View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Purdue E-Pubs

Fuel Consumption in Hi Routing
Mampenance Ag?\\/qlt?gs

Essam A. Sharaf
Graduate Instructor in Research, JHRP
KUMARES C

Research Engineer, JHRP
EldonJ. Yoder
Research Engineer, JHRP
R. Clay Whitmire
Maintenance Management Director
Indiana Department of Highways

Abstract

This paper describes the results of a study aimed at the identifica-
tion of fuel consumption by the equipment fleet used in highway routine
maintenance activities in the State of Indiana.

Two basic groups of results are presented: (1) the fuel consumption
rates for all possible activity-equiPment combinations as well as total fuel
consumed per production unit of each activity; and (2) the effect of fac-
tors such as location (subdistrict), highway type, and season on fuel
consumption.

The first group of results will be of direct use to the Indiana Depart-
ment of Highways (IDOH) in the planning of the annual maintenance
?rogram, while the second group will be useful in evaluating the actual
uel use (in the field) by different management units (subdistricts).

INTRODUCTION

With the 1982 Surface Transiportation Act providing additional five
cents motor fuel tax, a substantial increase in federal aid has taken place
and many of the so far deferred major maintenance activities can now
be considered. However, routine maintenance activities do not receive
any federal aid and they must be accomplished through the state generated
revenues. Increased federal aid also requires increased matching funds
from the state sources, and thus if there are no little additional state
revenues, less funds for routine maintenance may be available. Conse-
quently, routine maintenance is receiving considerable attention from
state and local highway agencies.

A major Portion of the materials cost in routine maintenance in-
volves motor tuel. Although in recent years there has been a sharp in-
crease in cost for all petroleum related materials, the price of motor fuel
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has risen drastically. Highway agencies have started to consider motor
fuel as a special resource that needs to be effectively controlled.

This paper presents the results of a study sponsored by the Federal
Highway Administration (FHWA) and Indiana Department of Highways
(IDOH) aimed primarily to identify the energy needs in terms of fuel
consumed by the equipment fleet for maintaining the state highway system
in Indiana. The results of the study will be used to establish improved
fuel consumption standards for routine maintenance equipment fleet and
to identify possible actions that can achieve both energy and cost savings
in routine maintenance operations

FUEL CONSUMPTION IN ROUTINE MAINTENANCE

There are two categories of energy consumption in highway routine
maintenance: (1) direct energy consumption by equipment fleet; and
(2) indirect energy consumption in manufacturing and transporting the
materials used in maintenance. In this study, only the first category,
direct energy consumption by equipment fleet, was considered.

Inflation and price increase have significantly affected the routine
maintenance expenditures for the state highway system in Indiana. For
example, the total expenditure on routine maintenance activities in 1976
was estimated as 30 million dollars, while in 1981 the estimate of this
expenditure increased to about 48 million dollars with an average of about
12% vyearly rate of increase. On the other hand, while the cost of motor
fuel consumed in field activities related to routine maintenance in 1976
was about 2.5 million dollars, this cost increased to about 6 million dollars
in 1981 with an average of 28% yearly rate of increase (Figure 1). In
addition, the ratio of fuel cost to total maintenance cost increased from
8% in 1976 to about 13% in 1981 (see Figure 1). Figure 1also shows
that the ratio of fuel cost to total material cost increased from 17% in
1976 to 27% in 1982. It should be noted that the fuel costs reported
here involve only the fuel used by the eguipment fleet required to do
the field work in maintenance and they do not include fuel consumed
for transportation of supervisors and In other overhead activities.

Motor fuel should be treated as a special resource that needs to be
effectively controlled. A careful management of motor fuel cannot be
undertaken, however, without detailed Information regarding equipment
utilization and associated fuel consumption. Many studies were made
in the past in the general area of energy use of maintenance equipment
(5,6,7,8,9). However, the available information does not provide either
the degree of variability of fuel consumption between different equip-
ment tyﬁes, or the variability of fuel consumption for the same equip-
ment when used in different maintenance activities. Furthermore, the
current information of equipment utilization in the IDOH is presented
in terms of number of hours or number of miles an equipment is used.
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Figure 1. Fuel Cost As Percent of Materials and Total Cost. Source References:

These measures are not detailed enough for maintenance management
unless other supf)orting rates of consumption are developed. Such rates
as miles per gallon (mpg) or gallons per hour (%ph) are necessary not
only to recognize the amount of fuel consumed, but also to identify the
degree of use of a particular equipment. This information can then be
used in an effort to formulate strategies that can achieve improved equip-
ment utilization and thus can save energy and maintenance costs. The
results obtained can also be ofuse to the IDOH in programming of routine
maintenance activities.

STUDY METHODOLOGY AND DATA COLLECTION
PROCEDURE

Although the primary objective of this study was to develop new
standards for maintenance equipment fuel consumption, it was decided
to consider also the calculation of unit costs for the other two resources,
material éother than motor fuel) and labor. This was done for two reasons:
1) to update the current material and labor standards, if necessary; and
2) to determine the share of fuel cost in the total cost of undertaking
a routine maintenance activity. A discussion of maintenance resource
requirements is given in Reference 10.

