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Abstract

T his paper describes the results of a study aim ed at the identifica
tion of fuel consum ption by the equipm ent fleet used in highw ay rou tine 
m ain tenance activities in the State of Ind iana .

Tw o basic groups of results are presented: (1) the fuel consum ption 
rates for all possible activity-equipm ent com binations as well as total fuel 
consum ed per p roduction  un it of each activity; and (2) the effect of fac
tors such as location (subdistrict), highw ay type, and  season on fuel 
consum ption.

T he first group of results will be of d irect use to the Ind iana  D ep a rt
m ent of H ighw ays (ID O H ) in the p lann ing  of the annual m ain tenance 
p rog ram , while the second group will be useful in evaluating  the actual 
fuel use (in the field) by different m anagem ent units (subdistricts).

IN T R O D U C T IO N
W ith  the 1982 Surface T ran sp o rta tion  Act providing additional five 

cents m oto r fuel tax, a substantial increase in federal aid has taken place 
and  m any of the so far deferred m ajor m ain tenance activities can now 
be considered. H ow ever, rou tine  m ain tenance activities do not receive 
any federal aid and they m ust be accomplished through the state generated 
revenues. Increased federal aid also requires increased m atching funds 
from the state sources, and thus if there are no little additional state 
revenues, less funds for rou tine m ain tenance m ay be available. C onse
quently , routine m ain tenance is receiving considerable atten tion  from  
state and local highw ay agencies.

A m ajor portion  of the m aterials cost in routine m ain tenance in 
volves m otor fuel. A lthough in recent years there has been a sharp  in 
crease in cost for all petroleum  related m aterials, the price of m otor fuel
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has risen drastically. H ighw ay agencies have started  to consider m otor 
fuel as a special resource tha t needs to be effectively controlled.

T h is paper presents the results of a study sponsored by the Federal 
H ighw ay A dm inistration (FH W A ) and Ind iana D epartm ent of Highways 
(ID O H ) aim ed prim arily  to identify the energy needs in term s of fuel 
consum ed by the equipm ent fleet for m aintaining the state highway system 
in Ind iana . T he results of the study will be used to establish im proved 
fuel consum ption standards for routine m aintenance equipm ent fleet and 
to identify possible actions tha t can achieve both energy and  cost savings 
in rou tine  m ain tenance operations
F U E L  C O N S U M P T IO N  IN  R O U T IN E  M A IN T E N A N C E

T h ere  are two categories of energy consum ption in highw ay rou tine 
m ain tenance: (1) d irect energy consum ption by equipm ent fleet; and 
(2) indirect energy consum ption in m anufactu ring  and transpo rting  the 
m aterials used in m ain tenance. In  this study, only the first category, 
direct energy consum ption by equipm ent fleet, was considered.

Inflation  and  price increase have significantly affected the rou tine 
m ain tenance expenditures for the state highw ay system  in Ind iana . For 
exam ple, the total expenditure on routine m aintenance activities in 1976 
was estim ated as 30 m illion dollars, while in 1981 the estim ate of this 
expenditure increased to about 48 million dollars with an average of about 
12% yearly rate of increase. O n  the o ther hand , while the cost of m otor 
fuel consum ed in field activities related to rou tine m ain tenance in 1976 
was about 2.5 million dollars, this cost increased to about 6 million dollars 
in 1981 w ith an average of 28% yearly rate  of increase (Figure 1). In  
addition , the ratio  of fuel cost to total m ain tenance cost increased from  
8%  in 1976 to about 13% in 1981 (see Figure 1). F igure 1 also shows 
tha t the ratio  of fuel cost to total m aterial cost increased from 17 % in 
1976 to 27%  in 1982. It should be no ted  tha t the fuel costs reported  
here involve only the fuel used by the equipm ent fleet requ ired  to do 
the field work in m ain tenance and  they do not include fuel consum ed 
for transpo rta tion  of supervisors and in o ther overhead activities.

M oto r fuel should be trea ted  as a special resource that needs to be 
effectively controlled. A careful m anagem ent of m oto r fuel canno t be 
undertaken, however, w ithout detailed inform ation regarding equipm ent 
u tilization  and associated fuel consum ption. M any studies were m ade 
in the past in the general area  of energy use of m ain tenance equ ipm en t 
(5 ,6 ,7 ,8 ,9 ). H ow ever, the available inform ation  does not provide either 
the degree of variab ility  of fuel consum ption betw een different eq u ip 
m ent types, o r the variability  of fuel consum ption for the sam e eq u ip 
m ent w hen used in different m ain tenance activities. F u rtherm ore , the 
cu rren t inform ation of equ ipm ent utilization  in the ID O H  is p resen ted  
in term s of n u m b er of hours or nu m b er of miles an equipm ent is used.
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Figure 1. Fuel Cost As Percent of Materials and Total Cost. Source References: 
1, 2, 3, 12.

T hese m easures are not detailed enough for m ain tenance m anagem ent 
unless o ther supporting  rates of consum ption are developed. Such rates 
as m iles per gallon (m pg) or gallons per hour (gph) are necessary not 
only to recognize the am ount of fuel consum ed, bu t also to identify the 
degree of use of a particu lar equ ipm ent. T his inform ation can then  be 
used in an effort to form ulate strategies that can achieve im proved equ ip 
m ent u tilization and  thus can save energy and  m ain tenance costs. T he 
results obtained can also be of use to the ID O H  in program m ing of routine 
m ain tenance activities.
S T U D Y  M E T H O D O L O G Y  A N D  D A T A  C O L L E C T IO N  
P R O C E D U R E

A lthough the prim ary  objective o f this study was to develop new 
standards for m ain tenance equipm ent fuel consum ption, it was decided 
to consider also the calculation of unit costs for the o ther two resources, 
m aterial (other than m otor fuel) and labor. This was done for two reasons:
(1) to update  the cu rren t m aterial and labor standards, if necessary; and
(2) to determ ine the share of fuel cost in the total cost of undertak ing  
a rou tine m ain tenance activity. A discussion of m ain tenance resource 
requirem ents is given in R eference 10.

Field data were collected in the present study using the existing system 
of d a ta  recording w ith some m odifications. T he cu rren t data recording
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system consists of filing w ork records on a card called crew day card. 
Each tim e a crew perform s an activity all necessary inform ation is recorded 
on a crew day card . Inform ation  recorded on such cards include: (1) 
rou tine m ain tenance activity type; (2) location w here the activity was 
perform ed; (3) date; (4) n u m b er of crew m em bers and  corresponding 
m an-hours; (5) equ ipm ent used and corresponding m iles or hours; (6) 
m aterials used and  corresponding quantities; and (7) total accom plish
m ent (p roduction  units).

