in cost,

thetooerating'COSts pertaining to the existing allocation were also determined

-from travel ttime adested costs by uti1izing the cost mu]tip]iers and .the

travel times as determined by the ex1st1ng allocation system

The application of the model to the: ex1st1nq a11ocat1on system resulted in

.the rea11ocation of 19 segments of the 139 highway segments with the associated
' oOSt-'savings of approximate]y $16,800. :The optima] highway segments
h‘a1locations are shown in Appendix 2. The rea]]ocated h1ghway segments ‘and the

f.correspond1ng cost sav1nqs are shown in Table 2

-Examination-of Options o

The optimum allocation technique was also used to evaluate the financial

etfeot of closing and/or relooating garages for four options as' described

earlier under-"objective" of the research project.

A highway maintenance garage must be optimally Tlocated within its

maintenance . area to minimize the 7loss in productivity. Clos1ng a highway

maintenance garage increases travel cost. On the other hand ma1nta1n1nq a

'>garage invo]ves ,overhead costs. C]osing a. garage, therefore, s cost
- beneficial on]y when the - resu1t1ng 1ncrease in trave1 cost is less than the

:t overhead costs of that garage.

o12-




The results of the céSt ana]ysiélfof each of the four options ake_shOwn in
Tables 3; 4, 5 and 65 réspectively. -A SUﬁmary of ihé eétimated séifngs/(1055)

for each Optioh ‘considéred is shiown in Table 7. Apbéﬁdﬁtes'A3' through :6

~indicate the optimal highway segmehté-;1loCations‘to garages f6f 6ptions;1

“through 4; respectively.

. ) . . GO
L N N T - =) FeUSE AR g g
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Table 2

ANNUAL SAVINGS

DUE TO

. SEGMENTS REALLOCATED UNDER OPTIMUM ALLOCATION
(U.S. 30 CORRIDOR BETWEEN AMES AND CEDAR.RAPIDS)

.'Existing Allocation:

Optimum Allocation

' *'Opefating_costs are based
- adested costs.

on travel time

 v_14_ S '

_ Annual
: : 1987 . 1987 Savings Using
Highway . Operating o Operating Optimum
Segment Assigned to - Costs* Assigned. to Costs* Allocation
No. Garage at: (Dollars/Yr.) Garage at: (Dollars/Yr.) (1987 $)
14 Anes 25,090 Colo 24,716 374
28 Marshalltown 8,189 Colo 7,799 390
32 Marshalltown 21,582 Tama 21,414 168
36 Marshalltonn 19,223 Colo 18,180 1,043
41 Newton 12,757  Marshalltown 11,805 952
53 Colfax 143,008 . Newton 41,151 1,857
71 Tama 15,068 Malcolm 14,470 598
’,73  Tama 1,582 Blairstown 1,570. 12
78 Traer 14,257 Tama | 13,060 11,197
‘80 Traer 16,491 Tama 16,221‘ 270
88 Urbana ' 29,868  Traer 26,660 3,208
| 99 - .Urbané 33,710 Blairstown 32,201f 1,509
A_1100 Urbana " 1,431 Blairstown : 1,213 218
 ' 107 ‘Urbana | v10,645 B]airﬁtown 8,870 1,775
111 Blairstown 5,299 cedaé Rapids'_- 5,139  160
112  Blairstown 9,983 Cedar Répids 9,238 745
119 Williamsburg - 40,645  Malcolm 39,516 1,129
120 Williamsburg 3,034 Malcolm 2,989 45
125 Maf{on  o '26,497 " Cedar Rapids : 25,385 1,152
- L ) o © Total .

= $16,802



Highway
‘Segment

. No.

14
2
32
36
.41
53
71
73
78
80
88
99
100
107
1
112
119
120
125

Tab1e 2a.;

DESCRIPTION OF HIGHWAY SEGMENTS

REALLOCATED UNDER OPTUMUM ALLOCATION PROCéﬁURES

Route

210
930

146

330
14

163

63

21

229

63
218
218

199

218
279
30

21
ii9

From

Descr1pt1on

Jet. U;s;_ss & la.

State Center

Jct. U.S. 30 & Ia.
Jét. U.S. 30 & Ta.

Laurel

Monroe

Poweshiek Co: Line
Jet: Ta. 21 & U.S.
Jet. U.S. 63 & 1a.
Jct: U.S: 63 & las

Laporte City

Vinton

Jet: 14. 199 & U.S. 218

Atkins

Link Co. Line. =~

Jet: fa. 21 & 1a.

JCt; U.S; 6 & iéa

Jct; fas 1‘& UJS;;

: ;15-

210

146

330

30
229

96

Jet. Id: 199 & U.S: 218

212
419
30

g o—

- Jet. 1-35 & Id. 210

Story Co. Line

Tama Co. Line

‘Jdet. U:S. 65 & Ta. 330

Jct. Ta. 14 & fa. 224

Pella

Jet. U.S. 6 & U.S: 63

det. la. 21 & la: 212
‘Garwin | .
7 Jét; U;§;'éé“&'xa.’229-‘_
det. Ta: 8 & U. 5. 218 -
Jet. la. 199 & u.s. 218

_Van Horne

Jct U S 30 & U.S. 218
Jét. U.S: 30 & Ia. 279
Cedar Rapids

Jct U.S. 6 & la. 21
Victor

Solon




'Table 3

- OPTION 1: Cost analysis of closing garages at Marshalltown, Colo, and Blairstown;
. build new garage at Tama and expand Ames, Cedar Rapids, Coltfax, and
-Grundy Center garages using optimum allocation model
(1) (2) - (3) W () (6) -
Overhead Cost
of Garages Closed
- (Overhead at
Tama and Increase
: _ In Overhead After ’
: ' _ Increased = Expanding Ames, ~ Estimated
Garages Garages Travel Cost C. Rapids, Colfax Savings/({Loss)
o Not Closed - Closed  (3) - (2) & Grundy Center) =~ (5) - (4)
Item _($) ~(9) ($) ($) (%)
- AN _
- Garages 3,471,770
Close
Marshall-
town, Colo -
& Blairs-
town; new
' garage at .
Tama; , ' o _ : :
expand 3,548,601 76,831 57,144 ' (19,687)
Ames;, _ , | | . .
Cedar
Rapids,
Colfax &
Grundy
Center
Note: * A11 costs shown are 1987 costs.. See Appendix 11 for overhead costs.

ol. (5) = (78,597 + 45,506 + 22,344) - (57,803 + 9,450 + 6,300 + 9,450 +

6,300) = $57,144

-16-




Table. 4

~ C. Rapids

OPTION 2: Cost anlaysis of closihg garages at Tama and .Blairstown and expahding"
- Traer and Cedar Rapids garages uSing»optfhum a119¢tjon model -
(1) (2) (3) (4) (5 (6)
" Overhead Cosf of
Garages Closed -
o Increased (Increase Estimated
Garages “Garages - Travel Cost - in Overhead Savings/(Loss)
_ Not Closed .~ Closed (3) - (2) After Expanding) (5) - (4)
Item  _ (8) _ (§) ¢ (8 _($)
Al :
Garages 3,471,770
Close Tamé -
and _
Blairstown; . S _ . g
expand 3,513,943 42,173 50,655 8,482 -~
Traer and : ' S C o