Field data were collected in thegaresent study using the existing system
of data recording with some modifications. The current data recording
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system consists of filing work records on a card called crew day card.
Each time a crew performs an activity all necessary information is recorded
on a crew day card. Information recorded on such cards include: (1)
routine maintenance activity type; (2) location where the activity was
performed; (3) date; (4) number of crew members and correspondin
man-hours; (5) equipment used and corresponding miles or hours; (6%
materials used and corresponding quantities; and (7) total accomplish-
ment (production units).

Six subdistricts were chosen within the six districts of the IDOH
for fieldzdata collection. The location of these subdistricts is shown in
Figure 2.

Figure 2. Location of Subdistricts.
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The current data recording system of the IDOH does not include
any information about the amount of fuel consumed by different equip-
ment types. To provide fuel use data for this studﬁ the subdistrict
managers were instructed to fill each equipment with fuel before and
after each job. The difference was to be recorded on the same crew day
card with other associated data.

To avoid bias toward a specific period of the year, the data collec-
tion was sBread over the entire fiscal year 1981-1982. The year was divided
into four basic work seasons: fall, winter, spring, and summer. During
a particular season, the data were collected over an extended period.
For example, the fall data were collected for about six weeks during Oc-
tober and November, 1981, the winter data in a period of eight to ten
weeks between December, 1981 and April, 1982, the spring data in a
period of six weeks betweenApnl and May, 1982, and the summer data
In a period of six weeks between May and July, 1982. By spreading the
sample data over the entire fiscal year, it was ensured that those activities
with seasonal peaks would be approprlatelr represented. For instance,
about 50% of the total production units of shallow patching activity is
accomplished in the spring season, while machine mowing is concen-
trated in the summer.

The data were screened and about 15% of the total sample size was
excluded for one or more of the following reasons: (1) more than one
activity reported on the same crew day card; (2) missing information,
such as number of gallons consumed by one or more equipment; or (3)
when obvious recordlng mistakes were detected.

Table 1shows the different routine maintenance activities included
in the maintenance management system of the IDOH, along with their
code numbers and units of measure. The list of equipment types used

Table 1 Routine Maintenance Activities Included in the Study

Code No. Activity Naaa Unit of Measure
I. Roadway and Shoulder
%8% Shallow galchmg ons of nix
ale o o
%82 Fu Wldlh S o%lder seal Eool miles
g Seal coatingl anes mlle]
ea |n Ioncq(nudmal cracks and joints Inear miles
I Lane mlTes
209 uttm re |e Linear Teet
} ot rep npaved shoulders g % egate
adm (‘1
} gg un aved shou A g er miles
econ ave oulders oulder miles
14 nt an I removea
219 an-hours
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Cod* No. Activity Name

11, Roadside
Machine s0
% Brush ¢ td’d'”g
Her&m et
Seedin /gor fer g
gto m% tr a]mlng or rem val of long trees

:
s

%poﬁ 50 |ngy nd hand trlasing

%% I t-0f-wdy fence repair
I, Drainage
%g& Iean and. reah pe ditc
sgect |sor ralnage Rructures

) g b atr

%gg ani g a nor dpramgge structures

IV. Bridees
241 Rang cleaning bridges
%% E%sﬂ?néeﬁalgae decks
0
V. Traffic Control
o Subdistrict sign saintenance

Paint payement sassages and special sarkings
0l Saintenance P J

saintenanc

2 St

V1. Winter end Emergency

mergen y.mamtenande

QOW ang. Ice remova .
ﬁCkSpI ing winter materials
ther

VII. Public Service

7 Sl L, e e
gi Work ?Ifrrbse altretmfr%tot tNatural Resourcesl
éég Fgénfl 1|Ltf(r pl|c up
5 Stﬁ way clea ing
VI, Others
|%ment reHalr maintenance\
égé ? ﬁ qrou sdmalntenance
27 eatoeurrlasalnaerr]] cg and storage
%g? ther ug&aort acuvmes
ecia| saintenance
%82 g ecljal maintenance
clal saintenance %
H; d salntenance supervmon
&68 tan yt|me

1 No data varareceived for these activities.

Unit of Measure

SwadE sUes

Stumps
an- ougs
inear feet

an-nours

Einear feet

Man-hours

R/an cleaned

ecks fI shed
uare

Man- nours
Man

|nea1r Ireet

Man-pours
Man-hours

an-hours
an-nours
Man-hours

Mait-hours
an 0Urs

-0

uFgass miles
an-nours
an-nours
an-hours

)
=
o
=
=
1%

an-nours

2 Nodata for these activities (they are not recorded on crew day cards).
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in maintenance activities is shown in Table 2 along with the code
numbers.

Table 2. List of Equipment Used in Routine Maintenance Activities.

