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I. ABSTRACT

An optimum allocation model has been utilized to examine the existing
allocation of highway segments to maintenance garages in the Hamlin study

area. 'The model has also been used to evaluate the_financia1 effect of

'cTosing-the'garage at Hamlin.

,The'examination of tﬁe,study area shows that on]y'thfee of 48 highway
éegments shou]d'be.réailocatéd_at an annual operational sgv{ngs‘df'
approximately $1;400.

. The study conc]udes there wou1d be an annual operat1ona1 savings of

approx1mate1y $28 700 if the garage at Hamlin were closed.




1I. INTRODUCTION AND OBJECTIVES

:;A Tinear programming mode] is used to optimally assign highway segments

,to?highway maintenancé garages using-existing facilities. " The mode1 is alsb'
-~ used to determ1ne poss1b1e operat1ona1 sav1ngs assoc1ated with clos1ng the

'h1ghway ma1ntenance garage at Ham11n.

The study, "An 0pt1mum A]]ocat1on Approach to Closing or Re]ocat1ng
H1ghway Ma1ntenance Garages in Iowa," (1) had successfu]]y 1dent1f1ed a mode]
referred to»as an "opt1mum a11ocat1on model." This model was developed by -
uti]i;iﬂg ﬁhe‘highWéy maintenanée-re1ated'data current1y~ava11able at the Iowa

‘Depértmént of Transportation. It can optimally assign highway segments to

’Maihtéhancé garages'and evaluate the financial effect of closing or reTo@ating

_spec1f1ed ma1ntenance garages in a given study area.

- The current proaect was undertaken at the request of the Office of
Ma1ntenance; The objective of this study was to utilize the "opt1mum
qlTQcatiqn;modé1“ to examine the existing highway maintenahce garage locations

in. Ham1in area. .The model was used to:

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

area.

2. ElaTuaté'the;finahéiaJ effect of closing the garage at Hamlin.
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" III. THE OPTIMUM ALLOCATION MODEL

-The fo]]owing'subsections describe the assumptions required by the
optimﬁm allocation model; the study area to be investigated using the model,
' ahd the steps neceséary to get the type of data usable by the mode].
iA. Aésumgtions |
1; For fhe’purpose of this study and with the concurrence of the Office
.of Maintenance, highway maintenance vehicles are assuﬁed to tréve] at
average.speéds Qf 35 mph for snow and ice contrd1 activfties and 40
_mph for 6ther maintenance éctivities. These average speeds é}e used
to derive a_weighted averagé speed which is then used to estimate
't;aVel times. | |
2. The°hi§hWay maihtenance cost associated with a route in a given
maintenance area is assumed to be uniformly distributed along the
“route, |
- 3ﬂ' Any highway segmént formed is represenfed by its midpoint. Thus the
highway maintenance cost of a segment is éssumedrto be concentfated
ét its hidpoint. Also, travel times &re calculated from garéées to o
midpoints of highway segmehts, | - | |
4, The travel timeS'ffom garage "X* to segment "Y" and from segment "Y"

to garége nX" are assumed to be the same.

'5;‘ The cost of servicing a highway segment from a maintenance gdﬁage is
- assumed to yéry»as a function of travel iime'between the garaéé and
.the segmént. “In the optimum a11bcation model, the're]ationship has

been quantified by the use of "cost multipliers" (1).

-'. -

6. The garages in the study area are assumed to have unlimited
capacities. This means the garages can be expanded,,if neceSéary, to

service all the segments optimally assigned to them.

3
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‘:.gStud . Area

7: Whénevéh_a garage rélocation possibility is studied, the garage
overhead cost before and after its réTocatiOn'is,aSSUMed,toibe the
éaﬂie; )

" 8. Cap1ta1 costs - and staff1ng needs are not cons1dered

The study dred for th1s prOJect was. prov1ded by the 0ff1ce of
Ma1ntenance. The study area is the Ham11n part of Iowa and 1s shown in

Append]xllj It con51sts of six "act1ve" ma1ntenance garages

. Sourcé‘of Data |
Thé fiscal year 1982 labor and equ1pment costs for all the routes in.
. the study area were supp11ed by the Office of Ma1ntenance The overhead _
eosts for the garagées in the Study area were also supplied by the same
ofﬁ'cei These»COsts are shown in Appendix 4.