Note: ATl costs shown are 1987 costs. See Appendix 14 for overhead.costé.]:

Col. (5):

(40,911 + 22,344) - (6,300 + 6,300) = $50,655

-17- .
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Table 5

a

'OPTiON»3: 'Cost analysis of closing garages at Tama ‘and Blairstown and constructing
‘ new garage at the intersection of U. S 30 and lowa 21 using opt1mum
»a11oct1on mode|

@ @ @ (5) G

= . G
—
ey
S

Overhead Cost _
, , - Increased of Garages Closed ~ Estimated
~ Garages . Garages Travel Cost - (Overhead Savings/(Loss)
o Not Closed Closed (3) - (2) at New- Location) (5) - (4)
| I Ltem (%) ey ($) (- ($)
S A1 ‘ ‘
‘ i Garages - 3,471,770
o Close Tama °
‘& Blairs-
! town; _
@ - construct- : o S o o
r ‘new garage - - 3,473,546 1,776 18,031 - 16,255
~at inters. ' . o -
U.S. 30 &

Ta. 21

Note: ANl costs shown are.1987.costs. See Appendix 17 for overhead costé.v

- = - F-

ol. (5)'= (40,911 + 22,344) - (45,224) = $18,301

]

]
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" Table 6

OPTION 4: Cost analysis of closing Blairstown garage; build new garage at Tama and
: ' expand Cedar Rapids using optimum allocation model
(1) (2) (3) (4) (5). ~ (6)
"~ Overhead Cost of"
Garages Closed -
(Overhead at Tama
. and Increase in
_ Increased Overhead Estimated
“Garages  Garages Travel Cost Afer Expanding Savings/{Loss)
Not Closed Closed S (3) - (2) Cedar Rapids) - (5 - (4) '
Item —($) ($) ) @ (%
A1l
Garages 3,471,770
Close ‘
Blairstown; _
new garage - o . .
at Tama; 3,491,714 19,944 -29,180 (49,124)
expand ST , ' . ,
C. Rapids

| the: A1l costs shown are 1987 costs. See Appendix 20 for overhead costs.

Col. (5) = 22,384 - (45,224 + 6,300) = -$29,180

-19: -
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Tab]e 7
SUMMARY OF
COST ANALYSIS DF MAINTENANCE GARAGES IN THE U. S 30 CORRIDOR BETWEEN AMES AND CEDAR RAPIDS
(1) (2) (3) (4) | (5) (6)
o - Overhead Cost of
o Garages(s) Closed
R Increased Travel - Increase in
Garage(s) Garages(s) . Costs Overhead After Est1mated Sav1ngs/(Loss)
_ -~ . Not Closed Closed (3) - (2) Expanding/New Garage (5) - (4)
Option Item ($) ~($) (3) (). S ($)
A]]IGarages _ ‘3,471,770
1. - Close (MCB), build
. new garage at : o :
Tama & expand 3,548,601 76,831 .57,144 (19,687)
(ACRCGC) B '
2. Close (TB) & expand 4 _
(TRCR) 37513’943. 42,173 50,655 8,482
3. Close (TB) & con- o
struct new garage .
at inter. U.S. 30 3,473,546 1,776 18,031 16,255
~ & Ta. 21
4, Close (B), build - | C .
new garage at Tama 3,491,714 19,944 -29,180 (49,124)
& expand CR ' ‘ o
LEGEND Note: A1l costs shown are 1987 costs.
(MCB) Marsha]]town; Colo, and Blairstown .
(ACRCGC) Ames, Cedar Rapids, Colfax, and Grundy Center
(TB) Tama and Blairstown
(TRCR) Traer and Cedar Rap1ds
(B) Blairstown
(CR)

‘Cedar Rapids



V. CONCLUSION

- The  optimum allocation model was QSeq to éx§mjae several highwqy maintenance
garage Tocations in the U.S. 30 gbrridor befWeen Ames and'pedaf Rapids. |
First, the mpde] exgmingd 'FhQ; gurrentn allocation of ihjghway segmentg fo
maintenancé garages in the study area. If‘rea119;ateq only 19 segments-offthe
total 139.hjghway ségmeqts to différent maintenance gérageé, Thg:sfudy concludes
there would be an annual 6pgratfon§1 §aVingsv of appréximate]y $i6;800 if the
Highway Segments Allocation System, as‘determfned_py the modé]évisvused:

Secondly, the-model also examined the fogr,optipns se]e¢te¢ by fhe 0ffice of

Méintenancé;;'Thesevoptions are describeq aner ‘objective! of the study. The

study finds the following operational savings or Tosses for each of the options -

- examined.

‘ Estimqted Annual

,,,,,

Operational Savings/(Losses).

Ogtjqns )
1. ©(19,700)
2. ' . 8,500
3. | . 16,250
4. ' (49,100)

It appears option No: 3 would generate the maximum annual operational savings for -

the Department, Thésé -operational savings, however, should be used only as
guidelines by theimahager§ in the de;j§ioh-making process. 'This is not the final
solution, and the results of ‘the study must be . viewed in re1étion to “the

limitations of the'study which ake stated in Section VI.

215 -
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VI. LIMITATIONS OF STUDY

The accuracy of the cost savings reported in this study is subject to:

1.
2.

The reliability of the historical cost daté provided for use in this study.

The accuracy of the apportionment of an overhead cost in cases where two or

‘more garages have a combined overhead cost.

The accuracy of the average speeds of maintenance vehicles used to calculate
the weighed average speed.
The garage overhead costs.

Capital costs_aré not considered.

