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EXECUTIVE SUMMARY 

DEVELOPMENT OF STANDARDIZED 
COMPONENT-BASED EQUIPMENT 

SPECIFICATIONS AND TRANSITION PLAN 
INTO A PREDICTIVE 

MAINTENANCE STRATEGY 

Introduction 

This project investigated Indiana Department of Transportation 
equipment records and equipment industry standards in order 
to produce standard equipment specifications and a predictive 
maintenance schedule for the more than 1100 single and tandem 
axle trucks in use at INDOT. The research utilized equipment 
records from the M5 software program for the years 2008–2014. 
The predictive maintenance schedule includes the major compo-

nents, those items whose cost is more than $200. Other deliverables 
were produced and are described next. 

Findings 

Based on the data analysis, expected component life was 
calculated and the results reported in the predictive maintenance 
schedule. The research team consulted with other equipment 
industry sources to include other components and maintenance 
activities that should be included in a predictive schedule. Other 

reported results are a daily driver checklist, other recommended 
maintenance programs, recommendations to truck specifications, 
shop-based software tools, component warranty information, and 
an oil sampling program. 

A software tool, consisting of two macro-enabled Excel files, 
was developed to perform the component life analyses. This 
software tool is described herein and is a product of this project. 

Implementation 

Implementation of the findings will be accommodated through 
a closeout implementation meeting and a manual. The manual will 
detail the procedure and data analysis process used to calculate 
the predictive maintenance schedule and the specification-based 
information that can be used by the M5 program. One result 
of this implementation is to prepare INDOT to perform future 
analysis of its equipment fleet to include the standard trucks 
as well as other equipment types used at INDOT. The software 
tool will be issued to INDOT and demonstrated at the imple-

mentation meeting. 
One outcome of this project is that INDOT has a tool to produce 

future analyses from M5 data that provides the ability to make 
more exact decisions on component replacements. Instead of using 
rule-of-thumb numbers, more accurate life numbers are calculated. 
This allows for data-based decisions on when to replace 
components, improved purchasing procedures on when and how 
many components to have in inventory, and improved main-

tenance operations through a predictive maintenance schedule. 
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1. BACKGROUND AND PROBLEM STATEMENT 

1.1 Background 

Fleet managers of government agencies equipment 
fleets must develop equipment specifications that meet 
quality standards established by the fleet manager and 
still meet state purchasing requirements. Historically, 
this has meant selecting a chassis manufacturer and 
equipment installer, and then modifying the resulting 
equipment specifications so multiple manufacturer can 
meet the specifications and satisfy purchasing require-
ments. Aside from the engine block, trim work, hood 
and cab accessories, the remainder of the truck is 
assembled with individual components that are avail-
able and common to many different makes and models 
of equipment. Whether it is on- or off-road equipment, 
many of today’s equipment manufacturers utilize the 
same components in their models. 

Since different truck manufacturers use similar com-
ponents in building their products, the system lends 
itself to component performance-based equipment speci-
fications. The methodology behind this strategy can be 
identified by combining the military system for logistics 
with today’s streamlined manufacturing processes used 
by the automobile and medium and heavy duty truck 
manufacturers around the globe. Post-Vietnam era 
military strategies for logistics required every concei-
vable item necessary for a successful deployment to 
have a military specification (mil-spec) number or 
National Stock Number (NSN). These items carried 
a unique serial number that not only identified the item 
but also assured the item met military standards or 
specifications for performance and reliability. 

Prior to 1994, the U.S. military was making every effort 
to standardize all components so that like equipment 
can use the same components for repair or replacement. 
Many of the U.S. military standards were phased out 
in 1994 and replaced by the use of industry standards 
(Perry, 1994). The standardization effort had many 
advantages and disadvantages but there is no question 
that the mil-spec system was successful in tracking 
and identifying individual components used by the 
entire Department of Defense (DOD). The National 
Item Identification Number (NIIN) or NSN is still in 
use today by the Defense Logistics Agency (DLA) to 
administer the Federal Catalog System in identifying, 
classifying and numbering components within the DOD. 

Medium- and heavy-duty truck manufacturers pro-
vide options in their manufacturing processes that allow 
buyers to choose from various components that are 
installed during assembly. For example, a buyer may 
choose from several different models of Delco-Remy 
alternators or choose models from additional alternator 
manufactures. These ‘‘optional components’’ are avail-
able throughout the chassis, and with the exception of 
the cab and body parts, are the exact same ‘‘optional 
components’’ available from other chassis manufac-
turers. This system allows a buyer to specify compo-
nents on a given piece of equipment. 

The Indiana Department of Transportation is divided 
into six districts across the state with 38 maintenance 
units within the six districts. Each district and each 
maintenance unit have the responsibility for repairs 
and regularly scheduled maintenance of their equipment. 
By analyzing the department’s M5 fleet management 
database it is possible to identify the failure rate 
of certain major components on the single axle and 
tandem axle truck fleet. This data can be used to 
evaluate individual components and track the replace-
ment frequency of components. The process of monitor-
ing component performance can benefit the department 
in a variety of ways. The data will allow tracking of 
component replacement trends on units purchased in 
the same  year,  of  the same make and model,  or  by  
geographical location. Decisions by fleet management 
personnel on specification writing and preventative 
maintenance activities can be based on performance data. 

For years many in the fleet management industry have 
debated scheduled component replacement or run to 
failure strategies. It can be said that replacing components 
before their useful life is like leaving money on the table. 
The run to failure strategy may work for non-critical 
equipment in a fleet but for critical equipment like the 
INDOT winter snow plow fleet; equipment availability 
has an impact that far outweighs any loss by replacing 
a component too soon. The goal of a comprehensive 
predictive maintenance program should be to replace 
parts on critical equipment before they fail but maximiz-
ing the useful life of the part. A comprehensive predic-
tive maintenance program also should factor in other 
performance measures like oil sampling, equipment 
inspection and investigation into the cause of the failure. 

1.2 Problem Statement and Objectives 

The Indiana Department of Transportation (INDOT), 
as well as many local agencies, creates specifications 
for medium- and heavy-duty truck chassis and mounted 
equipment based on past performance of the equip-
ment manufacturer, dealership, equipment installer, while 
following the State of Indiana purchasing requirements. 
By identifying all components in the current INDOT fleet 
and using available equipment history records to track 
component performance, a set of specifications can be 
developed that represent the best performing components. 

Development of performance-based specifications 
gives fleet managers flexibility in selecting parts. 
Implementing such a specification allows department 
maintenance practices to transition into replacing com-
ponents close to end of their useful life, before a costly 
breakdown. This process is known as predictive main-
tenance and implemented throughout the department 
it can provide benefits in purchasing parts, scheduling 
repairs, and minimizing equipment downtime. 

There are two objectives in this study. One is to deliver 
revised component specifications for single/tandem axle, 
medium-duty truck chassis with mounted winter main-
tenance equipment. This objective will analyze component 
replacement data to determine failure rates among the 
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major components and recommend replacement life. This 
analysis will look at component failures by unit, year, 
make, model and geographical location. These specifica-
tions will serve as boilerplate for future specification 
development for additional on- and off-road equipment 
and will help INDOT in transitioning to predictive 
maintenance practices which is the second objective. 
Preventive maintenance practices are known to reduce 
premature component failures. 