Bas1c Ma1ntenance and Basic 0verhead _Costs

The Fiscal year 1982 1abor, equ1pment and overhead costs were
adjusted,for inflation to reflect what these costs wou1d be if the same
‘maintenance,activities were done in fiscal year 1983. The_adjustnents

were madée as shown}beTOW.

Labor - - - 8%

_Equipment - - - 10%
Overhead - - - 8%

These infTatiOn rates were provided by'the Office .of Maintenance.

The 1nf1at1on adgusted labor and equipment -costs for a route were

'comb1ned to a form a single cost. This single cost was referred to as the‘. o

‘"basnc ma1ntenance"-cost for that route. The'inflationeadjusted overhead
’?cdét*fdr-a-ganage.waS”simpTy'referred'to as the "basic overhead" cost of

. the garage..
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The obtimuh allocation model requires knowledge of the overhead cost
bf>each'méintenance garageAin the study area. Sometimeslsuch data is not
~éVaf1ab1e bécéuse in certain maintenance areas the overhead costs for some
garagés are combined during the record-keeping_process. In.such
situat16n$ it was recommehded by the Office ovaaintenanCe that the
dverhead.costs of the garages invo]ved,be determined atéo%dihg to the

relative percentages of the number of persons and/or the number of miles
of highway associated with each garage.

Highway Segments

.~A11.the routes in each study area were broken up into suitable
segments according to the following criteria:
i. Segments should not be more than 25 miles long (pér Office of
Méintenénce). “ |
2. Segments should be reasonably short, so as to increase the accuracy
“of the model. | |
_3; Segments'shoqu be reasonably 1ong,>so as to minimize the cOmbutation
| time involved and hence reduce the costs associated with:theumodgl;

A total of 48 segments, ranging from one mile to 22 miles in-length,

" were formed in the study area. These segments are shown in Appendix 2.

Weighted Average Speed
The optimum allocation model is sensitive ﬁo.sma11 changes in_Sbeed
(1), and thus is sensitive to small éhanges in tréve] tﬁmegl For a given

highwéy-segment the travel time from a given garage to the segment‘is

'._genera11y-greater for snow and ice control activities than it is for the

~ other maintenance activities. Consequently, it would be erroneous to use

a “51mp1e" average speed for all the maintenance activities.

n




To reduce this type of error, Nkansah and Baig (1) suggested that a

“weighted! average speed be used. That "weighted?'speed is:denived

_ from; ‘the average speeds‘pertaining to'Snow and ice controi activities

,:;and the other maintenance act1v1ties, and the reiative percentages of SNOW

Aand 1ce controi activ1ties and.-the other maintenance actiVities
In this study a weighted average speed; of- 38 mph. was used It was

udetermined as, shown below (all data provided by thevOffice-of

- Maintenance):

% of snow and. ice control activities

= 42.5%
Average speed fon_snow.and;iceAcontpo]:activities o= 35 mph
Average.sgeedcﬁor'other.maintenanqe activities - = 40 mph

‘Therefore, -

Weighted average speed = (0.425)(35) + (0.575)(40)

14.875. +. 23

. 38 mph:

. 'Travei Time-AdJusted Costs

One set of travei times.corresponding to. the study. area was
calculated.using.a weighted. average speed.of 38 mph and the distances as_
shgyniingthe;JuJyHL981~MajntenanceﬁArea‘Responsibiiity,Maps.(g). These '
*travei times were then utilized to. adjust. the. ba51c maintenance costs of

‘each, highway segment through the. cost- mu]tipiier concept (1).
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IV. THE OPTIMUM ALLOCATfON MODEL RESULTS

' ‘The optimum’a11ocation'mode1 was used to investigate the'given study
_area. The following subsections describe the resu1ts»obtained.

A. Ex1st1ng and Optimum Allocations

The "ex1st1ng a110cat1on" refers to the current.ma1ntenance areas. in" %
- the study area. These maintenance areas were determ1ned by the Offlce of
Ma1ntenance without the use of the optimum a11ocat1on mode1 » These two
"allocations (existing and optimum) were compared on the basis of operat1ng‘_
costs only.