_22-
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Appendix 1

Segment
Served

Location
Ames (G1)
Colo (G2)
Grundy Center (G3)
Marshalltown (G4)
Colfax (G5)
Newton (G6)
Grinnell (G7)
Maicolm (G8)
Tama (G9)
Traer (G10)
Blairstown (G12)
Urbana (G13)
Williamsburg (G14)
Cedar Rapids (G15)
Marion (G16)

‘oo

Existing garage
G Garage number
Study boundary area

—



Optimal Highway Segments Allocations
16 Garages and 139 Highway Segments
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Option No. 1
Optimal Highway Segment Allocations
(Close Marshalltown, Colo, & Blairstown Garages,

Build New Garage at Tama, Expand Ames, Cedar Rapids, Colfax &

YW A
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Appendix 3
Segment
Served Location

eme Ames (G1 Expand)
Colo (G2 Closed)

EEE Grundy Center (G3
Expand)

Marshalltown (G4
Closed)

000 Colfax (G5 Expand)
1XXXX Newton (G6)

------------ Grinnell (G7)

- == Malcolm (G8)

e e ¢ Tama (G9 Expand)
+ss,0- Traer (G10)

Blairstown (G12
Closed)

¢ ¢4 urbana(G13)
A A A Williamsburg (G14)

A A A Cedar Rapids (G15
Expand)

* % % Marion (G16)
Existing garage
Closed garage

New Garage
Garage number

b
L
* Expand garage
[
G
N

Study boundary area
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Option No. 2
Optimal Highway Segment Allocations
(Close Tama & Blairstown Garages,
Expand Traer & Cedar Rapids Garages)
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Appendix 4
Segment
Served Location

w—  Ames (G1)

Colo (G2)

Grundy Center (G3)
Marshalltown (G4)

Colfax (G5)

XXXX Newton (G6)

----------- Grinnell (G7)
Malcolm (G8)
Tama (G9 Closed)
Traer (G10 Expand)

Blairstown (G12
Closed)

Urbana (G13)
Williamsburg (G14)

Cedar Rapids (G15
Expand)

Marion (G16)

s ad

A A

& A

XX

- Existing garage
. Closed garage
* Expand garage
G Garage number
i Study boundary area
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Option No. 3
Optimal Highway Segment Allocations
(Close Tama & Blairstown Garages,
Relocate New Garage at Jct. U.S. 30 & lowa 21)
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Appendix 5
Segment
Served Location

- Ames (G1)

Colo (G2)

Grundy Center (G3)
Marshalltown (G4)
Colfax (G5)

Newton (G6)
Grinnell (G7)
Maicolm (G8)
Tama (G9 Closed)

Traer (G10)

Jet. U.S. 30 &
lowa 21

(G11 Relocated
Garage)

Blairstown (G12
Closed)

Urbana (G13)
Williamsburg (G14)
Cedar Rapids (G15)
Marion (G16)

'''''''''''

Existing garage
Closed garage
Garage number
Relocated garage
Study boundary area
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(Blairstown Garage Closed, Build New Garage at Tama,

Option No. 4
Optimal Highway Segment Allocations

Expand Cedar Rapids)
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Appendix 6

Segment
Served

Location
Ames (G1)
Colo (G2)
Grundy Center (G3)
Marshalltown (G4)
Colfax (G5)
Newton (G6)
Grinnell (G7)
Malcolm (G8)

Tama (G9 Build New
Garage)

Traer (G10)

Blairstown (G12
Closed)

Urbana (G13)
Williamsburg (G14)

Cedar Rapids (G15
Expand)

Marion (G16)

.
.........

e ad

> ®

AAA

Legend:

Existing garage
Closed garage

Expand garage
New Garage

Garage number

Jooxom

Study boundary area
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APPENDIX 7

. FISCAL YEAR 1986
LABOR, EQUIPMENT AND OVERHEAD COSTS
FOR THE ROUTES AND GARAGES IN U.S. 30 CORRIDOR
BETWEEN AMES AND CEDAR RAPIDS

1986 Garage

Overhead : 1986 Labor 1986 Equipment
Location and Cost Routes Served Cost . Cost
- Number of Garages (Dollars) by Garage (Dollars) (Dollars)
Grundy Center $ 49,526 14 $ 41,888 $ 34,882
(1101) 57 9,182 ' 6,683
175 33,233 29,489
214 4,949 4,386
Marshalltown 74,854 14 37,039 35,034
(1104) 30 32,506 29,977
‘ 96 17,341 13,675
146 12,350 11,906
233 6,549 6,812
234 10,379 11,067
245 3,353 2,528
311 3,733 3,781
330 31,308 - 32,465
930 14,245 15,154
Ames 144,984 30 37,578 52,286
(1105) 35 76,285 . 92,537
' 69 24,508 31,380
210 17,578 21,357
221 6,863" 6,695
Colo 43,339 30 19,855 13,533
(1106) 65 59,989 40,724
133 1,490 906
947 530 217
Newton 65,339.. 6 14,338 9,680
(1304) 14 55,062 46,752
: 80 46,619 34,815
- 223 3,657 3,003
224 5,690 5,688
Grinnell 59,676 6 32,840 18,458
(1305) ' 80 44,715 26,293
' 146 58,688 32,805
, 225 11,609. 5,384
-Malcom 52,610 6 15,768 10,933
(1306) : 21 29,954 20,170
63 57,031 37,167
80 50,752 27,236
85 6,750 2,805
-30- ' '



APPENDIX 7 (Continued)

. 1986 Garage' " |
" . Overhead +- i o

GooRL.o0d 1986 Labor 1986 Equipment
Routes Served . ¢

Location and " Cost - Cost Cost
Number of Garages (Dollars) by Garage (Dollars) (Dollars)
Tama - : - 9..38,963 S.21 $ - 944 - $ 806
(1308) S 30 48,364 37,077
- 63 27,891 21,874

 Traer 42,700 .8 12,459 10,254
(1309) - o 21 11,725 . 12,831
63 41,620 37,830
96 4,988 ©5,131
| 229. 9,330 6,307
Blairstown 21,280 21 922 483
(6101).° C .30 43,818 33,017
S 82 16,406 . 10,734
131 . 15,939 19,625
- 200-. 1,060 - 558
201 7,690 4,369
279 - 3,190 2,537
287, - 1,343 1,176
940 - : 0 0
Urbana 89,376 21.. 732 1,773
(6102) : 30 11,510 11,665
150 21,884 20,273
198:. 3,207 . 2,032
199 917 510
218 60,290 53,479
© 363 1,161 1,930
. 380" 83,071 70,918
919 599 123
920, 13,273 12,787
Williamsburg . .90,062 6. 21,244 - 18,050
(6405) 21 23,289 17,279
80. 97,990 - 84,766
149 26,725 26,853
151, 14,108 14,140
212 13,801 11,906
220 .. 14,514 13,754
419 1,790 1,465
Colfax 53,182 80 51,153 - 26,906
(1301) - ' 117 29,916 17,445
163 55,167 34,135
223 10,057 4,213
Cedar Rapids 183,660 .30 60,381 75,540 -
(6106) : .94 - 18,026 19,302
151 38,080 48,543
1380, 164,482 186,992
- 941 43,789 43,506
965 . 3,126 3,901
-3]_'.. ' o
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APPENDIX 7 (Continued)

1986 Garage

' Overhead 1986 Labor 1986 Equipment
Location and Cost -Routes Served Cost Cost
Number of Garages (Dollars) by Garage (Dollars) - (Dollars)
Marion ’ 66,785 ’ 1 $ 12,977 $ 14,662
(6107) : v 13 56,757 ..69,870
: . 100 32,053 35,594
151 4,686

5,509

Note: The garage overhead costs include utilities, field supérvision,
maintenance garage and yard operations, maintenance area administrative

work and other support activities.