The second objective is to transfer to INDOT the 
analysis process developed so that future or other equip-
ment analyses can be performed internally. This will be 
described in a manual for implementation purposes. 

2. WORK ACTIVITIES 

To accomplish these objectives the research team is 
basing their work on equipment data to be supplied by 
INDOT. This data was acquired through INDOT’s M5 
program fleet repair and replacement part data for the 
department’s fleet of 1125 single and tandem axle trucks 
for the years 2008–2014. The data was categorized by 
group code referenced in both the APWA (2010) 
Equipment code, and the group codes used by Navistar 
Corporation. Table 2.1 shows these group codes. 

After data was received, researchers reviewed and cleaned 
the data for inconsistent and erroneous values. Components 
that fell below the $200 price threshold were removed 
since the project focused only on major components. 

Researchers requested hour or mileage data from the 
M5 database for the purpose of demonstrating life-cycle 
costs per unit using major components in the data set 
and usage hours recorded at the time of replacement. 
Figure 2.1 is an illustrative example of how hours data 

TABLE 2.1 
Component group codes. 

Group Codes 

01 Frame 
02 Brakes 
03 Steering 
04 Driveline 
05 Electrical 
06 Engine 
07 Cab and Mounted Equipment 
08 Hydraulic 
09 PM Service 
10 Tires/Wheels/Rims 

is used to determine the cost of components over the life 
of a single unit. Actual hours and cost data are used in 
this example. 

The request for truck hours and mileage went 
unfilled as INDOT currently does not have consistent 
data for these two. 

From the data set expected life values for various 
components were calculated. Figures were developed 
showing the frequency of component replacement for 
the truck fleet (for additional details see Chapter 4). 
Data analysis revealed the performance for each major 
component and recommend changes to the specifica-
tions based on component performance. 

Another activity developed a predicative mainte-
nance schedule. This started with collecting truck 
manufacturers recommended maintenance schedules 
and component replacement intervals. Once these 
intervals were identified, researchers used the com-
ponent database to place components with into the 
preventive maintenance schedule. 

Figure 2.1 Relationship between hours and life-cycle costs. 

3. DATA ANALYSIS representing 1125 trucks. Table 3.1 shows the composi-
tion of INDOT’s fleet by manufacturer. The component 

INDOT provided seven years of data, 2008–2014. data was categorized by part number and description. 
The cleaned data set contained over 18,000 records Even though this was a large data set many common 
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component items were under reported or missing; 
brake shoe kits, brake linings, brake pads, brake shoe 
hardware, bake drums, brake rotors, rear springs, walking 
beam end bushings, walking beam center bushings, torque 
arm, torque arm bushings and several other suspension 
components did not have significant enough numbers to 
draw any conclusions. Some of these repairs are being 
performed by outside contractors, and are therefore not 
being captured by the M5 fleet management software. 

3.1 Group Codes 

Data was grouped into functional codes to associate 
minor components with similar major components. The 
Equipment code guidebook developed by the American 
Public Works Association (APWA, 2010) and the parts 
identification codes used by the Navistar Corp were 
used. Equipment specifications and parts inventory can 
utilize functional codes to track and identify compo-
nents as well. An example would be a power steering 
hose is classified in the steering group and a fuel 
pressure hose in the engine group as opposed to all 
hoses being classified as hydraulic components. 

3.2 Fleet Evaluation 

Researchers analyzed component replacement frequ-
ency by equipment year, make and model. Data analysis 
indicates that the Sterling model trucks performance was 
below that of the other models and had the highest 
hourly operating cost of all the Department’s truck 
models. Sterling model years 2000–2005 incurred over 
62% of the repairs while representing 45% of the truck 
fleet. Table 3.2 shows the total number of units in each 
model year and the percent of component replacement 
for each model year. 

3.3 Truck Evaluation 

With the large dataset, various types of analyses can 
be performed and one that was performed looked at 
trucks that have a high component replacement cost 
with relatively low mileage. Figure 3.1 shows compo-
nent replacement cost and mileages for 2003 make 
and model trucks which represent 9.24% of the fleet. 
The mileage scale is 100,000 miles, so .1m is 10,000 
miles. Each unit is represented by a colored bubble and 
the color has no meaning. The plot shows the units 
performed differently over their life and identifies 
units with significantly higher major component cost. 
This cost is compared to units that entered service in the 
same year with similar mileage but may be assigned to 
a different area of the state. Climate and geography 
along with maintenance practices are just a few of the 
factors that can influence the correlation between the 
component cost and mileage for these units. 

Another analysis identified truck life to major compo-
nent cost and major component cost per hour within the 
fleet. Trucks of each model year and make were analyzed 
respectively. This analysis does not account for additional 

TABLE 3.1 
Fleet composition by manufacturer. 

Make Total Units Percent of Fleet 

Ford 132 12% 
Freightliner 99 9% 
International 272 24% 
Kenworth 47 4% 
Oshkosh 6 1% 
Sterling 569 51% 

Grand total 1125 100% 

TABLE 3.2 
Fleet evaluation. 

Year Component Replace Total Units Percent of Fleet 

1990 0.03% 2 0.18% 
1994 0.07% 1 0.09% 
1995 0.17% 3 0.27% 
1996 0.50% 14 1.24% 
1997 3.71% 44 3.91% 
1998 7.89% 72 6.40% 
1999 4.92% 43 3.82% 
2000 8.21% 67 5.96% 
2001 12.59% 103 9.16% 
2002 10.92% 75 6.67% 
2003 12.63% 104 9.24% 
2004 9.44% 86 7.64% 
2005 8.46% 80 7.11% 
2006 1.85% 14 1.24% 
2007 10.47% 160 14.22% 
2008 4.46% 72 6.40% 
2009 1.31% 30 2.67% 
2011 1.62% 75 6.67% 
2012 0.25% 29 2.58% 
2013 0.43% 42 3.73% 
2014 0.08% 9 0.80% 

(blank) 0.00% 0 0.00% 

Grand total 100.00% 1125 100.00% 

cost related to labor or downtime; it does indicate the 
frequency of major repairs over the life of the truck. Factor-
ing in labor cost or downtime can sometimes misrepresent 
how a unit is performing. A busy shop or an inexperienced 
technician can drive up the per hour cost for a unit. 
Accounting for the just component cost provides a cleaner 
look at the performance of the truck. If available, a shop 
manager can plug in labor time guides and for each 
component replacement and factor in to the cost of the 
component, a standard labor and downtime charge. 
Analysis like this can aid in determining life-cycle cost 
for each machine and different types of equipment. 

All the recommendations are based on the data 
analysis performed. 

4. RECOMMENDATIONS 

4.1 Individual Components 

Data provided to the research team contained 
component replacements during the years 2007–2014. 
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Figure 3.1 2003 trucks: cost vs. mileage. 

This data was absent mileage and vehicle hour data. 
INDOT also provided truck or unit data starting in 
1990, however most of the current truck fleet, 1125, was 
put into service between the years 2000–2007. To 
calculate component life the research team used the 
following procedure. 

From the component replacement data (2007–2014) 
unit numbers were identified for each replaced compo-
nent. Table 4.1 shows the number of units or trucks 
placed into service during a specific year. Data provided 
had no trucks in 2010. 