Six subdistricts were chosen w ithin the six districts of the ID O H  
for field data  collection. T he location of these subdistricts is shown in 
Figure 2.

Figure 2. Location of Subdistricts.
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T he curren t d a ta  recording system of the ID O H  does not include 
any inform ation about the am oun t of fuel consum ed by different eq u ip 
m ent types. T o  provide fuel use data  for this study, the subdistrict 
m anagers were instructed  to fill each equipm ent w ith fuel before and 
after each job. T he difference was to be recorded on the same crew day 
card with o ther associated data.

T o avoid bias tow ard a specific period of the year, the da ta  collec
tion was spread over the entire fiscal year 1981-1982. T he year was divided 
into four basic work seasons: fall, w inter, spring, and sum m er. D u ring  
a particu lar season, the da ta  were collected over an extended period. 
For exam ple, the fall data  were collected for about six weeks du rin g  O c
tober and N ovem ber, 1981, the w inter da ta  in a period of eight to ten 
weeks betw een D ecem ber, 1981 and A pril, 1982, the spring d a ta  in a 
period of six weeks betw een A pril and M ay, 1982, and  the sum m er d a ta  
in a period of six weeks between M ay and Ju ly , 1982. By spreading the 
sam ple data  over the entire fiscal year, it was ensured tha t those activities 
with seasonal peaks would be appropria tely  represented . For instance, 
about 50% of the total production  units of shallow patch ing  activity is 
accom plished in the spring season, while m achine m ow ing is concen
tra ted  in the sum m er.

T he data were screened and  about 15% of the total sam ple size was 
excluded for one or m ore of the following reasons: (1) m ore than  one 
activity reported  on the sam e crew day card; (2) m issing inform ation , 
such as num ber of gallons consum ed by one or m ore equipm ent; or (3) 
w hen obvious record ing  m istakes were detected.

T able 1 shows the different routine m ain tenance activities included 
in the m ain tenance m anagem ent system of the ID O H , along w ith the ir 
code num bers and  units of m easure. T he list of equ ipm ent types used

Table 1. Routine Maintenance Activities Included in the Study

Code No. A ctiv ity  Naaa Unit of Measure

I .  Roadway and Shoulder
201 Shallow patching Tons of nix
202 Deep patching Tons of mix
203 P r a i x  lev e lin g Tons of mix
204 F ull w idth shoulder sea l Foot m iles
205 Seal coa ting 1 Lanes m iles206 Sealing  lo n g itu d in a l cracks and jo in t s L inear m iles207 Sealing  cracks Lane m iles209 C utting  r e l i e f  jo in ts L inear fe e t210 Spot re p a ir  of unpaved shoulders Tons of aggregate211 Blading shoulders Shoulder m iles212 Clipping unpaved shoulders Shoulder m iles213 Reconditioning unpaved shoulders Shoulder m iles214 Jo in t and buap burning Bumps removed219 Others Man-hours
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Cod* No. A c tiv ity  Name Unit of Measure

11. Roadside
221 Machine sowing Swath s U e s222 Brush c u ttin g Man-hours223 H erbicide tra a to e n t Man-hours224 Seeding and /or f e r t i l i z in g Man-hours225 Topping, t r  laming or removal of long tre e s Trees226 Stusip removal Stumps227 Spot sowing and hand t r la s in g Man-hours228 Right-of-way fence re p a ir L inear fee t229 Othcra Man-hours

I I I .  Drainage
231 Clean and reahape d itch es Linear fee t232 Inspect s i s o r  drainage s tru c tu re s S tru c tu re s
233 Pip* replacem ent Location234 Motor p a tro l  d itch in g D itch m ile
235 Cleaning a ln o r drainage s tru c tu re s S tru c tu re s239 Others Man-hours

IV. Bride es
241 Rand c lean ing  b ridges Decks cleaned
243 Bridge re p a ir Man-hours
244 Flushing bridges Decks flushed
245 Patching b ridge  decks Square fee t
249 Others^
V. T ra ffic  Control
251 S u b d is tr ic t  s ign  sain tenance Man-hours
257 P ain t pavement sassages and sp e c ia l  sark ing s Man-hours
258 G uardrail sa in tenan ce Linear fe e t
259 Others Man-hours

VI. Winter end Emergency
261 Emergency maintenance Man-hours
263 Snow and ice  removal Man-hours
265 S tock pilin g  w in ter m a te ria ls Man-hours
269 Others Man-hours

V II. Public Service
271 Rest a rea  and l i f t  b ridge  a t te n d a n t1 2 Man-hours272 Roadside park , r e s t  a re a , and weigh

s ta t io n  sa in tenan ce  ^ Mait-hours
273 Work of Department of N atural R esources1 Man-hours274 Work fo r s ta te  i n s t i tu t io n s Man-hours
275 F u ll width l i t t e r  pickup R.O.W. P ass, m iles
276 Spot l i t t e r  pickup Man-hours
277 Roadway c lean ing Man-hours
279 Others Man-hours

V III. Others
281 Equipment r e p a ir  amd m aintenance \ Man-hours
283 B uild ings and grounds maintenance Man-hours284 M ateria ls  handling and sto rage Man-hours
287 Detour sa in tenan ce Man-hours
289 Other support a c t i v i t i e s Man-hours
291 Special sa in tenan ce Man-hours
295 Special m aintenance Man-hours
296 Special sa in tenan ce  2 Man-hours
112 F ie ld  sa in tenan ce  su p e rv is io n 1 Man-hours
117 T rain ing  . Man-hours
120 Standby time Man-hours
900 Leave7 Man-hours
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in m ain tenance activities is shown in T ab le  2 along with the code 
num bers.

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

N o. Equipment Type CodeNo. Equipment Type CodeNo. Equipment iyp«

1 Pickup crock 36 Chain saw 71 Ave a l l
2 Pickup crew cab 37 Concrete saw 72 Sewer Je t
3 A erial Basket crock 38 Pavement Cue ta r 73 Crane4 Flatbed crock 39 Hydro-seeder 74 Stake truck
5 Uacer crock 40 Weed sprayer 75 Generator6 Bucket crock 41 Paint machine 76 Port Line marker7 Dlacrlbucer 42 Tractor truck 77 Van8 U clllcy crock 43 Tractor mower 78 Sewer vector9 Dump crock 44 Compressor 79 Vermeer t r a i l e r