Source:  Office-of Maintenance, Highway Division, Iowa DOT

32~



A“ﬁ'P‘END.I‘x 8

- -« -

.Basic Main e.C
(U, 30 Corridor. Between Ames and Cedar. Rap1aj

H1ghway : . ' 'A551gned to *Bas1c Ma1ntenance Costs

Ségmeiit No - Route ;fGar‘a je at: (1987) DoHars) .
1 , %9 .‘Ames* , . 31 359 '
2 35 ‘Afigs 1124273 I]
3 221 Aine's 14,135
10 30 Aries - 83,572
11 .35 Aiie’s 63,602 I
12. 69 Aies 26,852 |
13 . 210" Riies. | 12,476
14 210 - Ames ‘ ‘28 086 i
101 o 200 S 'B]an‘stown' » S 1 691"- i
102 30 Blairstown - R 31,537
103 .13l | B14i#stown 26,698
104 ’ 21 Blairstown 1,468 '
105 82 Blaivstown 78,336 |
106 30 Blairstown 8,698 o
108 30 Biairstown : , 28,772 ' '
109 287 Blairstow ‘ 2,627 o
110 - 201 Blairstown 12,597
111 : 279 Blairstown - 55976 !
- 112 - 30 B1a1rstown 11 175
- 124 30 Cedar Rapids -l
126 30 Cedar Rapids
127 , 30 -(Cedar Rapids
128 . 380 _ Cedar Rapids }
129 965 Gedar. Rapids
130 : 151 Cedar Rapids -
131 151 Cedar Rapids
132 30 Cédar Rapids i
133 941 ~ Cédar Rapids E
134 9% Cedar Rapids
135 ' 380 'C’é’dér‘ Rapids 226 903 2
38 223 Co]fax 14,921 =
44 117 “GoTfax - 34; 426
45 80 Co1fak - 33,717 =
46 80 Coifax - | 19,274 l
47 80 Colfax - 285570
51 117 Colfax * 15,042
52 163 Colfax.s; - | 465844 E
53 163 Cotfax ~— - 463811 :
4 65 Colé: - . - 20,614
5 65 Colo - _ 42,833
-6 30 €ole - = - 165724
7 .65 Cole 30,829 ,
8 30 Colo . 18,131
9 133 Co10 | | 2,503 :
15 65 - - Colo, o ) 10; 862}




APPENDIX 8 (Continued)

HighWay
Segment No.

- - Assigned to
- Garage at:

Grinnell
Grinnell
Grinnell
Grinnell
Grinnell
Grinnell
Grinnell
Grinnell

Grundy Center
Grundy Center
Grundy Center
Grundy Center
Grundy Center
Grundy Center
Grundy Center
Grundy Center

Malcolm
Malcolm
Malcolm
Malcolm
Malcolm
Malcolm
Malcolm
Malcolm
Malcolm

Marion

~Marion

Marion
Marion
Marion

Marshalltown
Marshalltown
Marshalltown
Marshalltown

“Marshalltown

Marshalltown
Marshalltown

-Marshalltown

Marshalltown
Marshalltown
Marshalltown
Marshalltown
Marshalltown

‘Marshalltown

-34-

*Basic Maintenance Costs
(1987) Dollars)

17,762
51,747
26,394
26,169
26,169
21,826
43,828
27,193 =

16,558
25,386

9,737
23,006
30,430
24,269
32,087
10,323

26,665
55,480
10,203
33,262

9,991
81,479

8,863
27,872
16,206

28,801
40,399
10,635
91,512
69,250

47,210
7,833
32,362
13,927
9,749
20,892
17,210
27,712
25,291
27,941
37,445
49,264
22,352

6,138



APPENDIX 8 (Cont1nued)

-----

H1ghwayJ : _ , Ass1gned to *Bas1c Ma1nte”“nce Costs
- Segment..No: Rélte - Gardgé.at: .. (1987). Do]]érs)
39 223 -Newton ; 6 948
40 14 _'Newton A 4237
41 i4 . o
42 204 - Newiton -
43 14 ~ Newton
48 b Newton
49 80 “Newton,
-50 14 ‘Newton
71 63 Tama
72 63 - Tamd,
73 21 . Tamg
14 30 g,_Tama.”‘
75 30 -
76 63
77 30
78 229
79 96
80 63
81 63
82 8
83 2
84 8
85 63
86 380
87 380
88 218
89 380
90 150 Urbana
91 920 Urbana
92 920 Urband
- 93 380 Urbaria -
94 919 Urbana
- 95 363 Urbana
96 150 Urbana
97 218 " Urbdna -
98 198 Urbana_,
99 218 Urbana “
100 199 Urb na
107 218 Urbanau-
113 151 N1111amsburg
114 220 w1111amsburg
115 15} 'W1111amsburg
116 .6 W1111amsburg
117 212 Wil1iat burg
118 6 W1111amsburg
119 21 w1111amsburg
120 419 W1111amsburg ;
121 80 W1111amsburg 107, 468
122 149 Wiiliamsburg 55,854
123 80 W1111amsburg 83 153

VAR DT S0

BBy

R R IR

R e o Akt S
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APPENDIX 9

Operating Costs for Segments Optimally
- Reallocated Under Option 1

*Qperating.

- = I .

Highway
Segment = Segment Length Originally . Optimally . Costs :
No. (Miles) Route Assigned to: Assigned to: (1987 Dollars)
24 15.19 14 Marshalltown Grundy Center 44,692 |
33 8.99 14 Marshalltown Tama 26,078
B 8.74 30 Marshalltown Tama 23,463
34 11.81 30 Marshalltown Tama 35,698
26 10.04 96 Marshalltown - Traer 28,910
32 9.04 146 Marshalltown Tama 21,413
27 5.3 233 Marshalitown Grundy Center 13,463
36 1 6.72 234 Marshalitown Colfax 21,607
37 - 1.24 245 Marshalltown Colfax: 5,852
25 4.73 311 Marshalltown Grundy Center 7,206
30 7.06 - 330 Marshalltown Tama | 16,502
35 20.21 330 Marshalltown Colfax 45,980
28 3.36 930 V'Marsha11tbwn Amess 9,489
29 - 7.2 930  Marshalltown Tama 20,613
6 7.37 30 Colo - Ames 15,386
8 7.99 30 Colo Ames 15,109
5 ' 6.68 65 - Colo Ames 21,851
5 13.88 65 Colo Ames -40,834
7 9.99 65 Colo Colfax 28,157
15 : 3.52 65  Colo Colfax 9,197
9 .97 133 Colo Ames 2,019
104 2.12 21 Blairstown  Tama 1,429
102 10.95 30 Blairstown  Tama. 29,014
106 3.02 30 Blairstown 8,408

~Cedar Rapids



APPENDIX 9 (Continued)

e

Highway _ ' _ '*Operatdng
Segment  Segment Length - . QOriginally ‘Optimally . Costs .
No. - (Miles)~ - Route "~ Assigned ‘to: - Assigned to: - (1987 Dellars)

3

108 9.99 30 Blairstown  Cedar Rapids 25,895

112 3.88 30 Blairstown /. Cedar Rapids: -+ 9,238 -

108 3.75 . 82 Blajrstown . Tama - . - 28,336 i

B

103 6.47 131  Blairstows  Tama - 24.740.
101 2.16 200  Blairstown  Tama 1,567

| ]
1.