4.2 Data Analysis Approach 

This section describes the rationale behind the data 
analysis approach used by the researchers. INDOT 
provided truck data for the years 2008 to March 2014. 
This data set included: year truck put into service, 
component replaced, year component replaced, and 
material cost. Labor cost was not included. Data went 
through a checking phase for consistency, and errors; 
and converted to a format for statistical analyses. 

TABLE 4.1 
Trucks placed into service. 

Truck Model Year Number of Trucks 

2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 

160 
72 
30 
0 
75 
29 
42 
9 

Total 417 

Components that fell below the $200 price threshold 
were not included; the analyses focused only on major 
components. 

Once the data were converted to the final tabular 
format, the next step was data analysis. The analysis 
objective was to calculate average component life. 
Since hourly and mileage data was not included in 
the data set, component life was calculated in years. 
One assumption was component life started when 
a truck was put into service. For example, if a truck 
is placed into service in 2008 and the alternator 
is replaced in 2012, the component life is 4 years. 

To calculate average component life, an Excel pivot 
table was used. The pivot table allows for the selection 
of multiple attributes of a component. The compo-
nent life calculation was performed by first taking the 
difference between the year the truck was placed into 
service and the year when the component was replaced. 
Second, the average is calculated by adding the years of 
replacement divided by the number of units as showing in 
Table 4.2. The calculation is performed for all the 7 years 
(2008–2014). The average component life is calculated by 
summing up all the average for the 7 years and divided 
by 7 as shown in the below table. Statistical R software 
was used to create the box plots showing the number of 
trucks or units per average component life years. 

Table 4.2 is an example of this calculation procedure. 
In each column year, a cell contains the component life 
when it was replaced and at the bottom of each column 
the average life for that year. For example, in 2010 
there were 14 replacements for this particular compo-
nent, and the average life of this component was 8.2 
years. The average component life in 2011 was 8 years. 
The overall component life is the average of all the 
year’s average life which is the average of the bottom 
row of numbers. In this example the average expected 
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TABLE 4.2 TABLE 4.3 
Example analysis table. Top 10 alternators replaced 2008–2014. 

2008 2009 2010 2011 2012 2013 2014 Grand 
Year 2008 2009 2010 2011 2012 2013 2014 Total 

5 7 7 9 12 11 10 

5  7  9  8  7  17  9  Quantity 78 87 84 113 53 79 21 515 

Alternator Number, Truck Model, Number of Replacements 
8 6 9 9 12 12 14 

7 10 10 7 10 6 12 110555JHO 3  6  2  10  4  25  

7  9  6  10  10  9  14  FORD 1 5 1 7 

7 4 10 7 8 12 12 STERLING 2  6  2  5  3  18  

5  11  9  7  10  10  13  19020310 1  1  8  17  12  29  6  74  

8 7 7 9 11 10 13 FORD 3  3  2  18  1  27  

7  7  7  8  5  10  11  KENWORTH 1 1 

7 7 10 8 10 8 11 STERLING 1  1  5  14  9  11  5  46  

6  8  5  7  9  9  10  22SI 4  33  16  11  3  67  

6 6 9 9 8 9 9 FORD 1  7  2  1  11  

5  6  8  6  8  9  12  STERLING 3  26  14  11  2  56  

5  5  9  6  8  12  31001005 14 9 9 32 

5 7 10 8 10 FORD 1 1 

12 7 8 14 STERLING 14 9 8 31 

10 6 14 10 31001068 11 11 9 1 3 35 

8  14  15  FORD 1 1 

6  11  INTERNATL 1 1 

6.76 7.05 8.21 8 9.63 10.72 11.53 STERLING 10 10 9 1 3 33 

Average life 5 8.84 31001082 19 21 17 57 

FORD 4  4  5  13  

life is 8.84 years. This procedure was used to calculate STERLING 15 17 12 44 

average component life for the following components. 
31001394 13 25 13 1 52 

4.2.1 Alternators FORD 3  5  2  10  

Analyzing alternators, the same Delco Remy alternator 
STERLING 10 20 11 1 42 

(part number 19020310) was replaced 74 times between 31001999 20 20 10 10 2 62 

2008 and 2014 and can be found on Sterling’s, Ford’s and 
FORD 4  9  4  5  1  23  

Kenworth model trucks. Researchers also noted that 
several other common components in the alternator STERLING 16 11 6 5 1 39 

group. Table 4.3 shows the top 10 alternators replaced 
4940PA 5  6  6  9  2  28  

between 2008 and 2014. These alternators represent 39% 
of the total alternators replaced during the same period FORD 1 1 

and which trucks were common to each alternator. 
FREIGHTLIN 1 1 

During the period 2008–2014, 1191 alternators were 
replaced. From the data average component life was INTERNATL 1 3 1 3 8 

calculated and a distribution of the average life and STERLING 4  3  4  5  2  18  

years in service is shown in Figure 4.1. The figure shows 
the number of alternators replaced for life years from AL9960LH 6  39  12  20  6  83  

2 to 16 years, which was the range of life years for this FORD 4  10  3  2  1  20  

component. The average life is 9 years with a standard 
STERLING 2 29 9 18 5 63 

deviation of 3 years. 
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Figure 4.1 Distribution of alternator life years. 

4.2.2 Starters 

Starter replacement data shows that 1348 starters 
were replaced between 2008 and 2014, an average 
of 193 per year. Data shows that 37% of trucks 4 years 
old had a starter replaced. By the time a truck is 5 years 
old over 65% have had at least one starter replacement 
and over 88% of trucks six year old had at least one 
replacement. Forensic investigation of failed starters 
may yield clues to early failures and preventive measures 
may extend the life of starters. 

Financial considerations to take into account are the 
total cost for 2008–2014 and the current cost per year 
for starters. INDOT spent $395,000 in 2008–2014 and 
averages $56,544 per year. 

From the data average component life was calculated 
and a distribution of the average life and years in service 
is shown in Figure 4.2. The figure shows the number 
of starters replaced for life years from 2 to 16 years, 
which was the range of life years for this component. 
The average life was 7.5 years with a standard deviation 
of 3.5 years. 

4.2.3 Batteries 

Data shows that 1201 batteries were replaced in 
2008–2014. The data shows that in most cases only one 
battery was replaced at a time, this is assuming that 
a majority of the INDOT truck fleet is equipped with 
dual batteries. By the time a truck reaches 4 years old 
22% have had at least one battery replaced, 43% by the 
time a truck is 5 years old and 69% by the time a truck 
is six years old. 

It is recommended that INDOT place batteries on 
a 5 year predictive maintenance schedule, replacing both 
batteries or verifying by load testing that both batteries 
are in good condition and are balanced under load. 

4.2.4 Engine 

4.2.4.1 Turbochargers. A total of 364 turbocharger 
replacements were identified on 313 trucks in the 
INDOT fleet. Researchers analyzed the data by both 
the trucks they went on and the part numbers of the 
replacement turbochargers. Data shown in Table 4.4 
show the following part numbers, OR6478, OR6942, 
OR7279, OR7569, OR9865 TUR179030 178089 and 
178468 were used on 1994–2006 Caterpillar 3126 and 
3126E, 240 HP engines. The data shows that over 126 
of these turbochargers were changed between 2008 and 
2013. That makes up about 45% of the total number 
of turbochargers replaced. Although the Caterpillar 
3126 engine package is no longer available in truck 
configurations, the department can identify those 
trucks with this engine package and identify higher 
quality remanufactured parts. The data also shows 
several of the replacement turbochargers lasted only 
12 to 24 months; this indicates a possible quality issue 
with the replacement or remanufactured parts. 