Cﬁge Equipment Type C’r\)l%e Equipment Type No. Equrpment iyp«
Brc crock hain_saw

ncrete W ewer
vmenl lar

ta e truck

amt rne ort Erne marker
rac or truck
rac 0F MOWer wer vegtor

m ressor rmeer frailer

atc?r baa(fn cleaner ﬂ1

om % Brow hoard
ort

remra slorage trailer e

rg M rtrarler

?gfn vemen Cutter

mrca spreader
o a e roIIer % EL
K

C e} crock
bucer
Ic crock

Iow
l§ rea er
r scra er
ru rjr){ PP
u rver
k/goer raw
and  mower Vermeer cutter

RESULTS OF THE STUDY

The results of this study can be divided into two major groups. The
first group involved fuel consumption rates and costs in various routine
maintenance activities. In this group, rates of fuel consumption in terms
of number of gallons consumed by the equipment fleet to produce one
production unit of each activity, and the proportion of fuel cost to other
resource costs were identified. These results can be used directly by the
IDOH Maintenance Division in preparing the annual routine
maintenance programs.

In the second group, different factors that affect fuel consumption
were analyzed to discover possible sources that may cause deviation from
the rates developed in the first group. The effect of such factors as highway
type and season (i.e., time of the year when the activity is performed)
on fuel consumption was analyzed. These results were developed mainly
for use by the maintenance division in the process of evaluating actual
field work. Although the avera%e rates can be used to make an estimate
of total future needs, an analysis of actual performance of various
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maintenance activities would require an explicit understanding of the
factors that cause variation in fuel use rates.
Calculation of Fuel Consumption Rates and Costs

In this group, fuel consumption rates and costs were computed along
with the ratio of fuel cost to total cost or to material cost. Total cost
of an activity is defined as the sum of labor, material (other than fuel),
and fuel (equipment) costs. Although the IDOH already has very ?ood
standard (unit costs) for both labor and material (other than fuel), it
was decided to determine these unit costs on the basis of the field sample
collected in this study. This way the current rates can be further checked
and a uniform and unbiased set of cost data can be developed for the
computation of ratios of fuel cost to other resource costs.

Cost Computation Procedure
The general form of cost calculation of an activity is given by:
Tk fyk *Rijk  Cii O
where, _ _ _ N
A = total cost in dollars per production unit ofthe  activity;
fijk = usage factor of the  element of the i* resource when
used in accomplishing the k™ activity;
Ryk = rate of consumption ofthe ~ element of the i* resource
required to produce one unit of the k™ activity;

c-j =unit cost of the j*1 element of the ft1resource.
The usuage factor, fjj*, is calculated as

fijk =
Nk
where, ©

nijk = total number of jobs observed using the j* element of i*
resource in the k” activity;
= total number of jobs in the k™ activity.
Finally, the consumption rate, Rqjk, Is obtained from

Rijk _ Fyk
Pk (3)
where,

Uijk = total number of units of the j* element in the i resource
when used in the k™ activity;
Pk = total number of units produced of the k" activity.
The computational procedures can best be illustrated by an exam-
ple. Consider activity number 201 (shallow patching). The computa-
tiortﬁ of labor, material, and fuel costs of this activity are presented in
Table 3.

94
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Equipment
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Table 3. Cost Calculation Example (for Shallow Patching Activity).

Clement

Maintenance Worker 1V

h M In

Ag|rept. or backfill
Seal Cover Aggreg.
Bit. Material

Bit. Mix

Salvage Bit. Mix

Pickup Truck

Pickup Crew Cab
Flatbed Truck
Dlatributer

utility Truck

Dump Truck

Do-all Truck
Compactor

Tar Kettla

Preaix Storage Trailer
Boiler

Loader

Air Compreaeor
Flaahing Arrow Board
Porta Patcher

Stake Truck

N

abrwnNE

SREBvwmurnrwne

NN
A wbd

fj
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2.23 m.hr/Prod
2.23 ».hr/Prod

1.00 tona/Prod

0.30 tona/ H

7.77
1.00
1.00

PORPRPADMOORLNNNAONDD

NORNROOOOWABNWN W
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$5.47

$4.52

/

/

4.10/

3.00
0.78
25.50
25.50

1.05
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= 2N\
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m-hr.
a.hr.

ton
ton
gallon
ton
ton

gallon

Total Coat

$77
per

.77 Labor Coat
Production Unit.

$27.30 Material Coat

per

Production Unit.

$9.32 Fuel Coat
per Production Unit.

$114.39 Total Coat

par

Production Unit.



The usage factor (f-*, Equation 2) represents the frequency of use
of certain resource element. For example, the usage factor of the first
element (j = 1) of the first resource (i = 1), namely maintenance worker
[V, is 5.0. This means that in the 342 jobs o activitK 201 (shallow
patching) there was a total of about 1710 maintenance workers of category
IV, resulting in an average of 5.0. Similarly, in the 342 jobs where ac-
tivity 201 was conducted (in the sample), a total of 311 dump trucks
was used; the corresponding usage factor is therefore 0.91 for the 6
element ( dump truck ) in the 3 resource (equipment).

Rate of consumption is the average number of units of certain
resource element required to produce one ﬁroduction unit of activity (R ",
Equation 3). For example, to calculate the consumi)tion rate of fuel for
a dump truck when used in activity 201, the total number of gallons
consumed by all dump trucks in the 342 jobs of this activity (Ujjj*, Equa-
tion 3) was calculated and found to be equal to 3640.4 gallons. On the
other hand, the total number of activity 201 units produced in the 342
jobs was found to be 1180 tons of mix (P, Equation 3). Thus, by applying
equation 3, the average fuel consumption rate of a dump truck when
used in activity 201 is about 4.78 gallons.