10 Do-all crock 45 Mixer
11 Catch baaln cleaner 46 Squeegee Cart
12 Compactor 47 Flashing arrow board
13 Tar k e tt le 48 Porta patcher
14 Premia storage t r a i l e r 49 Jeep
15 Burner unit 50 Lowboy t r a i l e r
16 Paver 51 T ra iler17 Vldener 52 Pavement Cutter
18 Jack haamer 53 Chemical spreader
19 Portable ro l le r 54 M alntainer
20 B ille r 55 Back blade
21 S tree t sweeper 56 Berm drag
22 Broom 57 Undeck body
23 Backhoe 58 Broom tra c to r24 Excavator 59 Used eater
25 Grader 60 Rotor C ille r26 Loader 61 Rack crock
27 Snow blow 62 T il t  cab
28 Chip spreader 63 Pole crock29 Sale spreader 64 Cradall
30 Underbody scrapper 65 Pavement breaker
31 Brush chipper 66 Semi t r a i l e r
32 Stump c u tte r 67 Dozzer
33 Auger/drlver 68 V hocker34 Lawn Mower 69 Crawler
35 hand mower 70 Vermeer cu tte r

R E S U L T S  O F  T H E  ST U D Y
T he results of this study can be divided into two m ajor groups. T he 

first group involved fuel consum ption rates and costs in various rou tine 
m aintenance activities. In  this group, rates of fuel consum ption in term s 
of num ber of gallons consum ed by the equipm ent fleet to produce one 
production unit of each activity, and  the proportion  of fuel cost to o ther 
resource costs were identified. These results can be used directly by the 
ID O H  M a in te n a n c e  D iv ision  in p re p a r in g  the  a n n u a l ro u tin e  
m ain tenance program s.

In the second group, different factors tha t affect fuel consum ption 
were analyzed to discover possible sources tha t may cause deviation from 
the rates developed in the first group. T he effect of such factors as highway 
type and season (i.e ., tim e of the year w hen the activity is perform ed) 
on fuel consum ption was analyzed. T hese results were developed m ainly 
for use by the m ain tenance division in the process of evaluating  actual 
field work. A lthough the average rates can be used to m ake an  estim ate 
of total future needs, an  analysis of actual perform ance of various
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m aintenance activities would require an  explicit understand ing  of the 
factors tha t cause variation  in fuel use rates.
Calculation of Fuel Consumption Rates and Costs

In this group, fuel consum ption rates and costs were com puted along 
w ith the ratio of fuel cost to total cost or to m aterial cost. T o ta l cost 
of an activity is defined as the sum  of labor, m aterial (o ther than  fuel), 
and  fuel (equipm ent) costs. A lthough the ID O H  already has very good 
standard  (unit costs) for both  labor and  m aterial (o ther than  fuel), it 
was decided to determ ine these un it costs on the basis of the field sam ple 
collected in this study. This way the cu rren t rates can be fu rther checked 
and  a uniform  and  unbiased set of cost d a ta  can be developed for the 
com putation  of ratios of fuel cost to o ther resource costs.
Cost Computation Procedure

T he general form  of cost calculation of an activity is given by:
T k fyk * R "ijk C ij (1)

w here,
T ^  = total cost in dollars per p roduction  un it of the activity; 
fijk = usage factor of the elem ent of the i ^  resource w hen 

used in accom plishing the k ^  activity;
R yk  = rate  of consum ption of the elem ent of the i ^  resource 

requ ired  to produce one un it of the k ^  activity;
C - j  = unit cost of the j ^ 1 elem ent of the f t 1 resource.

T he usuage factor, fjj^, is calculated as
fijk =

N k (2)
w here,

n ijk = to ta l num ber of jobs observed using the j ^  elem ent of i ^  
resource in the k ^  activity;

= total nu m b er of jobs in the k ^  activity.
Finally, the consum ption rate, Rqjk, ls obtained from

R ijk _ F y k
Pk (3)

w here,
U ijk = total num ber of un its of the j ^  elem ent in the i ^  resource 

w hen used in the k ^  activity;
Pk = total num ber of units p roduced  of the k ^  activity.

T he com putational procedures can best be illustra ted  by an  exam 
ple. C onsider activity num ber 201 (shallow  patching). T he com pu ta
tions of labor, m aterial, and  fuel costs of this activity are presented in 
T ab le  3.
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Table 3. Cost C alcu lation Exam ple (for Shallow P atching A ctiv ity ).
Reaource 1 Clement J flj " u c.j

Total Coat

Labor 1 Maintenance Worker IV 1 5.0 2.23 m.hr/Prod Unit $5.47 / m.hr. $77.77 Labor Coat 
per Production Unit.

1 h M l n 2 1.0 2.23 » . h r / P r o d Unit $4.52 / a.hr.

2 Ag|rept. or backfill 1 0.02 1.00 tona/Prod Unit 4.10/ ton
2 Seal Cover Aggreg. 2 0.02 0.30 tona/ H H 3.00 / ton $27.30 Material Coat 

per Production Unit.Hatariala 2
2

Bit. Material 
Bit. Mix

3
4

0.30
0.50

7.77 galIona/ 
1.00 tone/ -

H 0.78 / gallon 
25.50 / ton

2 Salvage Bit. Mix 5 0.50 1.00 tone/ H ** 25.50 / ton

3 Pickup Truck 1 0.10 3.44 gallona/ H " 1.05 / gallon
3 Pickup Crew Cab 2 1.10 2.49 H H M N
3 Flatbed Truck 3 0.04 3.27 H ft M M
3 Dlatributer 4 0.02 2.53 H M M

3 Utility Truck 5 0.01 4.22 • t M 99 H

3 Dump Truck 4 0.91 4.78 M 89 9t H

3 Do-all Truck 7 0.12 3.71 W M M

Equipment 3 Compactor B 0.10 0.19 84 M M *1 $9.32 Fuel Coat
3 Tar Kettla 9 0.04 0.00 M 99 99 N per Production Unit.
3 Preaix Storage Trailer 10 0.49 0.00 M 89 M

3 Boiler 11 0.05 0.40 M M H N

3 Loader 12 0.03 1.44 M 99 99 H
3 Air Compreaeor 13 0.01 2.17 M 99 99 N

3 Flaahing Arrow Board 14 0.18 1.14 M 99 H

3 Porta Patcher 13 0.09 0.00 M M 99 **
3 Stake Truck 14 0.01 7.14 H 99 99 H

95
$114.39 Total Coat 
par Production Unit.



T he usage factor (f-j^, E quation  2) represents the frequency of use 
of certain  resource elem ent. For exam ple, the usage factor of the first 
elem ent (j = 1) of the first resource (i = 1), nam ely m ain tenance w orker 
IV , is 5.0. T his m eans tha t in the 342 jobs of activity 201 (shallow 
patching) there was a total of about 1710 m aintenance workers of category 
IV , resulting  in an average of 5.0. Sim ilarly, in the 342 jobs w here ac
tivity 201 was conducted (in the sam ple), a total of 311 dum p trucks 
was used; the corresponding usage factor is therefore 0.91 for the 6 ^  
elem ent ( dum p truck  ) in the 3r<̂  resource (equipm ent).