After eliminating duplicate entries there is an 
average of 50 turbochargers replaced each year across 
the entire INDOT truck fleet. What is most obvious 
about turbocharger frequency with the INDOT fleet 
is the number of Sterling trucks that account for the 
replacements. Table 4.5 shows that 231 or 66% of the 
turbochargers replaced were on Sterling model trucks. 
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Figure 4.2 Distribution of starter life years. 

Another trend is the growing number of International 
truck turbochargers used on the 2007–2009 trucks. The 
42 turbochargers used on International trucks represent 
100% increase from the previous year. The data suggests 
that trends in turbocharger replacement are not found 
fleet wide but are identified within the different manu-
facturer of engine and chassis. The Sterling truck has 
a 6–7 year frequency for turbocharger replacement while 
International trucks averaged every 5 years. 

There are several recommendations for the INDOT 
fleet management staff to address the growing number 
of turbocharger failures on international trucks. 

1. Identify the remaining international trucks that have not 
had a turbocharger failure, see Appendix A. 

2. Begin oil sampling of all international trucks, specifically 
the units that have not had a turbocharger replacement. 
Turbocharger shaft bearings are the fastest moving and 
highest heat part on a diesel engine. They will be the first 
indicator of bad engine oil. 

3. Leaking or bad fuel injectors can wash oil off cylinder 
walls and contaminate engine oil. Notice the similarity 
between injector failures on international trucks in 
Table 4.6 and the turbocharger failures in the same years 
for the same international trucks in Table 4.5. Bad fuel 
injectors may be to blame for the international turbo-

charger failures as well as the sterling model trucks. 
4.  Perform an inspection of failed turbochargers  to  

determine if the failure is related to bearing wear, shaft 
seal failure, turbo fin wear or foreign matter. 

Additionally department staff can track fuel mileage 
on individual units to determine the optimal time to 
replace fuel injectors maximizing the fuel efficiency and 
performance while scheduling repairs at during non-

critical times. Fuel mileage data can, if available, 
be plotted with the component data related to fuel 
injectors, fuel filters and air filters. Fleet managers 
would see the significance of any improvements to 
fuel mileage and can adjust the service schedules 
to compensate. 

From the data, average component life was calcu-
lated and a distribution of the average life and years 
in service is shown in Figure 4.3. The figure shows the 
number of turbochargers replaced for life years from 
2 to 16 years, which was the range of life years for this 
component. The average life was 8.5 years with 
a standard deviation of 3 years. The average injector 
life was calculated at 8 years with a standard deviation 
of 3 years and the distribution is shown in Figure 4.4. 

4.2.5 Radiators 

Radiator replacement data shows that 905 radia-
tors were replaced between 2008 and 2014. By the 
time a truck reaches 4 years old 11% have had at 
least one radiator replaced, 29% by  the time a truck  
is 5 years old and on average 49% by  the time a truck  
is six years old. Developing and implementing weekly 
or monthly radiator cleaning and chloride neutraliz-
ing procedures can help in minimizing the effects of 
corrosion on radiators. If it  determined that snow-
plowing attributes to damage to the radiator, fleet 
managers may want to look at a snow foil or air foil 
on the plow to reduce objects coming into contact 
with the truck components. 

From the data, average component life was calcu-
lated and a distribution of the average life and years 
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TABLE 4.4 
Turbocharger replacement by part number, 2008–2014. 

Unit/Replacement 2008 2009 2010 2011 2012 2013 2014 Grand Total 

TURBOCHARGER 23 20 54 68 71 75 21 332 

006OR7569 1 1 

0R6296 1 1 

0R6942 1 1 

0R7569 1  4  5  1  2  13  

0R9865 6 1 1 8 

10R3280 1  7  7  6  2  23  

178089 1 2 3 

178468 3 1 4 

179030 1 1 2 

1876118C95 1 1 

1877634C95 2 2 

1877634C96 1 1 

201693 1 1 

2283228 1 1 

2CAOR7569 1 1 

2IH1877634C96 1 1 

2IH479030 1 1 

2IH5010581R91 4 4 

2IH5010724R91 1 1 

3533008 1 1 

3802618RX 1 1 

43004025 2 2 

43004028 1 1 

43004031 2 3 5 

43004070 1 5 1 7 

43004071 7  5  1  13  

43004084 1 1 2 

43004105 1 1 2 

43004115 1 1 

43004123 3 3 

43004124 1 1 

43004128 1 2 1 4 

43004129 1 4 1 6 

43004132 1 1 

43004300 2 2 

43004981 11 2 5 18 
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TABLE 4.4 
(Continued) 

Unit/Replacement 2008 2009 2010 2011 2012 2013 2014 Grand Total 

43004997 1 1 

45001853 1 1 

478077 1 1 

478089 1  3  7  2  2  15  

478468 1 1 

479030 4  5  1  10  

4956120NX 1 1 

5010581R91 3  5  3  3  14  

5010581R91A 1 1 

5010581R91B 1 1 

5010724R91 1 3 4 

7569 1 1 2 

9865 1 1 

OR6478 2 3 1 1 7 

OR6942 4  10  5  19  

OR7279 1 1 

OR7569 15  16  5  9  1  46  

OR9865 9  16  7  6  38  

Q2A107130053 1 1 

R9865 1 1 

S300SV 2 1 3 

S300V110 1 1 2 

SW 179032 4 4 

SW178468 1 1 

TR479030 1 1 

TROR6478 1 1 

TUR10R3280 1 1 

TUR179030 3 2 5 

TUR479030 6 6 

TUROR9865 1 1 2 

in service is shown in Figure 4.5. The figure shows 
the number of radiators replaced for life years from 2 
to 16 years, which was the range of life years for 
this component. The average life was 9 years with 
a standard deviation of 3 years. 

4.2.6 Water Pump 

Water pump replacement data shows that 417 water 
pumps were replaced between 2008 and 2014. By the time 

a truck reaches 4 years old only 9% have had a water 
pump replaced, 17% by  the time a truck is 5 years old  
and on average 33% by the time a truck is six years old. 

From the data, average component life was calcu-
lated and a distribution of the average life and years 
in service is shown in Figure 4.6. The figure shows the 
number of water pumps replaced for life years from 
2 to 16 years, which was the range of life years for 
this component. The average life was 8.77 years with 
a standard deviation of 2.86 years. 
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TABLE 4.5 
Turbocharger replacement by manufacturer. 

2008 2009 2010 2011 2012 2013 2014 Grand Total 

FORD 3 3 7 11 8 4 36 

FREIGHTLIN 2 2 

INTERNATL 5  21  42  11  79  

STERLING 24 17 46 49 46 37 12 231 

Grand  Total  27  20  53  65  75  85  23  348  

TABLE 4.6 
Injector replacement by manufacturer. 

2008 2009 2010 2011 2012 2013 2014 Grand Total 

FORD 10  4  8  30  2  8  7  69  

FREIGHTLIN 2 2 

INTERNATL 1 7 37 57 21 123 

KENWORTH 1 1 

STERLING 43 32 103 88 92 115 78 551 

Grand Total 53 36 112 125 131 182 107 746 

Figure 4.3 Distribution of turbocharger life years. 
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Figure 4.4 Distribution of injector life years. 