The operat1ng costs perta1n1ng to the opt1mum a110cat1on were .
determ1ned by applying the optimum a11ocat1on model to the study area. To
ensure compat1b111ty in cost, the operating costs perta1n1ng to the
,ex1st1ng allocation were also determined from travel’ t1me adJusted

costs. In th1s case, however, the travel time- adjusted costs: were 1

_— R R = = e B =N SN

calculated by ut11121ng the cost multipliers and the travel - times-as
determwned by the existing allocation system. A summary of the results is

shown in Table 1 on the next page.
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No.vn!

| TABLE . 1
§EGMENTS REALLOCATED UNDER OPTIMUM ALLOCATION
. IN HAMLIN STUDY- AREA | |

Optimum AlTlocation © Cost Savings
o ~ Using -
: Operating  Optimum
‘A§ 1gned to e 3 . Ass1gned to Costs* - Allocation
Ghrage at (Do]]ars/Yr ) Garage at:  {Dollars/Yr.) . (Dollars/Yr.)

16

7

18

:At]ant1c EREr Adaiv - - $ 120 $ .4

Atlantic 26,743 Adatr - d9;e68 1,005

CAtlantic 5,630  Rdair S 5320 310
| | fotal = $1,389

"+ Operating costs aré based on travel ‘tife-adjusted costs.

Table 1'shows only three ‘segnénts (ségrent Nos. 16, 17 and 18) were-

'féé]16¢étéd3656@?égﬁf%ﬁﬁh>é1iﬁc§%16nfb?btédu%és, resulting 4n annual savings

oF approx1mate1y $1 389 'ﬁﬁ357SéV§H§§'ﬁé véry small. Thus; it can be.

. concluded,that-the‘qurrent'3fi555f§6ﬁ-6?5ﬁi§hWay;segmeﬁts to -existing garages

“within thé ‘study aréa is gbod *for ‘all practical purposes.
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B. Closing of Garage
| The optimum allocation model was used to evaluate the financial -

effect of'cldsing the garage at Hamlin. The results are shown in Table 2.

TABLE 2

COST ANALYSIS OF CLOSING HAMLIN GARAGE
USING OPTIMUM ALLOCATION

Operating Costs*

(4) (5) (6)

(2) | (3) Increased Overhead Cost - Estimated
B _ Garage(s) Garage(s) ‘Travel of Garages ‘Savings
() Not Closed =~ = Closed Cost (Dollars) ~ Closed ~* (1983 Dollars)
Item ; “(Dollars) (Do1lars) (3) - (2) (Do1lars) (5) - (4)
A1 Garages - $938,360 |
Ham]in ' S - $951,394 $13,034 $41,757 $28,723

*- Operating costs are based on travel time-adjusted costs.

Table 2 shows c]osing the garage at Ham]#n‘increased travel cost by
approximately $13,034 per.year. ,However,_there is a cost savfngs of
approxihate]y $28,723 per year. M

The.optimal assignment of highway segments to garages'inithe Study area'

- Fok-the'case investigated is shown in Appendix 5,




V. CONCLUSION
1In fhis study an optimum allocation.medel has-been.used to examine the

h1ghway ma1ntenance area :served. by Ham11n&study area. |

wﬁhe results show that the -existing :allocation of h1ghway segments to

ma1ntenance‘garages is good. for a1Ljpr§§t1ga1,purppses,‘ In fact, only. three

- of 48‘highway segmen&slweneﬁrealquated;ungeraoptimum.proce@ures,ﬁnesu1t1ng in
an annha] operationalﬂsayings;gsgﬁmqteJofggpproxﬁmatg]yg§1§400.

- There would v;be«.a@nnuval.sz-.ope.nat:iona1—;::5@Mi:n,9s;,u,.e.s.t,:i.m.ate..mf;s:@‘pprox'i-_rnate1y
, $28,7OO ifﬁthe,ggggge@at%ﬂqm]ﬁnﬁwgregc]o§ed.
assumpt i 6nsf<..énd rlimitations:of-the ;ws;t:udy'ds,as\.rc!f-airs.c.:us;s-edeﬁ n.;.%;Seei;:J ons-II1..A..and

VI., respectively.
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VI. LIMITATIONS OF STUDY

'accﬁracy of the cost savings reported in this study,is subject to:

The reliability of the historical cost data provided for use in this

Study;

. -The'accuracy of the apportionment of an overhead cost in cases where
;two or more - garages have a comb1ned overhead cost.

. The accuracy of the average speeds of maintenance veh1c]es (for

var1ous_ma1ntenance activities) used to ca]cu]ate the we1ghted
average speed.

The garage overhead costs before and after its relocation are assumed

"to be the same.