110 477 201  Blairstomn  Cedar Rapids 11,505
111 1.98 279 Blairstown  Cedar Rapids 5,139

||

109 1.93 ‘_ 287 _quirstown _Qedaf Rapids 2,434

* Operating cbsts are based on travel time adjusted costs,

il
]

oo
5
o h - 0

-37-
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APPENDIX 10

Additiona1 Mileages Served by Garages Under Option 1

 Garage : Increase in Miles SerVed
Tama - . 78.29
Colfax -~ 41.68
- Ames B S » 40.25
Cedar Rapids 25,57
Grundy Center : 25.22
Traer _ o 10.0
TOTAL | | 221,05

- -38-

% Increase in Miles

35
19
18
12
11
5
100



" APPENDIX 11 .-

~ OVERHEAD_COSTS - OPTION. 1

RS G A

n W e W 1|
| . Inc{”ea.se,., in
Overhead Overhead Overhead -
Overhead- Overhead Cost After Cost After Cost After
S Cost - -Cost Expansion Expans1on - Expanding ‘

Garage (1986 %) (1) x (1.05) (1986 $) (3) x (1.05) (4) = (2)

p (1987' $) . (1987 $) (1987 $) -
Marshalltown 74,854 78,597
Colo 43,339 . 45,506
Blairstown 21,280 22,344 ‘ i
Tama " 38,963 40,911 85,050 &/ 57,803 16,892
| ' | : ) 3 X
Ames 144,984 152,233 153,984 2/ 161,683 9,450
Cedar Rapids - 183,660 192,883 189,660 ¥/ 199,143~ 6,300 il
Colfax 53,182 55,841 62,182 &/ 65,201 9,450 |
Grundy Center 49,526 52,002 55,526 58,302 6,300

1/ New garage (14 stalls)
2/ Three additional stalls
' §/ Two additional stalls
4/ Three additional stalls
5/ Two additiona] éta]]é

- Note: 1986 costs and information on add1t1ona1 stalls are provided by the
Office of Ma1ntenance 1987 costs are adjusted for 1nf1at1on

The garage overhead costs include utilities, field supervision,
maintenance garage and yard operations, mamtenance area administra-
tive work and other support act1v1t1es.

!

_39"_
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Highway

APPENDIX 12

Operating Costs for Seghents Optimally

Reallocated Under Option 2

*Qperating
Segment = Segment Length Originally Optimally . Costs
No. (Miles). ‘Route. Assigned to: Assigned to: (1987 Dollars)
73 6.97 21 Tama Traer 1,740
74 7.77 30 Tama Marshalltown 28,179
75 7.77 30 Tama Marshalltown 25,983
77 9.7 30 Tama Marshalltown 29,238
71 8.06 63  Tama Malcolm 14,471
72 9.12 63 Tama Malcolm 18,269
76 6.15 63  Tama Traer 12,045
104 2,12 21 Blairstown , Ma]co]h 1,458 -
102 10.95 30  Blairstown Traer 31,747
'106 3.02 . 30 Blairstown Cedar Rapids 8,408
108. 9;99 304 Blairstown Cedar Rapids 25,895
112 3.88 30 é]airstown Cedar Rapids 9,238
105 375 82  Blairstown  Urbana 29,091
103 6.47l 131 Blairstown Traer 27,054
101 . | 2.16 200  Blairstown Traer 1,702
110 4.77 201  Blairstown  Cedar Rapids 11,505
111 - 1.98 279 Biairstown Cedar Rapids . 5;139
109 193 287 Blairstown

* Operating

costs are based on travel time adjusted costs.

-40--
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APPENDIX 13

-

AdditﬁbnaﬁﬁMi]eagés.Seryedvby}Garages.ﬁndEerptionQZ'

Garage | :I-ncif-éfafsiém in MﬂesSe r,.ve"d : % Increase in ?Mvﬂaeis
Traer . . | 32.7 ' | 31
Cedar Rapids ‘ i ' S 25ﬂ57~ .;“_ o ._ o 1-?4_
Marshalltown - _ ‘ 25;24 - \ ”:' | 24
Maico]m ‘ v - 19.3 \ :  18

* Urbana | _ 3.75 S 3

TOTAL g 106.56 10

C L)

IR

S

-4]1-
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'APPENDIX 14
OVERHEAD COSTS - OPTION 2

)"

(1) (2) (3) (4) (5)
- : Increase in
: I : ' - Overhead - Overhead - Overhead
o Overhead Overhead Cost After Cost After Cost After
. - Cost . Cost Expansion " Expansion Expanding
i Garage (1986 $) (1) x (1.05) (1986 §)  (3) x (1.08)  (4) - (2)
- - (1987-%) —{(1987-$)—— (1987°%) —
f ~ Tama 38,963 40,911
Blairstown 21,280 22,344
Traer | 42,700 44,835 ' 48,700 Y 51,135 6,300
Cedar Rapids 183,660 192,843 189,660 & 199,143 6,300

1/ Two additional stalls
2/ Two additional stalls

: Note.

1986 costs and information on additional stalls are provided by the
Office of Maintenance. 1987 costs are adjusted.for inflation.

-42-



~APPENDIX 15 "

Operating Costs for Segments 0pt1ma1]y

Rea11ocated Under Opt1on 3

*Qperdting

1.

.Blairstown

&vIa. 21

* Qperating costs are based on travel time adusted costs.

“43=

Highway - : :
-Segment  Segment Length Originally Optimally ~ Costs
_No. (Miles) Route Assigned to: Assigned to: (1987 Dollars) -
73 6.97 .éif'n;Tama Jet. U.S. 30 ... 1,460
S Do &la. 21 =+ o o
74 L7 .30 .. Tama CJct..U.5..30- 21,958
' ' & Ta. 21 '
75 7.77 30 Tama Jet. U.S. 30 .. . 22,507
' =& Ta. 21 ’
77 9.7 30 Tama Mairshalltown 29,238
71 8.06 63  Tama Malcolm 14,471
72 9.12 63 Tama Malcolm 18,269
76 6.15 63  Tama Traer 12,045
104 C2.12 .21 Blairstown Jct. U.S. 30 1,174
' ' S Co © & Ta. 21
102 10,95 - -7 30 ¢ Blairstown  -det: U.S.:300c . i 254230~
S IO & la: 21 o
106 3.02 30 Blairstownd Jet. U.S. 30 7,190 -
' ©o& Ta. 21
108 9.99 30 Blairstown  Jct. U.S. 30 25,895
& Ta. 21
112 3.88 30 Blairstowri Cedar Rapids 9,238
105 3.75 82  Blairstown  Jct. U.S. 30 23,613
103 6.47 131 Blairstown  Jct. U.S. 30 - 21,358
& la. 21
101 - 2.16 200 Blairstown'  Jct. U.S. 30 1,353
' T & Ta. 21
110 4.77 201 Blairstown - Cedar Rapids 11,505
111 1.98 279 Blairstown Cedar Rapids 5,139
1109 93 287 Jet. U.S. 30 2,329.