Figure 4.5 Distribution of radiator life years. 

4.2.7 Tires 
all have an effect on tire wear and damage. Looking 

Tire replacement demonstrates wear and damage at data reveals that aggressive terrain affects a higher 
from a variety of contributing factors. Tire design, replacement frequency. The influence of is shown in 
miles driven, overloading, or improper inflation can Figure 4.7. 
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Figure 4.6 Distribution of water pump life years. 

The data shows an increase in tire usage for the period 
2008–2014. Table 4.7 shows tire replacement values. 

Table 4.8 shows the eleven components with the 
highest replacement frequency. Further investigations 
show the Seymour district accounted for 24% of the total 
tire replacement from 2008 through 2014. In the Seymour 
District, Columbus and Madison sub districts have 
the highest frequency of tire replacement. Collectively 
Columbus and Madison sub district make up 6% of 
the total fleet but accounted for 11% of the total tire 
replacements from 2008 through 2014. The Indianapolis 
sub district makes up 6.76% of the fleet but only accounts 
for 5% of the tire replacements. 

From the data, average component life was calcu-
lated and a distribution of the average life and years in 
service is shown in Figure 4.8. The figure shows the 
number of tires replaced for life years from 1 to 17 
years, which was the range of life years for this 
component. The average life was 7.75 years and the 
standard deviation is 3.5 years. 

4.3 Other Major Components 

There was sufficient data on two other major compo-
nents to perform similar analyses: oil pans and air dryers. 

During the analysis time period there were 378 oil 
pans replaced, some caused by accidents which will 
affect the life calculations. The average life is 6.5 years 
with a standard deviation of 2.5 years and Figure 4.9 
shows the average life distribution. 

During the analysis time period there were 203 air 
dryer units replaced. The average life is 10 years with 
a standard deviation of 2.75 years and Figure 4.10 
shows the average life distribution. 

Table 4.9 is a summary table of the major com-
ponents average life values. 

4.4 Minor Components 

Major components were items where part cost is 
above $200. Items below that amount are considered 
as minor components. Replacement data is available 
for these components and therefore is reported. These 
components are: battery, air compressor, rear brake 
shoes, front brake shoes, clutch, fan clutch, brake 
chamber, front leaf springs, rear leaf springs, oil cooler, 
slack adjusters, conveyor motor, spinner motor, hydrau-
lic pump, power steering gearbox, and transmission 
cooler. These component average life and replacement 
life distribution are shown in Appendix B. 

Table 4.10 is a summary table of minor components 
average life values. 

4.5 Oil Sampling Program 

An oil sampling program for engine oil, transmission 
oil, hydraulic oil and engine coolant across the fleet is 
an additional measure for determining the useful life 
and cause of failure of a component. An example of oil 
sampling for the department would be to determine early 
turbocharger failure. Known causes for early turbo-
charger failure are dirty engine oil and dirty air filters. 
Oil sampling would show fleet maintenance personnel the 
conditions the equipment are working in and when to 
adjust the scheduled intervals. Many times oil sampling 
will allow fleet maintenance personnel are confident in 
extending those intervals after oil sampling results are 
studied. 
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Figure 4.7 State map of tire replacement percentages. 

4.6 Maintenance Programs 

There are different maintenance programs that equip-
ment fleet managers use. The following are the most 
common. 

Reactive maintenance is the process that most fleet 
managers live with and make up more than half of the 
effort of any maintenance facility. When applied to the 
entire fleet, this can lead to unscheduled repairs to critical 
equipment during critical times. This approach may be 
appropriate for non-critical equipment in the fleet, such 
as pumps, arrow boards, and other equipment that is 
utilized less often or not vital to the equipment fleet. 

Preventive maintenance is an activity performed on 
a time or equipment run-based schedule that is expected 

to prolong the life of equipment components by control-
ling wear and reducing damaging environmental effects 
that may cause premature failure. Preventive maintenance 
was pioneered by the U.S. Navy to increase reliability of 
their vessels and other assets. Preventive maintenance 
activities can be much more cost effective than traditional 
reactive maintenance, but can become labor intensive if 
not designed correctly or during initial implementation. 

Predictive maintenance is the measure or detection 
of wear or failure based on visual inspection, in depth 
testing or determining the design life. Predictive main-
tenance is similar to preventive maintenance in that you 
identify components to be replaced based on a schedule 
meant to reduce downtime for critical equipment. 
Predictive maintenance goes a step further by identifying 
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TABLE 4.7 
Tire usage statewide 2008–2014. 

Unit Make and Year 2008 2009 2010 2011 2012 2013 2014 Grand Total 

TIRES 500 512 636 746 759 923 348 4424 

Grand Total 500 512 636 746 759 923 348 4424 

TABLE 4.8 
Component replacements by district; eleven most frequent repairs. Percentage of total fleet 2008–2014. 

Exhaust Fuel Led Top Turbo 
District Tires Alternator Springs Starter Radiator Valve Pipe Oil Pan Injector Light Charger 

LaPorte 14% 20% 21% 24% 15% 19% 20% 16% 21% 10% 18% 

Fort Wayne 15% 15% 22% 22% 16% 15% 15% 16% 29% 31% 19% 

Crawfordsville 16% 15% 9% 15% 15% 18% 16% 17% 10% 28% 23% 

Greenfield 16% 22% 16% 17% 23% 15% 18% 20% 14% 8% 20% 

Vincennes 14% 12% 6% 13% 10% 9% 16% 18% 5% 10% 11% 

Seymour 24% 16% 25% 8% 20% 22% 12% 11% 21% 13% 9% 

INDOT Central 1% 1% 1% 1% 1% 1% 2% 1% 0% 1% 0% 
Office 

Figure 4.8 Distribution of tire life years. 

the life of a component or lubricant and adjusting the 
preventive maintenance schedule to maximize the life of 
a component without unscheduled repairs. 

Prevention maintenance is referred to as Reliability 
Centered Maintenance (Sullivan, Pugh, Melendez, & Hunt, 

2010). Prevention maintenance is a hybrid of the first 
three maintenance types. Prevention maintenance takes 
into account several factors that are not recognized in the 
other maintenance types. In the practical application of 
fleet management principles, not all equipment has the 
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Figure 4.9 Distribution of oil pan life years. 

Figure 4.10 Distribution of air dryer life years. 

same  level of  importance or may  require  the same level  
of preventive maintenance. Each of the first three types 
can be applied to different equipment in our fleet at 
different levels. Arrow boards, pumps, patching equip-
ment, trailers and salt spreaders may not be cost effective 

candidates for a predictive maintenance program or may 
only need to apply a reactive maintenance strategy prior 
to seasonal activities. Equipment that has a critical role in 
the department’s activities can demonstrate a savings from 
application of a predictive maintenance approach. 
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TABLE 4.9 
Major components average life. 

Component Type Average Life 

Alternators 9 
Starters 7.5 
Turbochargers 8.5 
Injectors 8 
Radiators 9 
Water pumps 8.67 
Tires 7.75 
Oil Pans 6.5 
Air Dryer 10 

TABLE 4.10 
Minor components average life. 