Capital costs and staffing needs are not considered.

11
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Segment .
Served. Locatlon

== Harlan (G1)
esee Atlantic (G2)
Hémli_n (G3 closed)
-== Carroll (G4) _
o« Adair (G5)
" ooo Guthrie Center (G6) |

Legend:
Existing garage
@ Closed garage
G Garage number

awvw Study boundary area
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APPENDIX 4

FISCAL YEAR 1982
LABOR, EQUIPMENT AND OVERHEAD COSTS
FOR THE ROUTES AND GARAGES IN HAMLIN STUDY AREA

" Location ahd‘: - 1982 Garage Routes Served 1982 Labor 1982'Equibment

- Number of Garages =~ Related Costs by Garage Cost Cost
o . (Dollars) ~ (Dollars) (Dollars)

Carroll ’ $48,427 30 $29,112 $ 2,511
(3303) ' _ 71 _ 29,558 - - - 24,951
L 141 16,918 14,111
161 ' ~.1,005 . 788
217 : 552 . 470
236 988 : 1009
285 33 ' - 37
286 2,542 3,034
- -Adair : 57,302 80 106,405 85,438
(4401) ' , 925 24,893 : 20,240
"Hamlin 41,757 44 23,018 - 18,859
(4403) - - 71 44,183 38;204
: 173 - 3,887 2,755
. Atlantic . 74,590 6 16,889 16,325
(4404) - 48 o 7,895 5,698
: _ o 71 19,242 . 20,947
: 83 ' 19,608 21,257
92 24,555 . 23,972
148 13,726 ' 13,522
173 ' 5,691 . 5;255
6,669 86 ’ . 46

Guthrie Center - 48,561 4 4,504 1,986 :
(4409) ' : ' 25 29,212 20,486
. a4 24,856 ' 16,894
141 - 24,036 , 16,197
Harlan » 43,847 37 19,170 14,621
(4410) - , 44 50,171 39,072
59 23,214 19,702

191 8,287 6,459

-~ Source: Office of’Maintenance, Highway Division, Iowa Department of Transpoftation.
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APPENDIX 5

OPTIMAL ASSIGNMENT OF HIGHWAY SEGMENTS TO GARAGES
IN- HAMLIN STUDY AREA

H1ghway ' : - - Garage
Segment : : ' ‘

'a3
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e .

DX X X X X G
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X X X X X X X X X
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APPENDIX 5 (continued)

Highway . E Garage

" Segment -

No.

a3
44

E

45
. 46
A7
48

‘Legend: x - Optimal Assignment of Segment to Garage

‘xi - Optimal Assignment of Segment to Garage When Garage "i" Is Closed
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Appendix 6 (Continued)
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" Highway

APPENDIX 7

SEGMENTS REALLOCATED UNDER OPTIMUM ALLOCATION

(HAMLIN STuDY AREA)

_ . Length Originally
Segment = of Segment Assigned
"No. (Miles) Route No. to
16 - 7.23 6669  Atlantic
S 1302 148 Atlantic
18 3.76. 148 Atlantic

23

Optimally
Assigned

to

Adair
Adair
Adair

*i.1983'1abor and equipment costs based on the 1982 cost adjusted for

*Basic
Maintenance
- Costs
(1983 Dollars)

% 144
23,048
6,650

inf]ation;



N ' - APPENDIX 8 .
SEGMENTS REALLOCATED ‘UNDER OPTIMUM ALLOCATION
{( HAMLIN GARAGE CLOSED)

S _ *Basic
0r1g1na11y ~Optimally - ~“Maintenance

o Ass1gned .. Assigned - Costs
‘Route.No:.. .to... o to . (1983 Dollars)

- Highway
Segment

;

473 Hamlin 0 Harfan o $ 7,229

y i

: .
) R T

84 HamT4n . Harlan 23,869
7 Hamiin - Atlantic 38,357

_ 44 Hamlin Guthirie Cénter 21,735
23 14§5§' n ‘Hamlin Guthr1e Center ' 13;818
V%A 12:37 71 ‘Hamlin - Carro]] ’ 37,568

’”;'j@ﬁ%(iﬁﬁﬁ?*ﬁﬁﬁﬁiﬁﬁiﬁﬁ@ﬁi”tﬁ%i%ﬁbﬁkédﬁﬁn the 1982 cost adjusted for inflation.
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