R a te  of consum ption is the average num ber of units of certain  
resource element required to produce one production unit of activity ( R ^ ,  
E quation  3). For exam ple, to calculate the consum ption rate of fuel for 
a dum p truck when used in activity 201, the total num ber of gallons 
consum ed by all dum p trucks in the 342 jobs of this activity (Ujjj^, E q ua
tion  3) was calculated and found to be equal to 3640.4 gallons. O n  the 
o ther h and , the total num ber of activity 201 units produced in the 342 
jobs was found to be 1180 tons of mix (P^, Equation 3). T hus, by applying 
equation  3, the average fuel consum ption rate  of a dum p truck  w hen 
used in activity 201 is about 4.78 gallons.

A pplications of E quation  1 in this exam ple results in a total cost 
of $114.39 per p roduction  un it of activity 201 (1981-1982 un it costs). 
T he fuel cost per production  un it is $9.32 and  the total m aterials cost 
(including fuel) per production  unit is $36.62. T herefore, the m oto r fuel 
cost, as a single m aterial item , represents about 25% of the total m aterial 
costs, and  nearly 8%  of the total cost for shallow patching activity.

T h e  above calculations were repeated  for all o ther activities con
sidered in this study. A sum m ary  of the results is given in T ab le  4. In  
addition , T able 4 provides a com parison betw een different activities in 
term s of fuel and  m aterial (o ther than  fuel) costs per m an-hour. M a n 
h o ur was chosen as the un it for this com parison because it is com m on 
in all activities. O n  this basis, the high fuel consum ing activities could 
be divided into 3 groups: (1) activities w ith high degree of equ ipm ent 
involvem ent in the ir operations such as activities 203, 204, 205, 212, 
213, 226, and 231 (refer to T able 1 for activity names); (2) w inter activities 
such as 263,265, and  266; and  activities which involve long distance 
driv ing  such as 284 and  289.
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Table 4. Sum mary of Resource Costs
Activity
Number

Av. Fuel Cost 
Per Prod. Unit

Av. Material Cost 
Per Prod. Unit

Av. Labor Cost 
Per Prod. Unit

Av. Total Cost 
Per Prod. Unit

Av. Man-Hours 
Per Prod. Unit

Av. Fuel Cost 
Per Man-Hour

Av. Material Cost 
Per Man-Hour

201 9 .32 27 .30 77 .77 114 .39 13 .39 .70 2 .04
202 8 .88 25 .98 31 .77 66 .63 5 .32 1 .67 4 .88
203 5 .30 26 .84 13 .93 46 .07 2 .31 2 .30 1 1 .64
204 8.16 77 .56 19 .65 105 .37 3.16 2 .58 24 .5 1
205 89 .74 1435 .4 1 158 .32 1683 .47 25 .49 3 .52 56 .30
206 8.25 56 .00 49 .72 113.97 7 .99 1 .03 7 .0 1
207 24 .41 114.64 166 .85 305 .90 28 .7 2 .85 3 .99
209 .55 2 .14 2 .67 5.36 .44 1 .24 4 .87
2 10 2 .26 4.10 7 .55 13 .91 1 .30 1 .74 3 .16
2 11 2 .80 0 12 .49 15 .29 2.10 1 .34 0
2 12 55 .5 1 0 147 .00 202.51 23 .86 2 .33 0
2 13 63 .43 f  305.86 162 .45 531.74 26 .67 2 .38 11 .47
2 14 2 .24 1 .09 25.15 28 .48 4 .18 .53 .26
219 .56 3.10 5.85 9 .5 1 1 .00 .56 3.10
22 1 1 .95 0 6 .65 8 .60 1 .13 1 .73 0
222 .78 0 5 .99 6 .77 1 .00 .78 0
223 .88 15 .65 5 .95 22 .48 1 .00 .88 15 .65
224 .23 7 .03 5 .95 13.21 1 .00 .23 7 .03
225 21 .69 0 106 .48 128.17 17 .37 1 .25 0
226 5 .30 0 14 .08 19 .38 2 .37 2.24 0
227 .80 0 5 .95 6.75 1 .00 .80 0
228 .17 1 .24 1 .13 2.54 .19 .87 6 .45
229 1 .48 0 5 .93 7 .4 1 1 .00 1 .48 0
23 1 .24 .03 .58 .85 .10 2 .49 .3 1
232 .27 0 3 .72 3 .99 .6 1 .45 0
233 65 .20 749 .4 1 365 .8 1 1180.42 6 1 .27 1 .06 12 .23
234 82.13 0 349 .50 431.63 57 .20 1 .44 0
235 4 .06 0 24 .05 28.11 4 .03 1 .01 0
239 .86 3.82 5 .88 10 .56 1 .00 .86 3 .82
24 1 5 .69 0 46 .60 52.29 7 .93 .72 0
243 .62 2.10 6.10 8 .82 1 .00 .62 2.10
244 2 .31 0 20 .50 22 .8 1 3 .42 .67 0
245 1 .01 .49 5.43 6 .93 .92 1 .10 .53
249 .62 11 .09 5.85 17 .56 1 .00 .62 11 .09
251 1 .09 5.10 6.20 12 .39 1 .00 1 .09 5.10
257 .79 2.82 6 .00 9 .61 1 .00 .79 2 .8297



98 258 .92 6 .20 7.13
259 1 .21 0 5 .92
26 1 1 .83 1 .00 6.10
263 5 .25 22 .46 6 .50
265 2 .0 1 0 5 .76
266 3.58 0 5.67
269 .8 1 .23 5 .84
27 1 .98 0 5 .40
272 .98 0 5 .67*
273 .65 4 .88 6.00
274 .65 2.17 5.89
275 2 .59 0 17 .95
276 .98 0 5 .67
277 .80 0 6.17
279 1 .98 0 5 .67
281 0 0 6 .00
283 1 .64 0 6 .00
284 3.73 0 5 .95
287 1 .08 0 6.10
289 2 .86 0 6.10
291 1 .86 30 .80 6 .30
295 .63 9.56 6 .30
296 1 .64 14 .90 6 .30
1 12 0 0 8 .00
1 17 0 0 6 .00
1 20 0 0 6 .00
900 0 0 5 .50

1 All Costs are based on 1981-1982 prices.

2 Refer to Table 1 for Activity Names.



14 .25 1 .21 .7 6 5 .1 1
7 .1 3 1 .00 1 .21 0
8 .9 3 1 .00 1 .8 3 1 .00

34 .21 1 .00 5 .25 22 .46
7 .77 1 .00 2 .01 0
9 .25 1 .00 3 .5 8 0
6 .88 1 .00 .81 .23
6 .38 1 .00 .9 8 0
6 .6 5 1 .00 .98 0