Applications of Equation 1 in this example results in a total cost
of $114.39 per production unit of activity 201 (1981-1982 unit costs).
The fuel cost per production unit is $9.32 and the total materials cost
(including fuelg per production unit is $36.62. Therefore, the motor fuel
cost, as a single material item, represents about 25% of the total material
costs, and nearly 8% of the total cost for shallow patching activity.

The above calculations were repeated for all other activities con-
sidered in this study. A summary of the results isgiven in Table 4. In
addition, Tahle 4 provides a comparison between different activities in
terms of fuel and material (other than fuel) costs per man-hour. Man-
hour was chosen as the unit for this comparison because it is common
in all activities. On this basis, the high fuel consuming activities could
be divided into 3 groups: (1) activities with high degree of equipment
involvement in their operations such as activities 203, 204, 205, 212,
213, 226, and 231 (refer to Table 1for activity names); (2) winter activities
such as 263,265, and 266; and activities which involve long distance
driving such as 284 and 289.
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Activity
Number

201
202
203
204
205
206
207
209
210
21
212
213
214
219
221
222
223
224
225
226
227
228
229
231
232
233
234
235
239
241
243
244
245
249
251
257

Av. Fuel Cost
Per Prod. Unit

9 .32
8 .88
5.30
8.16
89 .74
8.25
24 .41
.55

2 .26
2 .80
55 51
63 .43
2 .24
.56
1.95
.78
.88
.23

21 .69
5.30
.80
.17
1.48
.24
.27
65 .20
82.13
4 .06
.86

5 .69
.62

2 .31
1.01
.62
1.09
.79

Av. Material

Per Prod.

27 .30
25 .98
26 .84
77 .56
1435 41
56 .00
114.64
2 .14
4.10

0

0
305.86
1.09
3.10

0

0

15 .65
7 .03

1.24
.03

0
749 41

3.82
2.10

.49
11 .09
5.10
2.82

Cost Av.

77 .77
31 .77
13 .93
19 .65
158 .32
49 .72
166 .85
2 .67

7 .55
12 .49
147 .00
162 .45
25.15
5.85

6 .65

5 .99
5.95
5.95
106 .48
14 .08
5.95
1.13

20 .50
5.43

6.20
6 .00

unit

Labor Cost Av. Total Cost
Per Prod.

Per Prod. Unit

114 .39
66 .63
46 .07

105 .37

1683 .47
113.97
305 .90

5.36
13 .91
15 .29

202.51

531.74
28 .48

9.51
8 .60
6 .77
22 .48
13.21

128.17

19 .38

6.75
2.54
7.41

.85
3 .99

1180.42

431.63
28.11
10 .56
52.29

8 .82
22 .81
6 .93
17 .56
12 .39
9 .61

Table 4. Summary of Resource Costs

Av.
Per

Man-Hours
Prod. Unit

13 .39
5.32
2 .31
3.16

25 .49
7 .99

28 .72

.44
1.30
2.10

23 .86

26 .67
4 .18
1.00
1.13
1.00
1.00
1.00

17 .37
2 .37
1.00

.19
1.00

3 .42

.92
1.00
1.00
1.00

Av.
Per

Fuel Cost
Man-Hour

.70
1.67
2 .30
2 .58
3 .52
1.03

.85
1.24
1.74
1.34
2 .33
2 .38

.78

1.01
.86
.72
.62
.67

.62
1.09
.79

Av. Material Cost
Per Man-Hour

2 .04

4 .88

11 .64
24 51
56 .30
7.01

3 .99

4 .87

3.16

0

0

11 .47

11 .09
5.10
2.82



258 .92 6 .20

259 1.21 0
261 1.83 1.00
263 5.25 22 .46
265 2.01 0
266 3.58 0
269 81 .23
271 .98 0
272 .98 0
273 .65 4 .88
274 .65 2.17
275 2 .59 0
276 -98 0
277 -80 0
279 1.98 0
281 0 0
283 1.64 0
284 3.73 0
287 1.08 0
289 2 .86 0
291 1.86 30 .80
295 .63 9.56
296 1.64 14 .90
112 0 0
117 ] 0
120 0 0
900 0 0

1 All Costs are based on 1981-1982 prices.
2 Refer to Table 1 for Activity Names.
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.13
.92

10

.50
.76

67

.84
.40

.00
-89
.95
.67
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.67

.00

.95
.10

10

.30
.30
.30

.00
.00
.50
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Factors Affecting Fuel Consumption

In the following, different factors that influence fuel consumption
are discussed. This analysis was done in order to provide further in-
3|gbhts that may help in evaluating fuel consumption records of different
subdistricts or districts in undertaking various maintenance activities.
To this end, we considered the following two major factors that affect
the fuel consumption rates in maintenance activities: (1) frequency of
use of individual equipment; and (2) consumption rate of individual
equipment. The effect of hi(?hway type and of season on each of these
factors were also considered.