-
_—
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APPENDIX 16

Additional Mileages Served by Garages Under Option 3

‘Total Miles Served by
New Garage/Increase in Miles

% Miles Allocated to New

Gérage ‘ Served Garage/% Increase in Miles
Jt. U.5. 30 & la. 21 Y/ 62.9 59
Malcolm - 17.18 16
— —Cedar Rapids - 10,63 10
‘Marshalltown - ' 9.7 9
Tréer A 6.15 _6
TOTAL D 106.56 100

1/ New garage.



APPENDIX 17

“OVERHEAD COSTS = OPTION 3 -

e - o

Overhead o Overhead \
| | Cost ' Cost '
Garage (1986 $) (1) x (1.05) o
: (1987 §) ,

Intersection U.S. 30 ) 1 . -
& Ia. 21 43,070 = 45,224

o N

1/ New garage (10 stalls)

Note: 1986 costé and information on number of stalls are provided by the
Office of Maintenance: 1987 costs are adjusted for inflation.

;| E S O e S

+ G o
o

-45-



ﬂ

APPENDIX 18

Operétin97Costs for Segmenté Optimally

Reallocated Under Option 4

*Operating

gt

i

_— = .

| —§

e

Ul

* Operating

costs are based on travel time adjusted costs.

287

-46-

~ Highway
.Segment - Segment Length Originally Optimally Costs
No. (Mi]es) Route Assigned to: Assigned to: (1987-Dollars)
: 104 2.12 21 Blairstown  Tama 1,429
1102 10.95 30  Blairstown  Tama 29,014
106 3.02 30 Blairstown  Cedar Rapids 8,408
108 9.99 30 Blairstown Cedar Rapids 25,895
112 3,88 30  Blairstown  Cedar Rapids 9,238
105 3.75 82  Blairstown Tama 28,336
103 - 6.47 131 B]aifstown .Tama 24,740
101 2.16 200°  Blairstown  Tama 1,567
- 110 - 4,77 201 | Blairstown Cedar Rapids 11,505
111 1.98 B | 279 Blairstown Cedar Rapids .5,139 '
109 1.93 Blairstown Cedar Rapids 2,438



APPENDIX 19

- Additional Mileages Served by Garages Under'Option 4

Garage . Increase in Miles Served- % Increase in Miles

Tama | 25.45 50

Cedar Rapids 25.57 50

TOTAL 51.02 . , 100

N

B S .

-47-




APPENDIX 20
OVERHEAD COSTS - OPTION 4

1/ New garage (10 stalls)
2/ Two additional stalls

] (1) (2) (3) (4) (5)
| Increase in
‘ Overhead Overhead  Overhead -
Overhead Overhead Cost After Cost After Cost After
2 Cost Cost Expansion Expansion Expanding —
Garage (1986 $) (1) x (1.05) (1986 $) (3) x (1.05) (4) - (2)
' (1987 %) , (1987 %) (1987 $)
Blairstown 21,280 22,344
Ii Tama’ 38,963 40,911 43,070 &/ 45,224 4,313
ll' Cedar Rapids 183,660 192,843 189,660 ¥ 199,143 6,300

Note: 1986 costs and information on additional stalls are provided by the

-48-
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APPENDIX 21

Samp]e Input'for MPSX Computer Program :
5 7 g Notes o 10 R 13

60y

60.

m*mm{mmmmmmmmnmmmmmmmmmmmmmmmmmmmmmmmmmz

1234567890@23456789q123456739@1234567890b23456789q_2345s789q_234567890L234567890 234567BQQ123456789q}234567390b23456789q123456799d‘

J7vaiT Jo8

S /78

"

%ﬁﬁ:ESExecisYSIN DD;' , L L VIC s as exp]a1ned above

! ROWS °

;/'dOBPARM L=70

EXEC MPSX

. //MPSCOMP. SYSIN DD * -

! PROGRAM
i INITIAL
| MOVE (XD
i MOVE({XP
- CONVERT
. 8COOUT
P SETUP(
| MOVE(X0
| MOVE(XR
| PRIMAL
: SOLUTIO
PEXIT
PEND

CosT ;
NOD Y ¢
NOD2 |
NOD3
NOD4
NODS |
NOD6
NOO7 ¢
NODS
NODS

NDD 10
NOD 1 1
NOD 12
NOD 13
NOD 14
NOD 15
NOD 16
NOD1T
NOD 18
NOD 19
NOD20
NOD2 1
NOD22
NOD23
NOD24
NOD25
NOD26,
NOD27.
NOD28;
NOD29
NOD30
NOD3 1

vIC

NOD3Z -

NOD33
NOD34
NOD3S:
NOD36
NODA7
NOD 38

123456789Q|234567890r35'5578

1 V417 is a box number to be provided by lowa State University
£70 is to pr1nt 70,000 lines (depends on the size of the job)

irm ‘vic') LyIc! isi a user supp11ed name** for the data

BNAME , 'GARSTQDY') E'GARSTUDY‘ is a user supp11ed name** for th% program
( ' SUMMARY ’ )‘ :

MIN") . T : ; ; :
BJ, COST’) . 'COST! 1s a user’ supp11ed name** for the cost of serv1c1ng a h1ghway segment

HS;'"COST . E 'MCOST"1S a usen supp11ed name** for the total ma1ntenance cost
N I : N ; ; :

§COST is as exp1a1ned above : ‘ ; : ;
i NOD1 is a user supp11ed name for h}ghway segment Norgl,vetc. g : ‘_5

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

90|1234567890[1234567890 p234567890h2345678901234567890'23456789qv234567894|23456789q|23455789q|13456 890[) 2|

LAt mnam




LI

10 EA 02 13

_09_

|2345678901234567890P23466789q12345678911234567890123456789

-0 1s the trave1 time adJusted cost from Gl to segment No.