Minor Component Type Average Life 

Battery 8.6 
Air Compressor 9.7 
Rear Brake Shoes 9.5 
Front Brake Shoes 9.5 
Clutch 9.5 
Fan Clutch 8 
Brake Chamber 8 
Front Leaf Springs 9 
Rear Leaf Springs 10 
Oil Cooler 8.5 
Slack Adjustors 9 
Conveyor Motor 8.5 
Spinner Motor 6.5 
Hydraulic Pump 9 
Power Steering Gear box 8 
Power Steering pump 8 
Transmission Cooler 10 

Operators are the first line of defense against equip-
ment wear, failure, and damage. Equipment must be 
inspected by the operator on a daily basis before, 
during, and after operation so defects or malfunctions 
can be detected before they result in serious damage, 
failure, or accident. Defects detected during these 
inspections, or during operation of the equipment, 
should be reported as soon as possible. The operator 
must stop operation immediately when a deficiency 
develops that renders the equipment unsafe, or could 
damage the equipment. See Appendix C for an example 
of an operator’s daily checklist developed for use by the 
Lake County Highway Department and regularly pro-
vided as an example checklist by Indiana LTAP. 

INDOT maintenance units across the state have an 
average of 28.84 trucks per maintenance unit. The larger 
maintenance units like Indianapolis sub-district has 
76 trucks in their inventory and Angola sub-district 
is shown with 18. It is important that any scheduling 
be flexible enough to accommodate every sub-district 
and still be committed to a standard program that 
demonstrates saving and performance department wide. 

One of the primary deliverables is a schedule for 
replacing major components. This approach can have 
many benefits for the fleet maintenance department. 

Reducing equipment downtime, improving scheduling 
of equipment for operational activities and improving 
part and supply inventories are all financial benefits 
to the departments overall operations. 

Equipment classified as critical service level 1, should 
utilize a 60 day PM schedule. A 60 day PM schedule 
accounts for an average of 250 working days in a year 
and 20 working days in a month. This would put 
a truck in the shop for scheduled maintenance once 
every three months. For equipment classified as critical 
service level 2 the frequency can extend to every 
4 months and 80 day PM schedule. Each sub-district 
can adjust up or down from this point based on total 
trucks in their inventory and staffing available for 
preventive maintenance activities. Hours and miles 
listed in the maintenance intervals can also be adjusted 
to reflect each maintenance district averages. Each sub-
district can incorporate other equipment into the group-
ing based on the critical service levels listed below. 

Critical Service Level 1 
Equipment deemed to be critical to the operation 

of the department or emergency response activities. 
Classified as severe service. 

Critical Service Level 2 
Equipment necessary for efficient operations but not 

deemed critical. Equipment not vital to emergency 
response activities. Classified as normal service. 

Critical Service Level 3 
Equipment is necessary for critical operations but used 

only during seasonal activities. Classified as seasonal, 
service-critical. 

Critical Service Level 4 
Equipment is not necessary for critical operations. 

Used during seasonal activities only. Classified as 
seasonal service-non critical. 

Each of these service levels has preventive main-
tenance intervals that reflect the components to be 
inspected or serviced. The higher cost of increased 
maintenance can be justified when fleet managers take 
into account the cost of equipment not being avail-
able at critical moments. Seasonal service, non-critical 
equipment can continue with the reactive maintenance 
approach. Fleet managers are able to schedule this 
equipment for service when it’s needed, applying both 
preventive maintenance methods only when equipment 
is in service. Equipment can follow regular scheduled 
intervals during its operating season and may have 
a procedure for storage depending on the type of 
equipment. 

One of the primary deliverables is a schedule for 
replacing major components. Planned maintenance can 
benefit the Department in many ways by reducing 
equipment downtime, improving scheduling of equip-
ment for operational activities and improving part 
and supply inventories. Additionally, department staff 
can track fuel mileage on individual units to determine 
the optimal time to replace fuel injectors maximiz-
ing fuel efficiency and performance while scheduling 
repairs during non-critical times. Fuel mileage data 
can be plotted with the component data related to fuel 
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injectors, fuel filters and air filters. Fleet managers 
would see any improvements to fuel mileage and can 
adjust their service schedules to compensate. 

Appendix D shows fleet managers a proposed 
schedule of preventive and predictive maintenance for 
the INDOT fleet. 

4.7 Truck Specifications 

Component replacement data was used to determine 
component life and from that identify components that 
had a higher than normal replacement frequency. 
Researchers analyzed individual failures looking for 
high failure rate by part number, application, manu-
facturer, or if the component was new or remanufac-
tured. Components with a significantly high failure rate 
were identified within the latest INDOT truck specifi-
cations and possible replacement components were 
recommended. Researchers attempted to identify com-
ponents that are common to trucks within the INDOT 
fleet but did not show up as significant numbers in the 
repair data. 

Researchers did not have a list of all the compon-
ents for each unit, only the failed components were 
analyzed. For that reason it was challenging to identify 
the best performing components. Components for fuel 
injectors, internal engine components, transmissions 
and tandem axle rear suspension did not appear in 
the truck record base in sufficient numbers to form 
judgements on their performance. These components 
may have been serviced by outside contractors and did 
not get entered into the fleet database. 

Many of these components on the newer model year 
trucks will appear in the repair data base in the future. 
If INDOT wants to track this in the future it is 
recommended that the specifications call for an elec-
tronic ‘‘build list’’ or line ticket of all of the major 
components that are on a truck, to be provided to the 
department when a new truck is delivered. 

Appendix E contains recommended specifications for 
components. 

4.8 Garage Software Tools 

The equipment data received had missing data, two 
inconsistent pieces were hours and mileage which 
hindered the analysis. Data collection and quality can 
be improved through the utilization of software tools. It 
is recommended that INDOT investigate the use of 
cloud-based data collection software and other emer-
ging technologies. These tools allow any shop location to 
post data for manager review. This opportunity for real 
time analysis improves manager’s ability to make better 
decisions on predictive maintenance decisions. The most 
important aspect of electronic data collection at the 
technician level is that the inputs are preselected; coded 
and human errors are eliminated. When a part is purchased 
and entered into the system it is given a unique ID 

number and can be tracked and analyzed for perfor-
mance, logistics and cost. There are many off the shelf 
systems that can perform this task and some that are 
customizable for an account as unique as INDOT. 
These types of systems generally fall into one of three 
categories. For more specific information contact the 
listed vendors. 