1 1 .5 3 1 .00 .6 5 4 .88
8 .7 1 1 .00 .65 2 .1 7

20 .54 3 .1 7 .8 2 0
6 .65 1 .00 .9 8 06 .97 1 .00 .8 0 0
7 .65 1 .00 1 .98 0
6 .00 1 .00 0 0
7 .64 1 .00 1 .6 4 0
9 .68 1 .00 3 .7 3 07 .18 1 .00 1 .08 08 .9 6 1 .00 2 .8 6 0

38 .96 1 .00 1 .8 6 30 .8 0
16 .49 1 .00 .6 3 9 .56
22 .84 1 .00 1 .64 14 .9 0

8 .00 1 .00 0 0
6 .00 1 .00 0 0
6 .00 1 .00 0 0
5 .5 0 1 .00 0 0



Factors Affecting Fuel Consumption
In  the following, different factors tha t influence fuel consum ption 

are discussed. T his analysis was done in order to provide fu rther in 
sights tha t m ay help in evaluating  fuel consum ption records of different 
subdistricts or d istricts in undertak ing  various m ain tenance activities. 
T o  this end, we considered the following two m ajo r factors tha t affect 
the fuel consum ption rates in m ain tenance activities: (1) frequency of 
use of individual equ ipm ent; and  (2) consum ption rate  of individual 
equ ipm ent. T he effect of highw ay type and of season on each of these 
factors were also considered.
Equipment Frequency of Use

T he usage factors (fjjk> E quation  1) for all activity-equipm ent com 
binations were com puted. Several cases were studied to determ ine w hether 
the frequencies of equ ipm ent use on In tersta te  system  (IS) differ from  
those on O ther State H ighw ays (O SH ). A close exam ination  of the usage 
factors developed from  the field data  indicated  tha t frequency of use of 
an equipm ent is independent of highw ay type.

T he  next analysis of equ ipm ent usage was carried  out to exam ine 
the variation  betw een subdistricts. It was observed the the frequency 
of equ ipm ent use can be significantly different from  one subdistrict to 
another. In  fact, this was noted  in m ore than  50%  of the activities. 
H ow ever, for the purpose of illustration we consider here five m ost fre
quently  u ndertaken  activities. These activities are 201, 221, 231, 251, 
and  276 (refer to T ab le  1 for activity nam es). For each activity we chose 
the m ost frequently  used equipm ent (highest usage factor). T he results 
concern ing  the usage factors for the different cases considered are il
lustra ted  in Figures 3 to 7.

Figure 3. Usage Factors for Dump Truck—Shallow Patching Combination(by Subdistrict).
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Figure 4. Usage Factors for Tractor Truck— M achine M ow ing Com bination  
(by Subdistrict).

Figure 5. Usage Factors for Dum p Truck— Cleaning and Reshaping Ditches 
C om bination (by Subdistricts).

Figure 6. Usage Factors for U tility  Truck— Sign M aintenance C om bination
(by Subdistrict).
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Figure 7. Usage F actors for P ick up  T ru c k — Spot L itte r  P ick u p  C o m bin a tion  
(by S ub d istric t) .

* Refer to figure 2 for subdistrict names and Locations.

It is obvious from  these figures tha t the frequency of use of an 
equ ipm ent can vary  significantly from one subdistrict to another, and 
consequently , the individual values for each subdistrict can also differ 
considerably from  the total average. T o illustrate, consider the case of 
activity 201, as shown in Figure 3. T he usage factor for a dum p truck  
in subdistrict n u m b er 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. Sim ilar 
results can be seen for other four cases, as presented  in Figures 4 to 7. 
T here  are also o ther num erous cases tha t indicate a variation  betw een 
subdistricts in their degree of equipm ent usage frequency. This fact should 
be kept in m ind in the evaluation process, as this variation  can greatly 
affect the total n u m b er of gallons per production  un it of an activity.

T he last factor tha t was investigated is the season (tim e of year when 
an activity was perform ed). T he same activ ity-equipm ent com binations 
used in the previous analysis (Figures 3 to 7) were utilized in the present 
analysis.

T he m ain  conclusion arrived at in this analysis is that equ ipm ent 
usuage factors vary in m any cases from season to season. This is m ainly 
because the availability  of an  equipm ent for a given activity is lim ited 
by the com petition betw een several activities being undertaken  du ring  
the same season. For example, considering activity 201 (shallow patching), 
the usage factor of a dum p truck  is less in w inter than  in sum m er (see 
F igure 8). This is because du rin g  the w inter m onths the use of the 
available dum p trucks for snow rem oval and  ice control is given h igher 
p riority  over o ther activities. T he variation  in o ther equ ipm ent usage 
factors by season is illustrated in Figures 9 to 12.
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F igu re  8. Usage F ac to r for D u m p  T ru c k — Shallow  P a tc h in g  C o m b in a tio n  
(by Season).
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Fall Sunzner

Season
Figure 9. Usuage Factors for T rac to r T ru ck — M achine M ow ing C om bin ation  
(by Season).

Figure 10. Usage Factors for Dump Truck—Clean and Reshape Ditches
Combination (by Season).
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F igure 11. Usage Factors for U tility  T ru ck — Sign M ain tenance  C om bination  
(by Season).
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Figure 12. Usage Factors for P ickup  T ru ck — Spot L itte r P ick up  C om bin ation  
(by Season).

T o sum m arize, the frequencies of equ ipm ent use m ay vary  
significantly from  one subdistrict to another. T his m ay be due to the 
availability of certain equipm ent types in a subdistrict or due to differences 
in field techniques em ployed by subdistrict forem en. Also, the difference 
in equipm ent usage by season m ay be significant in m any cases. In 
addition , we observed no difference in equipm ent usage of an  activity 
perform ed on In tersta te  or O th e r S tate H ighw ay Systems.
Rates of Equipment Fuel Consumption

R ate  of fuel consum ption of an equ ipm ent w hen used in an activity 
is defined as the nu m b er of gallons consum ed by this equ ipm ent to 
accom plish one production  un it of the activity. T he sum m ation of these
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rates for all equ ipm ent used in an activity will result in the overall rate 
of fuel consum ption for the particu lar activity.

C onsum ption  rates of an equipm ent usually vary from  activity to 
activity. This is usually so because of the difference in the nature  of work 
conducted  by the sam e equipm ent in different activities. A good factor 
to analyze such differences is the equipm ent operational rates related 
to fuel consum ption, such as miles per gallon (m pg) or gallon per hour 
(gph). For exam ple, in F igure 13 are shown the operational rates for 
a dum p truck w hen used in different activities, while F igure 14 shows 
sim ilar results for a loader T he two equ ipm ent types, dum p truck , and 
loader, were chosen as examples; however, the available data  would allow 
an analysis of this patte rn  of variation  for any o ther equ ipm ent types. 
F rom  Figures 13 and  14 and  from  several o ther cases it was obvious 
tha t an assum ption of equal operational rates for a m ain tenance equ ip 
m ent in different activities can be m isleading.