=R N N S SR e .
APPENDIX 21 (continued)
0 1 2 3
123456789q123456159q1234567890b23456789@123456789q1234567890U23456739q123456789
121, £ NOD9g
122. NOD 100
123. NOD 101
124. NOD 102
126. NOD 103
126. NQD 104
127. NOD 105
128. NOD 106
129. NOD 107
130. NOD 108
131, NOD 109
132. NOD 110
133. NOD 1 13
134. NOD 112
135. NOD 113
136. NOD 114
137. NOD 115
138. NOD 1 16
139, NGD 117
140. NOD 118
141, NOD 119
142, NOD 120
143, NOD 121
144 . NOD 122
145 . NQOD 123
146 NOD 124
147. “NOD 125
148. NOD 126
149. NOD 127
150. * NOD 128
151, NOD 129
152. NDD 13D
153, ° NOD 131
154, NOD 132
155, NOD 133
156 . NOD 134
167, ‘NOD 135
188 . NOD 136
159, NOD 137
1e0- N NOD139 ' is a user supp11ed name** for h1ghway segment No.
162. cLOS9 CLOS91s a user supplied name** for the first garage to be c]osed
123~ gtgz;; CLOS11:is a user
165 LUMNS CLOS12 is a user supplied name** for the th1rd garage to be closed.
166 . X1 coST | 25087 .2 NOD 1 1
167. X2 cOST 250872.0 NOD 1 1
168. X3 COST ¢ 250872.0 NOD 1 - 1.0
169. X4 COST : 250872.0 NOD1- 1.0
170. X5 COST 250872 .0 NOD 1 1.0
171, X6 COST ! 250872.0 NOD 1 1.0
172. X7 COST ; 250872.0 NOD 1 1.0
173. X8 COoST § 250872.0 NOD 1 1.0
174 . X9 COST 250872.0. NOD 1 1.0
175. X9 CLOSQ 1.0 : :
176 . X10 COST 250872.0 . NDO 1.0
177. X 11 CcoST 250872.0 NOD 1 1.0
178, X114 CLOS11 1.0 :
179, X12 cos ) 7%0379.0 CNOD S 1.0
180. X112 CLUS12 (8]

q12346678901234567890|234567890|23456789q|234567894123456789q|23‘56789q|2

4|23456789q123456789q}23456789q‘234557896&23456789q1ﬂ

the 1astésegment formed in th

this case it is Tama (G9)

supplied name** for the 2nd garage to be closed.In this case US 303 la 21(G11)neq
|In this case it is: Blairstown
.0 XI is the fraction of segment No. 1 allocated to G(1). $3
:11

| .
Hﬁiﬂi .Ill. 'l!ll HEHH' HHEEH ll.l'

e study'

garagel

(G12)
5087.2

etc.

i
|
1
i
|

FLAte e




-_-u_-%ENDHI?

_'[9_

. 2 . ont#u-ed) -

28~ : MCOST: NOD27: 1.0 NOD28 A
28 i MCOST. NOD29 1.0 NOD30 1
2823. ; MCOST: NOD31; 1.0 NOD32 1.v
2824. : MCOST, NOD33 1.0 NOD34 1.0
2826, MCOST,  ° NODIS 1.0 _ Nobas 4.0
2826 . : MCOST, ~ NOD3T 1.0 NOD38 1.0
2827, i MCOST NOD3IG - 1.0 NODA0 1.0
2828 i MCOST: NODA4 1 1.0 NOD42 1.0
2829. MCOST: NODA43, 1.0 NOD44 1.0
2830. ; MCOST: NOD4S! 1.0 | NOD46 1.0
2831, ; MCOST NOD47; 1.0 NOD48 1.0
2832. ; MCOST: NOD4S 1.0 NODSO 1.0
2833 i . . McosT . NODS 1} 1.0 | NODS2 H.0
2834 . - MCOST: NODS3 1.0 NoDB4 4.0
2835, i MCOST NODS5S: . 1.0 | NODS6 4.0
2836. ; MCOST; NODST: - 1.0 ¢ NODS8 4.0
2837. : MCOST: NODSY 1.0 NOD60 1.0°
2838. : MCOST. . NOD6 ¥ 1.0 NOD62 1.0
2839 i McosT NOD63 1.0 | NOD6 4 1.0
2840. : MCOST: . NODES: . 1.0 NOD66 1.0
2841, MCOST: NODE 7 1.0 NoD68 4.0
2842. : MCOST: NODG6S 1.0 NOD70 1.0
2843, i MCOST: - NOD7 4 1.0 NOD72 “.0 R
.2844 : MCOST: NOD73 1.0 NOD74 1.0
2845 . : MCOST: NOD7S, 1.0 NOD76 1.0
2846 . i . MCOST: NOD7T: 1.0 NOD78 1.0
2847, MCOST: NODT79 1.0 NOD8O 1.0
2848 . : MCOST: NODB8 ¢ 1.0 NOD82 4.0
2848, MCOST: NODB 3 1.0 NOD84 4.0
2850. i MCOST: . NOD8S 1.0 NODB86 4.0
2851, ; MCOST: NODS T 1.0 NODBS 1.0
2852 . i mMcosT NODBE - 1.0 NOD9O 4.0
2853 : MCOST: NOD9 1 1.0 NOD92 1.0
2854 . ‘ MCOST: NOD9 3! 1.0 NOD94 1.0
2855 . : MCOST: NOD9S: 1.0 NOD96 1.0
2856 . : MCOST: NOD9T: 1.0 NODSS8 1.0
2867 . ! MCOST: NODSS 1.0 NOD 100 4.0
2858 . ; MCOST: NOD 101 1.0 NOD 102 1.0
2859. { . MCOST NOD103 1.0 NOD 104 .0
2860. i MCOST: ~~ NOD1OS5 ~ 1.0 NOD 106 1.0
2861. : MCOST: NOD 107 1.0 NOD 108 1.0
2862. : MCOST: NOD 109 1.0 NOD 110 1.0
2863 . : MCOST: NOD 1 14 1.0 NOD 112 1.0
2864. : MCOST: -~ NOD113 1.0 NOD 114 4.0
2865. : MCOsT: NOD 115 1.0 NoD t16 4.0
2866 . : MCOST: NOD117 . 1.0 NOD 118 4.0
2867. i MCOST NODI1® 1.0 NOD120 1.0
2868 . : MCOST: NOD1Z1 © 1.0 " NOD 122 1.0
2869 . : MCOST. - NOD123 1.0 NOD 124 4.0
2870. : MCOST: NOD 125 1.0 NOD 126 1.0
2871, - MCOST NOD127 - 1.0 NOD 128 1.0
2872 : MCOST: NOD 129 1.0 NOD 130 1.0
2873. § MCOST! NOD 131 1.0 NOD 132 4.0
2874 . i MCOST; NOD133 1.0 NOD 134 4.0
2875, : MCOST: NOD 135 1.0 NOD 136 1.0
2876. : MCOST: NOD 1 37 1.0 NOD 138 1.0
2877. ; " MCOST NOD 139 1.0 i

2878. . ENDATA s

2879. e

2880. s
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APPENDIX 21 (cont1nued)
_ Notes
0 1 2 3 5 3 7 8 ) 9 l 10 11 12 '3

|234567890]1234567890['2345678901123456789§234567890]|234567890]'234557893{1234567890|c2345678901123456789(11234ss7sso{|zaassvago{'massmsotz
2767 . X2187 . COST ~ 85080.0 NOD 137 1.0 ) -