4.8.1 Fleet Operations Software 

This software concentrates on GIS or GPS tracking 
of the fleet, logistics and dispatching operation. Tools 
have been developed by: 

1. Verizon Network Fleet 
2. FleetMatics GPS Tracking https://info.fleetmatics.com 
3. Telogis www.telogis.com 
4. Horizon www.meltontechnologies.com 
5. FleetCommander http://www.agilefleet.com/ 
6. Fleetmatics www.fleetmatics.com 

4.8.2 Fleet Management Software 

This software is used to manage day to day fleet 
functions, such as: 

N Work order tracking 
N Data input 
N Tire management systems 
N PM scheduling 

Many of these are able to work with existing fuel or 
fleet tracking software. Some of the newer program 
updates are cloud based and allow for mobile input 
with tablets or other devices. Recommended tools are: 

1. Assetworks Fleetfocus www.assetworks.com 
2. AgileAssets Fleet and Equipment Manager http://www. 

agileassets.com/products/fleet-equipment-manager/ 
3. Faster Asset Solutions http://www.ccgsystems.com/software 

andservices.php 
4. ManagerPlus http://www.managerplus.com/maintenance-

software/cloud 
5. FleetCommander http://www.agilefleet.com/government-

fleet-technology-solutions 
6. Cartegraph http://www.cartegraph.com/meet-cartegraph/ 

feature-tour 

4.8.3 Fleet Cost Analysis Software 

These software systems are designed for the life-cycle 
cost analysis and financial forecasting that is common 
with private sector fleet-based businesses. These are 
common in the freight sector in determining when to 
own, lease or sell existing equipment and when a piece 
of equipment is maximizing its earning potential. 
Recommended tools are: 

1. cfc Solutions http://cfcsolutions.squarespace.com/ 
2. Fleetistics http://www.fleetistics.com//login.php 
3. NTEA Vehicle Lifecycle Cost Analysis Tool 
4. Orbligic http://www.orblogic.com/ 
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TABLE 4.11 
OEM warranties. 

OEM/Manufacturer Limited Warranty (Information from available Manufacturer 
Warranty information—contact manufacturer for detailed information) 

Component Name (Extended warranties may be available) 

Months Miles/Hours 

Water Pump 12 Unlimited 
Radiator 12 Unlimited 
Starter 12 Unlimited 
Injector 12 Unlimited 
Oil Pan 12 Unlimited 
Air Dryer 12 Unlimited 
Alternator 36 Unlimited 
Turbocharger 12 Unlimited 
Tires 12 First 2/32nd wear 
Battery 12 Unlimited 
Air Compressor 12 Unlimited 
Rear Brake shoes 12 Unlimited 
Front Brake Shoes 12 Unlimited 
Clutch 12 Unlimited 
Fan Clutch 12 Unlimited 
Brake Chamber 12 Unlimited 
Front Leaf Springs 12 Unlimited 
Rear Leaf Springs 12 Unlimited 
Oil Cooler 12 Unlimited 
Slack Adjusters 12 Unlimited 
Conveyor Motor 12 mo.—From equipment manufacturer Unlimited 
Spinner Motor 12 mo.—From equipment manufacturer Unlimited 
Hydraulic Pump 12 mo.—From equipment manufacturer Unlimited 
Power Steering Gearbox 12 Unlimited 
Power Steering Pump 12 Unlimited 
Transmission Cooler 12 Unlimited 

4.9 Warranty Information 

Using part replacement data the researchers were able 
to calculate average life and corresponding standard 
deviation for major and minor parts. This data can be 
used by INDOT equipment managers to establish 
part replacement timelines and policy. Another factor 
to consider is part warranties. Warranties can be used 
as an indicator of replacement periods. 

The research team collected warranty information 
from truck manufacturers and major part suppliers and 
produced Tables 4.11 and 4.12. Table 4.11 contains 
recommended warranties from the Original Equipment 
Manufacturer (OEM). These warranty values are used 

as reference values for the values calculated from the 
truck data and shown in Appendix B. 

Table 4.12 contains warranty information published 
by replacement part suppliers. In this table the 
information source is provided for obtaining this and 
additional information. 

4.10 Data Analysis Tool 

The research team developed a data analysis tool 
in Excel that was used to calculate a component’s 
life and standard deviation. This tool is described in 
Appendix F. 
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TABLE 4.12 
New replacement warranties. 

Component Name Months Miles/Hours Warranty Source 

Water Pump 18 150,000 http://www.internationaltrucks.com 
Radiator 12 Unlimited http://www.internationaltrucks.com 
Starter 12 100,000 Delco Remy Product Warranty data sheet Revised June 2014 
Injector 12 Unlimited http://www.internationaltrucks.com 
Oil Pan 12 Unlimited http://www.internationaltrucks.com 
Air Dryer 12 100,000/3,600 hours http://www.bendixvrc.com/itemDisplay.asp?documentID56333 
Alternator 12 Unlimited Delco Remy Product Warranty data sheet Revised June 2014 
Turbocharger 12 100,000 http://www.turbos.bwauto.com/en/aftermarket/downloads.aspx 
Tires 12 First 2/32nd wear http://www.goodyeartrucktires.com 
Battery 30 Unlimited http://www.exide.com 
Air Compressor 12 100,000/3,600 hours http://www.bendixvrc.com 
Rear Brake Shoes 12 Limited http://www.internationaltrucks.com 
Front Brake Shoes 12 Limited http://www.internationaltrucks.com 
Clutch 12 Limited http://www.internationaltrucks.com 
Fan Clutch 12 Limited http://www.hortonww.com/Products/TechnicalResources.aspx 
Brake Chamber 36 Limited http://mgmbrakes.com 
Front Leaf Springs 12 Limited http://www.internationaltrucks.com 
Rear Leaf Springs 12 Limited http://www.internationaltrucks.com 
Oil Cooler 12 Limited http://www.internationaltrucks.com 
Slack Adjusters 36 Limited http://mgmbrakes.com 
Conveyor Motor 12 Unlimited http://www.monroetruck.com 
Spinner Motor 12 Unlimited http://www.monroetruck.com 
Hydraulic Pump 12 Unlimited http://www.monroetruck.com 
Power Steering Gearbox 12 Limited http://www.internationaltrucks.com 
Power Steering Pump 12 Limited http://www.internationaltrucks.com 
Transmission Cooler 12 Limited http://www.internationaltrucks.com 

5. CONCLUSIONS 

Fleet management personnel encouraged to use these 
recommendations as a platform to improve the best 
practices of the fleet department as well as investigate 
the use of emerging technologies. Many opportunities 
for fleet managers exist today that include the use 
of synthetic oils, on board truck ECM diagnostic 
programs and real time equipment performance data. 
It is also recommended that the department study the 
use of electronic shop repair reporting statewide. 

Any fleet operation that relies on good data to 
identify performance or improvements should con-
sider in investing in tools and training that improve 
the process of recording repair data. Software tools 
are available to track units, repairs, and parts. 
Collected data should be used to evaluate equipment 
and component performance, establish maintenance 
programs, and create a comprehensive approach to 
fleet operations. 
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APPENDIX A: INTERNATIONAL TRUCK TURBOCHARGER REPLACEMENT 2008–2014 
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APPENDIX B: MINOR COMPONENTS 

OEM warranty is the warranty that comes with a new vehicle. New replacement warranty is for a new part. 