T o illustrate, consider F igure 14 w here 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 tha t the w ork conducted by a loader in activity 202 
is m uch sim pler than  that perform ed in activity 212 or 234, w here m ore 
gallons per hour are consum ed. Same rem arks apply to the other exam ple 
(F igures 13) w here m ore miles per gallon indicate less idling involved 
in the work.

T he  First analysis on operational rates of fuel consum ption was to 
exam ine if these rates differed by type of highw ay. A relatively small 
n u m b er of data  observations was available for jobs done on In tersta tes. 
T his is because the nu m b er of units accom plished in m ost activities in 
the In tersta te  system  is m uch  less than  tha t carried  out in O th e r State 
Flighways system. T his can be confirm ed by the fact tha t only 10% of 
the total routine m ain tenance expenditures in 1981-1982 was for the 
In ters ta te  system (13).
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F igu re  13. Fuel C o nsum ptio n  R ates (M iles P e r  G allon) for a D um p T ru ck . 
* Refer to Table 1 for Activity Names
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Figure 14. Fuel Consumption Rates (Gallons Per H our) for a loader. 
* Refer to Table 1 for Activity Names
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T he lim ited available d a ta  for the In tersta te  system  did not cover 
all activ ity-equipm ent-highw ay type com binations. O n ly  20 separate 
statistical tests were therefore applied. Each test is defined by the season, 
activity num ber, subdistrict n u m b er and  equipm ent num ber. A list of 
these tests is shown in T able 5. T he reason for considering the above 
elem ents in defin ing each test is to elim inate the effect of factors o ther 
than  highw ay type. So, in each test the operational rates of an eq u ip 
m ent type in both  In tersta te and O ther State H ighw ays were statistically 
com pared , and  the results are reported  in the last colum n in T able 5. 1 2 3 4 5 6

Table 5. Tests to Compare Operational Rates of Fuel Consumption in Interstate and 
Other State Highway Systems.

Test
Number Season

Activity
Number

Subdisijrict
Number

Equipment
Number"* Rate

Consumption Rate
Test 6 
SignificanceInterstate

Other
State
Highway

1 Fall 207 2 1 4mpg 3.02 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 44 gph 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 It). 41 Yes
9 Fall 276 5 9 mpg 4.13 5.12 Yes
10 Fall 277 5 1 apg 11.02 12.22 Yes
11 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 j Spring 201 1 2 mpg 4.03 5.46 Yes
15 j 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 277 5 44 gph 2.17 2.88 Yes
20 Spring 279 5 9 mpg 3.05 4.85 Yes

1 Refer to Table 1 for activity names
2 Refer to Figure 5 for subdistrict names and Locations
3 Refer to Table 3 for equipment types. .
4 Miles per gallon
5 Gallons per hour
6 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% . T o  il
lustra te , consider test num ber 15. This text was to com pare the ou tpu t 
rates (m pg) of a dum p  truck (equipm ent n u m b er 9) for shallow patch ing
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(activity num ber 201) on In ters ta te  and  O th e r S tate H ighw ays w ithin 
the subdistrict n u m b er 5, perform ed in spring season. It was found tha t 
the average operational rates on the two highw ay systems are significantly 
different. It is clear that the general trend  is a h igher ra te  of fuel 
consum ption on In tersta te  systems. O u t of 20 tests, 17 tests indicated  
a significant difference betw een the two highw ay systems with a h igher 
fuel consum ption rate  for the In tersta te  system.

It should be noted  tha t the results are based on relatively small 
n u m b er of In tersta te  observations and not all activities were covered by 
the com parison tests. H ow ever, the results point out the im portance of 
a careful study of the m anagem ent units (subdistricts) tha t have a large 
portion  of In tersta te  m ileage in the ir h ighw ay system . T hese subdistricts 
m ay tend  to use m ore fuel in the ir operations than  those w ith low am ount 
of In ters ta te  m ileage.

T he second analysis was carried  out to investigate the effect of the 
tim e of year (season) on equ ipm ent fuel consum ption rates. T his is the 
effect of season on the n u m b er of miles per gallon or gallons per ho u r 
consum ed by an equ ipm ent w hen used in an  activity. T he approach  
adopted  in this analysis was identical to tha t of the previous analysis. 
Statistical com parison tests were em ployed to test if the equipm ent opera
tional rates were actually affected by the season. Each test is defined 
by the activity, subdistrict, equ ipm ent, and two seasons to be com pared. 
A total of 138 tests were applied in this analysis. A list of these tests 
is given in T able 6. Tests 1 through  42 w ere used to com pare fall and

Table 6. Comparative Tests for Seasonal Variations
T u t
Ko.

A ctiv ity  
H e . 1

S ubd istric t 
H e . 2

M u ip M t
HO. 5 t i e s

1st*
Average Fuel Consumption la s tS ig n if i

canceFall U lntsr Spring Su— r
1 201 2 2 4

■ PS 8.26 7.29 Tas
2 201 2 9 ■ PS 3.01 2.97 No
3 201 4 2 ■PS 8.78 6.23 Tas
4 201 4 9 ■PS 3.98 2.84 Yas
5 201 6 2 ■ PS 8.65 5.89 Tas
6 201 6 9 ■ PS 3.40 2.57 Tas
7 201 6 47 gph5 1.08 0.35 Yas
8 207 2 1 ■PS 4.24 2.00 Tas
9 207 2 2 ■PS 5.34 4.68 No
10 207 2 9 ■PS 2.73 1.67 Tas
11 210 2 1 ■PS 8.02 8.31 No
12 211 2 10 ■PS 2.40 2.37 No
13 225 2 2 ■PS 8.93 7.00 Tas
u 225 2 9 ■PS 3.57 3.33 No
13 232 2 1 ■PS 7.59 6.94 Yas
16 235 6 1 ■PS 11.31 7.94 Yas
17 239 2 1 ■PS 8.83 4.44 Tas
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Test
No.