Equipment Frequency of Use

The usage factors (fjjk> Equation 1) for all activity-equipment com-
binations were computed. Several cases were studied to determine whether
the frequencies of equipment use on Interstate system (IS) differ from
those on Other State Highways (OSH). A close examination of the usage
factors developed from the field data indicated that frequency of use of
an equipment is independent of highway type.

The next analysis of equipment usage was carried out to examine
the variation between subdistricts. It was observed the the frequency
of e%uipment use can be significantly different from one subdistrict to
another. In fact, this was noted in more than 50% of the activities.
However, for the purpose of illustration we consider here five most fre-
quentl7y undertaken activities. These activities are 201, 221, 231, 251,
and 276 (refer to Table 1 for activity names). For each activity we chose
the most frequently used equipment (hi_%hest usage factor). The results
concerning tne usage factors for the ditferent cases considered are il-
lustrated In Figures 3 to 7.

i

i

. Factors for Dump Truck—Shallow Patching Combination
%Sd.ﬁ??&% ctors for Dump Truck—Shallow Patching Combinatio
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Figure 4. Usage Factors for Tractor Truck—Machine Mowing Combination
(by Subdistrict).

:
$
;

Figure 5. Usage Factors for Dump Truck—Cleaning and Reshaping Ditches
Combination (by Subdistricts).

Figure 6. Usage Factors for Utility Truck— Sign Maintenance Combination
(by Subdistrict).
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e 0.8
:
9 0.A
0
Subdistrict Number*
igure 7. Usage Factors for Pickup Truck—Spot Litter Pickup Combination
(by Subdistrict).

* Refer to figure2 for subdistrict names and Locations.

It is obvious from these figures that the frequency of use of an
equipment can vary significantly from one subdistrict to another, and
consequently, the individual values for each subdistrict can also differ
considerably from the total average. To illustrate, consider the case of
activity 201, as shown in Figure 3. The usage factor for a dump truck
in subdistrict number 1 (refer to Figure 2 for subdistrict locations) is
1.20, whereas it is 0.42 for subdistrict 4 and 1.50 for subdistrict 6. Similar
results can be seen for other four cases, as presented in Figures 4 to 7.
There are also other numerous cases that indicate a variation between
subdistricts in their degree of equipment usage frequency. This fact should
be kept in mind in the evaluation process, as this variation can greatly
affect the total number of gallons per production unit of an activity.

The last factor that was Investigated is the season (time of year when
an activity was performed). The same activity-equipment combinations
use? in the previous analysis (Figures 3 to 7) were utilized in the present
analysis.

yThe main conclusion arrived at in this analysis is that equipment
usuage factors vary in many cases from season to season. This Is mainly
because the availability of an equipment for a given activity is limited
by the competition between several activities being undertaken during
the same season. For example, considering activity 201 (shallow patching),
the usage factor of a dump truck is less in winter than in summer (see
Figure 8). This is because during the winter months the use of the
available dump trucks for snow removal and ice control is given higher
priority over other activities. The variation in other equipment usage
factors by season is illustrated in Figures 9 to 12.
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Figure 8. Usage Factor for Dump Truck—Shallow Patching Combination
(by Season).

3.0H

1.5-

Eall Sunzner

Q & °

Season

Figure 9. Usuage Factors for Tractor Truck—Machine Mowing Combination
(by Season).

Figure 10, Us tg;e Factors for Dump Truck—Clean and Reshape Ditches
Combination F y Seasonﬁ.
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Figure 11. Usage Factors for Utility Truck—Sign Maintenance Combination
(by Season).

[.0

M = o

0.5

=

0

Figure 12. Usage Factors for Pickup Truck—Spot Litter Pickup Combination
(by Season).

To summarize, the frequencies of equipment use may vary
significantly from one subdistrict to another. This may be due to the
availability of certain eqluipment types in a subdistrict or due to differences
in field techniques emg oyed by subdistrict foremen. Also, the difference
in equipment usage by season may be significant in many cases. In
addition, we observed no difference in equipment usage of an activity
performed on Interstate or Other State Highway Systems.

Rates of Equipment Fuel Consumption

~Rate of fuel consumption of an equipment when used in an activity
is defined as the number of gallons consumed by this equipment to
accomplish one production unit of the activity. The summation of these
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rates for all equipment used in an activity will result in the overall rate
of fuel consumption for the particular activity.

Consumption rates of an equipment usually vary from activity to
activity. This is usually so because of the difference in the nature of work
conducted by the same equipment in different activities. A good factor
to analyze such differences is the equipment operational rates related
to fuel consumption, such as miles per gallon (mpg) or gallon per hour
(gph). For example, in Figure 13 are shown the operational rates for
a dump truck when used in different activities, while Figure 14 shows
similar results for a loader The two equipment types, dump truck, and
loader, were chosen as examples; however, the available data would allow
an analysis of this pattern of variation for any other equipment types.
From Figures 13 and 14 and from several other cases it was obvious
that an assumption of equal operational rates for a maintenance equip-
ment in different activities can be misleading.