Battery 

Number replaced 5 751 
Average life 5 8.5 years 
Standard deviation 5 3.5 years 
OEM Manufacturer Warranty 5 1 Year 
New Replacement Warranty 5 2.5 Year 

Figure B.1 Battery average life distribution. 
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Air Compressor 

Number replaced 5 111 
Average life 5 9.7 Years 
Standard deviation 5 3 years 
OEM Manufacturer Warranty 5 1 Year 
New Replacement Warranty 5 1 Year 

Figure B.2 Air compressor average life distribution. 
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Rear Brake Shoes 

Number replaced 5 340 
Average life 5 9.5 years 
Standard deviation 5 3 years 
OEM Manufacturer Warranty 5 1 Year 
New Replacement Warranty 5 1 Year 

Figure B.3 Rear brake shoes average life distribution. 
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Front Brake Shoes 

Number replaced 5 50 
Average life 5 9.5 years 
Standard deviation 5 2.4 years 
OEM Manufacturer Warranty 5 1 Year 
New Replacement Warranty 5 1 Year 

Figure B.4 Front brake shoes average life distribution. 
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Clutch 

Number replaced 5 45 
Average life 5 9.5 years 
Standard deviation 5 2.5 years 
OEM Manufacturer Warranty 5 1 Year 
New Replacement Warranty 5 1 Year 

Figure B.5 Clutch average life distribution. 
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Fan Clutch 

Number replaced 5 200 
Average life 5 8 years 
Standard deviation 5 3 years 
OEM Manufacturer Warranty 5 1 Year 
New Replacement Warranty 5 1 Year 

Figure B.6 Fan clutch average life distribution. 
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Brake Chamber 

Number replaced 5 1007 
Average life 5 8 Years 
Standard deviation 5 3.25 years 
OEM Manufacturer Warranty 5 1 Year 
New Replacement Warranty 5 3 Year 

Figure B.7 Brake chamber average life distribution. 
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Front Leaf Springs 

Number replaced 5 115 
Average life 5 9 years 
Standard deviation 5 2.5 years 
OEM Manufacturer Warranty 5 1 Year 
New Replacement Warranty 5 1 Year 

Figure B.8 Front leaf springs average life distributions. 
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Rear Leaf Springs 

Number replaced 5 151 
Average life 5 9.5 years 
Standard deviation 5 3 years 
OEM Manufacturer Warranty 5 1 Year 
New Replacement Warranty 5 1 Year 

Figure B.9 Rear leaf springs average life distributions. 
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Oil Cooler 

Number replaced 5 33 
Average life 5 8.5 years 
Standard deviation 5 3 years 
OEM Manufacturer Warranty 5 1 Year 
New Replacement Warranty 5 1 Year 

Figure B.10 Oil cooler average life distributions. 
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Slack Adjusters 

Number replaced 5 564 
Average life 5 9 Years 
Standard deviation 5 3 years 
OEM Manufacturer Warranty 5 1 Year 
New Replacement Warranty 5 3 Year 

Figure B.11 Slack adjusters average life distributions. 
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Conveyor Motor 

Number replaced 5 56 
Average life 5 8.5 years 
Standard deviation 5 3 years 
OEM Manufacturer Warranty 5 1 Year 
New Replacement Warranty 5 1 Year 

Figure B.12 Conveyor motor average life distributions. 
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Spinner Motor 

Number replaced 5 135 
Average life 56.5 years 
Standard deviation 5 3.5 years 
OEM Manufacturer Warranty 5 1 Year 
New Replacement Warranty 5 1 Year 

Figure B.13 Spinner motor average life distributions. 
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Hydraulic Pump 

Number replaced 5 140 
Average life 5 8.5 Years 
Standard deviation 5 3 years 
OEM Manufacturer Warranty 5 1 Year 
New Replacement Warranty 5 1 Year 

Figure B.14 Hydraulic pump average life distribution. 
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Power Steering Gearbox 

Number replaced 5 182 
Average life 5 8 Years 
Standard deviation 5 3 years 
OEM Manufacturer Warranty 5 1 Year 
New Replacement Warranty 5 1 Year 

Figure B.15 Power steering gearbox average life distribution. 

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2015/28 37 



Power Steering Pump 

Number replaced 5 66 
Average life 5 8 Years 
Standard deviation 5 2.25 years 
OEM Manufacturer Warranty 5 1 Year 
New Replacement Warranty 5 1 Year 

Figure B.16 Power steering pump average life distribution. 
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Transmission Cooler 

Number replaced 5 36 
Average life 5 9.5 Years 
Standard deviation 5 2.5 years 
OEM Manufacturer Warranty 5 1 Year 
New Replacement Warranty 5 1 Year 

Figure B.17 Transmission cooler average life distribution. 

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2015/28 39 



APPENDIX C: DRIVER DAILY CHECKLIST 
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APPENDIX D: PREDICTIVE MAINTENANCE SCHEDULE 

Preventive Maintenance Schedule is based wholly or in part on manufacturer’s recommendations, management of 
civil engineering support equipment manual (NAVFAC, 1997) and the Heavy Duty Alternator Charging System 
Troubleshooting Manual (Delco Remy, 2013). 

Predictive maintenance schedule is based wholly on the average life listed in Appendix B, Figures B.1 through 
B.17. 
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APPENDIX E: RECOMMENDATIONS TO THE TRUCK SPECIFICATIONS 
BASED ON COMPONENT DATA 
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APPENDIX F: DATA ANALYSIS TOOL 

Introduction 

The researchers developed a data tool to produce 
the component analyses found in this report. The 
tool was developed in Microsoft Excel, version 
2013, and consists of two macro-enabled files. The 
file Component Name uses macros to categorize and 
assign a common component name. This is necessary 
because of the various names used to describe a part. 
The other file, Component Analysis, calculates the 
average life, standard deviation, and creates the 
distribution graph for a component. These Excel files 
are included as part of the final report for use by 
INDOT and are explained in this section. They are 
available for download at http://dx.doi.org/10.5703/ 
1288284316013. 

Analysis Procedure 

Component Name 

Equipment component data is obtained from the M5 
program, and the Excel file Component Name assigns 
a common name to each component obtained from M5. 
One issue discovered in the M5 data was different 
names are used to describe a part. Figure F.1 is an 
example. Column R is for part descriptions; in that 
column you can see different names used. So to analyze 
similar components a macro was developed to properly 
categorize common parts. Figure F.2 is an example of 
multiple names used to describe an alternator in column 
R and their common component name in column AA. 
By grouping parts, data analysis is performed on all 
common parts. 

Figure F.1 Component Name macro-enabled file. 
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Figure F.2 Formula copy. 

Figure F.2 shows an enlarged view of the formula 
copy process. 

For a new analysis copy the data to the bottom of the 
worksheet; and from the top of column AA copy the cell 
AA2 which contains a formula then highlight the cells 
AA corresponding to the new data entries and paste 
AA. An example of batteries is shown in Figure F.3. 

Figure F.4 shows this screen and the popup used to 
sort. After copying in new data records and getting a 

common name assigned to each, the next step is to sort the 
data by component name. Figure F.4 illustrates this step. 
Select a component (battery, water pump, starter, etc.) you 
want to analyze and highlight all the rows with the same 
name in column AA for that component, then copy. 

Figure F.5 shows the sorted list for the Starter 
component. 
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Figure F.3 Adding components for renaming. 
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Figure F.4 Sorting records by component name. 
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Figure F.5 Sorted starter component list. 

Component Analysis 

After sorting records by component name, select the 
component by name and copy all the records with the 
same name into the Excel file Component Analysis Data 
worksheet (Input). This is shown in Figure F.6. 

Next, click on your Results worksheet located next to 
the Data worksheet, then click ‘Run’ located in cell O1. 
The macros will run for few second and your results will 
be displayed, including standard deviation, average life, 
average life interval, count, and an average life 
distribution chart created. Figure F.7 shows an example. 
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Figure F.6 Copying components into the Component Analysis Data worksheet. 
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Figure F.7 Component Analysis Results worksheet. 
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