A ctiv ity
H O . 1

S ub d istric t 
HO. 2

Equipment
HO. 3

C em SU SL fr-
tlo c
Bats

Avsraft Fusl Consumption TsstS ig n if i
cantsF all Ulntar Spring S u - s r

18 251 2 8 ■PI 8.24 8.38 No

19 251 4 8 ■Pt 6.44 6.44 No
20 251 6 8 ■PI 8.92 8.00 Tss
21 261 4 1 ■PI 8.90 4.91 Tss
22 261 4 9 ■PI 4.29 2.42 Ysa
23 261 6 1 ■PI 13.67 12.05 Ysa
24 265 2 26 P|h 1.25 2.04 Ysa
25 265 4 26 iph 1.58 4.30 Ysa
26 276 2 1 ■PI 9.38 7.78 Ysa
27 276 2 9 ■PI 5.91 4.31 Ysa
28 276 4 1 ■PI 12.09 11.13 No

29 276 4 2 ■PI 9.56 6.47 Ysa
30 276 6 1 ■Pi 15.27 12.94 Ysa
31 276 6 2 ■PI 15.10 13.41 Ysa
32 276 2 1 ■PI 7.78 9.38 No

33 276 2 9 ■PI 5.91 4.31 Ysa
34 284 6 1 ■PI 11.60 12.40 No

35 284 6 26 tph 1.42 1.30 Ysa
36 289 2 1 ■PI * 11.67 9.60 1 Ysa
37 289 2 9 ■PI 5.20 4.81 No
38 289 2 25 iph 1.67 3.00 Ysa
39 289 4 9 ■PI 5.00 3.35 Ysa
40 289 4 10 ■PI 3.76 3.33 Ysa
41 289 6 6 ■PI 6.62 3.00 Ysa
42 289 6 9 ■PI 5.36 4.67 Ysa
43 201 1 2 ■PI 8.18 5.54 Ysa
44 201 1 9 ■PI 4.01 2.84 Ysa
45 201 1 10 ■PI 3.93 3.14 Ysa
46 201 1 12 IPh 0.40 0.40 No
47 201 2 2 ■PI 7.50 7.29 No
48 201 2 9 ■PI 2.97 2.62 Ysa
49 201 2 10 ■PI 3.35 2.62 Ysa
50 201 4 1 ■PI 10.38 9.91 No
51 201 4 2 ■PI 8.78 6.27 Ysa
52 201 4 4 ■PI 7.46 5.27 Ysa
53 201 4 9 ■Pi 3.98 2.95 Ysa
54 201 5 2 ■PI 8.75 7.98 Ysa
55 201 5 9 ■PI 4.18 4.74 No
56 201 6 2 ■PI 8.65 7.96 Ysa
57 201 6 9 ■PI 3.40 3.30 No
58 201 6 10 ■PI 2.85 2.78 No
59 207 4 2 ■PI 8.54 5.44 Ysa
60 207 4 7 ■PI 3.56 2.43 Ysa
61 207 4 9 ■PI 2.76 2.65 No
62 207 4 44 IPh 2.62 3.19 Ysa
63 211 5 1 ■PI 7.49 7.39 No
64 211 5 25 IPh 1.90 1.99 Ysa
65 222 5 2 ■PI 9.71 8.06 Ysa
66 222 5 9 ■PI 4.74 3.37 Ysa
67 222 5 36 iph 0.24 0.46 Ysa
68 231 5 1 ■PI 7.77 7.70 HO
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T u tNo. A ctiv ityNo. S ubd istric t
No.

' Equipment
No. Consump-I Average 

tlon
Fuel CoDSunptlon TestS ignlf i -  

canceFall Winter Spring Summer
69 231 5 9 ■PI 2.42 1.77 Tea
70 233 5 2 ■Pt 9.17 7.96 Tea
71 233 5 9 ■PI 3.66 3.21 No
72 233 5 23 IP*> 1.50 1.70 Tee
73 251 4 8 ■PI 6.44 5.37 Tee
74 251 5 8 ■PI 8.84 8.10 Tee
75 261 5 9 ■PI 3.28 2.39 Tee
76 269 5 2 ■PI 13.16 9.42 Tee
77 269 5 9 ■PI 4.60 3.60 Tee
78 269 5 53 ■PI 3.33 2.40 Tee
79 272 5 2 ■PI 11.45 8.31 Tee
80 272 5 9 ■PI 5.31 3.61 Tee
81 275 5 9 ■PI 3.91 2.24 Tee
82 276 4 2 ■PI 9.60 9.00 Tee
83 276 4 9 ■PI 5.00 4.70 No
84 276 5 1 ■Pt 10.05 9.40 Tee
85 276 5 9 ■PI 4.79 3.77 Tee
86 277 4 2 ■Pt 6.43 5.41 Tee
87 277 4 9 ■Pt 2.61 1.53 Tee
88 277 4 26 tph 1.67 3.00 Tee
89 277 ; 5 1 ■Pt 11.54 7.08 Tea
90 277 5 2 ■Pt 11.15 6.40 Tee
91 284 4 7 ■Pt 4.21 3.15 Tee
92 284 4 9 ■Pt 3.63 3.53 No
93 289 4 9 ■Pt 5.00 4.30 No
94 289 4 10 ■Pt 3.76 1.19 Tea
95 289 4 74 ■Pt 10.22 8.11 Tee
96 289 5 42 ■Pt 3.44 3.66 No
97 201 1 2 ■Pt 8.18 6.65 Tea
98 201 1 9 ■Pt 4.01 3.85 No
99 201 1 10 ■Pt 3.93 3.48 No
100 201 1 12 tph 0.40 0.33 No
101 201 2 2 ■Pt 7.29 9.07 Yes
102 201 2 9 ■Pt 2.97 2.93 No
103 201 4 2 ■Pt 8.78 6.81 Yes
104 201 4 9 ■Pt 3.98 3.99 No
105 202 1 2 ; *Pt 4.43 2.63 Yes
106 206 1 9 ■PI 7.35 3.56 Yes
107 206 4 9 ■Pt 3.54 2.76 No
108 206 4 44 IPh 0.90 1.57 Yes
109 210 1 2 ■PI 4.50 7.16 No
110 210 1 9 ■Pt 2.06 3.75 No
111 210 1 10 ■PI 2.99 3.48 No
112 221 1 2 ■PI 9.27 7.14 Yes
113 221 1 42 IPh 1.28 1.21 No

114 221 1 59 tph 0.20 0.27 No
115 221 6 2 ■Pt 11.24 9.16 Yes
116 221 6 42 tph 1.15 | 1.22 No
117 222 4 2 ■PI 8.67 ; 7.34 No
118 222 4 36 gph .13 | 0.29 Yes
119 227 4 1 ■Pt 7.80 1 2.03 Yes
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iM t
No.

A ctiv ity
No.

S a M is tr lc t
No.

- Equipment
No.