2762. X2187. CLOS 11 1.0

2763. X2188 COST : 85080.0 Noo137 1.

2764 . X2188, CLOS 12 1.0 B

2768. X218¢ casy | 88080.0 NOD 137 1.0 :

2766. . X2180 COST ; 85080.0 NOD 137 1.0° ;

2767. . X219¢ COST | B8508.0 NOD137 1.0 :

2768. X2192 COST | | 8508.0 NOD 137 1.0

2769. X2193 COST | 732096 .0 NOD 138 1.0

2770. X2194 COST 732096 .0 NOD 138 1.0

2771. X2195 COST 732096.0 NOD 138 1.0

2772. X2196 COST 732096 .0 NOD 138 1.0

2773. X2197 €OST | 732096.0 NOD 138 - 1.0

2774. X2198 COST ¢ 732086.0 NOD 138 1.0

2775. X2199 COST | 732096.0 NOD 138 1.0

2776. X2200 COST | 732096.0 NOD 138 1.0

2777. X2201.- cosT 732096 .0 NOD 138 1.0

2778. . X220¢% cLOSY 1.0

2779. X2202 COST 732096 .0 NOD 138 1.0

2780" X2203 COST | . 732096.0 NOD 138 1.0

2784 . X2203 CLOS it 4.0 i _

2782. X2204 COST © 732096 .0 NOD 138 1.0

2783. X2204 CcLOS 12 1.0 : ,

2784. X220% €OST ¢ 732086 .0 NOD 138 1.0

2785, X2206 COST : 732096.0 NOD 138 1.0

2786 X2207 COST ¢ 732096 .0 NOD 138 1.0

2787. X2208 - COST - 74429.8 NOD 138 1.0

2788. X2209 COST | 554000 .0 NOD 139 1.0

2789. X2210 coSsT | 554000 .0 NOD 139 1.0

2790. X221 ¢ COST 5%4000.0 NOD 133 1.0

2791, X2212 COST 554000.0 NOD 139 1.0

2792 . X223 COST ¢ 554000 .0 NOD 139 1.0

2793. X2214 COoST ¢ 554000.0 NOD 139 1.0

2794. X2215 COST 554000.0 NOD 139 1.0

2795. X2216 cosT 554000.0 NOD 139 1.0

2796. X2217. COST - 554000 .0 NOD 139 1.0

2797 .- X2217 cLOSS ih.0 i

2798 . X2218 coSsT | 554000.0 NOD 139 1.0

2799. X2219 COST ! 554000.0 NOD 139 1.0

2800. xX2219 CLOS 1 1.0 {

2801 . X2220 CoST 554000.0 NOD 139 1.0

2802 X2220 CLoscz 1.0 : 5

2803. X2221. CcOST 554000.0 NOD 139 3 1.0

2804 . X2222 COST 554000 .0 NOD 139 fo1.0

2805 . X2223 COST | 564000.0 NOD 139 i 1.0

2806 . : X2224; "COST ; 55400 .0 NOD439 ¢ 1.0 X2224 is the fract10n of segment NO 139 a11ocated to

528;; | RHS MCOST NOD1 | 1o NOD2 Yoo EG(16) i$55400.0 ‘is the trave] t1me adJusted cost from

2809 . MCOST NOD3 1.0 NOD4 4.0 - G(16) tO segment ‘No. 139

2810. MCOST, NODS 1.0 NOD6 1.0 :

2811. MCOST: NOD7 1 1.0 NOD8 1.0

2812 MCOST, NODO 1.0 NOD 10 1.0

2813. MCOST: NOD 1 1; 1.0 NoD 12 4.0

2814, MCOST: NOD 13 t.0 NOD 14 1.0

2815, MCOST; NOD 15 1.0 NOD 16 4.0

2816. MCOST: NOD17: 1.0 NOD 18 1.0

2817, MCOST: NOD 19 1.0 NOD20 4.0

2818. MCOST NOD2 i . 1.0 NOD22 1.0

2819 . Mcosr NOD23 1.0 NOD24 4.0 |

2820. MCOS NOD25. 1.0 NOD26 1.0 : .. I
17145678§_r73456789(ﬂ17145678“90!234567890[!214567890]1‘214567890‘1734567890]123»43—6'7'?!"'550'!'?l’!4567R90i’235567556{!35'4'55'7'890“ijdéé‘fﬁbé{i15-45'675'9'-{5{!'2
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[ MPSX-T 19’ Execuwon" MPSX RELEASE:1 ~MOD LEVEL 6
ISOLUTION (OPTIMAL) ' . | APPENDIX 22 :
Samp]e Output for MPSX Computer Program
friMe - q,oz MINS. ITERATION Nunasn = | 168 :
NAME ... ...ACTI&ITV,.. © DEFINED AS
FUNCTIONAL § 3513942.89997  :  COST :
' MCOST |

RESTRAINTS !

4567890[1 234567890{1 234567890{' 2345678951 234567890]‘ 23456789

Total maintenance|:

90{1 2 234567890{'234557890[!23‘5678901!ﬂ
87/002 ) C e

es

PAGE 68 -

cost = $3,513,942.89997
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-MPSX-PTF19. Exscuwoa

NUMBER .pOLUMN.
2027 X1886 ;°

2028  X1887.
2029 Xi1888
2030 %1889 .
2031 X1880
2032. X1891
2033 x1892
2034 X1893
2035 X1894 ..

. 2036 X1895
2037  X1896 .

. 2038 X1887
2039 Xx1898
2040 X1899
2041 X1900
2042  X1901
2043 X1802
2044 -X1303

2045 X1804

L2046  Xi190%
2047 X1906
2048 X1907
2049 X1908
2050 X:1909

©'2051  X1910°
2052 " X1911°
2053 X1912

T 2084 %1913,
2055 X1914
2056 X1915
2057 X1916
2058 X1917
2059 :/X1818..
2060 X1818
2061 X1820
2062 . %1921~
2063 X1922
2064 X1923
2065 X1924
2066 X1925

©.2067 X19286
2068 X1927
2069  X1928
2070 X1929
2071  X1930
2072 X1931
2073 x1932
2074 X 1933

- 2075  X1934.

- 20Q76-. %1835
2077

X1936

MPSX

.ACTIyITv...

RELEASE 1

MOD

COST

*;sooooﬂ;f
8 . 00000

LEVEL € Appendix 22 (cont1nued)
_LOWER LIMIT. | .

.UPPER LIMIT.

299188 .
299188 .

PAGE

.REDUCED c:sr}‘

299188f'”f'?

wﬁa]]ocat1on

104 - 87/002

Notes

cost of $39 515 5 Sav1n
$1129 is realized due to:
reallocated under o t1mun,
Reﬁe'” |

No _ op

a]Tocated toWG(8) witha'isg
cost of $2988.5.. Savings (¢
$45.3 is realized due to is€
rea11OC] ’ '
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