To illustrate, consider Figure 14 where the loader operational rates
are shown. In activity 202 (deep patching), 0.94 gph is the operational
rate, contrasted to 2.67 and 2.13 gph for activity 212, and 234, respec-
tively. It is clear that the work conducted by a loader in activity 202
ismuch simpler than that performed in activity 212 or 234, where more

allons per hour are consumed. Same remarks apply to the other example
Figures 13) where more miles per gallon indicate less idling involved
In the work.

The First analysis on operational rates of fuel consumption was to
examine if these rates differed by type of highway. A relatively small
number of data observations was available for jobs done on Interstates.
This is because the number of units accomplished in most activities in
the Interstate system is much less than that carried out in Other State
Flighwa?/s system. This can be confirmed by the fact that only 10% of
the total routine maintenance expenditures in 1981-1982 was for the
Interstate system (13).
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Fllgure 13._Fuel Consumption Rates (Miles Per Gallon) for a Dump Truck.
efer to Table 1 for Activity Names
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Figure 14, Fuel Consumption Rates (Gallons Per Hour) for a loader.
* Refer to Table 1 for Activity Names
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The limited available data for the Interstate system did not cover
all activity-equipment-hi?hway type combinations. Only 20 separate
statistical tests were therefore applied. Each test is defined by the season,
activity number, subdistrict number and equipment number. A list of
these tests is shown in Table 5. The reason for considering the above
elements in defining each test is to eliminate the effect of factors other
than highway type. So, in each test the operational rates of an equii)-
ment type in both Interstate and Other State Highways were statistically
compared, and the results are reported in the last column in Table 5.8

Taﬁle 5. Tests to Compare %Perational Rates of Fuel Consumption in Interstate and
Other State Highway "Systems.

Consumption Rate

Test Activity Subdisijrict Equipment %E;:; Test 6
Number  Season  Number  Number Nurber*** Rate Interstate Highway Significance
1 Fall 207 2 1 mpg R 4.49 Yes
2 Fall 207 2 2 mpg 3.59 4.83 Yes
3 Fall 207 2 9 mpg 0.84 1.86 Yes
4 Fall 207 2 a4 goh 5 1.80 1.50 Yes
5 Fall 251 1 8 mpg 7.89 8.80 Yes
6 Fall 276 1 9 mpg 3.49 4.37 Yes
7 Fall 276 2 1 mpg 8.29 7.69 No
8 Fall 276 5 1 mpg 9.50 19.41 Yes
9 Fall 276 5 9 mpg 4.13 5.12 Yes
10 Fall 27 5 1 apg 11.02 12.22 Yes
1 Fall 277 5 2 mpg 6.33 6.48 No
12 Winter 207 2 2 mpg 3.70 5.58 Yes
13 1 Winter 207 2 9 mpg 2.30 2.81 Yes
14 | Spring 201 1 2 mpg 4.03 5.46 Yes
15 | Spring 201 5 9 mpg 2.07 2.91 Yes
16 Spring 222 5 36 gph 0.46 0.50 No
17 Spring 241 5 1 mpg 6.74 5.70 Yes
18 Spring 275 5 9 mpg 2.60 3.65 Yes
19 Spring 217 5 44 gph 2.17 2.88 Yes
20 Spring 279 5 9 mpg 3.05 4.85 Yes

Refer to Table 1 for activity names

Refer to Figure 5 for subdistrict names and Locations
Refer to Table 3 for equipment types. .

Miles per gallon

Gallons per hour

o 0o A W N PP

Yes: The averages are significantly different(at 902 to 952 levels of confidence)

No: The averages are not significantly different (at 902 to 952 levels of
confidence)

A “Yes” means that average values of operational rates in the two systems
is significantly different at a level of confidence of 90 or 95%. To il-
lustrate, consider test number 15. This text was to comﬁare the output
rates (mpg) ofa dump truck (equipment number 9) for shallow patching
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(activity number 201) on Interstate and Other State Highways within
the subdistrict number 5, performed in spring season. It was found that
the average operational rates on the two highway systems are significantly
different. It is clear that the general trend is a higher rate of fuel
consumption on Interstate systems. Out of 20 tests, 17 tests indicated
a significant difference between the two highway systems with a higher
fuel consumption rate for the Interstate system.

It should be noted that the results are based on relatively small
number of Interstate observations and not all activities were covered by
the comparison tests. However, the results point out the importance of
a careful study of the management units (subdistricts) that have a large
portion of Interstate mileage in their highway system. These subdistricts
may tend to use more fuel in their operations than those with low amount
of Interstate mileage.