Consump
tionRata

Avaraga Fu«l Conauaptlon la s tS lg n if l-
cancaF all Wintar Spring S flM I

120 231 4 8 ■PI 6.44 6.63 No
121 257 4 8 ■Pf 9.36 7.45 No
122 276 4 1 ■PI 12.09 16.66 T u
123 277 4 2 ■PI 6.43 3.90 Yas
124 277 4 9 ■PI 2.61 1.49 Ya*
123 284 4 9 ■PI 3.63 3.89 No
126 289 4 2 ■PI 9.36 12.00 Yaa
127 289 4 9 ■Pf 5.00 5.00 No
128 289 4 10 ■Pi 3.76 3.66 No
129 289 4 77 ■PI 14.2 15.61 No
130 231 4 1 ■Pf 2.75 7.67 Yas
U l 231 4 2 ■ p« 3.81 7.22 Yas
U2 231 4 9 ■Pi 2.25 3.61 Yas
U3 231 4 24 gph 6.40 8.94 Yas
134 239 4 9 ■PI 3.44 2.83 Yas
135 251 4 8 ■Pi 5.37 6.00 Yas
136 277 4 2 ■PI 5.41 3.90 Yas
137 277 4 9 ■PI 1.53 1.49 No
138 284 4 9 ■PI 3.53 3.89 No
1 R«f«r to Table 1 for a c tiv ity  n a n

2 Rafar to Figure 5 for su b d is tr ic t  naaas and Locations
3 Rafar to Table 3 for equipment types 
* Miles par gallon
3 Gallons par hour
6 Tes: Test is  s ig n if ic a n t a t 901 or 932 confidence le v e l.

No: Test is  not s ig n if ic a n t a t 901 or 931 confidence level.

w inter seasons, tests 43 th rough  96 to com pare fall and  spring, tests 97 
th rough  129 to com pare fall and  sum m er, and  tests 130 through  138 
to com pare spring and  sum m er. For exam ple, consider test n u m b er 10. 
T h is test was used to com pare the miles per gallon consum ed by a dum p 
truck  in fall and  w inter seasons, for activity  207 perform ed in subdistrict 
n u m b er 2. T he  test indicated tha t the average fuel consum ption rates 
of a dum p truck during  these two seasons for crack sealing are significantly 
different, with a h igher fuel consum ption  rate  in w inter.

In  com paring the fall versus w inter seasons 31 out of 42 tests showed 
a significant difference betw een the two seasons (indicated  by “ Y es” 
at the last colum n in Table 6), with higher rates of consum ption in w inter, 
at a confidence level of 90 or 95% . Stated differently, less miles per gallon 
or h igher gallons per hour can be expected when an equipm ent is used 
to perform  a p articu lar activity in w inter than  in fall.

Fifty-four tests were applied to com pare fall and  spring. O u t of the 
54 tests, 40 tests indicated a significantly higher fuel consum ption rate  
in spring than  in fall.

For the com parison betw een fall and  sum m er, 19 out of 33 tests 
showed no significant difference betw een the two seasons, nine tests in 
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dicating a higher consum ption rate in sum m er, and five tests with a higher 
rate  in fall. C onsequently , no clear trend  could be established for this 
group.

T he last com parison was betw een spring and sum m er. O u t of nine, 
seven tests indicated  a h igher fuel consum ption  rate in spring than  in 
sum m er.

R eview ing the results of the four test groups, it can be concluded 
that the rate of fuel consum ption by an equipm ent fleet is higher in w inter 
and  spring seasons than  in fall and sum m er. H ow ever, the degree of 
tha t difference m ay vary  betw een activities. A general conclusion is tha t 
for the com parison of the consum ption rates a year can be divided into 
two basic periods, the first including w inter and  spring seasons, and  the 
second including fall and  sum m er seasons. Jo b s  executed in w inter and  
spring seasons were observed to consum e m ore fuel than  those perform ed 
in fall and  sum m er seasons. F urtherm ore , fuel consum ption rates are 
affected by highw ay type. M ore fuel consum ption can be expected for 
jobs carried out on Interstate system than for jobs on O ther State H ighw ay 
system .
S U M M A R Y  A N D  C O N C L U S IO N S

T his paper has presented  the results of a study aim ed at the iden
tification of fuel consum ption by the equipm ent fleet used in highw ay 
rou tine  m ain tenance activities in the State of Ind iana . Tw o basic groups 
of results were considered: (1) the fuel consum ption rates for all possible 
activity equipm ent com binations as well as total fuel consum ed per p ro 
duction  un it of each activity; and  (2) the effect of factors such as location 
(subdistrict), highway system type, and season on fuel consum ption rates. 
T he first group of results will be of direct use to the ID O H  in the p lanning 
of the annual m aintenance program , while the second group will be used- 
ful in evaluating  the actual field work of different m anagem ent un its 
(subdistricts).

Based on the findings from  this study, the following conclusions can 
be m ade:
1. M oto r fuel was the m ost expensive single m aterial used in rou tine 

m ain tenance activities in 1981-82. It is estim ated tha t about 12 to 
13% of the costs for m ain tenance field activities can be assigned to 
fuel only. C onsidering the m aterial costs, 26 to 27 % can be attribu ted  
to fuel.

2. R ou tine  m ain tenance activities in w inter and  em ergency group con
sum ed about 43%  of the total fuel use. T h e  next highest consum p
tion took place in activities in roadw ay and  shoulder group, w here 
about 19% of total fuel was consum ed.

3. A m ajo r con tribu ting  activity in total fuel consum ption in rou tine
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m ain tenance is snow rem oval and ice control. In  1981-82 about 38% 
of the total fuel used in rou tine  m ain tenance was consum ed in this 
activity.

4. T he frequency of equ ipm ent was found to be significantly different 
by location (subdistrict) in at least 50% of the total num ber of ac
tivities. Also, the frequency of use was found to be considerably dif
ferent from  season to season. O n  the o ther hand , no significant d if
ference was detected in the frequency of equ ipm ent use betw een In 
tersta te  and O th e r State H ighw ay m ain tenance activities.

5. T he assum ption of a standard fuel consum ption rate for a given equ ip 
m ent type used in different activities was found to be a rb itra ry . It 
was observed tha t the m ajority  of equ ipm ent types have considerably 
different rates of fuel consum ption w hen used in different activities.

6. A lthough only a few observations were ob tained from  the In tersta te  
system , it was found tha t there is a general tren d  of a h igher fuel 
consum ption rate  in jobs done on In tersta te  system than  those done 
on O th e r S tate H ighw ay system.

7. In  general, m ore fuel is consum ed in jobs done in w inter and  spring 
than  in those done in sum m er and fall.

Based on the findings presented above, it is recom m ended that equ ip
m ent inform ation should be incorporated  in data  recording system . It 
is fu rther recom m ended tha t a disaggregate fuel consum ption in form a
tion for each equipm ent-activ ity  com bination  be used in m ain tenance 
planning. This procedure will help to prepare an im proved annual routine 
m ain tenance program .
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