The second analysis was carried out to investigate the effect of the
time of year (season) on equipment fuel consumption rates. This is the
effect of season on the number of miles per gallon or gallons per hour
consumed b% an eoluipment when used in an activity. The approach
adopted in this analysis was identical to that of the previous analysis.
Statistical comparison tests were employed to test if the equipment OPera-
tional rates were actually affected by the season. Each test is defined
by the activity, subdistrict, equipment, and two seasons to be compared.
A total of 138 tests were applied in this analysis. A list of these tests
is given in Table 6. Tests 1through 42 were used to compare fall and

Table 6. Comparative Tests for Seasonal Variations

Tut Activity Subdistrict MuipMt . Averade Fuel Consumotion
Ko, ket He. 2 HO. 5 Elseti g . P |Sgtn ifi-
Fall  Ulntsr Spring S—r1 s
1 2 2 w826 729 Tas
2 w0 2 9 15 301 297 No
3 M 4 2 s 878 6.3 Tas
4 m 4 9 -rs 398 284 Yas
5 A 6 2 -rs 8.65 589 Tas
6 M 6 9 s 340 257 Tas
7 Mm 6 a g5 108 035 Yas
8 A 2 1 -s 424 2.00 Tas
9 A7 2 2 -rs 5.34 468 No
0 27 2 9 wrs 273 167 Tas
120 2 1 -ps 802 831 No
n wu 2 10 s 240 237 No
B 2 2 2 s 893 7.00 Tas
u 25 2 9 s 357 333 No
B 2 2 1 wps 759 694 Yas
6 2% 6 1 -ps 1131 794 Yas
7 2 2 1 mps 883 444 Tas
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Test Activity Subdistrict Equipment ce

No.
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2
PA
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3
2
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%
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3
3
3
4
4
2
43
44
4
)
4
8
49
5
5
5
5
%
5%
%
5
58
5
60
bl

SASSIFIIXIS3

HO.1

251
251
251
261
261
261
265
265
216
216
276
216
26
216
216
216
284
24

289
289
289
289
289
289
289
201
201
201
01
01
201
201
201
201
201
201
201
201
201
201
201
207
207
207
07
Al
A1
o/
22
22
21

HO.

CITOICTTTOTOTHE R b A OODUTITTE B BD ORON PR IR OOOR A MON R 0 ORGSR A MO A roobd Robd PO

2

HO.

N DD = © = 0o oo o

PO = O = RO RO O
S S

>

BMrRoewNpZg oo o s eSO e oo >  adan

P © RO
>

s ats

uPl
uPt
uPl
wPl
uPl
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uPl
uPl
=Pl
=Pl

=Pl
=Pl

=Pl
tph

=Pl

Pl

=Pl

Fall

8.24
6.44
8.92
8.90
4.29
13.67
1.25
1.58
9.38
591
12.09
9.56
15.27
15.10
178
591
11.60
142

1167
520
167
5.00
3.76
6.62
5.36
8.18
401
393
0.40
7.50
297
3.35
10.38
8.78
746
398
8.75
418
8.65
340
2.85
8.54
3.56
2.76
262
749
1.90
9.711
474
0.24

.17

8.38
6.44
8.00
4.91
242
12.05
2.04
4.30
1.18
431
11.13
6.47
12.94
1341
9.38
431
12.40
1.30

9.60
481
3.00
335
333
3.00
4.67

1

[ S Avsraft Fusl Consumption
Ulntar Spring  Su-sr

554
2.84
314
040
1.29
2.62
2.62
9.91
6.27
521
2.95
7.98
474
7.96
330
218
544
243
2.6
319
739
1.99
8.06
337
0.46

710

Shifi
car?ts
No
No
Tss
Tss
Ysa
Ysa
Ysa
Ysa
Ysa
Ysa
No
Ysa
Ysa
Ysa
No
Ysa
No

Ysa
Ysa

No

Ysa
Ysa
Ysa
Ysa
Ysa
Ysa
Ysa
Ysa
No

No

Ysa
Ysa
No

Ysa
Ysa
Ysa
Ysa
N

Ysa
No

No

Ysa
Ysa
No

Ysa
No

Ysa
Ysa
Ysa
Ysa

HO
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242 L77
9.7 796
3.66 321
150 170
6.4 5.37
8.84 8.10
3.28 2.39
13.16 0.4
460 3.60
3.33 240
1145 8.31
5.31 3.61
391 2.24
9.60 9.00
5.00 4.70
10.05 9.40
479 377
6.43 5.41
261 153
167 3.00
1154 7.08
1115 6.40
421 3.5
3.63 353
5.00 430
3.76 1.19
10.22 8.1
3.44 3.66
8.18 6.65
401 3.85
3.03 348
040 0.33
7.29 9.07
207 293
8.78 6.81
3.98 3.99
443 263
7.35 3.56
3.54 276
0.90 157
450 7.16
206 375
299 3.48
9.27 7.14
128 121
0.20 027
1124 9.16
115 |122
867 1134
13 1029
780 12.03
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Tea
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Tee
Tee
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No
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Tee
No

Tea
No

No

No

Yes
No

Yes
No
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iMt Activity SaMistrlct -Equipment Consump- Avaraga Fu«l Conauaptlon st
No.

No. No. No. ion B
ST Spring  SfIMI Cangcglﬂ
ANA) ’ 8 w644 663 1Mo
5 4 8 wPf 9.36 7.45 No
122 276 4 1 i 12.09 1666  Tu
3 m 4 2 i 6.43 3.90 Yas
2 4 9 wl 261 149 Ya*
123 284 4 9 wl 3.63 3.89 No
126 289 4 2 Pl 9.36 12200  Ya
21 29 4 9 wpF 5.00 5.00 No
128 289 4 10 wpi 3.76 3.66 No
129 289 4 m Pl 142 15.61 No
130 2 4 1 Pt 2.15 167 Yas
Ul 2 4 2 1 381 722 Yas
uz 21 4 9 wi 225 361 Yas
U3 21 4 24 gph 6.40 8.94 Yas
323 4 9 i 344 283 Yas
135 5l 4 8 i 537 600  Vas
136 21 4 2 Pl 541 3.90 Yas
w3rom 4 9 Pl 153 149 No
138 28 4 9 ) 353 389 No

1 Refer to Table 1 for activity nan

2 Rafar to Figure 5 for subdistrict naaas and Locations

3 Rafar to Table 3 for equipment types

* Miles par gallon

3 Gallons par hour

6 Tes: Test is significant at 901 or 932 confidence level.
No:  Test is not significant at 901 or 931 confidence level.

winter seasons, tests 43 through 96 to compare fall and spring, tests 97
through 129 to compare fall and summer, and tests 130 through 138
to compare sprmg and summer. For example, consider test number 10.
This test was used to compare the miles per gallon consumed by a dump
truck in fall and winter seasons, for activity 207 performed in subdistrict
number 2. The test indicated that the average fuel consumption rates
ofa dump truck during these two seasons for crack sealing are significantly
different, with a higher fuel consumption rate in winter.

In comparing the fall versus winter seasons 31 out of 42 tests showed
a significant difference between the two seasons (indicated by “Yes”
at the last column in Table 6), with higher rates of consumption in winter,
at a confidence level of 90 or 95%. Stated differently, less miles per gallon
or higher gallons per hour can be expected when an equipment is used
to perform a particular activity in winter than in fall.

Fifty-four tests were applied to compare fall and spring. Out of the
54 tests, 40 tests indicated a significantly higher fuel consumption rate
in spring than in fall.

For the comparison between fall and summer, 19 out of 33 tests
showed no significant difference between the two seasons, nine tests in-
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dicating a higher consumf)tion rate in summer, and five tests with a higher
rate in fall. Consequently, no clear trend could be established for this
group.

The last comparison was between spring and summer. Out of nine,
seven tests indicated a higher fuel consumption rate in spring than in
summer.

Reviewin? the results of the four test groups, it can be concluded
that the rate of fuel consumption by an equipment fleet is higher in winter
and spring seasons than in fall and summer. However, the degree of
that difference may varK between activities. A general conclusion is that
for the comparison of the consumption rates a year can be divided into
two hasic periods, the first including winter and spring seasons, and the
second including fall and summer seasons. Jobs executed in winter and
_sprin? seasons were observed to consume more fuel than those performed
in fall and summer seasons. Furthermore, fuel consumption rates are
affected by highway type. More fuel consumption can be expected for
jobs carried out on Interstate system than forjobs on Other State Highway
system.

SUMMARY AND CONCLUSIONS

This paper has presented the results of a studr aimed at the iden-
tification of fuel consumption by the equipment fleet used in highway
routine maintenance activities in the State of Indiana. Two basic groups
of results were considered: (1) the fuel consumption rates for all possible
activity equipment combinations as well as total fuel consumed per pro-
duction unit of each activity; and (2) the effect of factors such as location
(subdistrict), highway system type, and season on fuel consumption rates.
The first group of results will be of direct use to the IDOH in the planning
of the annual maintenance program, while the second group will be used-
ful in evaluating the actual field work of different management units
(subdistricts).

b B%sed on the findings from this study, the following conclusions can

e made:

1. Motor fuel was the most expensive single material used in routine
maintenance activities in 1981-82. It is estimated that about 12 to
13% of the costs for maintenance field activities can be assigned to
fuel only. Considering the material costs, 26 to 27 % can be attributed
to fuel.

2. Routine maintenance activities in winter and emergency group con-
sumed about 43% of the total fuel use. The next highest consump-
tion took place in activities in roadway and shoulder group, where
about 19% of total fuel was consumed.

3. A major contributing activity in total fuel consumption in routine
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maintenance is snow removal and ice control. In 1981-82 about 38%
of the total fuel used in routine maintenance was consumed in this
activity.

4. The frequency of equipment was found to be significantly different
by location (subdistrict) in at least 50% of the total number of ac-
tivities. Also, the frequency of use was found to be considerably dif-
ferent from season to season. On the other hand, no significant dif-
ference was detected in the frequency of equipment use between In-
terstate and Other State Highway maintenance activities.

5. The assumption ofa standard fuel consumption rate for a given equip-
ment type used in different activities was found to be arbitrary. It
was observed that the majority of equipment glpes have considerably
different rates of fuel consumption when used in different activities.

6. Although only a few observations were obtained from the Interstate
system, it was found that there is a general trend of a higher fuel
consumption rate injobs done on Interstate system than those done
on Other State Highway system.

1. In general, more fuel is consumed in%obs done in winter and spring
than in those done in summer and fall.

Based on the findin%s presented above, it is recommended that equip-
ment information should be incorporated in data recording system. It
is further recommended that a disaggregate fuel consumption informa-
tion for each equipment-activitY combination be used in maintenance
planning. This procedure will help to prepare an improved annual routine
maintenance program.
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